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INTRODUCTION

A FORTRAN computer program has been developed to trace all possible

paths between two points of a given network. The motivation for writing

such a program came from a predictable need of the SDDA of lifelines.

DEFINITION OF A NETWORK

A network is a set of sites (points) interconnected with branches.

STURBRIDGE

PROVIDENCE

NEW YORK
Figure 1

For example, sites, per Figure 1, are New York, Hartford, Boston, etc.

Branches are the New England Thruway, Mass Pike, etc.

A minimum tie set is a set of branches and sites connecting two

specified points without going over the same site more than once.





INPUT AND OUTPUT

Three sets of information are necessary for input:

1) The number and names of all sites. There is no limit

to the number of sites, as long as dimensioning is

adjusted accordingly. The names are alphanumerically

input using any combination of up to four letters,

numbers or punctuation.

2) The number of branches connecting two sites and the

name of each branch, if given; the two sites connected

by the branch and specification of whether it is a

"one way" or a "two way" branch.

3) The two sites whose connecting paths we are interested

in. We shall call them ORIGIN and FIN.

The output consists of two sets of information:

1) A connectivity matrix, [em, . ] , such that
1J

{~
if no branch exists from i to j

em, , =
1J if a branch exists from i to j

em., equals em, , if and only if the branch connecting
1J J1.

i and j is a two way branch.

2) All paths (nodes and branches) going from ORIGIN

to FIN.



ALGORITHM

The procedure the program follows is one of jumping from one site

to the next possible one. If the program comes to a site it has come

across before (Le., the path is going over itself), this path is

eliminated. If the prgoram arrives at FIN (i.e., the pass is completed),

this path is printed as output, and another path is searched for, until

all possibilities are examined.

This procedure therefore prints out all minimum tie sets.

Example

Given Figure 2, find all ways to go from site 1 to site 4.

2
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Figure 2
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Figure 3

The computer finds all possible sites it can go to from site 1, which

are 2, 3, and 4. The path 1 - 4 is complete and therefore output.

Now the computer continues from the left over sites (2 and 3) and

continues trying to end the paths. If a certain path goes over the same

site for a second time (e.g., 1 - 2 - 1), this path is eliminated.

SUBROUTINE ALTER

This subroutine is called to store all paths and routes generated for

future reference and manipulation. In particular, it may be desirable in

further computer analyses of damaged systems to eliminate a set of branches

or nodes. The answers for the connectivity problem under the new circum-

stances can be obtained by simply eliminating all paths that involve the

eliminated branches or nodes.
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COMPUTER PROGRAM



FORTRAN IV Gl RELEASE 2.0 MAIN DATE = 74085 1'J/Q61

0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
-0014
0015
0016
0011
0018
0019
0020
0021
0022
0023
0024
0025
0026
0021
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
0047
0048
0049
OOSO
0051

-0052
0053

205 FORMAT( 6X,20(ZX,A4).
400 FORMAT(ZO(3X,A4).
4q9 FORMAT(' CONNECTIVITY MATRIX"'l
500 FOR~AT(lX,A4,ZOI6) "
501 FORMAT(II' THE PATHS CONNECTING ',A4,' AND ',A'+,' APE :')
600 FORMAT(8(6X,A4»

INTEGER ONE,TWO
ONE=1
TWO=2
INTEGER ORIGI~,END,FIN

INTEGER PATH{20,20),WAY~ROAD(50)

DIMENSION MATRIX(ZO,20) ,NAME(20),NOM(30)
DIMENSION lINK1(30),LINKZ(30),LINK{30)
COMMON NOM,LI~K

KK=O
REAO(S,100'NSITES
WRITE(o,499)
REAO(S,600)(NAME(K),K=I,NSITESl
WRITE(6,20S){NAME{K),K=1,NSITES)
DO 10 I=l,NSITES
00 10 J=I,NSITES

10 MATRIX(I,J)=Q
REAO(5,100) NPATHS
00 20 N=I,NPATHS
REAO(S,ZOO)ROAO{N),LINK1(N),LINK2IN),WAY

200 FORMAT(3(6X,A4),9X,I1)
DO 29 K=l,NSITES
IF(lINK1(N).EQ.NAME(K» GO TO 32

29 CONTINUE
32 I =K

DO 33 K=l,NSITES
IFILINK2(N).EQ.NAME(Kt) GO TO 34

33 CONTINUf
34 MATRIX(I,K)=l
20 IF{WAY.EQ.TWO) MATRIX(K,Il=l

DO 25 J=l,NSITES
2S WRITE{6~500l NAME(J),(MATRIX(J,Il,I=I,NSITES)
97 REAO(S,200) ORIGIN,FIN

WRITE(6,501) ORIGIN,FIN
DO 37 K=l,NSITES
IFIORIGIN.EQ.NAME(K») GO TO 38

37 CONTINUE
38 PATH(l,l)=K

DO 39 K=l,NSITES
IF{FIN.EQ.NAME(K) GO TO 41

39 CONTINUE
41 END=K

100 FOPMATCI3t
IMAX= 1
1=1
J= 1

110 DO 30 N=l,NSITES
IF(MATRIX(PATH(J,J),NloNE.l) GO TO 30



FORTRAN IV G1 RELEA SE 2.0 MAIN 04TE = 74085

0054
0055
0056
CU57
0058
0059
0060
0061
0062
0063
0064
0065
0066
0067
0068
0069
G070
0011
0012
0073
0074
0075
0076
0077
0078
0079
0080
0081
0082
0083
0084
0085
0086
0087
0088
0089
0090
0091
0092
0093
0094
0095
0096
0097
0098
0099
0100
0101
0102
0103
0104
0105
0106

Kl=IMAX
70 DO 40 K2=1,J

40 PATH(Kl+l,K2)=PATH(Kl,K2)
IF(Kl.EQ.I) GO TO 60
Kl=K1-1
GO TO 70

6;,) IMAX=IMAX+l
PATH(I,J+l)=N
1=1+1

30 CONTINUE
I F( 1- IMAX) 80,90,90

80 IF(PATH(I,J).EQ.PATH(}-l,J» GO TO 82
85 1=1+1

GO TO 110
82 00 88 MI=I,IMAX

DO 88 MJ=l,J
88 PATHlMI,MJ)=PATH(MI+1,MJ)

IMAX=IMAX-1
IF(I-IMAX)110,90,90

90 J=J+l
1=1

170 IF(PATH(I ,J) .EQ.ENO) GO TO 120
JJ=J-1
DO 140 MI=l,JJ
MM=Ml+1
00 140 MJc:MM,J
IF{PATH(I,MI~.EQ.PATH(I,MJ»GO TO 130

140 CONTINUE
1=1+1
GO TO 190

120 DO 121 K=1,J
121 NOM(K)=NAME(PATH(I,K»

WRITE(6,400)(NOM(K),K=1,J)
401 FORMAT(' VIA THE FOLLOWING ROUTES: ',20(3X,A4)///1

DO 122 K=1,J
DO 123 N=1,NPATHS
IF(NOM(K).EQ.LINK1(N).AND.NOM(K+ll.EQ.LINK2(N») GO TJ L22
IF(NOMCK).EQ.lINK2{N).AND.NOM(K+1).EQ.LINK1(N») GO TO 122

123 CONTINUE
122 LINK(K)=ROAD(N)

JJ=J-l
WRITE(6,401)(LINK(K),K=!,JJ)
KK=KK+l
CALL ALTERIKK,J)

130IMAX=IMAX-1
IF(IMAX.EQ.O) GO TO 180
DO 160 MI=I,IMAX
DO 160 MJ=l,J

160 PATH(MI,MJ)=PATH(MI+l,MJ)
190 IF(I.NE.IMAX) GO TO 170

1=1
GO TO 110

IBO GO TO 97



fORTRAN IV Gl RELEASE 2.0 MAIN DATE = 7408'3 15/ J i

0107
0108

99 CALL EX IT
END

FORTRAN IV Gl RELEASE 2.0 ALTER ·OATE = 74085 1':>/061

0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012

SUB~OUTINE ALTER(KK,J)
DIMENSION NOM(30),LINK(30),NOOE{30,301
INTEGER BRANCH(30,30)
COMMON NOM,LINK
00 1 K=l,J

1 NODE(KI<,KI=NGMIKI
J=J-l
DO 2 K=l,J

2 BRANCH(I<K,KI=LINK(K)
J=J+1
RETURN
END



WHIT

SAMPLE PROBLEM

PANO PETE

Find paths between PANO & MIMI

MARl & MIMI

HIGG & CORN
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CONNEC TI VI TV MATRIX

PANG WHIT CORN HIGG ANNE RENA PETE MIMI MARl
PANO 0 1 0 0 0 (j <) \) Cl
WHIT 1 0 1 1 0 0 ;) C 0
CORN 0 1 0 1 0 0 0 0 0
HIGG 1 Q 0 0 1 1 ,) () 0
ANNE 1 0 0 1 0 1 0 1 1
RENA 0 0 1 0 1 0 1 a 0
PETE 0 0 0 0 0 1 ;) 0 0
MIMI 0 0 0 0 0 1 0 0 0
MARl 0 0 0 0 1 0 J 0 0

THE PATHS CONNECTING PANG AND MIMI ARE ··PAf\JO WHIT HIGG ANNE MIMI
\/1 A THE FiJLLOWING ROUTES: 128 HIGH BRDG EX

PANG WHIT CORN HIGG ANNE MIMI
VIA THE FOLLOWING ROUT ES: 128 PIKE TURN BROG EX

PANO WHIT HI GG RENA ANNE MIMI
ViA THE FOLLOWING ROUTES: 128 HIGH PLAN BOAT EX

PANO WHIT CORN HIGG RENA ANNE MIMI
VIA THE FOLLOWING ROUT ES: 128 PIKE TURN PLAN BUAT EX

THE PATHS CONNEC TI NG MAR I AND MIMI ARE ··MARl ANNE MIMI
VIA THE FOLLOWING ROUT ES : GREQ EX

THE PATHS CONNECTINGHIGG AND CORN ARE ··HIGG RENA CORN
VIA THE FOLLOWING ROUT ES: PLAN VASA

HIGG PANO WH IT CORN
VIA THE FOLLOWING ROUTES: ROAD 128 PIKE

HIGG ANNE RENA CORN
VIA THE FOLLOW I NG ROUTES: BRDG BOAT VASA

HIGG ANNE PANO WHIT CORN
VIA THE fOLLOWING ROUTES: BRDG CAR 128 PIKE

HIGG ANNE MIMI RENA CORN
VIA THE FOLLOWING ROUT ES: BRDG EX HELH VASA

HIGG RENA AI'lNE PANG WHIT CORN
VIA THE FOLLOWING ROUT ES: PLAN BOAT CAR 128 PIKE

COMPUTER RESULTS


