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Simplex Method Can solve for more than two decision

variables.
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The advantage of Simplex Method
1- No graph
2- can solve for more than 2 variables
J
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Simplex Method

Maximization Problem

Minimization Problem
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Simplex Method
N
The First : Maximization Problem
Problem 1:
Maximize Z = X,+1.5 X,
Subject to: 2X, 14X, <12
3X,+2X, < 10
X, X, >0 )




|
IDOCE
IT! Simplex Method:

4 Max Z = X, +1.5 X,
2X,+4X, < 12

3X,+2X, <10
X, X,>0
Steps in the Simplex Method : Maximize only
1- step 1: Rewrite the problem in standard form. —> Objective function — with R.H.S =0
Z-X,-15X,=0 (0bj.)
2X,H4X, +5, =12 (R)) (C;:a':s_:;aft:quation by (+s))
3X 1+2X2 + S, = 10 ( RZ) (For 2) — equation by (- s))

\_ X, X,20
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Simplex Method:

X,

S

S,

Const.

4

1

0

12

2- step 2: Construct the table and search for the Pivot (Pivot column () Pivot Raw)

~N

Z-X,-15X,=0  (obj.)

2X,+4X, +s, =12 (R))
3X,+2X, +s,= 10 (R))
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2- step 2: Construct the table and search for the Pivot (Pivot column () Pivot Raw)

X, X, SI S2 Const.
R, 2 4 1 0 12
R, 2 0 10

Z-X,-15X,=0  (obj.)

2X,+4X, +s, =12 (R,
3X,+2X, +s,= 10 (R))
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2- step 2: Construct the table and search for the Pivot (Pivot column (\ Pivot Raw)
For select the pivot column get the lower in objective function
Z-X,-15X,=0 (0bj.)

2X,H4X, +s,=12 (R))
3X, 12X, +s,= 10 (R))

4 X, | §; | S, Const.
R, 2 4 1 0 12
R, 2 0 1 10
obj -1 -1.5]] O 0 0
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2- step 2: Construct the table and search for the Pivot (Pivot column (\ Pivot Raw)

For select the pivot column get the lower in objective function
Z-X,-15X,=0 (0bj.)

2X,+4X, +s,=12 (R))
3X,+2X, +5,= 10 (R,)

! X0 8, | S, Const.
R, 2 - 1 0 12
R, 2 0 1 10
obj -1 -1.5/] 0O 0 0
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Ratio test = constant / value in pivot column for RI&R1

f X, §;, | S, | Const Ratio Test
R, 2 - 1 0 12 12/4 =
R, 3 2 0 1 10 10/2=35
obj -1 -1.5/] O 0 0

2- step 2: Construct the table and search for the Pivot (Pivot column N Pivot Raw)

To select the Pivot raw perform the ratio test and get the low value 7, -X -1.5X,=0 (0bj.)

2X,+4X, +s, =12 (R))
3X,+2X, +5,= 10 (R,)
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Ratio test = constant / value in pivot column for R, &R,

X; X0 8 | S, Const. Ratio Test
R, 2 [ 1] o 12 12/4=3
R, 302 e 1 10 10/2=5
obj -1 =13 0 \0\ 0
\ Pivot

2- step 2: Construct the table and search for the Pivot (Pivot column N Pivot Raw)

To select the Pivot raw perform the ratio test and get the low value 7,.X -1.5X,=0 (0bj.)

2X,H4X, +s,=12 (R))
3X, 12X, +s,= 10 (R))
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3- step 3: The Pivot must be 1 Z-X,-15X,=0 (ob}.)
X, || X, | S, | S, | Const. | Ratio Test 2X1+4X2 +§ = 12 (R I)
R, 2 IO 1 o | a2l | 124=3 3IX, 42X, +5,= 10 (R))
R, 3 2 0 1 10 10/2=5
obj -1 {|-1.5] O 0 0
X; | X, | S, Const. | Ratio Test
R
(Rl)New — ( 142_01d 1/2 1 1/4_ O 3
\_ W,
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Z-X,-15X,=0  (obj.)

2X,+4X, +s, =12 (R,
3X,+2X, +s,= 10 (R,)

4- step 4: use raw operation such that in the Pivot column the other element must be 0

Step 4: must be 0 with the new Row

X; X, || S S, Const. Ratio Test
R, 2 (1] 0 12 12/4 =3
R, 3 2 0 1 10 10/2=5
obj -1 LS o ——0_ |
s
X; | X, | S, S, Const. | Ratio Test
_ (R1)ouw
(Rl)New - 4 1/2 1 1/4 0 3
(R wew = =2 (Ry) yew + (RDowa 2 0 _1/2 1 4

\_
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~

X; X, | §; S, Const. Ratio Test
R, 2 ('\4 ) 1 0 12 12/4=73
R, 3 2 0 1 10 10/2=5
obj -1 kLSl 0T—6——0
X f X 5 S 1 Sz Const. | Ratio Test
_ (R1)ouw
(R New = 4 1 /2 1 1 /4 0 3
(R)new = =2 (R new + (R2) 014 2 O _1/2 1 4
(0bj. ) yew = 1.5(Ry) yew + (0b)) g1a _1/4 O 3/8 O 9/2

\_

~N

Z-X,-15X,=0  (obj.)

2X,+4X, +s, =12 (R,
3X,+2X, +s,= 10 (R,)

4- step 4: use raw operation such that in the Pivot column the other element must be 0

Step 4: must be 0 with the new Row
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onivers |l Simplex Method:
5- step 5: Repeat step 2 & 3 & 4 until there is no negative numbers in the obj. raw. A
X, | X, | 8, | S, | Const. | RatioTest Z-X,-15X,=0 (obj.)
i 2 (GO 1[0 | 1]} 1me-s 2X,+4X, +5, =12 (R))
RZ. 3 2] 0] 1 10 | 10/2=5 X A2X, +5,= 10 (R)
Obj. -1 leLsf o | 0 0
X, | X, | S, | S, | Const. | Ratio Test
(R New ol Ly, | o 3
(R wew 2 1 0 |7y 1| 4
(0b].) yew |l 0 [ 3| 0| 9,
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onivers | Simplex Method:
( ! X, || S| §, | Const Ratio Test Z-X,-15X,=0 (0bj.) \
R, 2 | 0 | 12 12/4 =3 IX +4X, +5, =12 (R))
R, 32 10| 107275 3X, 42X, +5,= 10 (R))
obj -1 || -1.5 0 0
Xi | X5 | S| 8, | Const | RatioTest Repeat Step 2: Get the lower
R, 1/, 1 [Y, | 0 3 value in objective function to get
the Pivot column
R, 2 0 |7, 1 4
obj “Yal | 0 |3 | 0 | %
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. X, || S; | S, | Const Ratio Test Z-X,-15X,=0 (0bj.) \
R, 2 | 0 | 12 12/4 =3 IX +4X, +5, =12 (R))
R, 3| 2 10 107225 3X, 42X, +5,= 10 (R,)
obj -1 |[-1.5 0 0

A || X | S S, | Const. | Ratio Test Repeat Step 2: Get the lower

R, 1 i y 0 3 value in objective function to get

2 4 the Pivot column
R, 2 [0 |-, | 1 4
obj Mal| 0 | 3 | O | %
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onivers | Simplex Method:

X | S, | S, | Const Ratio Test Z-X,-15X,=0  (0b).) \
R, (D) 0 | 12 12/4 =3 IX +4X, +5, =12 (R))
K, 32 10| 1072=3 IX 42X, +5,= 10 (R)
obj -1 || -1.5 0 0

X || X, | 8, S, | Const. | Ratio Test
R, 1 1 . Step 2: Calculate the low value in

/2 ! z 0 3 3/(/2)=6 | the ratio test to get the Pivot Raw
S e e
obj Ml 0 | 35 | O | 9
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onivers | Simplex Method:
X | S, | S, | Const Ratio Test Z-X,-15X,=0  (0b).) \
R, (D) 0 | 12 12/4 =3 IX +4X, +5, =12 (R))
R, 302 10| 1072=5 3X, 42X, +s,= 10 (R))
obj -1 || -1.5 0 0
X; || X, S, S, | Const. | Ratio Test

R Step 3: The Pivot must to be 1

’ Yol 1| Ya | O | 3 |3/0/)=6
v (OEEEE -
obj “all 0 | 35 | O | %
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( X; X, || §; S, Const. Ratio Test
R, 2 m 1 0 12 12/4 =13 Z-X,-15X,=0 (ob}.)
2 10/2=5
R’ o 10 2X,+4X,+s,=12 (R))
bj -1 -1.5 0 0 0
= 3X, 42X, +s,= 10 (R)
X; X, S, S, Const. Ratio Test
R, Yol 1| Yy | O 3 3/(1/2)=6
—9 —
R, - U /2 ! : 4/2=2 Step 3: The Pivot must to be 1
obj |l 0 | 3 0 %/,
X; | X, | S, | Const. | Ratio Test
(R yew = (Rzz)md 1 0 _1/4- 1/2 2
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lDSElS IT! Simplex Method:
( X; X, || §; S, Const. Ratio Test
R, 2 m 0 12 12/4 =13 Z-X,-15X,=0 (ob}.)
2 10/2=5
IZ{ 1 125 g (1) 100 2X,+4X,+s,=12 (R))
obj - -
3X,+2X, +s,= 10 (R))
X; X, S 1 S2 Const. Ratio Test
R, Yol 1| Yy | O 3 3/(1/2)=6
G 1 _
R, \2.) 0 /2 ! g 4/2=2 Step 4: use raw operation such
obj |l 0 3/ 0 /5 that in the Pivot column the other
element must be 0
X, | X, | 8§, | S, | Const. | Ratio Test
(Rl)New =1 (RZ)New + (Rl)old 3 1
/2 0| 1 /g | /4 2
(RZ)New = (RZZ)OM 1 O _1/4‘ 1/2 2
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( X; X, || §; S, Const. Ratio Test
R, 2 m 0 12 12/4 =13 Z-X,-15X,=0 (ob}.)
2 10/2=5
R’ o 10 2X,+4X,+s,=12 (R))
obj -1 -1.5 0 0 0
’ 3X, 42X, +s,= 10 (R)
X; X, S, S, Const. Ratio Test
1 1 1/ \ —
R /> : /4 0 3 31C/)=6 Step 4: use raw operation such
R, - 0 | Y | 1 4 4/2=2 that in the Pivot column the other
obj "l 0 | 3 0 %, element must be 0
X; | X5 | S, | Const. | Ratio Test
R)wew = ~ Ly Rpyew + (Ri)ota o |1 3/ 1, , the.re is no negative numbers in the
obj. raw
(R New = (RZZ)OId 1 0 _1/4 1/2 ? //7
©b)ew = /4 Rdwew+ @b | [0 | 0 | 5/1¢ | Vg ol

\_

~N
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( X; X, || §; S, Const. Ratio Test
R, 2 [ 0 12 12/4=3 Max Z = X,+1.5 X,
* 2|0 10 107225 2X,+4X, < 12
obj 1 |15 o] o 0 3X 42X, < 10
X; X, S, S, Const. Ratio Test
R, Yol 1| Yy | O 3 3/(Y5)=6 X, X, 20
R, - 0 | 15 | 1 4 4/2=2
obj |l 0 | 3 0 %/,
X; | X, | S, S, | Const. Ratio Test
Rvew = "1/ Rdvew+ Rdow | o ([ Lo 5[5
X,=2
(R = 001 Lo | 2| 2
©b)yew = /4 Ryew + OBDow | 0 | 0 | 5746 | Vg 5

\_
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( X; X, S 1 Sz Const. Ratio Test
R, 2 [ 0 12 12/4=3 Max Z = X,+1.5 X,
N 10/2=5
R, 2 |10 10 2X,+4X, < 12
obj -1 -1.5 0 0 0
! 3X,+2X, < 10
X 4 Xz S 1 Sz Const. Ratio Test
>
R, 1/2 1 1/4 0 3 3/(1/,)=6 XpX;20
R, - 0 | -1, | 1 4 4/2=2
obj |l 0 | 3 0 %/,
X f X2 S P Sz Const. Ratio Test
Rodvew ="z Rodvew+ Rdowa | o | | g | Ya )
(0b)) ey = 1/4 (R new + (0b)) g4 0 0 5/16 1/8 5

\_
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4 X,

X, S 1 S2 Const. Ratio Test
R, 2 @] 1] o 12 12/4=3 Max Z = X,+1.5 X,
2 10/2=5
R, 201 10 2X,+4X, < 12
obj -1 -1.5 0 0 0
! 3X,+2X,<10
X; X, S, S, Const. Ratio Test
>
R, 1/2 1 1/4 0 3 3/(1/,)=6 XpX;20
R, - 0 | Y | 1 4 4/2=2
obj "l 0 | 3 0 %,
X; | X, S, S, | Const. | Ratio Test X, =2,X,=2
(R)New = _1/2 (R yew + (R o1 0 1 3/8 /4 9
The Solution:
(RZ)New = (Rzz)om 1 O _1/4 1/2 2
=5
b)) yew = /4 Ryew+ ©@bDow | O | O | 5/ | Ysg 5

\_
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(
X,=2,X,=2

=)

For check you can calculate to make sure the result is true

Max Z =X,+1.5X,=2+1.5(2) =5

The Result is true
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N
The First : Maximization Problem
Problem 2:
Maximize Z = 40X,+50 X,
Subject to: X;+2X,<40
4X,+ 3X, < 120
X X, 20 y




U N I

\
crs | Simplex Method:
(" Max Z = 40X,+50 X,

X, +2X, <40
4X,+3X, < 120
X X520
Steps in the Simplex Method : Maximize only
1- step 1: Rewrite the problem in standard form. _> Objective function — with R.H.S = 0
Constraints:
X1+2X2 T ST 40 (Rl) (For <) — equation by (+s))
4X1+3X2 +s,= 120 ( RZ) (For 2) — equation by (- s))

\_ X, X,20
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Simplex Method:

X

X,

S

S,

Const.

1

2

1

0

40

2- step 2: Construct the table and search for the Pivot (Pivot column () Pivot Raw)

~N

Z-40X,-50X,=0 (obj.)

X, +2X,+s, =40 (R))
4X,+3X, +s,= 120 (R))
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~N

2- step 2: Construct the table and search for the Pivot (Pivot column () Pivot Raw)

X, X, SI S2 Const.
R, 2 1 0 40
R, 4 0 120

Z-40X,-50X,=0 (obj.)

X, +2X,+s, =40 (R))
4X,+3X, +s,= 120 (R))
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2- step 2: Construct the table and search for the Pivot (Pivot column (\ Pivot Raw)

For select the pivot column get the lower in objective function

X; X, | §; | S, Const.
R, 1 2 1 0 40
R, 4 3 0 1 120
obj -40 [[-50]] O 0 0

~N

Z-40X,-50X,=0 (obj.)

X, 42X, +s, =40 (R,
4X,+3X, +s,= 120 (R,)
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2- step 2: Construct the table and search for the Pivot (Pivot column (\ Pivot Raw)

For select the pivot column get the lower in objective function
Z -40X,-50X,=0 (0by.)

X+2X,+s, =40 (R))
4X,+3X, +s,= 120 (R))

X; S 8|S, Const.
R, 1 2 1 0 40
R, 4 0 1 120
obj 40 [[-50]| O 0 0
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2- step 2: Construct the table and search for the Pivot (Pivot column N Pivot Raw)

To select the Pivot raw perform the ratio test and get the low value 7, - 40X, - 50 X,=0 (0bj.)

Ratio test = constant / value in pivot column for RI&R1

X; S8 1S, Const. Ratio Test
R, o2 1| o] 40 40/2 =
R, 4 0 1 120 120 /3 =40
obj -40 |[=50]| O 0 0

X+2X,+s, =40 (R))
4X,+3X, +s,= 120 (R))
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4 )

2- step 2: Construct the table and search for the Pivot (Pivot column N Pivot Raw)

To select the Pivot raw perform the ratio test and get the low value

X, +2X,+s, =40 (R))
4X,+3X, +s,= 120 (R,

Ratio test = constant / value in pivot column for R, &R,

X; X,/| 8§ | S, | Const Ratio Test
R, 1 1 0 40 40/2= 20
R, 4 [13(Ped 1| 120 | 120/3=40
obj -40 |[=50]| O \7\\ 0

Pivot
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3- step 3: The Pivot must be 1
X; X, | §, S, Const. Ratio Test
R, 1 C2)] 1 0 40 40/2 = 20
R, 4 3 0 1 120 120 /3 =40
obj -40 || -50 0 0 0
X; | X, | S, Const. | Ratio Test
R
(Rl)New — ( 12)01d 1/2 1 1/2 0 20

~N

7.-40X,-50 X,=0 (obj.)

X, +2X, +s, =40 (R))
4X,+3X, +s,= 120 (R))
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Simplex Method:

~

4- step 4: use raw operation such that in the Pivot column the other element must be 0

~N

7.-40X,-50 X,=0 (obj.)

X, +2X, +s, =40 (R))
4X,+3X, +s,= 120 (R,

T

X, | X, ||S;,| S, | Const| Ratio Test
R, L D1 0 |40 | 402= 20
R, 4 3 0 | 120 120/ 3 =40
|
obj 40 |[-50}/| 0 [TOo—
\\
X; | X, | S, S, Const. | Ratio Test
_ (R)ou
(Rl)New - 2 1/2 1 1/2 0 20
(RZ)New =-3 (R1)New + (Rz)md 5/2 O ‘3/2 1 60
(0bj.)yew = 50(Ry)yew + (0b))g1a | -15 0 25 0 1000

Step 4: must be 0 with the new Row

\_
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(0bj.)

X, +2X, +s, =40 (R))
4X,+3X, +s,= 120 (R))

onivers | Simplex Method:
5- step 5: Repeat step 2 & 3 & 4 until there is no negative numbers in the obj. raw.
X, | X, ||S;,| S, | Const| Ratio Test
R, B ®) 0 | 40| 402= 20
R, 4 | 3 1 | 120 | 120/3=40
obj -40 | =50 0 0
X, | X, | S; | S, | Const. | Ratio Test
R
(Ridwew Uy | 1 (Y| o | 20
(RZ)New 5/2 O '3/2 1 60
(Obj )New -15 O 25 O 1000




MIDOCEA

wnivers | Simplex Method:
( X, | X, S, | S, | Const Ratio Test Z-40X,-50X,=0 (0b).) \
R, (€D 0| 40| | 402= 20 X+2X,+s,=40 (R))
R, 403 120 ) 12073 =40 4X 43X, +s,= 120 (R))
obj -40 || -50 0 0
Xi | X5 | S| 8, | Const | RatioTest Repeat Step 2: Get the lower
(Ry)New 1, VAR I 20 value in objective function to get
the Pivot column
(Ry) vew 5/2 0 |3/ 1 60
(0bj. )yew 15 0 | 25| 0 | 1000
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wnivers | Simplex Method:
( X, | X, S, | S, | Const Ratio Test Z-40X,-50X,=0 (0b).) \
R, (€D 0| 40| | 402= 20 X+2X,+s,=40 (R))
R, Ao 120} 12073=40 4X,+3X, +5,= 120 (R)
obj -40 || -50 0 0
X | X5 | Si | S, | Const. | Ratio Test Repeat Step 2: Get the lower
(Ry) 1/, I Y 20 value in objective function to get
the Pivot column
(Ry) oyl | 0 |2 1 60
(obj.) -15 0 | 25 0 1000
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onivers |l Simplex Method:
f X, | X, S, | S, | Const Ratio Test Z-40X,-50X,=0 (0b).) \
R, (€D 0| 40| | 402= 20 X+2X,+s,=40 (R))
R A 120 | 120/3=40 X, 43X, +5,= 120 (R))
obj -40 | -50 0 0
X, | §; S, Const. Ratio Test
(R,) R 0 0 | 207 (1/,)=40 | Step 2: Calculate the low value in
/2 the ratio test to get the Pivot Raw
(R3) 0 || 1 60 || 60/(5/,) =24
(obj.) -15 0 |25 O 1000
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onivers |l Simplex Method:
f X, | X, S, | S, | Const Ratio Test Z-40X,-50X,=0 (0b).) \
R, (€D 0| 40| | 402= 20 X+2X,+s,=40 (R))
R, 4|3 120 | 120/3=40 4X 43X, +s,= 120 (R))
obj -40 | -50 0 0
X, | S, | S, | Const. | Ratio Test

(R,) A 0 o |20 /(&/;)=40 | Step 3: The Pivot must to be 1

(R,) 0 |/2] 1 60 || 60/(5/,) =24

(obj.) -15 0 25| 0 | 1000
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onivers Tyl Simplex Method:
4 X, X, ]| S, | S, | Const. | Ratio Test
R, O 0 | 40| | 402= 20 Z-40X,-50X,=0 (obj.)
R 403 120 | 120/3=40 X,+2X,+s,=40 (R,
oy 40 =30 0| © 4X, 43X, +5,= 120 (R))
X, || X, S, S, | Const. Ratio Test
(R,) s 1] 1, 0 20 | 20/(1/,)=40
(R,) 0 | | 1 60 | 60/(5/,)=24
(obj.) 1501 0 | 25 | 0 | 1000
X; | X, | S, | Const. | Ratio Test
(Ry)ew = (fsz/);l)d 1 0| 35 | % | 24 Step 3: The Pivot must to be 1
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( X, | X, || S | S, | Const Ratio Test
R, O 0 | 40| | 402= 20 Z-40X,-50X,=0 (obj.)
R, 43 120 | 120/3=40 X, 42X, +5,=40 (R))
obj 40 |E=50 0 0 4X,+3X, +s,= 120 (R,)
X, || X, S, S, | Const. Ratio Test
(Ry) s 1] 1, 0 20 | 20/ (Y/,) =40
(Ry) GO0 & |60 60/ /=24
(0bj.) 15 0 25 0 1000 there is no negative numbers in thel
X, | X, S 4 Sz Const. Ratio Test obj. raw
Rvew = /2 Rdwew+ Row | 1| Y |~V ]
(R wew = (f;/);l)d 1 0 | 35| %/ 24 Step 4: use raw operation such that
in the Pivot column the other eleme
(0] yey = 15(R)wew + 0bowa | () 0 16 6 1360 must be 0

~N

nt

_/
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X, | X, || S | S, | Const Ratio Test
R, O 0 | 40| | 402= 20 Z-40X,-50X,=0 (obj.)
R, 43 120 | 120/3=40 X, 42X, +5,=40 (R))
obj 40 |E=50 0 0 4X,+3X, +s,= 120 (R,)
X, || X, S, S, | Const. Ratio Test
(Ry) s 1] 1, 0 20 | 20/ (Y/,) =40
(Ry) GO0 & |60 60/ /=24
(0bj.) 15 0 25 0 1000 there is no negative numbers in thel
X, | X, S 4 Sz Const. Ratio Test obj. raw
Rvew = /2 Rdwew+ Row | 1| Y |~V ] /
(R wew = (f;/);l)d 1 0 | 35| %/ 24 Step 4: use raw operation such that
in the Pivot column the other element
(0] yey = 15(R)new + 0b)owa || () 0 16 6 1360 | must be 0

\_

_/
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AT ITI Simplex Method:
( X; X, 0 S, | S, Const. Ratio Test
R, 1 [C2) 0 40 40/2 = 20 Z-40X,-50X,=0
K, 4] 3 120 | 120/3=40 X, +2X,+s,=40 (R,
obj 40 | =50 0 0 4X,+3X, +s,= 120 (R,)
X; X, S, S, Const. Ratio Test
(Ry) s 1] 1, 0 20 | 20/ (Y/,) =40
(R,) GO0 | A1 | 60 | 60/¢/)=24
(obj.) -15 0 25 0 1000
X; | X, S, S, Const. Ratio Test
(R)New = _1/2 (R new + (R 014 0 1 4//5 —1//5 > 8 XZ =8
X, =24
(RZ)New = (RSZ)OM 1 O _Q/IS ?/IS > 24 1
/2)
The Solution:
©bDew = 15Rwew + @BDowa |0 | 0 | 16 | 6 || 1360

Z=1360

~N
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U N |

(
X,=24,X,=8

Z=1360

For check you can calculate to make sure the result is true

Max Z = 40X,+50 X, = 40(24) + 50 (8) = 1360

The Result is true




MIDOCEAN

Thank You
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