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p
in
g
G
en
era
tio
n
s

M
o
d
els
1

L
a
k
sh
m
i
K
.
R
a
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a
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o
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I
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a
il:
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k
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m
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h
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a
ii.ed
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h
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/
w
w
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aw
a
ii.ed
u
/
~
la
k
sh
m
i

F
irst
D
ra
ft
D
ecem
b
er
1
9
9
0

T
h
is
D
ra
ft,
J
a
n
u
a
ry
1
9
9
6

A

b
s
t
r
a
c
t

T
h
e
p
a
p
e
r
e
x
te
n
d
s
th
e
S
a
m
u
e
lso
n
ia
n

o
v
e
rla
p
p
in
g

g
en
era
tio
n
s

fra
m
e
w
o
rk
to
e
n
c
o
m
p
a
ss
a
v
a
rie
ty
o
f
a
ltru
istic
p
re
fe
ren
ces,
reca
st-

in
g
it
in
to
a
L
in
d
a
h
l
e
q
u
ilib
riu
m

fra
m
e
w
o
rk
.
It
h
a
s
b
e
en
sh
o
w
n
th
a
t

a
ltru
ism

to
w
a
rd
s
p
a
re
n
ts
p
ro
v
id
e
s
a
n
a
lte
rn
a
tiv
e
a
n
sw
er
to
th
e
b
a
sic

q
u
e
stio
n
o
f
c
a
p
ita
l
th
e
o
ry
a
s
to
w
h
y
in
te
re
st
ra
te
s
a
re
p
o
sitiv
e;
th
e

L
in
d
a
h
l
e
q
u
ilib
riu
m

o
b
e
y
s
th
e
F
irst
a
n
d
th
e
S
e
c
o
n
d
W
elfa
re
th
eo
-

re
m
s
w
ith
re
sp
e
c
t
to
th
e
M
a
lin
v
a
u
d
o
p
tim
a
lity
c
rite
rio
n
b
u
t
n
o
t
th
e

P
a
re
to
o
p
tim
a
lity
c
rite
rio
n
.
A

c
o
m
p
le
te
ch
a
ra
c
te
riz
a
tio
n
o
f
P
a
reto

o
p
tim
a
l
a
llo
c
a
tio
n
s
is
p
ro
v
id
e
d
u
sin
g
L
in
d
a
h
l
e
q
u
ilib
riu
m

p
rices.
It
is

sh
o
w
n
th
a
t
a
su
�
c
ie
n
tly
stro
n
g
a
ltru
ism

to
w
a
rd
s
p
a
re
n
ts
ca
n
ch
a
n
g
e

a
P
a
re
to
in
e
�
c
ie
n
t
S
a
m
u
e
lso
n
ia
n
e
c
o
n
o
m
y
w
ith
n
e
g
a
tiv
e
in
terest
ra
te

to
a
n
e
�
c
ie
n
t
c
la
ssic
a
l
e
c
o
n
o
m
y
w
ith
p
o
sitiv
e
in
te
re
st
ra
te.
B
a
sed

o
n
S
e
n
's
m
e
ta
ra
n
k
in
g
c
o
n
c
e
p
t,
th
e
p
a
p
e
r
p
ro
p
o
se
s
a
n
eth
ica
l
p
rin
ci-

p
le
to
su
p
p
le
m
e
n
t
th
e
e
q
u
ilib
riu
m

th
e
o
ry
fo
r
g
u
id
in
g
a
g
en
ts
in
th
eir

ch
o
ic
e
o
f
th
e
d
e
g
re
e
o
f
a
ltru
ism

to
w
a
rd
s
th
e
ir
p
a
re
n
ts.

1
A
n
e
a
rlie
r
d
ra
ft
o
f
th
e
p
a
p
e
r
w
a
s
p
re
p
a
re
d
fo
r
p
re
se
n
ta
tio
n
a
t
th
e
S
ix
th
W
o
rld

C
o
n
g
re
ss
o
f
th
e
E
c
o
n
o
m
e
tric
S
o
c
ie
ty
,
B
a
rc
e
lo
n
a
,
S
p
a
in
.
I
a
m

g
ra
tefu
l
to
D
o
n
B
ro
w
n
,

V
in
c
e
C
ra
w
fo
rd
a
n
d
J
o
e
l
S
o
b
e
l
fo
r
m
a
n
y
in
sig
h
tfu
l
c
o
m
m
e
n
ts
a
n
d
en
co
u
ra
g
em
en
ts
o
n

a
n
e
a
rlie
r
d
ra
ft
o
f
th
e
p
a
p
e
r.
T
h
is
p
a
p
e
r
w
a
s
w
ritte
n
w
h
ile
I
w
a
s
a
t
th
e
U
n
iv
ersity
o
f

C
a
lifo
rn
ia
-S
a
n
D
ie
g
o
.

x1
In
tro
d
u
ctio
n

2

T
w
o
-sid
ed
a
ltru
ism
,
L
in
d
a
h
l
E
q
u
ilib
riu
m
,
a
n
d

P
a
reto
O
p
tim
a
lity
in
O
v
erla
p
p
in
g
G
en
era
tio
n
s

M
o
d
els

1
.
In
tr
o
d
u
c
tio
n

T
h
is
p
a
p
er
a
n
a
ly
zes
th
e
ro
le
o
f
tw
o
-sid
ed
a
ltru
ism
in
a
few
a
rea
s
o
f
ca
p
i-

ta
l
th
eo
ry.
A
fu
n
d
a
m
en
ta
l
issu
e
in
ca
p
ita
l
th
eo
ry
is:
W
h
y
th
e
m
a
rk
et
in
ter-

est
ra
te
is
o
b
serv
ed
to
b
e
p
o
sitiv
e?
T
h
e
cla
ssica
l
a
n
a
ly
ses
o
f
B
�o
h
m
-B
aw
erk

a
n
d
F
ish
er
p
ro
v
id
ed
th
ree
ca
u
ses
fo
r
p
o
sitiv
e
in
terest
ra
te:
im
p
a
tien
ce
fo
r

p
resen
t
co
n
su
m
p
tio
n
o
v
er
th
e
fu
tu
re
co
n
su
m
p
tio
n
,
p
ro
d
u
ctiv
ity
ov
er
tim
e

in
th
e
p
ro
d
u
ctio
n
p
ro
cess
d
u
e
to
fa
cto
rs
lik
e
"
ro
u
n
d
a
b
o
u
t
m
eth
o
d
s
o
f
p
ro
-

d
u
ctio
n
"
,
a
n
d
p
ro
sp
erity
o
f
th
e
a
g
en
ts
in
fu
tu
re.
R
o
u
g
h
ly
sp
ea
k
in
g
,
th
ese

fa
cto
rs
lea
d
to
h
ig
h
er
d
em
a
n
d
s
fo
r
g
o
o
d
s
in
th
e
ea
rly
y
ea
rs
a
n
d
less
d
e-

m
a
n
d
s
in
th
e
la
ter
y
ea
rs
o
f
o
n
e's
life
cy
cle,
w
h
erea
s
th
e
su
p
p
lies
o
f
g
o
o
d
s

a
re
less
b
o
u
n
tifu
l
in
th
e
ea
rly
y
ea
rs
a
n
d
m
o
re
b
o
u
n
tifu
l
in
th
e
la
ter
y
ea
rs;

th
u
s
b
y
th
e
la
w
o
f
su
p
p
ly
a
n
d
d
em
a
n
d
,
th
e
eq
u
ilib
riu
m
p
rices
o
f
g
o
o
d
s
fa
ll

ov
er
tim
e,
w
h
ich
m
ea
n
s
p
o
sitiv
e
in
terest
ra
te.
T
h
is
m
ech
a
n
ism
y
ield
s
p
o
si-

tiv
e
in
terest
ra
te
w
h
en
th
ere
a
re
�
n
ite
n
u
m
b
er
o
f
a
g
en
ts
a
n
d
tim
e
h
o
rizo
n

is
eith
er
�
n
ite
o
r
in
�
n
ite.

S
a
m
u
elso
n
[1
9
5
8
]
in
tro
d
u
ced
a
p
u
re
ex
ch
a
n
g
e
m
o
d
el
w
ith
a
n
in
�
n
ite

n
u
m
b
er
o
f
�
n
itely
liv
ed
o
v
erla
p
p
in
g
g
en
era
tio
n
s
stretch
in
g
ov
er
a
n
in
�
n
ite

tim
e
h
o
rizo
n
.
H
e
elim
in
a
ted
th
e
cla
ssica
l
so
u
rces
o
f
p
o
sitiv
e
in
terest
ra
te
b
y

a
ssu
m
in
g
n
o
p
ro
d
u
ctio
n
,
n
o
tim
e
p
referen
ce
in
co
n
su
m
p
tio
n
,
a
n
d
a
g
en
ts
a
re

ra
th
er
m
o
re
p
ro
sp
ero
u
s
in
th
eir
ea
rly
y
ea
rs
o
f
liv
es.
T
h
e
in
terest
ra
tes
a
re

d
eterm
in
ed
in
th
e
g
en
era
l
eq
u
ilib
riu
m
o
f
th
e
p
u
re
co
n
su
m
p
tio
n
-lo
a
n
s.
H
e

a
rriv
ed
a
t
a
few
"
p
a
ra
d
ox
ica
l"
2,
"
a
sto
n
ish
in
g
"
resu
lts
w
ith
"
p
rov
o
ca
tiv
e"

im
p
lica
tio
n
s
in
th
e
"
�
eld
o
f
so
cia
l
co
llu
sio
n
"
,
o
f
w
h
ich
w
e
p
o
in
t
o
u
t
th
e

o
n
es
releva
n
t
to
o
u
r
p
a
p
er:

T
h
ere
is
a
sta
tio
n
a
ry
co
m
p
etitiv
e
eq
u
ilib
riu
m
in
w
h
ich
in
terest
ra
te
is

eq
u
a
l
to
th
e
p
o
p
u
la
tio
n
g
ro
w
th
ra
te
a
n
d
th
u
s
h
e
is
"
th
e
�
rst,
o
u
tsid
e

a
slav
e
eco
n
o
m
y,
to
d
ev
elo
p
a
b
io
lo
g
ica
l
th
eo
ry
o
f
in
terest
rela
tin
g

it
to
th
e
rep
ro
d
u
ctiv
ity
o
f
h
u
m
a
n
m
o
th
ers"
(S
a
m
u
elso
n
,
p
.4
7
3
);
th
e

b
io
lo
g
ica
l
in
terest
ra
te
is
so
cia
lly
o
p
tim
u
m
in
th
e
sen
se
o
f
G
o
ld
en
R
u
le

o
r
"
K
a
n
t's
C
a
teg
o
rica
l
Im
p
era
tiv
es"
.

2
Q
u
o
tes
in
th
is
p
a
ra
g
ra
p
h
a
re
fro
m
S
a
m
u
elso
n
[1
9
5
8
].
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d
u
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3

T
h
ere
ex
ists
co
m
p
etitiv
e
eq
u
ilib
riu
m
w
h
ich
is
n
o
t
P
a
reto
o
p
tim
a
l
a
n
d

th
e
lo
n
g
-ru
n
in
terest
ra
te
is
n
eg
a
tiv
e.

If
th
ere
is
a
b
eg
in
n
in
g
o
f
"
b
io
lo
g
ica
l"
tim
e
fo
r
th
e
eco
n
o
m
y
th
en
th
e

n
o
n
-sta
tio
n
a
ry
eq
u
ilib
riu
m
p
a
th
n
ev
er
co
n
v
erg
es
to
th
e
G
o
ld
en
ru
le,

w
h
ich
is
h
is
"
Im
p
o
ssib
ility
T
h
eo
rem
"
.

T
o
ov
erco
m
e
P
a
reto
in
e�
cien
cy
o
f
co
m
p
etitiv
e
eq
u
ilib
riu
m
,
S
a
m
u
el-

so
n
a
p
p
ea
led
to
th
e
H
o
b
b
es-R
o
ssea
u
th
eo
ry
o
f
so
cia
l
co
n
tra
ct
su
ch
a
s

so
cia
l
secu
rity
a
n
d
o
u
tsid
e
m
o
n
ey,
b
y
w
h
ich
in
terg
en
era
tio
n
a
l
tra
n
s-

fers
fro
m
fu
tu
re
g
en
era
tio
n
s
to
p
resen
t
g
en
era
tio
n
s
a
re
b
ro
u
g
h
t
a
b
o
u
t.

S
u
b
seq
u
en
tly,
G
a
le
[1
9
7
3
]
ca
rried
o
u
t
a
u
n
i�
ed
a
n
a
ly
sis
o
f
cla
ssica
l
a
n
d

S
a
m
u
elso
n
ia
n
eco
n
o
m
ies,
a
n
d
esta
b
lish
ed
d
ich
o
to
m
ies
in
th
e
b
eh
av
io
r
o
f

th
ese
eco
n
o
m
ies.
F
o
r
in
sta
n
ce,
h
e
sh
ow
ed
th
a
t
n
o
n
-G
o
ld
en
ru
le,
stea
d
y
-

sta
te
co
m
p
etitiv
e
in
terest
ra
te
is
p
o
sitiv
e
a
n
d
P
a
reto
o
p
tim
a
l
in
cla
ssi-

ca
l
eco
n
o
m
ies
b
u
t
it
is
n
eg
a
tiv
e
a
n
d
n
o
t
P
a
reto
o
p
tim
a
l
in
S
a
m
u
elso
n
ia
n

eco
n
o
m
ies;
fo
r
a
n
y
a
m
o
u
n
t
o
f
in
itia
l
o
u
tsid
e
m
o
n
ey, 3
w
h
ile
a
co
m
p
eti-

tiv
e
eq
u
ilib
riu
m
p
a
th
co
n
v
erg
es
to
th
e
G
o
ld
en
R
u
le
in
cla
ssica
l
eco
n
o
m
ies,

th
e
eq
u
ilib
riu
m
p
a
th
in
th
e
S
a
m
u
elso
n
ia
n
eco
n
o
m
ies
m
ov
es
aw
ay
fro
m
th
e

G
o
ld
en
ru
le
a
n
d
co
n
v
erg
es
to
th
e
"
b
a
la
n
ced
"
stea
d
y
-sta
te
in
w
h
ich
th
e
in
-

terest
ra
te
is
n
eg
a
tiv
e.
H
e
co
n
clu
d
ed
th
a
t
"
w
h
ile
th
e
S
a
m
u
elso
n
w
o
rld
is

p
erfectly
co
n
ceiva
b
le
fro
m
a
lo
g
ica
l
p
o
in
t
o
f
v
iew
it
is
p
ro
b
a
b
ly
n
o
t
th
e
o
n
e

w
e
liv
e
in
-
ex
a
ctly
b
eca
u
se
o
f
th
e
em
p
irica
l
fa
cts
a
d
d
u
ced
b
y
F
ish
er
rela
t-

in
g
to
im
p
a
tien
ce
a
n
d
in
v
estm
en
t"
.
In
th
is
p
a
p
er,
in
tro
d
u
cin
g
tw
o
-sid
ed

a
ltru
ism
I
sh
ow
th
a
t
a
n
a
ltern
a
tiv
e
so
u
rce
o
f
p
o
sitiv
e
in
terest
ra
te
is
a
ltru
-

ism
tow
a
rd
s
p
a
ren
ts.
F
u
rth
er,
I
a
rg
u
e
th
a
t
a
S
a
m
u
elso
n
ia
n
eco
n
o
m
y
w
ith

n
eg
a
tiv
e
in
terest
ra
te
w
ill
lea
d
to
th
e
em
erg
en
ce
o
f
so
cia
l
n
o
rm
s
reg
a
rd
in
g

a
ltru
ism
tow
a
rd
s
p
a
ren
ts,
w
h
ich
w
ill
ca
st
it
in
to
a
cla
ssica
l
eco
n
o
m
y
;
I
u
se

S
en
's
m
eta
ra
n
k
in
g
co
n
cep
t
to
d
ev
elo
p
a
th
eo
ry
o
f
so
cia
l
co
llu
sio
n
a
n
d
so
-

cia
l
n
o
rm
s,
g
u
id
in
g
a
g
en
ts
to
ch
o
o
se
th
e
in
ten
sity
o
f
th
eir
a
ltru
ism
tow
a
rd
s

p
a
ren
ts.

A
n
o
th
er
im
p
o
rta
n
t
issu
e
in
th
e
ca
p
ita
l
th
eo
ry
is
th
e
ch
a
ra
cteriza
tio
n

o
f
P
a
reto
o
p
tim
a
l
a
llo
ca
tio
n
s
in
term
s
o
f
su
p
p
o
rtin
g
p
rices
o
r
co
m
p
etitiv
e

eq
u
ilib
riu
m
p
rices.
In
th
e
�
n
ite
settin
g
,
th
e
F
irst
a
n
d
S
eco
n
d
th
eo
rem
s
o
f

W
elfa
re
E
co
n
o
m
ics
g
iv
e
a
co
m
p
lete
ch
a
ra
cteriza
tio
n
o
f
th
e
P
a
reto
o
p
tim
a
l

a
llo
ca
tio
n
s:
A
n
a
llo
ca
tio
n
is
P
a
reto
o
p
tim
a
l
if
a
n
d
o
n
ly
if
it
is
a
co
m
p
etitiv
e

eq
u
ilib
riu
m
a
llo
ca
tio
n
w
ith
a
red
istrib
u
tio
n
o
f
in
itia
l
en
d
ow
m
en
ts.
In
th
e

3
w
h
ich
lie
s
w
ith
in
c
e
rta
in
lim
its.

x1
In
tro
d
u
ctio
n

4

ov
erla
p
p
in
g
g
en
era
tio
n
s
set-u
p
,
S
a
m
u
elso
n
h
a
s
d
em
o
n
stra
ted
th
e
fa
ilu
re
o
f

th
e
F
irst
W
elfa
re
th
eo
rem
.
B
a
la
sk
o
a
n
d
S
h
ell
[1
9
8
0
]
h
a
v
e
sh
ow
n
th
a
t
co
m
-

p
etitiv
e
eq
u
ilib
riu
m
in
th
e
p
u
re
ex
ch
a
n
g
e
o
v
erla
p
p
in
g
g
en
era
tio
n
s
(O
L
G
)

eco
n
o
m
ies
o
b
ey
s
th
e
F
irst
a
n
d
th
e
S
eco
n
d
W
elfa
re
th
eo
rem
s
in
term
s
o
f

W
ea
k
P
a
reto
O
p
tim
a
lity
criterio
n
(d
e�
n
itio
n
in
th
e
tex
t),
o
rig
in
a
lly
in
tro
-

d
u
ced
in
th
e
ca
p
ita
l
th
eo
ry
litera
tu
re
b
y
M
a
lin
va
u
d
[1
9
5
3
].
T
h
ey
h
av
e
a
lso

g
iv
en
a
co
m
p
lete
ch
a
ra
cteriza
tio
n
o
f
P
a
reto
O
p
tim
a
lity
o
f
a
co
m
p
etitiv
e

eq
u
ilib
riu
m
a
llo
ca
tio
n
in
term
s
o
f
th
e
co
m
p
etitiv
e
eq
u
ilib
riu
m
p
rices,
sim
i-

la
r
to
th
e
C
a
ss
[1
9
7
2
]
criterio
n
fo
r
e�
cien
cy
in
a
g
g
reg
a
tiv
e
g
ro
w
th
m
o
d
els.

In
th
is
p
a
p
er,
I
p
ro
v
id
e
a
sim
ila
r
ch
a
ra
cteriza
tio
n
o
f
P
a
reto
o
p
tim
a
l
a
l-

lo
ca
tio
n
s
in
a
n
O
L
G
fra
m
ew
o
rk
in
w
h
ich
a
g
en
ts
h
av
e
a
ltru
istic
a
n
d
th
u
s

in
terd
ep
en
d
en
t
p
referen
ces.

O
n
th
e
n
a
tu
re
o
f
in
terg
en
era
tio
n
a
l
a
ltru
istic
p
referen
ces
a
n
d
its
ro
le
in

P
a
reto
o
p
tim
a
lity
o
f
eq
u
ilib
riu
m
a
llo
ca
tio
n
s,
o
n
e
�
n
d
s
tw
o
stra
n
d
s
o
f
O
L
G

g
row
th
litera
tu
re.
In
o
n
e
stra
n
d
,
B
a
rro
[1
9
7
4
]
in
tro
d
u
ced
n
o
n
-p
a
tern
a
listic

p
a
ren
ta
l
a
ltru
ism
,
in
th
e
sen
se
th
a
t
a
n
a
g
en
t's
u
tility
d
ep
en
d
s
o
n
h
is
ch
il-

d
ren
's
u
tility.
H
e
sh
ow
ed
th
a
t
if
ev
ery
g
en
era
tio
n
lea
v
es
a
p
o
sitiv
e
b
eq
u
est

fo
r
th
e
n
ex
t
g
en
era
tio
n
,
th
en
th
e
co
m
p
etitiv
e
eq
u
ilib
riu
m
w
ith
b
eq
u
est
is

P
a
reto
o
p
tim
a
l
a
n
d
th
ere
is
n
o
ro
le
fo
r
m
o
n
ey,
so
cia
l
secu
rity
o
r
o
th
er
g
ov
-

ern
m
en
t
in
terv
en
tio
n
.
T
h
e
eco
n
o
m
y
b
eh
av
es
a
s
if
th
ere
is
o
n
e
in
�
n
itely

liv
ed
a
g
en
t.
A
iy
a
g
a
ri
[1
9
8
9
]
h
a
s,
h
ow
ev
er,
re�
n
ed
th
is
a
n
a
ly
sis
b
y
a
llo
w
in
g

m
o
re
th
a
n
o
n
e
h
etero
g
en
eo
u
s
fa
m
ilies
in
ev
ery
p
erio
d
.
H
e
sh
ow
ed
th
a
t
in

certa
in
eco
n
o
m
ies
th
ere
m
ay
ex
ist
m
u
ltip
le
eq
u
ilib
ria
,
so
m
e
o
f
w
h
ich
a
re

P
a
reto
o
p
tim
a
l,
w
h
ile
o
th
ers
a
re
n
o
t
P
a
reto
o
p
tim
a
l.
T
h
e
seco
n
d
stra
n
d
o
f

litera
tu
re
co
n
sid
ers
p
a
tern
a
listic
o
r
lim
ited
p
a
ren
ta
l
a
ltru
ism

in
th
e
sen
se

th
a
t
a
n
a
g
en
t's
u
tility
d
ep
en
d
s
o
n
h
is
ch
ild
ren
's
co
n
su
m
p
tio
n
(B
ern
h
eim

a
n
d
R
a
y
[1
9
8
7
],
K
h
o
lb
erg
[1
9
7
6
],
L
a
n
e
a
n
d
M
itra
[1
9
8
1
],
L
ein
in
g
er
[1
9
8
6
]

a
n
d
P
h
elp
s
a
n
d
P
o
lla
k
[1
9
6
8
]).
W
h
ile
th
e
m
a
in
fo
cu
s
o
f
th
ese
p
a
p
ers
w
ere

to
stu
d
y
in
terg
en
era
tio
n
a
l
co
n


icts
in
th
e
su
b
g
a
m
e
p
erfect
sav
in
g
s
b
eh
av
-

io
r,
B
ern
h
eim

a
n
d
R
ay
sh
ow
ed
th
a
t
su
b
g
a
m
e
p
erfect
eq
u
ilib
ria
a
re
n
ev
er

P
a
reto
o
p
tim
a
l.
T
h
e
a
ssu
m
p
tio
n
o
f
p
a
ren
ta
l
a
ltru
ism
ca
n
ex
p
la
in
v
o
lu
n
ta
ry

tra
n
sfers
fro
m
p
a
ren
ts
to
ch
ild
ren
b
u
t
ca
n
n
o
t
ex
p
la
in
tra
n
sfers
fro
m

ch
il-

d
ren
to
p
a
ren
ts
th
a
t
a
re
o
b
serv
ed
in
m
a
n
y
co
u
n
tries.
F
u
rth
erm
o
re,
th
e
�
rst

stra
n
d
o
f
litera
tu
re
im
p
o
ses
in
ter-tem
p
o
ra
l
co
n
sisten
cy
o
f
p
referen
ces
w
h
ich

ca
n
n
o
t
ex
p
la
in
w
h
y
p
a
ren
ts
tra
n
sfer
g
ifts
a
n
d
b
eq
u
ests
w
ith
restrictio
n
s
o
n

its
u
se.

In
th
is
p
a
p
er,
I
ex
ten
d
th
e
S
a
m
u
elso
n
ia
n
ov
erla
p
p
in
g
g
en
era
tio
n
s
fra
m
e-

w
o
rk
reca
stin
g
it
in
to
a
L
in
d
a
h
l
eq
u
ilib
riu
m
fra
m
ew
o
rk
.
T
h
is
fra
m
ew
o
rk
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5

ca
n
in
co
rp
o
ra
te
a
va
riety
o
f
a
ltru
istic
p
referen
ces
in
clu
d
in
g
tw
o
-sid
ed
a
ltru
-

istic
p
referen
ces
a
n
d
p
referen
ces
w
h
ich
a
re
n
o
t
in
ter-tem
p
o
ra
lly
co
n
sisten
t.

I
in
co
rp
o
ra
te
a
ltru
ism
tow
a
rd
s
p
a
ren
ts
in
th
e
p
a
tern
a
listic
p
a
ren
ta
l
a
ltru
-

ism
fra
m
ew
o
rk
m
en
tio
n
ed
a
b
ov
e,
a
n
d
d
iscu
ss
in
a
la
ter
sectio
n
th
e
ca
se
o
f

n
o
n
-p
a
tern
a
listic
p
a
ren
ta
l
a
ltru
ism
.
S
ectio
n
2
d
escrib
es
th
e
b
a
sic
fra
m
e-

w
o
rk
.

T
h
e
ex
isten
ce
o
f
L
in
d
a
h
l
eq
u
ilib
riu
m
a
n
d
a
co
m
p
lete
ch
a
ra
cteriza
tio
n
o
f

P
a
reto
o
p
tim
a
l
a
llo
ca
tio
n
s
in
term
s
o
f
L
in
d
a
h
l
eq
u
ilib
riu
m
p
rices
a
re
ca
r-

ried
o
u
t
fo
r
g
en
era
l
eco
n
o
m
ies
resp
ectiv
ely
in
sectio
n
s
3
a
n
d
4
.
S
ectio
n
5

co
m
p
u
tes
L
in
d
a
h
l
eq
u
ilib
riu
m
in
eco
n
o
m
ies
w
ith
C
o
b
b
-D
o
u
g
la
s
tw
o
-sid
ed

a
ltru
istic
u
tility
fu
n
ctio
n
s.
T
h
e
rest
o
f
th
e
a
n
a
ly
sis
is
ca
rried
o
u
t
fo
r
th
is

cla
ss
o
f
eco
n
o
m
ies.
It
is
sh
ow
n
th
a
t
ev
en
w
h
en
ea
ch
g
en
era
tio
n
leav
es
a
p
o
s-

itiv
e
b
eq
u
est
fo
r
th
e
n
ex
t
g
en
era
tio
n
,
th
e
L
in
d
a
h
l
eq
u
ilib
riu
m
n
eed
n
o
t
b
e

P
a
reto
o
p
tim
a
l,a
h
ig
h
er
a
m
o
u
n
t
o
f
b
eq
u
est
m
ay
b
e
n
ecessa
ry
fo
r
o
p
tim
a
lity
;

G
a
le's
resu
lts
o
n
th
e
d
ich
o
to
m
y
in
th
e
n
a
tu
re
o
f
d
y
n
a
m
ics,
P
a
reto
o
p
tim
a
l-

ity
a
n
d
th
e
e�
ect
o
f
m
o
n
ey
b
etw
een
S
a
m
u
elso
n
ia
n
a
n
d
cla
ssica
l
eco
n
o
m
ies

a
re
sh
ow
n
to
ca
rry
ov
er
to
th
e
L
in
d
a
h
l
eq
u
ilib
riu
m
fra
m
ew
o
rk
;
a
n
d
it
is
fu
r-

th
erm
o
re
sh
ow
n
th
a
t
w
h
en
a
g
en
ts
h
av
e
su
�
cien
tly
stro
n
g
a
ltru
ism
tow
a
rd
s

th
eir
p
a
ren
ts,
th
e
L
in
d
a
h
l
eq
u
ilib
riu
m
is
a
lw
ay
s
P
a
reto
o
p
tim
a
l.

T
h
e
la
st
resu
lt
lea
d
s
to
th
e
p
o
ssib
ility
o
f
so
cia
l
co
llu
sio
n
to
d
ev
elo
p

a
n
d
su
sta
in
so
cia
l
n
o
rm
s
o
f
th
e
ty
p
e,
"
h
o
n
o
r
y
o
u
r
fa
th
er
a
n
d
m
o
th
er
th
a
t

it
m
ay
g
o
w
ell
w
ith
y
o
u
a
n
d
th
a
t
y
o
u
m
ay
en
joy
lo
n
g
life
o
n
th
e
ea
rth
"
,

(F
ifth
C
o
m
m
a
n
d
m
en
t).
In
sectio
n
6
,
I
su
p
p
lem
en
t
th
e
eq
u
ilib
riu
m
th
eo
ry

w
ith
a
n
eth
ica
l
o
r
m
o
ra
l
p
rin
cip
le
b
a
sed
o
n
S
en
's
m
eta
ra
n
k
in
g
a
n
d
K
a
n
t's

C
a
teg
o
rica
l
Im
p
era
tiv
es
p
rin
cip
les
to
g
u
id
e
a
g
en
ts
in
th
eir
ch
o
ice
o
f
th
e

d
eg
ree
o
f
a
ltru
ism
tow
a
rd
s
th
eir
p
a
ren
ts.
S
ectio
n
7
ta
lk
s
a
b
o
u
t
h
ow
so
m
e

o
f
th
e
resu
lts
ch
a
n
g
e
fo
r
o
th
er
p
referen
ce
stru
ctu
res.
A
llp
ro
o
fs
a
re
releg
a
ted

to
sectio
n
8
.

2
.
A
ltr
u
ism

a
n
d
L
in
d
a
h
l
E
q
u
ilib
r
iu
m
:
T
h
e
B
a
sic
F
r
a
m
e
-

w
o
r
k

W
e
co
n
sid
er
a
sta
n
d
a
rd
ov
erla
p
p
in
g
g
en
era
tio
n
s
p
u
re
ex
ch
a
n
g
e
eco
n
o
m
y.

W
ith
o
u
t
lo
ss
o
f
g
en
era
lity,
w
e
a
ssu
m
e
sta
tio
n
a
ry
p
o
p
u
la
tio
n
,
i.e.,
p
o
p
u
la
tio
n

g
row
th
ra
te
is
zero
.
O
n
e
a
g
en
t
is
b
o
rn
in
ea
ch
p
erio
d
t
�

0
a
n
d
h
e
liv
es

d
u
rin
g
p
erio
d
s
t
a
n
d
t
+
1
:
A
n
a
g
en
t
b
o
rn
in
p
erio
d
t
is
d
en
o
ted
b
y
t.
L
et

A
=
f
0
;1
;2
;:::g
b
e
th
e
set
o
f
a
g
en
ts
in
th
e
eco
n
o
m
y.
A
ssu
m
e
th
a
t
th
ere
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ra
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6

a
re
`
p
erish
a
b
le
g
o
o
d
s
in
ea
ch
p
erio
d
.
A
g
en
t
t
is
en
d
ow
ed
w
ith
a
n
in
itia
l

en
d
o
w
m
en
t
o
f
th
e
t-th
a
n
d
t
+
1
-st
p
erio
d
g
o
o
d
s,
(w
tt ;w
tt+

1 )
2

R
2
`

+
;t
2

A
.

L
et
x
tt
2

R
`+

a
n
d
x
tt+

1
2

R
`+

b
e
th
e
co
n
su
m
p
tio
n
b
u
n
d
les
o
f
th
e
a
g
en
t
t
in

p
erio
d
s
t
a
n
d
t
+
1
resp
ectiv
ely.

2
.1
.
T
w
o
-sid
e
d
a
ltr
u
istic
p
r
e
fe
r
e
n
c
e
s

W
e
a
ssu
m
e
th
a
t
a
g
en
ts
ex
h
ib
it
tw
o
-sid
ed
p
a
tern
a
listic
a
ltru
ism
o
f
th
e

fo
llow
in
g
n
a
tu
re:
E
a
ch
a
g
en
t
d
eriv
es
u
tility
fro
m

h
is
o
w
n
life
tim
e
co
n
-

su
m
p
tio
n
a
n
d
th
e
co
n
su
m
p
tio
n
o
f
th
e
o
th
er
fa
m
ily
m
em
b
ers
th
a
t
h
e
ca
n

o
b
serv
e
in
h
is
life-tim
e.
A
s
p
o
in
ted
o
u
t
in
sectio
n
7
,
th
e
p
resen
t
a
p
p
ro
a
ch

ex
ten
d
s
to
situ
a
tio
n
s
in
w
h
ich
a
g
en
ts
ca
re
fo
r
co
n
su
m
p
tio
n
o
f
h
is
fu
tu
re

fa
m
ily
m
em
b
ers
in
p
erio
d
s
b
ey
o
n
d
h
is
life
tim
e
a
n
d
to
situ
a
tio
n
s
w
h
ere

a
g
en
ts
ca
re
a
b
o
u
t
th
eir
ch
ild
ren
's
w
elfa
re
a
s
in
B
a
rro
.

W
e
a
ssu
m
e
th
a
t
tw
o
-sid
ed
a
ltru
istic
a
g
en
t
t's
p
referen
ces
a
re
rep
resen
ted

b
y
a
u
tility
fu
n
ctio
n
a
s
fo
llo
w
s:

u
t
:
R
4
`

+

!

R
;d
en
o
ted
b
y
u
t(x
t�
1

t

;x
tt ;x
tt+

1 ;x
t+
1

t+
1 );t
�

1

a
n
d

u
0
:
R
3
`

+

!

R
;d
en
o
ted
b
y
u
0(x
00 ;x
01 ;x
11 );fo
r
a
g
en
t
t
=
0
:

W
e
fo
llow
th
e
sta
n
d
a
rd
co
n
v
en
tio
n
o
f
in
d
ex
in
g
g
o
o
d
s
b
y
tim
e
a
n
d
p
h
y
sica
l

ch
a
ra
cteristics.
T
h
u
s,
th
e
b
u
n
d
les
o
f
g
o
o
d
s
ava
ila
b
le
in
ea
ch
p
erio
d
t
�

0

a
re
rep
resen
ted
b
y
v
ecto
rs
in
R
1

w
ith
th
e
co
n
v
en
tio
n
th
a
t
fo
r
a
n
y
su
ch

v
ecto
r,
th
e
�
rst
`
co
m
p
o
n
en
ts
co
rresp
o
n
d
to
th
e
`
g
o
o
d
s
o
f
p
erio
d
t
=
0
,

fo
llow
ed
b
y
th
e
n
ex
t
p
erio
d
's
`
g
o
o
d
s
a
n
d
so
o
n
.
A
p
o
s
sib
le
c
o
n
su
m
p
tio
n

b
u
n
d
le
o
f
a
g
en
t
t
is
a
v
ecto
r,

x
t
=
(0
;0
;::
::;0
;
x
tt ;x
tt+

1 ;0
;::::)
2

R
1

;
w
h
ere
x
tt ;x
tt+

1
2

R
`

L
et
X
t
b
e
th
e
set
o
f
a
ll
p
o
ssib
le
co
n
su
m
p
tio
n
b
u
n
d
les
o
f
a
g
en
t
t.

A
g
en
t
t
h
a
s
a
n
in
itia
l
en
d
o
w
m
en
t

w
t
=
(0
;0
;::::;0
;
w
tt ;
w
tt+

1 ;0
;::::)
2

R
1+

T
h
e
a
g
g
reg
a
te
en
d
ow
m
en
t
is
d
en
o
ted
b
y
w
=
�
�
2
A
w
�
.
D
en
o
te
b
y
p
t
2

R
`

th
e
p
resen
t
v
a
lu
e
p
rices
o
f
th
e
`
g
o
o
d
s
th
a
t
a
re
av
a
ila
b
le
in
p
erio
d
t;t
�

0
:

L
et
p
=
(p
t )
10

2

R
1

b
e
th
e
p
rice
v
ecto
r
w
h
o
se
in
d
ex
in
g
fo
llow
s
th
e
sa
m
e

co
n
v
en
tio
n
o
f
th
e
co
n
su
m
p
tio
n
v
ecto
rs
in
<
1

.
W
e
d
e�
n
e
th
e
v
a
lu
e
o
f
a
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co
m
m
o
d
ity
b
u
n
d
le
x
=
(x
0 ;x
1 ;:::)
2

R
1+

,
x
i
2

<
`+
,
8
i
�

0
,
a
t
a
p
rice
v
ecto
r

p
=
(p
0 ;p
1 :::)
2

R
1+

,
p
i
2

<
`+
,
8

i
�

0
b
y
p
:x
=
lim

in
f
n
!
1

�
nt=

1 p
t :x
t ,

w
h
ere
p
t :x
t
d
en
o
tes
th
e
u
su
a
l
in
n
er
p
ro
d
u
ct
in
R
`.
T
h
e
rea
so
n
fo
r
u
sin
g

lim
in
f
in
stea
d
o
f
lim
it
is
th
a
t
th
e
lim
it
m
ay
n
o
t
ex
ist
fo
r
a
ll
p
o
ssib
le
x
2

<
1

a
n
d
p
2

<
1

.
A
n

a
llo
c
a
tio
n
is
(x
�
)
�
2
A

su
ch
th
a
t
x
�

2

X
�
;�
2

A
,

i.e.,
a
n
a
llo
ca
tio
n
sp
eci�
es
th
e
co
n
su
m
p
tio
n
b
u
n
d
les
o
f
ea
ch
co
n
su
m
er.
A
n

a
llo
ca
tio
n
(x
�
)
�
2
A

is
a
tta
in
a
b
le
if
�
�
2
A
x
�

=
�
�
2
A
w
�
.

2
.2
.
O
n
e
q
u
ilib
r
iu
m

c
o
n
c
e
p
ts

T
h
e
a
ssu
m
p
tio
n
o
f
tw
o
-sid
ed
a
ltru
ism
im
p
o
ses
co
n
su
m
p
tio
n
ex
tern
a
lity

a
m
o
n
g
fa
m
ily
m
em
b
ers,
a
n
d
h
en
ce
th
e
sta
n
d
a
rd
A
rrow
-D
eb
reu
co
m
p
etitiv
e

eq
u
ilib
riu
m
co
n
cep
t
d
o
es
n
o
t
a
p
p
ly.
F
o
r
�
n
ite
eco
n
o
m
ies
w
ith
co
n
su
m
p
tio
n

ex
tern
a
lities,
th
e
A
rrow
-D
eb
reu
eq
u
ilib
riu
m
co
n
cep
t
h
a
s
b
een
ex
ten
d
ed
b
y

M
cK
en
zie
[1
9
5
5
],
a
n
d
A
rrow
a
n
d
H
a
h
n
[1
9
7
1
].
A
rrow
a
n
d
H
a
h
n
[1
9
7
1
,
1
3
2
-

1
3
6
]
d
e�
n
e
a
n
o
n
co
o
p
era
tiv
e
co
m
p
etitiv
e
eq
u
ilib
riu
m
(
see
C
o
rn
w
a
ll[1
9
8
4
,

p
.4
5
8
])
to
b
e
a
p
rice
v
ecto
r
a
n
d
a
fea
sib
le
a
llo
ca
tio
n
su
ch
th
a
t
g
iv
en
o
th
er

a
g
en
ts'
eq
u
ilib
riu
m
ch
o
ices
o
f
co
n
su
m
p
tio
n
b
u
n
d
les
ev
ery
a
g
en
t's
eq
u
ilib
-

riu
m
co
n
su
m
p
tio
n
b
u
n
d
le
m
a
x
im
izes
h
is
u
tility
w
ith
in
h
is
b
u
d
g
et
set.
H
ow
-

ev
er,
th
eir
eq
u
ilib
riu
m
n
o
tio
n
d
o
es
n
o
t
a
llow
fo
r
ex
ch
a
n
g
es
o
f
g
ifts
a
m
o
n
g

a
g
en
ts
w
h
o
a
re
a
�
ected
b
y
co
m
m
o
n
co
n
su
m
p
tio
n
ex
tern
a
lities.
S
in
ce
th
ey

liv
e
to
g
eth
er,
it
is
ex
p
ected
th
a
t,
u
n
d
er
a
n
o
n
co
o
p
era
tiv
e
co
m
p
etitiv
e
eq
u
i-

lib
riu
m
a
llo
ca
tio
n
s,
th
ere
w
ill
b
e
sco
p
e
fo
r
ren
eg
o
tia
tio
n
a
m
o
n
g
h
o
u
seh
o
ld

m
em
b
ers,
th
a
t
is,
o
n
e
m
em
b
er
m
ig
h
t
lik
e
to
g
iv
e
a
g
ift
to
a
n
o
th
er
m
em
b
er

th
a
t
m
a
k
es
b
o
th
b
etter
o
�
th
a
n
th
e
n
o
n
co
o
p
era
tiv
e
co
m
p
etitiv
e
eq
u
ilib
riu
m

a
llo
ca
tio
n
.

G
o
ld
m
a
n
[1
9
7
8
],
o
n
th
e
o
th
er
h
a
n
d
,
d
e�
n
es
a
fea
sib
le
a
llo
ca
tio
n
to
b
e
a

g
ift
eq
u
ilib
riu
m
if
th
ere
d
o
es
n
o
t
ex
ist
p
o
ssib
le
tra
n
sfers
fro
m
o
n
e
a
n
o
th
er

th
a
t
ca
n
m
a
k
e
ev
ery
b
o
d
y
b
etter
o
�
.
In
h
is
eq
u
ilib
riu
m
fra
m
ew
o
rk
,
m
a
rk
ets

a
re
a
b
sen
t.

It
is
clea
r
th
a
t
sin
ce
fa
m
ily
m
em
b
ers
h
av
e
co
n
su
m
p
tio
n
ex
tern
a
lity,
a

fa
m
ily
m
em
b
er
w
o
u
ld
lik
e
to
su
b
sid
ize
th
e
co
n
su
m
p
tio
n
o
f
a
n
o
th
er
fa
m
ily

m
em
b
er
if
h
e
is
n
o
t
co
n
su
m
in
g
en
o
u
g
h
fro
m
th
e
v
iew
p
o
in
t
o
f
th
e
fo
rm
er.

T
h
e
su
b
sid
ies
m
ay
ta
k
e
th
e
fo
rm
o
f
lu
m
p
-su
m
tra
n
sfers
o
r
th
e
fo
rm
o
f
p
rice

su
b
sid
ies.
A
g
en
ts
w
ill
h
av
e
co
n


ictin
g
p
referen
ces
a
b
o
u
t
th
e
p
referen
ces

ov
er
d
i�
eren
t
co
n
su
m
p
tio
n
b
u
n
d
les,
p
rice-su
b
sid
ies
w
ill
b
e
a
m
o
re
rea
so
n
-

a
b
le
b
eh
av
io
r
in
o
u
r
co
n
tex
t.
F
u
rth
erm
o
re,
th
e
in
terg
en
era
tio
n
a
l
tra
n
sfers

w
illa
�
ect
a
n
in
d
iv
id
u
a
l's
b
u
d
g
et
co
n
stra
in
t
a
n
d
h
en
ce
h
is
d
em
a
n
d
s/
su
p
p
lies
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a
n
d
h
en
ce
th
e
eq
u
ilib
riu
m
p
rices
in
a
ll
m
a
rk
ets;
th
is
in
tu
rn
w
ill
a
�
ect
th
e

a
m
o
u
n
t
o
f
g
ifts
a
n
d
p
rice-su
b
sid
ies
th
a
t
th
e
a
g
en
t
w
a
n
t
to
m
a
k
e.
W
e
n
eed

th
e
fo
llow
in
g
co
n
cep
ts
to
g
iv
e
a
fo
rm
a
ld
e�
n
itio
n
o
f
th
e
eq
u
ilib
riu
m
co
n
cep
t:

A
fe
a
sib
le
fa
m
ily
g
ift
b
y
a
g
e
n
t
t;t
2

A
u
n
d
er
a
n
a
llo
ca
tio
n
(x
�
)
�
2
A

is
a
v
ecto
r
�
t
=
(0
;:
::;0
;�
tt�

1 ;�
tt+

1 ;0
;0
;:
::)
2

R
1

su
ch
th
a
t
�
tt�

1 ;�
tt+

1
2

R
`+
;x
tt
�
�
tt�

1
�

0
;x
tt+

1
�
�
tt+

1
�

0
;
a
n
d
h
e
is
b
etter
o
�
a
fter
g
iv
in
g
th
e
g
ift,

w
h
ere
�
tt�

1 ;�
tt+

1

a
re
resp
ectiv
ely
th
e
co
m
m
o
d
ity
b
u
n
d
les
o
f
th
e
t-th
a
n
d

t
+
1
�

st
p
erio
d
g
o
o
d
s
g
iv
en
a
s
g
ifts
b
y
a
g
en
t
t
to
resp
ectiv
ely
h
is
p
a
ren
ts

a
n
d
ch
ild
ren
to
a
u
g
m
en
t
th
eir
co
n
su
m
p
tio
n
o
f
g
o
o
d
s
u
n
d
er
th
e
a
llo
ca
tio
n
.

A
fea
sib
le
fa
m
ily
g
ift
b
y
a
n
a
g
en
t
t
2

A
is
a
c
c
e
p
ta
b
le
if
th
e
recip
ien
ts
a
re

a
t
lea
st
a
s
w
ell
o
�
a
fter
receiv
in
g
th
e
g
ifts
a
s
th
ey
w
ere
b
efo
re
receiv
in
g
th
e

g
ifts.
A
v
ecto
r
�
t
=
(�
tt�

1 ;
�
tt+

1 ),
�
tt�

1 ,
a
n
d
�
tt+

1 ;
2

R
`+

d
en
o
tes
a
g
en
t
t's

v
ecto
r
o
f
p
r
ic
e
su
b
sid
ie
s,
w
h
ere
�
tt�

1
is
th
e
p
rice
su
b
sid
ies
to
h
is
p
a
ren
ts

t
�

1
fo
r
ea
ch
u
n
it
o
f
h
is
p
a
ren
t's
co
n
su
m
p
tio
n
o
f
t
p
erio
d
g
o
o
d
s,
a
n
d
�
tt+

1

is
th
e
v
ecto
r
o
f
p
rice
su
b
sid
ies
to
h
is
ch
ild
t
+
1
fo
r
ea
ch
u
n
it
o
f
h
is
ch
ild
's

co
n
su
m
p
tio
n
o
f
t
+
1
p
erio
d
g
o
o
d
s.
S
in
ce
th
ere
is
n
o
p
red
ecesso
r
to
a
g
en
t

0
,
�
0
=
�
01 .

D
e
�
n
itio
n
1
:
A
c
o
m
p
e
titiv
e
e
q
u
ilib
riu
m

w
ith
p
r
ic
e
su
b
sid
ie
s
is

a
p
rice
v
ecto
r
�p
2

R
1+

;
a
set
o
f
p
rice
su
b
sid
ies
v
ecto
rs
(��
�
)
�
2
A

a
n
d
a
n

a
llo
ca
tio
n
(�x
�
)
�
2
A

su
ch
th
a
t

(1
)
�
�
2
A
�x
�

=
�
�
2
A
w
�

(2
)
F
o
r
ea
ch
t
�

1
,
�x
t

m
a
x
im
izes
u
t(�x
t�
1

t

;x
tt ;x
tt+

1 ;
�x
t+
1

t+
1 )
su
b
ject
to

(�p
t
�

��
t�
1

t

):x
tt
+
(�p
t+
1
�

��
t+
1

t

):x
tt+

1

�

�p
.w
t
�

��
tt�

1 :�x
t�
1

t

�

��
tt+

1 :�x
t+
1

t+
1

a
n
d
�x
0m
a
x
im
izes
u
0(x
00 ;
x
01 ;
�x
11 )
su
b
ject
to
�p
0 x
00
+
(�p
1
�

��
10 ):x
01

�

�p
.w
0

�

��
01
:�x
11 .

(3
)
F
o
r
n
o
a
g
en
t
�
2

A
,
th
ere
ex
ists
a
fea
sib
le
a
ccep
ta
b
le
g
ift
�
�

u
n
d
er

th
e
a
llo
ca
tio
n
f
�x
�
g
�
2
A
.

T
h
e
a
ccep
ta
b
ility
req
u
irem
en
t
in
th
e
a
b
ov
e
d
e�
n
itio
n
ru
les
o
u
t
th
e
gift

o
f
th
e
m
a
gi
situ
a
tio
n
s,
n
a
m
ely
o
n
e
fa
m
ily
m
em
b
er
m
ay
lik
e
to
g
iv
e
a
g
ift

to
a
n
o
th
er
m
em
b
er
b
eca
u
se
h
is
m
a
rg
in
a
l
u
tility
fro
m
h
is
o
w
n
co
n
su
m
p
tio
n

o
f
th
e
g
ift
is
sm
a
ller
th
a
n
th
e
m
a
rg
in
a
l
u
tility
h
e
d
eriv
es
fro
m

th
e
la
tter

fa
m
ily
m
em
b
er's
co
n
su
m
p
tio
n
o
f
th
e
g
ift.
T
h
erefo
re,
su
ch
a
g
ift
is
fea
sib
le

fro
m
h
is
p
o
in
t
o
f
v
iew
.
H
ow
ev
er,
fro
m

th
e
p
o
in
t
o
f
v
iew
o
f
th
e
recip
ien
t,

if
h
is
m
a
rg
in
a
l
u
tility
fro
m

h
is
co
n
su
m
p
tio
n
o
f
th
e
g
ift
is
less
th
a
n
th
e

m
a
rg
in
a
l
u
tility
h
e
d
eriv
es
fro
m
th
e
co
n
su
m
p
tio
n
o
f
th
e
g
ift
b
y
th
e
d
o
n
o
r
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m
em
b
er,
su
ch
a
g
ift
is
n
o
t
a
ccep
ta
b
le
b
y
th
e
recip
ien
t.
A
lso
n
o
te
th
a
t
th
is

g
ift
o
f
th
e
m
a
g
i
situ
a
tio
n
d
o
es
n
o
t
a
rise
w
h
en
in
ter-tem
p
o
ra
l
co
n
sisten
cy
o
f

p
referen
ces
is
a
ssu
m
ed
.

2
.3
.
L
in
d
a
h
l
E
q
u
ilib
r
iu
m

S
in
ce
in
terg
en
era
tio
n
a
l
a
ltru
ism
in
tro
d
u
ces
co
n
su
m
p
tio
n
ex
tern
a
lity,
w
e

ex
ten
d
th
e
co
n
cep
t
o
f
L
in
d
a
h
l
eq
u
ilib
riu
m
to
th
e
ov
erla
p
p
in
g
g
en
era
tio
n
s

co
n
tex
t,
a
n
d
th
en
sh
ow
th
a
t
th
e
L
in
d
a
h
l
eq
u
ilib
riu
m
is
a
lso
a
co
m
p
etitiv
e

eq
u
ilib
riu
m
w
ith
p
rice
su
b
sid
ies.

W
e
fo
llo
w
A
rrow
's
[1
9
7
0
]
a
p
p
ro
a
ch
fo
r
eco
n
o
m
ies
w
ith
a
�
n
ite
n
u
m
b
er

o
f
a
g
en
ts
a
n
d
co
m
m
o
d
ities
to
refo
rm
u
la
te
th
e
L
in
d
a
h
l
eq
u
ilib
riu
m
a
s
W
a
l-

ra
sia
n
eq
u
ilib
riu
m
o
f
a
n
A
rrow
-D
eb
reu
eco
n
o
m
y,
a
u
g
m
en
tin
g
th
e
o
rig
in
a
l

co
m
m
o
d
ities
w
ith
ex
ten
d
ed
co
m
m
o
d
ities.
F
o
r
ea
ch
g
o
o
d
th
a
t
g
en
era
tes
ex
-

tern
a
lity,
a
n
d
fo
r
ea
ch
p
a
ir
o
f
a
g
en
ts
in
v
o
lv
ed
eith
er
a
s
a
g
en
era
to
r
o
r
a
s
a

receiv
er
o
f
ex
tern
a
lity
o
f
su
ch
a
g
o
o
d
,
a
n
a
rti�
cia
l
m
a
rk
et
is
crea
ted
.

T
h
e
co
m
m
o
d
ities
d
e�
n
ed
ea
rlier
w
ill
b
e
ca
lled
r
e
g
u
la
r
c
o
m
m
o
d
itie
s

a
n
d
w
ill
b
e
d
en
o
ted
a
s
x
=
(x
0 ;x
1 ;:::x
t
:::),
w
h
ere
x
t
2

R
`+

is
a
v
ecto
r

o
f
t-th
p
erio
d
co
m
m
o
d
ities,
t
�

0
:
In
th
e
reg
u
la
r
co
m
m
o
d
ity
v
ecto
r,
co
n
-

su
m
p
tio
n
x
0

b
y
a
g
en
t
0
d
o
es
n
o
t
crea
te
ex
tern
a
lity
to
a
n
y
b
o
d
y
a
n
d
w
ill

b
e
ca
lled
p
r
iv
a
te
g
o
o
d
,

a
n
d
co
n
su
m
p
tio
n
o
f
a
ll
o
th
er
g
o
o
d
s
x
t ;t
>

0

ca
u
se
ex
tern
a
lity
a
n
d
th
ey
w
ill
b
e
ca
lled
e
x
te
r
n
a
lity
g
e
n
e
r
a
tin
g
g
o
o
d
s.

In
a
d
d
itio
n
to
th
ese
reg
u
la
r
co
m
m
o
d
ities,
fo
r
ea
ch
ex
tern
a
lity
g
en
era
tin
g

g
o
o
d
,
say
g
,
a
n
d
fo
r
ea
ch
p
a
ir
o
f
a
g
en
ts
say
s
a
n
d
r
th
a
t
a
re
a
�
ected
b
y

th
e
ex
tern
a
lity
o
n
e
a
s
a
g
en
era
to
r
o
r
serv
er
say
s,
a
n
d
th
e
o
th
er
r
a
s
th
e

receiv
er,
d
e�
n
e
tw
o
e
x
te
r
n
a
lity
g
o
o
d
s
rsg
a
n
d
ssg.
T
h
e
co
m
m
o
d
ity
rsg

is
in
terp
reted
a
s
th
e
a
g
en
t
r
's
p
ercep
tio
n
a
b
o
u
t
a
g
en
t
s's
ch
o
ice
o
f
g
o
o
d

g.
T
h
e
co
m
m
o
d
ity
ssg
is
th
en
th
e
a
g
en
t
s's
p
ercep
tio
n
a
b
o
u
t
h
is
ow
n
co
n
-

su
m
p
tio
n
o
f
co
m
m
o
d
ity
g.
M
o
reov
er,
sin
ce
s
a
lso
co
n
su
m
es
g
a
n
d
crea
tes

a
n
ex
tern
a
lity
fo
r
r,
d
e�
n
e
tw
o
m
o
re
ex
tern
a
lity
g
o
o
d
s
srg
a
n
d
rrg
trea
tin
g

r
a
s
th
e
serv
er
a
n
d
s
a
s
th
e
receiv
er.
N
o
te
th
a
t
th
e
co
m
m
o
d
ities
srg
a
n
d

rsg

a
re
d
istin
ct.
T
h
e
b
u
n
d
le
o
f
ex
tern
a
lity
g
o
o
d
s
th
a
t
a
re
p
erceiv
ed
b
y

a
g
en
t
t
is
d
en
o
ted
fo
r
t
�

1
b
y

q
t
=
(q
tt�
1
t ;q
ttt ;q
ttt+
1 ;q
tt+
1
t+
1 );w
h
ere
ea
ch
co
m
p
o
n
en
t
2

R
`+

a
n
d
fo
r
t
=
0
b
yq

0
=
(q
0
0
1 ;q
0
1
1 );w
h
ere
ea
ch
co
m
p
o
n
en
t
2

R
`+
:

x2
A
ltru
ism

a
n
d
L
in
d
a
h
l
E
q
u
ilib
riu
m
:
T
h
e
B
a
sic
F
ra
m
ew
o
rk

1
0

N
o
tice
th
a
t
th
e
co
m
p
o
n
en
ts
o
f
q
t
a
re
n
o
th
in
g
b
u
t
th
e
co
n
su
m
p
tio
n
v
ecto
r

o
f
reg
u
la
r
g
o
o
d
s, �x
t�
1

t

;x
tt ;x
tt+

1 ;x
t+
1

t+
1 �
in
d
isg
u
ise.
A
b
u
n
d
le
o
f
ex
tern
a
lity

g
o
o
d
s
is
a
v
ecto
r

q
=
(q
0 ;q
1 ;
::
::;q
t ;:::)
2

R
1+

:

L
et
u
s
d
en
o
te
a
p
o
ssib
le
co
n
su
m
p
tio
n
b
u
n
d
le
o
f
ex
tern
a
lity
g
o
o
d
s
o
f
a
g
en
t

t
b
y
th
e
v
ecto
r

q
t
=
(0
;:::;0
;q
t ;0
;:::)
2

<
1

;
t
�

0

A
n
e
x
te
n
d
e
d
c
o
m
m
o
d
ity
b
u
n
d
le
is
a
v
ecto
r
~x
=
(x
j
q)
2

R
1+

w
h
ich
is

a
b
u
n
d
le
o
f
reg
u
la
r
a
n
d
ex
tern
a
lity
g
o
o
d
s.
In
itia
l
en
d
ow
m
en
t
o
f
ex
ten
d
ed

g
o
o
d
s
fo
r
a
g
en
t
�
;
�
2

A
,
is
th
en
~w
�

=
(w
�

j
0
).
L
et
th
e
ex
ten
d
ed
co
n
-

su
m
p
tio
n
set
o
f
a
g
en
t
t;
t
2

A

b
e
d
en
o
ted
b
y

~X
t

�

R
1+

.
A
lth
o
u
g
h
th
e

a
g
en
t
t
m
a
y
co
n
su
m
e
o
n
ly
~x
t
=
(0
j
q
t)
w
h
en
t
�

1
;
a
n
d
~x
t
=
(x
0

j
q
0)

w
h
en
t
=
0
;
w
ith
o
u
t
lo
ss
o
f
g
en
era
lity
w
e
a
ssu
m
e
th
a
t
if
h
e
w
ish
es
h
e
ca
n

co
n
su
m
e
a
n
y
ex
ten
d
ed
g
o
o
d
th
a
t
is
a
va
ila
b
le
in
th
e
m
a
rk
et,
i.e.,
~X
�

=
R
1+

,

fo
r
ea
ch
�
2

A
.

F
o
r
ea
ch
a
g
en
t
�
2

A
;
a
p
r
e
fe
r
e
n
c
e
o
r
d
e
r
in
g
�
�

o
n

~X
�

is
in
d
u
ced

fro
m
h
is
o
rig
in
a
l
u
tility
fu
n
ctio
n
u
�

o
n
X
�
a
s
fo
llow
s:

C
o
rresp
o
n
d
in
g
to
�
�

1
;
d
e�
n
e

fo
r
a
n
y
~x
=
(0
jq
�
);
~x
�
=
(0
jq
�
�
)
2

~X
�
;
~x
�
�

~x
�
(
)

u
(q
�
)
�

u
(q
�
�
)
(1
)

a
n
d
co
rresp
o
n
d
in
g
to
a
g
en
t
�
=
0
;
d
e�
n
e

fo
r
a
n
y
~x
=
(x
0
jq
0);
~x
�
=
(x
�
0
jq
�
0)
2

~X
�
;
~x
�
0
~x
�
(
)

u
(x
0;q
0)
�

u
(x
�
0;q
�
0)

(2
)

T
h
e
ex
ten
d
ed
co
m
m
o
d
ity
sp
a
ce
~X
�

to
g
eth
er
w
ith
th
e
in
d
u
ced
p
refer-

en
ce
o
rd
erin
g
�
�

o
n

~X
�

d
escrib
e
th
e
d
em
a
n
d
sid
e
o
f
th
e
reg
u
la
r
a
n
d
ex
-

tern
a
lity
g
o
o
d
s.
T
o
p
rov
id
e
th
e
su
p
p
ly
sid
e
o
f
th
e
ex
ten
d
ed
co
m
m
o
d
ities,

w
e
in
tro
d
u
ce
th
e
fo
llow
in
g
ex
tern
a
lity
d
istrib
u
tio
n
tech
n
o
lo
g
ies:

T
o
ea
ch
a
g
en
t
t;t
2

A
,
a
ssig
n
a
n
ex
tern
a
lity
p
ro
d
u
ctio
n
p
o
ssib
ility
set

in
th
e
ex
ten
d
ed
co
m
m
o
d
ity
sp
a
ce
R
1

a
s
fo
llow
s:
F
o
r
a
g
en
t
t
=
0
;
d
e�
n
e

~Y
0
= 8<:
((0
;
�
x
1 ;0
::
:)
j 0@
(

q
0

z}|{
(x
1
;0
);

q
1

z
}|
{

(x
1 ;0
;0
;0
);0
;:::) 1A
2

R
1

jx
1
2

R
`+ 9=;

a
n
d
fo
r
a
n
y
o
th
er
a
g
en
t
t,
t
�

1
,
d
e�
n
e



x2
A
ltru
ism

a
n
d
L
in
d
a
h
l
E
q
u
ilib
riu
m
:
T
h
e
B
a
sic
F
ra
m
ew
o
rk

1
1

~Y
t
= 8>><>>: 0@
(::;0
;
�
x
t ;
�
x
t+
1 ;0
::)
j
(::;0
;

q
t
�

1

z
}|
{

(0
;0
;0
;x
t );

q
t

z
}|
{

(0
;x
t ;x
t+
1 ;0
);

q
t
+
1

z
}|
{

(x
t+
1 ;0
;0
;0
);0
;:::) 1A

2

R
1

su
ch
th
a
t
(x
t ;x
t+
1 )
2

R
2
`

+ 9>>=>>;

T
h
e
in
terp
reta
tio
n
o
f
th
e
p
ro
d
u
ctio
n
set
~Y
t

co
rresp
o
n
d
in
g
to
a
g
en
t
t
is

th
a
t
h
e
p
u
rch
a
ses
(x
t ;x
t+
1 )
2

R
2
`

+

fro
m

th
e
reg
u
la
r
g
o
o
d
s
m
a
rk
ets
a
n
d

p
ro
d
u
ces
fo
u
r
o
u
tp
u
t
v
ecto
rs,
tw
o
fo
r
h
is
o
w
n
co
n
su
m
p
tio
n
a
n
d
th
e
o
th
er

tw
o
a
re
th
e
ex
tern
a
lities
crea
ted
b
y
h
is
co
n
su
m
p
tio
n
o
f
th
ese
g
o
o
d
s,
n
a
m
ely,

q
t�
1
tt
=
x
t ;q
ttt
=
x
t ;q
ttt+
1
=
x
t+
1 ,
a
n
d
q
t+
1
tt+
1
=
x
t+
1 .
N
o
te
th
a
t
ea
ch

~Y
�
;�
2

A
is
a
co
n
v
ex
co
n
e
in
R
1

a
n
d
ea
ch
ex
h
ib
its
jo
in
t
p
ro
d
u
ctio
n
.
T
h
e

a
g
g
reg
a
te
ex
tern
a
lity
p
ro
d
u
ctio
n
tech
n
o
lo
g
y
is
d
e�
n
ed
b
y

~Y
=

1Xt=
0

~Y
t

It
is
a
p
p
a
ren
t
th
a
t
~Y

d
o
es
n
o
t
a
n
d
ca
n
n
o
t
co
n
ta
in
�
R
1+

.
T
h
a
t
is
free

d
isp
o
sa
l
d
o
es
n
o
t
m
a
k
e
sen
se
fo
r
th
e
ex
tern
a
lity
p
ro
d
u
ctio
n
tech
n
o
lo
g
y.

M
o
reov
er,
~Y
d
o
es
n
o
t
h
av
e
a
n
o
n
em
p
ty
in
terio
r
in
R
1

w
ith
resp
ect
to
th
e

su
p
-n
o
rm
to
p
o
lo
g
y
a
s
is
g
en
era
lly
a
ssu
m
ed
fo
r
th
e
ex
isten
ce
o
f
eq
u
ilib
riu
m

in
lin
ea
r
p
ro
d
u
ctio
n
eco
n
o
m
ies.

T
h
e
v
ecto
r
o
f
p
resen
t
va
lu
e
p
rices
o
f
th
e
ex
ten
d
ed
co
m
m
o
d
ities
is

~p

=

(p
j
�
)
2

R
1

,
w
h
ere
p
is
th
e
p
rice
v
ecto
r
o
f
th
e
reg
u
la
r
g
o
o
d
s

a
s
d
e�
n
ed
ea
rlier,
a
n
d
�
is
th
e
v
ecto
r
o
f
p
rices
fo
r
th
e
ex
tern
a
lity
g
o
o
d
s.

T
h
e
p
rice
o
f
a
n
y
ex
tern
a
lity
g
o
o
d
say
sr
t
w
ill
b
e
co
rresp
o
n
d
in
g
ly
d
en
o
ted
b
y

�
s
r
t .
T
h
e
v
a
lu
e
o
f
a
n
ex
ten
d
ed
co
m
m
o
d
ity
b
u
n
d
le
~x
eva
lu
a
ted
a
t
a
v
ecto
r

o
f
ex
ten
d
ed
p
rices
~p
is
d
e�
n
ed
a
s
~x
: ~p
=
lim

in
f
n
!
1 P
nt=

1 (p
t :x
t +
�
t :q
t ).
A
n

a
tta
in
a
b
le
a
llo
c
a
tio
n
is
(~x
�
;
~y
�
)
�

2

A

su
ch
th
a
t
~x
�

2

~X
�
,
a
n
d
~y
�

2

~Y
�
,

fo
r
a
ll
�
2

A
a
n
d

X�
2
A

~x
�

= X�
2
A

(~y
�

+
~w
�
)

D
e
�
n
itio
n
2
:

A

L
in
d
a
h
l

E
q
u
ilib
r
iu
m

fo
r
th
e

eco
n
o
m
y

E

=

D
~X
�
;
~Y
�
;
~w
�
;
�
� E

�
2
A

is
a
n
ex
ten
d
ed
p
rice
v
ecto
r
~p
�

2

R
1+

,
a
n
d
a
n
a
l-

lo
ca
tio
n
(~x
�
�;
~y
�
�)

�
2
A

su
ch
th
a
t
fo
r
ea
ch
�
2

A
,

(1
)
~p
�:(~x
�
�
�

~w
�
)
�

0
;
a
n
d
~x
�

�
�

~x
�
�
)

~p
�:~x
�

>
~p
�:~x
�
�

x3
E
x
isten
ce
o
f
L
in
d
a
h
l
E
q
u
ilib
riu
m

1
2

(2
)
~p
�:~y
�
�
=
0
;a
n
d
~p
�:~y
�

�

0
;
fo
r
a
ll
~y
�

2

~Y
�

(3
) P
1�

=
0
~x
�
�
= P
1�

=
0
~y
�
�
+ P
1�

=
0

~w
�
.

A
p
p
ly
in
g
co
n
d
itio
n
(2
)
in
th
e
d
e�
n
itio
n
o
f
L
in
d
a
h
l
eq
u
ilib
riu
m
o
n
�
=
t

a
n
d
�
=
t
�

1
;
it
is
ea
sy
to
see
th
a
t
th
e
L
in
d
a
h
l
eq
u
ilib
riu
m
p
rices
sa
tisfy

th
e
fo
llo
w
in
g
co
n
stra
in
ts:

8
t
�

1
; 8<:
p
t

=

�
t�
1
tt
+
�
ttt

p
t

=

�
t�
1
t�
1
t
+
�
tt�
1
t

(3
)

T
h
e
�
rst
eq
u
a
tio
n
in
(3
)
m
ea
n
s
th
a
t
th
e
p
u
b
lic
p
rice
o
f
th
e
p
riva
te
g
o
o
d
s

in
p
erio
d
t,
p
t
eq
u
a
ls
th
e
su
m

o
f
th
e
p
riv
a
te
p
rices
�
t�
1
tt
a
n
d
�
ttt
o
f
th
e

p
u
b
lic
g
o
o
d
,
i.e.,
th
e
ex
tern
a
lity
g
o
o
d
g
en
era
ted
b
y
t's
co
n
su
m
p
tio
n
o
f
th
e

t-th
p
erio
d
g
o
o
d
s.
S
im
ila
r
is
th
e
in
terp
reta
tio
n
o
f
th
e
seco
n
d
eq
u
a
tio
n
.

P
r
o
p
o
sitio
n
1
:
A

L
in
d
a
h
l
equ
ilibriu
m

is
a
lso
a
co
m
petitive
equ
ilibriu
m

w
ith
p
rice
su
bsid
ies.

3
.
E
x
iste
n
c
e
o
f
L
in
d
a
h
l
E
q
u
ilib
r
iu
m

It
is
clea
r
fro
m

th
e
p
rev
io
u
s
sectio
n
th
a
t
th
e
n
o
tio
n
o
f
L
in
d
a
h
l
eq
u
i-

lib
riu
m

is
eq
u
iva
len
t
to
a
co
m
p
etitiv
e
eq
u
ilib
riu
m

w
ith
p
ro
d
u
ctio
n
w
h
en

co
m
m
o
d
ities
a
n
d
p
referen
ces
a
re
a
p
p
ro
p
ria
tely
ex
ten
d
ed
.
In
th
is
ex
ten
d
ed

set-u
p
a
lth
o
u
g
h
w
e
h
av
e
a
n
in
�
n
ite
n
u
m
b
er
o
f
p
ro
d
u
ctio
n
sets,
ea
ch
co
n
sist-

in
g
o
f
jo
in
t
p
ro
d
u
ctio
n
a
n
d
n
o
free
d
isp
o
sa
l,
th
e
fo
llo
w
in
g
m
o
d
i�
ca
tio
n
s
o
f

th
e
p
ro
o
f
o
f
th
e
p
u
re
ex
ch
a
n
g
e
co
m
p
etitiv
e
eq
u
ilib
riu
m
in
O
L
G
fra
m
ew
o
rk

d
u
e
to
W
ilso
n
[1
9
8
1
]
ca
n
b
e
a
d
o
p
ted
to
th
e
cu
rren
t
L
in
d
a
h
l
eq
u
ilib
riu
m

fra
m
ew
o
rk
.
T
o
th
a
t
en
d
,
th
e
fo
llo
w
in
g
a
ssu
m
p
tio
n
s
a
re
m
a
d
e:

A
ssu
m
p
tio
n
A
:
1
A
ggrega
te
in
itia
l
en
d
o
w
m
en
ts
o
f
th
e
regu
la
r
good
s
is

strictly
po
sitive,i.e.,
w
>
>
0
in
<
1

.

A
ssu
m
p
tio
n
A
:
2
F
o
r
ea
ch
�
;�
2

A
;
�
�

is
co
n
tin
u
o
u
s
w
ith
respect
to
th
e

p
rod
u
ct
to
po
logy
o
n

~X
�
,
w
ea
kly
m
o
n
o
to
n
ic,
a
n
d
co
n
vex
in
th
e
sen
se
th
a
t

~x
;
~y
2

~X
�
,
a
n
d
~x
�
�

~y;
)

�
~x
+
(1
�

�
)~y
�
�

~y,
fo
r
a
ll
0
<
�
�

1
:

F
ro
m
th
e
set-u
p
o
f
in
�
n
ite
n
u
m
b
er
o
f
a
g
en
ts
w
ith
in
�
n
ite
d
im
en
sio
n
a
l

ex
ten
d
ed
co
m
m
o
d
ity
sp
a
ce
R
1

,
w
e
co
n
stru
ct
th
e
fo
llo
w
in
g
seq
u
en
ce
o
f



x3
E
x
isten
ce
o
f
L
in
d
a
h
l
E
q
u
ilib
riu
m

1
3

�
n
ite
su
b
eco
n
o
m
ies,
E
n

= D
~X
�n
;
~Y
�n
;
~w
�n
;
�
n� E

�

2

A
n

;n
�

0
;
in
v
o
lv
in
g
�
n
ite

d
im
en
sio
n
a
l
co
m
m
o
d
ity
sp
a
ces
a
n
d
�
n
ite
n
u
m
b
er
o
f
a
g
en
ts,
w
h
ere

A
0
=
f
0
g

A
1
=
f
0
;1
g

:::

A
n

=
f
0
;1
;:::;n
g

:::

D
e�
n
e
th
e
set
o
f
g
o
o
d
s
fo
r
ea
ch
su
b
eco
n
o
m
y
E
n

a
s
fo
llo
w
s:

C
0
=
f
0
;1
;0
0
1
g

C
1
=
C
0
[
f
2
;0
1
1
;1
0
1
;1
1
1
;11
2
g

�
�
�

C
t
=
C
t�
1
[
f
t
+
1
;t
�

1
tt;tt
�

1
t;ttt;ttt
+
1
g

�
�
�

F
o
r
a
n
y
ex
ten
d
ed
co
m
m
o
d
ity
~x
=
(~x
i )
10

,
d
e�
n
e
~x
n

b
y

~x
n
i
= 8<:

~x
i

if
i
2

C
n

0

o
th
erw
ise

F
o
r
n
�

0
a
n
d
�
2

A
n
,
w
e
d
e�
n
e
~X
�n
;
~Y
�n

b
y

~X
�n

=
f
~x
n

2

R
1+

j
~x
2

~X
�
g
a
n
d
~Y
�n

=
f
~y
n

2

R
1+

j
~y
2

~Y
�
g

a
n
d
�
n�

o
n
~X
�n

b
y

8
~x
�n
;
~x
�
�

n

2

~X
�n
;
~x
�n

�
n�

~x
�
�

n

(
) 8>>>><>>>>:

u
�
(q
�
)
�

u
�
(q
�
�)

if
0
<
�
<
n

u
�
(q
�
;w
�n

+
1 )
�

u
�
(q
�
�;w
�n

+
1 )

if
�
=
n

u
�
(x
0 ;q
0 )
�

u
�
(x
�0 ;q
�0 )

if
�
=
0

I
m
a
k
e
th
e
fo
llow
in
g
m
o
d
i�
ca
tio
n
s
to
th
e
irred
u
cib
ility
a
n
d
reso
u
rce

rela
ted
n
ess
p
ro
p
erties
u
sed
b
y
M
cK
en
zie
[1
9
8
1
],
W
ilso
n
[1
9
8
1
],
A
lip
rin
tis,

B
row
n
,
a
n
d
B
u
rk
in
sh
aw
[1
9
8
9
],
a
n
d
A
rrow
a
n
d
H
a
h
n
[1
9
7
1
].

x4
P
a
reto
O
p
tim
a
lity
a
n
d
L
in
d
a
h
l
E
q
u
ilib
riu
m

1
4

F
o
r
a
n
y
B
�

A
,
d
en
o
te
b
y
w
B

=
�
�
2
B
w
�
.
S
u
p
p
o
se
a
n
eco
n
o
m
y
co
n
sists

o
f
a
set
o
f
a
g
en
ts
A
(A
co
u
ld
b
e
a
�
n
ite
o
r
a
n
in
�
n
ite
set),
a
n
d
a
n
a
g
g
reg
a
te

p
ro
d
u
ctio
n
set
Y
.
T
h
e
eco
n
o
m
y
is
sa
id
to
b
e
ir
r
e
d
u
c
ib
le
if
fo
r
a
n
y
p
a
rtitio
n

A
1
a
n
d
A
2
o
f
A
,
(i.e.,
A
1 ;
A
2
6=
�
;A
1
[

A
2

=

A
)
a
n
d
fo
r
a
n
y
co
n
su
m
p
tio
n

a
llo
ca
tio
n
(~x
�
)
�
2
A

su
ch
th
a
t P
�
2
A

~x
�

=
y
+
~w
,
y
2

Y
;
9
�
0
2

A
1

a
n
d
a

�
n
ite
set
B
0
�

A
2 ;0
�

�w
�

~w
B
0

su
ch
th
a
t
�w
+
~x
�
0

�
�
0

~x
�
.

A
ssu
m
p
tio
n
A
:
3
T
h
e
fu
ll
eco
n
o
m
y
E

a
n
d
a
ll
�
n
ite
su
beco
n
o
m
ies
E
n
;n
�

0
a
re
irred
u
cible.

T
h
e
o
r
e
m

1
:
U
n
d
er
a
ssu
m
p
tio
n
s
A
:1
-A
:3
,
th
ere
exists
a
L
in
d
a
h
l
equ
ilib-

riu
m
fo
r
E
.

4
.
P
a
r
e
to
O
p
tim
a
lity
a
n
d
L
in
d
a
h
l
E
q
u
ilib
r
iu
m

In
th
is
sectio
n
I
p
rov
id
e
a
co
m
p
lete
ch
a
ra
cteriza
tio
n
o
f
P
a
reto
o
p
tim
a
l

a
llo
ca
tio
n
s
in
term
s
o
f
L
in
d
a
h
l
eq
u
ilib
riu
m

p
rices.
T
h
e
co
n
cep
t
o
f
w
ea
k

P
a
reto
o
p
tim
a
lity
criterio
n
,
la
ter
k
n
ow
n
a
s
M
a
lin
v
a
u
d
o
p
tim
a
lity
criterio
n
,

w
a
s
�
rst
in
tro
d
u
ced
to
th
e
ca
p
ita
l
th
eo
ry
litera
tu
re
b
y
M
a
lin
va
u
d
[1
9
5
3
]
in

th
e
co
n
tex
t
o
f
in
tertem
p
o
ra
l
p
ro
d
u
ctio
n
eco
n
o
m
ies.
In
h
is
p
u
re
ex
ch
a
n
g
e

O
L
G
set-u
p
,
S
a
m
u
elso
n
sh
ow
ed
th
a
t
co
m
p
etitiv
e
eq
u
ilib
riu
m
is
n
o
t
P
a
reto

o
p
tim
a
l,
a
n
d
th
u
s
th
e
F
irst
W
elfa
re
th
eo
rem
d
o
es
n
o
t
h
o
ld
in
th
e
O
L
G
set-

u
p
.
B
a
la
sk
o
a
n
d
S
h
ell
[1
9
8
0
],
h
o
w
ev
er,
sh
ow
ed
th
a
t
th
e
F
irst
a
n
d
S
eco
n
d

w
elfa
re
th
eo
rem
s
h
o
ld
w
ith
resp
ect
to
th
e
M
a
lin
va
u
d
o
p
tim
a
lity
criterio
n
,

n
a
m
ely
:
In
p
u
re
ex
ch
a
n
g
e
O
L
G
eco
n
o
m
ies,
ev
ery
co
m
p
etitiv
e
eq
u
ilib
riu
m
is

M
a
lin
va
u
d
o
p
tim
a
l
a
n
d
a
n
y
M
a
lin
va
u
d
o
p
tim
a
la
llo
ca
tio
n
co
u
ld
b
e
a
tta
in
ed

a
s
a
co
m
p
etitiv
e
eq
u
ilib
riu
m
a
fter
su
ita
b
le
red
istrib
u
tio
n
o
f
th
e
in
itia
l
en
-

d
o
w
m
en
ts.
T
h
ey
a
lso
g
av
e
a
co
m
p
lete
ch
a
ra
cteriza
tio
n
o
f
P
a
reto
o
p
tim
a
l

a
llo
ca
tio
n
s
in
term
s
o
f
co
m
p
etitiv
e
eq
u
ilib
riu
m

p
rices.
W
e
ex
ten
d
th
ese

resu
lts
to
o
u
r
L
in
d
a
h
l
eq
u
ilib
riu
m
set-u
p
w
ith
in
ter-d
ep
en
d
en
t
p
referen
ces.

A
n
a
tta
in
a
b
le
a
llo
ca
tio
n
f
x
tg

t�
0

in
th
e
reg
u
la
r
co
m
m
o
d
ity
sp
a
ce
is

P
a
r
e
to

O
p
tim
a
l
if
th
ere
d
o
es
n
o
t
ex
ist
a
n
o
th
er
a
tta
in
a
b
le
a
llo
ca
tio
n

f
z
tg

t�
0

in
th
e
reg
u
la
r
co
m
m
o
d
ity
sp
a
ce
su
ch
th
a
t
u
t(z
t)
�

u
t(x
t),
fo
r

a
ll
t

�

0
w
ith
strict
in
eq
u
a
lity
fo
r
so
m
e
t.

A
n
a
tta
in
a
b
le
a
llo
ca
-

tio
n
(~x
�
,
~y
�
)
�
2
A

in
th
e
ex
ten
d
ed
co
m
m
o
d
ity
sp
a
ce
is
P
a
r
e
to
o
p
tim
a
l
if

th
ere
d
o
es
n
o
t
ex
ist
a
n
o
th
er
a
tta
in
a
b
le
a
llo
ca
tio
n
(~x
0�
;
~y
0�

)
�
2
A

su
ch
th
a
t

~x
0�

�
�

~x
�
,
w
ith
strict
p
referen
ce
fo
r
so
m
e
�
2

A
.
A
n
a
tta
in
a
b
le
a
llo
ca
-

tio
n
o
f
reg
u
la
r
g
o
o
d
s
f
x
tg

t2
A

is
W
e
a
k
ly
P
a
r
e
to
O
p
tim
a
l
o
r
M
a
lin
v
a
u
d
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a
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O
p
tim
a
l
if
th
ere
d
o
es
n
o
t
ex
ist
a
n
o
th
er
a
tta
in
a
b
le
a
llo
ca
tio
n
f
z
tg

t2
A

a
n
d

a
�
�

1
su
ch
th
a
t
x
t
=
z
t
fo
r
a
ll
t
�

�
a
n
d
u
t(z
t)
�

u
t(x
t)
fo
r
a
ll
t
�

0

w
ith
strict
p
referen
ce
fo
r
a
t
lea
st
o
n
e
t.
T
h
e
d
e�
n
itio
n
o
f
W
ea
k
P
a
reto

o
p
tim
a
lity
fo
r
a
tta
in
a
b
le
ex
ten
d
ed
co
m
m
o
d
ity
b
u
n
d
les
is
sim
ila
r.

F
ro
m
th
e
co
n
stru
ctio
n
in
sectio
n
2
.3
it
fo
llow
s
th
a
t
to
ea
ch
a
tta
in
a
b
le

a
llo
ca
tio
n
f
x
tg

t2
A

in
th
e
reg
u
la
r
co
m
m
o
d
ity
sp
a
ce,
th
ere
co
rresp
o
n
d
s
a

u
n
iq
u
e
a
tta
in
a
b
le
a
llo
ca
tio
n
(~x
�
;
~y
�
)
�
2
A

in
th
e
ex
ten
d
ed
co
m
m
o
d
ity
sp
a
ce

a
n
d
v
ice
v
ersa
.
U
tilizin
g
th
e
d
e�
n
itio
n
s
in
eq
u
a
tio
n
s
(1
)
a
n
d
(2
),
it
fo
llow
s

th
a
t
a
n
a
tta
in
a
b
le
a
llo
ca
tio
n
f
x
tg

t2
A

in
reg
u
la
r
co
m
m
o
d
ity
sp
a
ce
is
P
a
reto

o
p
tim
a
l
(M
a
lin
va
u
d
O
p
tim
a
l)
if
a
n
d
o
n
ly
if
th
e
a
sso
cia
ted
a
tta
in
a
b
le
a
l-

lo
ca
tio
n
in
th
e
ex
ten
d
ed
co
m
m
o
d
ity
sp
a
ce,
(~x
�
;
~y
�
)
�
2
A

is
P
a
reto
o
p
tim
a
l

(M
a
lin
va
u
d
o
p
tim
a
l).

T
h
e
fo
llow
in
g
p
ro
p
o
sitio
n
is
th
e
a
n
a
lo
g
u
e
o
f
th
e
F
irst
a
n
d
S
eco
n
d
W
el-

fa
re
th
eo
rem
s.

P
r
o
p
o
sitio
n
2
:
A

L
in
d
a
h
l
equ
ilibriu
m

is
M
a
lin
va
u
d
O
p
tim
a
l
a
n
d
a
n
y

M
a
lin
va
u
d
o
p
tim
a
l
a
lloca
tio
n
co
u
ld
be
su
p
po
rted
by
a
vecto
r
o
f
L
in
d
a
h
l
equ
i-

libriu
m
p
rices.

A
n
a
tta
in
a
b
le
a
llo
ca
tio
n
is
P
a
reto
o
p
tim
a
l
im
p
lies
th
a
t
it
is
a
lso
M
a
lin
-

va
u
d
o
p
tim
a
l,
w
h
ich
a
cco
rd
in
g
to
th
e
a
b
ov
e
p
ro
p
o
sitio
n
is
a
lso
a
L
in
d
a
h
l

eq
u
ilib
riu
m
a
llo
ca
tio
n
.
A
co
m
p
lete
ch
a
ra
cteriza
tio
n
o
f
P
a
reto
o
p
tim
a
l
a
l-

lo
ca
tio
n
s
b
o
ils
d
ow
n
to
th
e
q
u
estio
n
:
U
n
d
er
w
h
a
t
co
n
d
itio
n
s
a
L
in
d
a
h
l

eq
u
ilib
riu
m
a
llo
ca
tio
n
is
P
a
reto
o
p
tim
a
l?
W
e
p
rov
id
e
n
ecessa
ry
a
n
d
su
�
-

cien
t
co
n
d
itio
n
s
in
th
eo
rem
2
b
elow
.

F
o
r
ea
se
o
f
ex
p
o
sitio
n
,
w
e
p
resen
t
o
n
ly
th
e
ca
se
o
f
`
=
1
.
L
et
u
s
�
x
a

L
in
d
a
h
l
eq
u
ilib
riu
m
a
llo
ca
tio
n
o
f
reg
u
la
r
g
o
o
d
s,
x
=
(x
0 ;:::;x
t ;:::)
a
n
d
let

u
s
d
en
o
te
b
y
~x
a
n
d
~p
th
e
a
sso
cia
ted
L
in
d
a
h
l
eq
u
ilib
riu
m
ex
ten
d
ed
co
m
m
o
d
-

ity
a
llo
ca
tio
n
s
a
n
d
th
e
p
rice
v
ecto
rs.
A
llo
ca
tio
n
x
w
ill
b
e
P
a
reto
o
p
tim
a
l

if
a
n
d
o
n
ly
if
th
ere
d
o
es
n
o
t
ex
ist
a
P
a
reto
im
p
rov
in
g
in
terg
en
era
tio
n
a
l

tra
n
sfers
sch
em
e.
W
e
w
a
n
t
to
�
n
d
w
h
en
w
e
ca
n
a
n
d
w
h
en
w
e
ca
n
n
o
t
�
n
d

a
fea
sib
le
P
a
reto
im
p
rov
in
g
in
terg
en
era
tio
n
a
l
tra
n
sfer
sch
em
e
ov
er
~x
.

W
e
m
a
k
e
th
e
fo
llow
in
g
sm
o
o
th
n
ess
a
ssu
m
p
tio
n
o
n
u
tility
fu
n
ctio
n
s:

A
ssu
m
p
tio
n
A
:
4
F
o
r
a
ll
t
�

0
,
th
e
u
tility
fu
n
ctio
n
U
t
is
o
f
cla
ss
C
2:
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L
et
u
s
d
en
o
te
th
e
in
d
i�
eren
ce
su
rfa
ce
o
f
a
g
en
t
t,
t
�

1
b
y

S
t
= �
q
t
2

<
4
ju
(q
t )
=
u
(x
t�
1

t

;x
tt ;x
tt+

1 ;x
t+
1

t+
1 ) 	

N
o
te
th
a
t
S
t
is
a
3
-d
im
en
sio
n
a
l
sm
o
o
th
m
a
n
ifo
ld
im
b
ed
d
ed
in
<
4.

S
u
p
p
o
se
th
e
L
in
d
a
h
l
eq
u
ilib
riu
m

a
llo
ca
tio
n
~x
is
n
o
t
P
a
reto
o
p
tim
a
l.

T
h
en
,
th
ere
is
a
tim
e
p
erio
d
in
w
h
ich
a
n
in
terg
en
era
tio
n
a
l
tra
n
sfer
is
in
i-

tia
ted
;
w
ith
o
u
t
lo
ss
o
f
g
en
era
lity,
su
p
p
o
se
in
p
erio
d
1
th
e
a
m
o
u
n
t
h
1

is

ta
x
ed
o
n
a
g
en
t
1
,
w
h
ich
is
g
iv
en
a
s
su
b
sid
y
to
a
g
en
t
0
.
L
et
u
s
a
ssu
m
e
th
a
t

th
is
m
a
k
es
a
g
en
t
0
b
etter
o
�
b
u
t
a
g
en
t
1
is
d
e�
n
itely
w
o
rse-o
�
,
o
th
erw
ise

~x
co
u
ld
n
o
t
b
e
a
L
in
d
a
h
l
eq
u
ilib
riu
m
.
T
o
o
�
-set
h
is
u
tility
lo
ss,
h
e
m
u
st

b
e
g
iv
en
m
o
re
o
f
th
e
o
th
er
ex
ten
d
ed
g
o
o
d
s
th
a
t
a
�
ect
h
is
u
tility.
M
o
re

p
recisely
if
h
is
co
n
su
m
p
tio
n
o
f
q
1
1
1
=
x
11

is
red
u
ced
b
y
h
1

u
n
its,
h
e
m
u
st

b
e
g
iv
en
co
m
b
in
a
tio
n
s
o
f
ta
x
-su
b
sid
ies,
�
1
0
1 ,
�
1
1
1 ,
a
n
d
�
1
2
1
resp
ectiv
ely
o
f

th
e
ex
tern
a
lity
g
o
o
d
s
1
0
1
;1
1
1
;1
2
1
so
th
a
t
h
e
is
p
u
t
b
a
ck
in
h
is
in
d
i�
eren
ce

su
rfa
ce
p
a
ssin
g
th
ro
u
g
h
h
is
L
in
d
a
h
l
eq
u
ilib
riu
m

co
n
su
m
p
tio
n
v
ecto
r.
It

m
ay
a
p
p
ea
r
th
a
t
th
ere
a
re
m
a
n
y
su
ch
co
m
b
in
a
tio
n
s,
b
u
t
g
iv
en
th
e
stru
c-

tu
re
o
f
th
e
co
n
su
m
p
tio
n
ex
tern
a
lity,
th
e
ta
x
-su
b
sid
y
co
m
b
in
a
tio
n
s
o
f
th
e

ex
tern
a
lity
g
o
o
d
s
w
ill
ta
k
e
a
restricted
fo
rm
,
�
h
1 ,
h
2 ,
�
h
2
resp
ectiv
ely
o
f

th
e
g
o
o
d
s
1
0
1
;1
1
1
;1
2
1
.

N
o
te
th
a
t
to
m
a
k
e
a
g
en
t
1
a
s
w
ell-o
�
a
s
in
~x
,
a
g
en
t
2
is
to
b
e
ta
x
ed
h
2

a
m
o
u
n
t
o
f
th
e
ex
tern
a
lity
g
o
o
d
2
2
2
.
T
o
p
u
t
a
g
en
t
2
b
a
ck
in
h
is
in
d
i�
eren
ce

su
rfa
ce,
a
g
en
t
3
is
to
b
e
sim
ila
rly
ta
x
ed
b
y
th
e
a
m
o
u
n
t,
h
3 .
T
h
is
ta
x
-su
b
sid
y

p
ro
cess
co
n
tin
u
es
a
d
in
�
m
u
m
.

In
th
e
a
b
o
v
e,
th
e
P
a
reto
im
p
ro
v
in
g
tra
n
sfer
co
u
ld
ta
k
e
th
e
fo
rm

th
a
t

a
g
en
t
0
in
p
erio
d
1
is
ta
x
ed
h
0 ,
w
h
ich
is
g
iv
en
a
s
su
b
sid
y
to
a
g
en
t
1
,
i.e.,

h
1
<
0
.
T
h
is
w
ill
in
v
o
lv
e
ta
x
in
g
a
g
en
t
1
in
p
erio
d
2
a
n
d
g
iv
e
it
a
s
su
b
sid
y
to

a
g
en
t
3
.
T
h
e
p
ro
cess
co
n
tin
u
es
a
d
in
�
m
u
m
.
L
et
u
s
h
av
e
th
e
co
n
v
en
tio
n
th
a
t

w
h
en
h
t
<
0
,
it
d
en
o
tes
th
e
a
m
o
u
n
t
o
f
su
b
sid
y
to
a
g
en
t
t,
a
n
d
w
h
en
h
t
>
0
,

it
d
en
o
tes
th
e
a
m
o
u
n
t
o
f
ta
x
o
f
a
g
en
t
t.
W
h
en
ca
n
w
e
�
n
d
a
P
a
reto
im
p
ro
v
-

in
g
in
terg
en
era
tio
n
a
l
tra
n
sfers
sch
em
e,
h
=
(h
0 ;h
1 ;:::h
t );h
t
2

<
;h
0
=
�
h
1 ,

a
n
d
h
1
6=
0
,
su
ch
th
a
t
th
e
a
sso
cia
ted
ta
x
-su
b
sid
ies
o
f
th
e
su
b
seq
u
en
t
g
en
-

era
tio
n
s
rem
a
in
fea
sib
le
in
a
ll
p
erio
d
s?
T
o
th
a
t
en
d
,
n
o
te
th
a
t
th
e
co
m
-

b
in
a
tio
n
s
o
f
th
e
a
b
o
v
e
ty
p
e
o
f
ta
x
-su
b
sid
ies
o
f
th
e
ex
ten
d
ed
g
o
o
d
s
fo
rm
a

1
-d
im
en
sio
n
a
l
su
b
m
a
n
ifo
ld
(i.e.,
a
cu
rv
e)
in
th
e
3
-d
im
en
sio
n
a
l
in
d
i�
eren
ce

su
rfa
ce
p
a
ssin
g
th
ro
u
g
h
a
g
en
t
t's
L
in
d
a
h
l
eq
u
ilib
riu
m
co
n
su
m
p
tio
n
v
ecto
r;

th
is
cu
rv
e
co
u
ld
b
e
p
a
ra
m
eterized
b
y
th
e
g
ra
p
h
o
f
a
fu
n
ctio
n
h
t+
1
=
 
t (h
t ),
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w
h
ere
 
t
:
<

!

<

is
im
p
licitly
d
e�
n
ed
in
th
e
fo
llow
in
g
rela
tio
n
:

U
t(x
t�
1

t

+
h
t ;x
tt
�

h
t ;x
tt+

1
+
h
t+
1 ;x
t+
1

t+
1
�

h
t+
1 )
=

�U
t

w
h
ere
�U
t

is
th
e
u
tility
lev
el
o
f
a
g
en
t
t
u
n
d
er
th
e
a
llo
ca
tio
n
~x
.
In
th
e

co
o
rd
in
a
te
sp
a
ce
<
2,
th
is
cu
rv
e
is
d
en
o
ted
a
s
�
in
�
g
u
re
1
. 4

T
o
�
n
d
co
n
d
itio
n
s
w
h
en
w
e
ca
n
a
n
d
w
h
en
w
e
ca
n
n
o
t
�
n
d
P
a
reto
im
-

p
rov
in
g
fea
sib
le
in
ter-g
en
era
tio
n
a
l
tra
n
sfers
sch
em
es,
w
e
n
eed
a
few
m
o
re

n
o
ta
tio
n
s.
F
o
r
t
�

1
,
d
en
o
te
a
g
en
t
t's
p
referred
set
b
y

�H
t
= n
(h
t ;h
t+
1 )
jq
t
+
~h
t
�
t
q
t o

w
h
ere

q
t

=

(0
j0
;:::0
;(x
t�
1

t

;x
tt ;x
tt+

1 ;x
t+
1

t+
1 );0
;:::)

a
n
d

~h
t

=
(0
j0
;:::0
;(
�
h
t ;h
t ;h
t+
1 ;
�
h
t+
1 );0
;:::).
G
iv
en
a
ssu
m
p
tio
n
A
.2
,
�H
t
is

a
clo
sed
co
n
v
ex
su
b
set
o
f
<
2.

L
et
u
s
d
en
o
te
b
y
�
t
�

�
ttt
�

�
tt-1
t .
N
o
tice
th
a
t
a
p
p
ly
in
g
eq
u
a
tio
n
(3
)

fo
r
t
+
1
,
w
e
h
av
e

�
ttt+
1
�

�
tt+
1
t+
1

=

p
t+
1
�

�
t+
1
tt+
1
�

(p
t+
1
�

�
t+
1
t+
1
t+
1 )

=

�
t+
1

T
h
u
s,
th
e
p
resen
t
va
lu
e
o
f
th
e
n
et
tra
n
sfer
to
a
g
en
t
t
is

�
t

=

��
ttt+
1
�

�
tt+
1
t+
1 �
h
t+
1
�

(�
ttt
�

�
tt-1
t )
h
t

=

�
t+
1 h
t+
1
�

�
t h
t

4
O
n
e
c
a
n
d
e
riv
e
it
m
o
re
rig
o
ro
u
sly
a
s
fo
llo
w
s:
S
u
p
p
o
se
h
t

is
ta
x
lev
ied
o
n
th
e
ex
-

te
rn
a
lity
g
o
o
d
ttt,
w
h
a
t
a
re
th
e
v
a
rio
u
s
c
o
m
b
in
a
tio
n
s
o
f
ta
x
e
s/
su
b
sid
ies
o
f
th
e
o
th
er

e
x
te
rn
a
lity
g
o
o
d
s
tt-1
t;
ttt
+
1
;
tt
+
1
t
+
1
c
a
n
b
e
g
iv
e
n
to
h
im
so
th
a
t
h
e
is
a
s
w
ell
o
�
a
s

u
n
d
e
r
~x
?
T
o
�
n
d
a
n
a
n
sw
e
r
n
o
te
th
a
t
th
e
in
d
i�
e
re
n
c
e
su
rfa
c
e
o
f
a
g
en
t
t
p
a
ssin
g
th
ro
u
g
h

th
e
e
x
te
rn
a
lity
g
o
o
d
s
q
t

= �
x
t
�

1

t

;
x
tt ;
x
tt

+
1
;
x
t
+
1

t
+
1 �
is
a
th
re
e
d
im
en
sio
n
a
l
m
a
n
ifo
ld
.
In

o
u
r
c
a
se
,
n
o
te
th
a
t
w
h
a
te
v
e
r
is
ta
x
e
d
o
n
a
g
e
n
t
t
m
u
st
b
e
g
iv
e
n
a
s
su
b
sid
ies
to
a
g
en
t

t-1
,
a
n
d
w
h
a
te
v
e
r
su
b
sid
ie
s
h
e
re
c
e
iv
e
s
in
p
e
rio
d
t
+
1
m
u
st
c
o
m
e
fro
m

ta
x
in
g
h
is
ch
ild
;

fu
rth
e
rm
o
re,
if
h
t

>

0
,
th
e
n
h
e
m
u
st
re
c
e
iv
e
su
b
sid
ie
s
o
f
th
e
g
o
o
d
ttt
+
1
in
th
e
n
ex
t

p
e
rio
d
.
L
e
t
h
t
+
1

b
e
su
ch
a
tra
n
sfe
r.
T
h
u
s
w
e
sh
o
u
ld
c
o
n
sid
e
r
o
n
ly
th
e
ta
x
-tra
n
sfer
o
f

e
x
te
rn
a
lity
g
o
o
d
s
fo
r
a
g
e
n
t
t
o
f
th
e
ty
p
e
,
(h
t ;
�
h
t
;
h
t
+
1
;
�
h
t
+
1
).
T
o
�
n
d
th
e
co
m
b
in
a
-

tio
n
s
o
f
(h
t ;
h
t
+
1
)
th
a
t
w
ill
m
a
k
e
h
im

a
s
w
e
ll
o
�
a
s
h
e
w
a
s
b
e
fo
re
th
e
ta
x
h
t ,
w
e
n
eed

to
re
stric
t
to
th
e
m
a
n
ifo
ld
w
h
ich
is
th
e
in
te
rse
c
tio
n
o
f
th
e
th
re
e
d
im
en
sio
n
a
l
in
d
i�
eren
ce

su
rfa
c
e
a
n
d
th
e
p
la
n
e �
(h
t ;
�
h
t ;
h
t
+
1
;
�
h
t
+
1
)j(h
t ;
h
t
+
1
)
2
<
2 	
,
a
n
d
th
e
in
tersectio
n
o
f

th
e
se
tw
o
m
a
n
ifo
ld
s
is
a
o
n
e
d
im
e
n
sio
n
a
l
m
a
n
ifo
ld
,
i.e
.,
a
c
u
rv
e
.
U
sin
g
a
tra
n
sla
tio
n
-

c
o
o
rd
in
a
te
ch
a
n
g
e
a
n
d
u
sin
g
th
e
im
p
lic
it
fu
n
c
tio
n
th
e
o
re
m
o
n
e
c
a
n
sh
o
w
th
a
t
(h
t ;
h
t
+
1
)

is
a
c
o
o
rd
in
a
te
sy
ste
m

a
n
d
h
t
+
1

=
 
t (h
t )
is
in
d
e
e
d
th
e
p
a
ra
m
e
teriza
tio
n
o
f
th
e
a
b
o
v
e

c
u
rv
e
,
d
e
n
o
te
d
a
s
�
in
�
g
u
re
1
.

x4
P
a
reto
O
p
tim
a
lity
a
n
d
L
in
d
a
h
l
E
q
u
ilib
riu
m

1
8

t
(φt

, φt+
1 )

h
t+1

h
t+1

h
t

h
t

P= (-h , h     )
         t    t+1

Q

O

   t-1
   t    t        t+

1
(x   , x , x     , x     )
   t      t    t+

1
    t+

1
 

 Γ
 

F
ig
u
re
1
:



x5
P
a
reto
O
p
tim
a
lity
a
n
d
L
in
d
a
h
l
E
q
u
ilib
riu
m

1
9

F
ro
m
th
e
a
b
ov
e
w
e
h
av
e

�
t+
1 h
t+
1

=

�
t h
t
+
�
t

=

�
1 h
1
+ P
t�

=
1
�
�

(4
)

F
o
r
a
n
y
g
iv
en
b
o
u
n
d
ed
seq
u
en
ce
o
f
n
o
n
-zero
n
u
m
b
ers,
h
=
(h
0 ;h
1 ;:::;h
t ;::),

su
ch
th
a
t
h
0
+
h
1
=
0
a
n
d
th
e
a
sso
cia
ted
�
t
>
0
,
8
t
�

1
,
d
e�
n
e

�
t
= 8><>:

1

if
(
�
h
t ;h
t+
1 )
2

�H
t

in
f n
�
>
0
j(
�
�
h
t ;�
h
t+
1 )
2

�H
t o
o
th
erw
ise

(5
)

N
o
te
th
a
t
�
t
�

1
fo
r
a
ll
t
�

1
.
F
o
r
in
sta
n
ce,
co
rresp
o
n
d
in
g
to
th
e
th
e
p
o
in
t

P
=
(
�
h
t ;h
t+
1 ),
h
t ;h
t+
1
>
0
in
�
g
u
re
1
,
w
e
h
av
e
�
t
=
P
Q

O
P
.
F
ro
m
�
g
u
re
1
,

it
is
o
b
v
io
u
s
th
a
t
th
e
va
lu
e
o
f
�
t
d
ep
en
d
s
o
n
th
e
cu
rva
tu
re
o
f
th
e
in
d
i�
eren
ce

cu
rv
e
�
.
T
h
e
fo
llow
in
g
th
eo
rem
g
iv
es
th
e
n
ecessa
ry
a
n
d
su
�
cien
t
co
n
d
itio
n
s

fo
r
P
a
reto
o
p
tim
a
lity
o
f
L
in
d
a
h
l
eq
u
ilib
riu
m
a
llo
ca
tio
n
.

T
h
e
o
r
e
m

2
:
L
et
x
= �x
0;x
1;:::x
t;::: �
be
a
n
a
lloca
tio
n
o
f
regu
la
r
good
s

co
rrespo
n
d
in
g
to
a
L
in
d
a
h
l
equ
ilibriu
m

a
lloca
tio
n
o
f
exten
d
ed
good
s,
~x
=

�
~x
0;
~x
1;:::;~x
t;::: �,
a
n
d
exten
d
ed
p
rices,
~�
=
(p
j�
)
su
ch
th
a
t

(a
)
�
t
�

�
ttt
�

�
tt�
1
t
>
0
8
t
�

1

(b)
�
0
0
1
�

�
0
1
1
>
0

(c)
th
ere
exists
�
;
��
>
0
su
ch
th
a
t
�
<

�
t

�
t
+
1

<

��
8
t
�

1

(d
)
cu
rva
tu
res
o
f
th
e
in
d
i�
eren
ce
su
rfa
ces
o
f
a
ll
a
gen
ts
a
re
su
ch
th
a
t
fo
r

a
n
y
sequ
en
ce
h
=

(h
0 ;h
1 ;:::),
0
<

h
t

�

x
tt ,
t
�

1
th
e
a
ssocia
ted

sequ
en
ce
f
�
t g
11

d
e�
n
ed
in
(6
)
is
u
n
ifo
rm
ly
bo
u
n
d
ed
a
w
a
y
fro
m
belo
w
,

i.e.,
th
ere
exists
1
>
�
>
0
su
ch
th
a
t
�
t
�

�
fo
r
a
ll
t
�

1

(e) �x
tt ;x
tt+

1 �
is
u
n
ifo
rm
ly
bo
u
n
d
ed
a
w
a
y
fro
m
belo
w
a
n
d
a
bo
ve.

T
h
en
,
~x
is
P
a
reto
o
p
tim
a
l
if
a
n
d
o
n
ly
if P
1t=

1

1�
t

=
1

.

T
h
e
resu
lt
co
u
ld
b
e
ea
sily
ex
ten
d
ed
to
`
>
1
,
w
ith
o
u
t
m
u
ch
d
i�
cu
lty,

a
n
d
it
d
o
es
n
o
t
g
iv
e
a
n
y
ex
tra
eco
n
o
m
ic
in
sig
h
ts,
so
it
is
o
m
itted
.
B
a
la
sk
o

a
n
d
S
h
ell
[1
9
8
0
]
im
p
o
se
a
u
n
ifo
rm

G
a
u
ssia
n
cu
rva
tu
re
restrictio
n
w
h
ich

im
p
lies
p
ro
p
erty
(d
)
in
th
e
a
b
ov
e
p
ro
p
o
sitio
n
.

x5
C
o
b
b
-D
o
u
g
la
s
E
co
n
o
m
y

2
0

5
.
C
o
b
b
-D
o
u
g
la
s
E
c
o
n
o
m
y

C
o
n
sid
er
a
cla
ss
o
f
eco
n
o
m
ies
in
w
h
ich
`
=
1
;
in
itia
l
en
d
ow
m
en
ts
a
re

g
iv
en
b
y
(w
tt ;w
tt+

1 )
=
(w
1 ;w
2 )
2

R
2,
w
1 ;
w
2
>
0
fo
r
t
2

A
a
n
d
th
e
u
tility

fu
n
ctio
n
s
o
f
th
e
a
g
en
ts
a
re

u
0(x
00 ;x
01 ;x
11 )

=

�
�
ln
x
00
+
�
ln
x
01
+


ln
x
11

w
h
ere
�
�;�
;

>
0
a
n
d
�
�
+
�
+


=
1
.

u
t(x
t�
1

t

;x
tt ;x
tt+

1 ;x
t+
1

t+
1 )
=
�
ln
x
t�
1

t

+
�
ln
x
tt
+
�
ln
x
tt+

1
+


ln
x
t+
1

t+
1 ;t
�

1

w
h
ere
�
;�
;

;�
>
0
,
a
n
d
�
+
�
+


+
�
=
1
.
In
th
e
rem
a
in
d
er
o
f
th
e
p
a
p
er

w
e
w
ill
u
se
�
,
�
;

a
n
d
�
to
d
en
o
te
th
e
a
b
ov
e
u
tility
w
eig
h
ts.

T
h
e
u
tility
m
a
x
im
iza
tio
n
p
ro
b
lem
o
f
th
e
a
d
u
lt
o
f
g
en
era
tio
n
t
co
u
ld
b
e

n
o
w
sta
ted
a
s

m
a
x
U
t
=
�
ln
q
tt�
1
t
+
�
ln
q
ttt
+
�
ln
q
ttt+
1
+


ln
q
tt+
1
t+
1

su
b
ject
to

�
tt�
1
t q
tt�
1
t
+
�
ttt q
ttt
+
�
ttt+
1 q
ttt+
1
+
�
tt+
1
t+
1 q
tt+
1
t+
1
�

p
t w
1
+
p
t+
1 w
2(6

)

D
en
o
tin
g
b
y
y
t
�

p
t w
1
+
p
t+
1 w
2 ,
�
1t
�

�
ttt ,
a
n
d
�
2t
�

�
t
tt+
1
fo
r
a
ll
t
�

0
,
w
e
h
a
v
e
th
e
fo
llo
w
in
g
ch
a
ra
cteriza
tio
n
o
f
L
in
d
a
h
l
eq
u
ilib
riu
m
:
L
in
d
a
h
l

eq
u
ilib
riu
m
is
a
seq
u
en
ce
o
f
p
rices ��p
t ;�
1t ;�
2t �	
10

su
ch
th
a
t

�
(p
t w
1
+
p
t+
1 w
2 )

�
1t

+
�
(p
t�
1 w
1
+
p
t w
2 )

�
2t�

1

=
w
1
+
w
2

(7
)

�
(p
t w
1
+
p
t+
1 w
2 )

�
1t

=


(p
t�
1 w
1
+
p
t w
2 )

p
t
�

�
1t

(8
)

�
(p
t�
1 w
1
+
p
t w
2 )

�
2t�

1

=
�(p
t w
1
+
p
t+
1 w
2 )

p
t
�

�
2t�

1

(9
)

In
th
e
a
b
o
v
e,
(7
)
is
th
e
m
a
rk
et
clea
rin
g
co
n
d
itio
n
in
p
erio
d
t;t
�

1
(8
)-(9
)

fo
llow
s
fro
m
o
th
er
co
n
d
itio
n
s
in
th
e
d
e�
n
itio
n
o
f
L
in
d
a
h
l
eq
u
ilib
riu
m
.

F
ro
m
eq
u
a
tio
n
s
(8
)
w
e
h
av
e

p
t
�

�
1t

�
1t

=


y
t�
1

�
y
t

)

�
1t
=

�
y
t p
t



y
t�
1
+
�
y
t

(1
0
)



x5
C
o
b
b
-D
o
u
g
la
s
E
co
n
o
m
y

2
1

S
im
ila
rly,
fro
m
eq
u
a
tio
n
(9
)
w
e
h
av
e

�
2t�

1
=

�
y
t�
1 p
t

�
y
t�
1
+
�
y
t

(1
1
)

N
o
te
th
a
t
o
n
ce
w
e
k
n
ow
p
t ,
u
sin
g
(1
0
),
(1
1
)
a
n
d
(3
)
w
e
ca
n
co
m
p
u
te
th
e

p
rices
o
f
a
ll
th
e
ex
tern
a
lity
g
o
o
d
s.
U
sin
g
(1
0
)
a
n
d
(1
1
)
w
e
elim
in
a
te
�
1t

a
n
d
�
2t�

1
in
(7
)
a
n
d
a
fter
sim
p
li�
ca
tio
n
w
e
g
et
th
e
fo
llow
in
g
seco
n
d
o
rd
er

d
i�
eren
ce
eq
u
a
tio
n
d
eterm
in
in
g
p
t :

[(

+
�
)w
1 ]p
t�
1
�

[(�
+


)w
1
+
(�
+
�)w
2 ]p
t
+
[(�
+
�)w
2 ]p
t+
1
=
0

(1
2
)

A
ste
a
d
y
-sta
te
L
in
d
a
h
l
e
q
u
ilib
r
iu
m

fo
r
th
is
C
o
b
b
-D
o
u
g
la
s
5

eco
n
-

o
m
y
is
a
n
in


a
tio
n
fa
cto
r
�
>

0
,
su
ch
th
a
t
p
t
=
�
t
so
lv
es
th
e
d
i�
eren
ce

eq
u
a
tio
n
(1
2
).
T
h
e
stea
d
y
-sta
te
co
rresp
o
n
d
in
g
to
�
=
1
is
ca
lled
a
n
o
m
i-

n
a
l
ste
a
d
y
sta
te
a
n
d
co
rresp
o
n
d
in
g
to
�
6=
1
is
ca
lled
r
e
a
l
ste
a
d
y
sta
te
.

A
rea
l
stea
d
y
-sta
te
is
S
a
m
u
e
lso
n
ia
n
if
�
>
1
;
a
n
d
c
la
ssic
a
l
if
�
<
1
:
A
n

eco
n
o
m
y
is
ca
lled
S
a
m
u
e
lso
n
ia
n
o
r
c
la
ssic
a
l
a
cco
rd
in
g
a
s
its
rea
l-stea
d
y

sta
te
is
S
a
m
u
elso
n
ia
n
o
r
cla
ssica
l.
F
o
llow
in
g
S
a
m
u
elso
n
's
a
n
a
ly
sis,
it
ca
n

b
e
sh
ow
n
th
a
t
n
o
m
in
a
l
stea
d
y
-sta
te
is
so
cia
lly
o
p
tim
a
l
in
th
e
G
o
ld
en
ru
le

sen
se.

S
u
b
stitu
tin
g
p
t
=
�
t,
w
e
n
o
te
th
a
t
th
e
d
i�
eren
ce
eq
u
a
tio
n
(1
2
)
b
eco
m
es

a
q
u
a
d
ra
tic
eq
u
a
tio
n
in
�
;
a
n
d
th
e
ro
o
ts
o
f
th
is
eq
u
a
tio
n
co
rresp
o
n
d
s
to

th
e
stea
d
y
-sta
te
in


a
tio
n
fa
cto
rs.
N
o
te
th
a
t
1
a
n
d
(�
+


)w
1

(�
+
�
)w
2

a
re
th
e
o
n
ly

stea
d
y
-sta
te
so
lu
tio
n
s;
th
e
�
rst
o
n
e
is
th
e
n
o
m
in
a
l
stea
d
y
-sta
te,
a
n
d
th
e

seco
n
d
o
n
e
is
th
e
rea
l
stea
d
y
sta
te.
W
e
d
en
o
te
th
e
rea
l
stea
d
y
-sta
te
va
lu
e

o
f
�
b
y
�
�.
It
ca
n
b
e
sh
ow
n
th
a
t
fo
r
m
o
re
g
en
era
l
eco
n
o
m
ies
w
ith
m
o
re

g
o
o
d
s
a
n
d
g
en
era
l
u
tility
fu
n
ctio
n
s,
th
e
n
o
m
in
a
l
G
o
ld
en
ru
le
stea
d
y
-sta
te

a
lw
ay
s
ex
ists
a
n
d
th
a
t
in
th
e
n
o
m
in
a
l
stea
d
y
-sta
te,
th
e
o
ld
a
g
en
ts
in
ea
ch

p
erio
d
sp
en
d
eith
er
m
o
re
o
r
less
th
a
n
th
e
va
lu
e
o
f
th
eir
in
itia
l
en
d
ow
m
en
ts

a
n
d
n
et
v
o
lu
n
ta
ry
tra
n
sfers
fro
m
fa
m
ily
m
em
b
ers
(R
a
u
t
[1
9
9
0
]).

L
et
m

b
e
th
e
a
m
o
u
n
t
o
f
rea
l
o
u
tsid
e
m
o
n
ey
in
jected
in
th
e
eco
n
o
m
y

b
y
g
iv
in
g
it
to
th
e
o
ld
o
f
tim
e
p
erio
d
1
.
T
h
en
th
e
g
en
era
l
so
lu
tio
n
o
f
th
e

d
i�
eren
ce
eq
u
a
tio
n
(1
2
)
is
g
iv
en
b
y

p
t
=
�
1
+
�
2 �
�
t

(1
3
)

5
T
h
e
d
e
�
n
itio
n
s
in
th
is
p
a
ra
g
ra
p
h
c
a
n
b
e
e
x
te
n
d
e
d
to
a
m
o
re
g
en
era
l
set-u
p
w
ith

m
o
re
th
a
n
o
n
e
g
o
o
d
a
n
d
g
e
n
e
ra
l
u
tility
fu
n
c
tio
n
s
a
lo
n
g
th
e
lin
e
o
f
K
eh
o
e
et
a
l.
[1
9
9
1
],

fo
r
d
e
ta
ils
se
e
R
a
u
t
[1
9
9
0
]

x5
C
o
b
b
-D
o
u
g
la
s
E
co
n
o
m
y

2
2

w
h
ere
�
1 ,
�
2

>
0
a
re
to
b
e
d
eterm
in
ed
fro
m
th
e
eq
u
ilib
riu
m
co
n
d
itio
n
s
o
f

th
e
in
itia
l
p
erio
d
a
s
fo
llow
s:
T
h
e
u
tility
m
a
x
im
iza
tio
n
p
ro
b
lem
o
f
th
e
a
g
en
t

0
is

m
a
x
x
00
;q
0
0
1
;q
0
1
1

�
�
ln
x
00
+
�
ln
q
0
0
1
+


ln
q
0
1
1

su
b
ject
to

p
0 x
00
+
�
0
0
1 q
0
0
1
+
�
0
1
1 q
0
1
1
�

p
0 w
1
+
p
1 (w
2
+
m
)

T
h
e
o
p
tim
a
l
so
lu
tio
n
is
x
00
=
�
�

(p
0
w
1
+
p
1
[w
2
+
m
])

p
0

.
W
e
n
o
rm
a
lize
p
0
=
1
.
T
h
e

m
a
rk
et
clea
rin
g
co
n
d
itio
n
s
o
f
p
erio
d
0
g
o
o
d
s
m
a
rk
ets
im
p
ly
th
a
t

�
�(w

1
+
p
1 [w
2
+
m
])
=
w
1

)

p
1
=

(�
+


)w
1

�
[w
2
+
m
]

A
p
p
ly
in
g
th
e
a
b
o
v
e
va
lu
es
o
f
p
0
a
n
d
p
1
to
(1
3
),
w
e
h
av
e

�
1
+
�
2
=
1
;
a
n
d
(�
+


)w
1

�
[w
2
+
m
]
=
�
1
+
�
2 h
(�
+


)
w
1

(�
+
�
)
w
2 i

S
o
lv
in
g
a
b
o
v
e
eq
u
a
tio
n
s,
w
e
h
av
e

�
1
=
�

m
(�
+


)w
1

[w
2
+
m
][(�
+
�)w
2
�

(�
+


)w
1 ]

(1
4
)

�
2
=
(�
+
�)[w
2
+
m
]
�

(�
+


)w
1

[(�
+
�)w
2
�

(�
+


)w
1 ]

:

w
2

w
2
+
m

(1
5
)

S
im
ila
r

to

G
a
le's

resu
lt,

w
e

h
av
e

th
e

fo
llow
in
g

d
ich
o
to
m
ies

in

th
e

b
eh
a
v
io
r

o
f

L
in
d
h
a
l
eq
u
ilib
riu
m
:

In

cla
ssica
l
eco
n
o
m
ies,

�
i.e.,
eco
n
o
m
ies
w
ith
�
�
�

(�
+


)w
1

(�
+
�
)w
2

<
1 �
,
it
fo
llo
w
s
fro
m
(1
3
)
th
a
t
fo
r
la
rg
e

t
p
t
�

�
1 .
B
u
t
�
�
<
1
im
p
lies
th
e
d
en
o
m
in
a
to
r
o
f
(1
4
)
is
p
o
sitiv
e,
a
n
d
h
en
ce

fo
r
p
t
to
b
e
p
o
sitiv
e
fo
r
a
ll
t,
w
e
m
u
st
h
a
v
e
m

2

(
�
w
2 ;0
].
F
u
rth
erm
o
re,
if

th
e
eco
n
o
m
y
is
n
o
t
in
itia
lly
sta
rted
in
th
e
G
o
ld
en
ru
le,
a
n
y
sm
a
ll
n
eg
a
tiv
e

a
m
o
u
n
t
o
f
o
u
tsid
e
m
o
n
ey
w
ill
lea
d
th
e
eco
n
o
m
y
to
th
e
G
o
ld
en
ru
le
in
th
e

lo
n
g
-ru
n
.

P
ro
ceed
in
g
sim
ila
rly
fo
r
th
e
S
a
m
u
elso
n
ia
n
eco
n
o
m
y
(
i.e.,
eco
n
o
m
ies
w
ith

�
�
>
1
)
w
e
h
av
e
th
a
t
fo
r
a
n
y
in
itia
l
rea
l
m
o
n
ey
h
o
ld
in
g
m

2

[0
;
�m
),
w
h
ere

�m
=
(�
+


)w
1
�
(�
+
�
)w
2

�
+
�

>
0
,
th
e
eco
n
o
m
y
co
n
v
erg
es
to
th
e
rea
l
stea
d
y
-sta
te

(i.e.,
p
t+
1 =
p
t
!

�
�

a
s
t
!

1

),
a
n
d
n
ev
er
to
th
e
G
o
ld
en
ru
le,
u
n
less
th
e

in
itia
l
rea
l
m
o
n
ey
h
o
ld
in
g
is
ex
a
ctly
m

=

�m
,
in
w
h
ich
ca
se,
�
2
=
0
,
a
n
d
th
e

eco
n
o
m
y
is
in
th
e
G
o
ld
en
ru
le
rig
h
t
a
fter
th
e
in
jectio
n
o
f
o
u
tsid
e
m
o
n
ey.



x5
C
o
b
b
-D
o
u
g
la
s
E
co
n
o
m
y

2
3

N
o
tice
th
a
t
ea
ch
lev
el
o
f
rea
l
m
o
n
ey
m
d
eterm
in
es
a
u
n
iq
u
e
eq
u
ilib
riu
m
,

a
n
d
th
u
s
th
ere
is
o
n
e
d
im
en
sio
n
a
l
in
d
eterm
in
a
cy
in
th
e
set
o
f
m
o
n
eta
ry

L
in
d
a
h
l
eq
u
ilib
riu
m
,
p
a
ra
m
eterized
b
y
m
.
In
eco
n
o
m
ies
w
ith
o
u
t
o
u
tsid
e

m
o
n
ey,
w
e
h
av
e
m

=
0
,
a
n
d
h
en
ce
�
1
=
0
a
n
d
�
2
=
1
.
T
h
u
s
th
e
eco
n
o
m
ies

w
ith
o
u
t
o
u
tsid
e
m
o
n
ey
h
av
e
u
n
iq
u
e
L
in
d
a
h
l
eq
u
ilib
riu
m
.
In
th
e
rest
o
f
th
e

p
a
p
er
w
e
co
n
sid
er
o
n
ly
th
e
C
o
b
b
-D
o
u
g
la
s
eco
n
o
m
ies
w
ith
o
u
t
m
o
n
ey.

T
h
e
L
in
d
a
h
l
eq
u
ilib
riu
m
co
n
su
m
p
tio
n
a
llo
ca
tio
n
is
g
iv
en
a
s
fo
llo
w
s:

x
00
=
w
1

x
tt+

1
=

�
�
+


:w
2
+

�
�
+
�
:w
1 ;
fo
r
t
�

0
;

(1
6
)

x
tt
=



�
+


:w
2
+

�
�
+
�
:w
1 ;
fo
r
t
�

1
:

N
o
tice
th
a
t
w
ith
�
=


=
0
;
th
e
eq
u
a
tio
n
(1
6
)
b
eco
m
es

x
tt
=
w
1
a
n
d
x
tt+

1
=
w
2
fo
r
a
ll
t
�

0
:

(1
7
)

w
h
ich
is
th
e
sta
n
d
a
rd
W
a
lra
sia
n
eq
u
ilib
riu
m

a
llo
ca
tio
n
w
h
en
th
e
a
g
en
ts

h
av
e
p
u
re
life-cy
cle
u
tility
fu
n
ctio
n
s.

T
h
e
eq
u
ilib
riu
m
p
u
re-co
n
su
m
p
tio
n
lo
a
n
in
terest
ra
te
b
etw
een
p
erio
d
t

to
t
+
1
is
g
iv
en
b
y
1
+
r
t
=

p
t

p
t
+
1
.
F
ro
m
th
e
fo
rm
u
la
o
f
L
in
d
a
h
l
eq
u
ilib
riu
m

p
rices,
w
e
�
n
d
th
a
t
fo
r
t
�

1
,
1
+
r
t
=

(�
+
�
)w
2

(�
+


)w
1
.
S
u
p
p
o
se
�
=
�
,
so
th
a
t

th
e
a
g
en
t
d
o
es
n
o
t
ex
h
ib
it
im
p
a
tien
ce,
a
n
d
let
u
s
a
ssu
m
e
th
a
t
w
1 ;w
2
6=
0
.

It
is
clea
r
th
a
t
fo
r
su
�
cien
tly
h
ig
h
va
lu
es
o
f
�
rela
tiv
e
to
�
a
n
d


,
w
e
h
av
e

r
t
>
0
fo
r
a
ll
t
�

1
.
W
e
h
av
e
a
lrea
d
y
a
ssu
m
ed
th
e
p
o
p
u
la
tio
n
g
row
th
ra
te

to
b
e
zero
to
rem
ov
e
th
e
S
a
m
u
elso
n
ia
n
so
u
rce
o
f
p
o
sitiv
e
in
terest
ra
te,
a
n
d

w
e
h
av
e
a
ssu
m
ed
aw
ay
a
ll
th
e
cla
ssica
l
so
u
rces,
a
n
d
w
e
a
rriv
e
a
t
a
p
o
sitiv
e

eq
u
ilib
riu
m

in
terest
ra
te
a
s
a
co
n
seq
u
en
ce
o
f
su
�
cien
tly
stro
n
g
a
ltru
ism

tow
a
rd
s
p
a
ren
ts.

It
fo
llow
s
fro
m

(1
6
)-(1
7
)
th
a
t
in
th
e
L
in
d
a
h
l
eq
u
ilib
riu
m

n
et
in
ter-

g
en
era
tio
n
a
l
tra
n
sfer
is
eith
er
fro
m
ch
ild
ren
to
p
a
ren
ts,
n
o
n
e,
o
r
fro
m
p
a
r-

en
ts
to
ch
ild
ren
a
cco
rd
in
g
a
s

�

<
=
o
r
>

(�
+


)w
1

(�
+
�
)w
2
.

N
o
tice
th
a
t
�
t
o
f
th
eo
rem
2
sim
p
li�
es
in
th
e
p
resen
t
ca
se
to

�
t
= "
1

1
+


y
t
�

1

�
y
t

+

1

1
+

�
y
t

�
y
t
�

1

�

1 #
p
t

(1
8
)

x6
M
eta
ra
n
k
in
g
o
f
a
ltru
istic
p
referen
ces
a
n
d
P
a
reto
o
p
tim
a
lity

2
4

T
h
e
b
ra
ck
eted
term
in
(1
8
)
is
co
n
sta
n
t
fo
r
a
ll
t
�

1
;
w
e
fu
rth
er
a
ssu
m
e
th
a
t

�
�
>

�


;
It
fo
llow
s
fro
m

th
eo
rem

2
th
a
t
a
L
in
d
a
h
l
eq
u
ilib
riu
m
is
P
a
reto

o
p
tim
a
l
if
a
n
d
o
n
ly
if
�
�
�

1
,
i.e.,
if
a
n
d
o
n
ly
if
it
is
a
cla
ssica
l
eco
n
o
m
y.

N
o
tice
th
a
t
w
e
ca
n
a
lw
ay
s
�
n
d
p
a
ra
m
eter
va
lu
es
su
ch
th
a
t
�
�
>
1
y
et
th
ere

is
p
o
sitiv
e
tra
n
sfer
fro
m
p
a
ren
ts
to
ch
ild
ren
.
F
o
r
in
sta
n
ce,
ta
k
e
th
e
fo
llo
w
in
g

n
u
m
erica
l
v
a
lu
es:
�
=

:4
,
�
=

:4
,
�
=

:0
5
,


=

:1
5
,
w
1

=

2
,
w
2

=

1
.

T
h
u
s
th
ere
a
re
eco
n
o
m
ies
in
w
h
ich
th
ere
is
strictly
p
o
sitiv
e
eq
u
ilib
riu
m
n
et

tra
n
sfers
fro
m

p
a
ren
ts
to
ch
ild
ren
in
ev
ery
p
erio
d
,
y
et
th
e
eq
u
ilib
riu
m

is

n
o
t
P
a
reto
o
p
tim
a
l,
th
is
is
in
co
n
tra
st
to
B
a
rro
's
resu
lt.

6
.
M
e
ta
r
a
n
k
in
g
o
f
a
ltr
u
istic
p
r
e
fe
r
e
n
c
e
s
a
n
d
P
a
r
e
to
o
p
-

tim
a
lity

It
fo
llow
s
fro
m
p
rev
io
u
s
sectio
n
th
a
t
if
a
g
en
ts
h
av
e
p
u
rely
eg
o
istic,
i.e.,

p
u
rely
life-cy
cle
p
referen
ces,
th
e
co
m
p
etitiv
e
eq
u
ilib
riu
m

fo
r
th
e
S
a
m
u
el-

so
n
ia
n
eco
n
o
m
ies
is
n
o
t
P
a
reto
O
p
tim
a
l,
w
h
erea
s
if
th
ey
h
av
e
su
�
cien
tly

stro
n
g
a
ltru
ism

to
w
a
rd
s
th
eir
p
a
ren
ts
a
n
d
ch
ild
ren
,
rela
tiv
ely
m
o
re
so
fo
r

th
eir
p
a
ren
ts,
th
en
th
e
eco
n
o
m
y
b
eco
m
es
a
cla
ssica
l
eco
n
o
m
y
a
n
d
its
u
n
iq
u
e

L
in
d
a
h
l
eq
u
ilib
riu
m
(w
h
ich
is
th
e
a
n
a
lo
g
u
e
o
f
co
m
p
etitiv
e
eq
u
ilib
riu
m
)
b
e-

co
m
es
P
a
reto
o
p
tim
a
l.
M
o
re
sp
eci�
ca
lly,
w
e
ca
n
h
av
e
v
a
lu
es
o
f
th
e
p
a
-

ra
m
eters
�;�
;�
;

;w
1 ,
a
n
d
w
2
su
ch
th
a
t
�
w
1

�
w
2

>
1
w
h
ich
is
a
S
a
m
u
elso
n
ia
n

eco
n
o
m
y
w
h
en
a
g
en
ts
h
av
e
p
u
rely
eg
o
istic
p
referen
ces,
w
h
erea
s
(�
+


)w
1

(�
+
�
)w
2

<
1

w
h
ich
rep
resen
ts
cla
ssica
l
eco
n
o
m
y
in
th
e
a
ltru
istic
fra
m
ew
o
rk
.
T
a
k
e
fo
r
in
-

sta
n
ce,
�
=
�
=
:4
;

=
:0
5
;�
=
:1
5
;w
1
=
1
:2
;
a
n
d
w
2
=
1
:
In
fa
ct,
fo
r
a
n
y

g
iv
en
ra
te
o
f
tim
e
p
referen
ce
�
=
�
w
h
ich
rep
resen
ts
th
e
w
eig
h
t
g
iv
en
to
eg
o
-

istic
p
a
rt
o
f
a
g
en
t's
u
tility
fu
n
ctio
n
,
th
ere
ex
ist
d
eg
ree
o
f
a
ltru
ism
to
w
a
rd
s

h
is
p
a
ren
ts
(�),
a
n
d
tow
a
rd
s
h
is
ch
ild
ren
(

),
rela
tiv
e
to
h
im
self
(�
)
su
ch

th
a
t
th
e
L
in
d
a
h
l
eq
u
ilib
riu
m

o
f
th
e
eco
n
o
m
y
is
P
a
reto
o
p
tim
a
l.
T
h
u
s
in

th
ese
eco
n
o
m
ies,
L
in
d
a
h
l
eq
u
ilib
riu
m

is
a
lw
ay
s
P
a
reto
o
p
tim
a
l
if
a
g
en
ts

h
a
v
e
su
�
cien
tly
stro
n
g
a
ltru
ism
tow
a
rd
s
th
eir
p
a
ren
ts.

W
e
d
o
o
b
serv
e
so
cieties
va
ry
in
th
eir
so
cia
l
n
o
rm
s
w
ith
resp
ect
to
lo
v
in
g

a
n
d
resp
ectin
g
th
eir
p
a
ren
ts
a
n
d
ch
ild
ren
,
a
n
d
m
u
ch
o
f
th
ese
so
cia
l
b
eh
a
v
-

io
rs
co
u
ld
b
e
ro
o
ted
in
eco
n
o
m
ic
g
ro
u
n
d
.
T
h
e
q
u
estio
n
is:
H
o
w
d
oes
a

society
in
still
n
o
rm
s
rega
rd
in
g
th
e
d
egree
o
f
a
ltru
ism

to
w
a
rd
s
o
th
er
fa
m
ily

m
em
bers?
T
h
is
ca
n
n
o
t
b
e
a
n
sw
ered
w
ith
o
u
t
a
p
p
ea
lin
g
to
so
m
e
eth
ica
l
o
r

m
o
ra
l
p
rin
cip
le.
In
w
h
a
t
fo
llow
s,
I
u
se
S
en
's
m
eta
ra
n
k
in
g
p
rin
cip
le
6
w
h
ich

6
F
o
r
a
critica
l
a
rg
u
m
en
t
fo
r
m
eta
ra
n
k
in
g
p
rin
cip
le,
see
th
e
p
h
ilo
so
p
h
ica
l
d
eb
a
te
in



x7
E
x
ten
sio
n
s
a
n
d
o
th
er
rem
a
rk
s

2
5

is
a
fo
rm
o
f
K
a
n
t's
C
a
teg
o
rica
l
Im
p
era
tiv
e
("
en
jo
in
in
g
lik
e
p
eo
p
le
to
fo
llow

th
e
co
m
m
o
n
p
a
ttern
th
a
t
m
a
k
es
ea
ch
b
est
o
�
"
S
a
m
u
elso
n
[1
9
5
8
,
p
.4
8
0
).

In
o
u
r
ca
se,
th
e
co
m
m
o
n
p
a
ttern
is
a
b
o
u
t
th
e
in
ten
sity
o
f
a
ltru
ism
tow
a
rd
s

p
a
ren
ts
a
n
d
ch
ild
ren
,
o
f
th
e
ty
p
e
a
d
v
o
ca
ted
in
th
e
F
ifth
C
o
m
m
a
n
d
m
en
t

m
en
tio
n
ed
in
th
e
in
tro
d
u
ctio
n
,
a
n
d
in
H
in
d
u
su
tra
s
a
n
d
m
a
n
y
su
ch
o
th
er

p
la
ces.

L
et
�
=
f
�
=
(�;�
;�
;

)
�

0
j�
+
�
+
�
+


=
1
g
b
e
th
e
set
o
f
a
ll
p
o
ssib
le

va
lu
es
fo
r
sel�
sh
n
ess
a
n
d
sy
m
p
a
th
y.
N
o
te
th
a
t
ea
ch
�
2

�
p
a
ra
m
eterizes
a

p
referen
ce
o
rd
erin
g
�
�

o
f
a
rep
resen
ta
tiv
e
a
g
en
t.
L
et
�
=
f
�
�

j�

2

�
g
.

H
ow
d
o
es
a
so
ciety
ch
o
o
se
a
p
a
rticu
la
r
o
rd
erin
g
in
�
fo
r
its
rep
resen
ta
tiv
e

a
g
en
t?
U
sin
g
a
m
eta
ra
n
k
in
g
:
A
m
e
ta
r
a
n
k
in
g
is
a
p
referen
ce
o
rd
erin
g

ov
er
�
.
A
p
a
rticu
la
r
m
eta
ra
n
k
in
g
rela
tes
to
a
p
a
rticu
la
r
eth
ica
l
o
r
m
o
ra
l

p
rin
cip
le.
In
o
u
r
setu
p
,
m
eta
ra
n
k
in
g
is
g
en
era
ted
b
y
so
ciety
's
co
n
cern
fo
r

P
a
reto
o
p
tim
a
lity
a
n
d
ca
n
b
e
d
e�
n
ed
a
s
fo
llow
s:

A
m
eta
ra
n
k
in
g
�

is
a
b
in
a
ry
rela
tio
n
o
n
�
d
e�
n
ed
b
y
�
1
�

�
2

if
L
in
-

d
a
h
l
eq
u
ilib
riu
m
w
ith
�
�
2

is
n
o
t
P
a
reto
o
p
tim
a
l,
b
u
t
w
ith
�
�
1

it
is
P
a
reto

o
p
tim
a
l.
N
o
te
th
a
t
sin
ce
th
ere
ex
ist
m
a
n
y
va
lu
es
o
f
�
in
�
fo
r
w
h
ich
L
in
-

d
a
h
l
eq
u
ilib
riu
m
is
P
a
reto
o
p
tim
a
l,th
e
m
eta
ra
n
k
in
g
d
e�
n
ed
o
n
ly
req
u
irin
g

P
a
reto
o
p
tim
a
lity
a
s
so
cia
l
g
o
a
l
d
o
es
n
o
t
m
a
k
e
it
a
co
m
p
lete
o
rd
erin
g
:
th
ere

is
sco
p
e
fo
r
in
co
rp
o
ra
tin
g
o
th
er
so
cia
l
g
o
a
ls
in
a
p
a
rticu
la
r
m
eta
ra
n
k
in
g
,

a
n
d
th
is
m
ig
h
t
lea
d
to
a
u
n
iq
u
e
ch
o
ice
o
f
�
:
T
h
is
issu
e
n
eed
s
fu
rth
er
stu
d
y.

N
ev
erth
eless,
a
p
a
rticu
la
r
m
eta
ra
n
k
in
g
d
e�
n
ed
a
b
ov
e
w
ill
lea
d
to
a
ch
o
ice

o
f
�,
a
n
d
to
su
sta
in
th
is
m
eta
ra
n
k
in
g
ov
er
tim
e,
so
cia
l
n
o
rm
s
w
ill
ev
o
lv
e.

S
y
m
p
a
th
y
rela
ted
so
cia
l
n
o
rm
s
a
re
o
b
serv
ed
in
va
ry
in
g
d
eg
rees
in
so
cieties

w
ith
va
ry
in
g
a
m
o
u
n
ts
o
f
p
u
b
licly
p
rov
id
ed
in
terg
en
era
tio
n
a
l
tra
n
sfers.

7
.
E
x
te
n
sio
n
s
a
n
d
o
th
e
r
r
e
m
a
r
k
s

S
u
p
p
o
se
th
a
t
a
g
en
ts
h
av
e
n
o
n
-p
a
tern
a
listic
u
tility
fu
n
ctio
n
in
th
e
sen
se

th
a
t
ea
ch
a
g
en
t
t
�

1
;
ca
res
fo
r
h
is
o
ld
p
a
ren
t's
co
n
su
m
p
tio
n
,
h
is
ow
n

co
n
su
m
p
tio
n
a
n
d
w
elfa
re
o
f
h
is
ch
ild
ren
.
A
s
is
w
ell
k
n
ow
n
,
u
n
d
er
certa
in

co
n
d
itio
n
s
th
is
is
eq
u
iva
len
t
to
a
ssu
m
in
g
th
a
t
su
ch
a
u
tility
fu
n
ctio
n
fo
r

a
g
en
t
t
is
rep
resen
ted
b
y
a
n
a
ltru
istic
u
tility
fu
n
ctio
n
o
f
th
e
fo
rm
:

u
t(x
t�
1

t

;x
tt ;x
tt+

1 ;x
t+
1

t+
1 ;x
t+
1

t+
2 ;x
t+
2

t+
2 ;::::)
8
t
�

1

u
t(x
tt ;x
tt+

1 ;x
t+
1

t+
1 ;x
t+
1

t+
2 x
t+
2

t+
2 ;::::)
fo
r
t
=
0
:

S
e
n
[1
9
7
7
].

x7
E
x
ten
sio
n
s
a
n
d
o
th
er
rem
a
rk
s

2
6

T
a
b
le
1
:
E
x
ten
d
ed
co
m
m
o
d
ities
a
g
en
ts
h
av
e
n
o
n
-p
a
tern
a
listic
a
ltru
ism

R
eg
u
la
r
g
o
o
d
s

0

1

2

3

4

...

E
x
tern
a
lity
g
o
o
d
s:

F
o
r
a
g
en
t
0

0
0
1
,0
1
1

0
1
2
,0
2
2

0
2
3
,0
3
3

0
3
4
,0
4
4

...

F
o
r
a
g
en
t
1

1
0
1
,1
1
1

1
1
2
,1
2
2

1
2
3
,1
3
3

1
3
4
,1
4
4

...

F
o
r
a
g
en
t
2

2
1
2
,2
2
2

2
2
3
,2
3
3

2
3
4
,2
4
4

...

F
o
r
a
g
en
t
3

3
2
3
,3
3
3

3
3
4
,3
4
4

...

...

...

N
o
te:
In
th
e
a
b
o
v
e
ta
b
le,
ex
tern
a
lity
g
o
o
d
s
a
re
o
rd
ered
a
cco
rd
in
g
to
th
e

p
ercep
tio
n
o
f
th
e
a
g
en
t.

F
o
r
th
e
ex
isten
ce
o
f
L
in
d
a
h
l
eq
u
ilib
riu
m
,
w
e
m
o
d
ify
a
ssu
m
p
tio
n
A
.3
a
s

fo
llow
s:
fo
r
ea
ch
t
2

A
;u
t(:)
is
w
ea
k
ly
m
o
n
o
to
n
ic,
q
u
a
si-co
n
cav
e,
a
n
d
co
n
-

tin
u
o
u
s
w
ith
resp
ect
to
th
e
p
ro
d
u
ct
to
p
o
lo
g
y
;
a
n
d
w
e
d
e�
n
e
th
e
ex
ten
d
ed

g
o
o
d
s,
i.e.,
th
e
reg
u
la
r
g
o
o
d
s,
a
n
d
th
e
ex
tern
a
lity
g
o
o
d
s
a
s
fo
llow
s:

N
o
te
th
a
t
th
e
n
u
m
b
er
o
f
g
o
o
d
s
is
still
co
u
n
ta
b
le,
a
n
d
h
en
ce
th
e
b
u
n
d
les

o
f
ex
ten
d
ed
g
o
o
d
s
in
th
is
eco
n
o
m
y
co
u
ld
still
b
e
rep
resen
ted
b
y
v
ecto
rs

in
R
1

.
W
e
ca
n
red
e�
n
e
th
e
ex
tern
a
lity
d
istrib
u
tio
n
tech
n
o
lo
g
ies,
a
n
d
th
e

g
o
o
d
s
o
f
th
e
�
n
ite
su
b
eco
n
o
m
ies
a
n
d
m
o
d
ify
th
e
irred
u
cib
ility
a
ssu
m
p
-

tio
n
A
.3
in
a
stra
ig
h
tfo
rw
a
rd
w
ay,
a
n
d
p
rov
e
th
e
ex
isten
ce
L
in
d
a
h
l
eq
u
i-

lib
riu
m
u
n
d
er
th
e
sa
m
e
g
en
era
l
a
ssu
m
p
tio
n
s
o
f
T
h
eo
rem

1
.
T
h
is
w
a
s
th
e

b
a
sic
set-u
p
o
f
B
a
rro
[1
9
7
4
]
a
n
d
A
iy
a
g
a
ri
[1
9
8
9
].
N
o
tice,
h
o
w
ev
er,
th
a
t
fo
r

th
e
ex
isten
ce
o
f
eq
u
ilib
riu
m

I
d
o
n
o
t
n
eed
a
n
y
in
tertem
p
o
ra
l
co
n
sisten
cy

co
n
d
itio
n
w
h
ich
w
a
s
im
p
o
sed
fo
r
b
eq
u
est
eq
u
ilib
riu
m

b
y
A
iy
a
g
a
ri.
T
h
e

L
in
d
a
h
l
eq
u
ilib
riu
m
a
s
a
so
lu
tio
n
co
n
cep
t
h
a
s
a
n
o
th
er
a
d
va
n
ta
g
e
th
a
t
a
n

a
g
en
t
g
iv
es
g
ifts
a
n
d
b
eq
u
ests
a
cco
rd
in
g
to
h
is
o
w
n
p
ercep
tio
n
a
b
o
u
t
th
e

recip
ien
t's
u
tility
w
h
ich
m
ay
d
i�
er
fro
m
th
e
u
tility
th
a
t
th
e
recip
ien
ts
m
ay

a
ctu
a
lly
h
av
e.

In
th
ese
m
o
d
els,
th
e
eq
u
ilib
riu
m
n
et
in
terg
en
era
tio
n
a
l
tra
n
sfers
in
a
n
y

p
erio
d
co
u
ld
b
e
in
eith
er
d
irectio
n
.
T
h
e
ch
ild
ren
m
ig
h
t
tra
n
sfer
g
ifts
to
th
eir

p
a
ren
ts,
o
r
p
a
ren
ts
m
ig
h
t
leav
e
b
eq
u
est
fo
r
th
eir
ch
ild
ren
,
g
ra
n
d
ch
ild
ren

a
n
d
th
eir
g
ra
n
d
g
ra
n
d
ch
ild
ren
a
d
in
�
m
u
m
.
A
n
im
p
o
rta
n
t
issu
e
in
th
is

co
n
tex
t
is:
S
in
ce
p
a
ren
ts
w
o
u
ld
lik
e
to
lea
v
e
b
eq
u
est
fo
r
ch
ild
ren
o
f
a
llfu
tu
re

g
en
era
tio
n
s
o
f
th
eir
fa
m
ily,
th
ere
h
a
s
to
ex
ist
a
�
rm
sa
y
a
m
u
tu
a
l
tru
st
fu
n
d



x8
P
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o
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2
7

w
ith
w
h
ich
w
h
ile
p
a
ren
ts
a
re
a
liv
e
th
ey
ca
n
en
tru
st
th
eir
b
eq
u
ests
fo
r
th
eir

g
ra
n
d
g
ra
n
d
ch
ild
ren
to
b
e
b
o
rn
m
illio
n
g
en
era
tio
n
s
la
ter.
S
u
ch
tru
st
fu
n
d
s

d
o
n
o
t
ex
ist
in
rea
lity.
T
w
o
p
o
ssib
le
ex
p
la
n
a
tio
n
s
a
re
th
a
t
eith
er
a
g
en
ts

h
av
e
n
o
n
-p
a
tern
a
listic
u
tility
fu
n
ctio
n
s
w
h
ich
sa
tisfy
stro
n
g
in
ter-tem
p
o
ra
l

co
n
sisten
cies
a
s
a
ssu
m
ed
in
B
a
rro
a
n
d
A
iy
a
g
a
ri;
o
r
th
a
t
a
g
en
ts
h
a
v
e
lim
ited

a
ltru
istic
p
referen
ces.
O
n
ly
so
u
n
d
em
p
irica
l
w
o
rk
ca
n
reso
lv
e
it.
H
ow
ev
er,

m
u
ch
o
f
th
e
resu
lts
d
eriv
ed
h
ere
a
re
va
lid
fo
r
b
o
th
ty
p
es
o
f
u
tility
fu
n
ctio
n
s.

8
.
P
r
o
o
fs

P
R
O
O
F
O
F

P
R
O
P
O
S
IT
IO
N

(1
):
S
u
p
p
o
se 
(~x
�
;
~y
�
)
�
2
A

;
~p �
is
a
L
in
-

d
a
h
l
eq
u
ilib
riu
m
.
D
e�
n
e
th
e
su
b
sid
ies
a
s
�
t
=
(�
tt�
1
t ;
�
tt+
1
t+
1 )
fo
r
t
�

1
;

a
n
d
�
0

=

�
0
1
1 .
It
is
ea
sy
to
ch
eck
th
a
t
th
e
a
sso
cia
ted
co
n
su
m
p
tio
n
a
l-

lo
ca
tio
n
(x
t)

t2
A
,
a
n
d
p
rices
p
o
f
th
e
reg
u
la
r
g
o
o
d
s
sa
tisfy
co
n
d
itio
n
s
(1
)

&
(2
)
o
f
d
e�
n
itio
n
1
.
T
o
p
rov
e
co
n
d
itio
n
(3
)
o
f
d
e�
n
itio
n
1
,
su
p
p
o
se
fo
r

so
m
e
a
g
en
t
�
�

0
;
th
ere
ex
ists
a
fea
sib
le
a
ccep
ta
b
le
g
ift
u
n
d
er
L
in
d
a
h
l

eq
u
ilib
riu
m
a
llo
ca
tio
n
.
T
h
is
w
ill
m
ea
n
th
a
t
in
th
e
tru
n
ca
ted
eco
n
o
m
y
E
�

w
h
ere
�
=
�
+
1
;
f
x
tg

t
�

�

is
n
o
t
P
a
reto
o
p
tim
a
l,
w
h
ich
is
im
p
o
ssib
le.
T
h
e

co
n
v
erse
co
u
ld
b
e
p
rov
ed
fo
llow
in
g
th
e
step
s
in
B
a
la
sk
o
a
n
d
S
h
ell
[1
9
8
0
].

Q
.E
.D
.

T
o
p
rov
e
th
eo
rem
1
,
w
e
�
rst
p
rov
e
th
e
fo
llow
in
g
lem
m
as:

L
e
m
m
a
1
:
F
o
r
ea
ch
�
n
ite
eco
n
o
m
y
E
n
,
th
ere
exists
a
L
in
d
a
h
l
equ
ilibriu
m



~p
n
;(~x
�n
;
~y
�n
)
�

2

A
n �
su
ch
th
a
t
~p
n

2

R
1+

is
strictly
po
sitive.

P
R
O
O
F
:
S
in
ce
E
n

sa
tis�
es
a
ll
th
e
a
ssu
m
p
tio
n
s
o
f
M
cK
en
zie
[1
9
8
1
,
T
h
eo
-

rem
1
,
p
p
.8
2
8
],
th
ere
ex
its
a
co
m
p
etitiv
e
eq
u
ilib
riu
m
fo
r
E
n

a
n
d
th
e
m
o
n
o
-

to
n
icity
a
ssu
m
p
tio
n
in
a
ssu
m
p
tio
n
(3
)
im
p
lies
th
a
t
~p
n

>
0
:

Q
.E
.D
.

L
e
m
m
a
2
:
T
h
ere
exists
bo
u
n
d
s
M
�

2

R
1+

in
d
epen
d
en
t
o
f
n
su
ch
th
a
t

0
�

~x
�n

�

M
�

a
n
d
�
M
�

�

~y
�n

�

M
�

fo
r
a
ll
�
2

A
.

P
R
O
O
F
:
L
et
M
�

b
e
th
e
v
ecto
r
in
th
e
ex
ten
d
ed
co
m
m
o
d
ity
sp
a
ce
su
ch

th
a
t
its
ea
ch
co
m
p
o
n
en
t
in
v
o
lv
in
g
t-th
p
erio
d
g
o
o
d
s
co
n
sists
o
f
w
t
2

R
`+

x8
P
ro
o
fs

2
8

th
e
a
g
g
reg
a
te
en
d
ow
m
en
t
o
f
t-th
p
erio
d
g
o
o
d
s
in
th
e
eco
n
o
m
y.
S
in
ce
ea
ch

u
n
it
o
f
th
e
ex
tern
a
lity
g
o
o
d
w
ith
a
n
y
p
h
y
sica
l
ch
a
ra
cteristics,
a
va
ila
b
le

a
t
a
n
y
tim
e
a
n
d
d
e�
n
ed
fo
r
a
n
y
tw
o
a
g
en
ts
is
p
ro
d
u
ced
b
y
o
n
e
a
n
d
o
n
ly

o
n
e
p
ro
d
u
ctio
n
p
la
n
w
h
ich
u
ses
o
n
e
u
n
it
o
f
th
e
reg
u
la
r
g
o
o
d
o
f
th
e
sa
m
e

ch
a
ra
cteristics
a
n
d
av
a
ila
b
le
in
th
e
sa
m
e
p
erio
d
,
th
erefo
re
in
ea
ch
�
n
ite

su
b
-eco
n
o
m
y
th
ey
o
u
g
h
t
to
b
e
b
o
u
n
d
ed
b
y
th
e
a
g
g
reg
a
te
en
d
o
w
m
en
t
o
f

th
a
t
g
o
o
d
.

Q
.E
.D
.

G
iv
en
lem
m
a
2
,
th
ere
ex
ists
a
su
b
seq
u
en
ce
su
ch
th
a
t
a
s
n
!

1

,
~x
�n

!

~x
�
�,
a
n
d
~y
�n

!

~y
�
�

in
th
e
p
ro
d
u
ct
to
p
o
lo
g
y.
N
ow
o
n
,
I
w
ill
restrict
to
th
is

su
b
seq
u
en
ce
w
h
en
ev
er
referen
ce
is
m
a
d
e
to
a
seq
u
en
ce
o
f
eco
n
o
m
ies.

L
e
m
m
a
3
: P
�
2
A

~x
�
�
= P
�
2
A

~y
�
�
+ P
�
2
A

~w
�

P
R
O
O
F
:
T
h
is
fo
llow
s
sin
ce
th
e
rela
tio
n
sh
ip
is
tru
e
fo
r
ea
ch
�
n
ite
su
b
-

eco
n
o
m
y
E
n
.

L
e
m
m
a
4
:
F
o
r
a
n
y
�
;

2

A
;
9
K
�



>
0
su
ch
th
a
t
0
<

~p
n

:
~w



~p
n

:
~w
�

<
K
�



fo
r

a
ll
n
su
ch
th
a
t
�
;

2

A
n

P
R
O
O
F
:
S
u
p
p
o
se
n
o
t.
T
h
en

lim

in
f

n
!
1

~p
n
:~w
�

~p
n
:~w



=
0
fo
r
so
m
e
�
;

2

A
:

D
e�
n
e

B
2
= �
�
2

A
j
lim

in
f

n
!
1

~p
n
:
~w
�

~p
n
:~w



=
0 �

C
h
o
o
se
a
su
b
seq
u
en
ce
E
n

su
ch
th
a
t
fo
r
ea
ch
�
2

B
2 ;lim
n
!
1

~p
n

:
~w
�

~p
n

:
~w



=
0

a
n
d
~p
n

:
~w
�

~p
n

:
~w



>
k
�

>
0
fo
r
a
ll
�
2

B
1
=
A
n
B
2 .
N
o
te
th
a
t
�
2

B
2
a
n
d


2

B
1 .

S
in
ce
th
e
eco
n
o
m
y
E

is
b
y
a
ssu
m
p
tio
n
irred
u
cib
le,
it
im
p
lies
th
a
t
9
�
0
2

B
1

a
n
d
�
n
ite
B
�

B
2 ,
a
n
d
0
�

�w
�

w
B

su
ch
th
a
t
�w
+
~x
�
0

�
�
0

~x
�
0.

S
in
ce
a
s
n
!

1

;
~x
�
0

n

!

~x
�
0in

th
e
p
ro
d
u
ct
to
p
o
lo
g
y,
a
n
d
�
�
0

is
co
n
tin
u
o
u
s
w
ith
resp
ect
to

th
e
p
ro
d
u
ct
to
p
o
lo
g
y,
w
e
h
av
e
�w
+
~x
�
0

n

�
n�

0

~x
�
0

n

.
H
en
ce,
� �
�w
+
~x
�
0

n �
�
n�

0

~x
�
0

n

fo
r
a
ll
�
<
1
b
u
t
clo
se
to
1
.
S
in
ce
B
�

B
2

is
�
n
ite,
�
~p
n
:�w
�

�
~p
n
:~w
B

!

0
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P
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o
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2
9

a
s
n
!

1

.
T
h
erefo
re,
fo
r
la
rg
e
n
;
~p
n
:� �
�w
+
~x
�
0

n �
<

~p
n
:~x
�
0

n

,
i.e.,
fo
r
la
rg
e

n
;� �
�w
+
~x
�
0

n �
w
a
s
fea
sib
le
fo
r
�
0
2

A
n
,
a
n
d
h
e
strictly
p
refers
th
is
to
~x
�
0

n

.

T
h
a
t
m
ea
n
s
(~x
�n
)
�

2

A
n

co
u
ld
n
o
t
b
e
a
L
in
d
a
h
l
eq
u
ilib
riu
m
fo
r
E
n
.Q

.E
.D
.

P
R
O
O
F
O
F
T
H
E
O
R
E
M

1
:
N
o
rm
a
lize
p
rices
~p
n

su
ch
th
a
t
~p
n
:~w
0n

=
1

fo
r
a
ll
n
�

0
:
S
in
ce
E
n

is
irred
u
cib
le,
fo
r
a
n
y
n
,
a
n
y
tim
e
t
�

n
,
a
n
d

a
n
y
reg
u
la
r
g
o
o
d
,
9
�
2

A
n

w
h
o
h
a
s
p
o
sitiv
e
in
itia
l
en
d
ow
m
en
t
o
f
th
a
t

g
o
o
d
,
a
n
d
a
p
p
ly
in
g
lem
m
a
3
to
su
ch
a
n
�
,
a
n
d
n
o
tin
g
th
a
t
th
e
ex
tern
a
lity

p
rices
o
f
a
n
y
p
erio
d
s
sa
tisfy
th
e
a
d
d
itiv
ity
p
ro
p
erty
in
eq
u
a
tio
n
(3
),
it
is

o
b
v
io
u
s
th
a
t
f
~p
n
g
10

is
u
n
ifo
rm
ly
b
o
u
n
d
ed
.
H
en
ce,
a
s
n
!

1

;
~p
n

!

~p
�
fo
r

so
m
e
~p
�
2

R
1+

.
W
e
w
a
n
t
to
sh
ow
th
a
t 
(~x
�
�;
~y
�
�)

�

2

A

;
~p
� �
is
a
L
in
d
a
h
l

eq
u
ilib
riu
m
fo
r
th
e
eco
n
o
m
y
E
.

L
em
m
a
3
esta
b
lish
es
co
n
d
itio
n
(3
)
in
th
e
d
e�
n
itio
n
o
f
L
in
d
a
h
l
eq
u
ilib
-

riu
m
.
N
o
te
th
a
t
fo
r
a
n
y
�
2

A
;
~p
n
:y
�n

=
0
)

lim
n
!
1

~p
n
:~y
�n

=
~p
�:~y
�
�
=
0
:

S
im
ila
rly,
~p
�:~y
�

�

0
fo
r
a
n
y
~y
�

2

~Y
�
.
T
h
is
esta
b
lish
es
co
n
d
itio
n
(2
)
in

th
e
d
e�
n
itio
n
o
f
L
in
d
a
h
l
eq
u
ilib
riu
m
.
F
in
a
lly,
n
o
te
th
a
t
~p
n
:~x
�n

=

~p
n
:~w
�

fo
r
la
rg
e
n
.
T
h
erefo
re,
~p
�:~x
�
�

=

~p
�:~w
�
.
W
e
w
a
n
t
to
sh
ow
n
ow
th
a
t

~x
�

�
�

~x
�
�
)

~p
�:~x
0�

>
~p
�:~x
�
�.

C
a
se
1
:
S
u
p
p
o
se
~p
�:~x
�

<

~p
�:~x
�
�.
T
h
en
b
y
th
e
co
n
tin
u
ity
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