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Abstract

In a stochastic financial exchange economy, two financial structures
are equivalent if, for each given state price, regardless the associated ar-
bitrage free price, the marketable payoffs are identical. The key property
of two equivalent financial structures is that, when associated with any
standard exchange economy, they lead to the same financial equilibrium.
We exhibit a sufficient condition for the equivalence of two financial struc-
tures with possibly long-term assets. We then apply this result to financial
structures built upon primitive assets and their re-trading to get a neces-
sary and sufficient condition. We also borrow an assumption from [7] to
prove the equivalence between a financial structure and its reduced forms
and between to complete financial structures.
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1 Introduction

We consider stochastic financial exchange economies defined on a given finite
date-event tree representing time and uncertainty. The financial structures may
include long-term assets. We study the equivalence relation on financial struc-
tures introduced in [4, 8], when the portfolios of agents are unconstrained. Two
financial structures are equivalent if, for each state price, the marketable pay-
offs are the same for the arbitrage free asset prices associated to the given state
price. In other words, this means that the ranges of the full payoff matrices are
identical.

A financial structure allows economic agents to transfer wealth across nodes
of the date-event tree through the marketable payoff set. Thereby given a spot
price p, the budget set of an agent is fully determined by the marketable payoff
set. So the budget sets are the same for two equivalent financial structures. The
main consequence is that, regardless of the standard exchange economy X, the
existence of a financial equilibrium in ¥ associated with a financial structure
F is equivalent to the existence of equilibrium in ¥ associated with any other
financial structure F’ belonging to the equivalence class of F. Furthermore, the
equilibrium consumption and the equilibrium spot price are the same, only the
asset portfolios have to be suitably modified. Hence the importance of studying
the notion of equivalence between the financial structures since the existence of a
financial equilibrium for a given financial structure is extended to the equivalence
class of this financial structure.
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1 INTRODUCTION 3

Equivalent financial structures have been studied, among others, by Aouani-
Cornet and Cornet-Ranjan [5, 8] in the two-period case. In [8], it is proved
that two financial structures are equivalent when the ranges of their payoff
matrices are equal. We have generalized this result to the multi-period case if
all assets are short-term in [6]. By means of examples in Section 4, we show
that, with long-term assets, equality between the images of payoff matrices of
two financial structures is neither necessary nor sufficient to get the equivalence
of these structures.

So, to get the equivalence with long-term assets, we introduce an additional
assumptions, Assumptions R1, on the payoff matrices of two financial struc-
tures. Precisely, Assumption R1 means that, at each emission node &, the assets
issued at node £ for the two structures offer the same possibilities of transfer
for the successors of £. In other words, the marketable payoffs generated by
the assets issued at the same node are identical for the two structures. For a
two-period economy, this just means that the ranges of the payoff matrices are
the same since there is a unique emission node. The main result of the chap-
ter is that Assumption R1 is sufficient to get the equivalence of the financial
structures. Nevertheless, note that Assumption R1 is not necessary to get the
equivalence as illustrated in an example in Section 4.

We apply this result to the special case of a financial structures with re-
trading where assets are issued at date 0 and then re-traded at every node like
in Magill-Quinzii [9]. In this case, note that a financial structure is fully described
by the primitive payoff matrix of assets issued at date 0. To do the link with
the previous model, following [1], we introduce the re-trading extension of the
financial structure by considering that the re-trade of an asset is equivalent to
issuing a new asset. We prove that the equality between the ranges of the two
primitive payoff matrices of two financial structures with re-trading is equivalent
with the fact that they satisfy Assumption R1, so implies the equivalence of
their re-trading extensions.

Then, we study the equivalence of a financial structure with their reduced
forms. A reduced form is obtained by removing the redundant assets. This con-
cept is extensively studied in the two period case in [3, 4, 2]. The interest for
studying this question comes from the methodology to prove the existence of
a financial equilibrium. Indeed, we need a fixed point argument, so we need
the compactness of attainable portfolios. With a financial structure, we may
not have bounded attainable portfolios due to the presence of redundant assets.
So, a way to get an equilibrium is: considering a reduced form by removing
redundant assets; obtaining bounded attainable portfolios for the reduced form;
proving the existence of an equilibrium for the reduced form; getting an equi-
librium for the original economy by equivalence.

We provide an example showing that a structure may not be equivalent with
their reduced form. To get the equivalence, we borrow Assumption R from [7].
A financial structure satisfies Asssumption R if the returns of the assets issued
at a node £ are not redundant with the returns of the assets issued previously.
We show that a financial structure satisfying this assumption is equivalent to
their reduced forms.

Finally, using a result of 7], we prove that two complete financial structures
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2 FINANCIAL EXCHANGE ECONOMY AND EQUILIBRIUM 4

are equivalent if both satisfy Assumption R.

In Section 2, we describe the general framework of a financial exchange econ-
omy and we define a financial equilibrium. In Section 3, we state the definition
of equivalence between two financial structures and we prove the key result on
the link between financial equilibrium for two equivalent financial structures.
In Section 4, we present and comment our key assumption R1, we prove the
equivalence under R1 and then we develop the applications for the re-trading
case, the reduced forms and finally the complete financial structures.

2 Financial exchange economy and equilibrium

In this section, we present the model and the notations, which are borrowed from
Angeloni-Cornet[1] and are essentially the same as those of Magill-Quinzii[9].

2.1 Time and uncertainty

We! consider a multi-period exchange economy with (T + 1) dates, t € T :=
{0,...,T}, and a finite set of agents Z. The uncertainty is described by a date-
event tree D of length 7'+ 1. The set D, is the set of nodes (also called date-
events) that could occur at date ¢ and the family (D;),., defines a partition of
the set D; for each £ € D, we denote by t(£) the unique date t € T such that
§ € Dt.

At date t = 0, there is a unique node &g, that is Dy = {p}. As D is a tree,
each node ¢ in D\ {£y} has a unique immediate predecessor denoted pr(§) or £~
The mapping pr maps D; to D;_;. Each node £ € D\ Dt has a set of immediate
successors defined by ¢t = {eD:&=¢"}.

For 7 € T\ {0} and ¢ € D\ Uj_;D;, we define pr7(¢) by the recursive
T—1

formula: pr™ (§) = pr (pr (5)) We then define the set of successors and the
set of predecessors of £ as follows:

DF () ={eD: IreT\{0}|E=p7 (¢)}
D™ () ={eD: Ire T\{0}| ' =pr" ()}
For each ¢ € D, we note by I (£) the union of ¢ with DT (£). If £ € DT (€)

[resp. & € D (£)], we use the notation £’ > £ [resp. £ > £]. Note that £’ € DT (£)
if and only if £ € D™ (¢’) and similarly & € €T if and only if £ = (¢/)”

I'We use the following notations. A (D x J)-matrix A is an element of RP?*J | with entries
(aé)(ﬁeD,jEJﬁ we denote by A¢ € RY the &-th row of A and by A9 € RP the j-th column of
A. We recall that the transpose of A is the unique (J x D)-matrix ‘A satisfying (Az) epy =
Tes (tAy) for every x € RY, y € RP, where ey [resp. e 7| denotes the usual inner product in
R [resp. R7]. We denote by rankA the rank of the matrix A and by Vect (A) the range of A4,
that is the linear sub-space spanned by the column vectors of A. For every subset D C D and
J C J, the matrix A[‘g is the (]ﬁ) x J)-sub-matrix of A with entries aé for every (&,7) € (]ﬁ) xJ).
Let @, y be in R"; > y (resp. > y ) means xj > yp, (resp. xp > yp) forevery h=1,...,n
and we let R = {z € R" : 2 > 0}, R}, = {z € R" : 2 > 0}. We also use the notation = >y
if >y and x # y. The Euclidean norm in the different Euclidean spaces is denoted ||.|| and
the closed ball centered at = and of radius r > 0 is denoted B(z,r) :={y € R" | [|[y—z| < r}.
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2 FINANCIAL EXCHANGE ECONOMY AND EQUILIBRIUM 5

A simple example of D

511

Figure 1: the tree D

Here: D = {&,&1, 82,811,612, 813,621,822}, T = 2, the length of D is 3,
Do = {&11, €12, €13, 621, €2}, &6 = {&11, &2, E13}, DH (&) = {&o1,&an}, t(énr) =
t(&12) = t(&13) = t(&21) = t(&22) = 2, D™ (&11) = {&0, &1}

2.2 The financial structure

At each node £ € D, there is a spot market on which a finite set H = {1,..., H}
of divisible and physical goods are exchanged. We assume that each good is
perishable, that is, its life does not last more than one date. In this model, a
commodity is a pair (h, &) of a physical good h € H and the node £ € D at
which the good is available. Then the commodity space is R¥, where L. = H x D.
An element x € RY is called a consumption, that is to say = = (x (§))een € RE,
where z (€) = (z (h,£)) ey € RY for each ¢ € D.

We denote by p = (p(§))eep € R™ the vector of spot prices and p(§) =
(p(h,€))pen € R is called the spot price at node &. The spot price p(h,£)
is the price at the node £ for immediate delivery of one unit of the physical
good h. Thus the value of a consumption z (£) at node £ € D (measured in unit
account of the node &) is

p@)emx(&) =Y phzhe).

heH

The financial structure is constituted by a finite set of assets denoted J =
{1,...,J}. An asset j € J is a contract issued at a given and unique node in
D denoted £(j) and called issuance node of j. Each asset is bought or sold only
at its issuance node £(j) and yields payoffs only at the successor nodes &' of
DT (£(5)). To simplify the notation, we consider the payoff of asset j at every
node ¢ € D and we assume that it is zero if £ is not a successor of the issuance
node £(5). The payoff may depend upon the spot price vector p € R* and is
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2 FINANCIAL EXCHANGE ECONOMY AND EQUILIBRIUM 6

denoted by Vg (p). Formally, we assume that ij (p) =01if & ¢ DT (£(4)). An
asset is a short term asset if it has a non-zero payoff only at the immediate
successors of the issuance node, that is, Vg,(p) =0 if & ¢ £T. In the following,
we consider only non trivial assets, that is each asset has a non zero return in
at least one node.

z = (27)je7 € RY is called the portfolio of agent i. If 27 > 0 [resp. 27 < 0],
then |27] is the quantity of asset j bought [resp. sold] by agent i at the issuance
node £ (j).

To summarize a financial structure F = (j, €U))jes> V) consists of

- a set of non trivial assets 7,
- a node of issuance £(j) for each asset j € 7,
- a payoff mapping V : RF — RPXJ which associates to every spot price
p € RY the (D x J)-payoff matrix V (p) = (Vg (p)) and satisfies
. £eD,jeg
the condition V/ (p) = 0 if £ ¢ DT (£ (j)).

The price of asset j is denoted by ¢;; it is paid at its issuance node £(j). We
let ¢ = (qj)jej € RY be the asset price vector.

The full payoff matrix W (p,q) is the (D x J)-matrix with the following
entries:

Wi (p,q) = VI (p) = Sc.eiy s
where ¢ ¢ = 1 if £ = ¢ and ¢ ¢ = 0 otherwise.

So, given the prices (p, q), the full flow of returns for a given portfolio z € R
is W (p, q)z and the full return at node & is

W(p,q)z] (&) =We(pg)ogz=> VI(0)2 =D beeya;?
JjeT jeT

= Z V;c,j (p) 2 — Z 4; 7,

{ied | ()<} {7eg | €G)=¢}

We now recall that for a given spot price p, the asset price ¢ is an arbitrage
free price if it does not exist a portfolio z € R such that W (p,q)z > 0. ¢ is an
arbitrage free price if and only if it exists a so-called state price vector A € ]R[_Dfr n
such that 'W(p,q)X = 0 (see, e.g. Magill-Quinzii [9]). Taken into account the
particular structure of the matrix W (p, ¢), this is equivalent to

Vi€ T, Aejai = Z )\svgj(p)-
£eDt(£(4))

Conversely, for a given state price vector A € RE 1, there exists a unique
associated arbitrage free price denoted g(\) satisfying ‘W (p, )\ = 0, which is
defined by the above formula.

Some additional notations
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2 FINANCIAL EXCHANGE ECONOMY AND EQUILIBRIUM 7

We now introduce some additional notations. For all £ € D\ Dy, J (§) is
the set of assets issued at the node &, that is J(§) = {j € T |£(j) =&} and
J (D~ (&)) is the set of assets issued at a predecessor of £, that is J (D~ (€)) =
{j € T|€(j) <&}. D¢ is the set of nodes at which there is the issuance of at
least one asset, that is, £ € D¢ if J(§) # 0. If ¢ ¢ D¢, J(&) = 0 and, by
convention, we let ImV7 () (p) = {0}.

In all our numerical examples, we assume that there is a unique good at each
node of the tree and the price of one unit of the good is equal to 1. Consequently,
we will denote the payoff matrix (resp. the full payoff matrix) by V' (resp. W (q)).

2.3 The stochastic exchange economy

We consider a finite set of consumers Z = {1,...,I}. Each agent ¢ € 7 has
a consumption set X; C R, which consists of all possible consumptions. An
allocation is an element x € [],.; X; and we denote by x; the consumption of
agent ¢, which is the projection of x on X;.

The tastes of each consumer i € Z are represented by a strict preference
correspondence P : [[;c7 X;j — X, where P; (z) defines the set of consump-
tions that are strictly preferred to z; for agent ¢, given the consumption z;
for the other consumers j # i. P; represents the consumer tastes, but also his
behavior with respect to time and uncertainty, especially his impatience and at-
titude toward risk. If consumer preferences are represented by utility functions
u; : X; — R for each i € Z, the strict preference correspondence is defined by
P; (l‘) = {i‘l S Xi|ui (.fl) > Uu; (l‘l)}

Finally, for each node & € D, every consumer i € Z has a node endowment
e; (£) € RY (contingent on the fact that ¢ prevails) and we denote by e; =
(ei (§))een € RY the endowments for the whole set of nodes. The exchange
economy Y can be summarized by

Y= []D), H,Z, (Xi,Piaei)ieI] :

2.4 Financial equilibrium

We now consider a financial exchange economy, which is defined as the couple of
an exchange economy Y and a financial structure F. It can thus be summarized
by

(27 ‘F) = [D7 HaI7 (Xla P, ei)ieI I, (6 (j))jej ) V:| .
Given the price (p,q) € R x R7, the budget set of consumer i € Z is B% (p, q)
defined by?:

{(2i,21) € Xi x RT :VE € D,p (&) om [1: (€) — €i (§)] < We(p,q) o7 2}
or
{(zs,2) € X; x RT ¢ pa(2; —e;) < W (p,q) 2} -
We now introduce the definition of a financial equilibrium:

2For x = (z (f))gem} p=(p (g))EED in RL = RHxD (with 2(€), p(¢) in R]}-ﬂ) we let pox =
(p(€) or z(€))¢en € R.
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3 EQUIVALENT FINANCIAL STRUCTURES 8

Definition 2.1. An equilibrium of the financial exchange economy (X, F) is a
list of strategies and prices (T,Z,p,q) € (]RL)I X (RJ)I x R\ {0} x R such
that

(a) for every i € ZI,(Z;,%;) mazimizes the preferences P; in the budget set
B% (P, q), in the sense that

(21, 2) € By (,0) and [P(2) x R7] () B (0, 0) = 0;
(®) Dz ®i=jereiand Y, c7 % = 0.

We recall that the equilibrium asset price is arbitrage free under the following
Non-Satiation Assumption:

Assumption NS (i) (Non-Saturation at Every Node) For all Z € [[;c; Xi
such that » ., Z; = > ;s e, for every i € T, for every § € D, there exists
x; € X; such that, for each & # &, z,(¢') = 7,(¢') and z; € P; (T).

(ii) if z; € PZ(.’Z'), then [Qii, fi[e Pl(f)

Proposition 2.1. (Magill-Quinzii [9], Angeloni-Cornet [1]) Under Assumption
(NS), if (Z,2,D,q) is an equilibrium of the economy (X, F) then the asset price
is arbitrage free i.e., there exists a state price A € ]RI_%+ such that "W (p, @)\ = 0.

3 Equivalent financial structures

In this section we will define an equivalence relation on financial structures. We
will show that the existence of an equilibrium in an exchange economy associated
with a given financial structure is equivalent to the existence of equilibrium in
exchange economy associated with any other financial structure equivalent to
the first one. So equivalence allows to extend the existence results for financial
equilibrium to a whole class of financial structures. Hence the importance of
studying the notion of equivalence between the financial structures.

Definition 3.1. Let F1 = (J1,(£(4))jen, V) and Fo = (Jo, (€(4)) e, V?)
be two financial structures. We say that Fy is equivalent to Fo with respect to
a giwen spot price p (denoted by Fi ~p Fo) if for all state price A = (A¢)een €
R2 ., ImW(p,¢*(N)) = ImW?(p, ¢*()\)) where ¢*(X\) and ¢*(\) are the unique
arbitrage free prices associated with \.

We say that F is equivalent to the Fo if for all spot price vector p € RY,
]:1 =p ]:2.

The intuition behind this definition is that the financial structures allow
agents to transfer wealth across nodes of the date-event tree. Thereby given a
spot price p, their budget set is determined by the set of marketable payoffs that
is the range of the full payoff matrix. To be equivalent, two financial structures
must provide the same set of marketable payoffs whatever is the state price and
the associated arbitrage free asset prices.

Proposition 3.1. For each spot price p € R", the relation ~, defined above is
an equivalence relation.
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3 EQUIVALENT FINANCIAL STRUCTURES 9

The proof is left to the reader.

The main consequence of this definition is given below and states that, re-
gardless of the standard exchange economy ¥, consumption equilibria are the
same when agents carry out their financial activities through two different equiv-
alent structures F; and Fs.

Proposition 3.2. Let X be an exchange economy satisfying Assumption NS.
Let Fi = (Jl, (§(j))j€jl,V1) and Fy = (T, (5(j))jej27vz) be two equivalent
financial structures.

Let (z,z2
that (z, 2, p,

,D,q') be an equilibrium of (X, F1). Then there exists 2 and @* such
q?) is an equilibrium of (3, Fz).
Proof of Proposition 3.2. Since (7,z,p,7') is an equilibrium, Proposition
2.1 implies that ' is an arbitrage free price. So, there exists a state price A =
(Ae)een € RY | such that ‘W' (p,¢")A = 0. Let ¢ be the unique arbitrage free
price for the financial structure JF5 associed with A. Since F; ~ F3, we have
ImW1(p,¢') = ImW?(p, g*) (See Definition 3.1).

For all i # 1, let 2 € R77T be such that W(p,q")z; = W2(p,3?)%; . Such
2; exists because ImW?!(p, ') = ImW?2(p, ¢?). Let 2, = — > icziiu 2i- We now
show that (Z, 2,p,¢?) is an equilibrium of (3, ). Indeed, for all i € Z,

W2(p,q*)z =W'p.d")z

This is obvious for ¢ # 1 and if i = 1, as ZiEI z; =0,

W25, %) = W20, ) (= D> &) =— Y [W(p,q)4] =

i€L;i#L i€TiFAL
- W e.d)E =WHEa) (- Y z) =Wpd)a
i€T;i#l i€T;i#1

With this remark, we easily prove that B% (p,¢") = B, (p,¢%) and (Z;, %) €
B}_—Q (p,q?) all i, which is enough to conclude since the feasibility conditions are
satisfied. O

3.1 Examples of equivalent financial stuctures

We will give some examples of equivalent financial structures. The proofs are
given in Appendix.

Example 3.1. ( Scalar multiplicator) Let F = (7, (£(j)) ez, V) be a finan-
cial structure. For each o € R\ {0}, the a-product of F,

Fo=(7,(())jeq, V* =aV)

is equivalent to F.
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4 SUFFICIENT CONDITIONS FOR EQUIVALENCE 10

Example 3.2. (Union of financial structures) Let 71 = (J1, (£(4))jen, V")
and Fo = (Ja, (£(4))jez, V?) be two financial structures. The financial struc-
ture* F = F1 UF = (J = J1 U T, (£(4))jes,V = [V, V?]) is called the
Union of F1 and Fo, . F1UFy ~ FoUF; and if Fq o, Fy, then Fi UFy >~ Fi.

Combining the two previous examples we obtain :

Example 3.3. Let F1 = (J1,(£()))jexn, V") and Fo = (Jo, (£(4))jez, V?)
be two financial structures such that F; ~, F5 with respect to the spot price
vector p. For each pair (o, ) € R* x R*, the structure F, g := aF1 U BFy =
(J =h"Ude, (€())jes, Ve = [aV1, BV?]) is equivalent to F; and to Fp with
respect to p.

Example 3.4. (Stability of the equivalence by reunion.) Let F1, Fa, F3, Fy be
four financial structures. Let a spot price p € R¥, such that F; ~, Fp and
.7'-3 ~p .7'-4 then

Fi1UF3 o FoU Fy.

Definition 3.2. Let F = (J,(£(j))jes,V) be a financial structure. We call
sub-structure of F any financial structure F' = (J',(£(j))jeq:, V') such that

JcTandV' =VI',

The following proposition is a consequence of Example 3.4.

Proposition 3.3. Given a spot price p € RE, let F1 = (J1,(€(4))jen, V)
and Fo = (Ja, (£())jedn, V?) be two financial structures such that there is a
sub-structure F3 of Fo which is equivalent to F1 with respect to a spot price p.
Then we can complete the structure Fi to get a new financial structure F such
that F ~, Fo.

4 Sufficient conditions for equivalence

In this section we provide sufficient conditions on the payoff matrices for the
equivalence of financial structure with long-term assets. In the two-period case,
two financial structures are equivalent if the images of their payoff matrices are
equal,(see [8]). In the multi-period case, if all assets are short-term, we have
generalized this result in [6].

In the multi-period case, if there are long-term assets, the equivalence be-
tween two financial structure does not imply that the images of payoff matrices
of two financial structures are equal (see below Remark 4.1) and equality be-
tween the images of payoff matrices of two financial structures does not imply
that these two financial structures are equivalent (see below Remark 4.2).

Remark 4.1. Let D = {507£I7§2a§3}5 jl = {]%a]]??.]?}) j2 = {.7217.]%’.73}
EU1) = €02) = &, €07) = €0U3) = & and £(j}) = £(j3) = &-. Let X =
(Mo, A1, A2, A3) € RY | be a state price and (g1, ¢2) € R7 x R72 be the couple
of arbitrage free prices for the two financial structures associated to .

371 U J> is the union of assets of F; and of F» where, the common assets in 71 N Jo are
counted twice in the new structure, if J1 N J2 # 0. The matrix [V, V2] is the (D x (J1 U J2))
matrix whose first J; columns are those of V! and the last J2 columns are those of V2.
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4 SUFFICIENT CONDITIONS FOR EQUIVALENCE 11

Figure 2: the tree D

The payoff matrices and the full payoff matrices are:

00 0\ & —Atqad A0+A 0 &

1 0 0 & 1,1 1 —sEss 0 &1
V1: dW = Al

110 | & W) 1 1 | &

111 &3 1 1 1 &3

0.0 0Y) & SERER 00 g

100 &1 2/ 2 1 -2 0 &1
VZ= dw = X

100 & ™ (") 1 0 _% &2

111 &3 1 1 1 &3

It is clear that rankW1(q!) = rankW?(¢?) = 3, so ImW?(¢?) = ImW!(¢') =
AL, So the two structures are equivalent although ImV! # ImV? because
rankV! = 3 # rankV? = 2.

Remark 4.2. Consider two financial structures such that each contains three
assets and D = {5)’§1a§27€11a512a§137§21}' g(]ll) = 5(321) = g(]%) = 50 and
£(47) = £(7) = €(53) = &u.

SH

Figure 3: the tree D

The two payoff matrices V! and V? are equal, so they have the same image
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o
&1
)
11
12
13
21

With A = (1,1,1,1,1,1,1) and ¢' and ¢? the two associated arbitrage free
prices, we have:

V1:V2:

= =0 OO
[N e NoNoNe)
O OO, OO O

4 0 0\ & 4 —1 0\ &
1 -1 -1| & 10 -1|é&
1 0 o0& 10 o0&
Wigh)=10 0 1 [&randW23(g)=|0 0 1 [&n
0 1 0 |&= 0 1 0 ]é&o
I 0 0 ]é&s 0 0 |&s
10 0)éy 10 0)éy

The two structures are not equivalent since ImW1!(q!) # ImW?(¢?) even if
the two payoff matrices have the same image. Indeed, we can check that the
second column vector of the matrix W?2(¢?) does not belong to ImW1(qt).

4.1 Equivalence under Assumption R1

To get the equivalence, we need an additional assumption on the payoff matrices
that we now introduce:

Let F1 = (J1, (£(5))jeq, V') and Fo = (T2, (£(4)) jesn, V?) be two financial
structures defined on the same date-event tree D and p € R be a spot price
vector.

Assumption R1. V¢ € DY U DS,

Imvljl &) (p) _ ImVQJz(f) (p)

Assumption R1 means that at each emission node £, both structures offer
the same possibilities of transfer between successor nodes to £. In the two-period
case, Assumption R1 at p simply means ImV!(p) = ImV?(p) since there is only

one emission node, &y, and ImV*(p) = ImVlJl(EO)(p). So Assumption R1 can
be seen as the natural extension of the standard assumption on the equality of
the range of the payoff matrices when there are more than one issuance node.
We provide additional comments on Assumption R1 in Sub-section 4.2.

Note that since trivial assets are excluded, if Assumption R1 is satisfied,
then the issuance nodes are the same for both financial structures.

We now state the main result of this paper on equivalence with long-term
assets when markets are incomplete or not.

Proposition 4.1. Given a spot price vector p € RE. Let Fy and F» be two
financial structures satisfying Assumption R1 at the spot price p € RY. Then
]:1 =~p ]:2.
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Proof of Proposition 4.1. Since

mVi(p) = 3 V' (p) and mV2(p) = 3 >,
£ebs £ehg
and since Assumption R1 implies that Df = D§ = D€, one concludes that

ImV!(p) = ImV?(p) under Assumption R1.

Conversely, let A € R{Dﬁ + be a state price and let ¢! and ¢? be the two
associated arbitrage free prices. Let y € ImW1(p,q'). There exists z! € Rt
such that

y=W'p,¢")2' =Y | > WH(p,q")"
gebe | jeqi(§)

Let £ € D be given. We have:

1,5 , e
S W )t = { Syea Ve 0)21 £ € ¢ D

1,7 _ 1.1, 3 e
jeq Yiemane Vel =Y o2 ifEeD

Since, by Assumption, for all n € D¢, Tmy 171 (p) = ImVQ‘jz(n)(p), there
exists z2 € RY2 such that, for all n € D¢,

Z Vii(p)eti = Z V2 (p)27.

J€ETL(n) JET2(n)

This implies that

Z ngyj(P gzt = { Yjes V2’j( )% if € ¢ D

2, »J ] e
i€ Cieanaue Ve 05 =Yg 692 £ ED

But, since ‘W(p,¢*)A = 0, with £ € D¢,

S og= Y| Y )| 2

JET(©) jeqi(€) [eept(e) 7
1 .
Ly | Y wwe
¢ ¢en+(e) JET(€)

/ Sinf? gor all g € D%, 3seqn0m V' ()2 = Yiegi V7 (p)2*7, for cach
§eDm(¢

SV = S V)
JETL(E) JE€ET2(E)
Consequently, since ‘W?2(p, ¢*)\ = 0,
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4 SUFFICIENT CONDITIONS FOR EQUIVALENCE 14

/\i Yoo e | D Vel )=t

S e (e) JET ()
1 2,0 7.2,
Ly | ¥ v
&'eb+(§) JET2(€)
_ A¢r 2, 27 _ 2 2,5
=D | X W= g
jeT(e) |erent(e) ¢ JETa(©)

Hence

IR

JET

Yien Ve (p)jg.’j if € ¢ D° .
Yjeangie Ve 0 = Y e G277 if £ €D

2,7 j
=Y Wi(p,q*)=*
JET2

So for all { €D, ye = >, 7, Wg’](p, ¢z =3, W;J (p,q?)z%7. Con-
sequently y € ImW?2(p, ¢?) hence ImW1(p,q') C ImW?2(p, ¢?). With a similar
reasoning, we can show that ImW?2(p,¢?) C ImW1(p,q'). So ImW?2(p,¢?) =
ImW!(p,q'), that is Fy ~, F». O

Remark 4.3. Assumption R1 is not necessary for the equivalence of financial
structures. Indeed, we provide now two equivalent financial structures, which
do not satisfy Assumption R1. Let D = {&,&1,&2,&3} as in Remark 4.1, 73 =
and £(j3) = &. Let A = (Mo, A1, A2, A3) be a state price and let (¢',q?) €
R7t x R72 be the couple of associated arbitrage free prices.

The payoff matrices and the full payoff matrices are:

R FoE oo
1 _ 1 1 1\ 1
V= 01 0 P and W (q") = 0 ) 7)\7/:3 52
0 11 &3 0 1 1 &3
0 0 0 20 vl v B &
1 0 0 1 2/, 9 1 0 2 &1
V2 == d W = A
0 1 -1 | & dWAT) 0 1 21 &
1 -1 0 &5 1 -1 0 &3

Assumption R1 is not satisfied since the issuance nodes are not the same for
the two financial structures. We have rankW!(q;) = rankW?(g2) = 3. Indeed,
the rank of the square sub-matrix A; (resp. As) composed by the three last
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rows of W1(g') (resp. W2(q?)) is equal to 3 because DetA; = 1 + ’A\—;’ (resp.
DetAdy = -1 — ’A\—’;‘) which is always different from zero. So, one can conclude
that ImW1(q') = ImW?2(¢?) = A+, hence the financial structures are equivalent.

4.2 Comments on Assumption R1

We first remark that Assumption R1 is stronger than assuming the equality of
the images of the two payoff matrices. Indeed, in Example 4.3, ImV! = ImV?2
but Assumption R1 is not satisfied. The converse is true as already noticed at
the beginning of the proof of Proposition 4.1.

With short term assets, Assumption R1 is equivalent to the equality of the
images of the payoff matrices.

Lemma 4.1. Let p € R be a spot price vector. Let Fy = (J1, (€(4))jen, V)
and Fo = (T2, (£(4))jeqn, V?) be two financial structures with only short-term
assets. Then ImV'Y(p) = ImV?(p) if and only if Assumption R1 holds true at
the spot price p.

The proof of Lemma 4.1 is given in Appendix.

The next proposition provides sufficient conditions under which Assumption
R1 holds true. We first recall the assumption introduced by Bonnisseau and
Chéry in [7]. Given a spot price vector p € R¥, and a payoff matrix V(p).

Assumption R. V¢ € D¢,
J(D™ (&)
Vect <VD+((£) )(p)) ﬂ Vect (VD{(é))(p)) ={0}.

Assumption R means that the returns of the assets issued at a node £ are
not redundant with the returns of the assets issued at a predecessor node of €.
So, the issuance of additional assets at £ are a true financial innovation since the
payoffs in the successors of £ cannot be replicated by the payoffs of a portfolio
built with the assets issued before &.

Proposition 4.2. Let p € RY be a spot price vector. Let Fi and Fa be two
financial structures. They satisfy Assumption R1 at the spot price p if one of
the following conditions is satisfied:

(i) All assets are issued at the same date 71 and ImV'*(p) = ImV?(p).

(ii) For all & € D§ U DS, ImVljl(é)(p) C ImVQJQ(E)(p), Assumption R is
satisfied at the spot price p by both financial structures and rankV*(p) =
rankV2(p).

The proof is given in Appendix.

We show in the next sub-section that Assumption R1 is satisfied when we
consider re-trading extensions of financial structures with emission of primitive
assets only at node &y and equality of the ranges of the payoff matrices associated
to the primitive assets.
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4.3 Equivalence with re-trading

With more than two periods, the financial structure is often built upon primitive
assets issued at the initial nodes providing payoffs for the future periods and
then re-traded at the successive periods. See Magill-Quinzii [9] for a complete
description. In Angeloni-Cornet [1], it is shown that the re-trading of an asset
can be interpreted as the issuance of a new asset with the payoff being the
truncation of the payoffs of the initial asset for the future nodes. They have
also proved that we get equivalent financial structures by considering a payoff
matrix & la Magill-Quinzii where the asset prices appears two times since the
asset can be sold and bought at each non-terminal node or the payoff matrix
a la Angeloni-Cornet, where each asset is exchanged only once at the issuance
node.

For the sake of simplicity and consistency with the previous sections, we
consider the Angeloni-Cornet approach. We show that the equality of the range
of the payoff matrices for the primitive assets is sufficient for the equivalence of
the re-trading extension.

Let F = (j, (f(j))jej , V) be a financial structure such that all assets are

issued at node &y. Suppose that each asset j, once issued, is re-traded at all
succeeding nodes except terminal nodes. Each re-traded asset at a node £ € D™
is considered as a new asset je¢ issued at node £. The new financial structure thus
constituted is called the re-trading extension of the primitive financial structure.

Definition 4.1. Let F = (j, (g(j))jej,V) be a financial structure where

£(j) = &o for all j. The re-trading of asset j € J at node &', denoted je, is the
asset issued at &', that is, £(jer) = &', and whose flow of payoffs is given by

V¥ (p) = V{ (p), if € e DH(E);
f/gjfl (p) = 0 otherwise.

The re-trading extension of F is the the new financial structure

(7 =7 %D, ()5 7)

which consists of all primitive assets j € J and of all re-trading assets (j¢) to
all nodes &' € DV (&)\{Dr}.

A simple example

Let F be a financial structure constituted of two financial assets {j!,5?}
issued at the first date such that

VIt =1(1,3,-2,1,1,4) and VI° =%(2,-2,3,-1,1,1)

and D = {&o, &1, &2, €11, 812, 21, €22 )
The payoff matrix of the re-trading extension F of F is:
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SH

Figure 4: the tree D

0 0 0 0 0 0\ &
1 2 0 0 00|¢&
3 -2 0 0 0 0]&
V=|-2 3 -2 3 0 0|é&n
1 =1 1 -1 0 0]¢n
1 1 0 0 1 1|é&n
4 1 0 0 4 1/ &

Notations:

For each ¢’ € D™, we denote by g;,, the price of asset j¢ (i.e., the re-trading
of asset j at node ¢’), which is sometimes also called the re-trading price of
asset j at node £'. So, for the financial structure F, both the asset price vector

q = (Gjor )jg/ej:JxD— and the portfolio z = (ngl)(jgx)ej:JxD— now belong to
RI>D™

Given a spot price p € RF an asset price vector ¢ € R7*P" and a portfolio
z € RI*P" | the full financial return of z for the financial structure F at node
¢ € D is given by:

if & = Co, Wre(p @) 07 2 = = X e (6= x{ea} eg 7
if £ € D™ NDT, Wge(p,G) 7 2 is equal to

~j 4 e/ ~ et
Zj§/€j=.7><]D)* V;EE (p)zjf - ng/ €J=JxD~ 5f,§(j§/)Qj§/ZJE
_— ~ ¢! Jer _ =~ ]
= 2ieed | eGer<er Ve PF =X jceqie)—gxie Ge?™
e S
= Seen o (Diped Vo 0)27) = Sieegnie) G2

=2een-(e) | 2jes Véj(p)zkl) ~ DjeeTxie} Gje ¢

finally if £ € D, Wge (P, q) ® 7 z is equal to:

Y | X = X | XV

§eb=(§) \joeJg £eb— (&) \jeJ
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So, the full payoff matrix of the previous example is:

iy, iz, 0 0 0 0N

1 2 4y 4z 0 0 14

3 9 0 0 —dp —ip | &

We@=| 2 3 _—2 3 0" o |én
1 1 1 -1 0 0o |

1 1 0 0 1 1| &

4 1 0 0 4 1 ) G2

We now state a simple condition under which the re-trading extensions of two
primitive financial structures satisfy Assumption R1. Actually, the necessary
and sufficient condition is that the ranges of the payoff matrices of the primitive
financial structures be equal.

Proposition 4.3. Let p € RY be a spot price. Consider two financial structures
Fi= (jl, &G))jeas Vl) and Fy = (jz, (&) jedns V2) where all assets are is-

sued at &. Let Fy = (jl, (g(j))iejl ,‘71> [resp. Fo = (jg, (5(5))36.72 ,‘72>/ be
the re-trading extension of Fy [resp. Fa]. The following assertions are equivalent

1) fl ﬁp fg,‘
2) ImVi(p) = ImV?(p);

3) Assumption R1 is satisfied with respect to p by the financial structures Fi
and Fa;

Proof of Proposition 4.3. 1) implies 2). Let A € IR{I_?+ and (q1,¢q2) the
couple of associated arbitrage free prices. Then, by definition of equivalence
between financial structure, ImW(p,q;) = ImW?2(p,q2). Let y € ImV!(p).
There exists z € R7t such that y = V?!(p)z. Since all assets are issued at
€, (—q1 - 2,y) = Wk(p,q1)z € ImW(p,q1). So, there exists ( € R72 so that
(—a1-2,y) = W2(p,02)¢ = (—q2-¢, VZ(p)(). Hence, y = V(p)(, so y € ImV?(p).
Consequently ImV'!(p) € ImV2(p) and one proves the converse inclusion in the
same way.

2) implies 3). The matrix V171 (p) (resp. V372&) (p)) is obtained from the
matrix V1(p) (resp. V2(p)) by replacing the rows for the nodes n ¢ D* (&) by
rows with zero entries. So, the range of V718 (p) (resp. V2728 (p)) is just
the projection of the range of V1(p) (resp. V2(p)) on the space of vectors in R
with zero entries for n ¢ DT (€). Hence, since the ranges of V*(p) and V?(p) are
equal, the ranges of V1716 (p) and V272(8) (p) are also equal, so Assumption
R1 is satisfied with respect to p by the financial structures F; and F.

3) implies 1). Indeed, if Assumption R1 is satisfied with respect to p by the
financial structures 7, and F, for the node &, ImV 171 (€0) (p) = ImV272(%0) (p).
Thanks to the definition of a re-trading extension and the fact that all assets
are issued at & for the financial structures F; and Fy, V1:71(60) (p) = V1(p) and
V272(80) (p) = V2(p). So ImV!(p) = ImV2(p). O

A direct consequence of the above proposition and Proposition 4.1 is the
following sufficient condition for the equivalence of the re-trading extensions of
two primitive financial structures.
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Corollary 4.1. Let p € RY be a spot price. Consider two financial structures
FiL = (jl,(é(j))jerVl) and Foy = (jg,(f(j))jejz,VQ) where all assets are
issued at &. Let Fy [resp. .7:'2] be the re-trading extension of Fy [resp. Faf. Then
ImV?(p) = ImV?2(p) implies Fi ~, Fo.

4.4 Equivalence with reduced forms

In this subsection, we will define the concept of a reduced form of a financial
structure. Then we will give a result on the equivalence of a financial structure
with its reduced forms. An important motivation for studying the reduced forms
of a financial structure is the following.

To get existence of a financial equilibrium, we use a fixed point argument,
so we need the compactness of attainable portfolios. With a financial structure,
we may have unbounded attainable portfolios due to redundant assets*. So, a
way to get an equilibrium is:

- considering a reduced form by removing redundant assets;

- then obtaining bounded attainable portfolios for the reduced form;

- then proving the existence for the reduced form;

- by equivalence, getting an equilibrium for the original economy.

Definition 4.2. Let p € RY be a spot price vector. Let F = (T, (£(5))jea,V)
be a financial structure. We call a reduced form of F with respect to p, any
financial sub-structure® F' = (J',(£(5))jeq, V') of F such that rankV (p) =
rankV’'(p) = #J'.

If for all p € R* we have rankV (p) = rankV'(p) = #J', we say then that
F'is a reduced form of F.

We note that according to Definition 4.2, we obtain a reduced form of a
financial structure with respect to a spot price p by simply eliminating the
maximum number of redundant assets for p.

Remark 4.4. This example provides a financial structure which is not equiv-
alent to a reduced form. Indeed, let F be a financial structures with D =

{507§1a§2553} as in Remark 417 J = {jlaj27j3}7 g(]l) = gOa g(.]2) = 51 and
£(53) = &. The payoff matrix is

0 0 0\ &
_ (1 0 0|&
V=11 0 olé&
11 1/ &

The matrix of a reduced form F’ of Fis V/ =

== = O
_o oo

4Recall that an asset jo of a financial structure F = (7, (£(j))je7, V) is redundant at the
spot price p if the column vector V70 (p) representing its payoffs on D is a linear combination
of the other column vectors of the matrix V.

5See Definition 3.2.
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Let A = (Ao, A1, A2, A3) € R, and (¢,¢) € R3 x R? the associated arbitrage
free prices. We have

_ >\1+§§+>\3 (1\ 0 50
A3
Wi(q) = ! M _OL? U and rankW(q) =3
1 0 b &2
1 1 1 /)&

while the rank of the full payoff matrix W’(¢') is at most equal to two, so
ImW (q) # ImW’(¢’) hence F is not equivalent to F'.

The next proposition shows that Assumption R borrowed from [7] and stated
in Subsection 4.2 is a sufficient condition to get the equivalence between a fi-
nancial structure and its financial sub-structures when the ranges of the payoff
matrices are equal. The proof is given later.

Proposition 4.4. Let p € RY be a spot price vector. Let F = (T, (£(5))jer, V)
be a financial structure satisfying Assumption R at the spot price p and let F' =
(T, (&) jeq, V') be a financial sub-structure of F. The following assertions
are equivalent:

1) Foyp, Fy

2) For every state price A\ € RY |, ImW (p, q) = ImW'(p, ¢') where q and ¢' are
the associated arbitrage free prices;

3) For every state price A € RY_, rankW (p, ¢) = rankW’'(p, ¢') where q and ¢’
are the associated arbitrage free prices;

4) rankV(p) = rankV’(p);
5) ImV (p) = ImV'(p);

6) V¢ € D¢, ImV IO (p) = ImV"7 © (p).

Note that (6) means that F and F’ satisfy Assumption R1 at p. So, under
Assumption R, a sub-structure is equivalent if we remove only redundant assets.

The following corollary is a direct consequence of the previous proposition
because we consider a reduced form which is a particular case of a sub-structure
and the rank of the payoff matrices are the same by definition.

Corollary 4.2. Given a spot price vector p € RY, let F = (7, (£(4))jer,V) be
a financial structure satisfying Assumption R at the spot price p. Then, F 1is
equivalent to each of its reduced forms.

Since Assumption R is always true in the case of a financial structure con-
sisting only of short-term assets, we deduce from Corollary 4.2 the following
corollary:

Corollary 4.3. A financial structure consisting only of short-term assets is
equivalent to each of its reduced forms.
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Corollary 4.3 generalizes Proposition 1.5 of the thesis Zaier Aouani [2|, which
deals with the two-period case. The following corollary is deduced from Corollary
4.2 and Example 3.4.

Corollary 4.4. Given a spot price vector p € R, let Fy = (71, (f(j))jejl,Vl)
and Fay = (T2, (£(4))jegs, V?) be two financial structure satisfying Assumption
R at the spot price p. Then for all reduced forms F| of F1 with respect to p and
for all reduced forms F5 of Fa with respect to p we have

F1UFy ~, Fy U FS.
Remark 4.5. The following example shows that Assumption R is not necessary

to get the equivalence between a financial structure and its reduced forms.

Indeed, let F = (J,(£(j))jes, V) be a financial structures such that D =

{€0,&1,&, &3} asin Remark 4.1, 7 = {4, 52,53, 7} and £(j') = £(j?) = £(5°) =
o, £(j*) = &. The payoff matrix is

00 0 0\&
(100 0]g
V=10 11 0|é&

010 1/¢&

Assumption R is not satisfied since Vect VD{(E;)(EZ)) N Vect Vﬂﬁ(&)) =R # {0}.

The financial structure F has exactly three reduced forms denoted by F!, F2
and F3:

000 00 0 00 0
100 1 00 100
1 _ 2 _ 3 _
Vi=lo 1 o]V 01 1| ™V =10 1 ¢
01 1 00 1 00 1
. .0
. 1000
The full payoff matrices are as follows: W(.) = 01 1 ,
010 1
.0 Lo .0
100 100 100
1 _ 2 _ 3 —
WO=1o 1 |!"WO=10 1 1|mdWO=10 1
01 1 00 1 00 1

Let A = (Ao, A1, A2, A3) € RY, and (¢,¢') € R* x R3 be the associated
arbitrage free prices. Then, ImW(q) = ImW1(q'). Indeed, the column vec-
tors of the matrix W1l(q!) are also column vectors of the matrix W(q) so,
Vect Wt(g') € Vect W(q). Moreover, rankW!(q') = rankW (q) = 3. Hence
F1 is equivalent to F. Similarly, we can show that the structures F? and F°
are equivalent to F.

Proof of Proposition 4.4. 1) implies 2). By definition of the equivalence of
two financial structures. 2) implies 3). Because rankW (p, q) = dim ImW (p, q)
and rankW’(p, ¢') = dimImW’(p, ¢’). 3) implies 4). Thanks to Assumption R (
See Proposition 3.5 and Lemma 3.1 in [7]). 4) implies 5). Because by definition
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of a sub-structure of a financial structure, we have always ImV’(p) C ImV (p).
5) implies 6). By definition of a sub-structure of a financial structure, we have
always for all ¢ € D¢, ImV"7 (p) € ImVI®)(p), hence rankV’” © (p) <
rankV 7€) (p). Furthermore, in the proof of Proposition 3.5 in [7], it is shown
that Assumption R implies rankV (p) = > . cp. rankV 7 (&) (p). F' satisfies As-
sumption R as sub-structure of a financial structure satisfying assumption R, so,
we also have rankV’(p) = > . p. rankV’Y" ) (p). Hence > eepe rank V7 () (p) =

deme rankV’ jl(é)(p). Combining with the above inequalities, we conclude that

rankV’j/(g)(p) = rankV7©)(p) for all ¢ € D°, and finally ImV’j,(g)(p) =
ImV 7 (p); 6) implies 1): thanks to Proposition 4.1. (]

4.5 Equivalence for complete financial structures

In Remark 4.2, the example shows that even if Assumption R is satisfied by
both financial structures, ImV! = ImV? and the sets of issuance nodes are
equal i.e., Df = D3, the financial structures may not be equivalent. Note that
the two financial structures satisfy also the stronger condition of Cornet and
Ranjan [8], namely

V¢ e D and Vj, L € J,VIVE = 0if £(j) # £(0)

Nevertheless, we can obtain a more accurate result for complete financial
structures. Indeed, Assumption R is then sufficient to get the equivalence. Com-
pleteness means that all financial transfers are possible through the financial
structure.

Definition 4.3. Let F = (J,(£(j))jes,V) be a financial structure. Given a
spot price p € RY and an arbitrage free price q, the financial structure F is
complete at (p,q) if AmImW (p,q) = #D — 1. If dimImW (p,q) < #D — 1 the
financial structure F is incomplete at (p,q).

The following proposition, which is a direct consequence of Proposition 3.5
in [7], gives a characterization of market completeness under Assumption R.

Proposition 4.5. (Complete Markets) Given a spot price p € RY, let F =
(T, (&) jer, V) be a financial structure satisfying Assumption R at the spot
price p. If rankV (p) = #D — 1 then, for all state price A € R, the finan-
cial structure F is complete at (p,q), where q is the arbitrage free asset price
associated to \.

The following proposition gives a result of equivalence among complete fi-
nancial structures under Assumption R.

Proposition 4.6. Given a spot price p € RY, let Fy = (1, (£(j))jeq, V') and
Fo = (T2, (€(4))jeqs, V?) be two financial structures satisfying Assumption R
at the spot price p. Let us assume that rankV1(p) = #D — 1. The following
assertions are equivalent:

(a) Fi =p Fa;
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(b) For all state price X € RY | the financial structure Fy [resp. Fo | is com-
plete at (p,q') [resp. (p,q?)] where (q1,qz2) is the couple of arbitrage free
prices associated to \;

(c) rankV!(p) = rankV?(p);
(d) TmV*(p) = ImV?(p).

Proof of Proposition 4.6. (a) implies (b). F1 =, F, implies for all state price
AeRY , ImW?(p,¢") = ImW?(p, ¢?). Since Assumption R holds true for both
financial structure, thanks to Proposition 3.5 in [7], #D — 1 = rankV!(p) =
rankWl(p,¢') = dimImW?!(p,q¢') = dimImW?(p,¢*) = rankV?(p). So, the
financial structure Fj [resp. F» | is complete at (p, ¢*) [resp. (p,¢?)]-

(b) implies (c) thanks to Proposition 3.5 in [7].

Let us now show that (c) implies (d). By assumption, rankV?!(p) = #D — 1
and, since the first row of V(p) has only zero entries, ImV!(p) = {y € RP |
Ye, = 0}. The same reasoning applies to VZ(p) so ImV!(p) = ImV?(p).

Let us show now that (d) implies (a). Let A € RY | be a state price. Let
G' € R and ¢? € R72 the two arbitrage free prices associated with \. Since
Assumption R holds true for both financial structure, thanks to Proposition 3.5
in [7], (d) implies that #D — 1 = rankV!(p) = rankW(p, ') = rankV?(p) =
rankW?2(p, ¢?). So since ImW1(p, ¢') and ImW?2(p, ¢?) are included in A+, one
concludes that ImW1(p, ') = ImW?(p, §°) = A+. Consequently, Fy ~, Fa. O

Remark 4.6. In the two-period case, if there exists an arbitrage free price for
which the financial market is complete, the financial structure is complete for
any other arbitrage free price. With several periods, if the assets are all short-
term, this result is deduced of Proposition 5.2 of Angeloni and Cornet in [1].
But if there are long-term assets in the financial structure, Proposition 4.6 is no
more true without Assumption R. Indeed, consider a stochastic economy with
T = 2 and tree nodes, namely D = {&y, &1, &} and let Fy = (J1, (€(4))jen, V)
and F2 = (J2, (£(5))jes, V?) be two financial structures. In the first structure
there are two assets ji and j? with £(ji) = & and £(j7) = &. In the second
structure there are two assets ji and j2 with £(j3) = £(j3) = &.

Figure 5: the tree D

Then the payoff matrices are:

0 0\ & 0 0\ &
Vi=|—-1 0]& and VZ=|[1 0]&
1 1/ & 0 1/ &
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Assumption R is not satisfied by Fi. It is clear that
rankV?!(p) = rankV?(p) = #D — 1 = 2.
Let A = (1,1,1), ¢* = (0,1) [resp. ¢*> = (1,1)] is the arbitrage free price of

Fi [resp. Fa] associated with A. The full payoff matrices associated with ¢! and
52
¢* are:

0 0\ & -1 -1\ &
Wi@gh=[-1 -1]1& andW2(@) =1 0|&
1 1/ & 0 1/¢&

We have rankW(g') = 1 and rankW?2(4?) = 2 this implies that ImW?(g') #
ImW?(4?). So the structures F; and JF, are not equivalent and the financial
structure F; is not complete at g'.

Remark 4.7. Without the completeness, even if Assumption R is satisfied
in the two financial structures and there is a state price A € Rﬂi 4 such that
ImW1(p,q') = ImW?2(p,q?) for the associated arbitrage free asset prices, we
have no guarantee that the two structures are equivalent at p. Indeed, let D =
{£07£1352a£3,§4}7 J = {]117]%7.7%}a Jo = {]217j§a]§} 5(‘7%) = 5(]%) = 5(.721) =
€o and £(57) = £(j3) = £(3) = &

Figure 6: the tree D

The payoff matrices and the full payoff matrices for the state price A =
(1,1,1,1,1) are:

0 0 0 & 0 0 0 £
1 -1 0 & 1 -1 0 3]
vi=| -1 1 1 & and WHgh=| -1 1 1 &
0 -1 1 &3 0 -1 1 &3
0 1 -2/ & 0 1 -2/ &
0 0 0 & 0 0 0 &
1 0 0 & 1 -1 0 &
Vie| -1 1 1 & and WA =1 -1 1 1 &
0 -1 1 & 0 -1 1 &3
0 1 -2/ & 0 1 -2/ &

Assumption R is satisfied by the two financial structures and it is clear that
ImW1!(g) = ImW?(g?) since W(ql) = W2(q?).

Now let A = (1,1,1,1,2) be another state price. Then,
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0 -1 0 £o 0 0 0 &
1 -1 2 & 1 -2 2 &
wigh=1 -1 1 1 & and WH@H)=| -1 1 1 &
0 -1 1 &3 0 -1 1 &3
0 1 -2/ & 0 1 -2/ &

It is clear that TmW?'(¢") # ImW?(¢?) since W/ (¢') # 0 and WZ (¢%) = 0.
Consequently the financial structures F; and JF, are not equivalent at p.

Appendix

Proof of Examples of Subsection 3.1

Example 3.1. Let p be a spot price, A € RR+ be a state price, @ be one non-zero
real number and (g, ¢®)RY x R be the couple of arbitrage free prices associated
to A. From the arbitrage free condition, ¢® = ag, so W*(p,q*) = aW(p,q),
which implies that ImW*(p, ¢®) = ImW (p, ¢) since a # 0. So, F ~ F,. O

Example 3.2. Let p be a spot price, A € RR+ be a state price and (¢*, ¢%) €
R7t x R72 be the couple of arbitrage free prices associated to A. From the
structure of V', the arbitrage free price ¢ associated to A for the payoff matrix
Vis (¢*,¢%). So W(p,q) = [W*(p,q"), W?(p,¢*)]. Consequently,

ImW(p,q) =ImW(p,q')+ImW?(p,q?)
= ImW2(p, ¢%) + ImW(p, q")
= Im[W?2(p, ¢%), W(p, q')]

Hence, Fy U F; ~ F» U Fy. Furthermore, if F; ~ F», then ImW1!(p, ¢*) =
ImW?(p,¢®) and ImW* (p, ¢*) +ImW?(p, ¢*) = ImW*' (p, ¢*) = ImW?(p, ¢*). So,
.7'-1 Ufl E./_'.l Z.FQ. O

Example 3.4. Let A € R? be a state price and (¢*,¢%,¢%,¢*)R7 x R%2 x
R73 x R74 be the arbitrage free prices associated to A. Like in the previous
example, we remark that the full payoff matrix associated to JF; U F3 (resp.
FoUFy)is W(p,q"), W3(p,¢*)] (vesp. [W3(p,¢"), W (p, ¢*)]). Furthermore,

Im[W'(p,q"), W?(p,¢°)] = ITmW*(p, ¢*) +ImW?>(p, ¢*) and
Im[W?(p, ¢*), W*(p, ¢*)] = TmW?(p, ¢*) + TmW*(p, ¢*).
Since F1 ~, F2 and F3 ~, Fy,
Ile(p, ql) = ImW? (p, q2) and ImW?3 (p, q3) = ImW* (p, q4).

Hence Im[W1(p, ), W3(p,¢*)] = Im[W?2(p,q?), W(p,q*)], which shows that
FrUF3 >, FoUFy. O

Proof of Proposition 3.3 Let F, be the financial structure with the assets of
]'-2, which are not in .7:3, that iS, f4 = (j4 = jg\jg, (E(j))j€j4,V4 = VJ4). So
Fo ~ F3 U Fy. Then, for the spot price p, since F; ~, F3, from Example 3.4
one gets that 71 U Fy ~, FsU Fy >~ Fo. O
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Proof of Lemma 4.1. As already noticed, Assumption R1 implies the equality
of the ranges of the payoff matrices. We now prove the converse.

First, we prove that the equality of the ranges of the matrices implies that
the node of issuance are the same for both structures. Let us assume that there
exists { € Df and § ¢ D5. Let j; € J1 such that £(j;) = £. Since there is
no trivial asset, there exists n € £T such that anjl(p) # 0. But, since ¢ ¢ DS
and all assets are short term, for all j € Js, Vnzj (p) = 0. Consequently, V171 (p)
is not a linear combination of (VQJ' (p))j€j27 which contradicts the fact that
ImV*'(p) = ImV?2(p). In the same way, one shows that there is no node in D
which does not belong to Df. So, the issuance nodes are the same for both
structures.

Now we show that the condition ImV*(p) = ImV?2(p) implies that Assump-
tion R1 holds true at the spot price p. From [7], since there is only short-term
assets, the two structures satisfies Assumption R, so

IV (p) = Seep-ImV 740 (p) = Beep ImV>72E) (p) = TmV* (p)

Let £ € D¢ and y € ImV"71()(p). Since we have only short-term assets, yp =0
for n ¢ ¢T. From the previous equality, there exists a unique couple (2¢,2) €
ImV2728) (p) x @gfeDe,5/¢§ImV2’jQ(5/)(p) such that y = 2¢ + 2. Once again,
since we have only short-term assets, for all n € £, z, = 0 since &' # £. For all
n¢ET, yy =0 =25 hence, z, = 0. So, z =0 and y = 2 € ImV 2728 (p), which
proves that TmV 5718 (p) € TmV>71() (p). The converse inclusion is proved in
the same way, so Assumption R1 is satisfied. O

Proof of Proposition 4.2 (i) This is obvious since all assets are issued at the
same node.

(ii) From Proposition 3.5 in [7], Assumption R implies

ranle(p) = Z ranlejl(g) (p) and rankVZ(p) = Z rankV2‘72(£) (p)
§eby cebg

Since by assumption rankV!(p) = rankV?(p), we have:

Z dimImVljl(ﬁ)(p): Z ranleJl(g)(p):

£eDsuDs £eDsuUDs
Z rankV2-72 (€) (p) _ Z dim ImV2J2(5) (p)
£eDsuDs £eDsuDs

and by assumption we have for all £ € D$ U DS, ImV!7 (5)(17) C ImVQJQ(g)(p)
thus this implies that & € Df U DS, dim Imp 7 ® (p) < dimImV2J2(£)(p).
Combined with the previous equality, this implies that dim ImV17 (5)(]9) =
dim Imp272® (p), which together with ImV!7 (5)(p) c Tmy2?® (p) leads to

TV (p) = ImV2‘72(5)(p). So Assumption R1 is true at the spot price p. O
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