
経済学科の学生はクールノー均衡を選ぶか ?

- コロラド大学ポルダー校での予備実験結果 一

鵜沢 秀*十

1 はじめに

寡占経済学においてよく用いられるクールノー ･モデルの説明力を確認す

るために実験経済的アプローチを行うための予備実験を行った｡1999年 1月

19日(火)1コロラド大学ポルダー校のシャオ (FrankHsiao)教授の協力によ

り､同校経済学部の専門科目 ECON48382 の時間に実行 し､以下のデータ

を入手した 3｡

科目履修生は7人おり､3,4年生 4の男子学生である｡

なお､利用した教室には､Windows95搭載の DOS/Vコンピュータが 20

台あり､ひとりで 1台利用可能な状態である｡

2 手続きと結果

Stepl:

当日の受講生 7人に寡占経済学でよく用いられる､クールノー ･モデルの

利得表Tables1&2および利潤曲面のグラフ2枚を印刷した資料5を配布し､

利得表の内容について説明する｡

それは､企業 1の利潤を示す利得表と企業2の利潤を示す利得表である｡

それぞれの利潤は､2つの企業の生産量に依存 している｡これは､利潤曲面

事コロラ ド大学ポルダー校経済学部のシャオ教授には､常 日頃お世話になっているが､ポル

ダー滞在中は､特に資料の作成､データの収集等に際し､多大の援助を得た｡ここに記して感謝

する｡もちろん､ありうべき誤 りは筆者の責任である｡

なお､この論文をまとめるのに､平成 10･11年度科学研究費基盤研究 (C(2))(課題番号
10630001:鵜沢 秀 (研究代表者)､若林信夫､船津秀樹､篠塚友一) ｢コンピュータ利用によ
る経済学学習プログラムと実験経済学｣の研究助成を受けている｡記 して感謝 したいo

f小樽商科大学商学部､千 047-8501小樽市緑 3-5-21
MasaruU2.aWa

Otaru UniversityofCommerce,3-5121Midori,Otaru,Hokkaido047-8501,Japan
Tel良 FAX:+811134-27-5310
E-mail:uEaWa◎res,Otaru-uC.aC.Jp

URL‥http=//www.res.otaru-uc.ac.jp/～uzawa/welcome.html
URL:http.I//www.res.otaru-uc.ac.jp/-uzawa/Gal-ee･html
lァメリカ現地時間

2この科目は､MicrocomputerApplicationsin Economics(Tu& Th9:30-10:45)であ
る｡

3紙幅の関係で､日本でのデータとの比較は別の機会に行う0

4シャオ致授からの情報による｡アンケー トによれば､subject#3のみが 4年生と答えて
いる｡他の 6人は末記入であった｡

5付録に､MSExce197で作成 した､利得表 Tablesl& 2お よび利潤曲面のグラフ

(Cournot3Graphlline･Xls)を psファイルに変換 し､さらに,AdobeAcrobatDistillerを
用いて､pdrファイルにした coumot3graphlline.pdfを掲載した｡
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のグラフをみれば明らかになる｡

最初の質問 は以下の内容である｡

PleaselookatpayoffsinTables1and2youhavealready

glVen･

IfyollWeretheCEOofRrm 1,andIweretheCEOoffirm 2,
whatamou王ltOfproductdoyollWanttOproduce?

PleaseWritethereasonwllydoyouwanttoproduceit.

この質問に対 して､受講者 7人全員が 12単位の生産量を選んだ｡その理

由とともに結果を以下にまとめておこう｡

Subject [1]Output []ー]Reason

# 1 12 Becausethat'sthemaXimizeoutputPro恥
iffirm2doesn't.

#2 12 ThepotentiaiformaXproRtsis144.

#3 12 Thepossibleriskisequaltothepossiblereturns.

#4 12 becauseatthatoutput,thereisthehighest

possiblepro丘tof144ー

#5 12 Iffirm lprodllCeS12unitsand丘rm 2prduces

ounits,ⅠwillmaXimizeprofitsat144.

Iffirm2producesupto12units,firm lwill

atleastbreakeVen.

#6 12 Ⅰthasthemostpotentialforprofitwithout

muchpotentialfbrloss.

#7 12 Ⅰwouldchoose12unitsofouputbecauseityields

Step2:

私のWWW ページを指示し､6ファイル "LookingattheCournotEquilib-

riumbyusingMATHEMATZCA"(ファイル名9901cournot･ppt)をdown -

loadさせる｡全員､トラブルもなくdownloadに成功する｡これは､全員の

コンピュータ ･リテラシーを見るねらいもあった｡学生は､このファイルに

6実施時の 1999年 1月時点では､http=//www.res.otaru-uc.ac.jp/~u石aWa/cal-ee.htmlで
あったが､2000年2月現在では,http://www.res･otaru-uc.ac.jpru21aWa/Cal-economics/Cal-
ee,htm】に変更されている｡
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記載されているスライ ド56枚 7 を自分の目の前のコンピュータ画面でも､

あるいは､OHPで拡大表示された画像でも見ることができる｡

内容はクールノー ･モデルにおける Cournot-Nash均衡をグラフィックス

を用いて詳 しく説明したものである｡なお､時間の制約を考慮 して､クール

ノー均衡をMATHEMATZCAのグラフィックスで説明するスライド1-31

の部分のみを紹介した 8｡

Step3:

授業の最後に､再び､Tablesl&2をよく見てもらい､以下のような Step

lの質問と同じ質問をした｡

Afteryouhavemylecture,youareinvitedtoanswersome

questionnaire.PleaselookagalmatpayoffsinTables1and2.

IfyolユWereもheCEOoffirm 1,andlweretheCEOof鮎 m 2,
whatamountOfproductdoyo†lWanもtoproduce?

Pleasewl･itethereasonWhydoyouwanttoprodllCeit.

IfyollTdecisionwolllddifferthepreviousoneatthebeginning

ofmylecttlre,pleasewritedownthereason,agaln.

その結果､無回答者 9の subject#1を除いた 6人は､8単位の生産量を

選ぶと答えたO実は､8単位の生産量は､Step2で説明した Cournot-Nash

均衡になっている 10｡

その理由とともに結果を以下にまとめた｡

7このスライドは､その内容をMATHEMATZCAでまず作成し､htmlフォ-マットで保
存 してできる説明と画像を MSPowerPoint97を利用 して作成 したものである｡参考のため

に､付録に､このスライドの内容を縮約した2000cournot-slides2･doc[3,416KB]から作成した
2000coLIl･nOt-Slides2.pdf[262KB]を収録 した｡

8後半部分は､別の方法で､クールノー均衡の特徴を明らかにしている部分である｡
9この学生は私的理由により申し出のないまま途中退席 した｡

10鵜沢 [6]を参照せよ｡
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Subject [2]Output [2]Reason

# 1 Noanswer Noanswer

#2 8 Thisiswhenbothfi1.mSaremaX.

#3 8 Atthepoint,pro負tismaximized.

#4 8 because811nitsistheCoumotEquilibrium.

Thatisamovebyeitherfirmwouldbeharmful.

#5 8 Iwouldexpectfil.m2toproduce8units

maximizlngPrOfitSWith64.Firm2willalso

haveprofitsof64.

#6 8 Aftergametheory,therecouldbenowayfor

eitherpartytogalnanyiftheyweretoproduce

moreorlessofeithei,good,

#7 8 FollowlngthetableglVenbothcompaniesca,n

expecttomaXimizetheirpro名tsat8units

3 まとめ

コロラド大学ポルダー校の学生はクールノー ･モデルを学ぶ前と後では生

産量を同じように変えている｡すなわち､Steplでは､相手企業がゼロの生

産量を選んだときに最適な生産量 12単位を選んでいる｡これに対 して､講

義を受けた後では､クールノー均衡の生産量 8単位を選んでいる｡

他方､私が試みた､日本の学生の場合は全員が同じ生産量を選ばない｡こ

の比較は別の機会に述べる｡
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COURNOT3Graphlline. xIs

#~1

Profit for firm 1

Masaru Uzawa
(Otaru U. of Commerce)

2000-2-16

>-'
eN
---l

Firm 2' s
output

.< .............. .... ..., ............ v .........

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
24 0 -1 -4 --9 --16 -25 --36 -49 -64 -81 -100 -121 -144 -169 -196 -225 -256 -289 -324 -361 -400 -441 -484 -529 -576
23 0 0 -2 -6 -12 -20 -30 -42 -56 -72 -90 -110 -132 -156 -182 -210 -240 -272 -306 -342 -380 -420 -462 -506 -552
22 0 1 0 -3 -8 -15 -24 -35 -48 -63 -80 -99 -120 -143 -168 -195 -224 -255 -288 -323 -360 -399 -440 -483 -528
21 0 2 2 0 -4 -10 -18 -28 -40 -54 -70 -88 -108 -130 -154 -180 -208 -238 -270 -304 -340 -378 -418 -460 -504
20 0 3 4 3 0 -5 -12 -21 -32 -45 -60 -77 -96 -117 -140 -165 -192 -221 -252 -285 -320 -357 -396 -437 -480
19 0 4 6 6 4 0 -6 -14 -24 -36 -50 -66 -84 -104 -126 -150 -176 -204 -234 -266 -300 -336 -374 -414 -456
18 0 5 8 9 8 5 0 -7 -16 -27 -40 -55 -72 -91 -112 -135 -160 -187 -216 -247 -280 -315 -352 -391 -432
17 0 6 10 12 12 10 6 0 -8 -18 -30 -44 -60 -78 -98 -120 -144 -170 -198 -228 -260 -294 -330 -368 -408
16 0 7 12 15 16 15 12 7 0 -9 -20 -33 -48 -65 -84 -105 -128 -153 -180 -209 -240 -273 -308 -345 -384
15 0 8 14 18 20 20 18 14 8 0 -10 -22 -36 -52 -70 -90 -112 -136 -162 -190 -220 -252 -286 -322 -360
14 0 9 16 21 24 25 24 21 16 9 0 -11 -24 -39 -56 -75 -96 -119 -144 -171 -200 -231 -264 -299 -336
13 0 10 18 24 28 30 30 28 24 18 10 0 -12 -26 -42 -60 -80 -102 -126 -152 -180 -210 -242 -276 -312
12 0 11 20 27 32 35 36 35 32 27 20 11 0 -13 -28 -45 -64 -85 -108 -133 -160 -189 -220 -253 -288
11 0 12 22 30 36 40 42 42 40 36 30 22 12 0 -14 -30 -48 -68 -90 -114 -140 -168 -198 -230 -264
10 0 13 24 33 40 45 48 49 48 45 40 33 24 13 0 -15 -32 -51 -72 -95 -120 -147 -176 -207 -240
9 0 14 26 36 44 50 54 56 56 54 50 44 36 26 14 0 -16 -34 -54 -76 -100 -126 -154 -184 -216
8 0 15 28 39 48 55 60 63 64 63 60 55 48 39 28 15 0 -17 -36 -57 -80 -105 -132 -161 -192
7 0 16 30 42 52 60 66 70 72 72 70 66 60 52 42 30 16 0 -18 -38 -60 -84 -110 -138 -168
6 0 17 32 45 56 65 72 77 80 81 80 77 72 65 56 45 32 17 0 -19 -40 -63 -88 -115 -144
5 0 18 34 48 60 70 78 84 88 90 90 88 84 78 70 60 48 34 18 0 -20 -42 -66 -92 -120
4 0 19 36 51 64 75 84 91 96 99 100 99 96 91 84 75 64 51 36 19 0 -21 -44 -69 -96
3 0 20 38 54 68 80 90 98 104 108 110 110 108 104 98 90 80 68 54 38 20 0 -22 -46 -72
2 0 21 40 57 72 85 96 105 112 117 120 121 120 117 112 105 96 85 72 57 40 21 0 -23 -48
1 0 22 42 60 76 90 102 112 120 126 130 132 132 130 126 120 112 102 90 76 60 42 22 0 -24
0 0 23 44 63 80 95 108 119 128 135 140 143 144 143 140 135 128 119 108 95 80 63 44 23 0

How to show the above payoffs-matrix table for firm l's profit?
If your firm (firm 1) produces, say, 3 units of output and firm 2 produces, say, 10 units of output,
then your firm (firm 1) gets 33 units of profit.
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COURNOT3Graph1line.xls

Profit for firm 2

Masaru Uzawa
(Otarll U. of Commerce)

2000-2-16

......
eN
00

Firm 2' s
output

... ..L""" ... .... "'~ ~ ........

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
24 0 -24 -48 -72 -96 -·120 -144 -168 -192 -216 -240 -264 -288 -312 -336 -360 -384 -408 -432 -456 -480 -504 -528 -552 -576
23 23 0 -23 -46 -69 -92 -115 ·-138 -161 -184 -207 -230 -253 -276 -299 -322 -345 -368 -391 -414 -437 -460 -483 -506 -529
22 44 22 0 -22 -44 -66 -88 -110 -132 -154 -176 -198 -220 -242 -264 -286 -308 -330 -352 -374 -396 -418 -440 -462 -484
21 63 42 21 0 -21 -42 -63 -84 -105 -126 -147 -168 -189 -210 -231 -252 -273 -294 -315 -336 -357 -378 -399 -420 -441
20 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240 -260 -280 -300 -320 -340 -360 -380 -400
19 95 76 57 38 19 0 -19 -38 -57 -76 -95 -114 -133 -152 -171 -190 -209 -228 -247 -266 -285 -304 -323 -342 -361
18 108 90 72 54 36 18 0 -18 -36 -54 -72 -90 -108 -126 -144 -162 -180 -198 -216 -234 -252 -270 -288 -306 -324
17 119 102 85 68 51 34 17 0 -17 -34 -51 -68 -85 -102 -119 -136 -153 -170 -187 -204 -221 -238 -255 -272 -289
16 128 112 96 80 64 48 32 16 0 -16 -32 -48 -64 -80 -96 -112 -128 -144 -160 -176 -192 -208 -224 -240 -256
15 135 120 105 90 75 60 45 30 15 0 -15 -30 -45 -60 -75 -90 -105 -120 -135 -150 -165 -180 -195 -210 -225
14 140 126 112 98 84 70 56 42 28 14 0 -14 -28 -42 -56 -70 -84 -98 -112 -126 -140 -154 -168 -182 -196
13 143 130 117 104 91 78 65 52 39 26 13 0 -13 -26 -39 -52 -65 -78 -91 -104 -117 -130 -143 -156 -169
12 144 132 120 108 96 84 72 60 48 36 24 12 0 -12 -24 -36 -48 -60 -72 -84 -96 -108 -120 -132 -144
11 143 132 121 110 99 88 77 66 55 44 33 22 11 0 -11 -22 -33 -44 -55 -66 -77 -88 -99 -110 -121
10 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100
9 135 126 117 108 99 90 81 72 63 54 45 36 27 18 9 0 -9 -18 -27 -36 -45 -54 -63 -72 -81
8 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0 -8 -16 -24 -32 -40 -48 -56 -64
7 119 112 105 98 91 84 77 70 63 56 49 42 35 28 21 14 7 0 -7 -14 -21 -28 -35 -42 -49
6 108 102 96 90 84 78 72 66 60 54 48 42 36 30 24 18 12 6 0 -6 -12 -18 -24 -30 -36
5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 0 -5 -10 -15 -20 -25
4 80 76 72 68 64 60 56 52 48 44 40 36 32 28 24 20 16 12 8 4 0 -4 -8 -12 -16
3 63 60 57 54 51 48 45 42 39 36 33 30 27 24 21 18 15 12 9 6 3 0 -3 -6 -9
2 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16 14 12 10 8 6 4 2 0 -2 -4
1 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 -1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

How to show the above payoffs-matrix table for firm 2' s profit?
If your firm (firm 1) produces, say, 3 units of output and firm 2 produces, say, 10 units of output,
then firm 2 gets 110 units of profit.
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Profit surface for firm 1
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o
-100

Profits of Firm 1 -200
-300
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Firm 2's output

Masaru Uzawa
(Qtaru U. of Conunerce)
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Firm 1's output I- -600--500
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COURNOT3Graph11ine.xls

Profit surface for Firm 2
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Profits of Firm 2 -200
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"""C'\l

Firm 2's output

Masaru Uzawa
(Qtaru U. of Commerce)

Firm l's output
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Looking at theCoumot Equilibrium by
using the fully integrated technical

computing system MATHEMATICA

We get the firm I 's iso-profit curves,

Two r~w.;{km cur'.':;s cross e;lch olh~r fit

Ptl~> point, the COlinw; Equilibrium.

rht'r~' h;l kn~·sh'jlx·d <tn-:a >imrounrkd by
1\;;0 iso-profit CUf'I"S thwugh the COUrJl01
Equilibrium.

1nlhis legioll.

Cimfnol F,{!B1Jibdum.

o The figun~ ."haws ,he rim1
1's iso-pwfil ,:urVl'S.

tr P!ea,,(~ ni)k th,;! the (;Jon:
m~';\> profit

5

Cournot Duopoly Model
T\,,·o f1rms prodUCi-~ tll(-) l1(>m;)g('n(~ml;; food in l!k' m:Hb~L

W(o ,.'alllh(~n;firm 1 and fino ~!, f('spei:Uvdy,

L('! lJw cost function (if firm 1 to be {: [;::<j j and the i;('S! funnion (of
finn 210hcc2=q2, whc[(;wcdctlo;(;q] :lndq2 as firm !'sontput

and firm 2'" one. re:::pectively.

The demand curve for thi::; good is r:·= 2C:,-

Then we h:lve th," foHowing:

~;!,;,cHH~ 'Ai('ijl. t~nlftt~

MJ;]'-:,: -f~'~Q (sj:l '-'iII:~~.~ "li~'

How to get the graph of Firm I's profits?

We can neglect firm I 's negative profits
(in fact, we set them zero) because we

are interested in the maximum profit for
two firms, How to do for that?

lhe f<Jlh,ving m<l,Il1t:r io !vIATHEMAT1CA J(;

got th,' d";tcd r,,,,I,,,

H<il:L; <!t, ~~~\ ~'i;t1; l[J;~;f.h

~'::o<: ilHI'l,',§\¥'4t'-'.

;"W-'i~ft f·;:·~; i!ll',w,;,!i'>"u,: 0",_ ;;,,,,'8._ ;J'~. :lju.wf\•.t" ~;_

¥>'I~j;~ :l4;J,8_" MWt::il":m:l~.'h", N,

1:fii;~-l'$:l; 1:!if.

We get the modified graph of profits for
firm 1.

'l) Pleas-: check lhe fa;:;! that firm 1':-; profit dcp~mjs both firm 1 's
output and firm :ts one

'Q IT you >:;e~ !he graph of fm:l 1 '>:; pwnts. then yuu may Hlput
the follnwing ,'xprc:>.:>.in in MatlwlJ"("li'~;l.

n'~1'%t"',":w[\~tn':'KU~ HHi ¥, '!HI, ~}i8!" l'--lW,
~_:~,._< l~r:t$il :*,*~~,o.

"1liX:<§; Fi ii>~}-",'''nxifu ~:jiO.'l':H<k

n¥:*"RWt:~, ·~'l~-'io:~;H '.·1·L ';\

We get the graph of finn I 's profits,

2

Jl(;ga; ivc; profit fO!

firm i.

7

We also get the modified graph of
profits for firm 2

tl The ,,]ww::: !he finn 1':;
pWnl<; \enllS of n{'ln 1';:
('!llpllt and finll 2's one

2.

b The figure shows the

rr:\)Jified profit::: h~l

finn )"

3

We want to look at firm 1's profits from
another point of view, How to do?

8

Two modified graph of profits for
both firms are set in together.

th, .>1;«.0 gnplJ at <.';}~;h profit kvt,'b.
(he "i,:o·pw!1t Ctlrh' ,.

\\,,: may input lhc foHn",ing manner in
MATHI;MA'ITCA:

l~ikf~-&i1 ". }..&,;~lA';Wx%'%~'\:·&i:M:.;;::~n'tt4'::j·_.::l·t
f1':~~j --,·-~:L @tJ, (~J3>'i®"~'y-;.

4

- 141 -

firrn~ arc ~C1 in
together. This enahle
(i:,i!t',s::,.;'!be

9



3

We want to see the set-in-together
graph of two firm's profits from another

view angle.

tI' \Ve can St~t' the set·i.n··
together gr.:tph in
previous page from
anolher vkw angle.
The figure shows the
graph of 1\\'0 finn's
profits.

o

We want to derive the reaction
functions of two firms. How to do?

finn 2.·s output, tim; I ('ltn find tilt' outpw Ih,lt
herem hi,,,) profit. We call this relationship as the finn

I 's fe-fiction function. We call get the tlnn ?~ reaction function
by same procedure

(10 11 j;,; suffice to input [he following to gel the-reaction function in
;vL'\THEMt\ nCA:

FOC = (D[pail, gl] == 0, D[pai2, g2] == O}

{24- 2 ql- q2 == 0,24- ql- 2 q2 == O}

1

How to get the finn 1's reaction
function?

'6> In gCt the finn 1's E"('action function. we solve the First Order
Condition for prof}! maximizHtiof) (F:CC I: ["I:i]) wjth respe<:[
to q J, tlKI1 w<~ g(~! it:

tt -::;1 =1'1

2

How to get the film 2 's reaction
function?

tlK~ fhm '2 's J"(',adion fU;Wlioll, we $(>1\'8 the Firs! Order
for proHt maximization (FOe [L;;.;'j J) \"Iith respect

to q2, then we get it"

Q;::,::,·2(.::.i11 (24'-q:

Reaction2 = Solve[FOC[[2]], q2][[1]]

{q2 ~ 24; ql}

How to display the graph of firm 1's
reaction function (reaction curve)?

Here is the graph of firm 1's reaction
function (reaction curve).

'0 I'he figUH; :<:hows the
graph of finn J 's fe-HctiO!l
function (reaction {·.ur~w).

In lt1h c;l~(·. it j", tht'

"IY:J.ghr line .<;e.?tl1cnt.

5

How to display the firm 2 's reaction
function (reaction curve)?

'/) To display the gr;lph of finn 2'$ n:~actjon fun;.;tioJ) (r(~,\lioH

curve), you may foHm\: the same procedure in pages 14 ;}nd

15.

t) You can see 1he b'faph of fiml 2 's r.:action function (reliction
curve).

6

Here is the graph of finn 2's reaction
function (reaction curve).

0' The figure shows the graph
of firm 2',;; reaction fUllction
(n:aclion curve). In this case,
it is the straight line semen!.

7

How to show two reaction curves
together and to write "Cournot

Equilibrium CO' at the cross point of
two reaction curves?

t) The em,;,,;. point of two reaction nnw;:'. is tll eoamot Equilibrium.
We want to do so by using graphical setting.

mm1tJcr:

8

Here is the graph of two reaction curves
and message of "Cournot Equilibdum C"

at the cross point.
tt fo dhpl<l)' the graph of finn {'s ft'w.:tion function (r~<lclij)EJ

curve), you mny inpnt the following manner in
MATHEMATICA.

Cr '{ou can see the firm I '$ reaction curve in the next page.
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tl' The cross point of two
renction curves is the
Curno! Eqnilihrium.

9



How to Look at the Coumot Equilibrium
from another point of view?

0' The cross point of two reaction l.'UrVe5 i<;:b Cournot
Equilibrium. The CournN outpUI for (Wi) fimls j,;, 8,md
the COUrfiQt profit for two firms is 64 (See pages I and
11).

0' Now we want to show the modified graph of fiml 1 's

How to show the graph of finn 1's
modified profits sliced at profit

level(72)?
0' To get the graph of finn J •S lnodified profits sliced a! pmfil

kve!(n). you may input the fo!l0wing manner in
MATHEMATiCA:

~HH,t1? n.tlt'!_L '\ilL ,!!, eo" l<r~. B. "t!-.
!Im>!l_l. -. MI-. lI1!. tt~ti.1 I..•
fl__ -. (I•. hi",. WoI.fu>J!t•.••• '!OJ

Here is the modified graph of firm 1's
profits sliced at profit level(64).

Here is the the graph of firm I 's modifIed
profits sliced at profit level(72).

'C The figure shL)w" the
t·" nlodifi;-xl

1

'0 The figure shows the
modified !{mph of nnn
I 's profits ,diced at profit
Jevd(64). .

How to get the graph of firm 2's profits
sliced at the profit level(64)?

How to show the graph of firm 2's
modified profits sliced at profit

level(72)?
'0 In order to get the graph offirm '2 '$ profits sJict:;d ar the

profit !eveli/:i4J, you may input the following manner in

MATHEMATIC",

p".~t! lo!!'!>H "f8!1 :l!)lmH. t~J, ~, ~@J. i!~" 1'. ,N·!,

--~ •• i,'!IJ. \!&.Jml:l~l/

~~..• t.,· "'"I .• il>l"'fuc~d" .••• "*1

0' To gettht:; grJph affirm 2 's modified profits sliced at profit
level(72), you may inpu: the following lTI,:oner in

MATHEM ATICA:

~jjH:ful:n.f!it>'!d!!I!,!!,"'!" t; lI~*. !1:iL;Ii. ti~.
__t·'llilb'i!"-'

_WJ~i~ r:.~ :n1<L~ l!ffi.l~~#i.x_,,~ ~:j

2

Here is the graph of finn 2's profits
sliced at the profit level(64).

Here is the graph of fim1 2's modified
profits sliced at profit level(72).

28

Here is the set-in-together graph of two
modified profits sliced at profit level(64).

29

How to show the set-in-together graph
of two finns' moditled profits sliced at

profit level(72)'l

tr To show the sct-irHogether gmph of two finm "modified
profit$ sliced at profit !eveJ(72), you may !llput the foJlmving
manner in MATHEMATICA: ~

fJ The tlgure ::;how::; the graph of two
firms' modified profit<. sliced at
profit Inid(64) M'! in logeiheL

Please ll()!(~ that 1:h(~I\' is a kns
shaped region ~Iiced :it profit
levelll)4r In thi::; region, two
finns have la.rger pair of profits
than the pair of COUl"nol
profib(64.64).
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Here is the set-in-together graph of two
firms' modified profits sliced at profit

level(72).

'C1 The figure show~ lh~ sel-in
togeth~r graph of two firms'
modified profit::: sliced at profit
lcvet(n).

'0' Ple<ise note that two iso-prt}fit
curves of 72 iOuchea at
t<HJgeHlially each other at (6.61

30

Now we want to show the firm l's
iso-profit curves. How to do ?

We want to show the iso-profit curves
for firm I without grading colors.

How to do?
o 'lou may Ut!Jizc the graph of iso-profit curves for firm I with

grading colors. In MATHEt<.lATICA. you can input the
following;

:W$\l·wnw!r R>

~ffiliU'~;'Wajal;hit:liiiti>.

*J:~J~~:w" .... ~. W\:: t"i:'~;d~~.~~:~ ~~ll!m!l

35

Here is the the iso-profit curves for
firm I without grading colors at 30

different profit levels.
Cl The bo-profit curve (.>1' firm 1 at ~my profit kvel shows the set

of p:iirs of nvo firms' output vihich provide the <;aOlC profit
tevelt'orfimll.

tr Y(HI may input ;);; f(lnow~ in MATHEMATICA:

31

'0 Tlw
1 with

<'oJors at 30 different profit
k·v,~is

36

Here is the firm 1's iso-profit curves
at different profit levels.

0- The bo-profit curve of firm J at
allY pmfit level ~h(\w~ !he sc! of
pair~ of two firms' output
whkh provide the- same profit
lcvell'or finll I.

tt P!e":>e check that the lower
position the iso-profit <:llfve,
lhc [arg."]" profit for iiun I.

32

We want to show the iso-profit curves
for firm 2 without grading colors.

How to do?
tt YOll may ntilih' the graph of i~o-profit (:lH''tcs for finn 2

with grading colors. In MATHEMATICA. yOH c,m inpt:t
th'-'.bllowit:f;

'~K:mi«M~; .~

~m{'tM::AAd'~¥.~~.

~~:mtmli:nli 'x<,,:Uil., >tWdIfl8l~IIIIiiJ"d< :W,lII!!f~

37

How to show the firm 2's iso-profit
curves at different profit levels.

Here is the iso-profit curves for firm 2
without grading colors at 30 different

profit levels.

<l The iso-profit curve affirm 2 ilt any pn)!ll level ~hi)w~ the ~"l

of pair." of two firms' output which provide the- st\me- prot1t
levcll~)r finn 2.

tll';,n; may inpt the following manner in MATHEMATIC\;

tt The figure shows tll"
of iw-profit cnr'iC~ for finn
WHiho",' gn,ding 'c,lo",' at 30

38

Here is the firm 2's iso-profit curves at
different profit levels.

tt The curve of firm 2 at
aaY"""fi, l<"d show~ itw sel: of
pairs of two finns' output
which provide tlte same profit
level for fitm 2.

<l PJe.ase che;:k that !he more al

~~~t li~~~~tl~~~~~r~:.~-r~~!~litr~lU;~'e,

34
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We want to see the graph of two iso
profit curves set in together.

How to do?

'Cr In MATHEMATlCA, you may input the f(lllowing mdl1tl~r;

Show[GrlCournot, Gr2Cournot]

39



Here is d1e set-in-together graph of
two iso-profit curves.

0' T:'1c figure shows the se,-in
together graph of two iso
pmfi; curves,

40

We will show you the set-in-together two
iso-profit curves for firm 1 at profit levels

64 and 72. How to do so?

'0' In rvlATHEM ATICA, you nwy input the following mannc!cr:

45

We want to get the iso-profit curve for
firm 1 through the Cournot Equilibrium.

How to do?

Here is the set-in-together graph of
two iso-profit curves for firm I at

profit levels 64 and 72.

'" In MATHEMAT1CJ\. you can g{o! lh{~ (ksin~d l"{osull

if you nJ:lY inpnt the following nliHlncr:

41

\'I' The tlgurc shows the i$o
pmf(l curv;;:.... for firm I al

profit kvels 64 and 72

o The lower ihe
curve. th(~ profit
level for firm !.

46

Here is the iso-profit curve for firm 1
through the Coumot Equilibrium. The

profit level is 64.
j _ ,

A 71 ~ ,
48

We want to see the iso-profit curve
for firm 2 through the Curnot

Equilibrium. How to do?

() Tbe tif~nre shows the iso
profit curve for firm I
through Ihe Courno!
Equilihrium

42

tI' In MATHElYIATlCA, you may input the following manner 10

get the result.

47

We want to see the iso-profit curve for
firm 1 at profit level 72. How to do')

Here is the graph of iso-profit curve for
firm 2 through the Cournot Equilibrium.

The profit level is 64.

tI' In MATHEMATlCA, you lTIay input the following mannder to

gt'tthe result.

() Til(' figure sbow~ ill.;- is;)·

profit curve for finn 2 ,;t
profit kv(~l 64.

tr If goes through ~h<.' CourJ\<1(
Equilibrium.

43 48

How to get the graph of iso-profit
curve for finn 2 at profit level 72?

49

tr tn MATHMATlCA. you may i.Bput the follo..ving m,mnef

V Tbe figur<: ~bows the iso·
profit curv,;> for firm I 8.t
profit level 71.

44

Here is the iso-profit curve for firm 1 at
profit level 72,
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Here is the graph of iso-profit curve
for firm 2 at profit level 72.

We want to see the pair of profits that
dominates the pair of Coumot

Equilibrium profits. How to do?

tI The figure £hows the iso
profit (:llrV{~ for firrn 1 0.[

profit levcl 72.

('I In MATHEMATIC,\, yon may inpnt tl){~ following man/wi':

50

We will show you the set-in-together two
iso-profit curves for firm 2 at profit levels

64 and 72. How to do so?

55

Here is the graph of the pair of profits that
dominates the pair ofCournot Equilibrium

profits.
The Cournot Equilihrium is not Pareto

Efficient.
o In MATHEMATICA. you may input the following manndcr:

51

{i' .".....·..•• w .... ••••••••.••.• " There i~ lens shaped region in
which tbe pair of profits
di)Jnin;He~ th(: pair or Courrlol
Equilibrium profits.

T',vo iso-pmtlt curve:; at
level T2 contacl. t''''g,,''ialJy at
(6.0) ,.~~t(;h other. 56

Here is the set-in-together graph of two
iso-profit curve for firm 2 at profit

levels 64 and 72.

c The fi~ure show:'. the iso·
profit '~un'e$ for finn 2 HI

profit kvds ();1- ,md 72.

Co The more left pO:5ition the
i"o··profil curve, the larger
the profit level ior fiml 2.

52

We want to see the Coumot Equilibrium
cum two reaction curves and two iso

profit curves through the Coumot
Equilibrium. How to do?

o In MATHEl\1ATlCA. you may ~nput ihe folk1wing manner:

'?i:n>'m>E~.titt;t~,"'P.

~1_r~~/J~-t~~J~I:~.f;iilH4,,~;~~

53

Here is the graph of the Cournot
Equiliblium cum two reaction curves
and two iso-profit curves through the

Coumot Equilibrium.

0' The tigurc :::hOW$ the Coumot
Equilibrium cum two renction
(:ur\'es(in this (:ase, two ~traight

line segmem::;;) lind two iso-profit
curve:; lhrough til(' Comnot
Equilibrium.

54
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