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1. Consider a choice problem with choice set X = {x,y, z}. Consider the following choice
structures:

(a) ('%h C())a in which '@1 - {{xv y}’ {yv z}v {xv 2}7 {$}, {y}’ {z}} and C({l’, y})
?;C({%Z}) = {y}, C({z, 2}) = {z},C({z}) = {2}, C({y}) = {y}, C({=})

(b) ('@% C())a in which %2 = {{xa Y, Z}v {x,y}, {yv Z}v {SL’, Z}v {SL’}, {y}v {Z}} and
C’({x,y, Z}) = {l’}, C({x,y}) = {x}’ C({yvz}) = {2}7 C({LL’,Z}) = {2}7 C({l’}) =
{z}.C({y}) = {y},C({z}) = {=}.

(C) (‘@37 C())a in which '@3 = {{Z, Y, Z}v {x,y}, {ya Z}, {mv Z}, {x}’ {y}v {Z}} and
C{z,y, 2}) = {«}, C({z, y}) = {«},C({y, 2}) = {y}, C({=, 2}) = {z}, C({=z}) =
{=z}.C({y}) = {y}.C({z}) = {=}.

For every choice structure, comment on if the WARP is satisfied and if there exists
a rational preference relation - that rationalizes C(-) relative to its . If such a
rationalization is possible, write it down.
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2. Define two alternative versions of WARP: assume C(-) on (X, %) satisfies
WARP* iff for each A,Be€ B,C(A)NB#0 = C(B)NnAcC C(A)
WARP** iff for each A,B € #,x,y€ ANB,x € C(A),y ¢ C(A) =y & C(B)

(a) Show that WARP* is equivalent to WARP.
(b) Show that WARP** is equivalent to WARP.

(Hint: Firstly verify that WARP can be rewritten as: for each A, B € %, x,y €
ANB,z€C(A),yeC(B)=>yec C(A) or=z¢cC(B))
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3. Show that if X is finite and 2 is rational, then C-(B) # 0 for any B € 4. (Hint: Use
induction.)
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4. Let X be a finite set with more than N > 1 elements, £ its non-empty subsets,
and 71,772 two rational preference relations on X. Suppose that someone follows the
following choice procedure: for each B € %, if B has more than N elements, then
C(B) is based on 7Z1; if B has no more than N elements, then C'(B) is based on 72s.
Show that this choice rule violates WARP.
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5. The path-invariance property has the following definition: For every pair By, Bs € %
such that Bl U Bg € %A and C(Bl) U C(BQ) S e%, we have C(Bl U Bg) = C(C(Bl) U
C(Bs)), that is, the decision problem can safely be subdivided.

(a) Show that a choice structure (%, C(+)) for which a rationalizing preference relation
7~ exists satisfies the path-invariance property.
(b) Find examples of choice procedures that do not satisfy this property.
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6. Suppose that choice structure (£, C(-)) satisfies WARP. In the lecture, the revealed
(at-least-as-good-as) preference relation 7 is defined by:

rrmcyeIBe B st x,ye Bandx e C(B)

Consider the following other two possible revealed preferred relations, =* and >**:
r>-*ye3IBeAB st x,ye ByeeC(B), andy ¢ C(B)
r>="yexZeoybutnoty Do x

(a) Show that >=* and =** give the same relation over X; that is, for any x,y € X,
x >=*y & x> y. Is this still true if (A, C(+)) does not satisty WARP?

(b) Must >* be transitive?

(c) Show that if £ includes all subsets of X up to 3 elements, then =" is transitive.
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7. Monotonicity and nonsatiation are two properties of 2Z. This exercise investigates the
relationship between them. Suppose 7 is defined on the consumption set X = REL.
According to MWG, we have the following definitions regarding monotonicity in a
slightly different way from the definitions in the lecture:

7 on X is monotone if z,y € X,y >>z =y > x
7 on X is strongly monotone if x,y € X,y >z andy#zx =y >z
7~ on X is weakly monotone if z,y € X,y > =y T x

where y >> x means that every element of y is greater than every element of x.

(a) Show that if 7~ is strongly monotone, then it is monotone.

(b) Show that if = is monotone, then it is locally nonsatiated. (Hint: For z,y € R,
the Euclidean distance between z and y is defined as ||z —y|| = [S3F (21 —)?)2.)

(c) Draw a convex preference relation that is locally nonsatiated but is not mono-
tone to show that the converse proposition of (b) does not hold, that is, local
nonsatiation is a weaker assumption than monotonicity.

(d) Show that if 7~ is transitive, locally nonsatiated, and weakly monotone, then it is
monotone.
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8. Let 7 be a preference relation on a set X. Suppose 7 is complete and transitive. Recall
the definitions of > and ~ derived from 7 in the lecture.

(a) Show that > is: X >g/ /\ﬁ x%’% v %%x
(1) Irreflexive: z > z never holds

(2) Transitive: x > y,y > 2 = x > z
(3) Asymmetric: z =y =y ¥z
(4) Satistying negative transitivity: « 3 y,y ¥ z = x ¥ z

(b) Show that ~ is: X ~ ? X %7 wnd =X
(1) Reflexive: x ~ z always holds

(2) Transitive: x ~y,y~z =12~ 2
(3) Symmetric: z ~y =y~

(c) Define I(z) to be the set of all y € X for which y ~ z. Show that the set
{I(z)|z € X} is a partition of X, that is,

(1) Ve e X, I(x) #0
(2) Vz € X, 3y € X such that = € I(y)
(3) Va,y € X, either I(z) = I(y) or I(x)NI(y) =0

A) WP “pppsss X > % holdls,
Hen % X sl x 3 X ,/t'/\
T, X > X howr o (As " |

%W“”ﬁg 0@ > xrz

Teppesk 2 A X @ > Z>£
)(

T, Z ¥ x Wwﬁ%



) PLe A X:ZQW SRS
Guppre Y > X Jrx. xity X

= 9;4)( 4
(‘”/f- Fist show that Xl == pax

1

'S X?%:ﬁ x;@g Wﬁ?\/X
ﬁ? Mﬂf&qfww% 7ﬁ = @,%Ai X%% Wi%v)(
=42 x
e Asguma 7?\/% 7

%/MM e, X >
R SRS S
o x4
W f/\fx,yl yj;%é—bﬁ;\/x
Jasinna XY



P
[t ,76,\,_
(b) CU) 70 waix A?me reit

A X X =X
V&H’/u/rxf\/

= X XX

<
= X R X MX,VX

v - D XX g
Pﬂgmrﬂm? f?i A o
Z/X% Z?\,X 7
9



(¢) (1)

/7Z OM kxe X . é/v; rﬁcmwv 72 o Ub) 1)
XX = x¢]ix)
A A

(mpf&%m 7 xe X Lﬂjm) X € Jix)
Tate ﬂ :Xéx ) xéILﬁ) :ICX)

(%) 772" [hevse vx,yex 7
Azt IVX)AZMW + e, HZéZCX)/!Z(W
Wi T = Tup
"¢ Chek Ve T0) (Wﬁf%l%)
S A~ X

Alor, smu 7 e ZLX)AYL%). zellx) D 2y

@7#7%4/7‘7”7 7 ~ b (k) (=) an R

:Z“/“M:‘[’fmz Zé]% = ngﬂ

A~ Z ﬁ%ﬁ/b?/ = DLC_IV?/‘)

2



W,]EffVMIW),%AWL&MZ%)
- Ity eIl&)

2 m&z/zwyu( /haéfhu‘[mwmﬁ‘
( Chree VLéIVy), = b< L)

%W 7 1“0/)7%)#?5, Iu):log)
¥



