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

"PROCEDURE™ IDENTIFIER(GRAPHIM,JOBSIN);
"VALUE" GRAPHIN,JOBSIMNy "IMTEGER"™ GRAPHIN,JOBSIN}

BOTH GRAPHIN AND JOBSIN ARE CHA'NE[«NUMBERS, AND JDENTIFY AN

INPUY FOR EACH QF THE PROCEDURES CONSISTS JOF TWQ PARTS 3
e THE GRAPH QR NETWORX TO BE ANALYSED IS READ FROM CHANMNEL GRAPHIM,
2, THE JOBS DEFINING TrE AHALYSES ARE READ FROM CHANWNEL JOBSIN,

TWO WAYS OF PRESENTING THE GRAPH OR NETWORK ARE DISTIMGUISHED ¢t
tels, THE EXTERNAL REPRESEMTATION,
1,E, & SET OF PARAMETERS FOLLOWED BY A GRAPH, BOTH SATISFYING
THE RULES OF THE GRAPH<DEFINING LANGUAGE AS DEFIMED IN [1),

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

TCHANNELY IN =z <CHANNELNUMBER>}

IS ENCOUNTERED THEM THE MEXT PART OF THE INPUT IS READ FRQOM THE
CHANNEL IDENTIFIED BY <CHANNELNUMBER»,

THAT CHANNEL HMAY CONTAIN A SWITCH TO ANOTHER CHANNEL, ETC,

o2, THE INTERMAL REPRESENTATION,
1,6, AS THE OUTPUT OF AN EXECUTION OF THE PROCEDURE STOREGRAPH{,

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

1JOB!' <KEYWORDS>

IN MOST PROCEOURES THE KEYWNRDS COMPLETELY DEFINE TrE JOB,

TMH SEVERAL CASES, HOWEVER, FURTHER SPECIFICATICNS ARE REGUIRED,

A JOB THEN CONSISTS OF

1JOB' <KEYWORDS>

<FURTHER SPECIFICATIONS>

1 JOBFIN!

EACH PROCEDURE HAS 1TSS QwM KEYANRDS AMD ITS O%WN REQUIREMENTS FOR
FURTHER SPECIFICATIONS, TO RE DESCRIBED IN THE NFxT SECTIONS,

THE SEGUENCE OF JOBS SHOULD BE TERMINATED 8Y
1STOPY



THE KEYWQORD
OUT = <CHANNELNUMBER>

CAN BT USED IN EACH JOB OF EACH PROCEDURE TO SPECIFY THE
QUTPUT CHANNEL FOR THE RESJLTS OF THAT JOB,
DEFAULTS OUT = 64

APART FROM TME RESULTS OF THE A™MALYSES, WHICH ARE SEND 70 THE CHANNEL
IDENTIFIFD BY THE VALUE OF THE KEYWORD QUT, EACH PROCEDURE REPRODUCES
(PART OF) ITS INPUT AS READ FROM THE CHANNELS GRAPHIN AND JABSIN,

THIS PARY OF THE QUTPUT IS SEND TO THE CHANNEL WITH CHANNELNUMBER s 64,

AND CONSISTS OF

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

IF THE GRAPH 1S JN INTEFNAL REPRESEMNTATION THEN ITS TITLE AMD A SURVEY
OF THE VALUE OF THE PARAVMETERS CORRESPONDING To THE KEYWORDS OF
PROCEDURE STOREGRAPHY,

A LIVERAL 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.

STOREGRAPH! produces a representation that is completely oriented to
the library and the computer, this representation does not satisfy the
graph-defining language.

PRINTGRAPHI 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 relations,

not satisfying the graph-defining language, to be read by human beings.
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THE PURPOSE OF STOREGRAPM| IS TC STORE THE INTERNAL REPRESENTATION
OF A GRAPH ON A FILE, 1,E, ON THE QUTPUTeCHANNEL,

THE KEYAORDS OF STOREGRAPH{ ARE 3

IvM
THE VERTEX«INFORMATIONS ARE NOT STORED

IVLM
THE VERTEX=INFORMATION LIST@IDENTIFIERS ARE NOT STORED,
THE VLRTEXeINFORMATIONS, IF AMY, ARE STORED A8 A SINGLE LIST,
WITH § AS ITS IDENTIFIER

1AM
THE ARCeINFORMATIONS ARE NOT STORED

TALM
THE ARCeINFORMATION LIST«IDENTIFIERS 2RE MOT STQRED,
THE ARCeINFORMATINNS, IF ANY, ARE STORED AS A SINGLE LIST,
WITH t AS ITS IDENTIFIER

VM
THE VERTICES AND THE ARCS ARE NOT STORED

VLM
THE YERTEX LISTeIDENTIFIERS ARE NOT STORED,
THE VIRTICES, IF ANY, ARE STORED AS A SINGLE LIST,
WITH § AS ITS IDENTIFIER

AM
THE ARCS ARE NOT STORED

ALM
THE ARC LISTIPENTIFIERS ARF NOT STORED,
THE ARCS, IF ANY, ARE STORED AS & SINGLE LIST,
WITH { AS ITS IDENTIFIER
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THE PURPOSE 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 OTWER KEY®ORDS ARE IGNORED,
THE PRNAGRAM PRODUCES A REPRESENTATION In WHICH VINFOS, AINFOS AND
VERTICES ARE CODED, EACH LIST OF ENTVTITIES STARTS ON A NEW LINE,

CODEDVINF, CODEDAINF, CODEDVERTY
IF A JOB CONTAINS ANY OF THESE KEYWORDS THEMN THfF ENTITIES CORRESe
PCNDING AITH THAT KEYWORD (VINFOS, AINFOS AND VERTICES RESPECTIVELY)
ARE CODED, v
MOREOVER, IN THE CORRESPONDING LISTS OF ENTITIES EACH ENTITY IS
PRINTED ON A NEW LINE AND PRECEDED BY ITS LABEL,
THE LABEL IS INSERTED AS A COMMMENT,

FORM =
DEFAULYS FORM = ¢
THIS KEYWORD CONTROLS THE PRESENTATION OF THE LISTS OF ARCS,
IF FORM=0 THEN EACH LIST OF ARCS ]S PRINTED IN THE STRAIGHTFORWARD
FORM, EACH ARC 1S PRINTED ON A NEW LINE,
IF FORM={ (2) THEN EACH LIST OF ARCS IS PRIMNTED IN THE FIRST (SECOND)
ABBREVIATED 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,
DEFAULTY THE DIRECTION OF THE ARCS REMAINS UNCHANGED,
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THE PURPQOSE OF PRINTGRAPH 2 1S TO PRODUCE FIXEDeFQRMAT REPRESENTATIONS
OF GRAPHS,

THE KEYAORDS OF PRINTGRAPH 2 AREg

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

CODEDAINF
THE ARCeINFORMATIONS ARE CODED,
DEFAULT: THE AINFOS ARE NOT CODED,

CODEDVERY
THE VERTICES ARE CODED,
DEFAULTS THE VERTICES ARE NOT cODED,

FORWARD, BACKWARD
EACH OF THESE KEYWORDS LEADS 70 A REPRESENTATION OF ALL ARCS,
THE REPRESE™NTATION OF Al ARC DUE TO FORWARD HAS THE OPPQSITE
DIRECTION OF THE REPRESENTATION OF THME SAME ARC DUE TO BACKWARD,
A JNB MAY CONTAIN BOTH KEYWORDS,
DEFAULTY ONLY FORWARD 15 EXECUTED,

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

UNDER BACKWARD; THE DIRECTION OF EACH ARC IS CHAMGED,

OQUTPUT FROM PRINTGRAPH 2 CONSISTS OF A NU43ER OF BLOCKS,

BLOCK CONTAINS

THE TITLE A'ID ALL LIST IDENTIFIERS

THE LISTS OF VFRTEX=INFNRMATIONS

THE LISTS OF ARCwINFORMATIONS

THE LISTS OF VFRTICES

THE LISTS OF ARCS PRODUCED UNDER FORWARD
THE LISTS OF ARCS PRODUCED UNDER OCACKWARD

W Ewi BV — O

THE FIRST POSITION OF EACH LINE OF NUTPUT CONTAINS THE INDFX OF ITS BLOCK,

THE MEXT LA POSITIONS OF EACH LINE COMNTAIMN AN IMTEGER CORRESPNANDIMNG TO

THE TITLE OF THE GRAPH(INTEGER=zQ) OR TO A LIST IDENTIFIER(INTEGERZ!,2,¢000bNY,
IN BLOCK 0 THIS LIST-INTEGER IS FNLLOWED BY THE TITLE OR BY THE LIST=
IDENTIFIER 1T CORRESPOND TO(T+ POSITIONS),

IN THE OTHER 8LOCKS THIS LIST-INUTEGER 15 FOLLOWED BY AMNOTHER INTFGER,

THE SEQ:IEHCE NUMBER OF THE INFORMATION, VERTEX OR ARC WITHIM Tip LIST
CORRESPQNDING TO THE LISTIMTEGER, THE SEQJEMCF NUMHER OCCUPIES SW POSITIONS,



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

IN BLOCK 3 THE SEQUENCE NUIMBER IS FOLLOAED BY THE LABEL OF THE VERTEX
(LVWN POSITIONS), THE INENTIFIER OF THE VERTEX(VW POSITIONS) AMD POSSIBLY
(THE LABEL OF) ITS INFORMATION(LVIW OR VIW POSITIONS),

IN BLOCKS 4 AND & THE SEQUEMNCE NUMBER IS FOLLOWED BY AN § (OR A 0), TAKING
? POSITIONS, 1F THE HEAD AND THE TAIL OF THE ARC WERE (NOT) IHTERCHANGED
DUE T0O PAIRS, THE (LABELS OF THE) EMDPOINTS OF THg ARC (TOGETHER ARCW
POSITIOMS) AND POSSIBLY (THE LABEL OF) IVS INFORMATION(LAIW OR AIW
POSITIONS),

A TABLE OF THE VALUES OF THESE QUANTITIES FOR EACH JOB IS OUTPUT ON
THE MAIN OQUTPUT CHANNEL,
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THE PURPOSE OF PRINTARCS{ IS TO PRINT, FOR EACH L1ST OF ARCS, THE
ADJACENCIES OF EACH VERTEX,

OUTPUT FROM PRINTARCSY COWSISTS OF FOUR COLUMNS, cOLUMN { AND 2 OR
COLUMN 2 AND 3 COMTAIN THE TAIL AND HEAD OF AN ARC, COLUMM 4 CONTAINS
THE ARCeINFORMATION,

EACH ARC IS PRINTED TWICE,

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

'GRAPHt EXAMPLE

"VERTICES' 1=3 1,2,3,4,51 . .
TARCS = 182, did, 233, 335, S13, U3, 3349
'FINDY

RESULTING INg

i 2
4 4
i 2

e 3
e 3

I 4
5 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, NEWINFO! and NEWINFO2,
induction: INDUCEI,
aggregation of arcs: MULARCI.

Several procedures will be added, e.g. for the aggregation of vertices.
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THE PJRPOSE OF LEXICO] IS TO SORT THE LISTS OF VINFOS, AINFOS,
VERTICES AND ARCS AND 7O REDEFIME THE DIRECTIOM OF THE ARCS,
THE EXTITIES CAN BE PUY INTO ASCENDING OR DESCENDING ORDER,

THE #EYWORDS OF LEXICO} ARES

VINFES AZ, VINFOS Za
THE VERTEX<INFORMATIONS ARE PUT INTO ASCENDING (AZ) OR DESCENDING
(Z%) ORDER RESPECTIVELY,
DEFAULTs THE QORDER REMAINS UNCHANGED,

AINFOS AZ, AINFOS ZA
THE ARC-INFNORMATIONS ARE PUT INTO ASCENDING (AZ) OR DESCENDING (ZA)
ORPER RESPECTIVELY,
DEFAULT; THE ORDER REMAINS UNCHANGED,

VERY AZ, VERT 24
THE VERTICES ARE PUT INTO ASCENDING (AZ) OR DESCENDING (ZA) ORDER
RESPECTIVELY,
DEFAULT; THE ORDER REMAINS UNCHANGED,

ARCS TH AZ , ARCS TH ZA , ARCS fT AZ , ARCS HT 2a

ARCS TAZ HZA, ARCS TZA HAZ, ARCS HAZ TZA, ARCS HZA TAZ
EACH KEYWORD DEFIMES AN ARRANGEMENT OF THE ARCS,
DEFAULT: THE ORDER OF THE ARCS REMAINS UNCHANGED,
THE ARCS ARE SORTED IN TWO STEPS,
IFe WITHIN A KEYWORD, THE "T" PRECEDES THE "H®™ THEN THE ARCS ARE
SQRTED ACCORDING TO THE TAILS IM STEP t , ARCS WITH IDENTICAL TAILS
ARt SGRTED ACCORDING TQ THE HEADS IH S$TgP 2 ,
IFy WITHIN A KEYWNRD, THE "H" PRECEDFS THE "T® THEN STEP § CONSISTS
OF S0RTING THE ARCS ACCORDING TN THE HEADS, IN STEP 2 THE ARCS WITH |
IDENTICAL HEADS ARE SORTED ACCORDING TO THE TAILS,
TAILS AND HEADS ARE PUT IYTU ASCENDING (AZ) OR DESCENDING (ZA) ORDER
RESPECTIVELY,
THE FIRST FOUR KEYWORDS PUT BOTH TAILS AND MEADS INTO ASCENDING
(OR DESCEMDING) ORDER,
THE LAST FOUR KEYWORDS PUT THE TAILS AMD HEADS INTO OPPOSITE CRDER,
THESE EIGHT KEYWORDS LEAVE THE DIRECTIONS OF THE ARCS UMCHANGED,

EP AZ, EP 24
THESE KEYAORDS MAY MODIFY THE NIRECTION OF ARCS,
FOR £aCH ARC THE TAIL AND HEAD ARE PUT INTO ASCENDIMG (4Z) OR
DESCEMNDING (ZA) ORDER,
DEFAULT: THE DIRPCTION REMAT'IS UNCHANGED,
IF BOTH ARCS AND EMNDPOINTS ARF QFAQRANGEJ, THEN LEXICNL FIRST SORTS
THE ARCS, AND AFTERWARDS REARRANGES THE DIRECTION OF THE ARCS,

COMPACT
A REPREGEMTATION OF THE SORTED GRAPH 1S PRODUCED IN WHICH vINros,
AINFOS AND VERTICES ARE COOED, EACH LIST STARTS ON A NEW L INE,
DEFAULT: A REPRESEHNTATION OF THF SORTED GRAPH 1S PRODUCED IN WHICH
EACH SORTED ENTITY QR ARC IS PRINTED ON A NEW LINE, VIHFOS AND
AINFOS ARE CODED, VERTICES ARE ALSO CODED, UNLESS ARCS OR ENDPOINTS
WERE SORTED,
THE LISTS OF ARCS ARE PRESENTED IN THE STRAIGHTFORAWARD FORM,
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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,
DEFAULTY; THE OROER REMAINS UNCHANGED,

EPAZ, EPZA
THESE KEYWOROS May MODIFY THE DIRECTION IJF AR(CS,
FOR EACH ARC THE TAIL AND HEAD ARE PUT INTO INCREASING (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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THE PURPOSE OF TRANSPOSE! 1S TO CHANGE THE DIRECTION OF ARCS,
THE SEMICOLON CLOSING THE LIST OF KEYWORDS SHOULD BE FOLLOWED B8Y
'GRAPH! <TITLE OF THE NEW GRAPH>j

ARCLISTSs <ARCeLISTeIDENTIFIERSY} (OPTIONAL)
INFLISTS; <AINFQOSe[ISTeIDENTIFIERS®) (OPTIONAL)
AINFOS3 <ARC=INFORMATIONSY (OPTIONAL)
1JOBF IN?

IF THE IDENTIFIER OF A LIST OF ARCS IS MENTIONED IN
<ARC®LIST<IDENTIFIERS> THEN THAT LIST IS wACTIVE",

IF ARCLISTS; <ARCeLIST=IDEHTIFIERS>;

IS MISSING THEN ALL LISTS OF ARCS 4ARE ACTIVE,

THE REDIRECTIONING OF ARCS 1S RESTRICTED TO THE ACTIVE LISTS,

IF THE IDENTIFIER OF A LIST OF ARCeINFORMATIONS OCCURS IN
SAINFOS=LISTeIDENTIFIERS> THEN THt INFORMATIONS IN THAT LIST ARE ACTIVE
THE ARCeINFORMATIONS OCCURRING IN <ARCeINFORMATIONS> ALSQ ARE ACTIVE,

IF BOTH INFLISTS; <AINFOSeLIST«IDEMNTIFIERS>

AND AINFOS: <ARCeINFORMATIOS>
ARE MISSING THEN ALL ARCS IN THE ACTIVE LISTS ARE REDIRECTED,
OTHERWISE 1T DEPENDS UPON THE INFORMATION AND THE KEYWORDS OF
TRANSFOSEY,

THE KEYWORDS OF TRANSPOSE{ ARE3S

POSINF, NEGINF
DEFAULTY POSINF
IF POSINF THEN THE DIRECTION OF THE ARCS, IN THE ACTIVE LISTS,
HAVING AN ACTIVE INFORHATION IS CHA'GED,
IF NEGINF THEN THE DIRECTION OF THE ARES, IN THE ACTIVE LISTS,
NQOT HAVING AN ACTIVE IVFORMATION IS CHANGED,
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THE PURPQOSE OF SELECYL 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

tYINFOS! <LIST IDENTIFIERS>g (DPTIONAL)
tAINFOS! <LIST IDENTIFIERS>) (DPTIONAL)
'VERTICES' <LIST IDENTIFIERS>; (OPTIONAL)
TARCS! <LIST IDENTIFIERS>; (OPTIONAL)
'JOBF IN!

<LIST IDENTIFIERS> 1S A LIST OF LISTeIDENTIFIERS OF LISTS OF THE
APPROPRIATE TYPE, SUBSEQUENT IDEMTIFIERS ARE SEPARATED BY A COMMa,
A LIST IS "ACTIVE®" IF ITS IDENTIFIER IS MENTIONED IN

<LLIST IDENTIFIERS>,

THE KEYWORDS OF SELECT! ARES

DELETE, RETAIN
DEFAULTS RETAIN,

ENTITIES, LISTS
DEFAULT: LISTS,

SO0 THERE ARE FOUR PDSSIBLE COMBINATIONS OF KEYWORDS3

RETAIN, LISTSy THE NEW GRAPH CONSISTS OF THE ACTIVE LISTS,
DELETE, LISTS;  THE MEW GRAPH COUSISTS OF THE NQON=ACTIVE LISTS,
RETAIN, EMTITIES: THE NEW GRAPH COMSISTS OF THE ENTITIES IN THE ACTIVE
LISTS, ALL LIST=IDENTIFIERS ARE RETAIMED BUT,
IN GENERAL, THE CONTENTS OF THE NONACTIVE LISTS WILL
Be MODIFIED, '
DELETE, ENTJTIES: TWE ENMTITIES IN THE ACTIVE LI1STS ARE REMOVFD FROM ALL
LISTS, ONLY THE IDENTIFIERS OF THE MNO'-ACTIVE LISTS
ARE RETAINED, THE CONTENTS OF THESE LISTS WILL,
IN GENERAL, BE MODIFIED,

MULTIPLE ARCS OR EDGES ARE COMSIDERED TO BE DIFFERENT ARCS OR EDGES,
THE REMOVAL OF A VERTEX FROM 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
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THE PURPQOSE OF SELECT2 IS TO GFHERATE NEW GRAPHS BY SELECTING VERTICES
AND ARCS ACCORDING TO THEIR INFORMATION,

THE SEMICOLON CLOSING THE LIST OF KEYWORDS IS FOLLOWED BY:

YGRAPHY  «<TITLE OF THE MEW GRAPH»)

'VINFOSY <LIST IDENTIFIERS>) (OPTIONAL)
PTAINFOS! <LIST IDENTIFIERS»>} (OPTICHAL)
'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, MEGVERT
DEFAULT:  POSVERT,
IF POSVERT THEN THE VERTICES HAVING AN INFORMATION IN AM ACTIVE LIST
ARE *ACTIVE", IF NEGVERT THEN THE VERTICES WITHOUT AN ACTIVE
INFORMATION ARE CONSIDERED AS MACTIVE®,

DELVYERT, RETVERT
DEFAULT: RETVERT
IF DELVERY THEN THE ACYIVE VERTICES ARE REMOVED FROM ALL LISTS OF
VERTICES,
IF RETVERT THEN THE NONeACTIVE VERYICES ARF DELETED AND THE NEW GRAPH
CONTAINS ONLY THE ACTIVE VERTICES FROM THE ORIGINAL GRAPH,
THE REMOVAL OF A VERTEX IMPLIES THE REMOVAL OF ALL ARCS INCIDENT TO
THAT VERTEX, :

POSARC, NEGARC
OEFAULTS POSARC
IF POSARC THEN THE ARCS HAVIMNG AN INFQRMATION IN AN ACTIVE LIST ARE
"ACYIVE™, IF NEGARC THEN THE ARCS WITHQUT AN ACTIVE INFORMATION ARE
"ACTIVE™,

DELARC, RETARC
DEFAULT:  RETARC,
IF RETARC THEN THE ACTIVE ARCS ARE RETAINED, IF DELARC THEN THE
ACTIVE ARCS ARE REMOVED FROM THE GRAPH,

IN THE NEW GRAPH THE VINFOS, AI'NFOS AND VERTICES ARE CODED,
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THE PURPOSE OF INDUCEY{ IS TO GENERATE NEW GRAPHS gY INDUCTION IN A
GRAPH,

THE SEMICOLON CLOSING THE LIST OF KEY4ORDS IS FOLLOWED BYs

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

' JOBFINY

<LIST IDENTIFIERS> IS A LIST OF LIST«IDENTIFIERS OF LISTS OF VERTICES,
SUBSEAUENT IDENTIFIERS ARE SEPARATED BY A COMMA,

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

THE VFRTICES OCCURRING IN THE LISTS OF VERTICES DEFINED TO BE INDUCTORS
ARE INDUCTORS, EACH SUCH VERTEX INDUCES ARCS BETWEEN INDUCTEES IT 1S
ADJACENT TO,

THE KEYWORDS OF INDUCE! ARE}g

T, HT, TH, HH, TT2, HM2, DEF
DEFAULTS DEF,
ANY COMBINATION OF THESE KEYWORDS MAY BE SPECIFIED, HOWEVER{
IF DEF THEN THE OTHERS ARE IGHORED,
IF TT2 THEN TT IS IGMORED,
IF HH2 THEN HH IS IGNORED,
EACH OF THESE KEYWORDS DEFINES A SPECIFIC TYPE OF INDUCTION,
LET 1 DENOTE AN I'DUCTOR, LET T DEMOTE THE SEY OF IMNODUCTEES WHICH ARE
IN=ADJACENT TO I (I,E, AN IMDUCTEFE 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 1 (l.t, AM INDUCTELE IS IN H IFF IT IS THE HEAD
OF AN ARC HAVING [ AS ITS TAIL)Y,
TT INDUCES AN EDGE FOR EACH PAIR OF VERTICES IN T,
HT INDUCES AN ARC FROM EACH VERTEX IN H TO EACH IN T,
TH INDUCES AN ARC FROM EACH VERTEX IN T TO EACH IN H,
Hr INDUCES AN EDGE FOR EACH PAIR OF VERTICES IN H,
TT2 I''DUCES AN ARC FROM FACH VERTEX IM T TO EACH UTHER VERTFEX IN T,
HH2 THNUCES Al ARC FROM EACH VERTEX IN H TO FACH OTHER VERTEX IN H,
DEF IMPUCES A EOGE FOR EACH PAIR OF VERTICES IN THE UNION OF T
AND M,
IT SHQULD BL NOTED THAT THE SETS T AND M ARE NOT NECESSARILY
DISJOINT,

ADJ, MULT, WEIGHT, INFO
DEFAULT: ADJ,
LET I DPENOTE AN INDUCTOR, T{ AN THDUCTEE WITH Wy ARCS FROM Ty TO I,
T2 AN INDUCTEE WITH W2 ARCS FROM T2 70 1,
INDUCTION OF TYPE TT ON I RESULTS 1M
IF ADJ THEMN ONE ENGE RETWEEN T1 AND T2,
TF MULT THEN WiaW2 EDGES BETWEEN Ti AND T2,
IF INFO THEMN THIS5 ENGE (ADJ) OR THESE ¢DGFS (MULT)
0BTAIM THE VERTEX~INFORMATINM OF I AS EDGE=
INFORMATION, OVHERNISE THE EDGES ARE WITHOUT INFORMATION,
IF WEIGHT THEY OME EDGE BETWEEM T1 AND T2, WITH WlzW2 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 & 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 VINFOS AND VERTICES ARE
CODED, THE AINFOS, IF ANY, ARE NOT CODED,



sxx {5, INTAR 2 aaw

THE PIURPOSE 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,

SPECINTRACOMPY
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 AMD ITS COMPLEMENT IS GENERATED,

IN THE ABOVE SETX AND SETY ARE, IH GENERAL, THE UINION 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 SPECTINTER SHOULD NOT OCCUR TNGETHER WITH ANY OF THE
KEYWORDS SPECINTRA, SPECINTRACOMPL,SPECINTERCOMPL,

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

19
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wax 16, MULARC { sa#»

THE PURPOSE OF MULARC 1§ IS TO AGGREGATE MULTIPLE EDGES OR ARCS,

WITHIN EACH LIST OF ARCS EACH SET OF MULTIPLE EDGES OR ARCS 1S REPLACED
BY A SINGLE ONE,

THE NFW EDGE OR ARC CAN BE FROVIDED WITH A NUMERICAL INFORMATION, I,E,
THE NUMBER OF EDGES OR ARGS LT REPLACES,

THE SEMICOLON CLOSING THE LIST OF KEYAORDS IS FOLLOWED BY:

YGRAPHY  <TITLE OF THE NEW GRAPH»g
tJABF INY

THE KEYAORDS OF MULARC! AREg

DIRECTED
THE GRAPH IS CONSIDERED TO BE A DIRECTED ONE,
DEFAULTE A NONeDIRECTED ONE

MULUP, MULDOWN
IF ANY OF THESE KEYWORDS IS SPECIFIED THEN THE ARCS OF THE NEW GRAPH
ARE PROVIDED #1TH INFORMATION, I,E, THE MULTIPLICITY OF THAT ARC IN
THE ORIGINAL LIST OF ARCS,
WITHIM EACH LISY THE ARCS ARE SORTED IN ASCENDING (MULUP) OR
DESCENDING (MULDOWN) ORDER OF MULTIPLICITY,
DEFAULT; THE ARCS ARE NOT PROVIDED wlTH INFORMATION,

COMPACT
IN THE REPRESEMNYATION OF THE 'IEY GRAPH THE YINFQS ANMD VERTICES ARE
CODED, EACH LIST STARTS ON A MEW LINE,
DEFAULTS THE VINFOS ARE CODED, THE VERTICES ARE NOT CODED,
EACH ARC IS PRINTED ON A NEW LINE,

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



xxa {17, NEWINFO | =®an

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

A NUMFRICAL INFORMATION IS A SENUENCE OF NJMBERS, EACH NUMBER

IS A "COMPONENT* OF THE INFORMATION,

FOR EACH PART OF A NEW LIST, A SET OF PERMITYTED VALUES CAN BE DEFINED
FOR EACH COMPONENT, ALL INFORMATIONS SUCH THAT THE VALUE OF EACH
CCMPOMENT IS A PERMITTED ONE ARF INCLUDED IN THE NEW LIST,

THE PERMITTED VALUES ARE DEFINED IN THE FOLLOWING WAYj

(Ap(1s203),A,A,(=1,5,6)0A)

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

OTHERWISE THE COMPONENT OF A SPECIFICATION cONSISTS OF A LIST OF
NUMBERS, ENCLOSED WITHIN PARENTHESFES, WHICH IS THE SET OF

PERMITYED VALUES FOR THE CORRESPONDING COMPONENT OF THE INFORMATIONS,

IF THE 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 COMPNNENTS OF THE SPECIFICATION AND THE
COMPONENTS OF THE INFORMATION,

IF YHE 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 RIGHY HaND S1DE OF THE SPLCIFICATION AND THE INFORMATION,

IF THE NUMBER OF COMPONENTS OF THE INFORMATION EXCEEDS THAT OF THE
SPECIFICATION, THE REDUHNDANT COMPONENTS OF THE INFORMATION ARE
CONSIDERED AS PERMITTED OMES,

THE LENGTH OF A SPECIFICATION SHOULD NOT EXCEED THE LENGTH

OF THE LONGEST INFORMATION OF ITS TYPE,

THE LENGTH OF A NEWLISTID SHOULD NOT EXCEED THE LENGTH OF THE LONGEST
LIST=IDENTIFIER OF 1ITS TYPE,

FOR A SINGLE NEW LIST SEVERAL SPECIFICATIONS OF PERMITTED VALUES CAN BE
COMBINED?
(A,(Z),A), ((3).A.A)p (AIAO(QIS))

THE HEW LIST COMTAINS aLL INFORMATIONS SATISFYING AT LEAST OME OF THE
SPECIFICATIONS,

THE SEMICOLON CLOSING THE LIST OF KEYAORDS SHOULD BE FOLLOWED BYs

'VINFOSY NEWLISTID = <SPECIFICATIONS NF PERMITTED VALUES>;

® © @

"VINFOS! MNEWLISTID = <SPECIFICATIONS OF PERMITTED VALUES>)
PATNFOSY NEWLISTID = <SPECIFICATIONS OF PERMITTED VALUES»y

®» ® ©

YAINFNSY NEALISTID = <SPECIFICATINNS OF PERHMITTEND VALUES>
YJ0GF INY
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THE KEYWORDS OF NEWINFO { ARE}g

LENGTHAINF, LENGTHVINF
IF LENGTH (AINF FNR AINFOS, VINF FOR VINFNS) THEN THE COMPARISON OF

COMPONENTS IS PRECEDED RBY A COMPARISON OF THE LENGTHS OF THE
SPECIFICATION AND THE INFOPMATION, IF THE LENGTHS ARE NOT EQUAL
THEN THE INFORMATION DOES NOT SATISFY THE SPECIFICATION, OTHERWISE
THE NORMAL COMPARISON OF THE COMPONENTS IS PERFORMED,

SPECONY =

DEFAULTS SPECONY = 500 ¢
THE VALUE OF SPECONT IS AN UPPER BOUND FOR THE NUMBER OF PERMITTED

VALUES IN ANY SPECIFICATION,

EPS s

DEFAULTS EPS =2 vey
TWO NUMERTCAL 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 PROCESSED,

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 COYPONENTS, THIS IS SPECIFIED IN THE
FOLLONING wWAYg

(0'3’1'002).
DUE 70O 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)
YAINFODS! <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,
MOREOVER, EACH NEWINFO IS PRINTED OM A NEW LINE, IF THERE ARE NEW
VINFOS EACM VERTEX 1S 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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#x4 20, SURVEYS | saww

THE PURPOSE OF SURVEYS! IS TO PRODUCE FREQUENCY TABLES DESCRIBING

THE MULTIPLICITY AND THE USE OR INCIDENCE OF VINFOS, AINFOS, VERTICES
AND ARCS,

THE KEYWORDS OF SURVEYS| ARE}

LISTSIZES
FOR EACH TYPE OF LISTS THE DISTRIBUTION JF THE SIZES OF THE LISTS 1§

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

MULVIN

A FREQUENCY TABLE OF THE MULTIPLICITY OF VINFOS 1S PRINTED, A VINFO
HAS MULTIPLICITY M IF IT OCCURS IN M LISTS OF VERTEXeINFORMATIONS,

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

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
THAT LIST IS PRINTED,

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

ALLVERTICES | ‘
A FREQUENCY TABLE OF THE INCIDENCE OF THE VERTICES [S PRINTED,
A VERTEX HAS INCIDENCE I IF THAT 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 QF THE MULTIPLICITY OF THRE ARcS 1S PQINTED,
MOREOVER, THE NUMBER NF LOOPS ANMD NON«LQIPS AND THE COEFFICIENT 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 OF LOOPS AMD NOMaLOOPS AND THE COEFFICIENT OF
ADJACENCY IS PRINTED,
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k&s 21, WEAKCOMPS | aze

THE PURPOSE OF WEAKCOMPSY{ IS TO DETERMIME THE WEAKLY CONNECTED
COHPONENTS OF A NONeNDIRECTED GRAPH (OR A SERIES OF ITS PARTIAL GRAPHS)
AND T0 PERFORM A FIRST ANALYSIS ON THESE COMPONENTS,

THE ANALYSIS CONSISTS OF THE DETERMINATION JF THE DISTANCES BETWEEN
THE VERTICES OF A COMPONEYT A4MD THE IDENTIFICATION OF ITS CENTRAL AND
PERIPHERAL VERTICES #ITH RESPECT 7O SEVERA|L MEASURES OF CENTRALITY,

EACH COMPONENT [s IDENTIFIED BY THE IDEMTIFIER OF ITS REPRESENTATIVE,
THE REPRESENTATIVE OF A COMPONEMT IS THe VERTEX IN THE COMPONENT HAVING
THE MINIMUM LABEL,

THE KEYWORDS OF WEAKCOMPS{ ARE}

S1ZES
A FREQUENCY TABLE OF THE SIZES OF THE COMPONENTS 1S PRINTED,
THE IDENTIFIERS AND SIZES OF THE COMPONENTS ARE PRINTED, BQTH IN
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 17S IDENTIFIER AND THE IDPENTIFIER OF IVS VERTICES
ARE PRINTED,

MINSIZE =, MAXSIZE 3
DEFAULTS MINSIZE = 2, “AXSIZE = ¢INFINITY,
IF MINSIZE < 2 IS SPECIFIED THEN WEAKCO4PS REDEFINES MINSIZE = 2,
ONLY THE COMPONENTS SATISFYING MINSIZE «s SIZE <= MAXSIZE ARE
ANALYSED,

NBHMD =
DEFAULTS NBHD = {,
THE NEIGHBOURHOQD OF A VERTEX CONSISTS OF TYHE VERTICES AT
DISTANCE <= NBHD FROM THAT VERTEX,
FOR EACH VERTEX IN THE COMPOMENT THE NUMBER OF VERTICES IN ITS
NEIGHBOURHMIID IS PRINTED,
IF NBHD > { THEN THE VERTICES ARE SORYED IN DECREASING ORDER OF THE
SIZE OF THEIR NEIGHBOURHDDD,
IF N840 > { THEN, FOR EACH VERTEX, THE NUMRERS OF VERTICES AT
DISTANCE <= I (I=1,,000484D) ARE PRINTED, BOTH IN ORDER OF THE
VERTICES AND IN LEXICOGRAPHICALLY DECREASING ORpER QOF THE NUMBERS OF
VERTICES,

MINDIST = ¢« YAXDISY =
DEFAULTE MINDIST = {, MAXDIST = 4INFINITY,
THE NUMBER OF VERTICES AT A DISTANCE SATISFYING
MINNIST ¢= DISTAMCE <3 HMAXDIST IS THE NUMBER OF COMTACTS OF A VERTEX,
FOR EACH VERTEX ITS NUMBER OF COMTACTS S PRINTED, BOTH IN ORPER OF
THE VERTICES AND [N DECREASING OQRDER OF THE NJMBER OF CONTACTS,
IN THE DEFAULT CASE THE SECOND LIST IS MJOT PRINTED,

RUSHADJ, RUSHMUL
FOR EACH VERTEX I7S RUSH IS PRINTED, 8OTH IN ORpER OF THE VERTICES
AND IN DECREASING ORDER OF THE RUSH,
THE RUSH IS COMPUTED IM THE FOLLOWIMG WAYj}
EACH VERTEX SEMNNDS ONE UNIY OF FLOW T0 EACH OF 171S CONTACTS,
THE UMIT QF FLOW IS EQUALLY DISTRIBUTEND OQVER THE PAITHS NOF MIMNIMAL
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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,t£, 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 VERTVEX, 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

YIELDO 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 SERLIES OF PARTIAL GRAPHS ARE
ANALYSED,
IN THIS CASE THE SEMICOLON CLOSING THE LIST OF KEYWORDS SHOULD BE
FOLLOWED BYj

1ARCS? <ARCLIST=IDENTIFIERS>
e

[ ] 8

[ ] ®

"ARCS! <ARCLIST=IDEMTIFIERS> 3
YJORFIN?

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

TARCS1 A{,A23

YARCS! A3

1JOBFINY

IN THIS EXAMPLE TWO PARTIAL GRAPHS ARE ANALYSED,
THE FIRST OME IS DEFIMED BY THE ARCS IN LIST Al AND A2,
THE SECOND ONE BY THE TYHREE LISTS OF ARCS Al, A2 AND A3,
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FOR EACH COMPONENT THAT IS AMNALYSED, WEAKCOMPSY{ PRINTS A FREGUENCY
TABLE OF THE CISTANCES IN THE COMPONENT,

WEAKCOMPSY ALSO PRINTS A SURVEY, CONTAINING, FOR EACH COMPONENT [HAT IS
ANALYSEDg '

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

THE NUMBER OF EDGES,

THE NUMBER OF LOOPS,

THE NUMB3ER 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 { #«a

THE PURPOSE OF STRONGCOMPSY 1S TO DETERMINE THE STRONGLY CONNECTED
COMPONENTS OF A DIRECTED GRAPH (NR OF A SERJES OF ITS PARTIAL GRAPHS),
AND TO PERFORM A FIRST ANALYSIS ON THESE COMPONENTS,

THE KEYWQORDS OF STRONGCOMPS| ARE

INDIST, OQUTDIST
DEFAULT 3 oUTDIST

SIZES, CROSSREFS, MINSIZE, MAXSIZE
AS DESCRIBED FOR WEAKCOYPSH

NBHMD, MINDIST, MAXDIST, RUSHADJ, RUSHMUL, ADJ, MEDIAN, SUM, MEAHN,
BAVELAS
AS DESCRIBED FOR WEAKCOYPSY, HOWEVER, THE COEFFICIFMTS ARE RASED
UPON THE OUTeDISTANCES (IF OUTDISTY OR THE INeDISTANCES (IF INDIST)
OF EACH VERTEX, I,E, UPON THE ROWS OR COLUMNS OF THE
DISTANCE=MATRIX,
THUS, 1F INDIST AND NBHD = { , THEMN THE NEIGHROURHOOD OF VERTEX V
CONSISTS OF ALL VERTICES X WHICH ARE INeADJACENT YO V3 IF OUTDIST
AND NBHD = | , THEN THE NEIGHBOURHOOD OF V CONSIST3 OF ALL VERTICES
WHICH ARE QUT<ADJACENT TO Vv,

ALL, PARTIAL
AS DESCRIBED FOR WEAKCOMPSY

29
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ke 23, RUSH | waa

THE PURPOSE OF RUSHY IS 7O COMPUTE THE RUSH IN & 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 CVERTEX=L1STeIDENTIFIERS>)
Y0 3 SVERTEX«LISTwIDENTIFIERS>
MEASURE § <VERTEX«LISTeIDENTIFIERS>]
tJOBFIN?

<VERTEXelLIST«IDENTIFIERS» IS A LIST OF LISTeIDENTIFIERS OF LISTS OF
VERTICES, SUBSEQUENT IDENTIFIERS ARE SEPARATED BY a COMMA,

A LISY OF VERTICES IS 'ACTIVE' IF ITS IDENTIFIER OCCURS IN ANY OF THE
<SVERTEXelIST=IDENTIFIERS>,

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

FROM g SYERTEX=| ISTeIDENTIFIERSS,
THE SET OF VERTICES T CONSISTS OF THE VERTICES IN THE LISTS
70 3 SVERTEX=LISTeIDENTIFIERSS,

THE SET OF VERTICES M CONSISTS OF THE VERYICES IN THE LISTS
MEASURE | <VERTEXeLISTeIDENTIFIERS>,

EACH VERTEX V IN F SENDS ONE UNIT OF FLOW TO EACH VERTEX W IN T THAT
- CAN BE REACHED FROM V, (I1,E, MINDIST <= DISTANCE(V,w) <= MAXDIST ),
THE FLOW FROM Vv 7O W IS EQUALLY DISTRIBUTED OVER alLlL PATHS OF
MINIMAL LENGTH FROM V TO W, THE RUSH IN VERTEX X I8 THE TOTAL AMOUNT
OF FLOW PASSING THROUGM X,

THE KEYWORDS OF RUSH{ ARE 3

DIRECTED
THE GRAPH IS CONSIDERED TO BY A DIRECTED ONEg,
DEFAULT: A NONDIRECTED ONE

MINDIST, MAXDISY
DEFAULYT g MINDIST = { , MAXDIST = ¢+ INFINITY

RUSHADJ, RUSHMUL
A JOR MAY COMTAIH BOTH KEYWORDS, IF NONE IS SPECIFIED THEN
RUSHADJ IS ASSUMED,
RUSHADJ IGHORES THE MIULTIPLICITY OF EDGES OR ARCS,
RUSHMMUL TAKES THE MULTIPLICITY INTQ ACCOUMT,

ALL, LISTS
A JOB MAY CONTAIN BOTH KEYYORDS, IF NONE 1S SPECIFIED THEW ALL IS
ASSUMED
IF ALL THEN A LIST IS PRIMTED CONTAINING A LINE FOR EACH VERTEX
OF &N ACTIVE LIST'
1F LISTS THEN FOR EACH ACTIVE LIST OF VERTICES A LIST IS PRINTED
CONTAINING A LINE FOR EACH VERTEX OF THE VERTEXLIST,
THE LINE OF A VERTEX COUTAINS 3
ITS IDENTIFIER,
THE FLOW IT SENPS (IF THE VERTEX BELONGS YO F),
THE FLOW IT RECEIVES (IF THE VERTEX BELONGS TO T),
[T5 RUSHADJ AND/OR ITS RUSHMUL (IF THE VERTEX BELONGS TQ M),
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skt 24, PISRUPY {1 &=

THE PURPOSE OF DISRUPT{ IS TO REDU
1,6 7O THE GRAPH WITHOUT ELEHE1TS.

IN EACH STEP OF THE REDUCTION PROCESS A SET OF VERTICES (S) IS SELECTED
AND DELETED FROM THE GRAPH, TO DETERMINE THIS SET & CRITERION 1§
COMPUTED FOR EACH VERTEX, VERTICES WITH MINIMUM (DR MAXIMUM) VALUE OF
THE CRITERION CANSTITUTE THE SET H, THE VALUE OF THE CRITERIOM AND &
FREQUENCY TABLE CAN BE PRINTED FOR ALL VERTICES AND FOR EACH LIST OF
VERTICES, THE SET S EITHER IS M OR IS THE INTERSECTION OF M WITH THE
UNIOY OF A NUMBER OF SPECIFIED LISTS OF VERTICES,

IN EACH STEP THE VERTICES IM S ARE PRINTED,

CE A GRAPH T0 THE NULL=GRAPH,

THE KEYWORDS OF DISRUPT{ ARE}s

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

DEFAULTS INCIDENCE

ONLY ONE OF THESE KEYAORDS MAY OCCUR N THF LIST OF KEYWORDS,

IT DETERMINES THE CRITERION TO BE USED, LET V DENDTE 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 NOUe[J0PS INCIDENT WITH V,

VALENCY DFGREE + 2 &« LOOPS,

ADJACENCY THE MUMBER OF VERTICES ADJACENT WITH vV,

ININCI THE NUMBER OF ARCS IHeINCIDENT WITH V,
I.E. THE NUMBER OF ARCS HAVING V AS HEAD,

OUTINCI THE HUMBER OF ARCS OUT=INCIDENT WITH V,

INDEG THE INeDEGPEE OF V, [,E, THE NUMBER OF NON=LOOPS
INeINCIDENT AITH V,

OUTDEG THE NUT-NEGREE OF V,

INADJ THE INANJACENCY OF V, 1,E, THE HUMBER OF

VERTICES INeADJACENT WITH v, I,E, THE MUMBER OF
VERTICES X (X®=V) SUCH THAT (X,V) IS AN ARC,
OUTADJ THE QUT=ADJACENCY OF Vv,
RECI THE RECIPROCITY OF v, I,f, THE NUMBEP OF
VERTICES BOTH IN= AND OUT=ADJACENT T0 V,

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

ITER, ORIG
DEFAULTy ITER .
IF ITER THEN IN EACH STEP THE CRITERION Ia COMPUTED,
THUS 1S 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,

LFREG '
IM EACH STEP, FOR EACH LIST OF VERTICES, A FREQUENCY TABLE OF THE
CRITERION OF THE VERTICES IM THAT LIST IS PRINTED,

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

VFREQ
IN EACH STEP A FREGUEHCY TABLE OF THE CRITERION OF ALL VERTICES
1S PRINTED,

ALLVERT, SPECVERTY
DEFAULT; ALLVERT
IF ALLVERT THEN, IN EACH STEP THE SET S 13 THE SET M,
IF SPECVERT THEN SPEC]AL 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:s <VERTEXeLISTeIDENTIFIERS»)
'JOBF N

SVERTEX»_ISTeIDENTIFIFRS> IS A LIST OF IDENTIFIERS OF LISTS OF
VERTICES, SURSEQUENT IDEMNTIFIERS SEPARATED BY A COMMA,
THE VERTICES IN THESE LISTS ARE THE SPECIAL VERTICES,
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wxw 25, INTAR { aee

THE PURPOSE OF INTAR{ IS YO AMALYSE RELATIONS WITWIN SETS
(INTRA=ANALYSES) AND RELATINNS BETWEEN SETS (INTER=ANALYSES),
THE KEYWORDS DEFIME THE SETS TO BE ANALYSED,

THE KEYWORDS OF INTAR)y AREg

ALLINTRA

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

ALLINTRACOMPYL
FOR EACH LIST OF VERTICES THE GRAPH DEFINED BY THE COMPLEMENT OF THE
VERTICES IN THAT LIST IS ANALYSED,

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

ALLINTERCOMPL
FOR EACH LIST OF VERTICES THE BIPARTITE GRAPH DEFINED BY THAT LIST
(= SET X) AND ITS COMPLEMENT (= SET Y) 15 AMALYSED,

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

© SPECINTRACOMPY,

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

SPECINTER
THE BIPARTITE GRAPH DEFINED BY SETX AMD SETY IS ANALYSED, UNLESS THE
TW0 SETS ARE NOY DISJOINT,

SPECIMNTERCOMPL
THE BIPARTITE GRAPH DEFINED BY SETX AND ITS COMPLEMENT IS AMNALYSED,

IN THE ABOVE, SETX AND SETY ARE, IN GENfFRaL, THE UNION OF SEVERAL LISTS
OF VERTICES, TO SPECIFY THESE SETS THE SEMICOLON CLOSING THE LIST OF
KEYWORDS 1S FOLLOWED BY}

'GRAPH! <TITLE>;

SETX = <VERTEX LIST IDENTIFIERS>)

SETY = <VERTEX LIST IDENTIFIERS>y (FOR SPECINTER ONLY)
' JOBF INT

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

VERT THE NUMBER OF VERTICES IN X,

ARCS THE NUMBER OF NONeL20PS HAVING BOTH ENDPOINTS IN X,

LOOPS THE NUMBER OF LOOPS IN X,

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

EXTY THE NUMBER OF VERTICES NOT IN X, ADJACENT 70O AT LFAST ONE VERTEX

IN X,
COMP THE NUMBER OF COMPINENTS CONSTITUTING THE GRAPH X, INCLUDING
Is0 THE NUMBER OF ISOLATED VERTICES OF THE GRAPH X,
INCI THE FRACTION OF ARCS HAVING AT LEAST ON ENpDPOINT IN X,
ADJ THE COEFFICIENT OF ADJACENCY OF THE GRAPH X,

CONN THE COEFFICIENT OF CONNECTIVITY OF THE GRAPH X,

THE OUTPUT OF AN INTEReANALYSIS CONSISTS OF

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 MAVING BOTH ENDPJIINTS IN X PLUS
THE NUMBER OF ARCS NAVING BOTH ENDPOINTS IN Y,

EXTA THE NUMBER OF ARCS HAVING ONE ENDPOINT IN THE UNIOM OF X AND Y
AND ONE ENDPOINT OQUTSIDE THAT UNION,

EXTY THE NUMBER OF VERTICES NOT M THE UNION OF X AND Y, -ADJACENT T0
AT LEAST ONE VERTEX IN THAT UNION,

coMmp THE NJUMBER OF COMPDNENTS CONSTITUTING THE BIPARTITE GRAPH,
INCLUDING

150X THE NJMBER OF ISOLATED VERTICES IN X AND

1s0Y THE NJUMBER OF ISOLATED VERTICES IN Y,

INCI THE FRACTION OF ARCS HAVING AT LEAST ONE ENDPOINT IN THE
UNION OF X AND Y,

ADJXY  THE CNEFFICIENT 0OF ADJACENCY OF THE BIPARTITE GRAPH,

CONNX  THE BIPARTITE COEFFICIENT OF CONNECTIVITY WITHIN X,

COMNY  THE BIPARTITE COEFFICIENT OF CONNECTIVITY WITHIN Y,

CONXY  THE BIPARTITE COEFFICIENT OF CONNECTIVITY RETWEEN X AMD Y,

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

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