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Abstract

In this paper, an algorithm and its computer oriented program have been developed for solving transportation programming (TP) reducing it
into a linear program (LP). After formulating it into linear programming problems the number of variables becomes large. It then, becomes
more difficult and time-consuming if it is done manually with simplex method. By using the computer program the solution can be found in
a shorter time. It will be shown that a TP with a large number of variables can be solved in few seconds by using this method. A number of
numerical examples are presented to demonstrate the method developed in this research.
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I. Introduction

Linear programming (LP) problems can generally be stated
as follows:

Optimize: Z = C1X) F Caxy e + ¢, x,

Subject t0: ay1x; + aqxy + creeee e +ag,x, = b;
A1 X1 + AgpXy + e veeee +ay,x, = b2
am1x1 =+ amle N LRI + amn xn — bm

x; = 0,wherei=1,2...n
b, = 0,wherej=1,2... m
The characteristics of standard form are given below:
(i) The objective function is of the optimization i.e.
maximization or minimization type.
(ii) All constraints are expressed as equations.
(iii) All variables are restricted to be non negative.
The right hand side constant of each constraints is non-
negative.

I1. Transportation

In transportation problems (TPs) the objective is to transport
various amount of a single homogenous commodity that are
initially stored at various origins, to different destinations in
such a way that the total transportation cost is minimum.
The distinct feature of TPs is that origins and destinations
must be expressed in terms of only one kind of unit. These
will be shown in this Section.

Transportation Table

A specimen of the TP table of m-sources, n-destinations
transportation table is given below-

Table 1. Transportation Table

Destination
U 1 2 n supply
w1 Ci1 Ciz | eeeen. Cin Sy
2 | cta (o . Con Sy
Source | ... | ... |...
m Cmi1 Cm2 | «een Comn Sm
Demand | d; d |... dn

where,
u;= multiple of original row i that has been subtracted
(directly or indirectly) from original row 0 by the simplex
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method during all iterations leading to the current simplex
table. Here i=1, 2... m
v;= multiple of original row m+j that has been subtracted
(directly or indirectly) from original row 0 by the simplex
method during all iterations leading to the current simplex
table. Here j=1, 2... n.

Examples of TPs

In this Section, it will be shown how the TPs minimize the
cost using methods of solving TP with the help of numerical
examples given as follows.

Numerical Example 1

Find the feasible solution of the following transportation
problem.

Warehouse
W, W, W, W,  Supply
Factories Fi 14 25 45 5 6
F2 |65 25 35 55 8
Fs 35 3 65 15 16
Demand 4 7 6 13

Solution: By using North-West corner rule the problem can
be solved as follows:

Iteration 1
V=14  V,=25 V=35 V,=-15 Supply
[14 | -10[45 | -20[5 | 6/2/0
u=0 4 252
1,=0 51165 - |25 . [35 | -7055 | 8/3/0
9pB5 | 523 |65 |15 | 16/1
u3=30 * 3 13 3/0
Demand 4/0 7/5/0 | 6/3/0 13/0
Iteration 2
V=14 V,=25 V3=35 V=37 Supply
|14 |25 -1o|45 32| 5 | 6/2/0
U]_:O 4 2 *
-51| 65 |25 |35 -18| 55 | 8/6/0
u,=0 2 6
-43| 35 3 | -52]65 15 16/13/0
U= 22 EEN N
4/0 7/5/3/0 | 6/0 13/0
Demand




2
Iteration 3
V1:14 V2:‘7 V3:3 V4:5 Supply
u;=0 |14 4 -32|25 42 |45 | 5 6/2/0
2
-19 | 65 |25 2 |35 —18| 55 8/6/0
u,=32 6
-11| 35 |3 5 | -52 |65 |15 16/11/0
U3:10 1
4/0 7/5/0 6/0 13/11/0
Demand

The basic feasible solution is given below:

X11= 4 y X14= 2, Xop= 2 y Xp3= 6, X32= 5, X34= 11
Thus the minimum value is

4X 1442 X5+2X25+6 X 35+5x3+11 X 15 = 506

Numerical Example 2

Find the feasible solution of the following transportation
problem.
Cost per truck load

Plant Va Vs Ve Supply
U, 4 8 8 76
. 16 24 16 62
* 8 16 24 77
Uy
Dermand 72 102 41

Solution: Similarly, by using North-West corner rule we can
solve the problem and find the solution as follows:

The basic feasible solution is given below:
X12=76, x21=21, x,3=41, x31;=51, x3,=26;
Thus the minimum cost is
8XT76+21X16+41X16+51X8+26 X 16
=2424

I11. Formulation of LP Models

In this Section, the formulation of TP into LP will be
discussed. By considering Z the total distribution cost and
Xij (i=1,2,...,. m;

j=1,2, ..., n) the number of units to be distributed from
source i to destination j, the LP formulation of TP becomes:

Minimize, Z = Y% X7y ¢ x;;

Subject to

Yi—1x; <5, (i=1,2.., m) (Supply constraints)
Yit1%; = d;, (=1, 2. m) (Demand constraints)
x; =20, (i=12,..,m; j=12,..,n).

Applying the process we can formulate the given TP to the
LP problems as follows.
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Formulation of Numerical Example 1
Minimize,
Z = 14x11 + 25x1, + 45x13 + 5x14 + 65x,1 + 25x7;
+ 35.X'23 + 55.X'24_
+35x31 + 3x35 + 6x33 + 15x3,

subject to,
X11 + X12 + X13 + X14 <6
X21 + X2 + X23 + X4 <8
X31 + X32 + X33 + X34 <16
X11 + X7 + x31 =4
X12 + Xy, + X3, =7
X13 + X3 + x33 >6

X14 + X4 + X34 = 13

andx; =0, (=123, j=123,4).
IV. Algorithm for the Program

In this Section, the combined simplex algorithm for solving
LPs is presented.

Step 1: Define the types of constraints. If all are of “<” types
go to step 2. Otherwise go to step 3.

Step 2:
Substep 1: Express in standard from.

Substep 2: State with an initial basic feasible solution in
canonical form and set up the initial table.

Substep 3: Use the inner product rule to find the relative
profit factors ¢; as follows

¢ =¢ —z = ¢ —(inner product of czand the column

corresponding to x; in the canonical system).

Substep 4: If all ¢;< o, the current basic feasible solution is
optimal and stop calculation. Otherwise select the non-basic
variable with most positive ¢; to enter the basis.

Substep 5: Choose the outgoing variable form the basis by
minimum ration test.

Substep-6: Perform the pivot operation to get the table and
basic feasible solution.

Substep 7: Go to substep 3.

Step 3: At first express the problem in standard form by
introducing slack and surplus variables. Then express the
problem in canonical form by introducing artificial variables
if necessary and form the initial basic feasible solution. Go
to substep 3.

Step 4: If any ¢;corresponding to on basic variable is zero,
the problem has alternative solution take this column as
pivot column and go to substep 5.

Solving the above LP, we see that the optimal basis contains
an artificial variable in second iteration. The LP has no
feasible solution which is treated by our program efficiency;
our program treats this type of LP effectively and shows the
basis with artificial variable.

Computer Program



A Computer Oriented Method for Solving Transportation Problem

vinpt[m , n ] := Module[{},
For[i=1;str={}, iz3m, i++,
str = Append[str, InputString
["Input type of constraints"]] ];
cstr= {};
t = Table|[ Input["Enter row elements"],
{i,1, m}, {3, 1, n}];
tbh = Transpose[t] ; rhs = Table[ Input
["Right hand Constant"], {i, 1, m}];
ceff = Table[ Input["Cost Vector"],

{i, 1, n}]; tbcef = ceff;
For[i=1l;ecstr={}; bindx={}, i=m, i++,
If[ StringMatechQ[ str[[1i]], "1"] = True,
cestr = Append [estr, Subscript([S, 1 1]

For[k=1;=s={}, kzm, k++,
If[i=k,
s = Append[s, 1], s = Append[s, 0]] 1,
tb = Append[tb, =] ;
bindx = Append [bindx, Length[tk]] ;
ceff = Append [ceff, 0];
tbeef = Append [tbheef, 0],

If[ StringMatchQ[ stx[[i]], "g"] = True,
cstr = Append [cstr, Subscript[S, 1]1];
astr = Append [cstr, Subscript[A, i]];
For[k=1;=2={};a={},kz=m, k++,

If[i=k, 8 = Append[=, -1];
a= Append[a, 1], = = Append|[=, 0];
a=Append[a, 0] ] ]7
th = Append [tk, s]; tb = Append [tk, a];
bindx = Append [bindx, Length[tk] ];

ceff = Append[ceff, 0];

ceff = Append[ceff, -10710];

thecef = Append[tbecef, 0];

thecef = Append [theef, -M],

¢str = Append [estr, Subscript[A, i]];

For[k=1;a={}, kzm, k++,
If[i=k, a=2Append[a, 1],
a=Append[a, 0] ]]; tb = Append[th, a];
bindx = Append [bindx, Length[tb]];
ceff = Append[ceff, -10+10];
tbeef = Append [tbeef, -M] ];
For[j=n, jezl, j--,
¢str = Prepend [cstr, Subscript[X, 311 1

117

tble = Transpose[tb];
Off [General: :spell]
]

maketble[t_] := Module[{},

For[j=1; coount ={}, J=sm+n+pp, J++,

coount = Append [coount, j]];

I = {r'Cj", "Basis", rvcj_zjn};
fCJ = {"——", "CB", "[-:j m ;
fr = {"RHS", "__I'T, r1zrr]{.

For[i=1;cb={}; tecbf= {};
cbv={};B={}, ism, i++,
For[j=1,dz=m+n+pp, J++,

If[bindx[[i]] = coount[[j]].,
¢b = Append[ck, estr[[j]1] 1;
cbv = Append[cbv, ceff[[3j]] 1;
tcbf = Append[tcbf, tbeef[[j]] 1:
B = Append[B, tb[[]J]] ], 17
1; fb = Insexrt[ fb, cb[[i]], i +2];
foj = Insert[fej, tebE[[1i]1], i+2];
fr = Insert[fr, rhs[[i]], i+2]; 1;
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fr = ReplacePart[fr, tebf.rhs, -1];
B = Transpose[B];
For[i=1; fbejr={};
cjbar={}, ism+n+pp, i++,
cjbar = Append[ cjbar,
ceff[[i]] - cbv.Inverse[B].th[[i]] ];
fhejr = Append [ fhejr,
(theef[[1]] - tebf. Inverse[B].th[[i]])
/1 8implify ;1
thfom = Prepend|[ tble, cstr];
thfom = Prepend [thfom, theef];
thfom = Append|[ thfom, fhejr];
tbfom? = Prepend [Transpose[tbfom], £b];
tbfom? = Prepend [thfom?, fei];
tbfom2 = Append [thfom2, fr]; hed++; Print["
Table ", hed, " "1
Print[];

Print[TableForm [ Transpose [tbfom2],

TableAlignments » Center,
TableSpacing -> {1, 3}]11;
Print["

Print[];

For[i=1l,nofe=0, izm, i++,
If[tcbf[[i]] = -M, nofe = 1]1;

I1f[ Max[cjbar] > 0, Print

["Feasikle Selution = ", tcbf.rhs],

Print["Seolution Point"];
For[i=1;k=0,izm+n+pp,
i++4, For[j=1, =z m, j++,
If[i=Dbindx[[]]],

Print[ cb[[3]], " = ", rhs[[3]],
" (Basic Variable)" ]; k=1 11;

If[k=1, , Print[estr[[i]],
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twobasic[t_] := Module[{},
If[ Max[ejbar] >0, p=u[l]; For[j=1, 52, j++,
For[i=1;teta={}, ism, i++, If[y[[i, p11>0,

rhs[[i]]
teta = Append[teta., —] .
yI[i, pl]

teta = Append[teta, 1076] ]; ];
If[Min[teta] # 1046,
rr = Position[teta, Min[teta]][[1, 1]];
rc[j] = Position[teta, Min[teta]],
Print["Ratio with ", " ", p ,
" th column is not possible" ];
s=1;pd=u[j]; Goto["end"]];
x[j] =zrx; p=ul2];];
If[r[1l] = r[2] && Length[zec[l]] »
Length[re[2]1], x[1l] =xe[l] [[2, 1111;
If[r[1l] = r[2] &&Length[re[l]] <
Length[re[2]], r[2] = xe[2][([2, 1]11;

k = Transpose[{{y[[ r[1], u[l] 11,
¥I[xr[1], ul2] 11}, {y¥[[x[2],
ull] 11, ¥y[[ x[2], ul2] 11}}1;
rh={rhs[[x[1] 1], ths[[x[2] 1]}:
For[j=1,js2, J++,
kop = Transpose [ReplacePart[k, rh, j1];
rhs[[ ¥r[J] ]]=;*Det[k°P]F]
Det[k]
For[i=1, izm, i++,
If[i#+ r[l] &&1i # »[2],
rha[[i]] =
rhs[[1i]] -
(y[[i, u[l] 1]l *xhs[[x[1] 1]
+¥[[i, ul2] 11 *xhs[[x[2]111) 1 1:

"= 0 (Non Basic Variable )" ]1;k=0];

If[nofe=0, Print["All C; <= 0
& Optimal Value = ", tcbf.rhs],

Print["Though all Cj <= 0,
but no feaszible solution"]] ];

Qff [General: :spell]

]

For[i:l,i5m+n+pp,i++,
yrep= {y[[x[1], i]1], y[[®[2], i]1]1};
For[j=1, j=2, j++,
kop = Transpose [ReplacePart[k, yrep, 311/
yy[j]=;*DetEk0p]:]:
Det[k]
tble[[ x[1], 1]] =¥y¥I[1];
tble[[ x[2], 1 1] =¥¥[2];
For[p=1l, p=m, p++, If[p+ r[l] &&p # ¥[2],
thle[[p, i]] =
yi[p, i]1 -
(y[[p, ull] 1]
*yy[1l +y[[p, ul2] 11 »¥yy[2]) 1]
];La.bel["end"]; ],]
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rowoperation[t_] := Module [{ }, main [twobasic_] = Module [.[ } .
1f[ Max[ejbar] > 0, Clear["Context "] ;
For[i: l; teta={}, ism,

i++, If[ tble[[i, pcol]] > 0, m = Input["No of Rows"];

rhs[[i]] n= Input["No of Columns"];
teta = A d[teta, .
eta = Append [teta tble[[i, pcol]] ] pp = Input["No of »>= constraints"];
teta = Append[teta, 10+6] ]; ]; hed=0; st =0;
If[Min[teta] = 10*6, Print vinpt[m, n]; maketble[tble];
["Ratioc is not possibkle;
d = Input["Choose method \n'l’

Unbkbounded Seolution"];

st=1; Goto["end"]]; for one basic var \n '2' for two basic var"];
pro = Position[teta, Min[teta]][[1, 11]; If[d: 2 twobsop[tble]
N rhs[[pro]] ' '
rhs ro = ; . .
[[pre]] tble[[pro, poolll onebsop[tble]; alter[tble]];
tble[[pro]] = tble[[prol] * If[s =1, onebsop[tble]; alter[tble]];
1 . 1
thle[[pro, pcel]l] ' Clear[u, ¥, v]

For[i=1,iz=m, i++,
If[i = pro, , rha[[i]] = rhs[[i]]
-thle[[i, peecl]] *xhs[[pxe]];

main[twobasic];

tble[[i]] = tble[[i]] - Numerical Examples
thle[[i, peol]] * thle[[pxo]l]; ] 1. 17 In this Section, the TPs presented in Section Il will be
Label["end"]; solved using combined simplex method after converting
Off [General: :spell] these problems to LP discussed in Section I11.
] Numerical Example 1

onebsop[t_] := Module[{},

Print["One basic var replacement"]; After putting corresponding values for numerical example

presented in section 11 we obtain the results. The final table
Print[]; While[ Max[cjbar] > O, is shown

pcol = Position[cjbar, Max[ejbkar]]
[[1, 1]1]; rowoperation[tble];
If[stz 1,
bindx = ReplacePart[bindx,
coount[ [pecol] ], prol;
maketble[tkle], Return[] ] 1;
]
alter[t_ ] := Module[{}, For[i=1;
nofe=0,izm, i++,
If[bindx[[i]] = 10710, nofe =1]];
nbindx = Complement [coount, bindx];
For[i=1;alt=0, iz Length[nbindx], i++,
If[ cjbar[[nbindx[[1i]]]] =0, alt=1;
Print["Alternative Solution"];
pcol = nbindx[[i]];
cjbar = ReplacePart[cjbar, 1076, pcol];
rowoperation[thle];
If[st# 1, bindx = ReplacePart[bindx,
coount[[pcol]], pro];
maketble[tble], Goto["1lst"] ], 1;
Label["1st"]; ]/
If[alt = 0, Print["No Alternative Solution"]];
1
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Table 2. Final solution for Numeric Example 1
- L T R S SR T S I

—

EB Basis Xl Xg Xg X.; X5 Xg X'; Xa Xg Xlg X]_L Xn Sl Sz Sg 4 Jl; 55 ﬂs 55 Aﬁ 51 M

-5 e 0 l | S | I [ 0 0 I l -l 01 l l l l 11 l
2000k 0 I | l I l 0 I I l 0 01 0 0 l l 0 0 l
S| l I I I I I l I 0 0 l l l (N l -l l l I
B I 0 I I I I I 0 I 0 0 -l -l l I l l l l 11 0
R 0 l | S | I 10 l l 0 I - 0 11 l l l l 0 0 5
Sk 0 I 100 I l I 0 I l 0 I I 0 01 0 0 l l 0 0 ]
S S S A | I I l l I 0 l I l l 01 l -l l l 0 (I
Ej A A L e e [ e | A e
aJolution Point by = 0 [Basic Variable)

X1 =4 [(Basic Variable) e =0 [(Non EBasic Variahle )

Xy =0 [(Mon Basic Variable ) e = [0 [(Non Basic Variahle )

e = 0 [(Morn Basic Variable ) S = 0 [(Mon Basic Variahle )

¥y = 2 (Baszic Variable) Ly = 0 (Hon Basic Variable )

g = 0 (Non Basic Wariable ) e =100 (Hon Basic Wariable )

Xg = 2 [(Bazic Variable) be =00 [(Non EBazic Variable )

o= B [(Bazic Variable) 41l Iij == 0 & Optimal Value = -50&

¥y = 0 (Non Basic Wariable ) No Alternative Solution

#9 = 0 (HD? BESIF Variahle ) Since the program is for maximization problem, the cost
A= 3 (Basic Variable) vectors are given using negative sign. So the optimal
An o= 0 (Non Basic Variable ) result is negative but it is same with the result which we
¥g = 11 (Basic Wariahle) find using simplex method & methods for solving TP.
5, =10 (Non Basic Wariable ) .

3y =0 [(Mon Baszic Variable ) Numerical Example2

Sy = 0 {Non Basic Wariable ) Similarly, after running the program again we find the
54 =0 (Non Basic Wariahle ) results. The final table is shown:

Table 3. Final solution for Numeric Example 2

-- b -4 -8 - -16 -14 -6 -8 -6 -24 0 0 0 0 Bl 0 - 0 -If FH3

Ts Basis i % % i b % % % % bl 5 5 34 In 5 ke 3 I --
-8 X 1 1 1 i i i i i i 1 i i i i i i i i T
-16 Xy i i -1 1 1 i i i -1 i 1 i i i i i 1 -1 il
-16 % -1 i -1 I 1 i i 1 i I 1 1 1 -1 I i 1 -1 2
-8 bl l 0 1 0 -1 0 l 0 l 0 -1 0 -1 1 0 0 -1 1 il
- ks i i i i i i i i i -1 -1 -1 -1 1 -1 1 -l 1 i
-16 % 0 0 1 0 0 1 0 0 1 0 0 0 0 0 0 0 -1 1 4
C] B-1 -4 0 -i 0 0 0 0 0 -1§ g-N 4-1 la-1 §-1 -8 - 0 g-M -4 -2424
Zolution Point ;=0 [(Non EBazic Variable )

X1 =10 [(Mon Basic Variable ) 3. =10 [(Non EBasic Variahle )

Xy = 776 (Bazic Variable) G4 =0 [(Non EBasic Variahle )

Xy =0 [(Mon Basic Variable ) by =0 [(Non EBasic Variahle )

g = 21 (Bazic Variable) e =0 [(Non EBasic Variahle )

e = 0 [(Mon Basic Variable ) by = [0 [Basic Variable)

g = 41 [(Bazic Variable) 3 = 0 [(Non EBasic Variahle )

¥n o= 51 [(Bazic Variable) by = 0 [(Non EBasic Variahle )

¥z = 26 (Basic Variable) 411 Iij <= 0 & Optimal Value = -2424

g =0 [(Mon Basic Variable ) Alternative 3Jolution

31 =10 [(Mon Basic Variable )
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Table 4. Another final solution for Numeric Example 2
- cj e I e | S
CB Basis X]_ Xg Xg X.; Xs Xs X;l Xa

-8 A 1 1 1 0 0 0 0 0
-4 T 0 0 -1 1 1 0 0 0
-16 A -1 0 0 -1 0 0 0 1
-8 A 1 0 0 1 0 0 1 0
| i 0 0 0 0 ] ] 0 0
-16 % 0 0 1 0 0 1 0 0
. [:-I -4 0 -4 0 0 0 0 0

aolution Point

3 =10 (Non Basic Wariable )
¥y = 76 (Basic WVariable)
Xy =0 [(Mon Baszic Variable )
e = 0 [(Mon Basic Variable )
e = 21 [(Bazic Variable)
g = 41 [(Basic Variable)
oo o= N2 [(Bazic Variable)
¥y = & [Basic Variable)
¥a =0 (Non Basic Wariable )
5, =10 (Non Basic Wariable )
3y =0 [(Mon Baszic Variable )
G, =0 [(Mon Basic Variable )
3¢ = 0 [(Mon Basic Variable )
by = 0 [(Mon Basic Variable )
e =0 [(Mon Basic Variable )
bhe = 0 [Basic Variable)
5 =0 (Non Basic Wariable )
Ay = 0 (Non Basic Wariable )

ALl Ifj <= 0 & Optimal Value = -2424

Since, the program is for maximization problem, the cost
vectors are given using negative sign. So the optimal
result is negative but it is same with the result which we
find using other methods.

V. Discussion and Comparison

TP are one of the most important and successful
applications of quantitative analysis to solve business
problems. Generally, the purpose of this problem is to
minimize the cost of transporting goods from one location
to another which can meet the needs of each arrival. But
the methods of solving TP sometimes create difficulties.
Lot of calculations were performed to find out the
optimum solution. Mistakes may be committed in manual
calculations. Most of the methods are time consuming
also. After converting these problems into LP and using
computer based program which is discussed in this paper,
the difficulties have been removed. Using the computer
program the desired solution can be found out easily. But
the execution time was short. In a short time the solution
was found with the help of computer program. It
therefore, be conclude that the computer program is the
best process for finding the solution.

VI. Conclusion
In this paper, we present an algorithm and its computer
oriented program written in the programming language

7
i i i I | i Bl i Bl RHS
i 3 B EN i B A 3 & -
1 i i I i i I i I b
i 1 i i i i i 1 -1 i1
i i 1 1 -1 i I i I 5
i i i -1 1 i I i I i
-1 -l -1 -1 1 -1 1 -l 1 I
i i i I i i I -1 1 41
I

-2424

‘Mathematica’ for solving TP after converting the TP into
LP. After formulating the TP into LP the number of
variables increases. Then it becomes more difficult and
time-consuming if we use manual calculation with
simplex method. But using the computer program we can
find our solution in a short time. The number of variables
is not matter at all in this program. Even for a large
number of variables a few seconds is needed for finding
solution. In one word, we can say that the solution of TP
by converting to LPs and applying the computer
technique is one of the best ways.
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