g 1.1. Set
A set

H = {11213’415161718’9’10}

I = {n:n is a positive integer}

(axiom of specification)

J={C , ) : R, x +y =1}
point
§ 1.2
§ 1.3.
N { and
intersection
Union or }
{ and }
n = non-intersecting disjoint
n n ® n
={ : ,

Cartesian product

3

Cartesin product

C . L )

§ 1.5. Function
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§ 1.6.

domain ( ) = { () X range ( )
( ) value image
map ( ) mapping transformation( ) operator( ) single-valued function

function( )
a set-valued function

correspondence multivalued function a
single-valued function ,

!
~
(&

I}

¢ )
g8 1.7.
) {: X C) 1} )
either singlevalued or multivalued
single-valued : one to one one-to-one mapping
( ) onto or onto mapping
8§ 1.8. Maximum and minimum
S bounded from above a R a
a upper bound lower bound
bounded from above upper bound a
supremum or the least upper bound, sup S= a orsup = a
bounded from below , lower bounds
infimum or the greatest lower bound infS=b orinf =Db
bounded above supremum
= {1/qg 9=1,2,3,..} infimum O O
sup sup maximum
inf , Inf minimum
§ 1.9. Necessary and sufficient conditions
A B B A anecessary condition
A sufficient condition
If A B B A A anecessary and sufficient condition for BA B
A B logically equivalent
A B not B not A.

§ 2.1. real space
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E{X:(X ¢ ):X ,i:1,2,3,...,n}

Let x and y , and
define the addition z=x+y by z =x +y ,i=1,...,n.
clearly, z . This means is closed under addition.
Leta be a scalar (a ), and
define scalar multiplication by z=a x by z =a x ,i=1,...,n.
R" is closed under scalar multiplication, i.e. x &a , then a X
8§ 2.2. linear space ( vector space)

addition and scalar multiplication :
is closed under these two operations,

the following 8 properties are satisfied:

L1 Associative law x+(y+z)=(x+y)+z

L2 an element O exists such that x+0=0+x=x

L3 an element -x exists such that x+(-x)=0 .
L4 Commutative law x+y=y+x
L5 Associative law a (B x)=(a B )x
L6 1x=x
L7 Distributive law a (x+y)=a x+a y
L8 Distributive law (a +p )x=a x+p X

linear space a vector
linear space

The set F of real-valued function defined on the interval [a,b].
Given f,g , addition(f+g) is defined by f(x)+g(x) for each x [a,b].
Scalar multiplication defined by a f(x) for each x [a,b].

§ 2.3. subspace
A subset S of a linear space X is called linear subspace if
X,y S Xty
X & a - o X
A linear subspace is a linear space (~ L1 L8 is satisfied)
If , 1=1,...,n, is linear subspaces
- intersection n is a linear subspace

is a linear space and its subsets
S ={(x ,0,0) X } and
S ={(x ,X ,0) X X }
are linear subspaces.
But S {(1,1,1)} is not a linear subspace.
Because a (1,1,1) S {(1.1,1}}

§ 2.4. linear sum =a B :
Linear sum is defined by {a X+ Y X Y anda , }
linear space X subsets J=1,..,m

linear sum PN | a
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§ 2.5.Euclidian Distance
=X ,... ) =(y ,...,y ) Euclidian distance
dxy)="z (x vy )

( )dxy)=0 < x=y

( ) Triangle inequality d(x,y)+d(y,z) d(x,z)
C ) X,y d(xy) 0

( ) Symmetry d(x,y)=d(y,x)

8 2.6.Metric space
function -
metric space( )

«C ., ) distance

Metric space ( , )
Euclidian distance
distance

dix,y)=0ifx vy
=lifx# vy

8 2.7.Euclidian Norm
d(x,0) Euclidian Norm o
Euclidian norm
( e [ only if
( 1! [ | I | | |

( Ddla | a I
§ 2.8.

real-valued linear (vector) space
normed linear (vector) space

normed linear space  d( , )=l - metric space

Euclidian norm normed linear space

norm normed linear space
I I =max [

norm normed linear space
=

.Linear Functions

8§ 3.1. Linear Combination
linear space v e vector
S o a J=1,....m

linear combination
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§ 3.2

§ 3.3.

§ 3.4.

§ 3.5.

basis
8 3.6.

Basis
Basis

§ 3.7.

( linear space)

linearly independent
> a implies «a for all i

a a i=1,...,m 2a
v : linearly dependent

(1,3,4) (2,6,0) (0,0,2)
0.5 2

v : linear dependent ,
linear combination

b2 "a
Basis
linear space linear Independent
Basis
subset vectors  linear combination
finite(infinite) dimensional
(1,0,0,...,0),(0,1,0...,0),...,(0,...,0,1) basis
(Basis )
linear space basis
linear space basis
- linear space dimension basis
function single-valued

linear function

linear space function f -

linear function

@
)

§ 3.8.

| fC + D= )+ )
o f(a )=a f( )

L )
[a,b] [a,b]
[a,b] - J x(t)dt x(t) [a,b]
linear function . ()
[ .1

linear space linear space linear function [ ., 1
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0 linear function 0(x)=0
addition f,0 [ ., 1 addition [f+g](x)=f(x)+g(x)
[-f1(x)=-f(x) for X , f [ ., 1
[a f1(O)=a f(x)

C ) ( ) [ , 1 linear space

[ .1 fC) (onto)

linear function 1 ,1(X)
linear function f g f g f[g(@]
8§ 3.9 invertible or nonsingular
f invertible (nonsingular)
() xx' Xz X f(x)£ f(x)
i) ( ) ( ) fC )=
§ 3.10. inverse
f invertible f inverse
(i) fC )=
0
f inverse f ( )
f f =1 1(x) x
0 0(x)=0 invertible 0) inverse
§ 3.11. () 0 = =0
linear space f invertible
(if and only if iff — ):
() 0 — =0
8§ 3.12. invertible f  singular
(x , 20 ()0
§ 3.13. (linear function one-to-one )
basis n- linear function nx n
=[ 1 one-to-one
linear function
linear function addition, multiplication, 0, 1
§ 3.14.
[ 10 1T1I 1
afl 1 [o 1
[ 1L 1 I= 1
[ 1 i,J

[ 1 I# ] ]
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§ 3.15.

basis( ) linear function basis
coordinate system
inverse nonsinglular
§ 3.11. § 3.2. r  /
0 )
8 4.1. convex combination
linear space , 6 +(1-0)
convex combination 0 0O 6 1
8 4.2. convex set
linear space : 0 +(1-6)
0 0O 6 1 Convex set
§ 4.3. m
v e 0 0O 6 1 i=1l,.m ~ 6 =1
0
m convex combination
8§ 4.4.
linear space
intersection
§ 4.5. nonnegative linear combination
s e a 0 a i=1,...,m
2 a i
m nonnegative linear combination
8§ 4.6.
linear space i=1,....,m
Linear sum Z a
Cartesian product =( )
8§ 4.7. Cone
linear space (a O, , ) «a
Cone( )
§ 4.8. Convex Cone
Cone Convex cone
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convex cone convex set
convex cone
cone convex cone
convex cone

convex cone

§ 4.10.
convex cone intersection  convex cone
convex cone union  convex cone

8§ 4.11. convex cone spanned by

linear space

convex cone spanned by

( ) 2 a a ,a 0 i=1,...m

)

convex cone intersection

convex cone generated by )

8 4.12. convex polyhederal cone
( ) convex polyhederal cone
(1,0),(0,1) convex polyhederal cone
8§ 4.13. (convex subset image)
linear space o linear function
convex image of () convex
- () «a
a convex subset
( ) convex subset
_ )
, mx n
{: }
§ 4.14. Hyperplane
Hyperplane
( 1 )E )
hyperplane
§ 4.15.
convex
hyperplane
.Topology:
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§ 5.1. open ball( )

( ) metric space( , )
Euclidian distance
C ) {: . ) 1}
open ball

§ 5.2. open set

metric space( , )

( ) ( ) ¢ )
8 5.3. topological space with topology 1
T T
( 1D T T
( 2 T i=1,...,m N T
( 3 « 1T «a (index set) a « T
topological space with topology 1 ( 1)

8§ 5.4.

8 b5.5.topology

T
T topological
space
8 5.6. topological space
metric space  topological space
metric distance topological space
usual topology
Euclidian distance topological space
linear space  norm topological space
§ 5.7.
( .t ) topological space complement
T
(a1b)’(' Y ,a),(b,oo ) [a’b]
(' ©, [ , @ )
(ab]

§ 5.8.
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§ 5.9. limit point or accumulation point or

topological space T
limit point or accumulation point or
§ 5.10. derived set of Closure
derived set( )
closure D (
0 (0,1) (0,1)
8§ 5.11. sequence( : )
metric space( , )
sequence { } 1,2,3,.....
(e e 0 C"° ) oodC o, ) &
sequence convergent( )
- lim lim o
sequence{ } convergent sequence
§ 5.12.
metric space
subset
C .1 {1/}
subset
0,1,0,1,0,1,0,1,...... {0,0,0,0,...}3 O
§ 5.13. limit point  limit
1,1,11,1,...
limit point
§ 5.14.
{ } lim -
§ 5.15.
metric metric metric
1/ metricd( , )=0ifx vy
=lifx£y
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§ 5.16.
topological space( ,t ) subset

§ 5.17. interior
topological space( ,t ) subset
interior point

interior point interior
closure interior
boundary point boundary ( )
8§ 5.18.
closure boundary
8§ 5.19.
metric space( , ) open ball C ) {
«C ) (G
closed ball{ : ., ) }

open kernel (

boundary point(

closed ball open ball ( ) closure=

open ball ( ) closure interior open ball «C )

openball ( ) { : (G
open ball open ball
§ 5.20.
metric space( , ) metric space( ,
continuous
(e € ) (© )
(. ) o [ )
§ 5.21.
- «c J)- C )
[ -C > 1T1[:C) 1 (s(
C )
§ 5.22.
( ., ) (., ) metric space
)
)
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)

§ 5.23.
)

§ 5.24.

§ 5.25.

metric space( , )
> M

)
¢ )=l (0)

- C) O

Cobb-Douglas function Tl a

max min

8§ 5.26.
topological space( ,t )
a a index set
open cover

8§ 5.27.
open cover

subcover
subset

§ 5.28.
topological space( ,t )
open cover

§ 5.29.

topology/(
Bolzano-Weierstrass

compact

Sequential Compactness
compact

(@)
: compact(
0,1,0,1,0,1,0,1...

8§ 5.30. Heine-Borel

§ 5.31.
topological space( ,t )
compact
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open cover

Vi

V2

subcover

compact
subcover

) metric space( , )

(b)
8 5.30.Heine-Borel )
0,0,0,0,... 1,1,1,1,...

compact

compact




compact compact

compact compact
8§ 5.32. Weierstrass
topological space( ,1 ) -
maximum  minimum
Proof: ( ) compact ~8§ 5.31. ( ) -
§ 5.30. ( ) maximum  minimum
0,1 compact maximum  minimum
0,1 compact maximum  minimum
§ 5.33. Cauchy sequence
{ 1} Cauchy sequence
(e e 0) ( ) C o, ) ¢
§ 5.34. Cauchy
§ 5.35.
metric space( , ) complete
(Cauchy sequence { } ) o
§ 5.36.
one-to-one countable
§ 5.37. upper hemi-continuous or upper semi-continuous
( .t ) topological space set-valued
function correspondence ST
upper hemi-continuous
[ - ) - ) ( ) ( )
§ 5.38. lower hemi-continuous or lower semi-continuous
correspondence lower hemi-continuous
[ - «C ) - C )
§ 5.39. upper  lower hemi-continuous
upper hemi-continuous lower hemi-continuous
é/\ //L/”’T
5 |
* *
8§ 5.40. correspondence
correspondence upper hemi-continuous lower hemi-continuous
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continuous

§ 5.41.

topological space( 1 ) correspondence y -1
graph

i C.) y € )

8§ 5.42. closed correspondence

correspondence closed

{ .y ) C ., H)-C ., )y . ) &)
graph

§ 5.43. Berge

correspondence  upper hemi-continuous < graph

8§ 5.44. Maximum Theorem

( ,t ) topological space N
correspondence T graph correspondence

correspondence

y C )= ) o)) ) O

upper hemi-continuous graph maximum value function

() GC»
§ 5.45.

, n # - fixed point
C )
8§ 5.46. Brower fixed point theorem
convex R
fixed point
) ) ( )= C ¢
«C )

§ 5.47.

Complete metric space( , ) N
contraction

(G ) (e ) CCH )N e )
8§ 5.48. Complete metric space unique fixed point
8§ 5.49. correspondence -T  fixed point « )
8§ 5.50. Kakutani's fixed point theorem
convex topological space( 1) correspondencey
ST closed ( )y () convex fixed point
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differentiation

§ 6.1

§ 6.2.
o,p

right-hand derivative
f (a)
left-hand derivative

F(B) -

1

'C )
8 6.3.
n_
n_
differential
norm
8 6.4.
8 6.5.
derivative
8 6.6.

= =(02/09/16-Version)

(

right-hand derivative f' (

interior point X
differentiable

+) C )

derivative

a
(a+ ) (a)
®+ ) G)
FC )y .0 )

)& left-hand derivative f* ()

B

interior point
differentiable

+ ) C )
norm
derivative
( ,

right-hand derivative

differentiable function

norm

interior point
differentiable

left-hand
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«c +)y ) a )

partial derivative

(I 1) Landau's o-symbol
. a oy o
8 6.7.
N interior point
S ¢ + )  C )
partial derivative
o ( )lo o /o
§ 6.8.
C ) 'C ) ( .
)
8 6.9.
§ 6.10.
'C )
differentiable
8§ 6.9.
§ 6.11.
gradient vector
8§ 6.12.
0 /o the first-order partial derivative
o ( )lo
the second-order partial derivative
( )/o 0
the third-order
8§ 6.13.
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(

)10

continuously
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domain a function of

class
8 6.8. —
twice continuously differentiable
§ 6.14. Young
0 ( )lo 0 0 ( )lo 0
8 6.15.
N interior point
differentiable
mx n =[ =1,...,n, =1,...m
( +) « ) ( ) 6.
) ) 6.
8 6.16.
C)Y C CH)ew CIM
) -
8 6.17.
0 ( )lo 0 ( )lo
0 ( )/o 0 ( )/o
Jacobian matrix
8 6.18.
convex set AN concave
function
( . & 6 0O © 1)

e +@96) 16 C)H)C 06) ()
strictly concave function
C ., &6 0O 6 1)

6 +@-6) 16 ()H+C ©8) ()

§ 6.19.
concave convex
strictly concave function
concave function

§ 6.20. gradient vector

concave — ( | ) ) )
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strictly concave < ( ) ) ¢ )
gradient vector

convex
§ 6.21.
( ,a) =1,..., N
a ) ( a )=0 i=1,...,n a
0 /0 nonsingular
(a )
[a «a ()] [ i=1,...,n] ( (a),a)=0
(a ) « open ball (a )
local g(C, )=0 ¢ ( ) gloabal
§ 6.22. Taylor expansion
o k
) C O+ ') +@2 "C ) +
+(U/(k-1)DH ( ) + )
8§ 6.23.
Taylor expansion 0
) O+ '(0) +@/2) "(0) +.+@/(k-DH (0) + (I
12 a no)
0.1 1.10517 1.105
8§ 6.24.
- ) local maximum(minimum)
‘(¢ )=0 Taylor
c> ) @z " ) a - mo)
") 0 ") 0
(minimum " ) O "( ) O )
condition
: maximum problem
§ 7.1.
maximum  minimum extremum( )
§ 7.2 local maximum
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local

)

§ 7.6.

the second order
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maximum

openball ( ) c(C )n «C ) )
openball ( ) «(C )n « ) ( )
unique local maximum
open ball metric space open set
topological space
8§ 7.3. global maximum
5 global
maximum
( ) C ) ()
unique global maximum
§ 7.4. global maximum
- concave function local
maximum global maximum
8 7.5. maximum convexity
- concave global
maximum convex set
global minimum
8§ 7.6.
- local maximum
'C )
( )= ‘() 2 =0
concave 12
§ 7.7.
'« ) local maximum( local minimum) the
first-order condition
= x=0 '=0 extremum
§ 7.8.
- concave
=0 = global maximum
gradient vector
strictly concave function
=0 — unigue global maximum
¢ . )= . 2 =0
«C . ) 2 =0 concave «C ., ) (CI2
,0)
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.Quadratic Forms Hessian Second-order condition

8 8.1.
= X
minor
8 8.2.
cofactor
= (D)
§ 8.3. Laplace
+ +..+
+ +..+
§ 8.4. nonsinglular — z 0
8 8.5.
Matrix
8§ 8.6.
/
:1’ _-1’ :0’ =2 =
1/2 O
-1/2 212
8 8.7. Cramer's rule
X
nonsinglular
/
b
b
.
.
8§ 8.8.

= =(02/09/16-Version)

Adjoint

- 20 -



(
(real) quadratic form
() (., )=z = =
X
( )= + + +
( )= + +
§ 8.09.
( ) linear space quadratic form
% ( ) negative definite(
% ( ) positive definite(
( ) negative semidefinite(
( ) positive semidefinite(
¢ )

positive definite

8 8.10.
nx n
] H L ’l'<"><
(i,j,....K)
)
det
8 8.11.
8 8.12.
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determinant

successive principal minors

1,2,3,,.n

(

principal minor

(
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( ) real quadratic form

( ) positive definite 0 1,2,...n
( ) negative definite — (-1) 0 1,2,..n
( ) positive semidefinite 0 1,2,..n
( ) negative semidefinite ~— -1 0 1,2,..n
positive semidefinite () positive definite — nonsingular
negative semidefinite () negative definite — nonsingular
§ 8.13.
n- nx n
( +) « ) +(1/2) a no) 8.
- (I I ) Landau's o-symbol
. e a oy o
n- the first derivative
the second derivative
the first differential 0
the second differential 0
8.
§ 8.14.
0 (¢ )lo 0 O )
0 (¢ )lo 0 ( )/o 0
0 (¢ )lo 0 0 ( )/o 0
0 (¢ )lo 0 0 (¢ Do
Hessian matrix
§ 8.15.
0 (¢ )lo 0 0 (¢ )lo 0
Hessian matrix
§ 8.16.
convex R
"( ) Hessian matrix
"( ) negative semidefinite — concave
"( ) negative definite strictly concave
"( ) positive semidefinite — convex
"( ) positive definite strictly convex
8§ 8.17.
) -C -1
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strictly concave

" 0

principal minors

S

concave
trictly concave
convex

strictly convex

§ 8.18.
convex
"( ) Hessian matrix
" successive principal minors
-0 0 12,.n <
-1 0 1,2,..n
0 1,2,..n —
0 1,2,..n
§ 8.19. negative definite

Hessian matrix

The second-order necessary condition

local maximum

(

) 0

The second-order sufficientcondition
negative definite

' ) 0 "C )

-~ "¢ )

"( ) negative semidefinite

(openball :( ) &6 8 >0) ( cC )
« ) () ol - I
.concave programming
8 9.1. 8 6.18.
convex set - concave function
. &9 0O 6 1)
e +@6) 16 (C)HX>C ©6) ()
strictly concave function
( , & 06 0O 6 1
[ +@6) 16 (C)H>C 6) ()
8 9.2.
convex set N concave function
= a () a convex set
concave function 2dai a concave function
concave function interior
concave
( ,a) a () a convex
8 9.3.
= a () a upper contour set
§ 9.2. — upper contour set  convex concave function
- i 1,2,...m concave function
= ( ) 0 j=1,2,..m convex set
convex set
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( ) convex set
i=1,...,m concave function

( ) () 0 i1

( ) I | (D 0

Slater condition

Q A (AL, A) Q
) Q -
oC A)= C) A ()
( ) ( AQ) C A ) D(
«C A) Q ®C A)
8 9.5. Kuhn-Tucker-Uzawa
( ) ( ) ( )
A 0 i=1,...m (
§ 9.6.
Slater
max ( )=
sub.to ( )= 0
( )
() O ® () A
8 9.7. Kuhn-Tucker-Uzawa
. — — i=1,...,
( ) ¢ A) Q ( A
OC A ) ®(C A ) P(
( ) () O
A ( ) 0 ZA 0
convex set
8 9.8. Kuhn-Tucker-Uzawa
8 95 8 97
convex set N
concave function

( ) (Y 0 i=1,...m
( ) () 0 i=1,...m
( ) (0 ( A Q)

C A ) @C A ) o

= =(02/09/16-Version)

..... m ( )

Lagrangian

A D) @C A)

A)

saddle point
)
0 (0. )
)
Q)
)
‘A 0

concave function

A)
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§ 10.1. First-order condition

1]
~
o/

1]
~
o/

A =0
()=eC A )= () r» ()

o ( )lo 0 i=1,.,n
8 10.2. —
I=1,...,m - =
( )
( ) ( )
( ) ( ) ( )
8 10.3. —
convex i=1,...,.m concave
. . ( ) Slater ( )

8

. Arrow-Hurwicz-Uzawa

§ 11.1.
( ) ( ) () () O
local maximum
open ball ( ) ( )n
the constraint set={ : ( ) 0,=1,..,m} ( ) ()
§ 11.2. |Arrow—Hurwicz—Uzawa| (Local )
convex
( ) ( )
( )
( ) i=l,..)m convex function
( ) i=l,...m
( ) i=1,...m concave function
( )=0

(Y 0

= =(02/09/16-Version)

- 25 -



(D) 0

( )
the constraint set ={ ( ) 0,=1,..,m}) convex interior point
( )=0
‘(. )£ 0 (0 /0 yeery0 /o )£ 0
Rank condition '« ) rank
nx k rank linearly
independent
linearly independent : L\
§ 11.3.
concavity: concavity  convexity
A =0 interior point
( )=V 1-
sub. to -1 O
( ) domain -11 = {1}
= ')
§ 11.4. — — —
( ) ( ) i=1,..m concave function Slater
( ),i=l,...m
§ 11.5.
max ( ) subject to ( ) 0 i=1,...m 0
( +) () o 0
)
( ) ( A) Q Q
A 0 ( A ) 0 A ( )=0 ( ) O
o= A B
A B =0 A =0 B =0 A 0 B 0
AoC) - ® ® = () Ar ()
( ®) o 0O & =0 A ( )0 ( ) O
§ 11.7.
( ) 0O A O § 17.2.

concave A 0 ® concave 0]
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negative semidefinite

§ 11.8.
linear programming
max max _—
subject to —
O .....
X
0 X/0 q q
min min w; 0 %/0 @
subject to
0
§ 11.9.
max < min
max min
( )=0 ( )=0
§ 11.10.
min
oC , )= ( )
w( , )= ( )
8§ 11.2. ,

( ) ( ) 11.

. Quasi-concave programming

§ 12.1.
convex set
D guasi-concave
¢, 0 t 1 )Y 9 ¢ +@n H 9
strictly quasi-concave
¢, 0 t 1 ) C9) ¢ +@n 9y 9
guasi-convex
¢, 0 t 1 ) C9) o +@n 9y )
strictly quasi-convex
¢, 0 t 1 )Y 9 ¢ +@n H 9

explicitly quasi-concave
guasi-concave

¢, . 0 t 1 )y 9 ¢ +@n 5 9

explicitly quasi-concave explicitly quasi-convex
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§ 12.2.
quasi-concave

explicitly quasi-concave

guasi-concave
( )=0 =0
explicitly quasi-concave

z 0

§ 12.3.
quasi-concave <
concave function
concave function
strictly concave function

guasi-concave function

7

¢ )=1

guasi-concave

() a,a
guasi-concave function
explicitly quasi-concave function

strictly quasi-concave function
strictly quasi-concave

convex

quasi-concave

guasi-concave function (8 16.2. ) concave function
guasi-concave = () 0 j=1,2,..m convex
quasi-concave guasi-concave (8 9.2. concave
concave )
guasi-concave concave function
© P a 0B 0 a+p 0 0

§ 12.4.
strictly concave
l l
strictly quasi-concave

§ 12.5.
strictly quasi-concave

guasi-concave

explicitly quasi-concave

concave

quasi-concave

explicitly quasi-concave

8§ 12.6. relevant variable
= : Q () O j=1,..m 0
relevant variable ( )
§ 12.7. rrow-Enthoven| (Global )
Q - Q - j=1,...,m guasi-concave function
( ) ( )
0 ¢ )
X
0
twice differentiable z 0
concave function
§ 12.8.
convex set j=1,...,m  quasi-concave convex

= =(02/09/16-Version)

§ 12.7. z 0
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§ 12.9.
Q - j=1,...,m quasi-concave

Slater condition( )
¢ )# ( ) concave
( ) ( )
§ 12.10. global maximum
local maximum & explicitly quasi-concave global maximum
local maximum & strictly quasi-concave global maximum
§ 12.4.
local maximum & concave global maximum
local maximum & strictly concave global maximum
concave  convex minimum
8§ 12.11. bordered Hessian determinant

—

bordered Hessian matrix

= /0 = /0 0 i,j=1,...,n
successive principal minor
bordered Hessian determinant

§ 12.12.

guasi-concave ( ) 0, 0,...,( ) 0
( ) 0, 0, 0....( ) 0
strictly quasi-concave
— strictly quasi-concave nonsingularity

= =(02/09/16-Version) 29



8 12.13.
Q

§ 13.1.

Maxim

)
Subject to: (
(

— .Q g jzll"'lm
concave ( +)

( )

. The second-order conditions

ize: (

8§ 13.2. rank condition
( ) ()
( )%
= 0 /o 0 /0
rank
§ 13.3. Lagrangian
Lagrangian
() CH>rx» CHwuw ()
A Q [V

( ) C A b)) Q

= C ) A ¢ ) ( ) o

A ( )=0 () O A 0 (
( ) ) () O
=1,..., X local maximum
§ 13.4. the second-order necessary condition
( ) ( ) (
‘¢ ) =0 '(
Lagrangian Hessian matrix
¢y C )y C) Lda
8§ 13.5. the second-order sufficient condition
( )

= =(02/09/16-Version)

)=0

I=1,..

)

"(

=0 k=1,...,

)

(

)

0
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open ball ( )&6 8 0 ( cC )

«C ) () ol Il 0
8§ 13.6.
concave function A u
nonnegative linear combination concave
negative semidefinite
M
concave convex 8§ 12.7.Arrow-Enthoven
8§ 13.7.
X = X = (
) ™
_/
(m+r)x (m+r)
= det
m+1,m+2,...,n
mx r ' X (transpose= )
8§ 13.8.
X e nonsingular
z 0 =0 : 0 < (1) 0, =m+l,m+2,...,
z 0 =0 : 0 < (1) 0, =m+l1,m+2,...,
§ 13.4. § 13.5. ‘C ) =0 ‘() =0 k=1,..
the second-order condition
8§ 13.9.
Maximize: ( )
Subject to:

0 0

= =(02/09/16-Version)
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= () v ( )

() 0 /0 0
local maximum ‘( )=0
0
0 sgn(-1)
0
sgn(-1)
§ 14.1.
( ) Minimize
Subject to: () 0
§ 14.2
=d /0 § 11.2.
A ( ) O +A « ) =
A «C ) = () 0 0 A 0 14
.
§ 14.3.
concave
Slater "0 ()
concave 14. 8§ 11.2. (Slater ) maximum
concave (
concave )
guasi-concave
guasi-concave ={ : 0 () } convex
( concave) 14. global maximum
guasi-concave
quasi-concave( convex ) i ( ) 0O
- )
14. global maximum
[ A « ) 14.
=0 corner
interior
0 interior
A «C )
.

= =(02/09/16-Version)
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8§ 14.4.
0 interior

¢ ijFEL.an) C ) ¢ )

§ 14.5.
( ) Maximize : ()
Subject to: 0
=d /0

8 14.6. global maximum

( ) 14.

maximum guasi-concave
( ) quasi-concave i ( ) 0O )
§ 12.7. Arrow-Enthoven ( ) 14. global
maximum 14. global maximum

( ) strictly quasi-concave 8§ 12.10. global maximum

( ) strictly quasi-concave i ( ) O 14.
global maximum

§ 14.7.

8 14.8.
0 interior

, L,=1,...,0 ( ) «C )

§ 15.1.
( ,a) ( ) j=1,..m -
a
Maximize: ( ,0)
Subject to: ( ) 0 j=1,..m 0

eC Aa)= (C o) A ()
0 A 0
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o = ( ,a) A ( ,a)=0 15.
®,= ( ,0)=0 15.
n+m A
(a) A A (a) 15.
§ 15.2.
maximum value function (a)= [ (a)al]
15.

W@)=d[ (a)A (a),a]
= [ (@)a]l A(@) [ (a),a]

§ 145. ( )
C ) C.)AC.) a=( , )
()= C C. )) -
d(C Aa)s () A ( ) 15.
W)= [ C., D1 A~ ., )I ¢ . )]
8§ 15.3. Envelope
0 A 0 (0] y
0 (a)loa 0 ¥Y()oa 0 ®/0 a
a a
a A
Yo O « Py Aoa Pa D a Aa Do
O 15. 15.
A a a 15.
A a a 15. a /'
P
« )
0 (a)loa 0 W(a)lo a 0 ®/0 a
' Ao( ) A ( ) A
A
§ 15.4.
C )
0 ( () 0 maximum

value function indirect utility function

.= 10¢dC.)

§ 15.5.
= () A( )
Envelope r D

a 0 A(C , ) 15.

= =(02/09/16-Version)



0o /o A 0 15.
( 15 15. ) A Roy's Identity
0 /o = 0o /o
(@ /o ) (@ /0 )
8§ 15.6. Shadow price
Maximize: )
Subject to: () a j=1,..m
(a) A () Envelope
0 (a)loa A () j=1,...m
A a maximum value function
shadow price
§ 15.7.
8§ 14.1. ( ) 0
() O C.D)>r AC.) (
) maximum value function
¢ . )= .
eC A, )= AL C D) ]
§ 15.8. Shephard-Mckenzie lemma
Envelope
0o /o AC, ) O
0o /o (., ) O 15.
shadow price A
Shephard lemma Shephard-Mckenzie lemma
§ 16.1.Young's Theorem
0 /0 0 0 /0 0
§ 16.2.
(A ) A A )y r ()

§ 16.3.
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=9 ( )0

Euler's Theorem 2 ( )
> =0 > =
8§ 16.4. Samuelson's reciprocity relations
15.
0 /o 0 0 /0 0
0 /o 0 0 /0 0 16.
Samuelson's reciprocity relations
0 /0 0 /o
0 /0 0A/0 16.
§ 16.5. substitution matrix
X = [0 /0 1 = [0 /o 0 1
0 /0 0 /0 0 /o
0 /0 0 /0 0 Ij
16. ()
§ 16.6.
16.
C.) 0
2 (0 /0 ) =0 () =0 (
=0 > (0 /0 )=0
., )= C.)
concave ( [1984],2nd,p.141) negative
semidefinite 0 /o 0 0
[ z 0 a £ d ( ) 0
rank n-1, , i o, , -1 negative definite(
Samuelson  regularity condition )
8 16.7. Shepherd-Samuelson
() Az A - =\
A / 0 /o A« Shephard-Mckenzie lemma
oA/ =0 ( IQ)o =@ /o - [ ) =0 /
§ 16.8.
( ) Maximize: T=
Subject to: ( ) 0 0
L1
8§ 16.9. Hotelling's Lemma
C ) c.>D>) C.)

n( , )= C ) C )
maximum value function
ACC)H) )

d=T1
Yv=C (., ) C. D rxCCC.)» .,

= =(02/09/16-Version)
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Envelope
0 m/o
0 m/o

§ 16.10.
n( ., )
0 /o 0 /o
0 /0 0 /0
Hotelling's symmetry relations

Hotelling's symmetry relations

§ 16.11.
¢ )

Minimize:
Subject to: ( ) 0

§ 16.12. Expenditure function

maximum value function

. )= C.)

§ 16.13.
Envelope
0o /o AC, ) O
0 /o (., ) O
Shephard (-McKenzie) lemma

§ 16.14.
16.
/0 0

/o

§ 16.5.

§ 16.15. matrix of net substitution term
X = [0 /0 1
0 /0 0

/0

/0

= =(02/09/16-Version)

)

net substitution term

16.

( 16. )

compensated demand function

16.

Slutsky coefficient
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C ) 0
() =0 ( )=0
(., )= C )
concave negative semidefinite 0
0 (8 16.6. )
8§ 16.17. Hicks-Slutsky equation
« ) 0 () O
« . ) = [ ( )
( ) « . ) « . )
[ ( )] ( )
0 /o
0 /0 0 /o 0 /0 . =1,...,

Maximize: ( ,a)
Subjectto: ( ,a)=0 j=1,...m

§ 17.2.
(¢ Aa)= ( a) A (C 0)
C.a) L C) ) ¢ )l

® gradient ®

( ) local maximum
( ) A ® ( A ,0)=0 ( ,a)=0
§ 17.3.

® ( A ,a) or =d ©( A ,a)lo 0

m x 1

( A a) or =0 ( A ,a)lo
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§ 17.4.

8 17.5. 8 13.8.
( )
( ) (D
m+1,m+2,...
r ™
o /
8 17.6.

I[
- J

+
(a ) A A (a )
® ( (a)A(a)a) O
®,= ( (a),a) O 17.
(a )
8 17.7.
17. a A

comparative statics
local

§ 17.8.
17. a (a *) a o (a )

(o )l oae ) B )

a
D D) [ (a),a]

=(02/09/16-Version) 39



OB

nonsingular

0 /0 a
0 A /0 a

§ 17.9.
§ 17.6.

sign(

§ 17.10.
Maximize: (
Subject to:
17.

det
17.

= =(02/09/16-Version)

)% sign(

)

Aa

17.

(a )

§ 17.5.
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§ 1.1

Consumption set 7
Q
§ 1.2
C . )={ } . )z
Q = Q ( ,t ) topological space
«C ., ) set-valued function (
correspondence) : ot
correspondence
§ 1.3.
Binary relation
§ 14.
( ,t ) topological space
Q = Q
correspondence -1
C . )={ . D) I C.) 1} 1.
§ 15.
Axiom 1  reflexivity
Axiom 2  transitivity v
Axiom 3 completeness : or

complete(total) quasi(pre)-ordering(
preference ordering ) Axiom (partial)
guasi-ordering = quasi-(pre-)

8§ 1.6.
strictly preferred

§ 1.7.
indifferent
§ 1.8.
Axiom 4  continuity
upper contour set { : } lower contour set {
} closed ( )

§ 1.9. N

= =(02/09/16-Version) 41



1 1} &{ } & - X*

& - & X*
§ 1.10.
upper contour lower contour
intersection indifferentclass ( ) { }
8§ 1.11.
( - ) ) () ()=
§ 1.12.
( 1) countable ( )
topological space Axiom1
§ 1.13. monotonicity
% monotonic
8§ 1.14. satiation point
satiation point
8§ 1.15. Non-satiation
locally not satiated
s( ) € € 0O ¢ 9 ()
€ divisible
Non-satiation
§ 1.16.
locally not satiated ( )
§ 1.17. ( )
( , )= min :
§ 1.18.
( ) locally not satiated C ., )
locally satiated «C , )
§ 1.19.
convex
convex
g8 1.20.

= =(02/09/16-Version)
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convex — quasi-concave

§ 1.21.
strictly convex
[ : ., 0 0 6 1] 6 +(1-6)
§ 1.22.
strictly convex strictly quasi-concave
8§ 1.23. cheaper point or interior point
cheaper point assumption
( 0) cheaper point (
)
correspondence
§ 2.1.
single-valued function  set-valued function set-valued
function correspondence
8 2.2 upper semi-continuous(8 2.6. 8§ 5.37 )
( ,t ) topological space correspondence T
upper
hemi-continuous
[ - ) - ) ( ) ( )
§ 23.
topological space( ,t ) correspondence T
graph
¢ ) ()= C.) : : ¢ )
§ 24.
correspondence () graph — () upper hemi-continuous
8§ 2.5. lower hemi-continuous or lower semi-continuous
( ,t ) topological space correspondence T
correspondence lower hemi-continuous
[ - ) - C )
8§ 2.6.
correspondence  upper hemi-continuous lower hemi-continuous
continuous
§ 2.7.
correspondence ( , )={ } 8§ 1.2.
correspondence -1
§ 1.23. convex

= =(02/09/16-Version)
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C ., ) ( ) lower hemi-continuous

§ 2.8.
correspondence graph closed upper hemi-continuous
continuous
§ 2.09.
( ,t ) topological space -
correspondence T
C . )=A{ C . I c. ) ) OHI} 2.
1.
Axiom (8 1.12. )
§ 2.10.
correspondence ( , ) lower hemi-continuous (8 1.8.)
«C , ) ( ) upper hemi-continuous
§ 2.11.
convex(8 1.20. ) correspondence  ( , ) graph
convex
§ 2.12.
strictly convex ( , ) compact
correspondence ( , ) single-valued
§ 2.13. § 2.12. § 1.22.
strictly quasi-concave «C , )
correspondence ( , ) single-valued
§ 3.1
C )
C ) e : ) )
0o /o 0
( )strictly quasi-concave i.e.
C . ) ) (@©=# 6 (O1)
® +@-86) ) ()
§ 2.13. correspondence  single-valued function
8§ 3.2. ( Handbook of Mathematical Economics, p.404)
( ) strictly quasi-concave ( : =0) 0

= =(02/09/16-Version)



concave quasi-concave concave 0
§ 3.3
strictly quasi-concave strongly quasi-concave
( =0 £ ) 0
§ 3.4.
( )x ( )
= 3.
§ 35. (8 12.11 )
successive principal minor
the k-th bordered Hessian determinant
§ 3.6. (8 12.12 )
guasi-concave ( ) 0, 0,...,( ) 0
( ) 0, 0, 0. ) 0
strictly quasi-concave
— strictly quasi-concave nonsingularity
§ 3.7.
strongly quasi-concave
<~ ( 3. ) nonsingular
§ 3.8.
locally
(@ /o ) (@ /o ) =0
/ (@ /o )I(@ /o )
§ 3.9.
/ 0 /o (0 /o ) /
/ 0 3.
§ 3.10.
3. [ 1 =0C # i)
-0 )0
= =0

strongly quasi-concave

=(02/09/16-Version)
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§ 3.11.
Arrow-Enthoven
strongly quasi-concave

strictly quasi-concave
nonsingular

§ 3.12.

— ( , ) nonsingular

[ J 3.

§ 3.13.
3. nonsinglular < 3. nonsingular

§ 3.14.
strictly quasi-concave
§ 3.11. § 3.13. § 3.12.

1 — strongly quasi-concave
— 3. nonsingular
§ 3.15. ( )

( , )=E min :
§ 3.16. (8 16.16 )

C . ) locally non-saturated
interior point =0 /0 =

0o /o 2 0 /0
o (., )
0 /0 0 lo 0 lo
negative semidefinite 0 /0 0
> 0 /0

substitution matrix or matrix of net substitution term
8§ 3.16. Shephard lemma
§ 3.16. Hicks-Slutsky

= =(02/09/16-Version)

§ 3.7.

convex
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8§ 4.1.
, =technically possible production

process
0 i=1,..,n output
0 i=n+l1,...n+m input
8§ 4.2.
output = for i=1,...,n
input = for i=n+1,...,n+m
C.)
C.)
8§ 43.
convex
0 productiveness
0 or
nQ
«C ., ) ' «C ., ) Free disposal
«C , ) ' « ) Free disposal
«C . ) e (  is bounded from above)
convexity implicitly
8 4.4. Efficient Point
y Efficient point
§ 45.
Efficient point ( ) transformation function
( )
.
( )
(¢ ., )= max ( )
(0]
8§ 4.6.
: : transformation function
( H H ] )

= =(02/09/16-Version)
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§ 4.7.
8 4.3. v
C J)x= C .) «C ) 4.

concave function

input
8§ 4.8.

set-valued function 4, correspondence upper

hemi-continuous 8§ 2.4. continuous from above

upper hemi-continuous  correspondence

§ 4.9. -
0, A e
efficient point
§ 4.10.
convex
efficient point
0, A e
efficient point
§ 5.1
( ) )
-Q ( )
strictly strictly quasi-concave
§ 5.2 ( )
( ) Minimize:
Subject to: ( ) 0
§ 53. ( )
=0 /o
A ( ) O
+A C ) =0
A C ) =0
C ) 0 0 A 0 5.

= =(02/09/16-Version)
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0 interior

A «C )
A I C ) I C ) 5
C. ) Ar AC.,)
8§ 5.4.
¢ . )= (. z .
8 5.5. homothetic
homothetic
§ 5.6.
¢ ) ¢(C)
(J)=eC C )
homothetic
linear homogeneous
8§ 5.7. ( Takayama, Analytical Methods in Economics
¢ )
separable
0 o C. ) C)He(C)
A o0 /o AC o, ) ( )o'(C ) Shephardlemma
'Ce(C )
§ 5.8.
Shephard lemma 0 /o
)
separable
0 0 C . (e )
( )=0 /o
§ 509.
)
— 0 expansion path
§ 5.10. ( )
homothetic
§ 5.11. A)

= =(02/09/16-Version)

)
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§ 5.13.

C. Do 1C 71 ) )

eC C ) ()

a@, )= A A C )]

A

§ 5.14.

§ 5.15.
e ( )=1[o

scale coefficient scale factor

€y

increasing returns to scale

decreasing returns to scale(

constant returns to scale(

)=1
C .o 1C 7T )
/
/
R ¢ convex combination

) —
) —
) -—
. )
) -—
) -—
) —

=(02/09/16-Version)

A (D)

)
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) ¥
M, D=0 (A )P ATAT (A )

A
8 5.21.
A0 pQ(r, ) -
A0 p(r, ) -
A0 pQ(r, ) -
8 5.22.
— ~( — )
— ~( — )
expansion path
8 5.23
local measure
a v a (A, )
€ - e ()
B - BC)
M -, )
= ()
8 5.24

8§ 5.25.
A A > >xr ()
A
A ¢ )
u
u N W A o D T B ¢ V/: )
M A - A /A A A - A
§6.1.. o
«C )
o= L C 7 D 7 )1 [ C 7 )HK

oC 7 HIC 1 )] oC 7 HIC T )

= =(02/09/16-Version)
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log( / ) log( / ) / 1% / 1%

c oC / HIC I HY oC [/ HC I )

5.
o [oC /7 HXC I/ > [C 7 HC I )] 6.
=d /o i=1,2
§ 6.2.
Cobb-Douglas « P
a |/ B/

oC / o C /)y [ 7B /)51 C17)
(a /B D C /1 ) alp
6.

o)
c [oC 7 Do C [/ HIC 7 HYC I )l

§ 6.3.

o - ( )L ( 2 )]

8 6.4. isoquant
)

)

1]
~~
~~

§ 6.5.

§ 6.3. 8§ 6.5.

§ 7.1.
Leontief

min( : )
0O o

= =(02/09/16-Version)
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8§ 7.2
Cobb-Douglas

o M oa P
8§ 7.3.
CES
y [0 *@-2) ¢ ’
0O & 1 p -1 o 1U+p)
§ 74.
CES
oy *C /1 ) °
@€-2)y *C /7 ) °
CES
© C 9))X ) ¢
8§ 7.5.
CES
o Cobb-Douglas
o Leontief
8§ 7.6.
Translog function
log ( , ) + log +(1/2)Z Z log log
+2 log log +[ log +(1/2) (log ) ]
C.)
> > 0 >
translog function log Taylor
: introduction to
§ 8.1.
0
) -
( ., )= min ) 8.
§ 8.2.
= range =
)
[o0]

least upper bound

§ 8.3.

= =(02/09/16-Version)



(8. )(§ 4. )
) ¢ )

n
o

&
lim C ) C )
8§ 8.4.
@ )
@ )
C.)
o C ) .
linear homogeneous
« ) C )
«C , ) concave function
C.)
c. > C. )
( , ) continuous from below in q, i.e.
( ) &
«c. > C. )
§ 8.5.
3. )
8. ) guasi-concave
8 8.6. Samuelson § 15.8 15.7 (Envelope Theorem
8. ) 8.
0
( . )= min ¢ )
« .
o ( , )l
§ 8.7. Shephard
3. ) (
a (C ., Do ( )
«C . )
( )= max ( , ) forevery 0

§ 8.8.

= =(02/09/16-Version)



Samuelson

§ 8.9.

§ 9.1

© )
Q -

guasi-concave

)

=(02/09/16-Version)

range =
least upper bound

concave

( , ) for every

f

Shephard

isoquant
isoquant
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§ 9.5.
©. )

statistic for production function
§ 9.6.
©. )
( , )= min ¢ )
8 9.7. Shephard lemma
©. ) (
min ()
0 ( )/o (
§ 101, ( )
( , )= min ¢ )
§ 10.2.
= range =
¢ )
least upper bound 00
= 0
§ 10.3.
(10. )
( )= o ()
10.
§ 10.4.
(10. )
(10. )
.
0 (
«C . ) (

= =(02/09/16-Version)

10.

sufficient

) -

- 56 -



C ., ) concave function

.
. ) (
( , ) continuous from below in | i.e.
( ) &
«c. > C,
§ 10.5. Shephard
(10. )
o (C ., Do ( )
«C )
( )= max ( , ) forevery
§ 111
(11. )
Q - Q
quasi-concave
8§ 11.2.
10.
11. )
( ' ) -
. )
.
(., ) o
.
C . ) concave
C.)
C.)
( )= max ( , ) for every
8§ 11.3.
) )
11. )
8§ 11.4.
(11. )
sufficient statistic for utility function
8§ 11.5.
(1. ) 1. )
( . )= max ¢ )

= =(02/09/16-Version)
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o

(11. ) ( )
max ()
0 ( )/o ( )
( )
§ 121
(11. )
max ( ) subjectto
0 0 normalize
( )= max ( ) 0
8 12.2.
(12. ) (11. )
Q - Q
guasi-concave
= 0
8 12.3.
(12. )
(12. )
¢ )
¢ )
( ) guasi-convex
)
0
( )= min ¢ )
Q=
8§ 12.4. Wold Identity
(12. )
max C ) 0
inverse demand function
= / o ( )Ho >

=(02/09/16-Version)

(

12.

/

12.
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§ 12.5.
(12. )
( )= min ¢ ):
Q= 0
( )= max ( )
¢ ) ¢ )
8§ 12.6. Roy identity
(12. )
max ( )
=d ( )lo >
§ 12.7. = (
0 /o 0 /o 0
0 /o {0 /o
12.
= 0 /o 0 /o

( Roy's identity)

§ 13.1.

(13. )
8 13.2.
8 8.4. (8
( ] ) H
Shephar
0 ( )/o (
C .)
8 13.3. substitution matrix
x =[P (
0 ( )/
o (. o
8 13.4.
13. Young

= =(02/09/16-Version)

)10

)19

Roy's identity

/o

12.

(

)

13.

§ 8.7.
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§ 13.5.
§ 8.4. 8. ) C.)
«C ,) negative semidefinite(
= 0 /o
0 /0 0 =1,...,n
§ 13.6.
3. )
( ) ( )
=d /0 (
2 0 «C , ) 0 =1,...,
8§ 16.6
§ 13.7.
( » )= min ¢ )
min C /)  /
min C /)  /
min ( )
= ., )= )
§ 13.8.
. ¢ )
13.
a () C.)
0 ( )/o o ( )Hlo
@ C., D)o HC /I ) o ( )io
( 13. )
§ 141
(10. )
(14. )
( )=
§ 14.2.
= range =
( ) least upper bound

Samuelson's reciprocity relations

= =(02/09/16-Version)

(

§ 16.4)

concave function

§ 8.16
0
(
)
/
0

)

(

13.

)
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§ 14.3.
(10. ) .
8§ 14.4.
= max «C ) for every
§ 14.5.
(14. )
( 1 ) H
o ( , ) 0
(10. ) o ( , )l 0
«C . ) 14.
§ 14.6.
(10. ) C . 14.
« 7, ) 14.
8§ 14.7.
14. /
7))
«C 7 )
( )
§ 14.8. «C )
Constant real income demand function or Hicksian demand function
min ()
§ 3.15.
8§ 14.9.
§ 10.5.
o ( , ) « ., ) i=1,...,n 14.
8§ 14.10. market demand function « ., )
14. « 7 ) market demand function or Marshallian
«c o D C )
«C 7 )
( ) )E ( ) ( / )) :1,...,

( Roy's identity )

= =(02/09/16-Version)
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C .«
8 14.12.
14.
o (C
8 14.13.
14.
«
=0 (
14.
«
14.
0 /0
8 14.14.
14.
(10. )
C )

) 0 (
Yo o a
(
Yo @
, )Io
Yo @
14,
14.
o 10
(

Hicks-Slutsky equation
0 /0

(G

y ) concave function

negative semidefinite

=(02/09/16-Version)

0

)

14.

14.
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§ 15.1.
= - i=1,....m
= - jzl,...,k
=2
=2
= ( )
= (
( )
( )
= aggregate consumption set = %
= aggregate production set = X
preference order  ( § 15
)
= (selfish or individualistic)
= 2
§ 15.2. Feasibiltiy
{ 1} Feasible
[ { 1} 1
free disposal
8§ 15.3. Pareto optimality
{ 1}
{ i=1,....m}
§ 15.4. Competitive equilibrium
{ 4 M 3}
)
J=1,...,m , =1,...k
( i=1,...,m)
( =1,...,k)

free disposal

( ) O 0

= =(02/09/16-Version)



§ 15.5.

§ 15.7.

§ 15.8.

§ 15.9.

§ 15.10.

§ 15.11.

§ 15.12.

1

Chosen point

Local nonsatiation point

Non-satiation

0

€

Chosen point

( 1.16 )
locally not satiated

61 [ * «C)In 1]

divisible

Locally nonsatiating preference ordering

H

H

Locally nonsatiating preference ordering

]

s

Competitive equilibrium of Private Ownership Economy

118

=(02/09/16-Version)

A

1}

H

e 3
=1,...,k
i=1,...,m)
0O 6 1 > 0



/m
6 = 1/m
8§ 15.10.
8§ 15.13. convex preference ordering( 1.19 )
convex
convex
[ :0< <1] t (1-9
[ :0< <1] t (1-9
convex
divisibility
8§ 15.14.
No-worse-than- set ( )={ : }
Preferred-to- set ( )={ , }
convex set
8§ 15.15. cheaper point or interior point( 8§ 1.23 )
cheaper point assumption
cheaper point
minimum wealth condition
§ 15.16. ( ) ( § 1.8 )
[ J=1,....m] lower contour set { '}
( )
§ 15.17. nonsatiation
nonsatiation
§ 15.18.
i=1,...,m convex
convex
cheaper point
( )
convexity
8§ 15.19.
K X 3}

= =(02/09/16-Version)
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[ i=1,..m ]
[ j=1,...k ]
8 15.20.
8 15.19.
K X 1}
[ { ¥ 1}
8§ 15.19.
§ 161,
E_{l ..... m}
= ( )
C )
= (
Allocation
§ 16.2. Feasibility
2 2
feasible
= 2 z }
§ 16.3. Blocking  Coalition
"%
C (
« 9 (
2 2

-block superior to

=(02/09/16-Version)

" dominates
Binary relation

by
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§ 16.4.

8 16.5.
set-valued function
( )=A{ : } -
( )=A{ : } -
8 16.6.
={ () 1}
§ 16.7.
[ 1 (
={ > 2 }

~
-

-
.

~

~
1]

(o

~

—

—
T

-
e
.

8 16.8. i
Utility possibility set !
( )={ i
such that C ) . R
8 16.9.

11.2,3},{1,2}{2,3}.{1,3}{1}{2}.{3}

= ({1.2hH)
{( ) ) Q! ( ) i:1,2
}
§ 16.10. nonempty core
Scarf convex nonempty
§ 16.11. Competitive equilibrium
{ . 1} . )
0
( i=1,...,m) ( ) « )
> >

§ 16.12. Debreu and Scarf
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§ 16.13.

8§ 16.14.
i=1,...k j=1,...,
z ( )
§ 16.15.
' convex strictly quasi-concave
( ] ] gy ] ] )
8§ 16.16.
8§ 16.15. C )
)
« ..., )
C v ) ( ) ()
( )
8§ 16.17.
Q strictly quasi-concave
(nonsatiation)
Q " Q such that «C Y>> ()
(interior point)
>0
cheaper point( ' such that '< )
8§ 16.18. Debreu and Scarf  Limit Theorem
C ) (o )
[00]
§ 16.19.
§ 16.12. § 16.18.
( -»)
§ 16.20. Aumann
convex

= =(02/09/16-Version) 68



Walras-Cassel system

§ 17.1.
coefficient of production - -
- =1,....n
- i=1,....m
C ) -
C ) -
> i=1,...,m 17.
> j=1,...,n 17.
C ., ) i=1,...,m 17.
C ) =1,...n 17.
17. 17.
17. 17.
17. 17.
17. 17.
17. 17.
C.)
§ 17.2.
> >
8§ 17.3. Schlesinger
> i=1,...,m 17.
> 0 17.
> j=1,...,n 17.
(¢ ... ) J1,..n 17.
i=1,...,m 17.
0 0 0 i=1,...,m,j=1,...,n 17
17.
§ 17.4. Wald
17. 17.
L ... 1
single-valued [ ... 1

= =(02/09/16-Version)
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revealed preference

>0

weak axiom(§ 17.16. )

§ 17.5.
=L 1
={ 0 }
Lemma convex
Maximize subject to 0
¢ )
Lemma
Lemma ( ) convex
§ 5.50 Kakutani's fixed point theorem
() convex ()
upper-semicontinuous () ( ) convex
() () Lemma
«C )
() 17.
( § 11.9)
Minimize subjectto ' , 0
17.
Schlesinger
Makenzie
§ 17.6.
= - i=1,...,m
= aggregate production set
8§ 17.7.

convex closed bounded

= =(02/09/16-Version)

weak axiom

17.

upper-semicontinuous

fixed point
( 17.
«
17. 17.
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complete quasi-ordering(
Axiom 1  reflexivity
Axiom 2 transitivity
Axiom 3 completeness

strictly convex

§ 1.5 )

or

0 8 11 8 +(1-9)

} lower contour set

strictly quasi-concave
&{ 1} & -

[ : . 0
upper contour set {
} closed ( )
strictly convex
— { }
& - &
§ 17.8.
closed convex cone( 8§ 4.8)
nQ { } ( § 4.3)
aggregate production set
§ 17.9.
C )>={ : 0 }
Upper-contour set
C ={ ° ' for ¢ D}
Upper-contour set
( =2 ¢ )
§ 17.10.
( )
1 ( ) 1
§ 17.11.
: Interior( n )%
Q)
)
¢ Jn

cheaper point assumption

= =(02/09/16-Version)

( )
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@

)
§ 17.12.
K .. m3} ., 1
¢ Jdn () i=l,..,m
= 0
>
()= (O ()
single-valued continuous function ( 8§ 212
§ 17.13.
convex
upper-semi continuous
Kakutani «C )
( )={
()= C)H) )
continuous kakutani (
( [1984], nd.,ed., p.265
§ 17.14.
( ),i=1,...,n, (
( ) single-valued, continuous, bounded from below
§ 17.15.
Q
i=0,1,...,n ( ) O
1=0,1,...,n ( ) O
17. 17
( ) O ( ) O
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)

¥

upper-semi

17.
17.
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¢()yr[o ¢ ()

§ 17.16.
Wald
¢ )
()
(@
(b)
px  pX px  px
Samuelson revealed preference weak axiom
§ 17.17.
( ) (connected)
(D)=L 1 =d /0
§ 17.18.
X [ 1 Hicksian
(principal minor)
kx k ( § 8.10 )
(ijy.. k) 1,2,3,...,n (
)
0, 0, 0,
§ 8.18 ( ) Hicksian
strictly concave
( ¢ ,.. )=0,i=1,...,n,
)

0 (@ /o = «C ... )
=0,i=1,...,n) (
J=1,....n )

concavity
8§ 17.19. Gale-Nikaido
(region) ( )
Hicksian
( ) one-to-one
( )L C)- C )] 0 i=l..n

= =(02/09/16-Version)
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( ) Hicksian
§ 17.21. (8 19.14. )
[ 1 x oc # )
Hicksian < 0 0
8§ 17.22. (weak) gross substitutability
% 0
§ 17.23.
( )= ( ) i=l,...,n
( )= ()
§ 17.24.
0 /0 0 i=1,..,n 17.
8§ 17.25.
> (0 /0 ) 0 /0 i=1,...,n
17. § 17.21. ( ) Hicksian
8§ 17.20.
§ 18.1.
'® ® 18.
(D ®/ ) real
line
®
® (. exp(at) )
18.
§ 18.2. General solution Particular solution
®
(0) ®
«C ) ® exp[a( - )]

§ 18.3.

(® ® .. ' o )

=(02/09/16-Version)
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§ 18.4.

=( )
Ji=1,...,n,
Q) [ ®,..., @, 1 i=1,...,n
‘@® [ O 1
;) o ®
(0] 'S
()
()
' except o' [e®, 1
§ 18.5.
( ) (G ¢ (
«C . )
oC ;5 ) )
C ) ®
§ 18.6.
(D) [ O] autonomous system
Q) [ @®, 1 nonautonomous system
§ 18.7.
®O of ®...., ', O, 1
® x@® ®» 'O © ®.-.., ® ®
e ®,... ), 1
§ 18.8.
@ [ ® © 1
(©) control function
§ 18.9.
' = o @ () i=1,...n

o O O O

= =(02/09/16-Version)
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®= homogeneous

§ 18.10. Cauchy-Peano

'® [ ® © ]

0 I}
®
piecewise continuous on
C )
SO ) ¢ (D
o ®
o(C ) o(C )
o' [e® ©O 1 ¢ ®
Q) «C ) nC )
oM v®-
local
( )
'(Lipschitz Condition)
( © ) [ 1
W , ., ) C , ;) I I
I (- dx,0)=v 2 (x ) § 2.7 )
§ 18.11.
o O O ®O
®» O «C . )
¢ ®
NQ)
o(C ) o(C )
e'® We(® O o ®
§ 18.12.
'® [ O 1
«C ) equilibrium point or state

= =(02/09/16-Version)
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( ) — 00
e O o (
I I
§ 18.14.
s () sC ) o
e 0 8(€) 0 '(¢, )
I | ) e C ; )
§ 18.15.
' ®
: C )
oC ; ., ) exp[  ( )]
>0
¢ ( )- & -~
8§ 18.16. Phase diagram technique
'® [ OI ‘()
0 ‘W O
0 '@ 0
§ 18.17.
'® ®
[ 1 §
§ 18.18. eigenvalue
[ 1 x (
A ( ),
A
A eigenvalue

eigenvector

§ 18.19.
18.

eigen equation

=(02/09/16-Version)

¢ ( ) -
) |
) - as -
I e
(Bendixson )
[ (O]
> -+
®)
18.
18.11.
)
+
18.

characteristic root

characteristic vector
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(A )
% A
a a i=1,....,m
singular 8§ 3.3 )
P (A )= det[A 1
18. eigen equation
PQAA)=EA A A
§ 18.20.
() P
A A
a
§ 18.21
18.
A A
¢ C; ) Z ’
(0) =(C . )
§ 18.22.
18.
®
§ 18.23.
‘ A
A A (A YA )
A A A
A
( )

= =(02/09/16-Version)

18.
(
> a
characteristic equation
A2 AN -2)
A
a B ( )
A
i=1,...,n
@ [ ® 1
®
j 18.
.

18.
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8 18.24.
18. 18.
(A )
8 18.25.
18. ® m,..., (©)
18.
¢ (D)= ® ®» .. ®
8 18.26.
8 18.23. 18. 18.
( ) spiral
8§ 18.21.
Double root A
A ( ) A
A ( ) A
8 18.22.
8 18.27.
X A A
A A trace
A A det
'‘® ®
trace 0 det 0
)
8 18.28.
'‘® [ O, 1]
[ 1 a =90 ( , )/o
trace 0 det 0

=(02/09/16-Version)
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§ 18.29.

'‘® [ @O, 1
0 0
z 0 z 0
§ 18.30. Routh-Hurwitz
A A A
i 1=0,1,...,n 0
>0, ‘ >0 ‘ o |[>»o,., 0 0 ...
0 O 00 ..... 0
8§ 18.31.
[ 1 X
A A 0
= ( )
) Routh-Hurwitz
0 0
0 0 § 18.27.
8§ 18.32.
'@ [ ®] 18.
( « ) )
18.
'‘® [ ®O 1
=[ 1 =0 /0 (
)
8 18.33.
'‘® [ O]
( )

§ 18.34. phase diagram
'‘® ®
Q)
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§ 18.35.

negative definite( § 89

§ 8.19

Liapunov's Second (Direct) Method

8§ 18.36.
Autonomous
' ( ) i=1,...n
nonautonomous
' ( ) i=1,...,n
(-0 ,0) -
=0 (0)=0
8§ 18.37.
5 (0)
0
8§ 18.38.
€ 0 o (s, )
I I o
( ' ' )_’
®
8§ 18.39.
Liapunov
e 0 d2(C ) (e,
I I o
8§ 18.40.
Liapunov

= =(02/09/16-Version)

Hessian matrix  negative definite

18.
18.
Liapunov
) | I

local

asymptotically locally stable

asymptotically globally stable
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8§ 18.41.
uniformly asymptotically globally

stable
Liapunov o
uniformly
€ 0O & O (e 0)
I | e m C; ., ) I«
§ 18.42.

strongly uniformly asymptotically
globally stable
Uniformly asymptotically globally stable
Uniformly bounded

o O e @) | | I m C; , ) I e
8§ 18.43. for uniformly asymptotically globally stablility
Autonomous 18. (0)=0
)
7 () O ¢ )
C: ., ) cC: oM 0
( )ooo asll I -

uniformly asymptotically globally stable

)
§ 18.44.
Autonomous 18. (0)=0
¢ )
7 () O ¢ )
«c: )7 C: )
Cc Cs v ) 0
asymptotically globally stable
8§ 18.45. strongly uniformly asymptotically globally stable
Nonautonomous 18. (0; )=0 (-
o ,00) C )
C ;)
aO BO aC ) BC)
% O<a (I 1) C:; ) U 1)
y O y ()
Zz 0 C Cs v o)) yd 1) 0
a(l I )0 asll I —o

strongly uniformly asymptotically globally stable
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8§ 18.46. for strongly uniformly asymptotically globally stablility

Nonautonomous (0; )=0
(-0 ,0) C 5 )
positive definite C
C ;)
7 < C)H) ) )
z 0 Cc C: v ) () O
( ) asll I -
strongly uniformly asymptotically globally stable
§ 18.47.
( )=
z 0 () O O o
/ ' 0

uniformly asymptotically globally stable

§ 18.48
¢ . )=
( , ) 0 exceptfor 0
( , )oow asl ( , I soo
( ) ( )
[ ( ) ( )] O except for 0
uniformly asymptotically globally stable
§ 18.49.
( ),i=1,2 « ., ) = / =
' ¢ O
§ 18.50.
= ) 0
= suchthat ( ) O « ) 0

Phase diaram

Phase diagram
§ 18.51.

() =123 «C . ) « .

= =(02/09/16-Version) 83



(Gross subsitutability) % 0
(Homogeneity) o C)
a>0: () (a
(Walras' law) > 0
( ) 0
( ) (¢ )=0
8 18.52.
normalize
Walras' Law
'‘® «C . ) 18.
'‘® «C . ) 18.
=1,i=1,2,
p '=f (p)=0
8§ 18.53.
Phase diagram
Euler 2 0
0 18.
> 0 /0 0 /0
- Hicksian
Gale-Nikaido 8§ 17.20.
() i=1,2
18.
=0 - / = /
18.
0 0
'/ 0 "0
0 0
'/ 0 0
8§ 18.54.
Q) ( )= () i=1,....n 18.
« ® O, ®)

= =(02/09/16-Version)



§ 18.55.

0) 0
18.
§ 18.56.
(Gross subsitutability)
(Homogeneity)

(Walras' law) 2

§ 18.57.
(Gross subsitutability)

8 18.58.
0 a 0 such that
( [1984]
8 18.59.
18.

§ 18.60.

i
M

( (O)=1 I

# () O
# )

( )ooo asll I -

/ z { O®
z { O®
z { ®
2 ®

2 )

§ 18.58.

§ 18.61.
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nd p.327)

Arrow-Block-Hurwicz

Gross subsitutability

[0, )

% 0
¢ )

() o
(Homogeneity)

a O

> () O
® }
)

uniformly asymptotically globally stable

/
®
z )
~ Walras' Law X ® ( )=0

18.

18.
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18. concave

global maximum

A ad /o a / =1,..., 18.
A0
>
18. A a
> o > A A
- /A 18.
> 18.
18. 18. 18.
a /A o / a /

0 0
§ 18.62.
(Gross subsitutability) (Homogeneity) 0
0 Gross subsitutability (a
a a 1
Homogeneity ( ) (a )
§ 18.63.
Ta tonnement(
§ 18.64.
Q) C )= () i=1,...,n
«c ® O.. ©) (
® [ ® 1
=[ 1 =0 ( )lo
)
§ 18.65.
§ 18.22.
§ 18.35. negative definite
§ 18.30.

= =(02/09/16-Version)

18.
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8§ 19.1. Leontief's Input-Output Analysis
coefficient of production -

Cassel Leontief
- =1,...,n
- i=1,...,n
> i=1,...,n 19.
inout-output matrix [ 1
( )
19.
( ) 19
Leontief ( ) Leontief
8§ 19.2. nonsingular
19.
( ) nonsingular ( ) 0
§ 19.3. Decomposable Matrix and Indecomposable matrix
decomposable
indecomposable i
§ 19.4. eigenvalue(§ 18.18. )
[ 1 x ( )
A ( ) #
A 19.
A eigenvalue characteristic root
eigenvector characteristic vector
§ 19.5. eigen equation )
19.
(A ) 19.
7 singular
W (A )= det[A 1
19. eigen equation characteristic equation
YgA)=EA A A

= =(02/09/16-Version)
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I[
| —
<
[
! >
>

A
§ 19.6. indecomposable
indecomposable X
A 0
A 0
VY 0 H
A A A
A
A
8§ 19.7. decomposable
X
A 0
A 0
w0 0 M
A A A
A A
§ 19.8. Frobenius Root
§ 19.9. Dominant Diagonal Matrix
[ 1 «x
> . j=1,...,n
a 0 a =1,...,n a
8§ 19.10. dominant diagonal
X [ ] dominant diagonal matrix
nonsingular

dominant diagonal

§ 19.11.
=C - ) 1 % 0
0 o C - )
— (- ) dominant diagonal
§ 19.12.

= =(02/09/16-Version)

Hawkins-Simon Condition

dominant diagonal
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n
(!
—

§ 19.13.
[ 1 (i.e. 0) x
¢ i#] 0) P
0 0
0 0
nonsingular 0
p A
Ap)x  “C o) Ip 1
indecomposable
0 0
nonsingular 0
§ 19.14.
[ 1 £ ] 0
=L p 1
0 0
0 0
nonsingular 0

Hicksian(§ 17.18. )

p A
indecomposable
0 0
nonsingular 0

§ 19.15.
1 I 0 X

o o

[

0

0
0
0

§ 19.16.
coefficient of production

= =(02/09/16-Version)

det

Lo

1 [
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Cassel Leontief

=1,...,n
i i=1,...,n
( )
§ 19.17.
§ 19.2.
( )
( ) nonsingular
( ) 0
p § 19.13.
(DA
)
S
[ ] dominant diagonal § 19.11.
8§ 19.18. Solow's Expenditure-Lag Input-Output Model
® (t-1)
= o/ (1)
§ 19.19.
®»
[ 1
(t)—> as — 00
[ ] nonsingular [ 1 0
§ 19.20.
A § 19.13.
1 0)
2 (1) ©@ C+)
3 2) ©@ C+ + )
4 3) ©@ C+ + + )
® D © ( + + +.b
A § 19.13. (
)
> i -1 1 ( 19.
~0as o DA
19. M-I 1
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t-1

19.
p=1
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( § 18.64
Q) ()= () i=0,1,...,n
« ® O O., )
‘o Z [ @ 1 i=0,1,...,n
=9 /0
19.
0
§ 19.21.
(Walras' law) > () O
(Homogeneity) [0,1,2....,n]
§ 19.22.
( ) 0 i=l,..n->(0 )
19.
‘W Z [ @ 1 i=1,...,n
X = [ ]
)
§ 19.23. § 18.22.
19.
negative definite
(8 18.35. )
§ 19.24. Weak Gross Substitutability
% 0
§ 19.25.
19.
) 0 j=1,...n
() i=1,...,n
8§ 19.26.
@ z o /0
> 0 /0 >
§ 19.14. 8§ 19.15.
§ 19.14.
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(

)

19.

19.

19.
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)
> 0 /0
§ 19.14.
§ 19.27.
( a) 0 i=1,..,n
§ 19.28.
19. a
> 0 /0 a
=9 /o
[ 1 [ 1
« 0
nonsingular
iz j 0
8§ 19.13.
§ 19.29.
( a) 0 i=1,.
) a
> 0
i Z ] 0
> 0
8§ 19.30.
0 /0 a 0
§ 19.14.
a 0

=(02/09/16-Version)

§ 19.14.

=0 /0 a
« [0 /0 a]

§ 19.14.

§ 19.14.

/0 a Ofor #

/0 0

19.

iz j 0

indecomposable
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§ 20.1.

§ 20.2.

®
®

®
®
§ 20.3.

®

§ 20.4.

Maximize:
Subject to:

§ 20.5.
20.

0 0

§ 20.6.

:Takayama,Analytical Methods in Economics, Univ. of Michigan Press,1993)

[ ®, @, 1 i=1,..n 20.
®,.... @] oL ®.. @]

i=1,...,n

®
control variable
set of admissible control
range range control region range
0 “O 1
® admissible control
piecewise continuous piecewise continuous
state variable piecewise continuous
) « . ) -
a ) 20.
[ @®, ®, 1] i=1,...,n
(0) i=1,...,n
I [ O ®O 1
[ ® ® 1 20.
20. )
Hamiltonian
[ ® O, Ml== O [ O O 1] 20.
auxiliary variable ( ) multiplier

costate variable

=(02/09/16-Version) 03



8§ 20.7. Pontryagin's Maximum Principle
® 8§ 204. ®
piecewise continuous

O=L ©O...

® ® ) Hamilton System
'® o /0 i=1,...,n
Q) 0 /0 i=1,...,n
= [ ® O, )
®
® [ ® O, ™ [ O
( transversality condition) (M «a i=1,...,n
0 /0 0o /o [ @, @, ®]
®
@D) 20. a (M,i=1,....n, ®o T
20. 20.
20.
‘(1) > 0 /0 i=1,...,n
concave
strictly concave
§ 20.8.
() Interior[range ]
0 /0 j=1,....r
concave 20. = § 20.7.
§ 20.9.
range 0 ® 1
() for '
() for
bang-bang solution
§ 20.10. ( )
(M i=1,...,m
(M a A i=1,...,m
(M «a i=m+1,...,n
A (M «a 20
§ 20.11.
[ 1]
[ (D] i=1,...,m
20.
(M a«a > A0 /0 (M i=1,...,m

=(02/09/16-Version)

20.
20.

®] 20.

20.

§ 20.7.

20.

20.
20.

20.

20.
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§ 20.12. Final time open
T

[ (M., MT M] 20.
autonomous
[ (M, M. MI] 20.
§ 20.13.
Maximize: [ [ ®, @®, 1 20.
Subject to: (1) [ @, @, 1 i=1,...,n 20.
0) (M i=1,...,n 20.
§ 20.14.
[ ®, O] 20. piecewise
continuous O @, @®,.., D]
( )
®» O ® ®
'® o /o i=0,1,...,n 20.
Q) 0 /o i=0,1,...,n 20.
[ O @©, Q) B2 o [ O O ]
= [ ©O O . O]
® [ O ® ., ®I [ ©®O O . O]
( ) [0, T] () ~d /o =0
8§ 20.15. Final time open with fixed end point
Maximize: | [ @, @®, 1 20.
Subject to: (Y [ (O, @, ] i=1,..,n 20.
(0) @) i=1,...,n 20.
T
§ 20.16.
[ @®, @®] 20. piecewise
continuous (

=L O O, ]
o O ® ®

') a /0 i=0,1,...,n 20.
'@ 4 /0 i=0,1,...,n 20.
® [ ® O, , ®] L O, ®, , O]
L M, MT M]
( ) [0,T] ¢ )
§ 20.17. autonomous
Maximize: | [ @, O] 20.
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Subject to: (Y [ (O, (®] i=1,..,n 20.
) (M i=1,...,n 20.
T

§ 20.18.
§ 20.17. § 20.16.

[ M., @M, MI]

8§ 20.19. Final time fixed with free end point
Maximize: | [ ®, @®, 1 20.
Subject to: (Y [ (O, @, ] i=1,..,n 20.

) i=1,...,n 20.
T
§ 20.20.
[ ©. O] 20. O=L ©, O.. )
( )
o ® ® ®
'® o /0 i=0,1,...,n 20.
Q) 0 /o i=0,1,...,n 20.
[ O O, () Ep2 O [ ®O O 1 20.
= [ ® © ., ]
® [ ® ®O ., ® [ ©®O ® . O]
( ) (M @) i=1,...,n
®
®
= > 20.
§ 20.21.
i=0,1,...,n concave
) [ ©., ©]
( ) strictly concave
§ 20.22.
1,2
=1,2(- ) 20.

§ 20.23.

Maximize: (M= M+ (D) 20.

= =(02/09/16-Version) %



§ 20.24.

0 1
a a
8§ 20.25.
B
" B [a a 1
" (1-B)[a o 1
§ 20.26.
Maximize: @D)
Subject to: 20. 20.
B
8§ 20.27.
= PBloa a 1
[B ( ) 1(a
( )
[B ( ) la
(M =1,2
B it (® ®
B it (® ®
20. ‘@ '@ a /o
@ (a /a ) (@) const.
i(T) i
(M (@ /a ) (T) const -
const. /
20.
20.
® ® (
B
§ 21.1.
Maximize: [ ° [ (@, @®, ]
Subject to: (Y [ (O, @, ] =1
((0)) i=1,...,n
@ O j=1,...r
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)/

P

0)

)

const.

®

®

20.

20.

20.
20.

20.

20.

20.

20.
20.

20.

20.

21.
21.
21.
21.

20.
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1=0,1,...,n, ( D E
8 21.2.
[ ® O] 21 ®=L .. @)
( )
® O ®
‘M o /0 i=1,...,n 21.
Q) 0 /0 i=1,...,n 21.
[ *®, *®, ®]=
[ *®, *®, 1 ° +Z ® [ *®, *O, 1
0 /0 0 (0 /0 ) i=1,...,r
( ) Iim . (®) (©) i=1,...,n
8 21.3.
i=0,1,...,n concave
L ® O] ( )
strictly concave
8 21.4. Current Value Hamiltonian
®
®= © °
[ O ®O ., ®]=
[ O ® I+ ®O [ O O 1
[ O ® ., ®OI= [ O O, ®m] °
8§ 21.5.
[ ® O] 21 ®=L ®,.., O}
( )
® ® ®
' o /o i=1,...,n 21.
‘W p 0 /0 i=1,...,n 21.
[ O ®O , ®]=
[ O ®, 1+ ®o [ O O 1
* ® ®
0 /0 0 (0 /0 ) i=1,...,r
( ) lim .. () ° (©) i=1,...,n
p 0 p 0
8§ 21.6.
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21.
§ 21.7.
21.
| G I
0 ” 0 '0) o
§ 21.8.
= () ( )
0o /o - 21
p 0o /o - (p ) 21.
0o /o =0 - 2 C ) 21.
Lim . e 21.
strictly concave
§ 21.9.
n
nC )= «c ) /7'C )
§ 21.10.
( )=a " const. forO n 1 21.
( )=a log const. for n 1 21.
n isoelastic
n
8 21.11.
n 21 ( )
/! n '/ 21
21.
P N /
/ [V 21.

m=(C p)In 21.
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8§ 21.12.
§ 21.13.
21.
g 21.
[ [ "
[ - IC W) 21
g0 21.
§ 21.14.
21.
( ) ( )
( )
( )/ ( )
[0, ]
R I )
[ - [ - 21
Inter-temporal budget constraint
§ 21.15.
21.
21.
§ 21.16.
21 21. / 21 21
C wl)
=p/
( ) 21.
21. ()
)
21. b C P
= ( p/ ) n 21.
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§ 21.17.

21.
0 P
p C n)
0 1
p C n) 21.
§ 21.18.
M Mo C  p)n 21. u 0
p C n) 21.
21. 21.
21.
§ 21.19.
«C . )
0 21.
§ 21.20.
Maximize: [ ° [ « ., ) ]
Subject to: 21.
0 0

min min

§ 21.21.
=L C ., ) 1 A ( > )
5 21,
A (0 8)A 21,
Lim A 21,
21,
21. 0
«C . ) O A (A )
it A 21,
it A 21.
concave

A shadow demand price
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§ 21.22.

21 «C 7))
o(C )= «C ¢ 1) )
21.
A C 3N e )
A A
§ 21.23.
21.
o' [ 1

strictly concave
strictly concave

§ 21.24.
« . ) A0
5
(  2)A «C .
A O 2
( 9)
( )
§ 21.25.
21. 21. @' 0
A

21.

21.

21.
21.

) 21

21.

phase diagram

Lim _=A 0
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/1

21.
21.

21.
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§ 21.26.

« ., ) ( +3) 21.
21.
21.
8 21.27.
21.
« )
0 o, " 0 " O 21.
© o0 '© o 21.
8 21.28.
Maximize: [ ° [ « . ) C Il
Subject to: 21.
() 0 0
8 21.29.
=[ ( ) C D1 A ( > )
e} 21.
N ¢ 3 A 21.
lim _«A 21.
21.
C ) A 21
8 21.30.
0 21.
0 /0
0 0 21.
0 21.
8§ 21.31.
21.
( . 1) 21.
o(C )= « ¢ 7)) ) 21
21 o' O 21 0

6y "o 21,
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§ 21.32.
21.

21.

21. A
eC DIC o)
21. '
O )5
o(C J)(C 9d)
O )3

Phase diagram

21.

21.

21.
21.

§ 21.33.

o
=

if

Maximize: [ ~ [ «

Subject to:

§ 21.34.

Yoo o)
0)

=(02/09/16-Version)

A 21.

Lim _«A

1 A (

) 0 )

21.
21.

')
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AW
W
Y Yy W
(A )/ \ A
( )
Al A A
[( AW AW]
L A (W ¥)]
L AW ¥)]
[ A (W Y Y
[ |
(A )/ L
00 21.
A
=] °[ ]
8 21.35.
=@ /o )/
A
A
8§ 22.1.
Maximize: | [ ®O, @®, 1
Subject to: (Y [ O, @®, ] i=1,..,
[ ®, ®, 1 0 j=1,..m
(0)) i=1,...,n
J=1,...,n,  Jj=1,...m ( , -
®
( )
8 22.2.
L O ®O , ®OI= [ O @, 1 2
L O ®O , ®O O]
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21.
21.
21.
21.
21.
)
21. 21.
«— 21-
« 21-
« 21-
- 21
21.
21.
22.
M

® [ ©® O,
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= [ @, ®, ®] = ® [ ® O ]
( )

§ 22.3.

Maximize: [ , ®, ]

subject to : [ O, O, 1 0 j=1,...m
§ 224.
§ 22.3. constraint qualification
®
( , ) i=1,...m convex function
( , ) i=1l,...m
( , ) i=1,...m concave function
( ’ ’ ) O
(Slate )
Rank constraint qualification , . 0
« , , )o rank
( ’ ’ ) O
§ 22.5.
Constraint qualification [ @®, @] 22.
O=L O, 1 O=L O, M1
Q) piecewise continuous (t) piecewise continuous
® ( )
®» O ® ®
' o /o i=1,...,n 22.
(O 0 /o I=1,...,n 22.
[ O ©O . ®O OI=
[ O ®, 1 °+x O [ ® O]
122 O [ O O ]
®. O
®

Q) such that [ O, O, 1 0 j=1,...m
[ ® ® . ®I [ ©O O . O]

0 /0 0 k=1,.r
O [ ® @ ] ® 0 j=1,...m
/ 0 /o
( ) M i=1,...,n
concave
concave
concave ( 0 )
concave

= =(02/09/16-Version)

- 106 -



® 0

0 /0 0 0 /0 0 k=1,.r
§ 22.6.
22.
(M 0 i=1,...n
Constraint qualification [
®, O] 22. =L O.. ®]
=L Q@,.., D] Q) piecewise continuous
(t) piecewise continuous Q)
(M 0 (M (M 0 i=1,..,n
§ 22.7.
Maximize: | [ @, @®, 1 22.

Subject to: (Y [ (O, @, ] i=1,..,n
/ [ )., ®, 1 0 j=1,..m
(0) i=1,...,n
Ji=1,...,n, j=1...m (C , , )-
®
«C . ) M

§ 22.8.

[ O © ., ®lI= [ ©O @O 1

2 o [ O O 1= A [ O © 1
A
§ 22.9.
[ @, @] 22. 0 T
®,..., ) A Li=1,..,m ) piecewise
continuous (t) piecewise continuous Q)
A 0,=1,..m A [ ., , 1 O
( )
®» © ® ®
' o /o i=1,...,n 22.
(O 0 /o i=1,...,n 22.
®., ©
®
® [ O ® ., ® [ ©®O ©O ., O]
® / o /0
( ) (M i=1,...,n
§ 22.10.

= =(02/09/16-Version) - 107 -



®
¢ control parameter
§ 22.11.
Maximize w( ) | [ O, @, ] 22.
Subject to: (Y [ (O, @, ] i=1,..,n
[ ®, ® 1 0 j=1,..m
(0) i=1,...,n
@D ( ) i=1,...n
¢ )
i=1,...,n =1,...m ( )
®
§ 22.12.
[ O O, O [ O O 1 =2 ® [ ©®O O
[ O © ., ©O O]
= [ O O, o1 = o [ O O 1]
§ 22.13.
[ @, @] 22. 0 T
: ®,..., ) @®,..., ®
® piecewise continuous
(t) piecewise continuous Q)
o [ O @O 1 ® 0 j=1,..m
o ® ® ®
' o /o i=1,...,n 22.
Q) 0 /o i=1,...,n 22.
®, O
0 /o 0 i=1,...r Constraint Qualification
® / o /o
®
() such that [ ®, @®, 1 0 j=1,...m
[ ® ©® . ®I [ ©O ® ., O]
( )
ouyl/o «( (M, M, M, (1)) o /o
> (T o (M/o 0 j=1,...,a
Y concave i=1,...,n
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=fixed( ) = ( > 0 (Mo =1)
0 y/o = ()

(T)=fixed( ) =
¢ M, MT M, OH=w'C)

§ 22.14.
® ®
' o © 22.
® ( )
/ «c @ ° W[ (M1 ° 22.
0 3 O ¢g'" 0 y-” 0 22.
'0) o 22.
22. @ 0 ((0)) 22.
§ 22.15.
= (@® ° ocom O ©)
‘@ a9 /o () - (M) ® ® 22.
(D o /o () - (M) ® 22.
0o /o (=0 - " C @® - (@) 22.
M v M) ° 22.
22. 22.
22. ® Shadow price
strictly concave
§ 22.16.
22.
'®7 ® 22.
Shadow price
§ 22.17.
®m= © ° ®m= © °
o= '® * p O °F CO p O °
o O O O e
22.
‘o ® p
log () const. (p )
® P 22.
§ 22.18.
® 22.
O @ ®
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O ol o]

o' 1 0
p § 21.12.
§ 22.19.
( )
T (V) T' 0 1t O
® [ ] T M1 O
®» [ M] ~ 0
( )=]J [ O] 22.
[ () 0
§ 22.20.
Maximize: [ { [ OD ® t® O} [ )]
Subject to Q) ®
22.
§ 22.21.

= L ®OI ® 1O O O ©®

‘@ o0 /o () O (©) 22.
Q) ad /0 (b - '@ O 22.
0 /o (=0 - Q) T 0 22.
M 'C C ) 22.
Interior

[ OD ® t® ® [ ()] concave

Strictly concave

§ 22.22.
22. 22.
® T )]
® C) ®
22.
N ()) T () 22.
§ 22.23.
ns / n = /
22.
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® «C® )/( 1/n) 22,
() 0 1m 1

o O tOC 1n)

8§ 22.24.
22.
‘@ t'@ O
n n ® e = 1n 22.
‘@ '@ e'®WC £ ®)
€' 0 n'" o0 ' O
8§ 22.25.
( )=J ¢ )
= { C® O O} [ (MI 22.
‘(1) ® 22.
8§ 22.26.
= [ Ol T®» O ®© O
' o0 /o () - ' Q) 22.
‘() o 0 @® - ' O 22.
0 /o (=0 - T O] 1 0 22.
M C C ) 22.
Interior
0
8§ 22.27.
22. 22.
® T C )] 22.
8§ 22.22.
= T )] 22. 22.
® Tt ® 22.
22.
8§ 22.28.
mill pricing
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o t@®O B B ® t® 22.

B
§ 22.29.
Mill pricing
Maximize: [ B (1) [ C )]
Subject to (D) Q)
§ 22.30.
=g ® O O
' o0 /o () - ' ® 22.
(O o o0 (@® - '(® O 22.
0o /o (=0 -B @ O 22.
(M 'C ) 22.
§ 22.31.
22. 22.
® T ()]
22.
® B
22.
® t©®
22.
mill pricing
8§ 22.32.
nonlinear programming
Maximize: Z [ C ) T ] (z )
§ 23.1. States of nature, states of world, states

Uncertainty
States of nature,states of world, states

Prospect
Lottery
Uncertainty Risk
§ 23.2.
outcome, v e probability, t 7T ,...,TT
0O m 1 2T
(m m .17 v e )
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( 1 1" ) Tt (T[ ,T[ ,...,T[ )
(Tt v )
(m, m ,)
T ( )
«C . . T 1T ,..,TC )
§ 23.3. Compund prospect(lottery)
H Il II’!"' -r[ ’n Iln )
n (t ., m,.m) n (' 'm'..7T") ..
( 1 ) H ) ' ( y ) y ) .....
(rt,m'\m",... R |
compound lottery
or prospect
§ 23.4.
)
8§ 23.5. ( § 15 )
reflexivity
transitivity v
completeness : or
§ 23.6.
complete (total) quasi(pre)-ordering(
preference ordering )
(partial) quasi-ordering = quasi-(pre-)
quasi- pre-
§ 23.7.
strictly preferred
§ 23.8.
indifferent
§ 23.9.
Axiom
Axiom ( )
y such that
a 0O a 1 «a ( a)
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§ 23.10.

§ 23.11.
outcome

§ 23.12.

Pr(¢ )
Pr(
Pr(

Pr(

8 23.13.
AXxiom

Axiom

§ 23.14.
Axiom (

). (T ) ]

Prob( )
) ( )

outcome « ., ) 23.

) PrC | ) PrC )

Ta

) pPrC ) PrC |
(¢ a) E )

23.

outcome

outcome

Independence)
such that

1l a (
such that

1 a (

a0 a

a0 «a
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23.
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§ 23.15. Monotonicity
Axiom
outcome outcome 0
m 1= (T’ , ) (! y)
Tt m'e (T[ ) ) (T[ I ) )

§ 23.16. Expected Utility Theorem by von Neumann-Morgenstein
Axiom 5
Order preserving property

- C )y )
Linear property
J=1,...,s, m ,0 T li=1,...s X T 1
(m ,mt .7 v e ) 2 T « ) 23.

§ 23.17.
§ 23.16.
von Neumann-Morgenstein Utility Function

§ 23.18.
Axiom p2 m ()

§ 23.19.
Order preserving property  Linear property

§ 23.20.
) )

§ 23.21.
outcome

§ 23.22. Allais's Paradox
Axiom

( 100 0

(0.7 200 ,0)

( 0,0)
Axiom « 0.5
(0.5 , ) (0.5 100 ,0)
(0.5 , ) (0.35 200 ,0)
Axiom
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§ 23.23.
Risk neutal
J=1,...,s, m ,,0 T 1,=1,....s X Tt 1
(02 T ) 2 m ()
Risk averse strictly concave
J=1,...,s, m ,0 T li=1,...s X T 1
(62 L1 ) Z LI « )

Risk lover strictly convex
J=1,..,s, m ,,0 T 1,=1,....s X Tt 1
(02 T )
)2 n () )

") 0

strictly concave
strictly concave

") oif "C )20

§ 23.24.

Risk premium

§ 23.25.
05 ( ) 05 ( ) « ) 23.
Risk premium p
p = 23.
§ 23.26.
23. 23. ( )

( p) 05 ( ) 05 ( )

pC . ) ( o "¢ ) ')l

Risk premium

§ 23.27.
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Coefficient of absolute risk aversion/Arrow-Pratt measure of absolute risk

aversion
( )= "¢ ) )
) poC . )
) () =12
¢ ) —=p C.,)p C.,)
§ 23.28.
strictly concave ( ),
¢ )
@ () )
(b) p C.,D)p C.)
@© ) ( ) concave strictly concave
0 () oC CN
8§ 23.29.
Coefficient of relative risk aversion/Arrow-Pratt measure of relative risk
aversion
( )= C ) C)
) )
Risk premiump * / ( /
)
8§ 23.30.
strictly concave ( ),
¢ )

@ () )
(b) pC.)p C.)

§ 23.31.

Arrow  Pratt
Decreasing absolute risk aversion ‘() O
Increasing relative risk aversion ‘() O

Decreasing absolute risk aversion

Increasing relative risk aversion

<) v

§ 23.32.
‘() O "0
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) O
8 23.33.
() O
"0
() O
‘() O
( )=
( )= log( )
¢ )
¢ )
)
( ) for O
( ) log( ) for
( ) for
8 23.34.
= {( ) nm () (
8 23.35.
8 23.36.
«C . )
€
€ ¢ ()
8§ 23.37.
( )
( ) (
8 23.38.

Maximize: [ (
subjectto : 23.
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)]

-T[)

(

) const.

[e] O

0 T

23.

23.

23.
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23.

[
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E)lo () ¢

A {( )
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( :Jurgen Eichbeger, Game Theory for Economists, 1993, Academic Press )

Extensive Form

8 24.1.
Game Tree
8§ 24.2.
= {1,2,..., }
(Node)
(Move Action)
d
b /
a e=f
C g
h
= {a,b,c,d,e,f,g,h}
E{r] !B’y ’61(p!€ ’X]
8 24.3. o
o -
o(C )
o(C ) o(C)
o () o
o () o@C(C )
8§ 24.4.
Terminal Node ( )={ o () 1}
Decision Node ( )= ()
)
[ 1
( ) Player Partition
8 24.5.
a( ) a- -
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¢ )={a () o ( ) for

aC) eaC) o.aC )y
() {0y}

§ 24.6. Payoff Function
Payoff Function : ( )-

§ 24.7.
Matching Pennies

§ 24.8.

8§ 24.9. Information Partition

Partition

§ 24.10.

§ 24.11.

r=C . o)(C a0)(C ) ., . (
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(

Information Set

)

-1
1
1
(
Information
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§ 24.12.
r=C.C.o0C .a)XC ) ,.CCY )W)

Perfect Information
Imperfect information game

§ 24.13.

common knowledge
Private Information

§ 24.14.
r=C . o)C a)C ) ., .C C)Y ))

Complete Information
Incomplete Information

§ 24.15. Strategy
Strategy

§ 24.16.

- with () () for

§ 24.17.

)

~
~
n
~
~
~
~

§ 24.18.

={( .¥).n .0).B v).B .8)}
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§ 24.19.

§ 24.20.

24,

§ 24.21.

~
~
n

§ 24.22.

={( .¥).n .0).B .v).B .8)}

-4
5
-6
(
)
..... )
play
100 ( )x 100
Simplex
{w v M) Q@ oy } 24.
«C )
= ()
8§ 43
Expected Payoff = ( )
z «C o o ¢ ) ¢ ) ¢ )l

= (0.2,0.3,0.4,0.1)
= (0.7,0.3)

=(0.2)(0.7)(1) (0.3)(0.7)(1) (0.4)(0.7)(3) (0.1)(0.7)(4)
(0.2)(0.3)(2) (0.3)(0.3)(2) (0.4)(0.3)(5) (0.1)(0.3)(6)

={y 2}
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§ 24.23. Behavior Strategy

(
¢ ) )
C ¢ ¢ )
( ) ¢y  CC»

= ¢ )

8 24.24.
¢ )
=(C )
(§ 24.28. )
8 24.25.
¢ )
)
)
C )>=[L - ° (a( )): o o ° (a (o C )1
o ° (aC ) (@)
(c(C ) a( )

) ) )

8 24.26.
¢ )

( )==Z ) ¢ )
8 24.27.
8 24.28.

b;2 o e
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n.8) (By) 0.5 (

) T Prob( )=0.5
Prob( )=0.5
By
§ 24.29.
( )

o () o ()

a(@ () a@ ()
8§ 24.30.

a(@ () B#n o ()

B
8 24.31. Kuhn
Strategic Form Normal Form
§ 24.32.
=( ) Strategic Form Normal Form
C .C ) )
§ 24.33.
¢ ={12})) Payoff
={ . .. }
={ v e } Payoff matrix
( ) ( - ( ........ ) ( )
( ). ( ) . ( ), ( )
( ), ( ) .. ( ), ( )
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§ 24.34.

Matching Pennies Payoff Matrix
1, -1 -1, 1
-1, 1 1, -1
8 24.35.
8 24.36.
Dominant Strategy ( )
« . ) « . )
=C ) «C )
( ’ ’ ’ 1 1 H )
8 24.37.
1,1 -1, 3
3, -1 0,0
« . )
8 24.38.
(
10- + /
20- + |/
m = 10 - +
Tt 20 - +
8 24.39. Dominate
dominate
« ) « )
dominate undominated
' dominate '
8 24.40.
Dominate

Iterated Dominance
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Equlibrium or Dominance solvable

§ 24.41.
4, 2 3,3 1,2 7,2
3,8 2,4 0, 2 55
4,1 4, 2 0,1 50
dominated
4, 2 3,3
4,1 4, 2
C . ) iterated dominace
equilibrium
8§ 25.1.
C ) « . )
§ 25.2.
The Battle of Sexes ( )
Theater Boxing
2 1 05 0.5
0 0 1 2
. D) C.)
0O O 1 -1 101
101 0O O 1 -1
1 -1 101 0 O
§ 25.3.
( ) max min «C ., )
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§ 25.4.
(

Best response mapping/best reply mapping/reaction correspondence)

topological space ( )
- C )
= argmax « . )
- ()
)= () ¢ ) )
( ) topological space
- C )
§ 25.5.
@ «C )
§ 25.6.
(
10- +
20- +
m = 10 - + )
LS 20 - +
={ }
= [0,50] = [0,50]
nm = 10 - +
LS 20 - +
«C )
orm /o for =1,2
/

10 20

8§ 25.7. Matching Pennies
Matching Pennies
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«C« @, @O.C ©, @O)) ©0 © O+ O O @
+ 10O @O O+ G O @O
[ @O0 O+ @©1) @O O
+L (10 O+ (@€ Dl @O

[ @O @O O+ @O- O @
[ - O @O- (O]
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