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ALGORITHM 51
S. ZIELINSKI (Gdaiisk)

SOLUTION OF LINEAR PROGRAMMING PROBLEMS
IN ZERO-ONE VARIABLES

1. Procedure declaration. The procedure PLB solves the following
linear zero-one programming problem:

Find the maximum of the objective function

[ = 001 %1+ @yt oo + 8o @y

under the constraints
A By + Cp®o+ oo F a2, =b; (1 =1,2,...,m),
& =0o0r1l (j=1,2,...,m),

Where a,; and b; are given integer coefficients.
Data:
n — number of variables;
m — number of constraints;
a[0:m,1:n] — integer array containing the coefficients of the objec-
tive function in row number (¢ and the coefficients of
the constraints in rows from 1 to m;
b[0:m] — integer array containing in b[I] to b[m] the right-
hand sides of the constraints (b[0] is arbitrary).
Results:
¢ — Boolean variable with the value true if an optimal solution
to the problem exists and with the value false if there is
no feasible solution;
®[1:n] — optimal solution (if e = true);
f — maximum value of the objective function (if ¢ = false);
d — number of iterations performed during the call of the procedure.
Arrays g and b are unchanged on return from the procedure.

2. Method used. The algorithm employed in the procedure PLB
agrees generally with the method presented in papers [2]-[4]. However,
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arocedyre PIB(n,m,a,b,x,0,d,f);
Yalue n,m; ’
integer n,m,d,f;
Baglean e;
dnfeger arxay a,b,x;
kegin
integar c,g,h,i,j,k,1,r,t,v,y,2;
integexr array w[O:ml,p,q,s[1:n];
Baglean array u(0:m];
procedure qq;
kagin
k:=s[jl;
hi:=h+1;
sl(jl:=slh];
s(h]:=k;
it ali,x]xz0
then qlk]:=0
elge
hegin
qlk]s=1;
fox v:=0 afep 1 unill m do
blv]s=b[v]-alv,k]
and ali,k]>0
end qq;
fi1=-1;
for J:=1 gtap 1 uniil n do
begin
vi=al0,j];
if v<O
then fi=f+v;
s[J]:sJ
end J;
b[0]s=£;
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e:=fglaq;
d:=g:=h:=t:=0;
11:
for i:=0 gtep 1 until m dg
ulil:=£alae;
12;
d:=d+1;
ke=1;
vi=ht1;
for 1:=0 gtap 1 uniil m do
kegin
re=yt=0;
for J:=v giep 1 untdl n da
kezin
zs=al[1,8[J]];
if z>0
ihen y:=y+z
elge ri=r+z
end J;
yi=wl[il:=y-b[i];
if y<o
then ga o 17;
if vlilsr
then ulil:=true
elge k:=0
end 13
i£ k=1
ihen go o 16;
for i:=0 gtep 1 uniil m do
bezin
if uli]
then ga La 15;

vi=w[i];
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4¥

Ji=h;
133 Ja=j+1;
if j>n
Lhen gg %o 15;
ze=ali,s8(jl];
if z=0
then go kg 13;
if z<0
then zi=-2z;
ri=z;
for k:=Jj+1 giep 1 until n do
kegdn
yi=ali,slk]];
if y40
Lhen
hegin
if y<O
theg y:=-y;
i y>z

z3=y;
Jss=k
end y>z

if y<r
ihag ri=y
and y*o
end k;
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if v<r
than go fo 14;
if v2z
then 2o o 153
qq

and v>0

else

14: Dlegin

z3=h;

for j:=h+1 gtep 1 untdil n do

if ali,s[j1]40
then qq;
1f z=h
then go &g 15
end v<03
g2 to 12;
15:end 1i;
Je=h+1;

2:=0;

for i:=j giep 1 wntil n dg

kegin
r:=al0,s8(i]];
if »<0
then ri:=-r;
if z<r

127



128 S. Zielinski

gi=g+1;

plgl:=h;

g3 g 12;

16:

i:=0;

for j:=h+1 gfepn 1 uniil n dg
qq3

f31=1:=0;

c:=n;

ti=g;

for j:=1 atep 7 uutil n do
hegin
x[Jli=ys=qljl;
if y=1

then f:=f+af0,J]

end J;

b[0]:=1;

ei=fxue;

17

iL &=0

%hen go %o 18;

vi=plgl;

g3=g=1;

if t=g+1

then

hezin
ti=t-1;
Lor Ji=v+1 giep 1 until c da

hegin
k:=s[j];
r:=al0,k];
ye=x[k];
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if y=0Ar>0Vy=1Ar<0
then 1:=l+abs(r)
end Js
ci=mv;
iz evs(alo,s(vi])>1
%hen g %o 17
and t=g+1;
for j:=v gfep 1 until h gda
hagin ¥
ki=s[j];
£ qlk]=1
then
fLor 11=0 gtep 1 uutil = do
b(i]s=b{i]+ali,k];
iL Juv
than
hagin
yi=qk]e=1-qlk];
iL y=1
fhan
for 1:=0 giep 1 1 242
b(1]i=b[1]-a[1,k]
aud J=v
aud I3
hi=v;
t:=0;
£ %o 11;
18:
snd PIB

9 — Zastosow, Matem. 16.1
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the code of the procedure shows many differences when compared with
the code of the Fortran subroutine given in [3].

3. Certification. The procedure PLB has been verified on both the
K-202 and the ICL System 4 computers. This procedure shows improve-
ments in saving both computer memory space and processor time as
compared with Balas’ procedure [1]. Table 1 eontains the results of com-

TABLE 1. Results of comparison

Balas’ method PLB
No. n m
I T I T
1 26 b 1482 21 15600 18
2 25 156 4814 144 1032 33
3 286 16 6302 150 5502 141
4 15 16 900 18 503 12
5 16 25 592 18 408 156

I — number of iterations, 7' — execution time in seconds.

parison of the algorithm PLB with the Balas method obtained on the ICL
System 4 (programmed in Algol). The gain in processor time i8 particu-
larly significant.
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ROZWIAZYWANIE ZADAN PROGRAMOWANIA LINIOWEGO
ZE ZMIENNYMI ZERO-JEDYNKOWYMI

STRESZOZENIE

Procedura PLB, ktéra jest ulepszons wersja algolowsks procedury przedsta-

wionej w [3], stuzy do rozwiazywania zadah programowania liniowego ze zmiennymi
zero-jedynkowymi.

Dane:
% — liczba zmiennych;
m — liczba ograniczen;
a[O:m, I;n] _— & ’

tablica zawierajaca w wierszu zerowym wspélezynniki funkeji
celu, a w pozostatych m wierszach — wspélezynniki ograniczen;

b[0:m] — tablica, ktdérej zerowy element jest dowolny, a pozostale elementy

83 réwne prawym strorom ograniczen.
Wyniki:
¢ — réwne jest true, jezeli istnieje rozwigzanie optymalne, i réwna sie false,
jezeli nie ma zadnego rozwigzania dopuszczalnego;

“[I:m}] — rozwigzanie optymalne (jezeli e = true);

f — maksymalna wartoé6 funkeji celu (jezeli o = true);

d — liczba wykonanych iteracji.

Zaklada sie, ze wspélezynniki ograniczeh i wartoéei prawych stron ograniczefi
Oraz wspblezynniki funkeji celu sg liczbami catkowitymi.



