ZASTOSOWANIA MATEMATYKI
APPLICATIONES MATHEMATICAE
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ALGORITHM 3

Z. CYLKOWSKI and J. KUCHARCZYK (Wroclaw)

SOLUTION OF ZERO-ONE INTEGER LINEAR
PROGRAMMING PROBLEMS BY BALAS’ METHOD

1. Procedure declaration.
Procedure Balas (m,n, a, b, ¢, x, Fval, evist, max);

value m, n, mazx;

integer m, n, Fval, max;

Boolean exist;

integer array a, b, ¢, x;

comment Balas solves the zero-one integer linear programming problem:
cx = min subject to ax < b, where ¢ >0 and = 0, 1.
Data:
m — number of constraints,
7 — number of variables,
a[l:m, 1:n] — coefficient matrix of the constraints,
b[1:m] — right sides of the constraints,
¢[1:n] — coefficients of the objective function.
Results:
exist — true if an optimum solution exists and false if there is no
feasible solution,
#[1:n] — optimum solution (if ewist = true only, otherwise the prc-
cedure Balas does not change the table z),
Fval — the value of the objective function (if exist = true only,
otherwise Fval = 2 X (I+c[1]+¢[2]4...+c[n])).
Other parameters:
Mmear — maximum positive number of type integer;

begin
illteger p, mnr, i, gamma, alfa, beta, i, 2, t, nr, s, rob, robl, rob2;
Integer array w, v, 2r[1:m], xx, jj, 4¢[1:n], kk[1:n+ 1];

for ¢ := 7 step 1 until m do y[¢] := b[7];
?:1=1;
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for j := 1 step 1 until » do
begin
aw[f] := 0;
2z :=2+c[j]
end j;
Foal := z+2;
s:=1t:=Fkk[1] :=2:= 0;
exist : = false;
beg:p := mnr := 0;
for ¢ := 1 step I until m do
begin
rob :=y[i];
if rob < 0
then
begin
p:=p+I;
gamma := 0;
alfa := rob;
beta := —max;
for j := 1 step 1 until n do
if zx[j]1<0
then begin
if ¢[j]+2 > Foal
then begin

wx[jl:=2;
kk[s+1] := kk[s+1]+1;
t:=t41;
Jjltl =3
end c[j]+2> Fual
else begin
robl := a[1,j];
if robl < 0
then begin
alfa := alfa — robl;
gamma := gamma-c[j];
if beta < robl then
beta : = robl
end ali,j] <0
end c[jl+2z < Foal

end z2[j]1<0,j;
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if alfa < 0 then go to backtr;
if alfa-t+beta < 0
then
begin
if gamma -2z > Foal then go to backir;
for j := 1 step I until n do
begin
robl := a[t, j];
rob2 := xx(j];
if robl < 0
then
begin
if r0b2 =0
then
begin
ao[f] 1= —2;
for nr := 1 step 1 until mnr do
begin
zrinr] :=zr[nr]—alw [nr], j];
if zr [nr]< 0 then go to backtr
end nr
end rob2 = 0
end af?,j] <0 A vx[j] =0
else if r0b2 < 0
then
begin
alfa := alfa—robl,
if alfa < 0 then go to backir;
gamma := gamma-+c[j];
if gamma—+ 2> Fval then go to backtr
end afz,j]> 0 A o2[j] < 0;
end j;

8 — Zastosowania matematyki XI,1
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mnr := mnr+1;

w[mnr] :=1;

2r[mnr] := alfa
end alfa-+beta < 0

end y[i] < 0
end 7;
if p = 0 then go to sol;
if mnr =0

then
begin
p = 0;
gammae := —max;
for j := 1 step I until n do
if xx[j] =0
then
begin
beta := 0,
for ¢ := 1 step 1 until m do
begin
rob := y[¢];

robl := ali, j];
if r0b < robl then beta : = beta+rob—robl;
end ¢;
rob := ¢[j];
if beta > gamma Vv bela = gamma A rob < alfa

then begin
alfa := rob;
gamma : = beta;
p:=]
end beta > gamma V beta = gamma A c[j] < alfa
end 22[j] = 0, j;
if p = 0 then go to backtr;
s :=s841;
kk[s+1]):= 0;
t:=1t+41;
Jilt] i = p;
w[s] 1= xzx[p] := 1;
z:=z+e[pl;
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for ¢ := 1 step 1 until m do y[3i] := y[i]—ali, pl;
go to beg
end mnr = 0;
8 :=8+41;
w[s] :=kk[s+1]:=0
for j := 1 step I until n do
if vx[j]<0

then

begin
t:=1t+1;
Jjlt] :=3;
[s] :=[s]— 1
z:=2z4+c¢c[j];
xx[j] := 1;

for ¢ := 1 step 1 until m do y[i] := y[i]—als, )]
end x2[j] < 0,7;
go to beg;
sol: Foal := z;
exist : = true;
for j := 1 step 1 until n do z[j] :=if zx[j] = I then Ielse 0;
go to finish;
backtr: for j := 1 step 1 until # do if x2[j] < 0 then zz[j] :=
btr: if s = 0 then go to finish;
pi=1
t:=t—Fkk[s+1];
for j:=1t+1 step I until p do xx[jj[j]] :=
P 1= abs(tt[s]);
kk(s] := kk[s]+p;
for j :=1t—p- 1 step I until ¢ do
begin
p:=Jjljl;
zx[p] := 24
z:=2z—c[pl;
for ¢ := 1 step 1 until m do y[i] := y[i]+a[, p]
end j;
§:1=s—1;
go to if 7i[s{ 1] < 0 then bir else beg;
finish:end Balas;

2. Method used. The algorithm is based on the paper [1] with some
minor modifications for programming purposes. These were made to save
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computer memory space and may easily be located by inspection of the
algorithm itself. No attempts have been made to include into the algorithm
any of the later proposals given in the literature.

3. Certification. The algorithm Balas has been verified both on the
Elliott 803 and on the Odra 1204 computers. All examples given in [1]
have been solved and the same results obtained.
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ALGORYTM 3
Z. CYLKOWSKI i J. KUCHARCZYK (Wroclaw)

ROZWIAZYWANIE ZAGADNIEN ZERO-JEDYNKOWEGO
CALKOWITEGO PROGRAMOWANIA LINIOWEGO METODA BALASA

STRESZCZENIE

Procedura Balas znajduje rozwiazanie zcro-jedynkowego catkowitego pro-
gramu liniowego metoda, opublikowana przez Balasa w [1].

Dane:

m — liczba warunkéw liniowyeh,

n — liczba zmiennych zero-jedynkowych,

a[l:m, 1:n] — macicrz wspélezynnikéw przy ograniczeniach,

b[1:m] — prawe strony (wyrazy wolne) ograniezen,

¢[1:n] — wspélezynniki funkeji celu.

Wyniki:

exist  — true, jezeli istnicje rozwigzanie optymalne, i false, jezeli nie ma
rozwigzania dopuszczalnego,

z[1:n] — rozwiazanie optymalne (tylko, gdy exist — true, w przeciwnym
wypadku procedura Balas nic zmicnia tablicy z),

Fval — warto$é funkeji celu (tylko, gdy exist = true, w przeciwnym wy-
padku Fval = 2x (I+c[1]14+c[2]4 ...+ ¢c[n])).

Inne parametry:

max — najwigksza dodatnia liczba typu integer.

Obliczenia kontrolne, wykonane na maszynach cyfrowych Elliott 803 i Odra 1204,
wykazaly poprawnosé procedury.
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AJITOPUTM 3
3. UBIJILKOBCE M u 1. KYXAPYMK (Bpounas)

PEHIEHHE 3AJIAYH 0,1-LIEJIOYKUCJIEHHOI'O JIMUHEMHOTI'O NMPOTPAMMMUPOBAHUS
METO/JIOM BAJIACA

PE3IOME

IMpouenypa Balas peuaer 0,1-Len04MCAEHHYIO JHHENRHYIO 3aaiyy METOXOM, OnyGiuKoBaH-
HBIM Banacom B [1].

HaHubie:

M — YUCJIO JIMHEHHBIX OTrPaHUYCHUH,

N — YUCJIO NMEPEMEHHBIX CO 3HaueHUsiMH O wam |1,

all:m, 1:n]— maTpuua xo3pGULUHEHTOB OrpaHUvEHHiIl,
b[1:m]— npaBele yactu (CBOGOAHBIE 4JIEHBI) OrpAHAYEHUI,
¢[1:n] — xo3bduumentsl UeneBOi GYHKLHM.

PesynbTaTsi:
€rist — true, €CIM ONTMMAJILHOE DEUIEHUE CyllecTByeT U false, €Cnd HET HOMYCTHMMOTO
pemieHus,

x[1:n] — onTHManbHOe pelreHne (10JbKO NpHM exisl = true, B NPOTMBHOM CJly4ae Ipo-
uenypa Balas maccuBa & He M3MEHSET),
Fyal — 3navenne ueneBoit (GyHkumu (TOJMBKO NpH exist = true, B MPOTHBHOM ClJlyuae
Foal =2x (14 c[1]4¢[2]+ ...+ c[n])).
Hpyrue napameTpsi:
Mmaxr — MaKCHUMaJIbHOE TOJIOKMUTESbHOE YMCJIO THMa integer.

KoHTponbuble BeluMcIeHHs BbinonHeHbl Ha DBM DnnnorT 803 u Onpa 1204,



