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GRAPHLIB 0: procedures to represent, generate and analyse graphs

by

Jac.M. Anthonisse & B.J. Lageweg

SUMMARY

The library GRAPHLIB () of procedures to represent, generate and analyse
graphs is based upon the graph defining language (report BW 30/73, Mathe-
matisch Centrum, 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, networks, social sciences, graph-representations,
graph—generators, graph—analystis
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1. 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 [1]. 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 programming. 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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LR 2, INPUT, KEYWORDS, OQUTPUT =xzs#

FACH OF THE PROCEDURES DESCRIBED IN THIS REPORT HaS A HEADING
OF THE FOLLOWING FORM 3

"PROCEDURE"™ IDENTIFIER(GRAPHIMN,JOBSIN);
"VALUE" GRAPHIN,JOBSIMNp "INTEGER" GRAPHIN,JOBSING

BOTH GRAPHIN AND JOBSIN ARE CHANNEL«NUMBERS, AND IDENTIFY AN
INFUT=CHANNEL,

INPUT FOR EACH QOF THE PROCEDURES COMNSISTS 3F TwD PARTS 3
1, THE GRAPH QR NETWORK TO BE ANALYSED IS READ FROM CHANMNEL GRAPHIM,
2, THE JOBS DEFINING TrE AHALYSES ARE READ FROM CHANNEL JOBSIN,

TWO WAYS OF PRESENTING THE GRAPH OR NETWORK ARE DISTIMGUISHED ¢
1ele THE EXTERNAL REPRESENTATION,
I,E, & SET OF PARAMECTERS FOLLOWED BY A GRAPH, BOTH SATISFYING
THE RULES UF THE GRAPH=DEFINING LANGUAGE AS DEFIMNED IN (1],

THE EXTERNAL REPRESENTATION MAY BE DISTRIBUTED OVER SEVERAL
INPUTeCHAMNELS, IF THE TEXT

TCHANNEL!Y IN = <CHANNELNUMBER>

1S ENCOUNTERED THEM THE NEXT PART 0OF THE INPUT IS READ FROM THE
CHANNEL IDENTIFIED BY <CHANMELNUMBER>,

THAT CHANNEL MAY COMTAIN A SWITCH TQ ANOTHER CHANNEL, ETC,

1.2 THE INTERMNAL REPRESENTATION,
1.E, AS THE OUTPUT OF AN EXECUTION OF THE PROCEDURE STOREGRAPH{,

ALL THE PROCEDURES DFSCRIBED HERE, EXCEPT STORFGRAPH{, REQUIRE THE
GRAPH T0O BF PRESENTED IN ITS INTERMAL REPRESEMTATION, ONLY
STOREGRAPH] ACCEPTS BOTH THE EXTERMAL AND THE INTERMAL REPRESENTATION,.
EACH JOB BEGINS WITH

tJOB' <KEYWORDS»

IN MOST PROCEDURES THE KEYWNRDS COMPLETELY DEFINE THE JOB,

IN SEVERAL CAS3ES, HOWEVER, FURTHER SPECIFICATIONS ARE REQUIRED,

A JUB THEN CONSISTS OF

1JOB! <KEYWORDS>»

<FURTHER SPECIFICATIONS>»

1JOBFIN?

EACH PROCEDURE HAS 1TS QWM KEYWNRDS AND ITS O¥N REQUIREMENTS FOR
FURTHER SPECIFICATIONS, YO RE DESCRIBED IN THE NMEXT SECTIONS,

THE SEGUENCE OF JORS SHOULD BE TERMINATED 8Y
1STOP Y



THE KEYWORD
OUT = <CHANNELNUMBER>

CAN Bf USED IN EACH JOB OF EACH PROCEDURE T0 SPECIFY THE
QUTPUT CHANNEL FQOR THE RESJLTS OF THAT J0OB,
DEFAULTS OUT = 64

APART FROM THE RESULTS OF THE A™ALYSES, WHICH ARE SEND 10 THE CHANNEL
IDENTIFIFD BY THE VALUE OF THE KEYWORD QUT, EACH PROCEDURE REPRODUCES
(PART OFy ITS INPUT AS READ FROM THE CHANNELS GRAPHIN AND JORSIN,

THIS PART OF THE QUTPUT 1S SEND TO THE CHANNEL WITH CHANNELNUMBER = 64,

AND CONSISTS QF 3

IF THE GRAPH IS IN EXTERNAL REPRESFNTATION THEN A LITERAL REPRODUCTIONM
0F THIS REPRESENTATION, POSSIALY INTERSPERSED WITH ERRNR MESSAGES
AND WARNINGS, FOLLOWED BY A SUPVEY OF ITS MINIMAL PARAMETERS,

IF THE GRAPH 1S IN INTEPNAL REPRESENTATION THEN ITS TITLE AND A SURVEY
OF THE VALUE OF THE PARAMETERS CORRESPONDING TO THE KEYWORDS OF
PROCEDURE STOREGRAPHY,

A LITERAL REPRODUCTION OF THE JOBS,



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.

PRINTGRAPH! 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.

PRINTARCS1 produces a survey of the incidence and adjacency relatioms,

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



whh &, STOREGRAPH § =sa2

THE PURPOSE OF STOREGRAPH{ IS TO STORE THE INTERNAL REPRESENTATION
OF A GRAPH ON A FILE, I,E, ON THE QUTPUTaCHANNEL,

THE KEYWORDS OF STOREGRAPH{ ARE 3

IvM
THE VERTEX«INFORMATIONS ARE NOT STORED

IViM
THE VERTEX=-INFORMATION LIST-IDENTIFIERS ARE NOT STORED,
THE VERTEXeINFORMATIONS, IF ANY, ARE STORED AS A SINGLE LIST,
WITH { &S ITS IDENTIFIER

I1AM
THE ARCeINFORMATIONS ARE NOT STORED

TALM
THE ARCeINFORMATION LISTeIDENTIFIERS &4RE NOT STQRED,
THE ARCeINFORMATIONS, IF ANY, ARE STORED AS A SINGLE LIST,
WITH § AS ITS IDENTIFIER

VM
THE VERTICES AND THE ARCS ARE NOT STORED

VM
THE YERTEX LISTeIDENTIFIERS ARE NOT STORED,
THE YLRTICES, IF ANY, ARE STORED AS A SINGLE LisT,
WITH { AS ITS IDENTIFIER

AM
THE ARCS ARE NOT STORED

ALM
THE ARC LISTeIDENTIFIERS ARE NOT STORED,
THE ARCS, IF ANY, ARE STORED AS 4 SINGLE LIST,
WITH { AS ITS IDENTIFIER



akR Se PRINTGRAPH | &#a

THE PURPDSE OF PRINTGRAPH{ IS TO OBTAIN READABLE PRESENTATIONS OF
GRAPHS AND NETWORKS,

THE KEYWORDS OF PRINTGRAPH{ ARES

COMPACT
IF A JOB CONTAINS THIS KEYWORD THEN THE OTHWER KgYwORDS ARE IGNORED,
THE PRNGRAM PRODUCES A REPRESENTATION In WHICH VINFOS, AINFOS AND
VERTICES ARE CODED, EACH LIST OF ENTITIES STARTS ON A NEW LINE,

CODEDVINF, CODEDAINF, CODEDVERT
1F A JOB CONTAINS ANY OF THESE KEYWORDS THEN THF ENTITIES CORRESe
PONDING WITH THAT KEYWORD (VINFOS, AINFOS aND VERTICES RESPECTIVELY)
ARE CODED,
MOREOVER, IN THE CORRESPONDING LISTS OF ENTITIES EACH ENTITY IS
PRINTED ON A NEW LINE AND PRECEDED BY ITS LABEL,
THE LABEL IS INSERYED AS A COMMENT,

FORM =
DEFAULTy FORM = ¢
THIS KEYWORD CONTROLS THE PRESENTATION OF THE L1STS OF ARCS,
IF FORM=0 THEN EACH LIST OF ARCS IS PRINTED IN THE STRAIGHTFORWARD
FORM, EACH ARC 1S PRINTED ON A NEW LINE,
IF FORM={ (2) THEN EACH LIST OF ARCS IS PRIMTED IN THE FIRST (SECOND)
ABRBREVIATED FORM,
FORME0 LEAVES THE ORDER OF THE ARCS UNCHANGED, FORM=1 AND FORM=2
WiLL, IN GENERAL, REARRANGE THE ARCS,

TRANSPOSE
BY THIS KEYWORD THE HEAD AND TAIL OF EACH ARC ARE INTERCHANGED,
DEFAULTS THE DIRECTION OF THE ARCS REMAINS UNCHANGED,



'Y b, PRINTGRAPH 2 =2

THE PURPOSE OF PRINTGRAPH 2 IS TO PRODUCE FIXEDeFORMAT REPRESENTATIONS
OF GRAPHS,

THE KEYAORDS OF PRINTGRAPH 2 AREg

CODEDVINF
THE VERTEXeINFORMATIONS ARE CODED,
DEFAULTY THE VINFOS ARE NOT CODED,

CODEDAINF
THE ARCeINFQRMATIONS ARE CODED,
DEFAULT THE AINFOS ARE NOT CODED,

CODEDVERY
THE VERTICES ARE CODED,
DEFAULT} THE VERTICES ARE NOT CODED,

FORWARD, BACK<ARD
EACH OF THESE KEYWORDS LEADS TO A REPRESENTATION OF ALL ARCS,
THE RZPRESENTATION OF AY ARC DUE TO FORWARD HAS THE OPPOSITE
DIRECTION OF THE REPRESENTATION OF THE SAME ARC DUE ToO BACKWARD,
A JOB MAY CONTAIN BOTH KEYWORDS,
DEFAULTY  ONLY FORWARD IS5 EXECUTED,

PAIRS
THIS KEYWORD MAY INTERCHAMNGE THE TAIL aMD HWEAD OF ARCS,
IF PAIRS THEN IN THE LISTS OF ARAS PRODUCED UNDER "FORWARD™ HEAD AND
TAIL ARE INTERCHANGED IF THE LAREL OF THE TAIL EXCEEDS THE LABEL OF
THE HEAD
IF PAIRS.THEN IN THE LISTS OF ARCS PRNDUCED UNDER "RACKWARD® HEAD AND
TAIL ARE INTERCHAMGED IF THE LABEL OF THE HEAD EXCEEDS THE LAREL OF
THE TAIL, i
DEFAULT: UNDER FORWARD:; THE DIRECTION OF THF ARCS REMAINS UNCHANGED,

UNDER BACKWARDg THE DIRECTION OF EACH ARC IS CHANGED,

QUTPUT FROM PRINTGRAPH 2 CONSISTS OF A NUMBER OF BLOCKS,

BLOCK CONTAINS

THE TITLE A*ID ALL LIST IDENTIFIERS

THE LISTS OF VERTEX«INFNRMATIONS

THE LISTS OF ARC=INFORMATIONS

THE LISTS OF VERTICES

THE LISTS OF ARCS PRODUCED UNDER FORWARD
THE LISTS OF ARCS PRODUCED UNDER DACKWARD

VI &y O

THE FIRST POSITION OF EACH LIME OF NUTPUT CONTAINS THE INDEX NF ITS BLOCK,

THE MNEXT L4 POSITIONS OF EACH LINE COMTAILN AN INTEGER CORRESPANDIHG TO

THE TITLE OF THE GRAPH(INTEGER=z(Q) OR TO A LIST IDENTIFIER(IMTEGER=1,2,40e0bN),
IN BLOCK 0 THIS LIST=INTEGER IS FNLLOWED BY THME TITLE OR BY THE LISTe
IDENTIFIER IT CORRESPOND TO(T+ POSITIONS),

IN THE OTHER 3LOCKS THIS LIST=INTEGER 15 FOLLOWED BY AMOTHER INTFGER,

THE SEQUENCE NUMBER OF THE INFDRMATIOM, VERTEX OR ARC WITHIN Tig LIST
CORRESPQNDING TO THE LIST=IMTEGER, THE SEQJUENCE NyUMBEER OCCUPIES SWw POSITIONS,



IN BLOCKS § AND 2 THE SEQUENCE NUMBER IS FOLLOWED BY THE _ABEL OF AN
INFORMATION(LVIW RFSP LAIA POSITIONS) AND THE INFORMATION ITSELF
(VIW RESP AlW PJSITIOHNS),

IN BLOCK 3 THE SEQUENCE N'IMBER IS FOLLOWED BY THE LABEL OF THE VERTEX
(LVW POSITIONS), THE INENTIFIER OF THE VERTEX(VW POSITIONS) AMD POSSIBLY
(THE LABEL OF) ITS INFORMATION(LVIW OR VIW POSITIONS),

IN BLOCKS 4 AND 5 THE SEGUEMCE NUMBER IS FOLLOWED BY AM § (OR A 0), TAKING
2 PDOSITIONS, IF THE HEAD AND THE TAIL OF THE ARC WERE (NOT) INTERCHANGED
DUE T0 PAIRS, THE (LABELS OF THE) E"DPOIMYS OF THE ARC (TOGETHER ARCM
POSITIONS) AND POSSIBLY (THE LABEL OF) ITS INFORMATION(LAIW OR AIW
POSITIONS),

A YABLE OF THE VALUES OF THESE QUANTITIES FOR EACH JOB IS OUTPUT ON
THE MAIN OUTPUT CHANNEL,
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Ak R 7. PRINTARCS | %

THE PURPOSE OF PRINTARCSY IS TO PRINT, FOR EACH L1ST OF ARCS, THE
ADJACENCTIES OF EACH VERTEX,

OUTPUT FROM PRINTARCSY COWSISTS OF FOUR COLUMNS, COLUMN { AND 2 OR
COLUMN 2 AND 3 CONTAIN THE TAIL AND HEAD OF AN ARC, COLUMM 4 CONTAIMNS
THE ARCeINFQRMATION,

EACH ARC 15 PRINTED TWICE,

ONCE I1TS TAIL IS IN COLUMN § AND ITS HEAD IS IN COLUMN 2,
ONCE ITS TAIL IS IN COLUMN 2 AND ITS HEAD IS IN COLUMN 3,
THE ARCS ARE SORTED, AS IS EXPLAINED BY THE EXAMPLES

'GRAPH' EXAMPLE)

'VERTICES' 12 1,2,3,4,51 , ,
TARCS' 1= 132, 434, 283, 315, 583, 411, 3t4s
"FINI!

RESULTING INg

{2
4 4
i 2

e 3
2 3

I 4
S 3

3 S

4 1
3 4
4 4

4 4
35

5 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 %e generated by:
sorting of elements: LEXICO! and LEXICO2,
redefining the direction of arcs: TRANSPOSEI,
selecting elements: SELECT!, SELECT2, INTAR2, NEWINFOl and NEWINFO2,
induction: INDUCEI,
aggregation of arcs: MULARCI.

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



12

e2s 9, LEXICO 1 ans

THE PYRPOSE OF LEXICOf IS TO SORT THE LISTS OF VINFOS, AINFOS,
VERTICES AND ARCS AND 7O REDEFINE THE DIRECTION OF THE ARCS,
THE EATITIES CAN BE PUT INTO ASCENDING OR DESCENDING ORDER,

THE ¥EYWORDS OF LEXICO{ ARE}

VINFES AZ, VINFOS ZA
THE VERTEX=JNFORMATIONS ARE PUT INTO ASCENDING (AZ) OR DESCENDING
(2%t) ORDER RESPECTIVELY,
DEFAULT3 THE ORDER REMAINS UNCHANGED,

AINFRS AZ, AINFOS ZA
THE ARC<=INFNRMATIONS ARE PUT 1HTO ASCENDIMG (AZ) OR DESCENDING (ZA)
ORDER RESPECTIVELY,
DEFAULTY THE ORDEFR REMAINS UNCHANGED,

VERY AZ, VERT ZA
THE VERTICES ARE PUT INTO ASCENDING (AZ) OR DESCENDING (ZA) ORDER
RESPECTIVELY,
DEFAULY: THE ORDER REMAINS UNCHANGED,

ARCS TH AZ , ARCS TH ZA , ARCS fT AZ , ARCS HT Za

ARCS TAZ HZA, ARCS TZA HAZ, ARCS HAZ TZA, ARCS HZA TAZ
EACH KEYWORD DEFINFS AN ARRANGEMEMT OF THE ARCS,
DEFAULT; THE OQRDER OF THE ARCS REMAINS UNCHANGED,
THE ARCS ARE SORTED IN TAQ STEPS,
IFe WITHIN A KEYWORD, THE "T" PRECEDES THE "H"™ THEN THE ARCS ARE
SORTED ACCORDING TO THE TAILS IM STEP t , ARCS WITH IDENTICAL TAILS
ARE SGRTED ACCORDING TQ THE HEADS IH STEP 2
IF, WITHIN A KEYWNRD, THE "H" PRECEDES THE "T® THEN STEP § CONSISTS
OF SORTING THE ARCS ACCORDING TN THE HEADS, IN STEP 2 THE ARCS WITH |
IDENTICAL HEADS ARE SORTED ACCORDING TO THE TaAILS,
TAILS AND HEADS ARE PUT 1470 ASCENDING (AZ) OR DESCENDING (ZA) ORDER
RESPECTIVELY,
THE FIRST FOUR KEYWORDS PUT BOTH TAILS aND HEADS INTO ASCENDING
(OR DESCENDING) ORDER,
THE LAST FOUR KEYWORDS PUT THE TAILS AMNp HEADNS INTO OPPQOSITE ORDER,
THESE EIGHT KEYWORDS LEAVE THE DIRECTIONS OF THE ARCS UMNCHANGED,

EP AZ, EP 24
THESE KEYWNORDS MAY MODIFY THE NIRECTION OF ARCS,
FOR £4cH ARC THE TAIL AND HEAD ARE PUT INTO ASCENDIMG (AZ) OR
DESCENDING (Z24) ORDER,
DEFAULT; THE DIRFCTION REMATI'IS UNCHANGED,
IF #0OTH ARCS AND EMNDPOTINTS ARF RFARRAMNGED), THEN LEXICNYg FIRST SORTS
THE ARCS, AND AFTERWARDS REARRANGES THE DIRECTION OF THE ARCS,

COMPACTY .
A REPRESEMTATION OF THE SORTED GRAPH IS PRODUCED IN WHICH VINFQOS,
AINFOS AND VERTICES ARE CODED, EACH LIST STARTS ON A NEA4 LINE,
DEFAULTs A REPRESENTATION OF THE SORTED GRAPH 1S PRODUCED IN WHICH
EACH SQRTED ENTITY QR ARC IS PRINTED ON A NEW LINE, VINFQS AMND
AINFOS ARE CODED, VERTICES ARE ALSO CODED, UNLESS ARCS OR ENDPNINTS
WERE SORTED,
THE LISTS OF ARCS ARE PRESENTED IN THE STRAIGMTFORWARD FORM,



x&t 10, LEXICO 2 aeax

THE PURPNSE QF LEXICO 2 1S TO SORT THE LISTS OF VERTICES AND ARCS
ACCORDING TO THE INFORMATION OF THESE ELEMENTS,

VERTICES AND ARCS CAN BE PUT INTO INCREASING OR PECREASING ORDER OF
THEIR INFORMATIONS,

THE KEYWORDS OF LEXICO 2 ARES

VERTAZ, VERTZA
IN FACH LIST OF VERTICES THE VERTICES ARE PUY INTO INCREASING (AZ) OR
DECREASING (ZA) ORDER OF THLIR INFORMATIONS,
DEFAULT: THE ORDER REMAINS UNCHANGED,

ARCSAZ, ARCSZA
IN EACH LIST OF ARCS THE ARCS ARE PUT INTO INEGRFASING (AZ) OR
DECREASING (ZA) ORDER OF THEIR INFORMATIONS,
DEFAULT; THE OROER REMAINS UNCHANGED,

EPAZ, EPZA
THESE KEYWOROS May MODIFY THE DIRECTION JF AR(CS,
FOR EACH ARC THE TAIL AND HEAD ARE PUT INTO IMNCREASING (AZ) OR
DECREASING (ZA) ORDER OF THEIR VERTEX-INFORYATIONS,
DEFAULTy THE DIRECTION REMAINS UNCHANGED,

COMPACT
A REPRESENTATION OF THE SORTED GRAPH IS PRODUCEND IN WHICH VINFOS,
AINFOS AND VERTICES ARE CODED, EACH LIST STARTS ON A MEW LIHE,
DEFAULT: A REPRESENTATION OF THF SORTED GRAPH IS PRODUCED IN WHICH
EACH SORTED ELEMENT IS PRINTED ON A NEW LINE, WITHOUT
CODING,
THE LI3TS OF ARCS ARE PRESENTED IN THE STRAIGHTFORWARD FORM,

13
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ik |}, TRANSPOSE { #ax

THE PURPOSE OF TRANSPOSE! 1S TO CHANGE THE DIRECTION OF ARCS,
THE SEMICOLON CLOSING THE LIST OF KEYWORDS SHOULD BE FOLLOWED BY
tGRAPH! <TITLE OF THE NEA4 GRAPH>j

ARCLISTSy <ARCeLISTeINENTIFIERS») (oPTIONAL)
INFLISTSs <AINFQOSe|ISTeIDENTIFIERSY} (OPTIONAL)
AINFOS3 <ARC=INFORMATIOMNSY (OPTIONAL)
t JOBF IN?

IF THE IDENTIFIER OF A LIST OF ARCS IS MENTIONED N
<ARC®LIST<IDENTIFIERS> THEN THAT LIST IS ®ACTIVE®,

1F ARCLISTS; <ARCeLIST=IDEHTIFIERS>S

IS MISSING THEN ALL LISTS OF ARCS ARE ACTIVE,

THE REDIRECTIONING OF ARCS IS RESTRICTED TO THE ACTIVE LISTS,

IF THF IDENTIFIER OF A LIST OF ARCeINFORMAYIONS OCCURS IN
SAIMNFOS=LISTeIDENTIFIERS> TAEN THE INFORMATIONS IN THAT LIST ARE ACTIVE
THE ARCeINFORMATIONS OCCURRING IN <ARCeINFORMATIONS> ALSO ARE ACTIVE,

IF BOTH INFLISTS; <AINFOSeLISTIDENTIFIERS>

AND AINFOS: «ARC=INFORMATIO'S>y
ARE M1SSING THEN ALL ARCS IN THE ACTIVE LISTS ARE REDIRECTED,
OTHERWISE IT DEPENDS UPON THE INFORMATION AND THE KEYWORDS OF
TRANSPOSE],

THE KEYWORDS OF TRANSPOSE] ARES

POSINF, MEGINF
DEFAULT POSINF
IF POSIMF THEN THE DIRECTION OF THE ARCS, IN THE ACTIVE LISTS,
HAVING AN ACTIVE INFORHMATION IS CHA!GED,
IF NEGINF THEN THE DIRECTION OF THE ARCS, IN THE ACTIVE LISTS,
NOT HAVING AN ACTIVE IVFORMATION IS CHAMGED,



axk 12, $ELECT { «#2

THE PURPQOSE OF SELECTY{ IS TO GENERATE NEW GRAPHS BY SELECTING ENTITIES
FROM A GRAPH,

THE SEMICOLON CLOSING THE LIST OF KEYWORDS IS FOLLOWED BY}

tGRAPH! <TITLE OF THE NEW GRAPH>j

TYINFNSY <LIST IDENTIFIERS>; (OPTIONAL)
tAINFOS? <LIST IDENTIFIERS>; (OPTIONAL)
'VERTICES!' <LIST IODENTIFIERS>; (OPTIONAL)
TARCS? <LIST IDENTIFIERS>; (OPTIONAL)Y
' JOBFIN?

<LIST IDENTIFIERS> 1S A LIST OF LISTeIDENTIFIERS OF LISTS OF THE
APPROPRIATE TYPE, SUBSEQUENT IDEMTIFIERS ARE SEPARATED BY A COMMa,
A LIST IS “ACTIVE" [F ITS IDENTIFIER IS MENTIONED [N

<LLIST IDENTIFIERS>,

THE KEYWORDS OF SELECT! AREg

DELETE, RETAIN
DEFAULT: RETAIN,

ENTITIES, LISTS
DEFAULT: LISTS,

SO THERE ARE FOUR PDSSIBLE COMBINATIONS OF KEYWORDS3

RETAIN, LISTSy THE NEW GRAPH CONSISTS OF THE ACTIVE LISTS,
DELETE, LISTS; THE MEW GRAPH CD4USISTS OF THE NON=ACTIVE LISTS,
RETAIN, ENTITIES: THE NEW GRAPH CONSISTS OF THE ENTITIES IN THE ACTIVE
L1STS, ALL LISTeIDENTIFIERS ARE RELTAIMED BUT,
IN GENERAL, THE CONTENTS OF THE NONeACTIVE LISTS WILL
BE MODIFIED, :
DELETE, ENTITIES: THE ENTITIES IN THE ACTIVE LISTS ARE REMOVED FROM ALL
LISTS, ONLY THE IDENTIFIERS OF THE NO'=ACTIVE LISTS
ARE RETAINED, THE CONTENTS OF THESE LISTS WILL,
IN GENERAL, BE MODIFIED,

MULTIPLE ARCS OR EDGES ARE COMSIDERED 70 BE DIFFERENT ARCS OR EDGES,
THE REMOVAL OF A VERTEX FRO™ THE GRAPH IMPLIES THE REMOVAL OF ALL ARCS
OR EDGES INCIDENT TO THAT VERTEX,

IN THE REPRESENTATION OF THE NEW GRAPH VINFOS, AINFOS AND VERTICES ARE
CODED,

15



16

kxx {3, SELECT 2 ana

THE PURPQOSE OF SELECT2 IS TO GFHERATE NEW GRAPHS BY SELECTING VERTICES
AND ARCS ACCORDING 70 THEIR INFORMATION,

THE SEMICOLON CLOSING THE LIST OF KEYWORDS IS FOLLOWED BYg
'GRAPHY <TITLE OF THE MNEW GRAPH»)

'"WINFOS?Y <LIST IDENTIFIERS>) (OPTIONAL)
TAINFOS?Y  <LIST IDENTIFJERS»>y (OPTIOHAL)
' JOBFIN?

<LIST IDENTIFIERS> 1S A LIST OF LISTeIDENTIFIERS OF LISTS OF THE
APPROPRIATE TYPE, SUBSEQUENT INENTIFIERS ARE SEPARATED BY A COMMA,
A LIST IS “ACTIVE™ IF ITS IDENTIFIER IS MENTIONED IN <LIST IDENTIFIERS>

THE KEYWORDS OF SELECT2 ARES

POSVERT, MEGVERTY .
DEFAULTS POSVERT,
IF POSVERT THEN THE VERTICES HAVING AN INFORMATION IN AM ACTIVE LIST
ARE MACTIVE™“, IF NEGVERT THEN THE VERTICES WITHOUT AN ACTIVE
INFORMATION ARE CONSIDERED AS "ACTIVE®,

DELVERT, RETVERTY
DEFAULT: RETVERT
IF DELVERT THEN THE ACTIVE VERTICES ARE REMOVED FROM ALL LISTS OF
VERTICES,
IF RETVERT THEN THE NNNeACTIVE VERYICES ARF DELETED AND THE NEW GRAPH
CONTAINS ONLY THWE ACTIVE VERTICES FROM THE ORIGINAL GRAPH,
THE REMOVAL OF A VERYEX IMPLIES THE REMOVAL OF aLL ARCS INCIDENT TO
THAT VERTEX, :

POSARC, NEGARC
DEFAULTS POSARC
IF POSARC THEN THE ARCS HAVING AN IMNFQORMATION IN AN ACTIVE LIST ARE
"ACTIVE", IF NEGARC THEN THE ARCS WITHOUT AN ACTIVE INFORMATION ARE
"ACTIVEY,

DELARC, RETARC
DEFAULTS RETARC,
IF RETARC THEN THF ACTIVE ARCS ARF RETAINED, IF DELARC THEN THE
ACTIVE AR(CS ARE REMOVED FROM THE GRAPH,

IN THE NEW GRAPH THE VINFOS, AINFOS AND VERTICES ARE CODED,
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aex {4, INDUCE | aux

THE PURPOSE OF INDUCE{ IS TO GENERATE NEW GRAPHS gY INDUCTION IN &
GRAPH,

THE SEMICOLON CLOSING THE LIST OF KEYWORDS 1S FOLLOWED BYg

'"GRAPH! <TITLE OF THE NEW GRAPH»j
INDUCTEES: <LIST IDENTIFIERS>;
INDUCTORS; «LISY IDENTIFIERS>;
*JOBFINY

<LISYT IDENTIFIERS> IS A LIST OF LIST«IDENTIFIERS OF LISTS OF VERTICES,
SUBSERUENT IDENTIFIERS ARE SEPARATED BY A COMMa,

THE NEW GRAPH CONSISTS OF THE ORIGIMAL VINFOS, THE LISTS OF VERTICES
DEFINED 7O BE INDUCTEES AND THE ARCS WHICH ARE GENERATED BY THE
INDUCTION PROCESS,

THE VERTICES OCCURRING IN THE L1STS OF VERTICES DEFINED TO BE INDUCTORS
ARE INDUCTORS, EACH SUCH VERTEX INDUCES ARCS BETWEEN INDUCTEES IT IS
ADJACENT 10,

THE KEYWORDS OF INDUCE! AREg

TT, HT, TH, HH, TT2, HH2, DEF
DEFAULTS DEF,
ANY COMBINATION OF THESE KEYAORDS MAY BE SPECIFIED, HOWEVER{
IF DEF THEN THE OTHERS ARE IGHORED,
IF TT2 THEN TT IS IGMNORED,
IF HH2 THEN HH IS IGNORED,
EACH QF THESE KEYWORDS DEFINES A SPECTIFIC TYPE OF INDUCTION,
LET 1 DENOTE AN I DUCTOR, LET T DEMNOTE ¥HE SEY OF IMDUCTEES WHICH ARE
IN=ADJACENT TO 1 (!,E, AN INDUCTEE IS IN T IFF 1T IS THE TAIL NF AN .
ARC HAVING I AS ITS HEAD), LET H DENOTE THE SET OF INDUCTEES WHICH
ARE QUTeADJACENT TO T (l.be AM INDUCTLE 1S IN H IFF IT IS THE HEAD
OF AN ARC HAVING I AS ITS TAIL),
TY INDUCES AN EDGE FOR EACH PAIR OF VERTICES IN T,
MY INDUCES AN ARC FROM EACH VERTEX IN H TO EACH IN T,
TH INJUCES AN ARC FROM EACH VERTEX IN T TO EACH IN H,
MH INDUCES AN EDGE FOR EACH PAIR OF VERTICES IN H,
TT2 T''DUCES AN ARC FROM FACH VERTECX IM T TO EACH UTHER VERTEX IN T,
HH2 T1'DUCES A ARC FROM EACH VERTEX IN H TO EACH OTHER VERTEX IN H,
DEF INDUCES AM EDGE FOR EACH PAIR OF VERTICES IN THE UNION OF T
AND M,
1T SHOULD BE MOTED THAT THE SETS T AND H ARE NDT NECESSARILY
DISJOINT,

ADJ, MULT, WEIGHT, INFO
DEFAULT: ADJ,
LET I DENOTE AN INDUCTOR, T{ AN THDUCTEE WITH Wy ARCS FROM T{ TO I,
T2 AN INDUCTEE WITH W2 ARCS FROM T2 T0 I,
INDUCTION OF TYPE TT ON T RESULTS I3
IF ADJ THEMN ONE ENGE RETWEEN T1 AND T2,
1F MULTY THEM WiaW2 EDGES BETWEEMN T1 AND T2,
IF INFO THEN THIS5 EDGE(ADJ) OR THESE ¢DGFS (MULT)
OBTAIM THE VERTEX=INFORMATINM OF I AS EDGE=
INFORMATION, OTHERWISE THE EDGES ARE wITHOUT INFORMATION,
IF WEIGHT THE'l OME ENDGE BETWEEM T1 AND T2, WITH WlaW2 AS
EDGEeINFORMATION,
SIMILARLY FOR THE OTHER TYPES OF INDUCTION,
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LISTS,VERTICES
DEFAULTY YERTICES,
1F vaaxices rngg ?HE INDUCTION PROCESSES ARE EXFCUTED OHLY ONCE FOR
EACH INDUCTOR, FOR EACHW INDUCTOR THE NEW GRAPH CONTAINS A LIST OF
ARCS, IDENTIFIED RY THE LABEL OF THE INDJCTOR, CONTAINING ALL ARCS
DUE TO THAT INDUCTOR,
IF LISTS THEN THE INDUCTION PROCESSES ARE EXECUTED FOR EACH LIST OF
INDUCTORS AND, WITHIN EACH LIST, FOR FACH IMNDUCTOR,
CONSEQUENTLY, AN TNDUCTOR I3 USED M TIMES IF IT OCCURS IN M LISTS OF
INDUCTORS, FOR EACH LIST THE NEW GRAPH CONTAINS A LIST OF ARCS,
IDENTIFIED BY THE IDENTIFIER OF THE LIST, CONTAINING ALL ARCS DUE 7O
THAT LIST,

FORMO
BY THIS KEYWORD THE LISTS OF ARCS ARE PRINTED IN THE STRAIGHTFORWARD
FORM, EACH ARC IS PRINTED OH A NEW LIMNE,

IN THE REPRESENTATION OF THE MEW GRAPH THE YINFOS AND VERTICES ARE
CODED, THE AINFOS, IF ANY, ARE NOT CODED,



sxx {5, INTAR 2 aaxw

THE PURPOSE OF INTAR2 IS TO GE'IERATE GRAPHS DEFINED BY A SET OF
VERTICES (X) AND THE ARCS HAVING BOTH ENDPOINTS IN X, OR BY

TW0 DISJOINT SETS OF VERTICES (X AND Y) AND THE ARCS HAVING OME
ENDPOINT IN X AND ONE EHNDPOINT IN Y,

THE KEYWORDS OF INTAR2 ARES

ALLINTRA
FOR EACH LIST OF VERTICES THE GRAPH DEFINED BY THE VERTICES IM THAT
LIST (= THE SETY X) IS GENERATED,

ALLINTRACOMPL
FOR EACH LIST OF VERTICES THE GRAPH DEFINED BY THE COMPLEMENT OF THE
VERTICES IN THAT LIST IS GEERATED,

ALLINTER
FOR EACH PAIR OF DISJOINT LISTS OF VERTICES THE BIPARTITE GRAPH
DEFINED BY THE TWO LISTS (SET X AND SET Y) IS GENERATED,

ALLINTERCOMPL
FOR EACH LIST OF VERTICES THE BIPARTITE GRAPH DEFINED BY THAT LIST
(s SET X) AND 1ITS COMPLEMENT (= SET Y) IS GENERATED,

SPECINTRA
THE GRAPM DEFINED BY THE VERTICES IN SETX 1S GENERATED,

SPECINTRACOMPYL
THE GRAPH DEFINED BY THE COMPLEMENT OF SETX IS GENERATED,

SPECINTER
THE BIPARTITE GRAPH DEFINED BY SETX AND SETY IS GENERATED, UNLESS
THE TWO SETS ARE NOT DISJOINT,

SPECINTERCOMPL
THE BIPARTITE GRAPH DEFINED AY SETX AMND ITS COMPLEMENT IS GENERATED,

IN THE ABOVE SETX AND SETY ARE, IH GENERAL, THE UNION OF SEVERAL
LISYS OF VERTICES, T0 SPECIFY THESE SETS THE SEMICOLON CLOSING THE
LIST OF KEYWORDS 1S FOLLOWED BYg

1GRAPH! <TITLE>;

SETX = <VERTEX LIST IDENTIFIERS>)

SETY = <VERTEX LIST IDENTIFIERS>y (FOR SPECINTER ONLY)
YJOBFINY

THE XEYYNRD SPECINTER SHOULD NOT OCCUR TNGETHER WITH ANY OF THE
KEYWORDS SPECINTRA, SPECINTRACOMPL,SPECINTERCOMPL,

IN THE REPRESENTATION OF THE NEW GRAPH THE VIMNFOS, AINFOS AND VERTICES
ARE CODED,
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xakx 16, MULARC | aax

THE PURPOSE OF MULARC | I3 TO AGGREGATE MULTIPLE EDGES DR ARCS,

WITHIN EACH LIST OF ARCS EACH SET OF MULTIPLE EDGES OR ARCS IS REPLACED
BY A SINGLE ONE,

THE NFW EDGE OR ARC CAN BE PROVIDED WITH A NUMERIcAL INFORMATION, I,E,
THE NUMBER OF EDGES QR ARCS IT REPLACES,

THE SEMICOLON CLOSING YHE LIST OF KEYAORDS IS FOLLOwWED BY:

TGRAPHY <TITLE OF THE NEW GRAPH»g
tJABFINY

THE KEYAORDS OF MULARC1 ARE}

DIRECTED
THE GRAPH IS CONSIDERED YO BE A DIRECTED ONE,
DEFAULTy A NONeDIRECTED ONE

MULUP, MULDOWN
IF ANY OF THESE KEYWORDS IS SPECIFIED THEN THE aRCS OF THE NEW GRAPH
ARE PROVIDED #1TH INFORMATION, I1,E, THE MULTIPLICITY OF THAT ARC IN
THE ORIGINAL LIST OF ARCS,
WITHIN EACH LIST THE ARCS ARE SORTED IN ASCENDING (MULUP) OR
DESCENDING (MULDOWN) ORDPER OF MULTIPLICITY,
DEFAULT: THE ARCS ARE NOT PROVIDED W1TH INFORMATION,

COMPACT
IN THE REPRESFMTATION OF THE 'EW GRAPH THE VINFOS AMD VERTICES ARE
CODED, EACH LIST STARTS ON A MEW LINE,
DEFAULTS THE VINFOS ARE CODED, THE VERTICES aARE NOT CODED,
EACH ARC 1S5 PRINTED ON A MHEW LINE,

THE ORIGINAL ARC=INFORMATIONS, IF ANY, ARE DFLETED FROM THE GRAPH,



axa 1T, NEWINFO § zan

THE PURPOSE OF NEWINFO { IS TO CREATE NEW LISTS OF VINFOS AND AINFOS,
ONLY NUMERICAL INFORMATIONS CAN BE PROCESSED,

A NUMERICAL INFORMATION IS A SEAQUENCE OF NJUMBERS, EACH NUMBER

IS A "COMPONENT" OF THE INFORYATION,

FOR EACH PART OF A NEW LIST, A SET OF PFRMITTED VALUES CAN BE DEFINED
FOR EACH COMPONENT, ALL INFORMATIONS SUCH THAT THE VALUE OF EACH
CCMPONENT 15 A P&RHITTED ONE ARE INCLUDED IN THE NEW LIST,

THE PERMITTED VALUES ARE DEFINED IN THE FOLLOWING WAYg

(Al(1020330At‘:('10516)0A)

IF A COMPONENT OF A SPECIFICATION OF PERMITTED VALUES CONSISTS OF THE
LETTER & THEN THERE ARE NO RESTRICTIONS ON THE VALUE OF THE
CORRESPONDING COMPONEMT OF THE INFORMATIONS,

OTHERWISE THE COMPONENT OF A SPECIFICATION coNsIsrs OF A LIST OF
NUMBERS, ENCLOSED WITHIN PARFNTHESES, WHICH 1S THE SET OF

PERMITYED VALUES FOR THE CORRESPONDING COMPONENT OF THE INFORMATIONS,

IF YHE LENGTM OF A SPECIFICATION, I1,E, ITS NUMBER OF COMPONENTS, EQUALS
THE LENGTH OF AN INFORMATION THEN THE COMPARISON 1S STRAIGHTFORWARD,
OTHERWISF THE JUSTIFICATION OF THE INFORMATIONS DEFINES THE
CORRESPONDENCE BETWEEM THE COMPONENTS OF THE SPECIFICATION AND THE
COMPONENTS OF THE INFORMATION,

IF THE INFORMATIONS ARE LEFT-JUSTIFIED THEN THE COMPARISON STARTS AT
THE LEFT HAND SIDE OF THE SPECIFICATION AND THE INFURMATION,

IF THE INFORMATIONS ARE RIGHT=JUSTIFIED THEN THE CcOMPARISON STARTS AT
THE RIGHT HAND SIDE OF THE SPCCIFICATION AND THE INFORMATION,

IF THE NUMBER OF COMPONENTS OF THE INFORMATIOM EXCEEDS THAT oF THE
SPECIFICATION, THE REDUHDANT COMPONENTS OF THE INFORMATION ARE
CONSIDERED AS PERMITTED ONES,

THE LENGTH OF A SPECIFICATION SHOULD NOT EXCEED THE LENGTH

OF THE LONGEST INFORMATION OF ITS TYPE,

THE LENGTH OF A NEWLISTID SHOULD NOT LXCEED THE LENGTH OF THE LONGEST
LIST=IDENTIFIER OF 1TS TYPE,

FOR A SINGLE NEW LIST SEVERAL SPECIFICATIONS OF PERMITTED VALUES CAN BE
COMBINED:
(A (2),A)0 ((3)sA0A), (A,A,(4,5))

THE NEW LIST CONTAINS ALL INFORMATIONS SATISFYING AT LEAST OME OF THE
SPECIFICATIONS,

THE SEMICOLON CLOSING THE LIST OF KEYAORDS SHOULD BE FOLLOWED BY3

'VINFOS! NEWLISTID = <SPECIFICATIONS 0OF PERMITTED VALUES>;

PVINFOST MEWLISTID = <SPECIFICATINNS OF PERMITTED VALUES>)
PAINFOSY NEALISTID = <SPECIFICATIONS OF PERMITTED VALUES>
?
[ ]

Q
YAINFNSY NEALISTID = <SPECIFICATIONS OF PERMITTED VALUES>}
VI0GF INY
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THE KEYWORDS OF NEWINFO { ARE

LENGTHAINF, LENGTHVINF
IF LENGTH (AINF FNR AINFOS, VINF FOR VINFNS) THEN THE COMPARISON OF
COMPONENTS IS PRECEDED BY A COMPARISON OF THE LENGTHS OF THE

SPECIFICATION AND THE INFOPHATION, IF THE LENGTHS ARE NQOT EQUAL
THEN THE INFORMATION DOES NOT SATISFY THE SPECIFICATION, OTHERW]SE
THE NORMAL COMPARISON OF THE COMPONENTS IS PERFQRMED,

SPECONY =

DEFAULTS SPECONT = S00
THE VALUE OF SPECONT IS AN UPPER BOUND FOR THE NUMBER OF PERMITTED

VALUES IN ANY SPECIFICATION,

EPS s

DEFAULT: EPS = ve7
TWO NUMERICAL VALUES ARE CONSIDERED EQUAL IF THE ABSOLUTE VALUE

OF YHEIR DIFFERENCE DOES MOT EXCEED EPS,

IN THE NEW GRAPH THE VINFOS, AINFOS AND VERTICES ARE CODED,
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THE PURPOSE OF NEWINF02 18 TO CREATE MEW VINFOS AND AINFOS,
ONLY NUMERICAL INFORMATIONS CAMN BE PROCELSSED,

A NUMERICAL INFORMATION IS A SEAUENCE OF NUMBERS, EACH NUMBER IS A
"COMPONENT®™ OF THE INFORMATION,
NEWINFO2 CAN DELETE COMPOMENTS FROM THE INFOR"ATIONS AND CAN RE=ARRANGE
THE ORDER OF THME REMAINING COPONENTS, THIS IS SPECIFIED IN THE
FOLLONING wWAYg

(0'3’1'002).
DUE T0O THIS SPECIFICATION FACH INFO OF LENGTH &, T,E, CONSISTING OF §
COMPOMEMNTS, IS REPLACED BY AN IMFO OF LENGTH 3, THE NEAINFO CONTAINS,
IN THIS ORDER, THE THIRD, FIFTH AND SECOND COMPONENT OF THE ORIGINAL
INFO.
THE COMPONENTS ARE COUNTED FROM THE LEFT 7O THE RIGHT,

THE SEMICOLON CLOSING THE LIST OF KEYWORDS SHOULD BE FOLLOWED BYg

'VINFOS? <SPECIFICATIONS> 3 (OPTIONAL)
YAINFOS! <SPECIFICATIONS> g (OPTIONAL)
"JOBFIN?

THO SUBSEQUENT SPECIFICATIONS ARE SEPARATED BY A cOMMA,
THE KEYWORD OF NEWINFO2 I8

CODE
IN THE NEW GRAPH THE VIUF0S, AIMFOS AND VERTICES ARE CODED,
DEFAULTS THE VINFOS, AIHMFOS AND VERTICES ARE NOT CODED,
MORECOVER, EACH NEWINFO IS PRINTED OM A NEW LINE, IF THERE ARE NEW
VINFOS EACH VERTEX IS PRINTED ON A NEW LINE, IF THERE ARE NEW
AINFOS EACH ARC IS PRINTED ON A NEW LINE,

IMPORTANT, NEAINFO2 CAN ACCEPT ONLY ONE JOB FOR EACH GRAPH,

23
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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.
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THE PURPOSE OF SURVEYS! IS TO PRODUCE FREQUENCY TABLES DESCRIBING

THE MULTIPLICITY AND THE USE OR INCIDENCE JF VINFQS, AINFOS, VERTICES
AND ARCS,

THE KEYWORDS OF SURVEYS{ ARE3

LISTSIZES
FOR EACH TYPE OF LISTS THE DISTRIBUTION OF TKE SIZES OF THE LISTS 1S

PRINTED, THE LIST-IDENTIFIERS ARE ALSO PRINTED IN ORDER OF SI1ZE OF
THE LIST,

MULVIN
A FREQUENCY TABLE OF THE MULTIPLICITY OF VIMFOS 1S PRINTED, A VINFO
HAS MULTIPLICITY M IF IT OCCURS IN M LISTS OF VERTEX-INFORMATIONS,

ALLVINFOS
A FREQUENCY TABLE NF THE USE OF VINFOS IS PRINTED,
A VINFO IS USED N TIMES IF N VERTICES HAVE THAT INFQRMATION,

VINFOLISTS
FOR EACH LIST OF VINFOS A FREQUENCY TABLE OF THE USE OF THE VINFOS IN
THAT LIST IS PRINTED,

MULAIN
A FREQUENCY TABLE OF THE MULTIPLICITY OF AINFOS IS PRINTED,

ALLAINFOS
A FREQUENCY TABLE OF THE USE OF AINFOS IS PRINTED,

AINFOLISTS
FOR EACH LIST OF AINFOS A FREQUENCY TABLE OF THE USE OF THE AINFOS IN
THATY LIST IS PRINTED,

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

ALLVERTICES , .
A FREQUENCY TABLE OF THE INCIDENCE OF THE VERTICES IS PRINTED,
A VERTEX HAS INCIDENCE ! IF THAY VEPTEX IS INCIDENT TO I ARCS,

VERTEXLISTS
FOR EACH LIST OF VERTICES A FREQUENCY TA3LE OF THE INCIDE'ICE OF THE
VERTICES IN THAT LIST IS PRINTED,

ALLARCS
A FREIUENCY TABLE OF THE MULTIPLICITY OF THE aARCS 1S P”INTED.’
MOREOVER, THE NUMBER NF LOOPS AND NONeLQJPS AND THE COEFFICLENT OF
ADJACENCY OF THE GRAPH IS PRINTED,

ARCLISTS o
FOR EACH LIST OF ARCS A FREQUENCY TABLE OF THE MULTIPLICITY OF THESE
ARCS, THE NUMBER QF LOOPS AMD NONaLOOPS AND THE COEFFICIENT OF
ADJACENCY IS PRINTED,

25
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kad 21, WEAKCOMPS | =2z

THE PURPOSE OF WEAKCOMPS{ IS TO DETERMINE THE WEAkLY CONNECTED
COMPONENMTS OF A NONeNDIRECTED GRAPH (OR A SERIES OF ITS PARTIAL GRAPHS)
AND T0O PERFORM A FIRST ANALYSIS ON THESE COMPONENTS,

THE ANALYSIS CONSISTS OF THE DETERMINATION OJF THE DISTANCES BETWEEN
THE VERTICES OF A COMPONENT AMD THE IDENTIFICATION OF ITS CENTRAL AND
PERIPHERAL VYERTICES WITH RESPECT TO SEVERAL MEASURES OF CENTRALITY,

EACH COMPONEMT IS IDENTIFIED BY THE IDENMTIFIER OF ITS REPRESENTATIVE,
THE REPRESENTATIVE OF A COMPONEMT IS THE VERTEX IN THE COMPONENT HAVING
THE MINIMUM LABEL,

THE KEYWORDS OF WEAKCOMPS{ AREjQ

S1Z2ES
A FREQUENCY TABLE OF THE SIZES OF THE COMPONENTS IS PRINTED,
THE IDENTIFIERS AND SIZES OF THE COMPONENTS ARE PRIMNTED, BOTH 1IN
ORDER OF THE IDENTIFIERS AND IN ORDER OF THE SIZES (ISOLATED VERTICES
NOT INCLUDED),
THE COEFFICIENT OF CONNECTIVITY OF THE GRAPH IS PRINTED,

CROSSREFS
FOR EACH VERTEX THE IDENTIFIER OF ITS COMPONENT IS PRINTED,
FOR EACH COMPONENT ITS IDENTIFIER AND THE IDENTIFIER OF ITS VERTICES
ARE PRINTED,

MINSIZE = ¢ MAXSIZE =
DEFAULTS MINSIZE = 2, MAXSIZE = ¢INFINITY,
IF MINSIZE < 2 1S SPECIFIED THEN WEAKCO4PS REDEFINES MINSIZE = 2,
ONLY THE COMPONENTS SATISFYING MINSIZE <s SIZE <= MAXSIZE ARE
ANALYSED,

NBHD =
DEFAULTS NBHD = i,
THE NEIGHBOURHOOD OF A VERTEX CONSISTS QF THE VERTICES AT
DISTANCE <= NBHD FROM THAT VERTEX,
FOR EACH VERTEX IN THE COMPOMENT THE NUMBER OF VERTICES IN ITS
NETGHEOURMIID IS PRINTED,
IF NBHD > { THEN THE VERTICES ARE SORTED IN DECREASING ORDER OF THE
SIZE OF THEIR NEIGHBOURHOOD,
IF MNB+4D > { THEN, FOR EACH VERTEX, THE NJMBRERS OF VERTICES AT
DISTANCE <= I (1=1,,0.,1484D) ARE PRINTED, BOTH N ORDER OF THE
VERTICES AND IN LEXICOGRAPHICALLY DECREASING ORpER OF THE NUMBERS OF
VERTICES,

MINDIST = s TAXDISY =
DEFAULTE MINDIST = {, MAXDIST = +INFINITY,
THE NUMBER OF VERTICES AT A DISTANCE 3ATISFYING
MINNISYT <2 DISTAMCE <3 HMAXDIST IS THE NUMBER OF CONTACTS 0OF A VERTEX,
FOR EACH VERTEX ITS NUMBER OF COMTACTS S PRINTED, BOTH IN ORPDER OF
THE VERTICES ANO IN DECREASING QRDER OF THE NUMBER OF CONTACTS,
IN THE DEFAULT CASE THE SECIND LIST IS NJIT PRINTED,

RUSHADJ, RUSHMUL
FOR EACH VERTEX ITS RUSH IS PRINTED, 80TH IN ORDER OF THE VERTICES
AND IN DECREASING ORDER OF THE RUSH,
THE RUSH IS COMPUTED IN THE FOLLOWING WAY}
EACH VERTEX SEMDS ONE UNMIT OF FLOW 10 EACH OF 17vS CONTACTS,
THE UMIT QOF FLOW IS EQUALLY DISTRIBUTEN OVER THE PAIHS NF MINIMAL
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LENGTH CONNECTING THE TWO VERTICES, THE RUGH nF A VERTEX IS THE
FLOW THROUGH THE VERTEX, EXPRESSED AS A FRACTION OF ALL FLOW IN THE
COMPONENT,

KEYWORD RUSHMUL TAKES THE MULTIPLICITY OF EPGES INTO ACCOUNT,
KEYWORD RUSHMADJ IGNORES THE MULTIPLICITY OF EDGES,

A JOB MAY CONTAIN BOTH KEYWORDS,

ADJ, MEDIAN, SUM, MEAMN, EXCEN, BAVELAS

A JOB MAY CONTAIN ANY COMBIMATION OF THESE XEYWORDS,

EVEN IF NONE OF THESE KEYAORDS IS8 SPECIFIED, THE CORRESPONDING

MEASURES OF CENTRALITY ARE PRINTED FOR EACK VERTEX,

IF A KEYWORD IS SPECIFIED VHEN THE VERTICES ARE ALSO PRINTED IN THE

DECREASING ORDER OF CENTRALITY,

ADJ CORRESPONDS TO THE ADJACENCY OF A VERTEX, 1,E£, THE NUMBER OF
VERTICES AT DISTANCE = |,

MEDIAN CORRESPONDS TO THE MEDIAN OF THME DISTANCES TO THE OTHER
VERTICES IN THE COMPONENT,

SUM CORRESPONDS TO THE SUM OF THE DISTANCES TO THE OTHMER VERTICES,

MEAN CORRESPONDS TO THE MEAMN OF THE DISTANCES 7O THE OTHER VERTICES,

EXCEN CORRESPONDS TO THE EXCENTRICITY OF A VERTEX, T,E, THE MAXIMUM
OF THE DISTANCES TO THE OTHER VERTICES,

BAVELAS CORRESPONDS TO THE RATIO BETWFEN THE MEAN OF THE DISTANCES TO
THE OTHER VERTICES AND THE “MEAN OF ALL DISTANCES IN TdE COMPOMENT
(THIS IS NOT THME SAME COEFFICIEMT AS ORIGINALLY PROPOSED BY BAVELAS
BUY YIELOS THE SAME ORDER OF THE VERTICES),

IT SHOULD BE NOTED THAT THE THREE MEASURES SUY, MEAN AND BAVELAS ALL

YIELD THE SA™E ORDER OF THE VERTICES,

ALL, PARTIAL
DEFAULT: ALL
IF ALL THEN ONLY THE COMPONENTS OF THE GRAPH ITSELF ARE ANALYSED,
IF PARTIAL THEN THE COMPONENTS OF A SERLES OF PARTIAL GRAPHS ARE
ANALYSED,
IN THIS CASE THE SEMICOLON CLOSING THE LIST OF KEYWORDS SHOULD BE
FOLLOWED BYj

1ARCS? <ARCLIST=IDENTIFIERS>
e

e B8

[ N ]

"ARCS! <ARCLIST=IDEMTIFIERS> 3
YJORFIN?

TWO SUBSEQUENT ARCLISTIDENTIFIERS ARE SEPARATED BY A COMMA,
E,G

TARCS1 A{,A23

YARCS! A3

1JOBFINY

IN THIS EXAMPLE TWwO PARTIAL GRAPHS ARE ANALYSED,
THE FIRST OME IS DEFIMED BY THE ARCS IN LIST Al AND A2,
THE SECOND ONE BY THE THREE LISTS OF ARCS Al, A2 AND A3,



28

FOR EACH COMPONENT THAT IS AMNALYSED, WEAKCOMPSY PRINTS A FREGUENCY
TABLE OF THE CISTANCES IN THE COMPONENT,

WEAKCOMPS] ALSO PRINTS A SURVEY, CONTAINING, FOR EACH COMPONEMNT THAT IS
ANALYSEDS :

THE IDEMTIFIER OF ITS REPRESENTATIVE,
THE SIZE OF THE COMPONENT,

THE NUMBFR OF EDGES,

THE NUM3ER OF LOOPS,

THE NUMBER OF REDUNDANT NONeLOOPS,
THE COEFFICIENT OF ADJACENCY,

THE RADIUS,

THE DIAMETER,

THE MEDIAM AND MEAN OF ALL DISTANCES,
THE TOTAL NUMBER OF CONTACTS,



skt 22, STRONGCOMPS {  w«a

THE PURPOSE OF STRONGCOMPSY IS TO DETERMINE THE STRONGLY CONNECTED
COMPONENTS OF A DIRECTED GRAPH (OR OF A SERJES OF ITS PARTIAL GRAPHS),
AND TO PERFORM A FIRST ANALYSIS ON THESE COMPONENTS,

THE KEYWORDS OF STRONGCOMPS) ARE

INDIST, OQUTDIST
DEFAULT 3 ouTpIST

SIZES, CROSSREFS, MINSIZE, MAXSIZE
AS DESCRIBED FOR WEAKCO4PSY

NBHD, MINDIST, MAXDIST, RUSHADJ, RUSHMUL, ADJ, MEDIAN, SUM, MEAN,
BAVELAS
AS DESCRIBED FOR WEAKCOMPSY, HOWEVER, THE COEFFICIFEMTS ARE BASED
UPON THE OUTeDISTANCES (IF OQUTDISTY OR THE INeDISTANCES (IF IMNDIST)
OF EACH VERTEX, I.,E, UPON THE ROWS OR COLUMNS OF THE
DISTANCE=MATRIX,
THUS, 1F INDIST AND NBHD = | , THEM THE NEIGHROURHOOD OF VERTEX V
CONSISTS OF ALL VERTICES X WHICH ARE INeADJACENT YO V3 IF OUTDISY
AND NBHD = | , THEN THE NEIGHBOURHOOD OF V CONSISTS OF ALL VERTICES
WHICH ARE QUT=ADJACENT TO V,

ALL, PARTIAL
AS DESCRIBED FOR WEAKCOMPSY
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kxe 23, RUSH | was

THE PURPOSE OF RUSHY{ IS TO COMPUTE THE RUSH IN 4 SET (M) OF VERTICES
WHICH IS THE RESULY OF A FLOW FROM A SET (F) OF VERTICES TO A SET (T)
OF VERTICES,

THE SEMICOLON CLOSING THE LIST OF KEYWORDS SHOULD BE FOLLOWED BY

FROM 3 <VERTEXw| IST=IDENTIFIERS®)
10 1 KVERTEX <L ISTeIDENTIFIERS>
MEASURE § <VERTEX«LISTeIDENTIFIERS>)
tJOBF IN

<YERTEXeLISTIDENTIFIERS» IS A LIST OF LISTeIDENTIFIERS OF LISTS OF
YERTICES, SUBSEQUENT IDENTIFIERS ARE SEPARATED BY A COMMA,

A LISY OF VERTICES IS 'ACTIVE' IF ITS IDENTIFIER OCCURS IN ANY OF THE
<VERTEXe_ IST*IDENTIFIERS>,

THE SET OF VERTICES F CONSISTS OF THE VERTICES IN THE LISTS

FROM g SYERTEXe| ISTeIDENTIFIERSY,
THE SET OF VERTICES T CONSISTS OF THE VERTICES IN THE LISTS
10 ¢ SVERTEX=LISTeIDENTIFIERS>,

THE SET OF VERTICES M CONSISTS OF THE VERYICES IN THE LISTS
MEASURE § <VERTEXeLI1ST«IDENTIFIERS>,

EACH VERTEX V IN F SENDS QNE UNIT OF FLOW TO EACH VERTEX W IN T THATY
" CAN BE REACHED FROM V, (T1,E, MINDIST <= DISTANCE(V,#) <= MAXDIST ),
THE FLOW FROM V YO W IS EQUALLY DISTRIBUTED OVER ALl PATHS OF
MINIMAL LENGTH FROM V YO W,  THE RUSH IN VERTEX X IS& THE TOTAL AMOUNT
OF FLOW PASSING THROUGM X,

THE KEYVWORDS OF RUSH{ ARE 8

DIRECTED
THE GRAPH IS CONSIDERED TO BY A DIRECTED ONE,
DEFAULY: A NONSDIRECTED ONE

MINDIST, MAXDIST
DEFAULT 3 MINDIST = { , MAXDISY = 4 IMFINITY

RUSHADJ, RUSHMUL
A JOR MAY COMTAIN BOTH KEYWORDS, IF NONE IS SPECIFIED THEN
RUSHADJ 1S ASSUMED,
RISHADJS IGMORES THE MULTIPLICITY OF EDGES OR ARCS,
RUSHMUL TAKES THE MULTIPLICITY INTO ACCOUMT,

ALL, LISTS
A JOB MAY CONTAIN BOTH KEYWORDS, IF NONE IS SPECIFIED THEMN ALL IS
ASSUMED
1F ALL THEN A LIST 1S PRIMTED CONTAINING A LINE FOR EACH VERTEX
OF &N ACTIVE LIST,
1F LISTS THEN FOR EACH ACTIVE LIST OF VERTICES A LIST IS PRINTED
CONTAIMNING A LINE FOR EACH VERTEX OF THE VERTEXLIST,
THE LINE OF A VERTEX COHUTAINS 3
ITS IDENTIFIER,
THE FLOW IT SEMDS (IF THE VERTEX BELOMGS 7O F),
THE FLNW IT RECEIVES (IF THE VERTEX RELONGS TO T),
IT5 RJUSHADJ AND/OR 1TS RUSHMUL (IF THE VERTEX BELONGS TQ M),



axd 24, PISRUPY 1 &2z

THE PURPOSE OF DISRUPT{ IS TO REDUCE A GRAPH T0 T -

1,6. 7O THE GRAPH WITHOUT ELEME'ITS, HE NULL=GRAPH,

IN EACH STEP OF THE REDUCTION PROCESS A SET OF VERTICES

AND DELETED FROM THE GRAPH, TQ DETERMINE THIS SgT ﬁECR§$3R§8NS§§ECTED
COMPUTED FOR EACH VERTEX, VERTICES WITH MINIMUM (QOR MAXIMUM) VALUE OF
THE CRITERION CONSTITUTE THE SET M, THE VALUE OF THE CRITERIOM AND A
FREQUENCY TABLE CAN BE PRINTED FOR ALL VERTICES AND FOR BACH LIST OF
YERTICES, THE SET 8 EITHER IS M OR IS THE IMTERSECTION OF M WITH THE
UNIOY OF A NUMBER OF SPECIFIED LISTS OF VERTICES,

IN EACH STEP THE VERTICES IM S ARE PRINTED,

THE KEYWORDS OF DISRUPTY{ ARE}

INCIDENCE, LOOPS, DEGREE, VALENCY, ADJACENCY, ININCI, OUTINCI,
INDEG, OUTDEG, INADJ, OUTADJ, RECI

DEFAULTS INCIDENCE

ONLY OME OF THESE KEYWORDS MAY OCCUR IN THF LIST OF KEYWORDS,

IT DETERMINES THE CRITERION TO BE USED, LET V DENOTE A VERTEX OF
THE GRAPH, THEN

CRITERION VALUE

INCIDENCE THE NUMBER OF ARCS IMCIDENT WITH V,

LOOPS THE NUMBER OF LOOPS ON V, :

DEGREE THE “UMBER OF NOHe[JOPS INCIDENT WITH V,

YALENCY DEGREE + 2 &« LOOPS,

ADJACENCY THE NUMBER OF VERTICES ADJACENT WITH V,

ININCI THE MUMBER OF ARCS IH=INMCIDENT WITH V,
1.E., THE NUMBER QF ARCS HAVING V AS HEAD,

OQUTINCI THE HUMBER OF ARCS QUT=INCIDENT WITH V,

INDEG THE INeDEGPEE OF V, I,E, THE NUMBER OF NONeLOOPS
INeINCIDENT WITH V,

OUTDEG THE QUTNEGREE OF V,

INADYJ THE IN@ANJACENCY OF V, I1,E, THE NUMBER OF

VERTICES IN&ADJACENT WITH v, I &, THE MUMBER OF
VERTICES X (X®zV) SUCH THAT (X,V) IS AN ARC,
OUTADY THE QUT=ADJACENCY OF Vi
RECI THE RECIPROCITY OF v, I,F, THE NUMBERP OF
VERTICES BOTH INe AND OUT=ADJACENT TO V,

MIN, MAX
DEFAULTY MIN
THE MINIMUM (OR MAXIMUM) VALUE OF THE CRITERION DETERMINES
THE SET S,

ITER, ORIG
DEFAULT; ITER \
IF ITER THEN IN EACH STEP THE CRITERTION Ii COMPUTED,
THUS IS BASED UPON THE REMAINING SUB=GRAPH,
IF ORIG THEN IN EACH STEP THE ORIGINAL VALUES OF THE CRITERION ARE
USED,
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LCRIT »
IN EACH STEP, FOR EACH LIST OF VERTICES, THE CRITERION IS PRINTED
FOR EACH VERTEX IN THAT LIST,

LFREQ :
IN EACH STEP, FOR EACH LIST OF VERTICES, A FREQUENCY TABLE OF THE
CRITERION OF THE VERTICES IMN THAT LIST IS5 PRINTED,

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

VFREQ
IN EACH STEP A FREQUEHCY TABLE OF THE CRITERION OF ALL VERTICES
IS5 PRINTED,

ALLVERT, SPECVERY
DEFAULT; ALLVERT
IF ALLVERT THEN, IN EACH STEP THE SET S 15 THg SET M,
IF SPECVERT THEN SPECIAL VERTICES ARE DISTINGUISHED AND
S IS THE INTERSECTION OF M AND THE SPECIAL VERTICES,
IF SPECVERT THEN THE LIST OF KEYWORDS IS FOLLOWED BYS

VERTICES: <VERTEX=LISTeIDENTIFIERS>}
'JOBFIN?

SVERTEXeLIST«IDENTIFIFRS> IS A LIST OF IDENTIFIERS OF LISTS OF
VFRTICES, SURSEQUENT IDENTIFIERS SEPARATED BY A COMMA,
THE VERTICES IN THESE LISTS ARE THE SPECIAL VERTICES,
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THE PURPOSE OF INTAR{ IS TO A“ALYSE RELATIDONS WITWIN SETS
(INTRA«ANALYSES) aND RELATINNS BETWEEN SETS (INTER=ANALYSES),
THE KEYWORDS DEFIME THE SETS TO BE ANALYSED,

THE KEYWORDS OF INTAR) AREg

ALLINTRA

FOR EACH LIST OF VERTICES THE GRAPH DEFINED BY THE VERTICES IN THAT
LIST (= THE SET X) IS ANALYSED,

ALLINTRACOMPY
FOR EACH LIST OF VERTICES THE GRAPHK DEFINED BY THE COMPLEMENT OF THE
VERTICES IN THAT LIST IS ANALYSED,

ALLINTER
FOR EACH PAIR OF DISJOINT LISTS OF VERTICES THE RIPARTITE GRAPH
DEFINED BY THE TWO LISTS (SET X AND SET ¥v) IS ANALYSED,

ALLINTERCOMPL
FOR EACH LIST OF VERTICES THE BIPARTITE GRAPH DEFINED BY THAT LIST
(= SET.X) AND 1TS COMPLEMENT (= SET Y) IS5 ANALYSED,

SPECINTRA
THE GRAPH DEFINED BY THE VERTICES IN SETX IS ANALYSED,

- SPECINTRACOMPL
THE GRAPH DEFINED BY THE COMPLEMENT OF THE VERTICES IN SETX IS
ANALYSED,

SPECINTER
THE BIPARTITE GRAPH DEFINED BY SETX AND SETY IS ANALYSED, UNLESS THE
TWO SETS ARE NOY DISJOINT,

SPECIMTERCOMPL
THE BIPARTITE GRAPH DEFINED BY SETX AND ITS COMPLEMENT IS AMALYSED,

IN THE ABOVE, SETX AND SETY ARE, IN GENFRAL, THE UNIOM OF SEVERAL LISTS
OF VERTICES, TO SPECIFY THESE SETS THE SEMICOLON CLOSING THE LIST OF
KEYWOROS IS FOLLOWED BY}$

1GRAPH! <TITLE>j

SETX = <VERTEX LIST IDENTIFIERS>;

SETY = <VERTEX LIST IDENTIFIERS>; (FOR SPECINTER ONLY)
Y JOBFINT

THE KFYWORD SPECINTER SHOULD NOT QCCUR TOGETHER WITH ANY OF THE
KEYWORDS SPECINTRA, SPECINTRACOMPL, SPECINTERCOMPL,
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THE OUTPUT OF AN INTRA=ANALYSIS CONSISTS OFg

VERT THE NUMBER OF VERTICES IN X,

ARCS THE NUMBER OF NONaL20PS HAVING BOTH ENDPOINTS IN X,

LOOPS THE NUMBER OF LOOPS IN X,

EXTA THE NUMBER OF ARCS HAVING ONE ENDPOINT IN X AND OME ENDPOINT IN
THE COMPLEMENT OF X, .

EXTY THE NUMBER OF VERTICES NOT IN X, ADJACENT 7O AT LFAST ONE VERTEX

IN X,
COMP THE NUMBER OF COMPINENTS CONSTITUTING THE GRAPH X, INCLUDING
180 THE NUMBER OF 1SOLATED VERTICES OF THE GRAPH X,
INCI THE FRACTION OF ARCS MAVING AT LEAST ON ENDPOINT IN X,
ADJ THE COEFFICIFENT OF ADJACENCY OF THE GRAPH X,

CONN THE COEFFICIENT OF CONNECTIVITY OF THE GRAPH X,

THE OUTPUT OF AN INTEReANALYSIS CONSISTS OFg

VERTX THE NUMBER OF VERTICES IN X,

VERTY THE NUMBER OF VERTICES IN Y,

ARCS THE NUMBER OF ARCS HAVING ONE ENDPOINT IN X AND OME ENDPOINT IN
Yo

LPS¢ THE NUMBER OF ARCS HAVING BOTH ENDPJINTS IN X PLUS
THE NUMBER OF ARCS SAVING BOTH ENDPOINTS IN Y,

EXTA THE NJMBER OF ARCS HAVING ONE ENDPOINT IN THE UNJOM OF X AND Y
AND ONE ENDPOINT OUTSIDE THAT UNJON,

EXTY THE NJUMBER OF VERTICES NOT I THE UNION OF X AND Y, -ADJACENT 70O
AT LEAST OMNE VERTEX IN THAT UNION,

comp THE NUMBER OF COMPDNENTS CONSTITUTING THE BIPARTITE GRAPH,
INCLUDING

1S0X THE NJMBER OF ISOLATED VERTICES IN X AND

150y THE NJUMBER OF ISOLATED VERTICES IN Y,

INCI THE FRACTION OF ARCS HAVING AT LEAST ONE ENDPOINY IN THE
UNIONY OF X AND Y,

ADJXY THE COEFFICIENT 0OF ADJACENCY OF THE BIPARTITE GRAPH,

CONNX THE BIPARTITE COEFFICIENT OF CONMECTIVITY WITHIN X,

CONNY THE BIPARTITE COEFFICIENT OF CONNECTIVITY WITHIN Y,

CONXY THE BIPARTITE COFFFICIENT OF CONNECTIVITY RETWEEN X AMD Y,

02X THE FRACTION OF PAIRS OF VERTICES IN X HAVING DISTANCE 2,

D2y THE FRACTIQN OF PAIRS OF VERTICES IN Y HAVING DISTANCE 2,
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