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Lecture 5: The Linear Programming

What Is Operations Research? (OR)

The Linear Programming tasks

Tasks: Computers Purchase and Diet Problem

Determine the Linear Programming tasks using MS Excel
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Servings

Example 2

Pancakes Viatlles

3 cups Bisguick 2 oups Baguick
1 cup Mik 2 oups Mik

2 Eggs 2 EQgs

Serves § Serves 5

You have 24 cups of Bisquick, 18 cups of milk, and 20

e0as. If you want ta teed as many peaple as

possiie, how marry batches of each should you make?

# ol barches of pancakes

# of barches of wadfles

Bisquick {3p 4 2w« 24
Milk | poa2w=18
Eges [2p+2ws 20

Gp i Sw

Unit V : Linear Programming
Converting linear programs into standard form:
Example

Reduce the following lincar program to standard form

minimize - 2x, + 3x,

subject 1o [ Pr SRR |
x 2%, < 4
X, =0

Solution : Linear program in Standard form
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The Linear Program, demo-example

to buy to get the maximum profit?

Questions: How many computers need ?
\

The company wants to buy personal computers: types A and B
The price:
v The PC of type Ais 1000 € for one PC
v The PC of type B is 1500 € for one PC.
The expected profit from the exploitation of computers:
v type A- is 2500 € for one year,
v type B - is 3000 € for one year.
The capacity:
v The maximum quantity of workstation (automated workstation) - are
25 WS.

v The amount of money to buy WSs is 30 000 €.



Computers Purchase Task

Initial date:
The company wants to buy personal computers: types A and B
The price:
v/ The PC of type Ais 1000 € for one PC
v/ The PC of type B is 1500 € for one PC.
The expected profit from the exploitation of computers:
v'type A - is 2500 € for one year,
v'type B - is 3000 € for one year.
The capacity: The maximum quantity of workstation (automated
workstation) - are 25 PC.
The amount of money to buy PC is 30 000 €.
Questions: How many computers need to buy to get the maximum profit?

Initial date in table

Computers Constraints
Type A Type B
The capacity 1 1 <25
The price 1 1,5 <30
The profit 2,5 3 maximum




Computers Constraints
Type A Type B
The capacity 1 1 <25
The price 1 1,5 <30
The profit 2,5 3 maximum

Building of LP model (3 steps):
1. Variables

X1 - quantity of computers of types A
X2 - quantity of computers of types B
2. ConstraintS'

X1 +X2525

Xl-l 5X2 <30

2,5x1+3x2—>max

Mathematical model:
Maximize F=2,5x;+3x,—> max
X; tX, <25
x;+1,5%, <30
x; =20

X:ZO



The solution: The simplex method

The graphic calculation of the task. i'mj
We build constraints (inequality) on the coordinate plane x0Oy:
First equality: X;+ X, =25
x;=0 X; =25
X2 = 25 and Xp = 0
B (0; 25) C (25;0)

Left draw hatching inequality BC
Analogically: x1+1,5%x, <30

X1 = 0 X1 = 30
Xp = 20 and X2 = 0

N (0; 20) M (30; 0)

Left draw hatching inequality NM
Goal function may be equals any value, for example
L= 2,5X1 + 3X2 =15

x=0, x,=5 1 approach. Moving mentally L = 15 in the direction of function
and increasing L, L— max, (pict. 1), to maximal value — point A (15:10).
X1=6,x,=0 2 approach. To find the values of the objective function at the comer

points N, B, A and search maximum value
L(N)=2,5x; +3x,=2,5%0 +3*20 = 60 ¢
L(B)=2.5x; +3x,=2,5%25 +3*0= 625¢€
L(A)=2,5x; +3x,=2,5*15 +3*10= 675 €
were point A (15,10) - define coordinates of point A (pic.1) by solving the

system of equalities:
ﬁl + Xy = 25
1 +1,5X2 =30

0.5x, =5
e x, = 10



ANSWER :

Maximum value of in point A of the objective function:
L(A)= 67,5

Optimal solution:

x;= 15 -PC of type A

x, = 10— PC of type B

Check:

The amount of money to buy PC is 30 000 €:

1000*15+1500*10 = 30000

The capacity - quantity of workstation:

15+10=25PC

THE RESULT: The optimal quantity of computers type A that used to be
bought is 15, type B is 10 computers. At the same time the maximal
profit of both types computer’s exploitation will be 67,5 €
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1. What Is Operations Research? (OR)

initiated in England, USA, USSR, other countries during World O'&"'d"
War II, when scientists set out to make scientifically based O
decisions regarding the best utilization of war materiel.
After the war, the ideas advanced in military operations were
adapted to improve efficiency and productivity in the civilian
sector.
Operations research, or operational research, 1s a discipline
that deals with the application of advanced analytical methods to
help make better decisions.

Mathematical model of linear program (LP) tasks:

Objective function: L= Z C.X — ext (min/max)
Constraints: Z.a:,x: =(<.2)b.j=1..mi=1_..n
Xi 20

R The simplex method — main method of decisions LP tasks




General phases (stages) of construction of a mathematical
model (OR):

The principal phases for implementing OR in practice include:

1. Definition of the problem (alternatives, feasible variables, constrains, goal,..)
2. Construction of the model.

3. Solution of the task.

4. Validation of the model.

5. Implementation of the solution in practice.

The LP mathematical model, as in any OR model, has three stages of construction:

1.To find the variables x1, x2, x3, ...

2.To find constraints

3.To find an objective function (goal) that we need to optimize (maximum or
minimum) — L



2. Applications LP models:

Applications of
LP:Transportation Models

e Sporting goods company

Capacity Plants Warehouses Demand

v/’the problem of the diet,
v’the problem of cutting materials,
v/problem of the distribution of aircraft on routes,

v/urban planning,
yv/currency arbitrage,
v/investment,

150

300

200

v/production planning and inventory control,

v’gasoline blending,

v’ manpower planning, and scheduling, etc

3adaua o payuoHe numaHusi

3adaua o pacripederneHuu pecypcos

3aldaya o nnaHuposaHuu rpouszeodcmea

3adaua o 3azpy3ke obopydosaHus (packpoe Mamepuara)

3aldaya o cHabxxeHuu cbipbeM

3adaya 0 CMEeHHO-CYmMOYHOM rnaHupogaHuu pabomel
asmobycHo20 napka

3adaya o0 Ha3Ha4YeHUsIX



TASK 2. Initial date:
The company can advertise its product on radio and TV and have 500 € on
advertisement.
The price:
e 1 minute of radio cost 10 €
e 1 minute of TV cost 25 €
The expected profit from advertisement:
e On radio - 25 € for onc day,
e OnTV - 40 € for one day.
The company wants to advertise its product on radio and TV — 35 minutes per
day.
The amount of money to buy advertisement 1s 500 €.

Questions: How many R and TV minutes per day need to advertise product to get the
maximum profit?

TASK 3*.

Show & Sell can advertise its products on tocal radio and television (TV). The advertising
budget is limited to $10,000 a month. Each minute of radio advertising costs $15 and each
minute of TV commercials $300. Show & Sell likes to advertise on radio at least twice as
much as on TV. In the meantime, it is not practical to use more than 400 minutes of radio
advertising a month. From past experience, advertising on TV is estimated to be 25 times
as effective as on radio. Determine the optimum allocation of the budget to radio and TV
advertising.



Determine the Linear Programming tasks using MS Excel

Main steps
.Make the task form
.Enter basic data of the task to the form:
* Enter the dependence for the criterion function (“Function Master” f
“CYMMIIPOUN3B” (category: mathematical))
 Enter the dependence for the left part of constrains
3. Working in dialogue box Solution search:
Enter the direction of criterion function
* Inscribe the constrains in area "The limitation"
4. The shunt in " Characteristic "

.
b

¥ f | =CYMMIMPOWM3B(B2:C2;B4:C4)
A B C D E F G H J K i M N o P

1 Variables|X1 X2 z criteria

2 result 15 10 67.5|max

3 coefficients

4 Z 25 3

5_|Constraints left right ONTUMUSMPOBAaTL LENEBYIO QYHKLUAIO: $Ds2 5
6 1 1 1 25|< 25 ’ B
712 1 15 30| 30

8 13 1 0 15(= 0 Ao: @ Makamym O Mummyn O 3rauerns

9 4 0 1 10|= 0 .

10 WsMeHsn AYeiiki nepemMeHHbIX:

11 $8$2:$C$2 23
12

13 B COOTBETCTBUM C OrpaHUHEHUAMIA:

14 SDS6 <= SFS6

15 $DS7 <= $F$7 AgSasume

16 SDS8 >= SFS8

17 SD$9 >= SFS9 WsmeHnTe

13 Yaanute
20
21 CBpocuTb
22
23 3arpysuTb/cOXpaHUTE
3‘51 [[] caenats nepementsie Ges orp: i HEOTPULIATY
5673 g:'f::‘;;ze"m: TMOMCK PELIeHMS HENMHEMHBIX 3334 MeToaoM OMNI |V MapameTpe!
28 MeToa peweHusa
29 Ansarna, AKNX HENMHEMHBIX 33, 434 MCNONb3! YIATE NOMCK PELIEHNA HENMHENHBIX 33, 434 METO, aom ONr,

30 ANA AVHEAHBIX 33034 - NOMCK PELLEHINS IMHENHBIX 38034 CAMNAEKC-METONOM, & ANA HErNanKux
31 3aAay - SB0MOLMOHHDBIN MOMCK PEeLLEHUS.
32
33
o = R

35
36
37



The Diet Problem
The goal of the diet problem is to select a set of foods that will satisfy a set of
daily nutritional requirement at minimum cost.

The problem is formulated as a linear program where the objective is to
minimize cost and the constraints are to satisfy the specified nutritional
requirements.

The diet problem constraints typically regulate the number of calories and the
amount of vitamins, minerals, fats, sodium, and cholesterol in the diet.

Consider the following simple example
Suppose there are 2 foods:
corn and milk, and there are restrictions:

v’on the number of calories (between 400 and 800)
v’on the amount of Vitamin A (between 200 and 300)

The first table lists, for each food, the cost per serving, the amount of Vitamin A per serving, and the number
of calories per serving.

Food Cost per serving | Vitamin A Calories

Corn $0.18 100 50

2% Milk | $0.23 50 200

Capacity between 200 and 300 between 400 and 800




The LP model, as in any OR model, has three basic components.

1. Decision varniables that we seek to determine:
x;- number of servings of food i to purchase/consume

xX; - Corn
X, - 2% Milk

2. Constraints that the solution must satisfy:

- the capacity of Vitamin A:
100x; +50 x, <300
100x; +50 x5 > 200
-the capacity of Calories:
50x,+200%, < 800
50x;+200x, > 400

3. Objective (goal) that we need to optimize (maximize or minimize).

Secondly the cost of food should be minimum:
F =0,18x;+0,23%x, —> min



Solution

Mathematical model:

Objective
F=018x,+0,23x,—> min
restrictions:

107x; +500 x, < 50000
107x; +500x, > 5000
72x,+121%, < 2250
72x,+121x, > 2000

X1 >0
XzZO
x1_[x2 2o | L e s )
1 [ 100x1 +50 x2 < 300 0 60, 6 ——tt -t L]
3 013 0O R T
2 [ 100x1 +50 x2 > 200 0 4]0, 4 E) T T o
e ST
3 | 50x1+200x2 < 800 0 410, 4 i | I o S S
16 0]16; O CITILAD T o
4 | 50x1+200x2 > 400 0 2|10, 2 X = *‘W“H”“T
8 0[8 0 3 . N i L
x1 30 B 4 ‘r~.~|_h!l|‘HHIHT‘
X2 30 E - ~(I$ T ,Hf‘/}ﬁ
F = 0,18x1+0,23x2 z BT 2=
A(0;4) 0 4 0,92 4 Ié ‘ = (4 &
B(1;3,8) 1,3 8 2,074 AO
C(2,51,7) 250 | 17 0,841
D(1;1,8) 1| 18 0,594




Example 2

Suppose there are three foods:

corn, milk, and bread, and there are restrictions:
— on the number of calories (between 2000 and 2250) and
— the amount of Vitamin A (between 5000 and 50,000).

The first table lists, for each food, the cost per serving, the amount of Vitamin A
per serving, and the number of calories per serving.

Food Cost per serving Vitamin A Calories
Com $0.18 107 72

2% Milk $0.23 500 121
Wheat Bread $0.05 0 65

Suppose that the maximum number of servings is 10. Then, the optimal solution for
the problem is 1.94 servings of corn, 10 servings of milk, and 10 servings of bread
with a total cost of $3.15. The total amount of Vitamin A is 5208 and the total
number of calories is 2000.



Solution

example 2

Variables |x1 X2 x3 Z criteria

result 0 10| 12,15385| 2,907692|min

coeff Z 0,18 0,23 0,05

Constrai

nts

BUA, left right
1 107 500 0 5000 50000
2 107 500 0 5000 5000
3 72 121 65 2000l 2250
4 72 121 65 2000> 2000
5 1 (0] 0
6 1 10> 0

°

WU e T -

SO PBNAR R EON IS ORNONEWN =

&S P AN

IO NOINBR LW LD BBEIHFG

v Se | =CYMMNPOU3B(CA:ES;CS:ES)
B c D E F G H I
Diet Problem
com milk bread
V x1 x2 x3 Z crtena
result 0 10] 12.15385] 2 907692|min
coeff Z 0.18 0.23 0.05
C =
Bna left nght
1 107 500 0 5000|< 50000
2 107 500 0 5000]2 5000
3 72| 121 65 2000 2250
4 72| 121 65 2000)2 200
5 1 0l2
6 1 10[2
ONMesmPOsaTL LENESYIO SYHase0: §F84 ~
Ro: OmMaxorym @ Meseryn O 2aven:
MIMeran SNeinot Nepenereo:
$Co4: €4 £
B COOTBETCTENM C OrparenCIatIL
$F$10 <= $HS10 Qo
512 >= HS12 A D
$FS13 >m $HE13
$FS11 >= gHs11 Mmersn
$FE9 >= $HE9
$FS8 <= §HS8
Yaanme
Chpoorms
DYWL 0PI
O caenare Ges on ervreen
Buepure o -
NETOR pewersta: || 1OVOX PEWEISAR eI 30234 meTOgon 0N (v MapareTpes

MeToa peweren

NS rRaRMN MEMHETRRX SALN HONOMBIYHTE NONIX DEWErStR HEMVMEr SO JAL34 MeTogoM ONM,
ANA TS0 SAASN - NONOX PEDEHItA MAMEITRI JAA3N OPNNEXC-HETORON, 3 ANA HEFAARNKN
33234 * JOMOLOMBE! NONOX DEWErR.



4. Determine the Linear Programming tasks using MS Excel

Operation algorithm for the sum solving
1. Make the task form (pic.2.5).
2. Enter basic data of the task /2.3/ - /2.4/ to the form(pic.2.6).
3. Enter the dependence from the mathematical simulator /2.3/ - /2.4/ to
the form:
3.1. Enter the dependence for the criterion function /2.3/:
e The shunt to the cell F6
e The shunt to the button”Function Master™ £,
e At the screen: dialogue box " Function Master—stepl from 2"
e The shunt to the function box “CYMMIIPOU3B™ (category

:mathematical)
e “OK”
e At the screen: dialogue box “CYMMIIPON3B”
e In arrayl enter B3:C3 (allocate by mouse )
e In array 2 enter B6:C6
e "OK"
e At the screen: in F6 was entered criterion function data

“=CYMMITPOU3B(B3:C3;B6:C6)”



3.2.Enter the dependence for the left part of limitations:
e The shunt to the cell F9

The shunt to the button”Function Master™ £
At the screen: dialogue box " Function Master—step1 from 2"
The shunt to the function box “CYMMIIPON3B”
“«OK>
e At the screen: dialogue box “CYMMIIPON3B”
e [narrayl enter B3:C3 (allocate by mouse)
e In array 2 enter B9:C9
e "OK"
(the same way for the F10)
e At the screen:
In F9 “=CYMMIIPOM3B(B3:C3;B9:C9)™;
in F10 “=CYMMIIPOU3B(B3:C3;B10:C10)”.

Basic data entering 1s over.




1. Working in dialogue box Solution search:
The shunt in menu "Service"
The command" Solution search”
At the screen: dialogue box "Solution search”

e The shunt in area"Set target box", enter the address criterion
function F6

e Enter the direction of criterion function: " Maximum magnitude "

e The shunt in area "Box changing ",enter the address: B3:C3
e Inscribe the limitations in area” The limitation "
*
[ 4

The shunt in " Add"
At the screen: dialogue box “Limitation adding™
e In area " linking to box "enter the address: B3, in area" The
Iimitation " insert the sign>=, to the right area- B4.the limitation have
received B3 >= B4
e "Add"
e Analogically enter following limitations(after every limitation-
"Add"):
C3 >= C4;
FO < = HY9;
F10 <= HI10;
B3 = whole;
C3 = whole
e At the end of the last limitation" Add" enter" OK"
e At the screen: dialogue box "Solution search" concerning entered
conditions




5. The sum solving according LP:
e The shunt in " Characteristic "
e At the screen: dialogue box "Solution search characteristic "
e Enter the present characteristic of the task ("Linear model",
appraisal " Linear ")
e “OK”
e The shunt in " Run "
e At the screen: dialogue box "The result of solution search"
e  Save the solution
e “OK”.
The result 1s on the picture 2.7. The value of criterion function (maximum
profit) will be 67500 conventional units (area F6)if the variables are the
following x;=15 (B3); x,=10 (C3).

A B C D | E F G H
1 variables
2 the name X, X,
3 magnitude
4 bottom
5 high limit base
formula
6 | base formula 2.5 3
coefficient
7 the limitation
8 sight left part. sign right
part
9 capacity 1 1 <= 25
10 capital 1 1.5 <= 30




A B C D [ E F G
1 variables
2 the name X, X,
3 magnitude 15 10
4 bottom
5 high limit base
formula
6 | base formula 2.5 3
coefficient
the limitation
8 sight left part. sign
9 capacity 1 1 25 <=
10 capital 1 1.5 30 <=
Home work

Numerical value of coefficients: a;;, aj,, a1, ay, B, By, €1, ¢, for the computer
purchase task
L=cix; + X — max
a;1X; tapX; <B;
{ a21X1 t apX; <B
X1, X2 >0



Variant coefficients in mathematical model
Ne C, 3, a,, a,, a,, a,, B, B,
1 2,7 1,4 1 1 15 | 2.1 24 30
2 2,8 1,2 1 1 1,6 2,3 25 34
3 1,5 1,6 1 1 1,3 2,4 30 32
4 1,6 1,5 1 1 1,2 2,2 28 30
5 1,8 1,4 1 1 1,4 2,1 29 32
6 1,7 1,6 1 1 1,1 2,2 30 36
7 1,4 1,8 1 1 1,0 2,0 26 30
8 1,8 1,1 1 1 1,2 2,2 24 34
9 2,0 1,0 1 1 1,5 2,5 26 32
10 2,2 1,5 1 1 1,3 2,8 28 34
11 2.1 1,2 1 1 1,4 2,7 26 35
12 2,3 1,4 1 1 1,3 2,6 24 36
13 2,4 1,8 1 1 1,2 2,3 28 30
14 2,6 2.1 1 1 1,1 2,4 30 32
15 2,5 2,3 1 1 1,2 2,1 32 34
16 1,2 2,5 1 1 0,9 2,9 22 38
17 1,9 2,0 1 1 1,8 3,3 25 28
18 2,9 3,1 1 1 2.1 3,1 20 26
19 3,8 2,2 1 1 2,5 3,5 34 40
20 3,1 2.4 1 1 1,9 3,0 36 30
21 3,7 3,3 1 1 2,0 3,6 40 42
22 3,2 2,6 1 1 2,3 1,9 38 26
23 3,0 3,5 1 1 2,7 3,4 42 44
24 3,6 2,9 1 1 2,6 3,9 44 40
25 3,4 3,7 1 1 3,0 3,7 36 26

Numerical value of coefficients: a;;, a2, a1, 222, By, B2, ¢, ¢ for the computer
purchase task
L =c¢i1X1 + X2 —> max
a;1X1 T aixX2 = Bg
{ a21X; T axX; =B

X1, X2 =0



Thank you for
your attention



