ZASTOSOWANIA MATEMATYKI
APPLICATIONES MATHEMATICAE
X1, 4(1970)

ALGORITHM 9
A. JANICKI (Wroclaw)

SOLUTION OF THE TIME TRANSPORTATION PROBLEM

1. Procedure declaration.

procedure 7'T'Problem(m,n,1,A,B,V, W,tX, d);

value m, n;

integer m, n, (X, d;

integer array 7', A, B, V, W;

comment Procedure 771'Problem finds an optimal solution of the
m Xn time transportation problem, i.e. finds an m Xn matrix
X = (@;) which minimizes the function
1(X) = max )ti,-, O(X) ={(4,j):2; >0, 1<i<m, 1<j<n}

(i,7)e6(X

defined in the set of m xn matrices satisfying for all
t=1,2,...,m, j =1,2,...,n the following conditions

%y 2 0,
n m
2wy = Gy =,
j=1 t=1
n n
where Za:i= ij’ ai>0, b7>0.
i=1 i=1

Data:
m,n — dimensions of the time transportation problem, (m number
of origins, » number of destinations),

A[1: m] — vector (a,, @Gy, ..., Gp),

(amounts of goods available at the origins),
B[1: n] — vector (b, b,,...,b,),

(amounts of goods wanted at the destinations),
T'(1:m, 1: n] — matrix T = (¢;), (transportation times).
Results:
The final result, an m X» matrix X = (z;;), contains at most
m-+n—1 elements x; # 0. Procedure T'TProblem uses this fact
and finds only m +n—1 elements x; of the matrix X.
A,V[1:m] —if A[¢}: =j then V[¢]: =oy, ¢ =1,...,d—1,
d+1,...,m,
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d — number which shows that A[d], V[d] must be left out,
B, W[1:n] — if B[j]: =i then W[jl: =w;, j=1,2,...,n,
tX — the value #(X).

Example:
5x6 time transportation problem
1 2 3 4 5 6 8
2 3 4 5 6 17 )
39 6 8 9 9 5 wherc the numbers a,, b; are on
4 96 9 9 9 7 the right and below the matrix
5 6 7 76 5 6 T = (¢;) respectively,
3 6 4 7 3 8
has as an optimal solution 5 X6 matrix X = (z;)
0 3 0 0 3 2
0 3 0 2 0 0
0-0 0 56 0 0
3 04 0 0 0
0 0 00 06

Procedure 1'T'Problem gives only 10.= 5+6—1 elements of the
matrix X denoted by x and & for (k,!) of the form

(B[jl,j) and (¢, A[¢]), respectively. Thus,

B[j} j W@l ¢ A[d] VI[i]

3 1 0 1 2 3
2 2 3 2 4 2
4 3 4 4 1 3
3 4 5 5 6 6
1 5 3
1 6 2 (d = 3),
tX: =8, (1(X) =1, = 8);
begin
integer i,j,k,1,p,q,r, 8, u;

begin
comment This block calculates an initial solution by
the minimum row method and locates the result into
artays A,V,B, W in the same way as procedure
TTProblem does it with an optimal solution, (d: =m);
for 5: = 1 step 1 umtil » do W[i]: = —1;
t: = 1;
k: =m+n—1;
for I: = 1 step 1 umtil & do
begin
p: = —1I;
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for j: = 1 step 1 unmtil » do
begin
u: =T[4, jl;
if Wil<OA(p<OVu<yg

then begin
T =j;
q: = u;
p: = 1
end Wiil<O0A(p<OVu<yq)
end j; '
if A[4] < B[r]
then begin

Vii]: = A[%];
B[r]: = B[r]—A[i);
A[i]: =r;
i: =1+1

end A[7] < B[r]

else begin
W(r]: = B[r];
A[4]: = A[3]—-B[r];
Blr]: =1

end A[7] > Blr]

end [;
i=m .
end of block which calculates an initial solution;
A[m]: = 1;

Vim]: = 0;
Fl: 4: = —1;
F2: for j: = 1 step 1 until n do
begin
r: = B[j};
§: =T[r,jl;
if WiI>0AN@E<0VIX<s)
then begin
tX: =s;
k:=r;
L =7j;
t: =1
) end W[i1>0A(@E<0ViX<s)
end j;
for j: = 1 step 1 until d—1, d+1 step 1 until m do
begin
r: = A[j];
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8: =1Tj,r]; .
if V[j1>0AN(1E<0ViX<s)

then begin
tX:=s;-
k:=7;
l: =r;
i: = 1
end V[j]>0A(i<0ViIX<s)
" end j; -
i = k;
j: = A[k];
q: = V[k]; .
for s: = B[j] while i # d do
begin
r: = W[jl;
B[j]: = 1;
Wil = ¢;
i: = 8;
q: =7;
p: = A[il;
r: = V[i];

A[i]: = j;
V[il: = g¢;

J: =D;
qg: =r
end s;
d: = k;
A[k]: = 0;
B[l]: = —BI[l];
q: = 0;
for i: = 1 step 1 until m do
begin
r: = A[i];
if if r < 0 then false else B[r] < 0
then begin
Aft]: = —r;
q: =1
end
end i;
if ¢ #0
then begin
q: = 0;

for j: = 1 step 1 unmtil n do
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begin
r: = B[j]; .
if if 7 < 0 then false else A[r] < 0
then begin
B[jl: = —r;
q: =1
end
end j;
if =1
then go to K1
end q # 0;
r: =1tXj
for j: = 1 step 1 until » do
if B[jl<0
then begin
for i: = 1 step 1 until m do
begin
w: = T3, j1;
if A[SJZ0Nu<r
then begin
re= u;
p: = i;
q: =]
end A[i]>0Au<7r
end i;
B[j]: = —BI[j]
end B[j] < 0, j;
for i: = 1 step I until m do A[i]: = abs(A[i]);
if r #i1X

then begin
r: = k;
Alk]: = 1;
u: = W[I;
=6
for i: = B[j] while j #1 do
begin
if Wijil<u
then begin
u: = W[jl;
r: = B[j]
, end W[j]< u;
j: = A[i]

end ¢;
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i =p;
for j: = A[i] while ¢ = & do
hegin
if Vil<u
then begin
u: = VI[i];
r: =1
end V[i] < u;
i: = B[j]
end j;
Ji =4
for i: = B[j] while j ¢ | do
hegin
Wijl: = W[jl—u;
j: = A[t];
V[il: = V[i]+u
end i;
i = P;

for j: = A[i] while ¢ # &k do
begin
V[i]: = V[i]—u;
i = B[jl;
Wjl: = W[jl+u

end j;
WI(l}: = W[l]—u;
d: =r;
i: = 0; :
for s: = W[q] while ¢ # k do
hegin
i: = B[q];
Blq]: = p;
Wiql: = u;
p: =14
u: = 8;

j: = A[p];
s: = V[pl;

Alpl: = q;
Vipl: = u;
q: = J;
u: =8
end s;
1: = 1;

gotoif bt =r
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; then 71
else 72
en(_l r #£tX

end TTProblem

2. Method used. The procedure TTProblem finds an optimal solu-
tion of the time transportation problem by the method described in [1].
The procedure TTProblem is a simple and precise realization of that
method and for any time transportation problem gives an exact result.
An initial solution is calculated by the minimum row method.

3. Certification. The example given in the commentary to the pro-
cedure TITProblem has been solved and correct results obtaihed, the
computer being Odra 1204.
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ALGORYTM 9
A. JANICKI (Wroclaw)
ROZWIAZANIE ZAGADNIENIA TRANSPORTOWEGO Z KRYTERIUM CZASU

Streszezenie

Procedura TTProblem rozwiszuje zagadnienie transportowe z kryterium czasu,
tzn. konstruuje macierz X = (z;) typu m Xxn, dla ktérej funkecja

t(X) = max t;, OX)={@,5):25>0, 1<i<m, I1<j< n}

(£,5)e6(X)
okreflona na zbiorze macierzy o wymiarach m Xn spelniajacych dla i = 1, 2, veesm,
j =1,2,...,n nastepujace warunki

wq>0 Zm’u—a‘u Zm’m“bjs
=1

przy ezym
n
2 7 s a; > O’ bj> 0’_

‘LMs

osigga minimalng wartosé.

Dane:
m,n — wymiary zagadnienia transportowego (m ilogé dosta.wcéw, n ilo&é odbiorcow),

A[l:m] — wektor (a;, ag, ..., up) (ilokci towaréw oferowane przez dostawcéw),
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B[1: m] — wektor (b, by, ..., b,;) (ilodci towaréw zaméwione przez odbioreéw),
T[1:m, 1:n] — macierz. T = (l;;) (macierz jednostkowych czasé6w transportu).
‘Wyniki:
Wynik koncowy, macierz X = () typu mxn zawiera co najwyzej m-+n—1 ele-
mentéw x; # 0. W procedurze TTProblem wykorzystuje si¢ te wlasno&é rozwiazania
dla skrécenia ¢zasu wykonywania obliezen i dlatego w wyniku otrzymuje sig tylko
m+n—1 element()w macierzy X, przedstayvlonych w nastqpumcy sposob

A, V[I:m]—jédli ‘A[i]: =j, to V[il: ==, i = 1, 1, d41,!

d — liczba wskazujaca, zZc ‘nalezy pomingé A [ i Vl‘d] i

B, W{l:n] — jesli B[j]: =1, to W[jl: —:r,;,} =k, 2,

tX — wartosé funkeji .£(X).. ;

Procedura, TTProblem jest. dokladn& i stosunko“o prosta reahzach metody
opubhkowane] w [l]

A, FHAIKH (Bponas)
AJITOPHTM 9
PEIMEHUE TPAHCITOPTHOMN 3AAYM C KPUTEPMEM BPEMEHU

PE3IOME

Mpouenypa TTProblem pemaer TPAHCHOPTHYIO B3afauy € KpUTepHeM BpeMeHH
WJIN, TOBOPA TOYHO, HAXOAUT MAaTpully X = (2;;) nopAxKa m X n, AAA KOTOPOK PyHKIHUA

HX)= max &5, OX)={G,)):z;>0, 1<i<m, 1<j<n}
(1,7)e6(X) ' "

onpejesieHa B COBOKYNMHOCTH ncex MATpAL MOPAAKA m X7 YHOBIETROPAIOMAX MIA
=1,2,....mm mj=1,2,...,n yCIOBUAM

n m
x5 > 0, Zzﬁ=a,-, Zwij=b,-,
j=1 i=1

npHueMm
m n
2a5=.2b1, a;> 0, b,'>0
t=1 7=1

NPUHEUMAET MHHMMAJbHOE SHAYEHHe.

I[amme

‘m, n — TMOPANOK 'rpancmp'rnon sagaun (m KOJMYECTBO NMOCTABIIMKOB, % KOJM-
yecTBO moTpeGmremelt),
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A[1: m]— Bextop (ay, a3, ..., a;;) (KONMYECTBA TOBAPOB MpejJaraeMue IO-
CTaBUIUKAMH),

Bf1: n] — Bexrop (by, b3, ..., b,) (KosnuecTBA TOBApOB HYKHH HOTpeGuTenAM),

T[1: m, 1: n] — marpuua 1 = (f;) (t;; obGosHavaeT BpeMA HeoGXomumoe mIA
NOCTABKM TOBapa OT ¢-TOro MOCTaBIIMKA j-TOMY moTpebuTexdio).

Peumtenne: i

B marpuun X = (x;;) mopApKa m X, KOTOPASA HBJIHETCA pelieHMEeM TPAHCHOPT-
Holt 3ajauyu naiifleHHHIM Npu nomouu npouenyps TT'Problem, ne Gosabue yem m+-n—1
9J1eMCHTOB X;; # 0 M OHM HaljleHH B CIEAYyIOUeM BHJE:

, A,V([I:m] — ecan A[i]: =34, T0o V[i]: =25, 4 =1,2,...,d—1,d+1,...,m

d — uncno, KoTopoe MOKA3bBAeT, YTO Haxo orbpocurs A[d], V[d],

B, W[l:n] — ecau B[j}: =1, o W[jl: =@, j=1,2,...,n, tX — suaveHue
dyukuun ¢(X).

ITpouenypa T'TProblem 510 TOYIAaA U CPABHUTEIBHO MPOCTAA PeajU3ALUA METO LA
onyOaukosanHoro B [1].



