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ABSTRACT

• I llS DEPORT OESCkIMES A SET OF GENER.~L—PIJRPOSE,
FORTRAN—CALLAaLE FU NCTIONS ANI) SthIROUTINES FOQ MANIPULATIN (
CHAPACTER—ST~~INGS. CHA~ ACIER— STRINGS OF 4~ BITPARY 

LEP1(~TH CAN ~E
T~ EATED AS S1M~ LE tNON—rU MENSTONE~~ VAPIAkLES. FUJNCTIONS •i 4~E
P~~r)~l l D E D  F~~R SWING OFFINITION, STPING CONCAT~ I~ATlON. SU~3ST~’III~
E~ TPACTION . STPINC, CO~ PflPISON. PATTERN MATCHI’J ( AND 

SEA ~ CHT NG.
NUMERjC—ST~’lNG/STPING— NJMEWIC CONVERSiONS, ST~’IN& 

INPUT/OUTPUT,
4 1’Jfl OTHER TASKS. T’4E PD(JTINES DEsCPIBEO ~RE M(’DERATELY
SYSTEM DEP~ NDENT, AND A~ E CURRENTLY AVAILABL E AS AN OHJFCT
PR0G~ AM LIF~RA~ Y ON THE COC b5t~O/bbOO COMPUTEP~ AT TME AP RA rCOM
DOVER, NEW JERSEY SIfl.
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ASSUMPI TONS

THE P~ ADER IS EX,~EcTED 
TC’ dE AN ExPEPIENCED FORTRAN

P~~ GR AMMER. W ITH A SOLID 
UNDERSTANDING OF COMPI,TER CONCEPTS AND

A 6ENE~ AL .NO~LEGE OF T~4E CDC 
SCORE OPERAT ING SYSTEM AN~’)

CDC FO~ TQA :~ EXTENDED A~iGUAGE ,

WARMIN -

THE Fi;4CTIUNS AN~ SUBROUTINES DESCRIHED IN THIS REPORT

A RE MGar)ERATELY SYSTF:M-DEPENOENT. USERS ANTICI PATIN G A REQu IREMENT

FOP TRANSPOPTAdILITY IJF PROGRAMS TO A COMP (JTEP ENVIRONMENT OTHER

Tb- AN A COC (JXUU CO~ PUTE.~ W ITH SCO~
E OPERATING SYSTEM SHDULfl

SEEK ALTEI~~ATIVE MET
H~)DS OR CONSULT T~’E AuTHOR FOR IMPLEP4E~JTATION

• U~~!DANCE O~. OINEP COMPUTERS.
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INTROOt JCT ION

ONE OF THE MOST SERIOUS SHORTCOMINGS OF THE FORTRAN
L~~J&UAGE I, COMPARISON TO MODERN HIGH—LEVEL LANGUAGES SUCH
AS ALGOL . PL/I OR SNO 3OL IS THE Ar~SENCE O~ A CHARACTER DATA
Tr~ c.. IN MANY LANGUAGES CHAPACTER ST#INC,S OF ANY LENGTH ~,AY
BE DEFINED AND MANTPU’ ATEO AS A SIMPLE VAt IA~3LE. JUST AS IS
THE CASE FnR REAL OP INTEGER ~)UMBEPS. FORTRAN. HOWEVER, HA S
NO SUCH FACILITY , MAKING IT E*T~ EMEt.Y DIFFICULT TO PROGRAM
MANY APPL I#.ATIONS IN WHICH CHARACTER STRINGS MUST BE
MANIPULATE , (TiE F(JTUPE ANSI FORTRAN PROPOSED BY COMMITTEE
X3JJ INCLUnES A LIMITED IMPLEMENTATION OF THE CHARACTER Tv~ E
VAPIAaLE. FOR dACKGRDIJND INFORMATION UN STPING HANDLING IN
VARIOUS LA~ GUAGES SEE REFERENCES U-~~,C7J, AND 18)).

THE RnUTINES flESC~-’IBED IN THiS REPORT GO A LONG WAY
TIWARD THE GOAL. OF G I VI N G  THE USER A CHARACTER-TYPE VAR TABi E AND
Cr-sARACT EP 5TRING OPERUORS AS IMPLEMENTED IN THE NEWER
HI~ Pl—LEVEL LA NGUA(,FS. THE MOST SIGNIFICANT FEATURE OF
T~-~ESE ~OUTTNLS IS THAT THEY E !IABLE THE USER To DEFINE AND
MA~9IP IJLA TE CrIAPACTFR ~TPINGS 11 ANY L~.NGT~-4 IN A MANNER cIMrLAR
TO OTHER vWIAHLES. WITH THESE ROUTINES’ ANY LENGTH
ST~~ING CAN BE REPRESENTED AS A SIMPLE INTEGER VARIAdLE.
V~~ 1005 FU :CT IONS AND SUBROUTINES ARE PROvIDEn FOR
DEFI NING STRIN:;S, INPUT AND OuTPUT OF STR INGS. CONCATENATION
(J3INING T(~UETHER) OF STRINGS, SU~ STRI NG F XTR~ CTION.
C~~’PAR ISQN OF STRIPIGS, PATTE RN HATCHiNG~ CONVERSION O

f STRINGS
TO OTHE R DATA J iPES, A NO OTHED USEFUL TASKS.
IN MANY APPLICATiONS. jJDICIOUS UsE OF THE SE ROUTINES CAN
P~~~UCE THE fVUMRER OF ~ lNE S UF CODE REQUIRED FOP A PROGRAM RY
A FACTOR OF l~ OR BETTER. AND REDuCE DEVE L OPMFNT TIME HY
EVEN LARGEP FACTORS,

AS AN EXAMPLE OF THE USEFULNESS OF THE CHARACTER STPPII’
ROUTINES PRESENTED HEPE, CONSIDER THIS HYPOTHETICAL ANECDOTE...

PROGRA MMER APA MODWUN HAS A PPOBLEM TO COCE IN FORTRAN.
THE PROGRAM REQUIREMENTS INCLUDE THE NEED TO PEAD A PROJECT NAME
FRO M A CARD AND PRINT IT OUT IN THE MIDDLE OF A SEWTENCF
ON THE LINr PRINTER, SO THAT THE r~ESULTING LINE WILL READ,

THE <NAME > IS uNOEP DEVELOPMENT.

WHERE <NAME> IS THE TEXT READ FROM THE CARD. FOR INSTANCE,
IF THE CARD READ, “ XMbSOE3 ROCKET ASSISTED PPOJECTILE’. T-,EN
T-4E PRINTO’IT SHOULD READ,

THE XM 6SOE~ ROCKET ASSISTED PROJECTILE IS UNDER DEVELOPMENT.

Ou THE OTHER HAND , IF THE CARD READ, ‘ MI R IFl E” THEN THE
LINE PPINTE D SHOULD P~ Afl ,

T’-sE Ml RIFLE IS UNDER DEVELOPMENT .
1



THIS PPOBL~ M REQUIRES APA TO PERFORM A SIMPLE CHARACTER STRING
MAN IPULATION. IN FORTRAN, THOUGH, THE PROBLEM IS NOT ALL THAT
T-I VIAL. ONE (iF THE THINGS THAT MAKES THE PROBLEM NON—TPI’IIAL
IS THE FACT THAT THE :4AiE READ IS OF ARdI TRARY LENGTH, SO HE CANT
ALLOCATE A FIXED LENGTH OF SPACE FOP THE NAME IN THE FORMAT
ST~ TE?~1ENT ~HEN PRINTIN (, THE SENTENCES SINCE A PA MIGHT WIND UP
wITH HIS ~~NTENCE IOOKPIG LIKE,

THE Ml RIFLE IS UNDER DEVELOPMENT.

WH ICH LOOKS SLOPPY AND IS DIFFICULT TO READ.
TO SOLVE THIS PROBl EM. APA COOED THE FOLLOWING PROGRAM SEGMENT.

DIMENSION NAME (~~~)• DIMENSION IPPEfl~~ ?)
C P;’

~E—DEFINE P~ EOICATE OF ~,ENTENCE .
DATA IPREI) / IH ~ 1HI, )HS, P1 ,

X IHU. 1HN, IHO, IHE, IHP, j H

X P40, IHE, 1HV, LHE, 1HL , PlO, jHP, jHM, IHE, IHN, 1HT, 1”. /
C Rf AD NAME FOkM CARD .

~?EAD(5,1 5) (NA MF(L),L 1,84~)
1~,5 

FOPMAT (S~ A 1)
C COUNT BAC KWA ’ 05 TO CUT OFF ALL T~ A ILT NG bLANKS FROM NAME

LiD 1. 1=1,79
J=F~I— I
IF (NA ME.(J).NF.IH )GO TO 101

P)0 CONT !NUE
101 CONT’NUE

WRIT (b,lC~~
) (NA ~iE (1) ~L I,J) , ( IPRED (1) ,L L  ,2~ )

106 FORMAT (~ THE*,1 2e1)...
THE ABOVE PROGRAM WORKS, BUT ILLUSTRATES HOW A LOT OF CODE
MA Y BE REQUIRED FOR EVEN THE MOST TRIVIAL TEXT MANIPULATION.
IF ARA HAD KNOWN HOW TO USE THE ROUTINES IN THIS

• MA NUAL. HE COULD HAVE REPLACED THE ENTIRE BLOCK OF CODE ABOVE
• W ITH A SINGLE STATEMENT (INCLUDING READING AN!) PRINT ING), RY

SIMPLY COD!NG,

CALL KOUT (KON (” TWEIO),KIN (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 LOOK COMPL EX, IT IS ACTUALLY QUITE EASY TO
CONSTRUCT, ONCE YOU HAVE MASTERED THE BASIC FUNCTIONS
PRESENTED TN THIS MANUAL.

2
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FUNDAMENTAL CHARACTER STRING OPERATIONS

THI SECTION INT 000CES SOME OF THE HASIC OPERATIONS

4 INVOLVED WiTH CHARACTER STRINGS AS THEY APPLY TO THIS REPORT.
LATER WE SHALL EXAM INF THE FUNCTIONS AND SUBROUTINES IN DETAIL.

1. STRING DEFINITION.

A CHA~ ACT E R STPI~iC, IS A GROUP OF FRO ’ 0 TO 500 CHARACTERS
T~ EATED AS A SINGLE ENTITY. A CHARACTER STRING HAVING 0
CP~A PACTEPS IS CALLED THE NULL STPING .

TO DEFINE A CHARACTER STPING CONSTANTS WE CAN USE
FUNCTION KON. FOP E~ AMPLE,

I STR= KON (“APPADCO ~l”)
JSTR-KON (”DOVER, UEW JEP~ EY O7B~ 1”)

THE ABOVE TWO STATEMENTS DEFINE Two STRiNGS.
T~4-: FIRST STRING HAS ~ CHARACTERS. THE V ALUE RETURNED BY
FUNCTION KON IS CALLED THE STRING REPRESENTATION. IN THE
FI RST CASE THE STRING REPRESENTATION OF “ARPAOCOM” WAS
AS SIGNED To ISTR. STRING REPRESENTATIONS ARE ALWAYS ASSIGNED
TO INTEGER VARIABLES . ANY STRING MAY HE REPRESENTED BY A
SIMPLE INTEGER VA RIAA ’E . THE SECOND STATEMENT GENERATES
AN’) THER ST~~ING CONSTANT REPRESENTATION ASSIGNED TO JSTP,
FOP A STRI’ G OF ~3 CHA~~ACTERS.

FOR THE PRESENT •E NEED NOT ~3E CONCE~ NEO WITH WHAT THE
INTERN AL FoRM OF THE ~EPRESENTATIoN OF THF STRING ISI IT Is
SUFFICIENT TO KNOW THAT ISTP AND JSTR UNIoUELY DEFINE THE
STRINGS.

2. STRING CONCATENATION

CONCATENATION MEANS “JOINING TOGETHER”. TWO OR MOPE
ST~’INGS MAy BE CONCATENATED BY USING FUNCTION KAT. FOP
EXAMPLE. THE STRINGS PREVIOUSLY DEFINED C~ N ~E JOINED RY,

K STP~ KAT (ISTP,JSTR)

THE VAPIA BL E XSTR NOW CONTAINS THE REPRESENTATION OF
“ARRAOCOMD OVER. NEW JERSEY 07B01”.

3. SUBSTRING EXTRACTI ON.

SUBST; ING IS THE INVERSE FUNCTION OF CONCATENATION .
SUBSTRING ~‘EANS TO TAvE A STRING APART. IN ORDER TO
E~ TPACT A PORTION OF A LARGER CHARACTER STRING, FUNCTION
K5 (JB MAY ‘3~. USED. FOP EXAMPLE,

3
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t4E TR KStjb (IST~-,~. ,5)

o~~~ST~ IS DEFIJED ~S TH~ STRI NG REPREsENT~ TION OF THE STRING
“AUCOM”. 8rCAUSE KSUR EXTRACTED S CHARACTERS REGINNING AT THE
FOU RTH CHA’~ACT~ R OF I-V~. SIHILA ’LY, KSUH (JSTR,M,i) RES (JLrS
It THE STRTNt, REPRESENTATION OF “NEw” .

4. STRING INPUT/OUTPUT.

TWO ROUTINES ARE Ps-tOVIDEO FOR GENERAL—PURPOSE INPUT AND
OUTPUT OF ‘T RINGS. FUNCTION ~IN ‘lAY BE U’ED LIKE A READ
STATE MENT. FOP EXAMP I f~T,

LST =KIN (S)

THIS STATE ~ENT READS A RECORD (CARD ) FROM UNIT 5 AND ASSIGNS
THE STRING REPRESENTATION (iF THE CARD IMAGE TO LSTR.
IF THE CAR’~ READ FROM TAPES CONSISTED OF,

THIS IS AN EXAMPL E OF A CHARACTER STRING

THEN LSTR wOUL D BE THE ~EPRESENTATION OF THE 40 CHARACTER
STRING. “THIS IS AN EXAW PLE OF A CHARACTER ST~~ING”.
LATER A NU’~’dER OF OPTIONS WILL ~E EXPL AINED FOP FUNCTION KIN.

TO OUTPUT STRING. Su43~ OlJTINF KOUT MAY HF USED.
Fcc~ E XAMPLE TO OUTPUT THE STRING PREVIOUSt V ASSIGNED TO ISTR,
WE COULD STMPLY CODE.

CALL. KOUT(h,ISTR)

THIS WOULD OUTPUT THE DESIRED STRING TO UNIT h• IF UNIT e,
W FW E A PPI’~TER. THEN THE STRING “PPAOCOM” woU~ 0 BE
PPT~’4TED (THE FIRST CHARA CTER WOULD HE LOST AS CARRIAGE CONTROL .
JUST LIKE ANY OTHER W~’ITE STATEMENT). SEVERAL CARRIAGE CONTROL
OPTIONS MA~ BE SPECIFIED IN THE CALL TO KOUT TO AVOID LOSS OF
THE FIRST CHARACTEP AS CARRIAGE CONTROL, IF DESIRED. THESE
WILL BE INTRODUCED LATEO .

AL~ EADY WE CAN SEE THAT IT WOULD HE VERY EASY TO WRITE A
SECTIO N OF CODE TO COPY A CARD FRO~’ THE READER TO THE
PRINTER. ~E COULD SIMPLY USE THE STATEMENT,

CALL KOUT (6.KP,(c))

4 
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5. STRING COMPARISON.

USING ~EG1JLAR FOpT-A t~ STATEMENTS, IT IS FASY TO COMPAWE
NU~ BE~’S BY USING AN IF STATEM ENT. FOP INSTANCE,

I F ( x V A L  .01. Y’JA L) GO TO ~ 3

COMPARES XvAL ANO YVA L .  TWO STRINGS MAY HE COMPARED
IN A S I M I L A R  MA NNER USING FUNCTION I.E~~IC. LEXIC COMPARES
TM’) S T RINGS FOP LEX IC~ 1 SEQUENCE (T HAT IS. FOP DICTIONARY
OP .)ER) .  F~ R E X A M P 4 E ,

IF( LE XIC ( 1ST , “GE” , JS T~ 
) )  GO TO ?~3

CO MPA RES STR ING REPRES ENTATIONS ISTP AND ,JSTR. IF THE STRING
REPRES ENTE~ BY ISP? w:~uLD FALL AFTER JSTR IN THE DICTIO NA RY.
OP IF BOTH STRINGS A RE IDENTIOAL, THEN CONTROL IS TRANSFER RED
TO ST A TEMC ;T ~3. O TH~ R. ISE, CONT ROL PROCEEDS TO THE NEXT
STA TE MENT A FT E P THE Ic STA TE MF NT.  FUNCTION U X IC IS
A LOGICAL FUNCTION AN ) AL t~AYS RETURNS EITHER .TRUE. OP .FA L SE..
THE SECOND A RGUMENT PASSED TO LEXIC IS THE KEYWORD OESCPIf4 ING

• THE TYP E OF COMPA RISON DESIRED, AND MAY tIE ANY OF THE FOLLOWIN G .

“L T” ~~~~~~~ “Ft’’ ’ “(ii”

6. STRING LENGTH.

THE LENGTH OF A ST~’ING Is THE NUMBER OF CHARACTERS IT
CONTAINS. TO FIND THE LENGTH OF .~NY STPPG. “SE FUNCTION
Lc t J .  FOP EXAM PLE .

NC t-’ ~R L  FL N( IS TR

W ILL AS SIG?’. NCHAP = ‘~~. RASEO ON OUR PREVI O US DEFINITION OF ISTR.

• 7. STRING PATTERN MATCHING.

PA TT I N MATCHING INVOLV ES SEA RCHING A STP ING FOR ANY
• SU~ STRING .is’IICH MATCHES A GIVEN STPING. FOP EXAMPLE , IF

A STRING CONSISTS OF “THIS IS A STPING” AND THE PATTERN
IS “S IS”. THEN WE CAN SAY THE PATTERN MATCHES THE STRING
STARTI NG AT THE 6TH CHARACTER . THE PATTERN MATCHING FUNCTION
IS FUNCTIO L~ MATCH. AND IT RETURNS THE COLu MN OF THE STRING AT
WHICH THE cIVEN PATTEPN MATCHES. FOR EXAMPLE.

• IPA T = KON(” “)
IBLA NX MATCH(JSTP,”FIRST”, IPAT )

THIS STATEMENT RESULTS IN IBLANK 7 BASED ON OUR PRIOR
DEFINITION S, BECAUSE ‘iATCH SEARCHES FOP THE FIRST OCCUPPANCE
OF A dLANK (THE PATTE~ N) IN THE STRING REPRESENTED bY JSTP.
THE SECOND ARGUMENT Ic A KEYWORD TELLING MATCH WHAT KIND OF

~



A SEAQC-i To MA,cE. FO INSTANCE, IF WE HAD USED “FIRSTNOT” INSTEAD
OF “FI~~ST” . MATCH W OOl 0 HAVE RETURNED THE POt,ITIO N OF THU
FI-~S T NON—~ LANK C HAPAC T ~ R (WHICH ~QuJLD BE I IN THE EXAMPLfl .
LA T ER wE SkALL SEE HO~t )THEP ~EY WOPDS MAY BE u SED AND HOW
MODE THAN ONE PATTERN MAY HE SEA RCHED FOR S IMU LTANEOUSLY .
PA TT E~ N MA TCHING IS OFTEN USED IN CONJUNCTION WITH SUHSTRPiG
T O 3 P K  U. A S TRING INT O ITS COMPONENTS. FOR EXAMPLE ,
IF W E A I S H r O  T O EXTRA CT AS A SUbST PING ALi . THE INFORMATION
C’~NTAIN EO T N PARENTHESES IN ANOTHER STRING., WE COULD USE THE
FO LLO N!N r, c,TAT FME NT S.

C PSSWIE jNST~ IS STRING TO BE SEARCHED...
C LOC ATE COLUMN CONTAININ (, 1ST “(“...

I CO t  1 MATCH (INSTP,”FIRST”,KON ( “(‘I ) )

C .~..A ND COLUMN CONTA ININ ’
, LA ST “ “  ...

ICu L L=MATCH (INST;~,”LAST” ,KON ( “)“  ) )

C TR AN S FER ST R ING BETWEEN PARENT HESES TO IPST P ...
I~~ST R KSU B( INST R, IC O L 1+L , IC O LL— LC O1I 4 j )

B. STRING CONVERSION.

T HREE FUNCTIONS RE PROVIDED FOR CONv ERS TON OF STRINGS
T ) NU’~HEPS AND NUMBERS TO STRINGS. FUNCTION INTVA L RETURNS
THE INT EGE~ VALU E OF TH~ NUMHFR PEPRESENTj () n Y  THE STRING .
F~ ;’ EXA M PL ~5

’

NUMSTR=KON(” — ‘37 “)

N I t iTV4 L(NUMST 0
NSUIIA R N~ N

IN T HIS CA SE , THE VAL IJE OF N NILL BE — 3 7 . SIM ILARLY.
FUNCT ION RLVAL CAN BE USED FOP ST P I NG—TO— ~ EA L CONVERSIONS.
AS A SIMPLE EXAMPLE OF THE UTILITY OF THEsE FUNCTIONS,
SUPPOSE WE WANTED TO HEAD A DATA CARD WHICH CONTAINED A
NuJ’BFP IN PARENTHESES SOMEWHERE ON THE CARD. IF WE W ISHED TO
US E THE NUMERIC VA LUE INSIDE THOSE PARENTHESES FOR A COMPUTATION.

• W E COULD On SO BY FIRST REA DING THE CARD IJSINc, FUNCTION KINI
SECOND. EXTRACTING THE SU8STPTNG ‘iETWEEN THE PARENTHESES, AS
ALR EA D Y ILLUSTRATED FoP FUNCTION HATC’-~ FIN ALLY , CODING,

NIJtA INTVAL (IPSTR )

AT THIS POINT NUM IS TH INTEGER VALUE OF THE NUMBER WE
WANT, AND CAN BE DIRECT L Y USED IN COMPUTATION.

6
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FUNC T ’ O N KSR PROV IDES THE INVERSE FUNCTION OF’ BOT H IN TVAL
A~ D RLVAL.  IT CONVERTS A REAL OR INTEGER NUMBER TO A STR ING
REPR ESENTATION OF THE NuuMBFR. FOP EXAMPLE ,

NUM=~ 34I4
NS TP KSR(NUM)
CALL KQ(JT(6,KO’~(” NOM ”),NSTR)

WILL PEStJLT IN THE PRINTING OF,

NJM 37

FUNCTION KSP HAS SUVEQAL OPTIONAL FORMS WHIC H WE SHALL
EXAMIN E LATER. IT IS IMPORTANT TO NOTE THOUGH THA T KSR IS
MUCH MORE POWE RFUL TH~ N FORTRAN W R ITE / FOR MAT !TAT EMENTS
BECAUS E TH E SIZE OF TUE STRING CAN BE ADJ u STEI) AUTOMATICAL LY
TO THE MAGU ITUDE OF THE NUMBER . FOR EXAMPL E, KSP (0) W ILL
GIV E A I CHARACTER ST EING , “0”, BU T KSR (— ~ 3.4588655) W ILL
PL ODUCE THE STRING REPRESENTATION OF “—23 .45RR655” . WH ICH IS
11 C HA RACT RS. THIS CA PA BILITY Is CALLED DYNAMIC FOP P4AT T I’ i f~A~~ IS VER Y USEFUL IN MANY APPLICATIONS.

~~. STRING ROUTINE INITIALIZAT ION.

BEFORE ANY OF THE FUNCTIONS OR SUBROUTIN ES IN THIS
MANUAL MAY BE u~ EO. Su~ OUT INE KINIT MUST BE CALLED.
F~ P THE PR[SENT, WE SHALL LIMIT OUQ DISCUSSION OF KINIT
TO SAY T HAT IT HAS TH~ F OR M ,

CA LL KINIT ( )

• 
LATER OTHER APGUMENT~ ~IILL BE INTRODUCED .KI’41T DOES NOT PE~ FOR~’ A NY FUNCTION T HAT IS APPARENT TO THF
USER ~uT Is ESSENTIA L TO THE O PERATION OF THE ROUTINES. FrIIURF
TO CALL KI IT W ILL RESULT IN THE FATAL DAYFIL E DIAGNOSTIC.

STOP KINIT NEVER CALLED.

THESE ARE THE BASIC CONCEPTS AND FUNCTIONS INVOLVED WTTH
THE HANDLING OF STRINGS. A NUMBE R OF OTHER FUNCTIONS AND
SU’~ROUTINES WILL BE I~’TRODUCED LATER. AND A NUMBER OF

• OPTIONAL FORMS WILL BE PRESENTED FOR THE POUTINES ALREADY
INTRODUCED. SO AS TO TMPROVE THE UTILITY OF THE CHARACTER
STRING HANDLING PACKAGE.

—-
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NoT~ T ION $JS ED IN T HIS MANUAL

THE FDLLOQI NG NOT~~TION Is USED IN OESCPI~~ING THE
SUSROUTINEc AND FUNCTIONS IN THIS MANUAL :

WHEN nESC~.IBJ NG 
•~~r,UMENT LISTS FOR STRING ROUTINES.

IF’ AN ITEM IS ENCLOSED IN ANGIE b~ AC KETS , FOR INSTANCE,

• <INTEGER >

• THEN IT IS A OE SCRIPTIOi OF THE TYPE OF ENTRY PEQ(J IREU.

~~~ EXAMPLE . IF wE WERE TO DESCRIBE THE SYNTAX OF AN
OR~~INARY FORTRAN WRITE STATEMENT, WE MIGHT WRITE,

W~~ITE (<UN rT NO.>,(FO~ MAT LABFL>) <VARIA BL E LTST>

OFTEN A RGUMENTS ARE ORTIONAL, AND MAY BE OMITTED IF DESIRED.
AN ITEM CONTAINED IN SQ’JARE BRACKETS IS OPTIONAL.
TO EXPAND OUR EXAMPLE FOP THE FORTRAN WRITE STATEMENT. RECALL
THAT THE <FORMAT LABEL> MAY BE OMITTED FOR UNFORMATTED WRITES,

• A NI) THAT WI NEED NOT HAVE ANY <VA~”IABLE LIST>. THEREFORE WE
COULD IMPROVE OUR DEFINITION TO READ,

W L I T E ( < U N J T  NO. > I,<F~,RMAT LAtsEL>)) (<VARIABL E LIST))

• T-H EE DOTS (...) IS USE() TO INDICATE AN EL EMENT WHICH MAY RE
RE~ EATE D A N ARBITRAR ’ NUMBER OF TIMES, WE COULD REPLACE
<VA R IABLE L IST>  IN OU” OEF’INI IQN (if FORTRAN w RiTE WI T H
<VA RIARL F>r , <VA PIABLFT)...J TV) SHOuP~ ONE POSSI’uLE FORM
OF <VA PIAB I E LIST> AS AN ARBITRAY NUMBER OF VARIA BLES SEPARATED
BY COMMAS .

8
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GENER AL POLES

IT IS EXTREMELY IMPORTANT THAT VA~ IA dLES USED WITH THE
STRI NG FUNCTIONS AND StJ~ ROUTINES HE OF THU RIGHT TYPE.
ALL STRING REPRESENTATIONS MUST BE ASSIGNED TO AN INTEGER
VARIABLE. ASSIGNING A STRING REPRE SENTATION TO ANY OTHER
T,YPE oF VALIABLE ~ILL RESULT IN THE FATAL DAYFILE DIAGNOSTIC,

STOP ILLEGAL STRING ~fPRESENTATION

BEING PRODi CEO WHEN THE VAQ IABLE IS SUBSEQUENTLY REFERENCE )
IN A STRIM, FUNCTION DR SUBROUTINt . AS A MEMORY AID ’

• RE MEMBER T~.AT ALL FUNCTIONS WHICH RETURN A STPING REPRESENTATION
A~ THE VALUE OF THE FUNCTION bEGIN wITH THE LETTE R K. THE ONLY
FUNCTION I~ THIS MANUAL RETURNING A PEAL RESULT IS RLVAL.

• THE ONLY F NCTION RETURNING A LOGICAL VALUE IS LE~~IC.
ALL OTHER FUNCTIONS RETURN INTEGER VALUES.

THIS ;‘ULE IS SO IMPORTANT IT PEARS REPEATING...

AN Y <STRING REPRESENTATION> CAN ONL Y ~E ASSIGNED TO A VARIABLE
THAT IS TY~ E INTEGFR.

FOP ~LL ROujTINc S IN THIS MANUAL, UNLESS OTHERWISE SPECIFIED.
ALL ARGUMENTS MUST BE TYPE INTEGER.

ARRAYS OF STRINGS

• 1 WE MAY USE ARRAYS OF CHARACTER STRINGS JUST AS WE MAY USE
ARRAYS OF’ piUMERIC VARIABLES. EACH ELEMENT oF’ THE ARRAY CAN
REPRESENT •~ STu.ING OF UP TO ~~O CHARACTERS. FOR EXAMPLE.

5’ 

DIMENSION IST(~~
)

• DO 100 1=1,5
100 IST (I)=KIN(5)

• THIS READS FIVE CARDS AND ASSIGNS EACH CARD—IMAGE—STRING To
A SEPARATE ELEMENT OF ARRAY 1ST. OF COURSE, 1ST MUST BE AN
INTEGER AR RAY.

PASS ING STRINGS To SUBROUTINES

STRING REPRESENTATIONS MAY BE PASSED TO OTHER ROUTINES
JUST LIKE ANY OTHER VARIABLE. THEY MAY APPEAR IN
COMMON OR AS ARGUMENTS IN A SUBRO (JTLNE OR FUNCTION CALL.
ATTE MPTING TO PERFORM ANY OPERATIONS ON STRING REPRESENTATIONS
OTHER THAN THOSE PROVIDED BY ROUTINES IN THIS MANUAL WILL RESULT TN
UNDEFINED c.ESULTS. FOP INSTANCE , TRYING TO PRINT A STRING
REPRESENTATION USING AN ORDINARY PRINT OR WRITE STATEMENT WILL

9
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PRODUCE GA ’BAGE , NOT THE STRING DESIRED. THE ONL Y LEGAL
A~~ITHMETIC OPERATIONS WHICH MAY tsE PERFORMED ON STRING
REPRESENTATIONS ARE.

H 1. SIMPL.E ‘~SSIGNMENT STATEMENTS, FOR EXAMPLE,

K$TP JSTR

2. ASSIGNING THE VALuE 0 TO A STRING REPRESENTATION, WHICH
DEFINES A ‘iULL STQTNG. FOR EXAMPLE ,

L
SrTS KSTP TO THE REPRESENTATION OF A NULL STRING (~) CHARACTERS).

THERE ARE TWO KEYS TO SUCCESS IN USING THESE ROUTINES...
1. REMEMBEP TO CALL KINIT BEFORE ANY OTHER STRING ROUTINE ,
ê. USE THE RIGHT TYPE OF VARIA BLE.

KEEPING IN MIND THESE IMPORTANT GENERAL RULES. LET US
EX AMINE THE STRING ROuTINES IN MODE DETAIL

10
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INTEGER FUNCTION KON — DEFINE A STRING CONSTANT.

LE GAL FORMATS...

<STRING REP.> = XON ( ( LTT ER !L STRI NG>) 11.1)
<ST~~ING REP.> KON (<LTTERAL STRING>,<IENGTH>) fi .2)
<STpING REP.> KON (<LITER~ L STRIM> ,—< PADDING>) r• •3)

A4GUMFNTS...

<LITERAL STRING> IS EITHER A CHARACTER STRING ENCLOSED IN
QUOTATION MARKS, OP A HOLLERITH CONSTANT OF THE FORM,
<NO.CHAR.>t$ (TE~ T>. LJNDE~ NO CIRCU MSTANCF S

• W HATSr)EVEP CAN TuIS ARGUMENT BE A VA~~IAH ~ E.
(NOTE... ON SOME PRINTERS AND KEYPUNCHES. THE 000TE ( •‘ )

APPEARS AS A ‘INOT_EQUALI’ SYMBOL. THE CORRECT KEY~ IJNC~
FOR THE I~UOTE IS A N 8—~. PUNCH ON AN ‘~ 6 ~E fPUNCH, AND
AN 8—7 PUNCH ON AN 029 KEYPUNCH.)

(LrNGTP1> I~ AN OPTIONAL PARA METER SPECIFYING THE COMPLETE LENGTH
D E S I R E D  FOR T HE sT~~ING. IT MA Y BE A VARIABLE. IF
<LENGT H> IS G’?EATER THAN THE LENbTH OF THE <LITERAL STRING>.
ADDITIONAL BLANK S ~ILL BE ADDED AS REQU IRED. IF <LENGTH>
IS SHORTER THAN ‘ACTUAL sTRING> , THE STRING WILL BE TRUNCATED.

<P~ ODING> IS AN OPTIONAL PARAMETER DISTINGUISHED FROM <LEN (;TH>
BY Pt FACT THAT IT IS PRECEEDED BY ~ MI NUS SIGN.
<PADDING> IS A NuM~ EP SPECIF YING THE NUMBER OF BLANKS TO RE
APPENDED TO THE EN) OF THE <LITERAL STRING> .

IMPORTANT NOTES...

DUE TO THE INTERNAL DATA PF.PRESENTATION OF BLAN KS IN COC
FORTPAN EXTENDED, IT IS IMPOSSIBLE TO DISTINGUISH THE NIJMHFR

• OF TR AILING BLANKS ON A <LITERAL ~TPING>. FOP INSTANCE ,
“HI “ AND “HI “ -40TH NAVE PRECISELY THE SAME REPRESENTATION
I’ COC FORTRA N. FOR THIS REASON, IT IS NECESSARY FOR
FUNCTION KON TO IMPLEMENT THE FOLLOW ING RULE TO AVOID
A ;B1 ’,UITY...

WHEN USING FORM (1.11. ANY TRAILING BLANKS TN <LITERAL STPTNG>
• W ILL BE AUTOMATICALLY REMOVED BY cON. IF <LITERAL STRING> IS

COMPOSED SOLELY OF BL’~NKS. THE RESULT wILl RE A SINGLE BLANK.
F’
~ OM THIS NiLE

, IT IS APPARENT THAT KON (”HI”) AND KON (”HI “1
BOTH DEFINE THE SAME STRING, ‘lAMELY THE TyO CHARACTER STRING, “HI”.
IF IT IS DESIRED TO H’~VE ONE OR MORE TRAILING BLANKS INCLUnED
IN THE STRTNG , THEN USE FORM 1.1.21 OR FORM 11.3) INSTEAD.
FOP EXAMPLL, $coN (” HI” ,—I) WILL PAl) THE <LITERAL STRING>
WITH ONE T~ AILING BLANK , RESULTING IN “ HI I’ .

THE CHARACTERS IN THE <LITE RAL STRING> MAY BE ANY CHARACTERS
P THE 6’. CHARACTER ASCII SUBSET WITH THE EXCEPTIONS NOTED
I3~ LOW .

j 11
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1. THU CO’ ON (:) MAY NOT tiE THE LAST CHARACTER OF A STP IN ~;.
2. TwO COi ONS MAY NEvE~ A PPEAR TOc,ETHEP. AT LEAST ONE OT.4ER
C’-iA RACTER usT INTFPVEN~ .
3.  THE Qu~ TE CHARACT~ P ( OR ~‘OT—EQUALS SIGN ON SOME
P~ INT ERS A 4 0  PUNCHES SHOULD NOT BE USED IN THE FORM OF
<L ITE R AL STRING> WHICr4 IS DELIMITED BY THU QUOTE MARKS.
IT MAY RE ~SEf) FREELY It~ THE HOLLEPITH—CO INT FORM.
(
~ *C EPT ION ,.. THE C HA )ACT E R “ MAY BE SUCCE SSFULLY REPWFSENTED

BY RFP LA C I’G IT WITH ‘“‘ IN A STRING DELIMITED BY “ CHARACTERS ).
THESE RULES STEM FPUM THE COC IMPLEMENTATION (IF RECORDS,
NOT FROM A~.Y IDIOsY t’4C ASIES OF KO~4 (SEE REFERENCES (31,141,
A ND (51).

EXAMPLES t~iF LEGAL STPT N(, DEFINITIONS...
FUNCTION CALL... RESUL T REPRESENTS...

IA=KON ”THTS IS A STRING”) “THIS IS A STRING”
IB= KO’~J (I 6HTHIS IS A STPING) “THIS IS A STRING”
I~~=KON (”SO IS THIS “ “SO IS THIS”
I~~=KOt4(I3HsO Is THIS ) “SO IS THIS”
IE= KON ”PADDED ST~~ING” ,— 3) “PADDED STRING “

IG= KON (”PAnDEO STRING “.—l) “PADDED STRING “

IU=KON (”IRI INCATED STR’NG” ,ti) “TRuNCA”
IH~ KON(”  ••) “

IJ=KON( I~,H~ AY “HI” “SAY “HI”
~K=~ O~~(I~5A y ~Il~ H~~~Ili ~,—, ) 1~~Ay •HI~
IL=KON(”LENGTHENED S T I ~’G” .2O~ “LENGTHFNEO STRING “

EXAMPLES OF ILLEGAL STRING OEFINIT IONS...

FUNCT ION C L L  REASON FOR FRROR 
e_ —

• DATA LS /3HHI /
IR=KON (LS) <LITERAL ST~~ING> MAY NOT HE VAR.

ST~~ING=KON ”HELLO”) <ST~~ING REP> MAY NOT BE REAL VAR .

IT=KON (”AN •,WER :”) COLON MAY NOT BE LAST CHARACTER .

12
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SUBROUT INE KONLST — DEF INE AP~ AY Of STRINI’ CONSTANTS

L GA L F OrM A T . . .

CALL KONLSr (<INT . ARR~ Y>,<LIT. STPI~u;>(,q IT. STRING> ... )) (2.11

A~ GUMENTS...

<I~~T. A RRAY> IS AN INTE GER ARRAY TO RECEIVE THE STRING
• REPRESENTATIONS.

< L IT. sTPI~ G> IS A LITE .~AL STRING AS OESC~~IREfl FOR FUNCTION
• KON. T T  MA Y NOT ~-~E A VA PTA BIF

ANY NUMBER OF <LITERAL STPING>S MAY BE SPECIFIED, SEPA PATE ! BY
COMMAS , AN D USING CONTIN UATION CA ’~DS IF NE EDED.

NOTE... IF THIS FUNCTION, OR OTHER FUNCTI1~NS W iTH VA RIAR LE—LEN r,T N
A -G UMENT Ly STS.  IS CALLED SEVERAL TIMES WIT H DIFFERENT NUMRERS
OF ARGU MI NTS (IN THE SAME PROGRAM,, THE FORTRAN COMPILER W ILL

• PL~r)DUCE T’l[. INFORMATIvE DIAGNOSTIC, “ARGU”ENT COUNT INCONSISTENT
W I T H  PRIOR USAGE” . T-’IS DIAGNOSTIC SHOULD HE IGNORED.

:1 EXAMPLE 2.....

DIMC NSIO N ISTRG( )

• CA LL KIN IT (...
CALL ,cONLST (ISTP;,”MOVE ”,”DRAw” ,”DAS H”,”TE XT”,”E7ASE” )

THE ABOVE EXAMPLE IS FUNCTIONALLY FQUIVAL rNT TU...

~ • - , DIMENSION ISTR G( ~)
CALL P (INIT ( )...
TST ,-G (1)= KON (”~ O~/E”)
IST G (t?) XON (”DPAW”)
IST - G (1)=KON (”r A ;H”)
1ST .G(’.) KOP’ (”TEXT”)
I ST~ G (S) ~KON (”ERASE”)

EX A M PLE 2.?...

COMMON /STkINf,S/ JS(50)
CALL KINIT ( )

CALL KQNLST (JS (1~~),”
.”,”—”,”~ ”.”/”)

TH IS EXAMP I E DEFINES ONLY JS ( iO)  THROUGH JS(13) INCLUSIVE.
THE REMAIN ING ELEMENTS OF THE ARRA Y APE NOT AFFECTED.

- I 13



rN TEGER FUNCT ION KA T — CONCATENATE STRINGS

L GAL FOCM~ T...
<STP. .> T (<STR. .>,<ST RU >1,<STP.RE?>... r3 •A J

A~ GIJMtN T~S...

<31P.RFP. > IS A STRING REPRESENTATION.

AL L OF T~iL STRINGS ~4EPRFSENTEO BY THE ARGUMENTS ARE CONCATENATEDIN THE SEthj ENCE 6IV EN~ ~ND THE RESULTING pEPRESENTATIO N
HETUR NED AS THE VALUE OF THE. FUNCT ION. 4~J ’y NUMBER OF
AR GUMENTS (GREATER THAN 1) MAY BE usED, USING CONTINUATION
C4~ OS IF NEEDED.

- 
- EXAM PLE 3. ...

DIM’- NSION LS (4 )
CALL KINIT(:)...

— CAL L KONLST( LS, ” IS THE TIME” ,” A ID OF” ,” PAR TY” ,” NOW” )
JS~~cON (” FOP ALL GOOD MEN TO COME TO “)
?~F T P ~ KAT(LS (~~).LS(L),JS,l(ON (” TH~ ”),LS (2),LS

(3))

NC~ STR ‘WILL THEN REPRFS~ NT TH~ STc~ING,

“ NOW IS THE TIME FOR ALL GOOD MEN TO COME TO THE AID OF P~ RTY”

• •
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INTEGE~ FuNCT1O~ KSUB — SUBSTRING EXTRACTIO N

• L ~-AL FO~ MATS...

<STP.PffP.> = cSUB (<STR.REP.>,<STMT.COL.>) r’..I1
<STR.REP.> = KSUB (<STR.PEP. ,<START.COL .>,<NO.CHAR.>) r4~ 2J

A PGUMF NT S . .

<STR.RfP.> IS A STRING REPRESENTATION.
• <START.CUL.> IS THE ST A ~

- T ING COLUMN FOR THE S’IBSTPING EXTRACTION
-: WITHI , TH~ STQING.

<NO .CHAR .> IS THE NUMREP OF CP~AR ACTERS TO BE EXTRACTED.

IF FO~ M 1~.•1) IS USED. THE ENTIRE REMA INDFR OF THE STRING
F.~OH C~1A RACTER NUMBER <-~TART . CDL ,> ‘wILL HF. EXTRACTED.

• IF FORM (4.21 IS USED. THEN ONLY THE SPECIFIED NUMBER OF
CHARACTERS WILL BE EXTP\CTED.

EX~ MPL F ..:.. .

CALL KINIT ( )...
JST =KON (”MISO,SEAO, BLDG 353”)
IBL ’G=KSUR (JST . 2)

THE VAR IA BLE IBLOG WILL REPRESENT “BLDG 353”.

EXA MPLE 4..-...

DIMENSION IALP’-A (2’~)
CALL KI NIT ( )

ISP~=KON (”ARCDEFGHIJKLMNOPOPSTUVWXYZ”)
DO ~3 I=I,~~’• 1. IAL :-;HA (1) KSUB(ISTR,I,1)

• AFTER THE AB OV E CODE IS EXECUTED, IALPHA (i) WILL REPRESENT “A” ,
IALPHA ( 1O )  w ILL REPRESENT “J”, ETC.

15



INTEGER FUNCTION LEN — LENGTH OF STRING

L’ r,AL FO RMAT...

<I NTEGER PESULT> LEN (’SIRING PEP. >) 

~s.n
A .GLJMENTS...

<STRP4( REc..> IS A STR ING REPRESENTATIoN.-

FJNCTION LtN RETURNS THE LENGTH OF THE ST~~ING REPRESENTED ~YTHE A~ GUME T.

EX AMPLE 5. ...

CALL KI NIT (’~)

KST XON (” ALPHA”)
L SI’-’ AT C KSTR. .rOt~( “BETA “ ) )
N~L N (LSTR)

N -~ILL BE j o  AFTER EXECoTI0N OF THIS CODE,

I -~

16
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LOG ICA L FUNCTTO?-~ LEXIC — COMPARE STRINGS

L~ C,AL FORMA T. . .

< .TRUE./.FPLSE .> LEXI C (’STPING RE.~,>,<KEY>,<5TRING REP,’) (~~.1J

A -. (~ JME NT S. .

‘S IR I N G RED.> IS A ST;ING REPPESE’~TATION .
<~c~~Y> IS A LITE~~AL KEyw r ~RO INDICATIN (, THE OPERATOR TO HE ‘IcED

FOR T~ E CoMPaRIS~iN. <KEY> MA Y ONLY HE ONE OF THE FOLLOWINI ,:

“LI ” “1 ~~ “ED’’

THE KEY W U PIS  HAVE THE St,ME MEAN IN~ AS THEIR REGULAR FORTRA~1
COUNTERP ARTS.

F L ’NC T I O N  L~~XIC RETu RNs THE LOGICAL VALUE .TRUF . OP .FALSE,,
THE ST~~I~J6s PEPRESE’~TFO BY THE FIRST AND THIRD ARGUMENTS A~ E
CCMPA~?ED LtXIC ALLY . tF THE CONDITION INDICATFD BY <KEY> L~ MET,
THEN LEXIC RETURNS .TRUF.. OTHERWISE. .F-1.SE. 15 RETURNEO.
THE STAINOS NEED NOT RE OF THE SAME LENGTH TO BE COMPARED.
TH~

- ST~ INGc ARE COt~PA~ Efl FOR OICTIONAPY OPDER USING THE
O I~~PL4Y CODE COLLATIN- SEQUENCE OF THE COC COHPUTFR.
I’~ ORDER FOR Two sTR I~~GS TO BE CONSIDERED EQU~ L. THEY MUST
HAVE THE SAME LENGTH A ND COMPOSITION. THuu S “HI “ AND “H I” ARE
NIT E(~UAL. IN FACT. “-I” ‘W ILL ~LwA s P~ ECEDEO “,4I “ IN THE
COLLATING PROCESS, SO “ H j~~

l IS LESs TH1~N “HI “.

IT IS IMPODTANT TO REALIZE THAT YOU MAY NOT COt~PARE TwO
ST~.INGS WITHOUT USING FiuNCTION LE~~IC. T~’O STRINGS WHICH ~~~
IDENTICAL TN EVERY RESPECT WILL NOT IN GEPWERAL HAVE THE SAME
STRING REPRESENTATION . AND IF YOU COMPARE THE REPRESENTATIONS
WITH AN ORDINARY IF STATEMENT WITr$OUT LEXIC . THEY WILL

• EVA LUATE A~ UNEQUAL • T-~E SOLE EXCEPTION IS THE NULL STRING,
WHICH IS A~ WAYS RE~ REGEtJTEO BY THE NUMERTr 

VA l UE 0.

NOTE... WHLN USING FUNCTION LEXIC, IT IS IMPORTANT TO
‘.~!MEMRER T~ DECLARE LEXIC As TYPE LOGICAL IN THE CALLING
PROGRAM .

EXPMP LE ‘,.,...

LOGICAL LEXIC
CALt KINIT ( )...
1ST =KOMI”KOWALSKI”)
JST

~
=K3N(”KOw4L”)

• IF (tEXIC (JSTR,”LT” ,ISTP))G() TO 10

Co’,TPOI W ILL BE TR ANSFEOPED TO STATEMENT 10 AT THE IF STATEMENT.

I
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F~~AMPLE .

PPO ~RAH SORT (P P’JT,OUTPUT,TAPE =INPUT,TAPEb=OUTPUT)
C PROGRAM TO -~~AD £0~ CARD S, SORT THEM ALPHABETICALLY,
C AND PRINT T~1’ SORTFD LIST.

LOGICAL LE~~IC
DI MENSION NSTP’L~~3)
CALL. KIN IT ( •)

i Ota 1 1.100
1 - u NST (I) KINC5 )

DO ~~ i= i ,~ -~;IHI—I 41
D )  ,C’.i J=I P1~~1 ‘I

IF (IE’UC (NSTR (j).”GE”,NSTR(I)))GO TO 2C0
IT€- ’~~NSTR(I)
NST~~(I ) NSTP (J)
NST- (J)=IT 1IP

2~~ CON~ TN UFL
3 0  CALL KOUTCNSTRtI ),1)

CALt.. M )kiT (NSTRU.~~),1)

• STOP

NOTE... TH~ AB OVE EXAMH~ F USES A V E R Y  INEFFICIENT SORTING
TEC HNIQUE FOR THE. SAKE OF SIMPLICITY. SEF REFERENCE (11 F’~P A
DESCRI PTIO~ OF BETTER ~iETHOOS.

I~ 18
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INTEGER FUNCTION 4ATCru — FIND S:JBST~.ING HATCHING PATTERN

L GAL FO PMr.TS...

<COL.NO.> . ’i~TCr4 (<~~.R.>,< K[Y>,<PAT .S.P.>) r7 .11
<COL.NO . ~~~ATCH (<S.

R.,,<KE1>,(PAT .LIST S.Q.>,-(NO.PAT.>,~~I ~‘ATCH> )

A~ GUMENTS ...

- - < .~.P> IS A ~Ti~IwG RCP-.-ESE NTA TIO’~ FOR THF STPING TO e3E SE~ PCHFD.
<KE Y> IS A KEY~iO Ri) INDICATIN G THE TYPE OF SEARCH TO BE MAUr .

SELEC TE D FROM THE FOLLOW ING CHOICES.

“FIRST” “FTPSINDT” “LAST” “LASTNOT”

<~~A T ,S.p> ~S I~lE STPP i REPRESfNT~~~ION OF THE PATTERN TO HE SEAQC- -ED
FOR .

<~~AT .LIST S.R.> IS AN ADRA Y OF REPRESENTATIONS OF PATTERNS TO
BE SE-~RCHED FOR.

<N3.PAT> I’~ T - s ’. NUMB Er. of ELEMENTS IN THE PATTERN ARRAY .
• <I MATCH> IS ~~TURNED TO THE CALLING PPOG.~A M A S THE S’JBSCRTPT

oF <P’T .LIST S.R> “HICH ~ESULTEO IN ‘ SUCCESSFUL MATCH .

F’ -’-4 (7.1) IS USEU WHEN A SINGLE PATTE RN IS TO BE SEARCHED
FQ~ l~ THE STRING. FO~ M (7.~~1 IS USED WHEN SEVERAL PATTE-’NS
A~ E TO BE T IED Io SUCCESSION. T~ E ~FYWOI -OS INDICATE THE

• DI~~ECTION OF THE ~EARC~’. AND ~P1ET-$EP THE NORMA L CONDITION OP

I NvE~~ E CO;&ITION CONSTITUTES A “SuJCCFSSFIIL” ~A ATCH.
“F IRST” SE’~~CHES LEFT TO RIGHT FOR THE FIRST (1CCUPRA NCE OF
A~iY OF T’-iU PATTERNS. ‘FI PSTNOT” SEARCHES FOR THE FIRST
CHA RACTER --HICH DOES NOT VATC H ANY (iF THE PATTERNS.
“L AST” SEA--CHES FOP THE LAST ‘ICCURPA NCI OF ANY OF THE PATTERNS
IN THE ST~~TN1 . “LAST’!OT” SEA~ CHES FOP Thu- LA~ T CHAR ACTER
WHICH DOES NOT MATCH ANY OF THE PATTERNS GIVEN.
THESE DISTINCTIONS ARE REST CLARIFIED BY FXAPARLES.

EXAMP LE 7.....

El 1ST ~~ON (”THE VALUE OF X Is 3 IF V IS ? AND IF 1 IS , “)

ICO’ =MATCH (TST?,”FIPST”,XQN (”I ”))
LCOL P4ATCH(IST ,“LAST” ,KON (”IF”))

THIS EXAMPLE RESULTS IN ICOL ?L AND LCOL 1S.

Ex AMPLE 7. ...

DI MI NSION IPAT ’,
CALL KI NIT ( ~)
..•

CALL KONLS 1~ 
( IP ~ Tt “ i ”, ~~~~~ “ “ , “I” I

1ST =KI N (S)
ICUt OP=MATC H( IcT Q ,”F lR5T” ,lPAT,4, I~/A TC H)

19
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T— IS EXAMP L. READS A CA P O FROM IAPE~ AND SEARCHES FOR THE.

FI RST AQ IT- ..ETI ( QPEP~ T-)R . ASSU ING T~-4AT THE CA~ O CONTAIN ED.

T”~ TN THE R .SULTS w00L ~E ItIAT ICo~. OP =1 A ND I ’A T CH=3 .  BECA uSE
T~’ FIe ’ST rO LUMN T HAT MATCHED ANY oF THE ISTFD PATTERNS ‘dAS
CC’ UHN 7, •\ND THE PA T T E ( ~N IT MATC HED WAS J P A T ( 3 ) .

E’~~MPLE 7. •...

ILN-~~M A T C H ( IS T ; ,’L4S TN OT” ,KON(”  “))

THIS EX A MP E SEARCHES A STRING TO FIND THI LAST NON—RLA NK
• CHARA CTER p~ THE ST’~I( ,.

NOTES ON P\TTERN MATCHING ...

IF THE MAT H FAILS (THAT 15, THE SPECIFIED PATTERN MArCHINC~
CONDITION IS NOT MET ~Y ANY OF ThE PATTERNS), THE VALUE RETURNED
BY F U N C T I O 4  MA T CH IS • ~HEN USING FORM ~7.fl, <I MATCH> IS

• M~~ NINGLEsc WHEN “NOT” ~‘EYWO P~)S A-~F USED. SE~~~CHFS USING
“L ASTNOT” ~~E NOT ~~ C )MM ENOED FOR PATTE RNS LONGER THAN ONE
CHARACTER .

~1
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INTEGER FUNCTION KIN — INPUT A ST~~IN6

L~~,AL FORMATS... 
-

<STRI’4b Pt~~.> = KIN (<IF’p ) IM .1I
<STRING Rf~~.> = KI N (< IFN> ,<LENGTP1> )
<STRI NG R E : - .> = KIN (<IFO> ,—<PADDING> )

A’ (jUHENTS ...

<LFN> IS THE LOGICAL rILE NAME. IT MAY BE EITHER A UNIT
NUMBEr OR LEFT— JUSTIFIED—WITH— ZERO—FTLL FILE NAME.

<‘ ENGT H> V THE NUMBEP OF CHARACTERS TO HE DEFINED FOR THE
-~FS ULT STRING.<~~

,
~3OIN&> IS THE NUMBER OF BLANKS TO HE APPENDED TO THE END OF

THE STRING (OISTTNGUSIHEO FROM <LENGTH> ~Y THE MINUS SIGN).

IF FORM IH~~I1 IS USED THEN THE 5T~~ING RESULTI!’!G WI LL
• BE THE LEN .TH OF THE RECORD READ ~‘ITH ALL TRAILING BLANKS

REMOVED . FOR EXAMPLE . IF THE INPuT DEVICE IS AN HO COLUMN
C1~~D REAOE~ A ND THE LAST NON—~ LAN< COL UMN ON THE CARD READ IS
COLUMN b ? .  THEN THE ST RING REPRESENTED BY <ST°ING REP> W ILL
B~ ~U CH4RACTEPS LONG. I~ FORM (s.?) IS uSED. THEN THE
ST’ING WIL l. BE DEFI NED •~S <LENGT H> CHARACTERS LONb REGARDLESS
OF THE NUMPEP OF C~ AR~ CTEPS l u-I THE ACTUAL ~~:Co~ D. FOR

• E rT H ER FQP .4~ THE MAXIMUM RECORD LENGTH IS LIMITED ‘~Y THE
CDC O PERATIN G SYSTE M TO 163 C HARA CTE RS.

END—OF — FILE ENCOI INTE-?ED i.IsIN G EITHER FORM WI LL CAUSE s~TN
To RETUR N THE NULL STrING. FOR FORMA T (- .1). AN ENTIRELY BLANK
C.’RO WILL RETURN A STzIr~G CONSI STING OF A SINGLE BLAN~ (“ “).

EX ~•MPL E ‘ . .. . .

PRO .RAM TEXT (I!~Pu,T,TAPE%=INPUT .OUTPUT)
CALL KINIT ( I...
1ST =KI N (S)

THIS EXAM PI E READS A CARD FROM THE INPUT FILE. THE LENGTH OF
THE STRING DEPENDS ON THE CONTENTS OF THE RECORD READ.

EXAM P LE H.-...

PROGRAM TEST (IJPUT,00TPUT)
• CALL KINIT (’

INPr5L INPUT

IST -= KIN (INP)
IF(ISTR.EQ.~~)STOP “END—OF—FILE ENCOUNTERED ON INPUT”...

21



THIS EXAMPLE ILLUSTRATES HOW A LEFT—JtJSTIFIED—WITH—ZERO—FI 11
Flu E NAME MAY BE USED INSTEAD OF A UNIT Ni)MREP. IT ALSO
IL LUSTRATES A METHOD FOP TESTING FOR END—OF—FILE. ALTERNATIVELY .
THE USER C~ uJLQ TEST F~ P LEN (I’5TR) EQUAL To A , WHICH ALSO
W~SJLD BE .TP UE. W HEN FNO OF FT LE W A S  ENCOUNTERED.

EX~~MPL~ ~•

PROC,RA M T EST3 (TN PUT ,TAPE S INPUT,OUT PUT.TAPE6=OUTP (JT .TAP & P
CALL IcIPIIT
IFILE=bLTAPE L

•IST~ =l<IN (IFILF,g ’O)...
REGARDLESS OF THE CONTENT OF THE RECORD RrAD, LEN (ISTR) WILL BE 100
CH~ RACTE PS. IF THE RECORD READ WAS LONGER THAN 100 CHARACTERS,
IT WILL BE. TRUNCATED . IF IT wAS SHORTER THAN 100 CHARACTERS,
IT .~ILL BE PADDED WITH -,LANtcS. THE ONLY EXCEPTION IS THAT THE
NULL STPIN(, WILL BE ASSIGNED TO ISTR IF END—OF—FILE IS ENCOUNTERED
ON TAPEI.

22
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sUBROU T I’~E <OuT — OUTPUT A STRI :-G

L’- GAL F~~~MaTS...

C A L L  ~OtJ T ( ( LF N> ,<STkI (i REP. >)
CALL KOUT (<LFN> ,<STRI (

~
, REP,>,<CAPRIAGE CON.>)

• ARGUMENTS...

<LEN> IS THE LOGICAL FILE NAME EXPRESSED EITHER AS AN INTEGER
NUMBER, OR AS A u EFT— JUSTIFIEO—W ITH— 7ER0— FILL FILE N~~tE.

<STRING PEG .> IS THE •‘EPRESE NTATION OF THE STRING TO HE OUTPUT.
<CA RRIAGE ‘ON. Is A ~A RPIAGE CONTROL INDICATOR, CHOSEN FPØM

THE LIST BELO W.

<CA RRIAGE CON.>=... MEANING...

SINGL E SPACE (NORMAL PRINTING )
OOU~ LE SPACE (SKIP I LINE)
OVERPRINT PREVIOUS LINE

— 1 SKIP TO TOP OF NEXT PAGE (FOaM—FEED )
(O MITTED ) NO CARR IAGE CONTROL (1ST CHAP.

u~ EO FOR CARRIA GE CONTROL , IF
• AP PLICAHLE TO PIIYSICAL DEVICE).

I EXAMPLE ~~. ...
PRO(.PAH ONE (OUTPtIT,TAPF6=OUTPUT)

* CALL KI NIT (-~)...
I 1ST =KON(”THIS IS A

CALL KDUT (b,ISTP,1)

• 

• 

THIS EXAMPLE WILL PRINT “THIS IS ~ STRING” ON THE. NE XT LINE
- :  OF THE OUTPUT DEVICE.

4
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INTEGER FUNCTION IcINTEK — INPUT FROM TEKTRONIX TERMINAL

L~ GAL FORMAT...

<STRI NG RE~~.> = KINTEK ((LENGTH>) 10.11

A RGUMENTS...

<LENGTH> Is THE DESIRED LENGTH OF STRING TO HF INPUT. IF
SPECIFIED AS ‘, THEN THE RESULTING STRING LENGTH WILL BE THE
LENGTH OF THE IN~ UT RECOQO AFTER ALL TRATLING BLANKS ARE
REMOVED. THE MAXiMUM ALLOWABLE <LENGTH> IS 133, LIMITED
BY TH( TEKTRONIX SoFTWARE (ItS PLOT—tO).

THIS FUNCTION IS S1MIt~A~ TO KTN, EXCEPT IT IS COMPATIBLE
W ITH THE T ’~5 SO FTWA RE A~iO MAY BE USED ANY W HERE TEKT RONIX
USERS WOULD ORDINARILY CALL SUBROUTiNE AT NST. NOTE THA T

• 
<LENGTH> IS A REQuIRED aARAMETER.

E* MPLE 10.1...

• 
• PROGRAM T (OIITP,jT.TAPE6g ,TAPE62)

CALL INITT (-3~ *)
CALL KINIT (’)

- - ...
CALL MOVABS ((),~ 0~ )IST~.=K INTEK ( •

• )

S . .

THIS EXAMP I E MOVES THE CURSOR TO COORDINATES (0,200) AND WATTS FOP
THE TERMINAL USER TO ENTER A LINE FROM THE KEYBOARD. THE
PROGRA M CONVERTS THE INPUT LINE To A STRI~’G REPRESENTATION ,
ISTR. -

NOTE THAT THIS ROUTINE REQUIRES THE USE OF THE TEKTRO~’IX
TCS SOFTWA ?E, SUCH AS THE TEKIO OP TEK4R LIBRARIES .
TCS IS A REGISTERED TRA DEMARK OF TEKTRONIX, INC.

ii
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SUBROUTINE <OUTEK — OUTPUT TO TFKTRONIX

L GAL FORMATS. ..

CALL KOUT (K (<STRIN( REP.>) 111.1)
CA LL KOUT EK(<ST RING RFP.>,<CARRI-A r,E CON. >) 111.2)

A~ cU MENTS...

<STRING RIP.> IS T~ E ~EPRESENTATION OF THE STRING TO BE OUTPUT.
<CARR IAGE CON.> IS CA RRIAGE CONTROL CODE. CHO’EN FROM THE

L I S T  ~ELOw.

• <CAR RIAGE CON.> M E A N I N G . . .

I NEW LINE, THEN OUTPUT
NEW LINE , NEW LINE. OUTPUT

OMITT~ () OUTPUT AT PRE SENT CURSOR POSITION

THTS SUBROUTINE IS PRoVIDED TO GIVE COMPATABILITY WITH
TC VTRONIX TERMINAL USERS USING TCS (PLOT—LOP SOFTWARE.

• IT IS FUNCTIONALLY EQUIVALENT TO sIQING FUNCTION KOUT, BUT MAY BE
JSEO .~NYwHl- ?E TCS S&JB~ Ot ITTNE AUUT ’T WOULD NORMALLY ~E USED.

•~OTE THAT THIS RoUTINE PEUUIRES THE TCS SOFTWARE SUCH
AS 15 CU~ I- NTL Y AVAILAB LE ON THE TEK3u (JR fl:K48 LIBRARI.

N

I
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INTE GER FUNCTI ON INTVA ~ 
— 

~TPING TO INTEGER CONVERSION

L GAL F3QM~ TS..,

<l~~Tf GE~ V L .> INTV \L (<STRING Pcp•>) 12.11
<INTEGER V~ L.> = INTVAL (<STRING R P .>~~~IF ERROR>) 112.2)

A~’GUMENTS. ..
<STRING RL~~.> IS A RERRESENTATION OF THE STRING TO BE CONVERTED.
<IF ER u~OR> Is AN INTEGL~ VARIABLE PREVIOUSLY ASSI6NED TO A

• VALIu STATEMENT NUMBER IN THE CALLING PROGRAM BY
A FORTRAN ASSIGN STATEMENT .

INTVAL PER FORMS STRING TO INTEGER CONVERSION. IN NORMAL
FOpT~ 4N APPLICATION PROGRAMS, USERS ARE OFTEN UNAWARE THAT
SUCH CONV€ SIUNS TAKE PLACE, HECAUSE THE PEAD AND FORMAT STATEMENTS
PEPFORM THE CONVERSIO~I A UTOMATICALLY. FO~ EXAMPLE.

REA~~(5.LO)) IVA u
1C) FOk - AT (IS)

C4USES THE COMPUTER To READ A CHARACTER STRING FROM UNIT ~~.

ANJ CONVERT THE FIRST S CHARACTERS TO THE NUMERIC VALUE THE Y
• RE PRE SENT. TO ACCOMP~ 1cM THE SAME OPERATION (uSING THE
• CPIA MACTER ,TRING ROUTTN~ S, WE MIGHT WRITE.

IVAL INTVAL (K1N1,))

THE PRIMARY DIFFERENCE IN THESE TwO EXAMP LES IS THAT THE N’JMBER
N CO JLD BE PUNCHED ANYWHE RE ON THE CARD FOR THE SECOND CASE ,

• AND COULD ~E 4RITTEN ~Ir H OR WITHOUT A DECIMAL POINT,
AS WE SHALL PRESENTLY SEE.

• CONVERSION RULES...

1. THE STRING TO BE CONVERTED MAY CONTAIN ANY LEGAL REPRESENTATION
• OF A NuJ MBE- . II MAY -ui WRITTE N WITH OP w)THOUT A DECIMAL aOINT.
• SI GNEO O~ 

i NSIGNED. A~ D MAY E /EN HAVE AN EXPONENT OF L~
) SPFCIFIED

IN THE USUAL FORTRAN REPRESENTATION (E.G.. “1.23E4”).
~~. THE 5T:~ING MAY HAVE ANY NUMBER OF LEADING GLANKS, WHICH APE
IGNORED.
3. CONVERSION IS CONSII)EQED FINISHED WHEN A TRAILING BLANK IS
ENCOUNTE REr) O~ THE STRI;~G 15 EXHAUSTED , WHICHEVER COMES FIRST.
4. IF AN ILLEGAL CHAR~ CTEP IS ENCOUNTERED IN THE STRING.
CONVERSION Is STOPPED AND ONE OF THE FOLLOWING OCCURS...

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

3. IF (IF ERROR> ~AS SPECIFIED, THEN CONTROL IS PASSED
DIDECTLY To THE DESIGNATED STATEMENT NUMBER IN THE CALLING
PP )GPAM. THI. FEATURE ALLOWS THE USER COMPLETE CONTROL OVrR

26



RECO VERY FROM CONVERSION ERRORS.
~~. A N EN T I~ ELY BLANK cT~~ING R~ TURMS 0 wITu-uOUT ERROR.

EX~ MPLE3 oF ST’~1NGS To HE CONVERTED AND THE RESULT...

IF THE STNING IS... THEN INTvAL RETW~N5...

“ 3 ”

‘I —? 3
“ ~~ O PA N G S ”  0
SI ORA ’4& ~~~S “ (E RR OR )
“ —2~’O.C’ —ZOO
‘I &5 + .63 ‘

“ .~~33~~E’3” ,~33
II •~~ 35$

“ .75 “
II II 1

( E R R  R I

EXAMPLE A~~.I...

PROGRAM TEST (1-IPUT,OUTPUT,TAPES INPUT,TAPEb OUTP(JT)
CALL KII’jII ( )

C READ THE V~ LhiE OF NRUN FROM ANYWHE~ E ON THE CARD ...
- 

- N~ U’,— INTV AL (P(I (~~))
IF (i~RUN.tO.C)SI~~...

N 

~ THIS EXAMP E SHOWS HOw AN INTEGER VALUE MAY RE READ FROM
AN YWHERE O~ A CAR L). FI)ST, KJN (5) iNPUTS A ST~~ING. THE
StRING IS THEN CONVERTED INTO ITS NuME~~IC VALUE ~Y INTV AL.
SHOULD THE~ E HE Ir~FORMATION ON THE CARD OTHER THAN A NUMBER,
THE PROGRAA WILL STOP AND A FATAL ERROR Mr SSAGE ISSUED.

EX~ M~ LE 12.2...

PROGRA M TE~~1d (TNPUT,OUTPUT,TAPF 5~ I-P (JT,TA PE6 OtJTPUT )
CALL CONNEC (S)
CALL CONNEC (o)
CALL KINIT (’)

ASSIGN 1~ 10 LERRED...
1~

i1 CONTINUE
-t READ USERS T YPED VALUE OF NRUN...

NRU INTVAL (KI~~(’
,),IE~ REt)

)
IF ( ~RUN.€Q.Q) S lOP

i - ’ CON TINUE
C COME HE~ E ONLY ON CONVERSION ERROR .

CALL KO~ T(o,KO~’(”BAD DATA, TRY AGATN .”),l
)

GO TO 1•)1...
27
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THIS PPOGN M S’GMENT IS SIM ILAR T~ E XAMPLE 12.! EXCEPT
TH AT THE P~ 36QAM IS I.TrRACTIVE, A ND THEREFORE THE PPOGRA~
SH)ULU ~,IV~L THE USER N OPPUPTUNIIY TO MEND HjS WAYS IF
HF MA~(F~ A TYPo ERPOR ~ .1ILr E-jTE~~IN(’ THE ~1ALU

E FOR NRUN AT

T’4V KEYB j4 1. SHOULD I’ TVA L dETECT ILLEG~ L INPUT, IT GILL NOT
RETURN Vi A THE NORMAL I~ATH, Hi lT WILL INSTEAD ~~ANCH DIRECT l Y
TO STATEME ~T 1~~. THUS IF THE UsE~ TYPEU “12”. INT VA L
W1~JLD RE TURN NORMALLY . 

HUT IF HE TYPED. ‘uK” , J NTVAL WOtJLQ
RETUR N TO STA IEMENT I’.

28
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k -  AL FuJNCTIO’: ~‘L VAL — STRING TO PEAL CONVERSION

L~ 1,AL FOPMITS...

<P$- AL VAL. > = RLVAL (<STRINC, RFP.>) r13 .Il
<P’-AL VAL .> = RLVAI (<STRING RfP.>,<IF ERROR>) 113.2)

A~~GUM~~NTS...

<STRING REP> IS THE REPPESENTAT ION oF THE STRING TO BE CO”~iERTEO .
<IF U~ PUP> 1•~ AN INTEGE’~ VARIABLE PREVIOUSLY ASSIGNED To 4

i/AL II) STATEMENT NUMBER IN THE. CALLIN ; PROGRAM ~~
A FOkTPAN AS~~TGN STATE MENT.

T-4E RULES i i f  CUNVt RSION GIVEN FOR INTVAL APPLY ALSO TO
RLVAL, w 1T~u THE £~CEPT1oN THAT Tu1f~ FR ACTIONAL PART OF N’JMMFPS
IS RETA INEn, SINCE RLUAL RETURNs A REAL VALUE . THE
STIINI, TO -~E CoNV~ PTEn MAY STILL eE w~~ITTvN WIT H OR WITHOUT A
DECIMAL POTNT.

E x~~MPLE 13.1...

SJST 1<ON (”.3b1 ’)
X~~<1 VAL 

( IST- )
•..

MSS GN ~~ TO I - W P
Y ’kLVAL (KAT( ISTR,JSTR) ,I-~~~)

2
P~dI 1 1 ~

1- J~
) FOc~M’~T(* ILLEGAL VALUE FOR ( 0)

...
IN THIS EX - MPLE, X WILL HF 13.0 AND Y WT L~. BE t3.3~ i.

A

29
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INTEGE” FUNLTION K~~R 
— NUM FR IC TO STRING CONVERSION

L- ~ AL FO RMATS...

<STRI NG RE- .> = KSP (<\lALU~ >) t l ~~.1)
<STPIN3 RFL .> = KSR (<VA I UE>,<FTN.FMT.>)

AC)GUMENTS...
<VALUE> 1.5 A PEAL OR AN INTEGER VALUE TO PE CONVERTED.

• FTN.FMT.> I~ A LITERAL STRING CONTAINING A LEGAL FORTRAN
F0~~MAT To BE USEr; TO GOVERN JHE CONVFPSION.

K S~ IS THE INVERSE FUNCTION OF FUNCTIONS TNTVAL AND RLVAL.
IT ACCE PTS AS INPUT T~ E NUMERIC VAL UE OF A PEAL OR INTEGER
NfJ-’BE~ AND RETURNS THE STRING RE~ REsE NTATTON OF THE NUMBER S
IN AN OR OPARY FORTRAN ~IRITE STATE~-iENI , THIS CONVERSION
IS PE~ FO R M D  AuTOMA TICALLY bY THE FORMAT STATFMENT. FOR
Ext MPLF,

*~~1 T E ( 6 , ~~u 0 )  X

~ )0 FD~~--AT( F10.o)

T’ijS CODE rAUSES THE :u..lP,,TER TO T4~
(E THE NUMERIC VALUE OF X

AN!) CONVE~’T i t  TO A Sr~~IN~S WI TH I CHARACTE RS REPRESENTING
• THE VALUE ~F X. A~~) T -.E~. OUTPuT IT TO THE DEVICE. TO

ACCOMPL ISH THE SAME THING USING T~IE STRIN G RO~,TINE5, lE
C’~ULD ,NPJJ ~

• CA L i  K OU T (5 , K S ~~~ (~~~ ,” ( F 1 .’ .) ” ) )

T~~I MILL ~AUS€ EXACT I Y THE SAME ~F 5UL 1 As THE WRITE STATEMENT.
T’~E MORE Ic.TERESTIN&, rA5 [ THOUGH, I THE CASE wHERE KSP 15
USED A ITHO NT FORMAT SRt.CIFICATLON, AS SHOWN IN FORM 114.1).
F~~’ THIS (hSL

, KSR WILL AUTOMATICALLY SELFCT A FORP4AT WHICH WTLL
EXACTLY FIT TH, MAGNITU!)E oF THE NUMBER, REGARDLESS OF ITS VALUE.

CONVERSiO N RULEs FOR (S- ...
A. IF <FT ’ .F M T >  iS NOT SPECIFIED.,.

~~~. IF <VALUE > IS AN INTEGER N&JMBF:R, THEN KSR WILL SELECT AN
1—TYP FORM AT w ITH THE S~iALLEST NUMBER OF CHARACTERSPOSS !~ LE TO REPRtSFNT THE NUMMER .

~~~. IF (VALUE> IS A PA L  NUH~ ER, KSR WILL SELECT A REAL
FOR MAT REPRESENTATION AS FOLLOWS: IF <VALUE> IS BETWEEN
—I.E— ANU +I.E9, ~N F—T YPE ~PECffIC4TIOW WILL BE (usEr)
WITH ALL LEAIJING BLANKS REMOVED AND ALL TRAILING
1EROS SUPPRESSED F~~OM THF NUMRER . NUMBERS OUTSIDE THIS
‘~ANG€. WILL Bt. CONV1.RTEU USING IPEAI .5 FOP POSITIVE VAL UES
AND IPEIc.S FOR NE”ATIVE VALUES. THE ONLY E?CEPTION IS
THE E ACT VALUE • , WHICH WILL BE CONVERTED TO “0”, SINCE
THE~[ 15 NO DISTi NCTION METWEEN A PEAL 0.0 AND AN INTEGER C
IN THF COC REPRE ,i-ITAT ION OF VALUES.
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~~. IF < FE- .f~~T.> IS SPrCIFIEfl...
. A ~Y Ly GAL FO MAT MAY BE USED wHICH D’,~~S NOT CAUSE

T.i~ SYSTEM MAX IMUM RECORO LE~eOT rI OF 1 c -  CHARACTE RS TO HE
c XCEtOED.

~~. ~‘ Y I-AiLING r,1ANKS c,ENE s~ATEO BY THE FORMAT WILL E
~~~~~~~~~~ FOP PEAS~jNS E%~~LM1NEP) IN THy r,I5CUSSION OF
F iNCT ON KUN.
~. T~ E FORMAT NFf,~ NOT AGREE IN TYPF wITH <VALUE> .
F~~ EsAMP LE IF A ~VALUE> (if ji.i IS SPECIFIED W 1T~-i 4
FORMA l UF “ (IS)”. ~~~ wILL A UTOMATIC A LLY CONVERT THE
VALUE TO INTEGE~ r~~FOPE CONVERSION , SO THU STPINU PES ft I
M ’~uLD iE “ Ii” .

E~~IY4~~LF I..4...
PPty RA 4 TEsT (OJ1 c~UT , T A PE~,=UUTRiJT)
CALL K I N I T ( - )

...
N 1  -~~~O(a...

~~~~. FOP AT (* T-~ERE wERE 0,17 0 OCCURPA -CES. 0)

IS T~~~KA T (KON (”Th ~~RE WE~~E ” , — ) , ~c S R ( N ) , K f l N ( ”  OCCUQPANCFS.”))
CALL KDIJT (~~, I S T R ,j)

•55

Tk~ ABOVE :XA:4~’LE ILLUSTRATES THE OIFFE~~ENCES BET WEEN
U S I N u AN O~~OINARY FORTRAN *RIrE A~ D USING A FREE— FORMAT
CO~ VE~ SIO N WIT H FUNCT!ON ~~ R. ASSUMING N CAN RANGE IN VAL iE FROM v
TO i~~u A OO~ OEP~ NDING uN THE SITUATION. THE PRflbRA~iMEP SPEc.IFIE1)
A ’~ I? CON V RSION FO R h~ WHICH is THE MINIMUM IZE WHICH W I L L  Fir
ANY CONTI Nr,t NCY. NOW SUPPOSE N ~ AS 3. TfrIE FORTRAN WRITE ,~~OR M A T
CO MBINATIO N WOil LU PROOUCE,

THERE WERE -j OCCUPRANCES.

THE KSR CO .VERSION WO~jLO PRODu Ct,

THE RE WERE 3 OCCURPANCE, .

WHICH IS M rCH MORE REAU :4HLE.

THE l) NAMIC FORMATTING CAPABILITY ILLUSTRATED ABOVE I-
VERY USEFUl IN PREPARIN (, ATTR ACTIVu OUTPUT, E~ PECIALLY IN
INTE~ AC TI V~ A PPLICATIONs . FLOATING—POINT NIJMRERS MAY ALSO

• RE USED.
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E( 4u~L~ L ’ .~~...
PPO .RA ’4 TE~~T ( O J 1PUT,TAP Eo =OUT PUT)
C~~L I K I N I I (  )...
X-I A ~~~~~~~~...
ISL ; Sh=PcUN(”//,”)
151 AJ(I sLAS~~,P3 ’~(X VAL),ISLASu1)
CALL KNu JT (b,15r ,I)
...

1-i tT P~~INTE~ OUTPUT wO (JL-) HE,

T H I S  EXAMPLE ILLUSTRATL~ THE A B ILITY Of KSP TO SELECT SIJIT”BLF
FOPMATS F0 ~LAL N~iMt~i~~~~.

E~~A M P L E  I’+ .i...

?PO~ RA M TEST (OOTPUT,TAi~Fb OUTPLiT)
CAL l.. KINZT ( )...
x = 7- ~~~~~

C L L  l<C)uT (ô,kS (~~,”(Fl .~~) ‘ ) )

T’q ; EXAMP LE ILLUSTRATE , THE usE OF FORM (14.2) AND THE RESULTING

P~~TN TO UT WO IJ LC) REA ;) ,

37 SOT
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ry

S06 ’OUII E K:-~EPL — PEPLACE STR1’U~ W IT H STRJ”jG

L ’A L  ~~~~~~~~~~

CALL <P EPL,<STPIN (, PER.>,<STRENG -‘EP.>) 1 1~~.1)

Ai GUM~ N1S.,.

<STRING RE > .> IS A sT’~IiG PFPPESE’~1 T A T I O N

KPZPL PEPL CES THE FI?ST NAIED ~T~~ING wITH THE SECOND STRI~~h.
F~~

. EXA M P L ;

CALL K~ .- PL (1STL ,KON (” NEW”))

C r iSES THE VA~~1A 8LE I5T~ li BE AS SI(,NLt.) THE PEPPESENTAT ION
OF “ NEW ”. THIS SEEM~ rUtJI VA LENT TO,

I T  =KON(” NEW”)

S’~ IT SEEMS REASO ’uABL .~ TO cj uEsT IO~. THE UT IL ITY OF 5UHROUTZ ET
K -~~?L. LAIER WE SHALL SEE THAT KL~FPL IS MORE EFFICIENT IN
MF MOPY USA-WE 1H AN ‘usi~~; THE ‘=“ ASSIGN MENT FORM . IT IS
IMPORTANT TO USE KREPL INSTEAD OF SIMPLE ASSIGNMENT STATEMENT
ANY TIME THE ASSIGNMENT IS IN A LOOP WHERE THE VARIABLE IS
TO BE “RE tJSED” OVER AND OVER. OTHE RWISE , IHE SIMPLE
A c .S I&NMENT STATEME NT ~~ ACC EPTA BLE.

NOTE THAT TH~ VA - IABLE T~5 ~E ~EPL ACEO MUST BE A LEGAL STbING
REPRESENTATION. IT M ’ Y .  OF C O U R S E ,  ~~E THF NULL ST R I NG .

EY~~MPL: 15.1...

PRO RA H COPY ( i~~~ lT ,T A P~~~~INPUT ,O UTP(JT ,TA PE6 wUT PUT)
CA LI ‘cINII (~ - )
I jST R~~,

i CON INUE
CALL KREPL (INSTW,KIN(~~))
IF (INsIR.E O.OL,TOP “ENO OF—IN RUT “

CALL KO’JT (6.IN)T-,L)
uO T !)  I
E~ t)

THIS EXAMPLE ILLUSTRATES THE PROPER WAY TO CODE A PROGRAM TO
RE AD AN INPUT UECK ANU PRiNT iT. 71 Is IMPORTANT TO USE
K~~EPL INST~-AO OF SIMPL Y USING INSTP KIN (5) BECAUSE THIS
ST~ TE~’.FNT ~s £~ ECUTEO MANY TIMES. AS wE SHALL SEE LATE~~, THE
A~ -’)UNT OF sTORAGE USE S FOP STRINGS W ILL BF THE LENGTH OF
THE LONGEST LINE WHEN THE PROHRAM IS RUN IN THE FORM ABOVE , BUT
W ’~~~

)LL) BE THE ~~JM OF THE LENGTHS OF ALL TH~ LINES IF A SiMPL E
REPLACE MENT STATEMENT WERE USED INSTEAD OF KRFPL.
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• SUH-~OU1 TNE KINIl INITIAL IZE CHARACTER STRING ROUTINES

L )A L  F u ’ M ~ T...

C’ LL KINI 1(<BUF .~5 I7E>) ( l~~.Ii

A- - U M ~~~TS...

<~~uF.SILE> IS THE •)IMFN’~ION OF THE 
MEMORY BUFFER TO BE IJSE )

FOR STORAGE OF ACT jAL—ST~~INGS . 
II. S.’ECIFIED AS U. tH~

OFFAU; I - 11E OF ~I, WILL BE UsED.

c1 IT 1N IT1A L I7ES THE COMMON VARIABLES SHAPED AMONG THE VA -IONS
F P4CTICNS NO SUBkOuJTINrS IN THE CHARACTE~ STQING PACKA ~ E.
N~~~AMLLY. T HE FORM OF liE CALL Ii,

CALL K INIT I  )

OPrIONA L VALUES FOP <RUa .SIZE> WILL BE INTRODUCED IN THE NEXT
SEC T

34
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NEF INIT ION OF (STRING REPRESENTATI O NS

UNTIL NOW . w~ HAvE BEEN uSIN~, THE NOTION OF <STRING RJP.>
WIT HO UT KNOWIN ;, WHA T IT IS. A <STciINc, REPRESENTATION> iS ~
S P.&LE WO R (SI MR LE vA PIA f 3 L E)  WHICH UNIQUELY DESCRIBES A STRING
OF CP1 APACT~ ~S. THE RFAoEQ WHC~ I, FA M ILIA~ WITH THE ARCHITECTURE
OF THE COC ~~ OC SE~~IE, COMPUTER WILL u~NOW THAT ONLY 1(~ CHA~IACTEPS
MAY BE STu EQ iN A SINULE CQMPUTE~ W ORL) . SINCE THE STRINi,
~-OtJTINES A tT CAPABLE ~uF REPRESENTING STRINGS OF UP TO 53r, CHARACTERS
USING A SI,OLE wO~ r), ~ T SHOULD BE APPA RENT THAT II 15 IMPOcSIRLL
TO S T O~JE 1--i t ACTUAL. S1—ING IN TriE vARIA BLE REPRESENTING THc
ST~ ING.

ACT UA L L Y  THE ST; ING PEP.> I~ JUST A POINTER TO A LOCATION
IN MEMORY TU NTA INING TH ACTUAL—STRIN (,. THE ACTUA L—STRING IS
A CON TIGUO uS BLUCIc OF CHARACT ERS -)CCUPYiNu-~ AS MA NY wORDS Ac
NEEDED. A TUAL STQIN -S AR E NO RMALLY ALLOCATED AUTOM ATICA LL Y
T -’ A RESERVED BLOCK OF HEMOPY CALLED THE HUFFEQ .
WH EN A <ST-ING REP.> [S GENE~ AIED AUTOMAT ICALLY BY A ST~~INr.
FUNCTION O 5Uii~ OuTIN~- , IT AL~ AVS CONTAINS THF FOLLOWING
StI BFIELDS - HICPI ARE PACKED INTO 1-IE SINGLE WOR [) <STRING PE~~.>~

BITS SUBFiELD NAME DESCRIPTION

0 - ~LENGTH> NUMBER O~ CHARACTERS IN ACT UAL—ST -~ING.
- 2o ~SUd> SJBSCPIPT OF THE BUFFER TI) ADDRESS 1ST

CHARA CTE-~ OL~ ACT (IAL— JRING.
— 

~,7 ~EXTENT> THE I1~~K EXTENT (BLOCK) ON WHICH THE
ACTU AL—ST INt, Is STOPEL).

4’- — S i  .-INT~~ LOCK> ALWA YS SET Ici ~~~~~~~ A SOFTW ARE INTERLOCK
DESIGNATING THIS WORD AS A <STRI’JG REP.>.

~~~ 5~. 
— 5-~ ~-C HA~~.i> DISPLAY CODE OF ACTUAL—STRING FOP STRINGS

OF LENG T H A . FO~ AL L OTHER STPINsS.
NUT uSED A~~u) SET TO GOB.

LET US SEE HOW THE ST ’IrJG ROUTINEA WOULD FORM A REPRESENTATION
— FOP INSTP, WHEI?E INSTr? IS DEFI NED ~iY,

- - INSTP KIN (5)

FUNC TION KIN READS A STRING INTO MEMORY, REMOVES ALL TRA ILING
3 BLANKS, A N~ COPIEs THF ‘EMAININu STRING TO SOME LOCATiON IN

T-~F BUFFER . THIS BUFF’IP IS CALLED USA, FOP “DYNAMIC STO RAGE
A~ EA”. Thr STRING REPRESENTATION ASSIGNED 10 INSTP WI (1 C )NSIST
OF THE LENc,TH OF THE SIZ ING IN THE LOW ORDER ~ BITS AND THE
SUBSC-?IPT oF USA NEEDFD TO ADDRESs THE ACTUAL STRING IN THr
NE X T i~ BITS. EACH TrH r THIS STATEMENT I, EXECUTED. KIN
W ILL PUT THE NcW ACTU A L—ST RIN G IN THE BUFFER AND UPDAT E THF
ST R ING REPRESENTATION FOR INST R. IT wILL NOT. HOWEVER. DESTROY

OR REPLACE THE OLD ACT UAL—STRING PPEVIOUSL Y ASSIGNED 10 IN~ TR.
THIs Is BECAUSE KIN 15 A FUNC1ION ANI) SQ ~T UOEsNT “KNOW” w~ E~ E
ITS RETURN~ D VALU E WILL BE ASSIG NED. THE~ E IS NO W AY KIN CAN
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r)r~.TE,~~INE THAT THE STRING REPRESENTATION WILL BE REPLAC IN’,
IHST R. ~)N T~~ oTHF-~ BA- U, IF WE HAD COOED,

C L L  KRk~PL (I NSTR,KIN ( - ) )

T- -E- ~ KREPL WOULD KNOW I-sAT INSTR wAS TO BF~ REPLACED, AND Sn
I T WOULD RELEASE THE dT-~RAoE SPACE USED By THE OLD ACTUAL—sTRING
FOP INSTH. THIS r XPL~ IUS WHY IT Is IMPORTANT TO USE KPEPL INSTEAD
OF USING STMPL z~ ASSIG’IMLNT STATEMENTS WHEN A VARIABLE IS RE—USED
FO P <STRIM; REPRE. ENT~ Tr UNS .

w~-4AT HAPPENS *jE’~ THE BUFFER AREA IS COMPLETELY FILLED?
P~ EVIjUSL Y THIS RE’~oRr CLA IMED Tr,AT ANY NUMBER OF STRINGS
CO-JLD BE sT O RED. NOW IT SEEMS THAT WE MIGHT RUN OUT OF SPACE IN
THE BUFFER FOR ACTUAL—STRINGS. IN FACT, IF THE BUFFER IS
SMALL . WE SHALL RoN OUT OF SPACE RAT HER QUICKLY. WHEN THIS
HA PPE NS, THE CHARACTER STRING ROUTINES AUTOMATICA LLY COPY
THE CURRENT BUFFER ONTO DIsK ANiJ CLEAR THE ENTIRE OSA FOP ~iEW
A CTUAL—STRINGS. EACH TIME THE BUFFER IS COMPLETELY FILLED.
A’ OTHE~ BLOCK OF DIsK SHACE IS AUTOMATICALLY ALLOCATED FOP
ITS STO RAG~ . EACH Q~ THESE BLOCKS IS CALLED AN <EXTENT>. AND
IS IDENTIFIED BY A UNTO UE NUMBER. T~iE E~ TLNT BECOMES ANINTEGRA L PERT OF THE SIPING ~EP.>, SO THAT WHEN AN ACTUAL —STRING
IS NEEQED ;j ONE OF 1~ E STRING ROoTI NES, Ii LOOKS TO SEE IF THE
STOING WAS L)EFINEI) IN THE SAME <EXTENT> A ’, THE <EXTENT > WHICH IS
CuRR ENTLY IN THE BUFFER. IF NOT , THE COPPEd <EXTENT> IS ‘ECALLE.L)
F~ OM 315K INTO THE OS~~. THIS PROCEDURE 1~; DONE AUTOMATICA LLY
W ITH A RAN DOM ACCESS DISK FILE CALLED KFILE. ~F I LE IS r~ENEPATE )
WHEN KINII IS EI~~ST C\LLEO, AND SHOULD NOT BE DECLARED ON THE
PROGRAM CA~ D. ALTHOU’ H THE DISK OPERATIONS PERFORMED APE
MUCH HOPE :.FFICIENT T — A ~ WOULD BE POSSIBLE USING ORDINARY
FORTRAN READ AND wPLTt ,TATE MENTS, A DISK ACCESS STILL TA’<ES
AB - JT lOliO TIMES LONG~~ THAN A MEMORY ACCESS. THEREFORE IT
SH10L) BE .~PPARENT THAT A BIG BUFFER (OSA ~ IS DESIRABLE IF A LOT
OF CriA PA CTrR STRING ORE~~ATIONs ARE TO BE PERF ORMED. SINCE THE
LARGER AR T<A Y USA IS, T~~ FE WE~ JI~~K ACCESSES wILL BE REOUI?ED.
OF COURSE. IF MEMORY Is AT A PREMiUM IN A CERTAIN APPLICATION.
T ’ 4 E  R O U T INES  W I L L  S T I L L  WORK WITH A USA AS SMALL AS 6’. WORDS.
REGARDLESS OF THE SIZE iF THE USA BUFFER, THE TOTAL STO~ AGE
CAPACITY ErR ACTUAL—STRINGs WiLL BE SEVERAL MILLION CHARACTERS.
I’. ALL CASFS THE USER WLLL RUN OUT OF MEMORY FOR STORAGE OF
<STRING RE~~RESENTATIONS> BEFORE STORAGE FOP ACTUAL—STRINGS IS
EXHAUSTED. SUPPORTING THE CLAIM TO VIRTUALLY UNLIMITED STORAGE.

IN ORnER TO CONSERVE SPACE IN THE BUFFER. SEVERAL SPECIAL
CASES APE OEFINED FOR FORMING STRING REPRESENTATIONS :

1. IF THE ACTUAL—STRING IS ONL Y ~~~ CHARACTER LONG, THEN THE
ACTUAL STRING WILL NOT HE ALLOCATED IN THE BUFFER, BUT WILL BE
STORED OIR CTLY IN THE UPPER ~s BITS OF THE <STRING REP.>.
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SI~~1’. CHA~-A CT P STHP’(,’) ARE FHE )IENTLY E Co&P4TL~ EU ANt) THIS
S ” E S H~~TH Mt..4tJkY SPACE ANt) ACCESS 114. -

,. ~T~- J t ~~ ~uN~ TANIS (DEFINED BY FUNCTION ~ON ‘~Ni) SUBRUUTINF KONLST )
A - - NOT CO~— IL )  INID T4 054 BIJFFE~ t3FCAUSI THE CONTENTS OF A
ST iNi , CON’-5 TA NI SHO&i L’) NEVE R CHAN~~ • THE AC T ’ J AL— 5 t ~~IN(~ 0511)

• I~ ri-iL ACI iA L— ~~T kING ~ASSFD AS AN APOUMUNT , A Nt) THE V A t  lIE 1*

<s iB>  IS T •~~ S HSCPIPT oF OSA NECLS’,APi Tn AD’~~FS5 THI AC T .IAL— ST~~IN(
,

Iti THE ~J5~ ‘5 Rp~OGRAH. [I OljL jj ~iF MJIEI ) THAT <SUB> MA Y H~ A
NL C,ATIVL N:IMHE~ IN THI, CASE IF THF LOCAT ION rn THE AC T UA l  ~srQrN 6
IS A MEMJPY Ar) 1)NESS L — W L R  THA N TH~ A DDRESS OF USA (1) • A
C~~iSF UENCr o~ THIS s~ sTEM 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-” SIX H ITS COMPRIjI jO <INTE~ LOCK> A~ L A PATTI- RN OF 11115
wHICH WOOL ) NOT NOPMALLY BE fr;UNt) IN THAT POSITION IN ANY ~ FAL
OP INT I (,EN NUMBER . A LL ST P IN(, RU JTI NI~~ WHICH DEFINE
A STR1M (, P SUL T SET T-~I ; PATTr RN , AOl ) ALL fU)’JTINLS LX PFCT 1~~

, A
<STRING RE. .> FOR AN ~PGUMENT CHICK FOP 11. IF U-IF INTFPLflCK
t-’,-~TT[RN DO( 5 NoT LX 1ST. THE DIA~ NusTIc  ‘ ILLF (,A L SIRING RE~ ’~F SENTAT ION
I~ ISSUED. THIS HF LPS TRAP H’~(,US STRIN (i REPRFSENIATIONS w’-~ICH
WO JLE) 01111. W I~~E YIELD P PPEI)ICTArSLF A r~I) o• uALI Y DISAS IEPUiJ s

4
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SUB OUTI NE ‘( INTl ~EVISITED

NOw T A T  WE &JNOE STAND HOW A CTU AL— ST PINGS ARE AL LOCAT FO
TO MEMORY .~Nt) D ISK . W E ~-RE READY TO REVISIT SUBROUTINE KINIT To
SEE HOW WE MAY ALTFS~ THE SIZE OF THE BUFFFI.’ IF WE WISH.
SUBROUTINE KINIT HAS A )EFAOLT BUFFER IN LABELLED COMMON A~

CO MMON / KsPACF / 0SA (~.L~~)

P. ORDER To CHANGE THE H(JFFEP SIZE, ALL WE HAVE TO DO IS
RE—DEFINE THE COMMON - LOCK IN T~4€ MAIM PROGRAM , AND USE THF
N~~ DI MENSION IN T~ E CALL TO KINIT. FOR EXAMPLE, TO TNCPE~ SE
THF  

~3~ JFFE ~~’ s I Z E  F~~~~OM S I ?  TO 2 ’. B .,ORDs,

PROGRAM BIG (INPuT,00TPtIT)
COMhION / KSPACc. / O’,A(?O’.H)
CALL KINIT (~~’.4’)
•..

THE DIMENSION CHOSEN FO OSA SHOULD BE AN EXACT MULTIPLI OF 6’..
WHEN THIS ~ETHOD IS USED, A NIIMBE~ OF NON—FATAL LOADE R ERRORS
APE GENERATED:

COM MON BLOCK REDEFINITION — KSPACE
LAST PROGRAM READ — X~ XXX
L~~~T FILE rCCLSSEI.I — XX XXX

THESE 0146 ~OSTICS ~AY ~E IGNO~’EO.

- 5
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jri .Ci’IT iN - KPLS — - ELEAS E S T -TN ( ,  5~ A F  Nt) LON(,ER PJEE,),. fl

L ~AL F — M ~~r...

C L L  KRLS (fSTRING ~~~‘.>,(,cST~~IN1 R E .>...J) t i l .iT

<;,‘-‘I~ x - t - -- - .’ I~ U-IL c T ~~Io6 PEP~ E’,F~aTAT IO - - OF THE ST - lNr , ~i1C’4
IS NO LONGtR NEE E-..

U l s  •~Ou T I ~~f MAY ~F C~ t t ED ~ITH 4~ Y NtJMHE~ OF ARGUMENTS.
T~i- STkIJ (’ SPACE IN 1 -F BLJFFE’- ALLOCATEI ) ~OP THE sTRI;~h (S ~ -ir,SE

~~~ RLS E N T A T I O N , A~~F PAsSLo AS A~ Uf3MENTS W ILL RE FREED—OP F~~~~R R F —US E .

~ * MRLL 17 .1...

CALL I~RLS (ISTP.j5TR,KSTR)

T— ~!s CALL --ILL FREE 5-~~CE )CCt~PIE[) BY IST ,j STR, AN,) ~cS T — .
IF Tr~E ACT : ML STRIN&S POP AN( 3f T HESE S T - J Nf ”  API STO REr)
P. A LOC AT ION OTHt~ T-~M A RRAY OSA, TiAT I-~A PA~ ETE R 4ILL HE. IGNORLI).

- - --~~~~ - -~~~~~ --~~~~~~ - - - —  - - - •



SUBROUTINE KRLSL — RELEASE SPACE FOR ARRA Y OF STRINGS

L’- GAL FORMAT...

C~’LL KRLSL ((STR.REP.APRAY>,
CN3.RLS.>) (%P .1J

ARGUMENTS...

STR.RCP.APRAY> IS THE FIRST ELEMENT OF THE ARRAY TO BE RELEASED.
CNO.RLS.> IS TI-fE NtIM8Er~ Of ELEMENTS TO BE RELEASED.

KRLS MAY 81 USED TO RELEASE TI-IL SPACE USE!) FOP STORAGE
OF ACTUAL STRINGS FOR ALL OR P A R T  OF AN A RRAY OF STRINGS.

EX AMPLE 18.1...

PRO(,RA M T EST ( I N P JT ,00TPUT)

- J DIPIf NSION ISTPU~ O)
CALL I c I N IT (~~~)

DO lOU 1 1.iOO
1~~0 ISTt~(I)=KIN(S)...

C LAST ‘.0 STRINGS NO LONGER NEEDED, FREE—UP SPACE.
CALL K RL S L (T ST ~~~( ,1) , 4 U)

THE CALL To KRLSL WILL FREE BUFFER SPACE TN ARRAY 05* PPEVrOUSL Y
OCCU PIED b~ THE ACTUAL—STRINGS FOR ISTR (61) THROUGH ISTRUIjO).
THE SPACE ~ECLAIMEf) WILL BE USED ~

,Y THE STRING ROUTINES fO~
STORAGE OF NEW ACTUAL-STRINGS AS NEEDED.
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INTEGE~ FUiCTION KDC - DECODE ACTUAL—STRI~’G TO STRING REPRESENTATTON

L~ OA L FOP MA T. . .

CSTRI NC , RE...> = lcJC (<t,CTUAL—STRIN&>,<COL.t>,<LENGTH>) 1l ~?.11

A -V~~~ M~~ N~~ S. . .

ACTUAL— 5T .ING> Is A VAQIABLE, A RRAY , OR LITERAL STRINC, COMTAININ (,
THE ACTUAL STRING 10 BE DECODED.

<CDL .I> IS TIlE NUMBER OF THE FIRST CHARACTER IN THE <ACTUAE —STRING>
TO HE DECODED.

<L E N G TH >  Is THE NUMBE OF C HA RA C T E R S  TO BE DECODED.

KDC CAN BE. USED IN A MANNER SIMILAR TO THE FORTRAN EXTENDEr)
DECODE STA1tMENT. KD(~ ‘ILL RFTUR~ THE STRING REPRESENTATION
OF A ST R1N; OF DIS PLAY—COD E C HA RACT ERS PACKED 10 T~) THE WOOD,
STARTING Ii~ CHARACTER POSITION <CDI.!>, (LENGT H> CHARACTERS
LO~JG. THIS SUBSTRING IS COPIED INTO THE CHARACTE R ROUTINEc BUFFER
PR IOR TO GENERATION 0F THE STRING REPRESENTATIO N.

EXAMPLE 19.1

PRO ,RAM TEST (I~ P.jT,TAP I 5=INPUT,OUTpUT,TAPE6=OUTPUT)
DI’4 N~~1ON IRCD’1 )
CALL K I NI T(  )...
QEA” (S,~~O) (IBC-)(LI,L 1,11)

2, F1R --AT (7A 1’j.Ag~)...
IST -=KDC (IiICO,?L,2 )...

THIS EXAMP I E READS A cA~ O IMA ’1E INTO ARRAY I8CD IN DISPLAY CODE
FO~H4AT, ANG THEN EXTP~ CTS THE CONTENTS OF COLUMN ~ 1 ThROUG~ 4I~
AS STRING REPRE5ENTAT1O~ I s T R .
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SUIROUT INE KEC — ENCODE STPIN ; RERPESENTAT ION TO ACTU A L—ST ’ I N~
L f ,AL FORM,~T ...
C’LL P (EC (-c;TRING RfP.>,<DEST.’,<C3L.1>) 1.’O.Il

A-~GUMENT L TST . . .

<STRIN’.~ PE~~.> IS THE PEORESENIATION FOP THE STRING TO BE E”COOEO.
<DEST.> IS A VARIA BLE OR ARRAY TO RECEIVE THE ACTUAL STRING .
<C )L.1> IS THE CHARACTER POSITION IN THE ‘DEST. > WHERE THE

ACT U A~ —STRIP4G IS T . START.

T HIS SUBROUTINE PROVIDES THE INVERSE FUNCTION TO FUNCTION KDC ,
AND IS SIMILAR TO THE FORT RAN EXTENDED ENCODE STATEMENT .
T HE DISPLAY CODE A CTUAL—STRIN G REPRESENTEO BY STRING REP .> IS
COPIED INTo THE DESTIIIATION ARRAY oR VARIABLE STARTING AT <COL.1>.
T HE NUMBER OF CHARACTERS ENCOOEO ‘ ILL ~E LEN (’STRING REP.>).
CHARACTERS IN <DEST.> BEFORE <CHAP .1> AND AFTER THE END OF THE
ACTUAL—STR ING WILL NOT RE AFFECTED.

EXAMPLE ~O.1...

PROGRAM TEST (j~ P,T,OUTPUT,TAPEc=INPUT,TAPEb=OUTPUT)
DIMENSION I~~CD(1 )
CALL K INIT ( ’~

)

- 
. E’4C DE(40,IGS, IiCD)N

1 ( 5  FOR~:AT( ’  OF THE * ,I~~, * E.NT4IES ‘1...
‘•- J= I t

I ST~~~K A T ( X S R ( J ) .KON(”  WE RE V A L I D . ” ) )
CALL K E C( I S T R ,T k 3 C D ,~~tJ )

• PRI!-:T ~~o,(IbCD(L),L 1,’.)
200 F O R M A T ( 3 A 1 , .A 5 )

•..

THIS EXAMPL E W ILL RESULT IN THE P~~INTING OF,

OF THE 27 ENTRIES II -aE~ E VALID .

42
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APPE NDIX A

CONTR OL CAR DS TO GAI N ACCESS TO KSPL I8 ROUTINES

— THE F~)LLOWING SE iUENCE OF CO~ TPOL CA~ DS SHOULD BE. EXECUTED
FOR BATCH PROGRA MS PR I OR TO LOADING THE FORTRAN OBJECT PROGRAM:

AT1rACp4,KSP[ IB,IO CARBREY .
L IBRARY, $cS- ’LIB.

EXAMPLE PRq GRAM DECK FU~J I~ATC+4 JOH..,

- - MYJ3 B.
CQMMENT. (XXX—YYY,~10~ 0O ),MYNAME t~ILLING INF O CARD
FTN(F P .A ,T
ATTACH,P(SPL 18, ID CARBP EY .
LIRRAR’f ,KS~ LI)3.
LOG.
7/8/9

PROGRA M (HAPA( TNPUT,OUTPUT,TAPF~~~OUTPiJT)
CAL L K I N IT ( )

j EN!)
7/8/9

S..

DAT A CARDS USED wf PROr,RA M CHA R A
S..

INTERACT iV E PROGRAMS COMPILED USING INTERCOM MAY USE THE
“ 

-‘-. FOLLOWING SE~ UENCE OF COMMANDS :

ATTAC H,K S PL I B , I D CAR BRE Y .
RIJN,F,N.
XE~),LDS(TL I8 KSPLI8,LO~D L GO.

THE SoURCE DECK FOP THE ROUTINES DESCRIBED IN THIS MANUAL
HAS NOT BEEN INCLUDED O’j L TO iTS LENGTH. THE WOUT INES ARE
W R ITTEN IN COC FORTRAN EXTENDED AND IN CDC COMPASS ASSEMBLY
LANGUAGE .

REQUESTS FOR COPIES OF THE SOURCE DECK SHOULD BE MADE
IN WRITING TO CHIEF, SCIENTIFIC AND ENGiNEERING APP 1CAT IONS
DIVISION, MANAGEMENT INFORMATION SYSTEMS DIRECTORATE. APPADCOM,
DOvER. N.J.. AFTER ~I~~TPIBUTlON IS APPROVED, THE ROUTINEc
WI LL BE PRoVID ED ON A USER—SUPPLIED T OR 9 TRAC K MAGNETIC TAP E.
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APPENDI X B

SA MPLE PROrRP.Ms USING KSPLIU ROUTINES

THE FOLLOWING PAOE~ GIVE TWO SAMPLE PROGRAMS. A BRIEF
EXPLANATIO’-J OF EACH P~ OL RA M IS PROVIDED, ALONG WITH A LISTING
OF TH E PRO ,RAM AND THE OUTPUT FROM A SAMPI E P IN.
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- xAM PLE PROGRAM £ — FOUR—FUNCTION CALCULATO R

THIS OROGRAM INTER PRETS ARITHMETIC EXPRESSIONS IN A FORM
A S WOULD BE USED ON AN ORDINARY FOUR—FUNCTION CALCULATOR.
FOP EXAMP LF . IF THE USE.? TYPES,

3 1.20 .17

THEN THE PROGRAM MILL PRINT.

2O.’~O

THIS PROGRAM ANALY7ES THE EXPRESSION LEF T TO PIGHT, WITHOUT ANy
HIERARCHY oF OPERATORS, UNTIL AN ‘=“ SIGN IS ENCOUNTERED.
THE RESUL T IS THEN PRINTED. PARENTHE SES ARE NOT PERMiTTED .
THE PROGPA’~ HA Y BE RUN EITHER 1P4 ~ATCH MODE OP INTERACTIVELY
PPOVIDED INPUT AND OUTPUT FILES A~ E CONNECTED. LIKE ALL THE
EXAMPLE PR*’IGRA MS IN THIS MANUAL, LITTLE OP NO ERROR—CHECKING IS
PEPFORMEO IN THE INTE’ EST OF SIMPLICITY.

THE OPERATION OF THE PROGRAM IS SIMPLE. THE FIVE
OPERATORS ARE DEFINED BY A KONLST CALL. THE PROGRAM SEARCHES
THE INPUT LINE CHAPAC IEP—BY—CHARACTER FOR AN OPERATOR. WHEN IT
I~ FOUND, TO RN IS SET EOUA L TO THE SUBSCRIPT OF THE OPERATOR
A R R A Y  CORR~ SPONOING To THE NE~ OPERATOR. ALL THE COLUMNS UP TO
BUT NOT iNcLUDING THE OPERATO R ARE ASSUMED TO CONTAIN THE

• OPERAND , WHICH IS CONJERTED FROM ~TRING TO NUMERIC 
-,Y

FUNCTION RLVAL . THE PORTION OF THE STRING PROCESSED IS
DISCA RDED r~Y EXTRACTION OF THE RE’IAINDER OF THE STRING,
AND THE PROCESS REPEATED. EACH TIME BOTH OPERANDS AND THE OPERATOR
HAVE BEEN DETERMINED, THE RESULT iS COMPUTED. WHEN “ “  IS
REACHED, THE RUNNING TOTAL IS PRINTED USING THE DEFAULT
CONVERSION OF FUNCTIO”I <SR.

ALTHOUGH THIS ENTIRE PROGRAM REQUIRES LESS THAN 33 STATEMENTS
• TO IMPLEMENT USING THE CHARACTER STRING PACKAGE, IT WOULD TAKE

MO&~E THAN A THOUSAND LINES OF CODE TO IMPLEMENT THE EQUIVAL ENT
PROGRA M WITHOUT THE STRING ROUTINES.

I
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***** FORTRAN P-~TING OF E~~iMPLE PpQr,RAM j

P~ OG~~-’M hjNK~~(IN~ JT,TAPE5=INPUT,OUTPiJT,T~ PE6=UUTPUT)

‘*••~~ FOi,~ — FUNCT ION CA LCULA TO R EMULATION PQO’ ,~ -A M *****
( THT~ PROGRAM soi VES Aw1TH~ ETIC EXPRE SSIONS ENTEREr) AS YOU
C Wu’’LO LNTt~’ THEM ON A~ ORDINARY 4—FUNCTION CALCULArOR, E.G..
r S~~~ 3~~7 4  — ~~ •~~~ e 8~~”, •~N D ~~ INIS THE VALUE OF THE ~WSULT, E.G..

“ .8H”. FVA I UATION PRUCt.EOS LEFT—TO—RIGHT WITHOUT HIERARCHY
r OF OPERATORS, u’TIL 11 11 Is ENCOUNTERED. PARENT~~ESF S APE NOTc PE MITTED. P~ o-~R A~ HALTS WHEN “STOP’ ENCOUNTERED.

LOGIC~ L L~~X I C
OI MEN ION IOPFR (~~)r INITIALIZE PR~~~.A M. SET STRINGS TO NULL. DEFINE OPERATORS.
CALL $I NIT(O)
IST R
JSTR
CALL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

L TOP—KON(”STOP” i
A CONTI I~UE

RE~ O NEXT EXPcL;SIQN, HALT IF “SToP” ENTERED.
ANS~~~.
10P 1
CALL ‘ PERL (ISTR,KI’ (c))
IF (LEXLC (ISTR,”EO” ,ISTOP))STuP
CALL ~REPL (JSTR,tSTR)

11 CONTI iDE

• LOIATE NEXT OpEi~ATOR IN STRING. IOPN IS SUUSCPIPT OF lOPER.
ICOLOp=MATCH (IST.:,~ FIRST1’,1OPFP,,,IOPN)
IF(IOPN .EO.O)STOP”ILLFGAL OR NULL EXPRESSION .”

EV~ LtJAT E NUMBER PRECEED1 N~ OPERAT OR.
VAL = RLVAL (KSUB (ISTR,A ,ICOLOP— I))

r UPDATE ANSWER.
IF ( IO~ .EO.U) ANS=”At.

-: IF(IO.’.EQ.I)ANS=ANS .VAL
IF (IUP.EQ.~~)ANS=ANS—VALIF (IO P.EQ.3)ANS AN -,’VAL
IF (IOP.EO.’.)ANS ANs /VAL

C DISCARD PORTION OF EXPRESSION ALREADY EVALUATED.
CALL VREPL (ISTR,KS IB(ISTP,ICOLOP.1))

t
IF (IOP.NE.SJGO TO II

CO’~E HERE WHEN “ ‘i  ENCOUNTERED. PRINT RESULT.
CALL KREPL (JSTR,KAT (JSTR,KSR(ANS)))
CALL .OUT (b,JSTR,t)
GO TO 1
END
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S-~MPL’- OUTPUT FROM 

PROGRA M FUNK4 RUN

~ • 2 =..
-
~~ 2*3 •1.283IB=7.~ 8:s1B

100/3 • 5(~ — .6666 =8~~.b66733333J
26 • ~3 • ~1.~~C.17.L~

)~~—117 9i.

2*222.1 — 100.2 =3~.4.

- t  ~~~

I -
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SA MPLI PPOi~RAM ~ — A L G E .I R A I C  ASSIGNMENT STATEMENT INTERPRETER

THIS ~ROO RAR IS A ~UCr4—ExPAN OED VERSTON OF PROGRAM 1.

• THIS PROGR ” M INTERPRETS COMPLETE ALGEBRAIC ASSIGNMENT STATEMENTS
• SIMILA R TO FORTRAN ASSI (,NMENT STArEMENTS, INCLUDING PARENTHESES

AN.) VA R IABt ES. FOR ExA~ PLE, IF THE INPUT LIN F REAr),

XDISPEPSIO 1 / (~ • 1.577)

THEN THE PROGRAM WOUL~ ~RINT,

XDISPEPSIO .~~79Sb3~3l4 ’ 347

IF THE NEXT INPUT LIN~ •~EAD,

YDISPEPSIO - ~ L • ~* ((j_XOj E~ SION)/ (X DI)PERSTON**.7Q7))

THEN THE RESULT PRINTFO WOULD READ ,

Y~)ISPERSIO e.S’.783~.S993b

THE PROGRAM WILL AUTO’.ATICALLV REMEMBER THE VALUE OF
THE VA RIABt E XDISPERSION FROM THE PREVIOUS ~QIJ4TION.
THE OPER ATORS ALLOWED INCLUDE •, — (INCLUDING UNARY NEGATION ).
•, I, ~~., AND PARENTHESES. THE HiERARCHY OF EVALUATION IS THE
SAi~E AS FOPTRAN (E.G.. HULTIPLIES DONE BEFORE ADDS IN THE ~O3SENCE
OF PARENTHESES). VAt.IABLES MAY HI ANY LENGTH. UNLIKE FORTRAN.
HOWEVER , IMBEDDED RLA~.,KS APE NOT PERMITTED IN NUMERIC CONSTANTS
OP VARIABLES. NO r)ISTINCTION IS HAVE BETWEEN PEAL AND INTEGE R
VAR IABLEs OR CUNSTANTS$ ALL ARITHMETIC IS PERFORMED IN
FLOATING POINT MO~)E. AS IN THE FIRST EXAMPLE, ALMOST NO ERROR
CHECKING Is DONE IN ORDER TO KEE:’ THE PROGRAM REASONABLY SIMPLE.

IN ADDITION TO ILLUSTRATING SOME TECHNIQUES FOR USAGE OF
THE STRING ROUTINES, THIS PROGRAM CAN ALSO SERVE AS A
PEDAGOGICAt. TOOL FOR TECHNIQUES USED IN HIGH—LEVEL LANG (JAGF
C- MPILERS. THE METHOD USED FOR INTERPRETING THE ASSIGNMENT
ST~ TEMENT5 IN THIS PROG?AM IS FUNDAMENTALl Y THE SAME AS THF
TECHNI)UE uSED IN MOST MODERN HIGH—LEVEL LANGUAGE COMPILERS.
REFERENCE r 21 GIVES FiRTHEP INFOR~A ATION.

THERE ARE TWO BA;IC TOOLS USED IN THIS PROGRAM THAT MAKE
POSSIBLE T-iE TRANSL AT ION PROCESS: POLISH NOTAT ION AND THE
PUSHDOWN STACK. dECAuS~ OF THE PROLIFERATION OF MEWLITT—PACKARI)
CALCULATORS, IT IS ASSUMED THAT THE PRINCIPLES OF OF POLISH
N O T A T I O N  A~-E WELL— KNO4N TO THE READER. TO REVIEw BRIEFLY .
POLISH NOTATION IS A sYSTEM ALLOW ING US To WRITE AN EXPRESSION
OF ARBITRARY COMPLEXITY WITHOUT PARENTHESES AND WITHOUT
AMBIGUITY. FOR EXAMPLE, AN ALGE~ RA1 C (OR “INFIX”) EXPRESSION
SUCH AS,

X= ,’(j•4)

COULD BE W ; ITTEN IN POLISH NOTATION AS.
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3 4.  ~ * ~ =

T~~IS FORM [s USUALLY CALLED PEVERSE POL I~~i NOTATION (PPN) sINCE
THE OPERATn PS FOLLOW r~~ 

OPER ANOS . THE A DVANTAGE OF POLISH
NOTATION I~ THAT THE EXPRESS ION IS SIMPLY SCANNEO FROM LEFT
TO RI GHT A D  EVAL UATE~, AS EACH OP~ PA1OR I~ ENCOUNTERED.

• USERS OF POCKET CALCULATORS BASEO ON RPM ARE ALREADY WELL
A~~JAI NTED ~ITH THE ?Rjr’1CI~ LES OF POLIS,i N’jTATT ON , ALTHOUc,H THEY
MAY NOT BE AWA~ E OF IT. THESE USc~~S MAY ALSO BE AWA RE OF rhE
T’)OL THAT MAKES THE E~ ECUTI ON OF THE POLISH EXPRESSION POSSIHLF:
THE PUS H D~ WN STACK . THE OPERATION OF A PUSHDOWN STACK rS
ILLUST PATE!: IN FI~~JRE B—I. THE STACK HAY BE VT5UALIZLD AS A
ST ACK OF PAYS IN A CAFETERIA . THE LAST TR AY PLACED ON THE
STAC K IS AL~~AYS THE FIR ST ONE TAKEN OFF. SUCH A STACK IS
S~ METIMES CALLED A LAST— IN—F I’ST—U&I T SIAC~- . 0° LIFO . TO
EXECUTE A ~OLISH LXPQrSSIt)N, PROCEED A 5 F~-)L~ o.s5:

1. MOVING tE FT TO RIGHT, IF AN OPERAND J 5  ENCOUNTERED, PUSH IT
O~. THE STA K.
2. WHEN AN OPERATOR I~ ~NCOUNTERED, POP T~ E L!~~T TWO OPEPA’DS
OFF THE STACK AND PERFOPH THE INDICATED OPE)ATION ON THEM .
3. PUSH THE. RESULT BACK ON THE STACK , FORMING A NE~ OPEPAN fl.

WHEN JSIN~ AN -~PN CALC ULATOR, THE “ENTER” KEY IS USED TO P~j 5H
A~. OPERAND ON THE STACI< . THE OTHER OPERATIONS ARE PERFORMED
AUTO MATICA LLY HY THE CALCULATIR .

THE PuSH—DOWN ST~ C~~’ WHICH I~ THE KEY TO EXECUTING POLISH
NOTATION. IS ALSO THE KEY TO CUNVE~~TING INFIX NOTATION TO
P’~LISH. FIGURE B—I ILLtjSTPAT~ S A FLOWCHART FOR CONVERTING
A LGEBRAIC EXPRESSIONS TO POLISH EXPRESSIONS USING A STACK .
FIGURE 8—’. SHOWS HOW ~iE MAY USE T-4E SAME STACK TO EXECUTE
THE POL ISH EXP~ ESSION. THUS WE HAVE A TWO—S TFP CONVERSION
PQOCESS WHICH CAN HAN)LE EXPRESSIONS Of ARBIT RARY COMPLEX IrY .
FIG URE B—I ALSO ILLUSTRATES H~)W A PUSH—DORN STACK j 5  IMPLEMENTEI)
IN SOFTWARE . THE STACK IS JUST A~ ARRAY ~ITH A POINTEP
MAINTAINED ELSEWHERE WHICH AL .~IAYS POINTS TO TuE TOP OF THE
STACK. W H~~N THE STACK IS PUSHED, THE POINTER IS INCREMENTED .

• WHEN THE STACK iS POPPED, THE AR RAY ELEMENT POINTED TO IS
• RETURNED A’~O THE POINTE’~ OECPEMENTED. I~-~ THF PROGRAM LISTING .

T-f~ EE’ STACy RO1jTINES ~RE PROVIDED: IPoSH, 
wHIC,1 PUSHES THE ARGUMENT

ON THE sTA~ K ; I POP~ WHICH RETu RNS THE ITEM POPPED OFF THE
STACK, AND ISEE, WHICH ALLOWS US TO EXAMINE THE CONTENT OF THE
TOP OF THE STACK WITH )UT POPPING IT. THE FLOW CHART IN

• FIGURE 8—d ILLUSTRATES THE OVERALL PQO (~,RAM FLOW.
THE VARIABLES USED IN THE SAMPLE PRODRAM ARE STOREr) IN AN

AR RAY AS E~4COlJNTEPED. IN PRACTICE, THIS METHOD IS TOO INEFFICIENT
FOR REUL COMPILERS. A~ D A HASH—TA HLE SHOULD BE USED FOP A N’

* 
REAL APPLicATIONS ( SEE REFERENCE 11)).

:~
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AFTER THE REAO~ R UNDERSTANDS THE PRO (RAM OPERATION.
AN INTERESTING EXERCISE CAN BE TO EXPAND THE PPO6~ AM TO
INCLUDE FUP1CTIONS, SIJ-4SCRIPTED VARIABLES, AND EVEN
CONDITIONAL STATEMENTS. ANOTHER INTERESTING FXE.PCISE IS TO
w~~ITE A HIGH—LEVEL LANGUMGE FOR PROORAMMAHIE CALCULATORS .
THIS P4IGr$ LEVE.L LANGUAGE COULD BE CONVERTED INTO A SE~~IE5 OF
KEISTc,KES uSING RPN Lo(’TC BY ~ ROuTINE SIi4ILAQ TO SUBWOsJT INE
POLISH.

THIS PROBLEM WAS SELECTED BECAUSE IT ILLUSTRATES THE EASE WITH
WHICH EVEN A RELATIVELY COMPLICATED STRIN’,—M4hIu~Ut *TION PROBLEM
CAN BE HANDLED USING THE CHAPACTE? STRING P~ OCE SS~ P4(, LIBPAQY.
WITHOUT TH LIBRARY, THIS PROGRAM OF LESS THAN ~2J STATEMENTS
WOULD PROBABLY REOUIPE IN EXCESS OF 2000 STATF UEPITS.
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FIGURE B-i

PUSH-DOWN STACK

OPERATION - LAST IN, FIRST OUT (LIF O )

~ H EMPTY ) ~~~~~~~ 
] 
®

PUSH ”HELLO
~

~~~~ V ~ 
“HELLO” PUSH “THERE”

PUSH “PEOPLE”

f~~~f f f ,~ ,“.“ ,,i ’,

,
__-~~I”P E0PLE”1 /‘ ““I “THERE”

I ::~~::~ no’ . ~~L”HELi~0”

_ _ _ _ __ _ _ _

,,, ,,, r 
— 

,,, 
,,# ‘- -

IMPLEMENTATION -ARRAY WITH POINTER

ARRAY ARRAY
• “HELLO”

STACK POLNTER / • STACK POINTER “THERE”

__________ 

~~~~~~~~~~~~~~~~~~ 
“PEOPL E”

• 

_ _ _ _ _

ARRAY ARRAY
“HELLO” 

~~~~~~~~ 
“HE’LLO”

STACK POINTER “THERE” STACK POINTER / “ THERE ”
2 S j ”~

” 
I~~~

PEOPLE” I 1 
~~

“
~~

‘ “PEOPLE”

• F :  L :
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FIGURE B— 2

PRO GRAM XPRE SN
SOLVE ALGEBRAIC ASSIGNMENT EXPRESSION

START

IN IT I A LIZE
VARIABLES

INPUT
INFIX

ASSIGNMENT
STATEMENT

ISIT YES• “STOP” STOP

NO

CON VERT
INFIX

TO POL ISH
NOTATION

COMPUTE
US ING

POLISH
NOTAT ION
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FIGURE B-3

SUBROUTIN E POLIS H

CONVERT INFIX TO POLISH NOTATION -

OPERATOR HIERARCHY

OPER ATOR RANK

( 0

START ) 1

= 2

3

4

IT-~-SCAN * * 5
FOR NEXT

ATOM

RETURN
• FLUSH

IS IT YES STACK
NUL L TO

POLISH

IT”ø- SCAN
NO FOR NEXT

____________  ATOM

MOVE
OPERATOR •ø

~ 
IT

? TO POLISH

RANK
YES NO OF TOP -OF-

STACK ? IT

IS IT YES 
POP _____ 

YES

I TEMP-.-POP

NO MOVE ITEMP
TO POL ISH

PUSH IT NOTE: ‘~‘ IS UNARY NEGATION OPERATOR.

__________ 

AN ATOM IS AN OPERATOR , CONSTANT ,

I OR VARIABLE.
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FIGURE B-4

SUBRO UT I NE COM PUT

CALCULATE ANSWER FROM POLISH NOTATION A

10-POP
OP1’s-VALUE (I)

~~~~~~~~s
N0 

~~~~~~~~ (0
~~US~~

2) 
YES

T
IT’sNEXT 1 PUSH YES IS IT

I J (OP 1-OP2)

~~~~~~ATOR PI 
PUSH IT (Opi.0P2) 

YES

[ I’~ POP 1 [ PRINT L PUSH YES ISI

• 10P1’.VALUE (I~J 
ANSWER (OP1 / 0P2)

____________  

NO

IS IT YES VARNAM ’s POP PUSH

~ ASSIGN 0P2 (OP 1 ** OP2)
TO VARNAM ]

ISIT YES[~~~PUSH1
4 NO

4 A
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***** FOPTR,~ LISTING O~ FX AMPLr PROGRAM ~
PROGR-M XPRE5t4 (Iv’~p JT , TAPE5~~IN PUT, OuTPUT, TAPE6=OsJTPu,T)

‘S

‘S INTERACTIV E A~ ITHMETIC EX”~PESSION INTERPRETER WITH VARIA BLES

L.OGIC L LITXIC . L~~~TOPCOMMOr / XPRSN / IMS, IP. LSTK (SO), LPOL (�aOO), LULIN IO).
X LOPE .’(9), LR ANK (cI), LVA -~(A ~~’), VAP VA L (Li ,uC ) , LASTOP. THLK. INSTR,
X ~1V4 .~

C INITIALIZE COMMON VARIABLES.
DAT A IRANK / ~~, ;, ~~, 3, 3, ‘., ‘4, c., 5 /
CALL “TNIT (’J)
CALL ~ONLST(L,oPE

- , •I ( IS~~ 1) 1 1 , •I II~~ f +~ s , ••_•s~~ •s * t S ~~ ii ,.. ,
x •I_ H, .,ø*ii )
CALL s ONL ST (LOL I u ~ 

,i •• ‘~ ( 1 ~~ • Ij  H~~ •1 11 , •I~~ II, i , u  
~ ~ 

ia,n 
~

X “. ••**~~ )
IBL K KON (S ISj

INSTP~ i,
DO 1’. 1 1.I0O
LVA R ( • ) ‘.

VARVA I (I)=0.t)
IC CONTI NUE

NVAR

1-i CON TI P~UE
C RESET COUNTERS J’N PREi-’ARA TION FOR NEW EXPRESSION .

LAST (JP= .TPUE.
C RE~ O EX PR ESSIr ) N.

CALL wREPL (jNSTp .KIN(-~,— ))
CALL ‘ OUT (u.JNST~ ,:)
IF (LEyIC IINSTP ,I

~’01I,KON (1ISTO?~•,_i)))STOP
- , 

‘
=

~~. C’ CO~,VERT INFIX TO POLISH NOTATION.
CALL POL ISH

C 1JS~ POL ISH LIST TO CO~’iPUTE AND PRINT OESULT.
CA LL COMPUT
GO TO L I
ENO
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- • Sth3POUTINC POt ,IS’—~

r CO~ V ERT EAPRESSION FROM INFIX NOT’~TJ ON TO POLISH NOTATION
r

LOGIC ’L LfXIC, Ll,TOP, LOP
COMMON / XPRSN / I~~S. IP. LSTK(50), LPOL

(~~U0), LULIM (I0).
A L0PEP (~~

), LRA NK (’~), LVA .~(it1), VARVAL (L0O ), LASTOP, TBLK, INSTP.

*~~IVAR

~•1 CONTINUE
C’ SCAN REMAIND ER ~F STPTNG , FIND NEXT ATOM ,IT.

CALL ~CAN( I T ,LOP1
IS IT AN OPERATOR...

IF’(LU-)GO TO fl1
C NO. ITS AN OPFRANO IF THIS PATH...

MOV E IT TO POLISH LIST.
IP IP.1
LPOL (IP)=I1

111 C ON T I~1UEC GET NEXT ATOM. IT.
C A L L  ~CAN( IT ,LO P)

C’ CHu CK FOR IT=r’JIJLL MEANING END—OF —EXPRESSION.
IF (IT .EQ.uJ)GO TO 2—I

121 CONTI4UE
C COMPARE RANK nF OPERATOR STACK TOP WITH IT.

• IF (IPANK (ISEE (NS)).LT.IRANK (1T )GU To 201
C MOVE HIGHER—RAN KING OPERATOR FROM STACK TO POLISH LIST.

I P I P.~
LPOL ( IP) IPOP (M3)
G0 TU 121

2 -1 CONTINUE
C CO ’~E HERE W HEN IT IS AN OPERATOR. CHECK FOR IT=NULI=ENL)

IF (IT.EU.O)GO TO ~~~
C C”11 CK FOR SPECIAL CASE = PIGHT PARENTHESIS.

IF (LEXIC (IT,”NE”,LUPEP(2)flG() TO JZ~1
221 CONTI r,1UE

C COME HERE WHE~J ) ENCOu,NTE~ ED.
JUNK~~ POP(NS)
GO TO 111

251 C O N T I N U E
• C COM E HERE ON END—OF—LINE . FLUSH OPERATOR STACK TO POLISH.

JUNK T SEE (NS)
26 1 CONT INUE

IF (NS.LT.i)RETUPN
IP IP.1
LPOL( IP) =IPOP (NS)
GO TO 26 1

301 CONTINUE
C CoME HERE WHEN ANY OPERATOR EXCEPT SI ) SS IS ENCOIJNTFRED.

CALL IPUSH (IT)
GO TO 51
END
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5UBWO(1TINr~ SCAN ( IT,LOP)
‘S

C SCAN 9t)4A1N1N”~ EXPRESSION FOR NEXT ATOM.
C A’~ ATOM MAY ruE. A N OPERATOR, A VA~ IAdLE, OR A N (IMr3F’R.

LOGICA L LEXIC. L~~~!OP,LOP
COMMON / XPRSN / I~ S, I

P, LSTK (S~ ), LPOL(200), LOLTM (IO ),
A LOPE:~(~~), LRAN K(’-~), LVAR(iOtu ), vARVAL (100), LASTOP, IBLK. INS1R.
X NVAR

(S

IF (INSTR.FQ.0)GO To 1~~1
C LOCATE COLUMN wITH 1ST NON—BLANK CHARACTER.

I1NR MATCH (INSTR,”FZ PSTNOT ’,IRLP()
IF (II- 3.EQ.0)GQ rO ici

r F~jMOVE ANY LF AUIN (’ BLANK ,.
IF (IINB.GT.1)CALL ~REPL (IN~,T~ ,KSub(INSTP.I1NB))

C FIND COLUMN W ItH DELIMITED TERMINATING ATOM.
ICDLIM= HATCH (INSrp ,”FIRST ’,LrL 1M,~~,IuIT)
IF (ICOL IM.E (J.1)GO tO eu)L

C’ CO E ,-IERE IF IT IS AN Oi’E’~ANI).
IT KS r~(I NSTR,1,ICOLIM 1)

C’ OIc~CARt) PORTION OF’ EXPRESSION WERE DONE WITH.
CALL KREPL (INSTR .KiUB (INSTR,ICDLIM ))
GO TO So!

1~~1 CONTINUE
C CU.dE HERE ON END—OF—STRING .

LOP=.’TRUE.
GO TO b :l

2 - 1  CONTINUE
C C U E  HERE IF fT IS AN OPERATOR .

IT= KSUB ( INSTR, i , 1)
IF (LEVIC (IT,’lFQ” ,L)PEP(6)))GO TO 251
IF (LEXIC (IT,”NE”,LrIPER(~~)))GO TO ‘~~L• C CO~ E HERE FOR 

— 51614. SEE IF IT is U~rAPY OPERATOR _.

IF (LA STOP)LT LOPt’ R (ti )
GO TO ~~1

251 CONTINUE
C CHr CK FOR POSSIALE •~ OP’EPATOR INSTEAD OF JUST e~~

1F(LE XIC (KSUB (IN5TP,2,I),”ED”,LOPtR (~~)))TT=LOPER (~~)
40 1 CONTINUE

LA ST 0P • T RUE
J=2
IF (LEXIC (IT,”EQ”,LjPER(9)))J 1

C DISCARD PORTION OF EXPRESSION ALREADY DONE.
-: CALL KREPL (INSTR.KSUB (INSTR,J))

LOP .T RUE.
GO TO 601

501 CONTINUE
L OP = . F AL SF
LASTOP .FALSE .

6’! CONTINUE
R E TUR ~

• END
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SURROIJTINE IPuJSH t ITE M)
VS

C P0cM ITEM ONTO PUSH—DOWN (LIF’O) STACK.

LOGICAL LASTOP
COMMON / XPRSN / I’~S, I

P, LSTK(50), LPOL (200), LDLTM (IO),

A LOPEC)(9). L,RA NK (W ) ,  LVA P (iuD), VARVAL (100), LASTOP , IBLK. INSTP.

X NVAR
IPS=I-)S.1
LSTK (Y?S) IT~~M
RETUR
END

~ I
INTEGER FUNCTION I~ OP (NS)

‘S RETURN ITEi~ POPPED OF TOP OF 
PUSH-DOWN STACK.

LOGICAL LASTOP
COMMON / XPRSN / I ’S. ZR , LSTK (5O ), LPOL (200), LDLIM (13),

A LOPE~~(9), LRANK~Y). LVAP(1~
’0), VARVAL (130), LASTOP, TBLK , IN TP,

X NVAR
IPOP
N3 IPS
IF(I?c.LT.1)RETLJPN
IØOP I STK(IPS)
IPS I-’S ’l
N~~~IPS
PETUR
END

58
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INTEGIR FUNCTION IsEE (NS)

c RETURN CONTENTS OF TOP OF PUSH—DOWN STACK WITHOUT AFFECTING
V TH~ CONTENT OF THE ~T4Cuc .
C NS !~ A V AR IAoIE, RETURNEr) AS PRESENT STAC K DEPTH.
C

LOGICAL LASTOP
COMMO N / XPRSN / I~~S, I

P, LSTK (S-~
), LPOL(200), Lt)LIM (1O).

A LOPEI ’(9) , LRA~4K(91, LVAP (1~
,O), VARVAL (1ju )), LASTOP , TRLK. INSTP,

A NVAR
1SEE
NS=IPS
IFIIPS.LT.1)RFTURN
ISEE t STK (I~ S)
RE T (JR
END

INTEGC R FUNCTION I ?ANK(ISTR )
‘S

C CU’4PIJTE RELATrvF RANK OF’ OPERATOR , TSTR, FROM GIVE”u HER~ RChY .
(S

LOGICAL LEXIC, LAsTOP
COMMON / XPRSN / I?S, IP, LSTK (5D), LPOL (200), LDLTN (i0).

X LOPEI~(9), LRA NK(91i , LVAR(i~’j), VARVAL (100), LASTOP , IRLK. INSTR.
X NV A R
IRAN K=— 1
IF(ISTR.EO.~~)RET UR ’
DO 13 1 1,9
IF (LEXIC (LOPER (I),”EO”,ISTR ))GO TO 1 1

10) CONTINUE
STOP” RANK ERROR”

P 101 CONTINUE
IRA PIK=LRANK (I)
RETORt
END

4
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SUf4ROsITINE COPPUT

C EXECU tE. OPERATIONS INDICATED BY POLISH EXPRESSION.

LOGIC~ L LE X IC
COMMON / XPRSN / 1~~S, IP, LST

K(S0), LPOL (200), LDLTM (iU).
A LOPEP(9), LRANK (~O . LVA

R(it!)), VARV#L (1-30), LASTOP, TBLK, INSTR,
A NVAR

I
CALL ~

(RE4’L(IMSG,KO~~(” “,—a))
ANS U.
I =

1 1  CONTI’~UE
C NEXT ITEM FROM POL ISH LIST.

1=1.1
IF(l.GT.IP)GO TO S I

C IS IT AN OPEPAN’)...
IT LP L(I)
00 15 J=Z,9
IF (LEYIC (IT,”EO” ,LOPER (J)))G) TO 2iI

150 CONTINUE
C NO. IT IS AN OPERAND IF THIS PATH. PUSH ON STACK .

CALL I.’USH (IT)
GO TO 1C~1

2~)1 CONTINUE
C YES. IT IS OPFR~ TOR IF’ THIS PATH. GET LAST 2 OPERANDS FROM
C TOP—OF—STACK, U\LESS iNA P-i — OPER. OR = 511,14 SPECIAL CASE.

OP~~ V~ LUE (IPOP (N~
) )

IF(J. 0.3)60 10 ~$l
IF(J.NE.d)OP1 VAi.U’S(TPOP(N~

))
c PERFOR M THE OPERATION.

JM3 J-3
GO TO (3u1,311,3/1,331,341,351)JM3

301 CONTINUE
C ADO . -

ANS=O~~1 • 0P2
GO TO ‘44.1

311 CONTINUE
C SUHTRACT

ANS OPI — 0P2
GO TO 4~ 1

321 CONTI’-~UE
C MULTIPLY.

ANS OPt • 0P2
GO TO 4~ 1

331 CONTINUE
C DIvIDE.

ANS O~~1 / 0P2
GO TO ~~~
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341 CONTI NU E
‘S ( J N A R V  NEGATIO~:.

A N S —

GO TO ‘. I
3~ 1 CONTI NUE

C EA~ ON~ N T I A T I O ’~.
ANS Oi-’i “ 0P2
GO TO 4~ 13-U CO NT I~ UEC ASSIGNMENT ( - ).
MA MVA ° 1 ?OP (NS)
DO 39 ‘c I,N~lA~
IF (LEXIC (NAM~ AR ,’1~ u”,L~ A~~(K)))GO 10 ~~

3~~ CONTI NUE
C ~A~~IA BL~ NOT FOUND, PUT IT IN TABI F.

NVAP t VAR, I
LVAR (NVAR ) = NAM-J A~K = ~ V A

3)1 CONTIIUE
VAR VAL (K) OP~
A NS OP~
CALL tRE RL (IMSG,KAT (P4AMVAR,IMSG))
GO TO SC1

‘.‘ 1 ONTINUE
‘S PLA CE RESULT 1F OPERATION ON STACK .

CALL TPUSH(KSR(A’S))
GO TO 1-~11 CON T I~ UE.

( C04. HERE TO ‘)PING ANSWER .
CALL ~OUT (6,K4T (IMSG,KS’~(ANS)), i)
RE I (JR
E;~D

I
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REAL FUNCTION VA I UE (ITEM)

RE~ URN NUMERI~” IALU€ OF OPERAND ITEM .

COMMON # *PRSN / i~~S, IP, LSTK (SO), LPOL (200), LOLTM(iO).
A LOPE~~(9), LRA NK(~.), LVA R (L ”t.), VARVALIIOO ), LASTOP, TBLK, INSIP,
X NVA R
V AL IJF- O.
IF (ITr M.EU.S)RET,RN

ts~ CHARACTER Uu~TEPMINES IF ITEM ~5 VAR IAu3LE OR NUuuBE~ .
IC1 K~ uJ (ITEM .i.l)
IF(LE~~1C (IC1,”LT” ,KO N (”~,”)))~,o ro 2&t

C IT H IS A t.ITFR~ L NUMBER IF THIS ~ATH .
VALU€~~RL~~AL (ITE M
RET1JR

2’I CONTINUE
C COME HERE IF ITEM = VAR IA&LE. FI~JD IT IN TABLE.

25
IF (LExIC (ITE M,”E~ ”,LV AR(K)))bO TO 26.

L~~0 CONTIN UE
VA~’jABLE UNDEFINED IF THI~ PATH, ASSUME U.

CALL KOUT (b ,KAT (KOuI (’ UNOEFINED”,—j),ITEM,KON(” SET Tn 0.”)))
RETUR’

261 CONTINUE
C RETURN VALUE ASSOCIATED WITH VARIABLE.

VALUE = VARVAL (K
RE I OR
END
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SAMPLC OUTPUT ~Pr)M PROGRAM XPRESN PUN

1= U
2

ZFIJNCTIO N =
ZEU N C T I O N  1. 9714285714
A I

A = I.

B 1’).
C 1 1+5.5.3.5 — 1

C = 2 1 .
- :  ‘~oot= (— R • (B*B

R 1OT~~~~~.
1 = 1 7 5

I 175.
GR 7.~ E 3
= 7.V,0u~ Oc-L,13

PR . 2256
P~ = .2256

NUSUP~L = .~~24b *

NUSUJaL = ~#~ L.G.2~ 04221 1
FINAL = NUJ5UBL/~ + ZEUNCTION

F IN A L  = 2171 .~~u735391
JOE = RALP.-., • p.44
UNDEFINED ?ALPH SET TO ~.

J-)F’ =

- 
- STOP

-j

I
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APPE (~,DIX C

ALPHABETICAL LISTING iF KSPLIB ROUTINES AND LENGTHS

(SINCE THE. CHARACTER STRING PROCESSING ROUTINES ARE AVAILAHLE ON
• A LIBRAR Y, ONL Y PROGRAMS ACTUALLY NEEDED ARE LOADED)

NA’IE u ’~CTAL LEN. REFERENCES THESE ROUTINES...

B I T
C~ NSUS I L
CHFILL 116 CHXF’~
CHX FR 115
OCOET ill HIT CENSUS IF’ETS VFETP yb
IFETS ‘5

* INIVAL I,! KAT KON KOUT KASA NFIXER
* KtT l5..~ CHXFP OSGET KSAS KSMAKE LOCFP
* KJC I1V CHAF~’ OSGET KSMAKE
* KEC CHXFO KSAS
* CHAFO OSGET KRACT~ K~ MAKE

* KIPSIT VFETCB VFETP V U’)
* KIUTEK 37 AINST Cu-4XFR OSGET KRACTP KSMAKE

KON ~~~ CHFILL C’~~FR OSGET KRACTR KSMAKE
* KONLST ‘-‘ 1 LOCFP
* KOIJ T ,I5 KSAS
* KOUTEK 1c3 I~’SAS

KRACTR
* K? ’T RL 4 7 KRLS
* KRLS Id ’ ‘(545 LOCFP
* K~ LSL 7t) KRLS

K3AS IFETS VF’ETP VP)
K3MAKE )j4

* KSR 413 CMXF’P DSGF T ‘(RACIR KSMAKE
* ‘ (50u3 ~35 CHXF~ OSGET KSAS KSMAKE
* LEN 4~~ KSAS
* LEXIC :353 CHXFP KRACTR KSAS

LOCEP ~6 ‘(ON -

* MATCH ;26 CHXF R ‘(RACIR ‘(SAS
NFIXEP .6 NFLTFR
N F LTE R ~d7

• RL VAL 46 ‘(AT ‘(ON ‘(OUT ‘(SAS NFITEP
V F ETC 8
VFETP
V IO

‘NOTE: ROUTINES ACCESSABLE BY USER.
LE NGTH OF i’L.L ROUTINES IS SUBJECT TO CHANGE A~ MODIFICATIONS
A~iE MADE TO LIBRARY OR OPERATING sYSTEM.

d

II
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C~~L L T N J  F U~~M \ T H )

< T N T E~~.- .’ VA L .> = 1NT ’/4L-<’ -T~~I - ~, ~~~~~~< r N T f ~~- ,~ VA t .> INT VA L ,~~ ,TL~I ’~1, ~Frd .>~~~Ir  E— .~OR> )

= ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 3.4

<cTP.HE~~.> = ) C ( < A c ’ T JA — TP 1 s c , > ,< C L .~~> ,< L - - i l ; T 4 - 4 >)

CA LL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 4?

= KIN(<LFN>)
= KIa (<L FN> , L e~,Te1) I

H - <~~T-~.RF~~,
> =

C -~LL PUINI T (<’UF .’11?L>)

= KI~~T~~Ic ( c L F  (1~~H>)

— ~STc- .R~~?.> = KON~~~L I T ’~ S L SIP.>) 3 .11
= K(J’i (<LJTt P L STP.> ,<L~ ‘T M>)
= (O~~( ( L I T E R ’.L ~‘TP .> . < P-,i-)I’th>)

C~~LL KONLST (- 114T.A R R A Y >.<LIT .ST -.>,r~~L1T .ST .
) . . .))  Ii

CALL ‘(OUT (<L~~’S>,<STR .RF- .
))

C~LL KOUT (<L; N> ,<STR .RF_ .>,<CA~~.C
N1_ i ..> )

CA LL. KiUTt.K ( ” S T P .REP.-’ )
CALL (O 1JTEK (~~STR .RFR.>,rL P.CNTLL.>)

H
C/’LL KRFPL(<STR .QFP.> .- (-T- . PFP.>) 31

C ’L L  ‘ ( P L S ( < s Tp . p ’ p . > r , < , TD .RFs .) .> . . . J)

C~ LL KPLSL 
(<~ TR.i*P. ARR Y> .‘N U.-LS.>) 43

• CSTR .RFP.> = KSR (<VALUF> ) 3
= ~~~~~ V~ LtJ~ >,-~FT N.FMT>)

<STP.REP.> KSUJri (C ,TR. ~-‘.>.<START.CuL.> )  3,iS
= KS UH(<ST R.~ ,P.,’STA RT.C UL. >, < O.C HA R. >)

= L.N (<STQ.P~~-.>) ‘5.56

= IEXIC(<STR .PF’~.>,<KFY>,<STR .RFP.>) c,~ 7

= - . ATC’4 (<STR.~~~P.
),<’(~ Y> ,<PAT.s.R.>) 5,eQ

(‘OL.NO.> .,ATCH (<STR.-.~E~~.
,,<K~ Y> ,~ ?AT .L1ST S.’.>,

<N” .PAT .>,
~~
I ‘ ATC H>)

<.)FAL VAL. > = RLVAL (<ST -’.-’E’.>) 29
<‘- EA L VAL . > = RLvAL( -~ST~~.?E’.>~~~IF ‘ PROP>)
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