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TRANSITIVE CLOSURE OF A GRAPH

1. Procedure declaration. The procedure transclosure finds the tran-
sitive closure of a graph.

Data:
n — number of vertices of the graph,
¢[1:n, 1:n] — array of the incidence matrix of the graph.
Results:
¢[1:n, 1:n] — array of the incidence matrix of the transitive closure

of the graph.

2. Method used. The modification of Yen’s algorithm [5] has
been used in the procedure transclosure: in the resulting matrix C
instead of ¢, =1 (k¥ =1,2,...,n) we have ¢,; =1 if there exists
a circuit which contains a vertex k£ and ¢y = 0 otherwise. The algo-
rithm for the transitive closure of the graph can be described most
shortly as follows:

Initialization. C = (¢;) (¢, =1,2,...,n) — the incidence matrix
of the graph.

For k =1,2,...,n perform:

Step 1. X ={1,2,...,k—1, k+1,...,n}, ¥ = {k}.

Step 2. For any 1¢Y, do the following:

(i) If ¢; = 1, then ¢, := 1.
(ii) For all jeX such that if ¢;; = 1, then¢;: =1, Y : = YU{j} and
X := X\ {j}.
(ili) Y:= Y —{3}.
Repeat step 2 while the set Y is non-empty.

The resulting matrix C is the incidence matrix of the transitive
closure of the graph.

The elements of the sets X and Y are stored in the local integer
arrays h and g, respectively.
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progedure transclosure(n,c);

¥elue n;

integer n;
Boolean array c;
begin

integer count,i, j,k,1,m,8;
integer array g,h[1:n];
for k:=1 gtep 1 umtil = do
begin

for i:=2 giep 1 until n do
hli]s=1;

1:=hlk]:=1;
gl1]r=k;
count:=n;
for m:=1,m+1 while m<l do
begin |
s:=glm];
if cls, k)
then clk,k]s=true;

for 1:=2 gtep 1 uptil count do

begin
clk, 3 1s=grue;
1:=1+1;
gl1l:=3;
h{ils=h[count];

count:=count-=1;
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It is easy to see that the algorithm is an adaptation of Yen’s version
of Dijkstra’s algorithm for finding the shortest paths in a non-negative-
-distance network [4].

3. Certification. The procedure transclosure has been verified on the
ODRA 1204 computer for many examples. The following table contains
results of comparison of the algorithm with the algorithm of Warshall
[1]-[3] (time in secs.):

n
P 10 | 20 | 30 40 50 60 70
density
of the graph \
y| 3| 12| 26 4.7 7.3 10.5 14.2
0 wl 1 4| 1.1 2.0 3.1 4.5 6.1
. Y| ol 55|122]| 239 31.4 49.0 63.1
' wl 3| 43|26.8| 856 | 1805 | 2828 | 552.2
. Y| 10| 44| 98] 180 27.9 39.5 53.4
' Wl 1.0 | 145 | 51.6 | 130.0 | 263.8 | 462.8 | 736.5
s v 10| 42| 95| 169 26.5 38.0 52.1
. wl 1.7 | 168 58.6| 141.8 | 281.0 | 4847 | 772.3
. Y| 10| 40! 92| 163 25.7 36.9 50.2
' Wl 1.9 |17.8]| 61.0] 1458 | 286.8 | 496.3 | 1785.2
o Y| 1.0| 40| 89| 16.0 25.0 36.0 49.1
: w | 22 | 182 62.6| 1483 | 201.9 | 503.0 | 791.0
Lo Y| 1.0 | 40| 88| 157 24.7 35.4 48.5
' Wl 23 | 18.4]62.7] 149.2 | 293.2 | 503.7 | 792.0

In the table, Y denotes the procedure transclosure, and W — the
Procedure ancestor [1].

Some results of comparisons of known methods for finding the tran-
sitive closure of a graph will be published in a forthcoming paper.
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WYZNACZANIE TRANZYTYWNEGO DOMKNIECIA GRAFU

STRESZCZENIE

Procedura transclosure wyznacza tranzytywne domkniecie grafu.

Dane:
n — liczba wierzcholkéow grafu,
¢[l:m,1:n] — tablica calkowita, zawierajaca macierz intydencji grafu.
Wiyniki:
¢[1:m,1:n] — tablica calkowita, zawierajaca macierz incydencji tranzytywnego

domkniecia grafu.
Procedura jest realizacja zmodyfikowanej metody Yena [5], przedstawionej
w paragrafie 2.
Obliczenia, wykonane na maszynie cyfrowej ODRA 1204, wykazaly poprawnosé
przedstawionej procedury i jej wyzszo§é nad procedura ancestor ([1] i [2]), ktéra jest
realizacja metody Warshalla [3].



