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(8 marks] 1. Let W, = {a,b,c,d}. The relation B is B y=-¢ y=b y=c y=d
defined on Wi by z B y if and only if the
table on the right contains an X in the T=a X X
cell (z,y). Answer the following questions
about the relation B. J ustify your answers. - =10 X X
T=c X X
(a) Is B reflexive?
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() (0 —(ABA)
(b) Is B antisymmetric? : /{
N" ¢ L)L—Cau—\d "* 6 “ c”'\/( < 6
(Y (v cBL cox LBC)
(¢) Is B symmetric? 0 _ (c b ,,()
. Le AP e o
) N v, e ot )
(d) Is B transitive?
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[6 marks] 2. (a) Prove that if a relation R on a non-empty set, W, is complete, then R is also reflexive.
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(b) Suppose that D is a relation on the set Wy (see #1) that is reflexive, symmetric, and

anti-symmetric. Bither construct a table defining the relation D, or show that no such
relation can exist. (7
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If B is a relation on W, then /( ( —/[
B is reflexive iff,, for all z € W, z Bz
B is wrreflemive ill, for all z ¢ W, z =Bz

B is symmetric iff, for all z € W,and ye W, ifz B y, then y B z also.

B is asymmetric iff, for all x € W,endye W, ifz By, then ~(y B z).

B is antisymmetric iff, for all 2 € W and Y € W such that x5 y, if z B y then ~(y B z).

B is transitwe iff, for all 2 € W,andye W and z€ Wifz B vy and y B z then z B z also.

B is complete iff, for every x € W and y € W, either ¢ B yory B x.

B is weakly complete iff, {or every z € W and y € Wsuch that x # y, either z Byory B z. O
ver
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[6 marks] 3. Recall that a weak preference relation, > , on a set W must be reflexive, transitive, and
complete. The corresponding strict, preference relation, > , on W is defined by

T = yif and only if £ > y and —(y » x)
for any z,y € W. Suppose that r,s,t € W satisfy r > s and s > t. Prove that r - £,

[Hint: Carry out the following steps: (i) Prove that r > ¢. (i) Show that the assumption
that ¢ > r leads to a contradiction.]
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[8 marks] 4. Your utility for an increase in wealth of 8z, where ¢ > 0, is given by

w(z) = +25-5

Consider the lottery L, =< $0, Y25 875, Y5 >, in which you win $75 with probability Y, and $0

with probability ¥,. Answer the following questions, correct to the nearest cent if appropriate.

(a) Find ELq, the expected value of L.

(b) Find Bu[L,], the expected utility of L.

(c)

(d) Using only your answers to (a), (b), and (c), determine whether you are risk-averse,
risk-acceptant, or risk-neutral with respect, to L.

(e) Let Ly =< 80, Ya; $25, Yy $200, Ja >. Calculate Eu(L,), and use your answer to
determine whether -you prefer Ly or L, or are indifferent between them.

- o
@ EL-= 1[e7) » {}:’as‘] = 3759
(b (L) Eo(L) - .'Lu(,/)J Aflu(w) » dxo Ing =25
©) CE(L—I) = 'f‘u(u/ﬁ.m 9/1 "\()()“2-'5_
UD V;Hf ~5 =5 = roray =15

y #25 = 56y = xs 3120

Find CE(L,), the certainty equivalent of L.

e, ) =312
. T o b -qven
W (A) Becon CE(L)< EL, T em v e

= - 4 p\(‘/) - d V\(')—";) + _C'{k(ldv-)
(e) [:(n [L'L = 4 P ' ﬁ ) i — ‘;
K et pe

.01t

Becomer Efla) 7 EVZL\] Ty

Al

()

:/11.. L‘Z JU L\
L% L



MA235 - Test I ) Page 3 of 6

(8 marks] 5. If possible, solve the bimatrix game G by iterated elimination of dominated strategies. When
a strategy is dominated, indicate all strategies that dominate it, and whether the dominance
is strong or weak. What kind of dominance-solvability, if any, applies to Gs?

Gs

C1 Cy C3 Cq Cs

| 0,~-11! 0,0 -2,0 2,0 0,—-1

Ty 4,3 2,3 | -1,-2! —1,1 0,1

T3 1,3 2,4 1 -1,-2| —-1,1 0,4

ra| 2,2 | 3,2 0,3 1,3 1,2 ‘
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[4 marks] 6. Find all pure-strategy Nash Equilibria of the bimatrix game Gs. [For convenience, Gy is
reproduced below.]

Gs

Cy Cy C3 Cyq Cs

n| 0,-1 00| —290 | 20 | 0-1 Cg Lo Hew NC,L«Z.

79 _.“}:_,_‘_3)'_ 2,3

T3 1,3 2,4
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[8 marks} 7. Suppose that II plays mixed strategy y = (0, 0,%, 0, Y,). By determining I's expected utility
for each of her pure strategies, determine I'’s best response to y?
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(12marks] 8. (a) In the game Gs, assume that player Ts mixed strategy is (z,1 — z) and that player

IT's mixed strategy is (¥, 1= y), as shown adjacent to the game matrix. Show that I’s
expected utility Fuq and II’s expected utility Fu, are given by

Bui(z,y) = x4y - 3ay
Eus(z,y) = 1-z+ay

(b) On the axes provided, sketch the players’ best response correspondences. Label each
correspondence clearly.
(c) Using the best responses, determine all Nash Equilibria of G.

{(d) For each Nash equilibrium, indicate whether the Nash equilibrium is a pure-strategy or
mixed-strategy equilibrium, and calculate the players’ expected utilities.

Gs y 6(1()(3,
“ i ! R S Shg e = ot 2
| —1,1 M“‘\"" i

T2 1,1

) (- .
) Eu () = o[-+ (1) [4) -y IS X)) fop e
[ T .

o

( ) s £
2) SRR S0k B
@’ E(m._(){‘)) a ‘Il:) {(’B N (("“))LOJ + (“'N )9[1’] + -‘—,‘)[( ,)[ 6\ T T T T T rr
< L -2 #1:') ) i " \
) < ¥ , L ‘4 *>o(2
L 5 SK/ZLE’“L 20 o B (,\),

_\_// ra

0 Yy7Y |
- ’ - < - - o G ’!.1
(}) (3] ﬂ,d -\‘L-/(‘S) Nf)\" C»\\,\L [RRUSN W‘Ul\j“’ —% < ) [ 7 ,
< L ¢y ¢
3 ((A)M‘\“U(")'{‘rh?U‘/L ﬁ‘?} t f)\”‘-d/ :\; <‘-\) L (0/ (j ) W\AM kY Lj
(:)]/J Eu‘(«’,))’-‘- ") E“L((’\‘)) -4

[4 marks] 9. In a two-person strategic-form game, denote player I's strategy set by S and player II's set
by T. Dominance for player I is a relation on S. Recall that s; € S dominates s, € S if and
only if

(1) u(sy1,t) > u(sy,t) for all £ € T, and
(2) there exists t* € T such that u(s1, ) > u(sg, t+).

Show that dominance is an asymmetric relation.
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(11 marks} 10. For each of the two-person zerosumn games Ghp, and G,
(a) Identify all saddle points, if any;
(b) Find all optimal strategies for both players, and the value of the game.
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[10marks) 11. Let W denote the set of all possible outcomes in a two-person game. If w € W, let uy(w)

denote player I's utility for w and let ug(w) denote player II's utility for w. Recall that

Y

wy € W is Pareto-superior to wy, € W if and only if wi(w;) > w;(w,) for 4 = 1 and 2, and

wi(wy) > ui(wy) for i =1 or 2. :

(a) Prove that Pareto-superiority is a transitive relation.
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(b) In Gy, the set of outcomes is Wi = {wy,ws, ..., wg}. The players’ utilities are as given
in the table below. For example, at wy, the utility profile is 4, -3].

w wy wWa W3 Wy Ws We wry Wg
1 (W) 0 i 1 2 20 3 -1
Ua(w) 0 -3 4 2 4 -2 3 -1

(i) Find all outcomes that are Pareto-superior to ws.
(ii) Find all Pareto-optimal outcomes.

(iii) Prove that Pareto-superiority is not weakly cornplete by finding a counterexarple

froqu.
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