Example (using the dual to solve the primal)

(P) Min z = 2x; + 3%, + 5x3 + 2X4 + 3X;

s.t. X1+ X+ 2X3 + X4 + 3X5 >4 (—yl
2X1 — 2% + 3X3+ X4+ X5 > 3 Y2
Xj = 0

(D) Max w = 4y, + 3y,

s.t. Y1+ 2y, <2 «—x1
y1— 2y, £ 3 «— X2
2y; + 3y, <5 X3
yi+Yy, <2 <« x4
3y1+Vy, <3 x5
Yi >0

Graphically, the optimal dual solution is

y*1=§, y*2=§,andw*=(4x%)+(3x§)=5=z*.

Complementary slackness implies that
X*(y1*—2y,*-2)=0,

x3* (2y;* + 3y,*-5)=0,

> (y1*+y*-2)=0,

= x*, =0, x*; =0, and x*; = 0 (since dual constraints (2), (3) and (4) are not binding).



In addition,
y*l ( X*l + X*2 + 2X*3 + X*4 + 3X*5 -4 )
y*z ( 2X*1 - 2X*2 + 3X*3 + X*4 + X*5 -3 )

=S x* + 3x*s =4,
2X*1 +X*5 = 3,

= x* =1landx*s =

Then, the optimal Solution is
x¥;=1,x%=0,x¥%=0, x¥4=0, x¥s=1,andZ* =5.

In tabular form
Maxw = 4y; + 3y,

s.t. yi +2y,+ S = «x1

yi — 2y +S; =3 «— X2

2y1 + 3y, +S3 = «x3

Yi +Vy2 + Sy = «— x4

3y1 + Y2 +S;=3 «~ x5

yi=0

v

Y1 Y2 S S, S; Ss Ss RHS | Ratio
w -4 -3 0 0 0 0 0 0 -
S, 1 2 1 0 0 0 0 2 2
S, 1 -2 0 1 0 0 0 3 3
S; 2 3 0 0 1 0 0 5 5/2
S, 1 1 0 0 0 1 0 2 2
Ss (3) 1 0 0 0 0 1 3 1

v

Y1 Y2 S S, S; Ss Ss RHS | Ratio
w 0 -5/3 0 0 0 0 4/3 4 -
S, 0 G5/3) 1 0 0 0 -1/3 1 3/5
S, 0 -7/3 0 1 0 0 -1/3 2 -
S; 0 7/3 0 0 1 0 -2/3 3 9/4
S, 0 2/3 0 0 0 1 -1/3 1 3/2
Y1 1 1/3 0 0 0 0 1/3 1 3

Y1 Y2 s1 Sz 53 S4 S5 RHS Ratio
w 0 0 1 0 0 0 1 (5) -
A 0 1 [ 355 0 0 0 -1/5 Y 3/5 -
S, 0 0 7/5 1 0 0 -4/5 7/5 -
S; 0 0 -7/5 0 1 0 -1/5 5/3 -
S, 0 0 -2/5 0 0 1 -1/5 3/5 -
Y1 1 0 N_-1/5 0 0 0 25 J| 4/5 -




The optimal solution is the same as before.
4 3

1= —,y*%==,and w* =5,

Y™ 5 Y™ 5

The primal optimal solution can then be obtained in two ways.
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(i) Simply look at Z-row of the optimal dual tableau. Under the slack variable S;it has,
B 'Ag — 5 = (csB7Y);,
where Ag;is the column under §;in the starting tableau, Ag; = (0, ..., 0, 1,0, ..., 0)',

=x*=(1 0 0 0 1) (byFact 1, see duality notes).



