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Starting questions

• Do entry, exit and changes in market structure
affect the macroeconomy?
• Is there a link between the strategic

interactions among oligopolistic firms and the
macroeconomic equilibrium?

This questions are certainly not trivial in modern
economies, where large oligopolistic firms play a relevant
role and so many meetings among statesmen have the
explicit scope of promoting contracts for some large and
important firms of their countries.
However, surprisingly enough, the most popular
theoretical models in the modern macroeconomic
literature hardly see any explicit formalization for the
macroeconomic effects of changes in market structure,
entry, exit and strategic interactions among oligopolists.

Mazzoli, M., Morini, M., and Terna, P. 2019. Rethinking Macroeconomics with Endogenous Market Structure. Cambridge
University Press.
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Interactions among oligopolistic firms

We introduce a new macromodel where entry, exit and strategic interactions among
oligopolistic firms are explicitly formalized and may generate macroeconomic
fluctuations.
About macroeconomic impact of business formation we refer to Gabaix (2011). His
“granular hypothesis” was initially studied by Jaimovich and Rebelo (2009).

Gabaix, X. 2011. The granular origins of aggregate fluctuations. Econometrica, 79(3), 733?72.
Jaimovich, N., and Rebelo, S. 2009. Can news about the future drive the business cycle? American Economic Review, 99(4),
1097–118.
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Outputs

The output of each firm is given by the production function, where ψi,t is a positive or
negative shock:

ϕi,t = ΛLαi,t + ψi,t (1)

Summing up, with Pt the aggregate price level (as weighted average of prices, jointly
determined by the strategic behavior of the oligopolistic firms) and having ψi,t a zero
average:

Yt = PtΛ

Ht∑
i=1

Lαi,t (2)

Ht is is the total number of oligopolistic firms operating at time t;
Λ the usual constant parameter capturing technology shocks;
Li,t the total amount of labour employed at time t by firm i;
ψi,t an idiosincratic stochastic shock reflecting (i) the Cournot-Nash equilibrium among the
oligopolisti firms is in mixed strategies, herefore stochastic, plus unpredictable events (e.g.,
conflicts with the workers).

5 / 29



A book on Rethinking Macroeconomics Theoretical analysis Generative agent-based simulation

Aggregate demand

The microfounded optimization problem of the heterogeneous consumers with the
same preferences but different budget constraint (depending on wether they are
workers, new entrants or incumbent entrepreneurs) yields the following aggregate
demand:

D(·)t =
Ω(Rt)

Pt
{At + ((1 + rt)(1 + ι)−1

∞∑
i=0

[(1 + E (rt+i) (1 + ι)]−i ·

·E(nt+i(Wt+i + he
t+iΠ

e
t+i + hin

t+iΠ
in
t+i))} (3)

Πin
t+i and Πe

t+i are the nominal profits of the incumbent and new entrants entrepreneurs;
rt is the real interest rate at time t; Rt is the nominal interest rate on the financial asset At at time
t (controlled by the central bank); ι is the «core» inflation rate, assumed to be constant under a
given monetary policy regime;
Wt+i the nominal wage at time t + i; nt+i the total number of employed individuals at time t + i,
hin

t+i and he
t+i the portion of incumbent entrepreneurs and new entrant over the total labor force;

Pit+i the price level emerging in the oligopolistic industrial sector (which is also the aggregate
price level since we have an indifferentiated good);
Ω a monotonically increasing function in the nominal interest rate.
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Equilibrium (1/2)

� Since the labor contracts establish the amount of hours to be worked by each
worker, the labor is a sunk cost and, as a consequence, there is no need to
distinguish between capacity and output decision.

� A few assumptions guarantee the existence of the aggregate equilibrium in the
goods market.

� These assumptions correspond to those contained in Madden (1998), showing
that, with a uniformly elastic demand function, the K-S-M two-stage
quantity-price game reduces to the Cournot model.

Madden, P. 1998. Elastic demand, sunk costs and the Kreps-Scheinkman extension of the Cournot model. Economic Theory,
12(1), 199–212.
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Equilibrium (2/2)

� With Osborne and Rubinstein (1994, p.39):
− mixed-strategy equilibria are stochastic steady states, as
− each occurrence of the game takes place after n players are randomly chosen from

different populations.
� The interpretation is consistent with the assumptions of our model, as

− the firms interacting in the market, due to entry and exit, are not the same in each
occurrence of the game

− and since entry and exit are affected by stochastic shocks, the firms existing in each
time t are chosen stochastically.

� The amount of work hired by each firm constitutes a capacity constraint, on the
basis of the labor contracts set for time t, until time t + 1.

� The quantities decided by the firms, instead of being commodities, are
“contracts”, i.e., “commitments” to sell commodities to the customers.
Commitments are subject to stochastic shocks.

Osborne, M., and Rubinstein, A. 1994. A Course in Game Theory. MIT press.
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New entrants

If the new entrant at time t is successful, her expected stream of future real income,
from time t + 1 onwards is

Jt+1 =
1

1 + ρ
{[Pr(ΠinR ≥ 0)][Et(Π

inR
t+1) + Et(wt+1)− τR + Jt+2]+

+ [1− Pr(ΠinR ≥ 0)][τR · nt+1 (l− nt+1)
−1 + Υt+2]}

(4)

Υt+1 positively depends on the probability of being hired as a worker by a firm the
next period, and negatively on the number of unemployed individuals; therefore the
term {1− Pr(ΠeR

t ≥ 0)]}(1 + ρ)−1 · Et−1[(τ · nt (l− nt)
−1 + Υt+2] is the expected

future stream of income for the unsuccessful entrant from time t onwards, weighted
with the probability of going bankrupt in the first period.

ρ is the subjective rate of intertemporal preference;
wt+1 the real wage at time t + 1;
Υt+2 is the expected net present value of the future income for the unemployed individuals at time t + 2;
τR the lump sum tax in real terms;
l the total labor force;
Pr(ΠinR ≥ 0 the probability of survival of the incumbents, assumed to be a constant reflecting the
probability of the incumbents to collude.
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Prediction mistakes

The entrepreneurs can be incumbent, earning at time t + i the incumbent nominal
profits Πin

t+i (ΠinR
t+i in real terms) or new entrants, earning the new entrant nominal

profits Πe
t+i (ΠeR

t+i in real terms). Πe
t+i, in general, diverges from Πin

t+i because the
new entrants bear some entry costs.

For given average market expectations Et(Π
eR
t+1) and Et(Π

inR
t+1), when the variance of

the distributions of these two variables increases, we have a higher frequency of
prediction mistakes.
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Exit

If Πin
t < 0 for incumbent oligopolists or Πe

t < 0 for new entrant ones, firms exit from
the market.

Both the labor force and the entrepreneur move to unemployment.
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Wages

The nominal wage (set by the oligopolistic firms) depends on whether the economy
is in full employment (n = l) or not (n < l), in which case, the firms set the nominal
wage to the level wfu

t , discouraging, on average, entry. The new entrants are the
workers with a positive (and optimistic) information shock.

Wt =

{
wt n < l
wfu

t n = l
(5)

wt - although the oligopolistic entrepreneurs obviously want to keep the wages low,
they do not want to push them so low to trigger entry by the workers (no entry
wages).
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A premise to the simulation side of the presentation

In our model, the agent-based technique allows us to emphasize the role of strategic
interaction among oligopolistic firms, as the consequence of subjective decision
making, formalizing in the most appropriate way the implication and results of these
decisions.

� We produce all the actions and reactions designed by the model equations via
the behavior of heterogeneous agents actually acting in the simulated time.

� We remark that between (a) the formal presentation of the model in the equation
based way, strictly necessary to be consistent with the literature upon which our
work is grounded, and (b) the agent-based implementation, the consistency is
deeply satisfied, but with a few inevitable distinctions.

� The same kind of differences that we run up against when we compare (a) the
formalization of a phenomenon and (b) the related observation of the reality
(here: an artificial one, simulated).
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Swarm-Like Agent Protocol in Python (SLAPP)

Scientific advertising: https://terna.github.io/SLAPP/

Figure 1: Swarm-Like Agent Protocol in Python
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Outline

Figure 2: Simulation outline
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KISS

Too complicated?

From Axelrod (1997): «Instead, the goal of agent-based modeling is to enrich our understanding
of fundamental processes that may appear in a variety of applications. This requires adhering to
the KISS principle, which stands for the army slogan "keep it simple, stupid."»

− Our agents are simple, they do action such as buy, produce, hire, fire, move
from worker to entrepreneur . . .

− The environment where they behave is intrinsically complicated.

− From agent simple action, complexity arises.

R. Axelrod. Advancing the Art of Simulation in the Social Sciences. In R. Conte, R. Hegselmann, and P. Terna, editors,
Simulating Social Phenomena, volume 456 of Lecture Notes in Economics and Mathematical Systems, pages 21?40. Springer,
Berlin, 1997. URL https://link.springer.com/chapter/10.1007/978-3-662-03366-1_2.
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Simulation steps: outputs

� The method adaptProductionPlan, sent to
entrepreneurs, orders to the ith firm to set its
production plan, for the current period, to their (equal,
being i here not relevant) fraction of the total demand
of the previous period, in value, plus a random
uniform relative correction in the interval −ε to +ε.

� The total demand of the previous period can be
replaced by a weighted sum of values at t − 1 and
t − 2.
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Simulation steps: hire / fire

� The method hireFireWithProduction, orders
to the entrepreneurs to hire or fire comparing
their actual labor force with that required for the
production plan, considering the labor productivity π.
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Simulation steps: produce

� The method (or command) produce sent to the
entrepreneurs orders them—in a deterministic
way, in each unit of time or cycle—to produce
proportionally to their labour force Li

t .

� The labor productivity, with its value set to 1, does not
change with t.

� The production is corrected for work troubles, if any.
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Simulation steps: consumptions
(1/3)

� The method planConsumptionInValue orders
both to the workers or to the entrepreneurs, to
plan the consumptions in value for the current cycle
and its sub-steps.

� Consumption behavior of the agent i at time t is
defined as:

Ci,t = ak + bkYi,t + ui,t (6)

with ui,t from u ∼ N (0, sd).
� The individual i can be:

1. an entrepreneur, with Yi,t = profiti,t−1 + wage;
2. an employed worker, with Yi,t = wage;
3. an unemployed workers, with

Yi,t = socialWelfareCompensation.

20 / 29



A book on Rethinking Macroeconomics Theoretical analysis Generative agent-based simulation

Simulation steps: consumptions
(2/3)

� The method actOnMarketPlace operates only in
the ASHAM (Atomistic Simplified HAyekian Market)
phase of each run, in any.

� Both the entrepreneurs and the workers are
buyers, while the sellers are uniquely the
entrepreneurs.

� The method is repeating its action several times in
each cycle, for each sub-step; each buyer chooses a
seller from a temporary list of sellers having still
unsold products.

� The deal between buyers and sellers is based on
reservation price confrontation; reservation prices are
corrected following successful and unsuccessful
negotiations..
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Simulation steps: market price
(3/3)

� The method setMarketPrice orders to the
abstract agent WorldState to evaluate the market
clearing prices in a SMAC (Simple Market Aggregate
Clearing mechanism) situation or simply to record the
mean and the standard deviation of the prices in each
cycle of an ASHAM.

� In agent-based model, usually the agents are
mimicking an actual subject existing in the reality; in
this case, we have an abstract agent making
computations both (i) relevant from a theoretical
economic point of view or (ii) simply accounting
statistical data.

� In the SMAC case the method evaluates the market
clearing price, considering the aggregate agent
behavior plus an external shock, potentially large.
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Simulation steps: profits

The method evaluateProfit calculates the difference
R− C.

� Revenues:
− the actual production of the entrepreneurs accounts

both for the production plan decided with
adaptProductionPlan, and for the limits in
hiring, if any, in hireFireWithProduction;

− The price is coming from the analysis for ASHAM
(weighted sum of micro-prices) or for SMAC (clearing
price) implementations.

− considering the presence of work troubles, we can have
price reductions, to compensate failures in contracts.

� Costs:
− the sum of the wages per employee and time unit, not

changing with t, but the case of the events of the second
upcoming slide;

− there are temporary extra costs for new entrant
firms.
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Simulation steps: entry-exit

With methods toEntrepreneur and toWorker, entry
and exit are related both:

� to the workers moving to be entrepreneurs, in case of
success of the firm where they are employed and

� entrepreneurs moving to be workers (employed or
unemployed), in case of failure of their activity.
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Simulation steps: wages

� Wages (temporary) rise due both to full employment
(method fullEmploymentEffectOnWages),
and

� to the creation of barriers against new entrants
(method incumbentActionOnWages).
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Economic cycles: an example (1/2)

Figure 3: 50 entrepreneurs and 10,000 workers, macro-variable serie
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Economic cycles: an example (2/2)

Figure 4: Agent series
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Counter cyclical mark-up

Figure 5: A scatter plot, considering the standard deviations of production and profit vs. the correlation profit-production
(counter cyclical mark-up); the droplines are intended to facilitate the observer in reading the coordinates of each point; the z
values are multiplied by−1 to improve the readability of the plot
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The code

The whole code is at https://github.com/terna/oligopoly
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