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Illustrative Examples of MIDL . November 10, 1974
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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,

1). 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. o

2), To expiore the use of the language, and show the ease of writing and/or
reading algorithms in the newly designed language for probleﬁs of an appropriate
ievel 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 cdhpiler itself, However, for purpose 2), more

substantial programs are required, .

At 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 (recursiﬁe but not
primitive recursive) function is given, Except for very small values of m and
n, computation of this function invokes many nested recursive calls, As another
simple recursive example of recursive subroutines, the "Tower of Hanoi" puzzle
is given, A comparatively simple example showing pointer 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.
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$ EXAMPLE OF RECURSIVE FUNCTION (2)
$ ACKERMANN FUNCTION

$ RECURSIVE BUT NOT PRIMITIBE RECURSIVE FUNCTION
FNCT ACKERMANN( M, N) RECURSIVE;

$§ VARJABLE DECLARATION
DCL M BITS(PS),
N BITS(PS):

DCL ACKERMANN BITS(PS)}

IF M's 0 THEN ACKERMANN = Neij
ELSE IF N = 0 THEN ACKERMANN = ACKZRMANN(M=-1, 1)}
ELSE ACKERMANN =
ACKRMANN(M-1, ACKERMANY(M, N=~1))3
END IF}
END IF;
RETURN .
END FNCT3

$ THE TOWER OF HANO! -
§ THIS IS A POPULAR ANCIENT PUZZLE, IT CCNSISTS OF A WORJZONTAL BOARD
$ WITH THREE VERTICAL PEGS AND N DISCS OF LIFERENT DIAMETERS. FIRST
§ DISCS ARE ARRANGED ON :CNE OF THE PEGS IN DIAMETER INCREASING ORDER,
$ NAMELY THE LARGEST DISC IS AT THE BOTTCM AND THE S4ALLEST IS AT THE
TOP OF THE PEG. THE 0BJECT OF THE PUZZLE IS TO TRAVSFER ALL OF THE
D1SCS FORM THE FIRST PEG TO ONE OF THE CTFERS AND THE FINAL ARRANGEMENT
SHOULD BE IDENTICAL TO THE STARTING ONE. CNLY ONE DISC CAN BE TRANSFERED
EACH TIME, FURTHERMORE A DJSC CAN BE PLT ONLY ON LARGER ONE THAN ITSELF,
WE TENTATIVELY USE INPUY SUBROUTINE INPLTI(N) FOR RSADING INTEGER
AND OUTPUT SUBROUTINE OUTPUTI(l, N, Sy 2) IN A SUITABLE FORMAT,
PEGS ARE JDENTIFIED AS 1, 2, 3. N DISCS ARE IDENTFIZD FROM 1 TO N
WITH INCREASING ORDER IN DIAMETERS.
TRANSFER OF N DISCS FROM THE PEG S TO TKE PEG Z !5 CARRIED OUT IN
THE FOLLOWING STEPS.
1) MOVE (N-1) DISCS FROM THE PEG S TC THE AUXI.-lARY PEG 6~S-Z.
2) MOVE THE nN=TH LDISC FROM THE FEG S TO THE PEG Z.
3) MOVE (N-1) DISCS FROM THE AUXILIARY PEG 6-S-2 TO THE PEG Z.
IF N = 0 THEN THERE 1S NOTHING TO DO,
NOTE THAT 1 + 2 + 3 # 6 THEREFORE THE LAST PEG QTHER THAN S,Z
CAN BE DENOTED BY 6 = S~ Z,
MORE DETAILED ACCOUNT IS GIVEN IN T. KIYCNO: FUNDAMENTALS IN PROGRAMMING
( I{N JAPANESE) PP. 173#179, ,
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SUBR START3;

SIZE NN(PS), $ NUMBER OF DISCS
1(PS), $ JeTH STEP CGLOBAL VARIABLE
P(PS),
Q{PS);

Pr1;

a=2;

CALL INPUTI(NN); § INPUT NUMEER OF DISCS

CALL HANOJ(NN, P, O))

RETURN}
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END SUBR; (3)

SUBR HANOI(N, S, Z) RECURSIVE;

$ THIS SUBROUTINE SPECIFJES TRANSFER OF N LISCS FROM THE PEG S TO THE
3 PEG Z, :

SIZE S(PS), 3 STARTING FEC
Z(PS); $ DESTINATICN PEG
N(PS}; _ $ NUMBER OF DISCS

WHILE (N =~=0) ;

CALL HANOI(N-1, S, 6+5=2)}
I &1+ 1;
CALL OUTPUTIC I, N, 8, Z))

$ AT THE I«TH STEP, N-~TF DISC |S TRANSFERRED FROM THE PEG 8 TO THE PEG Z,

CALL HANOI(N~1, 6*Swl, 2)}
END WHILE;

RETURN;

END SUBR HANOI;

EXAMPLE OF USE OF POINTER
THIS EXAMPLE HAS BEEN ACAPTED FROM AN EXAMPLE IN # RECORD WANDLING #
BY C,A.R., HOARE ( PROGRAMMING LANGUAGES, PP,291-347, A.P.) ON P, 300.
TYPE DECLARATION
TYPE PERSON: DATA“OF«BIRTH BITS(PS),
MALE BITS(1),
FATHER PTF (FERSCN), _
ELDER=S1ELING PTR(FERSON), ‘

YOUNGEST~OFFSPRING PTF(FERSON)3
EXPECT ‘YOUNGEST»PATERNAL-UNCLE PTR(FERSON);

FUNCTION DEFINITION
FNCT YOUNGEST-PATERMALAUNCLE(R)}

THIS FUNCTION YIELDS AS ITS RESULT A POINTER TO THE YOUNGEST PATERNAL
UNCLE OF THE PERSOL REFERREDTO AS R, IF HE HAS ONE: OTHERWISE IT
Y1ELDS .OM.. THE FUNCTJON MAY BE USED CNLY IF THE SRANDFATHER OF R IS
KNOWN TO EXIST:
DCL YOUNGEST-PATERNAL®UNCLE PTR(PERSON);
DCL R PTR{PERSON)}
DCL S PTR(PERSON),
F PTR(PERSON),
GRAND=FATHER PTR(PERSON)}
F = FATHER R:;
GRAND2FATHER = FATHER F}
S = YOUNGEST-OFFSPRING GRAND=FATHER;
/REPEAT/
YOUNGEST#PATERNAL=UNCLE = ,0M.)
WHILE (S == .OM. )}
IF S = F ~« ( MALE S = 0) THEN
S = ELDER~SIBLING S}
END IF;
YOUNGEST-PATERNAL”UNCLE = S}
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END WHILE;
RETURN} (4)

END FNCTs

THIS PROGRAM SOLVES THE ¢#MAXIMUM FLOW FRCBLEMz#, 1T HAS BEEN ADAPTED
FROM A SETL PROGRAM EXAMPLE IN #0ON PROCRAMMING I1 2 P,P.123~124, :
THIS EXAMPLE SHOWS HOW MAPTABLE 1S USED IMN MIDL, DETAILED INFORMATION
OF YHIS PROBLEM IS GIVEMN [N THE ABOVE KEFERENCE,

MACRO DEFINITION
e E1 = F, 1, PSewx’ $ SUBFIELD LEFINITION THE FIRST NODE
ee E2 = ,F, PS+1, PSw+ $ SUBFIELD TEFINITION THE SECOND NODE

TYPE DEFINITION
TYPE SHORT!: BITS(PS)Y} .
TYPE EDGE : BITS(2*FS)} $ CONCATENATICN OF E1 AND E2
TYPE G 3 PTR(+EDGE)) $ TYPE OF GFAPH
TYPE LISTNODE: VALUE SHORT],
NEXTANODE PTR(LISTNQODE);
TYPE EDGEFN MAP( 2#PS, SHORTI): § TYPE OF MAP TABLE WHDSE
$ ARGUMENT I8 EDGE,

$ WE NOW G]VE GLOBAL VARJABLE DECLARATION,
"~ EXPECT CAP BITS(PS),
‘R EDGE;

NAMESET MAXFLOWPR

DCL MAXNODES SHORTI, § NUMBER OF NODES AT THE MOST
PLENGTH SHORTI, § LENGTH OF PATH P
GRY MAP(PS, LISTNODE): 8 CRSV2 REPRESENTED AS A MAP TABLE

DCL P EDGE; DIMS P{MAXNGDES)3 8% FATH IN THE “ORM OF SEQUENCE OF

' $ EDGES

END NAMESET:

FNCT RC(E) I $ REVERSED EDCGE

DCL R EDGEs

DCL E EDGEj

R = E2 E 7C. E1 E}

RETURN}

END FNCT R;

SUBR MAXFLOW(X., Y, GRAPH, C)J $ MAIN RCUTINE
ACCESS MAXFLOWPR3

DCL X SHORTI, $ STARTING NODEZ:
Y SHORTI ., $ TERMINAL NODE
GRAPH G, $ INPUT GRAPH
¢ EDGEFN3 $ CAPACITY FUNCTION




$ END OF PARAMETERS (5)

DCL GR G, $ CRAPH TYPE TEMPORARY
F EDGEFN:; $ FLCW VALUE
DCL NOEDGE SHORT1, . $ AUMHER OF ED3SES [N INPUT fRAPH
NOEDGEGR SHURTI, $ NUMBER OF EDSES IN GR
I SHORTY, $ IO LOOP COUNTER
J SHORTI, $ TO LOOP COUNTER
E EDGE,
FLAG BITS(4)} :
DCcL LIST LISTNODE; $ TEMPORATY LIST NODE
DCL U SHORT1} 3 MNOLE
DCL V SHORT!} $ MNOLE
DCL AUXFLOWV SHORTI, § AUXILIARY FLOW VALUE
TEMP SHORTI, $ TEMPORARY TO COMPUTE MINIMUM
REDUND  SHORT], $ FELUNDANT FLOW VALUE
REVES EDGE} $ REVERSED EDGE OF B

$ COPY OF INPUT GRAPH
NOEDGE '= NELT. GRAFHJ
GR = NEW( G, 2»NOEDGE)}
NOEDGEGR = NOEDGE}
DO | = 1 TO NOEDGE }
GR(]) = GRAPH(I)}
END DO3 $ ENLC OF COPY OF INPUT GRAPH
§ ADDITION OF REVERSED EDGES TO GR
DO ] # 1 TO NOEDGE}
FLAG = 0;
E = R{ GRAPH(I) )}
DO J:= 1 TO NOELGE} ,
iF { € = GRAPH(J) ) FL&G=13 $ THE REVERSED EDGE ALREADY
$ EXISTS IN GR,
END DO J:
IF ( FLAG = 1 ) CONT DOJ
NQEDGEGR = NOEDGEGR + 1)
GR(NOEDGEGR) = E}
END DO I;

$ FORMATION OF GR<v2 AS A MAP TABLE AND ONE WAY LIST
DO ! = 1 TO NOEDGEGR}
V = E1 GR(1):
U = E2 GR(I)3}
IF(.DEF.GR(V) 5 0) ‘
THEN VALUE GR(V) ® U}  § THE FIRST ELEMENT
ELSE '
LIST & GRV(V)}
LIST = NEXTNODE LI]ST:
END WHILE}
§ END OF LIST HAS BEEN FCUND, CREATE ONE NEW NODE.
NEXTNODE LIST = NEW(LISTNCDE);
LIST = NEXTNODE LIST}
VALUE LIST = U}
END IF}
END D03

$ INITIALIZAT]ON OF F(E) F(E) 1S REPRESENTED AS A MAPTABLE.
DO ] = 1 TO NOEDGEGR}
FCGRCI) ) = 03




END DO3
CALL PATH(X, Y, F. C)} (6)
WHILE (PLENGTH == 0 )} A
AUXFLOWYV = CAP(P(1), F, C)3
PO ] = 2 TO PLENGTH}
E = P(]);
TEMP = CAP(E, F, C)}
IF(TEMP < AUXFLOWV ) AUXFLORV = TEMP;
"END DO
DO I = 1 TO PLENGTH)
E = P(1))
FCE) = F(E) » AUXFLOWV}
REDUND = F(R(E))}
TEMP = F(E)}
IF( REDUND » TEMP ) REDUND = TEMP}
FCE) = F(E) » REDUNDJ
REVES = R(E)} ‘
F(REVES) = F(REVES) = REDUNIL;
END DO;
END WHILE;
RETURN}
END SUBR MAXFLOW:

FNCT CAPCE, F, C)}
DCL CAP SHORTI,

€
;

¢

EDGE,
EDGEFN,
EDGEFN:

DCL. TEMPA SHORTI, $ C(E
TEMP2 SHORTIS $ F(

TEMPL = 03

IF¢ DEF.C(E) = 1 ) TEMPL = C(E)}

TEMPL = TEMP1 - F(E))

TEMP2 = F( R(E) )3}

IF¢ TEMP2 » TEMP1 ) TEMPL = TEMP2}

CAP s TEMP1; $ MAX (TEMP1, TEMPR)

RETURN;

END FNCT CaP;

) 0
RC(E) )

SUBR PATH(X, Y, Fr C)}

DCL X SHORTI, § A GRAFH NODE
Y SHORTI, $ A GRAFH NODE
F EDGEFN, $ FLOW VALUE
c EDGEFN} : $ CAPACITY FUNCTION
$ END OF PARAMETER

ACCESS MAXFLOWPR;

$ DECLARATION OF LOCAL VARIABLE
DCL NONEW  SHORTI, :
NOPRIOR SHORTI,
NOSET  SHORTI,
NONEWER SHORTI,
I SHORT1 .+

COUNTER FOR ELEMENTS OF NEWS.
COUNTER FOR ELEMENTYS OF PRIOR
COUNTER FOR ELEMENTS OF SET
'COUNTER FOR ELEMENTS OF NEWER
DO LOCP COUTER

[N
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v , SHORTI, $ DO LOCP COUTER
U SHORTI, % A GRAFH NODE
v SHORTI, $ A GRAFH NODE
PT SHURTI, $ A GRAFH NODE
TEMP SHORTI, $ TEMPORARY FOR A GRaAPH NODE
LIST LISTNORE, $ TEMPURAKY FOR LISTNODE
FLAG BITS(1)} $ A FLAZ 70 SHOW IF U IS IN U,

DCL, NEWS SHORTI; DIFMS NEWS (MAXNODES); $ NEW IN SETL PROGRAM
$ TO AVO!D NAME CONFLICT WITH RESERVED WCRL NEW FUNCTJON, S. IS ADDED,
DCL SET SHORT!: DIMS SET (MAXNODES); .
DCL NEWER SHORTI: DIMS NEWER(MAXNODES);
DCL PRIOR SHORTI: DIMS PRJUR(MAXNODES);
DCL NEXT MAP(PS, SHCRTI)Y} § NEXT NOLE ON THE PATH
NONEW = 13
NEWS(NONEW) = Y3
NCSET = NONEW;
SET( NOSET) = Y3
+DROP, NEXT; § NEXT WILL POINY ALONG THE NODES OF A PATH
WHILE ( NONEW == 0 )3
NONEWER = 03
DD iJ = 1 TO NONEW)
V = NEWS(J)}
NOPRIOR = 0}
IF( .DEF.GRV(V) = 0 ) CONT L[O;
LIST = GRV(V)}
WHILE 13
U = VALUE LIST}
FLAG = 0}
§ TO CHECK WHETHER U 1S CONTAINED IN SET.
$ FLAG = 1 MEANS THAT U ]S CONTAINED IN SET,
~ DO I = 1 7O NOSET)
IF¢ U = SET(I) ) THEN FLAG s 13
QUIT DO3
ENL IF3
END DO}

IF FLAG = 0 THEN E 3 U .C. V 3
‘ IF CAP(E, F, C) > 0 THEN
NOPRIOR = NOPRIOR '# 13
PRIOR(NOPRIOR) = U}
END IF3
END IF3
IF(NEXTAODE LIST = ,0M.) CGUIT WHILES
LIST = NEXTNQDRE LIST:
END WHILES
DO [ = 1 TO NOPR]OR}
U = PRICR{I)}
NEXT(U) & V}
IF(U = X ) GQ TO DONE}
NOSET = NOSET « 313
SET(NOSET) = U
NONEWER = NONEWER =»313}
NEWER(NCNEWER) & U}
END DO I3
END DO J;
NONEW = NONEWER}
DO | = 1 TG NONEWER}
NEWS(]) = NEWER(1)}
END DO:;
END WHILE;




/DONE/ (8)
PLENGTH = 03
PT = X; $ NOW LOOP TO BUILL UP PATH

WHILE (.DEF.NEXT(PT) = 1 )}
PLENGTH = PLENGTH + 1}
TEMP = NEXT(PT)} -
P(PLENGTH) = PT,C,TEMP}

PT = TEMP;
END WHILE;
RETURN}

END SUBR PATH;
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THE OYTPUT OF THE RCUTINE ~NODPARS- IS A VECTOR oF LI1STS OF SPANS
-SPANS~ AND A FLAG »aMBs, WHICH INDICATES WHETHZR THE GRAMMAR 1§
AMBIGUOUS,

SPANS(Q) IS A POINTER TO A LIST OF ALL SPANS OF THE FORM (PAN).
EACH SPAN ELEMENT IN THE LIST CONSISTS OF 4 SPAY ITEM =PAw

A POINTER TO I7S DIVLIS, AND A ONE FI7T FLAG ~AM31T~, INDICATING
WHETHER THERE ARE MCRE THAN ONE DIVISION., A -DIVLIS= ELEMENT
CONTAINS 2 POINTERS TO THE TWO PREVIOULS SPANS WHICH FORM THE
CURRENT SPAN.

WHILE CONSTRUCTING THE LIST OF SPANS FOR EACH -0~, EACH NEW SPAN IS
ADDED TO THE LIST ~CURSPANSe,AND ALSEO TO THE HASHWTABLE

«CURSPANSET-. THE VALUE OF CURSPANSET(PA) IS A POINTER TO THE SPAN
IN THE LIST, SO THAT THE DIVLIS FOR THE SPAN MAY BE LOCATED IF THE
SPAN HAS MORE THAN .CNE ORIGIN,

TO CLEAN UP, THE TOFSPAN IS OBTAINEL, AND THE =~SPANSe VECTOR
CLEARED, BY TRACING THE eDIVLISe POINTERS, =SPANS- IS REBUILT TO
CONTAIN LISTS OF ONLY THOSE SPANS HFICHW ARE RELEVANT, TO FIND

THE DESCENDENTS OF A SPAN <PAQ>, WE KMNOW THAT THE

DESCENDENT <RCQ> SHCULD BE ADDED TO TKE LIST OF SPANS(Q) AND FROM
TH1S SPAN, CAN DETERMINE THAT <PBR> SkOULD BE ADDED TO THE LIST
SPANS(R) .

INPUT IS AN ARRAY .CF TOKENS, SYNTYFS S A VECTOR OF LISTS OF
METAVARIABLES FOR EACH TOKEN,

GRAM IS A HASHTABLE SUCH THAT GRAM(BC) IS A LIST OF METAVARIABLES
A FOR WHICH THERE ARE PRODUCTIONS A = BC IN THE GRAMMAR,

$ MACROS

ow RULSZ ™ 6 »» $ MAX SIZE OF THE INTERNAL REPRESENTATION OF A
§ METAVARIABLE, A

ee TOKSZ = 6 »» 3 MAX SIZE OF THE FOINTER TO INPUT eNe.

e% INPUTLEN = 63 w» $ DIMENSION OF INPUT

ew TYP = ,F. 1, RULSZ, ww $ METAVARIABLE FIELD OF A SPAN
e¢ MID = ,F. RULSZ#1, INPUTSZ, w=v § «P- FIELD OF A SPAN

ev INITSPLIST(SPANHL, SPANTYPE, SPANITEM) =
DCL ZZzZA PTR(SPANTYPE))
ZZZA &= NEW{(SPANTYPE)}
FIRST SPANHD = .22ZA}
LAST SPANHD = Z12A}
SPAN .2Z2ZA = SPANITEM w»w

+» ADDSPLIST(SPANMD, SPANTYPE, SPANITEM) =
DCL 2ZZB PTR(SPANTYPE)}
Z22ZB = NEW(SPANTYPE))
NEXT 22ZB = FIRST SPANHD}
SPAN 222B = SPAN]TEM}
FIRST SPANHD ® 2228 e+

TYPE BEFINITIONS

TYPE RULEP: PTR(RULES)S § ENTRY IN CRAMMAR HASMTABLE
TYPE RULES: META PTR(RULSZ), NEXT PTR(RULES); § ELEMENT OF LIST OF
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(10)
$ METAVARIABLES
TYPE SYNTYP: PTR(RULES)) % VECTOR CF POINTERS To LISTS OF RULES
TYPE SPANLIST: PTR(SPANEL)} § VECTOR OF LIST JF SPANS
TYPE SSPANEL: SPAN EJITS(RULSZ+INPUTSZ), NEXT PTR(SSPANEL)} § SHORY
$ SPAN ELENENT

TYPE SPANEL: SFAN BITS(RULSZ*INPU?SZ>; DIVLIS PTR(DIVEL),

AMBIT E1TS(1).

NEXT PTR(SPANEL)}
TYPE SPANKD: FIRST PTR(SPANEL), LAST FTR(SPANEL)} '
TYPE SSPANHD: FIRST PTR(SSPANEL), LAST PTR(SSPANEL)} § SHORT SPAN

g +Hp
TYPE DIVEL: LDDIV PTR(SPANEL), HIDIV FTR(SPANEL), NEXT PTR{(DIVEL)}
$ DIVISION LIST ELEMENT

GLOBAL VARIABLES

NAMESET GRAMMAR}

DCL GRAM MAP(2*RULSZ,RULEP)} S HSPTAELE STORING RULES OF FORM
$ A =8B

DCL SYNTYPS PTR(SYNTYP); $ VECTOR CF LISTS OF RULES

END NAMESET GRAMMAR} _

NAMESET SOURCE; § INPUT STRING TO BE PARSED
SI1ZE INPUT(TOKSZ)}

DIMS INPUT(INPUTLEN))

END NAMESET SOURCE}

NAMESET PARSEOUT}

SIZE AMB(1) $ FLAG FOR AMBIGLOUS GRAMMAR

DCL SPANS PTR(SPANLIST)} § VECTOR OF LISTS OF SPANS
END NAMESET PARSOUT)

SUBR NODPARSE}

ACCESS GRAMMAR, SOURCE, PARSEQUT]

SIZE NCINPUTSZ); § PTR TO CURRENT INPUT TOKEN

DCL TWIGRULE PTR(RULES}); § PTR TO LIST OF SYNTYPES

DCL CURSPANS PTR(SPANHD)} $ LIST FEAD OF CURRENT SLAMS

DCL TODO PTR(SSPANHD)) $ LIST HEAL OF SPANS TO PROCESS

DCL NEXTODO PTR(SSPANEL)} $ ELEMENT 0OF T0DO

DCL PREVSPANPT PTR(SPANEL)} § PTR TO PREVIOUS SPAN GENERATED

DCL RULEPT PTR(RULES)} $ PTR TO LIST OF METAVARIABLES

SIZE NEWSPAN(INPUTSZ#RU|LSZ)} § NEk SPAN FORMED

DCL NEWDIVEL PTR(DIVEL)}; $ NEW DIVISICON LIST SLEMENT

DCL CURSPANSET MAP(RULSZ+INPUTSZ, SFANLIST); $ MAPTABLE OF
$ CURRENT SPANS

DCL CURSEL PTR(SPANEL)} '$ ELEMENT IN RANGE OF CURSPANSET

DCL SPANTHERE PTR(SFANEL)} § PTR FETRIENED FROM CURSPANSET

DCL TOPSPAN PTR(SPANEL)} $ PTR TO SPAN FROM ROJT ELEMENT

SIZE 1(PS); § DO LOOP VARIABLE

$§ INITIALIZE SPANS(1)

N = 1} ‘
TWIGRULE = SYNTYPS(INPUT(1))) § PTF TO LIST OF METAVARS
INITSPLIST(CURSPANS, SPANEL, N ,Cy META TWIGRULE)S
TWIGRULE = NEXT TWIGRULE)
WHILE TWIGRULE ~= ,CM,.1}
ADDSPLIST(CURSPANS, SPANEL, N .C. META TWIGRULE)}
TWIGRULE = NEXT TWIGRULE}
END WHILE TWIGRULES
SPANS(2) = FIRST CURSPANS} N = 2}
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WHILE INPUTI(N) == 0} $ BUILD UP REST OF SPANS

TWIGRULE = SYNTYRS{INPUTI(N))}

s INITIALIZE CURSPANS AND TODO
: INITSPLIST(CURSFANS, SPANEL, N .C. META TWI3RULE)}

INITSPLIST(TODO, SSPANEL, N ,C. META TWIGRULE):

TWIGRULE = NEXT TWIGRULE}

WHILE TWIGRULE ms ,0M,; f
ADDSPLIST(CURSPANS, SPANEL, N .C. META TWIGRULE)}
ADDSPLIST(TODO, SSPANEL, N .C, META TWIGRULE)3}
END WHILE TWIGRULE} : ‘

§ STARY PROCESSING SPANS [N TODO

+D. CURSPANSET .8 03 $ INITJAL CURSPANSET
NEXTODO = FIRST TODO3
WHILE NEXTODO w8 ,0M,}
PREVSPANPT & SPANS(MID SPAN NEXTODO)}
WHILE PREVSPANPT =»e ,0OM,}
$ LOOK UP GRAMMAK RULES
RULEPT = GRAM(TYP SPAN PREVSPAN .C.
‘TYP SPAN NEXTCDC);
WHILE RULEPT ~= ,0M,;
NEWSPAN = M]D SPAN PREVSPANPT .. META RULEPT:
NEWDIVEL = NEW(DJVEL): $ CREATE NEW DIVISION
§ LIST ELEMENT
HILIV NEWDJVEL = NEXTODO}
LOCIY NEWLIVEL = PREVSPANPTS
SPANTHERE = CURSPANSET(NEWSPAN)j3 § SEE ]F SPAN
§ ALREADY GENERATED
IF SPANTHERE = ,0M. THEN
$ SPAN NOT YET GENERATED, ADL TO CURSPANS LIST
ADDSPLIST({CURSPANS, SPANEL, NEWSPRAN)}
.CURSEL = NEW{SPAMNEL);
$ CREATE ELEMENT OF CURSPANSETI
¢+ CURSEL = FIRST CURSPANS}
CURSPANSET(HEWSPAN) = CURSEL;:
‘$ ADD TO TODO LIST
ADDSPLIST(TODD, SSPANEL, NEWSPRAN}Y)
TIVLIS FIRST CURSPANS= NEWDIVEL}
H SINCE FIRST OCCURANCE OF SPAN, FIRST LIVELEMENT FOR SPaN
ELSE § SPAN ALREADY GENERATED, ADD DIVLIS EL
NEXT NEWDIVEL = LIVLIS SPANTHERE}
‘DIVL.1S SPANTHERE = NEWDIVELJ
AMBIT SPANTHERE = 13}
END JF}; ,
RULEPT = NEXT RULEFT:
ENL WHILE RULEPT}
PREVSPANPT = NEXT PREVSFANPT;
END WkJLE PREVSPANPT;
NEXTODO & NEXT NEXTODOD}
- END WHILE NEXTODO;
$ CURSPANS FINISHED., ADD LIST TO VECTCR SPANS
N = N+ 135 SPANS(N)Y = FIRST CURSPANS};
END WHILE INPUT(N)}
$ NOW SEE IF THERE ]S A PARSE
AMB = 0} $ ASSUME NOT AMBIGUOUS
TORSPAN = CURSPANSET(1 ,C, ROOT);
$ CLEAR SPANS VECTOR ’
DO § = 1 TO N3
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SPANS(]I) = .0M,}
END D03 :
IF TOPSPAN = ,0M. ‘RETURN} $§ NO PAFSES FOUND
- CALL GETDESCS(TOPSPAN, N)J
RETURN} ,
END;

SUBR GETDESCS(TOP, M) RECURSIVE}

DCL SPANPT PTR(SPANEL}} $ PTR TO LIST OF VALID SPANS
DCL TOP PTR(SPANEL)} § PTR TO ROOT SPAN

DCL DIVPT PTR(DIVEL)} $ PTR TO DIVLIS ELEMENT

SIZE N(INPUTSZ); § END POINT OF SPAN WHICH IS5THE ROQT
ACCESS PARSEQUT; ‘

IF SPANS(N) = .QM. THEN
SPANS(N) = TOP; NEXY TOP = ,0M.3
ELSE
SPANPT = SPANS(NYS $§ SEARCH FCR SPAN
WHILE SPANPT == ,0M,}
IF SPAN SPANPYT = SPAN TOP FETURN; ¢ S”AN ALREADY THERE
SPANPT = NEXT SPANPT}. .
END WHILE .SPANPT)
ADD SPAN TQ LIST
NEXT TOP & SPANS(N)} SPANS(N) -2 TOP}
‘END IF3;
IF AMBIT TOP THEN AFMB ®» 1} $ MORE THAN ONE PARSE

[ ]

GEY DESCENDENTS

DIVPT = DIVLIS TOP}

WHILE DIVPT =-= ,0M.}
CALL GETDESCS(HIDIV DIVPT, N)} _
CALL GETDESCS(LCDIV DIVPY, MID SPAN HIDIV DIVPT)3
END WHILE DIVPT)

RETURN}

END GETDESCS:

L]

THIS EXAMPLE JLLUSTRATES :HOW SETL OBJECTS AND PRIMITIVES MAY BE
USED IN MIDL. THE CODE CORRESPONDS VERY CLOSELY TO THE ALGORJTHM
IN ON PROGRAMMING, VOl 2, PP 189=195, AS IN THE ORIGINAL, WE ASSUME
THERE IS .A FUNCTION «GETOKEN~-, WHICH FETURNS A TO<eN AND ITS TYPE,
STORED ACCORDING TO TRE FOLLOWING TYPE LECLARATION;

TYPE TOKENTYP: TOKT BITS(TYPSZ), TOK SETLOBJ;

THIS MEANS THAT -GETOKENe RETURNS A PCINTER TO A STRUCTURE N THE
HEAR WH]CH CONSISTS OF A TOKEN TYPE FIELD ~-TOKT=- (TYPSZ IS ASSUMED
T0O BE A MACRO WHICH EXPANDS TO A CONSTANT) AND A SETL OBJECT «TOKe
(SRTL ROOT WORD). THE SETL UBJECT HERE WILL BE AN ARBITRARY
LENGTH CHARACTER: STRING,

THE MACRO DICTIONARY «MACDICTa, ALSO A SETL OBJECT, IS A SET USED
AS A FUNCTION. AS WE ALLOW MIDL PCINTERS TO BE STORED [N SETS,

VMO MAN AN A
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) (13) :
MACDICT(TOKEN) STORES A MIDL POINTER TO A STRUCTURE DECLARED AS:

TYPE MACDICTENT: GENARGS BITS(ARGSZ?,
FORMARGS SETLOBJ,
MBCD PTR(MBODS)}

GENARGS IS A BITSTRING OF SIZE ARGSZ (A MACRO WHICH EXPANDS TO

A CONSTANT), AND CONTAINS THE NUMBER CF GENERATED MACRO ARGUMENTS,
FORMARGS IS A SET WHICH CONTAINS THE MAFPING OF MACRO ARGUMENTS ONTO
ARGUMENT NUMBERS. MBCD IS A POIUTER TO THE MACRO BODY, WHICH IS
STORED AS AN ARRAY UF POINTERS TO TOKENS, AS SPECIFIED BY THE

DEF INIT]ON:

TYPE MBODS: PTR(TUKENTYP))
RESERVE IS A LINKED LIST OF POINTERS T0 TOKENS:

TYPE TOKLIST: ITEM PTRCOTOKENTYP), NEXT PTR(TOKLIST)}
TYPE LISTHD: FIRST FTR(TOKLISY)y LAST PTR(TOKLIST):

THE EXPSTACK IS A PUSK DOWN STACK, EACH ENTRY 1S A POINTER TO AN
EXPSTACK STRUCTURE:

TYPE EXPSTACKP: PTR(EXPSTACKENT)}

TYPE EXPSTACKENT: MEP BITS(PS),
MBEOD PTR(«MBODS),
FCRMARGS SETLOBJ,
ACTARGS PTR{*ARGTLP);

TYPE ARGTUP: PTR( MEQNS)J

MBOD ]S A POINTER TO THE MACRO BODY BEING EXPANDED, MBP IS AN INDEX
T0 MBOD, INDICATING WHICH TOKEN EXPANEICN IS UP TO, FORMARGS 1S
AS [N MACDICTENT, AND ACTARGS [S AN ARRAY OF MBODS CORRESPONDING

‘TO THE ACTUAL PARAMETERS QF THE MACRO INVOCATION,

WE NOW GIVE THE GLOBAL VARIABLE DECLAFAT]ONS.

EXPECT NEXTWORD PTR(TOKENTYP)}
EXPECT DEFABSORB PTR(TOKENTYP)}
EXPECT MACEXPAND PTR(TOKENTYP)}
NAMESET LEXMACEXP3
S1ZE EXPSTACKPTR(PS)3 DATA EXPSTACKFTR=(;
DLl RESERVE LISTHP,
MACDICT SETLOBJ, $ MACRO DICTIONARY
MACEXPGIVEBACK PTR(TOKENTYP)} $ TOKEN RETURNED TO MAXEXPAND
DCL EXPSTACK EXPSTACKP} .
DIMS EXPSTACK(EXPSTACKDIM)} £ DIMENSION OF EXPSTACK
END NAMESET:

THE FOLLOWING MACROS ARE USED TO COMPARE A SETL EHARACTER STRING
~W~ TO A MIDL SELF DEFINED STRINC, WHICH IS CONVERTED
TO A SETL STRING BY TKE ,CN, OPERATCR.

#v EQGSTR(NW,S) = (W 3 CN, SETLSTR, S) w#
sv NEGSTR(W,S) = (W w® ,CN, SETLSTR, §) w«

FNCT NEXTWORD(DUM)}
DCL NEXTWORD PTR(TCKENTYP)} |
DCL WORD PTRCTCKENTYP), $ TOKEN
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MAC I[NF PTR(MACDICTENT), $ MACDICT ENYRY OF TOKEN
ARGF N SETLOE Js $ ARG = ARGND MAP
MBODY PTR(«¥BODS)} $ ARRAY OF PTRS TO STRINGS,

MCALLINF PTR(EXPSTACKENT),
ARGTUPL PTR(®ARGTYUP),
NEWTOK PTR(TCKENTYP), $ NEW TOKEN GENERATED ARG
CURARGTUPL PTR(=MBODS), $ CURRENT ACTUAL PARAMETER
NNEWTOK PTR(MEDDS)} $ PTR TO NEWTOK

SIZE DUM(PS);

SIZE FIRSTCALL{1)} DATA FIRSTCALL = 1;

SIZE NXARGS(ARGSZ), § NUMBER OF GENERATED ARGUMENTS
' NARGS (ARGSZ), $ NUMBER OF NCNGENERATED ARGS
ARGTUPCT(PS), . $ PTR TO ARCTUP
J(PS), $ DO LDOP CCUNTER
PARENCOUNT(PS)} $ PARENTHESES COUNT

ACCESS LEXMAGCEXP;

JF FIRSTCALL TYHEN
FIRST RESERVEE.GM,}
LAST RESERVE=.0QV;,} .
XARGGENCTR = 03 MACDICT & (NL.:;
FIRSTCALL = 03
END IF;

IF FIRST RESERVE ~s ,0M, THEN
WORD = ITEM FIRST RESERVE}
FIRST RESERVE = NEXT FIRSY RESERVE}
NEXTWORD = WORD})

RETURN}
END IFs3 | |
§  OTHERWISE, GET ADDITIONAL TOKEN FROM LCEFABSORB
/GETWORD/

WORD = DEFABSORB(0)} ; .
MACINF :2 MACDICT(WARD)} $ SINCE MACDICT IS A SETL O0BJECY,
$ COMPILES INTO CaALL ‘TO SRTL
IF(MACINF = .0M,) TEEN
NEXTWORD = WORDj
RETURN};
END IF3
§ WORD IS A MACRO NAME |
NXARGS = GENARGS MACINF}j $ NO GENERATED ARGS
ARGFN = FORMARGS MACINF};
MBODY = MBOD MACINF}
NARGS = . NELT. ARGFA = NXARGS) ‘
JNELT, IS5 A SYSTEM FUNCTION WHICH , IF ITS QPERAND IS A SETL:
OBJECT, CALLS 3RTL ROUTINE NELT,
1IF MIDL MAPTABLE, COMPUTES NUMBER CF ENTRIES., ,
1F M}iDL HEAP OBJECT, COMPUTES DIFENSION OF HEZAP BLOCK,
OTHERWISE, CAN BE CCMPUTED AT COMPILE TIME, _
MCALLINF = NEW(EXPSTACKENT)3 § BUJLL EXPSTACK ENTRY,
MBP MCALLINF = 15 MBOD MCALLINF = MBCDY;
FORMARGS MCALLINF = ARGFN3 ARGTUPL = NEWN(ARGTUP, MAXARGS)}
ARGTUPCT = 03 € PTYR TO ARCTUPL
IF NARGS > 0 GO TO .GETARGS)
$ GENERATE ARGS
/GENARGS/
DO J 2 1 TO NXARGS}
NEWTOK = NEW(TOKENTYR)}
TOKT NEWTOK = NAMETYPE} $ SEY TYFE OF NEW TOKEN
NAMETYPE 1S A GLCBAL MACRQ TO EE EXPANDED INTO INTEGER
XARGGENCTR = XARGGENCTR » 31}

]
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TOK NEWTOK = .CN, SETLSTR, (2222: « .DEC. ,CN. SETLINT,
XARGGENCTRS _
ARGTUPCT = ARGTLRCT + 1}
IFCARGTUPCT > MAXARGS) THEN

OVERFLOW CHECKS COULD BE AVOIDED JF TUPLES WERE SETL TUPLES
RATHER THAN MIDL DBJECTS

PRINTERROR (#MAXJMUM NUMBER OF ARGS EXCEEDED.#)3

END ]F;.
NNEWTOK = NEW(MEODS)} P
¢NNEWTOK = NEWTOK]} $§ THE VALUE OF NNEWTOK 18 SET 7O

$ POINT TO NEWTOK
ARGTUPL(ARGTUPCT) = NNEWTOK}
TRIM IS A FUNCTION WNICH RETURNS A FOINTER TO A HEAP OBJECT

"WHICH IS REDUCED TO »ARGTUPCT» ENTRIES

END DO;
ACTARGS MCALLINF = TRIM(ARGTUPL, ARGTUPCT)I
EXPRSTACKPTR = EXPSTACKPYR =+ 13
IF(EXPSTACKPTR > EXFSTACKDIM) THEN
PRINTERROR(2#T0O0 MANY EMBEDDED M2CRQS, #);
END IF;
EXPSTACK(EXPSTACKPTR) ® MCALLINF) § STORE POINTER TO EXPSTACK
§ ENTRY
GO TO0 GETWORD;

/GETARGS/ § MACRO HAS ARGUMENTS, COLLECT ARGUMENTS OuT OF TOKEN

$

STREAM

IF NEQSTR(TOK DEFABSQRB(Q) , #(#) THEN
PRINTERROR(#M]SSING MACRO ARGUMENTS.%);

NEXTWORD = WORD})
RETURN;

END IF; '

DO .J ® 1 TO NARGS} - '
PARENCOUNT = 03 § UNMATCHED PARENTHESIIES GOUNT
CURARGTUPCT = 0} § PTR TD CURARGTUPL
CURARGTUPL = NEWN(MBODS, MAXARGSZ); § ALLOCATE STORAGE
WORD = DEFABSORE(Q) ) $ GET TCKRN
WHILE(NEQSTR(TOK WORD, #,#) v (FARENCOUNT > 0))}

IF TOKT WORD = EOR THEN
PRINTERROR(#]MPROPER END OF RECORD,®)j.
NEXTWCRD .= WORD}
RETURN}
END IF3;
TOKEN = TOK WORD3}
IF EQSTR(TCKEN, #)x) THEN
PARENCOUNT = PARENCQURY = 13
IF PARENCOUNT = = 1 GC 70 ENDARGS:
ELgEIgF EQSTR(TOKEN, #(#) FARENCOUNT = PARENCOUNT « 13
‘EN ;
CURARGTUPCT = CURARGTUPCT + 13 § PTR To CURARGTURL
IF(CURARGTLUPCT » MAXARGSZ) THEN ‘
PRINTERROR(#MAX ARG SIZE EXCEEDED.#);
‘ELSE :
CURARGTUPL(CURARGTUPCT) = WORD;
END 1IF3;
END WMILE}
ARGTUPCT = ARGTLRCT « 1}
IF(ARGTUPCT > NXARGS) THEN
PRINTERROR(#MAXIMUM NUMBER OF ARGS EXCEEDEDM)}
NEXTWORD = WORD)
RETURN;
END IF;
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e:ngg:ARGTUPCT)'B TRIM(CURARGTLPL, CURARGTJPCT)}

/ENDARGS/

IF ARGTUPCT < NARGS THEN
PRINTERROR(#ZMISSING PAKRAMETERS IN MACRO CALL,#)}
NXARGS = NXARGS & NARGS = ARGTUFCT}

- ELSE JF PARENCOUNT =z =1 THEN

PRINTERROR(#SURPILLUS PARAMETERS IGNOREL IN MAEGRO CALL.X)}
END IF;

END IF;

GO TO GENARGS:

END NEXTWORD;

FNCT DEFABSORB(DUM)}
ABSORBS MACRO DEFINJTIONS
DCL. DEFABSORB PTR(TCKENTYP)}
DCL WORD PTR(TCKENTYP),
XWQRD PTR(TCKENTYP),
TOKEN SETLOEJ,
XTOKEN SETLOBJ»
MNAME PTR(TCKENTYP), $ MACRC NAME
ARGFN SETLOEJ, $ ARCUMENT/ARGNO MAP
MBODY PTR(*MBODS), $ MACRC BODY
SIZE MBODYCT(PS);
S1ZE DUM(PS): $ DUMMY ARGUMENT
SIZE TYP (TYPSZ),
ARGFNCT(PS), $ ARGUMENT COUNT
NARGS(PS);
DCL, NEWMENT PTR(MACLICTENT)};
ACCESS LEXMACEXP;

/SCAN/ '

WORD 8 MACEXPAND(O0)}S® GET NEXT TOKEN

TOKEN = TOK WORD; § EXTRACT STRING FROM WORD

XWORD = MACEXPAND(D))

XTOKEN :2 TOK XWORD}

IF EQSTR(TOKEN, #ENLDMZ) ,AND, EQSTR(XTOKEN, #:#) THEN
PRINTERRQR(#IMPROPER MACRO CLOSE BEFORE OPENING,¥)}

ELSE ]F EQSTR(TOKEN, ZDEFINE#) ,AND. EQSTR(XTOKEN, #MACRO#) THEN

§ GIVE BACK ONE WORD AND RETURN THE QTHER

MACEXPGIVEBACK -8 XWQORD}
DEFABSORB = WORD3;
‘RETURN;
END IF3

END [F}

§ READ MACRO DEFINITION

MNAME = MACEXPAND(0)} $ READ NAME
TYP ® TOKT MNAME}
IF TYP =3 NAMETYPE THEN
PRINTERROR(#NAME MISSING IN MACFO DEFINITION, DEFINITION #

.CC.#]GNORED. %)}
DEFABSORB = WORD)
RETURN;
END IF3
ARGFN = .NL. 3 ARGFNCT = 03

WORD = MACEXPAND(O0)}
TOKEN = TOK WORD;
IF EQSTR(TOKEN, #(#) GO TO GETARGUMS; -
IF EQSTR(TOKEN, #i#) THEN
IF MACDICT(TOKEN) =m ,0OM, THEN
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PRINTWARN(#PRIOR MACRU DEFINITION IS BZING CHANGED,#)3;
END IF MACLICT}

GO TO GETBOVY;
END IF}
If NEQSTR(TOKEN, #ENDM#) THEN
PRINTERROR(# IMPROPER GCONTINUATION OF MACRO DEFINITION)Z
.CC. *DEFINITION IGNOREL.Z);
DEFABSORB = WORD3
RETURN
END IF3;
$ HAVE SEEN DEFINE MACRO MACRONAME ENDM.
WORD ® MACEXPAND(0)}
IF NEQSTR(TOK wORD, #3#) THEN
PRINTERROR(ZIMPROPER TERMINATION CF MACRO DR0P#)3
MACEXPGIVEBACK = WORD}
END IF3;
IF MACDICY(TOK MNAME)Y = ,0M, THEN
PRINTWARN(#DROP APPLIED TO NON-FACRO NAMEZ)3

ELSE :
MACDICT(TOK MNAME) . ,OM,}
END IF;
GO TO SCAN;
/GETARGUMS/ $ SCAN FOR ARGUMENTS OF A MACRO
WORD & MACEXPAND(O0)}
IF EQSTR(TQK WORD, #/#) GO YO0 GEVTXARGS)
MACEXPGIVEBACK = WORD} -
GETARGS{ARGFN, ARGFACT)} '$ ARGFNCT IS NUMBER OF NON~GENERATED
WORD ® MACEXPAND(O0)}
TOKEN = TOK WORD;
IF EQSTR(TOKEN, #/#) GO TO GETXARGS:
NARGS = ARGFNCT; § NUMBER OF TRUE ARGS
/TESTALISTEND/
IF NEQSTR(TOKEN, #)#) THEN
PRINTERROR(ZILLEGAL TERMINATION OF MACRO ARGUMENT LIST.2 ,cCC.
ZDEFINITION ]GNORED,#)}
DEFABSQORB = WORD)
RETURN;
END IF3
§ NOW CHECK FOR SEMI-COLCN FOLLOWING ARGUMENT LIST
WORD & MACEXPAND(O0)}
IF NEQSTR(TOK WORDs #3#) THEN
PRINTERROR(#ILLEGAL TERMINATION OF MACRO ARGUMENT LIST.2)}
MACEXPGIVEBACK ‘= WORD}
END IF3
$ BEGIN TO COLLECT BODY :CF MACRO
/GETBODY/
MBODY = NEWN(MBODS, MAXMACROSIZE); § ALLOCATES TUPLE FOR BoDY
MBODYGT = g:; 3 NUMEER OF WORDS IN MAC BODY
/L00pP/
WORD '@ MACEXPAND(O)}
TOKEN = TOK WORD;
XWORD = MACEXPAND(D0);
XTOKEN = TOK XWORDS
IF EQSTR(TOKEN,Z#ENDMx) ,A, EQSTR(XTCKEN, #;#) THEN $ END OF DEF

NEWMENT = NEW(MACDICTENT); $ BUILD MACDICY ENTRY

GETARGS NEWMENT s ARGFNCT - NARCS; § NUMBER OF GENERATED ARGS
FORMARGS NEWMENT .» ARGFN3 $ MAPPING OF ARGS = ARGNO

MBOD NEWMENT = TRIM(MBODY, MBODYCT):

MACDICT(TOK MNAME) & ,UN, SETLPTR, NEWMENT; § ADD DEF YO0 DIC-
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GO TO SCAN: S TIONARY
ELSE
IF EQSTR(TCKEN, #DEFINE#) .A. ECSTR(XTOKEN, #MACROxX) THEN
PRINTERROR(2IMPROPER MACRD DEFINITION WITHIN MACRO BODY=x)
ELSE IF TOKT WORD = EOR THEN
PRINTERRUR(ZEND OF FILE ENCOUNTERED IN MACRO DEFINITIONZ)
DEFABSORB -2 WORD}
RETURN;
END IF;
END IF;
END IF}
MBADYCT = MBODYCT 1}
$ CHECK FOR OVERFLOW
IF¢(MBODYCT .GT. MAXMACROSIZE) THEN
PRINTERROR(#MACKQ BQDY TOO LONG.2)
DEFABSQORB = WORE)

RETURN;-

END IF}
MBODY(MBODYCT) = WORD}
MACEXPG]VEBACK = XWGRD!
GO TO LOOP;

/GETXARGS/

NARGS = ARGFNCT; ‘§ NUMBER OF TRUE ARGS

CALL GETARGS(ARGFN, ARGFNCT)}

WORD '3 MACEXPAND(O)}
TOKEN = TOK WORD3

GO TO TESTALISTEND}
END DEFABSORB;

SUBR GETARGS(ARGFN, ARGFNCT)}
DCL WORD PTR(TCKENTYP); $ TOKEN
S]ZE ARGFNCT(PS); $ ARGUMENT COUNT

/GETALOOP/

WORD & MACEXPAND(O0)}

IF TOKT WQRD «= NAMETYPE THEN , ,
Pg;NTERRDchnlsstG ARGUMENT NAME IN MACRO ARGUMENT LISTx);
RETURN:;

ELSE IF ARGFN(TOK WCRD) == ,GM, THEM .0M, 1S SETL OMEGA

EVALUATION OF=TOK WORDe

GIVES 007 WORD FOR SETL

CHARACTER STRING,

PRINTERROR(#DUPLICATE ARGUNMENT NAME IN ARGUMENT Lxsr. #
2 CC, #DUPLICATE IGNORED.#);
ELSE ARGFNCT = ARGFNCT « %3 $ INCREMENT ARG COUNT
ARGFN(TOK WQORD) := ,CN. SETLINT ARGFNCT: $ CONVERT MIDL
$ INTEGER TO
$ SETL INTEGER,

H I

END IF3
END IF:
WORD -2 MACEXPAND(D)}
IF EQSTR(TOK WORD, ¥,#) GO TO GETALCOP}
MACEXPGIVEBACK = WORD}
RETURN;
END SUBR GETARGS;

FNCT MACEXPAND(DUM)}
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DCL MACEXPAND PTR(TCKENTYP)}
? DCL. GETTOKEN PTR(TCKENTYP), $ FUNCTICN WHICH RETURNS TOKEN
KEEP PTR(TCKENTYP), ~ $ TEMPORARY
EXPTOP PTR(EXPSTACKENT), $ CURRENT MACRO BEING EXPANDED
BODY PTR{*MBODS), $ FACRO BODY BEING EXPANDED
SYMBOL, PTR(TCKENTYP), $ NEXT ITEM IN MACRDO BODY
NEWEXPTOP PTR(EXPSTACKENT), § ARGUMENT SET UP TP LOOK LIKE MACRO
ARGFN SETLOBJ} S MAPPING OF ARGS ONTO ARG NO,S
DCL ACTA PTR(*ARGTUP)} .
SIZE DUM(PS); $ DUMMY ARGUMENT
SIZE SYMBNO(PS), § POINTER TO MACRO mODY
ARGNO (PS)} $ ARGUFMENT NUMBER

ACCESS LEXMACEXP3

{F MACEXPGIVEBACK =& ,0M, THEN
KEEP = MACEXPGJVEBACK}
MACEXPGIVEBACK a,0M, }
MAGCEXPAND = KEEP}

RETURN;

END IF;
/START/
IF(EXPSTACKPTR = 0) THEN
MACEXPAND = GETTOKEN(D0))
RETURN;
END IF3
s OTHERWISE WE ARE IN PROCESS OF EXPANDING A MACRO
/EXPAND/
EXPTOP :® EXPSTACKCEXPSTACKPTR}s
SYMBNQ ;= MBP EXPTQP}
BODY =a MBOD EXPTOP}
IF SYMBNO » .NELT. MBOD THEN § (NELT, COMPUTES DIMENSION
EXPSTACKPTR = EXPSTACKPTR =~ 1} ‘
GO YO START;
END IF}
SYMBOL, -3 BODY(SYﬁBNG)S ARGFN = FORMARGS EXPTOP} -
IF ARGFN(TOK SYMBOL ) = ,0Ms THEN
MBP EXPTOP = SYFBNO « 13
MACEXPAND = SYMEOL}
RETURN}
END IF;
$ SYMBOL IS AN ARGUMENT
NEWEXPTQP = NEW(EXPSTACKENT)}
ARGNO = CN. BITS{(PS)) ARGFN(TOK SYPBUL). $ CON3ERT TO MIDL
$ INTEGER
MBP NEWEXPTOP = 1}
ACTA = ACTARG EXPTOP}
MBOD NEWEXPTOP = ACTACARGNQ)}
EXPSTACKPTR = EXPSTACKPTR + 1}
"IF(EXPSTACKPTR > EXPSTACKDIM) THEN
PRINTERROR(#T00 MANY EMBEDDED MACROS., S):
END IF3;
EXPSTACK(EXPSTACKPTR) = NEWEXPTOP}
GO TO EXPAND;
END MACEXPAND;






