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4 2 0 2 ] 2 ] 2
1 3 Z2 "] s s 16 0
3 "] 3 10 9 16 25 0
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] 11 31 42 1 42 43 4
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Fourth Class

Subject: Industrial Engineering

Lecture: 1
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Technical and Economical Feasibility Study of
Industrial Projects
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Example
Find the optimal solution for the following LP model by using
graphical method:
O.F.  Max z=$10X:+$40X
St 1X:1+2X.<100

1 X:1+5X2< 150
Non negative X:>0,X2=>0

Solution:

(1) Transfer restrictions to equal as follows
The straight first x:+2x.=100

The straight second X:+5x.=150

- determine of two points for each straight :

Straight 1 Straight 2
X, X X5 X,
50 0 30 0
0 100 0 150
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(50= x2, 0=x1) BRI = g‘g’p;gﬁgﬁ{e
N
50
Straight 1
25  __ | 100 = 2X+Xx4
(X4=100 x, =0)
- ‘ | X1
Can be drawn straight 00) \

The point of origin 50 100 \

first and the straight

(30= X2, 0=X1)
second 2
30&

150= 5X2+X1

20 —///

Feasible/

10 — region /

(X4=150 x; =0)
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100=2X+X

5[& 2 straight first

30

straight second
C 150=5X+X1

==
| | |
o, O)A 50 : B\ X1

66.6 100

16.6

i

150

The joint solution, an area (A B C D ) shaded The objective function is tested at these
points, (AB C D):

( Extreme Points ) Point (C)

Point to the representation of the intersection of the straight 1 and the straight 2.

x1+2x2=100

x1+5x2=150
Previous solving equations using any method (deletion of compensation,
matrices, determinants, etc. :

x1=200\3=66.67  x2=50\3=16.67
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To find the optimization Solution for the Feasible Solutions Region

(F.S.R))
For Max. Z we have as illustrated in table below:
Point X, X, 7=%$10 x;+$40x,  |The result ($
B 100 0 0 x40 + 100 x10 1000
C 66.7 | 16.7 | 16.7 x40 +66.7 x10 1335
D 0 30 30 x40 +0 x10 1200

So, the F.S.R. at point C: X1 =66.7

X2=16.7 Z=1335

Z Jdad J8) 320 chagh D) piaait) Alla 8 ¢ A
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Example 2: Find the optimal solution for (school books and
booklets draw) by the graph method the graph

Max. Z =$12 x1+$14 x.
S.t.: 2 X1+3 XS 24
2 X1+ 1 X216
X1S 7
X256
X12 0 X2 0

Solution: The same steps as in the first example:

Straifght 4 Straight 3 Straight 2 Straight 1
X,=6 Xq=7 2X, +X, = 16 2Xq +3X, =24
X2 X1 X5 X X5 X4
6 7 16 0 8 0
— — 0 8 0 12
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16 | Straight 2
2X1+X>=16 |
B Straight 3
o Xq=7
— Straight 4
/ X,=6
s
Y, Y, /
6
Ys Straight 1
4 = 2X1+3X-,=24
N Y4\}4
Y, 2 4 6 Ys 7 8 12 1

The joint solution, an area (Y2Y3Y4) shaded
Find extreme points (Y2Y3Ya):
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Point (Y4) represents the intersection of 2 straight and

2X1tX2=16 X1=7
2(7) +X2=16
X2=16-14 R X2=2
Point (Y2 ) represents the intersection of 2 straight and the 4 straight:
2X1+3X=24 X2=06
X1=3 X2=6
Point (Y3) represents the intersection of 1 straight and the 2straight
2X1+3X2=24 2X1+X2=16
X1=6 X2=4
So Max z = $12X1+ $14X>
Point X, X, 7=$12x,+S14x, The result $
Y, 3 6 6x14 +3 x12 120
Y, 6 4 4x14 +6 x12 128
Y, . ) 2x14 +7 x12 112

highest return at the pomt Y3, must produce ( 6 writing books, 4 draw) to
achieve a return of § 128
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1- Multiple Optimal Solution 7-

Example 46 B m=56

Solve by using graphical method 5// 4t 3mp=24

Max Z = 4x1 + 3x2 4

Subject to T N /s

4x1+ 3x2 < 24 = 2_ easible region

x1 < 4.5 Q ///// //

X2=6 0 S 4D 5 & 7
x1=20,x2=20 x1—

Solution

The first constraint 4x1+ 3x2 < 24, written in a form of equation

4x1+ 3x2 = 24

Put x1 =0, then x2 = 8

Put x2 =0, then x1 =6

The coordinates are (0, 8) and (6, 0)

The second constraint x1 < 4.5, written in a form of equation
x1=4.5

The third constraint x2 < 6, written in a form of equation

X2 =06
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The corner points of feasible region are A, B, C and D. So the coo
corner points

are

A (0, 6)

B (1.5, 6) (Solve the two equations 4x1+ 3x2 = 24 and x2 = 6 to get the coordinates)
C (4.5, 2) (Solve the two equations 4x1+ 3x2 = 24 and x1 = 4.5 to get the coordinates)
D (4.5, 0)

We know that Max Z = 4x1 + 3x2

At A (0, 6)

Z =4(0) + 3(6) = 18

At B (1.5, 6)

Z=4(15)+3(6)=24

At C (4.5, 2)

Z=4(45)+3(2)=24

AtD (4.5, 0)

Z =4(4.5) + 3(0) =18

Max Z = 24, which is achieved at both B and C corner points. It can be achieved not
only at B and C but every point between B and C.

Hence the given problem has multiple optimal solutions.
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2- No Optimal Solution 51 Remove Watermark B pforndershare
Example: 4

Max Z = 3x1 + 2x2 T\\

Subject to %2

xl+x2<1

X1+ x2 = 3 ) mrms

x120,x220 0 1T~ 2 3 4 5

Solution A xitx=3

The first constraint x1+ x2 < 1, written in a form of equation
x1l+x2=1

Put x1 =0, thenx2 =1

Put x2 =0, thenx1 =1

The coordinates are (0, 1) and (1, 0)

The first constraint x1+ x2 = 3, written in a form of equation
x1+x2 =3

Put x1 =0, then x2 = 3

Put x2 =0, then x1 =3

The coordinates are (0, 3) and (3, 0)

There is no common feasible region generated by two constraints together i.e. we
cannot identify even a single point satisfying the constraints. Hence there is no optimal
solution.
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3- Unbounded Solution ?
Example: Solve by graphical method
Max Z = 3x1 + 5x2
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Subject to e
2X1+x227 L
x1+x2=6 5
x1+3x2=29 1
x1=20,x2=20 o 1
Solution

The first constraint 2x1+ x2 = 7, written in a form of equation
2X1+x2 =17

Put x1 =0, then x2 =7

Put x2 =0, then x1 = 3.5

The coordinates are (0, 7) and (3.5, 0)

The second constraint X1+ x2 = 6, written in a form of equation
X1+x2=6

Put x1 =0, then x2 = 6

Put x2 =0, then x1 =6

The coordinates are (0, 6) and (6, 0)

The third constraint x1+ 3x2 = 9, written in a form of equation
x1+3x2=9

Put x1 =0, then x2 =3

Put x2 =0, then x1 =9

The coordinates are (0, 3) and (9, 0)

2

' 3 4 5 g 7 8
Ztm=7" 15—
3]

K1+ ¥ =

oD

X+ 3K =9
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I I I
The corner points of feasible region are A, B, C and D. So the cooroc

points are

A(0,7)

B (1, 5) (Solve the two equations 2x1+ x2 = 7 and x1+ X2 = 6 to get the coordinates)

C (4.5, 1.5) (Solve the two equations x1+ x2 = 6 and x1+ 3x2 = 9 to get the coordinates)
D (9, 0)

We know that Max Z = 3x1 + 5x2

AtA (0, 7)

Z =3(0) +5(7) =35

AtB (1, 5)

Z=3(1) +5(5) =28

AtC (4.5,1.5)

Z=3(45)+5(1.5) =21

At D (9, 0)

Z =3(9) +5(0) =27

The values of objective function at corner points are 35, 28, 21 and 27. But there exists
infinite number of points in the feasible region which is unbounded. The value of objective
function will be more than the value of these four corner points i.e. the maximum value of

the objective function occurs at a point at co. Hence the given problem has unbounded
solution.
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Use the simplex method to solve the following problem:

Max Z =7 x1+10 X2
S.t3x1+5 x2<1800
2 X1t 7 X< 2300
3 X1+5 x2< 400
5x2<300
X1,X2>0
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