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ABSTRACT

THIS KEPORT DESCRIBES THE FORTRAN VERSION FGRAAL OF THE GRAPH
ALGORITHMIC LANGUAGE GRAAL (TECHM REPORT TR-158) AS 1T HAS BEEN
IMPLEMENTED FOR THE UNIVAC 1108, FGRAAL 1S AN EXTENSION OF FORTRAN
V. AND IS INTENDEpD FOR DESCRIBING AND IMPLEMENTING GRAPH AL~
GORITHMS OF THE TyPE PRIMARILY ARISING IN APPLICATIONS, THE FORMAL
DESCRIPTION CONTAINEN IN THIS REPORT REPRESENTS A SUPPLEMENT TO
THE FORTRAN V, MANUAL FOR THE UNIVAC 1108 (UP=4(60)s THAT 1S,
ONLY THE NEwW FEATURES OF THE LANGUAGE ARE DESCRIBED, SEVERAL TYPI-
CAL GRAPH ALGORITHMS, WRITTEN IN FGRAAL, ARE INCLUUED 70 JtLu~-
STRATE VARIOUS FEATURES OF THE LANGUAGE AND TO SHOW ITS APPLICABI-
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1. INRODUCTLION

A GRAPH ALGORITHMIC LANGUAGE, FGRAAL. 1S DESCRIBED AS 17 1S
IMPLEMENTED FOR THE UNIVAC 11u8, THE LANGUAGE IS AN EXTENSION OF
FORTRAN y,» AND IT IS INTENDED FOK IMPLEMENTING GRAPH ALGORITHMS
OF THE TYPE PRIMARILY ARISING IN APPLICATIONS, THIS RFPORT CON-
TAINS THE DESCRIPTION OF THE LANGUAGE EXTENSION FOR A POTENTIAL
USER, AND IT SHOULD Bg USED TOGETHER wITH THE FORTRAN v. MANUAL
FOR THE UNIVAC 1108 (UP-4060), FGRAAL HAS BEEN IMPLEMFNTED BY
MODIFYING ThHE RALPH COMPILER, IT CAN BE CALLED BY

i GRAAL »<OpTIONSD> {SPECIFICATIONS>

WHERE <OPTIONS> AND <KSPECIFICATIONS) ARE AS DEFINED FOR FORTRAN
PROGRAMS,

CHAPTER 2 GIVES A SUMMARY OF THE SET THEORETIC FOUNDATION OF
GRAAL, CHAPTERS 3~14 CONTAIN THE NESCRIPTION OF THE SPECIAL FEA=~
TURES OF fTHE LANGUAGE, CHAPTER 15 SUMMARIZES THE SPECIAL OPERA=
TIONS AND STATEMENTS IN A TABLE, CHAPTER 16 CONTAINS SEVERAL E~
XAMPLES PROGRAMMEQD IN FGRAAL,



SET THEORETIC FOUNDATIONS OF GRAAL

n
.

IN TH1S CHAPTER, CAPITAL LETTERS X,S5,T, ETC, STAND FOR FINITE
SETSs AND THE BASIC SET OPERATIONS ARE INDICATED BY THE USUAL
SYMBOLS: U/ (UNION), N (INTERSECTION), ~ (DIFFERENCE), AND A
(SYMMETRIC SUM), FOR ANY SET X, THE CARDINALITY 1S DENOTED By |x],
P(x) IS THE POWER SET, AND WE DEFINE

(2.1) QX)={Serﬂlﬂ :k}, k= 00drasn|x|

IN FGRAALy THE SET OPERATIONS ARE DENOTED BY L UN.» oIT.r JDF,
AND  ,SM,, RESPECTIVELY., THE CARDINALITY OF A SET X IS GIVEN BY
THE BUILT=IN FUNCTION SIZE(X),

IT IS wELL=KNOWN THAT UNDER UNION, INTERSECTION, AND COMPLEMEN-
TATION (IN X)y P(x) IS A BOOLEAN ALGEBRA WITH THE MEMBERS OF B(X)
AS GENERATORS, TO OBTAIN ANOTHER ALGEBKAIC STRUCTUREs LET GF(2)
BE THE BINARY GALQOIS FIELD WITH THE INTEGERS 0s1 AS ELEMENTS. THEN
P(X) BECOMES A VECTOR SPACE OVER GF(2) IF THE SYMMETRIC SuM IS
USED AS ADDITION aNp THE SCALAR PRODUCT IS DEFINED BY

AS =g FOR Xz 0 AND IS =5 FORX =z
THE ELEMENTS OF R (X) NOW FORM A BASIS,

FOR ANY SETS X,Y WE DENOTE BY B(X,Y) THE CLASS OF ALL MOR~
PHISMS

Yy ¢+ PX)—>P(Y)

BETWEEN THE BOOLEAN ALGEBRAS P(X), P(Y), ANY weB(XrY) IS UNIQUE=-
LY CHARACTERIZED BY THE IMAGE SETS W{x}eP(Y) OF THE GFNERATORS
{x} €R(X) AND

(2.2) yS =U vix}, ¥Vserix

xeS

CORRESPONDINGLYr wE DEFINE L(XsY) AS THE CLASS OF ALL LINEAR
MAPPINGS

W PIX)—>P(Y)

BETWEEN THE VECTOR SPACES P(X), P(Y), THEN, INSTEAD OF (2.2), WE
HAVE FOR ANY (pe LI(XrY) THE REPRESENTATION

(2,3) PSS =ALP{"3» YV se Pix)

xeS



2=2

LET 6 BE A GRAPH wITH NODE SET v aAND ARC SET A, THE ELE-
MEMTS OF P(Vv) AND P(A) CONSTITUTE THE BASIC DATA OBJECTS FOR ALL
OPERATIONS ON G UNDER GRAAL AND THE STRUCTURE OF THE GRAPH IS
ODEFINED BY CERTAIN BOOLEAN OR LINEAR MAPPINGS BETWEEN THE TWO
POWER SETS. It THE REMAINDER OF THIS CHAPTER WwE DEFINF THE BRASIC
GRAPH OPERAICORS PRESENTLY INCLUDED IN GRAAL,

IN FGKAAL» THE NODE SET v AND THE ARC SET A OF A GRAPH G ARE
REFERED By THE BUILT-IN FUNCTIONS MODES(G) AND ARCS(G), RESPECTI-
VELY,

AN UNDIRECTED pSEUDOGRAPH IS A TRIPLE 6 = (VeA,d) CONSISTING
OF A NODE SET V» AN ARC SET A, AND AN INCIDENCE OPERATQOR
(2,4) (v deBa,v)
(i) pfafe RVIUPRIVY, Yaea

THUS FOR ANY ARC a , ®fa} 1S EITHER THE TwO-ELEMENT SURSET OF v
CONSISTING UF THE TwO DISTINCT ENDPOINTS OF oy OR AN ATOMIC SUBSET
OF Vy IN wHICH CAGE o IS A SELF LOOP, WwE SPEEK OF A MUL TIGRAPH
IF IN (2,4) THE CONDITION (co) IS REPLACED BY

tcen) dfaferivy, Vaen

" THE UNQUALIFTED TERM GRAPH IS USFD IF, IN ADDITION TO (CSv)e THE
RESTRICTED MAPPINgG ¢ : P‘(A)—)Pz(V) 1S ONE~TO=QONE,

IN FGRAAL» THE INCIDENCE OPERATOR I IMPLEMENTED BY A BUILT=-IN
FUNCTION, INC(GeS)» WITH TwO ARGUMENTS, THE FIRST BEING THE GRAPH
IDENTIFIERy AND THE SECOND A SET OF ARCS IN G, THE VALUE OF THE
FUNCTION IS A SET (OF NODES OF G) AS DEFINED BY (2.2) AND (2,4),

FOR ANY UNDIRECTED PSEUDOGRAPH G = (v,A,d) THE STAR OPERATOR
IS THE BOOLEAN MAPPING

(2,5) G eB(v,A)

6 {v}= {aca| we dpfa}} . Viwev

WHILE THE STANDARpD BOUNDARY OPERATOR O AND COBOUNDARY OPERATOR d
ARE DEFINED AS THgE LINEAR MAPPINGS

(2.6) De L(A,V)
dtel = (1dfal] - ) dia} . Vaea
AND
(2,7) SeLiv,a)

S{vlz{acaivi|idiati=23 4,
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HENMCE, FUR AMNY NOPFE v » S 4V} IS THE SET OF ALL ARCS OF G WHICH
ARE INCIUENT WITH ar, THE ROUNDARY OPERATOR O MAPS EACH ARC INTO
THE SET OF LTS Two ENDPOINTS, PROVIDED THEY ARE DISTINCT, AND
OTHERWISE INTO THE EMPTY SET, FINALLY, J{s} CONSISTS OF ALL ARCS
INCIUENT wITH o EXCLUDING ANY SELF LQOPS,

IN FGraALe» THE ABOVE OPERATORS ARE IMPLEMENTED AS PylILT-IN
FUMCTIONS, STAR(G,T)y BD(G,S) AND COB(G,T)s» EACH WITH TWO ARGU-
MENTS, THe FIRST 1S THE GRAPH IDENTIFIFR, AND THE SECOND 1S A SET,
T OR S, wHERFE T Ig A SUBSET OF NODFS OF 6, AND S A SURSET OF ARCS
OF G, THE VALUES oF THE FUNCTIONS ARE SETS OF NODES OR ARCS OF 6
ACCORDING TO THE DEFINITIOMS (2,2) AND (2,%) FOR STAR, (2.3) AND
(2.6) FOk BD» (2.3) AND (2,7) FOR COB,

IN A GRAPH G EACH ARC IS UNTQUELY DETERMINED BY THE TwO ELE-
MENT SET OF ITS ENDPOINTS, AND HENCE THE ARCS ARE LOSTING SOME OF
THEIR OwN IDENTITy, ACCORDINGLY, 1T 1S OFTEN EXPEDIENT TO WORK
EXCLUSIVELY WITH THE NODES, FOR THIS wE INTRODUCE FOR A GRAPH
G = (ViA,p) THE ADJUACENCY OPERATOR

(2.8) ole Bv,v)
o {v}=juev| A a e vl ¢>i0~}={u.v}} v Waev

THUS, o PRODUCES FOR EACH NODE w~ THE SET OF ALL NONES w WHICH
FORM WITH A THE (DISTINCT) ENDPOINTS OF SOME ARC OF G.

IN FGRAAL» THE ADJACENCY OPERATOR Is IMPLEMENTED AS A BUILT=-IN
FUNCTION, ADJ(G¢S)y WITH THE GRAPH IDENTIFIER G AGAIN AS FIRST
ARGUMENT AND THE <ET OF NODES OF G AS FHE SECOND, THE VALUE OF THE
FUNCTION IS A SET OF NODES AS DEFINED BY (2,2) AND (2.8).

OTHER OPERATORg ARE POSSIBLE AND MAY BE INCLUDED LATER, EACH
ONE OF THESE OPERATORS CAN BE USED IN PLACE OF & TO CHARACTERIZE
GRAPHS OF SPECIFIc TYPE., FOR EXAMPLE, NOTE THAT & HAS THE PRO=-
PERTIES
(2.9) (¢) ole B(v,yV)

() wd ot fn}y VeV
(i) ueodtiw} IF AND ONLY IF weol {u}, Vuev

IF vV IS ANY SET AND THE MAPPING o SATISFIES (2,9) THEN G = (Veho )
wITH

A ={{u~lern] weo{~v}}
beBAV), dia=fuv) IF a={uv}, Vaea



IS A WELL=DEFINED GRAPH wITH o AS ITS ADJACENCY OPERATOR, WwE
CALL (V,ot) THE NOpE FORM REPRESENTATION OF G,

THE DEFINTITION OF THE VARIOUS OPERATORS ARE EASILY CARRIED OVER
70 DIRFCTED GRAPHg, A DIRECTED PSEUDOGRAPH SHALL BE A QUADRUPLE
G = (VeA,$pydo) CONSISTING OF A NODE SET V, AN ARC SET A, AS wELL
AS A POSITIVE AND A NEGATIVE INCIDENCE OPERATOR

(2.10) ¢+,¢)__€B(A'V)
¢, 1o}, @ {ale RVI,  Vaea

IN OTHER wORDS, ¢,ie} AnD ¢.{c} ARE ATOMIC SUBSETS OF P(V) CONSISTING
OF THE INITIAL ANp TERMINAL NODES OF a. » RESPECTIVELY, IN MANY
CASES, IT 1S CONVENIENT TO USE THE COMBINED INCIDENCE OPERATOR

(2,11) be BlA,V)
blal= ¢, 1} v $_{a, Yaea

AS IN THE UNDIRECTED CASE wE SPEAK OF A DIRECTED MULTIGRAPH
IF  ¢feler(V)s FOR ALL a€ A, AND OF A DIRECTED GRAPH (DIGRAPH) IF,
IN ADDITION, & : P(A) —>PR(V) 1S ONE=-TO-ONE,

THE POSITIVE AND NEGATIVE STAR OPERATORS OF THE DIRECTED PSEU-
DOGRAPH 6 ARE DEFINED BY

(2,12) 6, €BV,A)
6, {vY={ach |wa g iayy . Vv
S_eB(v,A)

o i{v}zfaca)w=d. 103}, Waey
AND wE INTRODUCE ALSO THE COMBINED STAR OPERATOR
(2.13) G e B(V,A)

6 %JS:(S*{V}\/GiQNJ ’ Vv
THUS» G,§83 CONSISTg OF ALL THE ARCS BEGINNING AT ~ AND 6.3~} OF THOSE
TERMINATING AT THAT NODE,

THE POSITIVE AND NEGATIVE BOUNDARY AND COBOUNDARY OPERATORS OF
A DIRECTED PSEUDOGRAPH ARE NOW THOSE LINEAR MAPPINGS WHICH COIN-

CIDE wlTH THE INCIDENCE AND STAR OPERATORS ON THE APPROPRIATE
FAMILY OF ATOMIC SETS:

(2.14) QAL eLAV)

o {el=d el Afalzdtal Vaeh



2=-5

d, .4 etv,n)
‘5,.,{""}:6,,{“"}' 5_{0}: G\l M wev
11 IS NATUKAL TO PEFINE ALSO THE COMEINED MAPPINGS
(2.19) deL(A,V)
2{a}=9,{a} A E),ia} , Vacea
Je Liv Ay
d{vizd, {v}AC {v}, WVwev
THUS el 1S AGAIN THE SET OF THE ENDPOINTS OF a IF THESE END=-
POINTS ARE DISTINGCT, AND THE EMPTY SET, IF THEY ARE NOT, SIMILAR-
Ly, §{v} IS ONCE MORE THE SET OF ALL ARCS INCIDENT wlTH ~ EXCLUDING
ALL SELF LOOPS,

FINALLY,» WE DEFINE FOR A DIGRAPH G = (VyA,d,.,4.) THE POSITIVE
AND NEGATIVE ADJACENCY OPERATORS BY THE RELATIONS

(2,16) A, ,A.€B(VyV)
oL, {'\f}={uev ]30. eG, vy, w=dq. ia"}'&(v‘dév
L v} ={uev|Faeb v}, w= ¢+§a}} VoV
THEN THE COMBINED ADJACENCY OPERATOR
(2.17) A€ BILVIV)
of{nizo {viual vy, Waev

HAS AGAIN EXACTLY THE SAME MEANING AS IN THE UNDIRECTED CASE,
MOREOVER, o, AND O_ MAY BE USED TO CHARACTERIZE THE INCIDENCE
STRUCTURE OF A DIGRAPH, HERE CONDITIONS (<) AND (<o) OF (2,9) HAVE
TO HOLD FOR BOTH o, AND o. , AND (:i¢) IS REPLACEL BY

(<vit) weky{v) IF AND ONLY IF w € &X. fu},VuveV
THIS DEFINES THE NODE REPRESENTATION (Veof ,0% ) OF A DIGRAPH.

IN FGRAAL» THE PQOSITIVE (NEGATIVE) (OPERATORS ARE IMPLEMENTED By
HAVING THE LETTER 'p* ('N') IN FRONT OF THE CORRESPONNING BUILT=IN
FUNCTION NAME, FOR EXAMPLE, THE POSITIVE INCIDENCE OPERATOR CORRE-
SPONDS Ty THE BUILT=IN FUNCTION PINC(GrS)e THE NEGATIVE INCIDENCE

OPERATOR 70 NINC(G,S).



S, VARIABLESy DECLARATION STATFMENTS

THERE ARE FOUR NEW TYPES OF VARTABLES INTRODUCED IN FGRAAL;
NAMELY SkT=» LISTL, PROPERTY= AND GRAPH=yARIABLES, ALL OF THESE
VARTABLES MuST APpEAR IN THE PROPER DECLARATION STATEMENT, SETS
CONSTITUTE A NkW BASIC DATA TYPE, LISTS ARE DQUBLY=OPFN LINKED
LIST STRUCTURE WHICH MAY RE USED AS STACKS OR QUEUES. PROPERTY
VARIABLES RESEMBLE SUBSCRIPTED VARTABLES WITH SET VARTABLES CORRE-
SPONDING TO SUBSCRIPTS, GRAPHS REPRESENT SPECIFIC DATA STRUC-
TURES. ALL OF THEGE VARIABLES MAY APPEAR IN THE ARGUMENT LIST OF A
SUBROUTINE CALL.

3.1, SETS

IN FGRAAL,» SETg CONSTITUTE A NEwW BASIC DATA TYPE, AN ATOMIC SET
IS A SET CONSISTING OF ONE ITEM, AND ANY SET IS EITHER EMPTY OR A
UNION OF ATOMIC SETS, THE ONLY CONSTANT SET IS THE EMPTY <ET, AN
ATOMIC SET CARRIES A SEQUENCE NUMBFR WHICH IS ASSIGNEND TO IT AT
THE TIME OF ITS CREATIOMN, AND THE MEMBERS OF A SET ARF ORDERED 1IN
ASCENDING ORDER OfF THEIR SEQUENCE NUMBER, ALL SEQUENCF NUMBERS ARE
RETAINFD 1IN AN ELEMENT SEQUENCE; 1T IS AN ORDERED INTERNAL STRUC=-
TURE SERVING THE pUAL PURPQSE OF CATALOGING THE ATOMIC SETS WHICH
HAVE BFEEN CRFATED SO FAR AND OF PROVIDING THE LINKAGE BETWEEN AN
ATOMIC StT AND THE PROPERTIES wHICH ARE ASSIGNED TO IT,

SET VARIABLES ARE DECLARED BY A SET DFECLARATION, WHICH CONSISTS
OF THE woOrRD SET FOLLOWED BY THE LIST OF VARIABLES, E.G,

SET S,7T

SETS CAN ALSO BE pECLARED TIMPLICITLY, AS ANY OTHER VARIABLES IN
FORTRAN, THE STATEMENT,

IMPLICIT SET (S-w)

CAUSES ALL VARIABLES wHOSE LEADING CHARATER IS IN THE RANGE FROM g
TO w TO BE CONSIDERED AS SET VARIARLES,

THE CREATION OF ATOMIC SETS IS ACCOMPLISHED BY THE CREATE FUNC-
TION WHICH 1S DESCRIBED IN THE SECTION 4.1,

THE EMPTY SET 1S DENOTED BY THE CHARACTER '&' OR BY THE KEYWORD
JEMPTY, ENCLOSED 1IN PERIONDS, A DECLARED SET CAN BE MADE EMPTY BY
THE FOLLOWING SET ASSIGNMENT STATEMENT:

S =28 OR S = EMPTY,

AND CAN Be TESTED IF IT IS EMPTY OR NO7T BY THE LOGICAL EXPRESSION
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S EQ, @ OR S NE, R

SET VARIAHLESMMAY BE DIMENSIONED AS OTHER TYPE OF VARIABLES
(REAL, INTEGF®, ETC,)y EITHER IN A SEPARATE DIMENSION STATEMENT onr
liv. THFE. DECLARATION STATEMENT ITSELF, E,G,

SET R(10)

DEFINES AN ARRAY CONSISTIMNG OF 10 SETS, R(1)r...eR(10),
3.2, L1STS

A LIST [S A DOyBLY-OPEN, LINKED LIST STRUCTURE WHICH MAY BE
USED AS A STACK OR A QUEUE, IT OFFERS A DYNAMIC ALTERNATIVE To
THE ARRAY FOR THE STORING VALUES OF VAKIABLES IN THE ORDER DEFINER
BY THE USER, EACH LIST MUST BE DECLARED BY ITS TYPE (INTEGER,
KREALs» BOGLEAN OR SET) REFERING TO THE TYPE OF VALUES THE LIST MAY
CONTAIN, THE LIST DECLARATION STATEMENT CONSISTS OF THE TYPE,
FOLLOWED BY THE WORD STAQUE, FOLLOWED BY A LIST OF NAMES, E.G.

INTEGER STAQUE 1,4

OPTIONALLY, THE TyPE MAY BE DELETED, IN wHICH CASEs» THE TYPE OF
THE LIST 1S DEFINED By THE *NAME RULE?",

3.3, PROPERTIES

A PROPERTY MAY BE ASSOCIATED WITH ANY ATOMIC SET, THE PROPERTY
DECLARATION ESTABLISHES THE TYPE ASSOCIATED WITH EACH PROPERTY
NAME, Tht DECLARATION CONSISTS OF THE TYPE, FOLLOWED BY THE WORD
PROPERTY, FOLLOWEp BY THE LIST OF PROPERTY NAMES, E,.G.

SET pPROPERTY S,TREF
REAL PROPERTY CAP,F1/F2

WHENEVER THE TYPE IS NOT EXPLICITLY GIVEN IN THE DECLARATION, THE
TYPES OF THE PROPERTIES IN THE LIST ARE DEFINED BY THE 'NAME

RULE",

ASSIGNING OR REASSIGNING OF A PROPERTY VALUE TO AN ATOMIC SET ,
AND RETRIEVING IT, IS DESCRIBED IN CHAPTER 7.



3.0, GRAPHS

GRAPHS REPRESENT SPECIFIC DATA STRUCTURES TOGETHER wITH CERTAI:
OPFRATIUNS FOR MANIPULATIMG THEM, THE GRAPH OFECLARATTON IDFNTl-
FIES THE DATA STRyUCTURES USED AND THE FAMILY OF QPERATORS AVAI-
LAGLE W1TH 1T, THE LANGUAGE IS MODULAR IN THE SENSE THAT, IN
GENEKAL, oMLY SOMg OF THE POSSIBLE GRApPH OPERATIONS ARE USARLE
wWITH ANY SPECIFIC GRAPH, FOUR MODULES ARE PRESENTLY NEFINED IN
THE LANGUAGE ¢

DIRECTED PSEUNOGRAPH
UNDIRECTED PSEUDOGRAPH
DIRECTED NODE GRAPH
UNDIRECTED NODE GRAPH

GN = O

THE PSEUDOGKAPH 1g THE MOST GENERAL MOpULE ANpD ALLOWS SELF=LOOPS
(ARC wWITH THE SAME NODE AS END=-POINTS) AND MULTIPLE ARCS (MORE
THAN ONE ARE CONNECTING Two DIFFERFNT NOPES). THE NONE GRAPH DOEg
NOT ALLOw SELF=LOQPS COR MULTIPLE ARCS, FURTHERMORE ARCS DO NOT
HAVE AN JUENTITY.

THE JIOENTITY OF A NODE OR ARC IS ESTABLISHED BY ASSIGNING A-
TOMIC SETS 1O THE GRAPH, THESE OPERATIONS ARE DESCRIRED IN CHAP-
TER 9,

GRAPHS wlTH UIFFERENT MODULES MUST HE DECLARED IN SEPARATE
STATEMENTS. THE GRAPH DECLARATION STATEMENT CONSISTS OF THE WORD
GRAPH, FOLLOWED By THE GRAPH MODULE NUMBER IN PARENTHESES, AND BY
A LIST OF GKAPH VARIAgBLES, E£,G,

GRAPH(0) G,H
GRAPH(3) T

STATEMENTS UECLARE ¢ AND H AS DIRECTED PSEUDOGRAPHS, T AS AN UN-
DIRECTED NODF GRApPH,

3¢5, VARIABLES AS FUNCTION OR SUBROUTINE ARGUMENTS

ANY OF THE AEOyE DESCRIBED VARIABLES MY BE SUBMITTFD TO FUNC-
TIONS OR SUBROUTINES IN THE ARGUMENT LIST, E«G.

SET Sy T(10)
GRAPH (1) G
REAL PROPERTY LENGTH

CALL SUB(S,TG,LENGTH)

s et et ey
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WHEN A SURROUTIMNE OR FUNCTION HAS THE ABOVE VARIABLES IN ITS
ARGUMENT LIST, IT MuST DECLARE THEM, E,6,

SUBROUTINE SUB(SsTrGeLENGTH)
SET S, T(10)

GRApH 6

REAL PROPERTY LENGTH

9 ® 8 0 o % b o

THE MODULE NUMBER OF THE GRAPH DECLARATION MAY Bt OMITTED IN THE
SUBROUTINE,

3.6, ExTERMNAL SET FUNCTIONS

EXTERNAL FUNCTION SUBPROGRAMS OF SET TYPE CAN BE USED THE SAME
wAY AS OTHEK TYPE OF EXTERMAL FUNCTION SUBPROGRAMS, I,E. THE TYPE
OF THE FuUNCTION MyST BE DECLARED UNLESS ITS NAME IN CONTAINED IN
AN IMPLICIT SET DECLARATION, E,G,

C CaLLING PROGRAM
SET sFCT

X =T o0 SFCT(ZIR) 44

C FUNCTION PROGRAM
SET FUNCTION SFCT(S,T)
[ BN B BN ]
SECT = eeo
RETURN
END



b, SET EXPRESSION

A SFT EXPRESSION IS A RULE FOR CREATING, REFERENCINGs AND MANI-
PULATING 4ET1S. EACH ATOMIC SET CARRIES A SEQUENCE NUMBER WHICH Ig
ASSIGNED 10 IT AT THE TIME OF ITS CREATION, A SET IS A UNION OF
ATOMIC SETS ORDERED IN ASCENDING ORDER By THEIR SEQUENCE NUMBER,
ALL SEQUENCE NUMBERS ASSIGNED TO ATOMI¢ SETS ARE RETAINED IN AN
ELEMENT SEQUENCE. THIS IS AN ORDEREC INTERNAL STRUCTURE SERVING
THE DUAL PURPOSE gF CATALOGING THE ATOMIC SETS wHICH HAVE BEEN
CREATED THUS FAR AND PROVIDING THE LINKAGE BETWEEN AN ATOMIC SET
AND THE PROPERTIES WHICH ARE ASSIGMNED TO IT.

k.1, CREATION AND REMOVAL OF ATOMIC SETS

THE SPECIAL FUNCTION,
CREATE (0)

WITH ARGUMENT ZERQ CREATES A NEW ELEMENT WITH THE NEXT SEQUENCE
NUMBER IN THE ELEMENT SEQUENCE AND RETURNS THE ATOMIC SET CON-
TAINING THAT ELEMENT, THE SAME FUMNCTIQN MAY BE USED WITH A LIST
OF ARGUMENT PAIRS;: )

CREATE (P1oV1,P2+V21,4e4rPNypVYN) (N>0)

WHERE THE PI'S ARE DECLARED PROPERTY NAMES, AND THE VIS ARE
VARIARBLES QR CONSTANTS OF THE SAME TYPES AS THE CORRESPONDING
PROPERTIES, THIS VERSION OF THE FUNCTION CAUSES A SEARCH OF THE
ELEMENT SEQUENCE FOR AN ATOMIC SET FOR WHICH ALL THE NAMED PROPERw
TIES EXIST ANU ARE PRESENTLY ASSIGNED THE SPECIFIED VALUES, IF A
(COMPLETE) MATCH [S FOUND THE FUNCTION RETURNS THE CORRESPONDING
ATOMIC SET. 1F No MATCH (OR ONLY A PARTIAL MATCH) OCCURS, A NEW
ELEMENT wITH THE NEXT SEQUENCE NUMBER IS ADDED TO THE ELEMENT
SEQUENCE wITH THE GIVEN PROPERTIFS AND CORRESPONDING VALUES. THE
ATOMIC SET CONTAINING THIS NEw ELEMENT IS RETURNED,

THE REMOVE STATEMENT REMOVES ALL ATOMIC SETS WHICH ARE ELEMENTS
OF THE AKGUMENT SgT FROM THE ELEMENT SEQUENCE, TOGETHER WITH THEIR
ASSOCIATEY PROPERTIES, E,G,
REMOVE S

REMOVES THE ATOMICc SETS WHICH ARE ELEMENTS OF THE SET s. IF A
REMOVED ATOMIC SET IS REFERENCED AN ERROR CONDITION OCCURS,

THE SPECIAL FUNCTION,



ATONM (1)

WHERE 1 1s AN INTEGER, CAN BE USED TO oBTAIN THE ATOMIC SET WHOSE
ELEMENT HAS THE GIVEN SEQUFNCE NUMPER J, IF THERE IS NO SUCH AN
ELEMENT, [T RETURNS An EMPTY SET,

b.2. SE OPERATQRS

THE FOULLOWING FOUR SET OPERATORS ARE DEFINED IN FGRAAL ¢

.DF, UIFFERENCE (~)
<N, UNION (V)

LT, INTERSECTION (A)
JGM, SYMMETRIC SuM

THFY ARE LISTED IN INCREASING PRECFDENCE, S.DF.T GIVFS THE SET
CONSISTING OF THE ELEMENTS OF § WHICH ARE NOT IN T, S,UN,T GIVES
THE SET CONSISTING OF ALL THE ELEMENTS OF S AND T, S.TT.T GIVES
THE SET CONSISTING OF ALL FLEMENTS WHICH ARE ELEMENTS oF BOTH S
AND T, $.SM.T GIVES THE SET OF ALL ELEMENTS WHICH ARE ELEMENTS OF
S OR T Bul NOT BOTH,

4,3, SET FUNCTIQNS

SET FUNCTTONS ARE BUILT-IN FUNCTIONS wHICH PRODUCE SETS, TwO
OF THESE FUNCTIONg ARE THE CREATE AND ATOM FUNCTIONS NESCRIBED IN
SECTION 4,1, OTHER SET PRONUCING FUNCTIONS ARE THE FUNCTIONS
SURSET AND ELT (CHAPTER 8)s THE GRAPH (PERATORS (CHAPTER 9)» THE
SET=-PROPERTIES (CHAPTER 7) AND THE ELEMENTS OF A LIST oF TYPE SET
{CHAPTER o),

SET EXPRESSIONg ARE FORMED BY THE PROPER SEQUENCE OF SETS,
SET=0PERATORS, SET-FUNCTIONS AND PARENTHESES. ThHE PRFCEDENCE OF
THE SET OPERATORS AND FUNCTIONS ARF AS FOLLOWS (IN INCREASING
ORDER) 2

JOF,
JUN,
AT
.SM-
SET=FUNCTIONS



E.G. THE EXPRESSIQHN
CPEATE(C) ,UN, § ,SM, T +LF, R
WOULD HRE EVALUATED AS THOUGH IT WENE PARENTHESIZED AS FOLLOWS
( CREATE(g) +UN, (S SM, T ) ) .DF-'R

WHEN TwO OPERATORS ARE OF THE SAME PRECEDENCE, THE ONE OF THE
LEFT HAS PRECEDENCE OVER THE ONE ON THE RIGHT, £.G,

S «DFse T DF. R
IS EVALUATED AS
(S DF. T ) DF, R
PARENTHESES CAy BE USED TO ALTER THE PRECEDENCE REILATION,
IF A VARIABLE 1S USED MORE THAN ONCE IN THE CONTEXT OF AN EX=
PRESSION OR ARGUMENT LIST, AND AT LEAST ONE 5SUCH A USFE IS AS AN

ARGUMENT OF A FUNCTION OR OPERATOR WHICH MODIFIES IT THEN CERTAIN
PROBLEMS ARISE, SEE APPENDIX FOR MORE INFORMATION,



5. SE 1=RFLATIONS, LOGICAL EXPRFSSIQONS

THE FOLLOWING 3 SET-RELATION OPFRATORS MAY BE USED 10O OBTAIN
LOGICAL VvALUF TRUE OR FALSE: :

EG,
NE,
JIN,
THE LOGICAL EXPREGSION
S.EQ,T

GIVES THE VALUE TRUE WHENEVER THE TWO SETSs, S AND T, ARE EQUAL,
AND THE VvALUE FALGE OTHERWISE, THE LOGICAL EXPRESSION

S.NE T

GIVES THE VALUE TRUE WHEN THE TWO SETS ARE NOT EGQUAL» AND THE
VALUE FALSE WHEN THEY ARE EQUAL, THE (OGICAL EXPRESSTON

SJIN,T

GIVES THE VALUE TRUE wHEN THE SET S 1S CONTAINED IN THE SET T
(ScT)r AND THE VALUE FALSE OTHERWISE,

THE ABOVE EXPRESSIONS MAY FORM A SUREXPRESSION IN ANY FORTRAN
TYPE OF LOGICAL EXPRESSION, E.G,

(I.LE.2) ,AND(S,IN,T)

IF A VARIAGLE 1S USED MORE THAN ONCE IN THE CONTEXT OF AN EX-
PRESSION OR ARGUMENT LIST, AND AT I EAST ONE SUCH USE IS AS AN
AKGUMENT OF A FUNCTION OR OPERATOR WHICH MODIFIES IV THEN CERTAIN
PROBLEMS ARISE, SEE APPENNDIX FOR MORE INFORMATION,



0. L1ST OPERATIONS

AS STATED IN SECTION 3.2y A LIST 19 BASICALLY A STACK OR A
QUELE, 10 BUILD THE LIST, ITEMS ARE CONCATENATED TOGFTHER, A
LIST STATEMEMNT CONSISTS OF A LIST TOENTIFIER, THE EQUAL S1GN AND A
LIST OF ITEMS SEPARATED By COLONS, THE ITEMS MUsT BE CONSTANTS,
VARTABLES, LISTS BE USED FOR COLON, £.G,

REAL STAQUE n.R
T x 1'Q R 2,5
OR
Q = X JET. 0 ,FT. R ET, 2.5

LISTS APPEARING IN THE CONCATENATION ARE COPIED, £.G.

L= : 2
LL = L ¢ 3

IS EQUIVALENT TO
LL =1 ¢ 2 1 3

AN EMPrY LIST [S REFERENCED BY THE CHARACTER '#' on By NIL. a
LIST CAN BE EMPTIED BY THE ASSIGNMENT STATEMENT

L =4 OR L = .NIL,

AND CAN BE TESTED By
L .EqQ, # OR L +EQ.  NIL.

TO OBTAIN AND pOSSIBLY REMOVE AN ITEM FROM A LIST» THERE ARE
FOUR OPERATOQRS '
FIRST (L)
RETURNS THE FIRST ITEM OF THE LIST t,
DFIRST (L)
RETURNS yHE FIRST ITEM AND DELEYES IT FROM THE LIST L,
LAST (L)
RETURNS THE LAST ITEM OF THE LIST L, AND

DLAST (L)



RETURNS [HE LAST ITEM AND DELETFS IT FROM THE LIST L.

THE I1eM RETURNED 1S OF THE TYPF OF THE DECLARED LIST L, THUS
IF MAY Bt USFD IN ANY PROPER CONTEXT (EXPRESSIONS),

IF A VARIABLE 1S USED MORE THAN ONCE IN THE CONTEXT OF AN EXx-
PRFSSION QR ARGUMENT LIST, AND AT LEAST ONE SUCH USE TS AS AN
ARGUMENT OF A FUNCTION OR OPERATOR WHICH MODIFIES IT THEN CERTAIN
PROBLEMS AR1SE, SEE APPENNDIX FOR MORE INFORMATION,



7., PROPERTY AGSIGNMENT AND RETRIEVAL

AS STAVTED IN SECTION 3,3, PROPERTIES CAN BE ASSOCIATED wITH
ATOMIC SETS, 1IN SECTIOM 4,1, PROPERTY ASSIGNMENT BY THE CREATE
FUNCTION wAS ALREADY DESCRIRBED,

A SIMPLE PROPERTY ASSIGNMENT IS DONE FOR THE ATOMIC SET X AS
P (X)y = E

WHERE P 15 A DECLARED PROPERTY AND E IS AN EXPRESSION OF THE SAME
TYPE AS P (INTEGERs REAL, DOUBLE PRESICION, BOOLEAN OR SE1)., IF
THE ATOMIC SET X HAU PROPERTY P ALREADY, THEN THE PREVIOUS VALUE
IS RESET 7O THE VALUE OF E, OTHERWISE, THE PROPERTY P IS ESTAB-
LISHED WITH THE VALUE OF E,

WHEN P(X) 1S REFERENCEN, E.G, AS PART OF AN EXPRESSION, ITS
CURRENT VALUF IS RETRIEVED, WHENEVER THE ARGUMENT SET X IS NOT An

ATOMIC SET,» BUT A SET wITH MORE THAN ONE ELEMENT, THEN THE OPERA-
TIONS ARE PERFORMED IN RESPECT TO THE FIRST ELEMENT OF THE SET,

THE SPECIAL BUILT=-IN LOGICAL FUNCTION,
CHECK (P,X)

RETURNS THE VALUE TRUE WHEN THE PROPERTY P HAS BEEN DEFINED FOR
THE ATOMIC SFET X, AND RETURNS THE VALUE FALSE OTHERWISE,

THE REMOVE STATEMENT WITH ARGUMENT OF A PROPERTY NAME,
REMOYE P
REMOVES THE PROPERTY P FROM ALL ATOMIC SETS FOR WHICH IT HAD BEEN
DEFINED, THE STATEMENT WITH ARGUMENT P FOLLOWED BY A SET IN PAREN-
THESES»
REMOYE P(X)

REMOVES THE PROPERTY P ONLY FROM THE ATOMIC SETS WHICH WERE ELE=~
MENTS OF THE SET x.



8, FUILT=IN FUNCTIONS

B,1, EL1 AMD INpEX FUNCTIONS

THE FUNCTTIORNY
ELT (1I,9)

WITH IMTEoEk 1 ANp SET Sy RETURNS THE [=TH ELEMENT OF § As AN
ATOMIC SET. IF THERE IS NQ I-TH ELEMENT OF S THEN IT RETURNS THE
EMPTY SET. '

THE FUNCTION,
wITH ATOMIC SET X AND SET S, RETURNS INTEGER 1 IF X IS THE I=TH
ELEMENT OF $» RETYRNS ZERO OTHERWISE,
8,2, SUBSET FUNCTION

THE FUNCTTION,
SUBSET ( X , B )
RETURNS A SET OF ELEMENTS WHICH SATISFy THE LOGICAL EXPRESSION B.
é IS A DuUMMY VARIABLE WHICH CAN BE USE( IN THE LOGICAL EXPRESSION
E.G.

SUBSET( X » (X IN,S),AND,(DIST(X).6T.0) )

8.3, S1ZE, PARITY, COUNT FUNCTIONS

THE FUNCTTON,
SIZE (S)
RETURNS ThHE NUMBER OF ELEMENTS IN THE <ET S.

THE FUINCTION,



PARITY (g)
RETURNS Zp RO IF THE SIZE(S) 0S EVEMN, ReTURNS ONE OTHERWISE,
THE FUNCTTON,

COUNT (X)
OR COUNT (0)

RETUKNS THE SEQUENCE NUMBER OF THE GIVEN ATOMIC SET X OR RETURNS
THE SFGUENCE NUMBER OF THE LAST ATOMIC SET CREATED WHEN THE ARGU-
MENT IS ZERO.

B.l4, DOMAIN FUNCTION

THE FUNCTION,
DOMAIN ( P )
WHERE P 1S A PROPERTY IDENTIFIERs GENEKATES THE SET WHQSE ELEMENTg
HAVE PROPERTY P DEFINED, THIS FUNCTION PROVIDES A FASTER OBRJECT
TIME EXECUTION THAN THE EQUIVALEMT FUNCTIONAL EXPRESSTION

SUBSET ( X , CHECK(P,X) )



9, GKAPH UPERATIONS

GRAPH OPERATIONS ALLOW FOR THE ASSIGNMENT OF ATOMIC SETS AS

NODES OR ARCS TO A GRAPH, THE REMOVAL OF NODES AND ARCS FROM A
GRAPH, AND THE OBTAINING OF SURBSETS OF NODES OR ARCS OF A GRAPH,

9,1, GRAPH ASSIGNMENT STATEMENTS
THE STATEMENT,» ASSIGN, IS USED TO ASSIGN ATOMIC SETS AS NODES
OR ARCS 10 A GRAPH, THREE FORMS OF ASSIGNMENT IS POSSIBLE ¢
(1) ASSIGNMENT OF AN ISOLATED NODE @
ASSIGN G, X
THE ATOMIC SET X IS ASSIGNED AS A MNODE To THE GRAPH G.
(1) ASSTIGNMENT OF AN ARC IN A NODE~-GRAPH
ASSIGN G, X=Y

THE ATOMIC SETSe x AND Y, ARE ASSICGNED AS NODES TO THE GRAPH G,
AND THE CONNECTION OF THE TWO NODES 1S KEPT INTERNALLY,

(IL1TI) ASSIGNMENT OF AN ARC IN A GKApPH
ASSIGN G, X~-Y, 2Z

THE ATOMIC SETSs x AND Y, ARE ASSIGNED Ag NODES TO THF GRAPH G
THE ATOMIC SFT, 2, IS ASSIGNED AS AN ARC TO G,

WHEN THE GRAPH HAD BEEN DECLARED AS A DIRECTED GRAPH, THE ARC
ASSIGNMENT X~-Y IS UNDERSTOOD AS FROM X To Y,

IF FITHER OR BOTH OF THE NODES HAVE BEEN PREVIOUSLY ASSIGNED To

Gy THEN UyST THE yUNASSIGNED NODE (IF ANY) AND THE ARC wItL BE
ASSIGNED 10 G. /

9,2, REMOVAL OF ARCSs AND NODES
THE DETACH STATEMENT IS USED TO REMQVE ARCS AND NONES FROM A

GRAPH, THE DETACH STATEMENT HAS 3 FORMg:

(1) EMPTYING A GRAPH



UETACH G
KEMOVES aLL FLEMENTS, NODES AND ARCS, FROM GRAPH G.
(1I) KREMOVAL oF ELEMENTS OF A GRAPH
DETACH G, &
REMOVES THE FLEMENT OF SET S FROM THE GRAPH G IF THEY HAD BEEN
ASSIGNED AS NODES OR ARCS TO 6 PREVIOUsLy, WHEN A NODF OF 6 1S
REMOVED THEN ALL THE INCIDENT ARCS OF THE NODE ARE ALSO REMOVED,
(I11) REMCVAL oF ARCS
UETACH G, S-T
REMOVES ALL ARCS FROM G WHICH CONNFCY THE TWO SET1S OF NODES: S ANp

Te IN THE GRAPH G, IF THE GRAPH 1S DIKECTED» THIS wIi.L MEAN ARCS
FROM NODES IN S To NODES IM T,

9.3, NGUESe AND AKCS OF A GRAPH

THE FUNCTIONS,

NOLEg (6G)
ARCS (@)

RETURN SETS CONSIGTING THE ELEMENTS wWHICH WERE ASSIGNFD T0 G AS
NONES ANDL ARCS, RESPECTIVELY,

9.4, INCIDENCE QPERATORS

THE INCIDENCE OPERATORS ARE BUILT-IN FUNCTIONS WITH ARGUMENTS
CONSISTING OF A GRAPH AND A SET WHOSE ELEMENTS WERE ASSIGNEN TO
THE GRAPH AS WNODEg OR ARCS, THE VALUE OF THE FUNCTION IS A SET
WHICH IS A SUHSET OF THE NODES OR ARCS OF THE GRAPH, THE FORM OF
THE FUNCTIONS- ARE AS FOLLOWS:

OP (G¢S)
WHERE G 1s THE ORAPH NAME, S IS A SET OF NODES OR ARCS OF G (S MAy
BE A SET EXPRESSION). THE VARIOQUS OPERATORS ( OP ) ARE AS FOL=-
LOWS S

INC (urA) A MUST RE AN ARC<SET OF G+ THE FUNCTION RETURNS
A SET WHICH IS THE UNION OF ALL NONES wHICH ARE



BOUNNARY NODES OF THE ARCS IN A,

STAR (G»V) V MUST RE A NODF=-SET OF G. THE FUNCTION RE-
TURNS A SET WHICH IS THE UNION OF ALL ARCS
wHICH ARE INCIDENT 70 THE NODES IN v,

BD (G, A) A MUST BRE AN ARC-SET OF G. [HE FUNCTION RE-
TURNS A SET WHICH IS THE SYMMETRIC SUM OF ALL
NODES WHICH ARE BOUNDARY NODES OF THE ARCS IN
A,

COB (ueb) V MUST BE A NODEF-SET OF Ge THE FUNCTION RE-
TURNS A SET WHICH IS THE SYMMETRIC SUM OF ALL
ARCS WHICH ARF INCIDENT TO THE NODFS IN V,

ADJ (G V) V MUST RE NODE=-SET OF G, THE FUNCTION RETURNS
A SET wHICH IS THE UNION OF ALL NONES wHICH ARE
ADJACENT TO THE NODES IN V,

IN CASE OF A NoDE GRAPH G» ONLY THE ADJ OPERATOR IS DEFINED,

[F 6 IS A DIRECTEpD GRAPH, ALL THE ABOVE OPERATORS HAVE EXTENDED
OPERATORS BY PLACING P OR N IN FRONT OF THEIR NAMES 2

INC PINC NINC
STAR PSTAR NSTAR
210] PBD NRD
coB PCOR NCOB
ADJ PAD NADJ

THE P (POSITIVE) OPERATORS ARE DEFINED SUCH THAT FOR ARCS THEY
GIVES THE STARTING NODES, FOR NODES THEY GIVE THE ARCS WHICH ARE
DIRECTED QUTWARD fFROM THE NODES,

THE N (NEGATIVE) OPERATORS ARE DEFINED SUCH THAT FOR ARCS THEY
6l1VE THE ENDING NODES, FOR NODES THEY GIVE THE INCOMING ARCS,
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lo. Se T ASSIGNMENT STATEMENT

THE SET ASSIGNMENT STATEMENT IS SIMILAR TO THE FORTRAN ASSIGN-
MENT STATEMENT 3

V = E

WHERE V MUST BE A SET VARIABLE, F ~VUST BF A SET EXPRESSION., SPE-
ClIAL CONVERSION TAKES PLACE IF v OR E IS INTEGER TYPE ¢

1 = E

wHERE T IS AN INTEGER VARIABLE AND E IS A SET EXPRESSION, IS EQUI.
VALENT TO

INDEX (1,E)

1
THE ASSIGNMENT,
R
WHERE V IS A SET yARIABLE, IS EQUIVALENT YO

V = ATOM (I)
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11, ITERATIVE STATEMENT

THERE ARE TWO NEW ITERATIVE STATEMENTS IN FGRAAL WHICH ARE
SIMILAR 10 THE DO STATEMENT IN FORTRAN,

11.1. WwHILE STATEMENT

THE FORM OF THE WHILE STATEMENT IS AS FOLLOWS @
DO gTNO. WHILE 1LOG,EXPR,

THE STATEMENT CAUSES THE EXECUTION OF THE STATEMENT FOLLOWING THE
WHILE STATEMENT INCLUDING THE STATFMENT wHICH HAS THE SPECIFIED
STATEMENT NUMBER REPETITIVELY UNTIL THE LOGICAL EXPRESSION HAS THf
VALUE FALSE, THE TEST IS NDONE BFFORE THE EXECUTION OF THE CONGE=-
CUTIVE STATEMENTS,
EIG.

O 1g WHILE S,NE,&

11.2. FORALL STATEMENT

THE FOkM OF THE FORALL STATEMENT IS Ag FOLLOWS ¢
o <T,NO, FORALL V,INL,E

WHERE Vv MUST BE A SET VARIABLE, E 1S A SET EXPRESSION, THE SET E
SHOULD NOT BE ALTERED IN THE RANGE OF THE DO STATEMENT, THE STATE-

MENT IS EQUIVALENT 70O

N = gIZE (E)
D0 gT,NO., I = 1,N
V = ELT (1.E)

EXCEPT THAY THE LOOP MAY PBE SKIPPED COMPLETELY WHEN THE SET E IS
EMPTY,
EQGO

DO 1s FORALL X, IN,T
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12, REMOVF STATEMENT

THF REMOVE STATEMENT REMOVES ATOMIC SETS FROM THE UNIVERSAL
SEGUENCE, OR REMOyYES DEFINED PROPERTIES OF ATOMIC SETS, THE STATE-
MENT CONSIS1S OF THE wORD 'REMOVE' FOLLOWED By A LIST OF ARGUMENTS
SEPARATED B3y COMMAS:

REMOVE S'T'....P'Q'...'PP(X)'PO(Y)'...
THE AKGUMENTS mAY BE:

(1) SETS = THEN AL ATOMIC SETS WHICH ARE ELEMENTS OF THE SET
ARE REMOVED FROM THE UNIVERSAL SEQUENCE;

(2) PROPERTY NAMEG - THE PROPERTY IS REMOVED FROM ALL ATOMIC
SE1S WHERE IT HAD BEEN ASSIGNED:

(5) PROPERTY NAMEG FOLLOWED BY SET IN PARFENTHESES = THE
PROPERTY IS REMOVED FROM THOSE ATOMIC SETS wHICH
ARE ELEMENTS OF THE GIVFN SET,
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13, SAvE, RESET STATEMENTS

THE SAVE STATEMENT IS USED TO TRANSFER INFORMATION FROM CORE

An AUXILIARY STORAGE FILE, RESET STATEMENT IS USEND TO RETRIEVE
INFORMATION FROM THE AUXILJIARY STORAGE, THE INFORMATION CAN BE
ELTHER PROPERTY VALUES, OR A FULL GRAPH,

AT THE PRESENT» THESE STATEMENTS ARE NOT IMPLEMENTEDN,

To
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1y, SFECIAL LIRRARY SUBROUTINES

THE FOLLOWING THREE CLOSELY RELATED SUBROUTINES ARF AVALILABLE

CONTRT(G,S,X)
NODSET(G, X,S)
EXPAND (G, X)

WHICH CAN BE CALLED BY STANDARD FORTRAN CALL STATEMENTS,

SUBROUTINE CONTRT CONTRACTS A GIVEN SUBSET S OF NODES OF GRAPH g
INTO A NEw NODE WHICH IS RETURNED IN THE ATOMIC SET X, ON SUBSE=-

QUENT USAGE OF THE GRAPH, X IS TO BE CONSIDERED AS A NODE OF G,
BUT THE ELEMENTS OF S wILL NOT BE NODES OF G. THE SUBROUT INE MmAY
BE CALLED SURSEQUENTLY, 1,E, ONE MAY FURTHER CONTRACT AN ALREADY
CONTRACTED  GRAPH, MODIFICATION OF A CONTRACTED GRAPH BY ASSIGN
AND DETACH STATEMENTS SHOULD BE AVOIDED,

SUBROUTINF NODSET RETURNS A SET S CONSISTING OF THF PRevIous
NODES OF ¢ wHICH wERE CONTACTED TO THE NODE X,

SUBROUTINE EXPAND EXPANDS THE PREVIQUSLY CONTRACTEN NODES OF
GRAPH G CORRESPONDING TO THE NODE IN ATOMIC SET X, X wILL NOT BE

A NODE OF GRAPH G UPON RETURN,

CARE SHOULD BE TAKEN BY THE PROPER USAGE OF THESE SUBROUTINES,
1., EXPANSIONS OF A GRAPH SHOULD BE IN THE REVERSE ORDER OF ITS

CONTRACTIONS,



15, SUMMARY OF OPERATORS AND STATEMENTS
CONSTANTS: & OR  LEMPTY, = EMPTY SET
B OR .NIL, = EMPTY LIST

SET OPERATORS,

*
zZ
>
=
m
*
=
m
>
Z
-
zZ
0}
(]
m
Pl
"
n
*
Z
>
=
m
-
—
*

T T o e Sy e . D . R e P T e e o st e o T — —— -

«DF, * DIFFERENCE: R IS THE SET OF ALL ELEMENTS OF THE SET S
* WHICH ARE NOT ELEMENTS OF THE SET T,

+UN, * UNION: R IS THE SET OF ALL ELEMENTS OF SETS S AND T.

JIT, % INTERSECTION: R 1S THE SET OF ALL ELEMENTS WHICH ARE

-..——...-_—_..._—.-.-————-_———--———-————--—-—-’—_-——--—--——-—————_——-——-———.—-—-
- . e T oy e Wy T T Wy W oy W —— " o

* H ¥ *

* ELEMENTS OF BOTH SETS, S AND T,
«SM, * SYMMETRIC SUM: R IS THE SET OF ALL ELEMENTS WHICH ARE
* ELEMENTS OF SETS S OR T, BuT NOT BOTH,

-—---—*-—---—----‘—------———------—-----—-——---—---—-------c—-‘-.

EQ. * EQUAL RELATION: R IS TRUE IF SETS S AND T ARE EQUAL,
* FALSE OTHERWISE,

«NE, * NOT-EQUAL RELATION: R IS TRUE IF SETS S AND T ARE NOT
* EQUAL, FALSE OTHERWISE.

«IN, * CONTAINEpD RELATION: R IS TRUE IF SET S IS CONTAINED IN
* SET T, FALSE OTHERWISE,

o™ o =y - *—_—-—--—-_-_—-—--————-—---—----------------—--— ———————— -

LA R R B BE IR K IR I RN g

LA I R R I N



165=2

FUNCTION TABLE,

* * NO,* * * FCT =
* NAME *ARGS*  ARGS, =* MEANING *TYPE x*
* * * * - LIST FIINCTIONS! «== * *
* FIRST % 1 * LIST * RETURNS THE FIRST OR LAST ELE~ *TYPE *
* DFIRST x * x MENT OF THE LISTes WITH *Dv, * OF =x
* LAST * * * IT ALSO DELETES THE ELEMENT * LIST*
* DLAST x * * FROM THE LIST, * *
P e ) *————*-- ------- T 0 - T gy g - - - s o K - - K
* * * * --- SET FUNCTIONS' ——— * *
* CREATE x 1 = ZgRO * CREATED ELEMENT AS AT,SET * SET

* CREATE x 2N *PRoP ,NAMEx GIVES AT,SET WITH MATCHING PRO- * SET

* * *ANp VALUE=* PERTIES, CREATES ONE IF NON= =x

* * * IN PAIRSx EXISTENT, *

* ATOM * 1 % INT, *x AT,SET WITH THE GIVEN SEQ.NUMBER* SEY

x ELT x 2 % INT,SET * AT,SET IN SPEC, PLACE 1IN THE SET=* SET

* INDEX %« 2 x AT,SET+ * INDEX NO, OF AT,SET IN THE SET., * INT

* * * SET * *

* SIZE * 1 % SgT * NUMBER OF ELEMENTS IN THE SFTY * INT

* PARITY x 1 * SgT * TRUE FOR 0DD, FALSE FOR EVEN * LOG

* * * * NUMBER OF ELEMENTS, *

* COUNT x 1 * ZgRO * MAXIMAL SEQUENCE NUMBER * INT

* COUNT  x 1 x AT,SET * SEQUENCE NUMBER OF THE AT,SET * INT

* SUBSET 2 * SgT,LOG *x ELEMENTS OF FIRST,»DUMMY ARGUMENT*® SET

* * * * WHICH SATISFY LOG,EXPR, *

* CHECK % 2 *PRoP,NAMEx TRUE IF PROPERTY IS DEFINED FOR * LOG

* * * AT,SET =% AT,SETs» OTHERWISE FALSE *

X o o= oo - o - o -, -, &= *
* * * *
* 'PROP % 1 * AT,SET x
* NAME'" x * *
Armme e me ke K= —————
* * * *
* NODES x 1 x GRAPH *
* ARCS * 1 % GRAPH *
* INC * 2 x GRAPH, «x
* * % SET x
* STAR * 2 * GRAPH, x
* * * SET =%
* BD x« 2 * GRAPH, =*x
* * * SET =*x
* COB x 2 * GRAPH, «x
* * * SET =x
* ADJ * 2 * OGRAPH, *
* * * SET =x
R — - o om oo

LK B B R R BRI BE B SR Bk BE BE K B IS

-y W ap em A o S - U™ R Ty S {

e=e PROPERTY FUNCTIONS: === *TYPE x
RETURNS THE ASSIGNED PROP,VALUE x* OF x
* PROPx

- -, T o D - S D o T o e - - a w w an TS w o om a K
=== GRAPH FUNCTIONS: === * *
NODES OF THE GRAPH * SET *
ARCS OF THE GRAPH * SET *
UNION OF ALL BOUNDARY NODES OF =* SET =«
THE GIVEN SET OF ARCS, * *
UNION OF ALL ARCS INCIDENT TO * SET *
THE GIVEN cET OF NODES, * *
SYMMETRIC SuM OF ALL BOUNDARY * SEY *
NODES OF ARCS IN THE SET. * *
SYMMETRIC SyUm oOfF ALL ARCS INCI- = SET =*
DENT TO THE NODES IN THE SET, =x *
UNION OF ALL NODES ADJACENT TO =% SET =
THE NODES IN THE SET, * *

-, =y = - -, O o . W 4P D e W - D A B B gy W S T W W @D g I o o0 o K
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STATEMENTS
* CATEG, = FoRM * MEANING *
* DECLARATION * x
* SET XeVYreos ' * XyYy,,., ARE SET VARIABLES, *
* 'TYPE* STAQUE L,P,,,, * LePy,.,. ARE LISTS OF 'TYPE'= *
% * REAL, INTEGER, LOGICAL OR SET,.*
* 'TYPE* PROPERTY A,8,,,, x A,B, ..., PROP.FUNCTIONS OF *TYPE'x%
* * REAL, INT,» LOG, OR SET, *
* GRAPH G('MOD')yT('MOD*')y»,0e* G,T,,., ARE GRAPH OF 'MOD'= *
* * DIRECTED OR UNDIRECTED, AND *
* * PSEUDO=,MULTI~ OR NODE=-GRAPHS, *
X ----—---—--—-"-“u-—---------"*—"—--—-"---'---"'--I--"-'-------—---—-*
* ASSIGNMENT * *
* SYSET-EXPRESQIQONY * SET ASSIGNMENT *
*  LT,e.iXiLiYS.,, * LIST ASG,: XsLsYs,o, ARE CONST,,*
* * VBLE, OR LIST oFfF SAME TYPE, *
* P(X)='EXPRESSION? * PROPERTY 'P*' ASSIGNED TO ATOMIC =
* * SET x WITH VALUE 'EXPRESSION' x
*—-——----——-—‘-"'"'-'---"'-----————*---—-—--—--—-—---——-——----———-———-*
* GRAPH * *
* ASSIGN G» X * AT,SET X ASSIGNED T0 6 As NODE, =
* ASSIGN G» X=Y * ATOMIC SETS X,Y ARE ASSIGNED AS *
* * ADJUACENT NODES IN GRAPH G, %
x ASSIGN Ge X=Y, 2 *¥ AT,SETS XsYeZ ASSIGNED TOoO GRAPH =x
x * G AS ARC 2 WITH END<=NODES XoY.*
* DETACH G *x GRAPH G MADE EMPTY *
* DETACH Gr S * ELEMENTS OF SET S ARE REMOVED *
* * FROM GRAPH 6 *
* DETACH G» S=T * ARCS CONNECTING S AND T REMOVED x
B e o o e e e e e e et K e e e o e e e e o e
* ITERATIVE * *
x * EXECUTES STATEMENTS THROUGH ONE «
* * LABELED WITH 'ST#? *
* DO 'STH' FORALL X,IN,S * FOR EACH ELEMENT X OF SET S *
* DO 'STH' WHILE LOG.EXPR, % WHILE LOG,EXPRESSION 1S TRUE *
*-7—-—-----—--"""--——-‘—--—---—- *---"-—---—------—--"------“--——-—*
* REMOVE * *
* REMOVE SoTree,rA?Bro,, * REMOVES SETS SoT FROM UNIVERSE, =x
* * PROPERTIES AsB FROM AT ,SETS *
* * WHERE DEFINED, *
K e o o e e o e e T o e e e e K e B g e e st 7 e e e 0 e e o K
* SAVE~RESET * *
* * GRAPHS G,,.,+¢ PROPERTIES Prees *
* SAVE (I) Goree,tPr,es * SAVED ON AUXILIARY STORAGE I

* RESET (1) Gre,erPres, * RESET FROM AUXILIARY STORAGE, *

*-__-_-_----.--—-—_—_--------_-*_--------_---—----------_------—-*
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EXAMPLES

IN THE FOLLOWING PAGES, SOME EXAMPLES ARE PRESENTED, ALL THE
PROGRAMS ARE WRITTEN AS SUBROUTINES, THUS DECLARATIONS FOR THE
VARIABLES APPEARING IN THE CALLING SEQUENCES ARE ASSUMED 70 BE
DONE IN A CALLING MAIN PROGRAM,

THE EXAMPLES ARE AS FOLLOWS:

1.
20
4,
5.
6o
7
8,
9.
10.
11,

READ I. READ DATA FOR GRAPH G

READ 11, READ DATA FOR GRAPH G

SUBGRAPH, EGTABLISHING A GRAPH wHICH IS A SUBGRAPH OF G
LINE GRAPH, ESTABLISHING THE LINE GRAPH OF 6
CONDENSE, ESTABLISHING A CONDPENSE GRAPH OF 6
COCYCLES, COCYCLES OF GRAPH G

SPANNING TREE, SPANNING TREE OF GRAPH 6

CYCLES. CYCLES OF GRAPH G

CUTS., FUNDAMENTAL CUTS OF GRAPH G

SHORTEST PATH, 2~DIRECTIONAL SEARCH FOR SHORTES PATH
IN GRAPH G



SUBROUTINE RDONE(G,IU)
* XA
TITLE
,t:x:#x*
KEZAD 1 READ UATA FOR GRAPH G
. GRAPH G
XS R RN T 5 I
SHEECIFICATION
FRuEER IR LTS K
Tid SULROUTIME AuSU¥ES THAT THE FIRST RECQORD
FROM URIT YU CONTALNS THE SI1ZES, N AND #, OF
THE NOUE AND ARC SEY. AND THAT THEN M RECQRDS.
ARE SUPPLIEDN F£ACH UONTAINING THReE INTEGERS,
AnYy SuCH TRIPLE (KrI,J) SATISFIES
. 1 WLE. K JLE, M
1T et I o WJLE, N
1 JLEs J JLE, N
AND SIGNIFIES THAT THE K*¢TH ARC HAS THE I+TH
KUUE A IWITIAL, AND TE J'TH NOUE AS TERMI=-
NAL VERTEX.
. SET X
PR R ERE L2 S
SEGUENCE CHART
340Kk ok K K Aok ok K
READ S12ES :
: READ (IU) N,yM
CREATE AN ELEMENT FOR EACH MNODE AND ARC . :
’ ' DO 10 L=1,0N¢M
10 X=CREATE(0Q)

Q0P TC READ TRIPLETS AND

10 ASS{GN THEM TO G
DO 20 L=1,M
RZAD (IU) Kily

o e oe

3

*

'S

* :

P OF LOOP AlD
PrguRaM

: . RETURN

20 ASSIGN G, ATOM(I)-ATOM(J),
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TITLL

ETT T
REAC I1. READ DATA FOR GRAPH G,

FETE TS 3% 3°F 33

SPECIFICATION

LS FZTEE RT3 2

THE SUBROQUTINE READ(BUFFER) IS ASSUMED TO BE
AVAILARLE wHICH ALLOWS THE [NPUT OF VARIAGLE
LERGTH KECORD OF HCD %wORDS INTO THE LIST SUFFER,
TitE UNCIRECTED ORAPH [S REPRESENTED IN NOpQE FGRM
ArD 1S REAU-IM I TERMS OF PATHS, THAT IS, AS -
SLGUENCES OF NOCES FCRWMING PATHS -IN 6, THE INPUT
15 TERWMINATED wiTH A RECORD CONTAINING THz SINGLE
WORD TLAST!, :

P 1S 2222221% %]

SEGUENCE CHART

R E R KA E RSB LR AF
ReAD FIRST RECORD

LOOP TO PRCCESS RECORDS

*

& GET ELEMENT wlTH PROPER NAME
%* H .

*%x [LLEGAL COMMANL ON COL., 2 =#%

*

¥y4000ave YES, ASSIGN TSOLATED NOOE
* H

* :
¥eeveeees NOp PROCESS PATH

.. e

READ NEXT PATH

EmD OF LOUP AND PROGRAM

SUBROUTINE ROTWO(G»NAME)

GRAPH G
REAL PROPERTY NAME

STAQUE BUFFER
SET X»Y

CALL READ(BUFFER)

DO 30 WHILE (FIRST(BUFFER) ,NE,
X = CREATE(NAME »DFIRST (BUFFER))
IF (BUFFER NE, H) GC TO 10 4

ASSIGN 6 X
GO TO 3u

10 DO 20 wrlILE (RUFFER NE. &)
Y = CREATE (NAMEHKDFIRST(BUFFER))
ASSIGN Gy X = Y.

20 X = Y

30 CALL READ(BUFFER)

RETURN
END

TLAST YY)

[

(3

ke
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TITLE
AkEnok
SUBGRAPH

PR ¥ B3 T 230F 3 e
SHPECIFICATION
T2 33T TR L TP

THE SUBROQUTIME SETS UP THE SUBGRAPH OF G yHICH
HAS A GIVEN SET N CF NGDES OF 6 AS A NODE SET,

:
MR F AN KK kN R
SEQUENCE CHART
ERFERAE KRR T K

LOOP TQ PROCESS

*

N

PROCESS S
Is x

*
*0..
*
%
*

TN F & & & & & 2 % # 8 & 3 3 3¢ % & 3 A % &

NO OF LOOP AND

.
.

NOLES X IN N

AS ARCS OF SuUBG
AN ISOLATED NODE

YES)» ASSIGN IT

o »

NO)»

GET SET OF ARCS INCIDENT TO X WITH OTYHER END NODE IN

LOOP TO PROCESS THE ARCS 1IN S

x
*
* .
* H
* : .
END OF LOOP 'FCR

PROGKANM

GET OTHER END NODE,

AND ASSIGN THEM

SUBROUTINE SBGRPH(G»N,SUBG)

GRAPH G, SUBG

SET N

IMPLICIT SET(A-Z)

DO 30 WHILE (N ,NE,

X = ELT(1,N)

%]
o

N,DF , X

SUBSET(A» LA ,IN,

&)

STAR(G,X))

IF (S .NE. &) GO TO 10

ASSIGN SUBG,
GO TO 3¢

X

10 DO 20 FORALL A,IN.S

Y = INC(G+A)OF X

IF (Y.EQ.8)
20 ASSIGN SUBG,

3p CONTINUE

RETURN
END

Y

= X
X = Yo

A

.AND.

(INC(G»A)

oINo

NI

1 o=t
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SUBROUTINE LINEGR(G+LINEG)
FAEFE R
TITLE
BET LY
LINE GRAPH, .
s GRAPH G» LINEG
N R N R Rk K K
SPECIFICATION
EEEST S-SR Z TS 33
Trls PROCEUURE SETS LP THE LINE GRAPH OF G» THAT IS,
THE GRAPH wHICH HAS THE ARCS OF 6 AS NODEg AND IN wHICH
TwO NODES ARE ADJACENT WHENEVER THE CORRESPONDING ARCS ARE, '
H 4 - IMPLICIT SEY(A=2Z)
FE TR L P ST .
SEQUENCE CHART
*t**&***&.*****

LOOP FOR NODES OF 6

DO 10 FORALL X,IN_NODES(G)
GET INCIDENT ARCS OF NODE X
: S = STAR(G.X)
=S

-t R
LQOP TO PROCESS THE ARCS

PR K 2R B EE IR AR 2R R 3

x DO 10 FORALL A.IN,S
* ASSIGN SELF=LOOP FOR SELF=-LOOP .
* : : ' IF (X, IN,INC(G,A)) ASSIGN LINEG, A=A
* : T R =R ,DOF, A
* ASSIGN REST OF THE ARCS
* : DO 10 FORALL B8,.IN,R
* : ‘ 1n ASSIGN LINEG» A=B
END OF LOOPS
RETURN

END
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TITLE

S kFRERX
CONDENSE GRAPH

)
.

[T 2222 T2 2% 23 3

SPECIFICATION

R oE k% R Rk
THE LIsT L 1S ASSUMED 10 CONTAIN A FAMILY OF SETS
REPRESENTING A PARTITION OF THE NODE SET oF 6, THE
PRUCELURE SETS UP A CCNDENSED GRAPH WHICH HAS THE
MEMBERS OF L AS NODES AND IN wHICH TWO NOpDES ARE
ADJACENT iF. THERE IS AT LEAST ONE ARC BETWEEN THE
CURRESPONUING SETS OF NODES IN G, THE PROpPERTY REF
OF THE NQDES OF CONG REMEMBERS THE SETS OfF L.
TSI EFET TS

SEQUENCE CHART

FI X3 TS S22 22 4

LOOP TO PKUCESS THE SETS IN THE LIST
. -

*

*

»

END OF LOOP

LUCP TC GET ADJACENCY

b 4

¥ FROM NODE X

*® LOOP TO OTHER NQDES
¥ *

# *

* *

x END QF LOOP

2%

EnD 0¥ LOOPS

10

20
30

SUBROUTINE CONDS(GeL»CONG,REF)

GRAPH G, CONG
SET STAQUE L
SET PROPERTY REF

IMPLICIT SET(A-2Z)

0O 10 WHILE (L ,NE,®)
X = CREATE(Q)

ASSIGN CONG, X
REF(X) = DFIRST(L)

R = &

DO 30 FORALL X ,IN, NODES(CONG)

T = ADJIG/REF (X))

0O 20 FORALL Z IN, R

IF (TLIT,REF(2) .NE, &) ASSIGN CONG,

CONTINUE
R = R ,UN, X

RETURN
END

16-¢
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TiTLE

x &K%k Kk
CUCYCLES,

ok ok R Ak R kR Kk

SPECIFICAYION

BT TITT L E Ve Ty
THIS SUBROUTIME DETERMINES A BAS1S FOR THE COCYCE
SPACE B8Y FINDING THE NODE SETS OF ALL CONNEC

CUMPONENTS OF G,
H0 o K K
SEQUENCE CHART
XEEFRFXFKERREE

LOOP TO PRCCESS COMPONENTS

*

*

* FROM THE LEFT-OVER,
* H

* H

* H

* LOOP 7T

* *

% *

* *

* x

%

¥ THEM OYT FROM N,
* :

x .

END OF LOOP

INITIALIZE SETS. FCR ARCS AND NODES GET FIRST NODE

0 GET ADJACENT NODES IN T

ENO OF LOOP, NODES OF ONE COMPONENT ARE IN T» TAKE

1o

20

Nr-<~o0 0n-HA>x»

SUBROUTINE COCYCL(G/C)

GRAPH G
SET STAQUE C

IMPLICIT SET(A=-2)

N = NODES(G)

DO 20 WHILE (N_NE &)

&
&
ELT(1,N)

0 10 WHILE (S,NE,&)
TLUN,S
STAR(G»S) ,OF ,A
INC(G+A) JOF,T

ZO0
N
[g]
.o
-t

RETURN
END

167
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TITLE
NAER
SPANNING TREE

Fk KAk R KRR XK
 SPECIFICATION

L RREEARIEREERK
T1IS SUBROUTINE GENERATES A UIRECTED SPANNING TREE
{GRAPH) WITH ROOT U FQOR THE CONNECTED COMPONENT OF
G COMTAINING THE NODE U, :
CRERERERE KRRk Y

SEQUENCE CHARTY

koK kK ok Rk

INITIALIZE TREE AND NODE SET S WITH U,

ARC SEYT T WITH COBOUNDARY OF U,

T0 PROCESS QUTGOING ARCS FROM NOUE SgT S
LOOP TO PROCESS ARCS

GET END NODE WHICH IS NOT IN S

AND ADD IT TO S AND ASSIGN IT To T

ND OF LOCOP GET NEW SET OF OUTGOING ARCS

LK K 2E K

L
*
x
*
* *
x *
* *
* *
* *
* *
* &
* *
* *
x E
*

£

D OF LOOP

1o

20

SUBROUTINE SPTREE(GrUsTREE)

GRAPH G, TREE
SET UV

IMPLICIT SET(A-29

ASSIGN TREL, U

'S = U

T = CoB(G,U)
DO 206 wHILE (T, NE, &)

DO 10 FORALL A,IN,T

W = BD(G,A)
Y = W.DOF.S
IF (Y,EQ,&) GO TQ 10
S = S,UN,Y

X = W,0F,Y
ASSIGN TREE, X = Y, A
CONTINUE

T = C0B(G»S)

RETURN .
END

b

P

13}
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fITLE

SRR
FUNDAMENTAL CYCLES

.
.

ok R R ROk K SOk Ok
SPECIFICATION
& %R ok XK o kR ok
TREE 1S ASSUMEDL 70 BE A DIRECTED SPANNING TREE OF
ORE OF THE COMPONENTS OF 6, FROM THIS SPANNING TREE
THIS SUBROQUTIMNE GENERATES, IN A STANDARD mMANNER, A
BASIS FOR THE CYCLE SPACE'OF THE PARTICULAR COMPONENT,
TRAKERRE KRR ERX
SEQUENCE CHART
¥ AKX o o Rk R
GET ARCS OF 6 WHICH ARE NOT IN TREE

LOOP TO GET THE CORRESPONDING CYCLE OF THESE ARCS
- .

IF THIS IS A SELF-LOOP,THEN THIS 1S A CYCLE

*

*,0, NOT A SELF-LOOP .

* GO BACK TO THE ROOT OF THE TREE FROM BOTH ENO
NODES OF THE ARC IN A LOOP’

* -

QUIT LOGP IF THE PARALLEL PROCESS OF THE
TWO PATHS MET AT THE BRANCH~RCOT

COLLECT THE ARCS IN S

END CF LOQOP
CoLLECT CYCLE

L K R BE IR BRI IR B K.
¥ oM R EF R

*
*
*
E 3
*
&
*
%
*
*
X
*
*
x
*
*
*
*
£

ND OF LOOP

1o

20

SUBROUTINE FNDCYC(6sTREE)CYCLES)

GRAPH G, TREE
SET STAQUE CYCLES

IMPLICIT SET(A=Z)

X = STAR{Ge¢NODES(TREE)),DF ,ARCS(TREE)

FORALL A,INX
IF (SIZE(T),.,EQ,1) GO TO 20

DO 10 WHILE (T,NE,8)
T = NCOB(TREE,T)

2y

1IF (T,EQ,&) 60O Yo 20

S.SM,T

S .
PBD(TREE,T)

T

CYCLES = CYCLES §: S o

RETURN
END
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TITLE

E2 223 :
FUNDAMENTAL cUTS

o ieckok g R OK g K KK

SEECIFICATION

2SS SR T ¥
TREE IS ASSUMED TO BE A DIRECTED SPANNING TREE OF
4 COMFGNENT OF Gy AND FROM TREE THIS SUBRQUTINE
GENERATES IN THE STANDARD MANNER A BASIS oF THE
CUBOUNDARY SPACE OF THE COMPONENT,

FEES ST TSR PSS

SEQUENCE CHART

A0 A K Ak ok kR

LOOP FOR ALL ARCS IN THE TREE

*

*

- .

* LOOP TO GET ALL NODES OF THE SUBTREE INTO S
* *

* *

* *

* * o

* END OF LOOP GET FUNDAMENTAL CUT FROM THE NODEg IN S
* H :

END OF LOOP )

s 0o T

in

20

SUBROUTINE FNDCUT(G.TREE,CUTS)

GRAPH G, TREE
SET STAGUE CTUTS

IMPLICIT SET(A=2)

DO 20 FORALL A, IN ARCS(TREE)

s = &

T = A

DO 10 WHILE (T,NE, &)
R = NBD(TREE,T)

S = S,UN,R

T = PCOB{(TREE,R)

CUTS = CUTS ¢ COB(G»S)

RETURN
END

15-1¢6
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‘TITLE
. **#** .
SHORTEST PATH,
: GRLPR 6
. SET START, TERM
; REAL FROPERYY LENGTH
: REAL INF, M
: SET STAQUE PATH
T Lt I T
SPECIFICATION
23222 2T 232

G IS A DIRECTED GRAPH IN WHICH EACH ARC HAS A GIVEN
NONNEGATIVE LENGTH, THZ 'SUBROUTINE FINDS A SHORTEST
PATH FROM NODE START To NODE TERM, AND RETURNS IT IN
THE LIST PATH, IF NO SUCH PATH EXISTS, THg LIST wILL
B8E EMPTY, THE REAL NUMEBER INF REZPRESENTS INFINITY, 1T
1S ASSUMED TO BE LARGER THAN THE SUM OF THE LENGYH OF
ALL ARCS QF G, THE LENGTH OF THE FINAL PATH WILL BE
IN My AND THIS NUMBER wILL BE EQUAL TO INg, IF NO
PaTH EXISYS,

EEEEEY

METHOD

FEE T T
THE METHQOD USED IS THE BIDIRECTIONAL SEARCH BY
1,POHL: BI~DIRECTIONAL ANDO HEURISTIC SEARCH IN

‘ PATH PROBLEMS, TECHN,REPORT CS~13g»
STANFORD UNIVERSITY, 1969,

IR REERERKEAK

DATA~STRUCTURE

AR ERRRE SRR R RK

NODES REACHED FROM START AND TERM, RESPECTIVELY

: SET
NODES NOT REACHED BUT REACHABLE ALONG ONE ARC FROM
THE NODES REACHED FROM START AND' TERM, RESFECTIVELY
: . : SET
CURRENT OISTANCE OF A REACHED NODE FROM START OR
TERM, RESPECTIVELY
‘ : REAL

CURRENT ARC LEADUING FROM A& NODE OR TO A NODE WHICH
wAS REACHED

MINIMAL DISTANCE TO THE NODES REACHABLE A LONG ONE ARC
FilOM START AND TERM, RESPECTIVEL

FLAG To SET wiEN THE TwO DIRECTIONAL SEARCH MEET

TEMPORARY VARIABLES

SUBROUTINE SHPATH(G,START, TERMLENGTH, INF M, PATH)

S
SR » TR
PROPERTY

SET PROPERTY

REAL SMIN,

TMIN

LOGICAL FLAG

SOIST » TDIST

IN

16-1t
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.
.

I T IS T T
SEQUENCE CHART
kK Ak R kKRR K
INYTIALIZATION

ooP

LEE SRR 2 R 2R B IR AR SRR R AR )

.

.
.
-
.
.
.
.
.
.
.
.
.
.
.
.
.
.

FICTITIOUS ARC y IS INSERTED WITH LENGTH INF 1O

NSURE "THAT THERE IS AT LEAST ONE PATH

.
.

FOR BIDIRECTIONAL SEARCH

CHECK WHETHER PATH CAN BE FOUND

ES
*
*
*

YES,

*

e®e

NO, CLEAR PATH AND GO YO EXIT

TAKE NEXT STEP

STEP FROM START )
COLLECT NODES WITH MINIMAL DISTANCE FROM
THE NODES REACHABLE ALONG ONE ARC »

e o4 ¢4 ve 00 @0 s s 0s w

ADD COLLECTED NOBES YO THE SET OF REACHED
NODES» SUBTRACT THEM FROM THE REACHABLE
NODES,» AND FIND NQDES WHICH ARE REACHABLE
FROM THEM ALONG ONE ARC,

10

20

39
40

TR =

16=12

SEY WeXeYr2ZU
REAL A.8

SDIST(STARY)Y = 0,
TOIST(TERM) = Q.
S = START

SR = §

T = TERM

SMIN
TMIN
FLLA

M =20

« N
[~
.
.

w = CREATE(Q)
LENGTH (W) = INF
ASSIGN Gy START - TERM, W

0O 130 WHILE (,NOT.FLAG)
IF (M,LT,INF) GO 70O 10

PATH = #
G0 TO 179

M = INF
PATH = &
{F (SMIN,GT,TMIN)Y GO TO 70

DO 408 FORALL X,IN,SR

A = INF

15 (CHECK({SDISTs¢X}) A = SDIST(X)
iF (A=M) 20,30440

M= A

PATH = X

GO 70 ug

PATH = X 1 PATH
CONTINUE

SMIN = M

DO 60 WHILE (PATH NE, #)



[ "SRRI IR S IR IR IR IR SR I R N 2K IR BE R AR R K NE R K R BRI B #FE W X N R KR

W R OB R NN N F H R RN NE W KRR NE R R

MEANWHILE CHECK IF OTRER SIDE WAS

REACHED
%

*
*

%*.90 YESs SET FLAG, SAVE NODE

.
-

*x,,s TRANSFER NODE TO THE REACHED SET

: 50
LOOP TO GET REACHABLE NODES FROM -
TH1S NODE
Mt
¥*
*
*
*
*
*
»
¥
* 60
END OF LOOP
_STEP FINISHED, GO FOR NEXT STEP
e STEP FROM TERM
COLLECY NODES WITH MINIMAL DISTANCE FROM
THE NODES REACHABLE ALONG ONE aARC

: 70

f °

: 80

: 90

: 100

"ADD COLLECTED

NODES TO THE SET OF REACHED

NCDES» SUBTRACT' THEM FROM THE REACHABLE
NQDESs AND FIND NOLES WHICH ARE REACHABLE
FROM THEM ALONG ONE ARC '

MEANWHILE CHECK IF OTHERSIDE wAS

REACHED
*

*
*

*,,+ YES» SET FLAG, SAVE NODE

ve o

X = DFIRSTIPATH)

IF (WNOT.(X,IN,T)) GO TO 50
FLAG = ,TRUE.

U = X

SR = SRLOF.X

S = S.UN,X

DO 60 FORALL 2,IN,PCOB(GsX)
Yy = NBD(G,2)

B = M+LENGTH{Z)

A = INF

IF (CHECK(SDIST,»Y)) A = SDIST(Y)
1IF {(A,LE.B) GO TO &0

SDIST(Y) = B

IN(Y) = 2

SR = SR,UN,Y

CONTINUE

GO TO 130

00 100 FORALL X.IN.TR

A = INF ’

IF (CHECK(TDIST!X)) A = TRIST(X)
IF (A=M) 80,90,100

M= A

PATH = X

GO TO 100

PATH = X ! PATH

- CONTINUE

TMIN = M

DO 120 WHILE (PATH.NE,#)
X = DFIRST(PATH)
IF (LNOTJ.(X,IN,S)) GO TO 110

FLAG = .TRUE.
UusX

1813
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REACHED
*

*
*

*

L 2K I R B R 2 B 4

*

.es STEP FROM TERM

COQLLECT NQDES wWITH MINIMAL DISTANCE FROM

H

END OF LOQP

MEANWHILE CHECK IF OTHER SIDE WAS
*0.0 YESI SET FLAGO SAVE NODE
ER NODE 10 THE REACHED SET

*4.0 TRANGF

LOOP TO GET REACHABLE NODES FROM
TH1S NODE

~STEP FINISHED, GO FOR NEXT STEP

THE NODES REACHABLE ALONG ONE ARC

®e 46 %% 46 00 9% 04 20 on @

" ADD COLLECTED NODES TO THE SEY OF REACHED
NODES, SUBTRACT THEM FROM THE REACHABLE
NODES, AND FIND NOLES wHICH ARE REACHABLE

FROM THEM ALONG ONE ARC

MEANWHILE CHECK IF OTHERSIOE WAS

REACHED

*

o0 YES'
*

*

SET FLAG,

.
.
.

SAVE NODE

50

60

70

80

90
100

X = OFIRSTIPATH)

IF («NOT.(X,IN,T)) GO TO 50

LAG = TRUE,
= X

F

U

SR = SR.OF.X
S : SDUNOX

DO 60 FORALL Z,IN,PCOB(GeX)

Y = NBD{G,2)
B = M+LENGTH(2)
& = INF

IF (CHECK(SDISTsY)}) A = SDISTLY)
IF (A,LE.B) 60 YO &0

SDIST(Y) = B

INCY) = 2

SR = SRL,UN,.Y

CONTINUE

GO0 TO 130

D0 100 FORALL X.IN,TR

A = INF ’

IF (CHECK{TDIST:X)) A = TDIST(X)
IF (A=M) 80,90,10¢0

M= A

PATH = X

60 TO 100

PATH = X ! PATH

- CONTINUE

TMIN = M

DO 120 WHILE (PATH NE,#)
X = DFIRST(PATH)
IF (JNOT,(X,IN,S)) 60 TO 110

FLAG = ,TRUE,
U= X

16=13
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17, APPENDIXs EVALUATION OF EXPRESSIONS

THE FGRAAL COMpILER WAS CONSTRUCTED By AUGMENTING THE EXISTING
RALPH COMPILER FOR THE UNIVAC 1108,

THE RALPH COMPILER ASSUMES THAT NO FUNCTION CAN MODIFY ITSELF
AND THUS TAKES CERTAIN LIBERTIES WITH THE EVALUATION OF EXPRES=
SIONS AND ELEMENTg IN AN ARGUMENT LIST, AN EXPRESSION QR ARGUMENT
LIST IS SCANNED RIGHT TO LEFT AND EACH TIME A FUNCTION IS ENCOUN-
TERED, IT IS EVALUATEDs EACH TIME AN OpERATOR IS ENCOUNTERED WHICH
HAS STRICTLY GREATER PRECEDENCE THAN THE OPERATOR TO ITS LEFT, IT
IS EVALUATED» AND PROCESSING CONTINUES BY EXAMINING THE PRECEDENCE
RELATION BETWEEN THE OPERATOR TO THE RIGHT OF THE NEWLY EVALUATED
RESULT ANL LOOKING FOR A STRICTLY GREATER PRECEDENCE THAN THE
OPERATOR TO ITS LgFT, THUS THE EXPRESS]ION

F(A) + B x C x D + F(F)
wILL BE EVALUATED AS THOUGH IT WERE PARENTHESIZED AS FOLLONS

( CCFA) )+ C (B xC ), * D )3)5+(F(E) ) e
WHERE THE NUMBER AT THE BASE OF THE RIGHT PARENTHESIS GIVES THE
ORDER IN WHICH THE EVALUATIONS ARE MADE, THIS PARSING ALGORITHM
YIELDS PERFECTLY VALID RESULTS AS LONG AS FUNCTIONS ARE NOT PER=-
MITTED To MODIFY THEIR ARGUMENTS OR SOME GLOBAL VARIARLES, I,E. SO
LONG THERE ARE NO SIDE EFFECTS,

HOWEVER SIDE EFFECTS DO EXIST IN GRAAL, FOR EXAMPLE, THERE ARE
OPERATORS (FUNCTIONS) THAT ARE ALLOWED To MODIFY THEIR ARGUMENTS,
E.G6. DFIRST(L). BECAUSE OF THIS, IF A VARIABLE IS USED MORE THAN
ONCE IN THE CONTExT OF AN EXPRESSION OR ARGUMENT LIST, AND AT
LEAST ONE SUCH USE IS AS AN ARGUMENT OF A FUNCTION OR OPERATOR
WHICH MODIF1ES IT, THE UNUSUAL ORDER OF EVALUATION USED By THE
RALPH COMPILER MUST TAKE INTO CONSIDERATION IN ORDER TO SIMULATE
THE ACTUAL RESULTs,

EXAMPLE 1, LET
L=z1:2:3:u4:5
THEN THE STATEMENT
X = DFIRST(L) - DFIRST (L)
IS EQUIVALENT TO
Xz 2 =1
AND NOT X = 1 = 2y SINCE THE RIGHTMOST DFIRST
OPERATQR Is EVALUATED FIRST,

EXAMPLE 2, THE FUNCTION CALL
FUNC(DFIRST(L)»LsDFIRSTI(L))
WITH THE PREVIOUSLY DEFINED L, IS EQUIVALENT TO
FUNC(2¢3:4:5,1)
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SINCE THE RIGHTMOST DFIRST IS EVALUATED FIRST,
THE SECOND ARGUMENT IS NOT EVALUATED SINCE
THERE 1S NQ OPERATOR OR FUNCTION IN 17,

AND THE LEFTMQST DFIRST IS EVALUATED SECONN,
WHICH LEAVES LEAVES L WITHOUT ITS ORIGINAL
FIRST TWO ELEMENTS,

EXAMPLE 3, EVEN PARENTHESES DO NOT HELP

X = (DFIRST(L)=DFIRST(L))*DFIRST(L)
1S EQUIVALENT TO

X = (3=-2)*1

ONE WAY TO AVQID THIS PROBLEM WOULD BE TO BREAK THE EXPRESSION
DOWN INTO SEPARATE STATEMENTS, THUS wE CAN REWRITE EXAMPLE 1, AS

x1 = DFIRST(L)
X = X1 =« DFIRSTI(L) {1-2)
OR X = DFIRST(L) - X1 (2=1)

DEPANDING UPON WHICH EXPRESSION WE ACTUALLY WANT, WE CAN REWRITE
EXAMPLE 2 AS

M= L
X = DFIRST (L)

ot FUNC(XsM,DFIRST (L))
T0 YIELD

MK FUNC(IOI:Z:S:Q:SQZ)
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18, REFERENCES
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