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Sl Simplex Method
s 3

Simplex Method Can solve for more than two decision

variables.
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T he advantage of Simplex Method
1- No graph

2- can solve for more than 2 variables




Sl Simplex Method
s 3

Simplex Method
Maximization Problem




Simplex Method

(

T he First : Minimization Problem

Problem 1:

Minimize Z = 16X,+45 X,

2X,+5X, > 50
X,+3X, > 27

X, X, >0

Subject to:




Simplex Method: Froblem 1

-

Convert the problem from minimization broblem to maximization proble

L Transformation
Minimize Z = 16X,+45 X, Matrix X; X, RHS

2 5 D50]R
et D092 gy i1 3 27| n
X,+3X, > 27

16 45 7 1 onj.

X, X, >0
Min _ Max ‘
Maximize P = 50X,'+ 27X,
Subiject t XN+ X\ < 16 Max Xpt X RES
ubject to. + X\ < _ _
. b 2 1 16] R
5X1\+ 3X2\S 45 AT - 5 3 45 R,

\_ X, X,' =20 50 27 Pl on
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[ Max P=50X,' +27 X,

2X \+X,'< 16
5X,\+3X,\ < 45

X, X' >0
Steps In the Simplex Method . Maximize only
1- step 1. Rewrite the problem in stanaard form. _> Objective function — with R.H.S = 0

P-50X,'-27 X,'=0  (oby) Constraints:

2)(1\ +)(2\ +S, =16 (R) (For s) — equation by (+s,)
(For 2) — equation by (- s,)
56X +3X,'+S,= 45 (R)

\_ X, X, 20
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Simplex Method:

X,

X,

S

S;

const.

2

1

1

0

16

2- step 2: Construct the table and search for the Pivot (Pivot column 11 Pivot Raw)

~N

P-50X,'-27 X,'=0  (obj)

2X M +X,\+S, =16 (R)
56X +3X,'+S,= 45 (R)
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Simplex Method:

X,

X,

S

S;

const.

2

1
3

1
0

0
1

16
45

2- step 2: Construct the table and search for the Pivot (Pivot column 11 Pivot Raw)

~N

2X M4 X,\+S, =16 (R)
56X +3X,'+S,= 45 (R)
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Simplex Method:

X | X2 | S, | S, | Const
R, 2 | 1 | 1] 0| 16
R, 3 | 0| 1 45
obj 50 | 27| 0| 0O 0

2- step 2: Construct the table and search for the Pivot (Pivot column 11 Pivot Raw)

~N

2X M4 X,\+S, =16 (R)
56X +3X,'+S,= 45 (R)
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Simplex Method:

2- step 2: Construct the table and search for the Pivot (Pivot column 11 Pivot Raw)

For select the pivot column get the lower in objective function

X | X2 | S, | S, | Const
R, 2 | 1| 1] 0] 16
R, 0 | 1 45
ob/ -50 -27 0 0 0

~N

P-50X,'-27 X,'=0  (0b))

2X M +X,\+S, =16 (R)
X 43X\ +S,= 45 (R)
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Simplex Method:

2- step 2: Construct the table and search for the Pivot (Pivot column 11 Pivot Raw)

For select the pivot column get the lower in objective function

X X2 | S, | S, | Const
R, 2 || 1| 1] 0] 16
R, 0 | 1 45
ob/ -50 -27 0 0 0

~N

P-50X,\-27 X,'=0  (0bj)

2X M+ X\ +S, =16 (R)
X +3X,'+S,= 45 (R)
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Simplex Method:

[

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

X || X | S, | S, | Const Ratio Test
R, 2 /|1 |1]0 16 16/2 =8 )
R, 5 3 0 1 45 45/5=9
obj 50 || 27| 0o | 0O 0

2- step 2. Construct the table and search for the Pivot (Pivot column 1) Pivot Raw)

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

P-50X,\-27 X,'=0  (0bj)

2X M+ X\ +S, =16 (R)
X +3X'+S,= 45 (R)
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Simplex Method:

[

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

XM X> | S, | S, | Const Ratio Test
R; 1 110 16 16/2= 8
R, 5 0 | 1 45 45/5=9
oby B0 271 0 8] O
\ Pivot

2- step 2. Construct the table and search for the Pivot (Pivot column 1) Pivot Raw)

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

P-50X,\-27 X,'=0  (0bj)

2X M +X,\+S, =16 (R)
X +3X'+S,= 45 (R)
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Simplex Method:

3- step 3. The Pivot must be 1

XM X | S, | S, | Const. | Ratio Test
R, COHI 2110 16 || 1162=8
R, 5 0 1 45 45/5=9
obj 50(| 27| 0o | o 0
XM X)| S, | S, | Const. | Ratio Test
(R = 0 1Yy | Yy | O 8

~N

2X M4 X,\+S, =16 (R)
65X +3X,'+ S, = 45 (R)
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4- step 4. use raw operation such that in the Pivot column the other element must be 0

XM X | S, | S, | Const. | Ratio Test P - 50X1\ - 27 )(2\ =0 (oby.)
R 2 1 1 0 16 16/2= 8
! D 2X M +X,\+S, =16 (R)
R, 5 3 0 1 45 45/5=9 \ \
obf S0 27 1—%—20 | O 5X'+3X5'+ 5, = 45 (R)
T
Step 4: must be 0 with the new Row
XM X | S S, | Const. Ratio Test
(R New = (Rlz)md 1 1/2 1/2 0 8
(R new = =5 (Ry) yew T (R o1 0 1/2 _5/2 1 5
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Simplex Method:

XM X2 | S, | S, | Const. | Ratio Test
R, (D 2 20| 16 || 162=s
R 2 5 3 0 1 45 45/5=9
obJ -50 =27 0 0 0
XM X} S, | S, | Const | Ratio Test
(Rl)New = (Rlz)om 1 1/2 1/2 O 8
(R new = =5 (R new + (R o1 0 1/2 _5/2 1 5
(Obj)New = SO(RI)New + (Obj)old O _2 25 O 400

\_

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

2X M+ X,\+S, =16 (R)
56X +3X,'+S,= 45 (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

XM X | S, | S, | Const. | Ratio Test
R, CDI 1 | 2] 0| 16 || 1w62=-¢8
R, S 0 1 45 45/5=9
obf 50 || =27 | O 0 0
XM X2 | S, | S, | Const. | Ratio Test
(Ry) new 1|14 |1 0 8
(Ry) New 0 1/2 _5/2 1 5
(0b)) yew 0| -2 25 0 400

P-50X,\-27X,'=0  (obj)

2X M+ X,\+S, =16 (R)
65X +3X,'+S,= 45 (R)
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Simplex Method:

(5- step 5.: Repeat step 2 & 3 & 4 until there Is no negative numbers in the obj. raw.

X} | X2 | S; | S, | Const | Ratio Test P-50X,'-27X,'=0  (oby)
R e e 2X ) +X,)+S, =16 (R)

R, 3 0 1 45 45/5=9 \ \ =
+ + S, =
obj 50 | 27| 0| O 0 DX +3Xp + 5, = 45 (R)
- Repeat Step 2: Get the lower
XM X2 | S | S, | Const | Ratio Test value in objective function to get

(Ry) new 1|1 Y ] 0 8 the Pivot column
(RZ)New O 1/2 _5/2 1 5
(0bj) yew 0 -2 25 0 400
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Simplex Method:

(5- step 5.: Repeat step 2 & 3 & 4 until there Is no negative numbers in the obj. raw.

X | X2 | S, | S, | Const | Ratio Test o 50X1\ .97 Xz\: 0 (0b))

R, 2 |1 [1]0 16 | 16/2= 8
2X XN +S,=16 (R)

R, 3 0 1 45 45/5=9
obj 50 | 27| 0 | O 0 56X +3X,'+S,= 45 (R)
XM X0 | S S, | Const. | Ratio Test
L . 2 " 1 Z Repeat Step 2: Get the lower
(Ry)vew V1| /2|0 8 value in objective function to get
(R2)new 0 ||| 1 5 the Pivot column
(0bj) yew 0) -2 25 0 400
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5- step 5. Repeat step 2 & 3 & 4 until there is no negative numbers in the obj. raw.

X.Z\ XZ\ 51 52 Const. | Ratio Test P - 5OX1\ - 27 Xz\ =0 (Obj)
R, 2 | 1] 110 16 | 16/2= 8 o
R, 5 | 3| 0| 1| 45 | 45/5=9 2X X'+ 5, =16 (R)
obj 50 | 27| 0| o 0 5X,'+3X,'+S,= 45 (R,
XM X0 S, | S, | Const. | Ratio Test _

R 1 1 o Step 2: Calculate the low value in
(Ri)new 1] /5] /o 0 8 81(/2)=16 | the ratio test to get the Pivot Raw
(RoDnew 0 (@D 56| 1| 5 |5ien=w
(0bj) yew 0 -2 25 0 400
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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 P - 50X, - 27 X,\'= 0 (0b))
R, 2 | 1|10 16 | 16/2= 8
R, 5 | 3| 0| 1| 45 | 45/5=09 2X ' +X' + 8, =16 (R)
obj 50 | 27| 0 | 0 0 5X +3X,'+S,= 45 (R)
XM X0 | S, | S, | Const | Ratio Test
(Ry) 1Y% Y | O 8 8/(1/,)=16 | Step 3: The Pivot must to be 1
(R,) 0 (L) >/ 1 5 5/(/,) =10
(obj) 0| -2| 25 | o | 400
\_ _/




Simplex Method:

X | X) | S, | S, | Const. | Ratio Test
R, 2 | 11| 0| 16 16/2= 8
R, 3 | 0| 1 45 45/5=9
obj 50 | 27| 0| 0 0

X} [X| S, | S, | Const | Ratio Test
R, 0l 1, 0 8 |8/(,)=16
R, (1D -5, | 1 5 |5/(/,)=10
obj 0o |l21| 25 | o | 400

XM X} S, | S, | Const | Ratio Test
_ (R2)ouwa 0 1 -5 2 10

(RZ)New — T 1/ <
(1/ 2)

P - 50X, - 27 X,'= 0

2XM+X,'+S,=16 (R)
X +3X,'+S,= 45 (R)

Step 3: The Pivot must to be 1

A
(00))
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e

X | X2 | S, | S, | Const. | Ratio Test
R, 2 1 1 0 16 16/2= 8
R, 5 | 3 ] 0| 1 45 45/5=9
obj 50 | 27| 0 | O 0
X} [X| S, | S, | Const | Ratio Test
R, ER 5 |5/(/,)=10
obj o |[2]| 25 | o | 400
XM X)) S, | S, | Const | Ratio Test
(R New = _1/2 (R new + (R 014 1 O _1 3
_ (R2)ow 0 1 -5 2 10
(1/ 2)
(0bj)new = 2(R) yew + (0b)) 914 O O 15 4 420

\_

P - 50X, - 27 X,'= 0

2X M +XN+S,=16 (R)
56X +3X,'+S,= 45 (R)

Step 4: use raw operation such
that in the Pivot column the other

element must be 0

A
(o))
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Simplex Method:

e

\ \ Const. | Ratio Test \
Xp | X7 | Sp | op | COMSE | RAOTET | p_o5ox\-27 X, =0  (obj)
R, 2 | 1|11 0 16 16/2= 8
R, 5 | 3 (0| 1| 4 | 45/5=9 2X ' +X,' +5, =16 (R)
obj 50 | 27| 0 | 0O 0 X +3X,'+S,= 45 (R)
X 1\ X 2\ S, S, | Const. Ratio Test
7 Step 4: use raw operation suc
1 -5 1 =1 . )
RZ_ ‘) /2 5 °/(/2)=10 that in the Pivot column the other
oby 0 |[L-2 25 0 400 element must be 0
X 1\ X 2\ S, S, | Const Ratio Test
—_ -1
Ridwew ==/ Rdwey + Roa | 4| -1 3 there fs no negative numbers in the
_ (R2)ou 0| 1| -5 2 10 obj. raw
(1/2) /
(Obj)New = Z(RZ)New + (Obj)old O O 15 4 420 /

\_

_/
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Simplex Method:

e

X | X2 | S, | S, | Const. | Ratio Test
R, 2 1 1110 16 16/2= 8
R, 5 | 3 ] 0| 1 45 45/5=9
obj 50 | 27| 0 | O 0
X} [X| S, | S, | Const | Ratio Test
R, 1 1 0 8 |8/(,)=16
R, ER 5 || 5/(/,)=10
obf 0 -2 25 0 400
XM X)) S, | S, | Const | Ratio Test
Rvew = "1/ R+ Rou | 4| 1 3
_ R2)ow 0|l 11| -5 | 2 10
/)
(0b))yew = 2(Ry)new + (0b)) o1 0 0 15 A A2

2X M X\ +S, =16 (R)
X +3X'+S,= 45 (R)

From S, & S, columns

\_

> X,=15

~N

(0b/)
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oV Ens Tl Simplex Method:
( X | X | S, | S, | Const | Ratio Test X\ - 97 XA = 0 5 \
R, 2 |1 ]1] o0 16 we2= 8 | F20%Xq - 2~ (00))
R, 5 | 3 ] 0] 1 45 45/5=9 2XM+X)+S, =16 (R)
obf 50 | 27 | O 0 0 5)(1\ +3X2\ + Sz = 45 (RZ)
X 1\ X 2\ S, S, | Const. Ratio Test
SR Step 4: use raw operation suc
1 -5 1 =1 . )
R 0 ‘) /2 L S 5/(/2)=10 that in the Pivot column the other
oby 0 |[L-2 25 0 400 element must be 0
X 1\ X 2\ S, S, | Const Ratio Test
(R)New = _1/2 (R yew + (R 014 1 O 3 _1 3
®) From S, & S, columns
R e = \2/0ld O 1 -5 2 10
(R (1/2)
(0bj)new = 2(R) yew + (0b)) 914 O O 15 4 420 > X2 =4

\— _/
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Simplex Method:

e

X | X2 | S, | S, | Const. | Ratio Test
R, 2 1 11] 0 16 16/2= 8
R, 5 | 3 ] 0| 1 45 45/5=9
obj 50 | 27| 0 | O 0
X} [X| S, | S, | Const | Ratio Test
R, 1 1 0 8 |8/(,)=16
R, ER 5 || 5/(/,)=10
obf 0 -2 25 0 400
XM X)) S, | S, | Const | Ratio Test
Rvew = "1/ R+ Rou | 4| 1 3
_ R2)ow 0|l 11| -5 | 2 10
/)
(©bew = 2Rwewt @bo | 0 | 0 | 15 4 420

P - 50X, - 27 X,'=0

2XM+X,+S, =16 (R)
X 43X+ S, = 45 (R)

Step 4: use raw operation such
that in the Pivot column the other

element must be 0

\_

> MinZ =420

(ob/?

_/




|
AT IT! Simplex Method:
X, =15 X,=4
Z =420

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

Min Z = 16X,+45 X,= 16(15) + 45 (4) = 420

The Result is true




Simplex Method

(

T he First : Minimization Problem

Problem 2:

Minimize Z = 6X,+3 X,

2X,+4X, > 16
4X,+3X, > 24

X, X, >0

Subject to:




Simplex Method: FProblem 2

-

Convert the problem from minimization broblem to maximization proble

Transformation
Matrix

Minimize Z = 6X,;+3 X,

2X,+4X, > 16
4X,+3X, > 24

Subject to:

X, X, 20

Maximize P = 16X,'+ 24X,

Subject to. 2X '+ 4X,'<6
4X,\+ 3X,'< 3

\_ X, X, >0
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[ Max P = 16X, +24 X,

2X,\+4X,\ < 6
AX ' +3X,'<3
X X, >0
Steps In the Simplex Method . Maximize only
1- step 1. Rewrite the problem in stanaard form. > Objective function — with R.H.S = 0

P-16X,'-24 X,'=0  (oby) Constraints:

27X 1\ +4X2\ +S,=6 (R 1) (For s) — equation by (+s,)
(For 2) — equation by (- s,)
AX'+3X,'+S,= 3 (R)

\_ X, X, 20
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Simplex Method:

X | X2 | S, | S, | Const
R, 4 |10 6
R, 3 | 0| 1 3
obj 16 | 24| 0 | 0 0

2- step 2: Construct the table and search for the Pivot (Pivot column 11 Pivot Raw)

~N

P-16X,'-24 X,'=0  (0bj))

2X M +H4X,\+S, =6 (R)
4X,'+3X,'+S,= 3 (R)

X, X, >0
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Simplex Method:

2- step 2: Construct the table and search for the Pivot (Pivot column 11 Pivot Raw)

For select the pivot column get the lower in objective function

X | X2 | S, | S, | Const
R, 4 1 1] 0 6
R, 3 | 0| 1 3
ob/ -16 -24 0 0 0

~N

P-16X,'-24 X,'=0  (oby)

2X M +4AX,\'+S, =6 (R)
AX'+3X,'+S,= 3 (R)

Xy, X, >0
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Simplex Method:

2- step 2: Construct the table and search for the Pivot (Pivot column 11 Pivot Raw)

For select the pivot column get the lower in objective function

X | X0 || S, | S, | Const
R, 4 | 1] 0 6
R, 3 | 0| 1 3
ob/ -16 -24 0 0 0

~N

P-16X,'-24 X,'=0  (oby)

2X M +4AX,\'+S, =6 (R)
AX'+3X,'+S,= 3 (R)

Xy, X, >0
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Simplex Method:

. . . )
2- step 2: Construct the table and search for the Pivot (Pivot column 11 Pivot Raw)
10 select the Pivot raw perform the ratio test and get the low value
Ratio test = constant / value in pivot column for R1I&R1 P-16X,'-24 X,)=0  (obj)
2X [ +4X)+S, =6 (R)
4X,\+3X,'+S,= 3 (R
X | X0 | S, | S, | Const Ratio Test 1 2 2 ( 2)
R, 2 4 1] 0 6 6/4= 3/2=15 X, X, 20
R, 4 [ 3o 1 3 3/351)
obj 16 | 24 | 0 | O 0
/
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Simplex Method:

2- step 2: Construct the table and search for the Pivot (Pivot column 11 Pivot Raw)

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

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

obj -16

-24

o

X | X2 S, | S, | Const Ratio Test
R, 2 | 4 | 1] 0 6 | 6/4= 312=15
R, s |GHw | 1 3 3/351)
\

\c\)

Pivot

P-16X,'-24 X,)=0  (obj)

2X +4AX)+S, =6 (R)
AX+3X,'+S,= 3 (R)

X4, X, >0
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Simplex Method:

3- step 3. The Pivot must be 1
: P-16X,'-24 X,)=0  (obj)
X)X S, | S, | Const Ratifo Test
R, 2 4|1 o0 6 | 6/4= 3/2=15 2X'+4X,'+ S, =6 (R)
R, O 1 3 3/3=1 AX,'+3X,'+ S, = 3 (R)
obf -16 || 24 | O 0 0 X, X, >0
X | XS, | S, | Const Ratio Test
(RZ)New = (RZEZOM 4/3 l O 1/3 1
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Simplex Method:

X)X S, | S, | Const Ratifo Test
R, 2 4 | 1 0 6 6/4= 3/2=15

R, 4 3] o | 1 3 3/3=1
ob/f -16 || 24| O 0 0

X | X2 | S| S, | Const Ratio Test
(Rl)New =—4 (RZ)New + (Rl)om —10/3 O 1 —4‘/3 2
(Ry) ey = 2000 Yl 1|0 Y] 1
(0bj) new = 24(R2) yew + (0B | 16 0 0 8 24

\_

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

P-16X,'-24X,'=0  (obj)

2X [ +4X,\+S, =6 (R)
AXM+3X,'+S,= 3 (R)

X1 X, 20
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Simplex Method:

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

P-16X,'-24X,'=0  (obj)

2X [ +4X,\+S, =6 (R)
AXM+3X,'+S,= 3 (R)

X4, X,>0

X)X S, | S, | Const Ratifo Test
R, 2 4] 1] o0 6 | 6/4= 3/2=15
R, 4 3] o | 1 3 3/3=1
ob/f -16 || 24 | O 0 0
X | X2 | S| S, | Const Ratio Test
(Rl)New =—4 (RZ)New + (Rl)om —10/3 O 1 —4‘/3 2
(Ry) ey = 2000 Yl 1|0 Y] 1
(0bj) yew = 24(R3) yew + (0B g1 16 0 0 8 24 /

there Is no negative numbers in the

obJ. raw
>

\_
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Simplex Method:

X)X S, | S, | Const Ratifo Test
R, 2 4 | 1 0 6 6/4= 3/2=15

R, 4 3] o | 1 3 3/3=1
ob/f -16 || 24| O 0 0

X | X2 | S| S, | Const Ratio Test
(Rl)New =—4 (RZ)New + (Rl)om —10/3 O 1 —4‘/3 2
(Ry) ey = 2000 Yl 1|0 Y] 1
(0bj) new = 24(R2) yew + (0B | 16 0 0 8 4

\_

\

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

P-16X,'-24X,'=0  (obj)

2X [ +4X,\+S, =6 (R)
AXM+3X,'+S,= 3 (R)

X1 X, 20

From S, & S, columns

X,=0
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Simplex Method:

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

P-16X,'-24X,'=0  (obj)

2X [ +4X,\+S, =6 (R)
AXM+3X,'+S,= 3 (R)

X1 X, 20

From S, & S, columns

X)X S, | S, | Const Ratifo Test
R, 2 4 | 1 0 6 6/4= 3/2=15

R, 4 3] o | 1 3 3/3=1
ob/f -16 || 24| O 0 0

X | X2 | S| S, | Const Ratio Test
(Rl)New =—4 (RZ)New + (Rl)om —10/3 O 1 —4‘/3 2
(Ry) ey = 2000 Yl 1|0 Y] 1
(0bj) new = 24(R2) yew + (0B | 16 0 0 8 yA:

\_
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Simplex Method:

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

P-16X,'-24X,'=0  (obj)

2X [ +4X,\+S, =6 (R)
AXM+3X,'+S,= 3 (R)

X1 X, 20

X)X S, | S, | Const Ratifo Test
R, 2 4 | 1 0 6 6/4= 3/2=15

R, 4 3] o | 1 3 3/3=1
ob/f -16 || 24| O 0 0

X | X2 | S| S, | Const Ratio Test
(Rl)New =—4 (RZ)New + (Rl)om —10/3 O 1 —4‘/3 2
(Ry) ey = 2000 Yl 1|0 Y] 1
(0bj) new = 24(R2) yew + (0B | 16 0 0 8 24

\_

> MinZ =24




|
AT IT! Simplex Method:
X,=0,X,=8
Z =24

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

Minimize Z = 6X,+3 X,=6(0) + 3 (8) = 24

The Result is true
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Thank You
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