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PREFACE 

This four-volume publication is addressed to system programmers and 
program systems representative who require a detailed knowledge of 
the CALL/360-0S PL/I compiler. It contains a general overview of the 
compiler and information on the compiler and runtime routines and 
macros that perform required functions. 

Additional information required to understand CALL/360-0S PL/I compiler 
operations is provided in several appendices (see Volume IV). Appendix 
J contains tables of macro/module calls and summary listings of 
CALL/36o-0S compiler and runtime routines, indicating where each routine 
is described in this publication. 

The reader of this manual should have access to the CALL/360-0S PL/l 
Language Reference Manual (GB20-0100) and the CALL/360-0S Terminal 
Operations Manual (GB20-0181). 

Terminal Equivalence 

Terminals which are equivalent to those explicitly supported may also 
function satisfactorily. The customer is responsible for establishing 
equivalency. IBM assumes no responsibility for the impact that any 
changes to the IBM-supplied products or programs may have on such 
terminals. 

second Edition (January 1911) 

This edition, GY20-0561-1, is a major revision obsoleting GY20-0561-0. 
It applies to Version 1, Modification Level 1, of CALL/360-0S and to 
all subsequent versions and modifications until otherwise indicated 
in new editions or Technical Newsletters. 

Technical changes to text are indicated by vertical lines in the left 
margin. A revised illustration or chart is indicated by the symbol 
• to the left of the caption. 

Changes are continually made to the information herein. Therefore, 
before using this publication, consult the latest System/360 SRL 
Newsletter (GN20-0360) for the editions that are applicable and current. 

Copies of this and other IBM publications can be obtained through IBM 
branch offices. A form has been provided at the back of this 
publication for readers' comments. If the form has been removed, 
address comments to: IBM Corporation, Technical Publications 
Department, 112 East Post Road, White Plains, New York 10601. 

© Copyright International Business Machines corporation 1910, 1911 
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SECTION 1 - GENERAL DESCRIPTION 

The CALL/360-0S PL/I compiler (to be used with the CALL/360-0S system 
on an IBM System/360 Model 50 or higher) is described in this manual. 
The compiler accepts, as input, a complete source program written in 
the CALL/360-0S PL/I language. The language (described in the CALL/360-
OS PL/I Language Reference Manual) is oriented to a scientific user. 
It was selected on the basis of its utility to such a user, as well 
as the ease with which it could be implemented. The compiler produces 
a machine-language (object) program directly into memory and, if no 
severe errors were detected during compilation, initiates execution 
of the program. 

This section of the manual presents the CALL/360-0S PL/I compiler as 
a whole and presents the overall logic of its implementation. It is 
intended for a reader having some knowledge of the time-sharing system 
under which it will run and of the CALL/360-OS PL/I language. 
Furthermore, it is designed for a reader who desires a broad picture 
of the design of the compiler. 

PHILOSOPHY 

The CALL/360-0S System is designed to support a large number of users 
concurrently interacting with the computer through typewriter-like 
input/output terminals. Since each user is in effect conversing with 
the system, a basic requirement is that the system respond within a 
reasonable time. In order to support these users with a limited amount 
of high-speed computer memory, some of the modules are stored 
temporarily in online storage units (disks) and called in for execution 
as needed. Since the number of modules that can be contained in high
speed storage at anyone time is dependent upon their sizes, they 
should be as small as possible. compiler modules that are loaded from 
disk for execution will not always be loaded to the same core location; 
therefore, they must be dynamically relocatable. 

While the terminal user is entering his source text into the computer, 
he is in communication with the CALL/360-OS Executive (not with the 
compiler). After the complete text has been entered and the user has 
requested that the program be executed, the compiler is invoked. Once 
invoked, the compiler processes the complete source text, generating 
the object code into an area of memory allocated by the Executive. 

OBJECTIVES 

The compiler is designed to achieve the following goals: 

1. To be as small as possible. 

2. To be as fast as possible. 

3. To provide a compilation facility for the CALL/360-0S PL/I 
language, with good diagnostic capability. 

4. To produce efficient object code. 

To a certain extent, these goals are mutually exclusive. A small, 
fast compiler is usually not able to produce efficient object code. 
Also, the extent of the language facilities supported by a small, fast 
compiler is usually very limited. The design of the CALL/360-0S PL/I 

1 



compiler gives first priority to objectives 1 and 2, and secondary 
priority to objective 3. It strives for the best possible attainment 
of objective 4 within these constraints. 

FACILITIES 

The CALL/360-OS PL/I compiler operates in conjunction with and is 
controlled by the CALL/360-OS Executive. When the compiler is invoked, 
it processes and translates a CALL/360-0S PL/I source program directly 
into machine-readable object code (in main storage). The compiler 
does not produce a binary deck or any hard copy listings of the 
generated object code. Nor is it possible to save or store the compiled 
code immediately after compilation. Compilation and execution are 
invoked simultaneously (unless severe errors cause cessation of 
processing). 

-
The command that the user must give to initiate both compilation and 
execution is the CALL/360-0S system command RUN. (See the CALL/360-0S 
Terminal Operations Manual, Form Number GB2o-0181.) This command initiates 
a sort, if necessary, followed by compilation and execution of the user 
program. After being invoked, the CALL/360-0S PL/I compiler provides 
diagnostic messages on the user terminal for any errors detected during 
compilation. (See ·Compiler-Time and Runtime Error Messages· in this 
section and Appendix F of the CALL/360-0S PL/I Language Reference Manual, 
Form Number GH20-0100.) When compilation and execution have been 
completed or terminated because of an error condition, the user can 
utilize available editing facilities to correct his program if 
necessary. Then he can enter another RUN command to recompile and 
reexecute his program. 

A user's program consists of a single external procedure and the runtime 
library routines needed to support it. Although the external procedure 
may contain internal procedures, there are no facilities for linking 
separately compiled external procedures. 

In addition to the compiler itself, a package of library routines is 
provided to support the object program at execution time. These 
routines are described more fully in later sections of this manual. 

APPROACH 

To meet the primary objectives of m1n1mum size and maximum speed, the 
CALL/360-oS PL/I compiler has been designed to translate a CALL/360-
OS PL/I source program in one pass over the source statements. That 
is, code is generated for each statement at the time and in the order 
it is encountered in the source stream. This does not prevent ~he 
compiler from scanning a statement several times during the compilation, 
but each statement is fully processed before processing of the next 
statement is begun. 

One phase of the compiler, the source text, and the target area for 
the object program are completely contained in core memory during a 
compilation. None of these areas is overlaid. This approach places 
a practical limitation on the size of the program that can be compiled 
but avoids the necessity to include costly spill and overlay logic 
in the compiler. . 

The compiler itself is both reenterable and relocatable. These 
characteristics are necessary because CALL/360-0S, in essence, performs 
multiprocessing within its own partition in addition to handling and 
servicing interrupts and commands from any of a number of terminals. 
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Main storage is allocated for all of the resident modules and 
subroutines. I/O appendages, tables, CPID (control program interrupt 
dispatcher). an overlay buffer for nonresident modules. terminal and 
disk I/O buffers. compiler area, new-job-area-1, new-job-area-2 
(optional), old-job-area, and any necessary 05/360 control blocks. 
At any given time, a number of user jobs may be in process. 
Furthermore, these jobs may require different compilers (in which case. 
one compiler may be overlaid by another compiler). Typical organization 
of main storage when the CALL/360-05 PL/I compiler has been invoked 
is shown schematically in Figure 1-1. In this example, a computer 
having 512K of main storage is assumed. 

~-------------- OS/360 CONTROL BWCKS __ _ ------- --------

OLD JOB AREA 

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

1-------- - -- -- - --- -- ---

f------------

NEW JOB AREA 2 

NEW JOB AREA I 

----- -- ---------------

CALL/360-0S PL/I COMPILER 

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

UTrs AND OVERLA Y BUFFER 

TABLES AND 20-0YTE I/O BUFFERS 

CALL/_160-0S MODULES -\ND SIJBROUTINE~ 

"' -
--

----
1{0 APPENDAGES 

CPID 

------- -1 
-------.---~ I 

Figure 1-1. A Layout of Main Storage for CALL/360-0S PL/I 
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CALL/360-0S facilities also include time-slicing for user jobs. When 
the time allotted to a specific user job has expired or when a disk 
I/O operation or a terminal request for data occurs. the user job is 
swapped out of core to his disk work swap area (which was allotted 
to him at sign-on time). Depending on the condition forcing swap out. 
the user job is again queued for one of the work areas in core. It 
mayor may not be read into the same main storage locations that it 
occupied previously. For this reason. the object code produced by 
the compiler must. like the compiler. be relocatable. 

Upon initial entry into the compiler, the Executive supplies the 
compiler with two parameters: the address of the current location of 
the compiler and the address of the target area for the user's object 
program. These addresses are the first locations of the compiler area 
and the user work area, respectively. A communications area containing 
other information needed by the compiler is at the start of the target 
area. At the end of the target area is the complete source text to 
be compiled. 

Within the communications area is the address of a user terminal table 
(UTT) entry for this user. The OTT entry contains, among other items, 
the amount of storage that has been allocated to this user and the 
location and size of the source text. 

Phases 1 and 2 of the compiler operate on the source program and produce 
an executable object program in the same user work area. The compiler 
uses part of this area for its own work space. Upon completion of 
compilation, the object program is invoked immediately by the compiler 
(unless serious errors were detected during compilation)~ 

The compiler area holds either phase 1 or phase 2 of the compiler. 
Since both phases of the compiler are reenterable and relocatable. 
areas within the compiler itself are not modifiable. 

As noted previously, the compiler may process several jobs concurrently 
on a time-slicing basis. In such a situation, the compiler operates 
on multiple user areas. Each work area and the compiler area are 
subject to relocation (as well as swapping) on an individual basis. 
If the Executive requires an area being utilized as a user work area, 
it saves the content of the area on disk storage and then relocates 
it. If the Executive requires the compiler area, it need not save 
the content of the area. since the compiler is reentrant. 

COMPILER ORGANIZATION 

The routines of the compiler may be grouped within ten categories: 

1. Executive routines, consisting of the initializers for both 
phase 1 and phase 2 of the compiler. 

2. Entokening generators responsible for analyzing the source 
program for syntactic units. 

3. General statement processors responsible for directing the 
syntactic and semantic analyses of CALL/360-0S PL/I source 
statements. 

4. Declaration processing responsible for creating and finding 
definitions for all declarations and identifiers in the source 
program. 

5. I/O statement processors. 



6. Expression processing responsible for analyzing all expressions 
in the source program. 

7. Code generators, which (upon direction of other compiler 
routines) produce the object code to be generated. 

8. Wrap-up, which loads the required library routines and otherwise 
prepares the user area for execution. 

9. Miscellaneous support routines. 

10. Executive interface. 

The processing of each statement is directed by the Controller routine. 
It invokes the Entoken routine to analyze the characters comprising 
the source text and to identify the significant tokens (that is, 
delimiters, constants, and identifiers) of the next statement in 
sequence. An entry is placed into a token table for each token in 
the statement, which is then analyzed by the Controller to determine 
which statement generator is to be invoked. The invoked generator 
performs a syntactic and semantic check of the validity of the statement 
and directs generation of the required object code. 

The other areas perform functions that are common to several of the 
other routines (such as code generation for expressions, identifier 
resolution, label processing, and storage allocation). Figures 1-2 
and 1-3 show the functional relationships of routines of the CALL/360-
os PL/I compiler. 
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DATA ORGANIZATION 

The requirement that the compiler must be reenterable implies that 
all of its working storage must be in the user work area. Since the 
location of this area may change during compilation, all addresses 
of items within this area must be relative to the base address of the 
area or contained in a special address constant area. The free space 
in the user work area is used by the compiler for all of its working 
storage and for the object program. The object program is built from 
the beginninq of this area (following the communications area) to the 
end, and the working storage is allocated from the end (preceding the 
source text) to the beginning. If these two areas overlap, the work 
area is insufficient in size. The compiler returns to the CALL/360-
OS Executive with a request for more space. 

Most of the compiler's data is maintained in either expandable tables 
or threaded lists. If it is stored as an expandable table, the entries 
are stored consecutively in an area of fixed length. When one table 
area fills, that area is linked to another area (where another set 
of consecutive entries is started). If the compiler data is stored 
in the form of a threaded list, entries are not necessarily in 
consecutive locations. Each entry contains a pOinter to the next entry 
in sequence, wherever it is located. The first byte of an expandable 
table area or the first byte of an entry in a threaded list contains 
an identification code. This code byte is often used by the compiler. 
However, its primary purpose is to simplify the checkout and maintenance 
of the compiler. 
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The compiler's working storage area consists of both a fixed-size and 
a variable-size work area. Space for the fixed area is set up by the 
Phase 1 Initializer routine. This fixed area is allocated backwards 
from the beginning of the user work area. Space for the variable area, 
which consists, primarily, of expandable tables and threaded lists, 
is obtained as needed during the compilation process. This area extends 
backwards from the beginning of the fixed area. 

The fixed-size working storage area is divided into three main parts: 
a C-area or compiler adcon area, a P-area or program adcon area, and 
a G-area or general area. 

The C-area contains addresses of compiler modules, locations within 
these compiler modules, and register save areas for Cl, C2, and C3 
(registers 8-10). Registers Cl, C2, and C3 are used exclusively to 
provide compiler module cover and for linkage between compiler modules. 

The P-area contains addresses of locations within the user work area 
and register save areas for PO, Pl, P2, P3, P4, and P5 (registers 11-
1, excluding 0). These registers are used exclusively for referencing 
locations within the user work area. 

The G-area is used for all other purposes. It does not contain any 
adcons, but it does contain pointer words which are displacements to 
locations within the user work area. It also contains save areas for 
registers GO, G2, G3, G4, G5, G6, and G7 (registers 0 and 2-7). These 
registers cannot contain actual addresses when the p~ogram is swappable. 

When either phase 1 or phase 2 of the compiler is relocated, registers 
Cl, C2, and C3 and the adcons in the compiler adcon area of fixed 
working storage (C-area) are adjusted by the amount of the relocation. 

When the user work area is relocated, registers PO, Pl, P2, P3, P4, 
and P5 and the adcons in the program adcon area of fixed working storage 
(P-area) are adjusted by the amount of relocation. 

No other areas are affected by relocation during compilation. This 
includes the G-area. registers GO, G2, G3, G4, G5, G6, and G7. the 
object code being generated. and the variable-size working storage 
area. 

After the END statement for the external procedure has been processed, 
phase 2 of the compiler is invoked. Phase 2 is brought in by the 
Executive and overlays the code for phase 1. The function of phase 
1 was primarily to generate machine-language (object) code for CALL/360-
as PL/I source-program statements. The function of phase 2 is to set 
up the items referenced by the object code. Constants, library 
routines, and adcon areas are set by processing the tables generated 
during phase 1. Space is reserved for necessary input/output buffers, 
and execution of the user's object program is initiated. 

The execution (runtime) phase involves only one area, namely, the user 
work area. When this area is relocated during runtime, registers PO 
through P9 (registers 6-15), the adcons in the address constant area, 
and the adcons in the relocatable library work space are adjusted by 
the amount of the relocation. The execution phase is self-contained. 
That is, all library routines have been loaded and there are no overlay 
facilities. 

The layouts of the user work area during compilation and during 
execution are shown in Figure 1-4. (FOr details, see Appendix E.) 
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NAMING CONVENTIONS 

Runtime library routines are named IHExxx where xxx is a three- to 
five-character mnemonic indicating the routine's function. Phase 1 
and phase 2 compiler modules are named $xxx where xxx is a one- to 
seven-character mnemonic indicating the routine's function. 

Note: The CALL/360-0S PL/I compiler and runtime modules follow the 
naming conventions stated above. For clarity, these conventions 
are used throughout this manual. However, there are some 
exceptions in the member names assigned to certain routines 
when stored in CALL/360-0S PL/I system libraries,. These 
exceptions are noted in Figure J-4 and under "CALL/360-0S PL/I 
Runtime Library" in Appendix J of Volume IV. 

COMPILER LIMITATIONS 

Because all tables and the object program are kept in main storage 
during program compilation, compilation may be terminated because the 
user work area is too small. This is the only valid (that is, source
program related) reason for termination of compilation. Compilation 
may also be terminated if the CALL/36Q-OS PL/I compiler discovers an 
"impossible" logic path or because a program interrupt occurs. such 
a condition is due to either a machine error or an error in the 
CALL/360-0S PL/I compiler. 

Before compilation is terminated because of insuffic1ent work space, 
CALL/360-0S PL/I requests additional main storage from the Executive. 
However, for a given computer size, there is a maximum work space that 
the Executive can provide. At present, on a machine having 512K bytes 
of main storage, a user work area can be up to 112K bytes in size. 
(See Appendix I for details on the maximum size of a program to be 
compiled on a 512K computer.) 

A programmer, by specifying an out of range value for the subscript 
of an array, may destroy the contents of his static array and string, 
disk buffer, or dynamic storage area. complete storage protection 
is not provided for these areas. As an example, assume that an element 
of an array A is specified outside of the area for which the array 
has been declared. That is, a program may contain the following 
statement. 

A(I)=10: 

Assume that, when this statement is executed, the current value of 
I is outside of the range declared for the subscript of A. This 
specification can cause data to be written in one of the three areas 
mentioned above. An error message is generated only if the value 10 
would be moved into an area other than one of those three. 

COMPILER-TIME AND RUNTIME ERROR MESSAGES 

During the compilation process, the CALL/360-OS PL/I compiler modules 
analyze source statements of the program being compiled. If incorrect 
use of the language is detected, an error message identifying the error 
condition is printed out at the terminal. (See Appendix F of the 
CALL/360-OS PL/I Language Reference Manual for a description of 
CALL/360-0S PL/I compilation and execution error messages. These 
messages are also listed in Appendix H of this manual.) 

A severity code is associated with each compiler-time error message. 
If any statement causes a message having severity code 3 to be 
generated, the compiled program is not executed. 
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If an error condition arises during program execution, an error message 
is printed (unless the programmer has indicated alternative action 
by means of an ON statement). Error conditions are of two types. 
Some cause execution to be terminated immediately, but others permit 
execution to continue. 
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SECTION 2 - COMPILER OPERATIONS 

OVERVIEW 

The CALL/360-oS PL/I compiler is a one-pass, two-phase campiler--one
pass, since it processes each statement completely before going to 
the next; two-phase, because it is separated into two parts, phase 
1 and phase 2. 

Phase 1 takes one pass over the source code and translates source 
statements to object code. During this pass, the entokening routines 
translate the source stream into intermediate syntactic units called 
tokens. The tokens are an unarranged, concise description of the 
source statements. The expression processing routines transform these 
tokens to another intermediate form called triads. Actually, triads 
are the original source-program operators and operands rearranged so 
that the specified operations will be executed in proper order. The 
triads are converted to final object code by the code generator segment 
of phase 1. 

After phase 1 has processed the 
to the CALL/360-0S Executive to 
overlays phase 1 with phase 2. 
the library routines. 

last statement, it issues a request 
bring in phase 2. The Executive 
Phase 2 performs wrap-up and loads 

Figure 2-1 depicts the internal compiler logic of phases 1 and 2. 
As noted above, each statement is completely processed before proceSSing 
of the next statement begins. 

Get a fokem fnad, 
Source per PCI OblC(1 

Program StJtemenl ~tJl':IlIL'''1 ( ,)dc -
PHASI: I 

Statement 

1 
PHASI: 2 

Figure 2-1. Internal compiler Logic 

PHASE 1 

After initialization of the compiler work area, which is performed 
by the Phase 1 Initializer ($CCONT), control is transferred to the 
Controller ($CNT). The Controller directs the entokening of statements, 
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analyzes most label prefixes, and directs control to statement 
processors and code generation routines. 

The usual sequence of events is: 

1. The Controller calls the Entoken routine ($ATKN) to entoken 
a statement. 

2. The Controller examines the statement tokens to determine whether 
the statement is a keyword type or assignment statement. If 
it is a keyword type, the first token of the statement, excluding 
any possible label prefix token, determines the keyword type. 
The Controller directs control to the statement processor which 
handles that keyword type. Any statement that is not a keyword 
type statement is an assignment statement: the Assignment 
Generator ($ACGER) is called. 

Note: Assignment statements may begin with keywords (for 
example, IF=1)-. These statements are recognized as 
assignment statements. 

3. The called routine processes the tokens of the statement to 
create triads and then returns control to the Contreller. 

4. The Controller then directs control to the code generation 
routines to produce object code from the triads. 

ER'1'OKENING 

The primary function of entokening is to convert the syntactic units 
of each source statement to tokens. Each token is one word long. 
The syntactic units that may be encountered are:· 

• Identifiers 

• Keywords 

• Delimiters such as + , ( * = or = 

• Constants 

• Comments 

The token created for an identifier or keyword references the dictionary 
name list entry for that item. If there is no dictionary name list 
entry, one is made. (See the Search-Insert routine ($FIND) for 
details.) 

The tokens created for delimiters (with the exception of the left 
parenthesis token) are self-contained. That is, there are no pOinters 
to other items in the token word. A left parenthesis token points 
to the corresponding right parenthesis token. When a constant is 
encountered, a constant attribute entry is created and the generated 
token references this attribute. No tokens are created for comments. 

Entokening is controlled by the Entoken routine ($ATKN). The Scan 
Index routine ($ASIDX) is used to advance to the next source character. 
The Search-Insert routine ($FIND) is called to search for a dictionary 
name list entry and to create an entry if there is none. The Get Non
Blank routine ($FNB) is called to advance to the next non-blank source 
character. The relationship of these routines is shown in Figure 2-2. 
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Figure 2-2. The Entokening Process 

GENERAL STATEMENT PROCESSING 

General statement processors are called by the controller ($CNT). 
If a keyword is found in a statement, $CNT calls a statement processor 
as follows. 

Keyword 

PROC or PROCEDURE 
BEGIN 
GO or GOTO 
CALL 
IF 
ON 
STOP 
REVERT 
DO 
RETURN 
END 

Routine 

PROC Generator ($APRC) 
BEGIN Generator ($BEGIN) 
GO Generator ($BRNH) 
CALL Generator ($CALL) 
IF Generator ($CIF) 
ON Generator ($CON) 
STOP Generator ($CSTOP) 
REVERT Generator ($CRVT) 
DO Generator ($DOG) 
RETURN Generator ($DRET) 
END Generator ($EDGN) 

If no keyword is found, the statement is an assignment statement. 
The Assignment Generator routine ($ACGEN) is called to process this 
statement. (The statement processors listed above do not include those 
which handle I/O or declaration processing. These routines are 
discussed later in this manual.) 

The processing performed by each of the routines listed above is unique, 
but, in general, the routines examine tokens and build appropriate 
triads. The statement processors also check for logical consistency. 
The keyword routines and the Assignment Generator call the Expression 
Processor controller ($NEXP) to process: 

• Assignment statements (called by Assignment Generator) 

• Expressions such as A=5 in the statement 

IF A=5 THEN GO TO HFILE; 

• CALL statement entry names and argument lists 
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Other routines discussed together with the general statement processors 
are: 

Routine 

On-Unit Specification 
Analyzer ($BONSA) 

DO-Loop Triad Builder 
($DEXP) 

Process End of ELSE 
($ENDES) 

Process End of ON 
($ENDON) 

Expander ($EXPND) 

END Expand ($EYPND) 

DECLARATION PROCESSING 

Caller and Function 

Called by the ON Generator ($CON) to 
check the legality of an ON-condition. 

Called by the DO Generator ($DOG) and the 
Expander ($EXPND). Its function is to 
build the triads which initialize the 
DO index. increment the DO index. and 
test for DO-loop termination. 

Called by the Controller ($CNT) when it 
detects the end of an IF statement. (Note 
that an IF statement mayor may not be 
terminated by an ELSE clause.) This 
routine resolves branches to the end of 
the IF statement. 

Called by the Controller ($CNT) when it 
detects the end of processing to be performed 
as the result of an ON-condition. 

Called by the Assignment Generator 
($ACGEN) when it detects an array 
expression. This routine generates 
one DO triad for each dimension of the 
array. 

Called by the Assignment Generator to 
end the range of DO's created by the 
Expander ($EXPND). 

Information about an identifier is contained in its dictionary name 
entry and its dictionary attribute entry(s). These entries are in 
the dictionary name list and dictionary attribute list respectively. 
An identifier may be used or declared differently in different blocks; 
thus. there may be more than one dictionary attribute entry per 
identifier. However. there can be at most one dictionary attribute 
entry for an identifier per block. 

A dictionary attribute entry is constructed for an identifier when 
its attributes are specified either in a DECLARE statement or by the 
identifier's contextual usage. The contextual usage may either cause 
a new dictionary attribute entry to be created or cause a description 
to be added in an existing dictionary attribute entry. 

Note: Dictionary attribute entries are also made for constants. These 
entries are formed in a section of the token table and are 
discarded after the statement has been processed. 

Four types of declarations are allowed: 

• Explicit 

• Implicit 

• Contextual 

• Tentative 
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An explicit declaration is made when a label appears on a statement 
or when an identifier appears in a DECLARE statement (except for those 
entry names that are not also parameters). 

An implicit declaration is created for any use, in an arithmetic 
position, of an identifier that is not followed by a left parenthesis 
and which has no previous declaration in the scope of usage. 

contextual declarations are made for identifiers used in file options 
in GET, POT, OPEN, or CLOSE statements and for declarations of non
parameter entry names in DECLARE statements~ 

A tentative declaration is made for each parameter encountered in the 
processing of a PROCEDURE statement; for a scalar not followed by a 
left parenthesis, when it is used in a position of a label and there 
is no other declaration in the current block (such as GO TO A, where 
A has not been encountered previously); or for a scalar followed by 
a left parenthesis, when it is used in an arithmetic position and there 
is no previous declaration in the scope of usage. 

The four declaration categories listed above do not correspond directly 
to those discussed in the CALL/360-0S PL/I Language Reference Manual. 
The language reference manual discusses only implicit, contextual, 
and explicit declarations. The tentative type was added because of 
the one-pass nature of the CALL/360-0S PL/I compiler. It is only 
significant internally. The contextual definition of the entry name 
not a parameter in the DECLARE statement is also at variance with the 
CALL/360-0S PL/I Language Reference Manual. Again, this is an internal 
convenience, since the declaration will become explicit when the 
procedure with that name is' encountered. Classification of an 
identifier as explicit, implicit, or contextual indicates its scope. 
A more complete discussion of declarations is contained in the language 
reference manual. 

The routines of the CALL/360-0S PL/I compiler that perform declaration 
processing are: 

DeL Generator ($DCLGN) 
Attribute Analysis ($ABAL) 
Attribute Node Creation ($ANCRE) 
Locate Identifier ($FSYM) 
Locate Variable ($FVAR) 
Label Processor ($BLPRC) 

The DeL Generator ($DeLGN) is called as the result of a DECLARE 
statement. It directs the analysis and encoding of attributes for 
identifiers in that statement. In doing so, it calls the other 
declaration processing routines as subroutines. 

$ABAL analyzes and encodes an identifier'S attributes: $ANCRE creates 
a dictionary attribute entry: and $FSYM determines whether a dictionary 
attribute entry has previously been created in the block for this 
entry. If a previous declaration conflicts with the present 
declaration, an error message is issued. 

As noted above, the Attribute Analysis routine ($ABAL) is called by 
$DCLGN to analyze and encode the attributes of an identifier. It is 
also called by the PROC Generator ($APRC) to process any RETURNS 
attributes. The results of this routine are placed in the attribute .' 
table ($ABTBL). This table should not be confused with the dictionarY 
attribute list (A list). (For the format of the attribute table, see 
Appendix A.) 

The Attribute Node Creation routine ($ANCRE) is also called by either 
$DCLGN or $APRC. Its fUnction is to create a dictionary attribute 
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node using the information placed in the attribute table by $ABAL. 
If the identifier is dimensioned, a skeletal dope vector is built. 
If the array bounds are constant, the dope vector bounds are 
initialized. If the array bounds are variable, code that will calculate 
the dope vector bounds at execution time is generated. 

The Label Processor routine ($BLPRC) is called to process all label 
prefixes. It creates a dictionary attribute entry for the statement 
label or entry name and resolves any tentative declaration previously 
made (for example, as a result of a GOTO statement). 

The Locate Identifier routine ($FSYM), although grouped with the 
declaration processing routines, is not used solely for declaration 
processing. Inputs to this routine are an identifier token and a block 
number. $FSYM determines whether the identifier has been previously 
declared or used in the block indicated or in a block which is internal 
to the indicated block. 

The Locate Variable routine ($FVAR) is not referenced by other 
declaration processing routines. It is called by the CALL, OPEN/CLOSE, 
GET, PUT, or Format List Generator when certain variables are 
encountered. It is also called by the Expression Processor Controller 
($NEXP) for each variable which it encounters. This routine is used 
to locate the most recent or the current dictionary attribute entry 
for a variable, and, if there is none, to create a definition for it. 
If there is more than one dictionary attribute entry for an identifier, 
the most recent entry is the entry with the highest plock number. 

INPUT/OUTPUT STATEMENT PROCESSING 

CALL/36o-0S PL/I programs have the ability to transmit or receive 
stream-oriented data (that is, data in the form of a continuous stream 
of characters). This form of data contrasts with record I/O, which 
is not supported in CALL/360-0S PL/I. Data may be transmitted or 
received from two types of devices: remote terminals and disk units. 
A program may address only one terminal, namely, the one at which the 
program was entered. An unlimited number of disk files may be 
processed: however, only four may be open at the same time. For both 
terminal and disk, the data stream may be specified as list-, 
data-, or edit-directed. 

The I/O routines process the OPEN, CLOSE, GET, PUT, and FORMAT 
statements. (GET, PUT, and FORMAT are used to address both terminal 
and disk: OPEN and CLOSE pertain only to disk.) The relationships 
of the I/O routines are illustrated in Figures 2-3, 2-Q, and 2-5. 
Details are given in the paragraphs which follow. 
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The Phase 1 Initializer ($CCONT) calls the OPEN/CLOSE Generator ($OPEN, 
$CLOSE) when it encounters an OPEN or CLOSE statement. The OPEN/CLOSE 
Generator calls the O/C Specification routine ($DOCS) to scan the 
statement and determine which options are present. (Available options 
are the INPUT, OUTPUT, FILE, and TITLE attributes.) 

20 



If the statement is CLOSE, code is generated to:_ 

1. Obtain the location of the file control interface block (FCl:B) 

2. Call the library runtime Close routine (IBECLOSE). 

If the statement is OPEN, space is obtained in the initialization table 
(I table) for a file control interface-block (FCIB) if the file was 
not previously opened or declared. When phase 2 of the compiler 
processes the initialization table, it will move this FCIB to static 
and constants storage. Code is generated to: 

1. Obtain the location of the FCIB 

2. Generate instructions to transfer around the rest of the code 
generated for OPEN if the file is already open 

3. If the TITLE pointer is null, generate code to move the filename 
into the title field of the FCl:B. Otherwise, call the Expression 
Processor Controller ($NEXP) to generate code t~ evaluate and 
move the title expression into the title field of the FCIB. 

4. Generate code to call the library runtime Open routine (IHEOPEN). 

Except for PUT DATA and GET DATA statements, processing of a GET or 
PUT statement causes the following object code to be generated: 

1. A call to an initialization routine 

2. Instructions to put the location of a data element descriptor 
(OED) and the variable into the file control block (FeB). If 
the I/O type is EDIT, instructions to put the location of a 
format element descriptor (FED) into the FeB are also generated. 

3. A call to a routine which reads or writes a data item. 

Steps 2 and 3 are repeated for each item in the data list. After all 
items have been processed, code to call a termination routine may be 
generated. The OED's are generated at compile time and are moved into 
the static and constants area when phase 2 of the compiler processes 
the initialization table. If possible, the same procedure is used 
for the FED's. If an FED is too complex to evaluate at compile time, 
instructions to evaluate it at runtime will be generated. 

If the statement is a GET DATA or PUT DATA statement, a symbol table 
is built; one item is entered for each item in the data list. (See 
Appendix E.) If no data list is present, a symbol table entry for 
each identifier in the block will be generated at epiloque time. A 
symbol table entry consists of a DED and the EBCDIC name for an item. 
In addition, code is generated to call the appropriate library runtime 
routine(s). 

Both the GET Generator and PUT Generator call the I/O Specification 
routine ($DIOS), which scans a statement and locates FILE, SKIP, DATA, 
LIST, and EDIT keywords. These generators also call the Data 
Specification routine ($DDS) to process the data list for every 
statement other than a GET DATA statement. For all statements except 
GET DATA and PUT DATA, each item in the data list is processed as 
follows: 

1. A OED is constructed. 

2. Code is generated to put the location of the DED into the FCB. 
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3. Unless the I/O specification is EDIT. a call to the proper 
library runtime routine is generated. If the I/O specification 
is EDIT. a branch and link is generated to part of the code 
generated to process the format list of the statement. This 
code will put the location of the proper FED in the FCB and 
call the proper library runtime routine. 

These three steps will be repeated until the data list is exhausted. 
If the statement is PUT DATA. an entry will be made in a symbol table 
for each item in the data list and a call to either lHEDDOA or IBEDDOB 
of the Data-Directed Output routine will be generated for each symbol 
table. 

The $FLG. $FMT. $FORI. and $FPDL routines handle the format lists for 
edit-directed I/O. $FPDL is called by the GET Generator ($BGET) or 
PUT Generator ($BPUT) to process a format list for edit-directed I/O. 
The processing of a format list will cause the generation of code (to 
be called as if it were a subroutine). Therefore. the first function 
of $FPDL is to generate a branch around the code for the individual 
format items. This branch will be directed to the beginning of the 
code which will be generated to process the data list. Then. $FLG 
is called to direct the generation of code for the individual format 
items. On return from $FLG. $FPDL generates a branch back to the code 
generated for the first format item. At object time. this branch will 
be executed if the number of scalar data items in the data list is 
greater than the number of associated items in the format list. Then. 
$FPDL resolves the branch around the code for the fo~at list. 

$FLG performs the syntax analysis and code generation for a format 
list. For each format item. it generates the following code: 

1. Save the location from where called. 

2. Put the location of the FED into the FCB. 

3. Call the appropriate library runtime routine. 

4. Return to the location from which called with a branch and link 
instruction. This location will contain code generated for 
the next item in the data list. 

$FLG calls $FORI to analyze and generate any code necessary for 
expressions in a format specification and to create a FED. 

$FMT is not called by any I/O statement processing routine. When the 
Phase 1 Initializer ($CCONT) encounters a FORMAT keyword. $FMT is 
called to create a remote format list. The generated code is similar 
to that generated for a format list in a GET or POT statement. Like 
$FPDL. $FMT calls $FLG to process the format list. 

The code generated for a format list is driven by the code generated 
for the data list as illustrated in Figure 2-9. In this example. the 
data list contains two items and the format list has two entries 
describing these items. 
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OAT A-LIST COOF FORMAT-LIST CODE 

Set up fCU wIth pointer to .. first item's 1·1:.0. Complete Set up FCB with pointer to 
first item and its DI· D Initialization of l'el8. * Call 

library runtime routine to 
outpu t item I. 

Sct up H'B with pointer to 

Set up FCB with pointer to second item', FED. Complete 

second item and its OED. initialization of FCIB. • Call . library runtime rou tine to 
output item 1. 

*Note: This code will not be generated if the fields describmg the format item are 
simple constants (for example, (5,2)). 

Figure 2-9. Relationship of the Code Generated for the Data List and 
Format List 

EXPRESSION PROCESSING 

certain common syntactic units are processed by the routines grouped 
as expression processing routines. Generally, the function of 
expression processing is to generate triads from syntactic units which 
are represented by tokens. Expression processing is invoked by calling 
the Expression Processor Controller ($NEXP). A call is generated in 
any of the following cases: 

1. By a statement processor to evaluate an expression. For example, 
the following statement contains an expression to be evaluated: 

IF A<l THEN GO TO KFILE; 

$NEXP is called by the IF Generator to evaluate the expression A<l. 

2. By the CALL Generator ($CALL) to process the CALL statement 
entry name and the argument list. 

3. By the Assignment Generator ($ACGEN) to process the entire 
assignment statement. An example of such a statement is: 

A = (B*(C+D)' + MAX(A,B»/16; 

The routines concerned with expression processing are: 

Argument Operand Processor ($NATTP) 
CALL Generator ($NCALL) 
Cross-Section Dope Vector Build ($NCSDV) 
Expression Processor Controller ($NEXP) 
Dimension Multiplier Generator ($NMULT) 
Convert Operand ($NOPCV) 
Operator Stack Processor ($NOPRT) 
Operand Set-Up ($NPRE) 
Generate Triad ($TRIAD, $STRD) 
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Expression processors operate on the input tokens and generate triads. 
The processed tokens are the unarranged representation of the source 
stream and consist of operator and operand tokens. Two operands and 
an operator form a triad. An operand, itself, can be another triad. 

The two primary routines of expression processing are the Expression 
Processor Controller ($NEXP) and the Operator Stack Processor ($NOPRT). 
$NEXP processes the input token stream and makes entries to the 
expression, operator, and operand stacks. $NOPRT operates on these 
stacks and creates triads. The items in these stacks are processed 
on a LIFO (last in, first out) basis. Figures 2-10 and 2-11 are 
simplified flow diagrams of $NEXP and $NOPRT. 
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lIper~nd ~I ack 

I:.nlcf opcral<lI 

token into 
opelator ,tad .. 

Figure 2-10. Simplified Logic Diagram of the EXpression Processor 
Controller ($NEXP) 
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SNOPRT 

-

Remove last two 
operands and last 

operator from stacks . 

• 
Generate triad using 
information in items 
removed from stacks. 

, 
Make entry into 

operand stack refer-
encing triad created. 

Compare pnonty of 
pending operator with 

that of last operator 
stack entry 

" it greater 
than·' 

Yes 

Return 

Figure 2-11. 

No 

Simplified Loqic Diaqram of the Operator stack Processor 
($NOPRT) 
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To analyze the functioning of these routines, consider the following 
assignment statement: 

A = 5*(B + C - D)~ 

At entry to expression processing, each of the syntactic units has 
been converted to a token (A, B, C, and D, to operand tokensJ all 
others, to operator tokens). ~he operator tokens have the following 
priorities: 

Token Priorit:! 

= 01 

* 09 
( 13 
+ 18 

18 
) 12 
; 00 

These priorities are expressed as two-digit numbers. The first digit 
represents the parenthesis level; the second represents the priority 
contribution of the operator. The order of evaluation is dependent 
upon the operator order in the expression and the operator priority. 
Operators and operands are added to their respective stacks until an 
operator having priority equal to or less than the priority of the 
previous operator stack entry is encountered. At this point, a triad 
is formed from the operator and operand stacks. In the Gase of a 
simple expression (such as the above example), the triad is formed 
from the last entry in the operator stack and the last two entries 
in the operand stack. 

Note: The entries to the operator and operand stacks are an expanded 
form of the original tokens. see the discussion of these stacks 
in Appendix B. 

Expression processing proceeds as follows. 
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1. Control is acquired by $NEXP with the token pointer at A. After 
initialization, the contents of the expression, operator, and 
operand stacks and the triad table are: 

Expression Stack 
(V Table) 

Assign 

Operator Stack 
(X Table) 

Null 

Operand Stack 
(Y Table) 

Empty 

2. After $NEXP processes tokens A to *, the tables contain: 

Expression Stack 
(V Table) 

Assign 

Operator Stack 
(X Table) 

Null 
= 
* 

operand Stack 
(Y Table) 

A 
5 

Triad Table 
(Z Table) 

Empty 

Triad Table 
(Z ~able) 

Empty 

3. The left parenthesis generates an expression entry in the 
expression stack and a left parenthesis entry in the operator 
stack. After $NEXP has processed token C, the tables contain: 



~-=---.;-~ 

Expression Stack 
(V Table) 

Operator Stack 
(X Table) 

Operand stack 
(Y Table) 

Triad Table 
(Z Table) 

Assign 
Expression 

Null A 
5 
B 
C 

Empty 
= 
* ( 

+ 

4. Up to this pointr no triads have been developed because the 
operators encountered so far are in order of increasing priority. 
The next token is a minus signr which is equal in priority to 
a plus sign. This causes $NEXP to call $NOPRT. $NOPRT removes 
one operator and two operands from their respective tables and 
uses them to generate the triad B + C. A reference to this 
triad is placed in the operand stack. At this pointr the tables 
contain: 

Expression Stack 
(V Table) 

Operator Stack 
(X Table) 

Operand Stack 
(Y Table) 

Triad Table 
(Z Table) 

Assign 
Expression 

Null 
= 
* ( 

A 
5 
T1 

where '1'1 and similar entries below represent triads. 

T1 

5. When the right parenthesis is encountered r triads are developed 
until the preceding left parenthesis is removed. Thenr the 
tables contain: 

Expression Stack operator Stack Operand Stack Triad Table 
(V Table) (X Table) (Y Table) (Z Table) 

Assign Null A '1'1 
= 5 T2 

* T2 

6. The semicolon causes triad generation to be completed. The 
expression r operatorr and operand stacks are now irrelevant. 
The triad table contains two additional entries: its contents 
are shown below: 

Triad 

T1 
'1'2 
T3 
'1'4 

Left 

Triad Table 
(Z Table) 

o~rand Operation 

B + 
'1'1 
5 * A = 

Right 
. ()perand 

C 
D 
'1'2 
'1'3 

Control will be returned to the calling routine (in this case r 
the Assignment Generator ($ACGEN». Then code generation will 
be invoked by calling the Triad Code Generator ($TCODE). Object 
code will be generated by processing the triad table. 

The triads ~enerated in the previous example assume that neither 
conversion nor scaling is necessary. If conversions or scaling are 
required, additional triads have to be generated to perform these 
operations. Scaling and/or conversions are necessary when attributes 

27 



of the operands differ. In the example above, if B were floating-point 
and C were fixed-point, C would be converted to floating-point before 
it was added to B. Situations in which conversions and scaling are 
performed are discussed in detail in the CALL/360-0S PL/I Language 
Reference Manual. 

other routines are also involved in expression processing. The Argument 
Operand Processor ($NATTP) is called by $NOPRT when processing the 
arguments of a CALL statement or a function reference. It extracts 
the attributes of these arguments. If an attribute of an argument 
does not agree with that of the corresponding parameter, $NOPRT calls 
the Convert Operand routine ($NOPCV) to perform the conversion, if 
possible. 

The Call Generator ($NCALL) is called to generate the triads needed 
to call a function or subprogram. 

The Cross-Section Dope Vector Build routine ($NCSDV) is called by $NEXP 
if an array cross-section is used as an argument of a CALL statement 
or a function reference. This routine builds a dope vector for the 
array cross-section. 

The Dimension Multiplier Generator ($NMULT) is called by $NOPRT. It 
generates the triad required to multiply a subscript value by the 
dimension multiplier associated with the current array dimension. 
Thus, it performs part of the computation necessary to locate an array 
element. (See ·Dope Vectors· in Appendix D for a description of the 
algorithm used to locate an element of an array.) 

The Convert Operand routine ($NOPCV) is called to convert or scale 
an operand. If the argument is a source constant and the desired 
conversion is arithmetic to arithmetic, its attribute entry is changed 
to indicate the desired attributes. Later, when $NCONS is called (by 
$NOPRT, $NEXP, or $TRIAD), this constant will be converted to the 
desired form. Thus, no object code need be generated to perform the 
conversion or scaling. If the operand is not such a source constant, 
any triads needed to achieve the desired type and scale are generated. 

The Operand set-Up routine ($NPRE) is called by $NEXP or $NOPRT to 
move the top entry of the operand stack to an operand area. It then 
obtains the type, sign, scale, precision, and length attributes of 
the operand and moves them into this operand area. When the calling 
routine is $NEXP, these attributes represent the result operand. For 
all other types of operands, the calling routine is $NOPRT. 

The Generate Triad routine ($TRIAD, $STRD) is called to generate a 
single entry in the triad table. The calling routine may be one of 
the expression processing routines ($NOPRT, $NOPCV, $NMULT, $NEXP, 
or $NCALL) or certain of the general statement processor routines. 

Expression processing may be considered from another aspect, namely, 
that of the tables with which it interfaces. This relationship is 
shown in Figure 2-12. All illustrated tables have been mentioned 
except the library load table (L table) and the constant table (C 
table). Entries are made in the library load table if a call to a 
runtime library subroutine is generated. (Such calls do not, of course, 
include calls of and references to internal procedures.) Entries may 
be made into the constant table when the constant Processor ($NCONS) 
is called to direct conversion of a source constant to a desired form, 
if necessary. If the converted form is not already in the constant 
table, it will be entered. (The tables are explained in detail in 
Appendix B.) 
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Figure 2-12. Expression Processor Tables 

CODE GENERATION 

The function of code generation is to produce final object code from 
the triads produced by expression processing and/or the statement 
processors. Code generation is invoked by the Phase 1 Initializer 
($COONT) after the triads for a statement (or, in certain cases, part 
of a statement) have been generated. Figure 2-13 illustrates the 
relationship between the code generation modules. 
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Pi'CJure 2-13. COde Generation 

The two primary routines of code generation are Triad Code Generator 
($TeODE) and Instruction Assembler ($VINSA). Code generation is invoked 
by calling $TCODE which processes the triad table entries in order, 
starting with the first entry and continuing until all triads have 
been processed. Figure 2-14 shows the tables that are referred to 
by the $TCODE module. In the illustration, those tables connected 
by broken lines are actually assembled as part of $TOODE. 

The Triad Operand Processor ($TOPR) is called to put information 
describing the two operands of a triad into the data parameter table 
($PTO). (For a description of this table, see ·Compiler Variables· 
in Appendix A.) The triad operator directs a branch to the section 
of $TCODE which controls its processing '. In general, this processing 
consists of: 
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1. Determining the sign of the operands and the sign of the result 
of execution of the triad code. Signs may be adjusted to 
optimize the required instruction sequence. 

2. Arranging the operands, when possible, to insure optimum code 
generation. 

3. Selecting the set of symbolic instructions in the symbolic 
instruction table (M table) to be used by $VINSA in generating 
the code for the triad. As shown in Figure 2-14, the symbolic 
instruction table is part of the $TCODE module. (For its 
description, see Appendix B.) 
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Symbolic 
Instruction 
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Figure 2-14. Tables Used by $TCODE 

$TCODE then calls $VINSA, passing to it the location of the selected 
set of symbolic instructions. These symbolic instructions represent, 
in a general way, the' object code which will be produced for that 
triad. The function of $VINSA is to interpret, modify, and, in some 
cases, optimize these general instructions into specific, machine
language instructions. The general processing performed by $VINSA 
for most instructions is: 

1. Using the information passed about the operands and the operation 
to be performed, change the operation code, if it is modifiable, 
to the System/360 machine code for that instruction. For 
example, if LOAD were the general operation passed, it would 
be changed to the System/360 op code L, LE, or LD (depending 
on whether the referenced item was fixed point, short float, 
or 10mi' float). 

2. Generating the remainder of the instruction. 

Besides operations that conform closely to machine operations, $VINSA 
processes a class of instructions that involve pseudo-operations. 
Examples of p~eudo-operations are: 

1. Load Complex - This pseudo-operation may generate code which 
will cause two registers to be loaded, one with the real part 
of a number and the other with the imaginary part of the number. 
The re9isters need not be loaded if the items are already in 
registers. 

2. Save volatile Registers - This pseudo-operation is used prior 
to the'generation of calls to object-program library routines. 
It cau~es the generation of code to store fixed registers 0 
and 1 and floating-point registers 0 and 2 (which are volatile 
across library calls) in temporary storage if they contain 
active intermediate results. 

Figure 2-15 describes the relationship of the Instruction Assembler 
($VINSA) and its tables and output. 
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Figure 2-15. Tables of Instruction Assembler ($VINSA) 

The Optimize Operands routine ($OPMZO) is called by $TCODE to determine 
whether either operand is in a register and, if so, under certain 
conditions, to interchange the operands. For example, assume that 
the operation to be performed is to add B to A, that B is in a register, 
and that A is not. The operation will be changed to add A to B, thereby 
eliminating the need to load A into a register (and B is already there). 

The Triad Operand Processor ($TOPR) is called by $TCODE to put 
information concerning the two operands of a triad into the data 
parameter table ($PTO). This information includes the core address, 
core sign. register address, register sign, and length of the operand. 

The Storage Address Assembler ($VDSAC) is called by $VINSA to convert 
the compiler's internal representation of a storage address (base code 
and displacement) into a machine address (base register and 12-bit 
displacement). If the storage address is not within Q096 bytes of 
any base register, instructions to set up a base register are also 
generated. 

The Adcon Register Assignment routine ($VASGA) and the Computational 
Register Assignment routine ($VASGC) are used in register manipulation. 
Part of the initialization to run a job is to set up certain registers 
which are never modified during program execution (base registers for 
the object code and bases of frequently referenced areas). The 
remainder of the registers (adcon registers that are adjusted if the 
program is relocated and computational registers that are not) are 
set and modified as needed. $VASGA is called to obtain the least-used 
adcon register and $VASGC is called to obtain either a single or a 
double computational register. $VASGC makes its selection so that 
optimum code will be generated. For example, a free register will 
be chosen in preference to one that contains a value which may be 
needed later. 

The Register Table Initializer ($VCLR) is called by the Phase 1 
Initializer ($CCONT). It obtains and initializes an area for the 
register table. Only code generation routines use the register table. 
The Temporary Storage Management routine ($VGTMP) is called to obtain 
the base code and displacement of an area of temporary storage. The 
String Constant Dope vector Initializer ($SCDV) is called by $TCODE 
to create a string dope vector when it encounters a call of the string 
to an arithmetic function which references a constant. 
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PHASE 2 OR WRAP-UP PHASE 

After the END Generator ($EDGN) of phase 1 has determined that the 
last source statement has been processed. it ~alls the Executive to 
request initialization of phase 2. The Executive loads the phase 2 
modules and the runtime library routines in the area formerly occupied 
by the phase 1 compiler routines. Then it transfers control to the 
Phase 2 Initializer ($WCONT). This routine sets up the adcons 
pertaining to the phase 2 compiler routines in the fixed area of the 
compiler work space (see Appendix A for a description of this area). 
Then it transfers control to the Compilation Wrap-Up Driver ($MCWU). 
$MCWU directs the wrap-up process. When wrap-up is complete. it calls 
the Executive to request execution. Figure 2-16 shows the relationship 
between the various wrap-up routines. 

SEDGN $WCONT SMCWU SHTeR 

END Phd'" 2 
CompilatltUl 

Table 
Generator 1IlIIIJIIler 

Wrap-Up 
Collapse 

Driver 

! ! 1 
SHLNTP $HCTP SHSCAL SHRTLL 

Une Number Conslant Stahc Runtime 
Table Table {'onstants-Adcon Library 

Processor Processor Loader Loader 

! ! 
SHDVTP SHAINI 

Dope Vector 
Adcol1 List 

Prucc~"or Initialization 

Figure 2-16. Wrap-Up Routines 

The function of phase 1 was primarily to generate machine-language 
(object) code for CALL/360-0S PL/I source-program statements. The 
function of phase 2 is to set up the items referenced by the object 
code. Constants. library routines. and ad cons are set by processing 
the tables generated during phase 1. Figure 2-17 shows a cumulative 
correspondence between the tables processed and the storage layout 
of the user"s work space. The routines are discussed below in the 
order that they are called by $MCWU. 
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The Line Number Table Processor ($HLNTP) processes and moves the line 
number table (D table) adjacent to and immediately following the 
generated code. Each entry in the line number table correlates the 
number of a source statement with the object code displacement of that 
statement. This table is used for diagnostic and error message purposes. 

The constant Table Processor ($HCTP) processes the constant table (C 
table) and moves the constants to the static and constants area 
(adjacent to the line number table). 

The Static Constants-Adcon Loader ($HSCAL) processes the initialization 
table (I table) and dope vector list (J list). Depending on the entry 
type, the item is entered in the adcon or static and constants area. 
If an item entered in static and constants storage is a dope vector 
that will reference an item in static array and string storage, an 
entry pointing to the dope vector is made in the dope vector list. 
Note that at this time the adcons are not true addresses, but merely 
pointers or displacements. 

The Runtime Library Loader ($HRTLL) determines all library routines 
required by the program. These routines are moved from the compiler 
area to follow the adcons in the work area. Space is allocated in 
working storage for the work areas needed by the library runtime 
routines. The work areas are either relocatable or non-relocatable. 

The Dope Vector List Processor ($HDV~) processes the dope vectors 
referenced by the dope vector list. Its function is to compute the 
virtual location of a string or an array. (This could not be done 
earlier because the starting location of static array and string storage 
was unknown.) 

The Adcon Initialization routine ($HAINI) converts all adcons from 
their base code and displacement form to true addresses and resets 
the user-area relocation constants in the communications area. To 
prevent the work area from being swapped during this conversion, the 
swap flag (SWPFLG) of the communications area is set. 

The Table Collapse routine ($HTCR) is called if, at any time during 
the compiler wrap-up phase, prior to the loading of the runtime library, 
there is insufficient free space in the variable area. $HTCR collapses 
the C table, D table, I table, and J list. Collapsing consists of 
moving the unprocessed table or list entries into higher core storage 
(that is, into locations previously required for table or list entries 
that have been processed). 

SUPPORT 

The support routines provide services needed by many routines of the 
CALL/360-0S PL/I compiler. The three routines which handle error 
conditions are Array Expression Error ($AREXP), Compiler Error ($CERR), 
and Error Message Editor ($XERR). The $AREXP routine is of minor 
importance. It is called when an array expression is in an illegal 
position. 

Control is passed to $CERR when an error so severe that compilation 
must be terminated is detected. All System/360 program interrupts 
are in this group, since no code in the compiler should cause program 
interrupt. When such an interrupt occurs, the Executive transfers 
to ARINTRP of the communications area. Code beginning at ARINTRP 
subsequently transfers to $CERR. In addition, numerous compiler modules 
transfer directly to $CERR when they detect a severe error necessitating 
compilation termination. $CERR prints out a message pointing to the 
error and terminates compilation. 
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$XERR is called for less serious errors. An error message number and 
one or more parameters are passed to $KERR. Using this information, 
$XERR prints out an error message identifying the error in a terminal 
user·s program. 

other support routines perform vital functions. Output Director ($GPUT) 
is called to output a 120-character line to the terminal buffer. The 
Constant Processor ($NCONS, $NCON) is called when generated code must 
reference a constant. This routine enters the constant in the constant 
table and computes the location in static and constants storage that 
will contain this constant at runtime. Library Search ($NLSIB) is 
called when a statement references a runtime library routine. $NLSIB 
makes an entry in the library load table which indicates to the Runtime 
Library Loader ($BRTLL) that the referenced runtime library routine 
must be loaded. The Convert Constant routine ($NCVT) is called to 
convert a source constant to a required internal form. 

The Segment Management routines ($WBACK, $WCTCT, $WEXP, and $WSTEP) 
provide the bookkeeping services necessary to support compiler macros 
which manipulate expandable table segments. In general, these macros 
address nodes within an expandable table segment. In advancing or 
stepping back from one node to the next, a table segment boundary may 
be exceeded. In such a case, the code generated by one of these macros 
will call the proper segment management routine to proceed from one 
table segment to another. 

The Get Next Triad Entry routine ($GTRIAD) is called to get the next 
available entry in the triad table. calling this routine serves the 
same function as issuing a GNODE macro addressing the triad table. 
Use of $GTRIAD is generally preferable because less space is required 
for the necessary code. 

EXECUTIVE INTERFACE 

Interface between the Executive of the CALL/360-0S system and the 
CALL/360-OS PL/I compiler is performed by means of the user terminal 
table (OTT), communications area, and the SVC Director module ($SVC). 
The Executive and the compiler communicate with one another by setting 
areas in the OTT and the communications area. The compiler directs 
requests to the Executive by calling $SVC. 

36 



'SECTION 3 - CALL/360-0S ~I COMPILER ROUTINE DIRECTORY 

INTRODUCTION 

The CALL/360-0S PL/I compiler is functionally divided into the following 
parts: 

• Controllers 

• Entokening 

• General Statement Processors 

• Declaration Processing 

• I/O Statement Processing 

• Expression Processing 

• Code Generator 

• Wrap-Up 

• Support 

• Executive Interface 

Each CALL/360-0S PL/I compiler routine is described in this section 
under one of the headings listed above. 

PART 1 - CONTROLLERS 

The following routines are the controllers of the CALL/360-0S PL/I 
compiler. They are discussed in alphabetic order, according to their 
mnemonics, on succeeding pages. Detailed logic diagrams for the 
routines appear at the end of this subsection. 

Statement category ($CA'l'EG) 
Phase 1 Initializer ($CCONT) 
Controller ($CNT) 
Phase 2 lnitializer ($WCONT) 
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TITLE: STltl'EMERr CATEGORY ($CATEG) 

Program Definition 

Plu:pOSe and Osage 

The statement category routine determines whether or not the next 
statement in the token table is an assignment statement. 

Description 

This routine searches the token table up to the semicolon token for 
any of the following token combinations: 

ident 
constant 
) 

keyword 

ident 
ident 
ident 
ident 

If any of these combinations occur. the statement is not an assignment. 

If none of the above combinations occur at zero parenthesis' level. 
and at least one equal sign does occur at this level. the statement 
is an assignment: statement. 

Errors Detected 

Local Variables 

Program IDterface 

EDtry Points 

$CATEG. Expects $PTR to be set to location to begin cbecking. 

Exit conditions 

Normal exit only. Returns type of statement code in register GO: if 
greater than zero. assignment. 

Routines Called 

Global VariabIes 

T Table 
$Pl'R 

Logic DiagraJB 

Compiler BYror 

Token Table 
Token Table Pointer 

Chart 1 shows the detailed logic diagram for the Statement Category 
routine. 
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TITLE: PHASE 1 INITIALIZER ($CCONT) 

Program Definition 

Purpose and Usage 

The Phase 1 Initializer receives control from the CALL/360-0S Executive 
and initializes everything required to begin compilation. 

Description 

Upon receiving control from the CALL/360-OS Executive, $CCONT locates 
the user's work space allocated for the compilation and establishes 
registers to address it. The lengths of the compiler's relocatable 
data area, and the addresses of the compiler's relocatable registers 
are communicated to the CALL/360-OS Executive during the first few 
instructions, which are guaranteed not to be interrupted. 

Instructions are established to receive control of arithmetic 
interrupts. Then the values in the adcon area which address entry 
points in the compiler code are relocated by the value of the compiler 
origin. Initial values are moved into all non-relocatable global 
variables which require them. 

The first segments of all expandable tables are now constructed, and 
the necessary control pointers are initialized for them. In conjunction 
with this activity, the first node of the expression stack is obtained, 
and the first node in the constant table is cleared to zero. The names 
of the Error Message Editor and SVC Director routines are then entered 
into the library load table. These two object program library routines 
are always present, regardless of whether they are directly invoked 
or not. 

Attribute nodes and name list entries are next created for all built
in function names and keywords. The operator stack is reset, and the 
register table is constructed and initialized. ·Control then passes 
to the Controller to initiate the compilation process. 

Errors Detected 

None 

Local Variables 

None 

Program Interface 

Entry Points 

Control is transferred to $CCONT via a special interface with the 
CALL/36o-0S Executive, which branches to the first byte of the first
phase load module with the entry point address in register 7 and the 
address of the user's area in register 12. 

Exit Conditions 

$CCONT is effectively inline; control passes to the Controller ($CNT) 
and does not return. 
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Routines Called 

$CN'l' 
$NLsm 
$VCLR 
$FIND 
$WEXP 
$WC'l'CT 

Global Variables 

Controller 
Library Search 
Register Table Initializer 
Search-Insert 
Segment Management 
Segment Management 

All global variables requiring initial values and tables are 
ini tiali zed. 

Logic Diagram 

Chart 2 shows the detailed logic diagram for the Phase 1 Initializer 
routine. 



TITLE: CONTROLLER ($CNT) 

Program Definition 

Purpose and Usage 

The Controller directs the entokening of statements, analyzes most 
label prefixes, handles detection of compound statement units, and 
directs control to statement processors. 

Description 

The controller, upon initial entry, calls the Entoken routine at its 
second entry point so that it can initialize itself and then entoken 
the first statement. A check is made to see if the first statement 
is an external procedure statement. If not, one is supplied. 

Each statement in the program is checked for the presence of a label. 
If one is present, the label switch ($CLBLS) is set ON, a pointer 
($CLPTR) is set to the label, and the token table pOinter ($PTR) is 
advanced to the token following the label. 

The status of the compound statement switch ($CSS) is then checked 
to see if any units have just been terminated. The Controller uses 
the status of $CSS to determine the program structure caused by IF 
and ON statements. $CSS is a four-position switch: OFF, THEN, ELSE, 
and ON. 

If a THEN unit has just been terminated and no ELSE unit is present, 
the branch around the ELSE unit is not generated. Otherwise, processing 
continues as at the beginning of a THEN unit. The word THEN or ELSE 
is skipped, and it is determined whether or not a label is present 
on the unit. The unit is then checked for legality. The following 
statements are allowable in a THEN or ELSE unit: 

assignment 
BEGIN 
CALL 
DO 
GET 

GO TO 
IF 
null 
ON 

Pt1l' 
RETURN 
REVERT 
STOP 

The Controller uses the status of a first executable statement to 
determine whether a DECLARE statement precedes the first executable 
statement of the block. If it does not, the statement must be taken 
out of line and added to the proloque code chain. If it does, the 
statement can be executed in order with no need for branches linking 
it to a chain. This optimization requires that immediately before 
generating code for the first executable statement, the prologue code 
chain is started and the end of prologue instructions generated. 

The syntactic and semantic analysis of the statements is performed 
by the individual statement generators, which also generate the triads 
required for the statements. The Controller determines to which 
statement generator to transfer control. 

If the first token of the statement is not a statement keyword, the 
statement must be an assignment. If it is a statement keyword, 
Statement Category subroutine ($CATEG) is called to determine whether 
it is an assignment. If it is not an assignment statement, the type 
of statement is determined by the first token of the statement. Since 
all statement generators expect $PTR to point to the first token in 
the statement body, it is advanced for nonassignrnent statements. 

If the statement is a DECLARE, FORMAT, END, PROCEDURE, or BEGIN, the 
statement generator processes the label. Otherwise, the Controller 
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calls the Label Processor subroutine ($BLPRC) to define the label on 
the statement. 

Upon return from the ON Generator <$CON), it is necessary to determine 
whether the on-unit statement is legal. (The ON Generator made sure 
it does not have a label.) The legal statements are the following: 

assignment 
CALL 
GET 

Errors Detected 

GO TO 
null 
PUT 

REVERT 
STOP 
BEGIN 

PROCEDURE STATEMENT SUPPLIED (1) 
ILLEGAL' • STATEMENT--NULL CLAUSE SUPPLIED (2) 

• • NOT STATEMENT TYPE, IGNORED (3) 
N'Oi:rSTATEMENT TYPE--ASSIGNMENT ASSUMED (4) 
MAXIMUM NO. OF BLOCKS EXCEEDED (24) 

Local Variables 

None 

Program Interface 

Entry Points 

One entry point from the Phase 1 Initializer ($CCONT). 

Exit Conditions 

No en t. At end of compilation, END Generator ($EDGN) directs 
transition to phase 2. 

Routines Called 

$TCODE 
$GTRIAD 
$ATKN 
$ENDON 
$ENDES 
$CATEG 
$BLPRC 
$FIND 
$WEXP 
$XERR 

Global Variables 

$CSS 
$CLBLS 
$EOS 
T Table 
$PTR 
$CLPTR 

Logic Diagram 

Triad Code Generator 
Get Next Triad Entry 
Entoken 
Process End of ON 
Process End of ELSE 
Statement Category 
Label Processor 
Search-Insert 
Segment Management 
Error Message Editor 
All Statement Generators 

compound Statement Switch 
Label SWitch 
End of Source SWitch 
Token Table 
Token Table Pointer 
Label Pointer 

Chart 3 shows the detailed logic diagram for the Controller routine. 



· TITLE: PHASE 2 nU"l'IALIZER ($WeaNT) 

Program Definition 

Purpose and Usage 

The Phase 2 Initializer initiates the second or wrap-up phase of the 
compiler. 

Description 

$WCONT begins by relocating the values of all adcons for the entry 
points of compiler routines contained in the second phase. It then 
tests the highest severity code produced by diagnostic messages during 
the first phase of compilation. If fatal errors have occurred, wrap
up and execution are prevented, and control returns to the Executive 
via an SVC. If execution is to be allowed, the Compilation Wrap-Up 
Driver routine ($MCWU) is called to complete loading and initiate 
execution. 

Errors Detected 

None 

Local Variables 

None 

Program Interface 

Entry Points 

Control is transferred to $WCON'!' via a special SVC interface with the 
CALL/360-OS Executive, which branches to the first byte of the second
phase load module. Register contents are the same as at the end of 
the first phase. 

Exit Conditions 

$WCONT is inline; it passes control to the Compilation wrap-Up Driver 
routine ($MCWO) and does not return. 

Routines Called 

$SVC 
$MCWO 
$ATKN 
$GPOT 
$FNB 
$CERR 
$WSTEP 

Global Variables 

$SEVCO 
$SCNX 
$PTR 
$ BASE 

SVC Director 
Compilation Wrap-Up Driver 
Entoken 
output Director 
Get Non-Blank 
Compiler Error 
Segment Management 

Highest Severity Code 
Scan Index 
Token Table Pointer 
Base A~dress of compiler 



The following adcons in the C-area of the communications area are the 
locations of the routines used in phase 2. The values in these locations 
are adjusted by $WCONT. 

aAADUM 
aAJUNT 
aASIDX 
aATRN 
aATKN2 
aCERR 
aFIND 
aFNB 

Logic Diagram 

aGPUT 
aGTRA 
aHAIm: 
aBCTP 
aBDVTP 
aBLNTP 
aBRTLL 

aBSCAL 
aBTCR 
aMCWU 
a STEP 
asvc 
aWCTCT 
aWEXP 

Chart 4 shows the detailed logic diagram for the Phase 2 Initializer 
routine. 



PART 1 LOGIC DIAGRAMS 
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PART 2 - ENTORENING 

The following routines perform entokening functions of CALL/360-0S 
PL/I. They are discussed in alphabetic order, according to their 
mnemonics, on succeeding pages. Detailed logic diagrams for the 
routines appear at the end of this subsection. 

Increment Scan Index ($ASIDX) 
Entoken ($ATKN, $ATKN2) 
Search-Insert ($FIND) 
Get Non-Blank ($FNB) 



TITLE: INCREMENT SCAN INDEX ($ASIDX) 

Program Definition 

PUrpose and Usage 

Increment Scan Index is used to advance the scan index to the next 
character in the source stream. If the next character is on the next 
line. a new line token is inserted in the token table. 

Description 

If the scan index is not currently pointing to a new line character. 
it is simply advanced by one. If it is pointing to a new line 
character. the next line is accessed and a new line token created for 
it. The scan index is then set to the first non-blank character on 
the new line following the line number. 

If there are no more lines and compilation has been completed. the 
scan index is set to point to the end-of-file character. otherwise. 
a semicolon is supplied. FUture END statements needed are provided. 

Errors Detected 

PROGRAM INCOMPLETE--REQUIRED END STATEMENTS SUPPLIED. (85) 
LINE NUMBER NOT FOLLOWED BY BLANK. (106) 

Local Variables 

ABEND END statement 

Program Interface 

Entry Points 

Nonstandard entry. C1 return. C2 entry. 

$ASIDX. No formal parameters. Scan index in P5. Pointer to next 
available location in token table in G4. Address of token table in 
P4. Displacement of next source character from beginning of line in G3. 

Exit Conditions 

Normal exit only. Scan index incremented. G2 destroyed. 

Routines Called 

$WEXP 
$XERR 

Global Variables 

T Table 
$CBRFG 
$EOS 
$CCF 

Comments 

segment Management 
Error Message Editor 

Token Table 
Building Character String SWitch 
End of Source Switch 
Compilation completed Flag 
Source Program 

This routine assumes that the first significant character in the source 
line is the first non-blank following the line number. Note that this 
affects character strings only. 

Logic Diagram: See Chart 5 
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TITLE: ENTOKEN ($ATKN, $ATKN2) 

Program Definition 

Purpose and Usage 

The Entoken routine divides the source stream into syntactic units 
(tokens) up to and including the next semicolon token. During this 
process of division, the routine balances parentheses. 

Description 

The Entoken routine creates token table entries for all syntactic units 
in the source stream from the current position in the source to the 
next semicolon token. 

The Entoken routine recognizes the following syntactic units: 

1. Identifiers and keywords 

2. Delimiters (including composite) 

3. constants 

4. Comments 

with several keyword exceptions, an identifier or keyword is any string 
of up to eight alphameric characters, the first of which 'is alphabetic. 

The following characters act as delimiters. 

+ > < ( 

.... > ..,,< ) 

• ~ S · • 
/ >= <= · · 
t = -.:= · -•• ~ , 

(The blank delimiter is not needed after the entokening process; 
therefore, it is not represented in the list of delimiters for which 
token table entries are made.) 

Constants are of three types: character-string, fixed-decimal, and 
floating-decimal. Since comments are not significant syntactic units, 
they are skipped during entokening. 

Whenever an identifier token is formed, a search is made of the 
dictionary name list (N list) to determine whether a name entry is 
present for that token. If none is present, an entry is created. 
The token type and a pointer to the name entry for the token are then 
added to the token table. 

Whenever a constant token is formed, a constant attribute entry is 
created which contains a pointer to the name and the attributes 
determined during entokening. 

Each non-left parenthesis token contains a priority indicator which 
is a combination of the parenthesis count and the normal priority of 
the operator. 

The Entoken routine balances parentheses by maintaining a push-down 
(last in, first out) list of all unbalanced left parentheses. Whenever 
a right parenthesis occurs, the top left parenthesis is removed from 
the list and its token in the token table is made to point to the right 
parenthesis. This list is kept in the unbalanced left parenthesis 
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tokens. The left parenthesis token at the head of this list is pointed 
to by ATLPRN (see ·Local variables·). The unbalanced left parenthesis 
tokens are chained together by pointers within the tokens. 

Upon adding a semicolon token to the token table, the entokening of 
one statement is complete. The Entoken routine returns to the CALL/36o
os PL/I Controller. 

Errors Detected 

EXTRA 1)1, IGNORED. (5) 
I I I I NOT SUPPORTED--CBANGED TO • I '.. ( 6) 
IDENTIFIER TRUNCATED TO 8 CHARS. (1) 
EXPONENT MISSING. (8) 
CONSTANT NOT SUPPORTED--DECIMAL USED. (9) 
DELIMITER OR SEPARATOR MUST FOLLOW CONST.ANT. (10) 
BIT STRINGS NOT SUPPORTED--CBARACTER USED. (11) 

I NOT SUPPORTED--BLANK ASSUMED. (12) 
• F SUPPLIED BEFORE I J I. (13) 
• 'ILLEGAL DELIMITER--IGNORED. (14) 
INCOMPLETE COMMENT OR CHARACTER STRING CONSTANT. (103) 
LINE NUMBER NOT FOLLOWED BY BLANK. (106) 
STRING TOO LONG--FIRST 255 USED. (115) 

Local Variables 

ATLPRN 
ATCLNT 
ATCMMA 
ATNMLG 

Last Unbalanced Left Parenthesis 
Parenthesis Depth Count 
Comma Count for Current Parenthesis Set 
Length of Identifier 

Program Interface 

Entry Points 

$ATRN. No formal parameters. Entokens one statement. 

$ATKN2. No formal parameters. Entokens one statement. 
Used for initial entry only. 

Exit Conditions 

Normal exit only. One statement entokened. 

Routines Called 

$FNB 
$FIND 
$ASIDX 
$SVC 
$XERR 
$WEXP 
$WCTCT 

Get Non-Blank 
Search-Insert 
Increment Scan Index 
SVC Director 
Error Message Editor 
Segment Management 
Segment Management 
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Global Variables 

N List 
T Table 
$PTR 
$SCNX 
$CBRFG 
$TAREA 
$LLINE 
$TSOFF 
$PSCRT 
$TSOFF+4 

comments 

Dictionary Name List 
Token Table 
Token Table Pointer 
Scan Index 
Building Character String SWitch 
Trans1ate Area 
Last Line Number Painter 
Address of Byte within Source Line 
Scratch Adcon Pair 
Address of Beginning of Source Line 

Each translate for a certain type of character advances scan index to 
that character. 

Logic Diagram 

Chart 6 shows the detailed logic diagram for the Entoken routine. 
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TITLE: SEARCH-INSERT ($FIND) 

Program Definition 

Purpose and Usage 

Using an EBCDIC character supplied as input, Search-Insert searches 
the dictionary name list (N list) for the presence of an entry for 
the identifier and, if one is present, returns a pointer to it. If 
no dictionary name entry is present, one is created and inserted. 

Description 

Each entry in the dictionary hash table points to the head of the list 
of dictionary name entries which hash to this location. This list 
is maintained in sorted order, from low to high, with one- through 
four-character items appearing before all five- through eight-character 
items. 

The EBCDIC form of the identifier is hashed to obtain an index to the 
dictionary hash table (H table). A pointer L (for last entry) is set 
to point to this location in the hash table. An index P is set to 
the contents of this hash table location or the location of the first 
dictionary name entry in the list. This will be zero if there are 
no items in the list. 

The hash algorithm consists of taking the first four characters of 
the identifier, padded with blanks if necessary, and dividing by a 
constant. The remainder is used as an index into the hash table. 

If an identifier is equal to the one in the name entry pointed to by 
P, it is assumed to be the required identifier. If the identifier 
is less than the name entry, a new entry is created and placed in the 
list between Land P. If the identifier is greater than the name 
entry, L is set to P, and P is advanced to the next entry. If P points 
to the name entry, the entire list has been searched and a new entry 
is inserted after L. Otherwise, the process continues as before. 

This method of searching creates ordered name lists for faster 
searching. 

Errors Detected 

None 

Local Variables 

FINME Name to be Searched 

Program Interface 

Entry Points 

$FIND. Needs an identifier for which to search. G6 bas its length 
in characters. P3 has its address. 

Exit Conditions 

Normal exit only. Returns a pointer in GO to the dictionary name 
entry. 

Routines Called 

None 
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Global Variables 

H Table 
N List 

Logic Diagram 

Dictionary Hash Table 
Dictionary Name List 

Chart 1 shows the detailed logic diagram for the Search-Insert 
routine. 
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TITLE: GET NOH-BLANK ($FNB) 

program Definition 

Purpose and Usaqe 

Get Non-Blank is used to advance the scan index to the next non-blank 
character in the source proqram. Durinq this process, it skips blanks 
and comments. 

Description 

A search is made for the next non-blank character in the current source 
line. If it is a new line character, Increment Scan Index is called 
to advance to the next line, where the search continues. 

If the next non-blank character is a slash, a check for a comment must 
be made and, if present, the comment skipped. Upon exit from this 
routine, scan index is pointing to the next non-blank, non-new-line 
character in the source program. 

Errors Detected 

INCOMPLETE COMMENT OR CHARACTER STRING CONSTANT. (103) 

Local variables 

None 

Program Interface 

Entry Points 

Nonstandard entry. Cl return, C2 entry. 

$FNB. NO formal parameters. Scan index in P5. 

Exit Conditions 

Normal exit only. Scan index in P5. G2 destroyed. 

Routines called 

$ASIDX 
$XERR 

Global Variables 

$TAREA 

Logic Diagram 

Increment Scan Index 
Error Message Editor 

Translate Area 

Chart 8 shows the detailed logic diagram for the Get Non-Blank routine. 
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PART 2 LOGIC DIAGRAMS 

The detailed logic diagrams for the routines that perform entokening 
follow. 
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PLII SYSTEMS MANUAL 

SASIDX 

............... 
.. *-NO .. .. ••••••••••••••• 

.. SCAfi INDEX -) .. .. .. .. 
SOURC.E = NEW *oo ................ X*AOO 1 10 SCAN*- .................. X*- HFTURN 

.. lINt:?" : INDEx : ................ . ............... 

ASOtO .. . 
· .. YES 

• YES • ANOTHER LINE .................... oo ... x 
LEFT? 

Asaso • . 
• 

" NO 

COMPlllTlnN 
COMPLETE? 

· •• 0 

o\SOOjO 

• YFS ••• . . . 
• )( A'l* . . . ... 

............... . . . . . . 
• C2* • • )(. SFT SCAN • 
_ .. _INDEX Tn EflF " ... " ............... 

v . ............. . · . . *'3*,l( 
• V~S ....... 

COMPILATION *x 0. 

.N2 
lA'iT TUICFN ........... . · . .. .... tOMPLE TE"O? .. .. ..... 

· • NO 

ASOfiO ~ 

. 

............... · . -CREAn DUMJI1Y .. 
• EN!;) STATEMENT*
.. 6. SET SCAN .. 
.. PfR. .. ............... 

.. *-YES 
.. END Of SOURCE .. 

PREViOUSLy· •••••••• 
REACHED?-

· ."" 
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Chart 5. Increment Scan Index 
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PART 3 - GENERAL STATEMENT PROCESSORS. 

CALL/360-0S PL/I general statement processors are described in this 
subsection. The routines are discussed in alphabetic order. according 
to their mnemonics. as shown below. Detailed logic diagrams for the 
routines appear at the end of the subsection. 

Assignment Generator ($ACGEN) 
PROC Generator ($APRC. $APRC2) 
BEGIN Generator ($BEGIN) 
On-Unit specification Analyzer ($BONSA) 
GO Generator ($BRNH. $BRNH2) 
CALL Generator ($CALL) 
IF Generator ($CIF) 
ON Generator ($CON) 
REVERT Generator ($CRVT) 
STOP Generator ($CSTOP) 
DO-Loop Triad Builder ($DEXP) 
DO Generator ($DOG. $DOG2) 
RETURN Generator ($DRET) 
END Generator ($EDGN. $EDGN2) 
Process End of ELSE ($ENDES) 
Process End of ON ($ENDON) 
Expander ($EXPND) 
END Expand ($EYPND) 
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TITLE: ASSIGNMENT GENERATOR ($ACGEN) 

Program Definition 

Purpose and Usage 

The Assignment Generator prepares an assignment statement for analysis 
by the Expression Processor Controller. 

Description 

The assignment symbol in the aSSignment statement is changed from an 
ordinary equal sign to an assignment type equal. This allows the 
Expression Processor Controller to translate the whole statement and 
perform the assignment. 

If the statement is an array assignment. the statement is expanded 
and reprocessed by the Expression Processor Controller. Then the 
expansion is terminated. 

Errors Detected 

ILLEGAL ASSIGNMENT STATEMENT. (15) 
ERROR AT • ___ •• (16) 

Local Variables 

None 

Program Interface 

Entry Points 

$ACGEN. No formal parameters. Expects $PTR to pOint to first -token 
in statement. 

Exit Conditions 

Normal exit only. 

Routines Called 

$NEXP 
$CERR 
$EXPND 
$EYPND 
$XERR 

Global Variables 

T Table 
$PTR 

Logic Diagram 

Expression Processor Controller 
Compiler Error 
Expander 
ERD Expand 
Error Message Editor 

Token Table 
Token Table Pointer 

Chart 9 shows the detailed logic diagram for the Assignment Generator 
routine. 
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~"-

Program Definition 

Purpose and Usage 

The PROC Generator analyzes the syntax, creates parameter declarations, 
and generates triads for PROCEDURE statements. 

Description 

PRoe Generator checks to make sure that a label is present on the 
PROCEDURE statement. If a parameter list is present, tentative default 
attributes are created for the parameters. If RETURNS attributes are 
specified, they are analyzed and used in creating these attributes. 
If no RETURNS attributes are supplied, default attributes are created 
using the procedure name. 

The code generated for an internal procedure consists of a branch 
around the procedure and the prologue code. Entries for the block 
are made in both the program structure table and block information 
table. 

If the procedure is the external procedure, a second entry pOint is 
used. This bypasses the main analysis, because the only information 
pertinent to an external procedure is the possible presence of the 
OPTIONS (MAIN) attribute. 

Errors Detected 

ERROR AT' , (16) 
' __ I WHERE ',' EXPECTED--SKIPPING TO ' (32) 
LABEL MISSING. (46) 
ILLEGAL RETURNS ATTRIBUTES, DEFAULT RETURNS ATTRIBUTES USED. (41) 
ILLEGAL OPTION ON EXTERNAL PROCEDURE STATEMENT. (48) 
MULTIPLE DECLARATION FOR ' __ '--TBIS DECLARATION USED. (56) 

Local Variables 

APBIT 
APFIB 
APTRD 
APATT 
APRET 
APPRCT 

Program Interface 

Entry Points 

Attribute Bit Mask 
FIB Pointer 
Dummy Name Token 
Pointer to ENTRY Attribute 
Pointer to RETURNS Attribute 
Type of Procedure (0 = External) 

$APRC. No formal parameters. Expects $PTR to point to token 
following PROC. For internal procedures. 

$APRC2. No formal parameters. Expects $PTR to point to token 
following PROC. For external procedures. 

Exit conditions 

Normal exit only. $PTR points to semicolon. 

Routines Called 

$ANClU: 
$A1!..~ 
$:G':'R~"\D 

Attribute Nods Creation 
A~~rih~te An~:~Bis 
Get Next Triad Entry 
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$BLPRC 
$FIND 
$WEXP 
$XERR 

Global Variables 

T Table 
$PTR 
P Table 
B Table 
A List 
$CLBLS 
$DCI~E 

Logic Diagram 

Label Processor 
Search-Insert 
segment Management 
Error Message Editor 

Token Table 
Token Table Pointer 
Program Structure Table 
Block Information Table 
Dictionary Attribute List 
Label Switch 
Name of Current Identifier 

Chart 10 shows the detailed logic diagram for the PROC Generator 
routine. 
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TITLE: BEGIN GENERA'1'OR ($BEGIN) 

Program Definition 

Purpose and Usage 

The BEGIN Generator checks the syntax of a BEGIN statement and generate. 
the initial part of the prologue for the block. 

Description 

If a label is present on the statement. it is processed. The syntax 
is checked by insuring that a semicolon immediately follows the word 
BEGIN. Entries for the block are made in the program structure and 
block information tables. A triad for the initial part of the prologue 
for a begin block is created. ' 

Errors Detected 

ERROR AT e __ e (16) 

Local Variables 

None 

Program Interface 

Entry Points 

$BEGIN. No formal parameters. Expects $PTR to point to token following 
BEGIN. 

Exit conditions 

Normal exit only. $PTR points to semicolon. 

Routines Called 

$BLPRC 
$GTRIAD 
$WEXP 
$XERR 

Global Variables 

T Table 
$PTR 
P Table 
B Table 

Logic Diagram 

Label Processor 
Get Next Triad Entry 
Segment Management 
Error Message Editor 

Token Table 
Token Table Pointer 
Program structure Table 
Block Information Table 

Chart 11 shows the detailed 'logic diagram for the BEGIN Generator 
routine. 
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TITLE: ON-UNI'l' SPECIFICATION ANALYZER ($BONO) 

Pr~ram Definition 

Purpose and Usage 

The On-Unit Specification Analyzer checks the ON-condition for legality 
and returns a code indicating the type of unit. 

Description 

The type of token is checked and its keyword code obtained. If not 
legal for an ON-condition, a message is given. If the code is for 
ENDFILE, a check is made for (filename) and a pointer to the filename 
is returned. 

Errors Detected 

ERROR AT' • (16) 
FILE NAME MISsING. (40) 

, NOT FILENAME. (41) 
UNRECOGNIZABLE ON-CONDITION. (44) 

Local Variables 

None 

Program Interface 

Entry Points 

$BONSA. No formal parameters. Expects $Pl'R to point to condition. 

Exit Conditions 

Normal exit only. $PTR points to token following condition. Register 
G2 indicates type of unit detected: 

G2 = 0 Unrecognizable 
G2 = 4 ERROR 
G2 = 8 FIXEDOVERFLOW 
G2 = 12 OVERFLOW 
G2 = 16 UNDERFLOW 
G2 = 20 ZERODIVIDE 
G2 = 24 ENDFILE (filename) 

Filename pointer stored in $FILON. 

Routines Called 

$FVAR 
$XERR 

Global Variables 

T Table 
N List 
$Pl'R 
$FILON 

Logic Diagram 

Locate Variable 
Error Message Editor 

Token Table 
Dictionary Name List 
Token Table Pointer 
on-oni t Flag and FCIB Pointer 

Chart 12 shows the detailed logic diagram for the on-Unit Specification 
Analyzer. 
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TITLE: GO GENERATOR ($BRNR, $BRNR2) 

Program Definition 

Purpose and Usage 

The GO Generator syntactically and semantically analyzes GO TO 
statements and generates code to perform the indicated functions. 

Description 

Five situations may occur during compilation of a GO TO statement: 

1. Forward references to statement-label constants. 

2. Backward reference to statement-label constant in same block. 

3. Backward reference to statement-label constant in containing 
block. 

4. Reference to a statement-label variable in same block or array 
label. 

5. Reference to a statement-label variable in containing block. 

The second and fourth situations present special cases. A branch to 
the statement referenced (or to the GO TO Interpreter (IBESAF) if a 
statement-label variable) is required. 

In any other situation, the GO Generator leaves sufficient space in 
the object code file to insert instructions. Information is placed 
in this area to allow proper code generation later. The proper code 
is inserted into this area when it is determined which of the three 
remaining situations exists. 

Errors Detected 

ERROR AT' '(16) 
"TO' MISSING AFTER 'GO' (36) 
ILLEGAL STATEMENT LABEL--STATEMENT IGNORED (37) 

Local Variables 

None 

Program Interface 

Entry Points 

$BRNH. No formal parameters. Expects $PTR to point to keyword token 
TO. 

$BRNB2. No formal parameters. Expects $PTR to point to token following 
keyword GOTO. 

Exit conditions 

Normal exit only. $PTR points to semicolon token. 
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Routines Called 

$CERR 
$FSYM 
$NEXP 
$GTRIAD 
$XERR 
$AREXP 

Global Variables 

T Table 
$PTR 
A List 

Logic Diagram 

Compiler Error 
Locate Identifier 
Expression Processor Controller 
Get Next Triad Entry 
Error Message Editor 
Array Expression Error 

Token Table 
Token Table Pointer 
Dictionary Attribute List 

Chart 13 shows the detailed logic diagram for the GO Generator 
routine. 
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TITLE: CALL GENERATOR ($CALL) 

Program Definition 

Purpose and Usage 

The CALL Generator analyzes the syntax and directs generation of the 
triads for a CALL statement. 

Description 

Before passing the entry name to the Expression Processor Controller 
for processing. the CALL Generator ensures that the entry name is 
properly declared and that the syntax of the statement is correct. 

An entry name of $RESET that is not declared as an entry point is 
defined to be the special CALL/36o-0S feature CALL $RESET. In this 
case the identifier following the left parenthesis must be a filename. 
A triad is generated to call the Reset Disk Files routine (IBERSET) 
to execute the reset operation. The address of the file control 
interface block (FCIB) is passed in R13. 

Errors Detected 

ERROR AT' • (16) 
• NOT ENTRY NAME. (17) 
• NOT FILE NAME. (41) 

Local Variables 

None 

Program Interface 

Entry Points 

$CALL. No formal parameters. Expects $PTR to point to entry name. 

Exit Conditions 

Normal exit only. 

Routines Called 

$FVAR 
$NEXP 
$GTRIAD 
$XERR 

Global Variables 

Z Table 
T Table 
$PTR 

Logic Diagram 

Locate Variable 
Expression Processor Controller 
Get Next Triad Entry 
Error Message Editor 

Triad Table 
Token Table 
Token Table Pointer 

Chart 14 shows the detailed logic diagram for the CALL Generator 
routine. 
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TITLE: IF GENERATOR ($CIF) 

Program Definition 

Purpose and Usage 

The IF Generator analyzes the syntax and directs the generation of 
triads for an IF statement. 

Description 

The IF Generator directs the translation of the logical expression 
in an IF statement and tests the result and generates a conditional 
branch to the ELSE clause. An entry is made for the IF statement in 
the program structure table and the compound statement switch is set 
so that a THEN clause is expected. 

A check is performed to insure that a THEN clause follows. If the 
word THEN does not immediately follow the expression, a search is made 
to·find it. If it is not present, a null-statement THEN unit is formed. 

Errors Detected 

ERROR ~' , (16) 
'THEN- CLAUSE MISSING, NULL ASSUMED. (39) 

LOcal Variables 

CITBEN Name THEN 

Program Interface 

Entry Points 

$CIF. No- formal parameters. Expects $PTR to point to token following 
IF. 

Exit Conditions 

Normal exit only. $PTR points to token following THEN. 

Routines Called 

$GTRIAD 
$NEXP 
$XERR 
$AREXP 
$WCTCT 
$WEXP 

Global Variables 

T Table 
$PTR 
P Table 

Logic Diagram 

Get Next Triad Entry 
Expression Processor Controller 
Error Message Editor 
Array Expression Error 
Segment Management 
Segment Management 

Token Table 
Token Table Pointer 
Program Structure Table 

Chart 15 shows the detailed logic diagram for the IF Generator 
routine. 
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TITLE: ON GENERATOR ($COlO 

Program Definition 

PUrpose and Usage 

The ON Generator generates code to establish ON-condition addresses. 
It also analyzes the syntax of the ON statement and creates an entry 
in the program structure table (P table) for the ON statement. 

Description 

The conditions for which ON statements are allowed are the following: 

ERROR 
FIXEDOVERFLOW 
OVERFLOW 
UNDERFLOW 
ZERODIVIDE 
ENDFILE (filename) 

ON Generator makes sure that the on-unit is an unlabeled statement. 
The Controller makes sure it is a legal unit. 

since all temporaries in the on-unit use special temporaries. each 
on-unit is handled as a procedure block and creates a new entry in 
the temporary storage table (S table) which is removed upon completion 
of the on-unit. 

When an ENDFILE on-unit is encountered. the following special steps 
occur: 

1. Space is obtained for the on-unit parameter list in static and 
constants area. The address of the parameter list is saved 
in the block information table (B table). (For the format of 
the on-unit parameter list. see Appendix B.) 

2. The number of ENDFILEs encountered for the current block (B$FILE) 
is incremented. 

3. Code is generated to initialize the on-unit parameter list, 
including the 20-byte on-unit adcon area. address of FCIB. 
An ENDFILE table entry is initialized in the END Generator. 
(See Appendix B.) 

q. Code is generated to call the On-ENDFILE and REVERT Initializer 
(IHEONREV) at entry-point IBEONUN and pass the address of the 
on-unit parameter list in R13. 

Errors Detected 

ERROR AT .___ (16) 
LABEL ILLEGAL HERE--IGNORED. (45) 

Local Variables 

None 

Program Interface 

Entry Points 

$CON. No formal parameters. Expects $PTR to point to token following 
ON. 
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Exit Conditions 

Normal exit only. $PTR points to first token of the on-unit in the 
ON statement or to semicolon ending the ON statement. (For details 
regarding on-units. see the CALL/360-as PLlI Language Reference 
Manual.) 

Routines Called 

$BONSA 
$G'l'RIAD 
$CATEG 
$ NCONS 
$XERR 
$WEXP 

Global Variables 

STable 
T Table 
$PTR 
P Table 
$CSS 
B Table 
$FILON 

Logic Diagram 

On-unit Specification Analyzer 
Get Next Triad Entry 
Statement Category 
Constant Processor 
Error Message Editor 
Segment Management 

Temporary Storage Table 
Token Table 
Token Table Pointer 
Program Structure Table 
Compound Statement Switch 
Block Information Table 
on-Unit Flag and FCIB Pointer 

Chart 16 shows the detailed logic diagram for the ON Generator 
routine. 
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TITLE: REVERT GENERATOR ($CRVT) 

Program Definition 

Purpose and Usage 

The REVERT Generator analyzes the syntax and generates the code 
associated with the REVERT statement. 

Description 

The conditions for which REVERT statements are allowed are: 

ERROR 
FIXEDOVERFLOW 
OVERFLOW 
UNDERFLOW 
ZERODIVIDE 
ENDFILE (filename) 

For ENDFILE condition, code is generated to call the On-ENDFILE and 
REVERT Initializer library subroutine (IHEONREV) at entry point IHEREVT. 
The address of the file control interface block (FCIB) is passed to 
the subroutine in R13. All other conditions store revert code directly 
into the DSA for the particular type of on-unit. 

Errors Detected 

ERROR AT • (16) 

Local Variables 

None 

Program Interface 

Entry Points 

$CRVT. No formal parameters. Expects $PTR to point to token following 
REVERT. 

Exit Conditions 

Normal exit only. $PTR points to semicolon. 

Routines Called 

$BONSA 
$GTRIAD 
$NCONS 
$XERR 

Global Variables 

T Table 
$PTR 
$FILON 

Logic Diagram 

On-Unit Specification Analyzer 
Get Next Triad Entry 
Constant Processor 
Error Message Editor 

Token Table 
Token Table Pointer 
On-Unit Flag and FeIB Pointer 

Chart 17 shows the detailed logic diagram for the REVERT Generator 
routine. 
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TITLE: STOP GENERATOR ($eSTOP) 

Program Definition 

Purpose and usa(je 

The STOP Generator analyzes the syntax and generates triads for the 
STOP statement. 

Description 

The functions of a STOP statement are performed by a branch to the 
prolO(jue of the external procedure. 

Errors Detected 

ERROR AT w __ w (16) 

Local Variables 

None 

Program Interface 

Entry Points 

$CSTOP. No formal parameters. Expects $PTR to point to token follOWing 
STOP. 

Exit Conditions 

Normal exit only. $P'l'R points to semicolon token. 

Routines Called 

$GTRIAD 
$XERR 

Global variables 

B Table 
T Table 
$PTR 

Logic Diagram 

Get Next Triad Entzy 
Error Message Editor 

Block Information ~ble 
Token Table 
Token Table Pointer 

Chart 18 shows the detailed logic diagram for the STOP Generator 
routine. 
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TITLE: DO-LOOP TRIAD BUILDER ($DEXP) 

Program Definition 

Purpose and Usage 

The DO-LoOp Triad Builder is used to build the triads required for 
an iterative DO-loop to initialize the DO index, to increment the DO 
index, and to test the DO index for loop termination. 

Description 

The elements of the DO statement along with their attributes are set 
on entrance to this routine in $DOLBS (the DO index), $DORBS (the 
initial value), $DOBY (the increment value), and $DOTO (the final 
value). If the increment was not specified in the DO statement, the 
constant one is substituted. Only the required portions of the DO
loop control code are generated. Dummr statements are constructed 
from the elements of the DO statement by placing the operators and 
operands in the operator and operand stacks. The stacks are then 
processed to form the required triads. 

Errors Detected 

None 

Local Variables 

DEFLG Increment type flag: 

o = constant increment 
1 = variable increment 

DETEST Used to resolve FIB's to the code that tests for the 
end of the loop. contains the head pointer to the 
FIB·s which branch to this code. 

DEPLUS 

Program Interface 

Entry Points 

$DEXP 

Calling Conditions 

Used to resolve FIB·s to the code that tests for the 
end of the loop if the increment is plus. Contains the 
head pointer to the FIB·s that branch to this code. 

All communication is through the global variables. 

Exit Conditions 

Control returns to the caller immediately following the invoking call. 
No specific output values are returned-

Routines Called 

$WEXP 
$NCONS 
$ NOPRT 
$WC'l'CT 
$GTRIAD 

Segment Management 
Constant Processor 
Operator stack Processor 
Segment Management 
Get Next Triad Entry 
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Global Variables 

$CSS 
$DISPL 

$NTCUR 
$PRIOR 
$DORBS 
$DOLHS 
$DOSWT 
$DOBY 
$DOTO 
A List 
C Table 
P Table 
X Table 
Y Table 
Z Table 

Logic Diagram 

compound statement Switch 
Displacement from Variable Table Address to Fixed 

Tables 
Number of Last Triad Generated 
Operator Priority 
DO Statement Right-Band Side 
DO Statement Left-Band Side 
DO Statement Switch 
DO BY Clause 
DO TO Clause 
Dictionary Attribute List 
Constant Table 
Program Structure ~ble 
Opera tor Stack 
Operand Stack 
Triad Table 

Chart 19 shows the detailed logic diagram for the DO-Loop Triad Builder 
routine. 
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TITLE: DO GENERATOR ($DOG. $DOG2) 

Program Definition 

Purpose and Usage 

The DO Generator generates triads to perform the functions indicated 
by the statement. checks the syntax of the statement, and creates an 
entry in the program structure table for the statement. 

Description 

If the specification is empty. a noniterative DO entry is created in 
the program structure table. No code is generated for this form of 
a noniterative DO statement. 

If the specification contains only a WHILE Clause, an iterative DO 
entry is created. The address of the test instructions is established, 
and the logical expression is evaluated and tested. 

If an assignment to an index variable is given, the address and type 
of the index variable are obtained and saved. The initial value 
expression is evaluated, and its type and address are saved. 

Any BY or TO clauses are then evaluated and their values are assigned 
to temporary variables. If more than one clause of each type is 
present, an error is generated. If no BY clause was given, a BY value 
of 1 is provided, unless no TO value was given (in which case the 
assignment is noniterative and special analysis follows the assignment). 

The DO-Loop Triad Builder routine ($DEXP) generates the setting, 
incrementing, and testing instructions associated with the DO. 

If a WHILE specification is present, code is generated for the logical 
expression and the value tested. After this, or if no WHILE was given, 
the program structure table is pushed down and a return performed. 

All iterative DO's are repeated unless only an assignment and a WHILE 
clause are present. In this case the iterative DO is nonrepeating. 

Code is generated only for those sections of the DO that are present. 
The triad table for a complete DO will look like this: 

Inc 

Test 

Neg test 

Loop 

calculate address of index variable 
Calculate starting value expression (exp1) 
Calculate TO value expression (exp2) 
Calculate BY value expression (exp3) 
Assign exp1 to index variable 
Define address - Push down temp level 
Add exp3 to index variable 
RFIB 
Compare exp3 to zero 
FIB if negative go to Neg test 
Compare index to exp2 
FIB less than or equal to loop 
FIB end of loop 
RFIB 
Compare index to exp2 
FIB greater than or equal to loop 
FIB end of loop 
RFIB 
Calculate WHILE clause 
FIB false to end of loop 
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Errors Detected 

ERROR AT' , (16) 
ILLEGAL 'oO"INDEX. (22) 
ILLEGAL 'WHILE' CLAUSE. (25) 
DUPLICATE' • CLAUSE. (26) 
ITERATIVE '00' REQUIRED. (38) 

Local Variables 

OOTYPE Check for Proper 00 Terminator 

Program Interface 

Entry Points 

$OOG.Expand 00 statement. Expects $PTR to be set to token after DO. 

$DOG2. Expand 00 specification in I/O statement. Expects $PTR 
to be set to token after DO. 

Exit Conditions 

Upon encountering a semicolon token or a right-parenthesis token. 
Both exit points leave $PTR set to token that caused exit. 

Routines Called 

$NEXP 
$DEXP 
$GTRIAD 
$AREXP 
$XERR 
$WCTCT 
$WEXP 

Global variables 

T Table 
$PTR 
P Table 
$DOLHS 
$OORHS 
$OOTO 
$OOBY 
$DOSWT 

Logic Diagram 

Expression Processor Controller 
DO-Loop Triad Builder 
Get Next Triad Entry 
Array Expression Error 
Error Message Editor 
Segment Management 
Segment Management 

Token Table 
Token Table Pointer 
Program Structure Table 
00 Statement Left-Band Side 
DO Statement Right-Hand Side 
00 TO Clause 
DO BY Clause 
00 Statement SWitch 

Chart 20 shows the detailed logic diagram for the 00 Generator 
routine. 
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TITLE: RETURN GENERATOR ($DRET) 

Program Definition 

Purpose and Usage 

The RETURN Generator analyzes the syntax and generates the code 
necessary for the RETURN statement. 

Description 

RETURN Generator makes sure that the RETURN statement is not contained 
within an on-unit and that, if imme~iately contained in the external 
procedure, it has no return express1on. If it is in a begin block, 
it is treated as appearing in the containing procedure. 

The return expression, if any, is calculated and stored in the dummy 
parameter passed for the return value. Code is generated to branch 
to the procedure block·s epilogue. 

Errors Detected 

ERROR AT· • (16) 
RETURN STATEMENT ILLEGAL IN ON-UNIT. (51) 
RETURNS ATTRmUTE ILLEGAL IN EXTERNAL PROCEDURE--SRIPPING TO 

Local Variables 

DRTKN Return Assignment Tokens 

Program Interface 

Entry Points 

••• . . (52) 

$DRET. No formal parameters. Expects $PTR to point to token following 
RETURN. 

Exit Conditions 

Normal exit only. $PTR points to semicolon token. 

Routines Called 

$NEXP 
$GTRIAD 
$AREXP 
$XERR 
$WBACK 

Global Variables 

T Table 
$PTR 
P Table 
B Table 

Logic Diagram 

Expression Processor Controller 
Get Next Triad Entry 
Array Expression Error 
Error Message Editor 
segment Management 

Token Table 
Token Table Pointer 
Program Structure Table 
Block Information Table 

Chart 21 shows the detailed logic diagram for the RETURN Generator 
routine. 
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TITLE: END GENERATOR ($EDGN, $BOON2) 

Program Definition 

Purpose and Usage 

The END Generator determines which, and how many, DO, BEGIN, and PROC 
statements are being closed and whether any IF statements are being 
determined. It also generates the triads and performs the housekeeping 
associated with the closings. 

Description 

If no label follows the word END, then the statement on top of the 
program structure table is being terminated. If a label follows END, 
then each statement down to and including the statement with that label 
is terminated. If a label prefix is present on the END statement, 
its processing must be delayed until the last group or block is ended. 

When a begin or procedure block is being closed, some work, besides 
generating the epilogue code, needs to be done. If the external 
procedure is being closed, compilation is completed and it is necessary 
to finish housekeeping tasks such as establishing static storage and 
library linkage. Once this work is completed, the object program can 
be executed. 

At the end of an internal block, all declarations made in the block 
are removed from the dictionary attribute list (A list). This is a 
simple procedure for variables but more complex for entry names and 
statement-label constants. At the end of each procedure, all 
temporaries for the procedure are removed from the temporary storage 
table (S table). 

If the dictionary attribute list shows entry names or statement-label 
constants tentatively, rather than explicitly defined in a block being 
closed, it is necessary to search for an explicit definition in the 
immediately containing block. If no explicit definition is found, 
the tentative definition is changed to an explicit definition in the 
containing block. 

If this tentative definition is for a FORMAT statement label, no search 
is made of the containing block and an error message for an undefined 
format is generated. All explicit entry-name or statement-Iabel
constant definitions are removed from the dictionary attribute list. 

Each ENDFILE on-unit encountered in the block being ended requires 
eight bytes in the DSA for the block to build the ENDFILE table. This 
area is initialized by a call to the IBEONUN entry point of the On
ENDFILE and REVERT Initializer (IBEONREV) at runtime. 

Errors Detected 
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• AFTER 'END' ILLEGAL--IGNORED. (21) 

tiiDiFINED FORMAT. (28) 
ILLEGAL USE OF' '. (29) 
SOURCE STMTS AFTER END OF PROGRAM IGNORED. (101) 
SEVERE DIAGNOSTICS, EXECUTION PREVENTED. (108) 



Local Variables 

EDLAST 
EDENTY 
EDFIB 
EDBLKT 

Program Ihterface 

Entry Points 

Last statement Switch (0 = No) 
Entry Point Code 
FIB Around Symbol Table 
Block End SWitch: 

X '01' 
X 'qO' 
X '20' 
X 'SO' 

RFIB Around Block 
External Procedure 
Begin Block 
Symbol Table SWitch 

$EDGN. No formal parameters. Expects $PTR to point to token 
following END. 

$EDGN2. No formal parameters. Does not use token table. 

Exit Conditions 

Normal exit. $PTR points to semicolon and also end of compilation exit. 

Normal exit only. One iterative DO closed. 

Routines Called 

$CERR 
$BLPRC 
$ENDES 
$ENOON 
$GTRIAD 
$ TCODE 
$FNB 
$SVC 
$XERR 
$WCTCT 
$WEXP 

Global Variables 

$PTR 
T Table 
P Table 
A List 
N List 
$CSS 
B Table 
STable 

Logic Diagram 

Compiler Error 
Label Processor 
Process End of ELSE 
Process End of ON 
Get Next Triad Entry 
Triad Code Generator 
Get Non-Blank 
SVC Director 
Error Message Editor 
Segment Management 
Segment Management 

Token Table Pointer 
Token Table 
Program Structure Table 
Dictionary Attribute List 
Dictionary Name List 
Compound Statement Switch 
Block Information Table 
Temporary Storage Table 

Chart 22 shows the detailed logic diagram for the END Generator 
routine. 
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TITLE: PROCESS END OF ELSE ($ENDES) 

Program Definition 

Purpose and Usage 

The Process End of ELSE routine does the processing necessary at the 
end of an ELSE unit. 

Description 

If necessary, the address of the end of the IF statement is defined. 
The program structure table entry for the IF statement is removed and 
the compound statement switch reset. 

Errors Detected 

None 

Local Variables 

None 

Program Interface 

Entry Points 

$ENDES. No formal parameters. 

Exit Conditions 

Normal exit only. 

Routines Called 

$GTRIAD 
$WCTCT 

Global Variables 

P Table 
$CSS 

Logic Diagram 

Get Next Triad Entry 
Segment Management 

Program Structure Table 
Compound Statement Switch 

Chart 23 shows the detailed logic diagram for the Process End of ELSE 
routine. 
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TITLE: PROCESS END OF ON ($ENDON) 

Program Definition 
; 

Purpose and Usage 

The Process End of ON routine does the processing necessary at the 
end of an on-unit. 

Description 

The address of the end of the on-unit is defined and the entry in the 
temporary storage table made for the ON statement is removed. The 
program structure table entry for the ON statement is removed and the 
compound statement switch reset. 

Errors Detected 

None 

Local Variables 

None 

Program Interface 

Entry Points 

$EDDON. No formal parameters. 

Exit Conditions 

Normal exit only. 

Routines Called 

$GTRIAD 
$CERR 
$WCTCT 

Global Variables 

P Table 
$CSS 

Logic Diagram 

Get Next Triad Entry 
Compiler Error 
segment Management 

Program structure ~ble 
Compound Statement Switch 

Chart 24 shows the detailed logic diagram for the Process End of ON 
routine. 
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TITLE: EXPANDER ($EXPND) 

Program Definition 

purpose and usage 

The Expander determines the dimensionality of an array expression, 
generates the DO statements for the expression, and builds a list of 
the temporary variables used for the indices. 

Description 

This routine is called after the Expression Processor Controller has 
detected the presence of an array expression. A pointer to the asterisk 
subscript or array name that caused detection of the array expression, 
a subscript number (called SUBNUM in the logic diagram), and the pOinter 
to the dictionary attribute list entry for the array are available. 
The subscript number is set to zero if an array name caused detection 
of the array. 

The Expander proceeds to remove from the triad table any triads 
generated by the Expression Processor Controller prior to detection. 
It determines if this is an array or a cross-section reference. 

For each dimension, a fixed-point temporary variable is obtained for 
the bounds and a DO statement is generated. 

If the expression is an array, the number of dimensions is checked 
before proceeding. If it is a cross-section, the subscripts are scanned 
for the next asterisk subscript. The subscript number is properly 
advanced during the scan. 

The generated substitution list is in the form of a token list from 
the left parenthesis for a subscript to the right parenthesis. 

Errors Detected 

None 

Local Variables 

EXDIM 

Program Interface 

Entry Points 

Number of Dimensions in Array 

$EXPND. Expects $EXPNS and $PTR from Expression Processor Controller. 

Exit Conditions 

Normal exit only. 

Routines Called 
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$DEXP 
$GTRIAD 
$WCTCT 
$WEXP 

DO-LoOp Triad Builder 
Get Next Triad Entry 
Segment Management 
segment Management 



Global Variables 

T Table 
Q Table 
$EXPCT 
$EXPNS 

Logic Diagram 

Token Table 
Subscript substitution Table 
Expansion Count 
Expression Processor to Array Expansion 

Routine Information 

Chart 25 shows the detailed logic diagram for the Expander routine. 
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TITLE: END EXPAND ($EYPND) 

Program Definition 

Purpose and Usage 

The END Expand routine generates the END statements necessary to 
complete DO-loops generated by the Expander routine. 

Description 

For each dimension in the array expression, a call is made to the END 
Generator to complete a DO statement. After each entry, the temporary 
variable used for the DO index is released and the corresponding entry 
in the subscript substitution table is set to null. 

Errors Detected 

Itone 

Local Variables 

Hone 

Program Interface 

Entry Points 

$EYPKD. No formal parameters. 

Exit Conditions 

Normal exit only. 

Routines called 

$EDGN 
$WCTCT 

Globa1 variables 

$EXPCT 
Q Table 

Logic Diagram 

END Generator 
Segment Management 

Expansion Count 
Subscript Substitution Table 

Chart 26 shows the detailed logic diagram for the END Expand routine. 
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PART 3 LOGIC DIAGRAMS 

The detaiJ.ed logic diagrams for CALL/360-0S PL/I statement processors 
follow • 
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Chart 9. Assignment Generator 
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• • 
• NO 
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v ••••••••••••••• 
RETURN ............... 
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¥ UNIT '~l • • • • ** •••••••••••• 
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............... 
* * .. $EDGN 111 
* • ............... 
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IDNTFR ? 

• .. Yf\ 

• ·NO 
]S LABB. .. 
ENDED IN 

.. STACK AT ALL? .. . . • • • .. YES 
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*$tlLPRC .. . ------ .... -----. 
.. P"ROCESS .. 
.. LABEL .. • • ............... 
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•••••••••••••• * .............. . 
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PART 4 - DECLARATION PROCESSING 

The routines described in this subsection are concerned primarily with 
creating and finding definitions (declarations) of variables. Four 
types of declarations are allowed: 

explicit 
implicit 
contextual 
tentative 

Understanding of these types of declarations is essential to 
interpretation of the declaration-processing routines. The types are 
discussed under -Declaration Processing- in Section 2. 

The routines concerned primarily with declaration processing are listed 
below and described in alphabetic order according to their mnemonics 
on succeeding pages. Detailed logic diagrams for the routines appear 
at the end of the subsection. 

Attribute Analysis ($ABAL) 
Attribute Node Creation ($ANCRE) 
Label Processor ($BLPRC) 
DCL Generator ($DCLGN) 
Locate Identifier ($ FSYM) 
Locate Variable ($FVAR) 

Some attribute entries are processed in routines described in other 
subsections (for example, PROC Generator). However, such routines 
are not concerned primarily with declaration processing. 
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TITLE: ATTRIBUTE ANALYSIS ($ABAL) 

Program Definition 

Purpose and Usage 

The Attribute An~ysis routine is used by the DeL Generator to prepare 
a bit mask and table of option list pointers that represent the 
explicitly declared attributes of an identifier. 

Description 

Each attribute that it is possible to explicitly declare for an 
identifier is assigned a bit position in an attribute bit string. 
This bit string must be long enough to contain one bit for each 
attribute and for each optional list. If the bit denoting an attribute 
is one, the attribute was present; if zero, the attribute was not 
present. Each attribute list is assigned a pointer that points to 
the left parenthesis token of the tokens that describe the list. Thus, 
the attribute table consists of the attribute bit string and the 
pointers. If an attribute was specified without its list, a 
corresponding bit is set but the pointer for the attribute list is 
zero. (For a description of the attribute table, see ·Compiler 
Variables· in Appendix A.) 

When an attribute is encountered, an attribute conflict mask for the 
attribute is obtained. This conflict mask is the row of the attribute 
conflict matrix (see Figure 3-1) that corresponds to the attribute. 
By performing a logical AND of the attribute bit string and the conflict 
mask, it is possible to determine whether the new attribute conflicts 
with any previous attributes. If not, the bit for the attribute in 
the bit string is set to one. If the attribute is of the type that 
may have a list, a check is made to see if one is present. .If not" 
and the list is only optional, processing advances. otherwise, the 
pointer for the list is filled and the list is skipped. 

This routine finishes processing at the end of a continuous, unfactored 
set of attributes. 

Errors Detected 

ERROR AT I I (16) 
ILLEGAL LIST AFTER ATTRIBUTE' 'FOR IDENTIFIER I (58) 
FOR IDENTIFIER I I ATTRIBUTE-' - 'CONFLICTS WITH--
PREVIOUS ATTRIBUTES. (59) ---
LIST MISSING AFTER ATTRIBUTE ' __ ". (60) 

Local Variables 

ABTB Attribute Conflict Matrix 

Program Interface 

Entry Points 

One entry point accepting a pointer ($PTR) to a token in the 
token table. 

Exit Conditions 

Exit upon detection of a comma, semicolon, or right-parenthesis 
token. $PTR points to this token. 
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Ease of access of conflict masks depends on convenient ordering of key
word codes. order desired is continuous codes in the following order: 

FILE 
INPD'l' 
OUTPUT 

Logic Diagram 

PRINT 
S'l'ATIC 
AO'l'OMA'l'IC 

LABEL 
ERVIROlUtER'J.' 
RE'l'URRS 

CHARACTER 
ENTRY 
FIXED 

FLOAT 
COMPLEX 
REAL 

Chart 27 shows the detailed logic diagram for the Attribute Analysis 
routine. 
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TITLE: A'rl'RIBUTE NODE CREATION ($ANCRE) 

Program Definition 

Purpose and Usage 

The Attribute Node creation routine translates the information in the 
attribute table ($ABTBL) into a dictionary attribute node. However, 
it does not enter this node into the dictionary attribute list. 

Description 

Because file and entry name declarations require special handling, 
the first distinction made after entering this routine is whether or 
not a variable is being declared. This distinction is made using a 
logical AND of the attribute bit string and a classification mask. 
This classification mask and other classification masks used by the 
Attribute Node creation routine are shown in Figure 3-2. (For a de
scription of the attribute table, see ·Compiler Variables· in Appendix A.) 

M .... Clauifications 

Mask J: Not Arithmetic Cia .. x X x X 

M .... 2: Enlly Claw 

Mast 3: Pi .. A. .. X X X X 

Ma ... 4: Not Vlriable Cia .. X X X X 

M .... J: Mode and Scale 

Ma .... : Mode 

Malk 7: S~ 

Figure 3-2. Classification Masks 

X X X X X 

X X 

X 

X X X 

X X X X 

X X 

X X 

X 

X 

X 

If the declared entry is not a variable, it is determined whether a 
file or an entry name is being declared. In either case, space for 
a dictionary attribute node is obtained, special attributes are encoded, 
and transfer is made to the section of the routine that encodes the 
common attributes shared by all declarations. 

Since entry name declarations may have entry name declarations within 
them, a push-down list is maintained which indicates the processing 
state when a nested entry name declaration was encountered. This entry 
name declaration list allows this routine to be pseudo-recursive. 
The contents of the list entries are: 

1. Pointer to the entry attribute node being processed (P$SENT). 

2. Number of parameters previously processed (P$ZNP). 

3. Pointer to last parameter attribute node processed (P$ZPRM). 

4. s~ate of processing (RETURNS attributes or parameter list (P$ZSP». 

5. Pointer to current position in entokeninq of parameter list (P$ZETK). 

For convenience in storage, this push-down list is kept in the program 
structure table. The top node of the push-down list is kept in the 

137 



local variable ANPDL. (For a description of the entry name declaration 
list, see Appendix B.) 

If a file declaration for SYSrN or SYSPRrRT is made, a search is made 
to see if there is a corresponding external definition (in block zero). 
If not, one is created that is the same as the definition just made. 
If so, the new definition is compared with the corresponding definition 
for consistency. 

If a variable is declared, space is obtained for a dictionary attribute 
node. The size of the space depends on whether the variable is 
dimensioned. If it is, the dimension list is analyzed at this time. 
Checks are made to ensure that all the specified bOunds are legal. 
If necessary, code is generated to eval uate the bounds at execution 
time. A skeleton dope vector is established for each dimension 
variable. All bounds of constant value are initialized into this 
skeleton dope vector. 

If the variable is arithmetic, any preciSion, mode, or scale defaults 
are added. The arithmetic attributes are then encoded and transfer 
is made to the common attributes section (see below). 

If the variable is character, its string length is evaluated in a 
manner similar to dimensions. Any string attributes are established 
before taking care of the common attributes. 

The common attributes section establishes attributes such as scope, 
type of declaration, and block in which information was declared. 
All actions to complete the attribute node are performed. 

Errors l)et:eeted 

ERROR AT' '.(16) 
I~ USE OF '_" A"I"l'RIBO'l'E. (20) 
ILLEGAL RETURNS A'l"i'RIBU'l'ES--DEFAULT RETURNS A'l'TRIBU'l'ES USED. ( II 1) 
USE OF' • HERE CONFLICTS WI'l'B PREVIOUS USAGE. (51) 
PRECISION A'l"l'RIBUTE IS rLLEGAL--DEFAULT USED. (62) 
ILLEGAL PARAMETER ATTRIBUTES FOR' '. (63) 
ILLEGAL SCALE FACTOR FOR' '--IGNORED. (64) 
NOT ALL DIMENSION EXPRESSIONS ARE CONSTANTS. (65) 
FOR STRING' j LENGTH NOT A CONSTANT. ( 66) 
• 'BAS IL~GAL LENGTB--225 USED. (67) 
,-. BAS ILLEGAL '.' DIMENSION OR STRING LENGTH. (68) 
ATTRIBU'l'E FOR FILE' • CONFLICTS WI'l'B PREVIOUS DECLARATION OR USE. (69) 
IMPROPER ARRAY BOUND:-(104) 

Local Variables 

ANAPT 
ANTPTR 
Register G3 
ANPDL and ANPLEV 
ANDVL 

Program Interface 

Entry Points 

Internal Routine Return Point 
Entry ValUe of $PTR 
Address of Attribute Node 
Entry Name Declaration List Pointer 
Dope Vector Length 

One entry point. Only input required is an attribute table and $DCNME. 

Exit Conditions 
• 

Normal exit only. output consists of a pointer to a dictionary 
attribute node in register GO. 
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Routines called 

$ABAL 
$CERR 
$NEXP 
$STRD 
$GTRIAD 
$ NCONS 
$AREXP 
$XERR 
$WCTCT 
$WEXP 

Global Variables 

$DCNME 
$APARM 
A List 
I Table 
J List 

Logic Diagram 

Attribute Analysis 
Compiler Error 
Expression Processor Controller 
Generate Triad 
Get Next Triad Entry 
Constant Processor 
Array Expression Error 
Error Message Editor 
Segment Management 
Segment Management 

Name of CUrrent Identifier 
SWitch Determining Whether Identifier is Parameter 
Dictionary Attribute List 
Initialization Table 
Dope Vector List 

Chart 28 shows the detailed logic diagram for the Attribute Node Creation 
routine. 
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TITLE: LABEL PROCESSOR ($BLPRC) 

Program Definition 

purpose and Usage 

The Label Processor defines the address of a statement label or entry 
name. It also resolves any tentative declaration previously made. 

Description 

Locate Identifier ($FSYM) is called to find any declaration in the 
current block of the identifier pointed to by the label pointer. If 
a previous declaration has been made, a check is made to see if it 
is tentative. If not, a multiple declaration exists (which is illegal). 
If the declaration was tentative, a check is made to ensure that its 
usage was compatible with the type of declaration being made.. All 
tentative declarations within the proper scope are resolved. 

An attribute node is made for the declaration. The definition is added 
to the dictionary attribute list and the address of the label is 
defined .• 

Errors Detected 

MULTIPLE DECLARATION FOR W w_-THIS DECLARATION USED. (56) 
USE OF w_re HERE CONFLICTSwITB PREVIOUS USAGE. (57) 

Local Variables 

None 

Program Interface 

Entry Points 

$BLPRC. No formal parameters. This routine determines whether it 
is to define statement label, FORMAT statement label, or entry name 
by the value in $CLBLS. 

Exit conditions 

Normal exit only. Register GO has pointer to attribute entry. 

Routines Cal.led 

$FSYM 
$GTRIAD 
$XERR 
$WEXP 

Global Variables 

$CLBLS 
A List 
N List 
T Table 
I Table 
$CLPTR 

Logic Diagram 

Locate Identifier 
Get Next Triad Entry 
Error Message Editor 
Segment Management 

Label SWitch 
Dictionary Attribute List 
Dictionary Name List 
Token Table 
Initialization Table 
Label Pointer 

Chart 29 shows the detailed logic diagram for the Label Processor routine. 
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TITLE: DCL GENERATOR ($DCLGN) 

Program Definition 

Purpose and Usage 

The DeL Generator directs the analysis and encoding of attributes for 
identifiers in a DECLARE statementr and adds the attribute entries 
to the dictionary attribute list (A list) upon completion of encoding. 
During this process r code is generatedr if necessaryr to allocate space 
for data and to construct dope vectors. 

Description 

The attributes explicitly declared for an identifier are maintained 
in a bit stringr one bit assigned to each attribute. If an attribute 
has been specifiedr its bit is one; otherwiser the bit is zero. Before 
beginning any attribute analysis r the bit string where the attributes 
are accumulated is initialized to zeros. The Attribute Analysis routine 
($ABAL) is called to analyze the attributes immediately following the 
identifier. On returnr any factored attributes are analyzedr one 
factoring level at a time. 

The DeL Generator keeps track of the factoring in effect by maintaining 
a push-down list of pointers to the right parenthesis token starting 
the factoring level. When the right parenthesis is reachedr its pointer 
is removed from the push-down list and the attributes following it 
are skipped. 

When all the attributes have been analyzedr a check is made to determine 
whether the identifier was previously declared or used in the current 
block. If so, and if it was not used only as a parameter specificationr 
a flag is set to indicate possible multiple declaration or use before 
declaration. 

At this point, the Attribute Node Creation routine ($ANCRE) is called 
to translate the bit string and a table of pointers to option lists 
into a dictionary attribute list entry and the necessary code. The 
entry just creat~ is added to the dictionary attribute list unless 
the error flag is set; if set, the new definition is checked for 
compatibility with the previous declaration. 

After an identifier has been completely encoded, translation of the 
next identifier in the token table begins. 

Errors Detected 

ERROR AT' • (16) 
STRUCTURESNOr SUPPORTED--' 'IGNORED. (18) 
PREVIOUS DECLARATION OR USE-oF' '. (21) 

Local Variables 

Push-down list kept in left parenthesis tokens in token table: 

DCPDL 
DCPTR 
DCERR 
DeDEF 

Program Interface 
i 

Entry Points 

Push-Down List Head 
Temporarily Saved Token Table Pointer 
Possible Error Flag 
Check for Compatible Definitions 

$DCLGN. No formal parameters. 



Exit conditions 

Exit after translating all of DECLARE statement and reaching a 
semicolon token. 

Routines Called 

$ABAL 
$ANCRE 
$FSYM 
$XERR 

Global Variables 

$PTR 
T Table 
A List 
N List 
$CBKNO 
$DCNME 
$APARM 

Logic Diagram 

Attribute Analysis 
Attribute Node Creation 
Locate Identifier 
Error Message Editor 

Token Table Pointer 
Token Table 
Dictionary Attribute List 
Dictionary Name List 
Current Block Number 
Name of Current Identifier 
switch Determining Whether Identifier is Parameter 

Chart 30 shows the detailed logic diagram for the DCL Generator 
routine. 
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TITLE; LOCATE IDENTIFIER ($FSYM) 

Program Definition 

Purpose and Usage 

Locate Identifier finds the definition of an identifier that occurs 
within a block with a block number greater than that one specified. 

Description 

The dictionary attribute list for a given name entry is searched until 
a definition is found which had last usage or declaration with a block 
number greater than or equal to the block number specified for the 
search. This determines whether the identifier has been declared or 
used in the block or in a block which is internal to the indicated 
block. If one or more definitions is found, the one with the greatest 
block number is returned along with a success indication. If none 
is found, a failure is reported. 

Errors Detected 

None 

Local Variables 

None 

Program Interface 

Entry Points 

$FSYM. No formal parameters. Needs pointer to a token table identifier 
entry in G1 and block number specifying where the declaration must 
be in G6. 

Exit Conditions 

Normal exit only. Returns a success indicator and, if successful, 
a pointer to the dictionary attribute list entry in GO. 

Routines Called 

$CERR 

Global Variables 

T Table 
A List 
N List 

Logic Diagram 

compiler Error 

Token Table 
Dictionary Attribute List 
Dictionary Name List 

Chart 31 shows the detailed logic diagram for the Locate Identifier 
routine. 



TITLE: LOCATE VARIABLE ($FVAR) 

Program Definition 

Purpose and Usage 

Locate Variable is used to locate the current definition of a variable 
and, if none, to create a definition. 

Description 

If the input consists of a pointer to a dictionary name list entry, 
the dictionary attribute list for that name is searched for the current 
definition. If an arithmetic identifier is being sought, the search 
encompasses all blocks. If a label. identifier is being sought, only 
the current block is searched. If the definition found is of type 
label, the mode of search is set to label for use by further searches. 

If a definition is not found, a definition is created depending on 
the mode of search and the contents of the token table. The results 
for the various modes of search are as follows: 

label 

file 

arithmetic -

entry name -

a tentative statement-label declaration is made 
in the current block. 

a file declaration is made in the outermost block 
(as well as an external declaration). 

if the token following the identifier in the token 
table is a left parenthesis, an entry name is 
declared. if it is not, an implicit variable 
declaration is made. 

a check is made to determine whether a block adcon 
area (BAA) must be allocated. 

Any created declaration is added to the dictionary name list and the 
pointer to the definition returned. 

If a previously used declaration is returned, no check is made to 
insure that it meets the requested mode. 

Errors Detected 

None 

Local Variables 

None 

Program Interface 

Entry Points 

$FVAR. No formal parameters. Requires a pointer to a token table 
entry in G3. 

Exit Conditions 

Normal exit only. Returns a pointer to a dictionary attribute list 
entry in GS. 

Routines Called 

$WEXP segment Management 

144 



Global variables 

T Table 
A List 
N List 
$NIDSI 

Logic Diagram 

Token Table 
Dictionary Attribute List 
Dictionary Name List 
Identifier Search Indicator 

Chart 32 shows the detailed logic diagram for the Locate Variable routine. 
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PART 4 LOGIC DIAGRAMS 

The detailed logic diagrams ~or the CALL/36o-0S PL/I declaration
processing routines follow. 

.** •••••••••••• 
SABAL 

... " ............ . 

PL/I SYSTEMS KANUAL 

SABAl 

Ai\QO$. • Aa~~;.* ......... .. 
••• .YES ... ... •••• ,. ,. ... *' .. • .. ... 
*.41.) .. TOKEN ............................. )1* OS-lAlN * ... .oX AO " 
" .. .. Jut:NTlFHR? .. .KEYWORD CODE:" .. 2-........ .. ... . ... .............•. · • NO 

• 

· ... YES 

1t6()1" 

-NO ••• · . . *x (3-· . . ... 

T01(I;N UsMMA? * ........ . 

· . "" • 

A8015 
_NO ••• · . . TOKEN *x '3-

.. SEMU:OtOH7 ... .. .. .. . .. 
· .. viS 

. . 

.x ..................... .. 

A8Q10 y ............... 
B;ETVRN ............... · · · 

A6-015 .. .. .......•....... 
•• .YES .. .. 

.. " .. • III .. ... .. 
*C.3*)( JOKEN LEFT * ................. )I.SET com: ~OR ...... x AO .. 
...... PAfI;ENTHESlS1 ... .. otMEKSION. .. 2-....... .. .. ** •• 

* *NO 

. ............. . 

·'is ................ . 

... plW~~~H:!i~~ .. * .................. "x: ..... .............. . . ."'" 

............... 
• YiS : : • • 

tOKE'" 
If:EYIfGRO? . ."" 

ABtl19 V ............ ,. ... · . ... . . 
*C6 •• ". $10 P TO END .. 
.... .OF ATTPI&UTES* ..... . . ............. . 

v ............... 
:!!~~:--------: 
• EkROM AT - • 
• .16 • · . ............... 

,; ............... 
RETURN 

................ JC:KEY~3:~1~ODf : ••• ~ A~ •• 
• • *.* • ..........•.... 

Chart 27. Attribute Analysis (Page 1 of 2) 
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._. 
• • *AO. • • ••• 

• 

--• • LEGAL • • • -
• • • • 

-• • A8019 

.NO ..... 

* * * CODE? *X C6 * 

-• • YES 

• • 

- - 1· .. .... 

• NO 

* 
••••• *.***** ••• • • 
* * x9mAm~G • •••••••••••••• X.AOO ATTRIBute. 

* • 
* * - • • • • YES 

A8150 if •••• ** ••••••• ** 
* * • • .MOVE TO NEXT • * TOKEN * · -* •• *.***** •• *** 

if A6005 ••••••••••••••• ·ERROR .. • ••• *-------* .. .. 
• PRE V lOU 5 * ••• X A3 * * ATTkl. '59 • • I. 
.. .. **** •••••• *** •• ***. 

* 

• 

• 

• 
• 

* 
• 

* TO MASK * • • ••••••••••••••• 

v • * • -* • YES • 
Ammm • • • • • • • • NO 

if .* •••• ***** •••• • * • • 
.HOVE TO NEXT -• TOKEN • • • * ••••• **** ••• ** 

if • • • 
* .YES • TOKEN A '(11 • • • 

* * • • • NO 

- • • • • .YES 

A8I00 

••• • • *x Cl. • • n. 

A8100 

••• 
* • .X Cl. • • • •• 

A6005 

••• * 
• U ST OPTIONAl • • • 
• TYPE *x A3 .. 

ATTRIBUTE? • * 1. • * •••• 
* • • 

- NO 

if .*** ••••••••••• 
.ERROR -*------------* 
• NO 1I ST • * PRESENT .60 • 

* • ••••••••••••••• 

if A8005 ••••••••••••••• .. .. .... 
.. SET PROPER .. .. .. 
.lIST POINTER •••• X A3 • 
.. TO NULL .. • 1. .. .. .... •••• ** ••••••• ** 

•• 
A8100 • 

* 
• * • • .NO • * - • ·Cl*X NO LIST TYPE 

ATTRIBUTE? 
......................... •• * -.. - • 

* -• • • YES 

A8140 if •••••••••• ** ••• 
_ERROR • 

*-------------* 
: ILLEi~h LIST: 

• • ••••••••••••••• 

if A8005 •••••••••••• **. .. .. .... .. .. .. .. 
• SET T AFTER - ••• X A3 * 
• PARENTHESIS. • I. 
* .. **** ****** ••• ****** 

v •• * ••••••••• *** · -• SET PROPER • _ POINTER TO • 

• LI ST -* • • •••••••• ****** 

v • •••••••••• *** • · -* SET T TO -
• RIGfoIT • 
• PARENTHESIS' - . •• *****.******* 

--*' .toW 
• LIST OPTlnNAL • 

• TYPE 
• ATTRT8UTE? 

* 

· .. -• YES 

if 
***.**t-******** - -• 08TAI~ -.cn'lFLICT ~AS'-
• FOP LIST • 
* -**********"' •••• 

* • -
• .. 0 • * ATT1\1l\UTE 

- CONFLICTI .. G? 

• * • • ... YES 

A800~ 

***It • • *x A3 '" . ,. 
**** 

* •••••••• 

A8155 V ABO OS 
••• *.*.******** 
·ER~OR '" **** *-------------* '" '" '" CONFLICT •••• x A3 * 
• ATTRIBUTE~ * '" I. 
... ,.e.g * **** *.*.*********.* 

v 
•••• ***** •• ***. • • 
* -_ SfT PROPfP • 
*ATTRIBUTE BIT• • ************."'. 

V ABD05 
•• ** ••••• ****** 
'" *' .*** '" *' * '" -ADD ATTRIBUTE •••• X A3 • 
'" TO 8[T MASK'" * 1. 
• • **** .* ••••• * •••• *** 

Chart 27. Attribute Analysis (Page 2 of 2) 
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................ · SANCRE • ............... 

PUSH DOWN 
LIST EMPTl: 

ANOIO • · 

• 

PLII SYSTEMS MANUAL 

UNCRE 

AN425 ..••.....•.•... ... • 'NO • · _NO • • •••• · . . 
*A2 * 

MASK 4 AND 
ATTRIBUTES = 

"O'S? 

• MASK 2 AND • .OBTAIN ENTRY. ,. ,. 
............... X ATTRIB-UTES :: 

'O'S1 
................ x. NAME ..... x AO • · . . ... 

· * YES 
• _ YES 

" 
• .NO • MASK 3 AND • 

• ATTRIBUTE • • 9. 
• NODE • • ••• ••• * ....... * •••• 

AN015 ••••••• ** •• * ••• ,. . . ... 
• OBTAIN FILE. • • 

AR ITHMET Ie OR 
STRING 

ATTRI8UTES = ................. • X. NAME •••• x AO • 

... · . *A6 • 

AN060 • AN070 • • YES ••• · . . DIMENSION 81 T .X 00-
ON? ..-

· • NO 

v ................ · . • OBTAIN .. 
·UNDIMENSIONED· 
• VARIABlE NODE. • • ••••••••••• * ••• 

... 

ANO&2 • • . 
• MASK 1 AND 

AN20a 

• YES •••• · . . • X AO • 

,. 'O'B? • . 
• YES 

AN600 v ............... 
: CO~m~R 
• ERROR ............... 

· . . ... ATTRI8UTES • 
'O'S ? · .. ,.. •••• 

. 
• 
" 

• 
• NO 

AN125 

·YES •••• · . . CHARACTER BIT .X AO • 
ON? ,.. 2. .... 

• 
• NO 

• ••••••••••••••• AN310 

• YES • • •••• 
• .ESTABLI~H ANY. • • 

• 1.ABEL BIT ON? ••••••••••••••• ,,: ArTktlll~ES : ••• ~ 8~ •• .. ... . ... ................ 
• 

• NO 

v ............... 
c~mb 

ERROR ............... • • • 
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• ATTRIBUTE • .. 8* 
• NODE • • ••• ............... 

AN070 ............... ... . 
:oo: •• x: ol~=~~l~EO : 
• • .VARI ABLE NODE. ... . 

• •••••••••••••• 

v ••••••••••••••• • • . : 8Y~~NN2 ~~T : 
• AlL CONSr • 
*DI PEN SITS ON" ••••••••••••••• 

v . ............. . · . • CALCULATE • 
.SPACE NEEDED • 
• FOR DOPE • 
• VECTOR • . ............. . 

AN01l V ............... 
.OBTAIN SPACE. * FOR STRING • 
• DOPE VECTOR • 
• 80TH IN • 
.. tCONTI • .•......•.•.... 

v ............... · . ·INlTlllIZATN • 
• STORAGE AND * 
• OBJECT CODE • · " . ............. . 

• 
• ·NO 

lotHT • 
PREViOUSLY ••••••••• 

• PARAMETER? • . . 
• • YES 

v . ............. . 
• "ARK INIT • * DOPE VEeT • 
-DUMM' 6. FREE • 
.08 J CODE DOP E. 
• YEer • . ............. . 

:x ......••.•...••. : 
AN017 V ••••••••••••••• • • • •• 

• ONS • 
• ALL· *C MrS-YES. •• • ••••••• 

A"212 •••• :....... IN090 
••• .AN081 80. • ••• • '* ·-----10------$ • • 
:08 ••• x: EVAL BDUNO : ••• ~ Ag •• ..... . . ... 

• •••••••••••••• 



AN£U ••••••••••• 
••• -ANOIl 80-

. : AD· •• x:-iViL lliA.--: 
•• elGTH, IF ONE • •••• • ••••••••••••••• 

v • • • • .YES • • TOKEN AT 'J I' •........ • 
• • • • 

• NO 

v 

• 

••••••••••••••• • • • • -SKIP TO RIGH'-
• PAREN • • • ••••••••••••••• 

....... i ...... . 
*GENER16 • *------------* :e-ItOtl AT ,., : · . ••••••••••••••• 

• 

· . • x ••••••••••••••••• 

AN128 • • • 

N.II SYSTEIIS MANIIAL 

"HeRE 

••••••••••••••• ANI31 

• "2 
DIMENSIONED 

STAING? 

• • ••• 

•• 

• 
• • • • • 

• VES 

AN127 V ••••••••••••••• • • 
• SET POINTER. 
• TO SOY PART • 
-OF ARRAY DOPE
• VECTOR • ............... 

AN132 • • • 

*oaT.IN SPACE. • • e •••••••••••••• x: &s=Es~~l'gR : ••• ~ A6: 

• • ••• ••••••••••••••• 

• • • .YES • *A6*X EXPRESSION A •••••••••••••••••••••••••••••••••••••••••••••• x 
• •• CONSTANT? • •• 

• • 
• NO 

4H140 • • 

• 

.. .............. . 
• *ND • • 

• DOES LENGTH • • iEgfR:lE TO • 
• HA~~Nl¥A~f?A •••••••••••••••• x: FIi8MRYA[uA : 
•• • • • ••••••••••••••• • 

• YES 

....... i ...... . • • 
: Sf8IUAUTO : 
• DOPE VECTOR • • • ............... 

• • 
• 

• • • 

• 
• NO 

v 

• 

••••••••••••••• OGENER67 • .-------------. : \m~rL : • • ••••••••••••••• 

•...•.• i ....... 
• • • • : m ~mw": • • • •••••••••••••• 

· . • X ••••••••••••••••• 

....... i....... . ...... L...... . ...... i....... AN310 
*GENEA66. • • • • .. •• 
• -----------. • • *PUT L €!t111-1 * • • : L~=l~A~ : ••••••••••••••••• x: SEJokE!!tTH : ••••••••••••••••• X:Ut AlNTRyUTE : ••• ~ 81.-
• • • • • • • ••• ............... ............... !* ••••••••••••• 
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• AN090 • • • ... 
Plll SYSTEMS MANUAl 

UNCltE 

••••••••••••••• .YES *AN091 00-· . . • *-----10------· 
*AO '" NEXT TOKEN ................. x: : 
'" "'.. ': '1 ... 

.. · . *A4*X 

· • NO 

v ............... 
*AN091 00. ·-----10------· 
'" STORE UPPER '" 
'" BOUND '" · . ............... 

v ••••• *** ••••••• · . · . "'DEFAULT LOWER'" 
• BOUND TO 1 .. • • ............... 

v ............... 
*AN091 00* *-----10-------· . · . · . ............... 

• • . ............. . 

AN095 V ............... • • • • "'MOVE TO TQKEN* 
<Ii AFTER COLON. • • . ............. . 

v .......•....... 
.ANOBI 80. ·-----10------· 
• EYALUATE .. 
.. UPPER 80UND .. · . . ............. . 

v ............... 
*AN091 00. *-----10------· 
.. EVALUATE • 
.. LOWER BOUNO '" · . . ............. . 

:x ........................................................ : 
AN080 ............... 

*YE S .. '" 
'" '" INCR" OF .. • • 

NE XT TOKEN • •••••••••••••• X.DIf1EN SEEN 8Y •••• X 08 • · . . " '1 • 1 & MOVE TO. • 1. .. 

* 

· • NO 

• YES . 

• NE Xl TOKEN • • ••• . ............. . 

NEXT TOKEN ..................................................... X 
.) '1 

• 
• NO 

v ............... . ............. . 
.. • *GENERlb· ••• 
• SKIP TO RIGHT. .-------------. • .. 
: PA~~~R : ••••••••••••••••• X:ERROR AT • _. : ••• ~ 44: · .. . . . .. ....•.......... . ............. . 
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ANIOO • • 
IDENT 

PREVIOUSLY 
PARAMETER? . . 

• NO 

AN062 

·YES •••• · . -.X 46 .. 
• .. I.... 

AN062 

-NO 
IN EXTeRNAL .. 

.... . . 
." A6 • PROCeOURE OR 

STATIC 1 

. -.. YES 

• • 1· . ... 

AN062 

·NO •••• · . . All CONSTANTS .X A6 • • = YES? •• 1 • .... 
• • • YES 

....... i....... AN062 
·GENER65 • • ••• • -------------* • • 
• NOT ALL * .... X A6 • • CON-STANIS _ • I_ · . . ... ............... 



.. 

• ... zoo • • 

v • 

PL/I SYSTEMS MANUAL 
SANCRE 

• III yes 

V AN207 ••••••••••••••• • • • •• • • • • 
• ADD REAL * ..... X 14-
• ATTRIIUTE .. • • .. .. ... 
••••••••••••••• 

AN207 ••••••••••••••• • -vES • .. ••• 
• ~IRf~E~fT!EV ................ .ox: AO~I~itL : ••• : ,1,4: 

TO N1 .. ATTRIBUTES .. .. .. • . 
• NO 

ANi~~ •••• i ...... . · . • ADD REAL III 
• FLOAT • 
• ATTRIBUTES • 
* * ............... 

AN207 • • 

· .. . .. • •••••••••••••• 

• * • 
*"4*X 

*NO 
* •........ • • * •• 

* • .. YES 

AN2Z0 V-............... 
-SNEXP .. *------------* .. CALCULATE .. 
• PRECISION • * • ............... 

• AN225 ••••••••••••••• ·YES • • ••• 
VALUE A • .. PLAce VAlUE. • • 

* pl8~W~lN~~? •••••...•....... X:IN A~~~~8UTE : ••• ~ C+: .. . .. ... 
••••••••••••••• • * NO 

AN237 V ••••••••••••••• *GENER24 .. *------------* 
:D~~tfGs~:=fD : • • ............... 

:X •••••••••••••••• : 
AN208 v AN300 ••••••••••••••• · .. . ... 

-SUPPLY PROPER_ • • 

:PREg~~r~~T ANO:···~ ag •• 
: •••• i~~~ •••• : .... 
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• • 
• VES 

v • • AN207 • •••••••••••••• • .VIS : : ••••• • • • sc=l~$~~'lOIl •••..•.•.•.•... X: :?¥Rf~~¥2 : ••• ~ &4: 
•• • • • •• . ..•........... 

• • 'NO 

AN2I8 V ANZ07 • •••••••••••••• • • • •• • • • • • ADD FLOAT •••• X A .... 
• ATTIt IBUTE • • • · . . .. . ............. . 

AN235 ••••••••••••••• •• *GENER6'" • .. .------------. 
-Ol-•• X. SCALE FCTR • 
• • • HOT ALLWD • ••• • ••••••••••••••• 

• V AN227 ••••••••••••••• •• -NO • • ... 
* * • ·C4·X SCALE FACTOR 

PRESENT ? 
• ••....•.•..•... X:su~:~~oiC~~E : ... ~ ~8: 

• • * •• • • ZERO ••• 

• 
• yeS 

V 
AN230 • AN235 

* • ·YES ••• • * • 
YA-RIABLE .X D3. 

• FLOAT? ••• • ••• • 
* 

• NO 

v ••••••••••••••• ·'NEXP • .-------------. 
• CALCULATE • 
'SCAL E FACTOR • • • • •••••••••••••• 

• AN235 

•• SCALE .N~ ••••• 
CONSTANT IN 'X 03' 

• PROPER RANGE? • • • • • •• • • • 
• YES 

AN227 V AN300 ••••••••••••••• ••• • • ••• :c.: .. x: ~~!T~A~6 : ••• : 80·. 
• • • AtTRIBUTES • • 5* ••• • • ••• .. ....•........ 

• • ••• . ............. . 
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Plfl SYSTEMS MAlIU~l 

SAI\lCU 

AN310 '" • *** ·YES .. '" '" .. *81 '" IDENTIFIER ••••••••• 
'" '" '" STATIC? ... 

• • NO 

AN315 

'" "'NO ... . . 
*x Alt. . . . '" IOENT-IF IER IN '" 

eXTERNAL 
'" PROCEDURE? • . 

.. YES 

••• 

. . 

.x ............................ .. 

AN31) V ••••• ** •••••••• · . · . '" seT STATIC '" 
'" ATTRIBuTE .. · . ** ••••••••••••• 

AN315 AN320 V 
*.******** •••• * ••••••• ** •••••• 
'" '" '" '" .. .. '" .. .. .. .. ESTABLISH '" 

*A4* •• X*5ET ATTRIBUTE* ............ *B4 •• x* BLOCK '" * '" .. AUTOMATIC '" '" '" '" DECLARATION '" 
.. '" « ••• '" ATTRIBUTES '" ••• *** •• ******* ••••••••••••••• 

NAME 
PREViOUSLY 

AN400 

"'YES ••• 

'" PARAMETER? 

.. . 
*x co. . . . ... . 

.. ."' .. 
'" NO ... '" .................. x* AD '" • • • •••• 

1112 Chart 28. Attribute Bode Creation (Page 5 of 10) 

.' 

AN",OO ................ • *.. .. . .. . .. 
*co* ... X.SET PARAMETEA.* 
.. •• BIT • .... '" ................ 

v ............... 
• * · . .. SET ADDRESS • • • • • • ••••••••••••• * 

*NO . 
DIMENSIONED * ....... . 

VARIABLE? 

* * YES 

v 
.*****.******** · . '" SET ALL * 
'" DIMENSIONS • 
.VARIABLE AND. 
'" ARRAY OED • 
* •• ** •• ****.**'" 

AN410 '" . 
: x ........................ : 

... . . . *Y~S '" 
*C4 • PUS H DOWN * ..... 'O .......... 'Ox· 
'" 31< • LIST EMPTY? '" 
*.* '" '" · • NO 

AN4.20 '" AN440 . 
• "'NO *"'.* *' RETURN AFTER '" '" • 

'" * PAR~~~~~R? • "'! 8~ •• · .. "'. · '" YES 

AN475 

"'YES •••• . . . 
LEGAL *x DO • 

'" PARANETER? • • 9. · .... · • NO 

V AN470 ... * •••••••••••• 
·GENER63 • • ••• • -------------* '" • 
• ILlEG PAR" .~ .... X C9 • 
• ATTRIB .. '" 9. · . . ... ............... 

. ********."'*"''''** RETURN 

***** •• "'.****** 



............... ,. ....- . • • * • :"Q •.• X:vAml~ 9~PE: 
•••• • ............... 

• 
• .YES 

PllI S>fSTEMS MIoIIt/At 
U!IC'IE 

AM~50 • • AH365 

.~ :-". 
'DIMENSIONS 'X CO • 

• IS VIlR TYPE :s= • • 

• 01 .,., T-. ... CHARAeT ER *' ........................................................................................ }( 
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PART 5 - I/O STATEMENT PROCESSING 

The routines described in this subsection process the OPEN, CLOSE, 
GET, PUT, and FORMAT statements. These routines are discussed in 
alphabetic order according to their mnemonics, as shown below. Detailed 
logic diagrams for the routines appear at the end of the subsection. 
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GET Generator ($BGET) 
PUT Generator ($BPUT) 
Data Specification ($DDS) 
I/O Specification ($DIOS) 
O/C Specification ($DOCS) 
Format List Generator ($FLG) 
FORMAT Generator ($FMT) 
Format Item ($FORI, $FORI2) 
Format in Data List Processor ($FPDL) 
OPEN/CLOSE Generator ($OPEN. $CLOSE) 



TITLE: GET GENERATOR ($BGET) 

Program Definition 

Purpose and Usage 

The GET Generator analyzes a GET statement and directs the generation 
of triads for the statement~ 

Description 

This routine directs the identification of the options in a GET 
statement, namely, the file and data specification options. The I/O 
Specification routine ($DIOS) scans the statement looking for the 
keywords FILE, DATA, EDIT, LIST, and SKIP. Pointers (the file, data 
specification, and skip pointers) are set to indicate the location 
in the token table of the corresponding keywords. 

Upon return from I/O Sped. fication, a check is performed to see if 
the file option was present. If not, the default file of SYSIN is 
provided. 

If the type of input is DATA, GET Generator proceeds to generate a 
symbol table triad for the data list, if one is present.. If no data 
list is present, a marker is placed in the block information table 
so that a symbol table for the block will be generated at epilogue 
time. A triad is generated to perform a call to the Data-Directed 
Input routine (IHEDDIB). (For a description of the symbol table, see 
Appendix E.) 

If the type of input is LIST or EDIT, triads are generated to call 
the List- or Edit-Directed GET Initiation and Termination routine 
(IHEIOAA) to initialize the operation. A switch indicating the type 
of I/O statement is set and the Data Specification routine ($DDS) is 
called to process the data list. On return, if the type of input is 
EDIT, the Format in Data List Processor routine ($FPDL) is called to 
process the format list. A triad is then generated to call IHEIOAT 
to terminate the operation. 

Errors Detected 

ERROR AT ' (16) 
FILE NAME NOT INPUT FILE. (31) 
ILLEGAL USE OF' 'IN DATA INPUT LIST. (33) 
'SKIP' OPTION ILLEGAL HERE. (34) 
ILLEGAL FILE DESIGNATION. (43) 

Local Variables 

BGNAME 
BGPTR 
BGSYM 

Program Interface 

Entry Points 

Default Filename or FCB Address 
Token Table Pointer to Semicolon 
Symbol Table Triad Pointer 

$BGET. No formal parameters, but require~ a pointer to token 
-table ($PTR). 

l!.xit. Conditions 

Normal exit after translation. $PTR points to semicolon. 
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Routines Called 

$DIOS 
$CERR 
$FVAR 
$DDS 
$FPDL 
$GTRIAD 
$FIND 
$XERR 

Global variables 

$PTR 
$DSKIP 
$DFILE 
$DDATA 
A List 
N List 
'l' 'l'able 
$BIOO'Y 
$FCB 

Logic Diagram 

I/O Specification 
Compiler Error 
Locate Variable 
Data Specification 
Format in Data List Processor 
Get Next Triad Entry 
Search-Insert 
Error Message Editor 

'l'oken 'l'able Pointer 
Skip Specification Pointer 
File Specification Pointer 
Data Specification Pointer 
Dictionary At~ribute List 
Dictionary Name List 
Token Table 
I/O Statement Type Indicator 
File Attribute Entry Pointer 

Chart 33 shows the detailed logic diagram for the GET Generator routine. 
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TITLE: PUT GENERATOR ($BPUT) 

Program Definition 

Purpose and Usage 

The PUT Generator analyzes a PUT statement and directs the generation 
of triads for the statement. 

Description 

This routine directs the identification of the location of the options 
in a PUT statement. namely. the file. skip, and data specification 
options. The I/O Specification routine ($DIOS) scans the statement 
looking for the keywords FILE. DATA, EDIT. LIST, and SKIP. Pointers 
(the file, data specification. and skip pointers) are set to indicate 
the location in the token table of the corresponding keywords. 

Upon return from I/O Specification, a check is performed to see if 
the file option was present. If not, the default file of SYSPRINT 
is provided. 

Triads are generated to call the Output Initialization with or without 
Skipping library routine (IHEIOBA or IHEIOBC) to initialize the 
operation without or with a skip respectively. A switch indicating 
the type of I/O statement is set and the Data Specification routine 
($DDS) is called to process the data list. On return, if the type 
of output is EDIT, the Format in Data List Processor routine ($FPDL) 
is called to process the format list. If the output type is DATA. 
the triad is then generated to call the Data-Directed output library 
routine (IHEDDOC) to terminate the operation_ 

Errors Detected 

ERROR AT ' (16) 
ILLEGAL FILE DESIGNATION. (43) 
FILE NAME NOT OUTPUT FILE. (49) 
NON-PRINT FILE--'SKIP' OPTION ILLEGAL. (50) 
LIST MISSING AFTER' ". (11) 

Local Variables 

BPPTR 
BPNME 
BPFIB 

Program Interface 

Entry Points 

Pointer to Semicolon Token 
Default Filename or FeB Address 
FIB Around Symbol Table 

~BPUT. No formal parameters. but requires a pointer to token 
table ($PTR). 

Exit Conditions 

Normal exit after translation; $PTR poin~s to semicolon. 
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Routines Called 

$NEXP 
$DIOS 
$FVAR 
$DDS 
$ FPDL 
$GTRIAD 
$FIND 
$NCONS 
$AREXP 
$XERR 

Global Variables 

$PTR 
$DSKIP 
$DFILE 
$DDATA 
N List 
A List 
T Table 
$BIOTY 
$FCB 

Logic Diagram 

Expression Processor Controller 
I/O Specifiction 
Locate Variable 
Data Specification 
Format in Data List Processor 
Get Next Triad Entry 
Search-Insert 
constant Processor 
Array Expression Error 
Error Message Editor 

Token Table Pointer 
Skip Specification Pointer 
File Specification Pointer 
Data Specification Pointer 
Dictionary Name List 
Dictionary Attribute List 
Token Table 
I/O Statement Type Indicator 
File Attribute Entry Pointer 

Chart 3q shows the detailed logic diagram for the PUT Generator routine. 
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TITLE: DATA SPECIFICATION ($DDS) 

Program Definition 

Purpose and Usage 

This routine generates and directs the generation of triads to perform 
the operations required by the data list in an I/O statement. 

Description 

If an element in the data list is an expression that does not begin 
with a left parenthesis, the Expression Processor Controller is called 
to evaluate the expression. If the expression is an array expression, 
code is generated for it as though it were a repetitive specification 
from lower bounds to upper bounds by the Expander routine. Otherwise, 
a check is made to see if it is a legal expression type (e.g., not label). 

If a left parenthesis is the first token in an element, whether the 
element is an expression enclosed in parentheses or a repetitive 
specification cannot be immediately determined. This question is 
resolved through a scan that provides a pointer to a comma if the left 
parenthesis began an expression, or to the token DO if the element 
is a repetitive specification. 

If the element is a repetitive specification, the DO Generator is 
called to generate triads for the DO specification,. The specification 
is then reanalyzed starting immediately from the right of the left 
parenthesis that began the repetitive specification. When the DO 
specification is reached again, an END statement is generated and the 
END Generator is called. 

If the statement is PUT DATA, items within the expression are scanned 
and a symbol table entry is formed for each unsubscripted or subscripted 
scalar (Appendix E shows symbol table entry format),. All contiguous 
unsubscripted scalars are entered into the same symbol table while 
a separate symbol table is constructed for each subscripted scalar. 

Each symbol table is preceded by a call to the Data-Directed output 
library routine (IHEDDOA for unsubscripted scalars or IHEDDOB for 
subscripted scalars) followed by a branch around the symbol table. 
The triads generated for one or more contiguous unsubscripted scalars are: 

Call of library routine IHEDDOA 
FIB (Forward Internal Branch) 
Symbol table entry 1 

Symbol table entry n 
RFIB (Resolve Forward Internal Branch) 

Note that a symbol table consists of a series of entries in generated 
code and is not a compiler-time table. 

The triads generated for a subscripted scalar are: 

Call of library routine IH~DDOB 
FIB (Forward Internal Branch) 
Symbol table entry 1 

Symbol table entry n 
RFIB (Resolve Forward Internal Branch) 
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For other types of statements, instructions are generated to set up 
the FCB for the operation. If the operation is EDIT. a branch and 
link to a format subroutine is generated.. This subroutine is generated 
by the FORMAT Generator when it processes the FORMAT statement. If 
the operation is LIST. a call to the List- and Data-Directed Input 
library routine (IBELDIA) or the List-Directed output library routine 
(IHELDOB) is generated. If the operation is GET. the expression is 
checked for consisting of only a scalar before the code is generated. 

Any expansions and any implied DO's are ended. When the right 
parenthesis of the data list is reached, a return is made. 

Errors Detected 

ERROR AT • (16) 
ILLEGAL I/O EXPRESSION--SKIPPING TO '___ (75) 
ILLEGAL DATA Otn'PUT ITEM. (76) 
EXPRESSION ILLEGAL IN 'GET' DATA LIST. (77) 

Local variables 

DDFIB 
DDDATA 
DDARRY 
DDSYM 

Program Interface 

Entry Points 

Branch Around Symbol Table 
Data List Type SWitch for PUT DATA 
Array Switch 
Symbol Table Address 

$DDS. Needs data specification pointer ($DDATA) and statement type 
indicator ($BIOTY): no formal parameters. 

Exit Conditions 

Normal exit only. 

Routines Called 

$FVAR 
$NEXP 
$EXPND 
$DOG 
$EDGN 
$EYPND 
$GTRIAD 
$SCDV 
$NCONS 
$WCTCT 
$XERR 

Global Variables 

T Table 
$DDATA 
$BIOTY 
$FCBAD 

Locate Variable 
Expression Processor Controller 
Expander 
DO Generator 
END Generator 
END Expand 
Get Next Triad Entry 
String Constant Dope Vector Initializer 
Constant Processor 
Segment Management 
Error Message Editor 

Token Table 
Data Specification Pointer 
Statement Type Indicator 
FCB Base Address 

Chart 35 3hows the detailed logic diagram for the Data Specification 
routine. 
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TITLE: I/O SPECIFICATION ($DIOS) 

Program Definition 

Purpose and Usage 

The I/O Specification routine is used by the GET Generator or PUT 
Generator to scan a statement and locate the file. skip. and data list 
sections of the statement. 

Description 

Each section of a GET or PUT statement consists of a keyword followed 
by tokens enclosed in parentheses. The SKIP and DATA keywords do not 
require parenthesized tokens. and the EDIT keyword requires two sets 
of parenthesized tokens. 

This routine checks each keyword for the proper number of parenthesized 
tokens following it. No checking is performed on the tokens between 
the parentheses. 

Three pointers can be set by this routine: $DFILE. $DDATA. and $DSKIP. 
$DFlLE is set to point to the FILE token; $DSKIP is set to pOint to 
the SKIP token; and $DDATA is set to point to the EDIT. LIST. or DATA 
token. 

Errors Detected 

ERROR AT " ___ ' (16) 
DUPLICATE I I DESIGNATION--LAST USED. (70) 
LIST MISSING AFTER I "e (71) 
DATA AND FORMAT LIST MISSING. (73) 
FORMAT LIST MISSING. (7q) 

Local Variables 

DIERR Error Switch (0 = OFF) 

Program Interface 

Entry Points 

$DIOS. No formal parameter but expects $PTR to point to token at which 
to begin scan. 

Exit Condition 

Normal exit. $PTR points to semicolon. 

Routines Called 

None 

Global Variables 

T Table 
$PTR 
$DSKIP 
$DDATA 
$DFILE 

Logic Diagram 

Token Table 
Token Table Pointer 
Skip Specification Pointer 
Data Specification Pointer 
File Specification Pointer 

Chart 36 shows the detailed logic diagram for the I/O Specification routine. 
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TITLE: O/C SPECIFICATION ($DOCS) 

Proqraru Definition 

Purpose and Usage 

The o/C specification routine is used by the OPEN/CLOSE Generator to 
scan a stntement and locate the file, title, and input/output attribute 
sections of the statement. 

Description 

Each section of an OPEN or CLOSE statement consists of a keyword 
followed by tokens enclosed in parentheses (except for INPUT and OUTPUT 
keywords). 

This routine checks each keyword for the proper number of parenthesized 
tokens following it~ No checking is performed on the tokens between 
the parentheses. 

Three pointers. which point to the file list, title list, and input 
or output token. are set by this routine. If a token in a particular 
category was not present, the pointer is null. 

A flag is set if more than one option group is present in the statement 
(that is# for a multiple OPEN or CLOSE). This will inform the calling 
routine to return after processing the current option group. 

Errors Detected 

ERROR AT • (16) 
DUPI.lCATE -.- • DESIGNATION--LAST USED. (10) 
LIST MISSING AFTER' •• (71) 

Local Variables 

DERR Error Switch (0 = OFF) 

Prograw Interface 

Entry Points 

$DOCS. No formal parameters but expects $PTR to point to token at 
which to begin scan. 

Exit Conditions 

Normal exit. $PTR points to either semicolon or comma. 

Routines Called 

$XERR 

Global variables 

T Table 
$PTR 
$DFILE2 
$DTITLE 
$DINOUT 
$DOPT 

Logic Diagram 

Error Message Editor 

Token Table 
Token Table Pointer 
File Token Pointer 
Title Token Pointer 
Input/Output Token Pointer 
Option Group Flag 

Chart 37 shows the detailed logic diagram for the o/c Specification routine. 

174 



TITLE: FORMAT LIST GENERATOR ($FLG) 

Program Definition 

Purpose and Usage 

The Format List Generator performs the syntax analysis and code 
generation for a format list. 

Description 

Because the code generated for a FORMAX statement may call the code 
generated for other FORMAT statements, it is necessary to ensure that 
any temporary results obtained for replication factors use locations 
that cannot be changed during the execution of another format or 
calculation of data list elements. Therefore, another level of 
temporary storage definitions is created during the processing of the 
format list. 

Each format specification (except A without a length) creates a format 
element descriptor (FED). Each descriptor is one word long and contains 
a halfword integer value followed by two one-byte values.. These three 
values are obtained from the expressions within a specification. This 
routine generates code to place the address of the FED in the file 
control block (FCB) and to branch to the proper library routine. A 
complex format specification consists of two E and/or F format 
specifications. Besides putting the addresses of each of the FED's 
in the FeB, the type (E or F) is also placed in the FeB. Thus the 
library receives only one call for a complex data item. 

Since the code generated for format lists is driven by the code 
generated for data lists, the format list code must return to the data 
list after performing each data specification and, in this process, 
tell the data list code where to continue in the format list. This 
address and the FeB address are kept in the format adcon area ($FORAD). 

If a remote format is referenced, three addresses must be passed to 
$FORAD: 

1. Address of FeB 

2. Return address to format list 

3. Return address to data list 

To resolve extent of replications, a variable called FLSWT is used 
to specify n item forms, and a variable called FLPLEV (parenthesis 
level) is used to specify n format-list forms. Figure 3-3 shows an 
expansion of a format list into code. 
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Format List (F (3), (2*N) A(10), 5(F(3), SKIP, 3 E(lO,3))) 

Code Generated Spec F (3) 

Change FMT address and return 

Q2 DO-loop for 2*N 

Spec A(lO) 

Change FMT address and return 
Branch to Q2 

Q 4 DO-loop for 5 

Spec F (3) 

Change FMT address and return 
Spec SKIP 
3 

Q 6 DO-loop for 3 

Spec E(lO,3) 
Change FMT address and return 
Branch to Q6 

Branch to Q4 

Figure 3-3. Format List Generation Example 

Errors Detected 

ERROR AT ' (16) 
ILLEGAL USE OF ' (29) 
ITERATION FACTOR NOT PARENTHESIZED. (78) 

, ILLEGAL FORMAT ITEM--SKIPPING TO ' (79) 
, INCOMPLETE FORMAT ITEM--SKIPPING To-' '. (80) 

ILLEGAL COMPLEX FORMAT ITEM--SKIPPING TO ,--, (81) 
, NOT FORMAT LABEL--SKIPPING TO' • • Cs2) 

Local Variables 

FLPLEV 
FLSWT 

Program Interface 

Entry Points 

DO Level 
Replication Switch 

$FLG. No formal parameters. Expects $PTR to point to left 
parenthesis of format list. 

Exit Conditions 

Normal exit only. $PTR points to right parenthesis of format list. 
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Routines called 

$DEXP 
$EDGN 
$NEXP 
$FORI 
$FVAR 
$GTRIAD 
$NCONS 
$XERR 
$AREXP 
$WEXP 

Global Variables 

T Table 
$FED 
$PTR 
$ FCBAD 
$FORAD 

Logic Diagram 

DO-Loop Triad Builder 
END Generator 
Expression Processor Controller 
Format Item 
Locate Variable 
Get Next Triad Entry 
Constant Processor 
Error Message Editor 
Array Expression Error 
Segment Management 

Token Table 
Dummy FED 
Token Table Pointer 
FCB Base Address 
Format Adcon Area 

Chart 38 shows the detailed logic diagram for the Format List Generator 
routine. 
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TITLE: FORMAT GENERATOR ($FMT) 

Program Definition 

Purpose and Usage 

The FORMAT Generator directs translation of a FORMAT statement into 
triads. It also generates the triads necessary to take the FORMAT 
statement out of the normal flow of control. 

Description 

Because this statement may be referenced during execution of other 
statements (GET, PUT, and FORMAT), temporaries used in the statement 
may not be used by any other statements. 

The first instructions generated perform a branch to the statement 
which follows. Next the label on the FORMAT statement is defined and 
the location from which the format was entered is saved. After 
completion of the format, a return is made to this location. 

Errors Detected 

ERROR AT • (16) 
UNLABELED FORMAT STATEMENT,. (30) 

Local Variables 

FMTFIB Branch Around Format Triad Pointer 

Program Interface 

Entry Points 

$FMT. Expects $PTR to point to token following the FORMAT statement. 

Exit Conditions 

Normal exit only. $PTR points to semicolon. 

Routines Called 

$BLPRC 
$FLG 
$GTRIAD 
$TCODE 
$XERR 

Global Variables 

T Table 
$PTR 
$CLBLS 
$ FORAD 

Comments 

Label Processor 
Formal List Generator 
Get Next Triad Entry 
Triad Code Generator 
Error Message Editor 

Token Table 
Token Table Pointer 
Label Switch 
Format Adcon Area 

No checking is done at compile or execution time to insure that formats 
are not used recursively. 

Logic Diagram 

Chart 39 shows the detailed logic diagram for the FORMAT Generator 
routine. 
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TITLE: FORMAT ITEM ($PORI, $PORI2) 

Program Definition 

purpose and Usage 

The Format Item routine is used by the Format List Generator to analyze 
and generate any code necessary for expressions in a format 
specification. It creates an FED and returns the address of the FED. 

Description 

Expressions in the parentheses following the format type specification 
are evaluated. If constants, the value is placed in a dummy FED. 
If expressions r space in the object program is obtained for an FED 
and the value is stored in the FED space. (The FED space is initialized 
with any constant values.) If all expressions are constants, the FED 
is defined as a constant. 

If the type specification is not E or F, there can be only one 
expression. If the type is F, there can be up to three expressions. 
Any expressions not present are set to zero. An E specification may 
contain either two or three expressions. If only two are present, 
the third is set to the value of the second plus one. 

Errors Detected 

ERROR AT • (16) 
FORMAT ITEM HAS INCORRECT NO. OF FIELDS. (83) 

Local Variables: None 

Program Interface 

Entry Points 

$FORI. No formal parameters. Expects pointer to left parenthesis 
of specification in G2 and type of format in G4. 

$FORI2. No formal parameters. Defines only a constant FED. 

Exit Conditions 

Normal exit. G2 points to token following right parenthesis of 
specification. 

Normal exit. G2 not touched. 

Routines Called 

$NEXP 
$ NCONS 
$GTRIAD 
$AREXP 
$XERR 
$WEXP 

Global Variables 

T Table 
$FED 
$FEDC 
$FEDNM 

Expression Processor Controller 
Constant Processor 
Get Next Triad Entry 
Array Expression Error 
Error Message Editor 
Segment Management 

Token Table 
D~FED 
FED Constant Flag 
Number of FED Fields 

Logic Diagram: See Chart 40. 
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TITLE: FORMAT IN DATA LIST PROCESSOR ($FPDL) 

Program Definition 

Purpose and Usage 

The Format in Data List Processor is used by the GET Generator or PUT 
Generator to process a format list for edit-directed I/O. 

Description 

This routine advances the token pointer passed to the left parentheSis 
of the format list. A branch around the format is generated, and the 
address of the format is defined. After the format is translated by 
the Format List Generator ($FLG), this routine directs the generation 
of code necessary to branch back to the beginning of the format. 

If the last format item was a data type specification, two triads 
loading the adcon registers are removed. A branch to the beginning 
of the format is generated. otherwise, the return address register 
and FCB register must be loaded before branching back to the beginning 
of the format. 

After the format is completed, the branch around the format is resolved, 
and the address of the format is saved. 

Errors Detected 

None 

Local Variables 

FPBRNH Branch Around Format Triad Pointer 

Program Interface 

Entry Points 

$FPDL. Register G2 has pointer to left parenthesis of data list in 
I/O statement. 

Exit Conditions 

Normal exit is to four bytes after call. 
Exit immediately after call if no data list is present. 

Routines Called 

$FLG 
$GTRIAD 
$TCODE 
$WCTCT 

Global Variables 

T Table 

Logic Diagram 

Format List Generator 
Get Next Triad Entry 
Triad Code Generator 
Segment Management 

Token Table 

Chart 41 shows the detailed logic diagram for the Format in Data List 
Processor routine. 
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TITLE: OPEN/CLOSE GENERATOR ($OPEN. $CLOSE) 

Program Definition 

Purpose and Usage 

The OPEN/CLOSE Generator analyzes an OPEN or CLOSE statement and directs 
the generation of triads for the ~tatement. 

Description 

This routine directs the identification of the location of the options 
in an OPEN or CLOSE statement. namely. the file. input/output. and 
title options. The O/C Specification routine scans the statement 
looking for the keywords FILE. INPUT. OUTPUT. and TITLE. Pointers (the 
file. input/output. and title pointers) are set to indicate the location 
of the token list of the corresponding keywords. 

Upon return from O/C Specification. a check is made to see if the file 
option was present. If not. an error condition exists. Triads are 
generated to load the address of the file control interface block. 
For CLOSE. a triad is generated to call the Close routine (IHECLOSE). 

For the OPEN statement. triads are generated to test the OPEN/mode 
flag in the FCIB and. if open. branch around the rest of the code that 
will be generated for the OPEN statement. 

If the input/output pointer is active. a triad is generated to set 
the appropriate file code bit in the FCIB. An error condition is 
detected if the INPUT or OUTPUT specification in the OPEN statement 
conflicts with that of a previous usage. 

If the title pointer is null. an initialization entry is created that 
will use the filename for the title. If the title pointer is active, 
the Expression Processor Controller is called to evaluate the title. 
A dummy attribute for the title is created that has the address of 
the FCIB and target attributes of string and is eleven characters in 
length. 

The Expression Processor Controller generates triads that move the 
eleven-character title to the FCIB. A triad to call the open routine 
(IBEOPEN) is generated. For both OPEN and CLOSE, another option group 
can exist (that is. more than one file can be opened or closed). In 
this case, the entire process is repeated for the next group. 

Errors Detected 

ERROR AT • (16) 
FILE NAME MISSING. (40) 

• NOT FILE NAME. (41) 
ILLEGAL FILE DESIGNATION. (43) 
USE OF' • HERE CONFLICTS WITH PREVIOUS USAGE. (57) 
ILLEGAL TITLE DESIGNATION. (110) 

Local Variables 

OPSW 
OPPTR 
OPTKN 
OPTITL 

OPEN/CLOSE Switch 
Save Area for $PTR 
Dummy Token Area for Title 
Title switch 
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Program Interface 

Entry Points 

$OPEN. No formal parameters. Requires a pointer to token table ($PTR). 

$CLOSE. No formal parameters. Requires a pointer to token table ($PTR). 

Exit Conditions 

Normal exit only. $PTR points to semicolon. 

Routines Called 

$DOCS 
$FVAR 
$NEXP 
$GTRIAD 
$ TCODE 
$AREXP 
$XERR 

Global Variables 

$PTR 
$DFILE2 
$DINOUT 
$DTITLE 
$DOPT 
T Table 
$TITLE 
I Table 
A List 

Logic Diagram 

O/C Specification 
Locate Variable 
Expression Processor Controller 
Get Next Triad Entry 
Triad Code Generator 
Array Expression Error 
Error Message Editor 

Token Table Pointer 
File Token Locator 
Input/Output Token Locator 
Title Token Locator 
Option Group Flag 
Token Table 
Dummy Title Attribute Entry 
Initialization Table 
Dictionary Attribute List 

Chart 42 shows the detailed logic diagram for the OPEN/CLOSE Generator 
routine. 
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PART 5 LOGIC DIAGRAMS 

The detailed logic diagrams for the rOQtines that process GET. ~OT. 
OPEN. CLOSE. and FORMAT statements follow. 
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• • • BPUD • • -• 
• 

'-VIS ••••• ONO • liD TYPE' 
DATA 
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•••••••••••••• x 

• • • 

DATA LI ST OX 02-
PRESENT? .... • .. ... 

o • 
-NO 

....... i ...... . 
-GEttER?1 • ... ----------* *L 1ST MISS ING • 
• 0 

• • ............... 

....... i .•.••.. 
RETURN ............... • • • * • • 

DATA TYPE * •..•.••• • 1101 

• . . 
.. YES 

v ................ · . • • -GENERATE CALL-
• TO lHEDOOC • · -. ............. . 

. . 

.x ••••••••••••••••• 

• •••••• ¥ ...... . 
RETURN . ............. . • · • 



... 

............... · . • SDOS • • • ............... 

v ............... · . .. Move AFTER • 
-LEFT P.KEN (, • 
• lNIT LOCAl. • 
- VARS • ............... 

00010 -. 
-NO •••• · . . 

·A2 -· . . ... o • 0 
IS P -> TOKEN .X AO • 

A • ('1 •• ,. •••• 
o 

• YES 

: •................ 
000L5 V ............... 

• 0 · .. . . *A3* •• K_LIS T TOKE ..... 
• • .. T-) TOI(EN • .... . .......•....... 

• ............... 
• 0 • • .ADVANCE TOKEN. 
• POINTER • 

• 0 ............... 

• YES ••• . . .. 
TOKEN AN .X co-

tOENflFIE":? • • .. .. . ... 
• • 

• NO 

PL/I snTEM5 MANUAL 

NJOS 

............... DDO ... 

·"es • • •••• 
T -)TOKEN A 

• J' ? 

• 
" NO 

v • 

. . . .. . 
••••• •••• •••••• x.allIET ,ttl TO •••• x AO • 

- • : l fT 'AREM: : •• 1 • ............... 

"NO o 
r -)TDKEN A - •••••• x 

• If· ? .. 
• 

" • 
- YES 

v ••••••••••••••• 
• 0 .SKIP TO RIGHT. • : PAr~~'Jrs : ....•..... 
o 0 ............... 
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.. 00015 · · .~ ..•.. 
T -) TOI(E:N • .X A3. 

'DO·" ••• • ••• 
• • • YES 

• • 00015 • • .NO ••• 

• CONST 0 NT U AJ. o T-I ->T"I= .• • 0 
• oa" .... .. . . .. • • • • YES 

DDtU .... i.. ..... 
.IA-Ill 00. *------6-----• • • • • • .. ............ . 

. ...... .: ....... · ,. • • 
:AD¥~~At~reH: 
• • .. ...... " ....• 
• .•.... ! ....... 
..ooa • .... ---------* : TE=~.sT : 
• • ............... 

• ...... 1. ...... • • 
: fem-'DijJ" : ~ .. - . 
:Mi~ • 

_ •••• :........ 00015 · .... : 8ACIF¥L TO : ••• ; .3: 
:otllGJ:ft..t.eFT: • •••• ............... 
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• DOO""O • • • 

PL/] SYSTEMS MANUAL 

SODS 

............... 
......NO *JR-171 00. 
• • • NEXT TOKEN • .------,,----* 
*110 • COMMA OR ••••••••••••••• X. .. 
.. .. • R !GMT PAREN? • .. .. ...... . . .. ................ . 

• YES 

:x ................................. : 
000"2 Y ••••••••••••••• 

• 0 .SAVE INFO Foa. 
o POSSIBLE • 
• ARRAY • 
:.~~:~~111= •• : 

O~ __ _ 

-NO •• NE". .. *------... INPUT t 101 * ............... ~ e •• -eS-SION • .. ... . 
.. YES 

v ................ 
-SNEXP • *-----------. 
.. ASSl GM"fHT • 

• 0 .. ,. ................ 

• • ............... 

· . • x ................................. . 

.. ·NO .. 
ARRAY ............... X 

• 000," .. • • • .. .., 
$ ,EXPRESSION? • • -c.~2Jtat . ., .......... . . . .. 

• YES 

00%0 V ............... 
• • • REMOVE ANY .. 

:GEN~:l tg~ IN: 
.. EJ(P-RESSJON • ............... 

........ i ...... . 
• IA-111 DO. 

• • .. . 
• yes 

• 

· . · .. .It. •••••••• _ •••••• 

00045.. • • 
• .YES $------6------· 

• 0 
•• l!""ijitbm • ....................... . .. . 

• • ............... 

v ....... ** ........ 
*SfXPNO • • ---------* 
:SEE :8\kOWJN~ 

• • ................. 

• I/O TYPE? -• • • • - --JIll 

... ...J. ...... 
- -• • :Ult,JMU&..= - . ... ........... . 

V DDnD ............... 
*GI'ND" ... ... -------.. . :U.UftLsijl' : ••• ~ AI... 
• • ;..r ....... , ....... 

v v .. .. D0100 ............... ................ ... . ............. . .. .. .... -exP.. • _NO .. .. .... .. .. .---------. .. .. -ft." l"nR TO" .. • 
: ARRAY-YES : ................... x: Evll.tlON : ••••••••••••••• X. OAT .. PUT,. .. ······~··· ••••• l(:DA?2f:, = yr. ... ~ A~." 
:.. ............ : :. ............ : .. • .. • : .. ~!. .... : •••• 

- Ciau"t is. l>Ka SpecificaU.= (Paqe 2 of fi} 

... ... . • ns ... 
........... 11.* A(l • 

• ]* ••• ODI5' 



DDU: ........... . 

"'" SYSTEIIS ~M"'IIA~ 
_5 

... eIR-IS6 AO. • • ~-----6-----• • '0 •• K* • · . . . •••• • 

.. 

............... 
• OD110 • • eYES • -NO ••• · . . . .. 

ARRAY? ••••••••••••• X IS THJ 5 A ex Alt-

• 
• ND 

CONSTANT? 

• • 
• NO 

• • 

• PARAMETER? • • • . . ~ 

.YES • 

-YES • 

• • • • ... YES 

.x ................. . 

00150 V 00200: ::::::;: ...... : .... : * ___________ e • •• 

••..•.••••••..• X:Jhb~~~ Y~l~ : .. -! Ag. *; 
• • •••• ••••••••••••••• 

• • 
• 

• .YES • UNSUBSCRIPTED ••••••••••••• K IS THIS' •....... 
__ SCALAR? --• • 

• NO 

00170 .. · 

• • PARAMETER? • 
• • -NO 

• • 

· . . ...... " eYES • .......................... - . . •• • · • NO 

OD172 ii ............... · . · . • END SYMBOL • 
• TABLE • · . ............... 

ii ............... · . • RESOLVE ... 
_BRANCH AROUNO
_SYMBOL TlBLE • • • ............... 

v ............... · . • PUT ADDRESS ... 

:TAgrESI=8~B : 
• • ••••••••••••••• 

....... 2....... DDlI: •••• i ...•... ... ... ... ... 
• • • ATE· 
: 0 = 2 : ••••••••••••••••• x: CI8~ND: 

: ••••••••••••• : :I~ .li~ll.: 

• 

• 
.YES • o = 1 ? ••••••••• 

• • • NO 

....... : ...... . • • 
• GENERATE • 
*BRANCH AROUND
.SYMBOL TABLE • • • . ............. . 

:x •.....•.••..•••• : 
D0160 ii • •••••••••••••• · -• GENERATE • 

.SYMBOL TASLE • 
• ENTRY' • • • • •••••••••••••• 

V OD210 • •••••••••••••• • • • ••• · . . . 
• 0-1 •••• x A3 • 
• • • 5· • • • ••• • •••••••••••••• 

V ooroo ............... ............... .. ............ . • • • • • • •••• • "ND GENER.ATE • • RESOLVE • • IINE.ATE • • • : NEWTllrr't : .................. X:y~t~~HT~ i~' : ................. x: Lt:i~RJO : ... ~ A~ •• 
: ............. : :.¥:.~I::.llk.: : ............. : ... . 
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ODl.ot ........... . e._. . 
• • • • :AG._ .X:8Rt?;V ¥~ .. I/O: .... . ............... 

• • 

• • 

• • 

• -,.., 

v 
• 

00155 

PLII SYSTEMS IIAIIUU 

fOOS 

OOl:~............ DD200 
aYES • • •••• 

• • GEN!aATE • • • 
1/0 Sf"' TYPE .................. X.tl6RUV CAl.i. •••• X 40 • 

• = PUT LISt? .. • Jfi£LDOB • .. 5. ... . . .... 
* • -,.., 

............... 

• V __ DOI30; D0200: · ............... . 
• aYES • • •••• • 

• • • f.l:ERAlf: • • •• 
~/~uiT~~IIy;E •••••••••.....•. x: 8RLJN~ t~O : ••• = A~. *: 
... • FO""'AT • • ... ... .............. . 

* -_roo 

............... 
*IR-156 40-*------6------_ 

liD S'''' TYPE ................. x. • 
:t OlHEa :: ............... 

OOl:~............ 00200 
.. -NO • _GENER'll .. • ••• 

• • EXPRE~~tON A .................. :-ExP'ill-lN--: .... ; -.0*. 

.. 

• SCALAR? • *G-ET DAtA liS" • 5-.. ... .. .. .. . ............. . 
• • YES 

v ............... 
• • -aRANCH ON J 10* 
.. STAtEMENT • 
• TYPE • • • ••••••••••••••• 

* • . ............. . 00200 

• *YES • • .... • .. .. GENERATE .. .. • 
1/0 STMT TYPE ••••••••••••••• X.lI8RARY CALL •••• X AD .. 

• .. GeT LIST? • • IHElDI. • • 5-.. . . .... 
* • • • 1«1 

• • 

• 

• • 
·VES 

• * 

............... 

• 110 Sf"T TYP E ' ••••••• 
• "" GET EDtT? • * • • • · . *1«1 

............... 
I/O STIlT TYPE •••••••••••••• X. COIIP oR • .. EXW· • 

• OTHER .. Ea • ............... 
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... 
• • "'0· • 0 

••• 

DD200 • • • 0 ONO • ARRAV • YES? • 
• • • • YES 

v ............... 
*SEYPtfD • *-------------* : F~~p~sfo2F : · . ............... 

v ............... · . · . .. ARRAY,. NO • · . • • ............... 

• 
• •........ 

. . 
.. x ................. .. 

PLII SYSTEIIS IIANUAL 

SDOS 

00210 .. .. 00220 • • • ••• *NO -NO · .. .. .. . .. 
00250 • .. .............. . 

.YES *SEDGN2. .. *-------------* 
*A3. IS P -)TOKEt., * .................... X IS P TOKEN A .............. x IS P ->TOKEN ••••••••••••••• x.eNo GENFftATOR* 
.. ..... A ','1 .. ')'1 ... 

· .. yes 

V 00010 ............... .. .. .... .. .. .. .. 
.. ADVANCE TO * ..... X A2 .. 
• NElCT TOKE~ .. .. 1-.. .. .... ........•...... 

· • YES 

.NO . . 
PUT DATA TYPE ........ .. 

I/O? 

• .. YES 

00230 .. . 
-YES . 

o .. 21 •••••••• x 

• • NO 

....... i ...... . 
• • *GENERAT-E END ... 

:£N9:v! AT~NT .: · . ......•........ 

;, ••••••••••••••• • • 
• RESOLVE 8R, • 
• AND CALL • 
• IHEOOQA • • • ............... 

:x ................. : 
00225 ;, 

••••••••••••••• • 
• RETURN • ............•.. 
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END OF DO? .... . . . 
• • NO 

D02bO V ............... · . · . • SKIP TO NEXT • 
• SPEC I FICA TI ON. • • •••••••••••••• * 

V 00110 . ............. . 
·GENER16 • • •• .-------------. . . 
-fRROR AT •••••• X A3. · -..... · . . .. ..................... 

. ............. . 
V 00210 ............... · ... . .. 

... ~IIOVE P TO'" • ... 

... TOKEN AFTEJt * ••. 'I( A3 • 
• ')1 •• • · ... . .. . ............. . 
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PLIl SYSlEMS MANUAL 

SODS 

IR-156 

*~.* ••••••••••••••• . .,. . 
.AO X. ENTER • . ,.. . •• * * •••••••••••••• 

* * .NO .VES •• *.* •••••• ** •• 
• *. EXPRESS ION .............. X EXPRESS [ON .4o .............. X. RETUf(N 

TRIAD? .. IOENTIFIER? • • IDENTIFIER 

• 

* 

· • YES 

.YES • • EXPRESSION * .................. x* 
SUBSCRIPT? '" 

• 
• ~O 

*N2 
FUNCTION ........ .. 

REFERENCE? 

• 
• YES 

*YES · . LEGAL BIF? * .•••••.•.... X. 

* * NO 

· . • X ....................... . 

v 

. 

••••••• *** ••••• 
* ERROR RETURN • 
* ••••••••• * ••••• 

,.. **** ••••••••••• • • • NO 

v •• * •••••••••••• · ERROR REf URN • 

* •••••••• *.* •••• 

• RETURN • 
SUBSCRIPT • •••••• * ••••• * •• 

......••....... · RETURN PSEUDO • 
VARIABLE • .* •• * ••••••••• * 

IR-ITl 

•• * ............... . 
• •• • *00 X. ENTER * . .. . *.. • •• * ••••••••••• 

· 

• 'NO . 
DATA OUTPUT? ••••••••• 

. 
• YES 

*NO 

0=1 ? 

• * • YES 

v ......•........ 
• * · . • END CURRENT. 
.SYMBOL TABU: • · . * ••••••• * ••• **. 

v •• *.* •••••••••• · . · . • 0=2 • * • • • •••••• * ••••• *** 

.......... x 

: X ....................... : 

v 
..****.**** •••• 

• RETURN · · • · ............... 



• • • 
••••••••••••••• 

50105 

••••••••••••••• 

v ••••••••••••••• 
• SET FilE, • 
• DATA SPEC ••• 
• AND SKIP • 
• POINTERS TO • 
• NULL • ••••••••••••••• 

v ••••••••••••••• •••• • • • • • • A2 •• X' SET ERROR • 
• • • flAG Off • •••• • ••••••••••••••• 

v ••••••••••••••• .... .. 
• .. • BRA.NCH ON • 
'43 •• X'TOKEN KEYWORD' 
• • • TYPE • •••• • ••••••••••••••• 

• • 

• • • 

• eyES 
• • • TOKEN KEYWORD 
• TYPE. FILE? • • • • • • • 

• NO 

V • • • • .YES • TOKEN KEYWD • • TYPE' LIST • AND DATA ? • • • • • 
• NO 

V • • • • 'YES • • TOKEN KEYWO 
• TYPE = snp ? • 

• • 
• 

• NO 

V • • • • 'YES • • TOKEN ~m01 .. TYPE .. • • • • • • • 
• NO 

01030 

••• • • OX Cl' • • ••• 

••• • • .X 01. • • ••• 

01040 

•••• • • .X A1 • 
• 2' •••• 

01050 

•••• • • • X (1 • • 2' •••• 

• 'YES TOKEN KEYwO * 

PL/I SYST~KS ~ 

.DIOS 

• .. .YES 

FILE 

01030 • • • • •• • • 'YES • •• • • 

Ll ST A'Irt Ol TA 

• .'FS • • • ·Cl •• • • •• 
FILE PtJlNTER 

• NULL? • • • 
•••••••••• Dl·)( .' . .. DATA SI»E: • 

PH ~U~L ? • • • • • • NO 

v .......... * .... 
.URO~ • 
.-------------* 
• SEE • 
: FO~b~:ING : 

• •••••••••••••• 

:x ................ : 
01033 V ••••••••••••••• • • • • 

• SET FILE • 
• POINTER • • • ••••••••••••••• 

01 03~ • • • **. ·YES .. . . . 
.C6.X NE)(T TOKEN * •• 9 •••• 

• • • ('1 • •• 
• • NO 

• • • • ~n 

v • •••••••••••••• *fRI"q • 
.-----------~-. 
• 'SFJ: • 
• F1l ... 0Ilt f 'fr. • 
II ~JT~ • • •••••••••••••• 

DUP I)a.T/\ ,P~" 

DFSJG 117" 

: X •••••••••••••••• : 

ot:'l'O V . ............... . 
• • • • .. SET OIT& '" 
.SPE~. POI ... TE.IU • • • •••••••••••••• 

01025 

*VFI:i •• t .. . 
.. TO~F.H = .w nb~ 

'Lf~T'? *. 

• •• · . ·D" • · . ... 
~r025 • • 

. 
• ~1 

~ElT TPH~ 
, f .? 

• .. yr ~ 

-**. . 
It: '( G S *' 

• 2" 
• .. t:f-

: ................ )1': 

V nIO,R OT02R Y JI01f ••••••••••••••• • •••••••••••••• ·ERROR • • ••• .~*. . .h.<t:t .-------------. . . .. .. • .0'1£ TO .. • 
• "ISSING lIST •••• ~ CA • 
• '11 •• 2. 

.07 •• X.CORRESPONDING •••• )I' C~ ~ 

.. • • RtGHT * .. 2f-• • • ••• ••• • PARENTHt5IS - ••• * ............•.. . ................ . 

. ......... "' ..... . 
• • • TYPE· NON ••••••••••••• x SEMICOLON? ••••••••••••• X> ~FTURN 

• · • • IDENTIFIER? • • • • 
• 

• NO 

* ••• · . TOKI'N KEYWOi<O •• X 81 • 
.c. OTHER • 2. 

* ••• 

• * ••• 
• NO ... 
.............. X* Bl • 

• 2' .... 
DI080 

• . .............. . 
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194 

••• • • *Al .. .. .. ... 

SKIP 

01040 • • 
• • • 

SOlOS 

DI080 • • 
• • .. 

EDIT 

• 
QIO~O • • · .. .YES ..... .YES •••• .YE~ .. .. .. .. .. .. .. .. .. .. 

SKIP POINTER •••••••••• 81.. ERROR FL4G • ••••••••• Cl. DATA SPEC. • •••••••• 
.. NULL? •• •• ON? • • ••• POINTEP NULL? • .. .. ..... .. ...... .. 

• • • • .. NO 

v ••••••••••••••• .EIIROII • 
*-------------* • QUPL SKIP .. 
.. OESIG no • .. .. 
••••••••••••••• 

. . .x ••••••••••••••••• 

• • . .. 
• NIl 

v ••••••••••••••• 
.ERROR " *------------* • ERROR U - • 
.. '16 .. • • ••••••••••••••• 

• • · .. • NO 

v ••••••••••••••• .FRROR • *-------------* .. DUP QUA • 
.. SPFC OFSIG .. .. no • • •••••••••••••• 

:x .•.............. : 
JIOZOA V 010Z5 v DTO~Z V ••••••••••••••• .. .. .... .. .. .. .. 

• SET S~IP PTR •••• X D6 • 
.. .. .. 1-.. .. .... 
••••••••••••••• 

• 

• •••••••••••••• " . · " • SET ERROR • 
• flAG 0.. • • • • •••••••••••••• 

:x ................ : 
0lG85 • 

v • • 
" • "NO • 

• • 
AT LEFT 
PAR EN? 

.. . • 
• YES 

v 

• 

••••••••••••••• • • · .. .. ADVANCE TO • 
• RIGHT PARFN • .. .. 
••••••••••••••• 

" 
•....•.•. 

:X ................ : 
v ••••••••••••••• .. .. .... .. .. .. .. 

• MOVE TO NEXT •••• X A3 • 
• TOKEN .. .. 1. .. .. .... ••••••••••••••• 

• • • 

• •••••••••••••• • • • • 
• SET 0_T4 • .SPEC. POINTER. • • • •••••••••••••• 

• • • • ••••••••••••••• .. _YES • .. 

NEXT TOKE" 
IC '7 • • • • .. 

.NO 

• • MOVE TO .. 
0 •••••••••••••••• r.::JRRfSPDNDI '!G' 

• • RIGHT • 
o 0 PARENTHESIS' ................ 

DI060 V DID; • •••••••••••••• .ERROR • *-------------* 
• SEF • 
: FO~b~~ING : 

• •••••••••••••• 

"JSSNG DATA, 
FOR~AT lIsn 

'71 

v ••••••••••••••• • • • • 
• E~ROR = OFt:- .. • • o • 
••••••••••••••• 

D10}8 Y 

* 

* . 
• ~1 

v • •••••••••••••• 

."\.~ . 
ox D1 

• I' _.*oe-

·E~RDR .. • ••• *-------------* • • KISSING •••• x A2 
.. FORMAT lIST" • 1. 
.. '14 • ..6- .... 
• ••••••••••• **. 

••••••••••••••• ..... . . ... . .. . . . . 
0[8 •• XO'4[1VF TO NEXT •••• X AZ • 
• • • T~KEN • .. I-•••• • • ••• ••••••••••••••• 
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.. 
• • 
................ 

$DOCS 

•••••••••• * •••• 

v ................ 
• • 
-~H fILE, I/O
"'TITLE AN ... 2ND. 
• OPTIO'" FLAG .. 
.PTkS TO I.ULL • ••••••••••••••• 

D0005 V ••••••••••••••• .... .. .. .. .. .. 
• A3* •• X- SET EkkOR _ 
• - " flAG Off • .... .. 

••••••••••••••• 

00007 V •••• ***.** ••••• ..... .. 
.. • .. BRANCH ON .. 
"A4 •• X*TOKEN KEYWORD" *' .. .. TYPE .. *.*.. .. ••••• * ••••••••• 

" . • • 

.. .. .. 

. Dooeo 
.. ·YES " .. · .. .X CO. • 

• 

• 
" 

• 
• 

• 
• 

• 

IS TOKEN • 
KEYWORD TYPE 

= filE? " · -.. " 

.. 

" .. .. NO 

v • • • 

• • ••• 

00040 .. ·YES ,*.* IS TOKEN • • • KEYwORD TYPE .X BO • .. Z· 
INPUT/OUTPUT? •••• • • 

* • .. NO 

V • * 00030 • * • ·YES •••• IS TLKEN • • • KEYwORD TYPE .X 83 .. 
TITLE? • • 2. 

* • .**. • • • .. 
• NO 

* • 
• .YES 

IS TOKEN * • KEYWuRD TYPE ••••••••••••• X • z NON * 
.IDENTlflER? · " * • • NO 

00010 

* ••• • * TOKEN KEYWORU •• X CO • * TYPE = ERROR * z* ** •• 

* 

• DOetZO .. .. .. .. .. .. -*CO-X .. .. -... 
.. .. 

- .ves .. 
FilE POINTER 

NULL ? • • 
• • • liD 

v 

.. -

............... 
_ERROR -.---------:m ~g~~O.,ING: .. . 
••••••••••••••• 

DUP filE 
DSGTN no 

•...•.•.. 

:x ................ : 

.. " .. " 

v •••••••••• ***** · .. · .. .SET FilE PTk • 
• TO LIST • - .. • •••••••••••••• 

V 
000Z5 - " - .. .. "Nu • .. 

DODOi> 
*************lI:t 
*ERROk * *** *-------------* .. * -C4 • NEXT TOKEN * .•••••......•. x* MISSING LtST· ••• X A3* .. • "". • 'I' .. • .. .. 

• • 
" YES 

v • ••••••••••• * •• · " .. MOVE TO .. 
"CORRESPONDIr.G* 
"RIGHT PAkEN ... .. " • •••••••••••••• 

• 

000Z8 V 00005 • •••• *.*.***» •• 
•••• .. *** .... .. .. * .. 
.C6 •• X"MOVE TO NEXT •••• X A3* 
• .. .. TOKEN .. 4 * ..... • *** ••• * •• **-* ••••• 

.. '71 .,. J; * 
* ~ *" .... ** ....... *=r ..... *.***** 

00050 • 
.. 

* 
• 
• 

* 
• 

* .YES *************.* 
* SEMICOLON ? 

* 
* * •.•...•.•... x* 
* 

~ETURN 
• • .. 

• * ******.****.**. 

• 

" 

• 

• 

• * * NO 

V • * 

COMMA ? 

• •••••• *.* ••• *** 
*YES .. .. **.***~**.* •• (* 

.. .. SET OPTION .. .. * * ••.•...•••...• X.FlAG ADVANCE •••••••••••••••• " RnURN • 
• .. SPTR" .. to 

.. .. .. *************(* .... ** •••• **.*.* ••• • .. **** 
.. NO * .. •••••••••• x. co * 

* z* .*** 
Chart 37. OIC Specif.ication 
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196 Chart 37. 

I'LII ,;ysnlls ~ANUAL 

51)OeS 

.... .. . 
*BO .. .. .. ... 

... .. .. 
*r~ '" . . ... 

" 00040 

" .. " . .. 
INf'UTIOuTPUT 
PTR NULL ? 

OYES • 
.. .. 

.. .. 
• •••••••• ·CO .. ." . . ... .. .. .. .. 

.. Nt:. 

v 
_.*."'*********. *Er<.t\uI\ .. *-----------* .. OU~L. .. 
'~Pt C 1f-Il,ATi ON" 
*- .70 * 
•• *******.***** 

:x ................ : 
v DO~28 

....... *****.*** * .. #*** * SET .... .. 
>INPUT-OUTPUT ..... x ec " 
.. flit( "'.. 1* '" .. . ... 
**********40**** 

.. 

00010 .. .. .. 
.. ·YES 

> 
ERhOR FLAG or. .. 7 . .. .. .. 

.. NO 

V 

.. 

• ••• ****.*.*.1t* 
.E~RO~ .. 
.fDi:-------------* .. EkkOR AT - .. 
.. '16 .. 
.. > 
.... ** ••• ** ••• ** 

v 
****** •• ******* · .. .. .. 
.. SET ERRO~ .. 
.. FLAG ON .. · .. * •• * •••• _ •••••• 

. ....... . 

:X ................ : 
v 

D~030 .. -
.. .. 00015 • .. .. .. 

°YES .. 
Tnl!. PiJHHk ........ . 

Null ? 

" . • NO 

v 
* .. • ~*******.*lj'" 
*r~ ... r...k. .. $----------* 
.. Sll:. * * fOLlLJidNb ... 
o NOTE .. *.* ............ . 

DUPLICAH 
UHE 

u<SIGNAlED -no 

. . 

.x ......................... .. 

V OOOZ~ 
*************** 
.. .. **** 
~ .. .. '" 
*StT TITLE PTK •••• X C4 .. 
- TO LIST • • I-• • •• *'" •• * •••••••••••• 

.. .. 
., .NO 

* AT LtFT PAPEN 
? .. .. .. .. .. 

.. * .. YES 

v 
***.*********** .. .. 
• • .. ADVANt~ TO .. 
>RIGHT PAREN •• .. .. 
* • .-.* •• *.* ••••• 

* .•.•.... 

. . 
.x ................. . 

00017 V OOD07 
****** ••••••• ** 
'" * ••• * .. .. '" * *MOVE TO NEXT •••• x A4 • 
.. TOKEN * * 1* 
• * ••• * •••• * •••••••••• 

Ole Specification (Page 2 of 2) 



.................. 
• SFLG • ............... 

v ................ · . .MAKE: ENTRY IN. 

• 

PllI SYSTEMS MANUAL 

$FlG 

FlOIO ••••••••••••••• ..... .. .. .. . . 
.SO .. x* BRANCH ON .. 
• .. • TOKEN TYPE • .... . . •............. 

.YES · 
t=L050 • • .. ·yes • 

FL2Z0 .... 
• TEMPORARY • 
.STORAGE TASlE. 

TOKEN fYPE,. ..................................... .. 
. . . 
*Ol·X . . FPTR+i 

-)fOKEN = • • *x 80 • · . ............... 

• ............... · . · . • DESTROY • 
.. REGISTERS • · . ................ 

v ............... · . .GENERATE SAVE. 
• RETURN + Fes • 
• ADDRESS USING. 
• SFORAD • ............... 

V FLOlO ............... · . . .. 
• PTR=PTR+1 * * • 
• PLEV=O ..... )( so* 
.. SWT=FALSE • • • · . ............... 

•• .YES . . . . 
.A7.X COMMA OR 
• • • RIGI-IT PAR EN? • ... . . 

• NO 

FLOl1 ... . . 
.X S9. . . ... 

CONSTANT? 

· • "a 

FL050 

• YES ••• 
• • • TOKEN TYPE = .X 01. 

IDENTIFIER? • • • . . ... 

FL035 

·yES •••• · . . TOKEN TYPE.;: .X AO • 
• LEFT PAREN? • • 2 • . . . ... 

· • NO 

.YES ••• · . . TOKEN TYPE = .X A7. 
• DELIMITER? •• • .. ... 

· • NO 

TOKEN TYPE 
OTHER 

v • * ••••••••••••• · . • SKIP TO COMMA. BRANCH If 
TOKEN TYPE 

OTHER 
.......................... X. OR RJGHT • 

• PAREN • · . ............... 

FL017 V !=L322 ............ "' .. 
•• ·GENER16 .. "' ••• • • .----------* • .. 

:S9: •• X:ERROR AT '_I : ••• ~ B~ •• ... . . ... •••••••••• ** ••• 

Chart 38. Format List Generator (Page 1 of 5) 

• • 

FL020 • . 
• ·NO 

• F PTR -)TOKEN • 

.. fORMAT SPEC • 
• CODE? • . 

• NO 

FL053 V •.............. 
*GENER18 • .-------------. 

• z· •••• 

= F I XED 
INTEGER 

.................. X.SEE FOlLnWI NG. 

• CONSTANT? • . . · • YES 

v *.*.* ••••• ** ••• 
.SHE XP • .-------------* 
.EVAl FXD INT. 
• CONST • · . . ............. . 

·YES • EXPRESSION A ••••••••• 
CONSTANT? 

• 
• NO 

FL028 V ............... 
• GENER 18 • . -------------. 
• NO PARENS • · . • • ............... 

:x ........................ : 
FL060 V ............... .... ... 

• • • GENERATE DO • 
• C6 ... X. STATEMENT • 
•• ... USING SDOG2 • .... . ............... 

TOKEN LEFT 
"AREN? 

· • YES 

v 

'NO . 

•• * •••••••••••• · . · . .INCREASE PUSH. 
• DOWN LEVEl.. • • • • •••••••• *** ••• 

• ................ x 

V FlOiO ••• ~ •••••• * ...... 
• • • •• · . .. . "MOVE TO NEXT •• , ... X 80. 
•• TOKEN • • • 
• . ..>11 •• ~ ••••• * •••••• 

• NOTE • · . • •••• * ••••••••• 

ITER FeTR NOT 
ENCLOSED IN 

PARENS 

V FL060 ............... 
·SHEXP • • •• .-------------. . . 
• EVAL AS FXD ..... X C6. 
• INT ••• • • • •• . ............. . 

FL062 • · . 
• PTR -)TOKEN 

FOR NAT SPEC 
CODE? 

Fl2Z0 

.VES •••• . . . 
.x SO • 

• . 
• NO 

FL010 V . ............. . · . .SKIP TO COMMA. 
• AT RIGHT • 
• PAR EN • • • . ............. . 

• z· . ... 

V FL320 ............... 
.GENER19 .f: •••• .-------------. ... . 
.. lLlE(al * ..• x BO • 
... FORMAT s,ec" • s* 
• • • •• * . ............. . 
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Fl035 ••••••••••••••• ... '" . ... • * 
*AO ... X. PTlb·PTR+l • • • • • •••• • ••••••••••••••• 

v ............... 
·SNEXP • .------------. 

'lll SYSTEMS MANUAL 

SFlG 

FL~£2 •••••••••••• .... . . .. . .. 
.BO ... X. '"PTR • 
• • • PTP.-PTR+l .. ..... .. . ............. . 

• • 
• .YES 

FL260 ••••••••••••••• • • ·CONSTANT-YES • 
• EVAl AS FXO • • * PTR -)TOKEN 1;1 * ...................... X. DUMMY FEO-O • 
• INT • 

• * ............... 

v ............... 
* * '" ADVANCE PTR '" 
'" TO TOKEN • 
• FOLLOWING • 
• EXPRESSION '" ............... 

PTFI. -)TOKE",! 
A I I'? 

• • NO 

FL040 V 

• YES • 

••••••••••••••• ·GENERLb • . ------------. 
• ILLEGAL • 
• TOKENS • • • ............... 

v ............... · . '" ADVANCE PTR • 
• TO RIGHT .. 
• PARENTHESIS· • • ............... 

........ ... 

. . 
.x ................ .. 

FL038 ii Fl060 ••••••••••••••• .. . .... · . . . 
• PTR""PTR+L ..... X C6 • 
• • • L· · . . ... ••••••••••••••• 

• 

* 

'tt? 

· ·NO 

* 

• ·NO .. P ->TOKEN = .. 
• 'Jot OR ......... . 

I SIC II' 11 

• • • YES 

* * 
FL250 

.YES •••• 

* 
P ->TOKEN .. 

'SKU"? 

* • • NO 

• • * 
• .- AO • 

• • 5· •••• 

F L240 V FL300 ............... · . ..". .GENERATE CALL. • • 
• TO LIBRARY •••• X A8 • 
• ROUTI HE • • 5. 
• IHED08Y ... • ••• ............... 

FL235 V ............... 
·GENER80 ... .-----------. 
.SEE FOLLOWING. 
• NOTE • • • . ............. . 

Fl322 

• ••• . -..X 83 • 
• 5-• ••• 

188 Chazt 38. I'onoat Liot Generator (Page Z of SI 

• 

• NUMBER-l • 
* • ••••••••••••••• 

• 
* ·YES • P ->TOKEN = 

'RI? * • 
* * • • NO 

• 

F l500 

•••• • . *x AO • • 4_ 
• ••• 

FLItOO FL402 ••••••••••••••• 
* ·YES • ... _ ••• . . . ... . 

P ->TOKEN • 
'e'? 

* •••••.•••••••• X. B=FIRST FED ..... X AO ... 
... ADOR A=P • • 3. • • • •••• •• ••••••••••••••• • • NO 

FL275 V FL277 ............... 
·SFQRl • • ••• .-------------. . . 
• FORNAT ITEM •••• X "2 • 
• ... • 5-· . . ... . ............. . 



Fl:~l*.** ...... *.* .... . . . . . 
• AO ... X. P·PTR+l • 
.. .. • PTR=PTR+2 .. .... . ............... 

ONO 
o 

PLII SVSJEMS MANUAL 

IHG 

............... 
•• *'FORI • · . .------------. 

.80 ••• X. FORMAT nE" • .. . . 
••• • . ............. . 

FL420 V ............... 
••• • 

• • • GENERATE • 
P -)TOKEN AN 

'E' OR IF'? • . . .oo ........... 81 ••• X*STORE ADDRESS* 
oo. • .OF FED IN FeB. 

FL410 • • 

. 
• YES 

·YES ••• . . . 
PTR ->TOKEN = .X BO. 

'('1 •• ... . 
• NO 

:x .................... : 

....... i ...... . · . · . • ADVANCE TO • 
• RIGHT PAREN • · . ............... 

v ............... 
·GENER81 • . -------------. 
.SEE FOLLOWING. 
• NOTE • · . ............... 

Fl3Z0 .... 
llLEG COMPLEX • .. 
FORMAT I TE", .o.oX BO .. 

SKIPPING • 5. .... 

•• • AT 8 • ............... 

v . ............. . · . • GENERATE • 
.STORE TYPE OF. 
.FED [N FeB AT. 
• 8 • . ............. . 

FL425 • Fl420: ••••••••••••••• * 
• NO . · . · . .YES ••• 

S=SECOND FED 
LOCATION? 

...... •••• •••••• X*S:cSECOND fED ................. X FPTR -)TOKEN · . . *x S1. 
• ADDRESS • A' )'? · . . . .. · . . ............. . 

• • YES 

fl"'40 • FL445 . .............. . 
• YES • • ••• . . . . . 

PTR -)TOKEN A ................... X. P=A .oo .. X 81. 
Il t 1 •• • • . 

• NO 

Fl450 V ............... · . · . • ADVANCE TO • 
• RIGHT PAREN • · . ............... 

v ............... 
• GENER 16 • .-------------. 

ILLEGAL • 
TOKENS • · . ............... 

• • • •• . ............. . 

Fl445 V FlZ80 ............... . ............. . ••• '* *' '* •••• · . . . . . . . 
• S7 ••• X.ADVANCE AFTER .................... X.RESET COMPLEX ..... X .A.3 • 
• • • RIGHT PAR EN • • CODE •• 5. ... . . . . ... ...•........... . ............. . 

• • NO 

Fl402: 

.YES ••• 

fPTR ->TOKEN 

.' t '1 

• • NO 

FL430 V ............... 
• ADVANCE !itTR '* 
.TO NEXT COMMA. 
• DR RIGHT • 
• PARENTHESIS· 
• TOKEN • . ............. . 

v ............... 
.GENEIH6 • 

· . . .X AO. · . . . .. 

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

.ERROR AT ' , •••• oo ...... .. · - . · . . ............. . 
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FL 500 • . 
4"** ""10 · . . 

Pl/' ~YSTEMS MA~UAl 

SFlb 

***.*********** · . · . *AO '" IS THlS II.N ••• ............... X" PTR=PTR+l .. 
• 4' ON-UNIT? · . • • ... . 

.. YES 

i-
*.* ••• *** ...... . 
*GE"IEP,Z9 .. .-------------. * .. * rLlEGAl USE * ••• X Bl~ 
: OF ,_, : ***.$ 
**.****.* •• **** 

FL550 
•• ******."'**.** • • 

****.**.*** •• ** 

v 
*****.*** •• >t-*** 
*SFVAR * *-------------* * LOCATE '" 
.. 'V,f,RIABlI:: .. · . *.**.* •••• *.*** 

Fl 5 15 .. FL5Z0 Fl5Z5 .. .** •••••••••••• 
• YES .. .. ••• 

* .. '" • .. 
IOENllf=IER A "'DO. ,.~ •••••••• X. ADVANCE TO •••• X 85. * FOPMAT LABEl? '" .. RIGHT PAREN" • ... 
'" '" .. • *** **.* •• **** •• *** 

f. (540 • . 
· • NO 

Fl550 

.. *NO ... . . 
*)( 4.5* . . . ... • l')ENTrHER A .. 

LABEL 
vARI ABLE? 

· .. YES 

v 
*.*****.******* 
*SNEXP '" *-------------* 
: LASEI EXPR : · . * ••• * ••••• *.*** 

F lSZ~ V 

.. * * * 
***._.** ••• * •• * • • '* • • GENERATE A * 

*AS* •• X* ADVANCE TO • 
• '" * RIGHT PAREN • **. • 

************* .. * 

*85* •• x* LINK TO * * * * fORMAT • * STA TEMENT * ** •••••••• * •••• 

V Fl530 • •••••• **.* •• *.* • 
*GENERa2 * *NO *-------------* * • * * 

FL5bO H 530 
* ••• **.* •• ***** ***.***.** ••••• 
• • *GENERlb· ."'. 
• ADVANCE PTR • .-------------* • • • I. NOT * ........... *B6*X FPTR+l 

!FORMl.T LABEL: * • '* ;>TOKEN AI)'~ * ............... x: TOp~~~~T : ................. X:ERROR AT I_' : ••• ~ 86: · . .. . .*. ********.*.** •• ..**........... . ...... * ••• * •• * · .. YES 

V FL320 ............... • • .* •• . '" . .. . . 
*B7 ••• X* PTR=PTR+2 •••• x BO * * • • :0: • 5* .*. .. .... •• *.**.* •••• * •• 
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Fa..250 ••••••••••••••• ••• .PREPARE DUMHV. 
.. .. *KALFWDRD FED • 
+'0 •. X. WlITH '1-1 .. 

• • : CO=~r.~E$ : ••••••••••••••• 

v ••••••••••••••• • ,FORI • . -------------. 
• FORMAT ITEM 2-• • - . ••••••••••••••• 

'Li11 Ii ............... ..... . 
• .. .. GENERATE • 
*".c . ,K.STORE ADDRESS. 
'" • .OF FED IN FCB" .... -

... · . .. , - . ... 

............... 

~ l.l80 V ............... · . • • • U LOAD FCB • 
• ADORE 5S • · . ..... _ ........ . 

v ............... · . • GENERATE LOAD. 
-OF REG 1 WITH. 
.. I/O TYPE .. • • ............... 

v ............... · . • • .GoE:NERATE CALL. 
• TO IHEDIOA .. · . ............... 

Fl320 

• YES 
SPEC TYPE. • 

<iKlD, COLUMN. 

... 
• • .X BO. . . . ... X1 

• . 
• NO 

SPEC TYPE = 
OTHER 

fl300 Y Fl3ZO ............... ***. • ••• 
• • • G TE... :"8 •.. X:C~~ O::aT: ••• ~ 80: 

•••• • • •• ••••••••••••••• 

PLII SYSTEMS MANUal 

SFLG 

-FL320. -- . ... .. -. - 'YES 

.80 • SNT-FA~SE? - . . ••• • • • • • _NO 
-

••••••• 2 ••••••• 
• • • • 
• SWT-FALSE • • • · -. ............. . 

1o-l.:HS Y ............... 
•• .SEDGNZ • · . .-------------. 

• B2 ••• X. ENO DO-LOOP • .. . . .. ... . ............... 

• 
• •........ 

· . .•................. 
Fl322 • · ••• .ves · . . . fLOIO ••••••••••••••• · . . ... · . . .. .83. PTR -)TOKEN A ••••••••••••••• X. PTR=PTR+l •••• X 80 • 

• •• ','1 . .. 
· • NO 

fl325 • .. • 

• • • 1· • • • ••• • •••••••••••••• 

............... . ............. . Fl322 

.NO .. • .GENER 16 • • •• 
• .ADVANCE FPTR • .-------------. • • 

PTR -)TOKEN A 
I) " 

• 
• YES 

* • 
• YES 

v 

·NO • 

............... · . .REMOVE ENTRY. 

.. FROM • 
• TEMPORARV • 
.STORAGE TABLE • . ............. . 

••••••••••••••• X:TOO~E~IG~9MMA: ••••••••••••••••• X:ERROR AT '_, : ••• ~ 83: 

• PAREN • • • • •• ............... . ............. . 
fL340 FL315 ............... . ............. . 

• • • • *.* • • • • • • • ............... X: PlEV=PlEV-l : ••••••••••••••••• X:MOVETb~E~EXT : ••• ~ 82: · . . . . .. ............... . ............. . 

• ••••••••••••••• • .YES .GENER19. 
• ONLY CNTRL • *-------------. _ Fom~\I~T? ................ X:lTr~ ~g~M~lTA: 
•• • • • ••••••••••••••• . -

• NO 

;" ............................... : 
fL335 v . ............. . -.. RETURN • • •••••••••••••• 

• • • 
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Plli: SYSTEMS MANUAL 

$FMT 

• • · 
••••••• * ••••••• 

SfillT ............... 

v ....•.•...•.... · . .. GENERATE * 
"'BRANCH AP.QUND* 
• FORMAT .. · . ............... 

• • • 

............... 
• NO .GENER 30 • * *-------------. .. .. 

LABEL SWITe'" ................. X.M[SSING LABEl ..... X 84* 
ON? ... • .. . 
* YES 

FMOIO V •••••••• ** •••• * 
.$BLPRC • .------------. 
'" LABEL • 
• PROCESSOR • · . ••••••••• * ••• *. 

v ••••••••••• * ••• · . ... *' • '" • B4* •• x.CBTAIN FORM'u* 
• • • AoeON AREA ... ... . 

202 Chart 39. FORMA'l' Generator 

** •••••• * ••••• '" 

v *** •••••••••••• · . • GENERATE RFI8. 
• TO RELEASE • 
• REGISTER • · . * •••••••••• * ••• 

v ......•........ 
• GENERATE • 
·INSTRUCTIONS .. 
• TO SA.VE AOOR '" 
• WHERE CAME • 
'" FROM • •••••••• ** ••••• 

v ................ 
·$FlG '" . ------------. 
• PRO( FORMAT '" 
• LI 5T • · . ................ 

v •••••••••• * •••• · . . .. 
• GEN INST TO. • • 
• RELOAD & BR ..... X 01. 
• WHERE tAMe '* • • 
.. FROM • • •• 
•• * •••• ** •••••• 

• • •• * ••••••••• * ••••• 

•••••••• *** •••• •• '* • 
•• .OEF INE END Of. 
.Ol ••• X. fOf\MAT • 
• • • "'OORESS • ••• • . ............. . 

v •• * .. * •••••••••• · . • PTR'"'TOKEN '* 
.LIST POINTER. 
'* +1 • · . •••••••••• ** ••• 

• 
·YES . 

P ->TOKEN A * ........ . 
I;' ? 

• • NO 

FM:060 V •• ** ••••••••••• 
.GENER16 '* *-------------. 
• ILLEGAL • 
'" TOKENS '" • • ••• *******.*.*. 

v ..* •••• **.** •• 110 · . · . • ADVANCE PTR • IIoro SEMICOLON. · . *.*.* •••• *.* ••• 

:x .•..•.•.....•... : 
FM050 V . ............. . 

.nCOOE • .-------------. 
*GENER FORIUT 110; 

.. LIST CODE • · . .* •• *** •• * ••••• 

v .*.* •••••• *** •• · . • RETURN '* · . . ............. . 



• • • 

• 

••••••••••••••• 
.FUIII 

............... 

v ••••••••••••••• • • .. . 
• PTR·P1R.l • • • • • ••••••••••••••• 

; 
••••••••••••••• •• NEoAP • . ---------. : DBrmr.~!~ED: 
• • ••••••••••••••• 

v .. • 

• • • 

.YH 
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PART -5 - EXPRESSION PROCESSING 

CALL/360-0S PL/I routines concerned prlmarily wi,th expression processi:lg 
are aescribea in this suDsec'J:ion. The rou·tines are discussed in 
alphabetic order, accorCiing ,to their mnemonics" as shor,m below. 
Detailed logi·c diagrams fo,: the routines appear at the end oE tl1e 
subsection~ 

Argument Operand Processor ($NATTP) 
Call Generator ($NCALL) 
Cross-Section DOpe Vector Build {$NCSDV} 
Expression Processor Controller {$NEXP) 
Dimension Multiplier Generator {$NMULT) 
Convert Operand ($NOPCV) 
Operator Stack ~rocessor ($NOPRT) 
Operand Set-Up ($NPRE) 
Generate Triad ($TRIAD, $STRD) 

207 



TITLE: ARGUMENT OPERAND PROCESSOR ($NATTP) 

Program Definition 

Purpose and Usage 

The Argument Operand Processor is used to obtain the attributes of 
an argument of a CALL or function reference. 

Description 

The argument list of a CALL or function reference is scanned twice. 
On the first scan, the highest type of the arguments and the number 
of array arguments are determined. This information is necessary in 
processing generic functions. On the second scan, the arguments are 
converted to the type required for the CALL. This routine is used 
to extract an argument's attributes in both scans. A flag indicates 
the scan number. During the first scan, a function and array argument 
are processed to substitute their return value attributes and array 
element attributes, respectively. 

Errors Detected 

None 

Local Variables 

None 

Program Interface 

Entry Points 

$NATTP. Register G2 points to the entry of the operand stack which 
contains the argument token. The flag $NXFLG is set to zero for scan 
one and nonzero for scan two. 

Exit Conditions 

Return is to the calling routine immediately follOWing the invoking 
call. The attributes of the argument are set in the left operand area. 

Routines Called 

None 

Global Variable 

$NAARG 
$NLOTM 
$NXFLG 
$NLOPR 
A List 
Y Table 

Logic Diagram 

Count of Number of Array Arguments 
Left Operand Type Mask 
communication Flag 
Left Operand Arithmetic Precision 
Dictionary Attribute List 
Operand Stack 

Chart 43 shows the detailed logic diagram for the Argument Operand 
Processor routine. 
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TITLE: CALL GENERATOR ($NCALL) 

Program Definition 

Purpose and Usage 

The Call Generator generates the triads required to call a function 
or subprogram. 

Description 

A begin call triad is generated with the entry point and number of 
arguments as operands. An argument list triad is generated for each 
argument. If the entry point is to a fixed-point SUM, PROD. or POLY 
rou·tine" a DED is generated for each argument. :Each DED is passed 
as a separate argument immediately following the argument to which 
it applies. The operands for the arguments are obtained from the top 
entries of the operand stack; therefore, the arguments are placed in 
the argument list triads in the reverse order from which they appeared 
in the CALL or function reference. An end call triad is generated 
to terminate the argument list. 

Errors Detected 

None 

Local Variables 

NCNA 

NCFN 

Left half is flag. if nonzero, the entry point is to a 
fixed-point SUM, PROD, or POLY routine. The right half 
contains the number of arguments in the CALL or function 
reference. 

Save area for registers P3 and P4 

Program Interface 

Entry Points 

$NCALL. The number of arguments in the argument list is contained 
in register GO. The operands comprising the argument list are in the 
topmost entries of the operand stack, the last argument being at the 
top. Register P3 is the address of the operand area containing the 
description of the subprogram entry point. 

Exit Conditions 

Return is to the calling routine immediately following the invoking 
call. The entry point token has been replaced with a token referencing 
the end call triad. 

Routines Called 

$STRD 
$XERR 
$WC'l'CT 

Global Variables 

$ERROR 
$NOPI 
$NOTKN 
$NOTM 
$NTCUR 
$NXOP 

Generate Triad 
Error Message Editor 
segment Management 

Parameter List for Error Message Editor 
Field of $NO 
Field of $NO 
Field of $1110 
Nmnber of Last Triad Generated 
Stack Triad-Building Operand Area First Word 
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$NXTKN 
$NYOP 
$NYTKN 
A List 
N List 
Y Table 

Logic Diagram 

stack Triad-Building Operand Area Second Word 
Stack Triad-Building Operand Area First Word 
Stack Triad-Building Operand Area Second Word 
Dictionary Attribute List 
Dictionary Name List 
Operand Stack 

Chart qq shows the detailed logic diagram for the Call Generator 
routine. 
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TITLE: CROSS-SECTION DOPE VECTOR BUILD ($NCSDV) 

Program Definition 

Purpose and usage 

The Cross-section Dope vector Build routine is invoked to process the 
subscript list of an array cross-section. The routine is invoked when 
the first subscript comprised of a single * is encountered in processing 
a subscript list within an argument list. For example, assume that 
the following subscript list is processed, with B having been previously 
defined as an array. 

INTCA,B(2,*.3),5) 

The list of arguments of the function INT contains three arguments: 
A. B(2.*,3). and 5. The list of subscripts of the array B consists 
of three subscripts: 2, *. and 3. 

All fields of the dope vector are constructed except the zero element 
address field and the number of dimensions field. 

Description 

The subscript list. starting immediately after the first * subscript. 
is scanned. The subscripts comprised of a single * token are counted. 
The dope vector is then allocated in static storage,. The amount of 
storage required is a function of this count, the number of dimensions 
in the array cross-section. 

Let the subscript list dimension positions containing a single * token 
be p1.p2,p3 ••••• pn. The data to be computed for each dimension of 
the array's cross-section dope vector is as follows: 

cross-section lower bound-bound(i) = array lower bound p(i) 

cross-section upper bound-bound(i) = array upper bound p(i) 

cross-section multiplier-multiplier(i) = product of the array 
multiplier p(i) and 
all the multipliers 
on subscripts of the 
array between p(i) and 
p(i+1) 

The subscript list is scanned a second time to generate the triads. 
The multipliers are computed and moved with the bounds into the cross
section dope vector. 

If the array is for a string variable. triads are generated to m9ve 
the length fields of the dope vectors to the cross-section dope vector. 

Errors Detected 

None 

Local Variables 

None 
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Program Interface 

Entry Points 

$NCSDV. Registers G2 and G4 point to the top of the operand and 
operator stacl<:s, respecti'7ely. Register G3 points to the first token 
of the token table following the first '" subscript of the cross-section 
reference. 

Exit conditions 

Return is to the calling routine immediately following the invoking 
call. Register G3 is rese-t to its entrance value. 

Routines Called 

$GTRIAD 
$WEXP 
$TRIAD, $STRD 
$WCTCT 

Global Variables 

$ASC 

$NLOPI 
$NLTKN 
$NROPN 
$NRPI 
$NRTKN 
$NRTM 
$NXTKN 
$NYOP 
$NYPTR 
$NYTKN 
A List 
T Table 
V Table 
X Table 
Y Table 

Logic Diagram 

Get Next Triad Entry 
segment Management 
Generate Triad 
Segment Management 

Offset to Next Available Byte in 
Constants Area 
Expression Processing Results 
Expression Processing Results 
Right Operand Area of Express'ion 
Field of $NRSLT 
Expression Processing Results 
Field of $NRSLT 
Stack Triad-Building Operand Area 
Stack Triad-Building Operand Area 
Stack Triad-Building Operand Area 
Stack Triad-Building Operand Area 
Dictionary Attribute List 
Token Table 
Expression Stack 
Operator Stack 
Operand Stack 

Static and 

Processing 

Second Word 
First Word 
Third Word 
Second Word 

Chart 45 shows the detailed logic diagram for the Cross-Section Dope 
Vector Build routine. 
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TITLE: EXPRESSION PROCESSOR CONTROLLER ($NEXP) 

Program Definition 

Purpose and Usage 

The Expression Processor Controller controls the generation of triads 
to evaluate all expressions, the assignment statement, and the CALL 
statement entry name and argument list. 

Description 

An expression is composed of elements which are alternately operands 
and operators. The expression, to be properly formed, must start and 
terminate with an operand. An operand is an identifier, an identifier 
followed by a parenthesized list, an operand preceded by a prefix 
operator, or a parenthesized operand. A list is a series of expressions 
or single * tokens separated by commas. A prefix operator is a + or 
- token appearing in the expression at an operand position. An operator 
is an infix +, infix -, *, /, t or *., comparison operator, i, " or 
assignment symbol. Infix + and - are defined as a + or - token 
appearing in an operator position. 

The tokens of the token table are scanned starting at the token set 
by the calling routine. Control remains in the Expression Processor 
Controller until an unexpected token appears at parenthesis level zero 
or an array assignment statement is recognized. 

Each left parenthesis token encountered in this scan causes the 
expression stack to be pushed down. Processing is continued assuming 
the start of a new expression. The type of expression (that is, 
argument list, subscript list, array cross section, expression, 
assignment statement, or array assignment statement) and other 
information pertinent to its processing are retained in the stack. 

All tokens recognized as identifiers are processed to determine the 
dictionary attribute list entry which applies to the scope of the 
reference. The pointer to this attribute entry and the pointer to 
the token in the token table are entered at the head of the operand 
stack. The + and - tokens identified as prefix operators are processed. 
The resultant effect is added to the operand stack entry to which it 
applies. 

The comma, left and right parentheses, semicolon, and all operator 
tokens are processed to determine their effect on the operator stack. 
Each of these tokens, except the left parenthesis, contains a priority 
number which is equal to the priority of the operator or separator 
plus 256 times the parenthesis level of the token. The operator 
priority assignments are: 

*. or t 
* and / 
+ and 
compare 
i 
I • 
( 

) 

assignment symbol (=) 

10 
9 
8 
7 
6 
5 
4 
3 
2 
1 

The left parenthesis token contains a pointer to its associated right 
parenthesis. The left parenthesis priority is obtained by adding 1 
to the priority of its associated right parenthesis. 
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The priority of the operator under process is compared with the priority 
of the operator entry at the top of the operator stack. If less, 
triads required for the operator at the top of the operator stack are 
generated. Triads are also generated when the priorities are equal 
unless the operator under process is at, **, or , (comma) within 
an argument list. The two entries at the top of the operand stack 
are the operands of the operator. The two operands are removed from 
the operand stack. The operands are processed and triads generated 
to convert them, if necessary. to the type required to complete the 
operation. The operand types are determined by the operator and the 
data characteristics of the operands. Triads are then generated to 
perform the operation. A token describing the result of the operation 
is added to the top of the operand stack. The operator is removed 
from the top of the operator stack and the process repeated for the 
new top entry. 

When the left parenthesis is removed from the operator stack as the 
result of processing the right parenthesis, the expression stack is 
popped up and the right parenthesis token discarded.. The sign resulting 
from processing the prefix operators preceding the left parenthesis 
is added to the sign of the expression result. ProceSSing continues 
assuming an operator is required next in the expression at the next 
outer parenthesis level. 

An array assignment is detected when an assignment is under process 
and an array or a cross-section of an array is encountered at 
parenthesis level zero or is encountered as the first argument of a 
built-in function or pseudo-variable; control passes to the alternate 
exit of the Expression Processor Controller to signal this condition 
to the calling routine. 

Errors Detected 

• WHERE OPERAND EXPECTED. =. WHERE OPERATOR EXPECTED. 
INCORRECT NO. OF SUBSCRIPTS FOR 
COMPILER ERROR. (100) 

___ " ILLEGAL OPERATOR. (111) 
IMPROPER RELATIONAL EXPRESSION. 

(86) 
(87) 

ARRAY. 

(112) 

(96) 

Local Variables 

NEPLEV 

NEST!{ 

NATT 

NPREI 
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Current parenthesis level. Set to zero on initial 
entrance to the routine. Increased by one for each 
left parenthesis encountered and decreased by one when 
the corresponding right parenthesis is encountered. 

Equated to the global variable $SNESTK which contains 
the address of the current expression stack entry. 

Contains the dictionary attribute list entry offset 
of the last identifier encountered in the token stream. 

Prefix Operator Indicator. Three bits of this variable 
are flags: 

Bit 0: 

Bit 4: 

Bit 5: 

If 1. the operand is a parenthesized 
expression. 

If 1, the operand has had at least one 
prefix + or - operator. 

If 1, the operand has a prefix minus 
operator. 



NEQP contains the pointer to the subscript substitution table 
for the processing of arrays in an array expression 
containing array cross-section references. This variable 
points to the token to be substituted for the current 
* token. 

Program Interface 

Entry Points 

$NEXP. The variable $PTR contains the pointer to the token table entry 
of the first token of the expression to be processed. The top entry 
of the expression stack is set to the type of expression to be 
processed. The variable $NEXPT contains the attribute type mask 
describing the conversion to be applied to the expression value. If 
all bits of the mask are set, no conversion is performed. 

Exit Conditions 

Normal exit. Control returns to the caller at six bytes following 
the invoking call. $PTR is set to the token following the last token 
of the expression. If the result of the expression is a constant, 
the value is returned in register GO. 

Array expression exit. Control returns to the caller immediately 
following the invoking call. The subscript number of the array at 
which the array expression was detected and the pointer to the attribute 
entry of the array are returned in $EXPNS. The variable $PTR contains 
the pointer to the token table entry at which the array expression 
was detected. 

Routines Called 

$FVAR 
$NCONS 
$NCSDV 
$ NOPCV 
$NOPRT 
$NPRE 
$TRIAD 
$WBACK 
$WSTEP 
$WEXP 
$WCTCT 
$XERR 

Global Variables 

$ERROR 
$ NPVF 
$EXA 

$NROPN 
$EXPNS 

$NRPI 
$GBQF 
$NRPR 
$NRTKN 
$NEXRT 
$NRTM 
$NFLAG 
$NXFLG 
$PRIOR 
$NLOPI 

Locate Variable 
Constant Processor 
Cross-Section Dope Vector Build 
Convert Operand 
Operator Stack Processor 
Operand Set-up 
Generate Triad 
Segment Management 
segment Management 
Segment Management 
Segment Management 
Error Message Editor 

Parameter List for Error Message Editor 
Complex Pseudo-Variable Flag 
Used to Dump Fixed Table Area on Token Processed 
by $NEXP 
Right Operand Area of Expression Processing 
Expression Processor to Array Expansion Routine 
Information 
Field of $NRSLT 
Table of Switches 
Field of $NRSLT 
Expression Processing Results 
Statement Processor Expression Result Type 
Field of $NRSLT 
Fixed-Point Scale Flag 
Communication Flag 
Operator Priority 
Expression Processing Results 
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$NLOPN 
$TAILS 

$NLOTM 
$NLTKN 
$NIDSI 
$PTR 
A List 
C Table 
V Table 
Q Table 
T Table 
Y Table 
X Table 

Logic Diagram 

Left Operand Area of Expression Processing 
Table of Pointers to End-of-Segment Control Word 
for Expandable Tables 
Left Operand Type Mask 
Expression Processing Results 
Identifier Search Indicator 
Token Table Pointer 
Dictionary Attribute List 
Constant Table 
Expression Stack 
Subscript Substitution Table 
Token Table 
Operand Stack 
Operator Stack 

Chart 46 shows the detailed logic diagram for the Expression Processor 
Controller routine. 
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TITLE: DIMENSION MULTIPLIER GENERATOR ($NMULT) 

Program Definition 

Purpose and Usage 

The Dimension Multiplier Generator routine generates the triad required 
to multiply a subscript value by the dimension multiplier associated 
with the current array dimension. 

Description 

The array name and current dimension position are obtained from the 
top entry of the expression stack. If the array is a parameter, the 
right operand of the multiply operator is the address of the location 
of the array dope vector and the number of the dimension position. 
If the array is not a parameter, this operand is the actual address 
of the halfword dimension multiplier in the array dope vector. The 
left operand is the value of the computed subscript. 

Errors Detected 

None 

Local Variables 

None 

Program Interface 

Entry Points 

$NMULT. The left operand area contains the description of the subscript 
value. The top entry of the expression stack contains the entry for 
the subscript list under process. 

Routines Called 

$STRD 

Global Variables 

$NESTK 
$ NXOP 
$NXTKN 
$NXPTR 
$NLOPN 
V Table 
A List 

Logic Diagram 

Generate Triad 

Address of Top of Expression Stack 
stack Triad-Building Operand Area First Word 
Stack Triad-Building Operand Area Second Word 
Stack Triad-Building Operand Area Third Word 
Left Operand Area of Expression Processing 
Expression Stack 
Dictionary Attribute List 

Chart 47 shows the detailed logic diagram for the Dimension Multiplier 
Generator routine. 
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TITLE: CONVERT OPERAND ($NOPCV) 

Program Definition 

Purpose and Usage 

The Convert Operand routine is used to convert an operand to any type 
required. The operand will also be scaled to any scale, if desired. 
If the operand is a source constant and the conversion is arithmetic 
to arithmetic, the attribute entry of this source constant is changed 
to indicate the required type and scale. If the operand is not such 
a source constant, any triads required to achieve the desired type 
and scale are generated. If the operand cannot be converted to the 
required type, an error message is generated. 

Description 

The operand to be converted is described in an operand entry whose 
format is: 

Word 1 

2 

3 

1 2 3 4 Byte 
r-----------------------------------------------, 
I I I $NOL I I I $NOTM 1- - - - - - - - - - - -I I 1 1 $NOPR 1 $NOSF 1 
1-----------------------------------------------1 
1 1 
1 $~Tm I 
1 I 1-----------------------------------------------1 
I 1 I 
I $NOPI 1 1 
I 1 1 
l-----------------------------------------------J 

operand type flags $NOTM 
$NOL = 
$NOPR and 
$NOTKN = 
$NOPI = 

operand length if a string 
$NOSF = operand precision 
operand token 

& scale if arithmetic 

sign and other flags 

The address of the first word of this entry is passed to this routine. 
The desired type, precision, and scale of the converted operand are 
set before entrance to this routine in $NRTM, $NRPR, and $NRSF, 
respectively. A result type of X'FF' indicates no conversion is to 
be performed on the operand. If the operand is to be scaled, $NFLAG 
must be nonzero; no scaling of it is performed if $NFLAG is zero. 

The type of the operand is compared with the desired type. If they 
are alike or if the desired type is X'FF', no conversion is performed. 
If a conversion to the desired type is not possible, an error message 
is generated. If an arithmetic to arithmetic conversion of a source 
constant operand is required, its attribute entry is changed to indicate 
the desired attributes. The constant will be converted directly to 
this type by the Constant Processor routine <$NCONS). In all other 
cases where a conversion is required, a convert triad or series of 
triads to call the string to arithmetic or arithmetic to string library 
conversion routine (IBEDCN or IBEDNC> is generated. 

When the scaling flag is nonzero and the operand and desired types 
are both fixed, a multiply, divide, scale positive complex, or scale 
negative complex triad is generated to change the scale of a non-source 
constant operand to the desired scale; if the operand is a source 
constant, the desired scale is set in its attribute entry and the 
constant will be scaled to this value when converted by $NCONS. 
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Errors Detected 

OPERAND INCOMPATIBLE WITH REQUIRED ATTRIBUTES. (lOS) 

Local Variables 

NOTM 

NOSGN 

The operand and result type masks EXCLUSIVE OR's 
together. 

Contains the operation required to scale the operand 
(that is, multiply, divide, scale positive complex, 
or scale negative complex). 

Program Interface 

Entry Points 

$NOPCV. Register P3 is the address of the first word of the operand 
area describing the operand to be converted. Registers G2, G3, and 
G4 contain pointers to operand stack, token table, and operator stack 
respectively. 

Exit Conditions 

Control returns to the calling routine immediately following the 
invoking call. No specific output values are returned. 

Routines Called 

$ NCONS 
$STRD 
$WEXP 
$WCTCT 
$NCALL 
$XERR 

Global Variables 

$NLFLAG 
$NLOPN 
$NOPI 
$ NOPR 
$ NOPTR 
$NOSF 
$ NOTKN 
$NOTM 
$NRL 
$NROPN 
$NRPR 
$NRSF 
$NRSLT 

$NRTM 
$ NXFLG 
$ NXOP 
$ NXTKN 
$NYOP 
A List 
N List 
Z Table 

Logic Diagram 

Constant Processor 
Generate Triad 
Segment Management 
Segment Management 
Call Generator 
Error Message Editor 

Fixed-Point Scale Flag 
Left Operand Area of Expression Processing 
Field of $NO 
Field of $NO 
Field of $NO 
Field of $NO 
Field of $NO 
Field of $NO 
Field of $NRSLT 
Right Operand Area of Expression processing 
Field of $NRSLT 
Field of $NRSLT 
Operation Result Attributes and Description Area 
of Expression Processing 
Field of $NRSLT 
Communication Flag 
Stack Triad-Building 
Stack Triad-Building 
Stack Triad-Building 
Dictionary Attribute 
Dictionary Name List 
Triad Table 

Operand 
Operand 
Operand 
List 

Area First Word 
Area Second Word 
Area First Word 

Chart 48 shows the detailed logic diagram for the Convert Operand 
routine. 
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TITLE: OPERATOR STACK PROCESSOR ($NOPRT) 

Program Definition 

Purpose and Usage 

The operator stack Processor is used to process, in order, all operators 
in the operator stack whose priority is greater than or equal to the 
operator pending addition to the stack. The triads required to encode 
the operator and its operands are produced. 

Note: The comma in an argument list and the exponentiation operators 
are exceptions. The comma is processed when the right 
parenthesis token is encountered; the exponent operator is 
processed when an operator of lower priority is encountered. 

Description 

The operator type at the top of the operator stack is used to branch 
to the section of code which controls the processing of that operator. 
These sections are: infix +, infix -, multiply, divide, exponentiation, 
compare operations, assignment symbol, comma, and parenthesis. 

The tokens defining the operands of the operator are located at the 
top of the operand stack. The resultant type of all prefix operators 
influencing an operand is contained in the stack entry. Scale and 
conversion triads are formed, when required, to adjust the operands 
such that they are compatible with each other and their associated 
operator. The triad is then generated for the operator and its two 
operands. The two operands are removed from the operand stack and 
replaced with a token describing the result (that is, triad number, 
type, scale, and precision). The operator stack is popped-up and the 
process repeated for the operator at the head of the stack, if its 
priority is greater than or equal to the priority of the operator 
pending posting to the stack. 

Errors Detected 

ARRAY EXPRESSION ILLEGAL. (23) 
ILLEGAL USE OF ' (29) 
ILLEGAL SCALE FACTOR FOR' "--IGNORED. (6q) 
ILLEGAL OPERAND FOR OPERATOR ' (89) 
OPERAND OF' 'MUST BE BIT STRI~. (91) 
ILLEGAL ASSIGNMENT. (93) 
INCORRECT NUMBER OF ARGUMENTS IN SUBPROGRAM. (94) 
ARGUMENT " ___ " INCOMPATIBLE WITH PARAMETER IN SUBPROGRAM CALL. (95) 
INCORRECT NO. OF SUBSCRIPTS FOR ARRAY. (96) 
COMPILER ERROR. (100) 
OPERAND INCOMPATIBLE WITH REQUIRED ATTRIBUTES. (105) 

Local Variables 
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NXPARM 

NXBINF 
NXARGC 

NXARGN 
NXHTYP 
NXPQ 

NXRS 
NXNAME 

Used in processing argument list. Contains pOinter 
to current parameter attribute entry if parameter 
attributes are declared. 
If nonzero, a built-in function is under process. 
Argument counter. Used to count arguments when 
processing an argument list. 
Number of arguments in function reference 
Highest type of all arguments in an argument list 
Largest precision minus scale of any argument of the 
list 
Precision minus scale of last argument of the list 
Entry point number of library routine 



Program Interface 

Entry Points 

$NOPRT. The priority of the operator pending posting to the operator 
stack is in $PRIOR. Register G2 points to the top of the operand 
stack. register G4 to the top of the operator stack. 

Exit Conditions 

Normal exit. Control returns to the caller four bytes following the 
invoking call. 

Parenthesis return. When parentheses are closed off (that is, a left 
parenthesis operator removed from the stack)p control returns 
immediately following the invoking call. 

Routines Called 

$NATTP 
$NCALL 
$NCONS 
$NLSIB 
$NMULT 
$NOPCV 
$NPRE 
$TRIAD, $STRD 
$WBACK 
$WCTCT 
$WEXP 
$WSTEP 
$XERR 

Global Variables 

$DISPL 

$ERROR 
$NAARG 
$NCPXP 

$NESTK 
$NFLAG 
$NIDSI 
$NLOL 
$NLOPI 
$NLOPN 
$NLOPR 
$NLOSF 
$NLOTM 
$NLTKN 
$NPVF 
$NRL 
$NROL 
$NROPI 
$NROPN 
$NROPR 
$NROSF 
$NROTM 
$NRPI 
$NRPR 
$NRSF 
$NRSLT 

$NRTKN 

Argument Operand Processor 
Call Generator 
Constant Processor 
Library Search 
Dimension Multiplier Generator 
Convert Operand 
Operand Set-up 
Generate Triad 
Segment Management 
Segment Management 
Segment Management 
Segment Management 
Error Message Editor 

Displacement from Variable Tables Address to 
Fixed Tables 
Parameter List for Error Message Editor 
Count of Number of Array Arguments 
Save Area for Arguments and Right-Hand Side of 
complex PseudO-Variable 
Address of Current Expression Stack Entry 
Fixed-Point Scale Flag 
Locate Variable Type 
Left Operand String Length 
Expression Processing Result 
Left Operand Area of Expression Processing 
Left Operand Arithmetic Precision 
Left Operand Arithmetic Scale Factor 
Left Operand Type Mask 
Expression Processing Result 
complex Pseudo-Variable Flag 
Field of $NRSLT 
Right Operand String Length 
Expression Processing Result 
Right Operand Area of Expression Processing 
Right Operand Arithmetic Precision 
Right Operand Arithmetic Scale Factor 
Right Operand Type Mask 
Field of $NRSLT 
Field of $NRSLT 
Field of $NRSLT 
Operation Result Attributes and Description Area 
of Expression Processing 
Expression Processing Result 
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$NRTM 
$NTCUR 
$NRRN 
$ NXFLG 
$ NXPI'R 
$NXTKN 
$NYTKN 
$NYTM 
$ PRIOR 
$PTR 
$TAILS 

A List 
C Table 
N List 
Z Table 
V Table 
Y Table 
X Table 

Logic Diagram 

Field of $NRSLT 
Number of Last Triad Generated 
Field of $NRSLT 
Communication Flag 
Stack Triad-Building 
Stack Triad-Building 
Stack Triad-Building 
Stack Triad-Building 
Operator Priority 
Token Table Pointer 

Operand 
Operand 
Operand 
Operand 

Area 
Area 
Area 
Area 

Third Word 
Second Word 
second Word 
Type Mask 

Table of Pointers to End-of-Segment 
for Expandable Tables 

Control Word 

Dictionary Attribute List 
Constant Table 
Dictionary Name List 
Triad Table 
Expression Stack 
Operand Stack 
Operator Stack 

Chart 49 shows the detailed logic diagram for the Operator Stack 
Processor routine. 
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TITLE: OPERAND SET-UP ($NPRE) 

Program Definition 

Purpose and Usage 

This routine is used by the Expression Processor controller to move 
the top entry of the operand stack to an operand area and to extract 
its type, sign, scale, precision, and length attributes. 

Description 

The top entry of the operand stack is moved to the indicated operand 
area. If the operand is a dictionary attribute pointer, the attributes 
are obtained from this entry. In all other cases the attributes are 
obtained from the stack entry itself. If the operand is a parameter less 
function, triads are generated for this call. This result replaces 
the operand. If the operand is signed and of CHARACTER type, triads 
are generated to convert it to a FIXED integer. When $NXFLG is nonzero 
and the operand is a string, the attributes FIXED REAL (9,0) are 
substituted for the operand's attributes; the operand is flagged for 
conversion by the Convert Operand routine ($NOPCV). 

Errors Detected 

USE OF' 'HERE CONFLICTS WITH PREVIOUS USAGE. (57) 
INCORRECT NO. OF ARGUMENTS IN SUBPROGRAM. (94) 

Local Variables 

NPSGN Used to save sign of operand when conversion from string 
to arithmetic type required. 

Program Interface 

Entry Points 

$NPRE. Register P4 contains the address of the operand area to be 
set up, G2 the operand stack pointer, G3 the token table pointer, and 
G4 the operator stack pointer. 

Exit Conditions: 

Routines Called 

$WCTCT 
$NOPCV 
$NCALL 
$XERR 

Global Variables 

$ERROR 
$NFLAG 
$ NOPTR 
$NOL 
$NOPI 
$ NOTKN 
$NOTM 
A List 
Y Table 

Return is to the calling program following pOint 
of invocation. 

Segment Management 
Convert Operand 
Call Generator 
Error Message Editor 

Parameter List for Error Message Editor 
Fixed-Point Scale Flag 
Field of $NO 
Field of $NO 
Field of $NO 
Field of $NO 
Field of $NO 
Dictionary Attribute List 
Operand Stack 

Logic Diagram: Chart 50 shows the detailed logic diagram for the Operand 
set-Up routine. 
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TITLE: GENERATE TRIAD <$TRIAD., $STRD} 

Program Definition 

Purpose and usage 

The Generate Triad routine is invoked to generate a single entry in 
the triad table (Z table}. space for the entry is obtained and all 
fields of the triad entry completed. 

Description 

The operator and location of the two operands to be placed into the 
triad entry may be specified on entrance,. If not specified, the 
operator from the top of the operator stack, the opez'and descriptions 
in the left and right operand areas, and the result type field are 
used. 

If an operand is a constant, the value of the converted constant is 
searched in the constant i:able (C table) and the operand replaced with 
a token pointing to this constant table entry. If an operand is a 
triad reference, the last-use field of the triad it references is set 
to the number of the triad currently being generated. 

Errors Detected 

None 

Local Variables 

TRSGN 
TRZPTR 
TRZP 

Sign to be placed on the generated triad 
Address of the current triad table entry 
Pointer to the current triad table entry (relative to 
the origin of the user's area) 

Program Interface 

Entry Points 

$STRD. At entrance $STRD, register GO contains the triad operator 
positioned in the leftmost byte and the type of the triad result in 
the rightmost byte. Registers P3 and P4 contain the addresses of the 
operand areas containing the descriptions of the left and right 
operands, respectively. The sign of the triad result is set plus. 

$TRIAD. At entrance $TRIAD, the operator is assumed to be sitting 
at the top of the operator stack which is pointed to by register G4. 
The left and right operand descriptions are assumed set in $NLOPN and 
$NROPN. The result type and sign are contained in $NRTM and $NRPI. 

Exit Conditions 

Return is to the calling routine immediately following the invoking 
call. Register G7 contains an operand token which points to the 
generated triad. 

Routines Called 
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$WEXP 
$ NCONS 

segment Management 
Constant Processor 



Global Variables 

$NLOPN 
$NOPI 
$NOTKN 
$NROPN 
$NRTM 
$NTCUR 
$NXFLG 
A List 
Y Table 
Z Table 

Logic Diagram 

Left Operand Area of Expression ?rocessing 
Field of $NO 
Field of $NO 
Right Operand Area of Expression Processing 
Field of $NRSLT 
Number of Last Triad Generatea 
Communicat-.ion Flag 
Dictionary Attribute List 
Operator Stack 
Triad Table 

Chart 51 shows the detailed logic diagram for the Generate Triad 
routine. 
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PART 6 LOGIC DIAGbIlIS 

The detailed 109'ic dia<JrantS for the routines CODCerned primarUy with 
expression processing follow. 

................. . . 
.. SNATTP • • • ............... 

PL/I SYSTEMS MANUAL 
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.. .HO .. SET IF T 09NO .. 

.. ,",'fRAN{,l A .. .. TYP,SCALEt' .. ,.,.. OJl~.rv.RY .. " .................................................. x:PAJCE~'MO~~ : 
.. .. ST .. ............... 
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Chart 43. Argument Operand Processor 
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Chart 44. Call Generator (Page 1 of 2) 
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228 Chart 44. 
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OPfC) TO RSL T 
TYPE , SCALE 

............... 
RESUl T A 

COMPLEX 
CONSTANT? 

.YES .SNeON.S. . .------------. 
• ............... X.COWRT COMPLX. 

• • CON.ST • . . . ... .............. . • • 
• NO 

OP59 V OP60 V-............... . ............. . 
-STRIAD-· •••• .. 
------------. • • .ADD TOKEN OF • 
• FOI.M PLUS ••••••••••••• 06 •• X. RESULT TO • 
• TRIAD. • • .OPERAND ST AeK. · . *... .. ..........•...• . ............. . 

v . .............. . · . • • 
• PUSH DOWN • 
*OPERAND STACK. • • .. ............. . 

v ............... 
• • 
• POPUP .. 
• OPERATOR .. 
.. STACK • • • ................ 

• • • • OPOO 

• • '12~1 ~l .VIS : •••• 
OPERATOR < OR .X Al • 

• • STACK •• 1 • 
• 'RIORITV? •••• • • •• •••• • NO •• .......... x: B-i." 

•••• o'u 



MULTIPLY 
OPERATOR 

OP70 ............... 
*SNPRE ,., ,., • *-------------* 

*Al ... X. SEE NOTE 1 .. . .. .. .. ..... .. ............... 

v ............... 
*SNPRE .. 
*-------------* 
.. SEE NOTE 2 .. • • · . ............... 

v ............... · . .. SeT RESULT" 
• TYPE TO .. 
• HIGHEST TVPE '" 
'" OF OPERANDS $; ............... 

v ................ 
.. SET RESULT" 
.. SIGN FROM .. 

PllI SYSTEMS MANUAL 

SNOPRT 

NOT-E 1, RMVE 
RGT OPNO fROM 
STCK & EXTRCT 

ITS ATTRI85 

NOTE 2, RMVE 
LF T OPNQ FROM 
STCK £. EXTRCT 

ITS ATTRIBS 

. ............. . 
• YES .. .. 

.. .. SET THE .. 
.. OPERATOR & * ........................... x RESULT TYPE ................ X..RESULT SCALE .. 
.. rwo OPERAND. 
.. SIGNS .. ............... 

~OTE 3, 
CONVERT RGHT 

OPND TO 
~ESUl T TyDE 

N01E 4, 
CONI/ERT LEFT 

8PND TO 
RESUL T TYPf 

FIXED? .. TO SUM OF .. 
.. QPNO SCALES .. . 

• NO 

D~r~ •••• ~ ....... . 
.. SET RESULT .. 
• PRECISION T3 .. 
.. HIGHEST .. 
* OPERAND * PRECISION 
*****.** •• ***** 

OD15 V * •••• * ••••• **** 
·$NIlPC\( • • • .------------* 

*36 ••• X. SEe NOTE 3 * 
* * * • .... . 

* •••••••• *** ••• 

v •••••• * ........ . 
.SNOPCV *" .-------------'" 
: SEE NOTE 4 : · . ••• *** ••••••• "'. 

V OP60 
*~******.* ••• ** *$TRIAD .. 
• -----------* .. '" 
• GENERATE * ••. x D6 .,. 
• MULTIPLy * * 34-
'" -RIAD '" •••• •• **.* ••••••••• 

. ............. . 
OP71 
**.**** ••• * •• ** .YES .. .. 

IS RESULT. * • * SET RESULT • 
SCALE BETWEEN * ••••••••• os ••• X.PRECISION TO • 

• :66 AND -b6? ••• ;!it :o~t~~~blp~~~): . 
• NO 

v 
•• **** •• * ••• *.* 
*GENERb4 • 
• -------------* 
• SCALE FCTR • 
• OUT OF RNGE .. · . •• * ••• * ••• ****. 

V OP71 ••••••• * ••••••• 
.. •• .c<-· . . .. SET R=SULT •••• X D5. 
.. SCALf ZERO * • ... 
.. • *** •• **** ••• ** •••• 

* ••• ***.** ••• ** 

QP12 . 
RESULT TYPE 

COilolPlEX? . 
• 'IES 

QP75 . .. . . 
.~ B6: . .. 

OP7a ii OP812 * •••••••••••• ** . . 
* SET ENTRY • * • 
.. PO IN1 NA"1E TO* ••• X 08 * 
.fI XED COMPLEx. * 5 • 
*HUL T ROUT I NE" ***. • •••• * •••••• * •• 
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0 ... 0 ............... ............ .. • * ______ oo 
... .k ...... snNIJ'f'E) .. . .. ,. . _.. * ............... 

v ............... .,- .. oo-------* 
.. SfE NOTi Z • .. .. .. . .................. 

......... i ........ .. . 

.. SET RESUlT .. 

!t.tl~n i~~E : 
.. Of- U'NnS- • ................ 

v ............... 
.. !i.e" RESut.T • 
.. S JGN FROPt • 
*O'PER-.tJOIt UW .. 
.. Twa OP£RAIttO- .. .. srG8S .. ................ 

v- OP&1 ............... 
.. SE T" ••• 
..,.RE to.-... .. *. ___ x 81. 
.. A<N6""" .. IStlJM." ••• .... ... ...... . 

• fJP&1 • .. · .. ... .YES-. .. . . 
*al.Jt RES-UL T TYH ...................... ..-..... . 
.. •• C01t"lEXt • .... . 

.. 
• 

• • 

• 

.. .. 
* NIl 

v .. .. • ....es .. -~ .. .. v 
DI'&55 

* .. -YES. ... . .... .. ............... _.. .. 
.. RESULT tyPE ....... _ •••••• MSUt' TYPE *x as. 

.. • ....ESut T SCAlE .. 
*02...... • LEFT OP • • FUEIl't • .. .. 

*NO 

v ................ 
·.tNOK.V .. *-------* .. set lItO}l ~ ,. 
* .. .. .. ................ 

01'&2 ; ............... 
*-SMOPev ... *--------. 
.. SEE- HOlE 5- .. .. .. . .. ................. 

OP&l- V OP60 ................ 
•• *STR1_0 .. .. •• .... --------* .. .. 

*&5* •• x*- GENERAtE ..... x D .. .. 
.... *I>lVIDE TRIAO" .. ,. .... .... . .. ............ . 

NDlE 4" A .. 
sc.u~ 10 

19-1FT "Me + 
LFT SCALE} 

.. 

• flOAT? .... .. . .. . .. 
.. * *w 

...... .i.. ..... · .. • Sfl RE5Ull • 

..ec.ISIOIO to .. .. ~ . .. .. . ............ .. 

• 

• • • StAlf-RIGttl • 
.. "OP' SCAL£+J28 • ............... 

.. .. 
o .. 

O'I'ES 
• IS RESUl.T .. 

.. seaE BfTWfEtt * ........ . 
• .66 AND -667 • .. .. .. .. .. 

-NIl 

1lP95 V-............... 
*GENE"" • *-----------. 

RESUlT TYPE ......... . • SCAlE FAC'IR .*' OUT Qf Rtt&E • .. .. ............... *' CmrPlEI? *' .. . .. 
.. NO 

i . ............. ... 
·SNOpe., *' *---------. 
.. SEE NOTE'" • • • .. . .. ............ . 

....... 2 ....... 
*.tNDJI'C.V .. *---------* 
• SEE NOTE S • .. .. .. .. ............... 

DP85S V-. ............. . ..... . 
.* * • .. 
..D5 .... X. SET RESUlt .. 
.- • .. SCALE lERO • 

•• *- -. ............ .. 
:x ..................... : 
; .. . OPU .. .. 

• .NO ... .. .. .. .. 
• RESULT '''~ e. 85. 

• COJltPLEJt? ... • • • ••• .. 
* .. .. YES 

. . 

.x .................. . 

OP85 .. • .. 0I'8SS 

* • 
·YES ... .. .. . 

RESUl T TYPE ex- 05 • 
FLOAT? ... e 

e ••• .. ... ... 
.. NO •• 
•••••••••• X. OZ. . .. .-

1lP86 V .. ........... .. 
• SET an PJ • 
*NAM TO- C."PLX .. 
*DIY ON IASIS .. 
.. OF RESUlT • 
.. TYP'e .. . ............ .. 

f)P872 V ............... 
•••• • • • .FORM AilS LIST
.08 •• X. FOR CAll TO • 
• • • COMPLEX • 
••• • ROUTINE • ••••••••••••••• 

DP90 Y 0P60 ............... 
• SNCAt.L • • ••• • -------* •• 
• GEM TRDS TO ..... Jl 06 • 
• CALL CGfW It. • 3. · . . ... ............... 
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• ..- .... < 

COMPARJ50/l, 
DPERATOR 

Dcaa •••••••• "' •• * ••• 
*SNPRE • '" ~ *-------------* 

~Al •• X. SEE NOTE 1. • . . . . ".... . • * .......... "' ••• 

'NO , 
RIGHT QClERAND ......... . 

• AR I THMET IC? • , . . 
• YES 

if • ** ............. . · . • SET FLAG TO • 
• FORCE LFT '" • OPER.AND CON V • 
• TO ARtTH • ................ 

: X ............... * ...... : 

OC02 V 
« •••••••••••••• 
• SNP~E • 
*-------------* 
'" SEE IIIOT E 2 • · . · . _ .............. . 

if •••••••• * •••••• · . ... SET RESULT • 
• SIGN TO SIGN ... 
• Of OPERATOR * 
• TOKEN • ............... 

OC04 V ............... · . • SET RESULT • 
• TYPE TO ... 
• HIGHEST Type. 
• OF OPERANDS. ............... 

OC'30 

·NO ••• 
OPERAND 
ATfR18S 

IDENTlCAl1 . 
• • YES 

. . . 
.X 06. • • . .. 

.VE S ••• . . . 
RE3Ul T TYPE .X 80"-
lRrTHMETtC1 '" .. ... . ... .. . 

'" .. . 
:('I N8 '* • 
•• ~~ ....... .(. 00* . . ... 

OC14 

Pl/[ SYSTEMS I1.NUll 

lNOPRT 

•••••• "' •••• 41 ••• • • •• • SET RESULT • 
.BO"' •• X~ P·REC TO • 
• ;Or • HIGHEST ... *. *OIlERAND PREC 1< •• ** ••• il< ••• II<<t:*. 

, 
•• ** ........... 1< • • .. SET RESULT .. 
'" SCALE TO • 
.. HIGHEST • 
• OPERAND SCALE'" .... ,."" ........ . 

0&06 OC065 . 
·NO ••• . . . 

RESULT TYPE *x CO:i< 
CQ'4PlEX? ... '" • ... . . 

• YES 

DC 10 • OC07 . 
·YES ••• 

OPERATOR 
EQUAL OR NOT 

EQUAL? . 
• NO 

'JCll V ••• * •••• ,. •••••• 
• * ·GENER89 ... • It: • _____________ • 

.B4 ••• X. SEE NOTE J .. .. . ... . ... . . ............. . 

• • • .X C2. . . ..* 

V OP60 • ••••• ** •••• * •• '" . . ... · . . . 
.SET RESUL l- TO ..... X 06 * 
• ERROR TOKE,... • 3. · . . ... . ............. . 

NOTE 3, OPNDS 
rotOT 

C0\1PATlB1E 
WITr! O?ERATOR 

10T~ .... , 
CIJNVAT !. 
S.tUE R<;;r 

ant) Tr; ~Sl T 
TYPE ~ SCJ,lE 

Chart -D. Operator Stack P.rocass:;,r (pagoC' 6 nl 17) 

O::'06~ "'*." •••••••••••• .* ·J.NOPCV $: · . .-----------_ .. 
.C~$ • • lr(* SE~ NOTE It • 
'" ;II '" * .... 1f ... * •••• ***.1:1 ••••• 

if "" •• * ••• *.*.,. ••• 
• 5NOJl'C V '" .-------------;J! 
• SEc NOTE 5 .• 

• * • • • •••••••••••• 1t • 

OC07 \. ................ 
•• ·'TRIAD • II< • • _____________ * 

.C2*" .X. SEe NOTE 6 1)1: 

• • >II • ."'... . • ••••••••• * •••• 

OC075 V ....... "' ....... . · . • • • SET RESU.LT • 
• C3 ••• X. TYPE TO 81 T • 
• .. * STRING • ... . 

• It"' •••••••••••• 

V OP60 .,. ............. . 
*SSTRD .. • ••• *-------------'" • ~ 
'" SEE NOTE 7 ..... X Db • 
.. • • J. 
* .. .* •• ••• ** •••••••••• 

::~~~~T5 & 
SC .... tE lFT 

OPt-lO TO RSl T 
TV?E & SCllE 

NOTE -;~ GEN 
TRIAD TO rES1 

COMPlRE 
RESULT 

oe14 ~ • oell 
•• • • • *OO4lX • • • •• 

OPEU.~~S 
5'£C.1 At 
TY'ES' 

• 
• NO 

• • 
OPERA~IOS B n 

STRINGS? • 
• 

• NO 

·YES ••• • • • *1. 64. • • . .. 

Dell 

.Y ES ••• • • • .X B4. · . . . .. 

OCO? 

.YES · STRING LENGTH 
* .. 

• * .K C2. 
EQUAL? 

• 
• NO 

• · . . ... 

OCIS V . ............. . · . • seT UP ARG * 
.STK FOR CALL • 
.. TO STRNG • 
.COMPAftE ROUT • • ••••••••••• * •• 

V OC01~ • •••••••••••• * • 
·SNCAll .. • •• 
.-------------. • * 
• seE NOTE 8 •••• X C3. · . . . .. . . .. . ............. . 

DC30 •• 

•• *' ·YES 
• '" • OIiE O?ND .. 

6 

*D6*X STR ING & .......... . 
• .. .. OTHER ARttTH1 • .... . 

• 

Ot32 .. · 

• 
• NO 

OC065 

• -NO ••• · . . 80TH O~NDS *x tc* 
• NCN-ARl TH? .. • '" .. .. . · .. . (: rES •• 

........... X. 84. · . ••• Dell 

2£1 



PlIl SYSTE"S MAi';UAL 

SNOPAl 

oc~o ................ 
••• -.PRE .. .. .. *------------. 
.81 •• X_ SEe NOTE 1 .. .... .. .. ...... .. ............... 

v ............... 
*-SNPRE .. *-----------* 
.. SEE HaTE 2 .. • • • • ••••••••••••••• 

v ................ · . .. SiT aESUll .. 
.. SIGH TO .. 
• OIl-ERIrOR s reiN-· . ............... 

v ................ · . .. SET RESULT .. 
-TYPE HIGHEST .. 
-OPERAND TYPE .. .. . ............... 

A~yT5p~ ~la.. 
STC< £ EXUCT 

ITS ATTA]8S 

NOTE 2, REM 
lFT OPND FROM 
STCK , ExneT 

ITS ATTRIBS 

NOTE ~TOPNDS 

COMPATIBLE 
WITH OftERAfOR 

• OC~3 OP60 ................ 
• YES .STRJAD" •••• .. *------------.. .. .. 

RESULT TYPE ••••••••••••••• X.GEN TRIAD TO •••• X- 06 .. 
• 81T STRING? .. .. PERFORM OP .. .. 3-... .. . .. .. .. ............•.. . 

-NO 

OC48 V ............... 
-GENER91 .. *----------* .. SEE NOTE 3 .. 

- . - . .............•. 

V 0'60 •......•....... · . . ... · . . . • SET RESULT TO.", •• X 06 • 
• ERROA TOKEN. • 3. · . . ... ............... 
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LEFT PAREN 
OPERATOR 

L~~T6p~D ~iSM 
STCK &. ExTRCT 

ITS lTTRIBS 

NOTE Z, GEN 
'iUll VAlue 
FOR NEG VAL 

MOrE 3: FOR'" 
THlAD to MUL r 
,iBSUn n 

MULTV~~li;A 

PL/I SYSTEMS MANUAL 

$NO'RT 

PNOO ••••••••••••••• ••• • BRANCH ON >II 
;II • • EXPRESS ION * :Sl •.• X: ~~:iEI2~o2F : 
••• • STACK • ••••••••••••••• 

NX41 

·YES ..... • • • • 

P=2! •••••••••••• 
••• T • 

• • • P HESIS • :co: .. x: 02T : 
•• 'T8~ ACK .. ..... . ..... 

PN065 V 
........... "11 ••• ...... . 

:C1· •. )(: O~~c.¥~R : 
• • • STACK • _t.. . .. ............ . 

PHoa V ••••••••••••••• ..... . 
.... POPUP. • • •••••••••••••• • • exp TYPE = *x C2: • • C2 •• X. EXPRESSION •••••••••••••••• X. EXIT RIGHT • 

lRG Ll ST? •• 10. 

• • 
• NO 

•••• 
.. .. • STACK • • PAREN .. .... . • •••••••••••••• . ............. . 

• 
* 

PN10 ••••••••••••••• 
"~ ". . • ••• • • EXP TYPE = 

SUBSCRIPT 
LIST? 

•••••••••• C3 ••• X.AOVANCE COHM •• 

• • 
• NO 

• 
• NO 

PN04 V 

• 

• 

................ 
*SNPRE • .------------* 
• seE NOTE 1 • · . · . .......... ., .... 

"NO • 

PN10 

OPNO SIGN ••••••••• 
• NEG? • • • 

• YES 

;; ................ 
4ISSTRD • *---------. 
• SEE ..arE 2 .. · . • • ................. 

V ........ .e-•••••• 

• * ) TRIolO TOKEN 0 
!\II RESULf TO .. 
"01~'UNO 5"1 ACIf" • • ................ 

:x •..••••••.•.•.•• : 

... .. .COUNT BY ONE • ••• • ••••••••••••••• 

• PN40 . ............. . 
• *NO *GENER96. 

ARRAY" .-------------* 
DIMENSION· ................ X. INCORR NUMB • 

• tOMMA COUNT? .. .. OF SBSCR .. ... . '" . ............. . . 
*' YES 

:x ......................•........ : 
'N12 V ••••••••••••••• .'NPRE • *-------------* 

• SEe NOTE 3 .. · . • • ••••••••••••••• 

V 
•••••••••••• 11 •• 
_iMOpeV • .-------------* 
... SEE ~OTe '" • • • * • . ............. . 

'*1I ••••• i .•.••• * 
.,NMULT • .-------------* 
~ SEe NOT! 5 • .. . 
• • . .............. . 

V 
$ •••••••• *** ••• 
• .lNiI,..E 11 •••• 
... -----------. " oil 
• SEE NOTE 1 * •.• x BO • .. • .. 1'· 
$ • • ••• . .. ) ........... . 
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EXPONENT AT I ON 
OPERATOR 

NXOO • • OP62 

• ... ·YES •••• · . . 
PENO~NG .X 65 * . . . 

·U • . . ... • OPERATOR •• ? • • 1. . . .... . 
• NO 

v ............... 
·SNPRE '" . -------------. 
'" SEE NOTE 1 • · . · . ............... 

V 
••••••• :Cr ••••••• 

• SNPRE • .-------------. 
• seE NOTE 2 • • • · . ............... 

v ..... -........ . · . • SET RESULT '" 
'" SIGN FROM • 
• LEFT OPERAND. 
• S tGN • ............... 

v ............... · . • SET RESULT. 
.. TYPE TO • 
'" HIGHEST • 
"OPERAND TYPE '" .•.......•..... 

"'NO ••• 
ElTHER 

OPERAND IN 
ERROR? . 

• YES 

· . . • X BO. · . . '" ... 

NX 16 V OP60 ..... * ... * •• * •••• · .. . ... · '" . .. • SET RESULT TO •••• )( D6 * 
• ERROR TOKEN. • 3. · . . ... * ............... . 

PlII SYSTEMS MA,.UAl 

$NOPflT 

• 
••• .YES • • • • .eo.x W"'S FIRST TM ••••••••• 

'" •• STRING? • .. • • 
• NO 

v ............... 
• .NO • •• .NO ... . 

• RIGHT OPERAND * •• • • • 
REAL FI XED ••••••• .o X.C1.X RIGHT OPERAND 

. . ... . 
•••••••••• Ol ••• X.ADD LEFT OPNO. 

TYPE? .o. . . CONSTANT? •• • .TO ARG STACK .-

• 
• YES 

NX10 • . 
.YES * •• . . . 

RIGHT OPERAND .X C1* 
INTEGER? •• • ... 

• 
• NO 

:X ............. .o ....... : 

N~Sl •••• ~ ••••••• 
• • · . * SET RESULT. 
.TYPE TO FLOAT. · . . ............. . 

NX02 V ............... · . • INTERCHANGE • 
.LEFT &. RIGHT. 
• OPERANDS • · . . ............. . 

v ............... · . .SET ENTRY PT • 
.TO REAL SHORT. 
• FLOAT GEN .. 
• EXPON ROUT • ............... 

NX025 V ...•........... 
·SNopev ... *------------. 
• CV RGT OPNO • 
• TO RES TYPE. · . ............... 

NX028 V ............... 
.. SET RESULT. 

... "'PRECISION TO • 

.S1* •• X* HIGHEST .. 
• • .. OPERAND .. 
•• ... PRECISION • ............... 

NX029 V ............... 
·SNopev • . -------------. . . 
.. CV lFT OPND •••• x 01. 
• TO RES TYPE. • • · . . .. .•............. 

•• · ... YES 

·YES 

RIGHT OPERAND • •••••••• x. 
SIGNED? 

· • NO 

.YES 

LEFT OPERAND 
FLOAT? 

· • NO 

v . ............. . 
·SNCON • 
*-------------* 
.CONVERT RIGHT. 
• OPERAND • · . . ............. . 

• •••••••• x 

·YES 

RIGHT OPERAND • ......... x. 
ZERO? 

· • NO 

• 

••• * . ............. . 

NX03 V . ............. . · . .COMPlETE ARG .. 
*STCK FOR CAll" 
.TO EX PON ROUT. · . . ............. . 

v ............... · . .MODIFY ENTRY'" 
• POINT FOR *' 
: RESULT TYPE: 

• ........ * ........ * 

NX06 V . ............... . 
·SNCALL .. *-------------. 
• GEN TROS TO to 
.CALl exp ROU • · . • ••••••••••••• * 

V OP60: . ............. . · .. .... . 
• ADD RESULT • • ... 
• SIGN TO END "' .... x 06 •• 
• CAll TRUD. • 3. · . . ... . ...•.......... 

. ............. '" 
• .YES • • 

• FIXED RESULT • • SET RESULT. 
PREC < OR = ................. X.FlR EC TO (PREC • 

• 91 .lFT OP +1) •• 
• RIGHT OP +1 • · • NO 

: X ..................... ; 

NX12 V • •••••••••••• *. • • · . • SeT RESULT • 
'" TYPE FLO ... T *' · . . ............. . 

* •••••• i....... NX028 

* • ..* .. seT ENTRY • • • 
.POINT TO Re ... l •••• X 67. 
*fLOAT INTEGER. • • 
... EXPQN ROUT. • •• • •••••••••••••• 

. ............. . 

v .. ............. . 
• SET RfSUl T '" 
• SCALE TO • 
• (SCALE LEFT '" 
• QPI • RIGHT *' 
.. OP .. . ............. . 

y . ............. . · . • PLACE LEFT • 
• OPERAND AND • 
• ITS OED IN .. 
.OPERAND STACK • • •••••••••••••• 

v ............... 
:SET ENTRY PT : : 

:I2T~~~k ~~~5~:"········· 
• ROUTINE • ............... 
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NX20 

COKJIIIA, 
OPERATOR 

............... ..... . . . '" .. 
*A1 •• x.AOVANCE CO~MA. 
• • .COUNT BY ONE * .... . ............... 

"IX22 V ••••• * ••••••••• · . • BRANCH ON .. 
• E)(PRESSION • 
.. TYPE TOP OF • 
• STACK .. ............... 

• ·YES 
• TYPE = ARRAY • 

CROSS SECT 
SUeSCRIpT 

LI ST? • . 
• NO 

NX26 ... . . 
.X 80. . . ... 

NX40 

"YES ••• . . . 
TYPE", ARG .X C1. 

LIST? • * . 
• NO 

TYPE = OTHER 

NXZ4 V ............... 
-GENER2q • . -------------. 
• COMMA NOT • 
• PART OF lIST. · . ............... 

v ............... · . · . .. POP UP • 
• OPERAND STACK. · . ............... 

V OP60 ........ ~ ..... . 
* * •••• * • • .. 
*SET RESULT TO •••• X Db • 
- ERROR TOKEN. • 3* .. . .... ............... 

PL/I SYSTEMS MANUAL 

SNOPRT 

NX26 ............... 
•• *SNPRE • • • *------------. 

*80* .. X. SEe NOTE 1 • . .. . .. ... . ............... 

v ............... 
·SNPRE • . ------------. 
• SEE NOT E 2 • • • · . ............... 

v . ............. . · . • SET RESULT. 
.TYPE TO REAL • 
.F UEO INTEGER. • • . ............. . 

v •••••• * •••••••• 
·SNOPCV • . -------------. 
• CV RGT OPNO • 
• TO RES TYPE. · . ............... 

v ............... 
·SNOPCV • . -------------. 
• CV lfT OPNO • 
• TO RES TYPE • · . ............... 

v ............... 
·SNpotUlT • . -------------. 
• SEE NOTE 3 .. · . · . ............... 

V OP60 ••••••••• * ...... 
• SSTRD • .-------------. .. . 
• SEE NOTE 4 •••• x Db • 
• 1)1 • 3. · . . ... ............... 

L~~T5p~o ~~aM 
STC' & EXTRCT 

ITS ATTIU 8S 

NOTE 3, GEN 
TRDS TO MUl T 

LFT OPNO By 
DIMS MUlTiPlR 

NOTE 4, GEM 
TRO TO ADD 
RGT 13'MO TO 

COMPUTED 
saSCK 
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*GENER94 .. *-------------* 
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· . • x .................. . 
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v ............... 
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· . • x .................... .. 
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NX678 

• ·NO •••• 
.. A~aM~~W~E~TS ... : 03·" 
.. ~nH PARM .. .. 12. 
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• .. 12· •••• 
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. .............. . 
*$NOPCV .. *----------* 
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. ....... . 
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* • 
• NO 
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V 
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·NO ••• 
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PSEUDO YAR ••••••••• 
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NX61 V . ........•..... .**.. .. 
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• .. .COUNT BY ONE • .... .. 

•• 

. ............. . 

.NO ...... . . . 
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.. CONVERTED? • * 12 • • ••• * · .... .. yes •• 
•••••••••• x* AO * * 13_ .... 

NX10 

NX655 · . . ·NO * •• . . . 
.X DO • .. . .06*X ARG 

• • • SUBSCR I PTED? •• * • *.* • • 
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NX6485 • • NX655 . 
• .YES ••• 

.. ARG LENGTH • • • 
RESULT STRING ••••••••••••• X EQUAL PAR" .X DO. 

• 
TVPE? .. 

• • 
• NO 

NX68 • .. • 

LENGTH? ... • • •• · ... 
• NO •• •••••••••• X. co. . . 

••••••••••••••• 

* •• 
NX6t-9 

NX655 

·NO • • ••• 

ARGUMENT PREt 
• .SET FLAG 8 IT * • • 

• "" 'ARM PREt? • 
••••••••••••••• x. INDICATING •••• x 00. 

* * • • ... ... 
• YES •• •••••••••• X. DO. 

................ 
• • ... 

NX655 

I'(X655 

• • • •• • seT lilT TO .. • • 

• DUMMV ARG .. • • 

: •• ~ii~1~12 ••• : ••• 

• PARM • •••••••••••••• x. INDICATE •••• x DO. • DECLARED? 

• • 
• 

• ••• 
• YES ... •••••••••• X. CO-• • .... 

"X649 

• DUMMY • • • .. . . .. 
r* ••••••••••••• 
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........•..•... .... . . . ,. ,. 
*AO • ooX. ADVANCE TO • 
• • _NE)(T ARGUJ1ENT. .... . ............... 

v ............... · . · . • BRANCH ON • 
• BUILT-IN FlACo. · . ............... 

• YES • 

PL/I SYSTEMS MANUAL 

$NOPRT 

N)(62 .. . 
PARH 

*NO . NX64 .... · -FLAG = 01 • oooo .... ~ ............ X ATTRIBUTES OX 82 • OEClA-".EO? • • 11' •••• · • · NO • YES 

NX64 V NX63 ............... 
·YES .... · ADV"'NCE TO • .... 

• . • · NEXT • • . FLAG = 11 'X B2 . · PARAMETER •• oooox 61 • · • 11' · ATTRIBUTE • · 11-.... • ENTRY • .... ............... · · NO 
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NX6 71 N)(6~ ............... 
• YiS : SET RESULT: : ..... 

POLY 
fUNCT ION? 

... oo ......... oo .... oooo X. TYPE TO •••• X 82 • 
.. HIGHEST • • 11. 
• ARGUMENT TYPE. • ••• ............... · • NO 

V NXb4 ............... · -• SET RESULT • • • 
• TYPE TO REAL .... oox 82 • 
.fIXED INTEGER. • 11. · . . ... ............... 
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-NO 
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ENTRY NAME? • · . 

• 
• 

• 
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ONO • 
NX678 V ............... 

••• ·GENER95 • 
* • .-------------• 
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OF ARGS 1 

•••••••••• D3 •• X. SEe NOTE 1 • 

. 
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v ............... 
• FORM ENT RY • 
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• REQUIRED FOR. 
*REF FROM PARM. 
• ATTltlBS • ............... 

. . . . .... . ............... 

: X ...................................... : 

NX617 V NX67 ............... · . . ... 
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• 

'llI SYSTEMS MANUAL 
SNOPRT 

N.70 • • • • ....X:= .......... .. ... . 
• • • *AO" 

.YES • • • • • 
• • • ••• 

&HrfJ!~? • * •••••••••••••• X: R~HT~~E : 

• • • • .. .............. . 
• • -NO 

v ............... 
" SET RESULT • 
.. ATTIUB FROM • 
.. FMCTNS • 

:,:!mi1¥!t.: 

NX72 Y ............... ..... .. 
.. * .. • 
*A2 .. x* POP UP .. *' .. -OPERAND STAC.K*.*.. .. ............... 

v ••••••••••••••• 
·SNCAll " *--------* 
• GEM TROS TO • 
• CALL FNCTN • · -............... 

v ••••••••••••••• : oe~:A¥bR : 
" STACK TO " 
• REP40YE LEFT • 
.. PAREN " ............... 

v ............... - -"POPUP .. 
'-OPERAND STACK. *' TO REMOVE " 
*FUNCTIOM NAMe............... 

v ............... · -.. ADD RESULT " 
.. TOKEN TO • 
.OPERAND SlACK" · . ............... 

V P/'tOB .....•........ · . .. .. · " . . " PUSH DOWN- * ••• }If C2 • 
• OPERAND S T A'CK* .. 8-
e • • ... 
••••••••••••••• 

• • NX996 • • " eYES •••• · . ... " " TYPE :=II O? ex A1 • • • 

* 
* • 

* • 

-

• -• 

• • • ·NO 

y 
• • • • 

TYPE' 41 

-- • -NO 

V - --
TYPE >I' 81 

· --NO 

v • 
TYPE = 127 

• -*NO 

• -
TYI'E • 167 

• ·NO 

TYPE ;a 20 

• • t .. . e ... .. 

NX999 ................ NX72 

.YES .. .. .-. - *SET RE SUl T TO* '" • 
••••••••••••••• ". REAL FIXED •••• X AZ-• • I~TEGER .. • .. · . . .. ............... 

NX9990 • - . ~S * ~S · - . * •..••••••.•• x RESULT TYPE ••••••••••••• x 
COMPLEX? .. • • • -.. ... . 

.. NO .. .. .......... X:.1!-" 
N)c996 

"'X9991 NX996 ••••••••••••••• '-YES .. .. •••• .. .. .. .. .. 
••••••••••••••• x. SET RESULT •••• X A1 • 

_TYPE COMPLEX" .. 1,.. 
e .. • ••• ............... 

NX9992 NX9991 .. ............ . 
*YES .. .. •••• 

• ••••••••••••••• x: SEly~iSVhT : ••• : tit *. 
.. .. STRING .. .. 14* .. * .. • ••• . ............. . 

NX72 . ............. . · .... . .. . .. . 
•••••••••••••••• X:T~~~ ~5S~t~.T:.··~ A2: .. .. . .. . ............. . 
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NX996 .. 
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••• "YES " " " " .. .. .. " *1.1" RESULT TYPE .................. X*· aA.ANCH 0,. " 
" "" FIXED? .. ResUlt st IE " ... "" 

" .... 
" NO " .. .................. x* IlZ " 

" 13· .... 
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................ 

• NX12 

"YES •••• • • • SIZE=O? -XAl" 

• 
• NO 
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· • NO 

" "13-.... 

"VES · 
NX9996 " . 

"YES . NX9996F NX 7 2 ............... ..." .. . ... 
" " "SET RESULT " " " * .................. x RESUl T 

COMPLEX? ........... :03 •.. X: Ht:~~~ ~~l) : .... ! ~~." 
• " .... 
" NO "" .................. x* 1.2 " 

" 13-.... 
NX72 

..." " .... . ............. . 

NX9991 NX12 ............•.. . ............. . 
"YES ..." " " " •••• 

" " .. .. SET RESULT " " SET RESULT" " .. 
SIZE" 81 ••••••••• *(4 ... x* PREC TO .................... X.SCllE TO MAX •••• X A2 " 

" " "MtNr9, MAX .. "Q" "13. 
" PQ-14"X QJ .. .. " •••• ............... . ............. . 

· • NO 

NX999F NX12 •.............. . ............. . 
• YES • .. .. .. 

• • SET RESULT • • • • • 
SIZE 161 ................... x. PREC TO ...................... X. SET RESULT •••• X A2 • 

• MINI9. MAX .. .SCALE TO ZERO. .. 13. 
: .. 1~~:1'*lL~ ... : : .............. : •••• 

• 
• NO 

NX9993 NX72 ............... . ............. . 
• YES • .. • • •••• · . . . . . .. 

SIZE ::0: 201 ................... X. SET RESULT .................... X.SET BUILT-IN ...... x A2 .. 
.LENGtH TO 255* • FLAG TO 2 • • 13. · . ... .. . ... ............... . ............. . · • NO 

NX9994 NX7Z ............... 
• YES .. • •••• .. . . . . 

SIZE 24? ................ x. SET RESULT •••• X Al • 

• 
• NO 

SIZE = 28 

• LENGTH TO 6. • 13. · .. . ... ............... 

NX9995 NX72 ............... .. .. .... .. . .. . 
......................... X: l~~G'~sV~ T 4) : ..... ~ tJ.· · . . ... ............... 
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JlL/I SYSTEMS MANUAL ._IIT 

v ••••••••••••••• 
* * -SAYE K1GHEST .. 
.. A1TRI8 TYPE • 
.. OF ARGUMENT .. • • ............... 

NX97 

"'NO ••• 
NUMBER OF .. • .. 

.. AR~ PA~~~~ER •• ~ .1.3: 
'" .. . .. • • • YES 

NX97 NX78 V ............... . ............. . 
*GEMER94" '" .. '" '" *----------* '" '" *A3* ... X* WRONG "Of * ........ oo .................... x* 8RANCH ON .. 

"'.. .ARG FOR CALL .. .FUNCTIO~ TYPE'" .... '" '" .. ............... . ...•.......... 

............... . . 
'" '" '" ADJUST ARG '" • 
*A4* •• X.CONVERT TYPE '" TYPE::::: ARRAY? * ............... x 
'" '" .MASK BY FU-NCT" *. *ARG CONY VAL .. ••••• * ••••••••• 

NX80 V NX82 ••• ** •••••••••• .. .. .... .. .. .. .. 
:SE~L~gt\~-l~ : •.• ~ ~2.· .. .. .... ........•...... 

--NO 

.YES ••• .. . 
TYP"E .. .X 44. 

.. ARJTHMETlC? .. .. .. .. .. . .. 
· • NO 

• 

NX993 .. . NX82 

.YES •••• . . . 
FUNCT ION SUM *x AO .. 

OR PROD? .... lb. .... 
· • NO 

NX991 

·1ItO •••• . - . 
FUNCTION *X C4 • 

POLY? •• lb. . ... 
· • YES 

~X9G131 Nl(87 ............... 
·NO '* '* •••• 

TYPE. STRING 

NX992 •• NX99ZX • • YES ••• . - . FUNCTION CHAR .X C9 • 
• WITH ONE ARG?" • .. .. . ... 

· -NO 

v ............... 
:A:8R~QaitO~8 : 
• LENGTH OF • 
• CONVERTED .. 
• STftlNG • ............... 

'* • '* • • 
NUM.8ER OF .................... X.SET BUILT-IN •••• x B3 • '* ARRAY ARGS? • • FLAG TO 3 .. • lb. .. . . .... ..•.......... *. · • YES 

V NX81 . ............. . .. . .... .. . .. . 
.SET BUILT-IN •••• x li3 .. 
• FLAG TO 1 • '" 16. . .. .... . .............. . 

V NX992x NX991 ............... . ............. . · . ... . 
• ADD SECOND • • .. • • • • 
• AItG TO .............. C9 ••• X. SET RESULT ...... X Cit • 
• OP-ERAND .. .. • .lENGHt TO 255* • 16. 
: .... iZ:l~ •••• : •• : ••••••••••••• : •••• 
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... 
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••• .. ARG TYPE .. ............... 

NX90 V ........... ** ••• 
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• -------------* * SEE NOTE 1 * · . · . * ••• ****** ••• *. 

NX93 .. · 

• . • ... 

NX64 ... . . . 
"85 • . . *N~ :"'** * . .. FUNCTION TYPE .X 5Z '" 
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PART 1 - CODE GENERATOR 

The routines described in this subsection are concerned primari1y with 
code generation. They are discussed in a1phabetic order according 
to their mnemonics. as shown be1ow. Detai1ed 10gic diagrams for the 
routines appear at the end of the subsection. 

Optimize Operands ($OPMZO) 
String constant Dope Vector Initia1izer ($SCDV) 
Triad Code Generator ($TCODE) 
Triad Operand Processor ($TOPR) 
Adcon Register Assignment ($VASGA) 
Computationa1 Register Assignment ($VASGC) 
Register Tab1e Initializer ($VCLR) 
storage Address Assembler ($VDSAC) 
Temporary storage Management ($VG~P) 
Instruction Assembler ($VINSA) 

261 



TITLE: OPTIMIZE OPERANDS ($OPMZO) 

Program Definition 

Purpose and Usage 

The optimize operands routine is used to determine the effective sign 
of both triad operands and to arrange the order of the operands to 
optimize their referencing. 

Description 

This routine checks each operand to determine whether it is in a 
register. If so, it sets the effective sign for the operand to the 
operand's register sign. If the interchange flag is ON, the operands 
are ordered so that the left operand is in a register if either operand 
has a register address. 

Errors Detected 

None 

Local Variables 

None 

Program Interface 

Entry Point 

$OPMZO. The operands are in the left and right operand areas. A flag 
is set to one if the operands may be interchanged to optimize their 
referencing: otherwise, it is zero. 

Exit conditions 

Control returns to the caller immediately following the invoking call. 
Registers G5, G6, and G1 are destroyed. The flag is set to two if 
the operands were interchanged. 

Routines Called 

None 

Global Variables 

$NXFLG 
$PREG 
$PSGN 
$PTO 

Logic Diagram 

communication Flag 
Register Address of Operand 
Operand Type Flag 
Origin of Table of operands (Data Parameter Table) 

Chart 52 shows the detailed logic diagram for the Optimize Operands 
routine. 
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TITLE: STRING CONSTANT DOPE VECTOR INITIALIZER ($SCDV) 

Program Definition 

Purpose and Usage 

The string constant Dope vector Initiaiizer routine forms the 
initialization table (I table) entry required to initialize the dope 
vector of a string constant. 

Description 

The address and length of the constant are obtained from its constant 
table (e table) entry. Eight bytes of word-aligned storage are obtained 
in the static and constants area for the dope vector. An initialization 
table entry is constructed for the initialization of the dope vector. 

Errors Detected 

None 

Local Variables 

None 

Program Interface 

Entry Points 

$SCDV. Register Gq contains a pointer to the constant table (C table) 
for which the dope vector is formed. 

Exit Conditions 

Control passes to the instruction following the call. Register Gq . 
contains an address word token representing the address associated 
with the string dope vector. 

Routines Called 

$WEXP Segment Management 

Global Variables 

$ASC Offset to Next Available Byte in Static and Constants 
Area 

C Table 
I Table 

Logic Diagram 

Constant Table 
Initialization Table 

Chart 53 shows the detailed logic diagram for the String Constant 
Dope Vector Initiaiizer routine. 
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TITLE: TRIAD CODE GENERATOR ($TCODE) 

Program Definition 

Purpose and Usage 

The Triad code Generator controls the qeneration of code for the triads 
contained in the triad table. In general, this represents the code 
for a single statement. 

Description 

A triad witl~ an end-of-table operator is placed in the triad table 
in the next available entry. Entries of the triad table are then 
processed in order starting with the first entry and continuing until 
the end-of-table entry is encountered. The triad operator is used 
to branch to the section of this routine which controls its processing. 
The types of triad operators and the numeric codes that identify them 
are listed below. 
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Null 
End Triad Table 
Begin Call 
End Call 
Convert 
Argument LIst 
Assignment Equal 
Divide 
Subtract 
Compare 

OR 
AND 
Multiply 
Add 
Subscript 
Test Compare 
Define Address 
Branch 
Combine or Resolve Statement 
Backward Internal Branch 
Forward Internal Branch 

o 
4 
8 

12 
16 
28 
32 
36 
40 

48,52,56 
60,64,68 

72 
76 
80 
84 
88 
92 
96 

100 
Label 104 

108 

Resolve Forward Internal Branch 
Store Address 

112 
116 
120 
124 
128 
132 
136 
lIW 
144 
148 
152 
156 
160 
164 
168 
172 
176 
180 
184 
188 
192 
196 

Align 
End Block 
prologue 
Library Call 
Symbol Table 
Branch and Link 
End prologue 
End DO 
Begin DO 
Return 
Dope Vector Element Multiply 
Dope Vector Store 
Scale Complex Positive 
Scale Complex Negative 
Halfword Subscript 
Store Code Address 
Test Under Mask 
Title 
OR Immediate 
Other (Error, because unused) 20,24,44 



In general, processing of a triad consists of: 

1. Determining the register and/or core address of the operands. 

2. Determining the sign of the operands and the sign of the result 
of the execution of the triad code. Signs may be adjusted to 
optimize the required instruction sequence. 

3. Arranging the operands, when possible, to insure optimum code 
generation. 

4. Determining the entry of the symbolic instruction table (M 
table) to be used by the Instruction Assembler routine ($VINSA) 
in generating the code for the triad,. 

The triads with arithmetic operators, cO!!!E!!rison operators .. Boolean 
operators, and the assignment egual operator have two operands which 
agree in type, mode, and precision. Fixed-point operands are already 
scaled to the required scale. If the operands are strings, they may 
be treated as though they are both the length of the left operand. 
The type mask of the triad gives the attributes of the operands. The 
operand sign fields give the signs to be applied to the associated 
operands; the triad sign field gives the sign to be applied to the 
result of the triad. 

The convert operator triad is used only for arithmetic to arithmetic 
conversions. The left operand indicates the source to be converted. 
The format of the right operand is shown below. 

1 2 3 4 Byte 
r---------------------------, 
I I I I I 

Word 1 I 0 I Target I Source I Source I 
I Iscale Iscale I Type I 
I I I I I 
L---------------------------J 

The triad type mask represents the target type. The operand sign 
fields are always zero. The triad sign field gives the sign to be 
applied to the result of the triad. 

A subroutine call, either library or programmer-defined .. is represented 
____ ,~=-,~,J;l.y a begin call operator triad, one argument list operator triad for 

each of its arguments and each of its required DED's, and one end call 
operator triad. 

The begin call triad appears first in the triad table and has the 
indication of the entry point as the left operand and the number of 
argument list triads for the call in the right operand field. The 
begin call triad is immediately followed by the argument list triads 
for the call. The arguments and DED's appear in reverse order: that 
is~ the last argument or DED appears first. The ~ight operand of the 
las'!:; a~gument list triaC} points to the begin call triad: the right 
operands of all others point to the list element that i~~ediately 
pr~cedes it. The left operand is the argument or DED description. 
Al~ a:guments have been converted to the type required for ,the call. 
The s1gn of the argument is in the left operand sign field. This field 
also contains a flag to indicate whether the argument requires a dummy. 
Th7 end call triad terminates the argument list. The right operand 
~o:mts to the last argument list triad (or to the begin call triad 
2f there are no arguments). The left operand is the indication of 
the entry point. Tbe triad sign field of this end call triad is the 
sign to be applied to 'the function result. 
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The subscript operator triad indicates a subscripted reference. The 
left operand indicates the array and the right operand the value of 
the subscript converted to a fixed integer. The sign of the subscript 
is in the right operand sign field. The sign to be applied to the 
subscripted reference is the resultant of the left operand sign and 
triad sign field. 

The test compare operator, triad immediately follows a triad containing 
a comparison operator. Often this triad is replaced with a triad with 
a branching operator. The right operand contains the operator appearing 
on the comparison. The left operand points to the comparison triad. 
The triad sign field, if negative, indicates that the greater than 
and less than tests must be reversed~ 

The branch operator triad is used to encode the GOTO statement. The 
left operand is a pointer to the attribute node of a statement-label 
constant or a statement-label variable or a pointer to a triad table 
entry of a subscripted label array reference. The right operand is 
a comparison operator or the indication of an unconditional branch. 
This operand is used to determine the condition code for the branch. 
The code to perform the branch (if no definition for the label precedes 
the reference in the current block) is provided by the ~nstruction 
Assembler. 

The combine or resolve statement label operator triad is used for the 
definition of a statement label having branches which precede the 
definition and for labels having references within an inner block but 
no explicit declaration. In the first case this triad appears preceding 
the triads of the statement it prefixes. The code for the branches 
to the label is completed by the Instruction Assembler. In the second 
case this triad appears after the triads defining the body of the inner 
block. If the label is defined in the next outer block, this case 
is treated just as the first with the references resolved to the label 
of the other block: if not, the list of references to the label in 
the inner block is added to the list of references to the label in 
the outer block. The left operand points to the attribute node of 
a label in the dictionary attribute list. The right operand is an 
object code address or triad pointer to the chain of references to 
the label. The sign fields of the triad are ignored. 

The backward internal branch operator triad is used to define a branch 
to a compiler-generated label which precedes the reference. The left 
operand is either a code address or a pointer to the triad associated 
with the code to be referenced. The right operand is a comparison 
operator or the indication of an unconditional branch. This operand 
is used to determine the condition code for the branch. The sign 
fields are ignored. This type of branch must be within the current 
block of code already generated; therefore, a branch on condition to 
the code is always generated immediately. 

The forward internal branch operator triad is used to define a branch 
to a compiler-generated label which follows the reference. The left 
operand is a pointer to a word containing zero or a pointer to a triad 
which also references the same label. The right operand is either 
a comparison operator or an indication of an unconditional branch, 
or a pointer to a triad with a comparison operator. A negative right 
operand indicates that the greater and less than conditions of the 
comparison should be inverted. Since the code referenced by this 
branch has not been generated, maximum space for the branch on condition 
is reserved in the code area by the Instruction Assembler. The last 
word of this triad contains a pointer to either a triad or a word 
within a table. This field is used in forming the list of references 
to the same generated label. 
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The branch and link operator triad is used to establish linkage code 
to the code associated with an I/O format specification or to return 
from a subprogram. The left operand may be an absolute register 
specification, an attribute node pointer to a format label, a triad 
pointer to a subscripted label array reference. or a pointer to the 
triad associated with a format specification. The right operand and 
sign fields are ignored. Code is generated for the linkage with the 
return address placed in absolute register RP, the standard return 
point register. 

The resolve forward internal branch operator triad is used to complete 
the code which branches to a generated label whose definition appears 
after references to the label. This triad appears at the point in 
the program flow at which the generated label is defined. The left 
operand contains an object code address to the first reference to the 
generated label to be completed. All other fields of the triad are 
ignored. 

The define address operator triad is used to save the current code 
location counter in a table entry or in a triad. The left operand 
is either a table pointer or a triad pointer. All other fields are 
null. 

The store address operator triad is used to load the address of an 
operand into a register or to store the address of an operand into 
an adcon. The left operand may be an absolute adcon register 
designation. an adcon area address w or an attribute node pointer. 
This operand indicates where the address is to be placed. If the triad 
sign is nonzero. its value is added to the address of the left operand. 
The right operand may be any type of operand. The right operand sign 
field applies to the operand. 

The align operator triad is used to align the code location counter 
to a fullword. After the alignment is performed. the operator performs 
the same function as the define address operator triad. The operands 
are the same as for the define address. 

The end block operator triad is used to complete the chain of code 
generated for the block prologue (that is, generates a branch from 
the last section of prologue code to the first source statement code) 
and to generate the epilogue code. The left operand is the pointer 
to the block information table (B table) entry for the block. All 
other fields are ignored. 

The prologue operator triad is used to generate the call to the Initial 
Prologue, Expand DSA, End Prologue, Object Program Initiation routine 
(IHESADA). This routine performs the function of opening the block 
for execution. It saves all necessary registers, establishes the 
fixed-length part of the dynamic storage area, and sets up ON-condition 
action. The left operand is the pointer to the block information table 
entry associated with the block. 

The library call operator triad is used to generate the linkage to 
a standard nonbuilt-in function. The left operand identifies the entry 
point to be called. The right operand, if not nUll, indicates the 
address of the parameter list. All other fields are ignored. 

The symbol table operator triad is used to generate entries for the 
runtime symbol table required for elements of the DATA I/O lists. 
This triad causes one symbol entry or an end-of-table entry to be 
generated. The left operand is a pointer to the dictionary attribute 
node for the identifier to be added to the symbol table of the data 
list. The right operand is the dictionary name list pointer of the 
identifier; a null pointer indicates that an end-of-table entry is 
to be generated. (For the format of symbol table entries, see Appendix E.> 
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The end prologue operator triad is used to initialize tables for the 
generation of the chain of code required to evaluate variable lengths 
and bounds, to allocate variable-length data areas, and to initialize 
dope vectors for the variables of the block. Space is reserved in 
the code area sufficient to branch to the first element of this chain. 
The address of the first byte of code for the block is saved so that 
this prologue chain may be completed when the end of the block is 
reached. Code is generated which closes the block's prologue. 

The left operand is the pointer to the block information table 
associated with the block. All other fields are null. 

The begin DO and end DO operator triads are used to define the code 
bounds of an iterative DO-group. The Instruction Assembler processes 
the register table (R table) to generate code to store the expression 
values contained in registers which still have active usages. These 
values must be retained in their temporary storage until the associated 
end DO is reached. All operand fields of these triads are ignored. 

The return operator triad is used to generate code to return from a 
subprogram. All operand fields of the triad are ignored. 

The dope vector element multiply operator triad is used to form the 
dope vector for an array cross-section. Code is generated to form 
the product of the two operands. The right operand always refers to 
a multiplier from an array dope vector. The operand field is the 
dictionary attribute node pointer of the array. The right operand 
sign field indicates the dimension number of the multiplier required. 
If the left operand is an attribute node pointer, it too refers to 
a dimension multiplier from the dope vector and its sign field indicates 
the dimension number of that multiplier. Dimension multipliers are 
halfword quantities. In all other cases, the left operand is a fullword 
value as specified by the operand and its sign field has the usual 
meaning. 

The dope vector store operator triad is used to form the dope vector 
for an array cross-section. Code is generated to store the right 
operand into the halfword left operand. If the right operand is a 
dictionary attribute node pointer, the operand refers to a halfword 
field of an array dope vector. The operand field is the attribute 
node pointer of the array. The right operand sign field indicates 
the dimension number of the dope vector element required. The sign 
field of the triad indicates whether a multiplier (q), upper bound 
(0), or lower bound (2) is required. The left operand is always an 
address in static storage of a halfword dope vector element. 

The scale complex positive and scale complex negative operator triads 
are used to scale fixed-point complex operands. The left operand 
defines the complex operand; the right operand, the constant table 
(C table) pointer to the power of ten by which the left operand is 
to be multiplied or divided. The sign fields and the type mask have 
the usual meanings for arithmetic operations. 

The halfword subscript operator triad is used to generate DO-loops 
for the expansion of array expressions.. This triad is used to refer 
to the upper and lower bound fields in an array dope vector. The left 
operand is the dictionary attribute node pOinter to the array. The 
right operand is the offset to the dope vector element within the dope 
vector. All sign fields are always plus. 

The store code address operator triad is used to generate code to store 
the current value of the code location counter into an adcon for use 
by the Error Routine (IHEERR) at runtime. All operand fields of the 
triad are ignored. 
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Errors Detected 

CONVERSION ERROR--SCALE FACTOR TOO LARGE. (84) 
COMPILER ERROR. (100) 

Local Variables 

None 

Program Interface 

Entry Point 

$TCODE. The pointer to the current triad table entry is pointing to 
the last triad for which code is to be generated. 

Exit Conditions 

Control returns to the caller immediately following the invoking call 
except when the size of the user area is too small to continue. In 
this case an SVC 6 is given and control does not return. Registers 
at exit are the same as at entry; no specific output values are 
returned. 

Routines Called 

$ NCONS 
$NLSIB 
$OPMZO 
$SCDV 
$SVC 
$TOPR 
$VGTMP 
$VINSA 
$WBACK 
$WCTCT 
$WEXP 
$WSTEP 
$NCVT 
$XERR 

Global Variables 

$ACODE 
$ASC 

$ COMAn 
$ ERROR 
$GBQF 
$NBIF 
$NCCUR 
$NLINE 
$NPVF 
$NTCUR 
$NXFLG 
$PADD 
$PARAM 
$PLNG 
$PREG 
$PSGN 
$PTKN 
$PTR 
$SEVCT 

Constant Processor 
Library Search 
Optimize Operands 
String Constant DOpe Vector Initializer 
SVC Director 
Triad Operand Processor 
Temporary Storage Management 
Instruction Assembler 
segment Management 
Segment Management 
Segment Management 
segment Management 
Constant Conversion 
Error Message Editor 

Pointer to Next Available Byte in Object Code Area 
Offset to Next Available Byte in Static and Constants 
Area 
Address of Communications Area 
Parameter List for Error Message Editor 
Table of Switches 
Built-In Function Flag 
N List Current-Entry Pointer 
New Line Flag 
complex Pseudo-Variable Flag 
Number of Last Triad Generated 
communication Flag 
Core Address of Operand 
Address of Library Parameter List 
String Length of Operand 
Register Address of Operand 
Operand Type Flag 
Operand Token 
Token Table Pointer 
Total Number of Error Messages Produced 
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$TAILS 

$VLPAK 
FREPTR 

NOERMSG 
A List 
B Table 
C Table 
N List 
M Table 
o Table 
R Table 
Z Table 

Logic Diagram 

Table of Pointers to End-of-Segment Control Word for 
Expandable Tables 
Doubleword-Aligned Work Area 
Pointer to First Available Word in Compiler's 
variable Data Area 
Number of Error Messages (Communications Area) 
Dictionary Attribute List 
Block Information Table 
Constant Table 
Dictionary Name List 
Symbolic Instruction Table 
Operation Code Table 
Register Table 
Triad Table 

Chart 54 shows the detailed logic diagram for the Triad Code Generator 
routine. 
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TITLE: TRIAD OPERAND PROCESSOR ($TOPR) 

Program Definition 

Purpose and Usage 

The Triad Operand Processor routine processes the two operands of a 
triad to determine the core address, core sign, register address, 
register sign, and length of each. This information is placed in the 
adjacent operand areas indicated by register pq. 

Description 

Both operands of the current triad are processed. The type 
identification of an operand is used to determine where its addressing. 
sign, and length information can be obtained. This information and 
the operand token are stored in a data parameter table,. The left 
operand is placed in the first entry of the table; the right operand 
in the second. (For a description of this table, see $PTO under 
"Compiler Variables" in Appendix A.) 

Errors Detected 

None 

Local Variables 

TOFLG 

Program Interface , 
Entry Points 

If zero, the left operand is being processed; 
otherwise, the right. 

$TOPR. The address of the triad is in register P5,. The address of 
the operand area in which to store the left operand is in register 
pq. 

Exit Conditions 

Control returns to the caller immediately following the invoking call. 
All G and P registers other than P5 may be destroyed. 

Routines Called 

$NLSIB 
$ NCONS 

Library Search 
Constant Processor 

Global Variables 

$CBKNO 
A List 
C Table 
Z Table 

Current Block Number 
Dictionary Attribute List 
Constant Table 
Triad Table 

The follow fields of the data parameter table are set. 

$PADD 
$PLNG 
$PREG 
$PSGN 
$PTKN 

Logic Diagram: 

Core Address of Operand 
String Length of Operand 
Register Address of Operand 
Operand Type Flag 
Operand Token 

See Chart 55. 
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TITLE: ADCON REGISTER ASSIGNMENT ($VASGA) 

Program Definition 

Purpose and Usage 

The Adcon Register Assignment routine searches the adcon register 
portion of the register table (R table) and selects a register for 
assignment. 

Description 

The adcon register portion of the register table contains an entry 
for each adcon register used in the object program. Some of the 
registers are permanently assigned and cannot be selected by $VASGA. 
A volatile register may be specifically inhibited or have a symbolic 
assignment, in which case it will not be selected. A simple reference 
count is associated with each register and effectively causes the 
available registers to be assigned in rotation. 

Errors Detected 

None 

Local Variables 

R$ARRC Reference count for adcon register assignment. This 
count is increased by one and associated with the 
selected register each time a register is assigned. 
In choosing a register, the one with the lowest previous 
count is selected. 

Program Interface 

Entry Points 

$VASGA. No formal parameters. 

Exit Conditions 

Control returns to the caller immediately following the invoking call. 
Register G2 contains a pointer to the register table entry for the 
selected register. 

Routines Called 

None 

Global Variables 

R$AD 
R Table 

Logic Diagram 

Pointer to Adcon Register Portion of Register Table 
Register Table 

Chart 56 shows the detailed logic diagram for the Adcon Register 
Assignment routine. 
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TITLE: COMPUTATIONAL REGISTER ASSIGNMENT ($VASGC) 

Program Definition 

Purpose and Usage 

The computational Register Assignment routine searches the computational 
register portion of the register table (R table) and selects the best 
register or pair of registers for assignment. 

Description 

The computational register portion of the register table is divided 
into two parts, one for fixed-point registers and the other for 
floating-point registers. The type of register to be obtained is 
determined by a flag set by the calling routine. Registers are arranged 
in pairs of even-odd numbered addresses. Either a Single or a double 
register may be assigned; the option is indicated by a flag set by 
the calling routine. 

The register table entries consist of a principal assignment and a 
list of synonyms. <See the description of the Instruction Assembler 
($VINSA) for a discussion of synonyms.) The principal assignment may 
be a constant, variable, or intermediate result (indicated by a triad 
pointer). In selecting registers, every effort is made to avoid 
choosing one that contains an intermediate result which has yet to 
be used. To aid in this determination, every triad contains a "last
use" count -- the number of the triad after which the intermediate 
result will no longer be needed. If the last-use count associated 
with a register is not greater than the number of the current triad 
for which code is being generated, the register contains active 
intermediate results and receives a low priority in the selection 
algorithm. Of course, selection of an active register may be 
unavoidable. When this condition occurs, $VASGC generates object 
coding to store the contents of the register into temporary storage 
and adjusts the associated triad to point to the storage assigned for 
it. 

In selecting a register, each entry in the appropriate part of the 
table is examined (every second entry, if a double register is wanted) 
and assigned a priority code. A register meeting the requirements 
for priority 7 is selected at once: otherwise the entire table is 
searched and the register with the highest priority is selected. If 
two registers have the same priority, that with the higher last-use 
count is selected. (For a double register pair, the last-use count 
used for comparison with other registers is the lower count of the 
pair. ) 

The priorities are assigned as follows: 

1. A single register is needed, and the examined register is an 
active double register. 

2. A double register is needed, and the examined register is an 
active double register. 

3. A double register is needed. and. of the examined pair. one 
register is active. the other is free. and either or both 
registers have synonyms. 

4. A double register is needed, and. of the examined pair, one 
register is active, the other is free, and neither has synonyms. 

5. A double register is needed, and the examined pair is free, 
but both registers have synonyms. 
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6. A double register is needed. the examined pair is free. and 
one of th~ two registers has synonyms. 

1. The examined register is a free register of the required size 
(single or double) and has no synonyms. 

$VASGC has three subordinate entry points which perform limited services 
for the calling routine: 

1. $VRSYN removes the synonyms from a designated register table 
entry. 

2. $VSAVE stores the contents of a designated register into 
temporary storage. 

3. $VFREE examines a designated register to determine whether it 
can be made free. 

Errors Detected 

None 

Local Variables 

VSFLG 

VSOP 

VSSAVE 

VSTEMP 
VSX 
VSY 

Increment to second address when storing double 
registers into temporary. 
Operation code to be used when storing registers 
into temporary. 
storage for register C1 on internal subroutine 
calls. 
Miscellaneous work area. 
Currently assigned selection priority. 
Last-use count of currently selected register. 

Program Interface - $VASGC 

Entry Points 

$VASGC. High-order bit of $VRTYP set to zero for floating-point 
register selection. to one for fixed-pointJ $VRAMT set to zero for 
single register selection. to nonzero for double. 

Exit Conditions 

Control returns to the caller immediately following the invoking call. 
Register G2 contains a pointer to the register table entry for the 
selected register. 

Program Interface - $VRSYN 

Entry Points 

$VRSYN. Register G2 contains a pointer to the register table entry 
from which synonyms are to be removed. 

Exit Conditions 

Control returns to the caller immediately following the invoking call. 
Registers are the same as at entry. 

Program Interface - $VSAVE 

Entry Points 
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$VSAVE. Register G2 contains a pointer to the register table entry 
whose contents are to be stored into temporary storage. 

Exit conditions 

control returns to the caller immediately following the invoking call. 
Registers are the same as at entry. 

Program Interface - $VFREE 

Entry Points 

$VFREE. Register G2 contains a pointer to the register table entry 
which is to be examined for possible freeing. 

Exit Conditions 

Control returns to the caller immediately following the invoking call. 
Registers are the same as at entry. The condition code is set to zero 
if the register could not be freed; to nonzero if the register was 
freed. 

Routines Called 

$VDSAC 
$VGTMP 

Global Variables 

$ACODE 
$VRAMT 
$VRTYP 
R$FL 

R$FX 

R$SY 
$NCCUR 
Z Table 
A List 
C Table 
R Table 
o Table 

Logic Diagram 

Storage Address Assembler 
Temporary storage Management 

Pointer to Next Available Byte in Object Code Area 
Flag for Register Assignment 
Flag for Register Type Assignment 
Pointer to Floating-Point Register Portion of 
Register Table 
Pointer to Fixed-Point Register Portion of Register 
Table 
Pointer to Head of Register Table Synonym List 
N List Current-Entry Pointer 
Triad Table 
Dictionary Attribute List 
Constant Table 
Register Table 
Operation Code Table 

Chart 57 shows the detailed logic diagram for the Computational 
Register Assignment routine. 
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TITLE: REGISTER TABLE INITIALIZER ($VCLR) 

Program Definition 

Purpose and Usage 

The Register Table Initializer routine allocates space for the register 
table and establishes its initial values. 

Description 

space for the register table is deducted from the free area (FREPTR). 
Initial values for the fixed, floating. and adcon register portions 
of the table are moved into the proper entries. The synonym list is 
linked toqether. 

Errors Detected 

None 

Local Variables 

None 

Program Interface 

Entry Points 

$VCLR. Negative value in register GO to cause initialization. A 
positive value will cause resetting of the table to its initial 
condition (without space procurement). This feature is not presently 
used by the compiler. 

Exit Conditions 

Control returns to the caller immediately following the invoking call. 

Routines Called 

None 

Global Variables 

R$TBL 
R$FX 

R$FL 

R$AD 
R$ND 

R$SY 
FREPTR 

R'Table 

Logic Diagram 

Pointer to Base of Register Table 
Pointer to Fixed-Point Register Portion of Register 
Table 
Pointer to Floating-Point Register Portion of 
Register Table 
Pointer to Adcon Register Portion of Register Table 
Pointer to End of the Linear Register Portion of 
Register Table 
Pointer to Head of Register Table Synonym List 
Pointer to First Available Word in Compiler's 
Variable Data Area 
Register Table 

Chart 58 shows the detailed logic diagram for the Register Table 
Initializer routine. 
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TITLE: STORAGE ADDRESS ASSEMBLER ($VDSAC) 

Program Definition 

Purpose and Usage 

The Storage Address Assembler routine converts the compiler's internal 
representation of a storage address (base code and displacement) into 
a machine address (base register number and twelve-bit displacement). 
It generates any instructions needed to load adcon registers to 
accomplish the final addressing. 

Description 

The storage address to be converted may be one of four types: 

1. Directly addressed data 

2. Parameter data 

3. Subscripted address 

4. Literal displacement 

Directly addressed data may be allocated to one of five classes: 

1. Static and constants storage. 

2. Address constant storage. 

3. Object code storage. 

4. Automatic data storage for the block currently being compiled. 

5. Automatic data storage for a block encompassing the one currently 
being compiled. 

At object program execution, one register is permanently allocated 
to address the first page of static and constants storage. another, 
the first page of address constant storage. a third, the first page 
of automatic storage for the current block; and three more to address 
the first three pages of object code. Data allocated to these areas 
can be addressed with the appropriate permanent register. no 
supplementary instructions are needed. (For a description of object 
code storage layout, see Appendix E.) 

Data allocated to an address beyond the range of the permanent registers 
is addressed by generating an instruction which loads one of the 
volatile adcon registers with a displacement of 4095 from the permanent 
register. If this base is still insufficient, additional instructions 
are generated to increment the base by 4095 until the displacement 
of the data relative to the base is less than 4096,. The aSSigned adcon 
register and the calculated displacement are then used as the assembled 
machine address. 

Data allocated to automatic storage in an encompassing block has no 
register permanently assigned for it. However, every block has a 
section reserved for its own use in the adcon storage areao If a block 
is active, one word of this area will contain the address of the base 
of the block's dynamic storage area. $VDSAC will generate instructions 
to load one of the volatile adcon registers from this word, thus 
obtaining a starting base in the encompassing block's DSA. From this 
point, calculations proceed as described above to determine an assembled 
machine address with a displacement less than 4095. Note that in 
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addressing the block information in the adcon area, extra instructions 
may be required to determine a suitable displacement for the wloadw 
instruction. 

Parameter data is first processed as if it were directly addressed 
data in the adcon storage area. Having determined an assembled address 
for the data, $VDSAC then generates an instruction which loads one 
of the volatile adcon registers with the contents of the computed 
address. This technique introduces the extra level of indirectness 
required to address parameter data. The assembled machine address 
which is returned to the caller is then set to a displacement of zero 
relative to the assigned adcon register. A special flag is set by 
the caller to indicate whether $VDSAC is to interpret a storage address 
as parameter data. $VDSAC enters a special flag into the adcon register 
table entry for the volatile register, indicating that the register 
contains a parameter. This enables subsequent references to the same 
parameter to be optimized by using the register already loaded. 

Subscripted addresses are presented in two ways: the computed subscript 
is currently in a register, or the computed subscript has been stored 
in temporary storage. In addition, the subscripted address can be 
used in one of two ways: in an RX instruction, where two indexes are 
available: or in an SS instruction, where only one register can be 
used. 

The subscript value itself represents an increment to the value assigned 
to the base of the object code area. This base value is permanently 
loaded at object time in code-cover register 1 (register 6). 
Accordingly, $VDSAC must always combine the subscript value with the 
value of register 6 to assemble a valid machine address. If the 
subscript is in a register and the instrUction is an RX format, the 
machine address is computed as a displacement of zero, base register 
of 6. and index register (X1 field) of the assigned subscript register. 
If the subscript is in a register and the instruction is SS format, 
$VDSAC generates a Wload addressW into one of the volatile adcon 
registers, which combines register 6 and the subscript register. The 
machine address is then assembled as a displacement of zero relative 
to the adcon register. 

If the subscript is in temporary storage, regardless of instruction 
format, $VDSAC first computes the assembled address of the temporary 
storage as if it were directly addressed data. Then it assigns an 
adcon register, r, and generates the following code: 

LR r,6 
A r,temporary-storage 

The assembled machine address is then a displacement of zero relative 
to the adcon register. 

String data are indirectly addressed through a dope vector. The 
addressing problem is therefore almost identical to that of using a 
subscript which has been placed in temporary storage, except that the 
dope vector is used instead of temporary storage, and the assembled 
address computed for the dope vector may be a parameter and require 
the extra level of indirectness. However, logic used for processing 
string addresses is substantially the same as that used for stored 
subscripts. 

Occasionally, code generation computes in advance the literal value 
of the displacement needed in a machine address. This condition is 
indicated by a base code of zero on the storage address. In this case, 
$VDSAC merely returns the literal displacement with a base register 
of zero as the assembled machine address. 
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Errors Detected 

None 

Local Variables 

VDWORK Miscellaneous Temporary Storage 

Program Interface 

Entry Points 

$VDSAC. Parameter flag (from $PTO table) in symbolic bit #PRAM in 
the low-order byte of register G3. Storage address (base code and 
displacement) in register G2. 

Base code 0 indicates literal displacement; base code X'FF' indicates 
subscript in storage; base code X'FE' indicates subscript in register 
(register address in low-order byte of G2). For base codes X'FF' and 
X'FE', local variable VNOPC (in $VINSA) must contain the operation 
code for the current instruction (used to determine SS format). For 
SS format instructions, local variable VNDVA (in $VINSA) must contain 
zero or the true base code assigned to the dope vector, since the 
incoming base code was set to 'FF' to trigger subscript addressing 
logic. 

Exit conditions 

Assembled machine address in register GO in the form OOOXBDDD, where 
X is the index register, B the base register, and DDD the displacement. 
Register G2 points to the register table entry for the base register, B. 

Routines Called 

$VASGA 
$WBACK 

Global Variables 

$ACODE 

B$ACTV 
B$CURR 
R$AD 

B Table 
R Table 
o Table 

Logic Diagram 

Adcon Register Assignment 
Segment Management 

Pointer to Next Available Byte in Object Code 
Area 
B Table Active-Entry Pointer 
B Table Current-Entry Pointer 
Pointer to Adcon Register Portion of Register 
Table 
Block Information Tabl~ 
Register Table 
Operation Code Table 

Chart 59 shows the detailed logic diagram for the Storage Address 
Assembler routine. 
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TITLE: TEMPORARY STORAGE MANAGEMENT ($VGTMP) 

program Definition 

Purpose and Usage 

The Temporary Storage Management routine allocates an area for temporary 
storage at the proper level within the dynamic storage area of the 
current block. (For a description of DSA's, see Appendix E.) 

Description 

The caller supplies the length of the area desired, which may be 4, 
8, 16, 32, or 255 bytes, and the number of the triad after which the 
temporary storage may be reused (last-use count). Temporary storage 
is assigned separately for each block, in the dynamic storage area 
for that block; in the external procedure, temporary storage is assigned 
in the static and constants storage area. Within a block, temporary 
storage is further assigned a level whenever it is used to save values 
around DO-Ioops. In addition, temporary storage areas which are no 
longer required are reusable so that total storage requirements can 
be minimized. 

A temporary storage table (S table) is organized and maintained by 
block. For each block, entries in the table indicate the length, 
level, allocated address, and last-use count for all available temporary 
storage areas. When $VGTMP is called, this table is searched backwards 
from the most recently added entry. The search is conducted for a 
previously allocated temporary which is the same size as (or larger 
than) the requested area, at the requested level within the current 
block, and whose last-use count indicates that the temporary storage 
is free for reuse. The search is organized so that if multiple 
candidates meet the selection criteria, the one which is closest to 
the requested size (but not smaller) is used. The last-use count of 
the selected area is updated to the new value and the allocated address 
is returned to the caller. 

If no entries meet the selection criteria, a new temporary storage 
must be created. The DSA address for the required block is aligned 
to a word boundary if the requested length is 4 or to a doubleword 
boundary for any other length. It is incremented by the requested 
length. A new entry is added to the temporary storage table, and the 
length, allocated address, level, and requested last-use count are 
established. The allocated address is then returned to the caller. 

Errors Detected 

None 

Local Variables 

VTCAND Used to hold table pointer during determination of best 
matching length. 

Program Interface 

Entry Points 

$VGTMP. Length of desired area in register GO. May be 4, 8, 16, 32, 
or 255. When the length given is 255, 256 bytes are actually reserved. 
The last-use count, which controls when the temporary area can be 
reused, is supplied in register G7. The requested level number is 
supplied in $TEMPN and is normally 0 except for register saving around 
DO-loops. 
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Exit Conditions 

Control returns to the caller immediately following the invoking call. 
Register G2 contains the base code and displacement of the allocated 
temporary storage. 

Routines Called 

$WBACK 
$WEXP 

segment Management 
Segment Management 

Global Variables 

$TEMPN 
$NCCUR 
B$ACTV 
S$ACTV 
S$CURR 
S$TAIL 
B Table 
STable 

Logic Diagram 

Temporary storage Level Number 
N List Current-Entry Pointer 
B Table Active-Entry Pointer 
S Table Active-Entry Pointer 
S Table Current-Entry Pointer 
STable End-of-Table Pointer 
Block Information Table 
Temporary Storage Table 

Chart 60 shows the detailed logic diagram for the Temporary Storage 
Management routine. 
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TITLE: INSTRUCTION ASSEMBLER ($VINSA) 

Program Definition 

purpose and usage 

The Instruction Assembler routine produces machine-language (object) 
code from a series of symbolic instructions which have been selected 
by the Triad Code Generator ($TCODE). Each set of symbolic instructions 
represents the coding necessary for the processing of a triad. 

Description 

The symbolic instructions selected by the Triad Code Generator represent 
in a general way the coding needed to process a triad. It is the 
function of the Instruction Assembler to interpret, modify, and in 
some cases optimize the generalized symbolic coding into the specific 
machine-language instructions required for each case. By maintaining 
the symbolic instructions at a generalized level, the Triad Code 
Generator minimizes both the space required for the symbolic instruction 
table (M table) and the number of processing paths needed for code 
generation. 

Symbolic Instructions 

A symbolic instruction consists of a symbolic operation code and zero, 
two, or four symbolic operands. At entry, the Instruction Assembler 
receives a pointer to the first symbolic instruction to be processed: 
the Instruction Assembler proceeds through the table, generating 
machine-language coding for each instruction encountered until it finds 
a special operation which signals the end of the instruction sequence. 

Symbolic Operation Codes 

The first field of a symbolic instruction is a symbolic operation code, 
which is a simple numerical index into a table of symbolic operations. 
Each symbolic operation contains a flag field, an effect code, and 
an operation code. The symbolic operations are divisible into three 
types: unmodifiable machine codes, modifiable machine codes, and 
pseudo-operations. 

Unmodifiable Machine Codes: If the symbolic operation is an 
unmodifiable machine code, the Instruction Assembler uses the 
hexadecimal operation code found in the table as the operation code 
of the machine instruction being generated. 

Modifiable Machine Codes: A modifiable operation may be modified in 
either or both of two ways, as indicated by settings of bits in the 
flag field of the operation code table (0 table) entry. First, the 
operation may be modified for fixed-point or floating-point mode (either 
long or short). Secondly, it may be modified from the RX (storage
register) format to the RR (register-register) format. Modifiable 
machine codes are kept in the table in double-precision floating-point 
form. The symmetrical structure of System/360 machine codes makes 
it possible to convert the operation to the required form by the 
addition or subtraction of simple constants. 

When modifying for type, the Instruction Assembler determines whether 
the mode shall be long-float, short-float, or fixed by testing the 
attribute codes in the triad for which code is being generated. (The 
location of the triad is supplied by the Triad Code Generator at entry 
to the Instruction Assembler.) 

When modifying for format, the Instruction Assembler assumes that the 
code generation process keeps track of what the contents of machine 
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registers will be at execution time. Each constant, variable, and 
intermediate result has associated with it a field which indicates 
whether it is (at that point in the compilation) in a register and 
which register it is in. Whenever the machine code is modifiable for 
RR format and the second (storage) operand of the instruction has a 
register associated with it, the Instruction Assembler modifies the 
operation code to RR format. If the resulting instruction is one which 
loads a register with itself without change of sign, generation of 
the instruction is suppressed. 

Pseudo-Operations: certain instruction sequences are too specifically 
machine-oriented or too complex to represent conveniently in the 
symbolic instruction tables. For these cases, pseudo-operations have 
been defined by con~ention between the Triad Code Generator and the 
Instruction Assembler. The symbolic operands of the pseudo-operations 
are defined to fit the needs of each case and cause the Instruction 
Assembler to generate specially tailored coding. Detailed descriptions 
of pseudo-operations are given later in this discussion under -Pseudo
Operation Logic-. 

Register Effects 

It is the responsibility of the Instruction Assembler to maintain, 
during compilation, a table which indicates the contents of the general 
machine registers as they will be during execution of the object 
program. The availability of this information enables both the Triad 
Code Generator and the Instruction Assembler to select optimum sequences 
of instructions when generating code for a given triad. To assist 
the Instruction Assembler in the maintenance of the register table, 
each symbolic operation contains a field which indicates the effect 
of the operation upon the register designated in the Rl field of the 
instruction. The effects are: 

Load 
Destroy 
Multiply 
Divide 
Store 
Destroy all register synonyms 
Change sign 
No effect 

A register synonym results when a variable, intermediate result, or 
constant is assigned to a variable. Thus, for the statement: 

A = B + C 

a given register will contain the intermediate result B + C. When 
this result is stored into A, the same register will then also represent 
the value of A. In subsequent instructions, the register may be used 
in lieu of a storage reference to A, with resulting optimization of 
the code. The variable A is considered a synonym of the register until 
such time as the register contents are changed. 

The same register may have multiple synonyms. In the sequence of 
statements: 

A = B + C 
D=A 

both A and D are synonyms of the register containing the intermediate 
result B + C. 
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It is the function of the Instruction Assembler to add and remove 
synonyms from the register table, as indicated by the -effect- code 
of the instructions being generated. 

When a synonym is being added, a pointer to the synonymous constant, 
identifier, or triad is chained to the principal register table entry. 
The address of the register is placed in a field in the triad, constant 
table, or identifier dictionary attribute node. When a synonym is 
being removed, the pointer is detached from the register table chain. 
The register address field in the entry pointed to is set to zero. 
Similar techniques are used to maintain the principal contents of the 
register. In general, triads which represent intermediate results 
are used as the principal register entry, and identifiers and constants 
are maintained as synonyms of the principal entry. 

The various effects are processed as follows: 
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Load: The previous principal content of the register and all its 
synonyms are removed. The triad, constant, or identifier which 
forms the second operand of the current instruction is attached 
to the register as a synonym. (The principal content of the 
register is not set until a result pseudo-operation occurs: see 
below.) 

Destroy: The principal contents and all synonyms are removed from 
the register. No new information is added. 

Multiply: A fixed-point multiply operation requires a pair of 
registers. The useful portion of the resulting product is in the 
odd-numbered register. However, any overflow resulting from the 
operation must be detectable. Accordingly, a multiply effect 
causes the Instruction Assembler to generate a double-register 
left shift of 32, and to remove all synonyms from the even-numbered 
register, since the multiplication destroys the previous contents. 

Divide: A fixed-point divide operation requires a pair of registers 
and leaves the quotient in the odd-numbered register. A divide 
result accordingly causes synonyms to be removed from both 
registers; the double-register pair is flagged as now consisting 
of two single, independent registers, and pertinent information 
is transferred from the even to the odd register table entry. 
Any symbolic assignment (see -Symbolic Operands,- below) is 
associated with the odd register. Floating-point multiply and 
divide operations are handled as if they had a simple destructive 
effect, since the double register considerations which affect 
fixed-point operations do not apply. 

Store: A store effect causes the removal of any synonyms previously 
associated with the register; the triad, constant, or identifier 
which forms the second operand of the current instruction is 
attached to the register as a new synonym. 

Destroy All Register Synonyms: At certain points in the object 
code, the contents of registers during execution become 
unpredictable to the compiler. This may happen where a label 
(either programmer- or compiler-generated) is defined, indicating 
a point where object-time control may be transferred, with resulting 
uncertainty of register contents; around calls to the object-time 
library, where certain registers are volatile; and at the end of 
program blocks, where the subsequent instructions belong to a 
different block with different register usages. Synonyms are 
removed from all registers at such points to insure correct code 
generation. A special effect code is used to indicate this 
condition. 



Change Sign: A register may be complemented in order to effect 
an assignment. In this case, any synonyms of the register also 
change sign. For example: 

A = B + C 
D = -A 
E=A 

The register synonym for A may be used for the third assignment 
statement, but a record must be made of the fact that its sign 
was changed at the second statement. Triads and identifier 
attribute nodes have a field which indicates the sign of their 
synonym registers. A change-sign effect causes the setting of 
this flag to be reversed. Signs are not associated with constants1 
therefore a change-sign effect applied to a constant synonym causes 
the synonym to be removed. 

No Effect: To increase the efficiency of the compiler, many 
intermediate operations in an instruction sequence are flagged 
as having no effect, since the intermediate effects are of no 
consequence in optimizing the generated code. By indicating no 
effect, unnecessary manipulation of the register table is avoided. 

Indexable Operations 

A flag bit in the operation code table (0 table) indicates whether 
the operation is to be indexed. Symbolic instructions which use 
unindexed operation codes have two operands1 symbolic instructions 
which use indexable operation codes have four operands~ The third 
operand is a symbolic representation of the value to be placed in the 
Xl field of the generated instruction. The fourth operand represents 
the value to be placed in the Bl field of the generated instruction. 

Symbolic Operands 

A symbolic operand used in a symbolic instruction may be one of the 
following types: 

Symbolic Computational Register 
Symbolic Adcon Register 
Absolute Register 
Data Parameter 
Imaginary Address of Data Parameter 
Scratch Storage 
Constant 
Literal Value 
Local Label Reference 
Null 

Symbolic Computational Register: To preserve generality, symbolic 
instruction sequences which perform computational arithmetic refer 
to registers symbolically. It is the responsibility of the Instruction 
Assembler to assign absolute registers to correspond to the symbolic 
ones. To accomplish this, the Instruction Assembler maintains a 
symbolic computational register table. This table is reset upon initial 
entry to the Instruction Assembler. The first reference to a symbolic 
computational register causes the Instruction Assembler to look up 
the corresponding entry in the table. Finding that no aSSignment has 
been made, the Instruction Assembler calls the Computational Register 
Assignmen"c routine ($VASGC) to obtain an absolute register (or pair 
of registers, if required) and associates the absolute assignment with 
the symbolic register number. Thereafter, any reference to a gi'ven 
symbolic register always obtains the associated absolute register. 
The assignment is maintained until the end of the current symbolic 
ins"truction sequence. Upon reentry to the Instruction Assembler, new 
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assignments will be made. The algorithm for determining which of the 
six computational registers to use is part of the Computational Register 
Assignment routine ($VASGC). 

Symbolic Adcon Register: Symbolic instruction sequences which compute 
subscripts. develop arguments for subroutine calls. etc •• require the 
use of adcon registers.. For generality. these registers are referred 
to symbolically. The Instruction Assembler maintains a symbolic adcon 
register table similar in use and function to the one described above 
for computational registers. Because the object program must be 
instantly relocatable, computational and adcon registers cannot be 
interchanged. They require separate tables and separate symbolic 
notation. The Adcon Register Assignment routine ($VASGA) is used to 
obtain the required adcon register number. 

Absolute Register: A symbolic operand may specify directly which 
register to use by presenting the Instruction Assembler with an absolute 
register address. This address is actually the displacement from the 
base of the register table (maintained in R$TBL) to the desired register 
entry. For communication between routines, register (table entry) 
addresses are used rather than the actual numbers of the registers. 
This allows a degree of flexibility in the assignment of the actual 
register numbers within the table and permits the convention that a 
register address of zero means that no register is assigned or 
available. 

Data Parameter: A symbolic operand which represents an identifier, 
source-program constant. or intermediate result (triad) is presented 
to the Instruction Assembler as a data parameter operand. The Triad 
Code Generator ($TCODE) maintains a small data parameter table ($PTO) 
into which it places pertinent information regarding the data to be 
processed. The symbolic operand indicates which table entry the 
Instruction Assembler is to use in forming the D2 or R2 field of the 
current instruction. (The format and use of specific entries in this 
table are explained under ·Compiler Variables· in Appendix A.) 

Imaginary Address of Data Parameter: A symbolic operand may indicate 
the imaginary address of a data parameter table entry. In this case, 
the Instruction Assembler uses the data parameter table, but for RX 
instructions the storage address given in the table is incremented 
by an appropriate amount to obtain the imaginary portion of the data, 
and for RR instructions the register adjacent to the one specified 
in the table is used. 

Scratch Storage: A symbolic operand may specify scratch storage. 
For each call to the Instruction Assembler, the first reference to 
scratch storage causes the Instruction Assembler to call the Temporary 
Storage Management routine ($VGTMP) to obtain a 32-byte allocation 
of temporary storage. This area is logically subdivided into two areas 
of 16 bytes each. The symbolic operand indicates by codes of 0, 2, 
4, and 6 that the Instruction Assembler is to address the real or 
imaginary part of the first or second areas, respectively. In general, 
scratch storage is used to hold intermediate results of in-line data 
conversion. The same scratch storage area is maintained until the 
end of the current instruction sequence, at which point it is available 
for other use. 

constant: Code generation, especially in-line data converSion, may 
require constants which were not written as part of the original source 
program. When a symbolic operand specifies such a constant. the 
Instruction Assembler locates the hexadecimal text of the constant 
in the operation code table (0 table) and calls the Constant Processor 
routine ($NCON). This routine assigns an address to the constant or 
returns its allocated address if the constant is already part of the 
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object program. The Instruction Assembler then uses the address in 
constructing the current instruction. 

Literal: A symbolic operand may specify a literal value (less than 
256) to be placed directly into the generated instruction. Literal 
values may be given for either the register or storage operands of 
the instruction. They are used for condition codes, object-time 
displacements, and other cases where the Triad Code Generator knows 
in advance the absolute value required in the generated instruction. 

Local Label Reference: Instruction sequences which perform comparisons 
and tests need the facility to branch to selected instructions within 
the sequence. Although these branches are quite local, the precise 
location of the branch address cannot be determined in advance, since 
the Instruction Assembler may introduce an unpredictable number of 
addressing instructions into the generated code. (See the discussion 
of addressing, below.) Hence, each instruction sequence may define 
up to ten local symbolic labels and may make one (and only one) 
reference to each. 

The point at which a label is to be defined is specified with a DEF 
pseudo-operation, a reference to the label is indicated by a special 
symbolic operand. The Instruction Assembler maintains a symbolic label 
table, which is reset at each entry to the Instruction Assembler. 
If the label definition occurs before its reference, the code address 
of the definition-point is entered into the table. When the subsequent 
reference to the label is encountered, the address can be assembled 
and placed in the generated instruction at once. If the label is 
referred to before it is defined (which is the usual case), the location 
of the reference is placed in the table, and the address portion of 
the generated instruction is set to zero. Then when the definition 
occurs, the correct address is assembled and inserted in the generated 
code in the open space reserved for it at the point of reference. 

Null: Symbolic instructions must contain either zero, two, or four 
operands so that the Instruction Assembler can scan the table easily. 
Since some pseudo--operations and indexable operations use an odd number 
of operands, a null operand code is employed to fill the unused space 
in the symbolic instruction table. 

General Processing Logic 

At initial entry to the Instruction Assembler, the local symbolic label 
and symbolic register assignment tables are cleared. An operation
code modifier is determined by inspecting the attribute codes in the 
incoming triad. Register assignments and the modifier value are set 
once for the entire instruction sequence. 

The components of the symbolic instruction are moved into fixed work 
areas to simplify addressing them, and the operation code, flags, and 
register effect are established. If the operation indicates an 
indexable code, the third and fourth operands are moved from the 
symbolic instruction. A pointer is updated to the next symbolic 
instruction. If indicated, modification of the operation code is 
performed. On the basis of the results, a basic register-type flag 
is set for fixed or floating. 

The first and second symbolic operands are inspected. If they are 
data parameter table entries, the information from the data parameter 
table is moved into fixed areas and amplified as necessary to simplify 
further processing. 

At this point, if the instruction is a pseudo-operation, control passes 
to the appropriate pseudo--operation generator; when all instructions 
have been generated for the particular pseudo-operation, control returns 
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to the beginning of the processing cyCle. The next symbolic instruction 
is procured. If the instruction is a machine operation, modification 
for register format is performed, and the resulting code is tested. 
Control then passes to one of four paths, depending on whether the 
instruction format is RR, RX, RS(SI), or SSe These paths use two major 
subroutines, one of which prepares a machine register operand (for 
the Rl and R2 fields of the instruction), using either the first or 
second symbolic operand as input. The other routine prepares a storage 
operand (B2 and D2 fields) using the second symbolic operand and calls 
the register assignment routines ($VASGC and $VASGA) as required to 
establish symbolic assignments. The storage operand routine calls 
the Storage Address Assembler routine ($VDSAC> to obtain assembled 
addresses of source program constants and variables and the Temporary 
Storage Management routine ($VGTMP) to prepare compiler-generated 
constant addresses. It also prepares literal operands and local label 
references. 

When all components of the machine instruction have been prepared, 
the object code is generated directly in the user·s area of memory. 
After the code is generated, control converges into two paths; one 
path determines the register effects for register-to-register 
instructions; the other, for instructions involving main storage 
locations. After the appropriate action is taken to maintain the 
register tables, control returns to the beginning of the cycle. The 
next symbolic instruction is then procured, and the cycle iterates 
until terminated by a result pseudo-operation. 

Addressing 

Storage addresses must be assembled as a base register and a 
displacement value not exceeding Q095. Internally in the compiler, 
the storage addresses of constants, variables, temporary storage, etc., 
are maintained in the form of a base code which represents the class 
of storage (address, static, dynamic, etc.) and the displacement 
relative to the base allocated to that data. 

In the object code, certain registers are assigned permanent base 
values to facilitate the addressing problem. Three registers address 
the first three pages of object code; one register addresses the base 
of the static and constants storage area; another, the address constant 
area; and another, the dynamic storage area for the block currently 
being executed. Four other address registers are volatile~ 

Since data may be allocated displacements which exceed that addressable 
by the permanent base register for that storage class, supplementary 
instructions may be needed to load one of the volatile address registers 
with a base value sufficient to enable the desired data to be addressed. 
This function is performed by the Storage Address Assembler routine 
($VDSAC). In general, the Instruction Assembler presents the base 
code and displacement representing the storage address of an operand 
to $VDSAC, which returns an assembled halfword containing a base 
register number and appropriate displacement that the Instruction 
Assembler can then insert as required into the machine instruction 
being generated. Any supplementary instructions necessary to set the 
base register contents are generated by $VDSAC. The total number of 
generated instructions depends upon the allocation and addressability 
of the data involved. 

In addition, certain classes of data present special addreSSing 
problems. Parameters used by CALL/360-0S PL/I subroutines are passed 
as addresses. Hence, references to parameter data require an extra 
level of indirectness in the addressing.. A special flag associated 
with the data indicates whether it is a parameter. If it is, $VDSAC 
generates the coding necessary to accomplish the indirect addressing. 
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subscripted data require an extra index to achieve the correct 
addressing. For RX format instructions, the extra index may be 
specified directly in the Xl field of the instruction. For SS 
instructions, $VDSAC generates coding to combine the base value and 
index value into a single register, since these instructions can only 
be singly indexed. However, SS instructions are generally generated 
to manipulate string-type data, which is addressed indirectly through 
a dope vector. Accordingly, when processing S5 instructions, the 
Instruction Assembler tests the operand type. If it is a constant 
or already subscripted, normal direct addressing is used. If it is 
string-type data, the Instruction Assembler sets flags so $VDSAC will 
generate the index-combining instructions used for subscripts. 

pseudo-Operation Logic 

Load Multiplier: If the operation is fixed-point, this pseudo-operation 
assigns a double register pair for the register operand and loads the 
storage operand into the odd-numbered register. If the second operand 
is already in a register, an attempt is made to use one of the adjacent 
registers, if possible, to form the register-pair. 

Load Dividend: If the operation is fixed-point, this pseudo-operation 
assigns a double register pair for the register operand, loads the 
storage operand into the even register to establish the Sign, and 
shifts the even register into the odd register to establish the proper 
magnitude. If the second operand is already in a register, an attempt 
is made to use one of the adjacent registers to form the register-pair. 

Load complex: TWo registers (either fixed or floating, depending on 
type) are assigned and loaded from the real and imaginary parts of 
the storage operand, respectively. If the storage operand is already 
in registers, the load instruction is suppressed. 

Store complex: The two registers assigned to the register operand are 
stored into the real and imaginary parts of the storage operand, 
respectively. 

Transfer: To save space in the symbolic instruction table, common 
instructions are shared between instruction sequences. The transfer 
pseudo-operation directs the Instruction Assembler to continue its 
processing at the symbolic instruction pointed to by the operand of 
the transfer. 

Save: The register operand is saved in temporary storage, and the data 
parameter table entry given as the second operand is modified to contain 
the temporary storage address for the remainder of the current 
instruction sequence. 

Define Label: The current object code location counter is entered in 
the local label table against the symbolic number of the label. If 
a reference was previously made to this label, the assembled value 
of the label is placed in the storage operand of the referencing 
instruction. 

Load Multiple: A pair of registers is assigned to the register operand, 
and the storage operand is loaded into them with an LM instruction. 

Store Multiple: The pair of registers assigned to the register operand 
is stored into the storage operand with an STM instruction,. 

compute Subscript Address: The pseudo-operation is given a subscript 
displacement, which IIlay be either in a register or in storage and may 
be either positive or negative. A subscript displacement is the 
computed displacement of an array element from the virtual origin of 
an array. (See -Dope Vectors· in Appendix E for a description of the 
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computation of an array element address.} It is also given an array 
virtual origin. which may be either in a register or in storage. The 
pseudo-operation selects the optimum instruction sequence to load the 
subscript displacement positively into a fixed register other than 
general register zero (which cannot be used to index) and add the 
contents of the array virtual origin to it. In the usual case. the 
subscript displacement is positively in a register (which is sometimes 
register zero) and the array address is in storage. The instructions 
then generated are either: 

A r.array 
or 

LR r.O 
A r.array 

In processing the result of this operation, special flags are set back 
into the associated triad and register table entry to indicate that 
the result is a subscript address. The flags cause future storage 
references to the subscripted data to be double-indexed in order to 
achieve the desired subscripting. 

Assign Double Register: This pseudo-operation causes a double register 
pair to be assigned to the symbolic computational register specified 
in the first operand. 

BEGIN or END Block: The table entry for the adcon register which is 
assigned to address the block's dynamic storage area is updated to 
indicate that the register now addresses the base of the particular 
block being processed. 

Begin DO: The level of temporary storage assignment is increased by 
one. Code is generated to store all registers containing active 
intermediate results into temporary storage at the new level. 

End DO: The level of temporary storage assignment is reduced by one. 

Save Volatile Registers: This pseudo-operation is used prior to the 
generation of calls to object-program library routines. It causes 
the generation of code to store fixed registers 0 and 1 and floating 
registers 0 and 2 (registers which are volatile across library calls) 
into temporary storage if they contain active intermediate results. 

Forward compiler-Generated Branch: Nested procedures, THEN clauses, 
DO-loops, etc., require the compiler to generate a forward branch. 
Since the address of the branch point cannot be computed in advance, 
this pseudo-operation reserves eight bytes of srequire the compiler 
torage for the branch instruction to be inserted later. The branch 
point may not be addressable by any of the three registers permanently 
assigned to cover the object code. In this case, the branch must be 
resolved by loading an adcon from a table in the adcon area and then 
branching. Hence, two instructions may be needed when the branch is 
resolved, and an adcon register will be required. Accordingly, when 
reserving the space, an adcon register is assigned and its number is 
stored in the reserved area along with the condition code to be used 
in the final branch. The reserved area thus has the format: 

DC AL4(O} 
Be condition, 0 (O,adconreg) 

When multiple branches are made to the same pOint, a chain of pOinters 
is linked through the first word of each reserved area. When the 
definition of the branch point occurs, all references to it can be 
resolved by following the chain. 
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Resolve compiler-Generated Branch: This pseudo-operation assembles 
the address of the current code location counter. This operation may 
involve generating a load instruction if the code location is not 
addressable by any of the three permanently assigned cover registers. 
The assembled address (and load instruction, if needed) is then placed 
in all the forward compiler-generated branches which refer to the 
current location. The references are found by following a chain of 
pointers established in the reserved areas (see -Forward compiler
Generated Branch- above). The layout of the reserved areas after 
resolution (if no additional cover is needed) is as follows: 

BC condition,branch-point-displ(O,codecover) 
BC condition,branch-point-displ(O,codecover) 

or. if the branch point is not directly addressable. 

L adconreg.code-cover-tableCO.adconcover) 
BC condition,branch-point-displ(O,adconreg) 

Remainder: This pseudo-operation is given two symbolic registers as 
its operands. The even-numbered register adjacent to the one which 
is currently assigned to the second operand is assigned to the first 
operand. This operation enables the register containing the remainder 
of a previous fixed-point division to be recovered. 

Load Index Register: A flag is set to prevent the Computational Register 
Assignment routine C$VASGC) from assigning absolute register zero~ 
the operation code is set for a fixed-point load. and processing 
continues as for a machine operation. This insures that the storage 
operand will be loaded into a register capable of indexing .• 

Source Label PseudO-Operations: The Instruction Assembler has the 
responsibility for the final resolution of references to source program 
labels. These references are of three kinds: assignment statements. 
branches (GO TO statements). and linkages to remote FORMAT statements. 
Further, in the first two cases, the references may be either to a 
label within the current block (intrablock branch) or to one in an 
encompassing block (interblock branch). Remote FORMAT statements must 
be within the current block. 

For assignments and interblock branches, information about the label 
is conveyed to the object-program library routines by a special two
word constant which has the following format: 

o 2 4 6 8 Byte 
r---------------------------------------------------------, I Displacement of Branch Point I Displacement I 
I Wi thin Code Area I Block Adcon I 
I I Area Wi thin I 
I I Adcon Area I l---___________________________________________ ~ __________ J 

The Instruction Assembler builds such constants as required and causes 
them to be added to the object program by calling the Constant Processor 
($NCON). The processing performed by the source label pseudo-operations 
must take into account the fact that the location allocated for this 
constant may not be directly addressable by the register which covers 
the object-program constant area, and that an extra load instruction 
may be required whenever a reference is made to the constant. An 
additional consideration arises in the following case: 
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A: PROC; 
DCL M LABEL; 
B: PROC; 

C: GO TO M; 

M: 

END B; 
END A; 

At statement C above, it is impossible for the compiler to know whether 
the identifier M to be used in resolving the GO TO statement is the 
statement-label variable declared in block A or the label of some 
statement internal to block B. To insure correct resolution, the 
Instruction Assembler must determine whether the operand of a GO TO 
is potentially a statement-label variable in another block. If so, 
the Instruction Assembler must generate the code necessary to address 
it, since the allocated address may not be directly coverable. In 
the final resolution, the addressing instructions may not be needed 
if the identifier is a label within the current block. However, this 
case is not determinable in advance. 

The processing performed for the various conditions may be summarized 
as follows: 
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Backward Assignment: The statement-label constant is formed, 
allocated, and addressed. A doubleword load and store is then 
generated: 

LD 
STD 

reg, constant 
reg, label-variable 

Backward Intrablock Branch: To a statement-label variable: The 
location allocated to the statement-label constant is addressed 
and assembled. A conditional branch using the complement of the 
desired condition is generated to branch around coding which is 
then generated to call the GO TO Interpreter (IHESAF), using the 
address of the statement-label constant as a parameter. 

To a statement-label constant: The address allocated to the label 
is obtained and assembled; a conditional branch instruction is 
generated using the assembled address. 

Backward Interblock Branch: The statement-label constant is formed 
and allocated. Processing then proceeds as for a backward 
intrablock branch to a statement-label variable. 

Forward Assignment: If the rightmost operand is a potential 
statement-label variable, its address is assembled, and any 
necessary cover instructions are generated. The address of the 
leftmost operand is assembled, and any necessary cover instructions 
for it are generated. A twelve-byte area is then reserved in the 
object code. A floating-point register is assigned, and operation 
codes for LD and STD are generated for it. A flag of zero is set 
as the first byte of the area (to distinguish assignment from GO 
TO>, and a chained pointer is established in the remainder of the 
first word to link together all references to a given label. The 
completed area has the format: 



(addressing instructions for right-operand] 
[addressing instructions for left-operand] 
DC ALi (block number) 
DC AL3 (pointer list) 
LD reg, right-operand or LD reg,O 
STD reg, left-operand 

Resolve Forward Assignment: At the end of a block, those 
assignments for which definitions are available are completed. 
For the case where a tentative definition of the right operand 
was the correct one, the resolved instructions are: 

NOP 
LD 
STD 

o 
reg, right-operand 
reg, left-operand 

For the case where no tentative definition was made, or where the 
tentative definition was overridden by a later declaration, the 
necessary ,statement-label constant is constructed, allocated, and 
addressed. Depending on whether or not the constant can be directly 
addressed, the resolved area has the format: 

or 

NOP 
LD 
STD 

L 
LD 
STD 

o 
reg. label-constant 
reg. left-operand 

13,cover-constant (0, adconarea) 
reg, label-constant 
reg, left-operand 

Register 13 is inhibited from assignment during the construction 
of other storage addresses in the sequence so that it can be used, 
if needed, to obtain cover for the constant when the sequence is 
resolved. 

Forward Branch: If the operand is a potential statement-label 
variable, its address is assembled, and any necessary cover 
instructions are generated. Next, a conditional branch using the 
complement of the desired condition code is generated to branch 
around a 14-byte area which is then reserved. Into the reserved 
area are placed the tentatively assembled operand address, if any, 
a flag byte of 1 (to distinguish GO TO from assignment), the current 
block number, and a linked pointer (to chain together all references 
to a given label). The area has the format: 

[addressing instructions for operand, if needed] 
[conditional branch to *+14, if needed] 
DC ALl (1) 

DC AL3(pointer link) 
DC ALl (current block number) 
DC ALl (reserve block number if potential statement-label 

variable) 
DC AL2(assembled operand address) 
DS 6C 

Resolve Forward Intrablock Branch: At the end of a block, forward 
branches to those labels which have been defined are resolved. 
An intrablock branch is indicated when the block number that was 
stored in the reserved area matches that of the block being 
terminated. Depending upon whether or not the branch point is 
directly addressable, the resolved area has the format: 
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or 

BC 
HOP 
NOP 
NOPR 

L 
BC 
NaP 
NOPR 

15,branch-point-displ(O.codecover) 
o 
o 
o 

13,code-cover-adc~displ(O,adconarea) 
15,brancb-point-displ(O,13) 
o 
o 

Resolve Forward Interblock Branch: An interblock branch is 
indicated when the block number that was stored in the reserved 
area does not match the number of the block being terminated. 
In this case, the GO TO Interpreter must be called_ If the operand 
was an actual or potential statement-label variable, its assembled 
address is already positioned in the reserved area_ If it was 
not, a statement-label constant is constructed and allocated, and 
its address is assembled. Depending upon whether or not the 
constant is directly addressable, the resolved area has the format: 

or 

HOP 
L 
L. 
BALR 

L 
L 
L 
BALR 

o 
13,label-constant-displ(O,constant-area) 
15,=A(go-to-interpreter) 
14,15 

13,constant-cover-displ(O,adconarea) 
13,label-constant-displ(O,13) 
15,=A(go-to-interpreter) 
14,15 

Backward Format List Linkage: To a statement-label constant: 
Processing is the same as for a backward intrablock branch, except 
that the operation generated is a BAL instruction, using register 
14 as the return address register. 

To a statement-label variable: The following coding is generated: 

LR 
A 
BALR 

15,6 
15,label variable 
14,15 

Place code base in R15 
Compute branch address 
Link to remote format 

Forward Format List Linkage: An area is reserved as for a forward 
branch, with a special flag byte of 2 to indicate a format list 
reference. Since format list linkages are always unconditional, 
no conditional branch coding is generated for either forward or 
backward references. 

Resolve Forward Format List Linkage: The resolution is the same 
as that for an intra block branch, except that the branch instruction 
is a BAL using register 14 as the return address register. 

Result pseudO-Operations: Result pseudo-operations terminate the 
sequence of symbolic instructions and cause relevant information 
to be posted in the register table and in the triad for which code 
was generated. They are principally used to indicate the 
disposition and type of intermediate arithmetic computations. 

The various result types are: 



Real: A pointer to the current triad is placed in the register 
table entry for the register assigned to symbolic computational 
register zero, and the address of this register is placed in 
the register-address field of the triad. The complex result 
bit in the register table entry is reset. The long/short, 
fixed/float result bits are left as set by the effects of the 
various individual generated instructions. The storage-sign 
bit is transferred to the register-sign bit position in the 
triad, and the last-use count field of the triad is transferred 
to the register table, to be used in determining when the 
register will next be free for reassignment. 

Real, Short: The effect is the same as real, except that the 
short precision result bit is set in the register result field. 

Real, Long: The effect is the same as real, except that the 
long precision result bit is set in the register result field. 

Complex: The effect is the same as real, except that the complex 
result bit is set in the register result field. 

Complex, Short: The effect is the same as complex, except that 
the short precision result bit is set in the register result 
field~ 

Complex, Long: The effect is the same as complex, except that 
the long precision result bit is set in the register result 
field. 

Mask Type: The effect is the same as real, except that the 
result bits in the register result field for long/short, 
fixed/float, and real/complex are set from the corresponding 
positions in the triad type mask. 

Real Part: Symbolic computational register zero represents 
a double register pair containing complex results, of which 
only the real half is to be retained. The odd-numbered register 
is freed, both registers are marked as single usage, and synonyms 
are removed from the even-numbered register. The remainder 
of the effect is then as described above for real. 

Imaginary Part: Symbolic computational register zero represents 
a double register pair containing complex results, of which 
only the imaginary half is to be retained. The even-numbered 
register is freed and its synonyms are removed. Both registers 
are marked as single usage, and the odd-numbered register is 
used as the result register for the remainder of the processing, 
which is the same as that described above for real.. . 

Null: Non-arithmetic instruction sequences generally terminate 
with a null result, which stops the generation of instructions 
without changing either the triad or the register table. 

Errors Detected 

None 

Local Variables 

W$CVN 
W$GVN 
W$PVN 
VNEFF 
VNINST 

C register save area 
G register save area 
P register save area 
Register effect code multiplied by q (halfword) 
symbolic operation code from symbolic instruction (1 byte) 
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VNMOD 

VNOPC 

VNOPSV 

VNOPl 
VNOP1C 
VNOP1G 
VNOP1K 
VNOP1L 
VNOP1R 
VNOP1S 
VNOP2 
VNOP2C 
VNOP2G 
VNOP2K 
VNOP2L 
VNOP2R 
VNOP2S 
VNOP3 
VNOP4 
VNSAVE 

VNSINS 

VNSSTG 

VNTOPl 
VNTOP2 
VNTOP3 
VNTOP4 
VWORK 
$VLBLT 
$VLS 
$VSART 
$VSCRT 

Modifier for operation mode (halfword); 0 = long float, 
X· 0010' = short float, X I OOFO" = fixed 
Machine operation code of pseudo-operation number 
Cfullword, value in third byte) 
Save area for operand information, used during 
construction of SS instructions (4 words) 
Code for symbolic operand 1 (byte) 
Storage address for operand 1 (word) 
Register table displacement for operand 1 (byte) 
Encoded syntactic token for operand 1 (word) 
Length of operand 1 (halfword) 
Pointer to register assigned to operand 1 (word) 
Parameter and sign bits for operand 1 (byte) 
Code for symbolic operand 2 (byte) 
Storage address for operand 2 (word) 
Register table displacement for operand 2 (byte) 
Encoded syntactic token for operand 2 (word) 
Length of operand 2 (halfword) 
Pointer to register assigned to operand 2 (word) 
Parameter and sign bits for operand 2 (byte) 
Symbolic operand 3 (index register) (byte) 
Symbolic operand 4 (base register) (byte) 
Save area for register Cl on internal subroutine 
linkages (word) 
Address of next symbolic instruction to be processed 
(word) 
Temporary storage address allocated for scratch usage 
(word) 
Symbolic code for operand 1 type <byte) 
Symbolic code for operand 2 type (byte) 
Symbolic code for operand 3 type (byte) 
Symbolic code for operand 4 type (byte) 
Miscellaneous work area (2 words) 
Symbolic label table (64 bytes) 
Flag for enabling listings (halfword) 
Symbolic adcon register table (9 words) 
Symbolic computational register table (9 words) 

Program Interface 

Entry Points 

$VINSA. Register P5 addresses the triad for which code is to be 
generated; register G1 points to the first symbolic instruction in 
the selected sequence. 

Exit Conditions 

Control returns to the caller immediately following the invoking call. 
Registers at exit are the same as at entry; no specific output values 
are returned. 

Routines Called 
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$GPUT 
$ NCONS 
$NLSIB 
$VASGA 
$VASGC, $VFREE, 
$VRSYN, $VSAVE 
$VDSAC 
$VGTMP 
$WBACK 
$SVC 

output Director 
Constant Processor 
Library Search 
Adcon Register Assignment 
Computational Register Assignment 

Storage Address Assembler 
Temporary Storage Management 
Segment Management 
SVC Director 



Global Variables 

$ACODE 
$CBRNO 
$ NCCUR 
$VRTYP 
M$ 
0$ 
$NXFLG 
$PADD 
$PTKN 
B$ACTV 
B$CURR 
B$TAIL 
$PTO 
$TEMPL 
$TEMPN 
R$AD 

R$FL 

R$FX 

$VLINE 
$VLPAK 
$VRAMT 
R$SY 
R$TBL 
S$ACTV 
$CTON 
$SEVCT 
S$CURR 
S$TAIL 
Z Table 
M Table 
o Table 
A List 
C Table 
R Table 
B Table 
STable 

Logic Diagram 

Pointer to Next Available Byte in Object Code Area 
Current Block Number 
NuMber of Last Triad with Generated Code 
Flag for Register Type Assignment 
Address of Symbolic Instruction Table 
Address of Operation Code Table 
Communication Flag 
Core Address of Operand 
Operand Token 
B Table Active-Entry Pointer 
B Table Current-Entry Pointer 
B Table End-of-Table Pointer 
Origin of Data Parameter Table 
Temporary storage Level Count 
Temporary storage Level Number 
Pointer to Adcon Register Portion of Register 
Table 
Pointer to Floating-Point Register Portion of 
Register Table 
Pointer to Fixed-Point Register Portion of Register 
Table 
Print-Line Work Area 
Doubleword-Aligned Work Area 
Flag for Register Assignments 
Pointer to Head of Register Table Synonym List 
Pointer to Base of Register Table 
S Table Active-Entry Pointer 
Count of CUrrent Nesting of On-Units 
Number of Error Messages Produced 
S Table current-Entry Pointer 
STable End-of-Table Pointer 
Triad Table 
Symbolic Instruction Table 
Operation Code Table 
Dictionary Attribute List 
Constant Table 
Register Table 
Block Information Table 
Temporary storage Table 

Chart 61 shows the detailed logic diagram for the Instruction Assembler 
routine. 
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PART 7 LOGIC DIAGRAMS 

The detailed logic diagrams for the routines concerned primarily with 
code generation follow. 
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Chart 53. 
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COMPLEX 1 • NEGATIVE 1 .. SEQUENCE TO" .. lq* . 
• NO 

• • MSNULeN .. • ••• ••••••••••••• * • . 
• NO 

V Te12 ............... · . . ... 
• SET ••• 
.. I NSTRUCT ION ..... )( B7 • 
• SEQUENCE TO" • 19. 
• MSNUlt • • ••• • ••• * •••••••••• 

Tel2 ............... 
·YES • • •••• 

• • SET ••• 
OPERAND SIGN ................ X. INSTRUCTION •••• x 81 • 

• NEGATIVE? • SEQUENCE TO. • 19* 
• • MSNUlH • ... •• . . ............. . . 

• NO 

~ Tel2 ••• *** •••••• * •• · . . .. . 
• SET ... . 
• INSTRUCTION •••• X 81 • 
• SEQUENCE TO. • 1'9. 
• M)NULR • • ••• .......•....•... 
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... 

8EGIN CAll 
OPERATOR 

.. ·~O 

'L/I SYSTEMS MANUAL 

STtOOE 

................ 
• • · . .. ENTRY NAME AN .. 

tNLI HE 
SUILT-IN 

. . 
*A1 .. . . . ... ................ x*-seT 8UItT-IN .. 

• FUNCTION 1 • . . . 
.. YES 

v ............ --.. · . · . -SET BU-JL T-Jr~ .. 
.. FLAG ON .. · . ............... 

v ............... · . .. INITlAlllE .. 
.. INSTR .. 
• PARAMETER fSl*" 
• ADDRESS .. ............... 

V TC12S ............... .. .. ..... 
.. SAVE NO OF • ,.. • 
• ARGUMENTS 1 N •••• X 138 • 
.. PARAMETER • • 19* 
• T .. 8lE • • •• * . -............. . 

.. FLAG OFF .. .. . . ............. . 

.. fe17 . ............. . . • YES .. SET RET VAL .. 
.. DOES ENTR V 

POINT HAVE 
.. .. -AOtON .. 

ITS OWN ARG .. 
• •••••••••••••• X. POSITItl."'l TO .. 

*ZO+(NO P-ARMS .. 
.. *41 .. .. LIST? .. • . ............. . . 

• NO 

. ............. . 
• YES .. SET UP .. 

1'( 18 

.. .. .. AOOR SNG Of .. .. .. 
fNTRY POINT A ................. X. PAR'" -AREA ..... x -cr;. 

PARAMETER 1 .. .. THR-U ENTRY .. .. .. 
.... .. POI NT AotON • • •• . 

• NO 

v ................. · . .FORM ADDRESS • 
• OF RETURN • 
• VAlUE ",DeON • · . ................ 

V lers V Te125 ............... . ............. . 
• SET RET VAL • -4".. . . ..• 
:ADE8~ ~~~MTO : ................ :-C5: ... X:S~t f5M~U;~l : ...• : 88· • 
• ADD+INO PARMS. *' • .TRIAD NO • NO* • 19. *' .4). ••• -PARMS.1 *' * ••• ............... . ............. . 

. ............. . 

Chart 54 .. Triad Code Generator Page 4 of 31) 309 



••• . . 

END CALL 
OPERATOR 

TelOO '" ,. . 
'" "'YES 

1CA06 .... • • 

PL II SYSTEMS MANUAL 

srCODE 

••••••••••••••• *. -svINSA '" ... '" *----------* *sO* •• X*SEE FOLl.DYING. 
• '" '" NOTE '" .. '" . ............... 

TCAOOH ••••••••••••••• .... .. 
••• SET * 
*CO* •• X. INSTRUCTION * * • .SEQ TO MSARGN. ... .. 

••••••••••••••• 

:X ••••••••.••••••• 
TCAOO" V ............... 

•• .SVINSA .. • • $------------. 

TCA02 ••••••••••••••• ••• • 
:00:'. x:~e~ ... ft~g:f~l : 
• • • LIST • ••• • • •••••••••••••• 

• 
'" ENTRY POINT '" 

_A1 '" . . . ... A.N INlINE 
BUll T-IN 

• X .1.0 '" 
'" III 6. .... GENERATE CODE 

TO INlT:AlIZE 
STRING DOPE 

VECTO'l 

••••••••••• Cl ••• X.SEE fOLLOWING. IS TITlf ......... . 

• FuNCTION ? III • • • • NO 

............... 
"'Ne '" • 

'" '" DET SIZE OF • 
R.ETURN TYPE .......................... x-TEMP REQ FOR '" 

STRING? .RETURN VA.lUE .. 

· ... YES 

T(A005 

* .NO ... . . 
*x (3. . . . ... '" FUNCTION HAVE '" 

A RETURN 
VALUE ? 

• 
'" YES 

· . ............... 

TCAOOC it ............... 
·SVGTMP .. 
~------------. 
.GET TEMP FOR. 
• RET VAL • · . . ............. . 

•• • • ~OTE " ... . 

. .. . ' . 

. ............. . 

GENERATE tODE 
TO STORE 

A:fTURN VALUE 
4DORESS 

TC 4005 • . 
.. ·YES ••• 

• FNltt1 POINT A. • • 
• *C3·)( lI8RARV .X DO • .. '" . ROUTINE 1 • • • .. ... . 

• NO 

• SWITCH SfT ') .. . . 
• • 

• NO 

V TUl ............... · . . ... 
• SeT ••• 
• INSTRUCTIO~ •••• X S1 • 
.SEQ TO ",SCtIS. .. 19. 
• * •••• . ............. . 

............... 
• • 
• seT • 
• INSTRUCTION. 
.SEQ TO "SCALP. · . . ............. . 

:X •••••••••••••••• : · . 
• 1f ••••••••••••••••• 

v ............... 
*s,VGTMP '" *-------------* "'GET T EtotP fOR • 
'" RET VAL '" · . ••• * ••••••••••• 

v ............... · . _FORM INITIAL. 
• VAlUE FOR RET
* VALUE STRNG '" 
• DOPE VEer • ............... 

v ............... 
·SNeON '" *-------------* 
"'SEE FOLLOwiNG'" 
'" NOTE • * • ............... 

ADD DOPE 
VECTOR 

INITIAL VALUE 
TO CONSTANT 

TABLE 

it ............... 
·SVGTMP .. . ------------. .. . 
• ASSIGN TEMP ..... X 80. 
• FOR 0 V *' • • · . . .. ...........•... 

TCAOOE V . ............. . · . • SAVE ADO OF • 
.RE T VALUE I~ • 
• TPI AD VALUE. 
• ADD flO .. .:co ••••••••••••• 

v ............... · . • SET REGI STER • 
• ADO FLO IN • 
-TR lAO TO NUll-· . . ............. . 

.YES • ENTRY POINT A ........ . 
• PAR.A'4ETER 1 • . . 

• • • NO 

TCAOO~ 

• ·NO ... . . • ENTRY POINT • 
FO~ MIN OR 

MAX ? . 
• ¥ES 

• 
• X co. . . . 

n* 

V 1CAOO" ............... · . . .. 
• SET .... 
• INSTRUCTION •••• X Cl • 
• SEQ TO "SMAX. • • · .. . .. ............... 
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.YES . 

; Tfll . .........••... · . . ... 
.. SET ... .. 
• INSTRUCTION •••• x ~7 .. 
• SEQ TO • • 19. 
• "SClIST • • ••• . ............. . 

1CA05 • T LAO It . ............. . · . . .. 
.. SET •• • 

ENTRY POINT A ••••••••••••••• X. INSTRUCTION •••• X (7. 
• PARAMETER? .. .SEQ TO MSCAlP. • • ... . . . .. . 

• NU 

TCAOI V . ............. . 
• • 
• SET • 
• INSTRUCTION· 
.SEQ TO MSCALX. · . . ............. . 

TCAOlt V TC017: ............... 
.SvINSA • •••• • .. .. .-------------* • •• 

• C7 ••• x. GEN LINK 10 •••• x C6 *. 
• • • 'iUBPROGR.AM • • 30. ... . . ... . ............. . 

TCAOOK V . ............. . 
• * II< SET" • 
:s~~Sla~I!R~p:········· . · . . ............. . 

. ............. . 



TCAOO ••••••••••••••• •••• • • • • BRANCH ON • 
*AO •• X* BUll.f-IN • 
•• • FUNCTt-DN 10 • 
••• ., NO ., 

• 

••••••••••••••• 

10 NO • 
CHARACTER 

1~11 

· • NO 

TCCOO 

• VES ••• • • • *x C6* · . . ••• 

TCA.8 

eYES •••• • • • lD NO :a L *x Al • 
• -SOUND (8) 1 • • 7_ • • •••• · • NO 

• TCA52 

eYES •••• · . . 10 NO .. H *x 81 • 
.. BOUNO (121? ... 1. . '" ... . 

o 
• NO 

TC4-60 

·YES •••• 
o • • 

I &.J NO .. 01 M .1( C 1 '" 
1161 1 • 1. .... 

· • NO 

TtALa 

eYE S •••• 
o • • 

10 Nll = ASS *x 01 '" 
('0 I ? "'. 1-

· · ~,] .... 

rCA 34 

• Y~s •••• · . . 10 ~o - MOD .X Al ,. 
(21t) ? "'. 8-.... 

· • .0 

TCA?O 

• y~ ~ : •••• 

10 ~~8i ~tG'" *! C~. '" 

· • NO 

.... 

TCA1S 

eYES •••• .. . . . 
ID "110 .. FLOOR *x A4 • 

• tlZ.? "'.. S. 

· • ~O 

•••• 

TCA42 

·"E~ •••• . . . 
I D NO .. CEIL *x C 7 • 

(161 ? •• e_ •••• .. ... 
• NO •• 
............ 1(. 80. . . ... 

PLfI SYSTEMS IIANUAL 

$TeOOE 

• • • • TCA70 

••• eYES •••• . . . . . -. 
*80*X tD NO • TRUNC ex A1 • 
• •• 1401 'I •• 9_ ••• • • ••• • • -0 NO 

v • TCAlS ••••••••••••••• T~12 

eYES • • •••• 

• • • SET ••• 
[0 ~i ~ONJG •••••••••••••••• X. INSTRUCT[ON •••• 1 a7 • : s£rs~~5 TO -: :.~:. • • · . 

• NO 

• • TtAl2 

• ·yeS •••• -e • • 
.. 
• • 

............... 

• TtC80 • .ves •••• 
• • • • • 10 NO • .X C1 • *c.z·x 10 NO : T101f .X 01 ... 

• COMPLEX (lt81? • 9. • • • ••• 
• 

• NO 

'Ctsz 
• ·VES •••• 

• tD NO :: CPUt. • • • pseuoo YAR .X A4 • 
(52)? *. 10 • •••• · • NO 

TCAllt 

• YES •••• .. . 
10 NO :. REAL *x C 1 • 

1561' ... 10. .... 
· • NO 

T('C50 

• .YES •••• 
.. [0 NO =: RrAl .. .. .. 

PSEUOf' VAIl ox 01 .. 
(60) 1 •• 10. 

· • NO 

. ... 

TCAl6 

• YE.) •••• · . . 10 NO :: IMAl.. .X C3 • 
164)? •• 10. .... 

· • NO 

T(C5'; 

• .YE:S •••• 
• to NO :; IMAG • • • 

PSEUDO IIAIf .X: 81 .. 
(68»? .... 10. 

· • NO 

· . • ]0 NO '" SUBSTR. 
SU8STR. 

• PSeUDO VAR 

. ... 

rcclto 
.yt-') •••• · . . .X Al ., 

• 112,761 7 • 
• • 1]· . ... · . · 'NO 

TeC70 

.. YES •••• · . . 10 NO "" DATE .X C1 • 
{BOI ? • 11-•••• · ... 

• NO ... .. ........... 'Ox: C2: . .. 

• . •• · 18~1 1 • • Uo •••• • • . • NO 

TttlO • • .YES •••• 
• 10 NO :: ARITH. • • 

TO STRING .X Al • 
(88) ? • lZ* .... 

• • NO 

10 NO = 
STR t",G TO 

ARITH (92) 

CHAR BUilT-IN 
FUNCTION 

T((60 ............... 
• 'VGTM-P • 

Ttt30 .... 
• • .... X 01 • 
.. 12· . ... 

· . .-------------. 
*(6 ..... X.SEE FOLlow1 NG. 
.. .. • NOTE • ... . ............... 

GE:T TEMP FOR 
RETURN DOPE 

VEe TOR 

v ............... 
·4VGTI4P • .-------------. 
• GET TEMP FOR. 
• RET VAL • · . ............... 

v ............... · . . .. 
-fORM CONSTANT. • .. 
• TO lNIT RET •••• X 03* 
.VAl ST"R DOPE. *' • 
• VECTOR • • •• . ............. . 
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............... 
•• .SNeON • ... .------_. -----* 

.03 .... K*SEf FOU.OwING. 
•• .. ~OTf • ... . * •••••••••••••• 

AOO INITllN(; 
COfliSTANT TO 
rO",CjT TASl-E 

v ................ 
• $V INSA .. .-------_. ---* 
.. GEN CODE TO • 
*INIT IlP VHT * · . . ............. . 

• ............... 
.$NL 1)18 • .-------------. 
.SEE -FOLLOW]NG. 
• 1\I0lf • · . . .............. . 

ADO STRING 
MOVE ROUT INE 

Tn qUNTIME 
l I!' -REQ 

v ............... 
• SET TRIAD • 
.. VALUE ADO • 
.Ft ELO TO ADO • 
.OF RET VAt Uf .. 
• OP VE:C • . ............. . 

:;, TelZ . ............. . 
• * •••• .. SET .... 
• INSTR.UCTlOFlt * •.• X 87 • 
• SEQUENCE TO. • 19. 
.. IUMCHAR • • ••• . ............. . 

o 
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TCA48 

lBOUNO 
BUILT-IN 
FUNCTION 

•••••• * ••••• *.* · . • • • FOrtH OfFSET. 
• Al •• X* OF lBOUND * 
• • • WITHIN DOPE • 
••• • VECTOR • ............... 

PllI SYSTEMS MANUAL 

STCODE 

TCA5Z 

HBOUND 
BUILT-IN 
FUNCTION 

............... .... .. 
.. • .. FORM OFFSET. 
*B 1 ... X. Of HBOUNO • 
'" .. • WITHIN DOPE .. ••• * VECTOR .. •• *** •••••••••• 

: X ...................................... : 

TCA53 • TCA54 TCI2 . . .............. . 
·YES .. • .* •• 

• .. SET ••• 
ARRAY A ••••••••••••••• X. INSTRUCTION ...... x 87 • 

• PARAMETER 7 • SEQUENCE TO. • 19. 
... • MSBNDP • • ••• ............... . 

• NO 

v ............... · . • ADD OFfSET OF. 
• LBOUNO TO ADO. 
• OF DOPE • 
• VECTOR OR IGIN. •• * •••••••••••• 

V TC12 ............... · . _ ... 
• SET ,.... 
• INSTRUCTION •••• X B1 • 
• SEQUENCE to * • 19* 
• MSaNO • .* •• ............... 
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DIM BUILT-IN 
FUNCTION 

TCA60 ............... · . * • • FORM OFFSET. 
.C 1 •• X.OF UPPER AND • 
• • .LOWER SNDS IN. 
••• • DOPE VECTOR '" . ............. . 

ASS BUll T-IN 
FUNCTION 

TCAlO Te12 .* ••••••••••••• •••• * •••• 
•• '" SET •• '" 
.01 ~ • .{. INSTRUCTION * .... X B1 • 
•• • C;EQUENCE TO. • 19. 
."'. • MSABS • • ••• • •• "'''' •••• '''* ••• * 

TCA62 TCl2 . ............. . 
"'YES • • •••• 

• • SET ••• 
ARRAY A .................. X'" INSTRUCTION •••• x 81 • 

• PARAMETER 7 • • SEQUENCE TO. • 19. 
•• • MSOIMP '" •••• • •••• *.* ••••••• . 

• NO 

v * •••••••••••••• · . .. ADO AOOR Of • 
-DOPE VEe ORGN • 
• TO UP t LOW • 
• SND OFFSET • . .............. . 

V TC 12 .* .•••.•.••.... · . . ... 
• SET ... '" 
• INSTRUCTION •••• X 87 • 
• SEQUENtE TO'" ,.. 19. 
• "'SOl'" • .* •• ••••••••• ** •••• 



TC.l.34 • • ••• -HO · . . -

'L/I SYSTEMS MANUAL 

HtOOE 

TCA36 TC12 • •••••••••••••• · . . ... 
'" SET ••• 

.'1. OPERAND TYPE 
• •• FLOAT 1 

................ X:s~tSf~u~IAg~F:···~ r:.· ... 
• • YES 

V Tel2 ............... · .. . ... 
.. SET ••• 
• INSTRUCT ION •••• x 81 .. 
.SEQ TO "'SMOD. • 19. • • • ••• ............... 

FLOOR 
BUll T-11I1 
FUNCTION 

TeA38 • · ••• .YE,) · '" . . 

· . . ... ••••••••••••••• 

TC12 • •••••••••••• *. · '" .... 
• SE:T ••• 

.A4" lRGUI1ENT J'fPF ••••••••••••••• x. INSTRUCTIO~ •••• x B7 .. 
•• FL OAT 1 ... 

rr A40 V ............... · . 
• SE' .. 
• I~STRUCTI..l"4 • 
"~F,;j TO ~SFlA.;(. · . ................. 

n.A.405 • · •• ·NO · . . . 

• SEQ TO MSFLR. • 19. · .. . ... ............... 

• A6.X AR",J~ENT" ........................... . 
... •• fA. r A[' ") .. . 

" '(F ... 

T!:.A41 V rep ................. · . '" SET ••• TRJ AD 
OPERATOR A 

DIVIDE , 
* ............... x. INSTRUCTION •••• x B1 • 

. . ... 
'" YE'; •• 
•••••••••• X. B7 • 

• 19" .... 
Ttll 

.SEQ TO MSTRUX. • 19. ... . .... ............... 

Chart 54. Tn.ad ~~odl?' Generator (Page 8 of 3:1) 

SIGN BUILT-IN 
FUNCTION 

TeAZO • • 
• •••• ·NO • * • ARGUMNT IN A • 

*Cl • FLDATING ••••••••• 
• • • REGISTER? • ••• • • • 

• YES 

TCA24 • • ONO • ARGUMENT J N ••••••••••••• X 
tOilE? *' • 

• 
• YES 

:X •••••••••••••••• : 

'NO · 

v TCl2: • •••••••••••••• · . .... . 
• SET •• •• 
• INSTRUCTION •••• X 81 •• 
.SEQ TO MSSGRN* * 19. 
• * •••• . ............. . 

'NO 
* SIGN PLUS? •••••••• 

• • YES 

V TCl2 ............... 
• • • ••• ,. SeT ••• 
• INSTR.UCTION •••• X B1 • 
"SEQ TO MSSGNR. • 19., .. . .... ................ 

SIGN PLUS 7 ......................... 

• 
• YES 

l,All V Tel2 
.~ ........ * ....... . • • • SE T ..... 
... II'tSTPUCTIGN * ..• X 67 .. 
"Sf 0 TC M$SIGN. .. 19-.. .. .... . .............. . 

[Ell BuILT-IN 
FUNtT 10"4 

rCA4L' ... 

V rtl' 
..~ .... *.* .... ** .. $: · . • SET ... .. 
.. I~STRUCfI1i"4 ...... 1( 137 II< 

.. SEa ro * • 19* 

.. MSS IG~N • • .... . .............. ... 

Trll . .... -........ . ... ·YES • • · . . • c 1 .. 
• - SET _... 

ARGUMENT TYPE ................. X. IN~TRUCTlU1I1 •••• x 87 .. · . . ... FLOAT? _SfQ TG ""~CflL* • 19. .. . . ... . ............. . · • NO 

• r .1.44 V TCA4~5 ............... · . • SET ••• 
• INSTRUCTION •••• X .6 • 
• ~f:J f[1 "1SCLFX* * • * • • ... ............... 

313 



TRUNt 
BUll T-I N 
FUNCTION 

TCA.10 ._ . 
.... .NO • • * • 

PLII SYSTEMS MANUAL 

STCOOE 

............... TCI2 

• • • ••• 
• SET ••• 

*A1.. ARGUMENT TYPE ••••••••••••• •• X. [NSTRUCTION ..... X 87 • 
'" • '" FLOAT? ••• • SEQUENCE TO. • 19. 

• MSTRUN • • ••• . ............. . 
• • YfS 

V TC12 ............... · . . ... 
• SET *... • INSTRUCTION * ••• X 87 • 
• SEQUENCE TO '" • 19. 
• "'STRUX • • ••• ............... 
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COMPLEX 
BUILT-IN 
FUNCTION 

TCAI2 . • TC.127 TCAl23 ......•........ 
••• .NO • SfT SIGN OF * ••• · . . ·C1 • 

SECOND. '" SECOND • • '" 
ARGUMENT IN ••••••••••••••• X. ARGUMENT TO •••• X C3 • • • • ••• CORE? *ITS REGISTER. • • 

o 0 

• YES 

v . ............. . 
• 0 • SET SECOND • 
• ARGUMENT '* 
• REGISTER .. 
.ADDRESS NUlL • . ............. . 

TeAI23 V ............... 
•• '* * 

• • • DETER"I NE • 
• C3 ••• X. EFFECTIVE • 
• • *SIGN OF FIRST. 

• ARGUMENT • ••••••••••••••• 

1CA125 V ............... 
o • · . • SET RESULT. 
• SIGN • · . ............... 

ONO • 

• SIGN • • •• . ............. . 

TC129 Te12 ............... · '" .... 
• SET • '* • 

ARGUMENT ••••••••••••••• X. INSTRUCTION •••• X 87 '" 
• !IGNS EQUAL Z • : SEi¥~~~~ TO: :.!% • ............... 

o • 
• YES 

V TC12 ............... · . . ... * SeT ••• 
• INSTRUCTION •••• X 87 • * SEQUENCE TO. • 19. 
• MSCPX8 • • ••• ............... 



COMPLEX 
PSEUDO 

VARIABl f 

PL/I SYSTEMS MANUAL 

STCODE 

I MAG PSEUDO 
VARIABLE 

TCC55 ................ 
•••• • .. .. .. SET OPERAND .. 
*81 ... X. OFFSET TO • 
.. • • FOUR • ..... . ............... 

*Nl 

* 

RUL BUILT-IN 
FUNCTION 

Tt'\14 Tt12 ••••••••••••••• .... . . .. . 
.. •• SET ... . 
• Cl •• X. INSTRUCTION •••• x 87. 
• • .SEQ TO MSREAL. • 19. .... . . ... ............... 

ARGUMENT TYPE ......... . IMAG BUILT-IN 
FUNCTION LONG? 

· • Yf!lo 

ii ................ 
* • 
• SET OPERAND • 
• OFFSET TO • 
• EIGHT • · . .•............. 

TCA16 Tt12 :... : ............. : ... . 
•••• SET ••• 
•• C3 •• X. INSTRUCTION •••• x 87 .. 
•• • • SEQUENCE TO. • 19. 
•••• • MSIMAG • • ••• . ............. . 

:X ..................... : 
T((52 T((56 • ...•........... . 
•• .VE!) 

• • • SET OPERAND. • 
.l4 •• X. OFFSET TO ................. X ARGUMENT A ........ .. 
• • • lEllr. • PARAMETER 1 • • *. * • •• ............... 

• 
• NO 

............... . . Te125 

• SET TRIAD VAL- • • 
ARGUMENT ...................... X.ADO TO OPRNO •••• X 88 • 

• SU8seR IPTED 1 • .OFFSET + OPO. • 19. 
•• • CORE ADD • • ••• ................ · • YES 

:x ................... : 
Tce57 V ............... · . • ASSIGN WORD • 

• Of ADCON S TOR. 
• fOR ADO • 
• CONSTANT • ............... 

v ............... 
• S, TRO VAL .. 
• ADO TO ADO OF. 

:S~fG~A~~C~~b : 
.. ON .. ............... 

TCl2 ................ 
• NO .. • •••• 

• • seT ••• 
ARGUMENT ••••••••••••••• X. INSTRUCTION •••• X 87 • 

• SUBSCRIPTED 1 .. • SEQUENCE TO. .. 19* 
... • 14SIPV • • ••• • • •••••••••••••• · .. yes 

V TC 12 ............... · .. . ... 
• SET ••• 

: l~~~:~P ~ : .... : r~.· 
• MSIPVS • • ... ••••••••••••••• 
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REAL PSEUDO 
VARIABLE 

TCC50 . ............. . 
•••• • • • .MOVE C.ORE ADO • 
• 01 •• X. OF ARG TO • 
.. • • TRIAD VALUE. 
••• • ADO FIELD • . ............. . 

v ............... 
* • 
• SeT TRIAD • 
• REGISTER • 
.FIELD TO NULL. 
* • ............... 

v . ............. . 
• MOVE • 
.SUBSCRIPT REG" 
.. OF ARG TO • 
.TR lAD SUB REG* 
• FIELD • . ............. . 

rr: 125 

·Ne •••• • • * 
ARGUMENT A .X 88 .. 

.. PARAMETFR? • 1 q .. . . . ... . 
• Yf .. 

V Te125 .....•......... 
* • *SE T PARAMETER. • • 
.FIAG OF TQIAO* ••• X B8 .. 
• ON .... lq • · . . .... . ............. . 

10 
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SUBSTR 
BUILT-IN 

FUNCTION AND 
PSEUDO 

VARIABLE 

TCC~O ................ 

I'LII SYSTEMS MANUAL 

STeODE 

••• ·SVGTMP • .. .. *--------* *Al .. X.GET TEMP rOR .. 
.. .. .. DOPE VEt TOR .. ..... .. 

.. 

............... 

v ............... · . .. SET TRI ADS • 
'" VAL ADO FLO .. 
.. TO ADD OF .. 
.. DOPE VEe TOR .. ••••••••••••••• 

Te12 ............... 
• YES .. .. •••• 

.. .. SET .... .. • ARml=mS~ 1 ••............•. x: m~~uH''m : •.. ! r~ .. 
... .. NSSUB] .. • ••• .. . ............. . 

• 

• • NO 

• .. 0 fIRST .. 
ARGUMENT AN 

ARRAY? 

• .. YES 

v ......•........ 
.. OfT FF5£T .. 
.. Fa OPE" 
.. VEe Ii .. 
.. TO .. 

: ••• ~li •••••• : 

TCC43 * • • 

TCCIt] •..........•... .. .. ... 
*SET OFFSET TO- .. .. 

* •••••••• oooo ..... x: LNr~HobJ~lO : ••• ~ A6: 
.. VECTOR TO It .. • •• .•............. 

TeC44 ............... TCI2 

• YES .. .. •••• 
• • • ·'6*X 

FIRST" .. .. .. .. 
ARGUMENT A ••••••••••••••• X. INS ION •••• X 87 .. • • • .. .. P-ARAMETER 1. .. : SE~ TO: :.1:
• • • NO 

v ••••••••••••••• 
• SET TRO ARG • 
• TO DOPE • 
• VECTOR ADD" • 
• OfFSET TO • 
• LGTH FLO • ............... 

....... i ..... _ TC12 .. . .... 
• SET ••• : ~!1:XEI 193 : ••• ~ r~.· 
• MSSUB2 • • ••• ............... 

...... . ..... 
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DATE BUILT-IN 
FUNCTION 

TCC70 ............... 
•••• • . .. . . 
• Cl •• X. SET RESULT • 
• • .. LENGTH TO 6 • .... . 

••••••••••••••• 

TIME BUILT-IN 
FUNCTION 

TC~:~ •••••••••••• 
•••• • . .. . . 
.01 •• X. SET RESULT • 
•• • LENGTH TO 9 • .... . • •••••••••••••• 

:x ................................. : 
TCC82 V ............... 

·SVGTM-P • .-----------. 
.GET TEMP FOR .. 
• RET VAL • • • • •••••••••••••• 

it ............... 
• • *FORM CONSTANT. 
.. TO INI T • 
• STRING DOPE .. 
• VECTOR • . ............. . 

V ............... 
.SNeON • 40-------------. 
.SEE F01.l0WING. 
• NOTE .. · . . ............. . 

ADD CONST TO 
INIT DOPE 
VECTOR TO 
CONST TIL 

V ................ 
·SVGTM9 • .------------. 
.GET TEMP FOtt • 
• DOPE VECTOR • .. . • •••••••••••••• 

v ••••••••••••••• • • .SET TRIAD VAL. 
• ADD FLO TO • '* ADD Of DOPE. 
• VECTOR • ............... 

V ............... 
·SVINS" • ----------'* 
• GEN CIIDE TO • 
• INIT OOttE Y • · .. . ............. . 

v • 

TCC84 . ......•....... .... . 
.... • * 
*06* •• X-GENER.ATE CALL. 
• • • TO IHESADE .. ••• * . ............. . 

v ............... 
.SNLSI8 • .-----------. 
.SE E FOLLOW I NG. 
• NOTE .. • • . ............. . 

• . .............. . 

TC12 . ... • • ..= !~ •• 
• ••• 

TCll 

• "YES .. • .... 
.. • .. SET ••• 

• DATE 8UILT-IN ••••••••••••••• X. INSTltllplON •••• X \11 • 
.. • FUNCTION ., .. • : SEILTI TO: :.IZ-.. .............. . ... .. . 

• NO .. . .........• x: 06: 

••• TCC~ 

11 



AR lTHMETIC TO 
STRING 
CONVERT 

TeCla ............... 
••• *SVGTMP • • • *-------------* $,U .... X-GET TEMP FOR • 
• • • STRING 0 V • ..... . ............... 

v ......•........ 
*SVGTMP • *-------------* 
• GET TEMP FOR -* 
• CONVTD RESl • · . .........•..... 

v ............••• · . -.FORM CONSTANT_ 
*YO INITIALIZE'" 
.. DOPE VEe TOR • · . .....•......... 

v ........•.....• 
·SNeON • *------------* 
•• 00 I NIT CONS
• TO CON TSl • · . ............... 

v ............... 
·SVINS'" • *-------------* 
• GEN CODE TO • 
• INIT DOPE V • · . ............... 

PL/I SYSTEMS MANUAL 

nCODE 

TCC22 TCC 12 .............•. 
*NO • • *.* 

• *SET ARGUMENT. • • 
ARGUMENT IN 

CORE 1 • ................. x:R~ai~TI~ ~I~N:···~ (1: 

• • YES 

TCC19 

·YES ••• · . . ARGUMENT CORE *x C5. 
.. SIGN PLUS? .. .. .. .. .. ... 

.. . .. 
.. NO .... 
•••••••••• X. Cl. 

• * ... 
TCCll 

. . ... ............... 
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rCC12 ............... 
•• .SVGTMP • · . .-----------. 

.CI* •• X*SEE FOLLOWING. 
• • • NOTE • ... . 

••••••••••••••• 

GET TEMP FOR 
SOUtlCE TO BE 

CONVERTED 

TCC14 ~ ............... 
·SVINSA ., .-------------* 
.SEE FOLLOWING. 
• NOTE ., 
* * . ............. . 

GEN CODE TO 
MOVe SOURCE 

TO DUMMY lRG 

TCC19 V ............... ..., .. 
., • -SET ENTRY PT • 
• C5 ••• X. TO ARITH TO • 
• - • STRING ... •• .CONVERT ROUT. ................. 

1Z 

* TeC30 • • 

* ••• *NO 
* * • * 
*01 * OPERAND A * ........ . 
• • ., CONSTANT? • *.. • 

• • YES 

v . ............. . 
·'StOV • .-------------. 
.SEE FOLLOWt NG. 
• NOTE • 

• * • •••••••••••••• 

CREATE DOPE 
VECTOR FOR 

STRING 
CONSTANT 

:x ••.•.••.......•. : 
TCC31 Y ............... 

·SVGTMP ., .-------------* 
.GET TEMP FOR • 
• TARGET • * • . ............. . 

••••••• 2 ••••••• 
• SET ENTRY ., 
• POINT TO • 
• STRING TO • 
., AR ITH CONVT • 
• ROUT • . ............. . 

. . 
'Ix ................................ .. 

TCC20 V ............... 
·SNLS[8 • .-------------. 
.SEE FOLLOWING. 
• NOTE • · . . ............. . 

ADO ENTRY 
NAME TO 

RUNTIME LIB 
REQ"T 

v ••••••••••••••• 
• * • SET TRIAD • 
• VALUE ADO • 
:&IEk~TT~At3B : 
••••••••••••••• 

; rC12 ••••••••••••••• · . . ... 
: JNSTiGlTJON : ••• ; 11· • 
• SEQ TO.MSCVT. • 19. • • • ••• ••••••••••••••• 

JI1 



CONVERT 
OPERATOR 

• 
TCA80 '" • 

PllI SYSTEMS MANUAl 

STeODE 

TeAS' ............... lCA81S . ............. . 

13 

... . . . 
• YE~ .. .. · . . •• ·SNeON • • *' .-------------. 

••••••••••••• •••• •••••••••••••••••••••• ••••• •••• x: s~~p~O~~E~T : *A 1" 'lOURCE 1 YPE 
.... FLOAT ? 

*DI ••• ){.SEE FOLLOW] NG • 
• • '" "OTF • ••• • ... 

· • NO 

JARbE:T TYPt 
F\.OAl ? 

• .. VF\ 

v 

'NO · 

•••••• ** ••••••• · . · . .. SET tONVERT .. 
.. TYPE TO 24 .. · . ............... 

v ............... · . .. SET SCALE .. 
.. VALUE TO .. 
.MINUS SOURCE .. 
• SCALE fACTOR .. .....•......... 

T[l8b Y ..... "' ........ . 

TCA88 ............... .. " .... .. '" '" .. • ~ ............. x: ~~~EC~~V~:T : ••• ~ ~~ •• 
'" .. . ... ............... 

• • .... "FORM SCALING .. 
*A5* •• X*CONST AIIIT 10 ••• 
" .. .. ABS HeALE .. 
•• .. VALUE} .. ............... 

• 

TCA,937 TCA87 ............... 
• YES *GfNER84" ••• 

'" *------------* .. " 
SCALE VALUE ••••••••••••••• X.SCAl E FACTOR •••• x CS. 
TOO LARGE? • • TOO LARGE '" '" '" .. . . •••••••••••• * •• · • NO 

·YES • 
............... . . TtA87 

• SET StAll NG. • • 
':)CALE VALUE 

NEGATI VE? 
.................. x. INSTRUCTION •••• x C5. 

'" TO DJVIDE • '" • '" • * •• ............... · • NO 

y TCA87 .............•. '" . . .. 
: f~~1~fl~I~2 : ..• ~ C5: 
• TO MULTIPLY. • • '" . . .. ............... 

318 Chart 54. Tr.l.ad Code Generator (Page 13 of 31) 

.. 

• • ................ 

TCA88 

·YES •••• . . . 
'"RGEl TYPE .X 80 • 

FLOAT? "'. 14. 

• 
• NO 

v 
• *** ••••••••••• · . · . '" ;:ofT CONVERT • 
'" TYPE TO 4 .. • • ............... 

•••• 

V TCA86 ............... .. . . .. 
:II SET SCALE • * • 
• VALUE TO •••• X A5. *r ARGET SCU E" • ,., 
• fACTOR • • •• . ............. . 

TCA87", • TeU78 

*NO ••• 

• ••••••••••••• * 

.)EARtH 
'S(.ALI'iG CaNST 
T ... CO~ST TBI 

V RA88 ............... · . . ... 
• .. ORM ]NSTR • ... • 
• PARK TABLE * ••. x 80 • 
*fNT FOR seAL. '" 1"'. 
• CONSTANT '" .... . ............. . 

. . . 
·(5·X . . . · . . SCALING VALUE .X 01. 

ONE? ••• 
•• . .. 

· • YES 

TCA92A • TCA878 

• 

• • 
TARGET OR 

SOURCE TYPE 
tOMPLEX1 

· • NO 

.YES ••• · . . .X 01* · . . ... 

TCA92K 1 (;A923 . ............. . 
• YES • • •••• • • • • • SOURCE TYPE: ................ x. SET CONVERT •••• X 88 • 

F UEO? • • TYPE TO 76 • • 1"'. • • • ••• . .......•...... 
• 

• NO 

• TU923 . ............. . 
.NO • • •••• 

• · . . . . 
SOURCE TYPE ................ X. SET CONVERT ..... X- 88 • 

DOUBLE ? • TYPE TO 12 • • 1 •• .. . . . ... . ............. . 
• 

• YES 

V TCA923 ••••••••••••••• • • • ••• • • • • : f~~E ~Y;:T : .... ~ f:.· · . . ... ............... 



Pl/l SYSTEMS MANUAL 

srcaDE 

• TeA88 • • ••• ·NO . . . . 
.80 • SOURCE TYPE ..... oo .. oo ... 
.. • • DOU8lE 1 ... 

• 
• 't'ES 

v ............... · . · . • SET 48 TO • 
• CONVERT TYPE • · . ............... 

· . • X ... oo .... oo .. oo ...... oo ••• 

TCA89 · 
SOURCE TYPE 
tOMPlE X 1 

· ... YES 

v 

'NO . 

............... · . · . • ADD 12 TO .. 
• CONVERT TYPE. · . ............... 

·oooo ... oo.oo .. 

: x ........................ : 

TARGET TYPE 
DOUBlF- 1 

· • 'I'E 5 

v ............... · . · . • ADO 8 TO • • r JNYERT TYPE. · . ............... 

••• oo •• oooooo 

:x .... oo •• oooo.oooo ... oooo: 

'tA91 · 
TARGET TYPE 

COMPLEX 1 

· • YES 

v 

'.0 . 

............... · . · . • ADD Z TO • 
• CONYER T TYPE • · . ............... 

·oo .... oooo •• 

:xoo ......... oooooo ............ : 

TCA9l3 V ............... · . * • • ADO SIGN Of * 
*S8 oo .. X. SOURce OPND • 
* • .TO TRI AD SIGN. .... . ............... 

V TC12 ............•.. · . . ... 
*SET INSTR SEQ. • • 
• TO Y AI. UE .oo .... x B 1 • 
• ASsot WITH. .. 19. 
.. CONY TYPE • • ••• ............... 
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PL/I SYSTEMS MANUAL 

sTCOOE 

ARGUMENT LIST 
OPERATOR 

TC90 • 

* ... .~ ... .. . . . . . 
• 81. BUILT-IN fLAG .X CO. 
• .... SET ON ? .... • .... ... 

• • 
• YES 

T(98 • • 
* 

............... ... .. 
• • .AOV TO ADCON .. 
• CO ... X. AREA ADO OF • 
• • .. NEXT PARM .. ... .. ............... 

T(99 

• .YES •••• • • • ARG A STRING? .X AO • 

• • • 
• NO 

• • 16· • ••• 

TC94 

*YES •••• • • • 

15 

ARGUMENT A •....... . ARG A LABEL .X A5 • 
... STRING? 

· • YES 

TC987 V ............... · . • SAVE ALL • 
• INSTRUCTION· 
• PARM TABL E • 
• ENTRIES • ............... 

v ............... 
* * • SET UP • 
• DEASSIGN • 
• POINT fOR * 
*Tf MP STORAGE • ............... 

• TC992 

• YES •••• . . . 
STRING .X C2 '" 

.. SUBSCRIPTED? .. 16. . . .... 
· • NO 

TC98F .. TC992 • .YES •••• *. • 
ARGUMENT .X C2 '" 

• CONSTANT ... lb. .. . ... 
• · • NO 

TC999 

• YES •••• 
• • * 

ARG REQUIRE .X Cl • 
DUMMY? ... 16 • .... 

• 
• NO 

CONSTANT? • • 16. .... 
• 

• NO 

• TC91 

.YES •••• 
* • • 

ARG AN .X A3 • 
• EXPRESSION? • • 16. · . . ... 

· • NO 

ARG A 
• CONSTANT? · · * YES 

*NO • • •••••••••••• X 

TC911 

·NO •••• · . . CONSTANT A .X l4 • 
OED 1 •• 16 • 

· • YES 

Tt90l) Y ..........•.... ..... . 
•• • .SET REGISTER. 
•• C6 •• X. ADDRESS TO • •• *' *' NULL • ••••• *' . ............. . 

• ••• 

TC903 • TC911 . 
• ·YES •••• 

• ARG SIGNED OR" • • 
PARENTHESIZED *X A4 • 

? *' *' 16* .... 
*' ••• *' NO •• 

•••••••••• X. C6. . . ... 
TC905 

TC988 TC985 •...•..•...•... 
·YES • • ••• 

• .RESTORe INSTR. • • 
BUILT-iN FLAG ••••••••••••••• X. PARK TABl.E •••• X 88. 

SET ON ? • ENTRIES • • • . . . .. ••••••••• ** •••• · • NO 

:X •••••••••••••••• : 
TC985 V ............... ... .. 

... • MOVE ARG TO • 
*88* •• X. INSTRUCTION • 
• • ... PARM TABLE • ...... .. ............... 

y Tel25 ............... · . . ... 
• ADVANCE TO. • .. 
: ~i~~ +~il~ : ... ~ t~ ... 
• ENTRY • • ••• ............... 
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TC907 Tt12 . ..•...•....... 
·YES • • •••• 

• • T ••• 
ENTRV POINT A ••••••••••••••• X. I ION •••• X 87 • *' PARAMETER? • S TO.. 19. *'. • • • ••• . ........... . · • NO 

V Tell . ............. . · . . ... 
• SET •• *' 
• INSTRUCTION •••• X 87 • 
• SEQUENCE TO. • 19. 
• MSARGN • • ••• .. ............ . 



1C99 • • • ••• ·yes .. . .. .. 

PLII SYSTEMS MANUal 

STCDDE 

• .YES . 
*AO .. ARG SCALAR * ..................... .. I.RG REQUI"RE * ................. x 
• • • VARI ABLE ? ... .. 

• • • 
• NO 

• TC991 

DUMMY? • • • •• •••• • NO ... 
........... x. C6 .. 

.. 15_ •••• TC905 

• • • • ·NO 
DEASSIGN • 

POI~T :II LAST * ........ . 
USE? • 

• 
• YES 

TC999 V ............... 

ASSIGN TEMP 
FOR DOPE 

VECTOR 

• • • 

16 

·'(f~ ••• . . . • • • •• ·YES 
... • RESET • .* • • • 

ARGUMENT *x C2- *e1 •• XIII DEASSIGN .. .*Ol*X STRING ••••••••• 
.. CONSTANT" • .. .. •• • POINT • •• .. • SU8S-CRIPTFO 1 • .. . .. •••• • .. ............. . 

• 
• NO 

:x ................. : 
TC992 V ..........•.... 

• Y~') ...... 
.. • • .SET UP LENGTH-

ARGUMENT * ........................................................... C2 .... X.OF STRING FOR. 
.. SUBSCRIPTED' .. • • • INJT DOPE • 

.. • ••• • VECTOR • ......•.....•.. · • NO 

TeCH • 1C90') · ••• • *Yi::S •••• · . . *.3 .. 
EXPRESS ION • • • 
POSITIVE IN *x C6 .. • • • ... CORE 1 .... l~. 

• 
• NO 

TC917 V ..............• ..... .. 
.. • .. DETERMINE .. 
*A4 •• X. SIGN FOR • 
• • • ARGUMEJI4T • .... . ....•.......... 

T(94 V ............... 
• SVGTMP • · . .-------------. 

-A5 •• X*ASGN TcMP fR • 
• • • DUMMV ARG • .... . •••••••••• * •••• 

. ... 

T(986 ............... 
• YE (, .SV INSA • . .-------------. 

ARG A LABEL ••••••••••••••• X.SEE FOLLOWING. 
• CONSTANT? .. NOTE • . .. 

• 
• NO 

V T(ll ............... . . .... 
• DETRMN INST. • • 
.SEQ FR." SGN & •••• X 81 • 
• TYP OF lRG &'. • 19. 
• ENTRY PI ATTR. • ••• ..•........•... 

............... 

GEN CODE TO 
STORE LABEL 
CONST INTO 

TEMP 
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r(905 . ... . . 
..x (6 • 

• 15· . ... 

• 
STRING 

·YES . 
• SUBSCRIpTED? .. . . 

• • 
• NO 

v ............... 
·'SVGTMP • .-------------. 
:SEE ~g~~owl NG: 

• • . ............. . 

Gl:T TEMP FOR 
'iTR ING DUMMY 

ARG 

. ....... . 

· . • x ••••••••••••••••• 

TC993 V ••••••••••••••• ·SNeONS • .------------* 
.SEE FOLLOWING-
• NOTE • · . ..............• 

ADD CONST TO 
INtT DOPE 
VECTOR TO 

(ONST TABLF 

v ............... 
·SVGHIP • • •• *-------------. • • 
-SEE: FOLlOWING •••• 'lI: 01. 
• NOTE •• .. · . . .. ...........•... 

••• • 

• 

• • • NO 

v ............... 
·SVINSA .. .-------------* 
• GEN CODE TO • 
• INIT DOPE V • · - . .* ..•......•.•. 

·YES 

VARIABLE TO ••••••••• : 
8E MOVED? 

• • NO 

v TC905:: : ............. : .... : : · . .. -.. _SAVE AODRESS •••• x tb * .. 
• OF TENP • • 15. · . . ... . ............. . 

TC996 V ............... 
.SVINSA • .-------------. 
.SEE: FOLlOWIN&* 
• NOTE • · . . ............. . 

GEN CODE TO 
MOVE ARG TO 

TEMP 

TC905 . ... . . 
• a X c'b • 

.. 15· * ••• 

1[997 V T[905 ............... 
·SVINSA • • ••• *-------------. • -
• GE:N (OUE TO •••• x C6 • 
• INJT DOPE V - • 15 • · . ._ .. ............... 
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ASS!~~'.r 
OPEnTliR 

• 

PLII SYSTEMS MANUAL 

STtODE 

••••••••••••••• • • • • •••••.••••••••• X~y~~T5&;~Ri~: 
• .. . .. 

.. NO- •• •••••••••• X: A,3: 
••• Tt" 

• • • .. YES 

Tt.57 V Tt12 ••••••••••••••• • • • ••• 
: INSTi&lTJOH : ••• ~ 81*" 
-SEQ TO ",'REG"- • 19. .. .. .... 
•••••••••••• 4! •• 

It".. .. TC45 Ttll .. . ............. . 
•• .YES • .. •••• 

.. • .. • .. SET .... 

• • ............... 

TC40 .. . 

V • 

• • YES 

·NO • 

17 

:A3:X • S,q¥~R~~~E ? ................. X:S~~S~~~~I~T:···~ r~· RIGHT OPERAND * ............................... .. ..... .. . . ... ............... . . 
• NO 

v • 
• ·YES 

............•.. 
• * 

leU 

.. SET .... . 

PLUS 1 • 
• .. YES 

·YES . TC42 V 1(12 . ............. . . . 
.. SET "'... • RIGHT OPERAND • 

LABEL 
.. COftlSTANl 1 

••••• ...... •••• 'OXIlt INSTRUCTION ..... x 81 • 
-Sf Q TO N,BREV* • 19. 

TIt.IAD SIGN 
NEG 1 •···· .. ·········)(:s~rJ~~11~~M:···: ~~ ... 

* · . . ... .. .. .... ............... ............... 
• • 

• NO • NO 

....... i....... T~~l •••• i........ 1C 12 · . . . . ... 
• SET OPERAND. • SET ••• 

TVPE TO ...................................................... X. INSTRUCTION •••• x 87 • 
COMPlE)!' • .SEQ TO KlASCP. • 19. · . . . .. .. ............... . ............. . 
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• • • • ..... .NO . . . .. 

PLII SYSTEMS MANUAL 

STCDDE 

• Tel6 • • Tell ... . ............. . TCll 
.. .YES • .. •••• 

.. LEFT OPERAND .. • seT .... .. 
*AO. RIGHT OPERAND * ••••.••.•••• x HALFNORD ••••••••••••••• x. INSTRUCTION •••• x B7 • 
.. .... PLUS? • AOOR?" .. SEQ TO • • 19. ••• • • • • • .. YES 

• .YES .. LEFT QPERANIJ .. 

• • • MS5HALFN .. • ••• • • .. ............ . 
• 

• NO 

• TC12 • • ............... 
• YES • .. •••• 

• LEFT OPERAND • BYTE ADDR? • • • • 
• NO 

.. • seT ... .. .. •........... ... x: tN~la~610N : ••• ~ y~ •• 
.. .. MSSBvTEN • • ••• ••••••••••••••• 

V TC12 
••••• 'II! ••••••••• .. .. ... . 
.. SET .... . 
.. INSTRUCTION •••• x 87 .. 
-SEQ TO "'SASRM* .. 19. . .. .... ............... 

TC35 Te12 ............... .. .. ... . 
.. SET .... .. 

HAlFWORD 
ADDR? 

••••••••• •••••• x. INSTRUCTJOP4 •••• x 87 .. 

• 
• ·NO . 

.. seQ TO .. .. 19. 

.. "'SHAlf .. • ••• ............... 

Te12 ............... .. .. ... . 
.. SeT .... .. 

LEFT OPERAND ••••••••••••••• x. INSTRUCTION •••• x B1 • 
.. BYTE AOoR 1 .. · . . 

.. YES 

V TCU .•............. • • 
• SET ••• 
• INSTRUC nON * .... X B1 • 
• seQ TO • • 19. 
• "SSBYTE • • ••• ............... 

• SEQ TO MSASRP. • 19. • • •••• ............... 

Chart 54. Trl.ac1 Code Generator (Page 18 of 31) 

TC.' 

DIVIDE 
OPERATOR 

. 
••• .NO . . . . 

II 

*01 • OPERANDS ......... . 
• •• FlOA'f? 
• •• • · • YES 

• ·NO • LEFT OPERAND .......... X 
• IN REGISTER? • . . 

· • YES 

• 
.YES 

RIGHT OPERAND • ......... x 
IN CORE ? 

· • NO 

v ............... · . .. SET RIGHT ... 
• OPERAND • 
.REGISTER AoOR • * NULL • . ............. . 

: ................... : 
TC615 V ............... 

*SOPMlO • .-------------. 
.OtT EFft:CTIVE. 
• SIGN OF OP • · . .•...•.......•. 

v ............... · . · . • SeT .R:£SUl T • 
... StGN • · . ............... 

V TCl2 ............... · . . ... 
• seT ••• 
• IHSTRUCTlON •••• x 81 • 
• SEQ TO MIDIV. • 19. · . . ... ............... 
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PLII SYSTEMS MANUA, 

STCODe 

ADD AND 
SUBTRACT 

OPERATI ONS 

TC08 ............... 
-SOPHID • .. .. *---------* 

*81 .. X.SEE FOLLOWING. 
.. • • NOTE .. ..... . ............... 

DET EFFECT IVE 
SIGN OF OPNDS 
AND OPTI 141 ZE 

ORDER 

Te 10 .. . 
*NO · 

TC13 ............... .... . 
• • • RELEASE All • 
*Cl ... X. ENTRIES OF • 
• • • TRIAD TABLE. .... . . ............. . 

v ............... . 
exn • 

* ......•........ 

LEFT OPERAND ................................................... x 

Te105 ............... .... .. .. 
.. .. .ADJUST SIGNS" .. .. 

PLUS 1 

Tell • . 
• 

• YES 

·YES · :A4: .. x: TO gb~~Mllf : ............ :84:X .. OPERAND TYPE 
COMPLEX 1 

* ............... x .... .. .. ............... · • NO 

·NO · RIGHT OPERAND •••••••• 
PLUS? 

· .. YES 

v ............... · . .. SET .. 
.. INSTRUCTION· 
• SEQUENCE TO .. 
• JIISADDR • ••••••••••••••• 

TC.16 • • . 
·YES ••• . . . 

RIGHT OPERAND .X &1. 
PLUS 1 ..... ••• . 

• NO 

lel8 V Te12 ............... · . . .. .. SET •• .. 
• INSTRUCT ION •••• X 81. 
.SEQ TO MSSUBC. • • .. . ... ............... 

TC14 V .•............. • • 
• SET • 
• INSTRUCTION· 
.SEQ TO MSSUBR. • • ••••••••••••••• 

· . • x •••••••••••••••••••••••• oo •• oo ..... 

TC12 V ............... . .•....•....... *.. . ·SVINSA. 
.. •• SET· • • *------------* :A7: .• x:s~SS1~~11~: ... " ••....• :B1 .... x:G~~N~¥RE s~gR : 
*... • •••• .. ............... . ............. . 

TC125 V TC02 ............... .... . . ... •• • • • • *88 •• x* AOVANCE TO * ••• x ... 4 • 
... • NExT TRIAD • • 1. ..... . . ... ............... 
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• 

Tel05 

·NO ••• 
• • • RIGHT OPERAND .X A4_ 

PLUS ? ••• 

• 
• YES 

'NO • 

... 

19 

LEft OPERAND •........ 
• IN RfGISTER 7 • . . 

• 
• YES 

·NO · RIGHT OPERAND 
• IN REGISTER? .. . . • • · • YES 

TtlIJ5 

••• . . 
*x A4. • • . .. 

:x ................. : 
Tel03 V TCII . ............. . 

* • • •• · . . . 
• INTERCHANGE •••• X B4. * OPERANDS • • • · . . .. .* ••••••••••••• 



COMPARE 
OPERATORS 

TC46 .. .. • 

Pl.II SYSTEMS MANUAL 

STCODE 

TeS8 Tel2 ............... 
••• -NO • • •••• . . . OPERANDS 

ARITHMETIC 
TYPE? 

.. .. SET .... .. 
*Al .. * •••..••••••••• x* INSTRUCTION •••• X BT .. • • • ... .. • • • .. YES 

v ................ 
·S(PMlO .. *------------* 
*St:f: FOLLOWING-*' NOTE .. • • ............... 

DET SIGNS OF 
OPNDS &. 

OPTIMIZE 
ORDER 

·NO • W.ERE OPERANDS 
.. INTER.tHANGED? .. . . . . 

.. YES 

ii ••••••••••••••• . . 
• CHANGE RESUl T* 
.. SIGN TO .. 
"INVERT> AND .. .. < TESTS .. ............... 

* ••••.••• 

:x •..•.•••....•... : 
TC41 .. · .. "NO ... . . 

*x 82-.. . .. RIGHT OPERAND .. 
HALFWORD 
ADDRESS? . 

.. YES 

... 

TC49 V TC 12 ............... .. .. ... . 
.. SET .... .. 

: l~~~~~~ly~ : ... ~ ~~." 
.. MSCHLF .. • ••• ............... 

: SEa¥~~~~ TO: :.1:* ............... 

.. " .. 
• •• • • • *82*X 

• YES • OPERANDS ••••••••••••• X 
• • 0 COMPLEX? .. •• 

• • oNO 
• 

o 
·YES • RIGHT OPERAND ••••••••• 

PLUS? 

--NO 

TC50 V • * ••••••••••••• · . .CHANGE RESUL T. 
'" SIGN TO .. 
.INVERT > AND .. 
• < TESTS • ............... 

TC,," 15 • 
o 

:x •••..•....•••..• : 

.YES • lEFT OPERAND •••••••• 
PLUS ? • 

-• NO 

TC48 V Tel2 ................ .. . ... . 
• SET ... • 
• INSTRUCTION •••• X 87 .. 
• SEQUENCE TO. • 19. 
.. MSCRN • • ••• . ............. . 
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• TC52 • • • • • "YES • RIGHT OPERAND * •••••••• 
• PLUS? 

o -_ NO 

ii ............... 
- 0 • CHANGE SIGN • 
• OF LEFT • 
• OPERAND • 
- 0 ............... 

TC5,," • . 
:x ..•..•...•.••••• : 

-NO • 

ZII 

TCS6 TCI2 . ............. . · .. . ... 
• SET •• • • .............. x: !~a~:~~II~~ : ... ~ y~ •• LEFT OPERAND 

.. PLUS 7 
• MSCCr-. • • ••• - - ............... - -.. YES 

Y Tell . ............. . · . . ... 
.. SET ... • 
• INSTRUCTION •••• X 87 • 
• SEQUENCE TO. • 19. 
• Mscep • • .... . ............. . 

V Te12 . .............. . '" .. . ... 
• SET ••• 
• INSTRUCT ION "' ••• X 87 • 
• SEQUENCE TO" '" 19. : •••• =l~~t •••• : •••• 
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-MULTIPLY 
OPERATOR 

• Te20 • .. . 
..... -NO 

Pl./J SYS TfMS MAHUAl. 

STeOD£ 

• • 'NO • .. • .. RIGHT OP ERANO • 
• Al .. HAlFWORD ............. oo ••• X OPERAND F t xeD ......... . 

TYPE? • _ • .. ADDRESS? ... . . 
.. YES 

Te21t ; ............... 
.SOPMZO • . ------------. 
• OfT OPNOS • 
• SIGNS .. 

• * •••• ** ••••••••• 

v ............... · . • • 
• SET RESULT • 
• SIGN • • • ................ 

·NO • RIGHT OPERAND ......... . 
.. ~ PARAMETER I .. 

* • YES 

v •••••••• * •••••• · . .. DEl OFFSET • 
• \iii !THIN DOPE • 
• VEC TO DIM • 
.. MULTIPLIER • •••••• * •••••• * • 

••••••• ¥ •••••• * Tt 12 · . • SET ... . 
• lto.lSTRUCTlON ..... x B7 .. 
• SfQUENCE TO. • 19* 
• M-SMPYP • .* •• •• * •••••••••••• 

TC255 ij TC12 ...•........... · . • SET ••• 
• INSTRUCTION •••• X B7 .. 
.. SEQUENCE TO. • 19. 
• M$MPYH .. • ••• .................... 

• • 
• YES 

• 
'1\10 

• OPERANDS IN • 
• ADJACENT •••••••• x 

.. REGtSTE::RS? • • · • YES 

• .NO • LEFT OPERAND .. 
IN EVEN ......... X 

• REGI STERS? • • • · • YES 

• ............... · . · . • I NTERCHA'NGt .. 
.. OPERANDS .. · . ............... 

:x .................. : 
Te225 V ••••• ** •• * •• *** 

·SOPf410 • .-----------. 
.51:1: t-OlLOWING. 
• NOTE • · . * ••• ** ••••••••• 

DETERIiIIr..E 
SIGNS OF 

OPERANDS AND 
OPTIMIZE 

ORDER 

v ............... · . · . • DETERMINE • 
• RESULT SIGN • · . ••• * ••••••••• * • 

• TC26 

·YES ••• . . . 
OPERAND TYPE .X C6. 

COMPLEX 1 •• • ... 
• 

• NO 

Te22 V TeI2 .....•......... · . . .. . 
• SET ... . 
• INSTRUCTION •••• X 81 • 
• SEQUEfCE TO. • 19* 
• MSMPYR .. • ••• .............. *. 
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TC26 • • •• .YES . . . . 
*C6.X LEFT OPERAND * •••••••• 
• •• IN CORE ? .. . 

• • NO 

21 

Te2a .. TC30 TC12 . .........•..... 
·NO • .. •••• 

• • SET ••• 
RIGHT OPERAND * •••••••• oo ....... x. INSTRUCTION ..... X 87 • 

IN CORE? • SEQUENCE TO. • 19. 

• • YES 

v ••• * ••••••••••• · . · . • INTERCHANGE • 
• OPERANDS • · -. . ............. . 

:x ................. : 
Te27 V Te12 ................ · . . ... 
.. SET ••• 
• INSTROCTION •••• x 81 • 
.. SEQUENCE TO" .. 19. ,.. "'''PVC • .. ••• • •••• JII ......... . 

• MSMPYN • • •• * . ............. . 



OR OPERATOR 

TC68 ••••••••••••••• *SOPHID • .. • *-------------. 
• AI •• x.OPTIMIZE ORDR. 
• • .. OF DPNDS • .... . ............... 

V IC 12 ............... · . . ... 
• SET ••• 
• INSTRUCT ION ..... X 87 * 
• SEQUENCE TO. • 19. 
• MSOR • • ••• ............... 

OEF INE 
ADDRESS 

OPERATOR 

TCBoe . :*.. • .N~ 

PLII SYSTEMS MANUAL 

STCOOE 

AND OPERATOR 

TCTO ••••••••••••••• ·SOPMIO • . .. .-----------. 
• 81 •• X. OPT ORDR OF • 
• • • OPNOS "" .... . ............... 

V TC12 ............... · . . .. . 
• SET ... . 
• INSTRUCTION •••• X 87 • 
• SEQUENCE TO. • 19. 
• HSANO • ** •• ............... 

.-* ••••••••••••• · . reBO ~ 

• MOVE CURR VAL. • • 
• A4. LEFT OPERAND ................ X. OF CODE ADD * .... X lb • 
.. .- • TVPE NULL.., • .... . . 

.- YES 

v ............... 
• HOV CUR VAL • 
• OF CoE ADD • 
• CNTR TO OF$T • 
• ADO IN lFT • 
• QPND • ............... 

TL.B03 •• TC12S .. . "'NO ••• * 
• DOES TRIAD . . 

.Ab.X . . . . . . .. OfF A 8RANC~ 
LA.BH 7 . 

• YES 

.-x 88 '" 
• • 19'.... 

V Te12 ............... · . • SET .... 
• INSTRUCT ION •••• X B7 .. 
• SEQUENCE TO. • 19. 
• MSRFt B • • ••• ............... 

.C NTR TO CURR" .. • 

.. TRIAD • • •• . ............. . 
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SUBSCRIPT 
OPERATOR 

TC72 TC 12 • •••••••••••••• .... . . ... 
• •• SET ••• 
.Cl •• X. INSTRUCTION •••• x 87 • 
.. • • SEQUENCE TO" • 19. 
••• • "SSURT • • ••• . ............. . 

TEST COMPARE 
OPERATOR 

• TC60 • • ..- .YES · . . .. 

22 

-01. RESULT SIGN ••••••••• 
• •• PLUS? ... . 

• 
• NO 

v . ............. . · . • CHANGE • 
• OPERATOR TO • 
.INVERT > AND. 
• (TESTS .. . ............. . 

· . 
• lC ••••••••••••••••• 

T(62 V ............... · . • fORH • 
• CONDIT ION • 
• COOE fOR • 
• OPERATOR .. ............... 

V TC 12 . ............. . · . . ... 
• SET ••• 
• INSTRUCTION •••• X 87 • 
• SEQUENCE TO. • 19. 
• "UTEST * •••• . .......... .-.. . 

BRANCH TO 
SOURCE LASH 

fCB76 ..........•.... · . • • • DETE-RMtNE • 
*06 •• X.COND CODE FOR. 
• • • BRANCH • 
••• • INSTRUCTION .. . ............. . 

V Te12 . ............. . · . .. .. . 
• SET ... . 
... INSTRUCT ION •••• X B 1 • 
• SEQUENCE TO. .. 19. 
• MS8REV • • ••• *.**.* •••••• *.* 
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COIIIIm: OR 
SnfEM~AT 

LAIEL 

• Tca96 • • • •••• -NO 
.. • • t.fFT OPERANO • 

1'1.11 SYSTEMS MANUAL 

arCODE 

*Al .. LABEL ........................ .. 
.. •• tONSTANT? • _. . 

• • • 

• • • • YES 

• V • • ·"ES .. 
rca.69 ¥ TCll ............... .. . .... 

LABEL • OEF INfO? 

.. SET ••• 
* ................ X: l~a~~I'w : ... : r,*· 

• MtaRE S .. .. •• .. .. 
• • .. • .. NO 

V rC12S ............... . . .... 
... DD STIlT LBL. • • 
-REF CHAIN FRKe .... X 88 • 

:1~8~'A TgL~HN! :.1:* ............... 

fr.114 

=~~ UOt!RM.u M_eH 

................ ..... . 
... • $E1- 'n~' • *".. .. X*OPIlNO ADO ro • • • • 'uaR VAt. Of • ... ~m.222.w= 

V TCI2 ............... . . .... 
.. SET ••• 
.. INSTRUCTION •••• X B 1 • : SE=~' TO-: :.1%. ............... 

............... 

BACKIfAIID 
INTERNAL 

BRANCH 

• l-CBSit • • .. .. 
••• -NO . . .. . :a' .. " • l.EfJ.Y:Rf"> • * •••••••• ..... . .. .. . 

• YES 

v . .............. . 
• • .. SEl lEft OP .. 

: ·~DT~S~gt= : 
.. WITH TRIAD • . ............. . 

· . • x ••••••••••••••••• 

rca55 V ............... · . .. OETEIUUNE • 
• ,NDHION • 
• DEFOR· 
• AMtH • ............... 

....... i....... 'tl2 · . . ... 
• SET ••• 
• INSTRUCTION •••• X 87 • : SE2¥Er1i~ TO: :':Z • ..... U ....... . 
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• TCB08 • • TC812 .. . ............. . •••• -YES • • 
:C1·. • FI~laDPhl:s • •••••••..•••••• x:PhFACEosrAx~l: 
• • • TO ANOTHER • *CNTR IN TAIADt 
... • TRIAD., • • tCONT) • .. .............. . 

• • • NO 

v . ............. . 
• • .PLAc.e CURREN'. 
.V ALUE OF CODE. 
-ADDR eNTR IN • 
• TASLE ((.ONT • ... ............ . 

v ............... • • 
:HI2'~Y Rr,f~E: 
• CHAIM • • • ............... 

TI:810 V ............... ... ~ 

:c~: .. x: row~ul : 
.... • : ciftJfr' : ............... 

V. '612 ............... · . .. .. 
• SEt *-.. .. IllSlllUCTION ••••• 81 • 
• SEQUENt£: YO. • 19_ 
• ... r:-18 • • ••• ............... 

V rCBIO . ............. . - .. . .. 
.. OPERAND Of • • • 
.HE Xl REFRNCE * .... x Cit. 
*'0 THIS LABEL* • • . . . .. . ............. . 



TeB3S ............... .... . 
• • .PLACE OFFSET • 
*'1 •• X. TO AOOR IN • 
• • • INSTRUCTION. 
••• • PARM TBl • ............... 

• 
OPERANDS 
STRINGS? 

• • 
• YES 

*NO • * •••••••• 

PUI SYSTaJS 11_ 
STQIDE 

T(846 • TC99 · .............. . 
-YES • SET UP INS1. • ••• * .PAR" TBL FOR. • • 

RIGHT OPERAND ••••••••••••••• X. PROC OF SUB •••• X AO • 
• SUBSCRIPTED? .. .STRNG BY ARG. • 16. 
•• • OP • • ••• · .............. . • • 

TC8356 • • 

• NO 

:x ................. : 

°YES •••• · . . RIGHT OPERAND *x 8& .. 
• I N STORAGE? ... • 25_ . . .... 

• 
• NO 

TeB41 .. · .............. . 
_NO _'VCT"P. • •• • *-----------* • • RIGHT OPERAND ••••••••••••••• X.GET TEMP FOR •••• X Cl-

• A REGISTER? • • RIGHT OPNO • • • .. . . ... ............... 
• 

• YES 

TCRItZ • TC~3611) · *NO ••• · . . LEFT OPERAND *x ca_ 
• A PARAMETER 7'" • • . . ... 

• 
• YES 

V TC8395 ............... 
• • • ADD 20 TO • ... • 
• CODE SHECT •••• X os. 
• INDEX • • • · ... . .. ............... 
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............... .. ." . ... • • SET CODE • 
• Cl ••• X-SELEC.T INDEX • 
... • .. TO 2 ... ••• • . ............. . 

• 
• 'NO • OPERAND TYPE ••••••••• 

COMPLEX? • 

• • 
• YES 

it • •••••••••••••• • • 
• ADO 22 TO • 
• CODe SELEC r • 
• INDEX ... • • . ............. . 

TCB"'15 • . 
:x ................. : 

• .YES • RIGHT OPERAND • 
REGISTER SIGN ••••••••• 

PLUS? • 
• * NO 

it . ............. . · . · . .AOO 2 TO CODE. 
.SELECT INDEX. • • . ............. . 

:x ..................... : 
it 

TCB36 •• TtB40 ............... TCBl1 . .. .YES • • •••• · . . • ... ADD 12 TO ... • • 
*C6. LEFT OPERAND ••••••••••••••• X. CODE SELECT •••• X 80 • 
• • • A REGISTER? • ...... . 

· • NO 

• INDEX ... • 25. ... ... . ... . .....•........ 
TCB39 ••••••••••••••• .YES • • · . . LEFT OPERAND ••••••••••••••• X.ADO b TO CODE • 

• A PARAMETER ? • .SE1.ECT IND'EX • .... ... . 
• •••••••••••••• • 

• NO 

TC8365 V TC831 TC839' V TCS37 ............... ............... · . • * •••• 
• • *ADD OfF SE T TO. • • 
*CS ••• X.LEFT OPf.A.ANO •••• X 80 • 
.... • ADDRESS • • 25. 

• • • RESET • .. • 
*OS* •• X. "pARAMeTER •••• X BO • 
•• .FLAG ON LEfT. * 25-... . .. .. •• • OPERAND • • ••• ••••••••••••••• . ............. . 



Plll SYSTEMS MANUAL 

STeDOE 

TC831 ............... 
•••• • • • *SET INST CT. 
:80 .... X: c~5~ ~T : 
••• • I .. ••••••••••••••• 

v ............... 
*SVINSA • • ------------* 
• GENERATE • 
_INSTRUCT IONS. 

• * ............... 

* Tt 125 
* * -NO •••• . . . 

FED TYPE CODe *x B8 • 
• REQUIRED? • *' 19-• • • ••• 

* * • • 
• YES 

* le12 ............... 
• YES • • •••• 

• • seT ••• 
F FORMAT ••••••••••••••• X. INSTRUCTION * .... X 87 • 

TYPE? -SEQ TO MStPXB. • 19. 

• • 'NO 

E FORMAT 

y Te12 ............... · . . ... 
• SET ••• 
• INSTRUCTION •••• X 81 .. 
.. seQ TO • *' 19. 
.. MSCPX 12 .. • ••• ............... 

, 
• 

..... .YES 
.. • • RIGHT OPERAND • 

*' • • ••• ••••••••••••••• 

TCB36 ......•......•• .. . .... 
• SET CODE • • • 

*86 .. CORE SIGN ................. • X.SElfCT INDEX •••• x C6 .. 
.. ... PLUS? ... 

TC843 • . 

, 
• NO 

• ·NO • RIGHT OPERAND. 
IN A ••••••••• 

REGISTER? 

, . 
• YES 

TC8~4 • • • 
• .YES 

• RIGHT OPERANO • 

.. TO ZERO • .. 24. .. . .... . ............. . 

.. ...•......... , . TC836 

• SET CODE • • • 
• REGISTER SIGN ................ X.SElECT INDEX •••• x (6 • 

• Pl.US ., * 

• • 'NO 
• 

:x ••••••••••.••.•• : 
T.c8435 Y TC836 ............... • • .*.* • SET CODE • • • 

• SELECT INDEX •••• X (6 • 
.. 100\ ... 2 ... . · .. . .. . ............... 
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• T02 ... 24. · .. . ... ••••••••••••••• 
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TC820 

ALIGN 
OPERATOR 

••••••• *.* •• * •• ..... .. 
.. .. .. AL IGN CODE .. 
*Al .... X* ADO CNTR TO .. 
.. .. .. FUllWQRD .. ..... .. ......•........ 

V resoo ............... 
- -.CHANGE TR I AD.. .. .. 
.. OPERATOR TO •••• X A4 .. 
.. OEF ADD .. .. 22. 
.. OPERATOR .. • ••• ........•...... 

.1./1 SYSTEMS 14ANUAL 

STCODE 

TCBTl 

END BLOCK 
OPERATOR 

............... ..... .. 
:81" .... X: E8~~tElRL : 
.. .. -ENTRY fOR OS,-
••• .. LENGTH .. ........•...... 

v ...•..........• 
·SVINSA .. *-------------* 
• S~i: I-OLlOWING* 
.. NOTE .. - . ............... 

GENERATE CODe 
TO COMPLETE 

PROLOG CHA IN 

-NO • IS BLOCK A ••••••••• 
o PROCEDURE? .. . . 

-.. YES 

V Tt..lZ ............... .. .. ... . 
.. SET .... .. 
.. INSTRUCTION •••• X 81 .. 
.. SEQUENCE TO" .. 1 qo 
.. MSENOP .. • ••• ................ 

TC874 V Tell ............... .. .. ... . 
.. SET .... .. 
.. INSTRUCTION •••• X 87 .. 
.. SEQUENCE TO. • 19. 
• MSENOR • • ••• ............... 
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TC860 

PROLOGUE 
OPERATOR 

. ............. . 
• • ... • .SAVe CURRENT. 

*Cl •• X. vAL OF CODE. 
• • • ADD COUN TER • .... . . ............. . 

v . ............. . 
.SVI NSA • .-------------. 
*SEF FOLLOWING. 
• NOTE • - . . ............. . 

GEN CDOE TO 
SAVE LOC CNTR 

FOIt RUNTIME 
OIAGNDST ICS 

v ............... · . • ASSIGN CONST • 
• TABLE ENTRY. 
• FOR DSA • 
*l ENGTH I CONT). ............... 

v ............... · . • RESERVE SPACe-
• IN STATIC -
• STORAGE FOR • 
.THI S CONSTANT. ............... 

v ••••••••••••••• · -.. SAVE CONST ... ... ... 
• T8l PTR IN •••• X 01 • 
• SLK INFO T8L" • -
• ENTRY • • •• ............... 

. ............. . 
•• ·SNLSIB • . . .-------------. 

*01 ••• X.SEE fOLLOW ING. 
... • • NOTE • ... . . ......•....... 

ADD ENTRY PHT 
IHESADA TO 
LIB REO AT 

RUNTIME 

·YES 
* 

l6 

_ I S BLOCK A ••••••••• 
• PROC EDURE ? 

• * - . • NO 

V TCll •••••••• * •••••• · . . ... ... seT •• • 
• INSTRUCTION ... aX 81 • 
• SEQUENCE TO. • 19* 
• MS8LOK • • ••• ............... 

TC862.v TC 12 . ............. . · ... .._. 
• SET •• • 
• INSTRUCTION •••• X 81 • 
• SEQUENCE TO. ... 19* 
• MSPROL • • ••• . ............. . 
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L18~~RY CAll 
OPERATOR 

rCB04 ................ 
••• *S,NlS18 .. 
• '" *--- ----------* 
-A.l •• X*SfE FOLLOWING. 
• .. '" NOTE .. ... '" . 

•• " ..... 1= ......... . 

ADO EN I"RY Pl 
TO RUNT [ME

LI 8 Rf Q 

'NU * CAll HA~f A .. 

PLJI SYSTEMS MANUAL 

nCODE 

T CBOb Te 12 ............... . .. ... . 
'" SET ... .. 

PARAMETE-R 
LIST? 

••• ~ .•••••.•••• x. IhSTIlUCTION •••• x 81 .. 
.. SEQUENCE TO '" '" 19. 
.. M$LlBN '" •••• ............... 

• .. YES 

V TC.l2 ............... '" '" ... . 
'" SeT .... .. 
,.. INSTRUCTION •••• X 87 '" 
'" SEQUENCE TO" .. 19. 
.. MSLlBC .. • ••• ................ 
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SYMBOL TABlf 
OPERATOR 

* Te 825 .. • . ............. . ... ·YES '" '" • • • *C1 .. 
.. .. RESERVf,. • 

PIGHl OPERAND •• ~ •••••••••••• X.8YTES OF CODe-• • • •• * NULL 7 -STOR FOR END '" 
• ENTRY '" 

• • • NO 

v ............... 
• * .. RESEPVE. 20 .. 
*SYTfS Of CODE'" 
_STaR FOP SYMS. 
... TBl ... •••••••••••• * •• 

v •••••••••• *** •• • • 
• MOVE ~VMBOl • 
• NAME TO * 
.SYMBOL 1 ABLE: • 
• ENTRY • .* ............. . 

TC 82& V . ............. . 
."'OVE OED AND • 
• NO OF • 
.DIMENSION TO • 
.SYM80l TABLE. 
• ENTRY • • •• *.* ••••••••• 

v ..............• 
,. MOVE ... 
• ADDRESSING • 
• INfO INTO • 
• SYMBOl TABLE • 
• ENTRY • ............... 

TC821' V TC 12 ............... · . • .... SET •• • 
• C6 .... X. INSTRUCTION ..... x 81 • 
... ... • SEQUENCE TO. ... 19* 
•• ... HSSVM • • ••• ............... 

. ............. . 
V TlB215 . ............. .. '" . . .. 

.t: FORM FND Of:t :t • 

.SYMBOl TASl f •••• )' r~. 

... ENTRY ... • • 

.. • *.* • •••••• * ....... . 

27 



BRANCH AND 
LINK OPERATOR 

PLli SVSTEMS MANUAL 

srCOOE 

TCBS_ • TeBSa TCl2 • • •••••••••••••• ••• -YES • • •••• 

:A1* •• lEFT OPERAND • ••••••••••••••• X: INsrifinON : ••• i 81*. 
• • •• R.EGI<;Tf'l" • • seQ TO • • 19. 
••••• • fU8LREG • • ••• ............... . . 

•• 0 

END DO 
OPERATOR 

TCBS2 TC 12 .. ............ . .... . . ... 
• •• SET ••• 
*Cl •• x* INSTRUCTION * ••. X 87 • 
• • .SEQ TO "SENDO- • 19-•••• • • ••• • •••••••••••••• 

TCB515 Te12 ............... 
*vE.. • .YES • • •••• 

• • LEFT OPERAND • • seT ••• 
lEFT OPER4.N~l .............. x suBSCRIPTED ................. x. INSTRUCTION •••• x 87 • 

A TRIAl.' ., • LABEL ARRAY? • • seQ TO • • 19-

TC8S9 • • 

. . .. 
• NO •• 
............... x* A4_ . . ... 

TCB59 

•• ."'0 . . . . 

•• • "SSFMAT • • ••• ............... 
• • NO 

v ............... · . • SET LEfT • 
-OPERAND ADOR • 
*YO CODE AOOR • 
.Of ITS TRIAO • ............... 

TCB57 V Te12 ............... · . . ... 
• SET ••• 

• '4.X LEf T OPERAND ••••••••••••••• x. INSTRUCTJOIII •••• X 87 • 
'" •• A LASH ? .. . 

.. vES 

fCB59)( v TC 12 ............... 
* • ... •• 
• !.l T ••• 
• INSfRlJC JlQN * •.. X 87 .. 
• SEC T'1 ''''f"AT. • 19. · . . ... ............... 

• SEQ TO MSCALL. • 19. • • • ••• ............... 
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END PROLOGUE 
OPERATOR 

TCB7D • •••••••••••••• ••• • LAST. 

:Dl· .. X:L~ cg3~R: 
•• • C OOR. .... . . ............. . 

v ............... 
·SVINSA • *-------------* 
.SEE fOLLOWING. 
• NOTF • · . .. ............. . 

RES SPACE I~ 
CODE TO 

BR.ANett TO 
PROLOG CODE 

CHAIN 

v • •••••••••••••• • • 
• SET PROLOG • 
.TERM lDDR TO • 
" CURR CODE • 
• ADOR CNTR .. . ............. . 

y f'CB04 ............... · . . ... 
.. SET IN$TR .. .. • 
.PARN FOR -tALL •••• X A L • 
• TO JHESADC • • 27 • 
• :lIB ROUT • • .... . .............• 



RETURN 
DPERATOR 

T';%2............ TC 12 .... . . ... 
• ... SET ... .. 
*Al •• X. INSTRUCTION * •.• X 81 .. 
.. .. .. SEQUENCE TO. • 19-
••• • MSSPCR • .-................ 

BEGIN 00 
OPERATOR 

Te8S0 Te12 ••••••••••••••• ..... .. . ... 
• .... SET .... .. 
*'.3- •• x*- INSTRUCTION •••• X 87 .. 
:.... : SE~i~~6 TO: :.1:-............... 

DOPE VECTOR 
ELEMENT 

MULTlPlV 
OPERAtOR 

TCA98 ..•••........•. ...... .. 
.. .. .FORM OFst OF .. 
*A5 •• X*OIM MULl W/IN* 
.. .. *DOPE VEe FOR .. 
••• .. RGT OPERAND .. .....•......... 

PL/I SYSTEIIS IIANUAL 

nCODe 

. ............. . 
aYES .. .. 

.. _FORM OfST OF .. .. k~~T ,g~~~~~D 1 ..................................................... -- ..................... x:gA~E"~t ~6AN: 
.. .. .. LFT OPERANO .. ............... . 

• NO 

TCA986 Tell ............... 
• YES .. .. •••• 

• .. SET .... .. 

v • 
.YES • 

29 

TC982 Te12 . ............. . .. . .... 
• SET •• .. 

ARRAY A ................ X* INSTRUCTION •••• X 87 • ARRAY A ••••••••••••••• X. INSTRUCTION •••• X 87 .. 
.. PARAMETER? • • SEQUENCE TO. • 19. 
•• • MSDVM4 • • ••• .....•......... 

• • NO 

v ............... · . • ADD RIGHT • 
• OPERAND OFST • 
.. TO RGT • 
• OPE RAND ADDR • ............... 

V TCl2 ............... · . • seT •• .. 
• INSTRUCTION •••• X 87 • 
• SEQUENCE TO. • 19. 
• MSDVM) • • ••• ............... 
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'" • PARAMETER ? • : SEi~~~~~ TO: :.1:. 
• • NO 

v ............... · . • ADO OPERAND • 
• OFFSET TO • 
• DOPE VECTOR • 
• ORIGIN • . ............. . 

ii - TCl2 ............... .. . . .. . 
• SET .... . 
• INSTRUCTION •••• X 87 • 
: SEi¥~~~ TO: :.1:. . ............. . 

. ............. . 



DOPE VECTOR 
STORE 

OPERATOR 

Pllt SYSTEMS MANUAL 

STeOOE 

SeAl~eOMPlEX 
HE ATt VE 
OP AT OR 

Teooo ••••••••••••••• •••• • • • • SET CODe • 

SCAlE erxl'l.EX 
POSIT VE 
OPER'!' DR 

TeDIO ••••••••••••••• .... .. 
*Bl •• X.SElECT INDEX - •••••••••• :Cl' .. x:sE~~htY"5EX : 

... . . 
·'2 * 

T(.A99 • . 
• .NO 

• RIGHT OPERAND. 
ATTRIBUTE 

- • • TO 2 • .... . ........ _ ..... . 

T(A995 TC12 ... *_ ......... . · . . ... 
• SET •• • ••••••••••••••• x. INSTRUCTION •••• x Bl • • • • ••• POI NTER 1 .SEQ TO HiSOY3. • 19* • • • ••• ............... 

• 
'" VES 

v ...... ....... . · . -FOitM FST OF _ 
* DP \, C ELEI4 * 
• III/I .... OP VEe" 
• FOR f1.iT OPND • ............... 

TtA993 " TtAq91t Tell . . ........ " .... . 
·YES • • .* .. • * seT •• .. 

RIGtiT OPERAND ••••••••••••••• X. INSTRUCTION •••• X 81 " 
.. PARAMETER 1 • .SEQ TO MSSOV2. • 19" .. . . *.". " .............. . 

;, ...... " ....... . · . • AOL IGHT • 
• OPRNC, ~FSET. 
• TO ... l .... HT • 
• OPRN,_ AOOq, • ...... ;. ........ . 

V TCll ............... · . . ... 
" SFT ••• 
• INSTRUCTION •••• X 87 • 
*SFQ TO MSSDVI. • 19. · . . ... ..............• 
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• • • TO ZERO • .... . ............... 
: •••••••••••••• X: 

TCOl2 V . ............. . 
• • 
• DETERMINE • 
• SI GN OF • 
• RESULT .. • • . ............. . 

y TC12 ••••••••••••••• · . • SET ••• 
• INSTRUCTION •••• X 87 • 
.SEQ FROI4 CODE- * 19* 
.SELECT INDEX" •••• ................ 

TC06 Te125 . ............. . 
••• .GENER 100 • • ••• · . .-------------. . . 
.C4 •• x. TYPt: NOT •••• X 88 • 
• • • POSSIBLE • • 19. .... . . ... . ............. . 

STORE CODE 
ADDR OPRTR 

TC017 TC 12 . ............. . .... .. . ... 
• •• SeT ••• 
.C6 •• x. INSTRUCTION •••• x 87 -
• .. .SEQ TO IULlNE. • 19. •••• • • ••• . ... -....... _ .. 

TC01 

HAlFWORD 
SUBSCRIPT 
OPERATOR 

• ••• .vES . . '" . 

]0 

*01. LEFT OPERAND ••••••••• • * *' A PARAMETER 1 • .... . 
• • • NO 

V TC12 . ...•.•........ · . . ... 
• SET •• .. 
• INSTRUCTION •••• X 87 • 
.SEQ TO MSNULH. • 19. · . . ... . ............. . 

Tca75 V TC12 * ... * ••••••••••• · . .. SET ••• 
.. INSTRUCTION •••• X 87 • 
"'SEQ TO MSAEXP. .. 19* 

N .. • ••• ..........•.... 
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TEST UNDER 
-MASK 

Pl/I SYSTEMS MANUAL 

STeDDE 

TCGOO .-.. .*** ••••••••••• 
~ ~S • • 
.. .. .. .. .PUT OISP TSGN* 
:Al.* .. iE~IR7:~~~~~ ................. x: T~A~~~~~f : 

.... .. * ................. 
• • NO 

v 
***.**** ••• *.*. · . "'ADD DISP TSGN* 
.. TO LEFT QP • 
.. ADOR (PAODI • · . •••• **** •••• *** 

V Tr 12 
******** ••••••• .. .. .... 
: INST~DtT ION : ••• ~ 81*. 
.. SEQUENCE TO" .. 19. 
.. MSTMX .. • •• * 
•• **.* •••• *.*** 

OR IMMEDIATE 

TeHOO • • ••• '-YES 
.. .. .. * 

V Te12 •••• *** •••••••• .. .. . ... 
.. SET .... .. 
.. INSTR.UCTION •••• X 87 • 
.. SEQUENCE TO" • 19. 
.. "IYNXP .. • •• * ** •••• * •••• * ••• 

• •••• * •• * •••• *. • • '-PUT 01 SP TSGN* 
*A5. LEFT OPERAND ••••••••••••• •• X'- TO PARK 2 • 
.. .. .. A PARAMETER? ... ..... . 

• • NO 

v •.............. · . :AV8 r~~~ ~~GN: 
.. AODR CPADO) * · . ............... 

V Tel2 ............... · . • SET ... .. 
.. INSTRUCTION •••• X 87 • 
• SEQUENCE TO. • 19. 
• MSORIP .. • ••• ............... 

.. (PADD+21t) • · . ............... 

V Te12 ............... · . . ... * SET ... * 
.. INSTRUCTION •••• X 81 • 
.. SEQUENCE TO. '" 19 • 
• MSDRIP • • ••• . .............. . 
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TCG50 

TITLE 
OPEIATOR 

............... .... . 
• • .SET FIRST AND. 
*Cl ... X. SECOND .. 
• .. .. OPERANDS AS • 
••• • CONSTANTS .. ............... 

v . ............. . · . *SET LENGTH OF. 
• STRING KOVE • 
• TO 8 • · . * •••••••••••••• 

............... 
·YES • • 

• .PUT DISP -16 • 
IS ADORE:S,S, A ••••••••••••••• X. INTO PARM 7 • 

• PARAMETER? .. (PADD+IZ I • . .. . 
• NO 

v .* ••••••••••••• · . • ADO DISP OF • 
*lb TO SE~ONO • 
• OPNDtPADD+ 12). • • ............... 

V TC12 ............... .. .. .... 
• SET ••• 
• INSTRUCTION ...... x 87 .. 
• SEQUENCE TO. • 1 q. 
• MSASST • • ••• ............... 

............... 

y . .•...........• · . .PUT P ARM ADO • 
.. INTO PAR" 5 • 
.. IPAOO+60) .. 

* * * •••••••••••••• 

V TC12 . ............. . · . . .. . 
• SeT .... . 
• INSTRUCTION * •.• x 81 • 
• SEQUENCE TO * • 19. 
.. MSMVL • • ••• .* •••••••• * •• ** 
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............ ** •• • • nOPk • 
•••••••••••••• * 

v •••• * ••••• ** ••• • Sd INST • • PAkAM TbL • "OKE ANU ~Eb • 
• SbNS Of BTH • • OPNDS • •••• ~*.*.* •••• * 

v 
* .. * .. ~ .... ******* 
• * .~I:T IN~T PAKM* 
.. TaL TOKlN .. * t-l.I;S OF 8TH .. 
• UPN-IJS .. 
• ** •• ***** •• *** 

• 

~ TOlD * ••••• ** ...... *. • • • •• 
• SH fLA(' TO" • .. .. INUle lc~f •••• X bOO 
.. OPIoiO PIWCNG' • • 
• ~ .. *. •••• * ••• * •••••• 

PLIf SYSTEMS MANUAL 

.STOPR 

TOlD * •••••••••••••• 
•••• • .. . .. . 
'HO •• X. BRANCH ON • 
• • .OPERAND TVPE • .*.. . 

* 

• 
• 

" 

••••••••••••••• 

• * 
• 
CU~RENT OSA 

• 

• 

• • • • 
• NO 

• • • 
HALFwRD 

ADDiFUL.LWI<D 

T035 

'YES •••• 
* * • *x CO .. • • 2' 

***. 

T03l> 

.YES .*.* • • • *x 00 • 
• AOO;ARkAYCSDV * * ADDktSS ? • • 2' **** · . • 

• loIu 

TU'<C 

• *VES * ••• 
• N~[[~O~¥~~ic *.: dl"' 

ADDRESS? • • 2' 
• .. * ••• 

• • *' NO 

• • 

• 

• • 
T04{) 

* .YES **** .. IN-LI~ SIF; • • • 
• CODE ADOR; .X -81 .. 

• AuCON A~DR. ? • 2' • • ..** • • 

• 

• .. NO 

• • 
• .YES • • 

•• • • 'CO'X • • 
** 

• 

* • • TOZZ • 'YES •••• 0 • • IDENT ATTRIB ox C3 • - ENTRY ? • • 3-• • *.** • • • • NO 

V 
* TO~O 

" • •••••• *** •• * ••• • 'YfS " .. • • • SET OPRND .. 
REGISTER ••••••••••••••• X.COPE ADDRFSS • • 

" • - • * NO 

TYPE = OTHER 

TG34 ••••••••••••••• "'NlS 18 • · -------------. 

T028 

•••• · . .. X 112 • 

• 2' ..** 

• NULl • • • ...... **.** •• *"". 

V Tfl;~t 
******** •• *.*** 
• • **** *SET OP~NO PfG* * .. 
• ADD FROM •••• X r~ ~ 
" ~P~NO TOKEN * * 2' • * .. ,.-:.* .****"'*****.*'It • 

• ~1"kA"Y ENTRY * •.•.••••• ~ .••• x. S~E • 

• 

• POINT 7 .. • · . 
• .. 0 

• • 
.. *YE;) * ul:." CGNSJANt, .. 
POINJEk ADO~ 

• ? • 
* • • 

~ r>.f.' 

• • 

Tf 70 

••• * · . *x (.0 • 

• 3· ** .... 

• .YES *.** 

• 
CONStANT 

TAHLe POI~TH 
? • 

• • 

• • 
• ,<u 

• * • *1; LL • 
~ 3. 
~ ... * 

.. IMMtUlllft. 

*YES * ... ~ · . . *x fl.l. • 
• £ONSTA"'l ? • · '" ***--• • • 

• ~U 

H ,0 

-* *YE~ .¥~* .. .. .. . 
TRIAD ? ~x E~ .. 

.. '" i.( 
• **~* .. .*. 

¥ NO .... 
•••••••••• X .. co .. . . 

.. Ff'lLUWING .. 
• N()TE • .*.* .......... ... 

ACt PH r'T Til 
kU~H~f 1I8 

>If .. 

V rn2 0 .................. 
• ., **** .SET GP~O ADOk* • .. 
.. TO ~-r..lTRY * .... X.(2 .. 
.. -prJ"'T AOI..GN * .. 21 * AOOk ~ .~ •• * ••• ~.*4 •• .,* •• * 
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Pl/l SYSTEMS MANUAL 
STOPR 

T035 T036 ................ 
•••• • • • .SET LASE ADDR. 
• CD •• X. OF OPRNO TC • 
• • .CURRENT &ltK • 
••• • NUMBER • 

••••••••••••••• .... .. 

................ 
• • .SEl "ASE ADDP. 
.DO •• X. OF OPRND ,~ • 
• • '" STATlt • 
***. • • •••••••••••••• 

· . • X •••••••••••••••••••••• ~ •••••••• _ 

T031 V ............... • • '" SET OFFSET • 
• ADOit OF SPIINO. 
• FIIOM OPRm) '" 
• fOItEIII '" ................. 

. . 
••••••••••••••• X. 

. .. .. .. 
.. *Il10 .. .. 

... l~J~w~~" ......... ~ 

• .. .. 

. .. 
* *' .. .. 

.YH 

f ................ 
.. SRl I.f'f .. : ~~='a : 
:. ''''tt.r : ............... 

•••• 

. . 

.. . 
*,,,",IItO· • 

• S· n_ 

· . • X.~ ••••••••••••••• · v ........ ~ .... 
.... .", .......... . 

$' .. .. 
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Chart 55. 

PL/I SYSTEMS MANUAL 

nOPIl 

T070 ................ ..... . 
•• *fORM CONSTANT' 
*CO •• X' fROM GPRND • 
... .. .. TOKEN .. ..... .. 

••••••••••••••• 

T065 T072 if ••••••••••••• ** •••• **** •••• *** ***.. ... *SNCONS * 
• • 'FORM CONSTANT' *-------------. 
'B1 •• X' FKOM OPRNu •••••••••••••••••• X. ADO CONS TO • • * • TDKEN • • CONS TBL _ 
***.. .. .. .. ••••••••••••••• * ••• ** ••••••••• 

TOll if T026 ••••••••••••••• ***... ... •••• 
• .. .SET QPND ADDR* ... .. 
-CZ •• X'FROM CONS TBL •••• X C5 • 
........ ENT ..... z* *.*. ... * ••• * •• **** •••••••• 

TOZZ •••••••• *** •••• ...... ... 
* • -SHALL ADDR • 
-C3 •• X*flDS OF OPNO" •• * fRM ITS ATT * .*. ... ENT ~ 

• 

* 

........ ...........,* 

if ••••••••••••••• • • * SH LENGTH • 
*fLO Of OPNDS .. 
'FROM Irs AHR* 
.. Ef\lTRV .. 
* ••• *********** 

if .. .. 
IDENTJFIER A 

P-ARAMETER 1 

'NO • . -• • • • 
• YES 

v .-•• ** •••••••••• 
• * • SET OPRANDS • 
• PARAMETER * .. FLAG ON .. 
* • •• ** ••••••• ** •• 

• • *VES 
* 

T026 

*.* • • * 
*x C5 * 

• 2-.* •• 

TC2b • •••••••• ** ••• * 
.. .. **~~ 

.. .. * '" • IS IT A T1TLE 
MOVE ? 

* ................ X*SET FLAG F0R * .... X C5 .. • • * • • *** • • 1\10 ... 
•••.••.•.• x* c~ * 

* 2' .*.* 
T026 
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.. SVOSAC .. .. 2~ 

.. .. .*** ** •• *****.***.* 
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Chart 

~L/' S~5TE"S "ANU~L 

'VAS&A 

• • • 
•••••••••••• * •• ~ . 

• ..................... 

~ ................. · . : mm7~~ : 
.. ACCOfll PFf • 
• lieu • . , .............. . 

· · 

· ; 
vanll • • • • o un • IS Ref • 

•• S'l~:~·nA • 
• 1~-t-I"ltf~. ,,_ 

• • 

• 

ON(' 

• 
• "ff" 

v 

· · 

• 

......• : ...... . 
• • 
• flf,a1k .. 
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:BO ••• X: AS~f8~A~~MP : ..... .. 

** ••••••••••••• 

v ••••••••••••••• 
·.VOSAC • *---------. 
:A08aS~o~y~~MP: .. . ••••••••••••• ** 

v 
••••••••••••••• · .. • GENERATE. ST -
: lE~tM~EG, : 

- -•••••••••• * •••• 

.. 
• .. .NO • •••••••••••••• .*.. .. 

• • IS A SECJNO .. • .. eST CORE-SIGN. 
• ••••••••• C3 ••• X.AND CORE-ADOR. • STDRt 

kEUUIREO? • • • • IN TRIAD • .. .. ••• ICONH .. 
.. . .......•...... .. .. • .. YES 

v 
••• *-* •••• * •• *** .. . 
• COMPUTE • 
• SECl;NO .. 
.. ADO~ESS .. · .. ••••••••••••••• 

v ................ 
*'VOSAI,. .. 
~---------. • A~SEM8lE .. 
.. COVERED .. 
1(0: ADtJRE5S .. ................. 

v •• **._ •••••• **. 
.. .. *** 
-GEN~RATE. ST" .. .. : IP~A.~~+I : ... ~ C3: · .. -.. ••••••••••••••• 

v ••••••••••••••• .. . 
• IUSING .. 
.SPECIAL CODe • 
*Fljl< ADOR-TYPE' 
.. HSULTSI • • •••••••••••••• 

v . ....•.•..... _. · .. *CLfAR ADD-REG. 
*AOIl IN TRUD,. • IF RES ARE • 
• ADD-TYPE .. * •••••••••••••• 

v ................. .. . 
• EXIT .. • • *.*.==-••••••••• * 
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* 

PL/! SYSTEMS MANUAL 

$VASG( 

• 

••• **.***.*.*.* 
*SVFREE .. *----------* .t:XAM SPI:C REG. 
.. TBl tNTkY .. .. .. 
.********.***** 

* • 
.. ·YES .. 
RIGHT HALF OF 

uBl kE:G 1 .. • 
* • NU 

• * • *VE!:J • SINGL< htb ? 

• • . .. NL 

.. * 
• ... t!l 

* ............................................ .. 

.................. 

.. * .. * ••••.•• " •.•• X· 
* . fX II ~ LA~'\IuT 

bt HEED 
**>i-****:t.*~~o;.*", .. 

• • NO 

:x •..•.•......••.. : 

v 
.. .YES .. 

< ? 

* * * * 
* Nu 

Ii 
•• *** ••• * • ..,* .... 
*VS380 AO. 
*------6------* * GIoN STORE .. 
.. IkTO TEMP • 
* * ***.*.******* •• 

.. 
*" ..... '" ...... 

: X ................... 4o ...... : 

Ii 
*********** .. *** 
*VS290 BO* .****** •• * ••• ** *------5------* * : Ri~8~EK~lNS : .......... ~ ....... X: tXIT, FPEE 

• .. .*.*****.*.**~* •• ********* •• -** 

.. 
* 

. 
* .. 

****.* ••• ****** *SVSAVE .. *-----------* * SFT POINTEP .. 
*TO SPECIFIED .. 
• • ****** ••••• *.** 

v 
********.**.*** 
*V5380 AO* 
*------6------· .. GENERATE .. 
• STORE INTO * 
.. TEMP .. 
*.* ••••• ******. 

v ••••• * ••••••••• 
fXIT * • 

* 

*************** *SVR5VN .. 
*-------------* .. SET pnlNTER .. 
-TO SPFCIFtFD :( 
• • **** •••••• * •••• 

V 
*********.:t-.*** *VSZQ(l fH"",< * ______ a; ______ * 
.. Rf"'nvJ:. >; 

*SYNO~V~S run~* 
.. D EG .. 
..***."'*.*"''''$** 

f"t'T 

.,;.:.*******.<1- .... 
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PLII SYST~S NANVAL 
1110.1 

• 

• • • 

• 
• 

............... 
• $VCLR • 

••••••••••••••• 

• 

• 

REGISTER 
TABLE 

INITIALIZA
TION 

• • • • 
INITIAlIZA

TION 1 . .. 
• • • YES 

Ii 

·NO .. 
• 

................ 
• • .. GET FREE' • 
• SPA(.C FOR * 
• TAblE • * .. ••••••••••••••• 

Ii ••••••••••••••• 
* * 'S.T INIT PTRS* 
• FOf< ENTIRE .. 'TAbLE. FIXEO • 
'f<EGS •• ICONTI* ••••••••••••••• 

• 

•........ 

:X •••••••••••••••• : 
Ii ••••••••••••• ** 

* .' 'CLEAR ENTIKE .. 
'TBL ;CDNSTRUCro 
.CHAIND LST OF' 
• SYN ENTRlfS * ••••• * ••••••••• 

Ii ••••••••••••••• .. .. ... .. .. .. .. 
.INIT hEAD OF •••• X co. 
*SVNO~YM lIST" .. .. .. .. ¥* • •••••••• ** ••••• 

•• • • "cou • • •• 

Register Table Initializer 

• .. . .. . 
• "NO 

••••••••••••••• · .. 
• * 

" VALUE GIVEN • 
FOR OSA ••••••••••••••• x. USE OLD DSA .. 

.. *c~~¥~~IER? .. • • • .. . 
• YES 

'PEG CO .. TENTS • 

• * .** •••••••••••• 

· . • x •••••••••••••••••••••••••••••••• 

Ii ••••••••••••••• • • 'MOVE INITIAL. 
: ~~m~ mo : 
• JBL • ••••••••••••••• 

Ii ••••••••••••••• · .. .. SET BASE • • 
.VAlUE FOR OSA •••••••••••••••• X. 
• REG" .. · .. .** •••••••••••• 

.*** ••••••••••• 
HIT 

****.*.** •• **** 

.. .. 
• 
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********** .. **** 
$VUSAC 

• • • ******'*** ••• *** 

STO~AGE 
ADDRESS 

ASSEMelER 

* • 
'NO • 

avOSAC 

• VD005 

• ..** 
* IS BASE CODE * .................. x J S BASE CODE • • *x 80 • 

, 2' 
•• ** o ? * 

* • YES 

v 
******.******** · . • USE GiVEN * 
• DI$PL AS .. 
'OUTPUT VALUE • 

• * **********.**** 

VD065 V 
* ***** *** *****. *** * .. .. .. * * :A4 •.. X: R~~j!9~~s : 

*.*. .. 
*************** 

v 
******.*** •• *** • * * eXIT * • • 
*************** 

* = SUBSCRIPT? * • • 
* 

VD220 • 
• 

• • YES 

'NO • IS S5 IN A * ............ , ......................................... X 
REG • • • • YES 

v 
************.** · . , . 
.USe REG AODR * * OF SS * * • 
.******.** •• *** 

• 
* • -NO 

• is INSTR AN 
SS TYPE ? • * 

* 
* 

* YES 

v 
**.**.*.******* *SVASGA * *---------* 

:5eh~NR~~ : 
* • 
***********.**. 

v * ••••••••• ** ••• · , *GENERATE: LA • * ADeON REG • 
'OC 55 REG CODE. 
• COVER) * .... ** ••••• *.** 

it 
*****.*** •• **** * • 
• SUPLY ADCON ... 
• REG AND DISP * 
'OF 0 AS FINAL' 
*ASSEKBlD AOOR* 
......... **.**** 

v •• .*.* ••••• ** •• ** 

· • 

'* ... * 
*S9*X. EX 1 T • * ... .. 
•• *.***.* •• ** ••• * 

*************** *SUPl Y SS REG' 
'& CODE COVER • * ............... . X* REG AS DBL * 
• INDEXES .. 
.. (CONT) .. 
•• *.****.*****. 

v 
*************.* .. • *** * WITH DISPL.. * * * OF 0 FOW. ..... x B9* 
• ASSEMBLED * * .. 
* OUT PUT * *** *.**.*_.*-* •• ** 
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'NO • IS INSTR AN ••••••••• 

SS TYPE ? 

• • * YES 

* 
IS IT • DOPE 

VECTOR ? 

• 
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v 

* 

*************** • • *USE BASE COf'lE* 
*GI VEN Ifi [JOPE*' * VECr FLAG * • * 
********.****** 

* 

:x ................. : 
v V0005:: 

*** ••• ********* * * **** * * * * .. 
.SET SUBSCRIPT •••• X BO * .. 
.. FLAG *. 2* 
* * **.* 
**********.**** 

v 
****.* •• ******* * • 
*SUPLY BSE eDE* • 
.FOR TEMP STOR* .......... . 
... (STATIC, IF * 
.OUTER BLOCK) • 
** ••••••••• **** 
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SVDSAC 

... 
• • • BO ,. · .. ... 

• 

• 

• 
VDOO~ .. • 

• • .. 
IS ALlDRESS A 

• PAkAM 1 • .. .. .. .. 
• NO 

VOOIO V 

••••••••••••••• *YES • • .. .. . 
............... X*SEMtH ADtON .. 

.. • ~EG TIL • • • • • •••••••••••••• 

.. • • VDl7S ••••••••••••••• .VD3DO BO* 41---5---· • .YES •••• 

.. 

.. 

.. .. 

• FI!;D BST .. 
• tOV/< REG • • • ••••••••••••••• 

v • • • .. 
.YES .. 

NO BOOTSTRAP 
NEeDED ? .. .. • • • • * 

• NO 

V • .. .. .. 
.YES • "'uT FOuND ? .. .. .. .. .. 

* .. NO 

*.oO •• oo .... 

VD070 

•••• .. • *x AO .. .. 3· . .. -

.. IS PARAM ADOR. .. .. 
• .. lo~b~6A~~ A .. "~ B~.* 

.. • • 

• 

• REG 1 • • ••• .. .. 
• • 

• NO 

~ • •••••••••••••• 
"VD300 BO* *----5----. 
.FND eST COVR • 
• REG FOR PAR • • • ••••••••••••••• 

• • .. .. .. .YES • BOOTSTRAP 
NEEDED 1 • • • .. .. .. • 

• NO 

• • • • .. • YES • 

••• • • .X 85 • • .. • •• 

••• • • BOOTSTRAP • NOT FOUND 1 • •..••••.• 04· 
NEEDED • .. .. 

• • 
• NO 

'ID~~~.**.i •••• *** • ** .VD400 DO. 
* .. *------5------· 
*a~ •• X. BTSTRP REG. 
• 41 *TO !)R.OPR. \fA!.. .. 
•••• 41 

11** ..... *.**** •• 

• v • .x .......................................................... .. 

VD060 V ••••••••••••••• ..... .. 
.. * .. CONSTRCT .. 
.Sb •• X*4SSMBdj 3se ~* 
• • • OISPLCMNT • ..... . ••• * ••••••••••• 

VD062 • • • .. 
'"YeS .. .. IS A;JOR A .. PAi>.4M 1 

.. .. • 
• NO 

VCC/,3 • 

••• .. .. .. 
*S8 .. · ... ... 

.. .. 

• 

.. 
0 

V~190 

•••• • • *x eo • .. 't. .... 

V0230 

.... *.* • 
... NG .. * 
...... ~ ... e _,<* ".It iii' .. . . 

•••• 
~;)Ob~ 

• • • 
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.. 
VOO75 • • • • ,. .YES • • 

800n~Rap ? OFF .." ....... .. .. • .. .. .. • * ~c 

~0076 V ••••••••••••••• .SVASGA .. * _____________ t 
• GET ~OCON .. 
• ~EG • .. .. 
• ............... .tc 

:x ................ : 
v . ............... . 

* PREPARE,. • 
• 40CO'l PEG. • 
• 4095( 0, • 
• PE~MAi'jE"'T * 
• REGl • • •••••••••••• ** 

.** •• ~.i ••. **~* ~D1~~ 

.vo~.o C2* .~* *------5------* .. .. : ~~!T§P/I~ : ... ! ~6: 

.. • *** • ....... * ........ * 
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* 
* 

* • * Nt; 

VO()8J V 
***¥****."'**.** 
* * .« LGCTE ELK * 
'I" W/~ATChiNI.:J * * USE: ceE iN 
.SLK iNFO TBL ~ 

l":""*** •• ******** 

'j 
**.f,.,****.**** ... 
*CCHPUTE ADDR * '* ':F OS/I '" 
• pur NTEk * 
.. wITHIN The ... 
* b..\t. * ... '************* 

* 
* .YES 

IS AlIOF, CF .. 

VD015 

*.t**>l<********** 
*.t,VA:5':;'A *-
*----- ----- ---* 

VCJ.40 
1)"*$**:1<*.** .... *":01 ,,* v$VASGA II-*' *~------... ·,---.,.._ttr 

~lO' •• X* GET AO'ON • 
* * * REGISTER * 
** * 1.' 

***1f.$.*~*.,***.¥* 

• 
",.",**;c.*-\'I: •• ***** 
• * *SET foIE'."", TABLE* 
:F7S ~ml\!o~EG: 
UDCGN ,CONTI * 
**'>'))1**"******** 

i' ****u**.fr=_**"". 
* * 
• * .AIH:.A ,. DJSPL '* * ·JF 40Q5 * · . ****'***""~.**.~'*'" 

V 
*********** .. :;.** • • * ~[-I\,ERt,TE :"A ~ 

USA POINTE" ¥ ........... ~ ... , •• x* GE 1 ADCON .. '* REG .
*40~5tI)1I;:DCO'" ... '* .AN-fA REG! * 
***~ *****~**.'J;* 

<4096? .. 

* 

v 
****"'****¥.**** *VD30G BO. *-----5------* • FiND BEST * *' CO'vE:k REG '* · '" ***;<1<******_*** 

VD140 

* • *VE: S ... . • * • NONE ox Co* 
* • • . • ••• • • . NL 

• • 
OYES 

• 0 * BOOTSTRAP? * ........ . • • • • * • * NO 

NO 900TSTRAP 

VOl05 V 
*************** ** *VD400 00* '" * *------5------* 

*A8* •• x* ~TSTRP xEG * 
* * .. TO PRuP VAL * 
** * '" *************** 

:x .•... 0 .......... 0: 

VOllO V 
*************** ** * .. *** 

.. '" '" GENERAT~ L .. * * 
*A9* • • x* REG.. * •• oX B5* 
* .. * OSAPOINTER '" >I< * 
** * (REb) * *** 

*************** 

::< f\EGIsrI:R * 
* • 
**"'*.*.*",**;rr.~'* 

V 
**",***",****,***>:0. 
* • • GEr-tEKATE:L .. 
l\< REG f JSAPTR * 
.. iADCC.,.,. AREA '* 
*- KEG) "" 
lI"1<***********"'* 

" *"'*-¥~.***.*¥*lI<* 
** * * .. ~ .~~D!CpTc )$4 1< 

*~5 •.• X*D~SE & :ISPl * 
*- ~ * JR a IN REG '* 
•• *TABLE 'CONTi * 

.*"*~'i'*¥.****"'* 

v 
***********.*** o • 
• 0 

• 

'* ENTRY FUR. * ................. x 
* GIVEN Q.~G * 
• 0 *************~* 

* 
• 

IS OSA PH 

*NO . ;/O:C5 

*** * * *X A/:!* 
• AODR <8190 ? • • ... . . 

• .. *** * YES -1< *' 
...... ~ ...... )::~ 49: 

>;,** 
~'Dt 10 

V0050 

*YES 4"'*'" * • • 
OATA DISPl > *x B5 * 

4096 ? * 2* 
**** 

• ¥*** 
*- J!f,U * * 
.0 ....... 0 0 ... X* 131'- * 

• 2' 
**** VOOI-Q 
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SVDSAC 

.. 
VD190. .. .. .. ..... .. .. .. .. *NO .. 

•••• *** •••••••• 
.. .. *** .. .. .. .. 

*60 -
IS ASSMBLD 
8SE REG A 

PERM REG? .. .. •••••••••••••• X.USE SAME REG ..... X 62" .. .. * .... -* * .. * .. YES 

v 
***********.*** 
*SVASGA .. *-----------* • GH ADeON .. 
.. REGISTeR .. .. -.************** 

v 
*************** **.. .. 

.. .. .. GEN: L REG * 
*hZ* •• X*DISPI6ASEITO .. 
.. .. .. LOAD PARA .. 
** * ADDR .. •••• * •• __ ••• * •• 

v 
***.*********** . .. 
*MAKK REG TSl .. 
.. ENTRY AS -
.. eU~TNG THE .. 
- PARAM ADDR • 
*************** 

VD175 V VDC63 ••••••••• * ••••• 
***.. .. **** .. .. .. seT REG NO .. .. .. 
*84 •• X" AND DISP OF •••• X 68 _ 
.. .... 0 *.. 2* •• *.. .. ***. 

****** ••• ****** 

* .. .. .. .. .. *.* .*.***** ••• ***. 

VOZ30 
.************** *** *$VASGA .. .. .. *-~-----------* *C2 •• X. ASSIGN AN * .. • _ ADeON REG .. 

***.. .. 

.. .. .. 

**********.**** 

v 
*************** .. * _GEN: lR AOCON" 
.REG,CDE COVER
.. AN ADCON -
: •• ~ii~!i=~***: 

v 
*************** .. .. 
.SUPPLY AoeON • 
-REG AND 01 SP .. 
• Of 0 AS FINAL" 
.ASSEMBLD ADO -
*************** 

v 
****.*.******** 

exn 
•• * •• ***** ....... 

-.. -
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VD300 .... ••••••••••••••• • •• 
*80 x* * •• 
• ** 

• t.",TER • 

• ••••••••••••••• 

x:"""."""""".,,,, ••• 

• 

~ •• ** .......... . .. . 
• u.tl lNEXT J • 
.. ENiRY IN .. 
• AOCO'l REG TBl" • • •••••• ** ••••• ** 

• 

.. .. .. 
• VE::, 

• .. 
I:' U.I· 8l::1w~ 

• uISP <40Qb f .. • • · • 1110 

* • .. 
.. *NO 

V0440 

••• • •••••••••••••• . ... * .•..•..•• C2 x* .t>j' •• . * ... ••••• • •••••••••••••• 

• • •••••••••••• x· .. 
• ............... * 
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~aOTSUA. 
'lEE OED ••••••••••••••• 

• .. ~Mlbu~ ~~? .......... i 
? .. . .. 
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• •••• * •••••••••• .. . 
- SAVE OIF AS .. .. POTE .. n • 
.. OUTPUT .. .. .. 
••••••••••••••• 

:lC. ................. : 

• 

v ••••••••• **** •• 
.. -· .. .~TEP iu NEXT .. 
.. fNTRY .. · .. ••••• * ••••••••• 

.. --NO -Of fABL f , . .. 
.. 

.. YE:' 

-YES • 

* ....... : 

~~~ ~tu FOUND ••••••••••••• X 
? .. -• 
• NO 

.. 
·"u ,~ REG GLOP .. 

OR SYMB •••. 
ASSIGNED? • .. 

• • • y •• 

· . 
.. It""" •• """"".-.""" •••• ,,",,",,,, ... ,," " ... 

V ••••• *.*;fI:* ~ •• *. . -.. fXlt~l .. 
• fuUNf .. ••••••••• ••••• 
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v . •••..•.•...... 

• .. PREPARE; 1.4 • 
.. REG 4095ff'l • * RFGJ • · . ................. '" 
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* 
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• COOF • • •••••••••••••• 

v ............... - . - . *STf P SA,)" ~'\' • 
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. • 
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fIIIIlTHIPIt 40Q-= 
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.. AOOQ" • 
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• • .. $V&TMP .. • • ••••••••••••••• 

it ................ .. . 
.. RESET • 
,. LANOlUATE • 
.. VALUE .. 
• • ............. *. 

v .... * ........... . · .. . .. 
.. GET "URI\t:~T. • .. 
'~NT~Y IN TEMP* ••• X BO. 
• TAbLE • • • 
.. (S-TA~Lt)" .*. ***.*** ••• ** ••• 

*. 

Pl/l SYSTEMS MANUAL 

$VGT"' 

.. 
• • • • • • • • .SOU END OF?TA8LE 

'YES .. 
* .......•...•...••...... • • • •• • 

.. 

• 

.. 

.. 

• • • • • NO 

.. .. 
• • .. ·NO • I~ TEMP AT • REQUESTED 

• lEVEL ? • • .. • • .. 
.. YES 

· .. · .. .. .NO 

. ........ 
v .. .. 

• • .. 
• AS ANY FREE 

.NO .. 
.. TEMP FOUND 1 .. • • .. .. 

.. YES 

VT050 it :.*. :*** •••••• *.**: 
.. IS LAST-USE • 

OF 
•• • .. UPDATE • 

• ••••••• X.L2 •• X. LAST-USE NR • 
•• .. • OF ASSIGNED .. 
•••• .. TE~P • .................. 

• TEMP(CURRENT • 
.TRIAD NO.1. 

• .. 

.. 

* • 
" • • YES 

it ................ 
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• HHP:LENGTH .. 
* DESIRED .. ................ 

v .. • .. • 
* HH • < ? .. 
• .. .. 

• • .. NO 

it • .. 
* .. ,. *YES 

z 1 

* • .. .. 
.. NU 

> 

.. .. 

ii 
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* ... ****.******. 

.. 

• ••••••• x 
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*.* .. • *x C2* .. . 
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:x ................ : 
ii 
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.C[lkE-ADDK OF • • TEMP FOR .. 
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• • • 

VT060 

•••• . .. 
.X AO • 

• 2· 
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VT~~~ ••• * ••••••• * ..... * 
• • • CkEATE ~Ew .. 
• AO •• X.ENTRY IN TeM~. 
.. .. .. LIST • ..... .. 

** ••• ****** ••• * 

v ** ••••••••••••• 
• • .. LOCATE CUIIR • 
*(;NTRY IN BLI( • 
• INfO TaL .. • • ••••••••••••••• 

v .. .. 
• • • • YES • • .. flMST 6LK ~F • • PRuGRAII .. • • • .. • .. NO 

PL/I SYSTEMS MANUAL 
$VGTMP 

••••••••• **** •• .. .. ... 
.USE BASE AREA. • • 

••••••••••••••• X: 0~T3l:!!C : ... ~ CO: .. .. ... ............... 

••••••••••••••• .... . 
:co; •• x:GETc~aC~~~ON : 
, • .SELECTEO AREA. ... .-

• •••••••••••••• 

v ••••••••••••••• .. . 
.. BRANCH ON • 
• LENGTH OF • 
• TEMP NEEDED • · .. **.* •••• ** ••••• 

v .. • .. .. • .YES .. • .. =4 ? • .. .. .. .. .. .. • • NO 

v • .. .. .. 

. ........ 

•• ***.********* • • *YES : : .*** • 
.. * ..........•... X.ALIGN COUNTER •••• X C7* • .. -8,l6,32 
.. • TO DBLWORD. .. • .. .. .. .. .. .. *** .************** .. .. 

.. NO 

-255 

v ••••••••••••••• .. . 
• • • USE LENGTH OF. 
• 256 • · .. ••• * ••••••••• ** 

:x ................ : 
v .* •• ****.*.**** · .. • • • ALlGN COUNTER. 

• TO FULL WORD • .. . 
.*******.*.*.*. 

v •••••••• ** ••••• .... .. 
.. .. .. ASSIGN * 
*C.7* •• x* LOCATION TO • * • * TEMP LIST * 
** * * *.*.******** •• * 

v *** ••••• * •••••• .. . 
• ASSIGN REQ * .lEVEL TO TE.MP. 
• LIST • · .. •• **** •• **** ••• 

~ VT050 **.***.* •• * •••• 
* * .*** .STEP COUNTER. * • 
• BY AMT OF •••• X C2 • • TEMP REQ • • 1. 
* * .*** •• *.*.*.*.****. 
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••••••••••••••• • • 
• .VI"'~A • • • ••••••••••••••• 

v ••••••••••••••• • • .. ,~al LuI" Uf • 
• ~YMdULl(. 0 
• INSIK AIliU 0 
• TRaMU • ••••••••••••••• 

v ••••••••••••••• 
• 0 • L.LtA", .. 
• !:IYMnuLl( LdL .. 
• Artu SVMu RtC, • 
• TAtiLE:; .. ................ 

v ••••••••••••••• • • 
• H.t)i;. T uP llHJL. 
• HOOIFK, .. 
.. SC.K.TCI1 .. 
• ::.IUKAt..£ A!ao~'H. ••••••••••••••• 

v ••••••••••••••• 
• 0 • u!:J,b lKlJ T .... V .. 
• H5tIfl., ~t:T .. 
.uPCOt:. MtJOlfK • 
• lL h..UhT) • ••••••••••••••• 

v ••••••••••••••• • • *v I-uk UbL fLr. 
.,.'10' fk )~L .. 
• I-L T A'fU' Ft<. .. ... ,x PT UPKAT .. 
••••••••••••••• 

"NOul0 V ••••••••••••••• 
*~ET ORI~ UBJ • 
• I,.ut. &. LST~G .. 
• 10 LUlU< VAL .. 
.. Ut- (..tJE LUI,. • 
.. LTK .. 

••••••••••••••• 

• • 
°Nu * • 

I::. ll!>IIl'tu ••••••••• 
t"'AdLt:.O? • . 

• Yt.~ 

v ••••••••••••••• • S\iPf(S 1 • 
• ---------- ---* 
.L I ~ )tllt: !:I rMT. 
• ANO/OK [fol.l) • • • ..............• 

: .................. : 
VNOU'::~ ~ ••••••••••••••• ••• • 14UVl: !aoYMIi. • •• 

.. • • IN~Tk TO • • • 
• A~ •• X. ~IXeU AR~A •••• K 80. 
• .. .AtliU I)R;' li~TU. .. .. 
••• .. LUMP PAkT. • •• ................. 

Pl/l ~YSTEMS MANUAL 

$VINSA 

••••••••••••••• ••• • • • .STEP POINTER' 
'Soo •• X'TU NEXT SYMH • 
• • 0 INSTR • ••• • ••••••••••••••• 

it ••••••••••••••• o 0 

• 0 o AllUW ASGMT • 
Oaf GtN REG 0 • 
.. 0 

••••••••••••••• 

it ••••••••••••••• • • 
:mG~~J:YI~m 
• OPCDt T8l • 
o &ICUNTl • 
••••••••••••••• 

it ................. 
• • 
• HRK INTO • 
" LUMI'ONENT • 
• PARTS • • • • •••••••••••••• 

it . " • • 

• • • • 0 •• • 'YES • • • 0 
.CO'X IS OPERATION • • * ~ PSEUOo-OP I • o. 

• • .. • o Ne 

it 
VNOO40 • 

'0' • • OC1 .. 
0 • ••• 

• • 0 'NO 
0 IS SECONU • OPNO TO 8E 
o USED IN A RtG • 

0 ? 0 
> 0 

• 0 
o YES 

V 
0 * • 

.. 
• • o • 

• VtS 

it ••••••••••••••• • • o MODIfY MACti • 
>UP-COOt Ttl MR' 
o FORMAT • • • • •••••••••••••• 

VN0740 

•••• 0 • ox 81 * • 10. • ••• 

•........ 

:X •••••.•••••••••• : 
VNOU'l'l V • •••••••••••••• •••• • 

• • ~HOULU UPCUL 

*NU • 
• Bt MUDIF lEO 1 * • • 

· . .. . 
•••••••••• L4 •• x* ~KA~LH UN • 

•• .. .uP-(uUE TVPr .. ..... . 
o 

• 0 
• YE; 

v • •••••••••••••• 
o * .AULJ "UDlf~ ru* 
'MACH UPCUE FR. 
• fIX/FlT. • * ~HT/LONG .. • •••••••••••••• 

:x .................. : 
v • •••••••••••••• • • • it· .. I<.,) T u.,NCJ • 

*1S. PA~AM NlllV .. 
"INfu TO FI Xu • 
• AREA~ "'TO .. ................ 

v ..** ••••••••••• 
• * ••• • if· ~l.(.fltu uPNu* * .. 
.IS PARAM HOV •••• x LI.* 
*INfD TO Flxu. • • 
.. ARtA!, PTO" ••• ............... 

••••••••••••••• 

.. ·YfS •••• · . . UJJ-(.(lIJE TYPe .X 1'\1 • = ~R ? ... 7 • 
*>e= •• 

• 
• NLI 

• 
*VE:S **" • 

• 0 • uP-(UtJt: TVPt .'( «1 * = KX ? • 6. . ... 
• • 

• ~ I 

VN.1')UO 

*V£ ') *.*. • • • uP-CODE TYPl .X At .. 
I<S, ~I? .. • .... 

.**-« 

• 
• ~u 

lJJ-COtJE TYPL = SS 

* ••• . .. 
•• x r I >I" 

• 9' 
.*** 
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'LII SYSTEMS MANUAL 
IVINSA 

••• • • .81 • 
• • ••• 

• 

• 
• 

• 
• 

RR INSTRS 

• • • • • 
IS OPNO -1 A 

SYM8 REG 1 • • • • • 
• YES 

v • • • • IS IT 
A.SIGN.O YB 

1 • • • • • 
• NO 

.NO 
• 
• • 

• YES • 
• • 

••••••••••••••• • •••••••••••••• 
.VN0570 AI. .VN0635 Cl • .-----28------. .-----21------. ••••••••••••••• X. PROCESS OPNO •••••••••••••••••• X. PROCESS OPNO. 
• -1. • -2 .. • • • • ••••••••••••••• • •••••••••••••• 

v • • VNOO80 • • • * • • .'40 ••• • • • • • ·X A6· • REG 1 RtG 2 ·X 87· • • • ? • • ••• • • • •• • • • • . .. 
• YES • • •••••••••• X. 86. 

V • • ¥NOOoO • ............... 
.. -YES *SVASGC • • •• *-------------* * • • • • 
I~ ilPNO -2 • 
REG AOOR IN ••••••••••••••• )(. OBTAIN COMP •••• X 85-

................ 
•• .VN0635 Cl. • .. +-----21------

.Ab ••• X. PROCESS OPNO. 
• •• -2 • .... .. 

••••••••••••••• 

USE AS SYM8 • 
.. REG? .. 

• • • • 
• NO 

v ••••••••••••••• • • • • • USE OPNO -2 • 
.. REG • • • ............... 

VN0060 V ••••••••••••••• *... .. .. .. .A~~lGN REG AS. 
*S5* •• X* UPNO -l'S .. 
.. • • ~YM8 REG .. .... . 

••••••••••••••• 

• VNOOlO 

•• • •• *86*" • •• •• 

• • • .'Yt:~ •••• 
• • • +X Bl .. 

I~ INSTK 
EFFECT = LOAO 

POSlTIV. ? • 3· • ••• • • • • • 
• NU 

• 

V VN0080 V ••••••••••••••• • •••••••••••••• 
• VN0510 A1. •••• * .* .. 
• -----28------. • • .GEN RK INST: * • • 
• PROCESS OPNO ••••••••••••• 87 •• X.OP OPNDI REG •••• x AO • 
• -1. • • • IJPN02 REG. • 3. • • •••• • • ••• ••••••••••••••• • •••••••••••••• 

• REG ... .. • • • •• ••••••••••••••• 
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••••••••••••••• •••• • . .. . . 
.AU •• X" BRAN~H ON • 
• .. • t~f~CT ~ODt • •••• • ••••••••••••••• 

• * Eft-t:L.T COOt: 
*YE~ • Nu tF-ftCT; 

.. ~TWU: 1 • 
* 

• NU 

" ·YI:.) 
" ~~~cLI ~UUl = .. 

LUAD POSITIVE 
1 • 

• 
• 

• NIJ 

... 

~/I $Y$J~~S "A"UAl 

$Vl"SA 

VN0020 • • 
• • • 'NU • •........• "1. IS LISTING 
.. • .. ENA~LED 1 ... .. * 

• 

VN0140 

••• • • *X (.2-• • ... 

* • YES 

v ••••••••••••••• *$VLlST • $-----------* 
: GENHihO : 
• INSTRS • ••••••••••••••• 

RR LOAD 
NEGATIVE 

EFFECT 

VN0130 ••••••••••••••• .... .. 
• • • CHANG~ SIGN' 

•••••••••• C1 •• X_ OF OPNO -1 .. • * ... REG • ..... .. 
••••••••••••••• 

VN0140 V • •••••••••••••• ..... *' .*.. *MVE SYNS AND .. 
.'C2' •• X' RESLT fROM • 
.' • 'OPND-2 REG TO' 

•• 'OPND-l ICONT)' • •••••••••••••• 

: X •••••• 0 0 0 0 0 0 0 0 00: 

VN0130 
* · 'YES ••• · tt-I-t.l .. T l.UOE: • • • • LuAu Nt:&ATIV't: ox Lt· 

1 • • • ••• 
• 

• NU 

VNul25 

·VE:S ••• • • • • • <H<LT COOE .oX 01 • 
D<~T/{UY 1 • • • • ••• 

• 
• 1'<0 

VNOll0 • 'YES •••• 
* • • ctfu.T (..uOE *x Al · • MUl TlPtY 1 • 4' • •••• • • • 

• NU 

• VN038'i 

'YES * ••• • • • • UHLT LUO~ : 'X 61 * * UIVID~ 1 • • 4' • • •••• • • 
• NU 

• VN0260 

• *YES •••• • • • • rfFt:('T LODE -= 'X Cl • • PUIIGE ? • 4' • • •••• 
• 

• NO 

VNO!60 

•••• EfHCT COuE * • I"VEkH >lGNS o oX AI • Of HNUNYMS • 5' •••• 

; VNOO25 ............... 
• • •••• • (ill LOL or • * • • NEXT SYM" • ••• x A9 • • II'ISTR • • I' • • •••• ••••••••••••••• 

V ••••••••••••••• • · • RtG R~MOVE • • SVN CHAIN • • fROM OPNO-l • • • • •••• ** •••••••• 

RR LOAO 
POSI TlVE 

EffeCT 

VN0280 V ................ .. *. " " • .~tT RSLT FLU" 
*(.5 •• X.OF OPND-l REG
• • • TBl ENT • 
••• • TOICONT) • ....•....•..... 

V VN0020 ••••••••••••••• • • • •• *FIXtD/Fl04T &- • -
*SGl/D8l PKEC •••• x 81-
• AS REQ'O - - • " - ... • •••••••••••••• 
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RR DESTROY 
EffeCT 

VNO!2~ • • 
* .. . 

• • * 'YES • *Ol*X REG TYPf 
•• ADCO~ ? •• • 

• • • NO 

REG fYPE 
COMP 

V . .............. 
·.VRSYN • *-------------* 
* S~E • • fOLlOWIN& • • NOTE • * •••••••• ** •••• 

REMUVE SYNS 
fROM OPNO-I 

REG 

* •••••••• 

VNOZ60 

••• • * •• x C5. • • ••• 

V VNOOZO • •••••••• * ••••• 
• • • •• 
• CLEAR B.6.$t.: " • • 
-VALUE 1~ RE~ •••• x Bl" 
• ENTRY " • • • • • •• • •••••••••••••• 
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160 

MPY EFHU 

v!;ul£Q 
•• ************. *** ·$VK~YN .. .. .. *-------------* 

*Ai • .ox. kEMVI:. ~YNS. .. 
• • • fKM t:VN K':u .. *.*.. .. ••••••••••••••• 

*YE:~ 

. Kt~-I Yl"'t 
FLUAI!NI.:I 

* . 
.. NL 

Rtv-1YPI:. 
t-!xt.u 

v 

I 

•••• **.** •••••• • • .. KI:;~t:l .. 
*~YMbulIL u:J;E,* 
• iF AN"', UF .. 
.. OUU ~t.v .. 
******.******** 

• 
VN0280 

•• ** 
* * *x C5 .. • .l* •••• 

V VNO~89 •• *.** ••••••••• .. .. ... .. .. .. .. 
.. uLl,t:KAlt.. * •• .oX til. 
.~LvA Ki:.u 1.jL* .. .. 
.. .. *** ** ......... ***** 

Pl/l SYSTEMS MANUAL 

$V INSA 

DIVlut E~FECT 

VN0385 
••••••••••••••• • *. *$VRSYN .. 

*' .. *-------------* *SI •• X*REMV SYN FROM* *' .. .. I:::¥EN REG • .*... . ••••••••••••••• 

* * 
* *YES 

* 

* 

REG-TYPE 
fLUATING 

• • * NO 

KEG-IYPE 
fl.'ED 

v 
***.***.** ••• ~* 
• * .. LHAN~E .. 
.. ~YH60LIC .. 
.. A5~ l&NT TO .. 
.. OUl) KeG .. 
• •••••• * ••• **** 

v 
*.******* ••• *** • • .. RI:::S£l .. 
*~YMIjOllC uSE .
.. Of t:Vi.::N REG .. • • .*** ..... * •••••• 

v ** •••••••• **.*. 
* * 
.. Ti<N5f-K • 
*lA~T-USE eNT .. 
.. fk.f4 EVEN TU * 
• UDU KEG '" * •• **.***** •• *. 

v'~038q V ••••••••••• ***. ... . 
.. • *MAkK tiUTH ~~~ • 
• Bl ••• X* USAbt~ AS .. 
• .. • SIN&U,:- * .... . ••••••• ** •••••• 

v 
*** ........... * •• · . • (.lEAK • 
• CUNTE-NT5 UF • 
.. bOTH j{E('~ • · . ............... * 

* 

• 

VN0280 

* ••• 
* • *x (5 .. • 3' ** •• 

V vNl102lJ *.*.* •••• * ••• ** 
*$VR$YN .. ..* . • -------------* * .. * Rt.MUVE ~VN •••• x tH • 
• FKUM OUD Rf~" .. 3* 
* • ***'" ••• ** ••• * •••• "'. 

RR EffECT 
PURGES ALL 

SYNONYMS 

VN0260 • ••••• * •••••••• ..... .. 
* * .START AT fRST' 
*Cl •• X*COMP REG T8l • 
• • • ENTRY • ..... .. 

• •• ** •••• ** •••• 

:X •••••••••••••••• 
v •••••••• * ••••• * 

.SVRSYN • .-------------* 

.SEE fOLLOWING. 
• NOTE • • • •••••••••••• * •• 

REMOVF SYN 
HWM REG 

lAdLE ENTRY 

v 
*.*.***.****.*00 • • .SH::P fO NEXT. 
.. CUMt-i t<EG • 
• E1\ITRY .. * • •• * •••••••• ***. 

* '-NO 

tNtJ Of- CUMP 
Rt-G TtlL ? . 

* YES 

. ........ : 

V V~O?fO 
*.*** ** ** ••• "'** .- *' **** *' (LK fiSE: • '« "'-

.. VALUES OF * ... X C5 * 

.. VOlATItt * * 3* 
• ALJCUN KEGS *' ***. 
***.********* •• 
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RR I.HANb~ 
.IGN EfFEI.T 

'LII SYSTEMS MANUAL 

SVINSA 

VNOlbO ••••••••••••••• .... .. .. . .. . 
:AI ••• X:Kl~~lu~~~2j! : ..... . 

••••••••••••••• 

• 

•• • • *A4*X • • •• 

• 

• 
• 

.. . ............. . 
.. eYES .. .. ••• · .. .. .. .. 
1¥~meW7 ••.............. x:sI~~N'i~ mT : ••• ~ 44: .... . .. ... 

• 

• ••••••••••••••• • • 
• NU 

.. . ............. . 
eYES .. • 

• • • 
IKIAl>? •••••••••••••••• X:sl~~NY~ nYAD: 

• • • Nu 
• • • ••••••••••••••• 

:X ••••••••••••••••••••••••••••••• : 
• • • eYES ••• 

o • • 
DO~. k~u HAVE 

SYNUNYMS ? 
*X CI' • • • ••• • • • ... .... 

• NO •• .......... x: t~ •• 
•••• 
VN0280 

v ••••••••••••••• ... . 
• • • • OClo .. X. GET SYNONYM • 
o • • ENTRY • .... . 

• •••••••••••••• 

o • .... . ............. . 
.. eYES • • ••• 

• • • CHANGE REG" .. .. 
IVi~I4~f~R? ••.............. X: D,~fl~NI~Y : ••• ~ C5: ... .. . . .. 
•• • •••••••••••••• • • • NO 

v • • ·NO 

CON'STANT • ? •........ • • • • • • • • YES 

VN0220 V • •••••••••••••• o • 
• REMOVE • 
oCONSTANT NODEo 
o fROM SYNaN • 
• LI ST • ••••••••••••••• 

:x ................ : 
V ••••••••••••••• ... .. .. .. .. .. 

:C5: •• X: LomfiN~~XT : .... .. 
••••••••••••••• 

V • • • 
·NO • • END OF LIST? •••••••• • • • 

o • .. .... 
eYES ... 
•••••••••• X. C5 • 

• 3 • •••• 
VN0280 
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362 Chart 61. 

PL/I SYSTEMS MANUAL 

SVINSA 

KX INSTKS 

VN0310 0 

.0. 
• •• .Hl • • •• ••• 

• • 

• • .. -NO 
IS OPNO 1 A • 

SYMBOLIC 
AlltoN REG 1 • 

o • 
• • 0 

• YES 

• • • • ·NO • 
I~ INSTRUCT 

·LOAO· 1 • 0 • 0 • • YES 

• • 

* ....... . 

••.••••• X 

.... .............. . VN0020 

.. .YES .. 11 •••• 
I S l>j~RE AN • • ASS IGN THE • • • 

• AIlCON REG IN ••••••••••••••• X.ADCON REG AS •••• X 81 • 
• TSl THAT CONT • • THE OPNIl 1 • • 3. 

*OPND 2 VAL 1* • SVMB REG • • ••• .... .............. . 
• 0 oNO 

:x ............................ : 
VN0315 V 

••••••••••••••• 
• VN0570 AI0 
*----28------. 
.. PItOCESS OPNO. 
o 1 0 
• 0 
••••••••••••••• 

VN0320 ;, 
••••••••••••••• ••• *VN0640 A'. • .. *----29------. 

OB~ •• X> PROCES~ OPNUO 
.. .... l. .. ..... .. 

••••••••••••••• 

V VNOHO ••••••••••••••• .. .. ... 
*GEN: UP OPND" .. .. 
.. 1 KEG * .... X 01-
• UlSP(INDEX," .. .. 
.. 8AS.t:) .. • •• 
••••••••••••••• 

Instruction Assembler (Page 6 of 32) 

VNOHO ••••••••••••••• ..... .. .. .. .. .. 
.01 •• X. 8UNCH ON • 
• • 0 EFFEC T CODE • ..... .. 

• •••••••••••••• 

v • • 0 
VN0340 

• ·YES ••• * 
EFfFCT cnOE • • • • :lOAD POS, ox Al • 0 LOAD NEG, • 70 

• DESTROY 1 • • ••• • • • 
• Nn 

V 
0 VN0120 

0 
ons •••• 

0 " • • • EFFECT C~DE a *X At " • MULTIPLY 1 • ~O • 0 *.*. • 
* • NU 

V 
VN0385 • "YES .* •• 

* " * .fFECT CODF *x B1 -DIVIDo ? 0 4" •••• 
• 

• ~O 

VND400 

* * .YES •••• • * • EFFECT CUDE *x 81 -STJRE ? • * 8. • •• * 
* • * NJ 

• • VN0260 

'YES **.* • * 0 
EFFECT enOl- .X C1 " * PURGF ? " 40 

• ••• • 0 

" • ... 0 

• • VNOOZQ • 0 *VfS *.*. • " " EFffCT C,10E *x 81 " NO EFFECT 0 3" 
0 .*.* • • • 

" ~n 

VN0160 

* ••• • " EFfECT C-lOE • • X Al • CHANGE SIGN • 5-
••• t 

6 



VNOJ"O 

P.X LOIoU 
ffHCT 

••••• * ••••••••• ..... . . .. .. . 
UI •• X.BRAN('H ON REG. 
• • .. TYPe • *.*. .. ................ 

• 

PLII SYSTEMS MtNUAl 

SVINSA 

••••••••••••••• 
VNOOZO 

• YES • PUT DPNO -Z. • ••• 
< ",OKEN IN SASE< < • 

rYPt = MeON 
? 

.. •••• •••• ••• ••• x* VALUE: Of- •••• X 81 .. 
• OPNO-I REG < < 3. 

* • 
.. .. TBL EN .. • ••• 

•• e. ••••• * •••••• 
* • • NO 

TY~t: .a: c..OI1P 

v ......... ** •• *** 
*$VM.!IIVN .. .----------* * KEI'VE SYNS • 
• fKOM OPNU-I • 
• • ••••••••••••••• 

• • • 
* 

. ..... " ....... . .. .. .... 
.. USE DPNO -2" .. .. 

••••• ........ ••• xt rOKt:N FOit ..... x B7 .. 

* .. . ... . 
.. YE~ .. .. 
•••••••••• x. L5 .. 

• 3· •••• VN0280 

"ESTABLISHING. • d. 
.. SYNO~YM .. • ••• ............... 

< 
VN0345 • • • • ••• • • • • .Cl • 

.NO • EFFECT = LOAD 
NEG 1 • 

. ....... . • • • • •• • • • • • • 
• YES 

y 
••••••••••••••• • • • • • CHANGE OPND • • -1 REG SIG" • • • ••••••••••••••• 

: x •••••••••••••••• : 
y 

VN0350 • • 

• 

• 

• 

• • • .YES • • OPNU -I = * .............. x 
* IDENTIFIER ? * • • • • * • NO 

V • * • • .YES • • 
OP"O -1 ••••••••••••• x 

• CONSTANT 1 • • • • • 
* • 

* NO 

V 
0 • VNozao • • • *NO •••• 0 • 0 . 

OPNO -1 *x C5 • • TRIAD 1 • * 3. • • •••• • • • • YES 

• • VN02~O 

• .YES •••• * UO~S TRIAD • * • 
ALREADY HAVE ox C5 * 

• A REG AODK 1 • 3' • • • ••• 
• • 

• NO 

* 

V VII/02S0 ................ .. . .... 
:P~~oR~MDy~ : ••• : C5*. 
• TRlAD .. • 3. .. . .... 
••••••••••••••• 

_, ____ ..L ,.. ... "T" __ ..L ___ .. _.L.'! __ '1'\ ____ 1-., __ ,,, ___ "7 _.s:! ~"'\ 

• 
• .,,1) 

• ODES ,)fCT * _lREAnv ~AYr * ••..•••. * A RfG AOIlR 1 • * • 0 
0 • * ••• * YES • * •••••••••• x. cs .. • 3' •••• VN02S0 

0 VIII02S0 

* • .ns •••• 0 OOfS CO~ST • • 0 
ALREADY HAV. .X C5 • • A REG AilOR? • • 3· • * •••• 0 • 

* * 
• ~a 

V 
YN02aQ • * • .YfS .* •• 

IS SIGIII OF • • • REG NE~AT rYE .X C'5 • • • 3' 
0 .... 

* * • 
• NO 

V V~02S0 ••••••• ** •••••• • • • ••• .. . .. .. 
*PUT R[G AOOR •••• X C5 • 
• IN CONST • • 3' • • • ••• ••••••••••••••• 

V VN02~O 
• •••••••••••••• · .. . ... 
.PUT REG AIlUR' • • 
• ANIl Sirolll IN •••• X C5 • 
• Dler ... 3. · .. . ... • •••••••••••••• 

363 
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PllI SYSTEMS MANUAL 

$VINSA 

~x STORE 
EFfECT 

* VN0400 * * • • • • -tn .. • OPNll-l = 

*YES • 
• • ••• 

• IDI:NTlF lER ? 
* • • 

• 

• .. NO 

• 

••• • • *x A4* • • • •• 

••••••••••••••• *YtS • • ••• 

** •• ********.*. .*.. .. .. .. *r<tT Hotu ALh.lK,. 
*A4* •• X* l~ ANY, IN • * .. • ulCT ILuNT) * .*.. .. 

••••••••• )$; ....... 

V .**** •• if< ••••• *. '" .. .. 
.eLK td::G AlJtJK .. .. .. 

• 

.. f;. .>IGN IN •• O' •••••••••• B~.X 

.. uler" .. .. .. .. *. ............. _ .. 

* .. *Rt:T kEG ADOR" .. • 
OPNu-l = 

CUNSTANT ? • 
••••••••••••••• x. If A.NY IN •••• X 65 • * .CONS iCLJ( REG" • • 

• • • 
• NQ 

* 'Ne; • OPNU-l= T~J AU 
? 

• • .. YFS 

v 
** ••••••••• **** 
*KEl Kl:lJ AOUH * 
.. If ANV;CLR * 
*;(E:b AUUK ANI) • 
.. REt.. SGI'! IN .. 
.. ulef $' 

*******.*.*.*.* 

* ......... .. 

:). .... " ...................... " .. : 

* 

."'u • 
WAS THtKE A * ............. .. 
KtG AUUR ? 

• .. YES 

*ADOR IN CONST. • •• • •••••••••••••• 

VN0440 V 

Chart 61. 

............... . . 
*Kt::MOVE; OPr;O-2* 
.. FROM $YN. .. 
.. LIST FUK • 
.. bl VtN fU:G • ................ 

· . • x ••••••••••••••••• 

VN0480 • ... 
• • *i:n • · . .. * 

.YE:) •••• · . . UPND -l. .x Cl • 
Tt<IAU ? • 1. 

.. •• ** 
• 

• NU 

" \O~D 3,,5 ••• ****.**** ••• . . 
.AOu UPNU-l A~. * • 
.. .>'rN IN ll~r * ... x 1...1 • 
.. t-Uk UPNlJ-l • " 1* 
.. K!::G • **.-. * ••••••••••• **. 
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RS.~1 INST"S 

Plil SYSTEN5 NANUAl 

$VINSA 

• VN0500. • ... 
• • *AI. • • ••• 

• 

• • 
• .YES • • IS MACHINE OP * ...••... 

• Alo ~ 1 INSTR 7 • • • • • • • 
• NO 

v 

VNOJIO 

••••••••••••••• 
• VNO,,40 AI. ·----Z9-----. 

• 

.PkOI.ESS uPNO -

.. -2 .. 
• • ............... 

• • • • . .............. . 
• YES • • 

• • USE VAlU. • 
OPNU -I A ••••••••••••••••• 8.ING PASSED • • PAkM • • IN PARM -• 

• • 
• NO 

• • • • ••••••••••••••• 

· . • X •••••••••••••••••••••••••••••••• 

it ••••••••••••••• • • 
• USE OPI'oD -1 • 
-AS IMHklJlATE -
• VALUE _ 
• • ••••••••••••••• 

it VNOa20 ••••••••••••••• .. .. .... 
• GENERAT., OP. • • 
• olSP 18ASEI •••• X 81 • 
.. VAlUt .. .. 3-.. . .... ............... 

5S INSTRS 

VM0560 ••••••••••••••• •••• • :'1* ..• : ~rll£U g~=8: 
• • • -Z DATE • •••• • • •••••••••••••• 

v 
••••••••••••••• -VN0640 AI • 
.-----29-----. 
.PROCESS OPND -
.. -1 .. • • • •••••••••••••• 

it • •••••••••••••• • • • • .RESTORE OPND • 
- -2 DATA • · -• •••••••••••••• 

v • •••••••••••••• .VNOS62 81. ·-----27-----. .TEST FOR DOPE. 
• VECTOR • • • • •••••••••••••• 

it VN0020 ••••••••••••••• • •••••••••••••• 
.VN0640 AI. • • •••• 
.----29------. • GEN:OP • • • 
:PfWCE~S OPND : ••• •••••••••••••• X:O!f~~l~~~~!H : ••• = 8~ •• 
• 2. .OISP218ASE 21. • ••• 
••••••••••••••• • •••••••••••••• 
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366 Chart 61. 

PL/I SYSTEMS MANUAL 

SVINSA 

PSEUDO-OPS. 

VNu140 ••••••••••••••• •••• • • _ _ BkANCH-ON -
.HI •• X. PSEUDIl-OP • 
• .. .. CODE • •••• • 

• 

* 

••••••••••••••• 

· - VN0150 • • • .YES •••• .. .... .. 
PSI:UOO-O~ ox Al • 

• COOl: = LMQ 1 • • II. · .. . ... • 

-

• • 
• NO 

• VN0920 • .. .Yf~ •••• · .. .. .. PSEUDO-UP 'X AI • 
• CUOI: = SOG 1 • • 13. 

• 

· .. . ... • 

• • 

• • 
• NO 

• 

• 

• 
PSI:UDLI-OP 

CODE LUG? 

*Yi:!:t •••• •• • *x. bl .. 
.. 13· - . •••• • • • 

• NLI 

- . • VNI090 

.YES ••• * • • • 
.. .. CU~~E~O~A~~ ? .. *! 13*" 

• 

• .. .*** • 

• 

• • .. NO 

• VNlllO • 
·Y~~ •••• 

PStUOO-OP 
.. (.UOI; a: XFR 1 

• • • 
*,1( 01 .. 

.. 13· .... 

* 
• 

· . 

* 

• • 
• NU 

• • 
P~tuuu-tJP 

l.UOI: = KCW. 
KCl, ReS? 

• 
* 

• NU 

• 
PSUUu-op 

VN0950 

·YES •••• 
•• • *X Ai .. 

.. 14· .. . ... 

*'tt5 • 
.... · . *x UoU .. 

tuot: kKK?" · . .. 14· ••• * 
• 

• i'lL! 

• • • • 
PSeUDU-OP 

.YE~ 

* 

VNr)C,bl .... · . *x C1 .. 
• CUUI: = RKI ? .. 14-

• * •••• 
* ••• 

• NO .... •••••••••• x* LO. • • ••• 

•• • • -toox • • •• 

• 

• 
• 

• 
• 

• • 
• • • • 

• • • • 
• NO 

VN09b5 

• YES •••• •• • oX 01 • 
.. • 14-•••• 

• VNI020 • • • "YES •••• • • • 
cg~~u~oL2PI •• ~ r~.· .. .. . ... 

• • 
• NO 

• VNI03u • • .YES •••• · ... . 
• PSEUDO-UP .X CI • 

• 

* 

* 

• COOE = SIX 1 • • 15. · .. . ... • 

• 

• • 
• NO 

• VNllOO • .. .YES •••• .. .. .. . 
P~EUOO-OP .X Al • 

• CODE = De....? .. .. 16. 

• 

.. . .... 
• 

• 

• • 
• NO 

• 

• 

• 
P~fUOLl-UP 

*YFS • 
VN1l50 

***. 
• CODE • ADU ? 

• • *x Al .. 
.. 11 • .* •• 

• 

• • 
• 

• >;0 

• • 
PSEUOLl-OP 

*YES · • COut = F 16 ? • • 

* 

• • .. NU 

• 

VN132 ) 

***. • • *x Al .. 
.. lq* 
•••• 

V~1330 

• YES **.* .. .. .. .. 
PSEUOu-OP *x 81 .. 

.. CUDE = RFI8 1" .. 19 • .. .. . ... 
* • 

• >;u 

• • 
P~tUDLI-tlP 

.. (..uUE = Rf:M ? 

Vhl370 

*Y1::5 •••• • • • *x Al .. 
.. ;70. • • • ••• 

• • 
• Nd 

* 

VNl , .. " 

*VfS •••• · . . PS~~Uu-uP .X HI .. 
• eliot: = II N? .. .. 21". .. .. .... 

• 

• • 
• Nf) 

vNllQ(l 

• ••• • • PSEUDO-UP 
.. COUE = OOH ? 

*x Cl .. 
.. 20. • • • ••• .... . .. 

.. NO .... 
• ••••••••• x* 00. • • • •• 

Instruction Assembler (Page 10 of 32) 

•• • • .DO.X • • •• 

• 

• • • • • • • PSEUDO-OP 

VN1015 

·YES .... •• • .X 86 • 
• CODE = RM? • 14* • ••• • • • • 

• 

• • 
• '10 

• • VN1410 

.. .YES •••• · .. .. .. 
PSEUOO-OP .X CI * 

• CODE = BOr?" * 23. .. .. .... 
• • 

• 

• ·W 

! V 
• V~1420 

.. ·Y~S •••• .. .. .. .. 
PSEuo~-np *x 81 .. 

.. (OOF = tOO 1" .. 2~. 
.. 0: •••• 

• * • * ~() 

psrUULl-f1P 
COilE = f~1 ~ 

? 

• 
• >;u 

V"I150" 

*YFS •••• 
• • • *x Al .. 
.. .. 21· * ••• 

VNI6~n 

*YfS •••• 
* • • 

p SlUO<)-flp *x AI" 
.. c()n~ = H~l8 ?.. .. '4 • 

• 

.. (I: •••• 

• · * • * 411 

PS[lH'"!,)-I1P 
CfJl)t- KH? 

*Vf-S · 
V"IJlH40 

* .... 
• * *x A I .. · . • 7ft. 
**"'* 

• 

* ...... (, 

*.* • 
* * *x til .. 
.. 76* 
•• t • 

.Y~~ .*** 
• • * P~[LJ:l'J-fJr 

.. CPDf = C;vk ? 
*)( H6 #; 

* 26· 
***. • • 

· :(I< 'h.. 

*vtC; .*.* 

PSf Ulld-,)P 
(('lIE = ...... 

· . . .;. .... C I • 
• In. .*.* 

V~101'1 .* .. • • •• X Ah .. 
.. 76* 
*.*. 

l( 



lM~ lOI V 

lI~DHO ••••••••••••••• •••• • '* .. .. S~T C~ CUOE • 
.Al •• x. TO 'LO' AS '* '* '* '* "UUIFI~O ~y .. 
••• • UP COt MOO • 

••••••••••••••• 

v ••••••••••••••• • • *!:tt:T REG TYPE • 
*Tu OP 1.0t liDO' 
• t. EfH,r TO • 
.. • LOAU' • ................ 

_ VN0055 

·Yt:S •••• • • • 
FlUAIINu PT? ox,~. 

o 1. 
t • • ••• 

o 
• 

• NU 

• • 
'YES • WiV • • • • • • • NO 

• 
• -NO 

• I; OPNU -I A • 
~YMl:iULll RE:G 

• ? 

· .. ytS 

VNOroO • 
o • 

• *YES • • IS OPNu -.l IN 

• A REl.? • 

o • 
• Nu 

V 

• • 

••••••••••••••• • • 'lOB HAl. FOR • 
• OUO~U REG • 
• A~WI)ITlUN • • • ............... 

VNOa30 

•••• • • 
'X AO • • lZ. •••• 

YN0755 

••• • • *x 81. • • ••• 

YN0790 

••• • • .X Cl-• • ••• 

•• • • 

Pl/l SYSTEMS IIANUAL 

SVINSA 

o 
VN0755 • 

• • • 
IS UPNO -Z IN 

o 
A R~"? • 

• • • • • YES 

v 

o 

••••••••••••••• 
'VN0570 AI' *----28-----. 
OPkOnSS OPND • 
• -1 • • • • •••••••••••••• 

• • • • 

VN0770 

••• • • *x Ats* • • • •• 

VN0020 

.. eYES •••• * I, ItE6 AOJ TO' 0 _ 
OPNu -1 REl. ox 81 • 

• UPNU -2 REG ?.. .. 3-.. .. .... -• o NO 

VN075~ v ••••••••••••••• • • • • .Bltt •• X_MODIFV U., CDt:-• • 'TO KR FURMAT • •• • • ••••••••••••••• 

V VNDOaO ••••••••••••••• • • • ••• e U~E AUJ k~G" • • 
• TO uPNu -1 •••• X 87 • 
• ~~~ AS OPNO. .. 2. 
.. -2 ki:b • • ••• • •••••••••••••• 

VN0710 V VN0320 
••••••••••••••• • •••••••••••••• •• .V~0570 Al* • • •••• 

.. • *----28-----. *CHNbE Otl'NU -1* • .. 
*AH* •• X.PkOL.t.!lS UPNu •••••••••••••••••• X-REG PNTR ANO * ... ,1( d~ .. 
• •• -1" • AOOR TO ADJ. • b* 
.... .. • REG • • ••• 

••••••••••••••• • •••••••••••••• 

VN0790 ••••••••••••••• .... . 
•• • MODIFY OP • 
'Cl' •• X' CODE TO RR • 
• • • fORMAT • .... . 

• 

••••••••••••••• 

• • o 

• • 

• 

• • 
• NO 

v • • • 

VNoazo ... 
• • *x 06-• • ... 

••••••••••••••• • .YES 'SVfRH 0 

• • UG NR = ODU 
? • • • • • 
• NO 

V 

• .-------------* 
••••••••••••••• X. ATTEMPT TO • 

• 'FRFE fVE~ REG. • • • • •••••••••••••• 

V 
••••••••••••••• • • 
'SVFREE • • • VES 
*------------* • • • ATTEMPT TO • ~RI£ 
'FREt, ODD REG • • • • • • •••••••••••••• • * • 

• NO 

* • 0 

• 'YES • FRtE * ..•..... NOT FRH • • • • • • • NO 

VN08M 

••• • • 
OX ,a-• • ••• 

VNOOlO V VN0759 • •••••••••••••• 
•• *VNOI)70 A1* ••• 

.. .. *-----?R------* .. .. 
NOT FREE ••••••• •• , *06* •• X. PROt OP~U-l ..... X 84-

V • •••••••••••••• • • -GENERATE: LR • 
:000 R~~~ EVEN: 

• • • •••••••••••••• 

VNoa05 V • •••••••••••••• 
••• • MkK PR Of • 
• • • RFGS AS DBl • 
*C8 •• X. USGE; *' 
• • *SY"SOLICALLY. ••• *' ASSGD • • •••••••••••••• 

V VNOOZO ............... • • • ••• 
• CLf:AR • • • 
• CONTENTS Of •••• x 81 • 
• SOTH REG Tel. • 3. 
• ENTRIES • • ••• ••••••••••••••• 

.. .. _fDOUBlE KEG)" .. • .... . . .. 
••••••••••••••• 

11 
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Pl/l SY>TEMS IIANUAl 

'VINSA 

• VN08JO .. .. 
• • • 

••• • • ·AU • • • ... 

• 

• • • 
I~ uPND -1 A 

• NO • ••••••••••••• x 

• • ••••••••••••••• • .NO •• *VN0640 A I • 
• • • ------29-------•••••••••• CO ••• x. PROCESS • 

• SYHbOLIL REG? • • IS OPND-Z IN 
AUG? • • • • OPND-2 • 

• • • • 
... Yl:~ 

• • • 
I, OPNU-Z IN 

A REI> 1 

· . .. 'tl:!) 

* 

• NO • 
• 

.. .YES 

• • • • ••• .. YES ... 
•••••••••• X. 87-• • ••• 

YN0880 

• •••••••••••••• .VN0570 AI. • •• 
$-----28------* • • 

•••••••••••••• • X. PkOC OPND-l * •.. x to .. 
• IOBl REGI • • • • • • •• ••••••••••••••• 

VNOb 70 

••• • • •••••••••••••• 

V VN0340 • •••••••••••••• • • • ••• .GEN' l OPNDI. • • 
: ~~&1 g~~g~. : ... ! A~ •• 
• KE';'.l2 • • ••• ••••••••••••••• 

.. 1~ u~~o-l Kc~ • 
IN USC 

••• * • • X 66. 
.. -,>YMul.ILH.ALLY • * • • •• 

* 

• ? • • • 
• NU 

* * 'YE~ • 
••••••••••••••• 
*SYfREE • .------------* 

IS uj)NU-,l Kt.U. 
~K ULlU? .. 

••••••••••••••• X. ATTEMPT TO * 
.FMt:t: [VN A.EG • 

• 
• * * NU 

v 

• 

••••••••••••••• 
·~Vf--IH;.E ... *-------------* 
... ATTEM"'T TU • 
• fREt. UUU kt:b ... . . ............... 

• YE~ ••• 

• * • 
• Nu 

o • 0 
*x C4. • • • ••• 

• 0 ••••••••••••••• 

* • • ••••••••••••••• • YES. ••• .. 

• • • 
fREE 

• • * NO 

NUT rRE~ 

VNOH 7" V ••• * ••• * ••• _ ••• 
•• .YN0510 A1-

* • ·-----28-------

* • 0 oGEN'lR OPNDZ • 
_ ••••••••• :C4: •• X:I<E~-lA~gPN02 : 

••• • ••••••••••••••• 

V V"'OB~~ ••••••••••••••• • • • ••• .. .. .' . 
• GEN: SRDA •••• X CH • 
- RE';, 32 - • 11-• • • ••• ••••••••••••••• 

NuT fK(l ........ oooo •••• tsb ••• x* PRuess .. * • • uPNIJ-l (tJHL • ** $: REG! .. ............... 

VN08dO V ""0130 ••••••••••••••• ••• • • ••• • • .~t:N:LR lJPNUl" • • 
-Sl* •• X. ~fGt GPNOc •••• ~ (1 • 
• • • kb" SHiJA .. • j. 
•• .uP,..,OI KEG,)t. ..* • •••••• * •••• * ••• 

Chart 61. Instruction Assembler (Page 12 of 32) 
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I/flt09,lu ••••••••••••••• .... .. 
• • • • • Al •• X • .)tl uP TO • 
.. .. • I~U,I • 

•••• • ••••••••••••••• 

Plil SYSTERS ~NUAL 

,VINS. 

lOG 

VN0910 ••••••••••••••• •••• • • • • • 
.~1 •• X. SET OP TO • 
• • • 'LNI • 
•••• • • •••••••••••••• 

. . 

.x •••••••••••••••••••••••.•••••••• 

v ••••••••••••••• • • 
• ~~T UUL Rl:::b • 
• ACQUI>1I10N • 
• FLAI" .. • • ••••••••••••••• 

v ••••••••••••••• • VNU~10 Al. .-----Lts-----· 
.. PKlh .. E:.!)~ • 
.. uPNO-l .. • • ••••••••••••••• 

v ••••••••••••••• 
• VNOb~O A1 • 
• ----1.9-----. 
o PKOU,S • 
• IJPNU-l 0 o 0 

••••••••••••••• 

V VN0330 ••••••••••••••• • • • ••• 
• GokN: Of OPN010 • 0 
:1t~~I I O~~~A2 : ••• ~ U! •• 
• • • ••• ••••••••••••••• 

SAVE 

VN1090 
• •••••••••••••• 0.. .VN0510 Al* 

• • *-----28------* 
*Cl •• X. PROCESS • 
• 0 0 OPND-I • 
•••• • • •••••••••••••• 

y 
••••••••••••••• 
• 'VSAVE • .-----------. 
• GEN STORE 0 
• INTO TEIIP • 

• 0 ............... 

V VN0020 ••••••••••••••• • • • ••• o CHANGE CORE. * 0 
• ADDR OF •••• X BI • 
:OP~~RIN~~~~T: : •• lo 
• •••••••••••••• 

Chart 61. Instruction Assembler (Page 13 of 32) 

XFR 

VN1120 
• •••••••••••••• •••• • • • • GET POINTER 0 

001 •• Xo FRON SYNBnl • • * • I~SU • •••• • • •••••••••••••• 

V VN0025 • •••••••••••••• • • • ••• o UPDATE SYMB. • 0 
-INSTR CONTROl •••• X A9 -
*TO NEW INSTR. • 10 • • • ••• • •••••••••••••• 

13 
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370 

VNU'I50 ••••••••••••••• ***.. .. .. * .. vcT ktG .. 
*Al •• X. ASSI&N~O ro .. 
.. * *;)YMH CGMP H.t:b. 
••• .. 0 .. •• ** ••••••••••• 

v ••••• ** •••••• ** • • .. ':'1.::1 RI::~ULf .. 
.. TYPt:: AS .. 
.. l.LMPlEX IN .. 
.. t:"t~ KEG .. •••••••••• ** ••• 

>NU • 

PlIl SYSTEMS MANUAl 

JVINSA 

VN09t:.0 ••••••••••••••• ..... . 
.. .. .. GET REG .. 
*SO •• X' ASSIGNED TO • * • * CCMP REG 0 • *.*.. .. ••••••••••••••• 

v ••••••••••••••• *SVRSYN • *------------* 
• REHUVE • 
.. SYNONYMS .. • • • •••••••••••••• 

v ............... 
* • 
.. ReMOVE .. 
.. !)YMBOlIC .. 
'USAGE FLAG ON' 
.. 000 REG .. *** ............ . 

" •••••• ** ••••••• 
• • .. MARK dOTi-< .. 

Kl..::' ? ................ .. .. RI:13S A::' .. 

• 
• .. Yf::::, 

v •• ***** ••••••• * · . .. Kt::.tT LUNG .. 
.. Pkt:4 ... till IN .. 
'" KE~UL T lYPE .. • • ............... 

*Slr,."LE USAbt: .. · . ••• ** •• ** ........ . 

v ............... 
.. .. *.* .. .. .. .. 
*LlE:Ak UUD Ri:G* ••• X :)6. 
• lbl ENTKY • .. • 
• .. *** •• * •• ***.****** 

:x .................. : 

kl..L ? 

• • YES 

v 

'NO 
* 

.**.*.** •• ** •• * · , *StT LuNG tJtl.tC* 
*t)IT IN ktSULT* 
.. I YPE .. 

• * *****.***.**.*. 

* ....... . RM 

VN 10 l5 

:... :** •• *** •• ***.: 
•• • .. GET k~G • 
•• db •• x* ASSI~Ntu TU * 
... • *SYMB LUMP KI:.G* . *.. • 0 • 

••••••••• *** ••• 

. . 

.x ...................... .. 

VNO':ldO V 
•••••••• ** ••••• · . • .. .PuT KtG ADDk • 

*A7 ••• x.lN IKIAu ANU • 
• * * lA.)f-U~t: IN • 
•• • Rtl., .. 

••• *.*** .. *** ••• 

v 

.; IINOSoHO ..* .. *.*.* •• * .. ~ * • • .. ~tT ReSULTS. * .. 
.. fROM rVPI: •••• X lIl* 
.MA~K. ur IKIAU. * * 
.. .. .** 
• ••• *.******** * 

.......•..••. *. . ..... ********* · . ..*. .. *pur kEu !)l~N .. • • *KlltYE: SYMBULIC. 
• INTL \...uRt _ .............. I:Hi •• x* USui:: FLG5. • 
* S 16N fLU W" • .. • .FROM ALL Kl::u~. 
.. TRIAD" ••• .wHI(.H ICUNT) • .. .......... *... ..* *** ** ••••• *. 

KKk 

v •••••• *.*** ••• * • • 
• t-lAIJt: Bt:t:N * * * 
*SYMBOLI'AlLY * ••• x CH* 
.. ASSIGNt-D • • • 

• • .*'" •• * ••••••••••• * 

KRI 

VN09b2 . .............. . 
•••• • 
• .. • GET REG • 
*C1 •• X' ASSIGkED TO • 
• • .SYMI:i CDMP KEG. 
••• .. 0 .. ................ 

Ii 
•••• * •••• ***.* • 
·$VR~YN • .------------* 

VN09b5 • •••• * •• **** •• * •••• * 
• .. .. GET RtG • 
.01 •• X. ASSGNO TO * 
.. • .SYMB COMP RFG* .*. . 0 .. 

• 

• ••••• ** ••••••• 

* 
'NU . 

lit 

• REMOVE * * ........ . 

.. 
• • *ca*x • • 

• SYNONYMS .. 

• * . .............. . 

v 
• ••• * •• **.* •••• • • 
• RfMOVE • 
.. SYMBOLIC * 
*uSAGE f-LAG UN. *' l)l)[J RE G • 
* ••••• * •••••••• 

v 
•• * •••• **** ••• * · . • A TT ACIi • 
.SYNU""YM~ "'kO,",. 
.. eVEN TLl UDIJ • 
• REG • 
*****.***** •• ** 

v 
• **.***** •• **** · . • • 
:0: CLEAR (YEN • 
*Rt.(;, TSl ENTkV* · . .*** ••••• *.*** • 

• * Yf'S 

Ii 
*****"'~**):****.f' 
• < • HE")rT LdNC. .. 
• PPEt tHT IN $. 

• Rt::SUL T TYPE * · . ** •••• ********* 

: x •••• ............. : 

. 
* YF 5 

V 

********:0:* **** .... · . *~f.. T U1J\jI; PI- I-l-*-
*RIT 1'1 I<C5ULT* 
• T'IPF ~ · . ********.**** ** 

* ........ . 

:l( ••........•••.•. : 
v V VN098C 

.******.******* ** ******~ '" ***** 
• .. • * *** *MK !10TH ki(,S .. .. .. .Pt.-SI::T cl,..(PII-X* * .. 
• AS SINGLE * ••••••••••• *U6* •• x* Rt:-SUL T f-( t\(~ * ••• x /17* 
.t1~AG( AND U~E. * * *1'\1 P[SIIlf tH-C*' • .. 
'" ODD REG • **.. * *~ * 
..*.* •• ** •• *.** ******* ** :;."""'**>:' 

* *YES 
.. HA~ GI:::NEtl.ATtD • 

COL (IVRlAPPEO 
Cl)MP [LE R 

* TABLES 1 . . 
• .. Nu 

v 
• .... *** •• ** •• ** 

•••• *.***.* •••• 

... 
• • *x 07* • • ... 

••• **.***1:***:(..* ** * :(.. * .. .. * *u7* •• X. SAVE (~H)k. *' 
• .. *"1FS~Aur rllU~lTr;. 

• 

• < .*****<- .. ~- ':*0:-**>: 

v 
*************** · . .. PtST·\q Co 
* CUMPIlArIU/',J ¥ 
• WITH MnPI- .. 
* SPl\rF ~ 

******* ******** 

• I: X IT · *.****#*~****** 
Chart 61. Instruction Assembler (Paae 14 of 32) 



Chart 61. 

Pl/l SYSHMS MANUAL 

fVINSA 

LX 

VNI020 ••••••••••••••• ..... .. .. .. .. .. 
'BI •• X. SET UP CODE • 
.. .. .. TO l .. ..... .. 

• 

••••••••••••••• 

'YES • 

SIX 

VNI030 ••••••••••••••• ..... .. . .. .... .. .. .. .. 
:(,1._ .X: SET T3P SIODE : ••• ~ 83: ..... .. . .. 

••••••••••••••• 

• 
• 'NO • 

[S OP~O-2 [N ••••••••••••• X RIGHT TYPE U~ 
KEGIS TER ? 

••• • • *x 83-
A RE~? • 

• • • NO 

v ................ .... .. .. .. .. .. 
*j:ij* .. X*!)ET 2ND AODK .. 
.. .. .. INCtt. TO 4 .. .... .. 

••••••••••••••• 

• • 
• ·NO • 

• • • .. YES 

• • ** • 

V VNOB05 ••••••••••••••• .. .. .* •• .. .. .. .. 
• USE OPNO-2 •••• X C8 • 
.. REG .... 11. . .. . ... 
• •••••••••••••• 

••••••••••••••• .. .. *** .. .. .. .. 
• ~LOAIINb 

.. VUINT OATA 7 
••••.•••••••••• x. ~lT kEG ACQ * ••• X SA. 

.FLAG TO FIXEO" .. .. • • .. .. *.* ••••••••••••• ** • .. YES 

• .. .**** ••••• **** • 
• NU .. .. ••• 

.. .. MOD OP CODE" .. .. 
Dbl Pkt:C ................. X_fOR S('l. PkEC* .... X BA*-

• .. Flf PT .. .. .. 
.. .. *.* .. ** ............. . 

• .. YES 

v ••••••••••••••• • • 
.. "UOlfY UP * 
• cuut t-OR OBl *' 
• PR~C FLT PT • · . ............... 

v .* •••••• *.*.*.* * • • • .SeT 2ND ADLJR • 
• INCK. TO d • • • ............... 

v •••••••• ** ••••• 
•• *VN0510 Al. 

• .. *-----.,!8------* .. • 
*HS* .. X* Pt{uLI:::$S ..... ,l( 01* 
.. • .. UPi'4tJ-l .. • .. 
.... .. *** ............... 

Instruction Assembler (Page 15 of 32) 

••••••••••••••• •• *VN0640 At. • • .-----2q~-----* 
*Dl* •• X* PRot QPNI) -2. . . .. . ... .. 

• •••••••••••••• 

v • •••••••••••••• • • • • 
• GEN: OP RE6 • 
• OISP (BASEl' • • • •••••••••••••• 

v 
***.***.*** •••• • • totARI< Pt-(., .. 

RESLJL T liS .. 
COMPLfX • • • • •••••••••••••• 

.rrs • 

15 

IS AO'l,< i\ 
PARA¥ETI-Il? . ............ 

. 
",. '>JU 

*YFS . 
IS 4D.'-{ A * ••••••• Y 

StJt-lSC""I"T ? • • 

V 
• •• " ** ••• **.*** • • • • .. CdMPUTL )1'1l) .. 
.. AOn~ *' · . *t-*********** •• 

v ••••••••••••• ** 
·~VtJSAC .. 
*-------------* 
'" A.SSI::M1l r '" 
*COVEf.lF d \OUt{ .. 
• • 
**.****C<~*****'" 

. . 

.1.. ••••••••••••••••• 

v V'~(}33(l:: 
*********1«***** 
"" * **** .o. .. .j,FN: liP pte;" .. .. •• 
• +1 *.o •• XOl* •• 
'*lIISP-·\I{ n';l-) '* .. 6* .. .. .*.* • •• **********.* 

v 
.****",cn**.***** 

• * ."'F:TAIN J.\jllXl) .. • 
*DSPtC'1f\JT AN[l ...... .o •• .o ••• * (O~PlJTt ?Nf) *' 
• I "Jft{ .. 
**.* •• * ******** 

171 



372 

VNllOO ••••••••••••••• _.*. • 
• • -btl ~YMBOL'C • 
• AI •• At LAdEL tABLe. 
.. • • tNlkY • _._. .. 

.. 

••••••••••••••• 

v ••••••••••••••• · . • tlI,Jft\ Ul:.f ,. 
III (( .. UH.i\ LUt. ,. 
III I.rtO 1,..10 • 
• T AHll: • ••••••••••••••• 

• 
~~) Tht.Kt A 

*YeS • 
.. ktFcKt~~L? * • • 

• • Nu 

v ••••••••••••••• 
• EXIT • ••••••••••••••• 

••• • • *x 61-• • ••• 

PLII SYSTEMS MANUAL 

SVINSA 

.. . .. 
.... ·YES 

• • ... AS RE~ 8EL" • 
.SI'X LAST l5b 
• • .. SYlES OF 3RO • 
•• PG OF CODe 1. 

• 

• • • 
• NU 

.. .VE~ 

• t~ DfF wiTHIN' 
1ST J P~S UF 

• CODe 1 

• • • 
• NU 

v • •••••••••••••• .. . 
oCOMPUTE OISP • 
'ANI} IlASE FUH • 
• COllE COVER • 
• AutUN • ••••••••••••••• 

v •••• * •••••••••• 
• • • GEN: L ADCUN • 
• REG CODe WV • 
• IN 1ST UP<N 0 

:.l~~!.~t.~~~.: 

v ••••••••••••••• 
• uSE DISP • 
• Pllk TN LF ('Ur{K. 
• lOC. AS DISP • 
.. Of- tiRNC.H • 
• INSfR • •••••• * •••••••• 

if ................ • • 
• PUT AS~Mdt.D .. 
• AllUt( IN kt:I-NI,J. 
.. SkN(.H • 
• • ................ 

... 
• • .X (.4. 
• • ••• 

, ................ .. . 
• INSERT A • 

••••••••••••••• x.·~OP·INTO ISTe 
.UPEN INST IN • 
• REFNG A. EA .. ••••••••••••••• 

v • •••••••••••••• · .. .~ H-P THE AUutt* 
• uF THE REF • 
.. AR~A dY 4 * · .. • •••••••••••••• 

v ••••••••••••••• •• ·'Vn~AC • .. ,. *-------------* *(.4* •• xe SE:f .. 
.. • .. FOLLOWING • 
•• .. NuT£: .. 

• •••••••••••••• 

ASSEMSlt 
(.OV($tt: D AUlll'l 
fUk CURK lOe 

v ••••••••••••••• • • 
• PUT AS~MBlD .. 
..OOK I~ kfF".CJ* 
• I~STR • .. . 
• ........ **** ••• 

:,1(., ••••••••••••••••••••••••••••• : 
• IJNiluO 

.. 

. 

• • ·YE~ 
1~ THtRI:: • 

A"'UTH<R on 
• FUk THI> LOC 

• 1 • .. 
• • 

• NO 

v ............... 
.. I:XII .. ............... 

••• · . *x Al* • • . .. 

Chart 61. Instruction Assemb.1er (Page 16 of 32) 



AOU 

VN1I50 ••••••••••••••• •••• • • • • SET R~G ACII • 
OAI •• XO fl~S TO • 
• • .SIN~lE, fiXED. •••• • ............... 

v ••••••••••••••• • • 
• IN'"BIT • 

PLII SYSTEIIS IIANUAI. 

eVINSA 

• • • • • ••••••••••••••• •• • .NO • • • • 
"81'~ 

• IS ARRAY AOOR • • !lAKE ARRAY • 

• •• •• 
IN GEN?REG 0 •••••••••••••••• X:su:~~Rip~I~EG: 
• • • • 

• YES 

v ••••••••••••••• • • 
• MAKE • 

• • 12 • 
• •••••••••••••• 

• • • • •••••••••••••• • • • •• • • • • • AS;~HT Uf GEN. 
• HoE!" 0 • 

• SUBSCRIPT • 
• REG-M1IARRAY • 

• •••••••••••••••• USE OP CODE 11: •••• X 86 • 
• SR ••• • • ••••••••••••••• • REG=R2 • ••••••••••••••• 

VN1270 • 

• 

• 
• 

• • 
• YES 

• • 
IS AI<MAY 
AUUMIUPNlJ 

•••• • • U CO • 
• IS • •••• 

*Vi:S ••• • • • .X 81. 
• -IIIN A RtG ? • • • • •• • • • • • 

• I«U 

YNllOO • 
• eYES •••• 

• 1::. !lU6SLRIPT • • • 
• 1 k uEI''' RE:G 0 ex '\0 • 

• ? •• 1H-

• 
0 

• • ••• • • 
• NLl 

v • VN1230 

• ·NU •••• • • • I; >UdS(.k I PI *X Ab • 
N<~ATl V~ ? • 0 18. 

• • • ••• 0 • • 
• YES 

V VN1210 ••••••••••••••• • • • ••• • • • • • SET SUBSCI<IPT •••• X A~ • 
• REG = Rl,R2. • IS-• • • ••• ••••••••••••••• 

• • • 

• • 
• YES 

v • •••••••••••••• • • • • 
• GEI": lCR • 
• kl,RI • • • • •••••••••••••• 

* •••••••• 

: X •••••••••••••••• : 

v ••••••••••••••• ••• • • • • • *S5* ... X.USE UP CODE= • 
• •• AR • ••• • • •••••••••••••• 

V VNl160 ••••••••••••••• ••• • • ••• · . . . - . -86 ••• X* GfN: UP Rl ••••• x 85 _ 
• •• R2 • - 18-••• • • ••• •..••.......... 

• • •• ••• • NO •• 
•••••••••• )1:. 85-• • ••• 

Chart 61. Instruction Assembler (Page 17 of 32) 
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374 

VN1200 ................ 
••• *'VASbC .. .. .. *---------* 
• AU •• x* GET .. 
• • 'CUMPUTAT IUNAl* 
••• .. RfG .. 

••••••••••••••• 

v •••••• * •••••••• 
• • • • .. uPNIJ -1 Rt;u .. 
.. -) ~l .. 
• • ••••••••••••••• 

v 
••• ** •• **.****. • • .. Ntw R1:&-'> .. 
*uPNtJ-l KEtr> .. 
.. ki: .. 
• • ••••••••••••••• 

• • 'NO • 

PlII SYSTEMS MANUAL 

SVINSA 

••••••••••••••• .. .. *** .. .. .. . 
I,) ~LJd.)(.k 1 PT 

NEGA TJ Vt ? • 
••••••••••••••• X. uP LDDt= lM •••• X A5. 

* * • • • .. Yl::~ 

VN1" 10 V ••••••••••• * ••• • *... .. .. '" .. .. 
*A4 .... x*op (.uul -= LCR* .. .. .. .. ..... .. 

.*.*.*** •••• *** 

V ••••••••••••••• .... .. .. .. .. .. 
• A~ ••• x.&t:~: UP Kl,t{2* .. .. .. .. .... .. 

••••••••••••••• 

'INl,,)\) .; 
•••• *.*** •••••• 

••• ·$VU~AC .. .. .. *-------------* 
*Ab • .oX" ~c~ NUlt .. .. '" .. .. ..... .. 

•••••••••• ** ••• 

ASSEM"lE AuDM 
flit( AKRAY 

AOOR lUPND-ll 

V ••• ****.** ••••• 

• 

.... .. *** .. .. .. .. .. .. 
*AH* •• X*UP CUOt = ·A· •••• X ti4* .. .. .. .. .. .. .... .. . .. 

•••••••••• ** ••• 

· . ,. . 
• • * •• • •••••••••••••• 

• •••••••••• ** •• ... .. . .. . . 
.H4* •• X*GEN= OP UPND2. 
.. • • Reb, UPNOl • .... .. ••••••••••••• ** 

VNlLbO V .* ••• ** •••••••• ..... .. 
.. • .. ~t~ CODt fO .. 
.b5 •• X-*CK IF S.S. I.) • 
-* .. *UUTSIOt uSERS. 
*** • A~fA • • •• * ••••••••••• 

v ............... 
• • • PUT LA~ T-USI:. .. 
.. Uf TRIAlJ IN .. 
• Ki::.)lT REG * 
.. {(.UNTJ • ............... 

v •• * ....... * ••••• 
• • • • • PUT AOUK-iU:b • 
• ADD~ IN Ttl.IAU. • • ................ 

V '1.-.jv020 

.**.*.******.** 
• '* *.*. .PUT AUUN ~ES" * 
.t THO PTR IN •••• x l'l • 
• HEG T&l ENT" • 3. 
• FOM MlS REG" *.* • . ............. . 

* VN1270 • • • ... • 
* 

'YES • • • *co • I S ARRAY AOOR 
IN A REG ? 

•............. " ... " ... " " • • • •• • • • • • NO 

v ••••••••••••••• *SVASGC • . ------------. 
• GET • 'COMPUTATIONAL' 
• REG • ••••••••••••••• 

v •••••••••• * •••• 
'SVOSAC • .-------------* 
• ASSM ADaR OfO 
• ARRAY ADOR • • • • •••••••••••••• 

v • •••• * •• ** ••• ** • • • • 
• GEN: l REG, • 
• ARRAY AODR • • • • •• ** ••••• *** •• 

v • •••••••• ** •••• 
•• *SVDSAL .. 

• • *-------------* *C4* •• X*SEE FOLLO~ING. 
• .. • NOTE .. ••• • ••• *** ••••••••• 

ASSEMBle 
AUlJtU: SS OF 
SU8~CRIPT 

• *~u • IS CORE-SIGN • 
U~ SU8SCRIPT 

f'ofGATIVE ? • 
• .. YE!> 

V • •••••••••••••• 

... 
• • .X Aft. • • ... 

.. . . .. · . . . .op CODE:. = 'S' •••• X 64 • · . .. .. • • • •• • •• ** ••••• * •••• 

• 

• 
• 'Nu • •• • • • • 
IS IT GEN kEG .X C4. 

• 0 ? • • • • • YES 

v 
• ••••••••• *.* •• 
'SVASGC • .-------------* 
• GET COMPTNL • 
• RFr, * * • • •••• *** ••••••• 

v * •••••• * •• * •••• 
• • *OPND-l I.tEG -) • 
• H.Z t 'IEII' I-<rG " 
0-) OP~il-I REc,o 
• -) R 1 • ••••••••••••••• 

v 
• •••• *.*** •• *** 

• • •• 

.. :(. ... 

• 

• $ • • 
• GfN: l <. f< 1, "" ••• x C 4. 
.. ~2 .... · . ..* •••••• * ** ':< ***** 
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VIIIUlO ••••••••••••••• ••• .'~ASGA • • • .-------------* OAI •• XOASSlblII AULON • 
• • • KtG~ • •••• • ••••••••••••••• 

v ................. 
• utJHU\. ",or.o • 
• ('UUl:., Ula, .. 
*AULW< .. cui IN. 
• lU INHK 0 
• ~PALE • ••••••••••••••• 

V VN0020 ••••••••••••••• 
• fllVOl: L."'K TO • • ••• 
• tlKI:: V k(:f uno. • • 
.. 1~1 lN~' •••• x B1 • 
: SPCl~~~, ~t : : •• ~* 
••••••••••••••• 

Pl/l SYSTEMS MANUAL 

SVINSA 

RFIB 

VNU30 ••••••••••••••• • •••••••••••••• .... . . . 
• • 0 INITIALIZE 0 • USE CURRENT' :Bl •.. X: Sm~lior : ................. X: ~g~ h~CFe~D : 
0.. • MEFEMEIIICES 0 • BRANCHES 0 ••••••••••••••• • •••••••••••••• 

o 

• o • 
• YES 

v ••••••••••••••• O.VOSAC • *-------------* 
• ASSM AODR • 
.FOR CUKK LOC * 
• 0 ••••••••••••••• 

v ••••••••••••••• • • 
• GtT ENTKY • 
• FKOM LJ ST OF • 
• R~FEKENCES • • • ••••••••••••••• 

• •••••••••••••• • • 
• CO'lPTE AOOR • • •••••••••••••• x.IN CODe COVR • 
OADCON TSl FnR* 
-ADCON (CUNT I • 
• •••••••••••••• 

v • •••••••••••••• - . .WHICH cnVFRS • 
- HIE GUK~ ENT • 
- L '-Ie • • • • •••••••••••••• 

V . .......... (' .. . - . .USE: DISPL tlF * 
• CURRE-NT lnc *' 
*AS 01 SPl FUR' 
• Be INSf • • ••••••• ** ...... 

:x ..........•.•..• 

• • 
• -us 

END ~F LIST ? 

• • • • • • • ~o 

v ••••••••••••••• • • • • • SAV~ LINK TO • 
• "'[Xl ~""TRY • • • ••••• * ••••••••• 

v ••••••••••••••• • • -PUT 'NUP' ,,,.. • 
• PLAGE OF LIST' 
.. LINt< ,. 
• • ••••••••••••••• 

v ••••••••••••••• • • 

• 
VNoon: 

•••• • • ox ~1 .. 
* 3' •••• 

· . . *F ILL IN A,)OK * ••••••••.• 
• OF HG INHK • • • ••••••••••••••• 

v • •••••••••••••• • • .. GET FNT~Y .. 
• ... lto,.. LIST nF • 
• R~FERENG~~ • * • • •••••••••••••• 

.x •••••••••••••••• 

V~OC20: 
*Yt-S •••• • .... .. . 

F=fllr If" L I <;, "X 'H .. . 

• .. P\lfJ 

v • •••••••••••••• • • 
-SAvE LINK T1I .. 
.. f\lfX T 1 1ST '" 
.. ENII(V .. • • . ............. .... 

v . ............. "" · . .. !.it- ~ a ~ ,r J'\I .. 
.. Rf-G. A ll.ll..., .. 
.TKl'~PICr.. 
-OF LIST lll'4K .. • •••••••••••••• 

V •••••• * •• 9:.::' ••• 

• • 

• 3· • ••• 

· . . * .. 1 U I N Alln~ ........... . 
• If. >C "~SHl • • • * .............. . 

19 
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376 

""lHO ••••••••••••••• *.*. • • .. • utT Ab~LTt • 
• Al •• X.Mt.t" A~.')"I'iO TO
• • • U~NO -l • 
••• .. ~YMIjUl KEG • 

••••••••••••••• 

v ••••••••••••••• • • 
• AOJ,T IT TO • 
• Pkt(.UNb .. 
• ttv<NI Rt:.; • • • ••••••••••••••• 

V VNO~95 ••••••••••••••• • ,t:T HIT Of. • ••• 
.~NO~1u kUUTNt* • • 
.. Tu Gu TU * ••• X (;6 .. 
• VNOO~v'~~t Put • 2H* 
.. 3) • • ••• ••••••••••••••• 

Pl/l SYSTEMS MANUAL 

SVINS" 

LIN 

VN1380 ••••••••••••••• •••• • • • • • .111 •• X.INHIBIT ASGMT. 
• • .OF GEN REG 0 • ..... . ••••••••••••••• 

V VNOOitO • •••••••••••••• • • • ••• • • • • 
• SET OP COOt: •••• X t1 • .. TO III • • I· .. . ... • •••••••••••••• 

OOR 

VNIl90 • •••••••••••••• •••• • • • • • 
:Cl ••• X:TfiIGTl~SDOF : 
•••• • • •••••••••••••• 

v • • • • •••••••••••••• • .YES • • ••• 
• .SET FLAG ~OP. • • 

• ••••••••••••• ~X. SVASGC TO •••• X C~. • HXeD? 
.. f-llCFO • • • • • • • • ••• • •••••••••••••• • • • NO 

v • • • • • •••••••••••••• • .YES .. .. ... 
• • *SE:::T "LAI, tl ~. • • 

• flOATING ••••••••••••••• X. SVASGC Tll •••• X (5 • 

• • • • • • NO 

v ................ 
• • 
• ~ET FLG fDk • 
• SVASGC At~DNG. 
• Ttl TYPE 'ISK • 
• Of TRI~U • ••••••••••••••• 

v ••••••••••••••• .... .. 
• .. • ~FT fLG FON: * 
*tS* •• x. OBL ~EG .. 
.... .. AtUSfION .. ••• • ................ 

V VNOD2D ••••••••••••••• • V~O~10 A1* •••• ·-----2d------. • .. .. Pfc£lCt ~S OPNO •••• X Ii 1 • 
.. -1 •• 3. .. . .... 
••••••••••••••• 

• FllIATI~G *' • • • • • •• • •••••••••••••• 
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FSlb 

VNI50U ••••••••••••••• •••• • • • .INHIHIT AS~MT. 
• A I •• x*U~ AuCUN KcG • 
• •• 13 • •••• • ............... 

V • • • • • • YH • • • "UTO • • • • • • NO 

V • • • • 

VNIS40 

•••• • • *X AO • 
• 22. •••• 

• *YES ••• • • • 
• • • 

A~(,MT 7 -X 81. • • • • • ••• • • 
* * • NO 

V VN1540 ••••••••••••••• • • • ••• • • • • • StT ~LAG FOR •••• X AO • 
• 8AL INSTil • • 22. • • • ••• ••••••••••••••• 

PL/I SYSTEMS MANUAL 

$VINSA 

••••••••••••••• ••• • • • • GET AOOR OF • 
• 1I1 ... X.UL VARI~dU • 
•••• :ILEF!T~¥I OF : 

••••••••••••••• 

V ............... 
• 'VOSAC • .---------* 
• GET • • ASSEMBLED • 
• AOOR • ............... 

V ••••••••••••••• • • 
• lAVE • • AS EMSlEO • 
• OUR • 

• * ............... 

• • * • 
VNlS20 

*YES ••• 
IS LABEL *. • • • 

• 

'a~G~IM~lDf * *! CI: 
• DEflNEO 7 * ••• • • • • • NO 

v ••••••••••••••• • VN1615 DO. • -----32-------• TEST FOR lBl • 
• VARIABLE • * • ••••••••••••••• 

• • • • *NO • 

VN1520 ............... 
•• .VNlb40 10. 

• • ·-----32------. 
*CI ••• X- CONSTRUCT • 
•• - CONSTANT • ••• • . ............. . 

- . •• ••••••••••••••• • .YES •• VDSAC. • • .-------------* 

21 

• IS CONST ••••••••••••••• X. GET COVERED •••••••••••• 
• COVERAILE 7 • • ADDR • •• • • •• • •••••••••••••• • • • NO 

v • •••••••••••••• • • 
• RES 4 BYTES • 
• FOR LOAD OF * 
• COVER FOR • 
• CONST • ••••••••••••••• 

....... i ...... . 

.VN1630 AO. 
·-----32----. 
• 'EN LOAD OF -
• COVER • - . ••••••••••••••• 

V VNI505 ••••••••••••••• • • • •• • • • • 

VIU505 • •••••••••••••• ••• • • • • RESERVE 4 • 
.03* •• X*BYTES , CHAIN. 
•••• :REJ&Ry~gN~~EA: 

• •••••••••••••• 

v • •••••••••••••• 
!" QICT LI ST : 
--SAVE. BLOCK NO. 
• 11\1 RESERVf * 
• . AREA • • •••••••••••••• 

. . 

.X ••••••••••••••••• 

YNI510 V ••••••••••••••• • • .RES R BYTES , • 
.INSIIT ASM8l0 • 
..DDR OF CONSU 
• 011 VARIABLE. • •••••••••••••• 

....... i ...... . 

.'VASGC • 
*-------------. • I~ lA8~t A 

lITEN Al ••••••••••••••• X.USt. ZERO FOR * ••• X 03. • ASSIGN A • 
.FLOATING REG. • VA lABU 7 • • • • * • • • YES 

V VNI505 ••••••••••••••• -,VDSAC • • •• 
$-------------. • • • cova POTENTl •••• X 03. 
• VAIIBl ADOR • • • • • • •• ••••••••••••••• 

• AODR •• * • • • •• • •••••••••••••• • • • •••••••••••••• 

v • •••••••••••••• • • 
• GEN. lO R • 
• CONST/VR"L • 
• STU * • R,VAKIARlE • • •••••••••••••• 

V VN0020 ••••••••••••••• • • • ••• 
• CLEAR lOCON" • • 
• REG 13 AND •••• x 81 • 
• AllOW ITS • • 3. 
• ASGMT AGAI... • ••• ••••••••••••••• 
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YNUitO • • • • ... • ·YES 
• I~ TRIAD • 

PL/I SYSTEMS MANUAL 

5YINSA 

• • • AO • ~U~S('KI PTEU ••••••••• • • ... • lBL YAKbLE? • • • • • • • 
• NO 

• • • • 
• .NO 

• • • • • • • • • 
I~ IItIAO A * •••••••••••• X IS LABel 

O~FINED 1 

-YES ••• • • • ox Cit. 
• l~L YAKdlE? • • • • • • • 

• vtS 

• • • • • • 
• NO 

• • • .. . .. 
· . • x ••••••••••••••••• 

; ................ 
• • • • 
• "ET AUUIt Uf • 
.. ltil VktlL .. 
• • .. *** ••••••••••• 

v ................ 
•• ·.VD~AL .. .. .. .-------------. *Aj* •• X" (.UVtH. AtJUH. .. .. .. .. .. .... .. ................ 

* • 
* • • .YES • • 

VN1590 V ••••••••••••••• .YN1615 00. 
.----32------· 
• IlH IF • 
• PUTNTl LBl • 
• VAR .. • •••••••••••••• 

• • .YH 

• 
• 

PUTNTl lBl 

• 
YRHle 1 

• • 
• '1<.1 

v 

• • 

••••••••••••••• • • 

• 
• 

••• • • *x co-• • . .. 

oAl * •••••••• • * • U5E l~KO AS • 
• • 

• • • • NU 

V VNl,"O ••••••••••••••• *VNlbOO co* •••• *-----31------· .. .. 
.. beN. ~U~D 8R •••• X Al .. 
.. TU .... 10 .. .. 23-.. .. .... 
••••••••••••••• 

••••••••••••••• •• *VNlbOO Co* *.* .. * *-----ji------* .. .. 
*Att* •• oK. bEN LONU dK * ••• x 81. 
.. .. .. Tu ."llt .. .. .. .*.. .. ... ••••••••••••••• 

y VNl~10 ••••••••••••••• .. .. .... 
*be""JLR l!),b A* .. .. 
.. l!l.LdLVRbL •••• X A6 .. 
.. dAlR 14, I!> .. .. 23-.. .. .... 
••••••••••••••• 

• ADDk Of CON S '* · . ••••••••••••••• 

Y •••••••••••• * •• · . • USE CURK BLK • 
_NO. (It:KU. If. 
• IN UN-UNIT I • • • • •••••••••••••• 

• . .. .. 
.* • 

·~U ••• 

.'*Bb.X, ~Al ? • * '* .. .. 
• • • 

• YES 

v 
• •••••••••••••• .... . 

.. • .R~S 14 BYT~~ • 
*S7 ••• X.ANlJ LINK ARt-A_ 
• • *TO OI(.T (..HAIN. ••• • • •••••••••••••• 

v ............... 
• IN~EIH • 
• kt;St:kY.t:D • 
• BLOC.K NK, .. 
• t..O .... !>TAr.,r AUUk. 
• tC.Ot-..T J • ............... 

· . . *x ..lb • • • • ... 

V V~1"10 •••••••••••••• * 
*ANU GuTu ... LAG. • ••• 
• INTU KESERVD. • • 
.. AREA. ~AYt. •••• x Ab .. 
• &:.URR"'T dLe"'. • 23. .. Nu .. • ••• 
••••••••••••••• 

. ............. . 
•• .noSAC • .. .. .-------------. .CO ••• X* COy THE AODR. 

• • • OF LBL YAR • ••• • 

•• • • ·C4·X • • •• • 

• •••••••••••••• 

v • •••••••••••••• • • .RESET BLK NR • 
• TO FORCE • 
• RESOLUTII TO • 
• GOTO INTPTR • ••••••••••••••• 

v • •••••••••••••• .. . . .. • • • • 
.US~ ASS~M8LEU •••• X Rio' 
• CONS r ADOR. • • 
• • * •• • •••••••••••••• 

• • 
• *YES 

IS LABL IN • 
• •••••••••••••• 
*SVOSbC • 
*-------------. TH~ CURR 8LI\, ••••••••••••••• x. COYED LAHti. 

? • • • • 
• NO 

Y • •••••••••••••• .VNlb4,) !:to*' 

• 

.-----32-----* . 
• tUN. TRUt T • 
• WNSTANT • • • . .............. . 

• AJnp • • • • •••••••••••••• 

V V~(H: 2 • ••••••• * •• ~ ••• • • • ••• .Gt:N: !1( CUf\O,. • • 
.lAJ.lFl Ofl bftL •••• x B 1 
• 14, lAdH .. • 3. .. . . ... 
• ••••• * •••••••• 

•• • •••••• ** ....... . 
• .YES .. '" ••• '\ . . . .. 

I~ CUPIIST ••••••••••••••• X. GfT A,)1 .. 'f •••• x .Al* 
• LOV~~ABL~? • .. ( l~sr .. • .. ... .. .. . .. .. .............. . 

• • NO 

v • •••••••••••••• .VNlbOO co. .-----31------· 
• GEN tllNO BR • 
• TO .+14 • • • • •••••••••••••• 

v 
• •••••••••••••• • • 
• k£ !;,.tflVI:. 4 .. 
• BYTES FOR • 
*lLAiJNf.; CUVEk • • • . ............. . 

V VN1!'bO ......•........ 
• VNlb30 AO* •••• 
... -----3 z------. .. • 
• b~N lOAu O~ •••• x al • 
.. C.OVEN. • • 23. • • • ••• • •••••••••••••• 
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YNIS60 ••••••••••••••• •••• • • • • • *1.1 •• X* kE~fRY~ 10 * 
- - -SYTES OF tOOE•••• • ............... 

Ii ••••••••••••••• * • 
- "EN: L 13, • 
• CUNST t. l~ •• 
• O. BALK 14 •• 
• 15 • ••••••••••••••• 

v ••••••••••••••• • 'NLSI8 • .-----------* 
• SEE NUTE I • • • • • ••••••••••••••• 

Ii ............... 
• '~USAt • *--------* 
: f8~tM8'V~ : 
• • ............... 

v ••••••••••••••• • • • INSERt "'SMilO. 
UI/OR Of ... oeON. 
• INTO LUAU • 
• INStil. • ••••••••••••••• 

VN1570 Ii ••••••••••••••• •••• • • • • CLR ADeON • 
.... 6 .. X*REGS U.I~.IS. 
• • • ANU ALLUili • 
••• • (tONT I • ••••••••••••••• 

V VN0020 ••••••••••••••• • • • ••• • • • • .... SSlbNMkNT Of •••• X 81 • 
• REG 13 AGAIN. • 3. • • • ••• ••••••••••••••• 

'Lit ""EllS IWIUAL 
.vINSA 

EDO 

VNI420 YN0020 ••••••••••••••• •••• • • ••• 
:81* •• X: ~'~~ELmr : ••• : 81·. 
• • • COUNT BY I • • 3. •••• • • ••• ••••••••••••••• 

NOTE I. GH 
40011. uf AueUN 

FOR GUro 
INTEkPIlHER 

800 

VNIHO • •••••••••••••• ••• .VN1440 ... 0. 

:Cl· .. X:-CHE,:JoiNi--: 
• • • AtTIVE REGS. •••• • . ............. . 

V VN0020 ............... 
• INtREASE • • ••• 
: l~~~l T~~~NT :...; Bl •• 
• ST_GE "'SGMT. • 3. 
• BY 1 • • ••• • •••••••••••••• 
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"1~lt 0\0 
**t<*.:o.**~.*** •• *.* >;t Lv\.. dh.l • 

:.;. .... ~>t,.IK'" AJw l:d* 
*/.\ j, •• ,,~ L II"" ,;1 • 
0\'< kt~uLul~" 
*>;~ ~ \.oHAir.. .. 

*~ .. *'!-~ .. "'* •• "'~ 0\'<* 

... v,~ 4t,o:> 

• VNV"bU 

·n.s .. *** 

PL/I SYSTEMS MANUAL 

$V IN,A 

~***.**. (1.*****. 
~* * .. . . . 

~ul* •• X. TL~r f0K .. 
.. .. *A)(,\1f U" buTU* 
**.. • 

***.*.'1'<****.*** 

v~lno • 
• "'NO ... IS RESERVE TN ... 

VN17QO 

•••• • • 

24 

• • 
.~.::: *' • • • *x. (,1 *' . ... 

• *.* 
Guru " t; ••••••••••••••••••••••••••• 0 •••• 0 •••••••••••• x SAME "LOCK AS 

LAflH ? 
.X 80 • 

<I< ..;. ... . 
• NU 

V 
c<iI<****** •• ***** .. .** . . . 
'" LUl.Alt. •••• x Hl. 
~I\L~I.KVI::Li A,u:A* • .. 
~ .. . .. 
~q" .;.****.#***** 

• • !'old 

• 
'" NU 

v 

* 

*V(S . 

*.**** ... *****(0:(1:* ** *VNlb4u 00'" 
'iii .. *----- .)2------# 
*H'i* •• X* LLI'1I~rK!JCT '" *' • • LUlv,)lANT '" 
** * .. 

*"* ************ 

j, 11 
CLJVI.KA~lt ? . . 

• * Yt:$ 

, 
*** .. *~"'******** *.VlJ~A(.. * 
*-------------* *' btl CilVtKf:LJ "" *' Adl)kL ~~ .. 

• • 
4** .. ******** *** 

v 
**.*.***.* .. * .. ~ * **.. I):-* ¥ '" Mt,Vt "~lIt)' *' 

*t'lI1* •• A* 11\1£l; \JNlJ~t-,) '" 
+ ~ '* SPA~t .. , .. 

4 •••••••• 0 ••• x 

• • ·Y(S 
• I~ kESlRVt I~ • 

SAME HOCK AS 
• (URRtNT? 

• 

... 
• • .X S5. • • * .. 

...... *.* 
• NJ "' • 
••••• 0 ••• oX. B8. 

•• ****.*.*****. 

• • ... 

• VN1631) AO. .. •• 
*-----32------* • ... 

~ •••••••••••••• X.uf.NlKATI: LOAO* ••• X £\q. 
• {IF COVEtt • .. ... 
• • ••• * •••• *.*.*.* •• * 

V VI\j16&~ 
*;.********,~*>\.:(:* ,..t.,. .. ******** •• 
.. ¥ **.. .. ••• 

~L i L,JI\S I * ... Cr ... .. 
>I',,',* •• x* t.l10,..;. l.,<TO * ••••••••••• *l. '* •• x .. ,.~l J\lt)l'T LINK* ••• X Ai!.. 
¥ ... l Juot ",I<I-A .. '" * .. • .. 
~* ( .. .. .. *.* 

:0:.**,..*,,-,. ~~ .. ~ *** ***:t**",*******« 

Chart 61. Instruction Assembler (Page 24 of 32) 

• 
• • YES 

• 

• 

·~d • 

• zs. • ••• 

IS lA~EL ••••••••• 
cnVr~ARl( ? • • 

• • * YI--S 

v 
*.*.****** •• *** *$VOSAC .. 
*-------------* 
... GET COVEwtL • 
• Af1tJR. • • • .*#**.**** •• *** 

v 
•••• *******.**. • • ... r,P>J:~ • 
.LA~ELI 0" ~AL • 
• 14,lA~El •• • • .* •••• *.*****.* 

: x •••••••••• 0 ••••• : 

v 
*********.***** • • • •• * FILL UN'ISF:n" • '* 
• ~PAC[ ~ITH •••• x C9* 
• '~tJP' * • • • • • •• • ••• * •• * ••• * ••• 

v 
••••• **.******* • • * ~;l"ll:l 1 1 , '* .. 
* Anr qM, t. .......... . 
*LAdH 'L,~ ... 1\1 * * l/~, l d' j J ".. 
.*.",**** r" ~t:*.* 



• * • • • A1*A 
• * •• 

• • • • • .YES 

PLII SYSTEMS MANUAL 

SVINSA 

• VN1790 • • 

••• • • • .SO • • • • ••• 

• • 
• .NO • IS CONST AODR 

• 

• 

UMBLO 7 • 

• • • • • YES 

• • • • 

• 

••••••••••••••• •• .VN1640 80. • • ·-----32------· •••••••••• eo ••• x. CONSTRUCT • 
• • • GONSTANT • .... . 

• •••••••••••••• 

• • • • • ·NO • • 
• •••••••••• ** •• 
*VN1630 AOt ••• 
*-----32------* • • • OUE~ RESVE • 

aLK NK EWUAl 

••• • • U GO. • • • 
.YES ••• • • • ox AI. • IS IT 

COVERA8LE ? 
••••••••••••••• X. GEN LOAD nF •••• x 8 •• 

• ~URR tllK NRl. 
* • • • 

• NO 

• • ••• • • • • • .NO 

•• • • ••• 

· . •••••••••••••••••••••••••••••••• x. 

v ••••••••••••••• • • 
: m~/~RI¥~ : 
.. 'NOP *' • • ••••••••••••••• 

v ••••••••••••••• • • • • • USt AS~tM8LO * 
• AI.)Ok .. • • ••••••••••••••• 

v ••••••••••••••• ••• • 
• • • GEN: LA • 
-tilt-,.X_ l3tCON~T L" 
• • • l~tO 8ALR • 
•• : •••• 1:'1~ •••• : 

v ••••••••••••••• 
• 'NUIS * *-------------* 
• SEe NuTE • 

• * • • •••••••••• * •••• 

v ••••••••••••••• 
·'VUSA~ • *---------* * eOVEK ADeON • 
.. ALlOR .. 
• • ••••••••••••••• 

v ••••••••••••••• • • • IN~eRT ASMSLUO 
• ADDR INTO • 
• LDAD INSTk • • • ••••••••••••••• 

~ VNlh~'> ••••••••••••••• • .. .* •• 
• ... .. * 'GET NEX r LINK •••• X A2 • 
• .. .. 24· · .. . ... ••••••••••••••• 

NOH: GET 
ADOR Of ADe"N 

IF GO TO 
INTEKPKtTeR 

• COVFR • • • • • • • • •• • • ••••••••••••••• • • • YES 

v • •••••••••••••• ·SVDSAC • • •• 
*-------------. • • * ASSEMBLE •••• X 8.' 
• eaVERO • • • 
• ADDRESS • • •• • •••••••••••••• 
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382 

RII 

VhlllitO ............... ..... .. 
.. .. .. .U:MUVt B .. 
.Al •••• TASLE Al tHO • 
• • • ~ bLotK • ..... .. 

••••••••••••••• 

v ••••••••••••••• • • • bH (.U .... SU •• 
• lNfU TAIILE • 
• ENTRY • • • ................ 

~Nll1i;o V ••••••••••••••• .... .. 
• • .PUI bLK NK AS. 
*Aj* •• X-SASE CW~ IJF .. 
.. .. .Pc"," O~A REG .. 
•• .. TbL tHTHY .. 

• • • 

••••••••••••••• 

V ................ 
EXII 

••••••••••••••• 

~Nl0ll1 ••••••••••••••• 

• • • 

..... .. . ... .. .. .. .. .. .. 
• A6 •• X*LO'ATE TKIAO •••• X 68 .. 
.. .. .. .. .. 14. ..... .. . ... 

••••••••••••••• 

PL/I SYSTEIIS IlAllUAL 

aWI.SA 

RS 

VN18t.O VI'I1850 ............... ..... .. . .. 
• • • GET 8LII T8L. • • 
*81 •• X- ENtRY PNTR •••• X A3-
• • • fROII PARAII • • • 
••• • AREA .. • •• ••••••••••••••• 

SVR 

V"1870 . .............. . ..... . 
• • • GU. S TORE~ • 
*80 •• x-INTO fEMP FOR
• .. *fXO Rt~S 0 , .. 
••• .. 1 lCONT) .. 

••••••••••••••• 

V VN3260 ••••••••••••••• .. .. .... 
• flT~b ktG 0 ,. • * 
• 2, It- * •.. X t.1 * 
• 'OhTENTS ARE. • 4* 
-STILL ACTIVE. **** ••••••••••••••• 

• VN1815 • • 
••• • • • ·'1 .. • • • •• 

* 

• • • ·NU 
IS LI STING 

ENABLED ? • • • • • 
• YES 

v ••••••••••••••• • • 
• BRAllltH ON • 
• PRINT 5 WORDS. 
• OR 1 • • • • •••••••••••••• 

V • • • • 

• 
• 

• .YES • 

• • • • • •• • .N~ ••• • • • • • • . ....... .01*. EIIID OF L:JCP ? .X t7. • • • • • •• • ••• • • • • YES 

: •••••••••••••• X: 

V • •••••••••••••• • • 
• EX IT • • • • •••••••••••••• 

••••••••••••••• • • .... 
'SfT CrU .. T Tf: 11= • * * ? ••••••••••••••• X·l A"rl REO)UC[ * ••• x t7. 

• • • • • • • • NO 

Hv( WORDS 

v ••••••••••••••• • • 
• SET COUNT TO * 
• 5 ,MEDun • 
• l.LJC C.Tk PTtt • 
.. 8v 20 • 
••••••••••••••• 

v . ............. . 
• • 'ED IT tUNI S OF. 
• l~I 2 was • 
• I"TU A SY"B * .CHAM STK uPNO. 
• •••••••••••••• 

v . ............. . ••• • • • .C.UNV ~ dyrES • 
• '7 ••• X.TO HEX f. EDl r. 
• • *TOGETH til LOC. • 
•• • CIR PTR • • •••••••••••••• 

v ............... 
·SGPUT • • -------------* 
• Pl(lNT THE • 
• LINE • · . ............... 

v ........•.•.... 

• 

.. .. ... 
• ClR PR.I~T • .. • 
• BUFFER AIIID •••• x Dl • 
• STEP TO NEXT. • • * 4 BYTES .. • •• ................ 

• LOC eTR PU • * • • HY It • ... 
• •••••••••••••• 
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Chart 61. 

••• • *Bl -••• 

PL/I SYSTEMS MANUAL 

IVINS" 

TEST fOR DOPE 
VEUOK 

VN056l 

••••••••••••••• • * x- ENIER 

* - ••••••••••••••• 

- • • • 

* • • 

• ·YES • • 

OPND 2 FOil 1111 

VN0635 

• •• ••••••••••••••• 
* • • • *Cl x • ~NTER * • • • • _ .. ••••••••••••••• 

v ••••••••••••••• • • 
- cb~s~m A •........ • • 

.~ET FLAG FOil • - ? • • • • • • NO 

o 
o • 

.. *Vt:5 
o IS OPNO • 

.. OPNO -2 .. 
o • ................ 

• • 
*Vl::S •••• 

.. UPNO -2 = .... .. 
.. ALKt:AOY A •••••••• X ,YMBOLIC COMP ox 02 • 

W~S~klpr ? 
• • • • • * NU 

v ••••••••••••••• • 0 
• ,t r OUPE HC • 
.. FlC. TU tiASE • 
*(.ltDI: Uf- OPN() .. 
.. 'CUNTI .. ••••••••••••••• 

••••••• i ••••••• 
o • 
*SE' ~U6~CR'PT. 
-FLA£, UN UP NO • 
.. COKt-ADOR .. 
o • ••••••••••••••• 

:x ................ : 

v ••••••••••••••• • .. tXl T .-. . ••••••••••••••• 
* 

.. R~G 1 .... lS-

• • .. NO 

o 

• 

•••• 

VN05SQ 

°YES • uPND -l • .*** . . 
• ~YII"ULIC 

AOCU'I ktG ? 
*x A2 .. 

.. 2S-

* 

o • •••• 
* • 

• 'IU 

IIi>Nt) -2 :::;: 
ABSIJlUTI: rtl:G 

? 

· • NO 

VNO~12 

"YES •••• . .. . 
ox "7 .. 

.. .. 78· .*.* 

VN~"~ 

oYES ••• * 
• • * 

LITeRAL? *x ~~ * 

• • 
* 

• NO 

• • * 

.. • ZIJ. .. . ... 

• *"4U 
UPND -2 = .. 
IIiIAb PART •••••••••••••••••••••••• 

* AOUR? 

* * · .. YE;S 

v ••••••••••••••• • • .l>ET keG t:NTRV • 
• I.t,UJ TO Ut'NO-Z* 
."-E.G Tlil ACmA. • 
* • ••••••••••••••• 

VNOU~***. i....... v 
..... • *.******.** ... *** 
• • • 5~T UPNIl -2 .. • 
.C9 •• X.KEG ADOk 4NU •••••••••••••••• x. ~XIT 
... • 1 Al PTR • • •••• .. .* •• *.*."'",.4.*.0: ••••••••••••••• 
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PROCESS UPNO 
1 

VNU570 

••• • •••••••••••••• .. .... .. 
.Al x* STeT .. .. .... .. ••• • ••••• ** ••••••• 

v ••••••••••••••• • • ... 

Pl/l SYSTEMS MANUAL 
SYINSA 

VN0580 • 
• * .. .NO 

I S SYMBOLIC • 

.**** •••••••••• 
'SVASGA • *------------* • • *!)t:T ... lAb FOR .. • * • *82 .. REG ASSI GNEll * .....•...•.... x. AS-SIGN AN .. 

* 

• 

.. OPNU -1 .. • • ••••••••••••••• 

* .. .YES 
o~~u -1 ~ • 

!)'(M~Ulll. ('OMP 
REG ? 

* 
• 

• NU 

• .. ·YES 
UP"'O-l = .. 
~YMIiOlIC. 

AUCUN KEG? • 
• • * • • • 

• NO 

VN0590 

••• • • *x Ol. • • ... 

VNOSSO 

••• * • *x 8Z* • • ••• 

• • , .. ? , 

• • 
* • YES 

V VNO~ 75 ** •• ** ••••••••• 
.. .. *** .. bET PuJNTEk" * .. 
.. TO ASSI~Ntu •••• x A~* 
.. Rf::G fKOM .. .. .. 
_SYMBOLIC Till" *.* .......... * ••••• 

VN,H5 
.. **** •• ******.* • • YES ..... .. 

.. .. .. .. .. PUT LIT VAL .. 
.. UPND -1 •••••••••• B5 •• X.AS REG NO UF .. 

.. l I fERAL ? .. .. .DUM~Y 1 BL ENT* 
.. .. •••• (CONT J .. 

• 
• NO 

.. ·NO 
UPNU -1 = • 

Ab~UlUTf:: kl:(' 
? 

, . 
.. YES 

VN0572 V 
*.******* ••• *** 

, .. 
• • *x. 69* , . ... 

••••••••••••• ** 

v .*.*.* •• *.****. * * · . .. (fUK U,)£ A~ .. * (.UNO cout. J .. · . ••••••• **.***** 

v 
*.*.. .. ******.******** 

• * 'USC DUMMY AS • .. .. . .. 
*A1 .'OX. ~GMPUT~ REG .. 
.. .. .. TABU:. l::f\llKY .. ..... .. * RE.., 1"[}L * 

.. POINTER .. 
• • ******.* ••• *.*. ............... 

.. . , VN0515 * , 
:x .•....•.•...•.••.•......••..... : 

*.**** •• **** ••• ·YES .. .. 

·Ad·x . , JPNiJ -1 ? 
.. .. !>ET OPND -1 .. 

.............................. X*Kt,G AIJDR ANI) .. . , .. .. T BL 1'1 K. .. 

• * • • 
****.*.*.*.*.*. .. . .. . 

.. Nu .. .. 
•••••••••• x. C9 .. 

.. 27· .*.* 
VN0636 

v .* ••••••••••••••• , .. 
_Sq.x. EX I T · ,. •. ..** .•.•..... ** 

.. AOCON REG .. 
• • * ••• ***.* ••• * •• 

v ••• * •• *** •• ** •• • • * ENHR ASGND • 
'KEG IN SYMBOL' 
*ADCON REG TBl*' *' (CONT) .. **.**** •••••••• 

V VN0515 .* •••• *.*****.* .. .. *** .. t FLAG AS .. .. .. 
*~VMSOLICALlY * ••• x AS*-
.. USeD .... .. .. .. .* • 
*******.******* 

********.**** •• *$VA::.&C .. 
.. .. *-------------* 
*C~* •• X.ASSIGN A COMP. 
* .. * KEG * .*. . ***.*********.* 

VN0595 V 
**.**** ******** **. * • 

.. .. • l::NTEh. A$GND .. 
*L6 •• x* REG IN ~Y~H * * .. *LCMP ReG Tb~ .. **. .. ICUNT} ,"? .. 

..******* ..... ~*** 

**********.****' 
VN057? 

• *' *** • ANO FLAG AS" .. • 
*SYMtiull( .. All '( ..... X AS*' * USED .... * .. • *.* 
********.*.**** 
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VN0590 • ••• 
* * *02 * * • . .. 

• *NU 
IS SY~t!JLlC • 

REG ASSIG~f~ 
? 

* • .. Yr5 

v 
* •• ************ o • 
.. GET pnI~Tf k * 
.. TO A$SI';'1tf) *
'" REG FRJM ~ 
'SY~RCL1(' TPL • 

*************** 

Ii 
.******** 'l:**'*'t'* . . 
.. BRA'IICh tJr. * 
.SYMBOL Ie A('lfW* * OOD 11K f-VEN * 
o • 
**********.:.**** 

..* • • *x C5* * 0, ..* 

Vf\!OS 7f;, 

*vrs *** 
fVFN ? 

. 
.. Ij; 

DOU 

• * • *x AA* 
* • ... 

V V'4057'l 
*****$**$*t"*~~* 

*' .. **'* .. * • .. 
"lJ~~ AO.JACF\T * ... X AA* 
.. kEGlsrt .. k *' .. .. 
* .. *** ****.** **** "'~** 
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PRUCt SS OPNO 
2 

VNOb4U 

••• • •••••••••••••• . ... . 
• Al. X. cNTtK • . .. . 
••• • •••••••••••••• 

~ ••••••••••••••• • • · . • tiRANCH ON .. 
• UPNO TVPI:: • • • ................ 

• • 
OPNu TYPE = 

·YES • 
• PARA"', Ht:AL ? • · . 

• 
• NIJ 

• 

VNOb50 

••• • • .X bO. 
• • ... 

VN0680 

• YES ••• 

* · . . uPND TYPI:: = .X CO. 
IMAblNAl-tY 1 • • • · . . .. 

• 
• NU 

• VN0690 

·YES •••• • OPND TYPE = • · • 
S~RATCH .X AO • 

SrUMAbE ? • • 30· •••• • • · · NO 

• • VN0720 

• ·YES •••• • · • OPNO TYPE = .X so • LABEL ? • • 30· • •••• 
• 

• NO 

VN0730 

* • ·YES 
_ ... 

• • • * IJPNO TYPE: = *x C3 • • 1I TERAl ? .. 30-•••• • • 
• NO 

VN0710 • • YES •••• • • · OPNU TVPE = .X LU • • CONSTANT 1 • • 30' • •••• 
• 

• NO 

PLII SYSTEMS MANUAL 

SVINSA 

VN0650 •.............. •••• • · .. . . 
.SO .. X* USE OPNO -2 • 
• .. .. CORE ADOR • •••• • ••••••••••••••• 

VN0660 V ................ 
••• ·S\lOSAC • 
• ;$ .----------. 
*S1 • eX. GET • 
.. • .. ASSEMBLED • 
••• • ADORE 55 • ............... 

VN0665 . 
•• 

• • * ·B2*X 
• * • .. 

'NU 
JS INDEX * 
(OPNO -31 

SPECIFIEu? • • • • . 
• YES 

v ...... **** •• * ••• • • 
*LUC S'fMB C.OMP. 
.. UR AO'N REG * 
*TSl AS REQ BY. 
• OPNO-3 TYPE • .... * ........... * 

• 
*NO . 

IS RE~ .;SbND 
1 

• 
• YI::$ 

v ............... 
• • .. GtT REG Nk .. 
*ANU PUT IN XI* 
• fLU OF .. 
*A~SH8LEO AUDK • ..* •• *.* ••••••• 

VN0680 • . .t •••••••••••••• 

•• • • ·CO.X • • •• 

•• · . . •••••••• • ·C.2*X .. . 
•• 

* ..•.•.. x 

*NO • • • • •• III .. • • 
DOUBLE 

PREel SJON ? 
.. ................. X.USE INCRE~FNT ..... X Cz. 

• OF 4 ••• • • .. . . .. 
• • ••••••••• **.** • • YES 

v . ............. . · . • • .USE INCREHENT. 
.. Of 8 • 
• • • •••••••• * ••• *. 

VN0660 

• ***.***** •• **** • *NO • .. *** SUBSCR I PTED • • ADO OPNO -7" '" .. 
Ok PARAMETER ................ x.- A:JuR TO * ..• X 81 • 

1 

• .. YES 

V ..* ••........•• 
·SVOSAC • .-------------* 
.CDVER OPNJ - • 
• 2 A.DOR • · . ** •••••••••• *** 

V VN066"i ..** ••••••••••• .. .. ... 
• .. * .. .ADD INCREMENT_ ••• X fS2* .. • • * · .. .*. ~ . ............. . 

• I NCIH:MENT * .. .-
* .. *** 
*************** 

: x ................... : 

* 

•• 
* •• 
"51·X· • •• •• 

• 

.. .YES 
• 15 6ASt:(UPNU .. 

-41 SPEClfHD 
1 

* • 
• NO 

V ••••••••••••••• 
EX IT . .............. 

•• ***.* •• * ••• ** 

• · · 

*.**** ••••• ***. 
• * .lOC SYM C.OMP .. 

* ..••••.••.•••. X* OR AIlCN KEG * ••••••••••••..• x 
.TbL AS KEw HY. 
• oPfltU -4 TYPi: • 
* ••• * •••••••••• 

IS Rl-C 
!'ISS I (.J'''.i.t-f)? . 

'" VeS 

v 

*'HJ . 

**********~ *t~.* · . .. (:ET ~r'; i\lf{, *' 
*PUT IN R ru' .. 
.. flF ~Sil4!i! n .. 
'" AODR (ell'lT) '" 
* •••• ** ******** 

v 
•• ************* · . 

. .. . . 
*x B7* • • ... 

'" ExrrPT -4fH-N '" '" .. 
,.. l!)T r1~~o) I1F * ••• x 87* 
*S5 TYP[ ! \)';TK.* .. .. .. .. .*'" 
*************** 

UPND TYPI:: ............... x* EXIT • • • UTHER • • *** ••••••••••• 
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-
PL/I SYSTEMS MA"'C'AL 

SVINSA 

VN0090 .. • VN0720 

••• . -*AO_ . -.... 

.. 

- .. - -YES 
HA~ SCRATCH • 

UEk" ASSIGNtD 

• •••••••••••••• ..... .. .. .. . .. 
•••••••••• 60 •• X.GET LA~El TSL. • YET 1 - •• .. .. ENTRY .. 

.. 

• • ...... .. . -• • 
• ND 

v ................ 
*'VC,TMP .. *---------* - bH IMP .. 
• 5 TOkA"H32 -
- BYTE I • ••••••••••••••• 

v ••••••••••••••• - --A.5.",.. LUI. 10-
.. ::'LK.AH.H .. 
.. \TllH.AbE .. .. . 
••••••••••••••• 

· . • x ••••••••••••••••• 

.. .. .. .. 
- -NO .. 

::'U .. lINu AKt:A 
iIIIANIEU 1 .. .. .. 

.. 
.. YI:S 

v ••••••••••••••• .. .. .. .. 
.. AI...I..I 16 tl.o .. 
.. H.uOI< .. . .. ............... 

* •••••.•. 

:x .................. : 
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PART 8 - WRAP-UP 

The routines which perform compilation wrap-up are described in this 
subsection. The routines are discussed in alphabetic order according 
to their mnemonics, as shown below. Detailed logic diagrams for the 
routines appear at the end of the subsection. 

Adcon Initialization ($HAINI) 
constant Table Processor ($HCTP) 
Dope Vector List Processor <$HDVTP) 
Line Number Table Processor ($HLNTP) 
Runtime Library Loader ($HRTLL) 
static Constants-Adcon Loader ($HSCAL) 
Table Collapse ($HTCR) 
compilation Wrap-up Driver ($MCWU) 
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TITLE: ADCON INITIALIZATION ($HAINI) 

Program Definition 

Purpose and Usage 

The Adcon Initialization routine converts all adcons from their base 
code and displacement form to true addresses and resets the user area
relocation constants in the communications area. 

Description 

PSPTR is set to point to the start of the library adcon area, and all 
adcons in this area are initialized before the swap flag (SWPFLG) is 
set to inhibit swapping. Each adcon in this area is initialized by 
forming the true address in a P-register, incrementing PSLTH to cover 
the adcon, and storing the true address back into the adcon. 

Next the swap flag is set, and the compiler relocation pointers (CSPTR, 
CSLTH, and CSREG) are cleared in the communications area. The remainder 
of the adcons are then initialized in sequence, starting at the front 
of the adcon area. This initialization includes initialization of 
the file control blocks and allocation of space for the disk files 
when necessary, and initialization of the adcons covering the generated 
object code, the static and constants area, and the library work spaces. 

PSPTR and PSLTH are then reset to cover the entire adcon area and PSREG 
is set to the execution-time relocatable register configuration 
(registers 6 through 15). 

Errors Detected 

SPACE FOR COMPILED CODE EXCEEDED. (113) 

The adcon area is set up to include a total of 15 adcons 
generated object code and the static and constants area. 
initialization, a check is made to insure that the total 
adcons needed for this purpose does not exceed 15; if it 
message is printed and compilation terminated. 

Local Variables 

None 

Program Interface 

Entry Points 

$HAINI. No formal parameters. 

Exit Conditions 

to cover the 
During adcon 

number of 
does, the 

Normal exit. Return to caller. Final exit to CALL/360-0S Executive 
if the source program is too large. 

Routines Called 

$GPUT 
$SVC 

Global Variables 

CSPTR 

CSLTH 
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Output Director 
SVC Director 

Processor Swap Compiler Save Pointer (Communications 
Area) 
Processor Swap compiler Save Length (Communications 



CSREG 

PSPTR 

PSLTB 

PSREG 

SWPFLG 
L Table 
$LNTA 
$CAA 
$AAA 
$RTLA 
$LWSA 
$IOBA 
$SASA 
$DSAA 
$DBUF 
TMBUF 
$COMAD 
$GABU 
$MFCB 
$MLWS 

Logic Diagram 

Area) 
Processor Swap compiler Registers (Communications 
Area) 
User Program SWap Compiler Save Pointer (Communications 
Area) 
User Program swap Compiler Save Length (Communications 
Area) 
User Program SWap Compiler Save Registers (Communications 
Area) 
SWap Flag (Communications Area) 
Library Load Table 
Displacement from Code to Line Number Table 
Displacement from Code to Constants Area 
Displacement from Code to Adcon Area 
Displacement from Code to Library Area 
Displacement from Code to LWS Area 
Displacement from Code to I/O Buffer Area 
Displacement from Code to Static Array Area 
Displacement from Code to DSA Area 
Number of Disk File Buffers 
Pointer to Terminal I/O Buffer 
Address of Communications Area 
Print Buffer 
Mask for FCB Control Bytes 
Displacement from Code to Address-Modifiable LWS 

Chart 62 shows the detailed logic diagram for the Adcon Initialization 
routine. 
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TITLE: CONSTANT TABLE PROCESSOR ($HCTP) 

Program Definition 

Purpose and Usage 

The Constant Table Processor processes the constant table (C table) 
by moving constants to the static and constants area (adjacent to the 
line number table area) and, when necessary, converting string 
constants. 

Description 

The first and eleventh through seventeenth words of the constants area 
are cleared to zeros. (This area will later be used as the dynamic 
storage area for the external block.) 

FILEPTR in communications area is initialized to the displacement from 
the start of user area to the FCIB offset table. This table is located 
at displacement X'lEO' from the start of the static and constants area. 

The C table is then processed one entry at a time, first checking to 
determine whether the entry contains the constant or a pointer to a 
character-string constant in the source program. If the entry contains 
the constant, it is moved to the location in the constants area 
indicated by a pointer in the constant table entry. If, on the other 
hand, the entry contains a pointer to a character string in the source 
program, this character string is converted (that is, duplicate quotes 
removed) and placed in the constants area. 

Errors Detected 

None 

Local Variables 

None 

Program Interface 

Entry Points 

$HCTP 

Exit conditions 

Normal exit. Return to caller. 

Routines Called 

$WSTEP 

Global Variables 

C Table 
$CAA 
$TAREA 

Logic Diagram 

segment Management 

Constant Table 
Displacement from Code to Constants Area 
Translate Area 

Chart 63 shows the detailed logic diagraro for the Constant Table 
Processor routine. 
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TITLE: DOPE VECTOR LIST PROCESSOR ($BDVTP) 

Program Definition 

Purpose and Usage 

The Dope Vector List Processor sets the pointers of the dope vectors 
of all static arrays and strings to point to the virtual origins or 
beginnings of the strings, respectively. 

Description 

The storage pointer of each dope vector pointed to by an entry in the 
dope vector list is set as follows: 

• If the dope vector is a string, the pointer is set to point (from Pl) 
to the start of the string in static storage • 

• If the dope vector is an array/string-array, the pointer is set 
to the virtual origin of the array. 

Errors Detected 

None 

Local Variables 

None 

Program Interface 

Entry Points 

$HDVTP 

Exit Conditions 

Normal exit. Return to caller. 

Routines Called 

None 

Global Variables 

$TSA 
$SASA 
$CAA 
J List 

Comments 

Ad1ress of Dope Vector List 
Displacement from Code to Static Array Area 
Displacement from COde to Constants Area 
Dope Vector List 

The dope vector pointer cannot be set when the dope vector is moved 
to the constants area because static storage has not been allocated 
at that time. 

Logic Diagram 

Chart 64 shows the detailed logic diagram for the Dope Vector List 
Processor routine. 
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TITLE: LINE NUMBER TABLE PROCESSOR ($HLNTP) 

Program Definition 

Purpose and Usage 

The Line Number Table Processor processes and moves the line number 
table (D table) adjacent to the generated object code. 

Description 

This program receives the line number table (D table) as input. The 
table is processed one entry at a time by locating the line number 
in the source program, converting it to packed decimal, and combining 
it with the object code offset from the new table entry. The table 
is formed following the generated object code. 

Errors Detected 

None 

Local Variables 

None 

Program Interface 

Entry Points 

$HLNTP 

Exit Conditions 

Normal exit. Return to caller. 

Routines Called 

$WSTEP 

Global Variables 

$LNTA 
D Table 

Comments 

Segment Management 

Displacement from Code to (Procured) Line Number Table 
Line Number Table 

The program assumes integer line numbers equal to or less than seven 
characters in length. 

Logic Diagram 

Chart 65 shows the detailed logic diagram for the Line Number Table 
Processor routine. 
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TITLE: RUNTIME LIBRARY LOADER ($BRTLL> 

Program Definition 

PUrpose and Usage 

The Runtime Library Loader determines all library routines that must 
be loaded and then loads the routines and sets (to a base code and 
displacement) the adcons covering entry names invoked. This routine 
also allocates both fixed and address-modifiable library work space. 

Description 

This routine receives as input the library load table (L table) which 
contains, at this time, a pointer to the adcon for each library entry 
name invoked directly by the generated object code. 

Using the library load table as the director, the jump table of each 
library routine containing an invoked entry is processed, setting the 
library load table entries (and, if necessary, assigning adcons) for 
lower-level entry names. This process is repeated at each level in 
the calling structure until the end of the structure has been reached, 
at which time the next sequential nonzero library load table entry 
is processed in the same manner. As entries are set in the library 
load table, a flag is set in the routine entry name processed table 
to prevent subsequent search of a calling structure already processed. 
(For descriptions of the library load table and routine entry name 
processed table, see Appendix B. For description of the jump table 
for a routine, see -Runtime Routine Structure" in Appendix A.·) 

Following the library load table search, all additional adcons assigned 
are cleared to zeros and the address-modifiable library work space 
is allocated. A second pass is made over the library load table to 
load the required runtime library routines. Before each routine is 
loaded, a check is made (against FREPTR) to determine if there is 
sufficient space available to load the routine without destroying any 
of the compiler·s fixed tables area. If there is not, compilation 
is terminated and control is returned to the CALL/360-0S Executive. 

If sufficient space is available, the routine is moved to the runtime 
library area, those adcons corresponding to entries to the routine 
that are invoked are set (to a base code and displacement>, and the 
routine·s jump table is processed. Jump table entries (corresponding 
to library entry names invoked by this routine) of those entry names 
whose associated adcon is not in a fixed place in the adcon area are 
replaced with a pointer to the associated adcon and moved with the 
routine. 

As each routine is loaded, a flag is set in the high-order byte of 
each library load table entry corresponding to an entry to the routine. 
These entries may be ignored when encountered subsequently in processing 
the table. 

After the library has been loaded, FREPTR is set to point to the end 
of the user's area and the fixed library work space is allocated. 

Errors Detected 

None 

Local Variables 

BRCSTK 
BRGSTK 
BRTLTB 

Jump table address push-down stack 
Invoked entry count push-down stack 
Approximate length of the library 
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HRDISP 
HRLTX 
BRDIR 

HRDIX 

Displacement from code to where each routine is loaded 
Load table index name area 
Table. each entry of which is the displacement from 
the start of the table to a library routine 
Table. each entry of which corresponds to an entry 
to a library routine. The content of each entry. 
when multiplied by four. becomes the displacement 
from the front of the BRDIR to the HRDIR entry for 
the routine which contains the entry. 

Program Interface 

Entry Points 

$HRTLL 

Exit Conditions 

Normal exit. Return to caller. 

Exit to CALL/360-0S Executive to get more space and recompile 
the program. No return. 

Routines Called 

$GPUT 
$SVC 

Output Director 
SVC Director 

Global variables 

L Table 

UTT 
$ACODE 
$LIBBC 
$LTEND 
$MLWS 
FREPTR 

L$LIBX 
$AAA 
$LWSA 
$RTLA 
ZCNT 
ZCNTP 

Logic Diagram 

Library Load Table 
Routine Entry Name Processed Table 
User Terminal Table 
Pointer to Next Available Byte in Object Code Area 
Library Base Code 
Length of the Library Load Table 
Displacement from Code to Address-Modifiable LWS 
Pointer to First Available Word in Compiler'S Variable 
Data Area 
Adcon .Displacement 
Displacement from Code to Adcon Area 
Displacement from Code to LWS Area 
Displacement from Code to Library Area 
Length of the Fixed Library Work Space (LWS) 
Length of the Address-Modifiable Library Work space (LWS) 

Chart 66 shows the detailed logic diagram for the Runtime Library Loader 
routine. 
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TITLE: STATIC CONS"l'ANTS-ADCON LOADER ($BSCAL) 

Program Definition 

Purpose and Usaqe 

The Static Constants-Adcon Loader processes the initialization table 
(I table) and dope vector list (J list), initializinq the static and 
constants adcon area. 

Description 

The initialization table is processed one entry at a time, performinq 
those operations dictated by the entry type, then movinq the entry 
to either the static and constants or adcon area, aqain as dictated 
by the entry type. 

The following is a list of the initialization table entries, a 
description of the processing required before the entry is moved, and 
an indication of the area to which it is moved: 

1. Data/Format Element Descriptor: Moved directly to the location 
in the static and constants area pointed to by the pointer in 
the I table entry. 

2. Adcon: Moved directly to the location in the adcon area pointed 
to by the pointer in the I table entry. 

3. String Dope Vector, Array/String Array Dope Vector: If the 
storage class is STATIC, a dope vector list entry pointinq to 
the dope vector is built and then the dope vector is moved to 
the static and constants area. 

q. Special SDV: The string pointer in the dope vector is set to 
point to the static and constants area and then the dope vector 
is moved to this area. 

5. Special Block Adcon Area: A special base code is put in the 
first byte of the BAA (for use by $HAINI) and then the BAA is 
moved to the adcon area. 

6. Discarded Entry: Iqnored. 

The J list is processed after the I table and contains only two types 
of entries: ADV/SADV entries too larqe to fit into the I table and 
discarded entries. The action required for both types is the same 
as described above for their equivalent I table entries. 

Errors Detected 

None 

Local Variables 

BSTBL Branch table to process the various types of entries 

Program Interface 

Entry Points 

$BSCAL 

Exit Conditions 

Normal exit. Return to caller. 
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Routines Called 

$WSTEP segment Management 

Global Variables 

I Table 
J List 
$MA 
$CM 
$TSA 

Logic Diagram 

Initialization Table 
Dope Vector List 
Displacement from Code to Adcon Area 
Displacement from Code to Constants Area 
Address of First Word Boundary 

Chart 67 shows the detailed logic diagram for the Static Constants
Adcon Loader routine. 
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TITLE: TABLE COLLAPSE ($BTCR) 

Program Description 

Purpose and Usage 

The Table Collapse routine collapses the J list, C table, D table, 
and I table to obtain working space during compilation wrap-up. 

Description 

If, at any time during the compilation wrap-up phase prior to the 
loading of the runtime library, there is insufficient free space in 
the variable table area (that is, line number table, static and 
constants, or adcon areas), this routine is called to collapse the 
C table, D table, I table, and J list entries that remain to be 
processed at that time. 

The tables are collapsed into an area bounded by the start of the 
register table area (R$TBL) in lower core and the start of the first 
I table entry in higher core. Each table in turn is moved an entry 
at a time and the linkage adjusted until all have been moved or until 
this area has been filled. In the latter case, an exit is made to 
the CALL/360-0S Executive to get more memory and to recompile the 
program. If the tables are collapsed successfully, a flag ($MCOL) 
is set to prevent a subsequent attempt to collapse them and control 
is returned to the calling program. 

Errors Detected 

None 

Local Variables 

HTHEAD 
HTACTV 
HTTAIL 

Pointers to the table heads 
Pointers to the table active entry 
Pointers to the table tails 

Program Interface 

Entry Points 

$HTCR 

~: Upon entry, register GO contains the count of the number of 
tables active (remaining to be processed) at the time. 

Exit Conditions 

Return to caller if tables are collapsed successfully. 

Exit to CALL/360-0S Executive if collapse is not successful, or if 
tables have already been collapsed, and recompile the program. No 
return. 

Routines Called 

$SVC 

Global Variables 

C Table 
D Table 
I Table 
J List 

SVC Director 

Constant Table 
Line Number Table 
Initialization Table 
Dope Vector List 
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$MCOL 
C$ACTV 
C$HEAD 
C$TAIL 
I$ACTV 
I$HEAD 
I$TAIL 
D$ACTV 
D$HEAD 
D$TAIL 
J$HEAD 
R$TBL 
FREP'l'R 

Logic Diagram 

Tables Collapsed Flag 
C Table Active-Entry Pointer 
C Table Head-of-Table Pointer 
C Table End-of-Table Pointer 
I Table Active-Entry Pointer 
I Table Head-of-Table Pointer 
I Table End-of-Table Pointer 
D Table Active-Entry Pointer 
D Table Bead-of-Table Pointer 
D Table End-of-Table Pointer 
J List Bead-of-Table Pointer 
Pointer to Base of Register Table 
Pointer to First Available Word in Compiler's 
Variable Data Area 

Chart 68 shows the detailed logic diagram for the Table collapse 
routine. 
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TITLE: COMPILATION WRAP-UP DRIVER ($MCWU) 

Program Definition 

purpose and Usage 

Following generation of the object code, the Compilation Wrap-Up Driver 
is called to perform the housekeeping necessary to prepare the code 
for execution and start execution. 

Description 

This program is the driver for the second phase of the compiler. As 
such, its primary functions are: 

1. Call the various routines necessary to process the tables 
generated in phase 1 and initialize the user"s area in 
preparation for execution of the generated object program. 

2. Keep track of the utilization of space within the user's area 
and, if necessary, go to the CALL/360-0S Executive to: 

a. Get more memory. 

b. Through the Table collapse routine ($HTCR) or the Runtime 
Library Loader routine ($HRTLL), terminate compilation when 
there is insufficient space to continue processing. 

3. Initiate execution of the object program. 

Errors Detected 

None 

Local Variables 

MCPID 

MCINTR 

MCPRGBN 

Program Interface 

Entry Points 

$MCWU 

Displacement from the communications area to 
the start of the object code area. 

Instructions moved into ARINTRP of the 
commun~cations area for CALL/360-0S PL/I. When 
a program check occurs, the Executive transfers 
to ARINTRP. The instructions moved in will: 

• Save registers 6-15 in the adcon area 

• Set the program mask from the second word 
of PSW2sv of the communications area 

• Save the second word of PSW2SV in the adcon 
area 

• Transfer to IHEERRA 

Code which initializes registers and sets the 
interrupt mask. This is moved into PRGBN of 
the communications area at the start of 
execution. 
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Exit Conditions 

This routine contains eleven possible exits, all of which are normal 
exits and from which a return is expected except as noted below: 

1. After the call to the CALL/360-oS Executive to initiate execution 
(SVC11), control is returned to location PRGBN in the 
communications area. 

2. During any of the calls to either the Table collapse routine 
($HTCR) or the Runtime Library Loader routine ($HRTLL), control 
may be returned to the CALL/36o-0S Executive and compilation 
terminated if there is insufficient space to continue processing 
in the userws area. 

Routines Called 

$HTCR 
$HLNTP 
$HCTP 
$HSCAL 
$HRTLL 
$HDVTP 
$HAINI 

Global Variables 

UTT 
L Table 
$DBUF 

Logic Diagram 

Table Collapse 
Line Number Table Processor 
constant Table Processor 
Static Constants-Adcon Loader 
Runtime Library Loader 
Dope Vector List Processor 
Adcon Initialization 

User Terminal Table 
Library Load Table 
Number of Disk File Buffers Needed 
(Ia maximum a3112 bytes each) 

Chart 69 shows the detailed logic diagram for the Compilation Wrap
Up Driver routine. 
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PART 8 LOGIC DIAGRAMS 

The detailed logic diagrams for the routines ¥bich perform QOIipl1ation 
wrap-up follow. 

PLII ltV STEMS MANUAL 
,HUNI 

••••••••••••••• • 
• SHAINI • ............... 

y : .. " ....... , .. : · . .. lNIUALllE: .. · . · . ................. 

v ............... · . -SET PSPTA 1£1 .. 
.PT TO wD Pkt;L. 
: lSIct~¥)1.1(O : ............... 

v ................ · . .. AtiEA t-ROM .. 
• TH1~ POINT TO. 

:l~u~i.fgo~.s : .•.•.••...••. 0:. 

••••• "......... ":1~ •••• ¥ ••••••• .. .. .. .. 
" .. .. .. _C.Al T Nur AO{IR* 
• Ao* •• X_ JM.J..l,f'li::hT , •••••••••••••••••• ". n .. AO(.<'4 (JJ .. 
... •• " :Tu Ni:XT AU'-U,,: ::~Tt:11r.e~f~ : 

................ • ......... Il' ...... . 

v .. " ........... . · . .. i")L1tl I-IA:, .. 
.. dtftlt .. 
.. I" Ckcf'.t;~'Tf U oil · . •••• .f •• (o •• ,,~.~. 

; 

, 
f[S 

.,,~ ".$ •• 4-"' ••• "" . , 
~,;)t I .• *,,' I ~,"'l : ••• ~ . 

~ ~ ..... ~ " ....... 

............... .. ..' . :co: .. x:CLEtMs:~a' : 
..... " : eSREG : 

• •••••• ~, ..... '!. 

v . .............. . 
.. YNA" C 
· . o C~irLNE! t 0 

os TO AGE REA: 
.. (LiNX J .. . ............. . 

y ............... 
o 0 
-HHT THE TERM. 
.. INPUT '"0 .. 
.. GUnUT FILl 0 *c NT.Ol eLK .. •• 2 ••••••••••• 

. 
• YES 

0'0 o 

Iof:i~ •••• : ...... . 
:Ab\2~ ~~EE~OIi: 
... AND INIT .. 
: ASf~6NWE : . ............. . 

y .... "" ......... . 
• 0 · . U'lTR.OL .. 

BLOCK S .. · . . ............. . 
· . • x ••••••••••••••••• 

I1A30 V : ............... : 
• 1':1T HiE ... 
'" A;)Cl~S TO ... 
*(,.>.JYEP THE (l8J" 
-CUOI:: I:. CCIJNU" . ............. . 

• ................... *-"" · . .. '" * ... *rt-:" L II\ .... TANTS •••• 'C ~,' .. 
0). ~"' 1:., ....;:~ , ~ .* •• ...... -.~ .... ') .. 

Chart 62. Adcon Initialization (Page 1 of 2) 
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404 - ,Chart 62. 

PL/I SYSTEMS MANUAL 

.HAlNI 

.. .. . .. HASO .. -. .. *1 S TOTAL OF.YES 
.*******.* ••••• 
·$GPUT -

*bO * . . 
"'*,* 

• PGS Of CODE • 
AND CO~STS 

.. GRTR TtiAN 15 .. 

.. .. .. 

• ? ~. 

* '" .. ~ ... 
.. ,NlJ 

v 
** •••• **"' .. ****. .. .. 
OSE T ADCN$ fOR • 
.. AOL..R-MUUSLt .. 
.. LIB WOR~ • 
• SPACt .. 
*******.******* 

v ••••••••••••••• · .. .. -• SET ADeONS .. 
_FOR FIXED LWS. · .. ••••••••••••••• 

it ••••• ** •••••••• · , .. • RESET PSPTR, .. 
.. PSLTh ANLJ .. 
• PSR<G -
- 0 **** •• ***.*.*** 

v ••••••••••• ** •• 
RETURN 

*** ••• * •••• **** 

*-------------* 
••••••••••••••• JI;.. S[E: .. 

-.. -

.. rut( nWlhc. .. 

.. Nalt .. ............ "' ..... 

v • •••••••••••••• 
·eXEC -*---------* -GET MORE MEM .. 
• & RECOMPilE. .. -. ............. . 

....... i ...... . - .. • END .. .. .. 
••••••••••••••• 
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Chart 63. 

F," C;'r<fFJIII't ·'''':1'1'' 

"" "'"1 

.e •••••••••• jIt •• 
• , .. (tP • 

.t ••••••••••••• 

; 
•••••••••••• 1 ••• 

• • 
• I • 
: I ~ IT I 8l "£i : · ' . • ., ••••••••• ,1", 

; 
.If ••••••••••••• 
• • 
• lnu: I!' V • 
.wt~ t:F Cr"~T 0 ""f, Fro fIT' 
• Al" cr.Q~" • ••••••••••••••• 

~ ••••••••••••••• • • · . • nn .• "tc • t«;TrQ.{f .. ~£~ • 
• 0 ••••••••••••••• 

; ............... 
• • 
"~I" F Ilf."O • 
'A~r FIlF71C' 11\
• rplll'_. ,PFA • • • ................ 

Ie r:r-. !,.~., 
TAPlf ~lJll? 

~f • 
• • . 

• 'VF ~ 

Ii · ............. . 

· 

· U;Tt:A~ • 
• .....•......... 

••• o • 
tV C.. . 

••• 

Constant Table Processor 

. ............. . 
•• ·GEI\ST • • • t ____________ .* 

tC,t ••• t Gr, pr" ,,, • 
• • .'S' TOI. ENYRY. ••• • ••••••••••••••• 

~C\o • • •• ,vt:,.. · • *e 'e. • • •• 

* 

· 'S STRI"r, 
r.UU ? • 0 • • • OlD 

· V 
0 • • ·~n 

flltU4iT ST" ,~r. 
8' Cn~lvFPTEO 

? • • • 0 YES 

V ••••••••••••••• * • • • 
• CO'lVEPT • 
• STO,,," * • • • •••••••••••••• 

0 

• 

......... . 

t •••••••• .. .. .. 
.. .. 
.. .. .. . . .. .. .. · .. , .•................. 

· • · 

v ............... 
• • ."OVf CnN~UNn .Tr r.r~ST&NTS • 
• A"fA • • • ••••••••••••••• 

. · . • )I ••••••••••••••••• 

~r," V ••••••••••••••• _I;I"F" • .-----------... 
• Hf PTII TO • 
."Xl C-T Pl 0 • • • . .............. . 

• • 
• vr:~ 

V 
•••••• $ •••••••• 

............... · • • 

MC10 

••• • • •• C::r· 
* • .. -
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406 Chart 64. 

PL/I SYSTEMS MANUAL 

SHOVTP 

.************** 
• * * SHDVTP * * • 

*** •• *.******** 

*******£******* .. . \ .. 
• • * INIT IAL- * 
• IlATlON • · .. *.************* 

Ii 
*************** 'PICK UP STSA * 
.. AND 5oE:T PTtt .. 
• TO STk T OF '" * DOPE VECTOR * 
.. TBl .. 

*************** 

HAlO Ii 
****.********** 

**.. *' .. .. .. PICK UP .. 
'B3* •• X* P01NfER TO • 
.. .. .. lJOiJE Vt:.CTOk .-
**.. .. 

*****".,******* .. * 

• . "'" • . • IS POINTER = • 0 ? • • ~ 

* . 
• YES 

Ii 
*************** • • RFTURN • 
**********.**** 

• • <-

.. . 
*x co. • • ••• 

.~ ••••• * ••• **. **.. .. 
.... .BRANCH ON NO * 
-CO-•• X-OF DIMENSIONS. 
.. • .. IN D.V. .. .... .. 

*.**** •••• *.*.* 

Ii 
.. * 

* 
• • YES .. ***.**.*.****.* .. .. 

• PUT ACTUAL • • • • 
IS NO. OF 

DIMENSIONS IN 
D.V. O? 

.. ·T· .......... X: mn~?~ : .......... . 

• * • 

.. • • * .. . 
• NO 

• ,* ,. .. 
.. ·YES 

IS ~O. OF • 
DI~ENSIONS IN 

D.V. = I? • . .. 
• . .. 

• NO 

_ rF DIMS IN 
O.V. GREATER 

THAN 1 

v 
••• *********** • 
• * .. J=l SUM = .. 
• LOWER ~"41T • 
.. (1) .. 

• * *************** 

• DOPE VFC TOR • .*** ••••••••••• 

******.* •• ** ••• 
H040 

• .. *** .. SUM = LOWFP" .. * •....•.••.. ··f·X: *~~~lIpll~R : ... : Ce : 

* (1) • *** • •••••••••••••• 

: x •••••••••••••••• 

H030 Ii 

* 

*********"'***** 
• * *~tJ"'=~iJM .MUl T* 
'" (JJ+ lOWE~ * 
• lIMIT IJ+lI * * • 
******~******** 

• *******Jt'******* . . 
,j = J + 1 '" 

* • • 
***~ ..... *******>e-

IS J = #I. 'JI
~ IJlMf N5ION<; ? . . . 

'I< YES 

v 
* ... *.-**.******* · . * SU'1 = SUM * .. 
.. "'UlTIPLIE~ * 
.. IJ) * • • 
****"'****.***** 

* ••••.•• 
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Chart 65. 

Plll SYSTEMS MANUAL 

$HLNTP 

• • • 
******** •••• *** 

$HLNTP 

••••••••••••••• 

it 
•••••• *** •••• ** * • 
• * • II'<ITIALIZE * • • • • ••••••••••••••• 

it 
.*.**** ... *.*.* •• 
*GFRS T • 
*-oor-----------* • GET PTR TO • 
*1>T TSl SEGH • 

• * .*** •• ** ••••••• 

• • • 

:x ...••..•••..•... 
it 

•••• *********** · . -MOVE MAC~INE • 
* AOIJH. Tu NEw ~ 
.. TABlr; AkfA ~ • • 
**$*~**.*****:;'. 

it 
*.*.*****.*.*** 
• * - LOCATE lI~E • 
*NO. IN SOURCt* 
- AND CONV TO * 
*PACKD LJ~CIMAl* 
* .. * ••• ***** •• ** 

it ••• *.* •••• *.*.* · . 'MOVE lIN~ NO.' 
*YO NEw TAblE: ... 
.. ENTRY * • • ••••••••• *.**** 

it ***.* ••••••• *** 
*GNEXT ... *-------------* 
• GET NEXT • 
.. lAolE ENTRV .. 

• * •• *** •••• * ••••• 

• • <No) . 
IS THIS END 
Ur TA&LE ? • 
* . ,. YES 

V 
•• ** •• * •••• *.4~ • .. RETURN 

* ............... 

......... : 
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* 

_. 
• . 

*************** * • 
• $HRTLL • • • 

*************** 

it 
*.*****.******* 
* * 
- * - iNITIALIle * 

• 

• * • • 
*************** 

_NO 
IS lOAD MAP * 

TO Be PRI~TED 
? • * * * * YES 

v 
~************** 
*t>GPUT * *----------* * i'RNT HDNGS * * f-uH LO MAP * 
• * *************** 

* ..• ~ •... 

:X •••.•••.•..••.•. : 
it 

*************** 
• * - --SET lOAD TBl • 
* INDEX II) * 
* * *******"'******* 

HRIOA • 
* *YES 

* -
HRIOB 

_.* 
* * *A5*X IS WAD (I) *x Bl* 

* * -- =0 ? • . *--• • * * NO 

HR90 

* ·YES .** 
* * * * I ~ PUSH-GOwN *x 02* * STACK .l::MPTY ? * • • 

* 
* 

* * * • * NO 

* * • 
* 'YES 
I S I GREATER * THAN OR EQUAL 

-
TO L$L1BX ? 

• 
- NO 

* 
• -

*** 

* ........ 

V HklOB 
*************** .. * *** 
:~t;~Tko~e ~k6 : •.. ; Bl! * AnCON FO~ .. .. .. 
*TH I S E:NT NAME* *** 
*.************* 

v 
*****.**** .. ***. 
* .. *** *ASGN AN AOCLN* * * 
*~OR THIS ENT * .•. x 80* 
"NA~E. PUT PTK* .. .. 
.. (CuNT l • *** 
*************** 

'PL/I SYSTEMS MANUAL 

$HRTlL 

**********.**** .* * • * • • .. 
*soo •• X'TO IT IN LOAD' *' ... (1) • 

** * * .************** 

HRIOB it 
***.*********** 

** * * * * * SET M = * *BI* •• XODIRCTRY INDEX-
* * * {u * 

** * * 

* * 

*************** 

• • * 
*YES 

I; eNTRY * 
PROCESSD FLAG 

(M) SET? • 

* * • * 
* -'" NU 

it 
*************** 
• * * St:T ENTRY * * PROCfSSE(J * 
* FLAG (M) * 
• * *************** 

v 
*************** 
- * * GET AGOR OF • 
.. KOUTNE * 
• CONWING -* E:NTRY (1) * 
*************** 

it 
***~¥******"-'*** 
* * * HRTl TH= * 
.... HRTLTH + * 
* Lt-.NGTH OF * 
*THIS kOuT INc .... 

*************** 

TH I S R.OUTt NE: 

<NO • 
*' CAll OT~E:RS ? '* 

• * 

v 

* • YES 

*************** - GeT CNT OF * 
• NO. OF * 
• ROUTNES * 
• INVOKD BY '" 
- KOUTNE (M) * 
.************** 

"Rao 

*-. * * *x Cl* 

• 0 *** 

HIo..SO 

* •• • • *x (.1* · . •• * 

V !-IF 30 

********** •• *** * .. ** ... 
*SET PONTR TO. • * 
'* FIR~T JUMP * ..• "',6* 
*TBl ENTkY OF * ~ .. 
* ROUTNf? (M) * **~ 

*********.***** 

u 

HR80 • 
* 

* *YES • * -'CI*X IS PUSH-DOWN * ..........••.••.•..•... 
o • 
** 

* STACK EMPTY ? * 
• * 

* • 
'" NO 

it 
*************.* 
o * * POP UP TOP * * ENTRY [N * 
* PUSH-DOWN .. * STACK * 
*********.***** 

v 
*.************* * • 
• REDUCE * 
'INVOKED ENHY* 
* COUNT BY I -
* * *************** 

- *YES 

* 
IS If\lVOKED 

ENTRY COUNT 
o ? 

• * ...... : 
* • • 

* -• NO 

HR60 V 
*************** 
* • 
'" INCkEMT PTk * 
'>'TO NEXT JUMP * 
* TBl ENTRY * · . *************** 

HK3J V 
*************** 

""'* * * * * * PUT PTQ TO * 
*(.£,.", •• x* Jt.1P TfL E:NT * 
ft .A~G C~T ~n OF. 
** * I C1NT) ::< 

**********.**,~* 

v 
*************** * • * TNVOKED * tNTRIfS IN '* PUSH Dm'IN 
~ STACK * 
'" *****""***.**** 

V 
************;(-*':(-
• * *USE JMP TABLE* 
*ffllTkY TO CALC>:.: 
*LOAD TBl If\'OX* 
*' (I) (CONT) * 
****>(-:t* ******** 

v 
******* ******** · . HR10A 

* *' * '" * fOR It-.lVOKEQ * ... Y .A~* '* E~TRY *' ~ * 
'* * *** *************"'* 

** 
* 0 
*02*X 
* 0 *. 

HR90 • • * *YES **** 
- IS THIS LAST 0 0 • 

ENTRY IN LPAO *x AO • 
• TABLE? * 2* 

* **** • • • ~O 

V HRIOA 
*************** 
* * *** * TNCREMENT * ... * * LOAD TABLE * ••• X A~* * INDEX; (I) :« * * * * .** 
*************** 
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••••••••••••••• •••• • • • • CLEAR ADCON • 
• AO •• X. AREA ASSGNu .. 
• • .DURNG SRCH TO. 
••• • O'S • 

• 

••••••••••••••• 

v ••• * •• *** •••••• .. . 
• ASS('N • OADDk-MGDFdLE • 
• L1o; "RK SPACE. • • ••••••••••••••• 

v 
*** •• *.** •• *.*. • • • SET PTR • • I$RTLAI TO • • STKT LF kUN • 

• 
• 

• TlME LI B AREA. •••••••••• ** ••• 

v • • • .. 
ROOM Iu lOAI) 

LIBRARY 1 .. . 
• • • Nu 

v 

.YES ** • .. . . 
.X 80. • • • • • •• 

********* •• * ••• • EXEC • *---------. • SI:E • .. FUlLOWING .. 
• NOTE .. •••• ** •••• * •••• 

GET MORE 
MEMORY AND 

START 
COMPilATION 

GVER 

v ••••• *** ••• * ••• • • 
• END • · .. **.**.* •• *.* •• * 

PL/I SYSTEMS MANUAL 

SHRTLL 

• ** •••••••••••• ... .. 
.. • • INITIAL lIt ~ 
• Bu ••• X. LUAO TAbL' .. 
.. • • INDtX IJI • 
••• • ••••••••••••••• 

V 
HR100 • • HRI70 .. . 

•• • .NO • • • .. 
• Sl·X IS ENTRY III 

••• • • *x CS • .. .. 
•• 

• 

• 

0 .. 

INVOKED 1 • • .. 
• • • • 

• YES 

.. .. 
• • • • YES 

ROUTINE 
LOADED & ADtN 

• 
FOR ENTRY 
INlTtlD 1 • • • • 

• NO 

.. 

THIS MUST BE 
AT A SINulE 

WLJRii BOUNDARY 

V 
*****.$.**.***** · .. • SET PTK TO * 
• lOC TO LOAD • 
• THE kOUTlN~ • .. .. 
*** •• *** •••••• * 

• 
• 

HRI05 V ............... 
• GH ACDR «IN. .. 
.. COMPlR I OF • 
.. KOUT THAT • 
.CUNTAINS ENT • 
• (..I) • •••••• ***.***** 

• ~Nu * IS lOAD MAP * 

• • .n 

HRI70 

0 .. .. .. 
.x CS. • • ••• 

* TO Be PRINTE~ ••••••••• 

• 1 • • 
* • YE, 

v 
.***** ••• * •• *** 
*5GPUT .. *-------------. 
• SEE .. 
• FOlUIWINb .. 
• NOTE • 
*****.*****.*.* 

PKINT Lut (.t-
1ST ENTRY PT 

IN ~UUTINI: 

: X ..................... ~ .... : 

ttkllO V H~11 .. , 
* .. ******* .. ***.* * .. *:e.., 
*HOVE ROUTINE" • ? * TO kUNTIME *oo •• x (.n* 
*LltsRAKY ARI::A" .. ,.. 
.. .. **:c 
********* •• **** 

•• * • 
·CO.X • • *. 

•• * • *CS*x •• •• 

Hk130 • • 
• -Nl • VARIABLE * 

lOtTN E~TRY * PTS INVOKED 1 * • • • • * • YFS 

v 
.*.*.***.* •• **. • • 
• RPlCE THESe * 
.JMP TBl ENTS • 
• W A PTR TO • 
• ASSOC ADCON • • •••••• * ••••• ** 

* ••• oo ..... 

:x ................ : 
HIU50 V 

***** ••• *.***** • • .INIT ADC~ FOR' 

M¥E~~ I~V~M 
• NM TBl * **.*.********** 

v 
******.* •• ***** 
• * • MRK CORRES • 
'lOAD TBl ENT • * TO I"~ICATE • 
• ENTS (CONTI • ********.**** •• 

V 
**'-.********.** .. . 
* ASSOCIATED • 
• ROUT! NE HAS • 
• BEEN lOADED' • • **.**.*.***.*** 

HPll0 • · • 
* IS THIS END * OF LOAD TBl ? .. • • 

* • * YeS 

v 
**,,*****.**.* •• · . '~fT FREPTR TO' 
oPT Tn THE F~D' 
*uF T"~ USEkS * * A~EA .**** ••••• *****~ 

v 
*****.*.**.*.* .. 
• AlLOC '" 
:0< NO~ADOH. • 
.. MuO"3l LIt- .. 
.. WPK SPACE. or 
* ~n IWNTI • .*;!jI:>o'.:e.*:e.****",*,* 

V 
.... :;.:< >1'* *****+>".:« , . 
• * .,. $lw~4 TO Pl :e. 
'"'TO THJ<; Af<I~A ~ 
'" :!< 

~*.~'.jI.**.*.*****, 

V .*.:r.:e...:<****** •• 
!<.FTUR"'I 

******f<****.*** 

~R100 
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PART 9 - SUPPORT 

CALL/360-0S PL/I routines which perform support functions for other 
routines are described in this subsection. The routines are discussed 
in alphabetic order according to their mnemonics~ as shown below. 
Detailed logic diagrams for the routines appear at the end of the 
subsection. 

416 

Array Expression Error ($AREXP) 
compiler Error ($CERR) 
output Director ($GPUT) 
Get Next Triad Entry ($GTRIAD) 
constant Processor ($NCONS~ $NCON) 
constant Conversion ($NCVT) 
Library Search ($NLSIB) 
Segment Management ($WBACK, $WSTEP, $WEXP, $WCTCT) 
Error Message Editor ($XERR) 



TITLE: ARRAY EXPRESSION ERROR ($AREXP) 

Program Definition 

Purpose and Usage 

The Array Expression Error routine is used to generate the error message 
for an array expression in an illegal position. A value of zero is 
substituted for the illegal expression. 

Description 

An error message is output. The result fields from expression 
processing are set to a fixed-point zero. 

Errors Detected 

ARRAY EXPRESSION ILLEGAL. (23) 

Local Variables 

None 

Program Interface 

Entry Points 

$AREXP. No parameters. 

Exit Conditions 

Normal exit. 

Routines Called 

$XERR 

Global Variables 

$NLTKN 
$NLOPN 

Logic Diagram 

Error Message Editor 

Expression Processing Results 
Left Operand Area of Expression Processing 

Chart 70 shows the detailed logic diagram for the Array Expression Error 
routine. 

'-'0. 
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TITLE: COMPILER ERROR ($CERR) 

program Definition 

Purpose and Usage 

The Compiler Error routine fields all hardware interrupts caused by 
the compiler. It also accepts calls from points in the compiler where 
an unrecoverable error is detected. 

Description 

A message indicating the offset inside the compiler phase where the 
error was detected or generated is printed on the terminal. Compilation 
is then terminated. 

The format of the issued message is shown below. 

PLliixxxxxx: INVALID SOURCE PROGRAM--COMPILE TERMINATED 

If ii = 00, $CERR was called by a compiler module. xxxxxx will be the 
hexadecimal offset from the beginning of the compiler to the beginning 
of the module that called $CERR. 

If ii ~ 00, $CERR was invoked because of a program interrupt, and ii is 
the program interrupt code. (See IBM System/360 Principles of Operation 
(GA22-6821) for the meaning of various program interrupt codes.) 
xxxxxx will be the offset from the beginning of the compiler to the point 
of interruption. 

Errors Detected 

(iixxxxxx) PROGRAM ERROR - COMPILE TERMINATED. (11q) 

Local Variables: None 

Program Interface 

Entry Points 

$CERR. This entry is called by compiler modules which detect an error 
warranting cessation of compilation. Register C3 contains the address 
of the origin of the module that detected the error. The high-order 
byte of C3 is zero. 

$CERR+q. When a program interrupt occurs, the Executive transfers 
to this entry via instructions beginning at ARINTRP in the 
communications area. The l~order three bytes of C3 contain the 
machine interrupt address. The high-order byte contains the program 
interrupt code. 

Exit Conditions: SVC 0 to CALL/360-0S System. 

Routines Called 

$GPUT 
$SVC 

Global Variables 

$BASE 

Logic Diagram 

output Director 
SVC Director 

Base Address of Compiler 

Chart 71 shows the detailed logic diagram for the compiler Error routine. 



TITLE: OUTPUT DIRECTOR ($GPUT) 

Program Definition 

Purpose and Usage 

The Output Director places a 120-character line in the terminal I/O 
buffer. While doing this, it removes trailing blanks and checks for 
line width. 

Description 

A 120-character line is processed and placed in the terminal I/O buffer. 
If there is insufficient space in the buffer, it is emptied first. 
Trailing blanks are removed from the line. If the line exceeds the 
line width, it is broken into segments of the maximum length. Before 
return, the line is cleared to blanks. 

Errors Detected 

None 

Local Variables 

None 

Program Interface 

Entry Points 

Normal linkage to $GPUT. Register P5 has address of line. 

Exit Conditions 

Normal exit. All registers restored. Line cleared. 

Routines Called 

$SVC SVC Director 

Global Variables 

None 

Logic Diagram 

Chart 12 shows the detailed logic diagram for the OUtput Director 
routine. 
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TITLE: GET NEXT TRIAD ENTRY ($GTRIAD) 

Program Definition 

Purpose and Usage 

The Get Next Triad Entry routine gets the next available entry in the 
triad table (Z table). 

Description 

The Generate Triad macro (GTRD) calls this routine to get the next 
available entry in the triad table. When the triad table exceeds a 
segment (256 bytes), a call is made to $WEXP to link another segment 
to the triad table. 

Errors Detected 

None 

Local Variables 

$XSAVE+4 
W$CGTR 

Program Interface 

Entry Points 

$GTRIAD 

Calling Sequence 

L 
BALR 

Cl, 8GTRIAD 
Cl.Cl 

Exit Conditions 

Save area for register C2 
Save area for register Cl 

P5 contains address of triad entry. 

Routines Called 

$WEXP segment Management 

Global Variables 

None 

Logic Diagram 

Chart 13 shows the detailed logic diagram for the Get Next Triad Entry 
routine. 
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TITLE: CONSTANT PROCESSOR ($NCONS, $NCON) 

Program Definition 

PUrpose and usage 

The Constant Processor controls the conversion of source constants, 
immediate constants, DED constants, and other compiler-generated 
constants. 

Description 

The constant is converted to its binary representation if it is an 
arithmetic source constant. Alphameric constants longer than 16 bytes 
or containing primes or split over source lines are not converted until 
compilation wrap-up. Each such constant is given its own constant 
table (C table) entry. After any required conversion, the constant 
is searched in the constant table to determine if the constant has 
been previously entered. If found, that constant table entry is 
returned for the constant. If not found, a new entry is added to the 
constant table. Storage is allocated for the constant in static and 
constants storage. Alignment is dependent on length. A length of 
four is word-aligned, lengths of eight and 16 are doubleword-aligned, 
and all others are byte-aligned. The constant table is divided into 
four lists for searching: those of length four, those of length eight, 
those of length 16, and all others. 

Errors Detected 

None 

Local Variables 

None 

Program Interface 

Entry Points 

$NCONS. When entered through $NCONS, register GO contains the fullword 
value of the constant to be searched. 

$NCON. When entered through $NCON, the value of $NXFLG indicates the 
type of call. If zero, register G1 contains the length of the constant 
(in bytes) and registers Fi and F2 contain the converted value. If 
one, register P5 contains the address of the operand area of a source 
constant. If two, the left and right operand areas contain the real 
and imaginary parts of a complex source constant. 

Exit Conditions 

Control returns to the calling routine immediately following the 
invoking call. Register GO contains a constant table pointer token. 
The floating-point registers are destroyed if the constant required 
conversion. 

Routines Called 

$NCVT 
$WEXP 

Constant Conversion 
Segment Management 
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Global Variables 

$ASC 

$ERROR 
$ NC1W 
$NC2W 
$NC4W 
$NDIG 
$ NOTKN 
$NROPN 
$NXFLG 
$VLPAK 
A List 
C Table 

Logic Diagram 

Offset to Next Available Byte in Static and constants 
Area 

Parameter List for Error Message Editor 
Bead of Chain of Constant Table 4-Byte Entries 
Bead of Chain of Constant Table 8-Byte Entries 
Bead of Chain of Constant Table 16-Byte Entries 
Floating-Point Value of Digit of Source Constant 
Expression Processing Results 
Right Operand Area for Expression Processing 
Communication Flag 
Doubleword-Aligned Work Area 
Dictionary Attribute List 
Constant Table 

Chart 74 shows the detailed logic diagram for the Constant Processor 
routine. 

422 



TITLE: CONSTANT CONVERSION ($NCVT) 

Program Definition 

Purpose and Usage 

The Constant Conversion routine converts a source constant of any 
arithmetic type to any arithmetic target type. 

Description 

The dictionary attribute list entry of a source constant contains the 
type, scale, and precision of the constant as it appeared in the source 
program. This entry also contains the attributes required for the 
constant in the object program. The source constant is scanned and 
converted to an intermediate double-precision floating-point form. 
This value is then converted to the largest type with real mode. 

Errors Detected 

CONVERSION OF CONSTANT PRODUCES EXPONENT OUT OF RANGE. (98) 
CONSTANT VALUE OR PRECISION TOO LARGE. (99) 

Local Variables 

None 

Program Interface 

Entry Points 

$NCVT. The address of the dictionary attribute node of the constant 
to be converted is in register P4. Register P5 contains the address 
of the operand area which contains the sign to be applied to the 
constant. 

Exit Conditions 

Control returns to the calling routine immediately after the invoking 
call. Register G2 contains the length of the converted constant. 
If the length is four bytes, the converted constant is returned in 
register GO. If the length is eight bytes, the most significant half 
of the converted constant is returned in register GO and the least 
significant half in register Gl. 

Routines Called 

$XERR 
$WEXP 

Global Variables 

$ERROR 
$NDIG 
$NOPI 
$~PM 
A List 
Z Table 

Logic Diagram 

Error Message Editor 
Segment Management 

Parameter List for Error Message Editor 
Floating-Point Value of Digit of Source Constant 
Field of $NO 
Doubleword-Aligned Work Area 
Dictionary Attribute List 
Triad Table 

Chart 75 shows the detailed logic diagram for the Constant Conversion 
routine. 
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TITLE: LIBRARY SEARCH ($NLSIB) 

Program Definition 

Purpose and Usage 

Given the number corresponding to a library entry name and the number 
(minus 1) of parameters used in the call to the entry, the Library 
Search routine returns a pointer to the adcon that is to provide cover 
for the entry. 

Description 

This routine returns (to the calling routine) a pointer to the adcon 
that will contain the entry point of the routine at runtime. For 
loading, library routines are of two types: fixed adcon location 
routines and variable adcon location routines. 

For any fixed adcon routine, the adcon that will contain the location 
of the routine will always be at the same displacement in adcon storage. 
The adcon displacement for a variable adcon routine may vary for 
different programs. 

Furthermore, all fixed adcon routines will store the same parameter 
table. Calls to library routines may require the passing of arguments. 
In such cases, the actual arguments or the locations of the arguments 
will be put into entries in the parameter table, and the location of 
the parameter table will be passed to the particular library routine. 

For a variable adcon routine, $NLSIB allocates storage sufficient for 
a block adcon area (BAA) from the available adcon region. After the 
routine is loaded, this BAA will contain the location of the routine 
and an area reserved for passing arguments. Since this is a special 
use of a BAA, remaining fields of the BAA will not be used. 

Note: Recognition of two types of library routines saves adcon area. 
The fixed adcon routines are most frequently used. A word of 
the adcon area is permanently reserved for each of these 
(regardless of whether a particular routine is loaded). A 
variable adcon routine requires much more adcon area. However, 
an area is reserved for a particular variable adcon routine 
only if the routine is actually loaded. 

A check is made to determine if the adcon for the entry is in a fixed 
place in the adcon area. If it is not, the library load table entry 
corresponding to the entry name is checked to see if the required BAA 
has been assigned for the entry name. If the BAA has already been 
assigned, a pointer to the start of this BAA (with the library base 
code in the high-order byte) is returned to the calling routine. If 
the BAA has not been assigned, it is assigned: the pointer is placed 
in the library load table entry corresponding to the entry name, and 
the pointer (as described above) is returned to the calling routine. 

If the adcon for the entry name is in a fixed place in the adcon area, 
a check is made to see if the present parameter table (pointed to by 
$PARAM) is large enough. If so, the library load table entry is set 
to point to the adcon and the adcon pointer (with the library base 
code in the high-order byte) is returned to the calling routine. If, 
on the other hand, the parameter table is not large enough, a new table 
is allocated before setting the library load table entry, etc., as 
described above. 

Errors Detected 

None 
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Local Variables 

None 

Entry Points 

$NLSIB 

Input Parameters 

GO. One less than the number of words needed in the parameter table. 
G2. Library load number of entry name. 

Exit Conditions 

Normal exit. Return to caller. 

G7. Pointer to adcon for the entry name with the library base code 
in the high-order byte. 

Routines Called 

None 

Global Variables 

L Table 
$BADCN 
$PSIZE 
$PARAM 
L$LIBX 

Logic Diagram 

Library Load Table 
Length of Adcon Area 
Length of Current Library Parameter Table 
Address of Library Parameter Table 
Adcon Displacement 

Chart 76 shows the detailed logic diagram for the Library Search routine. 
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TITLE: SEGMENT MANA~MENT ($WBACK, $WCTCT, $WEXP, $WSTEP) 

Program Definition 

Purpose and Usage 

The ~egme~t Management routines provide the necessary bookkeeping 
serV1ces 1n support of compiler macros which manipulate expandable 
table segments. 

Description 

The inline code generated by the compiler macros which process 
expandable tables must, under certain conditions, step from one table 
segment to another. Since the amount of coding required for these 
operations is common to all tables, and is somewhat lengthy to generate 
inline, the necessary functions are isolated as independent subroutines 
as follows: 

$WBACK 

$WCTCT 

$WEXP 

$WSTEP 

Proceeds from one segment of a table to the preceding 
segment I the old segment is retained as part of the 
table and is not released to the free pool. 

Releases a segment from the table to the free pool and 
adjusts pointers to the preceding segment. 

Adds a new segment to the table and adjusts pointers 
to it. 

Proceeds from segment of a table to the succeeding 
segment, where the succeeding segment was already part 
of the table. 

Errors Detected 

None 

Local Variables 

$XSAVE Save area for register C2 

Program Interface - $WBACK 

Entry Points 

$WBACK 

Calling Sequence 

CALL 
DC 
DC 

WBACK 
AL2CCSEGSZE-S)/taL*t8L+Q) 
AL2(t$TAIL-$TAILS) 

where t is the table-prefix letter for the table to be used. 
The first constant indicates the number of unused bytes at the end 
of a segment; segment size is not usually evenly divisible by item 
size. The second constant gives the relative distance of the pointers 
for the called table into the tables of segment control pointers. 

Exit Conditions 

Segment control pointers t$CURR and t$CURR+Q are updated to pOint to 
the beginning and end of the segment now active. Register G6 pOints 
to the beginning-of-segment control word of the new segment. The 
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condition code is set to zero if an attempt was made to back off the 
first segment of the table; otherwise, it is nonzero. 

Program Interface - $WCTCT 

Entry Points 

$WCTCT 

Calling Sequence 

L 
CALL 

P5,t$TAIL 
WCTCT 

Exit Conditions 

The released segment is chained to the free segment list (SEGLST). 
t$TAIL is updated to point to the current segment end. The condition 
code is set to zero if an attempt was made to release the first segment 
of a table; otherwise, it is nonzero. 

Program Interface - $WEXP 

Entry Points 

$WEXP 

Calling sequence 

L 
CALL 

P5,t$TAIL 
WEXP 

Exit Conditions 

Register G5 points to the top-of-segment control word of the newly 
added segment. The macro code will store this into t$CURR. Register 
G6 points to the first available data space in the new segment. The 
macro code will store this into t$ACTV. Register G7 and t$TAIL pOint 
to the end-of-segment control word of the newly added segment. FREPTR 
or SEGLST is updated, depending upon whether new space had to be 
acquired for the new segment or a previously freed segment could be 
used. If insufficient space remains in the user's area for the creation 
of a new segment, an SVC 6 is issued to restart the compilation with 
more space. 

Program Interface - $WSTEP 

Entry Points 

$WSTEP 

Calling Sequence 

CALL 
DC 
DC 

WSTEP 
AL2(expression) 
AL2(t$TAIL-$TAILS) 

Expression has the value X'FFOO' for the I table and C table. Items 
in these two tables are variable length, and computation of values 
for t$CURR must be handled separately for these cases. For all other 
tables, expression has the value (SEGSZE-S)/taL*tiL and represents 
the number of unused bytes at the end of a segment. The second constant 
gives the relative distance of the pointers for the called table into 
the tables of segment control pointers. 
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Exit conditions 

segment control pointers t$CURR and t$CURR+4 are updated to point to 
the beginning and end of the segment now active. Register G6 points 
to the beginning-of-segment control word of the new segment. The 
condition code is set to zero if an attempt was made to step beyond 
the end of the tableJ otherwise, it is nonzero. 

Global Variables 

SEGLST 
FREPTR 

$SEVCT 
$ACODE 

Pointer to Beginning-of-Segment control Word 
Pointer to First Available Word in Compiler's Variable 
Data Area 
Total Number of Error Messages Produced 
Pointer to Next Available Byte in Object Code Area 

Routines Called 

None 

Logic Diagrams 

Charts 17 through 80 show the detailed logic diagrams for the segment 
Management routines. 
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TITLE: ERROR MESSAGE EDITOR ($XERR) 

Program Definition 

Purpose and Usage 

The Error Message Editor constructs, parameterizes, and prints a 
diagnostic error message in response to encoded calls from other 
compiler routines. 

Description 

Upon detection of error conditions, compiler routines use the Error 
Interface macro (GENER) to call the Error Message Editor. (See Appendix 
C.) The calling sequence supplies information which allows the editor 
to obtain the source line and column number at which the error was 
detected and to insert variables into the main text of the message. 

The GENER macro sets pointers and strings into a communications area, 
$ERROR, as follows: 

r-------------------------------------------------------, 
$ERROR Pointer to Error Token 

+4 Parameter-1 Pointer 

+8 Parameter-2 Pointer 

+12 Parameter-3 Pointer 

1-------------------------------------------------------
1 

+16 1 
1 Character String (8 bytes) 
I 
1 

+20 I L---------------______________________________________ --J 

The pointer to the error token is always present. By analyzing the 
segment of the token table (T table) which contains the token pOinted 
to, the Error Message Editor is able to obtain the number of the column 
in the source statement which contains the first character of the 
syntactic unit at which the error was found. The Error Message Editor 
then scans backwards through the token table until a new-line token 
is found; this token enables the source-statement line number to be 
obtained. 

The three parameter pointers are optional. If no character string 
is given, the first parameter with a zero pointer ends the parameter 
list. If a character string is present, it becomes the value associated 
with the first parameter with a zero pointer. Parameter pointers point 
either to tokens or to dictionary name list (N list) nodes. The tokens 
represent delimiters, identifiers, or constants. In each case, the 
Error Message Editor ultimately determines the length and location 
of an appropriate character string for each parameter; these strings 
are then inserted into the main text of the message when called for. 
Each message is identified by a message number obtained from the calling 
sequence. 
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To conserve as much space as possible, the texts of the error messages 
are encoded. The first byte of a message text contains the severity 
level code for that message. Thereafter, the message format is 
determined by control bytes which the Error Message Editor scans and 
interprets as follows: 

0001nnnnnnnnnnnn 

Immediate Data: Insert the following n+l bytes of text into the 
message. 

0011pppppppppppp 

Remote Data: Insert into the message the data found at displacement 
p in the text table. (Location p must be a control byte for immediate 
data.) 

0100pppppppppppp 

Transfer: Continue the scan of the text at the control byte found 
at displacement p in the text table. 

0111nnnn 

Parameter: Insert the character string associated with parameter n 
into the message. 

00000000 

End of Message: Stop scanning the text and print the completed message. 

To further conserve space, the messages are constructed from a 
standardized set of words and phrases, which minimizes the amount of 
immediate data required in the encoded texts. 

The Error Message Editor also maintains a variable, $SEVCO, which is 
the highest severity level encountered during compilation. This code 
is used to suspend execution when fatal errors have been detected. 
If insufficient space was allocated to the compiler, preventing 
completion of compilation, the compiler requests additional space from 
the CALL/360-0S Executive and begins compilation of the source program 
again. Onder these circumstances, any error messages printed during 
the first attempt will be printed again on the retry. TO avoid user 
confusion that would result from this situation, the Error Message 
Editor maintains a message count, $SEVCT. When a retry is attempted, 
this count is moved to NOERMSG. The Error Message Editor will not 
print a message until $SEVCT (the current compilation count) exceeds 
NOERMSG (previous compilation count). This insures that an error 
message appears only once, regardless of the number of recompilations 
needed. 

Errors Detected 

None 

Local Variables 
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XDWORK 

Table of parameter pointers and lengths 
Miscellaneous work area 



Program Interface 

Entry Points 

$XERR 

Calling Sequence 

L 
BALR 
DC 

C1,aHERR 
C1,C1 
AL2(message-number) 

$ERROR area must be preset with pointers and strings by use of the 
GENER macro. 

Exit Conditions 

control returns to the caller immediately following the invoking 
call (plus 2 bytes). 

Routines Called 

$GPUT Output Director 

Global Variables 

$SEVCO 
$SEVCT 
NOERMSG 
$VLINE 
$VLPAK 
$ERROR 
$LLINE 
FREPl'R 

T Table 
A List 
N List 

Logic Diagram 

Highest severity Code 
Total Number of Error Messages Produced 
Number of Error Messages (Communications Area) 
Print-Line Work Area 
Doubleword-Aligned Work Area 
Parameter List for Error Message Editor 
Last-Line-Number Pointer 
Pointer to First Available Word in Compiler's Variable 
Data Area 
Token Table 
Dictionary Attribute List 
Dictionary Name List 

Chart 81 shows the detailed logic diagram for the Error Message Editor 
routine. 
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PART 9 LOGIC DIAGRAMS 

The detailed logic diagrams for the support routines follow. 

Pl/J SYSTUIS MANUAL 

SARf.I(P 

............... 
SAI(EXP ............... 

.......•....... 
-eRROR • . -----... ------. 
• ARRAY exp • 
• lLl~GAL *,23 • • • ............... 

v ................ · . .. !:oI::T • 
• t;XPRESSlUN .. 
• RESULJ TO • 
• ZERO. .. ............... 

v ............... 
RETURN ............... 

Chart 70. 
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Chart 71. 

PL II SYSTEMS MANUal 

SCfRR 

t 

••••••••••••••• 
steRR 

••••••••••••••• 

v ••••••••••••••• • • 
• tALE OFFSET • : ~~o"omLH : • • ••••••••••••••• 

v ••••••••••••••• • • • • 
• PKEPlRE • 
• MESSAGE • • • ••••••••••••••• 

....... i ...... . 
• 'GPUT • *-------------* 
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• • • 
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.. ENTOKENEO .. *COLUMN VALue .. 
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............... 
* ·YES .... .. 

.. IS TOKEN A .. .. .. .. .. 

•• 
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* •••••••• :8Z: •• X:STEP T3:~~ ONE: .... .. ............... 
• 

• NO 

· . • x ..................................... .. 

.. ·YES . 
IS TOKEN A .. .. HAS COLUMN 

*NO • 
. ............. . . . 
.. GET COLUMN • * • • 

*A3*X . . . SEGMENT-TOP * ............... x VALUE 8EEN 
FOUND? 

* ............... x. VALUE .. .. 

. 

POINTEil? 

• 
• NO 

IS TOKEN A 
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POINTER.? 

.YES ••• . . . 
*x C4. . . . 

••• 
>II ••• 

,. NO •• 
............... x* 82. . . ... 

• • • • VES 

v ............... 
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• MSG • ............... 

• .NO 
• SHOULD HSG • 

.. CHARACTER .. 
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:x ................. : 
v . ............. . '" . . .. 

., • • lOC FIRST • • • 
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•• * SEGMENT • • •• .........•..... 

. 
HAVE COLUMN ................... x 
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FOUND? 
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.YES •••• . . . 
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,. • 3· ., .... VALUE 
·SUPPRESSED?· • • . . ... 

• YES •• 
•••••••••• x. A4 • 
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XD0170 ............... .... . · .. .. . 
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• • • TOKEN .. .... . 

••••••••••••••• 

X00110 . ·NO ••• 
IS TOKEN A 
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POINTER? 

· . . • X AD. 

. 
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v ............... · . • GET COLUMN • 
.. VALUE • 
• CHARACTER • 
• FROM SEGMENT • • * ••••••••••••• 

XOQ180 V ............... 
• • • .. *AOO 1 TO (aL • 

• Al •• X. VAL, CONVT, .. 
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• INTO .. eSSAGE • ............... 

XQC1B9 V ••••••••••••• *. .... . 
* • • • 
*A4 •• x.STEP MES~AGE • 
• • .SCANNER BY 1 • .... . ................ 

v ............... · . * • *TEST OPE:RATOR. 
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.. • .MESSAGE TEXT. .... .. ............... 

· . . ... 

·NO .*. · . . 

• · · 

END OF "X 60. 
M~SSAGE? .... . 

.. YES 

v ............... 
• SGPur • . -------------. 
.. PRINT THE • 
.. LINE .. · . ..............• 

v ............... 
EXIT .................. · · · 

... 
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•• • 
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·YES •••• • • • ·SO*x • • • .. PARAMETER? 
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• NO 

v ............... · . • GET COUNT OF • 
• POINTER FROM .. 
• TEXT • · . ............... 

• • • • X ... 0 • 
.. .. 4. . ... 

_ ............. . 
"'YES ... ... ••• 
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• NO 

v ............... · . · . .STEP MESSAGE * 
• SCANNER BY 2 • · . .................. 

• OF NEW TEXT. '" • · " ... ............... 

................ 
.VES • • ••• 

• • GET LENGTH .. .. • 
f:lEMOTE TEXT? ••••••••••••••• X .. AND LOCATION •••• X DO. 

. 
• NO 

v . ............. . · . .GET LENGTH £. • 
.LOC OF I MMEO '" 
.TEXT; (CONTI • · . . ............. . 

v ................. · . . .. 
• STEP SCANNER. • • 
.BY LENGTH OF •••• X DO. 
• IMMEO TEXT • • • · . . .. • ••••••••• * •••• 

• OF REMOTE * • .. 
.. TEXT • • •• ............... 
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v • •• * .......... ... 
• • *RE SET MESSAGE. 
• OPERAND • 
.. POINTER • · . . ...•.......... 

:x .....••..•...•.. : 
V . ...•.......... · . · . .MOVE TEX T TO • 
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v .. ................. . 
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lCD0270 .. .............. . * 
* * • eYES • '* •• * *NO • • GET LENGTH • • • • WILL PRINT * 
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• NO 

XQOl35 ............... 
eYE S • .. *.-• • GET LENGTH .. • '" 
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............... 
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• PARAMETER • • • ............... 

v ............... 
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• 
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XO~50 ............... 
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• ENTRY) .. • •• ............... 
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· • NO 

............... 
.YES • • 

• • USE LOC OF • 

. .....•........ ... . 
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· • NO 
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• * • DELU4ITER • 
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: ............... x: 
v ............... . ............. . 

*YES • .. .. • 
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................ 
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v ............... 
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PART 10 - EXECUTIVE INTERFACE 

TITLE: SVC DIRECTOR ($SVC) 

Program Definition 

Purpose and Usage 

The SVC Director handles all SVC interfaces with the CALL/360-0S system 
for the CALL/360-0S PL/I compiler. 

Description 

The SVC code is picked up from the half word following the BALR to this 
routine. The proper SVC is executed. Return is to the location 
immediately following the halfword SVC code. 

Errors Detected 

None 

Local Variables 

None 

Program Interface 

Entry Points 

$SVC. Halfword SVC code immediately after BALR to this routine,. 

Calling Sequence 

C2,asvc L 
BALR 
DC 

Cl,C2 
AL2(svc-code-number) 

Exit Conditions 

Return is to two bytes after BALR. 

Routines Called 

None 

Global Variables 

SVCINST 

Logic Diagram 

SVC Instruction to Transfer to Executive 
(Communications Area) 

Chart 82 shows the detailed logic diagram for the SVC Director routine. 
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Chart 82. 

••••••••••••••• 
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o • 
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v ••••••••••••••• o 

••• • • 
tX co-• • ... 
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o 

••••••••••••••• 

SVC Director 

••••••••••••••• '" . . . . . 
'COt •• xt CALL $VC • 
• • • St.U~AtOA • ••• • • •••••••••••••• 

v 
••••••••••••••• 

~eTuRf\o 

••••••••••••••• 
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