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DISCLAIMER

; THIS REPORT IS ISSUED FOR INFORMATION AND DOCUMENTATION

{ PURPOSES ONLYe. NO REPRESENTATION IS MADE BY THE GOVERNMENT
WITH RESPECT TO THE INFORMATION IN THIS REPORT AND THE GOVERNMENT
ASSUMES NO LIABILITY OR OBLIGATION WITH RESPECT THERETO: NOR IS
THE MATERIAL PRESENTED TO BE CONSTRUED AS THE OFFICIAL POSITION ;
OF THE DEPARTMENT OF THE ARMY, UNLESS SO NDESIGNATED BY OTHER '
AUTHORIZED DOCUMENTS.
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ABSTRACT

#} THIS 9EPORT DESCHIBES A SET OF GENER:ZL=-PURPOSESs

: FORTRAN-CALLABLE FUNCTIONS AND SUAROUTINES FO2 MANIPULATING
CHARACTER=STRINGSe CHARACTER-STRINGS OF ARRBITRARY LENGTH CAN BE
TPEATED AS SIMPLE (NON=ODIMENSTONED) VARIARLES. FUNCTIONS ARE
PROVIDED FAR STRING DEF INITIONy STRING CONMCATENATIONs SUBSTRING
EXTRACTION. STPING CO+PARISON. PATTERN MATCHING AND SEARCHTNGs
NUMERIC=STEING/STRING-NUMERIC CONVERSIONS, STRING INPUT/OUTPUT.
AND OTHER TASKSe. THE RNUTINES DESCRIBED ARE MODERATELY
SYSTEM=DEPFNDENT+ AND A2E CURRENTLY AVAILABLE AS AN ORJFCT
PROGRAM LIRRARY ON THE CDC 65100/6600 COMPITERS AT THE ARRANCOM
DOVERs NEW JERSEY SITE.
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ASSUMPTTONS

THE Ri ADER IS EXPECTED Te B8E AN EXPERIENCED FORTRAN
PROGRAMMEK WITH A SOLIOD UNDERSTANNDING OF COMPITER CONCEPTS AND
A GEMNEWAL <NOWLEGE OF THE CDC SCOPE OPERATING SYSTEM AND
CDC FORTRA:; EXTENDED ' A*IGUAGE

——————

WARNIN'-

THE FUNCTIONS AND SURROUTINES DESCRIRED IN THIS REPORT
ARE MONERATELY SYSTEM-OEPENDENT. USERS ANTICIPATING A REQUIREMENT
FOR TRANSPORTASILITY OF PROGRAMS TO A COMPUTER ENVIRONMENT OTHER
T-AN A CDC 6X30 COMPUTE~ W#ITH SCOPE OPERATING SYSTEM SHOULN
SEEK ALTER.ATIVE METHOGS OR CONSULT THE AUTHOR FOR IMPLEMENTATION
G'JIDANCE 0:. OTHER COMPUTERS.
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INTROOUCTION

ONE UF THE MOST SERIOUS SHORTCOMINGS OF THE FORTRAN
LAMGUAGE I:; COMPARISON TO MODERN HIGH=-LEVFL LANGUAGES SUCH
AS ALGOLe ELZ1 OR SNO30L IS THE ASSENCE OF A CHARACTER DATA
TYPCe IN MANY LANGUAGFS CHARACTER STRINGS OF ANY LENGTH MAY
BFE DEFINED AND MANTPU' ATED AS A SIMPLE VAt IABLEs JUST AS IS
THE CASE FOR REAL OR INTEGER NUMBERSe FORTRAMe HOWEVERs HAS
NO SUCH FACILITYs MAKING IT EXTREMELY DIFFICUILT TO PROGRAM
MANY APPLIZATIONS IN vHICH CHARACTER STRINGS MUST BE
MANIPULATE ) (THE FUTURE ANSI FORTRAN PROPNSED BY COMMITTEE
X343 INCLUNES A LIMITEDO IMPLEMENTATION OF THE CHARACTER TYPRE
VAPIABLES FOR 3SACKGROUND INFORMATION ON STPING HANDLING IN
VARIOUS LA',GUAGES SEE REFERENCES (r19{7)9 AND (8)).

THE RNUTINES DESCFIBED IN THIS REPORT GO A LONG WAY
TOWARD THE GOAL OF GIVING THE USER A CHARACTER-TYPE VARTABIE AND
CHARACTER STRING OPERATORS AS IMPLEMENTED IN THE NEWER
HIGH=LEVEL LANGUAGFSe THE MOST SIGNIFICANT FEATURE OF
THESE ROUTINES IS THAT THEY ENABLE THE USER To DEFINE AND
MANIPULATE CrARACTFR STRINGS CF ANY LENGTH IN A MANNER SIMILAR
TO OTHER VARIABLES. WITH THESE ROUTINESs ANY LENGTH
STHING CAN BE REPRESENTED AS A SIMPLE INTEGER VARIASLE.

VA= I0US FU :CTIONS AND SHBROUTINES ARE PROVIDEN FOR

DEFINING STRINGSe INPIIT ANO OUTPUT OF STRINGS. CONCATENATION
(JOINING TGOGETHER) OF STRIMGSs SUBSTRING FXTRACTIONS
COYPARISON OF SYRINGS, PATTERN MATCHINGs CONVFRSION OF STRINGS
TO OTHER DATA TYPESs aANND OTHER USEFUL TASKS.

IN MANY APFLICATIONSs UJUDICIOUS USE OF THESE ROUTINES CAN
REDUCE THE MUMRBER 0F t INES UF CODE RENUIRED FOR A PROGRAM 1Y

A FACTOR OF 1 OR RETTERe AND REDUCE DEVE! OPMFNT TIME HY

EVEN LARGERP FACTORS,.

AS AN EXAMPLE OF THE USEFULNESS OF THE CHARACTER STRIMG
ROUTINES PRESENTED HERE. CONSIDER THIS HYPOTHETICAL ANECDOTEeeeo

PROGRAMMER ARA MODWUN HAS A PPOBLEM TO COCE IN FORTRAN,

THE PROGRAM REQUIREMENTS INCLUDE THE NEED TQ RPEAD A PROJECT NAME
FRoM A CARD AND PRINT JT OUT IN THE MIDNDLE OF A SENTENCF

ON THE LINF PRINTERy SO THAT THE RESULTING LINE WILL READs

THE <NAME> IS UNDERP DEVELOPMENT.

WHERE <NAME> IS THE TEXT READ FROM THE CARDe FOR INSTANCE,
IF THE CARD READs " XM6SO0E3 RNCKET ASSISTFD PROJECTILE®". THEN
THE PHRINTOHT SHOULD READY

THE XM650E3 ROCKET ASSISTED PROJECTILE IS UNDER DEVELOPMENT,

0t THE OTHER HANDs IF THE CARD READs ' ML RIFLE"s THEN THE
LINE PPINTED SHOULD RFADS

THE M1 RIFLE IS UNDER DEVELOPMENT,

- '
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THIS PROBLFM REQUIRES ARA TU PERFORM A SIMPLE CHARACTER STRING
MANIPULATIONe IN FORTRANs THOUGHs THE PROBLEM IS NOT ALL THAT
T~IVIALe ONE OF THE THINGS THAT MAKES THE PROBLEM NON-TRIVIAL

1S THE FACY THAT THE JAME READ IS OF ARBITRARY LENGTHs SO HE CANT
ALLOCATE A FIXED LENGTH OF SPACE FOR THE NAME IN THE FORMAT
STATEMENT wHEN PRINTI~NG THE SENTENCEs SINCE ARA MIGHT WIND UP
wITH HIS SENTENCE LOOKIMNG LIKE

THE M1 RIFLE IS UNDFr DEVELOPMENT,

WHICH LOOKS SLOPPY ANN IS DIFFICULT TO READ.
TO SOLVE T+~IS PROBLEM. ARA CODED THE FOLLOWING PROGRAM SEGMENT.

DIMENSION NAME(:29)
DIMENSION IPREN(2/)
(o PoE-DEFINE P=ENDICATE OF SENTENCE,
DATA IPRED 7/ 1H 9 IHIs 1HSs IH »
X IHUe 1HNy 1HDe 1HE9 1HRy9 IH
X 1HD, 1HEs 1HVe 1HEy 1lHL9 1HOs 1HP9 LHMe 1HEs 1HNe 1HTy lHe 7/
C Rt AD NAME FOwM CARD.
READ(Sel1S) (NAMF (L) o1.=1+80)
1455 FORMAT(8,4))

C COUNT BACKWA'DS TO CUT OFF ALL T=AILING BLANKS FROM NAME
DO 1., TI=1979
J=R1-1

IF (NAME (J) eNEslH )GO TO 101
150 CONTTNUE
101 CONTYNUE

WRIT, (69196) (NAME(L) sL=19J) 9 (IPRED(L) sL=1+22)
106 FORMaT(®# THE®#.] 24])

THE ABOVE PROGRAM WORxS, BUT ILLUSTRATES HOW A LOT OF CODE
MAY BE REQUIRED FOR EVEN THE MOST TRIVIAL TEXT MANIPULATION.
IF ARA HAD KNOWN HOW TO USE THE ROUTINES IN THIS

MANUALe HE COULD HAVE REPLACED THE ENTIRE BLOCK QF CODE ABNVE
WITH A SINGLE STATEMENT (INCLUDING READING AND PRINTING)s RY
SIMPLY CODINGy

CALL KOUT(KON(" THE") sKIN(5) ¢KON(" IS UNDER DEVELOPMENT.")))

THIS ONE STATEMENT READS THE NAME FROM A CARD AND

PRINTS THE DESIRED OUTPUT ON THE PRINTER. ALTHOUGH THE
STATEMENT ~AY LOOKX COMPLEXs IT IS ACTUALLY QUITE EASY TO
CONSTRUCTs ONCE YOU HAVE 4YASTERED THE BASIC FUNCTIONS
PRESENTED TN THIS MANUAL.
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FUNDAMENTAL CHARACTER STRING OPERATIONS

THIS SECTION INT ONDUCES SOME OF THE HASIC OPERATIONS
INVOLVED WITH CHARACTER STRINGS AS THEY APPLY TO THIS REPORT.
LATER WE S~ALL EXAMINF THE FUNCTINNS AND SUBROUTINES IN DETAIL.

i« STRING DEFINITION.

A CHAZACTER STRIG IS A GROUP OF FRO* 0 TO 500 CHARACTERS
T2EATED AS A SINGLE EnTITYe. A CHARACTER STRIMNG HAVING ¢
CHARACTERS IS CALLED THE NULL STRING.

TO DEFINE A CHARACTER STRING CONSTANTs WE CAN USE
FUNCTION KNNe FOR EXA4PLEs

ISTR=KON (""ARRADCOM")
JSTR=KON("DOVER, HEW JERSEY (¢7891")

THE ABOVE TWO STATFMENTS DEFINE TwO STRINGS,

THE FIRST STRING HAS = CHARACTERS, THE VALUE RETURNED BY
FUNCTION KON IS CALLEND THE STRING REPRESENTATION. IN THE
FIRST CASE THE STRING REPRESENTATION OF "ARRADCOM" WwAS
ASSIGNED Tn ISTR. STRING REPRESENTATIONS ARE ALWAYS ASSIGNED
TO INTEGER VARIABLFS, ANY STRPING MAY BE REPRESENTED 8Y A
SIMPLE INTFGER VARIAB:I E, THE SECOND STATEMENT GENERATES
ANOTHER STPING CONSTANT REPRESENTATION ASSIGNFD TO JSTR.

FOR A STRI'G OF 23 CHAKACTERS.

FOR THE PRESENT wE NEEO NOT BE CONCERNED WITH WHAT THFE
INTERNAL FNRM OF THE REPRESENTATION OF THF STRING IS? IT IS
SUFFICIENT TO KNOW THAT ISTR AND JSTR UNINUELY DEFINE THE
STRINGS.

2. STRING CONCATENATION
CONCATENATION MEANS "JOINING TOGETHER', TWO OR MORE
ST#INGS MAy BE CONCATENATED BY USING FUNCTION KAT, FOR
EXAMPLEs THE STKINGS PREVIOUSLY DEFINED CAN BE JOINED By,
KSTR=KAT(ISTR»JSTR)

THE VARIABLE KSTR NOW CONTAINS THE REPRESENTATION OF
YARRADCOMDNOVERs NEW JERSEY 07801,

3. SUBSTRING EXTRACTION,

SUBST»ING IS THE INVERSE FUNCTION OF CONCATENATION,
SUBSTRING ~EANS TO TAKE A STRING APART. IN ORDER TO
EXTRACT A PORTION OF A 1.ARGER CHARACTER STRINGs FUNCTION
KSJB MAY 3¢ USEDe FOR EXAMPLES
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NEWSTR=KSUB(IST 94 95)

NE WSTR IS NEFINED AS THF STRIMNG REPRESENTATION OF THE STRING

"ADCOMM . BFCAUSE KSUB EXTRACTFD 5 CHARACTERS REGINNING AT THE
FOURTH CHARACTER UF I5TPe SIMILARLYs KSUR{JSTReH»13) RESULTS

It THE STRIMO REPRESENTATION OF '"NEW',

4. STRING INPUT/QUTPUT.

TWO ROUTINES ARE PROVIDED FOR GENERAL=-PURPOSE INPUT AND
QUTPUT OF ~TRINGS. FUNCTION <IN 4AY BE USED LIKE A READ
STATEMENTe FOR EXAMPI E,

LST =KIN(5)

THIS STATE :ENT READS A RECORD (CARD) FROM UNIT 5 AND ASSIGNS
THE STRING REPRESENTATION OF THE CARD IMAGE T0O LSTRe.
IF THE CARN READ FROM TAPES CONSISTED OF s

THIS IS AN EXAMPLE OF A CHARACTER STRING

THEN LSTR wOULD BE THE <EPRESENTATION OF THE 4«0 CHARACTER
STRINGs "THIS IS AN EXAMPLE OF A CHARACTER STRING".
LATER A NUMBER UF OPTTIONS WILL B8E EXPLAINFD FOR FUNCTION X[Ne

TO QUTPUT ¢ STRINGe SUBROUTINF KOUT MAY BF USED.
FCr EXAMPLE TO QUTPUT THE STRING PREVIOUStY ASSIGNED TO ISTRo
WFE COULD STMPLY CODEe

CALL. KOUT (69 ISTR)

THIS WOULD OQUTPUT THE DESIRED STRING TO UNIT 6. IF UNIT 6

WERE A PRINTERe THEN THF STRING "“RRADCOM" wOUI D BE

PPINTED (THE FIRST CHARACTER wOULD BE LOST AS CARRIAGE CONTROLSs
JUST LIKE aNY OTHER WeITE STATEMENT). SEVERAL CARRIAGE CONTROL
OPTIONS MAY BE SPECIFIED IN THE CaLL TO KNUT TO AVOID LNSS OF
THE FIRST CHARACTER AS CARRIAGE CONTROLs IF DESIREDes THESE
WILL BE INTRODUCED LATER,

ALREADY WwE CAN SEE THAT IT WOULD BE VERY FASY TO WRITE A
SECTION OF CODE TO COPY A CARD FRO™ THE READER TO THE
PRINTER., WE COULD SIMPLY USE THE STATEMENT,

CALL KOUT(6+KIMN(S))
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S. STRING COMPARISON.

USING REGULAR FORT=AN STATEMENTS, IT IS FASY TO COMPARE
NUMBE~S RBY USING AN IF STATEMENT, FOR INSTANCE,

IF (xVAL +Gfa YVAL) GO TO ¢3

COMPARES XvAL AND YVAL,. TWO STRINGS MAY BE COMPARED

IN A SIMILAR MANNER USIMG FUNCTION LEXIC. LFXIC COMPARES
Tw) STRINGS FOR LEXICaL SEQUENCE (THAT IS, FOR DICTIONARY
OR)IER)e FAR EXAMPY Ey

IF( LEXICC IST. s “GE'"y JUST® )) GO TO ¢3

COMPARES STRING REPRESENTATIONS ISTR AND USTR. IF THE STRING
REPRESENTE™ BY ISTR wWoulD FALL AFTER JSTR IN THE DICTIONARY.

oR IF BOTH STRINGS ARf IDENTICALs THEN CONTROL IS TRANSFERRED

TO STATEMET 23e¢ OTHFKWNISEe CONTRQOL PROCEEDS TO THE NEXT
STATEMENT AFTER THE IF STATEMENT. FUNCTION Li# XIC IS

A LOGICAL FUNCTION ANN ALWAYS RETURNS EITHER TRUEs OR oFA(SEe.
THE SECOND ARGUMENT PASSEND TO LEXIC IS THF KEYWORD DESCRIRINMG
THE TYPE OF COMPARISON DESIRFEDe AND MAY oF ANY OF THE FOLLNWING,

e Nl nen WNEW NGE" NGTY
6« STRING LENGTHe.

THE LENGTH OF A ST@ING IS THE NUMBER OF CHARACTERS IT
CONTAINS, TO FIND THF |ENGTH OF 2NY STRI*Ge (ISE FUNCTION
LNe FOR FXAMPLE«

NCHIR=LEN(ISTR)
WILL ASSIGH NCHAR = 8. BASED ON OUR PREVINUS NEFINITION OF ISTR.
7. STRING PATTERN MATCHING.

PATTE-N MATCHING INVOLVES SEARCHING A STRPING FOR ANY
SURSTRING WHICH MATCHES A GIVEN STRING, FOR EXAMPLE, IF
A STRING CNNSISTS OF “THIS IS A STRING" ANMD THE PATTERN
IS "S IS"s THEN WE CAN SAY THE PATTERN MATCHES THE STRING
STARTING AT THE 4TH CHARACTER, THF PATTERN MATCHING FUNCTION
IS FUNCTION, MATCHs AND IT RETURNS THE COLUMN OF THE STRING AT
WHICH THE GIVEN PATTERN MATCHFSe FOR EXAMPLE.

IPAT = KON(" u)
IBLANK=MATCH(JSTR"FIRST"9IPAT)

THIS STATEMENT RESULTS IN IBLANK=7 BASED ON OQUR PRIOR
DEFINITIONSs BECAUSE ‘(ATCH SEARCHES FOR THE FIRST OCCURRANCE
OF A SLANK (THE PATTERN) IN THE STRING REPRESENTED BY JSTR,
THE SECOND ARGUMENT IS A KEYWNRD TELLING MATCH WHAT KIND OF




A SEARCH Tn MAKEe FO- INSTANCEs IF WE HAD USED "FIRSTNOT" INSTEAD
OF Y“FIRST"., MATCH wWOU!I D HAVE RETURNED THE POSITION OF THF

FIRST NON-RLANK CHARACTFR (WHICH wOULD BE 1 IN THE EXAMPLF),

LATER wE Sw~ALL SEE HOW OTHER <EYWQORDS MAY BE USED AND HOW

MOOE THAN NNE PATTERN MAY BE SEARCHED FOR SIMULTANEOQUSLY.

PATTERN MATCHING IS OFTEN USED IN CONJUNCTION WITH SUBSTRIMNG

TC BREAK U~ A STRING INTO ITS COMPONENTSe FOR EXAMPLE

IF WE WISHED TO EXTRACT AS A SUSSTRING ALL THF INFORMATION
CONTAINED TN PARENTHESES IN ANOTHER STRINGs WF COULD USE THE
FOLLONING <TATFMENTS.

c £ASSUME INSTR IS STRING TO BE SEARCHFDees
C LOCATE COLUMN CONTAINING 1IST "(v, 40

ICOU 1=MATCHUINSTRe"FIRST"sKON( " (" ))

C «coAND COLUYN CONTAINING LAST 'n ..,
ICOLL=MATCHUINST 9" LAST"sKON( ")" ))

C TRANSFER STFING BETWEEN PARENTHESES TO IPSTReee
IPSTR=KSUB (INSTRICOLL1+LsICOLL~-ICOVL+])

8. STRING CONVERSION.

THREE FUNCTIQNS “RF PROVIDED FOR CONVERSTON OF STRINGS
TO NUMBERS AND NUMBERS TO STRINGS, FUNCTION INTVAL RETURNS
THF INTEGE: VALUE OF THF NUMBFR REPRESENTED RAY THE STRING,
F2 EXAMPL: o

NUMSTR=KON (' =37 ")
N=1H TVAL (NUMST )
NSQWIIAR = N#N

IN THIS CASEs THE VALUE OF N ~ILL BE =237, GIMILARLY

FUNCTION RILVAL CAN BE USED FOR STRING=TO-REAL CONVERSIONS,

AS A SIMPLE EXAMPLE OF THE UTILITY OF THESE FUNCTIONS,

SUPPOSE WE WANTED TO READ A DATA CARD WHICH CONTAINED A

NU+BER IN PARENTHESES SOMEWHERE ON THE CARD. IF WE WISHEN TO

USE THE NUMERIC VALUE INSIDE THOSE PARENTHESES FOR A COMPUTATION.
WE COULD Dn SO BY FIRST READIMNG THE CARD HISING FUNCTION KINZ
SECONDs EXTRACTING THE SUBSTRING SETWEEN THE PARENTHESESe aAS
ALREADY ILLUSTRATEDND FnR FUNCTION MATCH: FINALLYs CODING,

NUM=INTVAL (IPSTR)

AT THIS POINT NUM IS THZ INTEGER VALUE OF THE NUMBER WE
WANTs AND CAN BE DIRECTLY USED IN COMPUTATION.

i s
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FUNCTION KSR PROVINES THE INVERSE FUNCTION OF BOTH INTVAL
AND PLVALe IT CONVERTS A REAL OR INTEGER NUMBER TO A STRING
RFPRESENTATION OF THE Nt!MBFRe FOR EXAMPLE

NUM=23+14
NSTR=KSR (NUM) p
CALL KOUT(6eKON(" NUM=1) gNSTR)

WILL RESULT IN THE PRINTING OF
NijM=37

FUNCTION KSR HAS SEVEQAL OPTIONAL FORMS WHICH WE SHALL
EXAMINE LATFR. IT IS IMPORTANT TO NOTE THOUGH THAT KSR IS
MUCH MORE POWERFUL THAN FORTRAN WRITE/FORMAT STATEMENTS
BECAUSE THE SIZE OF THE STRING CAN SE ADJUSTEND AUTOMATICALLY
TO THE MAG:HITUDE OF THE NUMBER. FOR EXAMPLEs KSR (0) WwILL
GIVE A 1 CHARACTER STFIMNGs "0uy BUT KSR (=23.4588655) WILL
PUODUCE THF STRING REPREZSENTATION OF "=23,458R655"« WHICH IS
1i CHARACT RSe THIS CARPABILITY IS CALLED DYNAMIC FORMATTIMNG
AND IS VERY USEFUL IN MANY APPLICATIONS.

9. STRING ROUTINE INITIALIZATION.

BEFORE ANY OF THF FUNCTIONS OR SUBROUTINFS IN THIS
MANUAL MAY BE USEDe SUB OUTINE KINIT MUST SBE CALLED.
FOR THE PRESENTs WE SHALL LIMIT 0OUR DISCUSSION OF KINIT
TO SAY THAT IT HAS TH=- FQ2Ms

CALL KINIT(:)

LATER OTHER ARGUMENT- VvILL BE INTRODUCED,

KINIT DOES NOT PERFQR~ ANY FUNCTION THAT IS APPARENT TO THF

USFR 3UT IS ESSENTIAL TO THE NPERATION OF THE ROUTINES. FAILURE
7o CALL KI IT WILL RESULT IN THE FATAL DAYFILS DIAGNOSTIC.

STNP KINIT NEVER CALLED.

THESE ARE THE BASIC CONCEPTS AND FUNCTIONS INVOLVED WTTH
THE HANDLING OF STRINGS. A NUMBER OF OTHFR FUNCTIONS AND
SUAROUTINES WILL BF IMTRODUCED LATERs AND A NUMBER OF
OPTIONAL FNRMS WILL BE PRESENTED FOR THE RPOUTINES ALREADY
INTRODUCED. SO AS TO TMPROVE THE UTILITY 0F THE CHARACTER
STRING HANDLING PACKAGE.




NOTATION USED IN THIS MANUAL

THE FOLLOVING NOTATION IS USED IN DESCRIRING THE
SUSROUTINES AND FUNCTTONS IN THIS MANUAL:

WHEN RESCRIBING *RGUMENT LISTS FOR STRING ROUTINES,
IF AN ITEM IS ENCLOSEN [N ANGLE BRACKETSs FOR INSTANCE,

<INTEGER>

THEN IT IS A DESCRIPTIO OF THE TYPE OF E~TRY REQUIREUL.
Fio EXAMPLEs IF  WwE WERE TO DESCRIBE THE SYNTAX OF AN
OV INARY FORTRAN wRITF STATEMENTs WE MIGHT WRITES

NCTITE (<UNTT NOe>9<FO-MAT LABFL>) <VARIABLE LIST>

OF TEN ARGUMENTS ARE OFPTIONALs AND MAY BE NOMITTED IF DESIREN,
AN ITEM CONTAINED IN SQiJARE BRACKETS IS OPTIOMAL.

TO EXPAND OUR EXAMPLE FOR THE FORTRAN WRITE STATEMENT,s RECALL
THAT THE <FORMAT LABE(L> MAY BE OMITTEND FOR UNFORMATTED WRITES,
AND THAT Wi NEED NOT -AVE ANY <VARIABLE LIST>. THEREFORE wE
CouLD IMPROVE OUR DEFINITION TO RFADy

WOTITE(<UNIT NOO> [o<FiRMAT LABEL>)) [<VARTABLF LIST>]

THPEE DOTS (eee) IS USEN TO INDICATE AN ELEMENT WHICH MAY RE
RESEATED AN ARBITRARYV HUMBER OF TIMES, WwE CNULD REPLACE
<VARIABLE LIST> IN OuUe DEFINITION GOF FORTRAN wRITE #ITH
<VARIARLFE>( ¢+ <VARIABLF>see]1 TN SHOW ONE POSSIALE FORM

OF <VARIABIFE LIST> AS Al ARBITRAY NUMBER OF VARIABLES SERPARATED

By COMMAS,




GENERAL RULES

IT IS EXTREMELY IMPORTANT THAT VASIABLES USED WITH THE

STRING FUNCTIONS AND SURROUTINES sSE OF THF RIGHT TYPE.

ALL STRING REPRESENTATIONS MUST SE ASSIGNFD TO AN INTEGER
VARIABLE. ASSIGNIMG A STRING REPRESENTATION TO ANY OTHER
TYPE UF VACIABLE WwILL RESULT IN THE FATAL DAYFILE DIAGNOSTICe

STOP ILLEGAL STRING REPRESENTATION

BEING PROD:I.CED WHEN THE VARIABLE IS SUBSEQUENTLY REFERENCED

IN & STRING FUNCTION NR SUBROUTINts AS A MEMORY AIDe

REMEMBER THAT ALL FUNCTIONS WHICH RETURN A STRING REPRESENTATION
A THZ VALUE OF THE FuUNCTION vEGIN wITH THE LETTER Ke THE ONLY
FUNCTION Iy THIS MANUAL RETURNING A REAL RESULT IS RLVAL.

THE ONLY FUNCTION RETURMING A LOGICAL VALUE IS LEXIC.

ALL OTHER FUNCTIONS RFTURN INTEGER VALUES.

THIS 2ULE IS SO IMPORTANT IT REARS REPEATINGeee

ANY <STRING REPRESENTATION> CAN ONLY SE ASSIGNED TO A VARIAHLE
THAT IS TYoE INTEGFRe

FOR ALL ROUTINFS IN TWIS MANUALs UNLESS OTHERWISE SPECIFIEN.
ALL ARGUMENTS MUST BE TYPE INTEGER.,

ARRAYS OF STRINGS

WE MAY USE ARRAYS 0OF CHARACTER STRINGS JUST AS WE MAY USE
ARRAYS OF MUMEFIC VARIAHLFES. EACH ELEMENT OF THE ARRAY CAN
REPRESENT ¢ STRING OF UP TO 500 CHARACTERSe FOR EXAMPLES

DIMENSION IST (%)
[ X N ]
DO 100 1=1,5

106 IST(I)=KIN(R)

THIS READS FIVE CARDOS AND ASSIGNS EACH CARD=IMAGE=-STRING T0
A SEPARATE ELEMENT OF ARRAY IST. OF COURSEs TST MUST BE AN
INTEGER ARRAY.

PASSItG STRINGS TO SUBROUTINES

STRING REPRESENTATIONS MAY BE PASSED TO OTHER ROUTINES
JUST LIKE ANY OTHER VARIABLE. THEY MAY APPEAR IN
COMMON QR AS ARGUMENTS IN A SUBROUTINE OR FUNCTION CALL.
ATTEMPTING TO PERFORM ANY OPEQATIONS ON STRING REPRESENTATIONS
OTHER THAN THOSE PROVIDED BY ROUTINES IN THIS MANUAL WILL RESULT TN
UNDEFINED ~ESULTSe FOR INSTANCEs TRYING TO PRINT A STRING
REPRESENTATION USING AN ORDINARY PRINT OR WRITE STATEMENT wILL
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PRIODUCE GARZBAGEs NOT THE STRIMG DESIREDe THE ONLY LEGAL
AT THMETIC OPERATIONS wHICH MAY BE PERFORMED ON STRING
RFPRESENTATIONS ARF e
1. SIMPLE ASSIGNMENT STATEMENTSe FOR EXAMPLE s

KSTR=JSTR

2+ ASSIGNING THE VALUE Q@ TO A STRING REPRESENTATIONs WHICH
DEFINES A :jULL STRING, FOR EXAMPLES

KSTr=g
S7”TS KSTR 7O THE REPRESENTATION OF A NULL STRING (9 CHARACTERS) .
THERE ARE TW) KEYS TO SUCCESS IN USING THESE ROUTINES,ee

1. REMEMBER TO CALL KINIT SEFORE ANY OTHER STRING ROUTINE,
2. USE THE RIGHT TYPE UF VARIABLE,

KEEPING IN MIND THESE IMPORTANT GENERAL RULESs LET US
EXAMINE THE STRING ROUTINES IN MORE DETAIL.

10




INTEGER FUNCTION KON = DEFINE A STRING CONSTANT.

LFGAL FORMATSeee

<STRING REPa> = KON(<SLITERAL STRING>) (lel]
<STZING REPe> = KON(<SLITERAL STRING>¢<LENGTH>) f1.2)
<STERING REPe> = KON(<SLITERAL STRING>9=<PADDING>) . e31]

AXGUMFNTSe e

<LITERAL STRING> IS EITHER A CHARACTER STRING ENCLOSED IN
QUOTATION MARKSe 0® A HOLLERITH CONSTANT OF THE FORM,
<ND+CHARS>HCTEXT>s UNDE? NO CIRCUMSTANCFS
WHATSOEVER CAN THIS ARGUMENT BE A VALTIABIE.
(NOTE,.ee ON SOME PFINTERS AND KEYPUNCHESe THE QUOTE (')
APPEARS AS A "NOT=-FQUAL" SYM30OLe. THF CORRECT KEYPUNCH
FOR THE QUOTE IS AN 8=4 PUNCH ON AN 26 KEYPUNCHe AND
AN 8=7 PUNCH ON AN 029 KEYPUNCH,)
<LENGTH> I< AN OPTIONAL PARAMETER SPECIFYING THE COMPLETE (ENGTH
DESIRED FOR THE STRINGe IT MAY SE A VARTABLE. IF
<LENGTH> IS GREATER THAN THE LENGTH OF THE <LITERAL STRING>,
ADDITIONAL BLANKS WwILL BE ADDED AS REQUIREDe IF <LENGTH>
IS SHARTER THAN <ACTUAL STRING>y THE STKRING WILL BE TRUNCATEN,
<PADDING> IS AN OPTIONAIL PARAMETER DISTINGUISHED FROM <LENGTH>
BY TH. FACY THAT IT IS PRECEEDED BY 8 MINUS SIGN,
<PADDING> IS A Ni!M3ER SPECIFYING THE NUMRER OF BLANKS TO HE
APPENNDED TO THE £ND OF THE <LITERAL STFIMNG>.

IMPORTANT NOTFSe,e

DUE TO THE INTERNAL DATA REPRESENTATION OF RLANKS IN CNC

FORTRAN EXTENDEDs IT IS IMPOSSIBLE TO OISTINGUISH THE NUMKER

OF TRAILING BLANKS ON A <LITERAL STRING>e FOF INSTANCE,

WHL % AND "HI " 3Q0TH HAVE PRECISELY THE SAME REPRESENTATION
I COC FORTRAN, FOR THIS REASONs IT IS NECESSARY FOR

FUNCTION KON TO IMPLEMEMT THE FOLLOWIMG RULE YO AVOID
ABIGUITYeqe

WHEN USING FORM (l1el)e ANY TRAILING BLANKS IN <LITERAL STRING>
WILL B8E AUTOMATICALLY REMOVED BY xkONe IF <LITERAL STRING> IS
COMPOSED SOLELY OF BLANKSs THE RESULT WwILL BE A SINGLE BLANK.
FEOM THIS PULEs IT IS APPARENT THAT KON("HI') AND KON('"HI ")
BOTH DEFINE THE SAME STFRINGs MAMELY THE TwO0 CHARACTER STRINGs "HIW,
IF IT IS DESIRED TO HAVE ONE OR MORE TRAILING BLANKS INCLUNED
IN THE STRINGy THEN USE FORM [le2) OR FORmM 11,3) INSTEAD,

FNw EXAMPLE s KON("™ HIve=1) WILL PAD THE <LITERAL STRING>

WITH ONE T2AILING RLANK, RESULTING IN " W] %,

THE CHARACTERS IN THE <L ITERAL STRING> MAY BE ANY CHARACTERS

I'' THE 64 CHARACTER ASCII SUBSET wITH THE EXCEPTIONS NOTED

B LOWa
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1. THE CO'ON (3) MAY NOT BE THE LAST CHARACTFR OF A STRING.
) 2. Tu0O CO1 ONS MAY NEvVE~ APPEAR THOGETHER. AT LEAST ONE OT+HER
: CHARACTER UST INTERVENT,
3. THE QUATE CHARACTFR ( OR NOT=EQUALS STGN ON SOME
PRINTERS AYD PUNCHES ¥ SHOULD NOT BE USED IN THE FORM OF
<l ITERAL STRING> WHICH IS DELIMITEN BY THF QUOTE MARKS,
s IT MAY BE 1:SED FREELY I!: THE HOLLESITH=COUNT FORM,
3 (¢ XCEPTION,ee THE CHAPACTER " MAY BE SUCCESSFULLY REPWRESENTED
BY RFPLACIAG IT WITH wo IN A STRING DELIMITED BY ' CHARACTERS).
THESE RULES STFEM FRPUM THE CODC IMPLEMENTATION OF RECORDS
NOT FRGM ArY IDIOSYNC - ASIES OF KON (SEE REFERENCES [(3)e(4],

[‘ AND (5)) .,
EXAMPLES OF LEGAL STRYNG NDEFINITIONSees
FUNCTION C*"LLeee RESULT REPRESENTSees
TIA=KON("THIS IS A STRING") UTHIS IS A STEIMGY
IB=KON(16HTHIS IS A STRING) UTHIS IS A STRIMG"
C=KON("S0O IS THIS ") ws0 IS THIS™
IC=KON(13HS0 IS THIS ) S0 IS THISw
E | IE=KON("PANDED STRING"y=3) UWPANNED STRING "
‘ [1G=KON("PANDED STRING ".=3) UPADDED STRIMG gt
* IH=KON("TRIINCATED STRTINAGYNgn) UTRUNCAM"
[H=KON (00 11y "non
[J=KON(L1GHSAY HIw ) WSAy UKW
IKzKON("SAY OIIIHI"II u._.) "':’AY IOHIN "
IL=KON ("LEMGTHENED ST:=ING"420) WLENGTHFNED STRING "

EXAMPLES OF ILLEGAL STFING OEFINITIONSees

FUNCTION CaLL REASON FOR FRROR
; DATA LS /3HHI 7
a IP=KON(LS) <LITERAL STRING> MAY NOT RE VAR,
: ST=ING=KON ("HELLO") <STRING REP> MAY NOT BE REAL VAR,
IT=KON("AN- WER:™") COLON MAY NOT BF LAST CHARACTER.

12
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SUBRQUTINE KONLST - DEFINE ARRAY OF STRING CONSTANTS
L GAL FORMATeee
CALL KONLST(<INTe ARRAY>9<LIT. STRING>(9<1 ITe STRING>ess]) (2.1)
9~GUMFNYS... |

<INTe ARRAY> IS AN INTEGER ARRAY TO RECEIVE THE STRING
REPRESENTATIOMS,

<L ITe STRI*G> IS A LITERAL STRING AS DESCHIBEND FOR FUNCTION
KON. 1T MAY NOT H4E A VARTAGLF &

ANY NUMBER OF <LITERAIL STRING>S MAY d8E SPFECIFIEDs SEPARATEN BY
COMMASs ANN USING CONTINUATION CARDS IF NEEDED.

NOTEeee IF THIS FUNCTION® OR QOTHER FUNCTIONS WITH VARIARLE-LENGTH
ARGUMENT LYSTSe IS CALLED SEVERAL TIMES WITH DIFFERENT NUMRERS

OF ARGUMENTS (IN THE SAME PROGRAM)s THE FORTRAN COMPILER wilLL
P2NDUCE THr INFORMATIVE DIAGNOSTIC, '"ARGUMENT COUNT INCONSTSTENT
WwITH PRIOR USAGE". THIS DIAGNOSTIC SHOULD BE IGNORED.

EXAMPLE Z2eioee

DIMFNSION ISTRA(S)
CALL KINIT( )

LR 2

CALL KONLST(ISTR:9"MOVE S "DIAWN 9 "DASH" o "TEXT " 9 "ERASE M)
THE ABOVE ©XAMPLE IS FUNCTIONALLY FQUIVALFNT TOaeee

DIMENSION ISTRA5()
CALL KINIT( )
IST.G(1)=KON{'"4OVE")
ISTEG(2) =KOQN("NRAWY)
IST-6G(3) =KQMN("NASH")
IST . G(4)=KOM("TEXT")
ISTG(5) =KON("ERASEY)

EXAMPLE Celece

COMMON /STKINGS/Z JS(50)
CALL KINIT(")

CALL KONLST(JS(1:) ghengnantgngngiyn

THIS EXAMPI E DEFINES ONLY JS(]0) THROUGH JS(13) INCLUSIVE.
THE REMAINING ELEMENTS OF THE ARRAY ARE NOT AFFECTED.

13
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INTEGER FUNCTTON KAT = CONCATENATE STRINGS

L GAL FOfM:Teee

CSTReREP¢>=KAT(CSTReREPe>9<STReREP¢>[ 9<STReREP>064e ) 361)

A“GUMENTSeus
<3TReRFPe> IS A STRING REPRESENTATION.

ALLL OF THE STRINGS REPKRESENTEOD BY THE ARGUMENTS ARE CONCATENATED
IN THE SEQUENCE GIVEN. “ND THE RESULTING REPRFESENTATION

RETURMED AS THE VALUE OF THE FUNCTION. ANY NUMBER OF

ARGUMENTS (GKREATER THAN 1) MAY 8E USEDs USING CONTINUATION

€A2DS IF NTEDED.

EXAMPLE 3eloee

DIM: NSION LS (4)
caLL KINIT()

CALL KONLST(LS+" IS THE TIME"s" AIN OF' ' PARTY"," nNOW")

JS=kON(" FOP ALL GOOD MEN TQ COME TO ')

NEWASTREZKAT (LS (4) o LS (1) 9 JSeKON(" TH=) 9 S(2)sLS(3))
NCwSTR wILL THEN REPRESENT THE STRINGe

" NOW IS THE TIME FOR ALL GOON MEN TO COME TO THE AID OF PARTY"™

14




INTEGER FUNCTJON KSUB = SURSTRING EXTRACTION
L' GAL FOXMATSeee

<STReRFPe> = KSUB(<STReREPe>9<START<COLe>) fuell
<STReREPe> = KSUB(<CSTReREPe>9<STARTeCOL ¢>9<NO,CHAR,>) 14e?)

hQGUMENTS...

<STReRtPe> IS A STRINA REPRESENTATION,

<STARTSCUL.> IS THE STASTING COLUMN FOR THE SUBSTRING EXTRACTION
WITHI'. TH: STRING.

<NO«CHARS> IS THE NUMRER OF CHARACTERS TO BE EXTRACTED.

IF FORM [4,1) IS USED. THE ENTIRE REMAINDFR OF THE STRING
FROM CHARACZTER NUMBER <-TART. COL.> wILL HE EXTRACTED.
IF FORM [4,2) IS USED. THEN ONLY THE SPECTFIED NUMBER OF
CHARACTERS WILL BE EXTRACTED.

EXAMPLE %o 0ee

CALL KINIT()

JST: =KON("MISD/SFADy BLDG 353")
IRL"G=KSUR(JST-» . 2)

THE VARIABLE IBLDG wILL REPRESENT “BLDG 353",
EXYAMPLE &4e-see

DIMANSION IALP-A(2AK)
CALL KINIT(>)
ISTE=KON("ABCDFFGHI JKLMNOPQRSTUVWXYZ'")
DO V13 I=le26
17 IAL=HA(]I)=KSUB(ISTReIsl)

AFTER THE ABOVE CONE S EXECUTEDs IALPHA(() WILL REPRESENT "A'',
IALPHA(10) wILL REPRESENT "J", ETC,

15
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INTEGER FUNCTION LEN - LENGTH OF STRING
L' GAL FORMAT.ae
<INTEGER RESULT>=LEN(-STRING PEPR.>) "S5el]
AFGUMENTSeq '
<STRING REF4> IS A STRING REPRESENTATIONe

FUNCTION LeEN RETURNS THE LENGTH OF THE STSING REPRESENTED <Y
THE ARGUME: T

EXAMPLE Se . eee
CALL KINIT (%)

KST - =KAQN (" ALPuAt)
LSTo=KAT(KSTRekON(UBETAM"))
N=L N(LSTR)

N wILL BE 19 AFTER EXECUTION GF THIS CODE,
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LOGICAL FUNCTION LEXIC = COMPARE STRINGS
L-GAL FNORMATeeo
CoTRUE ¢/ e FALSE « 2=LEXKIC (<STRING REP > 9<KEY>¢<STRING REPe>) (6al]
AXGUMENTSeqe

<STRING REPL> IS A ST=ING REPRESENTATION,
<KZY> IS A LITERAL KEYwnRD INDICATING THE OPERATOR TO HE USED
FOR THE COMPARISOAN. <KEY> MAY ONLY =E OME Of THE FOLLOWING:

llL Tll "[ E“ HEQ" llNE“ IQGE " llGTll

THE KEYWORNS HAVE THE SeME MEANING AS THEIR REGULAR FORTRAN
COUNTERPARTS.

FUNCTION L xIC KETURNS THE LOGICAL VALUE .TRUF. OR «FALSE,,
THE STRINGS REPRESENTED BY THE FIRST AND THIRD ARGUMENTS ARE
COMPARED LigxICALLY. (F THFE CONDITION INDICATFD BY <KEY> [= METe
THEN LEXIC RETURNS oTRUFee OTHERWISE. oF:L.SE. IS RETURNED,
THE STRINGS NEED NOT RE OF THE SAME LENGTH TO BE COMPARED,

THF STRINGS ARF COMPAREN FOR NDICTIONARY=0RPDER USING THE
DIsPLAY CONE CNLLATING SEQUENCE OF THE CDC COMPUTER.

[} ORDER FOR TwO STRI~NGS TO BE CONSIDERED EQUALe THEY MUST
HAVE THE SEME LENGTH AND COMPOSITION. THUS “HI ® AND “HIW ARE
NAT EQUAL. IN FACTy “uIn JILL ALWAYS PRECEDED “HI v IN THE
COLLATING PROCESSsy SO “HIw IS LESS THAN Y] U,

IT IS IMPORTANT TO REALIZE THAT YOU MAY NOT COMPARE TwO

ST~ INGS WITHOUT USING FINCTION LEXIC. TwO STRINGS WHICH 1\RE
IDENTICAL TN EVERY RESPECT WILL NUT IN GERNERAL HAVE THE SAME
STRING REPQESENTATION. AND IF YQU COMPARE THE REPRESENTATIANS
WITH AN ORNINARY IF STATEMENT wWITHOUT LEXTCe THEY WILL
EVALUATE A3 UNEQUALe THE SOLE EXCFPTION IS THE NULL STRING
WHICH IS A WAYS REPRESENTED BY THE NUMERTIC VAILUE &,

NOTEeee WHLN USING FUNCTION LEXICs IT IS [MPORTANT TO
REMEMBER T DECLARE LEXIC AS TYPE LOGICAL IN THE CALLING
PROGRAM,

EXAPMPLE 5e'eee

LOGICAL LEXIC

CALL KINIT(:)

o0

IST =KON("“KOWALSKI"™)
JST2=KON("KOWAL")
IF(LEXIC(JSTRe"LT"eISTR))IGO TO 10

CONTROL wlLL BE TRANSFERPRED TOo STATEMENT 10 AT THE IF STATEMENT.
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FAAMPLE +o

PRORAM SORT(I'PUT+OUTPUTTAPE :=INPUT s TAPE6=0UTPUT)
€ PROGRAM T0O <FAD 10Y CARDSy SORT THEM ALPHABETICALLY.
C AND PRIMT THY SORTFD LISTa.

LOGICAL LEXIC

ODIMENSION NSTR 1L 1)

., CALL KINIT(:)

Do 100 I=1+100

1206 NST (I)=KIHN(S)

DO 0% I=1+99

IPl-]+1

DY ~C4% J=1PLled

IF QL EXICINSTR()) «"GE" e NSTR(I)))IGO TO 200

ITE-P=NSTR(I)

NST=(1I)=NSTR(J)

NSTZ(J)=ITEMP

230 CON7T INUE
309 CALL KOUTINSTR(I)sl)

CAL). KOUT(NSTR(L1C)ed)

STOw

END

NGTEese THf ABOVE EXAMPIE USES A VFRY INEFFICTENT SORTING
TECANIQUE FOR THE SAKE 0OF SIMPLICITYe SEF REFERENCE (11 FNR A
DESCRIPTIO:: OF BETTER “ETHNDS.
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INTEGER FUNCTION MATCH = FIND SUBSTHKING MATCHING PATTERN

L' GAL FNRMATSeee

CCOLeNOe>=UATLH(CSeRe>9<KEY>9<PAT S eRa>) [7el)
<C0L0N0.>=MATCH(<S.Q.>’<KEY>'<pA¥.LIST SeRe>9<N0ePATe>9< MATCH>)
r7¢?21

AHGUMzNTSQ..

<3.R> IS A STRING REP-ESENTATION FOR THE STFING TO BE SEARCHED,
<KEY> IS A KEYWORD INDICATING THE TYPE OF SEARCH TO BE MANF .
SELECTED FROM THE FOLLOWING CHOICES.

WFIRSTY UEFIRSTNOTY WLASTH ULASTNOT®

<PATeSeR> IS THE STRIYG REPRESENTATION OF THE PATTERN T0 B SEARC-ED
FOR

<PATSLIST SeRe> IS AN ARPRAY OF REPRESENTATIONS OF PATTERNS TO
8E SERCHED FOR,

<NQsPAT> I THE NUMBE: 0OF ELEMENTS IN THE PATTERN ARRAY,

<] MATCH> 1S RETURNED TO THE CALLING PROGAM AS THE SUBSCRIPT
OF <PaToLIST Se®> wHICH QESULTED IN * SUCCESSFUL MATCH,

Fnei [7e4i) IS USED WHEN A SINGLE PATTERN [S TO BE SEARCHED
FOR IN TRE STRING. FOoM [7.-) IS USED WHEN SEVERAL PATTEONS
A<E TO BE T~IED It SUCCESSION. T-E KFYWORDS THNDICATE THE
CIRECTION oF THE SEARCH. AND #HETHER THE #HORMAL CONDITION nR
INVERSE COOITIUN CONSTITUTES A “SUCCESSFuUL' MATCH,

WFIRST" SENRCHES LEFT TN RIGHTY FOR THE FIRST OCCURRANCE OF
Aily OF THE PATTERNSe. "FIRSTNOT' SEARCHES FQR THE FIRST
CHARACTER -HICH DOES NOT “ATCH ANY OF THE PATTERNS,

"_AST" SEA-CHES FOR THE LAST OCCURRANCE OF ANY OF THE PATTFRNS
IN THE STRINGe. "LASTMOT'" SEARCHES FOR TH¥ LAST CHARACTER
WHICH DOES NOT MATCH ANY OF THE PATTERNS GIVEN,

THESE DISTINCTIONS ARE REST CIARIFIED BY FXAMPLES.

EXAMPLE 7¢ .00

IST =KON("THE VvALUE OF X IS 3 IF Y IS 2 AND IF Z Is ")
ICO!' =MATCH(TSTRe"FIRST"eKON(M"IFN))
LCOL=MATCH(IST *9"LAST 9y KON(®]F"))

THIS EXAMPLE RESULTS IN ICOL=2P1 AND LCOL=15.
EXAMPLE 7e ooe

DIMi NSION IPAT (&)

CALL KINIT()

LN

CALL KONLST(IPAT, Metty Natty wgng n n )
IST =KIN(S)

ICUI OP=MATCH(ISTRe"FIRST" 9 IPAT 949 IATCH)
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T=IS EXAMP' £ READS A CARD FROM TARES AND SEARCHES FOR THE
FIRST ARITS™METIC OQOPERATHR, ASSU 'ING THAT THE CARD CONTAINEDS

"]78.'05°2J.11’300"

THEN THE RiSULTS wOUL)Y nE THAT ICOILOP=7 AHND IMATCH=3, BECAWSE
T~7 FINKST CULUMN THAT MATCHED ANY OF THE LISTFED PATTERNS waAS
OV UMN 74 AND THE PATTESKN IT MATCHED wAS JRAT(3),

EXPMPLE Te ‘oee
ILNS=MATCH(IST o“LASTNOT"sKON(*" "))

THIS EXAMPI E SEARCHES A STRING TO FIND THF LLAST NON-BLANK
CHARACTER 1IN THE STrI'G,

NOTES ON PATTERN MATCHIMGeee

IF THE MAT-H FAILS (THAT 1Se THE SPECIFIEND PATTERN MATCHING
CONDITION 1S NOT MET 3Y ANY OF THE PATTERNS)s THE VALUE RETURNED
B8Y FUNCTIO., MATCH IS o WHEN USIMG FORM [T7e¢21e <I MATCH> TS
MCANINGLESS WHEN YNOT'" wEYVWORNDS AQF USEDe SEARCHES USING

WL ASTNOTY ARE NOT QRECOMMENDED FOR PATTERNS LONGER THAN ONE
CHARACTER,
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INTEGER FUNCTION KIN ~ INPUT A STEING

Lf GAL FORMATSeee

<STRING REv > = KIN(<ILFN>) fHel)
<STRING RE.-e> = KIN(<I FN>9<LENGTH>) THe?]
<STRING RE.e> = KINI<SLF!>9=<PADDING>) THe3l

ATYGUMENTS e 0

<LFN> IS THE LOGICAL FILE NAME. IT MAY Bf EITHER A UNIT
NUMBEE OR LEFT=JUSTIFIED=WITH=ZE~O=FILL FILE NAME.

<! ENGTHR> Ic THE NUMBEP OF CHARACTERS TO BF DEFINED FOR THE
RESULT STRING.

<CADDING> 1S THE NUMBER OF BLANKS TO BE APPENDED TO THE ENN OF
THE STRING (DISTINGUSIHEN FROM <LENGTH> A3Y THE MINUS SIGN),

IF FORM (3,1) IS USED THEN THE STRING RESULTING WILL

BE THE LENGTH OF THE RECORD READ «JTH ALL TRAILING BLANKS
REMOVEDe FOR FXAMPLES IF THE INPUT DEVICE IS AN =0 COLUMN
CA®D READE= AND THE LAST NON=-3LANK COLUMN ON THE CARD READ IS
COLUMN 629 THEN THE STRING REPRESENTED BY <STRING REP> wILL
Bt 6G CHARACTERS (LONG, IF FO®M [R,2]) IS USFDe THEN THE
ST+ING WIL) BE DEFINED AS <LENMGTH> CHARACTERS LONG REGARDLFSS
OF THE NUMRER OF CHARACTERS IN THE ACTUAL RECNRDe FOR

EITHER FORwe THE MAXIMUM RECORPD LENGTH IS LIMITED HY THE

CDOC OPERATING SYSTEM TO 153 CHARACTERS.

END=OF =FILE ENCO!'INTERED USING EITHER FORM wWwItL CAUSE «IN
TO RETURN THE NULL ST<ING, FOR FORMAT (=41)e AN ENTIRELY BLANK
CAD WILL FETUKN & ST2ING CONSISTING OF A SINGLE BLANY (% ),

EXAMPLE "¢ . oo

PROGRAM TEXT(INPUT e TAPFS=INPUTSOUTPUT)
CALL KINIT(:)
o000

IST =KIN(5)

THIS EXAMP) E READS A CARD FROM THE INPUT FILE. THE LENGTH OF
THE STRING ODEPENDS ON THE CONTENTS OF THE RECOwRD READ.

EXAMPLE HBe-oee

PROGRAM TEST (INPUTsOUTPUT)

CALL KINIT(7)

INP=SLINPUT

IST::=KIN(CINP)

IF(ISTR.EQaD)STOP MEND=-OF=FILE ENCOUNTERED ON INPUT"
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THIS EXAMPLE ILLUSTRATES HOW A LEFT=JUSTIFIEOD=-WITH=ZERO-FILL

FIi E NAME MAY BE USED INSTEAD OF A UNIT NUMBER. IT ALSO
ILLUSTRATES A METHOD FOR TESTING FOR END=NOF=-FTLEe ALTERNATIVELYe
THE USER CAULD TEST F1R LEN(ISTR) EQUAL Tn Ay WHICH ALSO

WOLD BE oTRUE. WHEN FNND=OF=FTLE wAS ENCOUNTERED.

EXAMPLE Re ceee

PROGRAM TESTS3(INPUTsTAPES=INPUT»OUTPUT+TAPE6=0UTPUT,TAPt ;)
CALL KINIT

IFILE=oLTAPEL

ASTH=KINCIFILE«4"70)

REGARDLESS OF THE CONTENT OF THE RECORD RFADs LENC(ISTR) wILL BE 100
CHARACTERS, IF THE RECORD READ WAS LONGER THAN 100 CHARACTERS,

IT WILL BE TRUNCATED. IF IT wAS SHORTER THAN 100 CHARACTERSe

IT wILL BE PADDED WIT+ »LANKS. THE ONLY FEXCEPTION IS THAT THE

NULL STRIN( WILL RE ASSIGNED TO ISTR IF END=OF-FILE IS ENCOUNTERED
ON TAPE],

22
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SUBROUTIMNE <0uT = OUTPUT A STRING

LF GAL FURMATSeee

CALL KOUT(<LFN>¢<STRI*G REPe>) 911}
CALL KOUT(<LFN>9<STRI'G REPe>9<CARRIAGE CONg>) rve?]
ARGUMENTSe, e

<LFN> IS THE LOGICAL FILE NAME EXPQESSED EITHER AS AN INTERER
NUMBE2y OR AS A | EFT=JUSTIFIED=-WITH=7ERO-FILL FILE NAME,.

<STRING REL¢> IS THE “EPRESENTATIOM OF THe STRING TO BF OUTPUT,.

<CARRTAGE nONe> IS A TARRIAGE CONTROL INDICATNRs CHOSEN FROM
THE LIST SELOW.

<CARF]IAGE CONe>=g0e MEANINGe o e
i SINGLE SPACE (NORMAL PRINTING) |
é DOUSLE SPACFE (SKIP 1 LINE) |
f OVERPRINT PREVINOUS LINE {
-1 SKIP TO TOP OF NEXT PAGE (FQORM=FEED) q
(OMITTED) NO CARKRIAGE CONTROL (1ST CHAR, §

USED FOR CARRIAGE CONTROLe« IF |
APPLICAHLE TO PHYSICAL DEVICE) . |

EXAMPLE Se eee

PROGRAM ONE (OUTPUTs TAPF6=0UTPUT) |
CALL KINIT()
IST =KON("THIS IS A STRING,") |
CALL KOUT(6¢ISTRs1)

THIS EXAMPLE WILL PRINT “THIS IS A STRING" ON THE NEXT LINE
OF THE OUTPUT DEVICE.
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INTEGER FUNCTION KINTEK - INPUT FROM TEKTRONIX TERMINAL
L’ GAL FORMATeee
<STRING RE=ze> = KINTEK (<LENGTH>) (1011

ARGUMENTS. .0

<LENGTH> Is THE DESIRED LENGTH OF STRING TO BF INPUT. IF
SPECIFIED AS &y THEN THE RESULTING STRING LENGTH WILL RE THE
LENGTH OF THE INPUT RECOQD AFTER ALL TRATLING BLANKS ARE
REMOVEDe THE MAXIMUM ALLOWASLE <LENGTH> IS 133y LIMITED
3Y THE TEKTRONIX SNHFTWARF (TCS PLOT=10)e.

THIS FUNCTION IS SIMIIL A~ TO KTNe EXCEPT IT IS COMPATISLE
WITH THE T7S SOFTWARE AND MAY BE USED ANYWHERE TEKTRONIX
USERS WOULN ORDINARILY CALL SUBROUTINE AINSTe NOTE THAT
<LENGTH> IS A REQUIRE" ©ARAMETER.

EX MPLE 10osleee

PROGRAM T(OUTPTTAPEGI 2 TAPEG2)
CALL INITT(390)
CALL KINIT(7)

CALL. MOVABS(0srCu)
ISTi.=KINTEK (")

THIS EXAMP| E MOVES THF CURSOR TO COORDINATES (09200) AND WAITS FOR
THE TERMINAL USER TO ENTER A LINE FROM THE KEYBOARDe. THE

PROGRAM CONVERTS THE INPUT LINE TO A STRING REPRESENTATION,

ISTRe.

NOTE THAT THIS RQUTINE REQUIRES THE USE OF THE TEKTROMIX
TCS SGFTWA3Es SUCH AS THE TEK?30 OR TEX48 LIBRARIES.
TCS IS A ReGISTERED TRADEMARK OF TEKTRONIx,s INCe

24
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SUBROUTIMNE KOQUTEK = OUTPUT TO TFKTRONIX
Li GAL FORMATSeee

‘ CALL KOUTEK (<STRING REP.>) f1l1e1)
2 CALL KOUTEK (<STRING REP.>9<CARRIAGE CONe>) f11.2)

ARGUMENTS.e, e
<STRING REFP.> IS THE REPRESENTATION OF THE STRING TO RE QUTPUT,

<CARRIAGE ~ONe> IS CARRIAGE CONTROlL CODEs CHOSEN FROM THE
LIST ¢ELOwWe

<CARRTAGE CON,> MEANINGe oo
i NEW LINEs THEN OQUTPUT
l NEW LINEs NFEW LINEs OUTPUT
E OMITT: O OUTPUT AT PrRESENT CURSOR POSITION

THIS SUBROUTINE IS PROVIDED TO GIVE COMPATABILITY WITH

TEKTRONIX TERMINAL USERS USING TCS (PLOT-10) SOFTWARE.

IT IS FUNCTIONALLY EQUIVALENT TO STRING FUNCTION KOUTs BUT MAY BE
JSED ANYWHERE TCS SUBROUTINE AOUTST WOULD NORMALLY BE USED,

NOTE THAT THIS ROUTINE REQUIRES THE TCS SOFTwWARE SucCH
AS 135 CURK NTLY AVAILABLE ON THE TEK3y OR TEK48 LIBRAKTY,




INTEGER FUNCTION INTVAL = STRING TO INTEGER CONVERSTON
L' GAL FORMATS..e

INTVAL (<STRING REP.>) 11261)
INTVAL (SSTRING RcPe>9<IF ERRNR>) r12.21)

<INTEGER VilLe>
<INTEGER VilLe>

ACGUMENTSe 40

<STRING RE-e> IS A4 REPRESENTATION OF THE STRING TO BE CONVERTED,
<IF ERROR> [> AN INTEGE~® VARIABLE PREVIOUSLY ASSIGNED To A

VALIO STATEMENT NUMBER IN THE CALLING PROGRAM 3Y

A FORTRAN ASSIGN STATEMENT.

INTVAL PCRFORMS STRING TU INTEGER CONVERSION. IN NORMAL

FORTRAN APPLICATION PROARAMSs USERS ARE OFTEN UNAWARE THAT

StICH CONVE >SIUNS TAKE PLACEs RECAUSE THE RPEAD AND FORMAT STATEMENTS
PERFOURM THi CONVERSION AUTUMATICALLYe FOx EXAMPLE®

REAT(5910)) [VAL
163 FORZAT(IS)

CaUSES THE COMPUTER TO READ A CHARACTER STRING FROM UNIT 5.
AND CONVERT THE FIRST 5 CHARACTERS TO THE NUMERIC VALUE THEY
REPRESENTe TO ACCOMPL ISH THE SAME OPERATION OSING THE
CHARACTER STRING ROUTINFSy WE MIGHT WRITE.,

IVAL=INTVAL (KIN(5))

THE PRIMARY DIFFERENCE IN THESE TwQ EXAMPLES IS THAT THE NYMBER
COLD BE PUNCHED AMYWHEZE ON THE CARD FOR THE SECOND CASE.

AND COULD RE WRITTEN wITH OR WITHQUT a DECIMAL POINTs

AS WE SHALL PRESENTLY SEE,

CONVERSION RULESese

le THE STRING TO BE CNHNVERTED MAY CONTAIN ANY LEGAL REPRESFNTATION
OF A NUMHE-e IT MAY HE WRITTEN WITH OR WITHOUT A DECIMAL POINTs
SIGNED OR 'NSIGNEDe AND MAY EVEN HAVE AN FXPONENT OF 10 SPECIFIED
It: THE USUAL FORTRAN KEPRESENTATION (EeGes "le23E4“).

2. THE STUING MAY HAVE ANY NUMGBER OF LEADING BLANKSs WHICH ARE
IGI0RED.

3. CONVERSION IS CONSINEQED FINISHED wHEN A TRAILING HBLANX IS
ENCOUNTEREN OR THE STRING IS EXHAUSTEDs WHICHEVER COMES FI2ST.

4e IF AN ILLEGAL CHARACTER IS ENCOUNTERED IN THE STRING.
CONVERSION IS5 STOPPED AND ONE OF THE FOLLOWING OCCURSeee

A. IF <IF ERROR> «4AS NOT SPECIFIED ON THE CALLs THEN
A FATAL DIAGNOSTIC ERRUR MESSAGE IS ISSUED AND THE PROGRAM STOPS.

Be IF <IF ERROR> wAS SPECIFIEDs THEN CONTROL IS PASSFD

DIZECTLY T(, THE DESIGNATED STATEMENT NUMBER IN THE CALLING
PRIGRAM, THIS FEATURE ALLOWS THE USER COMPLETE CONTROL OVFR

26




RECOVERY FROM CONVERS1OUN ERRORS,
Se AN ENTIZELY BLANK STRING RETURNS O wITHOUT ERROR.

EXAMPLES UF STKINGS Tn BE COUNVERTED AND THE RESULTeee

IF THE STRING ISeee THEN INTVAL RETURNSeee
"&.“3“ ?3

" -3 1] -83

" 97 ORANG S " N

" ~ORANGES " (FRROR)
" -220.C" -200

" 65-0.6.1 1 HS“

" ,233nE+3n 233
"ol 3 P

" e75 n 0

" " 9
"é3:251" (ERR"R)

EXAMPLE icelese

PROGRAM TEST(I+PUTsOUTPUTs TAPES=INPUT»TAPEL=0UTPUT)
caLL KINIT( )
LN

C READ THE VALUE OF NRUN FROM ANYWHERE ON THE CARDese
NRUN=INTVAL (KT (5))
IF (1LiRUNLEQeC) STOP

THIS EXAMP; E SHUWS HOw aN INTEGER VALUE MAY RE READ FROM
ANYWHERE O:; A CARDe FI?STy KIN(S5) INPUTS A STRINGe THE
STRING IS THEN CONVERTED INTO ITS NUMERIC VALUE BY INTVAL,
SHOULD THE=E BE INFORMATION ON THE CARD OTHE? THAN A NUMBER»
THE PROGRAY WILL STOP AND A FATAL ERROR MESSAGE IS5SUED.

EXBMFLE 1242000

PROGRAM TESTZ(INPUTOQUTPUTTAPES=IMPUTTAPE6=0UTPUT)
CALL CONNEC(5)
CALL CONNEC (o)
CALL KINITU( )
LN
ASSIGN 135 10 IERRED
191 CONTINUE

7 READ USERS TYPED VALUE OF NRUN,ee
NRUL =INTVAL (KT (5) o IEQRED)
IF (;.RUNGEQ4G)STOP

1> CONTINUE
c COME HERE ONLY ON CONVERSION ERROR,
CaLL KOUT(6eKOr! ("BAD DATAy TRY AGAING')sl)
GO 70 191
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THIS PROGK'M SEGMENT IS SIMILAKR TO EXAMPLE 12.1 EXCEPT

THAT THE P=06RAM [S [*TTRACTIVEs AND THEREFORE THE PROGRAM
SHIULD GIVE TAE USE®R N OPPURTUNITY TO MEND HIS WAYS IF

HE MAXES A TYPO ERQOR w-lLe ENTERING THE VALUF FOR NRUN AT

THFE KEYBUA De  SHOULD I° TVvAL DETECT ILLEGAL INPUTe IT WILL NOT
RETURN VIA THE NORMAL PATHe BUT WILL INSTFAD 3KANCH DIRECTLY
To STATEME T lue THUS IF THE USE=? TYPEL 12" INTVAL

WOULD RETUPN NURMALLY. BUT IF HE TYPEDs "i(K"s INTVAL WOULD
RETURN T0 STATEMENT 17
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ko AL FUNCTION ©PLVAL = STRING TO REAL CONVERSION
L*GAL FORMATSeee

<RFAL VALe> = RLVAL(<STRING RFP4>) r13.,11
<R“AL VALe> = RLVAL(<STRING REP¢>s<If ERROR>) 113.2)

AV'GUMFNTSe e

<STRING REP> IS THE REPRESENTATION OF THE STRING TO BE CONVERTED,
<IF ERROR> 1> AN INTERER VARIASLE PREVIOUSLY ASSIGNED TO 4

VALIO STATEMENT NUMBER IN THE CALLING FROGRAM 3Y

A FORTRAN ASSTGN STATEMENT.

THE RULES oF CuNVeRSION GIVEN FOR INTVAL APPLY ALSO TO

RLVALy WITH THE EXCEPTION THAT THE FRACTIONAL PART OF NUMRFRS
I35 RETAINEs SINCE RLVAL RETURNS A REAL VALUE, THE

STRING TO 2E CONVERTEN MAY STILL 3¢ WRITTEN WITH OR WITHOUT A
DECIMAL POTNT.

EXAMPLE 13,.le0e

IST =Kt (g 30)
JST =KON("361")
X=t¢| VAL (1ST=)
LN ]
aSSIGN ¢. TO 1/ RP
Y=L VAL (KAT(ISTRJISTR) s 12 RR)
LN ]
2. CON:IINUE

PRI T 1 o

106 FORMAT(® [LLEGAL VALUE FOR Y#)

IN THIS EX MPLEs X WILL BF 1340 AND Y WwILL BE 13e361ie
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INTEGE~ FUNLTION KSR = NUMFRIC TO STRING CNHONVERSION

L GAL FOFRMATSeee

KSR (<A UF>) fV14eld)
KSR (SVALUE>9<FTNeFMT4>) (1%2)

<STRING RE-42
<STRING REC o>

ACGUMENTSe .0

<vaLUE> I3 A REAL OR AN INTEGER VALUE TO RE CNHONVERTED,.
<FTNeFMTo> I> A LITERAL STRING CONTAINING A LFGAL FORTRAN
FORMAT TO B8E USEn TO GOVERN THE CONVFRSINNe

KS2? IS5 THE INVE~SC FUNCTION OF FUNCTIONS TNTVAL AND RLVAL,
IT ACCERPTS AS INPUT THE NUMERIC VALUE OF A REAL OR INTEGER
NUU4BER AND RETURNS THF STRING REFRESENTATION 0OF THE NUMBEZ,
IN AN ORDITARY FORIRAN WRITE STATEMENTs THIS CUNVERSION

1S PERFORM, D AUTOMATICALLY BY THE FORMAT STATEMENT. FOR
EXeMPLF o

wr1TE(be200) X
20) FOn/AT(FLlO.%)

THIS CODE CAUSES THE CUMPUTER TO TAKE THE NUMFRIC VALUE OF X
ANMD CONVERT IT TO & STRING WITH 1  CHARACTERS REPRESENTING
THE VALUE oF Xe AND T-EXN OUTPOUT IT TO THE DEVICE. TO
ACCOMPLISH THE SAME THING USING THE STRING ROVNTINESs wE
CouLD WRIT o

CALI. KOUT(69KS (X 9" (Fl ea) "))

THIS wILL “AUSE EXACTI Y THE SAME RFESULT AS THE WRITE STATEMENT.
THE MORE I TERESTING CASE THOUGHs I> THE CASE WHERE KSR IS

USED wITHUT FURMAT SPECIFICATIONs AS SHOWN IN FORM [14,1],

FA2 ThHIS CaSks KSK WILL AUTOMATICALLY SELFCT A FORMAT WHICH WTLL
EXACTLY FIT THZ MAGNITUNE UF THE NUMBERs REGARDLESS OF [TS VALUE.

CONVERSION RULES FOR XSHeee
Ae IF <FT:eFMT> 1S NOT SPECIFIED.se

ie IF <VALUE> IS AN INTEGER NUMBFRs THEN KSR WILL SELECT AN
1-TYP: FORMAT wlrH THE SWALLEST NUMBFR OF CHARACTERS
POSSI=LE TO REPReSENT THE NUMBER,

e IF <VALUE> I35 A RFEAL NUMBERe KSR WILL SELECT A REAL
FORMAT REPRESENTATION AS FOLLOWS: IF <VALUE> IS BETWEEN
~leE=- ANU *[eE9s AN F=TYPE SPECIFICATION WILL BE USED

wITH ALL LEAUING BLANKS ~EMOVED AND ALL TRAILING

ZERQS SUPPRESSED f<OM THE NUMBER. NUMBEQRS OUTSIDE THIS
GANGE WILL Bt CONVERTED USING 1PEsleS FOR POSITIVE VAL UES
AND IPElceS FOR MEGATIVE VALUESe THE ONLY EXCEPTION IS

THE EXACT VALUE e s WHICH WlLL 8E CONVERTED TO *“0"s GINCE
THE?E I35 NO DISTINCTION KETWEEN A REAL 0,0 AND AN INTEGER ¢
IN THy COC REPRESEMTATION OF VALUESe
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" IF <FT oFMTe> IS SKFCIFIENGqs

ie AY LYGAL FO MAT MAY BE USED wHICH DNOFS NOT CAUSE
T4t SYSTEM MAX]IMi UM RECORD LENGTA OF 15 CHARACTE=S TN BE
deE(quo

fe A Y TZAILING bLANKS GENE<ATED BY THE FORMAT wILL <E
I6NO%, Js FOR REASONS EXPLAINED IN THFf NISCUSSION OF
FUNCT'ON KUNe

1. THE FORMAT NFFE O NOT AGREE IN TYPF WITH <VALUE>,

FIR ExAMPLE IF A <VALUE> OF [3e5 IS SPECIFIED WwITH A
FORMAT UF "(]5)", «S@ wILL AUTOMATICALLY CONVERT THE
VALJE TO INTEGE®? wtFORE CONVERSIONs SO THE STRING RESHLT
WOuULD HE " 13,

EXAMFLE l4eleoce

PRUSRAM TEST(OTRUT s TAFER=0LUTPUT)

CALL KINITC)

N=d

LN J

N=1 Wu0

L N ]

WRITS(Be20)N

2. FOR AT(# THERC WFRE #4917 #® OCCURFA*CES.*®)

IST =KAT(KON("THCRE WERE"g=j) 9KSR(N) ¢KNN(" OCCURRANCES."))

CALL KOUT(5eISTFe1)

L
THE ABOVE < XAMPLE ILLUSTRATES THE DIFFERENCES BETWEEN
USING AN O=DINARY FORTRAN WRITE AND USING A FREE-FORMAT
CONVERSION WITH FUNCTYON KSRe ASSUMING N CAN RANGE IN VAL.IE FROM ¢
TO 15000GS DEPENDING N THE SITUATIONs THF PRNOGRAMMER SPECIFIED
Ar, 1?7 CONV RSION FOR tis WHICH IS THE MINIMUM <IZE WHICH wILL FIT
ANY CONTINGENCYe NOW SUPPUSE N wasS 3. THE FNORTRAN WRITE/ZFORMAT
COMBINATIOH WOULUD PRONUCE

THERE WERE 3 OCruRRANCES.

THE KSR CO.VERSION WOULD PRODUCES

THERE WERE 3 OCCURRANCESe
WHICH IS5 MICH MORE READ!BLEs

THE DvNAMIC FORMATTING CAPABILITY ILIUSTRATED ABGVE IS
VERY USEFUI IN PREPARING ATTRACTIVE OUTPUTs ESPECIALLY IN

INTERACTIVi APPLICATIONSe FLOATING=POINT NUMBERS MAY ALSO
BE USED.
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FEXAMPLF [“eCeoe

PROARAM TEST(OUTPUTTARPE0=CUTPUT)
caLy KINIT( )

XVA ==49e/4e

LN X ]

I5L SH=EKUN("77/")
IST-=KAT(ISLAS~9x3P(XVAL) 9 ISLASH)
CALL KOUT(6eISTHed)

LR )
THE PRINTEN QUTPUT wOULD HEs

///12.,25/77

THIS EXAMPLE ILLUSTRATES THE ASILITY OF KSP Tn SELECT SUITABLE
FOIRMATS FO” RcAL NUMBiHSe

EXAMPLE “0.3...

PROGRAM TEST(OUTPUTTARES=GUTPUT)
CcaLL KINIT( )
L)

X=7-eG/¢ce

CALL KOuT(6eKS (xe"(Fl e5)"))

THIS EXAMPLE ILLUSTRATES THE USE OF FORM (14.2]) AND THE RESULTING
PUINTOUT wWnULD READ

37650600
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SUBRA0UTI E KREPL = REPLACE STRING WITH STRING
LiGAL FORMATeame
CALL XREPLI<STRING REP¢>9<STRING HEPe>) [1561)
ALGUMENTSeq e
<STRING RE2e> I35 A STHING REPRESENTATION

KRZPL REPL*CES THE FIOST NAMEND STRING wITH THF SECOND STRING
Fom EXAMPL: »

CALL KREPLUTSTE KON(" NEW'))

CtSES THE VARIABLE ISTP Td 8F ASSIGNED THE REPRESENTATION
OF ' NEw', THIS SEEMS FQUIVALENT TO»

IST  =KON(" NEWW)

SN IT SEEMS REASONABLF TO QUESTIO THE UTILITY OF SUBROUTI E
KefPLe LATER WE SHALL SEE THAT KRFPL IS MORE EFFICIENT IN
MEMORY USA~E THAN USING THE "= ASSIGNMENT FURMe IT IS
IMPORTANT TO USE KREPL INSTEAD OF SIMPLE ASSIGNMENT STATEMENT
ANY TIME THE ASSIGNMENT IS IN A LOOP WHERE THE VARIABLE IS

TOo BE “RE-USED" OVER AND OVER, ITHERWISFs [HE SIMPLE
ASSIGNMENT STATEMENT > ACCEPTAGLE,

NOTE THAT THC VA:-IABLE T0O 3E ~EPLACED MUST BE A LEGAL STRING
REPRESENTATIONes IT M*Y. OF COURSEs BE THE NULL STRINGe

EYAMPLE 15.leee

PROGRAM COPY(INPF ITeTARPFS=INPUTOUTRPUTy TARPEG6=0UTPUT)
CALL KINIT(™)
[NSTR=V
1 CON INUF
CALL KREPL(INSTRSKIN(S))
IF (INSTReENDI)STOP "END=OF=INPUT ¢
CALL KOUT (69 INSTZ9e})
GO 10 1
ENU

THIS EXAMPLE ILLUSTRATES THE PROPER WwAY Tn CODE A PROGRAM TO
READ AN INFUT GUECK AND PRINT [Te 1T IS IMPORTANT TO USE

KREPL INST-AD OF SIMPLY USING INSTR=KIN(5) BECAUSE THIS
STATEMENT 15 £XECUTED MANY TIMESe AS wE SHALL SEE LATE-s THE
AMOUNT OF STORAGE USE® FOR STRINGS WILL 5F THE LENGTH OF

THE LONGEST LINE WwHEN THE PROGRAM IS RUN IN THE FORM ABOVE. BUT
whiJLD BE THE SUM OF THE LENGTHS OF ALL THe LINES IF A SIMPLE
REPLACEMENT STATEMENT WERE USED INSTEAD OF KRFPLe
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SUR2OUTTINE KINIT = IGITIALIZE CHARACTER STRING ROUTINES

L GAL FiRMATeee

C'LL KINIT(<BUF¢S[7€>) (1rel]

A“GUMENTSe e

<AUFJSIZE> I5 THE DIMENSION OF THE MEMORY BUFFER TO BE USED
FOR STORAGE OF ACTUAL-ST~INGSe IF SPECIFIED AS Qe TH~-
DEFAUIT SIZE OF ~1¢ wWILL B8E USED.

KIIT INITIALIZES THE CAMMON VARIABLES SHARED AMONG THE Va 'TOUS
FiNMCTIONS ND SUBKOUTINFS IN THE CHARACTER STRING PACKASE,
NODAMLLYs THE FURM OF T~E CALL IS

CALL KINIT( )

OPTIONAL VALUES FJOR <3UFeSIZE> wlLL BE INTRODUCED IN THE NFXT
SECTION
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DEFINITION OF <STRING REPRESENTATION>

UNTIL NOWe We HAVE BEEN USING THE NOTION OF <STRING R-Pe>
WITHOUT KNOWING WAAT IT ISe A <STRING REPRESENTATION> I35 A
SINGLE wORN  (SIMFLE vARIABLE) wHICH UNIQUELY DESCRIBES A STRING
OF CHARACT; RSe THE RFANER WHOD I5 FAMILIA= WwITH THE ARCHITFCTURE
OF THE CDC 653¢ SERIES COMPUTER wlLL <NOW THAT ONLY LG CHAZACTERS
MaY BE STU'EOQ IN A SINGLE COMPUTER WORDe SINCE THE STRING
ROUTINES A€ CAPABLE 0F REPRESENTING STRINGS NOF UP TO S0f CHARACTFRS
USING A SI,,GLE WORDs [T SHOULD BE APPARENT THAT IT IS5 IMPNSSIALE
TO STORE T=e ACTUAL=STFING IN TrE VARIABLF REPRESENTING Twe
STHING.

ACTUAL LY THE <ST#ING REP.> Is JUST A POINTER TO A LOCATION
IN MEMORY ~ONTAINING THT ACTUAL=STRINGe THE ACTUAL=STRING IS
A CONTIGUO'IS BLOCK OF CHARACTERS OCCURPYING AS MANY WORDS AS
NEEDED., A~TUAL STRIN .S ARE NORMALLY ALLOCATED AUTOMATICAL(LY
T~ A RESERVED 8LOCK 0OF MEMOKXY CALLED THE RUFFERS
WHEN A <ST=ING REP.> [5 GENERATED AUTOMATICALLY BY A STRINA
FUNCTION 0> SUsKOUTIN-y IT ALWAYS CONTAINS THF FOLLOWING
SU3FIELDS wHICH ARE PACKED INTO THE SINGLE wWORD <STRING RED(>:

8ITS SUBFI1ELD NAME DESCRIPTION

0 -8 <LENGTH> NUMBFR OF CHARACTERS IN ACTUAL-ST2ING,

9 - 2o <SU3> SUBSCRIPT OF THE BUFFER TO ADORESS 1ST
CHARACTE=< Or ACTUAL=STHRINGe

2T = o7 <EXTENT> THE DIsK EXTENT (HLOCK) ON WHICH THE
ACTUAL=STRING IS STORED.

4R = 53 cINTFRLOCK> ALWAYS SET TO 763, A SOFTWARE INTERLOCK
NESIGNATING THIS WORN AS A <STRING REPe>.

S54 = 59 <CHAReL> DISPIAY CODE OF ACTUAL=STRING FOR STRINGS

OF LFNOTH i FO+ ALL OTHER STRINGKSs
NOT USED awD SET TO 00B8.

LET US SEE HUW THE ST~I'G ROUTINES WOULD FORM A REPRESENTATION
FOR INSTRs WHERE [NSTw IS DEFINED kY

INSTR=KIN(5)

FUNCTION KIN READS A STAING INTO MEMORYs REMOVES ALL TRAILING
BLANKSy ANY COPIES THF 2EMAINING STRING TO SOME LOCATION 1IN

THE BUFFCR, THIS BUFFER IS CALLED DSAs FOR "DYNAMIC STORAGE
APEAY, ThF STRING REPRESENTATION ASSIGNEN TO INSTR WILL CONSIST
OF THE LENGTH OF THE STSING IN THE tOw ORNDER o BITS AND THF
SUBSCRIPT OF DSA NEEDFD TO ADDRESS THE ACTUAL STRING IN THF
NeXxT 18 BITSe EACH TIMF THIS STATEMENT Is EXECUTEDe KIN

WILL PUT THE NEW ACTUAL=-STRING IN THE BUFFER AND UPDATE THE
STRING REPPESENTATION FOR INSTRe IT wILL NOTe HOWEVERs DESTROY
OR REPLACE THE OLD ACTUAL=STRING PREVIOUSLY ASSIGNED 10 INSTRe
THIS [5 BECAUSE KIN [5 A FUNCTION ANU SO TT UOESNT "KNOW'" wrHERE
ITS RETURN;D VALUE WILL BE ASSIONEDe THERE IS5 NO wAY KIN CAN
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NeTERMINE THAT  THE STRING REPRESENTATION WILL BE REPLACINA
I''STRe ON THE OTHF2 HADe IF WE HAD COOED,

CrLL KREPL(INSTRoKIN( )

THEN KREPL wOULD KNOW T-AT INSTR wAS TO BE REPLACEDs AND SO0

IT WOULD R-LEASE THE ST \RAGE SPACE USEDL BY THE OLD ACTUAL~-STRING
FNR INSTRe THIS IXPLAINS WHY IT IS IMPORTANT TO USE KREPL INSTEAD
OF USING SIMPLr: ASSIG'IMENT STATEMENTS WHEN A VARIABLE IS Re-USED
FOR <STRING REPRESENT:TIUNS>.

WHAT HAFPENS WHEM THE JQUFFER AREA IS COMPLETELY FILLED?
PSEVIOUSLY THIS REPORT CLAIMED TrAT ANY NUMBER OF STRINGS
CHJLD BE STOFEDe NOW IT SEEMS THAT WE MIGHT RUN OQUT OF SPACE IN
THF. BUFFER FOR ACTUAL=-STKINGS. IN FACTs IF THE BUFFER 1S
SMALLe WE SHALL RuUN OUT OF SPACE RATHER QUICKLYe WHEN THIS
HAPPENSy THE CHARACTER STRING ROUTINES AUTOMATICALLY COPY
THE CURRENT BUFFER ONTO DISK AND CLFAR THE ENTIRE DSA FOR NEW
ACTUAL=-STRINGS. EACH TTIME THE OHUFFER IS COMPLETELY FILLED.
AUOTHES BLGCK OF OIsK SPACE IS AUTOMATICALLY ALLOCATED FOR
ITS STORAGH . cACH OF THESE BLOCKS IS CALLED AN <EATENT>e AND
I5 IDENTIFTED BY A UNTQUE NUMBER. THE EXTENT BECOMEcS AN
INTEGRAL PART OF THE <STRING REPe>s SO THAT WHEN AN ACTUAL =STRING
I5 NEEDED :Y ONE OF T=E STRING ROUTINESe IT LOOKS TO SEE IF THE
STRING w~AS DEFINED IN THE SAME <EXTENT> AS THE <EXTENT> WHICH IS
CURRENTLY IN THE BUFFER, IF NOTs THE CORKRECT <EXTENT> IS ECALLED
F20M UDISK INTO THE DSAe THIS PROCEDURE 15 DONE AUTOMATICALLY
WITH A RANNOM ACCESS NIsSK FILE CALLED KFILEe KFILE IS GENERATED
WHEN KINIT IS FIRST CALLENs AND SHOULU NOT RE DECLARED ON THE
PRNGRAM CA=De. ALTHOURH THE DISK OPERATIONS PERFORMED ARE
MUCH MORE FFICIENT T-Ax WOULD BE POSSIBLE USING ORDINARY
FORTRAN REAO AND wRITt STATEMENTSs A DISK ACCESS STILL TAKES
ABSJUT 1000 TIMFS LONG:Ew THAN A MEMORY ACCESSe THEREFORE 71T
SHOULD BE APPARENT THAT A 8IG BUFFER (DSAY IS UESIRABLE IF a LOT
OF CHARACT® R STRING OPERATIONS ARE TO BE PERFORMEDe SINCE THE
LARGER ARKAY DSA ISs THE FEWE? JDIsxk ACCESSES wILL BE REDUIRED.
OF COUJRSEe IF MEMORY 1S AT A PREMIUM IN A CERTAIN APPLICATION»
THE ROUTINGES WILL STILL WORK WITH A DSA AS SMALL AS 64 WORNSe.
REGARDLESS OF THE SIZF OF THE DSA BUFFERe THE TOTAL STORAGE
CAPACITY FNnR ACTUAL=-STKINGS WILL SE SEVERAL MILLION CHARACTERS.
I', ALL CAS#S THE USER WILL RUN QUT OF MEMORY FOR STORAGE OF |
<STRING RECERESENTATIONS> BEFORE STORAGE FOR ACTUAL-STRINGS IS 1
EXHAUSTEDe SUPPORTING THE CLAIM TO VIRTUALLY UNLIMITED STORAGE. !

IN ORNDER TO CONSERVE SPACE IN THE BUFFERe SEVERAL SPECIAL |
CASES ARE NEFINED FOR FORMING STRING REPRESENTATIONS:

1o IF THE ACTUAL=STRING IS ONLY ONE CHARACTER LONGs THEN THE

ACTUAL STRING wILL NOT SE ALLOCATED IN THE BUFFERs BUT WwILL BE
STORED DIR:CTLY IN THE OPPER » BITS OF THE <STRING REPe>.
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i

SINGLY CHACACTCR STRIMGS ARE FREDIENTLY ENCOUNTERED AND THIS
SAVES #3)0TH MEA0ORY SPACE AND ACCESS TIME.

e STEING “UNSTANTS (NEFINED HY FUNCTION KON AND SUBROUTINY KONLST)
Ar NOT CO-ILU INTO THE DSA BUFFER BECAUSE THF CONTENTS OF A

ST ING CONSTANT SHOUL!H NEVER CHANGE o THE ACTUAL=STRING USFD

15 T ACTOAL=STRING ©ASSFN AS AN ARGUMENTs AND THE VALWHE oF

<Sd> IS TE SuBSCRIPT OF DSA NECESSARY To ADORESS THE ACTHAL=STwING
Iti THE USE S PrROGRAM, [T SHOUL U =F NUTED THAT <SuUH> MAY Hi A
NEGATIVE NoMBE 2 IN TH1S CASE IF THF 1LOCATION OF THE ACTUAL -STRING
IS A MEMOkY ADDRESS LawtR THAN THE ANDDRESS OF DSA(L). A
COMSEAQUENCK OF THIS SYSTEM IS THAT PROGRAMS USING OVERLAYS MUST
MAINTAIN THE OVERLAY DEFINING A GIVEN STRING CONSTANT IN CORE
WHENEVER THAT STRING CONSTANT IS REFERENCED BY ITS <STRING REP¢>,

T:47 SIx 317S COMPRISING <INTERLOCK> Akt A PATTERN OF BITS

WHICH WwOULN NOT NORMALLY BE FCUND IN THAT POSITION IN ANY WFAL

OP INTHOGEKR NUMBER, ALL STRING RUOTINES WHICH DEFINE

A STRING R SULT SET T=15 PATTFRNs AND ALL ROOTINES EXPECTING A
<STRING RE-e> FOR AN ARGUMENT CHECK FOR If. [IF THE INTFRLNCK

PATTENN DO¢5 NOT EXISTe THE DIAOGNOSTIC "ILLFGAL STRING RERPVESENTATION
[5 I55UEDe  THIS HELPS TRAP dB06GUS STRING REPRFSENTATIONS wHlCH

WOYLD OTHE: WISE YIELD U*PREDICTABLE AHL USUALLY DISASTEROUS

ERRORS,
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SUSQUTINE KINTT PEVISITED

NOw T+AT wE UNOE 'STAND HOW ACTUAL=-STRINGS ARE ALLOCATFD
TO MEMORY aNU DISKe Wg SRE READY [0 REVISIT SUBROUTINE KINIT T9O
SEE HOw WE MAY ALTER THE SIZE OF THE SuUFFFr IF WE WISH.
SUBROUTINE KINIT HAS A DEFAULT 3UFFER IN LAKRELLED COMMON AS

FOLLOWS. o0
COMMON 7 KSPACF /7 DSA(=1L¢)

IN ORDER Tn CHANGE THE HSUFFER SIZEe ALL WE HAVE TO DO IS
RE-DEF INE THE COMMON HLNHOCK IN THE MAIN PRNGRAMe AND USE THF
NS~ DIMENSTON IN THE CALL TO kINITe FOR EXAMPLEs TO INCREASE
THFE BUFFER SIZE FR0M 512 TO 2 a8 w0ORDSy

PROGRAM BIG(INPUTOUTPUT)
COMMON 2 KSPACc 7 DHA(~048)
CALL KINIT(2Nhax)

THE DIMENSJON CHOSEN FO- DSA SHOULD BE AN EXACT MULTIPLF OF 64,
WHEN THIS <ETHOD IS USEDs A NUMBEZ OF NON-FATAL LOADER ERRORS

APE GENERATED:

COMMON SLOCK REDEFINITION - KSPACE
LAST PROGRAM RcAD - XxXXX

LAST FILE ACCESSED = XXXXX

THESE DIAG :0STICS ~AY Bf [GNO-ED.
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PPRARIRASA

SUBRONTIN- KRLS - TELEASF ST~INu SPACFE NO LONGER NEENFD
L AL FO“MiTaeas
CALL KRLS(eSTRING R, >el 9<STRING REPe>0es]) (17611
A GUMENTSe 0

<STRING RE=e2 15 THE <TING REPRESFNTATION OF THE STING wwICH
IS NU LONGER NEE £

THIS ~OUTIWE MAY of CAlLIED A4ITH ANY NUMBE~2 OF ARGUMENTS,
THe STRING SPACE IN T+F BUFFE~ ALLOCATED FOR THE STRINGS WHOSE
Rt PRESENTATION > AKF PASSED AS ARKOGUMENTS WilLL SE FREED=UP FNQ RFE=USE.
FAMPLE 1Tqleee
CALL KRLS(ISTReUSTRIKSTR)
T-13 CALL ILL FREF SvACE OCCUPIED RBY IST=-eJSTRe ANU KSTw,

IF ThnE ACTHAL=STRINGS F0OR ANY OF THESE ST<INGS ARE STORED
I*' A LOCATION OTHER? T~HA ARRAY 0SAs THAT CARACETER WILL BE IGNORED,
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SU3BROUTINE KRLSL = RELEASE SPACE FNR ARRAY OF STRINGS

LEGAL FORMAT.ee

CaLL KRLSL (<STReREPCARRAY>9<NJIeRLSe>) [1Re1)
APGUMENTSe . e

<STReREP<ARRAY> IS THE FIRST ELEMENT OF THE ARRAY TO 8BE RELEASED.
<NOeRLSe> IS THE NUMBEI OF ELEMENTS TU BE RELEASED.

KRLS MAY B8f USED TO RELEASE THE SPACE USED FOR STORAGE
OF ACTUAL STRINGS FOR ALL OR PART OF AN ARRAY OF STRINGS.

EXAMPLE 18,leee

PROGRAM TEST (INPUTsOUTPUT)
DIMENSION ISTR(130)

CALL KINIT(*)

DO 108 1=1+100 @
196 IST (I)=KIN(5) |

€ LAST «0 ST2INGS NO LONGER NEEDEDe FREE=-UP SPACE,
CALL KRLSL(ISTo(51) 94ii)

oo

THE CALL Thn KRLSL WILL FREE BUFFER SPACE TN ARRAY DSA PREVTIOUSLY
OCCUPIED By THE ACTUAL=STRINGS FOR ISTR(6]) THROUGH ISTR(100).
THE SPACE cECLAIMED WILL BE USED sY THE STRING ROUTINES FOw~
STORAGE OF NEW ACTUAL-STRINGS AS NEEDEDe.
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INTEGE? FU,CTION KDC - DECODE ACTUAL=-STRING TO STRING REPRESENTATTION
LI GAL FOFRMATeee

<STRING RE-e> = KOC(<ACTUAL=STRING>9<COL e 1>9<LENGTH>) (19.1]

A2GUMENTSe .o

<ACTUAL=STING> IS A VARIABLEs ARRAYs OR LITERAL STRING CONTAINING
THE ACTUAL STRING TO S8E DECODED.

<CiLel1> IS THE NUMBER OF THE FIRST CHARACTER IN THE <ACTUAL =STRING>
T0 3E DECODED.

<LENGTH> I5 THE NUMBE~ 0OF CHARACTERS TO BE DECODED.

KDC CAN 3E USED IN A MANNER SIMILAR TO THE FORTRAN EXTENDEN

DECODE STATEMENTe KDC +ILL RETURN THE STKRING REPRESENTATION

OF A STRING OF DISPLAY=-CODE CHARACTERS PACKED 0 TO THE WORD»s
STARTING 1i, CHARACTER POSITION <COLel>s < ENGTH> CHARACTERS

LONGe THIS SUGSTRING IS5 COPIED INTO THE CHARACTER ROUTINES BUFFER
PRIOR TO GENERATION OF THE STRING REPRESENTATION.

EXAMPLE 19,1

PROGRAM TEST(I~PITesTAPFS=INPUT+OUTPUTs TAPE6=0UTPUT)
DIM"NSION IRCD1 )
CALL KINITC )
o0
REAN(9920) (IBCH(L) sL=10e8)
2, FOR-AT(7A1GeA2)
o0

IST =KDC(IvCDerlLe2 )

THIS EXAMPI E READS A CARD IMASE INTO ARRAY IBCD IN DISPLAY CODE
FO2MATs ANG THEN EXTRACTS THE CONTENTS OF COLUMN 21 THROUGH 40
AS STRING ZEPRESENTATIUN [STR.
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SUSROUTINE KEC = ENCONE STRINS REPRESENTATION TO ACTUAL-STRING

L GAL FORMATeee
CALL KEC(<STRING REPe>9<DESTe>9<ClLel>) (20e1]
A2GUMENT L1STeee

<STRING RER.> IS THE REPRESENTATION FOR THE STRING TO BE E~CODEDe.
<DEST.> IS A VARIABLE OR ARRAY TO RECEIVE THE ACTUAL STRINA,
<ColLe1> IS THE CHARACTE® POSITION IN THE <DEST.> WHERE THE

ACTUA; =STKING IS To START.

THIS SUBROUTINE PROVINES THE INVERSE FUNCTION YO FUNCTION kDCo

AND IS SIMILAR TO THE FORTRAN EXTENDED ENCODE STATEMENT,

THE DISPLAY CODE ACTUAL-STRING REPRESENTEN BY <STRING REPe> IS
CCPIED INTn THE DESTIMATION ARRAY OR VARIABLE STARTING AT <COL.1>,
THE NUMBER OF CHARACTERS ENCODED wILL BE LEN(<STRING REPe>).
CHARACTERS IN <DEST.> SBEFORE <CHAR,1> AND AFTER THE END OF THE
ACTUAL-STRING WwILL NOT RE AFFECTED,

EXAMPLE 20,1 e,

PROGRAM TEST(IMNPITSOUTFUTs TAPES=INPUT s TAPEG6=0UTPUT)
DIMENSION 1I3CD(1 )
CALL KINIT ()
N=27
ENC:\DE (40910659 "65COIN

105 FORMAT(# OF THE #9Icle # ENTRIES #)
J=11
ISTR=KAT(KSR(J) +KON(" WERE VALIDe'"))
CALL KEC(ISTReIBCDsc2Y)
PRIMT 290 (IBCH(L) sL=1y%)

200 FORMAT(3A104AS5)

LN
THIS EXAMPLE WILL RESULT IN THE PRINTING OF »

OF THE 27 ENTRIES 11 «#E?E VALIU.
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APPENDIX A
CONTRNL CARDS TO GAIN ACCESS TO KSPLIB ROUTINES

THE FoOLLOWING SEJUENCE OF CONTROL CARDS SHOULD BE EXECUTED
FOR BATCH PROGRAMS PRIOK TO LOADING THE FGRTRAN OBJECT PROGRAM:

ATTACHoKSPL IBs ID=CARBREY.
LIBRARYKS-LIH.

EXAMPLE PRNGRAM DECK FU< BATCH J03ees

MYJOBe
COMMENT ¢ (XX X=YYY 90000 O) oMYNAME SILLING INFO CARD
FTN(EReAST)
ATTACHeKSPLIBs IO=CARBREY e
LIBRARYsKSHLIB,
LGOe
1/879
PROGRAM CHARA(TNPUT»OUTPUT s TAPF=0UTPUT)

CALL KINIT(")

END
7/8/9

DATA CARDS USEN RY PROGRAM CHARA
oee

6/7/78/73

INTERACTIVF PROGRAMS COMPILED USING INTERCOM MAY USE THE
FOLLOWING SEWUENCE OF COMMANDS:

ATTACHeKSPLIBsID=CARBREY W
RUNsFoNe
XEQeLDSET= [B=KSPLIB«L0AD=LGO,

THE SNURCE DECK FUR THE ROUTINES DESCRIBED IN THIS MANUAL
HAS NOT BEEN INCLUDED UuE TO ITS LENGTH., THE WOUTINES ARE
WRITTEN IN COC FORTRAN EXTENDED AND IN CDC COMPASS ASSEMBLY
LANGUAGE

REQUESTS FOR COPIES OF THE SHURCE DECK SHOULD BE MADE
IN WRITING TO CHIEFs SCIENTIFIC AND ENGINEERING APPICATIONS
DIVISIONs MANAGEMENT INFORMATION SYSTEMS DIRECTORATEe ARRANCOMe
DOVERe NeJdeeo AFTER NISTRIBUTION IS APPROVEDe THE ROUTINES
WILL BE PRNAVIDED ON A USER=SUPPLIED 7 UR 9 TRACK MAGNETIC TAPE,
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APPENDIX B
SAMPLE PROGR~MS USING «<SPLIbB ROUTINES
THE FOLLOWING PAGES GIVE TWO SAMPLE PROGRAMS, A BRIEF

EXPLANATION OF EACH PROGRAM IS PROVIDEDs ALONG WITH A LISTING
OF THE PROGRAM AND THE OUTPUT FROM A SAMPLE R'INe
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t XAMPLE PROGRAM 1 = FOUR=-FUNCTION CALCULATOR

THIS PROGRAM INTERFRETS ARITHMETIC EXPRESSIONS IN A FORM
AS WOULD BF USED ON AN ORDINARY FQUR=FUNCTION CALCULATOR.
FOR EXAMPLFs IF THE USE® TYPESY

3#]12) +17 =
THEN THE PROGRAM WILL PRINTe
20,50

THIS PROGRAM ANALYZES THE EXPRESSION LEFT 7O RIGHYes WITHOUT ANY
HIERARCHY 0F OPERATORSs UNTIL AN =" SIGN IS ENCOUNTERED,.

THE RESULT IS THEN PRINTED. PARENTHESES ARE NOT PERMITTED,

THFE. PROGRAM MAY BE RUn EITHER IN SATCH MODE OR INTERACTIVELY
PPOVIDED INPUT ANO OUTPUT FILES AXE CONNECTED. LIKE ALL THE
EXAMPLE PROGRAMS IN TwIS MANUALy LITTLE OR NO ERROR=CHECKING IS
PERFORMED IN THE INTErREST OF SIMPLICITY.

THE OPERATION OF THE PROGRAM IS SIMPLE. THE FIVE
OPERATORS ARE DEFINED By A KONLST CALLe THE PROGRAM SEARCHES
THFE INPUT | INE CHARPACTIER=BY=-CHARACTER FOR AN OPERATUR. WHEN IT
I'5 FOUNDs TOPN IS SET EAUAL TG THE SUBSCRIPT OF THE OPERATOR
APRAY CORRf SPONDING TO THE NEw OPERATOR. ALL THE COLUMNS UP TO
BUT NOT INCLUDING THE OPERATOR ARE ASSUMED TO CONTAIN THE
OPERANDs WHICH IS CONVERTED FRQOM STRING TO NUMERIC BY
FUNCTION RLVAL., THE cORTION OF THE STRING PROCESSED IS
DISCARDED RY EXTRACTION OF THE REVAINDER OF THE STRINGs
At.D THE PRNCESS REPEATEDe EACH TIME HOTH OPERANDS AND THE OPERATOR
HAVE BEEN NETERMINEDs THE RESULT IS COMPUTED. WHEN "= [S
REACHEDs THE RUNNING TOTAL IS PRINTED USING THE DEFAULT
CONVERSION OF FUNCTION KSR,

ALTHOUGH THIS ENTIRE PROGRAM REQUIRES LESS THAN 30 STATEMENTS
TO IMPLEME~T USING THE CHARACTER STRING PACKAGEes IT WOULD TAKE
MORE THAN A THOUSAND (INES OF CODE TO IMPLEMENT THE EQUIVALENT
PROGRAM WITHOUT THE STRING ROUTINES,
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eavat FORTRAN 1 ISTING NF EXAMPLE PROGRAM ) ###as
PROGK M FUNKas ( INFUT 9 TAPES=INPUTQUTPUT TAPE6=0UTPUT)
soeee £ )Rk=-FUNCTION CALCULATOR EMULATION PROGLAM ##&#a

THIS PROGRAM SO! VES ARITHYETIC EXPRESSIONS ENTERED AS YNU
WO'LD ENTER THEM ON AN ORDINARY <4=FUNCTION CALCULATORe Eelree
W223474 = Pebs i8=M9g AND PRINTS THE VALUE OF THE RESULTs FeGee
N o8By  FVAIL UATION PRUCEEDS LEFT=TO=RIGHT wITHOUT HIERARCHY
OF OPERATORSe UNTIL "= IS ENCOUNTEREN. PARENTHESFS ARE NOT
PE-MITTEDe PROSRAM HALTS WHEN '"STOP'" ENCOUNTEREOD,

LOGICL LsXIC
DIMENSION IOPFR(%)
INITIALIZE PROGLGFAMe SET STRINGS TO NilLLe DEFINE (OPERATORS.
CALL KINIT(0)
ISTR=
JSTR=
CALL kONLST(IOPE#”"’“’"-"""’"0“/"9":")
ISTOP=KON("STOP")
CONTINUE
READ NEXT EXPoESSIONs HALT IF “STOP" FNTEREDe
ANS=9U.
10P=y
CALL KREPL(ISTRek[!'(&))
IF(LEXICCISTRWMEQUGISTOP) ) STUP
CALL XREPL(JSTRs(STR)
CONTI JUE
LO-ATE NEXT ORPERATOR IN STRING, JOPN IS SUHBSCRIPT OF I0OPER.
ICOLOP=MATCH(IST 2 9"FIRST"9IOPEF»5910PN)
IF(IOPNCEND)STOPHILLFGAL OR NULL EXPRESSION,"
EVALUATE NUMBER PRECEEDIN: OPERATOR.
VAL = RLVAL(KSUB(ISTReieJCOLOP=1))
UPNATE ANSWER,
IF(I0P.EQ.s0) ANS=VAL
IF(I0P«EQel) ANS=ANS*VAL
IF(I0PeEQec) ANS=ANS=VAL
IF(I0PEQe3) ANS=ANS®VAL
IF(IOPEQew) ANS=ANS/VAL
DISCARD PORTION OF EXPRESSTON ALREADY EVALUATED,
CALL ¥REPL(ISTReKSIIB(ISTReICULOP+1))
I0P=I0PN
IF(I0OPNELSIGO Tn 11
CUOME HERE WHEN "=% ENCOUNTERED. PRINT RESULT.
CALL KREPL (JUSTReKAT(JUSTRyKSR(ANS)))
CALL ¥OUT(69JSTRH 1)
60 T0 1
END
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SAMPL- OUTPUT FROM PROGRAM FUNK4 RUN

2 ¢+ 2 =4

2%3 +)],283i8=7.28344R8
10073 ¢ 50 =.6666 =82,6667333333
26 ¢ 23 ¢ 21+20+1T7+401-117=9].
2#222.1 = 100e2 =346,




SAMPLE PROGRAM ¢ = ALGEASRATIC ASSIGNMENT STATEMENT INTERPRETER

THIS ~ROGRAM IS A +UCH=-ExXPANDED VERSION OF PROGRAM 1,
THIS PROGRAM INTERPRETS COMPLETE ALGEBRAIC ASSIGNMENT STATEFMENTS
SIMILAR TO FURTRAN ASSIGNMENT STATEMENTSs INCLUDING PARENTHESES
AND VARIAZBI ESe FOR EXAYPLEs IF THE INPUT LINF READS

XDISPERSIO =1 7 (¢ + 1e577)

THEN THE PROGRAM WOUL"™ PRINT

XDISPERSIO = «2¢7956338347

IF THE NEXT INPUT | IN: ~EADs

YDISPERSIO =1 ¢ 2#((j=xDISPERSION) /7 (XDISPERSTON®#,707))
THEN THE RESULT PRINTFO wOULD READ,

YDISPERSIO = 4.,54783459936

THFE PROGRAM WILL AUTOMATICALLY REMEMBER THE VALUE OF

THE VARIABLE XDISPERSION FRUM THE PREVIOUS £QUATIONe.

THE OPERATNRS ALLOWED INCLUDE #+9 = (INCLUDING UNARY NEGATION) e
#, /9y #8, ANO PARENTHESFS. THE HIERARCHY OF EVALUATION IS THE
SAME AS FORTRAN (EsGee MULTIPLIES NDONE BEFORE ADDS IN THE aBSENCE
OF PARENTHESES) . VAt TABLES MAY 8E ANY LENGTHe UNLIKE FORTRANS
HOWEVERs IMBEDDED BLANKS ARE NOT PERMITTED IN NUMERIC CONSTANTS
OR VARIABLFSe NO DISTINCTION IS MAUE BETWEEN REAL AND INTEGER
VARIABLES OR CUNSTANTSS ALL ARITHMETIC IS PERFORMED IN

FLOATING POINT MODE. AS IN THE FIRST EXAMPLEs ALMOST NO ERROR
CHECKING Is DONE IN ORDER TO KEE? THE PROGRAM REASONABLY SIMPLE.

IN ADNITION TO ILLUSTRATING SOME TECHNIQUES FOR USAGE OF
THE STRING ROJTINESs TH(S PROGRAM CAN ALS0O SERVE AS A
PEDAGOGICA|. TOOL FOR TECHNIQUES USED IN HIGH=-LEVEL LANGUAGE
COMPILERSs THE METHON JSED FOR INTERPRETING THE ASSIGNMENT
STATEMENTS IN THIS5 PRNGSAM IS FUNDAMENTALLY THE SAME AS THF
TECHNIQUE USED IN MOST MONERN HIGH=-LEVEL LANGIIAGE COMPILERS,
REFERENCE r2) GIVES FiRTHER INFOR“ATION.

THERE ARE TWO BASIC TOOLS USED IN THIS PROGRAM THAT MAKE
POSSIBLE T~E TRANSLATION PROCESS: POLISH HOTATION AND THE
PUSHDOWN STACK, dECAUSE OF THE PROLIFERATION OF HEWLITT-PACKARD
CALCULATORSs IT IS ASSUMED THAT THE PRINCIPLES OF OF POLISH
NOTATION A-E WELL=-KNOWN TO THE READERe TO REVIEwW BRIEFLY.
POLISH NOTATION IS A SYSTEM ALLOWING US TO WRITE AN EXPRESSION
OF ARBITRARY COMPLEXITY WITHOUT PARENTHESES AND WITHOUT
AMBIGUITYse FOR EXAMP(LEs AN ALGEBRAIC (OR "INFIX") EXPRESSION
SUCH AS»

X=,%(3+4)

CouLD BE WoITTEN IN PNOLISH NOTATION ASs
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poap-.

34 ¢+ ¢ ® x =

THIS FORM IS USUALLY CALLED REVERSE POLISH NOTATION (RPN) SINCE
THE OPERATNRS FOLLOW THE OPERANDS. THE ANVANTAGE OF POLISH
NOTATION IS THAT THE EXPRESSION [S SIMPLY SCANNEU FROUM LEFT

TO RIGHT A..D EVALUATE" AS EACH OPcRATOR IS5 ENCOUNTERED.

USERS OF POCKET CALCULATORS BASED ON RPN ARE ALREADY wELL
AQUAINTEDC wITH THE PRINCIPLES OF POLISH NUTATIONs ALTHOUGH THEY
MAY NOT BE AWARE OF ITe THESE USCWS MAY ALSO HE AWARE OF ThE
TNoL THAT MAKES THE EYECUTION OF THE POLISH EXPRESSION POSSISLE:
THE PUSH D WN STACK, THE OPERATION OF A PUSHDOWN STACK TS
ILLUSTRATE" IN FIGURE B-le THE STACK MAY B8E VISUALIZED AS A
STACK OF T<~AYS IN A CAFFTERIA. THE LAST TRAY PLACED ON THF i
STACK IS AL #AYS THE FIRST ONE TAKEN OFFe SUCH A STACK IS ;
SYMETIMES CALLED A LAST=IN=FI~<ST=00T STACKe OR LIFOe T0

EXECUTE A 20OLISH EXPRFSSIOGNs PROCEED A5 FOLLOwWS:

le MOVING (EFT TO RIGHT, IF AN OPERAND IS ENCOUNTEREDe PUSH 1T
0! THE STA K.

2. WHEN AN OPERATOR I. FNCOUUNTERED, POP THE LAST TWO OPERADS
OFF THE STACK AND PERFOMM THE INDICATED OPERATION ON THEM,

3. PUSH THAE RESULT BACK ON THE STACKe FORMING A NEW OPERANN,

WHEN USING AN RPN CALCULATORs THE “ENTER'" KEY IS USED TO PySH
At. OPERAND ON THE STACK, THE OTHER OPERATIONS ARE PERFORMFD
AUTOMATICALLY BY THE CALCULATOR,.

THE PuSH=DUWN STiCxy WHICH I~ THE KEY TO EXECUTING POLISH
NOTATIONs IS ALSO THE KEY TO CONVFERTING INFIX NOTATION TO
PiLISHe FIGURE B=3 ILLUSTRATFS A FLOWCHART FOR CUNVERTING
ALGEBRAIC EXPRESSIONS TO POLISH EXPRESSIONS USING A STACK,

FIGURE B-4 SHOWS HOW wE MAY USE THE SAME STACK TO EXECUTE

THE POLISH EXPRESSION, THUS WE hAVE A Twn=STFP CONVERSTON
PROCESS WHICH CAN HANOLE EXPRESSIONS OF ARBITRARY COMPLEXITY.
FIGURE B=-1 ALSO ILLUSTRATES HOW A PUSH=DOWN STACK IS IMPLEMENTED
It SOFTWARE. THE STACK IS JUST AN ARRAY wITH A POINTER
MAINTAINED ELSEWHERE WwHICH ALWAYS PUINTS TO THE TOP OF THE
STACK, WHsN THE STACK [S PUSHEDs THE POINTER IS INCREMENTFDe
WHEN THE STACK IS PQOPPENs THE ARRAY ELEMENT POINTED TO IS
RETURNED A*D THE POINTEW DECREMENTEDe IN THF PROGRAM LISTING.
THREE STACK ROUJTINES ARE PROVIDED: IPUSHe WHICH PUSHES THE ARGUMERNT
ON THE STACKS IPOPe WHICH RETHRNS THE ITEm POPPED OFF THE

STACKs AND ISEEs WHICH ALLOWS US TO EXAMINE THE CONTENT OF THE
TOP OF THE STACK WITHOUT POPPING 1Te. THE FLOW CHART 1IN

FIGURE B=¢ ILLUSTRATES THE OVERALL PROGRAM FLNOW,

THE VARIABLES USEO IN THF SAMPLE PROGRAM ARE STOREN IN AN
ARRAY AS ECOUNTEPRED. IN PRACTICEs THIS METHOD IS TOO INEFFICIENT
FOR REAL COMPILERSs AND A HASH=TASLE SHOULD BE USED FOR ANY
REAL APPLICATIONS ( SEE REFERENCE (1))
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AFTER THE READER UNDERSTANDS THE PROGRAM OPERATION.
At INTERESTING EXERCISE CAN BE TO EXPAND THE PROGRAM TO
INCLUDE FUNCTIONSs SUASCRIPTED VARIABLESs AND EVEN
CONDITIONA! STATEMENTSe. ANOTHER INTERESTING EXERCISE IS To
WRITE A HIGH-LEVEL LANGHUAGE FOR PRDGRAMMARLE CALCULATORS,
THIS HIGA=LEVEL LANGUAGE COULD BE CONVERTFD INTO A SERIES oF
KEYSTUKES USING RPN LOGIC 8Y A ROUTINE SIMILAR TO SUBROUTINE
PoLISH.

THIS PRUBLEM WAS SELECTED BECAUSE IT ILLUSTRATES THE FASE wITH
WHICH EVEN A RELATIVELY COMPLICATED STRINA=MANIPULATION PROBLEM
CAN BE HANDLED USING THF CHARACTER STRING PROCESSING LIBRARY,.
WITHOUT TH LIBRARYs THIS PROGRAM OF LESS THAN 223 STATEMENTS
WOULL PROBuBLY REQUIRE IN EXCESS OF 2000 STATFMENTS.
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FIGURE B-1

PUSH-DOWN STACK

OPERATION - LAST IN, FIRST OUT (LIFO)

SOOMUONMNANNANN

@( EMPTY )

“PEOPLE"
“THERE"

“HELLO”

@ PUSH “HELLO"”

PUSH “THERE"”
PUSH ““PEOPLE"

_— [reore]

G vor

IMPLEMENTATION - ARRAY WITH POINTER

ARRAY ARRAY

“HELLO"

STACK POINTER STACK POINTER “THERE"
“PEOPLE"

ARRAY ARRAY

“HELLO" “HELLO"

STACK POINTER “THERE"” STACK POINTER “THERE"
2 o— “PEOPLE" 1 “PEOPLE"
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FIGURE B-2

PROGRAM XPRESN
SOLVE ALGEBRAIC ASSIGNMENT EXPRESSION

INITIALIZE
VARIABLES

INPUT
INFIX
ASSIGNMENT
STATEMENT

NO

>

; CONVERT
| INFIX

r TO POLISH
NOTATION

COMPUTE
USING
POLISH

NOTATION
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FIGURE B-3
SUBROUTINE POLISH
CONVERT INFIX TO POLISH NOTATION
OPERATOR HIERARCHY
i OPERATOR RANK
i ( 0
START ) 1
1 = 2
> = 3
* [~ 4
IT<SCAN * % 5
FOR NEXT
ATOM
|
FLUSH
YES | STACK
TO
POLISH
] T SCAN
NO > FOR NEXT
ATOM
1 IS 1T MOVE }
OPERATOR 1T -
: TO POLISH
A NO OF TOP -OF-
5 STACK > IT
YES
POP
I TEMP --POP
NO MOVE I TEMP
TO POLISH
PUSH IT NOTE: ~ IS UNARY NEGATION OPERATOR.
AN ATOM IS AN OPERATOR, CONSTANT,
OR VARIABLE.
|
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FIGURE B-4

SUBROUTINE COMPUT
CALCULATE ANSWER FROM POLISH NOTATION

9

I<+POP
OP1<«VALUE (I)
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5 PUSH
[ (OP1 + OP2)
ITeNEXT sy
POLISH : (a1 P2l
ATOM ¥
PUSH
.
il (OP1 + OP2)
I<POP PRINT PUSH
OP1<VALUE () ANSWER L (OP1/0P2)
ves | VARNAM<POP PUSH
ASSIGN OP2 ) (OP1 »x OP2)
TO VARNAM
YES PUSH
(-0P2)
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sasas FOPTRAN LISTING Of EXAMPLI PROGRAM ¢ ##sss

PROGR M XPRESN(INPUTs TAPES=INPUTs OQUTPUTs TAPE6=0UTPHT)

INTERACTIVE ARITHMETIC EXPRESSION INTERPRETER WITH VARIABLES

LOGICAL LEXICe LASTOP

COMMOt: 7 XPRSN 7 [PSe IPe LSTK(50)s LFPOL(200)s LOLIM(
X LOPE-(3)s LRANK(9)s LVAR(AD()s VARVALCLOC) e LASTOPe
X NVAR

INTTIALIZE COMMON VARIAHBLFS,

DATA LRANK 7 Cs 19 29 39 39 4y 49 49 5 7/

CALL wINIT ()

CALL ,‘ONLSI(LOPE,*, !l(ll’ ll)"' u:n, llgu’ ll_ll' “g“’ ll/"'
X " g ngan )

CAEL KONL‘;T(LDL[”' ” n, Il(ll’ ll)!l' ":l!’ ".ll’ ll-ll' “g“'
x n_u. nesn )

IBLK=KON (" ")

INSTR=U

0O 19 I=1+100

LVAR( ) =i,

VARVA| (1) =0e0

CONTIHUE

NVAR=

CONTIMNUE
RESET CUOUNTERS [N PREPARATION FOR NEW EXPRESSION,
Ip=f;
LASTUFP=eTRUE.
RE*D EXPRESSINN,
CALL *¥REPL(INSTReKIN(-9=,))
CALL <0OUT (69 INST e )
IF(LEYICUINSTRo"EQMoKON(MSTOPM9=,)))STOP
CONVERT INFIX TO POLISH NOTATION.
CALL POLISH
UsSt POLISH LIST TO COMPUTE AND PRINT RESULT.
CALL COMPUT
GO T0O 11
END
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SUBROUTINE POLISH

CONVERT EXPRESSION FRDOM INFIX NOTATION TO POLISH NNTATION

AR

LOGICAL LEXICe LASTOPy LGP
. COMMOY; 7 XPRSN 7 IPSs IPe LSTK(S0)e LPOL(200)s LDLIM(0)e
! X LOPER(9) 9 LRANK(9)9 LVAR(LIUN) s VARVAL(100)9 LASTOPs THBLKe INSTRe
i X NVAR
1°25=¢
51 CONTINUE
c SCAN REMAINDER NF STRINGs FIND NEXT ATOMsIT.
CALL ~CAN(IToLOP)
€ IS IT AN OPERATORaeo
IF(LO-)GO TO 221
C NOe ITS AN OPFRANND IF THIS PATHeeo
5 MOVE IT TO POLISH LIST.
IP=1IPe]
LPOL (IP)=IT7
111 CONTILUE
€ GET NEXT ATOM. IT,
CALL =CAN(ITsLOP)
€ CHICK FOR IT=NULL MEANING FND-OF -EXPRESSIONe
IF(IT,EQeu)GO TO 251
121 CONTIWUE
COMPARE RANK OF OPERATOR STACK TOP WITH IT.
IF (IRANK(ISEE(NS)) LTLIRANK(IT} 50 To 201
( MOVE HIGHER=-RANKING OPERATOR FROM STACK TO POLISH LIST.
IP=IP+i
LPOL (IP)=IPOP(N>S)
GO Tu 121
2 1 CONTIHUE
C CO~E HERE WHEN IT IS AN OPERATORe CHECK FOR IT=NULL=END
IF(IT,EQWe0)GO YO 251
€ CHfCK FOR SPECIAL CASE = RIGHT PARENTHESIS.
IF(LEXICUITo"NE"LOPER(2)))IGO TO 3C1
221 CONTINUE
C CO“E HERE WHEN ) ENCO!NTERED.
JUNK=1POP (NS)
GO T0 111
251 CONTINUE
C COME HERE ON END=OF=LINEe FLUSH NOPERATOR STACK TO POLISH,.
JUNK= 7 SEE (NS)
261 CONTINUE
IF(NS.LTe1)RETURN
IP=IP+}
LPOL (IP)=IPOP(NS)
GO TO ¢6l
301 CONTINUE
(= COME HERE WHEN ANY OPERATOR EXCEPT '")" IS ENCOUNTFRED.
CALL TPUSH(IT)
G0 TO S1
END

O
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SUBROUTINr SCAN(TT,LOP) 4

SCAN REMAININS EXPRESSION FUR NEXT ATNM,
Ar; ATOM MAY HE AN OPERATORes A VACIABLEs OR A NUMBFRe

) YO

LOGICAL LFXICe L"5TOPsLOP

COMMO; 7 XPRSN 7 13Ss [Py LSTK(S(O)s LPOL(200)s LDLIM(1D)

X LOPEI?(9) s LRANK(9)9 LVAR(AIDU)s VARVAL(L100)9s LASTOPs IBLKe INSTRe
X NVAK

IF (INSTReFQe0)GO TO 151
LOCATE COLUMN WITH 1ST NON=-BLANK CHARACTER.
IINB=MATCH(INSTR¢"F IRSTNQT" 9 IBLK)
3 IF(I]l BeEQeB)GO 7O 1514
£ PEMOVE ANY LFADING BLANKS,
IF(I1::8eGTel)CALL KREPLUINSTR¢KSUB(INSTRsILINB))
C FIND COLUMN WITH DELIMITER TERMINATING ATOM.
ICOLIM=MATCH(INSTRy"FIRST"sLCLIMeH e IMIT)
IFCICDLIML.EQeL)GN TO <01
€ CO E HERE IF IT IS AN OPERAND,
IT=KS 8 (INSTRelesICOLIM=1)
c OISCARD PORTION OF EXPRESSION WERE DONE WITH.
! CALL KREPL (INSTR«KSUB(INSTReICDLIM))
GO TO S5Sul
1 CONTINUE
3 C CO“E HERE ON END=OF=STRING,
{ IT=
LOP=¢TRUE«
GO 7O o' 1
21 CZONTINUE
C CO-E HERE IF [T IS AN OPERATOR,
IT=KSUB(INSTReis})
IF(LEYIC(ITo"EQ",LOPER(6)))GO TO 251
IF(LEXICCITo"NE"LLLOPER(S)))IGO TO «ii
C CO*E HERE FOR = SIGNe SEE IF IT IS UNARY OPERATOR _e
IF (LASTQOP) IT=LOP- R (8)
GO TO 4«1l
251 CONTINUE
C CHi CK FOR POSSIBLE ## OPERATOR INSTEAD OF JUST #, |
IF(LEXIC(KSUB(INSTR92e1) o"EQ"4LOPER(A)) ) TT=LOPER(9)
401 CONTINUE
LASTOP=eTRUE «
J=2
IF(LEXIC(ITo"EQ",L JPER(9))) J=1
C DISCARD PORTION OF EXPRESSION ALRFADY DONE.
CALL KREPL(INSTR«KSUB(INSTRsJ))
LOP=eTRUE .
60 TO 6¢l
501 CONTINUE
LOP=eFALSE o
LASTOP=eFALSE »
671 CONTINUE
RETUR:
END

o
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SURROUTINE IPUSH(ITEM)
PUcSH ITEM ONTH PUSH=DOWN (LIFO) STACK,

-

LOGICAL LASTOP
COMMON 7 XPRSN # [2Ss IPy LSTK(S0)s LPOL(200)s LDLIM(10)

X LOPEG(9)s LRANK(Y)s LVAR(LGD) 9 VARVAL(100) s LASTOPs IBLKe

X NvVaR
[PS=125+1
LSTK(TPS)=1TEM
RETUR .

END

INSTRy

INTEGER FUNCTION I20P(NS)

-

£ RETURN ITE POPPED OF TOP OF PUSH-DOWN STACK.

LOGICAL LASTOP
COMMOn 7 XPRSN 7/ 19Ss IPs LSTK(SG)s LPOL(200)s LDLIMCID)

: hS:EU(9)9 LRANK(9) s LVAR(LIUO)s VARVAL(£J0)e LASTNPs T1BLK. INSTRe
K

IPOP=

N3=IPS

IF(IPSeLTel)RETURPN

IPOP=) STK(IPS)

IPS=]1-S~-1

N3=IPS

RETUR

END
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T SR T T

INTEGER FUNCTION ISEE (NS)
RETURN CONTENTS OF TOP OF PUSH=DOWN STACK WITHOUT AFFECTING

c
¢ TH: CONTENT OF THE 5TACK.
C NS IS A VARIAoLEs RETURNEN AS PRFSENT STACK DERPTH,
pe
LOGICAL LASTOP
COMMON 7 XPRSN 7/ 12Sye IPs LSTK(SuU)s LPOL(200) LOLIMC10)
X LOPEP(9)s LRANK(9)9 LVARILIUD) s VARVAL(1J0)s LASTOPs TRLK INSTR
X NVAR
ISEE=
NS=1IPS
IF (IPSeLT.1)RFTURN
ISEE= STK(IRS)
RETUR
END
INTEGIR FUNCTION IRANK(ISTR)
2
C COMPUTE RELATTVF RANK OF OPERATORe ISTRe FROM GIVEM HERARCHY,
p

LOGICaL LEXICe LASTOP
COMMON 7 XPRSN 7 IPSs IPy LSTK(S0)e LPOL(200)s LDLIM(10)

X LOPEK(Y)s LRANK(9)s LVAR(L"))s VARVAL(100)9 LASTOPs TBLKe INSTRe

X NVAR
IRANK==1
IF(ISTReEQeO)RETUR":

DG 139 I=1+9

IF(LEXICC(LOPER(I) 9 EQ"9 ISTRIIGO TO 1 1
102 CONTIMUE

STOP" RANK ERROR"
101 CONTINUE

IRANK=LRANK (])

RETUR!

END
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11

150

21l

3ul

311

321

331

SURROUTINE COMPUT

EXECUTE OPERATINNS INDICATED BY PNLISH EXPRESSION.

LOGICAL LEXIC

COMMON, 7 XPRSN 7 12Se IPy LSTK(S50)s LPOL(200)s LOLIMCI0)
X LOPER(9) s LRANK(Y)s LVAR(LIUD) s VARVAL(L3U) 9 LASTOPs TBLKs INSTR

X NVAR
I1PS=¢
IMSG=
CALL “REPL(IMSGex(Qr (" =My=4))
ANS=0,
I=06
CONTIWUE
NEXT ITEM FROM POLISH LIST,
I=1+1
IF(IeGTeIP)GO TO S 1
IS IT AN OPERANDsee
IT=LP~L(D)
00 15 J=1+9
IF(LEXICCIToMEQ"SLOPER(J))IIGH TO 201
CONTINUE
NO« IT IS AN OPFRAND IF THIS PATH,
CALL TPUSHI(IT)
GO T0 1%1
CONTINUE
YESe IT 15 OPERATOR IF THIS PATH.

PUSH ON STACK,

GET LAST 2 OPERANDS FROM

TOP=0F=STACKs UNLESS UNARY = OPER, OR = SIGN SPeCIaL CASE,

OPe¢=VALUE (IPOP(N-))
IF(Je Qe3)GD TO X}
IF(Je* . Ee8)OPI=VAILU" (TPOP(NS))
PERFORM THE OPERATION.
JM3=4-3
GO TO (341931193219331936l9351)IM3
CONTINUE
ADD.
ANS=0r1l + 0OP2
GO TO 4.
CONTINUE
SUHTRACT
ANS=0P1 -~ OP¢
GO TO 4l
CONTINUE
MULTIPLY.
ANS= 0Pl # 0P2
GO TO 4l
CONTINUE
DIVIOE.
ANS=0r1 7 OPZ
GO TO «tl
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341

39¢

391

CONTI'UE

UNARY NEGATIO:,
ANS==0P¢
GO TO « i
CONTINUE

EXPONCENTIATION.
ANS=0r | #8# QP2
GO TO 4:1
CONTI+UE

ASSIGNMENT ( = ).
NAMVAO=TPOP (NS)
DO 39 K=1sNVAR
IF(LEYIC(NAMVAR9HE NNy VAR(K)))GO TO 39
CONTINUE

VAZIABLE NOT FOUNDe PUT IT IN TABIE.
NVAR=t'VAR+ |}
LVAR(},VAR) = NAMVAR
K=NVA
CONTIUE
VARVAL (K) =0P¢
ANS=0r2
CALL xREPL(IMSGs<AT(NAMVARY IMSG))
GO TO 5¢1
ZONTINUE

PLACE RESULT OF OPERATION ON STACK,
CALL TPUSH(KSR(AMS))
GO 10 1°1
CONTIWE

CO+t HERE TO PRING ANSWEFK,
CALL <OUT(69KAT(IMSGeKSR(ANS) ) s t)
RETUR
END
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REAL FUNCTION VAl UE(ITEM)

RETURN NUMERIC VALUE OF OPERAND ITEM,

COMMO:, ¢ XPRSN 7/ [2Se IPs LSTK(S0)s LPOL(200)s LOLTIM()10)
X LOPE=(9) e LRANK(9) e LVAR(L™L)s VARVAL(100)9 LASTOPs TBLKs INSTRy
X NVAR

VALUF=0.

IF(ITiMeEWeO)RETIRN

15y CHARACTER DETERMINES IF ITEM IS VARIABLE OR NUMBER.
IC1=K UG (ITEMeloi)
IF(LEXTCCICLo"LT"exON("0")))50 TO 2G1

IT'M IS A LITFRAL NUMBER [F THIS ~ATH,

VALUE=RLVAL(ITEM)

RETUR

CONTINUE

CUvE HERE IF [TEM = VARIA3LE. FIND IT IN TABLE.

D0 25 K=1sNVAR

IF(LEXICCUITEMSE"4LVAR(K)))IGO TO 26.

CONTINUE

VAZ]IABLE UNOEFINEND IF THIS PATHe ASSUME = Qe

CALL XOUT(6sKATIKON(" UNDEFINED"9=1) s ITEM9KON(" SET TN 0,')))

RETUR-

CONTINUE

RETURN VALUE ASSOCIATED WITH VARIABLE.

VALUE = VARVAL (K)

RETUR:

END
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SAMPLE OUTPUT FROM PROGRAM XPRESN PUN

= 11
2 = lie
ZFUNCTION = 1+(1/7(2+(1/(0o%*7+21))))
ZFUNCTION = l1e49714235714
A= 1
l.
0.000
194
C =1i+5.5+3.5 =1
C = 2la
RO0T= (=B + (B*8 = (#p%C))/ (c®A)
RNOT = 5.
T =175
T =175,
GR= T.H5E:3
GR = T+50u 0CE+13
PR=+¢2256
PR = 42256
NUSUBL = 20246 # ((PRe®],17)/7(1+,049%PR2#,67)#GR) ##),4
NUSUBL = 434Gl.2¢2042211
FINAL = NUSUBL/Z¢ + ZFUNCTION
FINAL = 217160735391
JOE = RALP~ ¢ 7,44
UNDEFINED RALPH SET TO e
JIF = cet4
STQP

A
8=
]

LU i 1}
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APPENDIX C

ALPHABETICAL LISTING F KSPLIB ROUTINES AND LENGTHS

(SINCE THE CHARACTER STRING PROCESSING ROUTINES ARE AVAILARLE ON
A LIBRARYs ONLY PROGRAMS ACTUALLY NEEDED ARE LOADED)

NAME OCTAL LEN. REFERENCES THESE ROUTINESeee
BIT 43

C<rSUS il

CHFILL 116 CHXFFR

CHXFR 115

DeGET 571 BIT CENSuS IFETS VFETP VIO
IFETS 25

INTVAL 151 KAT KON KOUT KASA NFIXER

KeY 15% CHXFFr DSGET KSAS KSMAKE LOCFP
KoC 11y CHXFi> DSGET KSMAKE

KEC 66 CHXF& K5AS

Kt /52 CHAF? DSGFT KRACTR KSMAKE
KINIT 20t VFETC8 VFETP VIN

KINTEK .37 AINST CHAFR DSGET KRACTR KSMAKE
KON 264 CHFILL CHXFR DSGFT KRACTR KSMAKE
KONLST ~1 LOCFP

KouT /15 KSAS

KNUTEK 103 KSAS

KRACTR ~1

KRTPL 17 KRLS

KRLS 120 KSAS LOCFP

KRLSL 70 KRLS

K3AS 22¢e IFETS VFETP VIO

K3MAKE 116

KSR 4l3 CHXFr DSGFT KRACTR KSMAKE
KsuUB 135 CHXF® DSGET KSAS KSMAKE

LEN ] KSAS

LEXIC 353 CHXFR KRACTR KSAS

LOCFP 46 KON .

MATCH a6 CHXFR KRACTR KSAS

NF I XER i 6 NFLTFR

NFLTER 27

RL VAL 46 KAT KON KOUT KSAS NFLTER
VFETCSH 65

VFETP 6«7

vVIo 50

#NOTE: ROUTINES ACCESSABLE BY USER,.
LENGTH OF ALL ROUTINES IS SUBJECT TO CHANGE AS MODIFICATIONS
ARE MADE T LIBRARY OR OPERATING SYSTEM.
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ALP=ABE TICAL
CALLING FO<M

<SINTEGF~ VAL
CINTEOGZ< val

<c TR RFPe> =
<STReREFP > =
CoLL KEC(<>ST
<STRREP 4>

€ TR REP >
< TR.RFP.>

CaLL KINIT(<

< TReRrPe>

<SSTRGR"Pe>
CSTRRF P>
< TRePFPa>

CalLL KONLST(

CaLL KOUT (<L
CAaLL KOUT (<L

CaLl KOUTeK
CALL XOUTEK(

CaLL KREFPL(<
CaLL KRLS(<>
CALL KRLSL(<

<5TRGRFP.>
<STRLREP &>

<GTR REP &>
<53TReRFPe>

<TNTeVALe>

<.T./.F.>

<COLeNOs>
<T0LNO&>

Al

N

<PFAL VALS>
<OEAL VALS>

QUICK=REFE2E CE INWUEA 10 CHARACTeR-STFINO KROUTIMES

T (9)

INTVAL <STRING RERP,>)
INTVAL 1<\ TRING RFEPe>9<[F FRFORD)

A
>

KAT(SSTReR re29<oT2aRt ~e2[ e<STL aRFPCe>000e))
KOC(<SACTUAL = TRTIG>9<CHL e 129 <LoNGTHD)
)eRF P e>e<DE Te2e<CNIl g42>)

KIN(<LFN>)

KIN(SLFN> o<l NOGTH>)

KIN(SLFN> 9=<AND [ NG>)

IUF e 12E>)

KINTEK(<LE GTH>)

KON(<SLITFR L STRe>)

KON(SLITER L STRe>e<LF ! (GTH>)
KON(SLITER 'L STRe2e=<PDNING>)
(IN?.AQQAY>.<LIT.3T?o>!'<LlT.ST .>...])

VN>'<S7QQRFJQ>)
FND>9<CSTReRF=e>9<CARCNT~(_o>)

«S5TReREP.>)
STReRFPe>9<c("RgCNTLL ¢2>)

STReRFPe>9< T~ aRFPa>)
TReR " Pe>[9<T?aRFPe>000 )
STReRFPeARR2Y>9<NUe~LSe>)

KSR (<SVALUF>)
KSR(SVALUFE > 9<F TNeFMT>)

KSUB (€STRe 'rPe>e<START,CULe>)
KSUR (€S5TRewt Pe>9<START ,CULe>9<* 0¢CHARS>)

LEN(SSTReRFF¢>)

| EXIC(CSTRGPF I g>9<KEY>9<STReRFP,>)
YATCH(CSTRe FPe>9<KFY>9<PLTaSeRe>)
MATCH(CSTRe <FPe>e<KFY>9<PATLIST SeFRe>9
NePATe>e<] ATCH>)

= RLVAL(<SSTRVER>)
= RLVAL (<STreEUe>9<IF rRROR>)

PasE

he °A

Jer6
41
47

4e¢71

Te36e 3R

4

3e11

13

4e -3

33
39

49

3015

Selb
Sei7?

Sei9
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