
NASP-9114-0~ 
NAS Enroute Stage A 
Contract FA65WA-1395 

NAS OPERATIONAL SUPPORT SYSTEM 

SUBPROGRAM DESIGN DOCUMENT 

IBM 9020 Data Processing System 
Basic Assembler Language Program (BALASM) 

Model A3d2.1 

l( f)tr~"\ 
~May 1974 

This document provides detailed design information 
to aid the programmer in the maintenance of the 
Basic Assembler Program. 

These change pages update this document to make 
it compatible with the NOSS tapes which support 
the NAS Model A3d2.1 tape release. 

NAS Programming 
IBM Federal Systems Division 
NAFEC, Atlantic City, New Jersey 



CHANGE HISTORY 

This (03 level) publication of the BALASM SOD is current 
with the HOSS composite tape .labeled N3D21 x. 

Change Proposal 
Level Date Number Comment --

01 15 August 1973 Original Publication 

02 24 May 1974 A3d2.1 Update 

03 15 August 1974 A3d2.1 Update 

x = latest tape l~vel 



PREFACE 

This document, prepared by the International Business Machines 
Corporation, is submitted to the Federal Aviation Administration 
in accordance with the requirements of Contract FA65WA-1395. 

These change pages update the NAS Operational Support 
System (NOSS) Subprogram Design Document (SDD) for the IBM 
9020 Data Processing System Basic Assembler Language Program 
(BALASM), dated 24 May 1974, to make it compatible with the 
NOSS tapes which support the NAS Model A3d2.1 System. 
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1.0 INTRODUCTION 

1.1 PURPOSE AND SCOPE 

This manual provides detailed information on the internal 
logic of the assembler program. This program converts source 
programs in Basic Assembly Language (BAL) into object language. 

This publication is intended for technical personnel who 
are responsible for analyzing program operations, diagnosing 
them, or adapting them to special uses. 

1 • 2 RELATIONSHIP TO OTHE.R DOCUMENTS 

This document assumes that the reader is familiar with 
IBM 9020 Data Processing System Basic Assembly Language 

User's Manual. 

1.3 REFERENCE DOCUMENTS 

use of this manual requires an understanding 
System , of the IBM 9020 Utility 
System Assembly Language, and of the 
the 9020 Utility Programming System. This 
avai.~~~- in the following publications: 

a. IBM Library, IBM 9020 System 
P es o O eration, Form A , r er 
Number ZA22-6852~latest revision, Contract FA64WA-
5223, IBM Corporation, Federal. Systems Division, 
18100 Frederick Pike, Gaithersburg, Maryland 20760. 

b. IBM 9020 Data Processing System: User's Manual, 
Basic Assembly Language (BALASM), NASP-9214-latest 
revision, Contract FAGSWA-1395, IBM Corporation, 
Federal Systems Di vision., NAFEC, Atlantic City, 
N. J. 

c. NAS Operational Support System User's Manual, 
Debug~ing System (DEBUGG), NASP-9216-latest 
revision, Contract FA6SWA-1395, IBM Corporation, 
Federal Systems Division, NAFEC, Atlantic City, 
N. JGI 

d. NAS Operational Support System User's Manual, 
Library Edit Program (LIBEDT), NASP-9220-latest 
revision, Contract FA65WA-1395, IBM Corporation, 
Federal Systems Division, NAFEC, Atlantic City, 
N. J. 

1-1 



e. NAS Operational Support System Subpro ram Desi n 
Document, Compoo Documentation Program CMPLST), 
NASP-9105-latest revision, Contract FA65WA-1395, 
IBM Corporation, Federal Systems Division, NAFEC, 
Atlantic City, N. J. 

f. NAS Operational Support System User's Manualc Utility 
NOSS Monitor (UTILITY), NASP-9229-latest revision, 
Contract FA65WA-1395, IBM Corporation, Federal Systems 
Division, NAFEC, Atlantic City, N. J. 

g. NAS Operational Support System Subprogram Design 
Document, Compool Reference Matrix (XREF) , NASP-
9112-Iatest revision, Contract FA65WA-1395, IBM 
Corporation, Federal Systems Division, NAFEC, 
Atlantic City, N. J. 

h. NAS o erational Support s stem User's Manual 
Ed t Pro ram SYSEDT , NASP-92 -latest revis on, 
Contract FA65WA-1395, IBM Corporation, Federal 
Systems Division, NAFEC, Atlantic City, N. J. 

i. NAS Operational Support System User's Manual, 
Loader Program (LOADER), NASP-9219-latest revision, 
ontract FA6SWA-1395, IBM Corporation, Federal 

Systems Division, NAFEC, Atlantic City, N. J. 

This manual is a comprehensive guide to the logical 
structure and functions of the 9020 Data Processing System 
Assembler Program. It is designed to be used with the 
assembly listing and, consequently, does not discuss progrant 
structure at the machine instruction level. Symbols used in 
this manual correlate with those in the listing. 

1@4 DOCUMENT SUMMARY 

This manual is organized into several major sections. 
Excluding the introductory section, the remaining sections 
cover the following portions of the assembler. 

Section 2.0, Pass 1 Description, presents BLPAS1 and 
other routines that comprise the first pass of the assembler •. 

Section 3.0, Pass 2 Description, presents BLPAS2 and 
the routines used in pass 2 of the assembler. 

Section 4.0, Symbolic Analyzer Description, presents a 
description of the symbolic analyzer, BLANALYZ. 

Section s.o, Storage and Timing, lists the storage 
requirements and timing estimates. 
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Section 6.0, Data Specifications, presents the following 
data specifications. 

a. Subsection 6.1 contains the formats of entries in each 
major table used or built by the assembler. These 
tables include the symbol table, the CSECT·EXTRN 
table, the ENTRY table, the literal table, the RLD 
table, the USING table, the operation code table, 
the symbolic analyzer tables, and the segment table. 

b. Subsection 6.2 contains descriptions of data and 
record formats .. 

c. Subsection 6.3 describes the input and output formats 
for certain key routines: BLEXVAL, BLCONMOD, 
BLCONVAL, FROMD, and FROMF. 

d. Subsection 6.4 gives the code and test of l 
diagnostic messages issued by the assembler. 

1.5 SUBPROGRAM DESCRIPTION 

a.. Purpose 

The IBM 9020 Assembler converts a source program 
BA~ into object language suitable for loading and 

The source program may be one of 

1. A compiled JOVIAL program. 

2. A program deck written in assembly language. 

3. Compool reserves for one Compool segment. 

At the user's option, the assembler produces one or 
more of the following: 

Object for immediate loading and 

2. A listing of the assembled program, with or 
without a cross-reference symbol listing 
(produced by the symbolic analyzer). 

3. An obj language punched card deck. 

be Operating Characteristics 

The assembler 
symbolic 
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COMPOOL or MLC 

BAL program from 
JOVIAL compilation 
or PUNCHC req-ueSt: 

Poss 1 read in from system tape 

ESD and LIB cards 

Pass 2 read in from sy~tem tape 

Object te~t 

Object text 
and source 
program 

Analyzer read in from system tape 

PASS 1 

Symbolic 
Analyzer 

Analyzer 
listing 

BAL program on . INPUT 

.INPUT (if 
card reader) 

____ ..,... If P_UNCHC requested, 
return to Pass 1 

Note: .OUTPT is generally processed off-line to produce prinhKI listing1 and punch@d card decks. If the cord-reader/punch 
and printer Clll'e on-line, taking the place of the .OUTPT taN .. l:ll'intinn nm ""nching are performed directly. 

FIGURE 1-1. IBM 9020 ASSEMBLER INPUT/OUTPUT FLOW 

1 

Used if Pass l output 
overflows buffer ol'lcl 

• WORK2 is ovailable 



Pass 1 examines each source statement in turn to assign 
a tentative location to build control section, 

symbol, and literal tables. Possible and serious 
errors are noted for issuance of diagnostic messages 
during pass 2.. Pass ·1 concludes by assembling the 
control sections in of definition, 
updating the symbol , and putting out the 
External Symbol Dictionary {ESD) @> If a compiled 
JOVIAL program being assembled contains procedures 
designated addition to library, LIB 
cards are produced by-pass 1 for submission the 
procedure(s) to library .. 

Pass 2 converts source statement into object 
language, using the table and the 
tables created by pass 1 as well as the USING table 
it develops to perform ~displacement address 
calculations@ After the source has 
been processed, pass 2 puts out the Relocation List 
Dictionary (RLD) and a count serious and possible 
errors (even if no listing was requested)@ Assembly 
is complete at this point, unless a cross-reference 
symbol dictionary was requested1 if so, the assembler 
proceeds to pass 3. 

Pass 3 {symbolic analyzer) uses the tables built in 
pass 1 to develop a cross~reference listing of symbol 
definitions and references, as well as a list of 
undefined symbols. 

c. Assembler Program Organization 

The assembler is organized physically on the system 
tape ( .. SYSTM) into three records named BAL, BALPT2, 
and BALPT3. The first record, BAL, contains the 
PASS1 routine plus nine separately assembled 
routines. These nine routines each perform a unique 
function (e.g., symboletable lookup, expression 
evaluation, etc.). The BALPT2 record which 

the PASS 2 plus 
assembled routines, is brought into 
end of the f 
BAL record are no longer 
analyzer (BALPT3) is 
storage the 
overlaying of BALPT2. 

The three assembler records and the 
contain are described ly 
Figure 1 an 
flow .. 
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BAL 

Program or Routine 

BLPAS1 - This is the mainline routine of pass 
1, which examines each source card and assigns 
it a tentative location within its control 
section in the program being assembled. A 
symbol table, a control-section/EXTRN tab , 
an ENTRY table and a literal table are built. 

all source cards have been examined, 
the control·section/EXTRN table is updated, 
making each control section start just after 
the end of the preceding one. Symbol locations 
in the symbol table are similarly increased 
by the amount their controlDsection start 
address has been increased. Finally, ESD 
cards are prepared for use in relocating the 
assembled program when it is loaded. 

This routine also contains all the code 
concerned with reading input from SYSIN or 
the compool, and code to write the intermediate 
work file on WORK2. 

BAL - This routine contains the overall 
coordination for the assembler. It handles 
initialization as ~~11 as sequencing the 
various passes. 

BLPUNC2 - This routine punches an object deck 
when requested. If the job is to be executed 
immediately, TXT cards, in condensed form, are 
also placed ·on .AUXIL. 

BLOPLKUP - This routine uses a binary search 
to find the statement operation code in the 
operation code table irt MASTER. 

BLLIST ~ This routine prints the listing 
ions the assembler. It includes 

page overflow and numbering logic and handles 
spacing. 

BLSLKUP - This routine uses a 'hashing' algorithm 
to select an entry point in the symbol table, 
then searches until the symbol or an unused 
entry location is found. 

BLBRKUP - This routine separates elements of 
an expression and performs a syntactical che·ck 
on these elements. 
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Record 

BALPT2 

BALPT3 

Program or Routine 

BLEXVAL - This routine examines an expression 
for errors, then evaluates it. 

DLCONMOD - Th s routine checks modifiers 
(multiplicity, type, length, scaling) of a 
constant or literal. 

ZXMASTER - This is the communications region 
of the whole assembler. 

DLPAS2 - This is the mainline routine of pass 
2. It is brought into storage after BLPAS1 
is completed, overlaying BLPAS1. This routine 
converts each source statement into object 
language, computes base-displacement addresses, 
and issues diagnostic messages for errors found 
in the source progra~. 

BLCONVAL - This routine evaluates a constant 
and checks it for consistency. A subroutine 
builds the RLD table for relocatable address 
constants.. It contains FHOHF which converts 
a constant in EBCDIC to fixed-point doubleword form, 
and FROMD which converts a constant in EBCDIC to 
f loating=point long form. 

IOGET2 - This routine gets one record from the 
intermediate buffer (or .. WORK2) for the second 
pass or for the symbolic analyzer. 

PRINT - This routine arranges a statement and/or 
object code for printing. It then arranges 
the object code into TXT cards. Finally, it 
uses the diagnostic code(s), if any, to get 
a message to be printed on the listing following 
the statement .. 

BLANALYZ - If a cross-reference symbol listing 
is requested, this routine is brought into 
storage after BLPAS2 is completed, overlaying 
BLPAS2. It produces the listing of symbol 
definitions and references and a listing of 
undefined symbols. 
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three are for initialization, and one is the end·of•job 
subroutine. The names and functions of these subroutines 
are as follows: 

1. INIT1 - This subroutine initializes for PASS1 
and processes program options. It goes on 
completion to BLPAS1. 

2. INIT3 - This subroutine initializes for BLPAS2 and 
brings it in. 

3. INIT4 - This subroutine initializes for the BLANALYZ 
program and brings it in if the symbolic analyzer 
was requested.. If not, this subroutine exits 
immediately to the NOAN subroutine. 

4.. NOAN ~ This subroutine processes PUNCHC requests 
or terminates the assembler operation. 

2.1.1 Pl\SS1 Initialization Subroutine (INIT1) 

FUNCTION: This subroutine (Chart AA1) initializes for PASS1. 

ENTRY: This subroutine is entered at INIT1 from the l~onitor .. 

OPERATION: This subroutine loads the corn.i~unications region 
base register and loads the system Input/Output (I/O) routine 
addresses in that area.. It next uses machine memory size to 
look up table sizes and define the tables to be built up by 
the assembly operation. If .WORK2 is not available, the 
table sizes are made larger because the entire program must 
be contained in core storage. 

The $BAL control card information is processed 
and EndEof 0File (EOF) returns for tapes are set. Initialization 
is performed for punching and listing~ 

EXIT: This subroutine exits to BLPAS1. 

LRRORS: Errors found by this subroutine produce diagnostic 
messages without stopping execution. 

2.1.2 PASS2 Initialization Subroutine (INIT3) 

FUNCTION: This subroutine (Chart AA2) initializes for BLPAS2, 
brings in that program, and turns over control to it .. 

:CHTRY: This subroutine is entered at INIT3 from the end of 
BLPAS1 .. 

EXIT: This subroutine exits to the beginning of BLPAS2. 
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If the statement is a machine operation, the machine 
operation routine enteres the statement name (if any) in the 
symbol table and processes the operand, if present. The 
instruction length is then added to the accumulated program 
length and the statement is put out for pass 2. Return is 
then made to the new statement routine for the next source 
statement. 

If the statement is a pseudo-operation, the appropriate 
processing subroutine is selected in the pseudo-operation 
routine and performed Lefore the statement is put out for 
pass 2. The program then returns to the new statement 
routine for the next statement. 

The pseudo ... operation subroutines (sho\o.in in Figure 2-1) 
each process one type or several related types of pseduo­
operation statements. Of particular note is the rND 
statement, signaling the end of the source program. When 
encountered, the EUD statement causes any literals still in 
the literal table to be put out, followed by the END 
statement itself. The program then exits to the interlude 
section to terminate pass 1. 

The interlude section of BLPAS1 (shown in Figure 2-2) 
divides into two routines: tables updating and ESD 
generation. In the tables updating routine, the control 
sections defined in the source program are assembled in the 
order of their definition into the first control section to 
produce a single relocatable block. The symbol locations 
in the symbol table are then updated, increasing each 
location by the new starting address of the control section 
in '"''hi ch the symbol was defined. 

The ESD generation routine prepares ESD cards for the 
program, its common section, and for EXTRN and ENTRY symbols. 
If a listing was requested, the ESD deck is also listed. 
Sinilarly, if immediate execution was requested, ESD text 
is set up for loading after assembly is complete. Pass 1 
is now.completed, with BLPAS1 exiting to BAL to prepare 
for and call in BLPAS2. 

Also included in BLPAS1 is a set of independent 
subroutines. These subroutines are described separately, 
following the description of the interlude. 
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2.2.1 PASS1 Mainline 

2.2.1.1 Initialization Routine (PASS1) 

FtnlCTION: This routine (Chart AA4) initializes, on first 
entry only, for PASS1 and obtains the first source statement. 
If this statement is a comment, ICTL, JOV, or TITLE, it is 
processed and printed out and another statement is obtained. 
This process is repeated until a statement other than one of 
the above types is obtained. 

ENTRY: This routine is entered at the first location of the 
PASS1 routine when control is turned over by the monitor .. 

EXIT: This routine exits to X:i~FST in the new statement 
routine .. 

Hew Statement Routine (BEGIN) 

FUNCTION: This routine (Chart AAS) obtains a source statement 
and determines whether it is a machine operation or a pseudo~ 
operation .. 

ENTRY: The normal entry for this routine is at nr:GIN.. On 
the first time through, it is entered at XXFST from the 
initialization routine of Pl\SS1. It may be re-entered at 
AHEAD from the START subroutine if the START statement is 
missing on the first time through. It is also entered at 
OPERR if an incorrect operation code is encountered by the 
pseudo-operation routine. 

OPERATION: This routine begins by calling IOGeT1 to get a 
statement in canonical form. If the statement is a comment, 
it is put out by IOPUT1 an<l the routine restarts on the 
next statement .. 

On the first time through, the routine tests for a START 
statement.. On all other iterations, the operation code is 
checked for valid length, then subfllitted for a search of the 
operation code table (see Subsection 4 .. 1) by BLOPLKUP. 

LXIT: If the operation code is a pseudo ... operation, this 
routine exits to PSEUDO in the pseudo ... operation routine.. If 
the operation code is a nachine operation, this routine exits 
to the machine operation routine. 

:CRRORS: If the first statement is not a START statement, 
diagnostic 71 is put out (see Subsection 6 .. 4), the START 
subroutine is entered to force a STAnT, and return is Made 
to AHEAD to process the non-srrl\RT first statement .. 
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lf a statement contains no operation code or one of 
excessive length, exit is made to OPERR in the machine 
operation routine, thereby ignoring the operand field. 

2.2.1.3 Machine Operation Routine 

FUNCTION: This routine (Charts AB, AC) reserves the object 
code length required for a statement, enteres the statement 
name (if present) in the symbol· table, and validates the 
statement operand(s) (if present), then puts out the 
statement for pass 2. 

ENTRY: This routine is normally entered by fall through 
from the new statement routine for processing of a machine 
operation statement. It is also entered at OPL2 or OPL4 
from some pseudo~operation subroutines to reserve space in 
the object program. It may be entered at OPERR if an invalid 
operation code is found by the new statement or pseudo~ 
operation routine. Return from pseudo~operation subroutines 
is to SYMCK to pick up the statement name or to FINISH to put 
out the statement for pass 2. 

OPERATION: On fall-through from the new statement·r~utine, 
this routine determines the instruction length and saves it 
for determination of program length. This routine next 
checks for a statement name, validates the symbol, calls 
BLSLKUP to search the symbol table (see Subsection 6.1) for 
that sy:rnbol and, if not found, enters the symbol in the 
symbol table,. 

If operand scan is not blocked (by an invalid operation 
code), the statement operand field is scanned. If a literal 
is found, the LITRTN subroutine is called to validate it 
and enter it in the literal table (see Subsection 6.1); since 
only one literal is allowed in a statement, return is to 
WINDUP to terminate the routine 

If operand is not a literal, BLBRKUP is called to 
scan the expression and check its syntax. The expression 
terminator is then checked to further action (e.go, 
look for included l , scan next operand); usually a 
partial or complete repetition of the operand scan* 

The routine terminates by adding the saved struction 
length to the current location counter, then putting out th~ 
source statement pass 2. 

EXIT: This routine returns to BEGIN 
routine. 

2-9 
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ERRORS: An invalid symbol in the statement name field is 
ignored. An invalid operand expression is similarly ignored, 
as is the rest of the operand field. 

Pseudo-operation Routine (PSEUDO) 

FUNCTION: This routine (Chart AD) selects and uses the 
proper subroutine to process a pseudo-operation statement. 

ENTRY: This routine is entered at PSEUDO from the new 
statement routine. 

OPERATION: This routine uses a pointer in the operation 
code table to se the pseudo-operation subroutine. 
These subroutines are described separately later. 

EXIT: This routine exits to the selected subroutine. 

ERRORS: An invalid operation code mnemonic causes a return 
to OPERR in the machine operation routine. 

COMMENTS: Certain statements are ignored by BLPAS2 (e.g., JOVIAL 
diagnostic, USING, and PRINT). For an EXBC or EXBCR (Extended 
Branch) statement, BLPAS1 simply saves the proper instruction 
length, then treats the statement as a machine operation, 
leaving interpretation of the extended mnemonic to BLPAS2. 

DCL Subroutine 

FUNCTION: This subroutine issues diagnostic 35 (see Subsection 
6.4) when a DCL source statement is encountered. 

ENTRY: This subroutine is entered at DCL from the pseudo• 
operation routine. 

EXIT: This subroutine exits to DGCSEC in the CSECT 
subroutine to mark the statement to be ignored by pass 2. 

COMMENTS: The fictitious operation code DCL is used by 
BLPAS1 to issue a literal. As such it is handled differently 
than an illegal operation, which it would be if encountered 
as a source statement. 

CCW Subroutine 

FUNCTION: This subroutine saves an aligned doubleword 
space for the Channel Command Word (CCW). 

ENTRY: This subroutine is entered at CCW from the pseudo· 
operation routine. 
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EXIT: This subroutine returns to SYMCK in the machine 
operation routine to treat the statement as a machine 
operation. 

LIB Subroutine 

FUNCTION: This sequence (Chart AD) moves 24 characters or 
less from the operand of a LIB statement (arguments) into 
columns 19-42 of a card image and punches a LIB card. 

ENTRY: This subroutine is entered at LIB from the pseudo· 
operation routine. 

EXIT: This subroutine exits to FINISH in the machine 
operation routine. 

QUAL Subroutine 

FUNCTION: This sequence (Chart AD) validates a new qualifier 
and puts it in the communications region. 

ENTRY: This subroutine is entered at QUAL from the pseudo• 
operation routine. 

EXIT: This subroutine exits to FINISH in the machine 
operation routine. 

ERRORS: If the qualifier is invalid, diagnostic 2 is issued, 
and the CNOP subroutine is entered at IGCNOP to mark the 
source statement to be ignored by pass 2. 

START Subroutine 

FUNCTION: This subroutine (Charts AE1, AE2) evaluates and 
saves the starting location to be assigned for the object 
program, then validates the program name and enters it in 
the symbol table, the punch area for the LIB cards, and the 
ENTRY It also checks for a compool request. 

ENTRY: This subroutine is normally entered at START from 
the pseudo-operation routine. It is entered at BLANKS when 
the new statement routine finds that the first statement is 
not a ~TART statement. 

OPERATION: This subroutine begins by checking for a starting 
location. If present, the address is evaluated and saved. 
The name field is then checked for a symbol to be used as 
the program name. If present, the symbol is validated, 
BLSLKUP is called to search the symbol table, and the symbol 

entered in the symbol table. {See Subsection 6.1.) If 
no program name appears in the statement, the subroutine is 



entered at BLANKS and the forced program name .NONAME is 
used.· The supplied or forced program name is stored in the 
communications region and in the punch area for LIB cards, 
and is entered in the ENTRY table. The start card is also 
checked for a compool request. If one is present, it is 
validated. The routine then checks .LIB and/or '.CMP for an 
MLC (Merged Library/Compool) or compool tape containing the 
desired compool, requests a new tape if necessary and positions 
the tape to the start of the requested compool. 

EXIT: This subroutine exits to FINISH in the machine operation 
routine after it processes a START first statement or after 
it disposes of a non•first START statement. After entry at 
BLANKS to take care a non-first START statement, the 
subroutine exits to AHEAD in the new statement routine to 

.process the statement. 

ERRORS: A START statement after the first source statement 
causes diagnostic 15 to be issued; the statement is ignored. 

If the START statement beginning the source program 
no location, diagnostic 8 is issued. 

If the MEVAL subroutine finds an error in the expression 
for the starting location, it is ignored. Other faults in 
the starting location assignment cause it to be ignored and 
a diagnostic issued as follows. 

Fault 

Not absolute 
Not address type 
Bad terminator 

Diagnostic 

17 
31 
14 

In addition, if the starting location assignment is not 
aligned to a doubleword boundary, it is adjusted and saved, 
and diagnostic 72 is issued. 

If an invalid compool is requested, or the compool 
cannot be located, assembly is terminated. 

COMMENTS: The MEVAL subroutine calls the BLEXVAL routine, 
making the output of BLEXVAL (Subsection 6.3) available to 
this subroutine. 

2.21111.10 CNOP Subroutine 

FUNCTION: This subroutine (Chart AF) validates the operands 
of a Conditional No-Op (CNOP) pseudo~operation and, 
if valid, aligns the current location counter to the 
designated boundary. 
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ENTRY: This subroutine is entered at CNOP from the pseudo• 
operation routine.. Some other pseudo subroutines use the 
error handling and return provisions of this subroutine, 
entering it at IGCNOP or at CNOPEX .. 

OPERATION: This subroutine evaluates the first operand and 
validates its value and terminator.. The subroutine then 
evaluates the second operand and validates its value and 
terminator.. The current location counter is then aligned 
to the boundary specified. Finally, the operand scan switch 
is turned off (because the operands have already been 
processed) and an instruction length 0 is saved (because 
the location counter has already been incremented if required) .. 

EXIT: This subroutine returns to SYMCK the machine 
operation routine to process the statement name, if any .. 

ERRORS: For any operand error, the statement marked to 
be ignored by pass 2 and no change made to the location 
counter .. 

If either operand value is incorrect, diagnostic 31 is 
also issued .. 

If either terminator is 
issued .. 

CSECT, DSECT Subroutine 

FUNCTION: This subroutine (Charts AG1, AG2, l\G3, AH) examines 
a CSECT or DSECT statement and either creates a new control 
section (by making an .entry in the CSECT-EXTRN table) or 
resumes the already created control renamed by this 
statemente 

ENTRY: This subroutine is . at CSECT or at DSECT from 
the pseudo routinee Some pseudo-subroutines 
use the error handl and return ~-~~q,·~sions of this 
entering it at SMDIAG or at IGCSEC 

OPERATION: This 
DSECT statement, 
An CSECT 
is named; se, 
With the name val 
control""' 

CSECT ... EXTRN 
preparation for a change to a di 
sectione Special ( .. PREV, .. ONLY) CSECTs are 
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The first CSECT statement encountered causes a test for 
an implied unnamed-first control section; i.e., have statements 
already been assembled into a control section (the first and 
unnamed) that precedes the control section defined by the 
first CSECT statement? If not, this first CSECT statement 
defines the first control section. 

Any succeeding CSECT or DSECT statement causes a 
search of the CSECT·EXTRN table. If a match is found, the 
control section named by the statement is resumed (e.g., 
CSECT location counter is loaded as the currect location 
counter). If no match is found, a new control section is 
created. A .PREV CSECT builds a CSECT card for the last 
previous CSECT and re-enters CSECT processing with it. 

Creation of a new control section begins by entering 
the name in the symbol table. Then, the name, ID, and type 
are entered in the CSECT·EXTRN table. Finally, this data 
describing the newly created or resumed control section is 
transferred to the communications region to identify it as 
the current control section. 

EXIT: This subroutine returns to FINISH in the machine 
operation routine. 

ERRORS: If a DSECT statement is unnamed, or CSECT statement 
is unnamed and the first control section is named, diagnostic 
8 is issued and the statement is marked to be ignored by 
pass 2. 

If a match is found between a CSECT or DSECT statement 
name and a non•EXTRN entry in the CSECT table (CSECT statement 
naming a dummy control section or DSECT statement naming a 
control section) , diagnostic 68 is issued and the named 
control section is resumed .. 

If a new CSECT statement name has already been defined 
(i.e., multi-defined symbol), the name is blanked and the 
CSECT·EXTRN table searched again. The CSECT statement will 
thus resume the first control section if that is unnamed 
or will create a new unnamed control section; this control 
section can be resumed but two such multi-defined control 
sections will be assembled together. 

If the name of the first DSF.CT statement is rnulti­
defined, and it was not defined by an EX'rRN, its name is 
changed to • (period) and entered in the CSECT•EXTRN tableo 
All succeeding DSECT statements with multi-defined names are 
ignored. The DSECT naMes defined by an EXTRN are allowed 
and taken as a DSECT definition (or resumption). 
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The .. OVLY CSECT without both •'V'' and ''POOL'' on the 
Start card, and .PREV CSECT not in a DSECT, are both treated 
as errors. 

2.2.1.12 COM Subroutine 

FUNCTION: This subroutine (Chart AH) initiates or resumes 
assembly in the common section of the program in response to 
a COM statement .. 

ENTRY: This subroutine is entered at COM from the pseudo· 
operation routine. 

OPERATION: This subroutine begins by checking for the 
absence of a name in the COM statement. The current 
location counter is stored in the current CSECT~EXTRN table 
entry and the common entry in that table is initialized if 
not already done. The subroutine then enters the CSECT, 
DSECT subroutine to set up the common section as the current 
assembly section. 

EXIT: This subroutine returns to FINISH in the machine 
operation routine to put out the statement. 

ERRORS: If the COM statement is named, diagnostic 67 is 
issued, the rest of the subroutine is bypassed, and entry 
is made at IGCSEC in the CSECT, DSECT subroutine to mark the 
statement to be ignored by pass2. 

2 .. 2 .. 1 .. 13 DCDS Subroutine 

FUNCTION: This subroutine (Chart AI) evaluates the operand 
of a DC or DS statement and adds its length to the current 
location counter, enters the statement name, if any, in the 
symbol table, and processes a literal, if present. 

ENTRY: This subroutine is entered at DCDS from the pseudog 
operation routine. 

OPERATION: This subroutine calls BLCONMOD to evaluate any 
modi the operand may carry, aligns the location counter 
to boundary the operand, then checks for a 
statement name@ If present, the symbol is entered in the 
symbol· , using the attributes developed by BLCONMOD., 
The counter is incremented by the length of the 
con If the operand contains an address literal, it 
is processed by Subroutine LITRTN .. 

EXIT: This subroutine returns to FINISH in the machine 
operation routine .. 
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ERRO~S. If the modifiers contain errors, diagnostics provided 
by BLCONMOD are issued, the statement processing is bypassed, 
and entry is made at IGCNOP in. the CNOP subroutine. As a 
result, the statement is marked to be ignored by pass 2, the 
operand scan is suppressed, and return is made to SYMCK in 
the machine operation routine (for symbol check) with a 
saved instruction length of o. 

2.2.1.14 ENTRY Subroutine 

FUNCTION: This subroutine (Chart AJ) enters the syrnbol(s) 
in the ENTRY statement operand field in the ENTRY table, 
first searching the table to prevent duplication. 

ENTRY: This subroutine is entered at ENTRY from the pseudo· 
operation routine. 

OPERATION: This subroutine validates the first operand 
expression and, if valid, searches the ENTRY table for a 
duplicate. If none is found and the expression terminator 
is valid, the symbol is entered in the ENTRY table. The 
process is repeated for the next expression, and so on. 

EXIT: This subroutine returns to FINISH in the machine 
operation routine to put out the statement. 

ERRORS: If an expression is invalid, that symbol is ignored. 
If an expression is invalid and its terminator is missing 
(invalid), the subroutine exits ·without entering any 
following symbols from that statement into the ENTRY table. 

If an ENTRY symbol duplicates one already entered, 
diagnostic 69 is issued and the next expression, if any, 
is processed. 

If the ENTRY table is filled, diagnostic 76 is issued 
and the symbol that would have caused overflow is not 
entered. 

2.2.1.15 EQMAMI, TEQU Subrout~ne 

FUNCTION: This subroutine (Chart AK) enters the statement 
name in the symbol table with its location derived from the 
expression in the operand field, first validating the symbol 
and the operand expression(s). 

ENTRY: This subroutine is entered, from the pseudo-operation 
routine, at TEQU for a TEQU statement or at EQMAMI for an EQU, 
MAX, or MIN statement. 
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OPERATION: This subroutine, if entered at TEQU, treats the 
TEQU operation code as an EQU by ignoring the first character. 
Presence of the statement name .is then verified and the symbol 
is validated. The first operand (or only one) is then 
evaluated. 

For EQU or TEQU, the statement name is entered in the 
symbol table (this may simply change the location attribute 
if a TEQU statement names an already defined symbol). 

For HAX or MIN, a second operand is checked for and 
evaluated, then compared with the location attribute of the 
first operand. The better attribute is saved and, if there 
is another operand, the process is repeated before an entry 
is made in the symbol table. 

EXIT: This subroutine returnts to FINISH in the machine 
operation routine to put out the statement unless an error 
is found .. 

ERRORS: If the statement is unnamed, processing is bypassed 
and exit is made to SMDIAG in the CSECT, DSECT subroutine to 
issue diagnostic 8 and mark the statement to be ignored by 
pass 2,,, 

If the statement name or the first operand is invalid, 
processing is bypassed and exit is made to IGCSEC in the CSECT, 
DSECT subroutine to mark the statement to be ignored by pass 
2. 

If the first operand is mispunctuated or too long, 
diagnostic 4 is issued, processing is bypassed, and the 
statement is marked to be ignored by pass 2 before the 
normal exit is taken. 

If the last operand terminator is not a blank, diagnostic 
14 is issued, no symbol table entry is made, and the statement 
is marked to be ignored by pass 2 before the normal exit is 
taken. 

For MAX or MIN, an invalid operand expression prevents 
entry in the symbol table and causes the statement to be 
marked to be ignored by pass 2 before the normal exit is 
taken .. 

For MAX or MIN, reference to operand symbols defined 
in different control sections causes diagnostic 66 to be 
issued; no entry is made in the symbol table and the 
statement is marked to be ignored by pass 2 before the 
normal exit is taken. 
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EXTRN Subroutine 

FUNCTION: This subroutine (Chart AL) validates the operand Os} 
of an EXTRN s~atement and, if they have not been previously 
1def ined and do not duplicate other EXTRN entries in the 
CSECT•EXTRN table, enters these symbols in the symbol table 
and the CSECT•EKTRN table. 

ENTRY: This subroutine is entered at EXTRN from the pseudo• 
operation routine. 

OPERATION: This subroutine first validates an operand, then: 
searches the CSECT•EXTRN table for possible duplication. If 
no duplicate is found and the operand terminator is valid, 
the operand symbol is in the symbol table with a 
ID to identify as an EXTRN. This attempt at 
symbol table may return with an indication that the 
has the BAL If 

ERRORS: 
s 

returns to FINISH 
out the statement. 

70 to 

A bad expression te causes diagno 
issued: any following operand is ignored. 

c 14 to be 

An already defined symbol in an EXTRN statement 
ignored. 

LTORG Subroutine 

FUNCTION: This subroutine (Charts AM, AN) (called either by 
an LTORG statement or indirectly by an LND statement) puts 
out all literals in the literal table as DCL statements, 
first putting out doubleword multiples, then fullword multiples, 
then halfword multiples, and finally odd•byte length multiples. 

ENTRY: This subroutine is entered at LTORG from the pseudo 0 

operation routine. It is also entered at LITPUT from the 
END subroutine. 
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OPERATION: If the LTORG statement is named, the symbol is 
entered in the symbol table and the LTORG statement is put 
out.. A check for literals in the literal table now either 
causes return to the new statement routine for the next 
source statement or the putting out of the literals in the 
table .. 

If there are literals in the table, the subroutine 
sets up to search the table for literals of doubleword 
multiple length. When one is found, its dummy name is 
entered in the symbol table, its length is added to the 
current location counter, and it is put out in a DCL 
statement.. After the literal table has been searched for 
doubleword multiples, the process is repeated for fullword 
multiples, then for halfword multiples, and finally for all 
other literals (odd-byte length). 

After all literals have been put out, the subroutine 
initializes for buildup of a new literal table .. 

EXIT: This subroutine either returns to BEGIN in the new 
statement routine or, if entered from the END subroutine, 
returns to that subroutine. 

ERRORS: If a dummy name cannot be entered in the symbol 
table because of table overflow, diagnostic 79 is issued .. 

2 .. 2 .. 1.18 ORG Subroutine 

FUNCTION: This subroutine (Charts A01, A02, A03) validates 
the operand of the ORG statement and, if valid, sets the 
current location counter to its value .. 

ENTRY: This subroutine is entered at ORG from the pseudo­
operation routine .. 

OPERATION: This subroutine begins by evaluating the ORG 
expression.. A sequence of tests then validates the 
expression before its value is placed in the current 
location counter. 

EXIT: This subroutine returns to CNOPEX in the CNOP 
subroutine to block operand scan and save an instruction 
length' of 0 before going to SYMCK in the machine operation 
routine to process the statement name, if any. 

ERRORS: For any of the following errors, the current 
location counter is unchanged and the ORG statement is 
marked to be ignored by pass 2. (Where diagnostics are 
issued, they are noted .. ) 

a. Errors in expression. 
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~- Symbol in expression is defined in another control 
section.- diagnostic 66. 

c. Expression is not an address constant - diagnostic 
31. 

d. Express.ion terminator invalid .... diagnostic 14. 

e. Expression too long or mispunctuated - diagnostic 
4. 

2.2.1.19 PSEG Subroutine 

EXIT: This routine 
routine. 

of PSEG 
requested. 

to BEGIN in the new statement 

ERRORS: This routine will issue a serious diagnostic on an 
invalid PSEG or segment table overflow, and a warning on a 
duplicate PSEG request. Diagnostics may appear with the 
PSEG ,.USE card than the_ PSEG name card which 
caused the error. 

2. 2,. 1e20 END Subroutine 

FUNCTION: This subroutine (Charts A01, A02, A03) or recognizing 
the end the source program, brings in any outstanding 
compool segments requested, puts out literals at the end 
of the first control section, and exits to the interlude. 
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ENTRY: This subroutine is entered at END from the pseudo· 
operation routine, and is re-entered from the LTORG subroutine 
after it has called that subroutine. It is re-entered if 
compool segments have been brought in at this point .. 

OPERATION: When the subroutine first entered, it checks 
for any outstanding compool requests.. If found, it stacks 
the END card and goes to read the compool It then checks 
whether there are literals in the literal table.. If so, the 
subroutine sets up a control setting with a start address 
immediately following the high location of the first control 
section.. After aligning the current location counter to a 
doubleword boundary, it enters the LTORG subroutine at LITPUT .. 
The LTORG subroutine returns, after all 1 s have been 
put out, to END,,. The current counter, incremented 
by the length of the s, is the first CSECT· 
EXTRN table entry and the END statement then put outo 

EXIT: This subroutine exits to INTRL in the interlude 
section of PASS1o 

ERORRS: Compool errors are given under the PSEG routine .. 

2.2.2 PASS1 Interlude 

The interlude section of PASS1 is entered after the :END 
statement signals the end of the source program., As a 
preliminary, the interlude rewinds .WORK2, thereby making 
the overflow of the intermediate buffer available to BLPAS2 
by the time it finishes the contents of the intermediate 
buffer., The interlude then proceeds (as shown in Figure 2-2) 
through table updating and ESD generation, concluding 
BLPAS1., Exit is made to INIT3 in BAL to initialize for and 
bring in BLPAS2. 

Table updating is performed by two subroutines: CSECT 
table update and symbol table upda.te .. 

The ESD generation is performed by four subroutines: 

1 Program ESD 

2 .. Conunon ES D 

3 41 EXTRN ESD 

4., ENTRY ESD 
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CSECT Table Updating Subroutine 

FUNCTION: This subroutine (Chart AP) assembles all control 
into. a single control section and determines the 

object program length. 

ENTRY: The subroutine entered at INTRL from PUTEND in the 
END subroutine of BLPAS1. 

OPERATION: This subroutine uses the current• 
field as the program location counter, loading it with the 
location specified by the source program START 
The subroutine then scans the CSECT table for a control 

If a DSECT, EXTRN, or COM entry is found, 
is 

When found, 

ID changed to that 
This process continues until 

have been assembled into the first. The 
length is then computed and the subroutine ended. 

EXIT: This subroutine exits to the symbol table updating 
subroutine. 

Symbol Table Updating Subroutine 

FUNCTION: This subroutine (Chart AP) increases each symbol 
location by the starting address of the control section in 
which it was defined and changes the symbol ID to that of 
the first control section. 

ENTRY: This subroutine is entered from the CSECT table 
updating subroutine. 

EXIT: This subroutine exits to the Program ESD Subroutine 
in the ESD generation routine. 

Program ESD Subroutine 

FUNCTION: This subroutine (Chart AQ) initializes for ESD 
generation and puts out the program ESD card; the program 
ESD is listed if listing is requested. 
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ENTRY: This subroutine is entered from the symbol table 
update subroutine. 

EXIT: This subroutine exits to the common ESD subroutine. 

2.2.2.4 Common ESD Subroutine 

FUNCTION: This subroutine (Chart AQ) determines the length 
of the common section, if any, and puts out a common ESD 

: the connnon ESD is listed, if listing is requested. 

ENTRY: This subroutine is entered from the program ESD 
subroutine. 

EXI~1 : This subroutine exits to I3EXT in the EXTRN ESD 
Subroutine. 

EXTRN ESD Subroutine 

FUNCTION: This subroutine (Chart AQ) scans the CSECT•EXTRN 
table for EXTRN entries, putting up to three consecutive 
EXTRN symbols on one ESD card; each EXTRN is also listed if 
listing is requested. 

ENTRY: This subroutine is entered at I3EXT from the common 
ESD subroutine@ 

EXIT: This subroutine exits to I3ENT in the ENTRY ESD 
subroutine. 

ENTRY ESD Subroutine 

FUNCTION: This subroutine (Chart AR) puts out ENTRY ESD cards 
with up to three symbols on each card; if listing is requested, 
the ENTRY ESDs are also printed. 

ENTRY: The subroutine is entered at I3ENT from the EXTRN ESD 
Subroutine 

OPERATION: This subroutine scans the ENTRY table and checks 
that the ENTRY symbol has been entered in the symbol table. It 
then checks that the symbol was defined in a control section or 
in the. common section, then moves the symbol with its ESDuID to 
the card image. An ESD line is printed if listing is requested. 
When the card image is filled (three ENTRYs), the card is put 
out. 

When the end of the ElJTRY table is reached, the last ESD 
line is printed (if listing is requested) and the card image 
is punched even if not full. Upon completion of this 
subroutine, BLPAS1 program terminates. 
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EXIT: T~is subroutine exits to INIT3 in BAL. 

2.2.3 BLPAS1 Common Subroutines 

Included within the BLPAS 1 program are· 14 subroutines 
that are called to perform various operations for the main 
body of the program.. These subroutines, listed below, are 
each described separately. 

1 @ ·MPUTS Put a statement 

MPUTD Put a diagnostic record 

3.· HFWRD Align current location counter to a 
halfword boundary 

CTFULL Process CSECT•EXTRN low 

7. L1TRTN Process 1 

SYMVAL Validate a statement symbol 

STNTRY Create a symbol table entry 

10. MEVAL - Call BLEXVAL and process diagnostics 

11. HEX2CM - Convert hexadecimal number into EBCDIC 
characters 

12. l·ffiRKUP Call BLBRKUP and evaluate expression 

13.. PUTESD Put an ESD card 

14. PRTESD Print ESD line 

MPUTS Subroutine 

FUNCTION: This subroutine (Chart AS) puts out a source 
statement for pass 2. 

ENTRY: This subroutine is entered at MPU'l'S from the machine 
operation routine or from the END or LTORG subroutine, with 
the address of the source statement in a general register .. 
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OPEFA~ION: This subroutine calls IOPUT1 to put out the source 
statement. If the ignore switch is on, the statement is 
prefixed with an ignore code so that pass 2 will ignore it. 
(See Subsection 6.2 for format.) 

EXIT: This subroutine exits to the calling point. 

2.2.3.2 MPUTD Subroutine 

FUNCTION: This subroutine puts out a diagnostic record for 
pass 2. 

ENTRY: This subroutine is entered at MPUTD from the new 
statenent routine or fron those pseudo operation or BLPAS1 
subroutines that issue diagnostics. 

OPERATION: This subroutine calls IOPUT1 to put out the 
diagnostic record. Subsection 6.2 gives the format of the 
diagnostic record built at DIAG. 

EXIT: This subroutine exits to the calling point. 

2.2.3.3 HFWRD Subroutine 

FtJNCTION: This subroutine aligns the current location 
counter to a halfword boundary if it is not so aligned. 

ENTRY: This subroutine is entered at HFWRD from the machine 
operation routine. 

EXIT: This routine exits to the calling point. 

2.2.3.4 DBLWRD Subroutine 

FUNCTION: This subroutine aligns the current location 
counter to a doubleword boundary if it is not so aligned. 

ENTRY: This subroutine is entered at DBLWRD from the ccw, 
END, LTORG, START, CSECT table update, or common ESD 
subroutine. 

EXIT: This subroutine exits to the calling point. 

2.2.3.5 STFCLL Subroutine 

FUNCTION: This subroutine processes an overflow of the 
symbol table. 
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ENTRY: This subroutine is entered at STFULL from the machine 
operation routine or from the DCDS, EQMAMI, EXTRN, LTORG, 
START, or CSECT, DSECT subroutines. 

OPERATION: This subroutine puts out diagnostic 43 each time 
a symbol table overflow condition is encountered. 

EXIT: This subroutine exits to the calling point. 

2.2.3.6 CTFULL Subroutine 

FUNCTION: This subroutine (Chart AS) processes an overflow 
of the CSECT•EXTRN table. 

ENTRY: This subroutine is entered at CTFULL from the CSECT, 
DSECT or EXTRN subroutine. 

OPERATION: This subroutine puts out diagnostic 74 and 
deletes the CSECT name from the symbol table whenever that 
entry will overflow the CSECT•EXTRN table. 

EXIT: This subroutine exits to the calling point. 

2.2.3.7 LITRTN Subroutine 

FUNCTION: This subroutine (Chart AT) validates the literal 
and its modifiers, searches the literal table for a 
duplicate, and enters it if no duplicate is found. Finally, 
the subroutine puts out a literal reference record for pass 
2 .. 

ENTRY: This subroutine is entered at LITRTN from the 
machine operation routine or the DCDS subroutine, with the 
address of the literal in a general register. 

OPERATION: This subroutine calls DLCONMOD to evaluate 
the literal modifiers, then validates the literal terminator, 
type, and length.. Next, the literal table is searched for 
an identical literal. If found, the dummy tag of the table 
entry and the literal source length are set up in a literal 
reference record at LIT (see Subsection 6.2) and IOPUT1 is 
called to put out the record. 

If no duplicate of the literal is found in the literal 
table, the literal is entered in the table and the literal 
reference record put out as before. 

EXIT: This subroutine returns to the calling point. 
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ERRORS: An invalidity in the literal bypasses the issuance 
of a literal reference record or entry in the literal table. 

If the literal table is filled, a new literal is put 
out in a literal reference record with a zero dununy tab, 
preceded by diagnostic 75 .. 

2 .. 2 .. 3 .. 8 SYMVAL Subroutine 

FUNCTION: This subroutine {Chart AU) validates the symbol 
submitted to it and appends the current qualifier. 

ENTRY: This subroutine is entered at SYMVAL from the machine 
operation routine or from the DCDS, EQMA1'1I, LTORG, START, or 
CSECT, DSECT subroutine .. 

OPERATION: This subroutine checks the symbol for length, 
valid first character, and valid succeeding characters.. If 
validated, the current qualifier is added to the symbol .. 

EXIT: This subroutine returns to the calling point if the 
symbol is not valid. It returns to the second instruction 
at the calling point if the symbol is valid. 

ERRORS: If the symbol length is excessive, diagnostic 3 is 
issued and return is made to the error return point in the 
calling routine .. 

If the first or succeeding characters are not valid, 
diagnostic 2 is issued and return is made to the error return 
point in the calling routine. 

2 0 2 .. 3 .. 9 STNTRY Subroutine 

FUNCTION: This subroutine (Chart AU) enters a symbol in 
the symbol table at the entry point found for it by the SLKUP 
routine. 

ENTRY: This subroutine is entered at STNTRY from the 
machine operation routine or from the DCDS, EQMAMI, BXTRN, 
LTORG, START, or CSECT, DSECT subroutine. 

OPERATION: This subroutine begins by checking whether the 
symbol has already been defined. If not, the symbol table 
entry is created and entered in the table. 

EXIT: This subroutine always exits to the calling point. 

ERRORS: If the symbol has already been defined, the table· 
entry control byte is changed to 'multi-defined' and 
diagnostic 12 is issued before return is made to the 
calling routine .. 
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MEVAL Subroutine 

FUNCTION: This subroutine (Chart AV) evaluates an expression 
and issues any diagnostics required. 

ENTRY: This subroutine is entered at MEVAL from the CNOP, 
EQMAMI, ORG, or START subroutine, with the address of the 
expression in a general register. 

OPERATION: This subroutine calis the BLEXVAL routine to 
evaluate the expression, then issues diagnostics for any 
errors found by BLEXVALe If no fatal error (ieee, multi• 
defined symbol) is found, the subroutine checks the 
relocatability of the expression. If the expression is in 
the operand of a CNOP statement, the expression is checked 
to determine that it is absolute and within a maximum value. 

EXIT: This subroutine returns to the calling point if the 
~~?0.~sion is not valid. It returns to the second instruction 

at the calling point if the expression is valid. 

ERRORS: Errors found by BLEXVAL are sued as diagnostics 
and, if the errors are fatal, exit is made to the error 
return point in the calling routine. 

If ion is invalidly relocatable, diagnostic 
7 is issued before return is made to the error return point. 

For the operand of a CNOP statement, if the expression 
is not absolute, diagnostic 17 is issued and return is made 
to IGCNOP in the CNOP ·subroutine to mark the source statement 
to be ignored by pass 2. 

For the operand of a CNOP statement, if the expression 
value is not less than 256, return is made to BADVAL in the 
CNOP subroutine to issue diagnostic 31 and mark the source 
statement to be ignored by pass 2.· 

HEX2CM Subroutine 

FUNCTION: This subroutine (Chart AV) converts a hexadecimal 
number into EBCDIC characters for printing or punching in 
source program language. 

ENTRY: This subroutine is entered at HEX3CM from the END 
or PUTESD subroutine, with the number to be converted in 
a general register, and the address of the output area in 
another. 
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EXIT: This subroutine exits to the calling point. 

2.2.3.12 MBRKUP Subroutine 

FUNCTION: This subroutine (Chart AW) isolates an expression 
within an operand, then validates the expression@ 

ENTRY: This subroutine is entered at MBRKUP from the ENTRY 
or EXTRN subroutine, with the address of the expression in a 
general register. 

OPERATION: This subroutine calls the BLBRKUP routine and 
checks for any error that the routine may find in the 
expression. The expression is then validated and set up 

. for delivery to the calling routine with the current qualifier 
appended or with the qualifier designated in the expression. 

EXIT: This subroutine exits to the calling point if the 
expression is invalid. It returns to the second instruction 
at the calling point if the expression is valid. 

ERRORS: If BLBRKUP finds an error in an EXTRN expression, 
the BLBRKUP diagnostic is issued before the subroutine returns 
to the error return point. 

If BLBRKUP finds an error in an ENTRY expression, 
return is made to the error return point. 

If the expression is too long, diagnostic 4 is issued 
before return is made to the error return point. 

If the first character of the expression is invalid, 
or the qualifier element begins with other than a period, or 
there is a third element, diagnostic 31 is issued before 
return is made to the error return pointe 

2.2 .. 3.13 PUTESD Subroutine 

FUNCTION: This subroutine (Chart AX) punches an BSD card 
and initializes the card image for the next card .. 

ENTRY: This subroutine is entered at PUTESD from the EXTRN 
ESD or ENTRY ESD subroutine. 

EXIT: This subroutine exits to the calling point. 
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2.2.3.14· PRTESD Subroutine 

FUNCTION: This subroutine (Chart AX) prints an ESD line 
and sets up the next one for printing if a listing is 
requested .. 

ENTRY: This subroutine is normally entered at PRTESD from 
the common ESD, EXTRN ESD, or ENTRY ESD subroutine. On the 
first time through only, it is entered at EJECT from the 
Program ESD Subroutine if a listing is requested. 

OPERATION: This subroutine is entered the first time to 
eject the listing page, print the ESD header, then set up 
the Program ESD line before returning to the calling routine. 

On subsequent entries, this subroutine first checks 
whether a listing is requested. If so, it prints the line 
set up on its previous call and forces a page eject if 
the page is full before it sets up the next ESD line. 

EXIT: This subroutine exits to the calling point, immediately 
if no listing is requested, or after setting up the next 
line on all but its last call. On its last call, exit is taken 
after printing the previously set-up line. 

Get A Statement During PASS1 Routine (IOGET1) 

FUNCTION: This routine (Chart CA) gets a statement during 
pass 1 and puts it into canonical form. 

ENTRY: This routine is entered at IOGET1. It is called by 
BLPAS1. 

OPERATION: This routine calls RDMRG to get a source statement, 
then determines whether the statement is a comment or not., A 
comment card is immediately moved to the output area with the 
comment field left-adjusted and the sequence field right­
adjusted in the 80-column field., 

If the statement is not a comment card, the symbol (if 
found) is moved to the output area, its length is computed 
and moved to the output, and a search is begun for the 
operation code. If no operation code is found, the statement 
is printed and ignored, and the routine calls RDMRG to get 
a new statement@ 

If an operation code is found, it is moved to the output 
area, its length is computed and moved to the output, and a. 
search is begun for the operand. 
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If an operand is found, its length is determined by finding 
its rightmost non-blank character. The operand is then moved 
to the output area, followed by a single blank, and its length 
(with the blank) is also moved to the output. If no operand 
is found, only the blank is moved to the output area. Finally, 
the sequence field is moved to the output area and the total 
statement length is computed and moved to the output. 

EXIT: This routine exits to the calling point. 

ERRORS: If a BAL program on .INPUT lacks an END statement, 
the EOF return from the call of RDMRG forces the delivery of 
an END statement by IOGET1. A message in this statement's 
comment field describes the action taken. 

Read And Merge Source Statement Routine (RDMRG) 

The Read And Merge Source Statement Routine (RDMRG) is 
called by IOGET1 during pass 1 to read in a new statement 
in BAL language. These source statements may come from one 
of three sources: 

1. .WORK1 if a compiled JOVIAL program is submitted, 
or if compool PUNCHC processing is being done. 

2. .INPUT if a BAL program is submitted. 

3. .LIB or .CMP if a compool is requested. 

The first pass through RDMRG selects WORK1 or INPUT for 
all succeeding passes. 

The RDMRG routine divides functionally into three 
subroutines and one subordinate subroutine as follows: 

a. Subroutines 

1. Main Subroutine: This subroutine obtains a 
statement from the selected source and delivers 
it, then exits to IOGET1. 

2. First Pass Subroutine: This subroutine selects 
the source in accordance with control card 
information, then enteres the appropriate 
subroutine to deliver the first program 
statement .. 

3.. Compool Read Subroutine: This subroutine reads 
input from the compool. 
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b. Subordinate Subroutine 

2.2.s.1 

READ - Selects source; on first pass and reads a 
statement. 

RDMRG (Main) Subroutine 

FUNCTION: This subroutine (Chart DA) obtains a statement 
from the source selected during -the first pass and moves 
it to the delivery area before returning control to IOGET1. 

ENTRY: The entry point for this subroutine is RDMRG. It 
is always entered from IOGET1 which provides the delivery 
address· and .INPUT EOF return address out•of·line from the 
calling point. 

OPERATION: On each pass, this subroutine begins by picking 
up the two parameters supplied by IOGET1. On the first 
pass, the main subroutine branches to the first pass 
subroutine source selection. On all succeeding passes, 
it goes to return point set on the preceding pass. If 
.WORK1 or .INPUT is the sole source, the main subroutine 
obtains a statement on each pass, moves it to the delivery 
area, and returns control to IOGET1. If the GPOOL switch 
is set, the main subroutine branches to PREAD to read from 
conpool@ 

EXIT: This subroutine exits to the calling point in IOGET1. 

2.2.5.2 ENTER (First Pass) Subroutine 

FUNCTION: This subroutine (Chart DA) uses control card 
information to select the source for statements, then exits 
to the appropriate processing subroutine for the selected 
source"' 

ENTRY: This subroutine is entered at ENTER on the first 
pass through the main subroutine. 

OPERATION: Upon entry into the first pass subroutine, the 
HEAD subroutine selects either .WORK1 (for JOVIAL compiler 
output) or .INPUT and reads the first statement from that 
source. 

EXIT: This subroutine r~turns to the main subroutine to 
move the statement to the delivery area. 

COMMENTS: The READ subroutine latches to its first selection 
and reads only from the selected source (.WORK1 or .INPUT) 
on subsequent calls. 
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2.2.5.3 Compool Read Subroutine (PREAD) 

FUNCTION: This subroutine (Charts DB, DC) reads card images 
from the compool, either returning the card read to the caller, 
or selecting some other special card to be returned. 

ENTRY: This routine is entered at PREAD from RDMRG if switch 
GPOOL is set to 1, or at tJNSTND if switch GPOOL is set to 2 .. 

OPERATION: If switches SENDS or SENDNX are set, a DSECT or 
a saved card are returned to the caller.. On entry at UNSTND, 
a saved END card is returned to the caller. Otherwise a card 
is read from the compool and examined. 

An END 
returns card. 

of current 

An EXTRN terminates all compool reading., Diagnostics 
may be issued.. If there is a stacked END card, GPOOL 
set to 2. A .. PREV CSECT is returned to the cal unless 
an overlay assembly in process, in which case a cornment 
is returned .. 

If a START card is read, the segment name is examined to 
see if it is wanted., If it is not, switch THISG is turned 
off, and cards are read to skip to the end of the segmentm 
If the segment is needed, another card is reade If it is 
ENTRY Poolnarne, it ignored, while anything else is saved. 
Switches are set to return a DSECT and the saved card if any, 
to the caller, on subsegment calls. An EXTRN is then returned 
to the caller. 

EXIT: This subroutine· returns to the calling point .. 

ERRORS: If there are any unsatisfied requests in the table 
at the end of the compool, diagnostics are issued. 

READ Subroutine 

FUNCTION: This subroutine (Chart DD), on the first pass, 
selects the source for statements for RDMRG and reads the 
first statement from that source. On each subsequent pass, 
this routine reads a statement from that source. 

ENTRY: This subroutine is entered at REnD from all three of· 
the RDMRG subroutines. 
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OPERATION: On the first pass, this subroutine checks whether 
input is· on .WORK1. If so, it latches to that source, rewinds 
it, and reads the first statement. If not, it latches to 
.INPUT and reads the first statement from there. On each 
subsequent pass, this subroutine reads one statement from the 
selected source. 

EXIT: This subroutine normally exits after each pass to 
the calling point in RDMRG. An EOF causes return to the 
NOMORE subroutine in IOGET1. 

Put Out A Statement During PASS1 Routine (IOPUT1) 

FUNCTION: This routine (Chart NA) is used by BLPAS1 to put 
a statement into the intermediate buffer until it is filled, 
afterward onto .WORK2 if it is available. 

ENTRY: This routine is entered at IOPUT1 from BLPAS1. 

OPERATION: This routine first determines the record length 
from its type, then checks whether the intermediate buffer 

filled. If not, the buffer is tested to see whether entry 
of this record will make the buffer overflow. If not, the 
record is entered in the buffer and its new entry point is 
saved. If entry would cause overflow, the buf is marked 
as filled and the record is written insteand on .WORK2 if it 
is available. If .WORK2 is not available and a new entry 
will cause overflow, the assembly is terminated and a message 
indicating which card caused overflow is printed. If .WORK2 
is avaiable all succeeding records are similarly written on 
.WORK2. 

EXIT: This routine exits to the calling point in BLPAS1. 

2.3 OPERATION CODE LOOKUP ROUTINE (BLOPLKUP) 

FUNCTION: This routine (Chart EA) searches the operation 
code table to find the entry that matches the statement 
operation code. The table, resident in BLOPLKUP, is described 
in Subsection 6.1. 

ENTRY: This routine is entered at location BLOPLKUP from the 
new statement routine of BLPAS1 or BLPAS2. The address of the 
requested operation code is an in-line parameter in the 
calling sequence. 

OPERATION: This routine performs a binary search of the 
operation code table. If no matching entry is found, the 
address of a dummy entry is returned to indicate that the 
search was unsuccessful. 
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EXIT: This routine exits to the calling program. The 
address of the matching table entry (or of a dummy entry) is 
returned in a general register. 

2. 4 SYMBOL TABLE SEARCH ROUTINE (BLSLKUP) 

FUNCTION: This routine (Chart FA) searches the symbol table 
to find an unused location or the location of a specified 
symbol. The format of the symbol table is described in 
Subsection 6.1. 

ENTRY: This routine is entered at BLSLKUP from a number 
of routines, each of which provides the address of the symbol 
sought and an error exit address. 

OPERATION This routine uses a 'hashing' algorithm to develop 
the search start address from the B~character symbol and its 
1·character qualifier. The search then proceeds sequentially 
until the first unused entry or a matching entry is found. 
If the end of the table is reached, the search restarts at 
the beginning of the table and moves through to the end. If 
the table is full and no match is found, the routine loads 
the address of a dummy entry into the output register to 
indicate that the symbol table is fulL 

EXIT: This routine has two exits 11 both in the calling 
routine. The normal exit is taken when the routine finds 
an unused location or a matching entry. If the search was 
fruitless, the routine places the address of a dummy entry 
in the output register anct takes the error exit. 

2. 5 CONSTANT MODIFILR (BLCONr10D) 

Modifier BLCOW10D validates the multiplicity 
(duplication factor), type, length, scaling, and value 
list of a literal or DC statement. Correctly defined 
elements are evaluated and then stored as binary values 
in an output table. (See Subsection 6.3 for the BLCONMOD 
output format.) Errors in any element result in a diagnostic 
code, the zeroing of all element fields in the output table, 
and a return to the calling program. 

Modifier BLCONr'iOD consists of the BLCONMOD mainline 
and 14 logically distinct routines and subroutines, each 
clearly marked in the assemhly listing. They are identified 
by their primary entry point. The names and functions of 
these routines and suhroutines are as follows: 

1. BLCONMOD Hainline: This controls BLCmU10D processing, 
using internal tables to verify modifiers and to call 
appropriate routines in correct sequence. 
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s. 

MMULTY Routine: This routine determines multiplicity 
when it.is specified by the input statement. 

MHOLD Routine: This routine assigns a multiplicity 
of 1 when no explicit value is specified. 

TTYPE Routine: This routine determines the type of 
constant specified by the input statement. 

THOLD Routine: This routine sets up for a C•type 
constant when no explicit type is given. 

LLNGTH Routine: This routine determines the byte 
and bit length a constant, using the explicit 
length given in ~he input statement. 

LHOLD Routine: This routine develops the length, 
type, for a constant in which length 

and 
handling. 

9. CCI routine counts 

10. 

EBCDIC 
a C•type constant. 

HHI 
hexadecimal 

.. .. 

of an X•type constant. 

counts the number of 
fied in the value list 

11. VVI Routine: This routine checks the number of 
constants (Le., commas) in the value list of an 
A·, S·, F·, H·, E·, or D•type constant. 

12. ZZI Routine: This routine finds the total number 
of characters in the value list of Pa and Z•type 
constants. 

13. CERR Routine: This routine generates a diagnostic 
code, moves it to the output table, and sets up for 
program exit. 

14. DSUBRT Subroutine: This subroutine calls BLEXVAL to 
evaluate an expression and then checks for errors. 

15. INTGER Subroutine: This subroutine sets up an 
expression for evaluation by the DSUBRT subroutine 
and checks for errors. 
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2.5.1' BLCONMOD Mainline 

FUNCTION: This part of BLCONMOD (Chart GA) controls processing 
by calling the proper routine to handle element of a 
literal or DC statement. The mainline also performs 
initialization and termination functions for the entire 
program. 

ENTRY: The mainline has one primary entry point, location 
BLCONMOD, which may be entered BLPAS1 BLPAS2 
programs. A secondary entry point, location FEXIT2, is entered 
by routines within BLCONMOD to terminate ssing. (The 
input format is described in Subsection .3.) 

OPERATION: Starting with the 
statement, the mainl 
to decide which 
is used to translate a 
into a code number. This number 
routine s by one four 

table corresponds to a 
, length, or scaling multiplicity 

; the are used in as returns are 
made to the mainline. 

If 
mainline 

feund invalid during lookups, 
control to CERR 

a diagnostic for exit.,. 

EXIT: Final exit from mainline, and thus final exit from 
BLCONMOD, is to the address specified by ing program. 

Initially, based on its table lookup, the mainline can 
exit to any nine routines within BLCONMOND. 

1 • MMULTY routine, taken when multiplicity 
in the input statement. 

specified 

2. MHOLD routine, used when multiplicity is implicit. 

3. TTYPE routine, taken when type is specified by the 
input statement. 

4. THOLD routine, used for an implicit type. 

5. LLNGTH routine, used when length is specified in 
the input statement. 

6. LHOLD routine, used for an implicit length. 

2-31 



7e SSCALE routine, used when scaling is specified in 
the input statemente 

a. SHOLD routine, used when scaling is implicite 

9e CERR routine, taken whenever an error is detected 
during lookup. 

2.5e2 MMULTY Routine 

FUNCTION: 
(duplication 

(Chart GB) determines 
a constant@ 

multiplicity 

ENTRY: The routine is at location MMULTY from the 
BLCONMOD mainline an input statement a 

or a numeric character. 

EXIT: Return to BLCONMOD mainline. 

MHOLD Routine 

FUNCTION: This GB) moves a multiplicity 
of 1 to BLCONMOD output table. 

ENTRY: The routine is entered at location MHOLD from the 
BLCONMOD mainline when multiplicity is implicit. 

EXIT: Return is to the BLCONMOD mainline. 

2.5.4 INTGER Subroutine 

FUNCTION: This subroutine (Chart GB) sets up an expression 
checks that the resulting valid. 

point, location INTGER. It may 
MMULTY or LLNGTH routine. 
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Upon return from DSUBRT, tests are made to ensure that 
the expression is valid before returning to the calling 
routine. If an error is detected, control passes to the 
CERR routine. 

EXIT: This subroutine may exit to either of two locations. 

1. To the calling routine. This is the normal exit. 

2 To the CERR routine if an error is found. This, 
in effect, marks the end of BLCONMOD processing 
for the current statement. 

COMMENT: In a normal exit, this subroutine sets up the next 
character examination by the BLCONMOD mainline. 

TTYPE Routine 

FUNCTION: This routine (Chart GC) establishes the type code 
for an input statement by comparing the current input 
character with an internal table. The code is then moved to 
the BLCONMOD output table. 

ENTRY: This routine is entered at location TTYPE from the 
BLCONMOD mainline when type is specified by the input 
statement. 

EXIT: This routine returns to the BLCONMOD mainline. 

2.5.6 THOLD Routine 

FUNCTION: This routine {Chart GC) moves the type code for 
a C•type constant to the BLCONMOD output table. 

ENTRY: The routine is entered at location THOLD from the 
BLCONMOD mainline when the input statement type is implicit. 

EXIT: Return is to the BLCONMOD mainline. 

2.5.7 . LLNGTH Routine 

FUNCTION: This routine {Chart GD) defines and checks the 
explicit length given in an input statement. 
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ENTRY: There is one entry point, location LLNGTH. It is 
entered from the BLCONMOD mainline when the input statement 
specified a length (signaled by the character L). 

OPERATION: The routine begins by locating start of the 
length expression, which must be either a number or a left 
parenthesis. If a decimal point met, meaning the 
expression re to bits, the branch to location LBIT1 
is takene the ssion assumed to indicate 
bytes, LBYTE. , 

INTGER 
see if a bit expression 
If so, the routine 

.proceeding"' 

If an error 
routine. 

LHOLD Routine 

, return 

, 

two 

to 

made to 
the length. 
expression 

BLCONMOD 

to the CERR 

FUNCTION: This routine (Chart GE) finds the bit and byte 
lengths and the ignment code an input statement with 
implicit length. 

ENTRY: The 
BLCONMOD 
length .. 

OPERATION:: 
statement 111 s 
lengths 

EXIT: 
mainline. 

to 

at location LHOLD from the 
an input statement does not specify 

0 

the 
and bit 

in the BLCONMOD 



2.5.9 SSCALE Routine 

FUNCTION: This routine (Chart GF) determines the internal 
scaling requested in a D•, E•, F·, or H•type constante For 
all types of constants, it initiates value list processing. 

ENTRY: This routine has two entry points. 

Location SSCALE, 
when scaling specified 
the input statement. 

re 

BLCONMOD 

mainline 
S) 

to set up 
CERR For a 
according to the constant 

EXIT: This routine may exit to seven 

1. Location CERR, in the CERR 
an error is discovered during 

2. Location FEXIT2, in BLCONMOD mainline, taken 
when is no value or when the value list 
indicates a literal. This to the normal 
exit from the BLCONMOD-program. 

3. Location CCBRN1, in the CCI routine, used when an 
error is detected during value list handling. 

4. Location WI, ·in the WI routine, taken for an 
A· or S•type (address constant), a D• or E•type 
(floating-point constant), or an F· or H•type 
(fixed•point constant) value list. 

1 



5. Location CCI, in the CCI routine, used for a C•type 
(character constant) value list. 

6. Location HHI, in the HHI routine, taken for an X•type 
(hexadecimal constant) value list. 

7. Location ZZI, in the ZZI routine, taken for a P· 
or Z•type (decimal constant) value list. 

ERRORS: Any error is communicated to the CERR routine which 
causes the following message to be printed. 

ERROR IN VALUE LIST 

2 Ell 5.10 CCI 

FUNCTION: GG) 
a 

ENTRY: 

1 • , 

SSCALE, HHI, 
error is 

OPERATION: counts 
list until it finds the quote that 
If statement 
quote, an error exit is taken. 

is , the ne~t 
on whether a length was specified. If so, 

to BLCONMOD 
implicit length, the 
byte and bit lengths for 

in BLCONMOD 

EXIT: This routine may to either of two • 

1. Location FEXIT2, in the BLCONMOD mainline, taken 
at the end normal processing. This leads to 
the exit from the BLCONMOD program. 
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2. Location ISDIX, in the CERR routine, used if an 
error was detected. 

ERRORS: This routine sets up a diagnostic code for the CERR 
routine when an error is discovered in the value list. As 
a result, the following message will appear in the assembly 
listing. 

EXIT: This routine may exit to either two locations. 

1. Location CCMPD, the CCI routine, taken at the 
end of normal processing. This saves the address 
of the end of the value list before passing 
control to the BLCONMOD mainline for program 
exit. 

2. Location CCBRN1, in the CCI routine, used if an 
error is found. This sets up a specific diagnostic 
code before transferring control the CERR routine. 

ERRORS: If an error is discovered, a diagnostic code is 
set up for the following message. 

ERROR IN VALUE LIST 
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·vvI Routine 

FUNCTION: This routine (Chart GI) counts the number of 
constants in the value list of A· and S•type (address), D· 
and E•type (floating-point), and F· and H•type (fixed•point) 
constants. 

ENTRY: There 
entered from 

OPERATION: To 
length value 

EXIT: This 

one entry point, location VVI, which is 
SSCALE routine. 

this routine loads the current bit 
in the BLCONMOD output table) into 

sets the value list terminator to agree with 

can 

A character-by· scan is then 
· bypassed. 

to 

the next 
In this 

a constant. 
list 

CCI routine 

two 

, 
An 

to 

1. Location FEXIT2, in the BLCONMOD mainline, taken 

ERRORS: 
an error 

at end normal processing. 

CCBRN1, in 
error is 

me 
found@ 

ERROR IN VALUE LIST 
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2. s. 13 ZZI Routine 

FUNCTION: This routine (Chart GJ) counts the number of 
characters in the value list of· a P· or Z•type (decimal) 
constant. For a constant with implicit length, it uses 
count to develop a length value. 

ENTRY: Location ZZI, the only entry point to this routine, 
from the SSCALE 

Once 
constant 

f ting 
byte and bit 

length are then moved to 

EXIT: 

1 GI 

s can to 

, 
at the end of normal 

CCBRN1, in the CCI 
value list terminator is not 
end of input .. 

two 

if the 
the 

ERRORS: The routine initiates the following diagnostic 
message when an error is detected. 

ERROR IN VALUE LIST 
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2. 5. 14 DSUBRT Subroutine 

FUNCTION: This subroutine (Chart GK) calls the BLEXVAL 
program to evaluate an expression and, upon return, checks 
the BLEXVAL output for errors. 

ENTRY: There is one entry point, location DSUBRT; it is 
entered from the INTGER subroutine and the SSCALE routine. 

EXIT: The subroutine exits to either of two locations. 

1. If no error is found, exit is to the calling 
routine. 

2. If BLEXVAL has indicated an error or if the 
expression proves relocatable, the subroutine 
transfers control to the CERR routine. 

2.5.15 CERR Routine 

FUNCTION: This routine (Chart GK) controls error handling 
for the BLCONMOD program. 

ENTRY: The routine has two entry points. 

1. Location CERR is entered from many places in 
BLCONMOD when any error, except one in a value 
list, is discovered. 

2. Location ISDIX is entered from the CCI routine 
when a value list error is found. All routines 
involved with the value list (SSCALE, CCI, VVI, 
HHI, and ZZI) make use of this entry via the CCI 
routine. 

OPERATION: When entered at CERR, the·· routine generates an 
appropriate diagnostic code by checking which routine·f inding 
table was last used by the BLCONMOD mainline. Any entry at 
ISDIX provides a value list error code in the call. 

The routine next moves the diagnostic code to the BLCONMOD 
output table along with an error count, then zeros all other 
fields· in the table before passing control to the mainline. 

EXIT: Exit is to location FEXIT2 in the BLCONMOD mainline, 
which results in a return to the calling program. In effect, 
BLCONMOD terminates operations as soon as an error appears. 
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ERRORS: This routine, and therefore the BLCONMOD program, can 
initiate two error messages. They are: 

ERROR IN MODIFIER(S) 
ERROR IN VALUE LIST 

2e6 EVALUATE EXPRESSION ROUTINE (BLEXVAL) 

The BLEXVAL routine 
the BLEXVAL mainl 
within BLEXVAL coding@ 

assembly 

1 @ 

3® SGET 

2 6@1 BLEXVAL 

ls to 

FUNCTION: (Charts HA, HB, HC) an 
its (i.ee, location), 

, relocation ID, and type. It also 
s an di 

The results of the evaluation are 
use ling ® 

ENTRY: This routine is entered at loc~tion BLEXVAL from 
BLPAS1, BLCONMOD, BLCONVAL, and BLPAS2 programs. The 

calling program provides, in a general register, the 
address of the expression to evaluated. 

OPERATION: The routine begins by calling the BLBRKUP routine 
to divide an expression into elements, each of which is 
returned left-adjusted in a word or words. Routine BLBRKUP 
also returns a count list that indicates the nwnber of 
nonblank characters in each element. 
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the.routine next calls SCANX to evaluate the first 
element. The results of that evaluation define the attributes 
of that entire expression, and are stored in the BLEXVAL 
output table. (See Subsection 6.3 for a detailed description 
of the output format.) Additional calls are made to the SCANX 
subroutine for each remaining element in order to collect data 
to compute the value and relocation ID of the expression. The 
results of these elements are stored temporarily in two 
internal tables. 

The loop beginning at location RLOOP checks for an 
invalid complexly-relocatable expression and develops the 
relocation ID for the expression. If the relocation ID of 
an element is nonzero, the· loop checks whether the ID is 
involved in a multiplication or division (an error). The 
current ID is then compared with the relocation ID of the 
preceding element and, if they are the same, a counter is 
either increased or decreased by 1 depending on whether the 
sign of the ID is positive or negative. When all location 
IDs in the sion have been tested, this counter value 
indicates whether the expression is absolute, simply relocatable, 
or negatively relocatable. Any other value in the counter 
indicates an invalid complex expression. 

The two loops (starting at locations VALOOP and VS2LP) 
develop the value of the expression, according to the 
expression operators. In the first loop, element values 
are multiplied and divided. In the second, additions and 
subtractions are performed to develop the final value of 
the expression. 

The remainder of this routine is concerned with issuing 
diagnostic codes, indicating error type, and developing the 
error count. The diagnostic code and the corresponding 
invalid element are repeated in the BLEXVAL output table for 
every error encountered. 

EXIT: This routine exits to the calling program. The 
address of the BLEXVAL output table and of the expression 
terminator are returned in general registers. 

ERRORS: This routine sets up four pieces of error information 
in its output table: error type, error count, diagnostic 
code, and error symbol. The table also includes any diagnostic 
information generated by the SCANX or SGET subroutines. 
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Error type is shown by the following bit settings of 
an otherwise-unused whole word: 

Bit Set 

31 

30 

29 

28 

27 

Error Type 

Expression cannot be evaluated: it is 
complexly-relocatable 

Expression may be in error (for an 
expression containing no elements) 

Rest of statement cannot be evaulated: 
improper symbol usage in current 
expression 

Expression is only partially evaluated 
because of truncation 

Multi-defined symbol appeared 

Error count is the number of diagnostics issued for the 
current expression. 

The following diagnostic codes are issued by the BLEXVAL 
routine itself (see descriptions of the SCANX and SGET 
subroutines for other codes that may appear in the BLEXVAL 
output table): 

Code 

1 

2 

3 

4 

7 

8 

10 

1 1 

44 

48 

Message 

FIELD n HAS INVALID PUNCTUA'rION* 

FIELD n HAS AN INVALID CHARACTER* 

FIELD n HAS A SYMBOL OR NUMBER* 

FIELD n HAS AN EXPRESSION WHICH IS TOO 
LONG OR COMPLEX* 

FIELD n IS INVALIDLY COMPLEX 

FIELD n HAS A VOID FIELD 

FIELD n HAS A RELOCATABLE SYMBOL WHICH 
IS MULTIPLIED OR DIVIDED 

FIELD n HAS TOO MANY ELEMENTS IN AN EXPRESSION 

FIELD n HAS DIVISION WHICH RESULTED IN 
ZERO QUOTIENT 

FIELD n HAS TWO CONSRCUTIVE QUOTES 
AFTER SYMBOL X 

*These codes are taken directly from the BLBRKUP return. 
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The error symbol, set up by the SGET subroutine, is 
issued immediately after a diagnostic for an undefined or 
multi•defined symbol and will later be printed in the 
assembly listing along with the diagnostic message. If 
no such symbol exists, the two-word area is set to the 
current operand number. This was initialized before entry 
into BLEXVAL. 

SCANX Subroutine 

FUNCTION: This subroutine (Charts HD, HE) examines an 
element of an expression. Depending on the individual 
element, SCANX converts a decimal number to binary7 identifies 
an or a special element such as a self ·defining 
value1 sets up value and relocation-ID information7 and, 
from the first element of an expression, establishes 

attributes. 

as 
is 

sequence. 

The subroutine examines a two for a 
or character £-defining value (X' or C') or 

a symbolic finition length, type, or scale 
(L', T', or S', by a symbol). For the 

from the symbol through 
A self •defining 

received. The hexadecimal, , 
to binary, which done by dropping 

and adding 9 hexadecimal 
through F. 

1 elements with 
as or as 

multiplies an integer 
to binary (e.g., 264 = 100f6x10 1), 

result BLEXVAL. The SGET subroutine 
symbols, and the information it returns 
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to collect length, type, scale factor, relocation, 
value, and control information for the first element of an 
expression. Only relocation and value information is saved 

symbols found in the remaining elements. 

subroutine has four exits, all to the BLEXVAL EXIT: This 
routine: a 
and two error 
two character 
taken if SGET 

return; an expression terminator return; 
returns. One error is taken for an invalid 
element ending with a quote; the other is 
has found a multi-defined symbol. 

ERRORS: The only diagnostic code set up by this subroutine 
is: 

6 FIELD n HAS INVALID USE OF* 

This in the BLEXVAL output table. 

SGET Subroutine 

FUNCTION: This subroutine (Chart HF) looks up a symbol in 
the symbol table or system symbol table and saves the 
corresponding entry address. It also generates diagnostic 

undefined and multi-defined symbols. 

ENTRY: This subroutine is· 
SCANX subroutine. 

at location SGET the 

OPERATION: establishing the quali for the symbol, 
the subroutine calls the BLSLKUP (symbol lookup) routine to 
find the address of the symbol's entry in the symbol @ 

If a matching entry is not found, SGET then searches the 
tern symbol table. Diagnostic messages are initiated if 

symbol remains undefined or if BLSLKUP finds it to 
multi-defined. 

EXIT: Depending on the results of the search, SGET returns 
either to the SCANX subroutine or to the BLEXVAL routine. 
The subroutine returns to SCANX when the symbol entry is 
found or when the symbol is multi-defined. In the latter 
case, SGET sets an indicator within SCANX so that diagnostic 
information is passed on to BLEXVAL. When the symbol is 
undefined, the subroutine exits directly to the BLEXVAL 
routine. 

ERORRS: The subroutine moves an undefined or multi-defined 
symbol to an error list for subsequent printing along with 
the diagnostic message, and sets up these diagnostic codes 
for BLEXVAL. 
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Code. 

5 

12 

46 

78 

Meaning 

Undefined symbol~ 

Multi-defined symbol. 

Symbol has not been previously defined; 
i.e., an undefined symbol has been 
detected during pass 1. 

Symbol not defined, perhaps because of · 
symbol table overflow. This is issued 
if a symbol table overflow has occurred 
and the symbol cannot be found. 

2.7 BREAK UP EXPRESSION ROUTINE (BLBRKUP) 

! L'bb 

character .. 
's syntactic type so 

subroutines (STORE and SKIP) can check 
subroutines are described on 

two output tables: the output list 
contains each element or 

a or, for an element with more 
two .. For example, the expression 

in the following form: 

BOXb I f bbb k ABbb 
(b = blan ) 

.3bb t 
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bbbO 

The zero in 
which, in this case, 
means no error was 

bbb2 bbb3 bbb1 bbb21 

bbb2 

The zero in first word 

Since the ope some BLBRKUP coding segments is 
not easily seen because of the internal table lookup, these 
segments are described low. 

beginning at OP6 when a 
has found. One 

the other is skipped by means of 

The OP7 segment is led lookup finds an 
ssion with inval punctuation; a diagnostic code is 

set and the routine exits. 

The OP8 segment is used for a character self ·defined 
value, indicated by C' or C@. The segment sets up an 

it s only type (' or @) 
at the start the In , BLBRKUP can 

the 
terminating quote is 
table to either 

EXIT: This routine returns to the 
routine loads into 1 
the output list, the count table, 
terminator as described in Subsect 

ERRORS: Four diagnostic codes can be set 

10 Invalid or missing punctuation 

3. Symbol or number too long or too short 

4. Expression too long or complex 

The 
of 

The is returned to the calling routine first 
word of the count table. The calling routine will then 
use the code to set up the actual error message in the 
assembly listing. 
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2.7.1 STORE Subroutine 

FUNCTION: This subroutine (Chart JB), operating within the 
BLBRKUP routine, moves a character to the output list and 
increases counters to prepare for the next character. Using 
information given by the syntax table, the subroutine also 
checks for a number of symbols longer than 8 characters. 

ENTRY: Entry is a location STORE from the BLBRKUP routine. 

EXIT: The subroutine returns to the calling point in the 
BLBRKUP routine. If a length error is found, the subroutine 
exits to location OP3. 

ERRORS: If the subroutine detects an invalid length, 
sets up diagnostic 3 (symbol or number too long) for BLBRKUP 

fore exiting to location OP3. 

SKIP Subroutine 

FUNCTION: This subroutine 
BLBRKUP to 

ENTRY: 

subroutine 
BLBRKUP 

SKIP 

return to 
, normally to the 
an error is found, 

BLBRKUP 

ERRORS: If the subroutine finds the ssion too or 
complex, it sets up diagnostic code 4 for BLBRKUP before 
exiting to location OP3. 

2.8 BLPUNC2 ROUTINE 

FUNCTION: This routine (Chart UA) punches TXT, ESD, RLD, 
DBG, LIB, and END cards, and links to the PAKTAP (or PAKTXT) 
subroutine to block the object code on the AUXIL 

ENTRY: The entry point this routine is location BLPUNC2. 
It is from the PASS1 ESD and LIB cards; from the 
PRINT routine for TXT cards, and from PASS2 for RLD, DBG, 
and END cards. 
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OPERATION: This routine processes one card each time it is 
called. 

If punching was requested by the programmer, the routine 
punches a card through a call to the SYSPUN system I/O 
routine, including on the identification number indicated 
by a • In the initial call, it also issues a $OBJ 
card. The punch operation ends when the counter value has 
been incremented, converted to decimal, and packed for use 
as the next identification number. 

If the current job is to executed, the routine links 
to the PAKTAP subroutine (and through it to the PAKTXT 
subroutine) to put a card image or packed TXT 
.AUXIL. Return from PAKTAP or PAKTXT is to the 

lowing call. When return is from PAKTXT, 
PUNC2 call to the alternate entry within PAKTXT. 

EXIT: This routine exits to the calling point. 

2.8.1 PAKTAP Subroutine 

Each time it is called, this subroutine (Chart 
to the PAKTXT subroutine and, when PAKTXT returns 

a card Lmage or packed TXT on .AUXIL 

ENTRY: This subroutine is entered at PAKTAP from the BLPUNC2 
routine. 

OPERATION: The subroutine begins by setting an indicator 
if the input is an END card; it then calls PAKTXT. No 
other operation is performed unless PAKTXT returns to this 
subroutine with a record ready for .AUXIL. 

Upon return from PAKTXT, the subroutine uses a call 
to SYSWRS to place a record on .AUXIL. If this record was 
an END , the subroutine returns to BLPUNC2 without 
selecting PAKTXT the next pass through BLPUNC2, since 
no further writing is expected. If an END card is read 
as input but has not yet been placed on .AUXIL, the 
subroutine turns off the ENDSW indicator and recalls PAKTXT 
to wri~e the record before final return to BLPUNC2. 

EXIT: This subroutine exits to the calling point in the 
BLPUNC2 routine. 
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2.8.2. PAKTXT Subroutine 

FUNCTION: This subroutine (Chart UC) packs TXT cards into 
a buffer until it finds a non•TXT card, a noncountiguous TXT 
card, or a buffer overflow. It then returns to the PAKTAP 
subroutine to place the packed TXT card record on .AUXIL. 
All other types of cards, including TXT cards for common 
storage, are presented to PAKTAP without packing. 

ENTRY: This routine is entered at location PAKTXT from 
PAKTAP or from BLPUNC2. 

OPERATION: When first entered, the subroutine examines the 
to determine if it is a non-common TXT card, the 

card that is packed. If so, the subroutine 
TXT• indicator, moves to the 

ishes PAKTXT as the next entry (for 
to BLPUNC2. TXT cards 

current 
) sets up 

to PAKTAP to put 
te lling 

area. Since the next 
TXT 0 started indicator on, 

moved the buf as 
or as the next output to PAKTAP 

or non•TXT card. 

buffer. 
s TXT 

a commonuTXT 

Any found before the first non-common TXT card 
is moved directly to the buffer (at EXITA) and immediately 

to PAKTAP. This operation handles the BLPAS1 
output of ESD and LIB cards. 

EXIT: The subroutine has two exits. One is to the PAKTAP 
subroutine for all writing operations: the other is to the 
PUN2 routine when writing is not.desired. 

2.9 BLLIST (LISTING GENERATOR) ROUTINE 

FUNCTION: This routine (Chart VA) handles all printing to 
SYSOUT. It 1 logic to handle spacing and 
page e requested or due to line•count overflow. 
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ENTRY.: The entry point for this routine is location BLLIST. 
It is entered from all portions of the assembler which 
produce printed output. 

EXIT: This routine returns to the calling point. 

Figures 2~1 and 2-2 illustrate the general logic 
flow of pass 1 and are followed by detailed flowcharts of 
the programs that comprise pass 1. 
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TYl'E' 
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/W?n!'° ..i 

8. 10 11· 15 
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//lff°RL 

AFIU!NP 

.Ub/?K2 Ir i-----<. 
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ZERO 
~Y'cC"T ..,,......_-i c/l/TRV 
LOt? c;?TR 

US1'TRT 
$7/S,-(?e 
,P,Ra:f, LOC! 
07,R,.(~ 
~c~ 
'PIRTAP~ 

4.Z:O C.s7cdT 
LEN&?Tll 
7Z7 ,PRa;! 
oc C?TR 

JJflL#RP Al.:?. c 
ALl&'N 
.PRtf:1.' Loe 
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~ 72:7 
• A/e.-YT~ 
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~#TCR ~ 
~---; 7.8.!. t/Pa-1713" 

S'C'E. 
~ff .2. 

Ot//!;?T 
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c#TRy' 
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I 
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:·H:'J---t-··-~ 
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I 
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I 
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/.3Z.(!O/ll 
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c/V&Y 
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PV/Vc::1/I 
AREA 

~-2 I3C1A/T 
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&h?2?#6Y.T 
cN.TRY 
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3.0 PASS 2 DESCRIPTION 

a. Function 

Pass 2 of the IBM 9020 Assembler produces object 
language from the statements processed and tables 
built up by pass 1. Pass 2 also builds the RLD 
table and converts storage addresses into the 
base-displacement form required in object language. 
As determined by the job control card, pass 2 may 
also prepare the program listing, the object deck, 
and object text for immediate execution. 

b. Organization 

Pass 2 of the assembler is executed by the BLPAS2 
routine which uses some of the routines loaded 
with the BLPAS1 routines from BAL. Those routines 
not described in the preceding section of this 
manual are described in this section. 

3.1 BLPAS2 

The BLPAS2 routine, the main body of the assembler 
second pass, consists of a mainline section that divides 
into three routines: new statement, machine operation, and 
pseudo-operation. (See Figure 3-1.) In addition, the 
BLPAS2 program includes a series of independent subroutines. 

After initialization by the INIT3 subroutine in BAL, 
BLPAS2 processes one record during each iteration. In the 
new statement routine, the statement is obtained from the 
intermediate buffer (or .WORK2 after the buffer is emptied) 
and checked for type. A comment or ignore statement is 
printed immediately (if a listing was requested): a 
diagnostic record is stacked for issuance after the statement 
to which it applies. A literal reference record is saved to 
obtain the attributes of the literal in the following statement. 

For a BAL statement (which Meets none of the above tests) , 
look up of the operation code determines whether it calls for 
a machine operation or a pseudo-operation. If the statement 
is a machine operation, the operands are assembled by 
appropriate subroutines, the statement is printed and/or punched 
if requested, and the instruction length is added to the location 
counter, followed by a return to get the next statement. If the 
statement is a pseudo-operation, the proper pseudo-operation 
processing subroutine is called. Upon completion of the selected 
subroutine, the statement is printed and/or punched before return 
is made to get the next statement. 
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The pseudo-operation subroutines (shown in Figure 3~1) 
each process one type or several related types of pseudo· 
operation statements. Of particular note, the END statement 
signals the end of the source program. When it is 
encountered, the END subroutine puts out the Relocation List 
Dictionary (RLD), then exits to INIT4 in BAL to terminate BLPAS2. 

3.1.1 BLPAS2 Hainline 

3.1.1.1 New Statement Routine (PASS2) 

FUNCTION: This routine (Chart OA) obtains a source statement 
and determines whether it is a machine operation or a 
pseudo-operation. 

ENTRY: 
in BAL .. 

This routine is first entered at BLPAS2 from INIT3 
Each successive iteration re-enters at PASS2. 

OPERATION: This routine calls BLIOGET2 to get a statement 
from the intermediate buffer (or from .WORK2 after the buffer· 
is emptied). A comment is passed to the COMMEN subroutine, 
a diagnostic is stacked by the DIAG routine, or an ignore 
record is passed to the BLPRINT routine. A literal reference 
record is stored for use in assembling the literal in the 

.following source statements Return is made after handling 
any of these four types to P~SS2 for the next statement. 

For a machine· or pseudo-operation statement, the 
operation code is checked for valid length, then submitted 
for a search of the operation code table by the BLOPLKUP 
routine .. 

EXIT: If the operation code is a pseudo-operation, this 
routine branches to PSEUDO in the pseudo-operation routine. 
If the operation code is a machine operation, this routine 
falls through to the Machine operation routine .. 

ERRORS: If an overlong operation code is encountered, this 
routine calls the ILLOP subroutine to process the error. 

3 .. 1.1.2 Machine Operation Routine 

FUNCTION: This routine (Chart OB) assembles the symbolic 
operands of the machine operation statement into object 
language along with the object operation code from the 
operation code table, then prints and/or punches the 
statement and object text. · 
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ENTRY: This routine is entered from the new statement 
routine. Entry is also made at NOMOR from the EXBC and 
EXDCR subroutines. 

OPERATION: This routine first edits the object operation 
code (taken from the operation code table), checks location 
counter alignment, and gets the operand count for this 
instruction from the operation code table. 

Next, for each operand, the routine determines the 
required operand type from the operation code table arid 
calls the appropriate operand edit subroutine. After the 
operands have been assembled and their terminators checked, 
a check is made for a privileged operation code before the 
statement is printed and punched. Finally, the instruction 
length is added to the location counter. 

EXIT: This routine exits to PASS2 in the new statement 
routine. 

ERRORS: If the location counter is not aligned to a 
halfword boundary, diagnostic 16 is issued and alignment 
is made before the routine proceeds. 

An invalid terminator for the first or second operand 
bypasses processing of any succeeding operands and diagnostic 
14 is issued. 

If a privileged operation code is encountered, diagnostic 
13 is issued. 

If no pointer is found in the operation code table, exit 
is made to SYSTER terminating the assembly operation. 

If the location counter overflows, the overflow is 
fixed (erased) and diagnostic 77 is issued for the next 
statement. 

CO~UIBNTS: Errors in the source statement operands are 
handled by the operand edit subroutines and described with 
those subroutines. 

3.1.1.3 Pseudo-Operation Routine 

FUNCTION: This routine (Chart OC) selects the proper 
subroutine to process a pseudo~operation statement. 

ENTRY: This routine is entered at PSEUDO from the new 
statement routine. 
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OPERATION: This routine uses a pointer in the 11ASTER 
operation code table to select the proper subroutines. 
These subroutines are described separately below. 

EXIT: This routine exits to PASS2 in the new statement 
routine. 

ERRORS: If a disallowed pseudo-operation code is found or 
an operation code not in the operation code table is found, 
this routine calls the ILLOP subroutine. 

3.1..1.4 EJECT Subroutine 

FUNCTION: This subroutine causes the listing to skip to a 
new page, by calling the BLLIST routine to space X'3F' lines. 

ENTRY: This subroutine is entered at EJECT from the pseudo· 
operation routine. 

EXIT: This subroutine exits to PASS2 in the new statement 
routine. 

3.1.1.5 SPACE Subroutine 

FUNCTION: This subroutine (Chart OC) causes the listing to 
space the specified number of lines (less than a full page) 
by calling the BLLIST routine. 

ENTRY: This subroutine is entered at SPACE from the pseudo· 
operation routine. 

EXIT: This subroutine exits to PASS2 in the new statement 
routine. 

COMMENTS: Ho diagnostics are issued even if the operand 
contains errors. 

3.1.1..6 ISEQ and SSEQ Subroutines 

FUNCTION: These subroutines initiate or suppress sequence 
number checking. 

ENTRY: These subroutines are entered at !SEQ or SSEQ, 
respectively, from the pseudo•operatio~ routine. 

EXIT: These subroutines exit to PASS2 in the new statement 
routine. 



3.1.1.7 NLIST and LIST Subroutines 

FUNCTION: These subroutines temporarily suppress or resume 
listing. 

ENTRY: These subroutines are entered at NLIST or LIST, 
respectively, from the pseudo-operation routine. 

EXIT: These subroutines exit to PASS2 in the new statement 
routine. 

3.1.1.8 SPEH and RPEI1 Subroutines 

FUNCTION: These subroutines suppress or resume the printing 
of possible-error messages with selective suppression of 
privileged operation, void expression, and all other possible 
error messages (except the previously named two). 

ENTRY: These subroutines are entered at SPEM or RPEM, 
respectively, from the pseudo-operation routine. 

EXIT: These subroutines exit to PASS2 in the new statement 
routine. 

IGNORE Subroutine 

FUNCTION: This subroutine handl~s statements that are ignored 
by BLPAS2 (e.g., EXTRN, LIB), calling the BLPRINT routine for 
listing. 

ENTRY: This subroutine is entered at IGNORE from the pseudo­
operation routine. 

EXIT: This subroutine exits to the new statement routine 
at PASS2. 

3.1.1 .. 10 !1ISPL Subroutine 

FUNCTION: This subroutine handles statements that are 
disallowed by the system or that should not have reached 
BLPAS2 (e.g., ICTL), by issuing diagnostic 15 .. 

ENTRY: This subroutine is entered at MISPL from the pseudo­
operation routine. 

EXIT: This subroutine exits to the new statement routine 
at PASS2. 
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3.1.1.11 CCW Subroutine 

FUHCTION: This subroutine (Chart OD) validates and assembles 
a ccw. 

EHTRY: This subroutine is entered at CCW from the pseudo­
operation routine. 

OPERATION: This subroutine begins by aligning the location 
counter at a doubleword boundary. It then validates and 
moves to the object area the CC~\I command code, data address, 
flags, and data count. The data address is also entered in 
the RLD table if it is relocatable. Finally, the CCW statement 
is submitted to the BLPRINT routine and the doubleword length 
is added to the location counter. 

EXIT: This subroutine exits to PnSS2 in the new statement 
routine. 

LRRORS: A bad terminator following any element of the CCW 
bypasses processing of all succeedinq elements and diagnostic 
14 is issued. 

An error in an element prevents its assembly into the 
ca1 (with diagnostics issued by the validation subroutine) 
with two exceptions. 

1. A nontruncate<l flag byte (last 3 bits not 0) is 
truncated before assembly and diagnostic 9 is 
issued. 

2. A nonabsolute data count is asse~ble<l and diagnostic 
54 is issued .. 

If entry of the data address in the RLD table causes 
overflow, diagnostic 45 is issuerl. 

If addition of the ca\I length to the location counter 
causes its overflow, the overflow is 'fixed• (hiqh ... order 
byte zeroed) by the LOGOVF, which issues diagnostic 77 for 
the succeeding statement, indicating an incorrect location 
counter for that statement .. 

3.LL12 EXBC and EXBCR Subroutines 

FUNCTiotl: These subroutines (Chart OD) assemble e~{tended 
mnemonic branch instructions. 

ENTRY: These subroutines are entered at EXBC or at EXBCR 
from the pseudo-operation routine. 
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OPERATION: These subroutines begin by moving the operation 
code and condition (first operand) from the operation code 
table entry to the object area, then check the alignment 
of the location counter. Finally, the subroutines call the 
appropriate operand edit subroutine for its branch address. 

EXIT: These subroutines exit to NOMOR in the machine 
operation routine to check the operand terminator, print 
the statement, and add the instruction length to the 
location counter. 

ERRORS: If the location counter is not aligned to a 
halfword boundary, diagnostic 16 is issued and the HALF 
subroutine is called to perform the alignment .. 

Any errors in the operand are handled by the edit 
subroutine .. 

3.1..1 .. 13 CNOP Subroutine 

FUNCTION: This subroutine (Chart OE) assembles one or more 
NOP instructions, as needed, to align the location counter as 
specified by the CNOP subroutine. 

ENTRY: This subroutine is entered at CNOP from the pseudo~ 
operation routine. 

OPER..~T!ON: This subroutine begins by aligning to a halfword 
boundary if required (usinq the HALF subroutine), then calls 
BLEXVAL twice to evaluate the two CNOP operands. With the 
desired alignment now available, the location counter is 
checked to determine the alignment increment required. Then, 
as required, a 4·byte NOP (BC format) is put out, the length 
is added to the location counter, and the CNOP statement is 
printed. 

EXIT: This subroutine exits to PASS2 in the new statement 
routine. 

ERRORS: If addition of the NOP instruction length to the 
location counter causes overflow, the overflow is •fixed• 
and a diagnostic is stacked for issuance with the next 
statement. 

3.1..1..14 COM Subroutine 

FUNCTION: This subroutine (Chart OE) initiates or resumes 
the common section, first saving the location counter in 
the current CSECT entry. 

ENTRY: This subroutine is entered at COM from the pseudo .. 
operation routine. 
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EXIT: This subroutine exits to PASS2 in the new statement 
routine .. 

3 .. 1.1.15 CSECT and DSECT Subroutines 

FUNCTION: These subroutines (Chart OF) initiate or resume 
the control section named in the statement .. 

ENTRY: These subroutines are entered at CSECT or at DSECT 
(depending on the statement operation code) from the pseudo· 
operation routine. 

OPERATION: These suuroutines first save the location counter 
in the current CSECT .. EXTRN table entry, then search that table 
for the entry named in the statement.. If no match is found, 
the search is repeated for an entry with a blank name. Next, 
the entry found is checked for whether it is CSECT or a DSECT, 
and the DSECT switch is set accordingly. Finally, the 
location counter is set from the table entry and the statement 
is printed .. 

EXIT: These subroutines exit to PASS 2 in the new statenent 
routine .. 

COMMENTS: Since the BLPAS1 program allows a DSECT statement 
to resume a CSBCT entry and vice versa (issuing a diagnostic 
to call attention to the occurrence), these subroutines must 
allow for the same possibility; Le., that a DSECT statement 
may be resuming a CSECT or vice versa .. 

3 .. 1.1 .. 16 DCODS Subroutine 

Fill1CTION: This subroutine (Charts OG, Oil) handles a DC, 
DS, or DCL statement to reserve storage space for its operand, 
and, if appropriate, set up object code for the constant value .. 

ENTRY: This subroutine is entered at DCODS from the pseudo• 
operation routine .. 

OPERATIOH: This subroutine begins by calling BLCONMOD to 
evaluate the constant modifiers. The alignnent code from 
BLCONMOD is then used to align the location counter for the 
constant. A DS statement is simply printed (and given to 
BLPUNC2 which will punch the current card) and the length 
of the constant is added to the location counter without 
assembling object code for loading into storage .. 
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For a DC or DCL statement (the latter issued by BLPAS1 
to define a literal), the multiplicity is checked for nonzero. 
Next, BLCONVAL is called to evaluate the constant. Its value 
is then assembled as object code, and punched, and the constant 
length is added to the location counter. If the multiplicity 
was greater than 1, the object code is repeated and its length 
added to the location counter as many times as called for by 
the multiplicity. If it is an adcon, each iteration is 
re-evaluated after stepping the ·location counter. 

EXIT: This subroutine exits to Pl\SS2 in the new statement 
routine. 

ERRORS: If a DC or DCL statement lacks a value list, 
diagnostic 19 is issued and the statement is handled as 
if it were a DS statement (no object code but storage space 
allocated) • 

If a DC statement with zero multiplicity is encountered, 
the statement is printed without assembly to object code or 
reservation of storage. 

If BLCONVAL finds errors in the constant, its diagnostic 
messages are issued but processing continues normally. 

If the location counter overflows at any point, the 
overflow is ~fixed' and a diagnostic is stacked for issuance 
with the next statement or line on the listing. 

3.1.1.17 DROP Subroutine 

FUNCTION: This subroutine (Chart OI) validates the register 
operand(s) of a DROP statement, then removes the designated 
register(s) from the USING table and base-displacement 
address calculations. 

ENTRY: This subroutine is entered at DROP from the pseudo· 
operation routine. 

OPERATION: This subroutine begins by calling the ABSB 
subroutine to validate the reqister specification, then 
checks that the specified register was marked in the USING 
table as in use for baseadisplacement calculations. Finally, 
the table entry is marked as unavailable and, if no further 
registers are specified in the DROP statement, the statement 
is printed. 

EXIT: This subroutine exits to PASS2 in the new statement 
routine. 
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ERRORS: If the register specification is in error, diagnostic 
21 is issued and no check is made of the USING table. 

If the specified register was not in use, for base­
displacement calculations, diagnostic 20 is issued. 

3.1..1.18 DUMPT Subroutine 

FUUCTION: This subroutine (Charts os, OT) validates a tape 
dump request and assembles the DBG card for it. 

BNTRY: This subroutine is entered at SUMPT from the 
pseudo-operation routine. 

OPERATION: This subroutine validates and assembles the 
dump format label, logical tape drive number, 'from file,' 
'from record,' 'to file,' 'to record,' and 'bytes per record.' 
The dump format and label are extracted and validated in 
succession, using the BLBRKUP routine for the extraction. 
The next five (or six) terms in the request are evaluated 
in succession by the INROUT subroutine and further tested 
for naximum value in this subroutine before being assembled 
onto the DBG card. Finally, the request is identified as 
logical or physical, the DBG card is punched, and the tape 
dunp statement is printed. 

L~aT: This subroutine exits to P.l\SS2 in the new statement 
routine. 

ERRORS: An error in any element of the dump request causes 
issuance of an appropriate diagnostic and a •no DBG card' 
diagnostic (22); the dump request statement is printed but 
no DBG card is produced. 

The diagnostics issued are as follows. 

a. Format error - DLBRKUP diagnostic 

b .. Invalid format - number 23 

c .. Invalid label number 24 

a. Integer error number 31 

e. Integer too large - nUJllber 25 

f .. Bad terminator - number 14 

K blank format specification is forced as hexadecimal 
(HEX) format .. 
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3.1.1.19 DUMP Subroutine 

FUNCTION: This subroutine (Charts OJ, OK, OL) validates a 
storage and/or register dump request and assembles the DBG 
card for it. 

ENTRY: This subroutine is entered at DUMP from the pseudo· 
operation routine. 

OPERATION: This subroutine validates and assembles the dump 
format, label, 'from loc,' and 'to loc,• then determines 
the dump request type to select further processing. 

The dump format and label are extracted and validated 
in succession, using the BLBRKUP routine for the extraction. 
If a 'from loc' is specified (indicating storage dump as 
well as register dump), the EXVR subroutine is called to 
evaluate it. If the 'from loc• is absolute, a special 
subroutine is entered to ensure that the •to loc' is also 
absolute. Similarly, a check is made that both the 'from 
loc• and 'to loc' are or are not in common. In either case, 
EXVR is used to evaluate the 'to loc.• 

After the storage dump addresses (if present) have 
been assembled, the dump type is examined to determine further 
processing if any. An emergency dump request (DUMPE) is 
finished at this point. An unconditional dump request (DUMP) 
is completed by evaluating the 'point of dump• address. The 
two types of conditional dump request (DUMPC and DUMPR) are 
each handled by a separate subroutine that processes the 
conditions specified in the request. 

There are two subroutines within the DUtP subroutine: 
CONVT and GTLOC. The CONVT subroutine converts a J ... byte 
address into EBCDIC characters. The GTLOC subroutine 
evaluates the symbolic 'point of dump'. 

EXIT: This subroutine exits to PASS2 in the new statement 
routine. 

ERRORS: An error in any element of the dump request causes 
issuance of an appropriate diagnostic and a 'no DBG card' 
diagnostic (22); the dump request statement is printed but 
no DBG card is produced • 

. The diagnostics issued are as follows. 

a. Format error - BLBRKUP diagnostic 

h. Invalid format - number 23 

3-13 



c .. Invalid label - number 24 

d .. Bad address number 26 

e .. Bad integer number 25 

f .. Bad condition ~ number 27 

g .. nad register - nurnber-28 

A blank format specification is forced as IIEX format .. 

3 .. 1..1..20 r,rm Subroutine 

FUNCTION: This subroutine (Charts rn1, ON) validates the 
'begin' location if specified in the EUD statement, puts 
out all entries in the RLD table, and exits to IiHT4, 
ending BLPAS2 .. 

ENTRY: This subroutine is entered at :elm from the pseudo­
operation routine .. 

OPERATION: This subroutine begins by calling the print 
subroutine to punch the final TXT card.. It then calls 
the EXVR subroutine to evaluate the 'begin' location.. If 
the location was defined in a control section, its value 
is moved to the F.ND card.. If not and the location is not 
absolute, BLBRKUP is called to extract the symbol (an 
EXTRU) for moving to the ram card.. The £ND statement is 
then printed .. 

If any entries are present in the RLD table, the table 
entries are printed and HLD earns are punched.. rinally, 
the last RLD carc.1 is punched whether full or not and the 
mm card is then punched.. The sequence number of the r:tm 
card is saved for the XPEr routine .. 

The PRRLD subroutine, included in the r.1m subroutine, 
prints a line of the PLD table each time it is called, if 
a listing has been requested .. 

EXIT: This subroutine exits to DHT4 in Dl'L, ending DL1\PS2 .. 

ERRORS: Any errors found in the 'begin' location hy r.XVR 
cause BLEXVAL diagnostics to be issued, followed by 
diagnostic 30, and assembly of the 'begin' location to be 
omitted .. 

If the 'begin' location is absolute, diagnostic 30 is 
issued and the location is not assembled on the END card .. 
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3.1.1.21 ENTRY Subroutine 

FUNCTION: This subroutine (Chart OI} evaluates the ENTRY 
symbol(s} and determines that the symbol has been defined 
in a control section or in common. 

ENTRY: This subroutine is entered at ENTRY from the pseudo· 
operation routine. 

OPERATION: This subroutine calls the EXVR subroutine to 
evaluate the symbol. If the expression contains no errors 
and identifies a location defined in a control section or 
in common, the ENTRY symbol is accepted. After all symbols 
in the ENTRY operand field have been validated, the statement 
is printed. 

EXIT: This subroutine exits to PASS2 in the new statement 
routine. 

ERRORS: 
section, 

symbol was defined in a dummy control 
2 is sued. 

If the symbol not terminated by a blank 
character, diagnostic 14 is issued. 

COMMENTS: Errors found by BLEXVAL ( led by the EXVR 
subroutine) cause diagnostics to be stacked before return 
is made to this subroutine. 

3.1.1.22 PRNT Subroutine 

FUNCTION: This subroutine (Chart 00} validates the operands 
of a PRINT statement to determine how much of each assembled 
constant (from a DC statement} will be listed and whether 
literals will be listed. 

ENTRY: This subroutine is entered at PRNT from the pseudo· 
operation routine. 

OPERATION: This subroutine begins by calling the BLBRKUP 
routine to extract and validate the first operand. If the 
operand is void or 'DATA,' constants will be printed 
completely in the listing1 if the operand is 'NODATA,' 
only the first 16 bytes of each constant will be printed. 

This subroutine then calls BLBRKUP again to extract 
and validate the second operand. If the operand is void or 
'LIT,' all literals will be printed; if the operand is 
'NOLIT,' literals will not be printed when the literal table 
is put out. The PRINT statement is then printed. 
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EXIT: This subroutine exits to PASS2 in the new statement 
routine. 

ERRORS: If errors are found by BLBRKUP in either operand, 
the BLBRKUP diagnostic(s) is issued, followed by diagnostic 
31; further operand processing is bypassed. 

A bad terminator of the first operand allows the operand 
to be processed, but diagnostic 31 is issued and the second 
operand is ignored. 

3.1.1.23 TITLE Subroutine 

FUNCTION: This subroutine (Chart 00) validates the punch 
ID (if present on the TITLE card) and causes the TITLE page 
of the listing to be printed. 

ENTRY: This subroutine is entered at TITLE from the pseudo­
operation routine. 

OPERATION: If a punch ID is present on the TITLE card, this 
subroutine calls BLBRKUP to extract it. If valid, the ID 
is moved to the card sequence number field. 

The subroutine then picks up the title, prints the 
statementg and causes the listinq to skip to a new page. 

EXIT: This subroutine exits to PASS2 in the new statement 
routine. 

ERRORS: If the punch ID is invalid, diagnostic 32 is issued 
and the ID is not moved to the card sequence number field. 

3.1.1..24 TFACE Subroutine 

FUNCTION: This subroutine (Charts OP, OQ) validates a trace 
request and assembles the DBG card for it. 

ENTRY: This subroutine is entered at TRACE from the pseudo­
operation routine. 

OPERATION: This subroutine validates and assembles the trace 
label, start (•from loc'), and end (•to loc') onto a DBG card. 
The label is extracted from the statement by BLBRKUP and, if 
it is not void, is moved to the DBG card. Next, if a •from 
lac•. is specified, the EXVR subroutine is used to evaluate the 
•from loc• and the •to loc• in succession. If the •from loc' 
is absolute, a special subroutine is entered to ensure that 
the •from loc' and •to loc' are or are not in the common section. 
Finally, the trace type (TRACE or TRACB) is moved to the DBG 
card, the card is punched, and the statement is printed. 
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The CVT subroutine, included in the TRACE subroutine, 
converts a 3mbyte address into EBCDIC characters. 

EXIT: This subroutine exits to PASS2 in the new statement 
routine. 

ERRORS: An error in the label or either address in the trace 
request causes issuance of the appropriate diagnostic (24 
for label or 26 for address), followed by a 'no DBG card' 
diagnostic (22); the trace request statement is printed but 
no DBG card is produced. 

USING Subroutine 

FUNCTION: This subroutine (Chart OR) validates the value and 
registers specified in a USING statement for base-displacement 
calculations. 

ENTRY: This subroutine is entered at USING from the pseudo­
operation routine. 

OPERATION: This subroutine begins by calling the EXVR 
subroutine to evaluate the values specified for the first 
base register. If the value is valid and the expression 
properly terminated, the subroutine then validates the 
general register specified as base register. If other 
than register 0 is specified, the register entry in the 
USING table is marked as available for base-displacement 
calculations, the relocation ID is moved into the entry, and 
the value is moved into the entry. If another register is 
specified, the value is increased by 4096 before the register 
specification is validated and entry made. Finally, the 
USING statement is printed. 

EXIT: This subroutine exits to PASS2 in the new statement 
routine. 

ERRORS: If the EXVR subroutine finds a value error, it puts 
out diagnostics selected by the BLEXVAL routine. Diagnostic 
33 is then issued and no entry is made in the USING table. 

If a register specification is in error, diagnostic 34 
is issued and no entry is made for that specification. 

If register 0 is specified with a zero value, the entry 
is made but diagnostic 52 is issued as well. 

If register O is specified with a non•zero value, entry 
is made in register O for a zero value but diagnostic 53 is 
issued. 
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3.1.1.26 LTORG Subroutine 

FUNCTION: This subroutine aligns the location counter to a 
doubleword boundary in preparation for the literals (put out 
as DCLs) to follow and prints the LTORG statement. 

ENTRY: This subroutine is entered at LTORG from the pseudo· 
operation routine. 

EXIT: This subroutine exits to PASS2 in the new statement 
routine. 

3.1.1.27 ORG Subroutine 

FUNCTION: This subroutine evaluates the ORG statement operand, 
sets the location counter to that value, and prints the ORG 
statement. 

ENTRY: This subroutine is entered at ORG from the pseudo· 
operation routine. 

EXIT: This subroutine exits to PASS2 in the new statement 
routine. 

ERRORS: If the TEQU has been used, the ORG could be for an 
incorrect CSECT. In this case, diagnostic 66 will be issued 
and the ORG ignored. 

3.1.1.28 ILLOP Subroutine 

FUNCTION: This subroutine is called for an invalid operation 
code; it issues diagnostic 35, sets up a 4-byte NOP, and adds 
this length to the location counter. 

ENTRY: This subroutine is entered at ILLOP from the pseudo· 
operation routine or from the new statement routine. 

EXIT: This subroutine exits to PASS2 in the new statement 
routine. 

3.1.1.29 QUAL Subroutine 

FUNCTION: This subroutine picks up the new qualifier given 
in the QUAL statement and prints the statement. 

ENTRY: This subroutine is entered at QUAL from the pseudo· 
operation routine. 

EXIT: This subroutine exits to PASS2 in the new statement 
routine. 
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COMMENTS: A QUAL statement containing errors would be found 
in BLPAS1 and marked to be ignored by BLPAS2. 

3.1.1.30 TEQU Subroutine 

FUNCTION: This subroutine (Chart OU) changes the location 
attribute of the symbol named in the TEQU statement to the 
value of the statement operand and prints the TEQU statement. 

ENTRY: This subroutine is entered at TEQU from the pseudo· 
operation routine. 

OPERATION: This subroutine first calls BLSLKUP to find the 
symbol given in the statement name field in the symbol table. 
Next, the EXVR subroutine is called to evaluate the operand. 
The value is converted for listing, both it and its symbolic 
attribute are moved into the location field of the symbol 
table entry, and the TEQU statement is printed. 

EXIT: This subroutine exits to PASS2 in the new statement 
routine. 

ERRORS: If the EXVR subroutine finds errors in the TEQU 
statement , diagnostic 55 is issued in addition to 
the diagnostics issued by the subroutine and the new 
location is not entered in the symbol table. 

COMMENTS: Errors in the operand would be found by PASS1 
and the TEQU statement would be marked to be ignored by 
PASS2. 

3.1.1.31 EQMXMN Subroutine 

FUNCTION: This subroutine (Chart OU) assembles the location 
specified by the statement START, EQU, MAX, or MIN, then 
prints the statement. Re-evaluation may be required if 
TEQU has been used. 

ENTRY: This subroutine is entered at EQMXMN from the 
pseudo-operation routine. 

EXIT: This subroutine exits to PASS2 in the new statement 
routine. 

BLPAS2 Common Subroutines 

Included within the BLPAS2 program are 20 subroutines 
that are called to perform various operations for the main 
body of the program. These subroutines, listed below, are 
each described separately. 

1. COMMEN ~Print a comment record 
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2. INROUT - Evaluate an integer 

ABS8 Evaluate an absolute expression 

4. EXVR Evaluate an expression 

5. LOCOVF - Process location counter overflow 

6. 

7 .. 

8. 

9. 

10. 

1L 

12. 

13. 

DOUB 

HALF 

covx 

US BASE 

REG ST 

LITYP 

INTB 

SHFT 

Align location counter to doubleword boundary 

Align location counter to halfword boundary 

Convert fullword to EBCDIC characters. 

- Compute base and displacement 

- Evaluate register operand 

- Evaluate register operand (R2 = O) 

Evaluate a .. bit immediate operand 

Evaluate shift operand 

14. SA ~ Evaluate storage-address operand 

15. Xl\ - Evaluate indexable-storage-address operand 

16. SLA4Q - Evaluate storage-address operand with 4-bit 
length specification 

17. SLA - Evaluate storage-address operand with 8·bit 
length specification 

18. SI8Z - Evaluate storage-address operand with B·bit 
length = 0 

19. SA4Z - Evaluate storage-address operand with 4-bit 
length = 0 

20. DIAG - Stack a diagnostic 

3.1.2.1 Print A Comment Record Subroutine (COMMEN) 

FUNCTION: This subroutine (Chart OV) accepts comments, 
JOVIAL statements, and JOVIAL diagnostics, printing them 
if listing is requested and adding to the serious and 
possible error counts. 

3-20 



ENTRY: This subroutine is entered at COMMEN from the new 
statement routine. 

EXIT: This subroutine exits to PASS2 in the new statement 
routine. 

Evaluate ~..n Integer Subroutine (INROUT) 

FUNCTION: This subroutine (Chart OV) evaluates an integer 
and validates it. 

ENTRY: This subroutine is entered at INROUT from the DUMP 
or DUMPT subroutine. 

EXIT: This subroutine returns to the calling point if an 
error was found in the integer or to the instruction following 
the calling point (normal return) if no error was found. 

Evaluate Absolute Expression Subroutine (ABS8) 

FUNCTION: This subroutine (Chart OW) evaluates an absolute 
expression and validates it against a maximum value 
stipulated by the calling routine. 

ENTRY: This subroutine is entered at ABS8 by the DROP 
and USING subroutines and by the operand subroutines REGST, 
SA, XA, SLA4Q, SLA, and LITYP. 

OPERATION: This subroutine calls EXVR to evaluate the 
expression, then tests that it is absolute and less than 
the maximum specified by the calling routine. 

EXIT: This subroutine exits to the instruction following 
the calling point (normal return) if no error is found; to 
the calling point (error return) if an error is found. 

Evaluate Expression Routine (EXVR) 

FUNCTION: This subroutine (Chart OW) evaluates an expression 
submitted to it. 

ENTRY: This subroutine is entered at EXVR by the CCW, DUMP, 
END, ENTRY, TRACE, USING, and TEQU subroutines or by the 
ABS8, SA, XA, SLA4Q, and SLA subroutines. 

OPERATION: This subroutine calls BLEXVAL if the expression 
is not a literal or gets the literal characteristics from 
the symbol table. This subroutine issues diagnostics for 
any errors found. 

EXIT: This subroutine exits to the instruction following 
the calling point (normal return) if no error is found; to 
the calling point (error return) if an error is found. 
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3.1.2.5 Process Location Counter OVerf low Subroutine (LOCOVF) 

FUNCTION: This subroutine stacks diagnostic 77, calling 
attention to the location counter overflow, and •fixes' the 
overflow by zeroing the location counter high-order byte. 

ENTRY: This subroutine is entered at LOCOVF whenever a 
location counter overflow is encountered in BLPAS2. 

EXIT: This subroutine exits to the calling point. 

COMMENTS: This subroutine is usually called after listing 
of the entry that caused the location counter overflow (which 
overflow will affect the location assiqned to the subsequent 
entry). The •overflow' diagnostic is thus listed following 
the next entry, whose location is incorrect because the 
counter has been 'fixed.' 

Align to Doubleword Subroutine (DOUB) 

FUNCTION: This subroutine (Chart OX) checks, and, if 
necessary, aligns the location counter to a doubleword 
boundary"' 

ENTRY: This subroutine is entered at DOUB from the ccw, 
DCODS, or LTORG subroutine. 

EXIT: This subroutine exits to the calling point. 

3.1.2.7 HALF Subroutine 

FmqcTION: This subroutine (Chart OX) aligns the location 
counter to a halfword boundary. 

ENTRY: This subroutine is entered at HALF from the machine 
operation routine or from the EXBC, EXBr.P, r.NOP, or DCODS 
subroutine. 

EXIT: This subroutine exits to the calling point. 

3.1.2.8 Convert Fullword to EBCDIC Subroutine (COVX) 

FUNCTION: This subroutine (Chart OX) produces an EBCDIC 
representation of a fullword presented to it, converting 
each hexadecimal digit (4 bits) into one of the characters 
0 through 9 or A through F representing its value. 

ENTRY: This subroutine is entered at COVX from the END, 
USING, TEQU, or EQMXMN subroutines or from the REGST, SA, 
USBASE, XA, SLA4Q, SLA, INT8, or LITYP subroutines. 

EXIT: This subroutine exits to the calling point. 

3-22 



3.1.2.9 Compute Base and Displacement Subroutine (USBASE) 

FUNCTION: This subroutine (Chart OY) searches the USING 
table to develop a base register specification and the 
smallest displacement for the effective address submitted 
to the subroutine. 

ENTRY: This subroutine is entered at USBASE from the SA, XA, 
SLA4Q, or SLA subroutines. 

OPERATION: This subroutine begins by calling the COVX 
subroutine to convert the effective address into EBCDIC 
characters for object listing, then searches the USING 
table for a base register with acceptable base value (same 
relocation ID and base value~ effective address< base value 
+ 4096). The displacement is computed and saved with the 
register specification. If another acceptable base register 
is found, its displacement is compared with the previously 

one to se the smal r equal) displace• 
the USING table has been searched, the COVX 

led to convert the ster f ication 
object area listing. 

to the instruction 
(normal return) if an acceptable 

have been found. 

ERRORS: no is found, diagnostic 
instruction following 38 issued return is made to 

the calling point (error return). 

3.1.2.10 Evaluate Register Operand Subroutine (REGST) 

FUNCTION: This subroutine (Chart OZ) evaluates the register 
specified as an operand and determines that the specified 
register type is that required for the statement operation 
code. 

ENTRY: This subroutine is entered at REGST from the machine 
operation routine. 

EXIT: This subroutine exits to the calling point. 

ERRORS: the register specification is in error, it is 
not moved to the object area; diagnostics calling attention 
to the errors are issued by the ABS8 subroutine or by the 
EXVR subroutine called by it. 

If the specified register type does not match that 
required by the operation code, the register specification 
is assembled into the object area but a diagnostic is issued, 
either 36 or 37. 
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If the specified register value is too large, diagnostic 
54 is issued. 

3.1.2.11 Evaluate Register Operand, No R2 Subroutine (LITYP) 

FUNCTION: This subroutine (Chart OZ) evaluates a register 
operand (R1 with R2 = O). 

ENTRY: This subroutine is entered at LITYP from the machine 
operation routine. 

EXIT: This subroutine exits to the calling point. 

ERRORS: If the register specification is in error, it is 
not moved to the object area; diagnostics calling attention 
to the errors are issued by the ABS8 subroutine or by the 
EXVR subroutine called by it. 

3.1..2.12 Evaluate 8-Bit Immediate Operand Subroutine (INT8) 

FUNCTION: This subroutine (Chart OZ) evaluates an integer 
specifying an a ... bit immediate operand. 

ENTRY: This subroutine is entered at INT8 from the machine 
operation routine. 

EXIT: This subroutine exits to the calling pointe 

ERRORS: If the integer specification is in error, it is not 
moved to the object area; diagnostics calling attention to 
the errors are issued by the ABS8 subroutine or by the 
EXVR subroutine called by it. 

3.1.2.13 Evaluate Shift Operand Subroutine (SHFT) 

FUNCTION: This subroutine (Chart OZ) evaluates a shift 
operand. 

ENTRY: This subroutine is entered at SHFT from the machine 
operation routine. 

EXIT: This subroutine exits to the calling point unless 
an error is found in the XA subroutine. 

ERRORS: If the base register specification developed by the 
XA subroutine in its determination of base displacement is 
not O, diagnostic 40 is issued and the R2 specification 
developed there is not substituted for the base. 
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Errors found in the XA subroutine or in subroutines 
that it calls cause diagnostics to be issued for them. 
Certain errors cause the XA subroutine to exit to PRIVBK 
in the new statement routine rather than returning to this 
subroutine. 

3.1.2.14 Evaluate Storage Address Operand Subroutine (SA) 

FUNCTION: This subroutine (Chart PA) evaluates a storage 
address operand with an implied or specified base register. 

ENTRY: This subroutine is entered at SA from the machine 
operation routine. 

OPERATION: This subroutine first calls the EXVR subroutine 
to evaluate the operand to obtain the effective address. 
Next, the USBASE subroutine is called to compute the 
displacement for an implied base register. If a base register 
is specified in the operand, the ABS8 subroutine used to 
evaluate it. Finally, the address alignment checked. 

EXIT: This subroutine exits to the calling point, except 
when a terminator error is encountered. 

ERRORS: If the operand contains errors, the EXVR subroutine 
.issues diagnostics and the effective address is rejected. 

If the fective address cannot be converted into a 
displacement and base, the USBASE subroutine issues a 
diagnostic and the displacement and base are not assembled. 

If the implied base register found by USBASE is not 
register 0 and a base register is specified, diagnostic 40 
is issued and the specification is not used (implied base 
is used). 

If the effective address is misal·igned, diagnostic 39 
is issued. 

If the register specification is not properly terminated, 
diagnostic 14 is issued and the subroutine exits to PRIVBK 
in the new statement routine. 

Evaluate Indexable Storage Address Subroutine (XA) 

FUNCTlON: This subroutine (Chart PB) evaluates an indexable 
storage address operand with implied or specified base 
register. 

ENTRY: This subroutine is entered at XA from the machine 
operation routine or from the SHFT subroutine. 

3-25 



OPERATION: This subroutine first calls the EXVR subroutine 
to evaluate the effective address operand. Next, the USBASE 
subroutine is called to compute the displacement for an implied 
base register. If an index register is specified, the ABS8 
subroutine is used to evaluate it. If a base register is 
specified, the ABS8 subroutine is used to evaluate it. Finally, 
the address alignment is checked. 

EXIT: This subroutine exits to the calling point, except 
when a terminator error is encountered. 

ERRORS: If the operand contains errors, the EXVR subroutine 
issues diagnostics and the effective address is rejected. 

If the effective address cannot be converted into a 
displacement, the USBASE subroutine issues a diagnostic and 
the displacement is not assembled. 

If either register specification is in error, the ABS8 
subroutine issues a diagnostic and the specification is not 
used. 

If the implied base register is not register 0 and a 
base is specified, diagnostic 40 is issued and the implied 
base is used (specification is ignored). 

If the register(s) specification is not properly 
terminated, diagnostic 14 is issued and the subroutine exits 
to PRIVBK in the new statement routine. 

If the effective address iG misaliqned, diagnostic 39 
is issued. 

3.1.2.16 Evaluate Storage Address with 4-Bit Length 
Subroutine (SLA4Q) 

FUNCTION: This subroutine (Chart PC) evaluates a storage 
address with an implied or explicit length and with an 
implied or explicit base register specification. 

ENTRY: This subroutine is entered at SLA4Q from the machine 
operation routine or from the SA4Z subroutine 

OPERATION: This subroutine first calls the EXVR subroutine 
to evaluate the effective address, then calls the UBASE 
subroutine to develop the displacement and implied base 
(if any). If there is no explicit length, the implied 
length is validated and assembled. If an explicit length 
is supplied in the operand, the ABSB subroutine is used to 
evaluate it. 
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If a base register specification follows the length 
specification or when the SLA4Q subroutine is called by SA4Z, 
the explicit base register is evaluated by ABS8. Finally, 
the effective address alignment is tested. 

EXIT: This subroutine exits to the calling point. 

ERRORS: If the operand contains errors, the EXVR subroutine 
issues diagnostics and the effective address (including base 
and displacement) is ignored. 

If the effective address cannot be converted into a 
displacement, the USBASE subroutine issues a diagnostic 
and the displacement is not assembled. 

If the implied length is too large, diagnostic 41 is 
issued, assembly of the length is bypassed, and the effective 
address alignment is not checked. 

If ABS8 subroutine finds an error ther in the 
explicit length or explicit base ter, it sues a 
diagnost and its error return bypasses use the term in 
error. 

If the explicit length is void (blank) or not properly 
terminated, the implicit length is used in its place. (An 
error in the explicit length, found by ABS8, blocks use of 
either length.) 

If an explicit base register is specified and the 
implicit base register is not register O, diagnostic 40 is 
issued and the implied base is used. 

If either the explicit length or the explicit base 
register is not properly terminated, diagnostic 14 is issued. 

If the effective address is not properly aligned, 
diagnostic 39 is issued. 

Evaluate Storage Address with 8·Bit Length 
Subroutine (SLA) 

FUNCTION: This subroutine (Chart PD) evaluates a storage 
address with an implied or explicit length and an implied 
or explicit base register specification. 

ENTRY: This subroutine is entered at SLA from the machine 
operation routine or from the SI8Z subroutine. 



OPERATION: This subroutine first calls the EXVR subroutine 
to evaluate the effective address, then calls the USBASE 
subroutine to develop the displacement and implied base (if 
any). If no explicit length is given, the implied length 
is validated and assembled. If an explicit length is given 
in the operand, the ABS8 subroutine is called to evaluate 
it. If the opcode is MVW and the length is implicit, it is 
divided by four to give a word length instead of a byte 
length. 

If a base register specification follows the length 
specification or when the SLA subroutine is called by SI8Z, 
the explicit base register is evaluated by ABS8. Finally, 
the effective address alignment is checked. 

EXIT: This subroutine exits to the calling point, except 
when a terminator error is found. 

ERRORS: If the operand contains errors, the EXVR subroutine 
issues diagnostics and the effective address (including base 
and displacement) is ignored. 

If the effective address cannot be converted into a 
displacement, the USBASE subroutine issues a diagnostic 
and the displacement is not assembled. 

If the implied length is too large, diagnostic 41 is 
issued, assembly of the length is bypassed, and the effective 
address alignment is not checked. 

If the ABS8 subroutine finds an error either in the 
explicit length or explicit base register, it issues a 
diagnostic and its error return bypasses use of the term 
in error. 

If the explicit length is void (blank or not properly 
terminated, the implicit length is used in its place. (An 
error in the explicit length, found by ABS8, blocks use of 
either length.) 

If an explicit base register is specified and the implicit 
base register is not register O, diagnostic 40 is issued and 
the implied base is used. 

If either the explicit length or the explicit base 
register is not properly terminated, diagnostic 14 is issued 
and exit is made to PRIVBK in the new statement routine. 

If the effective address is not properly aligned, 
diagnostic 39 is issued. 
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3.1.2 .. 18 Evaluate Storage Address with 8·Bit Length = 0 
(SI8Z) 

FUNCTION: This subroutine (Chart PE) evaluates a storage 
address in the SI format with the immediate byte (length) 
containing all zeros .. 

ENTRY: This subroutine is entered at SI8Z from the machine 
operation routine .. 

OPERATION: This subroutine uses the SLA subroutine to 
evaluate the storage address, then validates the length, the 
assembled base, and the register specification. 

EXIT: This subroutine exits to the calling point .. 

ERRORS: If the immediate byte is not assembled as all zeros 
and either the assembled base is not zero or both R1 and R2 
are not zero, diagnostic 4 is issued. 

3.1.2.19 Evaluate Storage Address with 4-Bit Length = 0 
Subroutine (SZ4Z) 

FUNCTION: This subroutine (Chart PE) evaluates a storage 
address with a length half •byte of all zeros .. 

ENTRY: This subroutine is entered at SA4Z from the machine 
operation routine. 

OPERATION: This subroutine uses the SLA4Q subroutine to 
evaluate the storage address, then validates the length 
field .. 

EXIT: This subroutine exits to the calling point. 

ERRORS: If the length is not assembled as all zeros, 
diagnostic 40 is issued .. 

3.1.2 .. 20 Stack A Diagnostic Routine (DIAG) 

FUNCTION: This routine (Chart RA) is used by BLPAS2 to place 
a diagnostic code and statement symbol in a stack of diagnostics 
applying to that statement. The BLPRINT routine prints, after 
the statement, the corresponding diagnostic message for each 
code ·in the stack Cl 

ENTRY: This routine is entered at DIAG from BLPAS2. 

EXIT: This routine returns to the calling point in BLPAS2. 
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3 .. 2 GET A STATEMENT DURING BLAPS2 ROUTINE (BLIOGET2) 

FUNCTION: This routine (Chart QA) is used by BLPAS2 and 
BLANALY to get a statement from the intermediate buffer, 
until it is emptied. Thereafter, the routine gets a 
statement from .WORK2 if it is available. 

ENTRY: This routine is entered at BLIOGET2 by BLPAS2 or 
BLANALY .. 

OPERATION: This routine first checks whether the intermediate 
buffer has been emptied.. If not, the record to be delivered 
is examined to determine its length and the pointer to the 
next record. Once the huffer is emptied, this routine reads 
a record from .WORK2 each time it is called .. 

EXIT: This routine exits to the calling point in BLPAS2 or 
BLANALY. 

3.3 EVALUATE CONSTANT (BLCONVAL) 

Routine BLCONVAL evaluates constants, usinq as input tpe 
modifiers (multiplicity, type, length, etc .. ) developed by 
BLCONMOD.. The results of BLCONVAL operations are stored in 
an output table that qives the address of the assembled 
constant, its length, and diagnostic information. (The 
BLCONVAL output format is described in Subsection 6.3.) 
BLCONVAL also builds the Relocation List Dictionary (RLD) table. 

Routine BLCONVAL has five major parts, each identified 
by its initial entry point, which are clearly marked in the 
assembly listing. The names and functions of these are as 
follows .. 

1.. BLCONVAL Mainline - This directs BLCONVAL operations 
and processes decimal, hexadecimal, and character 
constants. 

2. BSUBRT Routine - This evaluates fixed and floating• 
point constants. 

3.. ASUBRT Routine - This processes address constants. 

4. USBAS Subroutine - This finds base and displacement 
for an S•type address constant .. 

5.. QRLD Subroutine - This makes an entry in the 
Relocation List Dictionary table for a relocatable 
A-type address constant. 
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BLCONVAL Mainline 

FUNCTION: This mainline (Charts KA, KB, KC, KD) initiates 
BLCONVAL operations, selects the routine or subroutine required 
to process the input constant, and converts decimal, hexadecimal, 
and character type constants. 

ENTRY: This mainline has two entries as follows. 

1. Location BLCONVAL, entered from the BLPAS2 program. 
The BLPAS2 program supplies the BLCONMOD output 
table address in a general register. 

2. Location BACK, used by the BSUBRT routine at the 
end of processing. 

OPERATION: 

are 

, the mainline tests 
BSUBRT a 

ASUBRT 
within the mainl 

For a decimal (P or Z) type, the mainl establishes 
a decimal point, and moves numeric 

to a work area until the the value list 
with a zero, and a 

s 

BLCONVAL output. In z ... type 

start 
difference. 
diagnostic is 
characters; 
with high ... 

the work area is then 
expl length given by BLCONMOD, and the 

of the character string is modified by any 
characters are trunc and a 

set if the length is less than the number of 
the length is greater, the field is padded 

zeros. Finally, the required number of 
is moved to the BLCONVAL output table. In p ... type 

conversion, the number positions needed to allocate the 
characters in the work area is compared to the explicit 
length, and the address of- the character string is 
modified if truncation or padding is required. 

DFIN (Chart KB) marks the end of processing 
X•type constants. Here, explicit length 

in the output table as the total length of the 
Next, mainline checks whether any odd bits were 

specified and, if so, tests for bit truncation. A diagnostic 
is stored and excess bits are zeroed if significant bits 
were lost. Finally, the error count is saved before return 
is made to BLPAS2. 
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In C·type conversion (Chart KC), characters are stored 
unchanged in the work area until end of input is detected. 
After testing explicit length, the mainline moves the 
specified number of characters to the output table, truncating 
or padding if necessary. (Padding in this case means supplying 
trailing blanks.) The mainline then tests for odd bits, as 
described before, branching to the exit point. 

In X•type converions (Chart KD) , hexadecimal characters 
are moved to the work area until the end of the value list is 
found. Hexadecimal characters A through F are translated 
before being stored, invalid characters are replaced with a 
zero and a single diagnostic is set. The bytes needed to 
store all characters in the work area are compared with the 
specified byte length, and padding or truncation is perfonned 
adcordingly. When there are more than 15 characters, the 
output table is packed in two or three steps before the 
segment branches to location DFIN for odd bit checking. 

EXIT: The mainline can transfer control to any of three 
locations. 

1. At the end of processing, return is made to the 
calling program. This is the only exit from the 
BLCONVAL program. 

2. Location ASUBRT, in the P~UBRT routine, used for 
an A• or S•type constant. 

3. Location BSUBRT, in the BSUBRT routine, used for 
an F·, H•, D·, or E•type constant. 

ERRORS: Mainline may initiate the following diagnostic 
messages. 

INVALID CHARACTER FOUND 

VALUE SPECIFICATION MISSING POSSIBLE ERRORS 
(no numeric value supplied for a P· or Z•type constant) 

TRUNCATION OF CONSTANT - POSSIBLE ERROR 

3.3.2 BSUBRT Routine 

FUNCTION: This routine (Charts KE, KF, KG, KH, KI) evaluates 
F and H (fixed-point) and E and D (floating-point) constants. 
Provided no error is detected, these constants are set up 
for conversion by the FROMF or FROMD routine and the resulting 
value is stored in the BLCONVAL output table. 
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ENTRY: .The routine has three entry points. 

1. Locate BSUBRT, entered from the BLCONVAL mainline 
when an F·, H·, D·, or E•type constant is discovered. 

2. Location BTEND1, entered from the ABUBRT routine 
after address constant processing to check whether 
the entire value list has been handled. 

3. Location BENDRT, entered from the ASUBRT routine 
when no further value list processing is desired. 

OPERATION: The routine begins with a syntactical scan of 
the input to ready a constant for either the FROMF or FROMD 
routine. A sign is set and numeric characters are moved to 
a work area, which is arranged as the output table a 
call to FROMF or FROMD. (The format of this table is 
described in Subsection 6.3.) When a decimal point , 
the count so in the work area to show 
the number of integer digits. An E results in a branch to 
BEXP1 ( KF) to process an explicit exponent. There, 

ther the BLEXVAL routine is called to compute the value 
the expression given the exponent, or a sign 

and a scan is made no more than two 
which to binary and saved. Finall 

upon encountering the end 
the work area 

It (a quote) the last 
are fewer than 23 ; stores 

total character count if no decimal point appeared; and 
stores any exponent and scale factor. A branch is then 
for either fixed· or floating-point operations. (Any error 
detected during this set-up portion results in a branch 
to store a diagnostic code in the BLGONVAL output table and 
to end processing of the constant.) 

For a floating•point constant, the routine calls FROMD 
(Chart KG) and tests its return. If no error is indicated, 
the constant value supplied by FROMD is truncated to 
specified size, if nece , and rounded at the rightmost 
bit Next, this result is tested to ensure the rounding 
did not cause a carry-over to the exponent or, if scaling 
was involved, to the vacated portion. If carry-over did 
occur, the constant is adjusted and realigned before the 
result is moved to the BLCONVAL output table. The routine 
then branches to location BTEND1 (Chart KH) to see whether· 
the value list contains more constants. 
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For a fixed-point constant, bit length is added to the 
parameters in the work area before the FROMF call (Chart KH). 
Upon return, the FROMF result is checked for error indications 
and, if there are none, moved to the BLCONVAL output table. 
When an odd bit length is specified, the routine aligns the 
constant value before storing it. 

The routine next checks (at location BTEND1, Chart KH) 
whether it has finished the value list. If not, it tests 
the next constant for type and either calls the ASUBRT 
routine for an A· or S•type or loops back to process the 
new constante When the value list is complete, the routine 
passes control to the BLCONVAL mainline at the exit point, 
after first storing the output length and error count in the 
output table@ 

EXIT: This routine may exit to either of two locations. 

1. Location BACK, in the BLCONVAL mainline, taken 
when the value list has been finished. BACK is 
the only exit point from the BLCONVAL program0 

2. Location ASUBRT, in the ASUBRT routine, taken 
when the next constant in the value list is an 
A· or S·type41 

ERRORS: The BSUBRT routine generates diagnostic codes for 
the following messages. 

*****INVALID CHARACTER FOUND 

*****FIELD n HAS A SYMBOL OR NUMBER WHICH IS TOO LONG 

*****FIELD n HAS A RELOCATABLE IN PLACE OF ABSOLUTE 

*****INCOMPATIBLE SCALING - POSSIBLE ERROR 

*****CONSTANT HAS BEEN ROUNDED AND TRUNCATED 

*****EXPONENT IS INVALID 

*****FIELD n RESULTED IN A CONSTANT WHICH WAS TOO LARGE 
..... POSSIBLE ERROR 

*****FRACTION PART LOST - POSSIBLE ERROR 

*****FLOATING POINT EXPONENT UNDERFLOW - POSSIBLE ERROR 

The routine also moves to the BLCONVAL output table any 
diagnostic codes generated by the BLEXVAL program; for these 
messages, see the BLEXVAL description. 
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3.3.3 ASUBRT Routine 

FUNCTION: This routine (Charts KJ, KK) evaluates address 
(A• and S•type) constants. 

ENTRY: There are two entry points to this routine. 

1. Location ASUBRT, entered from the BLCONVAL mainline 
when an A· or S•type constant is encountered. 

2. Location ARES, entered from the BTEND1 sequence of 
the BSUBRT routine when a subsequent expression in 
a multiple value list of an A• or S•type constant 
is found. 

OPERATION: Any value handled by this routine is either an 
expression or a literal. For the first, the routine calls 
the BLEXVAL program to develop the expression value. For 
the other, it calls the BLSLKUP routine to get the address 
of the literal, using as input a dummy label stored in the 
assembler communications The return is then used 
to build dummy BLEXVAL so that processing by 
the QRLD or USBAS subroutine, led , will be uniform. 
If a literal is discovered but none has been indicated for 
the statement, the routine issues a diagnostic and passes 
control, via BSUBRT, to the BLCONVAL exit point@ 

Once a valid value is obtained, the constant type 
determines subsequent operations~ 

For an S•type constant, the USBAS subroutine is called 
to break the value into a base and displacement. The 
result, always a halfword, is then put in the BLCONVAL 
output table. If no usable base register is available, 
USBAS will generate a diagnostic message. 

For an A•type constant, the routine checks whether 
the specified length is less than a fullworde If so, it 
aligns the constant value as specified and, if truncation 
of a significant bit occurs, sets a diagnostic code. The 
value is then stored in the BLCONvAL output table before 
the QRLD subroutine is called to build the RLD Table. 

For either type, multiplicity is checked for greater 
than one. If this is found, the location counter is advanced 
by the length of the constant and the routine loops back 
and re-evaluates the constant at the new location to insure 
proper value if ''*'' is involved. The multiplicity is 
reduced by one on each iteration until satisfied. 
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Since no value is acceptable after a literal, exit from 
the routine depends on whether a literal or an expression 
was processed. 

EXIT: The routine can exit to either of two locations, both 
within the BSUBRT routine. 

1. Location BTEND1, used to check whether the value 
list has been completed. This exit is taken 
after expression handling. 

2. Location BENDRT, taken to set up for an exit from 
BLCONVAL. This is used after literal processing. 

ERRORS: The routine can generate diagnostic codes for the 
following messages. 

FIELD n HAS BEEN TRUNCATED - POSSIBLE ERROR 

Issued if a significant bit is lost when an 
A•type constant is aligned to specified length. 

ERROR IN VALUE LIST 

Issued if a character other than a right 
parenthesis follows a literal. 

FIELD n HAS AN ERROR IN LITERAL DEFINITION 

Issued when a literal is found but no literal 
has been indicated for the input parameter. 

FIELD n RESULTED IN A CONSTANT WHICH WAS TOO LARGE 
POSSIBLE ERROR 

Issued if an expression value exceeds 24 bits. 

The routine also moves to the BLCONVAL output table any 
diagnostic codes generated by the BLEXVAL program. For those 
messages, see the BLEXVAL description. 

USBAS Subroutine 

FUNCTION: This subroutine (Chart KL) searches the assembler 
USI~G table to develop base and displacement for an S•type 
address constant. 

ENTRY: The only entry, location USBAS, is entered from the 
ASUBRT routine. 
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OPERATION: Using the value supplied in the BLEXVAL output 
table format by the ASUBRT routine, USBAS scans the entire 
USING table to find the corresponding base register and 
displacement value. (The format of the USING table appears 
in Subsection 6.1.) If several base registers have usable 
values, the one offering least displacement is selected. If 
displacement is the same with several registers, the register 
first encountered is chosen. 

When no base register covers the input value, the 
subroutine issues a diagnostic through a call to the DIAG 
routine before returning control. 

EXIT: Return is to the calling point. 

ERRORS: The subroutine sets up the following diagnostic 
message if a valid base register value cannot be found. 

FIELD n HAS ADDRESS WHICH IS NOT COVERED BY A USING 

QJU.,D Subroutine 

FUNCTION: This routine (Chart KM) makes an entry in the RLD 
table for a relocatable address constant. 

ENTRY: Location QRLD is entered from the ASUBRT routine as 
part of A•type constant processing. 

OPERATION: The subroutine begins by aligning the constant 
on a word boundary, if specified by the alignment code given 
in the BLCONVAL input. For a relocatable expression, the 
subroutine moves the contant's location, length, sign, and 
relocation ID number, along with the relocation ID of the 
current control section, to the RLD table. (The format of 
this table is given in Subsection 6.t.) A check is then 
made for table overflow before the subroutine adds the 
length of the constant to a dummy location counter value 
and returns control. 

If the expression proves absolute, the subroutine 
merely increases the location counter value before exiting. 

EXIT: Return is to the calling point. 

ERRORS: The subroutine sets up the following message for 
the DIAG routine if a table overflow is found .. 

RLD TABLE OVERFLOWED 
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3.4 CONVERT TO FIXED POINT ROUTINE (FROMF) 

FUNCTION: This routine (Charts LA, LB, LC, LD, LE) converts 
a decimal number, containing 1 to 23 digits in EBCDIC, to 
a doubleword, fixed-point, binary representation. The maximum 
value that can be represented is 9,223,372,036,854,775,807; 
the minimum is .1084203 x 10-18. If negative scaling is 
specified, the maximum value that can be converted is 
+9,999,999,999,999,999,999. 

ENTRY: This routine is entered at location FRO.MF from 
BLCONVAL. BLCONVAL supplies in a special data format (labeled 
TABLEA) the input number, exponent and length information, 
and scale factor. (The format of TABLEA is detailed in 
Subsection 6.3.4) 

OPERATION: After calculating and validating the input 
number length and true exponent, the routine processes the 
integer and fraction parts of the number separately. Large 
segments of the routine are skipped if the input contains 
only an integer or fraction. Both of these number parts 
are handled in portions, each of which is assumed to be a 
right-justified integer containing a specific number of 
digits and an exponent. After the portions have been 
multiplied (or, for fraction portions, divided) by the 
power of 10 indicated by their exponent, they are added 
together to form the integer and fraction binary values. 
Finally, these two values are aligned according to the 
specifications given in TABLEA and added to obtain the 
fixed•point representation. 

Integer processing is done in a series of loops. One 
loop (starting at location CL4, Chart LA) divides the integer 
into portions of 9 characters or less and converts them to 
binary. Another loop (starting at location LM6, Chart LB) 
multiplies each portion by 10 raised to the power of the 
portion exponent. The maximum exponent for the first 
integer portion is 10; the second portion can have an 
exponent of 1 or O; the third portion, if present, contains 
only one digit with a O exponent. Multiplication is done 
by shifting and adding so that a multiplicand larger than 
31 bits can be used without exceeding the doubleword limit. 
But this is not true if the scale factor is minus. So if 
an overflow occurs and the scale factor is minus, the 
routine tries to save the integer output by shifting the 
binary portions one bit to the right and by decreasing the 
scale factor. Carries from the higher•value portions are 
saved in the next lower portion so that the bit actually 
shifted out is in the lowest portion and has the least 
significance. If a nonzero bit is lost, the truncation flag 
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is set, but processing .still continues by restarting the 
multiplication loop with the new portion values. 

After multiplication, the portions are added together 
to form the integer binary output. Overflow may occur at 
this time becuase of negative scaling or because the sum 
equals the maximum negative valuea If the latter is the case, 
the maximum negative number is stored for output. If scaling 
caused the overflow, the sum of the portions is right-shifted 
until the scale factor is reduced to zero. The truncation 
flag will be set if a nonzero bit is shifted out. 

If the input number contains fractional digits, the 
routine uses several loops to develop the fraction binary 
output. Three loops (beginning at locations CLI9, CKI10, 
and CLI101: Chart LB) determine the exponent for the fraction. 
If an exponent is shed, it is complemented to positive 
for processing, but is understood to be negative@ Therefore, 
it is incremented for each zero and digit found in a ft to-
right scan, reduced each zero found in a right•to•left 
scan. (If the exponent exceeds 20 before the first significant 
digit is found, the fraction is too small to represent in 63 
bits.) Another loop divides the fraction into 8·character 
portions and converts these to binary. Finally, a three-time 
loop handles exponentiation by dividing each portion by the 
corresponding power of 10. To gain maximum accuracy, a 96-bit 
number is used as the dividend. Each division produces a 
third of this number: the quotient of the first division is 
stored in the first 32 bits and its remainder is divided to 
get the next 32·bit value: the remainder of the second division 
is then divided to get the final 32·bit value. Shifting and 
rounding take place several times during this operation in 
order to prevent a fixed-point overflow or the loss of low• 
order bits. When division is completed, the fraction portions 
are added together, rounded, and shifted to make up the 
fraction part of the output. 

The routine aligns the integer and fraction binary values 
by using the length and scale factor information provided by 
BLCONVAL in TABLEA. The two values are then added together 
to obtain the fixed-point representation of the input number. 
If the input sign was minus, the representation is complemented 
to negative before it is moved to the output area, TABLEA. 

EXIT: This routine exits to BLCONVAL. 
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ERRORS: The routine may set any one of the following flags. 

LE Invalid length or scale factor specification. The 
output is zero. 

IN Lost integer: i.e., an uncorrectable overflow 
occurred. The output is zero. 

FR Lost fraction. The integer value, if any, is still 
placed in the output area and supplied to BLCONVAL. 

LT Low-order truncation of an integer: i.e., a 
significant bit was lost. The remainder of the 
constant is supplied to BLCONVAL. 

Any diagnostic messages resulting from these errors are issued 
by BLCONVAL. 

3.5 CONVERT TO FLOATING POINT ROUTINE (FROMD) 

FUNCTION: This routine (Charts MA, MB) converts a decimal 
number given in EBCDIC notation to its double-precision 
floating-point representation. The maximum value that can 
be represented is +.723700557733226211 x 1076; the minimum 
value is +.5397605346934028 x 10-78. 

ENTRY: This routine is entered at location FROMD from the 
BLCONVAL program, which supplies the input number (along 
with exponent·and scale factor) in the data area TABLEA, 
also used for the output. (The formats are described in 
Subsection 6.3.) 

OPERATION: After checking for a valid exponent, the routine 
processes the input number in portions of eight digits or 
less. Each portion is assumed to be an integer with its own 
exponent, a positive or negative power of ten. After the 
portion has been converted, it is multiplied by the 
appropriate power of ten obtained from one of two tables: 
TABP for a positive exponent: TABM for a negative. The 
entries in these tables are floating-point representations, 
each consisting of a hexadecimal exponent and 60 fraction 
bits for greater accuracy. 

For a nonzero exponent between +76 and -75, the routine 
finds the location of the proper table entry by adding the 
portion exponent multiplied by 9 to the table address. The 
first time through, when greatest accuracy is needed, the 
table entry forms two multipliers: one with the entry 
exponent and highmorder fraction bits: the other with the 
same exponent and the low-order bits. The floating-point 
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representation of the portion is the sum of the two products: 
algebraically, N(AtB), where A and Bare the multipliers and 
N is the portion. 

The remaining portions are processed more directly, using 
only a single multiplier, since the saving of low•order bits 
for these portions would be superfluous. Each is scaled to 
have the same exponent as the first portion and rounded 
before it is added to the first portion value. The final 
total of the portions is the floating-point representation. 

If the first portion is -76 or less, a special method is 
needed because the smallest power of 10 in the negative 
table is 10-75. Two entries are therefore used at location 
LESS; one for 10 to the power of -75 and one for 10 to the 
power of the given exponent t75. The exponent of the first 
entry is increased by 8 to avoid underflow in the partial 
results. This increase is compensated for when the final 
result is obtained. Moreover, the first entry is split as 
previously explained to get two multipliers and products, 
which are then multiplied by the corresponding parts of the 
second table entry. The sum of these, after necessary 
adjustments, is the floating-point representation. (When 
the first portion exponent is less than -75, only one portion 
is handled, for the value of the other portions would be 
too small to represent.) For example, if N is the floating• 
point representation of the

7
girst portion and has an exponent 

of 10-78, it equals N x 10~ x10-3. Let A1 and B1 represent 
the high· and low-order portions of the 10-75 entry and A2 
and B2 stand for the corresponding parts of the 10-3 entry. 

10-78 N = NA 1 A2+ NA 1 ( 16 6B2) tNA2 ( 16 6B1) t 
16 

N(166B1) (16 6B2) 

166 

The factor 16-6 is used to raise B1 and B2 to a higher value 
so that their products, which might otherwise be lost because 
of exponent underflow at multiplication time, are saved. 
Adjustments for the factor are performed in f ixed•point 
registers by rightDshifting fractions, and no significant 
bits are lost. At the same time, the products are scaled 
and rounded to prevent the loss of low-order bits when they 
are finally added together. 

When scaling is requested, the routine proceeds to 
location LR12 after developing the floating-point representation. 
The fraction is right-shifted four bits for each unit of the 
scale factor, then rounded at the rightmost bit. If the 
rounding causes a carry-out into the vacated area, an additional 
four-bit shift and a corresponding exponent adjustment follow@ 
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Before exiting, the routine places its output, along 
with an appropriate flag, in TABLEA. A zero in the flag field 
marks a successful conversion. 

EXIT: This routine ret~rns to the calling point. 

ERRORS: If the routine finds an overflow or underflow 
during processing, it zeros the output area and sets a flag: 
-1 for an overflow; -2 for an underflow. 

3.6 BLPRINT ROUTINE 

The BLPRINT routine consists of 15 logical sections: 
the BLPRINT mainline and 14 subroutines. These are described 
separately on the following pages. The names and functions 
of these sections are as follows: 

1. BLPRINT Mainline: This identifies the input 
statement and calls subroutines to prepare a 
print line, to print the statement in the assembly 
listing, and, if requested, to arrange TXT cards 
for punching. 

2. DSECT Subroutine: This subroutine processes all 
types of input statements when a listing is being 
prepared and a DSECT is indicated. 

3. DIAGX Subroutine: This subroutine prints any 
diagnostic messages for the input statement and 
sets error indicators in the assembler communcations 
region. The PRINT routine usually returns control 
to the calling program at the end of this subroutine. 

4. SEQ Subroutine: This subroutine checks the sequence 
number of a statement when necessary, and sets a 
flag in the listing if an error is found. 

s. INCSTA Subroutine: This subroutine generates the 
line number for a statement and moves it to the 
print area. 

6. STA2PR Subroutine: This subroutine sets up .a 
statement for printing a~d moves it to the print 
area. 

7. ASMLOC Subroutine: This subroutine sets up the 
current location counter value and places it 
in the print area. 

8. ASMCON Subroutine: This subroutine sets up a 
constant generated for alignment and places it 
in the print area. 
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9. ROUT Subrout~ne: This subroutine sets up a print 
line for a constant requiring two or more lines 
and moves it to the print area. 

10. PRTIT Subroutine: This subroutine prints a line 
in the assembly listing. 

11. PUN Subroutine: This subroutine handles the 
punching of TXT cards, storing object code in a 
card area until ready for punching. 

12. NUCD Subroutine: This subroutine is used to fill 
out and punch a card during DC, DCL, and alignment 
statement processing. 

13. PUCD Subroutine: This subroutine punches the 
information stored in the card area. 

14. DS1 Subroutine: This subroutine handles DS 
statements when there is no sting@ The 
subroutine causes the contents of the card area 
to be punched@ 

15. DS Subroutine: This subroutine prints DS statements 
when there is a listing and causes the contents of 
the card area to be punched@ 

3.6.1 BLPRINT Mainline 

FUNCTION: Depending on the type of input statement, the 
mainline (Charts TA, TB, TC) calls subroutines to arrange 
the statement for printing and print it in the assembly 
listing, to set up and punch TXT cards, and to print 
diagnostic messages. One statement is processed on each 
call to BLPRINTe 

ENTRY: The mainline has a primary entry point, location 
BLPRINT, which is entered from the BAL and BLPAS2 programs. 
The calling program provides the s-tatement address and a 
return address in general registers. 

There are two secondary entry points: location EXIT, 
entered from many subroutines within the BLPRINT routine 
when they have finished their operations: and location 
COMNT, entered from the DSECT subroutine during comment 
processing. 
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OPERATION: The mainline may take either of two paths, 
depending on whether or not a listing is currently in 
progress. Each path processes according to the type of 
input statement. However any statement with a diagnostic 
will be forced through the ••listing-on'' path. 

When a listing has not been requested or is presently 
suppressed, the mainline calls the PUN subroutine to set up 
TXT cards for source, DCL, and alignment statements, and 
branches to the DS1 subroutine for DC•type statements. 
Ignore and comment statements are disregarded. When listing 
is temporarily suppressed, the mainline also calls the SEQ 
subroutine to check the sequence numbers of all statements 
except alignment and DCL. 

When a listing is being prepared, the mainline first 
checks whether a DSECT is in progress. If so, control passes 
to the DSECT subroutine for all types of statements. Otherwise, 
the mainline processes the input statement. 

A source statement results in a series of branches to 
subroutines to check the sequence number; set up the line 
number; move the statement to the print area; get the current 
location counter value; print the resulting line; and, if 
desired, set up a TXT card with the object code generated 
by the statement. 

An ignore statement (a statement previously found in 
error) is assigned a line number and printed. No punching 
is done. 

For an alignment statement (issued by the assembler to 
set a DC or instruction at the proper word boundary}, 
subroutines are called to arrange and print the current 
location counter value and the alignment constant. Another 
branch is taken to punch the object code generated for the 
statement if there is currently a partially•f illed TXT 
card, or force reinitialization on the next TXT card. 

A comment is given a sequence check, assigned a line 
number if it appears after the program START card, and 
printed. No punching is performed. 

A DCL (literal) statement is handled according to 
programmer request. If the printing of literals is 
suppressed, the PUN subroutine is called to set up a TXT 
card with the object code generated by the statement. 
Otherwise, the mainline moves a flag to the print area to 
signal a literal and processes the statement much like a 
DC. 
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A DC-type statement is sequence checked, assigned a line 
number, and moved to the print area only if its multiplicity 
is one. All DC-type statements are assigned the current 
location counter value. When more than one print line is 
needed (a DC may extend up to 255 bytes}, subroutines are 
called to set up and print the constant in 16-byte increments, 
although only the first such line is printed if the programmer 
has requested no data. Finally, the object code generated by 
the statement is issued to the PUN subroutine. A DS statement, 
detected as a DC-type with zero object length, is printed and 
causes the DS subroutine to punch the contents of the card 
area. 

After statement processing is completed, the mainline 
branches to the DIAGX subroutine to issue any diagnostic 
messages stored for the current statement. Final exit from 
the BLPRINT routine is usually made from the DIAGX subroutine. 
However, an alignment statement, which cannot have a diagnostic, 
causes the mainline to exit directly to the calling program. 

EXIT: The mainline can exit to three locations, depending on 
the type of input statement. 

1. To the DIAGX subroutine, taken to print any 
diagnostic messages for the current statement. 
DIAGX returns control to the program that called 
BLPF.INT., 

2. To ~he DSECT subroutine to print all statements 
within a DSECT. 

3. To the calling program.. The mainline makes this 
return, at EXIT, when an alignment statement was 
processed .. 

ERRORS: No error messages are issued, .. but the mainline does 
set flag D in the print line when a literal is listed. In 
this case, the meaning of the flag appears at the end of 
the listing. 

A DATA CONSTANT WA.S GENERATED AS A RESULT OF A LITERAL 
SPECIFICATION .. 

DSECT Subroutine 

FUNCTION: This subroutine (Chart TD) handles the printing 
of all types of statements within a DSECT (dummy control 
section). It operates only when a listing is to be prepared. 
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ENTRY: . This subroutine. has only one entry point, location 
DSECT. It is generated from the BLPRINT machine when a 
listing and a DSECT are both indicated. 

OPERATION: The subroutine identifies the type of statement 
and then calls appropriate subroutines to ready and print 
it. 

For alignment statements and· for lines generated for a 
constant requiring multiplicity, only the current location 
counter value is printed. All other types of statements are 
sequence checked, if required; assigned a line number in the 
assembly listing; set up for printing; and then printed. 
Source, DCL, and DC-type statements are also assigned the 
current location counter value before printing. 

EXIT: This subroutine can exit to two locations. 

1. COMNT, in the BLPRINT mainline, used to set up 
and print a comment statement. 

2. EXIT, in the BLPRINT mainline, taken when the 
DSECT subroutine has finished. 

CO~UIBNT: Object code within a DSECT is not punched. When 
there is no listing, tests within the individual BLPRINT 
subroutines prevent the punching of object code within a 
DSECT. 

DIAGX Subroutine 

FUNCTION: This subroutine (Chart TE) prints all diagnostic 
messages generated during assembly for the current statement. 
It also maintains, in the assembler communications region, 
counts of all serious and possible errors in the source 
program, and sets the fatal-error switch in the communications 
region when a serious error is found. 

ENTRY: The subroutine has one entry point, location DIAGX. 
It is entered from the BLPRINT mainline after the current 
statement has been printed and/or punched. 

OPERATION: If there is no diagnostic code in the diagnostic 
stack area, the subroutine immediately exits to the program 
that called BLPRINT. 

When a code is found, the subroutine uses a loop to 
process all diagnostics for the current statement. If a 
listing has been requested, each code results in the 
corresponding diagnostic message being moved from an 
internal table to the message print area, after adjustments, 

3-46 



if required, to include' a symbol or field number. DIAGX 
then calls the BLLIST routine to print the message. Serious 
error messages are always printed when there is a listing; 

· possible error messages may be suppressed by programmer 
request. 

Regardless of whether printing occurs, DIAGX increments 
the proper error count in the assembler communications region 
for every code encountered. For a serious error, it also 
sets the fatal-error switch, thus preventing execution of 
the current job. 

EXIT: The DIAGX subroutine exits to the calling program. 
This marks the end of BLPRINT routine processinq. 

COMMENT: BAL informs the programmer of the number of 
possible and serious errors by printing the count(s) even 
if no listing was requested. If one or more serious 
errors st, will also signal the monitor that execution 
of the current program is not permitted, causing the 
following mon message to be printed: 

PROGRAM CANNOT BE EXECUTED, 

unless the '~LOAD'' option was specified. 

SEQ Subroutine 

FUNCTION: This subroutine (Chart TF) validates the number 
of the current statement when sequence number checking is 
requested. If the statement is out of sequence, SEQ moves 
a flag to the print area. 

ENTRY: This subroutine has one entry point, location SEQ. 
It is entered from many points in BLPRINT. 

OPERATION: The subroutine tests an indicator in the 
assembler communications region (MASTER) to find whether 
sequence checking was requested. If so, SEQ locates the 
sequence number of the current statement and compares it 
to the last sequence number. If the current number is 
smaller or equal, a flag is moved to the print area and 
an indicator is set in MASTER to indicate the errors: SEQ 
then stores the current number for the next comparison. 

EXIT: The subroutine exits to the calling point. 
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ERRORS: Where the current sequence number is lower than 
the preceding one, SEQ inserts flag A in the print area. 
The meaning of the flag, defined at the end of the assembly 
listing is as follows: 

SEQUENCE NO .. OF STATEMENT IS SMALLER THAN OR EQUAL 
TO PREVIOUS AND ISEQ WAS REQUESTED. 

INCSTA Subroutine 

FUNCTION: This subroutine (Chart TF) increments the line 
number, converts it to EBCDIC for printing, and moves it 
to the print area. 

ENTRY: Entry to this subroutine is location INCSTA. It is 
entered from many points in BLPRINT. 

EXIT: The subroutine exits to the calling point. 

3.6.6 PRTIT Subroutine 

FUNCTION: This subroutine (Chart TF) prints one line of 
the assembly listing each time it is called. 

ENTRY: The only entry to this subroutine is location 
PRTIT.. It is entered from many points in BLPR!NT .. 

OPERATION: The subroutine prints the contents of the print 
area by callihg BLLIST. When an eject or space is needed, 
the subroutine also branches to the BLLIST subroutine. 

3 .. 6 .. 7 STA2PR Subroutine 

FUNCTION: This subroutine (Chart TG) sets up a statement 
for printing and moves it to the print area .. 

.. 
ENTRY: The subroutine has one entry point, location STA2PR. 
It is entered from the PRINT mainline and from the DSECT 
subroutine. 

OPERATION: The subroutine moves statement fields one by 
one to the print area, testing the symbol, operation code, 
and operand fields for excessive length.. For the first two 
fields, excessive length results merely in the readjustment 
of the starting location of the next field. For an excessively 
long operand and field, STA2PR moves a flag to the print area, 
sets an indicator in the assembler communications region, 
and then moves only 59 bytes of the operand. Columns 72-80 
of the statement are moved to the print area without 
inspection. 
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EXIT: This subroutine exits to the calling point. 

ERRORS: Subroutine STA2PR places flag B in the print area 
if an operand of excessive length is found. The meaning of 
this flag, defined at the end of the assembly listing is 
as follows:: 

STATEMENT TRUNCATED ON LISTING BECAUSE THE ENTIRE 
OPERAND ... COMMENT COULD NOT FIT ON A LINE 

ASMLOC Subroutine 

FUNCTION:: This subroutine (Chart TH) converts the current 
location counter value from hexadecimal to EBCDIC reprea 
sentation and places the result in the print area. 

ENTRY: The subroutine is entered at location ASMLOC from 
the DSECT subroutine and from several points in the BLPRINT 
mainline ... 

OPERATION:: After setting up the location counter value and 
the proper storage area, this subroutine makes use of the 
loop beginning at location ASLP to convert hexadecimal 
characters to EBCDIC. This loop is also shared by the 
ASMCON and ROUT subroutines. 

Conversion is accomplished by fetching two hexadecimal 
characters at a time, moving each to a separate byte and then 
operating on the bytes... Hexadecimal digits of value 9 or 
less are zoned with a hexadecimal F; digits A through F are 
reduced by 9 and zoned with a hexadecimal c... The loop 
starting at ASLP continues until all hexadecimal characters 
have been converted and stored in the designated area ... 

EXIT: This subroutine exits to the calling point. 

3..,6..,9 ASMCON Subroutine 

FUNCTION: This subroutine (Chart TH) converts a generated 
constant from hexadecimal to EBCDIC representation and 
places the result in the print area. 

ENTRY: There is one entry point, location ASMCON. It is 
entered from the BLPRINT mainl when an alignment statement 
is being processed ... 

OPERATION: This subroutine obtains from the assembler 
communications region the constant generated during pass 2 
to align a DC or an instruction on the proper word boundary •. 
The subroutine then uses the loop beginning at location ASLP 
to convert the constant to EBCDIC. For a description of 
loop operation, see ASMLOC subroutine. 
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EXIT: This subroutine exits to the calling point. 

· 3.6.10 ROUT Subroutine 

FUNCTION: This subroutine (Chart TH) converts a designated 
portion of a DC statement from hexadecimal to EBCDIC 
representation and places the res~lt in the print area. 

ENTRY: The subroutine has one entry point, location ROUT. 
It is entered from the BLPRINT mainline when a DC statement 
requires more than one print line. 

OPERATION: The calling routine provides, in general registers, 
the location of the constant value to be converted and the 
number of bytes involved. Usually, ROUT is requested to 
convert 16 bytes on each call. If the last line to be printed 
has fewer bytes, the exact number will be indicated by the 
calling routine. ROUT uses the loop beginning at location 
ASLP (shared with the ASMCON and ASMLOC subroutines) to 
convert value to EBCDIC. See the ASMLOC subroutine for a 
description loop operation. 

EXIT: This subroutine exits to the calling point. 

3.6.11 PUN Subroutine 

FUNCTION: When punching is valid, this subroutine (Chart 
TI) stores the object code generated by a statement on each 
call. The number of bytes stored in the card area determines 
when PUN calls the BLPUNC2 routine or the PUCD and NUCD 
subroutines to punch a card. 

ENTRY: This subroutine has only one entry point, location 
PUN. It is entered from many points in BLPRINT, whenever 
the object code is ready for punching. 

OPERATION: The subroutine begins by examining switches in 
the assembler communications region (in BAL) to decide 
whether punching is valid, exiting immediately to the 
BLPRINT mainline if a DSECT is indicated or if there is 
no punch or execute request. The subroutine then sets up 
a card area for the initial statement and for the next 
statement after a DS. (The card area is automatically 
punched by the DS or DS1 subroutine when a DS statement is 
processed; an indicator is set to inform PUN.) Statement 
type determines further processing. 
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For regular statements (see BLPRINT Mainline) the segment 
beginning at location PUN3 is used to store the object code 
in the card area, after first converting EBCDIC characters 

.to hexadecimal. When the contents of the card area plus 
the code for the current statement exceed the card length, 
the card area contents are moved to the punch area and 
punched by a call to the BLPUNC2 routine. The code for the 
current statement is then moved to the cleared card area to 
begin packing of the next card. 

For DCL, DC, or alignment statements, which may be 
much longer than a single card, the segment beginning at 
PUN4 is used. The PUCD subroutine is called to punch a 
full card only; NUCD is called to fill out the card before 
punching, using bytes from the current statement, and to 
continue punching full cards until the remaining bytes of 
the constant fit within a card. Subroutine NUCD then 
moves these remaining bytes to the card area for future 
punching. 

Comment and ignore statements are disregarded. 

EXIT: This subroutine can exit to two locations. 

1. EXIT, in the BLPRINT mainline, taken after PUN 
completes its operations for a statement. 

2. NUCD, in the NUCD subroutine, taken to fill out 
and punch a card during DC, DCL, and alignment 
statement processing. NUCD does not return to 
PUN, but transfers directly to ~XIT in the BLPRINT 
mainline. 

COMMENT: When an END card is encountered during pass 2, 
the assembler generates a DS to ensure that the code for 
the last statements processed is punched. 

3.6.12 PUCD Subroutine 

FUNCTION: This subroutine (Chart TJ) moves the contents 
of the card area to the punch area, calls the BLPL"NC2 
routine to punch a card, and reinitializes the card area. 
This function is performed each time PUCD is called. 

ENTRY: The subroutine has one entry point, location PUCD. 
It is entered from the UUCD, DS, DS1, and PUN subroutines 
when a card is to be punched. 

EXIT: This subroutine exits to the calling subroutine. 
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3 .. 6 .. 13 NUCD Subroutine 

FUNCTION: This subroutine (Chart TJ) punches cards during 
DC, DCL, and alignment statement processing until the number 
of bytes of object code left in the current statement will 
fit within the card .. 

ENTRY: The only entry to this subroutine is location NUCD .. 
It is entered from the PUN subroutine when a card is ready 
to be punched and a DC, DCL, or alignment statement is 
being processed .. 

OPERATION: The subroutine begins by moving to the card area 
enough bytes from the current statement to fill a card; it 
then calls PUCD for punching.. Since the length of a constant 
may greatly exceed the length of a single card, the subroutine 
loops to issue full cards until the unpunched bytes of object 
code for the statement can be contained within a card.. These 
are stored in the card area for future punching be the 
subroutine exits .. 

EXIT: This subroutine exits to location EXIT in the PRINT 
mainline@ 

DS1 Subroutine 

FUNCTION: This subroutine (Chart TK) inspects a DC&type 
statement and, if certain conditions are met, initiates 
punching.. D51 operates only when a listing is not being 
prepared@ 

ENTRY: The subroutine has one entry point, location DS1@ 
It is entered from the BLPRINT mainline when a DC-type 
statement is detected and there is no listing .. 

OPERATION: This subroutine begins by d.etermining whether 
the current statement is a DC or DS@ · A DC statement is 
passed on to the PUN subroutine for possible punching. For 
a DS statement, the DS1 subroutine sets a switch in PUN so 
that the card area will be reinitialized before the next 
punch.. It then makes a series of tests to find whether 
punching is permissible, calling the PUCD subroutine, 
when necessary, to punch the current contents of the card 
area .. 

EXIT: This subroutine can exit to two locations .. 

1@ PUN, in the PUN subroutine, used when the statement 
is a DC.. No return is made to DS1 .. 
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2. EXIT, in the BLPRINT mainline, taken after DS 
processing is finished. 

3.6.15 DS Subroutine 

FUNCTION: This subroutine (Chart TK) initiates printing and, 
when certain conditions are met, punching for a DS statement. 
The DS subroutine operates only when there is a listing. 

ENTRY: The subroutine has only one entry point, location DS. 
It is entered from the BLPRINT mainline when a DS statement 
(DC-type statement with zero object length} has been detected. 

OPERATION: This subroutine calls the PRTIT subroutine to 
print the DS statement in the listing, after setting a switch 
in the PUN subroutine so that the card area is reinitialized 
before the next card is punched. The subroutine then performs 
the same tests made by the DS1 subroutine to determine whether 
punching is valid. If so, PUCD is called to punch the present 
contents of the card area. 

EXIT: This subroutine exits to location EXIT in the BLPRINT 
mainline. 
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,P/(7//VT 

c!PW!WcNT 
S77A?Z:A/ENT 

/#/VOR 
JJLPR!Nr TAA.i. 
?R//v'T -
/&?#CJRE 
S77ATEA/EIVT 

L/7?< 

?,e;Jt' ~? L/T. 
S'YA/8'~L A'V.0 
S"CVRCc 
LC"/VG?'.l.?I. S"'E,T 

r. S'.l-W'7t1'# 

,-- ri -:. -· : -- --. 

CHART OAe PASS2 ROUTINE 
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_.1.f/ 
A.i. 

EP/TOP 
COPc /i:JR 
Offt7ce?T 
,!/~T//Vc;l 

ZLf 2 

AWi< 

tis?c /N.~ TR 
LE/i/c7TI/ 7ZJ 
ZcRtJ~s?T 
o,,c C?Cluz::-eT 
ARcA 

CEToffRANP 
{?a/NT 
,,cRoMOP 
(Jo~ 7Jf 8'LE 

cP/T /s?Y 
O'PcR. FOR 
L/.57T//Y67 /fr 

C?ffJc~ 
ARC:A ft=E 
7?!& ./ 

C:-PIT ..1NO _ 
C?m-R. /"OR 
L/.S71/AIGZ /N 

• 08JeeTARcA -
&ec ?A8Lef} 

t5VT,Z.7Y 

,.c-A"aw #Eal 
.S7A7EMc/YT 
(i:JA,iGL). 

AL/~c£ 

PP!# RAAL 
.57Adk' 
,4L/t7N 
n.4 &?M?.577/ c? 
('!VU'. /b.) 

'AL,,C OYA3 

AL/c;?N LCL--7 

CTR AT 
/IAU-11/tlRO 

''') 

cP/T .5'RO 
CJKR. /=i'.?R 
L/S" 77/\/§ //\/ 
&>8vceT 
AREA /:<?cc 
7A8LE.) 

PR110'K 

.BL/!o/IYT Z4A_i 

?RNT 

/J:v//c? //) 
S7Jf TEM£/\/T 

AP// !#ff? 
Lc1T/I 7lJ 

Lt:Jc? c??R 

'l'MlLE -LOOKU,P OF OPERl'IND 
EXIT SUilROU'rINE 

OPERAND TYPE GO TO SUDROUTINE 

REGISTER. 
Sl\ (S'l'ORl\GE ADDRESS) 
XJ\ ( INDEXADLE . 

STORAGE ADDRESS) 
SLA(4-nIT LENGTH) 
SLA(8·BIT LENGTH) 
8-BI'r IMMENDIJ\TE 
SI(8 DITS ZERO) 
SA(4 BI'l'S ZJ]:RO) 

• SHIFT AMOUNT 
LI TYPE 
OTHER 

-i 

I 

REG ST 
SJ\ 
Xl\ 

SLA4Q 
SLA 
INTB 
SI8Z 
SA4Z 
SHFT 
LITYP 
OERR 

L _ -- - -J 

rc.3 
I 
I 

-t 
I 
I 

-- ~ - - - -- I 
I 
I 
T 
I 
I 

C- - -•• -f-

__ !--~ __ J __ 

Z?/A&I RAA./ 
.57;1C7K 
L?APTcRM 
P.#6'7/V~"'l?'C 
(WO./~ 

_j 

CJC::f/Yr NONc 
/S":_~-V,q' 

..Cdc-7Nt.27.77C" 
ANPRX 
cnt:-=;t;.'r'-LO 11/ 

I 

I I 

[_ __ ·"-- ___ __! 

- -- 1 

- l 

OZ1\ 1 
PAA1 
PBA1 

PCA1 
PDA1 
OZA3 
PEA1 
PEA4 
OZAS 
OZA2 

CHART OB. MACHINE OPERATION ROUTINE 
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c.NTRY 
;C"~?JM AtcN 
!!1'7ATcMcN7 
(oAY.!7) 

r-i::1-

' I 
-t 
I 
I 
l__ -- . - ~ -

r- DI - -j- --- - -] 

I I 
I 
t 
I 

I 
L-----+----J 

El - -f--- --

L_ ---

• Fl - , 

:__ - -- 1-
1 
I 
I 

ENT.RV 
rRt:JM 
/.Yet!/ a:/ 
~17(t;;cA3) 

Hl 

I_ •. 

TABI.E LOOKUP PSEUDO PROCESSING ROU'l'INE 

OP CODE 

RC EXTENDED 
ncR EXTENDED 
ccw 
CNOP 
COM 
CSEC'l' 
DC,DS,DCL I 

DROP 
DSECT 
DUMP, DUMPFf • 
DUMPR/ DUMPC 
EJECT 
END 
ENTRY 
IGNORE 
ISEQ 
LTORG 
PRINT 

1:/-. - j •• 

I 

-· -1 

I 
. __ .! 

r ,~;· -
I 

I 
I 
I 

·I 
I 

-t 
I 
I 
l.. 

A8.57 S tJWA.2. 
c-MLC/47c 
/Vt?. tJr U/VES" 
7i:l ~,k'/,P 
(A/AX: == 66/ 

GO 'l'O 

EXBC ODJ\4 
EXBCl1 ODJ\5 
ccw ODJ\1 
CNOP OEA1 . 
COM OEJ\4 
CSECT OFJ\1 
DC ODS DGJ\1 
DROP Oil\ 1 
DSECT OFA3 

DUMP OJA2 
. EJI~GT 

END OMA1 
.2HTRY OIA4 
IGNORE OCH1 
ISEQ 
LTORG 
PRNT OCA2 

+ : 

S'.Pb"LNK . 

.57ETt//7 
7iJ 5{/}fff 

?JIVE L/NC 

:?cT/V.::?. 
70 ZERO 
,L- <!454.<? 

OP CODE 

SPJ\CE 
'l'ITLE 
'fR.l\CE I TR..il\CB 
USING 
ORG 
ILLEGAL 
QUAL 
TEQU 
SPEM 
RPEM 
TDMP,TDML 
SSEQ 
NT.IST 
LIST 
EQU,MAX,KIN 
MISP.Ll\CED 
HOT FOUND 
START 

..; . 

- I· 

!//A(}' ~7Ac?J:: 

JV /?4.<?:.~.2 p / A(9t/ 
vl7c2/c/Y'. Of,!/ .. ?.. 

CHART OC. PSEUDO ROUTINE 
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GO TO. 

SPJ\CE OCD2 
'l'ITLE ODAS 
TRACE OPA2 
USING ORA1 
ORG 

: ILLOP OUA1 
QUAL 
TEQU OUA3 
SPEM 
RPEM 
DUMP'f OSA2 
SSEQ 
NL I ST 
LIST 
EQMXMN OUAS 
MIS PL 
ILLOP OUA1 
EQMXMN OUAS 



OP · ·- ·· - ·· C"AIJ,~)' ,C.(~7.(./ 
,,I/./ • /'S"ifl/fl;' (1')-' .a..,"",_...·'4_.S_· -,.,-.-- op ~-:\/.,~:' 

A4 A./t11£· a.r­c/ c!/ <./ /;1t(6' C/A-::4L /?/A0r RA ... U 

AL/~11/LtJ(! !7UG7K 
CT/2 AT (7RW--#a k:JV) 
,178.L/t/.R/? P/Aa !Vt? '/ 

/VOL. 
AO:s"Y t:J/A..WZ 

cf?/ LI/A~/.:?-/ 
c..tP~~cAI 
{A/AX: 
ct;?§: ..<..s.:5;.J 

/F#V'ERROR 
A/Clt/c ~S7t:/'L. T 
({/?JIW'M'A#P 
a?.?'~70 c?CJ'­
ueC?/ AREA 

EXl1? ot</A3 

cW:fLt.IA?l: 
.2NP 
eX'?~..s?g/o/../ 
tPA/A AOP/Z) 

/,.C /Vt7 €...e€o~ 
A/V't/e: PA7A 
Al/OR 72?. 
OffJc?~T 
A,-r?c:A 

ZEROL4S'T 
.? 5/ J37 Or 
r-a&i27pc-

C'ANTYL 
tJ/AcJ- -RML 

S77ACK 
~#-A8~c.iij 
.£l/At7- Nc7. s~ 

oTo,_,.v,c_·------. 
P/AtSJ. RAAL 

..57ACK' [,Qz; 
ot/cR.FLoaj 
.l//At7. /lb. -4/'S 

,A('~t£ 

,,CXAd'S7 727 
C8JPC?T 
ARC,'4 

EY0? CJWA3 
EY:4Lt./ A 7C.: 

;1./oi/E 
Cbt/NT/I? 
V'8<./COT 
AREA 

A/i'S7tf' OWA2. 

el14Lt.1A7C .3/. 
cYPRE5",.0'o;\/ 
{/I/AX'. c~_s? 
255) 

.5.!./7,<-7/NT ;:44L 

?.R//VT 
L-------i f,Pw!VOU 

$'/;17EA,fE/VT 

/.:::''ffe/e 
///A CIYP'.fa7C 
A /.//J /-"/ X' 
1;;;/,sX"/'1-<:idl 

·z~,z~-ANP 

~~WP/7/flN 
73c5.7cJT 
AK54 

i,%;4,tF Orf'A3 

~.AL/&!// 4:?C 
1.ahe 7Z' 
,,t/ALr -U!t?RO 

'?/N£)1RY 

'..P..RV'V"'63'7S7 
. .O/!f"RA/VO 
,df,,€4 /Vt?// 

~ . AP.?'~) 

/1/Cl?;fL/ 

P!U/7 RAAL 

J_,7;t(.?,<' 

c2u£?AL/&l/V) 
L?/A£ /1-0'. /6 

RALF c?M3 

AL/t7,N LL?C 
CTR.a:> 
/!ALF-WORD 
8V'1/NPARY 

~'AL 

.Rcd.57 OZAL 

?'R?t?c.s'S' 
Rei?/~ 
C?/'cRA/VL/ 

CHART OD. CCW, EXBC, EXBCR SUBROUTINES 
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/!Aff t?%A3 
/'f L/tP/ Lct;7 
c/T/:? AT 
//ALFJ<.i:JR?J 
8tJVIVtJARY 

-4tJX OLE~ L ,t./L/A.l 

EU4LUATc 
,_ 

(6'1'- t?PE,fJ4N£J 

IJLE)(J#L #AA_! 

cYALt/A7C 
2Al.t? 
0/7CRA/V'P 

cfoM,.Cf,/ 7C" 
g YR37 rCJR 
a::Jt/8,LE. 
woRO 
AL/t~N 

ENTER 
C'NOP 

#P.2 

&CJt?,4:' CNO,P 

5?7A 7Z:A-/c/VT 
~,;V,?:" S'c/ 
d/VO.P' 
'SW/Tc?# 

... 

f. ~ 

// 

Wt7Rt?o 

dtJA/171/Te 
EY/eS' 
/CR tvOR.P 
AL./t.7/1/ 

h&J//r /W!Vc 
/~WcP/Ad­
#CJS,.T/c:? 
A/f./.0,..c:"/.. .. V 
c//c,.,<?/-..(/,Jl<I 

&\/TRY 
.,C,.G7A1' 
.17s7£t/.t?O 
CJ/7~3j 

&/"N',W-7A.4L 
/7.Rl"NT t?;'YIVCll 
11/tJF /5C!R) 
A/VO ~{;1,P 
S77ATCA/CNT-

APP28~ 

7bML? C!TR. 
V'!VS'c7 C',M:?? 
.57W//C?# 

cJc:?O//r NO;Ve 

/...57->74/E £Jt4t7-
/\/t?S" 77r.? 
ANPRX 
t:?//c.Rr.LOW 

m1NT 7AA_I 

PR!#/ 
d/VCP · 

..57TA 7EA./c/VT 

a-r1-1 
_:,o;72;...z::· 
C{'i'~/ff 
La! Cl ,T,(? //v' 
~_;f_:=·cT 7L?L 
,,.:..'C..<~-:T £?S'cCJ7. 
$~-?'7c7h' 

_5'6fl/17 
dwlt-lt:'/I/ As' 
da.?RcNT 
..57cd77C71/. . //\/ c?<:JM . 
.Rc:CA:?N 

8LF,,f'Y/VT Z44L 

P&/V7 c7t7M 
'ATcA./&\IT 

SCT .-?5.S-
A.:? /<c4:JC 
/?? .,,COR 
d"CJA/A-/c?/V 
T%T 

72' /?4 $7$7,2 /, NEW 
"z;f R:,A./cN. cA672 

CHART OE. CNOP, COM SUBROUTINES 
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EN/~-< 
GJ'o_,w 

~N77?Y 
/"/?OM 
P~VPO 

oPr0c?A.3.) 



C'.5-t!:c,.?T PS7ee7· 
<!'"YT&L/OT cKTRAC!T /VAA./c rROW 
s-'Z47CUcN'T ENTeR P.$7cC!T E/11/C"R 

RCYETpg:e-, C!s7ce?T #AA/C: /"~a P~er 

~/c?/I I ~?7;/ TEM6V7 
I 
I 
I 

I 

_5?,tfvc Ct/R LcJC ENTRY S74VE Ot/R. L.tX! E#TRY 
/N' C'~cC!T 78L ,,CROM N C..Y'cCT 72?L. F.kt?N 
~cTu'PR?R 

?S"EV.?70 
~cTV'?/'"i::?R ~EV~ 

t?.s76:YT 75L ~?.-::c?T 72?L · ' 
$7e.AR(!t( o?(be43) 5~AR&f o~(</oAif} 

L--- -- -~.;.... • 

/f\/t?/T 
•.A-·~--- - ; cs-- .. -· --

/,,C a"EC'?; ; I 

..?ET ,:!?S"cc:?T 
y ! 

S7a(/TC7# i 
I 

L---··-i-

,.CNPcXT 

Com/VcX7; 2'7CT t?t/R MG? t/'o?C?#EXT 
·- D4- -1 C5 -+-·- --

I 

C7.S7ECT /"/?CJU t!~ceT C7.57EC?T 
ML.c/VTRY 7?f8Lc .57cTPA7A 

/,48Lc I 

eNTRY e#TRY I 

TY Pc -- -- __ ! 

BL,/?XYNT /!4AL ,.... :=: :=) ·- -~ - -, 
?RNT 
C7S7EC?T 

S?ATEM"cN T 

NOPS"T 

.57cT V? 70 !?C:TO.I A§ 5leT~? 70 RcS"cT 5-'cAROfl RELtX? /P .57EA.RG!# .5?'cT 
C7S'cCT T.6"L c:?S7c6'T 72i'L iEt!ffcc?T L?s-"cC?T 
,,.CO.R LJ',Uf# I< feR C757cCT ,,&£::JR8LANK .5r.N/Tc?# S7W/TC?# 
Af4Mc 7f<T #AM'c 

~CJ':}.( 

~/ C'v,.e L~C7 -· ·:·1 -

'.m,q45?~2/, 
,,P,ll?I)A/ t?~C.C?/ 

Pa.er- a/8Lc 
c!?'AV »<Y. .s7c / 

.#cN/ OA82 
PJJtlA TYPc 

. t -- -~ 

c9'o 70 #c,.r/ ~$#77714.L 
a;;m~T PR/NT 
a'cC!T,7l?L. C7.s?£G7'T 

7A&c JP.!?cc;?/ 
c/VT..A<Y cN/RY S?7A 7EMClv' / 

. :1 I., ~ -- -' -.. , • . )4 - ,c, -

~/,(/ 

t?,..(82.,, 

CHART OF. CSECT, DSECT SUBROUTINES 
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'U!avXlcz;> a4. '.L 

eYALilATc 
t?cM:7;;:/ /VT 
/!.IOPIAERS! 

M'cJ.P/§ 
l//A<7 K4A/ . 
.s"7?{c?,.I::' 

c:%J//A/cP 
P/A'G7#t%7T/e 

~CT~/T. 

lYRJ 8LA/(I( 
t2) or 
ZJC:L 

cWCXi /?RE//c/\/T 

ClffJEC!T 
ARCA 
,.0,6'/V~/V62 

~?R/NT ,ZL!A.i 
/'R#T 
~T4EA/E/V/ 
A/VP /:J/AC-1-
NttJ§71Crs:J 

CcT AL 160/. 

//VCRcA/£A! 
g,:::TAL/ClrV.. 
7YP£ 

~RNT T4A.f 
PRINT 
'17vNC7/I) 
ALIGN 
Z£Ro.S7 

APC 
/AIC'RC"M"c#T 
/b Loe? 
Cl T,.(Z 

LCJCOW #ONE 
/ _s7_s?U/, 

j?/At//y{J§77t:? 
A#P PIY 
~t/cRFLoW 

/IALr ~YA3 
ALlt7N Loe 
C?7?< AT 
AIAL r-11/oR,O 
8c:J!/N,/?A.R Y. 

PIA# RAAL 
<;7AC!,I( .l?tJ'-/v'O 

//Al.tic Ll.s7T 
JM# ~/f) 

&!C-70L 

I. &A¥K(2.) 
/N Pc?L 
ANP.s?C'T 
LI/. TYPc 

A:Vff C?.-t'A.I 
ALI#;'/ Lc:t? 
C7TRAT 
.tlV&#-IU:¥?P 
ffcu;V.PARY 

--- -·. _j 

ZE'RO 
aBJEOT 
A/?EA c?a//v"T 
£:1 /""ORc?c 
~IVc?A' 

JW#T 7AA.I 
~UV/ 

C&'w#c?~ 
:>24TEUc/'/T 

APP 
U-/VGZU 
/.Cl L.a? 
CY,/R 

CHART OG. DCODS SUBROUTINE (SHEET 1 OF 2) 
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'· 

•• j 

.. 

. - . ~·) --· t 

/S..s7d£ 
P/A&l/Vt?S77?0 
ANO RX 
on:-Rr'U:JW 



S'i-T 
Rc/t/RN 
70 :/:7c-TMLT<--

.8LCJN/!/fl MAJ 

cVALtlATc 
t:7tJ/V§7ANT 

uot/c 
c!c/i/§U#T 
7b · o.8JCC/ 
AREA 

~l"",R/NT 7AA1 
/?RI/VT 
.!i7ATC:-Nc#T 
~ o.t?J6f:3T 
A/!C?t 

APP 
C'O/•,,g7TANT 
Lc/v'r7 T/I 72/ 

Lc?L? CJTR 

!J~TPAU 

TYl7C-

S7J(C7/:: 
ccN'taL 
p,4&?/V~C 

L?Ja///r NtW.E 
/~,4g',VC­

/7AtJ7/Vt'Z~/{! 
A/\/£? ,,C/X 
C?//ERrLCu/ 

s"ET 
.57/AT6£1CN'T 
§U'?P/?E~ 
§.IU/T.:?/I 

Re.Pl/de 

Ml/LT 
gy C/\/c 

b'L/7ff!V/ Z4AL 
,,PR/;VT 
{/7V/vf1/0 
Cb'ucCT 
010.0£ 

A'l?/J C7t1#S'#r#T 
LcNt77ll --0 
LOLI Ll,7,l? AN.I? 
RC-Pl/dC: 
/(/l/L-lJA'/t?'/)/ 

RE.s~T 

s77A 761k://T 
WPPRE.s7§ 
§MTG!/! 

0 /}f.:,~~2 /- ~N 
r.";;.f X!'/t/E/Y!-0,48.2 

5AJ/EL/S7T 
S"'.w'~cT 
S'U/ITC7/I 72? 
..5?a/7/7RE~S' 
L/_<77-

j.todtJYr N'aVcl 
/S"SVc 
P/Ad/Vl/S7'71(! 
A/VPRJ< 
e:>'YcRrLOW 

NoQ',.<'.'.K' 

~ES',,V,(-'c 
.t!.:/.s.,.T 
-~/V/TCil 
S?At/EPAT 
.Oo/V T?,,( 

S'cT 
A"'cTt/R;VTo 

''/VTPRT~ 

CHART OH. DCODS SUBROUTINE (SHEET 2 OF 2) 
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P~?P Ek/,~Y 

S'eTI/? ciVW>/ ~<:!,E,7'{/,P 

,RJRPcL// EN?Z:R ,,CKZ;>,i/ /-"°OR /;E,Ll/ E.N73"R 
M/M'llE,f! LJ.ROP /J,~t'./DU' ·#21.l,'.tR c/VmY 
//VZJ/af 77V'# Cl p (Ct:.:-19-;) /N///c/A ?o/\I /V'Z?Tc-L 

P. 0, .::: EiVTLP 

A 8s?;f7 ca?t 2. 
;Vo.IE .L 

c),"'//R C'NA_:;' 
CW4'U/.47C eN/l<'Y PRON .CW-l.Lk'A 72: gd, s7/?:l? ~l/Otl oP e/\/TRY. (A/AXE¢. (t?dA.:i') .8'YN8Cl.L 
/5) 

8PJJP 

&:TLIP.t3AP 
RE§ SPcC. 
Zf/A G?M?.57 77{? 

t/{/t:t. ,ZL / 

•A/TU'/ 

cfcT LJ'Ac? RAA./ ~- :.' - -

.57,PcC!/NtY :?/AC?K 
{/-:1//VtJ. 
7/lllt.e .t?U&?'#i::7.0?C 
CNTRY 

#Tt/.s:'P 

&:"TVPLJ/A~ 
R@PRCP?cV 
aJ-4§.N'oT 
/N t:/§c) 
(/VO, . ..2:?./ 

'&!AfJ' .~A.i 
#ARR' c!VTRY I 1·.:. 

::577/f C!k' 8AP 
AS' avAtf41L.' :.r;Vr,ey 
/i:?~ g~& ;tR?/A&?/l/c:5771C7 
&"§ v~c ' (( ,;07. 6 :z.) 

.Not/ 

5eT Co@ 
S't/17/7RE~s? 
Loe:! C77? /VcX/ 
,PR/IVT Y'YM'8oL 
~J</ITCll 

'LPRINT T4A.L P/Abl t01A.L 
G'o m /?RI/VT ~7:4C'J::' 8AP 
/Ve-X'T Rcr7- J?;('oP /7C,.6W'/Af4 7Z?R 
~Fe"C! .57ATcMENT P/At~ ~ 

(;VO./ 

oJVRC-

567 
i . .!7t//7PRE.572 

~8/Ss-7.2/, '.LCJ<! CTR f::"W~<?7A Te=- i PR1/VT 
#c/VT c:JA8Z 'SWITC!/I 

'LI, rR//\/T 7/IAL 
/7-R!IVT 
C/vT;<?Y 

/Z7 /U~?.2 /I 
~(/_(?;;(,TC--

_f7A°7EM6-7VT Nt:/VT o,.., 'Li'...:'? 

CHART or. DROP, ENTRY SUBROUTINES 
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P-/U.PT 
8L,!J/?AVP iUA'.L " 
C.::VTRAU'/ /,.C /VOT J/tJ~ A/t1t/c rRoiA/ 

c/VTE.k? 
a/UPT /i?,,0W//T Ma//cLAB!Z /"/LEA-.'.:?. 

/=",.q:;Nf 
~ ..1/8{7 c!AR.O h~t::7ARO 

I ffATEA/c/v'T I 
I ' ' I 

C-NTA7Y 
Sl!:-T 4'P LUO 

rl<OM /NIT/// !./26" 7£"RA4"//VA72JR 

NEt/00 06'# G1ARZJ &Ar/#tJ5 T/C 

.0/7 (be? 4 8') d'W'c1. /Erl) 

S'ETUP 
NrQVT t:>l{4S #\/RtiuT o~ 
?CS" /A.11/P " 717.s?TA/l/P 

,8RK"t/P A,4(',.€4,1\1676" .. AR'/?4/VG'c 

Pl,4#1Vt7ff/,?c? 
LOc7/c:7 7/1.Pc rRou 
PRll/c NcJ .. ~c17Rp #&'. 

llcX'6T 

rOR~ 

a--e-x ..t) 
/°ORMAT 

1- r- 1 §L:TU/7 
i. /IWTE~R 

l'&oLARG'c 
I Pl.#§NCJ~.7/C? 

_J wo.:-<s) 
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4.0 SYMBOLIC ANALYZER DESCPIPTION 

If requested by the programmer, the symbolic analyzer 
is called after pass 2 to prepare an alphabetic list of all 
symbols used in the source program. For each symbol, the 
list gives the number of the line where the symbol was defined 
as well as the line numbers of all statements referring to 
that symboL Multi .. defined and systems symbols are flagged. 
A separate listing of any undefined symbols, including 
reference line numbers, is printed after the defined symbols 
list. 

The analyzer list results from the merging of two 
tables: the definitions table and the reference table. 
The former contains all symbols in the symbol and system 
symbol tables. During a scan of the source program, line 
numbers, flags, and a count of number of references are 
added to the definition table entries. The reference table 
is built during the same scan, each entry including either 
the address of a symbol in the definition table and a line 
number 9 or an undefined code indicating an entry in the 
undefined table. A third table, undefined table, contains 
any undefined symbols that are found. 

The definition table, followed immediately by the undefined 
table, starts in lo~er storage and builds up; the reference 
table starts in highest storage and builds down. Normally, 
the analyzer completes processing in one pass. However, if 
an overflow occurs (i.e., the reference table overlaps the 
undefined table) , the reference table is cancelled but the 
first pass continues in order to finish the definition and 
undefined tables. Additional passes are then made to complete 
the reference table. By adding the number of reference counts 
qiven in definition table entries and comparing this to the 
storage available, the analyzer.selects a portion of the 
definition table and makes another pass over the source 
program. This time, the reference table is built for the 
selected portion of the definition table only. After 
printing, another portion is calculated and another segment 
of the reference table is generated. This process continues 
until all symbols and their references have been printed. 

Figure 4-1 shows the processing flow of the analyzer. 
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·The analyzer consists of 20 logically distinct routines 
and subroutines which are discussed individually on the following 
pages. The names and functions of these segments are as follows. 

1. BLANALYZ Routine - This routine condenses entries 
from the symbol and system symbol tables and sorts 
them in alphabetic order to form the principal part 
of the definition table. 

2. SXXX Routine - This routine reads a source program 
statement and calls the proper routine for further 
processing, depending on the operation code. 

3. LOC3 Routine - This routine inspects two-character 
operation code statements and controls the handling 
of DC and DS statements. 

4. LOC1F Routine - This routine decides the handling 
of three-character operation code statements and 
oversees END statement processing. 

5. LOC2 Routine - This routine decides the handling 
of five-character operation code statements. 

6.. LOC1B Routine - This routine processes dump and 
trace statements. 

7. LOC4A Routine - This routine processes CSECT, DSECT, 
and TEQU statements. 

8. DCDS Routine ~ This routine processes literals 
and DC and DS statements. 

9. EXTE Routine ~ This routine processes EXTRN 
statements .. 

10. LOC10 Routine - This routine identifies symbols 
in the name and operand· fields of all machine 
operation code statements. It is also used for 
some pseudomoperation-statements. 

11.. SCH2 Routine - This routine looks up a symbol 
in the definition (or undefined) table and builds 
the undefined table. 

12. ABKSET Routine - This routine examines an operand 
field expression, identifies symbols, and makes 
entries in the reference table .. 
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13. OVERFL Routine - This routine adds line numbers to 
reference table entries and checks for a reference 
table overflow .. 

14.. 1'1ASTXX Routine - This routine initiates printing, 
and translates the code used in the undefined table 
in order to put undefined symbol references in 
proper order .. 

15. SRTRT Routine - This routine modifies the sort 
portion of the ANALY routine for reference table 
processing .. 

16.. PR Routine - This routine prints the analyzer 
listing, merging entries from the definition and 
reference tables. 

17. INCSTA Subroutine called by PR, this subroutine 
edits an entry line number and converts it to 
EBCDIC .. 

18. MASTO Routine - This routine sets up the analyzer 
for additional ses when a reference table 
overflow occurs. 

19e MAST3 Routine - This routine resolves any reference 
table overflow that occurs during an additional pass .. 

20. XREF Routine This routine punches XRF cards for 
input to the XREF subprogram. 

4.1 CONDENSE AND SORT ROUTINE (BLANALYZ) 

FUNCTION: This routine (Chart SA) begins analyzer processing 
by building the defintion table with symbols from the system 
symbol and symbol tables.. Definition table entries are 
filled out (with line numbers, reference counts, and flaqs) 
by other analyzer routines. The sort portion of BLANALYZ is 
also used to place reference table entries in alphabetical 
order inunediately before printing .. 

ENTRY: This routine has two entry points: BLANALYZ and 
SRT1.. Initial entry is made at BLANALYZ from BAL. SRT1 is 
entered from the SRTRT subroutine when the reference table 
is ready for sorting .. 

OPERATION: If there was symbol table overflow, this routine 
inunediately exits to XEOJBX in the MASTXX routine.. The 
routine checks to see if the XPEF option was selected on the 
$BAL or $JOV card. If so, XRFINT is called. The routine 
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makes a series of loops to condense the symbol and system 
symbol tables, thus preparing the definition table. The first 
loop zeros out each symbol itself, and inserts a flag of s. 
The next loop removes all incomplete or blank entries and 
all literals from both the system symbol and symbol tables. 
A third loop zeros out the symbol table entries, except for 
symbols, and flags then with a blank. At this point, the 
symbols are ready for sorting. 

Symbols are placed in alphabetical order by a merge• 
replace sort. In this sort, the initial and middle entries 
in the table are compared and interchanged if they are not 
in ascending order; then the second entry and the one 
following the middle one are compared, and so on through the 
first pass through the table. If the two elements x and y 
are interchanged, the routine 0 •backs up'' to compare item 
y to the items with which x has previously compared, inter• 
changing y with each new item until y has been placed in 
proper sequence. Another pass over all items is then made 
with the interval between items compared reduced to one• 
half of its value on the preceding pass. (This interval 
is identified as delta on Chart SA.) Succeeding passes 
through the table are made, in nested loop fashion, each 
with delta halved from the preceding pass. 

The routine uses the ''test value'' to step through 
the table, comparing items separated by the interval delta. 
When the end of the table is reached, the test value 
incremented and the loop repeated. When the test value 
exceeds delta, delta is halved and the test value reset 
for the next pass. When the interval delta is less than 
the entry length, the sort is complete. 

-
EXIT: The routine can exit to two locations. 

1. After building the definition table, the routine 
exits to the SXXX routine. 

2. After completion a reference table sort, the 
routine transfers control to the analyzer print 
routine, PR. 

COMMENT: This routine is initially set to process 16-byte 
entries. It is later modified by the SRTRT routine to 
handle the 8·byte entries of the reference table. 
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4.2 LOCATE ACCEPTABLE STATEMENTS ROUTINE (SXXX) 

FUNCTION: This routine (Chart SB) reads a source program 
statement, checks the operation code, and determines the 
action required by the anlayzer. 

ENTRY: This routine has three entry points. 

1. Location SXXX, from the BLANALYZ routine after the 
definition table has been set up. 

2. Location SE, from the MASTO routine, to reset the 
start location of the reference table after an 
overflow has occurred. 

3. Location LOC1A, from many sections of the analyzer, 
in order to fetch the next statement. 

OPERATION: When first entered the routine stores the address 
of the first and last entries in the definition table. The 
latter address is saved in two locations, since the contents 
of one will be altered if additional analyzer passes are 
needed. The routine also sets the address of the first and 
last entries in the undefined table, located 16 bytes after 
the last entry in the definition table. The address of the 
first entry in the reference table, which starts at the 
highest storage location available, is developed and stored 
along with addresses for the definition table. 

The routine then calls the BLIOGET2 routine to read a 
source program statement in canonical form. The first byte 
of the statement is checked to decide whether a comment, 
ignore, or literal reference record is present. Ignore, 
literal reference, JOVIAL, and comment statements are 
disregarded, although the line counter is incremented for 
a comment. Certain pseudo-operation statements that require 
no further handlinq are treated the same as comments. A 
QUAL statement, if valid, results in storing the new symbol 
qualification in the LOC4~, LOC10, LOC1B and ABKSET routines, 
so that the qualification character may be moved with the 
rest of the symbol to which it applies. 

All other types of statements cause a branch to the 
proper routine, as long as the NLIST switch remains off. 
This switch is set when an NLIST statement appears; all 
statements are then ignored until a LIST is found. 
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EXIT~ This routine ~ay e~it to one of six locations, 
depending on the· operation code of the statement read. 

1. To the LOC3 routine,· used for al 1 two-character 
operation code statements. 

2. To the LOC1F routine, taken for all three-character 
operation code statements. 

3. To the LOC2 routine, taken for all statements that 
have operation codes more than four characters long. 

4.. To location LOC1A1, in the LOC10 routine, used to 
process the operand field of a TEQU statement. 

5. To the LOC1B routine, taken for a dump or trace 
statement .. 

6.. To the LOC10 routine, used for all four-character 
machine operation code statements. 

4.3 TWO-CHARACTER OPERATION CODE ROUTINE (LOC3) 

FUNCTION: This routine (Chart SC) controls the processing 
of statements with two-character operation codes .. 

ENTRY: Entry is at location LOC3 from the SXXX routine, 
made when a two-character operation code is recognized. 

OPERATION: Any two~character operation code other than 
a DC or DS results iti an immediate exit to the LOC10 routine. 

For a DC or DS, the routine first modifies the LOC10 
routine so that it checks only the name field of a statement, 
and then transfers to the LOC10 routine. Upon return, the 
DCDS routine is set up for DC and DS processing and called 
to check the statement operand field. 

EXIT: Exit is to location LOC1A in the SXXX routine after 
DC or DS processing. Otherwise, control is transferred to 
LOC10 .. 

4.4 THREE-CHARACTER OPERATION CODE ROUTINE (LOC1F) 

FUNCTION: This routine (Chart SD) completes the processing 
of DCL, DC blank, COM, and LIB statements, and sets up for 
END statement handling. Routine LOC1F passes all other 
three-character operation code statements to the LOC10 
routine .. 
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ENTRY: This routine. is entered at location LOC1F from the 
SXXX routine whenever a three-character operation code is 
read .. 

OPERATION: A DCL or DC blank operation code causes the 
routine to decrement the line counter and exit to the SXXX 
routine for the next statement.. In effect, these two types 
are ignored.. If a COM or LIB is found, exit is also to 
SXXX, but without decrementing·the line counter. l\11 other 
three-character operation code statements, except END, result 
in an exit to the LOC10 routine .. 

When an END statement is read by LOC1F, a switch is set 
in LOC10 so that return is made to LOC1F2 after any symbol 
in the statement has been processed.. Two tests are then 
made to determine the next action.. If a reference table 
overflow occurred during the first pass, a branch is taken 
to set up for additional analyzer passes; if the analyzer is 
now making an itional pass, a branch is made to initiate 
printing the current segment of reference table@ If 
both tests are negative (the usual condition), printing of 
the analyzer 1 ing started. 

EXIT: This routine may exit to any of five locations .. 

1.. For DC blank, DCL, COM, and LIB statement, exit 
is to LOC1A in the SXXX to fetch the 
next statement .. 

2. For all other three-character operation code 
statements, exit is to the LOC10 routine. 

3. If no reference table overflow has occurred, the 
return from END statement processing results in 
an exit to the rmSTXX routine to initiate printing 
of the analyzer listing~ 

4.. If a reference table 9verflow has occurred during 
this pass, return from END statement processing 
results in an exit to the MASTO routine, which 
sets up for additional passes. 

5.. Durinq additional passes, return from END statement 
processing causes an exit to location HAST1 in the 
MASTO routine to print the current segment of the 
reference table .. 
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4 .. 5 FIVE-CHARACTER OPERATION CODE ROUTINE (LOC2) 

FUNCTION: This routine (Chart SE) controls the action taken 
for statements with operation codes of five'or more characters. 

ENTRY: Entry to this routine is at location LOC2. It is 
entered from the SXXX routine when an operation code longer 
than four characters is read. 

OPERATION: The routine uses a series of comparisons to 
determine the proper exit for each statement. If an NLIST 
is found, LOC2 sets an indicator in the SXXX routine so 
that subsequent source program statements are ignored 
until a LIST occurs.. If a. START is found, a switch is 
set to ignore all operands .. 

EXIT: There are six possible exits from this routine .. 

1.. To the LOC10 routine, taken for an unidentified 
operation code or an operation code with more 
than five characters. 

2. To the LOC4A routine, .taken for a CSECT or DSECT 
statement. 

3. To the EXTE routine, taken for an EXTRN. 

4. To location LOC1A, in the SXXX routine, taken for 
an NLIST, SPACE, EJECT, LTORG, TDMPL, TDMPP, 
TITLE, or PRINT. 

5. To location LOC1BT, in the LOC1B routine, taken 
for a TRAC(x) .. 

6. To the LOC1B routine, taken for a DUMP(x). 

4 .. 6 DUMP-TRACE ROUTINE (LOC1B) 

FUNCTION: This routine (Chart SF) isolates symbols in the 
name and operand fields of dump and trace statements .. 

ENTRY: According to the specific operation code being 
processed, either of two entry points may be used. 

1. LOC1BT, used by the LOC2 routine when a trace 
statement is found. 

2. LOC1B, used by the LOC2 routine for DUMP(x) 
statements and by the SXXX routine for DUMP 
statements .. 
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OPERATION: A symbol in a trace statement should appear after 
the first comma in the operand field. Thus, the trace entry 
point (LOC1BT) sets the comma tally to one. For all dump 
statements, symbols are assumed to be after the second comma, 
and a two is loaded in the comma tally.. Since a DUMPR 
statement requires special handling (after the fourth comma, 
two fields are skipped and the symbol following must be 
processed) , the routine will take the branch to location 
LOC33 .. 

A symbol found in the name field of a dump or trace 
statement is considered to be a reference only. In this 
case, the symbol, its qualification, and the current line 
number are readied for the reference table.. Before calling 
the SCH2 routine to check that the symbol was defined, LOC1B 
sets up SCH2 to return through the ABKSET routine. There the 
reference table entry will be completed before LOC1B begins 
its examination of the statement operand field .. 

After return from ABKSET, or if there is no symbol in 
the name field, LOC1B scans the operand, reducing the comma 
tally for each comma found.. As soon as the tally becomes 
zero, a pointer is set at the next byte and the routine 
branches to the LOC10 routine to process the remainder of 
the statement .. 

For a DUMPR statement, a switch is turned on in the 
LOC10 routine so that a return is made to LOC1B (at location 
LOCRC) after a single symbol is processed.. By means of a 
decremented tally, LOC1B makes two calls to LOC10.. Then 
it bypasses two fields and branches (with the return switch 
off) to LOC10 to process the remainder of the statement. 

EXIT: This routine can e~:it to either of two locations .. 

1.. Location EX2, in the LOC10 routine, used when 
LOC1B has completed examination of a statement .. 

2.. Location LOC1A, in the SXXX routine, taken if a 
terminating blank is embedded in the operand field .. 

4 .. 7 CSECT·DS:CCT .. TEQtJ ROUTINE (.LOCciA) 

FUNCTION: This routine (Chart SG) examines CSECT, DSECT, 
and TEQU statements and, as appropriate, moves information 
to a definition table entry or sets up an entry for the 
reference table .. 
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ENTRY: The routine·has three entry points. 

1. Location LOC4A, from the LOC2 routine when a CSECT 
is detected. 

2. Location LOC4, from the LOC10 routine for a TEQU 
statement. 

3. Location LOC4AO, from the LOC2 routine when a 
DSECT is detected. 

OPERATION: The routine checks only the name field of the 
input statement, expecting a valid symbol definition. If 
this proves true after a call to SCH2, LOC4A moves the 
current line number to the definition table entry for the 
symbol and exits. 

If the symbol was previously defined (i.e., the table 
entry already has a line number), operation depends on 
whether a reference table overflow has occurred. 

If there was an overflow, the symbol is treated as a 
reference as long as it does not have the same line number 
as the previous definition. When there is no overflow, 
redefinitions in a TEQU statement are handled as references; 
they are not an error. Previous definition of a CSECT or 
DSECT symbol is also permissible, provided the first 
definition was in a CSECT or DSECT statement. If this is 
the case, the new definition is treated as a reference. 
But if the earlier definition was in any other type of 
statement, a multi-defined or multi-redefined flag is set 
before preparing a reference entry. For a DSECT, the 
QUAL character is ignored to provide proper handling of 
EXTRNed DSEC~s in qualified code. 

EXIT: This routine has two exits. 

1. Location LOC1A, in the· SXXX routine, taken to get 
the next statement. 

2. Location ABK23, in the ABKSET routine, taken to 
set up an entry for the reference table. Routine 
LOC4A supplies location LOC1A as a return address 
for ABKSET. 

ERRORS: The routine sets an error flag (Mor N) if, during 
a nonoverflow pass, CSECT or DSECT statement has a symbol 
that was defined before in another type of statement. The 
legend printed for these flags appears in the PR routine 
description. 
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4.8 DCDS Routine 

FUNCTION: This routine (Chart. SH) isolates an expression in 
a literal or in the operand field of a DC or DS statement for 
the ABKSET routine. 

ENTRY: The routine has one entry point, location DCDS. It 
is entered from the LOC3 routine for a DC or DS and from the 
LOC10 routine for a literal. 

OPERATION: The routine begins by searching for the start of 
an expression, indicated by a left parenthesis, exiting if 
it encounters a blank or comma. When a left parenthesis is 
found, ABKSET is called to process any symbols in the 
expression and to make the necessary entries in the reference 
table. Upon return, the pointer will be at the expression 
terminator. For a literal, signaled by a value that LOC10 
put in a general register, a comma results in a return to the 
calling routine. For a DC or DS, the loop through ABKSET 
continues until an expression terminator other than a comma 
is found. 

EXIT: Exit is to the calling routine. 

4.9 EXTRN ROUTINE (EXTE) 

FUNCTION: This routine (Chart SI) controls the processing of 
symbols in the operand field of EXTRN statements. Each symbol 
is identified separately for the LOC10 routine by setting a 
pointer to the first byte of the EXTRN statements. Each symbol 
is identified. Symbols are definitions rather than references. 

ENTRY: The only entry point is location EXTE, entered from 
the LOC2 routine when an EXTRN is found. The calling routine 
supplies the location of the first byte in the operand field. 

OPERATION: The routine searches the operand field for symbols, 
using an 8-byte maximum length as the criterion for a valid 
symbol. The routine immediately exits if the first byte of 
the operand is blank. Otherwise, it forms a loop to find a 
terminator: a blank, comma, or period (indicating 
qualification). Since processing of a symbol is identical 
with the LOC10 routine handling of a name field, a blank or 
comma results in a call to LOC10, which is set to return 
after name field processing. Since a blank also marks the 
end of the operand, the EXTRN exits upon return. A period 
causes the routine to strip the qualification before resuming 
standard processing. 
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When more than eight bytes are scanned before encountering 
a terminator, the symbol is assumed invalid. If a comma 
appears after the invalid symbol, the routine loops back to 
start the next scan, thus ignoring the invalid symbol. 

EXIT: This routine exits to location LOC1A in the SXXX 
routine. 

4.10 LOCATE SYMBOLS ROUTINE (LOC10) 

FUNCTION: This routine (Charts SJ, SK) isolates symbols in 
the name and operand fields of statements with machine 
operation codes. It also helps process dump, trace, EXTRN, 
END, TEQU, DC, and DS statements. 

ENTRY: The routine has four entry points. 

1. LOC10 from the SXXX, LOC1, LOC1F, and LOC2 
routines for a machine operation code or for 
a DC or DS statement. 

2. LOC1A1, from the LOC1F routine for an END statement, 
and from the SXXX routine for a TEQU. 

3. EX2, from the LOC1B routine for a dump or trace. 

4. LOC10A, from the EXTE routine, which sets up one 
symbol to be processed as if it were in the name 
field of a statement. 

OPERATION: Name field processing is bypassed if the field 
has no symbol or if the analyzer is in an additional pass. 
(All definition entries are completed in the first pass, 
regardless of reference table overflow. In additional passes, 
to save time, definition activity is inhibited.) 

A symbol discovered in the name field is set up for the 
SCH2 routine. Upon return, if SCH2 did not find the symbol 
in the definition table, LOC10 increments the reference 
count of the entry in the undefined table, moves the 
definition information to the reference table, and calls 
the OVERFL routine to complete the reference table entry. 

If the symbol was found, a test is made to decide 
which flag should be put in the definition table entry. A 
multi-defined symbol is flagged with an R if a system symbol 
or with an M if a source program symbol; a properly defined 
symbol is flagged with either a T (system symbol) or D. 
These flags serve as signals for other analyzer routines. 
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The segment of LOC10 beginning at location LOC1AB 
examines an operand field for symbols, and thus looks for 
possible entries for the reference table. There are two 
special cases, however: a DC or DS statement is bypassed 
because of a switch set by the LOC3 routine; a DUMPR statement 
results in a return to the LOC1B routine after a single 
operand symbol is handled. 

For other statements, LOC10 begins a series of comparisons 
to isolate expressions, continuing until the first blank 
signals the end of the operand field. Each time an expression 
is found, the routine branches to ABKSET so that possible 
symbols may be processed for the reference table. An equal 
sign, indicating a literal, results in a branch to the DCDS 
routine, which is first set up for literal processing. 

EXIT: This routine may exit to one of six locations. 

1. If an EXTRN is being processed, the routine exits 
to the EXTE routine after processing one symbol. 

2. To the LOC3 routine, for a DC or DS after name 
field processing. 

3. To LOCRC in the LOC1B routine, taken if a DUMPR 
statement is being processed. 

4. If an END statement is in process, exit is to 
location LOC1F2 in the LOC1F routine. 

5. If a machine operation code statement was processed, 
the routine exits to LOC1A in the SXXX routine. 

6. To location LOC4, in the LOC4A routine, for a 
TEQU statement. 

ERRORS: When the routine detects a multi-defined symbol, 
it flags the definitions table entry with an M or an R. 
These flags will appear in the analyzer listing. 

4.11 SEARCH ROUTINE (SCH2) 

FUNCTION: This routine (Charts SL, SM) finds the address 
of a symbol in the definition or undefined table. It also 
builds the undefined table to include any symbol not in 
the definition table. 
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ENTRY: The routine has one entry point, location SCH2, 
which may be entered from the LOC1B, LOC4A, LOC10, and 
ABKSET routines. The calling routine will indicate whether 
SCH2 is to place the address of· the matching definition 
table entry in the next available reference table location 
or in a specific storage area. 

OPERATION: In the first analyzer pass, this routine searches 
the defintion table and, if required, the undefined table. If 
a match for a symbol is not found, a new entry is made in 
the undefined table. This table, like the definition table, 
is always completed during the first pass. 

In additional passes, operation is limited to a search 
of the definition table. The undefined table, if present, 
is then treated just like the definition table after all 
definition table entries and references are printed. 

The begins its search at the mid 0 point of the 
definition table, comparing the entry with the symbol sought 
to decide which half of the table to scan. 

The routine then sets starting and ending locations 
for that portion of the table and continues this process 
until it has found a match or exhaus the table. As soon 
as a match is found, the routine stores the entry address 
as directed by the calling routine and exits. 

If the limit is reached in the selected portion of the 
table and there is no match, the symbol is undefined, and 
the first entry is made in the undefined table. This entry 
is given a code number of 1~ a code number is used rather 
than an address, since the address may change as new entries 
are added. (Each new undefined symbol is assigned the next 
higher code number until the table limit of 255 is reached.) 
After generating the entry, the routine places the undefined 
code in the next available reference table location (if no 
overflow has occurred) and exits. 

For subsequent undefined symbols, the routine enters 
the same loop used in definition table search, but with 
the pointer now set to the undefined table. When a match 
is found, the undefined code is moved to the reference 
table; if there is still no match, the new undefined symbol 
is entered in its proper alphabetic position in the 
undefined table. 
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·If a reference table overflow occurs, all subsequent 
reference table entires for undefined symbols will carry an 
undefined table address rather than an undefined code. Since 
the undefined table is complete at the end of the first pass 
and its entries are thus in proper alphabetic order, normal 
table addresses can be used. 

EXIT: Exit is to the calling point. 

4.12 ABKSET ROUTINE 

FUNCTION: This routine (Chart SN) develops the reference 
table and increments the reference count in defintion and 
undefined table entries. 

ENTRY: The routine has three entry points. 

1. Location ABKSET, from the LOC10 and DCDS routines. 

2. Location ABK23, from the LOC1B and LOC4A routines. 

3. Location ABK01, from the MAST3 routine. 

The calling routine supplies the address of the 
expression to be processed. 

OPERATION: The routine calls BLBRKUP to separate the input 
expression into elements and operators, to find the number of 
characters in each element, and to lo~ate the expression 
terminator@ 

Routine ABKSET processing starts with a test of the 
diagnostic code returned by BLBRKUP. If the expression proves 
so long or complex that the entire statement is invalid, the 
routine exits at once to get the next statement; immediate 
return is made to the address provided by the calling routine 
when any other kind of error is indicated. Otherwise, the 
first character in an element, translated by an internal table, 
determines the operations to be -performed. The path taken for 
various types of first characters are as follows. 

First Character 

Number 

Alphabetic 
(except X,, c, s,, 

T 11 L) or $ 

Path 

Branch to ABK1 and then to ABKOO. In 
effect, this element is ignored. 

Branch to ABK21,, where the symbol is 
set up for the SCH2 routine. 
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First Character 

Blank or Quote 

X or C 

s, T, or IJ 

Any other 
character. 

Path 

Branch to ABK3, where a scan is made to 
the next quote. The characters read are 
ignored, and the routine loops to .PJ3KOO 
to process the next element. 

Branch to ABK4, where a check is made 
for quotes in the second byte. If found, 
processing is the same as for an initial 
quote. If quotes are not detected, the 
path for alphabetic processing is taken .. 

Processing continues with a test for 
quotes in the second byteo If present, 
the routine skips to the next character, 
assumed to be the start of a symbol, 
before continuing with alphabetic 
processing. 

Treated the same as a number. 

Before calling the SCH2 routine, ABKSET sets up the 
symbol it has isolated and checks whether special quali ion 
(signaled by a period immediately after the symbol) is 
involved. If so, the qualification is placed after the 
symbol, overlaying any current qualification, before trans 
of control. Routine SCH2 then scans the definitions table 
and, if necessary, the undefined table to find the table 
entry matching the symbol and moves that entry's address or 
undefined code to the next available location in the reference 
table. 

Upon return, ABKSET makes a series of tests before 
incrementing the reference count for the current symbol (in 
the definition or undefined table) and before calling the 
OVERFL routine to make the reference table entry final. 
Essentially, these tests prevent any additions to the 
definition and undefined tables after the first analyzer 
pass. If an overflow occurs in the first pass, the tests 
forbid further entries in the reference table but allow 
the definition and undefined tables to be completed. The 
reference table will then, of course, be built in additional 
passes. 

EXIT: The routine normally exits to the address supplied 
by the calling routine. At exit, the address of the expression 
terminator is loaded into a general register for the use of 
the calling routine. If the return from BLBRKUP shows that 
the entire input statement is invalid, the routine exits to 
LOC1A in the SXXX routine to read the next statement. 
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4.13 OVERFL ROUTINE 

FUNCTION: This routine (Chart SO) places a line number in 
the current reference table entry, develops the location 
for the next entry, and checks for a reference table overflow. 
When an overflow occurs, the routine sets switches to prevent 
further building of the reference table and sets up for a 
transfer to the MASTO routine when the END statement is read. 

ENTRY: There is one entry point, location OVERFL, which is 
entered from the ABKSET routine whenever a reference table 
entry is ready. It is also entered from the LOC10 routine 
when a reference to an undefined symbol is being processed. 

EXIT: This routine has two exits. 

1. The usual exit to the calling point. 

2. If an overflow occurs during an additional pass, 
the routine transfers control to the MAST3 (double 
overflow) routine. 

COMMENT: No reference table entry is final until this routine 
has supplied the next reference entry location. If no new 
location is given, the next entry moved to the table will 
wipe out the previous one. 

4.14 REFERENCE•TABLE•CODE TRANSLATE ROUTINE (MASTXX) 

FUNCTION: This routine (Chart SP) initiates printing of the 
analyzer listing (i.e., the reference table has not overflowed). 
If necessary, it also translates undefined symbol codes, 
used instead of addresses in the undefined table, so that 
sorting will place references to undefined symbols in proper 
order. The analyzer end-of •job sequence is also included in 
this routine. 

ENTRY: This routine has two entry points. 

1. Location MASTXX, from the LOC1F routine after END 
statement handling. 

2. Location Y..EOJB, from the PR or MASTO routine after 
printing. Entry is from l1ASTO only if the reference 
table overflowed during analyzer processing. 
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OPERATION: If there .are no undefined symbols, the routine 
immediately calls SRTRT to initiate printing.. Otherwise, 
it builds an internal table to-equate each undefined code 
with the alphabetical position ·of its symbol in the undefined 
table.. (Undefined symbols are in alphabetic order, but codes 
are assigned in the order the symbols were encountered .. ) 
Once this translation table is complete, the reference table 
is read and each undefined code is replaced with its 
corresponding sequence number. · Control then passes to the 
SRTRT routine.. Before the final EXIT to MASTER the routine 
checks to see if the XREF option was selected. If so, the 
XRFTRL subroutine is called. 

EXIT: This routine has two exits. 

1.. To the SRTRT routine to begin printing. 

2.. To MASTER, indicating the end of analyzer operations .. 

ERRORS: The lowing message is printed if more than 255 
undefined symbols appeared in the source program: 

THE UNDEFINED SYMBOLS LIMIT HAS BEEN EXCEEDED .. 
THE FIRST 255 ARE LISTED .. 

COMMENT: Translation of undefined codes unnecessary in 
additional passes.. Since the undefined table is always 
completed during the first pass, actual table addresses can 
be used to identify references to undefined symbols .. 

4.15 PREPARE FOR SORT ROUTINE (SRTRT) 

FUNCTION: This routine (Chart SQ) sets up the sort portion 
of the ANALY routine for reference table processing. 

ENTRY: Location SRTRT is the only entry point.. Usually, 
it is entered from the MASTXX routine when the analyzer 
tables are complete.. In case of overflow, entry is from 
the MASTO routine to print a segment of the analyzer listing .. 
In the unlikely event of a second overflow, entry is made 
from the MAST3 routine to resolve the overflow. 

OPERATION: The routine modifies BLANALYZ to sort reference 
table entries into proper sequence. After saving registers 
for PR, SRTRT alters the length values stored in BLANALYZ to 
8 bytes, the length of reference table entries1 and sets 
switches to permit duplicate entries, (valid in the reference 
table) and to cause BLANALYZ to exit directly to PR. Reference 
table starting and ending locations and register increment 
values are also established .. 
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.Because of a first-time through indicator, SRTRT bypasses 
its switch-setting and length-modifying operations in subsequent 
calls .. 

EXIT: This routine exits to location SRT1 in the ANALY routine .. 

4 .. 16 PRINT ROUTINE (PR) 

FUNCTION: This routine (Charts SR, SS, ST) places the analyzer 
listing on system output.. Routine PR develops the listing by 
merging and editing entries from the definition, reference, 
and undefined tables .. 

ENTRY: The routine has one standard entry point and three 
special entry points that are used during double 0 overflow 
processing.. Location PR is the standard entry from the ANALY 
routine after reference table sorting. The special entries 
are as follows"" 

1.. Location PRSW1, from the MAST3 routine, when a 
double-overflow is discovered .. 

2.. Location PR3, from the MAST3 routine, when the 
preceding attempt to resolve the double-overflow 
has failed and a partial line is stored in the 
print area. 

3. Location PR21, from the MAST3 routine, when the 
preceding attempt to resolve the double-overflow 
has failed and the print area is ready for a new 
line .. 

OPERATION: This routine may operate in three situations. 

1. In standard processing, the MASTXX routine makes 
one call to PR (through the SRTRT and BLANALYZ 
routines). Printing in·this case is the last 
analyzer operation; the entire listing is printed, 
and exit is to end ... of •job (XEOJB in MASTXX) .. 

2. When a reference table overflow has occurred, the 
MASTO routine calls PR (through SRTRT and BLANALYZ) 
at the end of each additional pass to print a 
segment of the analyzer listing. 

3. When a double-overflow appears, the MAST3 routine 
immediately calls PR (through SRTRT and DLANALYZ) , 
and the two routines interact until the special 
overflow condition is resolved. 
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STANDARD PRINTING: The routine begins by saving the starting 
and ending locations of the definition table. After finding 
the first valid entry (i.e., one that contains a definition 
line number or a nonzero reference count), it takes a first­
time branch to set up column headings for defined symbols 
and ejects the listing to a new page. 

The routine next examines the flag field of the entry. 
A flag of D marks a properly defined symbol, and no flag 
is moved to the print line. If the flag is greater, a 
diagnostic switch is set in MASTER and the entry flag is 
moved to the print area. Usually, this is either an R 
(multi-redefined system symbol) or M (multi-defined symbol). 
If the flag is T, it is converted to an S (for redefined 
system symbol), which will be accepted by MASTER as a 
proper entry. 

The INCSTA subroutine (Chart SU) is now called to 
edit the entry line number and convert it to EBCDIC, 
which it is moved to the print area, followed by the symbol 
and its qualification, (if any). If a test of the entry 
reference count shows there are no references for the symbol, 
the contents of the print area are placed on system output, 
and the routine loops back to fetch the next definition 
table entry. When references are indicated, the line 
numbers of the corresponding reference table entries are 
edited, converted to EBCDIC, and moved to the print area. 
Up to nine reference line numbers can be printed on the 
same line with the symbol. Any additional references are 
then printed on subsequent lines without repeating the fl 
def-inition line number, symbol, and qualification in 
Before a line is printed, the routine checks to see if the 
XREF option is active. If so, Subroutine XRFBEG is called to 
set up the symbolic card. 

When entries in the definition table are exhausted, the 
routine checks for undefined table entries, exiting to 
end•of•job if there are none. Otherwise, it sets up for 
the undefined table, prints page and column headings for 
the undefined symbol listing, then loops back to begin 
printing undefined symbols and their references. The process 
is the same as for defined entries, except that the flag 
and the definition line numbers are not printed. 

PRINTING BY SEGMENTS: If the reference table overflowed, 
nothing is printed at the end of the first analyzer pass, 
and only a segment of the definition table (or undefined 
table), along with its corresponding references, is printed. 
at the end of each subsequent pass. In this situation, the 
starting and ending locations of the definition table are 
set by the MASTO routine. PR operation for a segment is 
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the same as in the standard printing, but when the segment 
is finished, exit is to the MASTO routine. Routine MASTO 
will determine when the analyzer listing is complete. 

PRINTING IN A DOUBLE•OVERFLOW SITUATION: The operation of PR 
in a double-overflow situation is controlled by the MAST3 
routine. (See the description of that routine for the 
procedure used.) 

EXIT: Exit is to the address supplied by the calling routine. 
In standard processing, return is to the end•of•job portion 
of the MASTXX routine. In segment processing, return is to 
the calling point in the MASTO routine. All exits in double· 
overflow handling are to the MAST3 routine. 

ERRORS: When an M, T (printed out as an S), or R flag is 
detected in a definition table entry, the flag is moved to 
the listing and a diagnostic switch is set in MASTER. Before 
the assembler returns control to the utility monitor, it 
will print a flag legend. 

M ANALYZER HAS FOUND A SYMBOL TO BE MULTI•DEFINED. 

S ANALYZER HAS FOUND A SYSTEM SYMBOL WHICH WAS 
REDEFINED IN THE PROGRAM. (This flag is for 
information; it is not an error.) 

R ANALYZER HAS FOUND A SYSTEM SYMBOL WHICH IS 
MULTI-REDEFINED. 

4.17 CONVERT TO EBCDIC SUBROUTINE (INCSTA) 

FUNCTION: This subroutine (Chart SU) converts a binary 
number to deciaml (EBCDIC representation) for printing. 

ENTRY: The one entry point, location INCSTA, is entered 
from various segments of the PR routine. 

EXIT: Exit is to the calling point in the PR routine. 

4. 18 DOUBLE-OVERFLOW ROUTINE (MAST3) 

FUNCTION: This routine (Chart SW) manipulates the PR 
routine to resolve a reference table overflow during an 
additional pass. This double-overflow can happen only 
when the references for a single symbol exceed the area 
available for the entire reference table segment. 
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ENTRY: The routine has three entry points, which are used 
in sequence~ 

1. Location MAST3, from the OVERFL routine when the 
double-overflow is first detected. (This occurs 
as the ABKSET routine tries to add and entry to 
a full reference table.) 

2. Location MAST31, from·the PR routine just after 
it sets up for printing. 

3. Location MAST34, entered from PR after it has 
performed the operation designated by MAST3. 

OPERATION: When first called, the routine saves registers, 
. sets two double-overflow switches in PR routine, and 
then calls SRTRT to initiate printing. The saved registers 
preserve the exact conditions under which ABKSET began 

ing the current re ; , they will be 
restored to restart ABKSET. 

Once PR is ready encounters the first 
double switch MAST31. In turn, MAST3 
passes to PRSW1 in PR to print all re 
now in the reference tab As soon as this is done, PR 
returns to MAS 4, MAST3 resets the start of the 
re table, restores ters, ts to ABKSET 
to resume processing the reference that caused the overflow. 
(At this point, the print area contain a partial line, 
but this will be handled within PR by the setting 
of the second double-overflow switch when normal additional· 
pass printing starts.) 

If another overflow appears, the initial call and the 
first entry from the PR are the same as before. But MAST3 
now branches to location MAST36, where the contents of the 
print area decide the next action. If there is information 
in the print area, the routine exits to location PR3 to fill 
out and print the line. If the print area is clear, the 
routine exits to location PR21 to set up a new line. In 
either case, printing continues until the current reference 
table entries are exhausted. Upon final return from PR, 
rmsT3 exits as described below. 

EXIT: Final exit is always to location ABK01 in the ~BKSE~' 
routine. Other exits that may be used are as follows. 

a. To the SRTRT routine to initiate printing. 

b. To location PRSW1 in the PR routine to set up and 
print the initial line(s) for the entry. 
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.c.. To location PR3 in PR to complete and print 
a partial line stored in the print area .. 

d.. To location PR21 in PR to set up a new line 
when the print area is clear .. 

4. 19 REFERENCE TABLE OVERFLOW ROUTINE (MAS TO) 

FUNCTION: This routine (Chart SY) is called when the source 
program END statement is read and an overflow has occurred. 
On the first call, the routine sets up the analyzer for 
additional passes so that it can build the reference table 
in segments. At the end of each additional pass, the routine 
initiates printing of the completed portions of the definition 
and reference tables and sets up for the next pass .. 

ENTRY: Entry to this routine is at location MASTO from the 
LOC1F routine when the END statement is in process and an 
overflow is indicated.. When the END statement is encountered 
at the end of each additional pass, entry is at location 
MAST1. 

OPERATION: As soon as overflow is detected, the reference 
table becomes void and its area is surrendered to the 
undefined table. The filling of entries in the definition 
and undefined tables continues so that when the END statement 
appears at the end of the first analyzer pass, these two tables 
are complete and their length is fixed. Therefore, MASTO 
can calculate the exact storage, and from it the maximum 
number of entries available for the reference table. Then, 
starting at the first entry in the definition table, the 
routine adds up reference counts until they exceed the number 
of possible entries, and sets a new definition table ••end'' 
address at the entry just before the one causing the excess. 
The reference table will now be built for the selected portion 
of the definition table only. When this segment of the 
analyzer listing is printed, the next portion is established, 
and the process continues until all symbols and references 
are printed. 

To prepare for additional passes, Ml\STO sets seven 
switches: two in SCH2 to prohibit further entries in the 
undefined table and to permit the reference table to be 
built; two in ABKSET, one to inhibit building of the 
definition table, the other to allow reference table entries; 
one in the LOC10 routine to inhibit definition table building; 
one in OVERFL so that a branch is taken to the MAST3 routine 
if another overflow occurs; and one in LOC1F, causing a 
return to MASTO (at location MAST1) the next time an END 
statement is read. 
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EXIT: This routine may take either of two exits. 

1. Location SE, in the SXXX routine, taken to start 
each additional pass. 

2. Location XEOJB, in the MASTXX routine, taken when 
printing has been completed. This exit is also 
used if there is no storage available for the 
reference table. 

4.20 PUNCH XRF CARDS ROUTINE (XREF) 

This routine punches XRF reference cards when requested 
by the XREF option on the $BAL Control Card. The routine 
consists of four subroutines. 

1. XRFINIT Subroutine - This subroutine initializes 
for the XREF function. 

2. XRFBEG Subroutine - This subroutine processes each 
symbol reference and builds the XRF symbol card 
image. 

3. XRFPCH Subroutine - This subroutine punches cards 
for the XREF function. 

4. XRFTRL Subroutine = This subroutine provides 
termination of the XREF function. 

4.20.1 XRFINIT Subroutine 

FUNCTION: This subroutine (Chart SZ) performs necessary 
initialization for the XREF function. 

ENTRY: The subroutine has only one entry point at XRFINIT. 
The entry is made from BLANALYZ if th.e XREF option was 
requested. 

OPERATION: This subroutine first checks to see the type 
of assembly being made. If the assembly is for a Compool 
Segment, no switches are set and return is made to the 
BLANALYZ routine. If serious errors were encountered during 
the Assembly, no switches are set and return is made to 
BLANALYZ. Otherwise a switch is set to indicate that XRF 
cards should be punched. The XRF header card is then prepared 
and subroutine X:RFPCH is called to punch the header card .. 
When the header card has been punched, return is made to 
the calling point. 
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EXIT: Exit from this routine is made to the calling point in 
the BLANALYZ routine. 

4.20.2 XRFBEG Subroutine 

FUNCTION: The purpose of this subroutine (Chart SZ) is to 
build XRF symbol cards. 

ENTRY: Entry is made at XRFBEG from the PR routine whenever 
the Analyzer is ready to set up a line of print with a 
referenced symbol. 

OPERATION: The subroutine first checks to see that the 
referenced symbol is a library routine name or a Compool 
data name. If not return is made to the PR routine. The 
symbol is put in the XRF card image and, if the card is 
full, Subroutine XRFPCH is called to punch the card. 

EXIT: Exit is made to the calling point in the PR routine. 

4.20.3 XRFPCH Subroutine 

FUNCTION: This subroutine (Chart. SZ) punches XPF cards. 

ENTRY: The routine may be entered at XPFPCH from the 
XRFINIT subroutinev the XPFBEG subroutine, or the XRFTRL 
subroutine. 

OPERATION: This routine places a sequence numLer on the 
card to be punched and then punches the card. 

EXIT: Exit is made to the calling point. 

4.20.4 XRFTRL Subroutine 

FUNCTION: This subroutine (Chart SZ) .. terminates the XREF 
portion of the Analyzer. 

ENTRY: This routine is entered at XFF~RL from the }ffiSTXX 
routine when the analyzer has conpleted its printing. 

OPERATION: This routine calls XRFPCil to punch the last 
reference card. It then builds the XRF trailer card and 
calls XRFPCH to punch that card. 

EXIT: Exit is made to the calling point in the ~ffiSTXX 
routine. 
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5.0 STORAGE ~ND TIMING 

5.1 STORAGE REQUIREMENTS 

The BAL assumbler can operate in a minimum environment of 
one Storage Element (SE) (32K words). Although it can be run 
in any larger configuration, it will use a maximum of eight SEs. 
Any additional storage beyond 8 SEs will simply be ignored. 

The actual storage required to assemble a given program 
is dependent on the availability of WORK2 and on the size 
of the program. Accompanying tables 5-1 and 5-2 give the 
maximum program parameters that can be accommodated in each 
memory configuration with and without WORK2, respectively. 

Figure 5~1 illustrates the storage layout of the 
assemblies that comprise the BAL assembler. Figure 5-2 
summarizes the layout of the buffers and variable length 
tables that are used by BAL. 

5.2 TIMING 

There is no simple formula to determine the timing for 
the BAL assembler, as it is highly dependent on machine 
configuration, especially storage and WORK2 availability. 
However, for any given configuration, the time for a non· 
compool assembly will be roughly proportional to the number 
of input statements. 

When a compool is involved, timing will be proportional 
to number of statements from SYSIN plus number of statements 
actually processed from the compool, plus an overhead 
factor representing tape time to find the first compool 
segment and tape time to skip unwanted segments. 

Use of the PUNCHC option will add time for an additional 
pass over the compool tape, plus assembly time for those 
statements selected from the compool. 

5-1 
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TABLE 5-1. ASSEMBLER SES VS VARIABLES (.WORK2 AVAILABLE) 

Number of SEs 

Variables 1 2 3 4 5 6 

Maximum number of 1024 4096 8192 8192 16384 16384 
symbols 

Maximum number of 512 2048 4096 4096 8192 8192 
address constants 

Maximum number of 128 1024 2048 2048 4096 4096 
literals. 

7 8 

16384 20480 

8192 8192 

4096 4096 
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TABLE 5-20 ASSEMBLER SE VS VARIABLES (.WORI<2 NOT AVAILABLE) 

Number of SEs 

Variables 1 2 3 4 5 6 7 

Maximum number of 144 719 1296 1872 2248 3023 3600 
symbols 

Maximum number of 72 359 646 934 1221 1509 1796 
address constants 

Maximum number of 72 359 646 934 1221 1509 1796 
literals 

Approximate number 478 2778 5078 7378 9678 11978 14278 
cards 

8 

4176 

2048 

2048 

16578 
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6.0 DATA SPECIFICATIONS 

6.1 TABLE FORMATS 

6.1.1 Symbol Table 

The symbol table is built by BLPAS1 and used by BLPAS2 
and BLANALYZ. Every symbol defined in the source program 
creates an entry in this table in the format shown in 
Figure 6-1. 

System Symbol Table 

The system symbol table, containing permanently defined 
system symbols, is appended to the end of the symbol table 
when the symbol table is set up by the INIT1 routine of 
BAL. Entries in the system symbol table have the same format 
as those in the symbol table (see Figure 6-1). 

6.1.3 CSECT•EXTRN Table 

The CSECT•EXTRN table built by BLPAS1 and updated 
during interlude. Entries are made for CSECT, DSECT, 
COM, and EXTRN statements in the format given in Figure 6-2. 

6.1.4 ENTRY Table 

The ENTRY table is built by BLPAS1 from symbols 
designated by ENTRY statements. All defined ENTRY symbols 
(i.e., those also entered in the symbol table) are put out 
during the interlude as ESD cards. Each entry in the ENTRY 
table contains a symbol in an eight-byte field and its 
qualifier in a one-byte field. The format of an entry is 
shown in Figure 6-3. 

6.1.5 Literal Table 

The literal table is built by BLPAS1 and emptied 
after an LTORG statement and/or .after the END statement. 
Each literal being put out as DCL statement for BLPAS2 is 
assigned a location by entering the literal dummy name in 
the symbol table. The format of an entry in the literal 
table is shown in Figure 6~4. 

6.1.6 RLD Table 

The RLD table is built by BLPAS2 to develop the 
relocation dictionary for the object program. Each entry 
in the table is in the format shown in Figure 6-5. 



O"\ 
I 

N 

Reloc 
Field Symbol Qual Location ID Length Control Type Scale 

Byte No. 0 7 8 9 1 1 12 13 14 15 

Bytes 8 1 3 1 1 1 /2 i/2 1 

where: 

Symbol - EBCDIC characters, left-justified 

Qual - EBCDIC character 

Location address assigned to symbol 

Reloc ID 0 = absolute; 1 through 254 = CSECT or DSECT ID; 255 = Common ID 

Length - one less than length defined or implied, in bytes 

Control - 0 = empty; 1 = defined; 3 = multi-defined; 5 = symbol is TEQUATED, 
re-evaluate the equate 

Type - 0 = x (hexadecimal) 
1 = c (EBCDIC) 
2 = p (packed decimal) 
3 = ,., (zoned decimal) LJ 

4 = H (fixed point halfword) 
5 = F (fixed point word) 
6 = E (floating point, singleword) 
7 = D (floating point, doubleword) 
8 = I (instruction label) 
9 = A (address constant, word) 

10 = s (base and displacement, halfword) 

Scale Factor - Binary (2•s complement) 10100000 to 10011111 (-96 to t159 decimal) 

FIGURE 6-1. SYMBOL TABLE ENTRY FORMAT 



Current Highest Reloc ESD 
Field Symbol Location Location ID Type 

Byte No. 0=7 8-=10 11 .... 1 3 14 15 

Bytes 8 3 3 1 1 

where: 

Symbol - Section name or EXTRN symbol, EBCDIC characters 

Current Location - Location counter for section, 0 
through 224_1 

Highest Location - Location counter for current end 
of section, 0 through 224-1 

Reloc ID - see definition under symbol table (Figure 6-1) 

ESD Type - C = CSECT; D = DSECT; X'02' = EXT.RN; 
X11 0A' = COM 

FIGURE 6-2. CSECT•EXTRN TABLE ENTRY FORMAT 

Fielrl Symbol Qual 

Byte No .. 0 8 

Bytes 8 1 

FIGURE 6-3.. ENTRY TABLE ENTRY FOR.l\1AT 
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Source Object Source 
Field Length Dummy Name Length Format 

Byte No. 0 1-8 9 10-n 

Bytes 1 8 1 variable 

where: 

Source Length - length in bytes of literal source format 

Dummy Name - =000 followed by a four-byte identifying 
number, assigned in order of entry (= is X'7E') 

Object Length - one less than the literal object length, 
in bytes 

Source Format - the literal as written in source program 

FIGURE 6--4. LITERAL TABLE ENTRY FORMAT 

Reloc Reloc 
Field Location ID 1 ID 2 Sign Length 

0-3 4 5 6 7 

Bytes 4 1 1 1 1 

where: 

Location - storage location of address constant 

Reloc ID1 - ID of address constant (ID of section 
containing the Adcon) 

Reloc ID2 - ID of symbol in address constant (ID 
of section containing the symbol) 

Sign - addition or subtraction of symbolic in address 
constant 

Length - length of address constant (1, 2, 3, or 4 bytesY 

FIGURE 6-5. RLD TABLE ENTRY FORMAT 

6-4 



6.1.7 USING Table 

The USING table records for BLPAS2 the general registers 
that are available as base registers in any given segment of a 
source program and the value that is held in each base register. 
The table contains 17 entries, two for register 0 and one each 
for every other general register. The first entry for register 
0 is always available with a value of zero and is unaffected by 
USING or DROP statements. All.remaining entries are affected 
by USING and DROP statements, except that the switchable entry 
for register O always has a value of zero. The format of each 
entry in the USING table is shown in Figure 6~6. 

Reloc Reg Reg 
Field. Avail ID No,. No .. Value 

Byte No. 0 1 2 3 4_.7 

Bytes 1 1 1 1 4 

where: . 

. Avail - 1 = available for use as base register; 0 = 
not available 

Reloc ID - ID of symbol in expression for base value 

Reg No. general register number in EBCDIC 

Reg No* general register number in hexadecimal 

Value - base value for computation of displacement 

FIGURE 6 .... 60 USING TABLE ENTRY FORMAT 

Operation Code Table 

The operation code table, contained in BLOPLKUP, contains 
an entry for every machine operation code and every valid 
pseudo-operation code (as well as for some invalid pseudo· 
operation codes)o These entries are arranged alphabetically 
by mnemonic, but the entries are of two types: one for 
machine operation codes and another for pseudo-operation 
codes. The table is used by both BLPAS1 and BLPAS2o The 
format for a machine operation code entry is shown in Figure 6-70 
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Type Align 1rype Align Type Align Oper Operation 
Field Mnemonic Obj 1 1 2 2 3 3 Count Type 

Byte No .. 0-4 5 6 7 8 9 10 1 1 12-14 15 
" 

Bytes 5 1 1 1 1 1 1 1 3 1 

where: 

Mnemonic - operation code mnemonic, left-justified, in EBCDIC 

Obj - object code in hexadecimal 

Type - operand format type (number designates operand) : O = no operand; 4 = register; 
8 = storage address; 12 = indexable storage address; 16 = storage address with 4-bit 
length field; 20 = storage address with 8-bit length field; 24 = 8-bit integer; 28 = 
storage address (SI) with r 2 field zeroed; 32 = storage address with zeroed 4-bit 
length field; 36 = shift count; 40 = R1 register operand with R2 zero. 

Align - aliqnment code for operand (number designates operand) : code O = no 
alignment; 1 = halfword; 2 = word; 3 = doubleword. If type is a register operand: 
O = no special register; 1 = only even register; 4 = floating point register. 

Oper Count - number of operands required by the instruction. 

Operation Type - non-privileged (code = 0) or privileged (code = 1) 

FIGURE 6-7. MACHINE OPERATION ENTRY FORMAT 



The format for a pseudo-operation code entry is shown 
in Figure 6--8. 

BLPAS1 BLPAS2 
Field Mnemonic Obj N/A Mask Pointer Pointer 

Byte No. 0-4 5 6 7 8-11 12-15 

Bytes 5 1 1 1 4 4 

where: 

Mnemonic - operation code mnemonic, left-justified, in EBCDIC 

Obj hex 00, identifying entry as pseudo-operation 

N/A ..... not used 

Mask - used for extended branch mnemonics 

BLPAS1 Pointer - pointer to processing subroutine in 
BLPAS1 this pseu.do-operation 

BLPAS2 - pointer to processing subroutine in 
BLPAS2 for-this pseudo-operation 

FIGURE 6-8. PSEUDO-OPERATION ENTRY FORMAT 

Definition Table 

The definition table is built in alphabetical order by 
the analyzer from symbols in the symbol and system symbol 
tables. During analyzer processing; line number, flags, 
and count (number of references to symbol), are added. The 
format of this table is shown in Fiqure 6-9. 

6.1.10 Reference Tables 

The reference table is built during analyzer processing. 
The format of entries made in this table is shown in Figure 
6-1 o. 

6. L 11 Undefined Table 

The undefined table is built during analyzer processing. 
The format of entries made in this table is shown in Figure 
6-11. 
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Field Symbol Qual Flag Line No .. Count 

Byte No .. 0-7 8 9 10-12 13-15 

Bytes 8 1 1 3 3 

where: 

Symbol 
blanks 

EBCDIC characters, left-justified with trailing 

Qual - EBCDIC character (blank if no qualification 
specified for symbol) 

Flag .... A = an undefined symbol (not printed) 
D = a defined symbol {not printed) 
M = a multi•def ined symbol 
R = a multi-redefined system symbol 
S = any system symbol (an S flag, as such, 

is not printed out) 
T = a redefined system symbol (printed out 

as S) 

Line No .. ~ line number of the assembly listing statement 
in which the symbol is defined 

Count - number of times the symbol is used in operands 

FIGURE 6-9. DEFINITION TABLE ENTRY FORMAT 

Field Reference Line No .. 

No. of Bytes 4 4 

where: 

Reference - address of the symbol's entry in the 
Definition Table - or, if a symhol is undefined, an 
undefined code that indicates an entry in the 
Undefined Table. 

Line No .. - number of line in the assembly listing in 
which the symbol appears in the operand field 

FIGURE 6-1 O.. REFEHENCE TABLE E1JTRY FORMAT 
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Undefined 
Field Symbol Qual N/A Code Count 

Byte No .. 0-7 8 9 10 ..... 12 13 .... 15 

Bytes 8 1 1 3 3 

where: 

Symbol - EBCDIC characters, left-justified with trailing 
blanks 

Qual - EBCDIC character 

N/A - not used 

Code - the undefined code is a sequential number, 
beginning with one, assigned to undefined symbols as 
they are discovered 

Count - number of times the symbol is used in operands 

FIGUF.E 6-11 .. UNDEFINED TABLE ENTRY FORMAT 

6 .. L 12 Segment Table 

The segment table is built and used by BLPAS1 .. If the 
PUNCHC option is specified, it is written out on WORK1 at 
the end of BLPl\_S 1 and read in a·fter completion of BLPAS2 and 
BLANALYZ to allow copying of the compool to WORK1. 

Each entry in the table corresponds to a PSEG segnam 
statement.. The format of entries made in this table is 
shown in Figure 6-12 .. 

Field Flag Length Name 

Byte No .. 0 1 2-7 

Bytes 1 1 6 

where: 

Flag - 0 = entry not used; 1 = segment waiting to be read; 
2 = segment already read or in error; X'FF' = end of table .. 

Length - length minus one (in characters) of seqment 
name (suitable for EX'ing CLC, etc.) -

Name - segment name, left-justified with trailing blanks .. 

FIGURE 6-12 .. SEGMENT TABLE ENTRY FORMAT 
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6.2 INTERNAL DATA FORMATS 

These records are built by BLPAS1 and placed in the 
intermediate work file. They are read and processed by 
both BLPAS2 and BLANALYZ .. 

6.2.1 Statement Record 
" 

Statements in canonical form are in the format shown in 
Figure 6-13. 

Ignore Statement Record 

Ignore statement records are identical in format to 
statement records except that their first character is #(X'7B') 
and their length is accordingly one byte longer.. The format 
of a statement record is shown in Figure 6-13 .. 

Ignore statement records are issued during BLPAS1 for 
certain erroneous statements.. BLPAS2 will not process these 
records but they will be printed on the listing. The error 
is indicated by a diagnostic record which precedes the ignore 
statement record. 

Comment records are in the format shown in Figure 6-14. 

6 .. 2'" 3 Diagnostic Record 

The need for diagnostics necessitates a special record 
that is put out during BLPAS1. BLPAS2 presents these records, 
as well as its own diaqnostics, to a routine that will print 
the diagnostic. The format of a diagnostic record is shown 
in Figure 6-15. 

6. 2 .. 4 Literal Reference Records 

Literal reference records are issued in BLPAS1 for 
every statement containing a literal. The format of literal 
reference records is shown in Figure 6-16. 
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Field L1 L2 L3 L4 Symbol Operation Operand-Comments Cols. 72-80 

Byte Ho. 0 1 2 3 * * * * 
.. 

Bytes 1 1 1 1 0-8 1-5 0-69 9 

where: 

Note: 

L1 is the byte length of the entire record in binary (14 < L 1 < 85) 

L2 is the byte length of the symbol (0 < L2 < n) where n is the number of 
non-blank characters in the. field 

L3 - is the byte length of the operation code (O < L3 < n) 

L4 - is the byte length of the operand-comment field with all but one trailing 
blank suppressed (D < L4 < 69) 

In the fields foilowing L4 , * indicates a field of variable length and position. 

Symbol - EBCDIC characters, left-justified with blanks suppressed 

Operation Code - EBCDIC characters, l 1eft-justified with blanks suppressed 

Operand.Comments - EBCDIC characters with all but two trailing blanks suppressed. 
If a quote (') appears in the operand, the entire operand field is included 

Cols. 72-80 - appear exactly as punched on the card. A non-blank in column 72 is 
ignored 

FIGURE 6-13. STATEMENT RECORD FORMAT 



Columns 2-71 as 
on original 

Field * statement Columns 12 ..... ao 

Byte No. 0 1-70 71-79 

Bytes 1 70 9 

Note that the first character of this record is *(X'5C'). 

FIGURE 6-14. COMMENT RECORD FORMAT 

Field ' I Code Symbol 

Byte No .. 0 1-4 5--12 

Bytes · 1 4 8 

Note that the first character of the record is '(X'7D'). 

where:: 

Code - a four-byte code identified with the diagnostic 
message to be printed (see Subsection 6.4) 

Symbol - the symbol will be printed along with the 
diagnostic message, if a symbol is involved 

FIGURE 6-15. Dil\GNOSTIC RECORD FORMAT 

6-12 



Field = Dummy Name Source Length 

Byte No. 0 1-8 9 

Bytes 1 8 1 

Note that the first character of the record is= (X'7E'). 

where: 

. 6. 3 

Dummy Name - an 8·character, left-justified name 
assigned to the literal appearing in the next 
statement 

Source Length a byte indicating the number of 
characters that are used on the source card for 
the literal 

FIGURE 6-16.. LITERAL REFERENCE RECORD FORMAT 

ROUTINE INPUT /OUTPUT FORMA'fS 

Length, SYM Type,. Scale Factor, and Control are described 
in the symbol table and are taken from the first element 
(symbol or integer) encountered in the expression .. 

Location is the value of the expression. 

Reloc ID Sign - a one if minus is associated with 
relocatable symbol .. 

Reloc ID is either zero, if absolute expression, or 
nonzero ID if relocatable .. 

Error type - this is set by bits in the following 
manner. 

a. Bit 31 is set if expression is complexly 
relocatable 

b.. Bit 30 is set if expression may be in error 
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c.. Bit 29 is set if rest of statement cannot be 
evaluated 

d. Bit 28 is set if expression is partially evaluated 

e. Bit 27 is set if expression is multi-defined 

Error Count - this is a count of the number of diagnostics 
issued for the expression. 

Diagnostic - following the count are the diagnostics 
issued (for description see ''Diagnostic Record''). 

6 .. 3.1 BLCONMOD Routine Format 

a. Input 

Input Loe - The address of the first character of 
the data component 

End Loe - The address of the last character of the 
operand field 

b. Output 

On return from BLCONMOD, register 1 will contain the 
address of a table which contains the following. 

1. Address of 1st character in the value list 
- one word. Normally will reference a (, 
quote, or blank 

2. Address of the last character of the value 
list - one word. normally will reference 
a), quote, or rlank 

3. 

4 .. 

5 .. 

6 .. 

Multiplicity - one word 

Length of first element of constant in bits 
- binary word 

Total length of constant in bytes - binary 
word 

'rype one byte 

Length of first element in value list in bytes 
(-1) - one byte (value suitable for use in 
EXecuting CLC, MVC, etc .. ) 
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Alignment code - one byte 
1 = byte 
2 = halfword 
4 = word 
8 = doubleword 

Scale factor - one byte 

7. Error count - one word 

8. Diagnostic code 1 - one word (right-justified) 

9-10. Error symbol - two words 

11. Diagnostic code 2 - or.e word (right-justified) 

12-13. Error symbol - two words 

6.3.2 BLCONVAL Routine Format 

a. Input 

The starting address of the multiplicity, type, 
length and scale factor. 

b. Output 

This routine uses the set of values (multiplicity, 
type, length, etc.) determined in BLCONMOD to 
evaluate the constant list. The routine requires 
that a general register contain the starting 
address of the above values. 

On return from BLCONVAL, another geDeral regi~ter 
will contain the address of a table containing 
the following. 

1. Address of the assembled constant - one word 

2. Length of constant (after padding, excluding 
multiplicity) - one word 

3. Error count - one word 

4. Diagnostic code - one word (right-justified) 

5. Error symbol - two words 
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6.3.3 FROMD Routine Format 

a. Input (Figure 6-17) 

The symbolic name of this table is TABLEl\., 

b. Output (Figure 6~18) 

The symbolic name of this table is Tl\BLEA 

6.3.4 FROMF Routine Format 

a. Input (Figure 6-19) 

The symbolic name of this is TABLEA. 

b. Output (Figure 6-20) 

The symbolic name of this is TABLEA 

6.3.5 BLEXVAL Routine 

a.. Input 

Register 1 contains the beginning address of the 
expression. 

b.. Output 

On return from BLEXVAL, ~egister 1 has the address 
of an output table and register 2 has the address 
of the expression terminator. The output table 
contains the following. 

Word 

Word 0 
Word 1 
Word 2 
Word 3 
Word 4 
Word 5 

Word 6 
Word 7 
Nord 8 
Word 9-10 
Word 11 
Word 12-13 

Contents 

Location (value) 
Length 
SYM Type 
Scale Factor 
Control 
Reloc ID Sign 

Reloc ID 

Error Type 
Error Count 
Diagnostic Code 
Error Symbol 
Diagnostic Code 2 
Error Symbol 2 etc. 
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right· justified 
1st halfword 
( O=plus, 1=minus) 
2nd halfword 
(right-justified) 
right-justified 

right ... justif ied 
left-justified 



Contents SF E N Number 

Byte No .. 0 4 8 12-35 

Bytes 4 4 4 24 

where: 

SF - Scale factor, if specified, 0 ~ SF< + 14. Each 
unit of the scale factor shifts the fraction part of 
the converted number 4 bits to the right and increases 
the exponent by one .. 

E Exponent (signed integer) 

N Number of characters to the left of the decimal 
point" Algebraic sum of E and N must be ~ + 76 and 
~ -78 .. 

Number - EBCDIC representation of the number to be 
converted 

FIGURE 6-17. FROMD INPUT TABLE ENTRY FORMAT 

Contents F Representation 

Byte No .. 0 4 

Bytes 4 8 

where: 

F 0 = successful conversion 
-1 = overflow 
-2 = underflow 

Representation - double-precision floating-point 
representation of the value constant. 

FIGURE 6-18. FROMD OUTPUT TABLE ENTRY FORMAT 
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Contents L1 L2 SF E N s Number 

Byte No. 0 4 8 12 16 20 

Bytes 4 4 4 4 4 1 

where: 

L 1 length in bytes of the input number 

L2 length in bits of input number 

SF scale factor 

E exponent 

21 

23 

N number of digits to left of decimal point 

S sign of the input number 

Number input number in EBCDIC 

FIGURE 6-19. FROMF INPUT TABLE ENTRY FORMAT 

Contents F L Binary Constant 

Byte No. 0 2 4 

Bytes 2 2 8 

where: 

F indicates an abnormal condition 

LE - invalid length or scale 
IN lost integer 
FR lost fraction 
LT low-order truncation of an integer 
~~ - absence of flag indicating normal output 

L - length in bits of binary constant 

Binary Constant - binary representation of decimal number 
specified by BLCONVAL 

FIGURE 6-20. FROHF OUTPUT TABLE E1JTRY FORMAT 
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6.4 DIAGNOSTIC MESSAGES 

Code Messages 

1 FIELD n HAS INVALID PUNCTUATION 

2 FIELD n HAS INVALID CHARACTER FOUND 

3 FIELD n HAS A SYMBOL OR NUMBER WHICH IS TOO LONG 

4 '" FIELD n HAS AN EXPRESSION WHICH IS LONG OR COMPLEX 

5 (symbol) IS AN UNDEFINED SYMBOL 

6 FIELD n HAS AN INVALID USE OF * 

7 FIELD n IS INVALIDLY COMPLEX RELOCATABLE 

8 FIELD n HAS A VOID EXPRESSION - POSSIBLE ERROR 

9 FIELD n HAS BEEN TRUNCATED - POSSIBLE ERROR 

10 FIELD n HAS A RELOCATABLE SYMBOL WHICH IS MULTIPLIED 
OR DIVIDED 

11 FIELD n HAS TOO MANY ELEMENTS IN AN EXPRESSION 

12 (symbol) IS A MULTI~DEFINED SYMBOL 

13 USE OF PRIVILEGED OPERATION CODE - POSSIBLE ERROR 

14 FIELD n HAS AN EXPRESSION INVALIDLY TERMINATED 

15 PSEUDO-OPERATION IS MISPLACED - POSSIBLE ERROR 

16 HALF-WORD ALIGNMENT HAS OCCURRED - POSSIBLE ERROR 

17 FIELD n HAS A RELOCATABLE IN PLACE OF ABSOLUTE 

18 FIELD n HAS AN ERROR IN LITERAL DEFINITION 

19 DC SPECIFIED BUT no VALUE LIST - POSSIBLE ERROR 

20 FIELD n HAS UNUSED REGISTER SPECIFIED FOR DROP -
POSSIBLE ERROR 

21 FIELD n HAS A REGISTER EXPRESSION RELOCATABLE OR 
GREATER THAN 1 5 

22 NO DBG CARD GENERATED - POSSIBLE ERROR 

23 FIELD n HAS INVALID FORMAT SPECIFICATION - POSSIBLE 
ERROR 
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Code· 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

Hes sages 

FIELD n HAS AN INVALID LABEL - POSSIBLE ERROTI 

FIELD n HAS AN INVALID INTEGER - POSSIBLE ERROR 

FIELD n HAS AN INVALID ADDRESS ~ POSSIBLE ERROR 

FIELD n HAS AN INVALID CONDITION SPECIFICATION -
POSSIBLE ERROR 

FIELD n HAS AN ERROR IN REGISTER SPECIFICATION ...... 
POSSIBLE ERROR 

(symbol) NOT USED 

ADDRESS ON END CARD IN ERROR 

FIELD n HAS AN INVALID EXPRESSION VALUE 

NAME FIELD ON TITLE CARD INVALIDLY SPECIFIED -
POSSIBLE ERROR 

ADDRESS IN USING IS IVJ\LID 

FIELD n HAS AN DTV.l\Lin Rr.GISTER FOR USING 

INVALID OPERATION CODE - NOP GENERATED 

FIELD n IIAS A NON FLOATING POINT ~GISTER SPECIFIED 
- POSSIBLE ERROR 

FIELD n HAS A NOIJ ... EVEN REGISTER SPECIFIED - POSSIBLE 
ERROR 

FIELD n HAS ADDRESS WHICH IS NOT COVERED BY A USING 

FIELD n HAS ADDRESS WHICH MlW BE ERRO~mOUSLY ALIGNED 
- POSSIBLE ERROR 

FIELD n Hl\S ADDRESS FOP mrrcn BOTH AN DlPLIED AND 
SPECIFIED REGISTER APPLY 

FIELD n HAS SYMI30L WHOSE I1'1PLIED LI:1TG'°l1II IS TOO 
LARGE 

FIELD n HAS A SHIFT l\MOUNT WHICH IS LARGER TIINJ 64 
- POSSIBLE ERROR 

(symbol) CAUSED SYllBOL TM1LE TO OVERFLOW 

6-20 



Code Messages 

44 FIELD n HAS DIVISION WHICH RESULTED IN ZERO QUOTIENT 

45 RLD TABLE OVEF.FLOWED 

46 (symbol) HAS NOT BEEN PREVIOUSLY DEFINED 

4 7 ERROR IN MODIFIER ( S). 

48 FIELD n HAS TWO CONSECUTIVE QUOTES AFTER SYMBOL X 

51 ERROR IN VALUE LIST 

52 FIELD n USING REGISTER 0 AS A BASE - POSSIBLE ERROR 

53 FIELD n ATTEMPT TO USE NON•ZERO VALUE FOR REGISTER 
ZERO 

54 FIELD n HAS A VALUE WHICH IS TOO LARGE 

55 SYSTEM ERROR 

56 TRUUCATION OF CONSTANT - POSSIBLE ERROR 

57 INCOMPLETE SCALING - POSSIBLE ERROR 

58 FRACTION HAS BEEN OMITTED IN FLOAT. PT. NUMBER 
POSSIBLE ERROR 

59 FLOATING•POINT CONSTANT IS TOO LARGE - POSSIBLE 
ERROR 

60 CONSTANT HAS BEEN ROUNDED AND TRUNCATED - POSSIBLE 
ERROR 

61 EXPONENT IS INVALID 

62 FIELD n HAS ENTRY t•ffiICH IS NOT IN PROGRAM OR 
COMMON 

66 FIELD n HAS EXPRESSION WITH I:WALID RELOCATABILITY 

67 (symbol) SYMBOL SHOULD NOT APPEAR IN UAME FIELD 

68 ATTEMPT TO DEFINE NEW CotJTROL SECTION PREVIOUSLY 
DEFIUED .... POSSIBLE ERP..OR 

69 (symbol) IS A DUPLICATE DEFINED EHTRY POIIJT -
POSSIBLE ERROR 
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Code 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

Messaqes 

(symbol) IS A DUPLICATE DEFINED EXTRN - POSSIBLE 
ERROR 

START CARD MISSING - POSSIBLE ERROR 

DOUBLE WORD ALIGNMENT HAS OCCURRED - POSSIBLE ERROR 

ERROR IN DATA ITEM 

CSECT TABLE HAS OVERFLOWED 

LITERAL TABLE HAS OVERFLOWED 

ENTRY TABLE HAS OVERFLOWED 

LOCATION COUNTER HAS EXCEEDED MAXIMUM 

(symbol) IS NOT DEFINED, PERHAPS BECAUSE OF SYMBOL 
TABLE OVERFLOW 

LITERAL CANNOT BE REFERENCED BECAUSE OF SYMBOL 
TABLE OVERFLOW 

FIELD n RESULTED IN A CONSTANT WHICH WAS TOO LARGE 
.... POSSIBLE ERROR 

FRACTION PART LOST .... POSSIBLE ERROR 

VALUE SPECIFICATION MISSING - POSSIBLE ERROR 

FLOATING-POINT EXPONENT UNDERFLOW - POSSIBLE ERROR 

U4 VALUE EXCEEDS 24 BITS.. RESULT WILL BE TRUNCATED 

85 JOVIAL INPUT RECORDS MISSING - POSSIBLE TAPE ERROR 

Comment on forced 'END' card: END CARD SUPPLIED BY 
ASSEMBLY******* 
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6.5 INPUT FORMAT 

An assembly language source program consists of a sequence 
of statements punched into cards. An assembly language 
statement is composed of from one to four fields; starting 
from left to right, they are: name field, operation field, 
operand field, and comments field. The identification­
sequence field (columns 73-80) is not part of the statement. 

There are five general rules that must be observed when 
writing assembly language statements. 

1. Every statement requires an operation field; 
additional fields are optional. 

2. The fields in a statement must be in order, and 
they must be separated from one another by at least 
one blank, which acts as the field delimiter. 

3. Because a blank is used as a delimiter, the name, 
operation, and operand fields must not contain 
embedded blanks. However, a blank may occur 
within a character se~f-defining value, a character 
constant, or a character literal. 

4. Column 72 should always be blank. 

5. If a card is completely blank (or if there is no 
operation field), it will be ignored by the 
assembly program. 

In the various examples and statement formats throughout 
this publication, characters and words that may be written 
in assembly language statements are printed in capital letters0 
Some of these characters and words have special meaning to 
the assembly program (e.g., instruction mnemonics); others 
are representative examples of what .. might be written in 
statements. 

Specifications for the various fields are presented 
in the following text. 

6.5.1 Uame Field 

The name field is used to assign a symbolic name to 
a statement. Other statements can refer to a particular 
statement by its symbolic name. If a name is used, it 
must start in the begin column of the statement and it 
may occupy up to eight columns. The begin column is 
normally column 1 11 but it may be changed by the use of an 
ICTL assembly instruction. A name is always a symbol 
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and must conform to the rules for symbols. The following 
ex~ple shows the symbol FIELD234 used as a name. 

Name Operation Operand 

FIELD234 DS CL200 

If the begin column is blank, the assembly program assumes 
that the statement has no name.. The begin column is also used 
to indicate that a card is a comments card (see Subsection 
6 .. 5.4) .. 

6 .. 5. 2 Operation Field 

The operation field is used to specify a machine instruction 
or assembly instruction. This field may start in any column to 
the right of the begin column, provided that at least one blank 
separates it from the last character of the name. The operation 
field may contain any valid mnemonic operation code. A valid 
machine-instruction or assembly-instruction mnemonic cannot 
exceed five characters .. 

The following example shows the mnemonic code for the 
compare instruction (RR format) used in a statement named 
COMPARES .. 

Name Operation Operand 

COMPARES CR 5,6 

6. 5 .. 3 Operand Field 

The contents of the operand field provide the assembly 
program with information about the instruction specified in 
the operation field. If a machine instruction has been 
specified, the operand field specifies such program elements 
as registers, storage addresses, immediate data, masks, and 
storage-area lengths.. For an assembly instruction, the 
operand field conveys whatever information the assembly 
program requires for the particular instruction. 
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.The operand field may begin in any column to the right 
of the operation.field, provided that at least one blank 
space separates it from the last character of the mnemonic 
code. 

Depending on the instruction, the operand field may be 
composed of one or more subfields, called operands. Each 
operand must be separated from another by a comma. (Remember 
that a blank delimits the field; thus, blanks may not 
intervene between operands and commas.) The two operands 
in the following example specify general registers 5 and 6. 

Name Operation Operand --; 

COMPARES CR 5,6 

Comments Field 

Comments are strictly for the convenience of the 
prog~arnmer. They permit lines of descriptive information 
about the program to be inserted into the program listing. 
Comments appear only in the program listing; they have no 
effect on the assembled object program. ~ny valid characters 
(including blanks) may be used as coHuuents .. 

The comments field must appear to the right of the 
operand field; at least one blank must separate the comments 
from the last operand.. ~n entire card can be used for 
comments by placing an asterisk in the begin column. If 
multiple lines of comments are desired, they must be written 
as separate comments cards with an asterisk in the begin 
column. See the example below. 

Name Operation Operand. 72 

*THE ASTERISK Hl COLUMN 1 MAKES THIS A COIV'J•TENTS CARD SHOULD 
*THE ASTERISK IS PEOUIRED Ill El\_CH COrlllI::NTS Cl .. RD BI: 
Cm1PARES CR 5,6 no AS'!'ERISK NEEDED BLANK 
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The programmer may use comments in instructions that do 
not require the operand field to be specified. In instructions 
where an optional operand field is oraitted but a comments 
field is to be provided, the absence of the operand field 
must be indicated by a comma preceded and followed by one or 
more blanks. The next example illustrates this rule. 

Name Operation Operand 

END ' 
THESE ARE COMMENTS 

6 .. 5 .. 5 Identification-Sequence Field 

The identification-sequence field is used for program 
identification and statement sequ~nce numbers.. This field 
occupies columns 73-80 of the input cards. If the field, or 
a portion of it, is used for program identification, the 
identification is punched in every statement card,. The 
assembly program, however, <loes not normally check this 
field; it merely reproduces the information in the field on 
the output listing of the program. 

If the identification-sequence field, or a portion of 
it, is used for statement sequence numbers, the numbers are 
punched in ascending sequence in successive input cards. By 
using the ISEQ assembly instruction, the progranuner requests 
the assembly program to verify the ascending order of the 
numbers which he has punched. 

6.6 OUTPUT LISTING FORMAT 

If the LIST option is specified on the $DAL (or $JOV) control 
card, a program listing is produced during Pass 2 of the 
assembly. Every stateMent in the program is printed as a 
separate line, unless the progrnmmer ~akes use of the 
suppress option.. The programmer may suppress the listing 
by omitting the LIST option from the $DAL (or $JOV) control card, 
or part of the listing may be suppressed by using the 
PRINT, SPE11 (suppresses printing of possible error messages), 
or HLIST instructions in the Bl\IJ source program .. 
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Figure 6-21 contains a sample of program listing. Page 
01 of the listing contains the information given in the TITLE 
card and any comment cards following the TITLE card. Page 02 
of the listing is an external symbol listing, containing 
program name, type, ESD·ID number, location in storage, length 
(in hexadecimal), and card identification. The actual program 
listing begins on page 03. Each line of the program listing 
contains the following fields. 

Code 

F 

LOC 

OP 

RR 

B•DIS 

B·DIS 

ADDR1 1 
ADDR2 j 
LINE 

SYMBOL 

OP 

OPERAND ... COMMENTS 

!DENT 

Field 

Flag 

Location 

Assembled output 

Effective address of operands 1 and 2 

Line number 

Symbol (BAL) 

Operation code (BAL) 

Operand (BAL) and comments 

Identification sequence 

The relocation dictionary follows the program listinq, and 
contains the ESD·ID of the section where the address constant 
was defined (ID•LOC); the ESD·ID of the defined address constant 
(ID•DEF); the number of bytes of the address constant (LENGTH); 
the sign of the address constant {SI~N) : and card identification 
(CARD !DENT) • A cross-reference listing follows the relocation 
dictionary listing, and is, in turn, followed by a list of 
undefined symbols (if any) and a summary of errors .. 

The fields of the program listing are described in the 
following text .. 
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MA IN l'llOG"llAH FOii JOll VUSION 01.1/0llM OAH 101711/b'i PA(,~ 01 

'. UHllllLY CONfllOl UllOS . 
I 

'4.111111 11Hl MAIN l'llOGllAl'I ~Oii JOIJ SAHPl(llO 

" 'lllSf PllOCRAH l\EGINS Al lOCA l I ON °b5~16 SAllrlUZ1l 

MAIN PROGRAM f CJ'it JUll tRTONAl OICTllJNAllY VCllHON 011/011(,'\ ouc I 0/1fl/<.4 PAGC 0£ 

NAICE TYPE) uo-10 lOCAl llm lENGTH CAllO IOENl 

ICAINPll l'llOGllAfil 01 010000 OOOlCO MAINOOOI 
COMICIJN ,., 000000 oooHll llA l"lo002 

SRI (lllllN 02 000000 l'IA I NOoOJ 
5112 UlllN OJ 000000 MAINOOOJ 
llOUT UTll.N OS 000000 PIA I NOOO'i 
llNE 1£NiRY. 01 010000 MA I FiOOO~ 
CSCT I U4HlY 01 010000 l'IAINOOO'.'. 

""'" ENTRY 01 010°1911 MAIN0005 

HA IN PllOGRAH FClll JOB VUIUON 08/01/6'\ OATC 101 lfj/1,,~ PAC.( 03 

F LOC 01' Rll 11-0IS ll-01 s .1100111 AOOR2 LINE SYl'lllOL 01' Ol'EIUINO•COHMCN IS IOCrH 

010000 00001 MAINPR SfAl'IT x•10000• SAPIPlOlO 
00002 lNTllY l INEoC.SCfl 1MAIN.lC ~AP11'LO'i0 

•••••CSCT l 1$ A P!Ul 11-0H INEO $ VMllOL 

0000) U111N Sil I, SIU Ui'lPl050 
0000'\ " l'lA!N !'llOGUM iAHPl Ot.0 . 0000, IHQ Slll4Pl 070 

010000 O'J l!O 00006 c~c r a Ull\ 14 ,o SMIPl.ono 

i16 
010001 00007 USING . ''" SAHPlO'IO 

010002 !HI FO e 0101711 000011 l 15o•AltOMlll Sl\HPl IOO 
Cl0006 41 10 E OCf 0 I 0000 00009 l.11 I 1l INE SAMPl 11 O 
OlOOOA D2 87 ·e OCE E OH 010000 010040 00010 14VC LI NEC 1)61 , Ill ANK S SAMPll 10 
010010 D2 oe E ODii o 000 OIOOOA 00011 l'IVC LINF.• IOC l.21,Pl'IAl'I{ SAMPLl 40 

•••••PMAME I 5 AN UNOHINEO SYHllOL 

010016 '12 FI E OCE 010000 00012 PIVI l INC oC.' l' SAMrL I ~O 
OlOOlA 58 AO [ 17A OIOl 7C 00011 L 10,•ACSllll SAHl'l 17(1 
OIOOll' OS DA 00014 llAUI 11,10 Hl'IPllllO 
010020 98 AC f 17£ . 0101110 ooou Ll'I I0, 11, •At ~,COMll•l' UIH E•NENlllllCS, 51'12 I 5Al'lrl l '10 
010024 OS DC 00016 llAlll I), 12 SAMPI 700 
010026 02 87 £ OCE E OJC 010000 010040 00011 MVC l I NEC llf> I 1 IH ANK $ SllMHllO 
Ol002C 01 02 E 001! ( I BE OlOOOA 010190 000111 l'IVC llN[t 101 JI e•C 1 CNO' Uf'IPlZlO 

A 010012 OA lB 00019 EOJ SVC S.YHOJ SAl'IPl IOI 
A 010014 01 00 00020 "°'~' CNOI' z," 
A 010031> sa £0 E OlA OlOOlC 00021 l 14,SYSCT 
A OlOOlA O~ OE 00021 llAlR 1 l ,14 
A OlOOlC 000l017C 0002) SVSCT DC AC•ACSRI II 

010040 0002'\ C:NOI' 0'" Ul4Pl21.0 
A 0002!> Pll IN I NOOAU, 

0100'\0 40'i0'i040404 01, 04 04 0404 04 O'o 04 01\ 040 00026 f!llAPOlS OC 'fCl It.' ' SAMPU10 
00011 Pll INI OAIA1 

010000 000111 CNOI' o, 8 SAl'IPl 2110 
Ol 0000 00029 llNC OS I 50C. SllPIPL7'10 
Ql0U6 OltC lC'f05'10070906C 709( 104 000)0 PNAM( oc. C 'l'A IN l'~OC:fl"Aflll Hl'IPlJOO 

A 00031 'Ill£ !IHIN£ COMMON Ul'IP 

OHINE COllllON VCPlSION o~/OIH" OAfE 1017"/f,I, PAr.r O'i 

F LOC OP "" B-01 S 11-01~ AOOlll 400112 llNl SYl'lllOI. 01' 01' £11 ANO-C.OPIP!£N U IOENf 

000000 OOOH COfll \AfllPlJIO 
000000 OOOH COl'lll !QU . SAl'IPl 170 

A OOOH . Ulll'L£ IAllll fNTR• CHllNC.£ S WllH UCU AHEMlllV 
000000 OOOH TAl!lf OS Cll2 HMPll'>O 

A 000 )I> • VAlllADL~ P>IUMll£11 OF Chllll£S SAMPl 31>0 
000014 000)7 hENTAICS cou 10 UMl'L UO 

000)11 f I Tl£ HCUNO OCC I SAl'IPl HO ......_ - - -
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~((ONO CSfCT VCRSION 011/01/(lo\ OAJC 10110/1>4 rar,r o~ 

, lfll. or llR 11-ou 11-ou A(lUlll AOIJ"2 LIN( HHllOl OP OPUANO-COMl'ICNJS ;' IClfNI 

ooon QIJAl • UMrl Jl'll 
OlOl'f,11 000"0 C.Stll C.Htf Sll'fl'I J<lO 

00041 ORI'. "'A INPR, 4ll' 'lOClo' SAl'lrl .. DO 
•••••FIClO I llAS (KPll.( UION WI IH INVALID "HOtATAlllllTY 

0101'1111 0, c.o 000"2 MAIN llAUI u,o Slll'll'l '•lo 
01010 000"' USING • '11 S.U'lrl4/0 

.·.~!~::~,o 1 ~o 6~ 000 OOOH Siii TCll NOP [l(~f 5A .. l'l410 
UNOH INCL> SYl1fl1Jl 

0101'1£ 'lO 111 0 000 OOOto5 SlM 2tll 1 HHP Ul11'14~0 
•• .. •TCHP IS AN UNClf r I NCO HHllOl 

00046 (JlfRN ROUT SAHrl 4 'if.1 
OlOU7 ~ .. 00 ( lllA 01018t ,OOM1 l 11-,•AlROVll SAMPlHP 
OIOIA6 o~ co )' 000411 llAlR '" tl) 

SMIPlHO 
010\All 0000 OOM'I oc Al 21 Ulll£. I SA,.l'l ~"O 
ClOlAA 000008 000~0 Dt AUCSl\l,•AI SolHN 4~0 
OlOIAO 0000007A 000~1 Ot Fl"'""' SAHPl !:.OU 
010161 00 

~ .. ••HAl.r llC1RO Al I CNHtNT HAS OCtUl\1\£0 - POSS lllU (RllOR 

0101112 !Ill DO 0 000 00057 L U 1 •11\0UT I SAHrL~IO 
••• .. FICIO 2 HAS AN EllROR IN ll TCRAL OCflNIJION 

ClOlllt. 05' lo OOOH BALI\ 14 t ll, SAMl'l 570 
0101118 OA 19 000!>4 COPG SVC SYSRrT, SUll'l~JO 

000!>5' SHQ SAMP 
000516 TI ll E ADO 10 C.OHMON DHLAf\AT ION SAHPl 

ADD 10 COMl'ON OE CLARA TI ON VCRSION 011/01/6'> OAH 10/28/1.4 PAC,[ Oto 

I" LOC OP llR 6-0lS B-OIS AOORl AOOR2 LIH£ SYMBOL 

coooot OOOH 
cooooc 00058 
00032C 000~9 ENOIB 
OOOHO 40 ; 00060 IUCOllO 
C003Jt "o 
000312 t,O 

.COOJH t,O 
000))1, t,0 
COOH~ 40 . 
000) lt. '>0 
COOlH 40 
OOO)JO 40 
ClOOJJ<J '>0 
OOOJJA 'iO 
000)]11 '>0 
ooonc. .. o 
coo:no ~o 
OOOllE 40 
OCOllF 40 
OOOJ'iO .r,o 
000341 40 
OOOH2 '>0 
000343 "0 

00061 

OP OPCllANO-tOl'll'lEH TS 

COM 
OS ioor 
OS , 
DC 20t• . 

TITLE fND OF r111sT CSECT 

I IJ[l'H 

SAl'IPL 

~""'" SAMl'I 
SM>IPL 

SAMPl 

END Of FIRST CSCCT VlRSIUN 08/01/64 OAlf 10128/bt, PAC.F 07 

f lOC OP RR II-DIS II-DIS ADDRl ADDR2 llNt SYMllUL 

010172 
..... cscn IS A P!UlTl-DEFINtO SYMllOl 

010172 
0101 H ooocccoocooo 

0 010178 ooocoooo 
o o 1011c ooboocoo 
0 010180 OOOCOC05CC00001'00000000'b 
D OIOlBC OCOCC.COO 
• .. ••ROU~ IS AN UNDEFINED SYMllOl 

0 0101'10 C!>O!JCt, 

OOOt:.2 
OOOt. l C.SC 11 

0006'i • 
0000 

OP OP£ftAND·C014MENfS 

OUAL 
tSEC T 

L 1011'9 

oc. 
DC 
DC 
DC • 

oc. 

OHINC tONSUNU 

AC C.UMll I 
A I SRl I 

:1~O~~~OH 1 
UBlE•NENTR IC S, SR2 I 

C.'lNO' . 
ON tAA0-10 "AINOOll OOOU ~OJ DUMP AlPll,COHMON,tOMll,TAlll~+l'lAAlf•NrNIRIES 

00067 SWITCH OUMPC ,..rx,c.oNDMP,~·10000,x•"ooo•,5,10 I 

•••••FIHO l "'AS INVALID PUNC.IUATION 
.. , .. FIELD l MAS AN INVALID AOORCSS - POSSllllC ERROR 
..... NO oec CARO GENCll.ATED - POSSll!LE fllRCiR 

ON C.4110-10 l'IAINOOI~ 

.. •••EOPC IS AN UNOEFINE,O SYl'80L 

00061l 
0006'1 

• .. ••FIELD ~ MAS AN l"IVALID ADDRESS - POSSleLE ERROR . 
.. •••NO OBG CARD GENERATED - POSSIBLE EARGR 

Cl01'13 OICOOO 00070 -

TRAC[ lOOP'Tll,11AIN.•,£Ol'G.ll 
DUMPE ME•l ,CIHRG,HAINP• ,[OP!; 

ENO PIA INPR 

FIGURE 6 .... 21 • SA!iPLE PROGRAM LISTING (SHEET 2 OF 3) 
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10£NT 

SAMPl 
SAHP 

S1\l>IP 
S~'1P 

SAl'!P 
SAl'IP 

SAMP 



uo or r 11u1 'Htl llHUtAI ION t>ltl IONAAY V~IUION OA/0111114 OAH 10/lP/~4 PAlof Cl~ 

\OtATltN IO•lOC 10-0lf UNGTH SIGN 

OIOOJC 
OIOIAU 
OIOIAA 
OIOl 1R 
nCll1C 
0101fl4 
~10188 

(NO Of JllUI <.SCt I 

HAG DH INlO 

00016 
OOOJl 
00006 
OC040 
00059 
0001'1 
OOOH 
00019 
00042 
00001 
OOOH 
000)0 
00060 
00020 
00046 
0000} 
00001 
00044 
00013 

OOOH 

[ND Of flRSI CSlCI 

END Of fiR~l tSl(.l 

01 
01 
01 
01 
01 
01 
01 

SVM80l 

BLANKS 
(0148 
CSC I I 
CSCT1 
CNlll8 
{OJ 
(OPG 
llNF 
MAIN 
l'AINPR 
NfNlAIB 
'14Al4f 
11rco110 
RlAE T 
AOUT 
Sii I 
SR2 
Sid ltH 
snt1 
S YSlOJ 
SYSRrT 
JA8LC 

fOll'G 
!XI I 
Pl'<M"l 
ftOIJT 
$1f lltll 
H!4P 

01 
rr 
02 
rr 
01 
H 
OJ 

+ 
QUAl 

• 
K 

x 
x 

x 
x 

• 

QUAl 

• 

• 

AOlRENC!S 

00010 
00001 
00001 

0006' 
0001>1 
00002 
00002 
00041 
00015 

OOOH 
OOOIJ 
DOOi~ 

00011 
OOOl'f 
00054 . 
0001, 

AU ( A(NCf S 

ooon 
00044 
0001 l 

00067 
OOOH 

00011 
OOOH 
00069 

00009 
00068 
00069 
OOOM 

00051 
00023 

OOOH 

MAINOOl6 
IUINOOll> 
IUINOOl6 
MAINOOI~ 
l'IA 11110016 
MAINOOl6 
MA INOO 11 

SYMAOllt IHHIHNtlS 

00066 

~ 

00010 00011 llOOU 

00070 

000,0 

ooou. ooou 

UNDH llHO srnnou 

Vll\$1011 OA/Ol/H DATE I0/2~/64 P~l..l {l'I 

00017 00019 

VlRHUN 00/01164 DAH 10/le/M PAGr 1(1 

VCIUION O~/OIH4 DAI[ I0/21•16~ PAt.r I I 

LfGENO FDA HAG nno - , IHANING or PLAC 

A SCQU(N(f NO. or S!Alf'ICNI II CQUAL TO Oft VIALlfll !HAN l'IUVIOUI A'40 IUQ WA• UQIJBHO. 

Ill SYAHll(NI IAUNCAltO ON UHINC UCAUH lt•e !NllA( OFfRAND-tOMllfNI nno COUlD NUI Fii ON '4 llN(. 

C 110111 A SCQVOKf IJO, fAAOR A'40 SIAlfl'CNI UUNCAI ION Otr.URRCO ON lH[ LIN£, 

0 A DATA CONSIANI WU GfNCAAltO Ai • Qf\Ul I OP A l llfRAl 1P(CIVICUION. 

P IOfH SUIC"1lP41 IAUNCAllON AND GrNCAAICO DC POA tll(AAl HAYC OCCUPIUD. 

Ill ANAlYHA HAS IOUND SYl'IBOl 10 8( MUlTl•DHIN(D 

···--. s ANAlYHA HAS POUND A ~HllM snrnol IHlltH WAS Re-DHINC.D IN !Hf PAOGAAN 

ft ANAlYHR HAS fOUND A iYSTllil H1480L WHICH n MUlll-AfDHl'1rn 

0000, POHIBL( (RRCRS 

ASSf11!8LV CGMPL!TfO. - UNSUCCfH,Ul 

LOADING WILL 8( SVPPA!SSCO. -----

PllDGIUl'I CAl't,.Ol Df r HCUHO 

-- - - -

FIGURE 6-21 .. SAMPLE PROGRJIJ1 LISTING (SHEET 3 OF 3) 
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6.6.1 F Field 

The F field is usually blank, but may contain one of 
the following alphabetic characters if the specified condition 
exists (these flags apply to the program listing and do not 
affect assembly of the program) • 

Flag 

A 

B 

c 

D 

F 

M 

s 

n. 

Conditions 

Indicates an error in sequence numbers (sequencing 
is checked only if an !SEQ request is made in the 
BAL source program). 

Indicates an excessively long operand field (will 
not fit on the line). 

Indicates that both a sequencing error and an 
excessively long operand field occur in the same 
statement. 

Indicates a constant that has been generated by 
a literal (printing of literals may be suppressed 
by the PRINT instruction in the Bl\L source program). 

Indicates that both an excessively long~op~rand 
field and a constant ~enerated by a literal occur 
in the same statement .. 

Indicates that the analyzer found a multi-defined 
symbol .. 

Indicates that the analyzer found a system symbol 
which was redefined in the problem program.. This 
flag is for information only; it does not signal 
an error. 

Indicates that the analyzer found a system symbol 
which was multi-re<lefined 

Whenever an entry appears in the flag field, the 
assembler automatically prints a legend for the flags at 
the end of the list ins.. See p2~gP 11 of the listing in 
Figure 6-21 .. 

6. 6 .. 2 LOC Field 

Tl~ LOC field co~tains a six-character hexadecinal 
representatioc of the address assigned to the first Lyte 
of the object code produced for the state~ent. 
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6 .. 6 .. 3 Assembled Output 

The assemblec output cor!tains the object code produced 
for the statement.. This field is divided into four subfields .. 

Subfield Contents 

OP A two-character OP code in hexadecimal .. 

RR A two-character subfield containing register and 
length information .. 

B•DIS The first base register and displacement (blank if 
none) .. 

B·DIS The second base register and displacement (blank 
if none) .. 

G.6.4 OPERAND 1 and 2 Addresses 

Subfield Contents 

ADDR1 Effective address of the first operand (blank if 
none) .. 

ADDR2 Effective address of the scconc operand (blank if 
none) .. 

For constants, 16 bytes are printed on each line. If 
the constant requires ~ore than 16 bytes, additional lines 
are used to print it (unless a PRINT statement in the BAL 
source program has suppressed the a<lditional lines).. Constants 
that have a multiplicity greater than one require multiple 
lines for printing. 

6 .. 6 .. 5 LINE Field 

The LINE field contains a numter assigned to each input 
statement Ly the asseMtlcr.. This line numhe~ is used by the 
synbolic analyzer for ioentifying the location of symbol 
definitions and references. 

6 .. 6 .. 6 SYMBOL Field 

The SYMBOL field contains the symbol appearing in the 
same field of the Bl\L source statement.. If there is none, 
the field remains blank. 
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6.6.7 OP Field 

The OP field contains the operation code appearing in 
the operation field of the B~L· source statement. 

6.6.8 OPERAND•CQ!.~HENTS Field 

The OPEP.AND-CO!lMENTS field contains the operand and 
contents of the conunents field ·specified in the BAL source 
statement .. 

6. 6 .. 9 !DENT Field 

The !DENT field contains the contents of columns 73-80 
of the BAL source statement, which are used by the SPT edit 
program or for card identification and sequencing. 

6 .. 6.10 Cross-Reference Listing of Symbols 

When the ANALYZ option on the $BAL (or $JOV) control 
card is specified, the symbolic analyzer is called to 
produce a cross-reference listing of all symbols used in 
a program. This option forces generation of a program 
listing.. The NLISTed statements are not processed by 
the BAL analyzer. Consequently, any multi-defined symbols, 
system symbol redefinitions, etc. which occur in NLISTed 
code will not be detected by the analyzer and the appropriate 
flags will not appear in the li~ting. The cross-reference 
listing entitled ''Symbolic references,'' appears after the 
relocation dictionary listing. 

The symbolic analyzer is a part of the assembler, and 
the use of this option requires at least one additional pass 
to produce the cross-reference listing.. The listing gives 
the line number of each symbol definition and the line numbers 
of all statements that refer to the symbol. !·1ul ti-defined 
symbols and redefined systerr: sy111bols are flagged.. A separate 
listing of any undefined symbols ·is printed after the sy111bol 
listing. The symbolic analyzer can handle any number of 
references, but if more than 255 undefined syrnLols occur, 
only the first 255 are printed and a diagnostic message, 
stating that there are unlisted and undefined symbols, will 
be printed. 

6.6 .. 11 Diagnostics 

The assembler prints a diagnostic message in the 
program listing for errors discovered during processing 
of a Bl\L source program. The diagnostic message(s) is 
printed immediately after the erroneous statement. If 
no LIST option was present on the $BAL card, or if an NLIST 

6-33 



is in effect for the erroneous statement, the assembler will 
force printing of the statement and all unsuppressed diagnostics. 
The asterisks that precede each message are for ease of 
identification in the program listing .. 

6 .. 7 OUTPUT CARD FORMAT 

If the PUNCH option is used on the $BAL control card, 
an object deck is produced by the assembler.. The object 
deck begins with a $OBJ control card and is followed by the 
other cards described below. 

The assembler may produce seven types of cards in the 
object deck from the DAL source program: Text (TXT), External 
Symbol Dictionary (ESD) , Relocation List Dictionary (RLD) , 
End (END), Debug (DBG), Library (LIB), and Object ($OBJ). 
The purpose and format of these cards are described in the 
following text. 

6 .. 7 .. 1 $OBJ Control Card 

The $OBJ control card is produced by the assembler and 
placed at the beginning of the object deck.. Any object deck 
used as input to the loader Must be preceded by this card .. 

6.7.2 ESD Card 

The 9020 loader permits separately assembled programs 
to be relocated, loaded, and executed together.. These 
assembled programs can be referred to each other and to 
common storage.. The ESD card makes it possible for one 
program to refer to symbols defined in another program. The 
ESD card contains the information necessary for the loader 
to relocate the program and to assign addresses that were 
unknown at assembly time .. 

There are four types of entries on an ESD card. r~re 

than one type of entry can appear on a single card; each is 
identified, and different information is supplied by the 
assembler for each type. A maxinum of three entries can 
appear on one ESD card. 

The following list shows the four types of entries and 
describes the pertinent information that is filled in by 
the assembler .. 

1.. Program name - The pro<Jram name I'iSD card h.~s 
the same nill1e as that supplied by the STl\TIT card 
in the compiler or asse:rnhler source c.leck.. There 
will ah1ays be a prograri name r.sn card produced 
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by the assembler; if no program name was given, 
the assemhler assigns the name of • NONl\HE. The 
program name is always the first ESD entry, and is 
assigned an identification number of 01 (r.SD·ID). 
In addition to the program name and ESD·ID number, 
the ESD card included a code that inentif ied the 
entry as a program, the starting address assigned 
by the assembler, ana the nUJ11ber of bytes in the 
program. There is only one program name card for 
each assembly. The program name ESD may include a 
code that indicates that the proqrarn is an overlay .. 
If so, the original or parent program must have 
the same name and precede the overlay in the order 
of loading. 

2. Common Declaration - If the assembly (not produced 
by l.TOVIl\L source code) included a source Bl'L COM 
card, an entry indicating a common declaration is 
made on an ~SD card. The infornation entered for 
common storage includes an identifying code, a 
starting address of zero, and the number of bytes in 
common storage. Only one common declaration may 
be made for a program, and the ESD entry is assigned 
an arbitrary ESD ... ID of ·255. Common storage may 
be usen by every subprogram in the same job load 
which has a cornnon declaration .. 

3.. External Symhols - B;~ternal S~/mhols arc symbols 
(addresses) which are not defined in the same 
program that refers to them.. They are made known 
to the assembler by means of the E:~TRH pseudo ... 
operation. Each.external symbol, as it is discovered 
by the assemhler, is assigned a sequential ESD·ID 
number from 02 to 254 (01 is reserved for the 
program name and 255 for comr.1on storage; separate 
CSECTs not defined by the starting address of the 
program are assiqned P.SD•ID numbers but tio not of 
themselves produce ESD cards of a~y type). This 
num!Jer is punched in the r,sn card, together with the 
symbol, and an address of zero. To conserve space, 
only the first I:SD· If' is rmnched on the card.. The 
loader adds 1 to the first rsD ... ID to make the second 
I~ SD ... I D , e t c .. 

4. rntry Points - Entry points are sy~hols (addresses) 
that are def il1ec1 in one prograr.1 a::id can ho re fer red 
to by ~XT~Is in another program. ~hey are mnJc 
knmm to the ass(~nhlcr by the LNTTIY pseudo-operation .. 
7he entry symbol, a coc1e icl.entifying it as an entry 
point, and the address at which it \•HS asscnl,led arc 
punchet.l in the rsn card.. ;Jo r:S~)-ID numbers are givc:~n 
to entry points .. 
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Uote: On an ESD card, all fields are hexadecimal, unless 
otQerwise noteo,· and appear in r.BCDIC card code. See the 
IB!l System./360 Reference Data Card, :·:20-1703-S. 

The format of an ESD card is as follows. 

Column 

1 

2-4 

5-8 

11-12 

13-14 

15-16 

17-24 

25 

Cori tent 

12-2-9 multiple punch (identifies this as a card 
acceptable to the loader) • 

ESD (identifies type of load card). 

Blank .. 

Checksum. (If two blanks, checksum is ignored .. ) 

number of bytes of text to be loarled from card: 

if card contains one symbol, 16 (12-0-1-8-9 and 
12-11-1-8-9 multiple punches; in hex, 0010); 

if card contains h10 syrrihols, 32 ( 12-0-1-8-9 and 
11-0-1-8-9 multiple punches; in hex, 0020); 

if card contains three symbols, 48 (12-0-1-8-9 
and 12-11-0-1-3-9 multiple punches; in hex, 0030). 

Blank .. 

ESD·ID numher of program name (01 or in hex, 0001) 
or first e~ternal symbol on card (02-254 in hex, 
0002 - 00FE) (blank, if all symbols are entry 
points) .. 

name of first symbol on card (1-3 alphameric 
characters in EBrDIC, left-justified).. Blank if 
common declaration .. 

Humber identifying type of synbol: 

00 (12-0-1-8-9 multiple punch, if program name); 

01 (12-2-9 multiple punch, if ext0rnal synhol); 

Ol\ (12-2-8-9 :multiple punch, if common declaration); 

OB (12-3-8-9 multiple punch, if entry point in 
common storage) .. 
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Column 

26~28 

29 

30-32 

Content 

If program name, assembler-assigned address of 
the first byte of the program.. If entry point, 
assembler ... assigned address of entry point .. 

If external Syr,lbol or common storage: 

zeros (12-0-1-8-9 multiple punches in all three 
columns) 

Blank .. 

If program name, number of bytes in assembled program .. 

If entry point, ESD•ID .. 

If external symbol, blank 

If common declaration, number of bytes in common 
storage. 

Note: 
card .. 
49-64 

Columns 33-71 are blank if only one syMbol is on the 
Columns 33-48 are used for the second synbol; columns 

are used for the third synbol .. 

Column 

33-40 
(49-56) 

Content 

Uame of second (third) symbol on card 

(1-8 alphameric characters, in EBCDIC, left-justified, 
blank if common declaration). 

41 Humber identifying type of symbol: 
(57) 

42-44 
(58-60) 

01 (12-1~9 multiple punch, if entry point .. 

02 {12-2-9 multiple punch, if common declaration) 

OA {12-2-8-9 multiple-punch, if cor.unon declaration) 

OB (12-2-8-9 riultiple punch, if entry point in 
common storage) 

If entry point: 

asseMbler ... assigned address of the entry point .. 

If external syPlbol or common storage, zeros 
(12-0-1-8-9 multiple punches in all three columns). 
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Column 

45 
( 61 ) 

46-48 
( 6 2-6 4). 

65-71 

·72 

73-80 

6 .. 7 .. 3 

Content 

Blank .. 

If entry point or external symbol blank .. 

If common declaration, number of bytes in common 
storage .. 

Blank .. 

If name, of original program, blank .. 

If name of overlay program, any numeric punch .. 

Card identification .. 

TXT Card 

The TXT cards contain the actual text of the object 
program. Each gives the address· of the first byte of text 
to be loaded from the card, the number of bytes that the 
card holds, and the text itself.. The last of these is a 
variable field that may contain up to 56 bytes of information 
in EBCDIC .. 

Note: On a TXT card, all fields are hexadecimal, unless 
otherwise noted, and appear in EBCDIC card code.. See the 
IBM System/360 Reference Data Card, X20-1703-5 .. 

The TXT card format is as follows .. 

Column 

1 

2-4 

5 

6-8 

9-10 

11-12 

Content 

12-2-9 punch (identifies this as a card acceptable 
to the loader) .. 

TXT (identifies type of load card). 

Blan}: .. 

24 ·bit asscr.1bled address of first byte of variable 
field to be loaded fro~ card .. 

Checksum .. (If two blanks, checksum is ignored.) 

number of bytes of information in the vn.riable 
field .. (Columns 17-72) 
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Column Content 

13-14 Blank .. 

15-16 01 or 255 - Efm·ID number (255 is assigned by the 
assemLler to text in common storage} .. In hex, 
0001 or OOFF .. 

17-72 Variable field (up to 56 bytes of object program 
text in EBCDIC to be loaded} .. 

73-80 Card identification .. 

6 .. 7 .. 4 RLD Card 

Most relocatable addresses can be automatically relocated 
by changing the contents of the base register (the displacement 
remains constant} .. RLD cards must be provided to enable the 
loader to relocate address constants. These cards indicate 
to the loader those address constants that will have to be 
changed if the program is relocated. There are three variables: 
the assembler address of the address constant; the location of 
this assembled address (whether it is in the program or in 
comr.1on storage}, called the position header; and the identity 
of the symbol '"hose relocated an dress must be filled in, known 
as the relocation header. The postion header will be 01, if 
the address constant is in the program, or 255, if it is in 
corrunon storage. The relocation header will be 01, if the 
syrriliol is defined within the program.. If the synbol is defined 
by an EXTRN, the relocation header will be the identifying 
ESD .. ID number assigned to the symbol by the assembler. If 
the symbol is tlefinea in common storage, the relocation header 
will be 255 .. 

Each RLD en try on the card ic1en ti fies four items: the 
relocation header, position header, a flag, and the andress 
of the constant.. '::1he flag is CO(lrc1 to sreci fy: (a) the lenCTth 
(one to four bytes) of the address constant, (b) whether to 
add or subtract the relocation factor, and (c) a continuation 
code.. 'J.1he continuation coa~ informs the loacler that either 
the next constant (following the current constant) nn the 
card has a ne\·T relocation header, position he an er, fL1q, and 
address; or that it has the sane rc:!locu. ti on !·.eaccr arnl posit.ion 
header as the prev iot.:::-:: one, ancl therefore consists 011] y of 
a flaq ~r.a address. 
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·Consider the followiricJ example .. 

PROG1 START x '800' 

ENT HY PPOG1A 

PROG1A LR 14,15 

ADCON1 DC A(PROG1A) 

ADCON2 DC l': ( PF.OG2) 

ADCON3 DC j\(PPOG2t8) 

ADCON4 DC l\ ( 8-PFOG2 j 

ADCONS DC JI_ ( 8-PROG 1 A) 

mm 

Assume that PROG1 is assemblcc1_ at hexadecimal location 
800 .. PROG1 will have an ESD ... ID of 01, since it is a program 
name.. PROG11\ is an entry point and is assumed to be assenbled 
at location 880.. PTIOG2 is an external syI".1hol and has an 
ESD ... ID of 02.. Under these conditiolls, the assembler will 
assign the address cor.stant l\DCot71 a value of 880 and the 
address constant l\DCON~ a value of 0, since l'DCOI-~2 contains 
the address of the external s~:{n-bol.. ':rhe assembler v:i 11 
assign both l'.DCON3 and 7\DCOI~4 the cUsplacement value t8, 
since the value of the external symbol is C1ssuned to be~ zero 
<luring assemLly.. J\DCOr:s 'muld l~e assiqrced a 4 ... byte neqativc 
value of the cHff~rcnce of 8-8~0 (hecadecinal 878).. In the 
RLD, the postion header for all address cor.stants will l.Je 
01 .. ':::he re location headers "t;Ti 11 be 01 for l\DCOU 1 and l·J)CC!J S; 
02 for 1~.ncm~2, l\DCON3, and J\DCOl14.. J\t load tirie, if PP.OG1 
were loaded at 900 (the relocation constant thus being t100) 
and PROG2 were loader. at 21 00, the value of ;\DCOT:~1 would be 
increased by +100 to becomP 980.. 7.he value of l\DCOU2 would 
be +2100; f'_DCON3 woulcl be +2108; J',DCOlJ4 would be -20F8; 
ADCON5 would be -978. 
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Notes On an RLD card, all fields are hexadecimal, unless 
otherwise noted, and appear in EBCDIC card code. See the 
IBM System/360 Reference Data Card, X20-1703-5. 

Column 

1 

2 .... 4 

5-8 

Content 

12-2-9 multiple punch (identifies this as a card 
acceptable to the loader). 

RLD (identifies the type of loader card). 

Blank. 

9 ..... 10 Checksum., (If two blanks, checksum is ignored.) 

11--12 

17--18 

19-20 

21 

22-24 

Number of bytes of information that follow. 

Relocation header: ESD·ID number of the symbol 
referred to in the DC statement if defined by an 
EXTRN; 01 if defined within the program. 

Position header: 01 if address constant is in 
the program; 255 if in common storage. (In hex, 
0001 or OOFF.) 

Flag field: indicates the length of the address 
constant, whether the relocation constant should 
be added to or subtracted from the address constant, 
and whether another address constant follows the 
current one for this RLD entry. (Tables 6-1 and 
6-2 show the information to be punched in this 
column depending on whether the continuation flag 
indicates the same or a new relocation header/ 
position header combination for the next item, 
respectively.) 

Address of the address ·constant. 

Note: If needed, 4°column fields in the same format as 
columns 21-24 may be subsequently repeated in columns 25 
and following provided they have the same relocation 
header/position header combination. The format matches 
that of column 21-24 and the continuation flag for all of 
the 4•column fields except the last will be a Table 6-1 
type flag. When a Table 6-2 type flag is found at any 
point, it means that either an a-column field, in the format 
of columns 17-24 will be found next beyond the current field 
or that this is the last field on the particular RLD card. 
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TABLE 6-1. RLD-FLAG FIELD-SAME HEADER 

Length of 
Address Relocation Constant Relocation Constant To 

Constant To Be Added To Be Subtracted From 
In Bytes Address Constant Address Constant 

EBCDIC Hexadecimal EBCDIC Hexadecimal 
Card Punch Equivalent Card Punch Equivalent 

1 Byte 12-1--9 01 12 .... 3 .... 9 03 

2 Bytes 12 .... 5 ..... 9 05 12 .... 7 ..... 9 07 

3 Bytes 12-1-8-9 09 12 .... 3 .... g ..... 9 OB 

4 Bytes 12-5-8-9 OD 12-7-8--9 OF 

TABLE 6-2. RLD-FLAG FIELD-NEW HEADER 

Length Of 
Address Relocation Constant Relocation Constant To 

Constant To Be Added To Be Subtracted From 
In Bytes Address Constant Address Constant 

EBCDIC Hexadecimal EBCDIC Hexadecimal 
Punch Equivalent Card Punch Equivalent 

1 Byte 12-0-1-8-9 00 12 ..... 2-9 02 

2 Bytes 12-4-9 04 12-6-9 06 

3 Bytes 12-8-9 08 12-2-8-9 OA 

4 Bytes 12-4-8-9 oc 12-6-8-9 OE 
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Example: A given RLD card has a Table 6-1 flag in column 
21. This means that a 4-column field begins in column 25. 
Upon examining column 25, a Table 6-2 flag is found. The 
address in columns 26-28 has the same header combination as 
that in columns 22-24, but an a-column field begins in column 
29 and the continuation flag will be in column 33. Suppose 
column 33 has a Table 6-1 type flag. This means that a 
4•column field will begin in column 37. Now suppose that 
the field from column 37-40 is the last field on the card. 
Therefore the flag in column 37 must contain a Table 6-2 
type flag. 

6.7.5 END Card 

The END card marks the conclusion of any object deck. 
The END card is prepared by the assembler from the information 
entered on the source program END statement. It may also 
designate the first executable instruction of the job by 
referring to the symbolic name or the assembled address of an 
instruction. If the symbol in the END statement is defined 
by an EXTRN, the assembler punches the alphanumeric symbol 
on the loader END card (Type 2)~ otherwise, the assembled 
address is punched on the loader·END card (Type 1). 

The three formats for the END card are listed in the 
following text. 

Note: On an END card, all fields are hexadecimal, unless 
otherwise noted, and appear in EBCDIC card code. See the 
IBM System/360 Reference Data Card, X20-1703-5. 

6.7.5.1 Type 1 END Card. The following format is used 
when the END card designates the hexadecimal address of the 
first executable instruction. 

Column 

1 

2-4 

5 

9-14 

Content 

12-2-9 punch (identifies this as a card acceptable 
to the loader). 

END (identifies type of load card). 

Blank 

24-bit assembled address of first executable 
instruction. (It must occur within the program 
terminated by the END card. It need not appear 
in the ESD.) 

Blank 
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Column Content 

15--16 Eso ... ro·number (must be 01 or 255) .. 

17-22 Blank. 

73-80 Card identification .. 

6 .. 7 .. 5 .. 2 Type 2 END Card.. The following format is used where 
the END card designates the symbolic name of the first executable 
instruction .. 

Column 

1 

2--4 

5-16 

17-24 

25-72 

73-80 

Content 

12-2-9 punch (identifies this as a card acceptable 
to the loader) .. 

END (identifies type of load card) .. 

Blank .. 

Symbolic name of first executable instruction 
(alpharneric, left justified within the field) .. 
The symbolic name must be defined on an ESD card 
as an entry point or program name somewhere in 
the job load.. It need not be defined in the 
particular object deck that the END card terminates .. 
For example, an END card terminating PROG1 may 
designate PROG2 or an entry point in PROG2 providing 
PROG2 is within the same job load. 

Blank .. 

Card identification .. 

6 .. 7 .. 5 .. 3 Type 3 END Card.. The following format is used if 
the END card does not designate a· hexadecimal address or a 
symbolic name as first executable instruction. 

Column 

1 

2-4 

73-80 

Content 

12-2-9 punch (identifies this as a card acceptable 
to the loader) .. 

END (identifies type of load card) .. 

Blank .. 

Card identification. 
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6.7.6 DBG Card 

The DBG card requests executionatime debugging, and is 
produced from the programmer~s symbolic (BAL) debugging 
request. As prepared for inclusion at assembly time, the 
debugging requests are coded in BAL (described in the 
publication IBM 9020 Data Processing System: Debugging System 
User's Manual (DEBUGG) and are translated by the assembler 
into loader language. 

6.7.7 LIB Card 

The LIB cards are used to place compiled JOVIAL programs 
and/or routines on the library tape. If the compiler output 
contains a statement which specifies that the program or routine 
is to be placed on the library tape, the assembler produces 
the LIB card. The LIB card is further described in the 
publication Library Edit User's Manual. 

6.7.8 XREF Deck 

Three types of cards may be produced by the assembler in 
the XREF punched deck: an XRF header card (.XRF3), an XRF 
symbol card (.XRF4), and an XRF trailer card (.XRF7). The 
purpose of these cards is described in the following text; 
the formats are described in the Subprogram Design for the 
Compool Reference Matrix Program (XREF). 

6.7.8.1 .XRF3 Card. The XRF header card contains the name 
of the program for which the XRF deck was punched. It informs 
the XREF subprogram that an XRF deck follows. 

6.7.8.2 .XRF4 Card. The XRF symbol card contains the 
program name and up to eight compool data names and/or library 
routine names referenced by the assembled program. 

6.7.8.3 .XRF7 Card. The XRF trailer card contains the 
program name and the count of the number of compool data names 
and library routine names referenced by the assembled program. 
This card informs the XREF Subprogram that the XRF deck has 
been completed. 

6.8 COMPOOL FORMAT 

The assembler reads the ''Reserves'' portion of a compool 
as contained on a standard compool or MLC tape. See the 
Utility NOSS Monitor User's Manual (UTILITY) for the format 
of a compool or MLC tape. See the Subprogram Design Document 
(SDD) Compool Edit Program (CMPEDT) for the format of the 
compool file on these tapes._ 
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7.0 RESTRICTIONS, LIMITATIONS, AND ASSUMPTIONS 

The BAL assembler, as herein documented, is designed to 
operate as a System Processor under the NOSS Monitor. It 
interfaces with the NOSS Monitor, and assumes that the minimum 
NOSS hardware configuration, in addition to anything detailed 
in this SDD, will be available. 

The BAL Assembler is also designed to interface with the 
JOVIAL Compiler and the JOVIAL Compool. 




