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Chapter onc

An intreduction to Linear programming

1-Definition of Linear Programming

Jinear programming is a simple technigue it used for problems
aasnolated with nptimiza tion, We oplinize u seesario based upon o
niember ¢ comstraints which govern thal seenario. In business, we can
use it to maximize protit or minimize costy bused wpon the resources
ovailabie o any compuny

2- Applications of linear propramming

Applications of linear programming are every where araund you. You use
linenr programming o persenal and professional fronts. You are using
linear programming when vou are driving from heme o work and wanl to
teke the shorlcsl route, O when vou have a project delivery yvou uabe
siralegics o meke your team work etfciently for on ome delivery. In
Lissiness, we can usa it Lo maxinize profic or minimize coses basad upen
the resolress available 1o any cumpany. It can be emplaoented on
manulaciuring, ransportation ol conmaedilics, allecation of resourecs ote.

3-lmportance of lingar programming

I'hers are muny benetils ol lincar programming for business
. Bolve the business problems
With linear programming we can easily solve business problem, It
is very beneied (or nercase the prodls or decrzase the cost ol
business,

b

Easy work of manueser under limitations and eondifion :-
Lingar programming solve prablem under different limitations and
concitmng , so [ s easy for manager L2 work under Bmitancns wnd
conditiens . 14 belps nanager o decide i dilterent limitations,

3, Use in solving sialfing prollems:-

1
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With linear programming , we can calenfare the number of statt aceded in
hospicals ,mines , hotels and other type of business,

4. Helptul in profit planning ;-
Today Tinear programuoting is wsing tor good prolil planmng,

5. Mcleet best advertising media
Wilh Tinear programming we can select best advertising media ameng
a numbers of media.

6. solve the diet problens 3-
Wilh Lowear progrumming you can solve the dict problems wilh

minimum cost. 11 s very useful for hospitals There wre different
clements like vituming, proteins, carbobyedrates ele. You can select
hesat gquantily of Lhent wilh reuninmim cost,

4 —formulation ol the lingar programming

model
Ul formula of the hinear programming, nedel component are:-

v Decision Yariables; The docision vanables are Lhe varables which
will decide my output, Ther represenl my ultimate selution, To
solve any problem, we 1irst need to idendily the decision variables.,

« (Ibjective Fonction: [1 is defired as the ohjective of making
docixions.

v Constraints: ‘The constraints arg Uhe restrictions or lmitations oo
the decision variables. They usually lmit the value of e decision
virighles..

«  Mon-negutivity restriction: For all linear programs, the decision
vartables should always fuke non-repalive walues, Wluch means the
values fur decision variables should he greater than or cgual
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3- TERMINOLOGY USED IN LINEAR PROGRAMMING
PROBLEM

1. Components of LP Problen: Every TPP iz compnsed ol a. Decision
Vuriable, b. Objective Function, ¢, Constraints,

2, Optimization: Linear Programming attempts W either maximize or
triinurdse the values f the obhjective Tunction,

3. Profit of Cost Coctficient: "I'he coefficient of the varniuble in the
objective function express the rate at which the value ol the objective
function increazes or decreazes by including in the stlution one unit of
euch of the decision variable

¢, Constraints: The masimization {or witimization) is perfermad subjoct
@ sel of gonstrains, Therefne LE can be defined g a constrained
nptirmization prolen. They relleel the imilations of the resources.,

5. Input-Clutet eoctliicients: The cocllicient of caonstraint variables are
calied the Inpuifouipul CoelTicients. They indicate w rate at whiclo s
piven resoune (s unilived or deplelad, They appear on the lefl side of the
CONSUTINS,

6. Capacitics: e copacites or avaclabulity of the variows rescucces are
iven o the eight hand side of the conateuings

The mathematical expiration the LE model

The peneral LP Model con be exprassed inmothematical terms as shown
b Jarw:

Let O] = Input-Clocput Coeflicient
] = Cost {Frofit) Coellicient

i = Capacities {Hight Hand Sidc)
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X Decision Variables

Find u vectar (x L, %2, x5 ...x0) that minimuze or maximize
a linear vhyeciave function F{x)

where Fix)=e¢lrl ¢t o252+ e + CTLKT

subject to lineur consiraints

alxl b a2x? - e lanEn = h
alzl b a2x2 - L —anxn = kb2
A lxl - amZE2 b e, I ammxin < b2

A not-negativily constriings

¥l = 0.x220, can=0

EXAMPLLE LPRODUCTTION ATLOCATION PROBLEM)

A irm produces three products, These products sre processed on theee
ditferent machines. The e reguired w manufacture one vnit of coch of
the three prodocts and the daily capacily of the three machines are piven
n e table helows:

Bl e mlelh b ol bdie—be d b g PR Te e MM ek be IR

Tt e wanil | untes) T Maehing Cipeily
Pl i g Frodie 1 T]"'mdm‘l i Prodie] 3 Lninlestday)
S M > ] o am |
[ Iz 4 ' - | 410
| bl * 5 . £30

Lt 3 requived o deternune U datly siondber of unics o be manofctured
Far gach product. The profit per unit for product 1, 2 and 3 is Rs.= 4,

FKa .3 and Re-0 respectively, [tis agsumed thar all the amounts produced
dres conseied i e markes Fornwlate the oathewaea] (L1 model
Lhet will maximize the doily pralit Fomuedation ol Linear Programming

Ilirlel
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Solution -
Tliere will be threse constraints. e Tor machine minutes availubility,
Then Precasion variahles
X1 = MNumber ol units of A manufuctured per daily
X2 = Number of urnurs of B namsfactiered pec daily,
X3 — Number of units o' B manufactured per dojly
Tlie objeetive [uncion ¢
Max &~ 4 x1+ 3 xd +6x3
Subjective Constriings:

Ixl+ 322 + I3 < 4440
dxl 1 0x2 + 3x3 5 470

Ix1+ Ex2 +ih3 =430
Mon negativity x 1, xd x3=0

EXAMPLF 2 :

A factory manutactuzes dwo produsts Acend B Te tnanofcture one unil
of &, 18 muchine hours and 2.3 labour honrs are eequiced. To
mandpetore product B3, 2.3 machine hours and 1.5 labour hours are
regquired, In o month, 300 machineg hours and 240 labour bours aes
availuble, Pratit per unit for A 3 K6, 30 and for Bis Bs. 400 Fortmolaie as
|.IP

shlalinn: _
I'rnducts Resturoefunit _
o Machine ; Labour
A _ 1.3 K ]
B 13 _ L
Avenilamlisy A0} wrs N 0y
Solution:

There will e two constraints. Cne [or machine loors availabitity and Jar
latcr hoors availability. Decisian variables

N1~ Mumber of vnits of A manufactered per moath

X2 — Nember of units of B manotaelored per mooth.
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'The abjective function :
Max £ = 5% x1+ 41 x2
Subjeclive Constraints:
For wachine hours
1.5x 1+ 2,552 < M0

For labar hours
2541+ 1,5x2 = 2141

Mon negativiey x1, x2 =0

EXAMPLE: 3

A conpany produees three products A, B, O For manufactaring thres
e materials B, O and R are used, FProfil perunil

A-Hs 5 B-Rs 3, 0-EKEy. 4

s I'-'_"|:'|l;IIL"I1]L"III!'i"'.I.I'Ii[

I;],_Er-}'iini:'riul e Y It
Provfugt ™ -—.__ N -
, A - an sl
5 i 2 W
IS W i 2i) L
Tolirxininn ra milel il aviilabilidy:
I - i oy, (- b0 uns; It - 130 unis. Formulale P,

Eoesyion variubles:

x| = MNumber of units ol A

k2 = Mumber of units of B

k3 = Mumber of unis ol O
Lbjective Fungtion

Since Profit per onit 1s given, obyeclive function s maximization
Max L= nl+3xd - 43
Consraints;

For 1 Gx710 2052 1 3083 = B0
T O 24010 30x2 1 20x3 <2 PGt
For B 30x ]+ Ox2 + 403 =2 130

(ror ', O, B s not required) X1, X2, X3 =0
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Chapier two

Linear programming solution
- Graphica]l methods

Introduction;-

Ieere arz Lwe methods availahle o find optimal solution to s
Lincar Progrumming Probleny, e is praphical inathod and the
ather is simolex method. Craphical method can be used oaly fora
o variahles problem fe.a prollan which invulwes two decision
variables, The taw axes of te praph (X & Y axis) represaut the
pwn decision variables X1 & X2,

In the previous scotionm, we have looked at some models called
jirear programming

madals. [ cuch cuse, the model had g Junclian called an ohjective
funciivn, which was to

he maximieed oF minimized while satsfying severu] condifions o
cunstroinls.

1Fthere are anky two variables, one can wse a araphical method of
solution, 1.et ws begin

With the set of cunsieainte ud consider them s o system of insqualites,
The goluton of

his svstem of inequalifivs is @ sct of peints, 3. kach point of the set 5 13
called @ feusible

solutinn. The objective function van be evaluated for dilferent leasible
solatiens and L

i or minimom values oblained,

Gruph (Lineary: A lincar graph consists of a number of nudes oF junction
points, cuch joined 1o some or all of the othwrs Ty wres or Tines,
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3} GTERS FORSOLVING GNERAT GRAPRICAL FROSLEM
s vitogs steps fa solving Geapical pablems e s fllos
2 FeatiLata e problers 44 mathamesies!foumt by
5 Speriing the decisios vatiahle
o Theutifying ke oljective Muetiot
2 VWinlizg e comstaind aquafien
e Pt e st equatizn 02 8 e
@ ety the arsa o fegsllle srition
o Logeteths corer yoiais <f the fresle zgice
o Fletdbe oajaitive Ancting
o Cliooge e poials wasse obsative Rieclions baws imal vebues

SOLVED EXAMPLES OF GRAPHICAL PROBLEM

Exampde (|
Maximize £ =4x | Sy

Subject o

2% 5:,-* = 2A
(s + 3w =040

x>0,y =i}
Solution:-
T galve the above linewr prograruming model using the graghival
sucthiod, wae shall tuen cach constraints ineguality te cquanon and set cach
variable equal to zero {0} to obtair tww (2) coordinale point {or eucly
eguation {1, using danbbs inlercept form}, [Taving obtained all the
coordinse points, we shall determine the range ol our varizbloes which
enables us 10 know the appropriate scale o use Tor our graph. Thereatler,
v stall draw The aruph aond jain all the conrdinule poirts with reguired
straight line.
2+ Sy =25 | Cuonstraine 1)
When x=0_v=7%gnd wheny— 0, x= 2.5
Gx+ Sv=4d5  [Consteamn 2
When x =0,y =% und
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wher y =0, x =75,
Sindmenn value ol 2 i1sx =1

Maximum value ol xisx— 122,

Range of x 15 0 < x < 12,5,
Binirmwm valoe of vis y =,
Ml b value of y sy — 9

1
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‘ITe constraints give a sol of feesible solutions as praphed above. To
sabve e lincur programming problent, wo must now fnd the feasible
colutiom Lhat malkes the ohjeetive finelion as Javpe as possible. Some

passinle solutions are listed below:

The point
A | e
_ E_ . {_U!S} _
ol s
I _._ I__ {?.55 _i

Max £= 4% + >y

fn =0 445%5= 25

7 = 5%4+355-135 :is the oplimal 5ol

L = 754+ E=31)
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1t turms out that (3, provide the maximum value: 4(5) - 5(31= 20415
- 35,

Henee, maximum prolit ad point (3,33 and 1t s the objeclive funclions
which have optimal value.
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Chapter two

Linear programming solution
1- Graphical methods

Introduction:-

There are two methods available to find optimal solution to a
Linear Programming Problem, One is graphical method and the
other is simplex methed. Graphical method can be used only for a
two variables problem i.e. a problem which involves two decision
variables, The two axes of the graph (X & Y axis} represent the

two decision vanables X1 & X2

In the previous section, we have looked at some models cailed

linear programming
models. In each case, the model had a function called an objective

' function, which was to
be maximized or minimized while satistying several conditions or

constraints.

y twa variables, one can use a praphical method of

ints and consider them as a systém of inequalities,
ilies is a set of points. 8, Each point of the set § is
ive function can be evaluated for different feasible

m values obtained,

1 consists of a number of nodes or junction
L of the others by arces or lings,

£
"~
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1) STEPS FOR SOLVING GNERAL GRAPHICAL PROELEM
The etons st fo soving Craphical probles e & fllows
£ Formulate te problem wiih mafhematical form by
' Specitying the decision vanizbles
 Henfifying the objective function
Writing tbe constraint equafions
& Fiot the consiaint equaton o2
o [ty the area of feasble solntion
z Locate the comer points of the feactble reon
z Flot the objective fixclion
z Choogs {he ponis wheze oljtive Fcions have optimal values

SOLVED EXAMPLES OF GRAPHICAL PROBLEM

Example (1)

Maximize £=4x 4 5y

subject to:
T4y <2y
Ox + 3y =45

xz0,y20

ve linear programming model using the graphical
turn each constraints inequality to equation and set each
o 2ero (0) to obtain two (2) coordinate points for each

shall determine the range of our variables which
ropriate scale to use for our graph. Thereafier,
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wheny=0,x=7.3".

Minimum value of x isx =10,
Maximum value of x 15 x= 125,
Range of x1s 0= x = 123,
Minimum value of yis vy =4,
Maximum value of yisy=¥9.

The constraints give a sel of feasible solutions as graphed above. Ta

solye the lineat programming problem. we must now find the feasible

: es the abjective function as large as possible, Some
are listed below:

Max z=4x + 3y

z.-. =1

&
i = 0 4+5%5=15

Ze = 5+4+3+5=33 is the optimal s
J. =

Zp = T7.5%4+0%5=30
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It turns ot that (5,3 )provide the maximum valuis AT5Y 4 5(3) = 20+15

—

= A3,

Hence, maximum profit at point (5.3

'-'~||i-.";'| have i1|"3'.'1|=.1i1'| value,

yand it Is the objective functions

——
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