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GENERAL MEETING INFORMATION 

Meeting'Rooms 

All meeting rooms will be in the Sheraton Palace Hotel, San Francisco. 
Specific room assignments are noted in the agenda. 

Room Reservations 

Reservations must be made by submitting the reservation card directly 
to the hotel. 

Registration 

Registration fees for COMMON cover all publication and operating 
costs and represent the only source of funds for the organization. Regis
tration for this meeting has been set at $30 for the entire meeting) which 
includes the cost of the luncheon on Tuesday. The registration desk at the 
hotel will be open during the following hours: 

Sunday, 
Monday, 
Tuesday, 

December 10, 1967 
December 11) 1967 
December 12) 1967 

Birds - of - a - Feather Sessions 

5:00 p.m. - 9:30 p.m. 
7:45 a.m •. - 5:00 p.m. 
8:00 a.m. - 3:00 p.m. 

Attendees may schedule additional informal sessions by posting a notice 
on the bulletin board. 

Systems Reference Library Publications (SRL) 

A selection of 1620, 1130, 1800, and S/360 publications are on display 
in the registration area. You may order an SRL publication by filling out 
an order form- providedo You should expect to receive the items ordered 
in about 3 weeks. 

Computer Equipment Displays 

Arrangements have been made for delegates to attend demonstrations 
and receive time on the San Francisco IBM Data center machines in
cluding the 1130, 360/20, 360/30, and 360/40. 

Meeting Headquarters 

Typing and reproduction services will be available in the headquarters 
room: Regency 

Agenda Notes 

The agenda listed herein represents the program at the time the booklet 
went to press. Modifications and/or additions will be noted on the informa
tion board in the coffee area. Abstracts for the papers listed in the program 
appear at the end of this bOGklet. 
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LETTER TO MEMBERSHIP 
FROM PRESIDENT OF COMMON 

Members of COMMON: 

=----~--=---~------~-----=------~--==------------------- .=~:..:..::.: 

With this letter is the preliminary agenda for the December meeting 
of COMMON, in San Francisco. The September meeting in Cincinnati 
was a good one; we expect the San Francisco meeting to be better. With 
your help and cooperation, we believe that each meeting can continue to 
be better than its predecessors. 

There are several ways in which COMMON can affect IBM and the world 
in general; the majority of them, branch office, project liaison, etc., are 
for today's problems, but two are specifically for the future. The first 
is our comments and suggestions to the U.S.A. Standards Institute (USASI) .. 
Lynn Yarbrough, of USASI's X3.4 Committee on Programming Languages, 
wIll ha ve a session on the Standards Institute: its organization, how it 
affects us, and what we can do to influence it. There will be time for 
questions and comments. 

We will have a brief discussion of the Systems Objectives and Require
ments Committee (SORC). This is a committee of user and IBM repre
sentatives, whose purpose is to provide IBM with the benefit of informed 
user opinion in determining the requirements for the next cycle. There 
will not be a formal session on SORCi their purpose is to acquire infor
mation, and not to dispense it. There will be an explanation of it at the 
general assembly, and there will be opportunities to discuss your ideas 
with SORC representatives. There is a serious lack of representation 
in SORC of the small computer user and process control installation. 
Remember that SORC is concerned almost exclusively with the problems 
of the future. --

We have vociferously exercised our right to criticize the products of 
both IBM and USA!; we are morally obligated to do what we can to alleviate 
the situation for the next generation. And our most important contribution 
is information about our requirements. 

See you in San Francisco. 

James C. Stansbury 
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ALL ABOUT COMMON 

During the first half of the 1960's while IBM built and marketed the 
"1620" Computer, COMMON was known as "The 1620 Users Group." 

. It was the "SHARE" of the small scientific computer user. All "1620" 
installations becarne members by applying and sending a representative 
to anyone of a dozen or so regional or national meetings occurring during 
any two year period. 

As the third generation computers began to appear and it became apparent 
that the days of the IBM "1620" were numbered, the name of organization 
was changed to "COMMON" and a myriad of regional and national meetings 
was reduced to three national meetings per year. 

The COMMON Executive Board met in Chicago on September 15 and 16, 
1966, to discuss ways of improving the effectiveness of the organization. 
The board members felt that an organizational change was necessary to 
cope with the imminent growth of COMMON, the integration into the organi
zation . of multiple machine types (1130, 1800, 1620, 360/30, 360/40 and 
360/44), and the development of increasing numbers of interest areas by 
the members. 

It was decided to break the organization down into four nl .... !n divisions 
along the lines of tre other two IBMUser Groups "SHARE" and "GUIDE". 
Each division would be divided into projects and the projects would be 
further subdivided into working committees as needed. 

The divisions established were as follows: 

1. Systems Division. This division has broad responsibility for coordination 
of user activity .and opinions in the areas of software and hardware re
gardless of application. 

2. Adm.inistrative Division. This division has responsibility for the various 
activities which are necessary tooperate COM.MON as an organization, both 
internally and in relation to other organizations. These include the news
letter, CAST, bylaws, membership list, program library, meeting plans, etc. 

3. Installation Management Division .. This division has responsibility for 
coordinating those user activities which are concerned with the management 
of a computer installation. These include personnel training, standards, 
computing center operation, etc. 

4. Applications Division. This division has responsibility for coordinating 
user activities which are application or industry orientl~d .. 

Each division is headed by a Division Manager who supervises the opera
tion of his division and reports the activities and requirements of his 
division to the Executive Board through the Executive Vice President. 
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Each division is composed of a number of projects. Each project is 
headed by a Project Manager who is responsible for specific areas of 
interest within the division and who reports to the Dvision Manager. 

Each project is divided into committees each of which is headed by a 
Committee Chairnlan. The committee chairmen have responsiblity for 
seeing that their committees carry out the duties within their areas of 
interest and for seeing that the consensus of opinion of the users at the 
committee meetings are transmitted to the Project Managers. 

Although in some areas committees may be divided into special working 
subcommittees dealing with specific areas, it is intended that the participa
tion of users in the activities of COMMON be carried out at the committee 
level. I.B.M. supplies liaison people to the established committees so that 
user's opinions and requests are transmitted to I.B.M. 

The committees meet at every COMMON meeting and these sessions are 
open to any user who has an interest in the topics covered by the committee. 
Some meetings on the agenda are listed as project meetings. Most of these 
are intended to be general discussions by groups of users having the same 
machine types and are open to all users. These sessions replace the general 
hardware meetings and problem-solving sessions that occupied much of 
the 1620 Users Group meetings. 

There are also opportunities at every COMMON meeting for users with 
special interests for which no formal project or committee exist to get 
together and discuss their problems and techniques. These are called 
"birds-of-a-feather" sessions and are organized by groups of users 
posting a notice on th~ bulletin board and holding a meeting. If enough 
interest persists, a committee may be formally created and meetings 
scheduled at future Common meetings. 
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COMMON OFFICERS 

President 

James Co Stansbury 
Halcon International 
Two Park A venue 
New York, New York 10016 

Secretary - Treasurer 

Charles Eo Maudlin, Jr. 
Computer Center 
Texas Woman's University 
Denton, Texas 76204 

Eastern Region President 
Norman Goldman 
Boston University 

Western Region Presiden~ 
William G. Lane 
Director of Computer 

Sciences 111 Cummington st. 
Boston, Massachusetts 02215 

European Region President 
(Acting) 

Dr. Hans Tompa 
European Research 

Associates S.A. 
95 Rue Gatti de Gamond 
Brussels 18, Belgium 

Chico State College 
Chico, Californid. 95926 

Mid-West Region President 
Mrs. Laura B. Austin 
General Supervisor 
Computer Services 
General Motors Institute 
1700 W. Third A venue 
Flint, Michigan 48502 

Canadian Region President 
stuart Do Baxter 
National Research Council of Canada 
Computation Centre M23A 
Montreal Road 
Otta wa, Ontario, Canada 

Board Members at Large 

Frank H. Maskiell 
McGraw-Edison Power Systems 

Division 

Richard L. Pratt 
Data Corporation 
7500 Old Xenia Pike 

Box 330 
Cannonsburg, Pa. 15317 

Dayton, Ohio 45432 

Paul A. Bickford 
Computer Center 
DePauw University 
Greencastle, Indiana 
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COMMON COMMITTEE OFFICERS 

ADMINISTRATIVE DIVISION 

Manager - Laura B. Austin (3070) 
General Motors 

Reference Manual 

General 

Chairman - Dr. Raymond E. Roth (1715) 
State University College 

Contributed Program Library 

Chairman - Miss B. Baber (1454)
National Education Assn. 

(Prep Forms) 

CPL Shipment Analysis (1303) 
Chairman - J. H. Keith 
Miami - Dade Junior College North 

Jug Inter-Library Exchange 

Chairman - W. A. DeLagall (1582) 
Schering Corp. 

APPLICATIONS DIVISION 

Manager - F. H. Maskiell (3081) 
McGraw-Edison Co. 

Techniques Project 

. Chairman - W. Pease, Jr. (1516) 

.. 6--~ 

West Virginia Pulp & Paper CQ. 

Utilities 

Chairman - G. Haralampu (1041) 
New England Electric· System 

Civil Mechanical Engineering 

Chairman .. L. W .. Brown (3301) 
International Paper Co. 

Chemical Engineering 

Chairman - G. Hertel 
U. S. Rubber Co • 

o 



c 

J'" "ri'ri' '.* .. -. f"5'it·· .. , .. ···tt-iF .. - t .. ···tf£"·· rt'iifi'--' HT·-"w·ri'i9i8tiih"BflE iiiiiihHifbH·-S·.·t±H! hHfi&8 t&W-tii'iBW-wu··,mij··W"[]"'·2'J[ llIw·w,""[rf·!iiiFi£riJFF'P yr"'irrm-g'vWO¥*'UZWf 

Education 

Chairman - M. Goldberg (1416) 
Fordham University 

INSTALLATION MANAGEMENT, DIVISION 

Manager - C. Baker 
Pioneer Hi-Bred Corn Company 

Personnel 

Chairman - Ro B. Thomas (3038) 
Federal Reserve Bank 

Operations 

Chairman - R. J c> Snailer (1495) 
Metropolitan Life Ins. Co. 

Standards (Inactive) 

SYSTEMS DIVISION 

Manager - J. S. Taylor (3121) 
Data Corporation 

System/360 

Project Manager - R.L. Pratt (3121) 
Data Corporation 

DOS 

Committee Chairman - D. R. McIlvain (1100) 
Catalytic Construction Co. 

OS 

Committee Chairman - Wade Norton 
Southern Services, Inc. 

S/360-44 

Committee Chairman - A" G. WigdahL(3134) 
Allen Brady Company 

Hardware 

Committee Chairman - J. L .. Tunney) Jr. (3076) 
James R. Ahart & Associates 
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360 Commercial Users 

Chairman .. Mr. F. Hatfield (3008) 

0 Line Materials Industries 

1800 

Project Manager - C. R. Pearson (1497) 
J. P. stevens & Co., Inc. 

(Non-control) Software 

Chairman - R. Cox (1132) 
Humble Oil Company 

Applications 

Chairman - J. C. Deck (3237) 
Inland Steel Co. 

Hardware & RPQs 

Chairman - W. Barnes (531) 
Pacific Gas & Electric 

(Control) Process Systems 

Chairman - L. Jones (5046) 
Bonneville Power Adm. 

Software 

Chairman - J. K. Tanatra (3462) 
GMC Truck & Coach Division 

Hardware ----
Chairman - D. L. Kraatz (5255) 

Corn Products Company 

Applications 

Chairman- Dr. W. Carlson (3009) 
Champion Papers, Inc. 

1130 Project 

Chairman - D. Dunsmore (3428) 
Ohio River Valley Commission 

1620 Project 

Chairman - Richard Ross 0 University of Mississippi 
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M.O.l 

SESSION M. O. 

Monday 8:00-8:45 a.m. 

New Members Session 

Chairman: James Stansbury, President 

Room: Comstock 

Subject: Topics of interest and concern for those attending 
COMMON for the first time. 

M. o. 2 Session and Panel Chairmen Briefing 

Chairman: Robert Forstrom 

Room: English 

Subject: General information and arrangements briefing. 
for session and panel chairmeR. 
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SESSION M. 1 

Monday 9:00-10:00 a.m. 

M. 1. 1. General Session 

.. 10-

Cha.irrnan: James stansbury, President 

Room: Rose 

Subject,s:. a. Introduction of COMMON Officers and IBM 
Representatives. 

b. Reports from Divisional Chairmen 
c. Secretary-Treasurer's Report 
d. Arrangements Chairman's Announcements 
e. - Program Chairman's Announcements 
f. Announcements by Members 
g. Announcement of Chicago Meeting 

COFFEE BREAK 10:00 - 10:30 

o 

o 
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M.2.1 

M.2.2 ; 

J 

M.2.3 

SESSION I'rt2 

Monday 10:30 - 12:00 Noon 

360 Project 

Chairman: Richard Pratt 

.Room: Rose 

Subject a. COBOL to PL/l Conversion: IBM 
b. FORTRAN to PLll Conver sian: IBM 

1130 Project 

Chairman: Dave Dunsmore 

Room: 

Subject: 

1620 Project 

California 

~ a. Dynamic Model Simulator for the IBIvl 
1130: George Polyzoides 

: b. Three-and-Four-Bar Linkage System with 
Plotted Output: Robert Cushman 

Chairman: Richard D. Ross 

Room: 

Subject: 

Golden Gate 

Tutorial Sessions Non-IBM Compilers 

a. Data SPS: Richard Ross 

b. One Dimensional Blast Wave Theory For 
Explosions: J .. Goresh and J. Caslin 

c. Discussion of Related Topics 

M.2.4 1800 Project 

Chairman: Robert Forstrom 

Roonl: Comstock 

Subject: Multiprogramruing Execu
tive, MPX: D. Schade (IBM) 

M.2.5 Numerical Control Project 

Chairman: J .. Moschetti 

Room: Royal Suite (262) 

Subject: Discussion of Problems Relating to Numerical 
Control. 
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M.2.6 Installation Management and Administration 

Chairman: 

Room: 

Subject: 

Laurence Baker 

Forty ... Niner . 

,., a. Systems Reference Library SRL: G. Goesch 
(IBM) 

v'b. Program Library Discussion: L. Austin 
PREP forms for 1130, 1800 
and 360 libraries 

o 
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M.3.1 

M.3.2 

J M.3.3 

SESSION M" 3 

V/ Monday 1:30 - 3:00 p.m. 

360 Project 

Chairman: Richard Pratt 

Room: Rose 

Subject: a. as/DOS Data Management: William Post 
(IBM) 

b. as/DOS Linkage Editor: William Post 
(IBM) 

1130 Project 

Chairman: Dive Dunsmore 

Room: California 

Subject: Monitor Version II: G. Lester (IBM) 

1620 Project 

Chairman: Tony Ross 

Room: Golden Gate 

Subject: Tutorial Session (Continued) 

a. Kingston and Forgo FORTRAN: 

'/b. 
F. Windham and G. Smith 

A Batch Processing FORTRAN system for a 
minimal configuration 1620: Gaylord Henry 

c. Discussion of Related Topics 

M.3.4 1800 Project 

Chairman: Robert Forstrom 

Room: Comstock 

Subject: 1800 MPX: B. Lanek (IBM) 
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M.3.6 Numerical Control Project 

M.3.7 

M.3.8 

-14-

Chairman: J. Moschetti 

Room: 

Subje~t: 

Royal suite (262) 

Discussion of Problems Relating to Numerical 
Control 

Installation Management 

Chairman: Laurence Baker 

Room: Forty-Niner 

Subject: 360 Operator Training: H. Cad ow (IBM) 

Administration 

Chairman: L. D. Yarbrough 

Room: Bonanza 

Panel Discussions: USASI Standards 

Panelists: T. B. steel, Jr., Chairman, USASI X3.4 
L. D. Yarbrough, X3.4 and COMMON 
(Others to be announced) 

SUbject:· a. Introduction to USASI: Mr. Steel 
b. Current USASI Activities: Mr. Yarbrough 
c. Fortran: USASI vs 1620 vs 360 

COFFEE BREAK 3:00 - 3:30 p.m. 

~- ~-~-~-~~~.~~~ --
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M.4.1 

SESSION M.4 

Monday 3: 30 - 5:00 p.m. 

360 DOS Committee 

Chairman: 

Room: 

Subject: 

Don Mcllvain 

Rose 

SOUND-OFF 

Members sound off to IBM: regarding suggestions, 
problems and needs for DOS. 

M.4.2 360 OS Committee 

Chairman: o. a. ABe9F~on W tltl>. NOrzrdAl 

Room: Royal Suite (264) 

SUbject: SOUND-OFF 

a. Members sound off to IBM regarding suggestions, 
problems and needs for OS. 

C,;' b. Organization of OS Committee 

o 

M.4.3 360-44 Committee 

Chairman: Allen B. Wigdahl 

Room: Royal Suite (260) 

Subject: SOUND-OFF 

Members sound off to IBM regarding suggestions, 
problems and needs for System 360-44. 

M.4.4 1130 Project 

Chairman: Dave Dunsmore 

Room: California 

SUbject: Continuation of monitor 
Ver II: G. Lester (IBM) 

SOUND - OFF For System 1130 will 
be Held 7:30 to 9:00 p.m. 

-15-



· MAy 1620 Project 

Chairman: Frank Windham 

Room: 

SUbject: 

Golden Gate 

Monitor I Papers 

a. A Large 1620 DOS, Reasonably 7094 
Compatible: Lanny Hoffman 

b. Basic Problems of Information Retrieval 
and a Solution on the 1620: Lanny Hoffrnan 

c. Discussion of Monitor I 

M.~ 1800 Project 

Chairman: Robert Eorstrom 

Room: Comstock 

Subject: Teleprocessing Support on 1800/1070/1050/2740/ 
1030: R" Smith (IBM) 

M.4. J Techniques Project 

Chairman: W. Pease 

Room: Parlor A (214) 

Subject: !,il a. Fast Fourier Transforms with Applications 
for the IBM 1800: Joe Howard Smith 

'b. NIMS ... The Aerospace Scientific Data Re
duction Monitor System: Charles R. Aumann 

M.4~8V; Installation Management 

Chairman: Laurence Baker 

Room: Forty-Niner 

SUbject: a. standards in Operation: D. Fuiz (IBM) 

V be Investigation of Abnormal Operation Conditions: 
K. Anderson (IBM) 

M.4.9 Administration 

-16-

Chairman: L. D. Yarbrough 

Room: 

: Subject: 

Bonanza 

Current Research Concerned with the Standard
ization and Formal Definitions ofPL/l: Dr.J.A .. N .. 
Lee 

o 
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SESSION T. 1 

Tuesday 8: 30 - 10:00 a.m. 

. T .1.1 360 Project 

Chairman: Richard Pratt 

Room: Concert 

Subject: a. A Small OS System: Wa_Norton 
b. Panel Discussion: Does OS Belong in 

COMMON? 

T .1.3 800 Project 

Chairman: Robert Forstrom 

Room: Comstock 

Subject: PL-1 Language Development COP: C. Burwick 
(IBM) 

o T.1.4 Electric Utility project - 1130 Working Group 

Chairman: S. A. Clark 

Room: Golden Gate 

Subject: a. 1130 Load Flow 
b. 1130 Short Circuit Calculations 

T.1.5 Electric Utility Project - 360 Working Group 

Chairman: O. B. Anderson, Jr. 

Room: Royal Suite (260) 

Subject: a. 360 Load Flow 
b. 360 Short Circuit Calculations 

·0. 
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T .1.6 Electric Utility Project .... 1800 Wor.king Group 

Chairman: R. W. Page 

Room: English 

Subject: a. 1800 Load Flow 
b. 1800 Short Circuit Calculations 

T .1. 7 /Techniq~es Project 

/ 

Chairman: W. Pease 

Room: Parlor A (214) 

Subject: a. Data Collection: G. A. Gallaway 
~i b. Large Matrix Inversion on a Small Computer 

T. E. Bridge 

T.1.8 ':;Education Project 

Chairman: Jack Underwood 

Room: Bonanza 

Subject: J a. Chico state Col1~ge Registration/Scheauling 
Analysis: Neil McIntyre 
student Information System of Christian 
Brothers College Employing the IBM 1130: 
Brother Jerome We~ener 

T .1.9 Installation Management 

Chairman: Laurence Baker 

Room: Forty-Niner 

Subject: ~! a. Programmer Expectation: D. Mayer (IBM) 

b. Programmer Selection and Testing: 
D. Mayer (IBM) 

COFFEE BREAK 10:00 - 10:30 

-18-
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SESSION T.2 

Tuesday 10:30 - 12:00 Noon 

T.2.1 360 Project 

Chairman: Richard Pratt 

Room: Concert 

Subject: 44PS and its differences from OS: D. Rumney (IBM) 

T .2.2 1130 Project 

Chairman: Da ve Dunsmore 

Room: California 

Subject: 1130 as a Terminal for S/360: K. Gabbert (IBM) 

T .2.3 1800 Project 

Chairman: Robert Forstrom 

Room: 

Subject: 

-
Comstock 

a. Installation Descriptions 
Bonneville Power: B. Hoffman 

~W"'7 -9 
Colorado -Public Service Corp: E. McLaughlin 

b. -aa1Q 8&11. ~u "gar .. 

T .2.4 Electric Utility Project - 1130 Working Group 

Chairman: S. A. Clark 

Room: Golden Gate 

Subject: a. 1130 Hardware Difficulties 
b. Sound Off 
c. New business 

T .2.5 Electric Utility Project - 360 Working Group 

ChairIl\an: O.Bo Anderson, Jr. 

Room: Royal Suite (260) 

Subject: a. 360 Hardware difficulties 
b. Sound off 
c. New business 

-19-
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T .2.6 Electric utility Project - 1800 Working Group 

Chairman: R. W. Page. 

Room: English 

Subject: a. 1800 Hardware Difficulties 
b. Sound off 
c. New business 

T .2,j Techniques Project 

Chairman: W·. Pease 

Room: 

Subject: 

, Parlor A (214) 

J a. Non-linear Regression Analysis with three 
Independent Variables: T.E. Bridge 

J b. User Experience with 1130 LP-Moss: S. A. 
Lynch 

T .2.J Petro Chern Engineering Project 

Chairman: Gene Hertel 

Room: Forty-Niner 

Subject: Application of Simulation in Control, Design and 
Optimization of Chenlical Processes: M.J. Shah 
(IBM) 

T.2.9 Education Project 

- 20-

Chairman: Jack Underwood 

Room: Bonanza 

Subj ect: Panel Discussion on Software Requirements in 
an Instructional Program 
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DELEGATES LUNCHEON 

Tuesday 12:00 Noon 

Rose Room 

Speaker: Dr. Robert E. Hill 
President, Chico State College 

Dr. Hill is a recognized authority in the 
field of international education, finance, in
vestment, and international economics. He 
has written numerous articles, monographs 
and short papers and has risen from Assis
tant Professor of Finance (1957) at the 
University of Illinois to Professor of Busi
ness and President of Chico state College 
(1966). 

Dr. Hill will speak on the subject: "Tech
nology and Adrninistration; A Paradigm." 

- 21-



SESSION T.3 

Tuesday 1:30 - 3:00 p.m. 

T.3.1 Special Session: Time ... Share Computing 

Chairman: W. G. Lane 

Room: Concert 

Subject: a. Conversational Computing: James Babcock 
b. RUSH, Conversational PL-l: Paul DesJardine 
c. Computer Assisted Instruction at Stanford 

University: Max Jerman 

T .3.2 360-44 Committee 

Chairman: Allen B. Wigdahl 

Room: Royal Suite (260) 

Subject: Division of Problems related to Systern 360-44 

T.3.3 1800 Project 

Chairman: Robert Forstronl 

Room: Comstock 

Subject: PROSPRO: O. Merklinghouse (IBM) 

T.3.4 Electric Utilities Project 

Chairman: G. S. Haralampu 

Room: California 

Subject: a. Reports of Working Groups 
b. Progress reports on fault calculations, 

transient stability engineering operating 
systems 

T.3.5 Petro Chem Engineering Project 

Chairman: Gene Hartel 

Room: Forty-Niner 

Subject: Laboratory Automation: RQ A. Edwards (IBM) 

T .3.6. 1130 Project 

Chairman: Larry Armbruster 
'"'" Room: ) 
\ 

Subject: LP-MOSS: IBM 

COFFEE BREAK 3:00 - 3:30 p.m. 
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SESSION T.4 

Tuesday 3:30 - 5:00 p.m. 

T .4.1 Open Board Meeting 

Chairman: James stansbury, President 

Room: Rose 

Subject: a o Members Sound Off to Board 

T .4.2, 1800 Project 
.,../ 

Chairman: 

Room: 

Subject: 

b.. Discussion of IBM-COMMON Relations 
c. COMMON Publications 

Robert Forstrom 

Comstock 

a. PROSPRO (continued): O. Merklinghouse (IBM) 
U/b. TSX Modification for 6 Disk Drives: 

E.H. Spencer 

C;! T .4.3 Electric Utilities Project 

Chairman: G. S. Haralampu 

Room: California 

Subject: a. Engineering Data Banks 
b. New Business 
c. Plans for next meeting 

o 
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SESSION W.1 

Wednesday 8:30 - 10:00 a.m. 

W.l.l 360-0S Committee 

Chairman: "s i. Apderiia,.#r. W"bf' JJol:rO'-J 
Room: Royal Suite (264) 

Subject: a. OS Reread in FORTRAN: WaN Norton 

W.l.2 a60-DOS Committee 

Chairman: Don McIlvain 

Room: 

Subject: 

Ralston 

a. Discussion of problems relat~d. to... FfORTR}N 
under DOS 

W.l.3 360-Commercial Committee 

Chairman: To be announced 

Room: 

Subject: 

Royal Suite (262) 

a. Discussion of problems related to 
COBOL, RPG, COS 

W.l.4 360 ... 44 Committee 

Chairman: Allen B. Wigdahl 

Room: Royal Suite (260) 

Subject: Discussion of problems relating to System 360-44 

,W.l.5 1130 And Techniques Projects 

Chairman: Da ve Dunsmore 

Room: Bonanza 

Subject: a. Overlapped printing for IBM 1130 Commercial 
~pplications USing FORTRAN Write Statement: 
Brian Swain 

b .. 1130 Commercial Subroutines 

- 24·, 
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W.1.6 1620 Project 

Chairman: Richard Karpinski 

Room: 

SUbject: 

Golden Gate 

General information on CAl with special 
"emphasis on 1620 version of COM PUT EST 

w.~ 1800 Project 

W.l.8 

Chairman: Robert Forstrom 
,I 

Roorn: California 

SUbject:S· A comparison between 2310 and 2311 Disk 
storage Systems: Salomon Saroussi -rZ '2. Process Control in Natural Gas Transmission: 

, • ;; A. A. Douloff 

Admini straHon Proj ect 

Chairman: Laura Austin 

Room: 

Subject: 

English 

a. Discussion of Reference Manual Project 

h. Call for help 

J1.9 Installation Management 

Chairman: Laurence Baker 

Room: Forty-niner 

Subject: Systems and Programming Project Management: 
Ralph Sackman,Jr. 

COFFEE BREAK 10:00 - 10:30 a.m. 
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SESSION W.2 

Wednesday 10:30 .. 12:00 Noon 

W.2.1 360-0S Committee 

Chairman: Q, It, Anderson Jr... W Ai>& ~aT4"-' 

Room: 

Subject: 

Royal Suite (264) 

RAX: D Madden aBM) 

W.2.2 360-00S Committee 

Chairman: Don Mcnvain 

Room: Ralston 

Subject: Discussion of problems relating to PL-l 

W.2.3 360-44 Committee 

Chairman: Allen B. Wigdahl 

Room: Royal Suite (260) 

Subject: Discussion of problems relating to System 3 

W.2.4 1130 Project 

Chairman: Da ve Dunsmore 

Room: Bonanza 

W.2.5 

Subject: Discussion of problems relating to 1130 

1620 proi~1Jo eSM' ,d .... 
Chairman: Richard Ross 

Room: Golden Gate 

Subject: a. Continuation of CAl discussion 
b. Suggestions and Wind up 
c. Plans for next meeting 
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W.2.6 1800 Project 

J Chairman: Robert Forstrom 

Room: 

Subject: 

California 

a. User Experience with. Teletype Terminals 
on the IBM 1800: W. M. Schonlau 

b. Plans for next meeting 

W:2.7 Techniques Project 

Chairman: W. Pease 

Room: English 

Subject: a. Summation and Review 
b. Plans for future meetings 

W.2.8 Petro Chern Engineering Project 

Chairman: Gene Hertel 

Room: Royal Suite (262) 

Subject: a. Summation and Review 
b. Plans for future meetings 

W.2.9 Instal1at~on Management 

Chairman: Laurence Baker 

Room: FottY-Niner 

Subject: A Review of the GUIDE Installation 
Managem:ent Project: Arthur Nich()ls 
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SPECIAL ATTRACTION 

VVednesday Afternoon 

IBM San Jose Plant Tour 

a. 1500 and 1800 Production line 
b. Direct access storage devices 
c. Demonstration of 1800 MPX 

Complementary Transportation by IBM Charter Bus 
Leave San Francisco 1:15 PM 
Rtn San Francisco Airport 4:45 PM 
. Rtn San Francisco 

(Sheraton Palace Hotel) 5:30 PM 

Reservations must be made at the registration desk by 12:00 
Noon Tuesday. 

Delegates may choose to tour the facilities 
( a and b) or to attend the demonstration 
(c). We regret that time does not perrnit 
both. 

".,r-') , 

(~-J~ 

c 



"FpprWTW filt"W7Wr 

SESSION W.3 
C: 

Wednesday 1:30 - 3:00 PM 

W.3.1 360 Project 

Chairman: Richard Pratt 
~ 

Room: Ralston 

Subject: a. Reports of 360 committees 
b. Recommendations to IBM 
c. Plans for future meetings 

W.3.2 1130 Project 

Chairman: Da ve Dunsmore 

Room: Bonanza 

Subject: a. Suggestions and Improvements 
b. Plans for future meetings 

C' 

C,',c, 
, . 
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Abstracts of Paper s 

Session M.O 

M.O.1 New Members Session 

At past meetings the orientation session for new members of COMMON 
has always taken place at the end of the first day. This arrangement 
has the result of permitting many new members to walk around in a 
fog for one-thirq of the meeting! In an attempt to remedy this situation 
we have scheduled a short session before the meeting proper begins to 
familiarize new members with the workings of COMMON and to make them 
feel more at ease at the sessions that follow. 

Session M.l 

M.l.l General Session 

This meeting will be chaired by the president of COMMON, Mr. 
James stansbury and will be in the nature of a formal welcome to the 
attendees from the Executive Board. There are no concurrent sessions, 
so that all registrants may be present. In addition to the usual introduc
tions of CO~1MON Officers and special guests there will be time reserved 
for last minute changes to be announced by the Arrangements Chairman 
and the Program Chairman. If possible, procedural questions from the 
floor will be invited. 

Session M.2 

DYNAMIC MODEL SIMULATOR FOR THE IBM 1130 

The Dynamic Model Simulator is a chain of FORTRAN source programs 
that permits the IBM 1130 user to investigate in depth the dynamic behavior 
of physical systems that can be modeled into linear or nonlinear ordinary 
differential equations. 

It can be used for the investigation of a wide range of engineering 
and mathematical problems from reaction kinetics and reactor responses 
to the design of electrical networks and structural assemblies. 

The system does not :r:equire familiarity with analog computers al
though in a way it fo.rces the IBM 1130 hardw~re to perform the function 
Of an analog computer while at the same time it offers the digital computer 
advantages of random memory access and ten digit (extended) precision. 

The input consists of English command words (START , WAIT, RESET, 
etc.) and numeric data which are read in free format. 

The system output includes tabulated values of the variables at specified 
intervals, a table of the 'variables involved and detailed error and infor
mation messages. Plotting of the variables is also available as an option. 
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System Source Language: FORTRAN IV, Level E 

System Hardware Requirements: 1131 CPU-SK, one 2315 dis.k cartridge 
. 1442 Card Reader 

1132 Printer 
Benson-Lehner 305 Digital Incremental 
Plotter (optional) 

PROGRAM LIBRARY 

Discussion of the proposed PREP Forms for the 1130, lS00 and 360 
Library. There will also be a discussion of an extension of the minimal 
standards for this Library. It is requested that there be representatives 
from each of the machine system projects in the Systems Division pre
sent at this meeting. 

THREE-BAR AND FOUR-BAR LINKAGE SYSTEM WITH 
PLOTTED OUTPUT 

A mathematical model of a linkage system is controlled by an array 
of inputs to plot out the path of the linkage intersection point. In addition, 
the system simUlates turning the entire mechanism about a major axis. 
The output of the system has yielded some very interesting designs. 

In conjunction with this report, a list-oriented free field floating point 
input program has been developed. This routine enables the control 
program to modify only specified items of the system input. Under break 
character control, an automatic interactive procedure can be set up. 

Session M.4 

'A LARGE 1620 DISK OPERATING SYSTEM, REASONABLY 
7094 COMPATIBLE.' 

A new monitor for a 40K or 60K 1620 has been developed at Princeton 
for use as a debugging aid for the 7094 and some 360/0S programs. 
FN II I/O and FN IV I/O· are included as well as private storage of pro
grams. Many control card options exist. Speed can be 2 to 4 times faster 
than MON-I (if one has hardware FLT. PT.)both in compilation and execu
tion. A users manual does exist. Many students are presently using the 
system on a completely open-shop basis. 
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'BASIC PROBLEMS OF INFORMATION RETRIEVAL AND A 
SOLUTION ON THE 1620.' 

Some of the basic problems of information retrieval and implementation 
are discussed. The techniques of fi1e-organiza~ion are discussed. These 
techniques are discussed for the most common file devices (disk and tape). 
A solution is shown for the 1620 with disk to demonstrate disk utility. 

FAST FOURIER TRANSFORM 
WITH APPLICATIONS FOR THE IBM 1800 

The Fast Fourier Transform technique as developed by Cooley and 
Tukey has had a widespread effect in the field of time series analysis. 
However, some difficulty has been encountered. by potential users in 
determining exactly how the technique works. An effort to explain the der-
ivation in detail will be made 

Also, a description will be given of an analysis package program in 
which the Fast Fourier Transform technique is used to yield amplitude/ 
phase spectra, power spectra, cross power spectra, and auto correla
tions. 

NIMS- THE AEROSPACE SCIENTIFIC DATA REDUCTION 
MONITOR SYSTEM 

The IBM-TSX System was designed for an IBM - 1800 operating 
in a real time environment as a process controller. The Aerospace 
IBM-1800 is used primarily as a post flight data reduction system in
teracting with telemetry ground station equipment. This demands the 
fuIl interrupt facilities of the system but in a batch processing mode of 
operation such as offered by the TASK stand alone type system. The 

, resulting NIMS Monitor System combines the features of the process 
and non-process modes of operation into a general mode of operation 
in which the full interrupt and peripheral facilites of the machine are 
available to the active' application program under execution. 

The system basically is a TASK OFF -LINE system with the system 
components modified to allow Process Subroutines and Interrupt Service 
Subroutines to be included in the core load generation. Other features 
include a one card cold' start, ability to assemble or compile from magnetic 
tape input, and a magnetic tape backup system. In addition, the TRACE 
and CORE DUMP routines of TASK have been modified to provide and 
extended mnemonic output listing. 

--32-

---------.-.-.~-- ... - ---------_._----_ ........ _ .. -. - ---- - .... - .. ---------.. -.~---.----- -_.- --------.. ... --------.. - .. _-----------_ .. -

o 



o 

c 

o 

;- '"1 . t·l· .. ··t" ...... ··\ ...... if .... ili· j --s . t·b····'i'ri'FfMi*ii'j'j·-t- .. a-·· utlF#ii±i8-%it .. ,. 

CURRENT RESEARCH CONCERNED WITH THE STANDARDIZATION 
AND FORMAL DEFINITION OF PL/I 

In April 1966, a subcommittee of USASI Task Group X3.4.2 was 
. established to investigate the standardization of PL/I. Since that time, 

two working committees have established with exnlicit charters: 
Group I: The resolution of the language PL/I 

and 
Group II: Formal Definition of PL/I 

This paper deals specifically with the work of the committee on Formal 
Definition and its relations with the definitional task forces within IBM. 
This paper will discuss the techniques of definition as proposed by the 
cOlnmittee, the uses to which the definition is to be put and the implications 
of the work of this committee on the standardization of other computer 
languages. 

A familiarity with PL/I is not presumed. 

Session T. 1 

THE 1620 AS A DATA COLLECTOR OR 
SOFTWARE, THE CRUTCH HARDWARE BOYS LEAN ON 

The paper will cover the date collection methods used at the Sacramento 
Peak Observatory. The principle reasons for designing a computerized 
data collection system were: 

1) Improve existing methods which used sumrnary punches. 
2) Gain experience and insight into problem~ associated with data 

collection in preparation for third generation equipment. 

The paper will also cover the roles played by the programming staff 
in this type of operation. Namely, software as a diagnostic tool for the 
hardware boys in developing data reduction/ collection instruments, and 
software as a useful and flexible tool for the research scientist. 

Three methods for data collection and reduction by computer have 
been tried. 

1) On line, one point at a time, testing each point for parity and 
structural errors and storing it on the disk before the next 
point is generated. 

2) On line, a record at a time, locking the source device out until 
the data has been tested and stored. 

3) Off line, using 7 track incremental tape recorders, with testing 
and reduction being done during slack times. 
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CHICO STATE COLLEGE REGISTRATION AND 
. SCHEDULING ANALYSIS 

"Salient features of Chico .state College's computer approach to 
student scheduling and registration are discussed; applicability to other 
colleges and other computer configurations is emphasized." 

STUDENT INFORMATION SYSTEM OF CHRISTIAN BROTHERS 
COLLEGE EMPLOYING THE IBM 1130 

We received our 1130 around July 4 and immediately began programming 
it for our Student Information Svstem. This is a great improvement over 
the 1620 system since that was chiefly card oriented and we can now keep 
all the information on the disk. All of the programs are written in FORTRAN 
with the exception of two or three adapted with the Commercial Subroutine 
Package. After the students are registered, we are able to produce class 
lists, student schedules. mailing labels, all types of statistics, statements, 
report cards, and permanent record labels. The system works very well 
and will become more efficient when we add an additional two disks and 
receive our 1403 printer. 
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Session T. 2 

USER EXPERIENCE WITH 1130 LP-MOSS 

U. S. Reduction Co. has used the 1130 LP-MOSS application package 
since its first release. Various problems have been encountered during 
its, use; however, useful answers have been obtained. Due to the size of 
the aluminuln alloy blending problem being studied, a second 1130 had to 
be leased for full dedication to this problem. Early results indicate a 
reasonable payback may be obtained from this hardware and software 
combination. 

An Outline 

1. Company background 
2. Early uses of linear programming 
3. Problems encountered in implementing 1130 LP-MOSS 
4. Results to date and future planning 
5. Specific application modifications desired 

APPLICA TION OF SIMULATION IN CONTROL, DESIGN AND 
OPTIMIZATION OF CHEMICAL PROCESSES 

The problem of supervisory control and optimization of a chemical 
process requires that the control as well as the optimization programs 
be provided with a mathematical relationship between the dependent and 
independent variables in the process. 

In this presentation we will discuss methods of arriving at this relation
ship based on the fundamental laws of physics and chemistry. We will 
make the proper approximations valid for control purposes to obtain 
the solution of the differential equations, describing this relationship. 
Use of simulation languages helps in reducing the programming time as 
well as the number of trials required to attairl successful solutions. 

An example of methanol plant will be discussed in some detail to illus
trate the mathematical and programming technique's to achieve the desired 
relationships for control and optimization. It will be shown how these 
differential equations with modification of the objective function when 
used in the optimization program can lead to optimum design of the plant. 
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Session T.3 

LA BORA TORY AUTOMATION 

The session on Laboratory Automation will include a general description 
of program'ming and equipment aspects of the application of the 1800 and 
1130 to this newly emerging and fast growing field. Following this 
discussion, an application will be discussed in detail. This will include 
a description of the type of research to be accomplished, the incentives 
of the on-line computer, the programming system to run the instrument 
in a closed loop fashion, and other experiences to date with the system. 
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Session W.1 

OVERLAPPED PRINTING FOR IBM 1130 COMMERCIAL 
APPLICATIONS USING FORTRAN WRITE STATEMENT. 

A method is described for incorporating overlapped printing into 
IBM 1130 Commercial FORTRAN programs. Communication to the suo
subprograrn which performs a printing operatIon IS acnlevea tnrough 
the FORTRAN WRITE statement rather than through the CALL statement. 
The advantage of this method is that limited use can be made of the 
formatting ability of the FORTRAN language. Headings can readily be 
incorporated, and the layout of the printed page specified by use of FORMAT 
statempnts" 

A BA TCH PROCESSING FORTRAN SYSTEM 
FOR A MINIMAL CONFIGURATION IBM 1620 

This paper describes a software package designed to increase through
put on a 20K card system IBM 1620 computer in an environment where 
a large number of fairly simple FORTRAN programs must be processed. 
The increase in throughput is accomplished in two ways; (1) programs 
are batch executed under control of a loader-monitor routine, and (2) 
a powerful precompiler reduces the number of execution errors and de': 
creases the requirement for on-line debuggingo 

The cOlnpiler is a version of the PDQ FORTRAN compiler which 
has been modified to handle the batch processing features of the system. 
Batch execution is made possible by keeping the entire subroutine library 
resident in core rather than reloading it with each object deck. Object 
programs, separated by control cards, are stacked for input. The reading 
of a control card by the FORTRAN card read subroutine or the execution 
of a CALL EXIT statement will cause the next object deck to be automat
ically loaded and executed. The monitor will also ternlinate a job if the 
output line count exceeds a control card specification. 

The precompiler detects more than seventy distinct errors based on 
PDQ FORTRAN specifications. Many of these errors, such as undefined 
synlbols, are undetected by the compiler and cause execution check
stops. Recognition of multiple errors in a single statement is possible, 
thus eliminating multiple debugging passes. 
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A COMPARISON BETWEEN 2310 AND 2311 DISK STORAGE SYSTEMS 

A series of programs has been written to allow 1800 users to fully 
utilize the capabilities of the IBM' 2841-2311 disk storage system within 
the frame work of the Time-Sharing Executive -- TSX, Version 3, Mod L 

A comparison is made between the 2311 and the 2310 disks in pro
gramming techniques, timing and cost effectiveness. 

PROCESS CONTROL IN NATURAL GAS TRANSMISSION 
WITH AN IBM. 1800 

This paper will present the progress made by Trans-Canada Pipe 
Lines Limited, Toronto in the field of process control computers. A 
brief description is given of the feasibility study prior to ordering the 
computer, the organization of the implementation team and the methods 
of implementation. 

The purpose of installing the process control computer at Trans
Canada is to save fuel by more efficient operation of compressor stations, 
and to guide the dispatcher into better control of the line, thus allowing 
more throughput at the same or better operating cost. The computer is 
not closed loop, but accepts telemetered data from all compressor 
stations on a priority interrupt basis, optimizes the line by means of an 
on-line simulation program and then informs the dispatcher by type
writer output what change, if any, to make to achieve optimal operation. 

A description is given of the telemetering system that feeds the 
computer and of the Simulation/optimization program that is used to 
control the line. The computer, the tB"M. 1800, was installed in June 
1967. 

SYSTEMS AND PROGRAMMING PROJECT MANAGEMENT 

The allocation of limited systems and programrning resources to the 
highest payoff areas is becoming more· important as data processing in
stallation costs continue to rise. Long and short-range plans properly 
approved by top management and formalized systems project managell1ent 
are vital tools to assure that systems capability is focused on the major 
areas of the enterprise and adequately controlled to attain the stated ob
jectives. To work effectively in this environment, additional demands 
are placed onto the systems group to develop systems plans in terms 
easily understood by top management and onto data processing man .... 
agement to bring about fulfillment of the approved plans on time and as 
economically as possible. 
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Session W.2 

USER EXPERIENCE WITH TELETYPE 
TERMINALS ON THE IBM 1800 

The following describes and addition to the programming system for 
the IBM 1800 computer. The expanded system will support up to 16 remote 
teletype terminals being used in a time-sharing environment primarily 
to solve realtime inforrnation processing problems. 

1800 Hardware 

The 1800 CPU Inakes extensive use of hardware interrupt levels and 
data channels to operate its standard data processing I/O equipment. In 
addition the 1800 can have analog and digital I/O capable of communicating 
directly with almost any kind of equipment. The terminai system uses 
2 words of digital input and 1- word of digital output (16 bits/word) to 
control all 16 terminals simultaneously. No data channels or additional 
hardware are employed. 

TSX Programming System 

The 1800 program.ming system provides many conveniences. Programs 
are of two types, process and non-process. 

Process programs can be initiated by externally generated interrupts 
or can be queued by any program for execution. They can be a part of the 
system skeleton which is in core at all times or they can be kept on disk 
in core-image form. Process programs have highest priority and generally 
use SaIne analog or digital 1/00 

Non-process programs ordinarily do not use the process (analog and 
digital) I/O. They are usually stacked jobs of a conventional type to be 
run under the non-process monitor. 

When time-sharing, the systenl does the following: 

(1). Runs non-procE::ss programs for background (job shop). 
(2).. Periodically checks the queue for process programs. 
(3).. Permits externally or internally generated interrupts to 

load and execute process programs at any time. 

Both (2) and (3) require that the non-process job be saved and restored 
when the process work is finished .. 

The Terminal System 

The ternlinals extend the tiIne-sharing capabilities of the system by 
allowing up to 16 users to communicate with the system simultaneously. 
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Terminal activities include: 

(1). Queing process programs for execution. 
(2). Communicating with programs during execution. 
(3). Programming in NUtran (conversational fortran). 

Many other activities are planned. 

Most of the terminal system capabilities are achieved by simply 
making the standard TSX functions more accessible. The only programming 
efforts unique to' the terminal system are the communications controller 
(simulated by an in-skeleton program), and the time-slicing of terminal 
service programs. 
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PL/l AND FORTRAN: A CQr,iPAR I sor~ 

PART 1ST A TEi'v'iEi\fi- S I i·'lI LAR I TY 

PART I I A SAMPLE PROGRAM 

PART Ii! CAPAS I LIT I ES OF PL(: BEYOND FORTRA~l 

C\ 
) -

o 



PL!lI\ND FORTRAN~ A COtv,PAR I SmJ 

PART 1 - STATEMENT SIMILARITY 

OAT A 0 E F I ~~ I T ION 

o I ~/1ENSI ON A (507 50); [-3(25,100), C (2)· 

COlvijv10r~ A 

EQll VALENCE (itA, B) 

DATA C/.I2~·1 .0/ 

INTEGER-f-2 A 

REAL ~ 8 B 

COrvlPLEX D 

LOGICAL E 

D'ECLAr~E A(50l 50) 01 NAf~Y (15,0) EXTERNAL,1 

Bl25,100) FLOAT BINARY (53) DEFINED A, 

C (2) I NIT I AL (1.0)1 

o FLOAT· B I Nt\~~Y COi/IPL.EX.1 

E BI T(1) PAC}\[Oj 

o 

o 

50. 



hi rl!"°··,,·t£f.·» . iV·- . ·b*ririif"tff'i·rl6itbfb#itiYRt5t .... *irlPIWij*in'.t±bit .. ·, , 

ASS I GN~/1ENT 

FORTRAN 

A ~. B+CIt'SQRT (E) 

o 

5/. 
--_ ..... _ ..•.•.• _ .•. _-------------------------



. " 

CONIROLSiATEMENTS 

FORTRAN 

GO TO 25 

GO TO (1) 3.1 5)1 N 
ASSIGN 3 TO N 

J F (X • E Q. Y • AN o. Z . G T. Y) A=. B+ 1 3 
DO 100 

100 CONTINUE 
·1-=1, 15., 3 

PL/1 

, ~ 

PAUSE END PHASE 1 

GO TO NEXT; 
GO TO L (I); 

I::. 3 ~ 

IF X=Y & Z7Y THEN A:B+13j 

0100:00 1=1 TO 15 BY 3~ 
.END 01 00; 

DISPLAY tEND PHASE l/J~ 

o 

Sl.. 



FORTRAN 

C\ 
" 

PL/l 

o 

INPUT OUTPUT 

READ (5 J 1 ) X I Y ~ Z 

FORMAT (F8 .2~2F4 1) 
WRITE (6~2) 

2 FORMA T (1 HI; HEAD I NGS) 

WRITE(8) XJY"Z 

ENDFllE 8 

REWIND 8 

. GET EDIT X.7y~Z (F 8,2)) F S.1)t 
PUT LIST CHEADINqJPAG~ 
WR I TE FilE (SCRATCH) FROM (WORK) 

DCl 1 WORK 2XJ2YJ2Z~ 

CLOSE FILE (SCRA TCJ11,' 

.... "W O 
•• 15w m 

53. 



" 

SUBPROGRA;'ij CONS TRUCT I ON 

LORTR,6.~ 

CALL MATMPY (A, BJ C) 

FUNCTION SPEC (A1 B) 

SUBROUTINE XTR(4"Z) 

ENTRY XTRA(Q; R) 

EXTERNAL S" 52" 53 

RETURN (A+B+C) 

o 

I ~ ... I PL,: 1 '0 "/. 

CALL MAT~/1PY (A, B, C); 

SPEC; PROCEDURE (A, B); 
XTR: PROCEDURE (Y, Z); 

·XTRA: ENTRY (Q1 R); 
D[CLAr~E (51:,/ S2,) 53) ENTRY ~ 

RETURN (A+8+C); 

o 



o 

o· 

SAMPLE PROBLEM 

QUADRATIC MODEL AO + AlT + yl2 A2 T2 
EXPONENTIALLy SMOOTHED COEFFICIENTS 

READ IN DATA 

UPDATE MODEL AND MAKE NEW FORCAST 

PRINT NEW FORCAST 

PUNCH UPDATED MODEL 



100 

1 01 

PART I I - CONPARISON OF SAMPLE PROGRAMS 

FORTRAN MAJN PROGRAM 

o I fviENS ION 10 (5 ) 

INTEGERi:2 ID 

. COfvirvl0N 08S, PRJ 7 A0 1 Al, A2 

vJRI TE (6; 100) 

FOF~tv1A T (1 Hl) 

1 READ (5, 1 01) 0 BS, PRJ? A 0, A "'1 A 2:) (I 0 ( I ) j I ~- 11 1 5 ) 

FORMAT (F8.4, 4F10 .• ~15A2) 

CALL' FORCAST 

WRITE (6,"102) PRJ1 (10(1),1""'-1,15) 

1 02 FOR~J1AT (1 H ') F8.4) Xl) 15A2) 

. WRITE (7; 103) PRJ1 AOJ A1 J A2J (1 D (I),) 1:-1, 15) 

103 FORMAT (X8 7 4 F10.4)15A2) 

GO TO 1 

END 

o 



o 

o 

PL. /1 l\iA I N PROGRA~; 

SA~iPL: PROCEDURE OPT IONS (l"lA IN) ) 

DECLARE ( OBS 'pR J ,AO ,A 1 )A2 ,ALPHA ,BET A) 

FLOAT BINARY, 10 CHARACTER(30)) STATIC 

EXTERf\jAL) 

ALPHA!:=.l, BETA~.9) 

PUT EDIT PAGE; 
START: GET EDIT (OBS,PRJ)AO)Al 1A2}10) ... 

, . (F(8 l 4)) 4(X(2), F(S.4))) X(2) A(30))', 
CALL FORCAST ; 

PUT EDIT(PRJ,IO) (F(S,4))X(2), A(~O)) SI\IP(-I); 

PUT FILE (PUNCH) EDIT 

(PRJ,AO,Ai )A2)10) 

(X(S)1 4 (X(2)/(8 l 4)))X(2))A(30)); 

GO TO START} 

ENDj· 

-5? 



.. _-_ .. _ •.•...• _- ..... _ .. _ ..................... _ ...... _----... -.~----~-

FORTRAN SUBPROGRAi'v'j 

SUBROUTINE FORCAST 

. COMMON OBS,PRJ)AO)Al)A2 

REAL*4 ALPHA/. 1 /)BETA/9/ 

ERR::: PR J- ass 
TEiv'iP==A2- ,6ILPHA*~3*ERR 

A 1 = A 1 +A2-1 .5+ALPHW2*,(2. 0- r\LPHA)¥. ERR 

·AD -c::: 085+[3ET A ~.I- 3,rERR 

A2 -c:. T E~'lP 

PRJ =-A 0 +,A, 1 + . 5,y A2 

RETURN 

END 

,0 

o 



o 

PL/l SUBPROGRAtvi 

FORCAST~ PROCEDURE; 

ERR = PRJ-OSS; 

. TEivIP= A2- ALPHA)'~(,3*ERr~) 

A 1 = Al +A2- 1 .5~-ALPHA:H:· 2*(2- ALPHA)t ERR; 

AD = OBS-I-SET A*~3'+ERR) 

A2 ::: T EfJiP ; 

PRJ.= AO+Al + .5*A2; 

RETURN) 

END-:> 

59. 
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PL/1HAS MORE CONCISE EXPRESSION • 

.. PROBLEM I NIT I AL I Z[ ARRA Y A AND COMPUTE 

FOR ALL I. J 

FORTRAN 

o I MENS I ON A (i 00 • 1 00) 1 00 ) 

DO 5 1=1,100 

DO 5 J :: 1 ~ 1 00 

DO 5 K:1J100· 

. 5 A (I, J ~ K); 0 .0 

10 

DO 1 0 1 ::: 1 1 00 

DO 1 0 J:; 1 1 00 

A (I,J~2)::B (IJJ)+ M (I}MS(6),J) 

Del A 600,100,100); A:.O; 

A (~~~) 2): B+Ml*~ MS( 6)~ *); 

o 

o 

o 



o PL/l HAS BETTER I NTERr~UPT CONTROL 

" 

PROBLEM ALLOW FLOATING POINT UNDERFLOW FIRST 

1 00 T I. [vIES THEN KILL JOB. 

FORTRA.N REQUIRES ASSElvlBL YlANGUAGE ROUTINE. 

ON UNDERFLOW BEGIN~ 

DCL COUNT FIXED~3) INIT(O)j 

IF COUNT = 99 THEN D0) 

PUT LIST (1100 U~JDE~FLOWSI) SKI pel) ., 
SiGNAL FINISH) END) 

COUNT:::: COUNT + 1 ) 

RETURN) END) 

6/. 



-----,,-,,----------,,--""'---"'-,--,,-""""''',,'''''''''''''''' 

PL/l HA$ MORE EXTENSIVE DATA EDITING 

SOURCE TAR(;FT 

00100 'l ~ 1 00 

"'0203 1 2 3 

1234.56 1.234.56 

12 1 "2 

001 .23 $1 .23 

-123 $1 .23CR 
+" 

123 123 ~-

-
-123 123 



o 

o. 

PL/l HAS SUPERIOR ARRAY HANDLING 

EXAfviPLES 

DECLARE A(-5~-25, 17~18); 
DO 1=-5 TO -25 BY -5 ) 

- 25 TO - 30 BY - 1 ) 
WH I LE ( X~19. 6) ) 

A=B+C/Ej 
WHERE A)B)C)AND E ARE 
ALL N-DIMENSIONAL ARRAYS 



,...- .. ----.-..... -.--------.. -----.-.... -~-.--.----.~.--.--_. __ ._._._----

·c· 
PL/l HAS ~RE BUILT IN FUNCTIONS 

.', 

EXA~iIPLES 

. DATE 

TIME 

SUM(X) 

PROO(X) 

RETURNS CHARACTER STRING YYMMDD 

RETURNS CHARACTER STRING HHMMSSTTT 

RETURNS SUM OF ALL ELEMENTS ·OF X 

RETURNS PRODUCT·OF ALL ELEMENTS. OF X 

o 



c 

o 

. PL/' HAS CHARACTER.STRING AND BIT STRING PROCESSING 

. EXA>iPLES 

DCL SYi,iPTOMS BH( 64) P.ACKED) 

HEADACHE BIT(l) DEFINED SYivIPTO[vIS 

POS I T I ON ( 25) ) 

FE VER B I T( 1) DEF I NED S YiviPTOiv1S 

POS I T I or~ (35) ; 

IF HEADACHEf1FEVER THEN GO TO ASPIRIN; 

ELSE GO TO PENECILLIN~ 

8IT(64) REQUIRES 8 BYTES OF STORAGE 
X :'XYCOlviA8C!\!iON' j 

Y-= I NDEX( X , 1 COrvi I); 
Z ;::; I N D E X ( )( J I r' 10 N ~ ; 
A·~ SUBSTR(X) Y ,3) II SU3sm(x, Z )3) j 

6$. 
---_._-------------------------
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IN ADDITION PL/l OFFERS 

CQt-/iPILE TliliE CAPABILITY (i"iACROS) 

LIST PROCESSING 
jviUL T I ~ TASK I NG 

DYNAMIC ALLOCATION AND RELEASE OF STORAG~ 
EXTENSIVE DEBUGGING 

EXTENSIVE I/O CAPABILITY 

• ~ ~. 

,. ('.!~ 
, . 

o 

.0 

66. 
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DYNAMIC MODEL SIMULATOR FOR THE IBM 1130 

by 

George D. Polyzoides 
Hooker Chemical Corporation, Niagara Falls, New York 

The Dynamic Model Simulator is a chain of FORTRAN source programs 
that permits the IBM 1130 user to investigate in depth the dynamic behavior 
of physical systems that can be modeled into linear or nonlinear ordinary 
differential equations. 

It can be used for the investigation of a wide range of engineering 
and mathematical problems from reaction kinetics and reactor responses to the 
design of electrical networks and struct~ral assemblies. 

The system does not require familiarity with analog computers al
though in a way it forces the IBM 1130 hardware to perform the function of 
an analog computer while at the same time it offers the digital computer ad
vantages of random memory access and ten digi t (extended) precision. 

The input consists of Engli sh conrnand words (START, WAIT, RESET, etc.) 
and numeric data which are rC0d in free tormal. 

The system output includes tabulated values of the variables at 
specified intervals, a table of the variables involved and detai led error and 
information messages. Plotting of the variables is also available as an option. 

System Source Language: FORTRAN IV, Level E 

System HardvJare Requi rements: 1131 CPU-8K, one 2315 disk cartridge 
1l~4~ Card ;{eclder 
1132 Printer 
Ben son· L e h n e r 305 0 i 9 ita 1 Inc reme n tal P lot t e r 

(op t i ana 1 ) 

fa ? 
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II hooker 
NIAGARA FALLS, NEW YORK 14302, PHONE (716) 285-6655 

ABSTRAC! 

The Dynamic Model Simulator (DYNAMO) consists of a series of 

FORTRAN IV programs that allow the IBM 1130 user to investigate with 

detail and accuracy the behavior of physical systems that can be modeled 

into linear or nonlinear ordinary differential equations. 

The DYNAMO Simulator can be of great help to engineers and 

scientists who consider such time consuming problems as the investigation 

of the transient behavior of chemical reaction systems, electrical networks, 

process variables and control systems. 

The input to the DYNAMO Simulator ia in free format and in the 

form of distinct key words and numbers. The digital computer setup 

prohibits real time operation but it offers the additional advantages of 

accuracy, data storage and detailed plotting. Besides the input-output 

and calculation mainlines DYNAMD utilizes the 1130 Plotting System, a 

plotting software package created by Hooker's Systems Engineering Group. 

The minimum equ'ipment requirements for program execution arel 

1131-cPU-SK-2B 

1442 Card Reader and 1132 Printer 

The Plots (optional) can be obtained through an on line digital 

plotter (.OOS"/step). 
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INTRODUCTION 

The expansion of the range of the applicati.ons of digital 

computers into fields that were the traditional domain of analog 

computers is a rather recent trend that has produced such interesting 

results as the GPSS, the CONSIM, the CSMP, the PACTOLUS and other 

simulation systems. The DYNAMO Simulator does not claim "a place in 

the sun" among these systems. Its mode of operations is more restricted 

and less sophisticated. The object of DYNAMO is the solution of ordinary 

differential equations and the emphasis is on the mathematics rather than 

the block diagrams. Since differential equations and block diagrams are 

frequently equivalent in describing a system, it follows that in many 

instances DYNAMO can be used in obtaining results similar to the ones 

obtained from larger and more complicated systems. 

The point ot decision when programming for analog to digital 

equivalences is whether analog procedures and nomenclatures should be 

carried over to the digital system's specifications. For example, should 

gain be labeled as such, or should it be implied by a multiplication? One 

can argue about the advantages and the nuisances of both types of approach. 

The DYNAMO Simulator approaches the problem from the point of 

view of the person who has more experience in digital than in analog 

computation. This implies that analog computer nomenclature, wiring 

71. 
----------------,----_________ , __ w .......... • 
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diagrams, and scaling are not necessary to deaeribe and set up the 

problem. The analog concepts, although still _i .. ent afid helpful, 

tend to fall in the background ~ile ~amii!arlty withdiglta1 concepts 

becomes essential. 

o 
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PART ONE 

o PROGRAM CHARACTERISTICS 

A) INPUT REQUIREMENTS 

The input to the DYNAMO Simulator consists of some key words 

and numeric data. The programs have been ~itten in such a way as to 

permit experimentation with the differential equations that describe the 

model. The execution of the programs can be interrupted at five distinct 

points and restarted at some later time without loss of continuity. 

1. Input Language 

The key input words or commands constitute a very elementary input 

language •. The term "language" is applicable only as far as it is under-

stood as the substitution of a numeric code with English words. The 

input commands can be divided into six categories: 

o i) Integration Information commands: They define the step length 

and interval of the integration, value of the equation coefficients, etc.) 

CONTROL, COEF 

ii) Identification commands: TITLE, TABLE 

iii) Initial conditions commands: START, RESET, REPEAT, RESTART 

iv) Utility commands.t SETUP, LOG, NOLOG 

v) End Indicator commands: WAIT, END, HALT 

vi) Output commands: PLOT (8ee Appendix B), LIST, FILE 

For those interested in more details the DYNAMO input language is presented 

in more length in Appendix A. 

c· 
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2 .• ' Input Procedures 

The DYNAMO commands and the required numeric data can be entered through 

punched cards or the 1131 console. The two input modes can be alternated 

during program execution. All commands are listed on. the 1131 console, 

but listing can be stopped upon use of the NOLOG command. The SETUP command 

can be used to reset the system standard files (see Appendix D). 

All commands and data are entered on a free format basis. The 

special plotting instructions are only sequence dependent. More will be 

said about free format in subsequent sections. 

Upon detection of F- type input errors in the numeric data or an 

erroneous conmand the user has the option of causing a "PAUSE" and correcting 

the error. MOre serious logic errors (i.e. no initial conditions specification) 

cause exits to the monitor. The files containing the standards for the system 

are not closed and most of the times the error can be corrected and the run 

can be restarted without loss of continuity. 

3. The Mathematical Model 

All the first order ordinary differential equations describing the model 

must be previously stored as a function subprogram. The present dimensioning 

allocations allow a maximum of twenty variables (equations). 

These ordinary differential equations may be linear or nonlinear. 

Second or higher order equations can be expressed as two or more equivalent 

first order equations. The coefficients of the equation terms can be 

o 

o 

() 
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o variable and their values must be present during the input step. 

The DYNAMO Simulator will accept any first order differential 

which can be arranged in the formr* 

- i-

where Yi is the i~h dependent variable and x is the independent variable. 

EXAMPLE: 

Algebraie expression< ~'I: '+- • C~ Y 2 = S IN X'h 5 Y i 

DYNAMO FORTRAN: 

The value of L is determined in the calling mainline. The 

() function subprogram must contain a computed GO TO statement so that the 

appropriate derivative value for each variable is selected. Appendix C 

contains sample subprograms in both algebraic and FORTRAN notations. 

* Other equation forms can be expressed in the form of equation -1-

after some mathematical manipulation. 

o 

__________________________________ '''''''''''''''' ____ -c 
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B) PROGRAMMING TECHNIQUES o 
The present version of the program consists of two input mainlines, 

an error checking mainline, the mainline that solves the differential equations 

and the mainline that generates the plotting specifications. The actual 

plotting is accomplished through a separate software package. Due to the 

number of CALL LINK'$ that is involved the majority of the programs have been 

stored in core image to allow for fast loading. 

1. System Standards 

A seventy (70) digit integer vector is initialized and then continuously 

updated and maintained through each execution of the DYNAMO programs. 

Appendix D contains a list of the information contained in the vector. The 

standards can be reset by using a special "standards generation" program or 

by using the SETUP command during the program execution. 

2. The predictor-Corrector method for numerical integration. 

The solution of the differential equations describing the model is the 

most vital part of DYNAMO. The Predictor-Corrector method of Hamming(l) 

has been found to fulfill the important considerations of stability, 

accuracy and relative calculation speed. 

No attempt will be made here to d~scuss the method in detail. 

Any such effort would be a reproduction of the excellent article by 

Ralston(2) descrfbing the details. The limited information to be presented 

o 

76. 
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in this paper is here just for clarifying the overall approach. 

Given the values of M dependent variables (Y) and an independent 

variable (X) at four equispaced points in the X domain (0, 1, 2, 3) the 

predictor corrector method (fifth order accuracy) is a means for obtaining 

the M values of (Y) at point (4). This pr.ocedure can be generalized by 

setting the four known points of the domain as n-3, n-2, n-l, and n and by 

considering the points to be obtained as the x domain value becomes Xntl. A 

set of four equations is used for each ith variable (i=l,M) and this 
-t 

procedure will repeated until xn+l reaches a present value: 

i) The predictor equation gives a rough estimate of Y(i,n+l) 

r" •. :: Y (L J n . ~) .. ( 4~/:3 ") ~ ( 2 ti J ( ~.)"tt) _ ~ '( ~) n _I) .. 2 ~ I ( ~ ) "-2)) - 2-

ii) The modifier and corrector equations eliminate the need for iterative 

convergencez 

- 4-

where~t\-('Y\) is the trunc'a.tion error from the last step, ~' is ~~e. den".~.~ c.f d 
c.\'I"4 "I:' ~he Inh1'\lr.\ ~,"""~~n 'IC."'J~,,-,,1"_1.,"ft_l _ .... 4 Yo" •• 

III) The final equation takes the form: 

Y ( i.) (lTC) -= C n~' -4- ...9.. (-p C',' 
12.1 V,,+I- ",""J 

wher~" ... -(1\+:)iB the present truncation step. 

From the point of view of calculations the only additional 

requirement is that the values for y( t ,K), where (K=2,4) must be calculated 

• from the initial conditions y( ~-,1) before equations (2-5) can be executed. 

This initial step, conunonly called the STARTER consists of a first order 

Newtonian extrapolation and an iterative convergence technique described in (2). 

77 
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Stability checks have been incorporated in the integration routines. o 
The user can check the stability of the calculations by using DATA SWiTCH 4 

during the execution of the program. 

3. Data co~version from extended to standard precision. 

In order to minimize the accumulation of the inherent roundoff errors, the 

DYNAMO mainlines (with the exception of the plot generation mainline) have 

been compiled in extended precision. The 1130 Plotting System is compos~d 

of standard precision mainlines. The DYNAMO data must be converted into 

standard precision before they are stored in the files from where the plotting 

mainlines are to pick them up. 

Conversion is accomplished by equivalencing the extended precision 

floating point values of X and Y(i,k) to a three digit vector 3 and by creating 

the new integers IY(20,2) and rx(20). The technique can be outlined as 

fo11owsr 

i) Equivalence, 2 3 

o 

/~> '<NA ... <U-
S ~I\A. NTI5~A (/ //;' 'IU~TIC. -. --. //1 .S , 47 

j(~) J(2) J(!) \I£CTO~ :r 
ii) IY( i , 2) = J( 2 ) 

c P~"'I M-"-N-"'-S-~ -j).--'$-'I 
iii) IY(i,l) = (3(1)/256)*256 

iv) IY(i,l) = !Y(i,l) + 3(3) 

S ""'ANT, 50 I~A CHAtZl\CTt 

a.~ TIC. 

v) store IY(i,I) and IY(i,2) ".'1(2. ) L lYC!) 

lbe 32 bits comprising the last figure will be treated as a floating point 

variable Y(i,k) when read from the permanent file by a standard precision ~ 

program. 
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4. The free format routines 

The free format input is accomplished by a group of subroutines that perform 

the following operations, after a data card has been .read in (80Al Format) 

and a starting and ending column number has been indicatedz 

i) Detection of the first nonblank character. 

ii) Detection of a predetermined (EBCDIC) character code. 

iii) Retrieval of an integer number~ 

iv) Retrieval of a floating point number. 

v) Retrieval of an alphameric text contained between two apostrophi. 

As an example of the utilization of these subroutines consider the data 

card shown below: 

r olumn 
i 0 1 a . 6 T = 2 4. 

~1 2 3 4 5 6 7 8 9 III 1 1 1 III I 2 2 2 2 2 2 2 2 2 2 
o 1 234 5 6 7 8 9 0 1 2 345 6 7 8 9 

..... -
i) set starting column (1) and detect the first nonblank (5). 

i1) Find first blank column after (5) (column 7). 

iii) Use integer retrieval routine (columns 5-6). 

iv) Starting with column 7 find nonblank character (11). 

v) Find next blank (15) and retrieve floating point number (11-14). 

vi) Search for T and if search is successful (as it will be) retrieve 

the ··number following the (=) sign. 

5. The Digital Plotting 

All plotting must be done on a .005"/step digital plotter. By interpretting 

the special instructions (Appendix B), the program generates the plotting 

specifications. These specifications are then stored in a file, the plotter 

programs are· loaded in core, the plotting specifications are read in from 

/9. 
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the file and the plots are produced. The DYNAMO user may exercise o 
a varie.ty of options in generating the plot specificatiorfsl 

i) The right-hand Y axis can be used independently of the left hand 

Y-axis or it may be omitted completely. 

ii) Titles may be specified for the plots and the plot axes. 

iii) Two of the following thre.e quantities may be present or all three 

may be determined by the plotter scaling routines. 

a). axis minima 

b) axis maxima 

c) axis "delta" increment (units/inch) 

iv) The data can be plotted as points, least squares lines, or points 

with fill-in lines. 

v) The X-Y variables can be transformed (Y2~Y2/Yl*y3) 

vi) 
.. ,-

The size of any of the axes to be used may be either 7. or 10. 

without the framf! or 8.S'·or 11". with the frame. 

vii) An additional axis, same as the parallel to the X axis may be 

specified 80 that the axes enclose the graph in a rectangular box. 
\ 

viii) undesirable Y variables may be omitted and the x- axis variables 

for the plot may be any of the X-Y variables. 

ix) The X (or Y) axis may be shifted to the zero point of the Y (or X) 

axis. 

x) The data for the plots may be generated from values stored between 

any two records of the file (max. 50 records/plot). 

Plotting of the results from the simulation can be postponed for 

some other time by INTERRUPTING the program after the data are calculated, 

o 
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printed and stored. An examination of the listed output may suggest patterns 

for a more meaningful graphical presentation of the data. The punched output 

is in a format directly acceptable to the stepwise regression program of the 

Hooker 1 ibrary. In this way the results from the DYNAM) Simulator can be. used 

to form algebraic equations describing the variables. This can be a great 

time saving feature when the mode~ under investigation is part of a bigger 

model. 

6. Future Expansions 

The present form of DYNAMO can become a more versatile computational tool 

with the addition of a function generator and a way to specify disturbances 

directly. (Distrubances can be investigated now in an indirect manner). 

From the viewpoint of calculation speed two more steps are to be 

considered for future improvements: 

o a) Introduction of a variable step length. 

b) Use of an assembly language "patch" to speed up the numerical 

integration. 

o 

~/. 
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PART TWO 

EXAMPLES OF APPLICATIONS 

CASE No. 1 A CSTR Battery (4) 

~ will investigate the changes of conce~tration of a component 

k A when a second order reaction A~B takes place in a two stage CSTR 

battery. The diagram below shows the flow pattern and the equipment layouts 

The mass balance equations around the tanks aret 

i) first tanks 

iil second tankt -i(Y2) ... ~ + Kl y~2 = Yj 
at ea 
is the retention time where: e 

Kt = the reaction rate constant 

Yi,'1~ = the concentrations of A in tanks '1 & 2 respectively. 

The following pages illustrate a) the use of the DYNAMO language in the 

input phase b) the standard printed output and c) a sample of plotter output. 

o 



TITLE 
TWO CSTR 8ATTERY -SECOND ORDER REACTION 
CONTROL 6 
1 2 
2 2.4 
3 .01 
4 1 
5 10 
6 1 
START 
O. 
1. 
1. 
LIST 10 
PL.OT 1 

140. 

NUMBER = 1 TITLt'CSTR BATTERY//TANK 1 SOLID LINE//TANK 2 DOTTED LINE' 
X AXIS TYPE = 12 TITLE'E~APSED TIME IN MINUT~S' 

o 

VARIAI:3LES 
FIL.E NO. = 1 

* YL.~FT AXIS TYPE = 12 TITLE 'MOLE FRACTION OF COMPONENT A IN TANK' 
VARIABL.ES 
FI~E NO. 2= LINE=lOOO GRAPH=4222 
FIL.E NO.3- LINE-2510 GRAPH=4322 

* 
** GENERAL OPTIONS 
FRAME 
STOP 
TABLE 

1 THE FOLLOWING RESULTS INDICATE THE CHANGES IN THE 
2 CONCENTRATION OF A COMPONENT (A) UNDE.RGOING A SECOND 
3 ORD~R REACTION (K=.5 )oIN A TWO 
4 C5TH BATTERY. 
5 FIRST VARIABL.E TIME IN MINUTES 
6 SECOND VARIABLE CONCENTRATION OF A IN TANK 1 
7 THIRD VARIABLE CONCENTRATION OF A IN TANK 2 
8 THE INITIAL CONDITIONS ARE 
9 TIME o. A IN TANK 1 AND 2 100 PERCENT 
10 THE RETENTION TIME (THtTA) I~ ONE MINUTE 
11 CONCENTRATION OF INPUT STREAM IS 100 PERCENT 

END OF RUN 

o 

------------------------------------------------------------------~~ 
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1 
TWO CSTR BATTERY -SECOND ORDER REACTION 

.". D¥HN40 I~FORMAT ION· TABLE 

THE FOLLOWING RESULTS INDICATE THE CHANGES IN THE 

CONCENTRATION OF A COMPONENT (A) UNDERGOING A SECONO 

ORDER REACTION (K=.5 ) IN A TWO' 

CSTR BATTtRY. 

FIRST VARIABLE TIME IN MINUTES 

SECO~D VARIABLE CONCE~TRATION OF A IN TANK 1 

THIRD VARIABLE CONCENTHATION OF A IN TANK 2 

THE INITIAL CONDITIONS ARt 

TIME O. A IN TANK 1 AND 2 100 PERCENT 

THE RETENTION TIME (THETA) IS ONE MINUTE 

CONCENTRATION OF INPUT STREAM IS lOO·PERC~NT 

o 

o 

I 

I': 

~--- -- -_._-----



2 
TWO CSTR BATTERY -SECOND ORDEk REACTION 

14 C 

DEP~NDENT VAHIAHLES(Y) FUL~OW s.~ Pi~ ROW Of,lRST COt..UMN- INDEPENDt:NT VARIABLECX). 

0 O.OUuOVE ()U ().1uuuUE 01 0.10000E 01 

10 0.10uOOE 00 0.95464E 00 0.95245E 00 

20 0.2000UE DO 0.91735E 00 0.90961E OU 

30 0.30uUUE OU· 0.88656E 00 0.87114E. 00 

40 0.40UUuE ou 0.86108E 00 0.83669E 00 

50 0.50VUuE. 00 0.83992E 00 0.80590E 00 

60 0.59':J99E 00 O.82231E 00 0.77843E 00 

0 70 U.69~':J~E 00 0.80765E 00 0.75397[: 00 

80 0.79999E 00 U.79540E 00 0.73222E 00 

90 0.89'i99E 00 0.78517E 00 0.71291E 00 

100 0.999':19E 00 0.77661E 00 0.69577E 00 

110 0.10999£ 01 0.76945£ 00 0.68059E 00 

120 O.11999E 01 0.76345E 00 0.66716E 00 

130 0.12999E 01 0.75842£ 00 0.65528E 00 

140 0.13999E 01 0.75419E 00 0·.64479E 00 

150 0.14999E 01 0.75065E 00 0.63554E 00 

0 160 0.15999E 01 0.74768E 00 0.62738£ 00 



----- .-------.. -... -.-.,.,-.,------"-... ".,,."" ..... ~-.~--~ -~~--------

TWO (STR BATTERY -SECOND ORDER REACTION 

FIRST COLUMN- IND~PENDENT VARIABLE(X). DEPENDE~T VARIABLESCY) FOLLOW SIX PER ROW 

170 0.16999E 01 0.74~18E. 00 0.62020-£ 00 

180 0.17999E 01 0.743U9E 00 0.61388£ 00 

190 0.18999E 01 U.74133E 00 0.60832E 00 

200 0.}99991:: 01 0.739B5E 00 0.60344E 00 

210 0.20999E 01 0.73861E 00 0.59916E 00 

220 0.21~99E 01 0.73756E 00 0.59541E 00 

230 0.22999E 01 0.73668E 00 0.59212E OU 

240 0.23999E 01 0.73594E 00 0.58924E 00 0 

o 

f6. 
----_._--_._ ... _------
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CASE No. 2 Design of an RLC circuit (5) -0 
The investigation of the transient behavior of electrical networks 

is another potential area of applications. The signle loop RLC circuit pictured 

below is a textbook example of differential equation solving. The diff. 

equations describing the transient characteristics of the circuit arel 

L £ (~') + R .dt ... .!. L = 0 
Currents d+z d+ C 

Voltage (across the capacitor): JV!Jt = t~ 
R L 

wherel i = current amp .. 
L = inductance henry 

C = capacitance farad 1----------. 
ClOh 

R = resistance ohm '~t 5~1.'" .t 
c 

- t~ to -
E = potential volts . 
v= voltage tt .. " 

The behavior of such a circuit will be investigated for three casess 

a) over damping b) critical damping c) underdamping. This will be 

accomplished by using the COEF command to set appropriate values for R, L, 

and C. The REPEAT command will cause continuous execution with the original 

initial conditions. The next pages show the input requirements and the 

resulting output (the plotting instructions have been omitted for the sake 

of brevity). 

o 
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TITLE 
RLC CIRCUIT CALCULATIONS-OVEkUAMPED ,CAS~ 
TABL.E 
TH~ INITIAL CONDITIONS FUR THE RUN ARE 

A) I(O)=U 
B) V(U)=Q 
C) (D(l)/OT).O = (E-VCO)/l = 4 
E) THE CIRCUIT POTtNTIAL IS 4 VOLTS 

VARIABLE COEFFICIENTS 
NUMBER 1 RE~lSTANCt 

NUMBER 2 CAPACITANCE 
NUMBER 3 INDUCTANCE 

OUTPUT 
TIME IN SECONDS - FIRST COLUMN 
CURRtNT IN CIRCUIT - THIkD CULUMN 
VOLTAGE A'ROSS CAPACITOR - FUURTH COLUM~ 

COEF 
1 3.0 
2 1.0' 
3 1.U 

CONTROL 6 
1 

10. 
.001 

0 
0 

4 

START 
o. 

'4. 
o. 
o. 

3 

1 

, LIST 1000 
WAIT 
TITL.E 
RLC CIRCUIT CALCULATIONS-CRITICALLY DAMPED CASE 
REPeAT 1 
TABL.E 

1 SAME INITIAL CONDITIONS AS PREVIOUS RUN 

CONTROL. 1 
'2' "S.O' 

COEF 
1 2.0 

LIST 1000 
WAIT 
TITL.E 
RL.C CIRCUIT 

"''''-REPEAT .. T 
CONTROL. 1 

CALCULATIONS-UNDERDAMPED CASE 



TABLt:: 
1 SAME INITIAL CONDITIONS AS B~FORE 

1'5 b 
COEF 
1 1.0 

LIST lOU 
END 

o 

7'0. 
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RLC CIRCUIT CALCULATIONS-OVERDAMPED CASE 

DYNAMO INFORMATION TABLE 
15 C 

THE INITIAL CONDITIONS FOR THE RUN ARE 

A) 1(0)=0 

B) V(O)=O 

E) THE CIRCUIT POTENTIAL IS 4 VOLTS 

VARIABLE COtFFICIENTS 

NUMBf:.R 1 RESISTANCE 

NUMBER 2 CAPACITANCt:. 

NUMBER 3· INDUCTANCE 

OUTPUT 

TIME IN SECONDS - FIRST COLUMN 

CURRtNT IN CIRCUIT - THIRD COLUMN 

VOLTAGE ACRO~S CAPACITOR - FOURTH COLUMN 

o 

9/, 



RLC CIRCUIT CALCULATIONS-OVEROAMPED CASE 

LIST OF ENTEREO COEFFICIENTS 

(OEF. NO. 

COfF. NO. 

COt:.F. NU. 

- --------------------------------------- --~~ 

1 THE VALUE IS 

2 THE VALUE IS 

3 THE VALUE IS 

0.30000£ U1 

O.'lOUOOE '01 

0.10000t:. 01 

2 

15 D 

o 

o 



3 
RLC CIRCUIT CALCULATIONS-OVERDA~PED CASE 

.. , ~ 

15 E 

C)I RST COLUMN- I NDEPENUt::NT VAR 1 ABLE (X) • DEPENDENT VARIABLES(Y) FOLLOW SIX PER ROW' 

0 O.OUOJUE:. OU U.40UOUE 01 O.OOOOUE au O.OOOOOE 00 

100-0 0.99999E 00 -0.12472E 00 0.10904E 01 0.65341E 00 

2000 0.19999E 01 -0.29337E 00 0.82378E 00 O.1~220E 01 

3000 0.29999E 01 -0.21542E 00 0.56805E 00 0.25112E 01 

4000 0.39999E. 01 -0.14813E O() 0.38813E 00 U.29837E 01 

5000 0.49999E 01 -0.101181:. 00 0.26493E 00 0.33063E 01 

6000 0.59999E 01 -0.690691:.-01 0.180821:. 00 0.35266£ 01 

1000 O.69999t:. 01 -0.47141E-01 0.12341E 00 0.36769E 01 

0
8000 0.79999E 01 -0.32174E-01 0.84235[-01 O.37794t. 01 

%GO O.S9999E 01 -0.21960E-01 0.57492£-01 0.38495E 01 

o 

9~. 
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6 
RLC CIRCUIT CALCULATIONS-CRITICALLY DAMPED CASE 15 G 

() LIST OF cNT~RtD COEfFICI~NTS 

CO~F. NU. 1 THE VALUt:. IS 0.2UUOOE U1 

COl:.F. NO. 2 THt:: VALUE IS O.10UOOE 01 

COEF. NO. 3 THE VALUE IS O.10UOUE U1 

9S. 
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7 
RLC CIRCUIT CALCULATIONS-C~ITICALLY UAMPEU CASE 15 H 

FIRST COLUMN- INDE"'ENDi:.NT VARIABLE(X). DEPENDENT VA~IABLt.S(Y) FULLUW SIX PER kG 

0 U.OOuUOE Ou u.4UUOuE 01 O.OUOOUe: OU O.OuQUOE 00 

1000 O.99'i':1':1E 00 0.2381':1E-06 U.1471!>E 01 0.10569t:. 01 

2000 0.1':19'i':1E:.. 01 -0.!>4134E 00 O.10826E:.. 01 0.23759t:. 01 

3000 0.29':1991:: 01 -0.3982':1E 00 O.59744E 00 0.32034£ 01 

4000 0.39999E 01 -0.21978E 00 0.2930?E 00 O.36336E 01 

5000 0.49999£ 01 -U.IU780E 00 0.13475E 00 0.3ts3831::. 01 

6000 O.59':1':1':1E 01 -0.4'1575E-01 0.59490E-01 0.3<i3U6E 01 

7000 O.69999E 01 -0.21885E-01 0.25532E-Ol O.3970tsE 01 ff~ 

\~V 

8000 0.7':199':1E 01 -O.9393UE-02 0.10734E-01 0.:;9879t:. 01 

o 
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OYNAMO INFORMATION TABLE 
15 J 

o .... _ ... -.-· .. -5AME·· -IN-l T I AL COND 1 T IONS AS BEFORE 

o 

o 
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9 
RLC CIRCUIT CALCULATIONS-UNDERDAMPED CASE 

15 J 

LIST OF ENTERED COEFFICIENTS o 
(OEF. NO. 1 THE VALUE IS 0.10UOOE U1. 

COEF. NO. 2 THE VALUE IS 0.10000E 01 

(OEF. NO. 3 THE VALUE IS 0.10000E 01 

C" " 
I" ~ 

9P. 



HLC CIRCUIT CAlCULATIU~5-UNDEROAMPED CASE 
10 
15 K o 

FIRST COLUMN- IND~PENUENT VARIABLt(X). UEP~NDtNT VAkIABL~S(Y) FOLLOW SIX PEH HOW 

0 O.OOlJOIJE OU 0.400\)OE 01 O.OOOUOE 00 O.GUOOOl:. 00 

100 O.999~9E-Ol O.36006E 01 0.38001£ 00 O.19333E-01 

200 0.19999£ 00 O.32050E 01 O.72025f::. 00 O.74676~-01 

300 0.29999£ 00 0.28166E 01 0.10212E. 01 0.16207E OU 

400 0.39999E 00 O.24384E 01 0.12839E 01 0.277651: 00 

500 0.49999£ ou O.20729E 01 0.15093E 01 0.41762t::: 00 

600 0.59999£ 00 0.17226E 01 0.16990E 01 0.578~3E. 00 

0 700 0.69999£ 00 O.13892f. 01 0.18544E 01 0.7~6~8E 00 

800 0.79999f.. 00 0.10743E 01 u.19774E 01 0.94814E 00 

900 O.S9999E 00 0.77'122E 00 0.20700£ 01 0.11507E 01 

1000 0.99999E 00 0.50477E 00 0.21340E 01 0.13612E 01 

1100 U.10999E 01 0.25163E 00 O.21716E 01 O.157b6t:: 01 

1200 0.11999E 01 0.20195E-01 0.21850E 01 0.17947E 01 

1300 0.12999£ 01 -0.18941E 00 0.21764E 01 0.2(,)1~9E 01 

1400 0.13999E 01 -0.37727E 00 0.21479E 01 0.22293E 01 

1500 0.14999E 01 -0.54366E 00 0.21u17E 01 ,->.244191: 01 

0 1600 0.15999E 01 -0.689U5E 00 O.20398E 01 0.~6491E 01 

99 



RLC CIRCUIT CALCULATIONS-UNDERDAMP~D CASE (Jo 
FIRST COLUM~- IND~PENOENT VARIABLE(X). DEPENDENT VAkIABL£S(Y) FOLLOW SIX PER ROW 

10200 0.10199E 02 -0.28095E-01 0.15698E-01 0.40124£ 01 

10300 0.10299E 02 -0.26781E-01 0.12952E-01 0.40138E. 01 

10400 0.10399£ 02 -0.25338E-Ol O.10345E-Ol 0.4CJ150t: 01 

10500 0.10499£ 02 -U.23791E-01 0.78887E-02 0.4U159E 01 

10600 0.10599E. 02 -0.22165E-Ol 0.55902E-02 0.40166E 01 

10700 0.10699E 02 -0.20484E-Ol 0.34573E-02 0.40170~ 01 

10800 0.10799E 02 -0.18767E-01 0.14946E-02 0.4U173E 01 

10900 0.10899E 02 -0.17035E-Ol -0.29559E-03 0.40173E 01, 0 

o 

j(}{). 
------~.-.--.-... ---.--.~---
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APPENDIX A 

DYNAMO INPUT LANGUAGE 

# 

17 
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The following is a list of the DYNAMO input commands and the 

functions they initiate during the program execution: 

A) INTEGRATION and STORAGE controll 

CONTROL M 

18 

This command causes the program to accept M data cards. These cards 

may be used to define: a) The number of equations describing the systam, 

b) The integration increment (delta), c) The total integration domain, 

d) The initial conditions files to be used, e) The frequency for 

storing the integration data on the disk, and f) The di.sk record where 

the first X-Y data are to be stored. 

COEF 

This command permits the entering of the values for the variable coefficients 

of the differential equations. 

B) INITIAL CONDITIONS control: 

START 

This command permits the entering of the initial conditions for the first 

step of the calculations. 

REPEAT M 

The program will return M-1 steps back and it will begin calculations with 

the initial conditions of this step. 

RESTART M 

Depending on the value of number M an interrupted run can be restarted at 

different points. 

RESET 

The last X-Y record of the previous run is used as the initial conditions 

of this run. Other integration variables can be Changed through the CONTROL 

c01lDDB.nd. 

- ---~.--..... ----... -.-... -... . ........................ ----~-... -- _._----- .. __ ._-_ .. -

o 

o 
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C) IDENTIFICATION controll 

TITLE 

The contents of the card following the TrTLE card will be printed as a 

heading to all output pages. 

TABLE 

19 

A maximum of twenty cards with information pertinent to the input data or the 

model can be read and stored with this command. This information is latar 

printed on the 1132 Printer. 

D) OUTPUT control: 

LIST M 

The calculated results from every Mth integration step will appear on the 

1132 Printer. 

PLOT M 

This command specifies that M sets of plotting instructions follow. 

FILE OP = 'Y\ START = m END = k 

This command indicates some operation on the data files, depending on the 

value of the OP code. (storing, listing, punching). M and K indicate the 

starting and ending records for listing or punching only. When OP is 

negative no calculations need preceed the file Operation. The number of 

variables to be dumped or listed is controlled by the CONTROL command. 

E) utILITY commands I 

SETUP: 

This command resets the standards files during program execution. 

LOG, NOLOG 

These commands control the listing of the input data on the 1131 console. 

Ic.:j 
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F) END INDICATORS 

WAIT 

Stop input and proceed with execution. "Return for more data. 

HALT 

20 

Stop input and pause. ~en the START button is pressed resume execution of 

the input. 

END 

Stop input and proceed with execution. Return to monitor. 

o 
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APPENDIX B 

PLOTTING INSTRUCTIONS 

c 



THE CARDS FOLLOWING THE II PLOT M t. COMMAND 

CONSTITUTE A SIMPLIFIED APPROACH TO DIGITAL PLOTTING. A SET OF PLOTTING 

SPECIFICATIONS.SIMILAR TO THE ONES LISTED BELOW MUST BE PRESENT 

* 

FOR EVERY ONE OF THE M PLUTS SPECIFIED. 

PLOT 2 *** DYNAMO COMMAND**** 
NUMBER = l TITLE' PLOT NO.· l' 
X AXIS TYPE = 12 TITL£' INCHeS OF WATER' MIN • .001 MAX = .2 
SHIFT = 0 
VARIABLES 
FILE NO. =1 

Y LEFT AXIS TYPE=12 TITLl'VOLUMl OF WATER IN LITERS' 
VARIABLES 
FILE NO. = 2 LINE = 1000 GRAPH = 4122 C.OoE= 4251 
TAG • DIAMETER 2 FEET' 
FILE NO. =3 LINE = 2511 GRAPH = 4122 CODE = 4281 
TAG' DIAMETER 3 FEET' 

* 
** 

GENERAL 
PARALLEL 
FRAME 
STOP 
NUMBER=2 
• • • • 
• • • • 
• • • • 
• • • • 
• • • • 
• • • • 
• • • • 
STOP 
• • • • 
• • • • 
•• OTHER 
• • • • 
• • • • 

** INSTRUCTION TO PERMIT ENTERING GENERAL SPECS** 
X 

TITLE • SECOND PLOT' 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

• • 
• • 

DYNAMO COMMANDS ** 
• • 
• • 

THE PLOTTING INSTUCTIONS ARE USED TO DEFINE TH~ PLOT TITLE.THE 

TYPt OF THE AXES( LINEAR,LOGARITHMIC,POLAR ).THE SIZE OF THE AXES( S.S OR 

C 

/O~ 



11 INCHES) AND THEIR MAXIMUM OR MINIMUM LIMITS IF IT IS 50 DESIRED. 

~ INPUT FOR DIFFcRtNT AXt5 IS SEPARATED BY . (*) AND THE END OF ALL INPUT 

FOR THE AXIS CHARACTERISTICS IS INDICATE~ BY C**) • 

C: 

THE FILE NO. IS THE S£UUENCt NUMBER OF THE VARIABLE IN THE FILE 

OBSERVATIONS. THE FIRST VARIABLE IS· TO BE THE INDtPENOtNT VARIABLt X 

AND VARIABLES 2 AND 3 ARE TO BE PLOTTED ON THE LEFT HAND Y AXIS. THE** L.INE** 

ENTRY IDENTIFIES THt TYPE OF ~INE( CONTINUOUS OR DOTTED) AND THE **GRAPH** 

ENTRY IDENTIFIES THE TYPE OF PLOTt POINTS.LEAST S~UARES.FILL IN LINES. E.T.C.). 

THE **CODE** ENTRY IDENTIFIES THE CODE FOR THE TAG THAT FOLLOWS IN THE NEXT 

CARD. 

THt GENERAL SPECIFICATIONS FOLLOW WITH THt **STOP** CARD INDICATING 

THE END OF DATA INPUT FOR THE FIRST PLOT. 
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APPENDIX C 

FORTRAN-ALGEBRAIC EQUIVALENCE 

OF MA'rnEMATICAL MODEL 

o 

o 
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The two systems of differential equations .that were presented in 

PART TWO have to be converted into function subprograms for use with the 

DYNAMO Simulator. The FORTRAN format of the differential equation model 

i8 shown below for both of the cases il1ustated on pp. 14- 16. 

CASE NO. 1 The CSTR battery 

This is an example of straight forward application. The derivatives of 

of the concentrations of the reacting component in each of the tanks with 

respect to time are identified through subscript J and a computed· GO TO 

s tat e.men t : 

II DUP 
*DE~£T~ F 
II FOR 
*EXTENDED P~~CISION 
*ONE WORD INTEG[RS 
* liST A~L 

FUNCTION F(J.L) 
COMMON JCARD(80) ,LC( 70) ,Arvl,L>ELX,COEF(40) ,INl.)IC(4U) 
COMMON DIS T ( 6 ,10 ) , X ( 5 ) ,y ( 20,5 ) , I X ( 2 ) , I Y ( 20,2 ) 

GO TO' 1 9 2 ) ,J 
1 F= 1. - Y(1.L) *(1.+ .5*Y(1,L» 

GO TO 3 
2 F= Y(lt~)- Y(2,L)*(1. + .5*Y(2,L) 
3 RETURN 

END 
/ / OUp· 
*STORE WS UA F 

III 
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CASE NO. 2 The RLC ci rcui t 

This is a case where the higher order derivative must be reduced to a 

first or-der derivative. The reduction method can be outlined as follows: 

1. Set Yl equaJ to the fi rst order derivative 

"2. The derivative of Yl is the second derivative and it can be expressed 

in terms of the differential equation. 

3. The second equation, describing variable Y2 is the first order derivative, 

that is, d/dt(Y2) ::: Yl 

The same type of approach will reduce hi.gher oder equations. 

II DUP 
*DELETE F 
II FOR 
*ONE WORD INTEGERS 
* LIST ALL 
*EXTENDED PRECISION 

FUN C T I 01'.1 F ( J , L ) 
COMMON JCARD(80) ,LC(70),AM,DELX,COEF(40),lNDIC(40) 
COMMON DIST{6,lO),X(5),Y(20,5),IX(2),lY(20,2) 
GO TO (1,2,3},J 

C ••••••••• FIRST EUUATION IS THE SECOND DERIVATlvt 
1 A=(1./COEF(3>)* «1./COEF(2)}*Y(2,L)+COEF(1)*Y(1,L) 

F= -A 
GO TO 4 

2 F= YC1,L) 
GO TO 4 

3 F=(1./COEF(2»*Y(2,L) 
4 RETURN 

END 
II DUP 
*STORE WS UA F 

C, " "c 

liZ 
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APPENDIX D 

LIST OF SYSTEM'S OPERATING STANDARDS 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 

DYNAMO STANDARDS FILES GENE~ATOR 

NUMBER OF E~UATIONS 0 
PROGRAM RETURN CODE 2 
FILE INITIALIZATION INDICATO~ a 
FILE NUMBER FOR THE FIRST INITIAL COND '0 
INTtRRUPTION POINT INDICATOR 0 
RUN TITLE INDICATOR SWITCH 0 
PLOTTING INDICATO~ SWITCH a 
INITIAL CONDITION INDICATOR 0 
LISTING OPTION SWITCH 
LISTING AND/OR PUNCHING OF THt RESULTS 
LISTING FRE~U~NCY FOR 1132 PRINTER 
NUMBER OF PLOTS RtUUESTED 
CURRENT INITIAL CONDIT. FILE RECORD 
CONTROL COMMAND INDICATOR 
LISTING OF THE TABLE OF VARIABLES 
UNEV~N FILl ALLOCATION INDICATOR 
NEXT INITIAL CONDITIONS FILE RtCO~D 
INT~RRUPTED RUN INDICATOR 
NO OF INCREMENTS OF THE NUMERICAL INTE 
LAST CASE REGARDLtSS OF ALL INDICATORS 
DISK USAGE INDICATOR 
STORE FREutNCY( RESULTS TO FILE) 
RESERVED FOR SY~TEM USE 
RESERVED FOR SYSTEM USE 
RESERVED FOR SYSTEM USE 
LOW BOUND/INITIAL CONDITIONS FILES 
MAXIMUM RETURN FOR REPEAT COMMAND 
START PUNCHING FROM FILES AT REC. 
STOP PUNCHING FROM FILES AT REC. 
INDICATOR SWITCH PLOT NO. 1 

PLOT NO. 2 
PLOT NO. 3 
PLOT NO. 4 
PLOT NO. 5 
PLOT NO. 6 
PLOT NO. 7 
PLOT NO. 8 
PLOT NO. 9 
PLOT NO. 10 
PLOT NO. 11 

1132 PRINTER LINeS/LINE OF OUTPUT 
PRINTER SKIP CONTROL 
FILES STORAGE FREW. CONTROL 
INTEGRATION INTERVAL COUNTER 
PRINTER LIST CONTROL 
NO. OF NEXT ENTRY REC. IN DATA FILE 

OUTPUT PAGE NUMBER 
TYPEWRITER LOG CONTROL 
LISTING FROM FILES STARTS AT REC. 
LISTING FROM FILES STOPS AT" HEC. 
RETURN FROM PLOTTING INDICATOR 

o 
o 

100 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
a 
o 
o 
o 
o 
o 
o 
o 
o 
o 
1 
o 
o 
o 
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IBM Publications 

Manual No. 

H20-0282-0 

C26-37S0-

C26-S933-3 

B20-0001-0 

2S 

1130 Continuous Syatem Modeling Program-Program reference manual 

IBM 1130 Disk Monitor System-Reference Manual 

IBM 1130 FORTRAN Language 

General Purpose Systems Simulator III 
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Abstract for December Common Meeting 

Robert L. Cushman 
ARCON Corporation 
Wakefield, Massachusetts 

THREE-BAR AND FOUR-BAR LINKAGE SYSTEM WITH 
PLOTTED OUTPUT 

r? ' /1, l.- "I.;. j 

A mathematical model of a linkage system is controlled by an array of 

inputs to plot out the path of the linkage intersection point. In addition, the 

system simulates turning the entire mechanism about a major axis. The 

output of the system has yielded some very interesting designs. 

In conjunction with this report, a list-oriented free field floating point 

input program has been developed. This routine enables the control program 

to modify only specified iteITls of the system input. Under break character 

control, an autoITlatic ite rative procedure can be set up. 

Some sample outputs are shov:. n in the enclosed photo . 
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The System Reference Library 

o I'm Gordon Goesch, Product Publications Manager, IBM, San Jose. There 
is a Product Publications group at each of the Development Laboratories, 
as well as a Programming Publications group at most of them. And, of 
course, there is a department in White Plains that prepares Application 
descriptions. These groups all provide input to the System Reference 
Library, and that, rather than my own department, is the subject of my 
remarks. 

c 

o 

A manual looks quite simple, and sometime sit's hard for our own field 
people and for customer people to understand why it seems so difficult 
to get a few manuals written, and then to get them delivered while they 
are still fresh. There is a great number of manuals that must be kept 
current and kept in stock, and record-keeping alone is a sizeable task. 
The System Reference Library is the current method of indexing and clas
sifying system manuals, and is the latest of a series of different methods, 
each designed to solve the problems that the previous methods couldn't 
handle. Problems created by new and very complex systems. This 
method isn't perfect either, as you are well aware, but we are certainly 
constantly trying to improve it. (And I have one improvement to announce 
today, a little later. ) 

That is the reason I am always happy to talk and listen to groups such as 
yours about our publications. It gives us an opportunity to discuss with 
you our Publication Library; its organization, its purpose, and its dis
tribution system - because even with a good system you must understand 
how to use it if it is to be effective fo r you. 

I think that this type of a meeting can be a two-way street for information: 
We explain the principles; you provide feedback. We do get feedback from 
you via Reader's Comment Forms - we want more of your comments and we 
certainly appreciate them. 

I don't know how knowledgeable you are about our publications; therefore, 
for the benefit of the new members and also for the updating of the veteran 
members, I'll run through a few slides which I think will tell you the 
publication story. 

By the way, you have probably seen the publications display in the main 
convention lobby. The display, I am sure, contains publications of interest 
to you. Many of the publications on dis play have been published since your 
last COMMON meeting. Feel free to examine them in detail but please do 
not take them away, as there is only one copy of each and we want everyone 
to benefit from the display. 

1 
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Slide #1 
BOL 

Slide #2 
FYI 

Slide #3 
Swamped 

Slide #4 
SRL 

Slide #5 
Library 
Shelves 

Slide #6 
Mr. SRL 
Helps Select 

Slide #7 
What, 
Where, 
How 

Slide #8 
System 

Slide #9 
System X 

Slide #10 

Slide #11 
SRL Key 

To begin, we have what we call the IBM Branch Office 
Library. BOL contains a great amount of information, 
the major portion of which are publications for users 
of our equipment. 

In order to call your attention to those publications in the 
BOL that are For Your Information 

and to help you avo id being swamped by ordering blindly 
as the man shown in the slide 

we have developed the Systems Reference Library (SRL). 
As you probably know, the SRL is a rather extensive 
library system. 

To give you an understanding of how to approach this 
volume of material 

let Mr. SRL help you make the correct selection. 

He will acquaint you with the SRL and tell you: 
a. What is available 
b. Where you can get the information 
c. and, how you can go about getting it. 

You are probably interested in establishing a library 
for only one system type, 

and for only a particular configuration of that system. 

Considerable thought and effort was spent in the design 
of the Systems Reference Library, to allow IBM people 
and customer people to select that material that is of 
particular interest to them. 

Each SRL is an encyclopedia for a particular system -
with separate publications for the major subject areas. 
It consolidates all the basic reference literature necessary 
for you to: Plan, Program, Install, and Operate that system. 

The key you need for opening any of the System Reference 
Libraries 

2 
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Slide #12 

Slide #13 
Bibliography 
& SRL 
Newsletter 

Slide #14 
DPT 

Slide #15 
Series of 
DPTs 

Slide #16 
KWIC 

is the SRL Bibliography for your system. 

Currently there are 13 System Reference Libraries, 
ranging from the 1130 to the System 360 - and of course 
each system has its own separate Bibliography. 

Each Bibliography is actually an Index of all the current 
publications about a specific system. In it, publications 
are listed both by subject code and by machine number -
and it contains abstracts describing each available publi
cation. (We will discuss subject code a little later. ) 

Now, how do we update the Bibliography? 

Each Bibliography has its own Newsletter (green for easy 
identification) and it is issued monthly (when there are 
changes). The Bibliography Newsletter updates the Biblio
graphy by: 

1. providing titles and abstracts of new publications 
2. providing form numbers of Technical Newsletters 
3. Listing type 1 programs and their latest modifi

cations, and 
4. Listing obsolete form numbers. 

U'T!'¥'w-"wnWWWY$" 

Actually, the Bibliography newsletter is a current" Accumula
tive Index of Publications and Programs" available for a given 
system. 

To keep the Newsletter from getting too large, Bibliographies 
are periodically scheduled for revision - when that occurs, 
the information from the current newsletter is merged into 
Bibliography. 

An additional source of information is the "Data Processing 
Techniques" (DPT) Bibliography (Form F20-8172). It 
indexes a series of publications of techniques for Study, 
Analysis, DeSign, Implementation, Programming, Documen
tation, Installation, Operation, etc. 

This slide shows some of the DPT manuals .. 

Another excellent Index for your use is the KWIC Index of 
Marketing Publications (Form 320-1621). 

3 
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Slide =11=17 
KWIC & 
TNL 

Slide =11=18 
3 Way List 
1-2-3 

Slide =#=1 9 
2 More List 
4-5 

It is published quarterly and updated by a monthly TNL. 

The KWIC Index is based on an abbreviated 30-position 
publication title - listing and cross-referencing publications 0 
by the important words in the title. 

The KWIC Index is listed in five ways: 
1. Alphabetically, by all key words in the title 
2. Machine or System Type 
3. Form Number 
4. Type I & II Programs in System Sequence 
5. Type III & IV Programs in System Sequence 

For example, this slide shows 3 separate word listings 
for a single publication - "Programs for Petroleum 
Engineering" 

and here, the same publication listed by machine number 
and by form number. 

The latest KWIC Index was prepared from 11, 546 publication 
titles which generated 29, 122 listings. 

Actually, the KWIC Index lists many publications other than 
SRL publications, such as Executive Guides and Brochures, 
tools and techniques manuals, applications manuals and (;) 
briefs, educational material. 

Therefore, to start a System Reference Library, it is 
necessary that you work with your IBM representative, using 
the three key publications we have talked about, the: 

1. Bibliography and its Newsletter' 
2. the DPT Bibliography 
3. KWIC Index of Marketing Publications 

You can select and build your own reference library to 
support your system. 

However, please do not order your publications by writing 
to Product Publications (the address shown on the manual) 
or our Distribution Center in Mechanicsburg, as it will 
only delay the order. You must order through your local 
IBM representative, and I will review, the details of them 
shortly. 

Now lets talk about some of the other interesting and 
useful features of the library. 
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Each SR L publication, listed in a System Bibliography, 
is identified by a file number and a form number, 
located on the upper right hand corner of the publication 
cover - as shown in the slide. 

The file number performs two functions: the first part 
specifies the system (s) number; the last two digits the 
Subject Code. The Subject Code structure is a group of 
two-digit numbers (00-99) assigned to the various system 
components, e. g. 

00 General System material; Bibliographies, System 

01 
03 
05 

20-50 
60 

Summaries, Configurators 
Machine System (CPU) 
Input/Output Units 
Magnetic Tape Units 
Programming Systems 
Application Manuals 

The subject code 13 shown in this slide, indicates that 
this publication is about Special and Custom features. 

Incidentally, these subj ect codes are all defined by their 
use in Part I of each Bibliography. 

The form number is self explanatory; however, the form 
number suffix indicates the edition, or editorial level, of 
the publication. 

Because of the nature of computers and of the computer 
industry, it is frequently necessary to make changes to 
manuals. Just as green newsletters update the Bibliography, 
so do regular newsletters update any publication in the 
Library. 

In most cases TNL packages are made up of an identifying 
cover page and replacement change pages for the parent 
publication - when you receive such a TNL you merge it 
into its parent manual and throwaway the old pages. 

InCidentally when you order a publication you will auto
matically receive the latest technical level copy as well as 
all the outstanding TNLs against that publication. 

This slide shows the upper right hand corner of a TNL. It 
indicates how the TNL identifies itself with its parent 
publication. 

5 
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It carries the file. number and form number of the 
parent publication it updates (and it is form-number
suffix sensitive) 

Below that is the TNL's own number, publication date of 
the TNL, and the form numbers of any previous TNLs 
outstanding against the parent publication. 

InCidentally, all page replacement TNL pages carry 
similar identifying information. 

Outstanding TNLs are incorporated into the parent publi
cation when it is being revised. TNLs may also be merged 
into the parent publication when it is being reprinted. 

Information regarding the technical level of a publication, 
and the TNLs that may have been merged into it, is printed 
inside the front cover of each SRL manual. 

This slide shows a manual, a corresponding TNL, and a 
green SRL newsletter. With this combination on hand you 
have all the publishing reference you need for the parent 
manual. 

0"" I' • 

Keep in mind that the best SRL publishing information source 
is the green SRL newsletter, because it not only updates its 0 
own parent publication (the bibliography) but also lists all 
the existing publications that are current for that system 
as well as their outstanding TNLs. 

and of course that each major system has its own 
bibliography. 

Thus, the SRL system keeps you well posted on what is in 
(current) and what is out (obsolete) for an effective library. 

Basically,you have at your disposal a "living-doll" of a 
library system. 

How can you get new manuals and TNLs after you have 
established your library? 

a. If you desire, you may continue ordering specific 
publications through the IBM Branch Office. 

b. However, you may pr~fer to use the SRL Sub
scription Service that the System Reference 
Library offers. 
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The SRL/SS provides automatic shipping of new and 
revised manuals, and newsletters, directly to you 
without having to go through the IBM Branch office 
each time. 

All Systems Reference Library manuals listed in SRL 
Bibliographies under subject codes 00 through 50 are 
available by profile. 

This distribution of publications according to profile is 
designed to provide you with a basic, master library 
tailored to your needs. 

Application Program manuals, Student Texts, Data 
Processing Techniques manuals, Course Description 
Bulletins, and other miscellaneous documents (except 
padded forms) listed in SRL Bibliographies under subject 
codes 60 to 99 can be subscribed to by form number. 

In addition, and this is new, revision service on multiple 
copies of SRL's and PLM's under subject codes 00 through 
50 may be ordered by form number. 

Here's how it works: 

To convert existing Revision Service Subscribes, special 
pre-printed conversion forms are being sent to all the 
sales offices. The salesman will review your needs with 
you and establish your "profile", which is basically a 
description of your system and your applications. You 
should also identify those publications you, want in multiple 
quantities and order the quantities you need. The salesman 
sends the form to the Distribution Center and you are in 
business. You will receive as many copies of the form
numbered publications as you ordered, and any new or 
revised (or newslettered) form that fits your profile. 

For new subscribers the system is the same except that 
pre-printed forms obviously won't be used. 

Now, you are all set, you know what is available, you 
know how to select the publications, and you know where 
to get them. 
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Knowledge 
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SRL 

The key is yours. 

Use this key to open up a tremendous amount of timely 
knowledge about your system through the IBM Systems 
Reference Library. I hope that the result of all this, 
will make you as happy as the man in the next slide -
careful planning of your library may help! 

Most of you have probably noticed the Reader's Comment 
Form that is appearing on the back of many manuals these 
days. Some of you may have filled one or more out. The 
response to these has often been very gratifying and we 
appreciate it. 

I want to encourage you to use them, as it is one of the 
means, along with meetings like this, by which we get 
the feedback from our readers that is essential if we are 
to improve our publications and make them more useful 
to you. 

This form is self-addressed and post-paid and will be 
directed to the correct publications group. As a reminder, 
please don't use the form to order manuals as we have to 

0' 

redirect such orders back to the Branch Office with a G 
consequent delay. 

On behalf of the publications groups, I want to thank you 
for your attention and for your comments, and pledge to you 
our whole-hearted effort in providing first rate publications 
support for your systems. 
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ABSTRACT FOR PROGRAM LIBRARY PROJECT 

Discussion of the proposed PREP Forms for the 1130) 1800, and 
360 Library. There will also be a discussion of an extension 
of the minimal standards for this Library. It is requested 
that there be representatives from each of the machine system 
projects in the Systems Division present at this meeting. 
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Speech for COMMON 

Linkage Editor 

I. Introduction 

45 minutes is a short period; therefore an overview 

II. Function of Editor 

A. Compiler turns a SOURCE module to an OBJECT MODULE 
B. Linkage Editor takes OBJECT & LOAD Modules as input 

1. Resolves external references (automatic library call) 
2. Replaces control sections, if required. 
3. Produces alia ses 
4. Crea tes a II relocatable II module 

C . Over la y structure s 

1 . 5 control sections without overla y 
2 • 5 control sections with overla y 
3 • An over la y tree 

a) Use of CALL or branch to cause overlay 
b) Automa tic loading of segments 

III. Dyn:lmie Overla y Ca pabili tie s 

. A. LINK 
B .• XCTL 
C. LOAD 

IV. Di seu s sian of Pa rti tioned Da ta Sets 

V. JCL and Control Card Example 

~~~~~~~~ ----_._._ ... __ ... __ .•. _ .. _ ...... _ .. _ ..... _._ ...... . 

-------,--,-

Slide 

(1) 

(2) 
(3) 

(4) 

(5) 
(6) 
(7) 

(8-9) 

(10) 
(11 ) 
(12) 
(13) 
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Speech for COMMON 

Data Management 

I. Introduction - general run -thru 

A. Allocation to a volume 
B. Allocation of SPACE if disk 
C. Retrieval of Da ta Sets by name alone 
D. Specify Data Set specs deferred to program execution 

II. Access Methods 

A. Sequential 
B. Indexed 
C. Direct 
D. Partitjoned 
E. EXCP 

III. Device Independence (mostly with Sequential Methods) 

A. Characteristics specified by control card 
B. Characteristics specified by Da ta Set Label 

IV. Da ta Set Identifica tion 

A. Use of Catalog & Indexes 
B. Generation Data Groups 
C. DS name not in program I DD name is. 

V. Qualities of Direct Access Volumes 

A. VTOC 
B. DSCB's & space accounting (must have label) 

VI. Qualities of Tape Volumes 

A. Labeled I unlabeled I NSL 
B. Density 
C. TRTCH 

VII. Record Forma t s 

A. F 
B. V 
C.U 

(--
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o 
VIII. Interface with as 

A. DCB 
B. DD card 
C. DS label 
D. DCB exit 

IX. Describing a Data Set 

X. Proce s sing Program De scription 

A. MACRF 
B. EODAD 
C. SYNAD 
D. EXLIST 

() 

o 
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PA'RTITIONED DATA SET 

01 RECTORY 1 __ 'I ENTRY FOR II ENTRY FOR 'I ENTRY FOR 1 __ wI ENTRY FOR 
RECORDS MEMBER A • MEMBER B MEMBER C _ MEMBER K 

X 
I 

o 
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SPACE FROM 
.. I DELETED 

MEMBER 

• AVAILABLE 
AREA 
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WAD MODUU: . FORMAT 

.... , ... I SYS 1. SYS 1. PDS or SYS 1. SYS I. SYS I. SYS I. SYSI. Any Va.er PDS NUCLEUS SVCLIB SYS 1. U~KUB SORTLIB COBUB FORTLIB PLiLIB 
UIIo1CLm 

A('('.!'. IIBM-
Mf"lhodl. ~~~f'SSUlb : ~Ur:l!::l" COBOL FORTRAN PL I Us.r 

D6 '380 Trammmt Sort Mf'rgf' LIbrary Library Ltbrary OUJf'('t 
.... "IP NUCLEUS Routhlt'6 Pr(~rams Pr~ram5 Mudulr5 . MCJdulf''' ModulE'S Moch ...... Module!! 

Supervisor Transient Us.r IBM- Prf'cumpilPd Sort Mf'rt::t> COBOL FORTRAN RPG USf'r 
006'380 Rout'"p, Pro(,fOs5lng sl.lpphf'd 1 0 roullnes ObJt"('t SUbr(lUtIM& SubrwhM'1 SubroJt inP& Ob)f"ct 

Pr<.t:rams Pn)(.'etuiifll: ModuJ •• 
PrO£rams 

CORE IMAGE LIBRARY RELOCATABLE UBRARY 

LOAnABLE FORMAT (PIIa ... ) EDITA!1LE FORMAT (Ob),n modul .. ) 

Figure 8. Program library correspondence between OOS/360 and OS/360 

Input 

Input 

Object module 
or load module 

Obj ect module 
or load module 

Object module 

Object module 

ESO 

TXT 

RLD 

OS/360 linkage editor 

00S/360 linkage editor 

Figure 9. Physical difference in linkage editor output of the operating systems 
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Modules 

Any User 

SYS I. I PD6 or An)' UluPD6 
MACUB SYS 1. 

MACUB 

IBM- I U •• r 
U8er PLl .tatfom.ntl 

Uti"r Uler 
:.u:~~~ : Macros Subroutine-. COBOL 

Statf'mpntl 

IBM- Us., Ulie, User 
5upplird Ma('rol Subroutines COBOL 
Macros Slatf'm.nt. 

A!:tsf-mbler Sublibrary COBOL Subllbrary 

SOURCE LIBRARY 

TRANSLATABL.E FORMAT (Symbolic) 

TXT ~:£ule } Output 

RLD's 

TXT Phase } Output 
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lIBA 

BOOK1 BOOK2 

CS9 Module CSI2 Module 
CS10 four CS13 six 
END E END F 

Primary Input Data Set 

ENTRY START 
INCLUDE LIBB(BOOK1) 
OVERLAY A1 
INCLUDE LI8B(BOOK2) 
OVERLAY A2 
INCLUE>E lIBA(800K3) 
OVERLAY KJ. 
INCLUDE lI8A(BOOK1) 
OVERLAY A2 
CSll 
END D Module fivlI 

OVERLAY A1 
INCLUDe lIBA(BOOK2) 

lIBB 
BOOK1 BOOK2 
CSI Module CS4 Module 
C52 one C!5 two 
CS3 END B 
END A 

BOOK3 

CS6 Module 
CS7 three 
C58 
END G 

CS 6 
C5., 
CS e 

Output Module 
librory 

CSI 
C52 
~ 
C54 
ill 
C56 
C57 
~ 
CS9 
Q.l2 
eill 
CS12 
CS13 

CS 1 
CS2 
CS 3 

entry point START 

Figure 35. Processing an Overlay Program From Libraries 

lI8A 
BOOK1 BOOK2 
INSERT CSI ,CS2,CS3 CSI 
OVERLAY Al CS2 
INSERT CS4,CS5 CS3 
OVERLAY A2 CS4 
INSERT eS6,C57,e58 CS5 
OVERLAY A2 e56 
INSERT eS9,C51O C57 
OVERLAY A2 eS8 
INSERT eSll CS9 
OVERLAY Al C510 
INSERT 012,C513 C511 
ENTRY START CS12 

<:513 
END X 

Pdma'Y Inpul Dolo Sel----------.. 

I INCLUDE lIB.A (BOOKl, 800K2) I ~ 

CS 6 
CS 7 
C5 8 

C5 4 
CS 5 

A2 

CS 9 
CS 10 

Output Module 
Library 

CSI 
C52 
ill 
C54 

>------I~I ill 
e56 
CS7 
~ 
C59 
~ 
au 
C512 
C513 

CS 1 
C5 2 
CS 3 

Al 

entry point START 

Figure 36. Processing an Overlay Program With Insert statement 

CS 12 
CS 13 

o 
C512 
CS 13 
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~~--~~--~~----~----~~ I DO caras required fo~ program execution 
IIGO EXeC PGM-' .LKEO.SYSe-1QO ;;.----

~/~~~~~--~--~/ I cb~e~t deck(s) and linkage ed1tor control statements 
IIIS't.SLI~j DO 

I 1/ Sf' AC [~_.(_ 1_0_2_11-'.0,,;,,< 2_0_0-,,:....2_0...:,.>..;..> _______ -. 
, //ISYSU'l!l DO UXjl ;'.lS:'~:;::".A )~,F::"(SYSLMOD». C 
/1/ UNIT .. SY:.iL.iA.Dl,:,P'(NEW.PASS) 

/1 ISYSLi~~?.e. __ -.P.2~A:~;:>'~,::·';;'t~TiG;:·) ,'::PACg· 002 4 • <::;0,20,1) J. C 
ll/SYSPRU:T DO S,{S~~:"_·l_"'.A,-,--____________ _ 

II ILKf.D EX?<:._~~]..;:;~.[.lj':'~";:'l' . J.."::. F I LIST. L&;T. NCAL' 
IIEDITGOI JOB 1,S~I:~,~~~~EV~~·1 

-

-

gUre 26. The Linkage Editor step of an Edit and Execute Procedure 

Appendix A: Exarrples of Linkage Editor Processing 
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CHAIN OF SYMBOLIC REFERENCES 

COMILED W' TH OBJECT MODULE CREATED WITH DATA SET 

DeB DATA SET LABEL 

J 
DCBNAME DDNAME DSNAME 

GET DO 

COMPILED WITH OBJECT MODULE CONTROL STATEMENT AS 
INTERPRETED AT JOB TIME 



SEQUENTIAL ORGANIZATION * 
CREATE ADD RETRIEVE UPDATE 

QSAM X X X DA 
ONLY 

BSAM X X X DA 
ONLY 

* APPLICABLE TO ALL DEVICES 

,x 
~.~ ~ 1(3 \ti C) o 
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PARTITIONED ORGANIZATION* 

CREATE ADD RETRIEVE ' 
SEQ. 

BPAM- X X X 
BSAM REWRITE 

MEMBER 

BPAM- X X X 
QSAM REWRITE 
(or BSAM) MEMBER 

(ONE MEMBER) 

* DIRECT ACCESS DEVICES ONLY NO UPDATE 
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DIRECT ORGANIZATION* 

CREATE ADD RETRIEVE UPDATE 

BSAM X 
(WRITE-

LOAD MODE) 

BDAM X X X 

* DIRECT ACCESS DEVICES ONLY 

o ~ 
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INDEX SEQUENTIAL ORGANIZATION* 
,. 

CRE·ATE ADD RETRIEVE UPDATE RETRIEVE UPDATE 
SEQ. SEQ. DIRECT DIRECT 

QISAM X X X 
(LOAD MODE) (SCAN MODE) (SCAN MODE) 

BISAM X X X 

* DIRECT ACCESS DEVICES ONLY 



ACCESS METHOD SUMMARY 

ORGANIZATION SEQUENTIAL INDEXED SEQUENTIAL DIRECT PARTITIONED 
QISAM 

ACCESS METHOD QSAM BSAM LOAD SCAN BISAM BDAM BPAM 

PRIMARY MACRO- GET,PUT READ PUT SETL,GET, READ READ READ,WRITE 
INSTRUCTIONS PUTX WRITE PUTX WRITE WRITE FIND,STON 

SYNCHRONIZATION 
OF PROGRAM WITH AUTOMATIC CHECK AUTOMATIC AUTOMATIC WAIT WAIT CHECK 
INPUT/OUTPUT CHECK 
DEVICE 

RECORD TYPE LOGICAL,F,V BLOCK LOGICAL LOGICAL LOGICAL BLOCK BLOCK (PART ! 

TRANSMITTED BLOCK U F,V,U F,V F,V F,V F,V,U OF A MEMBER).] 
F,V,U 

I 
, 

I 

BUFFER CREATION BUILD' BUILD BUILD BUILD BUILD BUILD BUILD 
AND GET POOL GET POOL GETPOOL GET POOL GET POOL GETPOOL GETPOOL 

CONSTRUCTION AUTOMATIC AUTOMATIC AUTOMATIC AUTOMATIC AUTOMATIC AUTOMATIC AUTOMATIC 

BUFFER AUTOMATIC: GETBUF AUTOMATIC: AUTOMATI C: GETBUF GETBUF GETBUF 
TECHNIQUE SIMPLE FREEBUF SIMPLE SIMPLE FREEBUF FREEBUF FREEBUF 

EXCHANGE DYNAMIC DYNAMIC 
I 

FREEDBUF FREEDBUF 

"- TRANSMITTAL MODES MOVE MOVE MOVE 

~~ (WORK AREA/ LOCATE - LOCATE LOCATE - - -
BUFFER) SUBSTITUTE 

() ~ o 
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Device independence 

DASD extent information 

Space allocation-primary -

Space allocation -secondary 

Device allocation 

Cataloging data sets 

Cataloged procedures 

Systems residence 

Split systems residence 

Libraries 

Private libraries 

Job control language 

Link editor 

Relocatable programs 

Overlay 

22 

SYSTEM CONTROL FUNCTIONS 

DOS/360 

No 

XTENT cards with 
absolute addr~ssing 

XTENT cards at 
job time 

XTENT cards at 
step time 

Fixed at assembly 
time, but actual 
device addresses 
may be changed by 
job control cards 
at execution time 

No 

No 

2311" only 

No 

1 source 
1 relocatable 
1 core image 
(aU on SYSRES) 

No 

Basic, easy to use 

Overlay, map 

Limited to MPS 
macro utilities 
and LIOCS 

Fetch 

OS/36 0 

,-Yes 

DD cards, DSCB with 
only space request 

DADSM 

DADSM, dynamically 

Dynamic allocation at 
execution time_ 

Yes 

Yes 

2311, 2314, 2301 t 2303 

Yes 

n source 
n relocatable 
n load 
(on any DASD) 

Yes 

Extensive and therefore 
complicated, but use of 
cataloged procedures 
helps 

Overlay, map, XRE F t 
mixed load, and object 
module input 

Yes 

CALL 
SEGLD 
SEGWT 

/J../') 
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Dynanlic program loading 

E.:nd of progl'am 

Timing 

Multiple wait 

Sequential files 

Partitioned files 

Index-sequential files 

Direct access 

BTAM 

QTAM 

Graphics 

SYSTElvI CO~.TROL FUNCTIONS (Cont.) 

DOS/360 

Fetch 
LOAD 

EOJ' 

Time of day in all 
partitions; illtCl'val 
timer in anyone 
partition at a time 

TP only 

DATA MANAGEMENT 

DOS/360 

Yes 

No 

Fixed records only 

Fixed records, 
undefined records; 
absolute track only. 
Extended search 
(to cyl end only) ) 
multivolumes 

No burst mode 
devices on multiplex 
channel with TP 
devices. Official 
support for 7770/72 
and 2780. Support 
for 2260 local and 
remote 

With multiprogramming 
option only 

No 

c·.···, II 

LINK 
XCTL 
LOAD 

OS/360, 

ATTACH (option 4 only) 

Return 

Tim.e of day and interval 
time.r in any p::Ttition 

Yes 

08/360 

Yes 

Yes 

Fixed and variable 
records, automatic 
record deletions, 
dynamic buffers 

Fixed. variable, and 
Wldefined records; 
absolute and relative 
track. 
Automatic insertions, 
multivolwnes, extended 
search (to cy I end), 
dYnamic buffers 

MFT and MVT only. 
No support for· 
7770/72, 2780 I or 
2260 local 

MF'T and MVT only 

Yes, 22GO and 2250 0 
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Data set specification 

User standard labels 

Nonstandard labels 

Level of support 

Buffering 

Assembler 

COBOL 

FORTRAN 

P;L/1 

SORT 

RPG 

Link-edit 

Scheduler 

Supervisor + 
other resident 
routines for 
workable system 

Minimum 
partition sizes 
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DATA MANAGEMENT (Cont.) 

DOS/360 

DTF only 

Sequential: header 
and trailer 
Di reet: header 
index -sequential: 
none 

n program routines 

Queued (update, 
move, locate) 
Basic (index-sequen
tial, di rect, and 
work files) EXCP 

1 or 2 static . 
(GETBUF, FREEBUF 
in BTAM only) 

.' 

DCB, 
DD, 

OS/360 

label information 

All organizations 
supported mid '67 

1 system routine 

Queued (update, locate) 
Basic (all access meth
ods) EXCP 

n dynamiC (OPEN, 
GETPOOL, BUILD, • 
GETBUF, FREEBUF 
macros) 

LANGUAGES AND SYSTEM COMPONENT SIZES 

DOS/360 Equivalent OS/360 High Performance OS/360 

10K 18K 44K 

14K 17K 80K 

10K 16K 128K (G) 
200K (H) 

10K 44K 

10K 17K 

10K .15K 

10K 15K 18K 
44K 
88K 

10K 18K 44K 
lOOK 

6K-10K PCP 14-20K MVT: lOOK and up 
MFT: 26-36K 

10K background PCP: 18K MVT: 44K 

2K foregrowid 1 MFT: 18K per partition 

2K foreground 2 per partition 

J4j 

( 



File 
Organization DOS/360 OS/36 0 

Index Seq.: 
, i 

Location master index Contiguous with Any place on any DASD 
cylinder index device 

Highest-level index with Called in from l\tay reside in core 
random processing ! DASD device 

Prime data area ~rust be single t Can be multiple extents 
contiguous extent within volume 
within volume ... 

Record deletion User responsibility Automatic deletion of 
tagged records 

Direct: 

1\tultiple track search Limited to cylinder Can search complete 
. boundary data set 

Relative track and No 
, 

Yes 
block addressing 

Track overflow No Yes 

Partitioned Data Sets No Yes Oc)' 

DOS/360 OS/360-MFT 

Ma..-ximum I/O Areas: 

. Seq. file 2 + work No limit 

Index seq. direct 1 + work No limit 

Buffering Techniques: 

Simple Yes Yes' 

Exchange No Seq. files only with 
restrictions . 

; 

Buffer Generation Compile time Compile t or dynamically 
by OPEN 

File I/O Characteristics: DTF DCB 

. Assigned at - Compile time 
: 

Compile or execution time 

De',-ice independence 'No Yes - within devices using 
same file organization 

c \ 

j 

Data Set· Concatenation No Yes 

1/ ~.-I 
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Sequential 

Read/write Get/Put 

005/360 SAM SAM 

VS/360 BSAM Q5AM 

Format F - unblockt!d 

0 
Format F - blocked 

Format V - unblocked 

Format V - blocked 

Format U 

Read/write 
(partitioned) 

none 

BPA.'vt 

BSAM* 

DOS OS 

DOS OS 

DOS OS 

DOS OS 

005 OS 

Indexed-Sequential 

Read/write Get/Put 

ISAM· 15AM 

BISAM QISAM 

QSMl 

DOS OS 

DOS OS 

DOS OS 

DOS OS 

OOS OS 

Direct Telecommunications 

Read/write Read/write Get/Put 

DAM BTAM QTAM 

BDAM BTAM QTAM 

BPAM* BISA..'-'t QISAM 

OS DOS OS DOS OS 

OS DOS OS DOS OS 

OS OS OS 

OS OS OS 

OS 

• Deblocking and blocking of lo~ical records must be done by problem program.; 

I j ~--------------------------------------------------------Prtme&aar~ 
~ 

I I I I t I I I I I I I I I I 
Cylinder 1 I 150 I 1100 I 11251 1175 1 

Average seek. 100 cylinders 
.. I 

i:llample 2: 05/360 spUt &ta area 

J 

Graphics 

Basic 

none 

GAM 

BDAM* 

DOS OS 

DOS OS 

OS 

OS 

DOS OS 

I 

1200 

08/360 
ODly .... ---------Prtme data area 1--------~'"1 j .... -------------- Pnme data area 2 --------..-.f 

o 
Cylinder 

I I I I ., 
150 175 200 

& 
I I I I , I I . I I I I 

Average seek,. 50 cyl. Average seek. 50 cyl. -I 

ISj 
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A Batch Processing FORTRAN System 
for a Minimal Configuration IBM 1620 

This paper describes a software package designed to 
increase throughput on a 20K card system IBM 1620 
computer in an environment where a large number of 
fairly simple FORTRAN programs must be processed. 
The increase in throughput is accomplished in two 
ways; (1) programs are batch executed under control 
of a loader-monitor routine, and (2) a powerfUl pre
compiler reduces the number of execution errors and 
decreases the requirement for on-line debugging. 

The compiler is a version of the PDQ FORTRAN compiler 
which has been modified to handle the batch processing 
features of the system. Batch execution is made 
possible by keeping the entire subroutine library 
resident in core rather than reloading it with each 
object deck. Object programs, separated by control 
cards, are stacked for input. The reading of a control 
card by the FORTRAN card read subroutine or the execu
tion of a CALL EXIT statement will cause the next 
object deck to be automatically loaded and executed. 
The monitor will also terminate a job if the output 
line count exceeds a control card specification. 

The precompiler detects more than seventy distinct 
errors based on PDQ FORTRAN specifications. Many 
of these errors, such as undefined symbols, are un
detected by the compiler and cause execution check
stops. Recognition of multiple errors in a single 
statement is possible, thus eliminating multiple de
bugging passes. 
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WIt L I AM G. LAN E 
CHICO STATE COLLEGE 

. dHICO, CAL IFORN IA 

DEAR MR. LANE, 

PLEASE EXCUSE THE USE Of THIS TYPING FOR A LETTER, BUT I CAN 
PUNCH CARDS FASTER AND MORE ACCURATELY THAN I CAN TYPE. ALSO, I 
UO NOT HAVE A SECRETARY AT THE PRESENT TIME. 

MY MAIN PURPOSE IN WRITING TO YOU IS TO ASK IF THERE IS A SLOT 
I NTH E 'C 0 M M 0 N' M E E TIN G fOR T ~J() PAP E R S, 0 N E 0 F W H I CHI j'''l E t\J T ION E j) 
TO YOU IN SEPT. THESE ARE THE SAME TWO PAPERS I GAVE II\] SEPT., BUT 
I THINK THERE ~JILL BE ENOUGH PEOP'_E \~HO::;()ULD NOT COlvlr: TO THE 
MEETING IN SEPT. TO BE WORTHWHILE FOR ANOTHER PRESENTATION. 

I HAVE TWO PAPERS, UNE SPECIFICALLY FOR THE 1620, AND ANOTHeR 
OF A M 0 REG ENE R A L NAT LJ i{ E. THE PAP E R S S H [) U L D f\j (J T 1\1 E ED M 0 RET H A 1\1 A B (J U T 
10 - 15 MINUTES. THE ABSTRACTS ARE -

u 

1) 'A LARGE 1620 DISK UPERATING SYSTEM, REASONABLY 7094 COMPATIBLE.' 

A NEW IvtONITOR FOR A 40K DR. 60~ 1620 HAS BEEN OEVELOPED AT 
PRINCETON FOR USE AS A DEBUGGING AID FOR THE 7094 AND SOME 360/0S 
PROGRAiVIS. FN II liD ANI) FN IV liD ARe INCLUDED AS WELL AS 
PRIVATE STORAGE OF PROGRAI'-1S. ,'v1AI\lY C(}I\ITROL CARl) OPTIOI\lS EXIST. 
S PEE DCA N B E 2 TO 4 TIM E S FA S T E R T H A ,,' r-H1 1\1- I (I F LJ N E HAS H A R I) \~ ARE 
FLT • PT.) I3DTH 11\1 CO[vlPILATIOf\i Af\lD EXEClJTIOj\j. A USERS MANUAL 
ODES EXIST. fv1ANY STUDENTS ARE PRESENTLY USII\!G THE SYSTEfvl 
ON A COMPLETELY OPEN-SHOP RASIS. 

2) , BAS I C P RO B L E iVl SUr I i\) F (J R f"l A TIn j\1 RET R I E V A '- A i\1 D A SOL UTI 01\1 U i\] 
THE 1620.' 

SOME OF THE BASIC PROBLEMS OF INFORMATION ~ET~IEVAL AND 
IMP L EM E NT A T I ON ARE DIS C US S E f) • T HE T E C H [\1 I (,) U E S fJ F F I L E ~ 0 R G A i\I I llx T I 0 I\l 
ARE DISCUSSED. THESE TECHi\JIOlJES /~f~E nISCUSSEO fOR THE I'~OST :OIVlfv10N 
FILE DEVICES (DISK AND TAPE). A SOLlJTlni\1 IS SHUI.-)f\l FOR THi: 
1 62 0 WIT H DIS K TOO E IvttJ 1\) S T RAT E DIS K l J TIL I T Y • 

I AM SORRY ABUUT THE LATENESS OF THIS, BUT I HAVE BEEN 
OUT OF TOWN FOR SOME TIME AND CAN ONLY GET RAC< FOR WEEK-ENDS Ar 
THIS TIME. I HOPE TO SEE YOU IN S.F. 

o oo~ @ ~ un lS;] 
NOV 11967 

C.S.C. COMPUTER CENTER 

VERY TRULY YUURS, 

~~ 
C () [IIi PUT I I\l G G R U UP 
GUGGEI\JHE If'; LABS 
PRIN·::;ETON, i\).J. 
08540 
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I. I NTRODUCT ION 

This paper describes the program written to p~ovide programming 

support for the 1896 Communication Adapter used to attach start/stop 

terminals such as the IBM 1070,1050, 1030, and System/360 via 

2701, 2702, or 2703 Communication Adapters to the 1800 control 

system. The initial 1896 support was written as a joint effort 

between the Flint, Michigan branch office and the Chicago North 

branch office to support 1800/1070 systems. The project was 

started in February of 1966 and we were able to run 1070's, 

though somewhat erratically, by November of that year. An 

1800/1070 Type III package running under TSX II was submitted 

a few weeks ago to PID. The authors are Norm Rawson and 

Chuck Reiling of the chicago office, and myself of the Flint 

office. Implementation has taken roughly five man-years of 

time, and five years off each of our lives. You are recommended 

to the paper being presented by Charles Jonas of The Dow Chemical 

Company to hear the other side of the story, the user's. 

The original commitment to the customer specified that the 1896 

Support would be accessed via FORTRAN and run under the 1800 

Time Shared Exceutive (TSX), with little or no loss of the 

capabilities of either the 1800 or TSX. 

We also required ourselves to consider the following three points: 

1. The 1800 Control System is at least three magnitudes of 

speed faster than the terminals, implying that we not hold 

the 1800 to wait for a communication function to be performed. 

This requirement was reinforced by point 2 below. 

1 /5~ 
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2. An 1800/1896/1070 System may be contro11in~ more than one 

process, including processes interfaced through the 1800 

Process I/O features. 

3. The resulting system mu~t not use more than 3000 words of 

memory (Skeleton resident). 

To fulfill these requirements, the system was designed to meet 

the following specifications: 

A. All user programming may be done in FORTRAN. 

B. All requests for communication functions will be placed 

in a priority queue. 

C. Upon completion of a requested function, a user specified 

flag will be set and, if the option is included, a mainline 

() core10ad may be placed on the TSX coreload queue (priority 

and core10ad specified for each function requested). 

o 

D. Printer output may be done via FORTRAN WRITE statements. 

£. The support should take less than 3,000 words of memory 

(i,e" run on a 16K 1800). 

F. Multiple terminals per communication line, and multiple 

lines per 1800 will be supported. 

G. TSX will be altered the minimum amount possible so that 

TSX maintenance by FED will not be sacrificed more than 

necessary. 

2 /5r; 
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The above specifications have been met. The use of the FORTRAN (JD 
WRITE statement for 1053 output required the modification of 

either FORTRAN I/O or Skeleton I/O; we chose what we felt was 

the lesser of two evils, and modified TYPEN in Skeleton I/O. 

II. TERMINAL DESCRIPTIONS 

The following brief descriptions of the various Start/Stop 

Terminals available are meant to present the operating differences, 

and the capability of each pertinent to the discussion that 

follows. For more detailed information, please see the appro

priate reference manual. 

IBM 1070 Process Communication System (Form No. A26-5989) 

The IBM 1070 system is a tele-processing system designed to 

monitor, supervise, and control widely spread process areas. 

Two-way transmission between a remote 1070 System and a central 

station is over standard voice or sub-voice grade communication 

lines. A 1070 System consists of a 1071 Terminal Control Unit, 

1 or more 1072 Terminal Multiplexors, plus options to allow 

analog input, digital input, digital output, pulse counters, 

pulse output, 1053 Printers, manual entry stations, ahd display 

units. Transmission speed is selectable from 134.5, 600, or 

1200 baud. See Diagram 1 for a schematic. Diagram 2 gives 

some examples of character exchanges necessary to perform 

certain functions. Analog Input is received as a series of 

three digits for each point scanned, representing a count 

between 0 and 7999 proportional to the signal attached. 

IS%' 
3 

o 

o 



The 1070 Process Communication System will recognize 5 

(); function codes: 

o 

o 

o - Conditional take from address 0 

5 - Unconditional take from address 0 

6 - Conditional take from present address 

7 - Unconditional take from present address 

9 - Send 

In addition, the 1070 can be set to random or sequential operating 

modes, and, on send, the printer output channel may be selected. 

Terminal Addressing is a sequence of 3 characters transmitted 

from the 1800 that specifies the terminal and function wanted. 

The three characters and their use are: 

1. EO T - © - Calls to a t ten t ion all term ina 1 son t hat 1 i n e . 

2.' A The address (one alpha character) of the terminal 

that is wanted. 

3. N The function (one BCD digit) that is 

requested. 

The 1070 Character Coding consists of bits BA842l. The 1071 

Terminal Control Unit contains a 3-Digit Multiplexor Address 

Register. Random or sequential operating mode is selected by 

the presence or absence of the B-Bit in the hundre~s digit. 

Printe~ Output Channel is selected by a B-Bit present in the 

unit's digit of this register. This register may be set by 

4 /59· 
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ash 0 r t SEN D, i. e . , © A 9 .. @A M 1 M 2 M 3@' . w her e' It •• " rep res e n t s 0 
a positive response from the 1070. Ml is the hundreds digit, 

M2 the tens digit, and M3 the units digit that are placed in 

the 1071 Multiplexor Address Register. The B-Bits are placed 

in the correct digit by the program before this message is 

transmitted. 

1050 Data Communication System (Form No. A24-3474) 

The 1050 system is a tele-processing system designed to send and 

receive data in the form of cards, paper tape or manually. A 

system will contain a 1051 Control unit, plus any or all of 

the following units: Card Reader, Card Punch, Paper Tape Reader, Paper 

Tape Punch, Programmed Numerical Keyboard, Selectric Printers, and 

an Alphanumeric Keyboard. Diagram 3 shows a typical configuration 

and data exchanges with a central computer. 

The 1050 receives and transmits on standard voice or sub-voice 

grade communication lines at a rate of 134.5 baud. Addressing 

the terminal is done by a two character sequence consisting of 

a terminal address character and a device selection code. The 

device selection code also specifies whether data is to be sent 

or received. Multiple blocks of data may be sent or received 

without relinquishing control of the communication line. 

5 /~() 
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2740 Communications ~erminal (Fqrm No. A24-3403) 

The IBM 2740 Terminal is a tele-processing Selectric typewriter. 

As such it has the capability of sending data inserted via-the 

standard typewriter keyboard, or receiving data as a printer. 

The 2740 communicates with a central processor via standard voice 

or sub-voice grade communication lines. Diagram 4 illustrates the 

character exchanges necessary to communicate with a 2740. It is 

highly recommended that 2740 model 2 1 s, with the buffer attachment 

be utilized for most efficient operation. 2740lS normally operate 

at 134.5 baud, but with the buffer attachment, 600 baud rates can 

be used. 

Note that all three terminals use a slightly different adressing 

scheme and that all three utilize fill characters (@) to allow 

time for mechanical movements on carriage returns, tabulates, 

and warm up periods. On the 1070, filler characters are used 

on the 600 baud model to present output characters to the printers 

at a rate less than 14.8 characters per scond . 

. I I I • HARDvJARE INTERFACE 

The 1896 Communications Adapter interfaces to the 1800 via Process 

Interrupt - Voltage, and Electronic Contact Operate. Each separate 

communication line attached requires a full group of each. See 

Diagram 5 for a schematic of the interface. The programming 

system assumes interrupt assignments to level O. The reasoning 

here is that with the exception of the 1816 Keyboard, this is the 

o only device that has the possibility of data over'run without 

hardware failure. 

6 /Go/ 
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Each group of process interrupt is wired into one bit of the 

level 0 Interrupt Level Status Word~ beginning with bit 0 and 

proceeding through bit 15. In this manner an inherent priority 

is established for each line. However, once the servicing of 

a line has begun, it will proceed through to the BOSC 

instruction before any other lines are recognized. This takes 

somewhere around 750 usec. on a 4 usec. CPU. 

Except for the fact that the level 0 exit from MIC has been 

modified, there is no other good reason to restrict level zero 

to just the communications adapter, although not too many people 

will accept responsibility if that restriction is not honored. 

IV. GENERAL DESCRIPTION OF SYSTEM 

The system may be divided into four logical areas: 

1. Subroutine LINOP 

2. CAISS -- A subroutine containing 

a. Supervisory Routines 

b. ISS - Interrupt Servicing Subroutines 

3. 1053 Support 

4. CATST ~ The error coreload. 

Each of these areas is described briefly below. 

Subroutine LINOP 

This subroutine, callable from FORTRAN, is the user's means of 

requesting a communication line operation. The user has a 

choice of having an indicator set for him at the completion of 
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the requested function (LINOP), or he may-have the system 

execute a CALL QUEUE (LINWQ), placing a designated mainline 

coreload on the TSX queue in addition to setting the indicator. 

LINOP, which is used here to designate both calls, contains 

a line-operation-request queue which the Supervisor may 

interrogate, plus the necessary queue maintenance routines. 

CAISS Subroutine 

This subroutine is defined as an ISS Subroutine, allowing the 

definition of a separate entry point for each ILSW bit used, 

plus a CALL or LIBF entry point. The ILSW bit entry points are 

entries to the ISS portion of CAISS. The CALL entry point is 

defined at Skeleton Build as the servicing subroutine for a Program 

4() Setable Interrupt that is assigned to the Supervisor portion of CAISS. 

o 

Brief description of the Supervisor and ISS portions of CAISS 

follow: 

Supervisor 

The Supervisor is not a separate program or subroutine as 

in"LINOP, but is a set of routines, contained within the 

CAISS package, to provide services to the Interrupt Servicing 

,Subroutine (ISS). The Supervisor is entered by a CALL LEVEL, 

said level being below that of the ISS itself. This allows the 

Supervisor to perform its tasks without interferring with 

the servicing of 1896 CA interrupts. The Supervisor builds 
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line operations for CAISS from the user's queue entry~ 

does data·table chaining~ halts typing on 1070's to allow 

scanning, removes completed line-operution requests from 

the queue, saves error information for the error coreload, 

and in general acts as an assistant to CAISS and an inter

mediary between the user and CAISS. 

ISS 

These routines service the interrupts of the 1896 Communi

cation Adapter~ sending and re~eiving data to and from the 

terminals. To TSX it appears as a special I/O Subroutine. 

1 0. 5 3 S .!:U?J?..Q.r,t.. 

o 

The 1053 Support consists of modification to TYPEN in TSX, so we () 

may inte~cept typewriter messages just prior to their output to 

non~existent 1053's attached to the 1800. These messages are 

placed on the disc, since the non-existent 1053's are defined as 
.' 

always being busy_ 

W hen a "1 i n e i s f r e e and h a $ n 0 que u e e n t r i e s w a i tin g, C A ISS i n- i t i ate s 

a special TYPEN fu~ction to recall these messages from disk. 

These messages are then converted to BCD code, fill character (T) 

counts are inserted, and a CALL LINOP is performed,_ The 1896 

Support System thereafter handles this entry as any other. 

, 
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o 
An additional feature called Type··Stop was put i.n to allow 

the 1070 users to halt the typing of a 1053 message, ···perform 

control functions and/or input scanning) then resume the 

typing where it was interrupted. 

CATST - The Error Core1oad 

Errors are handled in a rather elementary fashion to get around 
, 

core limitations. When an error is detected, the contents of the 

work area for that line are transferred to an error buffer, and 

the whole operation is retried. After a set number of retries, 

the operation is aborted and terminal is marked down. Any other 

queue entries for that terminal are attempted an~ if any are 

o successful, the terminal is set back up. The abortion S;9n2.1s 

o 

for the ·queueing of the error coreload - priority and error 

parameter of 1. This coreload prints out a message on a designated 

unit, can dump the error buffer and other information on the list 

printer, keeps counters updated, and tests terminals that are 

marked down by the simple method of addressing them. If the 

terminril answers, it gets put back up on line. The error coreload 

is also queued up periodically by CAISS for counter update and 

te rm ina 1 t est s . 

" 
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Design Consideration 

The -structure of the support is the resul t of trying to satisfy - 0 
the considerations mentioned above in Section I~ plus a few 

factors which were not known at the initial specification. These 

factors were: 

a. The specific hardware design of the 1896 Communication 

Adapter and its interface to the 1800. 

b. The need to service at least six 1200 baud lines. This speed 

means there is only 7.5 milliseconds between characters on 

a line and 1/6th of that allows us only 1.25 m/sec. per line 

for a maximum service time on the CA interrupt level before 

we start to lose data. On a 4 microsecond 1800, this is 

approximately 65 instructions, using San Jose's estimate 

of 20 usec/instruction. For this reason, a high percentage 

(90+) of the coding is in one-word, indexed instructions, 

which run approximately 10 usec/instruction, allowing us 

about 120 instructions (which merited a minor sigh of relief). 

o 

Because of this time limitation, we have, wherever possible, delegated 

jobs to the Supervisor, letting the 1896 - CA idle if necessary. 

IV. LINE OPERATION REQUESTS 

,Functions: 
... 

All line operations are initiated from CALL statements to a 

skeleton resident line operation routine. The following line 

functions will be provided~ 

11 
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1070 Function Codes: 

o - Conditional TAKE from zero multiplexer address 

5 - Unconditional TAKE from zero multiplexer address 

6 .. Conditional TAKE from user specified multiplexer 

address 

7 ~ Unconditional TAKE from user specified multiplexer 

address 

9 - SEND to user specified multiplexer address 

11 - SEND to 1053 Printer 

2fi"[fPPi .-

A terminal multiplexer may be set to either random or sequential 

operating mode, and the 1053 Printer Output Channel may be 

selected on a direct send (specify cuntion Code 11). 

1050 Functions (Device Selection ~odes) 

Polling (Take from 1050) 

0 - Any input component 

5 - Key bo a rd 

6 ~ Reader 1 

7 Reader 2 

2740 Function Codes 

Sendin~o the 1050 

1 - Printer 

2 - Pri nter 2· 

·3 - Punch 

4 Punch 2 

9 - Any or all output components 
that are in a steady status 

Being a relatively simple device, the 2740 functions are relatively 

simple. A.function of 0 (zero) requests'data from the 2740 keyboard, 

4C). its only input device, while any non-zero value will send data to the 

2740 printer. Period. 

12 /67 
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Call Statements: 

Three line operation subroutines are provided: 

a. LINOP (line operation) which maintains an indicator 

for the line operation status. 

b. LINWQ (line operation with queue) which queues a 

mainline coreload when the line operation is 

complete and maintains the operation status 

indicator. 

c. TYPSP (type stop) which interrupts an 1896 message 

of priority 255 in favor of a more important operation 

on that line, and then somples the message when the 

line is again available. 

Subroutine LINOP is called either by one of the following call 

sequences 

1. FORTRAN: CALL LINOP (LF, LP, LL, LT, NDATA, IND) 

2. ASSEMBLER: CALL LINOP 

....... - .. ~--........ ~---

DC 

DC 

DC 

DC 

DC 

LF 

LP 

LL 

LT 

NDATA 

DC IND 

13 

Note: 
FORTRAN ARGUMENTS 
LF, LP, LL, LT, LTSXQ. 
may be integer constant 
or variables, other 
arguments are integer 
variables. The assemb}er 
constants are the addresses 
of the arguments. 

o 

o 
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o 

o 

Subroutine LINWQ is called by either of the following call sequences: 

1. FORTRAN: CALL LINWQ (LF, LP, LL, LT, LDATA, "IND, LTSXQ, 

2 . 

QUE U E, C LON r~ ) 

NOTE: Program names QUEUE and 'CLDNM' must appear in 

an EXTERNAL statement in the calling progam. 

ASS EMBL E R": CALL LINWQ 

DC LF 

DC LP 

DC LL 

DC LT 

DC NDATA 

DC IND 

DC LTSXQ 

CALL QUEUE 

CALL CLDNM 

Subroutine TYPSP is called by either of the following call 

sequences: 

1. FORTRAN CALL TYPSP (lL) 

2.' ASSEMBLER: CALL TYPSP 

DC LL Address of the line number 

Definition of parameters for LINOP, LINWQ, and TYPSP: 

a. LF - Function code, 0 - F16 (0 - 15 10 ) stored as a 

one-~ord integer, only the low order of 4 bits are 

used. 

14 



b. LP - Priority to be assigned to this line operation 

by the 1896 Line Control Supervisor. LP is a one

word integer, between 0 and 254. LINOP uses the 8 

low order bits as a positive number: Zero (0) is 

considered the highest priority and 254 the lowest. 

FORTRAT 'WRITE' statements to a 1053 are automatically 

given priority 255. 

c. LL - Line number, a one-word integer between 0 and 15, 

only the low order 4 bits are used. This number 

references the Communication Adapter (CA) attached to 

that ILSW bit specified by LL. The 1800 Interrupt 

handling technique implies an order or priority with 

ILSW bit being the highest if two or more interrupts 

are simultaneous on the same level. 

d. LT - Terminal on the specified line. LT can range from 

1 to 16 with LINOP or LINWQ converting to the alpha 

addressing character A-P. Terminals on a line are 

required to be assigned starting with A and proceeding 

consecutively. Neither LL nor LT may reference a 

. higher numbered line or terminal than has been assigned 

at system generation time or a LINOP error will result. 

e. NDATA - This is the low core (FORTRAN high subscript) 

address of user's data table. Data table format is 

explained below. 

15 
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f. IND - is an integer indicator which will be set at 

various stages of the line operation. The value IND is 

set to depend on the status of the line operation. 

IND 1 

IND 2 

IND 3 

IND 4 

IND 5 

Line queue was full, unable to enter request 

Request entered in line queue successfully 

Line operation complete with no errors 
(CLDNM has been queued) 

CALL paramenter in error, request not entered 

Repeated line operation failure, request can
celled (CLDNM has been queued) 

IND = 6 - Line or terminal down (inoperative), request cane., 

The user may elect to have the real-time clock returned 

with the operation complete (3 or 5) indicator. In this 

option, user must dimension the indicator as two adjacent 

words (as DATA IND, IND2/0,O/). Indicator value will be 

returned in IND and clock in IND2, the next lower core 

address. Format of CALL LINOP is not changed. 

g. LTSXQ - This integer is the priority used if the user 

wishes the 1896 Line Control Supervisor to issue a CALL 

QUEUE at the completion of the line operation. LTSXQ 

may have any value from 1 to 32767. It cannot be zero. 

h. QUEUE - A dUlmny parameter which indicates the following 

argument is a coreload name. 

i. CLDNM - is the name of a core load to be used by CAISS 

in a CALL QUEUE (CLDNM, LTSXQ,X). (X is assigned by 

the user at system generation and determines if the 

lowest priority entry is replaced or the queuing is 

ignored when a queue overflow occurs.) Note that the 

coreload is queued on an' unsuccessful line operation 
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(IND indicator of 5), as well as on a successful opera-

tion (IND indicator at 3). 

The type stop call is provided for rapid recognition of interrupts. 

It will suspend typing in favor of more important operations on a 

line. CALL TYPSP will stop typing at completion of the current 

character and will allow the line queue to be scanned for other 

line requests. When no more entries remain in the line queue, 

typing will be continued at the point of its interruption. This 

call should be issued from any interrupt servicing subroutine 

that requires line access in less time than the maximum typing 

requirement. For example, a 600 baud line will require in excess 

of ten seconds to complete an 130 character message. 

TYPEWRITER OUTPUT 

The 1800/1896 Process Communication and Control System provides 

two methods. of typewriter output to the 1053: 

1. Normal FORTRAN 'WRITE' operations with a 'FORMAT' 
statement. 

2. Direct line operations CALLED by the user. 

FORTRAN 'WRITE' STATEMENTS: 

The TASK program of TSX has been modified to handle output to 1053 

typewriters on the 1896 system from the normal FORTRAN I/O sub

routines. Typewriters are assigned logical unit numbers for FORTRAN 

when the TSX system is built by the user, and the user initiates 

a message with the 'WRITE' and 'FORMAT' statements. In TSX, all 

o 

FORTRA~ typewriter messages or message units are buffered to disk, (); 

occupying one sector per message unit. Control is returned to 

17 J?Z-
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o 
the user program immediately after buffering. Buffered 1053 

messages are recalled by the RECAL subprogiam whenever their 1896 

line is idle; therefore, typewriter messages have the lowest 

priority of all line operations, (priority 225). The length of 

time between 'WRITE' statement and message typing is dependent 

upon the number of requests for that line which are in the line-

queue. Messages are recalled from the buffer on a first-in, first-

out basis; alert messages will be recalled before normal messages. 

In TSX, alert messages are recognized by tne first character in 

the 'FORMAT' stai(~ment being a "Ribbon Shift Up". If a typewriter, 

or its line, is down, a backup typewriter specified by the user 

can be used. Error conditions such as disk buffer overflow are 

handled by a modified TYPEN program of TSX. A maximum of 16 

typewriters, one of which must be an 1800/1053 typewriter, may 

o be supported by the 1800/1896 modified TSX system. 

o 

Because both 'Printer Start' and 'Carriage Return-Line Feed' opera-

tions are very time consuming, the user may tal-;e the option to 

permanently wire 'ON' his 1053 typewriters and to have the FORTRAN 

generated CRLF at the beginning of each typewriter message, 

automatically deleted upon recall. With this option, message 

units may not be used, and it is the user's responsibility to 

place CRLF where needed. If the option is not taken at system 

generation time, a printer start character is automatically 

placed before the message unit or CRLF of the message when the 

message is recalled from disk buffer. 
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An emergency 1053 message may be sent with priority over other 

operations on that 1896 line by using CALL LINOP or LINWQ and a 

data table containing the message. Function code is an 11 in the 

user's CALL, conversion code is 4, and random mode bit (10M in 

data tabl~must be on. Data format is valid 1070 character in 

l~ft 8 bits and filler count in right 8 bits of each data word. 

SEQUENCE OF OPERATIONS 

The following sequence of operations is initiated by the user with 

CALL LINOP or LIN\'{Q: 

1. User CALL from normal or interrupt program. 

2. a. Request processing by LINOP on same level ~s user, 
set user indicator. 

b. 

c. 

3. a. 

b. 

c. 

d. 

4. a. 

b. 

c. 

d. 

e. 

5. a. 

Enter request in line-queue. 

Set programmed interrupt for CAISS supervisor. 

Recognition of programmed interrupt. 

Search line-queue for highest priority request. 

Build line~operation tables for terminal and multi
plexer addressing. 

Trigger first interrupt from Conununications Adapter. 

Level 0 interrupt for CAISS 

Device addressing. 

Data transmit and receive. 

Longitudinal redundancy check. 

Clear line and set progralruned interrupt for CAISS 
supervisor. 

Recognition of progranmwd interrupt. 

19 17Y 
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b. Set line not busy, set user indicator. 

c. Call diagnostic coreload if error has occurred. 

6. User program recognizes operation complete code in 
user indicator. 

!?~TA TABLES (Diagram 5) 

The data tables required by the 1896 system are modeled after 

the normal 1800/1130 data tables. The address transmitted in 

the call sequence points to the low core end of the table, re-

quiring in FORTRAM the high subscripted end. The first word 

in the data table is a word count specifying the number of words 

of data or the number of characters to be transmitted or re-

ceived, depending on the conversion code. The high order bit is 

the chain indicator bit if this option is included. If the 

o chaining option is not included, this bits presence will be ignored. 

C·""·'' .,.' 

The system uses the low order 14 bits as a positive integer. 

The second word specifies the conversion code in the high order 

- 4 bits, and for 1070 systems, the multiplexor address and mode 

in the low order 12 bits. The conversion codes available are: 

o - Unpacked, one character per word. 

1 - Packed Digital, two characters per word. 

2 - Unpacked Digital, one character per word. 

3 - Analog Input (1070 only)--the converted binary 
value of one analog input point is stored in 
each word. 

4 - 1053 output, the character to be printed is in 
the high order 8 bits, the number of filler 
characters to follow is in the low order 8 bits. 

5 - Packed, two characters per word. 

20 
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The difference in digital or normal conversion is the handling of 

the BCD zero, consisting of the 82 bits, which is converted to a 

binary a in Digital conversion, but left as'a binary A (1010) in 

normal mode; plus that Digital conversion concerns itself with 

only the four low order bits and ignores any higher order bits. 

The Chain Address word must be present and set correctly if chaining 

of data table is used. The contents of this word is used with no 

checking as the address of the next data table. Bad things could 

come of an incorrect setting here. Note that in MPX, a load 

address function is provided to allow setting of this chain ad-

dress that is remarkable simila~ to the one provided by the 1070 

support package. 

SKELETON COnE REQUIRE11ENTS 

Approximate core requirements for the skeleton resident portions 

are given below. These core requirements are approximate and I 

will not be held responsible for them. 

-TASK modifications for Typewriter support via FORTRAN I/O: 
620 Words. 

Subroutine LINOP/LINWQ plus the queue: 330 Words. 

The type stop subroutine TYPSP: 30 Words. 

CAISS Subroutine: 1200 Words plus 100 each for the chain 
on Send and Type-Stop Options plus 40 Words per line attached. 

The sum is about 2240 words for a reasonable system. 

o 

0, 
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LINOP (USER) 

CALL LINOP----_._~ 
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ABSTRACT 

FAST FOURIER TRANSFORM 
l'}ITP APPLICATIONS FOR THB 113M 1800 

T11e Fast Fourier Transform technique as developed 

by Cooley ancl Tukey has had a widespread effect in the 

field of time series analysis. HOlvcver, some difficulty 

has been encountered by potential users in determining 

exactly !10\\T the technique works. An effort to explain 

the derivation in detail will be made. 

Also, a G.cscription will be given of an analysis 

package prog ram ill. 1;}li ell th;;: r as t Fou r ier TrllI1S form 

technique is used to yiel<.l amplitude/phase spectra, 

po\Vcr spectra, cross pOhcr spectra, anJ auto correla~ 

tions. 
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FAST FOURIER TRANSFORMS 

The algorith~for the computation of complex Fourier 

coeffi'cients, as introduced by Cooley and Tukeyl, has had 

a widespread ~fect in the area of time series analysis. 

IIowever, some difficulty has been encountered by potential 

users in determining exactly ho\" the technique works. We 

will derive a special case for transforming a sequence with 

two factors and attempt to generalize the case for r factors. 

INTRODUCTIOi\ 

It is advantageous to review briefly the classical 

Fourier transformation in orJer to fully appreciate the fast 

Fourier trans fo rm (F FT) . FUll r i cr I s theorem says tha t any 

time series XCt), which has a finite number of discontinuities 

and is periodic (i.e., X(t) XCt+T)), can he consiuered to 

be a linear superposition of sine anu cosine terms \",hose 

arguments are integral multiples of the fundamental frequency 

W 0 = 21T / T . I\'la t h cma tic all y t his is to say 

X(t) = ! a + r (uncos nw t + b sin nw t) 
o n=l 0 n 0 

(1) 
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If we let 

llw t 1 ( jnw t 
+ - j nw t) cos = 2" e 0 e 0 

0 

and 

sin nw t 1 ( j nUl t - j nw t) = ..,." c a - e 0 
0 L.J 

We lIlay rewrite (1) as 

00 ;j XCt) + L w t (Z) = Co c n 
Jl 

11=-00 

1 l/Z Here we have let c =-a c =(a 2+b 2) J"=r--r, w =nw o 2 0' n n n' n o' 

Equation (2) is known ~5 the complex fourier series of 

fet). Upon examining (2) it becomes evident that we can 

describe the sequence XCt) completely in terms of the c n 

and wn' TIlis is known as the frequency domain representation 

of the time series XCt). The transformation from the time 

domain to the frequency domain is Fourier's transform and 

is written, where T is the time length of the series X(T). 

The function Few) is in general complex, and 

F(w) = R(w) + jI(w) = IF(w)\ e~<p(w) 

The complete frequency domain representation of .xCi) is 

given by 

---.~---- •• -----_ .•. _-- - --- -

(3) 



C 4a) 

and 

C4b) 

These equations represent the amplitude spectra and phase 

spectra of the given time sequence X(l). 

LIMITS OF INTEGRATION 

Equation (3) represents the finite discrete form of 

the classical Fourier transform of the series XCt). The 

4[) summation is performed over the full time range of the 

series t = o-+T. In order to satisfy the. orthogonality 

conditions 2 , which assure the validity of the transform, 

o 

·we must assume that the low~st frequency component we can 

transform is 00
0 

= 2w/T. We must also bear in mind that 

when we use finite discrete sequences of XCt), sampled at 

uniform intervals 6t, we are dealing with a band limited 

.function subject to conditions imposed by the sampling 

theorem. The'sampling theorem says that the highest fre

quency we can reproduce at a sample rate ~t is the ~yquist 

frequency wn • 

(5) 
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If we have N points, spaced ~T apart, we can rewrite T as ~ 

T = (N-l)IlT 

and 

(6) 

Since we transform only on integral multiples of wo ' we can 

readily determine the number of frequency components K, that 

we can expect to find in a sequence X(t) which is of total 

time length T at a sampling rate ~T 

N-l = -2-

The sampling theorem goes on to assert that 

Which is to say that when we transform on frequency values 

which lie between (~)wo and (N-l)wo ' we can expect an exact 

replication of the results we obtained in the region of values 

O~wn~ (~)wo except that they are reversed in frequency. 

IP9 
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We will see la.ter that the FFT indexes frequency components 

from 0 to (N-l)wo • This is necessary in order' for the algo

rithm to be useful in performing the inverse transform. 

THE FAST FOURIER TRANSFORM 

The calculation of the complex Fourier coefficients from 

equation (3) requires a number of operations proportional to 

, , 
, .,' 

N2 where N is the number of points to be transformed. Obviously 

this would require an appreciable amount of computer time when 

N is of a high order of magnitude. The technique as given 

originally by Cooley and Tukeyl, and further developed by 

Sande and Gentlemen 3 reduces the number of operations required 

to the order of N logzN where N is conveniently composite (a 

power of 2). 

TilE ALGEBRA 

We may rewrite F(wn) from equation (3) in terms of the point 

1 211'n indicies if we et wn = ~. 
Substituting in equation (3) 

Fen) = 
N-l nt L x (t) e (y) 
,=0 

n=o,l, ... N-l (7) 

We have introduced the notation; 

e(x) = e- j21rx 

.. 
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Consider equation (7) for the case where N is the product 

"of two integers AB. Notice that we may define any frequency 

index n in terms of A,B, and two new variables, a',b'. 

n = b' + a'B 

Similarly expressing the time index in terms of a,b. 

t = a + bA 

Where 

a,a' = o,I, ••. A-I 

b,b' = o,I, ... B-I 

Substituting for t and n in equation (7) get 

A-I B-I 
F(b'+a"B) = I L x(a+bA)e (b'ta~~)(a+bA)) 

a=o b=o 

A-I B-1 ab' aa' bb' = I L x(a+bA) e(AB + X- + n- + alb) 
a=o b=o 

Since e(a'b) = I 

A-I B-I b" bb' 
= L L x (a+hA) e(Xrr )e(~ )e(n- ) 

a=o 0=0 

.... 
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We f~ctor term~ not depending on the inside summation to get 

A-I B-1 
= I e(aa') e{~:) I X(a+bA) e(~) 

a=o lr b=o 

Notice that the inside summation rep.resents a Fourier trans

form of the B point sequence 

Wa (b) = X(a+bA) 

The result of this shorter transform is multiplied by a shifting 

factor e(a~:) before becoming the A point input to the second 

transform over a. 

We have shown how an AB point transform can be defined in 

terms of 2 transforms of length A and B respectively. 

Sande has shown the expansion for the case where N has three 

factors ABC. 

C-1 , 
L e(c~) x(a+bA+cAB) 

c=o 

," 

(8) 
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No~ice that as the n~mber of factors we assign to N increases 

, 
the shifting factors applied to each short transform become 

more complex. We can show a general form for r factors of N 

by letting , 

N = tlt2 ••••• tr 

So that in general 

(9) 

Similarly we may let 

. 
n = vr + v r - l tr + vr - 2 tr t r - 2 (10) 

Where the following correspondence exists between the expansion 

for N having 3 factors and the generalized notation 

{A,B,C} 

o 

o 

o 



Sande has written the generalized expansion for N having 

T factors by making the definition 

Using this substitution in (9) and (10) we get 

t = Ul + U2Ql + ... + urQr-l 

v
T Vr - 1 vi 

m = (- + -+ ... + Q"l) Qr Qr Qr-l 

We will express the first j terms of t as 

The Sande-Tukey decomposition of the general transform 

expression uses twa identities which result from the algebra. 

The first of these is an expression for the generalized 

exponential term; 

, q" 

.. , 

v. f uk 
J k=l 

Qk-l] 
Q. 

J 
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The second is "the generalized expansion for the summation 

on't 

T-l 
~ = 

T=O 

t -1 
r 
I 

U =0 
r 

Combining these results we can get a generalized expression 

for N having r factors 

T-l 
I eC¥) xCt) = 

T=O 

••• + 

\. ' 

o· 

o 



If we' consider the expansion for N=2.2 we see that one stage 

of complex arithmetic is avoided in the inside summation . 

. For the case where N has 3 factors, ABC, the interior summation 

is extremely simple; 'however, we arc faced with shifting factors 

in the subsequent summations which require sine and cosine 

terms to be evaluated. The shifting factors take on a complex 

configuration as the number of summations is increased. Pro

gramming is simplified by using the 3 factor expansion in all 

cases and letting C equal 2 or 4 so that we may avoid a factor 

,of 2 or 4 complex operations. 
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INTRODUCTION 

The IBM- TSX Systerrl wa~ designed for an IBM-1800 operating 

in a real tirrle environrrlent as a process controller. The Aerospace 

IBM-1800 is used prirrlarily as a post flight data reduction systerrl 

interacting witn telerrletry ground station equiprrlent. This derrlands 

the full interrupt facilities of the sytem but in a batch processing 

rrlode of operation such as offered by the TASK stand alone type 

systerrl. As a result the NIMS Monitor Systerrl was developed to 

combine the features of the proGess and non-process rrlodes of 

operation into a general mode of operation in which t.he full interrupt 

and peripheral facilities of the rrlachine are available to the 

active application program under execution. 

A sChematic representation of the Data Reduction computing 

complex is shown in Figure 1. The IBM-1800 is a 32K core size 

machine with 2 microsecond cycle time. Also attached are 2 

magnetic tape units, 3 disk drives, a 1442 card/ reader punch, 

a 1443 printer, a 1627 plotter. and a 1816 typewriter-keyboard. 

This system services the telemetry playback equipment through 

a Telemetrics T -670 PCM decomutation computer and a special 

purpose display terrrlinal called a Waveform Display Analyzer. 

The prime mission of the 1800 system is high speed data /--

logging from telemetry tapes of either analog or digital data 

plus driving the attached graphical display and recording 

equipment. 

/97 
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2. COLD START CONSIDERATIONS AND MODIFICATIONS 

The initial endeavor to provide a more convenient monitor system 

for the data reduction programs involved at attempt to return to a one 

card cold start procedure. In addition, it was considered desirable 

that an automatic cold start of restoring the systems skeleton from 

disk be accomplished between jobs instead of a task reload. 

A decision was made that defective cylinders on a disk pack 

would not have to be handled by the cold start routine. This decision 

was based on the fact that there have been no defective cylinders on 

any of 12 disk packs us ed in the computer center in 18 months of 

operation. If a disk pack does develop a defective cylinder, it will 

be discarded or refurbished. 

This allowed the LDR- Cold Start Load Ca rd Progra~ and the 

CLD-Systems Cold Start Program to be rewritten in very simplified 

c form such that a one card loader would initiate a complete core 

loading cold start from the systems disk. 

TheNIMS- TASK program was also modified such that the 

action of pres sing the immediate stop, start buttons on the console 

would caus e the same action as loading the cold start card. This 

stipulates that core storage not be storage protected at any time. 

Figure 2 presents a table of the modifications required to provide 

the new cold start capability. 

3. PROCESS/NON PROCESS CONSOLIDATION 

In performing the analysis of what type of system would be most 

desirable, the general conclusion pointed toward a non-process offline 

T ASK system with a full interrup~ proces sing capability at that level. 

3 
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Tabl~ of rlJ~@di1~Cl" Progr~uns for Co!rl Start 

1. LOR - COLD START LOADER PROGRAM , 

i. EXTENSIVE MODIFICATIONS 

• 2716 WORDS 

2. CLD - COLD START PROGRAM 

• E·XTENSIVE MODI FICA TIONS 

• E816 WORDS 

· . I 3. TASK - SKELETON PROGRAM 

I • MINOR MODI FICA TION TO TASK RESTORE 

i ROUTINE 

~ .t. 

c:p 
C> ~ c , 

It. , ; @:'"l 
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The NIMS monitor system was founded as a TASK offline system 

with certain protective features in the core-load builder modified 

to allow the use of interrupt service subroutines, the masking 

subroutines, and timer subroutines with non-proces s coreloads. 

Thus, becaus e TASK is the basic building block, the TASK 

support programs such as TRACE, CORE DUMP, DISK DUMP, 

etc., are available with this system. 

The core-load builder is constructed such that the special 

purpose operation codes associated with different type core-load 

builds are separated in their table by delimiting constants. For 

example) a process type operation code could not be used in 

anything but a process coreload. It was a very simple thing to 

change thos e delimiters such that the operation code tables for 

the process and interrupt coreload functions were included in the 

non-process operation code table. 

The final modification negated the test in the non-proces s 

supervisor for the type of coreload being executed. Figure 3 

represents a table of the modifications necessary to provide the 

consolidation of process and non-process coreload functions. 

4. TRACE DEVELOPMENT 

The TASK utility programs have been included as a subset of 

the NIMS monitor system. All utility programs were considered 

adequate for debug tools by the data reduction programmers with 

the exception that it was felt that the TRACE output was too 

difficult to interpret. 
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Table of 1\1odifications to Consolidate 
Process and ~~ oru~]roce$s functions 

1. CLB - CORE LOAD BUILDER PROGRAM 

• MINOR MODIFICATION TO OPERATIOr\l 

CODE TABLE LIMITS 
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2. NPS - NONPROCESS SUPERVISOR PROGRAM 

• MINOR MODI FICA TION TO REMOVE 

TEST FOR PROCESS CORELOAD 
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This problem lead to the development of ins erting additional 

coding in the TRACE routine in TASK to provide a mnemonic format 

conversion for generating the output for the 1443 printer. An 

example of output generated while running under the TRACE 

mode is shown in Figure 4. The prime features of this development 

are a much easier format to read and the calculation of the , 

effective addres s that the instruction operation code will be 

referencing. 

5. SOURCE PROGRAM FILE STORAGE SYSTEM 

Significant effort was expended in providing a source program file 

storage capability in conjunction with the NIMS monitor system. 

This capability provides prograITlITlers the means for storing 

source language programs for subsequent retrieval during checkout 

c 
activities. The programs are stored on the file such that alter 

cards could be read through the card reader to modify the source 

program before the assembler performs its function. This activity 

was accomplished in two pnases. In the first, the systeITl COITlponents 

suCh as TASK, ASM, FTN, and DUP were ITlodified to accept input 

from ITlagnetic tape. In the second, a series of programs were 

written to generate a systeITls tape, provide an alter capability, and 

perform a periodic update of tile source program systeITls tape. 

The key to providing the systeITls routine with the capability of 

accepting input froITl magnetic tape involved including the coding 

of the MAGT routine in the TASK skeleton and providing a one 

word logical switCh in fixed core for interrogation by the input 

o 
7 
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Trace Output 

LOC OPCO F TAG OISP AOOR EFFA MEMORY ACCU MO IX *1 IX*2 IX*3 CO OFLW 

3eBF LOX L 2 00 0040 0040 1674 0000 0000 0040 0008 2083 NO NO 

38C1 BSC I 80 38AE 2097 70FC 0000 0000 0040 0040 2083 NO NO 

2097 MOX FC 2094 4400 0000 0000 0040 0040 2083 NO NO 

2094 BST L 00 38AE 38AE 2097 0000 0000 0040 0040 2083 NO NO 

3880 STX 2 OF 0000 0000 0040 0040 2083 NO NO 

38B1 LOX 1 80 38AE 0000 7001 0000 0000 0040 0040 2083 NO NO 

3883 LOO lE 3802 0000 0000 0000 2096 0040 2083 NO NO 

3884 LO 1 00 1170 F1F1 0000 0000 2096 0040 2083 NO NO 

38B5 RTE CC BOOO 0000 2096 0040 2083 NO NO 

3886 STO oc 38C3 0008 0008 0000 2096 0040 2083 NO NO 

3887 LOX 2 80 38C3 0008 145E 0008 0000 2096 0040 2083 NO NO 

3889 aSI 2 80 38C4 38EO 0000 0008 0000 2096 0008 2083 NO NO 

3AS8 BSC L 20 3A8C 3A8C 4C80 0000 0000 2096 0008 2083 NO NO 

3A8A MOX I FF 38AE 2096 BOOO 0000 0000 2096 0008 2083 NO NO 

3A8C esc 80 3A86 3888 7402 0000 0000 2096 0008 2083 NO NO 

38B8 MOX L 02 38AE 38AE 2095 0000 0000 2096 0008 2083 NO NO 

38BO LOX L 1 00 0040 1180 4480 0000 0000 2096 0008 2083 NO NO 

38BF LOX L 2 00 0040 0040 1674 0000 0000 0040 0008 2083 NO NO 

38C1 BSC I 80 38AE 2097 70FC 0000 0000 0040 0040 2083 NO NO 

~ @ 
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segments of the systems routines. This switch forces the I/O routines 

in tne system to read tape drive a when set by tne non-process 

c····"" ,I 

supervisor after reading a I / TAPE card from tne card reader. The 

switCh will be reset for the I/O routines to read from tne card 

reader if a / / CARD image is read off of magnetic tape. 

It was also necessary to modify each of the I/O routines in the 

assembler, FORTRAN compiler, disk utility program, and the 

non-process supervisor. Since CARDN is included in the NIMS-

TASK, the coding of CARDN in eaCh of the systems routines was 

replaced with the coding necessary to test the card/magnetic 

tape switch and perforrn the magnetic tape input operations. 

Depending on the routine, it was necessary as part of the magnetic tape 

input function to convert the card image from tape either back to 

card image format, a special one character right justified EBCDIC, 

C\ 
,J 

or leave in standard two word EBCDIC. 

Figure 5 is a pictorial r epres entation of the NIMS rnagnetic tape 

system showing hOw the support prograrns interface with the systerns 

programs to perforrn a complete job operation. 

The CDTST-Card to Source Program Systern Tape Prograrn is used 

to place the initial version of a source prograrn on tne systern tape. Tnis 

procedure involves searching the system tape for the last record, back-

spacing tne tape to prepare for the write operation, and writing the card 

irnages from the card reader in blocked tape forrnat of 200 cards per 

block. The terrnination card of the prograrn causes a new end-of-tape 

record to then be generated. 

o 
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The ALTER-Source Program System Tape Alter Program has the 

C~ .. ····'·" ' , function of allowing the programmers the capability of altering source 

statements as it is unblocking the program from the source progra:rn 

system tape to a scratch tape in preparation for input into the 

assembler program. Figure 6 shows the three data card formats 

that can be used with the ALTER program. The alter function of the 

alter cards is determined by the character in column 72 as follows: 

R means replace the card i:rnage on the source program system tape 

having the corresponding sequence number in columns 77 -80 with 

this card image. 

I means insert this card image in front of the card image on tape 

with the same sequence nu:rnber in columns 77-80. 

D means delete the card images on tape inclusively between the two 

o sequence numbers in columns 73-80. If only one card image is to 

be deleted, the sequence number should be punched in colu:rnns 73-76. 

The output magnetic tape on drive 0 is generated in 80 character 

EBCDIC for:rnat for direct input into the ASM system assembler. This 

is triggered by a / / TAPE card following the last alter card in the 

card input stream. 

After the assembler has finiShed with the asse:rnbly process and 

stored the relocatable program in temporary storage on the disk, the 

next record is read from the tape input stream on drive O. This 

record is a / / CARD image transferring control back to the card 

reader. The program that has just been assembled can then be 

executed or permanently stored on the disk. 

o 
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NC 

21 

XYD 

SW1 

27 

MDX 

LDD 

STD 

N0P 

LIBF 

DC 

Sampl@ Alter Card Fonn~ts 

32 35 46 

L ABC, -4 DECREMENT ABC TABLE 

1 TEMP 

2 TAPE-1 

MAGT REWIND TAPE 

/5000 

{) 
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47 1551 

72 77 

R 0051 

R 0193 

R 0194 

I 0512 

I 0719 

I ·0720 

00999 

010041021 
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The third progralTI associated with the NIMS tape asselTIbly 

procedure is UPDAT -Source ProgralTI SystelTI Tape Periodic Update 

o ProgralTI. This program will utilize sublTIitted alter decks as input 

to generate an updated version of the source progralTI systelTI tape. 

The progralTIs that were modified by this run will be resequenced 

on the new source program systems tape. 

6. SYSGcP - NIMS PROTECTION PROGRAM 

Early in the operation of the TSX system, a programmer 

inadvertently destroyed the system on the disk to a degree that it 

was necessary to do a new system generation from cards. It 

was decided at this point that the system disks would be copied 

on magnetic tape with a capability implemented to restore the 

disks from this tape. 

The SYSGcP program was written to provide the disk to tape 

operation, the punChing of a self-loading execution card, and the 

subsequent tape to disk regeneration process. The first step 

of the execution of the program involves storing the first 12 

locations of core in a table for the regeneration phase of the 

program. A split-binary self loading card is then punched that 

is used to load the system skeleton and the SYSG<P program into 

core from magnetic tape during the regeneration phase. Next 

core storage from location 0 through hex 3000 is written out on 

tape. This record contains the system skeleton as well as the 

SYSGcP program. As a final operation the system. disks are then 

copied to m.agnetic tape 20 sectors in a record. 

0,1) 
,I 
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After a SYSGO tape has been generated, it can be saved for 

later use to restore new systems disks. This is accomplished by clearing 0 
core storage and loading the self-loading card punched by the disk to 

tape phase of the program. The loader card causes the first record 

frotn the tape containing the systetn skeleton and the SYSGO pro gratn 

to be read into core storage starting at location 12. The final 

instruction on the card is a branch to the appropriate entry point 

in the SYSG<1> program that will copy the retnaining tape records 

on the systems disks. Figure 7 presents a schematic representation 

of the operation of this program. 

7. MINOR SYSTEM DEVELOPMENTS 

Additional features have been added to the NIMS monitor systetn 

that extend the perfortnance of the system or provide a more simplified 

operating procedure. 111"", 

C~...) 
The standard ASM Assembler Program has been replaced by an 

IBM released MACRO Assembler Program called MASM. This has 

been found to be a powerful tool for the programmers providing 

extended programming capability. 

The NIMS-TASK program was modified to provide the programmers 

and operators with the ability to execute stored coreloads by typing 

in the program name on the typewriter. This activity is initiated by 

pressing the console interrupt button with no sense switches on. The 

typewriter will request that a 5 character program name be entered 

through the keyboard with the following message: 

TYPE IN FIVE CHARACTER PROGRAM NAME 

o 
c2/0 
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When the name is typed, the NIMS- TASK program generates a 

card image to execute a fixed coreload and transfers control to the 

non-process supervisor. The non-process supervisor with the 
o 

card image in its input buffer then performs a FLET search and 

proceeds to execute the coreload. 

The data reduction programmers requested that a current 

date be printed on the assembler and compiler output listings. This 

was implemented in NIMS-.TASK and the non-process supervisor 

such that any control message printed by NPS would have a date 

loaded from the fixed area of TASK included on the end of the line. 

The date is stored in TASK by executing a program called DATE 

where the date is requested by the typewriter as follows: 

TYPE IN DATE -DD MMM YY-

When the day, month) and year are typed in~ the program converts 

them to print codes and stores them in the fixed area of TASK. o 
8. SUMMARY 

Every attempt was made in the implementation of the NIMS 

monitor control system to provide the data reduction programmers 

and operators with a convenient system oriented to telemetry data 

reduction. This endeavor has been accomplished and further 

activities will be directed to additional facilities for the convenience 

of the programmers and operators. 

16 
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Investigation of Abnormal Operating Conditions 

o 
A few short years ago many of our data processing system error recovery 

procedures were hard'ware dependent. That is to say the program hU:lg up 

until the hardware circuitry recognized that the condition causing an er::-or 

had been corrected or reset. 1401 systems stopped with a Process I Reader I 

Punch, Printer, or Tape error-indicator lamp on the operator's console I 

directing the operator to inspect a particular device. 

The reader may indicate a "reader check" (i. e., card read or checked :n 

error), "punch stop" (i. e., card misfed or jammed), or a tape t.:::-:i-;: mc.y :".0: ::'2 

ready. The system could not continue until the operator had correc~ed L~2 

cause of the error by refeeding the error card I correcting the feed proble:n I 

or making the tape unit ready. 

The point I'm trying to illustrate is that the problems were fairly obviot.:s a:1d 

the improper restarting of the system difficult when viewed from todays' s 

environment. <. " 
~"" 

The design, architecture, and flexibility of System /360 makes th:s type of 

operation impractical. Error information is presented to the program and 

further visual indications to the operator are dependent on the system con-:=rol 

program. Since, for example, a system /360 Model 30 can run under BPS, 

BOS I TOS, DOS, as, emulators, or a user written control program, an 

~-.-- -~~~----.. -.... ---------------..... -.. -------~--- .. -.-- .. --------.~---... -------------~- .. --... ---------.. ---... -~-



Page l 

operator must be knowledgeable of the specific system in use. Let me give 

you an example. A model 30 operator has just observed the system in the wait 

state. Hitting the start or interrupt button produces no effect on the system. 

What has happened? There are not outward error indications! No messages 

have been printed on the typewriter! If BPS or an Operating System is con-

trolling the system certain bytes of main storage will contain a coded 

,message indicating the reason for the halt. Only pr,ior kno'wledge will 

direct the operator to display this area. Furthermore, interpretation of 

this data can be in zoned decimal, binary, or packed format. 

Basically there are 3 main areas a system can be divided into. The II Cer:tral 
. . 

o Processing Unit ll (CPU), or heart of the system; the II Channel, II over 

which the CPU communicates with I/O devices; and the II Input/Output 

Units." A fourth area could be "Non Operational Units. \I These may be 

off line units or devices never installed on the system. Any address not O~ 

the system will result in Non-Operational Status if used. 

I would like to define the. effect of problems in each of these areas. 
<, 
\ "-
./ ", 

Central Processing Unit errors are caused by bad data on data busses or in 

key registers of the CP'U and result in a logout via system micro,;...p;:-ogramming. 

From 12 to 256 bytes of information and status at the time of failure are re-

corded and the new machine check PSW is loaded. Appropria te indica tors are ' 
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set in storage by the control program as operator information and the 
".,.." ,--,j 

system is placed in the wait state w,ith all interrupts disabled. (J~ Channel 

failures are errors that occur during communi~ation between the CPU and 

an I/O device. This could happen if the CPU signals a device and the 

device fails to respond within a specified time. A programmer requestirig 

a unit to read or write no data could also result in a cl1.annel error. Channel 

failures may result in a micro-program logout with appropriate indicators 

set in storage as operator information. -This area should be investigated 

closely as fail"\.lres can result from improper channel programming. 

Input/Output errors pertain to specific devices (tapes, disks, reader, 

punch, printer, etc.) an~ always result in a sense command being issued 

to that unit. This sense operation will transfer up to six bytes of informa~ion 

from the unit to tl'~e CPU for analysis by the control program. Error recove:y 

will be performed dependent on the error. Tape read errors result in a back-

space and reread with a TIE if possible. Each time this sequence has been 

performed eight times, a tape cleaner routine is executed. The tape is 

backspaced 3 records and forward spaced twice. This runs the record over 

the tape cleaner blade re'moving any excess oxide. After 100 rereads a~~e 

performed, it is considered an unrecoverable I/O error and the job may be 

cancelled. Tape write errors result in a backspace, erase and rewrite. 

Disk' read or write errors cause a retry unless a defective track is found. A 

defective track will cause a seek to an alternate track and a read or write. 

Unit record devices r,equire operator action at the device and a proper 

01.· .••. ' 
I ~; 

o 
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response to the programming system. The operator should examine the 

sense information for the cause of error. 

If the job had cancelled under the Disk or Tape Operating System all the 

pertinent information ·will be logged on the typewriter; however, it must be 

decoded with respect to the specific 1/0 unit to obtain all the meaningful 

information. The same error on BPS or BOS would result in the wait state. 

Unit record type devices will require operator intervention. Restart pro-

cedures require the proper reference SRL. Operating guides for all devices 

should be available to operators. 

. . 

o Proper maintenance of materials can save countless hours and headaches. 

Initialize all disk packs before use. Notice that the plant has affixed 

a label indicating tested bad tracks. These tracks should have alternate 

tracks' assigned during your initialization. This is necessary because 

surface analysis performed prior to shipment tests the complete usable 

surface for each track. Subsequent use of these tracks will be unpred~ctaDle 
,. ~""" 

and dependent on individual.R/W head tracking on each disk drive. 

Tape must also be properly initialized I even in an unlabeled shop. Tapes 

are always checked by logical IOeS to ascertain if label information 

0"'" ,'., . 
exists. An. improperly initialized tape my result in a permanent tape read 

error and cancellation of your job. This can be avoided by writing a TiVI 

:2/7 
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at the beginning of all unlabeled tapes. Remember the seven or nine o 
track tape marks can only be read error free on their respective drives. 

Mark all reels plainly for use on one tape drive (i. e., seven track 

Drive 183). Operators should clean tape drives as often as necessary 

to minimize tape errors. 

Card decks should be given proper care. Plastic edged decks are best 

in high usage circumstances. Master decks should never be used except 

for reproduction. This is your best protection against card decks that ran 

yesterday and program check today. Be certain you have an IBM card 

gauge and check for punching off registration periodically. A high L'lci-

dence of reader checks or one card that cannot be read also require chec~L-:g 

with the card gauge. 

What methods should be used during isolation of an abnormal operating 

condition? This depends on a great many variables; however, a certa:n 

oasic attitude should prevail. How can I obtain the maximum usefill aJ.".c. 

meaningful error dala for analysis by the programmer or IBM engineer? 
11(, ., 

\' 

.;', 

The first point should go without saying, but all too often goes unheeded. 

Stop! Determine what the system will tell; you may have to ask (i. e. , 

display appropriate core locations). Remember I a hardware fai~ure does 

not neces sarily produce a red light indication. On DOS or TOS only by 

displaying Main Storage locations 0-3 can it be established that an error 
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has occurred. On BPS and a BaS hex location X '32' contains the error 

indicator. -What action the operator should take is described in the operator's 

manual .. If a machine or channel failure has occurred I a logout will take 

place. The system is placed in the wait state to allow the operator to 

run SEREP. The II System Environment Recording Edited Printout" program is a 

stand-alone card deck that will interface with IBM control programs I determine 

the type error that has occurred, and print out all pertinent information and 

. status of the system at the time of failure. This program will be provided by 

your Customer Engineer at installation. SEREP will print out from 12 to 2S 6 

bytes of logout area (dependent upon CPU type) I old PSW' s I new PSWI s I 

CAW, CSW, GP regs, Floating Point Regs., or sense information. 

It is especially useful when a customer engineer is not on ·site. It is 

essential that all operators be versed in rocognizing a SEREP request! A 

core dump or re-IPL at this time will destroy any i.nfonnaUon of value. 

SEREP will pinpoint invalid use of channel programming I use of non-opera-

tional devices, and bad 1/0 devices. All SEREP runs should be saved for 

analysis. 
, ." 
I' .. , .-.... 

Only after the operator has collected all meaningful data for subsequent analysis 

should a run be attempted. This is particularly important on intermittent 

failures. 

If a SEREP run was not requested a core dump should be taken. Save all. 

core dumps I console logs I output, input, program decks. Documentation . \ 
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rf", 
I i 

to the extent of recreating the failure is best. '-' 
/ 

Try to isolate the culprit by changing devices, restoring disk packs I 

using other card decks, or if possible run the job on another system. 

Of course if the operator believes a hardware system failure exists I he 

should follow the normal procedures for notifying his customer engineer. 

If the problem seems to be in programming all the pertinent data should 

be returned to the programmer. 

Experience indicates the best approach when system time is available 

is to rerun a failing job under the supervision of the person or perso:1s 

responsible for analyzing the problem. Th~s quickly determines any 

procedural or operating problem and gives you first-hand knowledge 

of the events leading up to a specific problem. 

Many times what one person feels is irrelevant is the key to the problem. 

If your programmers after,thorough analysis conclude that IBM's p~ogra;,!,~.s 
~ > "'. 

are not meeting specifications or a new release level produces a change in a 

program's operation I contact the applicable IBM representative. 

If your programming system is not at a curr·eni level, check the latest an:lour;.ce-

ment letters. The problem may be fixed by updating your system. Many 

~d-O \ I 
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problems are now fixed with product temporary fixes (PTF' s). These are 

patches or modules available to correct problems before they can be 

included in an official release of the programming system. If no PTF 

is available Field Engineering will determine a temporary fix or circum-

vention and submit an APAR to resolve your problem. 

A meeting with both your hardware and software customer engineers at 

installation time to establish adequate PM schedules and error recordin;- I ~ 

and reporting procedures can insure a maximum system availability. The 

smooth running of today's system requires quick and accurate diagnosis of 

hardware I program, or operational problems. 

Our best solution to this is continued co-operation.'" 
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I/o UNITS 

SENSE INFORMATION IS READ FROM THE 1/0 
DEVICE IN ERROR 

APPROI?RIATE ERROR RECOVERY IS ATTEMPTED 

TAPE READ ERROR 

a. TIE IF POSSIBLE 
b. BACKSPACE REREAD 
c. TAPE CLEAN ROUTINE 

TAPE VVRITE ERROR 

a. BACKSPACE -- ERASE -- REWRITE 

DISK ERROR 

a. RETRY 
: b. IF DEFECTIVE TRACK SEEK TO 

ALTER NATE - RETRY 

UNIT RECORD 

a. OPERATOR ACTION AT UNIT 
b. OPERATOR RESPONCE TO SYSTEM 

CONTROL PROG 
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TAPES 

MUST ALWAYS BE PROPERLY INITIALIZED 

TAPE MARK AS FIRST RECORD 

VOLUME AND HEADER LABLE 
FOLLOWED BY TAPE MARK 

OPEN ALWAYS CHECKS FOR VOLUME LABLE 
FOR MAXIMUM USER PROTECTION 

UNREADABLE RECORD WILL RESULT IN 
UNRECOVERABLE I/o ERROR 

7 - 9 TRACK TAPES 

ONLY READ ERROR FREE ON RESPECTIVE 
DRIVES 

a. INCLUDES TAPE MARKS 

MARK ALL TAPES CLEARLY 

EXAMPLE: 7 TRACK MODE x '90' 
7 TRACK MODE x '68' 

WORK TAPES SHOULD BE PERMENENTLY ASSIGNED. 

EXAMPLE: 7 TRACK WORK DRIVE 183 
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DISK 

INITIA1rZE ALL PACK PRIOR TO USE 

FLAG ALTERNATE TRACKS AS INDICATED ON 
TEST LABLE 

FAILURE TO DO THIS WlAY RESULT IN 
UNPREDICTABLE ERRORS ON THOSE TRACKS 

TESTED AREA 

BACK UP TAPE ( CARDS OR PACK) 
FOR ALL SYSTEM PACKS 



CARDS 

HIGH USE DECKS PLASTIC EDGED 

MASTER DECKS FOR REPRODUCTION ONLY 

BEST PROTECTION AGAINST PROGRAM 
THAT WORKED YESTERDAY - PROGRAM 
CHECK OR MALFU~CTION TODAY 

CHECK PUNCH REGISTRATION PERIODICALLY 
WITH CARD GAUGE 

DONIT OBSERVE PRINTING ON CARD 
FOR REGISTRATION 

READER CHECKS REQUIRE CHECKING WITH 
CARD GAUGE 
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INVESTIGATION 

ON ALL ERRORS GATHER ALL AVAILABLE DATA 
PRIOR TO CONTINUING OPERATION 
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INPUT DATA 
PROGRAM DECK 
TAPE 

DOCUMENT THE FAILURE AND IF POSSIBLE SET UP 
A RUN THAT WILL REPRODUCE THE FAILURE 

ONLY AFTER FULL DOCUMENTATION SHOULD 
CIRCUMVENTION BE ATTEMPTED 
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PROGRAM SUSPECT 
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ABSTRACT 

In April 1966. a subcommittee of USASI Task Group X3 0 4.2 was established to 

investigate the standardization of PL/I. Since that time, two working committees 

have established with explicit charters: 

and 
Group I: The Resolution of the Language pL/I 

Group II: Formal Definition of pL/I 

This paper deals specifically with the work of the committee on Formal Definition 

and its relations with the definitional task forces within IBM. This paper will 

discuss the techniques of definition as proposed by the committee. the uses to which 

the definition is to be put and the implications of the work of this committee on 

the standardization of other computer languages. 

A familiarity with PL/I is not presumedo 

o 

o 
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The need to ~rogram digital computers in abstraction as opposed to the 

subjective wiring of boards has lead to the development of a variety of program-

ming languages o These non-natural communication systems are classified, broadly 

according to their orientation toward the human user or toward the moronic 

detailed instructions of a machine o Whereas the human desires a language akin to 

that which is either his mother tongue or one of the other artificial languages 

with which he has been associated, many of our current languages have been developed 

from machine dependent codes towards these desires and have not yet reached the 

half way pointo Althou~h there are many proponents of the concept of ultimately 

using natural language as the means of describing a computational (or more 

specifically, a transformational) process, these forms of input suffer from two 

major defects: a) they are verbose, and b) they suffer from many possible ambiguous 

contextural translations o Further, we currently do not thoroughly understand the 

4() syntax and semantics of natural languages~ In any case~ mathematical notation 

(language) has developed over the past few hundred years in spite of the existance 

of natural languageo 

Existing analyses of programming language, such as found, for example, in 

the ALGOL 60 report [l]j place emphasis on the syntactic form of the concepts 

and definitions u In contrast, the approach being proposed by the subcommittee 

X304~2C2 of the USASI, concentrates on the role of constituents of a language as 

commands or instructions when the program is executed in a machine o This implies 

that the programming language is to be considered in relation to a machine 9 be 

that machine actual or abstracto Classical abstract machine models such as 

Turing machine or finite automata, which are obvious bases for the definition of 

language semantics, lack many of the salient features of an objective situation 

which are relevent to the description of the execution of a programo For example, 

o Turing machines lack the random accessibility of current memories, thus throwing 

the burden of (say) table look up to the wiles of the definero 
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Conversely. some models l.rnitate machines more accurately but are unsuited o 
to the general definition required in the specification of a standard o For 

example. if there exists ail executer (compiler, interpreter. or translator) for 

PL/1 on a particular machine, then that executer is de facto definition o In 

paraphrasing De v Carte (I thinkp thex'efore I am) a compiler can be said to execute 

and therefore to define o On the other hand i an assembly lising of a compiler 

cannot be said to constitute a nationwide standard and in any case contains many 

algorithmic processes of analysls~ recognition and (1n particular) generation 

which are irrelevant o Further as the state of the art compilation advances p 

it must be expected that the efficiency of compilation and the optimization of 

the generated code will improve~ thereby presenting an improved definitiono 

However. a compiler transfo~ms an input in one non-natural language to 

another non-nat.ural langto.age which is not a standard" Further only the execution 0 
of this target language can reveal the semantic nature of the input (or source) 

language 0 We must, therefore. raise the question as to how a natural language 

description of the syntax and semantiCS fills the basic necessities of a specifi-

cation o In particular. a definition which may be used as a standard must 

possess the following qualities~ 

- it must. be 

- it must ~isplay 

- it must distinguish between 

rigorous 
complete 

structure 
underlying concepts 

language defined elements 
implementation defined 

elements 
undefined elements 

Current experience with ALGOL 60 [1] and FORTRAN [2) shows that the natural 

language descriptions of a programming language do not meet all those require-

ments o Ambiguities exist in the current documentation standards of these 

languages which have been inserted as a result of the use of a natural language 

as a .descriptoro t..Jitness the list of "trouble spots" reported by Knuth [3] 0 

o 
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Similarly~ natural language specifications tend to overlook the possibility 

of the effect of executing a procedure in which the values of certain entities 

fall outside the domain of the specificationo That is, current specifications 

only define the semantics of a program that exactly fits the task for which it 

was designed o For example p the ~ORTRAN specification (sec 70102 0 l03) states: 

"701020103 Computed ~O TO Statement o A Computed 
r.O TO statement is of the form~ 

00000, k ), i 
"""11 

where t.he k Ij S are statement labels and is i an 
integer variable reference~ See 10 0 2 9 8 and 10 0 3 
for a discussion of requirements that apply to the 
the use of a variable in a computed GO TO statemento 

Execution ot this statement causes the statement 
identified by the statement label ~ to be 
executed next~ where j is the value of i at the 
time of the exeuctiono" 

However. no mention is made of the actIon to he taken when the value of the integer 

variable i is outside this range o Yet this situation can occur during execution 

without protection or detection at compIle time o In my own shopv we use four 

different versions of FORTRAN which treat this problem of values outside the 

range of definition in different manners o 

If a description is to demonstrate the structure of a language both at 

the syntactic level and the semantic level~ then the interrelation of both 

the elements of the language muse be fully expanded~ ~or example, consider the 

interrelation of COMMON p DIMENSION and EQUIVALENCE in FORTRAN o A vel!bal ex-

planation of this interaction 1s verbose and contains many !l!, elses, ~ and 

excepts i the subject phrases of which are not readily accessibleo On the other 

hand, an algorithm for specifying the interrelation of these statements is 

definitive though lacking the ease of readabilityo 

4C) Yete why should a specification be generally readable? In no way can we 

consider that specification or a standard to be a teaching instrument and further, 

023? 
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a specification or standard must be aimed at the designers and inspectors 

of standards and not the general public. For example. a building code is 

couched in the standard terms of the civil engineer or the building inspector 

and is not of general concern to the person usinl (aay) an auditoriumo If 

such users have questionl regarding a building code, then they rely on the 

technical ability of the experts. 

Thul a Itandard specification which i8 based on the technological tools of 

the profe.lion is • valid Ipecification. However, in the computer industry 

there are insufficient people trained to have an understanding of the theory of 

programming to bs able to act as the experts for the g.~eral user. This is 

the fault of our educational .yatem and cannot be uaed as a deterrent to the 

development of atandarda baaed on the Itate of the art. 

The purpose of a standard definition exceeds the bounds of merely forcing 

a minimal conformity upon implementera. A definition should also act as an 

information Iystem to an.war such questionl aa: 

"Is •••••••• a legal part of the lanauaI8?" 

"What happenl if •••••••••••••••••••••••• ?" 

"If thil ele.ent ia added to the language, does it create any 
ambiguitiel?" 

"Does the compiler provided by the manufacturer conform to the 
stal\dard.?" 

Thus in some respects a standard must be an information retrieval system, 

in other respects, it needs to be a model translator and executero However, ther.e 

is a point beyond wh1ch this .tandard cannot pa.I, that 1a, there i. a limit 

to that which can be thought of a. closing the credability sap. For example, 

arithmetic mUlt b. considered to be implementation defined and thus outside the 

Icope of the definition. How.ve1:, the que'tionl, "What doe. 0.1 + 00 2 mean?" 

can b. answered a. "0.1 + 0.2 i. an expre.lion, where 0.1 and 0.2 are real 

decimal fixed point con.tantl and + ie the infix operator reprelenting the operation 

o 

o 

o 
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of addition Q " Then the r'luestion\} fVWhat is the result of evaluating the 

expression 0.1 + 0,,2?" might be "The result of evaluating the expression 

0 0 1 + 0 0 2 is a representation of Oc3 to the same base and scale of the operands 

and the precision of the greater of the precision of the operands<J" Thus a 

binary machine which evaluates the expression and produces a result of 0<.)2988 

will be conforming to the standard to the same extent as a decimal machine 

nroducing the result 0 0 3 0 Thus having considered these argurnents~ the task 

group reported [4)~ 

"It is our belief that w1th the development of syntax 
dilected compilation as a standard technique t the 
formalizatic-~1 of PL/I ~~ill aid in any standardization 
that takes place not only by providing a document 
for people to read but also by providing part of the 
actual input to be used in the construction of a 
"pL/I compiler 0 While we recognize that an implementer 
may choose not to build his compiler in this way, we 
at least will simplify matters for those who make this 
cho1c:e o " 

This approach was not ba~ed on an abstract concept but as an acceptance in part 

of the formal definitions of PL/1 developed by IBM at Vienna, Austria and 

HursleY9 England 0 Both definitions are based on the concept of a PL/I machine 

in which an infinite memory is organized as a combination of tree structures and 

push down lists 0 The. execution of a program is defined in terms of the changes 

in the state of the 'PL/1 machine. The two 'PL/I machines developed by Vienna 

and Hursley are not identical w that for Vienna being closer to an actual machine 

than that of Hursley~ Fundamentally, the two schemes are similar to the schematic 

shown in Figo 10 

The primary portion of the definitions is a Concrete Svntax which specifies 

the legal statements of the programming language and is based on Backus Naur Form 

plus special nomenclatures for repetition~ grouping and options 9 and a notation 

for specifying listso For example~ 

program :: - external-nrocedute 

major-prefix-list ~~ - {(major-prefix-element[.major-prefixooelement]ooo):}oo0 

:L3~ 
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delete-statement :: • DELETE {. file option. key-option. [event-option]}; 

Both definitions use this concrete syntax as a specification for constructing 

legal elements of the language and as a guide for the analysis of the concrete 

text (input strings). The reversibility of this syntax is still in question and 

eventually it may be found necessary to replace the single definition, by a 

syntax for the construction of legal elements of the language and another as a 

guide to the analysis of concrete text. 

Given a concrete text which satisfies the rules of construction and which 

has been analyzed to show the syntactic functions (components). the input must be 

analyzed next to show the underlying structure. Since much of the structure 

is evident from the order in which syntactic components are recognized in the 

analyzer. the tasks of analysis. recognition and generation may be combined into 

a single transformational process, the target of which is an intermediate 1anguageo 

In the Hursley definition, this intermediate abstract text is a tree-like structure 

in which all implied declarations, elements resulting from default conditions 

and functional relationships are added so that the text is completeo This target 

text is described by an abstract syntax which i. itself a tree-like structure o The 

translator, which accepts the concrete text and under the direction of the 

concrete and abstract syntacti devalo,s the abstract text. performs several tasks: 

- parses the concrete text 

- removes redundancies (punctuation. comments, etc) 

- reorders internal procedures, declarations, etc 

- expands attributes 

- makes all names fully qualified 

- inserts declarations for labels and entry names 

- forms a complete set of attributes for each identifier by observing: 

- defaultinR rul.s 

- contextual declar.ti~ns 

o 

() 
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-built infuiH.: tf.on r.; 

implicit declarations 

Once (l vali.d ahBtract text has heen created, the semantics of this text 

are demonstrated hv the use of an interrreter which shows the chan~es i.n the 

state of the "L/l machine Q The interpreter uses as its input» the abstract 

text and the data sets 0 

Although the authors of these definitions are to be complimented on the 

completion of a magnificent task. certain snecial re(luirements and d i C'h:r(~n.c(·· rl~ 

optni~n necesRitate the reor~anization of these definitions to conform w1th 

'.1.,.-, need to develop a standard" Initially, it ,,,as recognized that if a formal 

style of definitional standard is to he ~roposed then it must be based on a standard 

notational method applicable to all lan~ua~eso In particular j it was felt that 

the concept of specialized abstract machine such as "L/I machine, or a FORTRAN 

o mach1ne~ or an ALr.0L machinei) could not be proposed as the standard but ": .. ~ffering 

constituent of each specification o Instead, a standard machine should he 

o 

d(~·J/';.i q';~(~d ~ .. lhich ",auld be canahle of "cxecutin!:!" any programmin~! lan',!uUf!Cl:ld 

a~5~ociated data sets~ Further, if a standard is to be capable of answering 

ouest ions regarding both' the syntax and semantics of a language. the system must be 

canable of not only analyzing input strings but also synthesizing strings given 

(say) an abstract text~ 

On the premise that a standard should be implementable as a software system, 

the task group chose to propose that the intermediate text should be a canonic 

pro~ram which is closely associated with the syntax of the input text o The 

schematic of the proposed standard is shown in ~igo 20 This schema utilizes 

several mechanical (algorithmic) components which are to be common to all language 

definitions and which~ therefore 9 must be developed as part of the tools of 

standardization c Therefore. the descriptors of the language being defined must 

be developed and standardized themselves c 
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The concrete and abstract (or canonical) syntacti can be expressed in a 

modified Backus Naur form, or at least some variant of which is expected to 

be acceptable as a standard o The actual syntacti metalanguage being developed 

for the X3 0 4 o 2C2 task group, is a linear machine readable metalanguage of which 

the following statements are examples (see the previous IBM specifications): 

<program> + external procedure 

<major prefix list> + O,I*<major prefix element> O,I~<major prefix element>:» 

<delete statement> + DELETE (3,3* [<file option I<key option> I (O,l* event 
option»]) 

where the enclosure of metacomponent names in braces eliminates many of the 

problems of ambiguity in the metalanguage. The parenthesis groups are of the 

general form of an implied DO list in a FORTRAN input/output statement with the 

variation that the limits of the repetition precede the list and the increment is 

always unity--thus the construct <n>+(l,3*A) means that the metaresult <n> may 

be formed from 1 to 3 concatenations of the terminal A. The same metalanguage 

may also be used to define the syntax of the canonical intermediate text and it 

is further anticipated that a transformational grammar can be developed which uses 

the same basic nomenclature. 

However, the terminology of the analyzers, synthesizers and the executer 

cannot be readily expressed in Backus Naur Form though some variant of AMBIT [7] 

would seem to be appropriate. The "execution" of the input text using the 

schema shown in Fig. 2 is merely one approach to the problem of definition. An 

alternative technique would be to define a fundamental language in detail 

according to Figo 2 and then to define transformational grammars on o~her 

languages to transform them to this fundamental language. The choice of this 

fundamental language could be one of the biggest political problems to face the 

data processing section of USASI. 

In fact, if PL/I is all it is purported to be, then it is the obvious funda-, 

mental language. However, the growing band of advocates of APL (or Iverson 

o 

o 
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Notation) have a candidate for this position which has already been shown 

to be adequate for the formal description of a machine [5] and hence should 

~H~ adeQuate as the target language of syntax directed translator o 

T~e type of linear executer described by the Hursley and Vienna definitions 

".'.:t1d hy definition executer of X3 0 4 o 2C2 or the translator described in the 

previous paragraph p cannot adequately describe a language which is salf 

modifying or self generative o However, a feed back loop from the ttexecuter" or 

"inter~'reter" to the syntax analyzer will solve this problem o 

On the face of it. a definition executer does not appear to be as efficient 

as a stnnd~rd compiler for the Rtrnight forward task of recognizing an input 

structure Q This conclusion is based on the premise that no matter how efficiently 

the specification is designed, the analyzer portion of the executer will spend 

some considerable ~ercenta~e of its time exploring blind alleyso Further~ the 

4[) keys of string recognition may be camouflaged beneath the wealth of associate 

syntax p every element of which must be verified before even a preliminary recog-

0 

nition can be made o For example, the first three characters of each BASIC 

[6] statement are a key to the type of.;.~:.atement following. As another example. 

a compiler implementer has at his disposal certain machine dependent information 

which he may utilize to improve the efficiency of the recognizers o In particular. 

the sorting order of characters permits the testing of characters in a relative 

manner so that a binary tree can be built. in which the length of the maximum 

branch (representing maximum number of comparisons to be made in recognizing 

a character) is a minimumo The maximum tree branch needed in a USASI FORTRAN 

compiler for the recognition of a keyword is fiveo A syntax directed translator 

does not have this ability and thus must chain through a linear sequence of 

alternatives till the list is exhausted o That is. for example. to recognize 

that the character I is not an element of the alphabet requires only five compari-

sons using a binary tree search in a compiler (Figo 3) but 26 comparisons in a 
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syntax directed analyzer. Under these conditions, a definition executer may 

never replace the specialized compiler and with the given purpose of definition, 

the speed and efficiency of execution is not in competition o As programming 

languages become more permissive, the task of defining a language in prose will 

become more difficult and there will be a corresponding increase in the complexity 

of a compiler. However, the definition execution and syntax directed translator 

can handle this expectation. 

o 

o 
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In this paper. I have tried to explain the concept of a language definition 

based on the techniques of syntax directe~ '~mpiling and translation. Whilst 

a standard definition of a computer language may be incomprehensible to the 

majority of the programming community of today, those who are concerned with 

implementing systems conforming to the standards will be members of the 

minority (by definition). A definition executer as described herein will not 

only define the syntax and semantics of a language but also outline the trans-

latory techniques of a compiler. In comparison. a building code contains 

parallel partitions whereby the design criteria ~ techniques of construction 

are specified. 

Programming languages are intended to be languages of precision. Yet we 

0, 
,Ii, 

are relying currently on langu~ges of imprecision to specify the syntax and 

semantics of those same programming languages o If for no other reason than for 

consistency and perhaps to maintain the image of the industry, the formal 

definition of language will repl&c. ~he current prose definitions. 

o 
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A "SMALL" OS SYSTEM 

As Described to Wade Ao Norton (1125) 
By Max L. Allen (1164) 

Rust Engineering (1164) of Birmingham, Alabama, and Pittsburgh, 
Pennsylvania, a company which specializes in engineering design and 
construction, has recently become a division of Litton Industries. 

Their work includes (1) Design and construction of process 
mills--paper mills being a good example, (2) Renovation of office 
buildings, (3) Maintenance and construction work for government, and 
(4) Design work for governm~nt, including sow£ launch facilities at Cape 
Kennedy. 

Rust has offices at Calhoun, Tennessee; Montreal, Quebec, 
Canada; Vancouver, B. C., Canada; Brussels, Belgium; and Mexico City, 
Mexico--in addition to their principal offices in Birmingham and Pittsburgh. 

Rust employs about eight hundred people each in the Birmingham 
and Pittsburgh offices; and, even though the mix in the jobstream is 
quite different at the two installations, they are able to generate a 
single OS system to meet the requirements at both places. 

In Birmingham the mix is approximately 65%-35% engineering 
vs. business data processing, "{,Thereas in Pittsburgh the ratio is about 
15% to 85% (in favor of co~mercial work). Some of the work in Birmingham 
--quite properly classified as engineering--is engineering management 
information, rather than design or analysis. 

In Birmingham it is possible to schedule very little of the 
work because report periods vary for different contracts. Near the end 
of a report period, they likely are making several runs with their 
management info tools. 

In Pittsburgh one of their big jobs is labor costs, which is 
often run several times a day. 

However, staffing is not too different in the two localities, 
with each employing about ten or twelve analysts and programmers. In 
Birmingham they have two machine operators; in Pittsburgh, four for two 
shifts, therefore .employing two per shift just as in Birmingham. 

On the other hand, there is a distinct difference in the number 
of keypunch operators--due to the difference in the amount of input 
data. In Birmingham three keypunch operators are employed by the computer' 
center, whereas in Pittsburgh (where the mix is 15%-85% commercial) the 
accounting department has ten to twelve keypunch operators on its payroll. 

o 

() 

o 



o 

o 

You may ask--and properly--why I present this paper. I am 
the first to agree that the real author is Max Allen of Rust's Birmingham 
computer center. 

Unfortunately, he has been unable to make either the Cincinnati 
meeting or this one. In Cincinnati this paper was presented by title 
to the OS Committee. That group agreed that the subject matter is far 
more appropriate to the full S/360 Project. Thus it appears on the 
agenda for today. 

Rust's computer department exhibits a certain rugged individu
alistic spirit--of just the sort we want displayed by COMMONers--to dig 
into the uncharted and build there something of real value. 

An~, having mapped the previously unknown, they have demon
strated to the fullest a second trait we wish of all COMMONdom--the 
willingness to share with others their knowledge, their system, and, 
indeed, test time. 

I can truthfully say that we would most likely be in some stage 
other than the final one of conversion from a 1620 system to S/360-40 OS, 
had it not been for Rust's pioneering of OS and their willingness to 
share with us the fruits of a then hard-won prize. (My only reluctance 
at making the last remark is that it might be construed in some quarters 
as implying that this paper is in payment of a moral debt. That is not 
the case! At no time has Rust ever implied that somebody owed them 
anything; furthermore, this paper was requested by your former OS 
Committee chairman, Mrs. Barbara F. Young.) 

And certainly, Rust's work deserves reporting--OS is for the 
MOD 30 and MOD 40, and both COMMON and IBM need to be told this fact. 

The remainder of this paper fills in the details as told to 
me by Max Allen of the Rust computer center (and observed by me in the 
course of Southern Services' conversion efforts)o 

Max's position at Rust is as the Number One man on the systems 
and applications side of the activity, and in the absence of the manager 
he assumes these functions, also. 

This manager, who was sweating the dollars and cents of OS 
pioneering while Max perspired over the bytes and bits of the work, is 
Bill Mylius. Bill is in charge of computer facilities at both Birmingham 
and Pittsburgh. And, while this story is basically one of implementation 
and told by Max, the policies reported in the telling of the story are 
Bill's. 

Rust tried DOS and it did not give the flexibility they needed. 
This was especially true with respect to structuring of programs larger 
than one core load. CALL LINK under DOS FORTRAN helps, but it does not 
solve things. In reality it creates greater rigidity. 

If . 
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Another initial consideration in the choice of as is that the 
froject Management program and ICES (MIT) were both written to run under 
OS. Later developments of ICES push it out o"f 64k and only turther 
justify the choice. 

Core requirements for OS of slightly less than 16k were evalu
ated against both the 6k DOS requirement and the 10k needed for DOS-2 
with fixed scheduler partitions. It was decided, Max said, that the 
additional core devoted to OS more than paid for its dedication in a 
more powerful system, "particularly since the linkage editor is so 
flexible in how one may structure his program." 

Still another item which influenced Rust's decision at the 
time was that they were enthused over the prospects of using fullblown 
PLI. Their experience to date has been that it is clumsy in both compile 
time and run time, but very easy for the programmer. At the time 
(November 1966), PLI was not supported under DOS. It is known that PLI 
has been and is continuing to be improved. That as yet they have not 
gone to it as their primary language has not caused them to regret their 
choice of OS. 

In fact, they would make the same choice today--OS over DOS-
which they made more than a year ago. (And, I might add, today they 
would have a lot more support from IBM in its implementation.) 

Rust considers the following as disadvantages of as or, more 
properly, as part of the price paid for the more powerful system: 

1. There is lots more to learn about as than about any other 
system for driving a 360. 

2. OS can do lots more, but this flexibility also creates problems 
of choice. 

3. To applications programmers, JCL presents great problems. 
There are no clear-cut logical patterns to followe. 

4. Operator requirements are not easy for any method of driving 
S/360. It is a complicated machine. But with as, the training 
of operators is considerably more difficult. 

5. Rust paid the price,also, (in November 1966) which IBM's lack of 
field knowledge about OS cost. IBM Birmingham was reluctant 
to send their p~op1e to school. Rust's CE worked on as when 
he had nothing else to do, and APAR anSvlers were such as, HIt 
looks like you got a bad tape." Rust started to SYSGEN on 
November 8, 1966, with Release 6. They obtained their first 
running version on December 23, 1966, with Release 70 In 
between there was much effort expended--mostly by Rust peop1e-
before IBM finally imported a man from outside the local office. 

o 
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Actually IBM did not really begin to support OS in Birmingham 
until two Mod 40 insta11ations--A1abama Power Company and 
Liberty National Life Insurance Company--were being imp1emented o 

(Southern Services, Inc o , (1125) whom your speaker represents, 
has merged its operations with Alabama Power, an affiliated 
company.) It turned out that much of this trouble, which took 
more than a month to find, was caused by the Linkage Editor 
which was losing a CSECT out of the nucleus. 

When Max went to OS school in Cincinnati, there was not a single 
course offered by the New Orleans region. Because of the aero
space industry, some training ~n OS had been offered in Huntsville, 
but this was not under region sponsorship. In Max's opinion, 
the course at Cincinnati was a good course. Since that time, 
IBM has been schooling their people regularly and offering 
courses on a broader geographical basis. The know-how is 
available now; the marketing emphasis for as with the Mod 30 
and Mod 40 is lacking. In both Max's and my opinion, this is 
something IBM should correct. 

Among the things they bought were 

l.Improved Job Management. 

2. Better Data Management. 

3. More powerful Linkage Editor. 

4. Identical systems for Birmingham and Pittsburgh even though 
the hardware and addressing differed slightly. In Birmingham 
their punch is a 1442 addressed at OOA, while in Pittsburgh it 
is a 2540 addressed at OOD. 

5. Under OS, Rust has found that it is almost impossible for an 
operator to lose control of as by a misstep at the console. 

6. Combining items 2 and 3 has made it possible to catalog programs 
and data and put them on disks for exchange between Birmingham 
and Pittsburgh. 

7. Without the power of as to put programs elsewhere than on the 
system residence volume, Rust's programs would have required 
multiple syste~ residence packs a 1a the 1620. 

Rust did not run extensive timing tests, because they were 
not felt necessary in weighing OS against DOS. Enough was done (with 
programs which constituted a large part of the workload) to bear out 
the already known generality that os FORTRAN(E) compile-link and compi1e
link-go were both superior to their DOS equivalents. They used only . 
FORTRAN because this was the only language in which they felt sufficiently 
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proficient at the time. They have since used COBOL some, too, while 
they wait for a better-performing PLI. They ·checked compile-link using 
a Plant Material Thermal Balance program, which is their biggest job. 
They found that OS did the job in 8 minutes compared to 30 minutes for 
DOS. Using a Steel Stack Design program, they found a compile-link-go 
advantage of 22 percent while using as. 

When they started, all they wanted was enough system to do 
some testing (and it was the hardest to come by). In the interval 
December 1966 to December 1967, Rust generated five releases. SYSGEN 
is now easily done in a manner that suits Rust's needs better than the 
cookbook method described in the SYSGEN manual. However, this is stated 
as a plus for Rust's experience and not as a criticism of followi.ng the 
book--which procedure will get your as for youo 

You can have a basic system for about 14k of core storage. 
This will include PCP (the sequential scheduler with all options tran
sient instead of resident), support for a reader, printer, punch, one 
disk (for system), and four tapes. It would include the access methods 
BSAM, QSAM, and enough BDAM to access programs and compilers. It would 
not include a timer J indexed sequential access methods, nor direct access 
methods for applications data setso 

o 

Rust's system requires 3F0816 bytes (or 16,13610). To be 
exact, it is slightly more than 16M bytes, but slightly less than 16K 
bytes where K = 1024 = 210

0 In this amount of storage, Rust provides ~ 
for PCP, interval timer, three disks J no tapes, two.punches (as described 
above), a 2501 card reader, and a 1403 printer o They have the standard 
access methods QSAM, BSAM, BPAM, BISAM, QISAM, and BDAMo They have 
resident SVC entries and trace table entries. If IBM ever supports just 
a plain timer, Rust will take it over the interval timer and thereby 
save a little more core. 

The full direct access method, the indexed sequential access 
methods, and the trace table entries were included, because Rust believes 
they buy enough in supporting FE work to justify their inclusion. 

At the moment, Rust can do the work required of their system. 
But, looking to the future, they see more core needed, greater processor 
speed, and more devices to support. And they look upon their experience 
with OS as a great boon to future growth. A possible first step might 
be the addition of a second selector channel, if spooling under MFT-2 
is shown to give reas~nable performance at the 65k level. 

Presented to the 360 Project 
at the San Francisco Meeting 
by Wade A. Norton, COMMON 1125 
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7) Level: Intermediate 

8) Machine: 1620 II was used, but the presentation will be for 
general information. 

9) Abstract: The paper will cover the data collection methods 
used at the Sacramento Peak Observatory. The principle reasons 
for designing a computerized data collection system were: 
1) Improve existing methods which used summary ounches. 
2) Gain experience and insight into oroblems associated with 

data collection in nrenaration for third gener~tion equip
ment. 

The paner will also cov~r the roles ulayed bv the prograMming 
staff in this type of oneration. Namelv, software as a dia?nostic 
tool for the hardware boys in developing data reduction/collection 
instruments, and software as a useful and flexible tool for the 
research scientist. 

Three methods for data collection and reduction bv comnuter have 
been tried. 

1) On line, one point at a time, testing each point for 
parity and structural errors and storing it on the disk 
before the next point is generated. 

2) On line, a record at a time, locking the source device 
out until the data has been tested and stored. 

3) Off line, using 7 track incremental tape recorders, with 
testing and reduction heing done during slack times. 
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1620 DATA COLLECTION 

(or, Software, a Crutch That Hardware Boys Lean On.) 

This paper will describe, in varying degrees of detail, three 
different methods of data collection. Each of these methods was 
developed and used at the Sacramento Peak Observatory, Sunspot, New 
Mexico. The Observatory is part of Air Force Cambridge Research 
Laboratories and performs basic research in solar physics. Two of 
the methods were on-line to a computer and the third, still in use, 
used an incremental tape recorder as intermediate storage. 

The overall goal of the project was to experiment and compare 
the use of real-time collection with remote collection on an inter
mediate device, such as mag tapes. We originally intended to continue 
this experimental approach with our third generation equipment before 
committing ourselves to either method. But now it looks like we will 
be doing a combination of both. 

To this end we felt we should implement these systems on an 
established machine. In this way both the hardware and software 
people could, and did, gain experience and insight into the problems 
involved. 

The immediate goals were to develop a more reliable system and 
establish a complete operating system. An earlier method made use 
of a summary punch and was very unreliable. We also wanted to try 
and develop some systematic procedures for handling this type of 
data, and to have available a standard set of reduction/utility 
routines for processing the data. But this approach usually meets 
with opposition from the individual scientist who wants a "tailor
made" system for his project, the definition of which will usually 
change every few months. Since we are planning on implementing 
the same devices on newer machines, this attitude means that we are 
faced with the propsect of never-ending systems development. We 
have found that after the initial development an equal amount of 
time will be spent in making changes to meet specific desires. 

The goals of the system were always being jeopardized by 
frequent modifications in "mid- stream" . From the time we started 
to implement data collection, up until now (last week) there have 
been continuous changes to the system. These cover the full range 
from the data format to reduction procedures. None of the systems 
were developed as a unit and then examined and evaluated. This 
lack of a commitment to full development has been demonstrated to 
waste considerable manpower and machine time. 

The source of the data was photographic films, typically 
filtergrams and spectrograms, of various solar phenomena. We 
use a scanning microphotometer to read the films. Film densities 
are converted to a 3-digit decimal number and sent to the computer 
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or the tape recorder. The computer used was a full 1620 II with 
binary features. The two on-line systems employed the paper tape 
channel for data transfer. We have an on-line plotter, but no 
conflict occurs since the plotter uses the write paper tape in
struction and collection uses the read paper tape instruction. 
Termination of the data was done by sending a record mark on the 
End of Line (EOL) line. 

SYSTEM tftl 

The first method was the only one requiring a real time 
response. The characteristics of this system were: 

1. A 1-2-2'-4 BCD format. 
2. One data point at a time transmission. 
3. Packed data. 
4. Termination of the data string by a counter control. 

This strange BCD form, 1-2-2'-4, was a "left-over" from the 
previous system that used a pulse counter with this format. This 
added the problem of encoding the data to the normal data handling 
problems. This was the first instance of a hardware problem for 
which the software provided the solution. Figure 1 defines the 
formats used and shows how the paper tape lines were used. A 
minimum of 20% of data handling time was devoted to the encoding. 
The data was stored on the disk in one sector blocks of 31 points. 
Only every other point was flagged making the data appear as 16 
6-digit words. (123123123123) 

The coice of two points per word of data was made to achieve 
minimum disk storage and still insure disk compatability with 
Fortran. That is, given a fixed point word size of six, and the 
array IDATA dimensioned at 16, the statements, RECORD (J) IDATA 
and FETCH (J) I DATA , will reference one sector of 96 digits. 
The unpacking of the data was done in a Fortran subroutine. 

The maximum data rate, 20 points per second, left ample time 
available for the programming required to handle each point. Total 
prograrrnning time requirements using the longest encoding routine, 
worst case, took only 2640 microseconds. The greatest time component 
was disk revolution time, worst case conditions being 44 mils. 
Figure 2 gives a detailed description of the timing involved. 

Originally there was to be an ID number sent as the first data 
point. But in order to speed up the process of implementing the 
system we used the ID number as an input argument between the main
line Fortran program and the collection program. This ID number was 
then the first point of each disk block, making each block 32 points 
long. 

I , 
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Termination was to be done three ways. Two of these were 
similar, both using sense switches. The setting of one switch 
would indicate that the collection had been completed normally and 
reduction should begin. The other switch would indicate an operator 
error and for the current collection to cease and re-start. The 
third method, and the only one implemented, was by having the user 
specify in his Fortran program the number of points to be collected. 
This number was another input argument for the collection routine. 

What turned out to be the most significant advantage in getting 
the system going was the "off-the-shelf" hardware. Our engineers 
are" time shared!! wi th the whole Observatory. They are responsible 
for building and maintaining a very large number and variety of 
complex equipment. And as frequently happens under such circum
stances the person that yells the loudest gets his work done the 
fastest. So by having working hardware we were able to complete 
the system sooner than if the hardware had to be built. 

The disadvantage of this system was its slowness - not only 
the data rate but the over-all system. Considerable time was 
required in the Fortran programs to get the data from the disk and 
unpack it. This, however, is a familiar story to programmers, 
minimizing storage at the expense of execution time. 

One problem in the early stage of development was the 1620. 
We had learned from IBM that each character signal should be main
tained 10+ microseconds. The first try was a signal of l2~, which 
got "lost" in the CPU. A diligent pursuit of the signal with 
scope and probes convinced the EE's of the soundness of their de
sign. The data left their black-box and entered the computer. To 
them it was unfortunate that the program, or programmers, couldn't 
find the data. Even elaborate overlay and dump routines failed to 
completely convince them that the data wasn't reaching core. 
Finally, the extension of the signal to 2~'s maintained the charac
ters long enough for them to reach core. We were then able to 
collect data. 

SYSTEM 4f:2 

The second on-line system used new hardware and software. 
The new hardware was designed and built by our own engineers. We 
wrote new but similar software. This system had several entirely 
new features ~ 

1. BCD compatability. 
2 • Transmission of records of data. 
3. A source generated 6-digit ID. 
4. Variable data rates. 
5. Starting the source device with the computer. 

BCD compatability solved the encoding problem and cut down on 
the required programming. 

d.tal. 
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By allowing the transmission of a record of data we had to 
limit the total number of points collected in each record. We 
decided to use 1/2 of the available core, 24,000 digits. This was 
equal to 4000 data points three digits long, each point being 
converted to a six digit fixed point numher. Conversion to the 
six digit size was done in the collection program. Considerable 
time was saved by eliminating the slow unpacking routines in 
Fortran. We still limited the size of the data blocks on the disk 
to one sector of 16 points. 

The hardware generated ID number was an aid to the file 
management problem. It was to be the first six digits of the data 
string. The number would be chosen by the user and selected on 
thumb wheel switches, and read out of a register. 

Also, a control was installed to allow the user to digitize 
at a variety of rates from 1 to 100 points per second. 

The collection of variable length records required the "locking" 
out of the source device. This was to be done by allowing the 
device to send only upqn receipt of a computer generated signal. 
The Exponent Overflow indicator was chosen as this trigger. This 
would require turning the Exponent Check light, EXP CK, on for 5 
mils immediately preceeding the read instruction. 

The software was quickly written and debugged due to the 
similarity with the previous system. The construction of the 
hardware took considerably longer, mostly due to the manpower 
problems mentioned before. And before the system was operational 
there were more than a few changes in definition. 

The first problem was the EXP CK light. The 5 mil signal was 
not long enough to turn on the data source. A testing routine was 
quickly written to vary the time and 250 mils was determined to be 
the shortest reliable length. 

The next problem was the ID number. The ID register read out 
too slowly. For any data rate greater than 20 points/second the 
first few data points would be lost. Designing a faster read-out 
didn't completely solve the problem, so the ID number was moved to 
the end of the data string, the last six digits. 

Moving the ID solved the problem of losing points but caused 
another problem, which is still in the system. For some undetermined 
reason the ID number is frequently, in half or more of the cases, 
seven digits long. In the majority of these the extra character 
appears to be the seventh, last, digit. But there are many times 
when the first and second digits are the same J both flagged, making 
the first character appear to be the extra one. But with either 
case there are six good digits which can be selected, by programming 
for the ID. 

o 
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Here were two hardware problems, ID generation, and device 
control which required a software solution for implementation. 

In the early development of this system there were random 
parity problems. Several test programs were written to display 
these characters and examine them with the binary instructions. 
There were also structural errors in the data, that is, one of the 
three digits would be dropped. The design was changed and these 
problems reduced. (They still occur, infrequently, and are a good 
indication of some temporary problem in the hardware.) 

We were still having problems with the EXP CK trigger and 
decided to use the computer logic of the read instruction. With 
the able help of our IBM CE this was done, and with considerably 
less effort than expected. 

SYSTEM 1ft3 

This was now compatible with tape recorder design and the 
recorder was hooked into the system. 

The person collecting data could now work at any time, tE ing 
the computer or the tape recorder. This was, operationally, a 
better policy since the computer wasn't tied up for long periods 
collecting data. The tapes were reduced in the evenings and during 
the day when the computer wasn't in use. The same software handled 
the data tapes by using the read paper tape instruction. 

With the installation of the tape recorder we were also able 
to reduce binary tapes from a different source. By this time we 
had learned not to write a full software package before the hardware 
had evolved into its final form and was debugged. Two short routines 
were enough to reveal various failures in the hardware. These 
problems were similar to the other system, lost points and digits, 
and a new one, a data point in the middle of the ID information. 

USE OF THESE SYSTEMS 

The second system was modified for one user to eliminate the 
use of the disk. He collected a constant 500 points. The collection 
program was changed to format the points and place them directly 
in the COMMON area of Fortran. This was a considerable time-saver 
for his application and he was able to collect about 7 million 
points in one month. This was the only production work done using 
either system. 

Most users wanted their data plotted as soon as possible to 
determine if they were operating the equipment correctly. Since 
the Fortran plotting was pretty slow we wrote a short machine language 
program to read the data and plot it directly from core. As the data 
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is defined as ranging from O~999 no scaling was required. The 
result was plotting done four times faster than in Fortran. We 
were now inspired to try and hook an oscilloscope onto the computer 
for even faster plotting. We even went so far as to develop pro
grams to convert the plot commands into a continuous string of 
digits corresponding to the pen commands. In this way plotting 
was done by dumping core, with a pen command coming every lO~ . 
Manpower shortages prevented the hardware boys installing the 
scope. 

The amount of time required in developing utility and debug 
routines for the hardware was greatly underestimated. Until the 
hardware worked, a programmer had to be available every time the 
hardware was tested. One four hour session resulted in the 
writing of five short machine language programs. In addition 
an immeasurable number of dump routines were composed and executed 
at the console typewriter. I do not mean to cast aspersions on 
the hardware fellows. Their basic design has proven very reliable. 
It was a lot of furuand very satisfying, to build the system into 
a usable tool. The point is, both the hardware and software people 
must work closely together from the very beginning. It is not 
unreasonable to expect the consulting of some computer oriented 
person when designing any data system, since the data will eventually 
reach a computer. 

Our error was in planning on just writing the software package 
and not budgeting for time to write the programs to debug the 
hardware. They could have done it with scopes and a bread-board, 
but a more reliable "unit" is developed when both sides are in
volved in the operation. 

Of the three methods we used, the best, in my opl.nl.on, was 
clearly the use of the tapes. The procedures the user goes through 
to set up the source device are usually very time consuming. And 
he will often be reducing more than one type of data at a time, 
requiring additional set-up time. When the computer was on-line 
it would often be used less than 50% of this setMup time and 
never used fully. Production runs could often be done only in large 
blocks of time, four or more hours. This forced the user to use the 
computer at night. And more importantly, the on-line system 
required someone familiar with the machine and programs to be 
available at all times. (Typical reason for this was the user would 
send too much data and clobber the program, but he still wanted to 
save the data in core. This and similar problems required the 
presence of a programmer during data collection.) 

The advantages of the tape system were mostly operational. 
The user was only competing with other microphotometer users, 1 or 
2 people at most and frequently no one, instead of many computer 
users. The scheduling for the microphotometer was done by the 
day instead of by the hour as for the computer. The user nee~ed 
only to know how to run one machine instead of two. And most 
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importantly, more efficient use was made of the computer. During 
the set-up period the user could use the computer in 5 to 15 minute 
blocks as required to test his data and operating procedures. 
During production runs the bad records can be identified in advance 
so the programs will ignore them, a considerable time saver. Also 
the reduction of the tapes can be done by a competent computer 
operator, with the special cases (extra long records) being handled 
by special programs, without loss of data. 

These reasons would be less important with a machine capable 
of handling foreground/backgrourid programs, but cannot be entirely 
dismissed. Generally speaking, the data would still be placed on 
an intermediate device such as a disk or tape before reduction. 
Under such circumstances careful consideration must be given to 
each method. Cost is not a small factor. For a few collection 
operations the extra cost of a computer hardware to do the job 
would be proportionally higher, when compared to individual devices 
and controllers at each site. But for a large number of such 
applications, which can be mutliplexed, the cost is reduced for 
each device, when done with a computer. 

Another important consideration is site locations. Transmitting 
data at high rates and control of collection devices over large 
distances is still pretty expensive. This tends to force the col
lection instruments to be located near the computer. When this is 
impossible then the on-site system using an intermediate device is 
one solution. 

One way of evaluating a system is by asking, "Would you do it 
again?". There is no doubt that we would, and gladly. The one 
production run mentioned before, with 7 million points collected, 
would have been impossible to do under the previous system, in less 
than four months, if at all. 

We now know, more clearly, what to expect of the basic collection 
routines, what to expect them to do and what not to have them do. 
Our new computing equipment will be in use a minimum of five years, 
probably much longer. Those of us in programming are desperately 
hoping that the research scientists will completely develop a 
working system before changes are even discussed. The single biggest 
factor in extending the development time of these systems was changes 
in the basic definition of what the system would be. 

The only advice I would offer to anyone considering doing this 
type of work with a General Purpose machine is to see it through to 
the end, and then evaluate the whole system. Even if you have 
unlimited manpower and time to continue re-doing the same thing, it 
is much easier to work with a system which has a few, well-defined, 
operational peculiarities, than to re-educate every user every time 
he uses the system. 
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- Programs for Inverting a Large Matrix on -

a Small . ~1achine 

by 

T. E. Bridge 

In figure 1, we have plotted, time to invert a matrix, versus the size of 
the matrix. We have plotted results for two programs, one using partitioning, and 
the other using sequential files. The same form of test matri~ was used in all 
cases. Double precision arithmetic (17 digits) was used, 

Size of Matrix 25 60 120 

Partitioning Method (Table 2) 
Time Minutes 2 
RMS Error % 0,000 

19 
.356 

115 
1.252 

Sequential Files (Table 3) 

Direct 

Time Minutes 
RMS Error % 

Access Files (Tahle 6) 
Time Minutes 
ro1S Error % 

In this paper, we are 

3 
0,000 

4 
0.000 

presenting three 

29 
0.000 

29 
0.000 

pro~rams: 

213 

231 
0.001 

Table 2 
Table 3 
Table 6 

To invert a matrix by partitioning the maximum size is 3520 
To invert a matrix using sequential files. The maximum size is 300 0 

To invert a matrix stored on disk. The maximum size is 300. 

Two other programs ~hat were used in testing the above three programs are 
also given: 

Table 4 

Table 5 

A program to build a large matrix for testing. 

A program to multiply the test matrix by its invert, and then 
compare each element with the corresponding element in the 
unity matrix. The RMS error is calculated and published. 

[over please] 
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- 2 -

Description of Partitioning as-Used by 'the 'Program in Table 2 

The following formulas, that we use in Table 2 to partition the matrix, 
are given in "Linear Algebra", by G. Hadley -- Addison-Weekly Publishing Company, 
1961 -- on page 109. 

A large matrix may be partitioned into four smaller matrices. Let-
a, b, c, d -- represent four small matrices arranged like this to form a large 
matrix: 

a b 
c d 

Note that a and d are square matrices; while band c may not be. 

Let the invert of the above matrix be represented by: 

A B 
C D 

Let: e = the invert of do 

The following equations may be used to find each partitioned piece of 
the invert: 

A :I (a - bec) -1 

B = -Abe 
C = -ecA 
D = e - ecB 

The program given in Table 3 uses these equations to find the invert of 
a large matrix. We had only 5K bytes of storage -- 629 double words -- left over 
with the partitioning program in core. Since 100 words are required for data 
handling, we find that the large matrix must be partitioned down to a -- 23 x 23 
before it can be inverted. So, four levels of partitioning would be required to 
invert a -- 352 x 352 -- matrix. 

The levels of partitioning required are: 

Matrix size 
Levels required 

23 
a 

46 
I 

92 
2 

184 
3 

352 
4 

o 

0 

We found that the minimum amount of partitioning gave the shortest amount 
of run time when using this progrma. In other words, it took 20% longer to invert 
a 100 x 100 matrix using 4 levels rather than the required 2 levels of partitioning. 
We don't really know what would be the optimum amount of partitioning on a larger 
machine. 

o 

cQ?a. 
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TABLE 1 LISTING OF PROGRAM 

TliE FOLLOWING PRUGRAM IS INCLUDED ONLY TO TEACH THE METHUD OF OPERATION 
US~D IN IH~ PROGRAMS LISTED IN TA~LES 2 AND 3 

C THIS PRUGkAM WIll SOLVE N SIMULTANEOUS EQUATIONS 
C 

\11 = i''i + 1 
00 1 K = i, N 
F = X(K,K) 
DO 1 J= K,Nl 

3 X(K,J)= X(K,J) / F 
00 1 I = 1,N 
IF (I-K) 2,1,2 

2 X(I,J)= X«(,J) - X(K,J) * X([,K) 
1 C 0 I\J T I i'-J U t: 

END 

STATEMENT '- AbCVE IS THE HeART UF THE PROGRAM. IT JS IN .THE INNER Leop 
AND [S EXECUTED N ** 3 TIM~S 

~~UATIUN K lS THE KEY EQUATION 

THIS IS CLNf ll~ STA1 EMENT :; 

2) IN STATl~ENT i , fVERY TERM IN THE KEY EQUATION IS ~ULTIPLIEC BY 
x ( I , K ) A (\~ C THE . ~ SUr) T RAe T [0 F R U ('1 T H t: COR k ESP UNO I N GTE R MIN E QUA TIC N I 
T HIS W ILL G [ N t R AlE A l F K U I;'-J COL U M ,'~ K. cAe H S ~ [ E P 0 F r HEM A T k I X w ILL 

G t.: N ERA TEA eeL U rv: r,~ 0 F l r ,( 0 S I;~ C G L U M i ~ (K) E XC [ P T FeR THE T E R fv'i UN THE 
UIAGCNAL WHICH WILL BE 1.0 . I 

BY PERFURMI~G A SE~[ES JF VAllD UPE~AT'ONS ( NOT CHANGl~GT~tE E~LALITY) 
WE GENE~ATE THF UNITY MATRIX. THE ANS~ERS WILL THEN APPEAR IN THE LAST 

COLUMN • 

0003 
0004 
0005 
o~ 
oU~' 
0008 
0009 
0010 
0011 
0012 
0013 
0014 
001~ 

0016 
0011 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
0028 
002Y 
0030 
0031 

g~ 
o~ 
0035 
0036 
0037 



TABLE 2 LISTING OF PROGRAM T~" INVE~T A LARGE MATRIX STORED ON 
DISK USING PARTITIONING 

IlaTION CATAL 
ASE BJPL$04,S 

II EXEC FOK1RAN 
COMMON N3, N4, N5, N6,JIM,NM,IT,IS,NJ,NP,NC,NX 

N3 IS A wO~K FILE ON DISC 
N4 IS A TEMPORARY SEQUENTIAL ~ILE 

N~ IS A SEQUENTIAL FILl: FOR STURING MEMBER INFORMATION 
N6 IS A OISC FILE IN WHICH MATRIX IS STORED 

C 
C 
C 
C 
C 
C 
C 
C 
C 

JIM IS THE SIZE uF THt SMALL MOSAIC OF WHICH THE BIG MATRIX IS ~ADE 

0040 
0041 
0042 
0043 
0044 
0045 
0046 
0047 
0048 
0049 
0050 
0051 
0052 
0053 
0054 
0055 
0056 
0057 
0058 
0059 
0060 
0061 
0062 
0063 
0064 
006':> 
0066 
0067 
0068 
0069 
0070 
0071 
0072 
0073 
0074 
0075 
0076 
0077 
0078 
0079 
0080 
0081 
0082 
008.3 
0084 
0085 
0086 
0087 
0088 
0089 
0090 
0091 
0092 
0093 
0094 
0095 

C 

NM IS THE NUMBER O~ MEMeEK$ 
IT IS fILE TO ~HICt1 PRlJGKAM WILL RETUR.'J 
IS WILL CAUS~ DIAGNUSTICS TO BE PRINTED 
NP IS PAGE NU 
NC IS NO or COLUMNS IN HIG MATKIX 
NX IS ;~COF CCLU~jN~ IN CUMPRESSED t-1ATRIX 

DEFINE fILE 12(160Q,200,U,I2) 
DEFH-Jc FILE 13( 8()O,200,U,13) 
OUUBLL PRECISION X (S2Y) 
IF(NX - '3) 1,1,2 

1 CALL ISSl ( NX, 1,X) 
J CALL LINK (O~) 

2 IF(NX-4b) 4,4,? 
4 CALL 13b11 (NX,l,X) 

GO TO 3 
5 IF(NX-92 ) 6,6,7 

O CALL T~~12(~X,I,X) 

GU TU 3 
7 IF(NX-ld4) S,e,g 
8 CAL L 1 B l» 1 3 (I-.l X , 1 , x ) 

GO T (j 3 
9 I F ( NX - ~ ~ 2) 1 0, 10, 1 1 

10 CAll TBiI4(NX,1,X) 
GU TO 3 

11 WI{ITE (3,100) 
CALL EXIT 

100 FURMAT ( 2GH MATKIX TOO LARGE 
Ei"'40 

1* TEB 
II EXEC FORtRAN 

SUBROUTINE' TK$l(~~,NC, X) 
DOUBL~ PRECISIUN X(23,23),~ 
COMMUr~ 1>.43, N4, N5, N6, ;\JX 
13 ::: 1 
NP ::: j"",JC + i'~ - 1 
DO 13 I ::: 1,1'1 
K ::: NC + I - 1 
CALL DATA (1,1,X,13, 

13 13 ::: 13 + 23 
DO 1 K ::: 1,N 
IF (X(K,K)2,1,2 
F ::: 1.001 X(K,K) 
X(K,K) ::: .101 
DO 3 J ::: ,1, N 

NC, NP, K) 

&?3 



3 X(K,J) = X(K,J) * F 
PO, 1 I :=lJ_"!~~_",«" .. -~","".,~, 
IF (I -K) 4, 1 ,4 

4 F '= X '-'_',K" 
X ( I ,K) = o. DO 
DO 1 J = 1,N 
X.(I,J)= XlI,J) - X(K,J) * F 

1 CONTINUE 
NC.l = NC-l 
NP = NC & N -1 
13 = 1 
00 14 I = I t N 
K = NC 1 + 1 
CALL DATA (, 2 ... A,X, 13, NC, NP, K) 

14 13 = 13 + 23 
RETURN 
END 

1* TEB 
II EXEC FORTRAN 

SUBROUTINE DATA( JIM, JOE, A, 13, NRl, NR2, NC) 
DOUBLE PRECISION A(529) , l(IOO) 
COMMON N3, N4, N5, N6 
IF ( N~) 3 I , 30 ,31 

30 WRITE(3,32) JIM, JOE, 13, NR1, NR2, NC 
31 CONTINUE 
32 FORMAT (/618/) 

NF = N6 
NB = 0 
GO TO (1,2,3), JOE 

3 NB = 200 
2 NF = N3 
1 CONT 1 l .. UE 

NK = NC*4-4 
NRB = NRI -1 + NB 
NRE = NR2 - I + Nfl 
I = 13 
LB = MOO(NRB, 100) + 1 
LE = ~~OC(NRE, 100) -+ 1 
ME = I~K + NRE/fbo+' 1 
MB = NK + NR8/100 + 1 
DO 33 M = MB,ME 
lS = 1 
IF = 100 
IF (M-MS') 11,11,12 

11 LS= LB 
12 IF(M-ME) 14,13,13 
13 LF = LE 
14 READ (NF'M) I 

GO TO (6, 7) ,J't M 
6 DO 10 L = lS, IF 

'A( I ') = Lfr'r -"_-_"-'-"'" . 
10 I = I + 1 

GO TO 33 
7 00 15 l = LS, IF 

l ([) =' ATll' 
15 1·= 1+ 1 

0096 
.' ., ....... , " .. «','. ..... ._ .. _ ..... _ ... ' ____ ... _ .. ....Q99 1.".,_,, __ _ 

·0098 
.,ort'J ' 

.' ... -.. --.. -------~ 

0101 ----0102--'--
0103 

.~_v_ ... ~· ____ ..:. ... 
0104 
0105 .. ~. "0 fO-6-----" 
0101 -, -(f1"08----·-
0109 

._-_.- '"'--"~"'--Ol fa--
0111 '--0'11'2 -.---.-, 
0113 

--0114------' 
0115 
0116 
0111 
oiItf'------
0119 
0'1'20 
0121 ------- .... -" ..... ' '~--·-o 122---'-' 

0123 

~J1s 
0126 
0121 

.' 'Crf2 8 -- .... -. 

0129 
0130' ~ 

0131 
O1.32-·~· 

0133 
'----'01 3 4_~_"-N" 

0135 
, '-'0-[36 

0137 
---'--01'3 a-----' 

0139 
.... ---'-~ .. ·-'---·-·-OT4'(}·-~· 

0141 
... " ~---.. ---~----

0143 
. -'0-144 ---- i 

.-.- .... -.-.-.-.'-.. --.. -~--.. -g~:~ I 

0147 I 

---'-~-----' .. ~1Jl-48---

.---,--- .. ~,-g(l---,-
0151 



WRITE(NF'M) Z 
33 CUNTII~Uf 

IF(N5) 42,41,42 
4C)1 J = [3 + NR2 - NRl 

WRITE (3,100) tAlK) , K = 13, J 
100 FORMAT ( IPI0013.6) 

42 R~TURi'~ 

END 
1* TEB 
II EXEC FORTRAN 

SUBROuTINE TG~11 (N,NA,X) 
DOUBLE PRtCISION X (23,23) 
i'J L ;: i'..J 12 
NU = f'-J - NL 
NO ;: ;\JA + NlJ 
CALL T8$ltNL, Ne, X ) 
CAL L 1 B ~ 7 ( I\J , :~ .A , X) 
CALL TR)l(NU, NA, X) 
CALL TB'8(N,NA,X) 
RETUR~; 

EI'-JD 
1* TEB 
II EXEC FURl RAN 

c 

C 

C 

C 

C 

C 

C. 

C 

o 

S U 131<.0 UTI NET B i» 7 ( N , N A., X ) 
DOUBLb PRECISluN X(176,3) 
NE = NA ~ ;~ - 1 
NL = I'~ I 2-
NU = i\ - Nl 
j\JO = r~A f. NU 
NUl = NIJ - 1 

.-J2 ;: B * C 
Kl = 1 

1 

2 

3 
A 

0 
5 

DO 3 K ;: NO, I'J E 
o lJ 1 l ;: 1, t\J U 
DU 2 J .-: 1, I\j L 
X(l,3) ;: 0.00 
o IN (2) 
CAll UATA (l,l,X,177,ND,NE,K) 
BIN (1) 
CAll GATA (l,l,X,l,i' .. A,j~Dl,~+ j\lq~ 

DO 2 I = 1, NU 
X(I,3) .-: XCI,j) f. X(I,l) * X(J,2) 
(3) IN w2 

'CALL DAfA (2,2,X,353,1,NU,Kl) 
Kl = Kl + 1 
;: A - W2 * C 
DO 6 K = NA,NDI 
A IN (3) 
CALL OATA ( 1,1,X,3~3,NA, NOl, K) 
C IN (2) 
CALL DATA (l,l,X,177,NO,NE, K ) 
DO 5 J ;: 1,NU 
W2 IN (1) 
CALL DATA ( 1,2,X,l,1,~U,J) 

DO 5 I ;: 1, NU 
X(I,3) = X(I,J) - X(J,2) * ¥'J,~~ 

EntIre ill ." r% "f""·" rr-V"·" Mriti .. " in W""" ttl> f" f "t" ".""j" rti":*t"#mt!IHMtt'h"~I::JJ 

0152 
0153 
0154 
0155 
0156 
0157 
0158 
0159 
0160 
0161 
0162 
0163 
0164 
0165 
0166 
0167 
0168 
0169 
0170 
0171 
0172 
0173 
0174 
0175 
0176 
0177 
01-'8 
0179 
0180 
0181 
0182 
0183 
0184 
0185 
0189 
0186 
0187 
0188 
0190 
0191 
0192 
0193 
0194 
0195 
0196 
0197 
0198 
0199 
0200 
0201 
0202 
0203 
0204 
0205 
0206 
020 I 



C (3) IN A 
6 CALL DATA (2,l,X,353,NA,ND1, K 

KETURt-4 
END 

1* TEB 
II EXEC FURTRAN 

SUBROUTINE TB18 (N,NA,X) 
DOUBLE PRECISION X(176,3) 
NA1 = NA - 1 
N E = i~ A + ;\J - 1 
('~L = i'i/2 
NU = i~ - NL 
NO = j\JA + NU 
NOl = NO - 1 

C B = -A * w2 
K 1 = 1 
DO 3 K = NO, t'~ E 
OU 1 L = l,NU 

1 X(L,3) = 0.00 
C W2 IN (2) 

CAL L U A T A (1, 2 , X , 1 7 7 , 1 , i'J U , K 1 ) 
DO 2 J = 1,NU 

C A IN (1) 
CALL OAlA(l,l,X,I,NA,NCI, J+ ;~Al) 

DO 2 I = 1, NU 
2 X(I,3) = X(I,3) - X( 1,1) * X(J,Z) 

C (3) IN B 
CALL DATA (2, 1,X, 3'):1, NA, Nul, K 

3 Kl = K1 + 1 
C W2 = u * C 

K1 = 1 
DO 4 K = Nt\, I~Dl 

DO 5 L = l,NU 
5 X ( L, 3) = o. DO 

C C IN (2) 
CALL OATA (1, 1,X, 177,~O, NE, K ) 
DO 6 J = 1,NL 

COIN (1) 
CALL DATA (l,l,X,l,ND,NE, J + N01) 
00 6 I = 1, NL 

6 X(I,3) = X(I,3) + X( I,l} * X(J,2) 
C ( 3) I 1\-.; ~~ 2 

CALL OArA (2,L,X,J53,l,NL, Kl) 
4 K1 = Kl + 1 

C C = - WZ * A 
UO 71\, = NA, ;~Cl 

DU 8 l = 1,NL 
8 X(L,3) = O.DO 

C A IN (2) 
CALL DATA (1,1,X,177,NA,NDl, K) 
DO 9 J = 1,NU 

C W2 IN (1) 
CALL DAfA (1,2,X,1,1,NL,J) 
00 9 I = 1,NL 

9 X(I,3) = X(I,..;) - X(I,I) ~( X(J,2) 
C (3) Ir~ C 

0208 
0209 
0210 
0211 

g~ 
0214 
0215 
0216 
0217 
021H 
0219 
0220 
0221 
0222 
0223 
0224 
0225 
0226 
0227 
0228 
0229 
0230 
0231 
0232 
0233 
0234 
0235 
0236 
07 
Me 
0239 
0240 
0241 
0242 
0243 
0244 
0245 
0246 
0247 
0248 
0249 
0250 
0251 
0252 
0253 
0254 
0255 
0256 
0257 
0258 
0259 
0260 
0261 

D; 



C 0 = D - W~ * 0 
7 CALL OATA (2,1,X,353,ND, N~t K) 

DU 10 K = NO, NE 
CO... DIN (3) 

CALL UATA (1,I,X,353,NO, NE, K ) 
C B IN (2) 

CALL JATA (1,1,X,117,NA,ND1, K) 
00 11 J = 1,NU 

C W2 IN (I) 

CALL DATA (1,2,X,l,l,NU,J 
UO 11 I = 1,i\lL 

11 X(I,3) = X(I,3) - X(I,l) * X(J,2, 
C (3) I~ 0 

10 CALL DATA (2,1,X,~53, NO, NE, K ~ 
RET UR'i 
END 

1* TEB 
II EXEC FURl RAN 

SUBRUUTIN~ TBi14 (N,NA,X) 
DOUBLE PK[CI~IUN X (25,25) 
NL = \j/2 
NU = ;~ - NL 
ND = i~A + NLJ 
CALL fB$13(NL,NC,X) 
CALL TB$7(N, NA, X) 
CALL IBi13(NU,NA, X) 
CALL JB~8(N,NA,X) 

KETURr-J 

O END 
I TEB 
II eXEC FURl RAN 

SUBRUUTINe T~h13 (N,NA,X) 
DOUBLE PKfCISIUN X (25,25) 
NL = N/2 
NU = i~ - ;'4L 
NO = NA + NU 
CALL TB'12(NL,NC,X) 
CALL IB$7(N, ~A, X) 
CALL IB~12(~U,NA, X) 
CALL T818(N,NA,X) 
RE JURi'. 
END 

1* TEB 
II t:XEC FGRTRAN 

SUBROI)TINE TI31112 (N,NA,X) 
DOUBLE PRECISION x (25,25) 
NL = N/2 
NU = N - ~L 
NO = i\JA + NU 
CALL TB$ll(NL,NO,X) 
CALL TB.~7(N, ,'4A, X) 
CALL TOill(NU,NA, X) 
CALL TBi8(N,NA,X) 

0, RETURN 
EI'JD 

1* fEB 

!"II awe n rVTIIu::::rrnj.1 

0264 
0265 
0266 
0267 
0268 
0269 
0210 
0271 
0212 
0213 
0274 
0215 
027b 
0211 
0218 
0279 
0280 
0281 
0282 
0283 
0284 
0285 
0286 
0281 
0288 
0289 
0290 
0291 
0292 
0293 
0294 
0295 
0296 
0291 
0298 
0299 
0300 
0301 
0302 
0303 
0304 
0305 
0306 
0301 
0308 
0309 
0310 
0311 
0312 
0313 
0314 
0315 
0316 
0317 
0318 
0319 

c2 ?? 



TABLE 3 LISTING OF PROGRAM TO IN~ERT A MATRIX STORED ON TAPE 

II J08 BJPL:lt 
II OPTION CATAl 

PHASE BJPL$13,S 
II eXEC FORTRAN 
C BJPl$ PROGRAM TO INVERT UP TO A 300 X 3CO MATRIX STORED 
CULUMNwISE IN FILE 12 • FOUR RECORDS ARE USED FOR EACH COLUMN 

COMMO~ N3, N4, NS, N6,MIJ,NM,IT,IS,NJ,NP,NZ,NC 
OEFINf FILE 12(1600,200,U,IN2) 
DOUBLE PRECISIUN F,G 
DOUBl~ PRECISION C(300), 0(300,2), 01(300) 
EQUIVALENCE (01(1), 0(1,1» 
DIMtNSION NF(Z) 
NF(l) = 4 
NF ( 2) = 5 
M = 1 
N = 2 
OU 14 J = l,NC 
J4 = J*4 
REAO(N6 t J4-3) (C(l), l= 1,100) 
REAO(N6'J4-2) (C(l), L=lUl,200) 
REAO(f'i6 t J4-1) (C(l), L=201,30U) 

14 WRITE (4) C 
REWIND 4 
READ (4) (Cl(l), l = I,NC) 
REW Ir-JU 4 
Du 8 K = 1,NC 
F = O(K,M) 
IF (F) 4,15,4 

15 DO 2 J = 1,NC 
KEAD (NF(M» (C(l) , l = l,NC) 
GU TO 19 

4 F- = 1. cc, I F 
00 2 J = 1,1\ C 
IF (K-J) 16,17,16 

11 00 21 L = 1,NC 
21 CtL) ::: 0.C0 

C(K) ::: l.CO 
READ (NF(M» 
GU TO 22 

16 CONT Ii\U E 
READ (NF(~) (C(l), l ::: 1,NC) 
IF (NS) 23,22,22 

£:3 WRITE(3,11) J,(C{I), I = 1,I~C) 
22 C ONT I f'JU E 

C(K) = C(K) * F 
G ::: C(K) 

DU 1 I ::: 1, l~ C 
IF(I-K) 3,1,3 

3 C(I) = C(I) - O(I,M) * G 
1 CONT II'-lUI: 

19 IF (J-K-1) 20,5,20 
5 DC 7 L = 1,NC 
7 O(L,N) = ell) 

20 CONT I !\U( 

0324 
0325 
0326 

g~; 
oM 
0330 
0331 
0332 
0333 
0334 
0335 
0336 
0331 
0338 
0339 
0340 
0341 
0342 
0343 
0344 
0345 
0346 
0347 
0348 
0349 
0350 
0351 
0352 

g~Q 
035~ 

0356 
0357 
0358 
0359 
0360 
0361 
0362 
0363 
0364 
0365 
0366 
0367 
0368 
036g 
0370 
0371 
0372 
0373 
0314 
0375 
0376 
0317 

gD 

IJ 
III{ 
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IF(N5) 9,10,10 
9 WRITE (3,11) J, (C(I), 1= l,NC) 

11 FORMAl (151 (lX,lP10012.5» 

0.,10 CONT l;'~UE 
wKITE (NF(N» (C(l), L = 1,NC) 

2 CONTINUE 
KEWIND 4 
REWING ') 
l = M 
M = r'J 

8 N = L 
OJ 30 J = 1, ;~c 
J4 = J ", 4 
REAl) ( i\~F(M» (C(L), L = 1,NC) 
W kiT E (1\16' J 4 - 3 ) ( C ( L ), L = 
WRITE (~6' J4-2)(C(L), L = 
WRITE (.\J6' J4-1)(C(L), l = 

30 CUNT P~UE 
CALL LINK (05) 
END 

1* TEB 
INCLUDE uVERLAY 

II EXEC LNKlCT 

o 

1,100) 
101,200) 
201,300) 

0380 
0381 
0382 
0383 
0384 
0385 
0386 
0387 
0388 
0389 
0390 
0391 
0392 
0"39j 
0394 
0395 
0396 
0397 
0398 
0399 
0400 
0401 
0402 



TAB l E 4 l I 5) TIN G 0 F PRO G RAM USE 0 'T U G ENE RAT E 1 EST MAT R I X 

II UPTION CATAL 
PHASEBJPl$lO,S 

II EXEC FORTRAN 
COMMON N3, N4, N5, N6,JIM,NM,IT,lS,NJ,NP,NC,NX 

C N3 IS A WOKK FILE UN DISC 
C N4 IS A TE~PORA~Y SEQUENTIAL FILE 
C NS IS A SEQUENTIAL FILE FOR STURING MEMBER INFORMATIUN 
C N6 IS A DISC FILE IN WHICH MATRIX IS STORED 
C NM IS THE NUMB~R OF MEMBEKS 
C IT IS FILE ro WHICH PROGRAM wILL RETURN 
C IS WILL CAUSE DIAGNOSTICS TO BE PRINTED 
C NP IS PAGE NU 
C NC 15 NO OF CCLUMNS IN HIG MAT~IX 
C N X I 5 l'~ 0 0 f COL U M N SIN COl'" PRE SSE 0 t-1 A T R I X 

OEFINt FILE 12(16nO,20Q,U,I2) 
DUUBLE PRECISION A(100,4) 
DU 10 K = 1,400 

10 A(K,l) = O.UO 
N3 = 13 
N6 = 12 
READ (1,1000) N5,IS,NX,(A(K,I) , K = 1,16) 

1000 FORMAf(ZI2, [4, IGA4) 
WRITE (3,1000) NS, IS, i~X, (A(K,l), K = 1,16) 
L4 = NX I 100 & 1 
DO 1 K = l,NX 
00 2 L = 1,NX 
L K = K * r~ X - fJ X t. L 
KL = L * NX - NX & K 
A(L,l) = lK f. 1 
I F (L - K) 3, 6 , 2 

6 A(L,1) = A(L,l) * 10. 
GO TU 2 

3 A(L,l) = KL + 1 
2 CONTIi"UE 

K4 = 4*K - 4 
lHJ 4 L = 1,L4 

4 WRITE (N6' K4f.l) (A(I,L) , I;: 1,100) 
IF (1\4'» 5,5,1 

5 WRITE (3,l001) K,{ A(I,l) , 1= 1,NX) 
1 COi'-fTIhUE 

Nl'v\ = tOICT I (viE (:.) 
WRITE (3,1001) NM 
CALL LINK (IS) 

1001 FURMAfI/Ilb/( 2X,lOFI0.1» 
END 

1* TEB 
II EXEC 
MCTIME 

ASSEMHLY 
STAKT 0 

1* TEB 

US Ii'JG *, 15 
GETIME BINAKY 
lR (1,1 

BR 14 
END 

0405 
0406 
0401 
0408 

0 409 
410 

0411 
0412 
0413 
0414 
0415 
0416 
0417 
0418 
0419 
0420 
0421 
0422 
0423 
0424 
0425 
0426 
0427 
0428 
0429 
0430 
0431 
0432 
0433 

0 434 
- 435 
0436 
0437 
0438 
0439 
0440 
0441 
0442 
0443 
0444 
044'j 
0446 
0447 
0448 
0449 
0450 
0451 
0452 
0453 
0454 
0455 
0456 
0457 
0458 

4'i?459 
U 4 60 



TABLE 5 lI~TING OF PROGRAM USED'TO CALCULATE RMS ERROR 
INVERTING A TEST MATRIX 

I~OPTION CATAL 
'-'PHASE BJPl$05,S 
II eXEC fORTRAN 

COMMON N3, N4, N~, N6,JIM,NM,IT,IS,NJ,NP,NC,NX 
C N3 IS A WOKK FILE ON DISC 
C N4 IS A TEMPORA~Y SEQUENTIAL FILE 
C N5 IS A SEQUENTIAL FILE FOR 5TORING MEMBER INFORMATION 
C Nb IS A DISC FILE IN WHICH MATRIX IS STORED 
C NM IS THE NUMBER OF MEMdERS 
C IT [S FILE TO WhICh PkUGRAM ~IlL KEf URN 
C IS WILL CAUSE CIAGNOSTICS TU UE PRINTED 
C NP IS PAGE ~O 

C NC IS NO CF CULUM~S IN 3lG MATKIX 
C NX IS NO Of COLUMNS IN COMPR~SSED MATRIX 

DEFINE FILE 12(lbOQ,2JO,U,I2) 
DOUBLE PRECISIUN A(lOJ,4) 
NM = f'-1 C TIM [ ( U) - i"l M 
NM =(~M + 30) I 60 
wRITE (3,1J33) I\lM , NX 

1033 FLJRfliAT ( 11, 2?H i"llIJUfES TO Ii\lVEkf SIZE ,15 I) 

SUM = O. 
L 4 = ;~ X I 100 + 1 
OU 1 K = IfNI( 
K4 = K*4 - 4 
DO ? L = l,L4 
READ( NotK4 + L)( A(I,L), 1= 1,NX) 
IF (N':» 15,15,14 

15 
103 

WI{ITE (3,10.1) K, (AtI,l), 1= 1,NX) 
FORMAl (/1101 (2X,lPI0012.4)) 

14 CUNTINUE 

6 

00 1 I = 1,Nx 
E = o. 
DG 2 J = 1 t r"x 
01 J -= NX * J - ;' .. X + [ + 1 
IF (I-J) 4,6,2 
OIJ .; Q[J * 10. 

GO TO 2 
4 OIJ .; NX*l - NX + J +1 
2 E = E + A(J,l) * O[J 

IF(I-K) 1,3,1 
3 E = E- 1. 
1 SuM = SU~ + E * E 

E = S C R 1 (S U MIN X I ,'~ x ) * 1 (I 0 • 
WRITE (3,100) E 
CALL LINK (10) 

100 FURMAT ( 18H IU-1S eRROR, PC .; 
E hiD 

1* TEB 
II EXEC ASSlMl:3LY 
~CTI~E STAKT 0 
I't\ USIi\JG *,15 
~ GETIME OINAKY 

LR v,l 

, Fa.3) 

-If·j·IiE-i····);· 'e"rS''''Y'''" t· .tW:tittt.M"f 

WHEN 04~ 

04t 
04t 
046 
046 
047 
041 
047, 
041: 
047· 
047~ 

0476 
0477 
0478 
0479 
0480 
0481 
0482 
0483 
0484 
0485 
0486 
0487 
0488 
0489 
0490 
0491 
0492 
0493 
0494 
0495 
0496 
0491 
0498 
0499 
0500 
0501 
0502 
0503 
0504 
050':) 
0506 
0507 
0508 
0509 
0510 
0511 
0512 
0513 
0514 
0515 
0516 
0517 
0518 
0519 
0520 



BR 14 
END 

TEB 
I[\JClUDE UVERLAY 
EXEC LNKEDT 

0521 
0522 
0523 
O~ 
o~J5 

!II 
I ~ 

I: 
i 



TABLt 6 LISTING OF THE SHORTEST PROGRAM THAT I COULD WRITE TO 
INVERT A MATRIX STORED ON DISC. 

I'~B BJPL$ 
I ,"PT ION CATAL 

PHASE BJPL:i»14,S 
II EXEC FORTRAN 
C THIS IS SHORTEST PKUGRAM THAT I COULD WRITE TO 
C INVERT MATRIX STGREO ON DISC 

COMMON N3, N4, N5, N6,JIM,NM,lT,IS,NJ,NP,NC,NX 
DEFINE:: FILE 12( 1600, 200, U , 12 ) 
DOUBLe PRECISION 1(100,3), 0(100,3), Z(1CO.3), F,G 
L4 = (NX-l) , lOG + 1 
DU 1 L = 1,300 

1 l(L,l)= D.DO 
00 2 1 K = 1, j\j X 
K4 = .-\*4 -4 
DU 2 I-j :: l, L 4 

2 REAOIN6' K4 + ~) (O(L,M) , L = 1,100) 
F = l.CO I O(K,l) 
Z(K,l) = 1.00 
Du 3 t-\ = 1, L 4 

3 WKITE(Nb' K4 + M) ( Z(L,M) , L= 1,100) 
l(K,I) = 0.00 
DC 21 J = l,NX 
J4 = J*4 - 4 
DLJ 4 !"i = 1,l4 

4 READ (~6' J4 + M) 
I(K,I) = T(K,l) * 
G = T(K,1) 
00 22 I = 1,j~X 
IF (I-K) 23,Zt,23 

23 T(I,I) = 1(1,1) -
2.2 CONT Ir'JUE 

DU 5 j\t\ = 1, L 4 

( T ( L , ~I ), L 
F 

C(I,l) * G 

= 1,1(0) 

5 WRITE( N6'J4 + M) (T(L,M), l = 1,100) 
2 1 CON T I ~,; U E 

CALL LII'lK (O~) 

END 
1* TEB 

INCLUUE UVERLAY 
II EXEC LNKLCr 
1* fEB 

TYPICAL DATA FUR RUNNING PROGRAM 

1/ EXEC BJPL$lU 
1 4 60 X 60 ~ATRIX INVERSION BY PARTITIONING 
113 25 X 25 MATRIX INVERSIUN BY BY SEQUENTIAL FILE 
I1J 60 X bO MATRIX INVERSION BY BY SE~UENrIAL FILE 

1* 
It 

0528 
0529 
0530 
0531 
0532 
0533 
0534 
0535 
0536 
0537 
0538 
0539 
0540 
0541 
0542 
0543 
0544 
0545 
0546 
0547 
0548 
0549 
0550 
0551 
0552 
0553 
0554 
0555 
0556 
0551 
0558 
0559 
0560 
0561 
0562 
0563 
0564 
0565 
0566 
0567 
0568 
0569 
0570 
0571 
0572 
0573 
0574 
0575 
0576 
0577 
0578 
0579 



,I 
I 

COMPUTER REGISTRATION AT CHICO STATE COLLEGE 

by 

Neil C. McIntyre, Jr. 

Faculty, Computer Sciences 
Chico State College 

./ " /' , / t{ ) 

o 

,,("I'I 
l~Ji 

G 



c COMPUTER REGISTRATION AT CHICO STATE COLLEGE 

Since the inception of computerized registration at 

Chico State College in 1965, the College has received 

numerous inquiries from other colleges as to how our 

system works and how it might be modified and implemented 

for other schools and other hardware configurations. Since 

no general computer-oriented overview of our system has 

been undertaken previously, this paper is an attempt to 

describe the salient features of what we at Chico State 

College believe to be the only successful large-scale 

genuinely computerized registration system. 

Like most California colleges, Chico State has recently 

() experienced enormous growth. From an enrollment of 2,200 

full-time equivalent students in 1961, the College has grown 

to 6,738 FTE this fall. Such rapid growth (about 15% for 

several years), with no abatement in sight for the near 

future, demanded that the College implement some form of 

automated registration. 

o 

Perhaps the best overview of the impact of computer 

registration at Chico State can be gleaned from a description 

of the process as executed under essentially a manual system 

and a description of the corresponding automated systems. 

Prior to 1965, scheduling of students into the many 

sections of each course was effected by what we refer to as 

"arena" registration: on the Thursday, Friday, and Saturday 

preceding the first day of classes, the college's gymnasium 
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2 -ii: 

was equipped for mass student registration. For some time, 

record-keeping functions were assisted by unit-record data o 
processing equipment. To register in the College, a 

student, having previously applied to and been admitted to 

the College or continuing from the previous semester in good 

standing, would be given a packet of punched cards which 

included a clearance card, study list, housing card, and 

the like. At the hour appointed for his class level and 

the initial letter of his last name, the student would 

proceed to the gymnasium. There he would wait, seemingly 

interminably, to be admitted to the arena. Inside, two 

major functions were performed--first, a student would 

select the classes he desired, proceed to the proper table, 

and, if the class he desired were not full, would be given 

an IBM card representing the class. If the student were 

exceptionally lucky, all his desired class sections would be 

open. If he were extremely unlucky, a class would close 

during the class-card gathering process and he would be forced 

to return his unwanted class cards, re-work his schedule with 

the help of an academic adviser, and start the class-card 

gathering process again. When he had all the desired class 

cards, he would proceed to the second phase: paying of fees. 

While the lines to pay fees were shorter and the time less 

than the waits to be admitted to the gymnasium and to 

receive class cards, the student was understandably grouchy 

after spending what was ordinarily about five hours in the 

registration process. o 

--- - -------------



o It can readily be seen that the process of registration 

by the arena method for 6,700 FTE will require more time and 

facilities than for 2,200 FTE: something had to be done, for 

our time and facilities were simply running out. 

During the arena years, the class schedule was prepared 

entirely by hand, typed, photo-reduced, and printed. The 

secretary to the Vice-President for Academic Affairs would 

invariably spend the entire Christmas vacation period and 

the same amount of time during the summer manually preparing 

a list of all rooms and the classes to be taught therein 

during the upcoming semester. Inevitably, conflicts, empty 

rooms, and classes without rooms would appear which would 

frequently not be resolved until after classes began. As the 

() College grew, physical plant utilization therefore dropped 

and confusion was the order of the day. 

o 

students would meet with an academic adviser in their 

major subject area and, together, the student and his adviser 

would prepare a program planning sheet for the student's use 

at arena registration. By 1965, this process could not be 

completed conveniently on the Monday, Tuesday, and Wednesday 

preceding registration allotted to the advising procedure. 

Moreover, all of the necessary but often irritating 

paraphenalia of student records, such as class lists, packet 

cards, grade lists, grade reports, and the like could not be 

conveniently prepared in the allotted time. 

Chico State's computerized system revolves around three 

distinct but interdependent systems: schedule preparation, 

, ",' M"":U,, ,2,. 1"""·,·"k",M""",g;,,,x",;::.x,,,,,.g$l4,Ji';;;;,tc",'~rnm4;Mi;;;,,..niTik1!,;;;W.J;·M:r&:::·"t,1IlJlM,W:;;:;U;:;:A!£!il1iG11':;&.W ... iWTW 



student scheduling, and student record processing. 

One of the major effects of computerized registration 

has been the expanded time schedule for the entire process. 

Using the arena system, the major functions were performed 

from just before Christmas until mid-February for the spring 

semester, and from early August to late September for the 

fall semester. Computerized registration has so drastically 

altered the scheme of things that registration processes 

are underway at all times during the year. 

Chico State's registration process now begins with the 

computer center preparing, based on history and enrollment 

projections, a schedule request worksheet which is sent to 

the various academic department heads for their use in 

planning their course offerings for the upcoming semester. 

The schools and divisions of the College receive these 

worksheets shortly after the beginning of the preceding 

semester. Onto the worksheets tbe department heads write 

the requisite variable information, such as instructor 

number, class meeting times, building and room codes, and 

so forth. The completed worksheets are returned to the 

computer center for keypunching and verifying. The data are 

then submitted to the first ina series of major programs. 

This first program checks the schedule request against 

master lists of courses, rooms, instructors, valid times, 

etc., and produces listings of errors, omissions, and 

inconsistencies. The error listings are returned, together 

with a list of classes vying for the same room at the same 

o 

o 

0, 
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o 

o 

hour, to the department heads for thier corrections. The 

entire class schedule is stored on a disk pack once, and, 

as corrections, additions, and deletions are made to the 

schedule, additional error checks are performed. During 

the first week of November for the upcoming spring 

semester and during the third week in April for the fall 

semester, a computer program prints a copy of the tenative 

class schedule containing class number, department name, 

department course number, course title, number of units of 

credit, instructor names, and times. Building and room 

are not printed in the tenative schedule. The schedule is 

then sent to a print shop for photo-reduction and insertion 

in every copy of the next issue of the Wildcat, the free 

student newspaper. 

The week following publication in the Wildcat is 

designated as "pre-registration" week. Each student 

meets with his adviser and prepares the successor to the 

program planning sheet. On the request form the student 

lists each class he desires, possbile alternates to it, 

the number of minimum and maximum units he will accept, 

states whether or not he will take any section of the 

course in order to get it, states any time restrictions 

he has, and similar information. The program planning 

sheets are then sent to the computer center for keypunching 

and verifying. 

From the student request cards, a tabulation of the 

number of students requesting each course is prepared and 

5 
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sent to academic department heads and college administrators. 

Based on demands for each course, departments may revise 

the schedule as required. During all phases of the schedule 

preparation, updated room lists, conflict lists, and lists 

of available space are frequently prepared, thus providing 

a great degree of flexibility and control over physical 

plant utilization. As an example, virtually no room 

conflicts now exist the day classes begin, whereas many of 

the classes had no room or met in a room occupied by another 

class before computer registration began. 

When it is determined that the schedule is final 

(usually about four weeks before the beginning of the 

semester), computer registration is actually run. 

Most registration programs for relatively large-scale 

use are "computer-assisted." Emphasis is principally on 

relieving facility and personnel problems of scheduling 

rather than on giving the student more choice and greater 

convenience in class selection. In this respect, our 

registration program is, I believe, unique, for it permits 

the student great latitude in course selection, time 

limitations, in fact, all of the advantages of ideal class 

scheduling with few disadvantages. 

In the spring of 1965, two Chico state College students 

were commissioned to determine if a computer program could 

be written for the 1620 to enable registration by computer. 

The students determined that a program could be written by 

writing one! written for, and still operating on (in slightly 

---_."_ .. "-,, ... "---,, -'-"~---'--'''--'----'' .. _-
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modified form) a 20K card/disk 1620, the Chico state College 

registration program, as we call it, should actually be 

called a "scheduling" program. The registration program 

takes into account both student requests and the state of 

the schedule at the moment a student is processed. The 

process of scheduling is markedly similar to arena 

registration, but the computer does all of the work 

frustrating to students: in accordance with the student's 

requests, the program tries as many as 15,000 possible 

schedules before determining that it cannot find a 

workable schedule within the student- and college-applied 

restrictions. Where the student may spend upwards of three 

hours to find any workable schedule in the arena, the 

computer registers between 200 and 2000 students per hour 

on the 1620, depending upon the state of the schedule and 

how unrestrictive the student's requests are. When the 

program finds a schedule for a student which satisfies all 

requirements, a record of each class in which he is 

scheduled is punched, the disk records identifying the 

classes are updated to reflect the new enrollment, and the 

next student is processed. Three major characteristics of 

this program set it apart from most others seeking to 

provide the same sort of service: (1) the program allows 

great latitude and flexibility in any student's schedule--

a student may apply sectioning, time, units, and course 

restrictions to prevent the program from giving him an 

unacceptable schedule; (2) when the program, as happens 

very frequently, is called upon to select a section from 

7 



those available, it attempts to schedule on the basis of 

class size, from least full to most full, thus balancing 

the size of the sections on a continuous basis. Only in 

the event that no section of a class will fit will the 

program attempt to delete the class and sUbstitute an 

alternate if the student has listed one; and (3) the entire 

state of the schedule is held static during his processing, 

thus attempts at alternate schedules are unaffected by 

other students scheduling. The only condition causing a 

student to be unscheduled occurs when the program cannot 

satisfy the student's listed minimum units. 

Irrespective of whether or not a student is successfully 

scheduled by the program, any errors the student and his 

adviser commit are logged and the program attempts to take 

corrective action. Among the many niceties in the program o 
is the ability to include courses which have interdependent 

parts. For example, a Biology class may be divided into 

two hours of lecture, two hours of laboratory, and one 

hour of discussion each week. The student must register in 

laboratory and discussion sections which have the same 

instructor as the lecture section. The program insures that 

conditions of multiple-dependency such as the example are 

properly scheduled. 

When all the students have been processed, the output 

cards are sorted alphabetically on student name and run 

through a program which prints, in class-schedule style, 

a list of the classes in which the student is scheduled on C' .. , 

-_. -_. __ .•. --_._--- .. _. ----.• ---- - .- .-.. ---.----..... ~ ..... _--_ ..... _---



continuous-form IBM cards. The separated cards are inserted 

in the proper student's registration packet together with 

his other registration materials. For the spring semester, 

the packets are then made available at the College Library 

for a period of several days. For the fall semester, the 

packets are mailed directly to the students. 

Lists are prepared showing how many students were 

scheduled into each section, how many seats remain, and 

the percentage of students entering the process who were 

successfully registered. 

The student now has the option of either accepting 

his entire schedule or rejecting it and participating in 

arena registration. It has been proposed and will soon be 

()I adopted that each student prepay materials and service fees 

and be required to accept the computer-generated schedule. 

At present, those who could not be registered by computer 

are required to register at a conventional arena. An arena

like arrangement is provided for spring semester for students 

to pay fees. Clearance cards from this fee-paying arena or 

from students who, during the summer, return their fees by 

mail, are matched against output from the computer 

registration run, class cards for the students who accepted 

their computer schedules are punched, and the remaining 

class cards for each course are punched, interpreted, and 

arranged for arena registration. 

Arena registration was held for one day only this fall, 

1967, for the first time in many years. Due to computer 

~;ii!iLi!i# . _ AA¥ __ #44.##¥441 ... ¥§If#.. . .. !._hT.M21t. .. 
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assistance in room utilization, class card preparation, and 

class status reports, more than 4,000 students were 

processed in the arena from 8 AM to 8 PM this fall. Of 

those, nearly 2,500 were entering freshmen and transfer 

students who cannot currently participate in computer 

registration. 

At the end of arena registration, class cards from 

both computer and arena registration are merged and class 

rolls are prepared. Updated rolls reflecting added and 

dropped students are prepared at regular intervals during 

the academic semesters. Chico state also has, in the form 

of the student record-keeping system mentioned previously, 

the usual computerized grade cards, grade rolls, permanent 

record labels, lists of the standing of each student, and 

many additional reports and services. 

Due to the size limitations of the 1620 and the 

probability of a new, larger computer on the campus during 

the next few years, we have set several design maximums on 

all the systems. We have provided for a maximum of 100 

sections of anyone course; 2,400 different course types; 

3,000 sections of classes; 750 instructors; 240 classrooms; 

9,000 students entering computer registration; and 47,000 

class cards. While the design maximums can be very much 

larger within the capability of our 1620, we do not feel 

that the allocation of the additional space on the system 

disk pack is desirable. For example, we presently sort, 

store, modify, and otherwise process virtually all of the 



c 
data within the system on one disk pack which also stores 

all of the programs to use that data. To expand the size 

maximums of the system would require us to revert to card 

resident programs and/or additional disk packs. 

A new, more capable computer system, such as a 

System/360, will permit us to add additional flexibility 

to a request set for any given student. In addition to the 

obvious advantages of increased speed for all processing, 

a larger system would eliminate over 500 hours of sorting 

class and packet cards each semester. We would be able to 

generate an optimized class schedule based on history, 

enrollment projections, physical plant utilization, 

personnel idiosyncrasies, unique course requirements, and 

C') student desires, thus relieving the administration -and 

department heads from much of the routine work now necessary 

for schedule preparation. 

Among the many features we will implement with a newer 

system will be student request by course only, with programs 

to select and schedule the corresponding laboratory and 

activity courses required. 

We have so often been asked about modifications and 

implementation for other machines and schools that I feel 

a few remarks might be useful. 

The system we have designed is restricted to a college 

employing a semester-to-semester schedule and student planning 

basis. Modification for the 1620 for a college or other 

school desiring to plan college and student schedules more 

ii," 
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than one semester in advance seems unlikely, for we have 

stretched the capability of the 1620 nearly to its breaking 

point. I am certain that long-range scheduling is possible 

and desirable for any school having, say, a large-scale 

1401 or a 360 system having a disk. I have carefully 

examined other IBM and some non-IBM systems for simplicity 

of adaptation and implementation of our system and I can say 

certainly that the system as we use it could very easily 

be processed on a single-disk 12K 360 model 20. It should 

be obvious that a system with capabilities as great as 

the model 30 lends itself well to expansion of our system. 

While the restrictions on size we have imposed upon 

ourselves may seem important, it is highly unlikely that 

any college much larger than Chico state would want to 

implement the system if the largest machine available to 

the school were a 1620. We have been asked if the system 

can be implemented on an 1130 disk system. It can indeed 

be implemented successfully, albeit on a smaller scale, 

due to the size limitations of the 1130 disk. 

Chico state's system is based on a six-day week, 360 

lS-minute periods~per-week system of time. This arrange-

ment is not fundamental to the system, however, and could 

be changed without difficulty: while our system is designed 

for a six-day week, Chico State is, at present, largely 

a five-day-a-week school. 

By far the most frequent question we are asked is if 

any part of our system is dependent upon the characteristics 

12 
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of the 1620. Let me assure you that, even at the time the 

system was designed, we considered the 1620 at best an 

interim machine and, as such, we have always insisted to 

all who have worked on the project that it remain free of 

machine dependencies. While re-programming would, of course, 

be necessary for implementation on other hardware, conversion 

or modification for a new computer will not be at all 

difficult. 

Significant in the development of the entire system 

are two facts: (1) many ideas were conceived and all 

programs were written entirely by students at the College; 

and (2) when the idea for the registration program was born, 

IBM Systems Engineers were asked if it could be done on 

our 1620. Their reply: not even on a 60K, four-disk 1620 

model II. Chico State College is indeed fortunate to have 

students rebellious enough to doubt all that they are told 

is and is not possible. 

13 
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STUDENT INFORMATION SYSTEM AT CHRISTIAN BROTHERS 
COLLEGE USING AN IBM 1130 COMPUTER 

In 1963, a system of records and grade reports adapted to the 1620 

was initiated. This was a minimum configuration consisting of a 40K 

memory, a 407 for print-out, an 082 sorter, and several key punches used 

also for interpreting and reproducing. This was basically a unit record 

operation with the computer used for calculations. There was a great 

deal of hand work involved in every operation. 

This summer, an 1130 with disk, 8K word memory and an 1132 

printer was installed. The immediate problem, then, was to reprogram 

the system making it adaptable to the 1130. This new machine had many 

advantages with its on-line printer and its disk storage for direct access 

to student information. It should be noted that IBM has prepared a 

Student Information System for the 1130 available from the COMMON 

library (3. 0.003). For several reasons, it was decided not to use this. 

One important. reason was that there was no provision made for storing the 

student's address. Since there is a great deal of correspondence between 

school and student, it was essential that this be included. There were a 

number of other variables in the old system that had not been included in 

the IBM Student Information System. Because of the shortness of time, it 

wa s des irable to keep as many of the features of the former method as 

possible. Another important reason for not adopting it was the fact that it 
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-had been written in Assembly language. While it is probable that it could 

have been adapted, it was felt that there would be many problems and 

difficulties involved in trying to revise a large assembly program. There-

fore, it was decided to start from scratch and to write a system in Fortran 

incorporating all the data forms of the previous system. This probably 

runs a bit slower, but the ease in reading, debugging, and revising seems 

to make it well worth the time. 

The first problem was to layout the student file. It had been more 

or les s arbitraril y decided to attempt to store two students per sector. 

However, most attempts at planning it ended with more than 160 words 

required. This difficulty was solved by adapting several of the subroutines 

from the Commercial Subrouting Package (1130-SE-25X). These are 

r" 
similar to the Forcom routine for the 1620. One basic advantage that these l~ 

new ones have is that, with two or three exceptions, they are written in 

FORTRAN so that they can be modified with a minimum of effort. They are 

called in the same manner as are FORTRAN subroutines. Of primary 

interest is the Pack/Unpack s,ubroutine. This takes an array in AI format 

(one character per word) and converts it to A2 format (two characters p:>er 

word), thus halving the amount of storage required. A GET subroutine 

converts from the A-format to decimal form for arithmetic operations, and 

a PUT subroutine accomplishes the reverse conversion. 

The student file finally decided upon was set to contain 320 characters. 

When operating on the file, these characters would be in AI format, and 

30() 
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then packed to 160 A2 format characters for the purpose of storage. Thus 

two students occupy one sector on the disk. As can be seen in Figure I, 

this was more than ample for our needs, and it had space for additional 

information that might need to be added as time went on. 

The system works in the following manner. As was mentioned above, 

as much as possible of the old system was kept intact. From the applica

tion blank, the student's name is punched and he is assigned a student 

number. The student number is a five-digit number assigned in alphabetical 

order. In originally setting up the student file, they were read into the 

computer without regard to order. The computer then sorted them and so 

as signed a file number to each student. At the same time, it stores the 

student numbers in a separate file in the same order. Whenever a 

particular file is needed, the student number is read in. The computer 

then does a binary search using function subroutine RSEEK to locate that 

particular student's file. His file is read into core I unpacked, and the 

necessary information postioned, usually by means of an EQUIVALENCE 

or a PUT statement. The file is then packed and written back onto the 

disk. 

At the time of registration I the students pick up their own class cards 

after their schedule has been approved by their adviser. Positioning these 

behind the student's name card, they are ready to be read directly into the 

computer. The computer reads in the clas s cards for each student, alpha

betizes them, and stores them in the student's file in the manner described. 

30/ 
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-. This has eliminated the long process of gang-punching all of the class 

cards, and then sorting them into order first by course, and then by 
o 

student. The next program reads all of the clas ses from all of the files I 

and sorts the students into order according to their classes. Class 

lists are then ready to be printed and after that, the student information 

sheets. The latter are distributed in toto to the Dean, Guidance Office 

and other administrative offices, to the dormitory prefects according to 

residence hall, and to the department heads according to the students' 

majors. 

Adds and drops are handled very easily. The very tedious job of 

pulling drops and inserting adds by hand has been eliminated. It is now 

necessary to simply place the add cards after the student's name card, 

followed by the drop cards (coded with a 1 in column sever) and read 

them into the computer which then rearra.nges the student's file. The 

running of report cards has also been simplified. It is no longer necessary 

to gang punch the marks into each of the grade cards. The cards are 

simply sorted by grade and then read into the computer, switch settings 

indicating the type of mark that should be stored. Honor rolls, failure 

lists and grade statistics- are produced very easily, also. Permanent 

record labels are printed at the semester. 

New students can be added very easily once a student number has 

been assigned. The program finds the proper position and moves down one 

c 
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o notch all those files that will be behind him, much as a Disk Utility 

Progranl does. Likewis e, a student's file can be deleted with thos e follow-

ing moved up one. Bills for each student are run off for the Business 

Office. The Student Directory, Teachers I Schedule and various types of 

statistics have been programmed also. Since the memory is quite small, 

each of these different operations requires a separate program, and in 

some cases, two or three linked together. This is, however, no great 

difficulty, since once they are compiled and stored on the disk, a 

simple XEQ command calls them into action. 

Improvements will be made when the two additional disks that are 

on order arrive. At that time, there will be more than enough storage to 

keep the student's entire four year course of studies accessible by the 

computer. The 1132 printer is quite slow, but the operations will be great! y 

speeded up when it is replaced by the 1403 printer • 

.As presently set up, the system will handle 1200 students, 100 

instructors and 3 00 courses. Figure 2 shows the layout of the cards 

used as input. While no claims are made about the completeness or 

efficiency of the programs, the system does work well. With proper 

modification, it could probably do the job at other small colleges as well. 

0,'::) 
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o 

Word 

1-21 
22-42 
43-62 
63-80 
81-85 
86-105 

106-113 
114 
115-116 
117-119 
120-121 
122-129 
130-135 
136-145 
146 
147-148 
149 
150-151 
152 
153-154 

. ISS 

. 156-158 
159-160 
161 
162 
163-164 
165-166 
167-175 
176-179 
180-182 
183-185 
186-188 
189-248 

249-251 
252-254 
255-258 
259-261 
262-264 
265-267 

DISK STUDENT RECORD FORMAT 

Description 

Student Name 
Parents' Name 
Address 
City and State 
Zip Code 
Local addres s 
Local telephone number 
Graduation code 
Hours being taken 
High School rank 
High school courses 
High school average 
Date of birth 
ACT scores 
Dormitory code 
First time status 
Probation code 
Number of cours es being taken 
Special student code 
Religious preference code 
Bill ing addres s code 
High school code 
State code 
Year in school 
Boarding status 
Major code 
Action code 
Blank 
Cumulative quality point ratio 
Cumulative hours 
Cumulative credits 
Cumulative quality points 
Course numbers and grades 

In groups of five: 
1-3 course number 

4 grade in cours e 
5 former grade if repeating 

Rank in cIa s s 
Number in class 
Semester quality point ratio 
Semester hours 
Semester credits 
Semester quality points 

Figure 1-b 
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CARD INPUT FORMATS 
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o 
. Appendix A. Programs used to set up and maintain student file 

RDNAM Read in name cards to initialize students 

RDATA Read in students I data 

RDSKD Read in students I schedules I any order 

CTSEC Count setions and prepare class lists 

PRLST Print class lists 

INFO Print student information 

, 
ADDCS Adds and Drops 

0 
COREC To correct student information 

ADNAM To put a new student in the file 

BILLS To prepare bills 

BILSM Billing summary 

PRTOT To print totals in each section 

ENROL Enrollment statistics 

DRTRY Print student directory 

o 
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Appendix B. Programs used at report time. 

o 
PCHGR To punch grade cards and print grade report forms 

CLGRS To clear grade area and set Orientation mark 

RDGRS To read in grades 

CKGRS Check to see if all grades are present 

CORGR To correct missing grades 

GRSUM To prepare grade totals 

GRSM2 To prepare grade totals (second half) 

PRGSM To print grade totals and statistics 
o 

CTACN To separate and store actions 

PRDL To print Dean's list 

FALUR To prepare failure list 

CLSTD To determine class standing 

o 
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Appendix C. 

o 
RDCRS 

RDTCH 

CTTCH 

PRTSK 

RDABM 

RDACN 

RDEPT 

o RDPAB 

RDPAA 

RDFIL 

RDMKS 

PCHCD 

PRFIL 

o PCHFL 

STPRB 

V,tility ~rog~ams 

Rea~ in master course cards 

Read in teachers' names 

Prepare teachers' schedule 

To print teachers' schedule 

Read in abbreviated majors 

Read in actions 

To read in department names 

To read in department abbreviations (4 letters) 

To read in department abbreviations abbreviated 
(2 letters) 

To read in entire student file from four BOAl cards 

To read in and store the 12 possible marks 

To punch class cards 

Print list of all courses 

Print out student files 

To punch entire student file 

To set probation code to zero 
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Appendix D. Mark Conversion o 
The twelve possible marks are stored in a file in a specified order. 

In the student file they are given a code letter as follows: 

Mark Number Mark Mark Code 

1 A A 
2 B B 
3 C C 
4 D D 
5 F E 
6 S F 
7 U G 
8 I H 
9 WP I 

10 WF J 
1 1 Ex K 
12 Au L 

The mark number is read in. The following steps set up the mark o 
code: 

IF(MKNUM - 10) 1,2,2 

1 MCODE + -16320 + 256*MKNUM 

GO TO 3 

2 MCODE = -14528 + 256*MKNUM 

3 CONTINUE 

The reverse process is used to determine the mark number from the 

mark code when printing reports. 

o 
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o Appendix E. 

G ET(RLVAR, JFLD , I, J , ADJST) 

IGET(INTVR, JFLD, I, J) 

PUT(RLVAR, JFLD, I, n 

IPUT(TNTVR, JFLD, I, n 

RSEEK(RLVAR,RARAY,N) 

ISEEK(INTVA, IARAY, N) 

o 
SORT(RARAY, N I RMODE) 

IS ORT(IARAY , N I MODE) 

PACK(LIST, I I J, LPKD, K) 

UN PAC (LPKD, I, J, LIST, K) 

o 

M\ . .r. .. v«up.?A1iC&&!i!4AQiIWZ 4 .L ... Q #41#444 .. .4 .. #4 .... ·-M-

SUBROUTINES 

To get a real variable from an array. 

To get an integer variable from an array. 

To store a real variable in an array. 

To store an integer variable in an array. 

To locate position of a real variable 
in an ordered real array. 

To locate the pos ition of an integer variable 
in an ordered integer array. 

To order a real array. 

To order an integer array. 

To convert Al format to A2. 

To convert A2 format to Al. 
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The Use of Psychological Tests In Selecting 

Computer Programmers 

David B. Hayer, IBH - Watson Research Center 

Yorktown Heights, New Yotk 

Ashford W. Stalnaker - Georgia Institute of Technology 

Atlanta, Georgia 

A presentation for the COMMON Organization, San Francisco, 
December 12, 1967. Adapted from the tutorial entitled "Computer 
Personnel Reseaich - Issues and Progress in the 60's" given at 
the Fifth Annual Conference on Computer Personnel Research, 
University of Maryland, June 26, 1967, sponsored by ACM-SIG/CPR. 

The first session of the Conference was devoted to a review of 
SIG/CPR's progress in research since 1962 and some thoughts on 
problems which still face us. This review was in the form of 
a dialogue between a computer center manager, David B. Mayer, 
and a management scientist, Professor Ashford W. Stalnaker. 
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Maye~: Good morning ladies and gentlemen. 
I represent both IBM and the ACM Special Interest Group on Computer 

Personnel Research. Originally, this group was known as CPRG (Computer 
Personnel Research Group); founded back in 1962 as a result of some discussions 
at the RAND Corporation. I guess one might say that psychologist Robert 
Reinstedt was a little lonesome for the company of some other researchers. 
He had been investigating the problem of programmer selection and discovered 
that there was indeed very little research on this subject -- except in the 
hands of a few colleagues in his general professional area, namely, Dallis 
Perry at the Systems Development Corporation, Professors Raymond Berger and 
James Rigney at USC, Jim Tupac at RAND, and Dr. Sherwood Peres who was at the 
Sandia Corporation. He called these people together and they laid out a 
charter for CPRG in September 1962 at the American Psychological Association 
meeting. The group decided upon the final design of a test battery to be 
administered across the country to as many installations and experienced 
programmers as they possibly could find. The test battery consisted of the 
Programmer's Aptitude Test, (better known as the PAT) by Hughes and McNamara 
of IBM; the Strong Vocational Interest Blank; and a special trial test named 
the Test of Sequential Instructions. There was some personal background 
material covering education experience, and so forth. The results of this 
test battery will be included in the body of my talk, but at this point it 
suffices to note that we completed it successfully, and we calculated 
correlations on the data, obtained much information, and initiated the kind 
of research that CPRG performs. 

The initial researchers went on from that point to develop a Programmer's 
Appraisal Instrument, which is an evaluation device. This was the result of 
Dr. Sid Fine's work with Robert Dickmann (now SIG/CPR Chairman) at Johns 
Hopkins University. It was tested there at the Applied Physics Laboratory, 
and at 24 other installations. 

The next step in our research was aimed at advancing the state-of-the-art 
of interest tests. The Strong Vocational Interest Blank had been revised 
(this had nothing to do with CPRG) and, after additional testing, Dallis Perry 
developed a key for programming as a separate occupation. 

In 1966 ACM approached us -- they thought that we were doing so well 
that we should join the computing fraternity, since originally CPRG was composed 
primarily of psychologists with only a sprinkling of computer managers. We 
agreed that joining forces with ACM allowed CPRG's research to be enhanced 
through broader contacts and outlets. Hence, in this survey paper today, 
I would like to detail some of that research history, and some of the 
existing issues as we see them at this time. 

First, permit me to tell you a bit about the use of some of these tests 
in selecting computer personnel. 

Figure 1 summarizes the results of the Dickmann survey of 1966 which 
was reported at the Fourth Annual Conference (1). This figure indicates 
that 483 firms in the United States and another 98 in Canada participated 
in the survey. In the US 68 percent used tests in some form or another 
for selection. This corresponds very closely to 72 percent in Canada. The 
number of programmer-analysts actually employed by these organizations was 
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over 23 thousand in the United States, with another thousand in Canada. 
The number of people who are needed in the forthcoming year as of the time 
of this survey was another 25 percent. 

Figure 1 also shows the composition of the sample by industry groups. 

The kinds of programming being performed were basically of four major 
types - BUSINESS, SCIENTIFIC, SOFTWARE or MILITARY, or combinations of these 
(Figure 2). Of them, the largest percentages were in business computations 
with scientific applications coming in somewhat lower. Military and software 
programming were small by comparison. 

What kind of programmers are there? We classified them at the 
time the survey was designed into four major categories: a programmer who 
was essentially a junior or trainee; the second one was called the experienced 
programmer; a third level we called the system analyst trainee; and the fourth 
one was termed the experienced systems analyst. Figure 3 answers the question 
as to what kind of education is demanded by the various institutions or 
organizations in their hiring practices. In the United States it tended 
toward having some college training or a degree - over 50 percent of the 
US sample, especially for the programmer-trainee. This tendency is 
a little more emphasized as you move up the experience ladder. Canada's 
educational requirements were somewhat lower, possibly because they do not 
have as large a college population from which to recruit. In Canada, 65 
percent of the programmer trainees had only a high school education and the 
remainder had some college or above. If you consider the experienced Canadian 
systems analysts, you will find that 28 percent had a high school education 
or better. However, 37 percent were not reported, so we can only generalize 
about the true proportions in this situation. Canada, therefore, is drawing 
on its resources of personnel in accordance with what they have available. 

Tests were used in many of these organizations, but they were used 
differently depending on whether the firm required much education, or little. 
Or to put it in reverse, possibly tests were NOT used in many cases, and 
hence the educational requirement was increased to compensate. Taking 
one category as an example, the systems analyst trainee, almost 50 percent 
were required to be college graduates if tests were not used; if a test were 
used, only 39 percent were required to have college degrees. This pattern 
repeats itself throughout Figure 4. We will not dwell on this except to 
note that tests are used in many cases in conjunction with educational 
requirements, but in differing degrees. 

What types of tests are used in these two countries? The tests 
reported used were broken down into four major classifications as shown in 
Figures 5 and 6. The first major classification is the general intelligence 
test with the most commonly used being the Wonderlic Personnel Test --
6,0 organizations in the US and 7 in Canada. 13 of these organizations had 
undertaken validation studies of this test. Whether the validation studies 
consisted of actual on-the-job performance validation or training validation 
was not indicated in the survey. The other two principal tests used are 
general intelligence tests. 

The second type is the aptitude test, which is being used as if it 
isolates programming as a separate and special aptitude. The IBM Programmer 



Aptitude Test, PAT, is by far the most commonly used test in both countries: 
over 282 organizations in the United States -- approximately 83 percent, and 
67 in Canada. Of the remaining aptitude tests, the National Cash Register 
Test, ~he Science Research Associates Test Battery and several others were 
used, but nowhere nearly as widely as the PAT. The Federal Service Entrance 
Examination is not a true aptitude test - it is a test, I believe, that is 
given to almost any prospective federal service employee, for many different 
positions. 

The two other types found in the survey were the personality tests 
and the interest tests. Very few of them are used. Personality tests were 
being used by only 10 or 15 organizations and very sparingly at that. For 
example, the Thurstone Temperament Schedule and the Activity Vector Analysis 
were each used by only three organizations; several others were used in 
varying degrees. 

For the interest tests, the Kuder Preference Record was cited by only 
two organizations. Interestingly enough to me, neither Strong Vocational 
Interest Blank (SVIB, original or revised version) was mentioned by any 
organization. Yet it is one of the few for which there exists a key for 
programming. It is hoped that SIG/CPR will have some educational effect by 
bringing the value of SVIB to the attention of those responsible for personnel 
selection. 

Among the other tests is the 1401 Autocoder exam, which was developed by 
Computer Usage Corporation. This test is a form of the Logical Analysis 
Device developed by Langmuir at the Psychological Corporation of America. 
This latter test, known as the LAD, was not cited at all, however. 

Let us take a look at the use of the PAT for a moment. (See Figure 7). 282 
organizations use it in the United States. 128 of them use it in combination 
with some other test. 154 use it alone. As for position levels at which it 
is used, for the programmer trainee - 278 organizations gave the PAT; for 
the experienced programmer ---and this is always a delicate subject for a 
computer manager who is interviewing candidates--- there were 138 organiza
tions; for systems analyst trainees - 142; and for experienced systems 
analysts - only 87. Of these, 71 organizations had performed validation 
studies - that is, how the performance of the programmer compared to his 
score on the PAT. 22 organizations, or a little less than 10 percent, 
actually discontinued the use of the PAT for various reasons. 

This completes our summary of the Dickmann survey, and I think it would 
be well worth while to go into some of these tests and describe them and 
relate them to a sample test which you will take in a few minutes. 
Let us consider some of the several tests that have been used in various 
CPRG studies ~-- a sample of some of these were included in the small 
test battery which you just completed. In the original CPRG national survey (6), 
three cognitive devices were included. These were the PAT, the Strong 
Vocational Interest Blank, and the Test of Sequential Instructions. The 
first of these, as was indicated by the Dickmann survey, is by far the 
most popular selection instrument in both the· US and Canada. The results 
of the first CPRG study indicated positive correlations between 
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the PAT score and actual performance only in a small number of cases. In 
the overall summary of the report, no correlation was found between the PAT 
and supervisory rankings of performance. The PAT has also been used in two 
studies subsequent to the CPRG national survey. The first was by Biamonte (11) 
at NYU working with a group of non-credit programming students, and the second 
by Gotterer and Stalnaker (12) at Georgia Tech with several groups of under
graduates enrolled in a computer course which had as a major component 
programming and systems analysis. In the latter case, as was true in the 
national survey, no correlation was found between PAT scores and performance 
in a training situation. We emphasize that the work at Georgia Tech was 
strictly in a training situation and in no way relates to subsequent performance 
in an actual programming assignment. 

Does such a thing as a programming aptitude really exist? Well, I have 
been trying to find that out from CPRG for several years. You know, after 
over a thousand interviews -- which I'm told is the worst way to find out 
whether they are a programmer or have potential -- and approximately 200 
people hired over my signature, I would say that I can detect what one might 
call an X factor; it's probably called aptitude. I do not know of what it 
consists; all I can say is that a particular candidate sitting before me 
seems to possess "it" and will succeed in the -programming art. 

CPRG seriously questions that there is, as far as the training 
situation is concerned, any indication of a specific programming aptitude. 
Our interest was generated by the repeated occasions which were observed at 
Georgia Institute of Technology, wherein a truly marginal student -- a 
student who was only barely able to maintain satisfactory status in school 
was able to succeed in developing a rather sophisticated programming skill 
and also a sophisticated approach to systems analysis. 

Let us now look at some of the CPRG results with regard to the PAT (6). 
As I mentioned, only in a limited number of cases was there a significant 
correlation between PAT results and ranked performance. However, I feel that 
one of the points that we should pay special attention to is the sort of cross
overs or the reversals we get in terms of the PAT. We will notice among the 
business programmers (Figure 13) who are graded in the upper half with regard 
to their performance, 42 percent of them scored 44 or below the PAT. On the 
other hand, among those who were rated in the lower half in regard to their 
performances, 49 percent of these scored 69 or above on the PAT. We might note 
too that the relationship in this case could be curvilinear. In the scientific 
group, Figure 14, the relationship is approximately linear and the degree 
of the reversals not as large as in the case of the business group. Here 
we note that 31 percent of those who are rated in the upper half with 
regard to the performance scored 44 or below, and 34 percent who scored in 
the lower half in terms of their performance scored 69 or above. 
In the sample there were 534 programmers; 301 of them were scientific 
programmers and the remainder were in business programming. There were 
25 different installations and companies. 

A second component of the national study (6) was the Test of Sequential 
Instructions. The author of the TSI states that it was designed to 
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show that any test that in some way measures a form of logical reasoning 
will in some sense indicate the level of performance in programming jobs and C 
will also indicate in some sense the intelligenc.e of the individual. This :1 

hypothesis is borne out by the results of the national study in which the 
correlations between the TSI and the PAT were in many cases quite significant. 

In my scientific programming group I obtained a correlation coefficient 
of .70 between the PAT test results and my supervisor's rankings. But 
interestingly enough, on the TSI, the correlation coefficient was .71. So 
I naturally asked myself, what was I doing that was right? Could I inter
change the TSI with the PAT as part of selection procedure for programmers? 

The DTSI, to me, tests the ability to do multiple tasks simultaneously. 
To perform well on that test you are holding one task in the back of your 
mind while another task is being performed in the foreground. Then, we build 
up to 3, 4 and 5, in fact, in the real TSI, I think we have 7 tasks running 
simultaneously. The PAT, to me, has no such attribute. The PAT does test 
other components which are required in programming --- numerical capability, 
spatial relationships, and such. I suspect the two tests supplementary rather 
than interchangeable. 

The third component of the CPRG national the Strong Vocational Inventory 
Blank (SVIB). The SVIB is a test that has been in use for a great number of 
years, primarily though, in the vocational counseling area. The purpose of 
the SVIB is to elicit information regarding the interests of the testee. 
The interests are then compared to the interests of people who have been 
successful in several occupational groups, the hypothesis being that if a ("'\ 
person has interests similar to those successful in certain occupations, \"'J/ 
there may be some motivation to enter this occupational area. It should 
be noted that the SVIB is not claimed by its author to predict performance 
on the job; instead, it only elicits information regarding interests. 

In Figure 15 we compare the interests of computer personnel to the 
public in general in regard to certain answers to questions on the SVIB. 
The SVIB contains 400 items. Notice specifically the item on progressive 
people: 41 percent of computer personnel like this type of person -- among 
the general public 85 percent of these people like people with this outlook. 
On the ,other hand, there is a great flocking among computer personnel to 
conseryative people. 84 percent prefer these, while among men in general, 
only 56 percent. Another example was thrifty people: 45 percent of computer 
personnel stated they liked this attribute. They are much better liked 
by people in general -- 74 percent. 

Can we look at individual items in the SVIB to see if these indicate 
anything in regard to the general interest pattern that should be the pattern 
of a successful programmer. The answer to this is a decided NO. We mentioned 
two categories -- progressive and conservative people. The results shown by 
the SVIB are reversed in work by Biamonte (7) at NYU in which he specifically 
considered attitudes. He shows there were negative correlations between 
training success and such attributes as dogmatism, conservatism and 
authoritarianism, a finding which would indicate the reverse of your 
conjecture. The point is that the SVIB questions when taken out of context 
have no meaning. One must analyze the complete 400 questions in order to ~ 
elicit anything regarding the total interest pattern of the individual. 
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The normal scoring of the SVIB is quite complex because it has 
to be scored for all occupations. It is possible, I might mention, to 
hand-score for a particular occupational group. For instance, since 
the interest of this group is the computer programmer, it could be that 
the keys could be obtained and thus we could hand-score for this specific 
occupation. However, I would like to warn against this; the SVIB is 
meaningful only in terms of its total content. When we take an occupation 
or a question out of context, the results are questionable to say the 
least. 

I have mentioned the existence of the programmer scoring key for 
the revised SVIB. The series of questions that you have in your sample 
battery are from the old SVIB which was the one used in the original 
CPRG national study. Subsequently, Dallis Perry (8) undertook another 
national study in which he used the revised SVIB. He also worked with 
a larger sample than that included in the original CPRG study. Based 
upon this work, Perry has developed the programmer scoring key which 
is now available to all users of the SVIB. 

I think now we should move onto the topic of programmer evaluation -
how can we determine if a programmer is actually effective on the job. 
The first research in this area was reported by CPRG. This was the Programmer 
appraisal Instrument (4) developed at the Applied Physics Laboratory, under 
the direction of Bob Dickmann and Sid Fine. This is a multi-dimensional instrument, 
which in many ways appears to be more concerned with what might be regarded 
as a professional programmer rather than the operating programmer - at least 
I think this is sort of a summary of remarks made in the evaluation of the 
PAl. There is a considerable emphasis on professional activities and this, 
in some cases, has led to resistance. It is composed of four specific areas: 
professional preparation and activity, programming competence, dealing with 
people and adapting to the job. This instrument was validated by Bob Dickmann 
but is not believed to be widely used at this time. 

The PAl asks a number of items to be scored numerically, such as: how 
many societies does he belong to? and how old is he? does he give some on-the
job training -- a lot, or not at all? A supervisor finds that" the items do not 
really cover the subject of programming, or programming capability. Super
visors generally shy away from question-and-answer procedures for appraisal 
of programmers. Practically none have actually put this PAl or equivalent 
ratings into effect. Progressive as I am - I haven't either. My project 
leaders were very resistant to it. They prefer to use subjective techniques, 
such as their impression of the programmer's output; sometimes they actually 
read his programs. But a formal document of this type they resist. In 
evaluating a coder for upgrading to programmer, a better procedure would be 
to temporarily take a coder out of his current category and put him into 
direct programming tasks and to observe his programming capability rather 
than evaluating him through a questionnaire. Additionally, I would like to 
have some kind of test which will actually show his level of competence. 
A test that is concerned with programming ability to indicate readiness for 
the move from coder or programmer to senior programmer should be implemented. 
There is one further thing that must be done, and that is, as Dr. Paul Herwitz 
(13) of IBM has recently stated, the only way a supervisor can tell what a 
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programmer is doing is by being knowledgeable about the code that he has written. 
In other words, he must read the program, and very few supervisors do. That ~ 
would be the first step I would say towards proper evaluation. 

The second step would be to give a proficiency test, an objective one. 
In terms of such an objective test, Berger (10) at USC has developed a test 
which is called The Basic Programming Knowledge Test (BPKT). This test was 
developed and validated with a group of naval training programmers and also 
with some outside agencies such as RAND, SDC, etc. Specifically, the test 
is designed to evaluate six different abilities: first, logic estimation and 
analysis; second, flow diagramming; third, programming constraints; fourth, 
coding operations; fifth, program testing and checking; and sixth, documenta
tion. Not only does the test evaluate the person's performance in these 
areas, but it is also designed to elicit information regarding his basic 
knowledge of the areas. Similar tests for different types of programmers at 
different levels would be very effective evaluators. The problem, of course, 
is the resistance the programmers show particularly as it applies to experienced 
ones who are very much in demand. 

We have cited the PAT, we have cited the Strong Vocational Interest Blank, 
we have cited the TSI. 

Now then, the PAT is an aptitude test, presumably, and the SVIB is an 
interests test; the TSI presumably tests a kind of logical capability. If I 
use all these tests and get good scores on all of them, does it mean I 
selected a good programmer? The answer at the moment is - no. I don't think 
it means that I have selected a good programmer - but it may well increase the 
probability that I have selected one. We have not been able to show at this 
point, with the exception of the recurring interest pattern of programmer 
personnel, any strong indication of substantially increasing the probability 
of correctly selecting a programmer by the use of this battery. 

Very probably if you would use all of the tests to select an individual, 
you can obtain a person who has a high probability of successfully completing 
your training program. Whether this individual is going to like programming 
or will possess the motivation that will allow him to take the successful 
training onto the job site is a question that is not yet answered. 

Well, then I think we come to a small denouement, and it is that if we 
look at the past five years of computer personnel research, the major effort 
has been in the development of two sets of testing predictors: (Figure 16) 
testing for training success, and testing for job performance. We have said 
that we have good predictors for the training phase and questionable ones 
for the working phase. Temperament and motivation tests are frequently considered 
as good predictors of training success and job performance, but we have no 
research using them. Finally, of the "work sample" tests, the only proficiency 
test I know of is Berger's Basic Programmer Knowledge Test. I understand 
that he will publish a version of it in the public domain, by permission of 
the Navy. For evaluation procedure, at the moment this consists of the Programmer 
Appraisal Instrument (PAl) which we developed but have not used. This I think 
sums up the situation at the moment. A more concise summary of our current 
knowledge is that the more intelligent person you can find, the better programmer ~ 
you can probably get •.. which makes all of us here today good programmers! 
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We might mention this point, that a test does exist that claims 
to be in this general area. This is the DPMA Certification program. 
However, I think we should note that it is quite questionable that there 
exists a relationship between this test and what we might identify as any 
level of programming skill. The DPMA test is primarily a knowledge test, but 
not at a very sophisticated level. It is my understanding that it is general 
knowledge -- at least that is my impression from the groups that were formed 
to study for it. 

To summarize: We have called for several new procedures which should 
be investigated in the years to come. Despite the fact that I have been told 
time and time again by my psychologist friends that my or other people's 
interviewing technique cannot be a really effective device, it is still the 
one that I, as a computer manager, use in at least 50 percent of my evaluation 
of the candidate. Hopefully, if these new procedures can be developed, both 
I and my fellow managers will be better able. to select, train, evaluate, and 
reward our computer personnel. Thank you everyone for your kind attention 
today. 

BJ..,/ 
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Oi United States Canada 

Organizations Participating 483 98 

Programmer/Analysts Involved 23,636 1,083 

Approximate Number Hired Each Year 5,317 (25%) 177 (20%) 

United States Canada 

Number Percent Number Percent 

AIRCRAFT INDUSTRY (Industrial, 
Aerospace) 47 10 3 3 

ELECTRONIC INDUSTRY (Industrial, 
Electrical-Electronic) 35 7 2 2 

C OTHER INDUSTRY (Petroleum, Metal, 
Automotive, etc.) 120 25 34 35 

FINANCE (Banks, Insurance Companies, 
etc.) 81 17 21 22 

RESEARCH (Non-profits, University 
Labs, etc.) 90 19 10 10 

GOVERNMENT (Federal, State, and 
City Civil Service) 50 10 8 8 

UTILITY AND OTHER NON-MANUFACTURING 
CON'CERNS 60 12 20 20 

483 100 98 100 

FJtom V~c.kmaY/.Y/., Re.6· 1 

FIGURE 1: TYPE OF ORGANIZATIONS IN 1966 CPRG SURVEY 
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United States Canada 

Business 186 58 

Business and Scientific 84 11 

Business and Scientific and Software 72 6 

Scientific 44 6 

Scientific and Software 34 1 

Business and Software 33 1 

Business and Scientific and Software and Military 12 0 

Software 6 0 

Military 4 0 

Scientific and Software and Military 3 0 0 
Business and Military 2 0 

Business and Software and Military 1 0 

Other 2 1 

FJtom V.-tc.fzmann, Re6· 

FIGURE 2: PROGRAMMING STAFF APPLICATIONS 
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Progrannner Experienced System Analyst Experienced Systems 
Trainee ProErammer Trainee Analyst 

U.S. Canada U.S. Canada U.S. Canada U.S. Canada 

None Specified 9 14 9 10 7 4 8 7 

High School 27 65 19 43 13 32 11 28 

Some College 25 3 23 6 12 16 14 10 

College Graduate 34 13 35 8 43 9 40 11 

Graduate Degree 1 2 1 2 2 7 5 7 

aot Reported 4 3 13 31 23 32 22 37 

100% 100% 100% 100% 100% 100% 100% 100% 

F~om Viekmann, R~~. 1 

FIGURE 3: EVUCATIONAL RE~UIREMENTS 
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Programmer Experienced Systems Analyst Experienced Systems 
Trainee Programmer Trainee Analyst 

Non-Test Test Non-Test Test Non-Test Test Non-Tes·t 

None Specified 6 10 6 10 5 8 7 

High. School 16 32 6 25 4 17 3 

Some College 27 24 19 25 10 14 7 

College Graduate 37 32 53 27 50 39 48 

Graduate Degree 3 1 4 0 4 1 10 

Not Reported 11 1 12 13 27 21 25 

100% 100% 100% 100% 100% 100% 100% 

Fltom Viekma.nn, Re.tS • 1 

FIGURE 4: COMPARISON OF EVUCATIONAL REQUIREMENTS FOR ORGANIZATIONS USING 

TESTS IN SELECTION VERSUS ORGANIZATIONS NOT USING TESTS 

(UrU:te.d Sta.,tu Sample.) 

Test 
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15 

17 

36 
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210 
100% 
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TEST NAME 
FREQUENCY OF USE* 

United States Canada 

GENERAL INTELLIGENCE TESTS 

Wonderlic Personnel Test 
Thurstone Test of Mental Alertness 
Otis Tests (Unspecified) 
School and College Ability Tests (SCAT) 
Wesman Personnel Selection Te$t 
Ship Destination Test 
Lowry Lucier Reasoning Test Combination 
Concept Mastery Test 
Henmon Nelson Tests of Hental Ability 
Schubert General Ability Battery 

APTITUDE TESTS AND BATTERIES 

60 
12 
11 

5 
3 
3 
3 
2 
2 
2 

IBM Programmer Aptitude Test 282 
National Cash Register Programming 

Aptitude Test (E5l) 9 
Federal Service Entrance Exam 13 
SRA Computer Programmer Aptitude Battery 

(Burroughs Corp.) 5 
Employee Aptitude Survey 7 
Differential Aptitude Tests 6 
Watson Glaser Critical Thinking 

Appraisal 
Short Employment Tests 
Test of Sequential Instructions 
Minnesota Clerical Test 
Guilford Zimmerman Aptitude Survey 
Bennett Mechanical Comprehension Test 

*For Tests Used Two or Hore Times 

5 
5 
2 
2 
2 
2 

7 
1 
o 
o 
o 
o 
o 
o 
o 
o 

67 

4 
o 

3 
o 
o 

1 
o 
o 
o 
o 
o 

FIGURE 5: TESTS USEV FOR INTERVIEWING 

PROGRAMMER CANVIVATES: I 

VALIDATION 
Studies (Total) 

18 
4 
5 
2 
o 
o 
2 
1 
2 
o 

83 

6 
3 

1 
3 
4 

3 
1 
1 
1 
1 
2 
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TEST NAME 

PERSONALITY TESTS 

Thurstone Temperament Schedule 
Activity Vector Analysis 

FREQUENCY OF USE* 
United States Canada 

3 1 
3 0 

Rohrer-Hib1er-Rep1ogle Personality Test 2 0 
Humm-Wadsworth Temperament Scale 
Edwards Personal Preference Schedule 
Cleaner Self Description 
Adaptability Test 
Guilford Martin Inventory of Factors 
Guilford Martin Temperament Profile Chart 

INTEREST TESTS 

Kuder Preference Record 

OTHER TESTS 

Manhattan Symbol (MAZE) 
1401 Autocoder Exam 
GCT 
LOMA 
Personagraph 

*For Tests Used Two or More Times 

2 
2 
2 
2 
1 
1 

2 

4 
3 
2 
2 
2 

0 
0 
0 
0 
0 
0 

o 

o 
o 
o 
o 
o 

VALIDATION 
Studies (rqta1) 

1 
3 
0 
1 
0 
0 
0 
1 
1 

2 

2 
o 
1 
1 
o 

F~om VicQmann, R~~. 1 

FIGURE 6: TESTS USEV FOR INTERVIEWING 

PROGRAMMER CANVIVATES: II 
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NUMBER OF ORGANIZATIONS USING: 

IN COMBINATION WITH OTHER TESTS: 
ALONE: 

PERCENT OF TOTAL SAMPLE: 

PERCENT OF THOSE USING TESTS: 

LEVELS OF TEST USE: 

PROGRAMMER TRAINEES: 
EXPERIENCED PROGRAMMERS: 
SYSTEMS ANALYST TRAINEES: 
EXPERIENCED SYSTEMS ANALYSTS: 

VALIDATION STUDIES: 
DISCONTINUATION: 

UNITED STATES 

282 

128 
154 

85% 

58% 

278 
138 
142 

87 

71 
22 

CANADA 

67 

18 
49 

93% 

F~om Vi~~mann, Re~. 1 

]F.M!.ld .. .#4# .. 74.244%. m 

FIGURE 7: 1966 CPRG SURVEY 

IBM PROGRAMMER APTITUVE TEST 

68% 

67 
27 
32 
14 

12 
o 



PAT Scores Supervisors' Rankings 

Percentage In Upper Half Percentage In Lower Half 

69 & Above 

57 - 68 64% 

45 - 56 63% 

44 & Below 58% 

FJtom RUnI.>t.e.dt, Re.6. 6 

FIGURE 13: RELATIONSHIP BETWEEN PAT SCORES ANV RANKINGS 
-- BUSINESS GROUP 

11 

o 

o 
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PAT Scores Supervisor's Rankings 

Percentage in Upper Half Percentage in Lower Half 

69 & Above 70% 

57 - 68 

45 - 56 

44 & Below 

fJtom Rein6:ted:t, Ren. 6 

fIGURE 14: RELATIONSHIP BETWEEN PAT SCORES ANV RANKINGS 

--SCIENTIfIC GROUP 

"IPUM922!illI;r#tdHw t!ln F"'rrmmrrRr,.. I 
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PROGRAMMERS GENERAL POPULATION 
Like Indifferent Dislike Like Indifferent Dislike 

Aviator 67% 21% 12% 30% 36% 

Mathematics 90 8 3 69 20 

Solving Mechanical 
Puzzles 63 29 9 39 34 

Giving First Aid 22 51 27 40 42 

Progressive People 41 42 17 85 11 

Conservative People 84 15 1 56 35 

Energetic People 14 48 38 89 9 

Thrifty People 45 44 11 74 22 

Sell Machines 8 27 65 26 32 

A B Prefer Indiffer- Prefer Prefer Indiffer- Prefer 

Few Details -

Technical -

A ent B A ent 

Many Details 18 27 55 36 28 

Supervision 65 16 19 34 19 

FIGURE 15: STRONG VOCATIONAL INTEREST BLANK 

INTERESTS OF PROGRAMMERS ANV GENERAL POPULATION BY PERCENTAGES 

B 

36 

47 

34% 

11 

27 

18 

4 

9 

2 

4 

42 ,~-,,\ 

~~/ 
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c· TESTING ------I ... TRAINING ---...., •• WORKING 

PREDICTORS GOOD 

Programmer's Aptitude Test (PAT) 

Buchannon Logical Test (BLT) 

Strong Vocational Interest Blank (SVIB) 

Temperament Tests (None)* 

Watson Glaser Critical Thinking Analysis 

*Motivation, primarily 

QUESTIONABLE 

PROFICIENCY 

BPKT - Basic Programmer's 
Knowledge Test 

EVALUATORS 

(PAl) Programmer's Appraisal 
Instrument 

FIGURE 16: 5 YEARS OF COMPUTER PERSONNEL RESEARCH 

ISSUES - '67 

IN COMPUTER PERSONNEL RES~ARCH 

A EFFECTIVE EVALUATION PROCEDURES 

A STRATIFICATION OF SKILLS 

• NEW OBSERVATIONAL PROCEDURES 

• ROLE OF CREATIVITY IN PROGRAMMING 

FIGURE 17: ISSUES IN PERSONNEL RESEARCH - 1967 

JrW'N" RP- WTvue BittbfB
U f ' 
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PROGRAMMERS AUDIENCE 

Like Indifferent Dislike Like Indifferent 

Aviator 67% 21% 12% 85% 15% 

Mathematics 90 8 3 99 0 

Puzzles 63 29 9 25 65 

First Aid 22 51 27 5 55 

Progressives 41 42 17 70 27 

Conservatives 84 15 1 5 80 

Energetic People 14 48 38 75 24 

Thrifty People 45 44 11 10 75 

Selling Machines 8 27 65 5 85 

Like Details: Few Indiff. Many Few Indiff. 

18 27 55 15 45 

Technical Indiff. SUEervise Technical Indiff. 

Technical 65 16 19 45 10 
(vs. Supervision) 

FIGURE 18: A COMPARISON OF THE RESULTS ON SAMPLE QUESTIONS TAKEN 
FROM THE SVIB, AS INVICATEV BY THE AUVIENCE POLL AT 
COMMON, VEC. 12, 1967. MOST OF THE AUVIENCE (WHICH 
WAS 75 PEOPLE) SAIV THEY WERE PROGRAMMING OR OTHER 
.SUPERVISION, BUT A VERY LARGE PROPORTION ALSO 
PROGRAMMEV WHILE SUPERVISING. THESE RESULTS ARE 
VISPLAYEV ONLY FOR INTEREST: NO CONCLUSIONS FROM THE 
SAMPLE OR INVIVIVUAL QUESTIONS MAY BE VRAWN. 

VBM/12/67 

i'l 
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r--\ 
Vi 

Dislike 

0 

1 

10 

40 

3 

15 

1 

15 

10 

,~'~ 

Many \V 

40 

SUEervise 

45 
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Team 1 

A.bel's 390 

~aker's 419 

~harley's 289 

For 
3E 

example, 
4A 

the 
5E 

code 2A 
6A 6B 

~ame 
2 

420 

501 

394 

the 
4B 

II 

beneath 
6C 

3 

476 

427 

325 

word 
4C 

it. 
6D 

DTSI 

Total 
3 

"has" 
41> 

In 
6E 

Games 

1286 

1347 

1006 

in 
4E 

the 
7A 

In this exercise 
lA IB lC 

each word has a code 
ID IE 2A 2B 2C 

letter and number 
2D 2E 3A 

combination beneath it. 
3B 3C 3E 

the. previous sentence has 
5A 5B 5C 5D 

first 
7B 

sentence of this 
7C 7D 7E 

paragraph, 
8A 

circle 
8B 

th'e 
8C 

code 
8D 

combination 
8E 

of the first occurrence 

of 
9E 

thus: 
lID 

code 
l3D 

Also, 
15D 

the word 
lOA lOB 

"code"; 
10C 

code. 

Q9 
Now; 
l2A 

letters 
13E 

each 
l6A 

beginning 
l2B 

of all 
14A l4B 

time a 
l6B l6C 

you 
10D 

with 
l2C 

words 
14C 

sentence 
l6D 

should 
10E 

the 
l2D 

have 
llA 

next 
l2E 

beginning 
14D 

9A 9B 

circled 
lIB 

sentence, 
l3A 

with the 
14E l5A 

begins 
l6E 

with any 
17A l7B 

9C 9D 

2C, 
IIC 

circle the 
l3B 13C 

letter "w. " 
15B l5C 

vowel except 
l7C l7D 

"a", circle the 
l8B 

codeletter of its 
18E 

first word. Meanwhile, if 
l7E l8A 18C l8D 19A 19B 19C 19D 

number 15 is greater than the number 25, circle the code 
20A 20B 20C 20D 20E 2lA 2lB 2lC 2lD 2lE 22A 

letters of the third word in the previous sentence; 
22B 22C 22D 22E 23A 23B 23C 23D 23E 

otherwise, use the third word in this sentence. You may 
24A 24B 24C 24D 24E 25A 25B 25C 25D 25E 

halt your search for sentences beginning with "u", as well 
26A 26B 26C 26D 26E 27A 27B 27C 27D 27E 

as "a." 
28A 28B 

¢ ~.J;,tzI,'.":r ... atS:t.x., ,.0' 4f.HRf.#,.'JA 1~" 

the 
19E 



Team 1 

Abel's 390 

Baker's 419 

Charley's 289 

If Baker's 
33D 33E 

then circle 
35C 3sD 

Game 
2 

420 

501 

394 

team's 
34A 

the 
3sE 

/I 
3 

476 

427 

325 

third 
34B 

code 
36A 

DTSI -2-

Total Observe the bowling 
3 Games 

1286 

1347 

1006 

game was 
34C 34D 

scores 
30D 

teams 
3lD 

the 
32D 

his 
34E 

under 
36B 

the . second 
36C 36D 

30A 30B 30C 

of the th~ee-man 

30E 3lA 3lB 3lC 

in the box at 
3lE 32A 32B 32C 

top of the page. 
32E 33A 33B 33C 

second highest, 
35A 

occurrence 
36E 

35B 

of the 
37A 37B 

word "the" in 
37C 37D 37E 

this 
38A 

paragraph; 
38B 

otherwise 
38C 

circle 
38D 

code 
38E 

"36C." 
39A 

·You 
39B 

letter 
4lB 

also 
43D 

next 
45D 

score 
47D 

"40A" 
49D 

may . now halt 
39C 39D 39E 

looking 
40A 

for 
40B 

words 
40C 

. beginning 
40D 

with 
40E 

the 
4lA 

"w" at 
4lC 4lD 

the 
4lE 

end of this 
42A 42B 42C 

sentence. 
42D 

And 
43A 

you may 
43B 43C 

halt 
43E 

looking 
44A 

for 
44B 

all 
44C 

sentence. 
4sE 

And for your 
46A 46B 46C 

total 
47E 

and 
49E 

was higher than 
48C 48A 48B 

"42A." 
sOA 

Otherwise, 
SOB 

those 
44D 

vowels, 
44E 

beginning 
4sA 

with 
45B 

last 
46D 

tasks, 
46E 

if Abel's team 

Baker's 
48D 

total 
48E 

47A 

then 
49A 

47B 

circle "·40B" and "42B" 
50E 51A SOC SOD 

47C 

circle 
49B 

unless 
SIB 

Charley's second lowest game was less than 
52D 

Abel's 
52E 

lowest 
53A 5lC SID 5lE 52A 52B 52C 

the 
4sC 

codes 
49C 

game, in which case circle the code underneath 
S4D 

all words 
53B 53C 53D 53E 54A 54B 54C 54E 55A 

with an "n, " in this sentence. 
55B 55C 55D S5E 56A 56B 

Hl~ ·SI alZ ·6 
H9~ ·9Z ao~ ·ll HlZ ·S 
a~~ . ~Z ~1i] • 91 ai]Z ·l 
O~~ ·i]Z ~Oi] ·~1 V£Z ·9 
~~~ ·£Z ~l£ ·i]1 ~61 .~ 

Oi]~ ~ZZ ~9£ ·£1 V61 .i] 
~£~ ·lZ Oi]£ ·ZI aSl .£ 
OZ~ ·OZ O££ ·11 Vll ·Z 
01~ ·61 VO£ ·01 ~Z ·1 

() 
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ABSTRACT 

The Public Service Company of Colorado, a Gas and Electric utility, 

has installed the 1800 Data Acquisition and Control System in its Gas Load 

Control Center. 

The Gas Load Control Center has the responsibility of regulating 

and maintaining system pressures, contracted gas purchases, and gas storage 

facilities in the Company's service area. The computer system is monitor

ing variables from the field, logging hourly flow and pressure data, and 

controlling system pressures. 

This paper will explain the necessity and benefits of a real time 

computer system in the dispatching of natural gas. 
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1.0 SERVICE AREA 

Public Service Company of Colorado and its subsidiaries, 

Western Slope Gas Company, Cheyenne Light, Fuel and Power Company, and 

Pueblo Gas and Fuel Company serve natural gas to approximately 400,000 

customers in Colorado and Southern Wyoming. Natural gas is distributed 

in the Company's service areas through extensive transmission and dis- . 

tribution systems. 

A general system map is shown in Figure 1. This graphically 

illustrates the great distances and rough terrain that must be encounter

ed in order to serve our customers. An example of this is the Western 

Slope Gas Company, Southern Division, transmission line that is 449 miles 

in length and crosses the Continental Divide five times. 

1.1 SUPPLY 

Gas utilized by Public Service Company and Western Slope Gas 

Company, Eastern Division, is purchased directly from Colorado Inter

state Gas Company. Gas for this area is transported by Colorado Inter

state from the Texas, Kansas, Colorado and Oklahoma gas fields and from 

San Juan gas fields in the Four Corners area by connection with another 

pipeline company. This represents an investment of over $202,000,000 

by Colorado Interstate to serve its customers. Public Service and Western 

Slope represent over two-thirds of Colorado Interstate's business and 

have a direct relationship in establishing purchase contracts and rate 

structures in this area. 

Gas utilized by Western Slope Gas, Western Division, is pro_ 

duced from gas fields in Western Colorado. 

The Western Slope Gas Company, Southern Division, produces 

the gas it needs from the San Juan gas field in Southern Colorado. 

1.2 PURCHASE CONTRACTS 

Gas purchased by Public Service Company, Cheyenne, Pueblo, and 

Western Slope from Colorado Interstate is purchased under a two-part 

rate, consisting of a Contract Demand charge and a Commodity charge. 

The Commodity charge is the unit price on the actual volume of gas 

delivered by Colorado Interstate and the Demand Charge is the charge for 

o 

the maximum volume of gas Colorado Interstate is obligated to deliver on ~" 

the peak day. 
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Public Service and Western Slope are required to pay the Demand 

Charge on 100% of the Contract Demand each day and the Commodity Charge 

for the gas actually purchased. Penalties are charged the Company in the 

event that the Contract Demand limit is exceeded.. As' example of a sub

stantial penalty, in 1963, Public Service and Western Slope paid in ex

cess of $785,000 for gas that was purchased over the contract limits. 

The justification of such a rate structure is based on the 

wide range of load conditions that occur in the Colorado area. On July 16, 

1967, the mean temperature was 65 degrees F. with a 24-hour gas load of 

107,000,000 cubic feet. January 7, 1967 produced a load of 565,000,000 

cubic feet with a mean temperature of 16 degrees F. The mean temperature 

in Denver on January 11, 1963, was -17 degrees F~ 

It is apparent that pipeline capacity required to meet peak 

winter needs becomes idle during warm weather. 

The two-part rate structure is needed to protect the pipeline's 

large plant investment that was made to serve areas during the peak load, 

while the load factor is at a minimum due to conditions such as warm 

weather. 

1.3 STORAGE 

It would be an advantage to Public Service Company of Colorado 

and Western Slope Gas Company to offset the varying load conditions by 

increasing the purchases from Colorado Interstate during off peak periods 

and decreasing the purchases on the peak day.. This can be accomplished 

to some extent by storing gas during warm weather and withdrawing the same 

gas from storage when needed in cold weather. 

Public Service Company has converted an abandoned coal mine near 

Denver, Colorado, to an underground natural gas storage reservoir. This 

project, called Leyden Storage, is capable of storing 2,500,000,000 cubic 

feet of gas of which 1,250,000,000 is considered usable for peak shaving 

at a cavern pressure of 250 psig o Leyden i.s connected to both Public 

Service and Western Slope service areas by a network of intermediate 

pressure systems (50-150 psi)~ An agreement also was made with Colorado 

Interstate for storage gas from its storage facilities near Fort Morgan, 

Colorado, to serve the Denver area. Both of these storage facilities 

are used during the heating season to control the load curve of Public 

Service Company of Colorado and Western Slope Gas companies. 

o 

o 

o 
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1.4 

A typical 24-hour winter load curve is shown in figure 2. For 

this particular day, all industrial customers were curtailed and 107,046,000 

cubic feet of gas was withdrawn from Leyden storage to maintain the contract

ed limits. An average hour load is shown by the line at 15.6 MMCF. 

INDUSTRIAL CUSTOMERS 

Industrial customers in our service area are under contract to 

purchase interruptible gas. Interruptibl~ Gas is gas that is available 

in excess of the amount required to serve the firm customer while still 

under the Contract Demand. The interruptible gas is sold to the industrial 

customer at a rate that is less than the amount paid by the firm customer. 

This rate class justifies the installation of a standb~ fuel system, such 

as, propane or oil~ 

When the predicted load in a service area is estimated to be 

greater than 100/0 of the c.ontracted demand and above the amount that can 

be supplied from storage, the industrial customer is given notice that 

he must curtail the use of natural gas and switch to standby fuel. When 

the daily load decreases to less than 100% of contract, the industrial 

customer is notified that he may resume the use of natural gas e 

There are over 450 industrial customers in the Company's 

service area and every attempt is made to keep curtailment at a minimum 

to optimize purchases and sales. The industrial load is approximately 

20% of the contract on a cold day. 

The load curve that is shown in Figure 2 is with all of the 

industrial customers curtailed. 

1~5 PRESSURE SYSTEMS 

In general, there are three types of pressure systems--High, 

Intermediate, and Lowe The high pressure system is used for the trans

mission of gas over long distances G The operating range is from 200 psig 

to 1,000 psig. This type of system is usually a function of the trans

mission or pipeline company, such as Western Slope Gas Companye The 

high pressure system terminates at a city's town border station. 

A town border station is the point where the distribution 

company purchases gas from the transmission company for its systems The 

Denver area has six major purchase stations e 

Intermediate pressure systems operate in the range of about 20 

to 150 psig. Their function is to carry the gas through the market area 

and supply all of the city's district regulator stations o In the Denver 

8?? 
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area, the intermediate pressure system connects most of the town border 

stations with Leyden Mine Storage. This enables peak shaving gas to be 

injected into the intermediate pressure system which will result in de

creasing the purchased gas at the city's town border. 

Low pressure systems can operate in the range of 2 psig upward 

to 60 psig. Their function is to distribute gas to the individual customer. 

All of the pressure systems, along with compressors, valves, and 

regulators, provide a link that is hundreds of miles long which connects a 

customer in Colorado with the gas fields in Texas, Kansas, Wyoming, Okla

homa and Colorado. 

1.6 WEATHER 

Colorado area weather is the largest factor in determining the 

gas load. Weather forecasting and gas load forecasting are necessary to 

predict gas and pressure requirements. During the winter, it is not un

usual for a morning to be 60 degrees F. with the sun shining and by after

noon of the same day have the temperature drop to 10 degrees F., with wind 

and snow. This is caused by a storm front and, unless the front is pre

dicted, requirements for pressure and volume would be greater than the 

4() system could produce. 

o 

1.7 CONTROL CENTER 

Public Service Company of Colorado, Western Slope Gas Company, 

Cheyenne Light, Fuel and Power Company, and Pueblo Gas and Fuel Company 

operate a Gas Load Control Center located in Denver, Colorado. This 

center is manned 24 hours a day, 7 days a week, and has the following 

responsibilities: 

1 - To calculate and log all of the hourly flow totals from 

metering stations for all four companies. Pressures, differential pres

sures, and flowing gas temperatures are telemetered to the Load Control 

Center from 32 major metering points located throughout the combined 

service area. This information which totals 114 different inputs is 

used together with various factors to calculate the gas purchased each 

hour at each meter station. The formula for the calculation of gas through 

an orifice meter is shown in Figure 4. A drawing of an orifice meter is 

shown in Figure 5. 

2 - To monitor and control (via phone conversation) compression 

facilities of the Western Slope Gas Company. Pressures from points locat

ed on the transmission lines are telemetered to the Control Center. This 

3?~ 
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information totals 39 input points. The operator can take action by 

ordering pressure output from a major compressor station or by notifying 

personnel in the area that needs attention. 

3 - To monitor and control intermediate pressure systems in the 

Denver area. Pressures from points located on the intermediate pressure 

systems are telemetered to the Control Center. This information totals 

42 input points. Control circuits, which set or regulate the pressure 

system, are activated from the control room. This totals 38 output points. 

4 - To monitor and control low pressure systems in the Denver 

area. Pressures from the low pressure systems are telemetered to the 

control center, totaling 61 input points. Control circuitry from the 

control room to a regulator station enables the operator to adjust the 

regulator's output to satisfy the demand on that station. There are 54 

output points from the control room to various regulator stations. 

5 - To operate all of the above pressure systems in a manner 

that guarantees safety and service to the customer without interruption. 

6 - To control purchase rates from suppliers and storage 

facilities maintaining optimum system requirements without exceeding 100% 

of the contract demand. 

This requires the operator to estimate gas loads, weather 

conditions, pressure requirements, gas storage needs, and industrial loads 

throughout the operating day, and make the necessary decisions based on 

these estimates. 

7 - To provide management with reliable operating statistics so 

that the t"uture growth and operating guidelines can be determined. 

The operation of a control center of this size requires that the 

operator maintain constant surveillance of all variables in the control 

room, calculate the flow rate for all meter stations, and predict the 

weather and gas load for storage requirements and industrial curtailment. 

With these responsibilities constantly increasing due to the continuing 

growth of the Company's gas service areas and more complex storage and 

system guidelines, a method was needed to relieve the operator of the 

time-consuming routine jobs. The time saved could be devoted to weather 

and system analysis. 

The 1800 Data Acquisition and Computer Control system was 

installed in August 1967 in the Gas Load Control Center. The computer 

is assisting the operator by providing a constant monitor of all system 

-----------_ .... _ .. _._- ---------.--~--
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pressu-res along with flow calculation and pressure cont1;ol. This system is 

also providing management with valuable statistical information and a high

er degree of accuracy. The computer is enabling the operator to optimize 

the systems control. The chance that the 100% contract demand figure will 

be exceeded is much less and a higher load factor is being achieved. The 

computer's speed allows all the pressure inputs to be scanned at a con

tinuous rate and if an erroneous condition occurs, it will alarm the 

operator as to what values need his attention. Thus, a higher degree 

of safety is obtained in pressure control. The computer is able to 

regulate a station's pressure output at a more constant rate than the 

operator can, which provides a lower average pressure throughout the 

system with resultant benefit in reducing the volume of lost and un

accounted for gas. 

One of the most beneficial aspects of the computer system's 

ability to handle the routine duties of an operator is that the operator 

has more time to use his experience and knowledge for planning and super

vision of the overall system. 

The computer's data flow and configuration are explained start

ing at 2.0 o 
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2.0 COMPUTER CONFIGURATION 

~) The 1800 computer system consists of the following: 

c 

1801 Process Controller - 4 micro-second-16K Core 

12 Levels of Interrupt 

2 - 2310 Disk Drives 

1442 Card Reader 

1443 Line Printer 

3 - 1826 Input Units 

2 - 1053 Typewriters 

1816 Typewriter - Keyboard 

Timer A - 1 ms 

Timer B - 8 ms 

Timer C - 8 ms 

10 PISW Words on Level 0 

10 PISW Words on Level 1 

IBM "Time Sharing Executive" Operating System 

The computer's General Data flow is shown in Figure 6. The 

explanation of the software and hardware used follows. 

2.1 TELEMETER INPUT 

The American Standards Association defines the word "telemetering" 

as "the indicating, recording or integrating of a quantity at a distance by 

electrical translating means." There are many types of telemetering systems 

available, and Public Service Company uses an impulse duration type. This 

system includes transmitters in the field and receivers in the Control 

Center. 

The transmitter contains a measuring element, such as, a Bourdon 

tube. This element is attached through linkages to a cam follower. The cam 

follower rides on a linear cam that rotates 360 degrees every five seconds. 

The pressure in the element causes the cam follower to be positioned on 

the cam in relation to the pressure in the element. The cam follower is 

connected to a mercury switch and when the follower is on the cam, an 

electrical circuit is made. When the follower is off the cam, the circuit 

is broken. The transmitter generates an electrical impulse every five 

seconds. The length of the pulse is determined by the time that the cam 

follower is on the cam, which is determined by the amount of pressure 

that is applies to the measuring element. If the measuring element is 
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a Bourdon tube that is connected to a gas pipeline, an increase in gas 

pressure will cause the Bourdon tube to expand. This expansion will move 

the cam follower to a higher position.on the cam which, in turn, will 

generate a longer time on the cam or a longer electrical pulse. A trans

mi tter is shown in Figure 7. This pulse is transmi tted over· telephone 

lines to the Control Center. The pulse is connected to an electrical 

receiver which positions a recording pen on a chart that is in relation 

to the pressure on the transmitter in the field. The length of a pulse 

will vary from one second (0% pressure) up to four seconds (100% pressure). 

See Figure 8. 

The Control Center receives 250 different pulses from points 

located on the gas system every five seconds. The distance the pulses 

travel varies from one mile up to 500 miles. 

A method of inputting the values from the transmitter to the 

computer was needed. At first we planned on using the conventional digit

al input system. Various programming techniques could be used but all 

of them required the computer to scan the input data every 3 milliseconds 

(ms). The 3 ms scan was needed to maintain one tenth of one percent 

resolution on a 5 second input (out of the 5 second pulse, 3 seconds of 

the pulse are used for full scale, 0% thru 100%, 3 seconds = 3000 ms 

.001 of 3000 ms = 3 ms). Using a 4 micro second computer, it would take 

longer than 3 ms to scan the inputs. If the computer's speed was in

creased to 2 micro seconds, more than 50% of the computer's time would 

be spent reading these inputs. A more efficient method of input to the 

computer was needed. An input system using the power of the 1800 com

puter's interrupt structure was developed called "Time Duration Tele

meter Input". 

Time Duration telemeter input is intended for use with time 

duration signals that have the characteristics of a starting time, an 

elapsed time, and a stopping time. Input to the computer is achieved 

through Process Interrupt words. One hardware timer is used to keep 

account of the elapsed times. If Time Sharing Executive software is 

used, one modification to the Timer Section is needed. This modification 

enables one timer to run continuously without requesting service. 

A signal that is sent from a transmitter is shown in Figure 9, 

Part A. Here we have a starting time (A), an elapsed time (X) and a 

stopping time (B). If the computer is interrupted at point (A) an in

terrupt servicing program can record the time of the interrupt using 
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FIGURE'. TYPICAL __ _ TRANSMITTER WITH TIMER PLUG ATTACHMENT RI4A AND SCALE PLATE REMOVED 

CODE TO FIGURE 7 
f. Locking Screw 13. Span Adjustment for Cam Follower 
2. Bear i ng Sc rew 14. Measuring Element 
3. Lifter Plate 15. Cam Fo 11 owe r 
ij. Fixed Arm 16. Mercury Switch 
5. Cam 17. Permanent Magnet 
6. fndicating Pointer 18. Vane-Arm Assembly 
7. Zero Adjustment for Cam Fo II owe r 19. Balance Cam 
8. Locking Screw 20. Bearing Screw 

o g. Span Adj ust.ment for Indicating Pointer 21. Lock i ng Sc rew 
10. Linearity Adjustment for Pointer 22. Trip-Plate Shaft 
II. Zero Adjustment for Indicating Pointer 23. Convenient outlet} Attachment RlijA 
12. Linearity Adjustment for Cam Fol lower 24. Timer Plug Optional 
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B = CI RCUIT OPEN (TIME OFF) 
C = CIRCUIT CLOSED (TIME ON 2) 

"'-'---.-YI -------.... 
t X, ~ r -zl-

A B c 

YI=TELEMETERED CAM TIME =5500 
XI = TELEMETERED ELAPSED TIME = 2750 
Z = ERROR IN ELAPSED TIME = 250 
Fx = CORRECTED ELAPSED TIME 

Fx _ XI 
5000- YI· 

Fx= 2500 

FIGURE 

Fx _ 2750 
5000- 5500 
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one of the hardware timers. This time is kept in an array for the input 

as Time On. The next sequence would be the loss of this signal, or Time' 

Off. Again the computer is interrupted at point (B) and a program records 

the time of the interrupt. By subtracting the Time On from Time Off an 

elapsed time is obtained and placed in an array as elapsed time. The 

final sequence for this particular input would be the second Time On or 

point (C). Again the program records the Time On as before, but now a 

new value is available, the total time required to send this signal. 

In te1emetering systems, such as the one used by Public Service, this 

value can be used as a correction factor. A transmitter sends one sign

al every 5 seconds or 5000 ms. In cold weather, the cam speed can slow 

down causing the total time required to send a value to increase. This 

would also cause the elapsed time to be longer, thus creating an error 

in the value sent. The total time required for the cam in the trans

mitter to make a complete revolution is 5000 ms. If the total time 

that was actually sent is recorded, ,a simple ratio can adjust the elaps

ed time to negate any error caused by the cam either ~~ing too slow or 

too fast. See Figure 9, P2rt B. 

The advantage of using this type of input system is that the 

computer is freed from scanning. Instead of scanning the inputs to deter

mine a status change, the input interrupts the computer only when the 

change has occurred. In the Public Service Company application 160 

values were input to the computer at an estimated overhead of only 10% 

of the computer's time. This can be compared to 100% of the computer 

time using digital input hardware. 

All of the, input variables are output on logs to technicians 

so that they can calibrate the transmitter to the computer. 

Ten P. I. S. W. words were wired to level zero of the computer, 

these are used for all Time On interrupts. Ten P. I. S. W. words were 

wired to level one of the computer; these are used for all Time Off 

interrupts. One signal line from a transmitter is fed into a type "c" 
relay creating an On and Off interrupt to the computer from the trans

mitter. 

2.2 DATA CHECKING 

Every 10, 15 or 30 seconds, ~ependent upon the desired operation 

set by the operator, a program will interrogate the data placed in the 

computer by the input program. This program will check each input point 

~C 
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fo~ any of nine error conditions. If an error is found in the data, a 

report will be made to the operator. 

Error Conditions: 

1. Off Scale - Below 0% or over 100% of scale. 

2. Back on Scale - Was Off Scale - now reading is valid. 

3. Rate of change is over limits - The present value compared 

to the last value is increasing or decreasing too rapidly. 

4. Out of Limits - Value is out of limit bounds that are 

pre-set. 

S. Back in Limits Value is now in pre-set bounds. 

6. Cam Speed Out of Limits Cam in transmitter is either 

too slow or too fast on each 360 degree revolution. 

7. Cam Speed back in Limits - Cam in transmitter is now 

operating satisfactorily. 

8. Circuit Out of Service - Input line is out. 

9. Circuit Back in Service - Input line is restored. 

An array of last good readings is maintained ,by this program 

and if an input is found off scale, its last good reading will not be 

changed. This gives the computer an estimating capability in the event 

that an input circuit is out of service. 

DATA PROCESSING 

Two types of inputs are processed by the 1800 computer, pressure 

and meter stations. Pressures are values on the system that are used 

for Control. A file is maintained for each pressure input and includes 

the following: 

1. Instant High - highest value telemetered. 

2. Instant Low - lowest value telemetered. 

3. Hour Average - last hour's average reading. 

4. Day Average 24 hour average reading. 

S. Scale Range - Range of input. 

6. Off Scale - Number of times reading was off scale for the 

day. 

Meter Station values include static pressure, differential 

pressure and flowing gas temperature. See Figure S. A file is maintained 

for each meter station and includes the following: 
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1. Instant high flow - highest flow calculated. 

2. 

3. 

Instant low flow - lowest flow calculated. 

Hour flow - Hour flow calculated for station. 

4. Day flow - Flow calculated for the day. 

5. Year High - Largest hour flow for the year (Peak Hour) 

6. Projected Hour - If the flow rate for this station remains 

constant, projected rate will be the hour load. 

7. Projected Day - If the flow rate for this station remains 

constant, projected rate will be the day load. 

Constants needed for information and calculation, such as 

orifice meter plate size, are also included in each statistical file. 

204 OPERATOR INQUIRY AND ENTRY 

Data such as gravity and plate size, needed for flow calculation, 

is input to the computer through the 1816 Keyboard typewriter. A program 

called "Key Board Monitor" enables the operator to queue up a function 

program from the keyboard by typing in the name for that program. Once 

the program has started execution, instructions such as the type and format 

of the data are typed out to the operator. The operator follows the 

instructions and enters the data the computer is expecting$ This minimizes 

data errors and leaves typewritten copy on what data was entered, by 

whom and when. A sample of the input of a plate change for a meter 

station is shown in Figure 10. 

The operator can callout any variable in the same manne·r, by 

typing in the program name for the function desired. 

This type of output has greatly simplified the training of the 

operators. 

2.5 GAS LOAD FORECASTING 

Each year statistics on the last 26 years of weather and gas 

loads are applied against a model. From this data, a linear equation is 

developed y = a - bx, where y = forcasted load; a = y intercept; b = slope 

or forecast load per degree (F) change in mean temperature, and x is 

the expected mean (F) temperature for the day" An equation is developed 

for each hour for the remaining hours of the day for all four companies 

along with industrial equations for the industrial loads. These equations 

are solved in the 1800 computer each hour and a report is typed out 

to the opera tor shmling the forecas ted load tha t is equal to the fore

cast for the remaining hours of the day plus the amount already purchased 

- -----.-.-----.. -.~~-
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07:39:20 
PLATE CHANGE 

FIGURE 10 

PLEASE TYPE 
EEM 

INPUT IS BY 
PLEAS E I N PUT 

YOUR 3 INITIALS, THEN DEPRESS -EOF-KEY 

EARL E. MC LAUGHLIN METHODS DEPT 
THE MNEMONIC FOR THE STATION YOU WISH TO CHANGE 

CHCK 
CHERRY CREEK 

RUN = 1 HAS A 3.00 INCH PLATE NOW 
DOYOU WISH TO CHANGE THE PLATE SIZE IN THIS RUN 

SWITCH TO ALPHA AND TYPE YES OR NO 
YES 

PLEASE INPUT THE NEW PLATE SIZE IN 4 DIGITS IN THIS FORMAT XX.XX 
04.25 

NEW PLATE SIZE ENTERED 4.25 IF CORRECT TYPE YES,IF NOT TYPE NO 

SWITCH TO ALPHA AND TYPE YES OR NO 

YES 
RUN = 2 

DOYOU WISH TO CHANGE THE PLATE SIZE 

S\t'J ITCH TO ALPHA AND TYPE YES OR NO 

NO 
RUN = 3 

DOYOU WISH TO CHANGE THE PLATE SIZE 

SWITCH TO ALPHA AND TYPE YES OR NO 

NO 
7:42: 4 KEYBOARD INPUT COMPLETED 

HAS A 
IN THIS 

HAS A 
IN THIS 

3.77 INCH PLATE NOW 
RUN 

3.77 INCH P LATE NOt'! 
RUN 

OPERATORS TYPING IS 
UNDERLINED - ALL OTHER 
IS COMPUTER OUTPUT 
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for all four companies. 

The output will also list the storage requirements and industrial 

curtailment needed to maintain gas purchase contracts. At the end of the 

day, a full report is made to the operator comparing the actual loads to 

the forecasted loads. 

2.6 DATA LOGGING 

System logs are typed out each hour showing flow totals, pres

sure readings, load forecasts and load projections for all systems con

trolled by the center. The format of the logs shows all of the variables 

that the computer used in calculating the flow rates. The logs are held 

pending for one hour to allow the operator time to correct the log if he 

disagrees with any of the computer data. ~f a correction is made, an 

amended log is typed out showing the computer's figure and the operator's 

correction. The only logs in use by the control center are the computer's 

output. 

System logs in a schematic format are also output to the operator. 

These logs show the pressures and flow rates on the system during peak 

conditions, and are a valuable tool for system analysis. 

At the end of each day, logs are output showing a summary of 

the center's operations for that day. 

2.7 CONTROL 

The intent of the control programs is to enable the 1800 computer 

to control the gas regulator stations delivery pressuies under normal 

operating conditions. No provisions were made in the programs to handle 

abnormal conditions such as electric outages, line breaks or equipment 

failures. 

The operators on duty should have control over the system pres

sures in the advent of any abnormalities, since their experience would 

be needed to make the correct decision as to what pressures need adjust-

mente 

Eight low pressure stations were put on computer control. Each 

station has a tail end pressure. This tail end pressure is located in 

the stations service area at the lowest pressure point. A minimum pres

sure limit is held at this tail end point (usually 3 Psig) by raising or 

lowering the station's output pressure. Each individual station has its 

own operating characteristics, due to the size of the area served and 

o 
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the type of load in that area. The eight low pressure stations were 

chosen to provide statistics for next year's planning. An expansion of 

the computer system is under study that would enable the computer to 

control all of the low pressure and intermediate pressure systems. 

Both the delivery and tail end pressures are input to the 

computer to give the programs the information needed to take control of 

the station. Using this information and a target set pressure at the 

tail end, five decisions bands are set up to determine what action is 

needed. See Figure 11. 

1. Target Pressure + .250 Psig = Band one. 

If the tail end pressure is above this band, the computer 

will issue a lower command that is one half of a second 

in length to the delivery station, providing the end 

pressure is below the delivery pressure. One-half 

second is equivalent to approximately .25 Psig at the 

s ta tiona 

2. Target Pressure -.250 Psig = Band two. 

3. 

If the tail end pressure is above this band and below 

band one, the computer will take no action. 

Target Pressure -.30 Psig = Band three. 

If the tail end pressure is above this band and below 

band two, the computer will issue a raise command that 

'is one half of a second in length or approximately .25 

Psig at the station. 

4. Target Pressure -.80 Psig= Band four. 

If the tail end pressure is above this band and below 

band three, the computer will issue a raise command 

that is one and a half seconds in length or approx

imately Q75 Psig at the station e 

5. Target Pressure -.80 Psig = Band five~ 

If the tail end pressure is below band four, the 

computer will issue a raise command that is two and one 

half seconds in length. If the tail end pressure is 

in band five, this could indicate a program or' equip

ment failure as the pressure should not be permitted to 

enter this area. In addition to the raise command, an 

error message will be printed on the 1816 typewriter. 
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3.0 PHYSICAL PLANNING 

0" Eigh t month's prior to the expec ted de 1 i very of the 1800 com-

o 

o 

puter system, engineering and programming efforts were initiated. Re

modeling of the present facilities along with designing and installing 

the input system were to be completed one month prior to shipment. The 

programming was done in four distinct phases with a test on each phase 

at the IBM Test Center at San Jose, California. At the Test Center, 

experienced IBM personnel assisted Public Service in testing of its 

system. On the fourth and last test, the complete system was tested 

as a unit. Upon the completion of the test , all of the operating 

programs were stored on the disk packs. When the Public Service 1800 

computer system was delivered in August of 1967, these same disk packs 

·were put on the system and Public Service was on Line e 
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4.0 FUTURE PLANNING 

At the start of the 1800 computer project, Public Service 

initiated a two phase program. Phase one would be to input 160 variables 

from the field to the computer, log hourly calculations to the operators, 

provide operation logs for the next year's statistical work and test 

computer control of a regulator station. At the completion of this 

phase, the computer is doing much more for the control center than was 

first plannedo Eight stations are being controlled in the field instead 

of one test station. Engineering logs are being output showing the 

gas system's operation during peak periods. Operator entry has ex

panded to give the operator access to all of the computer's data, using 

a method that does not require the operator to be a computer expert. 

With the successful completion of Phase one, planning is now 

under way to initiate phase two. Phase two would expand the computer's 

input c~pability from 160 inputs up to 256 inputs. This expansion 

would allow all of the center's values to be in the computer. Output 

would expand to enable the computer to control all of the low pressure 

s~ations along with the intermediate pressure stations. This would 

require 100 output points. Both core and disk storage need to be in

creased to allow room for additional programs. 

o 
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5.0 COMPUTER OUTPUT 

The following four pages are output logs from the computer. 

Page one is the hourly system log showing all of the variables 

and contracts for the four companies controlled by the Center. 

gmpnrlW" g II n[ - "lampe t m_ - .. I 

Page two and three are engineering logs that were logged during 

the systems peak period o These logs show flow rates and instant pres

sures in a schematic format. 

Page four consists of system error reports to the operator, 

gas load forecast and gas load projection called out by the operator. 
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TU~SnAY NOVEMBER 7 1967 311 
~AS LOAD CONTROL DENVER HOURLY LOADS, AND rONTRACT DEMAND SYSTEMS OPERATION 

MCF AT 14.65 PSIA 
CONTRACTS

BEST DECISION-
DENVER G-1(375000.) 
DENVER G-1(372300.) 

WSGE P-1(139000.) CHF~FNNE P-1(46500.) 
WS~E P-1(139000.) CHEYENNE P-1(46900~i 

PUEBLO G-1(53500.) 
PUEBLO G-1(55100.) 

(CORR) 
COMP 
DIFF 

DEN G1 
18704. 
18704. 

O. 

WSEP1 
6147. 
6147. 

O. 

CHYP1 
1400. 
1400. 

o. 

PBLGI 
2219. 
2219. 

O. 

TOTAL HOUR LOADS 
LEYIN LEYOUT C + P "ENDIV NCOlD DFNTOT PWPTS 

O. O. 872. 19576. 5275. 20447. 1743. 
O. O. 872. 19576. 5275. 20447. 1743. 
O. O. O. O. O. O. O. 

ACCUMULATED LOADS FROM MIDNI~HT 
(CORR) 128438. 50531. 8617. 13931. 11633. O. 14662. 131467. 35869. 148781. 20343. 

COMP 128438. 50531. 8617. 13931. 7603. O. 14662. 135497. 35869. 148781. 20343. 
DIFF O. O. O. O. -4030. O. O. 4030. O. O. O. 

FOOT MAPE MAPW 
O. 1469. O. 

79.11952. 16. 

AVERAGE PER HOUR TO PFAK. MESA HR NORF HR GRLY HR NORF PR .• 
696.5 15241. 5529. 2392. 2573. O. O. O. 4278. 282. 1587. 

DENVER HOURLY STATION DATA NU~RFR OF rALCULATIONS 13. 
STAT. GAS AVG AVG AVr, AVG AVr- COMPUTER (CORRF.CTED) ACCUM 

(GRAV) PRESS 
HAMP 0.656 147. 

CHCK 0.666 150. 

~lTB 0.656 142. 

ARSE 0.656 238. 
SIXT 0.656 145. 

ARAP 0.656 102. 
API L 0.656 102. 

CHER 0.656 140. 
CPI L 0.656 45. 

ZUNI 0.656 66. 
ZPI L 0.656 21. 

LEYI 0.683. 233. 
LEYO 0.683 233. 

CARR 0.688 486. 
PLAT 0.688 158. 

(ESTIMATED 
LOAD FORECAST 

TEMP HI H2 H3 H4 H5 41MCF H2MCF H3MCF ~4MrF w5MCF HOUR ACCUM 
39.5 22.5 26.0 23.6 24.1 23.8 1972. 2118. 2022. 2043. 2027. 12207. 84565. 

23.7 2023. 

60.0 0.0 0.0 0.0 

43.0 25.5 21.9 21.2 19.8 

44.0 10.8 
34.0 20.4 

51.0 32.2 
50.0 0.0 

47.0 0.4 
42.0 56.8 

56.0 42.8 
57.0 17.9 

29.0 0.0 
36.0 0.0 

57.0 13.5 
46.0 0.0 

0.0 0.0 17.2 

0.0 0.0 

0.0 17.3 

0.0 
0.0 

o. O. o. 

1825. 1691. 1665. 1608. 

54. 123. 
403. 403. 403. 

836. O. O. O. 
O. 

38. O. O. 
130. 

712. O. O. 
27. 

O. o. 
o. O. 

472. 400. O. 
O. o. O. 

o. O. 

6791. 53836. 

177. 1489. 
1272. 8891. 

836. 6353. 
O. 22. 

836. 6375. 
38. 7567. 

130. 718. 
168. 8285. 

712. 5461. 
27. 216. 
739. 5683. 

O. 7603. 
O. O. 

872. 14655. 
O. 7. 

MEAN TEMPS. REMAINDER OF DAY) 
*MMCF AT 14.65 PSIA* 

DEN/NO COLO 41. CHFY 34. PUF.BLO 41. 
TOTAL LOAD EST 

EST EST LOG -EST + OR - MINUS CARR+ 
FIRM IND ACCUM CURT (SY.X) TOTAL BEST DECISION PLAT 

DENVER nlVISION 163.2 45.4 131.4 0.0 12.0 352.1 
DENVER G-1 128.4 349.0 -20.1 

HOUR 
12207. 

O. 

6791. 

177. 
1272. 

836. 
O. 

836. 
38. 

130. 
168. 

712. 
27. 
739. 
o. 
O. 

872. 
O. 

r.ARR+ 
PLAT 
ACCUM 

NORTHERN COLO 41.3 17.5 35.8 0.0 8.0 102.8 21.4 14.6 
WEST SLOPE P-1 50.5 
CHEYENNE 22.5 3.9 8.6 
PUEBLO 18.2 6.6 13.9 
LIPAN AIR TEMP 35.0 CHEYENNE AIR TEMP 36.6 
( )-MANUAL INPUT 

117.5 
0.0 -85.0 -49.8 
0.0 -45.0 -6.2 
PUEBLO AIR TEMP 24.9 

-21.4 
-96.7 
-61. 3 

FT. COLLINS AIR TEMP 30.2 

ACCUM DIFF 
84565. O. 

O. O. 

53836. O. 

1489. O. 
8891. O. 

6353. o. 
22. o. 

6375. O. 
7567. O. 

718. O. 
8285. O. 

5467. O. 
216. O. 
5683.. O. 

11633. -4030. 
O. O. 

14655. o. 
7. o. 

CIG CIG 
EST ACCUM 
LOAD LOAD 
398.8 189.8 

TUESDAY NOVEMBER 7 1967 3.11 
8:00 MST 

() o ______ (2_. 
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OPERATIONS ENGINEERING REPORT 
TOTAL DENVER LOAD AT 14.65 PSI~ RAsr 

G-l 19354. + PLANTS 1888. + LEYOUT u. - LEYIN O. CARR-PLATTE 802. TOTAL 22044.MCF 
PS-1 GRANTED O. IS-2 GRANTED O. 

LIPAN AIR TEMP = 36.6 DEG.F. COINCIDENCE =14.0% 
TOTAL DENVER CURTAI LABLE LOAD (41.0) DFG. r.1FAN TEMP. O.MCF 
TOTAL DENVER CURTAILMENT LOAD (41.0) DEG. MEAN TEMP. 10182.MCF 
F-S = O. F.-S = O. D-S . O. 24G-S O. r-s = O. TOTAL = 10182.MCF 

* 
LEYDEN MINE P 88TH rARR F-161 88TH PLATTE 

-P-----------------R-R---------------+-+---------------+--+-----------PR-------------------------PR*-
I INJ. O.MCF IR 802.MCF 
I WITHD. O.MCF I 515.1 
I I F-340A 
P F-358 I 87.1 
1 85.* 1 F-340B 
I 1 89.1 
I I 
I I 
I 1 
1 I 
I 1 74.INORTH 
+-------------------P F-210 
I R 58.ISOUTH 
1 P 
I I 
I I 
I +---------P F-2 
I 52.1 
I 
I 
I 
I 
1 
1 
1 
+---------+ 

I 
I 
I F-362, 
*RP-------+ 

I 
I 
I 
I 
I 
+---p 

+-+ 

O.MCF 1 ARAPAHOE 

+--+ 
I 
I 

F-l71 I 

107.* 

80.* I CHEROKEE 

O.MCF 
158.1 

F-402 P R*P 131.MCF 
1578.MCF RP---+ I 142.1 F-80 

39.MCF W-E I I F-392 ARSENAL 
122.# W 126.*F +---------+---------------R*P---------------R*P 

ZUNI 
721.~CF 

68.* 

STA 11 
68.1 

NORTH TB RR 179.MCF I 
143.1 I CITY 242.1 I 

6479.MCF I 97.' I 
+--+----------+ I 

+-----+--+ 

+-------+-+ 

*P-----+ 
I I 
I I 
I I 
P +-------+-+ 

+---+ 

I 
I 
1 
I 

F-3 P---I 
96.11 

I 
R*P 

F-308 
6TH AVE 

l083.MCF 
145.1 

83.IW 1 *P 1036.MCF +------------+ 
L. P. STATIONS I 1 103.1 +-P YALEJCT. 

F-248 
100.'EXP. 
134.IYALE 

STA. 
2 
7 
23 
76 

F-4 
F-7 
F-191 
F-230 
F-269 

DEL. 
4.8 

46.4 
0.0 
6.3 
0.0 
6.7 
0.0 
7.8 
0.0 

END 
3.0 

23.2 
0.0 
3.1 
0.0 
4.5 
0.0 
2.8 
0.0 

P----------------+-----------------------------------~----------RRP 
JEWELL-WADSWORTH 1 

I 87.1 I 
I F-12 R 
+----------------------------PR-----------------------------------P* HAMPDEN 
I 112.1 I 11613.MCF 
I ************ I 148.1 
I * * I 
I * *=MTR STA* 1 
+---+ * R=REG. * I 

1 * P=PRESS. * I 
P F-407 * #=PSIG. * +-----+ 

89.1 * * I 
************ CHERRY CREEK R*P 

6.MCF 
0.1 . 

TU~SOAY NOVEMBER 7 1967 311 
TIME 8:12: 6 
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()PEr~AT I JoiS Ei'lG IIJEE;{ IljG R~P0RT 
lO~OS AT 14.65 P31~. 

AESTERN SLOPE GAS EASTFn~ 0IVI~ION 

iWhFOlK 
R*P 253.:H~F 

I 640.# 
I 
I 
I 

+----+ 
I 
I 
P 

lAPOi1TE 
!~86.i FT COLLI ~!S 

+---P NO. 30~.# 
I 
PIP. iJ2.11 
I 

***lEGE~m*** 

* * 
* *=;lTR :>Tfl* 
* P= PRESS * 
* H=REG. * 
* H=P,:jIG. * 
* * 
************ 

+---P SO. 254.11 
I G~EELEY 

I A I R Tl-1 P • 2 ~ • 5 
I 
I 
I 
I PS-l GRANTEJ 
I 1:>-2 GRAnTED 

R*P 
15~7.~CF I 407.# 

o .:,1CF 
·O.lqr.F 

P--------+-+-+ 
BOULDER +-+ I 

345.* +----+ 

+---+ 
+--------+ I 
I I + - - - + 8 3 G • # ( 10 I rH~ q ) 
I +---+ I 
I I I 
I I +-------+ 
I +-------+ I 
I I I 
I I +------+ 
I 590.'(16 INCH)+------+ t 
I I I 

CARR P 471.# PLATTE I +--+ 
*R R*P +--+ I 
R. 1062.t4CF O.r.it::F I +--P 321. i 

LEYJEN *---+ 158.* +----P 428S.MCF 
O.MCF IN P*R MESA 
o .!-iCF OUT EST l1E/\'N TEr',1P 41. 0 

P-1 6135. C-P 1062. NO COL 5073. LEYliJ o. 

RATE CURTAllABlE CURT,'\llEO 
S-f,!C O. ~·'CF o .MCF 
I-NC o .t·1CF o .MCF 
E-NC O.Mr,F O. ~1CF 
TOTAL O. i'" CF o • r.-1r,F 

() 

CHEYENNE 1I GUT FUE l Pu.iEi{ CO. 

FRONTt Ei{ 
+--------R*P 
I 76.1J\CF 
I 40. t 

CHEY I.P. I 
119.* I 

+--------P--------+ P-l 1205 .,liCF 
I 
I FRONTfER 7ti.MCF , 
I PS-1 GRANTED O.i'1CF 
I 

Fl*P 
TEilRY 

451. tI 
245.i·tr,F 

15-2 GRANTED O.ACF 

RATE CURTAllABlE CURTAllEu 

E-S u .i·1CF (j .1·4CF 

EST. MEAN TEMP 31.2 
R*P 

STATElI tJE 
9IlO.liCF 
420.* 

AIR TEMP 35.7 

PUEBLO GAS AND FUEL CO. 

uEVI NE 
PR------------R*P------------------------RP 

843.r·ICF I BOONE 
321.# I 117.1 

I 
G-1 2244.MCF SCP580.MCF 

PS-1 GRANTED O. 

'~-2 GRA~TEO O. 
~ATE CURTAllABLE CURTAILED 
F-S O.MCF O.MCF 

SO COLO POJER 
R*P 

580.MCF I 33.1 

E-S 

D-S 

C-S 
+---------+ 

I TOTAL 
R*P 

so TO~IN BORDER 
139.1 

1401.MCF 

) MANUAL HOURLY ENTRY 

O.MCF 

O.MCF 

O.MCF 

O.'-1CF 

o .I\",CF 

o .i4CF 

O.MCF U.MCF 
EST HEAN TEMP 41.0 

AIR TEMP 24.1 

TUESDAY NOVEMBER 7 1967 311 
TIME 7:32:37 

(,) 



§ 
\ 

TIME IS 
TIME IS 
TIME IS 

o 

7:43: 2 
7: 43: 7 
7:43:16 

~ 

ALAMOSA HIGH PRESSURE 
CHEYENNE INTERMEDIATE PRESSURE 
F -210 INTERMEDIATE PRESSURE NORTH 

OUT OF LIMITS 160.8 
OUT OF LIMITS 124.1 

NOW BACK IN LIMITS 69.7 

(ESTIMATED MEAN TEMPS. REMAINDER OF DAY) DEN/NO COLO 41. CHEY 34. PUE~LO 41. 
LOAD FORECAST *MMCF AT 14.65 PSIA* TOTAL LOAD EST 

DENVER DIVISION 
DENVER G-l 
NORTHERN COLO 
WEST SLOPE P-l 
CHEYENNE 
PUEBLO 

EST EST LOG -EST + OR - MINUS CARR+ 
FIRM INO ACCUM CURT (SY.X) TOTAL BEST DECISION PLAT 
176.3 48.2 111.8 0.0 10.0 346.4 

109.7 344.2 -25.8 
44.0 18.6 30.5 0.0 10.0 103.2 21.9 

44.3 117.0 -21.9 
24.2 4.1 7.2 0.0 -12.0 23.6 -23.2 
19.7 7.0 11.7 0.0 -4.0 34.4 -20.6 

LI PAN AIR TEMP 28.9 CHEYENNE AIR TEMP 31.2 PUERLO AIR TEMP 13.3 FT. COLLINS AIR TEMP 23.6 
LOAD PROJECTION AT 7:44:42 MST 

DENVER G-1 CARR PLATTE WSGE LEYDEN IN LEYDEN OUT CHEYENNE FRONTIER PUEBLO SCP 
HOUR PROJECTION 

18997. 1118. 

425291. 34421. 

T I ME IS 
TIME IS 
T I ME IS 
TIME IS 

TIME IS 
TIME IS 
TIME IS 
T t ME IS 
TIME IS 

7:46: 3 
7:46: 4 
7:46: 9 
7:46:21 

7:46:32 
7:46:34 
7:46:41 
7:46:41 
7:46:44 

o. 6141. o. O. 
DAY PROJECTION 

7. 147725. 7603. o. 

ALAMOSA 
ANTONITA 
CHEYENNE 
CHEYENNE 

HIGH PRESSURE 
HIGH PRESSURE 
I NTERMED I AT( PRESSURE 
STATIC PRESSURE 

NORFOLK GAS TEMPERATURE 
TERRY ROAD STATIC PRESSURE 
NORFOLK GAS TEMPERATURE 
TERRY ROAD STATIC PRESSURE 
CHEYENNE NUMBER ONE DIFFERENTIAL 

1316. 

28149. 

2250. 580. 75. 

1783. 49802. 13942. 

OUT OF LIMITS 158.4 
OUT OF LIMITS 169.5 

NOW BACK IN LIMITS 108.6 
OUT OF LIMITS 420.0 

RATE OF CHG IS OVER LIMITS 
OFF SCALE 
nO"J ON SCALE 
N 0\11 0 N S CA L E 

CIRCUIT OUT OF SERVICE 

CARR+ 
PLAT 
ACCUM 

13.7 

o 

CIG CIG 
FST ACCU~ 
LOAD LOAD 
507.7 161..4 



THE CATALYTIC CONSTRUCTION COo 
1528 Walnut Sto Phi lao Pao 19102 

A Program for Making a Non~Linear Regression 
Analysis with up to Three Independent.Variables 

By ToEo Bridge 

~. 1..-; 7¥ 
(0/ 

This program will be very useful for curve fittingo" It will develop 
coefficients for calculating a dependent variable (or function) when up to three 
independent variables (arguments) are specifiedo There are nine options available 
involving various combinations of polynomial D logarithmic D or reciprocal relation
ships between the variables o It was designed for system 360 Model 30 = 32K with 
2 disk drives o ' 

This program will also be useful if you need to correlate a large mass of 
test or operating datao 

Four numbers and a title are read by the machine on the first card (4I2~18A4) 
NI, N2, N3 g N4 g title~ 

Nl specifies the degree of the fit for the first argument~ N2 for the second, 
and N3 for the third~ 

N 

o 

I 

2 

3 

4 

Type of Fit 

Is not perrnitteo o 

Calls for a constant or average value for the 
function not influenced by the argument o 

Calls for a linear fito The machine will find a straight 
line that gives a minimum root mean square erroro 

Calls for a parabolic fito The machine will find a 
quadratic equation to give a minimum RMS error 0 

The machine will fina a cubic equation to 
give a minimum RMS erroro 

Any positive whole number or combination of numbers may be entered for Nl~ 
N2, or N3 p so long as their product does not exceed 100 0 

You must enter a total number of data cards greater than the product of Nl x 
N2 x N30 The more the bettero 

N4 may be any digit 1 through 9 0 It specifies the option that is desired -
or whether you want to try for a smooth fit on a graph with linear or logrithmic 

scale's, or' a semilogrithmic graphS) or even on a graph with a reciprocal scaleo 

Let Y represent the function 9 and liet Xlv X2 D and X3 represent three arguments 
fitted to a degree specified by N1!.j) N29 and N3 respectivelyo ThenS) the following C,"; 
table wil19 for each option specified by N4D show the type of graph that 1s assumed ~ 
by the programo 
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Regression Analysis Program 

N4 Polynomi~l Logrithmic Reciprocal 

I YDXI"X2"X3 
2 XI!)X2j)X3 Y 
3 X2!)X3 Y"XI 
4 X3 Yg XI"X2 
5 Yj)Xlj)X2,X3 
6 Y"X2j)X3 Xl 
7 Y"X3 Xl,X2 
8 y Xl"X2"X3 
9 XI"X2"X3 Y 

Enter any desired symbol in columns 76~80 of the title card. The correlation 
coefficients (the answers) will be punched out by the machine ready for insertion 
in a Fortran program decko Each coefficient will be indentified by the symbol 
entered in columns 76-80 of the title card. It is then a simple matter to write 
a Fortran program to quickly calculate the function from any given set of the 
arguments. A subroutine (TB$PLY) should be put in your relocatable library for 
doing this o 

C in the above call statement must be replaced by whatever symbol you put 
in columns 76-80 of the title card. Y is the answer or function, and Xl" X2" 
X3 are arguments corresponding to the fit parameters NI, N2" and N3 respectivelyo 

Data follows immediately behind the title cardo Each card (or row on the 
data sheet) will include four numbers in order =- Y"XI"X2"X30 (4FIO o 3"IS) 

The problem is terminated if a digit is read in columns 41~4S. If a zero 
(or blank) is entered for Xl" X2" or X3j) the program will enter the preceeding 
value for that argument. Therefore" if you want to enter a real zero" enter 
some very small number close to itD asp for example -- 00000001. Of course" if 
you are making a logrithmic fit" you must not enter a negative value for the 
variable 0 

Explanation of the Program 

I think that my explanation of this program will be a lot simpler if I 
talk about a specific formula rather than about a generalized oneo Consider 
the following formula~ 

Y = Ca + Cb Xa + Cc Xa 2 + Cd Xb -+ Ce Xb "a + Cf Xb X a2 

In the above equation!) we are mak1ng ~ 3 point fit with respect to Xa and a 
2 point fit with respect to Xb. That is; if we hold Xb constant" Y will plot as 
a parabola against Xa; and if we hold Xa constant!) Y will plot as a straight line 
against Xb. We will read from a family of curves a value of Y for each of many 
different values of Xa and Xb o Our program is to find values for Call Cb" CC II Cd, 
Ce" and Cf that will best fit the data that we give o Let Yg be the given value 
of Y for any point corresponding to Xa and Xb o Let E be the sum of the square of 
all of the errors for N given pointso 

2. 
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Regression Analysis Program 3. 

E = r (Y_Yg)2 

Differentiate with respect to Ca. Since we are looking for a minimum value 
of E, this derivative may be made equal to zero. 

dE/dCa = 2., (Y-Yg)dY/dCa = O. 

but dY/dCa '" 1 therefore 

2 I Ca + 1: Cb Xa.· •.. [ Cc Xa + I Cd Xb + L Ce Xa Xb + r Cf Xa2 Xb = I Yg 

Similarly if we differentiate with respect to Cb, we can write another 
equation: 

dEl dCb = 2tCY - Y~;) 4 <IY / deb = 0 

but dY /dCt = Xa ,therefore: [ Y Xa = r·Yg Xa 

I Ca Xa + L Cb Xa2 + L Cc Xa3 
+ L Cd Xb Xa + L Ce Xb Xa2 + [ Cf Xb Xa3 = I Yg Xa 

In this way, we can write 6 equations. Let s put them in Matrix f·:)rm. The 
unknowns are Ca, Ch, Cc, Cd, ee, and Cf 

Note that L(l) = N 

N L Xa 2 Xa2 L Xb 2: XbXa L Xb Xa2 =I Yg 

I Xa I Xa
2 L Xa

3 L xt Xa I Xb Xa2 , Xb 
L0- Xa3 =I Xa Yg 

r Xa
2 I Xa 

3 I Xa
tt L Xb Xa2 L Xb Xa3 L Xb Xa4 =L Xa

2 Yg 

L Xb I Xb Xa I Xb Xa2 L Xb
2 L Xb 2Xa L Xb LXa

2 =[ Xb Yg 

I Xb Xa L Xb Xa2 I Xb Xa3 L Xb
2

Xa 2: Xb 2Xa
2 L Xb

2
Xa

3 =I Xb Xa Yg 

I Xb Xa2 I Xb Xa3 L Xb Xa4 L Xb 2Xa2 I Xb 2Xa
3 '\ Xb 2Xa4 

I- =LXb Xa2 Yg 

As we read in the data (in an array called X) we will calculate each term in 
the first equation and put in an array called U. 

The data read on each card is stored in file 11 so that it can be rc-read" 
after completing the analysis. At that time:. we will calculate a value Y and 
compare it with the given value to see if we have a fit. Any positive number 
in columns 41-44 of a data card will signal the end of data. 

Each column of the matrix is stored as a record in file 13. At the beginning, 
we have to zero the matrix. This is done in statement 44, 

Immediately after we read each card, we must increment every term in the 
matrix as follows: 

~O : 

1'O, 
~~);/ 

1''1 
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Regression Analysis Program 

Do 9 M=l,NP 
Read(13'M) (T(K),K-l,N) 
O~ 10 L=l,N 

10 T(L)=T(L)+U(L)*U(M) 
9 Write(13'M)(T(K),fol,N) 

Now, all we have to do, is to solve for the coefficients Ca, Cb, ec, etc. 
These answers are punched on cards in a Fortran format so that they can be put 
right into your Fortran source deck to initialize your array. A symbol name was 
picked up ~~ columns 77-80 on the title card, You need only write a dimension 
statement to reserve space for the array. 

If you put the subroutine TB$PLY in your relocatable library, you are all 
set to use it in any fortran program. 

Table 1 is a listing of the main program TB$RA and the subroutine 
TB$PLY that expands the polynomial to fit the curve. 

Table 2 is an example of a regression that was made for the curves of 
figure 1 • 

The end of program TB$RA (starting with statement 41) shows how you 
would use the program. This statement rereads all of the data from file 11 
and then makes a comparison between the given and calculated values for Y • 

4. 
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Il\.B.L£l LISTING OF PROGRAM FOR REGRESSION ANALYSIS 

---~~I~:$~T Al 
_ _ .. .-0. __ .•..•.•••. ' __ • __ ._ .• 0. _____ .J)1lCll.._ .. _. 

.. _._ . .P.HASE . TB$RA01, S 
II EXEC FORTRAN 
C 
C MULTIPLE REGRESSION 

.... c. __ ............... ..:. ............... .. 
PRUGRAM BY TEB 196'1 

0002 
.0003 
0004 

.. 00.05. 
OOOA 

. ... 0.0.0.7 
C SAMPLE TITLE CARD ASSUMING 4 TERMS IN EQUATION FOR Xl , 3 FOR OOOR 

0009 
OOIn. 
aOll 

.1: X2 ,AND 2 FUR Xl. 
C 
c 040302Cl TEST PROBLEM 1-23-61 y VS Xl X2 X3 
c 
.c. .I_HE .04 IS CALLED Nl, 'jj [S CALLED NLt 02 IS. CALLEU.J13 
C N4 IS A VARIABLE GIVI~G ONE OF N[~E OPTIONS. IF N4 IS 
C. 1 WI HA\tE A STRAIGHT POlYNOI-1IAl OPTION 
C 2 W~ HAV~ A SEMI LOG UPfIUN. LOG OF Y UNlY 
C . 3 WE HA VEL 0 G 0 r Y AND Xl ONL Y 

0012 
t..AND .. Ol .IS _0013 

0014 
0015 
0016 

C 4 WE HAVE LINEAl{ WITH RESPECT TO X3 ONLY, LOG OF OIHER VARIABLES 
.0011 
OOl~ 

... _£ ...... _ .~ .... 2._ .. w..C . HA .. V.E LUG OF ALL V 1\1{ I A Bl ES 
~ 6 WE HAVE LGG o~ Xl ONLY 
C 7 . WE HAVE LOG OF XI, .Ai\iD X2 ONLY 
C 8 WE HAVE LeG OF Xl, X2 , ANU (3 ONLY 
C 9 wE HAVE THt: RE:CIPRUCAL LF Y ,AND LINEAR WITd ALL OTHERS. 
c 
C.. .Stu'1.PLE D.AIA CAHD. USE FIELDS Uf TEN ..cOLUMNS£AC1:L ...... _. 
c 

~ ·~~.1 Xl 
3.9 

X2 
.42 

X3 
4. 

c 
C IF AN ARGU~ENT [S bLANK THE PRECEEOING VALUf WILL BE USED. 
.~ ____ .... _ .. THEREFURE~ DO !~OT USE A TRUE ZERO. ANY VERY S.MALL NU~.B.E& wILL .. DQ ... 
C 
C USE A lAIL CAKD wITH A 1 IN COLUMN 41. 
C 
C 
C WE READ DATA AND BuILD jl<i6.TRIX 
C .. 

DOUBL~ PRECISION T(lOO), U(100) , F, G 
COMMO!'..! NIt N2, N3, N4, N, NP, SYM 
DIMENSIO~ X(4,2), U(100) 
EQUIVALENCE (f~123 , N) 
DEFINE FILE 11(1200,51,U,IN) ,13(800,200,U,IN3) 

.. l.U2oEilRMAI ( .1Hl, 413,2X, 18A4) 
101 FORMAT ( 1He, 413, 2X, 17A4 ) 

. __ .1.QO .. FURMAT ( 412, 18A4 ) 
33 READ (1,100) NI, ~2, N3, N4, (U(K), K = 1,18 ) 

.SYM = U ( 18) 
00 35 K = l,d 

_, ___ .. ,._35_ . .lC.1. K, 1 1 -= 1. 
WRITE (2,101) N1, ~2t N3, N4, (U(K) , K = 1,11) 

. WRITE (3,102) Nl,N2,N3,N4,(U(K) , K= 1,18) 
Nl23 -= Nl * N2* Nl o NP = hi123 So I 

C lERO THE MATRIX 

. Q01.~ .. 
0020 
.0021 
002? 
0023 
002'+ 

0027 
0023 
002Q 
003~ 

0031 
_ .. 0032 

0031 

0035 
0036. 
0037 
0038 
003Q 
004~ 

0041 
0047 
0043 

..... _ ....... OO.lt4.. 
004~ 
0046 
0047 
004R 
004 Q 

.,OO .. 5.·~ 
0051 
0052 . 
005~ 

0054 
005'1 

4/1 



. ___ ~ ____ ._ _ __ 9g_..__~_J5 __ ~ ___ l, NI23 
8 T (K) = O. 

00 44 K = 1,NP 
--·------44--·-·WR fTE---'-r 13 • K ) , T ( t) , l :: 1, N ) 

1 = 1 ---_._-_ .. __ . __ .. _ .. __ .- - . __ ._-- _ .. ----._-_._-_ ... -

J=--Z 
IN = 1 

______ • ____ ."_._ •• ____ " •• ______ • --"-"-" __ • __ 0 

GO TO 36 
__ ._ .... _. __ ._.} ___ ~H~IIJ~J,~_~_'. I ~~) I 'f t (X (KtJ) ,K = It 4 1 ....... ",. 

GO TO (11t12t13tI4,15,16,17~18,19), N4 
1 9 __ ~ __ ( ~_-' J t~ 1 • / X ( 4, J ) 

GO TO 11 
..__. _ .. JJ! ' .. ~J~, J ) . = t\ L G G ( X ( 3, J ) ) 

17 X(2,J) = AlOG(X(2,J» 
16 X(l,J) = ALOG(X(l,J» ,,"" ,,,_ ...... -_. ,.- " GO t 6·· i't 

___ .. ___ . __ . __ .. ~ 5 X (.3. J) -
14 X(2,J) .:: 
13 .. xt!,~J =_ 
12 X(4,J) = 
11 CONTINUt 

K = 0 

ALOG( X(J,J) 
A.lOG( X(Z,J») 
ALOG( X(l,J» 
AlUG(X(4,Jl) 

CALCULATE THE FIRST R{JW IN THe t-ilATRlX .- -- .--- ._--_ .. _---_. __ . -_.--_ .... _._ ..... -- . 

C = 1. 
[N U 

--_._---------------------------_._--------------

. _____________ ,, ______________________ .. ____ 0...0 Sf,_. __ 
005"'7 

.-.. -.- ... -- ........ -.-.-------.--.----.--,,-.... Q~.-, .. --: 
0\.1:1 

. ________ Q"06J'-___ 
0061 

_ _ _ ... _______ . _______ .. _____ 0062 _ 
006'3 

, .......... " .. _ ........ _ ......... _" .... ~, .. __ '."" ___ "'_ ... _" .. _. " .. __ ........ ,,' .. ______ Q_9~~_~~ ......... _ . 
006'5 

_0_Q_Q6 
0067 
OQ~_R 

0069 
.... _ ..... Q.QI':' 

0071 
001? 
0071 

_____ ______ _____ 007 / .. 
007') 

____ . __ ..... _ ...... _ .. _. __ . . .... _ ._. , .... 9._QJ.~. 
0077 
OQ78 
007Q 

PO .. 7 NC= l,N3 008" 
B = 1. 008' 

. ____ .. ____ .. _-.!~.P. __ 2N B= 1, N 2 "" .. ,_ ' __ "'_' _.OJUt' 
A = 1. 0081 

---- ~O =-? K !\;:= 1 1, i\j 1 gO!. 
___ __!JJJ~J _ ~_A*B*C 0086 

5 A = A* X(l,J) 0087 _____ ... , , ... ~ __ .~ .. _= __ !? ____ ,_~ .. ~ (.2.., J) ._._ .. _ ... _ ....... ___ ,'._ ..... __ ._._. __ .... _... ___ .. _OQ8,~ 
7 C = C * X(3,J) 008~ 

_______ .. _ _ ___ Jl1_K~_lJ= Al 4, J ) 009 (' 
CALCULATE UPDATED ~ATRIX 009 1 

____ , __ .1)09 __ t-~j .:: 1, N P 009" 
REA 0 ( 13'~!) ( T ( K), K = 1 t N ) 00 9 ~ 

._._ .. _ .. _____ . _______ DO __ 1Q ___ 1. .... = . .l, I'J ____ .. _ _ ___ .. _____ ._._ ....... __ ._._ ..... ,_., Q094 ... 
10 T(L) = T(l) & ~(L) * U(M) 009~ 

_____________ 2.._W..RIIE ___ 113'M) (T(K) t K = 1,1'i) 009~ 

K = I 009 7 

_____ ___ _ __ __ l __ ~ __ J__ 00 9 Q 

J = K 0091') 
._. __ ... ____ J6 .. JtEAD _J .. ll.,lQ_4J X ( 4 t J _), x« 1 ,J} .t .. ,}<.12 LJ.L _ .. ~J 3,.Jl .• _.11 _ ..... __ ..... ___ . ___ ... __ ... . _____ .. O~Q_~. ___ .,.,_" 

104 FORMAl ( 4FIO.3 , IS ) 010' 
_____ CHEGJ~__.f_OR _____ l EHOARGUMENT S ..0..1.02 

00 1 K = 1,3 0101 
__________ ll..llttJ(,Jl) 1,2, 1-____ JllO_4 __ _ 

2 X(~,J) = X(K,l) 010~ 
1 CONT I i\.UE _. ' .. , -' .. ,_ _ ... _ .. , .. ___ . __ . ___ ... __ ._ ... JlJjl~ ... , .... 

··"·---CH ECKF off-'~fA -I L C Jj, R DOlO 1 
_________ _____If. (J T) 3, 3, It _____ ()_lJHt 

~ __ ~_~ ~_T E_ (11' IN) I T___ ~O. °
1

" ". ~1'" 
THE FOLLOWING IS GIVEN TO HELP YOU UNDERSTAND THIS PROGRAM. CAN YOU ~ 

C -.--- --._----
c 
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C SOLVE N SIMULTANEOUS EQUATIONS WITH ONLY 
C--NP -~--N&--t 1 FORTRAN STATEMENTS 011~ ,---- -----.-----.. -- ·-·---~--'·-.. --·-··--·-'--·----O·i~l j ' .... 

C DO 1 K :: l,N 0114 ---C '-O-'F--";;;---fTi<-~k) - _ ..... -.. _ .. -'.'''-- -------.---.-------... -" .. --..... - 0 f"i-c;-'-'--
C DO 1 J :: K,NP 

._- C. ---- -fTK , J) ::::- T ( K., J) I f 

C 00 1 I :: 1 , N 
t l' fF ( f.-NE. K t T ( I, J) = T ( 1 ,J) - T (K, J) * T ( I ,K ) 
C SOLVE THE SIMULTAN[O~S FQUATIONS 

c 

"o-cf"'zl---K = 1, N 
READ(13'K) (Oll) , l = l,N) 
F = -t(K) 
Kl :: h_ '& 1 
6u 21 J = Kl , NP 
R E J\ r) , 13 • J) ( T ( l) , l -= 

. T ( K -). = T ( K) I f 
G = TIK) 
DO 22 I = 1,N 
IF (I-K) 23,22,23 

23 ·t ( t ) =--t ( I) - 0 ( I) * lj 

22 CONTI~JUt: 

"21--W-R Cft·- Ti:3 • j ) (T ( l ), l = 1, N 
00 24 K :: 1,N 

i4-u(KI-: T(K) 
PUNCH COEFFICIENTS 

1,N ) 

l05~~d~MAT(lX, A4, 1H( ~ 14, 5X, 4H)= ,~15.8 ) 
WRITE (2,105) (SV~,K,U(K), ~ ~ I,N) -·· .. -------IN -~ .. -1 

114.6 FORMAT( IX, 5E13.5 , F10.3) 
-"7 F-URMAT(/6X, 2HX1, l1X, 2t-IX2, 11X, 2HX3, llX,ZHYG, 11X,lHY, 

I 12X, 5HER PC I) 
----'WR"tTE (3, 1 d7 ) 

GO TO 41 
. - ·-····-~32-·CA·"[C-·-rB$PlY· ( Nl, N2, N3, N4, Xl, X2, X.3, Y,U ) 

. ~ ... . ., ... -. -... 

ER = 100. * (ye - Y) I Y 
c- --··-tABULA r E RESULTS 

WRITE (3,106) Xl, Xl, XJ, YG, V, EK 
41-- RtA'D( 11 • IN) I r , Xl, Xl , X 3 ,VG 

If CIT) 32,32,33 ---·-tN·if -" ' ... ' 

1* 
II EXEC FORTRAN 

SUBROUTINE Tti;SPLV ( Nl,~2,NJ,j,,4,ll, 12, lj, F3, C ) 
DIMENSIllN C(36) 
Xl = 11 

'---'-'X2 = l2 
X3 = l3 

-- ---GO -fa (11, 11, 13, 14, 1 5 t 13, 14, 1 ~ tIl), N 4 
15 X3 = AlOG(Z3) 
14 X2 = AlOG(Z2) 
13 Xl = AlOG(ll) 

.' .~. ~ ......... ____ .. , .. ___ "'_6. ~.~~ ..••• _ .~ 

11 CONT I f'iUE 
N = Nl * Nt! * N3 
F3 = c. -.. 0- 00 3_ K -= l,N3 
F3 :: F3 * X3 

011 " 
0117 
0118 
011Q 
0120 

.'-. ··-··_·····01.21 

012~ 
0121 
0124 
012~ 

012~ 

612"7 
Ol2A 
012 Q 

0130 
0131 
013~ -.. , .-.- -'" 0"1"'33' 
0134 
01315 
0136 
0137 
013B '-6I3 Q - '.' 

014" 
0141 
014'" 
014~ 

0144 
0145 
0146 
0147 
0148 
014Q 
OISO 
0151 
015? 
015~ 

0154 
OISc; 
0156 

. -.,~ '-~~-~", .. 
0157 
O~5~ 
015 0 

.016" 
016' 

. .9J6? 
016~ 

0164 
016'; 
0166 
0167 



F2 = O. 
-uu--ZJ----= I. N2 

F2 = f2 * X2 

DO 1 I = I,NI 
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USER EXPERIENCE WITH 1130 LP-MOSS 

An Abstract 

U. S. Reduction Co. has used the 1130 LP-MOSS application package 
since its first release. Various problem.s have been encountered during 
its use; however, useful answers have been obtained. Due to the size of 
the aluminum alloy blending problem being studied, a second 1130 had 
to be leas ed for full dedication to this problem. Early results indicate 
a reasonable payback may be obtained from this hardware and software 
combination. 

An Outline 

1. Company background 

2. Early uses of linear programming 

3. Problems encountered in implementing 1130 LP-MOSS 

4. Results to date and future planning 

5. Specific application modifications desired 
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APPLICATION OF SIMULATION IN CONTROL, DESIGN, AND 

OPTIMIZATION OF CHEMICAL PROCESSES 

M. J. Shah 

ABSTRACT 

The problem of superviso~'confTol ana optimization of a chemical process 

requires thut the control as well as the optimization programs be provided with a 

mathematical reJationsh ip between the dependent and independ~nt variables in the 

process. 

I~ this presentation we will discuss methods of arriving at this relationship 

based On i·he fundamental laws of physics and chemistry. We will make the proper 

approximations valid for control purposes to obtain the solution of the differential 

equations, describing this relationship. Use of simulation l0.ngL:agesherps in 

reducing the pr()gramming time as well as the number of.trials required to attain 

successful solutions. 

An example of methanol plant will be discussed in SOme detail to illustrcte 

the mathematical and programming techniques to achieve .the desired relationships 

for control and cptimization. It will be shown how these differential equations with 

modification of the obiective function when used in the optimization program can 

. lead to optimum design of the plant. 

Paper to be presented at the Common User's Meeting, San Francisco, 
December 11-12, 1967. 

4/7 



INTRODUCTION 

,In the early applications of digital computers for controlling chemical pro

cesses, the work performed by the cO,mputers was limited not only by the restricted 

capability of the computers, but also by the fact that control and optimization 

techniques had not been achieved by personnel of the chemical plants. Much time , , 

and effort was spent in data gathering, alarm scanning and limit checking of 

important plant variables. Since the interrelation between the plant variables was 

not too well known, or in many cases not defined mathematically., virtually all of 

the control work was done by using so-called
4

regression models' derived from plant 

data gathered by the control computer. These regression relationships were 

generally simple enough that computer control could be achieved without overtaxing 

the capability of theavailable digita.1 computers. 

More recent digital computers in the process-control field are much more 

powerful in their computing capabilities. They also provide some very useful ready

made programs for performing the various control tasks in a plant over and above 

the normal logging, alarming, and scanning functions. These programs will be 

discussed in subsequent sections. 

It is important to realize that a control computer must operate in a continuous 

mode, iust like the chemical process it is c.0ntrolling. The computer thus must 

perform all the routine data logging, alarm scanning, and limit checking functions, 

plus fhe functions of supervisory control, direct digital control, optimization, 

engineering simulation and other desirable tasks. 

In th is paper we will discuss the various process control tasks of a control 

computer and, in particular, theuse of sjmulation -- off-line as well as on-line -

in control, optimization and engineering design calculations'of a chemical plant 

with a process-control computer. The discussion will, needless to say, relate to the 

available software for the IBM 1800 Control System, although the technique is not 

limited to any particular control computer. 
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Figure 1 shovv's the variou~ functions which the presently available IBM 

control computer performs. The central executive program is the time-shared 

executive system (TSX).3 This program a~locates the processing time ~vailable for 

the various functions which a control computer is requ.ired to perform. The time 

allocation is done in an optimum fashion, in that the calculations which have the 

utmost importance have the highest priorities. There are twenty-four or more levels 

of priorities available on a computer, allowing any higher level priority calculation 

or computer function to interrupt a lower priority level function or calculation which 

,is being carried out at a given time. The interrupted calculation's are not destroyed, 

but stored in the core or on an auxiliary memory storage such as a disk. Thus, after 

the higher priority calculations are c,ompleted, the lower priority calculations 

which were interrupted are resumed at the point where they were interrupted. When 

any priority interrupt calculation is completed, the computer seeks for lower and 

lower priority calculations, until the interrupt calculations are completed. At 

that time, it is available'for offline nonprocess calculations or it is in idle" mode. 

A core clock is provided to perform routine functions such as data logging and 

report generation at specified time intervals. The limit <:heckup of plant variables 

(violat:on of upper or lower limits) is done by a comparator, and the normal computer 

calcula!ions are not interrupted unless a limit is violated, and specific computer 

processing action is required as a result of the variable limit violation. 

COMPUTER FUNCTIONS 

- Let us look at the various functions and steps in process control that are 

performed by the computer. 

Data logging and l'ilanagement Information 

As soon as a computer is instarred r it is used for data logging and management 

information such as production of a particular chemical in 24 hours, the amount of 

fuel used, etc. The logged data is also important in model verification which will 

b~ discussed in subsequent sections. The importance of obtaining reliable plant 

data for model verification cannot be overemphasized. The co:nputer is much more 

reliable for logging than a human operator. Furthermore, a programmed fi Iter (such 

2 
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as time averaging, exponential smoothing, etc.) can be used to sort out the 

instrumen t signa I from noise. Other rounne functions such as a larm messages and 

emergency operator action sequence can be handled as a first step in computer 

control. 

Regulat~~ 

A second function which a computer performs is regulation. The easiest 

regulation is by means of an operator guide which is defined as a~sequence of 

control action messages to be taken by the plant operator when dish.:rbances or 

upsets in certain plant variables are detected by the computer. To cite an example, 

a cement plant had a sef of four kilns of identical design, all fed by a single raw 

material slurry feeder and burners using a single fuel. Each kiln was controlled by 

a single operator for every shift. From a total of twelve operators, two were able 

to control their kilns in the best manner. It is easy in a case like this to program 

within the computer the sequence of actions which the best operator 1-akes as a 

r~sult of the disturbances. This sequence of instructions is printed for ~ operafors 

to follow when simi lor disturbances occur. In this nlonner, the operation of a II 

kilns reaches the level of best operator performanC":'e. 

Superv isory Con tro I . 

In a normal plant operation, the operator makes changes in set-point positions 

for one or more control loops when a disturbance occurs. For a chemical plant with 

a large number of control loops, there are unavoidable interactions between con

trol loops. An experienced operator can handle two to three loop interactions and 

make simultaneous changes in set points of the loops to bring the plant to a desired 

·Ie\,el of control. It is difficult, if not impossible, for the operator to handle more 

thon three loop interactions. On the ot~er hand, a digital computer can be pro

grammed to adjust one or more of the set points simultaneously by solving a set of 

equations which relate the variables of the plant to the multiple set points (target 

variables). A typical equation may look like equation 1 • 
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(1) 

where F1 , F2", F3" etc. are constants, T is the target variable to be "controlled, 

M is the manipulated variable, U is the uncontrolled (disturbance) variable and 

V1 , V2, V3 are other measured variables which enter from interactions with other" 

loops. Thus, for interacting loops a set of equations such as equation 1 is solved to 

control a set of target variables. 

In this manner the computer can not only handle multiple-loop interactions, 

. but also make the changes in a consistent manner. In addition, since each loop has 

different dynamic characteristics (slow or fast response, short ~r long dead time, 

first, second or higher order system) I each set-point adjustmen't can be carried out 

by the computer in such a mann er that di Heren t dynarni c characteristi cs of each 

individual loop are token into account. Although this technique is in no sense an 

optimum dynomic control scheme, it is, because of its practical value labeled a 

poor man's dynami c control scheme. Figure 2 sho'NS how th is scheme works. Let t 

be the time at which the computer colculations require t~at C~ adjustment of set points 

from say 60% of scale to 80% of scale. The adjustment may be made in severed 

steps of time intervals. Let us say that the interval between two adjustments is ~t 

and the full adjustment is to be carried out in five steps. If the loop response is 

fast, the adjustment can be performed in five equal increments, or any combination 

of unequal increments which make the total shift of 20% scale. For a sluggish loop, 

one can provide incremental steps which includes overshoot as exemplified by the 

dotted line in Figure 2. If there is a dead time involved ,one may incorporate a 

delayed action adjustment for the set point-. 

In certain areas of the plant, it is possible that one or more control valves 

ore changed manua lIy, and no ana log feedback controll ers are provided. The 

computer can perform the adiustment of these valves via a steppin8 motor if adjust

ment equations for changing the valve positions ore programmed in the computer. 

Thus, the supervisory control can olso provide ,a direct computer control (DeC) of 

the plant valves. As opposed to direct digital contror (DDC), the DeC function 

4 



only provides proportional control and at more prolonged intervals (1 minute or 

more). DDC takes on Iy seconds. 

SUPERVISORY PROGRAM 

The various functions described above, routine data logging, alarm scanning, 

limit checking and operator action as a result of limit violation, programmed 

operC4tor guide control, supervisory control and direct computer control can be 

performed with an IBM program known as PROSPRO/1800 (Process Supervisory Pro

gram for 1800). The detai Is of this program are in reference 4. 

In brief, PROSPRO program is written in such a manner that virtually no 

programming knowledge is required on the part of plant personnel. Howeyer, the 

program requires that personnel know the behavior of the plant thorough Iy, and, 

more important for our discussion, that relationsh ips for interacting variables in th'e 

plant be written in mathematical form. A general type of relationsh ip is available 

within the program, and one only needs to fill in the value of constants in the 

general adjustment equation. 

PROSPRO requires that each variable in the plant be uniquely identified by 

a number. Then, for each variable, six standard information sheets are fi lied out. 

Two of the six sheets, the variable information sheet and the adjustment information 

sheet, are shown in Figure 3. Most of the required information is given by entering 

a 0 or 1 in certain columns, giving values of limits, actions as a result of violating 

these limits, and so on. The adiustment equation relating the variables of the plant 

is linear; however, the values of the coeffi~ients F1, F2 ••• may be calculated 

by using a general type of non linear equati on such as 

F j = A + B [C + (F k / D) ] E (2) 
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where A, B, C, D and E are values of constants to be supplied by plant engi

neers. Once the six sheets are completed for each variable, the information from 

the sheets is transferred to punched cards and read in PROSPRO as data. The sheets 

provide permanent documentation and ani alteration in information on one or more 

variables is carried out by ~ltering the corresponding ~heet and the data card,and 

reading in the new card in PROSPRO. Some of the features and capabilities of 

PROSPRO are outline-d in Table I. 1 

DIRECT DIGITAL CONTROL 

In some chemical plants, it may be desirable to install a digital computer 

instead of analog controllers, especially when a new plant is being built. This is 

cO'llmonly referred to as direct digital control. It is importan~ to note that a digital 

computer can not only perform, the function of analog controllers such'asproportional, 

de~ivaHve, and integral control, but also the more sophisticated control functions 

such as nonlinear control, control of loops with fixed dead time and variable dead 

time, adaptive gain tuning, and so forth, at no additional cost. Ana log control 

devi~es which perfcrm these functions can become prohibitively expensive as the 

number of loops requiring sophisticated control increases. In addition, a digital 

computer performs the rO,utine logging, alarm scanning, and limit checking functions. 

Direct digital control on a chemical plant with an IBM 1800 is attained by 

the standard program, DDC/1800. Again, for details of the program and control 

techniques, refer to refernce 5. ~~~ 
I 

~ 

6 

'" 
ff4liifuftiti:\; iJ '.% mu,~ ''';" ",4:#,; ..I, ,n "",4 ""; ... : g ;":;,t;r.m,W'",l';.u<mtllUl!I.dtu,,~,;y." ... a;;;;;:.@~a;U;;'IIGillZii'tlu,nLlIlMliiGiliiiliUiLiililld..llJllillilWiiliilliiliili&iiiiiii"iWiiiiliiiiiWlJiWWi1ilitu .Iii~ 



-- ,--_ ... --.. __ .. _.-._ .. _-
--"~-----"'--""'--=""--'="'''.-='''-.~-'' "~. ,=~~,~~_,,"._._w, ________ _ 

OPTIMIZATION 

Although significant benefits are achieved by using digital computer control -

for better plant regulation, improved produc,t quality, and reliable plant information 

for opcirating personnel and management, it is felt that a substantial additiona I 

benefit can be achieved by means of optimization, especially in petro-chemical 

plants. Optimization is defined as maximization of plant profit by means of con

trolling the plant target variables in such a way that the constraints on all plant 

variables are satisfied. All chemical plants are dynamic in the s'ensc that the 

constraints on the variables are always moving. It can be shown mathematically 

that the optimum operation of the plant shifts as a result of shi(ts in constraints. 

For example, the maximum heat load on a heat exchanger using cooling water may 

depend on the amount of cooling water and its temperature, the extent of fouling 

in the heat exchange tubes, and so on. The heat load constraint mey limit a multi

stage compressor load if the heat exchanger is used for interstage cooling of the ·gas 

being compfessed. Any change in heat load capacity of the heat exchanger wi II 

affect the optimum operation of the plant. 

~o define optimizatio.n in rcal time mathematically, let Xl' x 2' x3 ••• xn 

be a set of independen t vari abl es (gen era lIy set-poin t posi ti ons or va Ive posi ti ons) 

and Yl' Y3' Y3 ••• Ym be a set of dependent variables (temperatures, pressures, 

I flow rates, heat load, compressor load, etc.). Let Yl be a profit function 

(3) 

(4) 

(5) 

and so on. 
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The optimization is performed by selecting a set of x. which maximizes the 
I 

function f1 subject to the constraints 

and 

XiL <xl <'x1U 
i 
x2L <x2 <x2U ' 

x L< x < x U n n n 

(6) 

(7) 

where subscripts U and L indicate maximum and minimum values, respectively_ 

The mathematical problem of optimization may be further complicated by 

imposing qdditional constraints; that is, one or more x and y may have on upper 

or lower limit whi ch should be respected most of the time. Furthermore, p la~t 

experience may dictate thot a certain independent or dependent variable sho~ld be 

close to a particular target va'ue most of the time. These two types ofcon'stroints 

ore defined as soft and target constraints, as opposed to hard constraints defined by 

equations 6 and 7. Mathemoti cally, a cost penalty is invoked for violating upper' 

. or lower limits. In case of target constraints, a penalty is imposed for deviation on 

either side of the target. 
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Plont ex'perience may dictate a minimum move on X. , in order to avoid 0 
I 

unnecessary disturbances which cause regulction problem, offsetting asmall gain in 

profH as a resl:Jlt of the move of the independent variable' by the optimizer • This 

is defined a,s a dead .zone. 

A program, designed to perform online optimization with a control computer 

taking into consideration, hard, soft and target constraints, dead zones, and non

linearity of the plant behavior, is now available for the IBM 1809. This program is 

ca!led the control optimization program (COP/1800). 

It requires a program written ei·ther in FORTRAN or assembly language 

called MODlO which calculates the value of Yl' Y2 ..• y m from a given set of 

xi values. The optimizer calls the program MODlO to calculate a gradient matrix 

~ at a starting point x. Here x and yare the vectors of independent.and 

dependent variables. The numerical evaluation of dy/dx is carried out with a 

different value of Ax. for each i to avoid difficulties because of.differences in 
I 

dimensions of individual x. 's. Equations 3-5 are then approximated by linear ex
I 

pansion in a 'linearity limit' which is larger than the value of tix. for each i. 
. I 

With linear programming technique, a lin'ear optimum profit is calcula"ted which 

satisfies the various constraints imposed on the optimizer. The set of optimum xi's 

are then -used to calculate a corrected nonlin';ar profit Yl which is compared with 

the previous value of Yl. If the profit shows an increase, a new gradient matrix 

dy/dx is calculated at the new set of x. and the above procedure is repeated. 
I . 

Several features are included in the optimi~er to help avoid the'well-known 

occurrence of polymodolity -- one such feature being the adaptive linearity limit. 
. . 

Experience indicates that the best procedure to avoid getting trapped into a subopti

mum is by judicious selection of the ratio of linearity l'imit to ..1x
i 

for each i. 

The ratios may be obtained by perform ing optim ization off-I ine on the computer, 

using various values of these ratios. See references 2 and 10 for details on the 

program and techniques employed. 
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SIMULATION 

In the discussion of control so far, it has been implied .that the relationships 

between the variables within the plant are known in the form of equations 1 and 2 

for supervisory control and in the form of equations 3 through 5 for optimization. 

A chemical plant, in general, is quite complex and, in many instances, these 

relationships have not been developed by plant personnel. An alternative is to 

obtain the relationships using some sort of regression analysis on the plant data 

conected in the initiol phases of the computer installation. 

It is much better, in my opinion, to simulate the process offline on a digital 

computer by writing down the equations descr~bing the physical and chemical 

phenomena occurring in the plant, and then solving these equations with the aid of 

the computer to yield the relationships in the form-.of equations 1 through 7. The 

digital simulation can be performed during idle time of the control computer (Fig. 1,. 

block IV) as a nonprocess program or preferably on' an offline computer severa I 

months prior to installation of the control computer. In either case, there are 

several computer languages which could be used for this purpose: FORTRAN, 

CSMP (Continuous System Mode"ing Program) and DSL (Digital Simulation Language). 

The latter two are especially useful to engineers, since they are oriented to the 

mathematical language of process engineers. 

Simulation of a process also has some added benefits. An engineer who has 

relatively little experience in the plant behavior can get 'hands on' training on the 

·sensitivity of the plant to changes in certain v·ariables with the aid of the simulatio~ 

equations, provided that the equations do represent the plant behavior with fair 

accuracy. Furthermore, the range of changes in the simulated plant can be much 

larger than that observed in day-to-day drift in the plant. Often, the simulation 

may indicate a plant operation significantly beyond the normal operating point, 

with higher plant throughput or product quality. In any case, the reliability of a 

. good simulation model is much better than the reliability of a model generated by 

regression equations. 
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The rest of this poper, then, will deal with simulation model developm~nt 

for the purposes of supervisory control and optimization of the process. 

MODEL DEVELOPMENT 
I --

On examin.ing a process under consideration for simulation ,one finds that, 

in general, large numbers of un its are involved in a plan t" and it is virtlla lIy 

impossible to carry out detailed mathematical analysis for each unit. The'd~sire is 

to obtain, ultimately simple ma1"hematical relationships which can perform control 

and optimization calculal"ions with 0 control computer in real time. It is then 

necessary to select for detailed analysisthose units in the plant which 9re most 

important from a profitablility standpoint and those units whiah are difficult to 
. I 

regulat~. Th~ other units may be capacity limiting and can be simj;?ly hqnc;lI~d QS 

constraints. 

A mathematical model of a chemical plant unit generqlly consists of differ ... 

ential equations describing: 

1 • Material balance 

2. . Energy balance 

3. Pressure ba lance 

The material balance equation may involve chemical reaction as well as 

diffusion, whereas the energy balance may involve heat of reaction. For all the 

three balances, the standard form of equation in qua'litative terms is 

Input - Output;:: Accumulation + Generation (or Depletion) 
• 

The 'generation' term takes into account the formulation or disapp~arance of a 

reactant in chemical reaction and heats of reaction. 
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For steady state I the 'accumulation I term is zero. The n.onsteady-statecase 

gives rise to the so-called 'dynamic models. 1 Dynamic models are useful in pro

cesses which have a long residence time for the material in the plant unit. Manu

facture of cement in a ki In is such a process. 'M1en the residence time is short, 

the steady-state mode Is are adequate for representing the process. The dynomi c 

models in most cases consists of a set of nonlinear simultaneous partial differential 

equations which are difficult to solve eve~ on large digital computers •. The steady

state models are somewhat easier to solve since they give rise to ordinary differential 

equations. In this paper we will deal only with the steady-state case, because 

most significant units in petro-chemi.cal plants have short residence times for the 

throughput materia I. 

In this paper we will illustrate the various steps involved in developing a mathe

matical model for on line optimizction and supervisory control of a methanol plant. 

The type of plant analyzed here employs high-pressure catalytic reaction 

and the pressure is generated by means of a high-speed-c.entrUugaJ compressor 

driven by st~om turbin es. 

We will show how simulation helps in developing online relationships for 

controlling the p:ant. 

Figure 5 shows a simplifi ed diagram of the plant. There are two sections: 

one is the reformer and the other the synthesis loop. In the reformer section I natural 

gas is reacted'with steam to yield CO and CO
2

• 
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CO2 is removed from the reformed gas after heat is recovered i~ the waste heat 

boiler and the gas mixture containing H
2

, CO, CH
4 

and small amounts of CO2 is 

fed to compressor. Often, some amount of CO2 is added to the natural. 9~s in the 

reformer to have a more favorable chemical equilibrium for CO. The gases ofter 

compression to 3500 psig or more are mixed with a recycle stream and sent to th~ 

synthesis converter where methanol is formed. The product gases from the converter 

are cooled and liquid methanol is removed in separator tanks and led to a distillation 

train for purification. Part of the gas from th~ separator tanks. is purged and the rest 

is fed to the recycle wheel of the compressor. 

First of all, three plant units, namely, (1) primary reformer, (2) methanol 

synthesis converter, and (3) compressor are important from a computer control 

standpoint. 

Compressor Con tro I Prob I em 

The compressor has two control problems. Steady-state analysis of the com

pressor yi e Ids horsepower requi rements (and hence steam requirements in turbi nes) and 

pressure to the methanol converter, whereas the dyn~mi c analysis is necessary for 

surge control. With the help of plant data or compressor curVei supplied by the 

compressor manufacturer, one can design a simple control scheme for spi II-bock 

valve control in compressors to avoid violation of surge limits. A simple scheme is 

~escribed by Magliozzi 6 wherein the ~urge limit line on the compressor ~urves 
is linearized and a controller is designed to avoid the surge. The same scheme can 

be expanded by fitting a polynomial relationship to the surge line, and a control 

algorithm can be written to perform nonlinear surge control functions by means of a 

digital computer. 

The simulation of the compressor is used in coniunction with the model of the 

synthesis converter to predict compressor load. 

We wi II briefly discuss the model development of thre~ units used in 

methanol plants; for a detailed analysis, see reference 7. 
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Synthesis Converter 

This unit is the most important since the production .of methanol takes place 

here.. Apart from the reacti on of methano! formulation, other side reactions occur 

at hi·gh temperature, the most significant being the formation of ether 
i 

CO + 3H2 ~ CH3 OCH3 

In figure 6 we show a simplified diagram of the converter. Ther~ are several 

catalyst beds and a heat exchanger. For each bed the material, energy and 

pressure balance equations are 

dN 
methanol ) 

=f1 (NCO' NH ' NCH OH' P, T 
d z 2 3 

dP_ --P -az d z 0 

(9) 

(10). 

(11 ) 

z is the tube length, and ~ H is the heat of reaction • Po is the gas pressure at 

the enTrance of each bed. The functions f1 and f2 are high Iy non linear and I 

because equations 9 and 10 are interdependent, they must be solved numerically. 

Furthermore, as pointed out in reference 8, the solution of these equations for th e 

entire reactor poses a trial and error problem due to the fact that the temperature 

boundary condi ti ons for the first bed are d~pendent on reactor product temperature, 

a classic example of a two-point boundary value problem. 

It must be pointed out that the differential equation model for the reactor 

(equations 9 through 11) is not suitable as an online optimization rela.tionship, 

because of the long time required for the solution. Since for our purpose it is on Iy 

desired to relate converter exit temperature and methanol production to temperature, 

pressure, and composition of feed, u number of simulation runs are made on the 
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Synthesis Converter 

This unit is the most important since the production of methanol takes piece 

here.e Apart from the react·ion of methanol formulation, ~ther side reactions occur 

at high temperature, the most significant being the formation of ether 
i 

\ 

CO + 3H2 ~ CH3 ?CH3 

In f.igure 6 we show a simp Ii fi ed diagram of the converter. There ore severa I 

catalyst beds and a heat exchanger. For each bed the material, energy and 

pressure balance eq uations are 

dN 
methanol ) 

= f1 (NCO' NH ,NCH OH' P, T 
d z 2 3 

d P -=P -az 
d z 0 

(9) 

(10) 

(11 ) 

z is the tube length, and ~ H is the heat of reaction. Po is the gas pressure at 

the enTrance of each bed. The functions f1 and f2 are highly nonlinear and, 

because equations 9 and 10 are i~terdependent, they must. be solved numerically. 

Furthermore, as pointed out in reference 8, the solution of these equations for the 

entire reactor poses a tria I and error prob lem due to the fact that the temperature 

boundary conditions for the first bed are dependent on reactor product temperature I 

a classic example of a two-point boundary value problem. 

It must be pointed .out that the differentia I equation mode I for the reactor 

(equations 9 through 11) is not suitable as an online optimization relationship, 

because of the long time required for· the solution. Since for our purpose it is on Iy 

desired to relate converter exit temperature and methanol production to temperature, 

pressure, and composition of feed, (J number of simulation runs are made on the 
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o differential equation model, and the results of the model are fitted to simple 

polynomial type relationships using regression ana.lysis on the results. The solution 

of equations 9 through 11 must, of course, agree with any avai lable plant measure

ments of temperature and composition at the reactor exit. Any discrepancy between 

plant data and model results can be reduced by adjusting kineti c parameters and 

heat-transfer coefficient values,sin~e-theseare not known too accurately in the 

model. Once the online relationship for the reactor is obtained from simulation 

results, we are ready to combine with the model of the' rest of the' plant. 

o· 

o 

Compressor Capacity Relationships 

As indi cated earli er, and in reference 8, the compressor mode I is deve loped 

from the compressor curves re lating polytropi c heat to flow rate with compressor 

speed as a parameter. The efficiellcy curves for each stage may be fitted i~ the 

same manr.er to flow rate. 

The pressure calculation for each stage is then carri~d out by using the 

standard equation 
k·E 

(k-1) 1 ) k-1 Cn+ 1 
-k- ifT+1 C-

n n 
(12) 

where H is the heat developed at stage n, E is th~ efficiency, R is th~ ratio 
p 

of heat capacities at constant pressure to heat capacity at constant volume, and 

P n and Tn are pressures and temperatures of gas entering stage n. Cn and Cn+ 1 

are compressibi lity factors for entrance and exit gases in stage n. 

Compression horsepower requirement is given by 

W· H 
Horsepower = -S:-':S=-::O:-,-P 

where W is the gas flow in Ibs/second. 
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The gas temperature at the exit of stage n is given by 

(14) 

The separator section model is again of a'simple form 8 

Moles gas in liquid methanol = (N.)L = a. + b. p + c. T 
I I I I 

(15) 

and 
. 2 

Moles methanol in gas = (N th) = d + e p + fT + g T . me . (16) 
9 

This completes the model for the methanol synthesis loop • 

. Reformer 

The reformer model ~ses the kinetics of Moe
7 

CO and CO2 are assumed to 

reach chemical equilibrium whereas the formation of CO. from CH
4 

and H2 

is dependent on kinetic rate. As indicated by Shah,9 the following equations are 

obtained,on the basis,of these assumptions: 

(NCH4) = f3 (T exit' P exit' (N H 0) , (N CH ) ) (17) 
2 I 4· I . exit reform in et in et 

(NH20) = f4 (Texit ' Pexit ' (NH cY ' (N CH ) ) (18) 
exit reform 2 in let 4 in let 

Fuel required = FU = f5 (Tinl~t' f3) (19) 

Stoichiometric equations subsequently give values of H
2

, CO and COi 

moles at the reformer exit from equations 17 and 18. 

Equations 9 through 18 represent simu lation of the most important un i ts of the 

methanol plant", namely, the synthesis converter, compressor, separator I and fhe 
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reformer. The CO2 absorption un i t generally removes 99.50/0 of CO
2

, and the 

various heat-exchanger simulation uses standard heat-transfer equations. 

The next important problem is how to use the various simulation models to 
! 

derive the profit equation for the planf in the form of equations 3 through 7. 

A selection of independent and dependent variables, their constraints, and 

cost factors is required at first. Tobie II_shows a list of the indep,endent and 

dependent variables. 

The stream composi tion of gas entering the synthesis reactor is treated as an 
" I 

independent variable, simply because experience suggests that the synthesis loop is 

the plant bottleneck which cannot be overcome easily. The compressor make-up 

steam, flow, end composition are thus treated as dependent variables, and the 

only independent variables in the reformer are exit temperature (set point) and 

steam-to-natural gas ratio in feed. This selection of independent and depen-

" dent variables also makes it convenient from a calculation standpoint I since the 

trial and error rroblem as a result of the recycle steam in synthesis loop (which 

arises if the" compressor make-up steam is treated as an independent variable) is 

eliminated. 

The profit function calculation for optimizing then. follows the steps listed 

below: . 

1 • Calculate converter exit temperature and ~omposition I based on feed 

rate, temperature and pressure. 

2. Calculate heat load on the heat exchanger of the boi ler feed water. 

3. Calculate temperature of product entering separator. 

4. Calculate vapor-liquid equilibrium and h~nce vapor and liquid 

composition in separator. 

5. Calculate recycle stream, purge Bas flow, and composition. 
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6. Calculate make-up steam to compressor, compressor horsepower, and 

pressure to synthesis co~verter. 

7. Calculate natural gas required for make-up stream and composition, 

(initia I guess) • 

8. Calculate reformer exit composition and correct natural gas requirement, 

if CH4 and H2 do not agree with the make-up stream requirement. 

9. Calculate profit function as follows: 

Yl = Al (Methanol production) - A2 (Methanol loss in purge) + A3 (Heat 

recovery in boi ler feed water heater + Waste heat boiler + reform 

boi ler) - A4 (Natural gas to reformer) - A5 (Fuel) - A6 ( Steam to 

compressor turbines) - ~6 ( Steam to reformer). ' 

We do not wish to present a detailed discussion on the optimization results. 

Briefly, the optimizer pushes the plant to one or more of the following constraints: 
8 

1 • Maximum compressor horsepower (shaft horsepower or steam ,avai labi Ii ty 

limiting horsepower). 

2. Maximum cooling water flow rate in heat exchanger prior to 

separa tor tan k • 

3. Min imum steam/gas rati 0 • 

4. Maximum reformer exit temperature. 

5. Maximum waste-heat boi ler capacity. 

SUPERVISORY CONTROL EQUATIONS 

We will i "ustrate the method of obtaining control equations, simi lor to 

equation 1 for use in supervisory control with PROSPRO as applied to the reformer. 

As pointed out in reference 9, ,the reformer control is based on maintaining exit 

temperature and percent of methane in the gas to a certain level. The equations 

relating' the exit temperature and percent .methane to steam feed and burner fuel 
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o flow in the ,reformer are quite complex (equations 17 through 19). However, in 

the pl,ant operating range, these equations may be lInearized. 

Fl A (% CH4) = F2 L\ (l/steam flow) + F3 Ll (l/exi't temp) 

F 4 ~ (Exit temp) = F 5 Ll (Fuel) - F 6 A (Gas temp in let) 

-F
7 

A (Steam in let temp) 

-Fa {Inlet gas flow) - F9 (Inlet steam flow) 

(20) 

(21 ) 

The value of the coefficients Fl through F9 are derived from simulation 

runs around the operating point by fitting the simulaHon results to equations 20 and 

21. If the sampling rates for measuring exit methal)e concentration is fast (infrared 

analyzer), one can improve regulation by including in equations 20 and 21 past 

values. of the changes in the variables, appropriatel}' weighted. 

o Comparing equations 1 and 20, it is ,obvious that the targe t variable T is 

o 

percent of CH
4 

in 'the exit gas, and the manipulated variable U is the steam flow. 

In equation 21, exit temperature is T and fuel flow is U. Equations 20 and 21 must 

he solved simultaneously to affect feedback control of the reformer. 

-Simi lor equations can be written for the methanol synthesis converter I heat 

exchanges, and purge con trol in the synthesis loop. 

APPLICATION TO DESIGN 

In the above discussion we have i lIystrated the use of simulation in deriving 

control equations for supervisory control, as well as developing a model profit

function for plant optimi zation (COP) .• 

It may be desirable to make changes in the plant unit during the course of a 

computer control proiect. Plant optimization with COP ,for example, may indicate 
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a heat exchanger, or reactor as a bottleneck because it is underdesigned. The 

computer then can be utilized for redesigning the plant unit in an optimum manner. 

Either the available simulation languages. or FORTRAN con be used for simulating . 

the pro.cess unit. The basi c simulation equations are generally the same for design , 
as well' as operation. However, in plant simulation the design parameters such 

as reactor area and length are .. constant, but the flow, tem.perature, and operating 

conditions are variant. In design simulation, one needs to vary the design parameters 

for a given set of operating conditions. \Ali th a change in the inc$ependent and 

dependent variable definition, the control optimization program can be used for 

optimizing the design of a plant unit. The profit function which is maximized will 

in this case be the negative value of the design cost, so that a;minimumcost w·iJl 

be obtained. 

SUMMARY ANn CONCLUSIONS 

In this paper we have described the various steps involved in the application 

of a digital computer control o'n a chemi~al p!ant. We have described the various 

o 

functions that an IBM 1800 performs with the assistance of an executive program 0 
which performs vpfimum allocation of computer processing time to. these_ funct!ohs 

on a predetermined priority basis. We have also described the standard I BM soft-

ware available for performing some of the· functions. 

To attain the maximum benefit with a digital computer I the use of simulation is 

described in deriving the necessary supervisory equations for the controller and 

profit equation for the optimizer. An example of a methanol plant is given to 

illustrate the use of simulation in deriving these equations on the basis of fundamental 

laws of physics and chemistry. It is also shown how the same simulation model can 

be applied to design and even to optimi~ing a plant unit design. 

It is to be emphasized I in conclusion I that all these functions can be and are 

being performed with an 1800 on various chemicar plants around the world, pro

viding on optimum uti lization of control computers. 
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Table I PROSPRO System Summary 

Standard fil1-in-the-blank- programp1ing 
forms 

Compatible supervisory control cOl1figu
ration 

Incremental feedback and feedforward 
control action 

Multitype and multivaltled process vari
ables 

Con~istent processing procedures and 
interprogram communication 

Versatile logic, calculation,and conver
. sion routines 

Advanced interacting and ~equential con"" 
trol capabilities 

Streamlined program modification and 
documentatio.n 
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Table n 

Llst o£. Independent and Dependent 

Variables for a Methanol Plant 

o 

Independent Variables: Dependent Variables: 

Xl 

x2 

x3 

x4 

Xs 
x6 

x7 

Xs 
Xg 

x lO 

xll 

x 12 

x l3 
x14 

xIS 

x16 

x l7 

= 

Total moles feed to converter 

H 2/CO ra tio in converter feed 

CH
4
/CO ratio in converter feed 

cold split 1 in converter 

cold split 2 in converter 

cold split 3 in converter 

boiler.feed wat.er rate to heat exchanger 

cooling wa ter ra te to cooler before separa tor 

compressor speed 

water rate to compressor intercooler stage 1 

water rate to compressor intercooler stage 2 

= water rate to compressor intercooler stage 3 

water rate to compressor intercooler stage 4 

Steam to gas ratio in Reformer 

Fuel rate to Reformer 

Fraction purge gas sent to reformer as fuel 

Damper control in reformer stack 

Y1 

Y2 

Y3 

Y4 

= 

profit, whic'h is a function of methah-ol production, heat 
recovery in boiler feed water heater, H2 loss in purge, 
cooling water cost, etc. 

purge ra te in separa tor 

inlet temperature to converter 

cooling water temperature exiting various heat exchangers 

Y6' Y7' Ys' Yg constrained temperatures at the exit of catalyst 

YIO 

Yu 
Y12 

Y13 

Y14 

Y1S 

Y16 

Y17 

Yl8 

Y19 

beds 1, 2, 3 and 4 

product temperature exiting boiler feed water heater 

water temperature exiting boiler feed water heater 

tempera ture of product entering separa tor 

pressure at separa\.or 

pressure at outlet of recycle wheel of .compressor 

total flow in compressor make-up stream 

H
2
/CO ratio in make-up stream 

CH
4
/CO ratio in make-up stream 

, 
Total horsepower requirement for compressor 

% CH
4 

in reformer exit gas 

Y20 % CO2 in reforme~ exit gas 

Y 21 Reformer exit gas temperature 

Y22 Reformer Furnace box temperature 

Y23 process gas feed to Reformer 

Y24 steam required for compressor turbines 

Y 2 S % CO2 ,exit CO2 absorber 
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2:2 06 41Action taken when Target o{ M already at MAX-MIN Limit. 

, jAdju&tment Re(erence List {or Partial Loop Test. (ZftI\I\I\ or Blank) 
2 09 2. , If Entry 14 specifies a Reference List, Entries lS-:a specuy s"bUst. 

(-1. -1., -3. _.1) referenced (or all subsequent M f
• in control1ttop. 

\ II Entry 14 is Dlank, Entries 15-i8 specuy ~ll of the subsequent M . 
Variables in control loop. 

-115 Target o( M ael to Average in"tf'ad o{ Current for Partial Loop? (1a Ye.) 

Manipulated Variable Adjustment (A M) Output Control. 

[TI] I , OJTIME in minutes (bXXXX) or as developed (-nnnn or 1.nnnn). 
7 8 10 ,.T 14 '.AM 

m ~ ~
o (1) I '1.T = Cumulative elasped time Crom pre.ent time 

.'.,3 20 75 (2) expressedaeapercentoCTlME. 
l 4 . 5 0 - ;z. 5 (3) \ ,. AM = Percent oI AM changt: made alter ~T time • 
l.IS (4) (Note: Negative ,. AM ia permiaaible ,) 

Special Action lnitiated Upon Significant Change in Manif'ulated Variable (M) • 

7 8 10 Initiating M Change l.l 1.1 Acti,," Action may'be apedlied aa follow.: 

3 I 1 "'1 "0, 2 2 (.) P,o<e" Va.;'b'. Sp.dd (0......,. 

H ,~: : : : : : : : : : : : ::\ ~:;~::::!:~~::~:~~S:··· 
3 5 (d) Execute Speclal Program(3nnn,n) •. •• 
3 b _ . _ _ •• Calculated AM in Result Register. 

Fi~ure . .( Adjust"mEmt information sheet. 
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CO!,1}-ION User~ 5 Meeting 

• '0. 

San Fr~ncisco Meeting 'Decembe~ 11, 12, 13 

Laboratory Automat~on .. 

by Ray Edwards J. f!, t1 

The session on Laboratory Automation -will include a general description 

of programming and equipment aspects .of the applic~tion oft.he 1809 and 

1130 to this newly emerging and fast grovling field. Follovling this 

discussion, an application will be discussed in detail. This will include 

a description of the type of research to be accomplished, the incentives 

of the on-lin-e computer, the programming system to run the instrument 

in a closed loop fashion, and other experiences to date \vith the system. 
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o 
DESIGN PHILOSOPHY 

- SYSTEM OVERVIEW -

-. 

APPLICATION MONITOR 

~xecutes Procedures·in Specified Seq. 

PROCEDURES 

Handles a Specific Task (e. g. Sort) 

... 

( 
\ PROGRAMS and SUBROUTINES 

All Written .in Fortran 
o 

Lowest ~evel Routin.es do General Purpose Functi.ons 

( 

o 

.. - ..•.. - ... ~-.---- .......... -..• --~----... .~~-
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DESIGN PHILOSOPHY 

- SYSTEM OVERVIEW -

CORE ORGANIZATION 

Standard Compiler Allocation 

Two Sections: COMMON and WORK REGIONS 

DISK ORGANIZATION 

Single Exte rnal File 

Each Record 0 ne Sector Long 

Files Use Simple'-String ~J\ethod Via Regions 

\ 
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1130 ' 

MONITOR 

XEQ MOSS 

MOSS 
Initial ize 

Core 
Common 

MOSSM .. 

- -~- --- -----.. ------- ._._--'.,. .., _. " ... , .. ,_._~ _,,·_··".··n .... _'~'.~.~................... " 

r-----~~ Application t<---------l Proced re 
Monitor Called 

NO 
xecute New 
Procedure 

Called 
Procedure 

Return to Monitor YES 
.~ ..... ~ .... ?"'UO.....-ot .. ~o!l •• UL........ .... I 

o 

o 
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DESIGN PHILOSOPHY 

- PROGRAMiV1ING STANDARDS -

COMMON •.• 

K = FIXED POINT 

Q = REAL 

VARIABLES ••• 

I = INDEXES 

L = LENGTHS 

. J = REGIONS 

\ 



PROCEDURE FLOW 

CALL DOWN LIST 
(THRU INPUT) 

MOSS 

INPur 

- OVER-WRITE CALL DOWN LIST 

CNVI 

CNV2 

- OVER-WRITE CALL DOWN LIST 

CLEAN 

SORT 

SORT3 

- . OVER-WRITE CALL DOWN LIST 

\ 

CLN2 

SORT 

SORT3 

OVER-WRITE. CALL DOWN LIST 

Etc •. o 
\ 
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c 

CALL EXEC U (LINKl, LIN KL, LEVEL, KREPT)~:: 

GO TO kkkkk~:~ 

LIN K 1 - Po s it io n inC a II Lin k A r roy of Fir st P rog ra m 

to be Moved [(3-4n) where n is co-ntrol Call Link] 

LINKL - Positi~n in Call Link Array of Last -Program to 

be Moved [-(1 +4M) where M is Last Linl< in Array] 

LEVEL - Recall Indicator [if Level = 0 must return to main] 

KREPT - Provides Re-entry control [Used in Computed GO TO] 

jjjjj - Statement Number of First Call Linl< in ARRAY 

kkkkk - Statement Number of Statement Following Control. 

Call Link 

\ 
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- READ-WRITE DISK -

DREAD (NREC, J) 

Read a Disk Record (NREC) into Region (J) where 

NREC c 2048 ~:; J + Record Number 

. DWRIT (NREC, J) 

Write a Disk Record (NREC) into Region (J) where 

NREC = 2048 f.; J + Record Number 

DREAD (KNDCT, J) 

Read the First D.ictionary Record 

\ 

o 
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OTHER PROCESSING FILES 

KMTX - - MATRIX FILE 

1. Derived from SETUP 

2. Scaled for Processing Accuracy 

o 3. Contains: 

a) Explicit Equation Coefficients -

b) Implicit Row Coefficients 

-

KVLST - - VARIABLE STATUS LIST FROM SETUP 

1. Derived from SET UP 

2. Co nta ins: 

0) Name· 

b) Type 

c) Matrix File Element Seq. Number 

d) Scale Facto r 

o e) UB and LB For Each Variable 

\ IfSS 



OTHER COMPUTATION FILES 

KETA - - ETA FILE 

1. Formed by INVERT 

2~ Represents Inverse of Basis Variables 

3. An ETA Matrix is added by Each Minor Iteration' 

4. On Each Major Inversion KETA is- tedtJced bqck 

to Single Entry 

a) Minimize ETA File 

b) Increase Accuracy 

KBETA - - BETA FILE 

1. 'Formed by INVERT on' Last Step 

2. Co nta ins: 

a) Post I nversion Activities of Basis 

b) Post Inversion Activities of Bounds 

3. Values are Scaled -' " 

\ 

Oi , I 

~ 
j 
j " 



OTHER O·UTPUT FILES· 

KSLTN - - SOLUTION FILE 

1. Formed by LPSOLLITION 

2. Contains: 

a) Status List 
b) Matrix File Objective Entry. 
c) Basis Activity 
d) Red uced Cost 

3. Values are Scaled 

KIANL - - INTERMEDIATE ANALYSIS (LPANAL) 

1. Used In Conjunction with KMTX and KVLST for LPANAL 

o 
2. Contains: 

0) Increase - Decrease Cost 
b) Basis 
c) Activity Inc rease - Dec rease 

3. Values are Scaled 

KWRKl-9 - - ,ORK FILES 

1. Used for Transient Data 

2. Some Used by System, Some N~t 

o 

--~-.----------'-----
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, ' 

TO RUN LPMOSS 

WITH FORTRAN COMPILER AND 

ROOM TO WORK IN 

{ MONITOR 

/1 OUP 

':: Define Void Assembler 

(: Oef i ne Fixed A rea 0100 

~:; Storedota CD FX LPMSS 1778 

\ 

o 
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. PROGRAMS STORED IN FIXED AREA 

ON LPMOSS DISK 

BZERO NEWBE 

CHECK OPTIM 

CLEAN PIVOT 

CLN2 PRIMA 

CNVI PRLCY 

0 CNV2 - PR L44 
/ 

CRASH REPO R ! 

IN P UT REVIS 

INVE R RNGIP 

INV22 RNG 2P 

INV44 SETBO 

INV55 SET U P 

INV66 SET2 

LPSOL SET3 

MERGE SO RT 

MERG2 
\ 

SORT} 

0 MOSSM SO UL2 

MOVE ST ATI 
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ESSO R!SEARCH LABORATORIES 

HUMBLE OIL &REFININ~ COMPANY. BATON. ROUGe RE:FiNERY 
BATON ROUGE, LOUISIANA 

O·IWXNOUM'ON 
-M:>dification of IBM 1800 TSX to Support Six Disk Drives 

i av 
December 4, 1967 

INTRODUCTION 

E. H. Spencer 
"LK NO. 
1407~1 

This is a report on work at the Esso Research Laboratories of Baton Rouge 
which added three more disks to the TSX system. The additional drives are treated 
in an identical fashion as the existing three drives. The new system has been tested 
for some of the options of TSX and all known bugs have been corrected. It is easy 
to convert an existing TSX Version 3 system into a six drive system. All that is 
required is a TASK assembly, the STOREMD of·four subroutines, a partial system load" 
a define operation, and a skeleton rebuild. Although the method of disttibution 
has not, bee'n decided, these changes are to be made available to other 1800 users. 

DISCUSSION 

The Esso Research Laboratories are located only two blocks from the main 
office building of the Humble Oil Refinery at Baton Rouge. Work at the laboratories 
is mostly process development. A small computing center is maintained in the laboratory. 
Through the years this has changed from a C.P.C.,to a 650, to a 1620, and will be an 
1800 when program conversion is completed. Large computing jobs are sent to the 
refioe;ry 360 system. A study of work done by the labs computer showedi t to be data 

, ~ acquisition and batch processing of small jobs. This finding led to our 1800 order. 

•• 

Logic of handling the acquired data indicated that some form of indexing 
and a random access to the files are desirable. Hence the choice of disks for mass 
storage. HOwever, data volume is such that three 2310 disks are insufficient. Our 
system was, ordered with five drives. A similar situation exists in the refinery 
where an 1800 computer is being used for direct digital control of a blending opera
tion. Here the system was ordered with six disk drives. Under the press of two 
urgent applications, I began the job of modifying TSX to support the three additional 
disk drives. I was assisted by 'our I.B.M. representative, Mr. J. A. Albritton (S.E.). 

I.B.M. was very cooperative and through Mr. Rob Martin of the Houston -. 
DACS Center we were able to get copies of 1401 microfiche tapes of the TSX system. 

The work was started in May and completed in September. The modified system 
has been in use since October. There are no known bugs remaining in the six drive 
TSX. Although all of the options of TSX have not been tested such things as skeleton 
puild, core load bUild, compiling of Fortran and assembler langu~ge programs, storing 
and deleting of core loads and relocatable programs, and the execution of process and 

,non-process programs have been done. 

Humble has consented to make these results available to·other 1800 TSX users
once the me-thod of distribution has been selected. The Esso Labs would prefer not 
to act as agent for handling the distribution • 
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· We started from TSX 3 Mod 1 with corrections through PTF 27. Appendix B 
shows . the source level changes that we made to TSX. It should be noted that card 
numbers correspond to the microfiche tape for Mod O. This is bec,ause only M:>d 0 
was available when we started. ,As MOd 1 and PTF's through 27 became available we 
added. them to our MOdO source decks. 

o 

Our work was aided greatly by the fact that in some areas of the TSt programs 
provisions were made for future expansion to six drives. In particular, the M:>nitor 
and Disk utility Programs (DUP) record and test the availability of drives by the 
use of three bits of a word. in DeOM. Since a word hasl6 bits, addi tiona! bits were 
available for three more drives. Even ~re important was the embedding of unused 
words in DeOM whenever information referring to a particular drive was stored. 
Without these provisions it would have been necess€k~ to modify and enlarge DeOM. 
DeOM is the heart ofTSX and is referenced absolutely and repeatedly throughout the 
routines. Furthermore several system programs end only a few words from the start 
of DeOM and enlargement would require IIDving them to lower core. Such IIDves would 
be difficult to organize in sections of EDP and DUP where an extensive overlay 
structure has been built. In fact, without the unused wOrds of DeOM, it would not 
have been practical to change TSX for six drives and because of this it is not 
feasible to consider support of more than six drives. 

It is difficult to convey the size of a job of this kind. It took over five 
months and involved twenty-seven TSX routines. Fourteen pages of source changes are 
listed in Appendix B. TSX logic in handling the· disks was suffiCiently general that 
only in a.few cases was the logic changed and often, even then, just for a gain in ~ 
efficiency. Mbst of the changes or additions were minor. But the problem of locating 
them was not necessarily small. It sometimes' invol ved tracing back through several 
routines and to do this required a great deal of detail knowledge of the TSX programs. 
Because no courses on TSX internals are offered by I. B.M., we were forced to learn 
the system by reading programs. 

Instructionscoutliriing the' procedure to be used in converting an existing 
three drive TSX system into a six drive system are given in Appendix A. It is briefly 
to (1) insert the change cards in source TASK and reassemble, (2) STOREMD the four, 
Fortran I/¢subroutines, (3) partial system load the changed routines redoing the 
aSSignments and the DEDIT, (4) define NDISK and CONFG, and (5) rebuild skeleton. The 
define and rebuild skeleton must be done with six drive TASK in core. The de~ine 
CONFG and skeleton build are required because a new cold start and an error decision 

. program, have been stored. Word count and sector address of skeleton are stored to· cold 
start by define and to EDP by skeleton builder. 

CONCLUSION 

Other potential users of our six drive modifications face two problems. 
They are the problems of distribution and maintenance of an IBM unsupported system • 

. Corrections to 'ISX have been numerous and many are in the twenty-seven routines .which 
we changed. If updated source programs are available , it is usually easy to make the 
. corrections and recompile. However, most 1800 users do not have source cards, which 
are available only on magnetic tape. 

EHS/gth 
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ESSO RESEARCH LABORATORIES 
HUMBLE OIL & REFINING.COMPANY • BATON ROUGE REFiNERY 

BATON ROUGE, LOUISIANA 

Six Drive Changes to IBM.1800 TSX-Phase 2, 1800-0s-001, C 
Version 3, ~dification Levell, through PTF 27 . ( j 

FILE NQ. 

December 4, 1967 E. H. Spencer, J. A. Albritton (IBM) 

I. General Comments 

A. These decks represent user modifications to TSX to support six disk 
drives. Three drives ar.e standard and three are RPQ devices. 

B. Area Codes of 20, 24, 25 and lAC codes of 20, 24, 25 are requiredo 

C. The cards consist of source change cards for TASK and obj ect decks for 
subroutines and for system routines. Control cards are included. 

D. After the partial system load, user TASK is required. The system is 
now incompatible with Sys G~n Tasko 

E. ASSignments must be made for the 3 additional disk drives. A DEDIT 
is required to clear FLET. A DEFINE CONFG and a skeleton rebuild are 
required. 

F. Thre~ additional fields are used on the cold start card (24, 26, 28) 
for dive identific ation and on the JOB (21-25, 26- 30, 31- 35) for label 
identification. 

II. Procedure 

A. Complete the additional TASK EQU's" Insert the change cards replacing 
cards with equal numbers and including others in the source TASK cards. 
Reassemble TASK. 

B. Copy your system on another pack. Henc~forth use the copy. 

C. Do the DUP operation required to STOREMD for the four subroutines. 

D. Do the partial system load. Redo the ASSIGNMENTS and DEDIT to initialize 
FLET. If the three additional disks have not been assigned, be sure to 
assign them. (From here on user I s TASK from Step A is required). 

E. Load user's TASK from cards o D() a DEFINE CONFGo (Ignore the error message 
which says TASK in core :is not the same as TASK on disk). 

F. Rebuild skeleton using the new SKA program and the Levell SKB program. 

EHS,JAA/gth 

4?{) 

.~~--~-.----._------------



0 1 
'/ 

MATERIAL LIST FOR 
SIX DRIVE CHANGES TO I.B.M. 

1800 TSX-PHASE 2,1800-0S-001 
VERSION 3, lvDDIFICATION LEVEL 1, THROUGH PI'F 27 

USER MDDIFIED lO SUPPORT SIX DISK DRIVES 
(Esso Research Laboratories, Humble Oil Company, Baton Rouge, La. 

and I .B.M., Baton Rouge ,La. ) 

I. WRITE UP OF PROCEDURE 

II~ CARDS 
Deck Ident. 

Item No. Description Quantity (Col. 73-75) 

1 Task (Source change cards to be 339 TSK 
inserted in source task) 

2 
3 
4 
5 

6 

7 
8 

9 

Supervisor 80 
Core Load Builder 83 
Cold Start 51 
Disk Utilities (Total - 142 Cards) 
(1) Control 18 
(2) LetjFlet Dump 17 
(3) Store Control Card 43 
(4) Delete 25 
(5) Dump-Disk to NPWS 19 
(6) Write address 9 
(7) Search Program Name Table 11 
Error Programs (Total - 85 Cards) 
(1) Control Program 38 
(2) Disk Error Program 11 
(3) Error Table 4 
(4) C.E.Routine A 14 
(5) C.E.Routine B 18 
Skeleton Builder 60 
Task Utilities 

{1) Task Card to Disk 10 
(2) Task Disk to Card 12 
(3) Task Disk to Patch 7 
(4) Task Disk Duplication 6 
(5) Task Disk Load for Off-Line 

System 13 
(6) Task Write Address 33 
Subroutines (Total - 31 Cards) 
(1) F-I/O Busy Test 5 
(2) Disk F-IjO Busy Test 4 
(3) Disk F-IjO 17 
(4) Fortran Find Routine 5 

NPS 
CLB 
CLD 

DCT 
LFD 
SCT 
DEL 
DPl 
DWR 
SRP 

EDP 
DSK 
EUD 
CEA 
CEB 
SKA 

TRL 
TDD 
TDP 
TUP 

TDL 
TWA 

BTl 
BT2 
MDI 
MDN 

~7/ 
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APPENDIX B Page 1 0 f 14 
TSX .. IDDIFICATIONS. TO SUPFORT _______ .-..:.~. ___ . ____ _.: ________ . 

SIX DISK DRIVES· 
SOJJRCE:_LANGUAGE ... _CHANGE-.. GARDS:--____________ _ 

~~ .. __ -OORG3.-EQU-__ . '-. ------0:-.. 1 F--THREE-~D.1SK-DR..-~ .. ELSE-l--___ TSK00081__· 
DORG4 EQU O·IF FOUR DI~K DR. ELSE 1 TSK00082 

__ ---......0....--0 ORG5-.E.Q u.-- --__ O._lE._F_IVE...:.......DlSK-_DR .•. _El.SE. __ .L ______ J-SKOO'083 
PRIL3 EQU DISK DR 3 INTER. LEVEL * 0/23 * TSK00084 

___ ...eRl.L4_ .. EQU. __ ~ __ .....:. __ D.lSK._DR._4_1NT.ER. •. -LEVEL.-.-*_0 L2.J---.iL..rSKO 0.0..85 .. -,-_______ _ 
PRIL5 EQU DISK DR 5 INTER. LEVEL * 0/23 * TSK00086 

DC ___ . __ 2 O_.:... __ .. _________ AQQJ_T..tQNS __ TQ __ JA.C __ T.ABLE_. ____ TSKO .to 7 t 
DC IN3 TSK01672 
DC 24 TSK01673 .----. ---·-·--------6c-----IN4----··-·--··-----·-----.---.------ . T 51<:-016-74--

____ _-.:.DJ:;. ___ .... _ .. _ .. ~.5. ___ .. ________ . ______ . ____ ._ _ _______ t.S.KCU .. 9.J...~ 
DC IN5 TSK01676 

_. ___ . ____ .....I.~.D.D ____ O_C ___ . __ ._TAD.D.s&:.6 ___ ... _ .. .D1< ___ DHV._T.AS __ AD.D_Ll\BLE. __ L8.1._IS_I$.O.3.79Q ____ . ____ ... _ 
LOGDR DC TADDS&l ADD OF LOGICAL DRV TAB 188 TSK03800 

~_ .. ____ ._. _____ . .Pj:iYQR_.DC. __ . ____ T..ADDS&.7... _ _'__._ .. ___ ~DO._.OF ... _P):tYSJ.<:AL __ DR_I.&6_.1_8_9 ___ TSK0381.0 . ___ _ 
DC TADDS&12 END OF PHYSICAL DR TAB 190 TSK03820 

_______ ORSUP_DC __ . ___ ._5_ .. __ CQD.E. __ OE. __ LAS.LDI . .sK_DR.V._1...2.Lt..SKO.383CL _____ _ 
DC -6 MINUS MAX NO OF DRIVES 192 TSK03840 
'O.<:.. _____ T ~ DD S_._ .... __ , . F W A __ OE_.DEV.I ... C.E __ TA B~ 1. ____ ._J_23_.I..SKO 3.850 ________ _ 

TADDS DC I *&5 OK DRV TAB ADD TABLE TSK03901 
---------- DC_--.:. ___ TA .. ~_._ .. ______ ._LOG.tC.AL_. __ DRJVE_O ___ .. ___ · __ ._. __ TSKO.39.Q2.. _______ _ 

DC TAl*DORGl TSK03903 
_D.C ________ .IA2*D.ORG1*:DORG2..-___ ISKO_39_0.4-________ _ 
DC TA3*DORG1*DORG2*DORG3· TSK03905 

____ .. DC _____ . _____ T..AA"*:DORGI ~DOR.G2_~DOBG3}~:DORG.4 __ . T_SK03.9..0_6 _____ . ___ . ____ . 

DC TA5*DORGl*DORG2*DORG3*DORG4*DORG5 TSK03907 -C'I'--
____ D_C ____ TA ___ . ____ .. _E..t:tY .5_LCA L~.RL VE __ O__ _ --.ISK 0.3.90.8_. ________ . __ 

DC TAl*DORGI TSK03909 
_ ..... , ___ . ____ ._ .. __ .. _. ____ ... DC ___ ...... _ ..... _. T.A2*DORGl *IJORG2. _.' ..... __ ..... _____ ... _ .. _ .... _._._ ... _ .... _ ....... TSK0390A. 

DC. TA3*DORGI*DORG2*OORG3 TSK0390B 
___ . D.c __ . ___ TlL4_~D.QR.GJ_~DOR.G?_~_09R.~.~.~D..9RG~___ TS.K.o.~2_0_C __ _ 

DC TA5*DORGI*OORG2*DORG3*DORG4*DORG5 TSK0390D 
___ ---'C DJ~Se .. __ EQU ______ .DB .sVe.~ .. C ON ____ .D. ISP.~ AC~1.1ENJ.. __ .E.RQr1. __ C OJ~L __ ._LS_I<.O.4 2_4_.1 ____ .. __ ~ ___ . ___ _ 

TA33 BSS E 0 TSK07390 
FF~_._A_ .E.Q.u._. _____ TA~.3~ J.A 2 _ .. ________ . _____ ~ __ . ____________ t.s.K Q.7J!_QQ _____ .. ______ _ 

ORG FFA*DORG2*DORGl&TA2 TSK07410 
_ .. ___ .. _____ ~_L~S.EJ~.I ___ .IHE_ .. E.QL-L.O'WJ N.C;. __ 222.. __ C_~8D.S.._ ~F TE;B_T.SKO..I~LLQ ____ -_ .... 

* ERLOOOOl 
___________ -LIABLE.._EOR .. _DR_IVE __ .. 3____________ _~ _______ . __ ._EBLO.O,QO.2 _________ . 

* ERL00003 
______ T_A:1. __ D .. C 0 ___ .__ .L ~..s.J __ I .O.C_C._.....%AREAo _______ O. __ ERLO_O 0.0.4-____ · ___ _ 

DC /AOOO %CONTROLC 1 ERL00005 
D.C __ .. _O ____ . ___ . ______ NE;.>-CJ __ .l.Q~_C __ .. _% ~..REAo __ .. ______ ._LEBL.O_QQQp 
DC /AOOO ~CONTROLC 3 ERL00007 

--.. --____ .;..... __ . __ ... DC_. __ ._ ... _. ___ .. O_. ___ . __ ._. ___ .- ._ ..... _L AS T.._WD.C T .. _________________ 4. __ .ERLOO 008 .. -____ . ---.-._--." 
DC 0 LAST DK ADD 5 ERL00009 

___ . _____ DC_. ____ O_._. _____ NEXT_'tIJD __ .C..T_ ... ____ ....___---6-.ERLO.OQ.l.O 
DC.O NEXT OK ADD 7 ERL00011 
DC __ .. _. __ . ___ 0 ___ . ____ · __ ..... ___ ._SEEK. __ I.O C C_._% A RE.A C. __ . ______ 8_ERLOO'O l~_ .. _._. ___ _ 
DC /A400 %CONTROLC 9 ERL00013 

.-.D.C_:..... __ ._~_O_ ... _ ... ___ . __ . _______ SENS.L.I-O_C.C __ _" .. _&.-_SEEK.._TO __ . __ 1.Q._._ERLOO_Q_IA __ . ___ .. ________ ._ o 
DC /A700 %CONTROLO II ERLOOOl5 

, ______ .. ~J)c._ J..A3. &:3.6. __ . __ CtiE C:iS_-L~B.L E ___ .LQ.C C __ /~A REAOJ LERLO Q QJp ________ -. 
DC /A600 %CONTROLC 13 ERL00017 
DC ___ . ___ - 0. ___ ._. ____ ._. _______ T.P.T..AL. __ W Q.,.C_T .LEF..I. _____ ... _L4 __ . ERL.O 00.1 S_ ... _____ ._. ____ . 
DC 0 . FIRST READ/WRITE' 15ERL00019 
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SIX DISK DRIVES 
• So.URCE ___ LANGUAGK_.CHANGK._CARDS._ 

DC 0 SAVE l' 16 ERL00020 :0-\ 

.. _~_~ __ O . .c. _____ .. _____ . _______ Q .. ____________ . __________________ .. ___ . ____ ._. ____ . ________ . __ . _____ ...:_.l7 __ I;HbQ..Q9_gJ __ ~ _____ ._ '-' 
DC 0 . SAVE 2 18 ERL00022 

_________ -----...D~ _____ O _____ . _____ . _____ . ___ ... ____ . ____ . __ .. _ ... _ .. ______ .. _________ 1._~ ___ ERLOO'02 __ 3 
DC -2 VARIABLE &-2 20 ERL00024 

. ___ . _. ___ D.C __________ T A3.&1 . .6 ____ ._._SAVE __ ADD .... _____ __.2.1 __ ERLO Q 025 __ . __________ .. _ 

DC TA3&17 SAVE ADD&l 22 ERL00026 
__________ OC ___ . __ O _______ .. ________ . __ ._._._NEXT __ ABE A. __ A 00 __ & __ l _____ 2.,3_.E~LO 0.0 27 _________ · _. ____ _ 

DC -8 ARM POSITION 24 ERL00028 
~_.,-__ .. ___________ .Q_C ______________ O .. _______ . ____ ._--__ ERROR ___ CI _____ . _____________ 2.5 ____ EHLO.OO 29 

DC 0 CALL tNT LEVEL 26 ERL00030 
______________ .D_C __ . _____ . ____ 7..5.Q _____ . ___ . ___ NQNf.?80CE_~s.. __ W_QRJ< ___ STO'RAGE __ 22 ___ ~.RLQQ'O_3.L __________________ . 

* INDICATOR TABLE NEG-ON EVEN-OFF ERL00032 
_. __ . ___________ .D_C _______ ._. ___ ._O __ . __ . ____ . ______ ... ______ I .. l .. ______ .. ___________ 1.2 _________ . __ Za_ERL_O_O_Q_3_~ _______________ _ 

DC 0 SEEK WRITE IMM 29 ERL00034 
_________________ D~. ________________ Q _______ . ____ . ________ C.tL . .TA~ .. __________ ._~tL_TAS. __ 8.J;I. ____ ~_Q __ ~BL_QO.Q.~~ _____________ _ 

DC 0 SEEK FUN READ 31 ERL00036 
______ . ______ -DC __ .. ______ O _______ . ______ W/..RS_C __________ ._ .... _.w_t..8B_C~_.IN~_.9J? .. _~.? __ .~BL_O_QQ.;r!.. ____ ~. __ .. 

DC 0 GENERAL INDICATOR 33 ERL00038 
_____________ D_C ___ ~--. _. ___ . __ 0._. _____ ._. ___________ FJ __ LE __ PRO_!. ___ E.I Lf;: __ P_RQ ___ SvL ___ .;3.4 ... f::BL 0 0_03_9 __________________________ _ 

DC 0 IND OP FIN OLD OP 35 ERL00040 
.Q~_. __ . ___ J _____ ~ ____ . _______ . ____ l/.O_ . ...A8.~./\._c9B __ ~lj~_~_t<; __ I.8§t..._~_29 _____ r;:8l.,_O_Q_Q~_t ________ . __ 
DC 0 37 ERL00042 

_____ . ___ . __ . __ ._. __ D~ ____________ ._0__ __ _.'._. __ . _____ ._ .. .E.I.8.~.J.._.I __ Q.C.~. ___ .... ___ ._. ________ . __ . ____ ._.~.t3 ... _.f_.8LQO.Q~~ ___ ._. __ . ___ . __ 
DC 0 39 ERL00044 
DC 0 . FIRST WD COUNT 40 ERL00045 I

tf--"; ---.--.---.------.- -----------... -------- -------------.-.. --- - . ---- .. - .... - ... --.... --. ---------.--.-.--.-------.. ----------------...... -- .-----.... -.. -.-.-.---------'V' 
DC 0 - FIRST DK AD 41 ERL00046 

. ____ . _______ . _________ . ___ ._QC ____ .. ___ . ____ O. __ .. ___ .. ___________ fJB __ ~J._I_QIA_L ___ ~{R __ C_t_.L_~EJ. ___ ~~ ____ E;.8.~00_Q4_1. __ . ___ . _________ _ 
DC /A701 SENSE/RESET 43 ERL00048 

~ __ . __ . __ .. ____ ._. _____ ... _ .. __ .D.C. _____ ._. ___ ... __ .. __ 'O . ._. __ . __ .... __ .... _. __ .. __ 8EL.Al)_\JE ___ ARr·.1. ... PQ~J.I..I..Q.t'~L .... _._4_4. __ .r::8LO_QO .. ~_9_._. __ . __ .~ __ .. ___ . __ . 
DC' 0 FILE SWITCH 45 ERL00050 

_. ____________ DC _________ ._0 .. _ .... _ . ______ . ____ .S.K I.P. .. A R f'.1 _ pO $_ I..T_ L9t-J ___ C_ttEJ-::_ts: _____ 4.9_~.8_LQQQ_~_1 ____________ . ________ _ 

DC 1600 NONPROC WK ST END ADD&l 47 ERL00052 
... ~ _______ . _________ . _______ .... D.C. ____________ O' ____ . _____________ NQT .. LJSEQ ____ Y.ET_. _________________ .. 4e ___ E_RLO_OO_5;3 _________________ . 

DC PRIL3 DISK INT LEVEL 49 ERL00054 
. __ "._ .. __ ~ ___ .. _____ ._ .... __ O~_._._ .. ____ . __ .O ___ . __ . ___ . ___ ._. _____ .~ .. t. O. .S E.I __ J .N QJc;..A.. TOB ... _______________ ... __ ~ 0 ___ ~.8~ 0 .QQ_??_ . ________________ "_ 

DC 0 CALL ADDRESS 51 ERL00056 
_____________ . _______ ._P_~. ____________ ~ ~.1. _. ____ . _______ ._T A B~E_.R E ~p _____ ! 9 ~~_. ___________ ... ___ ~.~ __ E8L 0.0 0_:=>.7 _________________________ _ 

DC /A600 53 ERL0005S-
*OISK DATA TABLE--SECTOR 0 ERL00059 .. ---.,,-------------- -------·---OC·-----···---·--·i i .-.---- -.---.-- -- ---'r ABLE 'JJ-ORO-Co-UNT--·---------------S4---E-RLO-O-060--------------------.-

,..-" 

. ___ .P.~ _____ ._.O_. __________ ._._~s:_~_l9B __ ~QQ8.~_~~ ________ .. _.55._ggl:-_QQ.Q.~J_ 
DC 0 PACK LABLE 56 ERL00062 

. ____ . ___ .. _________ D.C .. ________ . ______ .Q ____________________ Et8ST .. SEC __ P80 __ .WK: __ STO' ______ 51 ____ ERLO_OO.Q::3 __ . __ . ________ . __ ._ 
DC 0 LAST&l SEC PRO WK STO 5S'ERL00064 

____ . ____ .:. ____________________ DC ___ . _____ 0 ____ . ______________ .MOD I F I CAT,! ON _ LEVEL ___ . _________ ?9 ___ ERLOO'Ot)_~ ___________________ .. ___ _ 
DC 0 FIRST BAD CYL AOD 60 ERL00066 
Q.~. ______________ Q_"_. ___ ... ____ ... ___ . __ ._SE_~O'~~P. ___ ~_A,D ____ <:y.l.. __ AOPR _____ § __ L_E..8LO.O'O_~7_. ___ . ____ ._-
DC 0 THIRD BAD CYL ADDR 62 ERL00068 . 

-------------g~ ~ .~~~. ~~~~ ~~~ -.-..... -.. ------~~ -~~~-6~6j6-----------C 
_._. _______________________ .DC ______ ... ______ 0 .. ______ _ NOT USED __ YET____ _ __ .. _____ ..... 6_5. ___ .ERLOO'0,7J .. ______________________ . 

TA44 BSS E .0 ERL00072 
___ . __ F A~_. ___ E..9U. ________ :..T.A44 ::or:.A..~. ___ . __ ._ ... _____ . _____ ._ .. _ .. ___ . ____ . __ ._ . __ . ______ . ____ E.8~_O' 9_Q.1_~ __ .. ________ "_ ... _ \ 

ORG FAC*DORG3*DORG2*DORGl&TA3 ERL00074 

-'-'-. ----~--:--:-; ----TAf3"LE'-FOR DR I V·f~·····4·-·---~-----· .. -----·-------·-------------- .. -- .. ----··-·--~----------------------·- .. -----~:~~66~~----·----·-~-#--7-¥-
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-_·--.--fSX. M) DIITCATle::l!..~ ~~:';._ JUFroRT ____ ._. __ .c _____ .. _._. ___ • ___ . __ . __ . ___ -,-__ . __ .. --~ __ . 

TSX DISK DR J"'.; fS 
__ ._.~O URCE .. LANGUAGE~£r~XiGE-.C.ARDS 

.* . '.' ERL00077. . . 
~-A.4--DC-.-.---... O----~ .. -------LAS T.--10CC-%AREAIl--------O·--ERLO 0078.-------__ 

DC/COOa . ~CONTROLO 1 ERL00079 
_________ DC. ______ ._0._. ___________ NEXT_l0C.C __ ..%AREAo .. --.---.-2--ERL00080-----_._ 

DC /COOO %CONTROLO 3 ERL00081 
--D.C ________ .Q. _________ LAS T_~WD_ .. CT ______ ._. _____ . __ A __ .. ERL 0 0 0.8 2...... ____ _ 

DC' 0 LAST OK ADD 5 ERL00083 
-.D.C. ___ ._. ___ O. _____ .. _______ . __ ..NE XT .. _WD. __ c.r ..... _. _. __ ._._. ___ . ___ .6 . __ ERL 0 O_08(+ __ ... ________ .~._ 

DC 0 NExT OK ADD 7ERL00085 
___ . ____ . ____ . __ J2_~ _______ 9_. _____ . __ ._ .. _. ____ . __ ~_~.~.~_._J.O.f_~ __ ~_~ 8~~. ~'. ___ ..... ____ . ____ ~ __ ~gb_Q_Q.o f?_e?_ .. _---' _____ ._. ____ _ 

DC /C400 %CONTROLO 9 ERL00087 
___ . __ . _______ D.C_. ____ .... Q ... _ .. _____ ._. _____ .. ___ .SENS_~ __ lQ( .. ~ __ ._C>:._._SEEK .. _tO_ .. _ .. _.lO __ E.RLOO_O§.8.. __ ._._. ______ ._._ 

DC /C700 %CONTROLO 11 ERL00089 
______ . _____ .. DC. ____ ... _ .. _ TA 4 & 36 ___ ._. ___ ... C H E CK __ TABL E __ I OC C_._%ARE A 0 ____ 12 __ E RL 0.0.0.9 0. .... ____ . ______ . __ ._ 

DC /C600. %CONTROLO 13 ERLOOQ91 
.. ~_. ______ .... __ . -DC-.--.----.-O.- -.--.--.. -------TOTAL--WD-C T. LEF-T_._. ___ .~_. ___ .1.4 .. ERL000.92-----.------.-_. __ 

DC 0. FIRST REAO/i.IJRITE . 15 ERLOOo.93 
.. -·.-.--DC ...... ---- -·O.·--·· .. -.-.-·-~- ._-s A·V·E--l-.--.-~ .. -----------.-.---..l.6. .. -ERL 0. Co. 94. _______ _ 

DC 0. 17 ERL00095 . 
---- -Oc..--.--.--.. -O ........ -... -"--'--"-' - SAVE .. 2.-.--.. --... --.. ---- .. ----.. - .. --____ 18 .. _ERLOO0.96. __ . _____ ._. __ 

DC! 0. 19 ERL00097 
_________ .. _._. ___ . _ DC .. _ ..... _ ... __ ~ 2~ .. _ .. _.' _._._ -___ VA R I ABLE. &.-:-2 _._. ______ ._. __________ ._2.0_ .. .ERL 0. 0.0.98 _____ ._. __ . ___ _ 

DC TA4&16 SAVE ADD 21 ERLOO0.99 
--_. ____________ . ___ DC .. ___ ._ ... ___ ._ ... TA4fs17 ... __ ... ___ -SAVE...ADD&l_._. ____ ._. _____ . ___ .22.._ERLOo.IOO ____ . ____ .. 

. DC 0. NEXT AREA ADD & 1 23 ERLOOI0l 

-0-.---------- -~~-.---.--- .. -~8.-.--.-- .. _. ____ . __ ~::~:O~~TI ON_. -- --.. -----.--------~:-~:~~ ~.~ ~~-----------

. --.-.----OC. _____ . ___ ._.0._ .. _____ . __ .... ____ .CALL . J NT. .. LEVEL .. _______ .. ____ .. __ 26 ... ERL.OQ_1.04 __________ ._ 

DC 750. NONPRo.CESS WORK STORAGE 27 ERLOOI05 
••••• _. _0_' _ ••••• "* 1 NDI CATOR TABLE NEG-ON EVEN-OFF ERLOO 1 06 . 

DC 0. II 12 28 ERLOo.I07 
_DC _____ ._. ___ O._._. ___ . _________ .SEEK_ .. __ ... ____ WRJ.TE_.J~/1M_._.29_ .. _ER.LQ'O.108 __ ' _____ _ 
DC 0. CH TAB CH TAB RET 30. ERLOOI09 

___ . ________ . ___ -DC_ .. ___ . __ _____ 0 ___ ._. __ .____ ___ . __ SEEK ... EUN _____ ._. __ ._READ .. __ ._. __ ._._.3.1 ___ ERLo..o. 1..1. 0. ____________ .. _ 
DC 0. 'W/RBC W/RBC IN OP 32 ERLo.Oll1 

__________ D.C. ___ . ______ .. O_._. __ .. ___ .. _ .. ___ .. _ .. ___ GENERJ..\L._.J_~.DICA_TO.R._._. __ 3_3 .. _E:RL..OO'.l.1.2 .... _____________ -. 
DC 0 FILE PROT FILE PRO. SW 34 ERL00113 

. _____ • ________ .'!.... ___ DC. ___ .. ___ .. _._O.. ____ . ___ . __ . ___ __ .1 ND_. _o.E _____ .. ___ ._.J:. I N_.OLD_.QP __ .35 __ .E8L.OQ_.tl~. __ . ____ . _____ . __ . 

DC 1 I/O AREA FOR CHECK TABLE 36 ERLOOl15 
__ .QC ______ ._O ... _________ --____ . ______ ._._._. ___ . __ . ____ ~ __ ._. ______________ .3 L ... .ERL.O OJ .1.6 ___ . _____ .... 

DC 0 FIRST IOeC 38 ERLOOl17 
__ .• __________ D_C_. _____ .. __ O. ___ .. ___ .. _._. __ ._. __ ... _ ....... __ .. _._-____________ 39_E.RLO'O .. Ll_8 

DC 0 FIRST WD COUNT 40 ERL00119 
_. ______________ ...DC ____ ... __ ._. ____ O ......... _________ ._F..IRS_T __ D.K_ .. AQ ____ ..... ___ .. _ .. _A.t_ERL.OQ12_Q __ . __ -.--..... -. 

DC 0 FIRST TOTAL WD CT LEFT 42 ERL60121 
_______ . ___ .... __ . ____ .. _ ...... _._ .... oC .. __ .... __ ._._/C.70 1._ ... __ ..... SENSE/RE SET .. ___ . ____ ... __ .4_;3. ERLO_O 122. ________ ._. _____ ... _-. 

DC 0 RELATIVE ARM POSITION 44 ERLo.o.123 
_______ . .DC __ ._. __ .. ___ ._O_ ... __ . __ . ____ . ___ E.I LE .... S W.LICH. __ .. _. ___ ._._. _________ ~ __ ER.Lb O_1.2~ ____ . ___ -.-... 

DC 0 SKIP ARM POSITIo.N CHECK 46 ERL00125 
_______ . _______ DC .. _ ... _. __ . ___ ~ ___ 1.60Q ___ ~ __ ._ .. _._.NONPROC. ... '.AJK. __ .. ST .. ENP __ ADD&L .... _.~]_._.ERL'OQ12t5 ___ --.-.-.-.----.-- .. 

__ 0. _______ ._._. __ ._._.g.~ __ . ____ . __ . __ ~_RJ L ~ __ .. __ ._." __ D7.~~ ..... ~~ ~ ~L ~ ~~ ~_ ... --. ____ . __ -----.-----: ~ .. -.~~~g~.~. ~ ;---.- --.-.----.----~. ... . 
DC 0. $10 SET INDICA~OR 50 ERLo.0129 

_OC._ .. __ ... _ ... _ ...... O .. ___ ._ .. _. __ ._~ __ CA.LL_AD.DRESS .. ____ . _______ .5.l. __ ERLO.QJ3'O __ _ 
DC *&1 TABLE READ lOCC 52 ERL00131 

___ .. ___ .. _Q.C ...... ___ . ___ /._c:60.Q __ .. ~ ... _ ... __ ._. __ ... __ ._ ... _. _______ .. __ . ___ ._. _____ ... _____ . ____ .. ___ ;;~ .. _.E.RL..OQJ.32:. __ . _____ #-y. 
*OISK DATA TABLE--SECTOR 0 . ERL00133 
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L_' .---.-.--.-----.---------... -.- -... - .. --.-,_.~ ___ ."'_ .. ___ , ... __ .. ________ .. : __ ...... _. TSXMODIFICATIONS .. 10 .SUProRT--------. ..-:------...-:-----.-·--------
. SIX DISK DRIVES 

I 
f 

---' -.-"-SOURCE.LANGUAGE ... -CHANGE--CARDS.------,-o---.,-------_ 
.DC ir TABLE WORD cOuNt 54 ERL00134 

~ ___ · _____ -:-____ .. __ . _____ D.c: ___________ ... __ 9. __ . __ .. _______ . __ . ____ $f:CI9.8 ___ ~_QP.RJ=;§$ ___ . ____________ ~? ___ ~8l __ 9_QJ_~? o 
DC 0 'PACK LABLE 56 ERL00136 
_:D_C--.---Q.-.---------EJH-S..l.--S~C.-ERQ ... _WK._._STQ. ______ 5_LEE<L.O_Q_t~7 
DC 0 LAST&l SEC PRO WK STO 58 ERL00138 

---_. __ .. _-- _.OC. _________ ._O _______ . ____ MODJ E . .I_CAT_LON. __ LE.VEL .. _______ 59_. __ EHLO_Q.t3.2 ___________ _ 

DC 0 . FIRST BAD CYL ADD 60 ERL00140 
. --.,..~--- -- QC ___________ O _____________ .. _. ___ SECOND.J3~D ___ ~_YL __ ~DDR ___ ._.6_L. __ ERLQ_Q.l_.~LL _________ . 

DC 0 THIRD BAD CYL ADDR 62 ERL00142 
__ .. ______ .. _ .. ______ ~nc. _____________ O __ ... ______________ NO L" __ USED. __ YE T ___ . ____________ ~6 .. 3 __ EeLOQJ .4.3_. __________ . __ _ 

DC 0 NOT USED YET 64 ERL00144 
~_,_, ______ . _____ ._. __ OC ... __ .. _ .. __ ._.....o .. ___ ..... _____ . __ .. __ ~O T_U 5.E Q_YET._. ____ ~_~ .. ___ 6 5_ .. E.RL 0.0..L45 ___ .. , _____ ._ 

TA55' BSS E' 0 ERL00146 
__ .............. _______ . ___ EAD_._ . .EQU __ ... __ ._ .... __ . __ TA55_~.TA4. ______________ .... ______ ... _________ . ______ ~ ___ ._. _________ .EBLOO_l.47 __________ . __ _ 

ORG FAD*DORG4*DORG3*DORG2*DORGl&TA4 ERL00148 
_ .. -:-_ .. ___ . _______ . __ -* ___ . ___ ... ________ .. ____ .. _________________ , __ .. _ .. __ ... _______ ._. ___ . _______ :.:.._. __ .. ______ . ____ .. ________ . __ ._.E.RL.O.Q._L~t9 ___________ ~ 

* TABLE FOR DRIVE 5 ERL00150 
__ . ______ ._-*---. __ -:--_. ________ . ____ .. ______ . ___________ . __ . _________ . ______ ._ .. __________ . __ .ERL 0. 0 .. .1 .. 5,.1 ., _______ ._ ... 

TA5 DC 0. LAST IOCC %AREAo 0. ERL00152 
_. _____ . ____________ . __________ DC ______ .... ______ ._LC800 .... __________________ . ____ .. ____ . ___ . %CONTROLtl _________ J_._ ERLOO'153 .. __________ ... ___ . _______ _ 

DC 0. NEXT IOCC %AREAo 2 ERLo.0154 
"--__ -______ . ________ ...DC_. __ ___ ._ .. _/C 8 0 0._. _________ . ________ . ___________ . _______ _ (0 C_QNI ROL_tl ___________ 3 __ . ERL 0.0_1..5_5. _________ . __ . _ ... 

DC o.' LAST \lID CT 4 ERLOO 156 
___________ O.C. ___ . _____ ._._.0 ___ . ________ . L.A ST_ .. ,OI<:._.A OD_ .. _______ ._. __ . ___________ 5_ERL. o. 0.1.51 _____ . ______ . __ ... 

DC 0. NEXT WD CT 6 ERLo.0158 . 
~ ________ . _____ OC ____ . __ ._._ ... ___ .o. _ .. ________________ N e:XT. _ .DK ___ A DD.~ ____ ._. ____________________ 7 __ ERL_OO' 1.59--.------.-0'",,--. 

DC 0 . SEEK IOCC %AREAo 8 ERL00160 
_.D.C __________ ._.LCCOQ ____________ ... __ ... ___________ .. _~~ONTROLq _________ 9 __ ERL_OQJ~_L ______ . _____ _ 
DC 0 SENSE IOCC & SEEK TO 10 ERLOC162 

: .. _; .. _ .. ___ . __ ~ ____ ._._. __ ._. ____ .~ .. __ ._DC. ___ ..... _ ... _./CFOO .. _ .. _ .. _ .... _... __ ...... %CONT.ROLO .. _ .... 1 1 ERLOO 163_._ .. ___________ _ 
DC TA5&36 CHECK TABLE IOCC %AREAn 12 ERL00164 

__ . _______ . ______ ... _0_<:: _______ . ____ .ICEQQ ______________ . _____ . _. __ ._~CONTROLtl 13 ___ ~RL_O_OJ 6.~ ______________ . __ _ 
DC 0 TOTAL WD CT LEFT 14 ERL00166 

.. -------___ .--.-------.... 0-<;::--.---.-- ____ .0 __ ... _ ._. ___ ._ .. ___ .. J: J .RST: .. RE t\D/.W8_IJ_E: ________ . __ ._. ______ t!5 __ .E.RLO_O tf?7 ____ . ______________ ._ ~ 
DC 0 SAVE 1 16 ERL00168 

_~ ____ . ___ ... ___ .. _. _____ Q<; ______ ._. __ .. ___ Q. ___ .. __ . ____ .. _ ... _ ... _._ ... _____ ._. __ ._ ........ ______ ._ .. _._. _______ ....... _._. __ ... _ .... J_I ___ E·_~L_O.O_L6.~. ___ ..... _________ ._" 
. DC 0 SAVE 2 18 ERLOO 170 

-. ___ . _________________ .P_~ __________ . __ .. 0 _ .. _____ ._ .... _______ ._ _ __ .. _. ___ . ____ .. ___ . _______ . _______ .1.9. .. _~_8~091 .. ?L. ______ . _____ . ____ ._. 
DC -2 VARIABLE &-2 20 ERL00172 

_____ . ______________ p~ __________ ____ l"A_5&1_6._ ___ _ _ SAVE· ADD ___ ._. ______________ 2J __ s~L09 J]~ ___ . ___ . ______ ... _ 
DC TA5&17 SAVE ADD&l 22 ERL00174 

__ . ____ Q~ ___ .. __ . ____ 9. ___ .. __ . ______ . ______ ~E X TAR c A AD Q ___ & __ ... J __ . __ . ___ .. g.~ ._E: RL.OP J_?_5 ___ .. _____ _ 
DC -8 ARM POSITION 24 ERL00176 
oC ____ . ________ O __ . _____________ . __________ ERROR CT. ___ . _._._. __ . __ . ______ . ____ . __ .. ____ 25 __ .ERLOO_l 7..7 __ . ____ . ___ . 
DC 0 CALL tNT LEVEL' 26 ERL00178 

~ .. __ . __ ---_._. ____ . ____ .. _____ DC __ . __ . _750 . NONPROCESS \vORKS TORAGE 27 ERLOO 1 79 .. __ . - _ -_____ .. ___ _ 

* INDICATOR TABLE . NEG-ON EVEN-OFF ERL00180 
______ .. _---:--_.-D.C _______ .. __ O_._. ___ .. __________ . _ .. 1.1 ._._. _ .. ____ . ___ .. __ . ___ . .1 2. ... _______________ .2 cL_.ERL 00_1 .. 8..1.... __ ._._----

DC 0 SEEK WRIiE IMM 29 ERL00182 
. __ ~ ____ . ____ -' ___________ p_~ _____ . ___ . ___ .O. ___ . __________________ CH __ TAB CH TAB __ RE.I 30 ERLOO 183 __________________ _ 

PC 0 SEEK FUN READ 31 ERL00184 () 
__ . _____ O~ ____ . __ . _______ JJ.. __ . __________ ... _ ... W /RBC _.. _ W /R8C IN __ 0? ___ 32_. ERLOOl_t3~,-.. _________ . ___ .. __ ,-

DC 0 GENERAL INDICATOR 33 ERL00186 
. _ .. __ 'p_~_. ______ ... _____ Q ______ . ___ ..... ____ .. f.I. .LE .. p'g.9 I __ ... E_ I L E _ £'.8 Q __ ._~~~_ ..... 3 4_. ___ E;8~ Qq t f?_7. ______ . _____ ._ .. 

, DC 0. INO OP FIN OLD OP 35 ERL00188 
I._._._~_'_,_.;._-.--_,_~--_:_---.:.:...--~Q.~----.----------J-.------ --.....~ .. 1 If) _ AB~A .. ~OR_St.1_;:::_CI< TABL.S:_._3~ ERLOO t~??_ 
,,'. DC 0 37 ERLOO 190 - ----.---7/ ?-Z--
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TSX MODIFICATIONS lU SUPPORT -_._------_._--------------------_._._-----_ .. 

SIX DISK DRIVES 
.~OURCE 'LANGUAGE CHANGE CARDS --0 DC 0 FIRST IOCC 38 ERL00191 

~-----OC .-------.--0. -------------.--.-.. -- ··---·---------.---.---------------39--.ERL 00 1 92-...---.--__ _ 
DC 0 FIRST WD COUNT 40 ERL00193 
D_C_ .... _____ . __ O ___________ . _____ .F:.J.RST_._DK._ ...... AD---.---___________ 4_L_ERL 00.194 ____ . ___ . ___ . __ 

DC 0 .FIRST TOTAL WO CT LEFT 42 ERL00195 
______ . _____ ~. _____ . ___ .. QC_ ... ___ . __ J.CE.Q.l_. ____ SENS E LRES ET ... _._. _____ ._. ___________ . __ .. _____ ~:3. __ ... ER.L'O.O 1. 96. ________ . __ ._ 

DC 0 RELATIVE ARM POSITION 44 ERL00197 
__ .. , .. _________________ . __ p-<:_ .. ___ . _____ O_._._ .. _ .. _____ . ____ ._F:.I LE .. ~W ITCtL_._._. ______ ._ ----________ !±~ __ ~R~'OJ") 15!§._. _______ ~ ______ _ 

DC 0 SKIP AR~ POSITION CHECK 46 ERL00199 
DC 1600 NONPROC WK ST END ADD&l 47 ERL00200 --'" ·-·-----·----·--·-··-·----OC--·----·--O· -- -- --·-·-----------·-·· .. NO T '-U'S'E 6' Y E t---·-- . -.-... -... ----"- ----·--4-a--ERC 6-6 20'Y -.- -.---------------

._ ..... __ . ___ . _____ ._. _____ .. _Q~. __ .. __ . ______ J?RJ.~~ ____ . ____ D_I_S~_. __ L~! __ .~.sy~~ _______ ._._._. __ . __ . ___ ~2 __ .. F;:..8~9Q~_92 _____ . ________ ._ 
DC 0 SIO SET INDICATOR 50 ERL00203 

.. _ .. ___ . _______ ._ .. __ ~ __ . __ Q~ ___ . ______ . __ 0 _ .. __ .... ___ ._. ____ . CALL _. _AD 0.8 ES ~ __ . ____ ._. ____ ._. ___ . __ .. _. ____ .~. t __ E_8LO 0 ?_Q~_. _______ .. __ . ____ ._ 
DC *&1 TABLE READ IOCC 52 ERL00205 

_____ QJ;: _______ .. __ .LCE.QO ... _ .. _._ .. _ .. __ · _____ ... -.------.------.--.--___ ._. _______ 5_~ ____ E.::HL_Q.0.209 _________________ _ 
*DISK DATA TA8LE-~SECTOR 0 ERL00207 

-DC .. _ ... ____ . __ .... 1..1 ___ . __ ._ .... ___ . .TABLE __ WQRD ___ COU~.T __ . ________ .5!f._ERL.O'0208 ___ . ____ _ 
DC 0 SECTOR ADDRESS 55 ERL00209 

___________________ ._Oc. .. __ ._ .. __ . ___ ._0 ___ . ________ .. ___ P.ACK LABLE _______ . ______ . _________ ._. __ .. 5.6 .ERL_O.O 2 .. 1.0 _________ . ________ _ 

DC· 0 FIRST SEC PRO WK 5TO 57 ERL00211 
.... _--_._--- _---..D.C _______ ._ .O __ ... __ . ________ . __ . __ L AST&.l __ SEC_ J~.RO __ 1,'JK_ 5_1.0 _____ .. 5e ___ ERL O'02.1.2. _____ ~ _________ _ 

DC 0 MODIFICATION LEVEL 59 ERL00213 
.~ __ . __ DC __ ... _ ._ .. _. __ O ..... _ .. __ ... __ .. ___ . ___ .FlRS T_ ... 6A D __ ~.X.L. __ ~o.D __________ .6Q_._ERL 0 0_2.1A. __ . __ . _________ . 

DC 0 SECOND BAD CYL ADDR 61 ERL00215 . 
-- .:-0------:------_· D.C_. __ ---.. --- Q. --.-----.-------. _ . .T tU_R 0_ E3 4 0 _CoY L _ .A DDR _____________ 62_. ERL 00 _2 16 ____ ._. ___ .. _. ______ _ 

DC 0 NOT USED YET 63 ERL00211 
_. ______ . ___________ . __ DC __ . ___ . ___ . .O _____________ . NOT __ .U?E D __ Y E T ___ .. ___ .. __________ P 4 ___ .E RL 0. 0 2.U::t ____ ._. _____ .. _____ _ 

DC 0 NOT USED YET 65 ERL00219 
.... _. _____ .~ ___ . ___ .. _._ .. !,,'.66_ ... , .. _EClJ ____ ._. __ ... __ * .. _ .... _ .. _ ... "' ...... _._._ ... __ . __ .,, __ .. _. ____ ._._ ... _ .... __ .. _. __ ._ .. __ ... _ ..... ___ . __ . ___ -........ __ .. _ .. __ .E~LOO_22:0~ .. ___ . _____ ~ .. _ .... ___ _ 

FAE EQU TA66-TA5 ERL00221 
___________ Q8.G_ ... _______ E AE~ DQR G5:~·DOR G 4 ~.DOR_G 3_~-.D.OR G2~~DO.R.G.1.&:Ij'\.5 __ ERL.QO 222. __ . _______ . ___ _ 

S Xl CDRSP TEST FOR NO. OF DISKS TSKI0620 
-------. ____ CEXIZ- LDX_ ._._ .. _1 _CON __ ._. ____ . ____ . ___ .. _.__ _ __________________________ .. _________ . ___ .~_TSKl1.210 _____ ._. _____ . _____ _ 

XIO X2 SN[OC TSKl1211 
___ ._ ..... _______ .. _._LD __ ._._.X L _CDRSe. __ .. _. ___ .. ST 0 __ . NO_. _ .. Oc .. DB.VS .. _TO_ C.OU.DlT_ .... _ .. T SKJ...l 3 7 0_---..;_._ .... _._. __ . __ _ 

A Xl Dl TSK11380 
. _. ___ .. __ . ___ . ________ . ________ . __ ._ ... ___ ._5 I 0 __ . __ ..... _._._ CO U NT . ____ .. ___ .. _._. __ _ ... _ .. __ ... _ ... _______ ._ .. ______ .. _. _ ._. __ . ______ . __ .. ______ . __ IS.~ 1 1_.:3 9 0 __________ .. ___ _ 

LOX Ll TADDS&l TSKl1400 
.-.-_________ ..LQOE9 __ LD _______ .L ___ O .. _ .. __________ . _______ LD._DEV LCE ... _TAB_ .ADDR __ . ________ . ___ TSI<.L14_10 ________ . _____ .. _ 

BSC L *&5,&- ZERO-BRANCH IF OFF LINE TSKl1420 
... _ .. ST.O_ .... _L. __ ... *&.1 ___ . ____ . __ .. _____ ...... _._ ... _ .... _ ... ___ . __ ~ ... -.... -..... --.-.. --...... __ ... __ ._ ... _._. __ . __ .... ___ . ___ TS.Kl.l.430._ .... _-.:...... .. __ .... ___ _ 

BYSTA LOX L2 *-* SET XR2 TO DEVICE TAB ADD TSKl1440 
.. --_. _________ . __ . ____ 8.5.1 __ . __ . ___ BSYT5. .... __ . __ . ____ TEST __ I/O __ AREA eus.Y_._ .. ___ . ..:. __________ TSK.l.14_5.Q __ .. __ . __ ._. __ . ___ . __ . 

. MDX 1 1 INCREMENT TO NEXT DEV TAB TSKl1460 
.... -.--. ____ . ___ .: __ . ________ . ___________ ._MDX._._.L __ ._COUNT. ~ 1 DECRErJ1 ENT _ COUNTER .. __ ._ ... ___ ... ____ TSK1.1470 ____ . _____________ .. _ 

MDX LOOP9 LOOP FOR NEXT DRIVE TSK11480 
.. - .... __ . ______ ._. __ L DX._. ___ L. __ C 0 N ... _ .. _. ____ ... _._ .... _RE S1.O RE _ ... X R 1 .. __ ", _ .. _._.~_ .. _. __________ .IS.K.Ll.4 90 ________ . __ _ 

SSC L CEXIT AREA NOT FOUND-NOT BUSY TSK11500 
··---O---------~·~~·~~- .. ~~·-·---·- "'-'- ~-.*.~.- ..... -.--.-.-.-- .. - --.- -.. --.-.- ... -. -. -- ------ -.... - .. - .-... -.-.-.- .. --.--... --.--.------~~~ ~ ~.~~~.--------- .. --.-----.. -

L.Q_. ______ 2._EJ OCC ______ . ______ .ARE._ LtQ ... AREAS. __ .T)iE_SA~1E. ________ ._. 151<1_1.530 _________ . __ ._ .. __ . __ 
S 3 AREAD TSK 1 1540 

_____________ B5c. __ . .L .... _.*.&3. Z_. ___ .. _ .. ____ NO __ .~.BRANCH. __ TO ... .IES T __ NEXr ____ ... __ T SK11550. ____ ._ ... _____ \ 

LD 2 INDl YES- TEST FOR BUSY TSK11551 

·-·---·-·-------·:~~--7···~i~~~' z--·--~~~0~~RANCH TO __ INLT.ESL._ .. ~~~: !~;;···-77'7/ 
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. TSX MODIFICATIONS TO SUPFORT . ' 

..;,:.-. _.', -...:-~:,-~.-.---~.:.--.-. .:.,'------.~'-----,. - ---.. -... - -'-' --- --'-'-- '-'- .---.. --"-.-... ~"-~- -.--.---- .- --S IX DISK-DRIVES --- --.. ,,- .-----.-----.:.--~----------.--.--- ---------
SOURCE LANGUAGE CHANGE CARDS 

MDX GOON TSK15531 0-
IN_:L ___ LQ~ __ L~_._IA~ ____________ ._______________ .. ______ L~l$l.~~;!? ______ _ 

ORG· *-3&3*DORG1*DORG2*DORG3 TSK15533 
. ___ M_D..K ________ ~_Q.QN ________ T SJS.l;l~~~ ___ _ 

IN4 LOX L2 TA4 TSK15535 
_-...,...___ _ .;. __ •. Q8.G _______ .~"::',3.&3_!D_ORG.L~:.D Q8G_2.~.Q_QR~_;;3~.D_OJ3_G!i. ________ ..ISt(_1_5_5.36 ____ _ 

MDX GOON TSK15537 
_' _____ . ____ tN5 _______ LDX _____ L2,_.T A 5 ________________ ._. __________ . ________________ .:. ______ ... _._TS Kl_5.5_38. ___ ._. _______ ._ 

ORG *-3&3*DORG1*DORG2*DORG3*DORG4*DORG5 TSK15539 
__ . ___ . _____________ . ____ . .5.TO __ , ___ X 3_.K YLE V (; 2 _____ . _. __ . __ .. ______ . ____________ . ______________________________ IS K2 57 60. ________________ _ 

MDX L2 -DT5&1 DETERMINE WHICH KEYBOARD TSK26060 
__ ._. ____ .. _. ___ . _________ S._ ... _____ K.1., __ CDRS~ ____ .. ______ .. _TESI_F_Q.8_.J-~ ~ AL __ PR ~L .. c .QRr;. _____ .TSK35~"J 80 _._ .. __ -'-_. ______ . 

S Xl CDRSP TEST FOR LEGAL DRV CODE TSK39840 
LD L3 TADOS&12 GET PHY DEV TAB ADDR TSK39880 

-,-.~---.-----------...... ----.... - ".- ... _-- •.... -. _.-----_._ .. " ._---_ .. _._-_ .... _---.. _---_._._-_ .. _-_ ...•.. _._. -_ .. __ ._--_ .. _------_ .....• --- .. -._ .•..•. _-_ .... _-----._-----------
STO L2 TADDS&6 AND PUT IN LOGICAL TABLE TSK39890 

____ , ______ --=Q_~ ___ . ____ IAQ'O'~~J ____ .. _____ T $_~_~~.(tt± Q ____________ ._ 
DC /4000 DISK 3 TSK53111 
_.Q_~ ____ . __ (_~_7.QQ __ . ___ ~S~ S s. __ LQ.~f_::_J?_R I _y_g_.~ _____ L~_t5_?, ~.L L?, ___ , .. __ _ 

DC ZIZ&6 TSK53113 
__ . ___ ,PC __ . ____ . ______ ._ 20 .. _._ .... _____ .... _________ ._. ______ ... ________ ._. ____ . __________________ I_S_~.5_ 3 1 1 4 ____ . _____ _ 

ORG *-4&4*DORG1*DORG2*DORG3 TSK53115 
___ R_<:: __ . __ . ________ .!:~.Q 9_Q ... _______ 0 J_~_I<; __ 4 _________________ . _____ . ____ . ___ . ____ .I$_~5. _3 .L1.§ ___ . __ . _. __ . ___ ._._ 

DC /C700 SENSE loce - DRIVE 4 TSK53117 
DC ZlZ(;7 TSK53118 -----0<:-----·---·24-· . -------·_-_·-·------------------------,.-S·K5j·i-i·9-·----~-V··_·-

__ C>8G ______ . __ .. *_-4&4*DORG1.~P9L~G2~~QQB.§_;3.~'OQ.8.G~ ___________ T~~53JJ_.A __________________ _ 
DC /4000 DISK 5 TSK53118 

, ___ , _____ . ______________ .Q.<:;. _____ . _____ . __ /'~f_ 0 Q __ ._._ .. _. ________ s.~_~ ?~._ J..Q 9.C __ ~ ___ g 8J.Y_t;._~ _________ 1. ~I$ 5 3 Jl.~._. ____ . _________ . 
DC Z1 Z&8 TSK5311 D 

...•..... _"._ ... _____________ . ___ ... DC. _____ ... , _____ . __ .2_5 __ .. _ ...... _._ ... ___ .. __ . ____________ . __ ._ .. __ .. _____ ... _ . ___ .. ____ ,._. ___ .. _ .... __ ... _ ... ___ .. ___ ,_. ____ T.?t~~.3.1.1_:::_. __ . _______ , ______ ._ 

ORG *-4&4*OORG1*DORG2*DORG3*DORG4*DORG5 TSK5311F 
____________________ .. _0_<; .. ___ ..... __ ._._. _I N ~ ____ . _________ ._ ... __ .. _. ____ . __________ ... __ .. ___ . _____ ~-.----.---____________________ I;;,~~_~_,+!t_. ____________ _ 

DC I N4 TSK54472 
.... _______ . ____ . _______ DC ____ . _____ . __ J N5 ______ . _________ '" __ .. ___ .. ____ .. _ .... __ . __ "_'_"_' __ ' ______ ._. ____ .T.SK54.47.:,1 _______________ _ 

ASTAR LOX 13 TADOS&l RESET DISK DEVICE JABLES TSK55330 
__ ._, _________ . ___ L_q?<_. ____ 12 T ADD S&.2, .... _._. __ ..... ___ .. ______ ._. __ . ____ ... __ ... _. _____ . ______ . __ .. _~ __ I?K5~.?gO __ .. _______ ._. ___ ,_. __ . __ _ 

LOX 12 TADOS&3 TSK55560 
. __ ...... ____ . __________________ 1:-.. 9_X ___ J 2 __ 1" APDS!,:,± __ ... _. _____________ . ______ . ______ . ____ ... __ . __________ . _____________ ._ T S_K5559) _______________ . 

~'OX 2 0 TSK55592 
________ 5. TO _._. __ ~2 _ I NO 1.. __ .__ _____ .. ________________ . ____________ IS~55S._~3_. ____ . ___ . _______ _ 

ORG *-4&4*OORG1*oORG2*DORG3 TSK55594 
_______ ~Q~ __ ._J? .. _.T.~QQ~.&_? ____ . __ ._._ .. _ ... _. _______ . __ ... _____ . _________ . __ . ____________ J~~lS..?_?~2_~ __________ _ 

MDX 2 0 TSK55596 
--:--____ . ___ ._.sTQ ___ . X4 __ tN.D_l ________ . ___ -. ______ .. _ _ _____ _ ________ ... _________ .. ISK55r.?.9..7 ______ . __________ . __ 

ORG *-4&4*DORGl*DORG2*DORG3*DORG4 TSK55598 
_~--,-___ .. _ .. ______________ .J-P_X _____ I ~ __ r ADD S & 6 _______ .. __ .... ____ .... __-. __ . ___ . ___ .. __. __ T S K 5_5~9.9 _______ .. __ ... ________ _ 

MDX 2 0 . TSK5559A 
_S.I.O _____ X2 ___ I_ND_l_ ... _._ ... _____ ... _. __ .. ___ . _______ . __ ._._. __ -_______ . ___ 1.$5.5_5_598 
ORG *-4&4*DORGl*DORG2*DORG3*D08G4*DORG5 TSK5559C 

.. __ . ______ . _________ I.PISP ___ LOX .. t_2 ____ oRSU~. __ .. _______ :.X82I1DRt VE COUNT. __ . ____ . _________ . ____ ISK_5_62$'O' __ ._O ___ .. ___ _ 
IDKOA LD L2 TADDS&l GET oEV TABLE ADDRESS TSK56290 

~-----,-._-----------~I9 .. 1-.2._1 ADDS&_l._ ........ _ rHAT __ 0 I_~!S_ ... ()FF ~L I NE_ ... ______ . ___ .T SK5646_0 __________________ _ 
A 2 LOGDR-CON TSK60590 

* __ R_f::_~_~_IS:: _. I $_~ ? 9_.7 .. :?, Q __ .... _____ . __ .. __ .. ___ .... _ .. __________ .. _ ...... -... -_ ... ____ ._ .. _____ ._,_. ____ ... , ___ ._ --- ..... --._, .. - ..... --. -----.- -.-------
SKLLV LOX 12 TADOS(;l TEST .TO SEE TSK61080 

---_._--_ ... __ .-...... _-----...... _._. __ ._ .. --_._-_._ .. _-------_ ... _--_._----_. __ .- .... --.-- .. --_ .... ---- ------_._- -----.. __ .. _ .. --_ ... --. __ ._-------------- --.---- _ .. _._-----_ .. _ .. -"'-¢/g--
--------_ .. - .. _---_.-------- _._---



--~-APPENDIX-D------' -----. --'Page--7oT-T4 
TSX MODIFICATIONS TO SUPPORT 

.. -"SIX DISKDRlVES------- ----------.. ---

. SOURCE LANGUAGE CHANGE CARro 
.~,--~~===-~==.==========~------------------

LDRCD LD L ~BFLG IF JOB FLAG IS ZERO SKIP NPS05230 -
.A----L-·-----188----..:...------ADDRESS--OF--.OEV-I-CE-TABl.E----NPS221-1 O· 

-* DELETE NPS22~70 
. __ ~-*DEAC __ .MDX __ -L_3. __ ._~_L ~eS2.6820 ___ _ 

* NOP NPS26830 
_____ CDEAC_LD ___ 2._CDCON&,2 ___ ._, __ . ____________ .. ________ ~NeS2684Q _______ . 

MDX CDOUT NPS26900 
._-_._---------------_._._-----------------_._----------------_._---_._-_. __ ._._---

LOX 2 6 NUMBER OF DISK DRIVES CLB07770 __ ..•.• ___ . ___________ •• ___ .. ____ . ____ • __ . _______ . __ ... _ •. _ .. __ . ___ . _____ ._._ ••.. "_" ___ .' __ ._. __ •. _. ______ .e. ____ . __ . ___ . _____ .• _____ . ___ ._. ___ •. __________ . ______ .• 

DC /BOOO . DR.3 CL808291 
._ ... _,-...-. _____ ~ _____ ._._O$; ____ . ___ . ___ .I.C 0.O.Q. _______ ._. ___ DR,e_4_ __s..L-_~Q_8.2_2~ .. ___ .________ i 

DC /0000 OR.5 CLB08293 
.. _ .. _______ . _____ ._ D_C. ___ . ___ .. __ . /80 O.D _____ . __ -D.R. 3 _______ . __________________ CLB 0837 . .1_ .. __________ _ 

DC /COOO DR.4 CLB08372 
__ ~_. ________ :__:__----.-DC.-------/DOOO .. -.---.. -.-.- .. DR.5 __ ._. __ ._. _________ .. _________ ----.CLB083.7.3 _____ . ___________ . __ 

DC 0 DR.3 CLB08441 
_. __ .. ____ . _________ DC ______ O____ DR • .4 CLBOH442 ______ _ 

DC 0 DR.5 CLB08443 
. __ 855. __ .. __ 3.45 _____ . ___ . ____ *I.Hl S_ BSS_MUS.T .. BE __ AI __ LEASI_! __ CLB21 530 __ .. ___ ._. _____ . 

BS~ L INOIO.-Z BR. IF NON-PROCESS CLB23110 
__ . ___ . ________ . ______ BSC .... __ L. __ .lNO.1 O.E _____ -.BR .• __ l.E .. NO.T_ AN_INTERRUEI ____ CLB23_150_. ________ ._._._. 

INOlO LOX 11 192 NO. OF DRIVES CLB23280 
, ______________ LDX. __ .. .I.2 _189_________ _ ______________ CLB23290. _____ , __ . _ 

__ O _____ -INO'16 __ ~~.~_._ .. L~ .... :~.!_. ________ G.E.T._DEV_LeE _.I.J;.BLE._ r?O.I..NIE£L._~.~_~~_~_~.~~ ______ ~ ____ _ 
OR Ll WSOVF FLAG BIT%BOHlc.DRV.CO.%Bl-G30 CLB23350 

_______________ . __ ._S~LO_. ___ .L.1. __ WSOV.F_MAK._._RELA.I_LV_E_._D.1S.K_ADDRE.S.s __ ._ .. _._CLB..2_~.:3.qO __________ _ 

_ . _____ . __ -EQUO'O._E au ______ . __ 0 _. ________ . ___ ._._. ____________ . __ .. ____ . ____________ c LDOO2..1J _______ . __ 

LD L 189 CLD03605 
____ STO---.L_._PRTCL ______ . __________ ._ .. __ . ________________ . ___ ._CLD.03606 _______ . ____ ._ 

SLA 16 CLD03607 
_ s_. _______ L. _____ 192 .. ________ .. ____ . ___ . ______ ,____ __CLD.Q.3.6.0.8_. ____ .. ____ ._ 

STO L PRTCL&l CLD03609 
. ______ LDDBL .. L OD. ___ . L .. _.S J G P K ___ . ____ ._ .. _. ___ . __ . ____ . ______ .. __ .. ___ .. ___ . ___ .. _______ .:.. . ___ c LD 03_6.1 0 .. ___ .. ___ . __ _ 

LOX 11 188 INITIALIZE START OF TABLE CLD05750 
____ ~ _____ .MOx.. __ . __ L_~.L. __________ .---Of-ADDRESS.E5.-Qf=_DE.V.I.C~ ___ CLD_05.1_5_2 

STX 1 HMORV61 TABLES CLD05754 
L O __ ._.L._._t9_L ____________ I.N..LTIA L.I Z.LO_RL\{E._CO_Q.E-___ C_LDO';L1..;?_6~ __ 
SLA 12 NUMBER CLD05758 
S.J.O ___ L ____ S_A ___ . ___ .. ___ . ________ . ____ ~ __ . ___ ._. ______________ cJ,-'OO.~_'I:5 .. A ________ _ 
LOX 11 191 SET UP LOO~ COUNTER CLD0575C 

._ .. ___ . ____ . _____ . _____ .. _ .. ..... __ .. _MD.X ___ . __ ._.1. __ ...l ._ ........ _____ .. ___ . __ .... ________ ... __ .. _._ .. __ .. _._. __ . _____ . _____ . ________ ._. __ . ___ . ___ ._ ... ______ .. __ . ______ C._L.D05.75E_' ... ____ . __ . ___________ _ 
HMDRV LD Ll *-* PICK UP DEVICE T6L. ADD. CLD05760 

.o.C ___ . ___ L8 8 ___ . _____ ADDB E . .s s_._W_OEO.S_t9~-=-1..2-2 C_L.DJ~.9_0_· ___ . __ _ 
DC 5 WORD COUNT CLD14470 

~-o----' _P RT.CL-gg ________ --:~!----.-, --.---~ ~ ~6E-~;·u~·~8.Q·s ~EHY __ .DJ~Y._T},_~ ___ ~ ~-b-i·:-!~~------------·-
.. ______ ._! __ . ______ . __________________ . ____ . __ . ____ ._._._. __ ... _____ . ____ .. ____ . ____________ ~ ___ .. _._._. ___ ~k- ()_t~~.?~. ___ ._._. _______ ._-

SA DC *-* DRIVE CODE CLD14760 
. ______ ...;.*;.......-I~~_r~_QY .. E_.<: L DJ~ 7. g.Q __ ~N.O_._ ... ~ LO J ;5_'7}.9 __ . _____ _ 

* REMOVE CLD17140 THRU CLD18330 

. N><.T S9--i ~~_J.! -~:~DR·&I:---·--~R 111 ~DD_.9f._l..QG ..... D.RY-.. If\J3 .. ·-_ .. -~~6!~} ~6-----'7 ?-7 
Q.A41 " .. !¢Z$4-f0.244%¥4A.44WPMM¥JMmwm,:· :;'": "",'0 , ;:",:::ra:.;." .•• , ,t,t.'::',n "·N,,"'·',"" .,W;;".QI",iI";;;;::'::=='=M&'''&:MWffi::tilGiltD1llLlliiAUU;;'=''iAGllGHWGWWLIL\D£i1;IWi&zaatMliniWi/Liiiliiiilli\!:\iIiiIiiIiii ... liilii..,iiliiiiiiWiiiiia&i&iiiiiiiliiiai .... 
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TSXMODIF'ICATIONS TO SUPPORT' 

-----, ' ... ~.":","":.~>~~.- •. .,---.---.",,::,.---.-•. -------.---.• -.-,-,, ... -.: . .,-.:.,----~' ;'-.c:---.. ----~---.• - .. :- ··-··---8 IX . DIS K DRIVES .... '--- ..... -'-" -.-... -.---;-.-.... - ...... - ... -------...... --'---.-.. -'-'-
SOURCE LANGUAGE CHANGE CARDS 

._-- STX 1 S:OG.oWlil CLD17160 0 
S 1>.5_. __ t_ .. NQ~LYI"..:..t_. _____ ._._. ______ ._. ______ CJ""Dl.11J_Q ________ .. 
MOX 1 -1 CLD17180 

."--__ --"'$ T>'L __ J_.~.O_LY.I_Ct.5 ~LO_L7 L~Q 

LOX 11 190 CLD17200 
_. _-_. _______ . __ MD~C. __ l_,,_l __ . _____ ... _. ,, ___ ~ ___ . __ . _______ kLQJ.1.ZJ .. Q _____ . 

STX 1 SETDR&5 CLD17220 
_. ___ . __ . __________ . __ LOK_. __ Ll .. _ROBUF&1..7 _____ XR1_P_O.l_~T_S._ .. T.Q __ CQL_l.8 _______ C.LD.l.723Q __ .. ______ _ 

LDX 2 0 XR2 LOGICAL UNIT COUNTER CLD17240 
__ . ____ . _______ NEXCLLDK_ ...... __ .. 3 .... ~6. . ___ . _____ . ___ .xB_3. __ LS_C.QMP.AB.E-.IAB_~Q_I.blI.EJ~_C.J...D_1._7250 .. _______ _ 

* CLD17260 
____ . ___ -----*--IN .. LT-LAL __ THE._,.LO_GJ C.IA.LORl vE,.s ..... _EBJ-3_0R_~Q_. __ ..1.O' __ . __ . __ . ___ CLD.1.72_7.0_ .. __ ~_,;.. ___ . 

* CLD17280 
-_____ . __ . ___ .REDOA._LD. __ ... _____ ._l ... _EQUaO _____ . __ ._LQ.AD. __ H'OLLERLTtL.DRLV~~QQE._--.-CLD_l.7220 .. _._ ... __ . __ ._ 

EOR L3 NUMBR&6 COMPARE TO TABLE ENTRY CLD11300 
-------- . _____ BSC ___ L __ .. SETDR •. &_~ _____ BBANCtL.O~_L_EQU~Lj_O __ S.E.I_QB_. ___ C.LD_L'I3_LO ______ _ 

MDX 3 1 NOT EQUAL, STEP DOWN TABLE CLDi7320 
-___ . __ ·_.,. _____ . __ MDX ___ .. __ HEDOA_, _____ NQ~T_AT_END_._o.E...J.l\BLE .. ,REP.E.A..L~CLD,L7...33.0 _____ _ 

LD 1 EQUOO END OF TABLE, COr ... 1PARE BLANK CLD 17340 
----:---.----------.---E OR __ . ____ .. ___ NUMBR&6. __ . ____ .. ___ ._. __________ . _________________ .. CLDL735.0 .. _________ ~_ 

esc L BLNAK.&- EQUAL BRANCH TO TAKE OFF L CLD17360 
. ______ ERCRO._MDX. __ .. .L .. __ .ERRLO.t.l ____ NO_L._VAL_lD_.CD.DE~No.T __ BLAbt~_CLDJJ3:LO ______ __ 

NOP GO TO ERROR 10 CLD17380 
________ . ___________ ..... 6 SC ___ .,L_. ____ BA.QC.D_______ __. ___ CL D_t1.3.9.Q. ____ --

:_S.IQB.E ____ SE::LECIE;Q __ Of;_V.J.C.E __ T~~tL.~_A._QQB~_$_S_I_O_LO_G.lc..t\L. ..... __ OB_~.~.~_!-=~_:~ .. ~ ______ .O 
* CLD17420 

_______ ... ___ SETOR_.LO __ ._L 2 __ .~..._..~ ________ .. ____ . ______ .. _. _________ .. _______ .. _._CLOJ .. I!±_~_Q ____ . __ ._. __ 
6SC L ERCRD.&- ERROR IF NOT ON LINE CLD17440 

__ . ____ . ___ ... __ . _____ L.Q __ .. L.3_ .. ~."7.~_ ..... ____ . __ ,_GE._T ___ Q.~V_i_~f:_ .. I~t3_l,.f; ___ ~.QQ.RE:.~~~_~ ___ C.L.QJ __ I~t;?_9 ____ ~_ 
* FROM PHYSICAL UNIT TABLE CLD17460 

_~-'-______ B_O'GD_W.. __ S.TO.: ___ .L2_ ... ~ __ ! __ .. _____ ._. _________ SIOBc: __ Ig __ L_()~J C..A.L __ VN.tI_. _________ CkO .. LI4 70. _______ .. _. 
MDX 1 2 BUMP TO NEXT CARD COLUMN CLD17480 

__ .. __________ . ___ .Mo.x _____ .a.....·:':!+_ .. ___ . ___ ..:_. ____ Tt::S.I_.EOB_.LA;ST_ .. _LQ~_l.cAL._Ul~.LT __ c:LD_L7420 ____ . __ 
MDX *&3 LAST UNIT.GO TO CHECK DUPL CLD17500 

______ ~1.RX ____ ~ .. ? __ . ___ ._ ... __ . __ . ______ . ____ . _____ . ___ . __ C!-.Pl.1;:UO __ . ____ _ 
NOP CLD17520 

_. ________ . _______ ~JtQX_ .. ______ NEX cL._ .. _._. ____ ... ~RO.CE .. SS __ .~ E2<-T_CO_L.LJ.t1.~ ______ .. ___ C_L. 0 1,.];5.;:tQ __________ _ 

* CLD17540 
___ . _______ . __ ..! __ L~§.L_£Q~_P~_~_~_I CA.ILOti_. I N L()~ I ~A~ ___ Q.~_.LY_~_ C Q.~f§_~~A ~::-____ ~_l:-QJ!.?_~Q _____ . _____ _ 

* ION PUNCHED IN THE CARD. CLD17560 
* ._. __ . ____ ._._. _______ . _____ . __ ._____ C !:-.Q.!.L~:zQ _______ _ 

LOX 1 5 SET COUNTER FOR OUTER ~OOP CLD17580 
CJ·:'-~.RL._STX ______ L._C.QNEG_ ... ___ .... ___ .. ___ .. ____ . __ . ___ . __ . _______ . _______ · ____ CLDL7.59_0 ________ _ 

LDX 12 CONFG SET COUNTER FOR INNER LOOP CLD17600 
._MDX __ ..... 2 .. ~ L ___ .. _._._.: ... _____ ._ .. _______ ..... _ ._ .... _________ . ___ . _____ ._ .. _ .. _____ CLD 1...1.6 1.0 .. _ - -.-----

NOP . CLD17611 
___ ~ ___ NO.L'{I __ LD __ . __ .L.L_.~=.* .. _. ___ .. ____ . __ .LOAD .... .TEST._.W_OBD_· ___ CLD.L162_0 ... ____ _ 

.BSC· L LILJO.&- IF ZERO. SKIP COMPARE CLD17630 
----. ____ ...... EQR ___ L2_. *:_-..~ __ .... ____ ... ____ .COr.~PARE --"- .. _ .. __ . __ ... ___ . ____ .. _ .. _ .. _ .. ___ ...... CL017q40 ... _. ____ . ___ 0 

. SSC L ERCRO.&- IF EQUAL. BRANCH TO ERROR CLD17650 
. __ .. MO)<_._._ .. _ 2 __ -.: 1 __ .... ___ ._ .. ___ .... B.L.J~P .. C:Of·'PARE . COUNTER. __ . _________ c:LD 1.]66Q ____ .. _. __ 

MDX NOTYT BRANCH FOR NEXT COMPARE CLD17670 
LIL~O MDx 1 -1. NO EQUAL. MOVE TO NEXT . CLD17680 

1

,1--· .---------. -----·~1"6x· .. ---·---cH·ARl--------.. ----· --.-~--... --.. ---... --.. --~-.--.-.-.----. CL 01-7 690-------

1---·· ---. -' .-.. -.---*-.~-----~~P.~- .. -____ .. ______ E3~~. 8I. _______ . ____ .... ·-.. --·---··-·--------------i-t ~i~-~i-6~-ffo 



k' 

----:--""'-O"-........,....,.----.;..,,;,~--,--.:~14G7 ... ±l-: ......... _. -----.......... ,....o;.;..~~ --.. -APPENDIX-'-'-B--- page--c-9-·-iD.fL-14~-- . 
. :··.TSX MODIFICATIONS TO SUProRT. :.. . 

. ~~'"7'-~'~---'--'----'-SIX-'-DISK -DRIVES -.--.-~.------. ----'----. --.---:-:----.--.. 
. ..,..,...;.....-~. 

SOURCE . LANGUAGE CHANGE CARDS . '. . 
---'------~-------:...~--:.... -~-.. -.. :---.. _"---.. ----:'":'-:"'--.,---
_···-,,0_.' ",,",.",,-,-. ....---,-_. ___ : PU_T_· _~_~_~_=~~~_~~!_~~~ V ~_~F~_L_. ~_~_E_. ____ "_________ ~.tg~;;~g------

BLNAK SRA 16 ZERO THE ACCUMULATOR CL01774Q 
M DX _______ 8_0GOW_. _____ . ___ ' __ .. ___ C.LO.L725 0 _____ _ 

* CLD17760 
.---,~----_ . ..:.._.*_. _____ . _____ _'__~___ CLDj_.7..1.7_0 ____ _ 

* CLD17780 
_____ ~.~~.8T __ t__Q.~ ___ tl __ S.Y.X.RJ __ . _____ RgS._T9B.E.; __ JNQ.s...>5 ___ 8g_GJ .. SI~B_S ___ ~_l,._Q_l12??.P __ . _____ _ 

LOX 12 SVXR2 CLD17800 
.,. LDX 13 SVXR3 CLD17810 
.>t.-.. -.-----------------.---.-.--.-. .. ---.-----.--. -- -- -.- .. _ •.....•.. -.. --. ---- .. ------ -. --.-.-.. - .. -----.-------. ---.-------.. -. --.-----f SSC I INTPT RETURN CLD17820 
~ * . CLD17830 . 
~·-··--·-·---··----·C C-N F "G---O·C··--···-----;=;-·-·c-·-.. -·-----·------· C LD 17840-----
l-' ______ .. __ ~_U!~p..R .. __ O_<=-_______ ~Z_Q_O.O' ___ . __________ O_. ___________ . _______ .. ~_~_O_1..7.§~Q.. ______ . __ 

I: DC /1000 1 . CLD17860 

. 
'. ___ . __ . .. _____ --___________ .D.c. ________ ./..0800 __ ·._ .. _~_._ .. _ .. 2. ______ . ___ . ___ . __ ... ____ ._. ___________ C_L.O_L18_1.Q _____ .-' ____ _ 

; DC /0400 3 CLD17880 
-, _ ..... _____ .~ _______ ~ ____ DC... ______ ._./..O.2 00 __________ .4 .. __ -, _______ . C.L.Q.1..7..82 0 ____ _ 

DC /0100 5 CLD17900 
.... ___ ._ ... ____ .. __ . ____ .... ________ .DC ____ . __ . ____ ~Q_O_OO ___ . ________ 8I,..AN~ ____ ._. _____ .. _____ ... _._ .. ____ . _____ c.L_Ql...7.2.1..0 _______ .. 

STX L3 SVZR3~1 CLD23401 
... _ ...... __ . ___ .. _______ ._. _______ ._LDX ____ .Ll __ .1.ea. ___ ~ __ . ______ X8_CJ:~OJ~.r .. S __ TO __ LQG ___ Of.'-v __ ...IA~ ____ C_~D_~~_~~..Q_....: _________ _ 

* REMOVE CLD23640 THRU CL023840 
__ . _________ ._ ... L OX ..... _ .. 3_._ 0 __ . _________ . ___ ~_J.N.1..I __ DRY._C_O.D.E ._.:LO __ .ZERQ... __ .. _ . ...cL.D.2~36..40 __ ._._. __ _ 

STX 3 DRIVE CLD23650 
_____ . ____ L Ox. ___ .l 3 __ 1..9...l ____ . ____ . _________ . ________ . ___ . __________ C_LD2_3.66 0_. ________ _ 

MDX 3 1 XR3 IS LOOP MONITOR CLD23670 -'--0 
__ .. __ . _________ . ___ .. _D.E<pY,2._.LO_. ____ .l._O __ . _____________ LD. ___ D.EV..I.~_E .. _I.8.8LE_AQQ~E_S~_. __ CL.Q2_;3-680-.--_ .. _. _______ _ 

SSC Z SKIP SEARCH IF ZERO CLD23690 
- ..... --.... --~--.. ---------... --r- ._- _._._ .. _ .. 8 SJ, ________ ._ .. S.E ~"R.c. __ , _____ . __ ... NO Too z.r::~9 .. _GQ_ .. .T_O __ S.E PI R~H_._. __ . _____ ... c L023. 70.0. .. _. ________ . ___ ._. 

LD DRIVE NOT FOUND. INCREASE DR.CODE CLD23710 
____ . ____ -___ A _______ 2_ P_tQ'o 0_~.~1D_KQ~ ________ . __________ . __ .. ___ .. _____ C_LJL2...~lZ_Q_. ____ . __ 

STO DRIVE CLD23730 
._. ___ ~ _______________ . ____ ._.MDX ____ l. __ l __ . ______________ .l_NCREASE_DEV_I.CE _LlST ___ AD_P_R • __ ._CLD2_3 . ..7.40 _______ _ 

MDX 3 -1 TEST FOR LAST LOGICAL DRV. CLD23750 

--------- . ____ . __ .MQ~ _______ DE~QY..2 __ ._. ______ N9_T_ .. h.A$..I_'_ __ ~.9_~_TU~J.l{;:_$J::_~R~H_ .. _~_L,.P?~1.q,o ______ . __ _ 
SVZR3 LOX L3 *-* CLD24131 

LO Ll ENDLZ&COMMA DCT09110 
--___ . ___________ MDX ___ Ll_DLO.G 0 ____ .-.-.---- .D_CI_O_912._Q ______ _ 

STX 1 *&1 DCT09130 

.-------~---
LDX._-.l.3~_~~~_______________ D_C_T"'O_2.L4 .. 0 ____ .--
SRA 4 DCT09150 

. __________ .. ___ . ____ . _______ .S.IQ ______ 3_.Nf?_SC C __ . ____ . _____________ .. _______________ . __ . _____ QC_I05~JQ_Q _______ _ 

LD 2 NPWST DCT09170 
.--_. _____ ~ __ . ______ ._. __ ... ______ . S.RA_. ___ ....... _~ .. __ 4 .. ___ ... _._._. ___ .... _ .. _ .. __ ._._. ____ . ____ ._. _____ . __________________________ Oc.r0.9180------------

STO 3 EFFHM DCT09190 

. _______ ~. ____ _* _____ . __ ._. __ . ___ .. ___ .. __ . _______ .. _______ .. ___ ._ .. ______ ._. ________________ ._ _L EDO 4_1.41_._. ___ _ 

LD 1 9LFD04142 . 
_-,_. -O---------.---s----. ____ 2 __ .1.. ______ .. ___ . ______ ._C ~e_f.O~~L._ •.. 3_~.~ OH_. __ 3 o ________ .Lf_Q.O~_L4.J.. ___ . ___ _ 

sse L LET3.&- . LFD04144 
_~ ____ . ___ ._ .. _ .. _._. __ . __ . ____ ... ___ .. _. ______ _ ______ LEP.O .. tll~t~ ____ ._'_._ 

LD 1 9 LFD04146 
.... __ . __ ._. ._. _________ 5 •.. ____ .2 __ S. _____ .. _. __ ....:.. _____ C.Me __ f_OB __ f_9 .. _. ~DR_!+ o ___ ~ _______ LEDO 4 .1..4..1-·----

j7
-0 

. esc L LET4.&- t LFD04148 ~d1 
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TSXMODIFICATIONS TO SUProRT 

-. -'~C'-. '. -' ':"'--'-~ .. -. -"'-'--"'--•. -----.--. ..,. •. -~-.-. .-:,---.. -. ~---,-:,,-~.-•• ---.S IX .. DISK· .DRlVES ...... -.-.------~--' ---,--.--.-.---------. 
SOURCE LANGUAGE CH1U~GE CARDS 

* LFD04149 
LP __ .. ___ .:._L._~ _ _'_'_. _____ :_. . ___ ~~EQ_O_~.l~A_=___ __ _ 
S 2 9 CMP FOR .5 .%DR 50 LFD0414B 

____ ........ BS-C-..:. __ L_L_EJ_5~t.:&~ _____________ ~LEQO_~_.t~tC ___ _ 

MDX START-2 LFD04271 
_____ ·J..E.T_~._LQ_. ___ ..c~__ __QRIV~ __ J ______ LFQO.~_2.22 __ . __ _ 

STO DRV LFD04273 
M.D.X .. ___ SIA~T-.2 ___ ·_· ______ _ ___ LE.D.Q.4.2.7.~ _____ _ 

LET4 LD C4 DRIVE 4 LFD04275 
_LfD.O.4_2:16 _-'--_ 
LFD04277 

___ STO __ ._. __ ~DRV ___ .. __ ._. __ _ 
MDX START-2 

____ -----L_E.:r.5.---.LO---.--"~~--.---.. --D8.LV.f:-~~...:.---- ____ t...E.O O~.Z3J3.. ___ . _____ ._ 
5TO DRV LFD04279 

-------- S ___ .. ___ ._ .. __ C_l ___ ._ ... _____ · ._ _ ____ LFD._O 4~..7_Q ________ .. 
BSC L LTDR2.&- DRIVE 2 REQUESTED LFD04472 

~-----'-*'----- . ___ ._._. L FD04 474 
SCI LFD04476 

__ ~_S . .c.. _____ ~.IPB .. ~_~_(r=__._J~gl.Y_~_8.~Q~.r;;? T EJ? bf.P_Q~ 4.1 ?~ _____ . 
* LFD04480 

_______ ~ ___ ._~ __ . _____ ~ 1 __________ . _______ . __ . ______ ._ . ___ . ____________ ~f~J~Q.1A§.2 ___ . __ . _____ . 
SSC LTDR4.&- DRIVE 4 REQUESTED LFD04484 

____ * __ .. _____ . __ . __ . ___ . ____ .. ____ . ___________ . __ . ____ . ~£J~.Q~~§~ __ . __ ._. __ 
LD PR5CD DRIVE 5 REQUESTED LFD04488 

______ . ______ ...BQ~_ .. ___ . ___ ._L.-_~I.Q..1?_2 . ______ ..:;;;LFDq~_~§~ ____ . __ . 
LTDR2 LD DR2CD 

___ ... ___ .. ____ t1Q~ ____ ~~.I .. 9y.~ ____ _ 
LTDR3 LD DR3CP 

LFD04511 
LFJ?_9_'±.~!.? __ .. __ ._ .. __ 
LFD04513 

_________ ._. ____ .MP-?.<._. _____ LE_TQ§_? ____ . ___ . _______________ _ . __ ~_EO_O.~?l.~ _______ . __ .. _ 
LTOR4 LD DR4CD LF004515 

___ ._~._,,_. ______ ... _. ___ ~!.q~_. ________ .LE~ .. 9._G:~._. ___ . ____ .... __ ._. ________ ._ .. ____ .~ .. __ .. __ ._. ________ l:-£.P_9.~+.?)_~ ______ ._,_ .. __ . 
DR3CD DC /3001 LET SAD DR 3 LFD04611 

__ ._--:--_J.t~~-~O-. Qf .. _____ . ___ .. L~Q.9J ___ " ____ b~_I __ §~D_. qR.._~ _____ . ______ . ____ .. _~£P..Q!±.9.J_L. _______ _ 
DR5CD DC /5001 LET SAD DR 5 LFD04613 

___ ._._. _____ C3. ____ . __ D~ __ ._. ____ ~ ... ___ . ____________ .... ____________ . ___ ._. ________ l...EDO 4 q~ t _____ . ___ ._ 
C5 OC 5 LFD04661 

__________ . __ .. __ .D_C ____ .... ~_I..f.'.~~9 __ . _______ •. ~ __ .. ~ _____ .. ___ .. _. __ . _______ . _______ bE.P.9.7.94J ____________ _ 
DC /F440 .4 • LFD07942 

_______ . __ ... _._0_<;; __ . ___ ._. ___ tE_:>_~_Q __ . ______ ... ~_5_ .. _ .~_._._. _______ . __ ._. __ . __ . ____ bJ:J?_Q_-'-~~_~_. ___ .. __ 

A L DLOGO SCT08170 
___ §.!.Q_._. __ ~~.l __ .. ______ ._ .. ___ . ___ . _____ ... ___ .________ . ___ ~.~ TQ.8 t?O ~'_" ____ ' 

LOX 12 *-* AT XEQ TIME,ADDR OF INST SCT08190 
_____ ....:..:..*BEMQ_\lE .. __ .S_C.I08.?OQ __ ._ .. _ .. _. ___ ._. ___ ... __________ . _______ . ___ . ___ . ___________________ . __ _ 

Mf::)X J 1 DLOGO SCT09660 . 
__ . _____ . ______ . __ ._.S_I.X .... _ .. ____ .1 ....... *.&.1 .. _ .. ____ ._ .. _._ .. __ ._._ ... _ .... _ ... _. __ .. _. __ ... _ ...... _._._ .. __ ... _ ...... ___ . ___ . ___ . _____ SCT09 .. 670 .. _. ___ .... _____ ...... 

LDX 12 *-* SCT09680 
L.D ____ L.1. __ t.) .. A.OB.Z(S_C ___ ... ~.-NO-J_--s.A.r'1J;.-D-t~K.-£-o.-~PJ,tS SCI09Jp_2_0 ____ . 
MDX 11 DLOGO SCT09830 

_. ______________ ..$.I'-'_ .. _ ... 1_ ..... ~& 1 .. _ ...... _ .. _ .... _ ...... _._ .. __ ..... _. ____ ........... _. ______ ..... __ ... __ ._ .. _ .. _._ ... _. _____ . ____ . ___ ~~I.O_~_C3~.9_ .. ____ . ___ .. ____ .. 
LDX 12 *-* UPDATED SCT09850 

____ f:.: ..... . _. __ .. L .. _ ... __ .[)_LO.G.O_ ... ___ .. __ .. ____ . _____ .... __ . _____ . ___ . __ . ______ ._. ___ ._._ .. _______ .. _. ____ $~_I.1_~.:3§Q ______ .. _ 
STO *&1 SCT15390 

.l.,.QX ..... __ J .4 ... _~":".!. ____ ... _____ ... _ ... _ .. __ . ____ ..... ____ . __________ . ___ .~I.l?!!.Q.9 ___ . ____ :-
*REMOVE SCT15410 AND SCT15420 !/J;b 

____ " _ ... _. __ ._~ __ ._._. ______ ~ __ • ____ • ____ H ____ • __ ·~_. __ ._ •• _ _ •••• _____________________ " ______ • _________ • ______ • ___ ------------------------- .-----,-

0' 

o 
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~.-------. _. _. ---.----.. --.------.-------~.---------.---.--.--.- ---- --- SIX DISK DRIVES·-·-·--------------·-··-----··------
SOURCE LANGUAGE CHANGE CARDS 

r'tJ DC ONECN DEL06251 
~-~:...------------------·-·----·· .. DC·-·-·-·-··-·-·-----ONECN .. ---.---.. -.- --.. -- -·----------·----..:...--·---··---------------·----·------DEL06252----------

DC ONECN . DEL06253 

.. ____ .. __________ -.G \JJ SAD .... _ LDX ___ . 1.3 DRN UM __ . __ --><R3 __ CONT A.l NS __ DR __ CODE-_____ DR_l 06430 ____ ._ 

MDX 13 DLOGO DPI06440 
._ .. ____ . _____ . _____ . __ . _____ .5TX ___ ._. ____ .3 _ ~~&1. __ . __________ DR __ WB~._l,.,VL ___ ADDB _________________ .OE __ I06450 ____________ _ 

LDX 13 *-* DP106470 

... _._._. _________ . _____ . ___ ..... __ ._ .. LD.X __ ... _ .. I 2. __ .. D.LOG.O .. __ ._. ___ ._._. ___ . ____ ._._._. __ ._ .. __ ._ .... ____ .. _._. ___ . ______ .. ______ D_WRO_6.47 0 ________ _ 

SLT 1 SRP04760 
_____ . ____ . _______ . _______ .. __ ._.RT E. __ . ________ 1_7. ____________ . _____ .. _--- ___ . _______ . ______ . ___________ .. ______ . _______ _ __ S.R PO 4 7:1. 0 _____ :-___ . __ _ 

LD L 191 LOAD MAXDRIVE CODE EDP14941 
.... _________ . _______________ SL A__ __ _ __ 1 2 ______ . _ _ ________ MOV E J 0 __ D R.I V E __ PO SJ 1.1 ON ____ E DP.J. A 9_4 2.. ___________ ~ __ 

STO L SA STORE TO I/O AREA EDP14943 
_______ . __________________ SLA ______ .. _ 4. __________________ ZERO _THE_ACCU(-I1 ____ . _________________________ EDP.1 4944. __ . ______________ _ 

. 5 L 192 LOAD NO. OF DRIVES EDP14945 
·_ .... ___________ OR. ____ ._. ____ LDX 1 N ________ ._ .. __ ._._08_._J~T.O ___ LDX ____ I N_S_TRVC.T_I.QN ___ EQF?.1.4_9..4.9 ___ -.--_ 

STO L DKDEV STORE TO PROGRAM EDP14947 

:---O-------------··-~·~~--~ ~~-~~~~1-~------------·~~~-~~- ~-6---~~g~:~~-----------·~~-~-!-::-~~·------·---
_______ LD. __ . __ . __ L. _____ 193 _______ . _____ .STORE ._DEV I CE._T.ABLE_..ADD_~.1 ___ . ___ E'OPl~.9_4l~ __ .. _. ______ _ 

STO L DKLP&l TO PROGRAM EDP1494B 
_ ... ___ . _____ .. __ .. _____ . __ . ___________ ..... __ STO __ L_ S rOOK & 1. . . ____ .. ___ ,_ .. __ ._ .. _ ... _. _. _________ . _________________ .... _. ___ . ___ . EOPJ_4 94.~ .. _. ___ . __ ~ __ _ 

A APTP2 EDP1494D 
___ . ___________________ . _______ .. STO __ . _____ l. ___ RPLND&J _. ________________________________________ . ______ ~DPl_4.9.t+_E __ . _________ _ 

LDXIN LOX 1 *-* BLANK LOAD INSTRUCTION EDP15311 
-____________ --ARTe2_Dc. _____________ .AP_T&2 ________ . __ START._OF._ I/Q_AREA_ eLUS __ 2_. __ . ____ EDEL5.3.12 ____________ . 

* EDP15313 
.. __ . _______ . ____ LDX..L~ _L D X. _____ . J .. ____ *._~~ _________ .. __ .BL A N~_ .. L 0 f!.. D ___ .1N _SJ'R.V C IJ.O N. _________ E 0215.38. t_:... _____ _ 

APTP2 DC APT&2 START OF I/O AREA PLUS 2 EDP15382 
______ . ________ ~ __________ . ___________________________________ . __ . ___________________ . ______________________ . ________ £Of?_l_5_38~ ___________ _ 

DKDEV L~X 1 *-* EDP09510 
. __ . _____ ...D..K.L.E? ____ LD _________ L_L_~~~ __ . _______ . _________ SAVE __ U_SERS_2_~_1_0 ___ ~DDRES;>-_____ . __ EOP_025.2_0 ______ _ 

RPLDK LOX 1 *-* EDPI0140 
eP.LND_._S:IO __ .. _. __ L_l __ ~ _ _:_~ .. _ ... __ . ___ RES.T.QRE ._THE. __ ENTRY ______ . _____ .. _____ ED.2J'O __ Lo,o ___ . ________ . 

LDX 1 *-* XRl N NO. OF DRIVES EDPI0610 
_SIQD~_L p ______ L_L _~_ ... ~ ___________ . ______ . ______ . ________ H __. ____________ • ___________ • ________ • f:_OEJ _0_02_0 __________ _ 

SA DC *-* DRIVE NUMBER EDP12080 

- ____________ --"6S.C_~ ____ .~ ______ . ___ .. __ . _____ ._.1_S ___ A.g_E~._._CJ)QE ___ L~S.S __ TJ:L~~_tp_O'.$.Ko_tQ~O _______ _ 
MDX PSTVE YES DSKOI042 

... _____ - ___________________ LDX _____ 1. ___ 5. ____ .. __ . ______ ._ ... NO. XR 1115 __ 1~ __ AREA._CODE~2_5 _____ D.sKO.l.043 ____ . _______ . ___ _ 

MDX L GETAB&1.11 SET UP FOR ERR CNTR IND DSKOI044 --0---------------- ~J~_Q_X ___ ._. _____ ._!_ &..l_. ____________ . _____________ . ---.--.. ---- .--.-------. -- - ---.----- --.------- _________ Q~t5.0_1Q ~-§---.-----
PSTVE LOX 1 2 XR1h2 IF AREA CODE IS 9 'DSKOI048 

.. ~-.------. 
.. ___________ .. s-8A. _____ . ___ .... __ l._l_ .. __ . __ . ____ ... _._. __ J?QSJ.IJQ~_._8.}~;:_~ ___ ~OOt;:_.AI __ 8.I. __ Q_~.~Q_LQ_:LO ______ . 

STO AC SAVE HEX AREA CODE DSKOI055 

----.. ---------- ----- ~;~--- --~ETAi::- ------~~s!lHE~ _C:ODE._~_ Q8_?5_ ---- --6~~~+~~6---?Lf3 



#14071-1· . APPENDIX B 1~a~e_1.2~r" 14 
-~,..,..,--~-. TSX IDDIFICATIONSc-ro SUPFDRT ---....'"'-'---------

SIX DISK DRIVES --:--__ ' .. '~---:---___ . ___ ... __ ._:----------:_-.--...:...------ _. ____ ~~_._._. __ .. ___ .--.. -------.-.... --. -.--__ . ----.--~--.. -_._-,------;0_._-'--_._--------_._--
SOURCE LANGUAGE CHANGE CARDS '> 

--'-_-:-. _.--.. ______ --a-__________ • _______________ _ 

MDX 1 -1 NO.SET XRl FOR DR CO§lOR4 DSKOI080 d 
.:. _____ S.BA. ____ -' __ ... _~ ______ .. __ . ___ . ____ . ________ .. __ .... _. ___ .. _____ ._. ____ . ___ . __ . ____ . ______ O'_S_I<;.OJ_.O~O. ____ . _______ . 

·sse E· IS AREA CODE 8 OR 24 DSKOIIOO 
_~ ___ --, ___ J!1DX-:..._l_=~ _________ . ___ NO __ t_SE.I_.xRL_.E..QB_DB. __ CDll.o __ QR3 __ DS_KO_LL1..Q_._. _____ · __ 

NOP YES DSKO 1115 
_______ ---'WG.EI.AC--STX--LCVEDP~ ____ SA...YE .. __ DRtYE_C_O.D.E _____ . ___ ~.sKQ .. Ll.2O' _____ _ 

MDX 1 12 SET UP FOR ERR CNTR IND DSKOl125 
-LQ_.-----.c_V...EOe _ LQAD_.DRJ V_E_~.C.oDE _______ 0.5.KOL1..30 ______ . 

SLA 12 SET UP DRIVE CODE FOR 2ND DSKOl135 
__ .. STO ___ .. L __ . __ NUMER&J ._. _____ . ___ .WORD ___ OF __ DJ.SK ___ LO'CC ________ DSKO.l.lA'O. __ ... _ .. __ . ___ . 

LD AC GET HEX AREA CODE DSK01145 
.SRT ___ -_.4 .. __ . ____ . ___ . __ CONVERI __ "LO_ ... ES.CD.1.C ________ ... _.DSKO .. 1.150 __ . ______ . 

SLA 5 AREA DSKOl155 
____ --'-_______ SLT ____ . __ .. _4 _____ . _______ CQDE ________ . _____ . ____ .0 SK01.l.60 __ . __ . _____ _ 

, OR HFOFO DSKO 1160 
_'. _. ______________ STO_. __ L .... _.PAREA&6 _____ . ____ . __ STO~E __ J.N ___ eHJNT_.AREA ____ . ___ . __ OSKO.L120 __ . _____ _ 

GETAB MDX L1 *-* MODIFY XRl FOR ERR CNTR DSKOl175 
.STX ___ ._l ___ CNIR .. _. ____ ._~I.ND __ A.ND __ S.T_ORE. __ LI_ .. ___ ----DSKO lJ8_0. ___ ._~ ___ ._ 

HFOFO DC /FOFO EBCDIC MASK DSK01565 
. ____ *.REMOVE_DSKO 17.30 __ THRU __ DSKO_L8_0Q_ ... _____ ._ .. ____ ._~_____ . _________ .. _. _________ _ 

*DELETE DSK 02290 AND DSK02300 
___ CMIH __ DC _______ ._Q _____ .. ___ .. _. ______ .. _C91~LTAJ..N.$_._C~_T8_._NQ . .£_QR __________ .D~KQ2_5.~;:; __ ~ ______ _ 
* HARDWARE ERROR DSK02526 

___ .• ________ .ST.O _______ ~A.REA&9. ___ . __ . _____ CQ.8.ELQAQ __ .N~.M.~ ______ .... _J~.~J'50;3.5_9.0_. ___ .. _____ _ 
STO CNTR ZERO ERROR CNTR INDICATOR DSK03780 

____ LD ________ .. _ ..... Ct-lTR_. __ .. _. ____ .. _._. ______ . ____ . ______________ . _______________ .O_S..lSO_=i~_~O ___________ _ 
*REMOVE OSK02830 THRU OSK0285Q AND DSK02890 

. __ . __ . _____ ~ __ *R~MOVE. __ .D.sI<Q3Z..00 ___ THgU __ DSK.Q=?2,20._.8NQ __ Q$KQ~2.o.0 ______ . ________ . ___ -.-________________ ... _ 
ERR6 8S1 1 DISKN SEEK HOME ON DRIVE TO bSK02860 

. __ .. __ . ___ . __ ... _;;.B8.5 __ ._. __ ~$L_ .. ..1 _ .. D I SKN. ___ ._ .. ____ . __ s~.E.J<: .... lj_O~'" E. 9N _ . .Q.F<_1Y.~ .. _ . .T_O ___ ._. __ .. ____ D_s~~Q~?;3.0_ ... __ ._._. _____ .... 

DC 0. 4TH 2310 DISK STORAGE EUD00471 
__ . _______ . ____ . __ . ___ o.c __ ._. ___ .. ___ . __ Q_._ .. .. __________ . __ .5IJ-L ___ ?3 1.0._0 J SK .. _ $TPRAGE. _________ .EY_PO.Q4_-L2 __________ _ 

OC 0 6TH 2310 DISK STORAGE EUD00473 
_____ ~.$_~_.~ _______ ~._ ..... __ . ____ ._O! .. E"I~)' __ J~Q~~]"_to}~_$. ______ ._ .. ___ . __ ~_lJ.QQ_Q.~_E3.9 ______ _ 

LOX 1 28 LENGTH OF ERR CNTR TABLE CEAOIOOO 
~q~_. __ I:-:~_I9UT~} ___ .. __ . _____ ~1~§.~~_(;~_ ~.~~~E~ ___________________ ~~~9_L9l9 ____ . _____ _ 
EBC .2310. 20 • CEA02011 

. ______________ ~;>j: ______ . ___ ._?~.~J~. __ .?~~ __ • ____ . __ . ~~~.9~.Q.lE ____ _ 
EBC .2310 25 • CEA02013 

.--_. _______ EHCI ___ ._ .. EPU.. __ . ______ .. /FEF O .. _ .. ------.- OUTPUT AREA ______ .. ___ ... __ .. __________ CE800 540 _____ . __ ~ ___ . ___ . __ . 
LOX Ll 114 TO BE PRINTED OUT CEB00670 

___________ LQX-.. __ t_9_. ___ ._. ____ .......... _ .. _MA~ __ NO. __ QE_lJ.N.tJ_S __ T_ttLS~Ey ___ C_~6_0_L2...t~ __ _ 
LOX II 193 CEBO·1250 

___ . _. __ ------.-------- _t,.. Q)< .. ___ J 2_ ... 18_.7_. ____ . __ .. ____ ._ .. _ .___ ___ .. ________ ._ __._._. _____ . _______________ . __ . ______ ._ c:~ BOJ_2 6 0. __ . ____ . ____ _ 

. _~~~ _____ L~._.~~FF&8 __________ ... __ . ____ ~ ________ . _ .. ____________ . _____ . __ . ___ ._~~~~_~.;~~ ___________ . ____ C) 
LOX 11 187 CEB01780 

____ ~Q_~_._. ___ 1_J ____ J .. 2.~ __ ._. _____ . __ ... _._._. ____ .. _ ... __ .. _. ____ . ______ . ..: _____ . __ .... _ ....... ______ <;_~~~l_ E?.!.~ __ ._~ 
LOX 2 7 NO. OF LINES OF OUTPUT CE601840 

-.-------------~-~.-----.- -----.~~----.---.-------.---------.----.----.--- ... ------.---.. -.---------.-----.... -·----~-~~6·~~~-6--·- ¥-M 



---.ffl~Q'H·-------TSX M)DI~i:~~;;:3Bro- suproRT _____ I'age . ~3-O:L~lt __ :_~\ 
_____ , ____ . ____ , ___ , _. _____ .... ___ ... _______ ._, ___ . __ . __ ' ... '_' .... . SIX .DISK DRIVES .... , ________ .. ___ . ______ .. _ .. _____ .. __ . ___ ... __ I 

SOURCE LANGUAGE CHANGE CARDS 

--"'--' ,---~-." .. -----_ .. _------_ .... -_.'-,-------------
K2 DC 2 TEST IF 1053 CEB02920 

-------K6,------.DC .. ,-- -.. 6--. --.-.,--.---.... TEST .. .IF.231D-...... -.. ---.------------.---CEB02960 .. ---...... - ... ,----____ . 
S K6 CEB03840 

-------,-.-------.------. L DX.-.I. 1 .. -1 93 .... _. . .. _______ , __ .... ______ . __ .... __ .. _________ -_' ______________ ._ ... ---CEBO 395 1 , .. ---.--.... ,- .. 

STX 1 *&2 CEB03952 
_________ ,_. _. __ . __ . LDX._ ..... "l. 6 ___ ., _____ ..... ". __ .,_SET, _TO' __ MAX. __ NUMBER ____ , __ ._ .... __ ~ ______ . __ C.EBO,3.960 __ . ____ .. ___ ~ __ . __ 

HSEEK LD II *-* TEST IF DRIVE ON LINE CEB03970 
__ .. _________________________ .5._ .. ____ L_. K6 ._ .. _____ . __ ,._. __ .___ , ...... _____ .. ___ C.E8.0.4J 00. __________ _ 

DIV DC /1000 USED TO CALC NEXT DRIVE CEB04191 
_._. __________ ... __ . ______ .§..~. ___ ._ ..... __ pC /500 D ...... ___ ''' ___ ''''. ______ ,_". ___ . __ ._~~_~Q~_?_2.2_. ______ .. ___ .. _. 

DC /3000 
-._. ____ .. __________ ._ .... _ . ___ . __ DC...... /4000. 

DC /5000 
' _____ ._ .. ____ .. _______ ,_ ... _____ .. __ . ___ A __ L... 188 

*REMOVE SKA16400 

---------__ .. __ .. ___ , .. __ .... _._ .... .LDX . I 1 188 

STX 
.. --... -.----------. ________ ..... LDX . ,1 1 

*&1 
*-* 

n--·-... -~-..... ·-.. ----- .-- ,---, LDX I 1 188 
STX __ . .1 ,*&1 

LDX I 1 .*-* 

r--1DX 
MDX 
LDX. 
STX 

_.-.. 2 

11 
1 

-5 . . . -.~. 

STI 
187 

*-1 
-------___ ... _ .... ______ ._. __ . __ . _ ...... ______ . LD - _ L2 *-* 

LD L DCON&l 

- -.. 

SKA04000 
. .. ______ . ___ ,, __________ .'" ._. ______ ._._SKA040 1 0 ___ .. __ . ______ ._ 

SKA04020 
.. _. ADDRESS OF ___ DEVI CE"T ABLE .. _ ._. SKAJ 6140, ...... ___ . __ 

LOAD ADDRESS Or

DF< I VE ZERO 
DEVICE TABLE 

. ___ IRL015S.o .. _. __ .. __ .... 

TRL01581 
__ .. _ .. _ ._TRLO 1582 .... _". ___ .. __ . 

GET FILe PROTECT STATUS TDD01290 
. ___ ... . __ . ____ ._ .... __ ... _. _______ .TDD0129L. ________ .. 

TOD01292 

. __ .. BRANCH,oACK TO_ S11 IE ... , __ ......... ID.2.00810. ___ .. __ .. _ ... ___ .. 
ORIV~ CODE ILLEGAL TDP00820 
GET LOG I CAL __ DR 1 VE ... _. ______ .. ___ .. ___ TD~.O.082L .... _ .. _ ..... _'. ___ . 

DEVICE TABLE T9P00822 
ADDRESS _ . __ __ ___ ___._TD~00830. _ .... __ ,._ . 

TDP01630 

_______ . ___ ... _. _____ ,_, _ _. ____ . ____ .... _____ LDX ..... 12 188. _LOAD .. ADDRESS. OF. _______ .. _ . .:.. ____ ._ ,_TVPOO.4.8Q ______ ... _________ -

STX 2 *&1 DEVICE TUP00481 
____________________ ._. ____ . ___ . ____ . __ . __ LDX. J 2._ *-~ , .. TABLE_ _ __, ______ ....... _______ ., TUP00482 _____ ... ___________ ... 

LOX 13 188 SAVE BAD CYLINDER TUP00840 
____ . _____ ... ___ . _____ ... _ .. MDX ........ ,3 _ . .1 _ .. __ ...... _, .... _. ___ ADDRESS _ ._ .... __ .... _____ ._, ____ .. ________ .... T,Ue.0084.l _______ , __ .... _ 

STX 3 *& 1 ON TUP00842 
._. __ . _______ . ___ ... _____ ~ ______ . __ ._.LDX _ 13 __ *-* . __ . __ TH I S_ __ ...... __ ... ___ .. ___ ._. ___ ._ ... __ T_UPO.Oa~t~ ____ . __________ ,_ ... __ _ 

S L 191 AND BRANCH TO ERROR TDL01890 
._ ... , _____ . _______ . __ ..... _____ ... _ ...... L D X ,_." .11 1 88 ... ......... _. ____ " .......... __ .... __ ...... _._ .... ~, _____ . _____ ,_ TDLO L98.5 ___ ... _ .. _ ... _ ..... _ .. ' 

STX 1 *& 1 TDL01986 
__ ..... ___ . _______ . ____ ....... _ . ____ .. LD ... L2 *-* BRANCH TO ERROR RO.UT I NE _______ .. TDLO 1990. __ .. __ .,. 

AND L HOOFF TDL02340 

~9~===--=-~-M~S-~~-~B~---· ...•... DR .1 V E . CODE:~.~~E·~._ .~ ... ~_:.~. 3 -4· .• ·.5 •.• · ••• ~.·-.•. · :~ •. ~ T.~~~:~.~~:~~~~.~~.~~_ 
5 L 191 MUST BE 0 1 2 3 4 5 TWA00850 

.... _____ ._. ____ .-:::. ..... _____ ._. ______ . ___ A. L 187 _ .. G~l __ DI SKN ... OEVICE . TABLE, A.DD TWA00865 ... __ .. ________ ."_ 
LD Xl 0 TWA00890 -

.:--.----.------ -------. ,._!t£!;--. --------_ .. _-------------._. 



'. ; -.: ~'::'"~' .. ".'.:'."~:: .:-'.~'~.'.'. ·~c~, ... '.! :.-::'.7 .... ;:: .. ' :-~ ·-f"';:·''r 1 

. ·.;i.~( ;:;~));::<~:.~'{};&1;::.rt:~;t~f.~~ -! 

~ ____ . __ . .APPENDIX B .. ~ _______ . _______ ._·_~'. _. _'.' ... PEige14()iI4, 
, TSX- IDDIFICATIONS TOS UProRT. . . '. - . ' .. ; 

. " - . "; . . SIX DISK DRIVES '. 
-"'~~""":~~~'-'-~-.. ._ .. -: .-......•. ---.----.--..... -....... ---~-.... ~-.-:-.--~-~·--SOURCE LANGUAGE CHANGE~CAROO------~_:_-----· .• -.... "-:.' _ .... -~A.J 

.... -.-.-..,.---.;.--~ .• -: .. ----~-~--~.-.---~-----~-~--:---. ------.-.-.:..--:---.. 

" . DC /1000 2310-3 BT1.0073i· 
~,.......... __ ~.C ___ ~..A.7.JLO - ___ --________ ..IoJB.I.l.cLO...:u~ __ ·. ___ .. _. __ ... ---

DC /1000 231q-4 BTI00733 
--..-DC /J:..7-0-01oL·---------_______ ...--___ --'B'-l.UO.QUl,~i: ___ __.___ 

'. '; \.1 DC /1000 2310-5 ~TI00735 
n.C-· ___ I-.CE.OO BliDD-23£)_'" _. ___ _ 

t' 

---------------------,------------.----
DC /1000 2310-3 BT2002?1 

... _-----.-________ D.c.. &:1-0_0 B TZO_QZa..g_"... __ _ 
. ~ 

DC /1000 2310-4 BT200283 
._----- ------ OJ: LC.7_0.0'---__ 6I..aCtO..z64 ____ _ 

OC /1000 2310-5 BTZ00285 
___ ."-___ --:-____ . Q~ ___ ..LCE.Q_O ___________________ """'B~T~2CLO_=2_=8_=_6 _ __:... __ 

--..... -------
A L 188 * * MDI02590 

~ ___ ~* . ..R~O~V..Ej1D.IO-Z.aQQ-----_-----_--------------"----____ ---;-_ 

A L . 1'88 . * * MDN00440 
~ __ ~ ___ *REM~YE ~Q~~997Q __________________ ~. ____________________________ ~.~ 

.---r-"~-----'-------------~---------- .--------.-----. 

--------:-- --- .----. ..,...--.---.. --~-

.oC ___ · _._ .•. _._. __ • __ .• ___ ....,... __ . ___ ~._. ________ • __ __'_ 
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05/360 FORTRAN'REREAD 

A. Known Restrictions 

1. Itl its present form, REREAD did not work for a program which 
the E-leve1 compiler suggested subdividing. We got around this 

2. 

3. 

by . 

MAINLINE: CALL RR 
Etc. 

SUBPROGRAM: SUBROUTINE RR 
CALL REREAD 
RETURN 
END 

This apparently let FORTRAN handle linkage conventions for a 
module small enough that use and nonrestore of register 8 by, 
RE~ did not hurt us. 

We have not 'tried it (REREAD) with data sets organized as direct 
data sets. Author said it will not work. 

REREAD will not work with a variable for DSRN: 

READ (J, 3) list 
3 FORMAT (etc.) 

is not possible. 

4. As distributed, REREAD is for an E-1eve1 system. If your system 
includes G- or H-1eve1, or is restricted to G- or H-1eve1, state
ment 3 of the Ass~mb1y Lang~ge source code should be changed 
to 

EXTRN IHCFCOMH 

·S. As distributed, REREAD uses DSRN 19 for REREADing. To clloose 
ano~her DSRN (~99), change statement 44 of the Assembly Language 
listing (as distributed) to 

B. Use 

119 DC F'xx' 

where xx is the DSRN you desire to use. Author says this number 
is independent of number of DSRN's chosen at SYSGEN'time, and 
that a DD DUMMY card does not have to be included. 

1. It is necessary to issue the statement 

CALL REREAD 

, I 



_____________ • ____ • ___ ,_ ••••• '''_ ...... w'''' .. ' .. '''' .••• ~"'."'_.~."','.'". 

once and only once for each FORTRAN program in which RERE~ing 
is to occur. This call must be executed before any REREADt~~ C" 
ts,kes place. . 

2. After B.l has occurred, REREADing is accomplished by 

READ (19, f) list 

where f is the FORMAT under which REREADing is to occur. 

3. Any number of 

READ (19, f 1) listl 
READ (19, f 2) list2 

READ (19, fn) listn 

can occur for the same buffer load. 

4. An application: User reads cards whi~h occur randomly with . 
respect to type, but each card contains its type i~entification 
in the same field (say, Col. 56). Let DSRN = 1 stand for the 
system reader. Then 

READ (1, 11) JTYPE 
11 FORMAT (55X, II) 

GO TO (aI, a2, •.• , an) JTYPE 
a1 READ (19, fl) listl 

, GO TO b1 
a2 READ (19, f2) list2 

GO" TO b2 

~ READ (19, fn) listn 
GO TO hu 

will accomplish this. 

c. ·Function 

CALL REREAD 

~ubstitutes the address of bbb for the addres$ of F~OCS tn the " 
FORTRAN I/O area. 

Each subsequent 

READ (n, f) list 

passes through bbb, where the pointers to Q~~fers are saved a~d it 
is ex~ned for DSRN ~ 19. If DSRN ~ 19, then the control retturns 
immediately to FORTRAN I/O for a physical read. If DSRN = 19, then 
the buffers are restored to their condition for the previous READ, 
physica~ reading is bypassed, and control is returned to FORTRAN 
I/O for FORMATting only. 
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.... , .. 
1..-.... ,0 .. · :Pusl~ J/er $ /vQp/'. It~:/E/-l j:;; 
~ .. -.-;:-

IIREREAO Jba ~SGLEVEL=1 
"IISTEPl EXEC A$MFCL,PARM.lKEO;(MAP,lET,NCAl~OC) 

IICQ,y'P EXEC PG~-1= I EUASM 
IISY$LtH DO OSNAME=SYS1.MACLIO,OISP=OLO 
IISYSUTl 00 UNIT=DISK,$PACE=(11bO,(400,50»,OISP=(NEW,PASS) 

~-IISYSUT1 DO UNIT=OlSK,SPAC~=(1100,(~00.50» 

I 

IISVSUT2 DO UN[T=(l)(SK,SEP=(SYSUT1.SYSUT3»,SPACE:(L700,(400,50) 
-IISYSPRINr DO SYSOUT=A 

IISYSPUNCH 00 oSNAME=&lOAoSET,UNIT=OISK,SPACE=(400,(SO,10», 
II OISP=(MOO,PASS),OCB=(,OlKSIlE=400) 
IICCMP.SVSIN 00 DATA 
lEF23bI ALLec. FOR RfkFAO 
If:F237I 'SYSLIO ON 1<)0 

'''IFF237f SYSUT1 ON 190 
tEF2371 SYSUT3 ON 190 
IfF237I $VSUT2 ON 191 
IFF2311 SVSPUNCH ON 191 

COMP STEP1 

OOOOC010 
00000020 
00000030 
00000040 
00U00050 
00000060 

X00000070 
00000080 

~l.5 

.-------~-----.-" -----~- ... 

S v//?h..v'~g<0(/I/4n/ ~. sP;. :0' 
.~ 

.. -. __ .•. _-----_._- ----.:.--~------- _ .. - ... _- .... - .. _ ... __ ..• _ .... ~ 

- ... --.--------.... ---~-.- ... --.. ~ ,-"".", - ... - ,-

_____ . ______ .. M_:. ___ .MI 

--. ...! 

.. ---.- ----. --.--.--.-... -.----.. -.-----.. -.-.-.---.. --.. ---.- ........ _. ----.-...... --.... -- ... .J 
tE~2311 SYSIN ON OOC ._ .. ____ ._. ___ ~===~=~_-=-----.-=~==~=== ______ . _____ ~=.==--~- ___________ J 

. . I ... --... -... -._--. -----.... -.-.----------.- ------.---------.-------.--------- -------~~~~----~~-~==--J 
.------._-_ .... ---.-- ... _- .--...... _._--._. __ ... _-------_._-----_ •. _------------_. 

" .. _._a .. _ ... _______ ._. __ . ______________ .. ._---- ---------_._._-------_._ .. _-.. - ._-_.------_._--------_ .. _-_._._ .. -
I 
I 

I 

•• _'M _ -- " ... __ II 

'----------_._--_ ... _. __ ...... _ ..... _-... _._---_ .. _--------------------_._--------_ . -""'-- ... - ...... __ . __ .. _._-----: 

. _ .. _----.---_. -.. ----.-------.-.---------------

------·---------~·c---------- .- -------.--... -...... -.... - .- -.... -----_. '- ._-* ... __ ... _ ... 

.- .. -.~ ... -.- .----~---

------_._._._-------_.--------------.-
-----_._--_._-_ ... -_.------•. __ ... -._-------_._._._--_._-_. ---- - - -_._--

-...... --.- ... - ._---.... --.-.. _---_ .. -._-

------_ ... __ ._-_._ .... _._._--_ .... __ .. -.. _---_._ .. _-_._--...... _-._-_ .. _. -~-----'" ---_ . ...:-_-----' 
. .-.!._ .• _-----o- .... ---.. -... ___ ._. __ .. ______________ .. ___ .... _________ ...... ____ . __ 

1_ ..... _ ....... ___ .. 4 _ .... -. -.... _---.... _ .... _----_ .. - .... __ .... ---... - .. _--.-- ... - ... .... -.. - ........ _.-- --- -.. -: 

~------.-.- .-.. -~ .. ~-------- --_. ".;-! ... _--_ ...... _ .. _- _ .... _-_ .. _- ... --- . __ .. --------- .... -~- ... --.-~-.--... -.--.-----. --.---~ .. -.. ----'-'--'-'. !.:..~-~--:-~-. '-, 
t __ •....• . -_._- ....... --- .... - .. -_ .. _ ... _ .... _--... _--



. ---.. ~ ..... -~ .. " ... _.-

-S VM B' ot--_·-t y p t'-' J 0-'- -A C 0 ~ ... L F N G T H . L '0-'1 O' ._-.-----.. E ~ T_ ~.~ ~ A ~ __ .~Y_~~9 !:.-~}.~!-I. g-~~~~ ____ -:--,_ .. F. ____ _ 

PC 
REREAD 

01 000000 000002 
000000 01 LO 

(HCFCOME f.R 02 
'HtCFl aSH -.- F I( --- 03'" - "-'-'-'" . __ ._---_._------_._-_.----------

----_ .. _ ... __ .-_ ..... --- -- -----------

•••••. _ ••••• _. L •• _. __ •••.•• ____________ ••••••• ____ .• ___ • ___ •• __________ • 

.----'-.---------.-.. --~.- •... -.. --------------

.... ~- .. ----.-.... ,,-~ .. -- .. _ ... _-_ ........ -_. -----.-. --_ .. _ ... _. __ ..... _ ... -._--_._._-

.....• ".- ._.----.- - .. __ . __ ._-_ .. _--...... _-_ ..... __ ._-_. 

~ 

p .. ~ 
00'-- AGE 1 ----- ...(' 

.30 10/29/61'-"--

. __ ._------.-~ 

------_ ... _--_._-_ .•... _--_._-

-::--: 
! ---. _._-. -----.-.... -.... ---------i 

.. - 1 

.---.---.------.-----.-... -----.-.---.... -.. ·.· .. ·······_·-····· __ ··_-_·---.-1 

.. -.- ...... - .... '--1 

--.-------------------.---.---.•.. -----.- - - ... ------ •.. _.,....--1 

"'-1 

--1 

) I -_._--_._--- _ .. _ ........ -._.- .... __ ... _-_ ... _. -.• -_. -., ...••.•. _. --_._ ...... -. --------_._-_._--_._._--- -_ .... -----_ .... _-------_. __ ._--------_ .. -.- '---'."------' --- -... ------~ 

"1 

.. _..,...- _._-., 

. '1 

-----0--·---- -_ .... -- ........ -. ., .. .,..:.-.-- "'---1 o o '.1 



~".-- _._ .... -.-. ---- - .. - .•... - .. •... ... . ..-.~..-~ 
. ..... -.... -....... -.. ' 0 . ~ .. .. .. ... . ..... ,~h.. ." " 

, o 0···· 
.... .. ·t··· .. _, ··-~"------'--t·--..4"' ....• ~ .. ,". ... --.-.--.---..•. ,_._-- _.-•• ,.. .. , "P ~~~ ; .. , I ( ~ " ... _ ... _._ ......... ...:..._. ._ 

..... --. F01JAN67· 10/29/67 . - ......... " . 

"1 \, , I III f I ' . t I , • '. " • 'I 

LOC" OBJECT CODe ADDRl AOOR2 STHT ... SOURCE STATEMENT ....... . 
, I 

00.0000 1 . . START 0 061967WN 
, I If 2 ENTRY REREAD 061961WN 

--.. · .. ·-~··f-·- .. -···-·-·-~ .. · .............. -"'~' "'- . 3 ........ . EXTRN IHCFCOt·H:·-·---·····-----·--···-·· .-- .... -.-.. ---.. ------.. ---- .. -. 061961WN ---------------.•.. ---.. 

4 ~XTRN [HCFIDS~ 061967WN 
'.) REREAD LR 8,15 ................. - ..... ------... --....... 061967WN 

6 'USING REREAD,8 061967WN 
000 C 8 7 S T 1 , S V 1 .,. ...... . .. 06 1 96 7 W N 
00070 B· L 1,ADIII 061967WN 

····00074· ...... 9"'--'- ···-··L ·15,ADlfiCOW--------·-.--·---------· _.- 061961WN -

0004A 10 MVI 74(lS),X'50' 061967WN 

000000 l08F 
000000 
000002 SOLO 
000006 'l810 
00000/\ S8~0 
OOOOOE C)2~0 

000012 440F 
000016 92sa 
OOOOlA 5810 
OOOOlE 07f-[-
000020 .. 

80CO 
8010 
0074 
F04A 
004A 
F.04A 
80CO 

0004A 11 EX O,74( 15) .-..... ----................. ' ..... - .. _.-.-.................. - .... "'--'-"'-'''' 061967WN ... - .---.- ..•.... -

0004A 12 MVI 14(lS),X'58' ,061967WN 
oooca 13 L 1, SV1 .... - ... ---.--.-----....... - .----.. --.----...... - .. - .... -"""'-' ...... --.- - .-._ .. 061967WN .".-.------....•...... : .. ',--

14 ~CR 15,14 061961WN 
... - .. --- l'i .--.--- -_ .. -. US INC' *, 1 .. ------.----. ---'-'---. ----- . 06 196 7WN --.--_._-'----

000020 904F 1050 00018 16 ZlZ STM 4,15,SAVE 061961WN 
... 17' . DROP . 1 ---------.--.-.-.-........ " .. -.. - .. ---...... - ... - ... - .. --- .... - '-'''''''''''' 061967WN' " 

0'0002410Ul lU LR 11,1 061967WN 
000020 1 q .. -- .-.... - .. - US I NC ZIZ, 11" .-----.. ---.-.-.-........ -.---.------.---... -.-.. --.... -.-.-.---.... - ----. --.. 061967WN 

00002b 18'tO 20 LR' 4,0" 061967WN 
'000020 OS01 4000"'8000--'00000 00000--'- 21 .-----.--.-. CLC 0(2,4) ,HOOFO -------. • .. _., 06196-(WN ........... -_ .. _._--

00002E '.7UO BOlC 0003C 22 BC 0,CHK19 
0000 32 ~U 10 BOAO OOOCO '-. 2 ) .... _--.-. L. . 1, AUF I DC S-------------····· 
000016 904F 0058 00078 24 LM 4,15.S~VE 
000031\ 07fl 2S' ... OCR ..... 15,1 .... --------........ - ... -.. -

00003C bsu'~ EOOO OOA4 00000 000C4 26 CHK19 . CLC 0(4,14), f 19 

061967WN 
061967WN 
061967WN 

000042 4180 B03C· .. -.... OOOSC ---.. 27 ....... -----. BC .-.- 8, BYPASS .-.. ---- .-.. 06196 7WN .. _ ... _ .. _ .. _-_.-.--

000046 10L( 20 lR 2,14 061967WN 
000040 5810' 8(lAO "" :. OOOCO _ ... 29 ·······--·--·-·L .. --. 1, AOF I OC S- -, .. -----.-.-.-.-.--.-.~ .... -.. -.-.---..... 06 t 96 7WN .... , ..• - ... - .... '''--"'1 

00004C OSU1 30 8AlR 0,1 . 06196'/WN I 

gg~g.~~ ?,g~g BO/\8 oooca '-";~ --.-.----.- .. ~~ ... ~: ~~~O' .. ----.. --.--.------.----...... - ... "" ... g: i~: ~~~ . d" ............ - I 

00005' •. 50)0 OOAC--··--·----····OOOCC-- 31 ----.---.. S r--3, SV2 -.- 06196 7WN--'--:- . I 

000058 47FO 8044 OU064 34 OC 15,LEAVE ·061967WN . 
g~~g~g ~~;g ~g~g .- ...... -.... g~ggg -" ;~ ·OVPASS···· - ~ --';:~~~ ------------.---- - .... --.------.. -----.. -.------...... -.-.- g~~~:~~~' ······· .. ········_·-·:---·1 
~gg~:~ ~!:.; ~g~~ ............ g~g;~ .... ;~ LEAVE -.--- ~~ -----·!:~~~~A·~~-------·----------·-----· -. '-'--" .... ~:~::~~~ ··--.. '-.. -······-······-~-I 

'00 n06e 01 F 1 .. --.-----.---- -----. 39 .. .... -... _.- BCR" -- 15,1 - 06196 7WN ----------' 

~mH mgg~ ~~ ... . . ... ... z ~ ~ g ~ ~~o~· ~~ . - : g ~~ ~C~IIE ) .-----•.. - --- ----' ---. -- •. _.- g~ ~ ~: ~~~ . - ~ ...: .. ~ 
000018 0000000000000000 . 42 SAVE DC 1 OF' o· ..... -.---.------..... ---.. -.... -.... -... -...... -.- - ......... _ ... _ .. --.- --.-_ ........... , 061967WN ... - _._-..• ; 

. ..1 

oonoco OOuOQOOO 43 ADFloes DC A( IHCFIOSH) 061967WN' I 
;00.QOC400QOOO 13 -.. _ .... - - .... - ... _-. "-'-'" 4 /t 119 . DC -_ ... F' 19' -----------. --.------.. ..------.--! 
OOOOCO . 45 SVl OS· F 
·ooooee ... ' 46 SV2 ... OS F _._---_ .. _---- .-

000000 OOfO 41 HOOFO DC X'OOFO' 
i .. 48 .. END' 

1---_ ... ~-.. ~.~.-..... _ ... -

, .... ___ ....... ___ ._ .. ____ •••••• •••••• 4 _ ... 

.... -....... -.. ---~--.- ........ - _ ... -

061967WN 
'061967W'N 

061961WN 
. 061967WN 

.--' 

..... _·_ ... ·----1 

. i .- ._ ... -. __ . · __ ·_·----:--1 
! 
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SYMBOL LEN VALUE 

, .. J\OF IOCS 00004 OOOOCO 
ADtHCOM 00004'000074 

~AOllI "':"00004 000070 
BYPASS . OOOO~ 00005C 
CHK19 00006 D0003C 
HOOFO 00002 000000 
IHCFCOME 00001 000000 
IHCFI0SH 00001 000000 

i" I 1 CJ 0000 I. 000 a C 4 
LEAVE 00004 000064 
'Rf~EAO 00002 000000 

SAVE 00004 000070 
SVI 00004 ooooce 
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C 061961 061967WN 
'''·s.ooor· 

S.0002 
.. ~. OOO'~ 

$.0004 
.-~. 0005 ... -------. 

S.0006 
"S.0007 
S.ooon 
S.0009. 
5.0010 
S. 0·0 11 
5.0012 
5.0013 
5.0014 

NM~E TAG 

A 
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NAME 

REREAD 

~'MME . 

or MENS ION A (20 ) ... --... ---.----.--...... -.-----.-... ;.----. ----------06196 7WN-

CALL REREAD 06l967WN 

-------.-.----.--.-.--'.~- "'I. 
~EAO (5,1) A ....... -.......... -.----.... -.---.--- ·----:---·061967WN·-

2 FORMAT (. ',20A4) 061967WN 
t FORNAT (20A4) '-~06l961WN-'---' . .. _------,------

00 ] 1=1,10 061961WN 
3 WIUTt: (6,~) A ...... -------.. --- 061967~N -------- ----............ -.-.. -.-... --'---.. -----•.•. -. 

10 FOR~AT ·(3F6.2,I4) 061961WN 
R F. .\ 0 (19 t 1 0) X , y , Z ,J . .. --.-----. --_ .. _-
1)0 5 1=1,10 061961WN 

5 WI{ 1 T E (b t 7) X , Y , l ,'J .-.. ----------------. 
1 FORt-1AT (' ',3F12.2,II0) 061961WN 

S T UP ..... ----------.-. .------. 06l961WN ---.------.. ------.. - ... 
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IEF28SI VOL SER NOS= OOOOO~. 
lCF2USI LOAO~r~EREAO PASSED 
IfF285I VOL S~R NOS= 000011. 
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IISYSLMOO 00 OSNAM~=&GO(MAtN),OISP=(NEW,PASS),UNIT=OISK. XOOOOOl20 
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I~F231f SYSUT1 UN 190 
IFF2371 SYSLIN ON 191 
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ABS,]~RACT 

A method is -descr:i.bed- for incorporatin~ overlapped. printing --

into IBM 1130-Commercial FonrrRAN programs. Communtcation-- -

to the subprogram which performs a printing operat"ion is 

a.chieved. th~ough the FORTRAN WRITE statement rathe~ than 
-

-. through the CALL statement. The advantage of this method _is 

tha~ limited use can he made ofth~ formatting ability of the 

Ji'ORrRAN language. Headings can- readily be j.ncorporated, and 

the layout of the printed page specifica1ly by use of- FOru1AT 

-statements. 

(' -
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DISCLAIHER 

Although each progra.m has 'been __ tested by its contributor, no 

_-war:c~nty, _express or· implicd,is made by the contributor or 

- COMMON USERS Group,. _.as to the 'accuracy and functioning -of the 
.- -

program and related proBram material, nor shall tli"e fact of .. 
- . _ distribution constitute any s:uch warranty, and no responsibj.lity' 

is assumed by the contributor or-' COr·1MON USERS Group, in conn-ectlon 

therevlith. 
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OVERLAPPED PHINTINGFOR IBM 1130 COMMFA1CIAL 

APPLICATIONS USING FORrRl\N v':RIrrE STATE'riffiNT 

. I. -- Use of Fortran for Conmlercia1 .~ppl:tcattons on the IBM 1130 • 

. - Since the IBM l130.was conceived as a computer to be used for 

the' solution of moderate siz.ed engineering and scientific problems, 

Fortran is the only compiler .supportedon the system. Atmany 

inst~llations, it is necessary to use the computer, not only 

in this prime role, btlt also in the preparation of. commercial 

reports, such as payrolls, labo-r dis'tribution, and time control. 

In order to penult the use of Fortran for these applications, 

("'-'. 
--./ 

a number of subroutine packages have been developed. IBtJl' s 

o Commercial Subrouttne Package, Version II, is an example. Others 

are the contributed program packages COHh""T and I1JE~IJ' The 

purpose of these subroutine packages is to overCOnle the problems 

which would other'~.,ise be presented in handling 90mmerc.ial appli-

cations in Fortran. Prirlcipally th~se are the folloi,vinS: 

1) Moving character strings. 

2) Use of floating.dollar signs, check protection, etc. 

3) Elimination of round-off in crossfboting totals 

4) Zone recoBnition 

5) Stacker Selection - -

6) Overlapped input/output for increas:i.ng processtng 

speed. 

o 
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Use of Fortran - for Cotmnercial A-pE:~~C2.cl,tions on the IBM 1130 cont I d 

The first five j.tems' in the It-st 'abov,e exist. ,-on account of' the 

fact that Fortran is not intended asa commercia]. dat,B- processing 

language. 'l'he sixth -item' occurs on account of the fact that the 

Fortran compiler for: the IBlv1 113-0 has been design'gel to conserve-
- - . 

cor.e space as much' as possible. The normal input/output_, subroutines 

for use vlith Fortran -use the same_area in core as a buffer area to 

contain the image of a card being read or a line being printed. ,It 

is th~refore not possible to overlap these opcrattons, although the 

interrupt hard\{are provided on the system \'iould other,:iise penni t 

this to be done. In the design 'of the IBN 1130 Commercial Subroutine 

Pa-ckage, it has been recognized that for commercial applications, 

pr~cessing speed ~,s~}.unes a greater importance. Overlap of inp..l t/output 

operatiQns h::l.s therefore been achieved at the expense of the ad,d:itional(() 

core required for multiple buffers, and for the more con~licatea 

-subroutines Tequired to seryice the interrupts. 

II. Progran1"ning Phi1osop}:ly Us~ng Commercial Subroutine Paclzages 

The programming philosophy usually 'employed \{hen commercial sub--

routine pack~1ges are- used ~s as fo11m'Ts: 

1) Input data 'on cards- is read and stored as a'·card 

'image, in EBCDIC form. A sUBRourrINE subprogram 

i~ used for this purpose. 

2) Tests are made to deterrnine the type of card 

which has been read. 
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P~og~~mming Philosophy Using Commercial Subroutine Packages cont'd 

3) Data is extracted from the card im~ge, 'and stored 

for subsequent calculations,', If 'it is to be used, 

in arithmetic opel'at:io ns, nurr'lerlcal data- is 

converted to a code Ylhich permits these operations 

to- be performed. 

4) "At the conclusion of-the nec_essary calculations, 

an j.mage is built up of the' output :Line to be 

printed_in the report. Numeric infonnation is 

reconverted to EBCDIC code for inclusion in this 

output line image. 

The output line is printed, using a SUBR01Il'INE-, 

subprogram. 

The use of this philosophy imposes virtually no restriction on 

the manner of pr_escntation of data in the inplJt file, or on the 

appearance of the final report. The subprograms' for carel , 

-reading and printing permi't. overlap of these operations. '-lith _ 

each other. ,Conversion _from card cocle to -EBCPIC is also over-

lapped with card reading. 

-III._ Difficul~ies Presented by the Use of Commercial Subroutine 
Packages. 

~--, 

Al though the use of cormnercial subroutine packages in the manner 

described above overcomes the shortcomings of }I'ortran for commc-rcial 

s/a 
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applications, a-number of' additional difficulties -are introduced. 

Prinqipally these ax:e the i'ollm,ring: 

1) The introduction of headings into the output 

report. 

2) - Loss of traGing capabili ty.. IB1~ 1130 Fortran 

has been providedvTith a very useful trace 

feature. This cannot be used \-Then -the overlapped 

input/output subroutines of the Commercial 

Subroutine Pack[-tge are loaded, as it is not 

possible to include the Fortra.n input! output 

subroutines- in the sa.me core load. The Fortran 

input:/output subroutines are required- for the-

use of the trace feature. 

3) A consid.erable amount of ma.nipulation is often 

required to build an image of a line of the output 

report. This tends to make the coding-of prograxas 

~onger and- more prone to errors. 

h) The introduction of masks for editing. The use 

of Commercj:al Subroutine Pacl~age EDIT subroutine 

reqtli:r:~s that non-numeric :Lnformation to be mixed 

into a numeric field (such as $ -. etc) _be :Lntro-

duced iOn the form of a mask, \olhich is- suhsccluently 

-- to 
cont· d l 
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~ 
,i 
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applica.tIons, a· number of JtcJdi tional difficulties are introduced. 

Principally these a:re the follouing: 

1) The introduction of headines-- i~to the Ol!tput 

report. 

2) j:Joss of tracinr; capability. IB14 1130- Fortran 

has been providccL vlith a very useful trace 

feattrre. This cannot be us eel. \·rhen the overlapped 

input/output subrout-inuj of the Commercial 

Subrout.ine PacJ~agc are loaded., as j.t ls not 

o 
possible to include the Fortra-n input/output 

subroutines' in the sam~~ core load. The Fortran' 

input/output subroutines are requtred for the 

use of the trace feature. 

3) A considerabI·e amount of mB,nipu1ation is often -

required to build an image of a line of t.h.e ou.tput 

report. This tends to make the coding·of programs 

--longer and more prone to errors. 

1~) Th8 introduction of masks· for cdi tine. The use 

of COlil.mercial Subroutine Pac}~age EDIT subroutine 

requir~s that non-numeriE j.nformat5.on to be mixed 

into a numeric field (such D.S $ • etc) be :i..ntro-

duced in the form··of a mask, vrhich is subsequently 

o 

SIS 
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Diffj"cu:;~.ties Presented by the Use of Commercial Subroutine Packa.ges 

destroyed by the"inclusion' of" the numeric information. 

In vie"\-, of the fact· "that alphabetic Ii terals.- canpot 

be directly defined in the IBM ~130" F'ortran". 

compiier, this operation is clumsy (Note - Version 11-

of the IBM 1130 Fortran conipiler includes -the DATA 

" statement which overcomes this difficulty). 

IV Use of Fortran "']RrrE Statement for Output in Conunercia1 R~R.~ts. 

At 'rhe ShavTinigan Engineering Company JJimited offices at Montreal, 

Canada, an IBtJI 1130 computer vras" installed in Janu.ary 1967, 

pr:!-rnarily to perform engineering calculations. HOv7evcr~ it was 

desired to use the machine for processing the conmlercial reports 

which llould be required for the administration of the Company. 

_ A study was made "of the available software fo~ cOITilnercia1 pro-

cessing, and as a result a set -of subroutin"cs "lritten, '·lhj.ch 

combined the best features of" the IB!·1 1130 C,ommercial Subroutine 

Package, COIvl1"T,,, and IDEAL. 

In recognition of the difficul tics vlhich would be presented by 

the' use of SUBROurlllE subprograms for printlpg, after the ~9-nner of 

the IBM Conunercial Subrout?"ne PacRage, it vias deciclccl ~o adopt a 

differerit approach" A new" subroutine SFI¢( the" subrouti.ne 'fh:tch 

handles in Fortrcl,n the :input/ou.tput "functions) "las "Y[1"i t"Len in 

" rf~ 
cont t d.L~) 

"c~ 

S/6 
'. 
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Use of Fortran vl~~ITE~ st~~ement for Output in ConuUl.~rcial Heports cont 'd 

1130. assembler langua.ge, "having more . limited capabili tie~ than 

the _ versj.on supplied-as part o~: the sy~tcm, but taking advant-ages 

.. of tpe overlap feature of the hardHare. 'l'he ad.vantages of this--

.-:procedure over the tlSe of the Commerc:i.al.Subroutine Pacltage 

subprograms are the following: 

1). Head.ings may be introduced' by the use of a FORMAT -
- -

'statement, as is done in norfllal processing using 

Fortran. 

Tracing can be employed. 

The amount· of' m.anipulation requj.red· to format 

an output. line is reduced, as the FO:ffi·l~T statement 

may be used for this purpose. 

,. It yTaS not considered necessary to incorporate al1- the features 

. - 'Which are supported by the normal SFr¢. subrout:l.ne as supplied 
/'\.. 

-in the system. Indeed to have done so would have resulted ip. 

a su.broutine oc<;!upying a large core space, a consiclerable -portion 

of "Thich \vould have been ·wasted. on features vlhich would be rarely -

used ~n the COlI~mercial area. The follovTine restrictions were 

therefore iI}troduced: . 

1) Only integer variables and arrays Ihay be-included 

in -the output list_~-

2). -X'ONg 1'lORD ·-Ir-fJ~EGgRS option must be used. 

Sf? 
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Use of }t'ortran vlHEL'E Statenlent for Ou~put in -Comrnerctal -Report~ cont 'd 

3)' Card reading is not 'supported, and all ·wr:i.ting 

is done on the 1132 printer, regarCUess of the-

devic~ cod.e appeari-ng in the \v~ITg staternent.

Card, type"i'rrj_t-er and console input/Qutput are . 

. haru:l~ed by SUBROUTINE E}ubprograms' as in the IBM 

Comrnercj al Subroutine Fe,cka-ge. 

11.) Only the follo,\-line; format field specifications 

are recognized: 

A . for alphameric information. The only .-

field widths recognized are Al arid A2 

Anythins else is interpreted asAl. 

I for integer variables 

X ·for spaces 

H for printirie alph$.betic - information. The 

form using quotes ma~ also' lYe used. 

5)- The group repeat, e.g. 2(lHl,12A2), ie;" not recognized. 

6) Carriage control characters are restricted to 

the follo\-ling: 

Blank Print on next line-

. -Zero Skip 011e line before -printilig 

1- 6' Skip to channels 1 to 6' 



·r1l>\ 
~--

-8.,. 

Use of Fortran \1RJ:ll'E Statement for Output in Conunercj.al Rep?rts cont I d 

None of these restr:ictions prevent the, use of -the system in 

association uith Commerc1al- Subroutine Package, C_O~JfE,T _or IDE.A.L. 

An attempt. to pi"int a real varia.ble "Till resul tin the output-

fie.ld being filled with asterisks.. This restricts the use of 

tracing to j.nteger variables only~ l?eal variables· appeari].1e; as 

a- line of asterisks. -It is our experience that this is not a 

serious restriction, as it is the values of integer variables 

which determine- the logic flmv of a program. If it is necessary 

to determine the value of a real variable for tracing purposes, 

then this can be done by converting it to ]-;}3CDIC, for display 

using a vlRrrE statement temporarily inserted in the program. 

, Definition of A~habetic IJiterals Using Fortran HE .. A.D Statement 

In order to perrrri t the d.efini tion of alphabetic literal character 

strings, a feature _"las introduoed into the re-,\"ri tten SFI¢ 

-
to permit this to be done using the Fortran READ statement. 

The manner of achieving this is sho"1n- by the follO\.,ring example: 

DIMENSION IA(13) 

RF.AD (99,101) IA 

101 FOHIv1Nf ( 'Tfirs -MF.i:)SAGE TO BE STOHED f_) 

- These- statemcl)ts cause the EBCDIC equi v$~ent of the ch8.racters 

containerl- :i.n the ·li'ORtvl.A.T statement to be stored in IA. No modi-

- fication to the compiler is required. Characters are store(1 

-- ~ 
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Defini tion of Alphabe~:Lc ~?-terals U~ing }i'ortran ~E:AD Ste.:!:-_cment cant 1 d 

t~o per ,vord. If it -is desired to store characters onc' per '\-Tord, 

_then apprOl)riate, spaces should be introduced in the f:Leld. 

to be used for editing operations. 

V. Perforn1ance of the Subroutine 

Using the Disk Ivlol1:tt~r System, the subroutine is implemented by 

deleting from the dJ.sk the version of SFI¢ as supplied "\-lith the 

system. The subroutine PRN'l~Z must also be deleted. The sub

routines SFI¢ and PRNXX, "\-lhich form the overlapped output pacl~age 

are then substituted. Note ~hat SFI¢ can be stored as a subtype 

3. prograJu, '\-'hich permi t_s j.t to be included in SOCAL overlays. 

The subroutine PRN'rl supplied by IBM is also reqLilred as it is 

used to drive the 1132 printer. li10rtran programs should contain 

the record 

*IOCS(1132 PRII\ffER) 

or 

*IOCS(1132 PHIN'rER,DISK) 

depend.ing :upon '\vhethcr disk- 'input/output is requir-ed. The 

-principal benefit to be derived from using-the method 'is the 

simplicity of coding. Also the processing speed vhi.ch can be 

achieved using this subroutine is apparent.ly identical to that 

achieved usj.ng the overlapped output subrou.tines suppliccl ,·[i th 

,."" \lJ1 

I. 
I,j· 
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Perl'ormance of the Sub rout ine cont 'd 

. the Commercial Stibroutlne-_Package.· The· core requirenlent for· 

_SFI¢ anq. PRJr'lX is "Torcls 1.t·70,-· -:Ylhich l.S some\.That in excess- of 

the equivalent subprograms supplied rlith the Cornmerci8.~ Sub-

routine ~ackage. However, tnis is offset- by the slIk'1.1ler core -

requirements of- programs rThich use this method. As an example, 

one of- the sample programs provi~ed '\vi th the· COlU.L'1lcrcial. Subrout;ine 

Package was modifi·ed to su:i, t_ the ..Q.Y~rlal'ped input/output sub-

. routines. The processings.pe.ed was· the sa.me in both instances. 

Despite the smalle-r and simpler main progra.m "Then using the 

overlapped Fortran I/O, the total .c:ore requi.rement i-s somevThat-

larger, as ts shovH1 in the tab-le- below. . For· comparison, the 
. .--

, core requirements and pro.cessing speed using the normal Fortran 

input/output subroq.:tj.nes as supplied with the disk monitor system 

·are also sho'\vn. 

Comparison of Typical Small 
Cormllercial AWli.c£\tj-on 

csP I/O 

Main Program Statements 102 

Main Program Core Requirement ··978 

. Total· size of Core· Load 5006 

Executio n Time .1 32 
min sec 

Overlapped Stanclard 
Fortran r/o Fortran I/O. 

94 83 

850 "' - 800 

-5298 4858 

1 32 2 1~5 
min sec.- min sec. 

··S:LI 
_____ -'"-____________ ,_..-.-.....,UO:, ..... W""".'L~· 
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Performance of the Subroutine 'cont t d 

The problem selecte4 "\-Ta's _ the" invo~cing problem vrhich is included 

as SampJ_e Problem 2 J_n the IBM:. Commercial Subroutine Pa.ckage, ·Version II • 

. It is considered that for programs' to produce la-rge and complicated 

cc:>mmercial repo:,cts, "\-The~'e the size'of a core load becomes - important, 

the total cQre load requlrement of programs using the output method 

descriQ.~d here "\-Tould be smaller than \TGuld be required for the 

-
same programs using the Corrnnerctal Subroutine Pac$age; 

o 

I 

, I· O
· 

S~" 
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APPENDIX I 

'. 

]'ortran Output Houtine, ,,,i th Overlap 

Users Guide. 

This "is a program to' replace t!l.e IB~1. ,libr~ry program SF'I¢, 

.'Whic)1 is called for Fortr.an input/output operations. Its 

'. purpose is to permit overlap of' printing, card reading -and 

processing, for commercial appli~ations. Ii'or this reason,· pei~ 

missible devices, allo1·rable variable types and format field . 

specifications have been restricted. Only integer variables 

and arrays, are recognized. *ONE \-IORD INTEGERS option must be 

used • 

. rlRITE 

~ll writins is done on the 1132.printer, regarcUess of the 

devic-e code appearing i-n the \-lRITE statement. If it is 

desired to vTri te on the Console Printer or punch cards then 

an appropriate S:tJBROUTINg subprograms must be used. Data to 

'be printed must be stored in EBCDIC or integer form as an 

'integer variable or array._ 

The follovfing F9HMl\T field specifications are recogniz-ed: . 

A· . for alphameric information. Th~ only 

field widths recognized are A1 and A~. 

Anything else is .interpreted as Al, ",ith 

no error indication~ 

I for integer varlablp.f: 
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cont'd o· 
x for spaces 

H for prlntj.ng alphabetic. information. 

The form U.stilg quotes e.g. 

~_THIS MESSAG~' may also be used. 

Field repeats .e.g. l-2A2 

The group repeat, e.g. 2(lHl, l2A2), vTil1 not be recognized. 

The max-imum nur;lbe}" of characters per line is 120, excluding the 

carriage control chara~ter. The use of E or F field specifications 

will cause the field to be filled ,..,i th asterisks ",i thout 

further indication of error. 

The first character of a line 'fill be treated as a carriage 

control character. The follo'\vine;characters are recogniz~d: 

blank print on next line 

o skip one line before printing 

1 - 6 skip to channels I to 6 
-

All other carriage control cha.racters 

are treated as blank. 

The follo'\'ling errors vTill cause _ a program stop ,.;i th the error 

code displayed in the accumulator. 

EEOl . ·line exceeds 120 charaC"'~ers 

EE02 invalio. forina t- type· 

-0 



"if j"'"au 

o 

(c 

o 

RFAD 

No read statement, accepting information froni an external medium 

.is inclucled. Appropriat.e SUBHOUTINE subproe;rams must 1:;>~ use_d 

-for input from the card reader or console keyboar~. The 

fol101·r1ng stateme:1 t is provided in order to generate alphabetic 

literal array-s. 

REI\D(99, n). IA 

or 

READ(99,n) IA(I) 

RE.4D(99, n) (IA( i), I:::K, L) 

RFJill(99,n) ((IA(I,J) ,I::K,L) ,J~I.1,N) 

",hich transfers H-type fielcls from format statement 'n' into 

,variable or array lA. The characters \-rill be stored in EBCDIC 

form,' 2 characters per viord. Only. H-type fj.eld_s are permit:ted 

in the FORHAT statement. If the nurnber of char-acte~s in a 

_ field is odd, the rie;htmost character of the last vlord. is filled -

"lith a blank. Characters Hill be moved until the array is 

filled. If' the FOH1 .. 1A.11 statement is exhaust"cd, -control will 

return to the last open bracket ~ The foll?"lin& e"rrors \·rill 

C1lasc a pro8ra.m stopvith the error code displayed ·in the accumulator. 

EE02 

EE03 

format not II-type 

device code not 99 

This rout ine uses the DJN library subroutine IJRl'TTI. Since printing 

occurs :tn overlapped mode, a call to ION]) must be made before 

a PAU0E or STOP statement. 
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READ cont'd 

The inptit/output routine requires ,the use of -X-I,OCS(1132 , PRINIIER). 

SinceCOl:l1nunication to the card-reacler, or typc,'rriter is th:rough' 

CALL statements to subprograms vlhich load the approprj.ate card 

or type,?ri tel"_ subroutines, then CARD, TYPEHRrrEH or h'"EYBOARD 

must not apl)ear in the *IOCS re'cord. 

Tracing may be used in _ conjunction "'~th this overlapped, I/O 

routine. Since real variables are not c~nve::cted by" this routine, 

they vTill appear as asterisks in the ~racj_ng output. _ 

-T" " I 

o 



A~PENDIX II 

0-

Us;i..ng the disk monitor system, the folloi"ing procc_o.ure is 

required. 

Load the oyerl~pped verslon of SFI¢, ana, PRNXX. 

Note that SF1I?; carl be designated· subtyPe 3 (punc!l 3 in column 11 

of -l<-S1.10RE. cardY', and hence "can be includ.ed in saCAJ.) overlays. 
,-

PRNXX cannot be included In overlays. 

Core Rcqu:lrements:. 

SFI¢' - 456 ,words 

PRNXX- II 

.. 

The IBM supplied subroutine PRNTI and lf5tJP from the Com.rnerciaJ, 

Subroutine Package are also required. 

o 
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II ASM 
*LIST SOURCE PROGRAM 

; 

----0000 
0076 
0095 
0013 
OOlF 
0026 
002F 
0033 
01C4 

22189580 
, 22645100 

229998CO 
22256240 
22256267 
22256049 

" 22256180 
22006517" 
176558E9 

0000 0" 1000 
0001 01 66800003 
0003 0 7212 
000'+ "0 6.AO 1 
0005 01 4COOOo"07 

0007 0 (030 
0008 0 9069 
0009 01 4C080011 
0008 01 74FFOlll 
OOOD 01 7LI-FF0038 
OOOF 01 4COOOO8D 
0011 01 l}cooeo 13 

0013 0 1000 
OCt14 01 66800016 
0016 0 (200 
0017 0 " 7201 
0018 01 Dl tOO0111 
OOIA 0 (057 
0·018 0 D01C 
001C 0 6AF5 
0010 01 4COOOOBD 
Q01F 0 1000 
0020 01 66800022 
0022 0 (200 
0023 00 84000001 
0025 0 " 70Fl 
0026 0 1000 
00"27 01 66800029 
0029 0 (200 
002A 01 D4000111 
002C 0 (,201 
0"020 0 7202 
002E 0 70E( 

002F 0 1000 
0030 01 66E500032 
0032 0 70F3 
0033 0 1'000 " 
0034 01 66800036 
0036 0 1810 
~-

* 
* 

LIMITED CAPABILITY I/O SUBROUTINE 
WITH OVERLAP 
LIBR 
ENT SFIO 
ENT SRE-D 
ENT S~1RT 
ENT SIOl 
ENT SIOIX 
ENJ 510AI 
ENT SlOP 
ENT SCOI\1P" 
E"NT PRNT-l 

* MAINLINE PROGRAM INITIALISATIO~ 
SFIO NOP 

LDX 12 * SET X R2- TO - LIB F & f 
MDX 2 18 
STX 2 *&1 

o 

Bse L * -RETURN TO START OF PROGRAM -

* 
* 
'* 

END OF MAINLINE INIT1ALISATION 
CALL ROUTINE _ 
RETURNS TO MAIN PROGRA~ T~ ~ET 

*" NEXT VARIABLE DESCRIPTION 
CALL LD LOOPS TEST FOF I/O OF cor·1PLETE 

S ONEl ARRAY 
BSC L RETRN,& 
MDX L VARAD,-l 
MDX L LOOPS,-l 
sse L DECOD 

INCREMENT TO NEXT WOR~IN 
ARRAY 
GO TO DECODE RouTINE " -

RETRN SSC L * RETURN" TO "'"1A I NL INE PROGRAi'10 
* MAINLINE PROGRAM 
5101 NOP 

CALLS ONE OF FOLLO~ING "ENT~IES 
ENTRY FO~ SINGLE INTEGER 
SET XR2 TO LIBF&l-LDX 12 * 

LO 2 0 
UPl MDX 2 1 

GET AQDRESS OF VARIABLE 
COMPUTE RETURN ADDRESS 

5AVAD STO L VARAD 
LO ONEl SET LOOPS TO 1 

LPSET STO LOOPS 
STx ~ RETRN&l 

"BSC "L DECOD 
SAVE RETURk ADDRES~ 
GO TO DECODE ROUTINE 

5IOIX NOP - ENTRY FOR SUBSCRIPTED INT. 
SEt XR2 TO LI6F&1 

SIOAI 

-r.- -

* SIOF 

scor"ip 

LOX - 12 * 
LD 2 0 
A L 1-
MDX UP} 
NOP-" 
LDX 12 * 
LD 2 0 
STo L VARAD 

GEl ADDRESS OF VARIABLE 
MODIFY BY XRl 

- JO INS I 0 lEN TR Y 
ENTRY FOR ARRAY 
SET XR2 TO LIBF&l 
GET ADDRESS OF VARIABLE" 

LD 2 1 GET NOo OF ELEMENTS 
MDX 22 COMPUTE RETURN ADDRESS 
MDX- LPSET JOI N 5101. [NTHY 
THIS ENTRY TO" SATISFY LISF SIOF IN 
TRACE ROUTINESo JOINS SIOl 
Nap 
LDX 12 * SET XR2 TO LIBF&l 
MDX 5101&3 JOIN SIor 
NOP ENTRY FOR END OF OUTPUT 
LOX 12 * SET XR2 TO LIBf&l 
._~_r~_A _____ l_"6 _____ S_E T LOOP? T ?_~ ___ " __ £~ .. _ 

"--~-----"""" -----

\,1 

I ~ 
I 

'I 
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l 
PAt 

0037 0 70·E3 MDX· LPSET JOIN SIOl ENTRY 
0038 0001 - LOOPS S;;S 1 ARRAY COUNTER 

0 * END OF CALL ROUTINE 

* HTYPE ROUTINE 

* TRANSPERS·H"';TY")[ CHARACTERS TO I/O BuFFER 
00.39 o - 6200 HTYPE LDX 2 0 SET XR2 AS CH/\R -~OUNlER 
00-3A 0 7201 HLOOP ~iDX 2 1 INCRCt COUNT 
0038 OJ. l~4 0 0 0 lll~ BSI L LINE 
003D 00 C4000002 LD L 2 BIT lS·OF Xf-~2 TO CARRY 
003F 0 1010 SLA 16 
001+0 01 ('+800112 LD IFfvlT GET CHAR F RO~1 FOI~i/iAT 

0042 e 4802 BS( C_ SKIP IF. EVEN Ct-IAR --
00l+3 0 1808 SRA 8 IF ODD, SHIFT RIGHT 
004l~ 0 E030 AND MASKR· e L EAr~ GARBAGE 
OOltS 01 4L} 00_0134 B5 I L lOFIt MOVE TO. IOBUF 
0047 00 ('+000002 L-D L 2 MOVE FGRrvlA T POINTER IF 
0049 01 irCO 40 0 LtD SSC L HODDt"E SECOND CHAR I N ---:~\ OF~ D IS 
OOl.S o 1 -740 1 0 1 1 2 MDX L IFMT,l MOVED 
004D 0 9026 HODD S F~'JI DE TEST FOR LAST CHAR CI 

OOltE 01 4C28003A BS( L HLOOPt&Z LEAVE WHE;''-l DIFF -0 
0050 0 (023 - LD FvJI DE END OF TRANSFEf~ 0 IF ODD NO 
0051 01 [,(040054 Bse L HEND9E OF CHARACTERS, (,-lOVE FORr-"lA T 
0053 0 7069 rw1DX DECOD POINTER 
0054 01 74010112 HEND . r\1f)X L I Fi-tiT ,1 
0056 0 7066 MDX OEeoo 

"* END OF HTYPE ROUT It~E 

* XTYPE ROUTINE 

* SKIPS OVER CHARACTERS IN I /0 BUFFER 

0 0057 0 C01C· XTYPE LD FvJ! DE SET XR2 TO FIELD 
-. 

~'JIDjH 

0058 00 D4000002 STO L 2 
OOSA 01 'iAOO0114 XLOOP 8SL_ L LINE 
OOSC 0 72FF ·MDX 2 .. ·1 TEST FeR LAST CHARACTER 
005D 0 70F( MDX XLOOP 
005E 0 70SE -MDX DECOD 

~. END OF ~TYPE ROUTINE 
"* A-TYPE ROUTINE 
it- TRANSFERS ONE OR TwO CHA-RA CTERS FROM VArtIABl.E 

* TO I t~o BUFFER 
OG5F 01- 44000114" ATYPE BSI L LINE 
0061 01 (4800111 lD I VARAD TRANSFER LEfT CHAR/\( T Ei~ 
0063 0- 1808 SRA 8 
006'+ 01 4'+000134 BSI L IOFIL STORE 
0066 0 COOD LO FWIOE 
0067 0 - 900A S ONE1 

. 0068 o _ '~808 BSC - & 
0069 0 709D MOX CALL -

006A 01 l;A-00011'+ BSI L LINE· TRANSFER RIGriT Cr-iARAC.T Ei~ 
006e 01 (4800111 LO 1. V-ARAD 
006E 0 E006 - AND MASKR 
006F 01 '+4000134 BS! L IOF!L 
007L 0 7095 .- MDX (ALL 
0072 0 0001 ONEI DC 1 
0073 _0001 FTYPE BSS 1 STORES FOHi\lAT TYPE 

0 1 

007Lj. 0001 F ~-J I DE BSS 1 STORES FIELD \~ I D T r-I 
0075 0 OOFF MASKR DC /OOFF 

*- END OF ATYPE ROUTINE 

* INITIALIS!\TION ENTRIES 

* SRED CALLED BY READ STATErvlENT 
0076· 0 1000 5RED Nap Sc2~_ 



0077 01 66800079 
0079 00 C6800000 
007B·0 901E 

-007C 01 4C180084 
007E.30 09595100 

·0080 0 COJB 
0081 0 3000 

-0082 00 4(000038 
0-084 6 1810 
0085 01 D400010A 
0087 b.·· C201 
0088 01 0[+00·0112 
OO"8A 0 7202 
008B·O 6A86 
OOBC 0 18-10 
OnOD 01- D400014F 
008F 01 (4000113 
009.1' 0 DO 7 7 
0092 0 OOA5 
0.093 ·01 4(00-0007 
0095 0 1000 
0096 01 6680"0098 
0098 O' C07A 
0099 0 70EB 
009A 0 0063 

- 0098 0 0003 
009( 0 EE03 

-

009D 0 (OD5 
009E 0 906D 
009F 01 4(180039 
OOA1 0 8010 

-' 0 a A2 0 1 '+-( 18 0 0 5} 
00 A4 ·0 -- 90 16 
00A5 01 4C2000AA 
00A7' 01 44000150 
OOA9 0 7013 
OOAA 01 74000038-· 

-OOAC 0 7004 
QOAD 01 44000150 
OOAF 01 4:(000011 
OOBt p 800A 
0082 01 4C18005F 
0084 0 8005 
00 H5 0 1. 4 C 1 80 1 79 
00B7 01' l{·(0801BF 

_ -00 B 9 o· 7 0 3 4 
OOBA a 0001· 
OOSB 0 0003 

-_OOBC 0 0004 
·003C 

'~-.. --.. ~\, . 

SET XR2 TO LIBF&1 ! f 

'-19-

LGX 12 * 
TEST .DEVICE NO. O· LD· 1.2 O' 

S NINTN 
BSC· ·.l..._--.. --ROK t.&-

DERR CALL IOND ERROR. DISPLAY IEE03 
LD -. EE-3 
WAiT. 
BSC . L 

... 

/38. 
- 16 ROK· SRA 

SAVS", STO 
LD 

- STO 

L 'READS 
2 1 

- MDX 
L .. I F~T 

2 2 
_STX 
SRA 

-'STO L 
LD L 
STO -
STO 
SSC L 

SWRT NOP 

2 RETRN&l 
16 
IOCHR -
ONE 
MULT 
LOOPS 
CALL 

LOX 12 * 
LD ONE 
MDX SAVSW 

NINTN DC 99 
THREE DC 3 

EXIT 
. -SET READ S\vI TCH 

COMPUTE RETURN ADDRESS 
-

SET 'INITIAL CHARACTER .. 
COUNT- -

SET fvlUL T IPLE F ItL.D_ COUNT 
SET ARRA~ COUNTER ~_ 

SET XR2 TO LIBF&l 
SET \'1 R 1- T E S v!l T C ti 

EE3 DC IEE03 _ 

* 
* 
* 

END OF INITIALISATION 
FIELD ROUTINE 
TESTS FIELD TYPE 

* .,TRANSFERS TO APPROPRIATE ROUTINE 
* TO MOVE TO I/O BUFFER 
FIELD LD FTYPE 

S . HCODE 
BSC L HTYPE.& .... 
A HXCOD 
BSC L XTYPEt&-.-
S SXCOD 
BSC L ATESTtZ 
as I L PR I NT 
MDX . DECOD 

AlEST MDX L LOOPS,O 
MDX ATT·S T 
aSI L PRINT 
BSC - L RETRN 

ATTST A SACOD 
BSC L ATYPE,& .... 
A HXCOD 
sse L .ITYPE,&
BSC l f£TYPt& 

TEST FOR HTYPE 

T£S1 -fOR .XTYPE 

T ES T FOR -SLASH 

TEST FOR SCaMP CALLED 

TEST FOR A TYPE 

TEST FOR I TYPE _ 

MPX INVAL INVALID FIELD tYPE 
HXCOD DC /0001 HCODE~X~ODE 
5XCOD DC /0003.. SLASH-X(ODE 
SACOD DC /0004 SLASH-A(ODE 
IOBUF EQU /003C FORTRAN I/O 8liFFEH 

* 
* 
* 
* 

END OF EIELDFJUTINE· 
DECOD ROUTINE 
EXTRACTS FIELD TYPE ~ND WIDTH FROM 
For~MAT STATE~'1ENT 

. . 

Q 

. I 

----"-- ---~---------.-~ .. --- - -~-------.---~-~---------.----.--.------.. -----.-.-.- .... __ ._- -- --_. __ .•. _" ... _ •...•..•. "- - ---.----.-.~~-~-----.--.-----~-~-----



0080·0 C048 
OOBE 0 9054 
OOBF 01 4C300101 
00C1 01_C4800112 
00(3 0 E04( 
OOelt 0 DOl+A 
DOCS 01e4800112 
.00C7 0 ·lBoe 
00C80 0045 
00(9 01 74010J.12 
00e8 0 903F 
Ooe( 01 l}C2000D1 
ooeE n e040 
OOCF 0 D039 
0000 0 7030 
0001 0 e03C 
00D2 0 9034 
o 0 D 3 0 1 t~ e 2 0 0 0 E 3 
OODS 0 e03C 
00D6 0 903C 
0007 0 9037 
0008 0 0039 
00D9 0 (030 
00 D A 0 1 It C 08 00 e 1 
OODe 0 l}073 
OODD 01 C4000038 
OODF 0 I, L}e2000( 1 
OOEl 01 4C000011 
00E3 0 C02A 
00E4 0 D08E 
00E5 0 . (029 

- 00E6 0 0080 
00E7.0 C022 
00E8 01 4C20009D 
OOEA ··0 C088 

. OOEB· 0 9020 
OOEe ·01 4e1800F4 
OOEE ·30 09595100 
OOFO 0 . C>OlC 
OOFl 0 ·3000 
OOF2 00 I}C000038 
·OOF4 01 -C4000074 
OOF6 0 Bale 
OOF"! 0 1801 
OOF8 0.0010 

.. 00 F 9 0 1 C l~ 8 .0 0 1 1 2 
OOPB 01 D4800111 
00 F DOl -, 4 0 1 0 1.1 2 
OOFF 01 4C000007 
0101 01 ?£.rFFOI09 
0103 0 C006 
0104 01 ~e20009D 
0106 0 70F2 
0107 0 0008 

···r 
* 
* 
'* 

IF MuLTIPLE FIE~~, SETS MULTIPLE 
FIELD COUNTER 
IF END OF FORMAT· stATEMENT, PRINTS 

* AND RES-ETS FORt·1AT SCAN. POINTER· 
* IF READ· 99,XXX ,TRANSFERS t~ARACTERS 
DECOD LD MULT TEST FOR MULT1PLE FIELD 

S· ONE PREVIOUSLY Fo0~D 
BSC L ~1ULTFt-Z 

-NOML T L D 1 . I-FrvlT 
· AND MASK2 

S TO -. WI DEe 
LD I IFMT· 
SRA. . 12 
STO TYPEC 

· MDX L IFMT,l 
- S FREPT 

BSC L REDTS,Z 
LD WIDEC 
STO MULT 
MDX M-ULTF 

REDlS LD TYPEC 
S REDO 
Bse L SETF.Z 
LD I FMl 
S ONE 

· S WI DEe 
STO IFMT 
LD READS 
BSC L NOt~LT,~ 

BSI PRINT 
.LD L LOOPS 
Bse L NOMLT,Z 
asc L RETRN 

SETF LD TYPEC 
STO FTYPE 
LD WI DEC 
STO FWIDE 

ENDDC LD READS 
BSC L· FIELD,Z 
lD FTYPE 
S HCODE 
BSC L REPT,&-

INVAL CALL laND 
LD EE2 

·WAI T 
BSC l· 

R EPT . LD L 
A 
SRA 
STo 

TRANF LD· . I 
STO I 
MDX L 
Bse L 

MULTF 'v1Dx L 
· LD 

BSe L 
MDX 

REDO DC 

/38 
F~I I DE 
ONE 
1 -
MU·L T 
IFMT 
VARAD 
IFMT,.l 
(ALL 
MULT,-l 
READS 
FIELDpZ 
TRANF 
/OOOE; 

~OT MULTIPLE FIELDt GET 
FORMAT TYPE AND DECODE 
STORES WIDTH OR REPEAT 

MOVE TO RIGHT DIGIT 
STORES TYPE (ODE 
INCREMENT FORMAT·POINTER 
TEST FOR FI£LD REPEAT 

FIELD ~EPEAT, STORE 
NO. OF HEPEATS 

TEST FOR REDO CODE 

REDO CODE FOUND 
RESET FORMAT SCAN P6INTER 

TEST FOR READ 

READ SWITCH NOT SET 
PRINT. AND CHECK FOR 
seo~wip CALLED 

SET FIELD WIDTH AND TYPE 

END OF DECODING FOR~AT STo 

READ SWITCH sET, TEST TYPE 

INVALID TYPE 

SET MUl. r· I PL E FIELD COUNTER 
TO NOoOF WORDS ~N H FIELD 

TRANSFER CHARACTERS TO 
VARIA~LE 

TO CALL ·TO SEE IF DON£_ 
REDUCE MULTIPLE FIELD COUNT 

TEST·FOR REDO INDICATOR 
:5"3./ -

-_ ... _------------
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0108, 0001 
0109 0001 
OlOA 0001 

---- 0108 0 0009 
OlOC 0 0005 
0100 0 EE02-

.010'E '0001 
OlOF 0001 
0110 0 OfFF 
0111 0001 
0112 0001 
0113 0 0001 

0114 0001 
01150 C039. 
0116 01 l~C200124 

011s 20 176558Fl 
0119 0 0000 
011A- 0 70FD 
0118 0 6A06 
OllC 0 62(3 
011D 0 C015 
011E 0 D279 
OllF 0 7201 
0120 0 70FD 
0121 01 66000123 
0123 0 7009 
0124 0 . 900D 
0125 01 4C28012D 
0127 30 09595100 
0129 0 CP07 
012A 0 3000 
0128 00 4C000038 
0120 01 7401014F 
012F 01 'tC800114 
0131 0 EE01 
0132 0 - 0079 
01330 40'+0 

0~34 
0135. 0 

'·0136 0 
0.137 0 
0138· 0 
0139 0 
013A 0 
0138 O' 
013C 01 
01.3E 0 
0-13F 01 
Ollfl 0 
o 1 L,2 0 

0001 
- 0015 

C018-
1881 
8015 
D006 
1091 
C011 
I~C02 013F 
1808 
E(f-OOO 1. 41 
DOOA 
C008 

I; 

i 

TEMP BSS 1 
MULT 
READS 

·FREPT 

BSS 1 
BSS 1 
DC /0009 

MULTIPLE FIELD STORAGE 
o FOR READ 1 FOR PRINT 
TEST .FOR FIELD REPEAT 
TEST FOR HTYPE FIELD 
ERROR DIS~LAY-I~VALID 
TEMPORARY STORAGE fOR 
TEMPORARY STORAGE FOR 

o 
HCODE 
EE2 
TYPEC 
WIDEC 
MASK2 
VARAD 

DC 10005 
DC IEE02 
BSS 1 
BSS 1 
DC 10FFF 
B-SS 1 POINTS TO VARIABLE 

TYPE 
TYPE 
~vIDTH 

I F~~T BSS 1- ~POINTS TO FORMAT STATEMENT 
ONE DC 1 

* LIN E . ROU TIN E 
~- CHECKS IF LINE IS FULL 

* *, 
.0 I 5 P L 1\ Y S lEE 0 1 IFF U L L', 0 THE I~ It) I S E -
I~CREMENTS LINE COUNTER 

* IF START OF LINE. CHECKS PRINTE~ -
* READY, AND CLEARS 1/0 AREA 
LINE BSS 1 

LD IOCHR 
Bse L NOTST,Z 

TESf3 LIBF PRNTl 
DC. 10000 
MDX TEST3· 
STX 2 SAV2&1 

- LDX 2 -61 
LD BLNKS 

STRBL STO 2 IOBUF&61 
MDX 2 1 
MDX STRBL 

SAV2 LDX L2 * 
MDX- L INBK 

NOTST S LIMIT 
_sse L LINBK,&Z 

CHECK FUR START OF LINE 

START OF LINE, CHECK 
PRINTER NOT BUSY 

CLEAR 1/0 AREA 

RESTORE XR2 

CHECK-FOR LINE OVERFLOW 

CALL IOND 
LcD' - EEl 

OVERFLOW _ CLEAR INTERRUPTS 
AND WAIT WITH ERROR DISPLAY-

~JA IT 
SSC L 138_ 

LINBK MDX ~ IOCHR,l 
Bse I LINE 

EEl DC IEEOl 

·EXIT 
NO OVERFLOW INCREMENT 
CHARACTER. POINTER 

LIMIT DC 121 MAXo NO~ OF CHARACTERS-
BLNKS DC 14040 BLANKS 
~. . END OF L Ir'~E ROUT I ;\i-E 

-* IOFIL ROUTINEo ENTERS CHARACTER FROM 
* ACCUMUCATOR IN FOR~ ooxxINTO IOSUF 
* IN POSITION GIVEN BY IOCHR 
IOFIL BSS 1 

STO HOLD 
LD IOCHR 
SRT ... 1 
A IOADD 
STO AND&l 
SLT 17 
LD· MASKL 
BSC L AN·D-, C 
SRA 8 

AND- AND L * 
STO TE~Pl 

SAVE ACCU;"-1ULA. T OF< 
CALCULATE ADDRESS TO 
STORE - CHAHAC T El~ 

MOVE REMAINDER INTO CARRY 

IF CHARACTER ~Q. IS EVEN 
.- til 0 V E f'vtA S K TOR I G H T S, IDE 
DELETE UNWANTED CHARACTER 
FRO~ DESTINATION wORD 

o 

'LD HOLD GtT CHARACTEi-< __ TO __ INS[~~4L 

.. -_._._-_._------ --._._--_._------... - ... -..... --~~---



.0 

o 

Ol'-l3 01 
·0145 0 

- --- O-lA-6 0 
0-147 01 
0149 01 
o ll~B 
014C 
o ll~D 0 
014E 0 
014F 

0150 
0151 0 
01-52 01 

- __ 0 1S 1+ 00 
01-S-6 0 
0157 01 

-0_t59 0 
DiSk 0 
:0 l_5.8 __ 01 
015D 0 
015£:-0 
01-SF·O-
0160 20 
0161 1 
0162 20 
oi63 0 
0164 0 
0165 0 
0166 0 
G167" 00 
0169 01 
016B 0 
016C -00 
016E 0 
016F 00 
0171 20 
0172 0 
0173 0 
Oi74 01 
0176 0 
0171 0 
0178- 0--

4C020146 
1008 
E805 
[>i+800140 
4C80013 Lr 
0001 
0001 
FFOO 

-003C 
0001 

0001 
COFD 
4C080162 
C400003C 
901F 
4C200158 
COlD 
7003 
4(089165 
100a 
E819 
DOOl 
176558F1 
0162 
f76558Fl 
0000 
70FD 
(OE9 -
1801 
D400003C 
4C200171 
eOA7 
D400003C 
CO(4 
D400003D 
176559E7 
1810 
DODB 
'+C800150 
40FO 
ODOO·-
3000 

0179 0 COD5 
017A 0 D03C 
017B 01 (4000074 
017D 00 DI~000002 

-22- : ~. -=.!.::.:-------------------,. f 

- OR 

HOLD 
T Et-1P 1 
MASKL 
IOADD 
IOCHR 

* 
.* 
* 
* -* 

BSC L OR,C 
SLA 8 
OR TEMpl 
5TO I AND&l 
Bse I IOFIL 
ASS 1 
B$S· . 1 
DC IFFOO 
DC lOBUF 

IF CHARACTER NO. IS EVEN -
MOVE CHARACTER TO LEFT 
COMBINE 
STORE IN -DESTINATION wORD 
RETURN 

BSS l' CHARACIER IN LINE 
END OF IOFIL ROUTINE 
PRINT ROUTINE 
GETS CARRIAGE CONT~OL_CHARACTER AND 
SETS UPAPPROF~IATE S~IP 
P·RINTS LINEo RESETS CHARAtTER. POINTER 
I-F S T A r< T 0 F LIN & f T EST S P R I NT ERR E A D Y 

PR.INT BSS 1 
LD IOCHR 
BSC L TEST2,& 
LD L IOBUF NOT-START OF LINE 

I i 
p~~ 

I -

S Bll CARRIAGE CONTROL CHARACTER···-
BSC L Nur .. ~, Z 
LD SKP1 
MDX SKIP 
Bse L OUTLN,& 
SLA 8 

SKIP OR CNTWD 
STO CNTRL 
LIBF PRNTl 

CNTRL pC * 
TEST2 LISF PRNTl 

DC 10000 
MDX TEST2 

OUTLN LD IOCHR 
SRA 1 
STO L IOBUF 
Bse L P1CAL,Z 
LD ONE 
STO L IOBUF 
LD BLNKS -
STO- L IOBUF&l 

P1CAL LIBF PRNXX 
SRA - 1"6 
S TO -IOCHR 
sse I PRINT 

IT IS bEROt SKIP 1 ~LINE 

IT IS A CHANNEL NO 
SKIP -AS REQUIRtD 

-

WAIT -UNTIL SKIP-COMPLETE 

PRINT LINE 

T ES T FOR ZfRO vJC -
IF COUNT IS ZERO 
t-'lAKE COUNT 1 AND 
PUT BLANKS IN I03UF & 1 

PRINT WITH OVERLAP 

Bll DC 140FO BLANK AND ALPHA ZERO 
SKPl DC 10000 CONTROL DIGIT fOR SKIP 
C NT 'I'D DC 1-3 000 CON T R 0 l FUN C T I 6 N -
* . END OF P R 1 N T R 0 UTI N E 
* ITYPE ROUTINE 
* CONVERTS INTEGER VARIABLE TO DECIMAL 
* TRANSFERS DIGIJS TO 1/0 BUFFER 
* IF FIELD_ WIDTH TOO SMALL, FILLS FIELD 
* wITH *~~* 
I TYPE LD I.OCHR 

STO SAVCR 
S A-V E PO SIT ION 0 F -
CHARACTER ~OINTER 

LD L FWIDE 
STO l ~ 

. MARK POSITION OF RIGHT 
END OF FIEL.Dt ALSO TLST 

---,- 333-' 

-
-:;.-
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o 1 -, F 0 1 it 4 00 0 lil. 
0181 0 72FF 

------0182 0 70FC 
0183-0 
018{~ 0 
0185 01 
0187 01 
0189 0 
OlBA 01 
OlBC 0 . 
0180 0 
018E 0 
018F 0 
01_90 0 
0191 0 
0192 0 
0193 0 
0194 0 
0195 0 
0196 0 
0127 01 
0199 0 
019A 01 
019C 01 
019E 0 
019F 0 
01 AO 01 
01A2 0 
01A3 0 
01A4 0 
01A5.0 
01A6 01 
01A8 0 
01A9 01 
01AS 01 
o 1-AD 00 
OlAF 01 
01 B1 0 __ 
0182 0 
01B3 0 
01 B'+ 0 
01B5 01 
01B7 
01f}8 
01B9 
OlBA 0 
0188 0 . 
OlBC 0 
01BD 0 
OlBE Q 

COCB 
D033 
C4800111 
l~CI0018( 

1810 
9l{·800111 
D02C 
(028 
1890 
A82A 
0028 
1090 
E828 
40;"0 
(OBA 
9028 
00B8 
74000189 
700E 
(4800111 
4(1001A(~ 

COBO 
9017 . 
i~C0801AB 

C019 
4090 
(013 
001\9 
l~C000007 

900E 
4(30018D 
(4000074 
D4000002 
44000114 
COOB 
l}081 
72FF 
70FA 
4C000007 
0001 
0001 
0001 
OOOA 
OOFO' 
0060 
OOSC 
0001 

01BF 01 C4000074 
01(1 0 EOOl 
01(2 0 70EA-
01(3 0 007F 

01(4 0 10'00 

-23-

PII' 

I LP BS ILL I N E 
MDX 2-1 
MDX ILP 

FOR SUFFICIENT SPACE 
AVAILABLE IN LINE .0 

LD IOCHR 
STO FEND 
LD I VARAD 
BSC L POSV,'" 
SRA 16 
S I VARAD 

POSY SiO VABS 
DlVL LD VABS 

SRT 16 
o TEN 
STO VABS 
SLT 16 
OR Fl 
BS 1 I OF I L 
LD IOCHR 
S ONE2 
S TO I oeM/:< 
MDX L VABS90 
MDX NEXTD 
LD I VARAD 
Bse L RESET,-

·LD IoeHR 
S SAVCR 
Bse L FILL,& 
LD MINUS 
BSI IOFIL 

RESET LD FEND 
STO IOCHR 
BSC L CALL 

NEXTD S SAVCR 
BSC L DIVL,ooZ 

FILL LD L FWIDE 
STO L 2 

FLP . BSl L LINE 
LD ASTER 
BSI IOFIL 
MDX 2 r,.l 
r-1DX FLP 
BSC . L CALL 

SAveR BSS 1 
FEND BSS 1 
VABS. BSS ~ 1 
TEN bc' 10 
Fl De 100FO 
MINUS De- 10060 
ASTER DC 1005C 

. ONE2· DC 1 

GET ABSOLUTE VALUE OF 
VARIABLE 
IF NEGATIVE,CHANGE SIGN 

DIVIDE BY 10 

CONVERT. REMAINDER TO EBCDIC 

STORE 
MOVE CHARACTER POINTER LEFT 

TEST FOR ZERO QUOTIENT 

TEST FOR NEGATIVE VARIABLE 

TEST FOR SPACE FOR SIG~ 

ENTER rv1! NUS SIGN 

RESET CHARACTER POINTER 

NEXT DIGITe TEST FOR SPACE 
AvAILABLE 
,,! 0 SPA C E. F ILL FIE L D \\/ I T H 

RIGHT END OF PREVo FIELD 
RIGHT END OF T~IS FIELD 
ABSOLUTE VALUE OF VARlp.f~LE 

CONVERTS DIGITS ·TO EBCDIC 
MINUS SIGN 

* 'END Of ITYPE ROUTINE 
* FETYP RouTINE 
'* FOR E TYPE. FILLS FIELD ",lITH .~*-::-
FETYP LD L FWIDE 

AND NOD 
MDX FILL&2 

NOD DC I007F 

MASK OUT 0 PART OF SPEC~ 

. JOIN NO SPACE BRANCH 

* END OF FETYP ROUTINE 

o 

PRNTZ NOP ._____ DUMMY ENTRY NDT USED~4._. 
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PI 
01C5 0 70FE MDX *-2 
01C6 OOOl~ ASS 1 
01C8 END 

NO ERHORS IN ABOVE ASSEtvlBL Y c 

o 

o 

L-. __ . ___________________ _ 



II ASM 
*LIST SOURCE PROGRAM 

0000 
0000 
0001 
0003 

·0004 
0005 
0006 
0007 
0008 
OOOA 
0008 
603C 
000E 

176559E7 
o 1000 
01 (4000003 
o 0005 
20 l76558Fl 
o 2000 
o 003C 
1 ·OOOA 
01 -4COOOOOA 
1 0008-
01 4C80000A 

'* 
* 

PRNXX 

BACK 
ENDPG 

lOBUF 

PRNXX 
THIS 
LI8R 
ENT-
NOP 
LD 
STO 
LIBF-
DC 
DC 
DC 
BSC 
DC 
Bse 
EQU 
,END 

-25-

PRINTS IN 
SUBROUT l"NE 

PRNXX 

L * BA(Kf71 
PRNTl 
12000 
IOBUF 
EN-DPG 

L ~. 

* I ENDPG 
IOO3e 

NO E-RRORS IN ABQV E ASSEMBL Y. 

OVERLAPPED MODE 
NOT OVERLAID DURING SOCALs 

SKIP TO CHANNEL 1 IF 
END OF PAGE 
FORTRAN 1/0 BUFFER 

o 

o 
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II ASi"1 
~·LIS·T 

aQQ 09595100 ENT 
*CALL IOND 
*CALL laND 
'* 0000 0001 IOND BSS 

0001 00 7'+000.032 IOPND MDX L 
·0003 0 70FD MDX 
0004 01 l.C8000-00 BACK Bse 
0006 END 

NO ERRORS IN. ABOVE ASSEMBlYG 

o 

o 

. . \ ~; 
--------~------~~--------------~--------·~l 

I DEAL /t8,1' 

IOND _ SUBROUTINE NAME 
NO PARAMETERS 
ALLOWS 1/0 OPERAfIONS TO [ND BEFO~E 
PAUSE OR ·STOP IS ENTERED -
1 _ - ARGUi'vlENT ADDf~ESS 

50~0 ANY INTERRUPTS PENDING 
IOPND 
IO'ID 

IDEAL488 
IDEAL48C 

. I DEAL48 D 
A IDEAt..48E 

I [}EAL'~8 F 
I DEALl~8 G 
ID[ALl~8H 

_ IDEALlir 8 I 
IDEAL49 
I DE!,LLt9 A 

S37 
THE 51: .. 



/1 "lOB T 
// FOR 

.** SAMPLE PROBLEM 2 
*IOCStl132 PRINTER) 
*LIST ALL 

-27-.4--------.. ------------.;....--w~-S-P-1-2-8-24-l' 

CSP10° 

* NAME .SMPL2· 
* ONE WORD INTEGERS 
* EXTENDED PRECISION 
( DEMONSTRATE USE OF OVERLAPPED PR1NT SUBROUTINE 
C THIS PROGRAM IS IDENTICAL TO COMMERI(\L SUBROUTINE PACKAGE 
( SAMPLE PROGRAM NOe 2 -
C NOT E I NPUT OAT A CARDS CSP 13 96 o· 'TO CS P l'L~030 ARE NOT REQU It~ED 
C--ab--THE INPUT IS ~1ADE uP OF A ~1AsTEr~ (t\RD FOLLO~\/~D BY THE THANSACTION 
C-----CARDS FOR EACH CUSTOMER. WE WANT TO PRINT AN INVOICE AND PRINT A 
C-----NEW MASTER CARD FOR EACH CUStOMERe -

D I ME N S ION INC R D ( C3 2 ) , I P R N T ( 6) , lOT CD ( 80) f 1ST 0 P ( 5 ) f I ~J t<. ( 1 3 ) , I S Urvl ( 8 ) , 
lIEROR(6) 

READ(99,lOl): ISTOP 
101 FORMAT(II 5 T 0 PI)' 

READ(99.106) IEROR 
106 FORMAT(IE R R 0 R ,). 

J=2" 
INC R D ( 8 1 ) :: 1 6 4 {~ 8 
I NC R D ( 82 ) :: 5 L~4 ° 

1 . 1=0 
L=O 
M=O 
CALL READ(INCRD,l,80,J) 
I F ( J-l ) 22 • .2 ,2 

2 IF(NCOMP(I~CRD,1,5,ISTOPtl) 3,22,3 
3 (ALL NlONE(INCRD,7Q,5,K) 

IF(K-l) 26,4,26 
4 WRITE(3,102) (INCRD(II),II=1,60) 

102 FOR~-1AT('1·',20A1/(1 ',20Al» 
REA D ( 9 9 , i 0 3) I 'tJ K 

10 3 FORMAT ( I t $ • CRt) 
CALL EDIT(INCRDs61,68,I0K,1,13) 
W R I T E ( 3 , 1 0 4) I 'Ii K 

104 FORMAT(///lOX,'QTyl.10X,'NAME',46X,'AMT ' /23X,JPREVIOUS BALANCEI. 
1 2 8 X , .1 3 A 1 .) 

LJNES=8 
40 CAL L ··A 1 DEC ( INC R P , 6 1 ,6 8 , L ) 

IF(L) 5,5,23 
5 CAL L M 0 V E ( INC R D , 6 1-, 68 tIS U ~~ , 1 ) 

CALL MOVECINCRD,lsgO.IOTCD,l) 
6 CALL READ(INCRD,l,aO,J) 

I F ( J-l ) 22, 7 , 7 
7 CALL NlONE(INCRD,70,5,K) 

IF(K-l) 18,19~8 
8 IF(K-2} 18,9,18 
9 IF{NCOMP(INCRD,1,20,IOTCD,1» 18,10,18 

10 READ(99t110) IPRNT 
110 fORMAT(' • 0') _ 

CALL EDIT(INCRD,49,52,IPRNT,1,6) 
REA D ( 9 9 , 1 0 3) n~ K -
CALL EDIT(INCRD,41,48,IWK,1,13) 
IF(LINES-55) 31,31,17 

3 1 \AJ RI T E ( 3 , 1. 0 ~ ) I P R NT. ( INC R D ( I I ) , I I :-;; 21 , iI-0 ) , I 'd K 
105 FORMAT(7X,6Al,lQX,20Al,24X,13Al) 

LINES=LINES+l 

CSP 12 8 /+0 
CSPJ.2850 
CSPl"2860 

CSP12880 
CSP12890 
CSP12900 

CSP13010 
CSP13020 
CSP13030 
CSP130 l +0 
CSP13050 
CSP13060 
CSP13070 
CSP1~O 
CSPl~~O 
(SP13100 
CSP13110 

.. 

CSP13250 
CSP13260 
CSP13270 
CSP13280 
CSP13290 
CSP13300 
CSP13310 
CSP1-332J 
(S'P13330 
CSPl-3340 

·0 

,----------------------
5'3'~ ---------_._-- -----------.......;.---

~~ .- ...... --.-~~ ..... - ........ __ . __ .. -.. 
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-----------------------------------~----------
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SAMPLE- PROBLEM 2 

CALL AIDEC(INCRDp4lt48,L) 
I F ( L ) 1 2 , 12 s -1 t. 
CALL' ADD( INCRDt41 ,48, ISUM~ 1_, 8 t~)-
1 F( M ) 13 , 6 t 13 

13 

14 

15 

16 

CALl. 10NQ-
STOP 777 
CALL NZONE(INCRD,L,4,Nl) 
Nl=O 
CALL AIDEC(INCRD~LJL,Nl) 
IFCNl) 16~16,15 

CALL 10ND 
STOP '-666 
CALL DECA1(INCRD,41,48,L) 
L=O 

. GO TO---11 
\~RfTE(3tl09) - _ 17 

109 FORMAT(' l' ,9X', 'GTY' ,lOX, 'NAME' ,46X, 'AMT') 
LINES::1 

18 

19 

20 

GO TO 31 _ 
CAL L T Y PER ( I E RO Ri 1 -, 5 ) 
CALL TYPER(INCRD~lJ'32) 
GO TO 6 
CALL DECA1(ISUMjl,8,L) 
JF(L) 20,21,20 
CAL L IOND - _ __ _ _ 
STOP 555 --
REA D ( 9 9 , 1 0 3) IvJ K ---~,\1 V CAL lED I T ( -I SUM, I ; 8", -n", K , 1 t 1 3 ) 

, 23 

25 

2·6 

CALL MOVE(ISUM,1,g,IOTCD,61) 
CALL TYPER(IOTCD,1,80) 
~J R I T E ( 3 , 1 0 7 ) H-} K 

107 FORMAT(1123X,'TOTALf,39X,13A1) 
CALL fYPER(INCRD,a~,82) 
GO "0-1 

22 READ(99,1081 IWK 
108 FORMAT( 'E N-D. 0 F- ~.O B f) 

CAL L T Y PER (" I l.A:i< 9 -1 , 1 0 ) 
CALL IOND-
STOP 111_ 
CALL NZQNE ( I NeRD, L, 4, NJ. ) 
N1=0 
CALL AIDEC(INCRD-,L,_L,Nl) 
IFCN1) 2~,25,24 
CALL _ LON()-

_ STOP 4'+4 _. 
CALLDECA1(INCRD,61968,L) 
L=O-
GO To 40 
CALL' TYPERiIEROR,l,5) 
CALL fYPER(INCRD,1,82) 

_ GO TO -1 
E'NO _ 

VAOABLE ALLOCAT·IO!\)S 
INCRD::OOSl" IPR/~T;0057 IOTC-D:::OOA7 
M = 00<: B K = 00 C C I I .:: 0 0 C D 

STATErvlENT ~ALLOCAT IONS 

ISTOP=OOAC 
LINES=OOCE 

101 =QOFa 106 =OOFF 102 =0107 102 =0111 

PAGE 02 

CSP134-30 
CSP1341.1·O 
CSP 13L~SO 
CSPl.3460 
CSP13470 

- . CSPJ.3 Lt80 
CSP13490 
CSP13500 
CSP13510 
CSP13520 
-(;.Sp13 530 
CSP 13~LrO 
CSP13-S50 
CSP13S60 
CSP 135-70 

CSP13620 
CSP13630 
CSP1364-0 
CSP13650 
CSP13660 
CSP13670 
CSP13680 

CSP13820 
CSP13830 -
CSP1~8lj·O 

CSP13850 
-CSP13860 
CSP1387Q: 
CSP1388--Q 
CSP13e90 

"CSP13900 
CSP13910 -
CSP13920 
CSP13930 
CSPI394-0 

I vlK =0089 - ISUiVi = 00 C 1 IE ROR=oO-C \ 
Nl . =OOCF 

110 :::013E lUS :::01 L 

:53., THL 
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1 5 ~ - ~ =01C6 4 =0102 40 =0202 5 =020(· 6 . 
l-o-'-:- '=02l~3' 31=0265 11 =0288 12 '=0292 13 =029F li; =02A3 21.550,' 
19 =0200 20 =02E~21 =02E8 22 =0313 23 =0322 24 =0336 

FEATURES SUPPORTED 
ONE WORD ~NTEG~RS 

-EXTENDED PREC~SION 
Ioes 

CALLED SUBPROGRAMS 
READ NCQMP' NZONE 
SFIO -'SIOAI 5-IOIX 

INTEGER CONSTANTS 
99::'OOD2 
60=OODC 
48=OPE6 
lO:::OOFO 

- 2=00D3 
.61=00DD 

- 55=00E7-
-111=00F1 

-EDl T A1DEC 
SUBse- S-TOP 

16 '+48 =OODlt· 
68:::'PODE 
21=00E8 

441.t·=00F2 

CORE REQUIREMENTS-FOR SMPL2 

MOVE 
- PRNTZ 

5440=00D5 
13=o"oe F 
40=00E9 

1911=OOF3 

,COMMON 0 VARIABLES 210 PROGRAM 640 

END OF COMPILATION 

ADD IOND -- DECAl - TYPEr-< 

0;-00D6- 1=00D7 80 
8=OOEO 20=00E1 l~ 9 

777=OOEA 4=00EB 666 
f638=OOF4 1365=OOFS 273 

-0 

s~o 
'~~--------------------.-----------~-----~------------~~-----------. 
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R 47 OB4E (HEX) WORDS AVAILABLE 

o 

CALL TRANSFER VECTOR 

CARRY 
NSIGN 
FILL 
TYPER 
DECAl 
IOND 
ADD 
MOVE 
AlDEC 
EDIT 

. NlONE-
NCOMP 
READ 

1123 
1007 
1082 
OC05 
08-5 A . 
OB3E 
OA7E 
OA40 
09D2 
08AF 
07FD 
07AF 
0750 

lIBF- TRANSFER VECTOR 

HOll 
. PRTY 

EBPA 
TYPEO 
EBPRT 
RPACK 
SUBIN 
ARGS 
SWING 
SPEED 
CAROl 
PRNXX 
PRNTl 
STOP 
SCOMP 
SIOIX 0 

SUBSC 
SWRT. 
SIOAI 
SRED 
ESTO 
ElO
PRNTZ 
SFIO 
D I SKZ 0 

13AE 
135 E 
130 E 
l1E6 
1180 
1050 
1090 
1022 
106F 
OE06 
ODEO 
00D2 
0(50 
o BAl; 
0547 
0533 
087C 
05A9 
053A 
058A' 
06EO 
06F6 
06D8 

-0'0514 
OOF4 

ILS04 1401 
I LS02. 141D 
ILSOl 142F 
ILSOO 1441 

o 0338 (HEX) IS THE EXECUTION AODR6l 

___ --------_--.---_.....,....._-.--~~-- Tr 
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DAVESMARKE"T 
1 997 \-JAS H I NG TON S T" . 
NEWTOWN. MASSa 02158 

QTY 

8 
11 
10 

8 
. 6· 
17 . 
17 . 
17 
17 

-' 17 
17 

.25 
25 
10 

.10 
- 12 

12 
12 
12 
12 
12 

1.000 
4.000 

·200 
100 

5-() 
100 

'100 
100 

10 
-12 

12 
12 ~ 

12 
12 
12 

1,000 
A.,OPO 

200 
50 

100 
100 
100 
100 

10. -
12 

1,000 
4',000 

NAME 
PREV IOUS' BAl.ANC E 
SUGAR .", BAGS 
~HICKtN SOUP - CASES 
TOMATO SOUP - CASES 
SUGAR RETURNED 
COOKlES -'CASES 
GINGER ALE - CASES 
ROOT BEER - CASES 
ORANGE ADE ~ CASES 
CREME SODA - CASES 
CHERRY SODA - CASES 
SODA WATER - CASES 
DOG FOOD ... CASES 
CAT FOOt) - CASES 
SOAP ~OWDER - CASES 
DETERGENT - CASES 
HAM - TINS 
HAr·1 - LOAF 

. SALAr-11 
BOLOGNA 
CORNED DEEF 
ROAST 8EEF 
BREAD - LOAF 
ROLLS 
MILK - QU~,RTS 
MILK - HALF GALS 
MILK" GALS 
POTATOES --BAGS 
TOMATOES - LOOSE 
CARROTS - BUNCHES 
DETERGENT - CASES 
HA~~ - TINS 
HA~1 - LOAF-
SALAr-lI 
BOLOGNA 
CORNED BEEF 
ROAST BEEF 
BREAD - LOAF 
ROLL~ 
MILK'" QUARTS 
MILK' .. GALS 
MILK - HALF GALS 
POTATOES - BAGS 
TOMATOES - LOOSE· 
CARROTS - BUNCHES 
DET~RGENT - CASES 
HA~w1 - TIKS' 
BREAD - LOAF 
ROLLS' 

.···0 
AMT 

- $111.29' 
$-21002 
$38a76 
$30.11 -
$210 02CR '. 
$45(121 
$52037'-

- $52037 
$52.37 
$52c37 
$52037 
$.52037 

$101026 
$101.26 

$72.89 
$72.89 
$36.75 
$33.75 
$33.75 
$33.75 
$33.75 
$33075 

$150.00 
$150.0~i 
$57.4~ 
$57.42 
$57 ~lr2 
$11.23 
$11.23 
$11.23 
$72089 
$3.6075 
$33.7.5 
$33.75 
$331_75 
$33075 
$33.7"5 

$150.00 
$150.00 

$57042 
$57 a' .. 2 
$57.42 
$11 c 23' 
$110'23 
$11e23 
$72089 
$36.75 

$150000 
$150000 

C
··-
. II·) 
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Qry 
200 
100 

50 
. 100 
100 
100 

10. 
1-·2 
12 
12 
12 
12 
12 

f,ooo 
4.000 

200 
_ 100 

100 
100 
100 
100 

10 
12 

. NAME 
(\1ILK - QUARTS 
MIL K HALF G/,LS 
MILK GALS 
POTATOES - BAGS 
rOr-1ATOES .,.. LQOSE 
CARROTS - BUNCHES 
DETERGENT - CASES 
HA~1 - TINS 
HAM'- LOAF 
SALA\11 
BOLOGNA 
CORNED BEEF 
ROAST BEEF 
BREAD ... LOAF 
ROLLS 
MILK NO QUARTS 
fVLl L K •• HALF- GAL 5 
MILK'" HALF GALS 
POTATOES'" BAGS 
TO~·1ATOES tl> LaOS E 
CARROTS - BU~CHES 
DETERGE~T ~ CASES 
HA~1 - T l-NS -

TOTAL 

'-------:-------. ~ 
AMT 

$57.1+2 
$57042 
$57 ~42. 
$11.023 
$11023 
$11023 
$72089 
$·36 () 75 
$33c75 
$33,675 
$33(175 
$336)75 
·$33075 

$150'000 
$150000 

$ 5 -, () '~2 
$5704? 
$57,,4·2 
$11e23 
$11~23' 
$11023 

'$72.89 
$36075 

~ 
.; 

. ______ . ________ --:-:=:__ 1. 
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STANDISH MOTORS 
10.WATER STREET 
PL¥.¥lOOTHt MASS.02296 

t·' . 

aTY 

20 . 
6 

20 
50 
50 

100 .. 

NAME 
PREVIOUS BALANCE 
AIR C(EANERS - CASES 
GREASE BARRELS 
TIRES 650 X 13 
TIRES 150 X 14. 
TIRES 800 X 14 
GASOLINE CAPS 

TOTAL 

~ __ "_C"~"-:~"'.:T"~ .1 

~--~-~----------

r~·. 

~/-

AMT 
$2,356036 

$200 (l03. 
- $1650 2l~ 

$260.038 
·$90.0053 

- $1,-·012000 
$99.68 

1 ,4 
. I 

__ . __ £ J..jJ..j _ TI 
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1130 COMMERCIAL SUBROUTINES 

ABSTRACT: 

Version II of the IBM 1130 Commercial Subroutines will be 
the primary emphasis of this session. - The general problem of 
commercial programming in pure FORTRAN and the history of 
partial solutions available at this date will be discussed. 
Version II of 1130 CSP will be compar~d to Version I and other 
available commercial routines. Performance in execution time 
and core requirements as well as current limitations will b~ 
presented. 

," 

, 
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s. F. Seroussi 

Thomas J. Watson 
. Research Center 

P. O. Box 218 
Yorkto\vn Hts •• N. Y. 

A series- of programs has been \vritten to-al1ow-180.0. 
user s to fully utilize the capabilities of the mM 2841- 2311 disk 
storage system within the frame \vork of the Time-Sharing 
Executive -- TSX, Version.3, Mod 1. 

A comparison is made between the 2311 and the 2310 
disks in programming techniques arid timing. 

I: 

G: 

o 



o 

o 

Physical Characteristics 

2310 

Capacrtr - Oxide coated disk with 200 primary, 3 alternate 

2 track cylinder s capable of storing 521, 304 16 bit words 

(1,042, 304 bytes) of which about 5I2K words are available to 

the user the rest being used as alternates to defective tracks. 

Each track is divided into four sectors. A sector is the basic 

. addressable unit \vith a capacity of 321 v/ords one of which is 

usually used for sector addressing and error checkout. 

Titning - The disk rotates a~ a speed of 1500 rpm; 

a revolution taking 40 ms. Word transfer rate is 36 K words/ sec. 

Cylinder to cylinder access' is 15 ms
l 

in single steps 

or 20 for double cylinder steps and a delay of 20 ms must be 

added to allow the carriage to stabilize itself. Average access 
time 530 ms. 

Bet"',veen sectors the shortest time available is 235!lsec 

(plus 27~sec for each word not used). As an exarnple, if we 

write 310 v/ords in a s ector and then continue to ·\-vrite on the 

next sectors the delay betvveen writes will be a minimum of 

235 + 27 x 11 or over half a millisecond. 1 

Programming - The following hard\va~ (rr..achine 

languaJ e) operations are available: 

1 
11odt1s AI, A2, and A3 .. 

SJ./7 
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CE Mode 

INITIALIZE ·READ-

INITIALIZE WRITE 

READ TO MEMORY 
READ - CHECK 

CONTROL (SEEK FORWARD OR BACKWARD) 

SENSE 

These operations must be executed one at a time with no 

chaining allowed and ,vith several restrictions imposed such 

as the need for a 20 millisecond delay between seeks or an error 

will result. Only ~ sector can be processed per I/O c0-mmand. 

Interrupts - Sensing the DSW for each disk unit provides 

the user with a series of indicators. The occurrence of an 

Operation Complete, causes an interrupt in the 1800. All other 

indicators 'Nill only be detected tog ether \vith Operation Complete. 

Bit 

o 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14-15 

Data Status Word 

Interrupt 

Any Error 
OperatiQn Complete 
Disk Not Ready 
Disk Busy 
Carriag e Horne 
Parity Check Error 
Storage Protect Error 
Data Error 
Write Select Error 
Data Overrun 
Not Used 
CE Not Ready 
CE Busy 
Not Used 
Sector Count 

o 

o 
\ 



o 

o 

3. 

Two or znore indicators '\vill be on when an interrupt occurs. 

Number of Drives Per System- Standard up to three. 

RPQ three mo~e. 

Typical I/O Comznand: 

XIO IOCCI 

IOCCI "DC TABLE 

DC 14DOI 

TABLE DC 321 

BSS 321 

DATA TABLE 

WRITE ON DRIVE 1, 
SECTOR 1 

COUNT 

A previous XIO would have moved the arm to the proper 

cylinder. 



4. 

2311 

Capacity - 12 oxide coat~d disks with the ten inside 

surfaces used :for recording data up to 7. 5 million 8 bit bytes. 

A pack is divided into 200 primary, three alternate 

cylinders and ten tracks (one for each recording surface) of 

3694 words each. Each track can be subdivided into records 

of variable length as defined by the user. The home address 

. which identifies the track and the first record on the track, 

RO, usually used to define the condition of the track (and its 

alternate if needed), are generated with special IDM provided 

programs with a standard format. A track would have the 
() 

follo\ving configuration: 

2311 Track Format 

Each of the above areas contains the follo\ving in.formation: 

Index Home 
Marker Address 

Oato Record R I 

Home Address 0\ 

5S0 
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5. 

Home Ad~ress Flag Byte: The flag byte in the home 

address is transferred automatically to the using system by 

perforrn.ing a read home addres s operation on the track. The 

bit significance is: 

Flag 
Byte 

lit Function or Setting 

o Zero 

Zero 

2 

3 

4 

S 

6 

7 

Zero 

Zero 

Zero 

Zero 
;,.. 

Track Condition 

Track Use 

o indicotes operative track 

1 indicotes defective track 

o indicates primary track 

1 indicates alternate track 

Flag: Byte 0 of the count area is generated by the 2841 

as each record i~ '\vritten. It is not sent from the CPU. Bit 

7=1 indicates an alternate track. 

Flog 
Byte 

Bit Function 

o 0 for even-count records (RO I R2, R4, Rt/ 

1 for odd-count records (Rl , R3, RS····) 

Used by the 2841 to ensure that all address 

markers (and records) ore present. The 2841 

signals a missing address marker when two 

consecutive, identical bits are encountered 

(unless on index point intervenes). 

Used only with record overflow feature. 

o for all non-overflow records and for the last 

segment of an overflow record. 

1 for each segment, except for the lad segment 

of on overflow record. 

2 Zero 

3 Zero 

4 Zero 

S Zero 

6 Track condition 0 indicates operative trock 

7 

1 indicates defective track 

Track Use o Indicates primary track 

1 Indicates a hemat. track 

Bits 6 and 7 are transmitted to the flog bytes of 

a II records on the treck from the flog byte ,.r the 

Home Addr~ss of thot track by the 2841 • 

SSt 
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5 6 

Storage 

Units 

6 •. 

~-------------------y __ ------________ -J 

Coont Area Key Area 

index HA 

~~~~~ ______ ~ _______ R_l ______ ~ ________ ~ 

~ 
~ 

Address 
Marker • May Not be Present 

Record R I - Rn Format 

rn 
Address 
Marker 

Data Area 

Track Copocity in Bytes Track Capacity Bytes Required by Data Records (KL = Key Le.1gth.) 
DL = Dotu L~ngth 

When RO is Used as Sp'!cifj~d When RO is ~sed for Oo~o Records (except for lost record) Lost Record 

By IRM Programmi"9 Systems. Applicotion Data Without Key With Key Without Key .with Key 

23tr 3625 3694 61 + 537 
°L 

81 + 537 (Kl + D
L
) .D

L 20 + (Kl + Dl ) 
512 512 

Number of Bytes per Record when Number of Equal Length Records Per 2311 Track 

Record RO vsed as specifIed by 

IBM Progrommin.l Systems. I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 

Without Ke)' 3625 1740 1131 830 651 532 447 384 334 295 263 236 213 i?3 177 162 149 138 127 li8 

W' h K ~ I neTudes key bytes + 
.t ey tdoto bytes - I<'L + DL 3605 1720 1111 811 632 512 428 364 315 275 244 2'7 194 174 158 143 130 119 loa 99 

Record gaps are of a length determined by the size of the 

record. Track capacity then, varies with record length as 

shown in the above figure. 

Timing - The disk rotates at 2400 rpm with a revolu-

tion time of 25 ms. Access time fron1 cylinder to adjacent 

o 

o 



o 

o 

o 

7. 

cylinder is 25 ms; maximum access time (from cylinder 000 

to 200) is 135 ms and average time for' a random access ~s 

75 ms. Once the cylinder is accessed, an average of 12.5 ms 

is needed to reach the desired record. No delay is encountered 

in going from track to track because the access mechanism 

includes one read/write head per track. 

Progranlming - A series of commands each taking 3 

1800 words, are available to the user which allow for manipu

lation of both the control unit and the 2311 drives. These commands 

can be classified mto four groups as recognized by the selector 

channel: Output Forward (Write, Control) 

Input Forward (Read, Sense) 

Branchi...'1.g (Transfer in Channel) 

Test I/O 

There are forty possible command codes(l) SOIne of which allow 

the user to operate on any of the elements contained in a track 

or in a whole cylinder. There is no capability to cross 

cylinder boundaries. This has to be programmed for and is 

very simple. 

Interrupts - Before considering the interrupt capabilities 

of the 2841-2311 system let us look at a simple diagram of one 

of these devices connected to an 1800. 

1. See Appendix I, pp L.2 for table of comrnands 

SS3 
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8. 

1800 1826-M2 
Selector Channel 

REQIN" 

~R_E--..;;:Q __ O.;...U..-.;.;T __ ""j')8 41 

2311 

2311 

From this diagram, it is evident that there are two interfaces 

of importance; (1) Selector Channell Control Unit (2841) and 

(2) Control UnitlIIO Devices (2311). 

Selector Channell Control Unit 

(a) If more than one control unit is attached to the 

selector channel, SENSE ILSW will deternline 'which one of 

them has interrupted. The machine configuration under 

consideration has one control unit so there is no need to 

execute this instruction. 

. 
(b) To determine the status of the selector channe.1, a 

SENSE CHANNEL STATUS \VORD can be executed. It is a 

similar step to sensing DSW on the 2310. It provides the pro-

grammer with the following information in the accumulator: 

o 

-r 
1 
I 



o 

BIT 

o 

1 

2 

3 

4 

5 

6 

7 

8 

STATUS 

Not Operational 

Unit Status Pending 

Program. Control 
Interrupt 

Program Check 

Data Check 

Interface Check 

Incorrect Length 

Channel Busy 

Unit Operational 

MEANlliG' 

Device Addressed not ready 
or not connect ed 

Control.Unit and Device Status 
Waiting for Further Action 

.Requested by Programmer 

Bad Parity on IOCC - Request 
Out of Bounds 

Parity Error - Write to 
Protected Ar ea 

Hard\vare Error 

Requested Length and Length 
in Disk Unequal 

Busy - Do not Request Another 
I/O or Card Check will Occur 

Unit Up - Actually In Use 

The fir st four conditions generate an interrupt. Further 

information can be obtained from the status of the control unit 

and devices. 

Control Unit/ Devices 

Up to eight 23lls can be attached to a single control 

Wlit. To obtain their status, a SENSE UNIT STATUS can be 

executed. If Unit STATUS PENDING occurred, it is necessary 

to do this sense in order to clear the interrupt. The 16 bits 



10. 

0 
of information placed in the accunlulator are: 

BITS STATUS MEANING 

0-3 Address of Control Unit 

4 - 7 Device Address (0 - 7) 

8 Attention Not Used 

9 Status Modifie,r With 11, Control Unit Busy 

10 Control Unit End Control Unit Available 

11 Busy With 9 

12 Channel End (GEl ) Indicate Status 

13 Device ,End (DE) Of Operation 

14 Unit Check Error C; 
15 End Exception End of File Detected (A 

Record with Zero Count) 

The above bits can be on in s everal com~inations depending upon 

the operation in progress. In general, CE - DE together and 

alone, indicate a successful end of operation. Unit Check on 

the other hand, indicates an error. Three more sense operations 

are available to assist the programmer in determing the error 

source: 

(a) SENSE CCvV ADDRESS - will give the address plus 

three of the last commands used. 

(b) SEI'~SE BYTE COUNTER - will give the residual 

byte count. 0' 
(c) SENSE BYTES - will transfer six bytes of informa-

tion concerning the unit check from the 2341 to the CPU at ~1'l 



1 n '111 

o 

o o 

o 

o 2 

o 3 

o 4 

o 5 

o 
o 6 

, 
! 

o 7 

o 

o 

le:r'Y 

address specified by the user. The first two bytes contain 

most of the needed information as shown below: 

Command 
Reject 

Intervent ion 
Required 

Bus Out 
Parity 
Check 

Equipment 
Check 

Data Check 

Overrvn 

Trock 
Condition 
Checlc 

Seek Check 

Data Check 
in the Count 
FifJid 

Byte lit DesignatIon Significance of "I" 

Indicates that t~e 2841 has received an invalid 
operation code, on invalid sequence of com
mands, on invalid Seek AddreH. The write 
portion of the file mask hos been violatcd. 
(See Set File Mosk.) 

Indicates that the specified file is not physIcally 
attachcd to the system :;,r, if physi colly attached 
to the system, it Is not available for use because 
the file mator is not on, a cover interlock is 
open, etc. 

Indicates that the 2841 has detected a parity 
error during the transier of a command or data 
from the channel to the 2841. A parity error 
detected during command transfer signals a 
Parity Check. 

Indicates thot on unusual condition is detected 
in the control or storage unit. Conditions 
covered by this bit are defined by Sense 8yte 2 
(See Appendix B). 

Indicates that a dota check error hos been de
tected in the inFormation received by the 2841 
from the storage unit. 

Indicates that a chained CCW was issued but It 
was received too late to be propP.riy executed; 
or that a byte was received too late (during 
... ,;,~ operation) to be tronsferred properly; or 
the channel did not respand fast enough during 
a r~ad or s('arch. 

Whon writing, the remaining portion of the 
record area Is filled with zeros and the overrun 
check is generated. When rcoding or searching, 
the remaining portion of the record is ignored. 

Indicates defective track. 

A Track Condition check is generated under the 
following conditions: 
t. If on overflow record is being reod, written, 

or searched which overflows to a defective 
track, the interrvpt occurs after the lost 
byte on the previous trac k has been operated 
on and before the first byte for the defective 
track is requestcd from or sent to the channel. 
In this case overflow incomplete Is also set. 

2. If a single track command other thOR a 
Search HA, Read HA, or Read RO is executed 
on a defective track. 

3. If a multiple track command or an overflow 
operatiOf'1 attempts to switch from on alter
nate or defective track after an operation 
has been executed. 

Indicates that the file has been unable to com
plete a Seek becl]use: 
1. The Seek address is outside the valid address 

boundaries of the storage device. Unused 
seek address bytes must be a valid address 
for the device selected. Command Reject Is 
also set. 

2. less than six seek address bytes were sent. 
Command Reject Is also $et. 

3. The equipment foiled, which resulted In the 
access mechanism going to either the inner 
or outer stop. 

Indicates that cyclic check error has been de
tected in a Count Area read from the storage 
device. Data check (bit 4) II' byte 0 Is also 
turned on. 

2 

·3 

4 

5 

6 

7 

Trock 
Overrun 

Cylinder 
End 

Invalid 
Sequence 

No Record 
Found 

Fil. 
Protected 

Mhslng 
Address 
Morlcer 

Overflow 
Incompl.te 

Sense Bytes 0 and 1 

Indicates thot writing has not been completed 
by the time the index point is detected. 

Indicates that Cylinder End has been detected, 
but the CCW Command Chain has not been 
completed. 

Indicates that on attempt has bp.en made to 
execute on invalid sequence of CCWs or that 
two Set File Mask commands appear in the 
some command chain. 
Valid commpnd sequences are defined in the 
Write and Erase command descriptions. Com
mand Reject (Byte 0 bit 0) is also set when on 
Invalid sequence is detected. 

Indicates that while executing a chain of CCWs 
the 2841 has d~tected two I ndex Points witholJt 
completing on intervening command to read or 
write or search the Data Area, Read Home 
Address, or Read RO. It is also set in 
conjunction with Missing Address Marker if 
there is na data on the track. No Record Found 
is never set if the Multi-Track bit in the com
mand (8it 0) is on. No Record Found will be 
posted if the address marker in front of the last 
physical record on the track is not detected. 

Indicates that a command was issued contrary to 
the file mask. The Comrr.and Reject oit is also 
set by this condition, if the operation violates 
the write portion of the file mcuk. 

A mining Addrt!u Marker, Which may indicate 
a missing rccord is dctected Juring the eKCCU

tion of command or chain of commands whicf'l 
operates on successive Count Areas on a track. 
The condItion detected is two successive records 
on a track with equal bit conditions in bit 0 of 
the Flog bytes, with nl) interv~ning Index Point. 
MIssing Address Marker is set in coniu"ction 
with No Record Found if there is no doto on the 
track. 

This bit is used with the Record Overflow 
special feature. It Is set with other Indicators 
to signal conditIons as follows: 

Condition 

Overflow to a 
defective trock 

Overflow from on . 
alternate track 

Data check in data 
oreo of overflow 
record other than last 
segment. 

Ove rflow to File 
1 Protected boundary 

Overflow to wrong 
track (Head number 
unequol) 

Sets Overflow 
Incomplete and 
Other Indication 

Track Condition 
(Byte 0, bit 6) 

Track Condition 
(Byte 0, bit 6) 

Data check 
(Byte 0, bit 4j 

File Protected 
(Byte 1, bit S) 

Seek Check 
(Byte 0, bit 7) 

SS7 
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TyPical I/O Command: READ HOME ADDRESS; CYL 180-HEAD 8 

XIO SIO START I/O 

SIO DC CCW START I/O - IOCe 

DC "/9502 AREA CODE 18 - UNIT 2 

CCW DC 5 SEEK A.L~D CHAIN 

DC /4007 FOR RECORD SPECll"'IED 
AT SEEI{ ADDRESS 

DC SEEK "f"'\ 

~; 

DC 6 READ HO}Y1E 

DC /OOlA ADDRESS INTO 

DC HOME THIS ADDRESS 

SEEK DC 0 

DC 180 CYLINDER 

DC 8 HEAD 

HOME BSS 3 
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Sofnvare 

The available software for the 2310 is well known to 

most users. In brief, there are programs to initialize the 

disk cartridges, test them for errors, label and define length 

of LET and FLET tables, and dump their contents when needed. 

Both FORTRAN and ASSEMBLY LANGUAGE routines are 

available to read and write to almost any area on the 2310 

. disks. System routines will define and label at your request 

buffer areas and will assign sector addresses. All the user 

has to do is punch a define file card, or a STO REDAT A card 

and the system will do the rest. Moreover, all of this is 

usually done with re-entrant subroutines enabling the user to. 

be free of worries about using a device from different interrupt 

levels. The only penalty paid, as the sample program vlill 

show, is time and overhead costs. All 2310 routines eventually 

call an I/O subroutine, DISKN which has been charg ed wi~h 

the responsibility of controlling all II 0 to the 2310 sand 

servicing the resulting interrupts. It should be noted that 

FORTRAN calls are not overlapped, 1. e., control is returned 

'to the user after the operation has been completed successfully 

or not. 

The software available for the 2311 as provided 

SS~ 
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14. 

is restricted to diagnostic programs and a disk initialization 

program. TSX does not support the 2841-2311 but programs 

have been written "which allow the 1800 FORTRAN and 

ASSEMBLY LANGUAGE user to fully utilize the 2841-2311 

capabilities.. These routines are at the present time being 

submitted as Type TV programs~l) Work in switching 

T SX to the 2311 is also being contemplated. The structure 

. of these routines is similar to those used to service the 23l0s 

but three differences must be mentioned: 

(1) The routines are not re- entrant. Given the speed 

of data transrnission, it is possible to rnask any interrupts 

while the 2311 routine is generating a chain of commands 

prior to executing the I/ O. The time delay is comparable to 

the time it would take to save and restore all needed parameters 

if made re-entrant. 

(2) The I/O can be overlapped. The return to the 

user is made irnmediately as soon as the I/O is initiated. The 

user has the option to examine the final interrupt to determine 

if the operation was successful o.r not or to ignore this fact 

'comp1etely and continue with his program. 

(3) The different I/Os are requested through calling 

sequences.. There is no special WRITE or READ as L~ the 
1. See Appendix II for further explanation and exarnplese 
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2310, and most of the parameters in FORTRAN must be fixed 

integers. There are 10 calls that can be used to generate a 

sequence of in~structions that will perform a certain I/O on the 

; 

2311 and two auxiliary calls; one that allows the user to write 

his own command chain and the other a busy test routine. In 

machine language, a th-ird special call allows the user to get 

to a table of param~ters and indicators saved by the 2311 ISS. 

As in the case of the 2310, the 2311 calling sequences execute 

all I/ a through a subroutine, DISKZ. 

Having provided a brief sketch of the software available 

for both 2310 and 2311 disk storage devices, it is possible now 

to look at the programs run to obtain some timing comparisons. 

The philosophy used was very simple; write and read back a 

fixed length record to both disk units under similar conditions 

and record the lapsed time between start and finish. 

TIMING 
Time 

Routine WRITE-READ I/O 2310 2311 Language 

- TTh1El 3200 words 7.188 sec. • 3-22 sec. FORTRAN-TSX 

TTh1E2 3200 words L 609 sec .. ASM-TSX 

TIME3 3200 words • 192 sec. A.SM-TSX 

$TIM:E 320 words .262 sec. ASM-ABS 

0 TIME4 320 words .. 918 sec. ASM-ABS 
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It should be pointed out that a data area for use of all the se 

routines was set up in FLET and '\lnprotected by means of 

DWRAD. This time was not included in the co:mputationso 

Also J the time shown for $TIME doe s not corre spond to a 

single write of 320 words but to five repeated attempts to 

write the same record. T:his was caused by an error in one 

of the routine s used and show s the timing effect of retrying 

a'n operation that failed with a recoverable error (in this 

case unrecove rable). 

It is evident that the use of FORTRAN for disk I/O in

stead of Assembly Language is costly for the 231 o but that 

in the ca se of the 2311 storage device s, at the pre sent time, 

the difference is quite tolerableo 

o 
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2310 

1. 02 

530.00 

·72.00 

3 

203 

2 

5. 1 

SECTOR 

r-4 

• .... 

o 

640 

PHYSICAL CHARACTERISTICS 

STORAGE CAPACITY (MILLION BYTES) 

HIGH SPEED ACCESSIBILITY (milliseconds average) 

DATA TRANSFER (KILO BYTES) 

MULTIPLE UNIT GROWTH 

NUMBER OF CYLINDERS 

NUMBER OF TRACKS/ CYLINDER 

CYLINDER CAPACITY (TIIOUSAND BYTES) 

BASIC ADDRESSABLE UNIT 

MAXDAUM CAPACITY OF BASIC UNIT (BYTES) 

~ ~ ......... o 

2311 

7.5 

75.0 

156.0 

8 

20.3 

10 

37.0 

RECORD 

3900 

r-4 

• ~ 

·0 

I~ 
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APPENDIX II 

110 1 

The 2841 and 2311 Subroutine Package 

The 2841-2311 subroutine 5 were written to allow FORTRAN 

and/or Assembly Language users to avail themselves of 

the se high speed storage device s. 

The aim. wa s to or ganize the routine s along the line s 

of the 2310 support programs. To accomplish this~ a set of 

three subprograms were developed: 

1) The interrupt service subroutine (ISS), DISKZ, 

that ha.ndle s all I/O reque sts through its subroutine 

entry point and take s care of all re sulting inter-

rupts inforilling the user J if he care s to know, of 

the status of the last I/O executed. 

2) Ten calling sequence s which operate upon all or 

any elernent of a record, track or cylinder (see 

Table I). 

3. One additional subroutine with three entry points: 

(a) One entry point, DISI<X, which allows the 

user to write his own command chain and calls 

DISKX to execute the I/O and handle the interrupts. 

(b) An entry point T 2311 to a routine busy te ste 

~-"~) 

o 
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0·""" ',.,) 

'An indicator is set to zero or one according to the 

busy status of DISKZ 

4) A d~mmy entry point X8Y9cp to a table of para-

meters and indicators kept by DISKZ .• 

DISKZ performs the same functions for the 2311 as 

DISKN doe s for the 2310. The other subroutine s determine 

which opera.tion is to be performed by the 2311 .. 

o 

o 



TABLE I 

2311 CALLS AVAILABLE UNDER 1800 TSX 

CALLWR 

CALLWRO 

CALLWKD 

CALLWD 

CALL RH.A 

CALL RRO 

CALL RCKD 

CALL RC 

CALL RKD 

CALL RDD 

CALL DISKX 

CALL T2311 

CALL X8Y9cp 

WRITE COUNT t KEY AND DATA 

WRITE SPECIAL COUNT KEY AND DATA 

\VRITE KEY AND DA TA 

WRITE DATA 

READ H.OME ADDRESS 

READ TRACK DESCRIPTOH. RECORD 

READ COUNT, KEY AND DATA 

READ COUNT 

READ KEY AND DATA 

READ DATA 

DIRECT CALL TO DISKZ 

DISKZ BUSY TEST 

ENTRY POINT AT BEGINNING OF TABLE 
KEPT BY DISKZ ~DUMMY CALL SHOULD 
NEVER BE EXECUTED) 

All these calls have a variable nu:mber of parameters. For 

furthe r inior:mation contact: 

R. C. Yens 
The Mitre Corporation 
Command and Management Systems 
Planning and Engineering, D-74 
P. O. Box 208 
Bedford, Massachusetts 01730 

o 

o 
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C 
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C 
" l" 

C 
C 
C 
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C 
C 
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C 
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C 
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C 
C 
C 

C 
C 
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20 
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EXAt'lPlE OF 2311 CALL f ~!G SEQUEt'!CE' I N ·FORTRr.~ 

EXTEfHlAL RET 
INTEGER A(453),B(453) 
[STAG L I SH ADD RESS OF nECORD TO 8 E ~'~'r. t TTEr\ BY APPEND I NG TO 0/\ TA 
THE C Y Lit IDE", H E A DAr·! D P. r: cor. D ~! U 1/8 EnD Est nED (K E E P t N GIN HI r\ D 
T H f-, T J\ r. rL/\ Y S ArE S TOr< E D F R C L III C H TO L [I \J cor E I ~! THE I ~ Iv: 1 8 0.0 ) 

CYLltJDER 

A ( l~ 5 3 ) = .1 0 0 

I·:EAD 

A(452}= G 

• HtCG~~!) ~JUMnER AND KEY LENGTH I t! THE FORMAT RHKK ~'iUST BE GIVEN 
I t1 THE DEC I ~:Al [flU I VALENT OF THE HEXADEC r r·jAL ~!UMBER 
I N THE EXA'·~PlE T:·~Er.f \'/1 LL 3E NO KEY SO THAT FOR RECORD NUrv:CER 1, 
THE HEXADEcn·~AL NU:'1~~ER HILL ~E 0100 OJ{ DECIt,:AL 256 
1\ ( 4 5 1 ) = 2 5 £; 

\!R I TE COUNT KEY f,ND 0/\ T,"-

CALL \.'r:(RET,1,1,A(453» 

HEAD COUNT KEY J\ND DI\T/\ 

CALL RCKD(RET,1,100,G,1,C(453» 

HAlT Fon END OF OPEHATION 

CALL T2311(1) 
IF(lJ10,15,10 

'cALL Df.~PP(A(l), B(453)} 
CALL EXIT 
END 

.~ 
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c 
C CALL RET (KK) IS A USER WRITTEN SUSROUTINE TO HANDLE ALL NORMAL 
C AND ERROR ROUTINES - KK IS AN It'DICATOR PASSED TO THE USER 
C BY THE INTE~rUPT HANDLING SUE~CUTINE, CISKZ 
C 
C 

SUBROUTINE RETCKK) 
CA II :;~·lpP C KK) 
f-: ETU r{~! 
END 

(~) () 
, - -- -~ .. ---.- - -----.--~--.--.----
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0000 045175CO 

0000· 0 0000 
0001 01 74020000 
0003 01 4CeOOOOo 
u006 
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n 

ENT DHPP 
or·'!pp SHOU LD C E A US ER ~!R I TTEN SUB ROUT I NE 
TO Dur<p IN HEXADECn·1AL THE ",RRAYS DELIMITED 
PY T!-IE r" VEN PARAr,:ETEi~S 
DC .-. 
r;.D X L en: p p , [: 2 
!3SC I DI'iPP 
END DI'·;P P 
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ABSTRACT 

- Process Control in Natural Gas Transmission 

This paper will present the progress made by Trans-Canada Pipe 

Lines Limited, Toronto, in the field of process control computer"s. A 

brief desc ription is given of the feas ibility study prior to orde ring the 

compute r, the organization of the implementation team and the methods 

of implementation. 

The purpose of installing the process control compllter at Trans ... 

Canada is to save fuel by more efficient operation of compressor stations, 

and to guide the dispatcher into better control of the line, thus allowing 

more throughput at the s arne or bette r ope rating cos t. The c omp ute r is 

not closed loop, but accepts telemetered data from all compressor stations 

on a priority interrupt basis, optirTIizes the line by means of an on-line 

simulation program and then informs the dispatcher by typewriter output 

what changes, if any, to make to achieve optimal operation. 

A description is given of the telemetering system that feeds the 

computer and of the sirnulation/optill1ization program that is used to control 

the line. The cOll1puter, the IBM 1800, was installed in June 1967. 

o 

o 

o 
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PROCESS CONTROL IN NATURAL GAS TRANSMISSIvN 

1. Introduction 

As pipelines become more and more complicated, it is becoming 

increasingly difficult for the dispatcher to run his line with a high level 

of efficiency. This, of course, does not reflect on the dispatcher's ability 

but rather is a direct result of the tremendous number of variables that 

have to be controlled, espec ially in a line that is running at a high load 

factor. To make an intelligent analysis of the line the dispatcher has to 

know the flow through each compressorstation,. the horsepower available, 

the number of units running at each station, RPM of the engines, surge 

o 
restrictions and the sales pattern. 

The answe r to this problem has to lie with the on-line proces s 

control computer. The re are m~py fast, reliable and relatively inexpensive 

computers that, when connected to a good telemetering system, can provide. 

answers quickly and accurately to the dispatcher. I would like to discuss 

briefly the results of having installed a 1710 in September 1965, and later 

an 1800 in June 1967, at Trans-Canada Pipe Lines Limited. 

2. Desc ription of T. C. P. L. 's System 

Trans-Canada Pipe Lines Limited owns and operates one of the 

longest natural gas transInission lines in the world. It stretches 2,300 

miles from the Alberta-Saskatchewan border to Montreal and to export 

S?3 
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markets in the United States. In the domestic market it sells gas to 11 

distribution companies. 

Trans -Canada's main activity is the purchase, transportation and 

sale of natural gas. The original system was completed on October 10, 

1958. As a result of the wide acceptance of this fuel, the $ystem has been 

constantly expanded, and as at December 31, 1966 it consisted of 2,900 

miles of pipeline including loop-line. The investment in facilities is close 

to $600 million. 

The present system can deliv~r ~p to 1.4 billio11r cubic ~eet of gas 

per day. About 950/0 of the gas enters the system at the Alberta-Saskatchewan 

border, and takes about three days to reach Montreal. To give you an idea 

in terms of equivalent Bo T. U. 's this is equal to over 200, 000 barrels of 

fuel oil or about one,-fi£th of the current Canadian production an,d consump-

tion. 
''-, 

The power to transport the gas is provided by III compressor units 

totalling about 550, 000 horsepower. To give you an idea: 

An outside view of reciprocating station. 

An ins ide view of a rec iprocating station, high 30,000 
H. P., $7. 5 mm. 

An Orenda industrial gas turbine. 

A compact, fully automated jet station, 9 -·12, 000 H. P. , 
$1.5 mm. 

These units, most of which bu;rn natural gas, a~e grouped into 

45 highly automated compressor stations. This makes fora bewildering 

•. 
C
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Ci combination of power units and compressors, each with its own operating 

characteristics and restrictions. 

3. Statement of the Problem 

The problem has generally been outlined in the "Introduction", that 

is, the re are too many variables in a large pipeline for the dispatche r to 

effectively control the line. Spec ifically at T. C. P. L. the aim of the 

process control computer is to save fuel by more efficient operation of 

compressor stations and to guide the dispatcher into better control of the 

line thus allowing more throughput at the same or better operating cost. 

With the fuel consumption being in the order of 100 million cubic feet per 

day, it would only take a one percent saving to make the system pay for 

CI 
itself. In addition, from five to twenty million cubic feet of additional 

throughput can be achieved on some days that the line has upset conditions, 

by giving the dispatcher better operating data quickly. 

Since Trans -Canada Pipe L"ines is designed such that all the gas 

. that is moved can be sold, the above figures can be translated into direct 

additional revenue and are not merely paper savings. 

4. Feasibility Study 

In the early part of 1963 management approved the starting of a 

feasibility study for the installation of a process control computer. A 

task force was formed consisting of the Supervisor of Programming, 

o 
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together with two part time representatives from Engineering and Operations 

departments. The task force reported to the Manage r J Systems and Data 

Processing, and regular monthly reports were issued to management. 

Outside consultants were also introduced to work with the task force and 

advise primarily on selection of hardware. 

The task force concentrated on: 

I. Definition of the problem, including current practices. 

II. Visits and discussions with other transmission companies. 

III. Intensive disc us s ions with equipment manufacture rs . 

IV. Selection of equipment. 

Around November 1963 it was established that through increased 

automation in the field, the instantaneous transmission of such information, 

by teletype, into a process control computer was possible and economically 

feasible. In our case the economic justification was one of the most 

difficult as s ignments . Though the?retically no one could argue with the 

mathematics and the fact that all technical people agreed that the savings 

should eas ily equal the expenditure, it was hard to show it. In this bus ine s s 

it is impossible to establish a controlled experiment whereby the line is run 

with and without the computer, under the same conditions. The alte rnative 

was as follows: 

Part of the feasibility study was the creation of a program simulating 

the pipeline. It was a crude version of the eventual process control 

prograITl. We then selected certain events in the past and the decision ITlade 
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C' by the dispatcher. Then by running the program on an off-line computer, 

we develop the solution. This we found could then be compared with the 

actual facts and its effect on the operation translated into dollars and cents. 

We had little difficulty in showing that even if the compllrter was not 

used for anything other than such occasional events, we would recover the 

investment. Any additional application would represent extra benefits. 

In spring of 1964 rnanagernent approved the prograrn and a full 

time implernentation group was established. The hardware was selected 

and the delivery set for September 1965. 

The computer selected was the IBM 1710. We had been using a 

1620 up to this point so changing to a 1710 on a time-shared basis eased 

c) our prograrnming effort. The computer was a Model II, 60K d~sk systern 

I"t,,": 

" 

with card I/O and typewriter output to dispatch. In addition, the dispatcher 

could communicate with the 1710 by a n1anual entry device. 

This 1710 was replaced by an 1800 after only 19 months, since the 

latter had about three tirnes the core, five tirnes the speed ap.d only rented 

for three quarters of the 1710 system. 

The conversion was simple since the 1800 prograrn~ were all in 

FORTRAN while the 1710 programs were written in SPS. 

5. De sc ription of Telernete ring &. Autornation 

All 45 cornpressor stations and three large meter stations are fully 

telemetered and most are remotely controlled frorrl the central dispatch 

office in Toronto. 

S?? 
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The telelnetering works on an exception basis, i. e. no inforlnation 

comes in from a station unless an alarm or upset is present at that station. 

An alarm is a change in the status of a unit or the recycle valve. An upset 

is defined as a change of 10 p. s. i. in either the suction or discharge 

pressure. The lnaster telemeter control at Toronto, continuously polls 

each station sequentially to see if there is an alarln or upset there and if 

not) passes on to the next station. If there is, an alarIn or upset message 

consisting of all the variables for that station, COInes in to the 1800. 

An hourly log is autoInatically produced on a logger showing the 

suction and discharge pressure, number of units on-line, horsepower and 

fl~w for each compressor station. 

The dispatcher will eventually have full unit stop/ start control at all 

compressor stations. When a unit is turned on or off by the dispatcher, 

the station autolnatically adjusts itself to this new condition. 

At present there are about 1,000 alarms and upsets corning in to the 

1800 in a 24-hour period. It is obvious that this amount of data does not 

allow the dispatcher sufficient time to analyze each Inessage. One of the 

functions of the process control cOInputer is to filter these Inessages and 

print out only the significant changes. 

6. Description of Co:mputer Guide Syste:m 

The IBM 1800 is co:mposed of a 32K Model II me:mory, card reader I 

punch,· three disk drives, two remote 1053 typewriters and a decade switch 

··c' '\ \ 
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c manual entry box. In addition, a special interface/buffer has been designed 

by IBM that accepts the telemetered alarm and upset messages as they corne 

in serially by bitt .converts them from Baudot Code to internal code, stores 

them in a special buffer and creates an interrupt to the computer when a 

digit has been assembled. 

The system is operated on a time-shared basis in the sense that all' 

existing computer applications are run on the 1800 at the lowest priority 

level. These applications include engineering design, gas sales, sales 

forecas ting, delive rability of gas wells, etc. 

We are using TSX-3, Mod. 3 which takes about 11K of core. We 

have had very little trouble operating with this system except for minor 

troubles in earlier versions. 

All the process control and most of the off-line programs are stored 

on the disk. In total, there are ten levels of priority within these programs 1 

(see list in Appendix). The non-process or off-line programs have the 

lowest priority. Level 4 has been assigned to the manual entry box whi<;:h 

allows the dispatcher to ask for any data or program fronl. the Gomputer. 

The timed interrupts from the real tiIne clock every 35 seconds, is level 1, 

and the telemetered alarms or upsets, level O. Hardware interrupt for 

the typewriters, digital inputs and disks fill the intervening levels. 

The following is a detailed description of the various programs 

s e rvic ing the s ys tern . 

c 
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A. .Alarm/ Upset Program 

This program handles the assembled alarm, upset and demand log 

messages which have been assembled into complete messages by an in-

core routine called CAEPG, and operates at level 7. CAEPG itself 

operates at level 0 and calls in the Alarm/Upset program after it has 

assembled a complete message. An alarm is defined as a change in the 

status of a unit, recycle valve, gene rator lock-out or local/ remote 

indicator. As soon as the message stack located in the computer memory 

contains an input message to be processed the Alarm/Upset program is 

called in after any appropriate lower level has been saved. This program 

then checks the incoming message to determine if it is an alarm ?r upset. 

If it is an upset it takes all the data that has come in on the upset message, 

i.e. pressures, temperature, flow, number of units on-line and calculates 

horsepower and if it is a turbine ~~ation, RPM, Head, ACFM and Surge 

condition. At this point the program checks these variables against 

operating restrictions and if any are violated, types a message to the 

dispatcher telling him the time, station number and the particular offended 

condition. Ii no violation has occ urred, no advice is given to the dispatche r; 

in this way many of the needless upset messages are eliminated. 

If the interrupt has been caused by an alarm, the above procedure 

is repeated, but in addition, the particular data that comes in for alarm, the 

status of each unit and position of recycle valve, are checked and the reason 

for the alarm is printed out in English. 
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B. • Time d Inte rrupts 

There are several programs that can be called in this level by the 

tiIned interrupt that occurs every 35 seconds. The intel'rupt is ignored 

until fifteen minutes to the hour at which titne a program is called in to 

check if there are any stations that have not produced an alarm~ demand 

or upset in the past three hours. If there are, these stations are printed 

out for the dispatcher to call up via a demand log. Altho\.lgh it is perfectly 

acceptable for a station not to alarm or ups~t in a three hour period, this 

acts as a check to make sure that the station's alarming equipment is 

working, and ensures that these stations will have their computer-stored 

data updated at least eve ry three hours. 

Every hour, an hourly log is p;rinted from data stored internally. 

The suction pressure J discharge pJ;'essure ~ number o.f units, set point, 

flow J and B. H. P. are logged for each of the stations on the logging type-

writer. After this has finished, a.:nother program is called in that 

computes horsepowers J flows, flowing temperature and pressure J and line 

pack for the entire line. This information is used during the following 

hour in the handling of alarms and upsets. 

At eight o'clock in the morning a complete statistical repo;rt is 

produced showing the horsepower hours ~ operating and standby hours for 

each station, the number of alarms J upsets and fals'e alarms and change 

in line pack for 24-hours. 

" ... ~~:: ~ 

sfl 
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c. Manual Entry Unit 

The dispatcher can call for either data or a program from the 

computer' or enter data into the computer via his 1077 manual entry device 

consisting of twelve rotary decade switches and an interrupt button. For 

example, if he wishes to know what the horsep?wer is at a station, he dials 

the station number and a two-digit code specifying horsepower, presses 

the interrupt button, and if higher level programs are not running, will 

receive the horsepower within three seconds on the typewriter. 

If he wishes to change say a sales volume at a particular point in 

the data stored in the computer, he will dial a sales code, pipeline section 

number and the new sales volume, press the interrupt button and the data 

will be entered into the disk. 

He can also call the simulation/optimization program at any time he 

wishes, by dialing the particular c,ode for that program. He would 

probably do this at the occurrence of a major disturbance to the line such 

as a station or large horsepower unit suddenly dropping off-line. This 

program may take up to five minutes to run depending on the number of 

alarms and upsets which occur and also the complexity of the pipeline due 

to the non-availability of horsepower. 

D. Simulation and Optimization Program 

The heart of the process control system is the simulation and 

optimization program mentioned above. This program is called in by the c" 
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o dispatche r via the manual entry device to scrutinize pipeline conditions 

and determine if there is any way to improve its operation. 

The sUnulation program uses an iterative procedure that increments 

the flow into the line by 5 million cubic feet, using the existing flow as the 

starting point. With each inc rement in flow, the program proceeds down 

the line computing pressure drops, and determines if there is adequate 

horsepower available to handle the additional flow. The initial increment 

of 5 million cubic feet is doubled with each iteration. Eventually after 

several iterations, there comes a point at which the line is incapable of 

handling additional flow. The program then decrenlents the flow by one-

half of the last inc rement and tries this amount down the line. If this 

C proves successful, another half again is added and so on, until the difference 

is down to.z million cubic feet. This process is quickly convergent, azlH 

the whole process takes about six minutes on a Model II 1800. When the 
'-, 

final flow has been determined, a check is made to ascertain if any 

miniInuITl RPM or Surge restriction has been violated. If so, corrections 

are made to the stations in question and a final pass determines if the flow 

has to be reduced slightly to compensate for these adjustments. 

The final output to the dispatcher consists of a list of compressor 

station's settings to be used to achieve efficient running line conditions. 

The dispatcher has to use his judgement as to what order to change the 

horsepower, and whether to do so at all, if he knows of a particular line 

o condition cOIning up that is unknown to the computer which would negate 

its instructions. 
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The dispatcher can call in the simulation/ optimization program to 

solve a hypothetical problem such as: how should the line be set up to 

handle the' shutdown of a partie ular station that is going to occur tomorrow 

due to n'laintenance? In this case, he can dial in the station that is going 

to be shutdown, plus any other pe rtinent information, call in the program 

and get his answer within five minutes. 

7. Conclusions 

Here is what we have achieved. For a relatively small incremental 

cost we have successfully entered the process control field. Without any 

reservation we are satisfied that we have met the original target. We know 

that we have saved in fuel requirements. The computer has provided o 
guidance to the dispatcher which in turn resulted in higher throughput. It 

would be rather difficult to pinpoint exactly how much of this extra throughput 

- ......... " 

is due directly to the process control system due to many inter-related 

factors. Whatever the inter-relationship we are satisfied that it is higher. 

In addition we have derived the following extra benefits: 

We have a hardware system capable of accomITlodating large and 

sophisticated programs to be used by other departments in the 

company. Our Engineering department uses it several hours a 

day for pipeline design. 

We have a competent and active group trained in the disciplines o 
re,quired for a successful development of advanced scientific 

application ~ 
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o 
Protection of facilities against hazardous operation by scanning 

and informing the dispatcher when a station does not respond. 

We learned new facts about our system. Installing a computer 

system forces one to think more deeply about your operations. 

Faster preparation of reports on daily operating conditions and 

inunediate corrective action. 

Management can reach decisions on quantitative facts presented 

in real time J instead of afte r the fact. 

o Plan a better maintenance shutdown schedule. 

Closed loop which is theoretically possible now, is a possibility. 

For the time being we are not investigating this aspect for a num~er of 

reasons J the most important of whis.:h is safety and the fact that reaction 

time is not critical in our ope rations and hence closed loop would be 

difficult to justify financially. 

Thank you. 

o 



Bit 
Levels Position 

0 0 

1 0 
2 0 
2 1 
2 2 
3 0 
3 1 
3 2 
3 3 
3 4 
3 5 

'3 6 
4 0 

4 1 

7 0 
8 0 
9 0 

10 o 

11 o 

APPENDIX 

Inte rrupt Levels 

Device, 

Tel. Inte rface 
(CAEPG) 

Time Inte rrupt 
2310-1 
2310-2 
2310-3 
TYP-l 
TYP-2 
TYP-3 
1442-1 
1442-2 
DAD 
DI 
1077 

. Console 

...... , 

LEVLV 
Console 
Manual Ent ry 

Out of Core 
Interrupt 

Keyboard 

Type 

Us'er 

TSX 
TSX 
TSX 
TSX 
TSX 
TSX 
TSX 
TSX 
TSX 
TSX 
TSX 
User 

TSX 

User 
User 
User 

User 

User 
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Recognize interrupts - Call 
Level 7 for all reading and 
analys is. 

Recognize interrupts - CaIJ~. 

Level 9 for reading and. 0 
analysis . 

Calle d by Level O. 
Call QUEUE Prograln{CONSL) 
Called by Level 4/0 - for 
reading dials and all 
analysis. 

. Type message. 

Call Intex. 

o 



.t: ieWtlt#tt"UWt5tfttiifbbiftfrtfriHfibtlt "T"rTyt
." II" HI WTW'q}flW""jrr:r "fleW 

SYSTEMS AND PROGRAMMING PROJECT MANAGEMENT 

The allocation of limited systems and programming 

resources to the highest payoff areas is becoming more 

important as data processing installation costs continue 

to rise. Long and short-range plans properly approved 

by top management and formalized systems project manage-

ment are vital tools to assure that systems capabili'ty 

is focused on the major areas of the enterprise and ade-

quately controlled to attain the stated objectives. To 

o work effectively in this environment, additional demands 

are placed onto the systems group to develop systems plans 

in terms easily understood by top management and onto 

data processing management to bring about fulfillment of 

the approved plans on time and as economically as possible. 

Ralph B. Sackman, Jr. 

w~@~~n LS[]j 
OCT 25 1967 

C.S.C. COMPUTER CENTER 
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ORGANIZING FOR MAXIMUM COMPUTER RESULTS 

By Ralph B. Sackman, Jr. 

A typical goal of many organizations today is to"use a com

puter 'to provide information for more effective management of the 

enterprise. In the. eyes of management the computer has passed 

through the trial stage, 'which has tended to restrict its usage to 

record keeping activities in the past, and third generation equip-

ment has been developed with far more capacity and flexibility than 

was previously available. But more than management approval and 

.computer equipment.capacity is needed to achieve maximum computer 

results for the entire organization. 

The first step is to eliminate "fire fighting" that can ab-

~" d 
sorb most of the available system'sAprogramming resources. This 

can be accomplished by formali~ing responsibilities within the data 

processing area and by establishing a standard method for computer 

users to request program changes and other services. The timely 

and accurate reporting that results from a'well organized data pro-

cessing function builds confidence in the ability of systems and 

programming people to assist in solving problems in other parts of 

the organization. 

The next step toward achieving maximum computer results is to 

assure "that new systems are relevant' to the interests of management. 

An approach toward this end would include a top level management 

steering committee to direct the overall data processing program. 

Effective communication between the steering committee and the systems 

o 

group, including development of a long range plan, assures mutual 

understanding of management interest and expected system performance. Cit 

1. 
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An example follows of the specific actions that could be 

taken to formalize responsibilities in an existing computer opera-

tion and to .expand computer usage. 

EXISTING OPERATION 

A large number of program maintenance tasks could remain 

after the conversion of a large application. An inventory should 

be taken of the maintenance ·items and a short term schedule publish-

ed citing the task·description, the requester and the approximate 

time to comple~e. The schedule would enable the supervising pro-

grammer to ascertain priorities and assign the work on a systematic 

basis to his staff. A request for data processing services· form 

should be put into effect simultaneously with the short term schedule 

for use by interested parties in requesting additional maintenance 

programming work. Verbal requests for programming work should be 

discontinued. 

Other procedures should be put into effect to make formal the 

communication between the programming unit and computer operations. 

Verbal requests for services from or instructions to computer opera-· 

tions p~rsonnel from the programming unit should be discontinued by 

means of two rather simple forms. One is a transmittal letter for 

requesting computer room services, including the keypunching, assem

bling and testing of pr·ograms and other related -- tasks. The second 

transmittal letter is to send new or revi~ed object pro~rams to the 

computer operations supervisor. He would utilize this document to 

assure adequate program library maintenance and to inform the computer 

operators of changes to programs. Formalizing the communication in 

this manner would reduce the misunderstandings between the programm-

Of ing unit and computer operations. <, •. 

2. 
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computer operations could meet the servicing needs of the 

programmers while maintaining production schedules by establish

ing priorities for compilations and testing. Only vital produc

tion jobs should carry a priority higher than program, compilations 

and testing. Programmers should receive the results within a few 

hours and carryon with their work without lost ,time. Through 

this procedure the computer users should receive good service on 

their requests for modifications and difficulties should not be 

experienced in meeting existing production schedules. The computer 

operators should run all program tests and assemblies utilizing 

written instructions submitted by the programmers. Keypunching of 

programs should also be handled under a priority 'procedure where a 

priority one would require immediate attention of the keypunch 

operator and a priority two would require return of the punched 

cards and coding sheets within forty-eight hours of receipt. 

The librarian !unctions within the computer operations unit 

should be assigned to a single individual. That person would main

tain the program object deck library utilizing the object deck trans

mittal forms from the programming unit. Programmers or other indi

viduals should not be permitted to insert or delete object programs 

from the library. The librarian should update the computer setup 

and run instructions to notify the computer opera tors of changes 

in operating procedures'brought about by the program revisions. The 

single xesponsibility concept should also be utilized in maintain

ing the magnetic tape library. Only the librarian should be per

mitted to select tapes from and return tapes to the library. 

3. 

590 
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A reporting system for computer utilization and scheduling 

should be developed. The reports should include program efficiency 

statistics which would show the number of program tests and compila-

tions provided to each programmer. The results would indicate the 

problem of excessive computer runs caused by inaccurate coding. 

Utilizing this information, the supervising programmer could discuss 

performance in specific terms with each of his programmers. Other 

reports should show computer time spent on production runs by appli-

cation area. Computer time trends should be charted to foresee any 

need for additional equipment_or a modified configuration. Machine 

loading would be leveled by means of a monthly forecast of computer 

time which would portray days that are overloaded. The computer 

operations supervisor would utilize this report to rearrange sched-

ules, where possible. 

Programming standards should be developed to assist in main
~"d 

taining the quality of work tft a high level production in the pro-

gramming unit. Standard methods and documentation permit the 

assignment of program maintenance to junior programmers, thus re-

leasing for other new work the programmers who originally wrote the 

programs. Approv~l for departure from the standard methods should 

be obtained from the supervising programmer. The standards should 

be·reviewed regularly to insure that they are up to date, realistic 

and useful. Preparati6n of standard'program documentation prevents 

misunderstandings by maintenance programmers. and by computer opera-

tors responsible for the proper usage of the program. Thus, the 

program maintenance and program running tasks should become routine 

functions that do not require substantial time of systems and pro-
~, 

gramming personnel assigned to new areas. 

4. 
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NEW AREAS 

Attention should next be focused on the w~y to organize the 

systems effort for work on new long term projects. Definition and 

selection of future projects often is not as obvious as the original 

application that justified the computer. The justification of cer-

tain projects would be based largely upon intangible benefits 

rather than reduce9 clerical workload, reduced accounts receivable 

float or improved customer service. To provide continuing assurance 

that the systems and programming group is working on the right prob-

lem, a martagement steering committee should be appointed by the 

president. The committee's broad function should be to ev~luate 

planned systems projects and establish priorities. 

Soon after appointment of the, steering committee, the'data 

processing group should prepare a tentative long range schedule 

showing the major areas of computer usage. The long range schedule 

should be submitted to the steering committee with the understanding 

that systems planning reports would be furnished to the committee 

prior to final approval on any new project. The systems planning 

reports would show the changes required to improve the flexibility 

of existing systems, the recommended sequence of projects and the 

approximate costs. The reports would be written in business termi-

nology and make little, if any, reference to the computer itself. 

The steering committee would review the reports to assure that the 

proposed results are relevant to needed management information and 

. to satisfy itself that the results are worth the conversion costs. 

Upon approval the steering committee would request that appropriate 

persons be assigned to a project team to work with the systems analyst uC 1 . \ 

to develop a detailed systems design. 

5. 
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With multiple systems projects in progress, effective project 

management is essential. The data processing group should operate 

~ under the project leader concept where one person is responsible 

for a project from the systems planning phase through to the time 

that all programs are operating successfully in production. The 

project leader would be responsible for estimating the completion 

date, scheduling all required activities, and recommending the pre

cise boundaries between his project and others. Each project leader 

would report monthly a~ to his progress against plan and ~ould state 

problems he has encountered that are beyond his control. Programmers 

would be assigned to the project leaders based upon demonstrated 

ne~d. Project backlog should be documented at all times. 

The project leaders would work in partnership with designated 

operating personnel toward realistic and economical systems design 

in new areas. The operating personnel would approve the systems de-

sign as it affects their operations and the systems project leader 

would develop the detailed plan to meet the desired criteria. The 

management steering committee should be kept informed of progress 

through minutes of meetings and should review the Objectives and 

their values prior to implementation. 

A significant advantage in reducing "fire fighting" and es

tablishing a reporting relationship with top management is the 

salutary effect upon the esprit de corps. of the systems and pro-

gramming group. Personnel in the group know what projects are ahead 

and realize that consideration of the backlog and work in progress 

is considered thoroughly prior to a decision involving a change in 

direction. Each of them would be assured of participating in a 

o . worthwhile project. In addition there is little chance that per-

sonnel would be pulled off a long term project to correct a day to_ 

day reporting or control problem. 

6. 593 
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In summary, formalizing the.present operation would make 

intelligent assignment of person~el possible. Appointment of a 

management steering commi ttee and the systems planning concept C; 
would.assure that new long term projects attack the largest payoff 

areas first. There would be a mutual understanding between manage-

ment and the data processing group as to where the data processing 

effort stands today and where it is going. Ultimately, the customers 

and stockholders would benefit because effective computer'usage would 

enable management and employees to do a better job. 

7. 

o 

o 
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December 20, 1967 

To: Members of 1620 Project Section COMMON Users 

o From: Tony A. Ross and Richard D. Ross, CQ-chairman 1620 
Project Section 

c 

• 

As I promised in San Francisco, enclosed you will find a copy 
of the names and addresses of all 1620 USERS regis,tered at the 
San Francisco meeting along with the comments that each of you put 
on the sheet that Richard passed out at the first meeting. Please 
read these comments carefully and if you can help any of your 
brother-members in any way, please contact them on an individual 
basis~ . 

I noticed that many of you were interested in some items and 
upon compiling the list I found that someone else had been doing 
work in this particular area. So maybe with a lot of correspondence 
back and forth, we can be of help to each other. 

I just finished a letter to Dr. Jardine suggesting that he 
send a copy of the Kingston compiler directly to me and I, in turn, 
will send each of you a copy if you are interested. As soon as 
he answers my letter and sends a copy of the processor, I will then 
write to each of you, and you may request a copy from me. Do not 
let this deter you from writing directly to Dr. Jardine if you so 
·desire. 

I am also in the process of completing the copying of the 1620 
Newsletter and as 800n as these are completed, I will mail these 
to each of you that specifically requested the remainder of the 
Newsletter. 

Keep in mind our next COMMON meetin~ to be held in Chicago 
A,ril 8-10 at the Pick-Congress Hotel. I will be glad to accept 
any abstracts or papers you would like te, present now. I think 
the meeting in San Francisco was very informative and useful to 
each 1620 User that attended. Let us all work together to make the 
meeting in Chicago even more useful and this can only b~ done with 
the cooperation of everyone. 

Since it was suggested that some.papers be given on how to 
write or modify compilers, I am especially interested in papers of 
this nature. Although, any useful paper will be accepted. If any 
of you are doing work 1n the CAl area, I am sure that this would 
be of interest to the Users that attend the Chicago meeting. 

I want to use this letter to personally thank each of you for 
attending the meeting and.making it the success that it was. I 
especially would like to thank the ones of you who presented the 
very useful papers that were given. 

,~:,.~, 
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Again, let me remind you to be thinking about papers and 
send any information that you have that might help for the 
Chicago meeting. 

I hope' that each of you had a Merry Christmas and a very 
Happy New Year. 

'Y 9urs t ru).y ), 
. i /['71,7 ;i tA. {9-:! .. :!_/ 

Tony A. Ross and Richard D. Ross 
Co-chairman 1620 Project Section 

P.S. Don't tell me about "sunny" California anymore. I almost 
froze to death the whole time I was there. 

10." V 
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A. Moore, W. T. 
Presently awaiting deliv~ry of Monitor I system 
1620 Mod-l, 40K, 2-tapes 
1443 Printer and Disk 

B. streeter, T. D. 
Modell, 40K 

c. Sloboda, J. 
1620 Mod-I, 20K 
Interested in obtaining help on modifying processors 

D. Brummer, Bro. Elmer 
1620 Mod-1, 20K 
Interested in COBOL compiler for 1620 

E. Schrader, H. C. Mrs. 
1620 Mod-l, 20K 
Have made modification to PDQ compiler 
Have~recompiler for PDQ FORTRAN 

F. sward, R. W. 
1620 Mod-l, 20K, 2-1311, 1443, Teleprocessing working on 

• 1. Computer assisted instruction 
2. Computer based counce11ing 
3. student scheduling 
4. Student transcript processing 

Interested in DATA SPS for 20K - 1620 

G. LaRue, Richard 

1620 Model I, 40K, 1 Disk, Printer 
1. Interested in obtaining: 

2. 

a. Kingston FORTRAN 
b. DATA SPS 

Can 
a. 
b. 

c. 

d. 
e. 
f. 

Contribute. 
Test analysis program using 1230 optical scanne~ 
Tabulation and cross tabulation program for 
Questionnaire and survey Analysi s.· 
Medi.cal (or other graduate college) . school adm;,s$ions 
evaluation system . . 
student Scheduling Programs 
Alumni processing ~9/) 
SPS SORT routines available for FORTRAN .~. J 
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H. Fricke, E. C. 
1620 Modell, 20K 
1. Interested in 

a. Student use of 1620 
b. Student scheduling on 1620 
c. Batch processing 
d. PI:"ecompi.!.ex for PPQ 

I. Goldstein, J. H. 
1620 Model II, Disk Drive, 40K, paper Tape Input 
1. Need 

a. Information on Data SPS for 40K 

J. Lahners, E. L. 
1620, Model I, 20K, 1621, 1622, 1624, 1626, 1627 
1. Need PDQ for plotter 
2. Processor Available 

a. FORTRAN 
h. PDQ FORTRAN 
c.. FORCOM 
do. PDQ-FORCOM 
e. NeE 

3. Programs Available 
a. Payroll 
b. Engineering manpower, cost analysis 
c. Pharmacy drug cost accounting (patient, service) 
d. statistical programs 
e. Neutron Activation Analysis (Simplex Method) 
f. Registration (patient Record Information Retrieval) 

K. Jones, C. E. 

L. 

M. 

1620 Model I, 40K, 1443 Model' 2 (on order), 1 Disk 
1. Need information on Kingston FORTRAN for Disk with 

and without printer 

Jones, C. E. 
Model I, 40K, with P Disk and Printer 
1. Interested in re-read for. FORTRAN II and save paper 

for Monitor I 

Emerson, J. T. 
Model II, 20K, with 1 Disk and no printer 
1. Interested in Data SPS, 20K, Version and Compiler 

modification (10 cards) 
2. Can contribute: 

8. Program that reads Porta punched cards for FORTRAN II D 

r 
! 

i 

I 
r~ : U! 

program 
b. Program to punch a contour map in 9 densities 
c. Program interrupt - runs large program until start 

"0 
button is depressed, then the large program is stored 
on the disk and the smaller program is processed. Upon 
completion of the smaller program, the larger program is 
then brought off the disk and continues to run. 

.. ", .......... { 
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For information on items 1-3 contact 
H. Miller 
Fresno state computer center 

Em 



Mrs. LoB. Austin 
General Motors Inst. 
Flint, Michigan 

Paul A. Bickford 
DePauw University 
Greencastle, Indiana 

Bro. E. Brummer 
St. Edwards University 
Austin,Texas 

J. C. Cakin * 

J.G. Caslin 
Aerospace Research 
Dayton, Ohio 

JoT. Emerson 
Fresno State College 
Fresno, California 

R.L. Ferral 
U.S.W.B. Sacramento RFC 
Sacramento, Calif. 

DoW. Forsyth 
Continental Can Co. 
Ch i c ag 0, Ill. 

E,C. Fricke 
Linfield College 
McMinnville, Oregon 

J. H. Goldstein 
Emory University 
Atlanta, Ga. 

L.L. Hoffman 
Princeton University 
Princeton, N.J. 

S. Iwasaki 
Palo Alto UNFD School 
Palo Alto, Calif. 

C.E. Jones 

1620 PROJECT 

Tennessee A & I state Univ. 
Nashville, Tenn. 

o 
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C' W. G. Lane 
Chico State College 
Chico, Calif. 

E. L. Lahners 
VA Hospital 
Omaha, Nebraska 

R. H. LaRue 
Univ. of South Dakota 
Vermillion, S.D. 

E.S. Lee 
Univ. of Toronto 
Toronto, Canada 

J.A. N. Lee 
Univ. of Mass. 

,Amherst, Mass. 

S. MacGregor * 

N. Michalowski * 

W. T. Moore * 

John Powell * 

Mrs. H. L. Schrader 
CSCH-Hayward 
Hayward, Calif. 

J. Slobda 
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INTRODUCTION 

This paper describes a batch processing FORTRAN system, written at 
California state College at Hayward, for a 20K, card system IBM 1620 
computer. The system is designed to increase throughput and int~oduce 
larger system concepts ih a stud~nt oriented installatiori.-

The primary characteristics of the computing environment at Cal-State 
are 

1. A large number of fairly short FORTRAN pro.grams which have 
a fast turnaround requirement during periods of heavy 
computer usage. (These are computer class assignments.) 

2. A lesser number of -FORTRAN programs for classes such as 
chemistry and physics. These can be r~n during off-hours 
in a "closed shop" ·environment. 

The most important factors contributing to efficient utilization of 
computer time and student time during the prime hours of class usage 
are 

1. Source Language Error Detection 

Most 1~20 card system compilers have limited error checking 
and will not detect source language errors'. These execution 
errors are costly in terms of student and assistant time. 
Most students require assistance in diagnosing errors, and 
machine debugging in such cases is both difficul~ and time 
consuming. 

2. Decreased Deck Handling and Loading 

In an env~ronment where there are many short programs to be 
comp~led and executed, the time spent i~ loading the compiler 
and subroutines can easily become the most significant machine 
time factor. Efficient use of batch processing techniques can 
greatly increase the total throughput and also provide fast 
turnaround for any particular job. 

Another im,F·ortant consideration in a system oriented toward programming 
inst.ruction is the compatibility of the system with larger computer 
systems .. It is desirable that the language used be consistent with 
FORTRAN I S found on larger systems, and that it contain 'as many basic 

,FORTRAN features as possible. 

~l 
~ 

The C.S.C.H. FORTRAN system,' designed to satisfy the requireme'nts of 
fast throughput and larger-system compatibility, is based on the PDQ 
FORrRAN system. The PDQ compiler was chosen because it has the shortest 
compile time and produces smaller and faster executing object pr.ograms 
than any 20K card system compiler available at the start of the project. 
In addition, the PDQ FORTRAN language appears to be the most advanced of 
the available 1620 FORTRA~ with features such as-extended FORMAT capa-
bilities and COMMON and_PROCEDURE statements. 



The PDQ system has two major drawbacks, however. Source language 
error detection is minimal, and is unsatisfactory for use in a 
teaching system. In addition, the subroutines must be separately 
loaded with each object deck. This constant loading becomes quite 
expensive when a large number of short programs are to be run. 

The C.S.C.H. FORTRAN maintains the speed and language attributes of 
PDQ while reducing these disadvantages. The three principal compo
nents in the system are: 

1. FORTRAN Precompiler: 

Since the level of error detection required could not 
be provided in the compiler, a separate precompiler 
was written which provides a high level of error 
detection. The total time -- both student and machine 
required to produce a working program is greatly reduced 
in this manner, since the previous compile-execute-debug 
phases necessary to find one error is replaced with a pre
compiler phase which detects multiple errors. 

2. FORTRAN Compiler: 

Some additional features have been added to the PDQ language 
and some modification and deletion of existing statements 
made. statements are included that provide communication 
with the batch processing execution monitor. 

3. Subroutines and Batch Processing Monitor: 

A monitor has been added to the subroutine library which 
allows batch execution with only one loading of the sub
routines for any number of stacked execution jobs. Job 
card control, FORTRAN calls to the monitor, output line 
counts, program timing; program linking facilities, and 
continuous no halt execution of programs are features 
provided by the monitor. 

Both the compiler and precompiler operate in a batch processing mode 
under control of JOB cards. This means that any number of programs 
can be processed to execution in three phases with only one loading 
of the precompiler, compiler, and subroutines, and no halts aside 
from the loading process. The procedure is indicated in figures 1; 
2; and 3. 

The entire system is card oriented, and no typewriter input or listing 
of source statements is allowed. It is also possible to suppress type
writer output at execution (by using a monitor option) in order to 
achieVe faster throughput. 
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Execution Subroutine Co~figuration o 
One of- the undesirable features o.f the -PDQ_system, as well as other 
l620FORTRAN systems, is the requirement that the subroutines be re
loaded for each object deck. This procedure is necessary so -that the 
functional subroutines (SIN, COS, etc.) used by the program can be 
relocated behind the object program.· The execution .configuration is 
illu-strated in Figure 4. In the -environment discussed,- however, tbe 
optimization of core storage proviaed by including only the subroutines 
requ;i.red for a particular program is not as important a factor as the 
time required to load the subroutines with each program. 

This reloading of subroutines can be eliminated at the cost o£ storage 
space by keeping all of the subroutines in core at the same time. 
Programs can then be loaded behind the subroutines into a fixed location. 
This configuration is shown in Figure 5~ It has been found that the 
"variable core" remaining. for--object programs in this system is adequate 
for practically all programs in the student environment. This I'student 
version" also allows the batch -execution of object programs under control 
of a monitor subroutine. 

There are three execution subroutine configurations possible. These are 
specified to the compiler by a field on the JOB card. The compiler 
origins the object programs to load into the proper location. The 
configurations are () 

1. Basic Student Version: 

The following functional subroutines are included: SIN, 
COS, SQRT, LOG, EXP, ABS. Object programs begin at 
approximately 09600. 

2. Expanded Student Version: 

Thi$ consists of the basic set plus ATAN and DRH routines. 
Object programs begin at approximately 10500. 

3. Original Relocatable Version: 

Object progra~s begin at approximately 07400. 

Option 3 is rarely required since most programs can be batch executed 
in the student version. The same subroutine deck can be used for either 
of the student versions. 

Execution Monitor 

The monitor provides batch execution capabilities by loading the next 
program stacked in the card reader when certain_end-of-program condi
tions occur. The start <:>f prog:-ams in the inJ?ut -stream is defined by C) 
a JOB card. The automatlc loadlng and executlng of the next stacked 
program is initiated by anyone of the following: 
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1. Execution of a CALL LINK or CALL EXIT statement: 

These statements functionally terminate a FORTRAN program,,
The primary difference between the s,tatements is conceptual. 
CALL EXIT terminates a job and CALL LINK is used together with 
COMMON to link overlay phases of ~ program. 

The overlay of a program can be profitably used to- conserve 
core in large programs. For example, all program variables 
can be put in COMMON and initialized in a phase which is then_ 
overlaid by the main program. Figure 6 illustrates the source 
deck arrangement for this example. 

2. Readin~ of a JOB card: 

3. 

An attempted READ of a JOB card by the FORTRAN program will be 
treated as an end-of-file condition for the input to the program. 
This will cause the monitor to branch to the specified statement 
if an ON ENDFILE statement is used or to terminate the job and 
cause loading of the next program. The ON ENDFILE statement is 
described later. 

Execution of an END statement: 

For those who forget a CALL EXIT. 

4. An ,Input Data Error 

An input error will be considered a job terminating error-unless 
an ON DATA ERROR statement is used. This statement is further 
described under the FORTRAN compiler. 

5. A Console IInterruptl: 

Pressing INSTANT STOP, RESET, INSERT, RELEASE, and START at any 
time during execution will cause the current job to be aborted 
and the next program found and loaded. 

6. Lin€ Count or Times Overflow: 

These will be described below. 

A· separate termination message is typed by the monitor for each of these 
end-of-job conditions.' The JOB card is also typed £:or each job. 

~/3 
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The PDQ system has two major drawbacks, however. Source language 
error detection is minimal, and is unsatisfactory for use in a 
teaching system. In addition, the subroutines must be separately 
loaded with each object deck. This constant loading becomes quite 
expensive when a large number of short programs_are to be run. 

TheC.S.C.H. FORTRAN maintains the speed and language attributes of 

",,'!!':mt'lIf'ij'NU""lf'lP'""trliT 

PDQ while reducing these disadvantages. The three principal components 
of the system are 

1. FORTRAN Precompiler 

2. 

. Since the. level of error detection r-equired could not be 
provided in the compiler, a separate precQmpiler was 
written which provides a high level of-error detection. 
The total time -- both student and machipe -- required to 
produce a working program is greatly reduced in this manner, 
since the previous compile-execute-debug phas~necessary to 
find one error is replaced with a precompiler phase which 
detects multiple errors. -

FORTRAN Compiler 

Some additional features have been added to the PDQ language 
and some modification and deletion of existing statements 
made. statements have been included that provide communica
tion with the batch processing execution monitor. 

Subroutines and Batch Processing Monitor 

A monitor has been added to the subroutine library which 
allows batch execution with only one loading of the sub
routines for any number of stacked execution jobs. Job 
card-control, FORTRAN calls to the moni~ori output line 
counts, program timing, program linking facilitie~, and 
continuous no-halt execution of programs are features pro
vided by the monitor. 

Both_the compiler and precompiler operate in a batch processing mode 
under control of JOB cards. This means that any number of programs 
can pe processed to execution in three phaser~ ~i th only one -loading 
of the precompiler, compiler, and subroutines. The procedure is 
indicated in Figures 1, 2, and 3. 

The entire system is card oriented, and no typewriter input or- listing 
of source. statements is allowed. It is also possible to suppress type--
writer output during execution (by using a monitor option). in order to 
achieve faster throughput. 
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FORTRAN Compiler o 
The compiler is essentially the PDQ FORTRAN "compiler with the followirig 
mc:;>difiqations <;1esigned to'increase language and batch compiling capabi-
li·ties: - - . 

1. "The compiler has a batch compiling option which suppresses 
the halt between jobs. A card with eighty asterisks is 
punched following the trailer cards for an object deck. 
This permits easy separation of object decks when batch 
compiling with no stops. 

'2. A JOB control card must precede each source deck. The 
JOB control card will be recognized by-the compiler and 
typed to provide a record of'jobs. The JOB card also 
contains compile options that specify execution subroutine 
configuration. . 

3. All source input to the compiler is from cards~ Also, no 
typed listing 'of the source deck or symbol table is allowed, 
although the symbol table can be punched alphamerically. 

4. Subroutines cannot be compiled into the object deck. 
-

5. Almost all error detection has been eliminated. A program 
with no precompiler errors will compile correctly, however. 

6. The following statements have been added to the PDQ language: 

a • CALL nnnnn 

where nnnnn is a five digit memory address. This generates 
a BTM instruction to the address specified. The operand is 
the return address to the-calling program. This statement _ 
is used for communication with assembly language subroutines. 

h. IF (SENSE LIGHT n) S1' S2 
SENSE LIGHT n ON 
SENSE LIGHT n OFF 

where n is a single digit number and S1 and 52 are statement 
numbers. The IF statement is similar to the IF SENSE SWITCH 
statement except that it tests an internal logical indicator. 
The test does not turn off the IIsenselightll. The other two 
statements ar~ use~ to set tbe ten indica~ors. 

Since the senselights -are internal indieators and require no 
core storage,their use will require less object code and 
symbol table space than the use of arithmetic variables as 
indicators .. 
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c. CHECKPOINT nnnn 

This statement is the same as the STOP statement except 
that the program does not halt after typing the s2ecified 
number. This has been found to pe-a useful-logic flow 
debugging aid without the slow execution typeout dis
advantages-of TRACE. 

d.- ON ENDFILE GO TO Sl 

e. 

where Sl is a statement number. This stat~ment specifies_ 
the number of the statement to be executed when the last 
data card has been read. - This condition is defined by the 
last card indicator or the reading 0.£ a JOB card. The 
statement can be ,placed anywh,ere in the program but must 
be -executed before the end of file condition occurs. If 
this statement is missing, the reading of a JOB card will 
terminate the program and cause execution of the following 
stacked program. 

ON DATA ERROR GO TO Sl 

This is similar to the ON ENDFILE statement and specifies 
a program entry point if an input conversion error is 
de±ected. An input error will terminate the job if this 
statement does not precede the occurance of the error. 

f. ' CALL EXIT and CALL LINK 

These are described under the batch processing monitor. 

The PAUSE and CONlROL statements have been deleted from the language and 
the syntax of Procedure Statements has been changed. 

FORTRAN precompiler 

The FORTRAN precompiler is a one pass error checking program which 
executes at approximately the same speed as the compiler. JOB card 
recognitio~ and batch processing capabilities are included. Some of 
the major features of the precompiler are 

1. As far as is known, all non-logical checkstop errors are 
detected. Execution errors sUch-as a'calculated sUbscript 
going out of bounds.are, of course, undetected. 

2. A large number of separate diagnostics (approximately eighty) 
are provided. Errors are identified by a two digit number 
which is typed out along with the statement containing the error. 
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In addi1;.ion to controlling the initiation and termination of programs 
in a batch execution mode, the monitor, also provides optional monitor D" 

functions during the execution of a program,,_ The features provided ar' , 

1. output-Line-Count Monitoring: 

The number of output lines allowed i,s specified- on the 
JOB card. If this limit is exceeded, the job is aborted. 

2. Suppression of Typed Output: 

A TYPE or PRINT statement will execute as a PUNCH stat~ment. 
This results in considerable throughput increai:;e in a batch 
processing environment. JOB cards are_punched when en
countered in order to easily-separate output when listing 
the cards from a series of jobs. Because of the construction 
of the JOB card, a 407 board maybe easily wired to cause 
ejection to a new page when a JOB card is encountered during 
listing. 

3. Suppression of STOP statement: 

In order to maintain the no-stop, batch processing concept, 
the halt of a STOP statement may be suppressed. 

4. Execution Time Monitoring: 
~\ 

Since the FORTRAN compiler produces very little in-line code V 
and practically all operations are performed by a few basic 
execution subroutines, it is possible to provide software 
execution timing capabilities. This is done by placing code 
in fifteen basic subroutines which will increment a software 
timer by an amount proportional to the length of time required 
to execute that subroutine. ~his will increase the execution 
time 0 f such a subro"u tine by 240 l<"-: S if the time monitor is 

-disabled and by 1040/ls if the monitor is operative. The 
total increase in execution time has been found to be less than 
3% if _the time feature is not used and approximately 15% if the 
timer is used. The software time count has been found to be 
accurate to within 10% of the actual t~me with one-tenth of a 
minute accuracy. 

The maximum time limit is specified on the JOB card and overflow 
is considered a terminal condition. The timer feature is pri
marilyused in closed-shop, batch processing operations where 
quite lengthy jobs are often run-. 

All of the above options are enabled or suppressed by sense switch settings 
when the subroutines are loaded. 
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3. Multiple errors in one statement can be detected. This 
reduces the number of precompil-er passes necessary to 
produce an error free program. 

4. Error checking is to a higher level than is required by 
the compiler in order to produce valid code. For instance, . 
key words are generally identified by only one or two letters 
in the compiler but are checked for six letter-s in the p+,e
compiler. 

Some of the major errors detected are 

1. Possibly undefined symbol 

Any variable which haa not been defined in a previous statement 
(in terms of card order, not logical flow) will be typed out as 
a possible undefined symbol When it is used. This procedure 
catches most undefined symbols. statement numbers which are 

- undefined at the end of the program will be typed out. 

-·2. Branch to FORMAT statement 

3. Duplicate statement Numbers 

4. All DO Loop Errors 

These include overlapped DO loops, modification of-DO para
meters within the loop, end of theloop i~ previous statement, 
etc. 

5. AII-- Subscripting Errors 

These include contradictions involving the number of subscripts 
-en a variable and complete checking of subscript structure. 

6. All FORMAT Errors 

7. All Procedure Errors 

8. -- I/O statement References non-FORMAT statement 

9. Exponentiation -of Fixed Quantity 

IO~ All Syntax Errors: (misplaced commas, etc.) in-Other Statements 

In addition, some logical errors and some potential errors such as program 
possibly too large are detected. 



T1ie precompiler symbol table is the same size -as that of the compiler 
so-that compiler symbol table overflow conditions can be detected. 

\ , 
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The following special implementation restrictions exist but-, aside from 
the firs~, they hav~ no practical implications in our environment: 

1. -A FORMAT statement must precede the first I/O statement 
to reference it. 

2. Maximums of three continuation cards, five negted DO's 
and five levels of exponentiation are allowed. 

3. A maximum of twenty symbols can be undefined at any time. 

The important known flaws in the precompiler are 

1. There is no way to detect all undefined symbols in a genera.l 
program. The likelihood of undeflned symbols at execution 
causing checkstops is reduced, however, because the monitor 
fills in the unused core with fixed point constants. This 

- produces invalid results in the case of an undefined symbol 
but preve-hts the subroutines from being destroyed by the 
Transmit Field instr~ction. 

2. The appearance of a variable i~a DIMENSION statement causes 
that variable to be considered defined. 

~ 

3. Arguments of functions are incompletely checked bu~ this will ~;. 
not produce checkstop errors. Mixed mode expressions in the 
argument will be det~cted. 

------------
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ABsrRACT 

The following describes and addition to the programming system for the 
IBM 1800 computer. The expanded system will support up to 16 remote teletype 
terminals being used in a time-sharing environment primarily to solve real
time information processing problems. 

INI'RODUCTION 

1800 Hardware 

The 1800 CPU makes extensive use of hardware interruyt levels and 
data channels to operate its standard data processing I/O equipment. In 
addition the 1800 can have analog and digital I/O capable of communicating 
directly with almost any kind of equipment. The terminal system uses 2 
words of digital input and 1 word of digital output (16 bits/word) to 
control all 16 terminals simultaneously. No data channels or additional 
hardware are employed. 

TSX Programming System 

The 1800 programming S,ystem provides many conveniences. Programs are 
of two types, pr~cess and non-process. 

Process programs can be initiated by externally generated interrupts 
or can be queued by any pror-;ram for execution. They can be a part of the 
S,1stem skeleton which is in core at all times or they can be kept on disk 
in core-image form. Process programs have highest priority and generally 
use some analog or digital I/O. 

Non-process programs ordinarily do not use the process (analog and 
digital) I/O. They are usually stacked jobs of a conventional type to be 
run under the non-process monitor. 

When time-sharing, the system does the following: 

(1). Rursnon-process programs for background (job shop). 

(2). Periodically chec~the queue for process programs. 

(3). Pern'.!i:tB externally or internally generated interrupts to 
load and execute process programs at any time. 

Both (2) and (3) require that the non-process job be saved and restored when 
the process work is finished. 

The Terminal System 

The terminals extend the time-sharing capabilities of the system by 
allowing up to 16 users to communicate with the s.ystem simultaneously. 

Terminal activities \nc1ude: 

(1). Queing process programs for execution. 
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(2). Communicating with programs during execution. 

(3) • Programming in NUtran (conversational fortran). 

Maqy other activities are planned. 

.-.......... '.'-'.----.~--~-

Most of the terminal system capabilities are achieved by simply making 
the standard TSX functions more accessible. The only programmin~ efforts 
unique to the terminal system are the communications controller (simulated 
by an in-skeleton program), and the time-slicing of terminal service pro
grams. 
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