3. forany p€ S if pr <0 and z # f(p), then {(z) < &(f(p)).

Let € = max{&(y)|ly < z}, the function = > ¢ is well defined and by condition (1) &'s
is continuous. By condition (2), if ¢ = (z1....,2),y = (y1.... . y) and z; > y; for
all i, then &(z) > €(y). Moreover, it can be checked that for all p € S, pzr < 0 and
x # f(p) implies that £(z) > £(f(p)). Hence the preference relation given by r > y
if and only if £(z) > £(y) is continuous, monotone and generates f. a

Thus, by construction f*(p) = f(p) forp € S,. If p € 5\S, then

Z£=1 Dvi(p)g.(p) for p = S\S,

-f(p) = p o ;

n(p) (ZL. Dl'l(l’)ﬂr(l’)) + (1 = n(p) f(P)ge(p) for p€ S\S,, ;

and the theorem is proved. ;
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APPENDIX C. THE RouTH-HURWITZ CONDITIONS FOR STABILITY

The Routh-Hurwitz conditions (as stated here and used in §8) provide sufficient
conditions for the roots of a polynomial to have negative real parts. Since a necessary
condition for a dynamical system to have a stable equilibrium point is that the
Jacobian matrix have eigenvalues with negative real parts, these conditions provide
a convenient method of testing the stability of an equilibrivm without calculating
the eigenvalues.

To state these conditions consider the following polynomial of degree n
(1C.1) dgz” + 2™tV g, =0 )

where we assume, without loss of generality, that ap > 0. Routh-Hurwitz then states
that the roots of C'.1 have negative real parts if and only if the first n of the following
set of determinants

a, az us u-l

@y a3 da;
e ) dag ; E g a3 a4 ag ]
lapls i lag ay a4l P R

ag a; 0 ay as as
2 1

0 ay daz

0 ap ay (14]

are positive, (Note, here |a,| = a; and a,, = 0 for all m > n.)

The proof of this theorem can be found in Gantmacher [10] and will not be presented
here. It makes use of some elementary yet technical arguments from complex analysis
The original proofs can be found in E.J. Routh Stability of Given State of Motion
(London I877), Adams Prize Essay; Dynamics of a System of Rigid Bodics (6th ed.:
London 1930), part 11, chap. vi: A. Hurwitz Uber die Bedinungen. unter welchen ¢ine
Gleichung nur wurzen mit neativen reellen Theilew beszit Mathematische Annalen
XLVI (1895) 273-384.
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Baire Space, 10
Boundary, 8

Budget Plane, 4
Budget Set, 4

Chain, 35
Characteristics, 71
Chart, 8
adapted, 6
local, 6
submanifold, 7
Codimension, 7
Commodity
bundle, 3
space, 37
free. 3
noxious, 3
scarce. 3

Critical point, 13
Cycles, 35

Degree, 32, 34
Demand Function, 4

Economy, 3, 38
regular, 39, 41

Embedding, 6
Equilibria
classical, 38
extended, 37, 38
stable, 44
Eez(r,u), 38
Essential, 31
Excess demand
aggregate

aggregate, 5, 56
individual, 5

Fibre map, 28
Generic, 13

Halfspace, 8

proper, 8
Homology group, 35
Homotopic, 29, 58

Immersion, 6

INDEX

Algebraic normal bundle, 32

Boundary operator, 35

Cemputational sequence, 72

Effective price mechanism, 56

strongly regulas, 71
Excess Demand Function

Homotopy equivalent, 62

Indifference Surface, 4

Inessential, 31

Initial Endowment, seeResourcesd
Irreducible, 31

Isotopy group, 23

Jets, 10

Lie
algebra. 20
bracket, 7, 20
group, 20
group homomorphism, 21
subgroup, 21
Locally Compact, 6

Manifold, 8

differentiable, 6

homogenous, 21

submanifold, 7

neat, 8

triangulation, 34
Marginal rate of substitution, 39
Market mechanism, 66
Matrix

skew symmetric, 23

Newton method
generalised, 67
global, 53
orthogonal. 61

Orientation, 31
Onented vector space, 31

Paracompact, G
Polar decomposition, 26
Preferences, 4
Price, 3
system, 3
Price mechanism, 56
hyperbolically locally stable, 61
at unique eqilibria, 65

locally stable, 57
at unique equilibria, 65
Privacy preserving, Tl

Private information, 71

Reducible, 31
Regular value, 13
Representation, 21
Residual, 13

Resources, 4

Simplex, 34
Simplical complex, 34
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SMD Theorem, 4% &'s
Stability

asymptotic, 57

Lyapunov, 57

Stability sequence, 73

State, 38

attainable, 38

Static analysis, 1

comparative static analysic |

Tangent |
space, 7 :
vector, 7 :
Topology
strong, 9, 12 2

weak, 9, 12
Transversal, 39
Transverse, 13
Trivialisation, 27

Utility Function, 4 ]
Utility function, 37

Vector bundle, 27

atlas, 27

chart, 27 “

map, 28

Vector field, 7 3 : |

left invariant, 20 O 7 i
|
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Walras' law, 5
Wealth, 4 J
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