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Thiz thesis begins with the assumption that all

I's

Tueo=classical® economics represented an early stage of the
lcngs slow developnmant=-still going on today—-—-of "mathemati-
cal ecconomics” or what may be called a gradual "mathematiza-
vion® of econonic theorV. In & rezli sense the origins of
this develcpment are very old; only the "fruits" have been
slow to appear and “ripen.® Many of the central problems

of econcnlc theory alweys have been, in one aspect, mathe-
matical in nature, i.e., problens nesding o be studied with

Ao
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th

> aad of mathenatics. There, even in early times there

e

thinc concrete to puild upon.
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AN etam
matics on the part of former economists can be demonstrated
Ly the Ricardian—classical "law of diminishing returns.®
ferential calculus would have provided the
needed insight to explain the diminishing additional re—
turns of preoduce from wmore intensive cultivation of agri-
ultural land. &s it was, Ricardo used words and arithmeti=-

cal illustrations. It later turnied out that the "law of

For a racent boox dealing with the early develop-
ment of matnematical sconomics; see Theocharsis, Iarlv Da-
veilopnents in Mathematical IconomlCSe

1
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clascical” economic theory.

LZnother exemple that illustrates the relative short-
ness ©of the distance separating "classical" economic theory
Trom Ymathenatical” thieory is the fact that Malthus foresaw

titer and expressaed his belief that "fluxions” (as the

o
i 2
o
{ls
o
)

of mathamatics that is now caliled “the calculus® was
then called) would some'day coMe Anto use in economics, as
it already had in physics and other sciences.2

Lithough the develonment of the marginal concept
and the introduction into economics of formal mathematical
technicues do not coincide perfectliy, there is enough coin—-
cidence to make thelr separate treatment extremely awkwarde.
Auanong thie plonecers of the marginal concept~—~for example,
Eerman Coszen, William Jevonsg, and Leon ¥Walras——were also

nesrs in the use of mathamatics in economicse.e Anong the

exrliest ceconomists to use mathematics, only &. A. Cournot
and A+ Je. I« Dupuit seam to have overlcoked the marginal
concente

Augustin Cournot’s ploneer work in mathematical

2overton He Taylor, BEigtnry of Seonomic Thouoht,

orks  MoGraw Eill, 10002, De 323,

™
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i
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cecornemics is called ITaoshorches aur les Princinss Mothenati-

cucs 22 1o Dhooxice fas Digkanesns (1838). Although he never

s B st IR nﬂ‘.-ﬂ-_ll

had a really systamatic theory, he covered most of the prob—
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areto, and for the first

3 in treating economic
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nenomena.  (The founders of the general eguilibrium mathe~

"

matical method ware Walrag, Frencoiuran, and Pareto, an

£

ftalian. Since thay Doth taught at the Swiss University of

Lausanne, the label "Iousanne School' is often applied to

fg was menticonaed, Cournot plonesred in the use of
calculueg, espacially differenticl eruutions, Lo represent
hne Sanctionald rolationshlip beltween prices and guantities
gold in a competitcive market. Courcct’s theoxry of the firm
corresponds with the nodern aralwvsis firm eguilidbrium.
Cournot assumad that tortal cost and totzl revenue vary con-
tinvouszly with output and that the cgulililbrium position is
that of the maxdimization OFf net revenus——total revenue mi-
nus total cost. In the coantewporary version of firm profit
maximization, marcinal oost iz egquated o marginal revenue.

3

e zama.

rf

&

Both treatments are ozsentially

Cournoc's bock was bold for its day, and some claim

Do+ - A 0N
Zpralip C. Newman (ed.), Source Rendiacs in Zcopomis
T g 5 g !';' 3 {:“IC‘E’\J York: e Wa dNorton & Cooe P 1.954;) ? po 4:)1.
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Pt
it has no ecual in the hicstoryv of economic theory. He was
thwe first writer to define and ¢graph a denand function. Al-
thouch not interested in utility theorv, Cournot assumed as
ratter of course that the demand curve was negatively

-

cioned. S5 the total guantity increased the added utility

from an additicsnal unit decrcased.e In his analysis, Cournot

Dogins with pure monopely instezd of competition and works

The purpose of this paper is to demonstrate the
exttent to wnich Cournot's Bﬁgbax;hﬁss nas influenced the de-
veloovment of econcomic thougnt and the writings of Leon
walras in particular., This will e attempted by first giv=
ing the reader a little baclkaground of Cournct's life and
works and then by oxplaining his famous duopoly problem
aroused interest among later ceccnomiste. Cournot's solution

ions, wnich Cournot
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fziled to spell out clearlv. Chapnter III covers some of
thase assumpticne that later economists read into Cournct's

thaeory and the confusion that resulted when the marke:

3lauvg, JScononic Thsory in Detrosmect, (Home-
H Irwiii, InCe, J_gbu), Do 31&.

Be e Journot, Daghercios sur las ;u;@g;p_s nathe-
natigques de la theoric des richnesses (Paris: Hachette, 1838).
Zaglish tranglation by N. Te Zacon in Zconomic Classics (New
Vork: IHMacmillan, 1897).
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5
to be greater today than was earller believed., His duopoly
vroblen that could be expanded to coligopoly is very timely
today in a business world swaying between pure monopoly and
Lree competition., The influence of Cournot's concepts and
rmethods ig further demenstrated by tracing the later develop—
ment of the famcous economist Leon Walras and his work on

general eguilibriuam analysis,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



ZLICERLLPEICAL ZXITTCH OF AUGUZTIN COURNOT

Svery negchiyie in econcmics is well acguainted with

the Tundamental notion that quantity demanded iz a function

2

ez that a cdemand

}

of prices e is algo femiliar .o: e
curve can be drawn relating the two variables-—-price and
W wWill e conwve to the origin. Few 1if any,

Py

nowever, are avare of the origin of these concepts in eco-

ncmicse For thelr intreducticon we owe credit to an obscure
Trench mathematician, ALntoine=-fugustin Cournct. Further, as
we shall sec, we muast croedit Mr. Cournot with a great many

-

Avcustin Cournot was orn at Grav, in Haute—Saone,

-

France, in 1201. There he received hisg ezarlier training,

and later took special instruction in mathematics at the
Lycee de Zesancon. e continued his mathematical studies

at the Ecoole Yormale in Pariz, in 1834 hie became Profeszor
oZ Mathemetics at Lvon, and the Zollowing yvear Rector of
the Lcadeny at Granchble. Eig most important work, The

"y e P R A o TN N e g o b s = i Y, T -
P et e e e T A,»A-Er»c,;"}_-;u_.ug-: o oE L AT _Z‘r‘«nhf"_\:: (i .7@?‘57‘;;), was Duo

Se  He was summoned to Paris as Inspector Gen-—

g54

s vien he became Rector of the

o
o

€62 he retired from active teaching,

6
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Slthougn Cournot was a matharatician by training, he

: PR T O T - T 2 ] hI—. o] i
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LZowever, as & phllosopher, educator, or

0

mathematician that Cournot is kest remembered today, but as

. . =
4l GoONCMLSTe ne L

n

fulfilling Jevon's prediction that he

lcournot, :;.:\c DT 2D 2Rde mt, je Ve

Zcnester Tovmnesend muddick, “Cournot'’'s Doctrine of

Philosophical Doctrine,” Tha Philpsophical Review, XDLIX
(July, :L “:O), pl 415.
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rmust occupy a remarkable position in the history of the

Zngliish transzlaticon of Courncot's most important work,

. ~ rd
it - - ,,- n - % - > - £or pi > o~
ALRInoInnes sur leogs Drincines Mathenatd 5 de la Theorie des

o X P e g i, 4 T 4 -
Iighezang, wildeh in Enolisi is Zhe Mathematicoal Principles

s the Theoxy of Hooitl, paid hdm hich tributes

SGithowrh zome gscoore of writers had pre—
caded nim in attaroting to apply mathematical
processes Lo poliltiezl coonomy, he was the first
to win supstontial results. He alone of the
earliy writers arerits todars a2 nowerfuvl influence
o aconemic bhouchize v Lo wiith h;mg therefore
that any survay of modern mathematical economics
should bagine®
It seems oniy Fitting in view ¢f ¥isher's comments that 35
vears loter, in 1933, the Sirct erticle o appear in the

T P 2 e K [ ) o, o L —
first issue of volune crne of JIononsixioa, the journal of

£

the Zeonconetric Socliety, whnose ph¢30 e 1s the advancement
of econcmic thecyry in its relation to statistices and mathe—

matics, wag & tribkute o kugustin Cournote In thils same

iszue Joseph Schuaneter said:

« o+ STLll hugher tribute is due to Antoine-
Zucugtis Cau:not wno, without encocuragement or
lead, in what was theon a most vncongenial envi-
ronnent, Ln 18238 fully anticipated the econiomet-
ric program by his Rsohvawihen, one of the most
striking schievenents of trusz genius, to wnich
we pay respect to this day by nearly always

a = - ey
e e LOVIENES ety
3 -

-
2

- Dim o & LB e A

£l § S0 NE Ml lLannl and WOs

1$24} e XLl

e . - - .
=Ilrving Fisher, “Couract and llathematical Economics,

-

2
e Overteciy dousranl of S-soomics, ©wIT (January, l189s),
D« 135¢
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vihile it secms that Cournot's influence as an econo~

migt 1 unguesticnable, his [nthampfical Zrincinles of fhe

o, . - T e ) G 3 : <=

Ihenry af Zlzalils vas completely icnored by economistes for
-y ToBRT e t.- Adh % - oy

nexxrly 40 wvears. Thanks to Walras, Jevons, and Boccardo,

Cournct's work was discovered and his theory and methods

. - | nd iy - - = & am -~,. " >
spread. apnarentliy ddscocouraged by the lack of success of

nis dasherstlionl Doaangiples, Cournot later parashrased it
using & noa—gymnoolic approach and pudlished 1t as Prxincinpoes

o la Dheonic Cog Richnooas in 1863. In the year before his

another revised wversion as PRovus

'
)
&)
&
|4..
l,.j.;
1
o3
I,
8]
{'I
r ¥
}.’.
\ H

adlre deog Doctitines Sooarcmicinoge. But neither of these

works were as interesting and important as the original, and

have since fallen into disuse.

5

*Jos'.n gchumpeter, "The Common Sense of Econometrics,
Seancmchricez, I January, 1933), pe 9.
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CEAPTIR III

COURNOT 'S DUOPOLY PROSLEM

Ssuagustin Cournot is credited with discovering the
Gistinctive feature of the oligopoly problem. He also
stwowed that with cartain asgumptions a determinate equilib-
rium solution is obtained for thes ducopoly problem, the mar-
ket condition of only two sellers, and that this solution
can be cittended o ca.'i.igopoly.:L The main significance
arising from Cournot's work lieg not in the determinateness
©Z the soliution, though, but in connection with legitimate
criticismes of Cournoltfs sgoiution. To understand why, we
nave to start by considering how the determinate solution
iz obtained. A realistic approach to oligopoly problems
cannot o hased on Cournot’s theoryv, wvet, to understand an
ocliconoly theory an emzamnination of Cournot's basic construc-
tion is neceszarys

Cournot's soiution is based on the assumption that
cach duonoliist beliceves that his rival wi;l on onh producing
2 definite curantity irrespective of the guantity he himgself
produces. 1t is apoarent that each ducpolist thinks he can
calculate the gquantity he should produce in orxder to maximize
nis profits when these conditions exist. Zach producer can

obtain his own individual demand Ffunction under these

1:ee chapters vii and ix of Cournot's Resgearches.
10
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cutput from the total guantity indicated by the market
cemand Ifunction for each vrice. From here he proceeds to
ecuate his individual narginal revenue to his marginal coste

his is not, howaver, the reason the solution is determinate.

cuces the guantity vihich mamtimizes his profits on the same
assumption with respect to his rival's behavior, and there-
fore does not Keep his output constant. The palr of outputs

oovtained at first canncot last, since each firm will change

The main Teature of Cournct*s model is that each

that the cther will not change

la)
€
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K1
4
[..a.
93]
¢l
0
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0
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o
i
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]
v
[
0
&
0
{1
5
¢

nis rate of cutput. L3 the two approacn eguililibrium they
wiall be wrong; but when they reach eguilibrium they are
right. & produces a guantity wihich maxdimizes his profits

on the assunption that 2 will go on producing his present
cutat. Jow 2 adijusts his output so as to maximize his
2rofits on the assumpition that b will o on producing his
nresent ouviouk, Wilch inducss 5 to adjuct his cutput, and

50 one hnat Cournot proved is that these adjustments f£i-
nally resuvlt in an cucput Ior L woich ne can go on producing
on the ascumpition that 3 will continue to produce his "pres—

ent® outpult because I will continue to produce an output
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which justifies L°%s cutput on the assumption he makes..This
is a2 circular argument: I nust dDe in equilibrium to be pro-
ucing an output wihich is truly justified on the assumption
he makes about A 's oehaviore.

In tirds model the two producers are “richt®” for the

(3

wrong reaseons.  Jach asswaes his rival is following a policy
o Iixed cutput wnlle in reality each producer is continually
adjusting his own output to profit masimization. If thev
both have adiusted thelr output o the simultancous ocutput

o the other it is becouse each prolducer has not followed a

producing a fixzed output disregarding his rival’s

behavior.
For a craphicel proof ol this refer to figure 1l.
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EI
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sured along the abscissa and
the ocutput of 2 is measured along the ordinate. The curve
indicating &'s output as a function of 3's output is Fy, and
the curve ¥, erprasses 3°'s cutnut as a function of A's cutw
pute The shaoe of these reactior curves 1o ~Iiveon by the
postulate that each ducpolist maximizes nis individual prof-
its on the assunption that the other will go on producing
nis Ypresent® ocutmute Let us further assume that the demand
function is linear {(which Cournot &id not assume) and that

nroducers face constant costs at identical levels (which

th functions deciine monotonically, or, the more
the one zroduces, the less will the other produce because

ho nore o the left vwAdll nis assumed individual demand

Function iie. The intersecticn of the two curves marks

o1

stakle egulilibrium. Po the left of the intersection A's
outrmul f£alls and L'z riszes, wnile to the right of the inter-
seocion Az output toends to rise and R 's to fall, so that
couilibrium i restored in the event of disturbances. This
nust be so, for T; must intersect with the ordinate above

left of
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shows +hat oubtnut of 0 which would induce & to
sroduas nothing, whnile point 2 shows the output which 3 pro-
aces 1f L producas nothing. .The Zirst 9f these two quanti-

~ N . ! oy 3 - P . -y e g T < -~ ] = b
ties is the competitive cutsut for tiie industry and the
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g
REN

sccond quantity is 3's monoooly outpute The competitive
ocutput is ¢greater than the monopoly output. The same analy—

y o = ) S e
S13 app-oies to A's cutoput.

stant cozis, the rezacticon Suncticons o Fl and F2 are lineare.
Therefore, the stakle eguilibriuvm point is the only inter-
scotion pointe. In addition, gzv;n_identical cost functions,
tihe outputs of the ducpolists will be eguale From these
assunptlions the aggregate Qu Qrolj cutput is two—thirds of -
the competitive output, while the nonozoly ocutput is one-
nalf of the output under pure counpetition. On aralogous
azsumptions for undifferentiated cligopely, the aggregate
ligopoly output is w tinmes the competitive output,

3+ 1
numser Of producerse.

*h

R}
{0
H
]

i
B
(o)
O

Fed

teaction functions may be linear even if the demand
i oost functiones are not zs simple as assumed above. We
woegin by duropping the simplifyving assumptions of the market
Gomand function wnd the cost functions, except that we re-
re the monoprsiy cutput of each firm should be smaller
than will induce the other produter to produce zero. With—
cut this ezsunption the Cournot prodblem is meaningless be-
cause there would be mononolilye. With this assumption points

i, 25 3, and 4 are gtill az in Figure 1. These points

-
T - & . -yt w x = 3 - = 3
2 7L Liizm Telline coedtion Loaong tho Fevwg, Qlicon—
— PR TR S P T im - Fom oo ~ . .
oy BTG aulmiling Hoocleed oS, (Tew York: Xnopf, 1949),
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+

stand for the cutputzs whicih the

]

.csumption predetermined.

The reactioa curves will not be linear, but they will still

f4

slove downward. Thlie follows from Cournot's premise of rival
behavior where a higher rival cutput means the lowering of
one's assunad individual demand function.

Therefore, the reacticn functions will intersect,
ana at least one of these intersections will be stable.
{There moy e cnly cns intersection.) Cournot even implied

s X, 2; 3, and 4 were arranged in this manner. He
also inplied one unligue and stable intersection.3
it i nwoost important to note, that as long as firms
make the Cournct asswumpotions cf their rival's output, the
anzlvsis cannot ke adjuscted to make f£irms right for the right
but instead the analivsis will turn out right for the
wrong reacsonse This leads to the nroblem of "leadership.®

IF sroducer o knows that producser 2 ig producing along

reaction curve Ta, e would nct zeact aiong . Producer 4

Trom &t's molnt ¢f wvicw..Thils point wouwld ordinarily be where
S's outwmut iz larcger than Z's and would result in a nigher

J - g ‘ w T e e P Yy : 3 3 b |

total cutnut. Likoewlse, 1 3 Knows & 1s reactlng along Fl,

then, instead of reaciing aleong -, he will select the point

G
by
A]

on Ty wniceh is optimal fram his point of viewe This would

a
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ne intersection point. Such

-

procecuarecs do rot result in eguilibriuvm, because when we

g - 3 L~ ¥ dm P - e - .
<t dio possible, though, to. e bnT

A]‘

e smould act
on the aszunption that the other reactcs w....y his reaction
curve widcen in fact haspense This results in leadership
eguilibriuvm. I & knows that 2 reacts along F,o but 2, in-

stead of anticipating reactions along Ty believes that &

py

will go on producing whatever output he actually produces at
thne moment, thwen & will e able to select the point along Fo
waich is optinal f£rom his point of view, and this point'will
mark eguilibrium. Likewice, if I anticipates reactions along
Fi1, and & reacts along Fy, then B's optimum point along ¥y
will marik eguilibriume. In the Iirst case A is the leader, in

the second caze 2 ise These leadership equilibria are dif

- s

2 e e - = - Fa Py P o - T~ - = — . e A - . 4
Ferent fron Courncoi’s interzection—noint equilibriume.

eggential points, the Cournot model can be re-

arded as the parent model for oligepoly analysis. This is

-t
not & resuit of Cowrnot’s eguilibrium propositions, though.
The intersecticn point in Figure 1 will not express egquilib-

“

riwn uniess Firms react {(which is doubtful) aleong ¥ i and v2

. 5 e T e T S, R-d - e n T o~ oo ey 3 « ~ »
it i1s moocsible that a firm would assume that the other is

Following a policy of fixed cutnut, but on the way to the
coaliibrium intersesction—point it is bound to realize that

its asswgption was wrong. Tais would destroy the valldity
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of Cournci's recacticns functionsg and the analysis based on

uilibriunm position would
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last for leong in a world of shifting demand and cost func-

Cournot’®s stapility proposition is related to condi-
tions whicn move the system away from the intersection—point
without afiecting the reaction functions. ISguilibrium will

be restored Irom zuch digturbances. The doubts which pro-

F
aucers have of the realism of their as tions of a rival's

LDenavior will cause 2 dics

A

turbance wiich makes the system un=—-

%

Lrms, for any reason, change thelr assunp-

£ ~ Wz . 3
stalkle. If ¢hese

tions akout thelr rivalfs behavior zatterns, there is no
tencency ©o restors the Cournot behavior pattern. For example,

clpates a small output adjustment of his

P
th
0
51
{0
o
H
8]
(o))
[
)
“©
t
¢
8]
!.h

rival instead of the fixed output policy, there will be no

ason to return to the former Cournot behavior pattern. The

Cournot assunpticn is merely one of the many assumptions a

T owould zonesry That similar criticism could be held

al abstract certain °

v
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oropercies G thz real world and their fruitfulness depends

on how convanient it is to isolats these »roperties and to

son mav Lo opnosed to sucn arbitrary methodological distince—

tions, Lut ne would have to admiit that they are not meaning-

' o
0
n
4]
{h
i.J
0]
(i
4
>3
(}
g
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0
v
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eceuse these problems of disequilibrium

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



&

ere articulate and significant. On the other hand, to nro-—

-

Lo develop & separate Kind of diseguilibrium analysis of the

ivals do not
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H

Zollow a fixed-output pclicy. This furthzr implies that the

-

‘vure theory,;" but as a thecory of imverfections.

Cthexr analytical problems arise when we refer to the

L

leadershin equilibria developned from the Cournot model.

-

Tere no firmm acts on incorrect and arbitrary assumptionse.
Trhe followsr believes correctly that the leader has adopted
a pelicy of fixed cutoput. Phe leader has adopted a policy
cf fix=d output. The loader selects thnis level in full
knowledoe of tha fcoclliower's reaction functioﬁ- In short,
the iecader has the dosire and the power to indicate the
guantity he will orodcce and to Xeen on producing this quan-
tityve The folliower maximizes his profits in full knowledge
ct thisz. The leader selects his ocutput quantity realizing
that the Ifcllower will maximize his profiits at that output.

The lcader chooses his cutput in view of the follower's be-

hawvior, and he alsc maximizes his profit at that output.

i.!

Zoth firmeg in this case act on rival behavior based on cor-

da e .~y -~
reot assumptlionss

H

On Cournot's assumptions the eguilibrium is
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Ceterminate not only for duopely but for oligopoly with any

numnber of sellers. It is determinate not only for producers

P

celling substitutes but also for differentiated products.
I< there is product differentiaticn, the oundaries of the
oligopolistic industry may be defined as the extent to

wnich conjectural intercemendence applies. Cournot did not

~

ciscuss diffcrentizted olicopely but the reaction functions

| Xl

will have to be dowvnward sloping for subgstitute products
tOO.

i1l intersection pointes of Cournot's reaction func-
tions share thne weaknesses of the intersection for uncdiffer=
entiated ducooly. I concditionz are changed by the intro-
duction of more nroducsz=rs and by product differentiation,
ne eguilibrium point still represents a position from which
each producer belicvesz his rivals will not change their out-

outs Unifortunatelw no producer acts in this fashion and

A Further proklem that enters when more producers
and product differentiation exist is the leadership equi-

Librium. I there are more than two producers the superior—

b.l

ity cf the leadership ejuilibria over the Cournot egquilibrium
with its iantorsection of reaction functions no longer exists.
Thne Courncol rszaction Ifuncition ci each Zollower is based on
the assumsticn thet all his rivals produce a definite guan-

city, no matier wnat he does. Tals is true for the leader

Lut not Jor the Iollowers. IE each follower sets up Cournot
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gader chcose his output in
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view 0f these, then each fellower acts on incorrect assump~

The Cournct intersection remains subject to the cri-
ticism discussed atove, but leadersnip equilibria have the
same properties as under undifferentiated duvopoly. The
leadershiy eguilibrium rests on correct assumptions if it is
ostuilated that the loader has the desire and the power to
woducingy a definite gquantity of his own choosing.
e that the leader has

the desire and The power to act ¢his way. The leader might

test the reacticon of his rival to other methods of asserting

“mid., Po.e 54=7L. Profeszsor Tellner's review of
Couwrnot’s »nroknlen iz gulte cisar andg complete. He rightly
riticizes the classical duopolw thecry for postulating

individuel nrefit nardomization on speciflic but co molet@ly
arbitrary azsumdstions. Later in his took he acknowledy
that the rivals recognize their interdepandence but thls
cdoas tot maan that thsare is even a tendency towards joint
meximization.
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RUELFPRATLLL OF COURROT 'S DUORPCLY PRICE

Mcre than & nuncred years aco, Antcocine Zugustin
Cournct gave ann unapnreciative world his Refherchase. Since
that time nany 0f nis ideas have been absorbed into evervday
econeomne thougnts, Alfred Marchall wrote in the preface to

nis Prircinies of Soonomicg:

+20 e TWO XKinds Of influcnces have affected,
more than any otner, the substance of the views
enljprassed in the present book; but their form
has bean most affected by mathematical conceptions
o= cantinultys as reosnresented in Cournot's 2rin-
cAmes nEnnsaaiiguns ff.(.‘;: 42 Lheorie des richesces.

Undaer tha2 guidaance of Cournct, «..I1 was led
To attacnh great importance to the fact...thate.e.
tihe domand for a thing is8 & continuous function.?t

In swite of the special attenticn that Cournot has

3

that they rafer to is Cournct’s treatment of ducpoly price.
Professor fe J. Nichol of Duke University claims

dizagreenent™ on this subject is in

R VO S N o T P o

Sl fres Marondail ] él;‘a..—a‘v.:ﬁ.:—:...» .,.\_:S._S _>-£J.- -a.g;" N GS e (lst ed. >
N . N N mrenn T8 i A e Y -
Nenwy Yo SMponillan S0, 2D ;' Nle LZHTle

-

N —a ., TRt - B R ] o= g | "%

“ihie Je thnzlj 9L De=fwmeralzal of Cournot's Theory of
oy Tremd eagn b R = P T A s (Falb-
Duoncly Prics, arnal of Iolifical Zoonomy, Vol. 42 (Feb
R TOR r: Y
ruary, 1834), me S0

%

—~’ - -

Cournot,; Regearches, chapter vii, ppe 79-89.

Ceginnine with J. Bertrand®s review of Walras and
Cournot osouznal £as Zayants (September, 1883) pp. 499-5083.
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reality an unrecognized disagresment regarding a certain
"institution" of the narket. (1) In scme large commodity

exchange markets, prices are both bkid and asked; the prices

-

are determined by dargaining between buvers and sellers.
(2) In the szecond c¢lass of markets, e.g., any retail market,
eliers. Buyers scarcaly

wvrices are almost always named by

b
;
0

ever get the opportunity to bid. In this market the buyer
decldes how much iz wo e purchased at any price qgquoted by
=2liers. In this manner tha buyer has an indirect in-

not have a direct voice in

«
it
h
G
o
(¢}

riGences on the Lride, O

of markets is

’“1
Fl
¥
o
)]
5
f
{
g}
=
e
by
)
e
1
L
=
Y
L
N
r3
o
4
g
“
2]
(%8
8]
b
4]
)]
6]

where Duvers name pricess.s Scellers are left to determine

the guancity to ke 30ld at any perticular price named by
buvers. 4n example of ¢his last clasz 1s the southern tobacco
farner, IDringing his product to market. A& buyer from one of

the larges tohacco cwmsanies offers nim a price. If the

In e free coupetitive markst any egullibrium price,
PR W o oy o bay aer ey gy Armn e v S < &
wiether Toemporary or vernanent, isg uwnaffected by the particu-
. s < U WL SO, | - PR Tha oo PO N 3
lay way in which zrices are namad. When buyers and sellers

are numercus, and sach individaal buver or seller has 1ittlie

“Nichol, one fhe, ve 81
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tnz demand and supsly curves intersect. IXIf the market price
riges aboves this intersection, ths total quantity offered
excesds the quantity demaaded. Then reductions in the price
ciferes 0 sellers, or Lower bidding by buyers tend to bring
the markes prige tack o the intersection. IfF the market
price fallz elow the intersection, the guantity demanded is
greater than the zupply. Higher bidding or advances in price
tend €& bDring the srice back o the intersection. Whatever

the prigces id or asked, the market price tends toward the

price or indirectiy control the bidding by limiting the quan-
tity ocffered 4o the buyerss The final profit is theoretically

Tt also appzars on first glance of little significance
in the conmpetitive dealings ¢f cwo sellers with many buyers,
whethnier selilers or buyversg name prices. This turns out tobe
a kXev to the interpretation of Cournoct's ducpoly theory. If
cnly buyers name prices, his theory is easy to understand.
Lscume that in a given market, the highest price (p), bid
cmong buvers for any particular cuantity (D) of a given

comncdity conforms with the following egquation:
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P o= - o D‘i' 900
2000
The dexuand for the comwedity may be represented as in Table I.
TABLE I
Denand Schnzdule
Quantity offered Zighest price bid
{cents)

lSOgGGD'GdGSlllu'ooc‘d.vohu.l‘la'ulltdlbt'i.'....60
175203‘3‘.3#0."&ﬁ.iwib°ﬁ¢..‘l‘ol.l009‘..!0.'0.....55
?_a':),ac.‘goeivnactioaexo..-'-oae.aaa.nlon.‘o.icua..lso
22556@‘:)00.05"0“@.25.6".‘5'0-..ll.lﬂ'l00l.'...l‘és
23090(‘30&.'euﬁoeiotleot-.o'.aosctlo--l-Oscolo'..bé;-o
27590{-000l.iadi&.aoc.ou..'n‘ocvou0-luooo----1000l35
BDG}GCJ’*ODleﬁtﬂnﬁusaticBt..oco-tn.o-‘.nclon..non..BO
325263“"'000...00..i0O".B..l".I..I.'Iliﬁl‘ll.-l.zs
SSO;G'SOOIOOOG#A""ICUBu..nQ..iowct\ﬁ'--Ctoocctovionzo
Sjiaascnoﬁéﬁoﬂoﬁlﬁﬂﬂd.ﬂo.anil-enl.ﬁ‘.oﬂ.o.'ol.!..ls
‘5,100901300&‘.0.*‘6'099...‘.I..’..l.’!‘.'.......l...lo

Ve assume that it is the custom in this market that
nly buyerz bid and the sellers oniy determine how much to
offer. To iliuvstrate Cournot's theory, we assume that there

are onlv two producers, M and I, who could produce uniimited
cuantities under constant costs. M's costs are 20 cents per
unit; Mfe onlv 10 cuntse IZf the vwo producers combine into
a moropoly only M's olant wouid e operated. To make the
greztest nroizt then, M and M could oifer 200,000 units and
would accept the highest price 5f 30 cents. If lI's cheaper
facilities are divided amcng a large number of smaller pro-—
ducars, 400,000 will be offered, and the price bid would be
10 centz, sual tec tha cost of production per unit. If M
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SO0 o Anlesundently LTIXY WO madde a8 iSO oney as possii

e i

[

In thlg merket structure neither seller has a direct

opportunity to nanc @ yrice. Zach sellaer has thepower to

influence the bidding by adjusting the quantity he offers for
sale. Xach zeller may independently try to exert his in-

Ziluence to his advantage. If he is unable to predict his
rival's future cutput, Courncot cliaimed each seller bases his

- - [ RO PO - " e o T et PR o 3 ) Lo, 3 -
calouvlabiconsg at any given tame on the guantity wnich his ri

The same coluticon is obktained by applying cournot's

formulas to this problenm.

~ %

L N

Hy

[}

£ o}
{2) £{D) + Df*{L} - F'5(L5) = O,

GCDu:nOt, Q:}- C‘i:t:o » p- 810

7
. -
ibid.,; p. B85
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Professor Chamberlan prezented & new theory of duopoly
in which ne assumed that ssllers alwayvs anticipate each
cohner's actions. Criambarlin usas a mwodel where there are no

roduction. His conciusions maey apply to cases in

vhich both sellers® cost schedulies ars exactly the same, but

in most cases oroducars 0 act croerate under the same cost
conditionz. For thiszs rezson the new theory may not be com=
letely ceocurates Cournot's theory is applicable, no matter

how creal the difference in costs of production. It stands

s the Dest ogoneral znalvsis of limited competition when only
i mp e ey et ey D
SuVels DAl DI OlE e

SZe . Chamiaxlain, YDuopolys Value Where Sellers are
Taw,” The Qusrxisariss Tourrs) of 3Soonomics, vol. 44, 1930, p.83.

-
-

TWLCTOL; D0 Clites me &7
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wnere only buvers name orices? In Cournot's treatment of
Dure ronopoly, the monopolist seller named prices while
10 wnen Ccurnot wrote the
chapter oa limited competition he included nothing to sug-
cest that he might have changed any procedures. llany theo-

rists speak of market price as if it were obedient to ab-

stract orincivles; that it neceded no human wvoice or hand to

Profeszor Nichol interprets Cournot as making an
Nichol c¢laims there
lcation of the change in the form of Cournot's

12

aecuation of demand. When treacing nonogoly, Cournct as—

13 the révers notation,

P = Z(D). These two eguations nay represent the same rela-
tionghip, Dut when walues of » in D = F(p) are substituted

to deternine corresponding values of D, it is an indication
that the calculator is thinking of amounts which buyers will
ied by sellers. Cournot's
arnalysis of moncpolyv confirms this. Opposed to this, if one
substitutes values of D in the right-~hand side of p =£(D),

te solve for m, triis indicates one is thinking of prices

OuUXnoT, JASEARNChes,; ps D0
s =
LSOl Ome it . 37.
B —rit 2
iz
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DILoz chenges were prought about by changes in gquantity. On
thisg;, amoreoso confirmed Cournot's theory, adding new details

17 sl soee

R W R
oY nLe Wl s S Ll

ewvater pointed cut, Amorcso, too, was

(.

-

unaware of the implisd assumption that only buyers name

uImnmot's mathematics is fa-
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miliar tothose aoduainted with the literature of the subject.

éity of Cournot's theory nas
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not beon Glissussed by any other writere™ Fareto was not

aware of the underiving assumotion trnat only buyers name

pricss. He therefcre introcducaed anccther assumption which,

ne Zelt, was a departure from pure competition, but was

necessary o corraect Cournot'®s prorzlem. According to Pareto,
te let his rival s2l1l any particular gquan-

city the rival dezires. For this, though, it is necessary

to ingulre now hie may prevent the rival from doing so, es—

pecialily in a markxet in which buyers name prices. The o

nmetnods of srevencicon and thelr shortcocomdings are as follows

{1} Compatitvive advertising is not necessary, since

inn the Couvrnet problem the proqucts cifcred by the two com—
b vy A n g o e 1 -\ N - - S 3
netitors are identicgl. (2) Mo seller can keep his rival
17, . s - :
~/fZee Lulgl Amoroso, Lenionl 4l econonds malematica,
- - -~ - = | " - o W - "\_‘ -~ -
(Zologna, 1221, pp. 254, dee also Nooncnmig JuurpeT "The
rathenatical Zconomics of Professor LnOorcso,™ LT Vol. 32, p.402.

+eldgewortn, Zoononlg Journal, tXYIT, p.e 402.
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;
Zrom selling wahat ne wants, even if he accents lower bhids.

LI glther seller strays from Cournot's assumption and accepts

Y 3
< .. e s e . _ . . .
iess than the hignzsst price nid, the other can do likewis

-

end still dispose of his product. One sellesr may injure the

I ot rprevent €tk sale of any given guantity.

(3} If one seller Goes dump a large quantity of his product

§a

on the markel thus forceing Cown the pidding, this does not
e S e N * - v — - .- e L
foree nig rival te sell a2 snaller duantity. In the long run

L omay Chceosze o restrict output, but in Cournot's

lows® the other producer to sc¢ll any quantity. Pareto was
incorrect, for neither seller can prevent his rival from
selling. For lack of zower, eacn szlier is forced to acguiesce
in & division of zalzs. To moneonolize the market by accepting

& lczs, Or & »zoditvt less than the maximum, is discounted by

Sournosts assulnntion chat each seller maximizes profit on his o

iy . - -« - <1 Tt > wr g ", . -
zasunviticns would rtawve been much clzarer
e T 2 LA FR—, o ey e 1my e Kl vy ¢ ey oy oy A - I S 4 > 2
rad e had the advantags of competent criticism during his

= : ey an N e e e s - . ca AT o~ . L]
Feoimno.  Luch controvorsy could have been avoided. LS

tha Jrench oceononist Sertrand, ignored Cournot’s

Conclucionsg and thoughtt of & situation in which sellers named

<Clrving Fisher, YCournot and iMathematical Zconomics,”
T Dusrtarly gournal of lccnonics, XIT, (January, 1898}, p. 124.

gl i e e i 4
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Ligesrth consideored Sartrand's discussion limited by ffuni-
fornity o nrice. w2l 1 Cournot's market, & uniform price
wos praguically a negcessityve  Qareto must not have understood
the simzilcity of Journct'®s analysis and therefore added an
UNNRECESsary assumption.

Copozed to thils, some rezders have given Cournot more
cradit than nis nodel decervas bacause they have seen examples
ct his analwvsis in the business world. Considerable ingenuity
has besn vsed To Zit Cournot's theory to markets in which
Seilers name Hricess.e  oucen efforts fail to give a complete
nicture of tha zztuaticon for & decall here orxr there is ad-
justed. Yo show wow ridiculous such & market becomes can
best be shown Ly an ziamdle of one of Cournot’s interpreters.
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S e Cournot's solution

I ETLC

crrecos it nust
&t & zrice reduction
will atiract the
ard 1u~dilj than it
nis compstitors.”2?

N ae o eon - y - - Py v, - e A = - 2o
FrofecaoT ia & =~oor Intcerpretor of Cournot.
Y N = - . . e T e e - — AT e de T
a2l pue, ZDouthsn niszed cne of the most fun tal
i - $ - S
[y A e O R s TS
o o m e g e e em - -, : - S = - . Ju
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frofesser Zeuthen also nmissed another important point.

Cournct was very emniiclt wnen stating that beth producers
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aiviays sc.Ld at the sane price. Zdgewortihi's market has the

tendency of buyers drifting en masse' from one seller to an—
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ference in price.®” Zeuthen assumed

Gifferences in price,“” and then attempted to explain what
Cournot has explainsd by perfectly uvniform nrices. Changes
in Ccurmot's mariket are not small changes, elther. Proiessor

Zenthen conglildered only very snelll price changes,zs which if

for rno cther reoson, maXKe his trzatnent irnadeguate. When

o

wrice cranves are very slicht and one duopolist lage behin
nis commetitor in reduging nis orice, it may be, as Zeuthen
sucgasts, tiat the »nrice lewfer dets all the new business

ie the other dudnolist oniy lecps the business he has been

If mrice chinces are mors pronounced, it becomes in-

reasingly inporobable that the zeller wno is slow to reduce
nis mrice will retain all hic previous sales. In Cournot's

¢ mav be cszsunzd that the ducopolists reduce pices si-

o thoe same level,; or that ore immediately
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in the Tirzw place, roth sellers must always sell at

The sama Trice, othoerwise & complication is introduced wnich
i foreign to Cournot’s problem. This aggumption is generally
TEGE wWaen W conpetitors compete.

in the second place, a very artificial method of chang=—
DXLCES mwst be amssumed. In Cournot's original theory, the
Did Ly Duvers changss avtonmatically with changesg in guan—
Titve At the sume time, the price bid for the output of both
cucpolists is alwavs the same. If cournot's theory is to be
raseotad, in order to apply to a market where sellers name

prices, the twos conneting sellers must move their prices in

nd by the same amounte.
Without competitive bidding among buvers, there is no third
Zorce to Lring i's price and X's orice to any particular uni-
form level. The uniformity ¢f price that Cournot's eqguilibrium
a2t can e maintained only Ly some sort of agrecment

LOn

or undayvastanding botwean sselliers. The agreements can be as

1. In szch marticular sctags of adjustment, one seller
gring & wprice chiangeg, and the other lmnmedimtely follows. In
ustrment X and I alternate in accepting

bty

-~ - ey - et o ey e & - SR B B & 3 “ -
zacn other®s »ricss until an egulilibrium is reacned.

2. In ecacn stace of adjustment it may e imagined

G
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that both zellers cowmpromices in the matter of price. The

covality Detween ths fotal anocunt offerced and the total amount

domanded 1s not a neceassity in any market except at an
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rices with the purpose
OL insuring the sale of each other's stock. Such agreements

&CT diseguilibriun prices do form a series wnich finally re-
combinaticon of steps 1 and 2 may also lead to

Changes in price Ifrom any ol these canditions, instead
of throughn competitiva kidding among buyers, are governed by
asesunptions conpletely foreign to Cournot's theory. In fact,
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Couvrnot carofully ellminated zny agreament or understanding
Letween sellers.<” Theze conditions llsted are highly im—
wrobably for the amsunt of co—operation reguired would be

more naturally invested in a perfectly monopolistic combina-

wl claims that this difficulty alone is

suifficient wo invelidete Cournct’s sclution in any market in
. ‘ 2% . <
wnich sellers naine nrices. Scnie admirers of Cournot try to

naEs over this difiiculty, so atteation is now directed to a
SECLal gystan of limitation o0f sales necessary to the cor-
roctnezs of Cournot's solution wahen sellers name prices.
Vilfrsedo Parxeto put forth this systen. Pareto thouwght that
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Farcio firzt stated his techniczl mathematical objec—
Lionz to Jocurnot’s theory,Y” and then in simpler terms tried
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o znow theat Courn

t had really only solved an insignificant
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artllicial mroblem. rFareto's expose falls down in a market

fageny - - - . b e [P e oY = . e R - L4
Wners Lhuyers nam:2 prices.  He dooes deserve credit for out-
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of cre's rival. ALgoording to Parcto, if Cournot's theory is
correct, changes in sales of elither competitor are made al-
ternately. In step toward the Iinal eguilibrium each seller

suwaed o lirnit his own salez so as not to interfere

1s as
e = - ., 1w % - T - T 7 « 3 - . B
withh thz other’'s saiez. When szllers name prices 1t 1s not

cnougn to assune, ag Chanberlin suggests, that the less ac—

I¥ Cournot's solution is correct, the other seller
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Lotually gobt no Ffurther than a desceription of a soxc of double
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Walras' exchange ecuations are thus:

le Dab 4 DaC 4. ees Dan = DbaPba + DcalPea + ««+4 DnaPna

Dlha + Db

4+ ssed Dha = DabZFab + DcohbPCH 4 »ee4 DnbPnb

#]

and so on, for n nurber of goods. Iquation 1. chows the

total demand of the owner of good "a" as being made up of

-

ilg purchased of D & C 4eee4+ N, and is egual to sales he

macde of good "a*™ to the holder of good "k (Dba), times
the price of "a"™ in ‘terms of “b",(?ba), ete., for "n®
namber of goods.33

Vialras?* equationé are gquite similar to Cournot's.
in fact thera is but cone important difference between the
two. Cournct believed the exchange rate among the various
countries to be dependent, subject to simultaneous deter-
minaticn. On ths other hand, Walras incorporated both
cuantities and prices as dependent variables. Cournot

demonstrate the mutual

dependency of all exchange rates. Walras used the same

concept but called it the generzl eguilibriwn theorgm It
esteblished an interrelationship within the system of prices
such that arbitrage was not profitable.

After this comparison of Cournot's and Walras'® works

it can definitely be claimed that Cournot was a major influence

upon Walras and his Zlenants. Towards the end of Walras'

”~

33¥alras, one Cit., p. 1862,
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acoatieon ¢f the dexand curve relating the two variables—-
rice and cuantity—- is fully accentsd today in all modern
coonomic Thoeorye. Cournotis ehnavioral assumption that

Tz econcmic man is & maximizer iz also generally accepted.
srom Cournot's partial eguilizriun analvesis Walras
develeoped a general coullibrium theory that could be
eoplied ©o the entire ccononlce systems Cournot was also
intveorested in prosabkility theorwv wihilch has been expanded
woLay ilnto Game Thsascrve

Cournot can e credited with nmuch wnhen he analyzed

& Gominant real-world mariket forh.  His assumptions tended

to limit the concliucicns possible, zut it was a beginning
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Ccurnot's model was Geterminant, but as the model becomes

more realistic the theory bacomes less determinant.
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