
УДК 004.67

LINEAR PROGRAMMING IN MATHCAD ON THE 
EXAMPLE OF SOLVING TH E TRANSPORTATION 
PROBLEM

V. Ovcharuk, N. Vovkodav, T. Kryvets
N ational University o f  Food Technologies
І. Ovcharuk
Kyiv State M aritime Academy

ІН Ф О Р М А Ц ІЙ Н І Т Е Х Н О Л О Г ІЇ

Key words: 
Linear programming 
MathCAD
Engineering calculations 

Article history:
Received 18.02.2015 
Received in revised form 
15.03.2015 
Accepted 27.04.2015
Corresponding author:

V. Ovcharuk 
Email:
Ovcharuk2004@ukr.net

ABSTRACT____________________________________
This article presents the basic theoretical information, as 
well as a sample of solving transportation problem using 
classical methods and Mathcad software environment. 
Classical methods for solving linear programming problems 
require large amounts of mathematical calculations. Now it 
is common to use the newest information technologies, such 
as Mathcad math processor, in such cases. This development 
will contribute to better training of highly qualified 
specialists in the area of engineering calculations.

ЛІНІЙНЕ ПРОГРАМУВАННЯ В MATHCAD НА ПРИКЛАДІ 
РОЗВ’ЯЗАННЯ ТРАНСПОРТНОЇ ЗАДАЧІ

В.О. Овчарук, Н.І. Вовкодав, Т.О. Кривець
Н аціональний університет харчових технологій
І.В. Овчарук
Київська держ авна академія водного транспорту

У  статті наведено приклад р о з в ’язання т ранспортної задачі класичними 
методами та у  програмному середовищі M athcad. Класичні методи 
р о з в ’язання задач лінійного програмування вимагають великої кількості 
математичних розрахунків, тому доцільно в таких випадках застосовувати 
новітні інформаційні технології, наприклад, математичний процесор 
Mathcad. Д ана розробка сприятиме більш якісній підготовці висококвалі
фікованих спеціалістів у  галузі інж енерних розрахунків.

Ключові слова: лінійне програмування, MathCad, інж енерні розрахунки.

Problem formulation. T h e  tran sp orta tion  p ro b lem  h a s  an  im p ortan t p la c e  in  
lin ear  p rogram m in g  and  is  w id e ly  u se d  in  th e  tran sp orta tion  and  industry . It a lso  
ca n  b e  u se d  in  so m e  p ractica l s itu a tio n s  c o n n e c te d  w ith  reso u rces  m a n a g em en t, 
crea tin g  o f  rep la cem en t sc h e d u le , a p p o in tm en t o f  e m p lo y e e s , etc . It is  o f  sp e c ia l
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i m p o r t a n c e  f o r  o r g a n i z a t i o n  o f  r a t i o n a l  s u p p l y  o f  i m p o r t a n t  c a r g o e s  a s  m u c h  a s  f o r  

o p t i m a l  p l a n n i n g  o f  c a r g o  t r a f f i c  a n d  w o r k  o f  d i f f e r e n t  t y p e s  o f  t r a n s p o r t .  I n  r e c e n t  

y e a r s  d i f f e r e n t  f a c i l i t i e s  f o r  e n g i n e e r i n g  a n d  s c i e n t i f i c  c a l c u l a t i o n s  h a v e  a p p e a r e d .  

T h a t  e n a b l e s  s p e c i a l i s t s  t o  s o l v e  p o s e d  p r o b l e m s  w i t h o u t  p e r f e c t  k n o w i n g  o f  

p r o g r a m m i n g  l a n g u a g e s ,  j u s t  u s i n g  u s u a l  m a t h e m a t i c a l  n o t a t i o n .  H o w e v e r ,  i t  

b e c o m e s  n e c e s s a r y  t o  m a s t e r  s u c h  s o f t w a r e  p r o d u c t s  a s  a u t o m a t e d  s y s t e m s  o f  

e n g i n e e r i n g  a n d  e c o n o m i c  c a l c u l a t i o n s  E x c e l  a n d  M a t h C a d .

Review of previous studies. S o m e  a s p e c t s  o f  s o l v i n g  l i n e a r  p r o g r a m m i n g  p r o b 

l e m s  ( i n c l u d i n g  t h e  t r a n s p o r t a t i o n  p r o b l e m )  i n  e n g i n e e r i n g  c a l c u l a t i o n s  u s i n g  M S  

E x c e l  w e r e  d e s c r i b e d  i n  [1 , 2 ,  3 ] .  H o w e v e r ,  m e t h o d s  o f  s o l v i n g  o p t i m i z a t i o n  a n d  l i n e a r  

p r o g r a m m i n g  p r o b l e m s  u s i n g  m o d e r n  c o m p u t e r  t e c h n o l o g i e s ,  i n  p a r t i c u l a r  m a t h e m a 

t i c a l  p r o c e s s o r  M a t h C a d ,  a r e  n o t  d e v e l o p e d  e n o u g h .  I n  U k r a i n e  s u c h  s c i e n t i s t s  w o r k  

o v e r  t h i s  p r o b l e m :  М .А .  М а r t y n e n k o ,  Т .О .  К r y v e t s ,  Y a .B .  P e t r i v s k i i  a n d  o th e r s .

Purpose of the article i s  t o  p r o p o s e  m e t h o d s  o f  s o l v i n g  t h e  l i n e a r  p r o g r a m m i n g  

t r a n s p o r t a t i o n  p r o b l e m ,  a s  t h e  m o s t  p o p u l a r  p r o b l e m  i n  e c o n o m i c  c a l c u l a t i o n s  a n d  

a  v e r y  i m p o r t a n t  c h a p t e r  i n  p r e p a r i n g  o f  b a c h e l o r s  i n  t h e  a r e a  o f  k n o w l e d g e  

“ E c o n o m y  a n d  b u s i n e s s ” , u s i n g  m a t h e m a t i c a l  p r o c e s s o r  M a t h C a d .

Main material description. I n  p o i n t s  А 1, А 2 ... A m t h e r e  a r e  h o m o g e n e o u s  r a w  

m a t e r i a l s  o r  g o o d s  t h a t  a r e  n e e d e d  t o  b e  t r a n s f e r r e d  i n t o  p o i n t s  o f  c o n s u m p t i o n  В 1, 

В 2 ... В п . R e s e r v e s  o f  s u p p l y  p o i n t s  a n d  n e e d s  o f  c o n s u m p t i o n  p o i n t s  a r e  k n o w n  s e t  

v a l u e s :  A = ( a 1, a 2 ... a m), B  =  ( b h b 2 ... b n) .  T r a n s p o r t a t i o n  c o s t s  f r o m  e a c h  s u p p l y  

p o i n t  t o  e a c h  p o i n t  o f  c o n s u m p t i o n  a r e  c h a r a c t e r i z e d  b y  a  m a t r i x :

( c C11 c12 ' ■ cin "

( c  ) =

c21 c22 ' • c0in

c31 c32 ' ■ c3n

 ̂cm1 cm 2 ' ■ cmn J
T h e n ,  f r o m  t h e  e c o n o m i c  p o i n t  o f  v i e w  t h e  p r o b l e m  i s  p o s e d  a s  f o l l o w s :  

t r a n s p o r t a t i o n  o f  r a w  m a t e r i a l s  o r  g o o d s  f r o m  s u p p l y  p o i n t s  t o  c o n s u m p t i o n  p o i n t s  

s h o u l d  b e  p l a n n e d  s o  t h a t  d e m a n d s  o f  a l l  t h e  c o n s u m e r s  a r e  c o m p l e t e l y  s a t i s f i e d ,  

a l l  t h e  r e s e r v e s  a r e  t a k e n  o u t  a n d ,  a t  t h e  s a m e  t i m e ,  t o t a l  c o s t  o f  a l l  t h e  

t r a n s p o r t a t i o n s  i s  t h e  l o w e s t  p o s s i b l e .

T o  c o n s t r u c t  m a t h e m a t i c a l  m o d e l  o f  t h e  p r o b l e m ,  w e  d e n o t e  q u a n t i t y  o f  u n i t s  o f  

r a w  m a t e r i a l  o r  g o o d s ,  t h a t  a r e  p l a n n e d  t o  b e  t r a n s p o r t e d  f r o m  і  -  t h  s u p p l y  p o i n t  A ,  

t o  j - t h  p o i n t  o f  c o n s u m p t i o n  B j ,  a s  Xy.  A f t e r  t h a t  w e  o b t a i n  t h e  f o l l o w i n g  l i n e a r  

p r o g r a m m i n g  p r o b l e m :

m n

L  =  £ £  c j  ■ x j  ^  m i n
i=1 j =1

m

£  x ij =  b j  j = 1 ...n
i=i
n

£  X j  =  a ,  i  =  1 . . .n

j= i

(1 )

(2 )
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Xj > 0 i = 1...n, j  = 1...n . (3)

Definition 1. Plan of the transportation problem (1)—(3) is a set of values x=Xj 
(i=1...n, j=1...n) that satisfies conditions (2)—(3).

Definition 2. Optimal plan of the transportation problem (1)—(3) is the plan 
x*=(xij*) (i=1... n, j=1... n), that satisfies condition (1).

Theorem 1. For the transportation problem to be solved it is necessary and 
sufficient to satisfy the balance condition

m n

I  a  = I  bj .
i=1 j=1

An algorithm of the method of potentials is based on fairness of the following theorem: 
Theorem 2. If for some reference plan X=(xij), (i=1...n, j=1...n) of the 

transportation problem exist such numbers a, 3  that
Pj - a ,  = Cj

for Xj > 0 i

Pj -  a i * cj
for Xj = 0, then X  = (x j  is the optimal plan of the transportation problem.

Definition 3. Numbers a h рг- are called potentials of supply and consumption 
points respectively.

Remark. If for the transportation problem (1)—(3) balance conditions are not 
satisfied, then we have an opened model of the transportation problem. In this case, 
we take an additional, fictitious supply (consumption) point with the quantity of 
reserves (needs) enough to satisfy the balance conditions. Transportation costs 
from this supply (consumption) point are equal to zero. After finding the solution, 
we discard the artificial components from the optimal plan.

To find the optimal plan of the transportation problem, we explore 
corresponding mathematical model using the method of potentials and built-in 
Mathcad functions.

Cost matrix Suppliers Consumers

ІН Ф О Р М А Ц ІЙ Н І Т Е Х Н О Л О Г ІЇ

"2 8 4 8 3" "120" "30"
3 2 5 2 6 30 90

6 5 8 7 4 40 80

3 4 4 2 1 60 20

30
4 5

As X  ai = X  bj = 250, then the problem is balanced.
i=1 j=1

Using the north-west corner method we find an acceptable reference plan.
Table 1.

Suppliers Consumers Inventories
B 1 B2 B3 B4 B5

1 2 3 4 5 6 7

А 1
2 8 4 8 3 120 90 030 90
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C ontinued table 1
1 2 3 4 5 6 7

A 2 3 2 5 2 6 30 0
30

A3
6 5 8 7 4 40 040

A4
3 4 4 2 1 60 50 30 0

10 20 30
Demand for 

resources 30 0 90 0 80 50 10 0 20  0 30 250
25

( 1 .1 )  ^  m i n  ( 3 0 , 1 2 0 )  =  3 0

( 1 . 2 )  ^  m i n  ( 9 0 , 9 0 )  =  9 0

( 2 . 3 )  ^  m i n ( 8 0 , 3 0 )  =  3 0

( 3 . 3 )  ^  m i n  ( 5 0 , 4 0 )  =  4 0

( 4 . 3 )  ^  m i n  ( 1 0 , 6 0 )  =  1 0

( 4 . 4 )  ^  m i n  ( 2 0 , 5 0 )  =  2 0

( 4 . 5 )  ^  m i n ( 3 0 , 9 0 )  =  3 0

T h e  r e f e r e n c e  p l a n  i s  o b t a i n e d .  T h e  f o l l o w i n g  t r a n s p o r t a t i o n  c o s t s  c o r r e s p o n d  

t o  t h i s  p l a n :

F  =  3 0  • 2  +  9 0  • 8  +  3 0  • 5  +  4 0  • 8  + 1 0  • 4  +  2 0  • 2  +  3 0 - 1  =  1 3 6 0  

T h e  o b t a i n e d  r e f e r e n c e  p l a n  i s  n o t  t h e  o p t i m a l  o n e .  F o r  i t s  o p t i m i z a t i o n  w e  u s e  

t h e  m e t h o d  o f  p o t e n t i a l s .  T o  d e t e r m i n e  p o t e n t i a l s  o f  s u p p l i e r s  a n d  c o n s u m e r s  w e  

c o n s t r u c t  a  s y s t e m  o f  e q u a t i o n s  f o r  f i l l i n g  c e l l s  o f  t h e  t a b l e  2 .

c j  =- - u  +  v j

u x + v1=  2

u x +  v2 =  8

u 2 +  v3 =  5

u3 +  v3 =  8

u4 +  v3 =  4

u4 +  v4 =  2

u 4 +  v5 =  1

Mj =  0  Vj =  2  -  0  =  2

u 2 =  5  -  4  =  1 v 2 =  8  -  0  =  8 

u 3 =  8  -  4  =  4  v 3 =  4  -  0  =  4  

u 4 =  0  v 4 =  2  -  0  =  2  

v 5 =  1 -  0  =  1

T h i s  u n d e f i n e d  s y s t e m  h a s  7  e q u a t i o n s  a n d  9  u n k n o w n s ,  t h e r e f o r e  w e  g i v e  a n  

a r b i t r a r y  v a l u e  t o  o n e  o f  t h e  p o t e n t i a l s  i n  o r d e r  t o  s o l v e  i t .  V a l u e s  o f  p o t e n t i a l s  a r e  

p r e s e n t e d  i n  t a b l e  2 .

Table 2.

Suppliers Consumers Inventories u
B 1 B2 B3 B4 B5

1 2 3 4 5 6 7 8

A 1
2 8 4 8 3

0 030 90 160 0 30 - 6 - 2
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C ontinued table 2
1 2 3 4 5 6 7 8

А 2
3 2 5 2 6

0
10 7 30 30 10 1 -4

А3
6 5 8 7 4

0 40 7 40 -1 1

А4
3 4 4 2 1

0
0-1 4 10 20 30

Needs 0 0 0 0 0

Vl 2 8 4 2 1

N e x t ,  w e  e v a l u a t e  f r e e  c e l l s  =  u t +  v j  -  c t j .

A 13 =  0  +  4  -  4  =  0  

A 14 =  0  +  2  -  8  =  - 6  

A 15 =  0  + 1  -  3  =  - 2

A 21 =  1 +  2  -  3  =  0  

A 22 =  1 -  8  -  2  =  7  

A 24 =  1 +  2  -  2  =  1 

A 25 =  1 + 1  -  6  =  - 4

A 31 =  4  +  2  -  6  =  0

A 32 =  4  +  8  -  5  =  7  A 41 =  0  +  2  -  3  =  - 1

A 34 =  4  +  2  -  7  =  - 1  A 42 =  0  +  8  -  4  =  4  

A 35 =  4  + 1  -  4  =  1

m a x ( A >  0 )  =  ? —  w e  c h o o s e  ( 2 , 2 ) ,  A 22 =  7  >  0 ,  m i n ( 9 0 , 3 0 )  =  3 0  

V a l u e s  i n  c e l l s  h a v e  c h a n g e d .

Table 3.

B1 в 2 B3 B4 B5

А 1
2 8 4 8 3

30 60 30

А2
3 2 5 2 6

30 0

А3
6 5 8 7 4

40

А4
3 4 4 2 1

10 20 30

щ  +  Vj =  2

Uj +  v 2 =  8 

u 1 +  v 3 =  4  

u 2 +  v 2 =  2  

u 3 +  v 3 =  8 

u 4 +  v 3 =  4  

u 4 +  v 4 =  2  

u 4 +  v 5 =  1

щ  =  0  v 1 =  2

u 2 =  2  -  8  =  - 6  v 2 =  8

u 3 =  8  -  4  =  4  v 3 =  4

u 4 =  0  v 4 =  2  -  0  =  2

v 5 =  1 -  0  =  1
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Д21 = - 6 + 2 -  3 = - 7 
Д 14 =  0 +  2 -  8 = - 6 Д23 = - 6 + 4 -  5 = - 7 
Д 15 =  0 + 1 - 3 = - 2 Д24 = - 6 + 2 - 2 = - 6 

Д25 = - 6 + 1 -  6 = - 11

Д31 = 4 + 2 -  6 = 0
Д32 = 4 + 8 -  5 = 7 > 0 Д 41 =  0 +  2 -  3 = - 1 
Д34 = 4 + 2 - 7 = - 1 Д 42 =  0 +  8 -  4 = 4 > 0
Д35 = 4 + 1 -  3 = 2 > 0

We skip 2 iterations. After the 4th iteration we obtain the next plan:
F  = 30 • 2 + 80 • 4 +10 • 3 + 30 • 2 + 40 • 5 + 20 • 4 + 20 • 2 + 20 = 810.

Let’s find the solution of the transport problem in the software environment 
Mathcad.

ORIGIN  := 1

f  x1 x 2 x3 x4 x5 '

x6
x1...x20 :=

x7 x8 x9 x10

X x11 x 12 x13 x14 x15

x16 x17 x18 x19 x20

V

f 2 8 4 8

C  :=
3 2 5 2

6 5 8 7

V 3 4 4 2

A  :=

0 2 0 л

30

40

V 60 У

B

f 30 '  

90 

80 

20

v 30 ,

F  ( x1, x2, x3, x 4, x5, x6, x7, x8, x9, x10, x11, x12, x13, x14, x15, x16, x17, x18, x19, x20) : = 

= 2 • x1 + 8 • x2 + 4 • x3 +

+8 • x4 + 3 • x5 + 3 • x6 + 2 • x7 + 5 • x8 + 2 • x9 + 6 • x10 +

+6 • x11 + 5 • x12 + 8 • x13 + 7 • x14 + 4 • x15 + 3 • x16 +

+4 • x17 + 4 • x18 + 2 • x19 +1 • x20

x1 := 1 x2 := 1 x3 := 1 x4 := 1 x5 := 1 x6 := 1 x7 := 1 x8 := 1 x9 := 1 

x10 := 1 x11:= 1 x12 := 1 x13:= 1

x14 := 1 x15 := 1 x16 := 1 x17 := 1 x18 := 1 x19 := 1 x20 := 1

x1 > 0 x2 > 0 x3 > 0 x4 > 0 x5 > 0 x6 > 0 x7 > 0 x8 > 0 x9 > 0 x10 > 0

x11 > 0 x12 > 0 x13 > 0 x14 > 0 x15 > 0 x16 > 0 x17 > 0 x18 > 0 x19 > 0 x20 > 0
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G iv e n

x1 +  x2 +  x3 +  x4 +  x5 = 120 

x6 +  x7 +  x8 +  x9 +  x10 = 30 

x 11 +  x 12 +  x 13 +  x 14 +  x 15 = 40 

x 16 +  x 17 +  x 18 +  x 19 +  x 20 = 60 

х і +  x6 +  x11+ x16 = 30 

x2 +  x7 +  x12 +  x17 = 90 

x3 +  x8 +  x13 +  x18 = 80 

x4 +  x9 +  x14 +  x19 = 20 

x5 +  x10 +  x15 +  x20 = 30 

f  x 1 '  

x2  

x3 

x4 

x5 

x6 

x7 

x8 

x9 

x10 

x 11 

x 12 

x 13 

x 14 

x15 

x 16 

x 17 

x 18 

x 19

V x20 у

= M inim ize  ( F , x1.. .x20)

F  (x1 ...x20 ) =  810

Conclusions
In th is paper, detailed  so lu tion  for th e  transportation problem , that u se s  th e  

autom ated  sy stem  o f  en g in eerin g  and eco n o m ic  ca lcu lations M a tfca d , is g iven . T he  
authors h op e that introduced d eve lop m en ts w ill  contribute to  training h ig h ly  qualified  
specia lists in  eco n o m ics , m arketing, m anagem ent, accou n tin g  and  auditing, e sp ec ia lly  
in  con d ition s o f  lim ited  c la ssroom  hours for studying  in form atics.
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ЛИНЕЙНОЕ ПРОГРАММИРОВАНИЕ В MATHCAD НА 
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Национальный университет пищевых технологий 
И.В. Овчарук
Киевская государственная академия водного транспорта

В статье приведен пример реш ения транспортной задачи классическими 
методами и в программной среде M athcad. Классические методы реш ения  
задач линейного программирования требуют большого количества матема
тических расчетов, поэтому в таких случаях целесообразно применять 
новейшие информационные технологии, например, математический проце
ссор Mathcad. Данная разработ ка будет способствовать более качествен
ной подготовке высококвалифицированных специалистов в области инж е
нерных расчетов.

Ключевые слова: линейное программирование, MathCad, инженерные расчеты.
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