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I. I n t r o d u c t i o n 

We p r o v i d e an example o f an o v e r l a p p i n g g e n e r a t i o n s ( h e n c e f o r t h , 

OLG) model w i t h b e q u e s t m o t i v e s and n o n - n e g a t i v i t y c o n s t r a i n t s on b e q u e s t s 

w h i c h h a s a t l e a s t two e q u i l i b r i a . In one the b e q u e s t m o t i v e i s o p e r a t i v e 

a t a l l d a t e s and t he e q u i l i b r i u m i s f o r m a l l y e q u i v a l e n t to t h a t o f a 

r e p r e s e n t a t i v e i n f i n i t e l y l i v e d agen t mode l . The re i s a n o t h e r e q u i l i b r i u m 

i n w h i c h t he b e q u e s t m o t i v e i s n e v e r o p e r a t i v e , and h e n c e , t he e q u i l i b r i u m 

i s f o r m a l l y e q u i v a l e n t t o t h a t o f an OLG model without a b e q u e s t m o t i v e . 

A t l e a s t s i n c e B a r r o [ 2 ] , I t i s u s u a l to i n t e r p r e t a r e p r e s e n t a t i v e 

i n f i n i t e l y l i v e d a g e n t model a s one c o n s i s t i n g o f a s e q u e n c e o f b e q u e s t 

l i n k e d o v e r l a p p i n g g e n e r a t i o n s . B a r r o used h i s c o n s t r u c t i o n to e x h i b i t t he 

R i c a r d i a n e q u i v a l e n c e d o c t r i n e r e g a r d i n g t he n e u t r a l i t y o f deb t v e r s u s 

( lump-sum) t a x f i n a n c i n g , and the n e u t r a l i t y o f ( lump-sum) t a x - t r a n s f e r s 

( s a y , a p a y - a s - y o u - g o s o c i a l s e c u r i t y p rogram) a c r o s s g e n e r a t i o n s . The 

example we c o n s t r u c t h a s t he f o l l o w i n g I m p l i c a t i o n s f o r t h e s e t y p e s o f 

i n t e r p r e t a t i o n s and n e u t r a l i t y r e s u l t s . C l e a r l y , t he s e t o f e q u i l i b r i u m 

a l l o c a t i o n s and p r i c e s i s no t i n v a r i a n t to even m a r g i n a l c h a n g e s i n d e f i c i t 

f i n a n c e o r t a x - t r a n s f e r p o l i c i e s 1 . The use o f the r e p r e s e n t a t i v e agen t 

model may I m p l i c i t l y i m p l y t he use o f a p a r t i c u l a r s e l e c t i o n c r i t e r i o n f o r 

c h o o s i n g among t he e q u i l i b r i a o f t he u n d e r l y i n g sequence o f o v e r l a p p i n g 

g e n e r a t i o n s w i t h v e r y d i f f e r e n t p o s i t i v e and p o s s i b l y n o r m a t i v e 

i m p l i c a t i o n s . The J u s t i f i c a t i o n o f f e r e d i n B a r r o [2] f o r t he R i c a r d i a n 

e q u i v a l e n c e d o c t r i n e may be l e s s c o m p e l l i n g even f rom a p u r e l y t h e o r e t i c a l 

s t a n d p o i n t 2 . 

The c o n s t r u c t i o n o f t he example i s based on t he t r a n s f e r p a r a d o x 

o f i n t e r n a t i o n a l t r a d e t h e o r y 3 . W i t h a t l e a s t two a g e n t s and two g o o d s , a 

t r a n s f e r f r om one a g e n t t o a n o t h e r agent may make the r e c e i v e r wo rse o f f and 
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t he g i v e r b e t t e r o f f due to s t r o n g Income e f f e c t s and the i n d u c e d r e l a t i v e 

p r i c e s h i f t s . 

The f o r m a l t r e a t m e n t o f o v e r l a p p i n g g e n e r a t i o n s mode ls w i t h 

b e q u e s t m o t i v e s and n o n - n e g a t i v i t y c o n s t r a i n t s on b e q u e s t s i s g i v e n i n 

A i y a g a r i [ 1 ] . The i n t e r e s t e d r e a d e r i s r e f e r r e d to t h a t p a p e r f o r f o r m a l 

d e f i n i t i o n s o f and r e s u l t s c o n c e r n i n g e q u i l i b r i u m and o p t i m a l l t y . That 

p a p e r a l s o c o n t a i n e d an example (example 1) o f m u l t i p l e e q u i l i b r i a o f the 

f o l l o w i n g k i n d . The re were two t y p e s o f p r e f e r e n c e l i n k e d d y n a s t i e s w i t h 

d i f f e r e n t i n t e r g e n e r a t i o n a l d i s c o u n t f a c t o r s . There was one e q u i l i b r i u m 

( w h i c h was o p t i m a l ) i n w h i c h one o f the t y p e s was l i n k e d by p o s i t i v e 

b e q u e s t s and was b e h a v i o r a l l y l i k e a s i n g l e i n f i n i t e l y l i v e d a g e n t , whereas 

t he o t h e r t y p e made no b e q u e s t s . The re were two o t h e r e q u i l i b r i a (one o f 

w h i c h was n o n - o p t i m a l ) In w h i c h n e i t h e r t y p e made p o s i t i v e b e q u e s t s . 

However , none o f t he e q u i l i b r i a examined i n t h a t examp le were o f t he 

r e p r e s e n t a t i v e a g e n t t y p e . The examp le I n t h i s n o t e f i l l s t h i s gap i n my 

e a r l i e r p a p e r . The examp le f o l l o w s . 

I I . The Example 

The t ime h o r i z o n i s i n f i n i t e and t ime i s i n d e x e d by t w h i c h t a k e s 

v a l u e s 1 , 2 , 3 A t e a c h t i m e t , one agen t i s b o r n who l i v e s f o r two 

p e r i o d s . The a g e n t b o r n a t t i s r e f e r r e d t o a s b e i n g young a t t and o l d a t 

t+1. I n a d d i t i o n , a t t = l , t h e r e i s an i n i t i a l o l d agen t who o n l y l i v e s f o r 

one p e r i o d . T h e r e a r e two goods a t e a c h d a t e Indexed by i € { 1 ,2 } . We l e t 

c ( t ) € R 2 and c ( t+1) e R 2 be t he c o n s u m p t i o n v e c t o r s o f t he agen t b o r n a t 
t + t • 

t a t t i m e s t and t+1 , r e s p e c t i v e l y . The c o n s u m p t i o n v e c t o r o f t he i n i t i a l 

o l d a g e n t a t t i m e 1 i s d e n o t e d c (1) e R 2 . L e t w e R 2 and w„ e R 2 be the 
° 0 * 1 * 2 * 

( n o n - s t o r a b l e ) endowment v e c t o r s o f t he agen t b o r n a t t ime t a t t i m e s t and 
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t+1 , r e s p e c t i v e l y . The endowment v e c t o r o f t he I n i t i a l o l d a g e n t a t t ime 1 

i s w . 
2 

L e t 0 e ( 0 , 1 ) be an l n t e r g e n e r a t i o n a l u t i l i t y d i s c o u n t f a c t o r . L e t 

U: R 2 -» R, and V: R 2 -» R be t w i c e c o n t i n u o u s l y d i f f e r e n t i a b l e , bounded, 

s t r i c t l y i n c r e a s i n g and s t r i c t l y c o n c a v e , w i t h i n p e r i o d u t i l i t y f u n c t i o n s . 

We a l s o assume t h a t t he c l o s u r e o f e a c h i n d i f f e r e n c e c u r v e f o r t he u t i l i t y 

f u n c t i o n U (as w e l l a s V) i s c o n t a i n e d i n R 2 . The p r e f e r e n c e s o f t he 

i n i t i a l o l d a g e n t a r e d e s c r i b e d by the f u n c t i o n a l : ^ c o ^ ^ + Z t " i 

0 f c [ U ( c ( t ) ) + V ( c t ( t + l ) ) ] . The p r e f e r e n c e s o f t he agen t b o r n a t t i m e t a r e 

d e s c r i b e d b y t he f u n c t i o n a l : J * " 0 J { U ( c ( t +J )+V(c ( t + J + 1 ) ) ] . The 

n o t a t i o n V and U ' w i l l be u s e d to deno te t he g r a d i e n t v e c t o r s o f t he 

f u n c t i o n s V and U, r e s p e c t i v e l y . 

S i n c e t he economy i s one o f p u r e e x c h a n g e , t h e r e a r e no a s s e t s , 

p r e f e r e n c e s a r e s t a t i o n a r y and t i m e s e p a r a b l e , and t he a g g r e g a t e endowment 

a s w e l l a s i t s d i s t r i b u t i o n among a g e n t s i s c o n s t a n t o v e r t i m e , we w i l l 

f o c u s o n l y on s t a t i o n a r y e q u i l i b r i a . These can be c h a r a c t e r i z e d by u s i n g 

r e c u r s i v e , dynamic p rogramming methods. 

L e t c^ , c z be t he c o n s u m p t i o n v e c t o r s o f t he young and t he o l d , 

r e s p e c t i v e l y . L e t p e S 2 be t he p r i c e v e c t o r i n t he two d i m e n s i o n a l 

s i m p l e x , y > 0 be t he market d i s c o u n t f a c t o r , and b £ 0 be t he b e q u e s t made 

by one g e n e r a t i o n t o t he n e x t . A s t a t i o n a r y c o m p e t i t i v e e q u i l i b r i u m may be 

d e f i n e d as f o l l o w s . 

D e f i n i t i o n : A s t a t i o n a r y c o m p e t i t i v e e q u i l i b r i u m c o n s i s t s o f c .c^, p, y , b 

and a bounded f u n c t i o n W: R + -» R w h i c h s a t i s f y t he f o l l o w i n g c o n d i t i o n s , 

(1) W(z) = Max , [ U ( x ) + V ( y ) + 0 W ( z ' ) l 
x , y , z 

s u b j e c t t o : p(w^ - x ) + yp (w 2 - y ) + z = y z ' 

x , y £ 0; z , z ' s 0 . 
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(11) ( y . z ) = (c , b ) a t t a i n s Max [V(y ) + 0W(z)J 
2 y.z 

s u b j e c t t o : p ( " 2 - y ) = z 

( l i i ) ( x . y . z ' ) = ( c . C . b ) a t t a i n s W(b) i n ( i ) 

( i v ) c + c = w + w (market c l e a r i n g ) . 
1 2 1 2 

C o n d i t i o n ( i ) d e f i n e s t he v a l u e f u n c t i o n f o r an agen t b o r n a t t as 

a f u n c t i o n o f t h e b e q u e s t r e c e i v e d . C o n d i t i o n ( i i ) d e f i n e s the p r o b l e m 

s o l v e d by t he i n i t i a l o l d and i t s s o l u t i o n a t e q u i l i b r i u m . C o n d i t i o n ( i l l ) 

s a y s t h a t c o n s u m p t i o n s and b e q u e s t g i v e n be o p t i m a l f o r an agen t b o r n a t t 

g i v e n t he b e q u e s t r e c e i v e d . 

I t i s e a s y t o u s e t he c o n d i t i o n s i n the above d e f i n i t i o n to g i v e 

s i m p l e c h a r a c t e r i z a t i o n s o f s t a t i o n a r y e q u i l i b r i a w i t h and w i t h o u t p o s i t i v e 

b e q u e s t s . I t w i l l be c o n v e n i e n t t o d e f i n e t he a r t i f i c i a l two a g e n t , two 

good p u r e exchange economy c o n s i s t i n g o f an o l d agent ( w i t h u t i l i t y f u n c t i o n 

V and endowment v e c t o r w 2 ) and a young agen t ( w i t h u t i l i t y f u n c t i o n U and 

endowment v e c t o r u^). T h i s a r t i f i c i a l economy w i l l be r e f e r r e d to a s the 

2x2 economy. We w i l l a l s o use c and c t o d e n o t e t he c o n s u m p t i o n o f good 

1 b y t he young and t he o l d , r e s p e c t i v e l y . 

P r o p o s i t i o n 1: (1) A s t a t i o n a r y e q u i l i b r i u m a l l o c a t i o n w i t h p o s i t i v e 

b e q u e s t s i s a (c , c ) s u c h t h a t ( x . y ) = (c , c ) a t t a i n s Max [V (y )+6U(x ) ] 
1 2 1 2 

s u b j e c t t o x + y = w } + w 2 and V ( c 2 ) ( w

2

_ c 2 ) > 0. The s u p p o r t i n g p r i c e s a r e 

g i v e n by y = 0 and p « v ' ^ c

2 ^ T h e e q u i l i b r i u m l e v e l o f b e q u e s t i s b = 

P ( w 2 - c 2 ) . 

( l i ) A s t a t i o n a r y e q u i l i b r i u m a l l o c a t i o n w i t h z e r o b e q u e s t s i s a 

c o m p e t i t i v e e q u i l i b r i u m a l l o c a t i o n f o r the 2x2 economy s u c h t h a t V ( c 2 ) £ 

0 U ' (c )*. The p r i c e v e c t o r p i s the e q u i l i b r i u m p r i c e v e c t o r i n t he 
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a r t i f i c i a l economy and y = O V / f l c ) / ( d U / 0 c ). 

P r o o f : (1) U s i n g s t a n d a r d dynam ic programming a rgumen ts , i t i s e a s y to show 

t h a t a u n i q u e v a l u e f u n c t i o n W e x i s t s w h i c h i s c o n t i n u o u s l y d l f f e r e n t i a b l e , 

s t r i c t l y I n c r e a s i n g and s t r i c t l y c o n c a v e . The FONC and t he e n v e l o p e 

c o n d i t i o n In p a r t ( i ) o f t he d e f i n i t i o n t o g e t h e r w i t h p a r t ( i l l ) i m p l y t h a t 

y = 0 and V ( c 2 ) = 0 U ' ( c j ) . P a r t (11) o f t he d e f i n i t i o n i m p l i e s 

V (c ) ( w - c ) > 0. The r e s t f o l l o w s . • 
2 2 2 

(11) S i n c e b = 0 , p ( w 2 ~ c 2 ) = 0 and hence p ( w - c ) = 0 . The FONC f o r b e q u e s t 

must h o l d w i t h a weak i n e q u a l i t y i n p a r t (1) o f t he d e f i n i t i o n . The 

r e m a i n i n g FONC and t he e n v e l o p e c o n d i t i o n i n p a r t (1) t o g e t h e r w i t h p a r t 

( H i ) o f t he d e f i n i t i o n i m p l y t h a t V ( c ) = y U ' f c ^ £ 0 U ' ( c ^ ) . T h e r e f o r e , 

( c , C 2 ) and p c o n s t i t u t e a c o m p e t i t i v e e q u i l i b r i u m f o r t he a r t i f i c i a l 2x2 

economy. • 

P a r t (1) o f t he above p r o p o s i t i o n can be u s e d t o show how a p o s i t i v e 

b e q u e s t e q u i l i b r i u m i s e q u i v a l e n t t o t h a t o f a r e p r e s e n t a t i v e I n f i n i t e l y 

l i v e d a g e n t mode l . L e t w = + w g and * ( c , 0 ) = Max (V (y )+0U(x ) ] s u b j e c t to 

y + x = c . Then , t he e q u i l i b r i u m p r i c e s and a l l o c a t i o n s i n an economy w i t h 
P* CO 

a r e p r e s e n t a t i v e I n f i n i t e l y l i v e d agen t whose p r e f e r e n c e s a r e g i v e n by ^ t _ 1 

0 t _ 1 * ( c t > 0 ) and who h a s t he c o n s t a n t endowment w i n e a c h p e r i o d w i l l be 

e x a c t l y t he same a s I n a p o s i t i v e b e q u e s t e q u i l i b r i u m . I t m igh t appea r t h a t 

t he same h o l d s t r u e i n t he z e r o b e q u e s t e q u i l i b r i u m . The e q u i l i b r i u m p r i c e s 

and a l l o c a t i o n s a r e t he same a s t h o s e i n a r e p r e s e n t a t i v e a g e n t economy w i t h 
p r e f e r e n c e s V °° y t _ 1 • ( c , y ) . The c r u c i a l d i f f e r e n c e i s t h a t i n the 

Lit=1 t 

p o s i t i v e b e q u e s t c a s e t he r e s u l t s o f p o l i c y e x p e r i m e n t s I n v o l v i n g m a r g i n a l 

changes i n f i n a n c i n g o r i n t e r g e n e r a t l o n a l t r a n s f e r s a r e u n a f f e c t e d by 

a d o p t i n g a r e p r e s e n t a t i v e agen t r e p r e s e n t a t i o n o f the u n d e r l y i n g economy. 

T h i s i s c l e a r l y no t t r u e f o r the z e r o b e q u e s t e q u i l i b r i u m . T h i s f a c t a l s o 
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shows up i n t he r e p r e s e n t a t i v e agent r e p r e s e n t a t i o n o f t h i s e q u i l i b r i u m . 

The u t i l i t y d i s c o u n t f a c t o r y i s no t the t r u e i n t e r g e n e r a t i o n a l u t i l i t y 

d i s c o u n t f a c t o r and i s c l e a r l y no t i n v a r i a n t to changes i n f i n a n c i n g o r 

t r a n s f e r p o l i c i e s . The p e r i o d u t i l i t y f u n c t i o n #(c , y ) i s a l s o , o b v i o u s l y , 

no t i n v a r i a n t t o p o l i c y changes . 

The f o l l o w i n g p r o p o s i t i o n s e r v e s a s the b a s i s f o r c o n s t r u c t i n g ou r 

e x a m p l e . 

P r o p o s i t i o n 2: L e t y > 0 and l e t c ( j r ) , C 2 ( y ) s o l v e : Max [V (y ) + y U ( x ) ] 

s u b j e c t to x + y = w [ + w ^ Suppose t h a t f o r some y =s 1, c j ( y ) , C 2 ( y ) i s a 

c o m p e t i t i v e e q u i l i b r i u m a l l o c a t i o n f o r the 2x2 economy and 

[ 9 [ V ' ( c ( y ) ) ( w - c ( y ) ) ] / 3 y ] * < 0 . Then t h e r e i s a 3 € ( 0 , y ) f o r w h i c h t he 
2 2 2 y -y 

economy w i t h b e q u e s t m o t i v e s has a t l e a s t two e q u i l i b r i a ; one o f t h e s e has 

p o s i t i v e b e q u e s t s and t he o t h e r has z e r o b e q u e s t s . 

P r o o f : O b v i o u s l y , V ( c z ( y ) ) ( w 2 ~ C 2 ( y ) ) = 0 . Hence, t h e r e i s some 0 e ( 0 , y ) 

s u c h t h a t V ( c ( 0 ) ) ( w - c ( 0 ) ) > 0. T h e r e f o r e , the r e s u l t i n g a l l o c a t i o n s 

c o n s t i t u t e a p o s i t i v e b e q u e s t e q u i l i b r i u m . M o r e o v e r , f o r t h i s 0 , c ^ y ) and 

c (y ) c o n s t i t u t e a z e r o b e q u e s t e q u i l i b r i u m a l l o c a t i o n , s i n c e V ' ( c ( y ) ) = 

y U ' f c ^ y ) ) > 0 U ' ( c t ( y ) ) . • 

The p r o p o s i t i o n i s i l l u s t r a t e d i n F i g u r e 1 w h i c h shows how the 

c o n s t r u c t i o n o f s u c h e q u i l i b r i a i s e q u i v a l e n t to t h o s e e x h i b i t i n g the 

t r a n s f e r p a r a d o x i n t h e 2x2 economy. The c o n s u m p t i o n a l l o c a t i o n In t he 

p o s t - t r a n s f e r e q u i l i b r i u m i s t he one c o r r e s p o n d i n g t o y = 0 and the 

c o n s u m p t i o n a l l o c a t i o n In t he p r e - t r a n s f e r e q u i l i b r i u m i s the one 

c o r r e s p o n d i n g t o y = y > 0. As shown i n the f i g u r e , t he p o s t - t r a n s f e r 

e q u i l i b r i u m i s t he e q u i l i b r i u m o b t a i n e d a f t e r a t r a n s f e r o f p u r c h a s i n g power 
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f r om the o l d t o t he young ( t he v a l u e o f the o l d ' s endowment e x c e e d s the 

v a l u e o f t h e i r c o n s u m p t i o n and c o n v e r s e l y f o r t he y o u n g ) . In t h i s 

e q u i l i b r i u m the o l d a r e b e t t e r o f f and the young a r e worse o f f r e l a t i v e to 

t he p r e - t r a n s f e r e q u i l i b r i u m . 

FIGURE 1 HERE 

Our examp le i s b a s e d on u t i l i t y f u n c t i o n s U and V w h i c h a r e s e p a r a b l e 

i n t he two goods . T h i s r e s u l t s I n some s i m p l i f i c a t i o n o f t he c o n d i t i o n 

a t V ( c 2 ( y ) ) ( w 2 - c 2 ( r ) ) ] / d y < 0 s t a t e d i n P r o p o s i t i o n 2. T h e r e f o r e , l e t . 

V < C J " 7. V . < 0 - U ( c J " 7. M c l / J , y € ( 0 . 1 ) . 
2 L.\ 1 Zi 1 L.\ 1 11 

The a l l o c a t i o n s c ^ y ) , ^(y) s a t i s f y 

v ; ( c 2 i ) =yu ; (c n ) / y . 

D i f f e r e n t i a t i n g w i t h r e s p e c t t o y and u s i n g t he r e s o u r c e c o n s t r a i n t we h a v e , 

L e t , 

3 c 2 i / 9 y = U J / h r V J ' n U J ' ] . 

a = - c V W , a = - c U " / U ' . v l 21 1 i ul 11 1 1 

Hence , 

(1) 9 [ V ' ( c ( y ) ) (w -c (r))]/fl» = y . [ - V 9 C / 3 y + ( w - c ) V ' ' d c /fly] 
2 2 2 i-#. I 21 21 21 1 &1 

= [u;/(iv' i'+yu' i')][-v; + ( w 2 i - c 2 i ) v ' i ' ] . 

= ( l / y ) [ t U ; [ l + ( ( w 2 i / c 2 i ) - l ) a v i ] / ( ( a v i / c 2 i ) + ( a u / c n ) ] 

We now s p e c i f y t he endowments and p r e f e r e n c e s t h a t s a t i s f y the 

c o n d i t i o n s o f P r o p o s i t i o n 2 . 
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L e t , w = ( 1 . 2 , 0 . 8 ) , w 
1 t 

= ( 0 . 8 , 1 . 2 ) . 

V (c ) = c 1 _ a v i / ( l - a ), U (c ) = c 
1 21 21 v l 1 11 

i - a 
11 u i / ( l - a . ) 

a = 12, a = 1 . 0 1 , a = 1 . 0 1 , a = 12. 
v l ul v2 u2 

I t may be v e r i f i e d t h a t 7 = 7 and the a l l o c a t i o n C j = c

2

 = ( 1 » U 

s a t i s f y t he c o n d i t i o n s o f P r o p o s i t i o n 2. F o r the g i v e n endowments t h i s 

a l l o c a t i o n t o g e t h e r w i t h the p r i c e v e c t o r ( 0 . 5 , 0 . 5 ) c o n s t i t u t e s a 

c o m p e t i t i v e e q u i l i b r i u m i n the 2x2 economy. T h i s a l l o c a t i o n a l s o m a x i m i z e s 

[ V ( c 2 ) + y U ( c i ) ] s u b j e c t t o t he r e s o u r c e c o n s t r a i n t . F u r t h e r , t he e x p r e s s i o n 

on t he r i g h t s i d e o f (1) i s n e g a t i v e a t t h i s a l l o c a t i o n , as r e q u i r e d 5 . 

L a s t l y , i t may be no ted t h a t t he examp le i s r o b u s t to m inor 

p e r t u r b a t i o n s i n the s p e c i f i c a t i o n s o f endowments and p r e f e r e n c e s . 
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ENDNOTES 

The n e u t r a l i t y r e s u l t s h o l d o n l y i f no one i s b e q u e s t c o n s t r a i n e d b e f o r e as 

w e l l a s a f t e r the p o l i c y change . I t i s p o s s i b l e t h a t even i f i n t he i n i t i a l 

e q u i l i b r i u m b e q u e s t s a r e p o s i t i v e , s u f f i c i e n t l y l a r g e changes i n s u c h 

p o l i c i e s may l e a d to b e q u e s t s b e i n g d r i v e n to z e r o and r e s u l t i n 

n o n - n e u t r a l i t y . 

2 T o b i n [4, c h a p t e r I I I ] h a s c r i t i c i z e d B a r r o ' s r e v i v a l o f the R i c a r d i a n 

d o c t r i n e on g r o u n d s o f t he m o d e l ' s e m p i r i c a l l i m i t a t i o n s . 

3 S e e , f o r e x a m p l e , l e c t u r e 12 i n Bhagwa t i and S r i n i v a s a n [3] and the 

r e f e r e n c e s t h e r e i n . 

4 I f x and y a r e n - d i m e n s i o n a l v e c t o r s t hen : (a) x£y i f x ^ £ y ^ f ° r a l l i ; (b) 

x>y i f x£y and x * y ; ( c ) x>>y i f x ^ > y ^ f ° r a l l 1-

5 L i k e most e x a m p l e s i n e c o n o m i c s , t h i s one a l s o v i o l a t e s some o f the 

a s s u m p t i o n s made on t he p e r i o d u t i l i t y f u n c t i o n s U and V. In t he e x a m p l e , 

t he u t i l i t y f u n c t i o n s a r e unbounded ( b e l o w ) , and e i t h e r u n d e f i n e d a t z e r o or 

d i s c o n t i n u o u s a t z e r o . These a r e no t s e r i o u s d e f e c t s and c a n be c o r r e c t e d 

by a l t e r i n g t he f o rm o f t he f u n c t i o n s o u t s i d e an e - n e l g h b o r h o o d o f the 

i n i t i a l a l l o c a t i o n . 
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