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Example 1:

A Firm produced two products these products are processed on two
different machines. The time required to manufacture one unit of each of
two product and profit for each product and the daily capacity of the two
machines are given in the table below:

reaga LS 7 giiall (pa Baa) o) Ban gl ZUY B Cpa 1 cpiiSle aladiady Lgalii) guily cilaile
r Y Joaadl A



Product Mzcs:g‘ne Mzgg‘ne Profit
z siial) =
(1)
A 3 2 28
B 1 4 27
Capacity 200 300

Formulate this as a linear programming problem and determine the
optimum solution that maximize the total profit?

$40Ld) 48y jhal) aladiaiy Ada g dudadd) daca ) aladialy AUl 4kl i ASluall ¢ G gllaal)

Solution: -
sdldlewall Aulaly N dsluall 1
Let No. of product A = X,
Let No. of product B = X,

Max (Z) = 28 Xy + 27X,

Subject to:

3X1 + X5 <200 ... (1)

2X1+4X, <300 ............ ()
reialaa ) cilildall Jygad 2

3X1+X;=200............. (1)

2X1+4X, =300 ............ (2)
iy 3580 ay 3

3X1+X,=200............. 1)

S =X YR8
3(0) + X, =200

0+ X, =200
= X, = 200
X el ail) adalés Jiai (0,200) Adadill
Xo=0 =as8
3X;+0=200
200
X1 = 3 =67
Xy saall 2l adalss Jiss (67,0) Adadil
2Xy + 84X, =300 ........... @)
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Sa = Xy O g8
2(0) + 4X, =300

300
Xo=——=175
4

(0,75) ikl
Xo=0 =8
2X, + 4(0) =300
300
X = T =150

(150,0) ikl

? X2

(0,200) 200

150

100
B (0, 75) 75

C (50, 50)

50

A ~ 50 100 150
D(67, 0) (150, 0)

(2-1) gss

Feasible space or Feasible Region 4alial) cilyilsay) dbhia gf Jal) dbhia yasi 4

() ahadl 86 ) sl 3 gl JS) Allsall 853 ) 5l Ja gyl IS 3aa ) ddlaiall o

& Allg dabidl Sl vie ady Jall dule 32cli€y A B ,C,D alllaall dilaiall Lia a

C «lilas) CJ;.\.;.u.\ 1Al C ;1..1.13.\»1..1 z\éjﬂ Sy e GLdlas) u}ﬂ )Ja.dhj LG-S.%SH
(2) 5 (1) G2l ohlss vie o

3X1 + Xp=200 ..o (1)
2X1 + 4%, =300 ............ )

8 (4) = (1) Lol o
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12X, + 4X, =800 .......... (1)

syl (1) Aabeall (e 2 PRKIPIA C)J:::\

12X1 + 4X2 =800 .......... (1)
2X1 + 4X2 =300 ............ (2)
10X; =500

500
X1 = =50

10

(2) Asladll 3 ymy ol
2(50) + 4X, = 300
100 + 4X, = 300

4X, =200
200
2= = 50
4

(50,50) C wisilaa) !

cillan) Gmieni Gaob oo (Cingd) A Aad 81 ey s Jall) Jia¥) Jal) paai 5
ol LS5 Cangl) Al 8 AiSaall Jglal) dihaia S )

Extreme Points < il Jalis Ogjgcggﬁliug%i‘zn
A (0,0) - Z = 28(0) + 27(0) = 0
B (0,75) Z = 28(0) + 27(75) = 202
C (50,50) Z = 28(50) + 27(50) = 2750
D (67.0) Z = 28(67) + 27(0) = 1876

Example 2: Find the Maximum value of

Z=7X;+3X,

Subject to:
2X1+ Xo<8 ool (1)
2X; +10X,<20 ......... (2)

X1, X2>0
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Solution: -
Crilalee () Ginliall s gad aen () saall (8 Gpail) adal Lol agaas

A8l X3 X5
2X1+X2 =8 0 8
0
2X1+10X, = 20 0 2
10 0
- Wil il s
X7
4
(0,8)
7
6
5
4 (1)
3
B (@9 2 C (33.13)
1
Al 1 2 3 X1
D 4.0 (10,0)
(2-7) &4

O i 2y JiaY) Jall 8 131 o) 335 dilaie Jiai (A B C D) 4ilaiall ol o3le ) aalis LS
bl 1A cpal) wdal vie a5 (C) Adatill pLifiuly da glae (IS Y) clilaal | dakhial) 8 o3a
ddaaill sl C\JAL.&Y U:\ﬂdu\

2X; +10X,=20 ......... (2)
9X2:12
12
X2:_: 1.3
9
(1) Al & Xy i jatuedd) Al (ym g3
2X1+ 1.3=8
2X1:6.7
X1:3.3
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(3.3, 1.3) & (2) cldilaal .

+ Cangll Al b ASaall Jglall Ailaia (Sl cililanl msa Gashe e JieY) Jall apaas

Objective Function

Extreme Points ikl Jlas

Z= 7X1 + 3X2
A (0,0) Z =7(0) +3(0) =0
B (0,2) Z=70)+3(2) =6
2169139
D (4.0) Z =7(4) + 3(0) = 28

:dalls (D) akaiill i (Z) 2 dad e Jias A Al vie ay Jal) ) 6l

Z=28
X1=4
X2=0

Example 3:

The Redwood Furniture company Manufactures table and chairs as part
of Its Line of Patio Furniture. following Table Shows the resources
consumed and the until profits for each product. For Simplicity, we will
assume that only two resources are consumed in manufacturing the patio
Furniture (300 board Feet in Inventory) and Laboure (110 hours
Available) The owner wants to determine how many tables and chairs
should be made to maximize the total profit for patio furniture

Solution: -

3 gall (e o puiiall 3 ) sall alasiuly (Table & chairs) oo SV aaliall #Ul @ Caagl)
San )y plae ) Gaatl Jaall Sle b
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saa g JS! claliay)

Ulsall Unite Requirements 0 A siall csall
Resource Amount Available
chairs
Wood (board feet) 30 20 300
Laboure (hours) 5 10 110
Unit profit saash & $6 $8

Letting X; = Number of tables Made
X, = Number of chairs Made

Objective Function:
Max (Z) = 6X; + 8X;

Subject to:
(Laboure) Jeall clelu ad 30X, + 20X, <300 .......... (1)
(Wood) s_muiall 3l gall a8 5X; + 10X, <110 ............. (2)
X1, X2>0
¥l AL Jysasi ; V)
30X; +20X, =300 ............. (1)
5X1+10X;=110 .....cce.cn.... (2)

Ll 2800y ; Lilh

Constraints Points

_ (0,15)
_ (0,11)
5X; + 10X, =110 (22,0)

LS (A,B,D, C) Jliil) Lgils f g (adilzal) Abhaiall) JCN 8 LaS A 5 Aaidlal) ABlalal) sand ; Ll
Jeal)
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E (6,15) 75
B(,11) y

Ahaial) (b Al JSAY A el LSy Feasible Region 4dSaal) J slal) dilaia agaas ; oy
daidlall dihaiall A (A B,D,C) 4llaal)

Akl ULl Aa glaa Aaidiall ddbaial) (S ) asand Aaidlal) ABhalad) oS ) cibdiian) sl ; Luld
(2)$ (1) Ol s Jiai (A (D)

30Xy + 20X, =300 ............. @
Xy + 10X, = 110 ..o )
s (2) daall (2) Al
10X, + 20X, = 220 11oovoeoo ) @)
(1) Aabaddl e g ylay
20X, =80
o B0
7 20 ~

1(1) B sl
30(4) + 20X, = 300
120 + 20X, = 300
180

20)(2:180—))(2: =9
20

(4,9) » (D) ddadill cililaal o
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iy Caagll A1y & G gaiilly s 2 Ll

Objective Function

Extreme Points ikl s

Z = 6X; + 8%,

B (0,11) Z = 6(0) + 8(11) = 88
Z =6(4) +8(9) =

D (4.9) 24 + 72 = 96

C (10,0) Z = 6(10) + 8(0) = 60

s Cua D skl b ady Jall U 1Y Maximization adass s caagll o &1 jlailly

X1 =4
X,=9
Example 4:

The AMIR Box company makes medium and large units. Medium boxes
each require (9) square Feet of wood while large ones consume (15). All
boxes require 0.5 hours of labor regardless of size wood is limited to (450)
square feet. And only 20 hours of labor are available. due to space
limitations, no more than 20 larg boxes can be mode each day Also,
customers can absorb at most (30) medium boxes. subject to these
constraints, any number of boxes can be made. medium boxes yield a
profit of $6 large ones each only $2

O b (9) zliag Ja gia (3 9dbia JS g Uan gia g b S (Bailia phual (Bliall pual sua) 4S i
OIS Laga Wgauiuai! Aol (0.5) N gliad @alial) JS, (15) o glisg susll ggaiall g ) oY)
Lagina g Al (20) Agial) Gajlly g e cud (450) @A) (a8 giall, (3 gaiall paa
(30) ¢ ASK A Gsaliagy Slgiuall &) LaS S (§gaia (20) (o AS) el (SadY (Sl
Golbally §2 analdl sl Goaball miyg $6 adall bugiadl Ggalall myy buwgia (§gia

Sz alie) Al Auilud) 48y jhal) aladialy dda g by ) JSd Al Aelua
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Solution: -

g lsaill Ll ) Al ; Y o)
Letting:
X1 = number of medium boxes to be made
X, = number of large boxes to be made

The objective is to:
Max (Z) = 6X; + 2X;

Subject to:

9X1 +15X,<450 ............. (1)  (wood)

0.5X; +0.5X,<520 ............ (2)  (labour)

X2 <20 i (3) (Space)

X1<30 i (4)  (Customer)

il ) el Jyeas ; Ll

9X; +15X,=450............. (1) (wood)

0.5X; +0.5X,=20 ............ (2) (labour)

Xo=20 i (3) (Space)

X1=30 i, (4)  (Customer)

(Crosaally 3 gY) adalis Jal&S il iy 3 g a3 WG

Constraints Points

_ (0,30)

9X; + 15X, = 450 (50.0)
_ (40,0)

0.5X; + 0.5X,= 20 (0,40)
X, =20 (0,20)
X; =30 (30,0)
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cof X2

40

y 1) Y Cus(tt)mer
(0,15)
B (020)20 (16.6720) | 3) space
D
10
1 F \ Xl
iy 1HHHH{HH3’6#HH 23 >
P=60 P=90
(2-9) Jsa

(Feasible Region) 4iSeal) J slal) &dhaia - oyl
A 4ikidl & (A,B,C,D,E,F) Alliad) dikidll ) (2-9) l) JSE (po amiy
(...S “ d#\ .~..I . )

Ligaal) J glad) Adlaia oS i cbfilan) ol ; Laald
(0,20) 4eslza B ddadil) iilaal
(3) 9 (1) ugJ;\sj\ c}am e CS" C ikl

9Xy + 15X, =450 ............. (1)
X2 =20 oo (3)
(1) & ol
9%, + 15(20) = 450 — 9X; =150
150
e Xl = = 1667

(16.67,20) » C <lilaal -
(2)s (1) Cdl) C-HAS e a8 D sl
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OX; + 15X, =450 ............. (1)

0.5X; +0.5X,=20 ............ (2)
18 L (2) Asbaall o yumy
9X; +9X,=360............... (2)
(1) Aabeal) (30 (2) Aslaall
6X, =90
2 Xy = % = 15
(1) &b ool

9X; + 15(15) = 450
9X; + 225 = 450

9X;1=450-225
225
9X1 =225 — - X]_ = 9 =25
(25,15) » D <iaal -
(2) 25 (4) ol (Bl xie o E ALl
0.5X; + 0.5X,=20 ........ (1)
X1 =30 oo (4)

& (1) Aol 53 (4) Aol 6.‘1 X1 dad [y sy

0.5(30) + 0.5X,= 20
15 + 0.5X, = 20

5
0.5X;=5—-X;=—=10
0.5

(30,10) o E cidlaal .

Objective Function
Z =6X;+2X,

Extreme Points < il Jalas

A (0,0) Z=6(0)+2(0)=0
B (0,20) Z = 6(0) + 2(20) = 40
C (16.67,20) Z = 6(16.67) + 2(20) = 140
D (25,15) Z = 6(25) + 2(15) = 180
E (30,10) Z = 6(30) + 2(10) = 200
F (30,0) Z = 6(30) + 2(0) = 180
E dasil) aie ey Jal) -
Z =200 X1=30 X;=10
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Example 7:

Ali Electric company produced two products H1 and H2. products are
produced and sold on a weekly basis. The weekly production cannot
exceed 25 for product H1 and 35 for product H2. Because of limited
available facilities. The company employs total of 60 workers. Product H1
requires two man- weeks of labour while H2 requires one man — week of
labour. Profit margin on H1 is $40 and H2 is $60. Formulate the problem

as an Lp problem and solve for Maximum profit.
Solution: -
dsaill byl Aslual) ; V)

Let define the following decision variables
X1 = number of unit product H1
X, = number of unit product H2

Objective Function:
Max (Z) = 40X, + 60X,

Subject to the constraints:

X1<25 i, (1)
X2<35 oo (2)
2X1+ X5, =60 ...... (3)
Xl; XZEO
e ) clibia) By ga ; Ll
X1=25 ..., (1)

21



Ll 2 8l oy ; WG

Constraints Points
X;=25 (25,0)
X, = 35 (0,35)
2X1+ X, =60 8068

Xz

E (0,60) 60

M)

A (0.35) 35 B (12.5,35) Q?)

C(25,10)

2
D- (25,0

(2-14) Js&

(Aaidall ddhaiall) AiSaal) J slad) Abdaia agaas ; Ly
Lalaitly sl Ay sl S gaas Al dalaidll * (Feasible Region) a3l dalaidll
Al B s ALl ABC,D
SN 28 ae G sl adales Jias Al g B Akl cildlaa) » Al

2X1+ X,-60 ........ (3)
(3) Aabaall (8 X5 And an go

2X1+35-60
25

X =—=125
2

(12.5,35) o» B iilaal )

22



(3) ) g (1) 2 £l o € 4181

X1=25 o (2)
2X1 + Xp= 60 ........ (3)
(2) Aslaall & X3 A (o sy
2(25) + X,-60 — X, =60—50=10
(25,10) & C il ..

ciagd) A1y A Lsaal) Jglad) Allata oS ) cililaa) Gl gad (3 ob oo JiaY) Jadl aaad s Lawld

Objective Function

i 3 Jail) Jalds
Extreme Points < kil Z = 60X, + 40X,
A (0,35) Z = 60(0) + 40(35) = 1400
B (12.5,35) Z = 60(12.5) + 40(35) = 2150
C (25,10) Z = 60(25) + 40(10) = 1900
D (25,0) Z = 60(25) + 40(0) = 1500

The optimum (Maximum) value is at the point B (12.5,35)
X1=12.5 unit of product H1

X, = 35 unit of product H2

Z =2150

Example 8:
Ahmed Industry is making two products (P1) and (P2) the profit for (pl)
(20) ID and (p2) (10) ID. each product pass through three machines is

given below

Product Machine (1) Machine (2) Machine (3)

1 3 4

P2 2 1 3
Total Time Available 40 30 60

The manager wants to know how many (pl) and (p2) would be made so
that profit is max using graphical method.

Solution: -
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3 saill Al ) A lual ; V)
Let define the following decision variables
X1, X, = number of unit product pl and p2 respectively

Objective Function:
Max (Z) = 20X, + 10X,

Subject to:
X1 +2X,<40 ............. (1)
X+ X530 ... (2)
4X; +3X, <60............ (3)
X1, X5>0

¥l ) clibial) 3 sad Ll
Convert inequalities to equation

X]_ +2X2 =40 ............. (1)
3X,+Xp=30 ..o )
AX1+3X, =60 ... (3)

Photo every equation an the diagram and determine the feasible :Lil

region

Constraints +—al Points il Jalds
_ (0,20)
X1 +2X, =40 (40,0)
- (0,30)
3X;+ X,=30 (10,0)
_ (0,20)
4X;+3X,; =60 (15,0)

(2-15) JSal 8 Alllaal) ddhaial) & 9 Jad) Allaia yyaas sla)

(0,30) 3}

D (10,00 (15,0) (40,0)

(2-15) Js&



Sy Jad) aaas ADPAES
(2) ¥§3‘¢‘(3) 2aal) CLMM‘;"J\} ©) el 48 g y2a QJM\LGJ@A;

3%, +X3=30 oo, )
4X1+3X5 =60 .......... (3)

(3) = (2) 2=
4X, +3X, =60 ..........(3) ~  z,hl
5X; = 30
2 X1=6

(3) & sl
4(6) + 3X, = 60 —>X2=%=12

C (6,12) sl .

Objective Function

- Z=20X; +10X;

A (0,0) Z = 20(0) + 10(0) = 0

B (0,20) Z = 20(0) + 10(20) = 200
C (6,12) Z = 20(10) + 10(12) = 240
D (10,0) Z = 20(10) + 10(0) = 200

The Maximum Value Z = 240 occurs at the point (C) (6,12)

Simplex Method awal) 438 ) « Lils
bl allall o sl Aladll daa ) e da (B Jlad ol sl A5kl ol daiad
iy JSlid) Ja dpise) skl 13 Jiady zual ¢ 1947 oo G.B.Dantzing <o)
il a8 s S Culall aladind Lealadind ¢ gud e delu laas daaeiall <l juiall

Al )l

Maximization adasill a3 Jacal) 485 jal) aladin) &) ghad
.Standard form Ll JS&I ) caaglh Al a8l Jigas (1
dall aasss Table Form (Adsasll dapall) Jeaa e ) Luldll dpall Biss 2
D Oe dsaadl oS Ay
&b 23 (Basic variables) dmlu¥) <l psidl dsee o Jsaall J¥) 2sexdl g
gl Al (A LeiDlabae Jiay C 2 5eall s J5¥) Jsaal
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Zasall 805l 385580 5l 5 L) ol priall Clelaa Jiad 3aec Y1 A8,
A sall Jiay 5 (R.H.S) aY1 i 2 sanll

Ll dpeaill Jiay 5aY) 2 gaall

gl Al @l i) paes C0elas iy Cj anall

caagd) Al i Malas Adllee Jiai 7 Caall

w6 o

1A Jiel e Jall (8 andand Caagll s dam se Z Ciuall a aa) CalS 1) i1 Jal) jlas) 3
el Jal) 8 4 a5 AL 28l apen cilS 13 Ll (5) 35kall I Jai

Y]l ghadll 385 aa Ja 2 35 shadll ol by Jall Gaust 4
Entering  Jalal Lsidl Jicd 7 Caall b A ge dad LSV Jiadl peidl g
.variable
Silalaa 25l ) Culall af dend 5 5k e Leaving variable g o) ssid) b
AL adll oLy Jalall el 3gee 8 Ll 3 llidl adll e (RH.S) 3 5enll
b3 e dis dend za J8 Qi A uid) ga gl el 4y il Al
(Min Ratio) Lall 4wl 32c 18 3acal)
osaall e xi JAl) aaidl e pe gz AN i) Cia pdald L AaB) 0 Aedll ¢
osnall 3 sae A gae 5 (5 ) saall Caall o Lgda spivot
o LS 7 3005 paal) Jpaall yualic . d
Jlasisl dey daall Jeaall I Jabg Hsaall 4l o andy ) gaall Casia (1
JRI il Al usal

& g oA A sl aall Ca Gk e el LA b bl 4 (2
o A5 Sl ) Caall (I dg g day sl 1Y) Cung dalie adly (1)
Cuall oy 1A dall 4y glus sl abiie dedll S5 (el Jsaad)
(p28)) Caall) Aa) Al 2 el Caall 8 03 ga gall 4nl) (puity Laily (5 sadl)
Anliall Aailly 43 pm 2ay (gl ciall 5 3 LAY (Saa s saall 3 lL
Jsall b Caall iy il Jaoall 8 aal jaiul o el Caall ) Ciliay
2aall

) ghadll ) S5 das g0 daid 2aall Jsaall 3 (C - Z) all 853 5a sall il 2a] il 1Y) 5
L jhia b ol 7 caall B Al Al ) Jaa sl cpal AL

Example 1:
Max (Z) =5X; + X;
Subject to:
4X1+6X<12 .ol (1)
Xi+Xo<20 oo, (2)
X1, X2>0
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Solution: -
Slack ) 30 @i did) e o piie ALl dlly c¥alaa ) cliliadl Jigad ¢ Y
Sha b b Jalaay Ciagd) Ala ddalaa I il pacial) 03¢d ciliai g (variable
: ‘N_,,—’;‘X.\ Jaly CJ}A.\S\ —— a"_am_mwa:zﬂ\ 3 ¢l )z g

Max (Z) =5X; + X, + 0S; + 0S,

Subject to:
4X1 + 6X2 + S]_ =12 ... (l)
X1+X2+82=20 ................ (2)

X1, X2,51, 52,20
() Jad) Jgan) Jacusall J gaad) adats - Lilh

Table (1)
Al @l i) 5 Luial) dagdl)
Basic variable X1 e Min Ratio
I I |
_>
20 B)
0 S, 1 1 0 1 20 Tl =20 .
Z S5 4 0 0 0 0

JAN M\T

3 il e I i 5 Al Ol jpsiall Jiladl (Z) <Dllze (Y Jial e odle) Jall
(dadl Cpman) Bl 3 ghasd) ) s 1A s 50

;@\M;’L’ﬁlﬂ

(+5) Z ol i Hin sa e €1 iy A5V JRI piial) ey X, i) L

e Bl Sl RUH.S 2 seall Cidlas fand 3k e Ale Juast ¢ 81 i) b
Ol Fiw g (Min Ratio) dgeadl & dlaall a3y JAA juaiell 3 gee S llas
(3) dand B QB Y S g4 z Al il

=8 Sy OB el Caa ae X Al uial) g gee adald die a8 Al dadll C
B3 JAl a5 (Pivot) sl

A el Gisiea

Xy Jalall iy S il Jasias 1
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e Losuia Gilad) Jgaall 8y saddl Caa a0 (SEI Jsoall 3 ) eadll Can 2

ek LS5 ) sl
4 6 1 0 12
S, — — — — —
3 1
X1 1 — — 0 3
2 4
il
gﬁ S5l
Saal) Joandl

&JL'A.U 3)@?\ u.uSa_jj J};.d\ J}A.{:‘;Aé\jn 82 M\@M\w

101 % % 0 3)
3 1
1 = = 0 3
+olds, 1 1 0 1 20
1 1
News, O - - 1 17

Giob oo Ao duant 3aall Jaaall 3 7 Cha gz i Al skl udyg
duala aany Cg aganll 8 L 5 kbl adll (8 @yl saae] o ja
Db LS s gl Al b i) Clalaa (e da kg o pucal)

Zy, =5-(1*5+0%0) =0
Zy,=1-(=*5)+(-7*0)=1-75=-65
1 1 5
Z5,70-($*5)+ (-3%0)= -5
7 =3*5+ 17%0 = 15
foh WS (2) ad) Jsan aelaii Sy cilleal) 338 2ay
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Table (2)

Aalady) i piciall Luial) dagal)
B |Basic variable  X; o Min Ratio

0 15

Jial Jall i (Max) asbass Casgll 5 7 Caall 8 Zalli A 3 ga 5 a2ad hailly
Z=15 JwYldalldas
X1=5
X2=O

Penalty (Big M) Method ¢l 48 b g) (s Sl 2 44, )k

Slack variable 351,11 < jaial) i labas (5585 ddie (5 s 5) (e iS) gy 3 5ll (5 S5 Ladie
8 ge Ay 2l 0 5S Ladie Gy (-]) Al Ead ¥alae ) clilgial) Jygaty & ki il
S e bl puridl ey yiie Abadl I Caibimy el DS i g i Jelaall ()5S Siaie
AVl (e a4 B M Cua M azgll Ala 3 alalasy A 4

Allal) o3 e gy Jie L Lash s

Min (Z) = 5X; + 7%,

Subject to:
X1+2X;=50............. (1)
X1220 i, (2)
Xo<20 i, (3)
X1, X2>0

;:\:;S‘j\ Q\}sz\ @‘)}" o 4;"“1-..‘9-“ Jsal) ‘;\ G.J_,A.ﬂ\ ‘_L”_,;j é Midie
— A ey (Art|f|C|a| Variab|8) ‘;f—\_\.h».a\ owie o i Al Galiay d‘;\j\ Al 1
(A1)
(A) eelihaal e ey jiedl Ciliays (Sp) 1) uie 4t gk S adl) 2
. (Sp) S e 4l Giliay CAlll) 2l
e cargl Ay 8 8aS) ) &l puatial) B lalas 4

(39
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ALY Lo ) o las 5,08 (M) & o) o (M) Auelila¥) @i ysidl lles 5
teh Lo Gl 23 sl Al dsall () 585 o g iy
Min (Z) = 5X; + 7X, + 0S; + 05, + MA; + MA,

Subject to:
X1+2X,+A1=50............. 1)
X1-S1+A=20 ... 2
Xo+S=20 i (3)

X1, Xo, S1, S, AL A >0
A jia Aibaa 1 Cangll lls Alilaa s

Table (1)

dpuda) &l yicial) Liial) dagdl)
Basic variable - Min Ratio

Z S-2M[-2M M 10 (0 |0 70M

Zy, =5—(1*M+1*M +0*0) =5-2M

Zy, =1—(2*M +0*M +1*0) =7 - 2M
Zg =0-(0*M + (-1*M) + 0*0) = +M
Zg, =0-(0*M +0*M +1*0) =0
ZMA; =M; - (1*M; + 0*M,+0*0) =0
ZMA; =M; - (0*M; +1*M,+0*0) =0
Z =50*M + 20*M + 20*0 = 70M

Xy Al dad S iy 3 s Jala el y Z Chall b Al o sa gl Jil e Jall
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s S Jgaad) 3 sha ) ALY dubual) clilasl)

MA,; z &l Laiadl Jadiul ae (1) ssall dad S0 o LS Jiiy 5 saadl aall ]
fek WS paall Jsaall G ) saall Caall oS el X dalall jsially

X1 1 0 -1 0 0 1 20

SV cilias (19) = (1) b 0l ssnall Caall Copiny - MA; kel Ciaa ]l 2
uaall Caall il Jgaall 3 MA; el Caal

-1 (1 0 -1 0 0 1 20) ol ciall
-1 0 +1 0 0 -1 -20
OldMA; 1 2 0 0 1 0 50 e
NewMA, O 2 1 0 1 1 30

Do (5 sl ALEA) Aaill) (Y 5o LS anall Jaaall 84 Jiw S, el 3

Table (2)

Apuba) @l pacial) 5 Liial) dagdl)
Basic variable X1 Xz ‘ Al A2 Min Ratio

Z 0 |[7-2M | 5-M 0 0 |2M+5

Lol LS e ) Al a5 Z a4

Zy, =5-0*M+1*5+0*0=0

Zy, =7—2*M+0*5 + 0*0 = 7 - 2M

Zs, =0—{1*M + (-1) (5)} + 0*0=0— (M -5) = 5- M
=0 (0*M + 0*5 + 1*0) = 0

Zy, =M —(1*M + 0%5 + 0*0) = 0

Z4, =M= (-1*M + 1*5) = M — (5-M) = 5+2M
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Z —uall 3 Al daf 3 5a ol Jial e Jal)
Ap g A il
Xy s Sl il
e (2) ol o gosaall Chall Al (e 215 (3) AL sl (B ol Caall e
C b WSy X, Jalall il Ag g AN i) Jlaiad

X, Lz o1 1 o
2 2 2 2 2 2

7X, 0 1 = 0 1 15
2 2 2

Jha ) nall ALaal) dadll Y ga WS Ja p Sl caall o

1 (0 1 +=— o = =X 15)
2 2 2
0 1 —= 0 —= 4= 15
2 2 2
olds, 0 1 0 10 0 20
New S, 0 2 _l 1 _l il 5
2 2

5 X, 1| 0] -1 0 0 1 20
1 1
0 S 0 2 5 1 - 5
Z 0| o 3 0 IM=Z M=% 205
2 2 2

ol LS a3l 7 Canall 08
ZX1=5— (0%7 + 1*5 + 0%0) = 0
ZXp =7 — (1*7 + 0%5 + 2*0) = 0
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ZX; =0~ (=7 + (-1%6) + (——*0)) = =~ +5=—

ZS, = 0— (0*7 +0*5 + 1*0) = 0

ZA; =M~ (47 +0%5 + (= 5*0)) = M——

ZAr =M~ (= 5*T+ 15+ (%*0)) =M (-35+5) =M -
Z(R.H.S) = 15%7 + 20*5 + 5*0 = 205

Al o 3 g 5 a2ad Jial da (3) disaadl 8 Ja))
Z =205
Xi=7
X2=5

Example 1: Use the graphical method to solve the following L.P. problem
Maximize = 10X; + 15X,

Subject to the constraints:

2X1+ Xp<26.cunnnn... (1)
2X1+4X5;<56 ........... (2
X+ XSS5 (3)
X1, X2>0

Solution: - )
Crosally g8l Bk yaas Y o)

0, 26

2X1+ X, =26 E13 0;
_ (0, 14)

2X1+ 4X, =56 (28, O)
X1+ X,=5 ((_05’ %))

dalial) clulsay) Abbie apaas g Loly 3 g8l )y (Ll
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4
(0,26) 26

(14,0) 14

D (05
0.3 Solution Space

Xy
—

-5 13 28
(-5,0) (13,0) (28:0)

C Jaliall ciilan apaat paal Hlaillhy A B,C,D (o il Jlall Ailaia o)) Sl JSEN (e iy
(“_A:\LASLM\ b..JA CJAI\.;.»E B}

(2) 5 (3) coil) alis s € ALl

2X1+4Xo=56 ............. (2)
X+ Xo=5 . (3)
55 (2)  (3) i
-2X1+2X,=10
i (2) Aol g 533 Asleal) sen
2X1+4X,=56........... (2)
-2X;1 +2X,=10
6X; = 66
66
Xy = A =11
(3) Letaal i el
-X;+11=5
X1=11-5
X1 =6

(6,11) 2 C ddaail) caldlas) o
sladaly ) B Al cildilaa) ) ikl

(2) 5 (1) Ol oblis i B
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2X1+ Xo=26............. 1)
X, + 4X, =56 2)

(2) o= (1) g &
3X;=30

(1) Adlaall b pms ol
2X,+10=26
2X, =16
16
X = 7

(8,10) o B kaill cidilas) .

s ole il Ciagd) A & AiCaall Jglad) ABlala (S ) CilLdiaa) (i gad ;LS

Objective Function

Z =10X; + 15X;

A (13, 0) Z = 10(13) + 15(0) = 130
B (8, 10) Z =10(8) + 15(10) = 230
C (6, 11) Z =10(6) + 15(11) = 225
D (0, 5) Z =10(0) + 15(5) = 75

el il s ALaiil o3a 8 ady o3 sl JiaY) Jadl 8 13 (B) At die Cangl) Allal dad L)
X1=8,X,=10 (230) 2 Z
Example 2: Use the graphical method to solve the following L.P. problem

Minimize (Z) = -X; + 4X;
Subject to the constraints:

BXy + X< 6o 1)
X1+2X<4 ... (2)
Xo<-3 i, (3)
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Solution: -

cialaa ) clifaal) Jygad: Y

BX +Xo=6.... (1)
X1+2X2=4..... (2)
Xo=-3 oo (3)

Ll 2581 a3 LS

Constraints

X, +2X, = 4 Eg' (2);
X, = -3 (0, -3)

Solution Space
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(B) 5 (A) U seaall Bl cililaal & jadiu
(3) 2l ge (1) 2l alalis & A
X2=-3  (3) 2 e
(1) &b s

33X, + (-3)=6.... (1)

-3X1=9

y X1 =-3
(-3,-3) A A Gl o
(3)5 (2) cpudll abales Jiad oo 9 B Adaill cldlaal slayl
Xy =-3 (3) 2l (1

(2) 28 G2 il
X1+2(-3)=4
X1=10

(10,-3) & B a1

Jtad ddlaia yaas (LG
oDl JSall 3 Al dahiall & diSaall Jslal) dilaie

Ak < tie Lgiadd aadl Ciagll A0y 8 (AiSaal) J glad) Allata S 1) i platl) Jaldd (ya g oLl

: SO Objective Function
) Jalas
Extreme Points ki Z = X, + 4%,

A (-3, -3) Z = -1(-3) + 4(-3) = -9

B (10, -3) Z = -1(10) + 4(-3) = -22

(-22) = Cazgl) Il a5l

The minimum value of objective function = -22
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Example 3: Solve the following L.P. problem graphical
Minimize (Z) = -X; + 2X,
Subject to the constraints:

Xy-Xo <o, (1)
05X+ X2<2 v (2)
X11 X2 Z O

Solution: -

Since resource value (R.H.S) of the first constraint is negative,
multiplying both side of this constraint by (-1)

g (-1) = 28l G Hlall oyl 13T (Alas 3 ) sall) 51 28l ¥ sl (581 pdailly
oL LS syl

( X, X1 ) sstaall (B 258l adaldi aas ﬂ

Constraints Points

'Xl + X2 =1 ((3-” ](')))
05X, + X, =2 ((_%’ %))

JSAN (B L LaS g 2 gl e i LS
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A,C,E Al dalaidl o» (Feasible Space) 4iSaall J glall ddhaia o) suaty JSEN (e
s b b i Ll ) C adaiall cbilaa) sy

o WS ailalaal) wdalds 131 (2) 5 (1) Cll pdalél die 285 C Adadil)

-Xl + X2 =1 ... (1)
05X+ X =2 ... (2)

(1) daledll (e
Xo=1+Xy .o, (3)

(2) bl & (yingas
'0.5X1 + (1 + Xl) =2
'0.5X1 + X1 =1
05X;=1

(3) Aalaall 3 yia s

(2,3) C kil cilgilaa) .

s ciag) AN 8 AdCaal) J glad) ABdata (S ) clflan) (g ;LI

Objective Function

Z=-1X; +2X,
A (0, 1) Z =-1(0) + 2(1) = 2
B (0,2) Z=-1(0) +2(2) = 4
C (2 3) Z=-1(2) +2(3) = 4

The Maximum value of objective function Z = 4 occurs at extreme point between E
and C on the line C E also give the same value of Z hence problem has multiple
optimal solutions and Max Z = 4

sl Jias Ladl) 138 Ll goan ing 138 CE ool ¢y Joal gl Jadl) 682 5 50 gl A1l o Lo
(Gl Jslal) saet) i Alal sda s tie
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Example 4:

The ABC company has been producer of picture tubes for television sets and
certain printed circuits for radios. The company has just expanded in to full
scale production and marketing of Am and Am-FM radios. It has built a new
plant that can operate 48 hours per week — production of an Am radio in the
new plant will require 2 hours and production of all Am — FM radio will require

3 hours. Each Am radio will contribute $40 to profits while an Am -FM radio

will contribute $80 to profit. The market department, after extensive research
has determined that a Maximum of (15) Am radios and (10) Am -FM radios can
be sold each week.

A: Formulate a linear programming model to determine the optimum
production Mix of Am radios that will maximize profits.

B: Solve the above problem using the graphical method.

b 158 @iyl Al @l g U certain printed s 0w U picture tubes g ABC 4S)é
EU) £ sl JS Aol 48 Jary O (Say L piaa ClL&) B9 Am -FM 9 Am €l 533 (B g g LI
? palay g2l S delu 3 qilkid Am — FM Wl delu 2 qullaly G g 1aad) ghaall & Am sy
daiia Bang <1 80 = pbluwd AM — FM g i)l Lal Aaiia saag JS1 40 = ableg Am g5l LY
By 15 s Am g5 gL (e Ak g Sy La el () R0 Lday B s G193 5 ) U aud
Lo gl 33910 2 Am—FM g5l
) alie) Bail Ja¥) L) g se il el 1) g gadll 2 1A
AdCall Ja sy dill) 48y k) axii) ;B

Solution: -

Let us define the following decision variable
X1, Xz = number of units of Am and Am — FM radio respectively
Sl e Am—FM 5 Am (e dadiall Glas gl sae X, X, o il
Then LP model of the given problem is: Sl sl das pll &3 gai
Maximize (total profit) Z = 40X, + 80X,

Subject to the constraints:

2X1 + 3Xp <48 oo, (1)
X115 oo, )
X< 10 teeeeiiieeieeee, (3)
X1, Xo>0
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b LaS g Cpusaally Cpail) adals Jalhs aaas 1Y o)

Constraints Points
_ (0, 16)

2X; + 3X, =48 (24.0)

X, =15 (15,0)

X,=10 (0,10)

1S (B o LaSg 3 g i Ll

A2
(2)
(0,16) 16
A(0,10) 10 B (.10 ._(3’)

C @15,6)

Solution Space

1
D (15,0)

Adlal) Adhaial) A Saal) Jglad) Abdaia o)) graly Alad) ae ) JOA e (LG
soby LaS g A ggaall Jaldil) cilfilan aad sla)

(1) 2l 5 (3) cpasll odalss Jiai: B
Xo=10 oo (3) (3) 28 e
(1) slaal) b (in goi
2X; +3(10) = 48
2X, =18
_18 _

-'-Xl— 5 —9

- B (9, 10)
(9,10) B kil ciiaal) .
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Ol bl am) %3 5 (1) 305 (2) sl el i+ C

X1 =15, (2) (2) Aaladl) (0
(1) el & (yin g
2(15) + 3X, = 48
30 + 3X, =48
3X2 =18
2 Xo=6
(15,6) C akaaill cililasl o

sciag) A0y Ualaa A (i plail) ) AiSaal) J glad) ddbaia ¢S ) Jalhi aran (8 9o cLaald

Objective Function

Extreme Points kil Ll

Z = 40X; + 80X;

A (0, 10) Z = 40(0) + 80(10) = 800
B (9, 10) Z = 40(9) + 80(10) = 1160
C (15, 6) Z = 40(15) + 80(6) = 1080
D (15, 0) Z = 40(15) + 80(0) = 600

ok LS JiaY) Jall 8130 B kil e (Say Le S Lgiad () 55 Cangll Alla o oS0 laally

Maximum Z = 1160
X1 =9
Xg =10

Example 5:

Solve the following L.P problem graphically:
Minimize (Z) = 3X; + 2X;

BX1+ Xo<10 eeeuuieennnns (1)
X+ XS0 eeinnniinnnnnnn. (2)
Xi+4Xo<12 eeveveennnnns (3)
X1, X220

Solution: -
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s ol LSy G gaally 2 gl) dalds daai Y o)

Constraints Points

_ A (0,10)
5X;+X,=10 B (2.0)
_ C (0,6)
X1+ X,=6 D (6.0)
_ E (0,3)

X1 +4X,=12 F (12,0)

X, S b (LS5 55 i 1

1 2 Al
B(2,0) D (6,0 F (12,0)

iilan) s Al cllaal dlaay 5 JSAN 8 LS Alllaall Adial oo liall Jslal) dilaie

(2) 5 (1) oilalaall CL:\AS G adaail)
5Xy 4 Xo =10 .o.ooonn. 1)
X1+ Xo=6 cooiiinnnnnnn. (2)
& (1) 0= (2) gk
4%, = 4
X1 =1
(2) Aabaall & yia5as
X2=5
1,5 G idaal) cldlas)
(3) 5(2) ¢rilalaall tL\AS H ddaail)
X1+ Xo=6.ooiiiiininnn. (2)
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& (3) 0 (2) ok
3X2=6
_6 —
X; = 3 =2
(2) doladll i ia o
2 X =4

(4,2) H il cilios)
b Lo i Cangll Al b ASaall Jslall Al S ) Jali cililanl (i gas

Extreme Points < il Jalds Obj(;?t:iV;XFlquncz:t)i(cin
A (0, 10) Z = 3(0) + 2(10) = 20
G (1,5) Z =3(1) +2(5) = 13
HE.2) Z=3(4) +2(2) = 16
F (12, 0) Z =3(12) + 2(0) = 36

G Akl vie Cangl) Allal dad J8)

The optimum solution is X; =1, X, =5 and the Min Z = 13

Example 6:

Use the graphical method to solve the following L.P problem:
Minimize (Z) = -X; + 2X,
Subject to the constraints:

Kp 43X <10 . 1)
)OI, O3 (2)
X1 - X5 <2 vorererermren 3)
X1, X220
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Solution: -

Constraints Points
1_0
X, + 3%, = 10 ©0.3)
(-10, 0)
_ (0, 6)
X;+X,=6 (6. 0)
_ _ (01 _2)
Xi-Xo=2 2. 0)

¢ HAS 5 o panalls Logarhl LS am Ly 3 5800 a5
s Xo

4
D (0,10/3)

DSV i Ai€aall Jslall dilaia o Al ARl ) ey bl 1l DA
Dok LS Al seaall

(2)5 (1) Aalaadl (ol Jiay 1 C

Xy 43X, =10 oo 1)
X1+ Xo=6 oo, (2)
sl
0+4X,=16
Xg =4

(2) Ualaall & a2
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(2,4) C ikl cillas) -
(2) 5 (3) cnall ol B

el

(2) Adalaall & (yinsas
4,2)B ddail) cldlas)

© ,%) D ksl cidhaal .

 ohle i Cangl) Alls Alslaa b ASaall Jslall dshaie (AS ) (ia i

: s 4 pga Objective Function
| Jalds
Extreme Points ikl Z = X, + 2%,

A (2,0) Z =-1(2) + 2(0) = -2
B (4, 2) Z=-1(4)+2(2) =0
C (2, 4) Z=-12)+2(4) =6
10 10 20
D(0.3) 2=-10)+ 25 )=

The Minimum value of the objective Function Z = -2 occur at the extreme
point A (2, 0)
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Example 7:
A diet Food for sick person must contain at last 4000 units of vitamins 50 units

of minerals and 1400 calories two food A and B available at a cost $4 and $3 per

unit, respectively. If one of A contain 200 unit of vitamin. 1 unit of mineral and
40 calories and one unit of food B contain 100 units of vitamin, 2 units of mineral
and 40 calories find by graphic method what combination of foods be used to
have least cost?

1400 5 (laall (o 3aa g 50 5 SlisalBil) Ga 4000 (S S GeSh O gy (o yall (Cula ) plad
(4) 1D A glsaill (3) 1D .idlsill (B 3 gia 403000 21 gall (o e 55 b | Ayl jad) il jpad) (1a
saliall (e paag (1) 9 Clisalildl) (o 3ang 200 (o0 QUSTA (e B2a) gl Baagll S 13) B gigedll
Ga sdag (2) .linalidll (e sang 100 (e G5Sh B gsilally 4lsall @il (e 40y dsianal)
caallsil) JET aadied Al i) 3 gal) ALSEDY a3 g 4 ) jad) Gl ) s3ag 40 , Axideall ualiad)

PAuilal) 3a okl Laddiees

Solution: -

The data of the given problem can be summarized as shown follows

o LS Lemst (S IS il
e an . Cra Q585 Baa ) 3aa olf Al
**“:"“ :;Ld\ Unite Content of Cost per unit
00 S : :
Vitamin | Mineral | Calories (R.S)
A 200 1 40 3
B 100 2 40 4

Clalia¥) Ga OSay La B

Minimum Requirement 4000 50 1400

A A1) 5ol (e laa gl dae X o) (e i
B auilaad) saldll e s gl ae X, o)) (i
L.P model of the given problem ALl g ) 23 sl
Minimize (total cost) Z = 4X; + 3X;
Subject to constraints:

200X, + 100X, > 4000 ......... (1)
Xy + 2X52 50 oovseooo )
40X, + 40X, > 1400 ............ 3)
X1, X220
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toh WSy ) gaall aa 3 gadl) adals daay

- comwams paints

_ (0, 40)

200X, + 100X, = 4000 20, 0)
_ (0, 25)

Xy + 2X, = 50 (50 0
_ (0, 35)

40X, + 40X, = 1400 (3.0

(3) 5 (1) el adalds Jias )y B ksl cililasl ) aial

200X; + 100X, = 4000 ............. (1)

40X; + 40X, = 1400

e (3)

40X; + 20X, =800 ..
40X; +40X;=1400 .......ccetneeee

(5) e (1) Aadll daniyy

20X, = 600
XZ =30

40X, + 20(30) = 800

40X; + 600 = 800

200
e Xl -—2= 5
40

X1+2X,=50 .......
40X, + 40X, = 1400

() o (1) ok

(3) & sl

(5,30) & B akaiill sl

2X1+2X, =70 ......
s X1=20

20+ 2X, =50

2X2 =30
~X,=15

......... )
......... (3)
5 Gl (1) dabad) Aoy
......... (3)
(3) 0= (1) g ok

(1) & o= silh

(20,15) C ikl cililaal .
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(0,15) 40
35

30
25

JS b Allaa) dilaiall pa AiSaall Jplall ke

C (20,15)

AB,C,D o &i€aall Jslall dilaia (S )
Lol LS5 Cangl) Al 8 AiSaal) Jglal) dihia S ) gon gas

A (0, 40) Z = 4(0) + 3(40) = 120
B (5, 30) Z = 4(5) + 3(30) = 110
C (20, 15) Z = 4(20) + 3(15) = 125
D (50, 0) Z = 4(50) + 30 = 230

The optimum cost At A (0,40)

Example 8:

A Firm is engaged in breeding sheep's. The sheep's are fed on various products
grown on the farm. In view of the need to ensure certain nutrient constituents
(call them X, Y and Z), it is necessary to buy two additional products, say, A and
B. One unit of product B contain 6 units of X and 10 units of Y, the minimum
requirement of X, Y and Z is 108 units, 36 unit and 100 units respectively.
Product A costs, Rs. 20 per unit and product B, Rs. 40 per unit. Formulate this
problem as a LP problem to minimize the total cost, and solve the problem by

using graphical method.
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Ga sdiad Al Aaph jalis 31 g0 (ladaly Adlida cilailey o3y aldll aUSY) iy 4y Al 484
g5l (Bl B g A (o cladlall (e (bl (e i 81 0d gy . g mall A6 al s<al)
Clang 6 (e (ST B gsiiall (adaagll Z (adang3 9 (e daag 39 X (32936 (e (ST A
3325108 A Z Y 9 X (e labia¥) (e AV aallg Z (e 8aag 10 9 Y (e daag12 9 X (m
daaly ) ASlual) Ayl sllaall |, 40 B gsiiall g Baa g JS1 20 A zilal) ddlsi | Mgl e 1005 36

Al A8 phlly dla g Ll JuI8 ddad Aaa 73 pad A AlSiall

Solution: -
The data of the given problem can be summarized as shown follows
o S Lpandli (S ASSI Sl
ciladial) Type of nutrient constituents
y Cost product
Product 7
A 36 3 20 20
B 6 12 10 40

Clalial) e (Say La JA)

Minimum Requirement 108 36 100

A e gBY) S X O
B (e gWY) 4 X, ) (2
L.P model of the given problem AUSEL aaly HlI 22 gadll
Minimize (total cost) Z = 20X; + 40X,
Subject to constraints:

36X;+6X,>108 ........... 1)
3X;+12X,>36............. (2)
20X; + 10X,>100 .......... (3)
X1, X2>0
Constraints Points
36X, + 6X, = 108 8 3;3)
3X;+12X,=36 gz32))
20X, + 10X, = 100 Eg (1);))
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leAS}UﬂJJMMCAJ}Jﬂ‘cEme

1

C 5B L) ciilaayl daglaa D 5 A LSl 5 4Saall Jolall dilaia a 4lllaall dahaiall o) Jaads
ol LS 2 sl i Lgsitan) At 131 Al ggna g
(3) 5 (1) coall wdalis Jias 3 5 B Adaiil) cildlas) 2] Ak

36X, +6X,=108 ............. (1)
20X; + 10X, =100 ....... 0. (2)
(2) o) Asbae e
10X2 =100 - 20X1
100-20X4
Xg = T =10- 2X1 (3)

(1) Aalaall & in g
36X; + 6(10 — 2X,) = 108
36X; 4 60— 12X; =108
24X, =48
48
X1 =—=z=2
24
(3) Uabaall A i 525
X, =10-2X;
X, =10 - 2(2)
X2 =6
(2,6) B adasull cilsdlasl o
(3) 9 (2) Cuall ckus s L";"J\} C daaall cldilas) G\)s:wt
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3%, + 12X5=36 oo )
20X, + 10X, =100 ......... (3)
(2) Halaall (10
3X1 =36 -12X;
_ 36—12X,
EE
Xy = 12— 4,
(3) Aslaall b im gai
20(12 — 4X,) + 10X, = 100
240 - 80X, + 10X, =100
240 - 70X, =100
240 - 100 = 70X,
140 = 70X,
X2 =2
(2) Aalaall 3 ya sai
3X; + 12(2) = 36

3X1+24 =36
12

X1=_=4
3

X1=4

(4,2) C akaaill cldlaa) v
adgld) alla 2 Ll (ya gas A glaa Jalail) & Gianal o) ax

A (0, 18) Z = 20(0) + 40(18) = 720
B (2, 6) Z = 20(2) + 40(6) = 280
C (4, 2) Z = 20(4) + 40(2) = 160
D (12, 0) Z = 20(12) + 40(0) = 240

The Minimum objective Function occur at the extreme point C (4, 2)
the optimum value =160
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Example 3: Use the graphical method to solve the following L.P. problem
Maximize (Z) = 10X; + 20X,
Subject to the constraints:
X1+ X3<30 cceneennnnn. (1)
XoZ3 ceiiiiiiiiiininnns (2)
0<X2<12 civviiviinnnn. (3)
0<X1220 ceevvvninnnnnne (4)

Xi-Xo20 eeuuuunnueeennns (5)
X1, X220
Solution: -
agd ) clibiall Jygad (Yl

Xi+X;=30............. (l)
Xo=3 i, (2)
0<X,=12 (3)
0<X;=20 (4)
X1 - X2 =0 (5)

O 9aally 3 gl adaldl aaa ;L

Xy + Xy =30 8’0?8;
X,=3 0, 3)

X, = 12 (0, 12)
Xy = 20 (20, 0)
Xy - Xp = 0 0, 0)

(PR PUMg I
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©))

30

D (1812

AWa) A B,C,D,E diSaal) Jolal) dalaia gf daidall Abkaiall yyass ; by

4 ggaal) Extreme points i kil i cifilaa) sag) sluald

(5) 5 (2) ol adalds Jiai A ddadil)
Xo=3 oo @)
X1—Xo=0......... (5)
(5)Adaaall & X2 4ad g2
X1—-3=0
X1 =3
(33,)A ddaail) cldlas)
(3) 5 (2) ol pdalss Jics Al 5 B 4dadill
X2 =3
X1=20
(203,)B ddaail) cldlas)
(4) 5(1) ol ahalds Jias Al 5 C ddadil)
X1+ X=30 ........... 1)
X1=20 oo @)

(1) Aabaall A i g2
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20+ X, =30
X2 =10
(20,10) C kil cililaal .

(1) 5 (3) cail) wlalis Jias 315 D el

(1) Aslaal b im gai

X1+12=30
X1= 18

(18,12) D akaiill cilgiloa) .

(5) Aslaall b (s

(12,12) E il ol .

szl Chagl) Adla A G platl) Jaldd g gaty Ll

: 2y Objective Function
) Jalas
Extreme Points ki Z = 10X, + 20X,

A (3, 3) Z =10(3) + 20(3) = 90

B (20, 3) Z = 10(20) + 20(3) = 260
C (20, 10) Z = 10(20) + 20(10) = 400
D (18, 12) Z = 10(18) + 20(12) = 420
E (12, 12) Z = 10(12) + 20(12) = 360
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The Maximum value of the objective Function Z = 420 occur at the extreme
point D (18, 12)

Example 4:

Mr. Mohammed, a retired Govt. officer, has recently received his
retirement benefits, viz, provident fund gratuity, etc. he is contemplating as
to how much funds he should invest in various alternatives open to him so
as to maximize return on investment. The investment alternatives are:
government securities, fixed deposits of public limited company, equity
shares, time deposits in banks, national saving certificates and real estate.
He has made a subjective estimate of the risk involved. The data on the
return on investment, the number of years for which the funds will be
blocked to earn this return on investment and the subjective risk involved
are as follows:

Investm_ent Return No. of years Risk
alternatives EEEEE—

Govt. securities 6% 15 1
Company deposits 15% 3 3
Equity shares 20% 6 7
Time deposits 10% 3 1
Real estate 12% 6 1
25% 10 2

He was wondering what percentage of funds he should invest in each
alternative so as to maximize the return on investment. He decided that
average risk should not be more than 4, and funds should not be locked up
for more than 15 years. Formulate an L.P model for the problem if he does
not want more than 30% of the investment to be put in the real estate.

Clilall ¢ AN §gaia (o) ¢ ol clBliaiu) ) 3a e Al ¢ oliia e g8 ciliga ¢ 42 Sl
Al dalial) Adbidal) Jilad) 8 W iy o quag Al JIgaY) lala B S8y a9 D ) Lag o
A0 aila gl g dpa gSad) Adlal) (31 g¥) 1A Jlaliud) Jil aa bl ) LdELY) dile Sab )
S Jad) g Ayl gl b gil) Culalgdig Sgial) B JaY adlagh g Lo agud g 3 gaaa dale 48y
Baliall (e 23e g (laliia) o sl Jea clibyd) Aldiaal)l jhldall padd il aB a8
Laddl) jhlaadly jldiuy) o alall 1 o Jsaall Ldal o Jlgad) s alaa A

sl LaS (A Aldiaal)
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dilad) JL.&“\J\ Sl

1 15 %6 | Aassall ALl (3) 5Y)
3 3 %15 A i) adia g

7 6 %20 Lale agdl

1 3 %10 Ja¥ ailag

1 6 %12 Auila gl b il culalg
2 10 %25 sy

bl ) i) dile BaL et JS B W ety o g Al O gal) Al 0 Jelady ()ls
2l Gle 15 o ASY JIga¥) (@) @ Vg« 4 oo 35 Y oy shliall agia of 585 2a
Mad) B L) (e 730 ¢ S pudag B i g al 13 AlSEall | P g gad Alua

Example: (Portfolio Selection Problem)

The Agro Promotion Bank is trying to select investment portfolio for a
cotton farmer. The bank has chosen a set of five investment alternatives,
with subjective estimates of rates of return and risk, as follows:

Annual rate .
Investment of return (%) Risk
Tax-free municipal bonds 6.0 1.3
Corporate bonds 8.0 1.5
High grade common stock 5.0 1.9
Mutual fund 7.0 1.7
Real estate 15.0 2.7

The bank officer in charge of the portfolio would like to maximize the
average annual rate of return on the portfolio. However, the wealthy
investor has specified that the average risk of the portfolio should not
exceed 2.0; and does not want more than 20% of the investment to be put
into real estate. Formulate an L.P. model for the problem

57



(Madaal) jLad) AlSda)
dad (1 Ao pana dligl) JUA) (b £ ) Jal 4 jlafiian) Aidaa JLEA) o130 g Al eliy Jglay
) gl o bl g ditadl el A3 il s pn ooy kil (i

3 lalaal) (%) ¢ simad) dilall Jana i)
1.3 6.0 il pal) (pa Blira dgaly iy
1.5 8.0 S pdd) il
1.9 5.0 33l Ldle alall agul)
1.7 7.0 & fidal) (3 gaiall
2.7 15.0 &) jlad)

I aa g Addaal) Ao (o ghud) dilad) Jana Jau gia 3y 5 Addiaad) (e g meall i) ) 5una 35
S et aly o dn W 2,0 Sl Y g Adddadd) jhalda haigia O g AN el daa
AEall | P zigal dolua il il A Lafiiu) (e 720 Oe

Example: (Product Mix Problem)

The Delhi Florist Company is planning to make up floral arrangements
for the upcoming festival. The company has available the following supply
of flowers at the costs shown:

Number Cost per flower
Type available P $
Red roses 800 0.20
Gardenias 456 0.25
Carnations 4000 0.15
White roses 920 0.20
Yellow roses 422 0.22

These flowers can be used in any of the four popular arrangements whose
make up and selling prices are as follows:
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Arrangement

Requirements

Selling price

Economy

Maytime

Spring-color

4 red roses
2 gardenias
8 carnations
8 white roses
5 gardenias
10 carnations
4 yellow roses

9 red roses

$6

$8

$10

Cra All) culalaay) AS i) 8 g8

(i) g e AlSiia)
AL (ln srall 5 5 g5 Jard s S gy A8y Jakads
:MJAM 3.&55351.) BB\

$ A JsI ddtss) zliall 280 g sl
0.20 800 gl e 29,5
0.25 456 L e
0.15 4,000 Jai 2
0.20 920 sl 35,9
0.22 422 £l ha 39,9

LaS Lo g Lgia oS0 el (4985 (AN dadlid) dag ) cilati il G of A Y1 o aladin) oSy

o

PRI cidlial) i Al
$6 $) a2 39,94 iy
Lsa 21 2
JUAS
$8 slan 35,98 B
L& 5
Jig10
81 35054
$10 gl an 39,99 &=l Qs
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Example: (Product Mix Problem)

A plant manufactures washing machines and dryers. The major
manufacturing departments are the stamping deptt., motor and
transmission deptt. and assembly deptt. The first two departments
produce parts for both the products while the assembly lines are different
for the two products. The monthly deptt. capacities are

Stamping deptt. : 1,000 washers or 1,000 dryers
Motor and transmission deptt. : 1,600 washers or 7,000 dryers
Washer assembly line : 9,000 washers only

Dryer assembly line : 5,000 dryers only

Profits per piece of washers and dryers are $ 2,700 and $ 3,000
respectively. Formulate the L.P. model.

A aall acd ¢ aBAL) acd A dpeni ) aiall) lud] cildiaall g clial) il plaas agdy
hghd AT Lain cpaiiall e JS el dal oYY Olacdll @ity | asanill acdy A4S al) JBU

soh A pgdd) andl) ol yab
Cidaa 1,000 8 Al 1,000 ATAY) audd
ciiae 7,000 5 A 1,600 : A al) Jili g & jaall and
had s 9,000 : Alad) prans bad
Lid Lidaa 5,000 hdaall arans bad

L.P. gigaifa, Al o 3,000 $ 52,700 $ lidaall g ool (o dakd J<I #L )

Example: (Product Mix Problem)

Consider a company that must produce two products over a production
period of three months of duration. The company can pay for materials
and labour from two sources: company funds and borrowed funds. The
firm faces three decisions:

1. How many units should it produce of product 1?
2. How many units should it produce of product 2?

3. How much money should it borrow to support the production of the
two products?

In making these decisions the firm wishes to maximize the profit
contribution subject to the conditions stated below:

(i) Since the company's products are enjoying a seller's market, it can sell
as many units as it can produce. The company would, therefore, like to
produce as many units as possible subject to production capacity and
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financial constraints. The capacity constraints, together with cost and
price data, are given in the table below:

Selling price Cost o_f Requwe(ijnhc?:rti per unit
Product ($/unit) production P
($/unit) A B C

1 14 10 0.5 0.3 0.2
2 11 8 0.3 0.4 0.1

Available hours funds per 500 400 200

production period of three

months

(ii) The available company funds during the production period will be $ 3
lakhs.

(iii) A bank will give loans upto $ 2 lakhs per production period at an
interest rate of 20 per cent per annum provided the company's acid
(quick) test ratio is at least 1 to 1 while the loan is outstanding.

Take a simplified acid test ratio given by
Surplus cash on hand after production + Accounts receivable
Bank borrowings + Interest accrued thereon

(iv) Also make sure that the needed funds are made available for meeting
the production costs.

Formulate the above as linear programming problem.

ada o) AS Al oSay, pgedl B Lghae L) B e o Cpaiie gl ASud e o) o2 )
sl i3 A A8 i) da) g A yiBal) ) ga') g AS ) Il gal 10 daa Cpa Adland) g 3 gall Jilda
9] gilall Wil o) caa (AN Cilaa gl dae oS ]
2 gilall Ladhy o) caa AN Cilaa gl das oS 2
fomaiiall Z U asal 2 A8 O quag Jlall (e a8 3
hag il By bl asdl ) sl dabless 0L 8 AS,Al 5 ¢ cl ) Al oda MAS) ais
ssLiai 53 g1l

) gl e (Saa dae S a LgiSay ¢ adl) (§gen pilall AS AN ciladia oY 13RS (1)
5N By clasgll e Sas a0 ) gl B ASHAN G 8 ¢ M lgadli of (S
solial Joaadl A ¢ jlan¥) g AQlSil) cilily iy ) ¢ dmad) 358 3 55 Aallal) 3 9481 g Asaliy)
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aniil) L 5an g JSI 4y sllaal) e L)

C B A
0.2 0.3 0.5 10 14 1
0.1 0.4 0.3 8 11

. . . JS dalial) clebud) aae
200 400 500 2

) A3 ) 8 b

LS 3§ U B DA dalial) A8yl ) gal ¢y8in Ja (2)

O oy U giaw i) (B 20 Bild Janay i) 3538 (<) €1 2 § ) Juai L g B eliyl) ey (3)
Miaosa Al @58 Lk B e 1 1) 1 AS 5l (Aag puadl) alaa) LSRN Al 5SS
4 dadia daa paes LR Al 38
Rl Cllaa + ZUDY) sy ) Joliia B gaBL ildl)
Lo Abaunal) ai) gll) + 2 pma ia g B

QU Gl ddaril da U ) gaY) 8 g (1 Ll aSUig (4)

Aol Ao ALLEAS (Ga La A8l 22 )

Example: (Product Mix Problem)

A company produces two parts P; and P, used in television sets. A unit of
P, costs the company $ 5 in wages and $ 6 in material, while a unit of P,
costs the company $ 20 in wages and $ 10 in material. The company sells
both parts on one-period credit terms, but the company's labour and
material expenses must be paid in cash. The selling price of Py is $ 25/ unit
and P, is $ 60/ unit. The company's production capacity is limited by two
considerations. First, at the beginning of period 1, the company has an
initial balance of $ 35,000 (cash + bank credit + collections from past
credit sales). Second, the company has available in each period 1,600 hours
of machine time and 1,400 hours of assembly time. The production of each
P, requires 2 hours of machine time and 1.5 hours of assembly time, while
production of each P, requires 2 hours of machine time and 3 hours of
assembly time. Formulate the problem as L.P. model to maximize the total
profit to the company.

@ § 5 AS,Al IS P oBaag g Al 3jgal A glardiag Py 9 Py Cula AS,d @an
Hgall A 10 905 B 20 A,AN QS P Baag of gea B gl A S 6 5 s
A4S Al Alaall g Jeadl il ady cuag (K19 Baa) g 5 il Alaii) ag pdey (i) DS AS i) ausi
OIS Bagana AS Al Apalisy) A8l Basg / $ 60 P2 9339/ $ 25 P1 g e A
+ hpan glalil + 1) § 35000 08 it dnay AN A S 18 Ay B Y
<y (e delu 1600 558 JS A AS,dl ool Agh ¢ Ll (Ale Ailaiil clagia (e Cidluans
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Aol 1.5 Abslall g (e (el Py JS gL qullaly  aandl) g (1 Aol 1400 9 A5SLal)
Lol CBg e cilelu 3 g ALSLal) g (g Gis L P, JS L) cullaly Laly caranil) g oy
A bl ) ASHEN ) Alaa) 30 0 LLP g galS Al fa

Example: (Product Mix Problem)

A manufacturing company has two plants, which produce and supply two
products X and Y. Each plant can work up to 15 hours a day. In plant A, it
takes 3 hours to prepare and pack 1,000 liters of X and 2 hours to prepare
and pack 1 ton of Y. In plant B, it takes 2 hours to prepare and pack 1,000
liters of X and 2.5 hours to prepare and pack 1 ton of Y. In plant A, it
costs $ 20,000 to prepare and pack 1,000 litres of X and $ 25,000 to
prepare and pack 1 ton of Y, whereas these costs are $ 22,000 and $ 23,000
respectively in plant B. The company wants to produce 12,000 litres of X
and 10 tons of Y and wants to organize the production so as to produce the
products at minimum cost. Formulate this problem as an L.P. model.

15 (A dawy o) peaa J9 0%y Y 5 X Gale 19 Gladly Oladaas gl 4854 gl
smaail delu 2 9 X e Al 1000 4y padaad (§diay ¢ A ghuaal) B o) B Aol
2.5 9 X (o A 1000 ddady 220y (el oY) ik « B plaall (B, Y o b 1 ddady
Oa S 1000 dims s ey 20000 $ il ¢ A phaadl (ALY e 0l 1 Al g ppaaill Aol
$ 522000 $ A < oda o Gua A Y dalg oh Ay ey 25,000 $ 9 X
Y Ga Glll 10 9 X o 1A 12,000 zU) ASpdl) & 5 B adaaal) & A e 23000

L.P zigaiS ACial) o2 fua 481G JBl cilaiial) g USY LYY aulil b fig

Example: (Product Mix Problem)

A truck company has $ 50 lakh to invest and is to choose among three
types of trucks A, B and C. Truck A has 12 tonne payload and is expected
to average 50 km per hour. It costs $ 80,000. Truck B has a 20 tonne
payload, is expected to average 45 km per hour and costs $ 1,00,000.
Truck C is a modified form of B. It has sleeping space for the driver,
which reduces its payload capacity to 17 tonne, while raising the cost to $
1,20,000.

Truck A requires a crew of one man, and if driven on three shifts per
day, could run for an average of 20 hours a day. Trucks B and C require a
crew of two men each and if driven on three shifts per day, could be run
for an average of 19 hours and 22 hours respectively. The company has a
fleet of 120 crewmen available to it. If the total number of trucks are not to
exceed 40, how many trucks of each type should be purchased if the
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company wants to maximize its capacity in tone km per day? Formulate
the problem as L.P. problem.
A claldll ge gl g3 DA o cpe JLEAY) adiiad g JLdiudld () 50 § Lz ciliald 48 )4
$ Gl Aelud) B a8 50 Wb gia iy o @b giall ¢rag Uk 12 A gan A Lald Jani .C 9By
delull B oS 45 Whugie fu ol dgiad) (g bk 20B  Aaldl) Ages 35 80,000
Sy Laa ¢ 3ilull 0 g3 Aabisa o (5 a3 B (1 Jira JS& A C 4aldd) 100,000 $ <idlsil) g
Jau e Ll A Laldll qllaii 1,20,000 $ ) AR @dy Lady (Gl 17 ) Wilsas (e
Dugiall B Aol 20 B3l Jaad O OSan cagall B cligi E o Lgiald cuai 13) g caalg
sl (& gl COB o Laglidd a1 13) 5 Lagha S Galay (e Ll C g B (pialdl) culla
IAT a 120 Ga Jsbad Lgual Al gl o Aol 22 g dslu 19 Jine Legladl (Say
Al Glaldl) sie asd (ddald 40 Jeladh ¥ clialdll Jdlaay) asd) ol 13 L 2Ll adll
AUCial) fua Tagall A8 oS Ghlly Lgila audind & G 5 AS Hdl) ilS 13) @ od IS (e L) 5 e
CL.P. Altda g e

64



dubadl) daa ) 7z Mall dualdl) el

(Minimization) &5l gl At Jal) - Yl
Giag ) Ll ) Akl sie JiaY) Jall ()5S Caagl) Al b s sadl) vie ALl o3a b
U5 g Jlhe L L5 Cangll A e I

Example 5: Find the Minimum value of
Min (Z) = 10X, - 6X;
Subject to:
A4X; +6X,>24 ... (1)
Xy, X220

Solution: -

4X1+6X,=24

4(0) + 6X, = 24
24

Xg =—=4
6

A (0,4) ¥ Akl -,
0 =X1 o8
4, + 6(0) = 24

24
Xlz_:6

4
X2
1

B (6,0) &l ALl ..

o

A (0,4

N w > O o N

/ X4

Al 1 2 3456 7 8 9 10
B (6,0)

(2-10) Js

Z(B) = 10(6) — 6(0) =60
Z(A) = 10(0) — 6(4) = -24
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A il xie JiaY) Jall o 1A

Z=-24
X1=0
X2=4

‘ (Unbounded Solution) 2saaall & Jall : Lil
& s 2 sall 33L ol 6T s siie Feasible Region 4iSaall Jslall dahia () 5<5 Lia
Do WS g a5 g0y Caagdh Ally Al Baly )

Max (Z) = 3X; - 2X,

2X1+5X,>10 ... (1)
X2<8 eeeeiiieiiieiiin (2)
X].’ X2 2 0
X2
08) 8 ®
| Vivv vy
0,2) 2 Feasible Region
1)
(5:0)
(2-11) Jsa

Infeasible Solution Ja 3535 axe ; Gl
Z\MJLL"\AJ‘%EJP}}‘:Q;AQJ\%M“;S&AJP}LC C_LULALJLC ‘du‘ b..l%j
358l G A jidia Ja dihaiie aa 55 Y Cun Y JU) 8 LS

+ X,
(0,6)
(0.4)
(2)
1)
> Xl
(2,0) (6,0)
(2-12) Js&
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Max (Z) = 4X; + 2X,

Subject to:
AX1+2X< 8o, (1)
5X; +5X;>30 .............. (2)

Multiple Optimal Solution Jis) Ja ¢y Ji8) aga g Al ; Lal
JieY) Jall e gin AiSaall Jslall Aikaie (S ) (e ddaii e 5S) 0 oS Uit

Example 6 : Use the graphical method to solve the following LP Problem
Maximize (Z) = 10X, - 6X,
Subject to the constraints

5X1+3X,<30 ...o......... (1)

Xi+2X <18 oo, (2)

X1, X2=0

Constraints Points
5X; +3X,<30 (?6’10(;)
X, +2X, <18 ((1%93)

cpail) (s Jich il 5 (B) el clilan) ala

5Xy +3X, =30 ..o (1)
X1+2X,=18 ............... (2)
(5) = (2) Walaall oy
5X1+10X,=90 ..cooeee..e. .. (2)
(2) 0 (1) o
5X1+10X,=90 ..ooneeee... .. (2)
5X1+3X;=30 ... (1)
7X2 =60
60
Xe=T

(1) il 3 (my il
5X, + 3(%) = 30
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180

5X1 =30 -
5X, = 210 — 180
30
5X1 = T
X]_ -
(0,10) X

C 6,0 (18,0) 1
(2-13) s
: e e Objective Function
Jalds

O (0,0 Z =10(0) +6(0) =0
A (0,9) Z=10(0) + 6(9) =54

6 60 _ 6 60,
C (6,0) Z =10(6) + 6(0) = 60

Jslall aaxs a1 (Jie¥) Jall) Cangll Al1al iad alie | iiay B, C pitlaill () Jaay

68



‘ Degeneracy 4ady) ;: Luald
Ig;ﬁusdﬂ‘és)ﬁuﬂwgbdﬂ\dcuaﬂégﬁjﬁjﬁggj

0,4) 4

()
Xy
2 8
C (0 (8,0)
(2-14) S8
Max (Z) =3X; + X,
8Xy +4X,< 16 e (1)
: e e Objective Function
Jalds
Extreme Points <kl Z = 3X, + X,
A (0,0) Z=3(0) + (0) =0
B (0,4) Z=30)+4=4
C (2,0 Z=3(2)+(0)=6

oaild a8 g AU Al o) g C Al aie JLY) Jal) o BaY
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