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In this newsletter supplement several MIDL example programs are given. 

There are two main motivations behind publication of example programs in advance 

of implementation of its compiler. 

t). To supply test examples for a compiler and aid in debugging the compiler 

itself, especially to test the facilities not existing in LITTLE but newly 

introduced into MIDL. 

2). To explore the use of the language, and show the ease of writing and/or 

reading algorithms in the newly designed language for problems of an appropriate 

level of complication; i.e., to test whether the language's design objectives 

are attained. 

For purpose 1) rather simple, test programs testing separate language 

facilities are preferable at the initial stage of implementation of the 

compiler. Test programs for which compiler actions are easily traced will be ,. 
helpful for debugging the compiler itself. However, for purpose 2), more 

substantial programs are required. 

Af this stage we select some simple,well-known - therefore presumably 

bug-free - programs which serve both for objectives 1) and 2). Special attention 

is paid to MIDL's recursive call, structure, pointer, and maptable features. 

As an example illustrating recursive program, Ackermann's (recursive but not 

primitive recursive) function is given. Except for very small values of m and 

n, computation of this function invokes many nested recursive c~lls. As another 

simple recursive example of recursive subroutines, the "Tower of Hanoi" puzzle 

is given. A comparatively simple example showing poin~er treatment and the 

use of structures is also given. 

We conclude with several more substantial examples: maximum flow in a 

graph, nodal span parsing, and a macroprocessor. These examples are obtained 

by transcribing SETL algorithms into MIDL. Explanations and/or references are 

included in each program. 



• S EXAMPLE or RECURSIVE fU~CTION (2) 
S ACKERMANN fUNCTION 

• S RECURSIVE BUT NOT PRIMITlBE RECURSIVE FUJ\CTION 

• 
• 
• 
• 
• 
• 
• 

rNCT ACKERMANN< M, ~) RECURSIVEI 

i VARIABLE DECLARATION 
DCL M BJTSCPS), 

N BITSCPS): 
DCL ACKERMANN BITSCPS)J 

If" M ,= 0 THEN 
ELSE 

END IF'; 
RETURN 
END fNCTI 

ACKERMANN c N•11 
If Ni= 0 THEI~ ACKERt-'ANN = ACK:RMANN(M•1, 1)1 

ELSE ACKERMANN;:: 
ACKRHANN(M-1, ACKERMAN~(H, N~1>>J 

END If I 

s THE TOWER or HANOI 
• s THIS IS A POPULAR ANCIENT PUZlLE, IT CCNSISTS or A MORIZONTAL BOARD 

5 WITH THREE VERTICAL PEGS ANON DISCS OF LIFERENT DIAMETERS, ftRST 
S p I scs ARE ARRANGED ON :ONE or THE f'EGS IN t11 AMETER I NCRE•S I NG ORDER 1 

• S NAMELY THE LARGEST DISC IS AT THE BOTTCH AND THE S1ALLEST IS AT THE 
$ TOP or THE PEG- THE OB~ECT or THE PUZZLE IS TO TRA~SFER ALL or THE 
$ DJSCS roRM THE FIRST PEG TO ONE or THE CTrERS AND T~E FINAL ARRANGFMENT 

• $ SHOULD BE IPENTICAL TO lHE STAHTlNG ONE. CNLY ONE DISC CAN BE TRANSFERED 
$ EACH TIME, FURTHERMORE A DISC CAN BE PLT ONLY ON LARGER ONE T~AN ITSELr, 
$ WE TENTATIVELY use INPUT SUBROUTINE INPLTI(N) FOR R=ADING INTEGER 

• $ AND OUTPUT SUBROUTINE 01,JTPUTI<l, N, S, 2> IN A SUITABLE F'ORHAT, 
$ PEGS ARE JDENTIFIED AS 1, 2, 3, N OISCS ARE IDENTrl=D FROM 1 TON 
$ WITH INCREASING ORDER l~ DIAMETERS • 

• S TRANSF"ER Of N DISCS FROM THE PEGS TO TrE PEG Z IS CARRIED OUT IN 
S THE FOLLOWING STEPS . 

• 
i 1) MOVE (N·l) DISCS FROM THE PEGS TC THE AUXl~IARY PEG 6-s-z. 
S 2) MOVE THE N-TH tISC FROH THE FEG S TO THE PEG Z, 
S 3) HOVE <N-1> DISCS FROM THE AUXILIARY PEG 6•S·Z TO TME PEG z. 
$ 1r N ~ 0 THEN THERE IS NOTHING TO 00 1 

• S NOTE THAT 1 + 2 + 3 ~ 6 THEREFORE THE LAST PEG OTMER THAN S,Z 
SCAN BE DENOTEC BY 6 • S• Z1 
S MORE DETAILED ACCOUNT IS GIVEN INT, KIYCNO: FUNDA~ENTALS IN PROGRAMMING 

• S ( IN JAPANESE> PP. 173•1?9, 

• 
• 
• 
• 

SUBR ST.ARTJ 
SIZE NN(PS>, 

I <PS), 
P(PS>, 
Q(PS); 

P111J 
Q112J 
CALL lNPUTI<NN>; 
CALL HANOI<NN, P, Q)J 

RETURNJ 

S NUMBER OF DISCS 
i l•TH STEP GLOBAL VARIABLE, 

s INPUT NUHEER or DISCS 



• 
• 
• 
• 
• 
• 
• 
• 

ENO SUBfU 
(3) 

SUBR HANOl<N, S, Z) RECURSIVEJ 

S THIS SUBROUTINE SPECJFJES TRANSFER OF~ DISCS FROM THE PEGS TO THE 
i PEG Z, 

s AT 

SIZE S<PS), 
Z<PS); 
N<PS)J 

WHILE <N "'=O> ; 

S STARTING FEG 
S DESTJNATICN PEG 
S NUMBER Of DISCS 

CALL HANOI<N-1, S, 6•S•Z)I 
I II I ♦ u 
CALI.. OUTPUT!< l, N, S, Z)J 

THE l•TH STEP, N•T► CISC 1S TRANSFERRED 
CALL HANOl<N-1, 6•S•Ze Z)J 
ENO WHILE; 

RETURNJ 
ENO SUBR HANOI; 

FROM T~E PEG$ TO THE PEG Z. 

• $ EXAMPLE Of use or POINTER 

• 
• 
• 

$ THIS cXAHPLE HAS BEEN AtAPTED fROH AN EXA~PLE IN - RECORD HANDLING -
$ BV C,A.R, HOARE < PROURAMMlNG LANGUAGES, FP.291•347• A,P,) ON P, ~00, 

$ TYPE oec~ARATION 
TYPE PERSON: DATA•OF•BIRTH BITSCPS>, 

MALE . BITSC1), 
FATHER PTF(FERSON), 
ELOEH~s1eLtNG PT~<FERSON), 
YOUNGEST 4 0FFSPRlNG PTF(FERSON)J 

EXPECT 'YOUNGEST,.PATERNAL•UNCLE PTR<FEfiSON)J 

• $ F'UNCTJON DEFINITION 

• s 
$ 

• $ 

• 
• 
• 
• 
• 

$ 

FNCT YOUNG~ST➔PATER~AL•UNC~ECR)J · 

THIS FUNCTION YIELDS AS JTS RESULT A POINTER TO THE VOUNGEST PATERNAL 
UNCLE Of THE PERSO~ REfERREOTO AS R, Jr HE HAS ONE: OTHERWISE tT· 
YtELDS .OH •• THE fUNCTJON MAY BE USED CNLY If TME GRANDrATHER or R IS 
KNOPIN TO EXlSTJ 

DCL YOUNGEST➔PATERNAL-UNCLE PTRCPfRSON); 
DC~ R PTRCPERSON>; 
oc~ s PTR(PERSON), 

r PTRCPERSON>, 
GRAND~FATHER PTR(PERSON)J 

F' • FATHER RJ 
GRAND➔fATHER = FATHER F'J 
S • YOUNGEST ➔ OFFSPRJNG GRAND•fATHERJ 

/REPEAT/ 
YOUNGSST•PATERNAL-~NCLE • ,OH,I 
WHILE (S ,.: .OM. )I 

IF' S = F ~. < MALES Q O> THEN 
S ~ ELDER•SIBLlNG SJ 
ENO If; 

Y0UNGEST ➔PATERNAL•UNCLE • SJ 

• 



• 
• 

END WHILEa 
RETURNI 

END f"NCTI 
{4) 

• S THIS PROGRAM SOLVES THE _,MAXIMUM rLOW FRCBLF.M~~. IT HAS BEEN ADAPfEP 
S FROM A SETL PROGRAM EXAMPLE IN ,oN PRO(RAMMING II t P.P.123•124, 
S THIS EXAMPLE SHOWS HOW ~APTABLE 1S USED I~ MIDL, DETAILED INfORMATION 

• s or THIS PROBLEM IS GIVEf\ lN THE ABOVE HEfERENCE, 

S MACRO DEfJNITION 
• •• E1 = .F, 1, PS•• S SUBFIELD CEFINITION T-iE FIRST NOOE 

•• E2 ~ .f, PS+1, PS•• S SUijflELD [EfINITION T1E SECOND NODE 

• s 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
-

TYPE DEf'INITION 
TYPE SHORTJ: BITS(PS)J 
TYPE EDGE : BiiS<2•FS)J S CONCATENATICN Of' E1 A~D E2 
TYPE G : PTR<•EDGE)J $ TYPE or G~AFH 
TVPE LISTNODE: VALUE SHORTI, 

NEXT~ODE PTR(LlSTNODE); 
TYPE EDGEFN MAP( 2•FS, SHORTl)I s TYPE or MAP TABLE WHOSE 

S ARGUMENT IS EDGE • 

S WE NOW GJVE GLOBAL VARJA8~E DEC~ARATJO~. 
EXPECT CAP BITS(PS), 

'R EDGE; 

NAHESET MAXrLOWPR 
DCL MAXNODES SHORTI, 

PLENGTH SHORTI, 
GRV MAPCPS, LJSTNODE)J 

DCL P EDGE; DIMS PCMAXNOUES)J 

END NAHESET; 

s ~U~BER or NODES AT THE· HOST 
S LE~GTH Of' PATM P 
S (RSV~ REPRESENTED AS A MAP TABLE 
S FATH IN THE fORM Or SEQUENCE Of 
SEDGES 

F'NCT R tE >I 

DCL R EDGE1 
DCL E E~GEI 

$ REVERSED EDGE 

R • E2 ~ iC ■ E1 El 
RETURNI 
END fNCT R; 

SUBR MAXF'LOW C X, Y, :GRAPH, C )I 

ACCESS ~AXFLOWPRJ 

DCL X SHORTI, 
Y SHORTI, 
GRAPH G, 
C EDGEFNJ 

S l"AlN ROUTINE 

S STARTING NOOE: 
S iEFH1INAL NODE 
S INPUT GRAPH 
S CAPACITY f'UN:TION 

• 



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

5 

s END or PARAMETERS (5) 

5 

5 

DCL GR G, s C:RAPH TYPE TEMPORARY 
F EDGEF'N; s FLC\il VALUE 

DCL NOEDGE SHORT!,. 
NOEDGEGR SHORTt, 

s t-. Ut· UER or ED 1es IN INPUT nRAPH 

I . SHORT!, 
J SHORT!, 
E EDGE, 
fLAG BlTS(1)1 

DCL LIST LJST~ooe, 
DCL U SHORTJJ 
DCL V SHORTIJ 
DCL AUXFLOWV SHORTJ~ 

TEMP SHORT I, 
REOUND SHORTI, 
REVES EOGEJ 

COPY or INPUT GRAPH 
NOEDGE ·~ ,NELT, GHAFMJ 
GR= NEW( G, 2*NOEDGE)J 
NOEOGEGR = NOEDGEJ 
00 I -= 1 To NOEOGE I 

GRCI> = GRAPHC()I 

s 
$ 
$ 

s 
s 
$ 
$ 
s 
5 
$ 

J\Ut'BER OF" E03ES tN GR 
to LOOP COUNTER 
ro LOOP COUNTER 

Tt:t'PORATY LIST NODE 
J\ODE 
f'OtE 
~U}(ILIARY F'Ln;i VALUE 
iEt'PORARY TO COMPUTE MINIMUM 
~ECUNDANT fLJW VA~UE 
f;EVERSEO EDGE or ei 

ENO DOI s ENC OF COPY or INPUT GRAPH 
ADDITION or REVERSED EDGES TO GR 

DO I ~ 1 To NOEOGEJ 
f"l,.AG • O; 
E = R( GRAPH<l) )I 
DO J = 1 TO NOEtGEI 

IF < E = GRAPH(J) ) FLAG•1J S THE REVERSED EDGE· ALREADY 
SEXISTS IN GR. 

ENO DO J; 
IF (FLAG= 1 ) CONT DOI 
NOEDGEGR = NOEOGEGR • 11 
GR< NOEOGEGR) s:: :E J 
ENO DO I; . 

;ORMATtON or GRSV~ AS A MAP TA8LE AND O~E WAY LtST 
DO I~ 1 To NOEDGEGRI 

V = E1 GRCI)J 
U • E2 GRCI)J 
lfC,DEF.GR<V) • O) 

THEN VALUE GR(V) • UJ S THE f"IRST ELEMENT 
ELSE 

LIST= GRV(V)J 
WHILE <~EXTNOOE LIST•= ,OM,)J 

LIST~ NEXTNOOE LIST; 
END wHlLEJ 

s END or LIST HAS BEEN POUND, CREATE ONE NEW NODE. 
NEXTNODE LIST c NEW(LlSlNCDE>J 
LIST= ~EXTNODE LISTI 
VALUE LIST II' UJ 
END IF I 

END DOJ 

• 
S INITIALIZATION OF F(E) 

DO I• 1 TO NOEOGEG~J 
F ( GR ( J) > = O I 

e 

• 



• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

END DOs 
CALL PATH(X, Y, F, ;(;)J (6) 
WHILE <PLENGTH ~= 0 )I 

AUXfLOWV = CAP(P(1), F, C), 
DO 1 = 2 TO PLE~GTH1 

E = P<I); 
TEMP= CAPCE, r, C)J 
IflTEMP < AUXfLOWV ) AUXFLO~V • TEMPJ 
ENO DO; . 

00 1 = 1 TO PLE~GTHJ 
E = P<I)J 
r(E) = F<E) • AUXFLOWVJ 
REOUND = f<RCE))J 
TEMP= f<E>J 
If< REDUhD >TEMP> REPUND = lEMPJ 
FCE> = F<E> • REDUNDJ 
REVES= RCE)J 
F(REVES) = F(AEVES) • REDUN[; 
END DO; 

END WHILE; 
RETURNI 
END SUBR HAXFLOWJ 

FNCT CAP<E, F, C)I 

OCI.. CAP SHORTI, 
E EDGE, 
F EDGEFN, 
C EDGEFN; 

DCL T~MPl SHORTl, 
TEHP2 SHORTlJ 

TEHP1 i:r 01 
tr< .DEF.C<E> = 1 ) TEMP1 ~ 
TEMP1: TEMP1 - F(E)J 
TEHP2 i= F( RCE> )J 
lr( TEMP2 > TEMP1 ) TEHP1 • 
CAP= TEMP1: 
RETURNJ 
END FNCT CAPJ 

CCEU 

S C(E) OR 0 
S F < R<E> > 

TEMP21 
S ~AX <TEMPl, TEMP2) 

• SUBR PATH(X, Y11 F', :cu 
DCL X SHORTl, 

Y SHORTI, • F' EOGEFN, 
C EDGEFNJ 

s END or PARAMETER • 
• ACCESS HAXFLOWPRJ 

s DECLARATION or LOCAL VARIABLES 
OCL NONEW SHORTI, • NOPRIOR SHORT!, 

NOSET SHORT!, 
NONEWER SHORTI, • ' SHORTl, 

-

$ A GRAFH NODE 
$ A GRAF!-+ NODE 
$ f"L.OW \IALUE 
S CAPACITY FUNCTlON 

$ COUNTER f"OR ELEME'-'TS 
$ COUNTER FOR ELEME\JTS 
$ COUNTER FOR ELEME\JTS 
$ COUNTER tOR ELEME\JTS 
s 00 LOCP COUTER 

OF' NEWS 
OF PRIOR 
OF' SET 
OF' NEWER 

• 



·• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

(7) 

J SHORTI, $ no LOCP COUTER 
U SHORT I, $ A GRAF H NODE 
V SHORT I, $ A GRAF H NODE 
PT SHuRTI, 5 A GRAFH NODE 
TEHP SHORT!, S TEMPO~ARY FOR A G~APH NOOE 
LIST LISTNODE, $ TEHPufiMiY FOR LISTNOOE 
FLAG . Bl1SC1)J $ A fl,.AC 10 SHOW If" U IS IN U • 

DCL NEWS SHORT!; Dl~S NE~S (MAXNODES)J $ NEW IN SETL PROGRAM 
S TO AVOID NAME CONFLICT WITH RESERVED WCRD NEW FUNCTION, S. IS ADDED,· 

DCL SET SHORTI; DJMS SET <HAXNODES); 
DCL NEWER SHORTIJ DIMS NEWER(HAXNODES>J 
DCL PRIOR SHORTI; DIMS PRlUR(MAXNODES); 
DCL NtXT MAP(PS, SHCRTl)J S NEXT ~OtE ON TME PATH 
NOtJEW = U 
NEWS(NONEW> = YI 
NOSET = NONEWJ 
SET( NOSET> = VJ 
,DROP, NEXT; .5 NEXT WILL POINl ALONG THE ~ODES· or A PATH 
WHILE ( NONEW ~= 0 )I 

NONEWER = O; 
00 ,J = 1 TO NONEWI 

V = NEWS<J)J 
NOPRIOR = OJ 
If< .DEF.GRVCV> w O ) CONT to; 
LIST = GRVCV>I 
WHILE 11 

U = VA~UE LISTI 
f'LAG ~ OJ 

I TO CHECK WHETHER U IS CONTAINED JN SET. 
S rLAG • 1 MEANS THAT U JS CONTAINED IN SET. 

DO I= 1 TO NOSETJ 
If( U • SET(I) ) THEN ,LAG= 1J 

QUJT DOI 
ENt lf' J 

END 001 

IF rLAG • 0 THEN EAU .c. VI 
IF CAP<E, F', C> > 0 THEN 

END IF' J 

NOPRIOR ~ NOPRJOR ·• 1J 
PRIO~(NOPRlOR) • UI 
END 1,1 

IF<NEXT~ODE LIST= ,OH.> CUIT WHILEJ 
LIST= ~EXTNODe LISTI 
END WHlLEI 

DO I = 1 TO NOPRIORJ 
U = PRICR(l U 
NEXT(U) 11r VJ 
Ir<U = X ) GO TO DONEi 
NOSET = NOSET • 1J 
SETCNOSET) ;a UJ 
NONEWcR c NONEHER +1J 
NEWER<NCNEWER) • UJ 
END DO IJ 

END DO J; 
NONEW = NONEWERJ 
00 I s 1 TO NONEWER1 

. NEWS<l> = NEW~R(l)I 
ENO DO; 

END WHILE: 

• 



-­
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• 

• 
• 
• 

/DONE/ (8) 
PLENGTH z o; 
PT: XJ ! NOW LOOP TO BU_ILt UP PATH 
WHILE C,DEf.NEXTCPT) : 1 )I 

PLENGTH = PLENGT~ • 11 
Tt:HP = NEXT(PT)J 
P(PLENGTH) = PT,C,TEMPI 
PT • • TEMP; 
END WHILE; 

RETURNJ 
END SUBR PATH; 

• 



l 

• s 
s . : 
s . : 
s 

• s 
s . : 

• 
• 
• 
• 

i 
s 

s 
s 
s 
s 
s 
s 
s 
s 
s 

• s 
s 

(9) 

THE OUTPUT or THE RCuTINE •NODPARS- IS A VECTOR or LISTS or SP~NS 
•SPANS- AND A FLAG •AMB•, WHICH INDIC,TES WHETH=R THE GRAMMAR JS· 
AMBIGUOUS, 
SPANS(Q) IS A POINTER TO A LIST OF ILL SPANS nr THE FORM (?AQ). 
EACH SPAN ELEMENT l~ THE LJST CONSI~TS or' SPA~ ITEM -PA• 
A POINTER TO ITS DlVLIS,·ANO A ONE FIT FLAG •AH31T•, INDICATING 
W~ETHeR THERE ARE HCRE THAN ONE DIVISION. A -OJVLIS• ELEMENT 
CONTAINS 2 POINTERS TO THE TWO PREVIOLS SPANS W~ICH rORH THE 
CURRENT SPAN. 

W~ILE CONSTRUCTING THE LIST or SPA~S roR EACH -c·, EACH NEW SPAN rs 
ADDED TO THE LIST •CUASPANS.,ANO AL~O TO THE HASMTABLE 
•CURSPANSET-. THE VALUE or CURSPANSET(PA) JS A POINTER TO THE SPAN 
IN THE LlST, SO THAT THE DlVLIS FOR T~E SPAN MAY BE LOCATED If THE 
SPAN HAS MORE THAN ,CNE ORIGIN, 

TO CL~AN UP, THE TOFSPAN JS OBTAINEt, AND THE ~SPANS• VECTOR 
CLEARED, av TRACING THE ~DIVLIS• POJNTERS, ~SPA~s~ !S REBUfLT TO 
CONTAIN LISTS OF ONLY THOSE SPANS W~lCH ARE RELEVANT. TO FtNO 
THE OESCENDENTS OF~ SPAN <PAQ>, WE K~OW THAT T~E 
DESCENDENT <RCQ> SHCU~O BE ADDEO TO T~E LIST OF SPANS{Q) AND FROM 
TMIS SPAN, CAN DETERHJNE THAT <PBR> S~OULD BE AnoEo TO THE LIST 
SPANS(R). 

INPUT JS AN ARRAY er TOKENS, SYNTYFS IS A VECTOR OF' LISTS or 
METAVARJABLES FOR EACM TOKEN, 

GRAM IS A HASHTABLE SUCM THAT GRAMCBC) IS A LtST or METAVARIABLES 
A roR WHICH THERE ARE PRODUCTIONS A. BC IN THE GRAMMAR, 

• S MACROS 

• 
•• RULSZ • 6 ** S MAX SIZE Or THE I~TERNAL REPRESENTATION OP A 

S METAVARIABLE, 
•• TOKS? • 6 ** $ ,,x SIZE Of TME FOINTER TO l~PUT •N•~ 
•• JNPUTLEN = 6J ** S DIMENSION OF INPUT 

• •• TYP • .F. 1, RULSZ, •• S HETA~ARI~BLE rtELD or 4 SPAN 
•• MID .•• r. RULSZ•1, JNPUTSZ, •• S •P- FIELD or A SPAN 

• 
• 
• 
• 
• 
• s 

• 

•• ?NITSPLIST{SPANH~, SPANTYPE, SPA~ITEM> • 
DCL ZZZA PTR(SPANTYPE)I 
ZZZA ~ NEWCSPANTYPE)I 
f" l RST SPANHD = .ZZZAJ 
LAST SPANHD = ZZZAI 
SPAN .ZZZA = SPANlTEM ** 

•• ADDSPLJST(SPANHD, SPANTYPE, SPANITEH) c 
DCL ZZZB PTR<SPANTYPE)I 
ZZZB = NEW<SPANTVPE)I 
NfXT ZZZB = rlRST SPANHDI 
SPAN ZZZB = SPA~JTEHJ 
rJRST SPANHD ~ ZZZB •~ 

TYPE DEFINITIONS 

TYPE RULEP: PTR(RULES)J SENTRY I~ GRAMMAR HASMTABLE 
TYPE RULES: META PTR(~ULSZ>, NEXT PiRCRULES); s ELEMENT Or LIST or 

• 



• 
• 
• 
• 
• 
• 
• 
• .. 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

s 

(10) 
$ METAVARIABLES 

TYPE SYNTYP: PTRCRULes,, s VECTOR CF POINTERS To LISTS or RULES 
TYPE SPANLIST: PTR(SPANEL)J $ VECTOR or LIST Jr SP4NS 
TYPE SSPANEL: SPAN EITSCRULSZ+INPUT~Z>. NEXT PT~CSSPANEL>I S SMQRT 

S SPAN ELENENT 
TYPE SPANEL: SFAN BJTS<RULSZ•INPUTSZ>, DIVLIS PTR<DIVEL>, 

AMBIT F.1Tsc1, • 
N~XT PTR(SPAN~L)J 

TYPE SPANHD: FIRST PTA(SP~tiEL), LAS1 FTR(SPANEL)J 
TYPE SSPANHD: FIRST PTR(SSPANEL>, LASl PTR(SSPA~EL>J S SHORT SPAN 

S HD 
TYPE PlVEL; LODIV PTRCSPANEL), HIDIV FTR(SPANEL>. NEXT PTRCDIVEL>I 

S DIVISION LlST ELEHENT 

GLOBAL VARIABLES 
NAHESET GRAMMARJ 
DCL GRAM HAP(2*RULSZ,RULEP)J s MAPlASLE STORIN3 RULES or roRM 

$A~ BC 
DCL SYNTYPS PTR(SYNlYP)J s VECTOR er LISTS OF RULES 
END NAM~SET GRAMMARJ 

NAMESET SOURCE; S JNPUT STRING TO BE PARSED 
SIZE INPUT(TOKSZ>I 
DIMS lNPUTCINPUTLEN)I 
ENO NAHESET SOURCEI 

NAHESET PARSEOUTI 
SIZE AMB<1> ; S FLAG FOR AMBIGUOUS GRAMMAR 
DCL SPANS PTRCSPANLlST)J S VECTOR OF LISTS or SPANS 
END NAHESET PARSOUTJ 

SUBR NOPPARSEJ 
ACCESS GRAMMAR, SOURCE, PARSEOUTJ 
SIZE N<lNPUTSZ)J 5 PTR TO CURRENT l~PUT TOKEN 
DCL TWIGRULE PTR(~ULES)J s PTR TO LIST or SYNTYPES 
DCL CURSPANS PTR<SP~NHD)J S LlST ~EAD OF CURRENT SLAMS 
DCL TOOO PTR<SSPANHP>J S LIST HEAC Of SPANS T3 PROCESS 
DCL NEXTOOO PTR(SSPANEL)J $ ELEME~T or TODO 
DCL PREVSPANPT PTR(SPANEL>J S PTR TO PREVIOUS SPAN GENERATED 
DCL RULEPT PTR(RULES)J s PTR TO LIST or METAVAilABLES 
SIZE NEWSPAN<I~PUTSZ•RULSZ)J S NEh ~PAN FORMED 
DCL NEWDIVEL PTR<ClVEL)J S NEW DIVISION LIST :LEHENT 
DCL CURSPANSET HAP(~ULSZ+INPUTSZ, SFA~LIST); s MAPTABLE or 

$ :uRRENT SPANS 
DCL CURSEL PTR<SPANEL>J S ELEMENT IN RANGE OF ~URSPA~SET 
DCL SPANTHERE PTR<SPANEL)J S PTR ~ETRIENEO FRJM CURSPANSET 
DCL TOPSPAN PTR(SPA~EL)I $ PTR TO ~PAN FROM ROJT ELEMENT 
SJZE l(PS)J S DO LOOP VARIABLE 

S INITIALIZE SPANS(1) : 
N • 11 . 
TWIGRULE • SYN7YPS(INPUT(1))1 S PTF TO LIST or METAVARS 
INITSPLJST<CURSPANS, SPANEL, N 1 C, ~ETA THIGRULE)J 
TWIGRULE = NEXT TWIGRVLEI· 
WHILE TWIGRULE ~: iOM,I 

ADOSPLISTCCURSP•NS, SPANEL, N .c. HETA TWIG~ULE)I 
TWIGRULE = NEXT TWlGRULEI 
END WHILE TWIGRLLEI 

SPANS(2) • FIRST CURSPANSJ N • 21 

• 



• 

• 

s 

(11) 
WHILE INPUTCN) ~= o, s BUILD UP REST or SPANS 

TWIGRULE = SYNTYPS(JNPUT<Nl)I 
INITIALIZE CURSPANS AND TODO 

INITSPLISTCCURSFANS, SPANEL, N .c. META TWJJRULEJJ 
INITSPLIST(TOUO, SSPANEL, N ,C. META TWIGRULS); 
TWIGRU~E ~ NEXT TWIGRULEI 
WHILE TWIGRULc ••• ,OM,J 

ADDSPLIST(CURSPANS, SPANEL, N .c. META TWIGRULE>I 
AODSPLISTCTODO, SSPANEL, N .c, META TWlGRULE)J 
END WHILE TWIGRULEJ 

S START PROC~SSING SPANS lN TODO 

• ,D, CURSPANSET .~ OJ S INITIAL CURSPANSET 
NEXTODO = FIRST TODOJ 

• 
• 
•• 
• 
• 
• 
• s 

• 
• I 

• 
• 
• 
• s 

• 
• s 

-

WHI~E NEXTODO ~~ ,OM,J 
PREVSPANPT • SPANS(MIO SPA~ ~EXTODO)J 
WHILE PREVSPANPT "~ ,OM,I 

$LOOKUP GHAMMAk HULES 
RULEPT = GRAM(TYP SP}N PREVSPAN .c. 

TYP SPAN NEXTCDC)J 
WHILE RULEPT ~• .OH,; 

NE~SPAN •MIDSPAN PREVSPANPT .c, META RULEPTJ 
NEWOIVEL = NEW(OIVEL>; S CREATE NEW DIVISION 

S LIST ELEMENT 
HltlV NEWDJVEL c NEXTOOOJ 
LOtJV NEWWIVEL s P~EVSPANPTJ 
SPANTHERE q CURSPA~SETCNEWSPAN)J $ SEE rr SPAN 

i ALREADY GE~ERATED 
IF SPANTHERE: ,OM. THEN 

S SPAN NOT YET GENERATED, ADr TO CURSPANS LIST 
ADDSPLlST<CURSPA~S# SPANEL1 ~EWSPAN)J 

.cuRSEL u NEHCSPA~EL); 
CREATE ELEMENT OF C~RSPANSETJ 

, CURSEL P rtRST CLRSPANSJ 
CURSPANSETtNEWSPAN> = CURSELJ 
S ADO TO TODO LIST 
AOOSPLISTCTODO, SSPANEL1 NEWSPAN)J 
PtVLIS FIRST CURSPANS= NEWDIVELJ 

SINCE FIRST OCCURANCE OF SPAN, FIRST CIVELEMENT rOR SPAN 
ELSE$ SPAN ALREAD~ GENERATED. 400 DIVLIS EL 

NEXT NEWDIVEL = [IVLIS SPANT~EREJ 
DIVL!S SPANTHERE c NEWDIVELI 
AMBIT SPANTHERE: 1J 

END l r I 
RULEPT = NEXT RULEFTJ 
~Nt WHILE RULEPTJ 

PREVSPANPT = NEXT PREVSPANPTJ 
END W~ILE PREVSPANPT; 

NEXTODO • ~EXT NEXTODOI 
END WHILE ~EXTODOI 

CURSPANS FINISHED. ADD LIST TO VECTCR SPANS 
N = N + lJ SPA~S(N) ~ fJRST CU~SPANSJ 
END WHILE INPUTCN)J 

s NOW see IF THERE is A ~ARSE 
AMB • 01 $ ASSUME NOT AMBIGUOUS 
TOPSPAN = CURSPANSET(1 ,C, ROOT)J 

CLEAR SPANS VECTOR . 
DO l ll 1 TO NJ 

• 
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SPANS(f) = .OM,J 
END DOJ 

Jr TOPSPAN = .OM. RETURNI 
CALL GETDESCS(TOPSPAN, N)I 
RETURNJ 
ENDJ 

(12) 

$ NO PA~SES fOUND 

SUBR GETDESCSCTOP, ~, RECURSIVEI 

DCL SPANPT PTRCSPANEL)J $ PTR TO LIST OF VALID SPANS 
DCL TOP PTR<SPANEL)I 5 PTR TO ROOT SPAN 
DCL DIVPT PTR(DIV~L)J S PTR TO 01\LlS ELEMENT 
SIZE N(INPUTSZ); S ENO POINT OF ~PAN WHICH ISTHE ROOT 
ACCESS PARSEOUT; 

IF' SPANSCN> = ,OM, 'THEN 
SPANS(N> = TOPJ ~EXT TOP• ,OM,J 

ELSE 
SPANPT = SPANSC~>J S SEARCH fCR SPAN 
WHILE SPANPT ~~ ,OHal 

It SPAN SP~NPT • SPAN TOP ~ETURNJ S S~AN ALREADY THERE 
SPANPT = NEXT SPANPTI 
END WHILE -SPANPT I 

ADO SPAN 'TO LIST 
NEXT TOP a; SPANSCN)I SPAI\.SOJ> .;: TOPI 
END IF'; 

tr AHSIT TOP THEN AMB • 11 S MORE T~AN ONE PA~SE 

GET DESCENOENTS 
DlVPT = DJVLIS TOPJ 
WHILE OIVPT ~= ,OM.I 

CALL GETDESCSCHJDIV DIVPT, N)I 
CALL GETDESCS<LODIV OIVPT, MID SPAN HIDIV DIVPT)J 
ENO WHILE DIVPTI 

RETURNI 
END GETDESCSJ 

THIS EXAMPLE ILLUSTRATES HOW SETL OBJECTS AND PRlHITtVES MAY BE 
USED IN HJDL. THE -CODE COHRESPONDS Vf:RY CLOSELY TO THE ALGORITHM 

IN ON PROGRAMMING, VOL 2, PP 189•195, AS IN THE ORI11NAL, WE ASSUMe 
THERE J s -A fUNCT I ON -GET OKEN .. ' WH J CH f; ET URNS A TO '<EN AND ITS TVPe, 
STORED ACCORDING TO TrE ro~LOWJNG TYPE CECLARATIO~i 

TYPE TOKENTYP; TOKT BJTSCTYPSZ>, TO~ SETLOBJ; 

THIS MEANS THAT -GETOKEN• RETURNS A PCI~TER TO A STRUCTURE IN THE 
HEAP WHICH CONSISTS OF A TOKEN TYPE fIELD -TOKT• <TYPSZ tS A~SUMED 
TO BE A MACRO WHICH EXPANDS- TO A CONSlA~T> AND A SETL OBJECT •TOK• 
CSRTL ROOT WORD). THE SETL UBJECT HE~E WILL BE A~ ARBITRARY 
LENGTH CHARACTER STRING, 

TME HACRO DICTIONARY ·•HACOfCT., ALSO A SETL OBJECT, IS A SET USED 
AS A FUNCTION. AS WE ALLOW MJDL PCI~TERS TO BE STORED IN SETS~ 

• 
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(13) 
HAC01CT(TQKEN> STOR~S A MJPL POINTER TO A STRu:rURE DECLARED AS: 

TYPE HACDJCTENT: GE~ARGS SITS(ARGSZ>, 
fORHARGS SETLOBJ, 
HBCO PTRCMBODS>J 

GENARGS IS A BITSTRING or SIZE ARGSZ (A MACRO W~fCH EXPANDS TO 
A CONSTANT>, ANO CONTAINS THE NU/1BER rr GENERAT~D MACRO ARGUME~TS, 
PORMARGS IS A SET WH%CM CONTAINS THE ~AFPING or MACRO ARGUME~TS ONTO 
ARGUMENT NUMBERS. MBOO IS A POIIJTER TO T~E MACRO BODY, WHICH IS 
STORED AS AN ARRAY ur POINTERS TO TOKENS, AS SPECirJEO BY THE 
DE,INJTION: 

TYPE MBODS: PTRCTUKENTYP)I 

RESERVE .IS A LINKED LIST or POINTERS TO TOKENS: 

TYPE TOKLIST: ITEM PTR<TOKENTYP>, NEXT PTRCTOKLIST)I 
TYPE LISTHo: FIRST FTR<TOKLJST>, LA~T PTR<TOKLlST)J 

THE exPSTACK IS A PUS~ DOWN STACK, EACH ENTRY IS A POINTER To AN 
EXPSTAC~ STRUCTURE: 

TYPE EXPSTACKP: PTR(EXPSTACKENT)J 
TYPE EXPSTACKENT: MBP BITS(PS), 

MBOD PTRC•MBOOS), 
rcRMARGS SETLOBJ, 
ACTARGS PTR(•ARGTLP)J 

TYPE ARGTUP: PTR( Meoos,, 

HBOD JS A POINTER TO THE MACRO BODY BEI~G EXPANDED. MBP IS AN JNOEX 
TO MBOD, INDICATING W~!CH TOKEN EXPANSION JS UP TO. FORHARGS IS 
AS lN MACDICTENT, AND ACTARGS IS AN A~RAY OF HBOOS CORRESPONDINO 
TO THE ACTUAL PARAME.TERS or THE MACRO I~VOCATION. 

we NOW GIVE THE G~OBAL VARIABLE OECLAFATIONS. 

EXPECT NEXTWORD PTR,TOKENTYP)I 
EXPECT DEfABSOR8 PTR(TOKENTYP)I 
EXPECT HACEXPAND PT~(TOKENTYP)J 
NAHESET LEXMACEXPJ 
SIZE cXPSTACKPTR(PS)J DATA EXPSTACKFTR ■ o; 
DCL RcSERVE LISTHP, 

MACPICT SETLOHJ, S ~ACRO DICTIO~ARY 
MACEXPGIVEBACK PTR{TOKENTYP)J $ TOKEN RETUR~ED TO MAXeXP4NO 

DC~ EXPSTACK EXPSTACKPI 
DIMS EXPSTACK(EXPSTACKDJM)I s DIMENSION or EXPSTACK 
END NAHESETJ 

THE fOL~OWING MAC~OS ARE USED TO CO~PARE A SETL eHARACTER STRJNG 
•Ww TO A MIDL SE~P DEFINEO STRING, WHICH JS :oNVERTED 
TO A SETL STRING ~y THE ,CN, OPERATCR. 

•• EQSTR<W,S> = CW• ,CN, SETLSTR, S) ** 
•• NEQSTR(W,S> = <W ~• 1 CN, SETLSTR, S> ** 

rNCT NEXTWORD<DUM)I 
DC~ NEXTWORD PTRCTCKENTVP>I 
DCL WCRD PTR<TOKENTYP>~ S TOKEN 

• 
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HACINf PTR(MACDICTENT), 
ARGfN SET~06J, 
MSODY PTR<•~BODS)I 
MCALLINt PTR<EXPSTACKENT), 
ARGTUPL PTR(•APGTUP), 
NEWTOK PTR<TCKENTYP), 
CURARGTUPL PTH<•MijODS), 
NNEWTOK PTR<MEODS)J 

SIZE OUM(PS>; 

(14} 
S MACCICT E~TRY Or TOKEN 
S ARG - ARG~O HAP 
s ARRAY or ?TRS TO STRINGS, 

S NEW TOKEN GENERATED ARG 
$ CURRENT A:TUAL PARAMETER 
S PTR TO NE-'TOI< 

SIZE PIRSTCALL\1>1 
SIZE NXARGS(ARGSZ), 

DATA FlRSTCALL = 11 

NARGS <ARGSZ>, 
ARGTUPCT(PS>, 
.J<PS), 

PARENCOUNTCPS)J 
ACCESS LEXMACEXP; 

Ir FIRSTCALL THEN 
FIRST RESERVEs,CH,J 
LAST RESERVE=•O~,I 

S NUMBER OF GENERATED AqGUMENTS 
S NUMBF.R OF NCNGENERATED ARGS 
S PTR TO ARGTUP 
S DO LOOP ~CU~TER 
S PARENTHESFS COUNT 

XARGGENCTR = OJ MACDJCT s ,NL.; 
rlRSTCAl.L = OJ 
END IF'; 

IF FIHST RESERVE ~A ,OM, THEN 
WORD• ITEM FLRST RESEAVEJ 
FIRST RESERVE~ NEXT FlRST RESE~VEJ 
N~XTWORD = WOROJ 
RETURNJ 
ENO IFJ 

$ OTHERWISE, GET ADDITIONAL TOKEN fRO~ DEfABSORB 
IGETWORO/ 

s 
WORD• DErABSORB<O)J 
MACINf •• MACD!CTOIOfcD)I 
COMPILES INTO CALL 'TO SRTL 
IFCMACINF a .OM,) T ► EN 

NEXTWORD = WORDJ 
RETURNJ 
END IYJ 

S SINCE ~ACDICT IS A SETL OBJECT~ 

SWORD IS A MACRO NAME 

s 
s 

s 
s 
s 

NXARGS • GENARGS MACIN;J 
ARGFN = FORMARGS MACJNr1 
MBODY • MBOD MACtNrJ 

S NO GENERATED ARGS 

NARGS • ,NELT. ARGf~ • NXARGSI 
,NELT, JS A SYSTEM FUNCTION WHICH, IF ITS OPER-ND JS A SETL 
OBJECT, CALLS SRTL ROUTINE NELT, 
IF HIDL MAPTABLE, COMPUTES NUMBEh er ENT~IES, 
IF MlDL HEAP OBJECT, COMPUTES DI~E~SION or H=AP BLOCK, 
OTHERWISE, CAN BE CCMPUTEP AT COMPILE TIME. 
MCALLJNF • NEW<EXPSTACKF.NT>J S BUJLt EXPSTACK E~TRY, 
HBP MCALLJNF ~ 1: .~aoo MCALLINF • ~ecov, 
rORMARGS MCALLINF - ARGrNI ARGTUPL = NEWN(ARGTUP, MAXARGS)J 
ARGTUPCT = o, S PTR TD ARGTUPL 
IF NARGS·> O GO TO GETARGSJ 

S GENERATE ARGS 
/GENARGS/ 

00 J • 1 TO NXARGSI 
NEWTOK • NEWCTOKENTYP)J 

• s 
TOKT NEWTO,K = NAMETYPEJ S SET TVFE OF NEW ToKEN 

NAMETYPE IS A ·GLOBAL MACRO TO EE EXPANDED INTO INTEGER 
XARGGENCTR = XARGGENCTR • 11 

• 
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(15) 
TOK NEWTOK ~ .c~. SETLSTR, -ZZZ2- • .DEC. ,CN. SETLINT, 

XARGGENCTRJ 
ARGTUPCT ~ ARGT~PCT • 1J 

IF(ARGTUPCT > ~AXARGS> THEN 
OVERFLOW CHECKS COULD BE AVOIDED rr T~PLES WERE SETL TUPLE$ 
RATHER THAN HIDL OBJECTS 

PRINTERROR(tMAXJHUM NUMBER or A~GS EXCEEDED-~)J 
END IF; 

NNEWTOK = NEW(Meovs,, 
tNNEWTOK : N~WTOKJ 5 lHE VALUE or NNEWTOK JS S~T TO 

$ POINT TO NEWTOK 
ARGTUPLCARGTUPCT) • NNEWTOKJ 

TRIM IS A FUNCTION ~MICH RETURNS A FOINTER TO A HEAP OBJECT 
WHJCH rs REDUCED TO- •ARGTUPCT• ENTRIES 

END DO; 
ACTARGS MCALLINf = TRIMCARGTUPL, ARGTUPCT)J 
EXPSTACKPTR = EXPSTACKPTR • 1J 
lr(EXPSTACKPTR > EXFSTACKDIH) THEN 

PHINTERROR<•TOO MANY EMBEDDED M#CROS.~)J 
ENO If"; 

EXPSTACK(EXPSTACKPT~) • HCA~LJNrJ ! STORE POINTER TO EXPSTACK 
SENTRY 

GO TO GETWORDJ 
IGETARGS/ $ MACRO HAS ~AGUMENTS, COLLECT ARGUMENTS OuT or TOKEN 
S STREAM 

Ir NEQSTR(TOK DEFABSQR8(0) 1 ~(al) n-EN 
PRINTERRORC~MlSSJNG MACRO ARGUHENiS.~>J 
NEXTWORO: WORDI 
RETURNJ 

ENO JPJ 
DO ,J • 1 TO NARGSJ · 

PARENCOUNT = OJ S UNMATCHED PAFENTHESIES COUNT 
CURARGTUPCT = OJ S PTR TO CUR~RGTUPL 
CURARGTUPL = NEWNCMBODS, HAXARG5Z>J $ ALLO:ATE STORAGE 
WORD= DEfAASORS(O) I S GET TCKRN 
WHl~E(NEQSTR<TO~ WORD, ~,-) v CFARENCOUNT > O))J 

It TOKT WORD Q EOR THEN 
PRINTERROR(;JHPROPER END OF RECORD.•>J 
NEXTWCRO 1111 MORDI 
RETUR~I. 
END lFJ 

TOKEN= TOk WORDI 
Jr EQSTR<TCKEN, ;);) THEN 

PARENCOUNT • PARENCOU~T • 11 
If PARENCOUNT ~ • 1 GC TO ENDARGS1 

ELSE IF eQSTRCTOKEN, ;(-J FARENCOUNT = PARENCOUNT • 1J 
END IF; 
CURARGTUPCT ~ cURARGTUPCT ~ 1J $ PTR To CURARGTUPL 
lFCCURARGT~PCT > HAXARGSZ> TfiEN 

PRINTERAORC;MAX ARG SIZE EXC~EDED.-); 
:ELSE 

CURARGTUPLCCURARGTUPCT) q WORD1 
END IFJ 
END WHILEJ 

ARGTUPCT = ARGT~PCT • 1J 
IF(ARGTUPCT > NXARGSi THEN 

PRINTERROR(-MAX!MUM NUMBER or ARGS EXCEEDED-)J 
NEXTWORD 11; WORDI 
RETURN; 
END rr, 

• 
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ARGTUP(ARGTUPCT) ~ TRJM(CUHARGTLPL, CURARGTJPCT)J 
ENO DOJ 

/ENOARGS/ 
Ir ARGTUPCT < NARGS THEN 

PRINTERRORC-MlSSfNG PAHAMETERS IN MACRO CALL,i>J 
NXARGS = NXARGS • NARGS • ARGTUFCTJ 

ELSE If PARENCOUNT = •1 THEN 
PHINTERROR(~SURPLUS PARAMETERS IGNORED IN MAeRo CALL,->, 
END IF J 

• s 

• 
• 
• 
• 

END IF; 
GO TO G;NARGSJ 
E~D NEXTWORD; 

FNCT OEFABSORB<DUM)l 
A8SQR8S MACRO DEFINITIONS 
DC~ D~FABSORB PTRCTCl<~NTYP)I 
DCL WORD PTR<TCKENTYP), 

XWORD PTR(TC1<ENTYP>, 
TOKEN SETL.OSJ, 
XTOKEN SETLOBJ, 
MNAME PTR(TC1<ENTYP>, 
ARGFN SETL.OEJ, 
MBOOY PTR<•~BODS), 

SIZE MBODYCT<PS); 
SIZE DUM<PS>J s DUMMY 
SlZE TYP (TYPSZ>, 

$ MACRC NAME 
$ ARG U,- ErH / ARGNO 
$ MACRC BODY 

ARGUMENT 

ARGfNCTCPS), S ARGUMENT COLNT 
NARGS<PS); • DCL NEWMENT PTR(MACtlCTENT)J 

ACCESS LEXMACEXPI 

• /SCA~/ 
WORD• MACEXPANDCO)JS GET NEXT TOKE~ 
TOKEN~ TOK WORD; S EXTRACT STRING FROM WORD 

• XWORO-= MACEXPAND(O)J 
XTOKEN =• TOK XWORDJ 

HAP 

Jr eCSTR(TOKEN, ~cNVM-) ,AND, ECSTR<XTOKEN. ~:•> THEN 
• PRINTERi~ORctIMPROPER MACRO CLOSE 8EFOP.E OPE'HNG,10J 

ELSE Jr ECSTR(TOKcN, -DEfINE~) ,AND- EQSTR(XTOK~N• ~MAcRoi, THEN 
S Gl~E BACK ONE WORD AND RETURN THE OTHER 

• MACEXPGIVEBACK !IJ: .XWQRDJ 
DEFABSORB = WOROJ 
R;TURNJ 

• END lf"J 
ENO IF' J 

S READ MACRO DEFINITION 
• HNAME = MACEXPANDCO)J 5 READ NAME 

TYP ~ TOKT MNAMEJ 
Ir TYP ~~ NAMETYPE THEN 

• PRINTERROR(~NAME MISSING IN MACFO OEFINITIO~. oerINITION -
.CC,1'IGNORED.,t)J 

DE.rABSORB; WORPJ 
• R~TURNJ 

END If"J 
ARGPN = .NL, : ARGf"NCT • OJ 

• WORD , MACEXPAND< 0) I 
TOKEN a TOK WORDJ 
Ir EQSTR<TOKEN, ~(-)GOTO GETARGUMSJ · 

• Ir ECSTR<TOKEN, ~1•> THEN 
If MACCICTCTOKEN> ~• ,OH, THEN 

• 
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(17) 
PRINTWARN(;PRIOR MACRO OEFINJTION IS B:ING CHANGED,i)1 
END IF MACtrcr, 

GO TO GETBOUY; 
END lfiJ 
Ir NEQSTR(TOKEN, -e~nM~, THEN 

PRINTERRUR(~lMPROPER CONTl~UATION or MlCRO OErINlTJnN>~ 
.cc. io~fINITION IGNO~EC.~); 

DEFABSORS • WORDI 
RETURiJl 

END lf"J 
SHAVE SEEN DEFINE MACRO MACRONAME ENDH • 

WORD• MACEXPAND(O)I 
IF NEQSTR(TOK WORD, ~•~> THEN 

PRINTERROR(~IMP~oPER TeRMINATJO~ or MACRO DROP~,, 
MACEXPGIVEBACK ·• WORDJ 
END IF'1 

IF MACOICT<TOK MNAME) ~ 10M, TMEN 
PRINTWARN(~DROP APPLIED TO NON-~ACRO NAME-)J 

ELSE 
MACPICT<TOK MNA~E) ., ,OH,J 

END IP J 
GO TO SCANJ 

IGSTARGUMS/ s SCAN FOR ARGUMENTS or A ~ACRO 
WORD= MACEXPAND(O)J 
I, EQSTR<TOK WORD, ;/-)GOTO GETXA~GSJ 
MACEXPAIVEBACK = WOADJ 
GETARGS(ARGtN, ARGf~CT)J s ARGt~CT IS NUMB&R or NON•GENERATED 
WORD~ MACEXPAND(O)J 
TOKEN~ TOK WORD; 
IF EQSTR<TOKEN, t/~) GO TO GETXARGS: 
NARGS • ARGFNCTJ S NUH8ER or TRUE ARGS 

ITESTAL,ISTEND/ 
IF NEQSTRCTOKEN, ;.);) THEN 

PRINTERRORc~ILLEGAL TERMINATION Of MACRO ARGUMENT LIST,- ,cc. 
-OEtINITIO~ JGNOREO,;.)J 

DEfABSORB = WORDJ 
RETURNJ 
END IF'1 

s NOW CHECK FOR SEMI-CO~ON roLLOWlNG ARGLMENT LIST 
WORD• MACEXPAND<0)J 
IF' NEQSTR ( TOK WORD, it I;.) 'THEN 

PRINTERRORc;.IL~EGAL TERMINATION OF MACRO AR3UHENT LIST.-)J 
MACEXPGIVEBACK • HORDJ 
ENO IfJ 

s BEGIN TO COLLECT BODY ,or MACRO 
/GETBODY/ 

MBODY • NEWN<MBODS, MAXMACROSIZE>J S ALLOCATES TUPLE fOR 8ObY 
MBODYCT = o; $ NUMS6R or WOADS IN ~AC BODY 

/LOOP/ 
WORD,, MACEXPArJOCO)I 
TOKEN• TOM WORD; 
XWORD = MACEXPAND(O)J 
XTOKEN = TOK XWORDJ 
rr EQSTR(TOKfN,;.END~-, ,A, EQSTR(XTCKEN, .;.;;.) TH&N s END Of DEF 

NEWMENT = NEW<MACDICTENT)J $ BLILO HACD!CT ENTRY 
GETARGS NEWMENT ~ AAGfNCT - NARfS; $ NUHBER or GENERATED ARGS 
FORMARGS NEWHcNT • ARGFNJ $ MAPPING OF ARGS • ARGNO 
MBOD NEWMENT = TRIH(MBODY, HBODVCT); 
MACDICTCTOK MNA~E) F ,~N, SETLP~R, NEWMENTJ s ADD DEF TO DIC• 
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GO TO SCAN; 
EL.SE 

(18) 
I TIONARY. 

Ir ECSTR(TOKEN, -DErINE•> ,A, ECSTR<XTOKEN, -MACRO-> THEN 
PRlNT~RROR(~lMPROPER HACRO DEfINITION WITHIN MACRO BOOV~) 

e~se IF TOKT WORD= EOH THEN 

END 
ENO IF'J 

PRINTERROR(-~ND or flLE ENCOUNTERED IN MACRO DEfINITION~) 
DEFABSOR~, WOROJ 
RETURN; 
END IF; 

IrJ 

HBOOYCT = MBODYCT •11 
SCHECK fOR OVERFLO~ 
IFCMBOOVCT .GT. HAX~ACROSlZE> THEN 

PRINTERROR<~MACRO BODY TOO ~ONG.-> 
DEPABSoRB: WORt1 
RETURNJ · 
ENO lF'1 

M80DY(MB00YCT) = WORDI 
MACEXPGIVEBACK = XWCRDJ 
GO TO 1,;00PJ 

/GETXARGS/ 
NARGS = ARGFNCT; $ NUMBER or TRUE ARQS 
CALL GETARGSCARGFN, ARGFNCT)J 
WORD ·;z MACEXPAND < O )J 
TOKEN~ TOK WOROJ 
GO TO TESTALlSTENDJ 
END OEF:ABSORB; 

SUBR GETARGS(ARGFN, ARGFNCT)I 
DCL WORD PTR(TC~ENTYP>J S TOKEN 
SIZE ARGFNCT(PS); S •RGUMENT COLNT 

/GETALOOP/ 

L 

WORD~ MACEXPAND<0>J 
IF' TOKT WORD ~= NA~ETYPE THEN 

PRINTERRORC-MlSStNG ARGUMENT NAre IN MACRO ARGUMENT LIST->, 
RETURN; 

E~SE lf ARGrN(TOK WCRU) ~• ,OH, THE~ $ .OM. IS SETL OHEG4 
s EVALUATION or-TOK WORD. 
$ GIVES ~OOT WORD FOR SETL 
S CHARACT6R STRJNG. 

PRINTERRORC•DUPLICATE ARGU~E~T NAME IN ARGUMENT ~IST 1 -

,cc. ,ouPLICATE JGNOREO.-)J 
ELSE ARGfNCT = ~RGFNCT • .11 $ INCRErENT A~G COUNT" 

ARGfN C TOK \riORD) : ■. , CN. SETL INT ARGF'NCT: S CONVERT HI DL 
. S INTEGER TO 

END IF"J 
END IF'l 

WORD·• HACEXPAND(O)f 
IF EQSTR<TOK WORD,_,,, GO TO GETALCOPI 
MACEXPGIVEBACK = WORDI 
RETURNJ 
END SVBR GiTARGS; 

FNCT MACEXPAND<DUH)J 

&!!KU! as: SZMU¥Jii . Ufat ,ii .,J Pitt 22 

S SETL INTEGER, 

Li 
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DCL MACEXPAND PTR(TCKENTYP)J 
DCL GETT-OKEN PJR(TCKENTYP), 

KEEP PTR(TCKcNTYP>, 
EXPTOP PTR(EXPSTACKENT), 
BODY PTR<*~BODS), 
SYHBOL PTRCTOKEN1YP), 
NEWEXPJOP PTR(EXPSTACKENT), 
ARGfN SETLOBJJ 

DCL ACTA PTR<•ARGTUP)J 

(19) 

s ru~cTION WHl:M RETURNS TOKEN 
S TE~PORARY 
S CUfiRENT MACRO BEING EXPANDED. 
S ~ACRO BODY BEING EXPANDED 
S ~EXT ITEM IN MACRO BODY 
S ARGUMENT SET UP TP LOOK L?KE MACRO 
s ~APPING or A~GS ONTO ARG NO#S 

SIZE DUM<PS>; S DUHMY ARGUMENT 
SIZE SVMBNO(PS), S POINTER TO MACRO RODY 

ARGNO <PS)J S ARGU~ENT NUMBER 
ACCESS ,LEXMACEXPJ 

rr MACEXPGIVEBACK •• ,OM, 
K~EP • MACEXPGlVEBACKJ 
HACEXPGIVEBACK •.OM, J 
MACeXPAND = KEEPJ 
RETURNJ 
END IF; 

/STA~T/ 

THEN 

lrCEXPSTACKPTR = 0) THEN 
MAOEXPAND = GETTOKENCO)J 
RETURNJ 
END IFJ 

S OTHERWISE WE ARE lN PROCESS OF EXPA~OING A MACRO 
• /EXPAND/ 

0 

0 

• 
• 
• 
• 
• 
• 
• 
• 
• 

EXPTOP ;• EXPSTACKCEXPSTACKPTR)J 
SYMBN0 • MBP EXPTOPJ 
BODY • MBOD EXPTOPJ 
I~ SYMBNO > .NELT, ~BOD THEN S 1 NELT, COMPUTES ·DIMENSION 

EXPSTACKPTR = EXPSTACKPTR • 11 
GO TO START; 
END IFJ 

SYMBOL. BODY(SYMSNC)J ARGrN. roR~ARGS EXPTOPJ 
IF ARGFN<TOK SYMBOL) F ,OH, THEN 

HBP EXPTOP = SY~BNO + 11 
MACEXPAND = SYMBOLI 
RETURNJ 
ENO IFJ 

S SYMBOL 1S AN ARGUMENT 
NEWEXPTOP = NEW(EXP.STACKENT)J 
ARGNO • ,CN. BITS(PS), ARGfN(TOK SY~BOL); S CON3ERT TO MIDL 

S INTEGER 
MBP NEWEXPTOP: 11 
ACTA a ACTARG EXPTOPJ 
HBOD NEWEXPTOP = A~TA(ARGNO)I 
EXPSTACKPTR: EXPSTACKPTR + 11 

·1rceXPSTACKPTR > fXPSTACKDlM) THEN 
PRINTERROR<-TOO MANY EMBEDDED H~CROS.-)J . 
END lFJ 

EXPSTACK<EXPSTACKPTR) • NEWEXPTOPI 
GO TO EXPAND; 
END MACEXPAND; 
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