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A NEW ALGORITHM CALCULATING THE DISTANCE
BETWEEN BINARY ARBORESCENCES

L. Procedure declaration. An arborescence A is defined as a directed
Olf'ee that has a root, i.e., a tree with the vertex v,, such that 21l vertices
the tree can be reached by a path starting from v,. Let X = {1, 2, ..., n}
&e the set; of pendant (terminal) vertices of an arborescence A, i.e., d™ (i) = 1
0 d* (5) =0 for ¢ = 1,2,...,n, where d~(¢) and d* (i) denote the inner
den}i‘degree and the outer demi-degree of the vertex 7, respectively. By
a bm‘"’y arborescence we mean such an arborescence in which d* (v) = 2
T each ¢ ¢ X. Since in this paper we consider only binary arborescences,
€ word “binary” is omitted.

The procedure arbmetric calculates the distance between arborescences
(more Precisely, the distance between hypergraphs generated by arbo-
?GScences) with the same set of pendant vertices, proposed in [1], and
8 2 modification of the procedure hypergraphmetrics presented in [2].

The arborescence A generates the hypergraph H, = (X, &), where
he clags of edges &, is defined as follows: each non-pendant vertex o
8e€nerates exactly one edge in ¢, which consists of those elements of the
3¢t X which are the pendant vertices of the subarborescence generated
by the vertex o. The distance between H, = (X,&, )and H,, = (X, 84,)
Was defined in [1] as
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Where p (i) is the i-th element of the permutation p of the first n—1 in-
’?egers, # is the set of all such permutations, and E; e 64, Fpy) € 64,
t= 1’ 2, ...,'n—l.
Now, let us describe a new element of the algorithm given in this
pa_”Pel‘, which is a better representation of a hypergraph by some vector.
Irst, consider the example of the arborescence presented in Fig. 1.
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This arborescence can be represented by the hypergraph H,, = (X, &,)
where X = {1, 2, ..., 9} and the class of edges &, may be the following:

E,={4,5}, BE,={2,7}, B, ={8,9}, E, = B,u{1},
B, = B,u{6}, Es=E,u{3}, E,=UE,VE;, E;=UE,VE,.

Now, note that we are always able to form the class &, in such
a way that

(@) 1By =2, |B)|< Byl 0=1,2,...,n—2),

(b) each successive edge can be either

1° the set of two different vertices, or

2° the sum of the edge already defined and of a new vertex, or

3° the sum of two edges already defined.

For a hypergraph generated by a binary arborescence, no other
situation is possible. Thus, we can represent each of the n—1 edges of
H, by two numbers only, which are either

1° numbers of vertices, or

2° the index (with a minus sign) of the edge already defined and
the number of a new vertex, or

3° two indices (with a minus sign) of the edges already defined.

The components of the vector representing the arborescence given
in Fig. 1 are the following (for clarity we write each edge in parentheses):

(4’ 5)7 (27 7)7 (87 9)’ (_17 1)) (_27 6)7 (_57 3)’ (_37 _6)7 (—47 _7)'

Therefore, we need only 2n — 2 elements as components of the vector
representing an arborescence, whereas the number of components needed
in the previous algorithm [2] was much greater for large arborescences.

Data:
m — the number of pendant vertices minus 1, i.e., m = n—13
AlI[1:2m],
A2[1:2m] — arrays representing the first and the second arborescences,
respectively ;
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RIocedure arbmetric(m,Al1,A2,d,fac,inf,assign);
¥alue m,fac,inf;
dnteger m,fac,inf;
real 4;
intezer array A1,A2;
24 assign;
begin
intezer bv1,bv2,1,3,k,k1,k2,1,11,12,8,W;
dnteger array B1,B2[1:m];
REocedure size(m,1,A,B);
¥alue m;
integer m,1;
intezer arxay A,B;
kezig
intesgexr a,b,1,J,k;
Bl1]:=1:=2;
Js=3;
for 1:=2 gten 1 until m 4o
begdn
:=A[3];
be=AlJ+1];
if a0
ihey
begin
.B[i]:=2;
1:=1+2;
&9 g ET
end a>0
glge
4L v>0
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theg k:=Blabs(a)l+1
elge k:=Blabs(a)l+Blaba(b)];
Bli)s=k;
l:=1+k;
ET: Je=j+2
end i
end size;
eize(m,11,41,B1);
size(m,12,A2,B2);
bezin
integer arrgy C1[1:11],C2[1:12],D{1:m,1:m],E[1:m];
RIogedure table(m,4,B,C);
value m;
iateger m;
doteger axzay 4,B,C;
Regin
integer a,b,e,1,J,k,1;
.integer array Fl1:ml;
Je=ks=13
for i:=1 giep 1 uatil m 4o
begin
Pli]e=k;
a:=A[j];
bi=A[j+1];
if =50
then

bezln
Clk]:=a;

Clk+1]:=b3
ke=k+2
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gug >0
38 1]
Resin
s:=abs(a);
e:=F[al;
a:=k+Blal-1;
fox 1:=k gtep 1 until = do
besla
cl1]):=Cle];
e:=e+

sad 1;

if b50

Zhsn

Rezin
Cla+4 J:=Dby
ki=a+2

ead bv>0

sige

Regin
b:=abs(b);
e:=F[b];
b:=a+B[bl;
for 1:=a+1 giep 1 until b do
begin

Cl[1]s=C[e];

e:=e+
eud 1;
ks=b+1
end b<0
end a<0;
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Je=j+2
end i
engd table;
table(m,A1,B1,C1);
table(m,A2,B2,C2);
ky:;o;
Lor 1:=1 gtep 1 upill m do
Rezin
11:=k1+1;
b1:=B1[1];
k1:=k14b1;
k2:=0;
for j:=1 gtep 1 watil m do
begig
w:=0;
12:=k2+1;
b2:=B2[j];
k2:=k2+b2;
for 1:=11 gtep 1 umtil k1 do
kezdn
s:=C1[1];
for k:=12 gtep 1 unfil k2 do
if e=C2[k]
then
kegly
wiEw+2;
8 %o END
end k,s=C2(k];
END: eng 1s
t=b1+b2;
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D[i,jl:=(s-w)/(s-w+2)xfac
end J
end 1
assign(m,D,E,s,inf);
d:=g/(mxfac)

cud
eng arbmetric

fac — the factor by which the cost matrix ¢ (see the procedure
assign) must be multiplied in order to obtain the integer
coefficients of ¢;
inf — the maximal allowed number of type integer in the
computer;
assign — the procedure with the following procedure head:
procedure assign(m, ¢, p, total, inf);
value m, inf;
integer m, total, inf;
integer array c, p;
m
this procedure is published in [3] and finds min > ¢,
=1
where (py, Psy ---y Pr) is the permutation of the numbers
1,2,...,m).
Result:
— the distance between arborescences.

2. Method used. The method is similar to that in [2].
3. Certification. The procedure has been verified on the Odra 1204

‘COmputer for the problems described in [1].
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