Large-Scale Knowledge Processing
Optimization Techniques (4)
Practice Brief Solutions

p-7 Practice

(a) The dual problem is given as follows.
minimize 2z = Ty; + 8yz + Yy3

subject to Y1 + ys3 >4
2y1 + 2 >3
2y2+ ys3 =2

y1 : free variable, yo,y3 > 0
(b) The dual problem is given as follows.
maximize z = Ty; + 8y2 + 9y3

subject to Y1 + y3 <4
2y1 + Y2 <3
2y2 + y3 =2

y1 : free variable, yo,y3 > 0

p-8 Practice
(1-a) The standard form is given as follows.
minimize z= —x1 — 2x9
subject to —r1— 29+ax3=1
r1, T2, 3 > 0

Therefore, the dual problem is given as follows.

maximize w=
subject to -y < -1
-y <=2
y1 <0

y1 : free variable
(1-b) The standard form is given as follows.
minimize z = — ] — 2%2
subject to —x1— T2 —2x3=1

x1,T2,73 > 0

Therefore, the dual problem is given as follows.

maximize w = Y

subject to -y < -1
-y < -2
—y1 <0

y1 : free variable

(1-c) The standard form is given as follows.
minimize 2z = —4x — 274 + 22}
subject to 2x1 + 2xh, — 22l + 51 =4
3$1+6$’2*6$g*52 =9

/ "
T1,X9,Tg,S81,52 Z 0

Therefore, the dual problem is given as follows.



maximize w = 4y; + Yy
subject to 21 + 3y < —4
2y1 + 6y2 < =2
—2y1 — 6ya <2
(7 <0
- ¥2=0

Y1, yo : free variables

(1-d) The standard form is given as follows.
minimize z = —3x; — bxo — 4daky + 424
subject to 4dxy + 2x9 + 32k — 32k + 51 =6
—3x1 + 4dxo — Hah + 5af — 59 = 2
T1, T, Xk, T4, 81,82 > 0

Therefore, the dual problem is given as follows.
maximize w = 6y; + 2y

subject to 4y — 3y2 < =3

2y1 +4y2 < -5

3y1 —Sy2 < —4

—3y1 +9y2 <4
Y1 <0
— y2<0

Y1, Y2 : free variables

(1-e) The standard form is given as follows.
minimize z = —4x] — 5x9
subject to 201 +2x9 + 23 =4
3x1+6x04+124 =8
21+ 4w + x5 =4
T1,X2,3,T4,T5 > 0

Therefore, the dual problem is given as follows.
maximize w = 4y + 8yo + 4y3
subject to 21 +3y2 + y3 < —4
2y1 + 6y2 +4y3 < =5
Y1 <0
Y2 <0
y3 <0
Y1, Y2, Y3 : free variables

(1-f) The standard form is given as follows.

minimize z = —4x1 — 2x9
subject to 1+ x9+ax3=238
X1 +x4=26

T1+ 209 — x5 = 2
T1,X2,T3, T4, L5 > 0

Therefore, the dual problem is given as follows.



maximize w = 8y + 6y2 + 2y3

subject to i+ y2+ y3 < —4
(7 +2ys < -2

(7 <0

Y2 <0

- y3<0

Y1, Y2, ys : free variables

(2) See p. 6 of the slide.

p-15 Practice

The standard form of this problem is given as follows.

minimize z= —x1 — 2x9
subject to 1+ x9—x3=1
x1, 22,23 > 0

The dual problem of this standard form is given as follows.

maximize w = Y
subject to y1 < —1
y1 < =2
-y <0

y1 : free variable

There exists no value of y; that satisfies all three constraints simultaneously. Hence, the dual
problem is infeasible.

0 The infeasibility of the dual problem can also be confirmed by converting the dual problem
into its standard form and applying the two-phase method.

p-15 Practice

(a) The dual problem of this standard form is given as follows.

minimize z = — 1z — 2%2
subject to —x1— T9+x3=1
x1, 22,23 > 0

The dual problem of this standard form is given as follows.

maximize w = 1y
subject to -y < -1
-y < -2
y1 <0

y1 : free variable

Since there is no value of y; that satisfies all three constraints, the dual problem is infeasible.

0 The primal problem is unbounded, whereas the dual problem is infeasible.

(b) The standard form of this problem is given as follows.

minimize 2= —x1 — 229
subject to —T1— x9—x3=1
x1,x2,23 > 0



The dual problem of this standard form is given as follows.

maximize w =y

subject to -y < -1
-y < -2
—y1 <0

y1 : free variable

Since the three constraints are satisfied for any y; > 2, the objective value can be made arbitrarily
large. Hence, the dual problem is unbounded.

0 The primal problem is infeasible, whereas the dual problem is unbounded.



