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GRAPHLIB,0: procedures to represent, generate and analyse graphs 

by 

Jac.M. Anthonisse & B.J. Lageweg 

SUMMARY 

The library GRAPHLIB 0 of procedures to represent, generate and analyse 

graphs is based upon the graph defining language (report BW 30/73, Mathe

matisch Centru~, Amsterdam). 

Both that language and the library have been designed for use by people 

with a very limited knowledge of computers and programming. 

KEY WORDS & PHRASES: Graphs, net~orks, social sciences, graph-representations, 
graph-generators, graph-analysis 
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l. INTRODUCTION 

The main part of this report is a printout (June 24, 1975) of the con

tents of a file serving as a manual for the use of the library GRAPHLIBO 

which contains a set of ALGOL 60 procedures to represent, generate and 

analyse graphs and networks. 

The library is a growing one, due to new applications of graphs leading 

to new types of analyses, which are implemented either as new procedures or 

as extensions of existing procedures. Moreover, a number of procedures is 

being developed now and others are considered for implementation. Also, the 

efficiency of some of the existing procedures can and will be enhanced and 

some adjustments will improve the presentation of their output. Thus, for 

actual use of the library the up to date manual should be consulted. 

The library is based upon the graph defining language [I]. Graphs and 

networks are required to be presented according to the rules of that lan

guage. Both the language and the library have been designed for use by people 

with a very limited knowledge of computers and prograIIm1ing. Experience has 

shown that they can indeed analyse their graphs effectively. Experience also 

has shown that a more general data description language could be very use

ful, and that the processing of very large graphs generates specific problems. 

It follows from the above that this report should not be considered as 

a final description of the library. Such a final report can be produced if 

no new developments are expected, but then the report would be like an 

obituary, with a very limited use. 

The first steps towards the development of the library were taken in 

1970, when the first author became involved, as a consultant, in a study of 

interlocking directorates between Dutch industrial concerns, financial insti

tutions, the Social Economic Council and the central government. This study 

was directed by prof.dr. R.J. Mokken and drs. F.N. Stokman of the Institute 

of Political Research of the University of Amsterdam. The programs for this 

study were written on an ad-hoc basis, and run on the Electrologica X8 com

puter of the Mathematical Center. When new studies using graphs were started 

and the CDC Cyber 73-28 computer became available we decided to develop a 

graph defining language and a coherent set of programs, resulting in the 

present library. 
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*** 2 0 INPUT, KEYWORDS, OUTPUT *** 
FACH OF THE PROCEDURES DESCRIBED l 1~ THIS REl'ClRT HAS A HEADrnG 
Or TH[ FOLLOw!NG FORM g 

"PRO C EDU RE " l D f ~H I F" If R C GR A Pr, I' 1 , JOBS I "l ) I 
"!VALUE" GRAPrllN,JOBSPJr "l'JT[GE.f'?" GRAPHpJfJORS!NJ 

80TH GRt.PHJ"-1 At\JD JOBSIN ARE CHA'.J'~EL.•tlUMBERS, AND !DtNTIFY AN 
I NP UT .. C HA ~IN EL • 

INPUT FOR EACH ClF THE l'ROCE"D 1JRfS COIJSISTS :lF Two PARTS : 
l, THE GRAP•◄ OR NETWORK TO f3[ ANALYSED IS READ fR0'1 CHANfJEL GRAPHHI, 
2 1 THE JOBS DEFINI~G TrlE AIJALYSES ARE RE:.AD FROY Ct-lAN'✓ EL JOBSlN, 

TWO WAYS OF !'RESENTING TME GRAPH OR NETWORK ARE DISTINGUISHED I 
1,1, THE EXTE~~AL f:tEPR(SE.'lTATION, 

I,E, A SET OF PARA~ETERS FOLLOWED BY A GRAPH, BOTH SATISrYING 
TrlE RULES UF THE GRAPH•DEFINING LANGUAGE AS DEF!NE.D IN [tl, 

THE EXTER~AL REPRESE~TATIO~ ~AY BE DISTRIBUT[D OVER SEVERAL 
l"lPUT•CrlA'IN[LS. If THE TEXT 

1 CHA~NEL 1 IN: cCHA~NELNUMBER>r 

IS [~COUNTERED TH[ij TrlE NEXT PART nF THE INPUT IS READ FROM THE 
CdA;4 1✓ EL !DEfJTIFIEO BY <CHAr-.JNE1.NU"1BER>, 
TrlAi CtUtJ'ffL MAY co.~JTAPJ A SwITCH TO ANOTHER CHANNEL, ETC, 

l,2. T~E I~TERNAL REPRESE~TATION, 
I 0 E, AS THE OUTPUT OF A~ EXECUTION OF THE PROCEDURE STOREGRAPH1, 

ALL THE PROCEDLJq!:s DrSCRIBEI) Hf RE, EXCEPT STORfGRAPH1, REQUIRE THE 
GRAPH TO BE' PPE.$[1HEO P~ ITS !NTERIJAL RtPRESf'ITATyON 1 Ot~LY 
STOREGRAP~l ACCEPTS BOTH TYl EXTERNAL AND THE I~T£RNAL RfP~ES(NTATION,_ 

EACH JOB BEGINS WITH 

1 JOB 1 <KEYWORDS> r 

JN MnST PROCfOURES THE ~EYW8RD3 COMPLETELY orrr~E T~E JOB, 
P.I S l V l 1<11 L CA 5 ES , HOWE I/ER, FURTHER SPEC IF' IC A T I GI.JS AR£ RE QUI RF. D, 
A JCJt3 TdfrJ CO',S!STS OF 

tJOB 1 <Kf.YwORDS~ 1 
c~URTHER SP~ClrICATlONS> 
IJ0GfIN 1 

E A C H p R '.) C r D u RE HA s IT s Ow 'l K F y ..i ("\ f.W s A'JD I T s O ,I ~J RF. () u r REH EtJ T s r OR 
fURTMER SPECIFICATJONS, TO RE DESCRIBED I~ THE YFXT SECTIONS• 

PH:. SEQUENCE OF JOBS SHOULD BE TERHINATED av 

1 STOPI 

3 
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THE KEY~ORO 

OUT: <CHAN~ELNUMBER> 

CAN Bf USED IN E~CH JOB OF EACH PROCEDURE TO SPECIFY THE 
OUTPUT CHANNEL FOR THt RESJLTS OF THAT Joe. 
DEFAULTS our: ~4 

APART FROM THE RESULTS OF TIIE A~ALYSES, WHICH ARF StND TO TH~ CHANNEL 
IDENTIFirD BY THE VALUE OF THE KEYWORD OUT, EACH PROCEDURE R[PRODLICES 
(PART OFJ ITS I~PUT AS READ FROM THE CHANNELS GRAPH!N ANO JnBSIN, 
THIS PART or TtiE OUTPUT IS SEND TO THE CHA~NEL WITH CHANNtLNUMBER: b4, 
AND CONSISTS OF i 
IF THf GP&P~ IS IN EXTERNAL REPRFSF~TATID~ THEN A LIT(PAL REPQODUCTIO~ 

OF THIS REPRESENTATION, POSSI~LY INT[RSP£RSE1 WITH ERRnR MESSAGES 
AND WARNINGS, FOLLO~ED BY A SUPV[Y OF ITS YJ4IMAL PARA•!ETERS, 

If THE GRAPH 1S J~ INTEPNAL REPQfSEtlTAT!DN THlN ITS TITLE AND A SURVEY 
OF T~f VALUE Of THE PARA~ETERS cORRESPO~OING To THE KEY~ORDS Of 
PROCEDURE SiOREGRAPHl. 

A LITERAL REPRODUCTIO~ OF T~E JOBS. 
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3. REPRESENTATIONS 

Graphs can be represented in many different ways, the four procedures 

to be described now produce various representations, to be used by different 

readers. 

STOREGRAPHI produces a representation that is completely oriented to 

the library and the computer, this representation does not satisfy the 

graph-defining language. 

PRINTGRAPHl produces representations satisfying the graph-defining 

language, the representation is readable both for human beings and the 

computer. 

PRINTGRAPH2 produces a fixed-format representation, not satisfying the 

graph-defining language, to be read by computers, but not by procedures of 

this library. 

PRINTARCS! produces a survey of the incidence and adjacency relations, 

not satisfying the graph-defining language, to be read by human beings. 



TH[ DF PMl IS TD STDPE THE INTfqMAL RfPR[SEllTATION 
Of l GRAPH a~ I FILE, l,E. ON JHt OUTPUT•C~AN~ELe 

IVM 
THE VEATEX•INFOR~ar1o~s ARE NOT STORED 

IVLM 
TH~ YfRTEX•l~FOQM1TION L!ST•!OENTIFIE~S IR[ NOT STORED, 
fHE W[~lEXoJNFD~M&TIDHS, IF ANY, &RE STDR(D IS I SINGLE LIST, 
~ITH 1 IS ITS IDENTIFIER 

%AH 
THE ARC•I~fOR~&TlONS ARE MOT STORED 

IIL~ 
THE IQC•I~FOR~ATIDN LIST•lDENTIFIEAS &Rf NOT STORED, 
T~E •~c-J~FDA~ATinNS, IF A~Y, ARE STORED IS A SINGLE LIST, 
wrr~ IS ITS lOE~TlrIER 

VM 
THE VERTICES &ND THE ARCS ARE NOT STORED 

VL~ 
THE VE~TEX L?ST•JDE~TIFIERS ARf NOT STORED, 
THE VCRTICES, tr ANY, IRE STORED AS A SINGLE LIST, 
WITH AS ITS IDENTIFIER ·~ THE ARCS ARE 40T STORED 

ALM 
THE ARC LIST•IrENTIFlERS IRf ~OT STORED, 
THE ARCS, If ANV, ARE STORED AS A SINGLE LIST, 
WIT~ l AS ITS IDENTIFIER 



THE PURPOSE OF PRINTGRAPH1 IS TO OBTA!t,.,j REAOABI..E PRESfNTATlONS OF 
GRAPHS AND NETWORKS. 

THE KEYWORDS Of PRI~TGRAPH1 AREa 

COMPACT 
IF A JOB CONTAINS THIS KEY~ORD THEN THE OTHER KEV~ORDS ARE IGNORED, 
T~,E PR/'lGRA'-1 PRODUCES A REPRES[NHTIO~ Pl WHICH \/INFOS, AllJfOS ANO 
VERTICES ARE CODED. EACH LIST OF ENTITIES STARTS ON A NEW LINE, 

CODEDVINF, CODEDAlNF, CODEDVfRT 
H" A JOB CONTAINS A'-JV OF THESE K[VWORDS THEN THf ENTITIES CORRE.$• 
PCNDI~G ~ITH THAT KEY~OR~ CVINFOS, AJNfOS AND VERT!CES RESPECTIVELY) 
ARI-:. CODED, 
MOREOVER, IN THE CORRE:SPO'WING LISTS OF E1HIT!ES f:.ACH E'HITV IS 
PR!tHED O"J A NEW LINE A"I!) PRECEDED BY ITS LABEL 0 

TrlE LABEL IS INSERTED AS A CO~MENT. 

FORM ;:; 
DEFAULT; FORM: O 
TrlIS KEYWORD CONTROLS THE PRESE~TATION OF THE LISTS OF ARCS, 
IF FORM:O THEN EACH LIST □ F ARCS IS PRINTED I~ THE STRAIGHTFORWARD 
FORM, EACH ARC IS PRl~TED 0~ A NEW LINE. 
IF FDR1.1:.q (2) THEN EACH 1..IST OF ARCS IS PRJIITED IN THE FIRST (SECOND) 
ABBREVIATED FORM, 
FORM~0 LEAVES THE ORDER OF THE ARCS UNCHANGED, F0RM=1 AND FORM:2 
WILL, IN GE~ERAL, REARRANGE THE ARCS, 

TRA!,JSf'OSE 
BY THIS KEV~ORD THE HEAD AND TAIL OF EACH ARC ARE INTERCHANGED, 
DlfAULTI THE DIRECTION OF THE ARCS REMAINS UNCHANGED. 

7 
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THE PURPOSE OF PRINTGRArH 2 IS TO PRODUCE FIXEOuFQRMAT REPRESENTATIONS 
OF GRAPHS, 

THE KEY~ORDS OF PR!NTGRAPH 2 ARE~ 

COOEOV PIF 
THE VERTEX•INFOP~ATJO~S ARE CODED, 
DEfAULTI THE VINFOS ARE NOT CODE0 9 

COOED AI NF 
TrlE ARC•INFOR~ATIONS ARE CODED, 
DEfAULT; THE Al~FOS ARE NOT CODEDs 

CODED VERT 
THE VERTICES AR( CODED~ 
DEfAULTa THE VERTICES 4RE NOT CODED. 

FOR~ARD, 8ACK~ARO 
EACH OF THESE KEYWORDS LEADS TO A ?EPRESENTATIO~ OF ALL ARCS, 
THE R[PRESE~TATION OF A~ ARC DUE TO FORWARD HAS THE OPPOSITE 
DIRECTIO~ OF THE REPRESE~TATION Of THE SAME ARC DUE TO BACKWARD, 
A JOB r-lH C D"JTA IN AnT11 KEYwORDS • 
DEFAULT& O~~y FORwARD IS EXECUTED, 

PAIRS 
THIS KEYWORD '1AY lNTERC~A'JGE THE TAIL A~JD HEAO Of ARCS, 
lf P A I R S T ~ E. N PJ TH f LI S T S O F A R r. S PROD IJ C E D lJ N D E R " f O R W A R D " Hf A D A N f') 
TAIL ARE I"-lTERCH.HJGED IF THE LA8E.l OF TrlE TA!L EXCEEDS THE. LABEL Of 
Tl-iE. HE.AD, 
If PAIRS Tl-i["'l lN TH[ LISTS OF ARCS PRl'JDUCED U~DER "11ACKW4RD" H[AD ANO 
TAIL ARE l~TERCHA~GED If THE LABEL OF THE HEAD E.XCEEDS THE LABEL OF 
THf TAIL, 
DEFAULT; U"lDER FOFhU,RD; THE nIRECTIO•~ OF' THf ARCS REt-1AINS U'IJCHANGEO·, 

UIIJDER BACKwARD1 THE DIR(CTI0•1 OF EACH ARC JS CHANGE.D, 

OUTPUT FRO~ PRI"lTGRAPH 2 CO~S!STS OF A NUi3ER OF BLOCKS, 

CONTAINS 
THE TITLE A'ID ALL LIST I)f.NTtFIERS 
THE LISTS OF VfRTE.X•INFOR~AT!ONS 
THE LlSTS OF ARC~INFOq~ATIOIIJS 
THE LISTS OF V~RTICES 
T11E LISTS Of ARCS PRODUCED 11NDER FORWARD 
THE LISTS OF ARCS PRODUCED l1NDER oACKl'IARD 

HI~ F I RS T POSIT ION OF EA CI I LI 'J F. 0 F n UT PUT CONT A I "JS TH l I 'J [) f X '7 F I TS 8 LOCK • 
THE ~Jf)(T L,tj POSITIO~JS OF EACH LINE CO!JTAI,'l AN PJTFG~rl CClR~[SPn'JDPIG TO 
T HE T l T I_ r.. Cl F T H £ GR A PH C l ~I TE G [ R:: 0 l OR TO A L I ST I () F ~◄ T I f I f R C I r.J T t r, f P = I , 2 , , • , , L "-l ) , 
Pi BLOC-< 0 T•lIS LIST•INTE.Gf~ IS fl"lLLO';JED BY r ►1E TITLE. OR BV T ► lf:. LIST. 
IDENrIFIEQ IT COPR(SPO~D TO(T~ POSITIONS), 
IN Tr➔[ OTHER SL0CKS THIS L13T•I1JTEGER lS FJL.L01'JfD RV A'JOTH[R I 1JTFGER, 
THE SH~ ,r [: l Cl ,.pJ '1 BER Or TH l l '-FOR 11 AT IO 'J, V n TE X OR ARC WIT rH l•J TH L L t ST 
CORRE.SPCPJDI\JG TO TH[ LlST•I'JT[GER, THE SE'.JJE.NCf Nu~F.iER OCCUPHS SW rosl noris, 



IN BLOCKS 1 ANO 2 THE SEQUE~Ct ~U~BER IS FOLLOWED BY THE LABEL Of AN 
lNfOR ► 1 ATIMJ(LVIW RFSP LAI"' POSITIONS) AfJD THE l'-JFc,Rf'IATIOt~ ITSELF 
(VlW RE.SP All'! P:JSITIOIJS). 

Pl BLOCK 3 THE SE.aUENCE N'l'lBER IS FOLLO~F.O AY THE LABEL OF THf VERTfX 
(LVW POSITIO~S), THE 1nENTIFIER OF THE VERTEX(V~ POSITIONS) ,~o POSSIBLY 
(THE LABEL OF) ITS INfORMATION(LVIW OR V!W POSITIONS). 

9 

IN BL(')CKS (4 ANO 5 THE Sf.QLJPlCE NU~loER IS F::ll.l0,..ED BY AN 1 (DR A 0), TAKING 
2 POSPIO~~s, IF THE H[l\D Ar,.,JD THE TAIL Or T"iE ARC WERE (NOT) ItlftRCHA.NGED 
DUE. TO PAIRS, THE (LABELS OF THE) E'H>POPJTS OF THE ARC cror,ET•lER ARCW 
POSITIONS) A~D POSSIBLY (THE LABEL OF) ITS INfOR~ATlON(LAIW OR AlW 
POSITIONS)" 

A TABLE Of THE VALUES or THESE QUANTITIES FOR EACH JOB IS OUTPUT ON 
THE ~Al~ OUTPUT CHANNEL 1 



THf PIJRPOSE OF PRINTARCSt IS TO PRINT, FOR EACH l.!Sl OF ARCS, THE 
ADJACf~CilS OF EACH VERTEX. 

OUTPUT rRo~ PRI~TARCS1 CO~SISTS Of FOUR COLUMNS, COLUMN 1 AND 2 OR 
COLUMN 2 A'-1D 3 COtJHlN THE: TAlL A"lD HE:A.D OF AtJ ARC, COLUM~J 4 C0 1JTAINS 
THE ARC•INFOR~ATlON• 

EACH ARC IS PRl~JTfD TWICE, 
ONCE ITS TAIL IS !N COLUMfJ 1 A 1✓ D ITS YEAD IS IN COLUMN 2, 
ONCE ITS TAIL IS IN COLU~N 2 AND ITS HEAD IS IN COLUMN 3e 
THE ARCS ARE SORTED, AS IS EXPLAitlED 6V THE E)<Ai'1PLES 

1 GRAPHt EXA~PLEg 
1 VERTICES 1 I: 1,2,3,1.1,51 
1 ARCS• t= 1:2, 1.1&1.1, 213, '!,;S, 5i3, I.lat, 3i4P 
'FINI I 

RE.SUI.TING lNs 

1 2 
4 1 
l 2 

2 l 
2 3 

:s 4 
S l 

J 5 
4 1 

l 4 
I.I 4 

4 I.I 
3 5 

S 3 
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8. GENERATORS 

Each of the procedures to be described now is a graph-generator, they 

can generate new graphs if the data from which the graph is generated it

self has the form of a graph, the representation of the new graphs satisfies 

the graph-defining language. 
' New graphs can be generated by: 

sorting of elements: LEXICOI and LEXIC02, 

redefining the direction of arcs: TRANSPOSE I, 

selecting elements: SELECT!, SELECT2, INTAR2, NEWINFOI and NEWINFO2, 

induction: INDUCE I, 

aggregation of arcs: MULARCI. 

Several procedures will be added, e.g. for the aggregation of vertices. 



12 

Uit <>. 1.EXICO 1 IIIU 

THE ~!RPDSE OF LEXIC01 IS T □ SORT THE LISTS nF Vlijf □ S, AINFOS, 
VERTICES A\lD ARCS MJD TO REDEfltJE PH: DIRECTJnN OF THE ARCS, 
THE OHITIES CAIJ BE F'UT PHO ASCfNDl!JG OR DESCENDING ORDER, 

THE ~EVWORDS OF LEXIC01 ARf.; 

VINris AZ, VINFns ZA 
THI VfRTEX ... l'~FORMH!ONS ARE PUT INTO ASCE~lDlNG (AZ) OR DESCENDING 
CZ') ORDER RESPECTIVELY. 
DEFAULT; THE ORDER REMAI~S UNCHANGED, 

AINf~S AZ, AI\JFOS ZA 
TrlE ARt .. P-lFl'JR•1AT!ONS ARE PUT IIITO AStENOPlG (AZ) OR DESCE~lDING (ZA) 
ORiu£R RE SPEC TI VEL Y • 
DEFAULTg THE ORDER REMAINS UNCHANGED. 

VE.RT AZ, VERT H 
THE VERTICES ARE PUT INTO ASCENDI~G (AZ) OR OEStENDI~G (ZA) ORDER 
RE SPEC TI VELV e 

DE~AULT: THE ORDER REMAIYS U~CH•NGED, 

ARCS fH AZ , ARCS TH ZA , ARCS rlT AZ , ARCS ~f ZA 
ARCS TAZ HZA, b.~CS TZA HAl, AP.CS rlAZ TZA, ARCS HZA UZ 

EACH K[Y.-IORD DEF]NFS AN ARRA~GEME~T OF T~E ARCS. 
DEfAULT: THE OROE.R OF THE ARCS RE.MAINS J~CHANGEDe 
TrlE ARCS ARE SORTED 111 T.-10 STEPS. 
IF, W!Trll~ A KEYWORD, TrlE "T" PRECEDES T~E "MN THEN THE ARCS ARE 
SOP.TED ACCOROI"IG TO Tlif TAILS I~J ST[P t , ARCS WITH I0EtJllC.AL TAILS 
ARf:. SORTED ACCORDING TO T--iE HEADS Pl ST[? 2 • 
IF, W!THW A KEYwf")RD, nr "H" PR[CEDfS T-if. "T" THEN STEP 1 C(HJSISTS 
Of S0PTI\JG THE ARCS ACCORi)?IJG rn THE rl[A?S, I"I sTE:.P 2 T'1E ARCS w!TH 
IDE~TICAL HEADS ARE SORTED ACCO~DING TO THF TAILS. 
iAlLS AN;) HEADS ARE PUT I'JTO ASCE"JDlNG (H) oq oESCENDUlG (lA) ORDER 
RE.SPE.CTI'w'ELV. 
T~E f lRST FOUR KEVWORnS PUT BOTH TAILS A~D HEADS INTO ASCENDING 
(OR DlSCE~DI~G) ORDER. 
THE LA5T FOUR KEY~OROS PUT TH[ TAILS AND HEADS !~TO OPPOSITE ORDER 9 

TtiE.SE ElGrlf KEVIi/OROS LEAVE TtiE DIRECTIONS OF THE ARCS U'lCHANGE.D, 

EP AZ, EP ZA 
THESE KEY i'I I) RDS ~AV !10 fl I FY TH f M REC TIO t~ 0 F ARCS • 
FQR ftC~ ARC THE TAIL AND HEAD ARE PUT l~TO ASCfNDING (AZ) OR 
DESr'.E'lD!)JG (ZA) ORO[R 0 

DU AJL T: T·iE DIRFCTI0"J Rt:'H r·is U'JCfiANGrn. 
Ir f\OTJ.i ARCS AN[) pJt,P()J'HS ARF RfAQR,UJGE), THEN u.xrcn1 f'IRST SORTS 
THE A RC S , A N O U H. R ~ A R D S R EA R ~ A l•l G ES T HE DI R l C TI O N O F T H f. A R C S 9 

COt~PACT 
A RfPR(SE 1!TATIO"J OF THE SORTED GRAPH IS PRODUCED IN WHICH VINfOS, 
Al~FOS A~~ VERTICES APE COOlD 9 EArrl LIST STARTS ON A Nl~ LINE, 
DUA 1JLT1 A RfPRESEtJTATIO·.J OF Tilf SORTED GRAPH JS PRD[)IJCED l"J WHICH 
fACH SORTED E'HITY OR ARC IS ~rn·ntD ON A. NE..i Lrt~E.. VPJFOS A~JD 
AINFOS ARE CODED. VERTICES ARE ALSO CODED, UNLESS ARCS OR tNOPrJiijf$ 
~ER[ snrnEo. 
Tri( LISTS Of ARCS ARE PRESEWT(n tN ,~c STRA!G~TFOR~ARn fORM, 



••• 10, LEXICO 2 *** 
THE PURPnSE OF LEXICO 2 IS TO SORT THE LISTS Op VERTICES AND ARCS 
ACCORDING TO TH( INrOR~ATlO~ OF THESE ELEMENTS, 
V(RTICES A~D ARCS CAN 8~ PUT I~JTO INCREASl~G OR DECREASING OROER OF 
THEIR lNFOR~ATIONS. 

THE KEY~ORDS OF LEXICO 2 AREi 

VE.RT AZ, VERTZA 
IN FACH LIST OF VE.RTICES TME VERTICES ARE PUT INTO INCREASI~G CAZ) OR 
OECREASI~G (ZA) ORDER OF THlIR INFORMATIONS, 
DEFAULT; THE ORDER RE~AI~S UNCHANG~D, 

ARCSAZ, ARCSZA 
IN ~ACH ~IST OF ARCS THE ARCS ARE PUT INTn INCREASING (AZ) OR 
DECRfASI~G (ZA) ORDER OF THEIR INFORMATIONS, 
DEFAULT; THE ORDER REMAINS Ut!CHA:~GEO, 

EPAZ, EPU 
THESE. KEYWORDS MAY MODirY THE DIRECTION ~F ARCS, 
FOR EACH ARC THE TAIL AiD HEA~ A~E PUT I~TO I~CREASING (AZ) OR 
DEC~EASI~G (ZA) ORDf~ OF T~EIR VERTEX•lNFOR~ATioNs. 
OEFAULTI THE DIRECTION REMAI~S UNCrlANGEO, 

COMPACT 
A RfPR[SE~TATION OF THE SORTFn GRA?H IS ?RODUCEn I~J WHICH VINfOS, 
All~fOS A"D VERTICES ARE C0Df.t1, EACH LIST STARTS ON A ~IEW Ll~JE, 
DEFAULTS A REPRESENTATIO~ OF THf SORTED GRAPH rs PRODUCED IN WHICH 
. EACH SORTED ELEMENT IS PRINTED ON A NEW LINE, IIIITHOUT 

COO?tJG. 
THE LISTS OF ARCS ARE PRESENTED IN THE STRAIG~TFORWARO FORM, 
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*** ti, TRA~SPOSE 1 *** 
THE PURPOSE or TIH~JSPOSE1 IS TO CHANG~ THE DIR'ECTION OF ARCS, 

TH( SE~lCDL.ON CLOSING THE LIST Of KEY~ORDS S~OULD BE FOLLOWED av 
9 GRAPH? <TITLE OF THE IJfW GRAPH>; 
ARCLISTS1 <ARC•LIST•I~E~TIFIERS>1 
INFL!STS: cAI~FOS•LIST•IDE~TIFIERS>r 
AINFOS3 <IRC•INFORHATIO~S>s 
1J0Bf1N 1 

(OPTI0"4AL) 
( oPTI O~AL) 
( OPTI O~AL) 

IF THE IDE~TlFIER OF A LIST OF ARCS IS MENTIONED tN 
<ARC .. LI ST .. IDEN Tl F"l ER S > THE. 'J T tl AT 1.. I Si ! S II ACTIVE" ,. 
IF ARCLISTS: <ARC•LIS'f,.!DEilTIFIERS>s 
IS MISSING THEN ALL LISTS OF ARCS ARE ACTIVE. 
THE REDIRECTIONING Of ARCS IS RESTRICTED TO T~E ACTIVE LISTS, 

IF THF IDENTIFIER OF A LIST OF ARC~INFORMATIO~S OCCURS IN 
<AINFOS•LIST•IDENTIFtERS> TrlE~ T~l INfORMATIO~S I~ T~AT LIST ARE ACTIVE 
THE ARCvINFORMATIONS OCCURRING IN <ARCe[NFORMATIONS> ALSO ARE ACTIVE, 

IF BOTH 
AN() 

ARE MlSSitlG 
OTrlfRWlSE lT 
TRANSPOSE le 

lNFLISTS~ <AI~FOS•LIST•ID[~TIFIERS>s 
A I ·'ff OS: <A RC .. I 1Jf0R~1A TI O'JS> r 

THEN ALL ARCS IN THE ACTIVE LISTS ARE REDIRECTED, 
DE.PENDS UPON THE IrffO~~AfION AND TH£ KEYWORDS OF 

THE KEYWORDS OF TRANS?OSE1 AREa 

POSPJF, NE.Gl"lr 
DEFAULT; POStNF 
IF POSINF T~EN THi DIRECTION OF THE ARCS, I~ THE ACTIVF LISTS, 
H Av' I l'.J G A N A C T l VE I N F O R 1.1 A TI m; ! S C H A : JG E D • 
lF NEGI~F T'1[N THE' DIRECTIO'J OF THE ARCS, Pl THE ACTIVE LISTS, 
NOT HAVING AN ACTIVE !~FORMATION IS CHANGED, 



THE' PttRPOSE Or SELECTl IS TO GENERATE NEW GRAPHS SY SELECTING rnTITIES 
fROM A GRAPH. 

THE S[MlCDLO'~ CL.OSING THE' LIST Of KEYWORDS !S FOLLOWED BY1 

tGRAPHI <TITLE OF THE ~tW GRAPH>r 
1vJNfnS1 <LlST IDENTifIERS>J 
tAINf05 1 <LIST IDENTIFIERS>1 
•VERTICES' <LIST IDENTIFIERS>1 
tARCS 1 <LIST IDENTiftERS>J 
1JQBfIN 1 

(OPTIONAL) 
(OPT'IONAL) 
(OPTIONAL) 
(OPTIONAi.,) 

<LIST IDENTIFIERS> IS A LIST OF LIST•IDE~TIFJERS OF LISTS OF THE 
APPROPRIATE TYPE, SUBSEQUENT IDENTIFIERS ARE SEPARATED gV A C0MMA 8 

A LIST IS "ACTIVE" IF ITS IDENTIFIER IS H[NTIDNED IN 
<LIST IDtNTIFIERS>~ 

THE ~EV~ORDS OF SELECT1 ARE; 

DELETE, RETAIN 
DEFAULT& RETAIN~ 

ENTITIES, l,.lSTS 
DEFAULT& L.ISTS, 

SO THERE ARE FOUR POSSIBLE CO~BINATIONS Of KEYWORDS& 

RETAIN, LlSTSs 
DELETE, LISTS; 
RETAIN, ENTITIES~ 

DELETE, ENTlTIESi 

THE NEw GRAPrl CONSISTS OF THE AcTlV[ LISTS, 
THE ~Jt:w GqAPH CO'JSISTS OF THE NQN•ACTIVE LISTS, 
Ti-lE ·NlW GRiPH CO•JSISTS OF T'lE E'-JTITIES I"l THE ACTIVE 
LISTS. ALL LIST•IDE::'HIFlf.RS ARE RlTAl'IED BUT, 
IN GE" NE RA 1.., T rl E CD NT E l'-J TS OF THE N r rJ .. AC TI VE l.I ST S WI LI. 
BE HODJFIED, · 
'!'HE (tHITIES Pl THE ACTIVf. LISTS ARf RE~lOVFD FROM ALL 
LJSTS. ONLY THE IDE-PJTIFIERS Of TH[ ~IO'l•ACTIVE L.lSTS 
ARE RETAI~ED, THE CONTE~TS OF THESE LISTS WILL, 
lN GENERAL., BE MODIFIED, 

"1UL TIPLE ARCS OR EDGES ARE co ► /SlDERf.D TO BE DIFFERENT ARCS OR EDGES, 
T Hf R f "I O V A L O F A V E R T ( X F R O '-1 T HE GR A P H p1 P LI E S T H E R E f1 0 V A L Or A L l. A RC S 
0~ EDGES INCIDENT TO THAT VERTEX, . 

IN TH[ REPRESE~TATION OF THE NEW GRAPH VlNFOS, AlNFOS AND VERTICES ARE 
CODED, 
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••• 13 1 ~Eb(CT 2 *** 
THI: PUR?QSE OF SELECT2 IS TO GPJERATE NEW GFU1PHS BY SELECTING VERTICES 
AND ARCS ACCORDING TO THEIR INFORMATION, 

THf SEMICOLO~ CLOSING THE LIST OF KEYWORDS IS FOLLOWED BYa 

1 GRAPHI 
•VlNFOSI 
'AlNFOSI 
IJOBfINI 

<TITLE OF THE NE~ GRAPH>J 
<LIST IDENTlflERS>1 
<LIST IDE~TIFIERS>1 

(OPTIO"lAl,.) 
(OPT zotlAL) 

<LIST 1D["lT!fIERS> IS A LIST Of LIST•IDfNTir!ERS nf LISTS Or THE 
APPROPRIATE TYPE, SUBSEQUE~T xnENTJFIERS ARE SfPARATtD RV A COMHA. 
A LIST IS "ACTIVE" IF ITS IDENTIFIER IS MENTIONED IN cLJST IDENTIFIERS> 

THE KEYWORDS Or SELECT2 ARES 

POSYERT, NEGVERT 
DEFAULT: POSVERT~ 
!F POSVERT THEN THE Yf;RTIC:ES HAVING An I'ff(lR~ATJON l'~ AH ACTIVE UST 
ARE "ACTIVE", IF NEGVERT THEN THF VERTICES WITHOUT AN ACTIVE 
lNf-ORMATIO:-J ARE corJSIDERED AS 11 ACTIVE 11 • 

Df.LVERT, RETVERT 
DEFAULT: RETVERT 
IF DELVERT THEN THf ACTIVE VERTICES ARE REMOVED FROH ALL LISTS OF 
VER TI Cf S • 
IF RE TVERT THEN THE Nnt--/ .. ACTIVE VfRTICES ARf DELETED AND THE NEW GRAPH 
CONTAINS ONLY T~E ACTIVE VERTICES fRO~ T~E ORIGINAL GRAPH, 
THE REMOVAL OF A VERTEX I~PLilS THE REMOVAL Of ALL ARCS INCIDE~T TO 
THAT VERTEX• 

POSARC, NEGARC 
DEFAULT: POSARC 
!F POSARC T~EN THE ARCS HAVI~G AN I~fOR~ATIDN IN A~ ACTIVE LIST ARE 
"ACTIVE", IF NEGARC TrlEJJ THl ARCS WlTtiOUT AN ACTIIIF. l"JFOR'1AT!ON ARE 
"ACTlVE", 

DELA RC:, RETA RC 
Dr FAULT: RETARC, 
IF RETARC Tt!E'J THf ACTIVE ARCS ARE RETAPIED, IF DEL.ARC THEN THE 
ACTIVE ARCS ARE Re.MOVED FROM rHE GRAPH 1 

IN TH[ NEw GRAPH THE VINfOS, Al 11F'OS HID VERTICES ARE CODED. 



*** IQ, JNDUCE 1 *** 
THE PURPOSE OF IIJDUCE1 IS TO GnJfRHE NEW GRAPHS BY rnDUCTION IN A 
GRAPH, 

THE SEMICOLON CLOSING THE LIST OF KEV~ORDS IS FOLLOWED BYa 

1 GRAPH 1 <TITLE OF THF NEW GRAPH>J 
INDUCTEES; <LIST !DENTIFitRS>J 
INDUCTORSa <LIST lDENTiflERS>r 
I JOBF IN' 

<LIST IDf~TIFIERS> IS A LIST or llST~IDlNTIFIERS OF LISTS OF VERTICES, 
SU8SEOU[NT IDENTIFIERS ARE StPA~ATED BV A COMMA, 

i ti E NE l'I GP AP H C ON S ! ST S OF THE OP I G Hl AL V I N FO S , T HE L I ST S OF VER TI CE S 
DEFINED TO BE I~DUCTEES A~D THE ARCS ~HICH ARE GENERATED BY THE 
INDUCTION PROCESS. 

THE VfRTICES OCCURRIIJG IN THE LISTS OF VEQTICES DEFINED TO BE HJDllCTORS 
ARE INDUCTORS, EACH sue~ VERTEX INDUCES ARCS BETWEEN INDUCTEES IT IS 
ADJACENT TO, 

THE KEY~DRDS Of lNDUCE1 AREi 

TT, HT, TH, 1-iH, TT2, fiH2, DEF 
DE:.FAULTI DEF. 
ANY COMBI~ATION OF THESE KE.V~ORDS ~AV SE SPECIFIED, HOWEVER& 
IF DEF THE.iJ TH( OTHERS ARE lGtlORtD, 
IF rr2 T~[N TT IS IGijQRED, 
IF HH2 TrlEN HH rs IGNORED. 
EACH OF TrlESE KEV~ORDS DEFl~ES A SPECIFIC TYPE OF JijDlJCTION, 
LET I DE'JOT[ AN I'JDUCTOR, LU T DE~JOT[ T~E sn OF PJDUCTEES WHICH ARE 
rn°ADJACF.,"H TO I (I,E. AN It-l()IJCH.F. rs !'~ T IFr tT IS THE TAIL nF AN 
ARC HAVING I AS ITS HEAD), LET H DErrnrE THF SET OF PJDUCTErS WHICH 
AR( OUT•ADJACEt,T TO I ([.l. Aff INDllCTlE IS IN H IFF IT IS HiE HEAD 
OF AN ARC HAVING l AS ITS TAIL). 
TT l "JD lJ CE 5 A~~ EDGE:. FOR EA C f..i PA IR OF VERTICES IN T, 
H T p,1 '.) U C E 5 A '-I A RC F R O ,1 E A C H V E R T E X I N H TO E. A C H I N T , 
TH INJUCES AN ARC FRO~ l-CH VERTEX INT TO EACH IN H, 
H;-; INi)UCES AN EDGE FDR (A.Cd PAIR OF VERTICtS P,J H, 
TT2 I'IDUCES A"J ARC FROM EACH VERTC:W: ! 1J T TO EACH UTHFP VERTfX INT, 
Hri2 !'H)llCES Atl ARC fRO~ E"ACH VE.RH,_)( It~ H rn F. ACH OTHER VERTEX IM ~•. 
DU I'H1 1.ICE3 A'J EOGE FOR EACH PAIR Of VE~TlCE.S IN THE u1qQN OFT 
AND H0 

l T S H O lJ L D B [ ~1 0 T [[) T H A T T HE S E T S T A ND H A R E '-IO T N I:' C E S S AR I L Y 
DISJOINT, 

ADJ, MULT, \I/EIGHT, INFO 
DEFAUL.T& ADJ, 
I. ET l DE 'J DTE M J I t JD UC TOR , Tl A ~J P lD UC TEE W ITH W 1 A RC S FROM T 1 TO I , 
T2 AN IN)UCTEE WITH ~2 Aqcs FRO~ T2 TO I. 
IiJDllCTIO"l Of TYPE TT ON I RtSllL TS I'I: 
If ADJ THEIJ ON( £OGE n(TW[EI.J Tl All:) T2, 
IF HULT THEN w,.w2 lDGES ~E.TW[[N Tl A~D ,2. 

If PJFO THEN T•~lS E.QGL(ADJ) OR THE"SE t::[)r.fS (MtlLT) 
0 a TA PJ TH ( V l PT[ X ~ P J f OR ~1 A TI r1 ~j D F I AS E. D GE"' 
1Nf0R11ATIO~J, Oidf l<'~IS( THE EDGES AR!:. wllHOUT INfORMATION 1 

I F WE" I G HT T HE 'J O ~IE (OGE BE T w EE M T 1 A ~ I Cl T 2 , W I T H W 1 * W 2 A S 
EDGE•INFORMATlON. 

S!MILI\RI.V FOR THE OTHlR TYPf:S OF INDUCTIDN 0 
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LISTS, VERTICES 
DEFAULT; VERTICES. 
lf VERTICES THE.N THE INDUCTimJ PROCESSES ARf:. EXF.CUTE'D orJLY ONCf FOR 
fACH INCUCTOR, FOR [AC~ l~DUCTOR T~E NEW GRAPH CONTAINS A LIST OF 
ARCS, IDENTIFIED f\V THE LA8EL OF THE INDJCTDR, CDNTA HJI~~G ALL ARCS 
DUE TO TrlAT I~OUCTOR, 
IF LISTS THE:.N THE rnoucrr □ N PROCESSES ARE EXECUTED FOR EACH LIST OF' 
INDUCTORS AND, 1'4ITHIN [ACM LIST, roR fACi-1 JM0 1.JCTOR, 
CONSEQUE~TLY, AN INDUCTOR IS USED M TIMES IF IT OCCURS IN M LISTS OF 
lNOIJCTORS. FOR EACfi LIST THE NEW GRAl'H CQNTA I~$ A LIST OF" ARCS, 
lDENTlFlED BY THE IDENTIFIER OF THE LIST, CONTAINING ALL ARCS DUE TO 
THAT LIST, 

FORMO 
BY T"iIS KEYWORD THE LISTS Of ARCS ARE PRINTED IN THE STRAIGHTFORWARD 
FORH, EACrl ARC IS PRl'HED QIJ A NEW LitlF.. 

IN THf RfPRESENTATION OF T~E NEij GRAPH THE VINFQS AND VERTICES ARE 
COOED. THE AINFOS, IF ANY, ARE NOT CODED, 



*** 15, lNTAR 2 ••* 
THE Pt!RPOSE OF INTAR2 IS TO GE'JERATE GRAPHS DEFPlEO BY A SET OF' 
VERTICES (X) AND THE ARCS HAVl~G BOTH ENDP~INTS I~ X, OR BY 
TWO DISJOINT SETS OF VERTICES ex ANDY) A~O THE ARCS HAVING O~E 
ENDPOINT IN X A~JD ONE EIJDPOINT l·N Y, 

THE KEYWORDS Of lNTAR2 AREi 

ALLINTRA 
roR EACH LIST OF VERTICES THE GRAPH OEFI~ED BY THE VERTICES IN THAT 
LIST (: THE SET X) IS GENERATED, 

ALLINTRACO"iPL 
FOR EACH LIST OF VERTICES THE GRAPH DEFINED BY THE COMPLEMENT OF THE 
VERTICES IN THAT 1.IST IS Gt'IERATED, 

ALLINTER 
FOR EACH PAIR Or otSJOI~T LISTS OF VERTICES THE BIPARTITE GRAPH 
DEFINED BY THE T~O LISTS (SET X AND SET 1) Is GENtRATED, 

ALLlNTERCOMPL 
FOR EACH LIST OF VERTICES THE BIPARTITE GRAPH DEFINED BY THAT LIST 
C : SE T X ) A 1m IT S C O MP LE ~, E , n C = SE T Y ) I S G F. N ER A TE O , 

SPEC INTRA 
THE GRAP~ DEFINED BY THE VERTICES IN SETX IS GENERATED. 

SPEC1NTRACOMPL 
THE GRAPrl OE,lNEO BY THE CO~PLEHENT OF SETX IS GENERATED, 

SPf.C HITER 
THE BIPARTITE GRAPH DEFINED BY SETX ANO SETY IS GE.NERATED, UNLESS 
THE T~O SETS ARE NOT DISJOI~T, 

SPE:CINTERC0"1PL 
THE BIPARTITE GRAPH DEFINED BY SETX A~iO ITS COMPLEMENT IS Gf::NERATEDw 

I N T HE: A BO V E SE f)( A ND S t TY A R E. , I t J G f "l E P A L , T Ii E ti N I ON O F SE VER A L 
LISTS or VERTICES. TO SPECIFY THESE SETS THE SEMICOLON CLOSING THE 
~lST Of KEY~ORDS IS FOLLO~ED BY1 

t GRAPH t <TITLE> J 
Sf.TX: <VERTEX LIST IOEtlTIF"IF.RS>1 
SETY = <VERTEX LIST IDENTIFIERS>s 
'JOBF PP 

(FOR SPECINTER ONLY) 

THE. ~ [Y •In Ro SPEC PHf R SHOUL I) !·J") T occ UR T"lGETHE R w I TH ANY OF THE 
KEYWORDS SPECiiTRA, SPECI~T~ACO~PL,SPECINTERCDMP~, 

IN H◄ t l<[PRES[l~TATION or mt: '4El'I GRAPH THE VPIFOS, ,\ltJFOS A1JD VERTICES 
ARf. CODED, 
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••• tb, HU~ARC 1 *** 
THE PURPOSE OF ~ULARC 1 IS TO AGGREGATE MULfiPLE EDGES OR ARCS, 
~!THIN EACH LIST OF ARCS EACH SET OF MULTIPLE EDGES OR ARCS IS RtPLACED 
BY A S!'JGLE ONE 0 

THE Nf~ tDGE OR ARC CA~ BE PROVIDfD WITH A NUMtRICAL INFORMATION, l,E 0 

THE NUMBER OF EDGES OR ARCS IT REPLACES, 

THE SEMICOLON CLOSING THE LIST OF KEY~ORDS IS FOLLOWED BY; 

IGRAPH 1 <TITLE OF THE NEW GRAPH~# 
tJOBfINI 

THE KfY~ORDS OF MULARC1 ARE& 

DIRECTED 
THE GRAPH IS CO~S!DERED TO BE A DIRECTED ONE. 
DEFAULTS A NON•DIRECTED ONE 

MUI.UP, ~HJLDOIIIN 
IF A~V OF THESE KEYWORDS lS SPECirIEO T~EN THE ARCS OF THE NEW GRAPH 
ARE PROVIDED ~ITH INFnRHATION, I.E. THE ~ULTIPLICITY OF THAT ARC IN 
THE ORIGI~AL LIST OF ARCS, 
WITHI~ EACH LIST THE ARCS aqE SORT[~ lij ,scE~DtNG (MULUP) OR 
DESCE~DI~G (MULDOWNJ ORDER OF ~ULTIPLICITY. 
D ff A I.IL T ; THE ARCS ARE. ND T PRO VI OED I'! I T fl INFORMATION• 

COMPACT 
IN THE REP RES PJT A TI ON Or THE 'IE '.-I GRAPH T rl E VI 'II F OS A ~m VERTICES ARE 
COD ( D , E. AC '"l L l ST STARTS O 1~ A ~, E W UN E • 
Of.FAULT g THE VlNrOS ARE CODED, THE VEIHICES ARE NOT CODED, 

EACH ARC IS PRI~TED ON A ~EW LINEa 

THE ORlGINA~ ARC•INFORHATIO~S, IF A~Y, ARE DfLETED FROH THf GRAPH, 



THE PIJRF'OSE OF NEWINrn 1 IS TO CREATE NfW LISTS OF YUffOS A~m AINFOS, 
ONLY NUMtR!CAL INFORMATIONS CAN BE PROCESSED. 

A NUMfRlCAL !~FORMATIO~ IS A SE~UENCE OF ~J~~FRS, EACH NUMBER 
IS A "COMPONENT" OF THE I'ffQR:~ATION 1 

FOR EACrl PART OF A NEW LIST, A SET OF PfRHITTED YaLUES CAN BE DEFINED 
FOR EACrl COMPONENT. ALL INFORMATJnNS sue~ THAT TrlE VALUE OF EACH 
COMPO~fNT IS A P~RM!TTED O~E ARf INCLUD~D IN THE NE~ LlST 9 

THE PERMITTED VALUES ARE DEFINED IN T~E FOLLOWING WAYa 

IF A CO~PO~ENT OF A SPECIFICATION OF PER~ITTED VALUES CONSISTS OF THE 
LETTER A THE~ THERE ARE N □ RESTRICTin~s 0~ THE VALUE OF THE 
CORRESPONDING COMPONE~T or TH[ INFORMATIONS. 
OTHfRWlSE TH[ COMPONEfJT OF A SPECIFICATIO~ co~SISTS OF A LIST OF 
NU M 8 f. RS , ENCL~ S ED lol I TH I "I PAR PH d ES f S, W i H CH ! S T f ➔ E SET OF 
Pt. R M I TT E D I/ A. L U E S ro R THE C O R RE S P n t JD l N G C O M ? 0 N f.. N T OF TH E t:-JF O R M A TI ON S , 

If THE LENGTH OF A SP(CIFICATIO~, I,E, ITS NUMBER OF co~PJNf~TS, EQUALS 
THE LEN~TH OF A'-1 l~FORMATIO~ THEN THE COMPaRrSo~ 1s STRAIGHTFORWARD, 
0 THE R W I Sf T ti E JUST I Fl CA TIO N OF i HE IN f" 0 RM A TIO 'JS DE Fl NE S THE 
CORRESPONDE~CE BETWEEN THE COMPONENTS OF THE SPECIFICATION AND THE 
COMPONENTS OF TH£ INFOR~ATION 0 

IF THE I rJ F OR :~ A T I O ~4 S ARE LE F T • J lJ S T IF ! E D T HE '-I T f ◄ E C O ~ P AR I SO ~4 STARTS A T 
THE LEFT HA~D SIDE nF THE SPfCirrc,TJO~ ANJ THE I~FUR~ATIO~, 
IF THE INFOR"1ATIONS ARE RIGHT .. JLISTirIED THEt--.l lHE COMPARISON STARTS 4T 
THE RIGrlT HAND SIDE OF THE: SP[ClFICATIO~ A~D THE INfORHATION, 
IF fHE NUMBER Of COMPONPHS or THE !NFORl-1ATIOfl EXcEtDS THAT Of THE 
SPE:ClfICAftO:~, THE REDUIIOA'H C0 11PONE'JTS Or THf.. P-JfORMATIOtJ ARE 
CONSlDE~EO AS PER~ITTED O~ES 0 

n➔ E L Pl G Tr1 0 F" A SP ( C I f" I C A T I ON S H OU L D ~ 0 T E X C t [ D T HE L E N G T H 
OF TrlE LO~GEST lNrOR~AT!OiJ C'lF lTS TYPE, 
THE l ['-JG T H OF A N £ w LI S T I D SH O lJ l D ~JOT EX C EE D T HE LENG TH OF THE LONGE S T 
LIST~IOE~TiiIER or IiS TYPE, 

FOR A SINGLE NEW LIST SEVERAL srECIFICATIO~S OF PER~ITTED VALUES CAN BE 
CO~BlNEDt 

(A,(2),A), ((3),A,A), (A,A,CQ,5)) 

THE tJEIII LIST co•JTAINS ALL p,irnqr~ATIONS SATISFY!'~G AT LEAST OtlE OF THE 
SPF.ClflCATIONS 0 

THE SE~lCOLO~ CLOSI~G THE ~IST OF KEY~ORDS SHOULD BE f0LLO~ED BYJ 

'YlNFOS 1 NE~LISTID: <SPECIF!CATIO~S Of PERMITTED VALUES>; 
• 
• 
• ' vt N rO S 1 'JE W l.I S TI D : < S P f C 1 F I C A T I() N S Of P E ~ •1 IT T E O V A L 11 F. S > J 
1 AI~Fns, NE;ILISTID ~ (SPECIFICATIONS OF P(R~ITT[O VALUES>1 

• 
~ 

1 A fNF"rJS 9 NEI/LISTID : <Sf"ECIF TCATIONS OF Pf:R11!TTEO VALUES>r 
'J%FIN• 
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THE KEY~OR~S Of NEWINFO 1 ARE& 

LENGTHAINF, LENGTHVl~F 
lF LE'IGT~ (Al~F FOR AlNFDS, VINF FOR V!~FnS) THEN THE COMPARISO~ OF 
CO '1 r O 'It. N i S I S PRE C EDE n 8 'f A C (1 '1 PAR I SO r l OF 'f' ➔ E l ENG TH S OF THE 
SPfC!FICATI0 1~ ArJl"l THE PJrC'!P!~ATJON, IF f'ff Lf"lr,TrlS ARE NOT EQUAi., 
1HEN THE I~FORMATION DOES NOT SATISFY TrlE SPECIFICATION, OTHERWISE 
THE NORMAL CO~PARISO~ or THE COMPONENTS IS PERfQRMED, 

SPECONT: 
DEFAULT& 
THE VALUE 
VAL.LIES l"-j 

EPS ~ 

SPECDNT::: 500 1 
OF SPECONT IS A~ UPPER BOUND FOR !HE NUMBER OF PEQMITTED 
ANY SPECIFlCATION 1 

DEFAULT: EPS: "•7 J 
TWO N0~EQICAL VALUES ARE co~SIDERfD EQUAL If THE ABSOLUTE VALUE 
OF Trl[IR DIFFERENCE DOES NOT EXCEEn EPS. 

IN THE NEW GRAPrl THE YINros, AINFOS AND VERTICES ARE CODED, 



*** 18, NE..iI~FO 2 *** 
THE PURPosr OF NEWI~F02 IS TO CREATE ~FW VINFOS AND AINFOS, 
ONLY NUMERICAL INFORHATIONS CAN BE PROClSSED. 

A NUMERICAi.. t"lFOR11ATION IS A SE·1UENCE or ~UHRERS, EACH NU"18ER IS A 
"COMPONENT" OF THE JNFORMAT!O~. 
Nf.ioll~~ro2 CA 1~ DELETE CDMPO"IF.:JTS rRO~ THE tNFOR'4ATIONS A•~o CA·~ RE-ARRANGE 
T rl E O R D f. R O F T HE RE "'1 A 1 N I NG C O '1 P ON EJH S , T ►◄ t S I 5 SP E C I FI E D I N THE 
FOI..LO;.!ING ~AV; 

co,1,1,0,2,. 
DUE Tn THIS SPECIFICATION fAC~ INFO Of LENGTH s, I,E. CONSISTING OF 5 
COr>lPOMEIITS, IS REPLACED BY AN Ir-lF'O OF LE\JGTH 3, THE NE..iPJFO CONTAINS, 
IN THIS ORDER, THE THIRD, FIFT~ A~D SECOND co~PON[NT OF THE ORIGINAL 
INFO, 
THE COMPONE~TS ARE COUNTED FROM THE LEFT TO THE RtGHT• 

THE SEMICOLON CLOSING THE LIST OF KEY~ORDS SHOULD BE FDLLOWEO BYt 

1 VtNFOS• 
1 AINFOS' 
•JOBF'IN• 

<SPECIFICATIO~S> r 
<SPECIFICATIONS> I 

C OPTI O~AL) 
( OPTI O~AL) 

TWO SUBSEQUE~T SPECIFICATIONS ARE SEPA~ATEO BV A COMMA, 

THE KtY~ORD OF NE~I~F02 IS 

CODE 
IN THE NEW GRAPH THE VJ'Jf"OS, APIFOS AIJD VERTICES ARE CODED, 
DEFAUL.TI T>iE VIlllfOS, AP.IFOS AIID VERTICES ARE NOT CODED, 

MQRCOvER, EACH NEWII\IFIJ IS PRINlED OiJ A !~El" l.!NE, IF TtiERE ARE NEW 
VI~FOS EACH VERTEX. IS PHINH:D OIJ A l~E~ L.INE, IF' THERE ARE NE.,j 
AINFOS ~ACH ARC IS PRl~T(D ON A NEW LINE. 

IMPORTANT I NE~INF02 CAN ACCEPT ONLY ONE JOB FOR EACH GRAPH, 
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19. ELEMENTARY ANALYSES 

Only six procedures for analysing graphs are available now, some of 

these however have several keywords corresponding to different types of 

analysis. Experience has shown that elementary analyses, if applied to 

suitably chosen subgraphs and induced graphs, is a powerful tool to obtain 

insight into the phenomenon that is studied. 

Several procedures will be added, e.g. detection and analysis of 

cliques, blocks and clusters, and covering algorithms. 



*** 20, SURVEYS 1 *** 
THE PllRPC,SE OF SURVEYS1 IS TO F'RODUCE rREQJE.NCY TABLES DfSC 1HBING 
THE MULTJP~lCITY AND THE USE OR !NClDENCE OF VI~Fos, AINFOS, VERTICES 
AND ARC$ 0 

THE KEV~OROS Or SURVEVS1 AREi 

LISTSIZES 
FOR EACH TYPE OF LISTS THE DISTRIBUTION ~F THE SIZES OF THE LISTS tS 
PRl~TED, THE LIST•IDENTift(RS ARE ALSO PRINTED IN ORDER OF SIZE OF 
THE LIST e 

MULVlN 
A FRECUE~CY TABLE OF THE MULTIPLICITY OF VJNFOS IS PRINTED, A V!NFO 
HAS M~LTlPL!C!TY M IF IT OCCURS I~ M LISTS OF VERTEX•INFOR~ATlONS, 

ALLVlNF'OS 
A FRE:.lUE"JC'I' TABLE OF THE USE OF VINFOS IS PRJ'-HEDe 
A VINFO IS USED N TIMES IF N VERTICES HAVE THAT INFORMATION, 

VINFOLISTS 
FOR EACH ~!ST OF VINFOS A fREQUENCY TABLE OF THE USE or THE VINFOS IN 
THAT LIST IS PRINTED, 

MULA P~ 
A FREQUENCY TABLE OF THE MULTIPLICITY OF A!NFOS IS PRINTED, 

ALLA I "IF"OS 
A FREQUE"ICV TABLE Of THE USE OF A!NFOS IS P~I~TED, 

AINFOLISTS 
FOR EACH LIST OF AINFOS A FREQUENCY TABLE 0~ THE USE OF THE AINFOS IN 
THAT LIST IS PRINTED, 

MULYERT 
A FREQUENCY TABLE OF THE MULTIPLICITY OF VERTICES IS PRINTED, 

ALLVE.RTICES 
A f R E Q ll E "I C Y TA. 13 L E Or T H E I ~ C I D E. NC E C'1 F' T fi E v E R TI C E S I S P R I N TE D , 
A Vf.RHX HA.S INCIDEIJCE l If THAT VEPfEX IS !NCIDE"H TO I ARCS, 

VERTEXLISTS 
FOR EACH LIST OF VERTICES A FPf.GlUENCY TA3LE Or THE PlCIOE~JCE OF THE 
VERTICES I~ THAT LIST IS PRINTED. 

ALLARCS 
A FRF1U~NCV TABLE OF THE YULTIPLICITV OF THE ARCS IS PPINT[D, 
MORfOVfR, T~E Ni.JHRER f)F LOOPS AND NON .. LQ::JPS A\JD THE COEFFictrnr OF 
ADJACCNCY OF THE GRAPH IS PRINTED, 

ARCL!STS 
FOR EACrl LIST OF &RCS A FRE~LIENCV TABLE OF THE MULTIPLICITY OF THESE 
A RC S , T H E. "I IJ fl B £ R O F L O O P S A r l D N O N "'L O O P S A N D T '1 E C O ET F I C H "l T O F 
ADJACENCY IS PRINTED, 
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••~ 21 0 WEAKCOHPS 1 *** 
THE PURPOSE Of WEAKCOMPSt IS TO DF.Tf.R'~ftJE THE WE:4KL'I" CONNECTED 
COMPONENTS OF A NON.OIRECTED GRAPH (OR A SERIES OF ITS PARTIAL GRAPHS) 
AND TO PERFORM A FIRST ANALYSIS ON THESE CO~PONENTS. 
THE ANALYSIS CONSISTS OF T~E DETERMINATION JF T~E DISTANCES BETWEEN 
THE VERTICES OF A COMPO~E'JT A~D tHE IDENTIFICATION OF ITS CENTRAL AND 
PERIPHERAL VERTICES ~ITH RESPECT TO SEVERAL MEASURES OF CENTRALITV 1 

EACH CO~PO~E~T IS IDENTIFIED BY THE IDE~TIFJFR OF ITS RErRESENTATIVE, 
T HE RE P RE S E :-J T A fl VE Of A C O MP ONE ~I T I S TH t VE R T l X l N THE C O ~ PO "J E N T H A V I NG 
THE HINI~U~ LABEL, 

THE KEYWORDS OF WEAKCO~PS1 ARfi 

SIZES 
A FREQUE~CY TABLE OF THE SIZES CF THE co~~O~ENTS IS PRIIJTED, 
THE IDf'HIFIERS A!IJD SIZES OF THE C0'1PQNE\ITS ARE PRI~JTEO, BOTH lN 
ORDfR OF THE lDENTIFlERS AND lN ORDER OF THE SIZES (ISOLATED VERTICES 
NOT HJCLUDEC>l 0 

TrlE COEFFICIENT OF CON~ECTIVITY OF TH£ GRAPH JS PRINTED, 

CROSSREfS 
FOR EACH VERTEX THE IOE~TIFIER or ITS CO~PO~ENT IS PRINTED, 
FOR EACH CO~PONENT ITS IDENTIFIER &ND THE IDE~TIFIER OF ITS VERTICES 
ARE PRINTED. 

MINSIZE: , MAXSIZE ~ 
DEFAULT& ~I~SIZE: ?, ~AXS!ZE; tI4FINITY 0 

IF MI~SIZE < 2 IS SPECIFIED TH~N WEA~CO~PS REDEFINfS MI~SIZE ~ 2, 
ONLY THE COHPON[NTS SATISFYING MitJSIZE: u SIZE -c:: "1AXSIZE ARE 
ANALYSED, 

NBHD: 
DEFAULTS "IB ►iD: t, 
Tri~ NEIGHBOURHOOD OF A VERTEX CONSISTS OF THE VERTICES AT 
D!STANCF <: NBHD FROM THAT VERTElC 1 

FOR EACH VERTEX IN THE co~PONENT THE NUM9ER OF VERTICES IN ITS 
NEIGH60URHJJD JS PRINTED, 
If NBHO > \ TH(N THE VERTICES ARE SORTED IN DfCREASING ORDER OF THE 
SIZE OF Ti,EIR NEIGHBDUR'IODO, 
lf NB~D > 1 THE~, FOR EAC~ VERTEX, THE ~J~BlRS Of VfRTICES AT 
DISTANCE. <:I I cI=t, •••• irnHD) aqr fH~PHED, Bf"ITH IN ORDf:.R OF THE 
VERTlcrs •~D IN L[XICOGRAPHICALLV DECREASING ORoEH OF THE NIJMUERS OF 
VERTICE.S, 

~lNDtST a , ➔ AXOIST: 
DEF.AULT: "1I~DIST: 1, '-'AXDIST: +PWI~l'fV. 
T HE r~ UM g ER 'J F V [ R TICE S A T A DIS TA 'K F. SATISFY I'-J G 
~11 N n 1 S T c : D I S TA ~l C E < :: f i A X D I S T ! S TH f. N U "1 B F R OF C Cl N T A C T S n F A V E R TE X e 
FOR tAC•i VE?.TEX ITS NU"1HER OF COtJT&CTS IS PRI'HED, f10TH I"I OR[lER OF 
THE VERTICES ANO IN DECREASING ORDER OF THE NJ~AfR OF CONTACTS 0 

IN THE DEfAULT CASE THE SECOND LIST IS NJT ~RINTED, 

RUSHADJ,RIJSH~UL 
FQI-< f.ACd VERTEX ITS RUSH IS PqINTf.D, OOTl-4 IN ORDER OF THF. VERTICES 
ANO IN DEC~EASI~G ORDER or THE RUSH, 
THf RtJSH IS COMPUTED Pl THE fOLLOW!~IG ;.iAYi 
EACH VE.RTEX S[!Jf)S 011[ U'-IIT or FLOW TO t.ACH OF' ITS (OIJTAC:TS, 
T H l U 'J IT OF" F L O ~ l S Erl U A I. L V D l S TR lB U f E r, 0 VE R T H [ 1-1 A 1 HS () F 11 Pl I M A i. 



LENGTH CO'INfCTING THE no VE:RTicrs. THE Rll~H or A VERTEX IS THE 
FLO~ THROUGH THE VERTEX, EXPRfSSEO AS A F'RACTION OF ALL FLOW IN THE 
COMPONflJT, 
KEY~ORD R~SHMUL TAKES T~E MULTIPLICITY OF EDGES INTO ACCOUNT, 
KEYWORD RUSrlAOJ iG~ORES T~f MULTIPLICITY OF EDGES, 
A JOB MAY CO~TAIN BOTH KEYWORDS, 

ADJ, MEDIAN, SU~, MEAN, EXCE~, AAVtLAS 
A JCl6 MH C'JNTAI~ A~JY CO'18T!'IAT1ON OF THESE KEYWORDS, 
EVEN If ~O~E OF THESE KEY~ORDS IS SPECIFIED, THE CORRESPO~DING 
MEASURES Of CENTRALITY ARE PRINTED FOR EACH VERTEX, 
IF A KEY~ORD IS SPECIFIEO TrlE~ THE VERTICES ARE ALSO PRINTED IN THE 
DEC~EASI~G ORDER Of CENTRALITY. 
ADJ CORRES?O~D5 TO THE ADJACENCY Of' A VERTE.X, t.E.. THE NUMBER OF 

VERTICES AT DISTANCE: 1, 
MEDIA~ CORRESPO~OS TO TH£ ~EDIAN OF' THE DISTANCES TO THE OTHER 

VERTICES IN THE COMPO~ENT. 
SUM CORRESPONDS TO THE SUti Or THE OISTA~CES TO THE OT~fR V[RTICES, 
MEAN CORRESPONDS TO THE rl[AN Of THE DISTANCES TO THE OTHER VERTICES, 
EXCEN COP~ESPONDS TO T~E EXCCNTRICITY OF A VERTEX, J.E, THf MAXIMU~ 

Of T ►iE DISTANCES TO THE OT~tE:R VERTICES, 
BAVELAS CORRESPONDS TO T~t ~ATIO B[TWfEN THE MEAN or THE DISTA"CES TO 

THE OT"iER VERTICES AND Tl-iE '1EAN OF ALL. DISTANCES IN Td[ C0 11PO~IENT 
(T~ts IS NOT T~E SAME CJEFFICIE~T AS oqIGINALLY PROPOSED BY BAVELAS 
BUT YIELDS THt SAHE ORDER or THE VERTICES), 

tr SHOULD 3E NOTED THAT TrlE T~RE[ MEASURES Su~, MEAN AND BAVELAS ALL 
YIELD TrlE SA~E ORDER OF THE VERTICES, 

ALL, PA~TI AL 
DEFAULTS ALL 
lF ALL. THEN ONLY THE co~P~NENTS OF THE GqAPH ITSELF ARE ANALYSfD, 
If PARTIAL THEN THE COMPO~EPJTS OF A SERIES OF P4RTIAL GRAPHS ARE 
ANALYSED, 
l~ THIS CASE THE SEMICOLO~ CLOSING THE LIST or KEY~ORoS SHOULD BE 
FOI..L0'4E.D BYI 

•ARCS• 
• • 
• • 
• • 'ARCS' 
I JOFIF'lN I 

<ARCLIST•IDE~TIFIERS> I 

<ARCLIST•!DE~ITlF IERS> I 

Two SUBSEQUENT ARCLIST.tDENTirJERS ARE SEPARATED ~y A COMMA, 
E,G, 
1 ARCS 1 A1 1 42J 
1 ARCS• A3J 
I JOBF"I NI 

I N TH I S EX A 11 PL E T w O PARTIAL GRAPHS ARE A 'JAL Y SE D, 
THE FIRST 0~1E IS DEf"I~lED av THE ARCS IN LIST Al Al~O A2, 
THE SECOND ONE BY mt THREE LISTS or ARCS A1, A2 AND Al, 
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FOR EAC~ COMPONENT THAT IS ANALYSED, WEAKCOHPSt PRl~TS A rREQUENCY 
TABLt OF THE DISTANCES I~ Trlf COMPONENT 8 

WEAKCOM?S1 ALSO PRI~TS A SURVEY, CO~TAINl~G, FOR EACM COMPO~ENT fHAT IS 
ANAi,. YSED& 

THE lDE~TIFIER or ITS R[PRESENTATIVE, 
THE SIZE OF THE CO~PONENf, 
THE NUMaE"R OF EDGES, 
THE NllM3E R OF LOOPS, 
THE NU~~ER OF REDUNOA~T NO~vL.ODPS, 
THE COEFFICIENT OF ADJACENCY, 
THE RADIUS, 
THE DU'lETER, 
THE MEDIA~ AND ~[AN OF ALL DISTANCES, 
THE TOTAL. NU~BER Of CONTACTS. 



*** zz, STRONGCOMPS 1 *** 
THE PtJRF'OSE OF STROt.JGCDt4PSt IS TO OETERt•HNE THE STRONGLY CO'PJECTEO 
COMPONE~TS OF A DIRECTED GRAP~ (OR OF A SERJES Of ITS PARTIAL GRAPHS), 
AND TO PERFORM A (IRST ANALYSIS ON THESE COMPONENTS, 

THE KEY~ORDS OF STRO~GCOMPSl ARE 

INO!ST, OUTDIST 
DEFAULT a OUTDIST 

SIZES, CROSSREFS, MINSIZE, MAXSIZE 
AS DESCRIBED FOR WEAKCO~PS1 

NBHD, MlNDIST, "1AXOIST, RUSHADJ, RUSHMUL, ADJ, MEDIAN, su,1, HEArJ, 
BAVELAS 

AS DtSC~IBED FOR WEAKCQMPS\, HO~fVER, THf CDEFFlCif~TS ARE AASED 
U F' D 'J T H E O IJ T ., D I S TA NC E S ( If Ol ! T O I S T) 0 R T H f I r J .. l"l I S T Al~ C E S ( I F Hl D I ST) 
OF EAC~ VERTEX, I.E. UPON THE RO~S OR COLUMNS OF THE 
DIST Ai-,IC£•"1" TRI)(• 
TH U S , 1 F I N O I S T A N D N B HD : 1 , T HE ~J T H E N f. I G H 13 0 U R H O OD O F" V E P T [X V 
CO~SISTS OF ALL VERTICES X WHICH ARE I~•ADJAC[NT TO VJ IF OUTDIST 
AND NBHO: 1 , THEN THE ~EIGHBOURHOOD OF V CONSISTS OF ALL VERTICES 
WHICH ARE our~ADJACCNT TO v, 

ALL, PARTIAL 
AS DESCRIBED FOR WEAKCO~PS1 
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l"H E P U RI' 0 S E O F' R LI S H 1 I S T O C O '1 P 11 T f THE RU S 1-1 P-,1 A SET C M ) 0 F \I f. R fl C E. S 
~HlCH IS THE RESULT OF A fLO~ FRO~ A SET (F) 0~ VERTICES TO A SET (TJ 
OF \/ERTICES 11 

THE SEMlCOLOi CLOSING THE ~!ST OF KEYWORDS SHOULD BE FOLLOWED BV 

PROM g <VERTEX~LIST•tDE~TIF!ERS>p 
<V[RTEX•LIST•IDENTIFIERS>s 
CVERTEX-LIST•IDE~TIFXERS>J 

TO I 
MEASURE a 
tJOBfINI 

<VERff.XeLISTeIDENTIFlERS> IS A LIST OF LISTolDENTIFIERS OF LISTS OF 
VERTICES, S1JBSEQU[~JT IDUlTHltRS ARE SEF'ARATE[) BY A COMMA, 
A LIST OF ~ERTICES IS 'ACTIVE' If ITS IDENTJFlfR OCCURS IN ANY OF THE 
<VERT[X•LIST•ID[NTIFIERS>, 

THE Sf.T OF VEIHICCS f" co•JS f s TS or THE VERTICES IN TliE LISTS 
FROH & cYERTEX•LISTeIDE~TIFIERS> 0 

THE sn OF" VERTICES T COI.JSlSTS Of THE VERTICES IN THE L.ISTS 
TO • <VtRTEX•LIST•!DENTIFIE~S>, • 
TriE sn Of VERTICES M CO'JSISTS Of THt VERTICES IN THE LISTS 
MEASURE ' <VERTEX~LIST•IDE~TIF!ERS>, 

EACH VERTEX VIN F SENDS Qf~E UIHT OF" FLOw TO fAC~ VERTEX W !fl T THAT 
CAN 6E REACrlED fROM V, Cl,E, '-1INDtST <: DISTA~CE(V,~) <= MAXDIST ), 
THE FLOW FROM V TOW IS EQUALLY DlSTRIBUTtD OVER ALL PATHS Of 
"'1INP1AL LENGTH f'R0'-1 V TO "'• THE RUSH IN VERTEX X IS TH£ TOTAL AMOUNT 
OF FLO~ PASSING THROUGH X, 

THE KEYWORDS OF RUSH1 ARE g 

DIRECTED 
THE GRAPH IS CONSIDERED TO BY A DIRECTED ON!n 
DEFAULT; A NONwDlRtCTED ONE 

MINDI ST, MAXDlS'I' 
DEFAULT a MINDJST: L MAXD!ST: t INFINITY 

RUSHADJ, RUSH~IUI. 
A JDR 4AV COMTAIII BOTH KEYWORDS, ff "lO'lE rs SPfCIFIE:D THEN 
RUSrlADJ IS ASSU'1ED. 
RtJS•lADJ lGIIORES TH[ M'JL TtrlLICITY OF EDGES OR ARCS, 
RIISH~UL. TAKE.S THE ~lJL TIPL!CITY PJTO Accou ►JT. 

ALL, USTS 
A JOB ~AV CONTAIN BOTH KEY~ORDS, IF NO~E IS SPECIFIED THE~ ALL IS 
ASSU"IE.0, 
lf ALL THEN A LIST IS PRINTED CONTAINI~G A LINE FOR tACll VERTFX 
OF A~ ACTIVE LIST, 
H LtSTS n!EN FOR EACH ACTIVE UST OF VERTICES A l.IST IS PRPlTED 
cniH~l'-II'JG A L!t~E FOR EAC•I VERTEX OF THE VfRTEXL.IST. 
Tr1E L.I~E OF A VERTEX co:HAI'~S: 

!TS lDE'HIF'IER, 
TH F FLO w I T Sp l D S ( ! F T 11 E Vr RTE X fl EL O r1 r, S TO F ) , 
T~E FLnw IT RECLIVES (IF THE VERTfX RfLDNGS TOT], 
ITS RJSHAOJ AtmtOR !TS RUSHMUL (If THE VERTEX f3[LOIJGS TO t·I), 



*** 2Q, ~lSRUPT 1 *** 
THE Pl!RPnSE or D!SRUPT1 IS TO Rf.DUCE A GRAPH To THE NULL•GRAPH, 
I ,f.. TO THE GRAPH IIIITH0UT ELfME·Jrs. 
IN EACH STEP OF THE REDUCTION PROCESS A SET OF VERTICES (SJ IS SfLECTED 
ANO DfLETfD FRO~ TMf GRAP~. TG DET[R~IN( THIS SET A CRITfRION lS 
COMPUTED f8R EACH VERTEX, VFRT!CES WITH H!ij!MUM (DR HAXIMU~) VALUE OF 
THE CRITERlO"I C11NSTITUTE THf. SET M0 THE VALUE OF THE. tRIH:.RlO'l ANO A 
fREQUENCV TABLE CAN BE PRI~TED FOR ALL VERTICES AND FOR lACH LIST OF 
VERTICES. THE SfT S EIT ►1E'R IS M OR IS THE PllERsEcnoi.J OF M WITH THE 
UNIOfJ OF A "JU'-113ER OF SPECIFH.D LISTS Of VERTICES, 
IN £AC:~ STEP THE. VERTICES l'l S ARE PRI\ITEO,, 

THE KEYWOROS OF DISRUPT1 ARE; 

INCIDENCE, LOOPS, DEGREE, VALENCY, 
lNDEG, OUTDEG, llHDJ, OUTADJ, RfCI 

OfrAULT3 INCIDE~CE 

ADJACENCY, I~INCI, OUTINCI, 

ONLY O~E OF THESE KEV40ROS HAY 
IT DfTER~INES T~E CRITERION TO 

OCCUR I~ THf LIST OF KEY~ORDS, 
BE USED. LET V DtNOTl A VERTEX OF 

THE GRAPH, THEN 
CRITERION 
INCIDENCE 
I.OOPS 
OE.GRE.E 
VAL.ENCY 
ADJACE"ICY 
IMlNCl 

OUTINCl 
H~OEG 

OUTDEG 
INADJ 

OllTADJ 
RECI 

1'11N, MAX 
DfFtsUL':'& MJN 

VALUf. 
THE NU~8fR OF ARCS INCIDENT ~ITH V, 
THE ~U~BER OF LOOPS ON V, 
THE 'WMEIER OF I..JO!J•LilOPS INCIDENT WITH V, 
DEGRE( •?*LOOPS, 
THE ~UMBER or VERTICES ADJACENT WITH v, 
THE i,J U ►1 HER OF ARCS I , l • I ~JC J DENT W ITH V , 
I.E. THE NUl-tflER OF ARCS HAVJtJG V AS tl(AO, 
THE NU~9ER or ARCS OUT~I~CID~NT WITH v, 
THE IN•OEGPEE OF V, I.E. THE NUMBER OF NON•LOOPS 
IN•I~C!DENT ~ITH V, 
THE OUT.nEGREE OF V, 
THE !N•A~JAC[MCY OF V, l,E, THf NU~BER Of 
VERTICES lN•ADJACE~T WITH v, I,l, THE NUMBER or· 
VERTICES X CX.,.;:V) SLICH THAT (X,V) IS AIJ ARC, 
TH£ OUT•AOJACE'JCV OF' v, 
THE qEC!PROCITV OF V, I,f. THE Nll~BEP OF 
VERTICES BOTH I~q A~D 0UT•ADJACENT TO V, 

THl MlNI'11JM (OR MAXIMU"') VALUE: OF THE CRI!ERION DETERMINfS 
H➔ E SET S, 

ITER, ORIG 
DEFAIILT1 ITER , 
l f IT E R TH E i~ I N t A C H S T ( ~ T Hf C R l Tf R I O ~ ! S C O 1.1 ~ U TE D , 
T -,us Is BA s ED UPON THE f~E 'IA Pd r~G SUo•G RAPH. 
I r n R l G TH E.N IN EACH STE:. P Pi E OR I GI "I AL. VALUES Of THE CR I TERI O "I AR€ 
USED. 
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LCRlT 
IN EACH STEP, FOR EACH LIST Of VERTICES, THE cRITER1m1 IS PRINTED 
FOR fAC~ VERTEX IN THAT LXSTe 

L.FREQ 
HJ EACH STEP, F'OR EACH LIST Of VfRTICES, A F"REQUE~CY TABLE OF THE 
CRITERIO~ OF THE VERTICES I~ THAT LIST IS PRINTtD, 

VCRlT 
IN EACH STEP THE CRITERION OF EACH VERTEX IS PRINTED, 

Vf-REQ 
IN EACH STEP A FREQUENCY TABLE OF THE CRITERION Of ALL VERTICES 
IS PRINTED. 

ALLVfRT, SPECVERT 
DEFAULT; ALLVERT 
IF ALLVERT Trl[N, IN EACH STEP THE SETS IS THE SETH, 
IF SP[CVtRT THEN SPECIAL VERTICES ARE OIST!NGUISH[D AND 
s rs T~E lijTERSECTION OF HAND THE SPECIAL VERTICES, 
lF SP[CVERT THEN THE LIST Of KEY~ORDS IS FOLLOWED BYa 

VERTICES; <VERTEX•LISTolDENTIFIERS>s 
1 J0BrIN1 

<VERTEX•LISTo!OENTIFif~S> IS A LIST OF IDtNT!f!tRS oF LISTS OF 
VfRTICES, Sl/ASEQU[NT IDE'JTIFIEl=!S SfPARATfD BY A COt>H-U, 
THE Vf~TlCES lN H➔ ESE ~lSTS ARE THE SPECIAL VERTICES, 



iHE PURPOSE Of INHR1 IS TO A'lALYSr RELATI'.l'·JS i>IIT1-1IN sns 
(INTRA•4NALVSES) AND RELATI~~s BtT~EEN srrs (lNT[R•ANALVSES) 
THE KEYWORDS DEfHiE THE SOS TO BE ANALVSE[) 9 • 

THE KF.V~ORDS or INTAR1 AREa 

ALLINTFH 
fOR EACH LIST Of VERTICES THE GRAPH DEFl~EO BY THE VERTICES lN THAT 
LIST (: THE SET X) IS ANA~VSED. 

ALLINTRAC0'1PL 
FOR EACH LIST OF VERTICES THE GRAPH DEFI~ED BV THE COHPLEHENT Of THE 
VERTICES IN T~AT LIST IS ANALYSED. 

ALLINTER 
FOR EACH PAIR OF DISJOI~T LISTS OF VE~TICES THE AIPARTITE GRAPH 
DEFINED BY T~~ T~a LISTS (SET X AND SET V) Is ANALYSED, 

ALLINTERC0'1PL 
FOR EACH LIST Of VERTICES THE BIPARTITE GR&PH DEFINED BV THAT LIST 
C= SET X) AND ITS COMPLEHENT (: SET Y) IS A~ALYSED. 

SPEC It-. TRA 
THE GRAPH DEFINED BY THE VERTICES IN SETX rs ANALYSED, 

SPEC. l"JTRACO~PI,. 
THt GRAP~ DEFINED BY THE COMPLEMENT OF THE V(RTICtS IN SETX IS 
ANALVSE.D, 

SPEC UHER 
THE BIPARTITE GRAPH OEfI~ED BY SETX AND SETV IS ANALYSED, UNLESS THE 
TWO SETS ARE ~OT DlSJOI~T, 

SPEC PHERCOMPL 
THE BIPARTITE GRAPH DEFI~ED BY SETX AND ITS COMPLE~ENT IS ANALYSED• 

IN THE ABOVE, SETX A~D SETY ARE, IN GENFRAL, THE UNION OF SEVERAL LISTS 
OF VERTtcrs. TO SPfCIFV T~tSE SETS TH~ SEHICOLON CLOSING THE LIST Of 
KEYWORDS IS FOLLOWED 6Yi 

IGRAPHI <TITLE>J 
SE. TX = <VERTEX LIST IDEIJTIF!ERS>J 
SETY = <VERTEX LIST IDENTIFIERS>, 
1 J0tif-1N 1 

THE KrYWORD SPEC INTER SHOULD tJOT OCCUR TOGETHFR WfTH ANY OF THE 
KE.YWORD5 SPECINTRA, SPECI'HRAC0'1PL, SPECINTERC011PL, 
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THE OUTPUT OF' A"I l"ITRA .. ANIL.VSIS CONSISTS OFs 
VERT THE ~UMBER OF VERTICES lN X, 
ARCS THE ~U~BER OF NO~-L~OPS HAVING BOTH ENDPOINTS IN X, 
LOOPS THE NvM8ER OF LOOPS IN X, 
EXTA THE NU~BER OF ARCS HAVl~G ONE ENDPOINT IN X AND ONE E~DPOINT IN 

THE cn~PL.fHENT OF X, 
EXTV 

COMP 
ISO 
INCI 
ADJ 
CONN 

THE ~UHBCR OF VERTICES NOT IN X, ADJACENT TO AT LFAST ONE VERTEX 
IN x, 
THE ."lLlMBER OF COHPJNENTS CONSTITUTI~G THE GRAPH X, HJCLUOil'llG 
THE ~UMBER OF JSOLIT[D VERTICES OF THE GRAPH X, 
THE FRACTION OF ARCS HAVING AT LEAST 0~ ENDPOINT IN X, 
THE COEFFICIENT OF ADJACENCY OF THE GRAPH X, 
THE COEFFICIENT OF CONNECTIVITY OF THt GRAPH X9 

T HE OU T P U T Or A :~ I "-l T E R • A NA L. Y S I S C O N S I S TS OF i 
VERTK THE NU~BER or VERTICES IN x, 
VERTV THE NUMBER OF VERTICES IN Y, 
ARCS THE NUMBER OF ARCS Hi\VItJG ONE f:'-IOPOINT IN X AND OIIE E"JDPOINT lN 

LPSt 

EXT A 

EXTV 

C0"1P 

ISOX 
ISOY 
!NCI 

ADJXlf 
CONNX 
CO~~ NY 
CONXY 
02x 
D2Y 

v, 
THE NUMBER OF ARCS ~AV!NG BOTH ENOPQINTS IN X PLUS 
THE NUHaER OF ARCS ~AV!NG BOTH ENDPOINTS IN Y, 
THE "ldHBFR OF ARCS H.&.VING ONE EN()PO!tH IN THt: UNIO~I OF X AND Y 
AND oqE ENDPOINT OUTSIDE ntAT UNION, 
THE "lUMBER OF VERT[CtS NOT 1~ THE UNIO~ OF X ANO Y, ·ADJACENT TO 
AT LEAST OtJE V(RTEX IN THAT UtJION, 
THE NU~BER OF COMPO~lNTS CONSTITUTt~G TME BIPARTITE GRAPH, 
INCLUr>ING 
Tl-tE N•Jl.18ER OF I SOLA TEO Vf.RTIC:ES IN X A'-10 
THE N~~8ER or ISOLlffD VERTICES IN Y, . 
THE FRACTION or ARCS HAVING AT LEAST ONE ENDPOINT IN THE 
UNIO~ OF X A'-1D V, 
TH[ cnEFFICifNT OF' ADJACENCY OF THE ~IPARTITE GRAPH, 
THE BIPARTITE COEFFICIENT OF CON~ECTJVITY WITHIN X, 
THE BIPARTITE COEFFICIENT OF co~~ECTIVITY WITHIN v, 
THE BIPARTITE COEFFICIENT OF C0Nij[CTIVITY RETWEEN X ANDY, 
THE F~ACTIO~ or PAIRS OF VERTICES l~ X HAVING DISTA~CE 2, 
THE FRACTION OF PAIRS OF VERTICES I~ Y HAVING DISTA~CE 2, 
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*** REFERE "'ICES *** 

l, JACo'-1. A'HHOtJISSE 
A GRAPH•DEFINIIJG U"JGUAGE: 
RfPuRT Bf! 5°0173 
11 A T H E: M A T l S C H C E N T R 1J •~ , A M S '.'f ERO A "1 


