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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 

f ORM 6006 

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 reconunendation, 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 items. 
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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 quali~ied 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/O capability. 

17. Allow c~nditional 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 reconnnend 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 
OS/MVT. The ERS reflects an update to this by stating the compiler runs on the 
IBM 370 OS/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 reconnnend 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. 

WRP:cmc 
cc: L. 

D. 
E. 
K. 
c. 
P. 
R. 
L. 
R. 
J. 
w. 
H. 

Fesperman 
Quitslund 
Hay 
Dunham 
Bradley 
Thompson 
Zemlin 
Krider 
Gunther 
Landau 
Holloway 
Lam 

() , ) 
, i /~.---··------··/ >fi7v ·~ 
W. R. ;weftJ 
TREB Chairman 
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PRODUCT DESCRIPTION 
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BRIEF DESCRIPTION OF PRODUCT 

THIS PRODUCT IS A COMPILER WHICH RUNS ON AN lBM 370 OS/VS2 
SYSTEM• IT ACCEPTS A~ SOURCE LANGUAGE THE SO~lwARE IMPLEMENT• 
ATION LANGUAGE CALLED SI~GLE1 AND PRODUCES O~JECT CUUE FOR 
THE SINGER SYSTEM TEN COMPUTER, IN A FORM ACCEPTA~Lt TO 
TH~ SYSTEM TEN LINK EDITOR PROGRAM• 
CERTAIN FEATURES OF THE SINGLE LANGUAGE EF~RNtO IN THIS 
IMPLEMENTATION• THESE ARE: 

OVERLAY HANDLING 
ASYNCHRONOUS PROCESSING 
MPU I/0 INSTRUCTIONS 

SUBSEQUENT VERSIONS OF THIS 
THE SYSTEM TEN1 TO GENERATE M 
THESE WILL BE SPECIFIED IN A 

ARE PLANNEU TO RUN ON 
CT CODE1 £TC• EACH OF 

ATE ERS• 

C' . 
• 1•2•1 TECHNICAL REFERENCES .. .. .. .. 
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• ... .. .. .. 
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A DESCRIPTION OF 
NOVEMBER, 197 ... • 

THE SINGER IMPLEMENTATION LANGUAGE 
ATTACHC.Dl• 

.SYSTEM TEN LINK EDITOR REFERENCE MANUAL1 44•8476•401•00• 

SYSTEM TEN RJF DISC SYSTEM REFt:.R~NCE MANUAL1 40•31b• 

DMF .II PROGRAMMER'S REFERENCF MA~UAL144•BR00•40l•UU• 

OS JCL JOB CONTROL LANGUAGE RE~ERENCE GC28•6704•3 

H'ASP U .SYSTEM MANUAL 3600•05• 1•014 VERSION 3 

PL/I LANGUAGE REFERt:.NCE MANUAL1 GC33•0009• 

~PU INSTRUCTIONS REFC.RENCE MANUAL 42•2500•01• 

.. 
.JI. 

... .. 
• 
• .. 
• .. .. .. .. 
• .. 
... ' 

... 

... 
• .. .. .. 
... .. .. 
• .. 
• .. .. .. .. 
• .. .. .. .. .. 
• 
... 
... .. .. 
• 
• 
• 
• ... 
• .. .. 
... 
... 

()··;·;·:·;-~-~---7 ···--;~~~~~-~;~~~~:~ -- .. --7·;:;~; .... ·-7-·- ... --=~ ~- -- ...... -- .. -: 
• B U S I N E S S ! REFERENCE SPt:.CIFlCATIO ! REVISlUN !•••••••••••~••·~·•••••• 
• M A C H I N E S ! A ! Nt:.XT 4 ! SHt:.ET 3 • 

·------~,---------..,.·---······---------~--·-· ....................... -- ·----·-· ... ----,- -- .. ... 



.,:, 

·----~------------------~----------~-----·-------------·--------------4·-------· 

.. 
• 
• 
• .. 
• .. 
• 
• 
• 
• 
• 2• 

• 
• 
• 
• 
• 
• 
• 
• .. .. 
• 
•• 
C:' .. 
• .. 
• 
• .. 
• 
• 2•1 

• 
• 

MODEL 21 PROCf;S_SOR REFERENCE MA NU AL.1 't2•2022 • 

MODEL 21 ACU~ 9001500•01.1 FUNCTIONAL ANO PHYSICAL SPiClFICATIUN 
9007033 

.:MODEL 20 ACU FUNCTIONAL SPECIFlCATION.1 9006681• 

-~R RECONCILIATION 

~LL CONSTRAINTS ON THE EXTERNAL DESI 
DEFINED BY THIS ERS ANO THE PDR•s;ER 
POR 1 S TAKE PRECEDENCE OVER THIS ER 
APPARENT CONFLICTS OR AMBlGUtTIE 
~OON AS THEY ARE DETECTED• CUN 

ARE 
STt.U tH:.L.Uw• THE:. 

VERY INST ANCI: • 
BE !NVl:STluATE:.D AS 

CONFLICTS b~T~EEN AND 
ANY OVERSIGHTS IN ANY OF THE 0 
ATTENTION OF THE DIRECTOP1 P 

S SHALL SE BNUUGHT TO TH~ 

MMING SYSTt.MS lMMt.UlATELY• 

iHIS ERS SHALL DETAIL ALL 
RELATED ERS•S~ AS SUCH, 
DOCUMENT FOR OE~ELOPMEN 
SCOPE OF THE PRODUCT• 

OMISSION OF ~EATURES 
FEATURES IS NOT PERMI 

S STATED IN fHk PUR 1 S AND 
THE FINAL EXT~RNAL L~YEL 

SE AND IN NO WAY l:.XTl:.NDS TH£ 

lN THE POR•S OR ADUlllON OF 

0 THl:.R RELEVAN.T POR (SI AND E RS (SI 
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• THE POR CAL.LS fOR A NUMBER OF PRODUCT Si GENl:.kAT ING CUDE FOR • 
~ SEVERAL 08J£CT MACHINES ANO INCORPORATING Cl:.RTAIN Fl:.ATURl:.S OF • 
• THE Sl~GLE LANGUAGE WMIC~ ARE OMITTED FROM THIS FlkST • 
• lMPLE~ENTATION• THESE:: PRODUCTS WILL BE DETAILEO lf'.I FUTURE _. 
• . fRS OOCUMENTS1 EACH OF WHICH IS CONSTRAINFD TO. 8E:. Ul-'wARD • 

:• O'iJMPAT!BLE WITH THIS E.RS, IN. THt. SENSE THAT THAT CUMPILE.R WILL. • 
• ACCEPT 4NY PROGRAM WHICH CONFORMS TO THE SPECl~lCATlONS OF THIS ERS• • 
• 
• • • 
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CONVENTIONS 

SECTION 5•2•3•~ CONSTITUTES A FORMiL DEFINITION 
OF THE SINGLE LANGUAGE• FOR A MURf INFORMAL EXPOSURE TO THI::. 
BASIC IDEAS ANO STRUCTURE OF lH~ LANGUAGE 1 TH~ READER 
UNACQUAINTED WITH SINGLE IS AUVISED TO FIRST MEAD THE ATTACHEU 
REFERENCE DOCUMENT1 1 A DE"SCRIPT!ON OF SINGU:.•' 

NOTATION 

.THE BASIC NOTATION FOR THE SYNTAX R 
THE STANDARD METALANGUAGE FOR DES 
FREE GRAMMARS• IT MAKES USE OF 

o•2•3•3 IS 
CONTEXT• 

< ANO > ARE USED TO BOU~D TME 
FOR EXAMPLE1 THE APP 
SYNTAX RULE MEANS: 

F A SYNTACTIC CONSTRUCT1 
OF <SIMPLE TYPE> IN A 

QUENCE OF INPUT CHARACTbRS 
SATISFY THI::. DE:FlNlflON OF THt. 

: : . 
WHICH HAS BlEN FO 
CONSTRUCT •SIMPL 

IS THE'METASY 
CONSTRUCT WHOS 
SYMBOL AS A 
RIGHT OF THE 

ED TO DENOTE THE UEFlNTION OF THE 
ME APPEARS TO THE LEFT OF THIS 
ANCE OF THE FORM APPEAMlNG TO THE 

OL• FOR £XAMPLE1 
<SIMPLE TYP . :: .. <IDENTIFIER> 

IS rME METASYMBOL DENOTING ALTERNATE FURMS WHICH MAY 
8E US£D TO DEFINE A CONSTRUCT• FOR EXAMPLE1 

<SIMPLE TYPE> :: .. <IDENTIFIER> 
! lNT<Pt.IUALIF> 

SPECIFIES T~O ALTERNATIVE WAYS OF FURMlNH AN INSTANCt 
OF <SIMPLE TYPE>• NOTE THAT SYNTAX DEFINITIONS NEED 
NOT BE EXCLUSIVE1 AND THEREFORE TME ABOVE EXAMPLE IS 
SIMPLY SHORTHAND FOR THE PAIR OF DEFINlTiONS 

(SIMPLE TYPE> ::= <rnENTIFIER> 
<SIMPLE TYPE> :: .. lNT <PGUALIF> 

. DEF lN IT IONS 

.. . . 
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.EACH RULE OF THE SYNTAX JS EXPRESSED AS 

<CONSTRUCT NAME> ::•FORM 

. · o·R, FOLLOWING ANOTHER RULE FO~ Tl-d:. 

~ FORM IS A SEQUENCE OF 
CONSTRUCT NAMES BOUNDED BY THt MET 
SEQUENCE OF CHARACTERS PRECEEDto 
·~CONSTRUCT NAME• ANY SEQUENCE 
BOUNDED ·BY THESE METASYMBOLS IS, 
l~G THE LITERAL APPEARANCE OF 
TEXT• 

. RUCT 1 AS 

STR1Nl:i5 ANO/OR 
OLS < AND >• ANY 

0 succ~~D~D BY > IS 
N•BLANK CHAfUC TERS NOT 
ERAL STNlN61 KEPRES~NT• 

CHARACTERS IN THE INPUT 

aLANK CHARACTERS BEGINNIN TERMINATING A FUNM A~~ NOT 
SIGNIFICANT1NOR ~RE BLA ACTERS BETWEEN rwo CONSTRUCTS 
OR BETWEEN A LtTERAL ST AND A CONSTRUCT• BLANK CHARACTERS 
BETWEEN TWO SUCCESSI.L AL STRINGS IMPLY THAT SOME PURE 
SEPARATOR MUST APPEA . E lNPuT TEXT BET~EtN THE rwo 
STRINGS• (SEE BELOW . OlSCUSStON OF SEPARATORS> 

THE MEANING OF EACH SYNTAX RULE IS THAT tF A SEQU~NCE OF 
CHARACTERS IN THE 'INPUT TEXT IS FOUND <IGNORING NUN•SYNTACTlC 
SEPARATORSt TQ CONSIST OF STRINGS wHICH "SATISFY" THE FORM 
ON THE RIGHT stoE OF THE ::•1 TMEN THAT SEQUENCE UF TEXT MAY 
BE CONSIDERED. AN INSTANCE OF THE CONST~UCT WHOSt NAME APPEARS 

·.ON THE LEFT OF THE ::•• A FONM IS •SATISFIED" IF EACH 
SUCCESSIVE INPUT STRING SATISFIES THE SUCCESSIVE tLEMENTS 
OF THE FORM# IN THE SENSE THAT: 

A LITE~AL IN A FORM IS SATISFIED BY THE EXACT 
APPEARANCE OF THAT SEQUENCE OF CHARACTERS lN THE lN~UT 
TEXTJ . 
A CONSTRUCT IN A FORM. IS SATISFIED BY TH~ APPEARANCE 
OF A SEQUENCE OF INPUT TEXT WHICH SATISFIES ONE OF THE 
FORMS WHICH DEFINE. Tl-IAT CONSTRUCT• 

FOR E XAMPL.E 1 Tl-tE RULE. FOR REP LA CF ME NT ST A TE MC. NT S: 
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<REP s TAT> : : • <sro:RE LI ST ><RE PLACE><t. XPl<t. S> 

IS SATISFIED ·~Y i~E INPUT TEXT 

A11A2;1!1i~:fCY+Z> 

• WHERE THE STRING A11A2 SATJSrIEs <STORE LIST>1 TH~ STRING :• 
• .SATISFIES CREPLACE>1 AND THE REMAINDER SATIS~IES <t.XPRES>• .. .. .. 
• 
• 
• .. .. 
• .. 
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• 
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L~W LEVEL SYNTAX • THE SCANNEH 

"WITHIN SECTION 3.2.21 REFERE~CE TO A 
SEQUENCE OF CHARACTERS WILL FULLO 
LANGUAGE FOR THE SPECIFICATION O 

FIC CHA~AC.:lER OR 
RULES OF THE SINGLE 
LITE~AL SlRINCJS: 

fHE REPRESiNTATION OF A LITERAL 
A~PEARANCE OF ONE OF THE CHARAC. 
AND ALL CHARACTERS FOLLO~ING 
SAME DELIHITE~ FORM A LITERA 

G ts OtNOTt.D BY THE 
POSTROPH~ OR QUOTE MARK1 

THE NEXT APPEARANCE OF THAI 

BELOW THE LEVEL OF SYNTAX CONTEXT•FREE GRAMMAR IS THE 
SCANNER LEVEL Wf1ICH REC~ THE TERMINAL CONSTRUCTS1l•t.•.1 
THOSE CONSTRUCTS IN THE MMAR WHICH HAVE NO Ul::.FINING RULE• 
FOR lXAMPLE1 THE CONSl1 <IDENTIFIER> AND <NUMt;ER> ARE . 
TERMINAL CONSTRUCTS• APPEAR IN FORMS OE~lNlNG OT~ER 
CONSTRUCTS BUT ARE NO ~EMSELVEs DEFINED wlTHIN T~I::. RULES• 
THE REQUIREMENTS AND R TRICTIONS IMPOSED BY lHI::. SCANNER ARt 
DISCUSSED· IN PART IN 5•2•3•3•21 SEMANTICS NOH:.S.1 WHI°CH IS 
ORGANitEO TO ~ARA(LEL THE SYNTAX RULES OF 5•2•3•3•1• HOwEVER1 
SOME ASPECTS OF THE SCA~NER ENCOMPASS ALL OF THE SYNTAX RULES1 
AND ARE MORE CONVENIENTLY DISCUSSED HERE• 

.· lN RECOGNIZING THE TE.RMil\iAL CONST~uCTS OF A LANGUAul::.1 SOME 
~~ANS "rs NEEDED .TO DISTINGUISH THE BEGINNING AND ENDING OF : 
E:ACH CONSTRUCT WITHOUT LOOl<lt<.iG AHEAD OR BACK IN THI.: INPUT · 
TEXT• fOR EXA~PLE1 IF THE INPUT TEXT INCLUDES: 

JF A • B THEN••••• 

'l'HE SCANNER M-UST RECOGNIZE THAT "IF" IS A TERMINAL CUNSTRUCT 
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(RESERVED WORD) AND •A 11 IS AN INSTANCE OF <lUENTI~lt.R>• THIS 
LEADS TO THE IDEA OF SEPAR~TORS~ WHICH NEED NUT 8~ PART OF TH~ 
SYNTAX BUT SERV~ TO NOTIFY THE SCANNER THAT ANY T~HMl~AL 
CONSTRUCT BEGUN TO THE LEFT O~ THl SEPARATOM ~NUS b~FORE TH~ 
SEPARATOR• THE SCANNER FOR TH~ SINGLE LANGUAGE R~CObNlZES 
fHREE PURE lfHAt IS1 SERVING NU OTHER FUNCTION) SEPARATORS: 

" •(BLANK)1 
"i •1 AND 
END•OF•LINE• 

tHE USE OF •;~ AS A SEPARATOR ls MEANT T 
FOR PROGRAMMERS WITH ALGOL OR PL/l EXPE 
ACCEPTED AS A SEPARATOR, IT WILL NGT A 

THt. TRANSITION 
ALTHOUGH 11; 11 lS 

N SUURCE LANGUAGE 
OR E.l~llJ•OF•LlNE• OUTPUT, BEING REPLACED AS 

THE USE OF END•OF•LlNE AS 
STATEMENTS OR EXPRESSIONS MAY No1 
T-0 THE NEXT1 BUT ONLY THAT TEMM 
<IDENTIFIER>1RESERVED WORDS1EfC 
SAME LINE• SEE 3•2•2•3 FOR 8 

ES NUT lMPLY THAT 
TINUEO FROM ONE LINE 

ONSTRUC1S SUCH AS 
T BEGIN AND ~ND ON TrlE 
SEPARATOM HE~UlREMENTS• 

TWO OTHER CHARACTERS1 11 Su A. 
BUT HAVE ADDITIONAL NON•S 

FUNCTION ALSO AS SEPARATORS 
IC FUNCTIONS: 

"*" INDICATES 'nur TH ANO ALL SUBSEG1Ul::NT CHARACTERS 
UNTIL NEXT END• F FOR~ A COMMENT' NOT PART OF TML 
INPUT SYNTAX1 BE PRINTED IN THE SOURC~ OUTPUT 
LISTING~ ANY TERS OF THE SINGLt. LANGUAGE. MAY 
APPEAR WITHIN A MMENT• TRAILING BLANKS1 ANO IN SOME 
CASES LEAOING BLANKS1 MAY BE SUPPRESSED IN THE OUTPUT 
OF A COMMENT• NO INTERPRETATION IS MAUE UF NON•BLANK 
CHARACTERS WITHIN A CO~MENT• 

"'u IS USED AS A DEBUGGING CO~TR8L FOR THE CUMPlLER ITSELF• 
IT ACTS LIKE A COMMENT IN THAT EVERYTHlNb FRUM "'" TO 
END•OF•LINE rs NON•SYNTACTtCJ AND GETS PRINTED IN THE 
SAME MANNER AS A COMMENT• HO~EVER 1 THE CHAMACTERS 
~OLLOWING THE M'" ARE ANALYZED1 AND VARIOUS COMPILER 
DEBUG OPTIONS ARE CONTROLLED BY THEM• THIS IS NOT AN 
E~TERNAL FEATURE, AND THE INTERPRETATION OF THE 
CHARACTERS IN A DEBUG CONTROL ELEME~T IS SU~JECT TO . 
CHANGE HOWEVER AND ~HENEVER THE COMPILER MAINTENANCE 
FUNCTION DEEMS IT NECESSARY• THUS THl US~R SHOULD 
REGARD THE EFFECT OF '~' AS tJNOEF!l'IED• . 
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THE SINGLE CHAR~CTER SET CONSISTS OF ALL BUT TWO Of THl 
ASCII 6- CHA~ACTER SlT• THE lXCLUDED CHARACTEM~ AWl ntn 

AND •&•• TH~S£ .CHARACTERS ARE REWuIREO FOR CUMMUNlCAflONS 
PURPO~ES1 ANO THEIR APPEARANCl wJTHlN SINGLl INPUT TEXT V.ILL 

. RESULT IN THElR REPLACEMENT BY "'" AND "'" RlSPlClIVELY• 

THE SINGLE CHARACTERS CONSIST OF 27 <ALPHABETIC> CHARACTERS: 

"ABCOEFGHIJKLMNOPQRSTUVV.XYZ•" 

·~(US 10 DIGITS: 

PLUS 2 SEPARATORS: 

M ' II 

PLUS 5 OPERATORS: 

PLUS 4 RELATIONAL 

•<>•t• 

PLUS 6 GROUPING 

" ()Cl I • ANO '. I 

PLUS 6 MISCEL~ANEOUS SYMBOLS: 

PLUS 2 SPEClA~ ~EPARATORS: 

•••• 
. lHE AP·PEARANCE OF ANY CHARACH:.R ~.or ALPHAAE TIC OR A DIGIT 

•£RVES THE FUNCTION OF A SEPAWATOR IN ADDITION JO WHATEVER 
S~NTACllC ANO/OR SEMANTIC SlG~lFJCANCE IT MAY HAV~• NOTE 
THAT ALT1-IOUGH THE SCANNER NEVtR NEEDS MORE THAN A SINGLE 
SEPARATOR SETWEEN TWO Tf~MI~AL CONSTRUCTS, IT WILL ACCEPT 
ANY ~UMeER OF NON•SYNTACTIC SEPARATORS IN SUCCESSION• THUS1 
~OR EXAMPLE1 IT IS PERMISSIBL~1 ALTHOUGH REPREHEN~ldL~1 TO 
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WRITE: 

$ •••••••••••••••• 

• •••••••••••• 
$ ........... · •••• (LOTS AND LOTS OF COMM~NTS) • • • • • • • • • • • • • • • 

; + ; ••••••• IMORE ClJMMENT) 
; c ; ••••••• 

THE SCANNER WILL PASS 

X:•A+C 

ON TO THE SYNTAX ANALYZER• 

ALL OF THE NON•ALPHABETIC AND 
NON•SYNTACTIC1 " J•'"' OR ARE THE 
T~E RECOGNITION OF MULTIPLE SYMA 
••)•1ETC• IS NOT MADE BY THE SC 
N6N•SYNTACTIC SEPARATORS, ALT 
WILL HAVE NO PURE SEPARATORS 
CHARACTERS• 

AkACT~M!;) AR~ ElfHEk 
TERMINAL CONSTRUCTS• 

NSTRUCTS SUCH AS ":•"1 
AND IS NOT AFFECTED ~y 

OUTPUT SUCH CONSTRGCTS 
THEIR CUMPONl:.NT 

~•2•2•3 COMPOSITE TERMINAL AM) PURE. SEPARATOl-<!3 
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SEE APPENDIX C1 TERM! COhSTMUCTS1 FOR A 
LISTING OF THE TERMINA~ ONSTRUcrs OF THE Sl~GL~ LANGUAGE· 
THEY CONSIST OF ••!•"1 INDIVIDUAL sPECIAL CHARACTl:.RS1 
PURELY ALPHABETIC 'LITERALS IRESERVC.D WORDS)1 AND THE FOUR 
CONSTRUCTS 

<IDENTIFIER> 
<NUMBER> 
<QSTRlNG> 
<E·l'llPTY> 

Of THESE1 <EMPTY> IS A CONDITlO~ kECOGNIZED bY TH~ HlGHt.R 
LEVEL SYNTAX AND IS OF NO CONCER~ TO THE SCANNER• 

THE REQUIREMENTS FOR PURE SEPARATORS BETWE[N T~RMINAL CONSf RUCTS 
MAY BE STATED A$ FOLLOWS: 

k PURE SEPARATOR IS REWUI~~u BETWEEN Two ltHMINAL 
CONSTRUCTS IF AND ONL~ IF THE FIRST IS AN lU~~TlFI~R O~ A 
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RESERVED ~ORD1 AND THE SECOND IS AN lUtNTIFI~R, A 
RESERVED WORD1 OR A.NUMBER• 

• 3•2•2•4 RULE~ FOR CQM.POSITE TERMINAL CONSTRUCTS• 
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A COMPOSITE TERMINAL CONSTRUCT HAS AS ITS LtFTMUST CHARAtTER 
EITHER AN ALPHABETIC• A DIGIT1 OR ONE OF THE STHINu QUOTtS '"' 
OR •••• IN THE FIRST CASE1 TH~ CONSTRUCT rs ~ITH~R A H~SERVEU 

'WORD OR AN IDENTIFIER• THE SCAN~ER EXAMINES SUCCtSSIVE 
~~ARACTERS ANO TERMINATES THE Co~sTRUCT tNO•OF•LlNE IS .. , 

. E~COUNTEREO OR WHEN THE NEXT CHARACTER LINt lS NEITHER 
AN ALPHABETIC NOR A DIGIT• IF THE R~S MURt THAN 10 
c;·HARACTERS1 AN ERROR MESSAGE IS GENE f\IU ALL 

.BUT THE LEFT•MOST 10 CHARACTfMS ARE tD• lHt CONSTHUCT 
IS COMPARED WITH THE LIST OF H~SER ORDS1 ANO lS IDENTIFlEU 
AS THAT RESERVED WORD IF A MATCH D• IF NO MATCH IS 
F.OUN01 THE CONSTRUCT IS IDENTlF <IDENTIFIER>• IN THIS 
IMPLEMENTATION1 IDENTIFIERS MAY MORE THAN SlX CHARACTERS 
IN Ll~GTH CFIVE CHARACTERS IF ' ED BY •l' le IF THERE ARI:. 
FEWER THAN 6 LOR 5l CHARACTE EGIN1 BLANKS AN~ ADDtD ON T~E 
RIGHT TO FILL• NOTE THAT L SINGLE LANGUACi~ ALLOWS 10• 
~HARACTER IDENTIFIERS• T TRICTION TO 6 IS FUN CONSISTENCY 
WITH OTHER SYSTEM TEN CO IF THE IOtNTlFIER WAS LONU~R 
THAN SIX CHA~AC1ERS IOR E F PRECEDED BY A '£' 11 AND NU ERHURS 
HAVE BEEN ENCOU~TERED1 A ~ING MESSAGE RESULTS1 AND THE OUT~UT 
LISTING W.I· LL· H·.·AVE TH9!. IF lER TRUN.CATEO ON TH~ F-tlCiHT TO THE. 
MAXIMUM LENGTH• JN A ENT lHE COMPILER WllL PLACE THE 
TRUNCATED VERSION OF T IDENTIFIER IN THE SYMBOL TAijLE• 

IF THE LEFTMOST CHARACTER IS A OIGJT1 THE CONSTNUCT IS 
IDENTIFIED AS.<NUMBER>1 AND THE SCANNER EXAMINES SUCCESSIVE 
CHARACTERS ANO TERMINATES THE CONSTRUCT WHEN TH~ NtXT . 
CHARACTER IS NOT A DIGIT, OR WHE~ ~NO•OF•LINf IS FOU~O• IF 

·· THE RESULl HAS' MORE THAN 10 DIGJTS 1 AN ERRQH MES~Aij£ 
. IS GENERATED, AND ALL BUT THE RIGHTMOST 10 DIGITS ARE OISCAROl:.lh 

IF THE LEFTMOST CHARACTER IS A STRING QUOTE1 THt. CONSTRUCT ·IS 
lOENTIFIED AS <QSTRING>• THE SCANl'JER EXAMINES SUCCESSIVE. . 
C~ARACT~RS UNTIL THE SAME QUOTE CHARACTER IS FOUND1 OR UNTIL 
E.;ND•OF•L I NE• IN THE LATTER CASE AN ERROR MESSAGE. l S ' 
GENEHAT£0• IF THE CONSTRUCT HAS MORE TMAN 60 CHARACTERS . 
CNOT COUNTlNG T~E DELIMITERS> AN ERROR MESSAGE lS 
GENEFATED1 ANO ALL BUT THE LEFTMOST 60 CMARACT~RS ARE DISCAHDt:.U• 
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CERTAIN ASPECTS OF LOW•LEVEL SYNTAX DEPEND UPON POSITION IN 
THE INPUT LINE• . THESE ARE: 

.A) THE BLOCK TERMINATORS1'•!•' AND 'I•' ISEE b•~•J•3•21 RULES 1:2> 
ARE RECOGN1!£0 ONLY IF THEY APPtAR STARTING IN COLUMN.1 OF AN 
INPUT LINE• IF THEY APPEAR ELSEWHERE WITHIN A LINE, ONE UM MORE 
ERROR MESSAGES MAY RESULT1 ANU THE SCANNEH ~ILL ATTEMPT TO 
READ.FURTHER, 

.6'·J. ONLY TH.E FiRST 7'+ CHARACTERS OF EACH.. LINt. ARE RE.AO• 
· ANY ADDITIONAL CHARACTERS IN THE LINE IGNO~EO• THE 

SOURCE OUTPUT LISTING CONSISTS OF 7 CTEH HECORDS 
.·: OF WHICH THE LAST FOUR CHARACTERS DUH DIGIT LINE 

NUMBER CALCULATED BY THE COMPILER SE AS A BASIS FOR 
CROSS•REFERENCE TABLES• 

Cl IF THE FIRST CHARACTER OF AN I 
ALL SUCCEEDING CHARACTERS UP 
IGNORED BY THE SCANNER• THIS 
CAN ACCEPT AN INPUT TEXT w ' 

NE IS A OIGIT1 THEN 
E FIRST BLANK WILL· BE 
ONE SO THAT THE COMPILE~ 
TAINS LE.V~L AND CONTROL 
BY THE COMPILl:.R SOURCE 
SUCH A LINt1 AN ERROR 

INFORMATION"SUCH AS THAT 
LI ST ING• IF NO BLAN!<. IS 
MESSAGE WILL BE GENERAT 
ALS01 IF THE FIRST CH OF THE LINE 15 A D!GlT1 AND THE. 
NEXT IS AN AstERISK1 E TIRE LINE WILL ~E IGNONl:.D wITH NU 
MESSAGE GENE~ATED• . T CONVENTION ALLOWS MANY NON~ERROR 
MESSAGES TO BE INP~ HI:. COMPILER WITH NO AUVE::.HSE E.FFEClS• 

O> VARIOUS UNOOCUMENT NVENTinNS ARE USED IN THI:. HJF DISC• 
HASP COMMUNlCATION1 VOLVJNG SPECIAL CMARACTl:.~S IN COL• 1 
OF AN INPUT.OR OUTPUT LINE• IF THE RJF lS TO~~ USED~ A 
SAFE POLICYi IS '1"0 INSURE THAT COL• 1 OF l:ACH INPUT" LINE 
CONTAINS AN ALPHABETIC (INCLUDING '•' )1 A NUME.HIC1 '•,'1 
OR A BLANK• THE COMPILER OUTPUT IS STRUCTUREU TO AVOID 
ANY PROBLEMS OF THIS TYPE• 

STRUCTURAL TERMS . .. · 
_:;, 

TAE STRUCTURE OF A SI~GLE PROGRAM MAKES USE OF A NUMBER OF 
CONCEPT$·FOR WHICH THE TERMI~OLOGY IS OESCRIB~O ~~~~· 
AN IN.DIVIOUALLY COMPILABLE U~.IT OF SOURCE CUOE IS H:.HMEO A 
aLoc~. A BLOCK IS EITHER A PROGRAM BLOCK QR A CONT~XT BLOCK• 
A.PROG~AM BLO~~ IS ElfHER A PROCEDURE BLOCK O~ A TASK BLOCK~ 
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A COMPLETE PROGRAM CONSISTS OF A SET OF BLOCKS; A CUNTEXT 
fjLQCK 1 A TA SICB.LdCK 1 AND POSS l BL y OTHER PRO!..iM AM BLUCK S • 
<IN THE CURRENT I~PLEMENTATION1 THESE OTHER PMO!..iRAM ~LOCKS 
MUST BE PROCEDURE BLOCKS)• A CQ~TEXT BLOCK MAY Bt COMMON 
TO ~EVERAL DtSTiNCT COMPLETE PROGRAMS• EACH TASK ~LOCK TO 
WHICH THE CONTEXT BLOCK DEFINES LINKS IS THE HIGHEST LEVEL 
OF SOME COMPLETE PROGRAM• 
THROUGH DEFINlTIONS1 EACH BLOCK IS LINKED TU A UN!WUE HIGHER 

. LEVEL BLOCK1 EXCEPT THAT A CONTEXT BLOCK HAS NO Hl!..iHEH LEVEL• 
ALS01 EACH BLOCK DEFINES LINKS TO LOWER LEVEL BLOCKS• EACH 

. OF THESE LOWER LEVEL BLOCKS MUST LINK UP TU THE ~LOCK 
WHICH DEFINED DOWNWARD LINKS TO THEM• TYPILAL PROGRAM 
STRUCTURE MIGHT HAVE: 

CONTEXT A 

-----·--·-----~------·----·---- ···---~-----·-··--+--! 
TASK B PROCEDURE C IJ TASK E 

·----·---~----·----------- +·------
! 

PROCEDURE F PROCE~URE G PROCEIJURf. l 

·--·------------·------- ·---···----------· 
PROCEDURE J PROCEDURE K L PROCEOUHE M PHUCEDURE N 

HERE TASK B IS THE HIGHEST LEVEL BLOCK OF A CUMPLETE PROGRAM• 
TASK E IS THE H JGHE.ST LEVEL BLOCK OF ANOTHER COMP LI:. H. PRO GR AM 
WHICH MAKES USE OF THE SAME CONTEXT• PROCEDUHl:.S C AN() D ,ARI:. 
ACCESSIBLE TO ANY PHOGRA~ USING CONTEXT A, ANU WILL BE LOADED 
AS PART OF ANY SUCH PROGRAM• A BLOCK IS CALLED THE PARE.~T OF 
ANY BLOCK LINKED TO IT AT THE NEXT LOWER LEVE:.L• THU01 FOR 
EXA~PLE1 F IS T~E PARENT OF J1K 1 AND L• J, K1 AND L ARE SAID 
TO BE DIRECTLY SUBORDINATE TO F. JF TWO BLOCKS1 SUCH AS B ANU 
K1 ARE SUCH THAT THERE EXISTS A SEQUENCE OF BLOCKS 8JX1Y1••K 
WITH EACH BLOCK THE PARENT OF THE FOLLOWING BLOLK1 THEN K iS 

. S~ID TO BE SUBORDINATE TO B• FOR ANY BLOCK1 THE SCOPE OF THE 
BLOCK IS DEFINED AS THE BLOCK ITSELF PLUS ALL BLOCKS WHICH . 
ARE SVBOROlNATE TO lT• 
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PRODUCT ORGANIZAT~ON 

THE MODULE STRU~TURE OF THIS PRooucT IS NOT AN t.XTt:.~NAL 
FEATURE1 ANO IS NOT DISCUSSED IN THIS ERS• TH~ DlSCUSSION 
(N aECTION ~ :oESCRili~S ONE UNIFIED USER lNTERFACi 16 THE 

.. ·coMPIL.ER ANO ITS ENVIRONMENT• 

THE SINGLE CROSS•COMPILER OPERATES ON ANY IBM 3/0 ~APABLE OF 
. RUNNING OS/VS2 AND PL/I LEVEL H. IT PRQOUCl:.S A SUURCt. OUTPUT 

LISTING1 VARIOUS OPTIONAL REFt.RENCE LISTINGS1 AND OPTIONAL 
. 0.0MPILED BLOCKS OF TWO KINDS: A LOAl> HOOl CONSlS fING OF 

A~ RELOCATABLE DECK OF SYSTEM TE~ CODE A A1 SUITABLE FOR 
THE LINK EDIT PROGRAM1 ANO/OR A SYMBOL ~HICH CONTAINS 
THE COMPILEO FORM OF ALL DATA DEFINIT D DECLARATIONS OF 
·THAT BLOCK PLUS THOSE TO WHICH IT -S lNAlt:.• NORMAL MUDti. 
OF OPERATION IS VIA A SYSTEM TEN O ING AS A HASP TERMINAL 
TO THE 370• THE SYSTEM TEN USES TITIONS (FOR SCA ANO 
~:JFI FOR THIS FUNCTION• REMAIN RTITIONS MAY BE USED FOR 
TEXT EDIT• ONE OR MORE BLOCKS GLE SOURCE CODE MAY BE 
SUBMITTED~ AS PART OF A TEXT - FILE1 TO ~t:. CUM~lLEO• 
~HEN THE COMPILATION IS COMP ESULTS ARE RUUftU BACK TO 
THE SYSTEM TEN• ANY SYMB'-1 OUTPUT IS RETAINED lN A 
370 PERMANENT FILE1 SO TH 0CKS SUBORDINATE TO A PREV• 
IOUSLY COMPILED .BLOCK 3: UBMITTED FOR COMP IL.AT lON WITHOUT 
RESUBMITTING THE HIGHE~L BLOCK• 

. . 

• 5· OPERATIONAL tOFTWARE 
• .. 
• 
• • • • 
• • .. 

5el 

• 5•1•1 
• • 
• 
• • 

SYSTEM CONSIDE.RATIONS 

. :~: 

~AROkARE CONSIDERATIONS 

. ~EQUIRED HARDWARE IS AN IBM 370 CAPABLE OF RUNNlNij A 200K .JOB 
UNDER OS/VS2~ WITH AT LEAST 400K BYTES OF DISC bTUHAGE1 PLUS 
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t. 
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5. 1 • 2 . 

... 5. 2 

... 
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... .. 
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ENOUGH ADDITIONAL DISC SPACE TO HOLD OBJECT 1-!LtS• <ONE 
3330 DISC PACK SHOULD BE MORE THAN SUFFICIENT)• ALSO, A 
CARD READER, tARO PUNCH ANO PHl~T~R1 OR A HASP 1Nf£HFAC~ 
CONNECTED TO A HASP TERMINAL• 

SOFTWARE CONSIDERATIONS 

fHIS PRODUCT RUNS UNDER OSIVS2• IT REQU 
COMPILER TO CONVERT THE SOURCE 10 AN 

THE PL/I LEVEL H 
LE Pf.<UGRAM, 

SOFTWARE IS 1F THE HASP CONNECTION IS 0SED1 THEN 
. :A,LSO REQUIRED• 
'A SEPARATE PROGRAM1 CALLED ANALyzER1 
SYNTAX OF THE SINGLE LANGUAGE ls T· 
PROGRAM REQUIRES THE SAME HARDWA 
EXCEPT THAT 300K JOB SPACE AND 
NOTE THAT THIS JOB NEED ~OT EXE 
LONu AS SOME MEANS IS AVAILAB 
ANALYZER ON FtlE AT THE COMP 

EXTERNAL ORGANIZATION 

QUI Hf D lF THE 
ODIFIE:.IJ• lHIS 
ONMlNT ANU OS/VS21 

DISC ARE REQUIHED• 
N THE SAM£ SYSTEM1 AS 

UT TH£ UUTPUT Of-

• 5•2•1 GENERATION .. .. 
• .. 
... 
• 
• ... 

THIS PRODUCT E~ISTS AS A SOURCE FILE OF A PL/I PHUGRAM• IT 
IS COMPILED JN ONE CO~PLETE CUMPJLATlONo THE COMPILED 
PROGRAM REQUIRES A FILE OF THE SY~TAX WHICH IS Pkl:.PARED BY 
THE ANALYZER PROGRAM AND CATALOGUED IN THE FILE SYSTEM• 

.... 5.291.2/cusTOMIZATION 

• ... .. 
... 
... 
... .. 

NO SPECIFIC CUSTOMIZATIO~ FEATLlRES HAVE BEEN MAUE• 
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~·2·1-3 . ··INSTALLATION 
• 
• 
• 
• 
• 
• 
• 
• • 
• 
• 
• 
• 
• 
• 

b•2•2. 

INSTALLATION UNbER ANY SUITABLt os;VS2 SYSTEM IS ACHIEVED BY 
CATALOGUING THE COMPILER OBJECT FILE AND THt SYNTAX F1LE1 PLUS 
0£FtNING A PE~MANENT FILE TO ~E USED BY THE OBJtCT MANAGER FON 

. ,.RETAINING SYMBOL TABLES1 THE OBJECT AND SYNTAX FIL.ES ARE 
C~RRENTLY CATALOGUED AT SISCO lN SUNNYVALE AS SlNeLE•XCOM AND 
SINGLEeSYNTAX• 

INVOCATION 

• b12•2•1 INVOCATION • OPERATOR INPUTS 
• 
• 
• 
• 
• 
• 

SINCE THIS RUNS AS A 
INPUTS ARE REQUIRED• 

O~ERATOR 

cr,.2·~·2 INVOCATION • 
. . 

• 
• 
• 
• 

STANDARD OS/VS2 OPER 

• 5•2•2•3 INVOCATION •.PROGRAMMER INPUTS 
• • .. .. 
• • .,,. 
• • 
• 
• •• 
• 
• 
• • 
• 

IF RUNNING LOC~LLY1 THE PROGRAMMER MAY PUT HIS JU~ OECK iN 
THE PUBLIC CARD READER• 

·c IF RUNNING Vt~·HASP ANO SYSTEM TE~ RJF1 HE SU~MlT~ AN RJF QlSC 
'CONTROL. CARO lS~E RJF DISC MANUAL> TO CAUSE HIS FILE1 WHIC~ 

. · MUSt 8,E THE °IMAGE Of A JOB DECK,, TO BE TRANSMlTTEll FOR 
E~ECUTION• ALTERNATIVELY1 HE MA~ SUBMIT THE JO~ UEC~ VIA THE 

··SYSTEM TEN CARD READER• 
T~E JOB 'DECK WILL CONTAI~ ONE OR MORE BLOCKS OF SINGLE SOU~CE 
CJlOE• PRIOR TO SUBMISSION OF THE JOB DECK.1 EACH OF THESE 
BLOCK~ MUST SE EDITED WITH THE COMMAND 

USE~SINGL~•RJSHIP 

tHIS PROCEOUR~ CONVERTS ALL '\' AND 't' CHARACT~RS TO '~' AND 
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.. c . 
• •X• RESPECTIVELY•· THE COMPILER EXPECTS THf LATTER CHARACTERS 
• RATHER THAN THE FORMER• THIS PROCESS IS NECESSARY TO AVOID 
• TRANSMISSION ERRORS IF THE JOl::I IS SUBMITTED Ri:.MOTt:.LY1 OR 
• SYNTAX ERRORS. lf THE JOB IS SUBMITTED LOCALLY• I~ THE ~LOCKS 
• TO BE .TRANSMl~TEO CONTAIN NO 1 \• ANO/OR ''' CHARACTERS1 THE 
• GLOBAL CHANG~S,tALLED FOR IN THE USE FILE ~ILL RETURN CONTROL 
• .TO THE TERMINAL WITH THE MESSA~E nfAlLS!•• IN THIS EVENT1 IT IS 
• NECESSARY TO ENTER THE COMMA~D .. 
• USE•SINGLE•RJSHIP N 

• • .. WHERE N IS l+NUHBER OF LINES OF THE USE FI ~ ALREAUY E~ECUTED• 
··rrHE LINES EXECUTED ARE DISPLAYED ON THE "OLE.•) 

• 
• 5•2•2·~ INVOCATION • PROGRAMMER OUTPUTS .. 
• 
• 
• .. 
... 
• .. 
0 

T.HE OUTPUTS DUE TO INVOCATION Co 
OUTPUT <• PAGES IF RUNNING REMO 
AND ENDING JO~ BANNER PAGE1 A 
A JCL LIST PAGE USING THE JC 

• 5•2•3 PROCESSING 
• ... 
• 
• 5•2•3•1 PROCESSlNG 
... 
... .. 
... 
• 

NONE 

~ 5•2•3•2 PROCESSING • OPERATOR OUTPUTS 
• • 

NONE 
... 
• 
·• 5•2•3•3 ;'PROCESSING • PROGRAMMER INPUTS 
... 
•• 

F 3 PAGfS OF PRINTER 
THESE AR~ A ~lGlNNING 
IIF HASP 1~ USEOl1 ANU 

MSGLEVEL•(210)• 

• ... 
THE PROGRAMMER INPUT CONSISTS OF A JCL JOB CARU1 A FURTHER 
~ET OF JCL CARDS MAINTAihEO BY TrlE SINGLE COMPILlM PROJECT 
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• 
• c • AND CATALOGUED AT THE SOFTWARE DEVELOPMENT LAH UNUE~ THE 
• NAME SINGLE•JCL.1 AND ANY NUMBER OF COMPILATION ~LOCKS• FOR 
• THE SPECIFICS .OF A: JCL Jo·a CAHO,, SEE:. THE JCL MANUAL• 
• 
• 
• 5•2•3•3•1 SYNTAX 
• 
• 
• THE SYNTAX OF SINGLE SOURCE PROGRA~S IS GIVlN BlLUW• THIS IS 
• THE SYNTAX RECOGNIZED BV THE COMPILER PROPfR.1 ~UT SlE SECTIO~ 
• 3•2•2 ~OR DETAILS OF THE LOW LEVEL SYNTAX WHICH Iti ~ECOGNIZED 
• ~y THE INPUT SCANNEH• ONLY THE FORMAL. SYN AX DlF1NlT10NS 
• . ARE GIVE~ HER£.1 WITH NOTES ON THE SEMANT F EA~H. DEFINITION. 
• IN THE FOLLOWING SECTION. APPE~oix B.1 TlON CROSS• 
• REFERENCES.1 SHOULD BE OF HELP I~ READ SYNTAX• 
• .fN THIS ANO THE FOLL.OWING SECTION.1 0 ONS MAl-(KlU wlTH 
• AN ASTERISK ARE SUBJECT TO SPECIAL TIONS ON THIS 
• IMPLEMENTATION• TYPlCALLY.1 THEy R NT DEFEMRtD FEATURES• 
• lHE SPECIFIC RESTRICTIOl\i IS INDJ N THE. NE.XT SECTION• 

• 
• 
• • 
t:: 
• 
• 
• 
• • 
• 
• • 
• 
• .. 

•• 
• 
• 
• 
• ·• 
• :• 
• 
• 
• .. 

1· 
2 

<RUN> ::•.<COMPILATION> 
t <OPTIONS> <CO 

<OPTIONS> ::• OPTION 

<OPT LST> 

•!• 

ITEM> 

6 <OPT 
7 • 
8 • 

<SET> <IOENTIFIE~> 
<SET> <NUMl:3E..R> 

9 • <SET» ::'Ii • 

10 
11 

12 

<COMPILAlION> ::•<CONTEXT NAME> <CONTlXT BLK> 
<PROG NAME> <PARENT U~CL> <CONTEXT BLK> 
<XEQ STAT LST> 

<CONTEXT NAME> : :• CONTEXT <IDENTIFIER> 

13 <PROG NAM£> ::• PRQC£DUR~ <IDENTIFIER> 
~~ • ! TASK <IOE:.NTJFJER> 

· .... 

15 <PARENT DECL> ::•PARENT <IDENTIFIER> 
16. % <EMPTY> 

17 
1.8 

<CrjNTEXT BLK> ::• <OECL LST> 
<EMPTY> 

• 
• ,,.. 

• 
• 
• 
• . .. • 
• 
• 
• 
• 
• 
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• '·' .. ~ • 
• 
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0 
• 
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• 20 
• 
• 21 
• ·22 

• ·23 
• 24 

• 25 

• 26 
• ' 2'?· 
• -28·' 

• 
• '2:9 
• .30' 

• .. 31 
• 
• 32 .. .. 33 
• 
• 34 
•• l5 

c '36 .. 
• 37 

• 38 
• •• 39 
• 
• 40 .. 
• 't 1 

• • 42 

• • 43 
• 
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• . ., 

• 45 . 

• 46 ... 
• .47 • • 48 • • 
• .. 

<DECL LST> ...• .. ' <DEF IT£:M> 
. ! <DECL LST> <DEF ITEM> 

(DEF IT~M~.::• <CHARMAP U£F> END CHARMAP 
<PARAM DEF> END PARAMETER 
<TYPE DEF> END TYPE 
<CONST DECL> END CONSTANT 
<PRESET DtCL> END PRESET 
<VAR OECL> ~ND VARIABLE 
<FLAG DECL> END FLAG 
<SUBROUTINE DEF> END "NTIFltN> 

<PARAM DEF) ::•<PARAMETER> 
<PARAM OtF> 

(PARAMETER> ::• PARAMETFH 

<PARAH OESCRIP> ::• 

<TCOLON> ::• : 

<PARAH ID ~ST> ::• 

<PAR AM 

<TYPE O'EF> : :• 

<TYP~ MEAD> ::• TYPE 

T> <TCULON> <tXPRES> 

ENlIFIER> 
ID LST> 1 <PARAM lUtNTIFIER> 

<J()ENTIFIER> 

HEAD> <TYPE DESCRlPT> 
DEF> <TYPE DESCRIPT> 

<TYPE 0£SCRIPT> ::•<TYPE NAME> <RECORD> <VAN DtCL ~ST> 
END <IDENTIFIER> 

<TYPt NAME> <LINK> <LINK OtCL> 
END <IDENTIFIER> 

<TYPE NAME> <SCALAR> 

<TY.PE NAME> ::• <IDENTIFIE~> • 

<RECORD>::• RECORD 

<LINK> ::•PROCEDURE LI~K 
. ,I . 

f. TASI< LINK 
I TASK OVERLAY 
! PROCEDURE OVf HLAY 

• 
4_ 

• 
• • 
• 
• 
• .. 
• 
• .. 
... 
... 
• 
• 
• 
• .. 
• 
• 
• 
• 
• 
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• 
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• 50 
• 51 

• 52 

• 53 

• 
• 5't 

• • 55 

• • . 56 

• 
• 51· 

• 
• s·s,· 
• 
• 59 

• 60 
• 
• 61 .. 
• 62 

• 
• 63 c·) . 64 

• 65 

• • 66 

• • 6., 

• 
• 68 

• 
• 69 
... 
• 70 • • 71 • 
• • 72 • 
• 
• 7:f• 
• 
• . 7'+ . 

• 75 

• • . 76 

• 
• 

<LINK OECL> ~:• <VAR OECL LST> <ASSIGNS> <VA~ DECL LST> 
<VAR OECL LST> 
<ASSIGNS> <VAR OECL LST> 
LIKE <IOENTJFJER> 
<EMPTY> 

<ASSIGNS> ::~ASSIGNS 

<SCALAR> ::•<SCALAR HEAU> <IDENTlrIER LSl> I 

<SCALAR HEAD> ::• 

<CHARMAP DEF> ::• CHARMAP 

<VAR OECL> ::•<VARIABLE> <VAR 

(VAR DECL LST> ::•<VAR 
<VAR 

<VARIABLE> ::•VARIABLE 

<CONST DECL> ::•<CONST 

<CONSTANT> ::• 

<CON DECL. .. L'.ST> 
<CON llE.SCRlP> 

<CON OESCRIP> R DlSCRIP> <VCOLON> <VALUt LST> 

<VCOLON> . : : • : 

<PRESET DECL> ::• <PRESET> <CON DECL LST> 

<PRESET> ::•PRESET 

<FLAG OECL> ::•<FLAG> <~LAG DESCRIP> 
<FLAG DECL> <FLAG DESC~IP> 

<FLAG> ::• FLA<l 

<FLAG DESCRIP> ::•<IDENTIFIER LST> <CHECK SPEC> 

<VALUE LST> ::•<VALUE GEN> 
<VALUE LST> , <VALUE GEN> 

<VALUE q:EN> ::• <EXPRE.S> 

't 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
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• • .. 
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• 98 .. 
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• ... JOO .. .. 101 .. .. 10~ . 
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• 103 
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! <RANGE PART> <RANGE LI8l> <EXP~ES> 

<RANGE LIST> ::•<RANGE SPEC> 
<RANGE LIST> 1 <RANGE SPEC> 

<RANGE SPEC> : : . <VALUE PART> 

<RANGE PART> : : . RANGE. <REPLACE> 

<VALUE PART> : : . <EX PRES> 
<o TO> <EXPl•H:.S> <STEP PAkl> 
<EXPRES> <TO> <EXPRF.S> <STEP PART> 

<OTO> ::•TO 

<TO>::= TO 

<STEP PART> ::•<STEP> <E.XPRE 
<EMPTY> 

<STEP>::• STEP 

.. 
• ,,. 
.. 
• .. 
... .. .. .. .. .. 
• .. .. .. .. .. .. .. .. 
• .. 
• .. 

(VAR OESCRlP> ::= LST> <TCOLON> <TYPE> <CHECK SPEC> • 

<TYPE> ::•<SIMPLE 
! .<ARRAY 

<SIMPLE TYPE> 'T IF IER> 
<PlilLIAL IF> 

INT <PQuALIF> 
TRING <PcWALIF> 
l~DEX <FAKE ARROW> <ID~Nll~l~R> 
POWERS~T OF <IDENTIFI~R> 

<F Al<E ARROW> : : • • > 

<ARRAY TYPE> ::•ARRAY <PWJALIF> <OF> <SlMPLt TYPt> 

<PQUALlF> ::= <LEFT SS><~XPRlS><RIGHT SS> 

<LEFT SS> ::• C 

<RIGHT SS> ::= l 

<CHECK SPEC> ::•CHECK <SPEC LST> 
<EMPTY> 
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106 
107 

108 

10~ 

110 
111 

112. 

113 

11~ . 
115 

116 . 
117 

118 
119 

120 
121 

122 
123 
12't 
125 

126 
127 
128 
t29 
130 • 
131 • 
132 • 

· 133 • 
134.• 
1SS.• 

"136' .. 
137 .• 
138 • 
139 
1 '+O 
1 "ti' 

<SPEC LST> ::•<SPEC ITEM> 
t <SPEC LST> , <SPEC ITEM> 

<SPEC ITEM> ::•<IDENTIFIER> 

<OF> ::•OF 

<IDENTIFIER LST> ::• <IDl:.NTlFJER> 
<ID~NTtFIER LST>' <IUENTIFIER> 

<SUBROUTINE DEF> ::s <SUb HEAD> <XEQ STAT LSI> 

<SUB HEAD> ::• SUBROUTI~E 

<XEQ STAT LST> ::= <XEQ 
<XEQ 

<LAB STAT LST> 

<GROUP NUMBER> 

<XEQ STAT> : : . 
I . 

<BAL. STAT> : : . 

: : = 

: : . 

< Xl:.IJI) 
STAT> 

STAT> 
E STAT> 

XEQ STAT> 
<GROUP NUM~ER> <XEQ STAT> 

<SIMPLE XEQ> ::•<REP STAT> 
<IF STAT> 
RECYCLE <GROUP NAME> : 
LEAVE <b~QUP NAME> 
START <IDENTIFIER> <PAHAMS> 
START <IDENTIFIER> <PAkAMS> <SOH> <£AL STAT> 
DEFER <lDE~TlFIER> <PAkAMS> 
WAIT <IDENTIFIER> <EVENT> 
SET <IDENTIFIER> <SET TO> <~XPRES> 
LOCK <IDENTIFIER> 
UNLOCK <IDENTIFIER> 
LOCK <IDENTIFIER> <LOR> <~AL ~TAT> 
UNLOCK <IDENTIFIER> <LOR> <~AL STAT>. 
DO <IDFNTIVIER> 
CALL <IPENTJFIER> (PARAMS> 
RETURN 
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• :c· • • 1'+2 • ... 143 
... 1 44 • 
• 145 • 
• 146 • 
... 14 7 
... 148 

• 1 '+9 

• 1·5·0 • 
• 
• 151 • 
• .. 152 . • 
• .. 153 .. 
• 
• 154t ' • 

• .. ·155 • 
• .. 156 .. .. 157 .. .. 
c 158 
• 
• 159 
• 160 
• 
• 161 • .. 162 ... .. 
• 163 .. 16'+-.. 165 .. .. ... 166 
• .. 167 
... 168 
• 
• l6' ... .. 170 
... 171 .. 
• ... 
... 

STOP 
PASS 
<ENABLE> <ExPRES> 
<DISABLE> <EXPRES> 
TRANSFER <lD~NTIFIER> <PARAMS> 
INP <IO PARAMS> 
OUT <10 PARAMS> 
STATUS <STORE REF> 
STATUS <STORE REF> I csro~E ~EF> 

<ENABLE> ::•ENABLE 

<DISABLE> ::•DISABLE 

<SOR> ::• OR 

<LOR> : : • OR 

<SET TO> ::•TO 

<IO PA.RAMS> ::•<STORE Rlr> 
<E.XPRES> 
<STORE R 
<EXPRE 

<PARM C> ::. I 

<PARAMS> : !• 

<EVENT> :.:• 

<tXPRtS> <PARM C> 

C> <lXP~lS> <PARM C> 
REF> 

<REP STAT> ::•<STORE LSl> <REPLACE> <lXPRlS> 
lNCR <STORE LST> <BY PART> 
DECR <STORE LST> <BY PART> 

<REPLA~E> ::• : • 

<BY PART> ::•<BY> <EXPRlS> 
. ! <EMPTY> 

<BY>::• BY 

csjoRE LST> ::•<STORE RlF> 
<STORE LST> / <STORE REF> 
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• 172 

• 173 .. 
• 174 

• 175 .. 
• 1.76 .. 177 
• 
• 178 
• ... 179 .. .. 180 .. .. UH·· 

• .. .182 

• 
• 1 s3·.·. 

• 
• 184 .. 185 .. 
• 186 

( ;· 187 .. .. 188 

• 
• 189 .. 190 

• 
• 191 

• 192 

• 
• 193 

• 194 .. 
• 195 

• 196 
• .. 197 (' 

• 198 

• 199 .. 200 

• 201 

• 202· .. 
• 

<STORE REF>::• <VAR REF> <EXPRES PAIR> 
<STORE R~F> , <VAR REF> <tXP~~S PAIR> 

(VAR REF> ::•<VAR> 
<VAR> <LEFT SS> <EXPRFS> <RiuHI SS> 

<VAR> ::•<IDENTIFIER> 
Q) 

<EXPRES PAIR> ::• <EXPREti PAIR (><EXPRl:.S> <EXPMES PAIR C> 
<EXPRES> l 
<EXPRE:.S PAIR 
<f MPTY> 

<EXPRES PAIR (> ::a 

<EXPRES PAIR c> ::•, 

<IF STAT> ::•<IF PART> <BAL STAT> 

<UNBAL I~> ::•<IF 
<IF <ELSE> <UN~AL IF> 

<IF PART> ::•<IF> 

<IF> ::• IF 

<ELSE> : ! • ELSt:. 

<CONDITION> : :• 
OP <CON() Tl:.RM> 

<COND TERH> ::• <COND FACT> 
<COND TEMM> AND <COND FACT> 

<COND FACt> ::• <COND PRIM> 
NOT <COND PRI1'1> 

<COND PRIM> ::• <E:.XPRES> <REL OP> <EXPM~S> 
l < C 0 N 0 l T I (l ~~ > l 

<REL OP> ::• < 
> 

.! • 
<uR OR EQ> 
<LT OR EQ> 
<NOT EQ> 
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(:, 
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• 203 
• 
• 20~ 

• 
• 205 .. .. 206 
• 
• .. 207 
• 
• 208 
• 
• 
• 209 

• .. 210 .. .. 211 
• .. .. 212 .. 
c: 213 

.. 214 
• 215 .. 
• 216 .. 217 .. 218 .. .. 219 .. .. 220 
• 2Z1 .. 222 
• 223 
• 
• 224 . .. 225, 
... 226 .. 227 
• .. 228 
• 229 . .. 

<GR OR EQ>. ::• > • 

<LT OR EQ> ::~ < • 

<NOT EGJ> :·r· t • 

<BLOCI< STAT> ::•<BLOCK HcAO> <XEQ STAT LST> ENO 
<GROl.JP NAME.) 

<BLOCK HEAD> ::•BEGIN <t:iRouP NAME> 

<CASE STAT> ::=<CASE> <tXPRES> 
END CASE 

<CASE> ::•CASE 

<CASE OF> ::•OF 

<LAl::3 STAT LST> 

<CYCLE STAT>::= <CYCLE 
<GROUP I 

ALIFIER><xtw ~TAT LST> NtXT 

<CYCLE HEAD> ::• 

<GROUP NAME> ::• 

<CONTROL PART> 1MILE <coNDlTION> 
<FOR ~ART> <RANGE LIST> 
<EMPTY> 

<FOR PART> : :• FOR <IDENflFIER> 

<EXP RES> ... ••• <Tf:.RM> 

<EXPRES> + <TERM> 
<EXPRES> • <TERM> 

<TERM> ::•<PRIMARY> 
<TERM> • <PRIMARY> 
<TERM> I <PRIMA~Y> 

<TERM> \ <PRIMARY> 

<PRIMARY> ::•<STORE REF> 
RANGE 

= 
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·c ... ,,,,. 230 f <NUMBER) .. 231 f <PAR AM IDENTIFIER> 
... 232 t .<CilSTRING> 
... 233 I MIN ( <EXPRE.s> I <£XPRES> .. 23't I MAX ( <E: XPRE. S> I <EXPRES> . ,. 
... 235·' ASCII6At ( <EXP RES> ) 

... 23~ ! ·CONVIS ( <E.XPRES> ) .. 237 ! CON\ISI ( <E.XPRtS> I 

... 238 .. FLAG VAL ( <lDENTIFIE.R> 

... 239 ALL 

... 2't0 ABSl<EXPRE!:;)) .. Z't 1. ~. EMPTY 
• 242 .... ' <EXPRES> ) 

• .. 
• 5•2•3•3•! SEMANTICS .. .. .. 
• ... .. 
... 
... 

... 

... 

... .. 
• ... .. 
• 
"" .. .. 
• • 
• 
• ... .. 
• .. 
... 
• .. 
• • 

TME FOLLOWING MATERIAL DISCUSSES 
RtQUIREMENTS OF THE SEMANTICS OF 
LOGIC EXECUTED BY THE COMPILER 
DEFINITION HAS 0 6EEN RECOGNIZE 
R£QUIREMENTS1 I~ ANY1 OF TH 

1 <RUN> ::• <COMPILATION 
2 t <OPTIONS> 

E TRJCTIONS AND 
OMPILt:.R1 THAT IS.1. TH£ 

N INSTANCE OF A SPECIFIC 
THE RESTRICTIONS AND 

VEL SYNTAX• 

THE '•!•' TERMINATOR 
£EGINS IN COLUMN 1 OF 
THE RUN SHdULD IE TERM 
THE 1 •f•'• THJS TERMIN 
RECOGNIZED As S·UCH.. ON 

GNlZED BY THE SCANNtR ONLY lF IT 

6 <OPT ITEM> :~· 
7 ... 

·. 8 • 

RCE INPUT LINE• THI:. LAST BLOCK Or 
TED ~y THE OS TERMINATOR '1• 1 RATHER THAN 

TOR ~UST ALSO BEGIN IN COLUMN 1 TO at 
OUTPUT1 THE TERMINATOR IS AL~AY.S '•?•'• 

<IOENTif IEk> 
<IOENTIFIEH><SET><lDENTIFlEM> 
<IDENTIFIER><SET><NUMBER> 

IN THE CURRENT IMPLEMENTATION1 !~STANCES OF 7 ANP 8 ANE 
IGNdREO• INSTANCES OF 6 ARE LIMITED TO SIX POS5113LE CASES: 
O~TA.1CODE1CHECk1ALIST1SAVE.1MEMl AND THEIR Ni::.GATlONS: 
~ODATA1NOCOOE1NCHECK1NALIST;NOSAVE.1MEM2• 

~'DATA. CAUSES AN ABSOLUTE DECK OF LOADABLE DATA TO 13E PRODlJCEU• 
·THIS INCLUDES ALL LOADABLE DATA JN HIGHER Li::.Vl:.L BLOCKS• 

CODE CAUSES A RELOCATABLE DECK OF OBJECT CODE TU 13E GENERATtO• 
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.ALIST CAUSE~ AN ASSEHBLY~LIKE LISTING OF TH~ DATA DECLARATIVES 
"IN EFFECT FOR THIS BLOCK1 AND IF THE CODE OPl ION rs SELECTEU1 
ASSEHBLY•LIKE LISTING OF THE GENERATED OBJlCT CUDE• 

SAVE CAUSES THE COMPILED SYMBOL TABLE TO ~~PLACt THE PREVIOUS 
SYMBOL TABLE FOR THAT &LOCK 'IF ANY) IN THE UBJtcr FILE• 
NOSAVE WILL.CAUSE THE COMPIL~D SYMBOL TAALE TU NOT BE SAV~U• 

CHECK PROVIDE~ FOR COMPLETE cwoss•REFERENClNG o~ ALL lDENfl~lERS 
EXCEPT GROtiP NAMES• NOC~ECK RESULTS IN CRUSS•RtF~RENCING O~LY 
THOSE DATA ITEMS FOR WHICH CHECK OPTIONS WERE SPlClFIED• 

~.MEMl ANO MEM2 CAUSE THE BLOCK TO 
COMMON MEMORY RESPECTIVELY• 

IN PARTITION JR ... 

• • 

.... 
• ... 
• ... 
... 
... 
• ... 
... 
... 
... .. 
... 
... 
• 

~NY OTHER OPTION ITEM WILL CAUSE AN 

DEFAULT OPTIONS ARE NODATA1COUE 1 NO 
O~TION1 ONCE SPECIFIED1 REMAINS 
BLOCKS UNLESS OVER•RIDDEN BY ITS 

CHfCK1NALlST1MEMl• AN • 

T FOR SUBS~~U~NT COMPILATION • 
TION• • 

10 <COMPILATION> ::= 
11 

WHEN A PROGRAM BLOCK IS 
STATEMENT OF THE <XEQ S 

1• • <PROG NAME> ::• 

E> <CONT~XT ~LK> 
<PARENT D~CL> <CONTEXT BLK> 

LST> 

CONTROL PASS~& TO THE FIRST 

JN THE CURREN~ )MPLEMEN ATION1 TASK IS RESTRICT~D 10 THE 
HIGHEST. LEVEL £XECUTA8LE BLOCK1 THAT IS, ITS PARENT MUST BE 
A CONTEXT BLOCK• THE USE OF TASKS IN ASYNCHRONOUS 
COOING IS A DEFERRED FEATURE• 

.15 
16 

<PARENT DECL> ::=PARENT <IDENTIFIER> 
! <EMPTY> 

IF THE N~MED PARENT IS ·NOT FOUND O~ FILE 1 AN ~RRO~ 
M£SSA~E IS GENERATED• 16 IS INCLUDED SO THAT THE COMPILER 
CAN RECOGNIZE THE CONDITION ANU FLAG THE ERROR SPttlFlCALLY 
~JTHOUT CAUSING A LONG SEQUENCE OF ERROR MESSAG~S• 

.17 . <tO~TEXT BLOCK> ::• <DECL LIST> 

ALTHOUG~ THE SYNTAX SAYS THAT ThF DEFINITION lT~MS MAY APPEAR 
l~ ANY O~DER1 THE SiMANTICS R~QUJRES THEM IN THE O~DER 
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CHARMAP1PARAMETER1TYPE1CONSJANT 1PkESET1VARIABLE1FLAG1 
SUBROUTINE• EACH ITEM, OF COURSE 1 NEED NOT APP~AM• 

32 <PARAM DESCRIP> ::. <PARAM ID LIST><TCOLON><l:.X~RES> 

THE RESTRICT!O~· ON <EXPRES> FOR THIS DEFINlTlON AMI:.: 

THE FOLLOWING FORMS OF <PRIMARY) ARE NOT ALLOWEU: 'RANGE'1'ALL 1 1 
•EMPTY 1 1 ANO 'FLAGVAL 1 • <STOHE REF> IS ALLOWED A~ A PRlMARt 
ONLY IF IT REFERS TO A PREVIOUSLY DEFINED CONSlANf OR PRESET 
PATA ITEM1 OR TO A PREVIOUSLY DEFINED CHARMAP FUNCTION• (SI:.£ 
SEMANTICS• RULE 228)• <PARAM IDENTIFIER> rs AL[OWl:.U AS A PRIMARY 
O~LY IF THAT IDENTIFIER HAS BEEN PREVIOUS 'EFlNtU• 
ANY INSTANCE OF <EXPRES> WITHIN A PRIMA~ 'UBJl:.CT TO THE SAME 
RESTRICTIONS ON PRIMARIES• 

THE <EXPRES> MUST EVALUATE I:. IN TEt.H:.M OR STRING• 

A+ 0 <TYPE DE SCRIPT> : : . <TYPI:. ~~A CORD> <VAR l)£ CL LST> 
END TIFIER> 

A+ 1 <TYPI:. f\; <LINK) <LINK UECL> 
E NTIFIER> 

42 <TY > <SCALAR>. 

43 <TYPE NAME> ••• •• = 
RULE 40 IS THE ~ORM FOR ARING sTRUCTUREU 0ATA ELEMENTS• IHE 
<IDENTIFIER> IN THE < Mt> rs DEFINED TO Bl:. A UATA TYPI:.• A 
DATA ITEM MAY THEN BE:. RED JN THE DECLARATION SECTION AB 
HAVING THE TYPE WHOSE AND STRUCTURE ARE DEFINED HERE• THE 
ELEMENTS OF T~E <VAR ) LIST> ARE THE NEXT Li:.VEL •FIELDS" OF 
THE RECORD• THESE FIELDS MAY IN TURN BE OF SOME Ml:.CORD TYP£1 
AND THUS ONE MAy HAVE SUBFIELDS WITHIN FIELUS1 ETC• 

RULE 41 JS USEO TO UEFINE THE bLOCKS WHICH ARE OWNEU BY THIS 
8LOCK1 ANO TO.DEFINE THE ARGUMENTS, IF ANY 1 WHlLH ARE USED lN 
REFERENCING THdSE BLOCKS. THE <TYPE NAME> IS THE NAME OF A 
BLOCk AND THE NAME OF A RECORD TYPE WHOSE STRUCTUHE IS GIVEN 
6Y THE <LINK DECL>• WHEN SUCH A BLOCK IS REFl:.Hi:.NLEP' THE 
ARGUMENT MUST BE A RE:. CORD OF THAT TYPE• 

IN RULtS •o ANO 411 IF THE <IUENTIFIER> AFTER THE '~ND• DOES NOT 
~ITCH THAT IN THE <TYPE NAME) A WARNING MESSAGE H~SULTS• 

RULE 4~ bEFINES .THE <TYPE NAME> AS CORRESPONDING TO A SET OF 
NAMED VALUES LISTED IN THE <SCALAR>• A DATA lT~M O~CLAREO 
TO BE O~'TYPE <TYPE NAME> RANGES OVER THAT SET OF VALUES• 
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• 

.. s 
'+6 .. 
'+ 7 ... 
'+8 • 

<LINK>::~ PROCEDURE LINK 
TASK LINK 

.! TASK OVEfiLAY 
! PROCEDURE OVERLAY 

IN THE CURRENT .I~PLEMENTATION1 lNSlANCES OF '+/ ANU '+8 WILL 
BE INTERPRETEb AS IF THEY ~ER~ '+6 AND '+5 RESPbCTIVE:.LY• 

.:SUPPORT FOR OVERLAYS rs A DEFERPED FEATURE. ~UN THlS IMPLEM• 
ENTATION1 AN INSTANCE OF 46 OUTSIDE OF A CONTE:.Xl tlLOCK WILL 
CAUSE AN ERROR MESSAGE• 

. '+9 
50 
51 
52 .. · 
53 

<LINK OECL> ::•<VAR DECL LST> 
<VAR DECL LST> 
<ASSIGNS> <VAk DE 
LIKE <IDENTIFIER 
<EMPTY> 

<VAN UE:.CL LST> 

TION IS SU~SEQUENTLY WHEN THE BLOCK NAMED IN THE LINK 
COMPILED1 ASSIGNMENT OF A VALUE 
wI~L CAUSE AN ERROR UNLESS THAT 
WITHIN THE LINK DECLARATION• 
RULE 5l HAS THE £FFECT OF MA_ 
SYNONYMOUS WITH SOME PREvI 

IELD OF THE ARGUMENT MECORD 
NAME ~OLLUW8 fHE 'ASSIGNS' 

iHAT A RECORD OF THE LATTE 
IN INVOKING THIS.BLOCK• 

57 <CHARMAP DEF>::• 

IS ARGUMENT RECUHD TYPE 
FINED ARGUMENT RECORD TYPE1 SO 

MAY BE USED AS AN ARGUMENT R~CORD 

THE SYNTAX OF THE OEFI ION OF A CHARMAP JS NOT CONVENIENTLY 
EXPRESSIBLE IN ~ CONTEX FREE GRAM~AR1 SO THE MECUGNITION O~ 
THIS RESERVED WORD.CAUSES CONTROL TO PASS TO A SPtCIAL SCANNEM 
WHICH COMPLETELY ANALYZES THE CHAR~AP DEFINITIONS• 

AN INCOMPLETE $YNTAX FOR THE CHARMAP DEFINITION I~: 

<CHARMAP DEF> ::a CHARMAP <MAPDEF LIST> 

. <MAPDEF LIST> ::a <MAPDEF> 
<MAPDEF LIST> <MAPDt.F> 

<~~PO£F> ::• <IDENTIFIER> = <<MAP LIST>I 

<MAP LIST> ::•<MAP TERM> 
<MAP LIST> <MAP T~RM> 

A < MA PDE F > AS S 0 C l AT t. S .A N AM E < 1 () E t.; l IF I E R > W l T H A F U NC TI 0 N 
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WHICH MAPS A ONE•CHARACTER ARGUMENT INTO A SMALL NUN•NEGATIVE • 
INTEGER• THE MAPPING IS DEFINED BY GIVING A SEQU~NCE OF • 
CHARACTER GROUPS• EACH CHARACTER IN A GROUP MA~S INTO TH~ • 
THE SAME INTEGER VALUE1 AND CHARACTERS IN SUCCESS!VE GROUPS • 
MAP INTO SUCCES~tVE INTEGER VALUES, BEGINNING ~ITH ZERO• IF • 
A CHARACTER APPfARS IN MORE THAN o~E GROUP AN lRRO~ • 
MESSAG.E RESUL rs, AND THE SECOND APPEARANCE OF- .THE CHARACTER I 5 .. 

·'IGNORED• . • .. 
THE RECOGNITION OF <MAP TlRM> IS BEST DESCRIBED lN -OROS:. • 
A~TER SEEING '<' THE FOLLOWING TEXT IS SCANNEU• ~UHM~NTS ANU • 
D£BUG CONTROLS ARE RECOGNIZED AND TREATED NORMALLY• INSTANCEti • 

·oF:· <NUMBER> ARE IGNORED• THE FIRST CHAR OF A <MAPTERM> lS • 
THE COLON1 •:•• ANY OTHER CO~STRUCT CA tRMUH, • 
EXCEPT THE APPEARANCE OF THE PARENTHES M TEMMINATES • 
THIS INSTANCE OF (MAPDEF>• IF ~o ERR VE OCCURRED1 THE CuMPILER • 
~NSERTS A THREE DIGIT NU~BER IMMEDJA ECEDINti THE •: •, blVING • 
THE SEQUENCE NUMBER (AND HENCE THE MAGEi OF THE • 
CHARACTER GROUP WHICH FOLLOWS• ERS START WITH ZER01 • 
A~D MAY NOT EXCEED 255• • 
THE CHARACTER GROUP IS RECOGNll FOLLOWS: lHE FIRST NON•BLANK • 
CHARACTER AFTER THE 1 :1 1 IF TER tQt1CAUSE8 A TEST TO • 
SEE I~ IT PLUS' THE NEXT FOUR TERS FORM THt ME8EMVED wUH0 • 
lQTHER•· IF so, THE CHARA ouP OF THIS <MAP TERM> IS TO .. 
BE ALL CHARACTERS NOT SPEC JN SOME OTHER TERM OF THIS • 
<MAP LIST>• IN.ALL OTH , THE FIRST NON•BLANK AFTER TH~ • 
•:• IS TREATED AS AUEL R• ALL CHARACTERS FOLLOWING THAT • 
DELIMITER AND PRECEDl NEXT APPEARANCE OF THAT DELIMITER • 
FORM THE CHA~ACTER GR THlS <MAP TERM>• THE CHARACTER • 
GROUP MAY BE EMPTY1 AS THE CASE 1 11'• THE SEAMCH FOR • 
THE DELIMITER IS SATISF ED BY END•OF•LINE1 HOWE.VE.tot AN ERROR • 
MESSAGE. IS GEN~RATED IN .THIS CASE• IF NO NON•BLANK IS F'OUNU TU • 
THE RIGHT OF THE C~LON Ih THAT INPUT LINE1 THE SEARCH FOR A • 
DELIMITER TERMJNATES AND THE CHARACTER GROUP IS TAKEN TO BE • 
EMPTY• ONCE THE CHARACTtR GROUP HAS BEEN • 
IDENTIFIED1 THE SUBSE~UENT TEXT IS SCANNED AS AijUVE1 SEARCH!Nu • 
FOR ANOTHER CMAPTERM> OR THE PARENTHESIS WHICH TEHMlNATES T~E • 
<MAPDEF>• NOTE THAT THIS TERMINATOR lS NOT RECOGNIZED AS SUCH • 
IF IT APPEARS WITHIN A CHARACTER GROUP1 SOME OTHER CONSTRUCT, OR • 

. .A COMMENT• • 

. 62. <CONST OECL> ::•<CONSTANT> <CON DECL LST> 

A~Y EXEC.UTABLE STATEMENT WHICH ASSIGNS A VALUE TO A CONSTANT 
DATA ITtM ~ILL CAUSE ~N ERROR MESSAGE• 

. 79 • <FL~G DECL> ::•<FLAG> <FLAG DESCRIP> 
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71 • <FLAG OECL> <FLAG DESCRIP> 

73 • <FLAG DESCRJP> ::•<IDENTIFIER LST> <CH~CK SPEC> 

.:SUPPORT FOR FLAGS is A DEFERRED FEATURl• ]NSTANCt8 OF A~Y 
OF 70 THROUGH 73 WILL BE IGNORED, ANO AN ERRO~ WILL 
RESULT• 

i'+ 
7'5 ... 

<VALUE LST> ::•<VALUE G~N> 
<VALUE LST> I 

t DATA ITEM ~ElN~ 
ALUE l~ ASSIGNE:.O 

OF THE. A~~AY1 AN 
VALUE:. IS 

KORE THAN ONE .VALUE IS PERMISSIBLE 
O~CLARED IS AN ARRAY• IN THE EVENT T 
TO A SUBSCRIPT WHICH EXCEEDS lHE DIM 
ERROR MESSAGE RESULTS1 AND THE:. ILLE 
IGNORED• IN A LIST OF VALUES1 AS TS A~E TO ARRAY ITEMS 

SPONOJNG TO SU~SCR.IPT 01 
ORDER MAY 81:. OVER•RIDDE.N 

(SEE RULE 771• INDIVIDUAL 
LAUSE ARE:. ASSIGNED TO 

IN SUBSCRIPT OROER1 FIRST VALUE 
NEXT TO SUBSCRIPT 11 AND SO ON• 
THROUGH THE USE OF A "RANGE" . 
LISTED VALUES FOLLOWING A nR 
SUCCESSIVE SUBSCRIPT VALUES 
ASSIGNED TO nRANGEn)e 

76 <VALUE 

NING WITH l+ILASl VALUE 

THE LIMITATIONS ON <E DE.FINITlUN A~E: 
THE FOLLOWING FORMS 0 NOT ALLOwE:..U: '~ANGE•1•ALL'1 
•EMPTY'1 ANO 'fLAGVAL'• <STO~~ REF> IS ALLD~~O AS A PRIMARY 
ONLY IF IT REFERS TO A PREVIOUSLY DEFINED CONSTANT OR PRESET 
DATA ITEM1 OR TO A' PRE.VIOUSLY DEFINED CHARMAP FUNC.:lIU1'4• (SEE 
SEMANTICS1 RU~E 2281• <PARAM IDENTIFIER> JS ALLOWED AS A PRIMARY 
ONLY IF THAT IDENTIFIER HAS B!:..E.N PREVIOUSLY DtFlNl:.D• 
ANY INSTANCE OF <EX~RES> WITH!~ A PRIMARY IS SU~Jl:.CT TO THE SAHi:. 
RESTRICTIONS ON PRIMARIES• 

THE <EKPRES> MUST EVALUATE TO AN I~TEGER OR STRINb VALUE• 
IN AODITlON1 THE TYPE OF THE <ExPRES> MUST ~E CUM~AJIBLE ~I~H 
THE TYPE OF THE DATA ITEM BEING GIVEN A VALUE ISEt SEM~~TICS1 MULES 
1~3•5>~ ~HICH HENCE MAY NOT Bl:. OF RECOR01 POWENSET UR SCALAR TYPE• 
·1f THE RESULT ING VALUE OF' THE EXPRESS ION EXCE.EUS THI:. . 
SIZE SPEClFIEO BY THE <PQUALIF> !SEE RULES bb190•10111 AN ERRUN 
HE'S SAGE 'RESUL,. TS1. OR A WARN I NG MESSAGE IN THI:. CASE. OF STRING, DAT A1 

.WHICH IS T~UNCATEO ON THE RIGH1 10 FIT T~E Ul:.CLARl:.D SIZE• 

77 . ! <RANGE PART> <RANGE LIST> ; <EXPNES> 
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LIMITATIONS ON <EXPRES> FOR 'THIS DEFINITION AR£ THt SAME AS 
THOSE FOR 76 £XCE~T THAT •RANGE• rs ALSO AN AOMJSSI~LE PRIMARY· 
THE MEANING Of ··RANGEn IS THAT ITS VALUE SPtClFlES A SU~SCR!Pf 
VALUE.FOR THE ARRAY1 TO ~MICH THAT VALUE OF T~E <tXPR£S> IS TO 
BE ASSIGNED• IF A MORE THAN ONE ASSIGNMENT IS MAUt TO THE SAMt 

. SUBSCRIPT VALUE1 AN ERROR IS u£f'4ERATED AND THE L.AST SPECIF"H.D 
. ASSIGNMENT IS MADE• 

·. 82 
83 

. _84,. 

. 85 

. ' 
86 

87 
88· . 

<VALUE PART> ::• <£XPRES> 
<O TO> <EXPRES> <STEP PART> 
<EXPRES> <TO> <EXP <STEP PART> 

<O TO> : : • TO 

<TO> ::•TO 

<STEP PART> ::•<STEP> <~XPR 
I <EMPTY> 

THE LIMITATIONS ON <~XPRES> F E DEFINllIONS U~PENU UPON 
WHERE IN THE $-OURCE CODE THE He IN ANY CASl::.1 THE EXP~ESSION 
MUST EVALUATE TO A NON•NEG NTEGER 1 A~U MAY NOT CONTAIN ANY . 
-OF THE PRIMARIES <NUMBER> kING>1'RANGE•1 1 ALL'1 1 bMPTY• OR 
•FLAGVAL'• <PARAM IOENT IS ALLOWED ONL1 lF THAT PARAMETER 
HAS PREVIOUSLY< B'EEN ASS 0 VALUE• WITHIN THE DECLARATION 
SECTION1 THE EXPRESSION T ~I:. FULLY EVALUATAHLE AT COMPILE fIME1 
ANO HENCE ANY <STORE~ UST AE TO A. PREV lOUSLY Ul::.CLARED PRt:.SET 
OR CONSTANT DATA IT~M USUAL, ANY INSTANCES 0~ <EXPRES> w!THI~ 
A PRIMARY ARE' SUBJECT' THE ~AME RESTRICTIONS UN PRIMARIES AS THE 
CONTAINING EXPRESSION• 
IN 82 ONE VALUE IS GENERATED1 THAT GIVEN BY THE 1::.XPRl::.SSION• 
IN 83 ANO 8' A SEQUENCE OF VAL.LIES IS GENERATl::.D1 ~l::.ijlNNING wlTH 
ZERO IN THE CA.SE OF 831 QR THE VALUE OF THE ~IRST <EXPRE~> lN 
8'• SUCCESSIVE VALUES ARE DERIVED F"ROM THE PREVIOUS VALUE ~y 

·· ADDING TO IT THE VALUE OF THE <E~PRES> IN CASE M71 OR THE VALUE 
1 IN CA.SE 88 U~1IL A VALUE GRtATER THAN THAT OF THE <EXPRES> 

. PRECEDING Tt-tE <STEP PART> IS OBTAINED•. THIS VALU~ IS DISCARlH:.D 
ANO THE SEQUINCE IS COMPLETE• 

90 <VAR OESC~IP> ::•<IDENTIFIER LST> <TCOLUN> <TYPE> <CHECK SPEC> 

E'ACH O.F THE lD~NTIFlERS JN THE <IDENTIFIER LST> IS DECLARED Tu 
BE A O~TA lTEM OF TH~ INDICATED TYPE• 

93. . <SIMPLE TYPE>.::• <IDENTIFIER> 
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<JOENTIFIER> MUST BE DEFINED AS A TYPE IN THIS OR A HIGHER 
LEVEL BLOCK• 

INT <Pl.llJALIF> 

• A VARIABLE OF TYPE INT IS AN INTEGER WHOSE RANGI::. UF PUSSIBLI::. 
• VALUES IS 0 TO N, WHE~E N IS lHE VALUE OF THI::. <PYUALIF>• IF 
• A VALUE OUTSIDE THIS RANGE IS ASSIGNED TO THI::. VARIA~LE, THE 
• RUN•TIME RESULTS ARE UNDEFINEU• IF AN OUT•OF•RANGE VALUE 
• IS ASSIGNED TO SUCH AN ITEM AT COMPILE TIME twlfHlN A PRESET 
• OR CONSTANT DECLARATION) AN ERROR MESSAGE RESULTS• 
• T~E MAXIMUM ALLOWED VALUE OF N IS 9,999,9 LARGER VALUES 
• WILL CAUSE AN ERROR MESSAGE• 
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A VARIABLE OF TYPE SINT IS LIKE A 
AN ALGEBRAIC SIGN• ITS RANG~ UF 
•N TO N• ASSIGNMENTS OF VALUt.S 
AN ERROR MESSAGE IF MADE AT COM 
RESULTS IF MADE AT RUN TIME• 
THE MAXIMUM ALLOWED VALUE OF 
WILL CAUSE AN ERROR MESSAG 

E Uf- TYPI::. lNT wITH 
E VALUES IS FROM 
T14JS RANGt. CAUSE 

IME, OR UNUl::.f-INl::.D 

96 <PQUALIF> 

A DATA ITEM OF lYPE STR A SEQUENCE OF N LHARACTC.RS OF 
THE SINGLE CHARACTER HERE N rs THE VALLI~ OF <PYUALIF>• 
ASSIGNMENT TO SUCH A BLE OF FEWER THAN N CHARACTERS CAUS~S 

THOSE CHARACTERS TO B EFT ADJUSTED IN THE VAHlABLI::.' WITH 
BLANKS ADDEO ON THE RIGHT TO FILL• ASSIGNMENT OF MURE THAN N 
CHARACTERS CAUSES' ONLY THE LEF-T ... 1·1osT N CHAR AC TC.RS TO BE PLACt.U 
IN THE VARIABLE; IF THE ASSIGNME~T IS MADE AT COMPILI::. TIME A 
WARNING MESSAGE RESULTS• 
THE MAXIMUM ~LLOWED VALUE OF N IS 100• LARbEH VALUbS WILL CAUSE 
AN ERROR MESSAGE• 

97 ! INDEX <FAKE ARROW> <101::.NTl~l~M> 

A DATA ITEM OF TYPE INDEX •><IDENTIFIER> I~ PERMISSIBLE ONLY 
lF THE <IDENTIFIER> IS DECLARt.D JN n11s OR A HlCJHl:..R LEVEL HLOCK. 
AS AN ARRAY (PQUALJF> OF SOME lypf. THE INDt.X ITl::.M IS EQUIV• 
~LENT.TO AN ITEM OF TYPE INT <PQUALIF>1 EXCl:..PT THAT ARRAY 
REFERENCES WILL BE EXECUTED MORE E~FICIENTLY USlNti THE INDEX 
ITEM THAN USING AN INT tYPE lTt.M AS THE SUBSCRIPT• 

98 PCWERSt.T OF <IDENTIFlt.R> 
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AN ITEM OF TYPE POWERSET 1$ PE~MISSIBLE IF T~t <lDkNTlFIER> 
IS DEFINED AS ~SCALAR TYPE IN THIS OR A HIGM~H LtVEL BLOCK• 
THE MAXIMUM NUMBER OF CO~PONENTS OF THE SCALAH lYPt IS lb• IF 
THIS IS EXCE(OEp AN ERROR RESULTS• A POWERSET DATA 
ITEM HAS VALUES WHICH AR~ SUBStrs oF THE SFT UF ALL POSSIBLE 

.: VALUES OF THE SCALAM TYPE• THUS IF THE SCALAR HAS N VALUES 
.THE POWERSET REQUIRES N BINARY DIGITS TO REPRES~Nl ITS VALUES• 

100 <ARRAY TYPE> ::• ARRAY<PQUALIF><OF><SJMPLt TYPE> 

THE VALUE1N1 OF (PQUALIF> INDICATES THAT 
N·+l ITEMS1 EACH OF THE SAME <SIMPLE TYP 
.ITEMS ARE REFERENCED BY SUBSCHlPTING 
USE OF OUT•OF•RANGE SUBSCRIPTS Al RU 

"RESULTS• 

101 <PQUALIF> ::•<LEFT SS> 

THE LIMITS ON <EXPRES> FOR 
AS THOSE FOR 8~:97, ~!THIN 

108 <SPEC ITEM> ::•<IDE 

THE ONLY AOMI~SIBLE VAL 

ARRAY CONTAINS 
HE INDIVIDUAL 
UES F~OM 0 10 N• 

CAIJSt.S UNDEFINED 

ARC. 1 Hl SAME 
AND Ot.CLARATlONS• 

<SUSROUTlNE pEF> ::. <SUB MEAD> <XEQ STAT LSl> . 

. •' '. ~ 

ANY SUBROUTIN~ DEFINITIONS IMMEDIATELY PRECt.0~ THE ACTIO~S OF 
THE BLOCK• NOTE THAT THESE SUBROUTINES HAVt. NO A~GUMt.NTS• THt.Y 
ARE INVOKED BY THE 'DO' STATtMENT 1SEE 139)• CUNT~UL RETURNS 
TO lHE ACTIO~ FOLLOWING THE 1 001 ~HEN THE SUBROUTlNt EXECUTES A 
•RETURN• STATEMENT OR COf'IPLETt.S THE ACTION lMMEDlATt.LY PR£CED1NG 
THE •t~Ol ~HlCH TERMINATES ITS DEFINITION• THE OtFINITION OF 
~. SUBROUTINE ~AS EFFECT ONLY WlT~l~ THE BLOCK lN WHICH IT tS 
OEFINED1 ANO THE SUBROUTINE CANNOT BE ~EFERt.NCED FHOM ANY . 

. OTHER. BLOCK • 
.::-· ·, 

11 't 
115 

·.<XEQ STAT LST> ::• <XEQ STAT> 
'.I . 

! <XEQ STAT LST> <XEQ STAT> 

WHEN CONT~OL IS PASSED TO AN <XEQ STAT LST>1 EXt.CUllON B~ijINS 
"WITH THE FIRST STATEMENT. co~TROL FLO~S FROM ONE STATEMENT TO 
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THE NEXT IN THE ~IST UNLESS EXECUTING A STAlEMENT CAUSES CONT~OL 
TO BE TRANSFERRED IN SOME .bTHER MA~NER• 

IN ALL EXECUTA~LE STATEMENTS, THE RESTRICTIONS ON <tXPRES> ARE THAt 
<NUMBER>1'RANGEt1AND <QSTRING> ARE NOT ALLOWEU AS PRIMARIES1 AND A 
~IMILAR RESTRICTION APPLIES TO ANY INSTANCE OF <EXPRES> WITHIN A~ 

.: ADMISSIBLE CPRtMA~Y>• FOR OTHER GENERAL RULES ON EXPRESSIONS SEE 
THE SEMANTICS roR RULES 220 El• SEQ• CERTAIN INSTANCES OF <EXPRES> 
WITHIN EXECUTABLE STATEMENTS MAy HAVE ADDITIONAL kESTRICTlONS1 IN 
WHICH CASE THE SEMANTICS FOR THAT CONSTRUCT CITE TH~ ADDITIONAL 

. RESTRICTIONS• 

• lla <GROUP NUMBER> ::•<NUMBER> 
.119 I : 

·I.F THE VALUE OF THE <EXPRES> IN THE 
STATEMENT WITH GROUP NUMBER ~ ls 
CSEE 2081 116:1171• ON INPUT1 A 
lS CALCULATED FROM POSITION IN 
NUMBER lS INSERTED IN THE OUTPU 
GROUP NUMBER IS 999• ' 

128 l<SIMPLE XEQ>l 

ATt.ME:.NT lS N1 THEN 
E WHICH lS t.XECUTED• 

IS lGNO~EU• A NUMBER 
AB STAT LST> ANU THIS 
E MAXIMUM PEfo(MlSSIBLE 

IF THE <GROUP NAME> IS 
PRECEDING 'CYCLtt STAT 
THE NEAREST PREtEDING ' 
IF THE INDICATED •CY 

CONTROL PASSES TO THE NEAREST 
OTHERWISE CONTROL PASSES TO 
STATEMENT WITH THAT <GROUP NAME>• 
Nor EXIST AN E:.~NOH ~ESULTS• 

129 

IF <GROUP NAME) IS EMPTY, CONTROL PASSES TO lHl FlHST ACTION 
PAST THE NEAREST FOLLOWING 'fNU1 OR 'NEXT'• OTHEHwlSl CONTROL 
PASSES TO THE FIRST ACTION P.ASl THE 'END' Ok 1 Nt.Xl' wHICH 
TERMINATES THE •BEGIN' OR 'CYCLft HAVING THAT <GROUP NAME>• 
IF JME l~OICATED POINT DOES NOT EXIST A~ ERROR ~~SULTS• 

START <lDE~TIFlER> <PARAMS> 

. ,• .. ~ 

· ... :130 • 
131 .• 
1.32 • 
1.33 .. 
13'+ • 
135 • 
136' ... 
1 3.? • 
138 • 

START <ID~NTIFIER> <PARAMS> <SOR> <6AL STAT> 
DEFER <IDENTIFIER> <PA~AMS> 
WAIT <IDENTIFIER> <EVENT> 
SET <IDENTIFIER> <SET TO) <eXPRES> 
LOCK (IUENTIFIER> 
UNLOCK <lOENTIFIER> 
LOCK <IUtNTIFIER> <LOR> <~A~ STAT> 
UNLOCK <IDENTIFIER> <LOR> BAL STAT> . 

• 
• ' • 
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• 
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• • • 
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ALL OF THE ABOVE ARE IGNORED lF FOUND• AN ~RROR NESULTS• 
TMESE ALL REPRESENT FEATURES NOT SUPPORTED IN THE CURRENT 
IMPLEMENTATION• 

139 l DO <IDENTIFIER> 

EXECUTING THIS STATEMENT CAUSES CONTROL TO PASS TU fHE 
SUBROUTINE WITH THAT <IDENTIFIER>• IF SUCH A SUBNUUTINE ~AS 
NOT BEEN DEFINED WITHIN THAT dLOCK AN ERROR MESSAU~ RESULTS• 

140 ! CALL <JUENTJFIER> <PARAMS> 
. . 

EXECUTING THIS STATEMENT CAUSES CONTROL 
PROCEDURE HAVING THAT <IDENTIFIER>• T 
DIRECTLY SUBORDINATE TO A BLOCK WHOSE 

.CALLING PROGRAM. THE CALLING PROGR 
PROCEDURE CALLEO NOR SUBORDINATE T 
RULES CAUSES AN ERROR MESSAGE• 

1't1 RETURN 

SS TO THE 
CEIJUN~ MUST BE 

INCLUIJlS THE 
OT BE lHE 

VIOLATION UF THESE 

EXECUTING THI$ STATEMENT CA 
PROGRAM WHICH INVOKED THIS 
THIS STATEMENT IN A TASK 

NTROL TO R~IURN TU THE 

1 oit2 .. 

M OR SUBROUTlN~• OCCURRENCE OF 
AUSES AN ERROf.I• 

EXECUTING THIS STATE POSSIBLE ONLY FOR A TASK1 AND 
CAUSES TERMINATION OF TA~K, UNDER THE CURRENT IMPLEMENT~ 

ATION THE ONLY T~SK I HE HIGHEST LEVEL PROGRAM• OCCURRENCE 
OF A 1 STOP• WITHIN A PROCEDURE CAUSES AN ERROR• 

1 't3 ! PASS 

THIS EXECUTABLE STATEMENT PERFURMS NO ACTION• CONTROL FLOWS 
DIRECTLY THROUGH IT• IT IS USEo WHERE THE SYNTAX CALLS FOR 
AN EXECUTABLE STATEMENT BUT NO ACTION IS DESIRED AT THAT POINT, 
AS MIGHT HAPPEN IN A 1 CASE' STATfMENT• .. 

1 At-4 • 
1~5 .. 
146 .. 

<ENABLE> <EXPRES> 
<DISABLE> <ExPRES> 
TRANSFER <IDENTIFIER> <PAHAMS> 

THESE ARE NOT SUPPORTED JN THE CURRENT IMPLEMENTAIION, AND 
WILL CAUSE AN E~ROR• 

147 
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1 '+-8 ! OUT <IO PARAMS> 

THESE STATEM'ENTS MAP INTO SYSTl::.M TEN IN AND OlJT INSTRUCTION8• 

l '+9 
150 • 

STATUS <STOf:<E REF> 
SlATUS <SlORE REF> I <STO~E R~F> 

ONLY DEFINITION 1'+-9 IS ALLOWFU I~ TME CURRENT IMPLEMENTATION• 
THE FORM OF 150 IS EXPECTED TO HE uSED ~OR SYSTEM ELEVEN• TH~ 
STATUS STATEMENT CREATES A NUMEMJC VALUE FOH THE ~URRENT SYSTEM 
TEN CONDITION COOE1 ANO ASSIGNS THAT VALUE TU THE <STOR~ REF>1 
'W~ICH MUST BE OF TYPE INT OR SINT• TH UES ARE DETERMINED AS 
FOLLOWS: 

156 

157 • 

STATUS VALUE 

0 
1 
2 
3 
4 
5 

<IO PARAMS> ::• 

CONDITION R PMtVlOUS INSTRUCTION) 

1 
2 
3 

(pARM C> <EXPRES> <PARM C> 

<PARM C> <EXPRtS> <PARM C> 
I <STORE REF> 

DEFINITION 157 IS NO OWED lN THE CURRE~T IMPL~MENTATION• lT 
IS EXPECTED TO BE USE OR SYSl~M ELEVEN• IN OEF!NlTION 1561 THE 
<STORE REF> MUST BE TO A STRING OR SUBSTRING OF LENGTH AT MOST 
100• THE FIRS~ <EXPRES> MUST EVALUATE TO A NUN•NtGATIVE lNTE~ER 
NO GREATER Tf-iAN 9• THE SECOM.> <EXPRES> MUST EVALUAll:. TO, A NOill• 
NEGATIVE lNTEGtR NO GREATER THAN 7, THE STATEMENTS 

!NP A181 C 
OUT A1B1C 

GENERATE INSTRUCTIONS EQUIVALENT To IASSE~BLEM 11 FORM) 

R XIY)1L:x1z1 
W XIY)1L!XIZl 

WHERE X IS THE ADDRESS OF THE ST~!NG OR SUBSTRING AND L:X IS ITS 
LENGTH• Y IS TME VALUE OF T~E ExP~ESSlON 81 AND l lS TH~ VALU~ 

OF THE EXPRESSION C• 
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159 
160 

<PARAMS> ::• ( <STORE REF> I 
<EMPTY> 

THE <STORE RtF>1 IF PRESENT1 MUST BE TO A DATA lTtM WHUS~ 
TYPE IS <IDENTIFIER>1 WHERE THE NAM~ OF THE P~U~~AM INVOKED 
JS ALSO <IDENTIFIER>• IF NOT1 AN ERROR MESSAGE RtSULTSe 
THE 'LIN~' DEFINITION FOR THE PROGRAM ALSO CAUStS A 'RECORD' 
TYPE OF THE SAME NAME TO BE DECLARtD1 SO THAT ARuUMtNfS MAY 
~E PASSED TO THE PROGRAM BY REFERENCING A DATA RECURU OF THAl 
TYPE• 

• '16i • <EVENT> ::• <CONDITION> 
• : 162.· • FINISH <IDENTIFIER> 
.... 

• 
• 
• 
• 
• 
• 
• .. 
• 
• 

.. 
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• 
• 
• 
• 
• 
• • 
• 
• 
• 
• 
• 
·• •• .. .. 
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• 
• 
• 

THESE ARE NOT SUPPORTED M£NTAT1UN• 

163 
164 
165 

<REP STAT> ::•<STORE LST> 
lNCR <STORE. 
DECR <STOf-it. 

(1:.XPRl:.S> 
PART> 
PART> 

TO UAlA lTEM::i 
ARE CHECKl:..D AT CUMPlLE TIM~ 

' 1 THE TYPt. OF THI:. SOURCE 

~HESE ARE THE MAIN ACTIOhS W~ 

AT RUN TIME• ALL SUCH ASSIG 
FOR COMPATIBtLirv OF TYPE1 
ITEM MUSl BE COMPATIBLE ~ 
WARNING OR ERROR MESSAGE 
RECEIVING ITEM TYPE AR 

T oF THE RECt.!VlNij ITEM1 OR A 
Ts. COMPATIALE TYPl:.8 FOR A GlV~N 
BELOW• lN THIS TABULATION, N 

NSlANCES OF <P~UALlF>1 WITrl M<=N• ANO M STANO FOR VALUES 

RECEIVING TYPE 

I NT CNJ 

INDEX•>(ARRAVCNl I 

SINTCN) 

STRtNGCNl .. 

SCALAR W 

<A:ARRAVCMJ UF •••I 

INT(MJ1 lt-.·Ui:..x->1ARRA.YCMJ) 

H11T(HJ1 .SlNT(M), INDEX•)IARRAYCMll 

STRl~GCMl IIN THIS tNSTANCE.1 IF M>N AT 
RLIN TIME THE RE::SULT IS DEFlNE.D: 

THE NECEIVI~G STRING JS ~lLLtU TO ITl 
CAPACITY WITH CHARACTERS OF T~I:. SOURCE 
STRING STARTI~G FROM THE. Ll:.FT•MOST 
POSITION• IF M < N1 THE RESULT IS NS I~ 
THE SOURCE STRING WERE ~XTkNOEU ON THE 
RIGHT BY N.~ BLANK CHARACTERS• 

SCALAR w 
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POWER SET OF )( POWERSET OF x, SCALAR x <IN THI:. LATTE:.R CA:SE 
THE SCALAR IS CONVE.RlEO r u 
A POWERSl:.l CONSlSTlt-iG OF 
THAT QNt:. SCALAR VALUE:. l 

ARRAYCNl OF y ARRAY CN] OF z I TYPE OF z COMPATIBLE;. WITH THAT 

OF y) • 

R I A <RECORD> 
TYPE> R 

lf THE TYPES ARE INCO,PATl~LE ONLY IN TH 
GENERATES A WARNING MESSAGE1 ANO ASSUME 
GUARANTEE THAT THE SOURCE ITEM IS JN F 
OF THE RECEIVING ITEM• IF THt. SOUMCE 

·RANGE OF THE RECEIVING ITEM Ar QUN l 
EXCEPT IN THE CASE OF STRING ITEMS 

>N1 l HI:. COMP I LE.R 
THE PROGRAM CAN 

HIN THI:. RANGE. 
S NOl WITHIN THI:. 

SULTS ARI:. UNOl:.FINEu 

THE SOURCl AND ~ECEIVINu 

. .... ~ 

IN THE CASE OF STRING ASSIGNM~N 

STRING OVE~LAP BY VIRTUE OF CUN 
LARG~R STRING1 THE RESUL1S OF 

G COMMUN POSITIONS WITHIN A 
SlGNHENT ARE UNDEFINED• 

.. 

THE INCR AND.DECR FORMS AR 
· llNT1 SlNT1 OR INDEX), AN 

INCREMENTED OR OECREMEN 
<BY PART>• 

167 
168 

<BY PART> ::= < 
< 

ONLY FOR llEMS UF NUMERIC TYP~ 
THE DATA ITEM ro BE 

'PECTIVELY BY THE VALUE OF 

THE <EXPRES> IS THE VALUE BY WHJtH THE ITEM IS TO Bl:. INCREME~JEO 
OR DECREMENTEb~ iN THE SECOND OF THESE CASES, ·A VALUE OF 1 IS 
IMPLIED• 

170 
: ·171 

<STORE LST> ::•<STORE RE~> 
<STORE LST> , <STORE REF> 

THE APPEARANCE OF A LIST OF ITEMS AS RECEIVING lTl:.MS MEANS 
THAT THE SA~E VALUE IS ASSIGNED TO EACH OF THE RECEIVING IJ~MS• 

17~ 
·· 115 

<V~R REF> ::•<VAR> 
<VAR> <LEFT SS> <EXPRES> <RIGHT SS> 

THE SECOND OF rHESE IS 1~£ FO~M FOR REFERENCING ELEMENTS OF 
_ARRAYS• THE (VAR> MUST NAME AN ARRAY TYPE DATA·llEM1 AND TH~ 
<EXPRES> ~UST BE OF TYPE INT UR INDEX• OUT•OF•RANGE VALUES OF 
·~HE EXPRESSION WILL YIELD UND~FINED RESULTS• 
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176 
177 

<VAR> ::• <IQENTIFJER> 
I a) 

THE SECOND OF THESE IS THE FORM FUR REFERE~ClNb THE R~CORD 
~HICH WAS SPEC1,[E0 AS THE ARGUMENT FOR THIS BLOCK WHEN IT WAS 
INVOKED• IF THE ~INK DECLARATio~ oF THE PAHENT BLOCK DID NOT 
SPECIFY ARGUMENTS FOR TMJS BLOCK, AN ERROR HESULTS• 

1.78 <EXPRES PAIR> ::= <EXPRES PAIR t><EXPRES> <EX~~~s PAIR c~ 

17°9. 
180 

<EXPRES> 1 

<EXPRES PAIR <> 
<EMPTY> 

STRIN~ REFERENCES• 
RillH:i• THE. TWO 

THE FIRST TWO OF THESE ARE THL FORMS 
·THE <VAR REF> MUST NAME A~ IT~M OF 
EXPRESSIONS MUST BE OF TYPE INT o 
INTERPRETED AS THE POSITION WITH 
CHARACTER OF THE SUBSTRING1 AND 
SUBSTRING1 RESPECTIVELY• POSIT 

X• THtlH VALU£S ARE 
STRING OF THt LEFTMOST 

UMRER OF CHAHACT£RS IN T~t 

ARTS wlTH ZtHO AS THE LEFT• 
, A VALUE OF 1 15 TAKEN FOR THE MOST CHARACTER• IN THE. SECO , 

LENGTH OF THE. SUBSTRING. 
THE SECOND FORM IS ALSO US CHARMAP REFENENC~S• IF TH~ 

'(VAR REF> NAMES A CHARMAP TIFIER1 THE QNt ~XP~ESSION WITHl~ 
THE PARENTHESES MUST EV To A STRING OF LENGTH 1• IN THIS 
INSTANCE, THE <~TORE R A ~OT SE TO THE LEFT Uf AN ASSlGNMtNl• 
THE MEANING OF .THE < TO EF> JS THE INTEGER VALUl lNTO WHICH 
THE ONE•CHARACTER AR IS MAPPtO UNDER THE NAMtU CHARMAP• 
IF THE ARGUMENT HAS L GRtATFH THAN ONE1 THt LEFT•MOST 
CHARACTER OF ~HE STRI IS TAKEN AS THE ARGUM~NT1 AND IF TH~ ~ENGTM 
~AS EVALUATED AT COMPjLl TIME A ~ARNING MESSAGE RESULTS• 
IF THE CHARMAP HAS NO IMAGE DEFINED FOR THE AMGUM~Nf CHARACTER, AN 
ERROR RESULTS IF THE CMARMAP IS EVALUATED Al COMPILE TIME1 ANO 
UNDEFINED RESULTS OCCUR IF lT Is EVALUATED AT RUN TIME• ' 

··183 <IF STAT> ::a <IF PART> <BAL STAT> <ELSE> <BAL STAT> 

<UNSAL IF> ::=<IF PART> <XELl STAT> 
! <IF PART> <BAL STAT> <ELSE> <U~~AL IF> 

'lN EXECUT.ING EACH OF THESE STATEME~TS1 THE CONDlTlUN lN THE 
CIF PART> IS TESTED• IF THE CO~DITION IS THUE, THt STATE~tNl 
FOLLOWING THE <"IF PART> IS EXECUTED• IF IT DOES NUf CAUSE A 
T~A~SFER OF C0~TR0L1 THE~ UPON COMPLETION O~ EXECUTION OF THAT 
STATEMENT~ CONTROL PASSlS TO THE N[XT STATEMENT A~TEH THE ENTIRE 
<IF STAT> OR <UNBAL IF>. FOR 183 AND 185, IF THt CONDITION IS 

·FALSE1 THE STATEMENT AFTER T~E <ELSE> IS EX~CUlt01 ANO CONTROL 
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0 PASSES TO THE NEXT ST AT EMEN T IJNLE SS ALTERED BY THt:. 1:.XECUT ED 
• STATEMENT• 184 IS EQUIVALENT To <IF PART><XE..Q STAT><ELSE> PASS• 
• 
... IF THE CONDITION IS EVALUATABLE AT COMPILE TIMI:. ANU THE Two 
• EXPRlSSIONS CONTAIN NO PRESETS1 THEN THE SELl:.CTION OF STATE• 
• MEN.TS TO BE EX'E'CUTED IS MADE AT COMPILE TIME• 
• 
• 
• 
• 
• 
• 
• ... 

195 <CONO PRlM> ::• <EXPRES> <REL OP> <EXPRl:.H> 

THE COMPILER VERIFIES THAT THE T~O EXPRESSION~ ARI:. UF 
COMPARABLE TYPE, OR ELSE GENERATES AN ERROR• 
lWO EXPRESSIONS ARE OF COMPARABLE TYPE I IS 

• 
• 
• 
• 
• 
• 
• • • •• 

,,. 
,,. 
• 

NUMERIC <INT1 SINT1 OR INDEXI, 
STRING, 
POWERSET OF X1 
SCALAR Y1 

OR IF ONE IS OF TYPE SCALAR X A 
POWERSET OF X1 IN WHICH CASE TH 
INTERPRETED AS A POWERSET IT ' 
THAT SCALAR VALUEI• 

197. 
198 
199 
200 
201 
202 

<REL OP> : : • < 
> .. 

! • 

l 

E OTHER IS OF TYPE . 
SCALAR !Tt.M IS 

SET CONSISTIN~ OF ONLY 

• IN THE CASE OF NUMERIC COMPAMISQNS THE OPERATORS HAV£ THE 
• OBVIOUS MEANINGS•' IN THE CASE OF STRING COM~ARISONS THE 
... NORMAL CONVENTIONS APPLY: TME SHO~TER OF THE rwu ~TMINGS IS 
• CONCEPTUALLY .LENTHENEL> TO EQUAL TrlE LENGTH Ur THE LONGt.:R' BY 
• APPENDING BLANK CHARACTERS ON THE RIGHT. THE M£ANIN~ 

• OF THE OPERATORS FOR STRING RELATIONS FOLLOWS THE ASCII 
• CO~LATING SEQUENCE APPLIED FROM LEFT TO RIGHT• 
• FOR SCALAR RELATIONS ONLY TWO OP~RATORS ARE PER~ITTE01 EQUAL 
• AND NOT•EQUAL• FOR POWERSET R£L~TJONS1 THE 1NT~R~R£TATI-ONS 
• OF THE OPERATORS CONFORMS TO S~T•THEORETIC NOTAflON1 THAT 16 
• :iHEY RE~RESENT THE 'SET RELATIONS . 
~ ·. ! PROPERLY CONTAINE01 
... PROPERLY 'coNrAINS1 
¥ EQIJAL1 
• CONTAJNS1 
• CONTAINED1 
..,. NUT EQUAL1 
• 
• ... 
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RESPECTIVELY• 

206 <BLOC!< STAT> ::•<BLOCK HEAD> <XEQ STAr LST> f::.N() 
<GROUP NAMt.> 

THE BLOCK STATEMENT ALLOWS WHAT WOULD OTHERWlSt:. Bl::. AN 
<XEQ STAT LST> TO BE PERCEIVED BY THE SYNTAX PARSl::.R AS ONE 
STATEMENT1 so_~HAT MULTIPLE ACTIONS MAY BE PtHFORMf::.()1 FOR 
EXAMPLE1 ON THE •ELSE 1 BRANCH OF A~ 'IF• STATEMt:.NT• 

208 <CASE STAT> ::•<CASE> <tXP~ES> <CASE OF> ~LA~ STAT LST> 
l:.ND CASE 

RUN TIME THE THE TYPE OF <EXPRES> MUST BE NUMERIC• 
VALUE OF <EXPRES> IS LESS THAN ZERO 
OF STATEMENTS IN THE <LAB STAl LST 
OCCUR• THE VALUE OF <EXPRES> Is 
STATEMENT WITHIN THE LIST WMICH 

TER lHAN THE NJM~EM 

UNOEF!NtO RtSULTS WILL 
SEL~CT TH~ PARTICULAH 

BE EXECUTtO• UNLESS 
SFER1 UPON COMPLETION OF THAT STATEMENT CAUSES A CONTRO 

THAT STATEMENT EXECUTION, CONT 
FOLLOWING THE 'END CASE•. I 

LL PASS TO THt:. STATEMENT 
VENT THAT THt VALUE OF 

<EXPRES> IS DETERMINABLE AT LE TIME, AND CONJA!NS NO 
PRESET ITEMSi THE SELECT! BE MADE AT COMPILE TIME• 

211 <CYCLE STAT> tAO><QUALlFJER><XEQ ~TAT LST> NEXT 
NAME> : 

IF THE <GROUP NAME> 1 NFXT 1 DOES ~UT MATCH lrlAT ~lTHlN 
<CYCLE HEAD> THEN A NG MESSAGE RESULTS• lF NO ERRORS HAV~ 
OCCURRED, THE <GROUP ME> FOLLo~ING 'NEXT• IS CHANGE~ ON OUTPUT 
TO THAT OF THE <GROUP EAD>• WH~N CONTROL PASS!:.S UUT OF THl 
<XEQ STAT LST> IT RETURNS TD TH( TESTING AND INCH!:.MENTATlON 11~ 
ANY> OF THE <QUALIFIER> • 

1?16 
217 
218 

<CONTROL PART> ::= ~HIL~ <CCNGITION> 
<FOR PART> <RANGE LIST> 
<E.MPTY> 

IN CASE 2171 IF THE MANGE LISl IS ~-or E.XHAUSTtD, THI:. NEXT VALUl::. 
OF fHE RANGE LIST IS ASSIGNED To <IDENTIFIFR>• I~ fHE RANGE 
~IST .IS EXHAUSTED1 OR IF CASE ~16 AND THE <CONDITION> IS NOT 
TRUE1 THEN CONTROL PASSE.S TO THF FIRST STATEM~NT A~TER THE 
iNEXTI <GROUP NAME> : • OTHER~ISE CONTROL PASS!:.S TU THE FIRST 
SlATE~ENT OF THE <Xf::.Q STAT LST> • 

219 <FOR PART> ::=~OR <IDENTIFIER> = 
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THE <IDENTIFIER> MUST BE DECLAHEO TO BE OF TYPE INl OR INDEX• 

220 
221 
222 
223 

<EXPRES) ::~<TERM> 
! • <TERM> 

<EXPRES> + <TERM> 
<EXPRES> • <TERM> 

ALL TERMS OF AN EXPRESSION MUST HAVE COMPAT18LE TYPE• IF THAT 
TYPE IS INT1 SINT1 OR INDEX1 THE TYPE OF TH~ EXPRESSION IS 
DETERMINED BY THE TYPE OF THE ITEM TO WHICH THE R~SULT IS TO 
BE ASSIGNED, OR IF NO ASSIGNMENT IS TO BE MADE1 THE TYPE OF 
THE EXPRESSION IS INT• 
RULE 221 IS THE UNARY MINUS 
ANO POWERSET TERMS1 MEANING 
RESPECTIVELY• 

. FOR NUMERIC TYPES THE MEANING UF T~ 

THE STANDARD MEANING• FOR STRING 
STRING CONCATENATION AND EXCISio 
THE LATTER IS THAT TH£ RESULT U 
CONSISTS OF THOSE CHARACTERS OF 
MOST OCCURRENCE IN A OF THE 

Y FUR NUMERIC TERMS• 
~Ll:.MENTATlON 

TORS 1 + 1 ANO '•' IS 
1 •+' AN() '•' RE.PRESENT 
CTIVELY• THE MEANING U~ 

, wHERE A ANU ~ AR£ STRlN~s, 

ICH DO NOT FURM THE L£FT• 

FOR POWERSET JYPES1 THE OPR 
UNION AND RELATIVE CO~PLEM 

1+1 AND •• 1 CORRESPOND TO S~T 

PE:..CTIVELY• 
FOR ALL OTHER TYPES 22112 ?23 ARE NOT ALLUWtD• 

224 
225 
226 
227 

<TERM> ::•·<PRIMA 
! <TERM> 

<TER 
! <TER 

RlMARY> 
RI MARY> 

<PRIMARY> 

ALL PRIMARIES IN A TERM MUST B~ OF COMPATIBLE TYPI:.• FOR 
NUMERIC PRIMARIES· THE OPERATORS ,..,,, 1;1, ANU 1 \ 1 Rl:.PRE.SENT 
MU L Tl PL I C AT I 0N1 D I V I S l 0 N .1 A ND R F M A I N 0 ER RF SP E C T I Vt:. L Y • F 9 R 
STRING PRIMARIES, ONLY 'I' ANO ''' ARE ALLOWED AS UPl:.RATORS1 
REPRESENTING HEADER AND TRAILER OPERATIONS• A/B CONSISTS OF 
THOSE CHARACT£RS OF A WHICH PR~CEDE THE LEFT•MOST OCCURRENCE 
OF 'THE CHARACTERS OF B WITHIN THE STRING A1 A\~ CONSISTS OF 
THO$£ CHARACtERS OF A WHICH FOLLOW THE LEFT•MOST OCCURRENCE O~ 
THE CHARACTERS OF B wlTHJN TH!:. STRJl>IG A, 
~OR POWERSET PRIMARIES ONLY lH~ OPERATOR '•' IS ALLOW~O, MEANING 
~ET INT£RSECT10N• 

228 
229 

<PRIMARY> ::•<STORE REF> 
RANGE 

•RANGE' IS ALLOWED AS A PRIMARY ONLY ~ITHI~ THE <~XPR~S> OF 71• 
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230, ·1 <NUMBER> 

<NUMBER> IS ~LLOW£0 AS A PRIMARY ONLY WITHIN THl <EXPRES> OF 
32 ANO 76:77• 

231 I <PARA~ IDENTIFIER> 

<PARAM lDENTIFlE~> IS ALLOWED AS A PRIMARY ONLY IF A VALUE HA5 
~EEN ASSIGNED TO IT IN A DECLARATION PRECEDING THk APPEARANCE 
OF THIS EXPRESSION• 

I <QSTRI,...G> 

<QSTRlNG> IS ALLOWED AS A PRIMARY 
· ~2 ANO 76:77• 

233 
23't 

MIN 
MAX 

THE <E:.XPRES> Of 

. ' ... ~ 

THE TWO. EXPRESSIONS MUST BE OF 
OF THE SAME TYPE, BEING THE S ' 
OF THE EXPRES~IONS RESPECTIV 

C TVPE1 AND THE RESULT I~ 

ANO LARGEH OF THE Two VALUES 

235 

THIS IS A BUILT•IN CHA 
A ONE CHARACTER STRING 
THAT CHARACTER MAPS• 

236 
237 

HE E~PRESSION MUST tVALUATE TO 

<t.XPRES> ) 
<EXPRES> ) 

THE lhTEGE~ INTO W~ICH 

THlSE ARE INTEGER•TO•STRING AND STRING•TO•INT~GE~ CONVERSIONS• 
THE AR~UMENT OF CONVIS MUST EVALUATE TO A NOh•NEGAJIVE l~TEGEH• 
IF THE ARGUMENT IS FOUND TO BE ~EGATIVE• AN EHROR R£SULTS AT 

. COMPILE Tl~E OR UNDEFINED RESULTS AT RUN TIME• 
THE. RESULT IS A STRING OF LE~GTH THE RlQUJRED NUMdER OF Ol~lTS• 
THE AR~UM£Nt OF CONVSl MUST EVALUATE TO A STRING• THE INftGER 
VAL~E DEFINED BV THAT STRING IS 08TAINED BY SCANNING THE SJRING 
FROM THE LEFT• THE FIRST NON•BLANK CHARACTER INT IT lATES T.HE 

. ~OIGIT· STRING, ANO FROM THAT POINT tHt FIRST NON•Dl61T (QR T~E 
iND OF THE STRING> TERMINATES TH£ DIGIT STR!NG• NOfl:. THAT lHt:. 
blGIT. STRING IS EMPTY IF THE FIRST NON•BLANK IS NOT A DIGll ON 
l'F THE. 'STRING CONTAINS ALL BLANKS• THE VALUE:. ASSHiNED TO AN 
EMPTY DIGIT ST~ING IS ZE~O• IF THE RESULTING I~Tk6~R IS LAHG~R 
THAN TEN titGITS AN ERROR IS GENERATED AT COMPlULE T1ME1 OR 

·,UNDEFINED RESULTS AT RUN TIME• . 
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238 • ! FLAGVAL I <IDENTIFIER> l 

THIS IS NOT SUPPORTED IN THE CURRENT IMPLEHE:.NTATION• 

239 ! ALL. 

THIS IS ALLOWED ONLY FOR POWEMS~T TERMS, AND ME:.PRE:.SE:.NTS THE 
. ALL.•INCLUSIVE SET• 

220 ABS(<£XPRES>1 
.. 

THE ARGUMENT MUST EVALUATE TO A NUMERIC 
OF THE PRIMARY IS THE ABSOLUTE VALUE 0 

221 ! EMPTY 

THIS IS ALLOWED ONLY FOR 
E;MPTY SET• 

222· 

lTt:~M• THE VALUE. 
. XPRE:.SSlON• 

RE:.PRl:.!:iE:.NTS THE 

':······ 

THIS <EXPRES> MUST 
·THE <EXPRES> WHICH 

ME RESTRICTIONS UN <PRIMARY> A$ 

(:';5 • 2 • 3 • 4 PROCESS I NG • 
• 
• • 
• • 
• 
• 
• ..,. 

• .;·.:. • 
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FOR EACH ~LOCK C6MPIL ONE OUTPUT1 THE REFUMMATTED SOURCE1 
IS ALWAYS PR00UC£0• THIS IS A LISTABL~ FILE WHICH ALSO 
CONTAINS ALL ERROR ANO WARNING MESSAGES GENE:.RATE.D tH THE 
COMPILER~. IN NORMAL OPERATION TMIS IS RETURNED lU THE 
SYSTEM TEN AS. A PUNCH FILE ANU IS ROUTED TO UlSC tH THE. ' 
STANDARD RJF ·DISC PROCEDURES· WHILE DlBUGGlNG1 11 rs MOST 
CONVENIENT TO ·EDIT THIS OUTPUT fILf WITH ANY NlCESSARV 
CORRECTIONS ANO THEN TO RESUBMIT HdS AS INPUT TO fHE 
COMPll..ER• DURING COMPILATIOt..11 THE. DISCOVERY Uf AN E.RROR t.N 
THE PROGRAM WILL CAUSE THE REFORMATTING TO STOP• OUTPUT 
tHEN PROCEEDS SIMPLY AS A COPY OF TH[ INPUT fRDM ~ULUMN 

;~ THROUGH COLUMN 74 OF EACH LINE, hITH A NEWLY CALCULATED 
l\i;INE NUMBER IN COLUMNS 75•78• 

PRIOR TO EDITING THIS FILE1 IT IS NECESSARY TO CONVERT IT TO 
AN $"'TYPE FILE• THE FIRST EDlT STEP SHOULD BE THt COMMAND 

USE SING~E•RJRSLT• 
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THIS RECONVERTS''' ANO t~t· TU'\' AllilO 't' ~E~Pt:.CTlVEL.Y• 

FOUR TYPES OF M~SSAGES MAY BE INCLUDED IN THt:. SOU~Ct:. OUTPUT 
L..lSTING: 
. INFORMAl.ION 

WARNING 
ERROR 
FATAL ERROR 

THE LAST CATEGORY1 FATAL ERROR1 MEANS THAT COMPILATION OF T~IS 
BLOCK IS ABORTED• NO ATTEMPT WILL BE MADE TO FINU FURTHER 
~RR-ORS IN THIS BLOCK• ··· 

MAY OR MAY 
.THE REFORMATTED SOURCE FILE WILL BEGI 

TWO LINES CONTAINING COMPILER HEADIN 
·NOT BE DELETED BEFORE RESUBMISS10N 1 THEY ARt JN THE FURM 

WITH 1 ••• 1 lN COLUMNS 
LETED 8EFOHE RlSUBMIS• 

RROR WAS UtTtCTEO~ SOME 
EFORMATTER1 ON DETECTING 

TS ALL REMAINING FORMATTEU 

OF COMMENTS• ANY E~ROR MESSAGES 
1 THROUGH 3• THESE MESSAGES MUS 
SION• AT THE POINT WHERE THE F 
DUPLICATION OF CODE MAY EXIST• 
THE FIRST OCCURRENCE OF ERRO , 
INFORMATION UP TO THl LAST l 
TO THE ERROR DETECTION• T 

L CONSTRUCT SCANNED PRIOR 
RMATTER THt:.N Rt:.VtRTS TO 

·sIMPLY LISTING THE INPUT 
REPETITION OF A FEW CON 
PRINT BEFORE fH~ PRINT 

1 AND THIS MAY PRODUCt 

OCCURRED• 

THE ERROR MESSAGE ITSELF WILL 
LINE ON wHICH THE. ERROR 

WARNING MESSAGES .BEG TH 1 0•••WARN1NG•1 ANO IN~URM THE 
PROGRAMMER OF CONOITI WHICH MAY BE ERRONEOUS1 AL(HOUGH 
THE COMPILER MAY TAKE ACTION TO PREVENT THE RECUR~ENCE 
OF THE CONO ITlON.. TH IS HAPPE NS 1 N THE CASE OF NON•MA TCHI NG 
GROUP NAMES ON 'BEGlN•••END 1 OR •cvCLE•····N~XT' CONSTRUCTS1 
WHERE THE REFO~MATTER SIMPLY CHANGES THE NAME ON THE GRQ~P 
TERMINATOR TO MATCH THAT OF TH£ GROUP lNITIATO~• THE 
WARNING MESSA~E NEED NOT BE DELETED PRIOR TU RtSUtHHSSION• 
BEtAUSE OF ITS FORM IT wlLL BE IGNORED AND THRO~N A~AY BY " 
THE SCANNER• 

AT THE ENO OF EACH ~LOCK TWO ADDITIONAL LIN~S OF COMPILER 
· ··JNFOR"MATtON ARE PRINTED• THE.SE AGAIN ARE IN THI::. f<ORM OF 

COMMENTS AND NEED NOT BE DE LE TED PR lOR TO R.ESUBMISS lON • 

l"N AOOfTION TO .THE SOURCE OUTPUT, FOUR OPTIONAL OUTPUTS 
~AV.BE oetAINEO, CONTROLLED BY THE SAWE1 CODE1 ALlST1 ANO 
CHECK COKPILER OPTIONS ANO THl CHECK OPTION ON DECLARATIONS: 
·~HE SAVE OPTJON PUTS A COMPILlD FORM OF THE SYMBOL TABLE 
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c: O.N A SYSTEM FILE AT THE 370• ONCE THIS HAS t:H:.EN IJUNE1 IT 
• IS NOT NECESSARY TO RESUeMtT THAT BLOCK WHEN COMPlLlNG A 
• SUBORDINATE BLOCK~ 
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THE CODE OPTION PRODUCES A PUNCH FILE OF RELUCATAdL~ CODE AND 
LOADABLE DATA ~~ICH CONSTITUT~ THE OBJECT FORM UF THE SOURCE 
BLOCK• THIS FILE MAY THEN BE 1NP0T TO THE LINK ~UlTOR WHEN 
~ LOAD MODULE FOR A COMPLETE PROGRAM IS TO ~E ~R£PARED• 

THE ALJST OPTION PRODUCES AN ASSEMBLY•LIKE 
DATA DECLARATIONS AND ALLOCATIONS FOR THAT 
~LOCKS TO WHICH IT IS SUBORDINATE• IN A 
OPTION IS ON1 THE ALIST OPTION PRODUCES 
CODE IN ASSEMBLY•LIKE FORM• FOR AN E 

'SEE APPENDIX A1 •ASSEMBLY LANGUAGE C 

LISTIN(3 OF THE 
13L OCK ANO A.LL 
TIOto If THE CODI:. ... 

TING OF THE GENEHATEO 
F THI:. ALIST FORMAT1 

ATlUNS 1 • 

THE CHECK OPTIONS ON DECLARATIONS CONTROLLl:.U CROSS• 
REFERENCE LISTING FOR EACH BLOCK NG1 FOR EACH ITEM 
JN ITS DATA SPACE WHICH HAS A C PECIFIEU1 THI:. LINE 
NUMBER OF EAC~ ACTION WHICH CAU REFERENCE OF THE 
KIND SPECIFIED TO THAT DATA HE CHECK COMPILER OPTION 
PRODUCES A SiMILA~ LISTING F PARAMETERS AND DATA ITEMS• 

·THE RESULTS OF A COMP ILAT.~0 SIS TS OF TWO UR THRl:.E F. lLES1 
NO MATTER HOW ~ANY BLOC ~ INCLUDED IN THI:. RUN• THE FIRSf 
FILE IS THE HAS~ HEADE 01 WHICH IS USED ONLY TO IDENTIFY 
THE JOB• THE NEXT FILE TAlNs THE DISPLAYABLI:. OUTPUT: 
REFORMATTED SOURCE1 R MESSAGES1 ANO A•LIST ANO CHECK 
LISTINGS· IF THE co TIO~ Is usE01 ANOTHl:.R FILE WILL 
CONTAIN THE RELOCATA8~ CODE FOR THOSE BLOCKS• 

. • 5•2•4 TERMINATIONS' 
• 
• 
• 
• 5•2•4et TERMINATIONS • OPERATOR INPUT 
• 
• 

' .. (i40NE• 
• •• 
• 5•2•4•2 TERMINATlONS • OPERATOR OUTPUT 
• 
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• 
• 
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STANDARD OS/V$l OPERATOR OUTPUT FOR JOB TER~INAfION• 

• ~·2·-·3 TERMINATIONS • PROGRAMMER INPUTS 
• 
• • 
• 
• 
• 
• 
• 
• 

THE P~OGRAMMER ~UST SUPPLY THl STA~DARO OS/VS2 JO~ FILE 
TERMINATOR, WHICH IS A RECORD CohS!STING OF 'I•' IN COLS• 
1•21 AND BLANK$ IN THE REMAINING COLS• THIS R~PLAC~S THl 1 •!• 1 

~NDING THE LAST COMPILATION BLOCK• ON OUTPUT TH~ '1• 1 IS ALWAYS 
REPLACED BY '•!•'• 

¥ 5•2•4t~'t-.°TERMINATIONS •PROGRAMMER OUTPUTS 

• 
• • 
• 
• 
• 
• 
• 
• 5•2•~ INTERNAL STRUCTURAL .. 
{;: 
• 
• 
• 
• 
• 
• 
• 
• 
• 5•2•b PROVISI~NS .. 

•• 
• 
• 5•2•••1 RELIA~l~ITY 
• 
• 

JNATlON BANN~R PAGF 

XCQM COM~ILER STHUCTURt:.• TH£ 
ONLY TO THE EXTENT NEEDED TO 

ES OF THE SINGLE LANGUAGt1 TO 
OPMAfTI~G1 ANO TO G~NERATE COD~ 

• ~0 SPECIAL PR-OVI~IONS HAVE BE~N MADE FOR PROTtCTION AGAINST 
• .ENVIRONMENTAL FAILUR~s, BEYO~U THOSE EXIXTING IN 051 HASP1 

· • ~ND R~~ DISC• ALL ERRORS IN SOuRCE INPUT AR~ D~l~CTEO AND 
• R-EPORTE·D• NO INPUT ERROR CAN CAUSE THE COMPILl::R TO FAIL OR 
• TO CRASM THE SYSTEM• NOTE, HOWEv~R1 THAT ATT~MPTING TO 
• TRANSMIT A FILE VIA RJF DISC WHICH CONTAINS 1 \' OH 't 1 

• 
• • 

• 
• 
• .. 
• • 
• 
• . .. 
• ... 
• 
• • • • • 
• 
• 
• 
• 
• • 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• • ... 
• 
• 
• 
• .. 
• • • .. .. 
• 
• • • 
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• 

• 

CHARACTERS ~I~~·CAUSE TRANSMISSION FAILURE• 

• 5•2•6~2 RESTARTABILIT~ .. 
• 
• 
• 
• 

NO ~ESTART CAPABI~ITY IS PROVlDED• 

• 5•2•6•3 MAINTAINABILITY 
• 
• 
• 
• 
• • 
• 
• 
• 
• 
• 
• 
• 
• 06· 
• 
• 
• 
• 
• 6•1 
• 
• 
• 
• 
• 
• 
• ... 
• 

tHE SINGLE CROSS•COMPILER IS WRITTEN AND ~ASED ON 
THE VERY MODULAR STRUCTURE OF xcoM. V~L H CUMPILER 

. PROVIDES A NUMBER OF VALUABLE UEBUGG 1 ANO TH~ 
COMPILER CONTAINS BUILT•IN TRACI~~, JTY CUN.llifULLED 
BY THE ''?' FEATURE MENTIONED IN '.3•2• 1 
SINCE THIS PRODUCT IS NOT PLANNED NSTALLATION ON 
USER EQUlPMENT1 NO PROVISIONS F . AINING PROUUCT l•P• 
'HAVE BE EN MADE• 

GENERAT£0 SOFTWARE 

SYSTEM CONSIDERATIONS 

SINCE THE GEN~RATED SOFT~AR~ 15 G~NERAL SYST~MS PROGRAMMING 
TYPE C60E1 VERY FE~ RESTRICTIONS OR CONVENTIONS AHE 
REQU.IREO• 

• 6•1•L HARDWARE CONSIDERATIONS ... , ' 

• 
• 
• 
• 
• • 
• 
• 
• 

"' 

THE Ci'EN,ER.ATED CODE IS TO BE LINK EDITED AND LOADED• HARDWARE 
TO SUPPORT THESE OP~RAT!ONS1 PLus A PARTITION TU RUN IN1 
lS ~L~lYS REQUIRED• ADDITIO~AL MARD~ARE REWUlR~K~NJS MAY B~ 
IMPOSE~ ~y A PARTICULAR PROGRAM. . 

• .. 
• • 
• 
• 
• • 
• 
• 
• 
• .. .. .. 
• 
• .. 
• .. 
• 
• 
• 
• .. 
• .. 
•• 
• • 
• • 
• • 
• .. 
• .. .. 
• • • ... 
• .. 
• .. .. 
• • 
• 
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• c 
• .. 
• 
• b•1•2 SOFT~ARE CON$10ERATIONS 
• 
• 
• 
• 
• .. 
• .. 
• .. 
• 
• 6•2 

• 
• 
• 
• 
• .. 
• 

THE CODE PRESUMES A DMF II ENVlRONMENT1INCLUDING COMMON LlOCS 
tTHE LATEST CURRENT VERSION>, AND THE LINK EDITOR• 
DETAILS ON LINKAaE OF SINGLE ~LOCKS FROM OR TO ASS~MBLY•CODED 
ROUTINES ARE GIVEN IN APPENDIX Ai •ASSEMBLY LANliUAGE. 
~ONSIDERATIONS'• 

. EXTERNAL ORGANIZATION 

EXTERNAL ORGANIZATION IS ARBJTH 
aLOCK RELATIONSHIPS DESCRIBED 1 

TH£ SYS l EM Of 

Co•2•1 GENERATION 

• .. 
• 
• 
• 

THl ONLY CONTROLS 0 ATIU~ ARE THOSE OF LINK EUITOR• 

• 6•2•1•1 CONDITIONAL ASSEMBLY 0PT10N 
• 
• 
• 
• .. .. .. 
• 

IF IT IS PLANNED TO lNCQRPORAl~ ASSEMBLY COUEO MUUUL~S 
INTO A SINGLE PROGRAM1 THEY MAY ~AVE SUCH OPTIONS• CODE 
PRODUCED BY THE SINGLE COMPILER HAS NONE, Bl:.ING lN 
RELOCATABLE fORM• 

• &•2•1•2 CUSTOMIZATION .. .. 
... NO CUSTOMIZATION FEATURES FOR O~JECT CODE ARI:. PROVIDED• 

• 6·•2•1•3 INSTALLATION .. 
... .. 

• 
• 
JI-

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
·• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• .. 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
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• c 
• 
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• 
• 
• 
• 
• 
• 
• 
• 
• • 
• 
• 
• 
• 
• 
• 
• 
• 
• ... 
• 
c~ 
• 
• 
• 
• 
• 
• 
• 
• • 

6•2•i? 

6·2~3 

6•2·~ 

INSTALLATION.CONSISTS OF LOADING THE:. CODE IN NORMAL UMF 11 
FASHION VIA TH~ CONVERSATIONAL LOADER• 

INVOCATION 

'NP SPECIAL PROVISIONS ARE MADt BEYOND TH ·OF THC: DMF 11 
SYSTEM• 

PROCESSING 

NO SPECIAL PROVISIONS 
SY'STEMe 

TERMINATION 

NO SPECIAL· 
SYSTEM• 

0 THOSE UF THt OM~ 11 

E MADt 8~vuND THOSE OF THt OMF 11 

• &•2•& INT.ERNAL STRUCTURAL FEATURES 
• •• .. 
• 
• •• 
• 

NO GE~ERAL FEATURES EXIST U~D~k THF CURRENT IMPL£M~NTATIO~• 

• 6•2•6 PROVISlONS 
• 
• .. 
• 
• 
• 

..No SPECIAL P_FrnVISIONS ARE MAN:. FOR RELIABlLilY1 IH.STARTABU.lTY1" 

• 
• ... ... 
• • • .. ., 

• 
• 
• 
• 
• 
• 
• .. 
• 
• .. .. .. 
• .. .. 
• .. .. .. .. 
• .. .. 
•· .. 
• .. .. 
• 
• 
• .. 
• ... .. 
• • 
• ... .. 
• 
• • 
• 
• 
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OR MAINTAINABILITY OF GENERAlED CODE• 
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• • .. .. .. .. .. .,, .. 
• ... 
• • 
• .. 
• .. 
• .. 
• • .. .. 
• .. 
• 
• SINGLE CROSS-COMPILER • .. .. .. APPENDIX A 

.. .. 
• • 

.. .. ASSEMBLV. 

• .. 
• • 
• .. 
• • 
• .. 
• • 
() .. 

• 
• • 
• .. 
• • 
• .. 
• • 
• .. 
• .. 
• .. 
·• .. 
• .. 
• • • .. 
• • 
• • 
• .. 
• .<: • 
• • 
• .. 
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• c • 
• 
• 
• 
• 
• 1 • 

• 
• 
• 
• 
• 
• .. 
• 

EXAMPLES OF ALIST AND .COUE OUTPUT 

ALL OF THIS APPENDIX WILL BE BASEU ON THE FOLLOWING ~XAMPLE OF 
SINGLE CODE• THE CODE ITSELF DOES NO RECOGNIZABLY US~FUL WORK1 
BUT ~S INTENDED 
REL·AT·.lNG SINGLE 
PROCEDURES FROM 

• SOURC£ l'NPUT • 
• .. 
• 0 
• 1 
• 2 
• 2 
• 1 
• ·!~ 

• 
'6 
• 1 
• 1 
• 2 
• 2 
• 2 
• 1 
• 1 
• 2 
• 3 
• 3 
• 2 
• 2 
• 3 
• 2 
• 3 
• 2 
• 1 
• 1 
• 2 

• 
• 2 

• .. 

OPTIONS(SAVE> 
CONT.EXT NULCON 

TYP'E 
EX~MPl • TASK LINK 
ENO EXAMP1 

ENO TYPE 

OPTIONSIALIST> 
TASK EXAMP1 

PARENT NULCON 
PARAMETER 

tASIZE :g 
£BSIZE 
£MAX AB 

:is 
ilMA~C£ASIZE1£BSlZE1 

ENO PARAMETER 
TYPE 

A•REC • RECORD 
'HEADER :STRINCiCtBSIZEl 
BODY :ARfUYltBSIZE3 UF It-.il C£ASIZEl 

END A•REC 
EXAMP2 * PROCEDURE LINK 
~. :1NTC£BSlZEl 

. ASSIGNS 
. !f .. 

EOO EXAMP2 
ENO TYPE 
PRESET 
. INJTN. . 

10$1 ZE I 
IN ITS 

:srRINGC£ASIZEJ 

: lNTC£BSIZEl 

:sTRINGCtASIZE.l :•LASTVAL 1 

• .... 
• •• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• ... 
• 
• 
• 
• 
• 
• 
• • 
• 
• 
• 
• 
• 
• 
• • 
•• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• ... 
• 
• 
• 
• . . . ' . . . 
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·----------------·-········--------·-····------ -------- -· --···--· ·-....... ·-. -- ~- -- .. • 
• 
~ 
• 1 
• 2 
• 1 
• 1 
• 1 
• 1< 
• 1• 
• •!• 
• 
• 0 
... 1 
• 1 
• 2 
• 2 
• 1 
• 1 
• 2 
• 2 
• 2 
• 2 
• 1 
• 1 

• 
c 
• 1 
1f. 180 
• •!• 
1f. 

ENO PRESET 
VARIABLE 
PA~M 

ENO VARIABLE 
PARM•N:•INJTN 
PARMeS:•INITS 

· ·:EXlMP2 

C•LL EXAMP2fPARMI 
STOP l·CURMENTLY LACK CODE GENERATION FO~ 1 STOP 1 

PROCEDURE EXAMP2 
P-~~NT EXAMP1 . 
CONSTANT 
· C1 
cz: 

ENO CONSTANT 
VARIABLE 

X1 Y 
z 
A•RAY 
w 

ENO VARIABLE 
x:•@•N•Cl 

dleSCCZI :•i>•SCXI 
RETURN 

: INT CLASIZEl 
:INTCfBSIZEl 

:INTCtMAXABl 
: INT ClASIZEl 
:ARRAYCINITNJ 
:INOEX•>A•RAY 

• SOURCE OUTPUT• 
• 
• 
• 
•• 
• 
• 0 
• 1 
• 2 
• 2 
• 1 
.. • ! • 

• 
• 0 
• 1 
• 1 
• 2. 

• 
1f. 

• 

THE RESULT OF COMPILING THE ABOVE CODE IS AS FOLLOW& !NOTE T~AT l~E 
CODE OPTION IS ON BY DEFAULT): 

. OPTIONS(SAVEl .·· 
CONTEXT NULCON _ 

lYPE 
. . EXA~Pl • TASK LINK 

ENO EXAMP1 
. ENO·. TYPE 

OPT IONS CAL I ST I 
TAS!!<. EXAMPi .. · 

PARENT NULCON 
PARAMETER.· . 

£ASIZE . :9 

• •, 
• • 
• 
• 

., • 
• 
• ... 
• 
• • 
• • 
• 
• • 
• 
• 
• 
• 
• 
• • 
• 
• 
• 
• 
• 
• • • • • 
• • 
• 
• • 
• 
• • 
• 
• 
• 
• • 
• 
• 
• 
• 
• 
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• .. 
£BSIZE 

• 2 .£MAXAB 
• 1 . END PARAMETER 
• 1 TYPE 
• 2 A•REC • RECORD 

:15 
:MAX(tASIZE~l8SlZE1 

• 3 HEADER 
• 3 . BODY 

:sTRINGC.£BSlZEl 
:ARRAYC£BSIZEJ OF INT C.£ASIZEl 

• 2 ~ND A•REC 
• 2 EXAMP2 ~ PROCEDURE LINK 
• 3 N :INTCtBSlZEl 
¥ 2 ASSIGNS 
• 3 s .. :srRINGCtASIZEl 
• 2 END EXAHP2 
• 1 ENO TYPE 
• 1 PR:E.SE T 
• 2 t'N I TN : INT CtBSIZfl 
• tBSIZEl 
• 2 INITS :srRINuCtASIZEl :•LAlllVAL' 
• 1 END PRESET 
• 1 VARIABLE 
• 2 PARM :EXAMP2 
• •••••••••• DECLARATIVES FOR TASK EX . . ~ • • OFFSETS FOR RECORD EXAMPl FOLL v EXAMP1 EXTERN~L ~ 
• £ASIZE EQU 
• .£1-3SIZE EQU ~ 
• £MAXAB EQU 
• • OFFSETS FOR RECORD· A•REC . F LOW 
• HEADER- EQU 0 
• BODY ~QU ;15 · 
• • 
• • OFFSETS FOR RECORD £XAMP2 FOLL-OW 
¥ N EQU 0 
• S EQU · 2 
.. . 
• EXAMP2 ExtERNAL 
• ~< INITN D~ N2 906' 
• 3 . INlTS OM C9 1 LASTVAL 
.. 12 .. PARM OM N11 

• ··E'NO 
•• 1 . END VAR lABL.·E 
• .EX AMP~ ·ENTRY .. 0 £XAMP1 BC •~10C5100)1•+1015 1 00I 

• 10 "MC INITNl02100>1PARM+o1,oo> 

• 1 PARMeN:•INITN 
• 
• 
• 

• .. 
~ 

• 
• .. .. 

... .. .. 
• .. .. .. .. .. .. .. 
• .. 
• .. .. 
• 
• 
• .. .. 
• 
• .. 
• 
• 
• .. 
• ... 
• .. .. .. 
• .. .. .. 
• .. 
• .. 
• • .. .. .. 
• 
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·---..... ------ --.. -- ... -~ ······---- ....... --.... ., -- -- -· ·- -- -- ·- --.. --.. -- ·--· -- -·· --... . .. 
• c 20 MC lNlTSI0~100l!PARM+21,00l 
.. 1 PARMeS:•INITS 
.. 30 HC ••PARM'( 04100 )1 •REG3 (I oo l 
.. 40 BC E~A~P2+1(6100l1EXAMP2+10(5100l 
.. 1< CALL EXAHP2tPARM> 
• 1• STbP ' . ··cuRRENTLY LACK CODE GENERATION FOR 'STOP• 
.. .. t .. 
• 0 PROCEDURE EXAMP2 
• 1 PARENT EXAMP1 
• 1 CONSTANT 
• 2 t1 
• 2 .. C2. 
.. 1 .ENO' CONSTANT 
• 1 VARIABLE 

:INTCtASIZEl 
:INTC£6SlZEl 

• 2 X~Y :tNTC£MAXABl 
• 2 Z :tNTC£ASIZEl 
• 2 A•RAY :ARRAYCINITNl OF 
• 2 W :INOEX•>A•RAY 
• •••••••~•• DECLARATIVES FOR 
.. . 
.. . 
.. . .. 

OFFSETS FOR RECORD EXAHP1 FOLLO~ 

.. 
t .. .. .. .. . .. 

EXAMP1 EXTERNAL 
!ASIZE EQU 
£BSIZE EQU 
£MAXAB EQU 

OFFSETS FOR R~CORO 
. HEADER EQU 

BODY EQU 

A~REC 
0 

15 

• • OFFSETS FOR RECORD £XAMP2 FOLLOW 
• N EQU 0 
• S EQU 2 
.. . .. 
• 

EXTERNAL 
1 DM N2'06' 

• 3 
12 .. 
23 
24 
2b 
28 
30 
31 

EXAMP2 
INI TN 
INI TS. 
PARM 

DH C9'LASTVAL .. 
• 
• .. 
• .. 
• • 211 
• 
.. 1 . 

• 
• .. 

.Cl 
CZ. 

.x 
;' y 

z 

OM N11 
OM N1 1 1 1 

OM N2'00 1 

OM N2 
OM N2 
OM N1 

'A•RAY' DM 6A30 
W . D~ A4 

ENO 
ENO VARIABLE 

'•'. .. . y:·· 

--:~/;;~;'.;~~:.'.;~ ~-
..:.......:_(:_ .\;_. 

• 
• .. .. .. 
• . ,, .. .. 
• 
• .. .. 
• .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
• .. .. .. 
• 
• 
• 
• .. 
• .. 
• 
• .. 
• .. .. .. 
• .. .. 
• 
• .. 

,..; 
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0 
• .. 
• 
• 
• 
• 
• 
• 
• 
• • 

l 

0 
10 
20 

30 
'+-0 
50 

EXAMP2 
EXAMP2 

x:•tAl•N•C1 

ENTRY 
BC .•+10(5100)1•+io15,001 
MC . Qi-0 i 021 0 3 ) 1 X ( 1 0 0 I 
S C1(1100>1XC2100I 

MC 
A 
MC 

•X(0'+-100)1•REG1<1001 
•REG3l'+-100)1•REG11,,oo> 
0+2(01101110+2(103) 

• 1 • ., • s '( c z ) : • ii • s ( x , 
• &0 BC 
• 180 'RETURN 

• • 
• 
• 
• 2• ADDRESS CALCULATIONS 
• 
• 
• TME ALJST FOR THE DECLARATIVES 0 CK SHOWS ABSULUT~ 

••ADDRESSES OF ALL THE DATA ACCES To THAT BLOCK1 I•~•1 O~CLARED 
Q WI TH IN THAT OR SOME .-.I.QHER LEV COMMON AOOH~SSf..S A~E 

SUFFIXED BY 'C'• IN ORDER TO SERVE. THE CONVENTIONS OF LOw 
• CORE USAGE IN PART.ITI.ON AN~O MEMQRY 1 DUMMY ARRAYS MUST BE 
• DECLARED IN HIGH LEVEL SLO •G• AN ARRAY WHOSF L~NGTH COVERS ALL 
• THE LOW CORE AREA SPECIALLY SERVED• 
• CODE ADDRESSES ARE JNOJCATEO N RELOCATABLE FORM1 . 
• BEFtiHE EACH GENERATED I~STRUCTION FOR THAT BLOCK• THE SOUffCE LI~E 
• CORRE.SPONDING TO A GROUP OF INSTRUCTIONS F'OLL.OWS THE INSTRUCTIONS• 
• IT IS IMPORTANT TO RfALIZE THAT THE COMPILED FORM UF A BLOCK CONSISTS 
• OF TWO LOAD DECKS• . ONE IS THE cRELOCATABLEl DECK OF LOAUABLf ciATA 
• OECL.;'~RED WITHIN THAT. BLOCK• ALTHOUGH II'' RELOCATABLE i;.;ORl'11 THIS DECK 
• MUSf SE L.OAOE~ AT THE PROPER ADORESS1 SINCE REFERENCES TO THE DATA 
• WITHIN THE .SECOND ·[)ECK.1 l•E•1 THE RELOCATABLE CODE D.l:..CK1 ARE ABSQLUTt.e 
• TME,'. ·CO.OE. OECI<. 1$ I T$ELF FULLY RELOCATABLE 1 ANO CONJ A INS ONE. EN TRY 
• POfNl.1 WHOSE NAM£ IS THE BLOCK NAME• 
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• 3• LINKING TO ASSEMBLV•COOEO BLOCKS .. 
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SUCH A BLOCK ~OULD DECLARE 'EXAMP2' AS ITS ~NTRY POINT• 

• ITS FIRST INSTRUCTION WOULD BE THE BRANCH WHICH. RETURNS TO ITS 
• CALLER1 ANO THE PROCEDURE ITSELF ~-OULD BEGIN AT LOCATlUN ~XAMP2+10• 
• THE ADDRESS OF ITS PARAMtTER RECORD IS CONTAINED IN INOl:.X REGISTER 3, 
• OFFSETS FOR THE FIELD~ OF THAT RtCORO MAY BE OBTAINtO FROM THE ALIST 
• FOR ITS PA~ENT• DATA ADDRESSES FOR OTHER DATA ITEMS TH~ PROCEDURE 
• MAY REFIRENCE MAY ALSO BE OBTAINED FROM THE PARENT'S ALlST• RETURN 
• FROM J~E BLOCK IS EFFECTED BY EXECUTING A BRANCH TO ~XAMP2• 

• 
• 
• 
• ~· LIN~lNG FROM ASSEMBLY•COOEO PROGRAMS .. .. 
• ~RlT1NG A PROCEDURE IN SINGLl:. WHICH lS CALLE 
• PROGRAM REQUIRES THAT THE CALLING PRUGRAM 
• SEQU£NCE EXPECTED BY SINGLE PROCEOUR~S. 
• ENT~Y POINT ANO CONTROL PASSES TO E~TRv 
• THE ARG~MENT RECORD IS PLACED IN INDl:.X 

• • 

AN ASStM~LV•CODED 

THI: CAL.LlNG 
15 MAOl:. TU THE 
hit:. AOUHESS OF 

BEFURl:. DOING THE 

•LINK• IN AODITION1 THE PROCEDURE AVE A PARENT1 COOtD IN SlNGLt1 
~WMlCH INCLUDES THE LINI< OE CLAR AT DR H;AT PROCEDURE. SU THAT OF"FSE rs 
~OR THE FIELDS OF TKE PARAMETE D ARE AVAILABL~ TU THt COMPILER• 
• (OF COURSE1 A PARENT l~ NEEOE N IF THE PROCEDURE. HAS NU ARGUME~T8 
• SIMPLY TO SATISFY THE SYNTAX)• IS PAREt-.T WILL TVPlCALL.Y 13E A 
• CONTEXT BLOCK• THE CONTEXT~ SO SPECIFY DATA llEMS WHlCH ARE 
• NOT ARGUMENTS TO THE PROCED T ~Hic~ JT MUST ACCESS• IN ORDER 
• THAT THE PROPER DATA ADDRESS BE AVAILABLE TO TH~ COMPILER1 
• DUMMY DECLARATIONS MUST BE MADE TO INSURE THAT THE DATA NAMES ARE 
• ALLOCATED TO THE CORRECT· ADDRESSES JN ABSOLUTE DATA SPACk• 
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• 
• 
• .. .. .. 
• 

• 

• 

<DEF> 

PARAMETER 
<DEF> .· 
<DEF> 

ENO PARAMETER 

TYPE 
<DEF> 
<DEF> 

END TYPE 

C• DECLARATION STATEMENTS 

THE DECLARATION STATEME 
USED WITHIN THE PROGRAM 
GIVEN IN THE OEFINITl 

WHERE DATA ITEMS A 
FORM IS: 

CONSTANT 
<VALUE DEC> 
<VALUEDEC> 

END CONSTANT 

FOR CODE CDNVERSlONS1 ~CANNING1 ETC• 

OE.FINES VALUES FUR SYM~ULS APPEARIN~ 

WifHJN THIS AND LUWt:.H Lt:.VEL BLOCKS 
W~ICH ARE TO FUNCTION AS COMPILE TIME 
PARAMETERS• 

DEF 1 NE. S NA MES 
KJNDs OF OAT 
THI::. DE.CLARA 
WI.LL E:lE DE 
TYPEs OEF 
DIRECTLY 
SPl:.CIF 

wHlC~ SPt.ClfY P~RTICULAR 
TRUClURlNG• wJTHIN 

STATl:.Ml:.NTS VARlABLtS 
AS PUSS£SSING THE 

RE• NAMl:.S ALL BLOCKS 
DINATE TU THIS BLOCK1 
ARGUMENTS US£D BY £ACH• 

AND DESCRIBE lHI:. ITEMS OF DAIA 
USE OF THE TY.PES ANO PARAMET~RS 

. AVE CONST ANT VALU£S1 THI:. Dt:.CLARAT 10•-.I 

THE FORM OF EACH <VALUEDEC> lS 

<IOENT> :<TYPE> :<VALUt.),(VALUE>1•• 

WHERE THE <VALUE>S ARE DIR~CT STATEMENTS OF THt:. VAtUE FOR 
EACH COMPONENT OF THE DATA ITEM <IDENT>• 

THE <T.YPE> MAY BE A TYPE NAME:.D IN THE DEFINl TION Sl:.CTION OR 
ONE OF A SET OF PREDEFINED TYPES BUILT INTO THI:. COMPILER• 

IN THE CASE OF VARIABLES ~IlH PRESET INITIAL VALUES1 THE FORM 

. . 
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IS 

PRESET 
<PREOE.C> 
<PREOEC> 

END PRESET 

FOR DATA ITEMS WHICH ARE VARIABLE ANO HAVE NO PRESET VALUE1 THE 
DECLARATION FORM 1s: 

·"" .. VARI ABLE 

E• 

<DE.CLAR> 
<DECLAR> 

END VARIABLE 

EACH <DE.CLAR> IS OF THE FORM 
<IDENT1>1 <IOENT2>1•••• 
• •••• • •••••• 
•••••<l.OENTN> 

WHERE THE <IDENTI> ARE l 
COMMON <TYPE> INDICATED 

IF ANY VARIAB~ES ARE 
!ASYNCHRONOUSLY OPE 

FLAG 
<I DENT> 
<I DENT> 

END FLAG 

ACTION STA~EMENTS 

s oF VARIABLeS HAVING TH[ 

USED AS INTERLOCKS AMUNG COPROCESSES 
PROG~AMS) THEY ARe UECLAMED BY 

THE ACTION STATEMENTS DESC~lBE THE PROGRAM EXECUllON: TH~ 
MANIPULATING OF DATA AND FLO~ OF CONTROL• ANO CONSTITUTE 
WHAT IS COMMONLY CAL~ED THE 'EXECUTABLE PROGRAM'• 

COMPILATIO~ STRUCTUME 
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A COMPLETE SOURCE PROGRAM CONSISTS OF A SET OF NAM~O BLOCKS• 
THERE IS A UNlQ~E NAMED CONTEXT HLOCK WHICH CONlAINS ONLY 
DEFINITIONS ANO DECLARATIONS1 INCLUDING A 1 LINK 1 STATEMENf TO 
OR MORE TASK OR PROCEDURE BLOCKS• THE TYPICAL PRlCEDENCE 
STRUCTURE IS: . 

CONTEXT A 

-----·---------------·-··-··--·-·-··· 
TASK 0 PROCEDURE. C 

·----·--------·-------------·---
PROGRAM F PROGRAM G 

+········-··-·-~--~·-----------
PROGRAM J 

t 
PROGRAM K 

--·---·-- ~-·--
0 TASK !::: 

+·--·---
PROuRAM I 

+----··-··-···-··+ 
PROGRAM M . PROGRAM N 

HERE TASK B I.S ,THE HI L .. VE:::L BLOCK OF A COMl-'Ll:. TE PROGRAM• 
TASK E IS THE ~IGHEST BLUCK oF ANOTMER COMPLETE::: PROaHAM 
WHICH MAKES USE OF E CONTEXT• PROCEDUR~S ~ AND D ARE 
ACCESSIBLE TO ANY PR USING co~TEXT A1 AND WlLL BE LOADED 
AS PART OF ANY SUCH P GRAM• A RLOCK IS CALLEO THE PARENT OF 
ANY BLOCK LINKED TO IT AT THE NEXT LOWER LEVEL• THUS1 FOR 
EXAMPLE1 F IS THE PARENT OF J1K, AND L• J 1 K1 ANU L ARE SAID 
TO BE DIRECTLY SUBORDINATE TO F. IF T~O BLUCKS1 SUCH AS 8 ANU 
K1 ARE SUCH T~A~ THERE EXISTS A SEQUENCE OF HLOCKS B1X1i1••K 
WITH EACH BLOCK THE PARENT O~ THF FOLLOWING BLOCK1 THEN K IS 
SAID TO BE SUBORDINATE TO B• FOR ANY BLOCK1 THE SCOPE OF.THE 
BLOCK .IS DEFiNED AS THE BLOCK ITSELF PLUS ~LL BLOCKS WHIC~ 
ARE SUBORDl~ATE TO IT• 

• ,·ANY BLOCK MAY BE ALTERED AND RECOMPILED WITHUUl AFFE~TINU 
• ~NY BLOCKS NOT SUBORDINATE1 AS LO~G AS ITS NAME AND ARGUM~NTS 
• ARE UNCHANGED• A CHANGE IN A BLOCK MAY REQUIRE R~COMPILATION 
• OF ALL'SUBORDI~ATE PROGRAM BLOCKS• THE COMPILATION OF A 
• PROGR.AM OR CONTEXT ~LOCK PRODUCES A SYMROL TAHLt. WHlCM ~EP• 
• RESENTS THE DEFINITIONS AND D~CLARATIONS OF THAT ~LOCK• .ALS01 
• "COMP I LAT ION .OF A CONTEXT BLOCK PRODUCES A Rt.LOCATABLE DECK OF 
• 

• 
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• 
• 
• 
• 
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THE INITIALIZED DATA DECLARED WITHJN ITe THt COMPILATION OF A 
~ROGRAM BLOCK ALSO PRODUCES A R£LOCATA~LE D~CK CONTAINING 
BOTH DATA ANO OBJECT CODE• 

A PROGRAM BLOt~ ~AY CONTAIN ALL THREE KINDS O~ SlATtMENTS• 

A PROGRAM BLOtK MAY REFlRENCE UNLY DATA OECLAMtU WITHIN 
ITSELF OR WITHIN SOMl ~LOCK TU ~~tcH IT IS SU~OROINATE• IF 
PROGRAM X CONTAINS A LINK TO PROGRAM Y THEN PROGRAM Y MAY St 
INVOKED ONLY BY PROGRAMS IN THE SCOPE UF X HUT NOl IN. TM~ 
SCOPE OF y·. 

• 3• IDlNTIFIERS AND VALUES 
• 
• .. 
• 
• 
¥ 

• 
C; 
• .. 
• 
• 
• .. .. 
• .. ... .. 
• 
• 
• 
• 
•• 
·• • .. 
• 
• .. .. 
• 

IDENTIFIERS SERVE TO DENOTl DAT 
GROUPS1 SUBROUTINES• AND VALUE 
THEIR DENOTATION MUST BE UNI 
VALIDITY1 l•E•1 WITHIN THE 

PES, BLUCKS1 STATEMENT 
CALAR TYPt VARIABLES• 
IN THE SCOPt UF THEIR 

N WHICH THtY ARt SPEClrIEO 
DENTIFIER IS 1 TU 10 AND ALL SUBO~DINATE BLOCKS 

CHARACTERS, THE FIRST OF 
WHICH ARE ALPHABETIC1 D 
CASI:: OF DAT A WH·ICH IS 
IDENTIFIER IS USED, CO 

S ALPHABET!~ ANO TH£ REST OF 
OR THE UNDERLlNt l•l• IN THE 

tTE~, A SPECIAL PARAMtTER 

ING ~ITH 'l'1 FOLLO 
ALPHABETICS, DIGITS 

EXAMPLES: 

Tl~~ OF 2 TO 10 CHARACTtRS BEGINN~ 
lN ALPHABETIC, FOLLOwtD BY 

OERL1N£, 

JDENlIFIERS 

PARAMETEN lPtNTIFJER 

LITERAL OR SELF•OEFINING VALU~S FOR DATA ITEMS APP~AH IN PARA• 
METER DEFINITIONS AND IN THE VALUE SPECIFICAT lONS UF CONSTANT 
AND PRESET DECLARATIONS ONLY• THESE:. VALUE'S ARE:. OF TWO KINDS, 
,EITHER INON•NEGATIVE) INTEGE~S GR CHARACTER STRINGS• INTEGER 
'VALUES ARE REPRESENTED BY A SEQUENCE OF AT MOST TtN DECIMA~ 
DIGITS• 

£XAMPLES: · 

PARAMETER 

. . 
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. . 
£BUFSIZE 

• 
• 

END PARAMETER 
PRESET 

• 
• 

BASE 
LINI< 

• 
• 

END PRESET 

!32 

!INTC£MAXB+lMAXCJ 
: I NOEX•>V 

CHARACTER STRING VALUlS ARE RlPRES
THEMSELVES1 ENCLOSED w IT HIN THt B 
t•J1 OR WITHIN BOUNDING QUOTES < 

BE GIVEN IN THIS MANNER• EXAMP 

CONSTANT 
• 
• 
A 

B :s 

END CONSTANT 

:so 

THE. CHAMAC.:Tl:..RS 
OELIMlTlR APOSTROPHt 

TO 60 CHAMACflRS MAY 

:• • <IN THIS lNSTANCE1 
A JS FILLED WITH 
BLANKS I 

:•SAM• IJN THIS INSTANCC.:1 
~ IS FlLLtU WITH 
•SAM' PLUS £K3•j 
BLANKS lF £1(3)3• 
IF £K3<31 8 IS FILLtU 
WITH £K3 CHARACTERS 
FROM LE.~TI ANO l:..RRU~ 
M~SSAu~ G~NERATED• 

JF THE D£L1MlTER •'• IS TO BE A PART OF A STRING VALUE~ THE 
QUOtE ••t JS USED AS A DELIMIT~R ANO CONVERS~LY• 

IN THE CASE WHERE A STRING VALLI~ IS LONGER THAN bO CHARACT~RS~ 
O,R WHERE BOTH DELIMITERS ARE USl:.o wJTHIN THE STRlN(;.i1 THE. PLUS 
s·tGN F.OR. STRING CONCATENATION MAy RE USEo: 

PRESET .. 
• 
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• . . 
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A : snu NG CLKTSTl :1ABCDEFGHlJKLMNOPWHST•+ 
tUVWXYZ '+ 
•0123456789 1 + 
•+•I' ,,.,.?+n 

a :STHING[tKTSTJ :•"lS'+utNT L~GAL H£RE 11 

END PRESET . 

A. PARTICULAR TYPE OF VAR!ABLE1 lrH: SCALAR VAl-llABLE.1 JAKES ON 
VALUES WHICH ARE INDICATED SVMHOLJCALLY AV GlV!Nij NAMfS FOR 
EACH OF THE POSSIBLE VALUES• TH£sE SYMBOLIC V-LUES MAY APPEAR 

. IN ANY PART OF A PROGRAM• EXAMPLF: 

TYPE 
• 
• 

DIRECT = ( NORTH1 SOUTH1 
• 

ENO TYPE 
• 

VARIABLE 
• 
• 
A :DIRECT 
• 

END VARIASLE 

IF A• EAST THEN••• 

WHERE VALUES ARE TO 
VALUE LIST JS USED1 
GENERATORS SEPARATED 
A VALUE OF TME KINDS 
FORM 

ASSIGNED TO ARRAY TYPE VAMJA~LES1 A 
NSISTJNG 8F A SEQUENCE OF VALUE 

BY COMMAS. A VALUE G~NERATON IS EITHEM 
ALREADY DESCRIBED, OR IT MAY 8£ OF THE 

• 
•• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• .. .. .. 
• .. 

W~ERE <PXN> IS A PARAMETRIC ~XPRESSION EVALUATlN~ ru A NUN- • 
NEGATIVE INTEGER AT COMPILE TIME AND <I•EXP> IS AN EXPRESSlUN • 
INVOLVING VALUES1 PARAMETERS1 PREVIOUSLY f~TABLlSHED CONSTANT • 
OR PRESET DATA tTE.MS1 A!'l.D THE "1uNf'dNG PARAMETER MANGE• DEFAULT • 
VALUES OF <PXl> AND <PX3> AR~ 0 ANO 1 RESP~CTlVELY• • 
EXAMPLE: • 

PRESET 

LINKS :ARRAY C.tZJ OF lNDEx•>POOL :RANGE:• TO 19 

• 
• 
• .. 
• 
• .. . 

• • 
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.. ~. 

• 
ENO PRESET 

GENERATES TH~ VALUES 51 11 91 ,,., ~3• 

AS ANOTHER EXAMPLE: 

PRESET 
Vl :INTCLAl 

:INTClAl V2 
• 

A :ARRAY CtAJ OF INT[LKL) 
RANGE:• Vl TO V2 :9910 

PRESETS THE ELEMENTS OF ARRAY 
5, 99, 99, •••• , 991 o • 

NOTE THAT •RANGE' IS A RESERVE 
IDtNTIFIER FOR ANY OTHER 

DATA 

A• DATA CLASSE'S 

DATA MAY BE' OF 

PARAMETERS 
CONSTANTS· 
PRESETS 
VARIABLES 
FLAGS 

:s 
:tA•l 

ND MAY NOT ~k US~D AS AN 

AND ANY1 fXCEPT PARAMETER~' ~AY HAVE ATfRlBUT~S 'CHECK' 
'F'1 'S! FOR COMPILER CHECKI~G OF FETCH~S AND/UR STORES 
OF THE ITEM· PARAMETERS ARE coMPILE•TIM~ QUANTITIES 
EVALUATtO BY THE COMPILER ~OR PARAMETRIC AND CONDITIO~AL 
COMPILATION. CONSlANTS AME ALSO KNOWN AT COM~lLE TIM~ ANu 
USED BY THE COMPILER, BUT ARE ALSO AVAJLAHLE TU THE RUN• 
TIME PROGRAM CI•E•1 LOAOEU ~ITH THE PROGRAM)• AN ACTION 
SlATEMENT ~HICH ASSIGNS A VALUE TO A PARAMETI:.~ OR CONSTANT 
DA~A lTEM GENERATES A COMPILE. TIME DIAGNOSTIC• PRESETS AHE 
TREATED LIKE CONSTANTS IN COMPILE TIME EXPRl:.SSlONS BUT NOT IN 

. RUN· TIME EXPRESSIONS, WHE.RE. THEY ARE TRl:.ATl:.U LIKE: VAR-IAl::ILl:.B• 
THEIR VA~UES ARE LOADED ~ITH THE PROGRAM• 

• 
~ . 
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VARIABLES SHOULD HAVE A VALUE ASSIGNED TU lHEM ~y THE O~JtCT • 
PROGRAM 8EFO~E BEING EVALUATED WITHIN AN tXPRtSSION1 SINC~ THE • 
COMPILER DOES NOT INITIALIZE VALUES F"OR THtM Al LOAD TIME• • 

• 
FLAGS ARE'USED BY COOPERAllNG PROCESSES AND MUST 8E ATTACH~D • 
VIA A ~LOCK• 'OPERATION BEFORE READING OR WRlTlNU• F"LAas MAY • 
HAVE AOOIT.IONAL CHECK ATH<IBUTES 'L1' 'U' FOR ACTIONS WHICH • 
LOCK OR UNLOCK THEM. • 

SIMPLE TYPES 

DATA WHICH MAY HAVE ONLY ONE VALUE 
CALLEO SIMPLE TYPES. THE COMPILE 

Y u l .V ~ N T IM E 1 AR£ 
NlZtS FOUR BUILT• 

IN SIMPLE TYPES: 

• INT C<NVAL>l WHERE <NVAL> 
CONTAINING NO VALUES, ~V 
INTEGER• A VARIABLE OF 
VALUES N WITH 0 <• N 
PARA.METER tA HAS THE 
INTflAl MAY TAKE ON 
THE MAXIMUM SIZE 
DIGITS• 

OMPlLt TIM~ EXPRESSION 
G TO A NON•NtGATlVE 

TYPE MAY TAKt ON.INTEGER 
U£ OF <NVAL>l• THUS IF THE 

991 THEN A VARIA~LE OF TYP£ 
THE VALUES 011121•••199• 
VARIABLE IS TEN DECIMAL 

NOTE: Y:[N1CtBl A 
PARAMETERS. lB ANO 

Ctc) ARE DIFFERENT TY~ts UNLESS 
GIVEN THE SAME VALU~ AT COMPILE 

TIME• 

• SINT f(N~AL>l MEANl~U A VARIABLE OF TYPE lNTC<NVAL>l 
BUT ALSO CARRYING AN ALGEBRAIC SIGN SO THAT IT MAY TA~E 
ON VALUES •<NVAL>1•<NVAL>+11•••1•l101l12~••1<NVAL>•l1 
<NVAL > • 

• 
• 
• 
• .. 
• 
• 
• 
• 
• 
• 
• 
• 
• • •• 
• • 
• 
• 
• 
• 
• 
• 
• 

• INDEX•>IDENT ~HERE ICENT IS THE IDENTIFIER OF AN ARRAY• • 
IF N 15 THE DECLARED MAXIMAL NUMBER OF ~LtMtNTS I~ TH~ • 
AR~AY1 T~EN THE INDEX VARIABLE lS LOGICALLY EQUIVALENT • 
TO A VARIABLE OF TYPE INT tNl • HOWEVf.R1 If' fHE PRIMARY • 
USE OF THE VARIABLE IS AS A SELECTOR OF ELEMENTS OF TH£ • 
AR~AY THEN MORE EFFICIENT CODE WILL RtSULT IF THE: • 
VARIABLE IS DECL~RED T~PE INDEX. • 

• 
W:INOEX•>A ANO Z:IhOEX•)B ARE DIFFERENT TYPES ~VEN THOUGH 
ARRAYS A ANO B MAY HA~E IDENTICAL STRUCTURE• Z MAY BE 
USED AS A ~UBSCRIPT FOR A1 RUT THE RESULT IS IN~FFICJENT• 

• 
• 
• 
• 
• 
• 
• 

• FLAG• A F"LAG IS IMPLlCilL~ DECLARED Of TYPE INT C99J 

.. .. 
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• 
• 
• 
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ANO PRESET TO ZERO• A FLAG MAY APPEAR lN A_N EXPRESSION 
ONLY AS THE ARGUMENT OF THE FLAGVAL FUNCTION• 

THE OTHER SIMPLE TYPES ARE CALLED SCALAR TYPES• THEY ARE 
DEFINED TY~ES1 WHOSE DEFINITION CONSISTS UF NAMING THE 
fYPE1 ANO•LISTING THE NAM~S OF ALL VALUES SUCH A VARIABLE 
MAY ASSUME: 

<SCALAR TYPE>• (<ID~NT1> 1 <IDENT2> 1 •••1<lO~NT>l 

EXAMPLE OF A SCALAR TYPE PEFINITlON: 

.. 

COMPOUND TYPES 

• STRING C<NUMCHA 
EXPRESSION CO 
NON•NEGATIVE 
HAS A VALUE 
c: 

ERE <NUMCHAR> IS ,A C:UMf>lLE TIME 
No VALUES, EVALUATlN~ TO A 

ER• A VARIABLE Of TYf>E STRING C£Al 
IS AN ORDERED STRING UF CHARACTERS 

co,c1, •• ,cN (WHERE. tA t-!AS VALUE N+l)• 

ANY SUBSTRING OF SUCCt:SstvE CHARACTE.1-(S WITHIN SUCH A 
VARIABLE x MAY BE REFEMENCED av THE SUBSTRING NOTATIO~ 

XCCINIT>l OR 
xc<INIT>1<NUMCHAR>>1 WHERE <INIT> ANO <NUMCHAR> ARE 

~UN•TlME EXPRESSIONS EVALUATING TO NON•NEGATIVE 
INTE~ERS~ <INIT> SPECIFIES THE ORDINAL POSITION OF THE 
~£FT•MOST CHARACTER OF THE SUBSTRING A~O <NUMCHAR> IS 
TME NUMBER OF CHARACTERS IN THE SUBSTRING STARTING WITH 
(INIT>• IF <NUMCHAR> IS OMITTED1 THE DtFAULT VALUE IS 
1 CHARACTER• THE MAXIMUM LENGTH ALLO~ED FUR A STRING . 

. DATA ITEM IS 2048 CHARACTERS• 

RECORD• _THIS IS A DEFINED TYPE WHO~E Dt~lNlTION.NAMES 

• 
• 
• 
• 
• 
• 
• ... 
• 
• .. 
• 
• 
• 
• ... .. .. 
• ..,. 

... .. 
• .. .. 
... .. 
• 
• ... 
... 
• ... .. 
• 
• .. 
• 
• 
• 
• 
• 
• • 
¥ 

• .. 
• ... 
• .. 
... 
• 
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• 
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THE RECORD TYPE AND LIST NAMES AND lYPE:.S UF TH~ FIELD~ 
WITHIN THE RECORD• AN EXAMPLE OF A R~CORO TYPE DE• 
FIN IT ION IS 

BUFF"ER·· RECORD 
FL.INK, BLINK 
NUMELS 
I T"EMS 

ENO 

: I NOEX•>SPACE 
:1NDEX•>ITE:.MS 
: ARRAY C!SlZEJ OJ- lNT [.tNJ 

THUS1 A VARIABLE OF" TYPE BUFFER 
COMPONENTS: TWO JNDICE:.S FLINK & 
SPACE1 A COUNTER NUMlLS !WHICH 
OF ELEMENTS PRESENTLY STORED 
THE ARRAY ITEMS. FIELDS ~I 

CONTAINS SEVERAL; 
NI<. OF AN ARRA'( 

COUNT THE NUMBER 
ARRAY ITEMS) ANO 

R~CU~D A~~ REFERENC~U. 

BY QUALIF"ICATION, E•G•1 OLG 
DECLARED OF TYPl BUFFE:.H. 

INK1 ~HER~ OLDBUF IS 
TYPE OF A RtCORD FI£LD 

MAY ITSELF ~E A RECORD• 

ARRAY C<NUMEL>l 
TIME EXPRESSION CON 
NON•NEGAT!VE lNTEG 
COMPONENTS EACH 
NUMBER OF COMPON 
A COMPONENT OF 
VIA AN. INT OR 
NAME• EXAMR 

HERE <NUMEL> lS A COMPILE 
NO VALUES1 EVALUATING TO A 

ARRAY IS AN ORO~REO SET Of 
'AM~ <TYPE>1 wlTH A MAXIMUM 

UETFRMINASLE AT COMPlLt TIME• 
AY IS REFERENC~D BY SU~SCRIPTING1 

TYPE EXPRESSION, OF THE ARRAY 

REFERENC~ TO AN ARRAY COMPONENT MAY ~£1 E•ij• 

NEWBUF:•SPACECCURBUF•FLINKJ 
A.CI+J] :•ACIJ+ACI•Jl 

OR 

NOTitE THAT ARRAYS OF ARRAYS ARE NOT ALLOW~O• 

POkERSETe A POWERSET STRUCTURE IS A SE:.T UF VALUES 
wHICH ARE THE SUBSETS OF THE SET OF VALUES UF ITS 
BASE TYPE 1 W H I CH I S A DE. F I f\. ED SC A LA R TY PE • F 0 R 
EXAMPLE: 

COMPONENT • IBEGIN1FR£~> . . 
• 
• 

STATE :POwERSET Of COMPONENT 

.. 
. .. .. .. 
• .. .. 
• ... .. 
• .. .. 
• .. .. 
... 
• 
• ... .. 
• 
• 
• .. 
• .. .. 
• 
• • • .. 
• .. .. 
• .. 
• ... 
• 
• .. .. 

. . .. 
• .. .. 
... .. .. 

o.,;, .... ·.:.. ..................... ------------ ... -------- -- -- -- -- -- -- -- -- -- -- .... -- -- -- .: 
• S I N G E R ! SINCiLE ! SHE.ET ! 1<.Ul • 
.,,. 0 U S 1 N E S S ! lM~L.EMENTATION LANGUAG~ ! REVISION !••••••••••••••••••••••• 
.,,. M A C H I N E, S ! A ! NlXT 16 I SHttT 15 • 
·----···--------·'.""·---~------- ---·•--_, ... :_~·-· ....... -- -· ------ ... -----·-·-· -- -·-- .... \ --.-- .... 

' .. -/ . . ... · 
.:·.· .. 



·----------------------·--- -- ----···- -- ........... -- -· -- -- .... -- -- -- -- .......... -- ... ---· ·- ~· • 

• .. .. 
• 
• 
• 
• 
• 
• • 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• • 
• 
• 

• .. 
• 
• .. 
• 
• 
• .. 
• .. .. 
• 
• 
• •• .. 
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5, 

THE VARIABLE STATE TAKES ON FOUR POSSIBLE VALUESi 
CORRE$PbNDING TO THE ~RESENCE OR ABS£NC~ UF EACH 
OF THt POSSIBLE VALUES OF COMPONENT• ANOTHtR 
EXAMPLE:· IF 

. . 
• 
• 

HUE :POwE~SET o~ PRIMARY 

THEN THE HUE CAN TAKE ON ANY 
CORRESPONDING TO THE PRESENC 
POSSIBLE VALUE OF PRlMA~y. 

FOR ANY POWERSET VARJABL
ARE ALLOWED: EMPTY ANU 

THE MAXIMUM NUMBER OF , 
A POWERSET IS DERIV 

DEFINITIONS 

l POSSIBLE VALUE.S 
SE:.NCt UF E.ACH 

SPECIAL SYMBOLIC VALUES 
TH THe OBVIUUS MEANINGS• 

OF A SCALAR FROM WHICH 

THE FIRST PORTION 
IT CONTAINS UP TO 

OUl-<CE BLOCK IS THI:. 01:.FlNl rION Sl:.Clll.IN 
SUBSECTIONS lN THE FOLLOWING ORDE.R: 

BLOCK HEAO 
PARENT 
CHARHAP 

. PARAMETER 
TYPE 

CONTl:Xl 
BLOCK 

REGWlRt.IJ 
lNVALili 
ALLOINEL> 
ALLOwEb 
AL.LOWED 

.A• BLOC~ HEAD• THIS STAlEMENT IS oF THE FOHM 

CONTEXT 
· PROCEOUR.E 
TASK 

<IDE.NT> 

P~OGRAM 

BLOCK 

~El.JUIRl:.D 

RECilUlRt.O 
ALLOWE:.0 
ALLOwED 
ALLOWE.0 

<IOtNT> IS THE NAME OF THE 8LCCK HEADED BY THIS STATEMENT• 

• 
~ . 
• 
• 
• 
• • 
• 
• 
• 
• 
• 
• 
• 
• .. 
• 
• .. 
• .. 
• 
• 
• 
• 
• • • • .. .. .. .. .. .. .. .. .. .. .. .. 
• .. .. .. .. 
• .. .. .. 
• . .. 
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• 
• 
• 
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• 
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S• PARENT• THI~ STATEME~T IS OF THE FORM 

C• 

PARENT .< lDENT> 

<JDENT>· NAMES THE UNIQUE BLOCK wHICH HAS O~CLA~ED THIS BLOCK 
TO BE IN I~S SCOPE• 

CHARMAP• THIS CONSTRUCT D~~INES A NAMED MAPPING OF 
CHARACTERS INTO INTEGERS1 ~HICH MAY THEN ~l::. us~o TU EXPR~SS 
VARIOUS TYPES OF CHARACTER-DEPENDENT LOG1C SUCH AS ACTION 
TABLES• EXAMPLE: I 

CHARM AP 
• 

OPSCAN • 
0: '+' 
1 : ' - ' 
2: '.' 
3: '1•1•• 
~:OTHER 

) 

THE EXPRESSION OPSCANt 
OF THE STRING NAMED L 
BETWEEN 0 AND 4 DEP 
VALUES PRECEDING T 
IF THE COLO~ JS NOT. 

! 
I 

l fXAMlNES TH~ ITH CHARACTER 
G£~ERATES AN INTEuE~ VALUE 

ON THE CHARACTER FUUNU• THE 
h ARE DERIVED F~OM ~OSITION ONLY• 

L0w£D P.Y 'OTHER•, THEN 
THE FIRST CHARAC 
CHARACTERS FOUND 
DELIMITER MAP INTO 

[R T~E COLON IS A DELlMlltR• ALL 
RE T~t NEXT OCCURRENt~ OF THAT 

HE SAME VALUE• 

THE COMPILER CONTAINS A BUILT-IN CHARMAP CALLED ASCil64 
WITH IMPLICIT DECLARATION 

0: ' ' 
1:•.!• 
z: I II t 

• 
• 
• 

16: /.O/ 
17:•1• ... 

• ... 
• 

• 
• .. 
• • • 
• 
• 
• 
• 
• .. 
• .. 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• .. 
• 
• 
• .. .. 
• .. 
•• 
• 
• 
• 
• 
• 
• 
• 
• 
• .. .. 
• 
• .. . .. 
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63:Z•Z 
64:0THER 

) 

D• .PARAMETER•. THIS STATEMENT ls OF THE FORM 

PARAMETER· 
<DEFINITION> 
<DEFINITION> 
• 
• 

ENO 

EACH <DEFINITION> IS OF THt FORM 

<PARAMIOENt) 

ACTERS B~GINNING WITH 
O~ED RY O•H ALPHABETIC1 

~E <VALUt EXPMlSSlON> MUST 
UE1 OR A STRING VALUE• 

WHERE <PARAMIOENT> IS 2 TO 1 
£1 FOLLOWED BY AN ALPHABETIC 
DIGIT OR UNDERLINE CHARACT , 
YIELD A NON•NEGATIVE INTE 
ALL PARAMETER NAMES USE E VALUE F.XPR~SSlON MUST HAVt 

VALUATED PRIOR TO THIS PARAME.TE..R BEEN DECLARED, AND1 HE 
DEFINITION• ALL REFE 
OR PRESET IT~HS OECL 

PARAMETER 
.tBUFSilE 
£CONFIG 
£INCREM 

ENO 

To DATA ITEMS MUST B~ TO CONSTANT 
SOME HIGHER LtVEL BLOCK• 

:20 
:MAX(t~uFs1ZE18•£INCMtM) 

: 3 

THIS SEQUENCE OF DEFINITIONS IS JNVALJD, SINCt !INCREM IS 
REFERENCED BEFORE BEING DEC~ARED• 

E• tYPE• THIS STATEMENT GIVES OEF I~ED TYPES USEU IN THE SCOPE 
OF THIS BLOCK AND NOT DEFI~ED IN SOME HIGHER LEVEL BLOCK• 
THE FORM IS 

TYPE 
.<DEF> 
<DEF> 

• 
• 

£NO 

• 
• .. 
... 
• .. .. 
... 
• ... 
• 
• ... 
... 
... 
• 
• ... 
... 

. ... 
... 
... .. 
... 
... .. 
... 
... 
• 
• 
• 
• 
• ... 
• .. .. 
• .. 
• 
• ... .. 
... 
... 
... .. .. .. 
• .. 
• 
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,,. 
... .. 
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• 
• 
• 
c • 

• .. 
• 
• 
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• 
• .. 
• • 
• .. 
• 

•• 
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• • • .. 

THE FORM OF EACH <DEF> IS 

El> IOfNT6 • <IDENT11IDENT21•.,,JDENTN) 

FOR DEFINING SCALAR TYPES1 OR 

E2l <IOENTO~ • RECORD 

<IOENT1>1<IOENT2>1•••1<lDE~TN> 
<IOENTN+l>1••• 

:<TYPE.u> 
:<TYPl:.1> 

• 
• 

ENO <IDENTO> 

FOR RECORD TYPES• HAVING DEFINED 
ONE MAY GIVE A DECLARATION lN 
DEFINING A VARIABLE IDENTK TO 
WITHIN THIS RECORD ARE REFER 
NAME FOLLOWED BY A PERIOD1 f 
PARTtCULA~ FIELD GIV~N IN 

TYPE 
• 
• 
• 

A • RECORD 
Fl 

0 TYPI:. NAMEU IDENT01 
CCARATlON StCflON 

IDFNTO• FIELDS 
BY GIVING THE Rt.CORO 
D BY THE. NAME UF THE 

INITION• EXAMPLI:.: 

F2 0 F lN T [LS I Z E) 
END A 

• 
END .TYPE 

• 
VARIABLE 

• 
a 
• 

END VARIABLE 
• 

.£31 <IDENT> • I TASK \ 
\ PROCEDURE. / · 

I LINK \ 
\ OVERLAY I 

<IOENT1>1<IDENT2>11 • • :<TYPE>1 
•' . 
• 

• .. 
• .. 
• .. 
• .. .. 
• 
• .. 
... 
• .. 
,,. 
... 
• 
• ... 
... 
... 
• .. 
• .. 
... .. 
• ... .. 
• 
• 
• 
• 
• 
• ... 
• ... 
,,. 
.. 
• ... .. 
... 
• 
• ... 
• ... 
• • 
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6• 

• 
ASSIGNS 
<IDENTM>~<lOENTN>1••• :<TYPEJ> 

• 
• 

END 

THE LINK AND OVERLAY DEFINlTIUNS NAME EACH BLOCK WHICH IS 
DIRECTLY SU~ORDINATE TO TH£ CURRENT BLOCK1 AND IN ADOITIO~ 
THEY SPECIFY THE KIND OF BLOCK 1TASK OR PROCEDURtl AND 
THE ARGUMENTS, IF ANY• THt:. TYPE:S IN THE OVUcLAY UH L~NK 
DEFINITIONS INDICATE THE TYPES oF THE RGU~~NTS• ~Ml I 

EFFECT IS TO DEFINE A RECOHD 1YPE HA THE SAME ~AME AS 1 

THE PROGRAM• INVOKING A PHDGRAM I NAM!NU A VARIABLE 
WHICH HAS BEEN DECLARED TO BE OF PE• THE 'ASSIGNS' 
INDICATE WHICH OF THE FIELDS ARE ED VALUES BY THE 
INVOKED PROGRAM WHEN IT IS EXECU THUS FI~LDS NAMED PRIOR 
TO THE 'ASSIGNS' ARE JNPUT ARG , THOSE WHICH FOLLOw TH~ 
'ASSIGNS• ARE BOTH INPUT AND ARGUMENTS• 

DECLARATIONS 

DATA DECLARATIONS SERV SOCIATE AN IDENTIFIER WITH A DATA 
ITEM OF A SPECIFIC TYP RESERVE SPACE FUR THE ITEM1 ANO IN 
SOME CASES TO ATTAC E 10 THAT ITEM• ALL DATA lT~MS 
MUST BE DECLARED, A USAbLE ONLY ~ITHIN THE ~COPE OF THE 
BLOCK IN WHICH THEY DECLAHEo, THE DECLARATIONS SECTION MAY 
APPEAR IN A CONTEXT 0 PROGRAM 8LOCK1 ANO CONTAINS FOUR 
SUBSECTIONS, EACH OPTIONAL1 IN THE FOLLOWINij UMDEN: 

CONSTANTS 
PR€:SETS 
VARIABLES 

.FLAGS 

TO BEGIN THE bATA DECLARATIO~s, ANY CONSTANT (READ•ONLYI 
DATA IS DECLARED IN THE CONSTANT SECTION: 

CONSTANT 
<VALUEDEC> 
<VALUED EC> 

• 
• 

END CONSTANT 

• 
• 
• 
• 
• 
• ., 
•• .. 
• 
• 
• .. 
• .. 
• 
• 
• 
• .. 
• 
• 
• 
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THE FORM OF EACH <VALUEDEC> IS 

<IOENT) :<TYPE> (• c~~c~ CLAUSE •) 
:<VALUE GEN>1<vALUE GEN>1•••<VALUE Gl:.N> 

VALUES CAN SE'OECLAREO ONLY FOR DATA•ITEMS OF TYPI:. lNT1INDEX 
AND STRING, OR FOR ARRAYS OF sue~ JTEMS. THUS MO~I:. THAN ONE 
VALUE IN A CONSTANT OR PRESET D~CLARATION JS POSSI~LE ONLY FO~ 
AN ARRAY TYPE• IN THIS CASE THE NUMBER OF VALUl:.S MUST EQUAL 
THE DIMENSION OF THE ARRAY· I 
AFTER THE CONSTANT SECTION1 
HAV£ VALUES UPON INITIATION OF THE 
DECLARED IN THE PRESET SECTION: 

PRESET 
<VALUEOEC> 
<VALUEDEC> 

• 
• 

END PRESET· 

WHERE EACH <VALUEOEC> 

THE FORM OF THE TI ON IS: 

VARIABLE 
<DECLAR) 
<DECLAR) 

• 
•. 
• 

END VARIABLE 

WHERE EACH <DECLAR> IS OF THE FORM 

<IOENTJ>~<IDENTK> :<TYPE> 

L>ATA WHlCH IS 'ro 
0 PROu~AM IS 

Sl:.CTIUN• 

·~HICH 6ECLARES EACH OF TH~ VAHlARLES IDENTO THROUaH IDENTK 
~O BE OF TYPE <TYPE>• T~E <TYPE> DESIGNATION MAY Bl FOLLOw~D 
BY AN OPTION*L CLAUSE 

CHE.CK F 
CH£Ct< S 
CH£CK F1S 

.. 
' .. .. .. .. 
• .. .. 
• .. .. 
• 
• .. 
• .. 
... 
• .. .. .. .. 
... .. .. .. 
• .. .. .. 
• .. .. .. 
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... .. 
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WHERE F1S RE~ER TO FETCHES AND STORES OF THE VANIARLE• 
WHEN SUCH A SPECIFICATION IS MADE FOR A PARTICULAR 
VARIABLE1 THE OUTPUT LISTING INCLUDES A LIST OF ALL STATE• 
MENTS WHICH REFERENCE OR ASSIGN TO THAT VARlA~LE• tIN ADUITION1 
A GLOBAL OPTION EXISTS TO CROSS•REFERENCF. FETCHES ANO STORES OF 
ALL DATA ITEttS·REGARDLESS OF THE CHECK SPECIFICATION• I 

<TYPE> MAY BE A 6EFlNED 1YPE1 SIGNIFIED BY <IDENIIFI~R>1 
OR ONE OF THE SIMPLE TYPES INT1 SINT1 OR INDEX1 OH 
A COMPOUND TYPE STRlNG1 ARRAY1 OR PO~ERSET1 

IF ANY FLAGS ARE TO BE USED FUN COMMUNICATION BETWEEN coJPERAll 
.PROCESSES1 THEY ARE DECLARED IN THE FLA CllON UF THE ! 

APPROPRIATE BLOCK• 

FLAG 
<IDENT> (• CHECK CLAUSE •l 
<IDENT> <• CHECK CLAUSE •l 

• 

END FLAG 

<SEE SECTION 10•F1 ASYNCHRO 
THE CHECK OPTIONS AHE F1S 
UNLOCK, EITHER EXPLICIT, 

EXPRESSIONS 

lN THE CASE OF FLA~S 

ERE L ~ U RE~ER TU LOCK AND 
MPLTCIT VIA WAlT1 SET AND FLAGVAL• 

ONE OF THE PRINCIPAL COHPONE~TS OF THE ACTION SlCTlON OF A 
PROGRAM IS THE EVALUATIO~ OF ~XPRESSIONS. IN THE SINGLE LANGuA 
EXPRESSIONS ARE OF SIX TYPES, OF WHICH THREl ARl tXTMEMELY 
LIMITED: 

A• ARRAY & RECORD TYPE EXPRESSIONS MAY CONSIST ONLY OF THE NAM 
OF A DATA ITEM OF THAT TYPE, SUCH AN EXPRESSIUN IS USEFUL 
ONLY FOR COPYING THE VALUlS OF THAT ITEM VIA AN ASSIGNMENl 
STATEMENT1 OR FOR PASSING ARGUMENTS TO A PRU~HAM BLOCK• 

S• SCALAR TYPE EXPRESSIONS CONSIST OF THE NAME UF A SCALAR 
TYPE DATA ITEM1 OR OF THE NAME OF A VALUE. Of A SCALAR . 
TYPE DAT& ITEM• IN ADDITION TO COPYING A~D ARGUMENT 
PASSING1 SVCH EXPRESSIONS ARE USEFUL IN EXPRESSl~G CONO!TlU 

C• PO~ERSET EXPRESSIONS ARE ~DRMED IN ACCORUA~CE WITM T~E 
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STANDARD NOTATION OF S·ET lHfORY1 USING THt::. OPt.RATOR +1 •1 

•1 FOR UNION~ INTERS~CTION AND RELATIVE CUM~Lt.MENT1 PLUS 
PARENTHESES, THE SYMBOLIC VALUES 'EMPTY' ~ 1 ALL 1 1 AND NAM~S 
OF DATA ITEMS WHICH ARE POWERSETS OF THt SAME ~CALAR TYPE• 
IN SUCH AN' EXPRl:.SSION1 THt. NAMl OF A VALUt. OF THI:. BASE 
SCALAR TYPE IS lNTERPRET~D AS MEANING TH~ SET CONSISTING 
OF THAT ONE VALUE1 EXAMPLE: 

TYPE 
• 
• 

• 
ENO TYPE 

• 
VARIABLE 

• 
: PQ~E.RSE T 

• 
ENO VARIABLE 

• 
• 
• 
O:•DREC+EAST 

D• lNT1 SINT1 OR INDE E EXPRESSIONS ARE FOHMl:.U iN THE 
CONVENTI-ONAL ~AN NG T~E OPERATORS +1•1•1!1\1 (THE 
LAST TWO SIGNIFYl OTIENT AND REMAINDER RESPl:.CTIVELYI 
PLUS PARENTHE~ES1 MES OF INT1 SINT1 OR INDEX TYPE DATA 
ITEMS ANO.FUNCTIONS• THE NUMERIC TYPF FUNCTIONS ARE 

MAX C A.t B) EXPRESSIONS A AND B OF TYPE NUMl:.Rl C 
MIN (A1BJ II II " II " II H 

ABSCA> TH£ TYPE () r- EXPRESSION A MUST tit. NUMt.RIC • 
CONVSl<A> THE TYPE OF EXPRESSION A MUS l ~E STRING• 
FLAGVAL(FLAGlOl 

NOTE THAT TH~·TYPE OF MAX OR MIN IS SlNT IF EITHt.R OF ITS 
ARGUMENTS ARE OF TYPE SINT• 

JHESE FUNCTIONS GIV£ RESPECTIVELY THE LARGER tiF THE Two V~LUES1 
'THE SMALLER, THE ABSOLUTE VALUE nF THE ARGUM£NT1 TH~ 
INTEGER REPRESENTED BY A STRING CONSISTING OF DEC!MAL DIGIT 
CHARACTERS1 ANO THE VALUE OF lHE DESIGNATED FLAti• -lN ADOITION1 
. ANY CH ARM AP ' S A RE I NT TY P E FU i\i C TI o N S • 
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STRING TYPE EXPRESSIONS ARE FORMED USING STMING RtF~HENCES, 
THE STRING TYPE FUNCTION CONVIS1Ali PARENTHES!:.S1 AND THE 
STRING OPERATORS •+ 1 1 '•'1 '1 1 1 ANO •\'• 

A STRING REFERENCE IS EITHER THE NAME OF A SlHlNG lYPE DATA 
ITEM OR A SUBSTRING REFERENCE1 ~HICH CONSISTS OF THI:. NAME OF 
A STRING ITEM .FOLLOWED BY ONE OR Tl'iO INT TYPE E.XPM!:.SSI.ONS 
SEPARATED BY A COMMA AND ENCLOSED JN PARENTH!:.SES• ~UR EXAMPL~ 
IF SAM IS DECLARED OF TYPE STHI~G1 THEN 

SAM 
SAM(A+Bl 
SAM(C1D•El 

ARE EACH STRING REFERENCES• 
EXPRESSIONS ARE RESPECTIVELY A C 
STRING !STARTING FROM ZERO AT T 
SUBSTRING STARTING AT THAT POS 
THE IMPLIED VALUE OF THE SEC 

THE MEANING 
FOLLOWS: 

+ : CONCATENATION• 
CHARACTERS OF A 

OF TH!:. lNl lYPE:. 
R POSITION WITHIN THE 

l AND THE LtN~TH OF A 
IF ONLY THE FIRST IS PRtSE:.NT, 

RESSION lS l• 

TRING EXPRESSION8 IS AS 

STRING CONSISTING 01- THt:. 
CHARACTl:.RS OF B• 

- EXCISION• A•B 
LEFT•MOST OCCURR 

TES A STRING BY REMOVING FHOM A TH~ 
OF THE CHARACTERS UF B• 

I 

\ 

HEADER• A/B.CONSISTS OF THOSE CHARACTERS OF A WHICH 
PRECEDE THE LEFT•MOST OCCURRENCE OF THE CHARACTtRS OF B• 

TRAILER• A\A CONSISTS OF THOSE CHARACTl:.RS OF A WHICH FOLl..U 
THE LEFT•MOST OCCURRENCE OF T~E CHARACTERS O~ b• 

THE FUNCTION CONVIS!Al GENERATl:.S A STRING OF DECIMAL CHARACTEHS 
REPRESENTING THE VALUE OF THE INT TYPE EXPRl:.SSION A• 

8• ASSIGNMENTS 

ASSlG~HENTS ARE PROGRAMHEO USIN~ THE REPLACl:.1 INCMl:.MENT AND 
DECREMENT ACTlONS1 WHICH RESP~CTTVELY HAVE THE FORMS 
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<REF LIST>:•<EXPRESSJON> 
INCR <~EF LIST>l•BY <FXPR£SSION>•I 
DECR <REF LIST><•BY <EXPRESSION>•! 

THE <REF LIST> IS EITHER THE ~AME oF A DATA IT£M1 UH A LlST 
OF SUCH NAMES~ SEPARATED BY CUMMAS• IN THE LATTEH CASE1 TH£ 
EFFECT IS THE SA~E AS IF A SERIES OF STATEMlNTS ~~Rl MADE1 
EACH ASSIGNING THE SAME VALUE To SUCCESSIVE UATA ITlMS IN THE 
LIST• 
THE EFFECT OF THE REPLACE STATEMENT IS THAT THE <lXPRtSSION> rs 
EVALUATED AND THE DATA ITEM TAKES ON THE RF8ULT lNIJ VALUE~ 
THE INCREMENT AND DECREMENT STATEMENTS Y TO NUMERIC iTEMS 
ONLY1 AND HERE THE DATA ITEM HAS THE F THE <EXPRESSION> 
ADDED TO OR SUBTRACTED FROM THE PREV UE OF THE ITEM• 
IF THE <EXPRESSION> IS NOT PRESENT A OF 1 IS IMPLIED• 

THESE ARE THE MAJN ACTIONS WHICH 
AT RUN TIME• ALL SUCH ASSIGNM£1 
FOR COMPATIBILITY OF TYP£1 ThA 
ITEM MUST BE COMPATIBLE WITH T 
WARNING OR ERROR MESSAGE RE 
RECEIVING ITEM TYPE ARE GlV 

N VALUES TU DATA ITEMS 
CMFCKEO AT COMPILE TIM~ 

THE TYPt OF THE RECEIVING 
THE SQUHCE I fEM1 OR A 

COMPATIBLE TYPtS FOR A Lilv~N 
ow• IN THIS TABULATION, N 

AND M STAND FOR VALUES Of CES OF <NVAL>1 WllH M(•N• 

RECEIVING TYPE 

INT(Nl 

INDEX•>IARRAYCNl I 

SlNTCNl 

STRINGCNl 

SCALAR W 

POWERSE:T OF X 

lNPEX•>tARRAY[MJ). 

lNDEX•>tARRAY[MJ l 

lNT[MJ, S1NT[Ml1 INDEX•>< ARRAY CM) l 

STRlNG(M] !IN THIS yNSTANCt1 IF M)N AT 
RUN TIME THE R~SULT IS DE~!NED: 

THE RECEivtNG STRING lS ~lLLEU TO ITS 
CAPACITY ~TTH CHARACTERS OF THE SOURCE 
STRING STAkTING FROM THt LE~T•MOST 
POSlTIO~• JF M < N1 THE RtSULT IS AS !~ 

THE SOURCE STRING wERt. 1::.XTENUl:.D ON THI: 
RIGHT BY t;•M BLAfl.IK CHAI-< AC TE.RS l • 

SCALAR "' 

POWERSET VF X1 SCALAR X llN THE LATTER 
CASE1 THE SCALAR IS CONVERTED 10 
A PG~ERSET CONSJST!NG OF THAT 
ONE SCALAR VALUE> 
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ARRAY [N] OF Y APRAY[NJ OF Z (TYPE OF Z CUMPATIBLE wlTH 
THAT OF Yl• 

R CA RECORD TYPEI R 

IF THE TYPES ARE INCO~PATIBLE ONLY IN THAT M)N, THE COMPILER 
GENERATES A WARNING MESSAGE, AND ASSUMES THAl THE PROGRAM CAI~ 

GUARANTEE THAT THE SOURCE ITE~ rs JN FACT WITHIN THt:. RANGE 
OF THE RECEIVING ITtM• JF THt. SPU~CE ITEM lS NOT W!TrHN THE 
RANGE OF THE RECEIVIN~ lTE~ AT RUN TIME, RESULTS ARE UND~FtNEU 

.EXCEPT IN THE CASE OF STRING lTE~S NOTE I 

CONDITIONS 

CONDITIONS ARE USED TO SELECT 
PERFORMED BASED ON RELATJONShl 
COMPONENTS OF CONDITIONS ARE· .. 

IS A BOOLEAN EXPRESSON FORM 
THE OPERATORS 'NOT'1 'AND 

ATIVE ALT IONS 10 BE 
NG DATA I It.MS• THE HAS IC 

ONS1 ANO A G~N~RAL COhOJTIU~ 
M RELATIONS1 PARtNTHESES AND 

RELATIONS ARE FORMED BY 
SEPARATED BY A RELATl 
MEANING FOR TH£ VARIO 

or EXPRESSIONS Ur SIMILAR TYPE 
ERATOR• THE OPENAlOHS AND THEIR 

ARF SUMMARIZED AS FOLLO~S: 

TWO EXPRESSIONS OF UPERATORS 

NUMERIC 

STRING SAME 

POWERSET SAME 

SCALAR 

Mt:.ANING 

~QUAL1 NOT £QUAL1 
LE.SS Ori EQUAL1 
GR~ATER OR EQUAL 
LE.SS1 tH-<EATER 

SAME:. 

~QUAL1 NOT E.QUAL, 
CONTAlNED1 CONTA!f~ 

PRUPeRLY CONTAINcU 
PROP~RLY CONTAINS 

EWUAL1 NOT EQUAL 

IN THE CASE OF STRINli RELATIONS lHE NORMAL SORTlNb CUNVENTIUNS 
APPLY•. THE SHORTER OF ThE T~U SlRJNGS rs CONCEPTUALLY 
LENGTHENED TO MATCH THE LARGER BY ADDING BLA~K 
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CHARACTERS ON THE RIGHT AND THI:. RELATIONS Ll:.SS ANO ~REAT~R 
ARE DETERMINED BY THE NORMAL ASCII COLLATINU St~UtNC£ VIA A 
LEFT TO RlGHt SCAN FOR FIRST N8N-EQUAL CHARACT~RS• 

CONTROL STATEMENTS 

A• GROUPING STATEMENTS 

THERE ARE TWO CONSTRUCTS IN SINGLE W 
GROUPING A SEQUENCE OF STATEMFNTS S 
APPEAR WHEREVER AN INDIVIDUAL STAT 
SYNTAX• THE FIRST OF THESE 

BEGIN l•<GROUPID>•>: 
<STATEMENT> 
<STATEMENT> 

• 
• .. 

HAVt THt EFFECT O~ 

THE. SI:. !.JUl:.NC[ MA 'r 
S CALLtO ~OR I~ THI:. 

THU Cl 

THE SECOND CONSTRUC 
REPETITION QR LOOP 
LOOPING STATEMENT" 

EFFECT ~UT ALSO lNCLUD~S 
STATEMENTS cs~~ 10.c, 

CYCLE l•<GROUPI 
<STATEMENT> 
<STATEMENT) 

• 
.• 

THE OPTIONAL GROUPID MUST H~ THE SAME I~ B~GlN A~O ~ND1 OR 
l~ CYCLE AND NEXT1 OR A WAR~ING MESSAGE JS G~Nt~ATEO• 

B• CONDITIONAL STAT~M~NTS 

THERE ARE TWO TYPES OF CO~DITIONAL STATEMl~lb• 
.l S OF THE F-"ORM 

IF <CONDITION> T~EN 

<S'f ATEMENT> 
ELSE 

THE FIRST 
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<STATEMENT> 

WHICH CAUSES THE FIRST OF THE rwo STATEM~NTS TU ~E EXECUTE0 
IF THE CONDITION IS TRUf AND THf SECOND TU BE tX~CUTED I~ 
THE STATEMENT. IS FALSE• A SECONO FORM1 

IF <CONDITION> THEN 
<STATEMENT> 

IS ALSO PERMITTEU; THE A~blGUlTY OF A CUNSTMU~l SUCH AS 

IF <CONDITIONO> THE~ 

IF <CONDITIONl> THEN 
<STATEMENT> 

ELSE 
<STATEMENT> 

IS RESOLVED BY ARBITRARILY 
WITH THE INNERMOST IF. 

THE OTHER CONDITIONAL CON . 

CASE <N~MERIC EXPRES 
O:<STATEMENTO> 
l:<STATEMENTl> 

• 
• 
• 

N:<STATEMENTN 
E:::.ND CASE . 

HE ELS~ TO B~. ASSOCIAT~U 

HERE THE EXPRESSION IS EVALUATlU AND THE MESULIING VALUE IS 
USED TO SELECT THE ONE STAT~MENT WHICH IS TO ti~ EXECUTED• 
NO CHECKING IS DONE TO S~F I~ THE VALUE LIES IN THE RANG~ 
O•N• THE NUMBERS PRECEDI~~ ThE COLON ARE FOH M~ADABlLITY 
ONLY• THE VALUES ARE DETERMJNED BY POSITION IN THE LIST• 

·IN BOTH TH£ IF AND CASE STATfME~TS SPECIAL TREATMENT IS 
GIVEN WHEN T._.E CONDITION OR Nt1MERIC EXPRESSION l:.:i FULLY 
EVALUATABLE AT COMPILE TI~E t INVOLVES ONLY CUNSTANTS AND 
PARAMETERS>• THE 6PPROPRJAT~ BRANCH IS SELECT~D AT COMPILc 
TIME ANO ONLY THE CODE FOP THAT BRANCH rs GENENATE.D• 

LOOP1NG STATEMENTS 
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REPETITION bR LOOPING OF STATEMENT EXECUTION lS ACHI~VED 81 
VARIOUS FORMS OF THE CYCLE Co~STRUCT: 

CYCLE (~<G~QUPID>•11•<REP~AT CONTROL>•I: 
<STATEMENT> 
<STATEMENT> 

• 
• 

THE ABSENCE OF REPEAT CONTMOL MEANS THAT 
STATEMENTS IS TO bE EXECUTED REPEATE 
STATEMENT CAUSES A TRANSF~N OUT OF 

I 
THIS <.1~UUP UFI 
N T l L ON I:'. OF 1 1HE 
OUP ( Sl:.I:. 10•01 

TRANSFER STATEMENTSI• 

REPEAT CONTROL HAS Two FORMS: 

WHILE <CONDITION> 

ANO 

IN EACH CASE, WHEN A 
A TRANSFER STATEMENT 
THE INDICATED TEST 
HAS THE RANGE LIS 
BEGINS• IF YES1 
THE t NEXT t • 

OF THE GROUP lS CALLED FUR (BY 
CQNTHOL REACH!N~ TK~ l:'.NOING 'NtXI 

ADE1 l0Ee1 IS THE CONDlTlON FALSE Ur< 
EXHAUSTED• IF NOT1 ~EPErITION 

L PASSES TO THE FlkST STATEMENT PASl 

RANGE IS THE FORM <NU~ERIC ExPRESSION>1 OR 

.. 
• 
·• .. .. .. 

,,. 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• .. .. .. 
• .. 
• . ' .. 
• 
• 
• 
• 
• 
• 
• 
• .. 
• 
• .. 

THROUGHOUT_ AN EXECUTION UNDER FOR CONTROL THI:. VALUES OF TM~ • 
.EXPRESSIOMS UPON FIRST ENTRV OF THE CYCLE STATEMl:.NT ARE • 

THOSE US€0 FOR REPETITION CONTROL ANO TESTING1 I•E•1 CHANGING • 
THE VALUES OF THE EXPRESSIONS wJTHIN THE SCOPE UF THE CYCL~ • 
DOES NOT AFFECT THE LOOPING CCJNTROL• THI:. 101:.NT SHOULD_BE AN :., 
IDENTIFIER DECLARED TO BE A VARIABLE OF TY~E INT OR INDEX• • 
UPON TERMINATION OF EXECUTING UNDER FOR CONTROL THE VALUE • 
OF THIS VARIABLE IS THAT. CORMESPONDING TO THE LAST REPETITlUN • 
PLU$ l.HE STEP. lF THE REPETITION WAS TERMINATED ~y A L~AVl:.1 • 
THE VALUE OF THE CONTROL VAHIA0LE IS THAT WHICH lT HELD WHl:.N • 
THE.LEAVE WAS EXECUTED• THE co~TROL VARlA~LE IS A NORMAL • 
VARtA~LE IN ALL RESPECTS1 ANO VALUES MAY ~E ASSIGNED TO lT • .. .. 

• • 
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WITHIN THE SCOPE OF THE 'CYCLE. 1 • 

DEFAULT VALUE OF NUMERIC EXPRE.SSlONO IS O• 
DEFAULT VALUE OF NUMERIC EXPMESS10N2 IS l• 

D• TRANSFER STATEMENTS 

TWO STATEMENTS PROVID£ FOR TRANSFERS OF CONTROL WlTH RES~E.CT 
10 BEGIN OR CYCLE GROUPS: I 

AND 

LEAVE REFERS TO THE NEAREST PN 
CARRIES NO GROUPID1 OR THE G 
SUCH GROUP EXISTS A NON•FAT 

G CYCLE OR BEulN IF IT 
AMED OTHERWISE.• !IF NO 
R RESULTS>• THI:. EFFECT 

RST STATEMENT PAST THE GROUP IS TO TRANSFER CONTRO~ 
ENDING <END OR NEXTI• 

RECYCLE REFERS. TO A 
TO WHATEVER TESTING 
REPEAT CONTROL• TH 
NEXT1 RUT DOES NOT T 

ING CYCLE> ANO TRANSFER~ ~UNTROL 

REMENTATlON IS (ALLE.D fOM tiY THE 
~AS THE SAM£ CONTRUL FUNCl IONS A5 

!NATE lHE STATEMENT GROUPING• 

ON THE COMPILER SOURCE OUTPUT THE LEFTMOST rwu COLUMNS WILL 
SHOW A LEXICAL L~VEL FOR EAC~ STATEMENT. E•li• 

10 
11 
10. 
1 1 
12 

12 
11 
·10 

• 
• 

IF • • • THEN 
<STAT> 

Ei..SE 
BEGIN! 

<STAT> 
• 

<STAT> 
ENO: 

<STAT> 

··THE APPEARANCE OF A LEAVE: STAHME•\IT WILL CAUSI:.. A NOTATION 

• 
• 
• 
• 
• 
• .. 
• 
• 
• .. 
• .. 
• 
• 
• 
• .. 
• 
If .. 
• 
• 
If .. 
• . .. 
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•FNN' TO APPEAR BESIDE THE LFV~L NUMBER, INDICATIN~ THE 
LEVEL NUMBER lO WHICH CONTROL Is ADVANCING• SIMILARLY, 
RECYCLE CAUStS •BNN' TO APPEAM• 
EXAMPLE: 

3 
... 

... 
5 

5F'3 

5B3 

363 
3 

C~tLE SAM WHILE ••• 
<STAT> 

• 
• 

CYCLE AL FOR ••• 
<STAT> 

• 
• 

LEAVE SAM 
• 
• 

RECYCLE. SAM 
• 
• 
NEXT AL 
• ... 
• 

NEXT SAM 
(STAT> 

THE NOTATION DIRECTS 
FIRST OCCURRENCE OF 

AD~R FORWARD OR BACK~A~D TO TKE 
DICAT~o LEVEL NUH~~R• 

INTERPROGRAM CONTROL 

SEVERAL STAT~MENTS CAUSE TRA~SF~R OF CONTROL FRUM ONE 
PROGRAM TO ANOTHER• TH~SE AR~: 

CALL. 
TRANSFER 
DEFER 
START 
.RETURN 
STOP 

PROCEOURE !•!PARAMETER RECORD>•> 
TASK (¥(PARAMETER R~CORDl•l 
TASK <•(PARAMETER RECOROl•lt•O~ <STAT>•> 

CALL IS THE CONVENTIONAL PROCEDuRE INVOCATION• THE CALLING 
PROGRA~ GtiES INTO WAIT STATUS AND ~HEN THE CALLED PROC~DURE 

"EXECUTES A R,ETURN STATE.MENT CONTROL RETURNS TO lHt CALLING 

• 
• ... 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• ... 
• 
• 
• ... 
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"" 
"" • 
• 
"" 
"" 
"" 
"" • 
• 
"" 
"" • • • • 
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PROGRAM AT THE SJATEME.NT FOLLOWING THE CALL STATEMENT• 

A CALLED PROCEDURE NEED ~OT EXE.CUTE A RETURN STATtME.NT HUT 
MAY INSTEAD EXECUTE A TRANSF~M STATEMENT INVOKING ANOTHER 
PROCEDURE• TMIS TERMINATES THE. PROCEDURE EXELUTINU THE. 
TRANSFER ANO MAKES THE PROCEDURE TRANSFERREU ro ALl LIKE. lHE 

.CALLEE OF THE·ORIGINAL CALLER1 Id:•' IF IT SHOULD t.XE.CUTE. A 
RETURN, CONTROL REVE.RTS TO THE O~IGINAL CALLER• lN TURN, THIS 
PROCEDURE MAY TRANSFER TO YET ANOTHER1 ETC• UNTIL FlNALLY SOM~ 
PROCEDURE IN THE CHAIN EX~CUT~S A RETURN. 1 

I 
THUS A PROCEDURE IS INVOKED BY MANSFtN AND TERM!N• 
ATES ITS EXECUTION ~y A RETURN 

A TASK IS A PROGRAM WHICH EXELUTf-S 
WHICH INVOKED IT1 I•E•1 THE JNVo. 
WAIT STATUS BUT EITHER TERMINAT 

.NOE.NTLY UF THE f'HOG~AM 

ROGRAM oo~s NUT GO INTO 
T~E UEFER !NVOCATION> 

OR CONTINUES ASYNCHRONOUSLY 
THAT SINCE A PROCEDURE. MUST 
TRANSFER STATEMENT, IT MAY 
HAND A TASK MAY NOT EXECUTE 
NO RELATIONSHIP TO A CALL 
EITHER A DEFER OR A STOP 

- START INVOCATION)• NOTE 
TE BY EITHER A MElURN OR 

CUTE A DEFE~• ON THE OTH~R 

URN OR TRANSFER tiINCE IT ~AS 

TASK TER~lNATES HY EXECUTING 

NOTE THAT EITHER A TA 
A PROCEDURE1 IMPLYIN 
IN ~HICH CASE THE S 

A PROCEDURE MAY EX~CUT~ A CALL TU 
STATus FOR THE CALLEH1 UM A TASK1 

. COf\llf'<Ut:S ASYNCHRONOUSLY• 

IN SUMMARY THE INVOKI OF 0~~ PROGRAM BY ANOTHER ANU THE 
DISPOSITION OF THE lNVOKER1 IS AS FOLLOWS 

I NV 01<.EE 
INVOKER DISPOSITION TASK PROCEDURE 

-------------------------·--·-·--------------·---
TASK 

WAIT 
CONTINUE 
TERMINATE 

J/I. 

START 
Df FER 

CALL --
------------~-----·---····----------------·--·--· 
PROCEDURE 

WAIT 
CONTINUE 
TERMINATE 

J/I. 

START .. 
CALL 

TRANSFER 

•MEANS THAT THE COMBINATION IS NOT ALLOWED• 

• MEANS THAT THE EFFlCT CF l~VOK]NG A TASK ANO wAJTING FOR 
ITS COMPLE~ION OR FUR SUME UTH~R EVENT CAN 8E ALHl~VE.D UY 
USING THE START AND THFN EXECuTI~G A WAIT FOR THE APPRQPRIAT~ 

• • 
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EVENT CSEE 10eF1 ASYNCHRONOUS COl'.TROL STATf:.MENTS•l 

THE START STATEMENT lNCLUOtS AN •OR' OPTION FOW USE. IN THE. CA:::it, 
WHERE THE TASK TO BE INVOKED IS CURRENTLY NUT ~NE~ TU BE IN• 
VOKEO• IF TME tQRt OPTION IS OM!TTED1 THE INVOKER GOES lNTU 
WAIT STATUS UNTIL TH~ INVOKEf:. Is FREE1 AT WHICH TlMt THE INVOK~ 
ANO INVOKEE ARE SCHEDULED FOR RESUMPTION <AT THE:. STATEMENT AFTER 
THE COMPLETE START STATEMENT! AND INITIATION1 N~SP~CTlVELY• 
IF TME •QR• OPTION IS US[01 AND THt INVOKEE IS NOf ~usv, INVO~tR 
ANO INVOl<EE .ARE IMMEDIATELY SCHEDULED FOR RE.SUMPTION ANU lNlT!ATION 
RESPECTIVELY• IF THE lNVOKEE IS BUSY1 CONTROL lS H~TURN~D TO TME 
STATEMENT WITHIN THE START AND FOLLOWING T~e 'OR'• NO RECORD lS 
KEPT OF THE ATTEMPTED INVOCATION. THE KEH HA~ SIMPLY FAIL~U 
to GET THE TASK STARTED, AND MAy TRY A T SOM~ LATER TIME• .. 

ASYNCHRONOUS CONTROL 

SYNCHRONIZATION AND CONTROL 
PROGRAMS MAY BE ACHIEVED BY 
FLAG IS AN IQENTIFI~R <FLAG 
TYPE IS INTC9911 AND ITS 
A BOOLE.AN COMBINATION1 U 
OPERATORS> OF SIMPLE EV 

WAIT <EVENT> 

YNCHRONUUSLY tXtCUTING 
OF FLAGS ANU EVENTS• TH~ 

CLAREO IN THt ~LAij SECTION• ITS 
S pRESE.T TO ZtRU• AN EVENT I~ 

R' ANO 'ANO' OPE.RATOHS INO •NOT' 
WHICH HAVE THE FO~M 

SET <FLAGJD> TO <EXPRESSION> 

UNLOCK <FLAGID> 

LOCK <~LAGID> I• OR <STAT> •> 

IN ADOlllON1 THERE IS A FUNCTlUN FLAGVAL C<FLAGID>r WHICH MAY HE 
USED IN EXPRES~IONS• 

.. .. .. 
• .. .. .. 
• 
• .. 
• 
• .. .. 
• .. 
• .. .. 
• .. 
• 
• 
• 
• 
• .. .. 
• .. .. .. .. .. 
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A FLAG CAN BE REFERENCED ONLY AFTER THAT PROGRAM HAS SUCCESS• 
FULLY EXECUTED A LOCK OF THE FLAG• ONCE THI:. LUCK IS E.XECUT~D, 
CONTRO.L IS RETU~NED T 0 THE ST ATE.MEN T AFTER l Hf:. C:OMPLf:. TE LOCK 
STATEMENT• lF T~E FLAG HAS CURRENTLY BEEN LUCKEU ~y ANOTHER 
PROGRAM, CONTROL EITHER REV£R rs T 0 THE ST AT l:.MEN l AF- TER THE. I OK I, 
OR WAITS TILL THE FLAG IS UNLOCKED IF NO tQR 1 OPTION IS PRESENT• 

A FLAG VALUE IS ~EFERENCED EITHER HY AN EVENT OR ~y THE FLAGVAL 
FUNCTION• IN EITHER TYPE OF Nf:.FEHE~CE A CHECK IS MAD~ TO SEf:. 
THAT THE FLAG HAS BEEN LOCKED By ThIS PROGRAM• lF- Nor, A RUN• 
TIME ABORT OCCURS• IF THE ~EFERENCE IS RV ~AIT <l:.Vl:.NT> T\HE 
IN THE EVENT ARE TESTED TO SE~ IF THE EVENT HAS OCCURRED• . 
:lF NOT1 THEY ARE UNLOCK£0 AND THE PROGR UES INTO WAlT STATUS· 
FROM THE~ ON1 WHENEVER A FLAG VALUE CH ALL ~VlNTS REFERENC• 
ING THAT FLAG WILL BE TESTED• FUR TH NTS WHICH HAVE 
.OCCURRED1 THE PROGRAMS I~ WAIT FOR T NT WILL ~l SCH~OUL~O 
FOR RESUMPTION AT THE STATEMENT FOL ~All• 

THE SET STATEMENl CAUSES AN AHO 
\,.OCKED BY THE PROGRAM• lHE TYP 
THOSE OF ASSIGNMENT TO A VARIA 
ACTION OF THE SET IS TO UNLO 
REFERENCED ONLY BY LOCK AND 
THEN THE PROGRAM MUST UNl 

ARGUMENTS FOR PRQGRA 

E FLAu HAS NOT BEEN 
ES FOR tXPR~SSIUN ·ARE 

TYPE INTCY9l• THE FINAL 
FLAG• IF A ~LAa HAS BE~N 

L1 A~O NOT CHANuEU BY SET1 
T rLAG AEFORE T~RMlNATINu• 

AS HAS BEEN $EEN IN SECTIO~ 51 DErINITlONS 1 THl LINK DEFJNtTJON 
OF THE PARENT BLOCK DESCRIBE TH£ STRUCTURE OF THl ARGUM~~TS U~ 
A PROGRAM• THIS IS UNLIKE TMl co~vENTlONAL HI~H LlVEL LANGUA~l 
WHERE TME PROGRAM DEFINES THE TYPE OF ITS ARGUM~NTSe THE PRESENT 
ARRANGEMENT ALLOWS THE COMPIL~H TO COMPILE ANU TYPl CHECK IN• 
VOCATIONS OF THE PROGRAM I~DEPE~OE~T OF THE PRQijRAM ~LOCK IT• 
SELF1 ANO •LSO FACILITATES OVf:.RLAY STRUCTURES• 

ANYWHERE WITHIN THE SCOPf OF THE HLOCK WHICH HAS Ul:.FlNED A 
LINK TO PROGRAM !DENT WE MAY ~AVE 

• 

• 
VARIABLE 

• •• 
• 
• • 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• .. 
• 
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• 
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• 
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• 

E.ND VAR 1 ABLE.· 
• 

I CALL \ 
I UEFER \ 
\ TRANSFER I IDE NT I Al 

\ START I 

I·T SHOULD BE RECALL!:..D THAT 
ALSO CREATES A RECO~D TYPE DPI1;1T1UN 
NAMING A RECORD OF THAT TYPE SERvES 
METtRS THAT PROGRAM REQUIRES• 

WITHIN A PROGRAM, RE.FERE~CFS 

ARE MADE BY CITING THE. FIELD 
EXAMPLE: 

TYPE 
I 

SAM • TASK LINK 
A :INTC£Ql 
B :STRINGCtP 

ASSIGNS 
C !ARRAY( 

END SAH 
I 

END T'YPE 

• 
VARIABLE 

• 

D !SAM 
• 

ENO VARIABLE 

• 
START SAMID) 

• 
• 

TASK ·SAM 

• 

~RU(.]1-(AM !Df.f\; T 
ID!:..NT1 Ar11D HE:.NCf; 

I- 'f ALL T~l PARA• 

PARA Ml TE~S 
SYM80L ''u'• 
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""' • 
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TEMP:•41•0 

THIS LAST STATEMENT HAS 1HE Eff lCT OF REFERtNCING THE 2ND 
COMPONENT OF THE RECORD() ~HJCt-t "AS USED AS 1'1t Al'<l>UMEl'IT IN 
THIS PARTICULAR INVOCATION OF Sui • 

THE COMPILER WILL ISSUE A DIAGNQSTTC IF A PMOGMAM ASSIGNS A 

VALUE TO ANY OF ITS ARGUMENTS Nor LISTED IN AN ASSIGNS OPTILlN 
OF THE LINK DEFINITION FOR TH~ PPOGRAM• 

MACHI~E SPECIFIC STATEME~TS 

IN ORDER TO FACILITATE hRITI~G UF 
SUCH AS DEVICE DRIV~RS AND DEVICE 
DEPENDENT STATEMENTS ARE ALLUwEo, 
IS CONTROLLED BY PASSWORDS GIV~· · 
APPEARANCE OF A MACHINE~sPECJ~I 
PRODUCE A FATAL DIAGNOSTIC UNLL 

• THE COMPILATIUN 
CONSTRUCT, Al'lD 

EPtNOlNI PROGRAMS 
res, CEHTAIN MACHI~~ 

USE UF THESE STATEMENTS 
PILER UP<E:.Ll l\/f.S• THE 

STRUCT IN A PHU~RAM WILL 

AUTHORIZES USE O~ THAT 

THE CONSTRUCT B 
OBJECT CODE IS 

To THE MAC~IN~ ~UR WHICH 
lil::.NFl.?ATED• 

A• S/10 PROCESSOR • 

THREE CONSTRUCTS 

• INP A181C (• 1U •> 
AND 
OUT A1B1C (• 1D •I 

wHERE 

DPU! 

GIVf'-J: 

A IS A STRING HEFFREN(~ (SOURCE OR D~STJNATION F!ELOI 

B1 C ARE EXP~ESS.IONS f_VALLJATlNG TO IN1 l~9J IUE:.V!CI:. 
NUMBER i CONTROL OPTIONS) ~OTE: DISC 1/0 lS NOT 
SUPPORTED• 

0 IS AN .OPTIONAL STRING ~EFERENCE OF L£NGTH 4 IIDI 

STATUS Al• ,ti •l 
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WHERE 

A IS A VARIAt:SLt. OF TYPI:, I!\T C6l ICQf\1Ul T lUN C.:UUE.l 

B IS AN 'OPT!Ot-IAL sTRir-.u f~UFRENCf OF LtNGTH 4t (IL» 

8• S/11 MPU 

Two CONSTRUCTS C.:ONC~~N I10: 

• 

• OUT A1B1C 

WHERE 

A IS A STRING REFERENCE 

81 C ARE AS FOR THE DPU 

THRtE ADDITIONAL "CERN INT~MMUPT CONTROL: 

• ENABLE A 

• DISABLE A 

• RETURN ENABL 

wH£RE A IS AN SION ~VALUATIN6 TO lNT(lbJ• 

BLOCK TERMINATION 

THE END OF EACH COMPILATION BLOCK 1CONTEXT1 UATA UR PROGRAM> 
IS SIGNIFIED TO THE COMPILER dY T~E SPECIAL SfMBUL CUM~!NATIO~ 
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jUNDERLINE1 EXCLAMATION, UND(HLINt 11 EXCEPT THAT TH~ LAST BLOC~ • 
bF THE CURRENT COMPILATION R~N IS SIGNIFIED BY THI:, 08 END~O~·FlLE • 
C.ONVENT,ION • 
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• 
• 
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EACH OF THESE MUST BEGIN IN COLUMi-.i 1 OF THE INPUT LIN£ lN ORUt.t< 
TO BE RECOGNIZED• . 

PROGRAMMING CONSIDERATIO~S .. 
A• I"IPUT/OUTPUT• MOST 1101 lf'liCLUDlNli ALL Dl8C 1101 WILL bt • 

B• 

DONE BY INVOKING ASSEf"IBlY LANf:iUAc;E SURPROGF<AM!:i• THt:. l'1AC1·-H:~ • 
SPECIFIC STATEMl::NTS ARE l"ALJLY FOR DIAGNOSTIC wUkK AND SH(Ju .. 
NOT BE USED FOR NON•DEVIC~ O~PENDEN "IC SUCH AS OPERATOR· • 
COMMUNICATION1 SETTING A~U RFADlNG G CLUCKS, ETC• • 
A SIMPLE ROUTINE F'OR ACCE.PT AND 0 TYPt UPt.RATlCJNS • 
wILL BE PROVIDED• • 

OTHER MACHIN~ CONSIOERATJUNs, 
LANGUAGE WILL PRODUCE MARKt 
PROCESSOR THAN ON ANOTHER• 
THIS IS POWERSET VARIABLES1 
IS A BIT STRING• ON THE 
LOGIC INSTRUCTION THE R 
PER BIT• 

JAIN t.LtMt.NIS OF THE 
EFFICIENT CUD~ ON ONE 

MOST OAVlUUS t.XAMPLE OF 
E NATURAL Rt.P~ESENTATION 

AL PROCESoORS NOT HAVING A 
T~TION WILL bt. UNt. CHAkACTEH 

.. 
• 
• .. 
• 
• 
• .. 

C• MACHINE DEPENDENCI~ 
OPERATIONS.or st.CT 

ADDITION TO THt. MACHlNE•SPECIFIL 
121 CERiAIN OTHER MACHlNt DEPENUt.NCJt. 

~RfTTEN USING SlNliLt• THEY lNCLUU 

• .. 
ARE POSSIBLE IN 0 

• LINl<ING OF HA Ph:fH1i<AH ~LOCKS• 

• CREATION OF OVERLAY STRUCTURES IDEPENDt.NT U~ PARTITION 
ANO/OR ME~ORY SIZE>• 

• OEVICE•DEPENOENT LOGIC• 

• US£ OF 7•AND 8•BJT CHARACTER SETS• 

• ANY USE OF OPERATIONS WHJCH OV£RFLOw: VARIABLt SllE1 
SUBSCRIPT BOUNDS, ETC•1 STNCl:. THESE A~~ UNCHtCKED ~T 
.RUN•TIME • 

• EXCEEDING THE CAPACITY OF THE TABLES I~ TH~ SMALLEST 
_LINKER UTILITY• 

D• DEBUG~ SOME FORM OF SYMBOLIC DEBUGGING CAPABILITY IS 
CLEARLY DESIRABLE• ~O PLANS HAVE YET BEEN MADE ~OR T~E 
FORM THIS SHOULD TAKE• Rt.AU[RS OF THIS DUCUMtNT A~E 
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INVITED TO PROPOSE SPECIFIC ~~ATURES OF A Di:.~U6 PACKAGE• 
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