www.czasopisma.pan.pl P N www.journals.pan.pl
TN

Central European Journal of Economic Modelling and Econometrics

Adjustment Processes Resulting in Equilibrium
in the Private Ownership Economy

Agnieszka Lipieta*

Submitted: 13.09.2017, Accepted: 10.10.2018

Abstract

The paper considers a private ownership economy in which economic agents
could realize their aims at given prices, Walras Law is satisfied but agents’
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of action. In this context, the paper puts forward three specific adjustment
processes resulting in equilibrium in a transformation of the initial economy.
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1 Introduction

Joseph Schumpeter was the first to identify innovations as the essential changes which
could disturb equilibrium in the economy (Schumpeter 1912). His vision of economic
evolution was strongly inspired by Walrasian thinking (see for instance Andersen,
2009; Hodgson, 1993; Shionoya, 2015) but instead of focusing on the properties of
the equilibrium outcome, he viewed it only as a starting point for the study on
economic development. Schumpeter also discussed two different mechanisms which
can potentially ensure convergence to the equilibrium in the economic systems: the
tatonnement mechanism, which results in a state of Walras equilibrium (see Walras,
1954; Uzawa, 1960; Joyce, 1984) as well as the creative destruction mechanism,
which assumes coexistence of two opposite processes, namely introduction of new
commodities, new technologies and new organizational structures etc. and elimination
of the existing, outdated solutions, jointly leading the economic system to a new
equilibrium state. In addition to these well-known mechanisms, the results obtained
in Lipieta (2013, 2015a, 2015b) signify that convergence to an equilibrium in the
economy can be obtained not only through the market mechanism but also through
mechanisms designed and driven by a person or an institution arranged by law (see
also Hurwicz, Reiter, 2006). In this research, such a person or an institution will be
called the manager of the production sphere, shortly called the manager.

At a considered time interval, the process of setting of equilibrium can be also regarded
as one of the stages of Schumpeterian economic evolution, even if an innovation does
not appear at the given period on the market.

This paper proposes new, interpretable adjustment processes resulting in equilibrium
in a private ownership economy (see Debreu, 1959; Arrow, Debreu, 1954; Mas-
Colell et al., 1995), which corresponds to Schumpeter’s thinking (see Shionoya, 2015;
Lipieta, Malawski, 2016). The evolution of economic agents’ activities, sufficient for
the existence of equilibrium in an exchange economy with production in which, at
given prices, the Walras Law is valid, is presented, differently from results obtained
so far (compare to Radner, 1972; Magill, Quinzii, 2002). To consider time in a private
ownership economy, which is the static economic model, the adjustment processes
defined by L. Hurwicz (see for instance Hurwicz, 1987) are applied.

Adjustment processes have been already used in the theory of economics. Classical
theories concerned, above all, the determination of equilibrium prices or properties
of equilibrium (such as stability and uniqueness). The results can be found, for
example, in Arrow, Hurwicz (1958, 1959), Hurwicz (1987). The analysis on the
adjustment processes in which producers play an active role can be found in Lipieta
(2015a, 2015b), where the trajectories leading to equilibrium in the economy with
linear consumption sets (see for instance Moore, 2007) were determined.

An adjustment process is a mathematical structure by the use of which economic
processes at discrete time can be modelled. The domain of an adjustment process is
the so called set of environments — the set of characteristics of economic agents. An
adjustment process is the triple consisting of a message space, a response function
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and an outcome function. A response function assigns to messages, sent at given
time on markets by economic agents, messages sent in the next point of time. These
messages result from analysis of the information available at earlier point of time. An
outcome function assigns to messages, goals of economic processes. The rules of an
outcome function can be determined by the market mechanism or can be constituted
by a manager. In this research, the economic environments form a private ownership
economy, while messages — plans of action of economic agents at given prices.

This paper proposes three new, economically interpretable adjustment processes
which result in equilibrium in a private ownership economy. Specifically, under the
assumption that Walras Law is satisfied at given prices, some processes with discrete
time, which transform the production sphere of a private ownership economy are
modelled in Theorems 1-4. These processes transform a sequence of given producers’
and consumers’ optimal plans of action from the initial economy into a state of
equilibrium in the economy with modified product sector in such a way, that
consumers’ plans of action and consequently their optimal plans are not changed.
The processes under study can be viewed as dynamic processes leading to equilibrium
in the static model while Theorems 1-4 can be seen as the alternative versions of
the Arrow and Debreu theorems on existence of equilibrium in a private ownership
economy (see Arrow, Debreu, 1954; Mas-Colell et al., 1995; Mackowiak, 2010). Let
us emphasize that the assumptions used in the current paper are other than those
considered by Arrow and Debreu in Arrow, Debreu (1954).

The paper consists of five sections. In the next part, the private ownership economy is
defined. In the three section, the definition of adjustment processes is presented. The
fourth section is devoted to modelling adjustment processes resulting in equilibrium
in the analysed economy. The last part lists conclusions.

2 The private ownership economy

In this part of the paper, we shortly demonstrate the construction of the private
ownership economy and the Debreu economy (see also Lipieta, 2013) defined in the
form of the multi-range relational system (see Adamowicz, Zbierski, 1997).

Consider linear space R (¢ € {1,2,...}) with standard scalar product

£
(‘roy) = (1'17"'7:17@) ° (y17"'7y€) :Zxk'yka
k=1

as the commodity — price space. The activities of two groups of economic agents:
producers and consumers are under our consideration. The aim of producers is profit
maximization, the consumers’ aim is to maximize preferences on budget sets. Let

B = {b1,ba,...,b,} be the set of producers, n € N.

¢
§: B32b— Y’ CR be a correspondence of production sets,
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p € R? be a price vector.

Every vector ¢ € Y, called the plan of producer b, is identified with the production
process of this producer, with outputs and inputs given by vector 3°.

Definition 1. A two-range relational system
Pq = (B7Rl75ap)

is called the quasi-production system. If for given price vector p € Rf

Woe B 0’ (p)E{y €Y7 ipoy =max{poy’: y* € Y'}} #0,

then quasi-production system P, is called the production system.

The elements of set 7° (p) will be called the optimal plans of producer b. Let us
emphasize that in quasi-production systems, the aim of producers is not determined,
in contrast to the production systems, where producers aim in profits maximization.
Similarly, let

A ={ay,az,...,a,} be the set of consumers, m € N,

E C R x R? be the family of all preference relations,
X:A>a—> X*C R’ be a correspondence of consumptions sets,
€: A>a— w® € X?Dbe an initial endowment mapping,

eC AX(RK x R?) be a correspondence, which to every consumer a € A assigns
a preference relation < from set = restricted to the consumption set X ¢,

pE R’ - a price vector.

Similarly, every vector z® € X the plan of consumer a, is identified with

a consumption process of this producer, with outputs and inputs given by vector

‘,Ea

Definition 2. The three-range relational system
Cq = (Aa Re, E’a X € 5ap)

is called the quasi-consumption system. If, for given price vector p € RY,

Vae A ﬂ“(p)déf{xeX“:poxSpowa}#@

then quasi-consumption system C, is called the consumption system.
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The elements of set ©® (p) are called the optimal plans of consumer a. In both quasi-
consumption systems as well as in consumption systems, consumers aim at maximizing
their preferences on budget sets, but in quasi-consumption systems there may be no
upper bound for a preference relation on the given sets.
Let p € R¢ be a price vector, P, — a quasi-production system and C; - a quasi-
consumption system in space Rf. It is assumed that every consumer shares in
producers’ profits. Denote by 6 (a,b) that part of the profit of producer b which is
owned by consumer a. On the basis of the above, the share mapping 6 : Ax B — [0, 1]
satisfying

VbeB Y 0(ab)=1,

a€cA

is defined.
Assume that the production plan realized by producer b are denoted by °. In this
situation wealth w® of consumer a is of the form:

W = pow + 3 6(a,b)- (poi). (1)
beB

Let

w=Y w'eR". (2)

a€A

Now the following definition can be formulated:

Definition 3. Let p € R®. The structure
E, = (R, P,,Cy, O,w),

is called the private ownership economy. If, for every b € B, n° (p) # 0, §° = y** for
a vector y** € n® (p) as well as, for every a € A and w® given by , sets % (p) and
0% (p) are not empty, then the system Ey is called the Debreu economy and is denoted
by E,.

Vector is called the total endowment of economy E,. More about systems and
quasi-systems, as well as about private ownership economies and their structures of
action, the reader can find for example in Mas-Colell et al. (1995), Moore (2007),
Lipieta (2013, 2015a, 2015b), Lipieta, Malawski (2016).

Consider a private ownership economy E,. If 2% € X¢, for every a € A, and ey’
for every b € B, then the sequence

(m‘“,..., %™, ybl,...,yb") IS (R[)m—m (3)

is called the allocation. If additionally

Zx“—Zyb:w, (4)

acA beB
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then the sequence is called the feasible allocation. The equation is called the
market clearing condition.
Let p € R? be a given price vector in economy E,. Suppose that every producer
b realizes a production plan y** € 7n°(p) maximizing his profit, every consumer a
realizes one of his consumptions plans z%* € ¢® (p) by w* given by (IJ). If additionally
allocation

(e VL L VL

is feasible, then it is said that economy E, is in equilibrium. Consequently, the

sequence

¢ymtn+l
(@, ..., z%* gy p) € (RY)

is called the state of equilibrium in economy E,. In this situation vector p is called
the equilibrium price vector and it is said that there is equilibrium in economy E,, or
economy E,, is in equilibrium.

3 Adjustment processes in the private ownership
economy
The private ownership economy as well as the Debreu economy are static models.

Hence, to determine the changes in economic agents’ activities, the idea of adjustment
processes can be used.

Let ¢ = 0 mean a starting point for the considered economic process and 7 €
{2,3,...}. The point of time ¢ = 7 is a collusive ending point of the analysed process.
Points of time t = 1,..., 7 are identified with time intervals [t—1,¢) at which activities

on markets of all economic agents are constant. Due to the above assumption, if an
agent introduces changes in his economic activity, then it will be carried in one of
the point t € {1,...,7}. Saying “at time t”, we mean “at time interval [t — 1,¢)” for
1<t<T.

The definition of the adjustment process is borrowed from Hurwicz (1987, p. 1442),
however, it is slightly modified to enable the modelling of processes adjusting the
activities of economic agents to equilibrium. Let K € {1,2,...} be the number of
economic agents in the economy under study. Set K = {k1, ks, ..., kk} stands for the
set of economic agents, set Z denotes the set of possible resource allocations.

Let £ € K. A set or sequence of characteristics determining agent k on markets
at time ¢ is called the environment of agent k at time ¢. By the fact that agents’
economic activities are constant on the considered time intervals, we assume that the
environment of every agent k is also constant at time ¢. The environment of agent
k at time ¢ is denoted by e¥(t), whereas symbol E*(t) stands for the set of all his
feasible environments at this time (e(¢) € E*(t)). The set

def

Et)=E* (t) x E*2(t) x --- x E*(t)
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is called the set of environments at time ¢, while the set
E=E(1) x---x E(7)

is the set of environments.

The set of messages to be used on markets by agent k at time ¢ is denoted by M*(t),
the message of agent k at time ¢ is denoted by mF(t), m*(t) € M¥(t). It is assumed
that messages mF(t) of every agent k € K are not changed at time ¢. Actually,
message m”(t) consists of all signals and information which agent k shares with other
agents within his activity on markets at time ¢ (see Hurwicz, Reiter, 2006, p. 26-27).
In competitive models, messages are often identified with agents’ plan of action at
given prices (see Hurwicz, Reiter, 2006, p. 36, 39). The set

def

M ()= MP(t) x MP®2(t) x - x MF(t)

is called the set of messages at time t, vector
m(t) = (m* (t), m*2(t), ..., m"<(t)) € M(t)
is called the message at time t, m(t) € M (t), the set
M=M@1)x---x M(T)

is the set of messages. The sequence

where m(t) € M(t), for t = 1,...,7 is called the process of exchanging messages.
It is said that process of exchanging messages is in equilibrium, if for some
te{l,...,7—1},

m{)=m@+1)=---= m(r).

Message m (t) satisfying the above condition is called the stationary message (compare
to Hurwicz, 1987, p. 1442). The function

fEe M) x B(t) 3 (m(t), e(t)) —m" (t+1) € MM(t+1),

which, at time ¢, assigns to the pair: environment e (¢) and message m (t), the message
mF (t + 1) of agent k at time ¢ + 1, is called the response function of agent k at time
t. The message m* (t + 1) = fF (m(t),e(t)) consists of all information, which agent
k characterized by environment e*(t) - coordinate k of environment e(t), sends to
other agents, characterized by adequate coordinates of vector e (), on the basis of the
knowledge transformed by message m(t). It is assumed that the value of the response
function fF at (m(t),e(t)) describes the activity of agent k& on markets at time ¢ + 1.
Now, we put the following definition:
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Definition 4. The structure
(M, f,h), (5)

where:
M 1is the set of messages,

f=fix- X fr_1, is called the response function in which
fi = ( B fK) M) x E(t) — M(t+1)
is the response function at timet (t=1,..., 7—1)
h = hy X --- X h; is the outcome function, in which
he : M(t) = Z(t)

is the outcome function at time t = 1,...,7, which to every message
m(t) = (mFr(t),m*(t),...,m"(t)) assigns the allocations which are the result
of analysis of the message m(t) by economic agents,

is called the adjustment process.
Number 7 — 1 is called the number of steps of the adjustment process.

Adjustment processes have been studied in the economic literature many times so far
(compare to Marschak, 1972; Marschak, 1987, p.1389; Hurwicz, 1987, 1994; Lipieta,
2016). The definition of the adjustment process was inspired by the tatonnement
process (see Hurwicz, 1987, p.1441), in such a way that final outcomes of an
adjustment process were determined, if an adequate process of exchanging messages
was in equilibrium. It is easy to see that the tatonnement process is an adjustment
process in the sense of Definition 4.

Let, for t € {1,2,..., 7} and b € B,

Y? (t) mean the set of plans of action of producer b, feasible to realization at
time ¢,

y(t) denote the plan of producer b realized at time ¢, y*(t) € Y°(t).

In the same way, the characteristics of consumers: X (t) and € (a) at time ¢, for
a € A, are defined. The correspondence of preference relations at time ¢ is denoted by
et (a) = x¢, where ¢ C X (t) x X*(t) means the preference relation of consumer
a at time ¢.

On the basis of the above notation, the environment e (t) of every economic agent
k€ K = AU B at time t is defined. Namely

(8 = (k). Xu k), @ k), k), Bulk, ) ) (6)

where:
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9: (k) =Y*(t) for k€ B, g, (k)= {0} for k ¢ B,

Xt (k) = XF(t) for k€ A, X; (k) = {0} for k ¢ A,

& (k)= whforke A €(k)=0 for k¢ A,

g(k)= x¢forke A £(k)={0} for k ¢ A,

the mapping 0,: K x K — [0, 1] satisfies for a« € A and b € B
0, (k,)=0fork¢ A, 6, (k) =0for k ¢ B,
Voe B Y ,cab:(ab) =1,

the number 6, (a,b) is the share at time ¢ of consumer for a € A in the
profit of producer b € B.

Let us notice that, for every t = 1,..., 7, components of the environment at time ¢
e(t) = (ekl (t), e (t), ..., ekx (t)) € E(t)

form in fact a private ownership economy. This economy will be denoted by E,(t).
Set of environments E*(t) of every agent k € K at time t=1,..., 7 is of the form:

E*(t) = P(RY) x P(R*) x R® x P(R* x R*) x F(K,[0,1]),

where

P(Q)={X:XcCQq},

for a set 2, and

flf:K—=10,1, f(k,)=0fork¢ A, f(,k)=0fork ¢ B,

F(K,[0,1)= :
Vbe B Y,cqflab) =1

Assume that if k € B, then set 75 (p) means the set of optimal plans of producer k at

time ¢; if k ¢ B, then set nf (p) = {0}. Similarly, if k € A, then set ¢} (p) means the

set of optimal plans of consumer k at time t; if k ¢ A, then ¢f(p) = {0}. Under the

above arrangements, the message of every agent k € K at time ¢t =1,..., 7, can be
of the form:

mb ()% (p(t), y* (), 24 (1)), (7)
where:
ah (1) =0 e R for k ¢ A,
ok (t) € XE(t) for k € A,
y*(t) =0€ R for k ¢ B,
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y¥ (t) € nk(p) for k € B.

Consequently, M*(t) = R* x R x R

We can see that message m” () of agent k at time ¢ consists of his plans of action,
realized at time ¢ at given prices. Producers realize their optimal plans of actions
and observe the demand and the products offered by other producers. Under
the assumption of perfect competition producers are aware of the surpluses and
deficiencies of the supply. Hence some of them may take a decision about modifying
the amounts of inputs and outputs determining their activity. So, for every agent
k € K and time ¢t € {1,...,7 — 1}, response function fF assigns to the message
m(t) € M(t) and environment e (t) € E(t), plans of action of agent k, realized at time
t+ 1 at given prices, namely message m* (t + 1) of the form:

mF (t+1) = fF (m (1), e(t) = (p(t + 1),y (t + 1), 25t + 1)) . (8)

It can be said that every agent k chooses his plans of action at time ¢t + 1 as a reply
to price vector p(t + 1). Let

x(t) = (z* (t), 2% (t),..., 2" (1))
and

y(t) = (" @),y @),..., 9" (1)
On the basis of the above notation we define the set of outcomes at time
t=1,...,7—1:

Z( )déf{ ((:Ual t), ...,z% (t)), (ybl (t),...,yn (t))) :VYa € A }
() € X (t) Vb € By’ (t) €1, (1) pen2® () = Xpep’ (t) =w (t)

and

Z(T)déf{ ((:U“1 (1), ...,z% (1)), (ybl (1) ... ybn (T))) Va€ A }
2% (7) € L (p) Vb€ By’ (1) €n)(p) Loea v (1) = Lyep v’ (1) =w (7)

The outcome function hy : M(t) — Z(t) at time t =1,...,7:

he(m() = he (mb(0),... mPe(5) =

= he ((p(0), " (@), 2" (1)) ..., (p(t), ™ (£), 2" (1))

= ((1.01 (t)a x (t)’ s 7*T’am (t)) ) (ybl (t)7 yb2 (t)v s 7ybn (t))) =

= (x(t),y(1))-

Loosely speaking, function h; assigns message m (t), the sequence of action of
economic agents transferred by this messages. If message m (t), forat € {1,...,7—1},
is the stationary message, then p (t) = p(t + 1), and state

(z (), y (1), p(t))

9)
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is the state of equilibrium in economy E, (compare to Hurwicz, 1987).
Definition 5. It is said that adjustment process ()

1. requires the involvement of agent k € K if, for some t € {1,...,7 —1},
ek (t) # ekt + 1) or mF(t) # mF(t + 1),

2. is the adjustment process in a private ownership economy, if components of an
environment at time t =1

e(1) = (" (1), e (1), ...,e"*(1) € BE(1)
form a private ownership economy,

3. is the adjustment process in a Debreu economy, if components of an environment
at timet =1

e(1) = (" (1), e (1), ...,e"*(1)) € B(1)
form a Debreu economy,

4. results in equilibrium in a Debreu economy, if components of an environment at
timet=r1

e(r) = (e (), e (r), ...,e" (1)) € E(1)
form a Debreu economy in equilibrium.

Let an adjustment process in a Debreu economy E, be given (E, =E,(1)) and
T € {2,3,...}. Consider an adjustment process in economy E,(1). Assume that
at every time ¢t € {1,...,7}, the components of environment e(t) form the private
ownership economy E,(t). Every economy E,(t) is called the transformation of the
initial economy E, (1), which will be shortly noted by E,(1) C E,(¢). The economy
E,(7) is called the final transformation of economy E,(1). It may appear that, at
some time ¢t € {1,...,7}, the private ownership economy E,(t) is the Debreu economy,
which will be denoted by E, (t) = E,(t). Moreover, in every transformation of the
initial economy, the set of commodities as well as the set of economic agents are the
same.

The adjustment process in a Debreu economy can be used to model a procedure of
adjusting of producers’ or consumers’ plans of action as well as prices of goods to
equilibrium, without changing the set of commodities and the set of economic agents.
That process can be also viewed as the adapting process in the Andersen’s meaning
(see Andersen, 2009), during which the economic agents adapt new technologies,
which results in a new state of equilibrium in the final transformation of the economy
under study.
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4 Adjustment processes in Debreu economy
resulting in equilibrium
We start this part of the paper from the following, simple example:

Example 1. Consider a private ownership economy with two commodities, two
producers and two consumers. The characteristics of economic agents are the
following:

={(y1, y2) ER®: yp < 2y +4 A yp <2},

( ] (—OO, _1]7X1 = [0700) X [0700)7
X2 =1[0,4] x [0, 00)
b=(1,3),w? = (2,2),
(x1, 20) (81, ¥9) <= max {1, 22} < max{Z, &2},

(z1, 2) % (F1, ¥2) &= 11 — 12 < &y — To,,
1
0(2.1)=3.0(1,2)=1.
We show that there is no equilibrium in that economy.

Solution. It is not difficult to check that if an equilibrium price vector p = (p1,p2)
exists, then their coordinates should satisfy two conditions p; > 0 and py > % P1-
Moreover, if p = (p1,p2) is the equilibrium price vector, then for every k > 0, vector
kp = (kp1, kp2) is also the equilibrium price vector.

Firstly, we show that there is no equilibrium in the considered economy at price vector
p = (2,1). At given prices, we get: y'* = (y1, —2y; +4) for y; > 1, y** = (1,-1),
wt = w? = 4p; (see (1)), x* = (0,8), 2%* = (4,0), (see (2)). However, for the above
optimal plans, the market clearing condition is not satisfied, which means that
neither p = (2,1) nor vector (pl, % pl), for every p; > 0, is the equilibrium price
vector in the above economy.

Consider vectors p = (0,p2) for po > 0. In this case ¢'(p) = () and there is no
equilibrium in the economy under study.

At the end, we show that p = (p1,p2), where p; > 0 and ps > % p1 is not
the equilibrium price vector. In that case y'* = (1,2), y** = (1,-1), 23* = 0,

oi* = (54—3-’7—2,0) if po > py or z!* = (0, 5. £1+3) if po < p1, as well as

e {(5,0), (0, F)}if po = p1.
If condition (4 were satisfied, then z** +2%* = w+y** +y?* = (5,6) and consequently

r3* = 6. It would mean that z'* = (0, g % + 3) and ps < p;. By the previous
5. % +3=6= % = 5. Then, by (), #3* = 5, which contradicts the definition of
the set X2. n
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Let us notice that in Example 1 some assumptions of the First Existence Theorem
for Competitive Equilibrium (Arrow, Debreu, 1954, p. 266) are not satisfied i. e. set
Y = Y! + Y? does not satisfy assumptions Lb, Lc (ibid. p. 267), set Y2 does not
satisfy assumption La (ébid. p. 267), the utility function determined by preference
relation <! does not satisfy assumption III. ¢, (ibid. p. 269). Example 1 elucidates
that in some cases, equilibrium in a private ownership economy cannot be achieved.
In the spirit of the activity analysis, namely the study of interactions between inputs
and outputs of production (see for instance Koopmans, 1951), we will concentrate
on some possible changes in the producers’ activities necessary for the existence of
equilibrium in a transformation of an initial private ownership economy. In this
context, a procedure of a moderate change of the production sector of a private
ownership economy is presented in which, under some natural economic assumptions,
at given prices, equilibrium will be achieved.

Let a Debreu economy E, be given. Suppose that at given price system p € R every
producer b € B could realize a production plan y** € 1 (p) maximizing his profit as
well as for every a € A there exists a consumption plan x%* € ¢® (p) for w* given by
. Suppose that allocation

[ ybl*,...7yb”*) € (Re)m—m (10)

is not feasible. In consequence, the sequence

(x®, o, atmr gty p) € (R[)W””rl

is not the state of equilibrium in economy E,. Let

x*zzma*,y*zzyb*’wzzwa.

a€A beB acA

Hence ot
=~y —w#0. (11)
Assume that for ¢ given by , Walras Law (see for instance Mas-Colell et al., 1995)
is satisfied, namely
po( =0.

We show that p is the equilibrium price vector in a transformation of economy E,,
in which the production system is changed through an adjustment process, in such
a way, that consumers plans of action and consequently their optimal plans are not
changed.

Theorem 1. If

. t
Ire{2,3,...} vte{l,....,7t—1}: =z ——1-§eX“1+---+X“m (12)
T
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as well as

3By C B : wvectors ¢ and Z y"* are linearly independent, (13)
be By

then there is equilibrium in o transformation E, (1) of economy E,, in which the
production sector is modified through an adjustment process of the form consisting
of T — 1 steps. Moreover, fort € {1,...,7 — 1}, consumption system C, (t+1) in
economy Eq(t + 1) is the same as in economy E, (Cy (t+1) = Cy) as well as every
producer from set By changes his productive activities in the same way.

Proof. Consider By C B satisfying . Vectors ¢ and ), Bo y** are linearly
independent, so there exists a vector h € R*\{0} satisfying

{ ho (C+Yhep, ¥™) =0

(14)
ho(=1.
Put for t € {1,...,7 —1}:

V(1) = YR U (A0 — =1 (e (1) ¢ s*De YD} for
k € By,

YE(t+1) = Y5(1) for k € K\B,,
XF(t+1)=Xk1), g5, =<8, WF(t+1) =wk(1), for every k € K.
§t+1 251.

Let, for every k € K and ¢ € {1,...,7}, environment e*(t) be of the form (), message
m*(t) be of the form (7). Hence

m(t) = ((p(t), ¥ (1), (1) ,.... (p(t), ¥* (1), 2™(2))),
where p(1) = p. For every k € K and t = 1,..., 7 — 1, we define mappings
fE M) x E(t) 3 (m(t),e(t)) — mF(t+1) € M*(t +1),
te{1,...,7 =1}, by the formula:
fFm(t),e(t) = (p, y*(t+1), 2"(t+1)) fork € B,

where:

y*(t+1) =y* (1) = t/(1 1) (hoy* (1)) - ¢, for k € By,

y* (t+1) =y* (1), for k € B\B,,
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2F(t+1) € X*, for every t € {0,..., 7 — 2}, is the realized consumption plan of
consumer k € A at time ¢ + 1, such that, for every t € {1,...,7 — 2},

St = -

keA
xF (1) = z¥*, for k € A.
Hence, for t € {1,...,7 — 1},

yk(l)—t/(r—l)-(hoyk(l))-( for k € By
vt (t+1) :{ y* (1) for k ¢ By, ’
zF(t+1)=0for k ¢ A,
y*(t+1)=0for k ¢ B.

Since Walras Law is satisfied, then, for every k € By,

poy”(t+1)=po (y’“—Tt_l-(hoyk)-C> :poyk—%'(hoyk)(pOC) —poyh.

By the above, where

Eir ) Yy —t/(r=1)-(hoy*™)-C  for ke B,
Y e for k¢ By

is the optimal plan of producer k (y** (t +1) = y* (t +1) € nf,, (p)).

Hence producers’ maximal profits, the budget sets and consequently the optimal
consumers’ plans in economies E, (1), ...,E4(7) remain the same. Consequently,
every economy E,(t+1), for ¢ = 1,...,7 — 1, is the Debreu economy
(Eq(t+1)=Ep(t+1)).

By ,fort:l,...,T—l,

¢ -

Syt ) tw=y+ —— (tw=a"— [1-—— ) - CEX + - + X,
T—1 T—1

keK

which gives that allocation

(z(t+1),..., 2 (t+1), y"(t+1),....y"(t+1)), (15)

is feasible in economy E,, (t + 1). However, above all,

S )= Y+ —w= (1 f1>.gforte{1,2,...,71},

T
keK keEK
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which means that sequence

(%, 2o gty e (RO (16)
where
gk*:{y’“*(hoy’“*»c for k € By
y* for ke B\Bo
is the state of equilibrium in economy E, (7). The above ends the proof. O

As we can see by Theorem 1, equilibrium in economy E,(7) — the transformation of
economy I, can be achieved after 7 — 1 steps if, for a given sequence of optimal plans

(10):
1. Walras Law is satisfied at given prices,

2. there exist some producers for whose vector ( and the sum of optimal plans of
producers from the given set are not linearly dependent (assumption (13)),

3. total sum of given optimal consumers’ plans can be realized, for every
te{l,...,7—1}, in the set X* + .-+ + X% 4+ {¢/(7 — 1) - ¢} (assumption
(12)).

During the adjustment process defined in the proof of Theorem 1, the producers from
set By have to change their productive activities in the same way.

The adjustment process defined in the proof of Theorem 1 can be organized as
follows. Firstly, a manager of production sphere determines some producers satisfying
assumption . The chosen producers, for instance, the producers using harmful
technologies, will have to change their productive activity. Secondly, the manager
decides what properties production plans of the selected producers should have (see
also Lipieta, 2015a, pp 192,193) at the ending point of the given process, through
the choice of one of vectors satisfying the condition . For instance, he could
enforce, by introducing adequate rules, the use of only pro-ecological technologies at
that period. Thirdly, the manager determines a starting point, an ending point as
well as intermediate points, namely points of time in which producers will introduce
changes in their activities. Within the adjustment process, the distance in the given
metric between realized allocation and the state of equilibrium ([16]) decreases
with time. According to Theorem 1 at the ending point, allocation takes the
form .

Let us present how the adjustment process defined in the proof of Theorem 1 can be
employed to the economy defined in Example 1.

Example 2. 1) We show that the assumptions of Theorem 1 are satisfied in the
economy defined in Example 1 with price vector p = (2,1).
We recall that, at price vector p = (2,1): z'* = (0,8), z** = (4,0),
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2)

Now,
te{l,...,7—1}and by € By, then producer by € B operating within the framework
of the given adjustment process has to introduce new technologies into his production

y* = (y1, —2y1 +4) foryr > 1, y*>* = (1, 1) but allocation (x'*, x> y'* y>*)

is mot feasible. Moreover,

(a) ¢ =2 + 22 — (" +y*) — (W +w?) =(4,8)— (1 +1, 251 +3) +
—(3,5) = (—y1,2y1) fory1 = 1;

(b) ¢ #0 for every y; > 1

(¢) the Walras Law is satisfied for every y; > 1,

(d) Vip € [LL4 VT €{2,3,...} Vte{l,...,7T—1} 2" — 5 - (e X'+ X? =
=X,

(e) > = (1,-1) and ¢ = (—y1,2y1), for every y1 > 1, are linearly
independent, hence By = {ba}.

Conditions - give that, for y; € [1,4], the assumptions of Theorem 1 are
satisfied.

We model one of the adjustment processes defied in the proof of Theorem 1.
Put y; = 1. Then y'* = (1,2), ¢ = (=1,2). and consequently

C+ Dy =(-1,2)+(1,-1) = (0,1).

be By
For every T € {2,3,...} and for every t € {1,...,7 — 1}

t t
C=(4,8) — —— - (=1,2) € X! =1[0,00) x [0,00).
T—1 T—1
It is easy to check that vector h = (—1,0) satisfies system of equalities . Put
T=2.
On the basis of the proof of Theorem 1, we get that in the transformation of the
economy defined in Example 1 in which only set Y2 (1) is transformed to set

*

Y2(2)EY2 (1)U {y® — ((-1,0) 03?) - (-1,2) : y2e Y (1)} =

={(y1, y2) ER?: yo < 2y + 1A yo <1},

there is the state of equilibrium at price vector p = (2,1) in which z1* = (0,8),
2% = (4,0), y"* = (1,2), y** = (0,1).

let us present more remarks on Theorem 1. If Y% (t 4+ 1)¢ Y (¢), for

activity such that every plan from the set Y% (£ + 1)\ Y™ (¢) would be feasible at
time ¢ (see Lipieta, 2013). The production set Y (¢ + 1) in the economy E,(t + 1)

can be also reduced to the set

Yho(t4+1) = {ybO*—Tfl - (hoy) -C}
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for t € {1,...,7 —1}. The set Y (7) is the linear production set contained in the
space {z € R’ : hox =0}. If YP(7) C Y (1)), then the adjustment process defined
in the proof of Theorem 1 relies only on the replacement the plan y®* with the plan

yo* (1) =y — (hoy™*) - (.

Set By satisfying assumption , also should be chosen before the beginning of
the process. It can be done by a manager. In some cases there are several, or
even infinitely many, numbers satisfying condition , hence the number of steps
of the introduced adjustment process should be chosen by a manager established by
producers from set By before the beginning of an adjustment process. If 7 increases,
then the distance between vectors y® and y® —1/(7 —1) - (hoy®) -, in a given metric,
will decrease, which in consequence means that the introduced changes are smaller and
smaller. By the above, we also see that the adjustment process defined in Theorem 1
requiring involvement of producers from set By.

Let us also notice that under the assumptions of Theorem 1 and given 7 satisfying
(12), if € > 2, there exist infinitely many adjustment processes throughout which the
initial economy E, (1) is transformed to economy E, (7) in which equilibrium exists.
This is due to the existence of infinitely many vectors h € R’ satisfying .

The lack of equilibrium in the initial economy is the sufficient condition to make
producers change their activities on the market. Moreover, the set By does not have
to be unique, which increases the set of adjustment processes giving an equilibrium in
economy E,, (7). Leadership or coordination of producers activities may be necessary
to enforce the application one of the adjustment processes defined in the proof of
Theorem 1. In the opposite case, equilibrium in the final transformation is unlikely
to appear, unless the producers follow the same adjustment process.

Now we present a construction of an adjustment process resulting in equilibrium in
a Debreu economy which can be applied if condition is not satisfied.

Theorem 2. If condition is satisfied as well as is not satisfied, then there is
equilibrium in a transformation E, (1) of economy E,, in which the production sector
is modified through an adjustment process of the form consisting of T — 1 steps.
Moreover, for every t € {1,...,7 — 1}, consumption system C, (t + 1) in economy
E,(t+ 1) is the same as in economy E, (Cy (t+1) = Cy) as well as every producer
from set By can change his productive activities in the same way.

Proof. If condition is not satisfied then

VBy C B, By # () : vectors ¢ and Z y”* are linearly dependent.
be By

By the above, for every k € B, vectors y**and ¢ are linearly dependent. Hence there

exists ¢ € R\{0} such that
Y =cp-Cor Yt =0 (17)
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By the above, p o y** = 0 for every k € B. Assume firstly that

3By C B: Yyt #0. (18)
keDBy
Then
s e R\{0}: ¢(=s- Z Y. (19)
ke By

Consider a subset By C B satisfying . In such a case, the producers’ response
functions at time ¢ are given by:

FE(m(t),e(t) = (p, y* (1), a* (t+1)) for k € B\By,

FE(m(t),e(t) = (p, y* (1) + 225 - (1), 2*(t + 1)) for k € By,

T—1

te{l,...,7 — 1}, while the production sets are of the form:

YR(E+1) = Y1) U {yk(l) +ts R 1) yR(1)e Y’“(l)} for k € B\B,

T—1
YE(t+1) =Y*(1) for k € By,
for t € {1,...,7 — 1}. Additionally,

zF(t + 1) € X*, for every t € {0,...,7 — 2} and k € A, is the realized
consumption plan of consumer k € A at time ¢ 4+ 1, moreover,

Zxk(tﬂ):x*f%(,

keA
ok (1) = 2P, for k € A,
oF(t+1)=0for k ¢ A.
The sequence
($a1*7 ol xam*7 ﬁl]bl*, o ’gbn*) c (IRE)TTH-?L7
where i
e ] YT for k € By
vo= yh* for k € B\By

is the state of equilibrium in economy E,, (7).
If condition is not satisfied then, for every k € B, y** = 0. For a By C B,
numbers si > 0, for k € By, satisfying ZkeBo sg = 1 can be chosen. Then

fEmt),e) = (p, ¥* (1), ¥ (t+ 1)) for k € B\ By,
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fEm(t),e(t) = (p,y*(1) +t-si/(1 —1) - ¢, a¥(t + 1)) for k € By,
while the production sets are of the form:

YE(t+1) =Y 1)+ {t s,/(r—1)-C} for k € B\B,,

YE(t+1)=Y*(1) for k € By.

The sequence

(mal*7 ol xam*’ gbl*’ o 7gbn*) c (Ré)m-l-n’
where
" Yy 4 sy - C for k € By
y =
Yk for k € B\By

is the state of equilibrium in economy E, (7).
If, for every k € By, s = nio, where ng denotes the number of producers from set By,
then producers from set B, will change their production activities in the same way.

The rest of the proof goes in the same way as the proof of Theorem 1. O
As we can see by Theorem 2, equilibrium in E,(7) — the transformation of economy

E, can be also achieved after 7 — 1 steps if, for the given sequence of optimal plans

(10):
1. Walras Law is satisfied at given prices,

2. for every subset of producers, sum of their optimal plans and vector { are linearly
dependent (assumption (13) is not satisfied),

3. total sum of given optimal consumers’ plans is feasible, for every
te{l,...,7—1}, in the set X* + ... + X 4 {¢/(7 — 1) - ¢} (assumption
(12)).

If n > 1, then many possibilities of the choice of set By as well as many numbers
satisfying condition occur. Hence, then there are many adjustment processes
leading to equilibrium in a private ownership economy with modified production
system according to the recipe defined in the proof of Theorem 2, in which every
producer from set By change his productive activities in the same way.

Adjustment process defined in the proof of Theorem 2 requires involvement of
producers from set By. As earlier, every transformation of economy E, is the Debreu
economy.

The choice of set By, the number of steps as well as the arrangement of the rules
of the adjustment process should be done by a manager before the beginning of the
process. In difference to the adjustment process defined in the proof of Theorem 1,
if in sequence (10, y* # 0 for some by, then equilibrium in the final transformation
could be achieved due to a proper proportional increase of the amounts of inputs
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and outputs in process y*°*. Similarly, more producers could modify their activities
provided that they satisfy condition . In that case each of them also has to realize
a plan proportional to ¢ (see ) If, for every b € B, in sequence , y* =0,
then according to the proof of Theorem 2, the manager could select any producers
to change market activities. Equilibrium will appear if the chosen producers, in each
single step of the adjustment process, realize a proper plan proportional to (. The
adjustment process defined in the proof of Theorem 2 could be applied if equilibrium
is not established on markets of “similar” commodities. In such case, disequilibrium
might be caused by producers, who produce too much or too little similar or the same
goods or use too much or too little similar or the same commodities in production
processes. The previous statement means that condition is satisfied.

Let us emphasize that Theorems 1 and 2 gives a recipe for adjustment the production
sector of a Debreu economy to equilibrium under the assumption that Walras Law
is satisfied at given prices (see (12)). In the analysed adjustment processes, every
producer from set Bj can change his productive activities in the same way.

Below a next adjustment process, in which producers can differently modify their
activities on the market, is presented.

Theorem 3. If condition s valid, then there is equilibrium in a transformation
E, (1) of economy E,, in which the production sector is modified through an
adjustment process consisting of T — 1 steps as well as, for t € {1,...,7 — 1},
consumption system Cy (t + 1) in economy E,(t+ 1) is the same as in economy E, as
well as some producers can modify their production activities in different ways.

Proof. It is similar to the proof of Theorem 2. Let By C B, By # (). Assume
that numbers s, > 0, for k € By, satisfying ZkeBo sy = 1 are given. Every number
s determines changes in market activity of producer k at time ¢. The proof of
the theorem differs from the proof of Theorem 1 in the definitions of some response
functions and some production sets at time ¢. The response functions at time ¢ of
producers are given by:

fE(m(t),e(t)) = (p, y* (1), 2¥ (t +1)) for k € B\By,

FE(m(t),e()) = (p, y*(t) + s/(t — 1) - ¢, ¥(t + 1)) for k € By,
te{l,...,7 — 1}, while the production sets are of the form:

YR+ 1) =Y* () U {yk () +sp/(r—1)-C: yF () eY* (t)} for k € B\B,,

YF(t+1)=Y*() for k € By,

fort € {1,...,7 — 1}. As earlier
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2*(t + 1) € Xk, for every t € {0,...,7 — 2} and k € A, is the realized
consumption plan of consumer k € A at time ¢ + 1; moreover,

ka(t—kl):x*—%(,

keA

zF (1) = 2F* for k € A.

The sequence

(@b, g ) e (R
where
s Y+ sp - € for k € By
L yh* for k € B\By
is the state of equilibrium in economy E, (7). O

By Theorem 3, equilibrium in E,(7) — the transformation of economy E, can be
achieved after 7 — 1 steps if, for the given sequence of optimal plans :

1. Walars Law is satisfied at given prices,

2. total sum of given optimal consumers’ plans is feasible, for every
te{l,...,7—1}, in the set X* + .-+ + X% 4+ {¢/(t — 1) - ¢} (assumption

(12)).

During the adjustment process defined in the proof of Theorem 3, the producers
from set By do not have to change their productive activities in the same way. Let
us emphasize that the adjustment process defined in the proof of Theorem 3 leads
to equilibrium even if condition is satisfied, but it requires other modification
of the production sector of economy E, than that defined in the proof of Theorem
1. A manager of the adjustment process defined in the proof of Theorem 3 should
determine a number of steps, an initial point, an ending point and intermediate points
as well as select producers who will change their production. The changes introduced
by chosen producers, in contrast to the earlier analysed adjustment processes, are
based on realization within the same period of two production plans: the initial
optimal production plan, a proper component of sequence , and a proper plan
proportional to ¢. Hence the adjustment process defined in Theorem 3 also models a
way of achieving equilibrium on a disequilibrated market of “similar” commodities.

Adjustment process defined in the proof of Theorem 3 requires involvement of
producers from set By. There are many numbers satisfying condition , ifn>1,
then there are many possibilities of the choice of the set By as well as, if ng > 1, then
there is infinitely many possibilities of the choice of numbers s;. Hence there are a lot
of adjustment processes leading to equilibrium in a private ownership economy with
modified production system according to recipe defined in the proof of Theorem 3.
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Let us also notice that the set of vectors {si - ¢ : k € By} used in the proof of
Theorem 3 can be replaced by the set of vectors {¢* : k € By} satisfying:

Vke€By: po¢t=0,> ¢*=¢ FkeBy: F#0.

ke By

In the adjustment process defined in the proof of Theorem 3, changes at time ¢, in
activities of producers from set By are determined by a distribution of numbers s
which can be different for different producers. In the adjustment process defined in
the proof of Theorem 1, the producers from set By changes his activities in the same
way, determined by vector h. The recipe defined in the proof of Theorem 1 can be
applied, if producers have to eliminate a commodity from their plans of action and
the production sets are modified to the linear sets (see Lipieta, 2015a). As above,
the choice of set By, the number of steps as well as the arrangement of the rules of
the adjustment process should be done before the beginning of the process. It can be
done by a manager of the production sector.

At the end the following is proposed:

Theorem 4. There is equilibrium in a transformation E,(2) of economy E,, in
which the production sector is modified through an adjustment process of the form
consisted of 1 step as well as every producer from set By changes his productive
activities in the similar way.

Proof. Let us notice that, by
Y+ Ctwe XM 4 X0

Assume firstly that condition is satisfied for a subset By C B, By # 0.
As in the proof in Theorem 1, there exists a vector h € R*\{0} satisfying . Put

Yo(2) =¥ (6) U {y*(1) = (hoy(1))-C: y*(1)e YP(1)} for b€ B,
Y?(2) = Y¥(1) for b € B\B,,

X1(2) = Xo(1), < = <, w* (2) =w'(1), for every a € 4,

6= .

For every k € K environment e*(1) is of the form (6]), message m*(1) is of the form
as well as M = M* x M*2 x ... x Mk«
We define mappings fF : M(1) x E(1) — M*(2) by the formula:

fE(m(1),e(1)) = (p, y*(1) — (hoyF (1)) - ¢, 2¥(2)) for k € By,
[ (m(1),e(1)) = (p, y*(1), 2*(2) for k € K\Bo.
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where y* (1) =0 for k ¢ B, 2% (2) = 2** for k € A and 2* (2) = 0 for k ¢ A.
Since Walras Law is satisfied, then, for every k € By,

po (" (1) = (hey® (1) - ) =poy* (D).
By the above, for k € By,
y™ (1) = (hoy™ (1) - ¢ €15 (p)

Hence producers’ maximal profits, budget sets and consequently optimal consumers’
plans in economies E, (1), E,(2) are the same. Let us notice that

S @) - Yy @) -w=0,
keK keK

which means that sequence

(@*, ..., 2t g gty e (R
where
gb*:{ Y — (heoy™) ¢ for b e By
Yo for b € B\By,

is feasible in economy E,, (2). Hence economy E, (2) is in equilibrium.

If condition is not satisfied then, the reasoning goes in the same way as the proof
of Theorem 2 assuming that 7 = 2.

The rest of the proof goes in the same way as in its first part. O

Let us notice that if condition is satisfied, then the producers’ response functions
at time 2 can be also given by:

ft(m(1),e(1)) = (p, y* (1), 2*(2)) for k € B\By,
fE(m(1),e(1)) = (p, (1+5)-y"(1), 2¥(2)) for k € By,
while the production sets are of the form:
YR (2) =Yk (1)U {(1 +ts)-yF1): yFQ)eyF (1)} for k € B\B,,

Yk (2) =Y*(1) for k € By.

The adjustment processes defined in Theorem 4 lead to equilibrium in economy Ep
after 1 step, under the assumption that Walras Law is satisfied at given prices.
However, the changes in activities of some producers within those processes are greater
in a given metric than those considered in the proofs of Theorem 1 or Theorem 2.

The 1-step adjustment processes could be applied, if the producers from the set By
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could change their productive feasibilities to the set Yk (k € By) defined in the
proof of Theorem 4. Due to the same reasons as above if condition is satisfied
and ¢ > 2, then there exist infinitely many adjustment processes and infinitely many
transformations of the initial economy E,, (1) to economy E, (2) in which equilibrium
exists. Generally, to have equilibrium in economy E, (2) satisfied, the producers
should follow the same adjustment process. Hence producers’ activities should be
coordinated by a manager especially that set By does not have to be unique. As earlier,
the adjustment process defined in the proof of Theorem 2 requiring involvement of
producers from set By.

Let us emphasise that the assumptions considered in Theorems 1-4 are not equivalent
to those used by Arrow and Debreu (Arrow, Debreu 1954, p. 266). Hence, in some
cases, Theorems 1-4 can be regarded as next, alternative versions of the classical
theorem proved by Arrow and Debreu (1954) on the existence of equilibrium in an
exchange economy with production. Similarly, the adjustment processes defined in
the proofs of Theorems 1-4 differ in the definition of the response functions from the
adjustment processes considered so far (see, for example Arrow, Hurwicz, 1958, 1959;
Hurwicz, 1987), which concentrate, above all, on determining equilibrium prices in
the models under study. However, as it was shown in Example 1, in some models
of the economy, equilibrium cannot be obtained at given prices. In such cases
one of the procedures defined in the proofs of Theorems 1-4 could be employed,
especially that their use does not require strong mathematical assumptions (such as
differentiability or quasi-concavity of utility functions) which were usually assumed
in classical theorems concerning the properties of equilibrium in the competitive
economy.

At the end, let us notice that during the adjustment processes defined in the proofs
of Theorems 1-4 innovations in Schumpeter’s meaning appear in the market at time
te{2,..., 7}, if

Y% (t)¢ Y (t —1), fort € {1,...,7} and by € By, (20)

as well as

Ybo(t)gZYb(D,foreverybeBandle,...,tfl. (21)

If conditions and are satisfied, then some changes introduced by producer by
into his activity, in the framework of a given adjustment process, are interpreted
as production innovations (see Schumpeter, 1912; Lipieta, 2013). During such
adjustment process the economy moves in the direction of equilibrium, no new
products appear but new technologies at least of one producer can be distinguished.
So, during a process of setting of equilibrium, an innovation could or could not appear
on the market. In both above cases, such process can be regarded as one of the stages
of Schumpeterian economic evolution.
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5 Conclusions

In real economies, an adjustment process should be chosen due to various conditions,
such as particular initial conditions, technological possibilities and the aims of firms or
aims of the central management. Under natural assumptions, it is feasible to drive the
changes in the producers’ activities to reach the equilibrium in the Debreu economy,
although the application of some of the determined adjustment processes into real
markets may be a real challenge to achieve.

If, forevery t = 1,...,7and b € B, Y? (t) C Y (¢t — 1), then the adjustment processes
defined in the proofs of Theorems 1-4 can be interpreted as adjustment processes in
the same economy. However, above all, the defined adjustment processes could be
interpreted as the various ways to reach equilibrium in the Debreu economy in which
the production system can be modified.

Under the perfect rationality assumption, every producer can determine his optimal
adjustment process with respect to a given criterion. Solving the problem of existence,
uniqueness and specification of an adjustment process preferred by all producers under
given initial conditions could simplify the problem of the choice and applying an
adjustment procedure, because in such a situation every economic agent would change
his activity in the same way without any additional incentives. The above still remains
under our consideration.
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