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This paper describes a proposal for a revised Ccm~iler 

Jlonitor system II (CHS-'2),. Primary emphasis is placed on 

design imFrovements' to the CMS-2 compiler and language. 

Changes tc the Monitpr and Librarian which support the above 

improvements are disc~ssed or implied where appropriate. A 

new concept is proposed, called multi-level Frogramming, 

which allows the syS±em designer to define the levels of 

.1anguag.e constructs -which are ap proptiate fOl: t.he varicus 

types of program modules in a large self-contained softwar'e 

system. The approach taken is to design a language and 

comFiler-monitor system (CMS-2RS) which will facilitate the 

.u1ti-level programming concept and the top-down programming 

aethod of software engineering in a producticn library 

environment .. 
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I. INTRODUCTION 

the origins and design capabilities of the CMS-2 System 

must be explore4 before proposing any steps toward a revised 

language and compiler. This section describes the history 

of CMS-2·and the goals and objectives of this paper. The 

C~S-2 System and language are briefly described in Section 

II. Section III describes the revised language and compiler 

which will be called CMS-2RS. In section IV, a detailed 

discussion of SLR(1) grammars, parsing algorithms, and 

eMS-2aS language analysis is· provided. Section V describes 

the first pass of the CMS-2RS compiler and offers recommen

dations for intermediate language and second.pass designs. 

Finally, the· thesis conclusions are presented in section VI. 

A. BACKGROUND 

.compiler Monitor System II (CMS-2) is an integrated 

grouF of computer program modules which comprise a Monitor 

System (MS-2) and a Compiler system (CMS-2). The Monitor 

System supervises the compiling, library, and loading 

processes. The Compiler System translates C~S-2 language 

source code into object code for anyone of five target com-

. puter systems. The following sections provide a historical 

background of the CMS-2 System and language. 

1. HistQry of Compiler Monitor System II (CMS-2) 

The primary reason for developing the CMS-2 System 

resulted in large part from the decision to develop the Navy 

AN/UYK-7 third generation computer. The two Systems devel

oped were designed to be bosted in the UNIVAC CP-642B and 

AN/UYK-7 computers. The CP-642B version generates object 

code for those two computers, as well as the Litton L-304, 

DNIVAC-1830A, and UNIVAC-1218/1219 computers. 

The CMS-2 ~ystem was built by Computer Sciences Corp

oration under contract to Fleet Combat Direction Systems 

Support Activity, Pacific (FCDSSAPAC), in San Diego, Cali-
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fornia. FCDSSAPAC provides system production, maintenance, 

and SUPFo~t services for all Navy and contractor activities 

involved in Command and Control Systems software development. 

2. History of CMS-2 language 

The CMS-2 language extends the capabilities of 

ComFiler System-1 language (CS-1) and includes seme of the 

features of FORTRAN, JOVIAL, and ~L/I. CMS-2 language 

capabilities were implemented specifically for Command 

and Central Communications problems which include internal 

and external .message processing, table update and search, 

coordinate conversion, transcendental and hypertclic func

tions and data display processing requirements. The language 

was initially implemented in 1969 and is now the Navy standard 

for all Command and Control systems applications. 

B. GOALS AND OBJECTIVES 

This section describes the thesis objectivES and the 

project goa~s to implement and validate those objectives. 

1. Thesis Objectives 

The CMS-2 System and Language were specifically 

developed to provide a high level language processor system 

for building and maintaining de~iverable computer programs 

from a Froduction library. In its current form, the CMS-2 

system and language are in large part capable of accomplish

ing that reguirement, but not without some inefficiencies 

and limitations in the System, as well as redundancies, 

ambiguities,. and limitations in the language. It is with 

these deficiencies in mind that the following objectives 

are defined. 

a. Determine what ambiguities, redundancies, and 

limitations exist in the CMS-2 program, data, and control 

structures, and define the necessary structure changes to 

correct them. 

b. Develop an unambiguous Backus-Naur Form (BNF) 

description of the proposed language, as an SLR(1) context 

Free grammar, that is appropriate to automated compiler 

construction. 
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c. Determine if an automatic SLR (1) gr:ammar 

analysis and parsing table generation system can te applied 

to the proposed language and system to simplify compiler 

design and maintenance. 

d. Determine what fundamental changes neEd to be 

made to the language and system to support the structured 

programming concept in a modular library envircnrnent. 

e. Determine i£ the CMS-2 language can be seg

meatEdto allow design and implementation of a modular 

compileL, thus allowing ease of future language extension 

and maintenance. 

2. Project Goals 

a. Produce an operational first pass lexical 

scanner and syntax analyzer that will i«plement and vali

date the· above thesis objectives. 

b. Design an intermediate language (IL) that can be 

used ty the second pass of the compiler to generate optimized 

object code for eithe·r a single or multiFle addrESS target 

computer. 

10 



I I • eM S- 2· S'X S T EM AND L.A N G U AGE DES I G N 

This section describes the CMS-2 System including the 

Monitor, Compiler, Librarian, Loader, Assembler, Flowcharter 

and Tape utility. Additionally, program, header, data and 

contLol structures of the CMS-2 language are described. 

A. CMS-2 SYSTEM DESIGN 

The CMS-2 System consists of the MS-2 Monitor and sub

ordinate systems whose operations are controlled by the 

monitor program. This section describes the CMS-2 System 

as presented by ,references 1, 2, and 3. The CMS-2 Systems 

~nclude the following. 

1. MS-2 Monitor System 

The MS-2 Monitor System is a batch-processing oper

ating 'system designed to control execution of its subsid

iary comFonents and user jobs being run on the computer. 

The aonitor provides the environmental interfaces necessary 

for all programs running under its control. These inter

faces include a job control card processor, an ~nterrupt 

processor, an i~put/output system, an operator ccnmunication 

module, a debug me.dule with dump, patch, and snap capabilities, 

and a job accounting package. In addition, the mcnitor 

ma.int"ains a library of the system component programs and 

data base def ini tions that can be called by the user 

upon reguest to be added to his compile or execution package. 

The CMS-2 job flow is shown in Figure 1. 

2. CMS-2 Compiler System 

The CP-642B version Compiler is a two-phase langauge 

procEssor that analyzes a dual syntax source pro9~am (CS-l 

and CMS-2 languages) and generates object code fo~ anyone 

of the computers mentioned above. The phases cf comFiler 

translaticn are described below and illustrated in Figure 2. 
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a. First Phase (Syntax Analyzer) 

The first phase of the compiler proceEses the 

user's source program which consists of CMS-2 and CS-l 

language statements and properly bracketsd machine code 

instructions. The soutce statements are checked for 

validity, and an intermediate form of the progra~ (IL) and 

symtcl table are generated. 

b. Second Phase (Code Generator) 

The second phase processes the IL and symbol 

table tc produce the final output listings and object code 

for the target computer. Each code generator Frcduces the 

appropriate object code for each target computer in etther 

absqlute or rclocatable format. The code may reference in

put, output, debug, and built-in functional routines. These 

ron-tines are then linked to the obje.ct code of the calling 

program either by the compiler in an absolute mode or by 

the linking-loader in a relocatable mode. The built-in 

functional routines are either added in-line to the object 

code where referenced or are added as procedures to be linked 

together at run-time. 

3. CMS-2 Librarian 

The librarian is a file management system 

that provides storage, retrieval, and correction functions 

for a programmer's source programs and object code. 

a. Library Maintenance 

The library maintenance or executive centrol 

routine (LIBEXEe) is used to create, modify, or reproduce 

libraries for CMS-2 programmers. They contain SOUIce pro

grams, object modules, and predefined data designs. A library 

translator routine, under control of LIEEXEC, is used to 

conv€rt existing CS-1 programs or libraries into a CMS-2 

library format. 

t. Library Search 

The library seaIch routine is responsible for 

retrieving data from a previously created CMS-2 library. 
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4. ·Object Code Loaders 

The CMS-2 System includes two loader programs for 

linking and loading o~ject code produced by the CMS-2 

compiler. The absolute loader loads all instructions and 

data at the addresses assigned during the compilation. 

Similarly, the relocatable loader processes relocatable 

object code directly from the compiler or from a CMS-2 

library by assigning all program memory addresses and 

linking .program segments to produce an executable object 

program. The loader, in the case of the AN/UYK-7, combines 

ina€Fendently compiled program segments under a common 

base register or registers. 

5. Tape utility 

The CMS-2 system provides a set of utility routines 

to aEsist the ,programmer with the manipulation of data 

recorded on magnetic tape. The routines provide the capa

bility to construct, duplicate, compare, list, and 

reformat data files on tape. 

6. CMS-2 Flcwcharter 

The flowcharter is designed to process unigue 

flcwcharter sta±ements in a user's CMS-2 source program 

and output a flowchart of the program logic to the 

high-speed printer~ 

7. Assembler 

The assembler, in the case of the AN/UYK-7 version, 

accepts mnemonic oriented instructions and provides a macro 

instructicn capability. 

E. CMS-2 LANGUAGE ~ESIGN 

ihis section presents an overview of the majo~ 

featu~es of CMS-2, and its p~ogram, heade~, data, and 

control structures, as presented by references 1, 2, and 3. 

1. Major Features 

The majoL featu~€s of CMS-2 a~€: modulaI Frocedure

oriented program structures; high-level control structu~es: 

reentrant ~rocedu~es; dynamically allocated data designs: 

separate definition of data and cont~ol structures; state-
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ment oriented card input processrng; Fixed-point, Floating

point, Boolean, Hdllerith, and status data types; and Char

acter and Bitst~ing manipulation. 

~. Program structure 

A CMS-2 Program is composed of ordered sets of state

ments organized into header, data, and control structures. 

These structures can be grouped to form system Elements called 

system Data Designs, System procedures, or System Reentrant 

Erocedures. Any System Element or Elements may te separately 

cOIDFileo as a system, which may be a complete-or partial 

execution package, as shown in Table I. 

The System Procedures and Reentrant Procedures are 

composed of ordered sets of Local and Auto Data Designs and 

Function and procedure subroutines as shown in Table II. 

The local pro~edure within a System Procedure which shares 

its name is known as the Prime Procedure and is the entry 

point for System Procedure calls. A system Reentrant Pro

cedure may only contain Auto Data Designs and its local 

FrocEdu~€s and ~unctions are composed of reentrant state

ments. Each proced~e that calls a Reentrant P~cc€dure 

is dynamically assigned a private copy of the Auto Data 

Design during execution. 

The headers are groups of statements that precede 

System Elements and specify control of compiler aDd loader 

pxocessing of source and object code. 

a. Program statement Design 

program statements are composed of various sets 

of symbols and delimiters which are fu~ther comfcsed of 

Element~ from the revised U. S. ASCII standard Character 

Set. The symbols are catagorized as operators, centrol 

idEntifiers, data identifiers, and constants. 

Operators are described by special characters 

and xeserved words, and are used for unary, binary, and 

fUDctional operations. They may operate on defined data 

fields and are used for control of progra~ execution. Con

trol identifiers are desc~ibed by user declared ~crds which 

define progLam locations where program execution flow may 

16 



~!STEl!_.! ~YS!EM~ SYS!~~_f 

HEADER SYSTEM SYSTEM 
DECIARA~ICN DATA tESIGN PROCEDURE 

SYS7EM EXTERNAL SYSTEI1 
DATA tESIGN REFERENCE DATA DESIGN 

SYSTEM SYSTEM SYSTEl'l 
PROCEDURE PROCEDURE REENTRAN~ 

PROCEDUEE 

SYS'lEM SYSTEM SYSTEM 
PROCEDURE PROCEDURE DATA DESIGN 

SYSTEM SYSTEM EXTERNAL 
REEl'TBANT DATA DESIGN REFERENCE 
PBOCEDURE 

SYS~EM SYSTEM SYSTEM 
.PROCEDURE PROCEDURE PROCEDURE 

TABLE I - SAMPLE PROGRAM SYSTEMS 
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~!§TE~-R~QCE~]S~-A 

LOCAL DAIA EESIGN 

PROCEDURE A 

PROCEDURE B 

LOCAL DAIA DESIGN 

PROCEDURE C 

AUTO DATA tESIGN 

l?ROCEDUR.E r: 

lOCAL DATA DESIGN 

FUNCTION E 

l?BOCEDURE F 

SYSTEM REENTRANT PROCEDURE B 
-------~-~-~----~ 

AUTO DATA DESIGN 

PROCEDURE B 

AUTO DATA DESIGN 

FUNCTION A 

PROCEDURE C 

AUTO DATA DESIGN 

FUNCTION D 

PROCEDURE E 

PROCEDURE F 

TABLE II - SAMPLE SYSTEM PROCEDURES 
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be tLansierred. These locations may be specified by state

ment ~abels or procedure and function names. 

Data identifiers define simple variables, 

statement switches, tables, and arrays. constants are 

ordered sets of numeric characters with known, fixed values. 

They may be reals (decimal or octal), Ecllerith strings, 

Status values, or Boolean. Another type of constant, called 

called a Tag, is represented by sets of alphanumeric char

acters and can be used throughout a compile-time System in 

Flac€ of literal constants. 

b. Scope of Identifiers 

The scope of an identifier is the range of pro

gram structure within which an identifier can te referenced 

or has leaning. 

(1) Forward and Backward References. within a 

Data Design, a data structure may be referenced either 

before (forwar~ or after (backward) it has been defined. 

outside a Data Design, a data structure may only te referenced 

after it has been defined. 

A reference to statement labels ~ithiD System 

Procedures; calls to local procedures and functions within 

their System Procedure; and calls to Prime Procedures not 

baving fermal parameters or abnormal exits may be either 

forwaId or Qackward. 

(2) Local and Global Definitions. local 

definitions are those identifiers which can be referenced 

only frcm within the System Element in which they are 

defined. Global definitions apply to those identifiers 

that can be referenced both from inside and outside the 

System Element in which they are defined. 

Local Data Designs are local only to the 

System Procedure in which they are declared. All system 

Data Designs and prime Procedures are glcbal to their 

compile-time system. 

(3) External References and External Definitions. 

An external definition (EXTDEF) is a prefix that allows an 

identifier to be referenced outside of the System Element 
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where it is defined. 'AII System Data Designs ano Prime 

Proc€du~es aLe automatically defined as external. An external 

reference (EXTREF) is a prefix that allows an identifier to 

be referenced in a System Element that is local tc anothe~ 

System Element. These external references must otey the 

l~cal/global ranges of the identifiers they reference. 

The following cases apply. 

(a) The identifer is a data structure in 

a Local or s~stem Data Design that follcws the reference. 

(b) The identifier is a local procedure 

name, statement label, or data structure in a Lccal Data 

Design, and is defined in another System Procedure. 

(c) The identifier is defined in another 

comFile-time System that will be linked with the current 

System at load time. This case is identified by the prefix 

TRANSREE in the AN/UYK-7 System. 

~~) Declarative Delimiters. Table III shows 

the delimiters .hich declare the beginning and encing of the 

va~icus Frogram structures. 

3. Header Structure 

ihe header structure contains compiler centrol 

declaratives which specify action as to base rE~iEter 

allccaticn modes, library retrieval and update options, 

program debug featu~es, object code addressing, cutput 

format and listing options, system index-register inter

pretation, and the computer mode of op~ration within 

which tbe designated program is expected to run. These 

statements may be located in major headers, if the contrel 

applies to the entire compile-time System, and in minor 

headers, if the control applies only to a system Element. 

4. Data Structure 

the data structure consists of pLecise definitions 

of temporary and permanent data storage areas, inF~t area~, 

cut~ut areas, and special data units such as program 

switches. These structures can be grouped together to form 

System, Local, and Auto Data Designs. A data declaration 

defines the type, precision, identifier, and o~ticnally, the 

20 



BEGIN DELIMI~EE 
-----...~~~--

SYSiEM 

SYS-DD 

SIS-FROe 

LOC-DD 

.PBOCEDUBE 

FUNCiION 

SIS-FROe-REN 

AUTO-DD 

HEAt 

ENlL.Q]LI1:!IT~~ 

END-SYSTEM 

END-SYS-DD 

END-SYS-PROC 

END-LOC-DD 

END-PROC 

EN.D-FUNCTICN 

END-SYS-PBOC 

END-AUTO-DD 

END-HEAD 

DELIMITED ELEMENT 
~--~~\---~-

Compile-time System 

System Data Design 

system Prccedure 

Local Data Design 

Local ProcEdure 

Local Function 

Reentrant System P 1:0 cedure 

Auto Da ta Design 

Header Declaration 

TABLE III - CMS-2 PROGRAM STRUCTURE BELIMITEFS 
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scaling and preset value of a data element in a Data Design. 

The -five major data structures are switches, variables, 

Tables, Arrays and Files. An Overlay declaration ~s used 

to define an identifier which is packed with the values of a 

list of variables or Fields in the order in which they are 

listed from left-to-right. 

a. switches and Variables 

switches provide for transfer of program control 

to Etatements or procedures depending uFon the value of a 

programmer supplied index. A variable is a singular piece 

of data of length one bit, multiple bits, or computer words. 

If the length is not specified then a default parameter is 

assumed for the specified target computer. Variatles may 

also be preset to a compatible value. 

h. Tables 

Tables hold crdered sets of identically struc

tured informatipn. The common unit of data structure in a 

Tatle is the Item. 

(1) Item. An Item consists of k ccmFuter 

wardE, where k is selected by the programmer or compiler. 

A Tatle may contain n Items, where n is a declared 

parameter. Tables may be declared horizontally such that 

all words 0 of all Items are stored together seguentially 

follcwed by all words 1 of all Items uF to word n. The 

words of a vertically defined Table are stored such that all 

~ords- of every Item are Etored together sequentially. Item 

assignments are shown in Figure 3. 

(2) Fields. Items may be subdivided into 

Fields, which are the smallest subdivision of a Table. A 

Pield may be a partial werd, full word, or multiwcrd sub

division. Fields have the same data types as variables and 

may be preset and altered dynamically as variables. In 

addition, Fields may overlap each other, but must be type 

compatible. Field assignments are shown in Figure 4. 

(3) Subtables, Like-tables, and IteR-areas. 

The iable declaration structure also allows the p~ogramm€r 

to define a subset of adjacent Items within a Tatle as a 
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su£tatle. The programmer may also allocate a working stor

age area outside the table, called an Item-area, which 

autcm~tically takes on the .~ame Field format as the Table 

.Item. Additionally, the programmer may declare Tables 

having the identical Field format as the parent Table, 

cailed like-Tables, but having a different number of Items. 

The Table structures are shown in Figure 5. 

c. Arrays 

An array is a multi-dimensional exten~ion of the 

Table ccncept for storing ordered sets of identically struc

tured informati9n previously defined as Items. !he array 

structurEs are shown in Figure 3. 

d. Files 

A File declaration defines a data stLucture €nviron

ment in which one or more physical files are to bE pIocessed. 

The declaraticn assigns a File name for dynamic statement 

referencing, identifies the symbolic name assigned to the 

actu~l hardware device, and declares that all data to be pro

cessed on the named hard~are device is physically organized as 

describEd in the declarative statement. 

5. Control structure 

The CMS-2 control structure or dynamic statement 

specifies processing operaticns and results in executable code. 

Each statement consists of an operator followed cy a list 

of cFerands and additional operators. An operand may be a 

singl~ name, a constarit, a data unit reference, or an 

expression. The data units may be variables, subEcripted 

variatles, Tables, or Files. 

a. statement and Functional OFerators 

The major statement operators are described in 

Table IV. The functional operators in CMS~2 are used to 

facilitate references to and operations on data structures. 

These operators a~e described in Table v. 
c. Expressions 

Real expressions may include standard 

addition, subtraction, multiplication, and division 

operators, as well as exponentiation, mixed-mode values, 
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Parent 
Table 

l-- Words and Fields ----I 
Item 0 

1 

2 Item 0 

3 

4 Item 0 

5 1 
Subtable 

6 2 

7 
., ... 

8 

. 

I I II I I Item-Area 

Item 0 

1 

Like-Table 

2 

3 

FIGURE 5 - TABLE STRUCTURES 

(Figure 5 was extracted from Ref. 1) 
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.Qi~Al0R 

SET 

SiAP 

GOTO 

IF 

VABY 

FIND 

PACR 

SHIFT 

RESUME 

BETURN 

EXEC 

SlOE 

MEANING 
----~-~ 

Performs claculations or assigns a value to one or 
more data units. - The assignemnt may be Real, 
Hcllerith, status, Boolean ~r Multi-word. 

Exchanges the contents of two data units. 

AltErs program flow directly or via a statement 
switch. 

Expresses a Boolean test situatien for conditional 
execution pf one more statements. 

Establishes a program loop to ~eFeat execution of 
Qne or more state~e~t~ ~y varylng on~ or mOLE 
1ndexes ~y a speclil€a lDcrement untll a test 
value is satisfied. 

Searches a table for data that satisfies specified 
conditions, and assigns to subscript variatles the 
index values peinting to its locatlon. 

Transfers bits strings into a data area. 

Shifts a string of bits right or left a specified 
ameunt~ 

SpEcifies a transfer of execution centrol to the 
increment and test steps within a VARY block~ 

A transfer of executicn control frem a procedure 
call that specifies normal return to a label if a 
sEEcial conaition is met. or a return of the value 
or an expression to the point of call. 

A call to an executive program which passes one or 
twc parameters indicating what action to bE taken 
and on what data unit or address. 

Temporaril~ suspends program execution until 
manually restar~ed cn the computer. 

iABLE IV ~ CONTROL STATEMENT OPERATORS 
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OPERATOR ..... ~-~---
Bli 

CHAR 

COBAD 

ABS 

pas, FIL 

LEN GT H-

CNT 

CAi 

OFEEATOR 
-~"'~....-r---

DlSfLAY 

SNAP 

BANGE 

TRACE 

PTRACE 

MEANING 
-----~ 

To reference a string of bits in a data unit. 

To referEnce a $tring cf characters in a hollerith 
da ta uni t. 

To ref~rence a data unit's relative core address. 

To obtain absolute value of an arithmetic FIimary. 

To move a magnetic tape record, file a specified 
Dumber of positions forward or backwards. 

To obtain a r~cord's length for the last input
OU~Fut opeEatlon. 

To obtain count of bits set to one in a data unit. 

To concatenate character strings. 

TABLE V - FUNCTICNAL OPERATORS 

Causes the contents of machine registers and 
specified ~ata units to be formatted and printed 
on the sjstem output device. 

Contents of a data unit are printed and stored. 
Subsequent executions cause a printout only when 
the data c9ntents are modified. 

High and low values are specified for a data unit, 
ana each time the data unlt is modified in the 
prcg+am, a-message is printed if the value falls 
outslde -the range. 

A printout is generated for the execution cf each 
CMS-2 statement between TRACE and END-TRACE. 

Each CMS-2 procedure call encountered in the 
prcgram be~ng ex~cuted is identified by calling 
and called proceaure names. 

TABLE VIII - EROGRAM tEEUG STATEMENT OPERATORS 
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and in-line redefinition of the scaling of fixed-Foint 

numbers. 

A relational expression performs a comparison 

between two similar ?perands as specified by a relational 

cperato~. There are four types of cOIDFarisons: 

(1) ~, involving the ccmFarison cf signed 

Real values (fixed, floating, or mixed), 

(2) Hollerith, involving a left-to-right, 

character-by-character comparison, 

(3) Boolean, involving the compaEison of 

single bits, and 

(4) status, involving the comparison of status 

values. 

"A CMS-2 expression may include alge£raic, 

relational, and Boolean operators. Th,e heirarchy of 

eXFressional evaluation is shown in Table VI. 

c. Input-output statements 

The CMS-2 Input-~utput statements permit the 

program to communicate with the various hardware cevices 

while running in a monitor environment. The operators are 

described in Table VII. 

d. Program Debug statements 

The CMS-2 Debug statements are placed in the source 

language to cause run-time debug routines to be available for 

program execution analysis. The debug statement cperatoIs are 

described ~n Table VIII. 
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PBICRI1.X 

1 

2 

3 

4 

5 

6 

7 

8 

.QR~~ATOR 

**,-

*,/ 

+ -, 

EQ, NOT 
GT I ITEQ 
GT:EQ, LT 

COMP 

AND 

OR 

XOR 

DEFINITION 
~--~-----

EXPONENTIATION, UNARY MINUS 

MULTIPLICATION, DIVISION 

ADDITION, SUBTRACTION 

EQUAL NOT EQUAL 
GREATER THAN, LESS THAN OR EQUAL 
GliEA~ER THAN OR EQUAL, LESS THAN 

LOGICAL COMPLEMENT 

LOGICAL MULTIPLICATION 

LOGICAL SUM 

LOGICAL DIFFERENCE 

iABIE VI - CMS-2 MIXED EXPRESSION EVALUATION 
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OFEBATOR 
~--~----

FILE 

OPEN 

CLOSE 

INPUT 

OUTPUT 

FORMAT 

ENCODE 

DECODE 

ENDFILE 

CBECKID 

SEABCH 

MEANING 
~------

Defines the environment and pertinent inforreation 
concerning an input or output operation, and 
reserves a buffer area for record transmissicn. 

Prepares an external device for iDfut, output, or 
scratch (hpth) operations. 

Deactivates a specified file and its external 
device, sends last unfinished buffer to outFut. 

Directs an input operation from an external device 
to a FILE ~uf~er area. 

Directs an output oF€ration from a FILE buffer 
area to an external device. 

Lefines the desired conversion between 
data blocks and internal data definitions. 

Directs transformation of data e~ements into a 
common arrea , with conversion in accordanCE ~ith a 
specified FOHMAT. 

Directs unpacking of a common area and transmittal 
to data un1ts as SF€cified by a FORMAT 
declaration. 

PlaCES and end-of-file mark on appropriate 
recording mediums. 

Directs checking an id header or label on a FILE 
if the dev~ce is at load point. 

Directs a search operation for specific data 
within a FILE. 

7ABLE VII - INPUT-OUTPUT STATEMENT OPERATORS 
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III. REVISED COMPILER AND LANGUAGE DESIGN 

This section describes the CMS-2RS Ccmpiler System and 

Language design capabilities which differ from the CMS-2 

System. A more complete description of the Cf1S-2£S languag·e 

is provided in Appendix B. 

A. fBOGRAM STRUCTURE 

In a large system of programming modules, the problEms of 

isolation of logic design error and verification cf Frogram 

correctness tend to increase exponentially as the number of 

combinations of program procedure call FarameteIs and trans

fers of execution centrol increase. To counter this problem, 

a well-defined method of software engineering and suitablE 

language-compiler system are needed. 

1. structured Programming 

The term "structured Programming" is defined in ref

erences 4 and 5 as a top-down method of program building with 

the top program modules being at the highest level of the 

program logic design and referencing the next level modules 

as Fzocedure calls in its control structures. ~'Ihis process 

continues until the modules at the lowest level arE refer

encing basic machine and operating system constrccts. 

In reference 6, Bohm and others have ShOWfi that the 

control logi~ of any programming problem can be represented 

by the three basic control structures: simple statement 

sequEDcEs, IF THEN ELSE statement~, and DO WHILE statements. 

The CASE structure of ALGOL ~ may also be required to prevent 

multiple nesting of IF THEN ELSE statements. 

To ensur~ program reliability under varying loading 

conditions, its logical correctness must be easily verifiable. 

The first reguiI~mtnt must therefore be to restrict each 

prog~am segment to exactly one entry and exit peint. Another 

requirem€nt is that library substitution facilities be 

provided at compile and load-time so that the scg~mnts can 
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be stored and r~trieved by symbolic names. Finally, scope 

of identifiers and GOTD statements must be contrclled in their 

apFlication to prevent unlimited access to data and control 

structures. 

~. program structure Revisions 

The program structure of CMS-2RS retain~ the modular 

structure of CMS-2, but includes several revisions to its 

conventions for procedure exit, and identifier referencing 

to facilitate iEpleruentation of the tcp-dcwn prog~aroming 

concept. 

a. P ro,cedure Exit 

The convention of allcwing unrestricted abnormal 

exit~ or returns to a calling procedure has been modified. 

A return which precedes the point of call may result in 

an infinite loop condition, given the abnormal exit condi

tion still exists. Abnormal Exits havE therefore been 

restricted to return points which follo~ the point of call 

and lie ~ithin the calling procedure. 

b. External Referencing and External Definition 

The concept of externally defining aD idEntifier 

in CDe el€ment to be externally referenced by another ele

ment destroys the integrity of the System ProcedurE and 

its Local Data Designs. A program logic error related to the 

above concept may be very difficult and costly tc locate. 

Ther€foL€, externil references are only allowed t€t~€en 

diff~~ent compile-tim~ Systems and then only by sfecifying 

the identifiers of System Data Designs~ System frocedures 

or Beentrant Procedures. The prefix EXTREF now afFlies 

to System Data Designs in symbol table format and to system 

Procedures in spurce code format, and at load-time to System 

Procedures in object code format. The Elements thus speci

fied are then added as complete sections to the compile or 

load-time System as appropriate. 

If it is nece~sary to reference anothEr System 

Procedure's Local Data Design structures at comFile~time, 

then the data structure must te removed and put into an 

ap~rCFLiate System Data Design so that it is glotal to 
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both procedures. The external definiticD, EXTDEF# and 

traD~ient reference, TRANSBEF, prefixeE have been eliminated 

to simplify language and compiler design. 

c. Forward and Backward References 

The for~ard reference of identifiers \ithin 

a data design is not nece~Eary and has therefore teen 

deleted. The Tag declaration, which is used to name a 

constant. throughout compile-time, is sufficient to allow 

presetting of all data structures within a data design. 

d. Local and Global Definitions 

The local and global definitions of identifiers 

allow program structure to develop in a logical fashion. The 

system Procedures at the lowest physical program level have 

access to their Local Data Designs and all other freviously 

declared System Data Designs. The System ProceduLes at the 

highest level in the program, however, have access only to 

their Lecal Data Designs and all System Data Designs declared 

above. This concept of scope of identifiers prcvides for 

i~pl€mentation of the structured programming conc~pt by 

allowing the top procedure to be written at the highest logic 

level and the bottom at the lowest level as shown in Figure 6. 

What is required though, is a means of frescribing what levels 

of centrol structures (how close to the machine) shculd be 

allcwed within each System Procedure in an execut~bl€ System. 

3. Multi-level Programming 

A Multi-level" programming system is one in which all 

the language constructs are expressed on a high lexical 

level. They are, however, capable of implementing systems 

as well as applications programs. If these constructs are 

to te ccntLolled in their use in all types of programming, a 

matrix of levels of programming verses language ccnstructs is 

required in the syntax analyzer to allow only the appropriate 

code to be generated for each programming level. The Syntax 

analyzer can thereby control which grammar reductions are 

allcwed at each programming level in a System. A further 

reguirement exists to define in the Monitor syste~ a matrix 

specifying which levels are accessible by each user, module 

34 



Widest 

SCCF€ of 
Identifiers 
in SYS-DDIS 

Narrowest 

Level 1 SYS-DD'S 

Level 1 SYS-FROC'S 

Level 2 SYS-DD'S 

Level 2 S Y S-FROC' S 

Level 3 SYS-DD'S 

Level n-1 SYE~PROC'S 

Level n SYS-DD'S 

Level n SYS-PROC's 

FIGURE 6 - SCOPE OF DATA DESIGNS 

NarrQwest 

SYS-PROC 
Access to 
SYS-DD'S 

widest 



and corresponding project. The resulting systerr allows a 

programmer to specify that other levels of program modules, 

for which he is not authorized to generate code, are to be 

added at the appropriate level to his ·ccillFile-time or load

time System. The concept of System executive cr EUFervisor 

state aDa task state are thereby expanded to levels of states. 

For example, the use of System Registers as variatles in 

€x~r€SSiCDS and assignment statements is limited te those 

levels ~hich reguire register access such as I/C routines. 

Thus th€ Moniter system has cemplete centrol over which user 

geneLat€S what level of code for which system and provides 

a meanE of security over use of prograR centrol ccnstructs. 

This ccncept is illustrated in Figure 7. 

4. Declarative Delimiters 

Table IX shows the revised delimiters which declare 

the tegjnning and ending cf frogram structures. 

B. HEADER STRUCTURE 

The minor header declaration has been eliminated and 

majcr headers now only apply to the entire compile or load

time System. The header declarations were not ireFlemented 

in the current CMS-2RS compiler, but could easily be included 

in the same manner as the data declarations. The following 

CMS-2 statements have not been implemented in the header 

structure in order to simplify the CMS-2BS language and 

compiler. 

1. EQUALS and NITEMS Statement 

The Eguals statement is used to assign numeric values 

to variables and to specify their allccation relative to 

ctheI vaLiables. 

a. Numeric Assignment 

The assignment of numeric values to s~mbols by 

simfle farenthesis-free expressions r€guires the seneraticn 

cf compile-time cede to fre~et symbols to the desired value3. 

This practice is not necessary since symbols can te initial

ized in the data design by presets or in the prccedure itself 

by dynaaic code. Allowing this method of pre-initialization 
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EEGJN DEL 1MI 'lER END DELIMITER --.---,------- -~"'-~-~-r--~ 

SYSTEM END 

SIS DD -
END 

END 

FBOCEDURE 

FUNCTION 

HEAD 

~LIMIT~2_~LEMEli! 

Compile-time System 

System Data Design 

System Procedure 

System Reentrant Procedure 

Local Procedure 

Local FUDction 

Local Data Design 

Auto Data Design 

Header Declaration 

iABLE IX - CMS-2RS PROGRAM STRUCTURE DELIMITERS 
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introduCES a possible sourCE cf error that may be difficult 

to detect and violates the structured Frogramming concept of 

frogram segment integrity •. Further, initializinQ symbols at 

compile-time req~res that header declaration infcrmation 

always be a part of the System procedure or Data tesign in 

order to maintain library configuraticn control. 

b. Relative Allocation 

The relative allocation feature allows a data unit 

to be assigned the same relative locaticn as anotter data 

unit. This relative allocation capability can also be 

accompl~shed at run-time by the CORAD functional cperator, 

thus prEserving library segment indepen~ence. 

Th~ NITEHS declaration specifies that an identifier 

is tc be assigned a value fer compile-time purpOSES, but may 

also be assigned another value at load-time. It is used only 

for Establishing the number of items in a vertical Table whose 

size is to be determined at load-time. 

The EQUALS and NITEMS statements were net irrplemented 

since mest of their capability could be more easily provided 

by the lag declaration. 

2. CSWITCH statement 

The CSWITCH (compile switch} statemant prcvides se

lective compi~ation of block~ of statements within a System 

Element. The CSWITCH parameter identifies a grcuF of state

ments within a CSWITCH block. In the header, the list of 

param~ters following the CSWITCH identifier spEcifies to the 

compil€~ tho~€ CSWITCH blocks which are to be compiled in the 

System Element or Elements that follow. The parameter 

DELE7E specifies that all CSWITCH code blocks in the follow

ing Element or Elements, which ar~ not being ccmfiled, aIE 

to tE d€leted from the source' output and listings of the 

compiler. 

The CSWIICH feature was not implemented since the 

ability to selectively delete code frcm compilatic~ complicates 

the f£cblem of frogram segment configuration cont~ol and in 

som~ cases duplicates the library CORRECT featur€. 
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3 •. DEP And· EXECUTIVE statements 

The DEP statement informs the compiler of a list of 

system Elements which are aependent or subordinate to the 

system Element following the header declaration in a com~ile 

or load-time System. 

The EXECUTIVE statement functicn inform~ the 

cQmpiler th~t the fcllowing System Element or Elements are 

allowed to gen€~ate control memory references tc index reg

isters and accuBulators using the symbolic identifier speci

fied in the system Index (register, name} declaration. 

These statements will not be necessary if a multi

level compiling concept is implemented. Instead what is re

quired is a ~eclaration which informs the compilEr of the 

program level and project type of the f~llowing Element or 

ElementE. 

4. SPILL statement 

The SPILL statement causes every identifier within 

a System Procedur~ ~o be declared as an External Definition. 

This stat€ment ~as not been implemented since its capa

bility can be achieved by relativley simFle prcg~am changes. 

5. Summary 

In summary, the headeI declarations should be used 

to inform thG compil~r of the type of Element allecation 

(static or relocatable) and the type of output required for 

the compile and load-time Systems. They should net be used 

to mcdify the Element's internal dataallocaticn ana control 

structur€ representation. Header statements are also used to 

specify library retrieval-correction, debug, and data design 

pooling changes to the compile or load-time Systems' default 

pa£ameters. 
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c. tAiA STRUCTURE 

The data structure of a program must allow a compact 

definition of a data unit's attributes and provide for Fre

setting it to a constant or Tag value. The following changes 

have been made to simplify CMS-2RS. 

1. Data Types 

The data types available in CMS-2 do not Exrlicitly 

incluo~ a type that allcws operations on the mathematical set 

of binary digits. The data type Boolean is used primarily 

for the logical operations of conjunction, disjuDction, and 

negaticD~ TherEfore, it has been limited to a fixed length 

set which is defined as either True or False and no longer 

can te -used-for bitstring manipulation. 

To provide a Bitstring capability, a new aata tYFe 
has teen defined, called Bits, which allows the logical 

operaticns of uand ll , "or ll , complementation, as wEll as SHIFT 

and ~ubstring functional oFerations. These operations pro-

vide the capability for programming at the bit level in 

additien to programming at other data tYFe levels. 

The data type Integer, as well as Fixed-point and 

Floating-point, are now treated as Reals and may cnly be used 

in REal EXFressiens. 

2. Data Elements 

ihe data element constructs in CMS-2RS provide a 

means of organizing data into the most ccmmonly u~ed struc

tures" with the exception of lists .. 

a. Switches 

The Index switch declaration for statements is 

comfesed of an index variable follo~ed by a list of n state

ment labels to which control may transfered'depending upon 

the value of the index (0 to n-l). An alternative form of 

the declaration contains two index variables and a column of 

labels fer each. The item switch declaration is composed of 

a variable follo~ed by a list of constant statement-label 

paiI;~. 
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The Procedure switch declaration is composed of 

Frocedure names to which Galls may be made, and a list of 

formal input and output parameters for each procedure. 

The statement switch and procedure switch 

capatilities have been incorporated intc the CASE state

ment. 

h. DATA and MODE Declarations 

The DATA declaration has been incorporated 

into the data unit preset capability in the data cresigns. 

To facilitate this, a TAG declaration has been added which 

allows the programmer to assign a constant value to an 

identifier which can be used throughout a compile-time 

5 ys teID-.-

The MODE declaration, which speciifes that s~b

sequent data declarations have the same data tYFe, has been 

superceded by the requirement that type specifications appear 

in every data declaration. 

c. Variables 

The precision specification for variatles is DC 

longer cFtional. It must now be specified and each code 

generator will translate it into the aPFropriate length for 

its target machine. 

The V(x,y) specification requires the compiler 

to preset-scale a variable starting at the y bit position 

by defining that position with a magnitude of x and each sub

seguent position as one half the preceding positions' value. 

This capability has been provided by the Bits data type 

Ex~rE~icns. 

d. Tables 

The option tc stcre one dimensional 1ables in 

either vertical or horizontal alignment has not teen imFle

mented in favor of aligning all Items vertically (all words 

sto~ed sequent~ally). An optimum search capability is now 

~rovided ty the comfiler that allows Table searching to b€ 

independent of Item word storage alignment. 
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The optional counter (major index), which keeps 

track of the actual number of items within the tatle, has 

not beeD implemented. ~his feature was programmer maintained 

and could just as easily be accomFlished by a normally de

claI€d Integer variable. 

Like-tables have not been implemented since the 

same capability can be achieved by declaring either another 

Table with a di~ferent number of items or a Sub-table with 

the desired dimensions. 

The Sub-table concept has been extend€d to in

~lude arrays or multi~dimensional Tables, as well as one 

dimensicnal Tables. 

The INDIRECT Table implementation has been 

sim~lifiEa b~ rot requiring the COBAD functional operator 

in making procedure calls by address. The fact that the 

f~rmal input parameter is an INDIRECT Table name cr that the 

corresponding formal and actual input Farameters ate of 

the same name is sufficient to achieve a procedtre call in 

which no values are passe~. Further, the INDIRECT option 

may not he used as an actual parameter. 

The Field declaration has teen changea to allow 

only tYFe .. btl word packing, tha t is the compiler assembles 

the Fields within Table Items sequentially in the crder in 

are declared. 

e. Overlay 

The Overlay declaration has not been implemented 

since dynamic packing of a variable with a list cf variables 

can te accomplished by the PACKIN instruction. The static 

packing of variables is of questionable value in a language 

with a ~essage processing capability and requires an un

necessarily complicated compiler data declaraticn capability. 

If a list processing capability is required, it should be 

added as a complete feature of the language and compiler 

including list declarations and logical set opEIators such 

as unien, intersection, add-to, and delete-from. 
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D. CONiROL STRUCTURE 

The CMS-2BS control structure provides the caFability to 

specify parallel as well a~ ~eguential frocesses. Further, 

a structure has been provided which grouFs statements into 

blocks for sequential precessing. This section describes 

the control statements wbich have teen added to the CMS-2RS 

language to imp~ement the above capabilities. Additional 

changes have been made to provide the capability to implement 

the structured and multi-level programming concEFts. 

1. BEGIN and END Declaratives 

The BEGIN and END block structure declaIatives, which 

are described by Bauer in reference 7, have been imple

mented to allow grouping of statements for sequential exe

cuticn. There is no imposed limit on the numbEI cf levels 

of tlock structure that can be nested within a System Pro

cedure since data designs are declared separately from 

control structures. 

2. VARY statement 

The VARY statement has been changed to allow an 

cpticnal increment value (other than 1) for each index 

variable on the same leaF level. The loop execution will 

ceaSE cnly when all indexes have reached their test valUE. 

3. CASE statement 

The CASE statement, which is described by Bauer in 

reference 7, has beeD added to the language to Frcvide the 

capah~lity for selective statement execution. A case index 

value is compared at run-time to a list of case labels to 

det€~mine which £tatement will be executed. Each statement 

in a case block may have more than one label and labels may 

be either Integer or status constants. An ELSE case capa

bility has also ~een provided in the event the index value 

falls outside the range of the case label list. An alternate 

version of the CASE statement has been implemented which 

does not require ztatement labels. An implied lateling seq

uence of 0 to n-1 is used to select one of n statements in 

a case clock. 
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4. ~hile statement' 

The While statement has been added to frcvide for 

locF controlled execution of a statement or block of state

ments based upon the continued True condition of a Boolean 

EXP.I:ESsicn. 

5. IF statement 

1he IF statement has been modified to allow nesting 

of IF TEEN ELSE statements. Only simFle (not CASE, VARY, 

WHILE, or IF) statements are allowed within the nesting 

structure. All types of statements, howEver, may be used 

for the last statement after the last ELSE. 

The "IF DATA FOUND THEN" and "IF DATA NCTl'CUND 

THEN" statements have not been implemented sincE the in

dicies of a Table or File in a SEARCH statement ~ill be set 

to minus one if the search is unsuccessful, otherwise they 

will be set to the location of the desired data unit. 

The IIIF (subscripted data stl;ucture) VALID/INVALID 

THEN" statements have not been implemented since th-€ Boolean 

functional operator SUBSCRIPT, with farameter subscripted 

data structure, provides a True of False indication of sub

script range validity, and can be implemented by using it 

within an "IF THEN ELSE" statement. 

The nIF (data unit) OEDP/EVENP THEN" statements 

have not been implemented since the COUNT(data unit) func

ticnal operator piovides the same capability whEn checked 

for E,yen or odd value' in an IF statement. 

6. label Declaratives 

1abels are allosed on every statement tjpe except 

statements within VARY, CASE, RESERVE. and WHILE ~tatement 

blocks. Multi-level programming, however, may £e used to 

restrict their use to specified program levels. 

7. SEARCH Statement 

The SEARCH and FINt statements have beeD com

bined to simplify searching a Table or File stLucture fo~ 

a particular da±a unit. If found, the index va~iables in 

the data sturctur£ls dimension list will be set at ~un-
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tim e to f oi r, t t () th € d a tau nit lsI 0 cat i en, 0 thE r 111 i S€ the .y 

will 'be set to minus one. 

S. UNPCK statement 

~he UNPCK statement has been imFlemented to allow 

a data unit to be unpacked into a list cf data units in 

seguence from left-to-right. If the combined length of the 

receiving data units is longer than the source, then they 

are filled with zeroes. 

9. Procedure CALL statement 

1.he procedure CALL statement has been changed to 

allow calls by value, value-result, result, addrESS, and 

addLess-result~ All input and output actual parameters 

are optional and need not agree in numler, but nust agree 

in tYPE. An eXFL€ssion may be used as an input actual para

meter but only a data unit may be used as an outFut actual 

parameter. 

10. GOTO, BETURNTO, and RESUME, Statements 

ihe GOTO, RETURNlO, and RESUME statements have teen 

implemented to allow transfers only to labels within a 

~ystem Procedure. The GOTO and RETURNTC statements, with 

special hardware condition checks, have not beeD implemented 

sinCE the same capability is available by using the INTERRUPT 

Eoolean functional operator within an IF THEN GCTC statement. 

The GOTe statement with an Item or IndEx-switch name check 

has not been i~pl€mented since the same capability is avail

ablE ~ith the CASE statement. 

11. RETURN Statement 

The RETURN statement has been changed to allow trans

fer with a data unit instead of transfer with the result of 

an evaluated expression. 

1~. INPUT anq OUTPUT statements 

The INPUT statement bas been i~flement€d to allow 

moving of Character and Binary records from READ, OeM 

(operator communication medium), and user declared Files to 

the following user specified receiving data units: Tables, 

Fields l Items, or variables. The OUTPUT statemEnt has been 

implemented in a similar manner for PRINT, PUNCH, OCM, and 
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user declared Files. Both statements allow data to be 

moved back and forth frcm internal to external ~tructures • 

. 13. EXEC statement 

The EXEC statement has not been implemented since a 

no~mal call tc a procedure, with the p~oper input parameters 

and at the appropriate programming level, accoRFlishes the 

same effect. 

14. STOP statement 

ihe STOP statement, with a hardware special condi

tion check, has not b~en i~plemented since the same capa

bility is available by using the INTERRUPT functicnal oper

ator in an IF statement. 

15. COBEGIN and COEND Declaratives 

The COBEGIN and COEND declaratives which are des-
I 

cribed by Hansen in reference 8, have teen imple~eDted to 

allow simultanepus execution by more than one processor of 

several statements including procedure calls. Each process 

may refEr to shared resources such as variables, subscripted 

varidbles, File records, and non-reentrant proceQures only 

if tbeir values ar~ not changed. Reading from and adding 

to the end of data structures, however, are legal accesses 

to a shared resource. 

GOTO statements are not allowed within a CQBEGIN

COINE block to prevent erro+s arising frcm the transfer of 

control from one process to another. In additicD, COBEGIN 

and COEND declaratives may be nested to any level within a 

System irocedure or Reentrant Procedure. Thus, tbey may 

be u~ed to describe any combination of parallel and sequen

tial processes. 

16. RESERVE and wAIi Statements 

The RESERVE statement has teen added to frcvide a 

means fer the p~cgrammer to specify critical sections in 

each process within a COBEGIN-COEND block. The parameters 

for the EESERVE statement are those rescurces which may 

be change~accessed by two or more processes. Each resource 

thus sFEcified, is identified as belonging to a particular 

process. If another process desires access to the same 
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resource then that process will be engueued on a ~ait list 

for later access when the resource is freedo !he iAIT state

ment has teen added to allc~ synchronization of FLocesses, 

that is, to specify that the controlling procedure is to 

suspend execution until one or more procedures have com

pleted their execution. These statements are intended to 

allc~ the programmer to explicitly control the eXEcution cf 

parallel and synchrcnized Frocesses. 

17. SET Stat€ment 

The SET statement allows assignment of evaluated 

eXFressions and Table values to a compatible data ~nit or 

list of units including other Tables. The data units allowe~ 

are variables, subscripted varianles, and Tables. 'Iable 

assignments must be size and Item-length compatible or the 

desired result ~ay not be obtained. Subscripted variables 

must specify Field name, Table name, and dimensions. 

The "SET (receptacle (5» TO (exfression) 'IHF.NfI 

statement ~as not been implemented s£nc€ th~ ~an€ capability 

is available by using an IF THEN SET statement. 

The "SET (receptacle (s» TO (exfression) SAVING 

(Real data unit) OVERFLOW (label)" statement has not been 

implemented since the same capability is availatle by using 

the EEM operator within an IF THEN GOTO statement. 

E. EXPliESSIONS 

The expression tYFes implemented in CMS-2ES include 

Beal, Eits, ·Status, Character, and Boolean. Real expressicns 

include Integer, Fixed-Feint, and Floating-point data types. 

1. !teal 

In Beal expressions, a binary cF€rator nas been 

addeo which gives the remainder after division of two real 

Frimaries (REM). In addition, two functional o~erators 

have teen added: The operator NUMBER, with parameter Bits 

p~imary, converts a Bits value into an Integer value; and 

the operator CHARCODE, with parameter Character Frimary, 

CODvErts a character symbol code into an internal integer 

repI:esentation. 
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The type conv€r~ion conventions for mixed operand 

eX{:L.essions are, 

a. Decimal and ectal operands will be converted 

to decimal results. 

h. Integer and Fixed-point operands will be con

verted to Fixed-point results. 

c. Integer and Floating-point operands will be 

converted to Floating-point results. 

d. Fixed-point and Floating-Foint operands will 

be cenverted to Floating-point results. 

Where the receFtacle is of smaller precision than 

the evaluated expression, the next least significant digit 

will 1€ rounded and the remaining digits truncated. 

~. Eits 

The SHIFT statement has been reFlaced by the follew

ing unary operators in Bits €XFressions: shift left-logical 

(SHLL), shift r~ght-logical (SHRL), circular end-arcund 

shift left (CIRSHLL), and circular end-around shift right 

(CIRSBRL) • 

The binary operators, logical and (ANDL), lcgical 

or CORL), and logical complementation (NGTL), have been 

imflemented to allow logical operations on Bits cferands. 

If the cferands are of un€~ual length, the shorter cne is 

right justfied and filled with zeroes cn the left before a 

binalY o~eration is completed. 

The functional opeIator BIT has been renamed 

BITS~BING, but performs the same fUDcticD of cCDverting 

a Real frimary to a Bits value and extracting a specified 

number of binary digits from it starting at any pcsition in 

the ~triDg. 

~. Character 

One fUDctional operator has been added tc Character 

Ex~res~icns. The CODECHAR operator, with parameter Real 

primary, converts an integer value intc a single character 

symlcl code. The CH1R operator has been renamed SUECHAR, 

but performs the same function of extracting a Sf€cified 
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numb~r of character symbols from a Character primary start

ing .at any character position in the st~ing. 

4. Boolean 

The unary operator COMP or corrrlementaticD has been 

renamed NOI. The binary .operators allo~ed in Eoclean expre

ssions are conjunction (AND) and disjunction (OR). 

The comparison operators in relational EXfressicns 

havE beEn changed to: egual (=) , not egual (-w=) I less than 

«) , greater than (» I less than or egual «=) , and greater 

than or equal (>=) • lhe following restrictions are placed on 

operano compariscns: lieal operands are converted to the same 

tYFe before they are compared, Bits opeLands of all lengths 

are comFared from right-to-left and only for equal or not 

eg~al, Character operands are compared from left-to-right 

for all lEngths with longer strings having a value of greater 

than if all other characters are equal, and status operands 

are comFared by their Integer value. In a status variable 

declaration~ the first status constant associateo with the 

variatle is assigned a value of zero increasing by incre

ments of one for each additional status constant. 

If an eXFression involves operations of the same pri-

ority thel are performed from left-to-right. In far Ent he-

sized eXFressions, the innermost Farenthesized wexfressicns 

are evaluated first. A hierarchy of evaluation is shown in 

7able x. 
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ABS,
CAT 
NOTL 

** SHLL 
SHRL 
CIRSf:lLL 
CIRSHRL 

*-,/ 
REM 
ANDL 
ORL 

+ -, 

=,-.= 
<,>= 
>,<= 

NOT 

AND 
OR 

~]FI!!TIQ1i 

ABSOLUTE VALUE, UNARY MINUS 
SiRING CONCATENA1ION 
BITSTRING COMPLEMENTATION 

EXPONENTIATION 
SHIFT LEFT LOGICAL 
SHIFT RIGHT LOGICAL 
CIRCULAR SHLL 
CIRCULAR SHRL 

MULTIPLICATION, DIVISION 
REMAINDER AFTER DlVISION 
LOGICAL AN D 
LOGICAL OR 

ADDITION, SUBTRACTION 

EQUAL, NOT EQU AL 
LESS THAN, GREATER THAN OR EQUAL 
GREA~ER THAN, lESS THAN CE E~UAL 

NEGATION 

CONJU NeT ION 
DISJUNCTION 

lABLE X - CMS-2RS MIXED EXPRESSION EVALUATICN 
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IV. LANGUAGE ANALYSIS 

ihe following sections describe simple left-to~right 

parsing, with k symbols of look-ahead, ccntext-Free gram

mars 4SLR(k», an SLR(1) parsing algorithm, and SLR(1} syntax 

analysis of CMS-2RS. 

A. SIE(k) CCNTEXT-FREE GRAMMARS 

ThE class of LR(k) grammars is the largest class of 

grammars which can be naturally parsed left-to-right and 

bottom-up using a deterministic pushdown automatcL. Among 

the various sub-classes of LR(k) grammars are precedence 

and tounded-right-context grammars. Since LR (k) grammars 

have these properties, CMS-2ES was defined as an SLR(1) 

context-free grammar. This section describes ccntext

free grammars and SLEek) grammars as presented ty ~ef
ereDces 10 and 9. 

1. Grammar 

A Grammar is defined by a guadruple of ~ets of ter

minal symbols (Vl), non-terminal symbols (VN), a start symbol 

(5), and productions (P). The letters VT denote a finite 

set of terminal cr non-reduceable symbols from the vocabu

laty (V) of the grammar. The letters VN denote a finite 

set cf Don-termjnal or variable symbols from which various 
. ' . 

strings of termjnals and non-terminals can be derived. 

The letter 5 denotes the start non-terminal symlcl from 

which all strings of terminals in the grammar are de£ived. 

The letter P denotes the finite set of froducticnE cr 

~elaticns between the left part symbols in iN and the right 

part strings of symbols in V*, where V=VN U VT and v* de

notes the set of all strings composed of symbols in V 

including the empty string. 

~. Context-free Grammars 

A Context-free grammar is one in which every Fro-
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duction is of the form v=>W, where v is a single variable 

and w is any string other than the emrty string~ 

3. Direct Production or Reduction 

For a g-rammar G, a string v Di'rectly Prod uC€s a 

string w or W Directly Reduces to v, written v=>w, means: 

if U=)u is a rule of G, and x and yare strings which may 

be empty, then ,v=xUy, and w=xuy. 

4. Eroducticn or Beduction 

A string v produces a string w or w reduc'es to v, 

written v=>+w, means: if n>O and n is the number cf produc

tions f~cm v to w, then v=u(O)=>u(1)=>u(2)=> ••• =>u(n)=w, 

where it v=w or v=>+w then v=>*w, and u(i) denotes the ith 

Frod uction. 

5. sentential Form 

A string x is called a sentential form if x is derivable 

from the start symbol 5, written s=>*x. 
6. Sentence 

A sentence is a sentential form consisting only of 

terminal symbols. 

1. Language 

The language of the grammar, written L(G(S», is the 

set cf sentences: L~)=(xjS=>*x and x is in VT+). 

s. Phrase 

If w=xuy is a sentential form then u is called a 

Fhrase of the sentential ferm w fo~ the non-terminal U if 

U=>+u .. and S=>*xUy. In addition, u is called a siIrfle phrase 

it s=>*xOy and U=>u. That is, not only must a reduction be 

possible using a ~roduction in the grammar, but the reduced 

sentential form must also be derivable from the start symbcl. 

In addition, u is called a simple phrase if S=>~xUy and U=>u, 
that is, not on~y must a reduction be possible using a pro

ducticn in the grammar, but also the reduced sentential form 

must be derivable from the start symbol. 

9. Canonical Derivation 

A direct derivatio~ XUy=>xuy is canonical, written 

XOY=I>xuy, if y contains only terminals. A derilation w=>+v 
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is canonical, written w=J>v, if every direct derivation in 

it is canonical. 

10. Parse 

A Parse of a sentential form is the construction of 

its·derivation. 

11. Leit- R i.ght, B 9t t cm- Up Pa rse 

In a left-right, bottom-up parsE, the leftmost 

simfle Fhras€ (the Handle) of the current sentential form is 

always reduced. Thus, the string to the right cf this 

phrase always contains only terminals. 

1~. Rightmost Derivation 

A rightmost derivation is one in which at each steF 

the Iightmost variable in the sentential form is replaced. 

13. LR (k) Grammar 

A Context-Free grammar is LR(k) if for any sentential 

form w=xuy the following holds: there is a unigue form for 

w, and there is a rightmost derivation S=>*xUy=>xuy, where 

U is.r€flaced by u at the last step, and U and u can be 

uniguely determined by scanning w fro~ left-to-right up tc 

a pcint at most k symbols beyond u. 

B. SLR(k) PARSING ALGORITHM 

ihis section descr ibes Context-freE LR (0) and SLR (1) 

9ramRa~ farsing as presented by reference 9. 

1. Context-free Parsing 

let G be a Context-Free grammar, and sUFFcse that 

the Froductions P are numbered 1,2, ••• ,p. Let V te in the 

set iT U VN*. Then: 

a. A left parse of V is a seguence of productions 

used in a leftmost derivation of v from S. 

h. A right parse of v is the rever~e of a sequence 

of pIoductions used in a rightmost derivation of v from S in G. 

Consider the grammar where the productions are numbered 

as shown: 
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a. E:: =E+'r--l 

h. E: :=T--2 

c. T: : ='I*F--3 

d. T: :=.P--4 

€. F: : = (E) --5 

f. F: :=a--6 

The left parse of the sentence a*(a+a) is 23465124646. 

The right parse is 64642641532. The right most de~ivaticn 

from E is: 

a. E=)E+T: 1 

h. =)E+T*r': 3 

c. =>E+T*a:6 

d. =>E+F*a:4 

f. =>E+a*a:6 

g. =>T+a*a:2 

h. =>F+a* a: 4 

i. =>a+a*a:6 

writing in reverse, the sequence of prcouctions used 

in this derivation gives the right parse 64266431. In gen

eral a right parse for a string v in a grammar G is a seq

uence of" productions which can be used to reducE v to the 

start symbol S. 

The parsing proceeds using essEntially a right parser 

cycling through all possible rightmost derivaticns, in re

verse, that are consistent with the input. A mOVE consists 

of scanning the string on top of the pushdown stack to see 

if there is a right side of a production that matches the 

symbols on the top of the stack. If so, a reduction is made, 

replacing these symbols by the symbol on the left side of 

the Froduction. 

If no reduction is pcssible, then the next input 

symbol is placed on the pushdown stack and another attemFt 

is aade to reduce the stack. This process continues until 

the grammar has teen parsed or an error occurs. 
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2 • LR (0) a -n d SLR (1) Fa r sin g 

In reference 9, De Remer states that to ccnstruct 

an LR(O) parser for a Ccntext-Free grammar G, co~figuration 

sets must be computed. A configuration set repI€~ents a 

state of the parse, that is, which parts of which produc

tions may have been used to generate the input string to 

~he' Foint of the parse. 

Each non-empty configuration set has onE cr more 

su~cessCLS o~ cnnfiguration sets. In general, a configu

ration set SCi) has an s-successor for each symtcl s in 

V that is preceded by a marker in one or more of SCi) 's 

configurations. A marker is a pointer to the next fossible 

symbcl to be read in the in~ut list. 

An s-successor state consists of a basis set combined 

with a ciosure set. The basis set consists of all config

uraticns in SCi) having a marker before an s, but with the 

marker moved to follow the· SCi). The closure SEt is defined 

recursively to be the largest set of configuraticns that 

can te derived trom the basis set until a terminal symbol 

is reached. 

An LR(O) parser for a grammar G is represEnted by 

the set cf all configuration sets, where each set is a state 

of the parse ~ith an accessing symbol, and a list of possible 

symbols which can he read next with an indicaticn of whether 

to r€~d the next symbol and go on to ancther state, or to 

reduce and go on to another state. 

A Conte~t-Free grammar is said to be SLB(1) if 

and only if each of the inadequatE states of its successcr 

statEs bas mutually disjoint (simple) 1-symbol lock-ahead 

sets which allow the parser to determine which reduction 

to make. An inadeguate state is one in which the parser 

must look ahead k symbols in order to determine which re

ducticn to make. 

An SLR(l) parser for a grammar, therefore, is repre

sented by the same set of configuraticn sets as is re

guired fer an LR(O) parser with the addition of tbe simple 

1-1cck-ahead sets. 
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SLR(l) parser~ make a decision to reduce Lased uFcn 

all the symbols in the parse stack plus one more from the 

input text. The parse is accomplished ty restructuring 

the stack after each reduction and saving the state of th€ 

parse to allow the parser to know where it has teen so that 

it can make the right decision for the next reduction. 

c. SLR (1) SYNTAX ANALYSIS OF CMS-2BS 

ihe SLR(l) Syntax Analyzer and parsing table ~enerator 

produced by Woods and described in reference 11 was chOSEn 

to anallze the grammar because of its sFEed of eXEcuticn. 

In d€veloFi~g an SLR(l) grammar for eMS-2RS, it was 

necessary to write a complete initial description of the 

language and then take small secticns cf the gramnar and 

analYZE them until they ~ere SLR(l). In that fashion, 

the grammar was successively built up and revised until a 

comFlete SLR(l) grammar was obtained. The eXEcution time, 

using Wcod1s PL-360 based syntax AnalY2er, was cn the order 

of 9 to 10 seconds of CPU time for about 200 productions 

on an IBM-360 Model 65 computer. 

Luring the grammar analysis it became apparent that com

bining the samE sub-strings of symbols en the right part of 

several froductions intc new Froductions greatly reduced 

the number of terminal transitions. This allowed a larger 

grammar to be handled for the same table sizes in Wood's 

" Synta~ Analyzer. The"resultant grammar is thus highly op

timized in terms of parsing table size',; The limi t cf 255 

producticns in the Syntax Analyzer, ho~ever, did reguire 

that the revised grammar be split. The data declarations 

and header declarations were handled by separate grammars 

since they are blocked by easily recognizable bEginning and 

ending celimiters. The inplementation of this split and 

its implications are discussed in Secticn V. 
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v. DESIGN OF THE iWO-PASS CMS-2BS CGMPILEE ------ ~ ~-- ~------- ~------

The purpcs€ of this project is to take the first step 

tcward a Fractical implementation of CMS-2BS. A two-pass 

compiler was selecten taking into consideration main memory 

reguirements and project modularity. Also, having twc 

passes effers a potential for cede optimization in the 

secend pass. This approach facilitates the task of making a 

significant start on a useful compiler in a limited time by 

isolating the analysis and synthesis functions from the 

detailed cede generation, storage assignment, and interface 

. handling functions. 

A. FIRSi PASS 

The first pass performs four basic functions. It scans 

the characteIs of the source program, builds the symtcl 

table, parses program sentences, and generates. an interme

diate language representation of the source program. 

The lexical analysis is Ferformed by the procedure 

SCANNER. In writing the scanner's case statement, it was 

decided tc use a difterent case for each delimiter (except 

for "**" and "-.=" whj.ch are handled with "*" and 11-.11 re

spectively). By doing this, there is no need for having a 

table of all the tok£ns in the language and the corresFond

ing table lookup mechanism. SCANNER does all the symbol 

table lookup and enter operatiens required by the compiler. 

When an identifier is scanned, the symbol tatle is searched 

to determine if this identifier is a reserved word or if it 

is an already enteren name. 

entered .in the symbol table. 

If not found, the new name is 

From that point on each 
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i~entifi€r is represented by its index into the symbol table 

so that nc forther search is ever needed. 

As will be ex~lained later, two independent analyzer 

procedures are used to parse the declarations and thE 

dynamic statEments. For this Leason it became necessary to 

build a linkage between SCANNER and these two analyzers that 

would allcw the implementation of the necessary switching 

mechanisms. The linking functicn i~ performed by the frcce

dure SCAN. SCAN is called by the analyzers when the next 

tcken is desired. SCAN calls SCANNER to attain the nExt 

symtol in the input stream. When SCANNER returns certain 

reserved words, SCAN switches control to the appropriate 

analy~er. For those tokens that appear in beth grammars, 

SCAN allcws for two aifferent internal representations. 

SCAN alsc facilitates the implementation of certain symbol 

table hanoling mechanisms as will be explained later. 

After all memory allocations t~ variables used by 

the compiler are satisfied, the remainer of the assigned 

regjon is allocated to the symbol table. The.sym~ol table 

is divided into two main parts: the identifi~r ~irectcry and 

the constant tab~e. 

a. Elock 'Structured Identifier Directory 

The follpwing method was chosen tp implement the 

t~o level (global, 19cal) block structure ef CMS-2 using 

hash addressing for table search. Every identifier is 

concatenated to a two character prefix which indicates the 

level of such identitier. Prefix "00" correspond tc glocal 

scope, while all other prefixes fLcm 1t0l" to "99" cOI:respond 

to local scoFe. Therefore, every identifier declared in a 

SlS_DD is entered in the identifier direc~ory with frefix 

"00 11 • For Example, variable "aBLE" would be known to the 

comEiler as "OOABLE". A block counter is maintained and 

each time the reserved words SYS PROC and SYS_PROC_R are 

59 



encountered this counter is incremented and the current 

Frefix is correspondly altered. Thus, variables declared 

within LOC_Dn's or AUTO~DD' s are entered in the directory 

with the Frefix corresponding to the sequential num£er of 

the SYS_PROC where these data designs appear. when SCANNER 

reccgnizes an identifier, it first looks for its presence in 

the identifier directory with the current prefix and, if not 

found, then with the global prefix ("00 11). 

b. Hash Addressing 

The chained hash addressing techn~gue described 

by Gries (Ref. 12] is used to access the identifier airec

tory. A hash table size of 1229 was chosen to minimize the 

number of collisions in medium size programs. This size can 

be changed tc any desired prime number, requiring only one 

minor change in the ~rocedure HASH. The hashing scheme uses 

the number Qf characters in the word, the second and third 

characters, and the ~ast and next to the last characters as 

arguments. ~he hashing function is applied to the ideDti

~i€r a~ter it has been concatenated to the fIoper prefix as 

previouslj discussed. Procedures RESERWRD and LOOKUP 

handle all the required symbol table searching. The list of 

reserved words is preloaded in the identifierdirectcry by 

the procedure INITIALIZE. No prefix is concatenated ~ith 

reserved words. In addition, no collisions occur when 

hashing reserved wor~s, so RESERWRD needs only to compare 

the identifier scann~d with one entry in the directory to 

find if it is a reserved word. caution must be exercised if 

the size of the hash table is changed or if the languase is 

revised to include new reserved words to insure that this 

prOferty.is p~eserved. 

Procedure LOOKUP 

fcund in Fage 222 at Bef. 12. 

follows the basic flow chart 

LOOKUP adds the current block 

numker prefix to the identifier and then hashes it and 

searches the identifier directory. If the identifier is not 

foqnd then LOOKUP tries again using prefix 1100." If still 
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nct.fcun4, the identifier is entered in the directory with 

the current frefix. 

c. Identifier ~irectory Design 

~he identifier directory was designed taking in 

consideration the large variety of descriptors required to 

represent thE wide vatiety of conditions encountered in the 

language. Appendix D explains the descriptor fo~mats in 

detail. ~he descriptors are stor~d in the constant table; 

hence,. the identifier directory can have a simple and 

uniform structure. Each identifier directory.entry uses 15 

bytes distributed in four fields as shown below. 

(1) Ten bytes are reserved in the identifier's 

name fie~d to acccmodate a maximum of ten 

characters (eight characters from the source 

plus two in the prefix). 

(2) One byte is used for the semantic cede. 

the semantic code is an integer from 1 t~ 148 

that identifies the token recognized by SCANNER 

to procedure SCAN. 

(3) Two bytes hold the chain field. This 

field is used in case of collisions to stere a 

Fointer connecting entries with the same value. 

(4) Two bytes are used for the descriFtor 

Fointer tield. This field contains a pointer to 

the constant table where the descriptor 

containing all the attributes of this identifier 

is stored. 

d. Constant Table Design 

the cons~ant tablE is essentially a large array 

used to store constant values as they are recognized ty the 

scanner and descriFtors for identifiers as previously 

indicated. when procedure SCANNER scans a constant, it 

stores it in the constant table. This includes character 

ccnstants as well as numeric or bits constants. The first 

byte of every entry in the constant table is used to store 

the length of the entry, i.e., the number of bytes that 
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follow. In the case of numeric constants, the need arises 

to differentiate bet~een the six different types of Duaeric 

constants used in the language. In order to do this, the 

lew order five bits of the header byte are used to indicate 

the length of the entry as explained above. The remaining 

three high order bits are used to indicate the type cf 

numeric constant a~c~rd~ng to the following code: 

000 for octal integer 

001 for octal fixed 

010 for octal real 

011 for decimal integer 

100 for decimal fixed 

101 for decimal real. 

The syntactic analysis is performed ty the prcce

dures ANALYZE and BA~ALYZE. ANALYZE is the main grammar 

parser. It is called once b~ procedure MAIN and returns 

only when the source program has been completely parsed. 

ANALYZE calls SCAN each time a new token is to be read. 

ihen SCAN reccgnizes any of th€ reserved words SIS_DD, 

AUTO ED, LOC DD, PROCEDUR£. or FUNCTION it calls EA~ALYZE 
~ ~ 

which is the second parser. BANALYZE handles the 

declaraticns grammar. It also uses SCAN in the same manner 

as ANALYZE. When BANALYZE completes the parsing of a data 

d~sig~ or a procedure or function declaration it returns to 

the place where it was called by SCAN. and SCAN passes the 

corresponding token to ANALYZE which continues execution. 

With this scheme, whole declarations are seen as a single 

terainal symtol by the main g~ammar. This concept, of 

course, can be extended to any number of pa~s€rs. For 

example, when a language is rather extensive (a classic 

exaa~le wcula be PL/I), it may become extremely difficult to 

develop a single grammar of a given type. This job is 

greatly sinplified by dividing the task into a main grammar 
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and several cQmponent grammars. In additicn, the most 

aFFIopriate Farser can be used for each component grammar. 

For example, a component grammar could handle expressions 

a~d use an operator precedence parser.· Using the interme

diate linkage concept between the scanner and the syntax 

analy~ers as explained before, all that is needed is a 

special symtcl to de~imit each component grammar. These 

special symbcls can be part of the syntax of the language or 

they can be added to the input stream by the compil€I 

itself. 

Appendix A contains a complete listing, using 

Eackus-Naur form notation, of the SLR(1), ccntext free 

9~ammar developed for the CMS-2RS l~nguage. The grammar is 

divided into a main grammar and a component grammar. The 

symtols <SYS DATA DECL), <~QCAL DATA DECL>, <AUTO DATA DECL) 

and <SUB_EOOIINE DECL) are treated in the main grammar as 

terminal symbols. The component grammar handles these 

declaraticns. The mechanisms to implement this scheme are 

explained in section 3 above. 

Generation of the object prograa in an intermediate 

language form is one of the primary tasks of the first Fass. 

Due to time .limitations, the generation of intermediate 

language could not be implemented. An IL format that could 

be used in futur~ work on this ccmpiler is froposed in this 

section. 

a. IL Format 

Each entry in the IL table consist of thrEe 

tytES. The tigb crder seven bits of the first byte are used 

tc refresent the operation code. the low order remaining 

bit is used to indicate an indirect operation. A set of 

operation codes with their meanings is shown in Appendjx E. 
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~he codes shewn should be sUfficient' to represent the entire 

CMS~2BS language. The second ana third bytes are used for 

the oferand field. In most cases this field will contain 

the address of the operand's entry 'in the identifier direc

teL] or the constant table. 

Tte first pass output should consist of two disk 

,files, ,o'nefer the symbol table and another for the interme

diate lansua9~ generated by the dynamic statements. Future 

wcrk required to complete the first pass includes IL genera

tion, and the writing of two routines, ene to write the 

symbol table into a disk file and another to write an IL 

tuffer into a second file. 

B. SECONt PASS 

The main task performed by the second pass will te the 

translation cf intermediate language into machine language 

(ML). Routines must be developed to read the IL file and 

produce ML which executes on the target machine. This 

routines must insert the ML necessary to comfu~e subscript 

values, perform data type conversion, map actual to formal 

parameters, and i~plement dynamic allocation. Some code 

optimization capability should also be included here. 

storage areas fOL variables and tables must be assigned 

in this fass'. Routi,nes must be provided that will process 

the symbcl table file and perform static allocation cr 

generate 6ynamic allocation mechanisms. ThiE pass must 

allcw for linkage with other program modules. Communication 

links must be established for external references. lhese 

links shc~ld be compatible with the requirements of the 

linking routines of the target machine's operating system. 
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Several attemps have been made, with less than oFtimal 

results, to implemen± a universal language and compilEr 

system. CMS-2 is a system of this type, but it has met vith 

limited success when used to implement large, self-ccntained 

computer systems. To get around the language limitations, 

extensive use of the direct code option has been madE. This 

practicE dEfEats the purpose of a high level language and 

creates Froblems in system design and maintenance such as 

correctness of initial program logic and program segmEDt 

integrity. If the pptential of a high level language and 

comFiler system are to be fully realized, ther~ must bE 

controls oveL which ~anguage constructs are allowed at each 

level of software. Furthermore, insertion of direct cede 

should not bE alIa_wed. The CMS-2RS system is a step in that 

direction. 

A. RESUL~I'S 

The mest apparent ambiguities, redundancies, and limi

tations .hich exist in the CMS-2 program, data, and centrol 

structures have been identified. Proposed corrections to 

these deficiEncies have been incorporated in CMS-2RS. An 

SLR(lJ ccntext free grammar has been defined for this 

language using BNF notation. This grammar is suitable for 

the construction of parsing tables using an automatic 

compiler generating system. Such a system, llsing Wood's 

SLR(l) ANALYZER, was employed to produce parsing tablEs for 

the first pass of the CMS-2RS compiler. 

In order to support the structured programming ccnc€pt 

in a modular library environment, changes where made to the 

external referencing mechanisms of CMS-2 so that external 

references are only allowed between different compile-time 

Systems. Header declaration statements were also revised to 
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prevent mcdificaticn~ of an Element1s internal data alloca

tion and control structure representation. This CMS-2 

construct facilitates the violation of program segment 

integrity and allows careless program design and 

maintenance. 

The concept of grammar segmentation was implemented in 

the CMS-2RS compiler. Data designs and dynamic statements 

were grouped into separate grammars which are parsed by 

different sections ot the compiler. This concept is easily 

extendaole to other sections of the grammar such as eXFres

sions and header sta±ements. 

B. FUTURE WORK 

Several tasks need to be completed in order to fully 

i~plement the CMS-2BS system. The work required to complete 

the first pass includ€s the completion of intermediate 

language design and the writing of the semantic routines 

reqqired for the translation of dynamic statements intc 

intermediate language for~. Alsc, header and user file 

declarations need to be implemented. This wculd be 

acccmplished by adding the header and file declaration 

statements to the declarations' grammar and writing the 

correspondig semantLc routines. File manipulation operators 

should be added to the main grammar. 

The Dext step is to write the second pass. The second 

pass must handle a variety of functioris including merecIY 

allecaticn, data tYFe cODvertioD# subscript calculation and 

checking, parameter mapping, and code generaticn and ~fti

mization. 

Further development efforts should include studies of 

the desirability of adding list processing constructs to the 

eMS-2BS language. 
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'l 

APPENDIX A 

BNF DESCRIPTION CF CMS-2FS 

1. MA IN GRAMMAR 

001 

OC2 
003 

oeLt 
005 
006 
oe7 
008 

CCS 
010 

all 
012 

013 
014 

015 
016 

017 

018 
OlS 

020 

021 
022 
02.j 
024 
025 

<SVS) ::= <SVS DECL HEAD) <s~s ELEM) <END PHRASE) 

<~~S DECL HEAD> .. -.. - SYSTEM <10> $ 
! <SYS DECL hEAD) <S~S ELEM) 

<S~S ELEM) ::= <HEACER DECL> 
<SYS DATA DECL) 
<SYSPROC OECl bEAD) <SVSFROC ELEM) <END PHRASE> 
<SYSPROCREN OECl HEAD) <SYSFROCREN ElEM) <END PHRASE) 
EXTREf <10) $ 

<~YSPROC DECL HEAD) ::~ SYS FRce <10> ~ 
I <SYSPROC DECL HEAD) <SYSFROC ELE~) 

<SYSPROCREN DECL HEAD) ::= SYS_FRCC_R 
<SYSPROCREN 

<Ie) $ 
DECL HEAD) <SYSPROCREN ELEM> 

<SYSPROC ElEM) ::= <SYSPROCRE~ ELEM) 
I <LOCAL DATA CECL) 

<SYSPROCREN ELEM> ::=1 <SUB-ROUTI~E DECL) 
<AUTO DATA DECL) 

<STM CLAUSE> 

<END PHRASE) ::= E~D $ 

<STM) •• - <LA8EL CEFN) <BASIC STM> 
•• , <BASIC STM) 

<lABEL DEFN> 

<BASIC STM) 

.. -.. -
. . -.. -

<LABEL) 

<SItJPLE STM> 
<VARY CLAUSE> <DO CLAUSE) 
<CASE CLAUSE) <CASE LIST) 
<~HILE CLAUSE) <00 CLALSE) 
<IF CLAUSE> <ThEN CLAUSE) 

<ELSE CASE) 



026 
027 
C2B 
029 
030 
031 
032 
033 
034 
035 
03(: 
037 
033 
03<'; 
040 
041 
042 
043 
044 

045 
046 

047 
(T\ 048 
CO 

049 

OSC 

051 

052 

C53 
054 

055 
05t 

057 
058 

C5~ 
060 

061 
062 

<SIMPLE STM> · .~ .- <BEGIN HEAD> <STM CLALSE) END 
<SET CLAUSE> TO <EXPR> 
<S~AP CLAUSE> <fOR CLALSE> 
<SEARCH CLAUSE> <FOR CLAuSE> 
<INPUT CLAUSE> <RECEPTACLE CLAUSE> 
<OLTPUT CLAUSE> <SOURCE CLAUSE> 
<OUTPUT CLAUSE) 
<ENCODE CLAUSE) <SOURCE CLAUSE) 
<DECODE CLAUSE) <RECEFTAClE CLAUSE> 
<PACK CLAUSE) <SOURCE CLALSE) 
<UNPACK CLAUSE> <RECEPTACLE CLAUSE> 
CALL <PROCEDURE STM) 
<CCNTROL PHRASE> <LABEL) 
RETURN <DATA LNIT) 
<CCBEGIN HEAD) <STM CLALSE) COEND 

<RESERVE PhRASE) ) <SI~PLE STM) 
<hAlT CLALSE) ) 

. RETURN 
STOP 

<VARY CLAUSE> · .- VARY <LOOP CLAUSE> · .-j <VARY CLAUS E) , <LCCP CLAUSE> 

<LOGP CLAUSE) · .- <INITIAL CLALSE> <TEST CLAUSE> · .-
I <INITIAL CLAUSE> <1~CR CLAUSE) <T EST CLAUSE) 

<1~ITIAL CLAUSE> .. - <REAL VAR) FROM <SIGl\ED REAL PRI> .. -
<INCR CLAUSE> · .- STEF <SIGNED REAL PRl> · .-
<lEST CLAUSE) ,,~: : = THRU <SIGNEe REAL PRl) 

<CASE CLA'USE> · . - CASE <DATA Lt\IT) · .-
<CASE LIST) .. - Of <INDEX CASE LIST> .. -

I OF <LABE L CA SE LIST> 

<INDEX CASE LIST) · . - <EASIC STf'I CLAUSE) · . -
I <INDEX CASE LIST) <BASIC ST~ CLAUSE> 

<LABEL CASE LIST> · . - <LABEL CASE) · . -, <LABEL CASE LIST> <LABEL CASE> 

<LABEL CASE> · . - <CAS E LABEL) <EASIC STf'J: CLAUSE> · . -
I <CASE LABEL> <LA8El CASE) 

<CASE LABEL) · . - <REAL CONS> . · . - . 
I <STA TLS C O~S> 



063 

064 

065 

066 

C67 

Ot8 

069 
C1C 

011 
0"12 

073 

075 
015 

0" C7t. \.0 077 

078 
07'1 

oac 
081 
082 
083 
084 
085 

086 
087 

083 
cas 
090 
091 

<ELSE CASE> ::= ELSE <BASIC ST~) 

<EASIC STM CLAUSE> ::= <BASIC SlM) $ 

<STM CLAUSE) ::= <STM) $ 

<~rllE CLAUSE> ::= WHILE <BOOl EXPR> 

<co ClALSE) ::= DO <SIMPLE ST~) 

<IF CLAUSE) 

<TrEN CLAUSE) 

<TRUE PART) 

· .-· .-
· --· . -

J 

IF <BOOL EXPR) 

THEN <STM) 
<TRUE PART> <STM> 

THEN <SIMPLE SlM CLAUSE) 
THEN <If CLAUSE> <TRUE PART) <SIMPLE STM CLAUSE) 

<SIMPLE STM CLAUSE> 

<BEGIN HEAD) 

. --.. -
8EGI~ 

<SIMPLE STM> ELSE 

<BEGIN HEAD) <STM ClALSE) 

<COBEGIN HEAD) 

<SET CLAl)SE> .. -.. -
I 

C(BEGIN 
<COBEGIN HEAD) <SlM CLAUSE) 

SET <DATA Ut\IT> 
<SET CLAUSE> <OATA UNIT CLAUSE) 

<EXPR) ::= <REAL EXPR) 
<BIIS EXPR) 
<CHAR EXPR) 
<STAlLS EXPR> 
<BOOl EXPR> 
<TABLE IDENTIFIER> 

<REAL EXPR) ._- <REAL TERM) · .-
I <REAL EXPR> <ACCSUB OPER) <REAL TERM> 

<ACCSUB OPER> - . - + · .-
t 

<REAL TERM) · . - <REAL SECN) · .-
I <REAL TERM) <MUlDIV OPER) <REAL SECN> 



092 
093 
0<;4 

095 
OSe 

0<;7 
OS8 
O<;S 

lCO 
101 
102 
103 
104 

Ie ~ 
106 

107 
108 

"l 109 
0 110 

111 
112 

113 
114 

115 
lIt 
117 
118 

119 
120 

121 
122 
123 
124 

125 
126 

<~ULOIV OPER> 

<REAL SEeN> 

.. -.. -
.' , 

· .-· ., 
* I 
REM 

<SIGNED REAL PRI) 
<REAL SECN> ** <SIGNEe REAL PRI) 

<SIGNED REAL PRI> <REAL PRI) 
<REAL PRI> 

ABS <REAl.,. PRI> 

<REAL PRI> · . -· .-
I 

<~EAL CCNS> :: i 
(REAL DATA UNIT> 

<8ITS EXPR> 

<lCGICAL OPER> 

<BITS FACTCR> 

(REAL CONS> 
<REAL DATA UNIT> 
( <REAL EXPR> ) 
( <REAL EXPR> ) •• <PE~L CONS) 
<REAL FUNC NAME) <INPUt FARAMS> ) 

<REAL> 
<TAG) 

· ... -
I 

<REAL VAR) 
<REAL fIELD NAME) 

<8ITS FACTOR> 

<sueSCRIPT CLAUSE> 

<BITS EXPR> <LGGICAL CFE~) <8ITS FACTOR> 
.. -.. -

I 
A~CL 
ORL 

) 

<BITS SECN> 
<BITS FACTOR) <SHIFT (FER> <SIGNED REAL PRI) 

<St-IFT (PER) .. - SHLL .. -
I SHRL 

CIRSt-LL 
CIRSt-RL 

f 

<e ITS 5 ECN) · . - <BITS PRI) · . -
I t\CT L <BITS PRI> 

<eITS P RI) · .- <BITS CONS) · .-
I <BITS CATA UNIT) 

( <BITS EXPR> ) 
<BITS FUNC NAME) <INPUT PARAMS> 

<BITS DATA UNIT> · .-· .- <BITS VAR) , <BITS FIELD NAME) <SUBSCRIPT CLAUSE> 



127 
128 

1~S 
130 
131 
132 

133 
134 

135 
136 
137 

<CHAR EXPR) 

<CHAR PRI> 

· ... -
I 

· . -· .-
I 

<CHAR DATA UNIT> 

<STATUS EXPR> 

<CHAR EXPR> CAT <CHAR F~l) 
<CHAR PRI) 

<CHAR ceNS> 
<CHAR DATA UNIT) 
( <CHAR EXPR> ) 
<CHAR FUNC NAME> <INPUT FAR~MS> 

• -- <CHAR VAR> --T <CHAR FIELD NAME> <SUBSCRIPT CLAUSE> 

<STATUS CONS) 
~STATUS DATA L~IT> 
<STATUS FUNC NAME> <I~PUT PARAMS> 

13 a 
139 

<STATUS DATA UNIT> ::= <STATUS vAR> 
J <STATUS FIELD NA~E) 

140 
141 

142 
143 

144 
145 

14c 
147 
148 
14<; 
150 

<BOOL E}<PR) 

<BCOL OPER) 

<BOCL SECN) 

<BCOL PRI> 

· . ----I 
· . -· . -

t 
· --· . -

I 

1 = 1 
152 

<seal DATA UNIT> 

152 
154 
155 
15fJ 

(REL EXPR> 

157 <~El OPER> 
158 
159 
lea 
Ie 1 
1 f: 2 

· .-· .-

<SUBSCRIPT CLAUSE> 

<BoeL SEeN> 
<SOOL EXPR) <BOOL OPER) <Boal SEeN) 

A f\O 
OR 

<8CCl PRI> 
NOT <BOOl PRI) 

<Beal ceNS> 
( <BOOL EXPR> ~ 
<BGOl CATA UNIT) 
<BCOl FUNC NAME> 
<REL EXPR> 

<INPUT FARAMS> 

.-- <BOCL VAR) 
•• , <BOOL FIELD NAME> <SLBSCRIPT CLAUSE> 

<REAL FRI> <REl (PER> <REAL PRI> 
<BITS PRI> <REl OPER> <REAL PRI> 
<ChAR PRI> <REL [PER> <CrAR PRI> 
<STATUS EXPR> <REl OPER> <STATUS EXPR) 

= 
-,= 

< 
> 
< = 
:> = 



163 
164 
165 
16(: 
167 
168 
It c; 

170 
17 1 
172 
173 
174 
175 
176 

177 
178 

179 
180 
181 

~ 182 
I\) 

183 

184 
185 

1St 

187 
188 

18Y 
190 
1 S 1 
192 
193 
lS4 
195 

lSc 
1S7 
1 sa 
1<;9 

<CATA Ut\IT> .. -.. -

<CATA UNIT CLAUSE> 

· · · · · · · · · · · · · · 

<REAL CATA Ut\IT> 
<BITS DATA Lf\IT> 
<CHAR DATA l.JNIT> 
<BCOL DATA Uf\IT) 
<STATUS DATA ~NIT> 
<TABLE IDENTIFIER) 
<SUBSCRIPT CLAUSE> ) 

· . -· . - <REAL DATA UNIT)~ 
<BITS CATA U~IT> 

, <CHAR DATA UNIT) 
, <STATUS DATA uNIT) 

<BOCL CATA Ut\IT) 
, <TABLE IDENTIFIER) 
, <SUBSCRIPT CLAUSE) 

<SUBSCRIPT CLAUSE) · . -· .-
I 

<TABLE IDENTIFIER) ( 
<SUBSCRIPT CLAUSE) , 

<SIGNED REAL PRI> 
<SIGNED REAL PRI) 

<TABLE ID~NTIFIER) · . -· .-
I 

<TABLE NAME) 
<SUE-TABLE NAME) 
<ITEM_AREA NAME) 

<SwAP CLAUSE> ::= SWAP <DATA Uf\IT> 

<SEARCH CLAUSE> ::= SEARCH : <OATA SlRLCTURE> 

<CAIA STRUCTURE> •• - <SUBSCRIPT CLAUSE) 1 ··1 <FILE NA~E) ( <SIG~ED REAL PRI> 

<FCR CLAUSE> ::= FOR (DATA Uf\IT> 
<PROCEDURE STM> .. -.. - <PROCEDURE NAME) 

<PROCEDURE ~AME> 
<ACTUAL PARA~ETER LIST> 

I 
<~CTUAL FARAM LIST> 

<INPUT PARAMS> 

.. -.. - < INPUT PAR,t\MS> 
< I N PUT PAR.I\MS> 
<OUTPLT PARAMS> 
< INPUT PARIt\MS) 
< INPUT PARAt~S) 
<OUTPUT PARAMS> 
<LABEL PARAMS) 

( <EXPR> 
( , 

<CUTPUT PARAMS> 
<CUTPUT P~RAMS) 

<LABEL PARAMS> 
<LABEL PARAMS> 

<I~PUT PARAf'JS> 
<INPUT PARAMS> 

, , <E)<PR) 

<LABEL PARAMS> 



20C 
201 
202 
203 

204 
205 

20t 
2C7 
208 

2CC; 
210 

211 
212 
213 

214 
215 
216 

'l 217 

"'" 218 
219 

22C 

221 

222 

223 

224 
225 

226 
227 

228 
22S 
23C 
231 

<Ol:TPUT PARAMS> 

<LABEL PARAMS> 

<ceNTROl .PHRASE> 

<RESERVE PHRASE> 

<RESOURCE> 

· .-· .-
I 

.. -.. -
I 
· .-· .-

I 
· .... -

I ~DATA U~IT> 

<OUTPUT PARAMS> 
<CAlA <OUTPLT PARAtJS> UNIT CLAUS E) 

I I <LABEL) 
<LABEL PARAMS> , <LAEEl> 

R ESU r~ E 
RETURNTO 
GOTD 

RESERVE ( <RESOuRCE> 
I <RESERVE PHRASE> <RESOURCE> 

<PROCEDURE STM> 
<DATA STRUCTURE) 
<DATA UNIT> 

<wAIT CLAUSE> · .- WAIT ( <PROCEDURE NA~E> · .-I 
<INPUT CLAUSE> : : = 

I 
<CLTPUT CLAUSE> · .-· .-

I 
<ENCODE CLAUSE> · .-· .-
<[ECODE CLAUSE> · .-· .-
<PACK CLAUSE> · . -· .-
<L~PACK CLAUSE> ::= 

<~ECEPTACLE CLAUSE> 

<SCURCE CLAUSE> 

<WAIT CLAUSE> , <PROCEDURE NAME> 
I~PUT <FILE ~AME> 
INPUT <FILE NAME> <FCR~AT NA~E> 

CuTPUT <FILE NAME> 
OUTPUT <FILE NAME) <FeRMAT ~AME> 

E~CODE <CHAR DATA UNIT> <FOR~AT NAME> 
DECODE . . <CHAR DATA UNIT> < FOR t-',A T NA ~E > 

PACKIN <DATA U~IT> 

U~PCK <DATA UNIT) 

•• - INTO <DATA UNIT) 
I' <RECEPTACLE CLAUSE) 

OUTOF <DATA LNIT> 

<DATA UNIT CLAUSE> 

<SOURCE CLAUSE> <OATA UNIT CLAUSE> 
<FILE NAME) .. -.. - PRINT 

P~CH 
READ 
OCM 



2. CECLARATIONS GRAMMAR 

001 <[ECl> •• - <SU~-RCUTINE DECl> 
C02 •• J <DATA DECL) <OATA ELEM> E~C_CO $ 

003 <SUB-ROUTINE CECL> •• - <PROCECURE DECl) ~ 
004 ---II <PROCEO~RE CEeL) <FPARM LIST> $ 
005 <FUNCTION CLAUSE) ) $ 

OCt <PROCEDURE DECL> ::= PROCEDURE <10> 

007 <fPARM LIST> 
cca 

::= <.IN FARMS) <CUT PARMS) <LABEL PARMS> 
<I~ PARMS) <CUT PARMS> 

009 <IN PARMS) <LABEL PAR~S) 
010 <CUT PARMS) <LABEL PARMS> 
011 
012 
013 

014 
015 

<IN PARMS) 

016 <CUT PARMS> 
017 

<IN PARMS> 
<OUT PARMS> 
<LABEL PARMS) 

( <VAR) 
<IN PARMS> 

I <VAR) 
<CUT FARMS) , 

<VAR) 

<VAR> 

018 
OlS 

<LAeEl PARMS) ::= I I <10) 
, <lABEL PARMS> t <Ie) 

02C 
021 

022 

023 
024 
025 
C2e 
027 
C28 
O~9 
030 

<FUNCTION CLAUS~> ::= <FUNCTION HEAD> ( 
<FUNCTION CLAUSE) 

<fUNCTION HEAD> ::; FUNCTION <DATA TYPE) 

<\JAR) .. -.. - <NUM VAR> 
<BITS VAR> 
<CHAR VAR> 
<STAT VAR> 
<BOOL VAR> 
<TBl I\A~E> 
<ITEM A. NAME> 
<SUBTBL NAME> 

031 <CATA DECl) 
032 

.. -.. -
I 

SYS_OD <10) $ 
LOC 00 $ 
ALTt CD $ 033 

034 <DATA OECL) <DATA ELE~) 

, <VAR> 
<VAR> 

<10> 



035 
036 
037 
038 

03S 
040 

041 

042 
043 
044 
045 
046 
041 
048 

C4S 
05C 

051 
~ 

052 
\J1 053 

054 
055 
OSt: 
057 

C58 
05S 

OtC 
Otl 

0l:2 
063 

Ot4 
065 

066 

061 
068 

<DATA ElEM> .. -.. -
I 

<\lR8L DECl HEAD> 

<vRBL HEAD> 

<CATA T"VPE) 

· . -· . -
· .-· .-

<~TATUS CLAUSE> 

<ITEM> 

<CCt\STA~T> 

<10> 
<10) 

::= 

I 
<eOCL COt\STANT> 

<~LtJORTAG> · .-· .-

<VR8l CECL HE~D> <ITE~) $ 
<FORMAT DECL HEAD> <oESCRGROUP> ) $ 
<TAG CECl rEAD> <10> = <REAL CONSTANT> $ 
<TABLE OECL HEAe> <TASlE CECl> END_TABLE $ 

<VRBl HEAC) 
< V R B L 0 EeL H E A 0> <ITEM> 

VRBL <DATA TYPE) 

INTEGER ( <REAL CONSTAt\T) ) 
FIXED ( <REAL CONSTANT) , <REAL CONSTANT> 
FLOAT ( <REAL CC~STAt\T> ) 
BllS ( <REAL CCt\STANI) ) 
CHAR ( <REAL CONSTANT) ) 

.BCCLEAN 
<STATLS CLAUSE) ) 

•• - STATUS ( <STATUS C(~STANT) ··1 <STATLS ClALSE) , <STATUS CCt\STANT> 

= <CONSTANT) 

<l\UMORTAG) 
<BITS CONSTANT) 
<CHAR CONSTANT) 
<STATuS COt\STAt\T) 
<BOOL CONSTANT) . 

::= TRUE 
I FALSE 

<lAG) 
<REAL CONSTANT) 

<TAG OECl HEAC> : : I 
<FGRMAT OECL HEAD) 

TAG 
<TAG DECL HEAD) <Ie) = <REAL CCl\STA~T> 

::= FORMAT <IC) ( <ChAR CONSTANT) , 
<FORMAT DECL HEAD) <OESCRGROUP> t 

<CSCRLIST HD) .. -.. - <REAL CCf\STAf\T> 

<CSCRLIST> · .-· .-
I 

<OSCRLIST HO> 
<CSCRlIST) 

<OESCRIPTCR) 
<CESCRIPTOR) 

, 



069 

07e 
071 

072 
073 
074 
075 

076 
077 

07d 
C7S 

cac 
081 
082 

Oc3 
084 

085 
086 
C87 

088 
08<) 

090 
091 

092 
093 
C94 

095 
0ge 

OS7 
oss 

<REPTN GROUP) 

<DE SC RGROUP) 

<DE SC R I PTOR) 

.. -... -
. . -.. -

<SLASH LIST) : : T 
<TABLE CECL HEAD) 

<lABLE CLAUSE) 

<TABLE HEAD) 

<TABLE DECL) 

.. -... -
I 

<CSCRlIST> ) 

<REPTf\ GROUP> 
<DESCRIPTOR) 

<REAL CG~STANT) <10> 
<10> <REAL CC~STANT) 
<CHAR CO~STANT> 
<SLASH LIST) 

I 
<SLASH LIST) I 

:;= <TABLE CL4USE) ) 
I <TABLE CEel HEAC) 

<REAL CONSTANT) 

~ 
<TABLE CEel) 

<TABLE ~EAC) ( <NUMGRTAG> 
INDIRCT <TAELE HEAC) ( <NUrv'ORTAG) 
<TABLE CLAUSE> t <~L~GRTAG) 

TABLE (10) 
<TABLE HEAD) , (10) 

<FIELD DECL) $ 
<ITEM_AREA ClAUSE> $ 
<SUbTABLE CLAUSE) ) S 

<FIELD CE:CL) •• - FIELD <DATA T~PE> ··T <FIELD DECL) <FITEM) 

<fITEM) .. -.. -
I 

<ITEM) 
(10) = 

<REPETITION LIST> 

<ITEM_AREA CLAUSE) 

<SUBTABlE CLAUSE) 

.. -.. -

<REPETITION LIST) <CONSTANT> 
( 
<NUMORTAG> ( 
<REPETITICN LIST) <CCNSTANT> 

ITEM AREA (10) 
<ITE~_AREA CLAUSE> t <Ie> 

SUBTABLE (10) ( 
<SUBTAeLE CLAUSE> 

<NUMORTAG) 
t <NUMCRTAG) 



APPENDIX B 

DESCRIPTION OF THE CMS-2BS LANGUAGE 

ihe CMS-2RS language is described in the following 

sections using a modified metalinguistic notation which 

was originally developed by Eackus and is descrited in ref

erence 12. This modified notation uses the following basic 

symbols: 
. . -.. - A connective meaning tlis defined to teu • 

A connective meaning "or defined to te". 

< > Delimiting brackets enclosing a metalinguistic 

variable. 

f ~ Belimiting traces enclosjng trackets meaning 

"more than one metalinguistic variatle", where 

each variable is separated by a comma, dollar 

sign ($), or space as apprcpriat€. 

The sections below describe the syntax and sE~antics, 

and give €XamFles for each structu~e or statement in the 

language. Prcgram structure is described in Section 1. 

section 2 describes the basic symbols and deli~it€rs of the 

lan9Ua~€ that are fermed from the CMS-2BS alpnat€t. Data 

structures and referencing conventions are descrited by 

Section 3, followed by control structures in Section 4. 

Section 5 describes Real, Bits, status, Character and 

Boolean expressions. The header and detug statements were 

not iapl€men~ed in the present version of CMS-2FS and are 

not included in this aPF€ndix. In the examples telow, the 

notatioI "<metalinguistic variable>" is used whEn the Item 

has Dot yEt been defined, but its incluEion is necessary 

for a ccmplete description cf the example. References to 

imposed limits on the numters of elements allowed in the 

statements that follow are actually limjtations iuposed by 

CMS-~RS compiler and its table sizes. 
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1. Program structure-

a. System and System Elements 

Syntax: 

'(SYSTEM)::=SYSTEM <IDENTIEIER>$ 

It<SYSTEM ELEMENT>~END$ 

<SYSIEM ELEMENT)::=(HEADER D~CLARATION) 

Semantics: 

I<SYSTEM DATA DECLAEATION> 

t<SYSTEM PROCEDURE tECLARATION) 

J<SYSTEM REENTRANT PROCEDURE 

DECLARATION) 

IEXTREF <IDENTIFIER>$ 

A System is a compile-time groufing of System Ele

ments, beaders, debug stat~ments, and externally referenced 

(EXTBEF) system Element identifiers. System Ele~ents are 

either system Data, system Procedure, or System Reentrant 

Procedure decla~ations. ihe order in ~hich Elements are 

listed is up to the programmer and specifies thE rlE~ired 

order of compilation and linking. A header may cnly be in

cluded once at the beginning of a System. The total number 

of ElemEnts allowed in a System is ni n ty-nine (99). 

Examples: (see section 1 d.) 

t. System Procedures and SystEm REentrant PrccEdures 

Syntax: 

<SYS1EM PROCEDURE DECLARA1ION)::=SYS_PBCC <IDENTIFIEB>$ 

{~SYSTEM PBCCEDURE 

ELEMENT> ~ END$ 

<SYSiEM REENTRANT PROCEDURE DECLARATICN)::=SYS_fECC_R 

<IDENTIFIER)$ {<SYSTE~ REENTRANT 

PROCEDURE ELEMiNT>l END$ 

S€mantic~: 

Both tYfES of System Procedures are the tasic build

ing blocks of the CMS-2BS language. Procedures ~ay reference 

each other only through their ~rime procedures and are sef

arately compil€able and executable. Reentrant procedures 

con~ist of separate sections of data and non-changeable code. 
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Examples: (see Section 1d.) 

c. System Procedure Elements 

syntax: 

.<SYS1EM fEOCEDUBE ELEMENT)::;<LOCAL DATA DECLARATION) 

j<AUTO DATA DECLARA~ION) 

I<PROCEDUBE SUE-ROUTINE 

DECLARATION) 

I<FUNCTION SUB-ROUI1NE 

DEClAEATION> 

<SYSTEM REENTRANT PROCEDURE ElEMENT>::=<AUTO DATA 

DECLARATION) 

I<PROCEDUBE SUB

ROUTINE IECLARATICN) 

t<FUNCTION SUE-

ROUTINE DECLARATION) 

semantics: 

The elements in both types of System PrccEdures 

may te ordered in any manner, but Auto Data declaxations 

must pIecede the applicable Eub-routine declaration. Auto 

Data dEclarations are dynamically allocated at EXEcution 

time, with a SEfarate copy FIovided to each calling sub

routine. 

Examples: (see sEction 1 d.) 

d. Procedure and Function Sub~routin€ Declarations 

Syntax: 

<PRCCEDURE SUE-ROUTIN~ tECLARATION>::=pnOC~DURE <IDENTI

FIER><INPUT FARAMETERS><OUTPUT FARAMETEFS><IABEL 

PARAMETERS»$<STAIEMENT)$ 

<INFUT fARAMETEES>::=( [<VARIABLE>~ 

<OUiIU1 FARAMET~RS>::~I f<VARIABLE>J 

<LAEEI fABAMETE-ES)::= J I f<LAEEL NAME)] 

<FUNCTICN SUB-ROUTINE DECLARATION>::=FUNCTION <DA~A TYPE> 

<IDEN!IFIER><INPU1 PARAMETERS»$<STATEMEN1>$ 

Seman tics: 

A Procedure may have anyone, twc, threE, cr none 

of the members of the set of input variatles, outfut var

iatlEs, and label names as fOImal Farameters. A Function, 
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howeve~, must have at least one input farameter. All input 

and.outfut parameters must have been Freviously dEclared 

in data declarations, but Function names are declared 

.~hEn the Functi~n is defined. Both Procedure and Function 

sub-routine declarations must include one statement. There 

is no imposed l~mit on the number of sut-routinE declaraticns 

allowEd within a system Procedure cr Reentrant frocedure. 

Example: 

SYSTEM ALPHA $ 

<HEALER DECLARATION> 

<SYSTEM DATA DECLARATION> 

EXTREF A $ 

SYS~fROC E $ 

<LOCAL DA1A DECLARATION> 

FROCEDURE f (INIOUTjjIAEEL)$ 

<STATEMENT>$ 

<AUTO DA1A DECLARATION> 

FUNCTION C (IN1)$ 

<STATEMENT>$ 

END$ 

SYS-PROC_R D$ 

END$ 

IND$ 

<AUTO DATA EECLARATION> 

PROCEDURE D jOUT11ILAEEL1)$ 

<STA'IEMENT>$ 

<AUTO DATA £ECLARATION) 

FUNCTION E (I~2)$ 

<STATEMENT)$ 

E. statements and Blocks 

Syntax: 

<STA1EMEN1)::;<LABEL NAME):<BASIC STATEMENT> 

I<EASIC STA!EMENI) 

(BASIC STATEMENT)::=<SIMPLE STATEMENT> 

I<VARY STATEMENT) 

,<CASE STA~EMENT> 

t<WHIlE SlATEMENT) 
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I<IF STATEMENT) 

<SIMPLE STATEMERT)::=BEGIN £<STATEMENT>1 END 

ICOBEGIN £<STATEMENT)l ~OENL 

I<SET STATEMENT) . 

Semantic~: 

I<SwAP S~ATEMENT) 

,<SEARCH STATEMENT) 

I<INPUl STATEMENT) 

,<OUTPUT STATEMENT) 

I<ENCODE STATEMENT) 

~<IECODE STATEMENT) 

I<PACK STATEMENT) 

j<UNPCK STATEMENT) 

I<PROCEDORE STATEMENT) 

I<GOTO STATEMENT) 

I<RETURNTO STATE~ENT) 

I<RESUME STATEMENT) 

I<RESERVE STATEMENT> 

J<WAIT STATEMENT) 

l<RE1URN STATEMENT) 

I<STOP STATEMENT) 

A statement directs some acti~n or contIcls the ex

ecution of a group of statements. The group of statements may 

themselves be a statement, thus allowing nesting cf statement 

groufs. These goups are delimited by the reserv~d words 

BEGIN~END or COBEGIN-COENt and ~ay be inter-nested to any 

level. BEGIN,..,END sta tements imply seguential processing 

and COEEGIN-CCEND statements imply parallel proCEssing. 

COEEGlN-COEND statements, however, may also be processed sequen~ 

tially. All statements within COBEGIN-CCEND blocks may only 

change-access mutually disjoint sets of data anG central 

stru~tuIes, that is, two statements cannot access the same 

data or control structur€. 
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Exampl~: 

EEGIN 

<STATEMENT) 

END$ 

< STATEMENT) 

CCBEGIN 

<STAT Er1ENT) 

<STAT EMENT) 

COEND$ 

BEGIN 

<STATEMENT) 

" 

" 

<STATEMENT> 

END$ 

2. ~~sic Symbols and' Delimite~s 

ihe CMS-~RS alphabet consists cf ietters l digits and 

special symbols from the u.~. ASCII Standard ~haracter Set. 

The following sFecial symbols are elements of the alphabet: 

+ (plus) ) (right parenthesis) 

(minQ,s) $ ~dollar sign) 

/ (slash) , (comma) 

* (aster isk) (pr ime) 

(decimal Faint) (ba r) 

( (left parenthesis) (space) 

< (left bracket) (underline) 

) (right bracket) (colon) 
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(equal) 

~ (net) 

-:l:l: (poun d) 

II (quote) 

& (ampersand) 

~w (percent) 

a. ldentifjers and Reserved Words 

Syntax: 

<IDENTIFIER> ::=<LETTER) 

I<IDENTIFIER><DECIMAL DIGIT> 

I<IDENTIFIER><LETTER> 

,<IDENTIFIER> 

<LET1ER>::=AjBI· •• IZ 

<DECIl'lAl DIGIT>::=112' ••• 19jO 

Seman tics: 

Identifiers are composed of seguences ef letters 

and digits of any length, and must begin with a letter. Only 

the first eight positions are used and hence twc different 

identifiers must te unigue in the first 'eight positions. 

The blank space must be used as a delimiter bet¥€€D suc-

cessivE identifiers and may be u~ed between delimiters and 

identifiers for clar~ty. 

Examples: 

ALPHA 

SYS_PEOC 

BETA 1 

b. Real constants 

Syntax: 

<REAL, CCNSTANT>: :=<OCTAL CONSTANT> 

I<DECIMAL CONSTANT> 

<OC1AL CONSTANT)::=&<OCTAL INTEGER) 

I&<OCTA~ fIXED-POINT> 

I&<OCTAL FLOATING-peINT> 

<OCTAL INTEGEE>::= <OCTAL DIGIT> 

I<OCTAL INTEGER><OCTAl DIGIT> 

<OCTAL CIGIT>::=OtlI21 ••• 1617 

<OC1AL fIXED-fOINT>::=<OCTAL INTEGER>. 

I .<OCTAL INTEGER) 

I<OCTAL INTEGER>~<OC1AL IN~EGER> 
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<OCiAL FLOATING-POINT>::=<OCTAL INTEGEB)E<OCTAI E]PCNENT> 

I<OCTAL INTEGEE)E(SIGNEt eCTAL 

EXPONENT> 

I<OCTAL FIXED-EOINT>E<CCTAL EXPONENT) 

j<OCTAL FIXED-FOINT)E<SIGNED OCTAL> 

EXPONENT) 

"<OC1AL EXPONENT>::=<OCT4L DIGIT><OCTAI EIGIT) 

~ <SIGl\E.r;CCTAL EXPONENT>: :=+<OCTAL EXPONENT> 

I-<OCTAL EXPCNENT> 

<EXPONENT)::=<DECIMAL DIGIT><DECIMAL DIGIT> 

<DECI~AI CONS1ANT> ::=(DECIMAL INTEGER) 

I<DECIMAL FIXED-PDINT> 

t<DECIMAL FLOATING-POINT> 

<DECIMAL INTEGER>::: <DECIMAL DIGIT) 

(DECIMAL EIXED-£CINT>::=<DECIMAL INTEGER). 

,.(DECIMAL INTEGER> 

I<DECIMAL INTEGEB>.<DECI~AI INTEGER) 
I 

<D!CI~AI FLCATI~G-POINT>::=<DECIMAL INTEGER>E<DECIMA~ 

EXEONENT> 

I<DECIMAL INTEGER)E(SIGNED 

DECIMAL EXPONEN~> 

I<DECIMAL FIXED-POINT)E<DECIMAL 

EXPONENT) 

I <DECIMAL FIXED-POINT)E<SIGNED 

DECIMAL EXPONEN1) 

<DEC1~AL EXPONENT>::=<DECIMAL DIGIT)<DECIMAL DIGIT) 

<SIGNEt BECIMAL EXPONENT)::=+(DECIMAL EXPONENT) 

I-(DECIMAL EXPONENT) 

semantics: 

The total number of digits ana characters ( ., +, -, 

and E) allowea in a real cor.stant is twenty~two (22). 
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Example': 

1 

1.0 

.35 

3. 

2.5E+ 13 

3E10 

.2E-12 

+1 

-2.4 

&-7E+12 

(;77 

c. Bits Con~tant 

, Syntax: 

<BliS CONSTANi>::~ <HEXADECIMAL DIGIT> 

I<BITS CONSTANT><HEXAtECIMAL DIGIT) 

<HEXADECIMAL DIGlT>::=<DECIMAL DIGIT>jAjDI ••• iF 

Semantics: 

The Bits constant is a sequencE of binary digits which 

is LEprEsented by a sequence of hexadecimal digits. Each 

digit represents four binary digits of cnes or Z€£O€s. The 

numte~ cf hexatl£cimal digits allowed in a Bits constant is 

twenty-two (22) including th~ pound sign ~. 

Example: 

#1234ABFE 

d~ status Constant 

Synt'ax: 

<STA~US CONSTANT>::='<IDENTIFIER>' 

Example: 

, HOT' 

'COLD' 

'ALER! l' 

e. string Constant 

Syntax: 

(STBING CONSTANT'>: :="< ALPHABE.T SYMBOL)" 

I"<STRING CONSTAN;r)<~LPHABE~ SYMBOL)" 
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<ALPEABEl SYMBOL>::=<LET1ER> 

I<DECIMAL DIGIT> 

I<SPECIAL SYMBOL> 

<SPECIAL SYMBOL):::;:+J~I/j*j.l) 1(1$1, I'lspace 

1<1>1:::;~"'I&J_I: II 
Semantics: 

There is no imposed limit on the number cf characters 

allewed in a string constant. A double quote ('1111"), however, 

is net allowed. 

Example: 

"STRI NG CONST ANT II 

f. Boolean Constants 

Syntax: 

<BOOLEAN CONS1ANT)::=TRUE 

IFALSE 

Seman ti·cs: 

the inte~nal value of TRUE is one (1) and FALSE is 

zero (0). 

g. comments 

Syntax: 

<COMMEN~>:: :=%<ALPHABET SYMBOL) ~o 

l/~COMMENT><ALPHABET SYMBOI>?o 

SemanticE: 

The comment statement may be used to document a pro

gram. It may be inserted anywhere within the FIcgram or its 

statements but there ~ust be at least orie blank inserted if 

~t follows an identifier. 

E~ample: 

SET: TBIS IS AN ASSIGNMENT STAtEMENT A 10 B$ 

3. £ata Structure 

a. Data De~larations 

Syntax: 

<SlSlEM DATA DECLAEATION>::=SYS_DD <ICENTIFIER>$ 

t<DATA ELEMENT>l 1:.NIJ$ 

<LOCAL CATA DECLARATION>::=LOC_DD <IDENllfIER>~ 

[<DATA ELEMENT>~ END$ 
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<AU1C tATA DECLABATION>::;AUTO DD <IDENTIFIER>$ 
-r 

i<DATA ELEMENT>] ENL$ 

<DATA ELEMENT>:_:=<VARIABLE -DECLARATION) 

I<TABLE tECLARATION> 

I<FORMAT DECLARATION) 

I<TAG DECLARATION> 

Seman tics: 

A data declaration defines the data identifiers and 

their attribut€:s which apply to the dynamic statements that 

follcw. There is no imposed limit on the number cf data 

elements allowed within a data declaration or on the num

ber of data declarations allowed within a Systen. System 

data rleclarations apply to the entire compile-time System 

and local or Auto data declarations aFFly only tc the System 

Procedure in which they are defined. 

b. Variable Declarations 

Syntax: 

<VARIABLE DECLARATION)::=VREL <DATA TlfE> <ITEM> $ 

(DATA TjFE>::=INTEGER«DECIMAL INTEGER» 

IFIXED«DECIMAL INTEGER>,<DECIMAL IN1EGER» 

IFLOAT«DECIMAL INTEGER» 

IEITS «DECIMAL INTEGER» 

ICHAR«DECI~AL INTEGER» 

ISTA~US(l<STATUS CONSTANT>]> 

IBOOLEAN 

<ITE~~::=<IDENTIEIER> 

I<IDENTIFIER>=<CONSTANT> 

<CC~STANT)::=<REAL CONSTANT) 

I<BITS CONSTANT> 

I<CHARACTER CONSTANT> 

I<STATUS CONS~ANT> 

I <EOOLEAN CONSTANT) 

I <TAG> 

<TAG)::=<IDENTI£IER> 

Seman tics: 

The var~able is a one-dimensicnal data structure used 

to store data values for each data ty~e. There is no im-
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posed limit on the numbEr of Items allcwEd in a variablE dec

laratien. The farenthesized integers in the data type speci

fication determine the ~Ength of the ItEm. FOr types Inte

ger, Fixed, E'loa t and Bi fs the length is in binary digits. 

The actual length implemented( however, may va~y C€F€nding 

upen thE arithmetic and addre~sing characteristics of the 

target nachine. There is no imposed limit on the number 

of character symbols allowed in a character variatle. 

status variables do not have length in the usual 

sense but have a capacity based upon the number of status 

constants assigned them up to a maximum of 127. 

Examples: 

VREL INTEGER(15)A,Bl,C=123765,D3$ 

VRBL CHAR (34) C 1="THIS IS A STRING,?II 

VRBL STATUS('COLD','WARM' ,'HOT')WEATHER$ 

VRBL ECDLfAN ONTARGET=FALSE,HOS1ILE=TRUE$ 

C~ Tag Declaration 

Syntax: 

<TAG DECLAEATION)::=TAG ~<IDENTIFIER>=<REAL CONS~ANT>~ $ 

Semantics! 

A tag is a name for a Real constant. OnCE de

clared, tags may be used in data declarations and dynamic 

statements, where the appropriate constant value ~ill be sub

stituted. There is no impoEed limit on the numte~ of identi

fiers defined in a tag declaration. 

Example: 

TAG ~=3.5,E=l,C~3.2E-10$ 

d. Format Declaration 

S1nta x: 

<FORMAT DECLARATION>::=FORMAT <IDENTIFIER>«CABEIAGE 

CCNTRCL>,l<DESCBIPTOR GROUP>J)$ 

Symbcl: Definiticn: 

<CARRIAGE CONTROL>::=space single space and print line. 

10 doulle sFace and Frint line. 

1- triple space and print line. 

11 page eject and Frint line. 

jH Same as 1 and cancel header. 
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<DESCRIPTOR GROUP>::=<DESCRIPTOR) 

Im( <IESCRIPTOR) ) 

Symbol: Definition: 

(DESFBIFTOR>:!=Iw.d Fixed-point binary to fixed-Foint 

decimal character string. 

IFw.d 

IEw.d 

IOw.d 

I Hw. d 

Floating-point binary tc fixed-peint 

decimal characteI string. 

Floating-point tinary tc floating 

point decimal character string. 

~ix€d~point binary to fixEd-Faint 

octal cha~acter string. 

Binary digits to hexadecimal 

character string. 

I"STRINGulnteger coded characters to 

character symbol string£. 

lAw Fi~st w symbols of an alphanumeric 

data unit are transierreQ as charac

ters. 

ILw Last w symbols cf an alFhanumeric 

data unit are transferred as charac

ters. 

IWX Skip w characters of an iDfut record 

or space w characters in an cutput 

record • 

. jTw A Fosition designator of tab for 

buffer at character positicn w. 

End of record, or number of records 

to be skipped. N+1 slasbes en iDfut 

causes n records to be skipped. 

N+1 slashes on cutput caUSES n blanK 

records to be produced. 

'n<DESCRIPTOB> 

semantics: 

The format declaration specifiEs to thE ccmpil€r the 

desired ccnve~sion of data elements between internal and 

external forms. A format identifier is referenced by INFUX, 

OUTfUT, ENCODE and [EeaDE statements tc descritE data CCD-
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versicn reguiremeots. In the format descriptor, ~ is an 

unsigned integer representing the maximum number of characters 

of a field in the external medium. Integer w includes 

the space for signs, tadix points and e~ponent descriptions, 

but is limited in size to the width of the output medium line. 

The unsigned integer d represents the number of characters 

that appear to the right of the radix Fcint in the cutput 

medium, hence d m-ust be less than w. The unsigned integer 

n specifies the number of repetiticns cf a desc~iFtcr to be 

applied to consecutive output fields on a lin~. The unsigned 

integer ill specites the number of repetitions of a group 

of descriptors to be applied to consecutive output fields on 

a line. A space must follow a format data type symbol such 

as I, E, and H. 

Examples: 

FORNAT ~"100(fI ",3E 10,F 14.7,4(1 6,F 6.2»$ 

E C B 1'1 A I F 2 0 0 (" 1 II , "S TAT US: " I A 4, II " II A CT I G N : II , A 9) $ 

€. Table Declaration 

Synta JC: 

<TABLE LECLARATION>::=<TABLE HEAD.>{<TAELE ELEMEN'IijEND_TABLE $ 

<TABLE EEAD>: :=TABLE f<IDENTIFIER~( «DIMENSION>]) $ 

IINDIRECT .'IABLEt<IDENTIFIER)j( t<DlfEl'S10N>]) $ 

<DIMENSICN>::=<CONSTANT> 

<TAEIE ELEMENl>::=FIELD <DATA TYPE>t<FIEID ITE~~ 

"jITEM_AREA <IDENTIEIER>$ 

ISU'B_TAELE <IDENTIFIER> (l<DINEN~ION>J) $ 

<FIELD IIEM>::=<ITEM> 

I<IDENTIFIER>=(t<PRESET)~) 

I<IDENTIFIER>=m(t<PRESET>~) 

<PRESET)::=<CONS'IANT> 

Semantics: 

'Ihe Table declaration creates a multi-word data struc

ture whose basic element is the Item. All Items in a Table 

contain the same number of ~ords and Fields. An Item-area 

is a working area with a dimension of ODe, and the same Pield 

charactEristics of the parent Table. A sub-table is a subset 

of contiguous Items in a Table, and thus is not a separate 
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data structure. The ~nsigned integer m indicatEs that m 

consecutive Fields are to be preset to the same ~alue. 

There is no imFosed limit of the number of Table 

declaration blocks. The maximum number of Tables allowed in 

a Table declaration block is twenty (20). The ma~imum Dumber 

of dimensions'allowed in a Table is 128. The greatest value 

a single dimension can have is 65,536. The maxi~um number 

of Fields allowed in a Table Item is fcrty (40). ihere is 

no imfosed limit on the number of Item-areas and Sub-tables 

that can be declared within a Table block. 

-To refeIence an Item within a Table, the Table name 

followed by the subscript list must be specified. 10 ref

erence a Field within a Table Item, the Field name follow

ed by the TaDle name and subscript list must be sFeciiied. 

To reference a Field or Item in a Sub-table is the same as 

for Tables. lhe dimensions must be within the defined 

subtable boundaries or an error will occu~. Tc reference an 

Item-area, the Item-area name in parentheses must be 

specified. To reference a Field within an Item-aLea the 

Field name followed by the Item-ar~a name in parETitheses 

must be specified. 

Example: 

TABLE 11,T2,T3(10,20,5) $ 

FIELD INTEGER(16)TF1=1000(-1)$ 

PIELD"BOoiEAN TF2$ 

FIELD STATUS('DOWN','READY','AIRBORNE')AIRCRAFl$ 

SIlBTABLE ST1 (500,1,1,1)$ 

ITEM-ABEA ITM1$ 

END_TABLE$ 

4. Control structures 

a. VARY statement 

Syntax: 

<VARY SlA!EM£NT)::=VARY <REAL VARIABLE) FROM <BEAl fRIMARY> 

TEEU <REAL PRIMARY) DO <S~ATEMENT)$ 

IVARY (REAL VARIABLE> FROM (REAL PRIMARY) 

STEP <REAL PRIMARY) THRU (EEAL PRIMABY> 

DO <STA'IEMENT)$ 
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semantics: 

The VARY statement allows multirle lOaF iEdicies on 

the same level and IDultiFle nesting of loops, .ith the upper 

limit on the number of indicies a function of tar§et 

machine characteristics. Indicies must be declared in data 

declaraticns and retain their last value when a VARY loop 

is exited. The initial, step and test values aLe evaluated 

cnly once ~hen the loop is entered but the loop index variable 

may ~e changed ~uring execution. 

The sta±ement or statement block within a VARY loop 

must be-executed once and the index may either be incremented 

cr decremented until it r€a~hes the test value. ~hen all 

indicies Qn the same level have reached their test values 

the loop will be exited. A partial pass may be made through 

a lo~p ty a RESUME statement. This.is accomplish€d by a 

transfer of control to the increment and test Et€F at the 

End cf the loop. 

The initial, step6 and test valuE data Elements must 

appEar in the o~der listed, but the steF value mal te omitted 

in which case an implied increment of one is as~uned. The 

Real data type tor index variables and loop control values 

is always integer, therefore, fixed-point or flcating-pcint 

values are not allowed. 

Example: 

VARY A FROM B STEP -1 THRU C DC 

BEGIN 

~ET:D TO E+l $ 

VARY D FROM E THRU H,E FROM L THRU 20 DO 

BEGIN 

END$ 

SET:G TO D-10 $ 

SET:M TO E+9 $ 

END$ 
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h. CASE statement 

Syntax: 

<CASE STATEMENT}::=CASE:<BEAL DATA UNIT> OF <STATEMENT)$ 

ELSE <STATEMENT)! 

I CASE:~BEAL DATA UNIT) OF f [<BEAL CONSTANT>:] 

<STATEMENT>$~ ELSE <STATEMEN!)$ 

t CA S E : < S TAT US D AT A U NIT> 0 F t f< STAT US 

CONSTANT>~STATEMENT>${ ELSE 

<STATEMENT)$ 

Semantics: 

The CASE statement allows selection of a statement 

~ithin a list of statements for processing depending upon 

the value of a data unit. This can be accompli~bEd in twc 

ways. lhe inde~ case allows declaration of a list of n 

statements with an implied Dumbering cf 0 to n-1. If the 

value of the data unit is from 0 to n-1 then thE aFFrOFriate 

statement i~ executed, or the ELSE sase statement is executed. 

The label case method requires that each label lE checked for 

a match with the data unit. If a match is found then the 

appropIiate statement is executed, or the ELSE case statement 

is executed. 

Example: 

(1). Index Case 

CASE:D OF 

C.ALl PROC1$ 

CALL PROC2$ 

ELSE CALL PROC3$ 

(2) • Label Case 

CASE:A OF 

2:3: SET: E TO C$ 

5:7:IF A=E TEEN GOTO D$ 

ELSE SET CASEl TO FALSE$ 

c. While Statement 

Syntax: 

<WHILE SlATEMENI>::=WHIIE <EGCLEAN EXFEESSION) Ie <STATEMENT)$ 

Seman tics: 

The WHILE statement allows a statement cr statem€nt 
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block tc be eXEcuted in a loop until the value of the Boolean 

e~ression is FALSE. The BooleaL expression is evaluated 

each time the loop is eXEcuted and it it is initially FALSE 

the lOCF will not be executed. The Boolean eXFression must 

be made FALSE during loop execution or the loop ~ill execute 

infinitely. 

Example: 

WHILE A<5 DO 

BEGIN 

END$ 

SET:B TO C+1$ 

SET:A TO A+1$ 

d. IF statement 

Syntax: 

(IF STA~lMENT>:!=IF <BOCLEAN EXPRESSICN) THEN <STATEMENT)! 

IIF <BOOLEAN EXPRESSION) THEN <~IMP1E 

STATEMENT>$ ELSE <STATE~E~T>$ 

{IF <BOOLEAN EXPRESSION) THEN] <STATEMENT)$ 

~F <BOOLEAN EXPRESSICN> THEN~ <SIMfLE 

SiATEMENT)$ £ELSE <SIMPLE STATEMENT)] 

ELSE <STATEMENT)$ 

semantics: 

The IE statement allows nesting of IF IHEN ELSE 

statements with no imposed limit. Only simple (not CASE, 

VARY, WHILE, RESERVE, or IF) statements are allowed within 

the nesting structure. Basic and simFle statements, however, 

~ay te used fer the last statement aft~r the last ELSE. 

The ELSE statement is always matched with the neaI€st IF 

THEN phlase, thus eliminating the dangling ELSE Froblem. 

Examples: 

IF A=E THEN GOTO LABEL1$ 

IF A=B THEN IF C=D THEN SET:A iC D$ 

IF A=B THEN IF C=D lHEN SET:! TC D ELSE SET:B TO C$ 

e. BESERVE and WAI1 Statements 

Sl'nta x: 

<RESERVE STATEL1ENT>:: =RESERVE( ~<RE.sOUBCE)J)<SI~EIE 
STATEMENT)$ 
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<RESQURCE>::=<PROCEDURE SIATEMENT> 

I : <DATA UNIT> 

I<DAIA STRUCTURE> 

<DA1A S~EUCTURE): :=(lAELE IDENTIFIER> ([<~EAL PEII1ARY>]> 

I<FILE NAME>«REAL FBIMARY» 

·<TAEIE IDENTIEIER)::=<TAELE NAME> 

I<SUE-TAELE NAME) 

I<ITEM-AREA NAME> 

<WAI~ S7ATEMENT>::=WAIT(t<PROCEDURE NAME>])$ 

Seman tic~: 

The RESERVE statement may be used to inicIm the 

monitor system of an impending entry into a critical section. 

The Frocedure s±atements, data units cr data str~ctures 

thus identified will not then be change-accessatle by any 

other Frocesses running in the same.IDulti-programming or 

multi-processing environment. Upon leaving the RESERVE 

block. tbe resources will be freed for change-accEss by 

other proc€sses. The WAIl statement has been addEd to allow 

synchronization of prOCEsses, that is, to specify that the 

ccntrclling frocedure is to suspend execution until one or 

more procedures have completed their eXEcution. 
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Example.: 

COBEGIN 

BEGIN 

RESERVE (R 1) 

Sf BEGIN 

END$ 

END$ 

BEGIN 

RESERVE (R 1) 

BEGIN 

END$ 

END$ 

BEGIN 

fND$ 

COBEGIN 

BEGIN 

WAIT (S2,S3,S6) $ 

END$ 

EEGIN 

WAIT(S1)$ 

END$ 

EEGIN 

WAI T (S1) $ 

END$ 

CCEND$ 

COEND$ 
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f. SET statement 

Syntax: 

<SE7 STATEMENT)::=SET: <tATA UNIT> TO <EXPRESSION~$ 

<DATA UNIT>::=<REAL DATA UNIT> 

J<BITS DATA UNIT) 

I<BOOLEAN DATA UNIT> 

I<CHARACTER DATA UNIT) 

,<STATUS DATA UNIT> 

I<TABLE IDENTIFIER> 

i~~kLLL lDL~~~I1Lh>( <REAL FEIMARY) ) 

<REII r'T~ rN!T:::~<RE~I VAFJtBlE) 

I<REAL FIELD NAME> <lAELE IDENTIFIER> 

( <REAL PRIMARY) ) 

<REAL V~RIABLE)::=<INTEGER VARIABLE) 

I<FIXED-P01NT VARIABLE> 

i<FLOATING-POINT VARIABLE) 

.<BIIS DATA UNIT>::=<BITS VARIABLE) 

I<BITS FIELD NAME) <iAELE IDENIIFIER) 

( <REAL PRIMARY) ) 

<BOOLEAN DATA UNIT>::=<BCOIEAN VARIABLE> 

I<EOOLEAN FIELD NA~E> <TAElE ItENTIFIER) 

( <REAL PRIMARY) ) 

<STAIUS DAXA UNIT>::=<STATUS VARIABLE> 

,<STATUS FIELD NAME> <TABLE ItENTIFIER> 

( <REAL FRIMABY) ) 

<CHA~~C1ER DATA UNIT>'::~<CHARACTER VARIABLE> 

I<CHARACTER FIELD NAME> <~ABLE 

IDENTIFIER)( (REAL FEIMANY) ) 

(EXfDESSICN>::=<BEAL EXPRESSION> 

I<BITS EXPRESSION> 

I<CHARACTER EXPRESSICN> 

,<STATUS EXPRESSION> 

I<BOOLEAN EXPRESSION> 

I<TABLE IDENTIFIER> 

Semantics: 

The SET statement allows the assignment of Evaluated 

EXFressions to a compatible data unit cr Table s~ructure. 
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All afsignments must be tYEe compatible and reC€ftacle data 

unit lengths will determine whether the results are truncated 

at the least significant digits o~ right justified and 

filled in with zeroes. For Character .assignments, the 

character symbols on the right of an €xfression will be trun-

.cated if the ~€ceptacle is smaller than the expression, 

otherwisE, the result will he left justified and the remain

ing fositions unchanged. 

The status assignment will transfer to the status 

variatle the integer value of the status constant on the 

right. 

Bits Expression assignments follow these rules: 

(1). If the length of the eXFressiCD is greater 

than the data unit, then the result is right-justified in the 

data u~it and truncated at the excess bits on the left. 

(2). If the length of the EXFressicn is less 

than the data unit, then the result is right justified in 

the data unit and the unused bits are set to zero. 

A multi-word Table-to-Table, Item-to-Item or 

singlE Item-to-lable assignment results in the trans-

fer of all values from one element to ancther. lable-to

Table a~signment imFlies that every word of one Ta~le will 

be transferred to every corresponding wcrd of ancther Table. 

Dimensicn compatibility is th~ responsibility of the pro

grammer. The total number of words in each, ho~ever, must 

be the same. Item-to~Item assignments will alsc L€sult in 

the t4ansfer of all words in one Item tc another Item. 

Assignment length compatibility is the responsitility of 

the frogrammer a~d excess words .ill be truncated. Item-to

table assig~ment implies that every' Tatle Item is replaced 

ty the ltem value. 

Examples: 

SET:A TO E$ 

SET:~,B,C TO D$ 

SET:WEATHER TO IHOT'$ 

SET WEATHER,T~MFEFATUBE TO IHO!I$ 

SEI:A TO (B+C) *D$ 
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SET: ~ A} . _ • 5 TO'C$ 

SET:A TO (C) •• 2$ 

SE1:A TO C REM D$ 

SET:! TO E ANDL C$ 

SE1:A TO FALSE$ 

SET:C TO "CHARACTER STRING 11"$ 

SET: A (1, 1) to B ( 1, 2) $ 

5ET:1ABLE1 TO TABLE2$ 

S~T:rAELE2 TO ITEM1$ 

9- S~AP statement 

Syntax: 

<SWAP SiA1EMENT>::=SWAP:<DATA UNIT> FCE:<DATA U~ll>$ 

semantics: 

The SWAP statement exchanges thE values cf two data 

unitE. Replacement rules are the same as those for the 

SET .statement. 

Example: 

SWAP:C(1,2) FOR:D (2, 1j$ 

h. SEARCE statement 

Syntax: 

<SEARCH S7ATEMENl)::=SEARCH:<DA1A STRUCTURE) FC~:<tATA UNIT)S 

Semantics: 

ihe SEARCH statement provides the capability to search 

a Table o~ File f~ an entry with same value as a data unit. 

If found, the index variebles in the data st~uctu~e's dimen

sion 'list will bE set at rur-time to foint to thE value's 

location, othErwise they will be set te minus ODE. Both 

structures will be searched sequentially starting with the 

first dimension and varying it and adjacent diaEDsicns uF
ward frcm r~gbt to left to their maximum limit until the 

value is found 9r net found. 

Example: 

SEARCH:TABLE1 (Dl,D2) FOR:B(l, 1,1) $ 

i. INPUl Statement 

Syntax: 
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<INIU1 STATEMENX)::=INPUT <FILE NAME> IN10;<DA1A CNIT>$ 

IINPUT <FILE NAME> <fORMAT NAME> 

INTO:<DATA UNIT)$ 

<PILE NAME>::;READ 

loeM 

I<USER FILE NAME> 

. Seman tic::: 

The INFUT statement causes a monitcr rovtine to iDFut 

oata elements frem a specified device OI user declared file 

into a data unit or units. when the data unit is a whole 

Table thE inFut fills the Table seguentially, word by word~ 

If a format name is not referenced, thE input character 

string is conve~ted to the tYFe and length of thE receptacle. 

ThE U~Er file name featu~e was not imFlemented in this 

version of CMS-2BS, but will allow data to be mcved to and 

from internal and external dEvices. 

Examples: 

INPUT BEAD INTO:A~B,C$ 

INPUT USER1 FOEM1 INTO:TABLE1$ 

j. CUTPDT statement 

Syntax: 

<OU7PU'l STATEM'ENT>: :-=OUTPU1 <FILE NAME> <FORMAT t\AME>$ 

IOUTFUT <FILE NAME> CUTOF:<DATA UNIT)$ 

IOUTPUT <FILE NAME) <FORMAT tiAME> OUTOF~ 

<DATA UNIT>$ 

<.FILE. NAME):: =PRINT 

IPNCH 

IOeM 

I<USER FILE NAME> 

Seman ti.cs: 

The OUTFUT statement causes a mcnitor rcutine to cut

put data cr a character string to a specified device or user 

declared file from a data unit or units. When th~ data unit 

is a whole Tatle the OUTPUT statement empties the Table Items 

sequentially, word by word. If a fermat name is not refer

enced, the output character string is truncated at 22 positions 

per oata unit. 
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Examples: 

OUTPUT .J?BINT "THIS IS AN OUTPUT STRINGtI$ 

OUTPUT OeM OUTOF:A,B,C$ . 

OU~PU~ USER2 FORM2 OUTOF:!ABLE4$ 

k. ENCODE and DECODE statements 

S¥ntax: 

<ENCCDE SXATEMENT>::=ENCCDE:<CHARACTEB DATA UNIT) <FORMAT 

NAME> OUTOF:<tA7A UNI~>$ 

<EECODE SlATEMENl>::=DECCDE:<CHARACTEB LATA UNIT> <FORMAT 

NAME> INTO:<IAIA UNIT)$ 

SemantiCE: 

The ENCODE statement specifies that thE scu~ce data 

unites) are to bE converted to character strings and packEd 

segu~ntially into th~ rEceptacle accordl&g to a sfecifi€d 

format. The DECODE statement is the reverse of the ENCODE 

statemEnt. 

Examples: 

ENCODE:CHARAC1 OUTOF:A,B,C$ 

DECODE:CHARAC1 IN10:A,B,C$ 

1. PACK and UNPCK statements 

Syntax: 

<PACR STATEMENT>::=PACK:<IATA UNIT) OUTOF:<DATA UNIT)$ 

<UNPCK STA~EMENT>::=UNPCK:<DATA UNIT> INTO:<DATA UNIT>$ 

S€lllantics: 

The PACK statement transfers a tit string from a 

source list of data units into a rEceFtacle data ~nit. ThE) 

are stoI.ed c.onsecutively from left-to-z:ight and without 

spacing. The rec€ptacle and source data units may be var

iable to Field, Field to variable, variatle to vaLiabl€, 

Field tc Field, Table to Table, Table tc variable, 

·variable to Table, Field to Table, Table to Field, 

Item to Item, Table to Item, Item to Tatle, Item to Field 

'ano Field to Item. Assignment length ccmpatibility is the 

resfcnsibility p£ the programmer and Excess words ~ill 

be truncated. 
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,Examples: 

PACK:TAELE1 OUTOF:TAELE2$ 

PACK:A QUTOF:B,C,D$ 

m. Procedure Statem€nt 

Syntax: 

<PROCEDURE STATIMENT>::=CALL (PROCEDURE NAME> 

<INPUT PARAMETERS> 

<OUTPUT PABAMETERS) 

<LABEL PARAMETERS»$ 

JCALL <PROCEDURE NAME> 

<INfUT IA~AMETE~S>::=( , 

I <EXPRESSION> ) 

<OUIfUl PARAMETERS>~:=I I , 

Ii <DATA UNIT> 

<LABEL fARAHE1EBS>::~lj<lABEL NAME) 

Seman ti.cs: 

The procedure CALL statement transfers control to 

a"vaRed frocedure and maps any actual parameters to the 

corresponding £prmal parameters. 

All prQcedure inFut and outFut parameters must have 

been previously declared. Parameters are normally mapped by 

passing values, thus resulting in a call by valuE. If the 

same data element is used for output in both actual and 

foraal farameters, then the effect is call by result. If 

an actual parameter is omitted, or if the same data element 

is specified as both the actual and £craal para~eter then 

a'call by adoress occurs. If call by address is desired 

and the data elements are not the same, then the ~CBAD 

operatOL must he used to pass the address of variables or 

subscripted variables. For Tables, the indirect rleclaration 

allows the Ta£le address to te passed tc the callEd procedure. 

Ey nixing any of the above conventions, calls by value-

result cr address-result may occur. 

Examples: 

(1). Value 

TABLE T 1,T 2$ 

CALL A {T21 ) $ 
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FIiOCEI:URE A (T 11 ) $ 

(2) ." RESULT 

TAELE Tl,T2$· 

C ALL A ( I T 2) $ 

FBOCEDURE A ( lil)$ 

(3) • Valu€-resul t 

VRB~ A,B,C$ 

CALL L(AIA)$ 

PROCEDURE D(BIB)$ 

(4) • Address (Tables) 

TABLB T2,T3$ 

INDIRECT TABLE 11$ 

CALL A (T2'T3)$ 

PROCEDURE A(T21!3)$ 

CALL A(T2l )$ 

CALL Ii (T 3 f 1 $ 

PROCEDURE A(T11 )$ 

(5) • Ad drE!ss-r esul t 

TABLE T1,T2$ 

CALL A{T1Ii"2)$ 

FBOCEDURE A(T1JT1)$ 

(6) • Address (variables) 

VBEL A,B,C$ 

CALL D (CORAt (A) 1 ) $ 

CALL D (CORAD (E) 1 ) $ 

PROCEDURE D(CI )$ 

D. GOTO statement 

Syntax: 

<GOTe SIATEMENT)::=GOTO <LABEL NAME>$ 

Semantics: 

ihe GOTO statement transfers ccntrol to a labeled 

statement or statement block. 

Examples: 

GOTO LAB EL 1 $ 

IF A=B THEN GOTO lABEL2$ 
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o. EETURNTO statement 

Syntax: 

<RE1URN~O STA1EMENT>::~REIURN!O <lABEL NAME)$ 

semantics: 

The RETUBNTO stat€ment transiers control tack to 

one cf the abnoLmal exit label parameters in a Frocedure 

call. 

Example: 

REIURNTO EXITLBL1$ 

o. BESUME StatEment 

Syntax: 

<RESUME STATEMENT>::=RESUME <LABEL NAME>$ 

Semant~cs: 

The RESUME statement specifies a transfer to the 

increment and test step within a VARY block. 

Example: 

IF A=E THEN RESUME VARY1$ 

F. RETURN statement 

Syntax: 

<RETURN S~ATEMENT>::=RETURN 

IRETUBN:<DATA UNIT) 

SEmanti~s: 

ihe RETURN statement transfers control from within 

a sub-routine to the point of call. The RETURN statement 

may be emitted if it is the last statement in a fIocedure. 

To return from a Function, the RETURN data unit statement 

must be used. 

Example: 

EETURN$ 

IF A=E THEN BETUBN$ 

IF A<B THEN RETURN:A$ 

r. SlOP Statement , 

Syntax: 

<STOP SiATEMENT)::=STOP 

semantics: 

the stop statement temporarily suspends program exe

cuticn until an operator manually restarts the CORputer. 
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Example: 

IF INTERRUPT (1) THEN STOPS 

5. EXfressions 

a. Beal Expressions 

Syntax: 

<REAL EXfBESSION>::;<REAL PBIMARY) 

<REAL 

<REAL 

I<REAL EXPRESSION> <REAL OPEFAIOE> 

<REAL PRIMARY> 

Symbol: Defini tion: Priority: 

OfEl1ATOB): :=+ addition 4 

1- subtraction 4 

J * multiplica tien 3 

II division 3 

IREM remainder 3 

1** expone ntia tien 2 

lABS absolute valuE 1 

l- unary minus 1 

FEII1ARY>::;(RfAL DATA UNIT) 

I<REAL CONSTANT> 

I (REAL EXPRESSION» 

j<REAL FUNCTION NAME> <INPUT PARAME!ERS» 

I «REAL EXPRESSION» ~.<BEAL CO~STANT> 

INUMBER«EITS PRIMARY» 

JCHARCODE(CHARAC1ER FElMABY» 

I COUNT «tAT! UN IT» 

ICORAD«DATA UNIT» 

semantics: 

The Real expression allows mixEd mode arithmetic 

with iDt€g~r, fixed-point and floating-point operands. 

Evaluation is from left-to-right in the order of the 

priorities listed above. The REM operatcr proviQ~s the 

remainder after integer, fixed-point or floatinS-lcint di

visicn cf two o~€rands. 

Examples: 

SE~:A TO B REM NUMbER (C) $ 

SET:D TO -B**C**E*CORAD(F)$ 
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b. Bits Expressions 

Syntax: 

<BI~S EXFRRSSION>::=<BITS PBIMARY) 

I<BITS EXPRESSION) <ICGICAL CEEEATOR) 

<EITS PRIMARY) 

I<BITS EXPRESSION) <SHIFT OEEBATCR) 

<REAL PRIMARY) 

Symbol: Definition: 

<LOGICAL OPERATOR)::=NOTL logical not 

JANEL logical and 

tORL logical or 

Priority: 

t 
I 3 

3 

<SHIFT CFERATCR)::=SHLL 

ISHRL 

ICIRSHLL 

ICIRSHRL 

shift left logical 2 

shift right logical 2 

circular S8LL 2 

circular SENL 2 

<BITS PEIMARY):~=<BITS CONSTANT> 

I<BITS EAIA UNIT) 

I «BITS EXPRESSION» 

I<BITS FUNCTION NAME) <INPUT PAEA~ETERS» 

IBITSTRING<INPUT PARAMETERS» 

Semanti£s: 

The Bits expressions allow logical ope~ations on 

binary cFerands cf equal cr unegual length. The shift 

operators allow shifting of a Bits operand an integral 

amount either ena-off 04 within the operand. All end-off 

shifts result in vacated bit positions teing assigned the 

valUE cf zero (n). The BITSTBING func~ion has Farameters: 

(real primary, real primary,data unit). The first Faram-

eter is the starting bit Fosition in the third Farameter. 

The seccnd paramete~ is the number of bits to be Extracted 

f~om the third parameter. The result is a substLing of 

bits frcm the data unit. 

Examples: 

SE!:A 10 B ANDL C SHIL 3$ 

SE~:D TO BITSTRING(4,10,E)$ 
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c. Character Expressions 

Syntax: 

<CHAEACTER EXPBESSION>::=<CHARACTER PRIMARY> 

,<CHARACTER EXPBESSION> CAT 

<CHARACTER PRIMARY> 

" " <CHARACTER PBIMARY)::=<CHARACTER CONSTANT> 

I<CHARACTER DATA UNIT> 

I «CHARACTER EXPRESSION» 

,<CHARACTER FUNCTION NAME)<INPUT 

Semantics: 

PARAMETERS» 

JCODECHAR«REAL PRIMARY» 

ISUBCHAR<INPUT PABA~ETERS» 

"The Character eXFression allows concatenation of 

successive character strings. The SUBCHAR functicn has 

paraIliteI:s: (real primaI:Y, real primary, character primary). 

The first parameter is the starting character Fcsition in 

the third pararueter. The sec end parameter is the number of 

characters to be extracted from the third Fatamet€~. The 

result is a substring of character symbols from the character 

primary. 

€. Eoolean Expression 

Syntax: 

<EOCIEAN EXPRESSION>::=<ECOLEAN PRIMARY) 

I<EOCLEAN EXPRESSION> <EOOLEAN 

OPERATOR) <ECOLEAN fEIMABY) 

Symbol: Definiticn: 

<EOOIEAN OPERATOR>::=NOT conplementation 

lAND conjunction 

~OR disjuDction 

<EOOLEAN PRIMA~Y>::=<BOOLEAN CONSTANT> 

I<BOOLEAN DATA UNIT) 

Priority: 

2 

3 

3 

I «EOOLEAN EXPRESSION>) 

I<BOOlEAN FUNCl10N NAME><INfUT 

FABAMET ERS» 

I<RELAiICNAL EXPRESSION> 
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<REIATICNAL EXP~ESSION)::=<REAL PRIMARY) <RELA~ICNAL OPERA70E> 

<REAL PBI~ARY> 

I<BITS PRIMARY) <RELATIC~Al 

OPERATOR) <BITS PRIMARY> 

,I<CHARACTER FEIMARY> <EEIATIONAL 

OPERATOR) <CHARACTER PRIAMRY) 

I<STATUS EXPRESSION> <RELATIONAL 

OPERATOR) <STATUS EXPRESSION> 

Symbol: 

<RElATICNAL OFERATOR>::=< 

I> 

I = 

,-.= 

Def i ni tion: 

less than 

greater: than 

equal 

not Equal 

Priority: 

1 

1 

1 

1 

1<= less than or egual 1 

1>= greater: than or egual 1 

Seman tics: 

The Boolean expressions allow logical ccmfaI:ison cf 

two er Ircre oferandsfor TRUE of FALSE conditions using 

Boolean operators. The relational eXfressions allow 

comFariscn of Real, Bits, Character or Status eXFressions. 

ExamfJle: 

IF A=B AND C~D ~HEN SET:A TO D$ 

d. status Expressions 

Syntax: 

<STATUS EXPRESSION)::=<STATUS CONSTANT> 

I<STATUS DATA UNIT> 

I<STATeS FUNCTION NA~E)<INIUT PARAMETERS» 

Semantics: 

7he Sta~us expression allows the use of status con

stants, data units and functions in dynamic statenents. 

Example: 

SET:WEATHER TO IHOT'$ 
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APPEND I}<, C 

SAMPLE CMS-2RS FR(GRA~S 

SYSTEM ALPHA $ ~ THIS IS A DO-NOTHING FROGRAM TO SHOh SA~PLES OF DATA 
, DECLARATIC~S AND OY~A~IC STATEMENTS ~ 

S),S DO 01 $ 
V~BL STATUS('HERE','THERE','ANYWrERE') POS=IHERE'$ 
TAG F=5, G=21.3 $ 
VRBL INTEGER(1t) A=l, B, C=4 $ 
VR8L FIXEC(l6,8)'FX=44.8 $ 
VR6L CHAR(4) CH="HELP" $ 
VRBL 8ITS(32) ,BT=#FF $ 
FCRMAT FlOO '" ",3F 4.2, 3(4E 6 j) .t 
FORMAT Ell"l", 31 4,11,II~EAfI) $ 
TABLE X,Y(2,3,61 $ 

FIELD l~lEGER(32) F1=!2(1,2) $ 
FIELD STATUS( 'ALERT', 'AIRBCRN'., 
FIELD STATUS('ALERT','AIRBORN','CaWN') AIRCRAFT $ 
FIELD FIXEO(6,2) F2=(1.2, 2.3, 3.4) $ 
I T E (1.1 ARE A I A 1, I A 2 $ 
SUBTABLE S1(4, 2,2,21$ 

END_TABLE $ 
END~DD $ 

SYS1'iDD S1 $ -
VKBL INTEGER(32) A, C=1, 0=40 $ 
VRBL FLOAT(32) IN1, IN2, 1~3, If\lt~ 
VRBL FIXEO(32,16) OUT1, CUl2 $ 
VRBL CHAR(lO) CHAR1$ 
FORMAT F200 (II ", I 4) $ 

END_DO $ 

EXTREF S2 $ 

SYS_PROC 8 $ 
LCC DO $ 

VRBL INTEGER (16) Al, A2 $ 
END_DO $ 

PROCEDURE 8(It\1,IN210UTl,(LT21 JL1,l2) $ 
VARY A FROM C STEP -1 l~RU 0 DO 
BEGIN 



SET : OLTl TO A $ 
VARY A~ FROM 1 THRU 20, A2 FRa~ 2 THRU 10 DO 
BEGIN 

SET : OU~2 TO Al $ 
IF A1=AZ THEN RETURNTO Ll $ 

END $ 
END $ % END OF PROCEDURE "8" % 

P R DC ED UR E P 2 $ 
BEGIN 
·IF A~C THEN IF IN1=IN2 T~EN WHILE A<C DO RESERVE(OCM(20),:A,B)$ 
IF A=C THEN IF IN1=IN2 THEN UNPCK:I~2 INTC: IN1,A$ELSE RETURN: C$ 
ELSE CASE: C OF 

3: 4: ENCCDE: CHA~l FIOO CU1CF: A,C~ 
5:6: DECODE: CHARI FlOO I~l(: A,C$ 
ELSE CUT PUT PRINT FlQO OUTOf: A,C$ 

ll: INPUT READ FlOO !NTO: A,C$ 
CALL B(A,CIDUT1, I Ll)$ 

END $ % ENe CF PRoe DURE P2 % 

FUNCTION FIXEC(32,16) FACT(IN3,IN41$ 
BEGIN 

SWAP: IN3 FOR: IN4 $ 
RETURN : I~4 $ 

END $ % E~D OF FACT % 

ENe $ ~ END CF SYS_PROC E ~ 
END $ % END OF SYSTEM ALPHA ~ 

SYSTEM BISEARCH $ % A EINARY SEARCH IS PERFORMED FOR AN IDENTIFIER 
IN A TABLE VIA A~ ALPHABETICAllY CRCERED DIRECTORY 
CONTAINING FOR EACh ENTRY THE LENGTH (~O. OF 
CHARACTERS) OF T~E ICENTIFIER, TrE ACCRESS OF THE 
ACTUAL IDENTIFIER, A~D A eCCE ~UMBER % 

EXTREF IDTABLE $ % IDENTIFIER TABLE IS A SYS_OD IN TrE LIBRARY % 

SYS DO 01 $ 
TABLE DIRECTRY(1000) $ 

fIELD INTEGER(8) LNGTH $ 
FIELD INTEGER(16) ADCRS $ 



FIELD INTEGER(16) eOCE $ 
END TABLE $ 
VRBI CHAR(20) IOENTBUF ! ~IOENTlfIER BUFFER, 
VRBL CHAR(20) IDENTBUF $ % IDENTIFIER BUFFER % 
VRBl INTEGER(S) IDLNGTH $ 
VRBL INTEGER(16) INCEX, LCW, HIG~ ~ 
VRBL BOOLEAN FOUND $ 

END_DO $ 

SYS PROC MAIN $ 
lLC DO $ 

FORMAT Fl("l", X 10 I 5) $ 
FORM A T F 2 (I' "," I DEN T I F I ER NO T F C L NO") $ 

END_DO $ . 

PROCEDURE MAIN $ 
BEGIN 

CALL READIO $ 
CA~L SRCH(IDLNGTH,LOW,HIGHIFOL~D,I~DEX) $ 
IF FOUNC THEN OUTPUT PRINT Fl(COCE DIRECTRY(INDEX») $ 
ELSE CLTFUT PRINT Fl $ 

END $ 
END $ % END CF MAIN ~ 

SYS PROC REAOID $ 
lTICn-DD $ 

VKBL INTEGER(S) PTR - C $ 
VRBL CHA~(l) CHTR = II .1 $ 

END_DO $ 

PROCEDURE REACID $ 
BEGIN 

SET: IDENTBUF TO U .. $ 
INPUT REA[ ICENTBUF $ 
SET: IDL~GTH TO a $ 
SET: CHTR TO SUBCHAR(P1R,1,IDE~TEUF) $ 
wHILE CHTR..,=" .. CO 
BEGIN 

SET: PTR TO PTR + 1 $ 
SET: ICLNGTH TG IDLNfTH + 1 ~ 
SET: CHTR TO SUBCHAR(PTR,l,I[E~TeUF) $ 

END $ 
Et\D $ 

END $ ~ END CF READID % 



SYS~PROG 
luG_DO 

VREL 
VRBL 
VRBL 
VREL 

END_DO 

SRG~ $ 
$ 
INTEGER(16) L,LO,HI,I $ 
BOCLEAN F $ 
CHAR(20l lOB $ 
INTEGER(S) R $ 
$ 

PROCEDURE SRCH(L,LO,HIIF,I) $ 
BEGIN 

ll: SET: I TO (LO+HI)/2 .$ 
IF l=L~GTH DIRECTRY(Il ThEN 
BEGIN 

SET: lOB TO IDENTR~ IDTABLE(ACCRS DIREGTRY(I» .$ 
CALL CCMPARE'(IDENTEUF,IDBIRl t 

END $ 
IF R=O THEN.SET: F TO TRUE $ 
ELSE IF 1<=1 THEN SET: .. 1 TO I ~ 
ELSE SET: LG TO I $ 
IF NOT F THEN GOTD L~ $ 

END $ % E~D CF SRCh % 

PROCEDURE COMPARE(IDENTBUF, IDBiR) * 
BEGIN 

IF IDENTBUF=IOB THEN SET: R TC 0 .$ 
ELSE IF IDENTBUF < lOB THEN SET: R TO 1 $ 
ELSE SET: R TO 2 $ 

END .$ % END CF COMPARE ~ 

END $ % END CF SYS_PROC SRCt- ~ 

END $ ~ END OF BISEARCH % 



APPENDIX D 

DESCRIPTOBS' PROTOCOL 

Due tc the v~riety of conditions that need be described, 

it becomes necessary to recognizE several descriptor 

formats. TheSE formats are detailed here to facilitate 

future ~ork in com£leting this compiler. Unless otherwise 

specified, tb€ heaCier byte in ever.y desc riFtor gi ves the 

number cf bytes that follow. Fields are described 

seguentially as they appear in "the descripto~. 

1. Parareet€rless Procedure 
--~-~~-----~~\-~------

A deEcriftor for a parameterless procedurE consist of 

the beaoer tyte followed by a four-byte fi~ld to store the 

entry pcint address 9f the procedure. 

2. Procedure ~ith Parameters 
-------~-~~~-------------

A descriFtor for a procedur.e with Farameters consi~t of 

the header byte, a four-byte field to store the entry point 

address cf the proce~ure, one byte to indicate the type and 

number cf Iaramete~s, and a number of two-tyte fields, one 

for each Farameter, to store Fointers to the parameters' 

entries in the ideptifier directory. 

The twc high order bits of th€ type-number byte indicate 

the ": tYEe of. parameters that follow according tc the 

following cc~€: 00 ter input parameters, 01 fOL output 

parameters, and 10 for label pa~ameters. ~he six lew order 

bits remaining indicate number of parameters (64 maximum). 

The type-numbEr b~te together with the pointer fields 

fcru a grcuf. Up to three such groups can appear in the 

descriptor, Qoe for each of the three types of parameters, 

INP[~, C01PU1, and LABEL. 
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3. Function Name 
~------~~~~-

A fUDcticn name descriptor consist. of the header byte 

and a four-kyte field to stcre the entry Fcint address of 

the Frocedure. The remainder of the descriptor varies in 

format among the tive possible types of functions as 

follcws: 

a. Numeric Function 

Ihe entry point field is followed by a twc-tyte 

field for data tYPE description. The two high order bits of 

the first byte indicate the type as follows: 

00 for integer 

~1 for fixed 

10 for float. 

lhe next 14 bits of the fi~ld are ~sed tc store 

value of the data size parameter in data tYFe declarations. 

In the case ct type fIXED where two such parametErs are 

used, tb€ seven h~gh order tits are used for tl~ first 

parameter and the seYen low crder bits for the second. 

lhe data type field is followed by a one-byte field 

to indicate the number of forffial parameters, and a number of 

two-byte fields, one per formal parameter, to store fcinters 

to the parameters' entries in the identifier directory~ 

b. Eits Function 

Bits function·deEcriptors are the same as numeric 

function descriptors exceFt that all 16 bits of the data 

tYFe field are used to store the value of the data size 

parameter. 

c. Character FUDction 

Character function descriFtors are the same as bits 

fUDctiot deEcriptors. 

d. status Function 

1he entry point field is followed by a CDe-tyte 

field tc indicate the present value of the status function, 

i.e., the numbEr of the status constant assigned. This 
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field is followed by a number of twa-byte fields, cne per 

status constant, to store pointers to status constants in 

the identifier directory •. A one-byte field to indicate the 

num.l:er of formal parameters and a number of two-byte fields 

for fcinterE to such parameters follow. At declaration 

time, the ccuFiler associates an integer with each status 

con::tant in ascending order beginning with 1 • This number 

is stored in the descriptor pointer field of the status 

CC.Dstan t IE en.t.r:y in the identifier directory. When a status 

variatlE is SEt to a status constant, the number assigned to 

that constant by the compiler is entered in the FI€Sent 

value bytE of the descriptor. 

e. Beolean Function 

Ecolean function name descriptors need no data type 

field. ether than that, the descriptors are the sane as 

those descrited abcve. 

iags do net need descriptors. Instead, the de::criftor 

pointer field in the identifiEI directory has the pointer to 

the numeric value of the tag in the constant table. 

5. Variables 
-~---~~ 

Numeric, tits, and character variables have the sam~ 

descriFicI format. It consists of the header byte, two 

bytes fer th~ data type field as described before, and a 

two-byte field for a pointer to the value in the constant 

table. T~is last field will have ·an unpredictable value 

unless the yariable has been initiallized. 

status variables have the following descriptor format: 

header byte, one byte to indicate present value cf the 

status variatle, i.e., the number of the status constant 

assigned, and a number of two-byte fields, one Fer each 

status constant, to store pointers to status constants in 

the identifier directory (see status function above). 
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Bcolean variables, like boolean functions~ do not Deed 

descriptors. The descriptor Fointer field is used to store 

the value of the var~able; 1 for TRUE and 0 for FALSE. 

Format declaratioD descriFtors consist of the header 

byte, cne byte for the carriage control field, and a 

sequence of format descriFtor fields. There are five 

-d·ifferent types of fprmat descriptor fields. The high crder 

three bits of each ~ield are used as a key to .indicate the 

type of field as follows: 

001 for nu:neric conversion format field 

010 for character constant field 

011 fer slash list fiel~ 

100 for repetition grcup head field 

101 for repeti tion group tail field. 

a. Numeric Conversion Forma t l"ield 

lhis fi~ld is four bytes long. The first bytE has 

the fielc key and the type ccnversion letter. This letter 

is reFre~ented by the low order five bits in the byte 

according to the followi~g code: 

01001 for I 

oellO for i' 

00101 .f.or E 

10! 10 for 0 

OlOOO for H 

O'COOl for A 

10011 for L 

Qel11 for X 

00011 for 'T 

The second byte has the 

factcr "nil in the nUlDeric conversion 

have any value tetween 1 and 255. 

value cf the repetition 

group (nlw. d). I t can 

The third byte has the 

value of the "W" parameter, and the fourth byte that cf the 

lid" parameteL. The lid" parameter can l:e zero. 
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· h. Character Constant Field 

The character constant field has three bytes, The 

fir~t byte nas the key field. The second and thirrl bytes 

have a FQinter to the character constant in the constant 

table. 

c. Slash List Field 

The slash list field has Qne byte. The thrEE high 

ordE~ tits have the field key. The five lew order bits give 

.the nurobeL Dfslashes in the.list. 

d. Repetition Group Head Field 

1he repetition group head field has two bytes. The 

three high erder bits havE the field key. The remainder 

thiLteen tits have the value of the group repetition factor 

m. 

e. Repetition G~OUp Tail Eield 

The repetition grouF tail field has one byte with 

thE field key. All the descriptor fields bracketed ty the 

repetition group head and tail fields will be repeated IimH 

times when imFlementing the format. 

A tatle descriptor consist cf the header byte, one byte 

fer the number of dimensions tield, a number of twc-byte 

fields, one fo~ each dimensicn, to store th~ value of the 

dimension~, and a tW9~byte field to store the pointer to the 

field pointer list i.n the constant tahle. The high order 

first ~it of tbe number of dimensions field is used to 

indicate if the table is INDIRECT or not. ihis bit i£ set 

to "111 for INDIRECT TAELE declarations; it i£ reset to "0" 
Qthecwise. ihe remaining seven bits are used to store the 

number of dimensions (128 maximum). The field pointer list 

is a pseudo-descriptor consisting of a headEr byte and a 

numter cf two-byte fields, cne Fer each field declQred in 

the table declaration block, with pointers to the field name 

entries in the identifier directory. 
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8. fiElds 
-~~---

Numeric, bit~,. and character field names ha~e the same 

format. It consists of the header byte, twc bytes fOL the 

data type field, and a two-byte field for the pointer to the 

value in tbe constant table. If the field is initiallized 

at declaration time to a list of values, the follcwing 

additional fiElds are part of the descriptor: a t~o-byte 

field to store the number of values in the initiallization 

list, and a two-byte field to store the list repetition 

factor ID. The last two bytes of every field d€scriftcr have 

a pcinteI tc the parent table descriptor in the constant 

table. 

status field names have the same descriptor format as 

that described above except for the data type field. This 

field was freviously described (see status function) • 

Boolean field names have the same descriptor fcr~at as 

those already descri~ed except for the absence of a data 

tYPE field. 

9. Item~areas 
-~~~~-~---

Item-areas do not need descriptors. The descriftor 

pointer field in the identifier directory has a pointer to 

the farEnt table ~Escriptor which, in turn, has a pointer to 

the fie~d fointer list. 

10. subtables 
. --~~~----

A sultabl€ desGriptor ccnsists of the header byte, a 

Dumber cf two-byte fields, one per dimension, to stcre their 

values, and a t~o-byte field for a pointer to the farent 

tatl€ descriftor. 
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.Q.Eg.!~J:.f.D_~.Qi!~ 

ADI 

ADC 

SUE 

SEC 

MUL 

MLC 

DIV 

Dve 
REM 

iS1 

EXP 

AES 

SCL 

, APPENDIX E 

OPERATION CODES FOR IL 

~~!!i!!g 

add operand 

add constant in operand field 

subtract operand 

subtract constant in operand field 

mUltifly times operand 

multiply times constant in operand fi€ld 

divide by operand 

divide by constant in operand field 

remainder 

compare 

expcn.entiation 

absol ute value 

scale 

CN1 count ones 

NEG 

Men 
TST 

BIS 

ELQ 

BEe; 

ENe 

.. EGQ 

BGB 

ERE 

BR'! 

ERU 

NeE 

STP 

IDV 

LDA 

STV 

STA 

unary minus 

modulo 

compaJ;€ 

branch on < 
tranch on <= 
branch on = 

branch on ...,= 
brach on >= 
brancn on > 
branch on false 

branch on true 

uncon~itional branch 

no operation 

~top 

load value of operand 

load address of operand 

store value of operand 

store address of operand 
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ANI 

ICB 

XOB 

NCi 

INX 

XCE 

CAT 

INB 

~IBE 

OTf 

OPE 

DEE 

LNE 

ESP 

"lsp 

ESE 

LSR 

EPB 

LPR 

EFN 

LEN 

PBe 
FNC 

INC 

EVL 
". LVL 

EWL 

L~l 

ECG 

leG 

DeL 

ERE 

LRE 

logical and 

inclusive logical or 

exclusive logical or 

logical complement 

subscript comFutation 

exchange operands 

strin~ concatenation 

input from reader into operand 

inp.ut from-reader into operand with format 

output to printer operand 

output to printer operand with format 

define label location 

source line numbe~ 

enter sysproc 

leave sysFroc 

enter sysprocreen 

leave-sysprocreen 

en tel:" procedure 

leavE Frocedure 

en tel;' function 

lea.vEt function 

procedure call 

funct.ion call 

in~rement 

enter ~ary loop 

leave vary loop 

enter while lOCF 

leave while loop 

ent~r case group 

leave case group 

define case label 

enter reserved block 

leave reserved block 

EBE enter begin block 

LEE leave tegin block 

BeB enter cobegin block 
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ICE leave cobegin block 

RVL resume vary loop 

Nil retlrn to label 

PCK pack into data unit 

UNE unpack into data unit 

ENC encode into data unit 

DEC decode into data ~nit 

SRC . searc.h for da ta uni t 

~H~ shi£t left amount specified in operand 

SEN shift right amcunt specified in operand 

CSL circular shift left 

CSR 

INC 

rOE 

'OTN 

ONE 

OlC 

OOF 

lNU 

OTU 

BTI 

ITE 

liC 

CTl 

ITX 

". XTI 

ITI 

LTI 

XTI 

LTX 

01D 

DTO 

XTS 

BTX 

LTE 

ETL 

circular shift right 

input from operator controllEd 

input from oeM with forma t 

output to punch 

output to punch lliith forma t 

output to oeM 
output to oeM with format 

inpu~ from user file 

outfut to user file 

convert binary to integer 

COnV€It integer to binary 

convert integer to character 

convert character to integer 

convert integer to fixed 

convert fixed tc integer 

convert integer to float 

convert float tc integer 

convert fixed to float 

convert float to fixed 

convert octal to decimal 

convert decimal to octal 

convert fixed to binary 

convert binary to fixed 

convert float to binary 

convert binary tc float 
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LE~ lengt~ in binary digits 

LEY length in bytes 

LWI length·in words 
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APPENDIX F 

C~S-2RS COMPILER LISTI~G· 

BEGIN 

C(M~ENT THE FOLLOWING CARCS WERE FUNChED BY T~E SLR(ll SYNTAX 
ANALYZER (SLRIANAL) ; 

CC~ME~T PARSING TA8LES FeR MAIN GRAMMAR FOLLOWS; 
INTEGER NUMTERMINALS = 0108; 
I~TE~ER NU~NTS = 0090; 
I~TEGER ~U~SY~S = 0199; 

GLCBAL DATA SEGTABLE eASE R12; 

ARRA\, 1938 BYTE VSTRING = ( #C 5X, #osx, #D9X, #C6X, 
#04X, #40X, #6EX, #60X, #4FX, #60X, ~4CX, 
#6EX, #4CX, #E2X, #E8X, #E2X, #40X, 1I(4X, 
il40X, #C6X, #C5X, fiC lX, #C4X, #6EX, 114CX, 
il4CX, #C5X, #C3X, #C5X, #04X, Jl,6EX, tl4 ex , 
#4CX, f1.D7X, #C 8X, #09X, #C1X, #E2X, #C5X, 
#E2X, #E3X, #C5X, #D4X, #4CX, #C9X, #C4X, 
#C 8X, #C5X, #C1X, #C4X, #C5X, #09X, tl4CX, 
t;03X, #6EX, #4CX, #E 2X, #E ex, #E2X, '114CX, 
#C IX, #40X, #C4X, #C5X, #C3X, #03X, II(;EX, 
#E 2><, #07X, #OC;X, #06X, #C3X, tilt OX , flC4X, 
#40X, #C8X, #C5X, fiC lX, #C 4X, #6EX, n4CX, 
#D7X, #09X, #C6X, liC3X, #40X, IIC5X, tlC3X, 
#4CX, #E2X, #E8X, #E 2X, #07X, #D9X, #06X, 
#05X, #40X, #C'tX, #C5X, #C 3X, #D3X, tI-4CX, 
#C4X, #6EX, #4CX, #E2X, #E8X, #E2X, #C7X, 
#OSX, tiC 5X , #D5X, #40X, #C 5)(, #D3X, #C:X, 
#E7X, #E3X, #C9X, #C5X, #C{;X, #E2X, i1ccX, 
#0 <; X , #D6X, #C3X, #E2X, #E8X, # E2X, 1t6CX, 
#C3X, 1160X, #C9X, #4CX, #03'X, #D6X, nC3X, 
#C4X, #C1X, # E3X, #CIX, #40X, #C4X, I1C5X, 
#4CX, #E 2X, #E4X, #C2X, #60X, #D9X, #Dl;X, 
#05X, #C5X, #40X, #C4X, #C5X, #C3X, h03X, 
#E3X, #04X, #40X, #C3X, #03X, #CIX, #E-4X, 
#4CX, #C 1X, #E4X, #E3X, #0 tX, #ltOX, #C-4)(, 
#40X, #C4X, #C5X, #C3X, #03X, #6EX, hC5X, 
#E2X, #E3X, #04X, #6EX, #4CX, tt03X, IIC1X, 

#09X, #E2X, 
#E2X, #E8X, 
#C5X, #C3X, 
#E2X, #E8X, 
#C5X, #05X, 
#6EX, #E2X, 
#6EX, #58X, 
#C4X, #C5X, 
#C4X, #C1X, 
#4CX, #E~X, 
#(5X, #C3X, 
#E2X, #E8X, 
#C5X, #04X, 
#C3X, #09X, 
#C 8)( , #C5X, 
#OSX, #06X, 
#04X, #6EX, 
#E2X, #6DX, 
#07 X, #09X, 
IIC IX, #03X, 
#C3X, #03X, 
#E4X, #E3X, 
#t.EX, 
#E2X, 

#4CX, 
#C5X, 

#C1X, #E3X, 
#05X, #C4X, 
#(2X, #C5X, 

#E8X, 
#E2X, 
tJD3X, 
#E2X, 
#C4X, 
#E8X, 
#4CX, 
#C3X, 
#E3X, 
#EEX, 
#C3X, 
#E2X, 
#cEX, 
#C5X, 
#CIX, 
#C3X, 
#C5X, 
#07X, 
#C(;X, 
#4CX, 
#6EX, 
#CSX, 
#E2X, 
#6 EX, 
#CIX, 
#4CX, 
#C3X, 



#40X, #C4X, #C5X', #C6X, #D5}(, #6EX, #4CX, #C2X, #Cl}(, #E2X, 
NCSX, #C3X, #40X, #E2X, #E3X, #D4X, #6 EX, #4CX, #D3X, flC lX, 
#C2X, #C5X, #03X, #6EX, #4C)(, #E2X, #CSX, #D4X, #D7X, #C3X, 
#C5X, #40X,: #E2X, #E3X, #D4X, #6EX, "h4CX, #ES)(, #CIX, #OSX, 
HE ex, #40X, #C3X, #D3X, tlClX, #E4X, #E2X, #C5X, #6 EX, #4CX, 
#C4X, ilD6X, #40X, #C3X, #03}( , #C1X, #E4X, #E2X, #C5X, #6EX, 
#4CX, #C3X, #C IX, #E2X, #CSX, lI/tOX, #C3X, #03X, IIC IX, #E4X, 
tiE 2X, tiC 5X, #6EX, #4CX, #C3)(, #CIX, ilE2X, #C5X, #40X, #C3X, 
tlC9X, #E2X, #E3X, #6EX, #4CX, #C5X, #D3X, #E2X, #C5X, #4CX, 
#C3X, #C1X, # E2X, #C5X, #6 EX, #ltCX, tJEcX, #C8X, #C9X, #C3X, 
#C5X, #40X, #C3X, #D3X, #CIX, #E4X, #E2X, #C5X, #6EX, #4CX, 
#C9X, #C6X, #40X, #C3X, #03X, #CIX, #E4X, #E2X, #C SX, #6EX, 
#4CX, tlE3X, #C8X, #C5X, #D5X, #'tOX , #C3X, tl03X, #CIX, #E4X, 
#E2X, #C5X, #6EX, #4CX, #C tX, #C5X, #C 7X, #C9X, #D5X, #4CX, 
#C8X, #C5X, #C1X, #C4X, #6 EX, #'tCX, #E2)(, #C5X, #E3X, #4CX, 
#C 3X, #D3X, #C1X, #E4X, #E2X, #C5X, #6 EX, #E3X, #D6X, #4(X, 
#C5X, #E7X, if.C7X, #09X, #6EX, #4CX, #E2X, #E6X, #ClX, #07X, 
#40X, #C3X, #D3X, #CIX, #E4X, #E2X, ilC5X, #6EX, #4CX, #CcX, 
#D6X, #09X, #40X, #C3X, #03X, tlC1X, #E4X, #E2X, #C5X, #6EX, 
#4CX, #E2X, #C5)(, #CIX, #09X, #C3X, 'IIC EX, #40X, #C3X, #03X, 
#C1X, #E4X, #E2X, #C5X, #6 EX, #'tCX, #(SX, #D5X, #07X, #E4X, 
#E3X, #40X, #C3X, #03X, #C lX, #E4X, #E2X, #C5X, #6EX, #4CX, 
#09X, #C5X, tiC3X, #C5X, #D1X, #E3X, I4CIX, #C3X, #03X, tiC 5X, 

~ #4CX, #C3X, #03X, #C1X, #E4X, #E2X, #C5X, #6 EX, #4CX, hC6X, ru #E4X, #E3X, #01X, #E4X, #E:3X, #40X, #C3X, #03X, #CIX, #E4X, 
~ #E2X, #C5X, #6EX, #4CX, #E2X, #D6X, flE4X, #D9X, #C3X, #C5X, 

#4CX, #C3X, #03X, tiC 1X, #E4X, #E2X, #C5X, #6EX, tJ.4CX, #C5X, 
#05X, #C3X, #06X, #C4X, #C 5X, #40X, #C3X, #03X, #C1X, #E4X, 
#E2X, #C5X, #6EX, tl-4CX, #C4X, #C5X, #C3X, #06X, #C4X, #C5X, 
#4CX, #C3X,. #03X, #C IX, #E4X, #E2X, IIC5X, #6EX, #4CX, #C7X, 
#CIX, #C3X, #02X, #40X, #C3X, #03X, #(1X, #E4X, #E2X, IIC 5X, 
#6EX, #4CX, #E4X, #D5X, #D7X, #CIX, ~C3X, #C2X, #40X, #C3X, 
#D3X, tiC lX, #E4X, #E2X, #C 5X, #6EX, #C3X, #C IX, #03X, #C3X, 
#4CX, #D7X, #C9X, il06X, #C3X, nC5X, IiC4X, #E4X, #09X, #C 5X, 
#4CX, #E2X, #E3X, #04X, #6EX, #'-tCX, #(3X, #06X, #05X, #E3X, 
#09X, #06X, #03X, #40X, #07X, #C8X, hOSX, #C1)(, #E2X, #C5X, 
#6EX, #09X, #C5X, #E3X, #E4X, #09X, #C5X, #4CX, #C4X, liC 1 X, 
#E3X, #C lX, #40X, #E4X, #05X, #C9X, tJE3X, #6EX, #4CX, #C3X, 
#D6X, #C2X, #C5X, #C7X, #C9X, #/)5X, #4CX, IIC8X, #C 5X, #C IX, 
#C 4X, #6EX, #C3X, #.06X, #C5X, #D5X, ti(4X, #4CX, #09X, #C5X, 
#E2X, #C5X, #09X, #E5X, #C 5X, #40X, #07X, #C 8X, #09X, #CIX, 
iIIE2X, #C5X, #6EX, #50X, #4CX, #. 1=6X , tiC IX, #C9X, #E3X, #4GX, 
#C 3X, #03X, #C1X, #E4X, #E2X, #C5X, #6EX, #E2X, #E3X, #C6X, 
#07/.. , #E5X, #CIX, #09X, #E8X, #ltC X, #03)(, #DtX, #06X, #C7X, 
#4CX, #C3X, #03X, #CIX, #E4X, #E2X, tlC5X, #6 EX, #68X, #4CX, 
#C SX, it05X, #CSX, liE3X, ilCSX, tiC 1X, #C2X, #40X, #C3X, #C3X, 
#CIX, #E4X, #E2X, tiC5X, #6EX, #4CX, IIE3X, #C 5X, #E2X, #E3X, 
#4CX, #C3X, #03X, #C lX, #E4X, # =2X , #(5X, #6 EX, #4CX, #C9X, 



#D5X, #C3X, #DSX, #40X, #C 3}(, #D3X, IIC IX, #E4X, #E2X, #C5X, 
#6EX, #4CX, #1J9X, #C5X, #C1X, #D3X, /i4CX, #E5X, #(1X; #C<;X, 
#6EX, #C6X, #09X, #06X, #04X, #4CX, #E2X, #(9X, #C7X, #[5X, 
#C5X, #C4X, #40X, #09X, #C 5X, . #C IX, #03X, #40X, #07 Xf #OS)(, 
#C 9X, #6EX, #E2X, #E3X, #C5X, #07X, #E3X, #C8X, #OSX; #E4X, 
#C3X, #C lX, #E2X, #C5X, #Dl:X, I1C6X, #4CX, #C9X, #05X, #C4X, 
#C5X, tl-E7X, #40X, #C3X, #C1X, 1I,E2X, #C5X, #40X, #03)<, #CSX, 
#E2X, #E3X, #6EX, #4CX, #D3X, #C1X, flC2X, #C5X, #03X, 1/40X, 
#C3X, #C lX, #E2X, #C5X, #40X, #03X, #C SX, #E2)(, #E3X, #{;EX, 
#4CX, #(2X, #C1X, # E2. X , #C9X, #C3X, 1/4CX, #E2X, #E3X, #04X, 
#40X, #C3X, #03X, tiC 1 X, #E4X, liE2X, #C5X, #6 EX, #4CX, #C3X, 
#C IX, #C2X, #C5X, #03X, #40X, #C3X, tiC IX, #E2X, #C5X, #tEX, 
#4CX, #C3X, #C1X, #E2X, #C5X, #40X, #C3X, #C1X, #C2X, #C5X, 
#D3X, #6EX, #4CX, #09X, #C 5X, tiC lX, #03X, #40X, #C3X, #C6X, 
1I05X, #E2X, #6EX, #1 AX, #4CX, #E2X, #E3X, #CJX, #E3X, #E4X, 
#E 2X t #40X, #C3X, #06X, #05X, #E2X, #6EX, rf.C X, #C3X, #E2X, 
#C 5X, #E6X, #C8X, liC 9X, #D3X, #C5X, #4CX, #C2X, #06X, #06X, 
#03X, #40X, #C5X, #E1X, #07X, #09X, #e EX, #C 4X, #06X, #C SX, 
#C 6X, #E3X, #C8X, #C5X, #D5X, #4CX, #E3X, #09X, #E4X, #C5X, 
#40X, #07X, #C1X, #09X, #E3X, #6EX, /iI;CX, #E2X, #C9X, #C4X, 
#07X, #03X, #(5X, #40X, #E2X, #E3X, fiCI;X, tJ'-tOX, #C3X, #C3X, 
#C lX, #E4X, #E2X, tiC 5X, #6EX, ItC2X, HC:X, #(7X, #C9X, #C5X, 
HC3X, HD6X, #C2X, #C5X, #C1X, #C9X, ilC5X, #E2X, #C 5)(, #E3X, 

~ H4CX, #C4X, #C1X, HE3X, # C 1X, #40X, #E4X, #05X, #C9X, #E3X, 
F\) #40X, #C3X, #03X, HC 1X, #E4X, #E2X, #C 5X, #6EX, #4CX, #09X, \J1 #C5X, HC1X, #03X, #40X, #C5X, fl E7 X, #C7X, #09X, #6EX, #4CX, 

HC 2X, #C SX, HE3X, #E2X, #40X, #C5X, #E7X, #07X, #09X, #6EX, 
H4CX, #C3X, HC8X, HC lX, #[)SX, #40X, #e:x, #E7X, #07X, #DSX, 
#bEX, #LtCX, # E2X, #E3X, #C1X, HE3X, iiE4X, #E2X, #4GX, #C5X, 
#E 7 X, H07X, H09X, #6EX, #4C X, #E3X, #C lX, #C2.X, #03X, #C5X, 
#40X, #C9X, HC4X, #C5X, #05X, IIE3X, IICSX, #C6X, #CSX, #C5X, 
#OSX, #6EX, #4CX, #09X, #C5X, #C1X, IIC3X, #40X, #E3X, #C5X, 
#OSX, il04X, #6EX, #4CX, HC l.X, #C4X, #C4X, HE2X, #E4X, #C2X, 
H40X, #06X, #07X, #C5X, #09X, #6EX, 114EX, #60)(, #4CX, #OSX, 
HC 5X, #C lX, #03X, #40X, #E2X, IIC5X, #C3X, #05X, #6 EX, #4CX, 
#04X, #E4X, H03X, #C4X, HCSX, ftE5X, #I;CX, #06X, #07X, #C5X, 
#D9X, #6EX, #5CX, #61X, #D9X, 11 C5X , I1CI;X, #5CX, #5CX, #4CX, 
#O'1X, #C 5X, #C IX, #03X, #40X, #D7X, #09X, #C9X, #6EX, #C1X, 
#C2X, #E2X, #4CX, #09X, #C5X, HC1X, 1I03X, #40X, #C4X, #C1X, 
HE3X, #C1X, #40X, #E4X, #05X, tJC9X, #E3X, #6EX, #40X, #4EX, 
#48X, #4CX, #OSX, IIC 5X, #C 1X, #03X, #4CX, #C6X, #E4X, #C5X, 
#C3X, #40X, #C5X, IIC1X, #04X, IIC5X, #lEX, #4CX, #C SX, #05X, 
#0 7X, HE4X, #E3X, H40X, #07X, #C1X, i4C9X, #CIX, #04X, #E2X, 
#6 EX, #4CX, #09X, #C5X, #C lX, 1I03X, #tEX, #4CX, #E3X, #C1X, 
#C7X, #6 EX, #4CX, #09X, #C5X, Ii C 1X , #C3X, #40X, #C {; X , #C S X, 
#C 5X, H03X, IIC4X, #4UX, #05X, #C1X, #04X, #C5X, #6 EX, #4CX, 
#E2X, #E4X, #C2X, #E2X, #C3X, 1I09X, #CSX, #07X, #E3X, #I;CX, 
#C3X, #D3X t #C1X, IJE4X, #E2X, #C5X, /l6EX, #4CX, #C2X, #CSX, 



#E3X, #E2X, #40X, #C6X, #C 1)<, #C3X, #E3X, #06X, #D9X. #6 EX, 
#4CX, #D3X, #06X, #C7X, #C9X, #C3X, NC IX, #03X, #40X, #06X, 
#07X, #C5X, #09X, #6EX, #CIX, #05X, #C4X, #03X, #06X, tlC9X, 
#03X, #4CX,: #C2X, #C9X, #E3)(, #E2X, '114CX, #E2X, #C5X, #C3X, 
#05X, #6EX, #4CX, #E2X, #C8X, #C9X, IICeX, #E3X, #4CX, #C(;X, 
#07X, #C5X, #09X, #6EX, #E2X, #C8X, #03X, #03X, # E2X, #C8X, 
#09X, #03X, #C3X, lIC9X, #09X, #E2X, I1CEX, #03X, #03X, #C 3 X" 
#C SX, ;J09X, #E2X, #C8X, #09X, #03X, #4 ex, #C2X, #C9X, ItE3X, 
#E2X, #40X, tJ07X, #09X, #C9X, #6EX, #05X, #06X, #E3X, #C3X, 
#4CX, #C2X, #C9X, fiE3X, #E2X, #40X, #'C 3 X, tf06)(, #D5X, #E2X, 
#bEX, #4CX, #C2X, #C9X, #E3X, # E2X, #4CX, #C4X, #C 1X; 11 E3X, 
#C lX, #40X, #E4X, 1I05X, #C9X, #E3X, #cEX, #4CX, #C2)<, #csx, 
#E3X, tlE2X, #40X, #CbX, #E4X, #05X, t1 (3X , #40X, #05)<, #C IX, 
#04X, #C 5X, #6EX, #4C X, #C2X, #C9X, #E3X, tlE2X, #40X, # E5X, 
#C1X, #09X, #6EX, #4CX, #C 2X t #C9X, ~E3X, #E 2X, #40X, It-CtX, 
#CSX, #C5X, #03X, #C4X, #40X, #D5X, #C1X, fit04X, Ii-C5X, #6EX, 
#C3X, #C lX, #E3X, #4CX, #C3X, #C8X, #C IX, #09X, #~. OX , #C7X, 
#09X, #C9X, #6EX, #4CX, #C31., #C8X, IiC IX, #09X, #4GX, #C3X, 
#0 tX t #05X, #E2X, #6f:.X, #4CX, #C3 X, tI(SX, #-CIX, #D9X, #40X, 
#C 4.X, #C IX, #E3X, IIC lX, #4GX, #E4X, #0 5X, #C9X, #E3X, #f:.EX, 
#4CX, #C3X, #C8X, #C1X, #D9X, #40X, tiC(:X, #E4X, #05X, #C 3X, 
Y40X, #D5X, #CIX, ttD4X, #C5X, 1/.6EX, #4CX, #C3X, #C8X, #(lX, 
#09X, #40X, #E5X, fiC LX, #09X, H6SX, lI~CX, #C3X, fl.C8X, #C1X, 

~ #09X, #40X, #C6X, #C 9 X " #C5X, #03X, 11(4X, #40X, #05)<, #C1X, 
r\) #D4X, #C 5X, fi.6EX, #4C X, #E 2X, ft.E3:JX, tlClX, #E3X, II-E4X, #E2X, 0" #40X, #C4X, #ClX, I1E3X, #CIX, #40X, #E4X, #05)(, tl-CSX, #E3X" 

#6EX, #4CX, #E2X, #E:3X, #CIX, # E3X, #E4X, flE2X, #40X, #C6X, 
#E4X, #05X, #C3X, #40X, #05);, #CIX, HOLtX, #C5X, fl:6EX, #4CX, 
#E2X, #E3X, #C1X, UE3X, #E:4X, IIE2X, 1140X, IIE5X, tiC lX, #O<;X, 
#6EX, #4CX, #E2X, #E3X, #C LX, #E3X, #E4X, #E2X, #40X, #C6X, 
#C9X, #C5X, #03X, liC4X, #40)<, #D5X, II( IX, #D4X, #C5)<, #(;EX,. 
#4CX, #C2X, #C6X, #06X, #03X, 1140X , #ELX, #C5X, #C3X, #C5X, 
#6EX, #4CX, #C2X, 1JD 6 X , #D6X, #03X, #4CX, #06X, #CIX, #C5X, 
#D9X, #6 EX, #C1X, #05X, #C 4X, #D6X, #oc;x, #4CX, #(2)', #DeXt 
#D6X, #D3X, #40X, tl07X, #D9X, #(9X, 116EX, #05X, #D6X, #E3X, 
#4CX, #C2X, #06X, #06X, #03)(, #40X, #C3)<, #06X, #05.X, #E2X, 
#6 EX, #4CX, #C2X, 1I06X, #Df:X, #D3X, 1140X, #C4X, #C IX, #E3X, 
#C lX, #40X, #(4)(, #D5X, #CSX, # E3X, IJ.6EX, #4CX, itC2X, 1iC6X, 
#Ot;X, #03X, #40X, 1fC 6X, #E4X, #05X, #C3X, #40X, #05X, #C1X, 
#04X, #C5X, #bEX, ii4CX, #D9X, #C5X, 1; C 3X, #40X, #C5X, #E7X, 
#07X, #OSX, #6EX, #4C X, U.C 2 X , #D6X, #oexl. #03)(, #40X, # E5 X, 
#C1X, #09X, #6EX, #4CX, #C 2X, #06X, IICtX, #03X, #'t(]X, #CtX, 
#C ';;X, #C5X, #03X, #C4X, #40X, #D5X, #(lX, #04X, #C5X, 116EX, 
#4CX, #09X, #C5X, #D3X, #4GX, #06.X , #01X, #C5X, #OSX, #6EX, 
#7 EX, #5FX, #7 EX, fl.4CX, #6EX, #4CX, IIE3X, #C lX, ilC2X, #03X, 
#C 5X, #40X, #05X, #CIX, #D4X, #CS-X, #6 EX, #4CX, #E2X, #ELtX, 
#C 2X, #60X, #E3X, HC 1 X, #C 2X, #D3X, fYC5X, #40X, #05X, #C1X, 
#04X, #C5X, #6EX, #4CX, #C9X, #E3X, iiC5X,. #D4X, #6QX, #C1X, 



#o<;x, #C5X, #CIX, #40X, #05)(, #CIX, #C4X, #C5X, #6E~, #E2X, 
#E6X, #CIX, #C7X, #E2X, tFC5X, #CIX, #DSX, #C3X t #c ax, #4CX, 
#C 4X, "lie lX, #E3X, #C1X, #LtOX f "# E2X, IiE3X, #09X, # E4X, flC3X, 
#E3X, fl.E4X, #09)(, #C5X, #6EX, #4CX, iiCtX, #C 9X, #03)<, #C5X, 
#40X, #D5X, #C1X, tiD4X, #C5X, 116EX, hCtX, #06X, fiDSX, #4C)(, 
#07X, #09X, 1f.D6X, #C3X, #C5X, #C4X l. #E4X, #09X, #C5~, #40X, 
#05X, #C1X, #04X, #C5X, #6EX, #4CX, lie 1):, tiC3X, #E3X, #E4X, 
#C IX f #03X, #40X, #1)7 X , #C1X, #09X, 11 C IX, #04X, ItC5X, #E~X, 
#C5X, #09X, #40X, 1I03X, JiC <; X , tfE2X, #E~X, #6EX, 1f.4CX, #C6X, 
# E4X, hE3X, #C7X, #E4X, #E3X, #40X, ilC7X, tiC IX, #09)<, #C 1X t 
#C4X, ttE2X, #tEX, ff.4CX, #D3}<, #C1X, iiC2X, fl.C5X, tlC3X, 114CX, 
1i07X, #C IX, #osx, #C1X, #04><, #E2X, ilcEX, fJ4 F X , rJ4FX, #4FX, 
#09X, #C5X, # E2X, #E4X, #C4X, #C5X, IICSX, #e 5X, #E3X, #E4X, 
#0 SX, #U5X, #E3X, #06X, #C7X, #D6X, #E3X, #06X, #09X, #C5X, 
"E 2X, #C5X, #C9X, #E5X, IfC5X, #'tCX, #OSX, #C 5X, #E2X, #CtX, 
1JE4X, #D9X, # C3){, #C5X, #6 EX, #E6X, #c IX 9 #C9X, #E3X, #CSX, 
#D5X, #07X, #E4X, #E 3X, #4CX, #C6X, ilCtX, #DSX, #04X, UCIX, 
tlE3X, #40X, fi05X, #C1X, #04X, #C5X, Ii t EX, #0.6 X, #E4X, #E3X, 
#0 7X, #E4X, #E3X, #C5X, #05X, #C3X, #C6X, #C4X, #C5X, #C4X, 
#C5X, #C3X, #06X, #C4X, #C 5X, #07X, #C IX, #C3X, #02X, #CSX, 
#05X, #E4X, #05X, #07X, #C3X, #02X, T'lCSX, #D5X, #E3X, #O{;X, 
#06X, #E4X, #E3X, #D6X, #C 6X, l107X, #OSX, #C9X, #D5X, #E.3X, 
#07X, #05X, #C3X, iiC8X, #D9X, #C5X, 'hC1X, #C4X, #06X, #C3X, 

~ #04X); 
I\) 

.....:J ~RR~Y 0199 INTEGE:R lOClENGTH = (#OCCOOCOA, #CCCOC283, #00OOCOC6, 
t;OOOOCF44, #OQOO1041, tlOOOO108D, #ooa013CF, #00002986, 
#OCC02Boa, #OOC02DOA, #000C2F91, #00C03302, #00003E50, 
#OOOO3F43, #00004707, #OOOO{;AC2, #OCCCS444, #CCCOSDC6, 
#OOOOA4{,S, #OOOOAAOl, #()OOOA084, #OOCOAE84, #OOC082Cl, 
#o.ce.OB08A, #COCOC004, #0000C544, #OG(CC644, #GOCOC7"i:4, 
#0 000C842, #000OOE81, #OOOOCECO, #OO(CE204, #CCCOE305, 
#OOOCE702, 1l00OOE782, #00OCE804, #OOCOF085, #00OOFIC7, 
# a 00.0 F 3 8 3 , #OOOlCECl, #COGICF01, #OCC11541, #00011581, 
1I000115C3, #00011682, #00011983, #00C11E41, tlGOC11E82, 
# 0 00 IlF 10, #00012686, #00012805, #00C12951, #000138(4, 
#000139C3, #OC014044, #00014144, #OC(14247, # C C (14'407 , 
#OC014844, #0001494B, #00015010, #OOC 1540.A, #00C156<;1, 
#OC015AC3, #ecc 15E C8 , #00016400, #00C168CA, #00016851., 
#00017412, #0001788C, #00017e93, #OCC185C3, #00C15(;82, 
#OG018983, #OO018A4B, #00019110, #OOC1S78A, #CiOO19Al1, 
#000 lADC 1, Iloac lA 102, #OOOlA181., #OOCIAIC1, #OCOIA20C, 
#OOOlA510, #OOOlA910, #0001 Is CO·4, #OOC1AE06, tlOO01Bc43, 
#OGG1t3710, #OGOICti01, #0001C842, #00C1C8C6, #0001CA48, 
#000 !CC44, #OCC1C047, #00010184, #OC(10285, #CO(103(0, 
#OC010706, #00010886, IfOOO1CAOb, #0001(886, #00C1DC05, 
# 0 C C.l 0 E 4 4 , #OCOLDF45, #OOOlEC85, #OCCIEIC4, #OO01E2C4, 
#000 1 E3C3, #000(;0345, #OOOOU48F, #OCCCC84A, #CCCGOACC, 



~ 
f\) 
CD 

#00001793, #OOOOlC4E, #00001FD6, #00C02551, #0000384C, 
#00004005, #0000414C, #00004~4B, #GCCC48CC, #OCC04BCO, 
#OCOG4FOB, #00005lCO, #00005508, #000057CB, #00005A8E, 
#OCO.05EOB, .#000060CO, #000C640C, #OOCC67CC, #00C06A86, 
#00006COO, #00006F4C, #0000724F, #OC(CI6CE, #00007993, 
#00007E4F, #OOC0820F, #000085CF, #OOC0898F, #00008040, 
#UC00908F, #00009S4F, #OOOCSS10, #OC(C~E8B, #COOOA14E, 
#OOOOA610, #OOOOAA40, #0000~f80, #00((8310, #CGOOB70D, 
#GCCObA40, #0000Cl11, #000CC8C1, #OOCOCC11, #00000152, 
#uOOOD5CC, #000008CC, #OOOCCECB, #OOCCE44B, #OCOOE90a, 
#OOODE803, #OOOOF452, #OOOOFBCB, #OOCOF888, #OOOOFE48, 
#00010100, #00010452, #(001C8CB, #00C10880, #OOOlOF4B, 
#()0011200, #0001170A, #OOOllA50, #OO(1-~30E, #OCC12092, 
#OOC13200, #0001354E, #00013A8B, #OOC13C4C, #OOC145CA, 
#OC014CIC, #C001588A, #C0016COC, #OOC1tFS2, #00018048, 
#00018308, #0001870A, H00018C10, #OCClS5CA, #COC19E4A, 
#OC01AF9C, #00C1B38B~ #000lEE17, #OCC1COCF, #OOOIC48E, 
#000 lCFOA J ; 

COM~ENT THE DPOA HAS 0197 READ STATE5; 

ARRAY 0197 SHORT INTEGER REAOSTART = (HODOOS, #0002S, #COO4S, 1I0COeS, 
#008CS, #QOOES, #e0105, #00145, #00115, #001<75, #00185, 
#OC10S, #001FS, #00215, #00235, #00SC5, #00925, #OC945. 
#00965, #00985, #009 A5, #0 1075, #01CA5, h010CS, #OlOES, 
#01105, #01705, #01805, #OlB2S, #01845, #01865, #01885, 
#0 18A5, #018C5, N018E5, #01S05, #OlS~5, #01<;;45, #01<.765, 
#02Q3$, #0206S, #02095, #020 E 5, #020[5, #027A5, #02E75, 
#02E9S, #02EB5, #02EDS, #02F2S, #02F7S, #02F9S, #02FE5, 
#02F05, #02FF5, #03015, #03035, #03C.55, #03725, #03745, 
#03E1S, #044ES, #04885, #04BCS, #D52AS, #05385, #053AS, 
#053C5, #053E5, #05405, #05425, #054 L S, #05465, #05485, 
#054A5, #054 ES, . #055C5, #055ES, #05C85, #05055, #05075, 
#050A5, #050C5, #050F5, #064(S, #06295, #06Bb5, #06BFS, 
#u6C45, #06C95, #06C E 5, #01:035, #060:S, #06075, #06095, 
1106085, #060FS, #06E35, #06 E7S, #06 E ES , 110oEES, #OcF65, 
#06f8S, #06FA5, #06FDS, #07CCS, #07CA5, #070C5, #07795, 
#07E65, #07EA5, #07EC5, #OE5S5, #08~85, #08505, #Oa~F5, 
# 0 861 5, #08645, #08675, #08695, #086E5, #08715, #08755, 
#087AS, #081FS, #08815, #08865, #088CS, #08915, #08<)85, 
#08C;FS, #08A1S, #08A45, #08A(;S, #08Af;S, #C8ADS, #08AFS, 
#US1CS, #091F5, #09215, #09235, #092ES, #0929S, #092B5, 
#(;9~OS, #092F5, #OS38S, #0<;415, #094AS, # C 9875, #09685, 
#09EiFS, #09 C35 , #09C6S, #OYC9S, #09C(5, #09035, #OS055, 
#u9D75, #09005, #G9E3S, #09E:85, #09EES, #09EE5, #09F15, 
#U9F4S, #09F75, #09FAS, #OSFDS, #OAC(5, #OA02S, #OAC4S, 
#OA715, #OA7A5, #0 A81 5 , #OA875, #OA9C5, #OA995, #OAA25, 
#UAA95, #OAB25, #OABBS, #OAC4S, #OAC7S, #CAC9S, #OB365, 



#08385, #08465, #OB485, #08515, #0853S, #0859S, #0850S, 
#08625, #0864S, #OB665, #OE68SI; 

ARR~" 0197 BYTE RONUM = (#01X, #OlX, #OlX, 'h(5), #01X, #01X, #03)(, 
#02X, #01X, #C1X, #01X, #01)(, #OlX, #01X, #60X, #01X, #OlX, 
#01X, #01X, #01X, #60X, #02X, #OLX, IICIX, #01X, #60X, #02X, 
#01X, #01X, #01X, #OlX, #01X, #01X, #QIX, #OlX, #01X, #OlX, 
#OlX, #60X, #C2)', #02X, #01X, #01X, #6CX, #60X, #01X, #01X, 
#01X, #04X, #04X, #01X, #01X, #01X, IJC1X, #01X, #01X, #C1X, 
#6CX, #OlX, #60X, #60X, #60X, #01X, #cCX, #OOX, #01)(, #OlX, 
#01X, #01X, #01X, #01X, #01X, #01X, #CIX, #03X, #OCX, #01X, 
#6CX, #09X, #01X, #02X, #01X, #02X, heOX, #60X, #01X, #C3X, 
#G4X, 1I04X, #04X, #04X, #01X, #01X, t1C1X.,. #01X, #03X, fJ03X, 
#03X, #03X, #02)(, #07X, #01X, #01X, #C2X, #02X, #09X, #01X, 
#6CX, #60X, #03X, #01X, #6ex, #01X, ~OlX, #OlX, #01X, #C2.X, 
#02X, #G1X, #C4X, #02X, #03)(, #04X, #04X, #01X, #04X, #05X, 
#04X, #06X, #G6X, #01X, #02)(, y01X, #C~X, #02X, #C1X, #cCX, 
#02X, #01X, #OlX, #02X, #02X, #01X, ~OlX, #OlX, #08X, IIC6X, 
~06X, #60X, #G3X, #03X, ~03X, #02X, #02X, #02X, #06X, #G1X, 
#01X, #05X, #05X, #04X, #02X, #02X, #C2X, #02X, #02X, #02X, 
#02X, #02X, #OlX, #OlX, #6CX, #08X, #C6X, #05X, #ODX, d08X, 
#08X, #06X, #08X., #08X, #0(3)<, #G2X, #C1X, #6DX, #01)<, #GCX 
#OlX, #08X, #OlX, #05X, #03X, #04X, #01X, #01X, #01X, hC2X); 

ARR'~ 0145 BYTE 5YMLIST = (#01X, #OOX, #02X, #CCX, #CIX, #OOX, #05X, 
#06X, #07X, #08X, #09X, #OOX, #03X, #CCX, #OOX, #OOX, HOAX, 
#08X, #OCX, #GOX, #08X, #OCX, #OOX, #C3X, #OOX, #03X, #OOX, 
#03X, #OOX, #C4X, #OOX, #04):" #OOX, #(OX, #00)(, #00)(, #C1X, 
#02X, #03X, #04X, #05X, #06X, #07X, ~cex, #09X, #OAX, #CEX, 
#OCX, #ODX, #OEX, #OFX, #10X, #llX, #12X, #13X, #14X, #15X, 
#16X, #17X, #lHX, #19X, #1AX, #lBX, #lCX, #10)(, #lEX, #lFX, 
#~CX, #21X, #22X, #23X, #24X, #25X, #2tX, #21X, #28X, #29X, 
#2AX, #28X, #2CX, #2DX, #2EX, n2FX, #3CX, #31X, #32X, #33X, 
#34X, #35X, #36X, #37X, #38X, #39X, #3AX, #38X, #3CX, #30X, 
d3EX, #3FX, #40X, #41X, #42X, #43X, #44X, #45X, #46X, #47X, 
#48X, #49X, #4AX, #4I:3X, #4CX, #4DX, t4EX, #4FX, #50X, #51X, 
#52X, #53X, n.54X, #55X, #56X, #51X, h5EX, #59X, ;i.5AX, #5BX, 
#5CX, #50X, #5EX, #5FX, #6GX, #61X, #62X, #63X, #64X, #65X, 
#66X, #67X, #68X, #69X, #6AX, #6BX, NeCX, #OOX); 

CLeSE BASE; 
GlGBAl DATA SEGT2 BASE R6; 

ARRAY 2778 BYTE CONTSYMLI5T = 
#OOX, #04X, 

#OOX, #04X, #OOX, #04X, #OCX, #04X, #CCX, #OOX, #01X, #02X, 
#03X, #04X, #05X, #06X, #07X, #08X, #09X, #OAX, #08X, #CCX, 
#OOX, #OEX, #GFX, #10X, #11X, #12X, #13X, #14X, #15X, #16X, 
#17X, #18X, #1.9X, #1AX, #1bX, #lCX, #1DX, #1EX, #1FX, #2CX, 
#21X, #22X, #23X, #24X, #25X, #~~6X, 1127X, #28X, #29X, #2AX, 



#2BX, #2CX, #2DX, #2EX, #2FX, #30X, fl.21X, #32X, #33Xt #34X, 
#35X, #36X, #37X, #38X, fl:39X, #3AX, ~2eX, #3CX, #3()X, #3EX, 
#3FX, #40X, #41X, #42X, #43X, #44X, #45X, #46X, #.47X, #48X, 
#49X, #4AX ,: #4BX, #4CX, #40)(, #4EX, 1l4FX, #50)(, #51X, #52X, 
#53X, #54X, #55X, #56X, #57X, #58X, h5SX, #5AX, #58X, #5CX, 
#5DX, #5EX, #5FX, #60X, #61X, #62X, #63X, tt.64X, #65X, #6{;X, 
#67X, #68X, #69X, #6AX, #68X, #6CX, hlfX, #21X, #OCX, #lCX, 
#OOX, #21X, #00)" #23X, #OOX, #OOX, #0 IX, #0 2X, . #03X, #C~X, 
#05X, #06X, '# 07 )I, #08X, #09X, #GAX, #CEX, #OCX, #OCX, #OEX, 
#OFX, #lOX, #11X, #12X, #13X, #14X, #1:)(, #16)(, #17)(, #18X, 
#1SX, #1AX, #It:3X, #1CX, #lCX, #1 EX, JllFX, #20X, #21X, #22X, 
#23X, #24X, #25), #26X, #27X, #28X, #2<;X, #2AX, #28X, #2CX, 
#20X, #2 EX, #2FX, #30X, #31X, #32X, 1i33X, #34X, #~5X, #3t.X, 
#37X, #38X, #39.X, #3AX, #3EX, #3CX, #3 ex, #3 EX, #3 FX, #40X, 
#41X, #42X, #43X, #44X, #45X, #46X, #~7X, #48X, #49X; #4AX, 
#48X, 1f4CX, #4CX, #4EX, #4 FX, #50X, II 5 IX, #52X, #53X, #54X, 
#55)(, #56X, # 57X, #5t3X, #59X, #5AX, #5EX, #5CX, #5 ex, #5 EX, 
#5 FX, #60X, #blX, #62X, #63X, 1I64X, tfl:.:X, #66X, #67X, #tex, 
#bSX, #6AX, #68X, #6CX, #OFX, #. 16X, #OCX, 1I57X, #OOX, #57X, 
#OOX, #67X, #.OOX, #b8X, #OCX, #68X, #CCX, #67X, #OCX, #68X, 
#OOX, #67X, #OOX, #58X, #0 OX, #OEX, hcex, #lOX, #OOX, #CCX, 
#OlX, #02X, #G3X, #04X, #05X, #06X, #C7X, #08X, It09X, #OAX, 
#08X, #OCX, #OOX, #OEX, #OFX, #lOX, # llX, il12X, #13X, #l~X, 

~ #15X, #16X, #17X, #l8X, #19X, #1AX, itl13X, #lCX, #lDX, #lEX, 
~ #1FX, #20X, #21X, #22X, #23X, #24X, #25X, #26X, #27X, #28X, 
0 #29X, #2AX, #28X, #2C,X, #20X, t/2EX, tl2FX, #30X, #31X, #32X, 

#33X, #34X, #35X, #36X, #3 7X, t/38X, #39X, #3AX, #3BX, #3CX, 
#3DX, #3EX, #3FX, #40X, #41X, #42X, #~3X, #44X, #45X, #46X, 
#47X, #48X, #49X, #4AX, #4BX, #4CX, #~CX, #4EX, #4FX, #5CX, 
#51X, #52X, #53X, #54X, #5 5X, #56X, #57X, #58X, #59X, #5AX, 
#5 BX, #5CX·, #50X, #5EX, #5FX, #60X, #(;1X, #62X, #63X, #64X, 
#65X, #66X, #67X, #68X, #69X, #6AX, ft6EX, #6CX, . #13X, #16X, 
"OCX, #13X, #16X, #OOX, #17X, #OOX, If 1 ex, #OOX, #OOX, #01X, 
#u 2X, #03X, #G4X, #05X, #06)<, #07X, #C8X, #09X, #OAX, #CEX, 
#OCX, #OCX, #OEX, #OFX, #10X, #llX, 1l12X, #13X, #14X, #. 15 X, 
#16X, #17X, #18X, #19X, #lAX, #18X, #lCX, #lOX, #1EX, #lFX, 
#2. OX , #21X, #22X, #23X, #2~X, #25X, #2(;X, #27'X, #28X, #2SX, 
#ZAX, #2BX, #2CX, #2DX, #2 EX t #2FX, #3 ex, #31X, #32X, #33X, 
#j4X, #35X, #36X, #37X, #3SX, #39X, ti3AX, #38X, #3CX, #3CX, 
#3 EX, #3FX, #40X, #41X, #42X, #43X, #4~X, #45X, #46X, #47X, 
#48X, #4gX, #4AX, /i48X, #4CX, #4DX, 1J4EX, #4FX, #50X, #51X, 
#5 2X, #53X, #54X, #55X, #5l:X, #57X, # 5 EX, #59X, #5AX, #5BX, 
#5CX, #5 ex, #5EX, #5FX, #60X, #61X, 116 2X , #63X, #641<, #C5X, 
#66X, #67X, n68X, #69X, #6~X, #68X, #6CX, #OOX, #OlX, #02X, 
#03X, #04X, #05X, #06X, #07X, H08X, #CSX, #OAX, #OBX 7 #CCX, 
#OOX, #0 EX, #OFX, #lOX, #11X, #12X, #13X, #14X, # 15 X, #16X, 
#17X, #18X, #19X, # lAX, #lBX, # LeX, #lCX, #1EX, #lFX, #2UX, 
#21X, #22X, #23 '1., #24X, #25X, #26X, #27X, #28X, #2'3)'., #2AX, 



#2BX, #2CX, #20)(, #2EX, #2F)(, #30X, #31X, #32X, #33X. #34X, 
#35X, #36X, t/37X, #38X, #3S)(, #3AX, #38)" #3CX, #30><, tJ3EX, 
#3FX, #40X, #41X, #42X, #43X, #44X, 1145X, #46X, #47X, #4E)(, 
#4SX, #4AX,: #4BX, #4C X, #40X, #4EX, #4FX, #50X, #51X, #52X, 
#53X, #54X, #55X, #56X, #57X, #58X, #5SX, #5A)(, #5B)(, #5CX, 
#50X, #5EX, #5FX, 11-6 OX , #61X, #62X, #63X, #64X, #65X, #66X, 
#6 7X, #68X, #6SX, #6AX, #6t3X, #6CX, #lCX, #OOX, #10X, #OOX, 
#10X, #OOX, #69X, #6AX, #6 ex, #6CX, IiCCX, #69)(, #6AX, 1/f::.SX, 
#6CX, #OOX, # 10)( , #OOX, #1CX, #OOX, IIl[X, #OOX, #1CX, #OGX, 
#2 EX, #OOX, #2EX, #OOX, #17X, #OOX, #CCX, #01X, #02X, #C3X, 
#04X, #05X, #06X, #07X, #08X, #09X, tlOAX, #0 £:3 X , #oex, #C~X, #0 EX, #OFX, #10X, #11X, #12.X, #13X, #14X, #15X, #16X, #1 X, 
#18X, #19X, # lAX, #18X, #lCX, #lOX, fIIEX, #1FX, #2C)(, #21><, 
#22)(, #2.3X, #24X, #25X, #26X, #27X, #28X, #29X, #2 AX, #28X, 
#2C)(, #20X, 1i2EX, #2FX, #30X, #31X, #3;;:X, #33X, #34X, #35X, 
#36X, #37X, #38X, #39X, #3AX, #36X, #3C)(, #30X, #3EX, #3FX, 
#4CX, #41X, #42X, #43X, #44)<, #45X, #4£X, #47X, #48X, 1149X, 
#4AX, #48X, #4CX, #40X, #4E)(, #4FX, i15CX, #51X, #52X, #53X, 
#54X, #55X, #56X, #57X, #58X, #59X, #~AX, #58X, .fI.5CX, #5[X, 
#5EX, #5FX, #f::.OX, #61X, #62X, #63X, #64X, #65X, #66X, #67X, 
#b8X, #69X, #6AX, #6 clX , #6CX, # 1FX, ~CCX, #OOX, #01)(, #C2X, 
#03X, #04X, #05X, #06X, #01X, #08X, #09X, #OAX, #08X, #ocx, 
#OOX, #OEX, #(JFX, #lOX, #11)<, #L2X, #- l~X, #14X, #15'1., #16X, 

~ #17X, #18X, #19X, #1AX, /flEX, #1CX, #10X, #1EX, #lFX, #2CX, 
\).I #21X, #22X, #23X, #24X, #25X, #26X, #27X, #28X, #29X, fi2AX, ~ #2BX, #2CX, #20X, #2EX, #2FX, #30X, #31X, #32X t #33X, #34X, 

#3 5X, #36X, #37X, #38X, #39X, #3AX, #3ex, #3CX, #30X, #3EX, 
#3F.X, #40X, #41X, #42X, #43X, #44X, #45X, #46X, #41X, #48X, 
#49X, #4AX, #4ex, #4CX, #4CX, #4EX, il4FX, #50X, #51X, #52)(. 
#53X, #54X, #55X, #56X, #57X, #58X, h5SX, #5AX, #58X, #5CX, 
#50X, #5EX, # 5FX, #60X, #61)(, #62X, #l;3X, #64X, #65X, #66X, 
#67X, #68X, #6SX, #6AX, #6 EX, #6CX, i4CCX, #OlX, #02X, #02X, 
#04X, #05X, #06'}., #07X, #08X, #09X, #CAX, #0 ex, 1i-OCX, tiOCX, 
#0 EX, #OFX, #10X, #11X, #12)(, # 13X, #14X, #15X, #16X, #17X, 
#18X, #19X, #lAX, #1 BX, #1 ex, #10X, ~ 1 EX, #lFX, #20X, # 21X, 
if22X, l123X, #24X, #25X, #'£.6'1., tt2.7X, #2 EX, #29X, #2 AX , #2EX, 
'lf2CX, #2DX, #2E}C, #2FX, #3CX, #31X, #32X, #33X, #34X, #35)(, 
#3f::.X, #J7X, #38X, #39X, #3 AX, #3BX, h3CX, #3CX, #3 EX, #3FX, 
#4CX, #41X, #42X, #43X, #44)(, #45X, #4tX, #47X, #48X, #49X, 
fJ4AX, #48X, #4CX, #40X, #4EX, tl4FX, h5CX, #51);, #52X, #53X, 
#54X, #55X, #56X, #51 X, #58X, #59X, #5 ~X, #5 BX, #5CX, #5CX, 
#5 EX, #5FX, #60X, #61X, #62)(, #63X, #f.4X, #65X, #66X, #67X, 
#68X, #69X, #bAX, #6 BX, #6CX, #oax, IiC1X, #02X, #03X, #C4X, 
#05X, #06X, # 07 ). , #08X, #09X, #OAX, # a EX, tJ.OCX, #OCX, #OEX, 
#0 FX, #10X, # llX, #12X, #13)(, #14X, #l~X, #It.X, #17X, #18X, 
#lSX, #lAX, #18X, #lCX, #1 [X, #1 EX, ~1FX, #20X, #21 X, #2~X, 
#23X, #24X, #2:)" #26X, ""27)(, #28X, #2SX, #2AX, #2 8X, #2CX, 
#2 OX, #2 EX, #2F X, #30X, #31X, #32X, 1I32X, #34X, #35X, #"9.l:.X, 



#37X, #38X, #39X, #3AX, #3EX, #3CX, #3 ex, #3 EX, #3 FX, #40X, 
#41X, #42X, #43X, #44X, #45X, #46X, #47X, #48X, #49X, #4AX, 
#48X, #4CX, #4DX, #4EX, #4FX, #SQX, #51X, #52X, #53)<, #54X, 
#55X, #56X,:#57X, #58X, #59X, #5AX, #5BX, #5CX, #5CX, #5EX, 
#5FX, #60X, #61X, #62X, #63X, #64X, #c5X, #66)<, #67X, #6SX, 
#6SX, #6AX, #6BX, #6CX, #0 ex, #OOX, 1l00X, #0 IX, #02X, #C3X, 
#04X, # 05X, #G6X, #07X, #08X, #09X, f;.CAX, #O£3X, fl.OCX, #OCX, 
#OEX, #OFX, #10X, #11X, #12X, #13X, ~lLtX, #15)<, #16)<, #17)<, 
#18X, #19X, #1AX, #1BX, #lCX, #: 1. OX , ~ 1 EX, #1FX, #20X, #21X, 
#22X, #~3X, #24X,.#25X, #2t.X, #27X, #2EX, #29X, #2AX, #2EX, 
#2CX, #2 ex, #2EX, #2FX, #30X, ~31X, 1132)<, #33X, #34X, #35X, 
#3t.X, #37X, #38X, #39X, #3tX, #38X, #~ ex, #3 ex, #3 EX, #3FX, 
#40X, #41X, #42X, #43X, #44X, #'t5 x, #4(;)(, #47)<, #48)(, #4SX, 
#4AX, #48X, #4CX, #40X, #4 EX, #Lt F X , 1I5CX, #51X, #52X, #53X, 
#54X, #55X, # 56X, #57X, #58>:, #59X, #5 AX, #5BX, #5CX, #5 ex, 
#5 EX, #5 FX, #60X, #61X, #{;2X, #63X, #(;4X, #65)<, #6{;X, #c7X, 
#08X, #b9X, #oAX, #6bX, #6CX, #11X, #33X, #3 ex, #3 EX, #4~X, 
#43X, #45X, #46X, #4CX, #40)(, #52X, #~3X, #54X, #oox, #J.CX, 
#OOX, #16X, #OOX, #10X, #OOX, #16X, #CCX, #10)(, #oex, #1tx, 
YGCX, #16X, #OOX, #16X, #OOX, #16X, #CCX, #2 EX, #59X, #5J)X, 
#uox, #17X, #33X, 1130X, #3EX, #L't2X, #43X, #45)(, #.46)(, #4CX, 
#4CX, #52X, #53X, 1i54X t #OOX, #J..2.X, tlOOX, #OOX, #01X, #C2X, 

~ 
#03X, #04X, # C5X, #06X, #07X, #08X, #CSX, #OAX, #0 ex r #oex, 
#0 LX, #OEX, #OFX, filOX, #11X, #12X, h13X, #14)(, #15)(, #1tX, 

~ #17X, #18X, #19X, #1AX, #1 ex, /I lex, "hlCX, #1EX, #lFX, #2CX, I\) 
#21X, #22X, #23X, #24X, #2:X, #26X, #27X, #28X, #29X, #2AX, 
#2 BX, #2CX, #20X, #2EX, #2FX, #30X, 1#"3 IX, #32)<, #33)<, #34X, 
#35X, #36X, #37X, #38X, #39X, #3AX, #3 EX, #3 CX, #3CX !' #3EX, 
#3FX, #40X, #41X, #42X, #43X, #' .. 4X, #lt5X, #46X, #47X, #48X, 
#49X, #4AX, #'t 8X , #4CX, #40X, #'t EX , ~4FX, #50X, # 51 X, #52X, 
#53X, #54X, #55X, #56X, #57X, #58X, #59X, #5 AX, #5 ex, #5CX, 
#5DX, #5 EX, #5FX, #60X, #61)<, #62X, #1;3X, #64X, #65X, tf.6t.X, 
#67X, #68X, #69X, #6AX, #6 EX, #6CX, #1CX, #52X, #53X, #54X, 
#58X, #6SX, # 6AX, #69X, #6CX, #OOX, # 5 EX, #OOX, #19X, #lAX, 
#OOX, #18X, #OOX, #47X, #48X, #OOX, hCCX, #01X, #02X, #C3X, 
#04~t #. 05X, #C6X, #07X, #08X, #09X, #0 ~X, #0 ex, #OCX, #0 ex, 
#0 EX, #OFX, #10X, #11X, #12X, #. 13X, #14X, #15X, #16X, #17X, 
#18X, #19X, #1AX, #18X, #lCX, #10X, illE)<, #1FX, #20X, #21X, 
#22)<, #23X, #24X, #25X, #26X, #27X, #2 8X, #29X, #2AX, #2BX, 
#2CX, #2CX, #2EX, #2FX, #30)(, #31X, #32X, #33)<, #34X, #35X, 
#3 eX, #3 7X, #38X, t/39X, #3 AX, #3BX, i43CX, #30X, #3E )<, #3FX, 
#40X, #41X, #42X, #43X, #44)(, #45X, #46X, #47X, #48X, #49X, 
#4AX, #4EX, #4CX, #40X, #4EX, #4FX, h5CX, #51X, #52)(, #53X, 
#54X, #55X, #5bX, #57 X , #58X l' #59X, # 5 AX, #5BX, #5CX, #5CX, 
#5EX, #5FX, #6CX, #6lX, #62X, #63X, #t~X, #65X, #66X, #67X, 
#6 ax, #69X, #6AX, #6 bX, #6CX, #OOX, h C 1X, #02X, #03)(, #04X, 
;l05X, #06X, #07X, #08X, #09X, #OAX, # C EX, #OCX, #OCX, tlOEX, 
#0 FX, #10X, #llX, #12X, #13X, #14X, #15,X, #16X, #17X, #18X, 



#19X, #lAX, #18X, #lCX, #1 ex, #1 EX, IilFX, #20X, #21X, #2~X, 
#23X, #24X, #25X, #26X, #27X, #28X, #2.9X, #2.AX, #28X, #2CX, 
#2 r;x , #2 EX, #2F )c., #30X, #31X, #32X, #33X, #34X, #35)" #3t.X; 
#3 7X, #38X, #39X, #3AX, #3 EX, #3CX, #3 ex, #3 EX, #3 FX, #40X, 
#41X, #42X~ #43X, #44X, #45><', #46X, #47X, #48><', #49X, #4AX, 
#4BX, #4CX, #40X, #4EX, #4FX, #5ux, #51X, #52X, #53X, #54X, 
#55)(, #56X, #57X, #58X, #59X, 1f-5AX, Ii 5 ex , #5CX, #5 ex, 115EX, 
#5FX, #60X, #61X, #62X, #63X, #64X, #(;5X, #66X, #67X, #l;8X, 
#09X, #6AX, #6BX, #6CX, #2 EX, #OOX, li52X, #53X, #54X, #CC)(, 
#4EX, #4FX, #50X, #51X, #00)(, #4EX, #4FX, #50X, #51X, #00X, 
#4EX, #4FX, #50X, #51X, #OOX, #4EX, #4FX, #50)(, #51)(, #CCX, 
#2EX, #OOX, #2EX, #OOX, #2 EX, #OOX, 1J2EX, #oox, #52)( , #53X, 
;;54X, #OOX, #52X, #53X, #54X, ttOOX, #5~X, #53X, #54)<, iJOCX, 
#~2X, #53X, #54X, #OOX, #47X, #48X, #ccx, #52)(, #53X, #5ic)(, 
#6S)(, #6AX, #6BX, #6CX, #OCX, #61X, fI 0 ex , #61X, #OOX, 1142X, 
#43X, #OOX, #42X, #43X, #oox, #1DX, #52X, #53X, #54X, #56X, 
#69X, #6AX, #68X, #6GX, #OOX, #58X, ~OCX, #OOX, #01X, #C2X, 
#03X, #04X, #05X, #06X, #07X, #08X, #CSX, HOAX, #0 BX, #OCX, 
#0 ex, #0 EX, #OF-X, #10X, #11X, li12X, #13X, #14X, #15X; #l(;X, 
#!7X t #18X, #19X,. #1AX, #1ex, 11:1CX, illCX, #lEX, #IF.x, #2CX, 
#21X, #22X, #23X, #24X, #2~X, #26X, #2.7X, #28X, ~2SX, #2/JX, 
#2. tjX , #2CX, #20X, #2EX, g2FX, #30X, 1I31X, #32)\, #33)<, #34X, 
#j 5X, #36X,.. #37X~ #38X, ::;9X, 1i3AX, #3P,X, #3CX, #3 CX, #3 EX, 

~ #3FX, #40X, #41X, #42X, #431., #44X, #45X, #46X, #47X, #48X, 
\.).J #49X, #4AX, #~X, #4CX, #4 ex, #4EX, ~4 FX, #5UX, #51X, #52X, \.).J #53X, #54X, # __ 5X, #56X 1 #57X, #58X, #5C;X, #5 AX, #5 ex, #5CX, 

#5CX, #5 EX, #5FX, #60X, #61)(, #62X, #f:?,X, #64)(, #65/.., #(:(;X, 
#67X, #68X, #69X, #6AX, #6 BX, #6CX, f; a ox , #0 IX, #02X, #C3X, 
#04X, #C5X, #06X, #07X, #08)(, #09X, # 0 AX , #OBX, #ocx, #O[X, 
#OEX, #OFX, yl0X, #11X, #12X, tl13X, #14X, #15X, # leX, #17X, 
#- 18X, #19X, #1AX, #18X, #lCX, #10X, iJIEX, #lFX, #20X, #21X, 
#22X, #23X, 1124X, #25X, #26X, #27X, #2cX, #29X, #2AX, #2EX, 
#2 ex, #2 OX, #2.EX, #2FX, #30X, #31X, #32)(, #33X, #34X, #35X, 
#3f:.X, 1I-37X, #38X, #39X, #3/JX, #38X, #3(X, #3 OX, #3 EX, N3FX, 
#40X, #41X, #42X, #43X, #44X, #45X, #4cX, #47X, #48'1., #4SX, 
#4AX, #48X, #4CX, #40X, #4 EX, #4FX, ~50X, #51X, #52'1., #53)(, 
#54X, #55X, # 56X, 1I-57X, #58X, #59X, #5AX, #5 8X, #5CX, #5CX, 
#5 EX, #5FX, #60X, #l) IX , #62X, #63X, flt'-iX, #65)1., #6(;)(, flt7X, 
#68X, #69X, #6AX, #6BX, #6CX, # 1 EX, #31X, #32X, #oox, #C4X, 
#OOX, #OOX, #C1X, #02.X, #03X, #04X, #C5X, #06X, #07X, #08X, 
#09X, #0 AX, #08X, #OCX, #0 ex, #OEX, #CFX, #10X, #11X, #1~)(f 
#13X, #14X, #. 15X, #16X, #17X, #18X, #lSX, #1 AX, # 1 ex, #1CX, 
#lDX, #lEX, # IFX, #2.0X, #21)(, #22X, #23X, #24X, #25X, #26X, 
#27X, #28X, #29X, #2 AX, #2 ex, #2CX, 1i2CX, #2EX, #2FX, #3CX, 
113 1 X, #32X, #33X, #34X, #35X, #36X, #3 7X, #38X, #39X, #3{:JX, 
#3BX, #3CX, #30X, #3EX, #3FX, #40X, 1141X, #42X, #43 X, #44X, 
#45X, #46X, #47X, #48X, #49X, #4AX, 114EX, t/4CX, #4CX, #4EX, 
#'t F X, #50X, #51X, #52X, #53X, #54X, #5:X, #56X, #57X, #58X, 



#59X, #5AX, #58X, #5CX, #5CX, #5EX, 115FX, #60'X, #61X, #6~X, 
#63X, #64X, #65X, #66X, #67X, #68X, #6SX, #6 AX, #6 ex, #6CX, 
#lOX, Hoax, #- 10), #oax, #23X, #OOX, #lFX, #OOX, #27X, #28X, 
#OOX, #34X ,. #35X, #OOX, #3 FX, #OOX, fl4EX, #4FX, #50)<, #.51X, 
#OCX, #47X, #48X, #OOX, #29X, #2AX, #2ex, -HOOX, #36X, #37X, 
#38X, #39X, #OOX, #4EX, #4FX, #50X, ii51X, #oax, #2C)<', #ccx, 
#4EX, #4FX, #50X, #51X, #OOX, #2EX, #3 EX, #3CX, #3 e)<., h3EX, 
#ccx, #4EX, #4FX, #50X, #51X, #OOX, #17X, #2EX, #30X, #.jlX, 
#32X, #33X, #OOX, #17X, #2 EX, #30X, "h31X, #32X, #33X, #CCX, 
#2EX, #OOX, #13X, #16X, #oox, #13X, #CCX, #16X, #59X, #5fjX" 
tlOGX, #16X, #5AX, #OOX, #l(;X, #OOX, #CCX, #OlX, #02X, #OjX, 
#04X, #05X, #G6X, #07X, #08X, #09X, hOAX, #08X, #OCX, #CCX, 
#OEX, ttOFX, #lOX, #11X, #12X, #13X, #14X, #15X, #16X, #11.X, 
#l.8X, #19X, #lAX, #1BX, #1CX, #10X, 'Il1EX, #1F X, #20X, #21X, 
1f22X, #23X, #24'1., 1/25X, H-26X, #27X, li28X, #29X, #2AX, #2BX, 
#2CX, #2DX, #2EX, #2F X, #30X, #31X, #~2X, #33X, #34X, #35X, 
#36X, #37X, #38X, #39X, #3JjX, #35X, t/3CX, #30X, #3EX, #3FX, 
#4CX, #41X, #42X, #43X, #44X, #45X, #46X, #47X, #48X, #49X, 
#4AX, #48X, #4CX, #40X, #4EX, #4FX, #5CX, #51X, #52X, #53X, 
#54X, #55X, #56X, #57X, #58X, #59X, h5AX, #5tJX, #5C X, #5DX, 
1I5EX, #5FX, #60X, #61X, #62X, #63X, #64X, #65X, tJ66X, #67X, 
#68X, #69X, #6AX, #68X, #6C)<', #16X, ~lOX, HOaX, #03X, #CCX, 
#2EX, #OOX, #13X, #16X, #OOX, #13X, #16X, flO OX, #2EX, #CCX, 

~ #2EX, #OOX, # 1A X, #OOX, #17)(, #28X, #2CX, #2EX, #30X, #31X, 
\).I #32X, #33X, #OOX, #17X, #28X, #20X, #'<.EX, #3CX, #31X, #32X, .po #33X, #OOX, #17X, #28X, #2 ex, #2EX, #30X, #31X, #32X, #33X, 

#OOX, #OOX, #01X, #02X, #03X, #04X, #C5X, #OoX, #07X, #08X, 
#09X, #OAX, #OBX, #OCX, #0 ex, #OEX, ilCFX, #lOX, #11X, #12X, 
#13X, #14X, #: 15X, #16X, #17X, #18X, 1i1SX, #1AX, #18X, #lCX, 
# 1 OX, # 1 EX, #lFX, #2.0X, #21X, #22X, ti23X, #24X, #25X, #2cX, 
#2 7X, #28X, #29X, #2. AX , #2 ex, #2CX, 112CX, #2EX, #2FX, #3CX, 
1I-31X, #32X, #33X, #34X, #35X, #36X, #37X, #36X, #39X, #3AX, 
#3 ex, #3CX, #30X, #3EX, #3FX, #40X., 1tLtlX, #42X, #431., #4LtX, 
#45X, 1t-46X, #47X, #4<3X, #49X, #4AX, #4EX, #4CX, #4CX, #4EX, 
#4FX, #50X, I/. 5IX, #52X, #53X, #54X, #55X, #56X, #57X, #58X, 
#5 9X, #5AX, #58X, #5CX, #5CX, #5EX, ~5FX, #6CX, #61X, #62X, 
#63X, #64X, #6 5X, #66X, #67X, #68X, 1i6'SX, #6 AX, #6 ex, #6CX, 
#13X, #47X, #48X, #OOX, #13X, #27X, #2EX, #OOX, #13X, #34X, 
#35X, 1100X, #13X, #3FX, #OuX, # 13X, "II1tX, #OOX, #13X, 1116X, 
#00X, #17X, #2.EX, #30X, #31X, #32X, #33X, #OOX, #4EX, #OOX, 
#4EX, #OOX, #2 EX, #3tjX, #3CX, #3DX 1 'Il3EX, #oax, #2EX, #4CX, 
#41X, #42X, #43X, #OOX, #L EX, #44X, 1/4 5X, #46X, #00)<, #- 12X, 
# 1 eX, #OOX, #13X, #16X, #OCX, t; 13X , #1tX, #OOX, #13X, #- 16X, 
#OOX, #13X, #16X, #OOX, #13X, #16X, I1CCX, #13X, #16X, #OCX, 
#l.3X, tF16X, #OOX, #61X, #OOX, ;J.61.X, -hCCX, #OOX, #0 1X, #02X, 
#U 3X, #04X, #05X, #u6X, #07X, #08X, #c<;x, #OAX, #oax, #ocx, 
#0 OX, #0 EX, #OFX, #10X, #11X, #12X, #13X, #14X, #15X, #16)(, 
#17X, #18X, # 1 SX, #1AX, #lex, #1CX, illCX, #lEX, tilFX, #20X, 



#21X, #22X, #23X, #24X, #25X, #26X, #27X, #28X, #29.X, #2AX, 
#ZBX, #2CX, #2DX, #2EX, #2 FX, #30X, #31X, #32X, #33><, #34X, 
#35X, #36X, #37X, #38X, #3SX, #3AX, #3EX, #3CX, #3CX, #3EX, 
#3 FX, #40X, : #41X, iJ42X, #43X, #44X, #45X, #46X, #4'1X, #48X, 
~4SX, #4AX, #48X, #4CX, #4CX, #1+ EX, 144 F X , #50X, #51X, #52X, 
#53X, #54X, #55X, #56X, #57X, #.58X, #5SX, #5AX, #58X, #5CX, 
#50X, #5 EX, #5FX, #60X, #61X, #62X, ~63X , #64X, #65)(, #f.f:.X, 
#67X, #68X, #cSX, #6AX, #6BX, /i.6CX, # 17X, #28X, #2CX, #2EX, 
#30X, #31X, #32X, #33X, #OOX, #2EX, #3AX, #38X, # 3C X, #3CX, 
fl3EX, #OOX, #2 EX, #40X, #4lX, #'t2X, 1143X, 1I00X, #17X, #28X, 
-#2 OX, #2EX, #30X, #31X, #32X, #33X, #CCX, #17X, #28)<, #2[X, 
#2 EX, #30X, #31X, #32X, #33X, IIOOX, il17X, #28'1., #20'1., #2EX, 
n3CX, #31X, #32X, #33X, #OOX, #2EX, #3 AX, #3 BX, #3 CX, h3CX, 
113 EX , #OOX, #17X, #28X, #20X, #.2EX, #3CX, #31X, #32X, #33X, 
#OOX, #17X, #28X, #2 OX, #2 EX f #30X, 1131X, #3~X, #33X, iJOCX, 
#17X, #28X, #20X, #2EX, #30X, #31X, #32X, #33X, #OOX, #16X, 
#5AX, #OOX, # 16 X, hoax, #00)<, #0 IX, 'liC~X, #03X, #04X, #C5X, 
#06X, #07X, #G8X, #09X, #0 AX, #08X, i/OCX, #0 OX, #OEX, #CFX, 
#1CX, #11X, #12X, #13X, #1.4X, # 1.5X, #If:.X, #17X, #18'1., #lSX, 
#1 AX, #18X, #lCX, #10X, #lEX, #lFX, 112CX, #21X, #22'1., #23X, 
#24X, #25X, #26X, #27 X, #28X, fi.29X, #2 AX, #2 BX, 1/2 ex, #2CX, 
#2EX, #2FX, #30X, #31.X, #32X, #33X, #34X, #35X, #36)(, #37X, 
#38X, #39X, #3AX, #38X, #3CX, #3 OX, t3 EX, #3FX, #40)(, #41X, 

~ #42X, #43X, #44X, #45X, #4f.X, #47X, #4SX, #49X, #4AX, #4£:X, 
\.)I #4CX, #40X, #4EX, #4FX, #5C)<, #51X, #52X, #53X, #54X, #551., \J1 #56X, #57X, #58X, #59X, #5 AX, #58X, t45(X, #5CX, #5EX, #5FX, 

#6CX, #61X, #62X, #63X, #64X, #65X, #6 eX, #67X, #68X, #69X, 
#6 AX, #6 8X, #6CX, #16X, #OOX, "II 17X, #33X, #30X, #3EX, #42.X, 
#43X, #45X, #46X, #4CX, #40X, #52.X, #l53X, #54X, #oox, #03X, 
#UOX, #17X, #2.8X, #20X, #2EX, #30X, # ~ IX, #32X, tl-33X, #OOX, 
#2 FX, #oox, #2EX, #40X, #41X, #42X, /J43X, #OOX, #29X, #2AX, 
#28X, #OOX, #36X, #37X, #38)(, #39X, #ccx, tJ.2CX, #OOX, H1f.X, 
#OOX, #13X, #COX, #31X, #32X, #OOX) ; 

ARRA'I Ollt7 SHOR T INTEGER 5TATELI5T = (#0001S, il06FF5, #00045, #06FFS, 
rflJ 2EoS, #06FF5, #02.045, #02055, tiOOCES, #00095, #OOOAS, 
#06FFS, #0008S, #06FFS, #000(5, itO 6 F F 5 , h020ES, #OlOE5, 
#02105, #06FFS, #OlOES, #02105, #06FF5, #OOlOS, #06FFS, 
#00115, #06FFS, #00125, #06FFS, #02C2S, #06FF5, #02115, 
#06FF5, #OOOCS, #06FF5, #06FF5, #06FFS, #06FFS, #06FF5, 
#Ol;FFS, #06FFS, #06FF5, #Ol:FFS, #06FFS, #C6FFS, #06FF5, 
#06FF5, #06 FFS, #06FF5, #02145, #06FFS, hOO235, #03(4S, 
#Of.FFS, #06FFS, #022C5, #OC2SS, #06FFS, #06FFS, #06FFS, 
#0 6FF5, #06FFS, #OO2AS, #OcrF$, #06FFS, #06FFS, #06FFS, 
#01285, #06FFS, #012CS, #06ffS, #024AS t flO24CS, #CC205, 
#06FFS, #06FFS, #06FFS, #06FFS, #06FFS, #06FFS, #06FFS, 
#06FF5, #06FF5, #06FF5, #OtFF5, #06FFS, #C6FFS, #Ol:FF5, 
#06FF5, #06FFS, #06FFS, #06FF5, #06FF5, #06FFS, #Of:.FF5, 



N06FFS, H06FFS, H06FFS, #OcFFS, #06FFS, #06FF S, #06FFS, 
#06FFS, #06FFS, #06FFS, #06FFS, #06FF$, II06FFS, #06FFS, 
#06FFS, #06FFS, #06FFS, #06FFS, #06FFS, #06FFS, #06FFS, 
#0 6FFS, #06FFS, #06FFS, #06FF5, #OO2ES, #C02F5, #06FFS, 
#06FF5, #OoFF5, #06FFS, #02 C ES, #02CFS, #02005, #00365, 
#00375, #00305, #06FF S , #00315, #00325, #00335, #0034$, 
#00355, #06FFS, #06FFS, #06 FFS, IJ06FfS, #C6FFS, #OtFFS, 
#OCCCS, #06FFS, #0208S) ; 

CLOSE 8AS E; 
GLCBAL DATA SEGT3 BASE R7; 

ARRAY 1504 SHORT INTEGER C1STATElI5T = ( 

#06FFS, #02415, 
#06FFS, 

#06FFS, #06FFS, 
#02CSS, #06FFS, #02065, 
#06FFS, 1'106FFS, #OtFFS, 

#06FFS, #06FFS" #06FFS, #06FFS, #06FFS, #C6FFS, #06FFS, 
#06FFS, #06FF$, #06FFS, HOcFFS, #06FFS, #0023S, #03C4S, 
#06FFS, #06FFS, #022CS, #0029S, #06FfS, #06FFS, #06FFS, 
#06FFS, #06FF$, #002A S, IfOcFFS, #06FFS, #C6FFS, #06FFS, 
#012BS, #06 FFS, #012CS, #06 F F S, #02'tAS, fj024C5, #0020S, 
#06FF5, #06FF5, #06FFS, #06FFS, #()6FF$, #06 FFS, #06FFS, 
#J6FFS, #06FFS, #06FFS, #OcFFS, #06FfS, #C6FF5, #06FF5, 
#06FFS, #06FFS, #06FFS, #06 F FS, #06 F FS , #06FFS, #OcFFS, 
#06FFS, #06FF5, #06FFS, #06FFS, #06FFS, #06FFS, #06FFS, 
#06FFS, #06FFS, #06FFS, #06FFS, #06FFS, #C6FFS, #OcFFS, 

~ 'II06FFS, #06FFS, n06FFS, #06FFS, #06FFS, #06FFS, #06FFS, 
\)I I/U6FFS, #ObFFS, #06F F S, #Ot.FFS, #002ES, . #C02FS, #ObFFS, (1\ 

#06FF5, #06FFS, #06FF5, #02CE5, #02CFS, #02005, #003(;S, 
#00375, #00305, #06FFS, #0031S, 1100325, #00335, #00345, 
#00355, #06FF5, #06FFS, #06FF5, #06FF5, #06FF5, #OtFFS, 
it 0 03 8 S, #0139S, #06FF5, #0138S, #06FFS, 1'101395, tJ.OtFF5, 
#013CS, #06FFS, #06FFS, #06FFS, #06FFS, #06FFS, #06FFS, 
#06FFS, #OoFF5, #06FFS, #06 F F 5, #06FFS, #GbFFS, #OtFF5, 
#06FFS, #06FFS, #0214S, #06FFS, #0023S, #03045, #06FF5, 
#06FF5, #022CS, 1100295, #OcFF5, #06FFS, #06FFS, #06FFS, 
#06FFS, #OO2AS, #06FF5, #06FFS, #06FFS, Ij06FFS, #01285, 
#06FFS, #012C5, #ObFFS, #024AS, #024(5, #OO2CS, #06FFS, 
#06FFS, #06FFS, #06FfS, #06FFS, #06FFS, #C6FFS, #06FF5, 
#Q6FFS, #06FFS, #06FFS, #06 F FS, #06f FS, n06FFS, #OtFFS, 
#()6FFS, #06FFS, #O(;FFS, #06f-FS, tt06FF5, #06FFS, #06FFS, 
#OofFS, #06 FFS, #06FFS, II06FFS, #()6FFS, #ObFFS, #06FF5, 
#06FFS, #06FF S, #06FFS, #06FF$, #06FFS, #06FFS, #06FFS, 
#06FFS, #06FFS, #06FFS, #06FFS, #06FFS, #C6FFS, #06FFS, 
#06FFS, #06FFS, #06FFS, #OO2ES, #OO2FS, nObFFS, #06fFS, 
#06FF5, #06FF5, #02CE:.S, #02CF5, #02CCS, 1I0036S, #0037$, 
#00305, #06FFS, #CJ031S, #OG325, #OO3~5, #C034S, #OC355, 
#Q6FFS, #06FFS, #u6FFS, #06 F f S , #06F FS, h06FFS, #013F$, 
#0040S, #06FF5, #0041S, #06FF5, #004 lS, #06FFS, #0043S, 
#06FFS, #00455, #06FFS, #0045S, #06FF5, #00435, #OcFF5, 
#00455, # 06F F S, #0043S, #06FFS, #030(S, #06FFS, #02265, 



N06FFS, #00485, #06FFS, #06FFS, #.0 6FF S , IJOoFFS, #06FfS, 
#06FF5, #06FFS, #06FFS, #06 FFS, #06 F FS, 1I06FFS, #OcFFS, 
#06FF S, #06FFS, #06FFS, #02145, #06FFS, #0023S, #03045, 
#06FFS, #06FFS, #022CS, #OO2C;S, #06FFS, #06FFS, #OtFFS, 
#06FFS, #06FFS, #002 AS , #06 f FS, #06FfS, tlO6FFS, #OtFFS, 
#012B5, #06FFS, # 0 12C S , #OcFFS, #024A5, #024CS, #OO2CS, 
#06FFS, #06 FFS, #06FFS, #OcFFS, #06FFS, #C6FfS, #OtFFS, 
#06FFS, #06FFS, #06FFS, #OcFFS, #06FF5, #06FFS, tJ06FFS, 
#06FF5, #06FFS, #06FFS, #OcFFS, #06FF5, #G6FFS, #06FFS, 
#06FFS, #06FFS, #06FFS, #ObFFS, #06fFS, flO6FFS, IrOtFFS, 
#06FFS, n06FFS, #06FFS, #06FFS, #06FFS, #06FFS, #06FF5, 
#06FFS, #06FFS, #06FFS, #06FFS, #OtFFS, #06FF5, #OtFFS, 
#06FFS, #06FFS, #06FFS, "OoFFS, #002ES, 1l002FS, #OtFFS, 
#06FFS, #06FF S '0 #06FFS, #02CES, #02CF5, #G200S, #00365, 
#OOJ 7 S, #0030S, #06FF5, #0031S, #0032S, #C033S, #OC34S, 
#OC35S, #06FF S, #06FFS, #06FFS, #06FFS, #06FFS, 1/06FfS, 
#0 14DS, #004ES, #06FFS, #022AS, #OO4FS, #06FFS, #u051S, 
#06FFS, #0048S, #06FFS, #ObFFS, #06FFS, ilO6FFS, #06FFS, 
#06FFS, #06FF S, #Q6FFS, #06FFS, #06FFS, 1I06FFS, #06FFS, 
#ObFFS, #06FFS, #06FFS, #06FFS, #06FFS, #C6FFS, #06FFS, 
#06FFS, #06FFS, #06FFS, #06 F FS, #06FFS, h026BS, #06FFS, 
#06FFS, #06FFS, #06FFS, #OtFFS, #06FFS, #C287S, H06FFS, 

~ 
#06FFS, #06 FFS , #06FFS, #06FFS, #06FFS, #Ct,FF5, #OtFFS, 

\)J 
#06FFS, #06FFS, #06FFS, #06fFS, #06FFS, #06FFS, #06FFS, 

"'1 #0 l54S, -#06FFS, #0-058 S, #0269S, #026AS, #OG5FS, #06FFS, 
#06FFS, #06FFS, #06FFS, #06FF5, If06FFS, h06FFS, #027SS, 
#0 C5C S, #0270S, # 0060S , #06FFS, #0281S, #0050S, #02855, 
#0061S, #U05ES, #028A5, #OCt2S, #06FFS, IIC6FFS, #0153S, 
#02925, #0055S, #02975, #00565, #06FFS, 1I06FFS, #06FFS, 
#06FFS, #o.6FFS, #06FFS, #OtFFS, #06FFS, tt06FFS, #06FFS, 
#06FF5, #06FFS, #06FFS, #0 {:: FFS, #06fFS, #06FFS, #OtFFS, 
#06FFS, #06FFS, #06FFS, #06FFS, #06FFS, #06FFS, #06FFS, 
#06FFS, #06FFS, #06FFS, #OtFFS, #06FFS, #C6FFS, #06FFS, 
#06FFS, #06 FFS, #06FFS, #06f-FS, #06 F F S , h06FFS, 1t0(;FFS, 
#06FFS, #06FFS, #06FFS, #06FFS, #06FFS, #06FFS, #06fFS, 
#J6FF5, #06FFS, #06FFS, #OtFFS, #06FFS, #C6FFS, #OtFFS, 
#06FFS, #06FFS, #026 BS , #06FF5, #06ffS, t10bFfS, #OtFF5, 
#06FFS, #06FF 5, #02875, #OtFFS, #06FFS, #C6FFS, 1I06FFS, 
#06FF5, #06FFS, #06FFS, #06FFS, #06FFS, #C6FF5, #OtFFS, 
#06FFS, #06FFS, #06FFS, #06FFS, #0154S, #06FFS, #00585, 
#02695, #.02.6AS, #005FS, #O(;FF5, #06FFS, #li6FFS, #06FfS, 
#06FFS, #06FFS, #06FFS, #0279S, #005CS, u1J270S, #OCf:.OS, 
#06FFS, #0281S, #0050S, tJ02dSS, #0061S, #OO5ES, #028AS, 
#0002S, #06FFS, #06FFS, #01535, #02S25, #CUS!JS, #0297S, 
#00565, #06FFS, H06FFS, #06 F F S, #06FFS, #06FFS, #OtFFS, 
#06FFS, #06FFS, #06FFS, tlOcFFS, #06FFS, #C6FFS, #ObFFS, 
#06FFS, #06FFS, #06FFS, #0 c FFS, #06FFS, #C6FFS, #Ot:FFS, 
#06FF S, #06FFS, #06FFS, #06FFS, #06FFS, #06FfS, #06FFS, 



fl.06FFS, #06FFS, #06FFS, #OcFFS, #00485, #C6FFS, #0048S, 
#06FFS, #0064S, #06FFS, #02E45, #02E5S, fJ02E6S, If02E7S, 
#06FFS, #02E4S, #02E5S, #02E6S, #02E7S, #06FFS, #00675, 
#06FFS, #00685, #06FFS, #00485, #06FFS, #004B5, #OtFFS, 
#0069S, #06FF5, #OObA5, #06FFS, #0051S, #06FFS, #06FFS, 
#06FFS, #06FFS, #06FF S , #OcFFS, #06FFS, #06FFS, #06FfS, 
#06FFS, #06FFS, #06FFS, #06FFS, #06FFS, fjC6FFS, #OcFFS, 
#06FFS, #0023S, #0304S, #06FFS, #06FfS, #022 CS , #06FFS, 
#06FFS, #06FFS, #06FFS, #06FFS, #06FFS, #C6FFS, tlOtFFS, 
tf06FFS, #06FFS, #06FFS, #(J6FFS, #06 F F S , #06FFS, #06FF5, 
#024A5, #024CS, #0020S, #06FFS, #06FFS, #06FFS, #06FFS, 
#06FFS, #06FFS, #06FFS, #06FFS, #06FFS, #C6FFS, '# Ol;FF S, 
#06FFS, #()6FFS, #06FFS, #06FFS, #06FFS, #06FFS, #06FFS, 
#06FFS, #06FFS, #06FFS, nOcFFS, #06FFS, #06FFS, ff06FFS, 
#06FFS, #06FFS,. #06FFS, #06FFS, #06FFS, t'106FFS, #06FFS, 
#06FFS, #06FFS, #06FFS, #06FfS, #06FFS, #06 F FS, #06fF5, 
#06FF5, #06FFS, . #O(;FF5, #OtFFS, #J6FFS, #CbFFS, #OtFF5, 
#002ES, #OO2F5, #06FFS, #06 f fS, #06fFS, flO6FF5, #02CE5, 
#O£CF5, #02005, #00365, #OC315, #003CS, #06FFS, #0031S, 
#00325, #0033S, #00345, #00355, #06FFS, #C6FF5, fl.O(;F-FS, 
#06FFS, #06 FFS, #06FFS, #0168S, #ObFFS, #UoFFS, 1I0tFFS, 
tlOtFFS, #Q6FF~ , #ObFFS, #OtFFS, #06FFS, #06FFS, -#u6FFS, 
#06FF5, #06 FFS, #06FFS, #06FFS, #06FFS, #06FFS, #Ot:FFS, 

~ #0023S, #0304S, #06FFS, #06FfS, #022(5, #0029S, #06FF5, 
\.).I #OoFFS, #06FFS, #06FFS, #06FFS, If.OO2AS, #ObFFS, #06FFS, en #0071S, #06FF5, #01285, #OoFFS, #012(5, #06FFS, #024AS, 

#024C5, #00205, tlC6FFS, H06FFS, #06FFS, #OGFFS, #06FF5, 
#06FFS, #06FFS, #ObFFS, #06FFS, #06FFS, #02695, #02t.AS, 
#OoFFS, #06FFS, #ObFFS, #06FFS, #06FFS, #06FF5, ff06FF5, 
#OtFf5, #06FFS, #06FFS, #OtFFS, #06FFS, #06FFS, #06FFS, 
#06FFS, #06FFS, #lJ6FF5, #06 F F S, #OcFFS, #G6FF5, rtOcFFS, 
#06FFS, #06FFS, #06FF5, #06FFS, tJ.06FFS, tJ06FF5, #06FFS, 
#06FFS, #06FF5, #06FFS, #OtFF5, #06FFS, #06FFS, #002ES, 
#002FS, #06FFS, #06FF5, #06FFS, #06Ff5, 1I02CES, #02CFS, 
#0200S, #0036S, #0037S, #00305, #06FF5, #00315, #00325, 
#0033S, #00345, #0035S, #Ot:FFS, #06FfS, #G6FFS, #OtFFS, 
#06FF5, #06FFS, #06FFS, #OoFFS, #06 F F S , #06FFS, #06FFS, 
#06FFS, #06FFS, #06FFS, #Ot.FFS, #06FFS, #06FFS, #06FFS, 
#ObFFS, #06 FFS, #0214S, #06FFS, #OO2.~S, hC304S, #CtFFS, 
n06FF5, #022CS, #0029S, #06FFS, #CJ6FFS, #06FFS, #06FFS, 
1I06FFS, #Ou2AS, #06FFS, #06FFS, #06FFS, #C6FFS, #012BS, 
IJ06FFS, #012CS, #06FFS, #024A5, #024C5, #00205, #06FF5, 
#06FF S, #06FFS, #06FF5, It06FFS, #06FFS, #06FFS, #06FFS, 
#u6FFS, #06FFS, #06FF5, #06FFS, #OtFFS, #06FFS, #OtFFS, 
#06FFS, #06FFS, #06FFS, #06FF5, #06FF5, #06FFS, #06FFS, 
#06FFS, #06FFS, #06FFS, #06FFS, #06FFS, #C6FF5, #06FFS, 
#U6FFS, #06FF5, #06FF5, #06FFS, #06FFS, #06FFS, #O(:;FFS, 
#06FFS, #06FFS, #06FFS, #06FF5, #06FFS, tJ06FFS, #06Ff5, 



#06FFS, #06FF5, #06FFS, #OQ2ES, #OO2FS, #06FFS, #06FF$, 
#06FFS, #06FFS, ;!I02C ES , #02CFS, #02COS, #00365, #00375, 
#OC30S, #06FFS, #0031S, #0032S, #0033S, #00345, #00355, 
#06FF5, #06 FFS, #06FF5, #OcFFS, #06FFS, #C6FFS, #OtFFS, 
#06FFS, #06FFS, #06FF5, #06FFS, #06FFS, #06FFS, #06FFS, 
#06FFS, #06FFS, fJ06FFS, #OcFFS, #06FFS, #C6FFS, #0214S, 
#06FF5, H0023S, #03045, #06FFS, #06FFS, 1tC2-2C S, #002'9S, 
#06FF S, #06FFS, #06FFS, #06FFS, #06FFS, #002AS, #06FFS, 
#tJoFFS, #06-FFS, #06FF5, #01285, #06FFS, #012CS, #OtFFS, 
#024AS, #02.4CS, #002 OS , #06FF5, #06FFS, h06FFS, #OcFFS, 
#06FFS, #06FFS, #06FFS, #06FFS, #06FFS, #06FFS, #ObFFS, 
#06FFS, #06 FFS, #06FFS, #OtFFS, #06FFS, I:C6FFS, #OtFFS, 
#06FFS, #06FFS, #06FFS, #06FFS, #06FF5, #06 FF5, If06FFS, 
#06FFS, #ObFFS,. H06FF5, #OtFFS, #U6FFS, #C6FF5, #-06FFS, 
#06FFS, #06 F FS, #06FFS, #06FFS, #06FFS 9 #C6FFS, #OtFFS, 
#06FFS, #06FFS, #06FFS, #06FFS, #06FFS, IJ06FF5, #ObfF5, 
#002E5, #002FS, #06FFS, #Ot:FFS, #06FFS, #CbFFS, #02CES, 
#02CFS, #0200S, #00365, #00375, #OO3C5, #06FF5, #00315, 
#00325, #0033S, #Ct034S, #OC355, #06FFS, #06FFS, #06FFS, 
#06FF5, #06FFS, #06FFS, #021A5, #06FFS, #C6FFS, #C(:;FFS, 
It06FF5, #06FF5, #Q6FFS, #06FF5, #06FFS. #06FFS, #06FFS, 
#06FFS, #06FFS, #06FF S, #ucFFS, #06FF5, #06FFS, #G6FFS, 
#06FFS, #06 FF5, #06FFS, #0 t F F 5, #06FFS, h06FFS, #OcFF5, 

-\ #0268S, #06FFS, #06FFS, #06FFS, #06FFS, #06FFS, tlO6FF5, 
\)I #02875, #06FF5, #06FF5, #OcFFS, #06FF5, #06FFS, #OtFFS, 
\.0 1I06FFS, #06FFS, il06FFS, #00805, #06 F F S , #06FF5, #OcFFS, 

#06FF S, #0081S, #0154S, #06FFS, #OOSBS, #0269S, #026AS, 
#OO5FS, #06FFS, #06FF5, #OcFFS, #OtFFS, #06FFS, #O(:;FFS, 
HOO7ES, #02795, #005CS, #027C5, #006G5, #06FFS, #0281S, 
#0050S, #02855, #OG61S, #OO5ES, #02EA5, #00625, #06FFS, 
#06FF5, #01535, #0292S, #00555, #0297S, 1I0056S, #06FFS, 
#06FF5, #06FFS, #06FFS, #C2e35, #02E4S, #02855, #06FFS, 
#06FFS, #06FFS, #06FFS, #OcFFS, #06FFS, #06FFS, #OcFFS, 
#06FFS, #06FFS, #06FFS, #06FFS, #06 F F S , #C6FFS, #OcFFS, 
#06FFS, #06FFS, #06FFS, #06FFS, #06FFS, #06FFS,- #06FF5, 
#06FFS, #06FFS, #02bBS, #0 G 5 f 5 f #027CS, #CC60S, #0285S, 
#OGb1S, #028A5, tJ0062. 5 , #02975, #00565, #0283S, #02f:4S, 
#02855, #ObFF5, #OO~·B S, #OtfFS, #004C5, #06FFS, 1';004BS, 
#06FF5, #00405, #06Ff5, #0048S, #06FFS, Ii C 04 G 5, #OcFFS, 
#0040S, #06FFS, #00405, #otFFS, #004CS, IJ06FFS, #0188S, 
#00895, #OO8AS, #06FFS, #026BS, #OC5FS, #02705, #OCtOS, 
#0285S, #00615, #028AS, #0062S, #029-75, h0056S, #02B3S, 
#uL84S, #0285S, #06FFS, #0228S, #06FFS, #06FfS, #G6FF5, 
#06FFS, #06 F FS, #06FFS, #OtFFS, #06FFS, ItC6FFS, #OtFFS, 
#0-6FFS, #06FfS, H06FF5, H06FFS, #06FFS, 1I06FF5, #06FFS, 
#00235, #03045, #06FFS, #OcFFS, #022.(S, #06FFS, #06FFS, 
#06FFS, #06FFS, #06FFS, #OtFFS, #06FFS, #C6FFS, #OtFFS, 
#06FFS, #06FFS, #06FFS, #06FFS, #06FFS, #06FFS, #024AS, 



#0 24~S, #0020S, #06FFS, #06FFS, #06FFS, #06FFS, #OcFFS, 
# ObF S, #06FFS, #06FFS, #06FFS, #06rrS, #06FFS, #06FFS, 
#06FFS, #06FFS, #C6FFS, #OcFFS, #06FFS, #06FFS, #06FFS, 
#06FFS, #06 F FS, #06FFS, #06FFS, #OtFfS,. #C6FFS, #OtFFS, 
#06FFS, #06FFS, #06FFS, It06fFS, . #06FFS, #06FFS, #06FFS, 
#06FFS, #ObFFS, #06FFS, #O{;FFS, #06FFS, #C6FFS, #06FFS, 
#06FFS, #06FFS, #06FFS, #06FFS, #06FF5, h06FFS, #002ES, 0 
#OO2FS, #06FFS, #06FFS, #06FFS, #06FFS, #02CES, #02CFS, 
#02U05, #0036S, #00375, #0030S, '1i06FF!;;, #CC3l:S~ #OC32S, 
II 0033S, #00345, #0035S, # 0 6 F F S. , it.O C$ F F S f IIO('FFS, #OtFFS, 
#(}6FFS, #06FF5, #0048S, #0283S, #02845, #02.eSS, #030(S, 
#02E4S, #02E55, #02E6S, #02 E75, #06FF£, #0207S, #OtFF5, 
#OC92S, #00915, #06FFS, #00935, #06FFS, #OZBtS, tt028FS, 
#06FFS, #06FF S '0 #OtFFS, #OtFFS, #C6FFS, #C6FF 5, #06FFS, 
#06FFS, #06FFS, #()6FFS, #06 f F S, #06FFS., #06FFS, #06FFS, 
#06FFS, #ObFFS, #06FFS, #06FFS, #06FF!), #C6FFS, #06FFS, 
#06FFS, #ObFF5, #06FF5, #02cBS, #OtFF5, #C6FFS, #OcFFS, 
#OofFS, #ObfFS, #06FFS, #02875, #06FF5, #06FFS, tiOcFFS r 
#06FFS, #06FFS, #06FFS, #O{;FFS, #06FFS, #G6FFS, H06FF5, 
#06FFS, fl.Ob FFS, #06FFS, #06FFS, #06FFS, #C154S, #Ol:FfS, 
# 0058 S, #02.69S, #0;:'6AS, #OQ5FS, #06FFS, #06FFS, #06FFS, 
#06FFS, #06FFS, #06FFS, #OcFF5, #027<;S, #CG5CS, #02705, 
#00605, #06FFS, #02815, #OO5CS, #0285S, tJOO61S, #OO5E5, 

...\ #028AS, #0062S, #06FFS, #06FFS, #06FFS, #02925, #00555, 
~ #0297S, #0056S, #06FFS, #06FFS, #06FFS, #C6FFS, IrOcFFS, 
0 #06FFS, #06FFS, #06FFS, #06FfS, #06FFS, t106FFS, #OtFFS, 

#06FFS, #06FF5, #06FFS, #O{;FFS, #06FFS, #06FFS, #06FFS, 
#06FFS, #06FFS, #06FF5, #06FFS, #06FFS, #06FFS, #OcFFS, 
#06FFS, #06FFS, #06FFS, #OcFFS, #06FFS, #06FF5, #06FFS, 
#06FFS, #O.6FF S, #06FFS, #06FFS, #06FFS, #C6FF5, #06FF5, 
#06FFS, #06FFS, #06FFS, #06FFS, #06FFS, #U6FFS, #OtFFS, 
#06FFS, #06FFS, #06FFS, #06FFS, #06FFS, #06FFS, #06FF5, 
#0268S, #06FFS, #06FFS, #06FFS, #06FFS, #06FFS, #OtFFS, 
#02875, #06 FF S, #06FFS, 
#06FFS, #06FFS); 

#06FFS, #06FFS, #06FFS, #OtFFS, 

CLCS E BASE; 
GLOBAL DATA SEGT4 8ASE R2; 

ARRAY 1272 SHORT INTEGER C2STATELIST = ( 
#06FF5, #0080S, #06FFS, #06FFS, #O{;FFS, 

#06FFS, #0081S, #0154S, tF06FFS, #00585, #02695, #026AS, 
#OO5FS, #06F FS, #06FFS, H06FFS s #06FFS, #C6FFS, #OtFFS, 
#OG7ES, #0279S, ~'005CS , #027CS, #0060S, #ObFFS, #0281S, 
#0050S, #02855, #(;061S, #O-C5ES,. #028AS,. #00625, #06FFS, 
#06FFS, #01535, #0292S, #0055S, #02S7S, #CC56S, #OtfFS, 
1I06FFS, #ObFFS, #06FFS, #06FFS, #06FFS, #06F-FS, #06FFS, 
#06FFS, #06FFS, It06FFS, #Of:FFS, 1f.06FFS, tiC6FFS, #06FFS, 
#06FFS, #06 F F5, #06FFS, #06FFS, #06FFS, #C6FFS, #OtFFS, 
#06FFS, #06FFS, #06FFS, #06FFS, #06FFS, #06FFS, #06FFS, 



#06FF5, #06FF5, #0188 S, #0 cFFS, #02835, #C2845, #0285.S, 
#OcFFS, #02905, #O~9ES, #03255, #032c5, #06FFS, #0290S, 
#029E5, #03255, #03265, #OcFF5, #02SCS, #C29ES, #03255, 
#03265, #06 FF5, #02905, #029E5, #03255, #C3265, #OcFFS, 
#01885, #06FFS, #01885, #06FFS, #0188S, #06FF5, #01885, 
#06FFS, #02835, 1102845, #02855, #06fFS, #C2835, #02B45, 
#02855, #06FF5, #02ti35, #02845, 1102855, #06fFS, #OL83S, 
#O~b4S, #02855, #06FFS, #02~ES, #028FS, #06FFS, tlO2E3S, 
#02845, #02855, #C2E45, #02E5S, #02EiS, #02E7S, #OtFFS, 
#02095, #06FF5, #02085, #06FF5, #02355, ~0061S, #OcFF5, 
#02855, #00615, #06FFS, #OC485, #02B~S, #C284S, .#02t55, 
#030(S, #02 E4S , #021:5S, #02EcS, #02E7S, #C6FF$, #02065, 
#06FFS, #06FF 5, #06FFS, #06FFS, #ObFFS, tJ06FFS, #06FF5, 
#06FFS, #06FFS,. #06FF5, #OtFFS, #G6fFS, #CoFF-S, #ObFFS, 
#06FF5, #06FFS, #06FFS, #0023S, #0304 S , #06FFS, Ii06FFS, 
#022CS, #002SS, #C6FFS, #OtFFS, #06FFS, #06FFS, #06FFS, 
#OO2AS, #06FFS, #06FFS, #OtF-FS, #06fFS, tJC12B5, #OcFFS, 
fJ012C5, #06FfS, #024AS, fl024(5, #002(5, #06FFS, #OtfFS, 
#06FfS, #06FFS, #OcF F 5, #OcFFS, #06FFS, #C6FFS, #ObFFS, 
#06FFS, #06FFS, #06FFS, tfOtfFS, #06FFS, #C6FFS, #OtFFS, 
#06FFS, #06FFS, #06FFS, #06FFS, #06FFS, #ObFFS, #06FFS, 
#06FFS, #06FFS, #06FFS, iJ.OtFFS, #06FFS, #C6FfS, #OtFFS, 
#06FFS, #ObFFS, #06FFS, #ObfF5, #06fFS, 1I06FFS, IIO(:;FFS, 

~ #06FFS, #06FFS, #06FFS, #06FFS, #06FFS, #06FFS, #06FFS, 
+=' #0 6FFS, #06FFS, #G02ES, #OO2F5, #06FFS, #G6FFS, #OtFFS, 
~ #ObFFS, #OLCES, #U2CF5, #02C05, #00365, #00375, #OC30S, 

#06FFS t #0031S, #0032S, ;tOC33S, 1I0034S, #0035S, 1I06FFS, 
#06FFS, #06FFS, #06FFS, #OtFFS, #06FFS, #CcFFS, #OtFFS, 
#U6FF.5, n06FFS, #06FFS, #06FFS, #06FFS, #U6FFS, #06FFS, 
#06FfS, #-06FFS, #06FFS, ilCtFFS, H06FFS, #O{;rF S, #06FFS, 
#00235, #0304S, #06FFS, #06FFS, #022 CS, #0029S, #06FFS, 
#06FFS, #06FfS, #C6FFS, #06FFS, #OO2AS, #U6FFS, #06FFS, 
#06FFS, #06FFS, #0128S, #OtFF5, #012(S, #C6FF5, #024AS, 
tJ024CS, #00205, #OofFS, #ObFFS, #06 F F S , 1I06FFS, #OtFFS, 
#06FFS, #06FF5, #OtFF5, #Ol:FFS, #06FFS, #06FFS, #06FFS, 
#06FFS, #06FF5, flObFfS, #06FFS, #OcFFS, #C6FFS, #OtFFS, 
#06FFS, #06FFS, #06FF5, #06FFS, #06FFS, #06FFS, #06FFS, 
#ObFFS, #06FFS, fl06FF5, #OcFFS, #06FFS, #C6FFS, #06FFS, 
#06FfS, #06FFS, #06fFS, #06 f FS, #06 F FS, h06FFS, #OcFfS, 
#06FFS, #06FF 5, #06FFS, #06FFS, #06FFS, #06FFS, #OO2ES, 
#002F5, #06FF5, #06FFS, tfOtfFS, ffOofFS, #G2CES, #02CFS, 
#0200S, #0036S, #00375, #0030S, #06FFS, #0031S, #0032S, 
#UO.33S, #00345, #0035S, #OtFFS, #06FFS, #C6FFS, #06FFS, 
#Ot.FFS, #06FF5, #00715, #02tS5, #02t.AS, #C6FFS, #0240S, 
#06FF5, #06FFS, #06FFS, #06fFS, #06FFS, tlO6FF5, tJ06FFS, 
#06FFS, tf06FFS, #06FFS, #OtFFS, #06FFS, #C6FFS, #06FFS, 
#06fFS, #06FFS, #06FFS, 1#0023S, #03045, h06FFS, #OtFFS, 
#022CS, #0029S, #06FF5, #OcFF5, #06FFS, fiC6FFS, #06FFS, 



#OO2AS, #06 FFS, #06FFS, #0071S, #06FFS, #01285, #Ol:FFS, 
#012C5, #06FFS, #024AS, #024(5, #002 [5, #06FFS, #06FFS, 
#06F-FS, Ir06FFS, #06FF 5, #OcFFS, #06FF5, tJ06FFS, #06FFS, 
#06FFS, #0269 S, #026AS, #0 c f FS, #06FFS, tJ06FFS, #06FFS, 
#06FFS, #06FFS, #06FFS, #06FFS, #06FFS, tJ06FFS, #06FFS, 
#06FFS, #06FFS, #06FFS, #OcFFS, #06FF5, #C6FF5, l.t 06FF5, 
#06FF5, #06FFS, #06FFS, #06FFS, #06 F F S , ~06FFS, #OcFFS, 
kOtFFS, #06FFS, #Of::FFS, #06FFS, #06FFS, #06FF5, #06FFS, 
#ObFF5, #06FFS, #OO2ES, #002FS, #06F,F5, tlG6FFS, #OtFF5, 
#06FF5, #02CES, #02CFS, #02C05, #OO3c5, #00375, #0030$, 
#06FFS, #0031S, #00325, #00335, #00345, #C035S, #06FF$, 
#06FF5, #06 FF~, #06FFS, #0{;FF5, #06FF5, #C2305, #06FF5, 
#C23ES, #06FF5, #013C5, #06FFS, #024S5, #CJ6FFS, 1102585, 
#U 25<}S, #06FFS, .#U26FS, #U27U5, #06FFS, #00AE5, #CcFF5, 
#02905, #029ES, #0325S, #OJ2.65, #06FF5, ti028E5, ttQ2eF5, 
#LJ6FFS, #025C5, #C250S, #025ES, #06FFS, #02-(35, #02745, 
#0275$, #02765, #06FFS, #029CS, #02SES, #03255, #03265, 
#06FFS, #0081S, #06FF5, #02.9[5, #02SES, #03255, #0326S, 
#06FF~' #00825, #02795, #OC5C5, #027[S, #0060S, #06FFS, 
# 029 0 , #029ES, #03255, #032t5, #lJtFFS, #0':::655, #OCe35, 
#005B5, #02695, #026A5, #OC5F5, #06FFS, #02685, #00~35, 
#005BS, #02695, #026AS, #OC5FS, #06FFS, #OO64S, IfCtfFS, 
#02BOS, #00B55, H06FF5, #02B8S, #06FF5, #0329S, tiOCES5, 

~ #OO8AS, #06FF5, #032B5, #OC8A5, #06Ff5, #008135, #ObFF5, .po #06FFS, #06FFS" #06FFS., #06FF5, #06FF5, t1C6FFS, #Ol:;FFS, r\) #06FFS, #06FFS, #ObFFS, #06fF5, #U6fF5, Ji06FF5, tf06FFS, 
#06FF5, #06FFS, #O{;FFS, UOtFFS, #06FFS, #G6FF5, #ObFF5, 
#ObFF5, #02C5S, #02btJS, #06FF5, #06FFS, tJC6FF5, #06FFS, 
# C6FF 5, #06FFS, #C2875, #06FFS, #06FFS, #06FF5, #06FFS, 
#ObFFS, #06FF5, #06FFS, #OcFFS, #06FFS, #C0805, #06FFS, 
#06FF5, #06FFS, #OoFFS, #00b1S, #0 15LjS, #06FFS, #OG5BS, 
#02695, #026AS, #005F5, #06FFS, #06FFS, #06FF5, #06FF5, 
#06FFS, #06FF5, #007 ES , #0279S, #00 SCS, #C270S, #GC605, 
#06FF5, #02815, #OO50S, #0285S, #00615, tJu05ES, #028AS, 
#00625, #06FF5, #G6FFS, #01535, #02S;'S, #C055S, #02S75, 
1I-0056S, #06 F FS, #06FFS, #06FF5, #06FFS, 1102835, #02B.45, 
1102b55, #06FFS, ~06FFS, #OcFF~, #06FFS, #U6FFS, #06FF5, 
~06Ff5, #06FFS, #CbFFS, #(JtFfS, #06FFS, fiC6FFS, #OtFFS, 
#06FFS, #06FF5, #U6FFS, #06FFS, "06FFS, ilO6FFS, #OtFF5, 
#OtFF5, #06FFS, #06FF5, #OtFF5, #02CSS, #004B5, #06FF5, 
#02CC5, #0-6 f F5, #00545, #OtFF5, #02ASS, tlCCB5S, #OtfFS, 
#02b8S, #00B55, #06FF5, #CJOBCS, #06FFS, #(;Ob45, #06FFS, 
#0()91S, #06FFS, #026B5, ;'!'OC6CS, #OC81S, 1#0083S, #00585, 
#02695, #026A5, #OOSFS, t.I,06FFS, #02t.1:5, #OO8CS, #0081S, 
#OG83S, #00585, #G26<-J5, #026AS, #OO5F5, #06FFS, #0266$, 
#00805, #00815, #C0835, nOO5b5t #02tC;S, #026AS, U005F5, 
#ObFF5, #06FF5, #06FF5, #06FF5, #06FF5, 1I0offS, ttOtFF5, 
#06FFS, #06FFS, #Ot.FFS, #u6FFS, #06FFS, #06FFS, #06FFS, 



#06FFS, #06 FFS, #06FFS, #06FFS, #06FFS, #C6FFS, #Ol:FFS, 
#06FFS, #06FFS, #06FF S , #026ES, #06FFS, #06 FF5, #06FFS, 
#06FFS, #06FFS, #06FFS, #02875, #06FFS, #G6FF5, #06FF5, 
#06FFS, #06FFS, #06FFS, #06FFS, #06 F FS t n06FFS, #06FF5, 
#06FF5, #06FF5, #06FFS, #06FFS, #06FF5, #01545, #06FF5, 
#005B5, #02695, #026AS, #OQ5FS, #ObFFS, #06FFS, tf06FFS, 
#06FFS, #06FFS, #06FFS, #06Ff5, #02795, #005C5, #027C5, 
#006.05, #06FF5, #02815, #00505, #02855, #006lS, #OO5E5, 
#028AS, #0062S, #06FF5, #OcFfS, #015::5, #02925, #00555, 
#02S7S, #0056S, #06FF5, tf06FFS, #06FFS, #06FF5, #06FF5, 
#06FFS, H06FF5, #GiFFS, #OtFFS, #06FFS, #C6FF5, #C6FFS, 
#Ot-FFS, #06FFS, #06FFS, #0 c F F 5, #06FFS, ItOtlfFS, #OcFFS, 
#06FFS, #06FFS, #06FFS, #OtFF5, #06FF5, #06FFS, #06FFS, 
#OGFFS, #06FFS" #G6FFS, #OcFF5, #06FFS, IIC293S, #028E5, 
II02.8FS, #ObFF5, #032CS, #02565, #025SS, #06FFS, 1t0276S, 
#026F5, #02705, II06FF S, #0283S, #OOAES, #C6FF-<:' , #0295S, 
#Oj29S, #06FF5, #0298S, #00 B 55, IIU6FFS, 1102605, 1tCCB3S, 
#005B5, #0L,695, #02bAS, #OO5FS, #06FFS, #02A1S, #06FFS, 
#02A2S, IJ.06FFS, 1I0062S, 1I-02.7S5, #OG5CS, #G27CS, #OC605, 
#06FF5, #OOBES, #0281$, #OC5CS, #02855, ilCG615, #06FFS, 
#0287S, #005E5, #028AS, #OC(;2S, #U6FFS, #02685, #032.95, 
#06FF5, #027C5, #0329S, ItOtFF5, #028~S, #032'75, #OcFF5, 
#02895, #03295, #06FFS, #026CS, #00 e 55 , 1106FF5, #027ES, 

~ #OG£355, #06FfS, #02865, #OCbSS, #06FFS, #028BS, #0(;£:55, 
.f!:' #06FFS, #020C5, #06FFS, #02CDS, #OcFF5, #06FFS, #OtFFS, \>I #06ff5, #06FFS, #06FFS, #06FFS, #06FF5, ti06FF5, #06FF5, 

#06FFS, #06FF5, IJ06FFS, #OtFF5, #06FFS, #02145, li06FFS, 
#00235, #Q304S, #06FF5, #OtFFS, #022(S, #OC2SS, #06FF5, 
1tObFfS, #06FFS, #C6FFS, #06FFS, #OO2AS, h06FFS, #06FFS, 
riObFf-S, #06fFS, #012B5, #OtFF5, #012(S, #C6FFS, #024AS, 
#OL4C5, #00205, t06FFS, #06FFS, #06fFS, #U6FFS, tiCtFFS, 
#06FF5, #06FF5, I: 06F F 5, #O{;FFS, #06FFS, #06FFS, tt06FF5, 
#06FFS, #06 FF5, #06FFS, #0 t F F S, #OtFFS, 11 C 6F F 5, #CtFFS, 
t;OQFF5, tJ06FF5, tfU6FFS, tlOoFFS, #06FF5, #06FFS, #06FFS, 
#06FF-5, #06FF5, #06FFS, #OtFFS, #06FFS, #C6FFS, #U6FF5, 
tlO6FF5, #06 FF5, tlO6FFS, #OtFFS, #06FFS, #C6FFS, #ObFFS, 
#06FFS, #06FFS, tfCtFFS J #OcFFS, #06FFS, #C6FFS, #002E5, 
#OCJ2F5, #06FFS, 1iUbFFS, #OtFFS, #06fFS, #C2CE5, #02CFS, 
It-OLoOS, #00365, #0037S, #OU305, #06f F5, #0031S, IfOC32S, 
#00.33S, #00345, #00355, #06FFS, #06FF5, #06FF5, #06FF5, 
#u6FFS, #06FFS, #02685, #00805, #00615, #00835, #CCSBS, 
#02695, tt02bAS, #OO5F5, #06FF5, #00 e 2 S , 1I007E5, #02795, 
#uG5CS, flO2.7DS, #00605, #06FFS, #OOBES, #G2815, #OG5CS, 
#02655, #Q0615, #06FF5, 11:02665, #008CS, tlC0815, #OCB35, 
#OU55S, #02695, #026AS, ~OC~fS, #06FFS, #02665, 1100805, 
#00815, #00835, #.U05b5, #026'75, #02cAS, tfOOSF5, #06FFS t 
#026B5, 1100805, #00815, tfOOe3S, #OU5e5, 1102695, tf02tA,S, 
#uu5FS, #06FFS, #OCIj2S, #007ES, #02795, #005CS, #027CS, 



#00605, #06FF5, #02685, #00805, #00815, #00B35, #OC5BS, 
H0269S, #026AS, #005FS, #06FFS, #026ES, #00805, #00815, 
#00B35, #00555, #02695, #026A5, #005FS, #06FF5, #02685, 
#0080S, #00815, kOCB3S, #005B5, #026SS, #026AS, #.005FS, 
#06FFS, #03285, #CG8A5, #06FFS, #OUEES, ~06FFS, #06FF5, 
#06FF5, #06FFS, #06FF5, #06FFS, #06FFS, #C6FF5, #OtFFS, 
#06FFS, #06FFS, #06FF5, #ObFfS, #ObFFS, #06FFS, #OcFFS, 
#06FFS, #06FFS, #06FF5, #06FF5, #06FFS, #CbFFS, #06FFS, 
#06FFS, #02685, #06FF5, #06FF5, #06FFS, #06FFS, #Ol:FFS, 
#06FFS, #OL875, #06FF5, #06FFS, #06FF5, #06FF5, #06FF5, 
#06FFS, #06FFS, #ObFFS, #06FFS, #OOECS, #C6FFS, #06FFS, 
#06FFS, #06fFS, #00815, #01545, #06FF5, #G0585, #02695, 
#026A5, #005FS, #C6FFS, #06FF5, #06FF5, #U6FFS, #06FFS, 
tt06FFS, #007ES,. #0279S, #OC5CS, #02705, #cotOS, #06FF5, 
#Oid1S, #00505, #02855, #00615, #005E5, #028AS, #OC625, 
#06FF5, #06fFS, #~153S, #02S25, #00555, #0297S, #00565, 
#06FFS, #06FFS, #ObFFS, #OtFFS, #02B~S, #C2845, #02855, 
#ObFF5, #06FF5, #06FF5, #06FF5, #06FFS, #06FF5, #06FFS, 
#06FFS, #06FFS, #06FF5, #utFFS, #06FFS, #C6FF5, #06FF5, 
#OtFFS, #06FF5, #06FF5, #OtFF5, #06FFS, ~C6FFS, #06FFS, 
#OpFFS, #U6FF5, #06FFS, #OOEBS, #06FF5, #026B5, #005FS, 
#02705, #00605, #02855, #OCtlS, #028AS, #00625, #0297S, 
#0056S, #02835, #0284S, #02855, #06FFS, #02C05, #06FFS, 
#026B5, #0080S, #0081S, #00b3S, #00585, H02695, #026AS, 
#OQ5FS, #06FFS, #OOC4S, #06FF5, #OOBE5, #02815, #OC50S, 
#02855, #0061S, #06FFS, #025C5, #025C5, #025E5, #06FF5, 
#0273S, #0274S, #02755, #027tS, #06FFS, #00B1S, #06FFS, 
#OOeBS, H06FF5, #02895, #06FFS, #02tSS, #G26AS, #C6FFS); 

COMMENT THE OPOA HAS 0232 REDUCE STATES; 

Af(F.A't 0233 B\,TE NUMTOPCP = (#OOX, #02X, #02X, 1I01X, #OOX, #cax, IIC2X, 
#02X, #02X, #02X, #01X, #02X, #OLX, #CCX, #OOX, #OlX, Hoax, 
#OlX, #OlX, #OOX, HOOX, Hoax, #01X, #C~X, #OlX, #01X, #C2)', 
#02X, #OlX, #01X, #01X, #01X, HOOX, #01X, #01X, #OIX, #01X, 
#OlX, #OlX, #01), #02X, #02X, #OiX, #CCX, #OOX, #Ol.X, #02X, 
#OlX, #02X, #02X, #OlX, #OlX, #OlX, 1iOlX, #01X, #OOX, #C1X, 
#OOX, I*OLX, 1fOlX, #01X" #01X, #OlX, #CIX, #01X, #OIX, #OlX, 
#G1X, #01X, #CIX, #OlX, #01X, #03X, #CIX, #OOX, #01X, #CCX, 
#01X, #01X, #OlX, #OQX, #OOX, #OOX, 1I0GX, #OOX, #OOX, #CCX, 
#02X, #OO-X, # COX, #OOX, fl.02X, #OOX, #OCX, #OOX, #OOX, #02X, 
#OOX, #0 LX , #OlX, #OJX, #OOX, #02X, 1I(4X, #02X, #OCX, #CCX, 
#OOX, #02X, #OOX, #02X, #OOX, #OOX, #OOX, #02X, #OOX, #OOX, 
#OCX, #JOX, #OGX, #01X, #OCX, #COX, #C2X, #02X, #OOX, #02X, 
#02X, #OOX, #OOX, #OOX, #02X, #02X, #CCX, #02X. #OOX, #OCX, 
#02)(, HOOX, #02), HOOX, #02~, #OOX, f:iCCX, #00X~ rt01X, #OOX, 
I/.02X, #0QX, #02X, #oax, #OOX, #02X, #C:2X, #02X, 1+02)(, #02X, 
#00X, #OOX, #OOX, #oox, #01X, #01X, fi01X, II01X, #01X, #OlX, 



#0 IX, #C1X, #02X, #OlX, #OlX, #OlX, #C1X, #OlX, #OIX, #02X, 
#02X, #02X, #OOX, #OOX, #OOX, #OlX, #02X, #01X, #03X, #CIX, 
#02X, #OOX, #02X, /fOlX, #OIX, #OIX, #OOX, #OOX, #OOX, #0 LX, 
#0 IX, # 0 IX, : # 0 2 X, #0 lX, #01)<, #OlX, #C1X, #OlX, #02X, #OOX, 
#OOX, #OOX, #02X, #02X, #OOX, #OOX, hCCX, #02X, #02X, #OlX, 
#'02X, "# 0 IX, #02X, #03X, #03X, #OIX, #OIX, #0 LX, #OlX, #0 1X, 
#u LX t #OOX, #OOX, #OOX, #OOX, #02X) ; 

ARRA~ 0083 SHORT INTEGER REDUCESUCC = (#06FFS, #00025, #00035, 
#00035, ~03005t '03005, #03COS, #03CCS, #03005, #OC065, 
#0006S, ~0007S, #0007S, #03015, #03015, h05015, #05015, 
#05005, #05035, #05035, #01145, #05C45, #05045, #05045, 
#05045, #05045, #0505$, #05055, #05C5S, #C5C5S, #05055, 
#05055,~#0505S,.#05055, #0505S, #0505S, #0505S, #0505S, 
#05C55, #05055, #C505S, #05C55, #05C55, #05055, ~05055, 
#00155, #0015S, #050E5, #050ES, #005(5, #0090S, #050FS, 
#JC165, #003A5, #003A5, #0312S, #03125, #0313S, #03135, 
#05125, #05125, #016F5, #016F5, #02175, #C5115, #0?025, 
#00115, #05065, #05075, #0219S, #02195, #05155, #05155, 
#05165, #01195, #C1195 r #01265, #012t5, #001A5, #001AS, 
#05085, #05085, #05085,; 

CLeSE 8A5E; 
GLOBAL DATA SEGT5 BA5E R8; 

ARRAY 0150 SHORT INTEGER CONTREDUCE5UCC : ( 

CCf-'tJENT 

#05185, #OOAC5, #00AC5~ 
#OOAF5, #051E5, #051E5, 
#051F5, #051f5, #C51F5, 
#05205, #051S5, #05195, 
#00805, #00805, #00805, 
#05245, #05245, #05245, 
#05265, #05265, #0526S, 
#051d5, #05185, #05285, 
#01945, #052S5, #05295, 
#052AS, #05285, #0528S, 
#052CS, #052CS, #C52C5, 
#05005, #050'OS, #05005, 
#05175, #05175, #05175, 
#0522S, #051C5, #051C5, 
#05205, #05095, #050C5, 
#OC845, #00845, #00845, 
#05215, #oJ52f5, #052f5 7 
#00245, #00245, #00245, 
#05315, #00235, #OG285, 
#U01F5, #00205, #00215, 
#05CB5, #052ES, #052E5, 

ThE OPOA HAS 0049 LOOK 

#05085, #05085, 
#0510S, #051C5, 
#05105, #051C5, 
#051FS, #05135, 
#OCAD5., #OOAC5, 
#ooe05, #02715, 
#05255, #05255, 
#05265, #05275, 
#lJ52.8S, #05145, 
if05~A5'1 #05~A5, 
#02S65, #02S£:.5, 
#052C5, #052(5, 
#05C05! 1t05CC5, 
#05175, #05175, 
!t051C5, #00 IB5, 
#05CCS, #00845, 
#00845, #05215, 
#052F5, #OS2FS, 
#00275, #00275, 
#001CS, #OUl[S, 
#00225, #05CAS, 
#052E5, #052ES, 

AHEAD STATES; 

#05085, #0518S, 
#COAF5, #OOAF5, 
#85105, #051F5, 
# 5135, #05205, 
#05235, #05235, 
#02715, #05.245, 
#051A5, #051A5, 
#C5275, #0518S, 
#05145, #01945, 
#C52AS, #052AS, 
#C2965, #02965, 
#052C5, #05CC5, 
#C50D5, #05175, 
1105175, #05225, 
#00 LCS, #052CS, 
#00845, #0084S, 
#05215, #05215, 
#C5305, #05305, 
#05315, #0531S, 
#03035, #03035, 
#050A5, #050BS, 
h07005) ; 



ARRAY 0049 B~TE LASYMNUM = (#6EX, #71X, #73X, ~79X, #79X, #82X, #79X, 
#79X, #79X, #79X, #79X, #79X, #90X, #S3X, #7FX, #8CX, #8EX, 
#SAX, #7DX,:N7DX, N78X, #84X, N84X, h84X, #84X, #84X, #A5X, 
#A6X, #A1X, #AAX, #B4X, #9AX, #A4X, #C3X, #C3X, #C3X, #92X, 
# COX, # COX, # C3 X, # C 3 X, # BOX, 1# C 3 X , 11£ it X, -# A EX, #. A 5 X , # A (; X , 
#AAX, #C3X); 

ARRAY 0049 SHORT INTEGER SUCCSTATE ; (~D2035, h02CA5, #02CCS, #C220S, 
#02285, #02485, N021E5, #021FS, #0221S, #82225, #0223$, 
#02245, #02BC5, #02405, #0242S, #02445, #C2D85, #020A5, 
#02355, #02365, #02155, #0250S, #02515, #02525, #02535, 
#02545, #02565, #02605, #02BC5, #025A5, #02775, #02615, 
#02AF5, #02CI5" #02C25, #02C3S, #02AES, #029F5, #02A05, 
#028E5, #02C05, #02C65, #02EF5~ #G2CA5, U026tS, #02575, 
# 0 26 E S, # 0 2585, # 02805) ; 

ARRAY 0049 SHeRT INTEGER FAIL5TATE = (#00055, ~OOOD5, flOOOF5, #celES, 
#00255, #003E5, #00425, #00445, ftD04c5, #00475, #00485, 
#00495, #004A5, #004C5, #00525, #OOt35, #00655, #00665, 
#016C5, #006D5, #00735, #0074S, #00755, #00765, #00775, 
#00785, #00795, #007A5, #00785, #007C5, #00705, #007FS, 
#00825, #00855, #0086S, #uoelS, #008t~, #009C5, #00905, 
#00865, #00B7S, #01B85, #uce~5, #OOEtS, #OOBCS, #OOEFS, 
#00C05, #OOC15, #OOC25); 

ARRAY C686 BYTE LATA8LE = ( 
COMMENT <SY5 OECL HEAD); 
#07X, #COX, #OOX, #OOX, #OOX, #OOX, #C£X, #OOX, #OOX, #CCX, 
#OCX, #OOX, #CO), #OOX, 

CO~~ENT <SYSPROC CECL ~EAC); 
#OCX, #38X, #OOX, #OOX, #OOX, #OOX, #OOX, #OOX, #OOX, #OOX, 
#00;(, #OOX, #001., #OOX, 

CO~MENT <SY5PROCREN OECL ~EAC>9 
#00X, #18X, #OOX, hOaX, #oax, #OOX, #CCX, #OOX, #OOX, #OOX, 
#OOX, #OOX, #OOX, #ObX, 

COMMENT <SIMPLE 5TM>; 
#J8X, #OOX, #OOX, #OlX, #OOX, #OOX, #CCX, #OOX, #OOX, #CCX, 
#OOX, #OOX, #OOX, #OOX, 

COMMENT <SIMPLE STM>; 
#OSX, #COX, #OOX, #OlX, #OOX, #OOX, #OOX, #OOX, #OOX, #OOX, 
'IIOOX, #OOX, #00), #OOX, 

CO~MENT <BEGIN HEAD); 



#OOX, #03X, #CCX, #lOX, tlAEX, #OOX, #CCX, #OOX, #COX, #OOX, 
#06X, #lFX, #BEX, #OOX, 

COMMENT <SIMPLE STM); 
#08X, #OOX, #OOX, #OlX, #OOX, #OOX, ~CCX, #OOX, #OOX, #OCX, 
#OCX, 1I00X, #00), #OOX, 

CO~MENT <SI~FLE STM); 
#08X, #OOX, #GOX, #OlX, #OOX, #OOX, ~CCX, #OOX, #OOX, #OOX, 
#OOX, #OOX, #00)<, #OOX, 

COMMENT <SI~PLE STM); 
#08X, #OOX, ~OOX, #01X, #OOX, #OOX, #CCX, #00)(, #OOX, #00)(, 
#OOX, ~OOX, #00), #OOX, 

CCMMENT <SIMPLE STM); 
#08X, #OOX,.#OOX, #OlX, #OOX, #OOX, ilOCX, #OOX, #OCX, #CCX, 
#OCX, #OOX, #GO), #OOX, 

COM~ENT <SI~PLE STM); 
#08X, #OOX, #COX, #OlX, #OOX, #OOX, #CCX, #OOX, #OOX, #OOX, 
#OOX, #OOX, #OOX, #OOX, 

COMMENT <SI~PLE STM); 
#08X, 1I00X, #OOX, #OlX, #OOX, #OOX, #CCX, HOOX, #OOX, #CCX, 
#OOX, #OOX, #OOX, #OOX, 

CO~MENT <PROCEDURE STM); 
#08X, #OOX, 1112X, #OlX, #OOX, #OOX, ~OOX, #OOX, #OOX, #CCX, 
#OCX, #OOX, #00), #00)(, 

CC~~E~T <C08EGIN HEAD); 
#OOX, #02X, #OCX, #10X, #AEX, #OOX, iJCCX, #OOX, #OOX, #OOX, 
#06X, #lFX, #8EX, #OOX, 

COMMENT <WHILE CLAUSE); 
#OOX, #OOX, #00)(, #OOX, #4GX, #OOX, ilCCX, #OCX, #OOX, #CCX, 
#OOX, #OOX, #00), #OOX, 

COMMENT <IF CLAUSE); 
1100)(, #OOX, #OOX, #OOX, #lOX, #OUX, f40CX, #OOX, #OOX, #CC)(, 
#OOX, #OOX, nCO}, #OOX, 

CO~MENT <INPUT CLAUSE); 
#OOX, #OOX, #OOX, #OOX, #oox, ~OOX, #CCX, #OOX, #OOX, #OOX, 
#OOX, #OOX, #OlX, #OOX, 

CO~MENT <OUTPuT CLAUSE); 



#08X, #OOX, #QQX, #01X, #OOX, #OOX, #CCX, #OOX, #OOX, #CCX, 
#OCX, #OOX, #OOX, #80X, 

CCMMENT <CASE lIST>; 
#OOX, #OOX, #OOX, #J1X, #OOX, tfOOX, ilOOX, #00)(, #OOX, #CC)(, 
#00)(, #OOX, #CO)<, #OOX, 

CC~~E~T <CASE LIST); 
#OOX, #OOX, #00), #01X, #OCX, #OOX, #OCX, #OOX, #OOX, #OOX, 
#OOX, #OOX, #OOX, #OOX, 

COMMENT <BASIC STM); 
#08X, #OOX, #OOX, #OOX, #OOX, #OOX, hCCX, #OOX, #00>:, #CCX, 
#OOX, #OOX, #00)<, #OOX, 

COMMENT <EXPR); 
#08)(, #OOX, #12X, 1I01X, #OOX, #OOX, ~OCX, #OOX, #00;<, #OCX, 
#OOX, #60X, #00)" #OOX, 

COi"~ENT <EXPR>; 
#08X, #OOX, #12X, #01X, #OOX, #OOX, #OOX, #OOX, #OOX, #OOX, 
#0 OX, #60X, #00 X, #OOX, 

COMMENT <EXPR); 
#08X, #OOX, #12X, #01X, #OOX, #OOX, ~CCX, #OOX, #OCX, #OCX, 
#OCX, #60X, hOOX, #GOX, 

COMMENT <EXPR); 
#U8X, 1I-COX, #i2.X, #01X, #OOX, #OOX, 1I00X, #OOX, #OC)<, #CCX, 
#OGX, #bOX, #00X, #OOX, 

CO~~ENT <EXPR>; 
#u8X, #OOX, #12X, #01X, ~OOX, #OOX, ~OGX, #OOX, #OOX, #OOX, 
#OOX, #60X, tf.OOX, #OOX, 

COMMENT <REAL EXPR>-
#08X, #OOX, #12X, #olx, #01X, #80X, ilCCX, #OOX, #OC)(, #CCX, 
~OCX, #bOX, #COX, #UOX, 

CCMMENT <BITS EXPR>; 
#08X, #OOX, #lLX, #OlX, #OOX, #OOX, ~OCX, #OOX, #OCX, tJCCX, 
#OOX, #60X, #OOX, ff.OOX, 

CO~MENT <CHAR EXPR>; 
1/.08)(, #OOX, #12X, #OlX, ttOCX, #OOX, #GCX, #01)(, #OOX, #OOX, 
#JOX, #60X, #OOX, HOaX, 

COMMENT <REAL TERM>; 



#08X, #OOX, #12X, #0 IX, #0 IX, fl.FOX, IlCCX, #OCX, #OOX, #CCX, 
#OCX, #60X, #00)" HOOX, 

CO~MENT <8 ITS SEeN>; 
#08X, HOOX, # 12 X, #OIX, #OOX, #OOX, #0 FX, #COX, tiOOX, #OOX, 
#OOX, #60X, #00)" #oox, 
COMMENT <SIGt\EO REAL PRI>· 
#08X, Hoax, #12X, #61X, #4ix, #F8X, #CFX, #COX, #OCX, #ocx, 
#oox, #60X, #OOX, Hoax, 
COMMENT <DATA UNIT CLAUSE); 
#08X, #0 IX, #12X, #0 lX, #OOX, #OOX, ~CC}(, #OOX, #OC}(, #CCX, 
#OOX, #~OX, #00), Hoax, 
CCMMENT <ACTUAL PARAMETER LIST); 
#OC)(, #OOX, #1 () X, #OOX, #oox, #oox, #OCX, #OOX, #oox, #OOX, 
#00><, #QOX, IICO;', #OOX, 

COMMENT <ACTUAL PARAMETER lIST>~ 
#OOX, #COX, #lO), ffoax, #OO~, #0 X, #CCX, tiOCX, 1f00X, tiOCX, 
tioax, #OOX, ftOOX, #OOX'I 

~ COMMENT <ACTUAL PARAMETER LIST>; 
~ #OOX, IIOOX, # lOX, #OOX, #oox, #OOX, #CCX, HOaX, #ocx, tiCCX, \.0 #OOX, #OOX, #00)" #OOX, 

C CMMENT <DATA UNIT>; 
#08)<, #QIX, iF12X, tlO9X, #OOX, #OOX, ilCCX, HOaX, Hoax, #oex, 
#OlX, #ZOX, #C1X, 118'OX, 

CO~MENT <REl r.rER>; 
#0 ox, #OCX, #C1X, 1i02X, #ocx, II02X, #F ex, #lEX, #FEX, Hoax, #oox, # 0-0 X , 110GX, #OOX, 

COMMENT <REL OPER>& 
#OOX, #OOX, ii01X, # 2X, #0 OX, #02X., 1iFCX, #lEX, tiFEX, #ccx, 
#OGX, #OOX, #cux, #OOX, 

COMMENT <ACTUAL PARAMETER LIST>; 
#OCX, IfOOX, filOX, #OOX, #0 ai" #00X , IICCX, #OOX, #COX, tlCCX, 
#oc)t.., #QGX, #cc~, #OOX, 

CC~MENT <ACTUAL FAR"AMETER LIST); 
#OOX, #OOX, /fl(;X, #CiOX, liOCX-, fl.OOX, #CCX, #OOX, #OOX, #OOX, 
#OOX, #oox, 1;00)<, nOOX, 

COMMENT <INPLT PARAMS); 



~ 

\J1 
o 

#0 0 X , H Q OX , # 12 X , # 0 0 X, /I 0 ex, # 00 X, ~ C ex, # 0 a x, # 0 a X, # a ex, 
Hoax, #60X, #00), Hoax, 

COMMENT <ACTUAL PARAMETER LIST); 
#OOX, # 0"0 X , #10X, tfOOX, Hoax, HOOX, tloax, Hoax, Hoax, #CCX, 
#oax, #OOX, #OC)., HOOX, 

CO~MENT <OUTFUT PARAMS>; 
#ocx, #QOX, #12X, Hoax, #OCX, #OOX, #OCX, #OOX, #OOX, #OOX, 
#0 0 X, # 2 0 X , # 0 G ) , # 00 x , 
COMMENT <REAL PRI>; 
#08X, #OOX, #12X, #61X, #51X, #F8X, #CFX, #COX, #OlX, #83X, 
#COX, #60X, #OOX, #GDX, 

COMMENT <REAL EXPR>; 
H08X, #OOX, #12X, #OlX, #OlX, #80X, tlCCX, HOOX, Hoax, HOCX, 
#OGX, #60X, #oc~, #OOX, 

CG~MENT <8ITS EXPR>· 
#08X, 1fOOX, #12;'., #olx, HOCX, #o.ox, IIOCX, #OOX, #OOX, ~OCX, 
#OOX, #60X, #00)<, #OOX, 

COMMENT <REAL TERM>; 
#08X, ;,Q{)X, #12X, #o-~X, #01)<, #FOX, #CCX, #OOX, Hoax, #OOX, 
#OOX, #60X, #OOX, #OOX, 

COMMENT <ACTUAL PARAMETER lIST>; 
#OOX, #O'OX, #10X, #OOX, #OOX, # 0-0 X , tlCCX, #OOX, #OCX, #CCX, 
# 0 C X, II 00 X , 11 co)', # 0 0 X) ; 

COMMENT THE DPDA HAS COSO lOOKBACK STATES; 

ARRA~ 0050 BYTE L8START = (#OOX, #O~X, #05X, ~C8X, #OCX, #12X, #17X, 
#19X, #18X, #1EX, #2QX, #23X, #26X, #28X, #33X, #35X, #37X, 
#40X, #43X, #46X, #4dX, #4FX, #51X, n53X, #5AX, #50X, #l:.CX, 
#63X, #68X, #6FX, #71X, #73X, #7FX, t/83X, #89X, #92X, #S4X, 
#9DX, #AIX, #ASX, #AFX, #B3X, #B,5X, #e7X, #BBX, #C2X, #C4X, 
#C7X, #C9X, #CCX); 

ARRAY 0050 BYTE LBNUM = (#02X, #OlX", #02X, #C3)<, #05X, #04X, #OlX, 
#OIX, #02X, #01X, #02X, #-02X, #OlX, #CAX, #OlX, #01X, #cex, 
#02X, R-G2X, #C4X, #03X, /falX, #~·lX, h06X, #02X, #02X, 1I02X, 
#04X, li06X, #OlX, #~lX, #OB)', # 0-3 X , 1I(5X, #08X, #01X, Hoax, 
#03X, #0-7 X , #05X, fi03X, #OlX, #OlX, fjC~X, #06X, #OlX, #C2.X, 
#01X, 1/03X, #CIX); 



ARRAY 0207 SHORT INTEGER LBSTATE = (N0005S, ~OCOCS, #00005, #COCtS, 
#00005, #OlOE5, #01195, #00005, #013C5, #01305, #01AB5, 
# 0 00.0 5 , -# 0 L 1 4 5 , # 0 16 0 S, # 0 1 3 B S, # 0 1 t (S, # 0 16 F 5, # 0 0 G C S , 
#0139S, #01405, #013C5, #01~S, #OOOCS, #0015S, #00005, 
#013C5, #COOC~, #013FS, #018ES, #OOCC$, #00185, #OOOOS, 
#0010S, #00205, #00005, #OOlE5, #001FS, #00005, #00235, 
#OCGOS, #0025S, #OC2A5, #002[5, #002E5, #00345, #00355, 
#00415, #00435, #00455, HOGcSS, #OCCCS, #002S5, #OCC05, 
#00505, #00005, #00915, #OOS25, #OOS~5, ~00B05, #00815, 
#uCB45, #JOB5S, #008C5, #OCC05, H013E5, #016C5, #00005, 
#01385, #00605, #OOOOS, #00C45, #01365, #00605, #01tF5, 
#00005, #01285, #012C5, #01~45, #OOOCS, #0018S, #00C05, 
#013CS, flODCCS" #OOlA5, #OOBcS, #OOI:ES, #00425, #OC475, 
#00495, ~00005' #01545, #00835, #OOCCS, #G1545, #CC82S, 
#OOOOS, #01545, #OOoE5, #00005, #004C5, #013F5, #01885, 
#01885, #OOOOS, #00485, #OC40S, ~OOE4S, #G13F5, #01885, 
#01B8S, #00005, #OOACS, #00C05, #OOAfS, #00005, #OC8C5, 
#00815, #0098S, #01285, #012CS, #01535, #01945, #013F5, 
#01545, ~0188S, #01a85, #00(Q5, #oo~es, #00405, #OCBA5, 
#OCOOS, #004A5, #OO~SS, #00585, #005(5, #005CS, #GGC05, 
#OC485, #00565, #005F5, uOGues, #00615, #00625, #00405, 
ilOObAS, #00005, #OOADS, #OOOOS, #007ES, ;'I009ES, #OCA05, 
#00825, #01285, #012C5, #01535, #Ol945, #OOOOS, #004B5, 
#00405, YOOBA5, #00005, #OCSF5, ~OOAES, NOOSE5, #01285, 
#012C5, ft0153S, #01945, #00005, #00425, #0067S, #0068S, 
#OC4D5, #OOBA5, #G0005, #004E5, #004CS, #00BA5, #00005, 
#01945, #00005, #01535, #00CC5, #004BS, #C0405, #OOBA5, 
#00005, #00575, #007F5, #00585, #007[5, h00595, #OC7B5, 
#OOC05, #00645, #00005, #003G5; #00315, #OOOOS, #004A5, 
#00005, ~004AS, #00855, #008cS, #OOCCS, #004E5, #OCCOS); 

ARRAY 0207 SHORT INTEGER RE5UME5TATE = (#0201S, #02065, #02075, 
#0200S, #03025, #020F5, #03055, #03COS, #02455, #02465, 
#02465, #00135, #02125, #023F5, #006E5, #006E5, #006E5, 
#0213S, #02435, #02295, #03l45, #031~S, #G2155, #02t6S, 
#02185, #Ou72S, #OOlBS, #02185, #02(45, #02C75, #021CS, 
#02105, #0306S, #C3095, #03GES, #03C75, #03085, #030AS, 
#0225S, #02Dj5, #02275, #02345, #024ES, #C2B6S, #02DES, 
#020F5, #OLoAS, #02E05, #02E25, #02(85, h02055, #02205, 
#022E5, ~022F5, #02305, #02335, #02325, #02315, #02725, 
#02605, #0281S, #02B25, #00C35, #02:FS, #C237S, #02385, 
#OLjBS, ~02395, #U2jA5, #023(5, fi02675, #0070S, #00705, 
#OC705, #0264S, #030ES, Y03CFS, #OCS5S, #C31S5, #01305, 
#OIAb5, #02475, #02485, #02~F5, #02ces, #02C85, #02ElS, 
#02E15, #02E15, ~02t35, #OCS65, #00965, #03155, #00S75, 
#00975, #03165, #00985, #OCSES, #031/S, #02SC5, #03185, 
#03185, #03Ld5, #OQ5AS, #03245, #U3205, h03205, #0255S, 



#02555, 1J02555, #OC8F5, #032"05, #031AS, #C32FS, #031CS, 
#02625, #02635, #0299S, #0 057S, #00575, #00575, #00575, 
#031F5, #031F5, #031FS, #031F5, #02615, #02A3S, t;02AAS, 
#0 2AA S, #0265S, #0321S, #OCSS5, IIOOAlS, #OOA2S, #OG.A35, 
#OOA4S, #ooacs, #009I\S, #OQA5S, IJOOAf;5, #l00A7S, #OCA8S, 
#OC835, #u083S, #00805, #032ES, #0311:5, #G278S, #029AS, 
#0277S, #0277S, #00585, #OG58S, #OO5ES, #0058S, #031[S, 
#02A4S, tJ02.ABS, #02A 5S , Hu27AS, #02ges, 1l027FS, #02805, 
#005.9S, #00595, #0059S, #OC595, #031(S, #02A5S, #OCA9S, 
#0 OAAS, !tu2 ACS, #02ACS, #0282S, #02AiS, #G2ADS, #C2AD5, 
#02885, ;f028DS, #02.8CS, #0291S, #0290S, #02A6S, #02AES, 
#02AE5, #0294S, 1100985, #OOSBS, #OOSES, #009ES, #OC9FS, 
#009 FS, #00 AOS , #02875, #02C~S, #031CS, 110315S, #OG8ES, 
#0322S, n0327S,. #0323S, #0328S, tl-u32AS, #033 S, #02C2S, 
#0201S); 

CG~MENT THE SYM80LSACCESSING THE STATES; 

ARRAY 0197 BYTE SYMBEFOREREAO = (#OOX, #OlX, hfOX, #6E), #C2X, #6FX, 
#71X, #73X, #07X, #08X, #09X, #03X, #OCX, #72X, #OBX, #74X, 
#03X, #03X, #03X, #76X, #77X, #"7AX, #7CX, #7FX, #80X, #82X, 
#83X, #85X, #d7X, #8HX, 1/.8/JX, #8CX, #8CX, #8EX, #8FX, #lCX, 
#91X, #11X, #S3X, #94X, #95X, #15X, #lEX, #20X, #22X, #26X, 
#55X, #5bX, #bOX, #62X, #63X, #64X, #C;X, #66X, #5EX, #5FX, 
#16X, #21X, #7CX, #lCX, #23X, #A2X, 1175X, #OFX, #16X, #57X, 
#8SX, #6lX, IIESX, #b8X, #8BX, #89X, #f:EX, #89X, #58):" #l[X, 
#75X, #l.JX, #16X, #16X, #97X, #17X, 14.11X, #49~, #2EX, #4BX, 
#40X, #AEX, #86X, #B8X, ifA8X, #30X, #3CX, #41X, #44X, 1133X, 
#3EX, ;l.43X, #46X, tiAiX, #lOX, #C2X, #C2X, #10X, #lOX, #2EX, 
#2EX, #lFX, IJ.98X, #YCX, fi.7dX, #9fX, ~AOX, #lEX, 1i80X, #7<;X, 
#A5X, #A~X, #A7X, #AUX, #A1X, HAAX, #82X, #88X, #ACX, #86X, 
#3AX, /;.AEX, #28X, #ZDX, #ASX, #BIX, #C3X, tfBOX, #C4X, IiC5X, 
#2EX, #59X, !f.5AX, #A9X, #51X, tJ131X, I1C2X, #ASX, #9SX, 111AX, 
#19X, #18X, #BCX, #A1X, #A5X, #A6X, #AiX, #80X, #B1X, tlCGX, 
#50X, n51X, #COX, /l.COX, #COX, #dDX, /iBeX, #BOX, #BCX, #81)(, 
#olX, #blX, #81X, #89X, if.89X, #!\7..X, t//jEX, #83X, #3FX, tJACX, 
#85X, #2C,X, #2E), #2EX, #2EX, #1.6X, tlC4X, #C5)(, #16X, #C5X, 
#16X, #16X, #2EX, #13X, i42EX'1 #AAX, 1182X, #ACX, #C5X, #SAX, 
#2FX) ; 

ARR~), 0049 BYTE SYMBEFJRELA ~ (#6FX, #72X, #74)(, #8AX, #llX, #75)" 
#8SX, #8RX, #8BX, #89X, #8BX, #89X, #58X, #75X, #A1X, #AIX, 
#C2X, #C2X, #9i3X, #9CX, #7SX, #A5X, "hAf;X, #A7X, #A8X, #A1X, 
1f. A A X, it 02 X, If 8 8 X , /I. A ex, # B 6 X, # i\ EX, it A 9 X, # BOX, # C 4 X , # C 5 X , 
#A SX, #5QX, #- 51X, #C4X, HC 5X, #-lbX, ttC5X, # 16X, #. 1.3X, #AAX, 
#32X, #ACX, #C5X); 

CLOSE BASE; 



~ 

\J1 
\)J 

ARRA~ 18 INTEGER SEGTABLE = ( 
# a c O. COO a t1 , 
#000D07,)4, 
#OOO'()OAB(1, 
#CGGC CC 3A, 
# 0 00.0 0 C F F , 
# 0 00.0 186 A , 
#0 CCC2F40, 
#0000~02A, 
#: 0 0 0.0 3 1 Fe, 
#OC00322E, 
#00003290, 
#000032F2, 
#GCCC35AO, 
#uu0035D2, 
#00003604, 
#000037A2, 
#0000394(J, 
#GCCC3AOS) ; 

COMME~T END OF MAIN GRAMMAR PARSING TABLES. PARSI~G TABLES FCR SECOND 
GRAMjvlAR FOLLO~~S; 

INTEGER BNUMTERNINALS = 0047; 
If\TEGER BNUMNTS ~ 0037; 
INTEGER BNUMSYMS :.:: 0085; 

GLCBAL DATA 8SEGTABLE BAS E Rl1; 
ARRAY 0794 BYT E B VS"TR I NG = ( #C 5 X, #OS)(, #D9X, #06X, #D9X, #E2X, #E8X, 

#04X, #40X, #6EX, #6DX, #4fX, #60X, tJ4CX, #C4X, #C 5X, #C3X, 
#D3X, #6EX, #4GX, #t:2X, #E4X, #C2X, tJ 6 OX , #D9X, #06X, #E4X, 
#E3X, #C~x., #D5X, #C5X, #40X, #L4X, fiC 5X, #C3X, #03X, #cEX, 
#4CX, #C4X, i# C 1 X, #E3X, #C1X, #4()X , iiC4X, #C5X, #C3X, #c~x, 
#6EX, #4~X, #C4X, #C lX, #E 3 X f #C I.X, fi 4 OX , #C5X, #O:3X, #C5X, 
#04X, #6 eX, ilCjX, #D5X, #c 4X J #60X. t1C4:t., #C4X, #5BX, #4CX, 
#07 X, #D9X, #06X, #C3X, #C5X, #C4X, #E4X, #09X, #C5X, H4GX, 
#C4X, #CSX, #C3X, #03X) t/.6EX, tl-4CX, #CcX, #07X, #C1X, #CSX, 
HD4X, #4GX , #C3X, #C9X, #E2X, #E3X, II(;EX, #50X, #4CX, #c l:.X, 
#E 4X, #D~X, #~3X, #E3X, #Csx, #D6X t tJC5X, #40X, #C3X, #C3X, 
HC lX, #E4X, #t2.X, fiC 5X, #6EX, #IJ7X, tlCSX, #06X 9 #C3X, #C'3.X, 
#C4X, 1FEt;X, #- C9X, tiCS X , #4 ex, #C9X, ~C4X, #6EX, #4CX, #csx, 
#05X, #40X, #07 X, tiC lX, #OCjX, 1t 04X , #E2X, #6EX, #4(X, #C6X, 
#E4X, #F:3X, #4UX., #07X, #C lX, ffD9X, !~D4X, #E2X, U6EX, #4CX, 
HD3X, #C lX, #C2X, #C5X, #03X, #.40X 1 #C7X, #C1X, #D9X, l1C4X, 
HE 2X, #6EX, #4DX, t/4CX, #E5X, #C1.X, #osx, #6EX, #681<, #4FX, 
#4FX, #4fX, #4CX, 1I-C6X, #E4X, #05;(, 11C3X, itE3X, #c sx, 1I0cX, 



#D5X, #40X, #C8X, #C5X, #C1X, #C4X, #6 EX, #C6X, #E4X, #C5X, 
#C3X, #E~X, #C9X, #06X, #D5X, #4CX, #c~x, "He IX, #E3X, #C1X, 
#4CX, Ii E3X, #C8X, #D7X, #C5X, #6EX, tlLtCX, #D5X, #E4X, hC4X, 
#40X, #E5X, #C lX, #DyX, #6EX, #4CX, #C2X, #C9X, # E3X, #E2X, 
#40X, #E5X, #C1X, #D9X, #6EX, #LtCX, ilC~X, #c ax, #C 1X, #osx, 
#4CX, IfE5X, #ClX, #D9X, #6EX, 1f.4CX, #E2X, #E3X, #C IX, #E3X, 
#40X, tJE5!X, IIC lX, #09X, #6EX, #4CX, tJC2)<, #06X, #06X, #C3X, 
#40X, #E5X, #C1X, #D9X, #(;>EX, #4CX, fit3X, #C2X, #D3X, #LtCX, 
#0 5X, #C IX, #04X, #C5X, #6EX, 1t-4CX, #C~X, ItE3X, #L5X, #C4X, 
#40X, #C lX, #48X, H40X, #(5)<, #C1X, 1I04X, #C 5X, #6EX, #'iCX, 
#E2X, #f:.4X, #C2X, 11 E3 X , #C2X, # O::X , 114GX, #05X, #c IX, #C~X, 
#c 5X, #6EX, #E2X, fiE ax, #E2)<, #69X, #C4X, #C4X, # D3X, #C6X, 
#C3X, ~~DX r tf.C4X, #C4X, #C lX, #f:.4X, iJE;X, #06X, #60X, #C4X, 
i;.C4X, #-+C X, #E5X, #[)9X, #C2X, #03X, 1140X, #C4X, #C5X, #C3X, 
#03X, #40X, ItC8X, #C5X, #C lX, #C4·X, #t:.EX, #4CX, #-(9)(, #E3X, 
#C5X, itD4X, #6 EX, #4CX, #CtX, rr06X, RCSX, #04X, #C lX, #E3X, 
#40X, #C4X, il-C5X, #(3X, #03X, !F40X, IJC8X, #C5X, #C1X, #C-4X, 
#0 EX, #4(,X, #C4X, :fI.C5X, #E2X, #C3X, ~l)SX, #C 7 X, #09X, #OcX, 
#E4X, #07X, #bEX, #Lt CX , #- E3X, #C1X, IiC7X, #40X, #C4X, #C5X, 
liC 3X, #03X, #40X, #C 8X, rtC5X, #crx, itC4X, #6 EX, #7 EX, #4CX, 
#D9X, 1tC~X, #C lX, #03X, #40X, #C 2·X, ilOtX, #05)(, #E2X, #E3X, 
#C1X, #O:;X, #E3X, #6 EX, #4CX, ;; E3X, #(lX, #C2X, #03X, #C5X, 
#4CX, fiC4X, II-C5X, #C 3X, #03X, #'tOX, 1iCEX, I/.C5X, #(lX, tfC4X, 

~ #0 EX, tl-4CX, ilE3X, #C1X, #C2X, #03X, ~C5X, #40X, #C4X, #C5X, 
\J1 #C 3X, #fD 3X, #bEX, #C5X, #05X, #C4X, #6 ex, #E3X, #C 1X, hC2X, .f:' #03X, #C5X, # tiC/,., IIE5X, ifDS)(, #C2X, #0 ~X, #40)(, #(8)(, #C5X, 

liC1X, #(4"X, ifbEX, #E5X, #09X, #C2X, ~C3X, #C9X, #05)(, #E3X, 
#c 5X, ftC -[ x, itC5X, #09X, #C6X, #C9X, #E7X, #C5X, #C4X, #C6X, 
#03X, #DbX, #(lX, #C3X, tfC2X, #C9X, iiE.3X, #E2X, ifC3X, #C8X, 
#C1.X, ff.09Xt :ii:CLX, #06X, #06X, #D3X, #c SX, #C1X, #05X, fi4CX, 
#E2.X, #E~X, . #C lX, itE.3X, ttE-4X, #C~X, #~C)(, #C3X, # 03)( , #C lX, 
tlE4X, liE-X, #csx, #6 EX, #E2X, #f.:.;;,X, 14(lX, #E3X, #E4X, #E~X, 
tl4CX, #E~X, ftE3X, #C1X, 'If E 3 >: , # E4·X , -# f;2X, #40X, #C3X, #Cf:.X, 
#05X, 4E 2X, #tJX, #C lX, #D5)(, #E:;X, TlcEX, #4CX, #C3X, ,10(:X, 
#D5X, fl.t2.X, #. E.::>X, flC1X, #05X, 11 E3X, #6 EX, #4CX, #06X, #E4X, 
#D4X, tr06X, #D9X! #E3X, #C11<, #C7X, #() EX, #4CX, #C2X, #C9X, 
#E3X, #E2X, #4UX, #C3X, #i)CX, #05X, #E2X, #E3X, #C1X, #05X, 
#E3X, #6EX, #4CX, fl.C3X, tlC8X, #C1;( , #cc;x, #40X, #(3)1. , #C6X, 
#05X, #E2X, #E.3X, #C lX, tlD5J., #E5X, #(;EX, #'tCX, #(2X, #C6X. 
tlLJbX, #03X, #40X, fi.C3X, #06X, # O~IX , IlE2X, HE3X, #C lX, #05X, 
liE 3X, #6EX, #E3X, #O<jX, #E4X, #C5X, 1I(6X, #C1X, #C3X, #E2X, 
#C5X, #4CX, #E3X, #C lX, tiC 7X, t/6EX, liE 3X, #C 1 X, #C7X, #Ctx, 
#D6X, II-Ol)X, t.D4f.., #(lX, #E3X, #4CX, RC4X, #E2X, #C3X, #OC;X, 
#03X, r!j.CCiX, UE2X, HE 3X, #4CX, #C6X, #C4X, #6EX, #4CX, #C4X, 
#E2X, tfC3X, nC9x, riD3X, #C9X, #E2X, #E3X, #6EX, #4CX, riC4X, 
#C5X, ff.E2X, IfC3X, #D9X, i;.C9X, # 07-X , #t3X, #06X, #o<;x, #t EX, 
#4CX, 1f09X, He 5X, liD7X, #E3X, #05X, #~CX, #C7X, #09X, #C6X, 
tlE4X, #D1X, 1/6EX, 114CX, liE2X, #OjX, #C1X, #E2X, tiC 8X, -#4CX, 



~ 

\J1 
\J1 

#D3X, #C9X, #E2X, #E3X, #6 EX, #61X, #4CX, #E3X, #C1X, #C2X, 
#D3X, #C5X, #40X,. #C3X, #03X, #C lX, #E4)(, #E2X, #C5X, #cEX, 
#4CX, #E3X, #C1X, #C2X, #D~X, #C5X, i/40X, #C8X, #C5X, #Cl)(, 
#C4X, #6EX,.· #C9X~ #D5X, II-C4X, #C9X, #09X, #C3X, #E3)(, #E3X, 
#CIX, #C~X , #C3X, IIC5X, #4CX, #C6X, tJCSX, #C5X, #03)<, #C4)(, 
#40X, #C4X, #C5X~ #C3X, #D3X, #6 EX, #4(X, fl.C9X, #E3X, fiC5X, 
#04X, it6QX, fFC l.X, #D9X, #C 5X, IICiX, #4CX, #C3X, #03X, #C1X, 
#E4X, #ELX, #C5X, #6EX, fi4CX, #E2X, IJE4)(, #C2X, #E3X, #C IX, 
#C 2X, #03X, #C5X, #40X, #C3)(, # 03X, # (1X , #E4X, #E2X, 1I(5X, 
#6 EX, #(6X, #C9X, #C5X, #03X~ #(,4X, iJ4CX, #C6X, #C9X, #E3X, 
#C5X, #04X, #6EX, #4CX, #09X, #C5X, ~C7X, #C 5X, #E3X, #CSX, 
#E 3X, #C SX, #06X 1 #05X, #40X, #03X, #CSX, #E2X, #E3~, #6 EX, 
#C9X, #E3X, #C5X, IID4X, #6CX, hCIX, ilDSX, #C 5X, #C J..)< , #E2X, 
#E4X, #C2X, #E3X 1 #C1X, #C2X, #03X, /I (5X ) ; 

ARRAY 0085 INTEGER BlOClENGTH= (#OOGOOOOA, tJCCCaC283, #OOOOCECc, 
#OCG01041, #G0001781, #00001(09, #OOOOlE44, #000027(1, 
#OCO.C2S4i, #OC002S8l, #OOOC2~C2, #OCCC2E08, #000032C9, 
#0000350~, #0000378A, #Ou003~OA, #OCCC3C8A, #CCC03FOA, 
#OGC0418E, #OCC045GO, #00004S46, #00CC49C6, #00004E47, 
#OUQ05CC1, #U0005ECF, #GOOGtSCs" #OCCCtEC4, #OGC06FG7, 
#000070C5, #00007205, #00007344, #00007444, #00007547, 
#00C07AC6, #00007C51, #OOOC858F, #OUCC894F, #000090(4, 
#000091C5, #00009305, #OOOOS443, #OCCCS506, #GCCOA5Bl, 
#0000AC47, #OOOOAE05, #OOOOEt05, #0000(249, #OOCOC488, 
#GGCGG346, #00000402, #COOOCS4B, #GCCCCCCB, #COOOIC90, 
#0000148C, #000017C1, #OOOOlF4A, #OCCC~lC8, #00C024eO, 
#OCC028U5, #U0002A4F, #OCOG3COB, #00004010, #00005106, 
#OU005L92, #OUC057CC, #00005ACF, #GGCCtlOL, #OCCOb6GC, 
#00006848, #OOC0170F, #OOOOUC8A, #UOC0830A, #OCCOBOOF, 
#OCOCS68D, #OOOOS9CA, #OOGOSC4C, #OC(GSF40, #OOOOA2eC, 
#OOOOASCE, #OOOOA94C, #OOOOAf4C, #OOCOB252, #OCCOBtOl, 
#OCOOBC47, #COOOBE11); 

CC~~ENT THE OPOA HA5 0108 READ STATES; 

ARRAY 0108 5HORT J.,NTEGER BREAOSTART= (#0000$, #OC025, #00085, #OOQAS, 
#00105, 1:0015S, #00185, #OOlAS, 1;001C5, #OOlE5, HCC205, 
#00225, #002AS, #002C5, d002ES, #00335, h00355, #OC39S, 
#OC3B5, #003E5, #CC465, #OC~SS, #OuHES, #004C5, #OC4FS, 
#00535, #00565, #OU585, ~OOt15, #OO~AS, #006C5, #CCeE5, 
#00775, #00795, #00825, #U084S, #008cS, #Q0885, #008AS, 
#008C5, #008ES, #0091S, #OGS3S, #OOS~S, #C0985, #OOSA5, 
#00905, #OOAOS, #OuA35, #OOA5S, #OOA7S, #OOAC5, #OOAES, 
#OC60S, #OUB35, #00865, #OOcSS, #00C15, #00C3S, #OU(5S, 
#00C75, #00C95, #OOCCS, #OGCF5, #.00015, #00045, #G0065, 
#OCOg5, ~OOGBS, #OU~4S, #OOE6S, #OOtF5, #OOF1S, #00F35, 
#OCF5S, #OOF7S, #OGf95, #OOF8S, #OOfiCS, #OOFFS, #OL075, 



#01095, DOIOE5, #01105, #01125, #0114S, #01165, NOl18S, 
#011A5, #OllC5, #011FS, #01215, #01235, #01265, #01285, 
#0 12 A 5 , #0 12 C 5, # 0 12 E 5 , # 0 13 C S, ff 0 13 2 S, # a 1355, # 0 13 E S , 
#01415, ~01435, #01455, #014C5, #014f5, ~01515); 

ARRAY 0108 BYTE BRONUM = (#ulX, #05X, #CLX, #C:)<, #04X, #02X, #01)(, 
#01X, #OlX, #01), tf01X, #07X, #OlX, h01X, #04X, #01X, #G~·X, 
#OlX, #C2X, #C7X, #OcX, #01;:, #OlX, #CIX, #03X, #02X, #01X, 
#08X, #08X, rl01X, #01X, #08X, #OlX, ftCEX, #01X, #01)<, #CIX, 
#01X, #C1X, #OlX, #02X, #OIX, #OlX, fi02X, #01X, #02X, #02X, 
# 0 2 X, H 0 tx, # 0 1 X, ~"# 04 X, # 0 1 X, nt 0 1 X, # C ? X, # 02 X, # 02. X, # 0 7 X , 
#OlX, #OlX, #01)<, #01X, #02X, #QLX, #(1X, #02X, #01X, #C2X, 
#01X, #08X, #01X, #08X, #01;<, tJ.01X, HC1X, #01X, #OlX, #01X, 
#01X, #OlX, #07X, #01X, #04X, #OiX, #C1X, #01X, #01X, #01X, 
#01X, 1F01X, #02X, ifOlX, uOlX, #02X, :t;OlX, #01X, #OlX, #CIX, 
#01X, #OlX, 1f.02}, UQ8X, #02)(, #OlX, #01X, #07X, #01X, #OlX, 
#0 2X ) ; 

ARRAY 0340 BYTE BSYMLIST = (~OlX, ,COX, #05X, #CBX, #14X, #15X, #16X, 
#OOX, H01X, #OOX, rllAX, #1..f3X, #2.9X, #28X, #2CX, #OOX, #C3X, 
11- 0 7 X, if 0 <) x , #- a A X, # 0 0 X, # C; 4 X, # 0 a x, il 0 a X, # 0 6 X , # 0 0 x , # C ? X , 
#OOX, #C3X, #OOX, fiOG.X, #OCX, It07X, #CCX, #18X, #lCX, #l[X, 
#lEX, #lFX, #20X, #2I:X,. #OOX, #02X, IICCX, #Ob>'-, #OOX, #CtX, 
#18X, #2.4X, #2AX, #OOX, #06X, #00X, t12CX, #2EX, #2FX, Itoox,. 
#06X, #OOX, #G4X, #.08X, #OCX, #loX, #lCX, #10X, #1EX, #lFX, 
#20X, #21X, #OOX, #01X, #08X, #OOX, 1I2CX, #OOX, #06X, ilOCX, 
#04X, #OOX, #C8X, #09X, #OAX, #OOX, i1C8X, #OAX, #OOX, ~08X, 
#OOX, fl.OCX, #OOX, #OEX, #OFX, #10)\, #11X, #12X, #13X, #OCX, 
#OCX, #UDX, #OEX, #OFX, #lOX, #llX, il12X, #13X, #OOX, ifC6X, 
Hoax, #03X, #GGX, #OCX, #OOX, #0EX, #OFX, #1.0X, #11X, #12X, 
#13X, #OO-X, tfOJX, #OOX, #OCX, Hoax, #CEX, #OFX, #10X, #11X, 
# 1 2 X, # 13..X, # a 0 X, # 0 b X, #. 0 OX, # 0 7 X, # 0 G X, # 0 7 X , # 0 a X, # C 7 X , 
#OOX, #C7X, #COX, #07X, #OOX, #04X, ucex, #OCX, #C7X, #GCX, 
#03X, #OOX, 1f03X, #-08X, tf.OOX, tJ.17X, #C(X, #04X, #(;8X, tlC(X, 
#04X, '08X, #OOX, #06X, #07X, #QOX, #18X, #OOX, #2AX, #OOX, 
#06X, #1.8X, #2.4X, #2AX, #OOX, #17X, #CCX, #19X, #OOX, #03X, 
11- 0 6 X, # 0 () X, it 0 j x , 17 a 8 x t#:O 0 x , # I) "+ X, -:; 0 8 X, #- 0 0 x , # 1 B X , h 1 C X , 
# lOX, # 1 EX, #- 1 F X , 11 2' 0 X, tI 2 1 X, # 0 0 X f tJ 0 6 X, # 0 0 X, # a 6 X, if 0 ex, 
#07X, #OOX, #03X, tlOOX, #18X, #21X, lICCX, #18)(, #27X, #CCX, 
#06X, #GOX, if07X, #OB-X, #oax, tl03X, #OCX, #08X, #OAX, #CGX, 
#Of;X, #C6X, #CC)', #ODX, 1t0EX, #GFX, #lCX, #11.X, #l2X, #13X, 
#OOX, #08X, #O()X, #OCX, I1CCX, tfOEX, lieFX, #10)" #llX, #12X, 
#13X, #OOX, #06X, #00X, #18X, #OOX, tt16X, #OOX, #18X, #OOX, 
#18X, nOOX, #18X, #(JOX, 1f22X, #'JUX, ~22X, #OOX, #t8X, #22X, 
#23X, #24X, #25)<, #26X, #27'1., #OOX, h03X, ~QOX, tLOtx, #l£3X, 
#24X, tl2AX,· 1I00X, #lBX, #OOX, #,J6X, hcax, #18X, #OOX, #Q3X, 
#OOX, #1.7X, #OOX, #06X, #OOX, n03X, flCCX, #18X, #27X, #CCX, 
#07X, #OOX, #24X, #00;<, #18X, #27X, ftoax, #08X, #OOX, #C4X, 



#OOX, #OSX, #CCX, H04X, #OCX, #04X, #CCX, #04X, HOOX, #03X, 
Hoax, #OOX, #07X, #18X, #22X, #23X, #24X, #25X, #2{;X, #27X, #ocx, ~18X, #27X, #OOX, #08X, #OOX, fi18X, HOaX, #18X, #22X, 
#23X, #Z4X,: #25), #26X, #27X, #OOX, #C7'1., HOOX, #04'1., #OOX, 
#04X, #O&X, #OOX); 

ARRAY 0340 SHORT iNTEGER BSTATELIST = (#00015, #06FF5, #n009S, #OCOBS, 
#00065, #00075, #00085, #06FFS, ~02635, ~06FF5, #00135, 
#023E5, #0011S, #00155, #00165, #06FFS, #0203S, #0018S, 
#OOlCS, #()(JiOS, #Oof-fS, #()OlES, #OOlFS, #C6FFS, #00205, 
#OeFFS, #02205, #06F~S, #0221S, #06FFS, #0206S, #06FFS, 
#OG21S, ~06FF5, #00235, #OC245, #00255, #0026S, #OC275, 
#022F5, #00295, #06FF5, #002A5, #OcfFS, #C3045, #O(;FFS, 
#OC305, #002FS,· #024A5, #024(5, #06 FFS, #00335, #06FFS t 
#00385, #D03~SlI #.C05A5, #OtfF5, #002ES, #06FFS, #003CS, 
#003D5, #06FF5, #00235, #00245, #G025S, #G0265, #0027S, 
#022F5, #002SS, #GoFFS, #003ES, #003FS, #06FFS, #00165, 
#06FFS, 1102535, #06FFS, #00415, #06FFS, #C044S, #OGIC5, 
#0010S, #06Ff5, #0046S, #OOitS, #06fF5, h0047S, #OcFfS, 
#02175, ~0218S, #021~S, #021AS, #021ES, #021CS, #021tS, 
#021ES, "lJ06FFS, #02175, #021€S, #021SS, #C21A5, #02185, 
#021C5, #021GS, #021ES, #06FFS, #02125, #06FF5, #OL05S, 
~G6FF5, #02175, #02185, #021SS, #021AS, #C2185, #021C5, 
#02105, #021E5, #06FF5, #C21FS, #06FF5, #02175, #02t85, 
#0219S, ~021AS, #02185, #021(5, #021[S, t021ES, #06~FS, 
#02165, #06FF5, #00485, #06FFS, #OO~S5, #06FF5, #004AS, 
#06FFS, #0046$, #ObFFS, #004CS, Y06FFS, #0230S, #004D5, 
#06FFS, #U04E5, #06FFS, #02C25, #06FF5, ~02235, #02285, 
# 0 6 F F 5 , # 00 4 F S , ~ 0 6 F F 5 t # 0 0 5 G S , #-0 2 4 1 5, # C 6 F F S, it 0 2 4 5 5 , 
#00515, #OGFFS, #00525, #0242S, #06FF5, #0249S, #06FFS, 
# 0 240 5 , # 0 6 F F 5, # 0 030 S t II 0 0 5 3 S, Ii a 2 4 /; S, # C 2 4 C 5, # 06 F F S , 
#00545, #06FFS, #0055S, #06FF5, #025~5, hC30AS, #06FFS, 
#02565, #0057S, #C6FF5, #005ES, #OC5SS, #G6FF5, #0023S, 
#00245, #0025S, #00265, #OO~lS, #022FS, #00295, #06FFS, 
#025fS, #06FF5, #005A5, #OcF~S, ~OO~ES, #G6FF5, #024E5, 
#06FFS, #02305, #023CS, #OcFfS, #023CS, #023C5, #06FF5, 
#02545, #06FFS, #CC5CS, #OG3fS, #06FF5, #0204S, #06FF5, 
#00465, #00105, #06FFS, #OC47S, #06FFS, #02175, #02185, 
#02195, #0~lA5, #02155, #02leS, #02lCS, ~021E5, #CtFF5, 
#OC475, #06FFS, #02175, #021eS, #021SS, #02lA5, #0218S, 
#021C5, #021G5, #021FS, #06FF5, #021~S, #C6FFS, Ne05E5, 
#06FFS, #005F5, #ObFPS, #00605, #u6FF5, #0061S, #06FFS, 
#00625, #C6FFS, ~0232S, #OtFKS, #0231S, #06FFS, #C23D5, 
#02385, #02365, "02375, #OL~AS, ~02~eS, #C23C5, #u6fFS, 
#02245, #06F~5, #C0305, ~0053S, #OL4tS, #024C5, #06FFS, 
#0248S, #06FF5, #00525, tt06FF5, iiOu625, #06FF5, #02265, 
#06fFS, "00045, #06FFS, #02605, #06FfS, #02575, #OtFFS, 
#0230S, #023C5, #C6FFS, #OO(~S, #06FFS, #00665, #06FF5, 



#02305, ;,:023CS, #06FrS, #0047S, #06FFS, #022AS, #Ol:FFS, 
#0067S, #06FF5, #022~S, #06FF5, #022[S, #06FF5, #022ES, 
#06FFS, #,.02255, #023 S, #OtFF5, #025CS, #02305, #02385, 
#02365, #02375, #023 AS , #02385, #023 C5, #06FF5, #02305, 
#023CS, #06FF 5 t #02405, #06FFS, #OO6AS, #06FF5, #023C5, 
#023.8S, #0236S, #0231.5, t!023AS, #0238S, #023C5, #CcFF5, 
#02505, #06FF5, n02285, #()6FF5, #025 ES, #025E5, #06FFS) ; 

CC"'~ENT THE DPDA HAS OG99 REDUCE STATES; 

ARRAY 0100 BYTE B~UMTOPCP = (#OOX, #OOX, U03X, N01X, #03X, #02X, #OlX, 
#02X, #OlX, #OlX, #OlX, #OOX, #OOX. #OCX, #OlX, #02X,. #C1X, 
#02X, #01X, #C2), JULX, #02X, #02X, ftCOX, #OOX, #OOX, #CCX, 
#OCX, #OOX, #UO)t #OOX, #02X', #OlX, ilClX, #01.X, #02X, #03X, 
#04X, #03X, #OOX, #02X, #U1X, #03X, "I1(5X, #03X, #03)<, #C3X, 
#OOX, 1!-OlX, tl-02X. #02X, #()OX, #02X, nUCX, #OOX, #OOX, #OOX, 
#0 ex, HOOX, #UOX, #OOX, #OGX r- # OOX, #. CLtX, #04):" #02X, #0 lX, 
#01X, #02X, nOl;(, #OOX, #00>'1 Ii02X, 11(1X, #OOX, #OOX, #CCX, 
#OlX, #02X, #01X, #02X, #03X, #02X, #C1X, #02X, #01X, #OlX, 
#02X, tt-01X, #OlX, #OOX, #04X.., #OOX, #CIX, #02X, #01X, #C2X, 
#03.X, Ir02X, #02XJ; 

ARRAY 010go~~~~~ !~L~~~~ ~~~8~~~5~8go~5~#~~~~~~,#~ggi~~,#~g8i~~, 
#OG175, #0017S, #0011S, #00175, #03C15, #0301S, #05uOS, 
#05005, n050lS, 1:0501S, #OOOl:.S, #00(5S, #OOOAS, #05C25, 
#05025, #0502S, #0502$, #.0502S, #05G2S, #05025, #05C25, 
#OCG35, suU03S, ~0003S, #OCC3S, #03((5, #0300S, #0300S, 
#03005, #U0005, #00005, #02275, #05(3S, #05C35, #05C3S, 
#05035, #0503S, #05035, #05(35, #002ES, #0028S, #05C45, 
#05045, #05055, #0505S, #05055, #05C55, #05055, #02395, 
#02395, #0:)065, #05065, nOOOf=5, #O()CFS, nOOOES, #OGGE5, 
#00325, #002ES, #002ES, #02~6S, ~002CS, #00205, #05075, 
#05075, #0507S, #05015, #0305S, #03(55, #G0105, #OC10S, 
#0012S, #u0125, #0012S, #05085, ~0508S, #03065, #03G65, 
#02C65, ~0035S, ff.OO~5S, #025SS, #02~S5, #00685, #0068S, 
#00685, #0036S, #003bS, #U037S, #0037S, iJ07GOS); 

COMMENT THE OPDA HA5 G013 lOOK AHEAC STATES; 

ARRAY 0013 BYTE BlASYMI\LtJ = (#32X, #35X, #~5X, 1135X, #3EX, #LtBX, n42X, 
# 3 5 X , # 3 5 X , #I 3 5 X , # 3 EX, # 3 5 X, # "+ 6 x J ; 

ARRAY 0013 SHORT INTEGER D5UCCSTATE = (#q~22S, ~OZOBS, #020C5, #02005, 
#02335, #02485, #024FS, #02C8S, #02CSS, #020AS, #0233S, 
#0207 S, #0235S); 

ARRAY 0013 SHORT lNTEGER ~FAILSTATE = (#OOQCS, #0018S, #0019S, #OOlAS, 



#002C5, *00315, #00345, #00425, R004~S, #00455, #00565, 
#OC505, #00695); 

ARRAY 0078 BYTE BLATA8LE = ( 
CO~MENT <DATA DECL>~ 
#OOX, #OOX, UOOX, #20X, #OGX, #D8X, 

COMMENT <FPARM LIST); 
#0 8 X, # 0 0 X , # COX, # 00 X , # 0 G X, #; 0 0 X , 

COMMENT <FPAR~ LIST); 
#08X, #OOX, #OOX, #OOX, #OOX, #COX, 

COMMENT <FPAR~.lIST); 
#08X, #OOX, #00)" #OOX, #OOX, #OOX, 

COMMENT <ITEtJ>; 
I/. 12X, #80X, #OOX, #OOX, #OCX, # O,OX, 

CO~1MENT <DESCRIPTOR); 
#08X, #80X, #COX, #OOX, #OOX, #OfJX t 

COMMENT <TAbLE DECL HEAD) ; 
#OOX, #OOX, fiCOX, #OQX, #00)(, #07X, 

COtJMENT <FPARtJ lIST>; 
#08X, #OOX" #CCX, #OOX, #OCX, #OOX, 

COtJfJENT <FPARl" LIST>; 
#08X, #OOX, #OOX, #OOX, #OCX, #OOX, 

COtJfJENT <FPAF<f'J LIST>; 
#08X, #OOX, '# CO}, #OOX, #OCX, #OOX, 

CCfJMEt\T <ITE~>; 
#12X, HSCX, #COX, #OOX, #00)(, #OOX, 

CC,.,tJENT <FPAF<tJ lIST>; 
IJ06X, tiCOX, #GOX, "OOX, #OC-X, #OOX, 

COMtw1ENT <COf\STANT>; 
#lAX, #80X, #OOX, #OOX, #OO~, #OOX) ; 

COMMENT THE DPDA HAS G009 LOOKBACK STATES; 

ARRAY 0009 BYTE BLBSTART = (#OOX, #02X, #06X, ~CCX, #CFX, #llX, #13X, 



#lAX, #1DX); 

ARRAY CC09 BYTE BlBNUM = 
#02X, #01xl; 

(#01X, #03X, #05X, liC2X, #01X, #01X, #06)<, 

ARRAY 0031 SHORT INTEGER BlE5TATE = (#00045, nOC005, #00045, #COIES, 
#00195, #OOOOS. #OOtB5, #001C5, #OC1FS, #00215, #00445, 
#00005, #OOO~S, #00135, #OOOCS, #OOCCS, #OOOOS, ~OGt8S, 
#OOCOS, #00305, ff003ES, #OC5SS, #005(5, #00645,#00655, 
#00u05, flOOOES, #00325, #000C5, #OOC~5, #OOOOS); 

ARRAY CC31 SHORT INTEGER eRESU~ESTATE = (#03025, #0307S, #03035, 
#03085, #030~S! #030B5, #02CES, #021C5, #0215S, #0214S, 
#U20F5, #0211S~ #0022S, #02295, #02585, #00285, #025AS, 
#00685, #023~S, #02525, #025CS, #0262$, #02515, #U30CS, 
#02015, #0235S, #02475, #W243S, #02~~5, #00145, #OC40S); 

CCMMENT THE SYMBOLS ACCESSING THE STATES; 

ARRAY 0108 BYTE C$YHBEFCREREAD = (#Of)X, #OlX, H30X, #32X, #34X, #36)(, 
#14X, ti15X, #lAX, #05X, #3BX, #OBX, tf.33X, #30X, #3FX, #41X, 
#42X, "fI-29X, #4EX, #lAX, #4FX, #25X, f12CX, #35X, tf.37X, #38X, 
#39X, #07X, #OYX, it-OAX, #04X, #08X, #06X, #07X, #"3CX, #lB)(, 
#lCX, #tox, lilEX, #lFX, #45X, #21X, #C~X, #3EX, #06)(, #4CX, 
#4AX, #18X, #06X, fi40X, #49X, #06X, 1143X, #5C'X, #51><, #52X, 
#20X, #2EX, #2FX, #06X, #04X, #08X, #C7X, #08X, #4FX, #O~X, 
#38X, #39X, #O~X, #39X, #08j'9 #08X, #C7X, #07X, #07X, #07X, 
#07X, 1108X, #07X, #17X, #04X, #OSX, nOt.X, #18X, #17X, #1S)(, 
#06X, #08X, #04X, #OdX, #06X, #07X, #07X, #39X, #18X, #18X, 
#i8X, #l8X, #l~X, #18X, #1.7X, #07X, #24X, #08X, #54X, #47X, 
#18X, #46X); 

ARRAY 0013 BYTE DSYMBEFORELA = j#33X, #37X, #3c), #39)(, #06X, #4CX, 
#43X, 1t38X, #39X, #39X, #06X, #39X, fi4 7X) ; 

CLOSE BASE; 

ARRA~ 18 INTEGER BSEGTABlE ~ 
#00000000, 
#0000031C, 
#CCCCC470, 
#Q0000548, 
#00000584, 
#OCCGC708, 
#QOOC09BO, 
# U lJ 0.0 0 A 14 , 
#OCCCCADC, 
#UOJuOAEA, 



#OCOOOB04, 
#OCOaOBIE, 
#0000086C, 
#CCOOCB75, 
#OCOOCB7E, 
#OOOUOBBC, 

~ g 8 g.8 S ~ ~ ~ J ; 
CC~~E~T ENe OF CARDS PUNCHED BY THE SLR(l) SY~TAX ANALYZER; 

CC~~ENT DECLARATIONS USEe BY THE ANALYZER; 
INTEGER TaKEN=l; COMME~J TCKEN IS PCINTER PRCVIDED BY T~E SCANNER. IT 

hAS T~E VALLE OF THE INDEX IN THE lER~I~AL 
SYMBOL LIST OF THE LAST SYMBOL SCANNED; 

INTEGER BTOKEN; COMMENT SAME AS ABOVE BUT FC~ CAlA OECL. GRA~~AR; 
INTEGER PRCONUM; COMMENT PRODUCTION NUMBER USEe Te IDENTIFY PROCLCTION 

~rEN CALLI~G SYNTHESliE; 
INTEGER BPROCNUM; COMMENT SAME AS ABOVE BUT FCF BSYNTHESIZE; 
I~TEGER SP=O; COMMENT PGINTER TO LAST SYMBOL I~ SlAlESTACK; 
I~lEGER bSP; COMMENT SA~E AS ABOVE ELl FOR EA~tLYZE; 
I~TEGER LUCATION; COMMENT INDEX TO VSTRING CF 5Y~BGL; 
I~TEGER LtNGTH; COMMENT NUMBER OF EYTES IN SYMEOl; 
I NT c G E R V P T; COM i'l E N TIN 0 E X SA i'1 E AS T G KEN USE C ~ H E f\ CAL LIN G II FIN e"; 
I~TEGER SEGBASE; COMMENT BASE ADD~ESS Of PARSI~G TABLES; 
I~TEGER BSEGBASE; CO~~ENT BASE ADDRESS OF PARSING TABLES OF DATA 

DECLARATION GRAM~AR; 
I~TEGER LATABSIZE; COMMENT LOOK AHEAD TAdLE SIZE; 
INTEGER BLATABSIZE; CC~MENT SAME AS ABOVE BUT FOR BANALYZE; 
ARRAY t4 BYTE 5CD; COMMENT BUFFER USED TO SlCRE CURRENT SYMBOL; 
ARRAY 8 BYTE CONBUF; COMMENT BUFFER USED IN FRINTIME,PRINTSUMMARV 

AND PRI~TOATE R(LTI~ES; 
ARRAY 3 INTEGER TIME; COMMENT SAME AS A30VE; 

INTEGER MASK = #OCOOOOFF; 
I~lEGER MASK7 = #00000007; 
INTEGER MASKFFFF = #OOOOFFFF; 
INTEGER BlANKMASK = #4C4C4040; 
I~TEGER MASKl = #00000001; 
INTEGER MASKFFOO = #OOCCFFOO; 

CC~~E~T DeCLARE LSEFUL LITERALS TO SIMPLIFY 
ACCESSING THE PARSING TABLES; 

E'LATE AVSTRING SYN 0; 
EQLATE ALOCLENGTH SYN 4; 



E'UATE AREACSTART SYN 8; 
E'LATE ARO~UM SYN 12; 
EQLATE ASYMlIST SYN 16; 
E'LATE ASTATELIST: SYN 20; 
ECLATE A~LMTOPOP SYN 24; 
EQLATE AREOUCESUCC SYN 28; 
E~LATE ALASYMNUM SYN 32; 
EQ~ATE ASLCCSTATE SY~ 36; 
EQLATE AFAILSTATE SYN 40; 
ECLATE ALATA~LE SYN 44; 
~QLATE ALoSTART SYN 4d; 
ECGATE ALBNUM SYN 52; 
E~LATE ALBSTATE SVN 50; 
EQLATE ARESUMSTATE ,SYN 60; 
ECLATE ASYMBEFOREREAO SYN 64; 
ECLATE dSYMBEFORELA SYN 68; 

E YT E TRU E~ #F F X, FAL SE=#OOX; 

COMMENT SCA~NER DECLARATIONS; 

BYTE IDISL8l=#OQX; CCMMENT WHEN ICISLBL IS SET IDENTS ARE TREATED A~ 
LABELS; 

eYTE PCAL=#OQX; COMMENT WHEN PCALL IS SET THE IDENT THAT FCLL(WS IS 
A PRCCEOURE NAME; 

eYTE ENDIT=#OCX; COMMENT ~HEN ENDIT IS SET SCA~~ER'S CuTPUT IS 
ALWAYS TOKEN=l; 

BYTE BENDIT=#COX; COMfv'E(\T BENOIT IS SET BY "Ef\C COlO, UPROCE[UREtI AND 
" F U NC T ION". WH E N BEN 0 I TIS S ET .. $ " SET S E f\ 0 IT. 
BOTh ENDIT AND BENe!T ARE RESET UPON RETURN FRC~ 
BAt\ALYZE. ; 

EYTE LISTFLAG=#FFX; COMMENT LISTING P~ODUCEo IF lISTFLAG IS SET; 
ARRAY 80 BYTE CSUFi COM~E~T INPUT CARC BUFFER; 
ARRA), 132 BYTE BLANK=132(" It); COMfv'Ef'\T 8LAf\K STRING uSEe TG CLEAN 

THE ~RITE BuFFER; 
A R R A 't 132 B Y T E W B U F = 132 (" II); C eM,.., E f\ T ~I R I TEE U F FER ; 
S~ORT INTEGER CARDCOLNT=lS; COMMEf\T ~UMBER CF CARCS REAO EY GETCHAR; 
L(f\G REAL CCNwORK; CCMMENT DCUBLE wORD BUFfER LSED TO CONVERT TO 

DEC I (01 A L; 
S~ORT INTEGER CP=lO; COMMENT CP IS FCINTER TC NEXT CHARACTER TC 

BE SCAf\~EC; 
B'tTE CHARi COMMENT SINGLE CHARACTER EUFFE~; 
S~CRT INTEGER CLASS; COMMENT CHARACTER CLASS RECEPTACLE; 
ARRAY 22 bYTE SBUF; CO~~ENT EUFFE~ USED EY SCANNER TO ASSEMBLE 

SYM8CLS~ 
ShCRT INTEGER SPTR; COMMENT INDEX IN'SBUF CF LAST CHARACTER If\SERTED 
SHORT INTEGER XR; CG~~E~T ERRGR ~L~eER WnE~ CALLING TrE ERROR 

PRGCEDLRE; 



S~ORl INTEGER ERRCOU~T=O; COMMENT ERRGRCOUN1ER; 

#1~~~~dl~;~o~~I~xr~t~g~~~6c~;~t~~~~i8X,#09X'#1~X'#1~~~~lZ~~~j~~tfx~~6~x, 
~C5X,#CAX,11(#lAX),#lBX,#06X,#07X,#OFX,#17X,#OEX,65(#1AX),6(#04X), 
3 ( # C 5 X ) , 7 ( # 1 AX ) ,9 ( # a 5 X) ,8 ( # 1 A X) , 8 ( if 0 5 X) ,6 ( # 1 A X ) t f ( # 0 2 X) ,2 ( # 03 X) l ; 

INTEGER RTRNTOANALi CCMMENT RECEPTACLE FGR ~ETLR~ ADCRESS "~~N ANALYZE 
CALLS SCAN; 

I~TEGER BANAlBASE, SCANBASE; CCMMENT ENTRY FCI~T RECEPTAClE~ LSEC ~HEN 
SCAN CALLS BANAlYZE; 

CCM~ENT SYMBOL TABLE AND CONSTANT TABLE STRUC1LRE DEClARATIC~S; 

c~~~J~¥E~T~r~~S~S ~I~~~26~RE~~B~~ESy~J~t~flBL~;~~~S~LS~Tr~A~~§~S2lcRES5 
OF IOE~TIFIER NAMES FIELD IN SYM. TBL. CTBASE IS BASE ACCRESS OF 
CONSTANT TABLE. SEMBASE IS BASE ADDRESS OF SE~A~TICS FIELC. STCHAI~ IS 
BASE ACDRESS OF FIELD W!T~ POINTERS TC NEXT AVAILABLE Sy~eOL TABLE SLOT 
I~ CASE CF CCLlISION; 

INTEGER CTLIMIT; COMMENT ABSOLLTE ADDRESS LI~IT CF CC~STANT TABLE; 
I~TEGER DESCRPTREASE; COMMENT EASE ACCRESS Of POINTER TO DESCRIP10R 

FIELD IN SYMECl TABLE; 
S~ORT INTEGER DPTR=OS; COMMENT INDEX TO DESC~E~F GF NEXT BYTE Te BE 

LCACED; 
~~ORT INTEGER TYPLGTH; CC~~ENT TEMPCR~RY LOC~TI(~ USEC EY CATA 

DECLARATION SEMANTIC RCLTINES; 
ShORT INTEGER OATABUF; CC~MENT CAlA TYPE BUFFER; 
S r'O R T I ~'T E G ERe T R; C C t'I. MEN T C 0 uN T E R L SED INS E \J f: K ALP lAC E S 1/\ S E (II A NT I C 

ROUTINES; 
B~TE TYPE; CCfVMENT. TYPE IS USEC TO Ct-ECK FCR CC4'lPATIeILITY [URING 

ASSIGNMENTS; 
S~CRT INTEGER TBLCESCRB; COfvtMENT TA8LE DESCRIPTOR B-ASE ADDRESS I~ 

STeREO HERE IN TABLE CECLARATIC/\ SEMANTIC 
ROuTINES ; 

~~CRl INTEGER Fl8PTR=OS; CCMMENT I~[EX TO FLCPIRSBUF Of NE)T eYTE 
Te BE LCACEC; 

8 Y T E FIR S T V A l = 1/ 0 a X; C [J M MEN T F LAG USE C IN R E-P Ell T I G,N lIS T PRe C E S S I ~ G 
~UTINES TO I[ENTIFY fIRST VALUE IN LIST ; 

ARRA), 80 BYTE FLDPTRSBLF; COMMENT BlFFER Te STCRE PGI~TERS Te FIE,LD 
DECLARATION ENTRIES I~ THE IDENTIFIER 
CIRECTORY CU~ING TAELE CECLARATIC/\ BLOCK 
PROCESSII\'G ; 

APR~~ 20 ShORT INTEGER TBlIST; COMMENT BUFFER TO STORE TABLE NAMES 
DURI/\G Tll,BLE t-EA-C PROCESSING; 

S~O~T I~TEGER TBlISTPTR=O; COMMENT I~OEX lNT( lELIST; 

SHceT INT~GE~ BlKCTR=O; CCMMENT ELCCK LEVEL CCUNTER USED AS A PREFIX 
TO IOENTIFI~RS TO INTRODLCE BlCCK 



STRUCTURE IN1U SYMBOL TABLE,SChEME; 
ShORT INTEGER HTPTRi CCM~E~T INDEX INTO HASrT~E~E PRCCUCEC BY rASHING 

SCHEME; 
~rCRT INTEGER STPTR; CC~MENT SYMECL TABLE INCEX; 
~rORT INTEGER CTPTR =0; CC~~ENT CO~STANT TABLE I~OEX; 
S~QRT INTEGER SEM; COMMENT SEMANTICS RECEPTACLE; 
~H(Rl INTEGER POINTER; CCMMENT PCI~TER INTC SY~80l TABLE CR. CONSTANT 

TABLE ASSOCIATEC WITh EACH CC~STANT 
OR IDENTIFIER; 

ARRA~ 11 BYTE TEMPREFIX; CCMMENT TE~PCRARY EUFfER USEe TO SET SBLF 
BEFORE HASHI~G RESERvEC WORes; 

ARRAY 10 BYTE PREFIX; CO~~ENT TEMPORARY BUFFER USED TO ~ET SBUF 
BEFCRE HASHI~G IDENTIFIERS; 

SrORT INTEGER POINTFREE~_l; COMMEN~ POINTER TO NEXT AVAILABLE SLCT 
IN SYMECl TABLE; 

fLC~AL DATA SEGN002 BASE RS; 
ARRAY 1229 SHeRT INTEGER hASHTBL=IZ29(_1); CCM~ENT HASH TABLE; 
CLOSE BASE; 

GLCBAL DATA SEGN003 eASE RIO; 
ARkA~ 15~ SHORT INTEGER PCINTERSTACK=150(O); C(M~ENT STACK USEC BY 

ANALYZE TO PASS POINTERS TO SYNTHESIZE; 
ARRAY 150 SHORT INTEGER BP(INTERST~CK=150(O); COMMENT SAME A~ ABCVE 

fUT FeR EANALYZE; 
ARRA~ 256 BYTE OESCREUFFER=256(#40kJ; COMMENl BLFFER Te BUlLe ~p 

DESCRIPTOkS BEFORE LOAOI~G TrE~ IN C(~ST~T TAELE; 
CLeSE eASE; 

CC~~E~T BASE ADDRESS RECEPTACLES CECLARED Te fACILITATE USE OF ABOVE 
CECLARED ARRAYS; 
l~TEGER PTRSTACK=#OOOOOOOO; 
INTEGER BPTRSTACK=#OOC0012C; 
INTEGER DESCRBUF=#00000258; 

FU~CTION CLR(1,#150C}; 
FU~CTION SC(lC,UFBOO); 
Fl~CTICN SETlCNE(8,#9bfO); COMMENT FUNCTION 10 SET ZONE TO 1111; 

EXTERNAL PROCEDLRE GETCCRE(R14); NULL; 

PRCCED~RE FINO(R4J; 
cEGIN ARRAY 4 INTEGER SAVEREGS; 

ST~{Rl,R4,SAVEREGSJ; 
MVCt63,BCO,8LANK}; 
R6 ~= R6 - ~6; Rl :: VPT SHLL 2; 
R3 := AlOClENGTH; R2 .- SEGBASE + SEGTAELElR3) + Rl; 



R3 := 82; Rl := R3 SHRL 6; 
Lee A T I G 1\ : = R 1; R 1 : = R3 AND II 3 F ; 
LENGTH := Rl; R2:= LENGTH ~ 1; 
FeR Rl := 0 STEP 1 UNTIL R2 DC 
BEGIN 

R~ :~ LOCATION + Rlj IC(R6,VSTRING(R~»); 
5 T C (R6 , BCD ( R 1 , ) ; 

END; 
LM(Rl,k4,SAVEREGS); 
E~C. CCM~EAT END OF FIND; 

PROCEDURE BFINO(R4); COMMENT SAME AS FIND BUT FeR SECGNe GRAMM~R; 
BEGIN ARRAY 4 INTEGER SAVEkEGS; 

STMIRl,R4,SAVEREGS1; 
MVC(6~lBCD,8LA~KJ; 
R6 := Kb - R6; Rl := VPT SHLL 2; 
R3 := ALOCLENGTH; R2 :=BSEGBASE +BSEGTAELE(R31 + Rl; 
R3 := 8.2; Rl := R3 SHRL 6; . 
LeCATION := Rl; Rl :~ R3 AND #3F; 
LENGTH := R1; R2:= LENGTH - 1; 
FOK Rl := 0 STEP 1 LNTIL R2 DC 
BEGiN 

R3 : = L C CAT ION" B 1 ; Ie ( R6 , B V S T R I f\ G ( R3 ) ) ; 
STC(Rt,BCD(R11); 

END: 
L~(Rl,R4,SAVEREGSj; 
ENC; CON/~ENT END OF FIND; 

FR(CECLRE PRINTIME(R6); 
BEGIN INTEGER SAVE6; 

SAVE6 := R6; 
uNPK(7,3,CONBUF,TIME(O»; 
MVC( 1,waUF( 18) ,CONBUF( 1) l; MVC(O,~BUF(2C) ,II:"); 
tJVC{ 1 ,wBUF(21l ,C(f\BUF (3»; 
R c ; = SA \IE 6; 

ENe; COMMENT END OF PRINTIME; 

PRCCECLRE PRINTDATE{R6); 
BEGIN INTEGER SAVE6, SAVE15; 

SAVEl; := R6; SAVE1S := R1S; 
R 1 : = 2; S VC ( 11) ; 
R15 := SAVE15; RG := RO OR #F; 
TIME:( Cl := RO; 
TIME(4) := R1; UNPK(7,3,CONBUF,TIME(4»; 
~VCJ1,WBUF(9),CONBUF(3»); 
MVC(O,wBUF(111, ..... ) ; MVC(2,heUF(12),CCf\BUF(S»; 
Rc := SAVE6; 

E~C; COM~ENT END QF PRINTD~TE; 



PRCCECURE PRINTSUMMARY(R4); 
CG~~E~T THIS PROCEDUR~ SHOULD SUBTRACT CURRE~T TIME OF DAY 

WITH THAT SAVED I~ PROCEDURE INITIALI2E AND STCRE 
THE RESULT IN WBUF STARTING IN COLL~~ IS; 

BEGIN INTEGER SAVE4; 
INTEGER SAVE15j 
SAVE1.5 := R15; 
-SAvE4 := R4; 

R 1 : = 2; S VC ( 11) ; 
R15 := SAVE15; 
Ru := RO OR #F; TIME(8) != RO; 
SO{3,3 f TIME(B),TIME(O} ); 
UNFK(7,3,CONBUF~TIME(8}); MVC(1,WBUf(21),CONBUF(3»; 
MVC(Q,w8UF(23),".U) ; MVC(1t~8UF(24),CCNBUf(5»; 
MVC(6,Wt3UF(28),IISECONDSIIJ; 
MVC(17,WeUF,'.TlrvE IN EXECUTICN:.tI); RO := a;WBUF; WRITE; 
MVC(4C,WBUF,BlANK); 
R4 := SAVE4; 

E~C; CO~~E~T END OF PRINTSUM~ARY; 

PRCCECURE HASH(R4); COMMENT THIS H~SHING SC~E~E USES FI\E ARiUMENTS: 
THE WORD LENGTr, THE SEC(~[ AND ThIRD ANL T~E 

LAST T~O CHARACTERS OF THE IDENTIFIER; 
BEGIN ARRAY 6 INTEGER SAVEREGS; STM(RQ,R5,SAvEREGS); 
R4:=SPTR; Rl:=R4+1j 
IC(RO,SBUF( i}); RO:=RO AND #3F SHLl 1.3; 
IC(R2,SBUF(Z»; R2:=R2 AND #3F S~lL 12; 
IC(t<.3,SdUf'k4»; R3:=R3 AND #3F; R5:=R4-1; 
IC(R4,S5UF(R5»; R4:=R4 AND #3F ShLL 6; 
Rl:=Rl SHll ~4 OR RO OR F2 OR R4 C~ R3; 
RO:=O; Rl:=Rl/122g; 
HTFTR:=RO; COMMENT RO CONTAINS T~E REMAINDER; 
L~(RO,R5,SAVtREGS); 

E~C; CGMMENT END OF HASH; 

FRCCECURE ERROR(R4); COMMENT THIS PRCCEOURE ~AS ThE CGMPLETE SET OF 
ERROR MESSAGES. MESSAGE I~ SELECTED BY LeADING 
ERR(R NUMBER INTO XR BEFO~E AN ERROR CALL; 

8E~IN ARRAY 5 INTEGER SAVEKEGS;ST~(RO,R4,SAvEREGS); 
RO:=ERRCOUNT+l; ERRCOUNT:=RO; 

CO,., fJ E t\ T IF lIS TIN G F LAG 15 0 F f , FeR C E P R I I~ TIN G C F CAR 0 B U F FER ; 
IF ~ LISTFLAG THEN 
eEClf\ 

RG:=CAROCCUNT+1; CARCCCUNT:=RO; 
eVO{RO,CONWORK); LNPK{3,7,~BUF(15),C5N~CRK); 
SET Z 0 N E ( W B U F ( 1 8 ~ ); t~ V C ( 7 9 , W B U F ( 2 2 ) , C B U F ) ; 
RC:=@W8UF; WRITE; fJVC(131,WBUF,ElAf\K); 



ENe; 
RO:=@WBUF; hRITE; MVC(131,WBUF,BLANK); 
t·1VC( S,WBUF ,11*** ERRCRfI).J 
Rl:=CP+22; R2:=@WBUF(Rl ; 
M v C ( 0 ,82 ," I II) ; 
RG:=@WtlUF; WRITE; ~VC(131,W8UF,BlA~K); 
R2:=XR; 
CASE R2 CF 
BEG IN 

tJVC(37,WBUF,"-IllEGAL ICENTIFIER. IT WIll BE IGNORED"); 
fJ~C(36,hEUF,IIILlEGAL CI-ARACTER. IT WILL EE IGNOREC"); 
EEGIN 

MVC (15, ~"iBUF, "ST ACK OVERFLOW."); 
RO::;::QjWBLF; WRITE;.MVC(131,WBUF,ELANK); GCTC EXIT; 

ENe; 
~VC'i9,WBUF,"IllEGAL SYMBOL PAIR:"); 
bEGIN _ 

M V C , 24, ~~ B U F , II P K 0 (, R A t~ END S PRE MAT U R ELY • 'I) ; 
RU::;::@WBUF; WRITE; MVC(131,WBUF,ElANK); GeTe EXIT; 

ENO; 
fJVC(79,W8UF,CBUF); 
t-lVC(47,WBUF,"ILLEGAL HEXADECIMlll CONSTANT. IT WILL BE IGNORED"); 
BEGI~ 

M V (. ( 47 , Vl B U F , If S Y MBa L TAB LEO V E R FLO vJ. R E IV A I N I N G S T E F seA N C ELL E 0 II ) ; 

RO:=@~BUF; WRITE; MVC(131,W8UF,ELANK); GeTO EXIT; 
END; 

MVC(44,WeUf,"IlLEGAL LABEL DECLARATION. IT ~IlL BE IG~OREDtt); 
MVC(43,~veUF,nILlEGAl TAG DEClARATICN. IT WILL BE IGNGRED .. fI); 
MVC'4':1r~,8UF,IIILLEGAL STATUS CONSTA~T IDENT. IT wILL EE IG{\CREC."); 
BEGII\ 

fJVC(SO,h8UF,"CCNSTANT TABLE OVERflew. REfliAINING STEPS CANCELLED.") 
RO:=@WBUF; WRITE; MVC(131,W8UF,8LANK); GCTC EXIT; 

E~[; 
tJ V C ( 26 , ',oJ E U F , If ILL EGA LOA T ASP E C I F I ( A T I G N • tI ) ; 

t~ V C ( 4 1 , 'N e U F , " INC 0 M PAT I 8 LED A TAT Y PES I N I T\ I T I tI LIZ A TIC ~ • II J ; 
tJ\lC(35,r\[3Uf,ItIfJPRCFf:~ CARRIAGE Cr:NTROL CI-AR,oCTER."); 
H \I C { :3 5 , ~: b U F , • -ILL EGA b FeR t" A TOE S C R 1FT C R PAR A t" E T E R ... 1 ; 
Eke; COMMENT END ERROR CAS~ STMT; 
R C : = @ V, b LJ F; r- R ITt; tJ, v C ( 1 :3 1 , \~ 8 U f , 8 L A ~ K ) ; 
L ~ ( R C , R 4, SA VE R EG 5) ; 

E~C; CGMMEI\T END OF PRUCEDURE ERROR; 

PROCEDURE FUTIL(R4); CC{"1MENT IT LOIlCS Vt\LUE I~ RO IN IN SE~~NTIC FIELD 
OF IOENT WITh POINTER GT\ lCP OF STACK. ALse 

8E{;It\ 
LeADS DAT~BUF IN CESCRB~F; 

Rl:=B~P SJ-iLL 1; 
R2:=RIO+EPTkSTACK+Rl; LH(R3,B2); 



R2:=SEMBASE+R3; STClRO,B2); 
R2:=RIO+CESCRBUF+5; Rl:=CATAEUF; 
R~~=k! ~~RL 8i STClR~,B2); 
~~.=R~+L' STClRl,B~}, 
RC:=7; DFTR:=RO; 

E~D; COMMENT END OF FlTIL; 

P-FCCEOURE CATASIZE{R41; CO~MENT THIS PHOCEDURE TAKES INDEX TO BPTRSTAC 
FROM Rl AND RETURNS ThE INTEGER VALUE. If\ TI:E 
CON S TAN T TAB LEe ON V E R TEO TO BIN A R Y F O'R f'ii i 

BEGIN 
INTEGER SAVE4; SAVE4:=R4; 
~l:=Rl SHLL 1· 
K2:=RIO+8PTRSfACK+R1;, lH(R3f-B2); CCf-4~ENT R3 t-AS CTPTR; 
R2:=CTHASE~R3; IC(R4,B2); COMMENl R4 HAS HEAC£R £~TE; 
~5:=R4 A~D #FF; R5:=RS ShRL 5; 
IF R5~~3 THtN COMMENT NLMERiC CONSTANT 1$ ~(T A OE(I~AL INTEGER AS 

1T ShOULD; 
BEGI" 

RO:=13; XR:=RO; ERROR; 
E~[ ELSE 
8E~I" 

R5:=K4 AND #IF; CC~MENT R5 HAS LEf\GTH; 
f(2:=R2+1; IC(Rl,b2); Rl:=Rl AND fiF; 
fCC:=RO-RC; 
FOR R3:=2 STEP 1 LNTIL R5 DO 
EEGIN 

f<~:=R2+1; IC(R4,~2); R4:=R4 Af\C NF; 
Rl:=Rl * lOS + A4; 

El\C; 
El\C; 
R 4: = SA VE 4 ; 

E~C; COMMEl\T END OF CATASIZE; 

PROCEDURE SETHEADER(R4); CCMMENT USEC BY PROCLCTIGNS 7 THRU 13 Te LOAD 
LENGTh OF DESCRIPTOR (NCT COL~TING HEADER 
ITSELF) I~T( rEADER e~TE NOW Tt-AT ALL PARMS 
HAVE BEEN E~TERED; 

8EGIf\ Rl:=CPTR-!i R2:=R10+CESCRBUF; STCCR1,B2); END; 

PROCEDURE. NWO(R4) i COMMENT uN", "W" Al\O "0 11 FARTS CF f\li"ERIC 
CGNVERTION FORMAT. Rl INPLTS POINTER TO REAL 
COl\STA~T. THIS PRCCECURE C~ECKS TrAT REAL CC~~TANT 
IS EITHER INTEGER CR FIXEC. IF INTEGER, EINAR~ 
FGRM IS RETURNEL I~ Rl AN[ RO IS SET TO ZERO. IF 
FIXED, INTEGER PART IN BI~ARY fOR~ IS RETURNEC IN 
Rl AND FRACTIONAL PART IN R(; 

BEG!l\ INTEGER TEMP; ARRAY 3 INTEGER SAVEREGS; 



ST~(R2,R4,SAVEREGS); 
R 2 : = C T B-A S E + R 1; I C ( R 3-, B 2 ) ; 
R5:=R3 SHRl 5; R3:=R3 AND #IF; R5:=R5 AND N3; 
IF R5=3 THEN COMMENT INTEGER CONST.; 
BEGI~ 

R2:=R2+1; IC(Rl,B2); Rl:=Rl ANC #F; 
~O:=RO-RQ; 
FeR R6:=Z STEP 1 ~TIL R3 CO 
BEGIN 

R2:=R2+1; IC(R5,B2); R5:=R5 ANC #F; 
Rl:=Rl*lOS+R5; 

END; 
RO: =R.O-RO;' 

Ef\C ELSE 
BEGIN 

IF R5=4 THEN COMMENT FIXED CONST. ; 
BEGIN . 

R2:=R2+1; R4:=1; IC(R5,B2J; R5:=R5 ANC nFF; Rl:=R5 A~C #F; 
IF ~~=#4B THEN Rl:=Rl-Rl 
ELSE BEGIN 

R2:=R2+1; R4:=R4+1; IC(R5,E2); 
R5:=R5 AND #FF; RG:=RO-RO; 
wH I L E R5-.=#4 B CO 
BEGIN 

R5:=R5 AND #F; Rl:=Rl*lOS+R5; 
R2:=R2+1; R4:=R4+1; lC(R5,E2); R5:=R5 AND #FF; 

END; 
E~D; 
TEMP:=~l; R2:=R2+1; R4:=R4+2~ 

IC(Rl,t32); Rl:=RI. AND #F; 
RG:=RO-RO; 
FCR R6:=R4 STE~ 1 L~TIL R3 CC 
BEGIN 

R2:=R2+1; IC(R5,B2); R5:=R5 AND #F; 
Rl:=Rl*lOS+R5; 

END-; 
RO:=P.l; 
Rl:=TEMP; 

ENe ELSE BEGIN RO:=l6; XR:=RO; ERROR; END; 
E~C; 
L fa' ( R 2 , R4 t S A V E R EG S) ; 

E~C; CC~ME~T ENe OF NWC; 

PKOCEDURE CHECKIO(R4'; C(M~ENT R1 HAS PJINTER TC IDE~T IN I[E~T 
DIRECTORY. CrECKID ChECKS THAT IDENT IS (~E OF 
9 LEGAL LETTE~ PARAMETE~S (I,f,E,O,~,A,L,),T) 
AND RETURNS ~ORRESPO~[I~G CODE I~ R1. IF ILLEGA 
l, THEN Rl IS -1, ELSE Rl HAS THE LETTER; 



BEGIN INTEGER SAVE4; SAVE4:=R4; 
Rl:=R1*lOS; 
R4:=STBASE+Rl+2; 
lC(Rl,B4); Rl:=Rl Af\D #IF; 
R2:=Rl SrRL 4; R3:=Rl AND #F; 
~2:=R2+1; 
CASE R2 OF 
BEGI" 

BEGIN CC~~ENT IF 5TH ElT IS ZERC; 
CASE R3 OF· 
BEGII\ 

NULL; Rl:=_l; l\ULL; Rl:=_l; t\Ull; NULL; f\Ull; NUll; NULL; 
R 1 : = 1; R 1 : = 1 i R...l: = 1; R 1 : = 1; R 1. : = 1 i Fe 1: =_1 ; 

END:; - -. - - -
Et\O-
EEGIN COMMENT IF 5Th BIT IS ONE; 

CASE R3 OF 
BEGII\ 

Kl:= 1; Rl:=_l; NuLL; Rl:=_l; Rl:=_l; ~ULL; Ri:= 1; Rl:=_l; 
Rl:=:l; R1:=_1; Rl:=_li Rl:=_l; Rl:=_l; Rl:=_l; Rl:=_l; 

ENO; 
END; 

ENC; 
f<4:=SAVE4; 

END; COMME"T END OF CKECKID; 

F R C C E [U k E 5-E T V R 8l OS C R ( R 4 ); COM MEN TIT L a ADS .. 4 II IN H E A [ E R B" T E , 
DATAeUF IN NEXT TWC BYTES, AND NEXT T~O 
8YTES WITh POINTER CN TOP CF STACK; 

eEGIf\ 
Rl:=DATABUF; R2:=DESCRBUF+RI0; 
R3:=4; STC(R3,B2); R2:~R2+1; 
P3:=Rl SHRl 8; STC(R3,S,2l; R2:=R2+1; 
STC(Rl,B2J; R2:=R2+1; 
Rl:=ESP SHLL 1; R5:=RIO+BPTRSTACK+Rl; 
LH(~1,B5); R3:=Rl SHRl 8; 
STC(R3,J2); R2:=R2+1; 
STC(Rl,B2J; 
RC:=5; DPTK:=RO; 

Ef\C; 

F~CCEDURE ENTER(RS); CQ~~EI\T EI\TER II\SERTS TrE lCENTIFIER IN SBUF 
INTO A SLOT IN THE SYM8Cl TABLE AT INDEX leADED 
I" R3; 

BEGIN ARRA~ 4 INTEGER SAVEREGS; ST~(R2,R5,SAVE~EGS); 
R2:=R3*lO; 
R4:=ST8ASE+R3; 
M'VC( S,B4,S8CF); 



L~(RZ,R5,SAVEREGSI; 
E~D; CCMME~T E~D OF ENTER; 

FROCECURE COMPARE(R4J;COMMENT COMPARE TESTS IF IDENTIFIER I~ SBUF IS 
EQUAL TO ENTRY I~ SYMeCL TABLE AT !NCEX STPTR; 

BEGI~ ARRAY 3 INTEGER SAVEREGS; ST~(R2,R4,SA~E~EGS); 
R3:;STPTR; 
R~:=R3*lC; 
Rlc:=STBASE+R3; 
C L C ( 9 , S E U F , E4 ) ; 
LM(R2,R4,SAVEREGS); 

END; COMMENT END OF COMPARE; 

PRCCEDUkE RESERWRO(R4); .CCf'MENT RESERwRO IS USEe BY SCAf\NER TO FINC IF 
IDENTIFIER IS A RESER~EC ~ORD. IF WCRO IS 
FGUNO ITS SEMANTICS IS LOADED INTO SEM ELSE SEM 

IS ZERC; 
EEfI~ ARRAY 5 INTEGER SAVEREGS; STM(RC,R4,SA~EREGS); 

fvVC(lO,TEMPREF!X,"O II); 
~'vC'9,TEtJ.PREFIX( 1) ,SBUF); 
~VC(lO,SEUF,TEMPREFIX); 
RC:=SPTR+l; IF RO>lC THEN RO:=lO; 
SPTR:=RO; 
t--ASt-; 
MvC(S,TEMPREFIX,SBLF(l)J; 
MVC(S,SBUF,TEMPREFIX); 
RC:=SPTR-l; SPTR:=RO; 
Rl:=HTPTR; Rl:=Rl SHLL 1; 
~3:=R9+Kl; LH(R2,B3); 
IF R2=_1 THEN BEGIN FO:=O; SEM:=RC; END 
ELSE BEGIN 

STPTR:=R2; COMPARE; 
IF ~= ThEN BEGIN RO:=O; SEM:=RO; END ELSE 
BEGIN K3:=SEMBASE+R2; IC(RO,B3J; RO:=RO A~C #FF; SE~:=RO; ENC; 

Ef\[i 
L~(RC,R4,SAVEREGS); 

E~D; COMMENT END OF RESERhRD; 

PRGCEDLRE lOOKUP(R4); COtJtJENT LCOKUF T/~KES TrE ICENT IFIER 11\ SBUF IlNC 
ADDS THE CURRENT BLOCK I\L~BER PREFIX TO IT. THEN 
hASrES IT ANC LOOKS feR IT IN ThE SY~80L TABLE. 
IF THERE, IT RETURNS ITS II\OEX Al\C SE~AI\TICS. 
ELSE IT TRIES AGAIN WITI-" PREFIX "CO". IF NCT 
ThERE EIThER T"'E~ ENTEFS IT IN TrE SYMfOL TABLE 
hITH CURRENT BLeCK Nu~eER PREFIX AND RETURI\S ITS 
INCEX AND IDE~TIFIER SEM~NTICS; 

BEGII\ ARRAY 5 INTEGER SAVEREGS; ST~(ROrR4tSA~EREGS); 



MVC(7,PREFIX(2),BLANK); 
~~C(7,PREF1X(2),SBUF); 
MVC(~,SBUF,PREFIX); 
RQ:=SPTR+2; : 
IF RC)lO THEN RO:=10; 
SPTR:=RO; 

HASt-I: t-ASH; 
Rl:=HTPTR; 
P3:=R9+Rl; 

IF 1: IF R2-'=_1 

RI:=Rl SHLL 1; 
LH(R2,33~; 
THEN CCM~E~T COMPARE SEUF WITH IDENTRY UNTIL IDENTIFIER 

IS FCLND CR STCHAI~ IS ZERC; 
BE~If\ 

STFTR:=R2; CCMPA~E; 
IF = THEN COMMENT IDENT IS FCUND; 

BEGIf\ 
FCINTER:=R2; R3:=SEMBASE+R2; 
IC(RC,B3); ~O:=RO AND #FF; 
SEM:=RO; GOTD LOOKEXIT; 

Et\O 
ELSE BEGIN R3:=R2 SHLL 1; 

R4:=STCHAINBASE+R3; lH(R2,B4); GOTe IFl; ENO; 
END 
ELSE BEGIN COMMENT IDENT IS NOT IN SYMBOL TABLE WITH THIS PREFIX; 

CLC(I,SBUf,"Qon); 
IF -.= THEf\ BEGI!\ C(MMENT TRY WITH "00"; 

M V C ( 1, S bU F , II a Ott) ; 
GOTe HASHI; 

ENe 
ELSE CCtJ.MENT THIS PREFIX IS "oon SO IDENT IS NOT IN SYMBOL TABLE; 
BEGIN COMMENT L£TS ENTER THE ICEf\T WITh CU~RfNT PREFIX; 

MVC( 1,S8UF,PREFIX); 
hASH; Rl:=HTPTR; Rl:=Rl SHLL 1; 
R4:=RS+Rl; 

IF2: LI-(R2,B~); 
IF R2=_1 THEN 
BEGIN 

R 3 : = POI NT F R-E E + 1; R 0 : ,= S T LIM IT; I F R 3 ) = ReT HEN BEG I N 
RO:=8; XR:=RO; ERROR; END; 

POINTFREE:=R3; P(I~TER:=R3; Ef\TER; STI-(R3,84); 
R ~ : = R 3 S HL L 1; R 4: = S T C h A IN BAS E +R 2; R C ::;: _ 1; S T H ( R 0 ,84) ; 
R 0 : =.C ; S EM: = R 0 ; . 

END 
ELSE BEGIN 

R2:=R2 SHLL 1; R4:=STCHAINEASE+R2; GCTC IF2; 
END; 

E t\ D; 
Et\C· 

LOOKEXlt: LM{RO,R4,SAVEREGS); 



E~D; CCMME~T END OF LCOKUP; 

PRCCECURE GETCHAR(K4); COMMENT GETCHAR LOACS CBLF(CP) INTC CHAR ~ND 
ITS CLASS INTO CLASS. IT THEN INCRE~ENTS CP A~C IF NEECEC, REACS NEW 
CARD AND lISTS IT IF LISTFLAG IS SET; 

BEGI~ ARRAY 5 INTEGER SAVEREGS; STM(RO,R4,SAVEREGS); 
R3:=CP; 
lC(Rl,CBUF(R31J; STC(Rl,CHAR); Rl:=RI AND IIFF; 
IC(R2,CHARClASS(R1JJ; R2:=R2 AND tiFF; ClASS:=R2·; 
R3:=R3+1; CP:=R3; 
IF R3>79 THEN 
BEGIN 

RO:=@C8UF; READ; COMMENT READ A CARD INTC CARD BUFFER; 
IF > THEN COMMEkT CCNDITICN COCE = 2 INCICATES EOF; 
BEGiN . 

MV(79,CBUF,BLANK); 
MVC(lO,CBUF(lOJ ,"ECF EOF EOF"); 
St::T(ENDIT); 

END; 
RO:=CAROCCUNT+l; CARDCOUNT:=RO; CCMMENT UPCATE CARCCOUNT; 
IF lISTFLAG THEN CCMMENT IF LISTFlAG IS 5ET THEN LIST CARCCCUNT 

AND CARC BUFFER; 
8EGIN 

CVD(RC,CONWORKJ; UNPK(3,7,W8LF(15),CC~~C~K); 
SET LCNE (WtjUF ( 18) J; MVC (79 1 WBl1F (22) ,CI:3LF) ; 
RO:=~wBLF; WRITE; MVC(131,WBUF,ELANKJ; 

ENC; 
RQ:=lO; CP:=RO; COMMENT CHARACTER PTR PCI~TS AT COlUNM 11 CF NEW 

. CARD; 
ENe; 
L~(RO,R4,SAVEREGS); 

END; COMME~T END OF GETCHAR; 

FRCCEDURE CCNCAT(R4); CCMMENT (ONeAT ASSEMBLES ChARACTERS AS T~EY 
ARE SCAI~N EO INTO TH E SYM Eel BUFFER S 8LF; 
tEGI~ ARRAY 3 INTEGER SAVEREGS; STM(R2,R4,SAVEREGS); 

k2:=SPTR+!; SPTR!=R2; 
IF R2(22 THEN 
eE(I~ R3:=~S5UF{R2~; MVC(O,B3,C~ARJ; ENe; 
L ~ (K 2, K 4 , SA VE R EG S) ; 

E~C; CGMME~T END OF CONCAT; 

GLCE~L PROCEOURE SCANNER(K3l; COMMENT SCANNER hAS 27 CASES AS DETAILED 
EELOW; 



BEGIN 
ARRAY 6 INTEGER SAVEREGS; STM(RC,R5,SAVEREGS); 

CO~~E~l SVMtCl EUFFER SETUP; 
RO:.= 1; SPTR:=RO;: MVC(Zl,SBUF,BLANKJ; 

CO~~E~T ~KIP OVER BLANKS; 
IC(Rl,CHAR); Rl:=Rl AND #FF; 
~hILE R1=#40 DO BEGIN GETCHAR; IC(Rl,CHAR); ~l:=Rl A~C #FF; E~C; 
R2:=CLASS; 

STARTSCA~:CA~E R2 OF 
BEGIN 

2EGI~ CCM~ENT CASE 1 rANDLES OCTAL CCNSTANTS; 
GETCHAR; R2:=CLASS; 
~~ILE R2=2 DO BEGIN CONCAT; GETCHAR; R2:=CLASS; END; 
IF R2=8 THE~ CONCAT CCMMENT CECI~Al POINT; 
ELSE BEGIN 

IC(Rl,CHAR); Rl:=Rl AND #FF; 
IF Rl=#C5 THEN GCTC Ll CoM~ENT FLOATIN PCI~T CONSTANT; 
ELSE CCMMENT LOAD CO~STANT IN TAElE AND (( Te EXIT; 
EEGIN 

R5:=SFTR+l; R3:=CTPTR; PCINTER:=R3; 
R4:=K5+R3+CTbASE; RO:=CTlIMIT; IF R4>=RC THEN 
BEGIN RO:=12; XR:=RO; ERROR; END; 
R4:=CTBASE+R3; ST((R5,B4); 
R4:=R4+1; R5:=R5-1; 
EX(R5,f'.1VC(O,84,SeUF) ); 
k3:=R3+R5+2; CTPTK:=R3; 
RO:=l; SEM := RO; GoTO EXITl; 

E~D; 
ENe· 
GETCbAR; R2:=CLASS; 
hHIlE k2=2 CO 8EGI~ (ONCAT; GETC~AR; RZ:=ClASS; END; 
I C ( R 1 , C H-A R ); R 1 : = .R 1 AND # F F ; 
IF Pl=#C5 THEN GOTD Ll CC~MENT FLOATING P(I~l CO~STA~T; 
ELSE COM~ENT LeAD CCNSTANT I~ TABLE A~( GC TO EXIT; 

EEGIN 
RS:~SPTR+l; R3;=CTPTR. PCIN1ER:=R3; 
R4::R5+R3+CTBASE; RO:=CTlIMIT; IF R4>=RO T~EN 
BEGIN Ru:=12; Xk:~RG; ERROR; END; 
R5:=R5 CR #20; 
R4:=CTBASE+R3; S1C(R5,B4); 

R5:=R5 AND #IF; 
R4:=~4+1; R5::::R5-1; 
E X ( R 5 , t~ "C ( 0, 6 4 , S (5 lJ F) ) ; 
R3:=R3+R5+2; CTPTR:=K3; 
RO:~l; SEM := RO; GC1C EXITl; 

EN C; 
Ll: CCl\CAT; GETChAR; R2 :~CLASS; 

IF R2=2Q OR RZ=21 TH~N CCMMENT SIGl\EC EXP(~El\T; 



BEGIN 
CC~CAT; GETCHAR; R2 ::CLASS; 

WHILE R2=2 DO BEGIN CONCAl; GETCHAR; R2:=CLA5S; END; 
ENe ELSE WHILE R2=2 [-1J BEGIN CONCAl; GETCnAR; R2:=CLASS; EN[)'; 

CCMMENT LOAD CO~STA~l IN TAolE ; 

EXITl: 

R5:=SPTk+l; R3:=CTPlR; POINTER:=R3; 
R4:=-R5+R3+CTBASEt RO:=CTLIMIT; IF R4)=RC ThEN 
BEGIN RC:=lZ; XR:--=RC; ERROR; E(\C; 
R5::::;,R5 OR #40; 
R4:=CTBASE+R3; STC(R5,B4); 

R5:=R5 AND #lFi 
R4:=-R4+1; R5:=R5 ..... 1; 
EX(R5,~VC(0,B4,SEUF); 
R2:~R3+R5+2; CTPTR:;R3; 
RG:=-l; SEM := RO; 

ENe; COMM~NT END CASE 1; 

8EGIN COMMENT CASE 2 nA~DlES OECI~AL CONSTA~TS; 
ceNCAT; GETCHAR; R2:=CLASS; 
~hIlE R2=2 CR R2=3 [C BEGIN CONCAl; GETC~AR; R2:=CLASS; ENO; 
IF R2=8 THEN CONCAT CGM~ENT CECI~~l PGINT; 
ELSE BEGI(\; 

IC(kl.CHAR); Rt:=Rl ANC #FF; 
IF Rl=-#C5 ThEN GOTD lZ COMMENT FlCATIN PCI~T CONSTA~T; 
ELSE CCMMENT LOAC CO~STANT IN lABLE AND (C Te EXIT; 
BEGIN 

R5:=SPTR+l; R3:=C,.TPTK; POINTER:=R3; 
R4:=R5+R3+CTBASE; RO:=CTlIMIT~ IF R4)=RC"THfN 
8EGIN ~C:=12; XR:=PO; ERROR; E(\C; 
R5:=F.5 OR #60; 
R4:=CT8ASE+R3; STC(R5,B4)-.; 

R5:=R5 AND #IF; 
R4:=R4+1; R5:=R5-1; 
EX ( R 5 , f' V C ( a , B4 , S BU F J ) ; 
R3:=R3+R5+2; CTP1R:=R3; 
RO : =-1; S EM : = R C ; GO TO E X I T 2 ; 

Et\D; 
END; 
(ETer-AR; R2:=CLASS; 
~HILE R2=2 CR R2=3 CC BEGIN CONCAl; GETCbAR; R2:=CLASS; END; 
IC(Rl,CHAR); Rl:=Rl AND /IFF; 
IF Rl=#C5 ThEN GOTG L2 COMMENT FLOATING PCI~l CCNSTA~T; 
ELSE coVi~ENT LCAD CCNSTA~T I~ TABLE A~[ GC TO EXIT; 

EEGIN 
R5:=-SPTR+l; R3:=CTPTR; POINTER:=R3; 
k4:=-k5+R3+CTBASc; RO:=CTLIMIT; IF R4)=~O Tr.EN 
BEGIN RO:=12; XR:=RC; ERROR; END; 



~5:=R5 CR #80; 
R4:~CTBASE+R3; STC(R5,B4); 

R5:=R5 AND #IF; 
R 4 : = R 4 + l ; R 5 := R 5 -1 ; 
EX(R 5,M'vC( 0,B4, SBUFJ); 
R3:=R3+R5+2; CTFTR:=R3; 
RO:=l; SEM := RO; GCTO EXIT2; 

EN C; 
l2: CCf\CAT; GETCHAR; R2:=ClASS; 

IF R2=20 OR R2:21 THEN CCMMENT SIG~EC EXP(~ff\T; 
8EGIN 

((NCAT; GETChAR; R2:=CLASS; 
~r.IlE R2=2 OR R2=3 CO BEGIN CONC~T; GETCHAR; R2:=CLASS; END; 
Ef\C ELSE ~HILE R2=2 OR R2=3 DO BEGIN CONCAl; GETCHAR; R2:=ClASS;END; 

C C ~ tv E f\ T LOA Dec f\S T A (\. T I'N TAB L E ; 

EXI12:-

R5:=SPTR+l; R3:=~TPTR; POINTER:=R3; 
R4:=k5+R3+CTbASE; RO:=CTLIMIT; IF R4)=RC lHEN 
Bf:GIN ~C:=12; XR:=RO; ERROR; Ef\C; 
R::=R5 OR #AO; 
R4:=CTBASE+R3; STC(R5,84); 

R5:=R5 AND #IF; 
R4:=R4+1; R5:=R5-1; 
EX(R5,MVC(O,B4,S5UFJ); 
R3:=~3+R5+2; ClPlR:=R3; 
RO:=l; SEM := Re; 

END; COMMENT END CASE 2; 

EEGI~ COMMENT CASE 3 IS JUST ANOTHER ENTRY TC CASE 2 OLE TO THE 
SEPARATICN OF DIGITS I~TO CLAS~ 2 SET (eCTAL CIGITS) 
ANC·CLASS 3 (8,9); 

R2:=2; G~TO STARTSC~~; 
Ef\O; COMMENT END Of CASE 3; 

BEGI(\. COMMENT CASE 4 ~A~ClES IDENTIFIERS; 
CC~CAT; GETCHAR; R2:=CLASS; 
W~ILE R2<6 AND RZ)l CO BEGIN CONCAT; GETCNAR; R2:=CLASS; END; 
IF R2=27 THEN COMMEl\l IT CAl\; BE A RESERVEC wG~C ANC ":", OR IT CAN 

BE A LAdEL OECLARATIC~; 
EEGI~ 

RESERw~O; RO:=SEM; 
IF RO=C THEN CONMEIJT IT IS NOT A RESERVEC ~CRC SG IT MLST BE A 

LEGAL OR ILLEGAL LABEL DECLARATION; 
BEGIN 

LOUKUP; RO:=SEM; 
IF RO=O CR RO=7 ThEN CCMME~T IT IS A LEGAL LABEL DECL. ; 

BEGIN R1:=SE~BASE+POINTEP; R2:=6; STC(R2,Bl); SEM:=R2; END 
ELSE BEGIN COMMENT ILLEGAL LAdEL; 



RC:=9;XR:=RO; ERROR; GETCHAR; R2:=CLASS; 
RO:=_l; SPTR:=RO; MVC(21,SBUF,8lA~K); GOle STARTSCA~; 
E~O; 

GETCHAR; 
ENC; 

E~C ELSE CCM~ENT LOOKUP SYMBOL TABLE FOR RESERVED WORD; 
8EGI~ 

RESERWRO; RO:=SEMi 
If RO=O THE~ CCMMENT IT IS NOT A RESERVED "ORC; 
BEGIN . 

lCOKUP; RO:=SEM; 
IF RO=O THEN COMMENT A NEW ENTRY; 

E~C; 
t~O; 

BEGIN Rl:=SEMBASE:f-PCINTER; R2:=7; STC(R2,Bl); SElv:=R2; ENe; 

E~D; COMMENT END OF CASE 4; 

BEG I t\ C G M I~ EN T CAS E 5 I S JUS TAN 0 THE R EN TRY F C RCA S E 4 0 U E TO 
SPLITTING OF LETTERS I~TO CLASS 4 (HEX ~U~BERS) A~C 
CLASS 5 (G TO lAND _); 

R2:=4; GeTO STARTSCAN; 
E~D; COMME~T END OF CASE 5; 

BEGI~ COMMENT CASE 6 ~ANOlES hEXACE{IMAl CG~STAt\TS; 
GETCHAR; R2:=ClASS; 

co~~~R{L~o~2~~T~~DHg~>eoR~T~K¥I~NfgN~~~~T~~+C?~~lER~~DCbef~~TE~~~ANTICS; 
R5:=SP-lk+l; 

IF R5=O CR R2=5 THE~ 
8EGIN 

R5:=7; XR:=R5; ERROR; RO:= 1; SPJR:=RO; ~VC(21,SBUF,BLA~K); 
GeTO STARTSCAN; -

ENe 
ELSE BEGIN 

R3:=CTPTR; PCI~TER:=R3; 
R4:=R5+K3+CTBhSE; RO:=CTLIMIT; IF R4>=~O TrEN 
BEGIN RO:=12; XR:=RO; ERROR; END; 
R4:=CTBASE+R3; STC(R5,B41; 
R~:=R4+1; R5:=R5-1; 

EX(R5,MVC(O,c4,SBUF»); 
R3:=R3+~5+2j CTPTR:=R3; 

RO:=2; SEM:=RO; 
E t\ 0; 

E~O; CCMME~T END OF CASE 6; 

EEGlt\ CCM,'wlENT CASE 7 HANDLES n@1I 
GET CHAR; RC: =3 0; S E to1 : = RO ; 

E~O; COMMENT END CASE 7; 



BEGIN COMMENT CASE 8 rANDLES ...... _SCALE SY~ECl; 
GETCHAR; R2:=CLASS; 
IF R2..,=8 THEN COMMENT "." IS CECIlVAl POINT OF NUMERIC CONSTANT; 
BEGIN-

R2:=2; GOTD STARTSCAN; 
E~C ; 
GETCHAR; 
RC:=ll; SEM:=RO; 

E~D; CGMME~T END CASE 8; 

EEGlt\ COMMENT CASE 9 HANDLES "-,11 AND "-.=11; 
GEIChAR; R2:=ClASS; 
IF R2=23 THEN CDM~E~T.OuTPUT ..,= SEMANTICS; 
BEGI~ RO:=26; SEM:=RO; 
CC~CAT; GETCHAR; 
END 
ELSE COMMENT OUTPUT -. SEMANTICS; 
8E~IN 

RC:=22; SE~:=RO; 
El\C; 

E"D; CGMME"T END OF CASE 9; 

EEGI" CCMMENT CASE 10 HANDLES ">"; 
GETCHAK; RO:=27; SE~:=RO; 

E~D; COMMENT END CASE 1Q; 

8EGI~ CCMMENT CASE: 11 HANClES "<11; 
GETCHAR; RC:=12; SEM:=RC; 

E~C; C(MME~T ENG CASE ~1; 

BEGI~ COMMENT CASE 12 HANDLES COMME~lS; 
GETChAK; R2:=CLASS; 
hhlLE R2~=12 DO BEGIN GETCHAR; R2:~CLASS; El\C; 
GEICHAR; R2:=CLASS; GDIG STARTSCA~; 

E"C; LCMME~T Ef\D OF CASE 12; 

e EG iN CCMt-i ENT CASE 13 HANDLE S "*" Al\O"**"; 
(;EICHAR; R2:=ClASS; 
IF R2=13 THEN COMME~l O~TPUT ** SE~A~TICS; 
B6GIN 

f<O:=19; SEM:=RO; 
GETCHAR; 

ENe 
ELSE COM~ENT OUTPUT * SEMANTICS; 
BEGIN 

RO:=18; SEM:=RO; 
El\C; 



E~D; COMMENT END OF CASt 13; 

8EGI~ COMMENT CASE 14 HANDLES STRING CONSTANTS; 
GETCHAR; R2:=CLASS; 

R3:=CTPTR; POINTER:=R3; Rl:=CT8ASE~R3+1; R5:=R:-R5; 
hHILE R2-.=14 DO COM~Ef\T LOAD CHARA-CTER STRlf\f INTO CO~STANT TABLE; 
BE(IN 

IF Rl>= CTLIMIT ThEN 
BEGIN RC:=l~; XR :=RO; ERROR; Ef\C; 

IC(RO,CHAR1; STC(RO,B.l); Rl:=Rl+l; R5:;:R5+1j 
C:ETCHAr; R2:=CLASS; 

E~C; 
R4:=CTBASE+R3; STC(R5,84); R4:=R3+R5+1; CTPIR:=R4; 

GEICHAR; RO :=3; S El'J :~RO; 
E~D; COMMENT END CASE 14; 
8EGl~ CCMMENT CASE 15 hANClES STATUS CONSTANTS; 

GETCHAR; R2:=CLASS; 
IF R2~=4 A~C R2~=5 THEN COMMENT ILLEGAL I~ITIAL CHARACTER; 
BEGIN 

RO:~l; XR:=RC; ERRCR; 
nrILE R2~=15 DO BEGIN GETCHAR; R2:=CLASS; END; 
GETCHAR; R2:=CLASS; GeTD STARTSCAN; 

ENe 
ELSE 

~HILE R2<6 A~D R2)1 CC BEGIN ceNCAT; GETCrAR; R2:=CLASS; ENe; 
IF R2~=15 THEN COMMENT ILLEGAL SY~80l; 
EEGIN 

RG:=l; XR:=RO; ERROR; 
hHILE R2~=15 00 8EGIN GETCHAR; R2:=CLASS; END; 
GETCbAR; R2:=CLASS; 
RO:=_I; SPTR:=ROj MVC(21,SBUF,ELANK); 
GOTD STARTSCAN; 

E f\ C 
ELSE CC~~E~T OUTPUT STATUS CONSTAf\T SEMA~TICS; 

eEGIN 
LCCKUP; RO:=SEM; 
IF RC=O THEN CCMMEf\T NE~ ENTRY; 
BEGIN 

Rl:=SE~aASE+PDINTER; R2:=4; 
SlC(R2,Bl); SEM:=R2; 

ENe ELSE 
BEGI~ 

IF RO ~= 4 THEN CC~ME~T ILLEGAL STATUS C(~STANT ICE~TIFIER; 
BEGIN RO:=ll; XR:=RO; ERROR; E~D ELSE SE~:=RC; 

Ef\C; 
Ef\o; 

GETCHAR; 



~ 

en 
0 

E(\O; CCMME~T END OF CASE 15; 

BEGIN COMMENT CASE it HANDLE S "$"; 
GETCHAR; RQ:=17; SEM:=RO; 

Et\D; COMMENT ENe CASE 16; 

BEGlf\ CCMMENT CASE 17 hANDLES ","; 
GETCHARi RO:=25; SEfJ:=RO; 

E l\C ; COMMeNT END OF CASE 17; 

BEGlf\ CCMMENT CASE 18 t-ANCLES "("; 
GETCHAR; RO:=13; SEM:=RO; 

E~C; CGMMEf\T END OF CAS E 18 ; 

BEGIN CGM~t-ENT CASE 19 hA NDlE S 11)11; 
GETCHAR; RO:=20; SEM :=RO; 

Ef\D ;. COMMENT E~D OF CASE 19; 

8EGlf\ CCMt--.. ENT CASE 20 bANCLES "+" ; GETCHAR; RQ:=14; SEtv:=RO; 
EI\C; COMM~NT END OF CASE 20; 

BEGIN CGMMENT CASE 21 }-:ANDLES 11_11-, 
GETCHAR; RO:=23; SEM ~=RO; 

Ef\C; CCMMEI\T END OF CASE 2~; 

E EG IN COMiv'l-EN T CASE 22 1-1.A NDLE S 11/"; 
GETChAR; RO:=24; S E tv : = PO ; 

E~D ; COMMEif\T END OF C AS-E 22; 

EEGlf\ CCMMENT CASE 23 ~ANClES "=" ; 
GETCHAR; RO:=29; SEtJ:=RO; 

El\ C ; COMMENT END OF CASE 23; 
BEGIN COMMENT CASE 24 HANDLES SEMICCLCN; 

fETCHAR; RO:=21; SEM:=RO; 
Ef\C; CCMMEI\T END OF CASE 24; 

E E GIN C eM MEN T CAS E 2 5 HA N D L E S .. (II A t\ 0 It( ( II ; 
GETCHARj R2 :=CLASS; 
IF R2=25 THEN COMtJEI\T GCTPUT "lltI SEfJANTICS; 
BEGlf\ 

1<0:=16; SEI":=RO; 
GETCHAR; 

EI\C 
ELSE COMfVENT OUTPUT "I" SEMANTICS; 

BEGIN RO:=15; SEM:=RO; END; 
Ef\C; COMMEI\T END OF CASE 25; 



BEGIN COMMENT CASE 26 HANDLES ILLEGA~ CHARACIE~S; 
IC(Rl,CHAR); Rl:=Rl AND #FF; , 
IF Rl=#4C THEN 
BEGIN • 

~"'IlE Rl=#40 DO BE~IN GETCHAR; IC(Rl,CHAR); Rl:=Rl AND #FF; END; 
R2:=CLASS; GOTO STARTSCANj 

E~ C El S E 
EEGIt\ 
RQ:=2; XR:=RO; ERRGR; GETCHAR; RZ :=CLASS; GeTC STARTSCAN; 
ENe; 
E~C; C(M~E~T END OF CASE 26; 

BEGIt\ COMMENT CASE 27 HANDLES 11:11 ~H-Ef\ USED CTHER THAt\ \\ITH ICENTS 
TO FORM lABELS; 

GETCHAR; RC:=28; SEf':=RO; 
Et\C ; COI'-1MENT END OF CASE 2.7; 

Et\O; C(f'ME~T END Of CASE ElCCK; 

~~~~CC~~M~~¥E~~gs6~ SCANNER; 

GLOEtL PROCEDURE SCAN(R4); COMMENT T~IS PROCEOlRE ceNTRCLS THE OUTFUT 
OF THE SCA~ER ANC T~E INTERFHASE BETWEEN 
80TH GRAMfJARS; 

BEGIl\' 
ARRA~ 4 INTEGER SAVER; STM(RO,R3,SAVER); 

IF ENCIT THE~ B~GIN Rl:=li TOKEN:=Rl; ETGKEN:=Rl; END 
ELSE eEGIN 

SCANNE R; 
R2::;oSEM; 
CASE R2 OF 
BEGIN 

a E GIN R 1 : = a 04 9; TO KEN : = R 1; R 1 : = 0 2"; B TO K E t\ : = R 1 ; ENe; COM MEN T fl 1-
NLMERIC CONST.It; 

BEG I N R 1 : :; a C 5 9 ; TO KEN: = F 1; R 1 : = 0 3 5 ; e T 0 K E t\ : :; ~ 1; ENe; COM M EN T "2 -
r BITS CC(\ST." 

8EGIN Rl:=0064; TOKEN:=F.l; Rl:=O~c; BTOKEN:=Rl; ENe; COMMENT Il~ __ 

CHAR~CTER C(NST."; 
EEGIN Rl:=0030; TOKEN:=R1; Rl:=O~4; BTOKEN:=Rl; END; COMfJENT "4-

ST~TUS CONST."; 
BEGIN Rl:=Q074j TOKEN:=Rl; END; CC~f'JENT tl5-BCCLEAN C(l\STA~TfI; 
BEfI~ Rl:=0014; TOKEN:=Rl; END; COMl'-1ENT "c:- LABEL"; 
BEGIN COMMENT "7- IDENT" ; 

IF ENDlT THEN BEGIN Rl:=l; TOKEf\:=Rl; ETCKEl\:=Rl; END 
ELSE BEGIN 

IF PCAL THEN 8EGlt\ 



Rl:=COS8; TOKE~:=Rl; RESET(PCAl); 
END ELSE 

IF IDISlBL THEN BEGIN Rl:=0014; TCKE~:=Rl; RESET(ICISLEl); 
. END ELSE 

BEGIN Rl:=Q003; TOKEN:=Pl; Rl:=OQ6; BTCKEN:=Rl; END; 
END; 

ENe; 
8EGI~ Rl:=Q050; TOKEN:=Rl; Rl:=039; BTOKEN:=Rl; ENC; COMMENT "B-

TAG"; 
NULL; NULL; 
BEGIN Rl:=Q047; TOKE~:=R1; ENe; CCMMENT 1111- •• 11; 
BEG I N R 1 : =.0 0 8 0; T 0 KEN: = R 1 ; E N C ; C c ~ fJ EN T "1 2 - < II ; 

BEGIN Rl:=Q046; TOKEN:=Rl; Rl:=007; BTOKEN:=Rl; END; COMtJENT "13-(11; 
8EGIN Rl :=CC39; TOKEl\;=Rl; ENC; CCf"fJENT tll4- ""; 
BEGIN Rl:=OC89; TOKEN:=Rl; R1:=OCS; BTOKEr\:=Rl; ENe; CCM~ENT "15-1"; 
8 E GIN R 1 : = a 09 0; T OK EN : = R 1; R 1 : = Q 1 0; B T 0 K EN : = R 1 ; EN C ; COM M EN T II 16- I; 
BEGIN COMMENT "17- $"; 

IF BENOIT THEN 8EGIN Ri:=003; ETOKEN:=R1; ~ET(ENDIT); END 
ELSE BEGIN R1:=Q004; TCKEN:=R1; Rl:=003; BTOKEN:=Rl; ENe; 

ENe; 
BEGIN Rl:=0041; TOKEN:==Rl; ENC; COMMENT fllE- *11; 
BEGIN Rl:=0044; TOKEN:=Rl; Ef\lC; CCtJMENT "1"- **"; 
a E GIN R 1 : = a C 1 9; TO KEN: = R 1; R 1 : = 0 C 4; B TO K E f\ : = R 1; ENe; COM ~ E NT II 20- ) .. ; 

f\ l; l L; I\U l L ; 
BEGII\ Rl:=CC40; 
BEGIN Rl:=0042; 
BEGIl'\ Rl:=Q022; 
BEGIN Rl:=CC79; 
BEGIN Rl:=0081; 
BEGIt\ Rl:=0029; 
dEGIN Rl:=0078; 

TOKEN:=R1; 
TOKEN:=Rl; 
TOKEN:=Rl; 
TOKEI\:=Rl; 
TOKEN:=Rl; 
TGKEN:=Rl; 
-TGKEN:=Rl; 

Ef\C; CCfJ~ENT "23. _II; 
Rl::;:042; BTOKEI\:=Fl; ENC; 
R1:=008; 8TOKEN:=Rl; ENC; 
E ~ c; ( C fJ IV E NT .. 26 - -, =" ; 
END; COMMENT 1121- >"; 
ENC; CCf'l.MENT "28- :11; 
Rl:=023; BTOKEI\:=Rl; ENe; 

COMMENT "24-1"; 
COM MEN T "25-,"; 

COM~ENT 
I\LLL; 

t3ElJIN Rl:=002.J; TOKEN:==l<1; Rl:=012; BTOKE~:=Rl; ENe; COM 1'-1 ENT .. ~ 1-
{\UMERIC V,1R"; 

ENe; CGMMENT "32- l\~fJ FUI\CTIOI\ ~AfJE"; 
Rl:=048; BTOKEl\:=Rl; ENe; COMMEN.T "33-

BEGIN Rl:=OO48; 
BEGIN Rl:=OG51; 

BEGIN Rl:=OO61; 

BEGIN Rl:=OO60; 
BEGIN Rl:=OO62; 

BEGIN Rl:;:0066; 

BEGIN Rl:=OGc5; 
BEGIN Rl:=QQ67; 

BEGIN R1:=OC69; 

TOKEN:=Rl; 
TOKEf\:=Rl; 

TOKEN:=Rl; 

TOKEN:=Rl; 
TOKEN:=Rl; 

TOKEN:=Rl; 

TOKEN:=Rl; 
TOKEN::;:Rl; 

TOKEN:=R1; 

!\UM FLO ~A~E"; 
R1:=013; BTOKEN:=Rl; ENC; COMMENT 1134-

EITS VARni 
Ef'..D; CCMMENT ,,~:- 8ITS FU~CTICI\ NA1"E"; 
Rl:=049; BTOKEN:=Rl; ENC; CO{v1,"IENT II~C

BITS FLC {\/JME"; 
Rl:=014; BTOKEN:=Rl; END; CCMtJENT "37-

CHAR VAR"; 
END; CCfJMENT "38- CHAR FU~CT I C{\ f\Af'I E"; 
R 1 : = 0 5 0; B TO KEN: = R 1; END; CO lvt MEN T "3 9~ 

ChAR FLC f\AME"; 
R1:=015; BTOKEl\:=Fl; ENe; COMf'JiENT "40-



BEGIN Rl:=C068; 
BEGIN Rl:=Q070; 

BEGIN Rl:=OO76; 

BEGIN Rl:=C075; 
BEGIN Rl:=OO77; 

BEGIN Rl:=OC82; 

BEGIN Rl:=OO88; 
BEGIN R 1 : =,C C <j 7 ; 
BEGIN Rl:~OO84; 

BEGIN Rl:=OO83; 

TOKEN:=Rl; 
TO KEN-: ~ R 1 ; 

T'OKEN-:=R 1; 

T a K E t, : = R 1 ; 
TOKEN-:=Rl; 

TOKEf\t.:=R1; 

TOK Ef\:-: = R 1 ; 
TOKEN:=Rl; 
TOKEN.:=Rl; 

TOKEN:=Rl; 

STA T VAR II; 
END; CCf!l~ENT "41- STAT FUNCT IGNNAM E; 
Rl:=05t; BTOKEN:=Rl; END; COMMENT "42-

STAT FLO t-..AME"; 
R1:=Oli; BTOKE(\:=F<l; ENC; COM~ENT "43.,.-

800 LEA N V A R I' ; 
Ef\C; (Cf'l~ENT 1144- SCOl FUt-..CTIGN NAMEII; 
Rl:;:C52; BTOKEI\:=Rl; ENC; COMl'I.ENT 1145-

BOOL FLD t-..AME"; 
Rl:=Olf-; eTOKEf\:=~l; ENC; COMMENT "46.,.. 

lABLE NAfJEtI; 
ENC; CCt~MEI\IT "41- PROCEDL;RE NAME"; 
END; CCfJfJENT "48- FCRMAT (\AMEtI; 
R l:=OlEj BTOKEN:=Rl; END; CCMfIIENl. "49-

ITEM_AREA NAME"; 
R1:=OlS; BTOKEf\:=~1; ENC; COMfVENT "50-

SUBTAt3lE f\A(lAE"; 
NULL; f\ULl; NuLL; NULL; 

BEGIN Rl:=CC45; TOKE~:=Rl; END; 
E: EG IN CO~MEf\:T "56- AUT (_00"; 

Rl:=022; BTOKEN:=Rli 

CC~fvjENT "55- ASS"; 

R 15: = BANALBASE; 
EALR(R4,R15); 
R15:=SCA(\BASE; 
RESET~ENDIT); RESET(BENOIT); 
Rl:=0012; TOKEN:=Rl; CCMMENT 
R~:=RTkNTGANAL; 

TCKEN FOR <AUTO DATA CECL) 

Ef\C; 
BEGlf\ 
f:EGIN 
BEGIN 
BEGIN 
EE:GIN 
BEGIN 
BEGIN 
EEGIN 
BEGIN 
BEGIN 
eEGIN 
BEGIN 
BEGIN 
BEGIN 
bEGIN 
BEfIN 
BEGIN 
eEGIN 
(jEGIN 
BEGIN 

Rl:=CC71; TOKEN:=R1; 
R 1 : = CO 5 2; TO KEN-: = R 1 ; 
Rl:=0036; TOKE~:=Rl; 
Rl:=C30; BTOKEN:=Rl; 
Rl:=0060; TOKEN:=Rl; 
Rl:=032; BTOKE~:~Rl; 
Rl:=C016; TOKEN:=Rl; 
RL:=0027; TOKEN:=Rl; 
RL:~CCb3; TGKc~:=Rl; 
Ri:=OC56; TOKEN:=Rl; 
Rl:=D057; TOKEN:=Rl; 
Rl:=Cu48; TOKE~:=Rl; 
Rl:=Q065; TOKEN:=Rl; 
Rl:=OlOO; TOKcN:=Rl; 
Rl:=·CG33; TOKEN:=Rl; 
Rl:=0031; TOKEN:=Rl; 
Rk:~CC99; TOKE~:=Rl; 
Rt:=C013; TOKEN:=Rl; 
Rl:=Q02j bTOKEN:=Rl; 
R 1 :=025; B TOKEN :=R 1; 

E N C ; c c ,., f'J E NT " 5 7 - A t-.. e"; 
END; CCf.'t-'ENT fl5E- At-..DL"; 
E N C; C C I'J. ~1 EN T II 5 c; - BEG I Nfl; 
END; C(~fJENT "6C~ I:ITSOI; 
END; C Q M iv1 EN T n C l- BIT S T R I f\ G .. ; 
ENC; CCM~ENT 1162- BOOLEAN"; 
SET(PCAl); END; CCfoJrvENT 1163- CAll"; 
END; CCMMENT "t4- CASEII; 
ENC; CCf.'~IENT "65- CAT"; 
END; CCtJtJENT " c t- CIRSHlL"; 
ENe; CCf'lMENT IItl- CIRSbRlll; 
ENe; ( C tv tJ E NT II 6 8 - C I- tl R C C CEil ; 
END; C 0 t~ MEN Tilt ~ - C C DEC H A R II ; 
ENC; CC~MEI\JT "7C- DECODE"; 
END; (Crv(vENT "71- OC"; 
END; (eMf-lENT "72- ELSE"; 
EI\C; ((fotf'lEf'JT fl73- E(\(CCE"; 
END; CClVt"'ENT "74- EI\C"; 
SET ( B E ~ CIT); EN [; c 01~ tvl EN T It 75- END _ COli ; 
END; CC~f'lENT u7c- Ef\C_TABLEu; 



BEGIN Rl:=OOO7; TOK EN: =R 1; END; CGMMENT "71- EXTREFII; 
BEGIN Rl:=045; 6TOKEN:=Rl; ENe ;' (CtJMENT "78- FIELD"; 
BEGIN Rl:=028; BTOKEM:=Rli END; CC{IIrJ.ENT "7<;- FIXED"; 
BEGIN Rl:=029; BTOKEN:=Rl; ENe; COMMENT "8C- FLOAT"; 
BEGIN Rl~::::OC87; T 0 K E ~~ : = R 1 ; ENe; CCtJl"ENT "81- FCR"; 
BEGIN Rl:=041; BTOKEN:=Rl; END; CC(IIfJENT 1f8~- FeRMAT"; 
BEGIN Rl:=0024; TOKE~:=Rl; ENe; CCf'lMENT "83- FROM" ; 

NLLl; 
EEGIN CO(wIMENT "85- FUNCTION"; 

R 1 :;:O~ 1; BTOKEN: =Rt; 
SET (B (\0 IT) ; 
R15:=BA~AlBASE; 
BALR(R'f,R151; 
R 15::;SCANbASE; 
RESET (BENC!T); RESET(ENDIT); 
Rl:=Oull; TOKEN:=Rl; CCMMENT TCKEN FOR <SUE_ROUTINE DECL) . , 
R4:=RTRNTOANAl; 

Et\[; 
SET(I CISLBl); GOTO"; BEGIN Rl:=CC93; TOKEN:=Rl; E~C; CGMME~T "8{;-

BEGIN Ri:=C034; TOKE~:=Rl; END; Cttvr"ENT "SI- IF"; 
BEGIN Rl:=OO96; TOKEN:=R!; ENe; CCMMENT u 8 E- INPUT"; 
BEGIN R i : =.027; BTOKE~:=Rl; Ef\C; (Cr"f'iENT "8<;- It\TEGERlli 
BEGIN Ri.:=Ol03; TOKEN:::;Rl; END; C(('.1NENT u sc- It\TO"; 

~ BeGIN Rl:=043; BTGKEi\:=Rl; ENC; C[r-'MENT "91- It\O IRCT";. co BEGIN Ri:=046; BTOKEN:=Rl; END; CCtJr-'ENT "S2- I T E M_ ARE ~ .. ; +=' BE(;I~ COM~i.ENT 1193- LOC_CO"; 
R1:=OZl; ETOKEN:=Rl; 
R15:=BANALbASE; 
EALR(f<.4,RlS1; 
R15:=SCANBASE; 
RESET{ENCITJ; RES E T ( B E ~D IT) ; 
R1:=OOlOi TOKEN:;::Rl; CCI'1MEt\T TOKEN FOR <LOCAL DATA CECL) 
R4 :=RTRt\ TCANAL; 

ENe; 
BEGlt\ Rl:=Q073; TOKEN:=Rl; ENC; COMMENT "<;4- NOT" ; 
BEGIN Rl:=OO58; TOKEt\:=Rl; ENe; C(f'JrvENT "S5- NeTl"; 
EEfIN Rl:=0048; TOKEN:=R 1; END; C( Mfvi EN T uS c- t\LMBER"; 
t3EGIN Rl:=OlOts; T 0 1< E r, : = R 1 ;' EN[ ; CCtJ.fViENT nS7- o Ctlfl " i 
BEGIN R.t:=OG72; TOKEN:=Rl; ENe; CCfVtJ.ENT ~I S s- eRfI; 
Et:GIN Rt:=0053; TOKEN:=R1; ENe; CCMI'tENT n<;s- CRL"; 
8EGlt\ Rl : =0028; TOKEN:=Rl; EN[; C~rvr-'ENT ulOO- C F" ; 
BEGIN R. 1 : = 0 104; TOKEN:=/{ l; END; CGI"~tNT III C 1- CUTCFIt; 
eEGIN KJ::=OO98; TOKE~:=Rl; ENC; CCI\1MENT "1(2- OUTPuT"; 
BEGIN Rl:=032; BTOKE~,:=Ri; E f'\C; c [tJ jv E NT "1C3- (VERLAY"; 
eEGIN Ri:=OlOl; TOKEN:=Rl; END; COMNENT 111(4- PACKIN"; 
(jEGIN Rl:=0105; TOKEN:=R1; EN[ ; CCMMENT "105- PRINTIJ; 
BEGIN COt-H-1ENT "106- PkGCEOUREfI; 

Rl:=OU5; ETOKEN: =R 1; 



SET(BENDIT); 
R 15:= BANALBASE; 
EALR(24,RlS); 
RI5:=SCANBASE; : 
RESET(BENDIT); RESET(ENDIT); 
~l:=OOll; TOKEN:=Rl; CCMMENT TCKEN FOR <SUE~ROUTINE DECL) ; 
R4 :=R TRf\TCANAL; 

ENC; 
E E GIN R 1 : =0 106; T OK EN : = R 1 ; EN C ; c C l'-I MEN Till C 7 - P N C H" ; 
BEG IN R 1 : =.0107; TO KEN: = R 1.; ENe; (( ~ r-' E NT II 1 C 8 - ~ E A cit; 
eEGIN Rl:=Q043; TOKEN:=Rl; END; COMMENT "1(<<;- REM"; 
BEGIN Ri:=.o091; TOKEI\:=Rl; SET(ICISLBL); ENC; COf"lMENT "110- RESUME"; 
8EGIN Ri:=OC17; TOKEN:=Rl; ENO; CC~(wlENT "111- RETURN"; 

BEGIN Rl:=0092; TOKEN:=R-l; SET(IDISLBl); ENO; CCMt'lENT "112-RETURI\TC"; 
BEG I '" R 1 : = G C 86; T 0 K E t.; : = R 1; ENe; C E f'J fJ E NT If 1 13 - SEA R ( ~ II ; 

NU~LE;_IN ~ (; Rl :=0054; TOKEI~:=Rl; ENe; CCf-1MENT "11:- SHLL"; 
BEGIN Rl:=C~55; TOKEN:=Rl; ENe; CLtJiVENT ;8116- ShRL8I; 
e E GIN R i : =.0 02 5; TO K E f-i : = R 1; END; C C ~ tJ E NT" l 1 7 - S T E pit; 
8E(IN R1 :=0065; TOKEN:=Rl; ENe; (t:f'.H-1ENT "118- SUBChAR"; 
t1 E GIN R 1 : = 0 C02 ; TO KEN: = R 1; E 1\ C; ( C fJ ~ E NT "11 S - S Y S T EM" ; 
e E GIN C 0 Il~ t~ E NT II 12 0 - s y S _ 0 0 II ; 

tJVC(l ,PREFIX(O) ,"OeJ U ); 

Rl:=02C; BTOKEN:=Rl; 
R15:=EANALBASE; 
BALR( R4 ,R1S); 
R 15: :;;'sCANBASE; 
RESET(ENCIT); RESET(BENOIT); 
R1:=OOC6; TOKEN:=RI; CGMMENT TCKEN FOR <SYS CATA CECL) 
R4:=R TRNTOANAL; 

E~C; 
8EGIt\ CUtJMENT "121- SYS_PROCII; 

Rl:=BlKCTR+l; BLKCJR:=Rl; 
(\,C(Rl ,CC1\WORK); 
LI\PK(3,7,TEMPREFIX(O) ,CGNWCRK); SETZONE(TEr-PPEFIX(3»; 
M v C ( l, PRE F I X ( 0 ) , IE M PRE F I X ( 2) ) ; 
~l:=OOOB; TCKEN := R1; 

ENO; 
8 E fIN Co t-1 t-1 EN T If l2 2 - S Y S _ PRO C _ R II ; 

k1:=BtKCTK+1; BlKCTR:=Rl; 
CVO(Rl,CONwORKJ; 
~~PK'3,7,TEMPREFIX(O),CONWORK); SETZONE(TE~PREFIX(3»; 
fJVCll,PREFIX(O) ,TEfJPREFIX(2»; 
Rl:=OOCS; TOKEN:=Rl; 

E!\C; 
BEGlt\ Rl:=047; BTOKEN:=Rl; END; CClVtJENT "123- SUBTAeLE"; 
BEGIN Rl:=031; BTOKEN:=Rl; ENO; CCt'MENT "124- CHARII; 
BEGlt\ Rl:=033; BTOKEN:=Rl; ENe; ((MMENT 11125- STAlLS"; 



Rl:=Q038; TOKE~:=Rl; 
Rl:=Q085; TOKEN:=Rl; 
Rl:=040; BTOKEN:=Rl; 
Rl:=Q44; BTOKEN:=Rl; 
Rl:=Q015; TOKEN:=Rl; 
Rl:=Q026; TOKEN:=Rl; 
Rl:=0035; TOKEN:=R1; 
Rl:=Ol02; TOKEN:=R1; 
R1:=0021; TOKE~:=Rl; 
Rl:=026; BTOKEN:=R1; 
R1:=0032i TOKE~:=Rl; 

ENe; CCMMENT "126- SET"; 
ENe; COMMENT 11127- SWAP"; 
ENe; C C fJ tJ E NT II 128 - TAG II ; 

END; CC~MENT "12<;- TABLE"; 
END; COMMENT "12C- Torr; 
END; CCfJf"ENT "131- THRU"; 
END; CCfJ~ENT "13~- THEN"; 
ENC; CCMMENT "l~3- LNPCK"; 
ENe; CCfJt'ENT "134- VARY"; 
ENC; COM/v1ENT fll~5- VRBL"j 
E~C; CCfJM ENT It 136- Wh IL Eft ; 

BEGIN 
eEGIN 
8EGIN 
t3EGIN 
BEGIN 
BEGIN 
BEGIN 
BEGIN 
BEGIN 
BEGIN 
BEGIN 
BEGIN 

BEGIN 

eEGIN 
BEGIN 

Rl::;:038; BTOKE~:=rl; ENe; COMfJENT 11137-
FALSE"; 

Rl:=037i BTOKEl\:=R1; ENCi COMMENT 11138-

NULL; 

Rl:=0037; TOKEN:=Rl; ENe; CC~MENT "l~S- COBEGINlli 
Rl:=OG18; TOKEN:=Rl; END; CCt-'fJENT 11140- CCEND"; 

BEGIN Rl:=0094; TOKEN:=Rl; ENC; (C~MENT "142- RESERVE"; 
BEGIN R 1:=0095; TOKEN:=R1; END; CCf'I,MENT 1t143-~AIT"; 

8EGII\ Rl:=Q052; TOKEN:=Rl; END; COMMENT "14~~ CCRAD"; 
BEGII\ Rl:=CC51; TOKEN:=R1; END; COi"fJEl\T "145- ((UNTil; 
eEGIN Rl:=002Ci TOKEN:=Rl; END; COf'lr-'ENT "14c"7" 5TCPIl; 
EEGII\ Rl:=Ou75; TOKE~::;:R.l; ENG; COMt~ENT ~147- IN1ERRlPT"; 
BEGIN Rl:=G075; TOKEN:=Rl; END; COtJ.tvEf\T "148- SUBSCRPT"; 
El\C; COMMENT END OF CASE STATEMENT; 

ENC; 
LfJ(RC,R3 t SAVERl; 

ENe; CC~~E~T END OF SCAN; 

TRUE"; 

FROCEDUR~ SYNTHESIZE(R4l; COMMENT IT HANDLES ThE SEMANTICS OF T~E 
MAIN GRAtJMAR; 

BEGIN ARRA~ 5 INTEGER SAVEREGS; ST~(RC,R4,SAvEFEfS); 
R 2: = PRODNUr-1 ; 

C v 0 ( R 2 ,C C N ~.J 0 R K); U ~ P K ( 3 , 7 , W B U F , 1 ~ ) , C ( N W C R K ); SET 10 N E { W B U F ( 1 5) ) ; 
MVC(7,r.BUF J "PROD NO.II); 
RO:=ahEUF; WRITE; MVC(25,WeUF,~LANK); 

CCM~ENT CASE RZ OF 
BEGIN 
236 CASES (ONE PER PROCUCTIO~ PLUS Cf\E MORE) 

END; 
LfJ(RO,R4,SAVERcGS); 

Ef\C; CCMMEl\T Ef\O OF SYI\ThESIZE; 

GLOEtL PROCEDURE BSYNTHTWO(R4); CO~~Ef\T CONTII\LATION OF BSYNTHESIZE 
(CASES t4 T~RU 97); 

BEGIf\ ARRAY 1 INTEGER SAVEREGS; ST~(RC,R6,SAVE~EGS) 



R2:=8PROCNUM; 
STARTSS\,N: 

~ ~: =R2-63; 
CAS E R2 CF 
BEGIN 

eEGI~ COMMENT 64- <FORMAT OECl HEAO)::=FORMAl <10> ~<ChAR CG~STA~T>,; 
Rl:=ESP-3; Rl:=Rl SHLL 1; 
R~:=R10+BPIRSTACK+Rl; . 
Lh(Rl,B2); R3:=SE~BASE+Rl; 
R 0 : = 4 8 ; S T C ( RD" 8 3 J ; 
R2:=R2-2; STH(Rl,B2)i 
R2:=R2+6; LH(Rl,B2); 
R2:=CTBASE+Rl; IC(Rl,E2'; Rl:=Rl AND #FFi 
IF Rl~=#l THEN BEGIN RO:=15; XR:=RC; ERRCF; E~D 
ELSE BEGIN 

F2:=R2+1; IC(Rl,EZ); 
R2:=RIC+OESCRBUF;· STC(Rl,B2); 
R 0: = 1; CPT R: = RO ; 

ENG; 
Ef\ 0 ; 

l\LlL; 
BEGIN COMMENT 66.-<OSCRLIST HD)::=<REAl CO~Sl) 

Rl:=BSP-l; Rl:=Rl SrlL 1; 
R2:=RI0+8PTRS1ALK+Rl; LH(Rl,~2); 
NWC; R3:=#8000 OR Rl; 
Rl:=CPTR; R2:=RIO+CESCRBUF+Rl; 
R4:=R3 SHRL 8; STC(R4,B2Jt 
R2:=R2+1; STC(R3,B2); 
Rl:=Rl+2; OFTR~=Rl; 

Ef\O ; 
~LlL; NULL; 

BEGIl\ COMMENT 6~.-<REPTN GRQUP)::=<OSCRLI5T> 
Rl:=OPTR; R2:=RIO+DESCRBUF~Rl; 
R 3 : = #A 0; S Te ( R3 , B 2 J ; 
Rl:=Rl+l; OPTR~=Rl; 

Ef\O; 

l\LLL; NULL; 
BEGI" COMMENT 72.-<OESCRIPTOR>::=<REAL CaNST) <ID> <RELA CONST) 

Rl:=BSP-l; Rl:=Rl SHLl 1; 
R2:=RIO+EPTRSTACK+Rl; 
LH(Rl,B2); Rl:=Rl A~D #FFFF; CrECKIDi 
IF Rl=_l THEN BEGIN RC:=16; XR:=RC; ERRDR; El\O 
ELSE BEGIN 

RC:=DPTk; R2:=RIO+CESCRBUF+RO; 



R3:=#20 OR Rl; STC(R3,82); 
P2:=R2+1; Rl:=8SP-2; 
Rl:=Rl SHLL 1; R3:=RIO+8PTRSTACK+Rl; 
lr(Rl,B3); NWD; . 
STC(Rl,B2); R2:=R2+1; 
R~:=R3+4; LH(Rl,B3J; 
~WC; STC(Rl,B2J; R2:=R2+1; 
STC(RO,tl2); RO:=DPTR+4; DPTR:=RO; 
ENC; 

E~C; 

BEGIN COMMENT 73.~ <OESCRIPTOR)::=<ID> <REAL CC~STANT> 
Rl:=ESP-l; Rl:=Rl SrlL 1; 
P2:=RI0+EPTRSTACK+Rl;, 
L~(Rl,B2); Rl:~Rl AND #FFFF; ChECKI~; 
IF Rl= 1 THEN BEGIN PO:=16; XR:=RO; ERROR; END 
ELSE BlGIN . 

RO:=DPTR; R2:=RiO+DESCRBUF+RO; 
R3:=#20 OR Rl; STC(R3,E2); R2:=R2+1; 
R3:=#1; STC(R3,B2); R2:=R2+i; 
Rl:=BSF ShlL i; R4:=RIC+BPTRSTACK+Rl; 
lH(Rl,84); NWO; STC{Rl,82); R2:=R2+1; 
STC(RO,B2); RO:=OPTR+4; DPTR:=RC; 

E~C; 
E~D; 

eEGI~ COMMENT 74-<DESCRIPTOR>::=<C~AR CONSTA~l) 
Rl:=8SP SHlL 1; RO:~CPTR; 
R2:=RIO+cPTRSTACK+Rl; 

~~~~~lBil~sCRBUF~RO; 
R4:=#40; STC(R4,B21; 
R2:=R2+1; R4:=R3 SbRL 8; 
STC(R4,B2); R2:=R2+1; 
STC(R3,~2l; RO:=RO+3; 
DFTR:=RO; 

END; 

eEGI~ CCMMENT 75.-(CESCRIPTOR)::=(SlASH lIST) 
Rl:=DPTR; RC:=CTR; 
R2:=RIO+CESCRBUF+Rl; 
R3:=#60 CR RO; 
STC(R3,B2l; Rl:=Rl+l; DPTR:=Rl; 

E~C; 

8EGI~ COMMENT 76-(SLASH lIST>::=, 
RO:=l; CTR:=RO; 

E~D; 

; 



8EGI~ COMMENT 77-<SLASH LIST>::=<SLASH LIST>, ; 
RC:=CTR+l; CTR:=RO; 

E~O; 

BEGI~ COMMENT 78.-<TA8lE CECl ~EAO>::=<TABlE CLAUSE) $ 
Rl:=CTR AND #7F; 
P2:=RIO+CESCRBUF; STC(Rl,B2); 
RC:=CTPTR; TBLDESCRB:=RO; R4:=CTe~SE+R~; 
Rl:=DPTR+2; STC(Rl,84); R4:=R4+1; 
Rl:=Rl-l; EX(Rl,MVC(O,B4,B2»; 
R C :;; R 0+ R 1 +.1; C T P T R : = R 0 ; 
Rl:=TBlISTPTR; 
FCR R5:=0 STEP 2 UNTIL Rl DO 
BEGIN 

R2:=@TBlIST+R5; lH(R3,B2); 
~3:~R3 SHlL 1; RZ:=DESCRPTRBASE+R3; 
STH(RO,B2); 

E~C; 
Ef\D; 

NUll; 

8EGI~ COMMENT 80.~<TABLE CLAUSE)::=<TABlE hEAC) 
Rl:=BSP; CATASIlE; 
R2:=RIO+CESCR8UF+!; 
R3:=Rl SHRl 8; STC(R3,B2); 
R2:=R2+1; STC(Rl,82); 
RO:=3; DFTR:=RO; 
RO::;l; CTR:=RO; 

Ef\Ci 

<NUMORTAG> 

BEGIN COMMENT 81.-<TABlE ClAUSE)::=If\DIRCT <TAElE HEAO) 
Rl:=BSP; OATAS IZE; 

<NUMCRTAG> 
R2:=R10+CESCRBUF; R3:=#80i 
STC(R3,B2l; R2:=R2+1; 
R3:=Rl S~Rl 8; STC(R3,B2); 
R2:=R2+1; STC(Rl,B2); 
RO:=3; DPTR:=RO; 
RC:::l; CTR::;:RO; 

END; 

e E G I f\ COM 1"1 EN T 8 2 • - < TAB lEe l A USE): : :: < TAB lEe L A lJ 5 E ) 
~i:=~~P; GAT~SlZE; 
po:=orTR; R2::;:R10+DESCRGUr-+RO; 
R3:=Rl SHRl d; STC(R3,82); 
R2:=R2+1; STC(Rl,B2); 
RO:=RO+2; OPTR:=RO; 

<NUMORTAG) ; 



RC:=CTR+lj CTR:=RO; 
END; 
BEGI~ COMMENT 83.-<TABLE ~EAD>::=TAELE <10> 

Rl:=BSP SHLL 1; R2:=R10+BPTRSTACK+Rl; 
LH(Rl,B2); R2:=SEMBASE+Rl; 
RO:=46; STC(RO,B2); 
R2:=@TBLIST; STH(Rl,82); 
RO:=2; TBLISTPTR:=RO; 

END; 

EEGI~ COMME~T 84.-<TABLE ~EAD>::=<TAeLE HEAC) 
Rl:~BSP SHLl 1; R2:=R10+8PTRSTACK+Rl; 
LH(R1,B2); R2:=SEMBASE+R1; 
R C : =46; S T C (RO , B2 ) ; 
RO:=TB~ISTPTR; R2:=@TBLIST+RO; 
STH(Rl,62); RO:=RO+2; 
TBLISTPTR:::;RO; 

Ef\C; 

f\Lll; NULL; 

, 

EEGlf\ COMMENT 87.-<TABLE DECL)::=<SLBTABLE CLALSE> 
R1:=BSP-2; Rl:=R1 SHLL 1; 
R2:=RIO+BPTRSTACK+R1; LH(R1,B2); 
Rl:=Rl SrLL 1; 
~2:=DESCRPTRBASE+R1; RO:=CTPTR; 
STh(RO,B2); Rl:=TBLDESCRB; 
R3:=OFTR; R2:=RIO+DESCRBUF+R3; 
STH(R1,82); R4:=CTBASE+RO; 
R 5 : = R 3 + 2; S T C ( R 5-, B 4 ) ; 
R2:=R10+CESCRBUF; R3:=R3+1; 
R4:=R4+1; EX(R3,MVC(O,B4,B2»; 

END; 

<10) 

BEGlf\ COMMENT 88.- <FIELD OECL>::=FIELO <DATA TYPE> 
Rl:=BSP SHLL 1; R2:=RIO+BPTRSTACK+Rl; 
Lh(R3,B2); R2:=R2-2; STH(R3,B2); 

END; 

2EGIf\ CCMMENT 89.-<FIELO DECL)::=<FIELD DECL) <FITEM) 
Rl:=BSP-l; Rl:=Rl SHLl 1-
R2:=R10+EPTRSTACK+Rl; LH(R3,B2); 
R 3 : = R3 A 1\ e II F F ; 
CASE R3 CF 
EE(If'. 

RO:=33; RO:=36; RO:=39; RO:=42; RO:=45; 
ENe; 

$ 



R2:=R2+2; lH(R4,B2); 
Rl:=FLBPTR; R2:=@FLCFTRS8UF+Rl; 
R5:=R4 S~Rl 8; STC(R5,B2); 
R2:=R2+1; STC(R4,B2); 
kl:=Rl+2; FLBPTR:=Rl; 
R2:=SEMBASE+R4; STC(RO,B2l; 
~4:=R4 SHlt 1; R2:=CESCRFTR8ASE+R4; 
RC:=CTPTR; STH(RO,82); 
Rl:=CPTR-l; R2:=R~O+CESCRBUF; 
R4:=CTBASE+RO; 
EX(Rl,MVC(Q,B4,b2»; 
RO:=RO+Ri+l; CTPTR:=RO; 
RC:=RO-RC; OPTR:=RO; 

E~C; 

BEGI~ CCMMENT 90.-<FITEM)::=(ITEM> 
Rl:=DPTR; R2:=RIO+DESCRBUF+Rl; 
R3:=TBLOESCR8; R4:=R3 SHRL 8; 
STC(R4,B2); R2:=R2+1; 
STC(R3,B2); Rl:=Rl+2; 
OPTR:=Ri; R2:=R2-Rl; IC(R3,B2l; 
R~:~R3+2; STC(R3,B2); 

E~O; 

BEGI~ COMMENT 91.-(FITEM>::=<IO) = <REPETITIC~ LIST) «(NST) ) 
RO:=CTR+l; Rl:=DPTR-l; 
R2:=RIO+CESCRBUF; STC{Rl,B2); 
Rl:=Rl-5;. R2:=RIO+DESCRBUF+Rl; 
R3:=RO S~RL 8; STC(R3,B2); 
R2:=R2+1; STC(RD,B2); 

END; 

BEGI~ COMMENT 92.-(REPETITION LIST}::= ( 
Rl:=BSP-3; Rl:=Rl SHLL 1; 
R2:=RIO+EPTRSTACK+Rl; LH(Rl,B2); 
Rl:=Rl A~D #FF; 
IF Rl<4 THEN 
BEfI~ 

Rl:=DATABUF; R2:=RIO+CESCRBUF+1; 
R3:=Rl SHRL 8; STC(R3,B2); 

R2:=R2+1; 
STC(Rl,B2); RL:=R2+3; 
RC:=:; 
E~C ELSE 
IF Rl=5 THEN BEGIN R2:=RIO+DESCR8UF+3; RO:~3; END; 
R2:=R2+2; R3:=1; 
Rl:=Rl ShRL 8; 
STC(Rl,82); R2:=R2+1; 

. , 



STC(R3,B2J; R2:=R2+1; 
R3:=TBLDESCRB; Rl:=R3 ShRL 8; 
STC(Rl,B2); R2:=R2+1; 
STC(R3,B2); RO:=RO+6; 
DPTR:=RO; SET(FIRSTvAL); 

Et\C; 

BEGIt\ COMMENT 93.-<REPETITIGN LIST>::=<NUMCR1AG) ( 
Rl:=ESP--4; Rl:=Rl SHLL 1; 
P2:=RIO+EPTRSTACK+Rl; Lh(Rl,E2); 
R 1 :=Rl AND #FF; 
IF Rl<4 THEN 
BEGIN 

Rl:=OATA8UF; R2:=RlO+OESCRBUF+l; 
~3:=Rl SHRl 8; STC(R3,E2); R2:=R2+1; 
STC(Rl,B2); R2:=R2+3; RO:=5; 

END ELSE 
IF Rl=5 T~EN BEGIN R2:=RIO+DESCRBUF+3; RO:=~; END; 
DPTR:=RO; R2:=R2+4; 
R3:=TBLOESCRB; Rl:=R~ SHRL 8; 
STC(Rl,B2); R2:=R2+1; 
STC(R3,B2); Rl:=BSP-l; 
CATASIZE; RO:=DPTR; 
f< 2 : = RIO + C ESC R B U F + R 0 + 2; 1<3: = R 1 S H R L 8; 
S T C ( R3, B 2); R 2: = R 2+ 1 ; 
STC(Rl,B2); RO:=RO+c; 
DPTR:=RO; SET(FIRSTvAL); 

EI\ C ; 

BEGI" COMMENT 94.- <REPETITION LIST>::=<REPETITICN LIST><CONST) 
IF FIRSTVAL THEN 
BEGI" 

Rl:=BSP-l; Rl:=Rl SHLl 1; 
R2:=R10+EPTRSTACK+Rl; LH(Rl,B2); 
RO:=DPTR-8; R2:=RIO+OESCRBUF+RO; R3:=Rl SHRL 8; 
STC(R3,d2); R2:=R2+1; 
STC(Rl,B2); kO:=RO-RO; 
CTR:;RO; RESET(FIRSTVAL);' 
ENe; 
RO:=CTR+l; CTR:=RO; 

Et\D; 

BEGIN COMMENT 95.-<ITEM_AREA CLAUSE)::=ITEM_AREA <10) 
Rl:=esp SHLl 1; R2:=RI0+EPTRSTACK+Rl; 
LH(Rl,B2); R2:=SEMBASE+R!; 
RO:=49; STC(RO,B2); 
Rl:=Rl SHLl 1; R2:~CESCRFTR8ASE+Rl; 
R3:=TBLOESCRB; STH(R3,B2); 

, 



Ef\C; 

BEGIN COMMENT 96.-<ITEM AREA CLAUSE)::=<ITE~ AREA CLAUSE> ,<Ie) ; 
R2:;95; GOTD STARLBSY~; ~ 

E~D; 

BEGIN COMMENT 97.-<SUBTA8lE CLAUSE)::=SUBTABlE (10) «f\UMCRTAG> ; 
Rl:=8SP-2; Rl:=Rl ShLl 1-
R2:=R10+BPTRSTACK+R1; LHlRl,B2); 
R3:=SEMBASE+R1;RO:=50; STC(RO,B3); 
F2:~R2-2; STH(Rl,B2l; 
Rl:=BSP; DATASIIE; 
1<3:=R1 ShRL 8; 
R2:=RIO+OESCRBUF; STCtR3,B2); 
R2:=R2+1; STC(Rl,82); 
RO :;2; DFTR:=RO; 

END; 

BEGI~ COMMENT 98.-<SUBTABLE CLAUSE)::=<SvBTAElE CLAUSE> , <NUMORTAG> ; 
Rl:=BSP; DATASIZE; 
RO:=CPTR; RZ:=R10+DESCRBUF+RO; 
R3:=Rl SHRl 8; STC(1<3,B2); 
R2:=R2+1; STC(R1,82); 
RO:=RO+2; CPTR:=RO; 

Ef\O; 

NULL; 
Ef\C; COM~E~T END OF CASE STATEMENT; 

L~(RO,k6,SAVEREGSj; 
Ef\C; CCMME~T END OF 8S~NTHTWO; 

GLOBAL PROCEDURE BSYNTHESIZE(R4); CO~~ENT tT r~~[LES TrE SEMA~TICS 
OF THE DATA OEClARATIC~S; 

BEGlf\ 
ARRAY 7 INTEGER SAVEREGS; STM(RO,Rc,SAVERE(S~; 
R2:=8PRCCI\UM; 

CVD(R2 ,CCNWDRK); UNPK(3,7,rIBUF(12),CCt\hORK}; SETlCf\E(WBUF(15»; 
MVC(8,v-BUF,"BPROO NO."); 
RO:;~~~~F; WRITE; MVC(25,WBUF,8LANK); WRITE; 

IF R2<64 THEN 
EEGIN 

STARTESYN: 
CA~E R2 OF 
EEGIN 
t\UlL; NULL; 

BEGIN COMME~T 3.- <SUE_ROUTINE CECl)::=<PROCECURE CEel> $ 
kl:=BSP--l; Rl:=Rl SHlL 1; 
R2:=R10+ePTRSTACK+~1; 



L~(R3,B2); 
~3:=R3 SrLL 1; 
R2:=DESCRPTREASE+R3; 
R4:=CTPTR; 
STr(R4,B2); 
Rl:=4-
R2:=CtBASE+R4; 
ST(Rl,B2); 

COMMENT HERE ADD IL TO BRANCH TO UNSPECIFIED l(CATION (AROUNC PROCEDURE 
BOCY) A~D TC LOAD-NEXT INSTRUCTION ADDRESS (E~TR~ POI~T TO PROCEDLRE) 
AT LeCATION CTBASE+CTPTR+l (4 BYTES); 

R4:=R4+5; CTPTR:=R4; 
E~C; 

8EGIN COMMENT 4.- <SUE ~CUTINE CECL)::=(PROC CECl> <FPARM LIST) ) $ ; 
Rl:=ESP-3; RL:=Rl S~IL 1-
R2:=R10+EPTRSTACK+R1; LrlR3,E2); 
R~:=R3 SHLL 1; 
R2:=CESCRPTREASE+R3; 
R4:=CTPTR; STH(R4,B2); 
Rl:=CTBASE+R4; 
R2:=CPTR-l; R3:=R10+CESCRBUF; 
EX(R2,MVC(C,B1,B3» ; 

CCMME~T HERE GENERATE IL TO BRANCH TO UNSPECIfIED LOCATION (ARCU~D 
FROCEQURE eDDY) AND Te LeAD NEXT INSTRUCTION ACORESS (ENTRY POINT TO 
PROCEDURE) AT LOCATION CTBASE+CTPTR+l (4 BYTES) ; 

R4:=R4+R2+1; CTPTR:=R4; 
~C:=RO-RC; CFTR:=RO; 

E~C; 

BEGI~ COMMENT 05.- <SU8_RO~TINE CECL>:::<FU~CTIC~ CLAUSE> $ 
Rl:=TYPLGTH; R3::CTR; 
R2:=RIO+CESCRBUF+Rl; STC(R3,B2); 
RC:=DPTR-l; 
R2:=R10+CESCRBUF; STC(RO,B2); 
Rl:=8SP-2; Rl:=R1 S~LL 1; 
R~:=RIO+8PTRSTACK+Rl; LH(R3,E2); R3:=R3 SrLL 1; 
R2:=CESCRFTREASE+R3; , 
R4:=CTPTR; STH(R4,B2); 
Rl:=CTBASE+R4; 
R2:=RIO+CESCRBUF; 
EX(RC,MVC(Q,Bl t o2»; 
RC:=RO-RC; DPTR:=RO ; 

E~C; 

BEGI~ COMMENT 6.- <PROCEOLRE DECL>::=PROCEDU~E <10> ; 
Rl:=ESP; Rl:=Rl SHlL 1; 
R2:=RIO+EPTRSTACK+Rl; 



It-(R3 82); . 
R2:=R~-2; STH(~3,B2); COMMENT PREPARING STACK TO SAVE POINTER LPON 

REDUCTION; 
R2:=SEM8ASE+R3; 
RQ:=47; STC(RO,B2); 

END; 

SETf-EADER; CCMMEt\T 7.- <FPARM lIS T): : = < IN PAR~S) <OLT PARr"1 S> <LABEL); 
SETf-EADER; COMMEf\T 8.- <FPARM lIST)::=<IN PI!Rt"S) <OUT PARMS) 
SETf-EACER; CCNMEf\T 9.- <FPARM lIST)::=(IN PARI'VS) <LABEL 
SETHEAOER; CCMME~T 10.- <FPARM LIST>::=<UUT PARf'-1S> <LABEL 
SEThEADER; C CMME NT 11.- <FPARM LIS T> : : =< IN PARfvS> 
SEThEACER; CCt·H-1Et\T 12.- <FPARM LIST)::=<OUT FARMS) 
SETHEADER; COMMEc\T 13 .--. <FPARM LIST)::=<lABEl FARMS> 

EEGI~ COMME~T 14.- <IN PARMS)::= ( <VAR) 
RC:=l; R2:=RIO+DESCRBUF+5; STC(RO,E2); 
Rl:=ESP; R.l:=Rl SHLL 1; 
R4:=RI0+EPTRSTACK+Rl; 
LH(R3,B4); 
P~:=RL+l; STH(R3,B2); 
RC:=8; DFTR:=RO; 

E~D ; 

EEGIf\ COMMENT 15.- <IN PARMS)::=<INPARMS> 
R2:=RIO+DESCRBUF +5; 
IC(RO,B2); RO:=RO+l; STC(RO,B2); 
Rl:=BSP; Rl:=Rl SHLL 1; 
R2:=RIO+8PTRSTACK+Rl; LH(R3,82); 
R4:=CPTR; R2:=RIO+CESCRBUF+R4; 
S T H ( R3 , 82) ; 
R4:=R4+2; OPTR:=R4; 

Et\C; 

BEGIN COMMENT 16.- <OuT PARMS)::= I <VAR) 
Rl:=CPTR; 
IF Rl=O THEf\ Rl:=5; CC~MENT 1\( INPUT PARMS; 
RO:=#41; R2:=R10+DESCRBUF+Rl; 
STC(RO,B2); TYPLGTH:=R1; 
R2:=R2+1; 
R3:=ESP; R3:=R3 SHLL 1; 
F5:=R10+EPTRSTACK+R3; LH(R4,ES); 
R5:=R4 SHRL 8; STC(R5,82); 
R2:=R2+1; STC(R4,B2); 
Rl:=Rl+3; DFTR:=Rl; 

E t\D ; 

8EGIN COMMENT 17.- <OUT PARMS)::=<OUT PARMS> 

<VAR> 

<VAR> 

PARMS) 
PARMS> 

; 

; 
; . , 
; 



Rl:=TYPLGTH; R2:=RIO+DESCRBUF+Rli 
IC(RO,B2); RO:=RO+l; STC(RO,B2J; 
R3:=8SP; R3:=R3 SHLL 1; 
~S:=RIO+ePTRSTACK+R3; LH(R4,BS); 
Rl:=CPTR; R2:=RIO+CESCRBUF+Rl; 
R5:=R4 SHRl 8; STC(R5,82); 
R2:=R2+1; STC(R4,82); 
Rl:=Rl+2; QPTR:=R1i 

E~D; 

8EGI~ COMME~T 18.- <LA8EL PARMS>::= II <10> 
kl:=DPTk; 
IF Rl=O THEN Rl:=5; COMMENT NO INPLT OR OU1P~T PAR~S,; 
RC:=#81; R2:=RIO+DESCRBUF+Rl; 
STC(RC,B2); TYPlGTH:=Rl; 
R3:=ESP; R3:=R3 SHLl 1; 
R5:=RIO+8PTRSTACK+R3; LH(R4,8S); 
R2:=R2+1; RS:=R4 SHRl 8; 
STC(RS,82); R2:=R2+1; STC{R4,B2l; 
Rl:=R1+3; DPTR:=Rl; 

E~C; 

BEGI~ COMMENT 19.- <LABEL PARMS>::=<LABEL PAR~S> 
Rl:=TYPLGTH; R2:=RIO+OESCKBUF~R1; 
IC(RO,B21, RO:=RO+1; STC(RO,EZ1; 
R3:=E~P; R3:=R3 SHLL 1; 
~5:=RIO+EPTRSTACK+R3; LH(R4,BS); 
Rl:=DPTR; R2:=R10+0ESCRBUF+R1; 
R5:=R4 ShRl 8-

l 
STC(R5,B2); 

R2:=RZ+1; STC R4,B2); 
Rl:=kl+2; DPTR:=R1; 

E~C; 

<10> 

BEGIN COMMENT 20.- <FL~CTICN CLAUSE>::=<FU~CTICN HEAC> «VAR> ; 
Rl:=ESP SHll 1; 
~2:=R10+ePTRSTACK+R1; 
LH(R3,B2); 
RO:=CPTR; TYPLGTH:=RC; RC:=RO+l; 
R2:=RI0+CESCRBUF+RO; 
R4:=R3 SHRL 8; STC{R4,B2); 
R~:=R2+l; STC(R3,82); 
RC:=RO+2; OPTk:=ROi 
kG:=1; CTR:=RC; 

E~C; 

BEGI~ CCMMENT 21.- <FUNCTION CLAUSE>::=<FU~CTICN CLALSE> , <VAR> 
Rl:=ESP S~LL 1; 
R2:=R10+tF1RSTACK+R1; 



Lt-(R3,B2); 
RC:~CPTR; 
R2:=RIO+CESCRBUF+RO; 
R4::R3 St-RL 8; STCLR4,S2); 
R2:=R2+1; STC(R3,B2l; 
RC:=RO+2; DPTR:=RO; 
RO:=CTR+l; CTR:~RO; 

Ec\O; 

EEGl~ COM~ENT 22~- <FUNCTION HEAD)::=FUNCTIC~ <DATA T~FE> <10> ; 
Rl:=BSP-li Rl:=Rl SHlL 1; 
R£:=RlO+8PTRSTACK+Rl; LH(R3,82); R3:=R3 AC\C #FFFF; 
CASE R3 CF 
BEG I t\ 

BEGIN CCMMENT CASE i.- NUMERIC FL~CTION 
RO:=32; FUTIL; 

Ef\.O; 
bEGIN COMMENT CASE 2.- BITS FUf\CTICN ; 

RO : = 35; FUT I L ; 
Ec\O; 
BEGIN COMMENT CASE 3.- CHARACTER FLNCTICf\. 

RO:=38; FUTIL; 
Ec\O; 
BEGIN COMMENT CASE 4.- STAllS Flc\CTION 

R!:=ESP SH-Ll 1; 
R2:=R10+BP1~STACK+Rl; LH(R3 E2l; 
RO:=41; R2:=SEMBASE+R3; STclRC,B2); 
R2:=R10+DESCRBUF; IC(Rl, B2l; Rl:=Rl ANC "IIFF; 
FOR R4:=Rl STEP _1 L~TIL 1 DC 
BEGIN 

ENC; 

R2:=RIO+DES"CRBUF+R4; IC(R3,B2}; 
R2:=R2+4; STC(R3,82); 

Rl:=CPTR+4; ~PTR:=Rl; 
END; 
BEGIN COMMENT CASE 5.- BOOLEAN FlNCTION; 

Rl:=ESP SHLL 1; R2:=RI0+EPTRSTACK+Rl; 
Lh(R3,B2) ; 
RO:=44; R2:=SEMBASE+R3; 
STC(RO,E2l; RQ:=5; CFTR:=RO; 

END; 
E~C; COM~E~T END OF CASE STMT; 
Rl:=BSP SHLL 1; R2:=R10+BPTRSTACK+Rl; 
LH(R3,82) ; 
R2:=R2-4; STr.(R3,82); 

E~D; CCMME(\.T E~~ OF CASE 22; 

NUll; N0lL; NUll; NULL; NULL; NULL; NULL; f\LLL; 



~LLL; NULL; NULL; ~UlL; 

BEGIN COMMENT 35.- (CATA ElEM)::=<VRBL DEC~ ~EAD> <ITEM> $ 
Rl:=BSP-2; Rl:=Rl:SHLL 1; 
R~:=R10+EPTRSTACK+Rl; LH(R3,B2~; R2:=R3 A~C #FF; 
CASE R3 CF 
BEGIN 

RO:=3l; RO:~34; RO:=3/; RO:=40; RC:~43; 
1:f\0; 
R2:~R2+2; LH(~4,B2j; 
R2:=SEMBASE+R4; STC(RO,B2l; 
IF R3<S THE~ CCMMENT FOR OTHER T~A~ BCmL VAR, LOAD CESCRIPTOR IN 

CONSTAt\T TtlBlE; 
EEGlf\ . 

R4:=R4 SHLl 1; R2:=DESCRPTREASE+R4; 

~t;~§~~A~i;S~~~~2Ig~6~sCRBUF; 
R'f':=C TBASE+RO; 
EX(Rl,MVC(O,54,B2); 

RO:=RO+Rl+1; CTPTR:=PO; 
RC:=RO-RO; DPTR:=RO; 

ENe; 
Ef\C; 

BEGlf\ COMMENT 36.-(OATA ELEM>::=<FOR~AT DECL HEAC><GESCRGRCUP»$ 
kl:=E:SP-3; Rl:=Rl S~LL 1; 
F2:=RIO+EPTRSTACK+Rl; 
L~(Rl,B2); Rl:=Rl SHLL 1; 
R2:=CESCRPTRBASE+Rl; RO:=CTPTR; 
ST'-'(RO,B21; R2:=CTBASE+RQ; 
Rl:=CPTR ; STC(Rl,B2); 
F2:=R2+!; R4:=RIO+CESCREUF; 
kl:=Rl-l; 
EX(Rl,MVC(Q,BL,B4»; 
Rl:=CPTk; RQ:=kO+Rl; CTPTR:=RO; 
RO:=RO-kC; DPTR:=RO; 

Ef\C; 

; 

8EGlf\ CCMMENT 37.- <TAG DECL HEAO)::=(TAG OECL HEAD> <Ie) = 
Rl:=8SP -1; k1:=Rl S~LL 1; 
~2:~RIO+tPTRSTACK+Rl; LH(R3,B2J; 
F2:=R2-4; Lh(R4,82}"; 
R2:=SEMBASE+R4; RO:=8; STC(RO,82); 
P4:=R4 S~LL 1; R2:=DESCRPTRBASE+R4; 
S T h (R3 , e 2) ; 

<REAL CONS 
TAN1) $ ; 

Er\D ; 



8EGI~ COMMENT 38.-<DATA ElEM>::=<TA8LE DECL ~EAC) <TABLE DECl} END_TAB 

Rl:=CTPTR; RO:=TBlCESCRB; 
R2 :=CTBASE+RO; Ie (P3, 82); 

fC 2: = R 3 AN 0 # F F; 
R2:=R2+R3-1; 
R4:=Rl SHRL 8; STC(R4,B2); 
R-:=R2+1- STe(Rl 82)
R~:=CT8ASE*Rl; R4:=aFLCPTRS8UF; 
R 1 : = F l B P T R ; soT C ( R 1 , B 2) ; 
R2:=R2+!; Rl:=Rl-l; 
cX(Rl,MVC(O,B2,B4»; 
RO!=CTPTR+Rl+~; CTPTR:=RO; 

Ef\C; 

LE $; 

NLLlo 
e E (; I t'-\ CO f-j N EN T 40. - < V R B l DEC L H E AD) : :::: < V R B L C Eel HEAD :> < I T EM>, ; 

R2:=35; GCTC STARTBSYN; 
E t\o ; 

EEGlt\ CCMMEt\T 4l.- <VREL ~EAD>::=VRBL <QATA l~PE) 
Rl:=BSP SHLL !; 
R2:=RIO+EPTRSTACK+Rl; 
lH(P3,62); R2:=R2-2; STh(R3, e2l; 

E~D ; 

EEGI~ CCMMENT 42.- <CATA TYPE>::=INTEGER ( <FEAl CONSTANT) 
Kl:=BSP-l; 
GATASrZE; Rl:=Rl AND #3FFF; 
CATABUF:=Rl; Rl:=ESF-3; Rl:=Rl S~LL 1; 
R2:=RIO+bPTRSTACK+Rl; RO:=!; STH(RO,B2'); 

Ef\C; 

aEGI~ COMMENT 4~.-<DATA TYPE>::=FIXE~ ( <REAL CC~ST> , <REAL CO~ST:> J; 
R 1 : = tS P- 1 ; 
OA1ASIZE; Rl:=R1 ShlL 7; 
F,c:=#4uOC OR R-l; 
Rl:=ESP-3; 
DA1ASIlc; Rl:~l ANC #7F; 
~t:=K6 OR Rl; 
CATA8UF:=R6; 
Rl:=eSP-5; Rl:=Rl SbLL 1; 
R2:=R10 + 8PTRSTACK + Rl; RO:=l; 
Slr(RO,B2J; 

END; 

EtGI~ CGMMENT 44.- <DATA TYPE)::=FlOAT 
Rl:=BSP-l; 

<REAL CONST) . , 



I\) 
o 
o 

CATASIZE; Rl:=Rl AND #3FFF; 
R6:=#8000 CR Rl; 
DATABUF:=R6; 
Rl:~ESP-3; Rl:=R1:ShLL 1; 
~2:=R10+EPTRSTACK+Rl; RO:=1; 
STrlRO,B2l; 

E~C; 

BEGIN COMMENT 45.- <DATA TYPE)::= 8ITS 
Rl:=ESP-l; 
DAIASIZE; 
CATAt3UF:=Rl; 
Rl:=ESP-3; R1:=Rl SHLL 1; 
R2:=RIO+8PTRSTACK+Rl;. RO:=2; 
S T r (RO , B 2 1 ; 

E~C; 

<I<EAL CONST) 

BEGIN COMMENT 46.- <OATA TYPE)::=CHAR <REAL CGNST) 
Rl:=BSP-l; 
DA lASIZE; 
CATABUF:=Rl; 
kl:=ESP-3; R1:=Rl SHLL 1; 
k2:=RIO+BPTRSTACK+Rl; RO:=3; 
S T r ( RO , B 2 ) ; 

El\D; 
~EGI~ COMMENT 47.- <DATA TYPE)::=BCClEAN 

f-'l:=ESP SI1LL 1; 
P.2:=K10+ePl~STACK+Rl; RO:=5; 
STt-(RO,B2); 

El\C; 

BEGIN COMMENT 48.- (DATA TYPE)::=(STATUS ClALSE) 
Rl:=CPTR-l; R2:=RIO+DESCRBUF; 
STC(R1,b2) ; 
R 1 : ; e S y-- 1; R 1 : = R 1 S H l L 1; 
P2:=RIO+EPTRSTACK+Rl; RO:=4; 
STrdRO,82) ; 

E t\ C ; 

BEGIt\ CO~MENT 49.-<STATLS CLAUSE)::=STATUS 
kl:=ESP SbLL 1; 
~2:=RIO+EPTRSTACK+Rl; LH(R3,E2); 
~4:=R3 SHLL 1; 
P2:;Cc~CRPTRBASE+R4~ RO:=l; 
STt-(RO,B2); 
R2:=RIO+LESCRBUF+2; STH(R3,B2); 
RO:=4; DFTR:=RQ-; 
RC:=l; CTR:=RO; 

<STATUS CONST) 



Ef',C; 

BEGI~ COMMENT 50.-<STATUS CLAUSE>:,=<STATUS CLAUSE> , <STATUS CONST) 
R1:=ESP SHLL 1; . 
R2:=RI0+EPTRSTACK+Rl; Lr.tR3,821; 
R4:=R3 SHLL 1; 
R2:=CESCRPTRBASE+R4; RO:=CTR+l; CTR:=RO; 
51"(1<0,-62); 
Rl:=DP1R; R2:=RIO+DESCRBLF+R1; 
S T r ( R3 , B 2 ) ; . 
Rl:=Rl+2; OFTR:=Rl; 

Et\D ; 

tEGI~ CCMMENT 51.- <ITEM)::=<IC) 
Rl:=8SP-1; Rl:=R1 SHlL 1; 
R2!=R10+EPTRSTACK+Rl; LH(R3,B2); R3:=R3 ANC #FF; 

Ll: CASE R3- CF 
BEGIN 

EEGIN COMMENT NUMERIC CONSTANT; 
Rl:=4; R2:=RI0+CESCR6UF; STCl-Rl,B2J; R~:=R2+1; 
Rl :-=(jA T ABUF; R3: =R 1 SHRL 8; 
SlC(R3,E2); R2:=R~+1; 
STC(Rl,E:2l; 
RO!=S; DPTR:=RG; 

E~C; 
BEGIN CCMMENT BITS CC~STANT; 

R3:=!; GOTO Ll; 
E~C; 
EEGIN CCMMENT CHAR COt\STANT; 

R:5:=I; GOlD Ll; 
Et\C; 
~ULL; CCMMENT ST~T~S CCNSTANT; 
NUll; COMMENT BOOl CONSTANT; 

Et\C; 
E~D; CCMMtt\1 END OF CASE 51; 

BEGlt\ COMMENT 52.- <llEM)::=~ID) = <CONSTA~T) 
Rl:=E:SP-3; Rl:=Rl Shll 1; 
~~:=R10+EPTRSTACK+Rl; LH(R3,B2l; R3:=R3 A~C #FF; 
IC(R4,TYPEJ; R4:=R4 A~D #FF; 
CLR(Rj,R4) ; 
IF ~= ThEN bEGIN RO:=14; XR:=RO; ERROR; ENC 
ELSE bEGIN 

CASE R.3 OF 
EEGIN 

BEGlt\ CC~MENT CPSE 1, NUMERIC CCt\STANT; 
Rl!=OATABUF AND #FFFF SHRL lit; 
~2:=R2+6; lH(R3,B21; 
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R4 :=C TBA SE+R3; IC (RO, 84) ; 
RO:=RO AND #FF SHRl 5; 
R5:=Rl+3; 
IF Rl~=RO AND R5~=RO THEN CC~MENT ILLEGAL ASSIG~ME~T; 
BEGIN RO:=l4; XR:=RO; ERROR; END 
ELSE SETVRBLCSCR; 

END; 
SETVRELCSCR; COMMENT CASE 2, BITS CONSTANT; 
SETVRBLOSCR; CO~~~NT CASE 3, C~AR CO~STA~T; 
BEGIN COMMENT CASE 4, STATUS CONSTANT; 

R2:=R2+6; LH(R1,B21; R3:=Rl S~LL 1; 
Rl:=Rl AND #FFFF; 

R4:=OESCRPTRBASE+R3; lH(R5,B4); 
R3:=R5 SHLl 1; R4:=RIO+(ESCRBUF+R3; lh(R3,B4); 

R3:=R3 AND #FFFF; 
ClR(Rl,R3); 
IF ~= THEN BEGIN RO:=14; XR:=RO; ERRCR; ENe 
ELSE BEGIN 

R4:=R10+DESCRBUF+l; STC(R5,B4~; 
ENe; 

END; 
BEGI~ CCMMENT CASE 5, BOOl CC~STANT; 

R2:=R2+6; LH(Rl,B2); 
k2:=R2-4; LH(RJ,B2); R3:=R~ SHll 1; 
R2:=DESCRPTREASE+R3; STH(Rl,E2); 

END; 
ENO; COMMENT END OF CASE STMT; 

Et\O; 
E~C; COMME~T END OF CASE 52. 

EEGI~ COMME~T 53.-" <CC~STANT)::=(NUMGRTAG> 
Rl:=l; STC(Rl,TYPEl; 

Et\C; 

BEGlt\ COMMENT 54.- <CCt\STA~T>::=<8ITS CC~STA~T) 
Rl:=2; STC{R1,TVPE); 

Et\O; 

~EGI~ COMMENT 55.- <CONSTANT)::=<CHAR CONSTA~l) 
R1:=3; STC(R1,TVPEl; 

E l\O ; 

tEGlt\ CC~MENT 56.- <CCNSTANT)::=(SlATUS CONSTA~T) 
R1:=4; STC(K1,TYPE); 

Ef\C; 

EEGI~ CCMMENT 57.- <CCNSTANT)::=<BCCl CO~ST~~T) 
R1:=5; STC(Rl,TVPE); 



Ef\O; 

eEGIN COMMENT 58.- <Baal CONSTANT):::TRUE ; 
Rl:=8SP SHLL 1; . 
R2:=R10+8PIRSTACK+Rl; 
R3:~l; STH(R3,82J; 

Ef\O; 

EEGIN COMMENT 59.- <BaOl CONSTANT)::=FAlSE 
Rl.:=BSP SHll 1; 
R2:=R10+BPTRSTACK+R1; 
R3:;R3-R3; STH(R3,B2); 

Ef\O; 

BEGIN COMMENT 60.- <NUMDRTAG)::=<~AG) 
Rl :=ESP SHlL 1; 
R2:~RIO+bPTRSTACK+~1; 
lr(R3 82); R3:=R3 ShlL 1; 
k4:=OESCRPTREASE+R3; LH(R3,B4); 
S T t- ( R3 , B 2 ) ; 

ET\C; 

NULL; NULL; 

aEGlf\ COMMENT 63.- <TAG CECL hEAO)::=<TAG OECL PEAO) (10) = 

R2:=37; GGTD STARTBSYN; 
ET\O; 

E~[; COMMENT END GF CASE STMT; 
END ELSE BSYNTHTWO; 

LM(RO,R6,SAVEREGS1; 
Ef\C; CGMMET\T END OF BSYNThESIZE; 

<REAL CONS 
T ANT) , 

GL(E~l PROCEDURE ANALYZE(R4); COMMENT THIS IS THE SLR(l) PARSER FOR THE 
MAIN GRA~~AR (CYf\A~IC ST~TEMENTS); 

BEGIN ARRAY 8 INTEGeR SAvEREGS; 
If\TEGER NEXTSYM8CL; 

AKkAY 150 IN1EGER STATESTACK = 150(0); 
INTEGER STATENUM =0, LASYMBCL = 0; 

PRCCEDURE PUSHANCREAD(R4l; 
BEGIN INTEGER SAVE4; 

5 A V E4 : = R4; R 1 : = S P j 
IF Rl < 150 THEN 
BEGIN 



Rl := Rl + 1; SP := Rl; 
Rl:=Rl SHLL 1; 
R4:=POINTER; 
R2:=RlO+PTRSTACK+Rl; 
STH(R4,B2) ; 
Ef\\D ELSE 
BEGIN 

R4:=3; XR:=R4; ERRCR; 
END; 
R1 := TCKEN; t\EXTSYMECL := Rl; 
R4: =@ANAL 'tZE; 
R4 := R4 + #7C; 
RTRNTOANAL:~R4; 
SCAN; . 
R4:=SAVE4; 

END; COMMENT END PUSHAt\CREAD; 

INTEGER CYCLEC~T=O; STM(RO,R7,SAVEREGS); 
WHlLE TRUE DO 
BEGIN 

R.l := CYCLECNT + 1; CYClECNT := Rl; 
R1 := SP SHLL 2; R2 := STATESTACKlRll SHRL e + 1; 
CASE R2 OF 
BEGIN 

COMMENT CASE!, READ ~IA LINEAR SEARCH; 
BEGIN 

PUSHANCREAD; R1 := STATENU~ SrLL 1; 
R2 := AREADSTART; 
R4 := SEGeASE + SEGTABLE{R2l + R1; LH(R2,B4); 
F<.l := Rl SHRL 1; R5 := ARCf\UtJ; 
R4 := SEGBASE + SEGTABLE(R5) + R1; 
IC(R3,B4); R3 := R3 AND MASK; 
R3 := R3 + R2; R4 := f\EXTSY~BCL; 
R5 := ASYMLIST; 
R6 := SEGBASE + SEGTABlE(R5) .. R2; IC(R5,B6); 
R5 := R5 AND ~ASK; 
WHILE R4 ~= R5 AND R2 < R3 CG 
BEGlf\ 

g2 .- R2 + i; R6 := R6 + 1; IC(R5,B6); 
END; 
R2 := R2 SHLL 1; 
R4 := ASTATELIST; 
R3 := SEGBASE + SEGTABLE(R4) + R2; 
LH(R1,B3); Rl != Rl At\D MASKFfFf; 
R2 := SP SHLL 2; STATESTACK(R2) := Rl; 
R 1 : = R 1 AND MAS K; S TAT EN U M : = R 1 ; 

END; 
COMMENT CASE 2, READ VIA AN ARRA~ ACCESSS; 
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BEGIN 
PUSHANOREAD; R1 : = STATENUtJ. Sl-lL 1; 
R2 := ARE~DSTART; 
R3::= SEGEASE + SEGT,oBLE(R2) .. Rl; LH(R2, 83); 
R2 := R2 + NEXTSY~BCL SHll 1; Rl := ASTATELIST; 
R3 := SEGEASE + SEGTABLE{Rl) + R2; LH(Rl,B3); 
Rl := R1 AND ~ASKFfFF; 
R 2 • - S P SH II 2; S TAT EST A C I< (R 2) : = R 1 ; 
Rl := R1 AND MASK; STATENUM := Rl; 

END; 
COMMENT CASE 3, REDuCE; 
BEGIN 

Rl := STATENUf'I; PPCCNUM := R1; SYNTf-ESIZE; 
Rl := STATENUM; R2 := ANUMTCPCP; 
R3 := SEGeASE + SEGTABi.,E(R2) .. Rl; 
IC(R2,B3l; 
R2 != R2 AND MASK; R3 := SP ~ R2; SP := R3; 
Rl := R1 SHlL 1; R2 := AREC~CESUCC; , 
R3 := SEGBASE + SEGTABLE(R2l + Rl; LH(R2,83); 
Rl := SP SHLL 2; STATESTACK(R 1) := R2; 
R2 .- R2 AND fJASK; STATENUtJ := R2; 

END; 
COMMENT CASE 4, LOOK A~EAD (GRCINARY); 
BEGIN 

Rl := TOKEN; LASYf'lBCL := Rl; R2 := Rl SHRL 3; 
R5 := STATENUM * LATAESIZE .. R2; 
R3 .- R1 AND ~ASK7; R4 := 7 - R3; 
R3 := AlATABlEj 
R6 := SEGeASE + SEGTABlE{R3) .. R5; lC(Rl,B6); 
Rl := Rl AND MASK SHRl R4 AI\C MASKl; 
IF R1 = 1 THEN 
BEGlt\ 

Rl := STATENUM SHLL 1; 
R2 := ASUCCSTATE; 
k3 := SEGBASE + SEGTABLE(R2) + Rl; 
LH(R2,B3l; 

END ELSE 
BEGlf\ 

Rl := STATENUM Shll 1; 
R2 := AFAILSTATE; 
R3 := SEGBASE + SEGTABLE(R2) + R1; 
LH(R2,E3l; 

END; 
R2 : = R2 AND MASKFFFF; R1 : = SP SHLL 2; 
STATESTACK(Rl) := R2; R2 := R2 AND ~ASK; 
STATEl\UM := R2; 

END; 
COMMENT CASE 5, LOOK A~EAD (FOR A PRODUCTION 



BEGIN 
Rl : = 
R5 ::;: 
R3 != 
R3 ! = 
R4 .
Rl .
IF Rl 
BEGIN 

WITH AN EMPTY R1GHT F~~T); 

TOKEN; LASY~EGl := R1; R2 := Rl SHRl 3; 
STATENUM ¥ lATA8SIZE + ~2; 
Rl AND MASK7; R4 := 7 - R3; 
AlATABLE; 
SEGBASE + SEGTA8LECR3) + RS; IC(Rl,B4); 
Rl AND MASK S~RL R4 A~D MASKl; 
= 1 THEN 

Rl := SP ShLL 2; 
R2 := STATESTACK(R1) ShRL c; 
WHILE R2 = 3 OR R2 = 4 CC 
BEGIN 

'R3 := STATEST~CK(Rll A~C ~ASK Srll 1; 
R4 := AFAILSTATEj 
RS := SEGBASE + SEGTAElE(R4) + R3; 

~~1~~S~~l~(Rl) := R4; 
R2 := R4 SHRL 8; 

Ef\O; 
R 1 : = SP + 1; SP : = R 1 ; 
Rl := STATENUM S .. LL 1; 
R2 := ASUCCSTATE; 
R2 :;: SEGBASE + SEGTABLE(R2) + Rl; LH(R2,83); 

END ELSE 
BEGIt-.. 

Rl 
R2 
R3 

END; 
Rl : = 
R.2 : ~ 

END; 
CCt-'MENT 
BEGIN 

.- STATENUM S~lL 1; 

:: ~~~J~~~ArE~EGTABLE(R2) + Rl; lH(R2,83); 

SP SHLL 2; STATESTACK(Rl) .- R2; 
R2 AND MASK; STATENU~ ;= R2; 

CASE 6, LOOK eACK; 

Rl := SP - 1 ShLL 2; R2 := ~TATENUM; 
R3 := Al8START; 
R4 .- SEGBASE + SEGTABlE(R3) + R2; IC(R3,E4); 
R3 := R3 AND MASK; 
R4 .- AL8f\UI~; 
RS .- SEGBASE + SEGTABLELR4) + R2; IC(R4,BS); 
R4 := R4 AND MASK + R~; 
R3 := R3 SHLL 1; R5 := AlBSTATE; 
R7 .- SEGBASE + SEGTA5LE(RS) + R3; 
LH(R5,B7); 
R6 := STATESTACK(R1); R3 := R3 SHRl 1; 
WHILE R6 ~= R5 AND R3 < R4 CC 
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BEGI~ 
R3 := R3 + 1 SHLL 14 R5 := ALBSTATE; 

R7 := SEGBASE + SEGTABLE(RS) + R3; LH(R5,B7); 
,R3 :; R3 SHRL ~; 

END; 
R3 .- R3 SHLl 1; Rl :='ARESUMSTATE; 
R7 .- SEGBASE + SEGTA8lE(Rl) + R3; LH(Rl,E7); 
R2 := SP SHLL 2; STATESTACK(R2) := Rl; 
Rl := Rl AND tv,ASK; STATENUtJ := Rl; 

END; 
COMMENT CASE 7, ERROR; 
BEGIN I~TEGER PREVERRCYCLE = #FFFfFFFF; 

RO := @W8UF; wRITE; 
Rl := CVCLECNT - 2; CYClECNT := Rl; 
IF Rl ~= PREVERRC~~LE THE~ 
BEGIN 

PPEVERRCYCLE := Rl; Rl := SP - 1 Shll 2; 
R2 := STATESTACK(Rl); 
IF R2 < 512 THEN 
BEGIN 

R2 := R2 AND ~ASK; 
R3 := ASYMBEFCRcREAD; 
R4 := SEGBASE + 5EGTAELE(R3) + R2; 
IC(R3,84) ; 

Ef\C ELSE 
BEGIN 

R2 := STATENU~; R3 := E5Y~8EFCRELA; 
R 4 : = S E G BAS E + 5 E G T ,6 E L E ( R 3) + R ~; I C ( R 3.., B 4) ; 

Et\O; 
R3 := R3 AND MASK; R2 := 2~; 
FeR R7 := 0 STEP 1 ~NTIL 1 DO 
BEGIN 

VPT := R3; Flt\O; Rl := LE~GTH - 1; 
FOR R6 := 0 STEP 1 UNTIL Rl DO 
BEGIN 

I C ( R 5 , BC D ( R c ) ); S T C ( R 5 , k E U F ( R 2) ) ; 
f<.2 : = R2 + 1· 

END; ~ 
R2 := R2 + 2; R3 := STATENLM; 
IF R3 = 255 T~EN R3 := NEXTSYMBOL 
ELSE R3 := LAS'tf'l80L; 
R3 := R3 AND MASK; 

Et\C; 
R4:=4; XR:=R4; ERRCR; 
MVC ( 131, WBUF, BLAi\K) ; 
MVC(17,WBUF,"PARTIAL PARSE IS: n); 
RO .- @WBUF; WRITE; MVC(17,wEUF,eLA~K); 
R2 := SP - 1 SHLL 2; 
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FCR Rl := 8 STEP 4 UNTIL R2 CO 
BEGIN 

R3 :: STATESTACK(Rl); 
IF R3 < 512 ThE~ 
BEGIN 

R3 := R3 AND MASK; 
R4 := ASY~EEFOREREAC; 
R5 := SEGBASE+SEGTA8lE(R4)+R3; 
IC(R4,B5); 

END ELSE 
BEGIN 

R3 := R3 AND MASK; 
R4 := 8SY~EEFCRELA; 
R5 := SEGBASE+SEGTA8lE(R4)+R3; 
IC(R4,85); 

END; 
R4 := R4 AND MASK; VPl := R4; Flt\D; 
MVC(63,WBUF(41,8COl; ~RITE; 
MVC(63,"BUF(4),ELANK); 

ENe; 
END; 
Rl := NEXTSYMBGl; 
IF Rl = 1 THEN 
BEGI" 

R4 :=5; XR: =R4; ERRCR; 
END ELSE 
BEGI~ 

\lPT := Rl; FINe; Rl := LE~C:TI- - 1; 
MVC( 16,WBUF,flT .... E INPUT Sy(llBGL,"); 
MVC(63,wBUF(20),eCC); 
MVC( 16,wBUF(60) ,tI ~ILL EE IGl\GREG:fI); 
RO := @WBUF; 
hRITE; MVC(131 ,~EUF,BLAl\K); 

END; 
Rl := STATENUfwi; 
IF Rl = 255 THEN 
BEGIN 
COMMENT ERRGR OCCURRED IN A READ STATE; 

Rl := SP - 1; SF := Rl; Rl := Rl SI-LL 2; 
R~ := STATESTACK(Rl) AND ~ASK; 
STATEf\UM := R2; 

END ELSE 
BEGIN 
COMMENT ERROR OCCURRED IN A LOOK-AHEAD STATE; 

R4:=@A~AlYZE; 
R4 :=R4 + #6B2; 
RTRf\TOANAL:=R4; 
seA N ; C 0 ,'-1 (V E NT S K I-P THE f\ EXT S Y M E C L ; 
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R 1 ! = R 1 S r.Ll 1; 
R2 := A5UCCSTATE; . 
R4 != SEGBASE + SEGTABLE(R2) + Rl; 

:LH(R2,B4); R2 := R2 AND MASKFFOO; 
LH(R3 ,84); R3 := R3 AND rvASK; 
R4 := ANUMTOPOP; R5 := SEGEASE+SEGTABLE(R4)+R3; 
IC(R4,E5J; R4 := R4 AND MASK; 
IF R2 = 512 AN[ R4 ~= 255 ThEN 

R 1 := STATENUM OR #CGCCC3CO 
ELSE Kl := STATENUM OR #00000400; 
R2 := SP SHLL 2; STATESTACI«R2) :; Rl; 

END; 
END; CC~MENT ENe OF CASf: 1; 
BEGIN COMMENT CASE a. EXIT; 

R 1 : = 1; T OK EN: = R 1; R 1 : = c; 
SP := Rl; STATEST~C~(RL) := Rl; 
BPTRSTACK(Rl) :=R1; 
STATE~UM := R1; GCTC xxx; 

END-
END; COMMENT END OF CASE(STATET~PE); 

END; CC~MENT END OF WHILE BLOCK; xxx: LM(RG,R7,SAVEREGS); 
E~D; CC~MENT END OF ANALYZE; 

GlCEAl PROCECURE BANALYZE(R41; CCMMENT THIS IS THE SLR(l) PARSER feR 
THE [ATA DECLARATIONS GRAMMAR; 

BEGI~ ARRA~ 8 INTEGER S~VEREGS; 
INTEGER NEXTSYMBOL; 
ARRAY 150 I~TEGER STATESTACK=150(O); 
INTEGER STATENUM=O, LASYMBOL=O; 
8YTE FTFLAG=#FF; COMMENT FIRST TIMF PUSHANCREAD IS CALLED FTFLAG IS 

SET; , 
INTEGER CYCLECNT=O; 

FHCCEDURE PUSH~NOREAC(R4); 
BEGIN ARRAY 4 INTEGER SAVER; STM(R1,R4,SAVER); 

Fl:=BSF; 
IF Rl<15C THEN BEGIN Rl:=K1+1; BSP:=Rl; 

Rl:=R1 SHLL 1-
R2:=RIo+ePTRsfACK+Rli 
R4:=PClf\TERi 
STH(R4,82l; 

E~C 
ELSE bEGIN R4:=3; XR:=R4; ERROR; Ef\C; 
IF FTFLAG THEN 
BEGIN Rl:=l; NEXTSYM8CL:=Rl; ENe 
ELSE ~EGIN Rl:=~TCKE~; NEXTSYMECL:=Rl; SCA~; END; 



L,.. (RI , 1<4, SAV ER J ; 
END; COMMENT END OF PUSHANOREAD; 

ST~(~O,R7,SAVEREGS); 
SE1(FTFLAGl; 

RC:=RO-RO; BSP:=RO; 
hhILE TRUE OG 
BEGI~ 

Rl:=CYCLECNT+l; CYCLECNT:=RI; 
Rl:=ESP SHLL 2;" R2:=STATESTACK(Rl) SHRL a + 1; 
CASE R2 CF 
BEGIN 

CC~MENT CASE 1. READ VIA LINEAR SEARCH; 
eEGIN . 

PUSHANDREAO; RESET(FTFlAGl; RI:=SlATE~L~ SHlL 1; 
R2 := AREADSTART; 

R4:=ESEGBASE+BSEGTABLE(R2)+Rl; Lh(R2,B4); 
Rl := RI SHRL 1; RS := ARDf\Lrv; 

R4:=ESEGBASE+BSEGTABLE(R5)+Rl; 
I C ( R3 , 64 ); R3 : = R 3 A l\ 0 r--1 ASK; 
R3 := R3 + R2; R4 :~ NEXTS~~B(L; 
R5 := ASYMLIST; 

R6:=BSEG8ASE+8SEGTABLE(PS)+R2; IC(R5,Et}; 
R5 := RS AND MASK; 
WHILE R4 ~= RS ANC R2 < R3 [0 
8EGII\ 

R2 := R2 + 1.; R~ := R6 + 1; IC(R5,B6); 
END; 
R2 := R2 SHlL 1; 
R4 := ASTATElIST; 

R3:=SSEGBASE+BSEGTABlE{R4)+R2; 
LH(Rl,B3); Rl := Rl AND t .. 1ASKFFFF; 
R2 :=BSP SHLL 2; STATESTACK(R2) := Rl; 
RI := RI AND MASK; STATENUftI: := Rl; 

END; 
COMMENT CASE 2, READ VIA AN ARRA~ ACCESSS; 
BEGIN 

PUSHANOREAD~ R1 := STATENUM S~LL 1; 
R2 := ARE,llOSTART; 
R3 :=BSEG8ASE +BSEGTABlE(R2) + RI; lh(R2,83); 
k 2 : = R 2 + N EXT S Y i-1 b 0 L S H L L 1; R 1 : = A S 1 ATE LIS T ; 
R3 :=bSEGEASE +bSEGTABlE{Rl) ~ R2; lH(Rl,B3); 
Rl := Rl AND MASKFFFF; 
R2 :=BSP SHLL 2; STATE~TACK(R2) := Rl; 
RI .- Rl ANO MASK; STATENU~ := Rl; 

END; 
COMMENT CASE 3, REDUCE; 
BEGIN 



Rl := STATENUM;BPR(C~UM := Rl;BSYNThESIlE; 
Rl := STATENUM; R2 := ANUMTCFCP; 
R3 :=2SEGBASE +BSEGTABLE{R2) ~ R~; 
IC(R2,B3) ; 
R2 := R2 AND MASK; R3 :=BSP - R2;8SP := R3; 
Rl := R1 SHLL 1; R2 := AREClCESuCC; 
R3 :=BSEG8ASE +BSEGT~BLE(R2) + Rl; lH(R2,B3); 
Rl :=ESP SHLL 2; STATE~TACK(Rl) := R2; 
R2 := R2 AND MASK; STA1ENUrv := R2; 

END; 
COMMENT CASE 4, LOOK AhEAD (ORDINARY~; 
BEGIN 

Rl :=BTOKEN; LASYf'J8CL := Rl; R2 := R1 SHRl 3; 
R5 := STATENUM *BLATAbSlZE ~ R2; 
R3 := R1 AND ~ASK7; R4 := 7 - R3; 
R3 := ALATAbLE; 
R6 :=ESEGBASE +BSEGTABLE(R3) .. R5; IC(Rl,86); 
Rl .- Rl AND MASK SHRL R4 A~C ~ASK1; 
IF Rl = 1 THEN 
BEGlf\ 

Rl := STATENUM SHLL 1; 
R2 := ASUCCSTATE; 
R3 :=8SEGbASE +ESEGTABLE(R~) + Rli 
lH(R2,03) ; 

END ELSE 
BEGlf\ 

Rl := STATENUM SHlL 1; 
R2 := AFAILSTATE; 
R3 :=BSEGcASE +ESEGTABLE(R2J + &1; 

. LH{R2,B3); 
·END; 
R2 := R2 AND MASKFFFF; Rl :=BSP SHlL 2; 
STATESTACK(Rll := R2; R2 := R~ AND ~ASK; 
STATEI\UM := R2; 

END; 
COMMENT CASE 5, LOOK AHEAD (FOR A PRODUCTION 

~ITH AN EMPTY RIGHT F~RT); 
BEGIN 

Rl :=ETOKEN; LASYf'.180L := Rl; R2 := Rl SHRL 3; 
R5 := STATENUM *BLATAESIZE + F2; 
R3 := Rl AND MASK?; R4 := 7 - R3; 
R3 := ALATAbLc; 
R4 :=l3SEGBASE +BSEGTA8l.E(R3) ~ R5; lC(R1,B41; 
Rl .- Rl AND MASK SrRL R4 A~C MASK1; 
IF Rl = 1 THEN 
BEGIN 

Rl :=BSP SrLL 2; 
R2 .- STATESTACK(Rll Sh~l S; 



wHILE R2 = 3 OR R2 = 4 DC 
BEGIN 

R3 := STATESTACKtRll A~C ~ASK SrLL 1; 
R4 .- AFAILSTATE; 
R5 :=BSEGBASE +B~EGTAeLE'R4) + R3; 

k~~~~S~~t~(Rll := R4; 
R2 := R4 ShRL 8;. 

END; 
Rl :=BSP + l;BSP := Rl; 
Rl := STATENUM 5~lL 1; 
R2 := ASUCCSTATE; 
R3 :=BSEG8ASE +BSEGTABlE(RZl + Rl; lH(R2,B3); 

END ELS E 
BEGlf\ 

R 1 : = 5T AT ENUM SHlL ~; 
R2 := ~FAILSTATE; 
R3 :=BSEGBASE +ESEGIA8lE(R2~ + Rl; lH(R2,B3); 

END; 
Rl :=BSP 5HLL 2; STA1ESTACK(Rl) := R2; 
R2 := R2 AND MASK; STA"fENLf'I := R2; 

END; 
CO~MENT CASE 6, LOCK EACK; 
BEGIN 

R 1 : = e S p - 1 S H L L 2; R 2 : = S TAT EN U f-1 ; 
R3 :~ AlBSTART; 
R4 :=BSEGBA5E +BSEGTA~lE(R3j + R2; IC(P3.S4); 
R3 := R3 AND MASK; 
R4 := AlBf\UM; 
R5 :=BSEGBA5E +BSEGTABLE(R4) + R2; IC(R4,B5); 
R4 := R4 AND MASK + R3; 
R3 := R3 SHLL 1; R5 := ALBS1ATE; 
R7 :=BSEGBASE +BSEGTA5LE(R5l + R3; 
LH(R5 f 27); 
R6 := STATESTACK(Rl); R3 := R3 SHRL 1; 
WHILE R6 ~= k5 ANC R3 < R4 CC 
BEGlt\ 

f<.3 := R3 + 1 SHLL 1;(. RS := ALB5TA1E; 
R7 :=6SEGEASE +BSEGTABLE(RS) + R3; LH(R5,B7); 

R3 := R3 SHRl 1; 
END; 
R3 : = R3 SHLL 1; R 1 := ARESU~~TATE;.. 
R7 :=BSEG8ASE +8SEGTABLE(R1J + R3; lh(R1,87); 
R2 :=BSP SHLL 2; STA1ESlACI«R2) := Rl; 
kl := Rl AND MASK; STATENUM := R1; 

END; 
COMMENT CASE 7, ERROR; 
BEGIN I~TEGEF PREVERRCVCLE = #FFFFFFFF; 



RO := @hBLF; ~RITE; 
Rl := CYCLECNT - 2; CYCLECNT := Rl; 
IF Rl ~= PREVERRCYCLE THEN 
BEGIN 

PREVERRCYCLE := Rl; Rl :=B5P - 1 SHLL 2; 
R2 := STATESTACK{Rl); 
IF R2 < 512 THEl\ 
BEGIN 

R2 := R2 AND ~ASK; 
R3 := ASYM3EFGREREAD; 
R4 :=8SEGBASE +BSEGTABLE(R3J + R2; 
I C ( R3 , 84) ; 

END ELSE 
BEGIN 

R2 := STATE~~~; R3 := ESY~BEF[RELA; 
R4 :=BSEGBASE +8SEGTABlE(R3J + R2; IC(R3,E4); 

Er\C; 
R3 := R3 AND MASK; R2 := 33; 
FOR R7 := a STEP 1 ~~TIl 1 DC 
BEGIN 

vPT:=R3; BFIl\C; Rl:=lE~GTr-l; 
FJR R6 := a STEP 1 UN1IL Rl DO 
BEGIN 

IC(R5,BCO(R6»; STC(~5,WEUF(R2)); 
R 2 : = R2 + 1; 

END; 
R2 := R2 + 2; R3 := STATENcM; 
IF R3 = 255 ThEN R3 := ~EXTSY~iliCL 
ELSE R3 :.=: LASYfVBOl; 

.' R3 := R3 AND iVASKj 
. ENe; 

R4:=4; XR:.=:R4; ERRCR; 
MvC'131,WB~F,BlA~K); 
MVC(17,WBUF,"PARTIAL PAR~E IS: II); 
RO := @WBUF; WRITE; MVC(17,WEUF,ELAl\K); 
R2 :=BSP - 1 SHLl 2; 
FeR Rl := 8 STEP 4 UNTIL R2 CO 
BEGIN 

R3 := STATESTACK(Rl); 
IF R3 < 512 TI-EN 
BEGIN 

R3 := R3 Al\O MASK; 
R4 := ASY~BEFOREREAC; 
R5 := BSEGEASE + ESEGTABLE{R4) + R3; 
IC(R4,B5) ; 

ENe ELS E 
BEGIN 

R3 := R3 Al\O MASK; 



R4 := BSY~EEFORELA; 
R5:=BSEGBASE + BSEGTABlE(R4) + R3; 
IC(R4,BSJ; 

END; 
R4 := R4 AND fJASt<; VF1 := R4; 8FIND; 
MVC(63,WBUF(4),BCOJ; ~RITE; 
MvC(63,~BUf(4),eLANK); 

END; 
END; 

·Rl := NEXTSYMEGl; 
IF R 1 = 1 THE N 
BEGIN 

R4:=5; XR:=R4; E~ROR; 
EN 0 EL.SE 
BE G-I N 

VPT:=;:~l; BFINC; Rl:=LENGTr-l; 
MVC( 16,WBUF ,ItTHE INPUT S'tfJECl,U); 
MVC(63,WBUF{20),BCO); 
~ V C { 1 6 , 1~ 5 U F ( 60 ) ,II WIt LEE I G f\ 0 e. E C : II ) ; 

RG := a:wBUF; 
WRITE; MVC(131,W8UF,BLANK); 

END: 
Rl := STATENUM; 
IF Rl = 255 TrEN 
BEGli\ 
COMMENT ERROR OCCURRED IN A READ STATE; 

Rl :=esp - i-BSP := Rl; Rl ::;: &1 SHLL 2; 
R2 := STATEStACK(Rl) ANC ~ASK; 
!:>TATENUM := R2; 

END ELS E 
BEGI~ 
COMMENT ERROR OCCURRED IN A LOGK-AHEAC STATE; 

SCAN; COMMENT SKIP ThE NEXT SYMBOL; 
Rl := Rl SHLL 1; 

R2 != ASUCCSTATE; 
R4 :=ESEGBASE +BSEETABLEtR2) ~ Rl; 

LH(R2,B4); R2 := R2 AND f'JASKFFOO; 

~~~~~NG~f6F~~;:RS~~B~~8~~~~~~SEGTAELEtR4J+R3; 
IC(R4,BSJ; R4 := R4 AND fIIASK; 
IF R2 = 512 AND R4 ~= 25~ THEN 

Rl := STATE~tJ~ CR #OGCOC300 
ELSE Rl := STATENUM OR HCCCOC400; 
R2 :=tSP ShLL 2; STATESTACK(R2J := Rl; 

END; 
END; COMMENT END OF CASE 7; 
BEGIN CC~MENT CASE 8. EXIT; 

Rl:=l; 5TCKEN:=Rl; Rl:=O; 



asp := R1; STATESTACK(Rl) := Rl; 
PTRS1ACK(Rl):=R1; 
STAIENUM ;= R1; GCT( xxx; 

END· .. 
END; COMMENT tND CF CASE(STATETYFE); 

END; COMMENT END OF ~HIlE BLOCK; xxx: LM(RQ,R7,SAVEREGSJ; 
END; CO~MENT END CF eANALYZE; 

GLOeAl PROCEDURE INIT1~O(R4); COMME~T CGNTINLATION GF I~ITIALlIZE; 
eEGI~ ARRAY 5 INTEGER SAVEREGS; STMlRO,R4,SAVEREGS}; 
COMMENT PRELOAOING OF RESERVED WORes INTO SY~E(l TABLE, ANC INITIAL
LIZATION OF SEMAN AND STCHAIN; 
(CM~ENT FIRST INITIALIZATIGN OF SE~~~ AND STCtAI~ ~TO 1) ; 
R~:=SEMBASE-l; COMMENT R2 hIll HAVE ACCRESS CF SEMAN'O-TO 81); 
R3:=STCHAI~BASE-2; COMMENT R3 ~ILl HAVE ADDRESS CF STCHAIN{O TO S?); 

RC:; 1; 
FOR Rl:=55 STEP 1 ~NIIL 148 DO 

8EGI~ COMMENT R1 HAS SEMANTIC VALUE; 
R~:=R2+1; STC(Rl,B2.); R3:=R3-t2; STt-(RO,B3); 

E t\ C ; 

C(~MEt\T INITI~lIZATIC~ GF IDENTRY A~( r.ASHTeL; 
R~:=RS; Rl:;STBASE; 
fJV(S,Bl, nABS II); RO:=O; R2::::R4+1332; STH(RO,B2l; 
Rl:=Rl +10; MVC(9,Blt..uALTC_DO II}; RO:=l; R2:=R4-t940 ; STh(RO,B2); 
R 1 : = R l + 1 0; M V C ( 9 , B l , II- AND II); R C : = 02; P 2 : == R 4 + 2040; S T H ( R 0 , e 2 ) ; 
Rl:=f<l+lO; fJVC(9,Bl,UANDl It); RO:=C3; R2:=R4+Glf:.8; STH(RO,B2); 
R 1 : = R 1 + 1 0; M VC ( <3 ,B 1 , f, 8 EG I f\ II); R G : =04:; R 2 : = R4 + 1 0 2 2; S T r ( RO , e 2 ) ; 
Rl:=Rl+lO; MVC(9,Bl,UEITS II); RC:=C5; R2:=R4+00CO; STH(RG,8Z); 
Rl:=Rl+lO; fJVC(9,Bl,"BITSTRING II); RO:=06; R~:=R4+1982; STH(RO,S,,); 
Rl:=Rl+lO; MVC(9,B1,"BOCLEAN It); RC:=Q7; F2:=R4+2162; STH(RO,82); 
R1:=Rl+10; MVC(9,81,It-CALL If); HG:=Oe; R2:=R~+1944; STH(RO,82); 
Rl:=Rl+lO; MVc'(9,Bl,"CASE II); RO:=09; ~2:=R4+1378; STI-:(RO,B2); 
Rl:=Rl+lO; MVC(9,Bl,"CAT tt); RC:=lO; R,,:=R4+1856; STH(RO,B2); 
Rl:=f<l+lO; MVC(9,Bl,"CIRShll II); RO:=ll; R2:=R~+1936i STH(RO,B2); 
Rl:=Rl+lO; MVC(9,Bl,nCIRSHRL II); RO:=l2; R2:=R4+0246; STt-(RO,82J; 
Rl:=Rl-tlO; ~VC(9,Bl,1t-(HARCODE If); RC:=13; R2:=R4+1SC2; STH(RO,E2); 
t< 1 : = R 1 + 1 0 ; M V C ( 9 , b 1 , tt C C [ E C H A R " l; RO: = 14; R 2 : ~ R 4 + 0"1 .2 0; S T H ( R 0, B 2 ) ; 
R 1: = R 1 + 10; r-1 V C ( 9 , B 1 , .! 0 E CO 0 E II); R C : = 15 ; R 2 : = R 4 + Z 092; S T H ( R 0 , E 2 j ; 
Rl:=Rl+10; MVC(9,Bl,"CO II); RO:=16; R2:=R4+0188; STH(RC,B2); 
F< I: = R 1 + 10; M VC ( 9 , B 1 1 II E L S E 'I); R 0 : = 17; F 2 : = F<LJ + 03 t 4; S T h ( R 0, B 2 ) ; 
R 1: = R 1 + 10; M V C ( 9 , B 1 , .LE N COD E II J; Fe: = 18; R,,: ~ R 4" 1 t C 6; S T t ( R 0 , B 2 j ; 
Rl:=Rl+lO; fJVC(9,Bl,HENC If); f~G:=19; R2:=R4+00€O; STr,(RO,82); 
Rl:=Rl+lO; MVC(9,Bl,I~-Ef\D DO II); RC:=20; F2:=R4+1164; STt-,(RO,E2); 
R 1 : = R 1 + 10; M V C ( 9, B 1 , It. ENe: T A Bl E .. ); fC. C : = 2 1 ; R 2 : = R ~ + 1-45 G; S T H ( R 0 , e 2 J ; 



Rl:=Rl+lO; tJVC(9,Bl,"EXTREF It); 
Rl:=Rl+10; MVC(9,Bl,IlFIElD II); 
R 1 : = R 1 + 10; tJ V C (9 , B 1 , It-F IX ED II ~ ;. 

Rl:=Rl+lO; MVC(9,Bl,IiFlOAT II); 
Rl:=Rl+lO; MVC(9,Bl,UFOR II); 
Rl:=Rl+lO; tJ:VC(9,Bl,UFCR~AT II); 
Rl:=Rl+lO; r-1VC(9,Bl,UFROM II); 
Rl:=Rl+lO; MVC(9,Bl,"FlOOVERLAYU); 
Rl:=Rl+lO; MVC(9,Bl,"FLf\CTION "l; 
Rl:=Rl+lO; tvI.vC( 9,Bl,"G010 II); 
R 1 : = R 1 + 1 0; MV C (9 , B 1 , 1"-1 F " t ; 
Kl:=R1+10; MVC(9,Bl,"1f\PUT IIJ; 
Rl:=Rl+lO; ~1VC(9,Bl,"INTEGER II); 
R1:=Rl-+10; MVC(9,Bl,"INTO "l; 
Rl:=Rl+lO; MVC(9,Bl,"If\OIRCT 11); 
Rl:=Rl+lO; MVC(9,81,"ITEfJ AREA II); 
Rl:=Rl+lO; MVC(9,Bl,"LCC_TIC ul; 
Rl:=R1+10; MVC(S,Bl,ltNOT II); 
R 1 : = R 1 + 1 0; M V C ( 9 , B 1 , .! NOT L " ) ; 
Rl:=Rl+lOi MVCt 9,B1 ,1If\Lf'lBER II~; 
R 1: = R 1 -+ 10; M VC ( 9 , b 1 , '''QC M dJ) ; 
R 1 : = R 1 + 1 0; M V C ( 9 , B 1 , flC Rill ; 
R 1: = R 1 + 1 0 ; M VC ( 9 , B 1 , II C R L .. ) ; 
Rl:=f<l+lO; MVC(9,Bl,"Gf It); 
Rl:=Rl+lO; fJVC(9,Bl,IiCLTOF II); 
Rl:=Rl+lO; MVC(9,Bl,IIOLTPUT It); 
R 1 : = R 1 -+ 1 0 ; M V C ( 9 , B 1 , ff'"C V E R LAY II ) ; 

R 1 : = R 1 + 1 0; M VC ( 9 , B 1 , '''F A C K I 1\ '1) ; 
Rl:=Rl+lO; MVC(9,t31,"PklNT U); 
R 1 : = R 1 + 1 0; M V C ( 9 , B 1 , Ie P R C C E CU R E "); 
Rl:=Rl+10; MVC(9,Bl,"PNCH "l; 
Rl:=Rl-+ 0; MVC(9,bl,IIREAO II); 
Rl:=R1+10; MVC(9,Bl,"REtJ Itl; 
Rl:=Rl+lO; MVC(S,Bl,URESUME II); 
Rl:=Rl+lO; MVC(9,bl,"RETURN II); 
Rl:=Rl+lO; MVC( <;,131 ,ItRETUR1\TO tI); 
Rl:=f<1+1.0; MVC(9,Bl,"-SEARCH II); 
Rl:=Rl+lO; MVC(9,Bl,"SELECT fI); 
F<1:=R.1+10; MVC(9,Bl,"SHLl II); 
Rl:=Rl+lO; MVC(9,Bl,ItS~RL II); 
~1:=~1+lO; rv.VC'9,Bl,uSTEP fll; 
R l:=R 1+10; MVC( 9,81, ILSLBCHAR II); 
Rl:=~1+10; MVC(9,81,"SYSTEM II); 
Rl:=Rl+10; MVC(9,Bl ,u'SYS~QO II); 
Rl:=R1+10; MVC(9,Bl,"SYS PROC II); 
~ 1 : = ~ 1 + 10; fJ V C (9 , d 1 , "S Y S- F k C C_ R II ) ; 

R 1 : = R 1 + 1 0; M V C ( 9 ,8 1 , It-S L 8 JAB L E " ) ; 
f11:=Rl+lO; MVC(9,Bl,"(r.AR II); 

1<0:=22; 
I<.C:=23; 
RQ:=24; 
RO:=~:5; 
R.C! =26; 
PO:=27; 
RO:=28; 
RC:=29; 
RO:=30; 
RC:==2,l; 
R-O:=32; 
RO:=33; 
RC:=34; 
RO:=35; 
RG:=36; 
RC:=37; 
RO:=38; 
R8 ·-~9· . • -_I , 

R : =40 ; 
f1,O:=41; 
RC:=L:~2; 
R C: = L}3 ; 

RC:=44; 
RC:=45; 
R.d:=t,·6; 
RC: =4· 7; 
RO:=48; 
RO:=49; 
R(:=50; 
R-C:=51; 
RG:~52; 
kC!=53; 
RO:=54; 
PC:=55; 
RO:=56; 
RO:=57; 
F<C:=58; 
PC:=~i9; 
RC:=60; 
RC:=61; 
RO:==62; 
RC:=6~; 
RO:=64; 
R"O : ==65 ; 
RC:=6b; 
F-O:=67; 
RG:=68; 
RC:=69; 

~2:=R4+1272; STh(RO,8Z); 
R2:=R4+1102; STr,(RC,EZ); 
R2:=R4+1.7l:8; STH(RG,B2); 
F2:=R4+2124; ST~(RO,B2); 
R2:=R~+t782; STH(RO,B2); 
~2:=R4+23S4; STh(RO,82); 
F2:=R4+2042; STh(RO,E2); 
R~:=R4+104t; STh(RO,E2); 
R~:=R4+230c; STr(RO,B2); 
R2:=R4+19S0; STH(RO,E21; 
R2:=R4+1210; STH(RQ,82); 
F2:=R4+0610; ST~(RO,e2); 
R2:=R4+2086; ST~(RO,82); 
R2:=R4+0182; STH(RC,B21; 
F2:=R4+185C; STr(RO,E2); 
R2:=R4+1748; STH(RC,B2); 
R2:=R4+2426; STh(RG,82); 
F2:~R4+0~22; STh(RO,E2ti 
R2:=R4+2428; STH(RG,82t; 
R2:=R4+0768; ST~'RO,82); 
R2:=R4+0458; STh(RO,B2); 
R2:=R4+0958; STH(RO,B2); 
R2:=R4+1604; STh(RO,e2); 
R2:=R4+0126; STH(RC,B2); 
R2:=R4+0908; STH(RO,B2li 
R2:=R4+0?74; STr.(RO,c2~; 
R2:=R4+~112; STH(RC,82); 
~2:=R4+1148; ST~(RO,B2); 
~2:=R4+2406; STb{RO,82~; 
R2:=R4+14S6; STH(RU,b2); 
R2:=R4+L418; STr(RO,E2); 
R2:=R4+1824; STH(RO,B2); 
R2:=R4+2094; STH(RO,B2); 
R2:=R4+Z348; ST~(RO,e2); 
R2:=R4+a5~2; STH(RG,~2); 
F2:=R4+23S2; ST~(RO,B2); 
R2:=R4+l868; STr(RO,B2); 
R2:=R4+1922; ST~(RG,82); 
R2:=R4+G928; S1~{RO,B2j; 
P2:=R4+16S6; STH(RO,82); 
R2:=R4+15c6; STh(RO,82); 
R2:=R4+0240; STH(R0,E2); 
R2:=R4+l282; STH(RO,B2); 
F2!=R4+1122; ST~(RO,E2); 
R2:=R4+l514; STh(RO,B2); 
F2:=R4+0134; STH(RG,B2); 
R2:=R4+0320; ST~(RO,82); 
R2:=R4+C~l:2; STH(RC,E2); 



Rl:=Rl+lO; tv:VC(9,Bl,"STATUS II); 
Rl:=Rl+10; MVC(9,Bl,"SET "); 
Rl:=R1+10; MVC(9,81,USWAP tI); 
Rl:=Rl+10j MV.C(9,Bl,"TAG II); 
Rl:=Rl+lO; MVC(9,Bl,"TABLE "l;. 
Rl:=Rl+lO; fJVC(9,Bl,"TC II); 
Rl:=Rl+lO; MVC(9,Bl,UTHRU- II); 
Rl:=Rl+lO; MVC(9,Bl,"THEN II); 
R 1 : = R 1 + 1 0 ; t~ V C ( 9 , B 1 , II U N P C K II J ; 
Rl:=Rl+lO; NVC(S,Bl,u\JARY tIl; 
R 1 : :: R 1 + 1 0; f'-1 V C ( 9 , B 1 , II V R B L " ) ; 
Rl::Rl+10; MVC(9,Bl,"~HIlE It); 
Rl:=Rl+lO; MVC(9,Bl,"FALSE II); 
Rl:=Rl+lO; ~VC{9,Bl,IITRUE If); 
Rl:=Rl+lO; MVC(9,Bl,"CCBEGIN II); 
Rl:=!<l+lO; MVC(9,Bl,"COENC II); 
Rl::Rl+lO; MVC(9,Bl, tl fREE It); 
Rl:=Rl+lO; MVC(9,Bl,"RESERVE II); 
Rl:=Rl+lO; MVC(9,Bl,"hAIT "); 
R 1: = R 1 + i 0; M VC ( 9 , B 1 , .-. C C R AD") ; 
Rl:=Rl+lO; MVC(9,Bl,"COUNl tI); 
t< 1 : = R 1 + 10; f'J V C ( 9 ,51 , II S T CP" ) ; 
Rl:=Rl+lQ; MVC(9,Bl,"I(\TERRUPT II); 
Rl:=R~+lO; MVC(9,Bl,"SUBSCRPT tI); 

FClf\TFREE:=RO; 
L~'RC,R4,SAVEREGS); 
E~D; CCMMef\T END OF INITTWO; 

RO:=70; 
RO: :;,' 1 ; 
RG:=72; 
RO:::73; 
RC:=74; 
RO:=T5; 
RO:=7'6; 
RC:=77; 
RO:=78; 
RC:=79; 
RC:=SO; 
E<O:=Bl; 
RC:=82; 
RO:=B3; 
PO:=84; 
RC:=85; 
RO:=86; 
RC:=87; 
RC:=8S; 
RO:=89; 
RC:=90; 
RO:=91; 
RQ:=92; 
RC:=93; 

R2:=R4+1188; STr(RC,BL); 
R~:=R~+l356; STH(RO,B2); 
R~:=R4+1C5G; STH(RG,B2); 
~2:=R4+0708; ST~(RO,E2); 
R2:~R~+iOS8; STH(RO,B2); 
R2:=R4+2330i STH(RC,82); 
R2:=R4+0006; STH(RO,82J; 
R2:~R4+2332; STH(RC,E2l; 
R~:=R4+1422; STH\RC,B2); 
~2:=R4+0672; STH(RO,E2); 
P2:=R4+0112; STH(RC,B2); 
~2:=R4+1652; ST~(RO,B2); 
R2:=R4+13S6~ ST~(RO,E2l; 
R2:=R4+0510; STh(RO,B2); 
82:=R4+1462; ST~(RO,B2); 
R2:=R4+241t; STH(RG,B2); 
R2:=R4+2294; STH(R0,B2); 
R2:=R~+Z340; STH(RO,EZ); 
R2:=R4+18C6; STH(RO,B2); 
f<2:=R4+2314; STb(RO, E2); 
R2:=R4+0020; STb(RO,B2l; 
R2:=R4+1284; STh(RO,62); 
R2:=R4+0042; ST~(RO,E2); 
R2:=R4+08S2; STH(RC,B2); 

GLOBAL PROCEDURE INITIALIZE(R4); CQ~~ENT IT SETS UP THE 
CONDITIONS NEEDED TO START EXECLTION 
COMPILER; 

OF THE 

BEGIN ARRAY 5 INTEGER SA~EREGS; ST~(RO,R4,SA~EREGS); 

RO := @WBUF; 
MVC(43,WBUF," CMS-2RS COMPILER VER5ICi\ CF JU~E 1973."); 
kRITE; MVC(72,WBUF,BLANKl; WRITE;-RRITE; PRINTOATE; 
P R I N TIM E; M VC ( 8 , ~ B U F , "T P DAY I S II); 
HVC(O ,WBUF( l6) ,"<Lit); 

RC:=@wBUF; 
h R I T E; M VC ( 13 1 , w B LJ F , B LAN K ); W R I T E ; W R I T E ; 

CO~~Ef\T INITIAL SETUP BEFORE CALLING GETCHAR FOR T~E FIRST TIME. CP 
AND CARDCOUNT ARE I~ITIALLIZEC IN DECLARATIONS; 

RC:=a;CBUF; READ; 
IF LISTFLAG THeN 
EEGlf\ 

RO:=CARDCCUNT; CVD{RO,CO~WORK); UNPK(3,7,WEUF(15),CON~ORK); 



SE1ZONE( ~BUF(18); l"\lC(79,WBLJF(22) ,(BUF); 
RO:~@WBUF; WRITE; MVC(131,WBUF~BLANK); 

Et\D; 
GE1CI;AR; 

SEGBASE := R12; COMl"ENT SAVE BEGINNING ACLRESS OF PARSING TABLES 
FOR ~AIN GRA~MAR; 

ESEGBASE:=R1L; COM~ENT 'SAVE BEGI~~I~G ADDRESS GF PARSING TABLES FOR 
DATA CECLAR~TIONS GRAMMAR; 

R1 := NUMTERMINAlS + 1 SHRL 3; 
R2 := NUMTERMINALS + 1 AND #7; 
IF RZ > 0 THEN R1 := Rl + 1; 
LATABSIZE := R1; 

to'VC(2,VSTRING'10),"EOF") ; 

Rl:=BNUMTER~INALS + 1 SHRL 3; 
R2:;8NUMTERMINALS + 1 AND #7; 
IF R2 > 0 THEN Rl:=Rl+1; 
BlATABSIlE:=R1; 
MVC(Z,BVSTRING(lO ),"EOF"); 

COM~ENT SETTING-UP OF SYMBOL TABLE MEMORY AlLCCATICN, BASE ADDRESSES 
A1\C lIfJITS; 

GETCGRE; CCMMENT GETCORE RETURNS BASE ADDRESS A~D LE1\GT~ OF MEl"CPY 
ALLOCATED TO SYM8Cl TABLE; 

STBASE:=R1; COMMENT BASE ACORESS OF SYMBOL TABLE; 
STLENGTH:=RO; 
PG:=RO SHRl 1; COMMENT RO IS LENGT~ OF IDENT CIRECTORY SECTION; 
R2:=RG+R1; CTBASE := R2; CCMME~T CC~STANT TAELE BASE ACCRESS; 
R~:=R2+RO; 
CTLI~IT:;R2 ; COM~E~T CONST. TSl. ABSOLUTE LIMIT; 
Rl:=RO; RO:=RC-RO; R1:=Rl/15; CCMME~T 15 BYlES PER ENTRY. ; 
STLI~IT:=Rl; CCMMENT Rl HAS THE NUMBER OF E~lRIES POSSIBLE; 
R3:=Rl*lO; CG~MENT CHU~CK ALLOCATEe TO IOENTRY; 
RC:=STBASE+R3; SEMBASE:=RO; CO~~ENT SEMANTIC FIELD BASE ADCRESS; 
RO:=SEtJoASE+Rl; 
~C:=RO AND #FFFFFFFE+Z; COMMENT THIS CCNE TC GUARANTEE R3 ~AS EVEN 

VALUE AND DC ~OT OVEFLAP PREVICLS ARRAY; 
S1C~tINBASE::;RO; CO~fJ,ENT STCHAIN FIElC eASE tlCCRESS; 
R2:=kl SHll 1; COMMENT CHU~K ALLOC~TED TO STC~~IN; 
RC:=RO+R3; 
CESCRPTRBASE:=RO; CCtJMENT BASE ADCRESS Of DESCRIPTOR POINTER FIELD; 

INITTWO; 
tJVC(9,PREFIX,"OO IIJ; 
Rl:=@BANAl~ZE; 8ANALBASE:=Rl; 
Rl:=~SCAN; SCANBASE:=Rl; 



ENb~(~8M~~NfA~~§Eg~)iNITIALIZE; 
PROC EOl.;RE ~A·I N( R4) ; 

EEfIN 
If\ITIALIZEj 
ANAL 'tIE; 
PRINTSUMMARY; 

E~C; CCMME~T END OF MAIN; 

tJ. A IN; 
EXI1: 

M\iC( 17,\otBUF,"END CF CC~F.ILATION"); RO:=@WBUF; ~RITE; 

Ef\C. 
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