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Consider the following problem, called the transportation problem. There are m
suppliers A1, A,, ... , A, , Who have stocks of the same cargo in the amount of a;,ay, ... ,any,
units, respectively. This cargo needs to be delivered to n consumers B4, B,, ... ,B,, who
ordered by, b,, ... , b, units of this cargo, respectively.

All tariffs for cargo transportation c;; (the cost of transporting a unit of cargo) from supplier A;
to consumer B; are also known. It is required to draw up such a transportation plan in which
the total cost of all transportation would be minimal.

The condition of the transport problem is conveniently written in the form of the following
transport table 1 (Ta6muma 1).

Let's designate the total stock of cargo from all suppliers by the symbol a, and the total need
for cargo from all consumers - by the symbol b. Then

a= E:’T;] a[r
b= Z?zlb;

A transportation problem is called closed if a =b. If a # b, then the transport problem is
called open.

Table 1

T~ Orders B, B, By
Stocks —— by b, by,
Ay ! | ‘11 | C12 I Cin
A, az | C21 | C22 C2n
Aiﬂ am | Cmi | sz I Cmn
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Note that in the case of a closed task, all cargo stocks will be removed from suppliers, and all
requests will be satisfied.

In the case of an open problem with a < b, the entire cargo will be exported, but there will be
underdeliveries of the cargo to economically unprofitable consumers.

When a > b, on the contrary, all consumers will be satisfied, but part of the cargo will remain
in the warehouses of economically unprofitable suppliers.

The solution of the transport problem begins with clarifying the question of whether the
problem is open or closed.

If the task is open, then it is necessary to carry out the procedure for closing the task. For this
purpose, fora < b , we add a fictitious supplier A}, with a cargo stock a;,,; = b —a. Ifa >
b, then we add a fictitious consumer B, ; with a cargo order b, ., = a —b.

In both cases, the transportation tariffs cj; corresponding to fictitious objects are assumed to be
equal to zero. As a result, the total cost of transportation z does not change.

There are several analytical methods for solving the transport problem. The northwest corner
method can be used to find the original plan, but this solution is not always optimal. The same
can be said about the solution found by the minimum cost method. The potential method has
the ability to find the optimal solution and check the optimality of each found solution, but it
takes a lot of time.

Below is the automated method for solving the transport problem allows you to save time. One
of these methods is the Optimal 2 program.

After starting the Optimal 2 program, the following window appears:

3

ONTUM s e

aﬁn 3agaua Tabnumua Okro [Momows
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After selecting the “Co3maTn” section the “daiia” menu, the following window appears:
2 onvvan T T

©ain | 3agauya | Tabnwua OkHo [Momowe

= 2|8 s

{55 Untitled! tab

] OrpaHudeHHa ]

norpedurens B1 |norpedurens B2 | notpedurens B3 | 3anacel rpyza

NOCTaBW MWK &1 o o o

nocTaswME A2 |0 o

o o
nocTaewKK A2 |0 o o o
1] 1]

MNorpeSHocTy |0

In this window, the rows stand for suppliers Al, A2, A3, and the columns for consumers B1,
B2, and B3. They form a 3x3 matrix. The last row and the last column show respectively the
demand for the cargo and the stocks of the cargo.

The size of the matrix can be changed depending on the state of the task. To do this, select one
of the “ Add line ” , “ Add column ” , “ Delete line """, " Delete column * sections in the
Table ” menu. They are used to add row and column respectively and also to remove row and
column.

Consider an example for an open type of transport problem.
Let an open-type transport problem is given in the form of the following table (case a < b):

Source table

S i Consumer Cargo
upplrer B1 B2 B3 | stocks
T 3 6
A 20
o |0 |0
Az - - | as
[+] 1|0 1{0 m
1 5 9
A3 30
o 110 ma O
MNeed T4 40 36

The transport task is open, since the stock of cargo is less than the requirements by 55 units.
Let's take some notation:
i — Row index
j — Column index
m — Number of suppliers
n — Number of consumers
xj; — Transportation between supplier A; and consumer B;

M — Some number close to infinity
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The red color shows the bandwidth limitations of communications between suppliers and
consumers. Transportation costs (tariffs) are displayed in gray.

This transport task of an open type looks like this:

There are 3 suppliers A1, A2, A3, which have stocks of cargo in the amount of 20, 45, 30 units,
respectively. This cargo needs to be delivered to four consumers B1, B2, B3, who ordered 74,
40, 36 units of this cargo, respectively. The cost of transportation is determined by the

following matrix
736
C=(482
159

It is required to draw up such a transportation plan in which the total cost of all transportation
would be minimal.

By the condition of the problem, the number of suppliers is m = 3, and the number of
consumers is n = 3. Let's enter data:

£ Untitled] tab

Tapudil l OrpaHuyeHHa ]

naTpetuTens B |nmpeﬁmenb B2 |moTpetuTens B3 | 3anack rpyza

nocTagwme &1 |7 3 g 20
nocTaBW MK &2 |4 a 2 45
nocTasw ke &3 |1 5 9 30

MorpetiocT |74 40 26 _

Then we select the “PemmTtsb 3amauy” section in the “3agaua” menu and at the 4™ stage we
will get the following solution.

MoTpebutens 3anacel

MocTaslnk =255 T B3 | royea

7 3 g

A1 20
w20 M

A2 N O
9 | 36 1
1 5

A3 30
30 m M M

A4 ' ' |58
35 11120 w1 I
MoTpebrocTe| T4 40 36

Ueneean dyHkuna F= 198
35 eguHny, rpyaa noTpebutenko B1 He nocTaeneHo.
20 egwHiy, rpyaa noTpebutento B2 He nocTaeneHo.
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0 20 O

9 0 36
30 0 O

35 20 0

Thus, for X, = the objective function F takes its minimum value, i.e.

F=198.
The solution has a matrix form, we can write it in the following form:
X12 = 20, X221 = 9, Xo3 = 36, X31 = 30, Xq1 = 35, Xy = 20

In this open problem, for a<b, the entire cargo was taken out, but there were underdeliveries of
the cargo to economically unprofitable consumers:

35 units of cargo were not delivered to consumer B1;
20 units of cargo were not delivered to consumer B2.

Now consider the case a>b. Let the transport problem of an open type be given in the form of
the following table:

Mcxognan Tabnuua:

MNotpebutens 3anacel

flocTasuimk 51 "B2 | B3 | B4 | rpyea

A1l ) : 120
0 w0 w0 w0 n

A2 ) ) ) a7
0 w0 w0 w0 n

A3 69
0 w0 wu(f0 w0 u
MNoTpebHocTe | 54 32 25 15

TpaHcnopTHaA 3afa4a ABNASTCA OTKPEITOW, TaK Kak 3anac rpyaa Gonswe notpebHocTei Ha 160 eguHuy,.

This transport task of an open type looks like this:

There are 3 suppliers Al, A2, A3, which have stocks of cargo in the amount of 120, 97, 69
units, respectively. This cargo needs to be delivered to four consumers B1, B2, B3, B4, who
ordered 54, 32, 25, 15 units of this cargo, respectively. The cost of transportation is determined

by the following matrix
81114
C= <5 2 7 3)
10 4 35

It is required to draw up such a transportation plan in which the total cost of all transportation
would be minimal.

By the condition of the problem, the number of suppliers ism = 3, and the number of
consumers isn = 4. Select the “/lodaBuTh KOJOHKY” section in the “Ta6auma” menu and
enter the data:
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&) Untitled3.tab

T apiel l OrpaHHyeHHa ]

naTpetuTens B |no'rpeﬁwenb B2 |notpeturent B3 |norpefimens B4 | 3anackl rpyza

NoCTABWME &1 |8 1 1 4 120
NocTaBWME &2 |5 2 7 3 N
nocTaewme 43 |10 4 3 ] £

NMorpethocTi |64 22 25 15 -

Then we select the “PemmTs 3amauy” section in the “3agaua” menu and at the 5™ stage we
will get the following solution.

n MoTpebuTens 3anacel
CETABMUMK By [ B2 | B3 | B4 | BS | rpyaa
A1 ' 120
] M| 25 w4 w91 u

A2 ' ) ) o7
54 4 32 u |11 m 1

A3 ' ' ) 69

1 1 1 1|69 m
MoTtpebrocTe [ 54 32 25 15 160
Ueneean dpyHkuna F= 408

91 egnHMY rpy3aa na Xpadunua A1 ocTanock HepacnpegeneHHbIM .
69 egnHMY rpyaa ua XpaHunuuLa A3 ocTanoch HepacnpegeneHHbIM .

0 0 25 4 91
Thus, for Xpmin = 54 32 0 11 0 | the objective function F takes its minimum value,
0 00 0 69

i.e. F=408.
The solution has a matrix form, we can write it in the following form:
X13 = 25, X14 = 4‘, X15 = 91, X1 = 54‘, Xoo = 32, Xog4 = 11, X35 = 69

In this open problem, for a>b, all consumers are satisfied, but part of the cargo remains in the
warehouses of economically unprofitable suppliers:

91 cargo items from storage Al remained unallocated;
69 units of cargo from storage A3 remained unallocated.

The transport problem belongs to linear programming problems and can be solved by the
potential method or by the simplex method. But automated methods for solving linear
programming problems are more convenient and can be used instead of using potentials and
bulky simplex tables.

With the help of the Optimal 2 program, you can quickly and conveniently solve open type
transport problems.
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