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M. SYSEO (Wroclaw)

SOLUTION OF THE TRANSPORTATION PROBLEM
BY BRIGG’S DUAL LABELING METHOD

1. Procedure declaration.

procedure Briggstransport (n, m, a, b, D, MAX, aa, bb, o, p, alfa, beta, 2);
value »n, m, MAX;

integer n, m, MAX, z;

integer array a, b, D, aa, bb, o, p, alfa, beta;

comment Briggstransport finds the primal and dual solutions of
the transportation problem:

n
minimize z = E Lij

."_Ms

m
provided ) w; = a; (i=1,2,...,n),2wi,-=b,- (j=1,2,...
i=1

1=1

2; =0 (t=1,2,...,n,j =1,2,...,m).
Data:
n — number of origins,
m — number of destinations,
a[l:n] — amounts of goods available at the origins,
b[1:m] — amounts of goods wanted at the destinations,
D[1:n,1:m] — matrix of unit transportation costs,
MAX — maximum positive number of type integer
available in the computer.
Results:
aa,o[1:n],bb, p[I:m] — vectors in which the solution 1is located,
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as follows: If x; is nonzero in the solution, either aa[i]: = j and
o[t]: =wmy;, or bb[jl: =+ and p[j]: = x;, are assigned,
alfa[1:n], beta[l1: m] — the dual solution,
z — the value of the objective function;
begin
integer 1, j, h, io0, jo, y, kk, b2, c2, av;
Boolean f;
integer array lam, eps, mi[1: n], delta, ka, ni[1: m];
procedure X (k, I, w);
integer £, I, w;
comment Procedure X displaces the elements of the solution
in the vectors aa,o[I:n], bb, p[I:m];

begin
integer al, bl, c,dl, e, f1, s;
if bb[1] =k
then begin
av: =p[l]: = p[ll+w;
if av = 0 then bb[l]: =0
end b0[l] =F
else if aal[k] =1
then begin

av: =o[k]: =o[k]+w;
if av = 0 then aa[k]: = 0
end aalk] =1
else if bb[l] = 0
then begin
bb[l]: = k;
pll]l: =w
end bb[l] = 0
else if aa[k] = 0
then begin
aalk] =1;
o[k]: =w
end aa[k] =0
else begin
dl: = k;
e: =1
f1: = w;
Ll:s: = 0;
av: = bblel;
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if aa[av] = 0
then begin
aalav]: = e;
ofav]: = plel;
§: =1
end aafav] = 0
else begin
al: = av;
bl: =e;
¢: = ple]
end aalav] +# 0;
bble] : = dI;
plel: =f1;
if s =1
then begin
al: = al;
e: = aalall;
fl: =o0[all;
aalal]: = bl;
olal]: = ¢;
if bb[e] # 0 then go to L1;
bble]: = dl;
ple]l: =fI
end s # 1

end aalk] # 0
end X; !
for i: = 1 step I until n do alfa[i]: = aa[i]: = 0;
for j: =1 step 1 until m do beta[j]: = bb[j]: = 0;
z2:=0;
1 : begin
integer s, s1, ai, bj, MM ;
comment This block calculates the initial solution by the method
of minimum cost matrix elements;

MM: = MAX;
s: = 1;
for i: = 1 step 1 until n do
if a[i] #0
then begin
§:=81:=0;

for j: = 1 step 1 until m do
if b[j] # 0
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then begin

8l: =1,

av: = D[i, jl;

if av< MM

then begin
MM : = av;
10 : = ¢
jo: =j
end av < MM

end b(j] # 0, j;
if s1 = 0 then go to fin
end ali] = 0,1;

if s = 1 then go to fin;

at: = afio];

bj : = b[jol;

y: =if ai > bj then bj else ai;

alio]: = a1 —y;

bljol: = bj—y
end of block which calculates the initial solution;

12:for i: = 1 step 1 until » do eps[i]: = mi[i]: = lam[i]: = 0;

for j: = I step 1 until m do delta[j]: = ni[j]: = ka[j]: = 0;

lam[i0] : = —jo;
eps[io] : = y;
mi[i0] : = D[i0, jo]— alfa[i0] — beta[jo];
% : f: = false;
for i: = 1 step I until »n do
begin
av : = lam[7];
if av< 0
then begin
lam[i]: = — av;
for j: = 1 step 1 until m do
begin

b2: = D[, j]—alfa[t]—beta[j]—mi[i];
c2: =b2+nij];
if c2<0
then ni[j]: = —b2
else if ¢2 0 v b2=0V eps[i] < delta[j]
then go to ¢l;
delta[j]: = eps[i];
kaj]: = —i;
f: = true;
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el:end j
end av < 0
end ¢;
if f then
begin
for j: = 1 step 1 until m do
begin
av: = ka[j];
if av< 0
then begin
ka[j]: = —av;
for i: = 1 step I until » do
begin
b2: = mi[i]—ni[j];
Kk : = if bb[j] =4
then p[j]
else if aa[i] =j
then o[7]
else 0;
if kEk>0A02<0
then begin
c2: = delta[j];
if kk < c2 then c2: = kk;
if b2< 0
then mi[¢]: = ni[j]
else if mi[i] <0 Vv c2 <eps[i]
then go to ec¢l;
eps[i]: = ¢2;
lam[i]: = —j;
f: = false
end kk > 0 A b2 < 0;
eel : end i
end av < 0
end j;
if 7] f then go to ¢
end f;

for i: = 1 step I unmtil n do alfa[i]: = alfali]+ mi[d];
for j: = 1 step I until m do beta[j]: = beta[j]—ni[j];
h: = delta[jo];
if h =0

then begin
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z: = 2+yXxDlio, jol;
X (i0, jo, y);
go to il
end h =0
else begin
y:=y—h;
z: = 2+ h X (alfa[io]4 beta[jo]);
i =Jo;
for ¢ : = ka[j] while ¢ ~ io do
begin
kk : = lam[<];
X (¢, kk, —h);
X(i,5,h);
j:=kk
end 7;
X(i,7,R);
go to if y = 0 then il else 2
end b # 0;
fin : end Briggstransport

2. Method used. The procedure Briggsiransport finds the primal
and dual solutions of a transportation problem by the dual labeling
method given by F. E. A. Briggs in [1].

The initial solution is found in the following way:

1° Find ;= min(a,, b;,); where i,,j, are such that D, = min{D,},
a:>0
bj>0

0 3 . . — L] —

2° adjust new a,, b; as follows: a; : = a; —x,;, b, : = b;—2,;,

3° do 1° and 2° as long as there are any positive a;, b;.

Instead of the usual flow matrix {«;;} a new method of remembering
the solution is used; based on the knowledge that at most m+n—1
nonzero flows may occur, the solution is packed into the four vectors
aa, o[1:n], bb, p[1:m], as described in the comment to the procedure.
If necessary, the procedure X exchanges the elements, to avoid packing
of two solution elements in one place.

3. Certification. The example given in [1] has been solved and correct
results obtained, the computer being the Elliott 803. Table 1 gives rela-
tive computing times for various dimensions of solved problems.

TABLE 1. Relative computing times for Briggstransport

Dimension

nxm l 5x5 |10><10 50 X 50 |20><200}10><400

10x20.20x20‘30x30

Execution
time 1 4 8 28 75 287 63 87
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ROZWIAZANIE ZAGADNIENIA TRANSPORTOWEGO DUALNA METODA
OZNACZANIA BRIGGSA

STRESZCZENIE

Procedura Briggstransport znajduje rozwigzanie pierwotne i dualne zagadnienia
Hitchcocka dualng metoda oznaczania [1].

Kolejne elementy rozwigzania wstepnego wyznaczane sa sukcesywnie metoda
minimalnego elementu macierzy.

Poniewaz niezerowych elementéw rozwiazania optymalnego moze by¢ najwyzej
m+ n— 1, wigec do zapamigtania ich uzyto dwéch par wektorow aa, o[1: n], bb, p[1: m].
Procedura X zapewnia, ze nowe elementy nie niszeza wezesniej obliczonych skiado-
wych wektoréw rozwiazania.

Procedura Briggstransport byla sprawdzona na maszynie cyfrowej Elliott 803.

AJITOPUTM g
M. CRICJIO (Bponunas)

PEINEHUE TPAHCITOPTHO¥ 3A JAYM JABOVICTBEHHBIM METO/IOM PACCTAHOBKH
ITIOMETOK BPHUITCA

PE3IOME

Ipouenypa Briggstransport HaxoOUT OPAMOE M IBOMCTBEHHOE pelleHHE 3aJayd XHYKOKa
IBOMCTBEHHBIM METONOM paccTaHOBKH noMeTok [1].

OyepenHble 37IEMEHTHI HCXOMHOTO PELLUEHHS ONPEAEIAOTCA NOCIe0BATEILHO METONOM MHHH-
ManpHOro 37neMeHTa MaTpULGI. '

Tax xax HEHyJNEBBIX 3JIEMEHTOB ONTHMAJILHOIO PELICHUS] MOXET ObiTh He 6ojplue m+ n—1
IUIA 3anOMMHAHMA MX UCIIONL3YIOTCS BE Mapbl BEKTOPOB aa, oll : n), bb, p[l : m]. Bnaromaps mpo
lenype X, HOBBIC 3JIEMEHTHI He MOPTAT paHbllle BEIYUCICHHBIX KOMIIOHEHT BEKTOPOB DELUEHHSA.

Ipouenypa Briggstransport 6plia mpoBepeHa Ha BBIYHCIHMTE)ILHOM MamuHe DuiMOoTT 803,



