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Irrationality in the Neoclassical Definition of Rationality
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Abstract: In this study we are not arguing that competitamit actually occurs in practice is not
socially beneficial. Our criticism is directed ieat at the false belief that rational profit-maxmg
behavior and competition as defined by neoclasseainomic theory will lead to a welfare-
maximizing outcome-again, as defined by neoclaktieary.

Keywords: Marshall, Cournot-Nash style competitive behavigegme theory, irrationality, complex
behavior/dynamics

INTRODUCTION consider the possible responses of other firms when
making their output decisions.
Critics of neoclassical economics frequently rejec It is highly unlikely that the same conclusion can

the concept of “rational economic man”, arguingttha arise from two contradictory assumptions: one ninst
this hyper-rational construct is not a suitable eiddr  fact not lead to its alleged conclusion. We show that
human behavior. In this study, we take the veryMarshallian analysis is at fault and compare it to
different tack of arguing that the neoclassicaimgdn  Cournot's analysis, by deriving an accurate profit
of rational behavior, at least as it applies tofipro maximizing formula incorporating the strategic
maximizing firms, is itself irrational. We derivédng reaction of one firm to another. We start from the
formula for truly rational profit-maximizing behari  assumption tha%:e 0i # j, whered can take on any
and then quantify the degree of irrationality nekbde
achieve the market-level welfare-maximizing outceme
that are the standard fare of neoclassical theory. The true profit maximization condition in a multi-

Our paradoxical conclusions are (a) that if firane  firm industry is that profit is maximized where ttutal
truly hyper-rational, their behavior will not lead the  derivative of profit equals zero. This is even thiowr
welfare-maximizing outcomes predicted by standardather especially because-firms cannot control the
neoclassical analysis but to the so-called “mongpol behavior of other firms in the industry:
outcome; (b) that rational analysis leads to theckusion
that Cournot-Nash style competitive behavior is i(TR(qi)—TC(q)): 0. (1)
counterproductive and therefore not worth undemntgki
and (c) that rather than rationality leading to fard
maximization, a degrees of irrationality is reqdire Since Q=Zn:qj, this total differential can be
which we quantity using multi-agent simulations. i1

expanded to:

value (and of coursé* =1).

Integrating (and correcting) Marshall and Cournot:

The Marshallian and Cournot-Nash game-theoretich( d dg; | _
approaches to competiton reach the same en J_l{aqj(TR(qi) TC(OI))(TQ =0 )
proposition-that competitive markets will set price

equal to marginal cost-from two contradictory steyt i - , o

points. A key presumption in Marshallian analyss i Assuming thafg =¢#0 0 j we derive:
“atomism”-that firms do not strategically react ttoe

hypothetical behavior of other firms. In mathemaitic n( 9

nzltjation atomism is the assumpti =00i#]j ex2, 7(Pq_Tc( q)) =0 3
, ption tHAt=00i# . = aq,

A key proposition in Cournot and game theoretic

analysis is precisely the opposite: That firmds Expanding this yields:
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includes it when considering a monopoly. This

N ] 0 d
Z(Paq(Q) + qa( F)‘a( Tq ﬂ))] = 4) establishes Keen'’s critique of Marshallian analysis
= i j

If, on the other hand@zé where E is the market

Given % =0 0i#j and 3 =1, the first term yields

.. Pd
0P N-1 times and P once. The second term can belasticity of demancEE=Q], we recover the game
QdP
expanded to: _ _
theoretic “best responseMR (q,) = MC(q) . As Stigler
qizn:i(p)z -~ dP0Q 5)  arguedl, this behavior leads to price converging to
j = dQaq marginal cost as the number of firms increases;alsut
the next section shows, this clearly is not “profit

where, of courseg—Qzl. Substituting and introducing maximizing” behavior.

. j ! L Analytic results: Comparison: An individual firm’s
MC(q;) gives us the general profit-maximization rule p5ximum profit can be mapped as a function of the

for the individual firm in am-firm industry: average interaction parameted. The impact of
4P interaction on profits is starkly illustrated byetexample
(n-1)PB+ P+ ng(TQz Mc ) (6) of an industry with a linear market demand curv®Q)P

a-bQ anch identical firms with constant marginal cast

: . . .. The profit-maximizing output level for th& ffirm as a
It is now easily shown that Marshallian analysis i function of6 andn can be derived from (6):

false. Setting = 0 reduces (6) to:

-1)6+1)a-c
dP _ 3] :—((n 9
P+ g4 = MA(q) @ 9= g0+ 3 ®)
dp dp . The maximum individual firm profit as a function

where, nq‘dTg - Q®< 0 as nmowo. Since the g andnis:
aggregation rule for marginal cost is that ME(g _ B
MC(Q), the individual firm output level is decided the 1 (g n)= (((n-ge+ga-g(=
same basis independent of the number of firms:ngive nb((n— Je+ 3
atomism, the market output level for a “competitive Nesda ¥ (10)
industry is the same as that for a monopoly. {(((” Jo+1)a 2‘) ]

Using qﬁz_P—MC(q) and nb((n-216+ 2

'dQ n
dpP dp A numerical example indicates that the maximum
[PﬂldQ]‘ MC(QF‘[( n-3 quj from (6) when®  of this function occurs where®=0 for all
) . values ofn; we surmise buthave not yeven
= 0, we can express (7) in terms of the marginaihat this result generalizes to all price and cost
revenue and marginal cost. This shows that the truginctions. In the following graphs, a = 800, b =°1@

profit maximization rule for the individual firm-ithe =100 and k = 10
absence of strategic interaction-is not to equate The LHS of Fig. 1 plots equilibrium maximum
marginal revenue and marginal cost, but to maingain profit per firm as a function of the degree of stgic

gap between them: interaction®, in a 20 firm industry. The maximum
n-1 profit clearly results from an interaction level of
MR(qi)—MC(q)=T(P((3— M q)) (8) zero. By comparison, the  Cournot-Nash

recommended IeveI6(=iE) results in an equilibrium
n

Marshallian analysis falsely proposes that i i ) ! .
dPoQ _ dP profit level per firm that is one fifth the levettained

E(P) =0, when in fath%(P)_@cT e from no strategic interaction.
i I 9 Since per firm output increases monotonically
effectively, it omits the crucial third term frorhe LHS  with 6, it is also clear that output in excess of where
of (8) when considering “competitive” industriesitb 9 =0 is produced at a loss.
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Profit (LHS) and quantity (RES) as function of theta for 20 firm industry Firm Outputs, 100 firms: 3 samples
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| ottty The LHS of Fig. 2 shows that the ratio of maximum
Fig. 1: Caption ? profit per firm rises from a relatively low levebif a
small number of firms (1.125 for a duopoly; 2.042 f
. Ralio of maximum equilibrium firm profit six firms) to extremely high levels for large numbef
firms-with 400 firms, equilibrium profit per firm

without strategic interaction is over 100 times hgg
than with interaction at the Cournot-Nash level.

We thus have a dilemma: in industries where firms
do not react strategically to the actions of othérms
achieve much higher profits than in those where
strategic interaction does occur. What practickékedy
to evolve in real-world markets?

We surmise that experience may teach firms that it
- is irrational to play the Cournot-Nash game. Indjiea

they may learn to simply ignore the hypotheticaicars
of other firms when deciding how much to produces W

200

150

100

Ratio of Keen to Cournot per firm profits
Cournot recommended Theta value

Number of firms in industry

Fig. 2: Caption ? consider this question using a multi-agent model of
e ety . [sedset instrumentally rational profit_ maximizers facing
Qq < round ronif{ e, g (fims, 2,0, €, D, B (fime,a,b,C, D, ) comparable marginal cost functions.
POEP(ZQOJ"’\\ . . . A
R Operat|onally rational p_rof|t—maX|m|zers Our
dqef"“"d\m"f'"[fmmm) hypothetical market has a linear demand curve @ =
for i< 1. runs bQ with a = 800 and b = 1) and a variable number of
GGt instrumentally rational profit-maximizing agentsadh
R Zon) agent alters its output in a search for the profit-
aa s[5, -3, Q) - (e{e fms.C.D.EH) - oo, EmscD.EH][40)  MAXimizing level of production; if a change in outfn
° a given direction leads to an increase in profit, i

continues to change output in that direction; o#les
it changes output in the other direction.
While marginal revenue as conventionally defined ~Total cost functions for the agents are idential
) 1 defined in a way that makes marginal costs from
exceeds marginal cost untlB:E, the revenue (ifferent numbers of firms strictly comparable:

actually received by the firm (the total derivatioé  tc(q,n)= k+ cq+1 Dncj+} EA§ where n is the
revenue) is below marginal cost.

Obviously, firms pay a large price for strategic n'umber of fims, k = 17) C=10,D =10 and E =
interaction and Fig. 2 shows that this price riaeshe  10"". The reasons for the choice of this functionairfor
number of firms in an industry increases. are given in the Appendix.
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Firms(firms, runs , rand) := | Fy < q(1,2,b,C.D.B)
F, « ag(l,a,b,C,D,B)

for ie 2. firms

for je l.rand

Seed(j)

Q< mund(mnif(i,qK(i,a,h,c,D,E),qc(i,a,b,c,D,E)))

e Segee)

qC(i,a,b,C,D,E)j]
i(i > 16,\fi,4)

dq <« round [mon’n{i, 0,

for ke 1. runs

QY v d

P P(ZQk,a,bj

dq « [signl:(pk-Qk - pkil-Qkil) - (tc(Qk,i,C,D,E,k) - tc(Qkil,i, C.D,E, k))]-dq]
Qendj <« ZQk

Fi < mea"(Qend)

Fig. 5: Caption ?

Firms start with a randomly determined initial The above sample simulation run comes close to
output level that lies between the Keen and Cournothe Cournot rather than the Keen outcome. Howewer,
predictions and have a randomly determined amoynt blarge number of random runs are required to prosite

which output is varied. answer that is independent of initial conditionheT
program shown in Fig. 5 implements a Monte Carlo
THE MODEL simulation over a variable number of firms (staytfrom

2); it takes as arguments the maximum number ofsfir
The basic program (written in the functional to consider f{rms), the number of iterations to do for
. . each market structureups) and the number of randomly
programming language of the mathematics packagg€eeded runs to do over each market structamy, It
Mathcad) is shown in Fig. 1. returns the average of the runs for each markettste.

The program takes as its arguments the number of Figyre 6 shows the results for this program with
firms (firms), the number of iterationsuns) and a seed petween 2 and 500 firms, 4000 iterations per randem
for ‘a random number generatosedd). Working  and 25 different runs. As we anticipated, the degre
through the program line by line, the random numbegompetition does not rise smoothly as the numbérro$
generator is seeded (1); an initial vector of ot#f{@), increases, but instead peaks at a relatively smaiber of
a resulting market price (3) and vector of amouots firms and then declines asthe number of firmsincreases.
alter output (4) are determined; a loop is initiedl (5); Price mirrors the quantity results: market priatsf
market output (6) and market price (7) are caleddor  for a while as the number of firms increases, bent
the i" iteration; firms decide whether to increase orrises again once there are more than 30 firms én th
decrease output depending on the impact of théquev industry. Competition improves consumer welfareyonl
change in output on profit (8). Finally a matrijorstg  up to a point; beyond that level it reduces welfare
each firm’s output, at each iteration, is retur(@d Strategic interaction thus peaks at 30 firms, but

One key aspect of this simulation that may appeathen declines. Figure 8 shows the results of ruitk w
counter-intuitive to economists is that, despitee th 30 firms and 500 firms respectively against the
simplicity in the definition of agents and the fabat theoretical predictions in Quantity/Price spacen |
they have identical cost functions, the behavior ofcontrast to the expectations of neoclassical theory
individual agents is extremely diverse. Figure 6vgh  increasing the number of competitors results not in
three sample firms from a 100 firm simulation, higher output and lower prices, but the reverse.
compared to the Keen and Cournot predictions. As is _ _ )
evident, the firms follow many different strategidhe  Irrationality and consumer welfare: Our analytic
complexity of individual behaviors emerges from theand simulation results show that hyper-rational
interactions between firms and the market, rathant profit-maximizing behavior does not guarantee the
from the innate “complexity” of the agents themsslv  neoclassical outcome.
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Market Oufput a5 a fimetion of mumber of fims -k,-k+1) into the sign() function in the output
o oot modification test. This produces a vector of random
s Dretgs o e numbers between-k and 1-k. For k = 0, all these
numbers are positive; for k = 0.5, on average hallf
be negative. On average then, k% of the firms & th
industry will be irrational.
, We ran this program with 30 firms and 400 firms,
Toomomomomome ;e m e since the former was the level at which convergdace
the Cournot equilibrium was most marked for rising
Fig. 6: Caption ? marginal cost, while the latter was point wherettead
towards the Keen equilibrium stabilized. Figure 110-
Market rice s & fncton of manber of fimne show the average results with 4000 iterations per
random run and 25 different runs, under conditiohs
both rising and constant marginal cost.
Figure 10 shows that only a small degree of
irrationality is needed to guarantee the Cournétame

Average Final Market Output
-

MNumber of Firms

Average Final Market Output
g

e Counot for 30 firms facing rising marginal cost (includimgtwo
o o e of Simult standard deviation error bars to indicate the degre

e wm m m ow w @ @ m dispersal in the simulation runs). However the ltasas
Number of Firms markedly unstable: once more than 6 % of firmstethr

to behave irrationally, the market “broke down”.

Fig. 7: Caption Significantly more irrationality was needed under

Market Functions, Predictions, Outcomes: 500 firms conditions of cons_tant marginal cost tp ensure the
1200 : _ Cournot outcome-fifteen per cent of firms had to
ji’;"efjl“;‘m“ behave irrationally. However the result was marked|
1000 Marginal Cost + more stable than for rising marginal cost: the
m® Coumnot 500 Firms progression towards this position was smooth and

800 @ Coumot 30'Firms stability applied out to 40 % irrationality.
‘ ® Keen A similar, but substantially more stable pattern

O 500 Firms average

600 - 30 Firms average

applied with 400 firms. Only a small degree oftioaality
was needed to bring about the Cournot outcome with
rising marginal cost and this result was compaghtiv
robust for between 1% and 33% irrationality.

However, Fig. 13 shows that a much larger
proportion of firms (18 %) need to be irrationaltive

- case of constant marginal cost. On the other htnad,

0 10 410 610 810 1 result was much more robust than for rising matgiost,

400

200

Demand, Marginal Revenue, Marginal Cost

Market Quantity with stability of the Cournot equilibrium out to %9
) . irrationality-a strong result since this is just 1f#em
Fig. 8: Caption ? effectively random behavior (at which point, howetke

So if rationality won't do it, what about irratioha system predictably ceased to have any attracdh at

behavior-acting in a manner that, on past expegienc CONCLUSION: AN INVERSE LINK BETWEEN

should reduce profit rather than increase it? RATIONALITY AND WELEARE
We consider this by seeding our simulation wit th ) ) )
tendency for a fraction of firms to do the opposdite Our research gives serious reason to reject the

instrumentally rational behavior. It turns out tiga) the Standard —presumptions in economic theory that
presence of irrational firms does cause industtpudtto ;;OargEE{["(')“g”sggg’niegptﬁgngbtggﬂg”;%'Tr']g'tn?h;‘:rrnno
converge to the Cournot output IeV(_aI, -bUt (b) tbgrde competition there is-or rather the more firms thare-

of irrationality needed to achieve this is depemndgon the l?etter i the outcome

the degree to \.N.h'Ch marginal costs rise with output Firstly, simple but ap.propriate calculus showg,tha

: The m_od|f|_ed program need_ed to consider thqn the absence of strategic interaction, firms mmaze
impact of irrationality is shown in Fig. 9; the key pro

. ) ) O fit by producing where marginal revenue, as
change is the introduction of the expressionif(firms,  conyentionally defined, greatly exceeds marginat.co
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Cts(firms, runs , seed ,step ) = | Seed(seed)
QD < round (runif(ﬁrms,qK(ﬁxms,a,b ,C,D,E),qc(ﬁrms,a,b,C,D,E)))

qc(ﬁrms,a,b,C,D,E) JJ

dq < round| rmorm| firms,0, ———————
if(ﬁrms =16, ﬁrms,4)

index < 0

for ke 0,step ...5

for ie1..runs

Q«<Q  +dq
pl(—P(ZQl,a,b]
dq < sign’rrlmif(ﬁrms,—k,—k-# 1)-’7(p‘-Q‘— p‘_l-Q‘_l) - (tc(Q‘,ﬁrms,C,D,E,K) - tc(Q]_l,Exms,C,D,E,K))—H-dq—‘
Dindex, 0 < k
Dindex, 1 < ZQl
index <« index + 1
@
Fig. 9: Caption ?
- Aggregate Output: Rising marsinal cost with the more general proposition that there is@ue
5 reaction coefficient by each firm to each othemfirso
E 5.10° T T 1 | L 1 A . . . .
£ I i I I T T that%ﬂam where§;; is the reaction of thg" firm to
= 4-10° 1
% , a change in output by thi8 firm, we find that (n-19 in
£ . _ . . n .
8 -7 Neodlusical Predictior equation 6 is replaced bge“. Thus the strategic
£ % 30 Firms !
% g et 2 interaction terms in th&" firm's profit function are
’ wommame e e e the sum of the reactions of other firms to what it
Degree of lmationally does-its own reaction coefficients play no diremer
Fig. 10: Caption ? in its own profits) and it appears that individual
T ' profit is maximized when firmslo not strategically
Aggregate Ouiput: Constant marginal cost interact with each other. If we start from the
5 o m H proposition that firms are rational profit maximige
it makes sensgot to strategically interact at all-since
2o ”MMHLLHHH%H%%%HH J } interaction is costly, exponentially so for large
g o HH numbers of firms and brings no benefits to the
P ‘ individual firm. Cournot-Nash games may, therefore,
s ‘ e Neoolmsion Predich be rather like “Global Thermonuclear War” in the
¥ oo oo Koo Prediction 1983 movieWar Games: “A strange game. The only
= . P H-2StDey winning move is not to play”.
oo Thirdly, effective competition-in terms of the
egree of Irrationalil . . . .. . .
praree oty maximization of market output and minimization of
Fig. 11: Caption ? price-peaks at a moderate number of firms and falls

In the aggregate, the market output level is inddpat after that (This rgsult Is dependent on rsing rmezig
of the number of firms in the industry: Given cost. As we show in Keen and Stanffishwith constant
comparable costs, an industry with a multitude ofmarginal costs, convergence to the Cournot equilibr
competitive firms will produce the same amount as aloes not occur for any industry structure.).
monopoly and the market price will be the same. Finally, a degree of irrationality is needed fbet

Secondly, strategic interaction does monotonicallyCournot outcome to apply in a population of arigfic
increase output and reduce profits, but strategigirms. The degree needed varies between a mere 1%
own profit (If we replace the assumption %9 g unstable system) and 20% under conditions of cohsta

oq; marginal cost (with a very stable system).
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Aggregate Output: Rising marginal cost level than the so-called competitive level-and tinaty

operate under conditions that would require a

510° fyers Ll substantial degree of irrational behavior to caase
/ larger, welfare-maximizing output level.

o N We are not arguing here that competition as it
: [ actually occurs in practice is not socially beriafic

o+ Neaclassical Prediction Our criticism is directed instead at the false dfefhat

[s-s+ Keen Prediction

2 ({770 e e rational profit-maximizing behavior and competitias
£ +-2 8t Dev defined by neoclassical economic theory will lead to a
o o ol o o 03 03 0m o4 0w welfare-maximizing outcome-again, as defined by
Degroe of Irrationality neoclassical theory.
There are many important aspects of real-world
Fig. 12: Caption ? competition that neoclassical theory abstracts from
reduction in markups, product and process
Aggregate Quiput: Constant marginal cost innovation to mention a few-that clearly make a
110" “competitive” industry preferable to an
. uncompetitive one. However, our research shows
i that “competitive” cannot be monotonically related
\ to the number of firms, even when competition is
restricted simply to output levels and price.

Average 25 runs, 4000 iterations each

+++ Neoclassical Predictiol
eee Keen Prediction

200? -3¢ 400 Firms Appendix: Comparable cost functions. In this
*+-28Dey appendix we explain the form used for our totaltcos
OB B D02 03 03 0B 04 08 functions, which is necessary if outputs from diffet
Degree of Imationality hypothetical industry structures are to be comgarab
The standard graphical exposition of Marshallian
theory draws a common “Supply” curve to represent

) o ) ) ) both the marginal cost curve of a monopoly and the
Whether this degree of irrationality exists in te@l  g,m of the marginal cost curves of a “competitive”

world is an empirical question-as is the issue Ofizqystry. In fact a single curve can be drawn faese
whether marginal cost is constant or rising for theyyo market structures only under three restrictive
majority of firms. o conditions: (a) the monopoly is created by takingro
The evidence on both fronts is, with reference tog)| the competitive firms; (b) constant identical
the standard presumptions of economic theory, nofarginal costs; and (c) differing marginal costsialih
good. Blinderet al.” is the latest and possibly most happen to be a function of the number of firmstia t
authoritative to conclude that the empirical dasa i industry and coincide when aggregated.
“overwhelmingly bad news ... for economic The first condition is trivial (and would, on our
theory..." (Led” for a comprehensive survey of pre- analysis, result in no significant change in bebgyi
Blinder research and Downward and Pedor an  the second and third are implemented in the sifaulst
accessible summary and interpretation of Blinder'sabove. This section proves that comparability is in
findings). Eighty nine percent of firms in Blindsr' general not the rule and derives the two non-trivia
survey reported marginal costs that were eithestemt  conditions for comparability.
or declined with output, while the data on demand Taking condition (b) first, the identity of the
elasticity led Blinder to ask rhetorically: aggregate marginal cost curves of two different
Can it really be true that firms that sell 40 % of market structures for all scales of aggregate marke
GDP believe that their demand is totally insensiti  outputQ imposes the condition that marginal products
price and that only about one-sixth of GDP is soldare identical for all scales of inputs. This in rtur
under conditions of elastic demafiti? means that the production functions of the two reairk
It thus appears that firms are, generally speakingstructures can only differ by a constant. Takingola
rational profit-maximizers-which as we have shown,as the variable input, output with zero units dida
means that output is nearer to the so-called “molydp  will be zero, so this constant can also be seteto;z
67
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therefore the condition of identity of aggregate

Thus if marginal costs are to be identical across

marginal costs commutes into the condition that theéany scale of industry and output, they must be
aggregate output of the two industry structures tmusconstant and identical.

be the same for all levels of input.

Using f for the production function ofi firms in
one industry structurey for the production function of
m firms in anotherx for the per firm labor input in the
n-firm industry andy for the per firm input in then-
firm industry, the condition is:

nxf(x)=mxg(y) where nx= my (11)

Subsituting y=n—r: into (18) and differentiating

with respect ta yields:

)

This gives us a second expression ffoEquating
these two definitions and rearranging yields:

}_x j

nx
o ™
_Am/_
Substituting backy=n—r: and rearranging yields an

(12)

f(x):%xg(n—n:(

nx

9 [*

m

(13)
n m

expression involving the differential of the loggf
g'(y) _1 (14)
ay) v

Integrating both sides yields:
In(g(y)):ln(y)+c (15)

Thusg is a constant returns production function:

g(y)=Cy (16)

Fromy =" it follows thatf is the same constant
m

returns production function:

_m_nx

f(x) SC

(17
68

Condition (c) allows marginal costs to differ at
different scales of output, but requires that they
aggregate to the same level. In this case, costs at
each level of output must be a function of the namb
of firms in the industry. The rule for aggregating
marginal cost is that the cost of produciggunits
where there aren firms in the industry equals the
cost of producingQ units where Q = mqg. When
applied as a condition to ensure that the aggregate
marginal cost curve for am firm industry is
equivalent to that for am-firm industry, the number
of firms in a given industry structure must be paifrt
the argument for marginal cost.

In the example used in this chapter, we began with
an aggregate marginal cost function:
MC(Q) = C+ DQ+ EQ (18)

We then derived the firm level marginal cost
function that was consistent with this rule in afirm
industry:

mc(q,f)= MQ nd= G- Dng & nj (19)
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