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ALGORITHM 69
M. KARONKSKI and Z. PALKA (Poznan)

TWO DISTANCES BETWEEN HYPERGRAPHS

1. Procedure declaration. The procedure hypergraphmetrics calcu-
lates two distances between hypergraphs proposed in [2]. Suppose that
H, =(X, &) and H, = (X, §;) are two hypergraphs, both having the
same set of vertices and different sets of edges &, = (¥,;;¢ e I,) and
&, = (E,;; j € I,). Then a distance between H, and H,, as defined in [2], is
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We also considered the hypergraphs generated by arborescences
with the same set of pendant vertices X. Let an arborescence A be repre-
sented by a hypergraph H, = (X, &4), where the class of edges &, is
defined in the following way.

Each non-pendant vertex  in the arborescence A generates d* (x)—1
identical edges in &,, where d*(x) denotes the outer demi-degree of the
vertex x. Such an edge consists of those elements of the set X which arc
Pendant vertices of the subarborescence generated by the vertex x. The
distance between H,, = (X, &4 ) and H,, = (X, &4,), as defined in [2], is
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Where p; is the i-th element of the permutation p of the first » — 1 integers,
P i3 the set of all such permutations, and By e &8,, B e &,, (i =1,2,
«eeyn—1). In (1) and (2), o,(:, ) denotes the Marczewski-Steinhaus
distance between two sets (see [2] or [4]).

In the procedure hypergraphmetrics we use the representation of
& hypergraph H = (X, &) by the vector h. Let N = {1, 2, ..., n}, where
7 = |X|, and let I: X » N be a one-to-one labeling of the vertex set X.
Suppose that the hypergraph H has r edges E,, E,, ..., E,. An edge of the
hypergraph H is represented by a sequence of labels of its elements ended
by —1, and all such r sequences (in an arbitrary order) form the repre-
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sentation vector h. If the labeling of the elements of an edge consists of
a subsequence of more than two consecutive integers, say ¢, ¢+1,...
..., j—1,j, then this subsequence can be replaced by a triple ¢, 0, j. For
example, let
X = {®, @5y ..., 0}
and
B, = {w1, 20, 25}y, By = (@1, 73, @, 75, Ty 1}, By = {w,}.

Suppose that x; ¢ for ¢+ =1,2,...,7; then the hypergraph
H = (X, &) is represented by

h=[1,2,5,-1,1,3,0,7, —1,4, —1].
Data:
nl, n2 — sizes of the arrays hl, h2, respectively;
h1[1:nl1], h2[1:n2] — arrays representing the first and the second
hypergraphs, respectively;
fac — integer scaling factor, needed for the repre-
sentation of real distances as integers without
loss of information; it is preferable to set fac
= 1000000 '
first — Boolean variable: if first equals true, then the
procedure calculates the distance (1), else the
distance (2);
inf — maximal allowed number of type integer in the
computer; "
assign — the procedure finding minZ‘d,-pi, where (p,, P2,
i=1

«esy P,) is the permutation of the numbers
(1,2,...,m); the procedure heading should be
of the form
procedure assign(n, d, p, total, inf);
value 7, inf; integer n, total, inf;
integer array d, p;
where
n — size of the matrix d;
d[1:n,1:n] — matrix of costs;
p[1:n] — permutation of indices which minimizes the
cost function;
total — minimal value of the cost function;
inf — maximal allowed number of type integer in
the computer.

The procedure assign is published in [3].
Result:
d — distance between hypergraphs.
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procedure hypergraphmetrics(ni,n2,h1,h2,fac,first,inf,d,
assign);
‘¥alue »1,n2,fac,inf;
ipnteger n1,n2,fac,inf;
Boolean first;
Ieal d;
integer arxay hi,h2;
Rrocedure assign;
lezin
integer i,j,k,k1,k2,1,11,12,%t,8,81,82;
procedure size(h,j,k,1);
Yalue Jj;
integer J,k,1;
integer axxay h;
Regin
dnteger hi,i;

k:=k+h[i+1]=h[i-1];
ie=i+1
end hi=0
else
if hit-1
then k:=k+1
else 1:=1+1;
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1s=1+1;
Af ig)
then zo 1o next
&end size;
size(hl,n1,k1,11);
size(h2,n2,k2,12);
bezin
integer array a1l1:k1],a2(1:x2],b1(1:11],b2(1:12),c(1:11,
1:12],e[1:11];
procedure maxmin(c,t1,t2,w,max);
yalus +1,%2,w;
Boolean w;
integer t1,t2,max;
ipteger arxay c;

Rezin

integer cij,i,j,min;
max:=0;

Lor i:=1 gtep 1 until +t1 do
keain

min:=if w then cl[i,1] elge c[1,i]; °
Loz j:=2 gtep 1 until t2 do
Lezin
cije:=if w then cli,j] glge clj,il;
if cij<min '
then mins=cij
end Js
il min>max
iheg max:=min
end 1
204 maxmin;
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procedure tables(m,a,b,c);
yalug m;
integer m;
integexr array a,b,c;
Dezin
integer i,Jj,k,p,q,8,%;
g:=t:=1;
fox i:=1 giep 1 upiil m do
bezin
k:=0;
et: alt]l:=p:=cls];
kes=k+1;
8:=5+1;
te=t4+1;
ig clsl=0
ihen
Degip
q:=c[s+1];
8:=8+2;
Lor j:=p+1 giep 1 uniil q do
Rezin
altl:=j;
te=t+1
&nd Js
k:=k+q-p
end clsl=0;
if clsl4-1
then zo to et;
bli]:=k;

s:=8+1
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end i
end tables;
tables(11,a1,b1,h1);
tables(12,a2,b2,h2);
k1:=0;
for i:=1 gtep 1 uniil 11 4o
begin
8l:=k1+1;
k1:=k1+b1[i];
k2:=0;
Lor j:=1 gtep 1 umtil 12 do
bezin
t:=0;
82:=k2+1;
k2:=k2+b2(j];
Lor 1:=s1 giep 7 until k1 do
hezin
s:=a1[1];
for k:=s2 gtep 1 uniil k2 do
if s=a2[k]
ihen
hezin
ti=t+2;
£9 19 end
end k,s=a2[k];
end: end 1;
s:=b1[i]+b2[j];
cli,jl:=(8=t)/(s~-t2+2)xfac
end J
end i;
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iZ first

ihen

hegin
maxmin(c,11,12,%rue,81);
maxmin(c,12,11,Lalgs,82);
d:=(81+82)/(Lac+Lac)

ang first

alse

kegin
assign(11,c,e,8,inf);
d:=s/(1l1xfac)

and -first

end block
&nd hypergraphmetrics

Remark. It should be noticed that if we want to compare two hyper-
graphs using the distance (2), then these hypergraphs ought to have the
same number of edges (i.e. the same number of —1 should be in both
arrays hl and h2).

2. Method used. For given hypergraphs H, = (X, &,) and H,
= (X, &,), where &, = {Ey, By, ..., By}, &, = {Ey, By, ..., By},
we construct a matrix [¢;] (¢ =1,2,...,1;j =1,2,..., k) with
€+ €;—2d;
61+ 65— dy;
and e,; = |Ey|, &; = |Byl, d; = |Eyy;nE,;] (for details see [2]). In the
case of calculating the distance g,, we use formula (1) straightforward.

It can be shown that the computation of the distance g, is equivalent to
the problem of optimal assignment [1]. We compute g, from the formula

G = O'MC(Em E,;) =

1

n—1

1 ! Z
min Ci.:
y Xy
n—1 pep 4 ¢

=1

(3) 02 =

where p = (py, P2y .-y Pp_1) denotes a permutation from the set P of
all permutations of the integers (1,2,...,2—1) and n—1 =1 =F%. In
order to find the value of (3) we use the procedure assign from [3].

3. Certification. The procedure has been verified on the Odra 1204
computer for the problems described in [2]. All results were correct.
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ALGORYTM 69
M. KARONSKI i Z. PALKA (Posnaii)

DWIE ODLEGLOSCI MIEDZY HIPERGRAFAMI

STRESZCZENIE

Procedura hypergraphmetrics oblicza odlegtoéé (1) lub (2) miedzy danymi dwoma
hipergrafami w zaleznoéci od parametru first.
Dane:
nl,n2 — wymiary odpowiednio tablic hl i h2;
h1[1:n1], h2[1:n2] — tablice reprezentujace odpowiednio pierwszy i drugi hiper-
graf;
fac — mnoznik umozliwiajacy przedstawienie odlegloéei za pomoca
liczb catkowitych bez straty informacji; zaleca si¢ przyjaé
fac = 1000000;
first — zmienna boolowska: jeZeli first = true, to stosujemy odleg-
lodé (1), w przeciwnym razie — odleglosé (2);
inf — najwieksza dopuszczalna w maszynie cyfrowej liczba typu
integer; n
assign — procedura znajdujaca min > dip;» gdzie (py,Pssrees Pn)
i=1

jest permutacja liczb (1, 2,...,#); nagléwek procedury
powinien byé nastepujacy:

procedure assign(n, d, p, tolal, inf);

value n, inf; integer m, total, inf;

integer array d, p;

gdzie
n — rozmiar tablicy d;
d[1:in,1:n] — macierz kosztéw;

pl[1:n] — permutacja wskaznikéw, dajgca minimum funkeji celu;
total — minimalna wartodé funkeji celu;
inf — najwigksza dopuszczalna w maszynie liczba typu integer.
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W procedurze hypergraphmetrics w przypadku odleglosei (1) zastosowano metode
bezpoéredniego obliczenia jej wartodci. W przypadku odleglodei (2) zauwazono, e
z obliczeniowego punktu widzenia zagadnienie to jest r6wnowazne problemowi opty-
malnego przydzialu (patrz [1]), i skorzystano z procedury assign (patrz [3]). Procedura
hypergraphmetrics byla sprawdzana na maszynie cyfrowej Odra 1204. Obliczono od-
leglosei migdzy hipergrafami przedstawionymi w pracy [2].



