8A 42\, > 1

20+ A =4 > -2
Dual: min 12\, + 6, + 8); when

A 20 >3
AbAysA >0
8 2 1 1 0 0 |12
2 1 0 0 1 016
Initial tableau: 0 -4 2 0 0 1 g
1 -2 3 0 0 0 0
8 4 0 1 0 -1/2 8
2 1 0 0 1 0 6
Second tableau: 0 _9 1 0 0 1/2 4
1 4 0 0 0 —3/2 ‘ —12
2 1 0 1/4 0 -1/8| 2
0 0 0 -1/4 1 1/8 | 4
Final tableau: 0 1 1/2 0 1/4 3
-7 0 0 -1 0

The primal solution is given by #; = 0, Z, = 2, 2, = 8, the maximum value is 20.

The dual solution is given by ):1 =1 ):2 =0, 5\3 =1, the minimum value is 20.

Using two bottom rows the initial tableau associated with the first phase is given by:

-1 0 1 -1 0 116
o 1 1 0 1 0|12
0o o 0 0 0 -1]0
-1 0 1 -1 0 0|6

Using three bottom rows the final tableaus of both the first and the second phase are given

by:

-1 0 1 -1 0 1 6
1 1 0 1 1 -1 6
0 0 0 0 0 -1 0
1 2 0 0 0 0
-1 0 0 -2 0 —12

The feasible point z; = 0, z, = 6, 2z, = 6 given by the first phase is also a global maximum.



3. Theslack 5, =1>0,s0 A\, = 0. From # > 0, %, > 0 conclude that /i, = 0, fi; = 0.

>

AN =8 A
It follows that R and hence \ =1.
A =T
12
4. XT=[1 1 0},cT—XTA=cT—[1 1 0]1 1 :cT—[Q 3}:[0 0] socTz[z 3]
3 2

The basic variables are given by z,,7,y; so cg = [3 2 O]. Note that AT = ch’l,
2 10 2 10
B=[1 1 0land ¢y =[1 1 0]j1 1 0.
2 31 2 31
5. (a) The only part of the tableau that changes is the
(c +Ac) — ch’lA =l - ch’lA + Al = [—% 0} + [Acl 0} < [0 0} so the increase
allowed is at most %

(b) The basic variables are given by z,,y, so cg = [2 0}. This time
(cT + AT ) — (cg + Acg )B’IA = - ch’lA + Ac — Ach’IA =

11
2
=% 0]+]0 A ]-[Ac, 0] . =[-1-44¢, 0]<[0 0]
2
It is also necessary to check
Lo
—(CB—FACB)TB’I :[—% O]—[Acz 0} _i . :[—%—%ACZ O}S[O 0}
6
The decrease allowed is at most 1.
90 /7
6. (a) B'(b+Ab)=B"0+B'Ab=|75/7|+ B 'Ab >0 leads to L+ 2Ab >0,
95/7

~1|a
|
~Jleo

Ab >0, B -L£Ab >0,s50 —30 < Ab <25

(b) AT (b+Ab) = ATb+ ATAb =432 4 [ L ]



7. The dual problem is given by

2\ + A + A >3

A 2N 2 > 1

A +3B3N A >3
AoAs A, >0

min 2/\1 + 5/\2 + 6/\3 when

Suppose the fourth product earns profit p per item. The primal function changes to
3z, + x, + 3z, + pz, . The ‘new’ dual problem now includes the constraint
A+ 2\, + 3\, > p. If the ‘old’ solution is still optimal then g +2- % +3-0>p.

It follows that the profit per item must exceed 2.4 before the fourth product is considered.

-2 0 0 3

3 0 0 —4

0 -3 4 0
Sz, + Tz, + 2z, + 5z, <1
3z, + 5z, + dxy + 8z, <1

8. (a) The payoff matrix is given by

(b) max z, + z, + z, + z, when { 82, + 57, + 575 + 1z, <1
o1, + 2, —|—9:r3 + 5z, <1
7, >0,i€ {1,234}

(¢) Note that the value of the game is given by v = 5, so the probabilities are
p=0p =7p=%p=0.
“Never show and say the same number” and “Show 1 and say two 57.14% of the time”.
@ H24=3 )+ 304403+ H0 4 +0-3) +H(-3 443 - &
9. Use the Kuhn-Tucker conditions. Note that P =1 and

202 22
L@, 2y, 25,2)) = o) + x5 + x5 + 27 — 1.

(1) A>0

(2) A& +d +i2+432-1)=0
2 24,
2 24,

B ]y =2 2i,
23, 21,

A = 0 is not allowed by (3). From (3) it follows that T, =13, =1,.If 2, = 0, then A=1
and #, = 2, = &, = 1, which violates (2). The only remaining possibility is £, = 0 and

T =1, =2, = :I:%. From (3) it is seen that A has the same sign as &, = i, = 2, . Hence
(1) implies that #, = 2, = 2, = % and £, =0, X = /3 is the only possible solution. The
active constraint is regular. Since the global maximum is known to exist, the given solution is

the global maximum.



