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Memorandum ' SINGER

BUSINESS MACHINES

to: C. E. Miller SAN LEANDRO, CALIFORNIA
from: W. R. Powell refer to
subject: ERS for SINGLE (KOl) date. 12/18/74

The TREB for Project KOl has completed the review of the ERS for SINGLE. Unlike
most reviews by a TREB, our efforts have spanned several months. During that time,
several changes, enhancements, revisions, etc., were requested and I believe we
finally have a product which will be satisfactory for the initial implementation.

There remains, however, a few items that should be detailed here. These items
should be considered as either requiring additional details (possibly in appendix

form) or are items you should be aware of in dealing with this product in the
future:

o The details of all error messages (format, content, etc.) have not been
specified in the ERS, but we expect them to be included in a subsequent
appendix.

o The print character set is satisfactory for our implementation, but may
not be acceptable for a European implementation.

o The ability to alter the syntax of the "analyzer'" is referred to in the
document, but is not clearly defined in the ERS.

The above items do not alter the basis of our recommendation, but only serve as .
points of information. ‘

Several enhancements that were requested by the TREB were declared not feasible

for the initial implementation. This was due not only to the time constraints

for the initial implementation, but also in part to design philosophy differences
between the TREB and the developers. I have, however, taken the liberty of including
a list of enhancements in this memo that the TREB feels must be implemented in

order to make the product totally usable by Programming Systems. This list is
arranged in priority sequence as established by the TREB.

1. Allow constant and preset records.
2. Provide clearer definition of asynchronous processing capabilities.
3. Implement overlay capability.

4., String, SINT and INT qualifiers default to value size for constant and
preset iltems.
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5. Add ability to generate re—entrant code.

6. Allow maximum string length of 2048 characters.

7. Allow definition of names to substitute for qualified reference forms.
8. Allow literals in simple type qualifiers within the constant section.

9. Maximum size for numeric data and maximum length of numeric literals =
18 decimal digits. Also allow arithmetic on operands up to 18 digits long.

10. Add a source construct expressing an 'edit' function.
11. Allow numeric literals in all type qualifiers.
12. Add pointer variables.

13, Allow (or make mandatory) explicit specification array lower subscript
limits.

14, Allow literal values in action statements.

15. Implement compiler on System Ten.

16. Add machine-independent console I/0 capability.
17. Allow conditional expressions.

18. Add binary and packed decimal data items.

19. Consider the ability to use coroutines.

20, Add hexidecimal data items.

The priority listed above is a "recommended priority" and reflects the opinion
of the TREB. We recognize the final selection is at the discretion of management.
Some of these recommendations concern the "ease of use'" of the language. Only

the use of the language will determine if the "ease of use'" factor is outweighed
in practice by the extra structure.

Other recommendations concern the ability to use the language for all programs or
products. The TREB recommends that SINGLE be used on products only after due

consideration is made of the language limitations with respect to the program or
- product to be developed.
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Since the above list functions as an '"RSM list", I recommend we create a formal
RSM for each enhancement and process the RSMs per our existing RSM procedure.
In order to adequately describe the details of the RSMs, consideration should
be made to include a copy of each RSM with any distribution of the ERS. I also
recommend this memo be included in all distributions of the ERS. This would
assure the readers of the importance placed upon the RSM list by the TREB.

One of the duties of the TREB is to point out discrepancies between a product's
POR and ERS. These discrepancies may be trivial, but they should, nevertheless,
be called to your attention. The POR states the compiler runs on the IBM 370
0S/MVT. The ERS reflects an update to this by stating the compiler runs on the
IBM 370 0S/VS2. I believe this update is due to the current operating environment
at SISCO. Per our previous discussions in which this point was raised and your
willingness to accept this discrepancy, I recommend you approve the ERS for the
initial implementation.

It is the understanding of the TREB, that unlike the usual automatic termination
of the TREB duties upon issuing a letter of recommendation, this TREB will remain
"intact" to provide recommendations to the enhancements detailed above.

W. R. JSZES:]

TREB Chairman
WRP:cmc
cc: L. Fesperman
D. Quitslund
E. Hay
K. Dunham
C. Bradley
P. Thompson
R. Zemlin
L. Krider
R. Gunther
J. Landau
W. Holloway
H. Lam
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1+ 'PRODUCT DESCRIPTION

1«1 . PRODUCT NAMES AND NUMBERS

1e1+1 PRODUCT NAME

SINGLE CROSS=COMPILER
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BRIEF DESCRIPTION OF PRODUCT

" THIS PRODUCT IS A COMPILER WHICH RUNS ON AN 18M 370 0s/vse
" SYSTEMo IT ACCEPTS AS SQURCE LANGUAGE THE SOFTWARE IMPLEMENT=

ATION LANGUAGE CALLED SINGLE, Awnp pPRODUCES 0OBJUECT CUDE FOR

" THE SINGER SYSTEM TEN COMPUTERs [N A FORM ACCEPTABLE TO
THE SYSTEM TEN LINK EDITOR PROGRAM. )
CERTAIN FEATURES OF THE SINGLE LANGUAbEQ
"IMPLEMENTATIONe THESE ARE? A

PEFERRED IN THIS

OVERLAY HANDLING
ASYNCHRONQUS PROCESSING
MPU I/0 INSTRUCTIONS

| ARE PLANNED TO RUN ON
€CT CODEs» ETCe LEACH OF
TE ERS.

SUBSEQUENT VERSIONS UF THIS COM
THE SYSTEM TEN, T0 GENERATE M
THESE WILL BE SPECIFIED IN A

TECHNICAL REFERENCES
A DESCRIPTION OF SINGLE? THE SINGER IMPLEMENTATION LANGUAGE

NOVEMBER, 1974+  (COPY ATTACHED).

A COMPILER GENERATOR: BY MCKEEMan ETe ALes PRENTICE=HALL, 1970+

SYSTEM TEN LINK EDITOR REFERENCE MANUAL), 44=8476=401=00,
 SYSTEM TEN RJUF DISC SYSTEM REFERENCE MANUAL» 40=315.
. DMF 11 PROGRAMMER'S REFERENCE MANUAL»44=R800=401=00

08 JCL JOB CONTROL LANGUAGE REFERENCE GC28=6704=3

WASP 11 SYSTEM MANUAL 360D=05s+1.014 VERSION 3

PL/I LANGUAGE REFERENCE MANUALs GC33=0009.

 CPU INSTRUCTIONS REFERENCE MANUAL 42=2500=01¢
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MODEL 21 PROCESSQR REFERENCE MANUAL»s 42=2022+

MODEL 21 ACU, 9001500=01, FUNCTIcNAL AND PHYSICAL SPECIFICATIUN  ~
9007033 o

*MODEL 20 ACU FUNCTIONAL SPECIFICATION, 90066¥1¢

2+ .  POR RECONCILIATION

ALL CONSTRAINTS ON THE EXTERNAL pDESI
‘DEFINED BY THIS ERS AND THE POR'5/ER
POR'S TAKE PRECEDENCE OVER THIS gré
APPARENT CONFLICTS OR AMBIGUITIE
SOON AS THEY ARE DETECTEDe CUN
ANY OVERSIGHTS IN ANY OF THE D
ATTENTION OF THE DIRECTOR, P

IS PROLDUCT ARE
STEL BELOW. THE
VERY INSTANCE e

BE INVESTIGATED AS
CONFLICTS BETWEEN AND
WTS SHALL HBE BRUUGHT TO THt
ING SYSTEMS IMMEDIATELY,

THIS ERS SHALL DETAIL ALL
RELATED ERS'Se AS SUCH,
DOCUMENT FOR DEVELOPMENY
SCOPE OF THE PRODUCTs °

S STATED IN THE PUR'S AND
THE FINAL EXTERNAL LEVEL
DSE AND IN NO WAY EXTENDS THE

X'k K kK kK ¥ ¥ €& K %k X € ¥ *k X £ XK kX k X k ¥ &k &

OMISSION OF FEATURES
FEATURES 1S NOT PERMIT

DED IN THE POR'S OR ADDITION OF

2¢1  OTHER RELEVANT POR(S) AND ERS(S)

THE POR CALLS FOR A NUMBER OF PRODUCTS, GENEKATING CODE FOR
SEVERAL OBJECT MACHINES AND INCORPORATING CERTAIN FEATURES OF
THE SINGLE LANGUAGE WHICH ARE OMITTED FROM THIS FIRST
IMPLEMENTATIONe THESE PRODUCTS wILL BE DETAILED IN FUTURE

- "ERS DOCUMENTS, EACH OF WHICH IS CONSTRAINED TU BE UPWARD
COMPATIBLE WITH THIS ERS, IN THg SENSE THAT THAT CUMPILER wlLL
ACCEPT ANY PROGRAM WHICH CONFORMS TO THE SPECIFICATIUNS OF THIS ERSe
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"3 CONVENTIONS ¥
» »*
3 o : ‘ ¥
x SECTION S5¢2¢3¢3 CONSTITUTES A FOrRMAL DEFINITION ¥
» OF THE SINGLE LANGUAGEe FOR A MORE INFORMAL EXPUSURE TO THE x
» . 'BASIC IDEAS AND STRUCTURE OF THg¢ |_ANGUAGE, THE READER x
x - UNACQUAINTED WITH SINGLE IS ADVIGED TO FIRST KREAD THE ATTACHED »
¥ " REFERENCE DOCUMENT, 'A DESCRIPTIgN OF SINGLEe' ¥
¥ : . ¥
¥ »
» »*
» . ¥
¥ 3¢1-° NOTATION *
» ¥
» - . »
* .THE BASIC NOTATION FOR THE SYNTaAx RU SECTION Se243¢3 IS ¥
x THE STANDARD METALANGUAGE FOR Dgs G SYNTAX UF CONTEXT= ¥
» FREE GRAMMARSe IT MAKES USE UF PTASYMBOLS: ¥
¥ . = »
* < AND > ARE USED TO BOUND THE OF A SYNTACTIU CONSTRUCT, x
. : FOR EXAMPLEs THE APPE OF <SIMPLE TYPE> IN A ¥
» SYNTAX RULE MEANS: UENCE OF INPUT CHARACTERS ¥
¥ WHICH HAS BEEN FO . SATISFY THE DEFINITION OF THE ¥
» CONSTRUCT "SIMPLE B, ¥

E, , , .
(; S IS THE 'METASY USED 10 DENOTE THE DEFINTION QOF THE x
x CONSTRUCT WHOS ME APPEARS TO THE LEFT OF THIS ¥
¥ SYMBOL AS AME ANCE nfF THE FORM APPEARING TO THE ¥
¥ RIGHT OF THEYE OL. FOR EXAMPLE s ¥
X <SIMPLE TYP to= <IDENTIFIERD> ¥
¥ . ’ »
¥ ! IS THE METASYMBOL DENOTING ALTERNATE FURMS WHICH MaY »
* BE USED TO DEFINE A CONSTRUCTe FOR EXAMPLE, ¥
¥ <SIMPLE TYPED> ti= <IDENTIFIERD ¥
x : ! INT<PWUALIF> ¥
» SPECIFIES TWO ALTERNATIVE WAYS OF FURMING AN INSTANCE ¥
¥ OF <SIMPLE TYPE>e NOTE THAT SYNTAX DEFINITIONS NEED x
x NOT BE EXCLUSIVE» AND THEREFORE THE ABOVE EXAMPLE IS »
* SIMPLY SHORTHAND FOR TR PAIR OF DEFINITIONS x
* <SIMPLE TYPE> ii= <INENTIFIER> ¥
x <SIMPLE TYPE> ii= InT <PQUALIF> x
» ¥
¥ ¥
¥ ¥
¥ ¥
¥ 3.2 DEF INITIONS *
¥ ., ¥
» »
¥ *
» . »
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3e2e1l

SYNTAX RULES:

"EACH RULE OF THE SYNTAX IS EXPRESSED AS

. ORs FOLLOWING ANOTHER RULE FOR The SAME

CCONSTRUCT NAME> ::= FORM

] RUCT» AS

! FORM

STRINGS AND/OR

OLS < AND Do ANY

D SUCCEEDED BY > IS
DN=BLANK CHARACTERS NOT
ERAL STRINGs REPRESENT=
CHARACTERS IN THE INPUT

‘A FORM IS A SEQUENCE OF LITERAL CHAR/
CONSTRUCY NAMES BOUNDED BY THE MgT
SEQUENCE OF CHARACTERS PRECEEDE(
A CONSTRUCT NAME. ANY SEQUENCE
BOUNDED ‘BY THESE METASYMBOLS I
ING THE LITERAL APPEARANCE OF
TEXTe

BLANK CHARACTERS BEGINNIN
SIGNIFICANT,NOR ARE BLA
OR BETWEEN A LITERAL ST#
BETWEEN TWO SUCCESSIV
SEPARATOR MUST APPE AR
STRINGSs (SEE BELOW

TERMINATING A FORM ARE NOT
ACTERS BETWEEN TwO CONSTRUCTS

RAL STRINGS IMPLY THAT SOME PURE
HE INPUT TEXT BETWEEN THE TWO
DISCUSSION OF SEPARATURS)

THE MEANING OF EACH SYNTAX RULE [s THAT TIF A SEQUENCE OF
CHARACTERS IN THE INPUT TEXT IS FOUND (IGNORING NON=SYNTACTIC
SEPARATORS) TO CONSIST OF STRINGS WHICH «SATISFY" THE FORM

ON THE RIGHT SIDE OF THE (:i=, THEN THAT SEQUENCE UF TEXT MAY

. BE CONSIDERED'AN INSTANCE OF THE CONSTRUCT WHOSE NAME APPEARS
" ON THE LEFT OF THE ii=e¢ A FORM |g #SATISFIED* IF EACH

SUCCESSIVE INPUT STRING SATISFIegs THE SUCCESSIVE tL&MENTS
oF THE FORM, IN THE SENSE THAT:
A LITERAL IN A FORM 1S SaTISFIED BY THE EXACT '
~ APPEARANCE OF THAT SEGUENCE OF CHARACTERS IN THE INPUT
TEXT;
A CONSTRUCT IN A FORM IS SATISFIED BY THE APPEARANCE
 OF A SEGUENCE OF INPUT TexT WHICH SATISFIES ONE OF THE
 FORMS WHICH DEFINE THAT CONSTRUCT.

" FOR EXAMPLE, THE RULE FOR REPLACFMENT STATEMENTS:

AND A CONSTRUCTes BLANK CHARACTERS
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3¢2+2 LOW LEVEL SYNTAX = THE SCANNER

“WITHIN SECTION 3e2¢2s REFERENCE T A
APPEARANCE OF ONE OF THE CHAKA
BELOW THE LEVEL OF SYNTAX

TERMINAL CONSTRUCTS

CREP STAT> :i= <STORE LIST><REPLACE><EXPRES>
IS SATISFIED BY THE INPUT TEXT

AlsAR:mX¥(Y+Z)

. WHERE THE STRING'AI:AE SATISFIES <STORE LIST>» THE STRING =
SATISFIES <REPLACE>» AND THE REMAINDER SATISFIES <EXPRES>.

FIC CHARACTER OR
RULES OF THE SINGLE
LITERAL STRINGS:

G IS DENOTED BY THE
APUSTROPHE OR QUOTE MARK,
THE NEXT APPEARANCE OF THAI

SEQUENCE OF CHARACTERS WILL FOL_rwi
LANGUAGE FOR THE SPECIFICATION
THE REPRESENTATION OF A LITERAL

AND ALL CHARACTERS FOLLOWING
SAME DELIMITER FORM A LITER

CONTEXT=FREE GRAMMAR IS THE

THE TERMINAL CONSTRUCTSs ek e
MMAR WHICH HAVE NUO DEFINING RULE
CIDENTIFIER> AND <NUMBER> ARE

. APPEAR IN FORMS DEFINING OTHER
CONSTRUCTS BUT ARE NOT EMSELVES DEFINED wlTHIN THE RULESS
THE REQUIREMENTS AND REBTRICTIONS IMPOSED BY 1HE SCANNER ARE
DISCUSSED IN PART IN 5+2¢3¢3+2s SEMANTICS NUTESS WHICH IS
ORGANIZED,TOIPARALLEL THE SYNTAx RULES OF Se2e¢3e3e1 HOWEVER S
SOME ASPECTS OF THE SCANNER ENCOMPASS ALL OF THE SYNTAX RULES

SCANNER LEVEL WHICH REC
THOSE CONSTRUCTS IN TH
FOR EXAMPLE, THE CON

AND ARE MORE CONVENIENTLY DISCUSSED HERE.
3¢242+1 SEPARATORS

l:N RECOGNIZING'THE TERMINAL CONGTRUCTS OF A LANGUAGE, SOME
"MEANS IS NEEDED TO DISTINGUISH THE BEGINNING AND ENDING OF .
"EACH CONSTRUCT WITHOUT LOOKING AHEAD OR BACK IN THE INPUT

TEXTe * FOR EXAMPLE, IF TWE INPUT TEXT INCLUDES:
IF A = B THENeeoa,

THE SCANNER MUST RECOGNIZE THAT wJp* IS A TERMINAL CUNSTRUCT
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3

. THE USE OF w;" AS A SEPARATOR 1§ MEANT T

“OUTPUT, BEING REPLACED AS APPROPRIATE 4

TO THE NEXT, BUT ONLY THAT TERM

BUT HAVE ADDITIONAL NONes

(RESERVED WORD) AND "Av 1S AN INSTANCE OF <IUENTIFIERD>e THIS
LEADS TO THE IDEA OF SEPARATORS, wHICH NEED NOT Be PART OF THE
SYNTAX BUT SERVE TO NOTIFY THE SCANNER THAT ANY TERMINAL
CONSTRUCT BEGUN T0O THE LEFT OF THE SEPARATOR tNDS BEFORE THE
SEPARATORe THE SCANNER FOR THE SINGLE LANGUAGE RECOGNIZES

- THREE PURE (THAT IS» SERVING NU QTWER FUNCTION) SEPARATORS;

" wW(BLANK)»
w;w, AND
ENDeQOF «L INE

FOR PROGRAMMERS WITH ALGOL OR PL,1 EXPE
ACCEPTED AS A SEPARATOR, IT WiLy nNGT A

N SOURCE LANGUAGE
OR END*QOF«INE

THE USE OF ENDeOF«LINE AS A SEPaRA
STATEMENTS OR EXPRESSIONS MAY Ng

NOT IMPLY THAT
TINUED FROM ONE L INE
CONSTRUCTS SUCH AS .

BT BEGIN AND END ON THE
SEPARATUR REWUIREMENTS

<IDENTIFIER>,RESERVED WORDS,EITC
SAME LINEe SEE 3¢2¢2+3 FOR &
FUNCTION ALSO AS SEPARATORS
TICc FUNCTIONS:

TWO OTHER CHARACTERSs "sw A

"$» INDICATES THAT TH§
UNTIL NEXT ENDeQFe
INPUT SYNTAX, H

AND ALL SUBSEGUENT CHARACTERS
FORM a COMMENT2» NOT PART OF THE
BE PRINTED IN THE SOURCE OQUTPUT
LISTING» ANY MFACTERS (OfF THE SINGLE LANGUAGE MaY
APPEAR WITHIN A BPMMENTs TRAILING BLANKS» AND IN SOME
CASES LEADING BLANKS, MAY pg SUPPRESSED IN THE OUTPUT
OF A COMMENTe NO INTERPRETATION IS MADE UF NUN=BLANK
CHARACTERS WITHIN A COMMENT.

n®v IS USED AS A DEBUGGING CONTROL FOR THE CUMPILER ITSELF.

IT ACTS LIKE A COMMENT IN THAT EVERYTHING FROM #®w TQ
END*OF«LINE IS NONeSYNTACTIC, AND GETS PRINTED IN THE
"SAME MANNER AS A COMMENTs AHOWEVER, THE CHARACTERS
FOLLOWING THE “®% ARE ANA{YZEDs AND VARICUS COMPILER.
DEBUG OPTIONS ARE CONTROUL_ED BY THEMe THIS 1S NOT AN
EXTERNAL FEATUREs AND THE INTERPRETATIUN OF THE
CHARACTERS IN A DEBUG CONTROL ELEMENT IS SUBJECT TO

.CHANGE HOWEVER AND WHENEVER THE COMPILER MAINTENANCE
FUNCTION DEEMS IT NECESSARY. THUS THE USER SHOULD
REGARD THE EFFECT OF '®' a5 UNDEFINEDS

SINGLE EXTERNAL ! SHEET ! KOl
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St THE TRANSITION .
ALTHOUGH w;v 1S
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“3e2e2¢2 CHARACTER SET
THE SINGLE CHARACTER SET CONSISTS OF ALL BUT TwO OF THE
ASCII 64 CHARACTER SETs THE EX(CLUDED CHARACTERS ARE ngw ;
AND *&%+ THESE CHARACTERS ARE RgQUIRED FOR CUMMUNLCATIONS
~ PURPOSES, AND THEIR APPEARANCE wITWIN SINGLE INPUT TEXT wILL
_RESULT IN THEIR REPLACEMENT BY wyn AND w\w RESPECTIVELYs
"THE SINGLE CHARACTERS CONSIST OF 27 <ALPHABETIC> CHARACTERS:
WABCDEFGHI JKLMNOPGRSTUVWXY 7o ¥
" PLUS 10 DIGITS:
“0123456789
PLUS 2 SEPARATORS:
" o3n
PLUS 5 OPERATORS:

n+.¥/\J

PLUS 4 RELATIONAL SYMBOL

"{O=tu
'PLUS 6 GROUPING SYMBO
W()LIVH AND '
PLUS 6 MISCELLANEOUS SYMBOLS:
;ton:td'
 PLUS 2 SPECIAL SEPARATORS:
" THE APPEARANCE OF ANY CHARACTER NOT ALPHARETIC OR A DIGIT
'SERVES ‘THE FUNCTION OF A SEPARATOR IN ADDITIUN 10 WHATEVER
SYNTACTIC AND/OR SEMANTIC SIGNIFJCANCE IT MAY HAVEe NOTE
THAT ‘ALTHOUGH THE SCANNER NEVER NEEDS MORE THAN A SINGLE
SEPARATOR BETWEEN TWO TERMINAL CONSTRUCTS, 1T WILL ACCEPT

 ANY NUMBER OF NON=SYNTACTIC SEFARATORS IN SUCCESSIONs THUS,
FOR EXAMPLE, IT IS PERMISSIBLEs aTHOUGH REPREHENSIBLEs TO -
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WRITE:

XimAj $ seseces
Sosececovepenenes
$ececseesen:

$Qoooocc.{{oo" (LOTS AND LTS OF COMMENTS)

$e0e0s0s00000000
3 + ; Peeeses  (MORE CUMMENT)
3 C 3 $esesnce
~ THE SCANNER WILL PASS

i=A+C

ON TO THE SYNTAX ANALYZER.

ALL OF THE NONeALPHABETIC AND NQNnw
NON=SYNTACTIC» * ;8%*» OR ARE THEMS
THE RECOGNITION OF MULTIPLE SYMR
n=>",ETCe IS NOT MADE BY THE SCa
NON=SYNTACTIC SEPARATORS, ALT
WILL HAVE NO PURE SEPARATORS ¢
CHARACTERSS

CHARACTERS ARE E]THER
L TERMINAL CONSTRUCTS
NSTRUCTS SUCH AS nimn,
AND IS NOT AFFECTED BY
OUTPUT SUCH CONSTRULCTS
N THETIR CUMPONENT

4e2¢2¢3 COMPOSITE TERMINAL CON AND PURE SEPARATORS

SEE APPENDIX Cs» TERMI AND NOnN=TERMINAL CONSTRUCTS, FOR A
LISTING OF THE TERMINAL 'CONSTRUCTS OF THE SINGLE LANGUAGE .
THEY CONSIST OF netew, INDIVIODUAL SPECIAL CHARACTERS,
PURELY ALPHABETIC LITERALS (RESERVED WORDS)» AND THE FOUR
CONSTRUCTS

<IDENTIFIERD>
<NUMBER>
<Q@STRING>
<EMPTY>

OF THESE, <EMPTY> IS A CONDITION RECOGNIZED BY THE HIGHER
LEVEL 'SYNTAX AND IS OF O CONCERN TO THE SCANNERS

THE REGUIREMENTS FOR PURE SEPARATORS BETWEEN TERMINAL CONSTRUCTS
MAY BE STATED AS FOLLOWS:

A PURE SEPARATOR 1S REWUIRED BETWEEN Tw0O TERMINAL
CONSTRUCTS IF AND ONLY 1 THE FIRST 18 AN IDENTIFIER OR A

*‘kﬁ*#*kk*#‘k&#**‘k‘k*&*i'K'Kk'ki*'k-lil‘l**{f#*ik#%#f-ﬂ‘kit‘k”‘lﬂ‘ki‘
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AN ALPHABETIC NOR A DIGITe IF ThE RES
CHARACTERS, AN ERROR MESSAGE IS GENER
-BUT THE LEFT=MOST 10 CHAKRACTERS ARE

CHARACTER IDENTIFIERS.

RESERVED WORDs AND THE SECOND IS AN IDENTIFIER, A
RESERVED WORDs OR A NUMBER,

3e2e2+4 RULES FOR COMPOSITE TERMINAL CONSTRUCTS,

" A COMPOSITE TERMINAL CONSTRUCT waAS AS ITS LEFTMOST CHARACTER

EITHER AN ALPHABETIC» A DIGIT» QR ONE OF THE STRING GUOTES '

" OR w"t'we IN THE FIRST CASEs THE CONSTRUCT IS EITHER A RESERVED
'WORD OR AN IDENTIFIERe THE SCANNER EXAMINES SUCCESSIVE
" CHARACTERS AND TERMINATES THE CONSTRUCT

END«OF ¢ INE IS

LINE IS NEITHER

MORE THAN 10

AND ALL

E0s THE CONSTRUCT
AND IS IDENTIFIED

De IF NU MATCH IS

ENCOUNTERED OR WHEN THE NEXT CHARACTER

IS COMPARED WITH THE LIST OF RESER
AS THAT RESERVED WORD IF A MATCH
F-OUND, THE CONSTRUCT IS IDENTIF CIDENTIFIERD>e IN THIS
IMPLEMENTATION, IDENTIFIERS MAY MORE THAN SIX CHARACTERS

IN LENGTH (FIVE CHARACTERS IF 4 DED BY '£' )e IF THERE ARt
FEWER THAN 6 (OR 5) CHARACTE psBEGIN, BLANKS ARE ADDED ON THE
RIGHT TO FILLes NOTE THAT L SINGLE LANGUAGE ALLOWS 10=

T W STRICTION TO 6 IS FUR CONSISTENCY
WITH OTHER SYSTEM TEN CO} OnSe IF THE IDENTIFIER WAS LUNGER
THAN SIX CHARACTERS (OR{ F PRECEDED BY A '£'), AND NUQ ERRURS
HAVE BEEN ENCOUNTERED, RNING MESSAGE RESULTS, AND THE QUTRUT
LISTING WILL HAVE THH IFIER TRUNCATED ON THE RIGHT TO THE
MAXIMUM LENGTHe IN AN ENT THE COMPILER WILL PLACE THE
TRUNCATED VERSION OF 7 IDENTIFIER IN THE SYMBOL TABLE.

IF THE LEFTMOST CHARACTER IS A DIGITs THE CONSTRUCT IS
IDENTIFIED AS <NUMBER>, AND THE SCANNER EXAMINES SUCCESS]IVE
CHARACTERS AND TERMINATES THE CONSTRUCT WHEN THE NEXT

CHARACTER IS NOT A DIGIT, OR WHEN END*OFeLINE 1S FOUNDe IF

THE RESULT HAS MORE THAN 10 DIGITS, AN ERROR MESSAGE '
IS GENERATED: AND ALL BUT THE RIGHTMOST 10 DIGITS ARE DISCARD&U-

IF THE LEFTMOST CHARACTER IS A STRING QUOTEs THE CUNSTRUCT ‘IS

~IDENTIFIED AS <QSTRING>s THE SCANNER EXAMINES SUCCESSIVE
CHARACTERS UNTIL THE SAME QUOTE CHARACTER IS FUUNDs OR UNTIL

END*OF«LINEs IN THE LATTER CASE an ERROR MESSAGE 1S
GENERATEDe IF THE CONSTRUCT HAS MORE THAN 60 CHARACTERS
(NOT COUNTING THE DELIMITERS) AN ERROR MESSAGE 1S

'GENERATED» AND ALL BUT THE LEFTMUST 60 CHARACTERS ARE DISCARDEU

X X ¥ kX * & kK k¥ ¥ ¥ kK ¥ € ¥ X X X ¥ K kK ¥ X ¥ ¥ ¥ kK ¥ kX ¥ ¥ ¥ kK X k¥ ¥ ®« kK € kK ¥ £ ¥ ¥ X X ¥ & kK ¥ Xk ¥ X X
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STRUCTURAL TERMS
THE STRUCTURE OF A SINGLE PROGKAM MAKES USE UF A NUMBER OF
- CONCEPTS FOR WHICH THE TERMINOLOGY IS DESCRIBED HEREe
AN INDIVIDUALLY COMPILABLE UNIT oF SOURCE CUDE 1S TERMED A
" BLOCKs A BLOCK IS EITHER A PROGrAM BLOCK OR A CONTEXT BLOCKs
A.PROGRAM BLOCK IS EITHER A PRUCEDURE BLOCK UR A TASK BLOCK+
c‘nnu'mu&-—--.- omTenew e ——.- [lafiadad A L E L A LA LTI AL T E T ELELELE LEALELETDEL R EDLE LY R LY
S I NGER 1 . SINGLE EXTERNAL ! SHEET ! KQ1

* BUSTINESS
* MACHINES

" B). ONLY THE FIRST 74 CHARACTERS (F EACH IN

CERTAIN ASPECTS OF LOW=LEVEL SYnTAx DEPEND UPON PUSITION IN
THE INPUT LINEs THESE ARE:

_A) THE BLOCK TERMINATORS,'e!e' AND '/#' (SEE He2e3¢3¢2, RULES 1:2)
: ARE RECOGNIZED ONLY IF THEY APPEAR STARTING IN COLUMN 1 OF aN

INPUT LINEe IF THEY APPEAR F| SEWHERE WITHIN A LINE, ONE

ERROR MESSAGES MAY RESULT, Anp THE SCANNER WILL ATTEMPT TO

READ FURTHER.

ANY ADDITIONAL CHARACTERS IN THE LIN

SOURCE OUTPUT LISTING CONSISTS OF 78

OF WHICH THE LAST FOUR CHARACTEKS

NUMBER CALCULATED BY THE COUMpPILER
CROSS=REFERENCE TABLES.

C) IF THE FIRST CHARACTER OF AN |

- ALL SUCCEEDING CHARACTERS UP

IGNORED BY THE SCANNERs THI

" CAN ACCEPT AN INPUT TEXT w

INFORMATION. SUCH AS THAT P

LISTINGe IF NO BLANK I

MESSAGE WILL BE GENERAT

ALSOs IF THE FIRST CHAd

NEXT IS AN ASTERISK,

MESSAGE GENERATED.

MESSAGES TO BE INP

D) VARIOUS UNDOCUMENT

GNUREDes  THE
CTeER RECORDS
OUR DIGIT LINE

FIRST BLANK WILL BE
D BY THE COMPILER SOQURCE
IN SUCH A LINEs» AN ERROR
OF THE LINE 1S A DIGIT, AND

T

SAFE POLICY IS TO INSURE THAT CpbLe 1 NF BEACH INPUT LINE
CONTAINS AN ALPHABETIC (INCLUDING 'e' ), A NUMERIC, '»),
OR A BLANKe THE COMPILER OUTPUT IS STRUCTUREL TO AVOID
ANY PROBLEMS OF THIS TYPE.

! A ! NEXT 13

LINE ARE READ.

SE AS A BASIS FOR
E IS A DIGITs» THEN

NE SO THAT THE COMPILEK
TAINS LEVEL AND CONTROL

@HE ENTIRE LINE WILL BE IGNORED WITH NU
CONVENTION ALLOWS MANY NUON=ERRQR
HE COMPILER WITH NO AOVERSE EFFECTS
, UNVENT 1ons ARE USED IN THE RJUF DISCe
HASP COMMUNICATION, ¥NVOLVING SPECIAL CHARACTERS IN COL»
OF AN INPUT OR OUTPUT LINEe 1IF THE RJF IS TO BE USEDs A
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A COMPLETE PROGRAM CONSISTS COF A ST OF BLOCKS: A CUNTEXT
BLOCK» A TASK. BLOCKs» AND POSSIBLYy ODTHER PROGRAM BLUCKS.
(IN THE CURRENT IMPLEMENTATION, THESE OTHER PROGRAM BLOCKS -
MUST BE PROCEDURE BLOCKS)s A CONTEXT BLOCK MAY Bt COMMON
© TO SEVERAL DISTINCT COMPLETE PROGRAMSs EACH TASK BLOCK TO
. WHICH THE CONTEXT BLOCK DEFINES [ INKS IS THE HIGHEST LEVEL
. OF SOME COMPLETE PROGRAM.
- THROUGH DEFINITIONS» EACH BLOCK IS LINKED TO A UNIGQUE HIGHER
- LEVEL BLOCK, EXCEPT THAT A CONTExT BLOCK HAS NO HIGHER LEVELe
_ ALSO, EACH BLOCK DEFINES LINKS T LOWER LEVEL BLOCKSe EACH
. OF THESE LOWER LEVEL BLOCKS MUSYT LINK UPWE& 70O THE BLOCK
WHICH DEFINED DOWNWARD LINKS TO THEMs i TYPICAL PROGRAM
'STRUCTURE MIGHT HAVE:

CONTEXT A

xqj---+-.---'..ﬁ----..+----+----
! !
.

TASK B " PROCEDURE C
' [ ]

.

(IS TR L ALY LA LELEL RN ]
! !
PROCEDURE D TASK 3

| !
ST T PR PR Y LT T LR T s

! !
PROCEDURE F PROCEDURE G

1

ey YR T XETSRTSY R Y EY R TR T KL

1
H PROCEDURE |

*t*#ﬁ*#kt#*ii‘k***i*i#*f&ﬁi‘k

»*un*ctnqn-nn.o..‘n..n‘.n
! -

PROCEDURE J PROCEDURE K

-4 T Y R AL LA LE LE LY B3
! ! !
OCEDURE | PROCEDURE M PROUCEDURE N

HERE TASK B 1S THE HIGHEST LEVEL BLOCK OF A CUMPLETE PROGRAM.
TASK E IS THE HIGHEST LEVEL BLOCK OF ANOTHER COMPLETE PROGRAM
WHICH MAKES USE OF THE SAME CONTEXTe PROCEDURES C AND D ARE
ACCESSIBLE TO ANY PROGRAM USING CONTEXT A, AND wWILL BE LOADED
1AS PART OF ANY SUCH PROGRAM. A BLOCK IS CALLED THE PARENT OF
- ANY BLOCK LINKED TO IT AT THE NExT LOWER LEVELe THUS, FOR
EXAMPLEs F 1S THE PARENT OF JsK, AND Le J, Ks AND L ARE SAID
.- 7O BE DIRECTLY SUBORDINATE TO F. IF TWO BLUCKS» SUCH AS B AND
" Ka ARE SUCH THAT THERE EXISTS A SEQUENCE OF BLUCKS BsXsY,seeK
‘WITH EACH BLOCK THE PARENT OF THE FOLLOWING BLOUCKs» THEN K IS
SAID TO BE SUBORDINATE TO Be F(Or ANY BLOCKs THE SCUPE OF THE
- BLOCK IS DEFINED AS THE BRLOCK ITSgLF PLUS ALL BLOCKS WHICH .
ARE SUBORDINATE TO IT.

X K X X €K K k¥ kK ¥ kK kX kK kK X ¥ X kK X £ ¥ ¥ kK &k & €K kK ¥ ¥ ¥ ¥ ¥ kK x ¥ kK ¥ X ¥ XK £ ¥ & ¥ ¥ X kK kK ¥ ¥k X ¥ &k &%
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PRODUCT ORGANIZATION

*

€-§« x

+
.

THE MODULE STRUCTURE OF THIS PRODUCT IS NOT AN EXTERNAL ”
FEATURE, AND IS NOT DISCUSSED IN THIS ERSe THE DISCUSSION

- IN SECTION 5 DESCRIBES ONE UNIFIED USER INTERFACE TO THE

“COMPILER AND ITS ENVIRONMENT.

‘THE SINGLE CROSS«COMPILEK OPERATES ON ANY IBM 370 CAPABLE OF
" RUNNING 0S/VS2 AND PL/I LEVEL H. 1T PRODUCES A SOURCE QUTPUT
 LISTING, VARIOUS OPTIONAL REFERENCE LISTINGS» AND OPTIONAL
" COMPILED BLOCKS OF TWO KINDS: A _L0aD MODL CONSISTING QF
A° RELOCATABLE DECK OF SYSTEM TEN CODE A Ay SUITABLE FOR
THE LINK EDIT PROGRAM, AND/OR A gyMBOL wHICH CONTAINS
THE COMPILED FORM OF ALL DATA DEFINIT ND DECLARATIONS OF
‘THAT BLOCK PLUS THOSE TO WHICH 1T 1 BRD INATEs  NORMAL MODE
OF OPERATION IS VIA A SYSTEM TEn OB ING AS A HASP TERMINAL
TO THE 370« THE SYSTEM TEN USES BWIRTITIONS (FOR SCA AND
RJF) FOR THIS FUNCTIONe REMAINI4 RTITIONS MAY BE USED FOR
TEXT EDITe ONE OR MORE BLOCKS GLFE SOUKCE CODE MAY BE
SUBMITTEDs AS PART UF A TEXT § # FILE, TO Bt CUMPILED.
WHEN THE COMPILATION IS COMP} ESULTS ARE ROUTED BACK TO
THE SYSTEM TENe ANY SYMBOlg k¢ OUTPUT IS RETAINED IN A
370 PERMANENT FILE, SO TH& CKS SUBORDINATE 10 A PREVe
IOUSLY COMPILED BLOCK MAYeBE@RUBMITTED FOR COUMPILATION WITHOUT
RESUBMITTING THE HIGHE FEL BLOCK e

ﬁ**#i*ki#**’if*#i**&tti’
K

Se OPERATIONAL SOFTWARE
5¢1 SYSTEM CONSIDERATIONS

S5e1¢1 HARDWARE CONSIDERATIONS

" REQUIRED MARDWARE IS AN IBM 370 CAPABLE OF RUNNING A 200K .JOH
UNDER 0S/VS2, WITH AT LEAST 400« RYTES OF DISC STURAGE, PLUS

'l'k«i’kk‘ki#i#i‘f#ki#i«ill***##i*#ﬁ«#*i******ii*i**#vliirﬁi
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. THIS PRODUCT RUNS UNDER 0S/VS2+ 1T REQ
COMPILER TO CONVERT THE SOURCE 10 AN EX

“ALSO REQUIREDS
‘A SEPARATE PROGRAM, CALLED ANALYZER

I NE S S
*x MACHINES

ENOUGH ADDITIONAL DISC SPACE TO wOLD OBJECT FILESs (ONE
3330 DISC PACK SHOULD BE MORE THaAN SUFFICIENT)s ALSU,» A
CARD READER, CARD PUNCH AND PRINTERs» OR A HASP INTERFACE
CONNECTED TO A HASP TERMINAL.

'SOF TWARE CONSIDERATIONS

BLE PRUGRAM,
IF THE HASP CONNECTION IS USEDs THEN T P SOF TWARE IS
QUIRED IF THE
MODIFIEDs THIS
RONMENT AND 0S/VS2,
DISC ARE REWUIRED«

N THE SAME SYSTEM, AS
T THE QUTPUT OF

“TTE »

SYNTAX OF THE SINGLE LANGUAGE Is T
PROGRAM REQUIRES THE SAME HARDWAF
EXCEPT THAT 300K JOB SPACE AND
NOTE THAT THIS J0OB NEED NOT EXE
LONG AS SOME MEANS IS AVAILAB
ANALYZER ON FILE AT THE COMPTY

EXTERNAL ORGANIZATION

GENERATION

THIS PRODUCT EXISTS AS A SOURCE FILE OF A PL/1 PRUGRAMe IT
IS COMPILED IN ONE COMPLETE CUMPILATION. THE COMPILED |
PROGRAM REQUIRES A FILE QOF THE SYNTAX WHICH IS PREPARED BY:

| THE ANALYZER PROGRAM AND CATALOGUED IN THE FILE SYSTEM.

5424142 { CUSTOMIZATION

NO SPECIFiC CUSTOMIZATION FEATURES HAVE BEEN MADE s

NGER ! SINGLE EXTERNAL ! SHEET ! _ KQ1

A ! NEXT 16 !

y, THE PL/1 LEVEL W
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INVOCATION

5021201

020202v

~INSTALLATION

INSTALLATION UNDER ANY SUITABLE psS,vSe2 SYSTEM 1S ACHIEVED BY
CATALOGUING THE COMPILER OBJECT FILE AND THE SYNTAX FILE, PLUS
DEFINING A PERMANENT FILE TO BE ySeD BY THE OBJUERCT MANAGER FOR

_RETAINING SYMBOL TABLESe THE OBJECT AND SYNTAX FILES ARE
'CURRENTLY CATALOGUED AT sISCO IN SUNNYVALE AS SINGLE«XCOM AND
SINGLE+SYNTAX»

INVOCATION = OPERATOR INPUTS

SINCE THIS RUNS AS A BATCH JO
INPUTS ARE REQUIREDS

0S/vSz2s» NO OPERATOR

INVOCATION = OPERATOR

STANDARD 0S/vS2 QPER! NFORMATION

5¢.2¢2¢3 INVOCATION = PROGRAMMER INPLTS

IF RUNNING LOCALLY, THE PROGRAMMER MAY PUT HIS JUB DECK I'N
THE PUBLIC CARD READER.

IF RUNNING VIA HASP AND SYSTEM Ten RJF, HE SUBMITS AN RJF DISC

" CONTROL CARD (SEE RJF DISC MANUAL) TO CAUSE HIS FILEs WHICH
. MUST BE THE IMAGE OF A J0B DECK, To BE TRANSMITTED FOR

EXECUTIONs ALTERNATIVELY, HE MAY SUBMIT THE JOB UECK VIA IH&

" 'SYSTEM TEN CARD READERS
THE JOB DECK WILL CONTAIN ONE OUR MORE BLOCKS OF SINGLE SOURCE
 CODEs PRIOR TO SUBMISSION OF THe OB DECK, EACH UF THESE

BLOCKS MUST BE EDITED WITH THE COMMAND
USEdSINGLE-RdSHIP

THIS PROCEDURE CONVERTS ALL '\' AND '1t! CHARACTERS TU '&' AND

NGER t SINGLE EXTERNAL ! SHEET ! Ko1
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'X' RESPECTIVELYs THE COMPILER gxPECTS THF LATTER CHARACTERS
RATHER THAN THE FORMERe THIS PRQCESS IS NECESSARY TO AVOID
TRANSMISSION ERRORS IF THE JOB 15 SUBMITTED ReMOTELY, OR
SYNTAX ERRORS If THE JOB IS SUBMITTED LOCALLYe IF THE BLOCKS
TO BE TRANSMITTED CONTAIN NO '\t AND/OR vttt CHARACTERS, THE -
- GLOBAL CHANGES .CALLED FOR IN THE USE FILE WILL RETURN CONTROUL '
.TO THE TERMINAL WITH THE MESSAGE »#fAILS!%e IN THIS EVENT, 1T IS
" NECESSARY TO ENTER THE COMMAND

USE+SINGLE +RJUSHIP N

- WHERE N IS 1+NUMBER OF LINES OF THE USE FILE ALREADY hXECUTEDO
“{THE LINES EXECUTED ARE DISPLAYED ON THEg4 >ULE )

5.2¢2+4  INVOCATION = PROGRAMMER OUTPUTS

THE OUTPUTS DUE TO INVOCATION Cy¢
OUTPUT (4 PAGES IF RUNNING REMO
AND ENDING JOB BANNER PAGE, &
A JCL LIST PAGE USING THE JCi

F 3 PAGES OF PRINTER
THESE ARE A BEGINNING
G (IF HASP IS USED), ANU
ROL MSGLEVEL=(220)¢

PROCESSING

o
®
n
= -
W

5e243¢1 PROCESSING f'oPERAro INPUTS
NONE
5020302 PRoczssté « OPERATOR QUTPUTS
f :NONE

5.2¢3+3  PROCESSING = PROGRAMMER INPUTS

' THE PROGRAMMER INPUT CONSISTS OF A JCL JOB CARDs A FURTHER
SET OF JCL CARDS MAINTAINED BY TwgE SINGLE CUMPILER PROJECT
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“ARE GIVEN HEREs WITH NOTES ON THE SEMANT

AND CATALOGUED AT THE SOF TWARE DEVELOPMENT LAH UNDER THE
NAME SINGLE+JCLs AND ANY NUMBER OF COMPILATION BLUCKSe FOR
THE SPECIFICS OF A JCL JOB CARD, SEE THE JCL MANUALs

50203Q3"1 SYNTAX

‘THE SYNTAX OF SINGLE SOURCE PKUGRAMS IS GIVEN BELOUWe THIS IS
THE SYNTAX RECOGNIZED BY THE COmMpPILER PROPERs BUT SEE SECTION
"3e2¢2 FOR DETAILS OF THE LOW LEVEL SYNTAX WHICH IS RECOGNIZED
BY THE INPUT SCANNERe ONLY THE pFORMAL SYNTAX DEFLINLITIONS

IN THE FOLLOWING SECTION. . APPEnNPIX Ba
REFERENCESs, SHOULD BE OF HELP IN READ
IN THIS AND THE FOLLOWING SECTION, D
AN ASTERISK ARE SUBJECT TO SPECTAL
IMPLEMENTATIONe TYPICALLY, THEY R
THE SPECIFIC RESTRICTION IS IND]1gi

TION CROSS=
SYNTAX e

ONS MARKED WITH
CTIONS ON THIS

NT DEFERRED FEATURES.
N THE NEXT SECTION®

F BEACH DEFINITION

P N E R R «g-*‘ut X K K K K kX K kK kK kK XK kK XK X kK kK kK k. % £ &

1 <RUND> ti® CCOMPILATIOND> «.l; A

2 ! <OPTIONS> <CO JON> et

3 <OPTIONS> ::= UPTION LST> )

4 <OPT LST> := <OP

5 1 <UPT <opt ITEM>

6 <OPT ITEM> ::= FIFIER>

7 » ' : ! < NTIFIER> <SET> CIDENTIFIER>

8 » ! < NTIFIERD> <SET> <KNUMBERD>

9 » <KSET> iis =

10 <COMPILATIOND (i= CCONTEXT NAMED> <CONTEXT BLK>

11 : ! <PROG NAME> <PARENT DECL> <COUNTEXT BLK>

<XE@ STAT LST>

~12 SCONTEXT NAME> 1= CONTEXT <IDENTIFIER>

13 <PROG NAME> :i= PROCEDURE <JDENTIFIER>

16 ! TASK <IDENTIFIERD>

15  <PARENT DECL> :i= PARENT <IpENTIFIER>
16 L ! <EMPTY>
17 ~ <CONTEXT BLK> ii= <DECL LST>

18 ’ ! CEMPTY)>
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¥ BUSINESS ! REFERENCE SPECIFICATIO ! REVISIUN !m=smeemecce=~
v !

* MACHINES

A }ONEXT 20 !

* K & kK X €« ¥ € & ¥ kK kK kK ¥ kK ¥ ¥ ¥ kK ¥ ¥ € € & ¥ ¥ kK € ¥ & ¥ &K X € & kK k « ¥ ¥ ¥ ¥ kK ¥ ¥ kK kK ¥ kK k¥ & &k &

¥
C
» ‘ .
x 19 <DECL LST> :i= <DEF ITEM>
» 20 - . ! <DECL LST> <perF ITEM>
%
o 21 <DEF ITEM> ii= <CHARMAP DEF> END CHARMAP
» ‘22 ! <PARAM DEF> END PARAMETER
» .23 ! <TYPE DEF> END TYPE
* 24 ! <CONST DECL> END CONSTANT
» .5 ! <PRESET DECL> END PRESET
¥ 26 ! <VAR DECL> gnD VARIABLE
¥ .ar- ! <FLAG DECL> END FLAG
* 28 - ! <SUBROUTINE DEF> END NTIFIERD
* .
¥ +29 = <PARAM DEF> :!:i= <PARAMETER)> <PARA} P>
» 30 ! <PARAM DEF> <PA RIP>
. )
* 31 <PARAMETERD> ::= PARAMETER
»
¥ 32 <PARAM DESCRIP> {i= <PARAM 3 5 T> <TCOLOND> <EXPRESD>
»
» 33 <TCOLON> {:=
» .
% 34 <PARAM 1D (ST> t:= P PENTIFIERD
* 35 ! <P ID LST> » <PARAM IDENTIFIERD
(;» 36 CPARAM IDENTIFIER £ <IQENTIFIER>
»
» 37 <TYPE DEF> ::= swHEAD> <TYPE DESCRIPTD
" 38 . ' < DEF> <TYPE DESCRIPT>
¥
* 39 <TYPE HEAD> ::i= TYPE
» : )
» 40 <TYPE DESCRIPT> ii= <TYPE NAME> <RECORD> <VAR DECL L ST>
* ‘ ' END CIDENTIFIERD
¥ 41 ! <TYPE NAMED <LINK> <LINK DECL>
¥ N END <CIDENTIFIER?
¥ 42 ! <TYPE NaMEY> <SCALAR>
» C :
¥ 43 <TYPE NAME> ::= <IDENTIFIER> =
* 4. <RECORD> ::= RECORD
K y . ‘
»* 45 <KLINKD> = PROCEDURE LINK
" 46 » 1. TASK LINK
% A7 % ! TASK OVERLAY
) ' 58 x ! PROCEDURE OVERLAY
. )
»
»
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» ¥
. ¥
» 49 <LINK DECL> :ii= <VAR DECL LST> <ASSIGNS> <VAR DECL LST> *
M 50 - ! <VAR DECL LsT> - *
¥ 51 ! <ASSIGNS> <varR DECL LST> *
¥ 52 U LIKE <IDENTIFIER> . »
o 53 ! <EMPTYD : »
» o e »
¥ 54 <ASSIGNS> ::= ASSIGNS »
» A ‘ . *
x 55 <SCALARY> !{:= <SCALAR HEADL> <INENTIFIER LST1> ) ¥
¥ - , »
» »56' <SCALAR HEAD> :i= ( *
L . *
¥ 57 <CHARMAP DEF> {im CHARMAP ¥
» L . : ¥
» 58 <VAR DECL> :i!= <VARIABLE> <VvAR 0 ¥
» . ¥
x 59 <VAR DECL LST> :i= <VAR DESCR A *
¥ 60 ! <VAR DEcCL_, VAR DESCRIP> *
» . »*
» 61 <VARIABLE> ::= VARIABLE ¥
* i C x
x 62 <CONST DECL> ::= <CONSTA ON DECL LST> ¥
» ¥
» 63 <CONSTANT> :i= CONST *
(), 64 <CON DECL LST> ¢ PN DESCRIP> x
» 65 ' QN DECL LST> <CON DESCRIP> X
X : ‘ ¥
¥ 66 <CON DESCRIP> 3 AR DESCRIP> <VCOLON> <VALUE LST> ¥
X " : ™
% 67 <VCOLON> i:= *
. _ i . .
» 68 <PRESET DECL> ¢¢= <KPRESET> <cOonN DECL LST> *
* v - - ¥
* 69 <PRESET> :i:= PRESET *
X . o : ¥
x 70 % <FLAG DECL> ::= <FLAG> <FLAG DESCRIP> *
» 71 % o ! <FLAG DECL> <FLAG DESCRIP> ¥
» ' . . ¥
¥ 72 ¥ <FLAG> ii= FLAG »
¥ 73 % <FLAG DESCRIP> ii= <IDENTIFIER LST> <CHECK SPEC> x
K ) S ) ¥
» 74 KYALUE LST> ::i= <VALUE GEN> ¥
» 75 o ! <VALUE LST> , <VALUE GEN> ¥
» BN ) »
¥ 76 <VALUE GEN> :ii= <EXPRES> »
» ' : ¥
» ¥
» »

!_'p.'w--n"u-m--q LY PR P L AL YT YR R Y ey TRy PRI R L ELELELDRE N PR ELDRELDY TN R FY

®

S I NGER ! SINGLE EXTERNAL ! SHEET ! KO1 ¥
* BUSTNESS ! REFERENCE SPECIFICATI( ! REVISIUN |=secmamceecemmeceancmy
¥ MACHINES: ! - L ! A ! NEXT 21 V SHEET 20 =«

RS RS S Se TN SE RE TS e R DR NS e RS T gy TS RS nw S W EE Bm T R we S - LR TR TR T

A




‘-nw.-,-h--ﬁ.- LI A T A TR R NI X LR LA&XJ --,-_‘.. LI B 1 Jeywgpupsg T R T X YR T LI B L A L A L R A A LB 1T N L I LR LA LXK T B I X §1

78

- 80
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83
84

87

90
91
92
93
34
95
96
97
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- 99

100

101

105

* 1”«'¢«<n¢ K R K K KKK kKK KKk KK KKK «g-§wr« X kK K X kK kK K K K kK Kk X K KK KK XX K ?‘5* *

*

77

79

82
f 85
86

88

89

';og'
'5103&

104

! <RANGE PART> <RANGE LIST>  <EXPRES>

<RANGE LIST> :i= <RANGE SPeC>
: 1t <RANGE LIST> » <RANGE SPEC>

<RANGE SPEC> :i= <VALUE PART>
CRANGE PART> ::i= RANGE <REP_ACE>

<VALUE PART> {:i= <EXPRES>

= ‘
! €0 TO> <EXPRESY> <STEP PAKID>

! <EXPRESY> <T10> <EXPRES> <STEP PART>
<0 70> ::= 70O

<T0> ::= 7O

<STEP PART> :i:= <STEP> (EXPRE
! <EMPTYD

<STEP> ii= STEP
<VAR DESCRIP> ::= <IDENT ¥ LST> <TCOLON> <TYPED> <CHECK SPECD

<TYPE> iim <SIMPLE T
1 CARRAY T

<SIMPLE TYPE> ¢ TIFIERD

<PWUAL TF>

WINT <PauALTF>

! TRING <puUALIF>

! INDEX <FAKE ARROW> <IDENTIFIER>

! POWERSET oF <IDENTIFIER>

<FAKE ARROW> ti= = >

CARRAY TYPE> ii= ARRAY <PUUALIF> <OF> <SIMPLE TYPE>
CPQUALTIF> :i= SLEFT SS>CEXPRESICRIGHT S8

CLEFT 88> ii= (

<RIGHT 8S> = )

CCHECK SPEC> :i® CHECK <SPEC LST>
[ ]

<EMPTYD>

- s
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1

»

»

. : F°3

» 106 <SPEC LST> ::i= <SPEC ITEM> »
¥ 107 ! <SPEC LST> , <SPEC ITEM> *
» : »
» 108 <SPEC ITEM> ii= <IDENTIFIER> O
L4 : : . LY
x 109 <OF> ::= OF ¥
» . »*
¥ 110 CIDENTIFIER LSTY> (:= <IDENT]FIER> »
* 111 ' ! <IDENTIFIER LST> s <IDENTIFIER> *
) - ¥
» 112. <SUBROUTINE DEF> {:= <SUB HEAR> <XEQ@ STAT LSI> »
¥ : L 3 ¥
» 113 <SUB HKEAD> ::i= SUBROUTINE <IDENTIF IfE »
» ; »*
» 114 <XEQ@ STAT LST> i= <XEQ STat> »
» 115 ! <XEQ STat LST STATD »
¥ . x
¥ 116 <LAB STAT LST> i= <GROUP nNU 'XEQ@ STAT> ¥
» 117 <GROUP NUMBER> <XEW STAT> *
» . X
x 118 <GROUP NUMBER> »
L 119 ’ ¥
¥ ) 3
» 120 <XEG STAT> ::= »
‘[; 121 et ¥
¥ o »
¥ 122 <BAL STAT> ::i= ¥
» 123 ! ™
» 124 ! Bt ¥
¥ 125 ! <CYCLE STAT> x
¥ ’ . R ¥
¥ 126 <SIMPLE XEQ@> ::= <REP STAT)> »
» 127 ' ! <IF STAT> ™
¥ 128 ! RECYCLE <GROUP NAME> »
¥ 129 ! LEAVE <GRQOuP NAME> ¢ ¥
» 130 » - ! START <IUENTIFIER> <PARAMS> ¥
¥ 131 » ! START <IDENTIFIERYD <PAKAMSD> <SOR> <BAL STAT> »
x 132 ! DEFER <IDENTIFIER>D <PAKAMSD> ¥
¥ 133 » ! WAIT <IDENTIFIER> <EVENT> »
* 134« ! SET <IDENTIFTERD> <SET TO> <EXPRES> ¥
¥ 135 » ! LOCK <IDENTYIFIERD ¥
» 136" % ! UNLOCK <IDENTIFIERD »
» 137 = ! LOCK <IDENTIFIERY> <CLOR> <BAL STAT> ¥
» 138 » ! UNLOCK <IpDENTIFIER>D <LOR> <BAL STAT> . »
¥ 139 ! DO <IDENTIFIERD ¥
¥ 140 ! CALL <IDENTIFIERD>D <PARAMS> *
¥ 141 ! RETURN ¥
. S _ *
» *
C :
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‘142
143

146
147

149

151

155

157

158
159
161
162
163
164
165
166

167

170
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144
145

148

150

152,
153

154"

156

160

168 -

169

171

STOP

PASS

<ENABLE> <EXPRES>

<DISABLE> <EXPRES>

TRANSFER <IDENTIFIER> <PARAMS>
INP <I0 PArRAMS>

OUT <10 PaArRAMS>

STATUS <ST10RE REF>

STATUS <STQRE REF)> , <STORE REF>

em sm s o sm ow o *® o=

CENABLE> ::= ENABLE

<DISABLE> ::= DISABLE

<SOR> ::= OR
<LOR> ::= OR
<SET TO> ::= TO

<10 PARAMS> i(:!= <STQORE REF> C> <eXPRES> <PARM (>

<EXPRES>
<STQRE K

JARM C> <EXPRES> <PARM C>
ORE REF>

<PARM . C> 2i1= o

{PARAMS> (=
'

CEVENT> iis <CONDI
+

INCR <STORE (ST> <BY PART>

<REP STAT> :i= <STORE LST> CREPLACE> <EXPRES>
. ' R |
! DECRP <STORE LST> <BY PART>

CREPLACE> ii= & =

<BY PART> ::i= <BY> CEXPRES>

Y <EMPTYD> -
<BY> :i= BY

<STORE LST> ::= <STORE REF>
. ! <STQRE LST> , <STORE REF>

¥ MACHTINES S.:! : ! A ! NEXT 24 !
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173

174
176

178

185
186
187
188

189
190

191
192

193
194
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%

172

175

177 .

179"
180

181"
182
183"

184

 <COND FACT> ::

195
196

197+
198
199
200
201
202

<STORE REF> ii= <VAR REF> <EXPRES PAIRD
! <STORE REF> o <VAR REF> <EXPRES PAIR>

VAR REF> ii= <VAR>
. 1 <VAR> <LEFT s5> <EXPRES> <RIGHI $8>

CVARD> ti= <IDENTIFIER>
! a
CEXPRES PAIR> :i= CEXPRES PaAIR (><EXPRES> <EXPRES PAIR (>
CEXPRESY> ) :
! CEXPRES PAIR (D s> )
! CEMPTY>

<EXPRES PAIR (> ii= (
CEXPRES PAIR C> (.= ,
<IF STAT> ::i= <IF PART> <B > <KELSE> <BAL STAT>

<IF PART> TAT>

<UNBAL IF> i |
<IF PART> STAT> <ELSE> <UNBAL IF>

CIF PART> i:= <IF> < T1ON> THEN
<IF> 1= IF
CELSE> :i= ELSE

<CONDITION> 3:’ OND TERM>
, ! <CONDITION> QOr <COND TERM>

<COND TERn> i= <COND FACT>
' ' ! <COND TERM> AND <COND FACT>

<COND PRIM>
NOT <COND prImMD>

<COND PRIM> {:= <KEXPRES> <wrE[ OP> <EXPRESD

{ <KCONDITIoN> )

<REL OP> !:

v A

=

<GR OR EQ>
<LT OR EG@>
<NOT EG>

e cw so ve o= Y
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¥ »
. ¥
C :
. ¥
] 203 <GR OR EQ@> (i= > = x
» I »
x 204  <L.T OR EQ@> ::= < = .
¥ ) B »
* 2os’ <NOT EQ> = ¢t = ¥
* %
» 206 <BLOCK STAT> ::=®= <BLOCK HEAD> <XEG STAT LST> END ™
¥ . <GROUP NAMg> ¢ *
»* . *
» 207 <BLOCK HEAD> ::= BEGIN <GRouP NAME> *
X g . *
¥ 208 - <CASE STAT> ::= <CASE> <EXPRESD> <C <LAB STAT LST> ¥
¥ o END CASE : %
¥ L ¥
» 209 <CASE> ::i!=m CASE »
» : : . »*
. ‘210 <CASE OF> ::= OF *
¥ 5 : : ¥
x 211 <CYCLE STAT> {:= <CYCLE HE LIFIER>S<XEW STAT {(ST> NEXT »
» ' ‘ <GKOQUP x
¥ . ¥
» 212 <CYCLE HEAD> ::= CY(LE NAME > *
» ' : »
1[3 213 <QUALIFIER> ii= <CO PARTY> & ¥
" L 3
¥ 214 <GROUP NAME> 1i= <] IFIER> *
¥ 215 : : *
¥ V . . . ¥v
x 216 <CONTROL PART> MHILE <CONDITION> *
¥ 217 ! <FOR PART> <RANGE LIST> %
* 218 ! CEMPTYD> : ¥
¥ ' o : ¥
¥ 219 <FOR PART> ::= FOR <IDENTIFIERD ! = ¥
¥ : ' ¥
¥ 220 <EXPRES> i'i= <TERM> ¥
» 221 ’ o ¥
» eae2 t <KEXPRESY> + <TERM> ¥
» 223 ! <EXPRES> = <TERM> ¥
¥ »
» 224  <KTERM> :is (PRIMARY> *
. 225 : ! KTERM> x <PRIMARY> *
% 226 ! KTERM> / <KPRIMARY> ¥
¥ 227 - ! KTERM> \ <PRIMARY)> *
¥ ‘ x
'y 228 <PRIMARY> ::= <STORE REF> *
. 229. ‘ ! RANGE ¥
* ¥
¥ *
* . . ' *
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230 !
231 !
232 }
233 !
234 !
235 o
236 ! "CONVIS ( <EXPRESY> )
237‘ !
238 =» !
239 !
240 !
261 s
242 !

5e2e303¢2 SEMANTICS

THE te!e! TERMINATOR |,

" KNUMBER>
<PARAM IDENTIFIER>
"<QSTRING>
"MIN { <EXPREY> , <EXPRES> )
MAX ( <EXPRES> , <EXPRES> )
ASCIIe4 ( <EXPRES> )

CONVSI ( <EXPRES> )
FLAGVAL ( <IDENTIFIER> )
ALL

ABS (KEXPRES>)
EMPTY

{ <EXPRES> )

THE FOLLOWING MATERIAL DISCUSSES
REQUIREMENTS OF THE SEMANTICS OF
LOGIC EXECUTED BY THE COMPILER
DEFINITION HAS BEEN RECOGNIZE,
REQUIREMENTS, IF ANYs, OF THE

RESTRICTIONS AND
OMPILERs THAT IS, THE

N INSTANCE OF A SPECIFIC
THE RESTRICTIUNS AND
[EVEL SYNTAX.

1 <RUN> !i= <COMPILATIO
2 ! <OPTIONS> IPATIOND e *

GNIZED BY THE SCANNER ONLY [F IT
BEGINS IN COLUMN 1 OF RCE INPUT LINE THeE LAST BLOCK OF

THE RUN SHOULD BE TERMIGATED BY THE OS TERMINATOR '/¥' RATHER THAN
THE 'elet'e THIS TERMINATOR MUST AL SO BEGIN IN COLUMN 1 TO Bt
RECOGNIZED AS SUCHs ON QUTPUT, THE TERMINATOR IS ALWAYS 'e!le'.

CIDENTIFIER> :
KIDENTIFIERDCSETO<IDENTIFIERD
CIDENTIFIERDCSET><KNUMBER>

6 <OPT ITEM> $:
7 -
8

e co

»
»

IN THE CURRENT IMPLEMENTATIONs INSTANCES OF 7 AND 8 ARE

IGNOREDe  INSTANCES OF ¢ ARE LIMITED T0 SIX POSSIBLE CASES:

:DATA;CODE;CHECK,ALIST:SAVE:MEHI AnD THETIR NEGATIONS,
»'NDDATA;NGCOOEINCHECKINALIST:NDSAVE;NEME.

" DATA CAUSES AN ABSOLUTE DECK QF _OADABLE DATA TU BE PRODUCEU.

THIS INCLUDES ALL LOADABLE DATA IN HIGHER LEVEL BLOCKS.

' CODE CAUSES A RELOCATABLE DECKk OF OBJECT CUDE TU BE GENERATED.
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11

ALIST CAUSES AN ASSEMBLY=LIKE | ISTING OF THE DATA DECLARATIVES
IN EFFECT FOR THIS BLOCKs AND [F THE CODE OPTION IS SELECTED,
ASSEMBLY=LIKE LISTING OF YHE GENERATED ORJECT CUDEs

SAVE CAUSES THE COMPILED SYMByoL TABLE TO REPLACE [HE PREVIOUS ’
- SYMBOL TABL? FOR THAT BLOCK (I1F ANY) IN THE OBJECT FILE®
NOSAVE WILL CAUSE THE COMPILED sYMBOL TABLE TOU NOT BE SAVEDe

"CHECK PRDVIDES FOR COMPLETE CrROSS=REFERENCING OF ALL IDENTIFIERS
EXCEPT GROUP NAMESe NOCHECK RESULTS IN CRUSS=REFERENCING OnWLY
THOSE DATA ITEMS FOR WHICH CHeck OPTIONS WERE SP&CIF[ED.

"MEM1 AND MEM2 CAUSE THE BLOCK TO BE AL
COMMON MEMORY RESPECTIVELY.

LED IN PARTITION OUR

ANY OTHER OPTION ITEM WILL CAUSE an EXMGR MESSAGE

HECKsNALISToMEML s AN
TT FOR SUBSEWUENT COMPILATION

DEFAULT OPTIONS ARE NODATA,CODE,NQ
OPTION, ONCE SPECIFIEDs REMAINS
BLOCKS UNLESS OVER=RIDDEN BY IT

10 CCOMPILATIONY> ::= > <CONTEX! BLK>
0 ,

WHEN A PROGRAM BLOCK IS
STATEMENT OF THE <XEG Sf

CONTROL PASBSES TO THE FIRST

14 ¥ <PROG NAME> {i= IDENTIFIERD

IN THE CURRENT IMPLEME TION» TaSk IS RESTRICTED TO THE
HIGHEST LEVEL EXECUTABLE BLOCK, THAT IS, ITS PARENT MUST BE
A CONTEXT BLOCKe THE USE OF TAgksS IN ASYNCHRUNOUS

CODING IS A DEFERRED FEATURE.

15 <PARENT DECL> ::= PARENT <[GENTIFIERD
16 - - !

<EMPTY>

IF THE NAMED PARENT IS NGT FOUND On FILE, AN ERROR

MESSAGE IS GENERATEDe 16 IS INCLUDED SO THAT THE COMPILER |
"CAN RECOGNIZE THE COUNDITION AND f{AG THE ERROR SPECIFICALLY
wITHOUT CAUSING A LONG SEQUENCE (F ERROR MESSAGESe

17 . <CONTEXT BLOCK> ii= <DECL LIST>

ALTHOUGH THE SYNTAX SAYS THAT Twg DEFINITION ITEMS MAY APPEAR

IN ANY ORDER, THE SEMANTICS REGUIRES THEM IN THE URDER

X
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CHARMAP,PARAMETERITYPESCONSTANT ,PRESETI» VARIABLEIFLAG)
SUBROUTINE« EACH ITEM, OF COURSE, NEED NOT APPEAR.

32 <PARAM DESCRIP> :i= <PARAM [0 LIST>CXTCOLONDKEXPRES> >

" THE RESTRICTIONS ON <EXPRES> FUR THIS DEFINITION ARE:

.THE FOLLOWING FORMS OF <PRIMARY> ARE NOT ALLOWED: 'RANGE','ALL"'»
YEMPTY') AND 'FLAGVAL'e <STORE REF> IS ALLOWED AS A PRIMARY

_ ONLY IF IT REFERS 7O A PREVIQUSLY DEFINED CONSTANI OR PRESET

‘DATA ITEM, OR TO A PREVIOUSLY DEFINED CHARMAP FUNCTIONe (SEE

. SEMANTICS, RULE 228)¢ <PARAM IDENTIFIER> IS ALLOWED AS A PRIMARY
ONLY IF THAT IDENTIFIER HAS BEEN PREVIOUS JEF INED o SR
ANY INSTANCE OF <EXPRES> WITHIN A PRIMA SUBJECT TO THE SAME
RESTRICTIONS ON PRIMARIES.

THE <EXPRES> MUST EVALUATE TO A NON ;t INTEGER OR STRING.

40 KTYPE DESCRIPTY> ::= <TYPE Na WCORD> <VAR DECL LST>
: ' IFIER>

Ex <LINK> <LINK DECL>

BENTIFIERY

[£> <SCALARD>

41 ' ! <TYPE
42 . ,
43 <TYPE NAME> ::= <IDEN

ARING STRUCTURED DATA ELEMENTS. IHE
ME> 1S DEFINED TO BE A DATA TYPEe A
ARED IN THE DECLARATION SECTION AS
HAVING THE TYPE WHOSE AND STRUCTURE ARE DEFINED HEREs THE
ELEMENTS OF THE <VAR D LIST> ARE THE NEXT LEVEL ®*FIELDS» OF
THE RECORDe THESE FIELDS MAY In TURN BE OF SOME RECORD TYPL,
AND THUS ONE MAY HAVE SUBFIELDS wITHIN FIELUS» ETCo

RULE 40 IS THE FORM FO
CIDENTIFIER> IN THE <
DATA ITEM MAY THEN BE’

RULE 41 1S USED TO DEFINE THE BLOCKS WHICH ARE OWNED BY THIS
. BLOCK, AND 7O DEFINE THE ARGUMENTS, IF ANY, WHICH ARE USED IN
" REFERENCING THOSE BLOCKSe THE <TYPE NAME> IS THE NAME OF A
BLOCK AND THE NAME OF A RECORD vyPg WHOSE STRUCTURE IS GIVEN
BY THE <LINK DECL>e WHEN SUCH A BLOCK 18 REFERENCED, THE
ARGUMENT MUST BE A RECORD OF TRAT TYPE.

"IN RULES 40 AND 41, IF THE <IDENTIFIER> AFTER THE 'END' DOES NOT
MATCH THAT IN THE <TYPE NAMED> A WARNING MESSAGE RESULTS. '

RULE 42 DEFINES THE <TYPE NAMED> AS CORRESPONDING TO A SET OF
~ NAMED VALUES LISTED IN THE <SCApLAR>De A DATA I1TEM DECLARED
TO BE OF  TYPE <TYPE NAMED> RANGES QVER THAT SET OF VALUES.
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45 CLINK> :i= PROCEDURE LINK

46 # ! TASK LINK -

47 » ! TASK OVERLAY

48 ¥ ! PROCEDURE OVERLAY

IN THE CURRENT IMPLEMENTATION, INSTANCES OF 47 AND 48 WILL
" BE INTERPRETED AS IF THEY WERE 46 aAND 45 RESPECTIVELY.
-'SUPPORT FOR OVERLAYS IS A DEFERRED FEATUREs FUR THIS IMPLEM=
ENTATION, AN INSTANCE OF 46 QUTSIDE OF A CONTEXT BLOCK WILL
. CAUSE AN ERRQOR MESSAGE.

49" <KLINK DECL> &t

= (VAR DECL LST> <ASS <VAR DECL LST>
50 ! <VAR DECL (sT>

51 ! <ASSIGNS> <vak DE

52 ! LIKE <IDENTIFIER

53 ! <EMPTYD

WHEN THE BLOCK NAMED IN THE LINK
COMPILED, ASSIGNMENT OF A VALUE
wILL CAUSE AN ERROR UNLESS THAT
WITHIN THE LINK DECLARATION
RULE 52 HAS THE EFFECT OF MA
SYNONYMOUS WITH SOME PREVIQ
THAT A RECORD OF THE LATY
IN INVOKING THIS .BLOCK.

ATION IS SUBSEQUENTLY
_ IELD OF THE ARGUMENT RECOURD
' NAME FOLLUWS THE 'ASSIGHS!
+IS ARGUMENT RECURD TYPE _
FINED ARGUMENT RECORD TYPE, S0
PE MAY BE USED AS AN ARGUMENT RECORD
57 <CHARMAP DEF>:i=
THE SYNTAX OF THE DEFINETION OF A CHARMAP 1S NOT CUNVENIENTLY
EXPRESSIBLE IN A CONTEXT=FREE GrkAMMARs SO THE KECUGNITION OF
THIS RESERVED WORD CAUSES CONTROL TO PASS TO A SPECIAL SCANNER
WHICH COMPLETELY ANALYZES THE CHARMAP DEFINITIONS.
AN INCOMPLETE SYNTAX FOR THE CHARMAP DEFINITION IS:
" CCHARMAP DEF> ii= CHARMAP <MAPDEF _IST>

" KMAPDEF LIST> :i= <MAPDEF>
: ! <MAPDEF LIST> <MAPDEF>

 <MAPDEF> :i= CIDENTIFIER> = (<Map [IST>)

<MAP LIST> {:®= <MAP TERM>
! <MAP LIST> <MAP TERrRMD

A <MAPDEF> ASSOCIATES A NAME <IpgwiIFIER> wITH A FUNCTION
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"OF <NUMBER> ARE IGNOREDs THE FIRST CHARA

WHICH MAPS A ONE=CHARACTER ARGUMENT INTO A SMALL NON=NEGATIVE
INTEGERe THE MAPPING IS DEFINEpD By GIVING A SEQUENCE OF

CHARACTER GROUPSs EACH CHARACTER IN A GROUP MAPS INTO THE

THE SAME INTEGER VALUE» AND CHARACTERS IN SUCCESSIVE GROUPS

MAP INTO SUCCESSIVE INTEGER VALUgES, BEGINNING WITH ZERQes IF o
A CHARACTER APPEARS IN MORE THAN ONE GROUP AN ERROR

' MESSAGE RESULTS, AND THE SECOND APPEARANCE OF THE CHARACTER 15
- "TGNORED » .

THE RECOGNITION OF <MAP TERM> IS HBEST DESCRIBED IN WORDS:

‘AFTER SEEING '(' THE FOLLOWING TEXT IS SCANNEDe COMMENTS AND

DEBUG CONTROLS ARE RECOGNIZED AND TREATED NORMALLY. INSTANCES
OF A <MAPTERM> IS
ERROR,

TERMINATES
VE OCCURREDs THE CUMPILER
ECEDING THE ':', GIVING
IMAGE) OF THE
ERS STARYT WITH ZERO

THE COLONs ':t's ANY OTHER CONSTRuUCT CA
EXCEPT THE APPEARANCE OF THE PARENTHES
THIS INSTANCE OF <MAPDEF>e IF g ERRY
INSERTS A THREE DIGIT NUMBER IMMgDIAT
THE SEGQUENCE NUMBER (AND HENCE THE
CHARACTER GROUP WHICH FOLLOWSe :
AND MAY NOT EXCEED 255,

THE CHARACTER GROUP 1S RECOGNIZ
CHARACTER AFTER THE 'i' , IF
SEE IF IT PLUS THE NEXT FOUR '
'OTHER's IF S50, THE CHARA
BE ALL CHARACTERS NOT SPE
<MAP LIST>e. IN ALL OTH
':' IS TREATED AS A DEL
DELIMITER AND PRECEDI

OLLOWS: THE FIRST NON=BLANK

CTERS FORM THE RESERVED wORD
FOUP OF THIS <MAP TERM> IS TO
D IN SOME QTHEK TERM OF THIS

THE FIRST NON«BLANK AFTER THE
Re AL CHARACTERS FULLOWING THATY

, NEXT APPEARANCE OF THAT DELIMITER
FORM THE CHARACTER GR THIS <MAP TERM>e THE CHARACTER
GROUP MAY BE EMPTY, ASTEN THE CaASE '//'. THE SEARCH FOR

THE DELIMITER IS SATISFYED BY END«CGF*LINE, HOWEVER AN ERROR
MESSAGE 1S GENERATED IN THIS CASge IF NO NON=BLANK IS FOUND TO
THE RIGHT OF THE COLON IN THAT (nPUT LINE, THE SEARCH FOR A
DELIMITER TERMINATES AND THE CHARACTER GROUP IS TAKEN TO BE
EMPTY. ONCE THE CHARACTER GROUP HAS BEEN

IDENTIFIEDs THE SUBSEWUENT TEXT 15 SCANNED AS ABUVEs SEARCHING

'f FOR ANOTHER <MAPTERM> OR THE PARENTHESIS WHICH TERMINATES THE
 KMAPDEF>. NOTE THAT THIS TERMINATOR IS NOT RECOGNIZED AS SUCH

IF IT APPEARS WITHIN A CHARACTER GROUPs» SOME OTHER CONSTRUCT, OR
A COMMENT s :

62 <CONST DECL> :i= <CONSTANT> <CON DECL LST>

ANY EXECUTABLE STATEMENT WHICH ASSIGNS A VALUE TO A CONSTANT
DATA ITEM WILL CAUSE AN ERROR MpEgSaGE e

70 x  <FLAG DECL> :i:= <FLAG> <FLaG DESCRIP>
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71 & - <FLAG;DECL> <FLAG DESCRIP>
72 x  CFLAG> :is FLAG
73 » <FLAG DESCRIP> ii= <IDENTIFTER LST> <CHECK SPEC>

_-SUPPORT FOR FLAGS IS A DEFERRED FEATUREs INSTANCES OF ANY
OF 70 THROUGH 73 WILL BE IGNORED, AND AN ERROR WILL

RESULT.
T KVALUE LST> ti= <VALUE GEN>
75 ! KVALUE LST> , <VALUE

MORE THAN ONE VALUE IS PERMISSIRLE ONL
DECLARED IS AN ARRAYe IN THE EVENT TH ALUE IS ASSIGNED
TO A SUBSCRIFT WHICH EXCEEDS THE pIM OF THE ARRAY, AN

ERROR MESSAGE RESULTS» AND THE ILLEA VALUE IS

IGNOREDs IN A LIST OF VALUES:» as h
IN SUBSCRIPT ORDER, FIRST VALUE ¢
NEXT TO SUBSCRIPT 12 AND SO ONo
THROUGHR THE USE OF A "RANGE"
LISTED VALUES FOLLOWING A "RA
SUCCESSIVE SUBSCRIPT VALUES
ASSIGNED TO “RANGE")s

DATA ITEM BEING

PONDING TO SUBSCRIPT 0»
ORDER MAY BE OVER=RIDDEN
SEE RULE 77)» INDIVIDUAL
rLAUSE ARE ASSIGNED TO

NING WITH 1+(LAST VALUE

76 <VALUE GEN> :i=

THE LIMITATIONS ON <E¥ FOR THIS DEFINITIUN ARE:

THE FOLLOWING FORMS O PRIMARY> ARE NOT ALLUWED: '"RANGE','ALL',

YEMPTY ', AND 'FLAGVAL'¢\ ' <STORE REF> IS ALLOWED AS A PRIMARY

ONLY IF IT REFERS TO A PREVIQUSLY DEFINED CONSTANIT OR PRESET

DATA ITEM» OR TO A PREVIOUSLY DEFINED CHARMAP FUNCTIOWN. {SEE

SEMANTICS» RULE 22B)e <PARAM IDENTIFIER> 15 ALLOWED AS A PRIMARY

ONLY IF THAT IDENTIFIER KAS BEEN PREVIOUSLY DEFINEDe

ANY INSTANCE OF <EXPRES> WITHIN s pRIMARY IS SUBJECT TO THE SAME
~ RESTRICTIONS ON PRIMARIES.

- THE <EXPRES> MUST EVALUATE TO Awn INTEGER OR STRING VALUE.,

~ IN ADDITION, THE TYPE OF THE <EXPRES> MUST BE CUMPATIBLE wITH
‘THE TYPE OF THE DATA ITEM BEING GIVEN A VALUE (Skk SEMANTICSs, RULES
163=5)), WHICH HENCE MAY NOT Bt 0F RECORD, PUWERSET OR SCALAR TYPE »
‘If THE RESULTING VALUE OF THE ExrRESSION EXCEEDS THE
SIZE SPECIFIED BY THE <PQUALIF> (SFE RULES 66290=101), AN ERRUR
MESSAGE RESULTS, OR A WARNING MESSAGE IN THE CASE OF STRING DATA,
WHICH IS TRUNCATED ON THE RIGHT 10 FIT THE DECLARED SIZE.

77 . : - ! <RANGE PART> <RANGE LIST> : <EXPRES>
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LIMITATIONS ON <EXPRES> FOR THIS DEFINITION ARE THE SAME AS ,
THOSE FOR 76 EXCEPT THAT 'RANGE' ]S ALSO AN ADMISSIBLE PRIMARY.
THE MEANING OF »RANGE® IS THAT I7S VALUE SPECIFIES A SUBSCRIPT .
VALUE FOR THE ARRAYs TO WHICH THaT VALUE OF THE <EXPRES> IS TO
. BE ASSIGNEDs IF A MORE THAN ONE ASSIGNMENT 1S MADE TO THE SAME
~SUBSCRIPT VALUE, AN ERROR 1S GENERATED AND THE LAST SPECIFIED
ASSIGNMENT IS MADE.

82 CVALUE PART> :i= <EXPRES>
- .83 ! <0 TO> <EXPRES> <STEP FART>
"84 ' ! CEXPRES> <70> <EXPR <KSTEP PART>
. 85 <0 TO> :i= TO
86  <TO> ii= TO
87 <STEP PART> :i= <STEP> <LXPR
88 ! <EMPTY> ;

THE LIMITATIONS ON <EXPRES>
WHERE IN THE SOURCE CODE THE
MUST EVALUATE TO A NON=NEGA
OF THE PRIMARIES <NUMBER>
'"FLAGVAL's <PARAM IDENT,
HAS PREVIOUSLY BEEN ASS§
SECTION, THE EXPRESSION |
AND HENCE ANY <STORE ¥
‘OR CONSTANT DATA ITEMI
A PRIMARY ARE SUBJECT W
CONTAINING EXPRESSION. :
IN 82 ONE VALUE IS GENERATEDs THAT GIVEN BY THE EXPRESSION.
IN 83 AND B4 A SEQUENCE OF VALUES 1S GENERATED, BEGINNING WITH
ZERO IN THE CASE OF 83, OR THE vaLUE OF THE FIRST <EXPRES> IN
84e¢ SUCCESSIVE VALUES ARE DERIVED FROUM THE PREVIOUS VALUE BY

- ADDING TO IT THE VALUE OF THE <ExPRES> IN CASt ¥7» OR THE VALUE

1 IN CASE 88 UNTIL A VALUE GREATER THAN THAT OF THE <EXPRES>

. PRECEDING THE <STEP PART> IS OBYAINEDe THIS VALUE IS DISCARDED

.~ AND THE SEQUENCE IS COMPLETE. ' o

E DEFINITIONS LDEPEND UPON

gA R o IN ANY CASts» THE EXPRESSION
‘ NTEGER, AND MAY NOT CONTAIN ANY.
KINGY>2» "RANGE ' s "ALL "2 'EMPTY ' QR

1S ALLOWED ONLY IF THAT PARAMETER
VALUEe WITHIN THE DECLARATION

T BE FuLLY EVALUATABLE AT COMPILE TIME,
UST BE TO A PREVIOUSLY ULUECLARED PRESET
USUAL, ANY INSTANCES OF <EXPRES> wWITHIW
THE SAMg RESTRICTIUNS ON PRIMARIES AS THE

90 CVAR DESCRIP> ii= CIDENTIFIER LST> <TCOLON> <TYPE> <CHECK SPECY>

EACH OF THE IDENTIFIERS IN THE <IDENTIFIER LST> IS DECLARED Tu
BE A DATA ITEM OF THE INDICATED TYPE.
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95 ! SINT <PUyALIF>

A VARIABLE OF TYPE SINT 1S LIKE A

96

<IDENTIFIER> MUST BE DEFINED AS A TYPE IN THIS OR A HIGHER
LEVEL BLOCK.

94 o ! INT <PQUALIF>

A VARIABLE OF TYPE INT IS AN INTEGER WHOSE RANGE UF PUSSIBLE

- VALUES IS 0 TO Ny WHERE N IS THg vALUE OF THE <KPUQUALIF>s IF
A VALUE OUTSIDE THIS RANGE IS ASSIGNED TO THE VARIABLE, THE
"RUN=TIME RESULTS ARE UNDEFINED IF AN OUT=UF=RANGE VALUE

. IS ASSIGNED TO SUCH AN [TEM AT CoMPILE TIME (WITHIN A PRESE!T
"OR CONSTANT DECLARATION) AN ERROR MESSAGE RESULTSe

© THE MAXIMUM ALLOWED VALUE OF N Is 9,999,9

WILL CAUSE AN ERROR MESSAGE.

§48LE OF TYPE INT WITH
MOLE VALUES IS FROM

DE THIS RANGE CAUSE
IME, OR UNDEFINED

AN ALGEBRAIC SIGNe 1TSS RANGE OF
=N TO Ne ASSIGNMENTS OF VALUES
AN ERROR MESSAGE IF MADE AT COM
RESULTS IF MADE AT RUN TIMEs

THE MAXIMUM ALLOWED VALUE O
WILL CAUSE AN ERROR MESSAG

»999,999,999¢ LARGER VALUES

<PQUALIF>

A DATA ITEM OF TYPE STR
THE SINGLE CHARACTE

1S A SEGUENCE OF N CHARACTERS QF
HERE pn 1S THE VALUE OF <PUUALIF>.
ASSIGNMENT TO SUCH A "ABLE OF FEWER THAN N CHARACTERS CAUSES
THOSE CHARACTERS TO BEYREFT ADJUSTED IN THE VARIABLEs» WITH
BLANKS ADDED ON THE RIGHT TO FILL. ASSIGNMENT OF MURE THAN N
CHARACTERS CAUSES ONLY THE LEFTwen0OST N CHARACTERS TO BE PLACED
IN THE VARIABLE; IF THE ASSIGNMENT IS MADE AT COMPILE TIME A
WARNING MESSAGE RESULTS.

THE MAXIMUM ALLOWED VALUE OF N s 100e LARGER VALUES wWILL CAUSE
.- AN ERROR MESSAGE.

87 o ! INDEX <FAKE ARROWD> <IDENTIF1ERD>

- A DATA ITEM OF TYPE INDEX => <IDENTIFIER> IS PERMISSIBLE ONLY
IF THE <IDENTIFIER> IS DECLARED [N THIS OR A HIGHER LEVEL BLOCK

AS AN ARRAY <PQUALIF> OF SOME Typg. THE INDEX ITEM IS EGUIV=
ALENT . TO AN ITEM OF TYPE INT <PQUALIF>s» EXCEPT THAT ARRAY
REFERENCES WILL BE EXECUTED MURE ErFICIENTLY USING THE INDEX

VITEM THAN USING AN INT TYPE 1TEM AS THE SUB&CRIPT-

98 ) . ! PCWERSET OF <IDENTIFIER>

SINGLE EXTERNAL ! SHEET ! KO1

999+ LARGER VALUES
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AN ITEM OF TYPE POWERSET IS PERMISSIBLE IF THE <IDENTIFIER>
1S DEFINED AS A SCALAR TYPE IN THIS OR A HWIGHER LEVEL BLOCK.
THE MAXIMUM NUMBER OF COMPONENTS Of THE SCALAR TYPE IS 1es IF ”
THIS 1S EXCEEDED AN ERROR RESULTSs A POWERSET DATA
"ITEM HAS VALUES WHICH ARE SUBSETs OF THE SET OF ALL POSSIBLE
" VALUES OF THE SCALAR TYPEs THUS IfF THE SCALAR HAS N VALUES
" THE POWERSET REQUIRES N BINARY pDIGITS TO REPRESENT ITS VALUESS

100 CARRAY TYPE> :i® ARRAYCPGUAL IF><OF><SIMPLE TYPED

- THE VALUEJN, OF <PQUALIF> INDICATES THAT
N+1 ITEMS, EACH OF THE SAME <SIMPLE TYPH
ITEMS ARE REFERENCED BY SUBSCRIPTING wd

~ 'USE OF OUT=OF =RANGE SUBSCRIPTS AT RU

"RESULTS.

ARRAY CONTAINS
HE INDIVIDUAL
UES FROM O TO N
CAUSES UNDEF INED

101 <PQUALIF> = <LEFT SS> <Expy IGHT 88>

ITION ARE THE SAME
ITIONS AND_D&CLARATIUNs.

THE LIMITS ON <EXPRES> FOR THIS
AS THOSE FOR 82:87, WITHIN T

108 CSPEC ITEM> ::= <IDE

THE ONLY ADMISSIBLE VALY
"THESE REPRESENT COMPILFE
WHICH CAUSE A FETCH»
L AND U ARE MEANINGI
SUPPORTED IN THE CUR

* IDENTIFIER ARE FsSsLas AND Uo
€ CROSSeREFERENCING OF ACTIONS
LUCK, OR UNLOCK OF THE DATA ITEM.
»ONLY FPR FLAG ITFMS» AND AKE NOT
IMPLEMENTATION.

‘112 <SUBROUTINE DEF> {i= <SUB HEAD> <XEQ STAT LSI>

ANY SUBROUTINE DEFINITIONS IMMEDIATELY PRECEUE THE ACTIONS OUF
THE BLOCKe NOTE THAT THESE SUBRCUTINES HAVE NO ARGUMENTS. THEY
"ARE INVOKED BY THE 'DO' STATEMENT (SEE 139)s COUNTROL RETURNS
TO THE ACTION FOLLOWING THE '0LO' WHEN THE SUBROUTINE EXECUTES A
'RETURN' STATEMENT OR COMPLETES THE ACTION IMMEDIATELY PRECEDING
~ THE 'END' WHICH TERMINATES ITS pDEFINITIONs THE DEFINITION OF
A SUBRQUTINE HAS EFFECT ONLY WITh[N THE BLOCK IN WHICH IT IS
'DEFINED, AND THE SUBROUTINE CANNGT BE REFERENCED FROM ANY
yOTHER BLOCK.

114 ,<xgo,STAT LST> $i= <XEQ@ STAT>
115 . . ! <XEG STAT LST> <XEQ STAT>

WHEN CONTROL 1S PASSED TO AN <xgg STAT LST>s EXECUILON BEGINS
WITH THE FIRST STATEMENT. CONTROL FLOWS FROM ONE STATEMENT TO
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TO BE TRANSFERRED "IN SOME OTHER MANNERS

IN ALL EXECUTABLE STATEMENTS,

. -ADMISSIBLE <PRIMARY>e FQOR OTHER GENERAL
- THE SEMANTICS FOR RULES 220 ETe SEQe

'RESTRICTIONS.

118" <GROUP NUMBER> 1= <NUMBER>
119 '
IF THE VALUE OF THE <EXPRES> IN T
STATEMENT WITH GROUP NUMBER N Is T
(SEE 208, 116:117)s ON INPUTs a
1S CALCULATED FROM POSITION IN
NUMBER 1S INSERTED IN THE OUTPU
GROUP NUMBER IS 999+
128 (<SIMPLE XEQ@>) ! RECY
IF THE <GROUP NAME> IS
PRECEDING 'CYCLE! STAT
THE NEAREST PRECEDING
IF THE INDICATED 'CY¢
129 EAVE <GRQUP NAME>
IF <GROUP NAME> IS EMPTY, CONTRQL PASSES
PAST THE NEAREST FOLLOWING 'ENU' (R
PASSES TO THE FIRST ACTION PAST Twg
TERMINATES THE 'BEGIN' OR 'CYCLE' HAVING
IF THE INDICATED POINT DOES NOT gxIST AN

130

138

K kK kK Kk K kK kK K & K kK kK K k &k Kk & iﬁ'k¢~k¥€-?;!i K K KK KR K KKK KKK KKK KK KK

S I NGER !

THE NEXT 1IN THE LIsT UNLESS EXECUTING A STATEMENT CAUSES CONTROL

THE RESTRICTIONS
(NUMBER);'RANGE!,AND COSTRING> ARE NOT ALLOWED
SIMILAR RESTRICTION APPLIES TO aANY INSTANCE OF

CERTAIN INSTANCES OF <EXPRES>
~ WITHIN EXECUTABLE STATEMENTS MAy HAVE ADDITIUNAL KESTRICTIONS,
- WHICH CASE THE SEMANTICS FOR THaY CONSTRUCT LITt THE ADDITIONAL

é
F 1S IGNUORED
J AB STAT LST> AND THIS
HE MAXIMUM PERMISSIBLE

WP NAME> &

CONTROL PASSES TO THE NEAREST
OTHERWISE CONTROUL PASSES T0
STATEMENT WITH THAT <GROUP NAMED.«
NOT EXIST AN ERROR RESULTS.

YNEXT ',
YEND!

¥ ! START <IDENTIFIERD> <PARAMSD>
131 ! START <IDENTIFIER>
132 ~» ! DEFER <IDENTIFIER> <PARAMSD
‘133 * ! WAIT <IDENTIFIER> CEVENT>
134 & ! SET <IDENTIFIER> <SET TO0O> <EXPRES>
135 «» ! LOCK <IVENTIFIERD>
136 » ! UNLOCK <IDENTIFIERD ,
137 ». ! LOCK <IDENTIFIERY> CLOR> <KBAL STAT>
» !

UNLOCK <IDENTIFIER> <LOR> BAL STAT>

UN <EXPRES> ARt THATL
AS PRIMARIES, AND A
CEXPRES> WITHIN AN

RULES ON EXPRESSIONS SEE

IN

ATEMENT 1S N, THEN
WHICH IS EXECUTED.
A NUMBER

THE FIRST ACTION
UTHERWISE CONTROL
OK 'NEXT' WHICH

THAT <GROUP NAMED>.

ERRUR RESULTSe

T0

<PARAMSED> <SOR> <BAL STAT>
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144 ¥

146 ¥

"ALL OF THE ABOVE ARE IGNORED IF fF(QuUNDe AN ERROR RESULTS.
THESE ALL REPRESENT FEATURES NOT SUPPORTED IN THE CURRENT
INPLEMENTATIONf :

139 : ! DO <IDENTJIFIERD>

~EXECUTING THIS STATEMENT CAUSES CONTROL TO PASS TU THE

. SUBROUTINE WITH THAT <IDENTIFIER>Ds IF SUCH A SUBRUUTINE HAS
NOT BEEN DEFINED WITHIN THAT BLocx AN ERROR MESSAULE RESULTS.

140 ! CALL <IVENTIFIER> <PARAMS>

EXECUTING THIS STATEMENT CAUSES CONTROL
PROCEDURE HAVING THAT <IDENTIFIgR>s T
DIRECTLY SUBORDINATE TO A BLOCK wHOSEs
.CALLING PROGRAMs THE CALLING PROGRA
PROCEDURE CALLED NOR SUBGRDINATE
RULES CAUSES AN ERROR MESSAGE e

SS 10 THE
CEDUKE MUST BE
INCLUDES THE

0T BE THE
VIOLATION OF THESE

141 _ ! RETURN
EXECUTING THIS STATEMENT CA

PROGRAM WHICH INVOKED THIS
"THIS STATEMENT IN A TASK

GNTROL TO RETURN TO THE
AUSES AN ERROR.
142 »

POSSIRLE ONLY FOR A TASKs AND
CAUSES TERMINATION O KT TASK, | NDER THE CURRENT IMPLEMENT=
ATION THE ONLY TASK 1S@WHE HIGHEST LEVEL PROGRAMs OCCURRENCE
OF A 'STOP! WITHIN A PROCEDURE CAUSES AN ERRORe ' o

EXECUTING THIS STATEY

143 , ! PASS

THIS EXECUTABLE STATEMENT PERFURMS NO ACTIONe CONTRUL FLOWS
DIRECTLY THROUGH ITe IT IS USED wWHERE THE SYNTAX CALLS FOR

AN EXECUTABLE STATEMENT BUT NU ACTION IS DESIRED AT THAT POINT;
AS MIGHT HAPPEN IN A '"CASE' STATEMENT.

44 ‘ ! <ENABLE> <EXPRES>
145 » ! <DISABLE> <EXPRES>
! TRANSFER CIDENTIFIER> <PARAMS>

THESE ARE NOT SUPPORTED IN THE CURRENT TMPLEMENTATION, AND
WILL CAUSE AN ERRORe

147 o Y INP <IO PARAMSD

SINGLE EXTERNAL - ! SHEET ! KO1

- aw s

AM OR SUBRQUTINEe OUCCURRENCE UF
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148 ! OUYT <I0 PARAMS>

THESE STATEMENTS MAP INTO SYSTEM TEN IN AND OUT INSTRUCTIONS.

149 ! STATUS <STORE REF>
150 1 STATUS <ST(QRE REF> , <STORE REF>

ONLY DEFINITION 149 IS ALLOWFD IN THE CURRENT IMPLEMENTATION.

THE FORM OF 150 1S EXPECTED TO g uSED FOR SYSTEM ELEVENe THe
STATUS STATEMENT CREATES A NUMERIC VALUE FOR THE CURRENT SYSTEM

~ TEN CONDITION CODE, AND ASSIGNS THAT VALUE TO0 THE <STORE REF>,
‘WHICH MUST BE OF TYPE INT OR SINT. THE4

UES ARE DETERMINED AS

FOLLOWS?
STATUS VALUE CONDITION COpf R PREVIOUS INSTRUCTION)

0

1

2

3

4

5
156 <I0 PARAMS> (.= EF> <PARM C> <CEXPRES> <PARM (>
157 « .‘ ! EF> <PARM C> <EXPRES> <PARM (>

8> s <STORE REF>

DEFINITION 157 Is NO OWED IN THE CURRENT IMPLEMENTATIONe IT
IS EXPECTED TO BE USEDYFQR SYSTEmM ELEVENe IN DEFINITION 156, THE
<STORE REF> MUST BE TOU A STRING R SUBSTRING OF LENGTH AT MOST
100« THE FIRST <EXPRES> MUST EVALUATE TO A NUN=NEGATIVE INTEGER
NO GREATER THAN 9+ THE SECOMD <gExPRES> MUST EVALUATE TO, A NOWN=
NEGATIVE INTEGER NO GREATER THAN 7. THE STATEMENTS

INP A,8,C
OUT A,B»C

GENERATE INSTRUCTIONS EQUIVALENT To (ASSEMBLER 11 FORM)

R X(Y)sLixX(Z)
W X(Y)sLiX(2Z)

WHERE X IS THE ADDRESS OF THE STRING OR SUBSTRING AND LiX IS ITS
LENGTHe Y IS THE VALUE OF THE ExPKESSION Bs AND £ IS THE VALUE

" OF THE EXPRESSION Ce

A ! NEXT 38 ! SHEET

¥
%

® K K K K ¥ kK & kK & kK ¥ ¥ K X X kK k € ®k & X K X kK kK kK ¥ ¥ ¥ & k X £ k Xk kK kK * ¥ kK kK k k kK kK &k ¥ *k & &

;;i;-;ﬁ-h-----QQQ------.--n.-.-----.un—-,-.----..---p--q.---n-.--q-cn--.-----.;

S I NGER ! SINGLE EXTERNAL ! SHEET ! KO1
BUSTINESS ! REFERENCE SPECIFICATIO ! REVISIUN !|==smeecsmescssacmene=a=x
M ACHINES:!! ' !

¥

37 »

¥.-n----v.-’—-- - me LT R T .‘.'.- e WE WS gy -in Mo N e pos W WD e Wop T W Wk VIR W DD W Wi Pw t_- omame Nw o)




Y E Y B Y LY X TR LN TN PN TN TR Py R R LN T Q. L R Jraearsyy F R 7 R TR TR LR LA L AL B L A L N 1 W T N 1] n- oy wap W we M

159 <PARAMSD> ::= ( <STORE REF> )
160 1 CEMPTY>

THE <STORE REF>, IF PRESENT» MUST BE TO A DATA ITEM WHOUSE
TYPE IS <IDENTIFIER>,» WHERE THE naAME OF THE PROGRAM INVOKED -
. 1S ALSO <IDENTIFIER>e IF NOTs aN ERROR MESSAGE RESULTS. :
STHE 'LINK' DEFINITION FOR THE PROGRAM ALSO CAUSES A 'RECORD'
- TYPE OF THE SAME NAME TO BE DECLAREDs SO THAT ARGUMENIS MAY
BE PASSED TO THE PROGRAM BY REFERENCING A DATA RECURD OF THAT
~ TYPEo -

164 » <EVENT> ii= <CONDITION>
162 » ! FINISH <IDENTIFIERD

THESE ARE NOT SUPPORTED IN THE CURREN ENTATLUNS

163 CREP STAT> ::= <STORE LST> <REP ’ CEXPRES>
164 ! INCR <STORE Y PART>
165 ! DECR <STOKE BY PART>

THESE ARE THE MAIN ACTIONS Wk
AT RUN TIMEe ALL SUCH ASSIG]
FOR COMPATIBILITY OF TYPE,
ITEM MUST BE COMPATIBLE W
WARNING OR ERROR MESSAGE
RECEIVING ITEM TYPE AR
AND M STAND FOR VALUES *

IGN VALUES TO DATA ITEMS
ARE CHECKED AT COMPILE TIMe
_ THE TYPE OF THE SOURCE

T OF THE RECEIVING ITEM, OR A
LTS, COMPATIBLE TYPES FOR A GlVEN
BELOWe IN THIS TABULATION, N
NSTANCES OF <PQUALILIF>) WITH M<=Ne

RECEIVING TYPE com E TYPeg

INTOINY . INTEMI s INDExed>A (ASARRAY([M] UF ees)

INDEX=> (ARRAY [N1)
, ' INTIM)» INDEX=>{ARRAY[M])

SINT[N] , INTIM)» SINT([M), INDEX=>(ARRAY([M])

STRINGINI STRINGIMY (1n THIS INSTANCES IF MDN AT
. RUN TIME THE RESULT IS DEFINED:

THE RECEIVING STRING IS FILLED TO TS
CAPACITY WiTH CHARACTERS UF THE SOURCE
STRING STARTING FROM THE LEFT=MOST
POSITIONS IF M < N, THE RESULT IS AS IF
THE SOURCE STRING WERE EXTENDED ON THE
RIGHT BY NemM BLANK CHARACTERS.
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f171

POWERSET 0OF X POWERSET OF x, SCALAR X (IN THE LATTER CASE
: R THE SCALAR IS CONVERTED 10
A POWERSET CONSISTING OF
THAT ONE SCALAR VALUE)

ARRAY([N] OF Y  ARRAY([N) OF Z (TYPE OF Z COMPATIBLE WITH THAT

. OF Y)e
R (A <RECORD>
TYPE) R

M>N, THE COMPILER
THE PROGRAM CAN
HIN THE RANGE

1F THE TYPES ARE INCOMPATIBLE OmLY IN TH
GENERATES A WARNING MESSAGE,» ANp ASSUMEZ
"GUARANTEE THAT THE SOURCE ITEM 15 IN F, ,
‘OF THE RECEIVING ITEMe IF Tht gpuKCE: 1S NOT WITHIN THE
-RANGE OF THE RECEIVING ITEM AT RuN T ESULTS ARE UNDEFINED
EXCEPT IN THE CASE OF STRING ITgm D AROVE .

IN THE CASE OF STRING ASSIGNMEN
STRING OVERLAP BY VIRTUE OF CUN
LARGER STRING,» THE RESULTS OF,

THE SOURCE AND RECEIVING
G COMMON POSITIONS WITHIN A
SIGNMENT ARE UNDEFINED

THE INCR AND ‘DECR FORMS aR
"(INT, SINT, OR INDEX)s ANE
INCREMENTED OR DECREMEN
<BY PART> . o

LD ONLY FOR ITEMS UF NUMERIC TYPE
53¢ THE DATA JTE™M TO BE
SPECTIVELY BY THE VALUE OF

167 <BY PART> := <§
168 ! <

THE <EXPRES> IS THE VALUE BY WHI(H THE ITEM 15 TO Bt INCREMENTED
OR DECREMENTEDe IN THE SECOND ofF THESE CASES, A VALUE OF 1 IS
IMPLIED.

170 <STORE LST> !:= <STCKE FEF>
a ! <STORE LST> , <STORE REF>

THE APPEARANCE OF A LIST OF ITEMs AS RECEIVING ITEMS MEANS
THAT THE SAME VALUE IS ASSIGNED 710 EACH OF THE RECEIVING 1TEMS.

174 VAR REF> i:i= <VAR>
178 | :

<VAR> <LEFT s8> <EXPRES> <RIGHT SS>

THE SECOND OF THESE IS THE FORM FuR REFERENCING ELEMENTS OF
ARRAYSe  THE <VAR> MUST NAME An ARRAY TYPE DATA-LTEM, AND ThHe
<EXPRES> MUST BE OF TYPE INT UR [NDEXes OQUT=0F=RANGE VALUES OGF
"THE EXPRESSION WILL YIELD UNDEFINEDR RESULTS® :

k*%-k*k#f*¥<k.'k'k¥¥¥¥%¥¥¥i#*‘k**#*#*#‘Kiff{*‘kk‘ki_i‘k*'*«*vii-k"#K

-ﬁnﬁ-ﬂ-(p T W Gy M WA W WD gy W N B e T W P gy g WD W gy W TR S WE e S W W -"-g Gn W W WS WY

1i£« X K X K K kX X K K kK kK K £ X K kX K kK K K &£ ¥ ic—y X K K K K K K K X K K XK € kK K XK X & kK X & % t‘tﬂa« x

«®

»

S INGER ! SINGLE EXTERNAL ! SHEET ! KO1 %
BUSINESS ! REFERENCE SPECIFICATIQ ! REVISIUN !===e=wmccacecrcencenmcoy
M ACHTINES.: R L ! A ! NEXT 40 ! SHEET 39 »

¥-.---..--- L B X F ¥ ) Q'- - .ut‘-ﬁ_v-. LD R L K L X 1™ "- W T gy gy WD men W PN W W W B RS B B W M W Was W m N

'



P T PR T X T N YRR T TR Teay PRapspny | Yereguae Sy Y3 T .ﬁi. M Wy oy T EE M W TN BN W WIS W W NS MM W W WD @ W WY

%
¥

C

C#*f*il¢¥*~'¥€¥*i4iif$*‘k<k*fiﬁﬁt4#*#*’«*!##&**#*&**#*

(E)

%
"

179,
180

'THE FIRST TWO OF. THESE ARE THE FQRMS -
*THE <VAR REF> MUST NAME AN ITEM Qf

"<VAR REF> NAMES A CHARMA

176 <VAR> :i= CIDENTIFIERY>
177 e

THE SECOND OF THESE IS THE FORM FQr REFERENCING THE RECORUD
WHICH WAS SPECIFIED AS THE ARGUMENT FOR THIS BLUCK WHEN IT wAS

.- INVOKEDs IF THE LINK DECLARATIQN OF THE PARENT BLOCK DID NOT
- SPECIFY ARGUMENTS FOR THIS BLOCk, AN ERROR RESULTSe

’178 <EXPRES PAIR> ii= <EXPRES PAlk (D>CEXPRES> <EXPRES PAIR C>
<EXPRES> . '
<EXPRES PAIR (> < ES> )

- om

<EMPTYD

UBSTRING REFERENCES
RINGs THE TWOQ

THEIR VALUES ARE
TRING OF IHE LEFTMOST
UMRER OF CHARACTERS IN THE
ARTS WITH ZERO AS THE LEFT=
A VALUE OF 1 1S TAKEN FOUR THE

EXPRESSIONS MUST BE OF TYPE INT ¢
INTERPRETED AS THE POSITION WITH
CHARACTER OF THE SUBSTRING, ANDg
SUBSTRINGs» RESPECTIVELY. POSIT
MOST CHARACTERe IN THE SECO
LENGTH OF THE. SUBSTRING.

THE SECOND FORM IS ALSO u

CRARMAP REFERENCES IF THE
NTIFIERs THE ONE EXPRESSION WITHIN
TG A STRING OF LENGTH 1e¢ IN THIS

AY NOT BRE TO THE LEFT UF AN ASSIGNMENT
EF> 1 THE INTEGER VALUE INTO wHICH

IS MAPPED UNDER THE NAMED CHARMAP.

'H GREATER THAN ONE2» THE LEFT=MQOST

THE PARENTHESES MUST EV
INSTANCE, THE <STORE R
THE MEANING OF THE <STO
THE ONE=CHARACTER ARG
IF THE ARGUMENT HAS L¥
CHARACTER OF THE STRING 1S TAKEN AS THE ARGUMENT, AND IF THE LENGTH
WAS EVALUATED. AT COMPILE TIME A WARNING MESSAGE RESULTSe

IF THE CHARMAP HAS NO IMAGE DEFINED FOR THE ARGUMENT CHARACTER, AN
ERROR RESULTS IF THE CHARMAP IS FvALUATED AT COMPILE TIME, AND
UNDEF INED RESULTS OCCUR IF 1T IS EVALUATED AT RUN TIMEe

183 | <KIF STAT> i:= <IF PART> <BaL STAT> <ELSE> <BAL STAT>

184 CUNBAL IF> $i= <IF PART> <xpu STAT>
- 1885 ! <IF PART> <palL STAT> <ELSE> <UNBAL IF)

IN EXECUTING EACH OF THESE STATEmenTSs THE CONDITION IN THE

<IF PART> IS TESTEDe IF THE COwrDITION IS TRUEs THE STATEMENT

FOLLOWING THE <IF PART> IS EXtCyvEps IF IT DOES NOU CAUSE A
TRANSFER OF CONTROL+ THEN UPON COMPLETION OF EXECUTION OF THAT

STATEMENT, CONTROL PASSES TO THE NEXT STATEMENT AFTER THE ENTIRE

<IF STAT> OR <UNBAL IF>s FOFR 1x3 AND 185, IF THE CONDITION IS

"FALSE, THE STATEMENT AFTER Thk <FLSE> IS EXECUTEDs AND CONTROL
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TWO EXPRESSIONS ARE OF COMPARABLE TYPE I

197 <REL OP> 1=
198 !
199 o=
200 !
201 !
202 !

PASSES TO THE NEXT STATEMENT UN_£Ss ALTERED BY THE EXECUTED
STATEMENTes 184 IS EQUIVALENT Tg <IF PARTD<XEW STATD><ELSE> P

IF THE CONDIfION IS EVALUATABLE AT COMPILE TIME AND THE TwO
EXPRESSIONS CONTAIN NO PRESETSs» THEN THE SELECTION OF STATE=

© MENTS TO BE EXECUTED IS MADE AT COMPILE TIMEe

195 CCOND PRIM> i:i= <EXPRES> <REL OP> <EXPRES>

THE COMPILER VERIFIES THAT THE Tw(O) EXPRESSJUNS ARE OF
COMPARABLE TYPE, OR ELSE GENERATES AN ERROR?
ACH 18

NUMERIC (INT,» SINT, OR INDEX),
STRING,

POWERSET OF X,

SCALAR Y,

E OTHER IS OF TYPE.
PE SCALAR ITEM 1S
" GET CONSISTING OF ONLY

OR IF ONE IS OF TYPE SCALAR X A
POWERSET OF X» IN WHICH CASE TH
INTERPRETED AS A POWERSET IT
THAT SCALAR VALUE) .

IN THE CASE OF NUMERIC CCMPARISONS THE OQOPERATUORS HAVE THE
0BVIOUS MEANINGS. IN THE CASE OfF STRING COMPARISUNS THE
NORMAL CONVENTIONS APPLY: THE SHORTER OF THE IwWU STRINGS IS
CONCEPTUALLY LENTHENED T0 EGUAL THE LENGTH OF THE LONGER BY
APPENDING BLANK CHARACTERS ON THE RIGHT. THE MEANING

OF THE OPERATORS FOR STRING RELATIONS FOLLOWS THE ASCII
COLLATING SEQUENCE APPLIED FROM (EFT TO RIGHTe .
FOR SCALAR RELATIONS ONLY TWO UPrRATORS ARE PERMITTED, EGQUAL
AND NOT<EQUALe FOR POWERSET RE_ATIONSs THE INTERPRETATIONS

.OF THE OPERAYORS CONFORMS 70O SET~THEORETIC NOTATIUN, THAT IS
@THEY REPRESENT THE SET RELATIONS ‘

PROPERLY CONTAINED»
PROPERLY CONTAINS,

ASSoe

X X X ¥ kK X X X X ¥ kK £ ¥ kK €& ¥ X kK ¥ kK ¥ k& £ kK ¥ ¥ & kX ¥ & ¥ X kX ¥ ¥ k ¥ kK ¥ K ¥ X ¥ ¥ ¥ ¥ kK *x ¥ k &'k %

¥

LEA KL X TN LE B

EQUAL,
CONTAINS,
CONTAINED,
NOT EQUAL.
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THE TYPE OF <EXPRES> MUST BE NUMERIC
~ VALUE OF <EXPRES> IS LESS THAN ZERD 4

‘OCCURe THE VALUE OF <EXPRES> Ig

-THAT STATEMENT CAUSES A CONTRO
THAT STATEMENT EXECUTION, CONT

211 <CYCLE STAT> ::= <C

216 <KCONTROL PART> &:

218

K KX KK KKK KK KKK KKK KK KK KK { }a-u« X X € X X X X K *¥ & ¥ ¥ X ¥ ¥ & k & % & «%;i * x

RESPECTIVELY.

206 <BLOCK STAT> vo=® <BLOCK HEAD> <XEQ@ STATl LST> END

<GROUP NApMp>

. THE BLOCK STATEMENT ALLOWS WHAT wOULD OTHERWISE BE AN

<XEQ STAT LST> To BE PERCEIVED Ry THE SYNTAX PARSER AS ONE
STATEMENT, SO THAT MULTIPLE ACTIponNS MAY BE PERFORMED, FQOR

"EXAMPLE, ON THE 'ELSE' BRANCH OF AN 'IF' STATEMENT.

208 <CASE STAT> ::i= <CASE> <EXPRES> <CASE OF> <LAB STAT LST>

END CASE

T RUN TIME THE

TER THAN THE NUMBER
R UNDEFINED RESULTS wWILL
TO SELECT THE PARTICULAR
[PBE EXECUTEDe UNLESS
NSFER, UPON COMPLETION OF

ILL PASS TO THE STATEMENT
VENT THAT THE VALUE OF

L TIME, AND CONTAINS NQC

8 MADE AT COMPILE TIME.

OF STATEMENTS IN THE <LAB STAT _sgT7

STATEMENT WITHIN THE LIST WHICH

FOLLOWING THE 'END CASE'. 1IN
<EXPRES> IS DETERMINABLE ATy
PRESET ITEMS, THE SELECT]

EAD><QUALIFIER>DSXEW STAT LST> NEXT
NaMED> o : i

IF THE <GROUP NAME>
<CYCLE HEAD> THEN A

ING '"NEXT' DOES NOT MATCH THAT WITHILEN
NG MESsAGE RESULTSe 1F NO ERRQORS HAVE
OCCURRED, THE <GROUP NBME> FOLLOWING 'NEXT!' IS CHANGED ON OUTPUT
TO THAT OF THE <GROUP HEAD>s Wipn CONTROL PASSES UUT OF THE
<XEQ STAT LST> IT RETURNS TO THg TESTING AND INCREMENTATION (IF
ANY) OF THE <QUALIFIER>. ‘

_ = WHILE <CCHLDITION>
217 ! <FOR PART> <RANGE LIST>
! <EMPTYD>

IN CASE 217, 1F THE RANGE LIST Jg NOT EXHAUSTED» THE NEXT VALUE
OF THE RANGE LIST IS ASSIGNED T <IDENTIFIERD. IF THE RANGE

S LIST IS EXHAUSTEDs, OR IF CASE 216 AND THE <CONDITION> IS NOT
"TRUE» THEN CONTROL PASSES TO THE FIRST STATEMENT AFTER THE
ANEXT' <GROUP NAME> ¢ o OTHERWIGE CONTROL PASSES TU THE FIRST

STATEMENT OF THE <XEQ STAT LST>, :

219 <FOR PART> :i= FOR CIDENTIFIER> § =

A ! NEXT 43 ! SHEET
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220 CEXPRESY 3¢
221 N
- 2ee
223

"RESPECTIVELY.
- FOR NUMERIC TYPES THE MEANING UfF THE .

225
226
2e7

THE <IDENTIFIER> MUST BE DECLARED TO BE QF TYPE INT.OR INDEXs

<TERM>

= <TERM>

CEXPRES> + <TERMD
<EXPRES> = <TgrM>

kmo—n»"

ALL TERMS OF AN EXPRESSION MUST mave COMPATIBLE TYPE. IF THAT
TYPE IS INT, SINT» OR INDEXs, THE TYPE OF THE EXPRESSION IS
DETERMINED BY THE TYPE OF THE I1TEM TO WHICH THE RESULT S8 TO

" BE ASSIGNED, OR IF NO ASSIGNMENT IS TO BE MADE, THE TYPE OF
‘THE EXPRESSION IS INTo

RULE 221 IS THE UNARY MINUS AND 1S5 VALIg
AND POWERSET TERMS, MEANING NEGATICN AN LEMENTATION

A TORS '+' AND 'w' g

5 '4+' AND '=' REPRESENT
PECTIVELYe THE MEANING OF
WHERE A ANU B ARE STRINGS,
fICH DO NOT FURM THE LEFT=

THE STANDARD MEANINGe FOR STRING
STRING CONCATENATION AND EXCISIp
THE LATTER IS THAT THE RESULT O
CONSISTS OF THOSE CHARACTERS OF
MOST OCCURRENCE IN A OF THE
FOR POWERSET TYPES, THE OPRA
UNION AND RELATIVE COMPLEME

t+' AND '=' CORRESPOND TO StT

"FOR ALL OTHER TYPES 221,2: ND 223 ARE NOT ALLOUWED.

224 <TERM> :i= <PRIMA
! KTERM> RIMARY>
! CTER RIMARY>
1 <TER "<PRIMARY>

ALL PRIMARIES IN A TERM MUST Bk OF COMPATIBLE TYPEe FOR
NUMERIC PRIMARIES' THE OPERATORS 1x1,1 /0, AND '\' REPRESENT
MULTIPLICATION, DIVISION, AND REMAINDER RESPECTIVELY. FOR
STRING PRIMARIES, ONLY /' AND 1\t ARE ALLOWED AS UPERATORS:

- REPRESENTING HEADER AND TRAILER OPERATIONSe A/B CONSISTS OF

THOSE CHARACTERS OF A WHICH PRECEDE THE LEFT=MDOST OCCURRENCE
OF THE CHARACTERS OF B WITHIN TWg STRING As A\B CUNSISTS OF
THOSE CHARACTERS OF A WHICH FOLLDWw THE LEFT=MOST UCCURRENCE OF
THE. CHARACTERS OF B WITHIN THE STRING A

 FOR POWERSET PRIMARIES ONLY THE OPERATOR '»' IS ALLOWED, MEANING
 SET INTERSECTION.

228 KPRIMARY> ::= <STORE REF>
‘ 1

229

RANGE

TRANGE' - IS ALLOWED ‘AS A FRIMARY nNLY WITHIN THE <EXPRES> OF 7/

FOR NUMERIC TERNMS.

x
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232 i ! <QSTR1NG>

32 AND 76377,

230 ‘1 <NUMBER>

CNUMBER> IS ALLOWED AS A PRIMARY ONLY WITHIN THE <EXPRES> OF
32 AND 76:77«

231 ' 1 <PARAM IDENTIF IER>

"<PARAM IDENTIFIER> IS ALLOWED AS a PRIMARY ONLY IF A VALUE HAS
'BEEN ASSIGNED TO IT IN A DECLARATION PRECEDING THE APPEARANCE

o OF THIS EXPRESSION.

<GSTRING> IS ALLOWED AS A PRIMARY ONL THE <EXPRES> OF

233 ! MIN ( <EXPRES>
234 ! MAX ( <EXPRES>

iIC TYPEs» AND THE RESULT IS

THE TWO EXPRESSIONS MUST BE OF _
% AND LARGER OF THE Tw0 VALUES

OF THE SAME TYPE, BEING THE
OF THE EXPRESSIONS RESPECTIV

235 | 1 ASCIIe EXPRES> )

THE EXPRESSION MUST EVALUATE TO
1E REQLLT IS THE INTEGER INTO WHICH

THIS IS A BUILTaIN CHAR

A ONE CHARACTER STRING.

THAT CHARACTER MAPSe
236

S ( <EXPRES> .)

1 CONg
.237 o ! CONVSI ( <EXPRESD )

THESE ARE INTEGER=TOU®STRING AND STRING=TO=INTEGER COUNVERSIONS
THE ARGUMENT OF CONVIS MUST EVALUATE TO A NON=NEGATIVE INTEGER®
- IF THE ARGUMENT IS FOUND TO Bt NgGATIVEs AN ERROR RESULTS AT
COMPILE TIME OR UNDEF INED RESULTS AT RUN TIMEs
THE RESULT 1S A STRING OF LENGTH THE REQUIRED NUMBER OF DIGITSe
THE ARGUMENT OF CONVSI MUST EVALUATE TO A STRINGe THE INTEGER
VALUE DEFINED BY THAT STRING IS QBTAINED BY SCANNING THE STRING
FROM THE LEFTe THE FIRST NON®B_ANK CHARACTEK INTITIATES THE

- DIGIT STRING, AND FROM THAT POIwny THE FIRST NUN=DIGIT (OR THE
END OF THE STRING) TERMINATES Twe DIGIT STRINGe NOTE THAT THe
DIGIT. STRING IS EMPTY IF THE FIRST NON=BLANK IS NOT A DIGIT OKR
IF THE STRING CONTAINS ALL BLANKSe THE VALUE ASSIGNED TO AN
EMPTY DIGIT STRING IS ZEROe IF THg RESULTING INTEGER IS LARGER
‘THAN TEN DIGITS AN ERRUR IS GENERATED AT COMPIULE TIMEs OR ‘
"UNDEF INED RESULTS AT RUN TIME. '
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. OF THE PRIMARY IS THE ABSOLUTE vaLUE O

222 | 1 ( <EXPRES>

238 «» : ! FLAGVAL 't <IDENTIFIER> ) _
THIS IS NOT SUPPORTED IN THE CURRENT IMPLEMENTATIONS

23y 1ALl

“.THIS IS ALLOWED ONLY FOR POWERSET TERMS, AND REPRESENTS

ALL'INCLUSIVE SETe.

220 ! ABS(<KEXPRES>)

" THE ARGUMENT MUST EVALUATE TO A NUMERIC, ITEMs THE

XPRESS [ON
221 ! EMPTY

THIS IS ALLOWED ONLY FOR POWERSETY
EMPTY SETo

AND REPRESENTS

THIS <EXPRES> MUST SATISF
THE <EXPRES> WHICH CONTA]

ME RESTRICTIONS UN <PR

FOR EACH BLOCK. COMPILE ONE ouvpur. THE REFURMATTED SO
IS ALWAYS PRODUCED. THIS IS A LISTABLE FILE WHICH ALSO
CONTAINS ALL ERROR AND WARNING MESSAGES GENERATED BY TH
COMPILERs  IN NORMAL OPERATICON TwIs 1S RETURNED TU THE
SYSTEM TEN AS A PUNCH FILE AND Is ROUTED TO LISC BY THE
STANDARD RJF DIsC PROCEDURES. wHILE DEBUGGING, IT IS M
CONVENIENT TO EDIT THIS QUTPUT f1LF WITH ANY NECESSARY
CORRECTIONS AND THEN TO RESUBMIT TWIS AS INPUT TO THE
COMPILER. DURING COMPILATION, THE DISCOVERY UF AN ERRQ
THE. PROGRAM wILL CAUSE THE REFORMATTING TO STOPs OUTPU

‘*,THEN PROCEEDS SIMPLY AS A COPY QF THE INPUT FROM CULUMN

'@INE NUMBER IN COLUMNS 75e78,

PRIOR TO EDITING THIS FILE, 1T Is NECESSARY TO CONVERT
AN 8=TYPE FILEe THE FIRST EDIT STEP SHOULD BE THE COMM

USE SING;E-RJRSLT-

THE

VALUE

THE

IMARY> AS

URCE »

E
0Ss T
R IN
T

ED

IT 710
AND
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'THE REFORMATTED SOURCE FILE wlIlL[ BEGI
.TWO LINES CONTAINING COMPILER HEADING
"NOT BE DELETED BEFORE RESUBMISS|IGN

"SIMPLY LISTING THE INPUT f{

MACHINES.!

THIS RECONVERTS t&' AND *%' TO 1\t AND '¢' RESPECTIVELY.

FOUR TYPES OF MESSAGES MAY BE INCLUDED IN THE SOURCE OUTPUT
LISTING: o

INFORMATION

WARNING

ERROR

FATAL ERROR
THE LAST CATEGORYs» FATAL ERROKs MEANS THAT COMPILATION OF THIS

~ BLOCK IS ABORTEDs NO ATTEMPT WILL BE MADE TO FINU FURTHER
. ERRORS IN THIS BLOCKs )

MAY OR MAY

Bl THEY ARE IN THE FOURM
ITH '"*xx' IN COLUMNS
PLETED BEFORE RESUBMIS=
RROR WAS UETECTEDs SOME
EFORMATTER, ON DETECTING
TS ALL REMAINING FORMATTED
#L CONSTRUCT SCANNED PRIOR
RMATTER THEN REVERTS TO

Ss» AND THIS MAY PRODUCE

THE ERROR MESSAGE ITSELF wILL
LINE ON WHICH THE ERROR

OF COMMENTSe ANY ERROR MESSAGES
1 THROUGH 3« THESE MESSAGES MuUs
SIONe AT THE POINT WHERE THE F
DUPLICATION OF CODE MAY EXIST
THE FIRST OCCURRENCE OF ERRO
INFORMATION UP . TO THE LAST T
TO THE ERROR DETECTIONs T

REPETITION OF A FEW CONg
PRINT BEFORE THE PRINT
OCCURRED

WARNING MESSAGES BEGIH TH '"U*xxWARNING', AND INFORM THE
PROGRAMMER OF CONDITIOWS WHICH may BE ERRONEOUS» AL IHOUGH
THE COMPILER MAY TAKE ACTION TO pREVENT THE RECURRENCE

.OF THE CONDITION. THIS HAPPENS IN THE CASE OF NON®MATCHING

GROUP NAMES ON 'BEGINse¢END' OR 1CYCLEesoesNEXT' CONSTRUCTS,
WHERE THE REFORMATTER SIMPLY CHANGES THE NAME ON THE GROUP

" TERMINATOR TO MATCH THAT OF THE GROUP INITIATORe THE

WARNING MESSAGE NEED NOT BE DELETED PRIOR TU RESUBMISSION..
BECAUSE OF ITS FORM IT wWILL BE 1GNORED AND THROWN AWAY BY
THE SCANNER, ‘

AT THE END OF EACH BLOCK TWO ADDITIONAL LINES OF COMPILER -

~INFORMATION ARE PRINTEDs THESE AGAIN ARE IN THE FORM OF
COMMENTS AND NEED NOT BE DELETED PRIOR TO RESUBMISSION.

IN ADDITION TO THE SOURCE OUTFUY, FOUR OPTIONAL OUTPUTS

MAY BE OBTAINED, CONTROLLED BY THE SAVE, CODE» ALLIST, AND

CHECK COMPILER OPTIONS AND THE (CHECK OPTION ON DECLARATIONS:

“THE SAVE OPTION PUTS A COMPILED FORM OF THE SYMBOL TABLE

X K & ¥ X kK kK X kK kK € ¥ ¥ K K ¥ £ € K X X £ &K X ¥ ¥ £ ¥ X X kK * ¥ k¥ kK ¥ £ ¥ ¥ ¥ ¥ kK ¥ ¥ ¥ ¥ kK ¥ ¥k kK *x 'k &«
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ON A SYSTEM FILE AT THE 370+ ONCE THIS HAS BEEN DONE, 1T
IS NOT NECESSARY TO RESUBMIT THAT BLOCK WHEN COMPILING A
SUBORDINATE BLOCK: |

THE CODE OPTION PRODUCES A PUNCH FILE OF RELUCATABLE CODE AND
. LOADABLE DATA WHICH CONSTITUTE THE OBJECT FORM UF THE SOURCE
~BLOCKe THIS FILE MAY THEN BE INPUT TO THE LINK EVDITOR WHEN

A LOAD MODULE FOR A COMPLETE PRoGRAM IS TO BE PREPARED.

~ THE ALIST OPTION PRODUCES AN ASSEMBLY=LIKE LISTING OF THE
~ DATA DECLARATIONS AND ALLOCATIONS FOR THAT BLOCK AND ALL
BLOCKS TO WHICH IT IS SUBORDINATE. IN A 10Ns 1F THE CODE o
OPTION IS ON, THE ALIST OPTION PRODUCES TING OF THE GENERATED
. CODE IN ASSEMBLYeLIKE FORMe FOR AN E F THE ALIST FORMAT,
""SEE APPENDIX A, 'ASSEMBLY LANGUAGE CO TIONS '

THE CHECK OPTIONS ON DECLARATIUNS
REFERENCE LISTING FOR EACH BLOCK
IN ITS DATA SPACE WHICH HAS A Ci
NUMBER OF EACH ACTION WHICH CAU
KIND SPECIFIED TO THAT DATA
PRODUCES A SIMILAR LISTING Fi

CONTROLLED CROSS=

W) NG, FOR EACH ITEM

SPECIFIED, THE LINE
REFERENCE OF THE

HE CHECK COMPILER OPTION

PARAMETERS AND DATA ITEMS.

'THE RESULTS OF A COMPILATERNFCONSISTS OF TwO UR THREE FILES,
NO MATTER HOW MANY BLOC ‘ INCLUDED IN THE RUNe THE FIRSI
FILE IS THE HASP HEADE D WHICH 1S USED ONLY TO IDENTIFY
THE JOBe THE NEXT FILE TAINS THE DISPLAYABLE OUTPUT:
REFORMATTED SOURCE, R MESSAGESs AND A+LIST AND CHECK
LISTINGSe IF THE CO TION IS USEDs» ANOTHER FILE WILL
CONTAIN THE RELOCATABINp CODE FOR THOSE BLOCKS

5e2e4  TERMINATIONS'
Be2¢e4e1 TERMINATIONS = QOPERATOR INPUT
'”: NONEo'

5e204¢2 TERMINATIONS = OPERATOR OUTPUT

«ut«t&c«*«'««a%«:**«*i«;«tﬁ:&t;«ti*it«k«it«««ac«iccﬂcc
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5e2e4¢4 TERMINATIONS = PROGRAMMER OUTPUTS

THE ONLY PROGRAMMER OUTPUT IS THE JQf
" ON THE REMOTE OR LOCAL PRINTER.

STANDARD 0S/V$2 OPERATOR OUTPUT FOR JOB TERMINATIUN®

5¢2¢4¢3 TERMINATIONS f,PROGRANMER INPUTS

‘THE'PROGRAMHERwﬁUST SUPPLY THE STANDARD 0S/VS2 JOB FILE

" TERMINATOR, WHICH IS A RECORD CONSISTING OF '/%' IN COLS.

{=2, AND BLANKS IN THE REMAINING COLSe THIS REPLACES THE 'e!e!

"ENDING THE LAST COMPILATION BLOCKs ON QUTPUT THE '/¥' IS ALWAYS
© REPLACED BY 'elets |

MINATION BANNER PAGE

INTERNAL STRUFfURAL FEATURE

THIS PRODUCT 1S BASED O
ALGORITHMS HAVE' BEEN MC
SUPPORT THE SPECIFIC FE
PROVIDE FOR.SOURCE T
FOR THE SYSTEM TEN. 1

XCOM COMPILER STRUCTUREe  THE
OnLy TO THE EXTENT NEEDED TO
RES OF THE SINGLE LANGUAGE, TO
OFMATTINGs» AND TO GENERATE CODE

PROVISIONS

Se2¢691 RELIABILITY

" NO SPECIAL PROVISIONS HAVE BEEN MADE FOR PROUTECTIOUN AGAINST
ENVIRONMENTAL FAJLURES, BEYOND THOSE EXIXTING IN USs HASP,:

AND RJF DISCe ALL ERRORS IN SOuURCE INPUT ARE DETECTED AND
REPORTEDe NO INPUT ERROR CAN Cayust THE COMPILER TO FAIL OR
TO CRASH THE SYSTEMe NOTEs HOWgpveRrRs THAT ATTEMPTING TO
TRANSMEIT A FILE VIA RJF DISC wHICcH CONTAINS '\' Ok 't

'8 1T NGER ! SINGLE EXTERNAL ! SHEET ! K01
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“THE SINGLE CROSS=COMPILER IS WRITTEN IN

 PROVIDES A NUMBER OF VALUABLE DEBUGGI
;'COMPILER CONTAINS BUILT=IN TRACING
BY THE '?' FEATURE MENTIONED IN 3.2

‘HAVE BEEN MADE.

" GENERATED SOF TWARE

6-1-1f;

CHARACTERS WILL CAUSE TRANSMISSIoN FAILURE.

5+20602 RESTARTABILITY
 NO RESTART CAPABILITY IS PROVIDED.

5e2e603 MAINTAINABILITY

] AND BASED ON
BVEL H CUMPILER
PS, AND THE

ITY CONITRULLED

THE VERY MODULAR STRUCTURE OF Xcom. P

INSTALLATION ON
A AINING PRODUCT Ie0o

SINCE THIS PRODUCT IS NOT PLANNED
USER EQUIPMENT, NO PROVISIONS Fg

SYSTEM CONSIDERATIONS

SINCE THE GENERATED SOFTWARE 1S GenERAL SYSTEMS PRUGRAMMING
TYPE CODE» VERY FEW RESTRICTIONS Or CONVENTIUNS ARE

 REQUIRED.

HARDWARE CONSIDERATIONS

THE GENERATED CODE IS TO BE LINK EDITED AND LOADED. HARDNARE

TO SUPPORY THESE OPERATIONSs PLysS A PARTITION TO RUN IN,

1S ALWAYS REQUIREDe ADDITIONAL HARDWARE REWUIREMENTS MAY BE
.IMPOSED BY A PARTICULAR PROGRAM 4

»
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6elel

SOF TWARE CONSIDERATIONS

© THE CODE PRESUMES A DMF II ENVIRUONMENT, INCLUDING CUMMON L10CS
" (THE LATEST CURRENT VERSION), AND THE LINK EDITORs

DETAILS ON LINKAGE OF SINGLE BLOCKS FROM OR TO ASSEMBLY=CODED

- ROUTINES ARE GIVEN IN APPENDIX A, 'ASSEMBLY LANGUAGE

o
.
n

o
-
n
*
=

CONSIDERATIONS!',

"EXTERNAL ORGANIZATION

THIN THE SYSTEM OFf
e3¢

EXTERNAL ORGANIZATION IS ARBITKR
BLOCK RELATIONSHIPS DESCRIBED

GENERATION

THE ONLY CONTROLS ON ARE THOSE OF LINK EUITOR.

6e2¢1e¢] CONDITIONAL ASSEMBLY OPTION

IF IT IS PLANNED TO INCORPORATE AGSEMBLY CODED MUDULES
INTO A SINGLE PROGRAM, THEY MAY nAvE SUCH OPTIONSe CODE
PRQDUCED BY THE SINGLE COMPILER HAS NONE, BEING IN
RELOCATABLE FORM.

6e2¢142 CUSTOMIZATION

NO CUSTOMIZATION FEATURES FOR COHJECT CODE ARE PROVIDEDe.

6+20103 INSTALLATION

S I'NGER ! SINGLE EXTERNAL ! SHEET ! K01

B USTINETGSS S ! REFERENCE SPECIFICATIC ! REVISION |eewesmcecorermccvccnnamsy
' .

M ACHINES ! A ! NEXT 51 | SHEET 50 =
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beloeh

beleb

X K X X kK kK kK K kK K ¥k kK K K ¥ kK X kX kK % & c*~t€’%u'ct‘«« Xk K kK K KK KK XK XX XK KK
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SINGLE EXTERNAL ! SHEET ! KO1
REFERENCE SPECIFICAT]O ! REVISION !ewasveonceensencrenacsany

S I NGER
¥ BUSINETSS
* M ACHTINES

6e2e2

~ 'NO SPECIAL PROVISIONS ARE MADE BEYQOND THQ
SYSTEM.

beleh

INSTALLATION CONSISTS OF LOADING THE CODE IN NORMAL DMF 11

FASHION VIA THE CONVERSATIONAL {QADERs

INVOCATION

OF THE DMF 11

PROCESSING

NO SPECIAL PROVISIONS ARe MAC
SYSTEM.

UF THE OMF 11

TERMINATION

NO SPECIAL PROVISIONS '$RE MADE KiyGND THOSE OF THE OMF 11

SYSTEM.

INTERNAL STRUCTURAL FEATURES

NO:GENERAL FEATURES EXIST UNDEK THF CURRENT IMPLEMENTATIONS

PROVISIONS

NO SPECIAL PROVISIONS ARE MADE FoR RELIABILITY, RESTARTABILITY,

! A ! NEXT 52
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OR MAINTAINABILITY OF GENERATED CODEe
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SINGLE CROSS-COMPILER
APPENDIX A

ASSEMBLY LANGUAGE CONY
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SOURCt INPUT.

¢ = UM = O

P E P E E E R R T E T Y

N RGN WNNNWWMNDE 2R -

n

BUSINESS.:!
MACHINES:!

EXAMPLES OF ALIST AND CODE OUTPUT

ALL OF THIS APPENDIX WILL BE BASEDL On THE FOLLOWING EXAMPLE OF
SINGLE CODEe THE CODE ITSELF DOES NG RECOGNIZABLY USEFUL WORK,
BUT IS INTENDED ONLY TO POINT UP THg vARIOUS CONSIDERATIUNS IN
RELATEING SINGLE CODE TO MACHINE ADDRESSES ANDEMEM LINKING SINGLE
PROCEDURES FROM AND TO ASSEMBLY CODEeD ROUTI :

OPTIONS(SAVE)
CONTEXT NULCON
TYPE
EXAMP1 = TASK LINK
END EXAMP1 '
END TYPE

OPTIONS(ALIST)
TASK EXAMP1
PARENT NULCON

PARAMETER
£ASIZE 9
£BS1ZE t15 k
£MAXAB ;.MAX(tASIZEoLBSIZE)
END PARAMETER
TYPE N
~ A«REC = RECORD
"HEADER ISTRING(£BSIZE]
- BODY. - SARRAYL£BSIZE) OF InNTL£ASIZE)
END A*REC o :
:‘EXAMPZ = PROCEDURE LINK
N, CINTC£BSIZE)
ASSIGNS , .
-2 , !STRING[£ASIZE)
END EXAMPZ
END TYPE
PRESET .
INITNG CINTL£BSIZED 1 {BSIZE=MIN( £AS] ZE,
£BSIZE) ' :
INITS . - SSTRINGIL£ASIZE) YLASTVAL!
::_,)-.'--.-5-/--'- A LA LT R P L LD L L L L ikl L AL AL ELE L ELELE L E L AT LY TA
S 1 NGER ! SINGLE ASSEMBLY ! SHEET ! K01

s om o

LANGUAGE CONSIDERATIONS A !ONEXT 3 1
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END PRESET
VARIABLE _ L '

PARM - LEXAMP2 , ’
END VARIABLE ) -
PARMeN:=INITN
PARM:S:@INITS
1< CALL EXAMP2(PARM)
1= STOP ® CURRENTLY LACK CODE GENERATIUN FOR 'STOP!

PROCEDURE EXAMP2
PARENT EXAMP1
CONSTANT

-c1 PINTL£ASIZE)

cz CINTC£BSIZE)

END CONSTANT
' VARIABLE
Xs Y CINTLEMAXAB)
CINTC£ASIZE)
AeRAY SARRAYLINITNI OF
W S INDEX=>AeRAY
END VARIABLE
XisdeN=(C1]

T R R R e RV R N ]

e R N R

1 C DeS(CZ) i=mDeS(X)
180 RETURN '
ele

SOURCE QUTPUT.

THE RESULT OF COMPILING THE ABOVE CODE IS AS FOLLUWS (NOTE THAT ThE
CODE OPTION IS ON BY DEFAULT):

~ OPTIONS(SAVE) -
O  CONTEXT NULCON
1 TYPE L
2 | EXAMP1 = TASK LINK
2 END EXAMP1
1 END. TYPE
ele

OPTIONS(ALIST)

0 TASK EXAMP{

1 PARENT NULCON

1 PARAMETER -

2 £ASIZE .19

K X K kK X kK & kK K XK K K € K ¥ € ¥ €K ¥ ¥ K ¥ k¥ kK ¥ & £ X & %X K £ X & X kK & & ¥ ¥ ¥ ¥ &£ ¥ ¥ & & * kK & ¥ &
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Q S I NG ER ! SINGLE ASSEMBLY ! SHEET ! KOl ¥
*» BUSINESS! . v ! REVISION !w=vweccensnccrmvacrmway
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‘€ K &k ¥ ¥ k¥ & ¥ XK ¥ k¥ ¥ ¥ X X kK &K & € & ¥ &k &

x % £ Ve =N

L 3

*x

X ok kK &k K K K K K K K KK K KK KKK XK K KX

»¥s¥¥xsxxx DECLARATIVES FOR TASK EX,{

OFFSETS FOR RECORD EXAMP1 FOLLQ

OFFSETS FOR RECORD A«REC

£BSIZE 115 -

£MAXAB IMAX(£ASIZEL2BSIZE)
END PARAMETER o
TYPE
A«REC = RECORD . .
HEADER tSTRINGL£BSIZE)
- .-BODY $ARRAY[£BSIZE) OF INTC£ASIZE]
END A+REC .
EXAMP2 = PROCEDURE L INK
N PINTC£BSIZED
ASSIGNS
8 'STRING[£ASIZE)
" END EXAMPZ2
END TYPE
PRESET y
INITN CINT(£BSIZE) BSIZE=MIN(£AS]ZE
£BSIZE) -
INITS tSTRINGLLASIZE)] t'LASTVALY
END PRESET
VARIABLE
PARM tEXAMP2

I I ER PN

EXAMP1 EXTERNAL
£ASIZE EQU
£BSIZE EQU
£MAXAB EQU

HEADER EQU O
BODY  EQU 15

UFFSETS FOR RECORD EXAMP2 FOLLOW

3A

12

0
10

1.

N EQU - ©
s CEQU -2
EXAMP2 EXTERNAL
INITN DM N2'06!
"INITS OM C9'LASTVAL '
- PARM DM N1l
END

END VARIABLE

EXAMPL 'ENTRY

EXAMPL BC ¥¢10(52,00),*+101(5,00)
o " MC INITN(O2,00)sPARM4(,00)
PARMeN:=INITN

kfﬂki‘li##**it**vii‘ik*iiii‘k¥‘ktkkkﬁ*tk%*#%ﬁ**ii#!tiC***r#*
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¥

(:: 20 MC INITS(09500)»PARM42(,00)

1 PARMe«S:=INITS , L

¥ 30 - MC . *PARM(04,00),+REG3(,00)

» 40 » BC EXAMP2+1(6,00),EXaMP2+10(5,00) . e
¥ 1< CALL EXAMP2(PARM)

* 1=  STOP ~ ® CURRENTLY LACK CODE GENERATION FOR 'STOP!
% ele .

* 0 PROCEDURE EXAMP2

* 1 PARENT EXAMP1

¥ 1 CONSTANT .

» 2 c1 LINTC£ASIZE) i1

» 2 - cz. CINT(£BSIZE)

.1 "END CONSTANT

» 1 ~VARIABLE ‘

x 2 O XaY CINTLEMAXAR)

¥ 2 z CINTCLZASIZED

2 AeRAY ' CARRAYLINITN] OF a«RE

¥ 2 W {INDEX®=>A«RAY ,
-4 wxyxxvxyux» DECLARATIVES FOR PROCEDURE I XYTTR TR RN
¥ &

¥ % OFFSETS FOR RECORD EXAMP1 FOLLOW

¥ ¥ .

» EXAMP1 EXTERNAL

» £ASIZE EQU

X £BSIZE EQU

i:? £MAXAB EQU

«

OFFSETS FOR RECORD AeREC
HEADER EQU 0
BODY EQU 15

END VARIABLE

*¥ ¥ kK kK k¥ K K kK XK ¥ K X X X ¥ K K X ¥ K €& ¥ ¥ & ¥ X & kK X £ ¥ ¥ ¥ kK k & kK £ kK ¥ k¥ X kK kK ¥ & ¥ ¥ X X kK &k &

»

F*3

»

¥ ¥ -

+ » OFFSETS FOR RECORD EXAMP2 FOLLOW
) N  EQU 0

» S EQU 2

¥ ¥ '

¥ -~ EXAMP2 EXTERNAL

» 1 INITN DM~ N2'06!
¥ 3 INITS DM CO'LASTVAL !
12 PARM ~ DM N11

» 23 C1 DM N1'1!
- €z oM N2'00!
¥ 26 X DM N2

+ 28 By - DM N2

* 30 zZ - DM N

» 31 "A*RAY DM (6A30

* 211 W . DM AY

» " END '

* 1.

»

»

»

¥ PO RGNS E B e e L A D R L Al A LN T LT R L] s W W VR M Gy W W Wen WS W W e R War W Wy Wen B -y
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EXAMP2 ENTRY

0 EXAMP2 BC #+10(5,00),%+10(5,00)

10 MC " 0+0(02,03),X(s00)

20 s C1(1,00)sX(2,00)
1 XimdeN=C1 L

30 mMC «X(04200),¢REG1(200)

40 A *REG3(4,00)»+REG1 (4,00)

50 MC 0+42(01,01),0+2(,03)
1 :0e8(CZ)imdeS(X)

60 BC EXAMP2(55,00)sEXAMP2(5,00)
1BO  RETURN .
ele ’

2e ADDRESS CALCULATIONS

THE ALIST FOR THE DECLARATIVES OF
ADDRESSES OF ALL THE DATA ACCESS
WITHIN THAT OR SOME HIGHER LEVSM
SUFFIXED BY 'C'e 1IN ORDER TO%
CORE USAGE IN PARTITION AND N MEMQRY, DUMMY ARRAYS MUST BE
DECLARED IN HIGH LEVEL BLO *+Ge AN ARRAY WHOSF LENGTH COVERS ALL
THE LOW CORE AREA SPECIALLY SERVED »

CODE ADDRESSES ARE INDICATED AN RELOCATABLE FORM,

BEFORE EACH GENERATED INSTRUCTION FOK THAT BLOCKs THE SOURCE LINE
CORRESPONDING TO A GROUP OF INSTRUCTIUNS FOLLOWS THE INSTRUCTIONS.

IT IS IMPORTANT TO REALIZE THAT THE COMPILED FORM UF A BLUCK CONSISTS
OF TWO LOAD DECKSe  ONE IS THE (RELOCATARLE) DECK OF LOAUDABLE DATA
DECLARED WITHIN THAT BLOCKe ALTHOUGH [n RELOCATABLE FORMs, THIS DECK
MUST BE LOADED AT THE PROPER ADDRESSs SINCE REFERENCES TO THE DATA
WITHIN THE SECOND DECK, IeEes» THE RELOCATABLE CODE DECKs, ARE ABSOLUTE.
THE “CODE DECK IS ITSELF FULLY RELOCATABLE, AND CONTAINS ONE ENTRY
POINTs WHOSE NAME IS THE BLOCK NAME.

PCKk SHOWS ABSULUTE

TO THAT BLOCKs Iekes DECLARED
CK. COMMON ADDKESSES ARE
JESERVE THE CONVENTIUNS OF LOW

3¢ LINKING TO ASSEMBLY=CODED BLOCKS

AN ASéEMBLY CODED=BLOCK COULD REPLACE THE 'EXAMP2! PROCEDURE, FOR

S I NGER ! . SINGLE ASSEMBLY . ! SHEET ! KOl

BUSINESS ! o e !
MACHINES ', 'LANGUAGE CONSIDERATIONS
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‘E%xAMPLE- SUCH A BLOCK WOULD DECLARE 'ExaMP2' AS ITS ENTRY POINT.

ITS FIRST INSTRUCTION WOULD BE THE BRANCH WHICH RETURNS 1O ITS
CALLER, AND THE PROCEDURE ITSELF WOULD BEGIN AT LOCATIUN EXAMPZ2+10+
THE ADDRESS OF ITS PARAMETER RECORD IS CONTAINED IN INDEX REGISTER 3o
UFFSETS FOR THE FIELDS OF THAT RECORD May BE OBTAINED FROM THE ALIST
FOR ITS PARENTe DATA ADDRESSES FOR OTHER DATA ITEMS THE PROCEDURE
MAY REFERENCE MAY ALSO BE OBTAINED FROM THE PARENT'S ALISTe RETURN
FROM THE BLOCK IS EFFECTED BY EXECUTING A BRANCH TO EXAMPZ.

4. ;INKING FROM ASSEMBLY=CODED PROGRAMS

WRITING ‘A PROCEDURE IN SINGLE WKICH IS CaLLE
PROGRAM REQUIRES THAT THE CALLING PRUGRAM Of
¥ SEQUENCE EXPECTED BY SINGLE PROCEDURES,
¥ ENTRY POINT AND CONTROL PASSES TO ENTRy
¥ THE ARGUMENT RECORD IS PLACED IN INDEX
»
5
¥ .
¥ LINKe IN ADDITION, THE PROCEDURE

WHICH INCLUDES THE LINK DECLARAT
‘3FOR_THE FIELDS OF THE PARAME TERgh
¥ (OF COURSEs A PARENT I$ NEEDED
¥ SIMPLY TO SATISFY THE SYNTAX)e
¥ CONTEXT BLOCKe THE CONTEXT4MN

AN ASSEMBLY=CODED
¥ THE CALLING

INK IS MADE TO ThE
¥10e THE ADDRESS QF
STER 3 BEFURE DOING THE

« & & & kK ¥ X & & & k¥ kK k¥ ¥ &k &

“0R THAT PROCEUURE SO THAT QFFSETS
v XD ARE AVAILABLE TU THE COMPILER.

EYEN IF THE PROCEDURE HAS NU ARGUMENTS

1S PARENT WILL TYPICALLY BE A

SO SPECIFY DATA ITEMS WHICH ARE

* NOT ARGUMENTS TO THE PROCED T wHICH IT MUST ACCESSo IN ORDER

¥ THAT THE PROPER DATA ADDRESSEW BE AVAI  ABLE TO THE COMPILER)» _

¥ DUMMY DECLARATIONS MUST BE MADE TO INSURE THAT THE OATA NAMES ARE-

¥ ALLOCATED TO THE CORRECT ADDRESSES IWN ARSOLUTE DATA SPACE.

€ kK K X kK € £ XK kK k¥ £ & kK & % &

AVE A PARENT, CODEOD IN SINGLE, .

X ¥ kK ¥ kK ¥ k¥ ¥ ¥ k¥ &k X kK X £ X K ¥ & & X kK X K ¥ kK kK ¥ ¥ kX kK ¥ £ X kK ¥ ¥ X ¥ kK &£ kK & ¥ ¥ ¥ &k ¥ XK', ¥ X
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INTRODUCTION
THE SINGLE LANGUAGE 1S DE ED TO BE SUITABLE AS AN
IMPLEMENTATION LANGUAGE F YSTEMS PROGRAMMING OF THE
SYSTEM 10, MODEL 20 & YSTEM 11 DPU AND MPUe CHOICE
OF OBJECT CODE WILL BE ORAINED BY s COMPILER DIRECTIVE PRECEDING
THE SOURCE CODEs k4
A« OBJECTIVES
THE PARTICULAR OBJECTIVES DERIve(p FROM THE AS0VE GENERAL
OBJECTIVE ARE:
"1+ HIGH LEVEL DESCRIPTION OF LGGIC AND DATAs
7 2e¢ MODULAR CONSTRUCTIOMN OF PROGRAMS
“3e MINIMAL MACHINE AND DEVICEepERPENDENT CODES :
4+ MINIMAL REQUIREMENTS FOR Run=TIME SUPPURT UF UBJECT CODEs
'5¢ CONDITIONAL COMPILATIONS For DIFFERENT PRUCESSORS AND
 CONFIGURATIONS
6+ INDEPENDENTLY COMPILAKLE MOPULESS
7¢ MAXIMAL READABILITY OF SOURCE CODE.
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8+ SUPPORT FOR PROGRAM STRUCTURES FOUND TU BE USEFUL ON SBM
EQUIPMENT, EsGes OVERLAYSe
9+ SPECIAL CONSTRUCTS TO HELP OBTAIN OBJECT CODE EFFICIENCYs

Bs  SOURCES

THE PRIMARY SOURCES FUR THE LANGUAGE PRCPOSED ARE PASCALs SUtks
(A DESCENDANT OF PASCAL) AND ByUrRRQUGHS B170C IMPLEMENTATION
LANGUAGE+ MANY FEATURES OF THESE LANGUAGES HAVE BEEN OMITTED,
PRIMARILY TO MINIMIZE RUN=TIME SyUPPORYT REQUIREMENTS AND/OR
~ MACHINE DEPENDENCIESe THE RESyULT IS A LDl LECTION UF CONCENSUS
" COMPROMISES, AND NEW IDEAS (A rirw) WHIFRNBEEM BEST SUITED T0
SBM'S NEEDS. ' :

2¢° LANGUAGE SUMMARY

Ae GENERAL FEATURES

FROM MANY HIGH LEVEL PRUGRAMMING
AIMED AT THE SKILLED PROFESSIONAL

ORE THAN USUAL EMPHASIS ON SYSTEM=LEVEL
5 ON CUDE EFFICIENCYs ON CAREFUL DESIGN
AND PRECISE SPECIFIG@TION OF DeEsIGNe A FURTHER FEATURE IS A
COMPILER CONTROLLED SOURCE OUTRUT LISTING WHICH REFORMATS
SOURCE INPUT INTO A STANDARDIZEpD STRUCTURE WHICH ENHANCES
READABILITY VIA CONTEXT = DEFENDENT INDENTATION, TABBINGs» ETCe

THE SINGLE LANGUAGE [
LANGUAGES IN THAT IT
PROGRAMMERe THERE(
INTEGRATION OF PROGR

- OTHER FEATURES WORTH NOTING ARE:
+ SEPARATE SECTIONS FOR SPECIFYING

COMPILE TIME PARAMETERS \ (ONLY AREAS IN SOURCE WHERE
"CONSTANTS , > LITERAL VALUES MAY APPEAR)
PRESET VARIABLES / o
NON=PRESET VARIABLES _

FLAGS (FOR COOPERATING pROCESSES)

+ COMPILE TIME EVALUATION OF PARAMETRIC AND CUNSTANT PARTS UF
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EXPRESSIONS AND CONDITIONSs, WITH CONDITIONS FULLY EVALUATED
AND BRANCH SELECTED AT COMPILE TIME, WHEN THE CONDITION
CONTAINSVNO'RUN-TIME VARIABLES,

+ TWO TYPES OF PROCEDURAL MODULES: 'TASK' AND 'PROCEDURE ',
ALLOWING CHAINED OVERLAYS AnD ASYNCHRONOUS PROCESSINGs

o NESTED CONTROL STRUCTURESs NC 'GO=TO' CONSTRUCT

IN GENERAL, THERE ARE THREE Klups OF STATEMENTS IN THE SINGLE
~ LANGUAGE: DEFINITIONS, DECLARATIONS AND ACTIONSe THE NEXT
. THREE SECTIONS SUMMARIZE THE FEATURES

" MENT» AND THE FOLLOWING SECTION pISCU

~INDICATES THAT THE SOURCE LAN
OF THE SYNTACTIC CONSTRUCY
THE APPEARANCE OF

MEANS THAT THE ENCLOS:

DEFINITION STATEMENTS

THE DEFINITION STATEMENTS IN SINGLE EXPRESS INFORMATION .
AFFECTING SYSTEM STRUCTUREs TheY DESCRIBE DATA STRUCTURES»
PROGRAM STRUCTURES AND PARAMETER VALUES GOVERNING PARAMETRIC
AND CONDITIONAL COMPILATIONSe THE SPECIFIC KINDS OF
DEFINITION STATEMENTS ARE:

Be
/
s £
\
1 NGE
S I NE
C H I N

- IN ALL OF THE MATERIAL wHICH FOLLO
WILL BE FOUND. THE APPEARANCE 0

Covooed

(

£ ACH KIND UF STATE=
-UMPILATIUN STRUCTUKR

PNOTATIONAL ODDITIES

NPUT CUNTAINS AN INSTANCt

BY oe0e

Yoeoooooo¥)

LEMENT OF SOURCE LAWGUAGE IS OPTIONAL"
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CONTEXT .

PROCEDURE > <IDENT> DESCRIBFES WHICH TYPE OF SOURCE BLOCK
- TASK / FOLLOWS AND GIVES A NAME FOR THE BLOCK.
PARENT CIDENT> NAMES THE NEXT HIGHER LEVEL BLOCK

' GOVERNING THIS BLOCKe

CHARMAP DEF1wEs FUNCTIONS MAPPING CHARACTERS

<DEFX : ONTO THE INTEGERSe  THESE MAY BE . USED
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Ce

<DEF> "~ FOR CODE CONVERSIONSs, SCANNINGs ETCe

END CHARMAP

. PARAMETER ' DEFINES VALUES FUR SYMBULS APPEARING
: <DEF> WITHIN THIS AND LOUWER LEVEL BLOCKS
<DEF> : WHICH ARE TO FUNCTION AS COMPILE TIME
: , PARAME TERS»
END PARAMETER
. TYPE DEFINES NAMES WH1CH SPECIFY PARTICULAR
<DEF> KINDS OF DATA_ STRUCTURINGe WITHIN
<DEF> THE DECLARAE TATEMENTS VARIABLES
: WILL BE DE{ | AS PUSSESSING THE
END TYPE TYPES DEF, REs NAMES ALL BLOCKS

DINATE TO THIS BLOCKs
ARGUMENTS USED BY EACH.

DECLARATION STATEMENTS

THE DECLARATION STATEMEMN
USED WITHIN THE PROGRA
GIVEN IN THE DEFINIT

: AND DESCRIBE THE ITEMS OF DATA

WHERE DATA ITEMS A WAVE CONSTANT VALUESs THE DECLARATIOW

FORM IS:
CONSTANT
<VALUEDEC>
<VALUEDEC>
END CONSTANT
THE FORM OF EACH <VALUEDEC> 18§
<IDENT>  :i<TYPE> '<VALUE>.<VALUE>p-o

WHERE THE <VALUE>S ARE DIRECT STATEMENTS OF THh VALUE FUR
EACH COMPONENT OF THE DATA ITesm <IDENTD.

- THE <TYPE> MAY BE A TYPE NAMED IN THE DEFINITIUN SECTION OR
ONE OF A SET OF PREDEFINED TYPEg RUILT INTO THt CUMPILER.

IN THE CASE OF VARIABLES WITH PREGET INTTIAL VALUESs THE FORM
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I,VARIABLE

. END VARIABLE

EACH <DECLAR> IS OF THE FORM

I8

PRESET :
<PREDEC>
<PREDEC>

END PRESET

FOR DATA ITEMS WHICH ARE VARIAGLE AND HAVE NO PRESET VALUE,» THE
_DECLARATION FORM IS:

<DECLAR>
<DECLAR>

<IDENT1>, <IDENT2>sr¢000

se o e o 0 00

vo0e o KIDENTND

WHERE THE <IDENTI> ARE 7 s S oF VARIABLES HAVING THE

COMMON <TYPE> INDICATED

IF ANY VARIABLES ARE
(ASYNCHRONOUSLY OPE

v E USED ASs INTERLOCKS AMUNG COPROCESSES

A PROGRAMS) THEY ARE DECLARED BY

FLAG
<IDENT>
<IDENT>

END FLAG

ACTION STATEMENTS

 THE>ACTION STATEMENTS DESCRIBE The PROGRAM EXECUTION: THE
© MANIPULATING OF DATA AND FLOW 0OF CONTROL» AND CONSTITUTE
T WHAT IS COMMONLY CALLED THE 'EXpCUTABLE PROGRAM!'»

COMPILATION STRUCTURE
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A COMPLETE SOURCE PROGRAM CONSIsTs OF A SET OF NAMED BLOCKSs
THERE IS A UNIQUE NAMED CONTEXT g8LOCK WHICH CONTAINS ONLY
DEFINITIONS AND DECLARATIONS,» INCLUDING A 'LINK' STATEMENT TU ONE

- OR MORE TASK OR PROCEDURE BLOCkgs THE TYPICAL PRECEDENCE
STRUCTURE 1I8:°

CONTEXT a . ‘

[]
.

]

-w---*.-...----..----*-Q'-+F-.ﬂ.—-.W‘@gn é'-q--m--.—-#--

\ ! ! - !
- TASK B PROCEDURE C 'DURE D TASK E
¢ ]
4-n..¢-..—----*----..--.q--n+-w. L LA L R LA L R L ]
! ! ! '
PROGRAM F PROGRAM G PROGR PROGRAM
. ' ]
+--*-O-Q----§q¢p+.-—ﬂ---.--—f *-q-.*ﬂ’-—-ﬂ.ﬂ_-.*
! ! ! !
PROGRAM J PROGRAM K L PROGRAM M PROGRAM N

LEVEL BLOCK OF A COMPLETE PROGRAMe
RLUCK OF ANOTHER COMPLETE PROGRAM
E CUNTEXTe PROCFDURES C AND D ARE
ACCESSIBLE TO ANY PR USING COMTEXT A, AND WILL BE LOADED
AS PART OF ANY SUCH PRBGRAMs A RLOCK IS CALLED THE PARENT OF
ANY BLOCK LINKED TO IT AT THE NgxT LOWER LEVELe THUSs» FOR:
EXAMPLES, F IS THE PARENT OF JsK, anD Le J, K» AND L ARE SAIC
TO BE DIRECTLY SUBORDINATE T0 F. IF TwO BLOCKS, SUCH AS B AND
Ks ARE SUCH THAT THERE EXISTS A SEQUENCE OF BLOCKS BsXsYyeeK
WITH EACH BLOCK THE PARENT OF THE FOLLOWING BLUCKs THEN K IS
SAID TO BE SUBORDINATE TO Be FQOrR ANY BLOCK» THE SCUPE OF THE
BLOCK IS DEFINED AS THE BLOCK 17sgLF PLUS ALL BLOCKS WHICH
ARE SUBORDINATE 70 IT. .

HERE TASK B 1S THE HI
TASK E IS THE HIGHEST L
WHICH MAKES USE OF o

" ANY BLOCK MAY BE ALTERED AND RECOMPILED WITHUUT AFFECTING
ANY BLOCKS NOT SUBORDINATEs AS (NG AS ITS NAME AND ARGUMENTS
"ARE UNCHANGEDs A CHANGE IN A BinCck MAY REQUIRE RECOMPILATION
OF ALL SUBORDINATE PROGRAM BLOCkgs THE COMPILATIUN OF A
PROGRAM OR CONTEXT BLOCK PRODUCES a SYMBROL TABLE WHICH REP=
RESENTS THE DEFINITIONS AND LeC_ARATIONS OF THAT BLOCKe ALSO»
COMPILATION OF A CONTEXT BLOCK pPRODUCES A RELOCATABLE DECK OF

{**i#k**i******#*i***i**%alit**i*#**!##***Ct’f*k*ki@«f
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IDENTIFIERS AND VALUES
IDENTIFIERS SERVE TO DENCTE DATL, TYPES, RLUCKS, STATEMENT
GROUPS, SUBROUTINES» AND VALUE SCALAR TYPE VARIABLES.
THEIR DENOTATION MUST BE UN] IN THE SCOPE OF THEIR
VALIDITY, IoEO; WITHIN THE H IN WHICH THEY ARE SPECIF IED
AND ALL SUBORDINATE BLOCK DENTIFIER IS 1 TO 10
CHARACTERS, THE FIRST OF G ALPHABETIC AND THE REST OF
WHICH ARE ALPHABETIC, D OR THE UNDERLINE (&) IN THE
CASE OF DATA WHICH IS AMETER, A SPECIAL PARAMETER
IDENTIFIER IS USED, CO TING OF 2 TO 10 CHARACTERS BEGINN=
ING WITH '£', FOLLOWE AN ALPHABETIC, FOLLOWED BY
ALPHABETICS, DIGITS (DERL INE,
EXAMPLES:
SAM IDENTIFIERS
Avle3eC
£Ke(ONE . PARAMETER ICENTIFIER
LITERAL OR SELF=DEFINING VALUES FOR DATA ITEMS APPEAR IN PARA=
METER DEFINITIONS AND IN THE VA e SPECIFICATIONS OF CONSTANT
~ AND PRESET DECLARATIONS (GNLY. THESE VALUFS ARE OF TW0O KINDS,
EITHER (NON«NEGATIVE) INTEGERS (R CHARACTER STRINGSe INTEGER
' VALUES ARE REPRESENTED BY A SEQuUgNCE OF AT MUST TEN DECIMAL
DIGITS. | ,
EXAMPLES:
PARAMETER
G.-d..u.';_np-u.‘-'.-‘r-.'- e e RS N L. e P TR r. ne PR TS Ry e TR RERERE T E R a. e e Pe o Sy
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-SCOPE OF Yo

THE INITIALIZED DATA DECLARED WITHIN ITe THE COMPILATION OF A

PROGRAM BLOCK ALSO PRODUCES A RELOCATABLE DECK CONTAINING
BOTH DATA AND OBJECT CODE s

A PROGRAM BLOCK MAY CONTAIN ALL THREE KINDS OF STATEMENTS.,

A PROGRAM BLOCK MAY REFERENCE UNLY DATA DECLARED WITHIN
ITSELF OR WITHIN SOME BLOCK TU wwICH IT IS SUBORODINATE. IF
PROGRAM X CONTAINS A LINK TO PRQGRAM Y THEN PROGRAM Y MaY Bt
INVOKED ONLY BY PROGRAMS IN THE sCOPE UF X BUT NOT IN. THE

- ow =
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.
. -
£BUFSIZE
.

. .
END PARAMETER
PRESET ‘
L)
L]
BASE
LINK

L]
END PRESET

CONSTANT
L]
L}

A

END CONSTANT

CHARACTER STRING VALUES ARE REPRES
THEMSELVES, ENCLOSED WITHIN THE B(Q
t')s OR WITHIN BOUNDING QUOTES
BE GIVEN IN THIS MANNER.

SINTLEMAXB+£MAXC]
{INDEX=>V

{
EXAMP

IF THE DELIMITER w'» IS T0O BE A paRY OF A STRING VALUE,
QUOTE 's' IS USED AS A DELIMITER aNp CONVERSELYs

UP TO 60 CHARACTERS MAY

P 1SAM)

8y THE CHARACTERS
DELIMITER APOSTROPHE

» (IN THIS INSTANCE:,
A IS FILLED WITH
BLANKS) :

(IN THIS INSTANCE,

R IS FILLED WITH
'SAM' PLUS £K3=3
BLANKS IF. £K3>3.

IF £K3<3s B IS FILLED
wWwlTH £K3 CHARACTERS
FROM LEFT» AND ERROUR
MESSAGE GENERATED

THE

4&%* Xk Kk Kk kK K kK K k kK KKK KK KK R KKK «‘ué,} X & kK % X % %k kK kK % ¥k kK kK k¥ X kK kX kK £ XK kK % i-ﬁ:)k x

“«

»

"IN THE CASE WHERE A STRING VALUE |S LONGER THAN 60 CHARACTERS,

OR WHERE BOTH DELIMITERS ARE USED wITHIN THE STRING, THE PLUS
SIGN FOR STRING CONCATENATION MAy BE USED: '

PRESET
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PRESET
LINKS IARRAY [£7) OF INDEX=DPOOL :RANGE:= TO 19.
{2%xRANGE+5 .
"-;---'f-c--- LR EL TR DAL AL TR LY L L yepupepny P T ST TELETE DRI AR ETEEELE DR DR FE IS
S I NGER ! SINGLE ! SHEET ! KOl

¥
"

A tSTRING[£KTST) 11 ABCDEFGHIJKLMNOPWRST 1+
- ' 'UVWXYZ e
10123456789 '+
t4e/\ ) P40 '
B8 . ISTRING[£KTST) VIS 4w INT LEGAL HERE™®
END PRESET

A PARTICULAR TYPE OF VARIABLE, Twe SCALAR VARIABLEs TAKES ON
~ VALUES WHICH ARE INDICATED SYMBO_1CALLY BY GIVING NAMES FOR
EACH OF THE POSSIBLE VALUESe THESE SYMBOLIC VALUES MAY APPEAR
"IN ANY PART OF A PROGRAMe EXAMP_g: :

TYPE

DI;ECT = (NORTH, SOUTH, EAST, wk
END TYPE
VA;IABLE

: |

A {DIRECT
END VARIABLE

IF A = EAST THENes

WHERE VALUES ARE T0 ASSIGNED T ARRAY TYPE VARIABLES, A
VALUE LIST IS USED» CBNSISTING GF A SEQUENCE OF VALUE _
GENERATORS SEPARATED BY COMMAS, A VALUF GENERATOR IS EITHER
A VALUE OF THE KINDS ALREADY DgscrIBED, OrR IT MAY BE OF THE
FORM

RANGE ! =( ¥<PX1>%) TO <KPX2>(*¥STEP <PX3>x):<I=tXP>

WHERE <PXN> IS A PARAMETRIC EXPRESSION EVALUATING TU A NON=
NEGATIVE INTEGER AT COMPILE TIME AND <IwEXP> IS AN EXPRESSIUN

 INVOLVING VALUES, PARAMETERS» pPrevIOUSLY ESTABLISHED CONSTAN]

~OR PRESET DATA ITEMSs, AND THE &uNNING PARAMETER RANGEs DEFAULT
.27 VALUES OF <PX1> AND <PX3> ARE ; AND 1 RESPECTIVELY?

T EXAMPLE :

£ ¥ X ¥ ¥ ¥ kK k¥ X kK X & ¥ ¥ kK kK kK €K K X & ¥ k¥ kK kK kK kX ¥ ¥ ¥ k¥ ¥ k¥ &k kK ¥ ¥ ¥ & ¥ k¥ €k ¥ ¥ ¥ kK ¥ X kK & & &
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- IDENTIFIER FOR ANY OTHER PURP

END PRESET
GENERATES THE VALUES S, 75 95 eee, 430

AS ANOTHER EXAMPLE:

PRESET :
vi - SINTL£A) HL
ve SINTL£A] cfA=1
L ] . \
A  ¢ARRAY [£A) OF INTr#kL) 23,5, |

RANGE:= v1 TO v2 :99,0C

- PRESETS THE ELEMENTS OF ARRAY A TO uts O, 1s 2, 3,

Ss» 995 99, eveey 995 O

NOTE THAT 'RANGE' 1S A RESERVE ND MAY NOT Bt USED AS AN

DATA
A+ DATA CLASSES
DATA MAY BE OF

PARAME TERS
CONSTANTS -
 PRESETS
VARIABLES
FLAGS

 AND ANY, EXCEPT PARAMETERS) MAY HAVE ATTRIBUTES 'CHECK!
'F'y 'SY FOR COMPILER CHECKInG OF FETCHES AND/OR STQORES

 OF THE JITEMe. PARAMETERS ARE COMPILE«TIME QUANTITIES

. EVALUATED BY THE COMPILER FQOR PARAMETRIC AND CONDITIONAL
COMPILATION: CONSTANTS AKRE A SO KNOWN AT COMPILE TIME ANU
USED BY THE COMPILER, BUT Axg ALSO AVAILABLE TU THE RUN=
TIME PROGRAM (IeEes LOADED wITH THE PRQGKRAM)e AN ACTION
STATEMENT WHICH ASSIGNS A VaALUE TO A PARAMETER OR CONSTANT
DATA TTEM GENERATES A COMPI_ g TIME DIAGNOSTICe PRESETS ARE

_TREATED LIKE CONSTANTS IN ComPTLE TIME EXPRESSIOUNS BUT NOT IN
RUN:- TIME EXPRESSIUNS, wWHERE THEY ARE TREATED LIKE VARIABLESs

THEIR VALUES ARE LOADED wlTH THE PROGRAMe

'S I NGER ! SINGLE ! SHEET ! KO1
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VARIABLES SHOULD HAVE A VALyUE ASSIGNED TU THEM BY THE OBJUECT
PROGRAM BEFORE BEING EVALUATED WITHIN AN EXPRESSION, SINCE THE
~COMPILER DOES NOT INITIALIZE VALUES FOR THEM AT LOAD TIME.

tLAGS ARE "USED BY COOPERATING PROCESSES AND MUST BE ATTACHED
VIA A 'LOCK' OPERATION BEFORg READING OR WRITINGe FLAGS MAY

HAVE ADDITIONAL CHECKk ATTRIBUTES 'Ls''U' FOR ACTIONS WHICH
LOCK OR. UNLOCK THEM.

SIMPLE TYPES ,

-

*#k#ii*i‘*#*#i‘k****‘k%*****i**#k.k#i*#**%ii*l&*l*#*i#k#kk

s 1
DATA WHICH MAY HAVE ONLY ONE vALUE MY GIVEN TIME ARE
CALLED SIMPLE TYPESe THE COMPILE GNIZES FOUR BUILT=
IN SIMPLE TYPES:

. INT [<NVALD] WHERE <NVA> OMPILE TIME EXPRESSION
CONTAINING NO VALUES, Eva @NG TO A NON=NEGATIVE
INTEGERs A VARJIABLE OF TYPE MAY TAKE ON INTEGER
VALUES N WITH 0 <= N < UE OF <NVALD>)s THUS IF THE
PARAMETER £A HAS THE 99, THEN A VARIABLE OF TYPE
INTC£AY MAY TAKE ON F THE VALUES 021222000 ,;99,

THE MAXIMUM SIZE NT VARIABLE IS TEN DECIMAL
DIGITS.

NOTE: Y!INT([£B] A [£c) ARE DIFFERENT TYPES UNLESS

PARAMETERS £B AND RE GIvEN THE SAME VALUE AT COMPILE

TIME.

. SINT CKNVALD)E MEANING A VARIABLE OF TYPE INT[KNVALD]
BUT ALSO CARRYING AN ALGEBRAIC SIGN SO THAT IT MAY TAKE
ON VALUES =<NVALD>»=<NVA(S4+10000ym1,0s01s2200s<NVALD=1,
<NVALD.

. INDEX=>IDENT WHERE ICENT 15 THE IDENTIFIER OF AN ARRAY.
IF N IS THE DECLARED MAXIMAL NUMBER OF ELEMENTS IN THE
ARRAY, THEN THE INDEX VARIABLE IS LOUGICALLY EGUIVALENT
'TO A VARIABLE OF TYPE INT(N)e HOWEVERs, IF THE PRIMARY

. USE OF THE VARIARLE IS AS A SELECTOR OF ELEMENTS OF THE
 ARRAY THEN MORE EFFICIEwnt CODE WILL RESULT IF TH&
VARIABLE IS DECLARED TYpg INDEX.
WIINDEX=>A AND Z:INDEX*D>E ARg DIFFERENT TYPES EVEN THOUGH
'ARRAYS A AND B MAY HAVE IDEnTICAL STRUCTUREs Z MAY BE
. USED ‘AS A SUBSCRIPT FOR A» wuT THE RESULT 1S INEFFICIENT.
. FLAG- A FLAG IS IMPLICITLY DECLARED OF TYPE INT (993
S I NGER ! SINGLE ! SHEET ! K01
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AND PRESET TO ZEROe A FLAG MAY APPEAR IN AN EXPRESSIOUN
ONLY AS THE ARGUMENT OF THE FLAGVAL FUNCTYION.

THE OTHER SIMPLE TYPES ARE CALLED SCALAR TYPESe THEY ARE
DEFINED TYPES, WHOSE DEFINITION CONSISTS OF NAMING THE
TYPE, AND LISTING THE NAMES OF ALL VALUES SUCH A VARIABLE
MAY ASSUME:

CSCALAR TYPED> = (<IDENT1>,<IDENT2>, s es<IDENT>)

EXAMPLE OF A SCALAR TYPE DEFINITION: _ |

WEEKDAY = (MONDAY»TUESDAY,wEDN THURSDA Y, FRIDAY)
KDAY CAN TAKE ON

NOTE THAT THESE
AL VALUES RATHER

THUS, ANY VARIABLE DECLARED QF
ONE OF THE FIVE POSSIBLE VA_UES:
ARE SYMBOLIC DEFINITIONS OF 1
THAN LITERAL REPRESENTATION

COMPOUND TYPES

e STRING [<NUMCHA
EXPRESSION CO
NON=NEGATIVE I
HAS A VALUE.
c:

ERE <NUMCHARY> IS A CUMPILE TIME
1 NO VALUES, EVALUATING TO A

ERe A VARIABLE OF TYPE STRING [£A)
IS AN QRDERED STRING OF CHARACTERS

COsCls00sCN  (WHERE. £A HAS VALUE N+1)

ANY SUBSTRING OF SUCCESSIVE CHARACTERS WITHIN SUCH A
VARIABLE X MAY BE REFERENCED BY THE SUBSTRING NOTATION

X(KINIT>) OR |
X{<INITD>y <NUMCHARD)» wHERE <INIT> AND (NUMCHAR) ARE

RUN=TIME EXPRESSIONS EVALUATING TO NON=NEGATIVE
INTEGERS. <INIT> SPECIFIES THE QORDINAL POSITION OF ThE
" LEFT=MOST CHARACTER (F THE SUBSTRING AND <NUMCHAR> IS
THE NUMBER OF CHARACTERg It THE SUBSTRING STARTING wIITH
KINIT>e IF <NUMCHAR> Is omMITTED, THE DEFAULT VALUE IS
© 1 CHARACTERe THE MAXIMUM LENGTH ALLOWED FOR A STRING
‘DATA ITEM IS 2048 CHARACTERSe

RECORDe THIS IS A DEFINED TYPE WHOSE DEFINITION NAMES

K X X kK ¥ kK %k ¥ K X K K X ¥ K &k kK ¥ kK € ¥ kK ¥ ¥ € ¥ ¥ kK k¥ kK ¥ ¥ ¥ kK £ kK ¥ Xk £ ¥ kK ¥ X ¥ ¥ & X ¥ & &k ¥k & &
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THE RECORD TYPE AND LIST NAMES AND TYPES OF THE FIELDS
WITHIN THE RECORDe AN ExAMPLE OF A RECORD TYPE DE=
FINITION IS

BUFFER = RECORD

FLINK,BLINK tINDEX=>SPACE

NUMELS tINDEX=>ITEMS

1TEMS tARRAY (£S1ZE] OF INTL£N)
END

THUS, A VARIABLE OF TYPE BUFFER CONTAINS SEVERAL
COMPONENTS: TWO INDICES FLINK K OF AN ARRAY ,
SPACE» A COUNTER NUMELS (wWwHICH COUNT THE NUMBER
OF ELEMENTS PRESENTLY STGRED ARRAY ITEMS) ANO
THE ARRAY ITEMSe. FIELDS Wl RECURD ARE REFERENCED
BY QUALIFICATION, E+Ge*s LD "INK, WHERE OLDBUF 18
DECLARED OF TYPE BUFFER, TYPE OF A RECORD FIELD
MAY ITSELF BE A RECORD

ARRAY ([<NUMEL>] OF <TY
TIME EXPRESSION CON
NON=NEGATIVE INTEG
COMPONENTS EACH
NUMBER OF COMPON
A COMPONENT OF
VIA AN INT OR
NAMEs EXAMP,

HERE <NUMEL> IS A COMPILE
NO VALUESs EVALUATING TO A
i ARRAY IS AN ORDERED SET OF

SAME <TYPED, WITH A MAXIMUM
VETERMINABLE AT COMPILE TIME.

: AY 1S REFERENCED BY SUBSCRIPTING»
X TYPE EXPRESSIONs OF THE ARRAY

SPACE RAY [£NUMBUF] OF BUFFER

REFERENCE TO AN ARRAY COMPONENT MAY BEs EsGe

NEWBUF : =SPACE [CURBUF +F | 1 NK] oK
ATI+J] i=ALI]4ACI=J)

NOTICE THAT ARRAYS OF ARKAYS ARE NOT ALLOWEDS

POWERSETe A POWERSET STRUCTURE 1S A SET UF VALUES
WHICH ARE THE SUBSETS UF THE SET OF VALUES UF 1TSS’
BASE TYPE, WHICH IS A DEfrINED SCALAR TYPEe FOR
EXAMPLE {

COMPONENT = (BEGIN,FREE )
.
[ ]

L]

STATE - +POWERSET UF COMPONENT
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THE VARIABLE STATE TAKES On FOUR POSSIBLE VALUES;
CORRESPONDING TO THE PReSenCE OR ABSENCE OF EACH

HUE

5¢ DEFINITIONS

A+ BLOCK HEAD.

CONTEXT
‘PROCEDURE
TASK

THE MAXIMUM NUMBER OF
A POWERSET IS DERIV

THE FIRST PORTION O
IT CONTAINS UP TO FI

OF THE POSSIBLE VALUES 0F COMPONENTe ANOTHER -
EXAMPLE: IF

PRIMARY = (RED,YELLOW,RBLUE)

{POWERSET OF PRIMARY

THEN THE HUE CAN TAKE OUN ANY
CORRESPONDING TO THE PRESENCE
POSSIBLE VALUE OF PRIMARY.

FOR ANY POWERSET VARIABLE
ARE ALLOWED: EMPTY AND 44

CONTEXT PROGRAM

BLOCK BLOCK
BLOCK HEAD REQUIRED REWUIRED
PARENT ' INVALIU REWUIRED
_CHARMAP ALLOWED ALLOWED
PARAME TER ALLOWED ALLOWED
TYPE ALLOWED ALLOWED

THIS STATEMENT [g OF THE FORM

<IDENT>

<IDENT> IS THE NAME OF THE BL(CK HEADED BY THIS STATEMENT.

NENTS OF A SCALAR FROM wHICH
16

OURCE ALOCK IS THE DEFINITION SECTIUN
"SUBSECTIONS IN THE FOLLOWING ORDER:

T POUSSIBLE VALUES
SENCE OF EACH

SPECIAL SYMBOLIC VALUES
1TH THE OBVIOUS MEANINGS.
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PARENTs THIS STATEMENT 1S OF THE FORM
PARENT <IDENT>

CIDENT> NAMES THE UNIQUE BLOCk wHICH HAS DECLARED THIS BLOCK
TO BE IN ITS SCOPE-

CHARMAPe THIS CONSTRUCT DkF INES A NAMED MAPPING OF
CHARACTERS INTO INTEGERS, whiCcH MAY THEN Bt USED TO EXPRLSS
VARIOUS TYPES OF CHARACTER=DEpPeNDENT LOGIC SUCH AS ACTION
TABLES » EXAMPLE. : ‘

CHARMAP '

[ ]
OPSCAN = {
O: 4!

M N |
HAE 3
30'/'1-'
.4 0THER

)

) EXAMINES Tkk 1TH CHARACTER
GENERATES AN INTEGER VALUE

UN THE CHARACTER FUUNDe THE

ON ARg DERIVED FROM POSITION ONLY.
bl OWED RY 'OTHER', THEN

TER THE COLON IS A DELIMITERe ALL
PURE THE NEXT OCCURRENCE OF THAT

HE SAME vALUE.

THE EXPRESSION OPSCAN(
UF THE STRING NAMED L
BETWEEN O AND 4 DEP
VALUES PRECEDING TH
IF THE COLON IS NOT
THE FIRST CHARACTHE

CHARACTERS FOUND §
DELIMITER MAP INTOY

THE COMPILER CONTAINS A BUILT-IN CHARMAP CALLED ASCII64
WITH IMPLICIT DECLARATION

K K K K K kK KK K KK KK K kK kK kK kK kK kK kK K K kK & K kK K kK X kK kK kK kK k kK K € X X X XK kK kK kK kK kK k X kK kK &%

0t 1
130
231w
L]
L]
163/0/
171918
B ’
.
32:7A7
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‘De PARAMETER. 'THIS STATEMENT Is oF THE FORM

e

Eoe

PARAMETER:
<DEFINITION>
<DEFINITION>

[}
[}

END

EACH <DEFINITION> IS OF THE F(QORM
<PARAMIDENT> ¢<VALUE EXPRE

WHERE <PARAMIDENT> IS 2 TO 1
£ FOLLOWED BY AN ALPHABETIC,
DIGIT OR UNDERLINE CHARACT
YIELD A NON=NEGATIVE INTEM
ALL PARAMETER NAMES USE
BEEN DECLARED, AND» HEM
DEFINITIONs ALL REFEQ
OR PRESET ITEMS DECL{RES

ACTERS BEGINNING WITH
OWED BY O=% ALPHABETIC,

E <VALUE EXPRESSION> MUST
UEs OR A STRING VALUE.

¢ VALUE EXPRESSION MUST HAVE
VA_LUATED PRIOR TO THIS PARAMETER

Some HIGHER LEVEL BLOCK.

PARAMETER
£BUFSIZE 120
£CONF IG- tMAX(£BUFSIZE»B8x£INCREM)
£INCREM ' '3

END )

THIS SEQGUENCE OF DEFINITIONS 15 INVALID, SINCE £INCREM IS
REFERENCED BEFORE BEING DECLARED.

TYPEs THIS STATEMENT GIVES Dgf INED TYPES USED IN THE SCOPE
OF THIS BLOCK AND NOT DEFINED [w SOME HIGHER LEVEL BLOCK.
THE FORM IS .

TYPE
<DEF>
- <DEF>
®

CEND
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THE FORM OF EACH <DEF> 18
EI)VIDENTO = (IDENT1:IDENTd:'..;IDENTN)

FOR DEFINING SCALAR TYPES, (R

E2) <IDENTO> = RECORD

CIDENT1>s CIDENT2>5 s 00 s <IDENTND SCTYPELD
CIDENTN+1D>, 00 1 <TYPEL>
:
[ )

 END <CIDENTO>

FOR RECORD TYPESs HAVING DEFINED
ONE MAY GIVE A DECLARATION IN 71
DEFINING A VARIABLE IDENTK TO g
WITHIN THIS RECORD ARE REFEREN

NAME FOLLOWED BY A PERIOD, F
PARTICULAR FIELD GIVEN IN

MEORD TYPE NAMED IDENTO,
ECLUARATION SECTION

; IDENTO. FIELDS

BY GIVING THE RECOQROD

D BY THE NAME UF THE
NITION. EXAMPLE?

TYPE
L ]
L[]
.
A = RECORD
F1 , 1STR
F2 $ ARR
END A ‘
L)
END TYPE

[

VARIABLE

MAX] OF INTC£S1ZE]

B » 1A

END VARIABLE

® .
' GiwBeF2(K+J]

CEI) <IDENT> = / TASK N/ LINK \

\ PROCEDURE 7/ N\ QVERLAY /

 CIDENT1>s<IDENT2>,eee i<TYPE>S
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"BLOCK IN WHICH THEY A

. v
ASSIGNS :
<IDENTM>)KIDENTN> eee  I<TYPEYD>
.

END

THE LINK AND OVERLAY DEFINITI(NS NAME EACH BLOCK WHICH IS
DIRECTLY SUBORDINATE 7O THE CURKENT BLOCK» AND IN ADDITION
THEY SPECIFY THE KIND OF BLOCk (TASK OR PRUCEDURE) AND

THE ARGUMENTS, IF ANY. THE 7TyPeS IN THE OVERLAY UR LINK
DEFINITIONS INDICATE THE TYPgg GF THE ARGUMENTSe THE |
EFFECT 1S YO DEFINE A RECORD 71YPE H THE SAME NAME AS
THE PROGRAMe INVOKING A PROGRAM 1 | NAMING A VARIABLE
WHICH HAS BEEN DECLARED TG Bg OF WWPEs THE 'ASSIGNS'
INDICATE wWHICH OF THE FIELDS ARE. ED VALUELS BY THE
INVOKED PROGRAM WHEN IT IS Exgcuyl THUS FIELDS NAMED PRIOR
TO THE 'ASSIGNS' ARE INPUT AwrGH S, THUSE WHICH FOLLOW THE
'"ASSIGNS' ARE BOTH INPUT AND; " ARGUMENTS

DECLARATIONS

DATA DECLARATIONS SERYV
ITEM OF A SPECIFIC TY
SOME CASES TO ATTAC
MUST BE DECLARED, A

AESOCIATE AN IDENTIFIER WITH A DATA
KESERVE SPACE FUR THE ITEM, AND IWN
E TO TwAT ITEMe ALL DATA ITEMS
USABLE ONLY WITHIN THE SCOPE OF THE

. DECLAREp. THE DECLARATIONS SECTION MAY
APPEAR IN A CONTEXT OR® PROGRAM BLOCKs AND CUNTAINS FOUR
SUBSECTIONS, EACH OPTIONALs IN THE FOLLOWING OURDER:

 CONSTANTS

PRESETS

VARIABLES
FLAGS

TO BEGIN THE DATA DECLARATIONS, any CONSTANT (READ=ONLY)
DATA IS DECLARED IN THE CONSTANT SECTION:

CONSTANT
<VALUEDEC>
<VALUEDEC>

‘ ]

END CONSTANT
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AFTER THE CONSTANT SECTION, ANY CHANGEA

"DECLARED IN THE PRESET SECTION:

THE FORM OF EACH <VALUEDEC> IS

CIDENT> = :<TYPE> (% CHECK CLAUSE »)
- I<VALUE GEN>»<vALUE GEN>»s s e<VALUE GEND>

VALUES CAN BE DECLARED ONLY FOR DATA=ITEMS OF TYPE INT, INDEX
AND STRING, OR FOR ARRAYS OF SUcCH JTEMS. THUS MURE THAN ONE

VALUE IN A CONSTANT OR PRESEY DeCcLARATION 1S POSSIBLE ONLY FOR

AN ARRAY TYPEe 1IN THIS CASE THE NUMBER OF VALUES MUST EGUAL
THE DIMENSION OF THE ARRAY. |

. DATA wWHICH IS 'To
D PRUGRAM 18§

HAVE VALUES UPON INITIATION QF THE ASS

PRESET
<VALUEDEC>
<VALUEDEC>

[ ]

END PRESET

WHERE EACH <VALUEDEC> IS HE CONSTANT SECTION.

THE FORM OF THE VARIABL

VARIABLE
<DECLAR>
<DECLAR>

. .
*

END VARIABLE
WHERE EACH <DECLAR> IS QF THE FQORM
<IDENTO>»<IDENT1>s 000, <IDENTID>»

CIDENTUD»<IDENTK> (<TYPED>

 "WHICH DECLARES EACH OF THE VARLAGLES IDENTO THROUGH IDENTK
TO BE OF TYPE <TYPE>e THE <TYPg> DESIGNATION MAY BE FOLLOWED
'BY AN OPTIONAL CLAUSE

CHECk F
CHECK S
CHECK F»S
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m ACHTINES

PROCESSES» THEY ARE DECLARED IN THE FLA

WHERE F»S REFER TO FETCHES AND STORES OF THE VARIABLE.

WHEN SUCH A SPECIFICATION IS MApg FOR A PARTICULAR

VARIABLE, THE OUTPUT LISTING INCLUDES A LIST OF ALL STATE=
MENTS WHICH REFERENCE OR ASSIGN 1 THAT VARIABLEe (IN ADDITIUN,
A GLOBAL OPTION EXISTS TO CROSS=REFERENCF FETCHES AND STORES OF

_ALL DATA ITEMS REGARDLESS OF THg CHECK SPECIFICATIONe)

<TYPE> MAY BE A DEFINED TYPE, SIGNIFIED BY <IDENIIFIERD,

OR ONE OF THE SIMPLE TYPES INTs» sINT, OR INDEX, OR

A COMPOUND TYPE STRING, ARRAY» (Ow POWERSET.

IF ANY FLAGS ARE TO BE USED FUOR COMMUNICATION BETWEEN: COJPERAII
CTION OF THE

APPROPRIATE BLOCKS

FLAG
<IDENT> (* CHECK CLAUSE =*)
<IDENT> (% CHECK CLAUSE »)

°
END .FLAG
(SEE SECTION .10sF» ASYNCHRC

THE CHECK OPTIONS ARE F,s,
UNLOCK, EITHER EXPLICIT,

ONTROLe) IN THE CASE OF FLAGS
IHERE L & U REFER TO LOCK AND
MPLICIT VIA WAIT,» SET AND FLAGVALS

B U s I N E s S ! IMPLEMENTATION LANBUAGE ! REVISION !------—---,--w--------;
! e ! A ! NEXT 23 ! BHEET 22 =«
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EXPRESSIONS
ONE OF THE PRINCIPAL COMPONENTS OF THME ACTION SECTION OF A
PROGRAM IS THE EVALUATION OF EXPRESSIONS. IN THE SINGLE LANGuA
EXPRESSIONS ARE OF SIX TYPES, OF wHICH THREE ARE EXTREMELY
LIMITED: '
As ARRAY & RECORD TYPE EXPRESSIONS MAY CONSIST UNLY OF THE NAM
. OF A DATA ITEM OF THAT TYPE, SUCH AN EXPRESSIUN IS USEFUL
ONLY. FOR COPYING THE VALUES of THAT ITEM VIA AN ASSIGNMEN]
STATEMENT» OR FOR PASSING ARGUMENTS TO A PRUGRAM BLOCK.
" Be SCALAR TYPE EXPRESSIONS CONSIST OF THE NAME OF A SCALAR
& TYPE DATA ITEM, OR: OF THE NaAME OF A VALUE OF A SCALAR.
"TYPE DATA ITEMe IN ADDITIUN TO COPYING AND ARGUMENT
PASSING, SUCH EXPRESSIONS ARp USEFUL IN EXPRESSING CONDITIUD
 C+ POWERSET EXPRESSIONS ARE FORMED IN ACCORCANCE WITH THE
-.'--ﬂ.----- e me TS e N ees Pe S e -‘- e W Tw -; W W gy Wy WO W Wm WE Bw WM Wy W M W W W W Wy
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STANDARD NOTATION OF SET THEQRYs USING THE OPERATOR +, %,

=y FOR UNION, INTERSECTION anp RELATIVE COMPLEMENT, PLUS :
PARENTHESES, THE SYMBOLIC VALUES 'EMPTY' A& 'ALL's AND NAMES .
OF DATA ITEMS WHICH ARE PUWERSETS OF THE SAME SCALAR TYPE.

IN SUCH AN EXPRESSION, THE NAME OF A VvALUE OF THE BASE

SCALAR TYPE 1S INTERPRETED as MEANING THE SET CONSISTING

OF THAT ONE VALUE,» EXAMPLE: '

TYPE
. ’ |
DIRECT = (NORTHsSOUTHIEAST,weEST)
. .
END TYPE
[ ]
VARIABLE
L]
DRECD POWERSET 4
*
END VARIABLE

Di=DREC+EAST

E EXPRESSIONS ARE FUORMED IN THE
CONVENTIONAL MANN NG THE (QPERATORS +s=s%s/32\s (THE
LAST TWO SIGNIFY OTIENT aANp REMAINDER RESPECTIVELY)
PLUS PARENTHESESs» MAMES OF INT, SINT, OR INDEX TYPE DATA
ITEMS AND FUNCTIUNSe THE NUMERIC TYPF FUNCTIUNS ARE

De INT, SINT, OR INDEX

”Ax'(AJBi EXPRESSIONS A AND B OF TYPE NUMERIC

MlN (AIB) L " " " " " "
ABS(A) : THE TYPE CF ExPRESSION A MUST Bk NUMERIC.
CONVSI(A) THE TYPE OF ExPRESSION A MUST BE STRING.

FLAGVAL(FLAGID)

NOTE THAT THE TYPE OF MAX OR MIN IS SINT IF EITHER OF ITS
ARGUMENTS ARE OF TYPE SINTs -

THESE FUNCTIONS GIVE RESFECTIVE_Y THE LARGER OF THE TWO VALUES,
THE SMALLER, THE ABSOLUTE VALUE nF THE ARGUMENTs THE

INTEGER REPRESENTED BY A STRING CONSISTING OF DECIMAL DIGIT
CHARACTERS, AND THE VALUE OF THE DESIGNATED FLAGe -IN ADDITIONS
ANY CHARMAP'S ARE INT TYPE FUNCTIONSS

@#i**l*i*li_#i’k*i**k*'fii*s,i&tk#i*i**i#*#*i#*k*‘k#ifﬁ&i
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STRING (STARTING FROM ZERO AT T
‘SUBSTRING STARTING AT THAT PGS

STRING TYPE EXPRESSIONS ARE FURMED USING STRING REFERENCES,

THE STRING TYPE FUNCTION CONVIS(a), PARENTHESESs AND THE
STRING OPERATORS '+','®t, 1/, Anp 1\'s

A STRING REFERENCE IS EITHER THE NAME OF A STRING TYPE DATA
ITEM OR A SUBSTRING REFERENCEs» wHICH CONSISTS OF THE NAME OF

‘A STRING ITEM FOLLOWED BY ONE UR TwO INT TYPE EXPRESSIONS

SEPARATED BY A COMMA AND ENCLOSED IN PARENTHESESe FOR EXAMPLE
IF SAM IS DECLARED OF TYPE STRING, THEN ,

SAM
SAM(A+B)
SAM(C,»D=E)

OF THE INT TYPE
R POSITIUON WITHIN THE
') AND THE LENGTH OF A

ARE EACH STRING REFERENCES. THE ™
EXPRESSIONS ARE RESPECTIVELY A (C#

THE IMPLIED VALUE OF THE SECQ RESSION IS 1

THE MEANING OF THE OPERAT €TRING EXPRESSIONS IS AS

FOLLOWS:?

+ ¢ CONCATENATIONe A+
CHARACTERS QF A FO

FNERATES A STRING CUNSISTING OF THE
ED BY THE CHARACTERS OF Be

EXCISIONs A=B
LEFT=MOST OCCURR

FUERATES A STRING BY REMOVING FROM A THE
WLE OF THE CHARACTERS UF B

/ ¢ HEADERe A/B CONSISTS OF TH(OSE CHARACTERS OF A WHICH
PRECEDE THE LEFT=MOSY OCCURRENCE OF THE CHARACTERS OF B.

\ ! TRAILERs A\B CUNSISTS OF THMOSE CHARACTERS UOF A WHICH FOLLO
THE LEFT=MOST OCCURRENCE OF THE CHARACTERS OF Be

THE FUNCTION CONVIS(A) GENERATES A STRING OF DECIMAL CHARACTEKS
REPRESENTING THE VALUE OF THE INT TYPE EXPRESSION A

8¢ ASSIGNMENTS

. ASSIGNMENTS ARE PROGRAMMED USING TWE REPLACEs INCREMENT AND
,»DECREMENT ACTIONSs» WHICH RESPECTIVELY HAVE THE FORMS

S I NGER ! . SINGLE ! SHEET ! KOl
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_THE INCREMENT AND DECREMENT STATEMENTS

- ADDED TO OR SUBTRACTED FROM THE pPREV
o 1IF THE <EXPRESSION> IS NOT PRESENT

FOR COMPATIBILITY OF TYPE, ThA]

WARNING OR ERROR MESSAGE RE

MACHTINES S

<REF LIST>:=<EXPRESSION>
INCR <REF LIST>(#BY <EXPReSSION>«x)
DECR <REF LIST>(#BY <EXPRESSION>x)

THE <REF LIST>. 18 EITHER THE NAME OF A DATA ITEM, OR A LIST
OF SUCH NAMES, SEPARATED BY CUMMAS. IN THE LATTER CASE, THt
EFFECT IS THE SAME AS IF A SERIes OF STATEMENTS WERE MADE,

EACH ASSIGNING THE SAME VALUE T0n SUCCESSIVE DATA ITEMS IN THE

LIST.

THE EFFECT OF THE REPLACE STATEMENT IS THAT THE <EXPRESSION> IS

EVALUATED AND THE DATA ITEM TaKgg ON THE RESULTING VALUES
MBRL Y TO NUMERIC ITEMS

" UF THE <EXPRESSION>

UE OF THE ITEM.

OF 1 IS IMPLIED.

ONLY» AND HERE THE DATA ITEM HAS THE V,

N VALUES TO DATA [TEMS

€ CHECKED AT COMPILE TIMe
THE TyYPt OF THE RECEIVING
iF THE SQURCE ITEM, OR A
COMPATIBLE TYPES FOR A GIVEN
Owe IN THIS TABULATION, N

CES OF <NVALD2 WlITH MmN

THESE ARE THE MAIN ACTIONS WHICH
AT RUN TIMEe ALL SUCH ASSIGNME I

ITEM MUST BE COMPATIBLE WITH Ti

RECEIVING ITEM TYPE ARE GIV
AND M STAND FOR VALUES OF,

RECEIVING TYPE JBLE TYPES

INTIN) {M), INDEX=>(ARRAYI[M])

INDEX=> (ARRAY [N]) NT (M1, INDEX=D(ARRAYL[M])

SINTNJ ' INTIM), SINT[M)s» INDEX=>(ARRAY([M))

STRINGINI STRINGIM]  (IN THIS INSTANCEs IF MDN AT
RUN TIME THE RESULT IS DEFINED:

THE RECEIvInG STRING 1S FILLED TO ITS
CAPACITY wiTH CHARACTERS OF THE SOURCE
STRING STARTING FROM THE LEFT=MOST
POSITIONS IF M < N, THE RESULT IS AS IF
THE SOURCE STRING WERE EXTENDED ON THE
RIGHT BY !jedM BLANK CHARACTERS)

X kK X ¥ X ¥ K ¥ kK X kK ¥ ¥ & ¥ k & ¥ k & kK k' 'k kK kK ¥ ¥ & kK ¥ ¥ &k k &k K £ ¥ k¥ X ¥ kK k & X Kk X & & ¥ ¥k &k ¥k &¥

SCALAR W SCALAR w
POWERSET OF X POWERSET (F x» SCALAR X CIN THE LATTER
CASE» THE SCALAR IS COUNVERTED 10
A PCWERSET CONSISTING OF THAT
ONE SCALAR VALUE)
i;-;..‘----------------------'---ﬂ-.‘-.‘-----.'-----.--"’.-----------------'¥
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EXCEPTY IN THE CaAsSkE OF STRING ITgps NOTE

ARRAY [IN] OF Y ‘ ARRAYIN]) OF 7z (TYPE OF Z COMPATIBLE WITH
o THAT OF Yo

R (A RECORD TYPE) R

IF THE TYPES ARE INCOMPATIBLE ONLY IN THAT MDN» THE COMPILER

GENERATES A WARNING MESSAGE, AN ASSUMES THAT THE PROGRAM CAiN

GUARANTEE THAT THE SOURCE ITEM™ 15 IN FACT wITHIN THE RANGE

OF THE RECEIVING ITEMe IF THE GouwRCE ITEM IS NOT WITHIN THE
RANGE OF THE RECEIVING ITEM AT nun TIME, RESULTS ARE UNDEFINEU
RBOVE e '

em ew o

X kK ¥ ¥ kK ¥ kK kK & kK ¥ kK ¥ ¥ ¥ k ¥ kK & &k & ¥ ¥ ¥k kK &k k ¥ kK ¥ ¥ ¥ K kK ¥ ¥ ¥ kK ¥ & K ¥k k kK k¥ kK kK & X kK ¥ ¥ &

9 CONDITIONS
“CONDITIONS ARE USED TO SELECT NATIVE ACTIONS TOU BE
PERFORMED BASED ON RELATIONSHI NG DATA 1TEMSe THE BASIC
COMPONENTS OF CONDITIOUNS ARE TONS, AND A GENERAL CONDITIOUN
IS A BOOLEAN_EXPRESSON FQOR M RELATIONSs2 PARENTHESES AND
THE OPERATORS 'NOT'» 'AND TR
RELATIONS ARE FORMED 8Y R oF EXPRESSICNS OF SIMILAR TYPE
SEPARATED BY A RELATIOH ERATORs THE QPERATORS AND THEIR
MEANING FOR THE VARIOU PES Arp SUMMARIZED AS FOLLOWS:
TWO EXPRESSIONS OF UFERATORS MEANING
NUMERIC v ZptTpCa,>2<0D> EGUALs NOT EQUALS
, ' ‘ LESS OR EQUALS
GREATER OR EQUAL
LESSs GKEATER
STRING - . : SAME SAME
POWERSET SAME EQUALs NOT EGUAL
, CONTALINED) CONTAIN
PROPERLY CONTAINED
PROPERLY CONTAINS
'SCALAR o =)= EQUAL, NOT EQUAL
IN THE CASE OF STRING RELATIONS THE NORMAL SGRTING CUNVENTIUNS
APPLYe+ . THE SHORTER OF ThE TwO STRINGS IS CONCEPTUALLY
. LENGTHENED TO MATCH THE LARGER gy aADDING BLANK
e d--‘-mﬁn L Bl B L Rl AL AL AL AL AL Rl A KL B b AL Rl e L E LR TN TR L EL AL R L LA LR TR ELELDLR LT LD
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CHARACTERS ON THE RIGHT AND THE RELATIONS LESS AND GREATER
ARE DETERMINED BY THE NORMAL ASCII COLLATING SEGUENCE VIA A
LEFT TO RIGHT SCAN FOR FIRST NUNepGUAL CHARACTERS.

10«  .CONTROL STATEMENTS
As GROUPING STATEMENTS

THERE ARE TWO CONSTRUCTS IN SINGLE W
GROUPING A SEQUENCE OF STATEMENTS S
APPEAR WHEREVER AN INDIVIDUAL STAT,
SYNTAXe THE FIRST OF THESE 16 1

THE SEWQUENCE MAY

BEGIN (¥<GRQUPID>*);
<STATEMENT>
<STATEMENT>

[ ]
(]

END (¥<GRQUPID>#%):

THE SECOND CONSTRUC
REPETITION OR LOOP
LOOPING STATEMENT

HE gAmE EFFECT BUT ALSO INCLUDES
THROUGH THE STATEMENTS (SkEE 104C

CYCLE (#<GROUPI ) (¥<REPEAT CONTROLD>*) !
<STATEMENT>
<STATEMENT>
) .
d .
L]

NEXT (¥<GROUPID>¥):

" THE OPTIONAL GROUPID MUST Kt THE SAME IN BEGIN AND END, OR
IN CYCLE AND NEXTs OR A WARNTMNG MESSAGE IS GENERATED.

B+ CONDITIONAL STATEMENTS

THERE ARE TWO TYPES OF CONDITIONAL STATEMENTSe THE FIRST
IS OF THE FORM

IF <CONDITION> THEN

B US I NE S 8§ ' IMP,LEMENTATION LAN(SUAG[: ! REVISIUN A LI LELEFPELELELELEYE LR XY
! ! A ! NEXT 28 ! SHEET 27 =»

MACHINES

HAVE THE EFFECT UF

1S CALLED FOR IN THE
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ELSE
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<STATEMENT>

WHICH CAUSES THE FIRST OF THE TwO STATEMENTS TO BE EXECUTEU
IF THE CONDITION IS TRUE AND 7T1HE SECOND TO BE EXECUTED IF
THE STATEMENT IS FALSEe A SECOND FORM,

-

IF <CONDITION> THEN
<STATEMENT>

IS ALSO PERMITTEDe THE AMBIGUITY OF A CONSTRUCT SUCH AS

IF <CONDITIONO> THEN . | ?
IF <CONDITION1> THEN -
<STATEMENT>
ELSE
<STATEMENT>

IS RESOLVED BY ARBITRARILY Fp HE ELSE TO BE. ASSOCIATED

WITH THE INNERMOST IF.
THE OTHER CONDITIONAL CON

CASE <NUMERIC EXPRES
O:<STATEMENTO> ¢
1:<STATEMENT1>

) _
[ )
1]
N:<STATEMENT
END CASE

HERE THE EXPRESSION IS EVALUATED AND THE RESULTING VALUE 18
USED TO SELECT THE ONE STATEMENT WHICH IS 10 8 EXECUTEDS
NO CHECKING IS DOUNE TG SEF IF THE VALUE LIES IN THE RANGE
O=Ne THE NUMBERS PRECEDING ThHE COLON ARE FOR READABILITY
ONLYs THE VALUES ARE DETERMIngED BY POSITION IN THE LIST.
"IN BOTH THE IF AND CASE STATEMENTS SPECIAL TREATMENT IS
GIVEN WHEN THE CONDITION OR NuMERIC EXPRESSION IS FULLY
EVALUATABLE AT COMPILE TIME ([WwVOLVES ONLY CUNSTANTS AND
PARAMETERS) o THE APPROPRIATE BRRANCH IS SELECTED AT COMPILE
TIME AND ONLY THE CODE FOR THAT BRANCH TS GENERATED.

Ce  LOOPING STATEMENTS
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REPETITION OR LOOPING OF STATEMENT EXECUTION IS ACHIEVED BY
VARIOUS FORMS OF THE CYCLE ConSTRUCT:

CYCLE (#<GROUPID>*)(%<REPEAT CONTROL>*):
<STATEMENT>
<STATEMENT>
[ ]
]
NEXT (*<GRQUPIUL>=»);
|
THE ABSENCE OF REPEAT CONTKROL MEANS THAT THIS GROUP UF!
STATEMENTS IS TO BE EXECUTED KEPEATEQ NTIL ONE OF THE
STATEMENT CAUSES A TRANSFER QUT OF ¥§ ROUP (SEE 104D,
TRANSFER STATEMENTS) . a

REPEAT CONTROL HAS TwO FORMS;
WHILE <CONDITION>
AND

FOR <IDENT>:=<RANGEND> 1)0)00)(RANGEN)
IN EACH CASE, WHEN A
A TRANSFER STATEMENT,
THE INDICATED TEST
HAS THE RANGE LI
BEGINSs IF YES,
THE 'NEXT?o

T CF THE GROUP IS CALLED FQR (BY
CONTROL REACHING THE ENDING 'NEXI
ADEs» 1.Fer» IS THE CUNDITION FALSE 0w
§ EXHALUSTEDe IF NOT» REPETITION

ROL PASGES TO THE FLRST STATEMENT PAS]

RANGE IS THE FORM <NUMERIC ExpRESSION>, OR
(*<EXPRESSIONO>®) TO <EXPRESSION1D> (#STEP <EXPRESSIONZ>*)

THROUGHOUT AN EXECUTION UNDER FCR CUNTROL THE VALUES OF The

CEXPRESSIONS UPON FIRST ENTRY (fF THE CYCLE STATEMENT ARE
THOSE USED FOR REPETITION CONTROL AND TESTINGs lebes CHANGING

THE VALUES OF THE EXPRESSIUNS wITHIN THE SCOPE UF THE CYCLE
DOES NOT AFFECT THE LCOPING ¢CNTROLe THE LIDENT SHOULD BE aN
IDENTIFIER DECLARED TO BE A yARIABLE OF TYPE INT OR INDEX.
UPON TERMINATION OF EXECUTING UNDER FOR CUNTROL THE VALUE

OF THIS VARIABLE IS THAT CORRgSPONDING TO THE LAST REPETITIUN

PLUS THE STEPe. IF THE REPETITIGN WAS TERMINATED BY A LEAVE,
THE VALUE OF THE CONTROUL VARTABLE IS THAT WHICH IT HELD WHEN

THE LEAVE WAS EXECUTEDe THE (CONTROL VARIABLE IS A NORMAL

VART'ABLE IN ALL RESPECTS» ANp VALUES MAY BE ASSIGNED TO IT
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»
»
‘:; WITHIN THE SCOPE OF THE 'CYCLE ',
x } ;
¥ DEFAULT VA'L,L;JE'ZOF NUMERIC EXPRESSIONO IS Qe
» DEFAULT VALUE OF NUMERIC EXPrRpSSIONZ2 1S 1 ‘
¥ . . .
»
»®
» . . :
¥ Do TRANSFER STATEMENTS
% . .
» TWO STATEMENTS PROVIDE FOR TRANSFERS OF CONTROL WITH RESPECT
» TO BEGIN OR CYCLE GROUPS: . |
» !
» LEAVE ( #<GROUPID>*):
»
» AND
x .
» RECYCLE ( #<GRQUPID>*):
* :
» LEAVE REFERS TO THE NEAREST P{-{ G CYCLE OR BEGIN IF IT
x CARRIES NO GROUPID, OR THE GRE AMED OTHERWISEe (IF NO
» SUCH GROUP EXISTS A NON=FAT OR RESULTS)e THE EFFECT ,
¥ IS TO TRANSFER CONTROL T RST STATEMENT PAST THE GROUP
¥ ENDING (END OR NEXT )
(ij RECYCLE REFERS TQ A PR ~Ide CYCLE» AND TRANSFERS CUNTROL
¥ TO WHATEVER TESTING ICREMENTATION IS CALLED FOR BY THE
» REPEAT CONTROLe. THU HAS THE SAME CONTRUL FUNCTIONS AS
x NEXT» BUT DOES NOT T ATE THE STATEMEMT GROUPING.
» ) '
¥ ON THE COMPILER SOURCE OQUTPUY THE LEFTMOST Tw( COLUMNS wILL
» SHOW A LEXICAL LEVEL FOR EACKH STATEMENTe FE el
F3 .
* 10 : ~IF ees THEN
. 11 <STAT>
¥ 10 ELSE
» 11 : BEGIN:
» 12 <STAT>
» . HEE . .
¥ Y . <STAT>
» 11 . END:
o 10 <STAT>
¥ . S .
» e
» .
¥ o _ :
» “THE APPEARANCE OF A LEAVE STATEMEWNT WILL CAUSE A NOTATION
»
»
%
P -Q-.--i-.----------,-Q..—-.—w-n.m- W TR e e T DS wes Wy N Gy W W W W Wae W W R W W W WL
S I NGER (I SINGLE ! SHEET ! KO1 , ¥
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'FNN' TO APPEAR BESIDE THE LFVEL NUMBER, INDICATING THE
LEVEL NUMBER TOOHHICH CONTROL Is ADVANCING. SIMILARLY,
RECYCLE CAUSES 'BNN' TO APPEAR.

EXAMPLE®
3 CYCLE SAM WHILE eeo
T4 <STAT>.
. N ) .
[ ]
4 CYCLE AL FOR ese¢e
5 <STAT> |
. . T
. Y '
5F3 LEAVE SAM
) :
[ ]
583 RECYCLE SaM
[ ]
N :
484 : NEXT AL
L]
....
L ]
383 NEXT SAM

3 <STAT>

THE NOTATION DIRECT
FIRST OCCURRENCE OF

ADER FORWARD QR BACKWAKD TO THE
DICATED LEVEL NUMBER.

INTERPROGRAM CONTROL

SEVERAL STATEMENTS CAUSE TRANSFER OF CONTROL FRUM ONE
PROGRAM TO ANOTHERe THESE ARE:

CALL

TRANSFER . PROCEDURE (*(PARAMETER RECORD)*)

DEFER TASK (*(PARAMETER RECORD)*) '
START TASK (#(PARAMETER RECORD)*)(#0R <STAT>=*)
RETURN '

8TOP

CALL IS THE CONVENTIONAL PROCEDURE INVOCATIONs THE CALLING
PROGRAM GOES INTO WAIT STATUS ANG wWHEN THE CALLED PROCEDURE

“EXECUTES A RETURN STATEMENT CUNYROL RETURNS TO THE CALLING

S INGER ! SINGLE ! SHEET ! KOl
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THUS A PROCEDURE IS INVOKED BY A CaLL
ATES ITS EXECUTION BY A RETURN (R 4

"OR CONTINUES ASYNCHRONOUSLY (V

TRANSFER STATEMENT, IT MAY

PROGRAM AT THE STATEMENT FOLLOWING THE CALL STATEMENT.

A CALLED PROCEDURE NEED NOT EXECUTE A RETURN STATEMENT BUT
MAY INSTEAD EXECUTE A TRANSFER STATEMENT INVUOKING ANQTHER

" PROCEDUREs THIS TERMINATES THE pROCEDURE EXECUTING THE

TRANSFER AND MAKES THE PROCEDURE TRANSFERRED TOQ ACT LIKE THE

CALLEE OF THE ORIGINAL CALLEKs» J.Ees» IF IT SHOULD EXECUTE A

RETURN, CONTROL REVERTS TO Tkt ORIGINAL CALLERe IN TURN, THIS
PROCEDURE MAY TRANSFER TO YET ANGTHERS ETCe UNTIL FINALLY SOME
PROCEDURE IN THE CHAIN EXECUTES Ao RETURN ' !

i

z |
TRANSFER AND TERMIne
R

PENDENTLY UF THE PROGRAM
ROGRAM DOES NOT GO INTU
THE DEFER INVOCATION)
START INVOCATION)e NOTE
$TE BY EJTHER A RETURN OR
CUTE A DEFER. ON THE OTHER
URN OR TRANSFER SINCE [T HAS
TASK TERMINATES BY EXECUTING

A TASK IS A PROGRAM WHICH EXECUTES
WHICH INVOKED IT, IeEes» THE INVOkg
WAIT STATUS BUT EITHER TERMINA

THAT SINCE A PROCEDURE MUST

HAND A TASK MAY NOT EXECUTE
NO RELATIONSHIP TO A CAL
EITHER A DEFER OR A STOP

NOTE THAT EITHER A TA
A PROCEDURE, IMPLYINS
IN WHICH CASE THE S

A PROCEDURE MAY EXECUTE A CALL TO
j STATUS FOR THE CALLERs, UR A TASK»
CONTINUES ASYNCHRONOUSLY

IN SUMMARY THE INVOKI 0F OME PROGRAM BY ANOTHER AND THE
DISPOSITION OF THE INVOKER, IS As FOLLOWS

INVOKEE
INVOKER DISPOSITION TASK PROCEDURE
' WAIT ¥ caLL
TASK CONTINUE START -
TERMINATE DEFER -
' } WAIT M CALL
"PROCEDURE CONTINUE START - :
: TERMINATE - TRANSFER

» MEANS THAT THE COMBINAYTION IS NQT ALLOWEDS

¥ MEANS THAT THE EFFECT (OF INVOKING A TASK AND WALTING FOR
ITS COMPLETION OR FOUOR SUME UTHer EVENY CAN BE ACHIEVED WY
USING THE START AND THEN EXECTING A WAIT FOR THE APPROPRIATE

€ ¥ ¥ ¥ %k ¥ kK kK ¥ ¥ € K %K ¥ ¥ & K & ¥ X &k & & ¥ & X € ¥ € k& & kK kK Xk &k kK & kK X k ¥ kK ¥ k¥ ¥ ¥ ¥ X K &K Kk k ¥
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KEPT OF THE ATTEMPTED INVOCATION. THE

EVENT (SEE 10¢F» ASYNCHRONOUS COMTROL STATEMENTSs)

THE START STATEMENT INCLUDES AN 10R' OPTION FOR USE IN THE CAsE
WHERE THE TASK TO BE INVOKED IS CURRENTLY NOT FREE TO BE IN=
VOKEDe IF THE 'QR' OPTION IS OmMITTEDs THE INVOKER GOES INTU
WAIT STATUS UNTIL THE INVOKEE Is FREE» AT WHICH TIME THE INVOKE

“AND INVOKEE ARE SCHEDULED FOR RESUMPTION (AT THE STATEMENT AFTER

THE COMPLETE START STATEMENT) AND INITIATIONs RESPECTIVELY.
IF THE 'OR!' OPTION IS USED, AND THE INVOKEE 1S NOT BUSY, INVOKER

'AND INVOKEE ARE IMMEDIATELY SCHEQULED FOR RESUMPTION AND INITIATION

RESPECTIVELYe IF THE INVOKEE IS BUSYs» CONTRUL IS RETURNED TG THE
STATEMENT WITHIN THE START AND FOLLOWING THE 'OR's NO RECORD IS
KER HAS SIMPLY FAILED
AT SOME LATER TIMEs

TO GET THE TASK STARTED, AND MAy TRY A

A ! NEXT 34 ! SrAtET
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ASYNCHRONOUS CONTROL
 SYNCHRONIZATION AND CONTROL AMC YNCHRONOUSLY hXhCUTINﬁ
PROGRAMS MAY BE ACHIEVED BY | OF FLAGS AND EVENTSe THE
FLAG IS AN IDENTIFIER <FLAG{ CLARED IN THE FLAG SECTIONs 1TS
TYPE IS INT(991, AND ITS S PRESET TO ZERUs AN EVENT IS
A BOOLEAN COMBINATION, U ' AND 'AND' OPERATURS (NO 'NOT!
OPERATORS) OF SIMPLE E WHICH HAVE THE FORM
FINISH 0GI0>
<FLA <RELOP><FXPRESSION>

WHERE <RELOP> 1S ONE THE NUMERIC RELATIONAL OPERATORS (SEE 9o
CONDITIONS) AND <EXPRESSION> 1S (F NUMERIC TYPE (INT OR INDEX)e
FINISH <PROGID> QCCURS WHEN THE PrROGRAM NAMED EXECUTES ONE UF
STOP, TRANSFER, OR DEFERs THE ACTION STATEMENTS INVOLVED aRE

WAIT CEVENT>

SET <FLAGID> TO <EXPRESSIGOND

UNLOCK <FLAGID>

LOCK <FLAGID> (% CR <STAT> «)
IN ADDITION, THERE IS A FUNCTIUN FLAGVAL (<FLAGID>) WHICH MAY BE
USED IN EXPRESSIONS.

ﬂ-,-—',‘..-‘-’..-O--.‘---.-..-.---—-- LI X TR E Jepmpupey T ¥ Y peespue LEXL X L ELE LEX ETITETIRELELETE LIS
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~OCCURRED, THE PROGRAMS IN WAIT fFaRrR T
- FOR RESUMPTION AT THE STATEMENT FOLLEW

+LOCKED BY THE PROGRAMe« THE TYP

A FLAG CAN BE REFERENCED ONLY AfFTER THAT PRUGRAM HAS SUCCESS=
FULLY EXECUTED A LOCK OF THE FLAGe ONCE THE LOCK IS EXECUTED.
CONTROL IS RETURNED TO THE STATEmMENT AFTER THE CUMPLETE LOCK
STATEMENTe IF THE FLAG HAS CURRENTLY BEEN LUCKED BY ANOTHER.
PROGRAM, CONTROL EITHER REVERTS 70 THE STATEMENT AFTER THE 'GR',

OR WAITS TILL THE FLAG IS UNLOCKgD IF NO 'OR' UPTIUN IS PRESENTS

A FLAG VALUE IS REFERENCED EITHER RBY AN EVENT OR BY THE FLAGVAL
FUNCTION® IN EITHER TYPE OF REFpFRENCE A CHECK IS MADE TO SEE
THAT THE FLAG HAS BEEN LOCKED By THIS PROGRAMes IF NUTs» A RUN=
TIME ABORT OCCURSes IF THE REFERENCE IS RY WAIT <EVENT> THE

IN THE EVENT ARE TESTED TO SEE [F THE EVENT HAS OCCURREDS

IF NOT, THEY ARE UNLOCKED AND THg PROGRAMUGUES INTU WAIT STATUS:
FROM THEN ONj, WHENEVER A FLAG VaLUEe CHA ALL EVENTS REFERENCw
ING THAT FLAG WILL BE TESTED. FuR TH NTS WHICH HAVE

NT WILL BE SCHEDULED

THE SET STATEMENT CAUSES AN ABOR fHE FLAG HAS NOT BEEN

ES FOR EXPRESSIUN ARE
TYPE INTI[99)e THE FINAL

LAG. IF A FLAG HMAS BEEN

AL» AND NOT CHANGED BY SET,

T FLAG REFORE TERMINATING.

THOSE OF ASSIGNMENT TO A VARIAH
ACTION OF THE SET IS TO UNLO
REFERENCED ONLY BY LOCK AND
THEN THE PROGRAM MUST UN

ARGUMENTS FOR PROGRA

AS HAS BEEN SEEN IN SECTIOM By DEFINITIONS, THE LINK DEFINITION
OF THE PARENT BLOCK DESCKIBE THE STRUCTURE OF THE ARGUMENTS UF

A PROGRAMs THIS IS UNLIKE THE CouvENTIONAL HIGH LEVEL LANGUAUGR
WHERE THE PROGRAM DEFINES THE Type OF ITS ARGUMENTSe THE PRESENT

- ARRANGEMENT ALLOWS THE COMPILER 10 COMPILE AND TYPE CHE(CK ]N=

VOCATIONS OF THE PROGRAM INDEPE~NDENT OF THE PROGRAM BLOCK IT=
SELFs» AND ALSO FACILITATES OVER_AY STRUCTURES.

ANYWHERE WITHIN THE SCOPE OF THE KLOCK WHRICH HAS DEFINED A

- LINK TO PROGRAM IDENT WE MAY HAyg

*
L]
VARIABLE

SINGLE ! SHEET ! KO1
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¢ TDENT
END VARIABLE
/ CALL \
/  DEFER \
\ TRANSFER s IDENT (B)
\ START 7/

0 e o

PRUGRAM I[DENT
IDENT, AND HENCE
Fy ALL THE PARA=

IT SHOULD BE RECALLED THAT THE DEFINITIQ
ALSO CREATES A RECORD TYPE DEFIITIUN Ci
NAMING A RECORD OF THAT TYPE SERvESs T
METERS THAT PROGRAM REGUIRES.

WITHIN A PROGRAM, REFEREMNCES TO T
ARE MADE BY CITING THE FIELD NA
EXAMPLE

N TNVOCATIUN PARAME TERS
FIED BY THE SYMBOL 'aw's

.
TYPE
.

SAM = TASK LINK

A CINTC£Q]
B tSTRING (£P
ASSIGNS
C tARRAY (£ INDEXe>C
END SAM
END TYPE
VARIABLE
L]
L[]
D ‘S AM
[ ]

END VARIABLE
L]
START SAM(D)
0' .
.
TASK .SAM

K K K XK ¥ K kK K X ¥ K ¥ K K €& ¥ kK ¥ €& ¥ ¥ ¥ ® ¥ X & k ¥k kK & ¥ ¥ ¥k kK X ¥ kK €« kK € X « € kK kK ¥ X k¥ ¥k & & ¥k &«
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MmACHTINES

TEMP(=a.B

THIS LAST STATEMENT HAS THE EFFE(CT OF REFERENCING THE 2ND
COMPONENT OF THE RECORD [ WHICH wAS USED AS THE ARGUMENT IN

THIS PARTICULAR INVOCATION OF Satr.

"~ THE COMPILER WILL ISSUE A DIAGNOSTIC IF A PROGRAM ASSIGNS A

VALUE TO ANY OF 1TS ARGUMENTS NOT LISTED IN AN ASSIGNS OPTJON

. OF THE LINK DEFINITION FOR THE PROGRAM,

MACHINE SPECIFIC STATEMENTS

B U S ] NE § 8 H IMPLEMENTATION LANUUAGE ! RFVISIUN lercoevsmooomwmemernensonowwy
! . ! A PONEXT 37 ! SHEET
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IN ORDER TO FACILITATE WRITING uF DE DE PENDENT PROGRAMS
"SUCH AS DEVICE DRIVERS AND DEVICE © 1CSs» CERTAIN MACHMING
DEPENDENT STATEMENTS ARE ALLUAWED,. 4 USE OF THESE STATEMENTS
IS CONTROLLED BY PASSWORDS GIVE! PILER DIRECTIVESe THE
APPEARANCE OF A MACHINE«SPECI]F s TRUCT IN A PRUGRAM wWILL
PRODUCE A FATAL DIAGNUSTIC UN
+ THE COMPILATIUN pPASS UTHORIZES USE OF THaT
CONSTRUCT» AND
« THE CONSTRUCT B 38 10 THE MACKIME FOR WHICH
OBJECT CODE 18% G GENERATED.
As S5/10 PROCESSOR AND S,11 DPU:
THREE CONSTRUCTS ARE GIVEN:
¢« INP A,BsC (% 4D %)
AND
o OUT A,BsC (% 4D )
WHERE
A IS A STRING REFFRENCE (SQURCE OR DESTINATION FIELD)
Bs C ARE EXPRESSIONS EVA_UATING TO INT (99 (UEVICE
NUMBER & CONTROL QPTICNS) NOTE: DISC 1/0 1S NOT
SUPPORTED.
D IS AN OPTIUNAL STRING REFERENCE OF LENGTH ¢ (ID)
¢ STATUS A(x »B ¥)
Wt.?-¢;".-----o-n-.-------¢-.n-..---,u-,,_--,----‘---Qqnqncnpq---------n------¥
S 1 NGER ' SINGLE ! SHEET ! KQ1
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WHERE

B IS AN OPTIUNAL STRING REFFRENCE OF

" Be S/11 MPU |
| TWO CONSTRUCTS CONCERN I,0:
. INP A,8B,C
« OUT A,BsC

WHERE ,

A IS A STRING REFERENCE Of

B, C ARE AS FOR THE DPU
THREE ADDITIONAL CONSTR
+  ENABLE A .
+ DISABLE a
. RETURN ENABLE

WHERE A IS AN EXP

(=
w
®

BLOCK TERMINATION

THE END OF EACH COMPILATION BLOCk (CONTEXT,
IS SIGNIFIED TO THE COMPILER 8Y T1HE SPECIAL

ele

(UNDERLINE, EXCLAMATION, UNDEKLINE)s» EXCEPT
OF THE CURRENT COMPILATIGN RUN g SIGNIFIED
CONVENTION

/¥

XK K Kk K K Kk kKK KKK KKK KKK K C-k*€1y<¥ﬁ XK K K Kk KKK KK KK KKK KKK KX t:,« *

A IS A VARIABLE OF TYPE INT (6] (CONDITION CUDE)

INCERN INTERKRUPT CONTROL :

SION EVALUATING TO INT[161.

LENGTH & (10)

DATA UR PROGRAM)
SYMBUL CUMBINATION

THAT THE LAST BLOCK
By THE 0SS END=QF-FILLE
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EACH OF THESE MUST BEGIN IM COLuMN 1 OF THE INPUT LINE IN QORDER
TO BE RECOGNIZED.. ’

PROGRAMMING CONSIDERATIONS

As

Boe

Do

 MACHINE DEPENDENCIE

INPUT/0UTPUTs  MOST 1/0» INCLUDING ALL DISC 1705 WILL BE

DONE BY INVOKING ASSEMBLY LANGUAGE SURPRUGRAMS. THE MACH[N
SPECIFIC STATEMENTS ARE MAL:aL vy FOUR DIAGNOSTIC wURK AND SHUU
NOT BE USED FOR NON=DEVICE peErPpENDEN
COMMUNICATION, SETTING AND READING 48
A SIMPLE ROUTINE FOR ACCEPT anp D
wWILL BE PROVIDED.

CLOCKSs ETCo»
YPE OPERATIOUNS

JAIN ELEMENIS OF THE
EFFICIENT CODE ON ONE
‘MOST 0OBVIUUS EXAMPLE OF
MOBE NATURAL REPRESENTATION

L PROCESSORS NOT HAVING A
NTATION WILL BE ONE CHARACTER

OTHER MACHINE CONSIDERATJUNS,.
LANGUAGE WILL PRODUCE MARKE
PROCESSOR THAN ON ANQTHER
THIS IS POWERSET VARIABLES,
IS A BIT STRINGe ON THE
LOGIC INSTRUCTION THE k
PER BITo

4 ADDITION TO THE MACHINE=SPECIFIL
2» CERTAIN OTHER MACLHINE DEPENDENCIE
S WRITTEN USING SINGLEe THEY INCLUD

OPERATIONS OF SECTE
ARE POSSIBLE IN
e LINKING OF HANQWCODED PkoGRAM BLOCKSS

¢« CREATION qF OVERLAY STRUCTURES (DEPENDENT UN PARTITION
AND/OR MEMORY SIZE )

+ DEVICE=DEPENDENT LOGIC®

e USE OF 7=AND 8=BIT CHARACTER SETS.

o ANY USE OF OPERATIONS wWHICH OVERFLOW: VARIABLE SJIZE,
SUBSCRIPT BOUNDS, ETCer sinNCE THESE ARE UNCHECKED AT
RUN=TIME. '

o EXCEEDING THE CAPACITY OF THE TABLES IN THE SMALLEST
"LINKER.UTILITY-

'DEBUGe SOME FORM OF SYMEUL|C DEBUGGING CAPABILITY IS

CLEARLY DESIRABLEe MNO PLANG HAVE YET BEEN MADE FOR THE
FORM THIS SHOULD TAKEs REALERS OF THIS DUCUMENT ARE

i1C SUCH AS OPERATUR -

! IMPLEMENTATION LANGUAﬁE ! REvISION !------p—-n;unuq---.w--‘;
! o ! A ! NEXT 39 ! SHEET
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