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Chapter 0 Getting started

Downloading and Installation of CAL (Computer Assisted
Learning) in Economics Programs for Windows95/98

0. Please switch on your IBM PC/AT computer or DOS/V compatible machine
and start Windows95/98 on.

1.  You have to access Uzawa’s Internet Win—Fcon page for downloading my
CAL (Computer Assisted Learning) in Economics Programs for Windows95/98.
You can use Internet Explorer or Netscape Navigator as Internet browser.
The internet address is as follows:

URL: http://www. res. otaru-uc. ac. jp/ uzawa/cal—economics/cal—ee. html

2. You can see the following page and download the win-econ.zip file from
my page by clicking the red colored and underiined part of [2281KB] WinZip
file of CAL in Economics Programs for Windows95/98 is here.

You can download my CAL in Economics Programs into your favorite holder.

y Homepage¥HOMEPAGE¥OA Economics¥cal-ee html

Resources for Computer Assisted Leérning(CAL) in Economics and Experimental Economics }[}]
(CAL-ER)

Copyright (C) 1998,1999 by Masarn UZAWA
Chary University of Covemerce, Depmtinent of Economics
3-5-21 Midori, Otara, Hokkaide 047-8501, JAPAN
Tel & FAX: +81-134-27-5310
HESWRET S 0B 2003

There are [Ef] vigitors since 01/05/99.
Retwrn fo my Home Page

You can download my Resources for CAL in Economics programs for Windows95/98 and Experimental Economics.
Here is 2 manval for these programs

[A] CAL in Economics Programs for Windows95/98
1. Computer Assisted fearsingiCAL} in Boonomics Programs for Windows3/98 12, 3408 eipped file by WinZin]
There are 14 programs for Windows95/98.
Ifyou want to get more information of this programs, please see the page of CAL in Economics Programs for

2. Manual for CALin Economics Programs for Windows95/98
[Bicrosoft Word97 file]
- Y =

IAdnhe A POF file]

(Because I use Japanese version of Windows95/98, some of expression are Japanese.
Please do not care about Japanese.)

3.  Please decompress (Extract for WinZip) the win—econ. zip into your
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favorite holder, say, [F-econ exe] by using WinZip (ShareWare) or the like.
See the foowjng page by using WinZip.

L= in =

Mame' ' Dae. me' . Sige o Hagked .FPath
CAL-manual-+5.doc 98711709 23:34 1335 296 12% 1,177 496
1] F1a0m50.di 98/06/30 16:23 330,752 65% 147741
] F1a0ro50.di 98/06/30 16:23 100864 53% 47082
;}ﬂ F1alnw50.dil 98/06/30 16:23 157,184 56% 63549

EAF-2282+101.exe 95/10/05 00:44 179712 61% 70,762
F-BOSG3.exe 98/10/24 2343 99328 62% 38205

[ F-BOXS.exe 98/11/08 2254 156160 B1%  61.490
F-COB.exe 98M10/27 01:51 37280 62%  37.305
F-DIXITZ. exe 98/07/01 15:07 132608 62% 50933
[FIFEClexe 98410418 00:30 152064 B1% 59782
I FEQ-P.exe 98/08/419 0118 98304 62%  37.762
A F5LM.exe 98/10/25 00:52 202752 61% 79414

FASOPR.exe 98410/26 1412 104,960 62% 40143
[ F-MCAC.exe 98/07/25 18:07 122368 61% 47624
FMRMC.exe 98/07/27 2333 153088 61% 53744
F-MUMRS . exe 98/08/06 23:47 100352 B1% 38951
-REAC exe 98/10/14 2330 91136 62% 34445

EEI F-SLTKY exe 98/10/18 1710 216576 B0% 85924

4. To start my CAL in [Economics programs, please click [Start(S)]
button,[Program(P)] button ,and program name [MS(Microsoft) Explorer].

5. You can enter in the Windows screen of Microsoft Explorer and choose Drive and
holder, say, [F-econ exe] that contains CAL in Economics Programs for Windows95/98
which you chose.

6. You can find the file names in the Windows screen of Microsoft Explorer as
follows.

3/69



CAL-manual-v129.doc

Almail
Cm3000

win“econzip

W F-20CAZ-v10lexe

FIWr =l

98/10/05 0:44

2000/03/07

98/10/24 23:49
98/11/20 052
98/10/27 1:51
98/07/01 1507
98/10/18 0:30
98/08/19 1:18
98/10/25 052
98/10/26 14:12
98/07/25 1807
98/07/27 23:33
98/08/06 2347
98/10/14 23:30
98/10/18 1710
98/06/30 1623
98/06/30 16:23
98/06/30 16:23

FIVIr =iy
TV
FIVI—ny
73V —iny
FIUI—ny
TN~y
Ty
FIYI—iny
FIVT—iny
FIUT—iny
FIWg =i
FIWr—43
FIUT—y
AT .
VR EECY
PAFzHY

diagno™

DOS-prem
ECONOMICS
98econ

@ F-DIX[T2exe
@ F-EClexe

] econ—fm

1 econ~fmec

@ F-SLTKYexe
F1a0rm30.dll

] Frecon O
] FJ-econ

If you want to use F-ECl.exe(consumer equilibrium(income—consumption curve,
price—consumption curve and demand curve), then please click or double click the name
of F-ECl.exe.

Then the program will start quickly.

7. If you wish to exit of or restart of CAL in Economics program, you must only
come back the MS Explorer Windows in step 4.

This can be done if you can choose "0"(zero) which defines "exit" in any program
you have exerted.

I hope you can succeed in exerting my CAL in Economics programs for
Windows95/98 on your computer. You may use them for Windows2000.
If you have any questions or comments, please do not hesitate to ask me
by E-mail.
My E-mail address is as follows:

uzawa@res.otaru-uc.ac.jp
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Menu of the CAL in Economics programs for Windows95/98

There are 14 programs in CAL in Economics programs.
For your convenience, I list here all names of the CAL programs and their headlines

F-MUMRS. exe diminishing marginal utility and marginal rate of substitution
F-EC1. exe income~consumption , price—consumption, and demand curves
F-SLTKY. exe Slutsky s decomposition

F-MCAC.exe  MC, AC, and supply curve
F-MRMC. exe  monopoly equilibrium(MR=MC)

F-EQ-P.exe  groping process for the equilibrium price
F-COB. exe cobweb theory

F-REAC. exe  Cournot’s equilibrium

F-B0X5.exe Pareto efficiency in the Edgeworth’s box diagram

F-2X2AZ-v101. exe equilibrium and Pareto efficient allocation in 2x2 exchange
economy

F-MULT. exe multiplier theory in income determination [No exe file]

F-ISLM. exe IS-ILM analysis

F-INVST. exe marginal efficiency of investment [No exe file]

F-MONY. exe money creation process [No exe file]

F-DIXITZ2. exe Entry Deterrence due to Prof. Dixit(1979)

F-ISOPR. exe Cournot equilibrium, Stackelberg equilibrium and iso—profit
curves

F-BOSG3. exe Attainable set for the two person game including the battle-
of—the—sexes game
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Summary Contents of CAL in Economics programs for Windows95/98

Chapter 1 Marginal Utility and Marginal Rate of Substitution
<F-MUMRS. exe>

This program shows you the diminishing law of marginal utility and diminishing law
of marginal rate of substitution.

The utility function is a CES type. When you choose parameters for the utility
function, you can see the indifference curves to be described. The level of the
utility are displayed on the screen.

So you can confirm that both the marginal utility and the marginal rate of
substitution are decreasing according to increase of good 1.

Please see Figures 1.1 & 1.2 as follows:

- %1%&%?@0{MR3}

=ABKHINE K + BRXCAKE K

o
SE)

Marg. util.
Utility (MU
UC 1 ,9)= 11.666
> 0.482
Ug 2 ,9)=12.128

UC3 ,8)= 12.447

UC 4 ,9)= 12.897

UC5 ,9)= 12.907

UC 6 ,9)= 13.089

U( 7 .9)= 13.251

UC 8 ,9)= 13.598

0 WINE > 0,134
The iaw of d;mln shing M) prevails. [: UC 9 ,9)=13.532

Copyright (C) 1991-1998 Masaru UZ&W&(Otaru Univ. of Commerce)
Please push ary key('P” or 'p’ for Hardoopy) when ready ...

Figure 1.1 The law of diminishing marginal utility(MU) prevails.
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i%rgEnq Ui;l??/AanG MdrhsnaivPaterﬁf Subst i tut | fon(MRS)

g

ES-thipe wt 1 ity Tunct for: UQWINE, CAKE) =AM INE K + BBRCAKETK |
hi= 2
CAKE BB= b Marginal rate of substitution(MRS)
= .3 A: for WINE= 1 1.356
T B': for WINE= 2 0.847
A C': for WINE= 3 0.618
D': for WINE= 4  0.487
E': for WINE= 5  0.400
2, F': for WINE= 6 0.339
G': for WINE= 7 0.293
: for WINE= 8 0.258
H’
0 WINE
. The law of diminishing MRS prevails.
Copyright (C) 1991-1998 Masaru UZAWA(Otaru Univ. of Commerce)
 Please push any key('P" or "p’ for Hardcopy) when readv ...

Figure 1.2 The law of diminishing marginal rate of substitution(MRS) prevails

Collection of graphs will be gathered in another brochure for your reference.
You can see the same type of graphics on the screen step by step.
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Chapter 2 Income—consumption curve, price-consumption curve and
demand curve <F-ECl. exe>

This program is the IBM version 1. 00 which has been written by M. UZAWA (Otaru Univ.
of Commerce). (Cobb—Douglas case was partly programmed by Takashi SUZUKI who was a
former student in my seminar).

It was revised and enlarged by M. UZAWA on July 6, 1988 for NEC' s PC9800 series).
This version is for Windows95/98 transferred by M. UZAWA.

Consumer equilibrium points are displayed on the screen for the following
3 cases:

1. income-consumption curve,

2. price—consumption curve (Offer curve), and

3. demand curve.

You can choose one of the following four type of utility functions:

A B

1. Cobb-Douglas case u(x,y) = x *y
2
2. Giffen' s good case ulx,y) = (x - A/B -y
K K
3. CES case ulx,y) = Akx + By
(Constant Elasticity of Substitution)

4. Rational function case ulx, y) = xky/(xky + Akx + Bky)

If you choose a number (1,2, 3 or 4), then program lets you enter values of parameters
of the utility function.

In the first phase, you can see the income—consumption curve.
In the case of Giffen good case, the income—consumption curve is downward sloping
(inferior good case), while in cases of Cobb—Douglas, CES and Rational function, each

income-consumption curve is upward sloping(normal or superior good case).
Please see Figures 2.1.1 — 2. 1. 4.
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. p.sma;‘LonSQMQ{ioh>Pian(Uii?f%y”m&xfmiéétédﬁ subject to budge{'édngtraénf, .
Copyriight (C) 1986-1998 Takashi SUZUKI & Masaru UZAWA(Otaru Univ. of commerce)
G L

We are drawing the income-
consumpt fon curve,

Hility function is
Cobb=louglas tvpe.

~> Q00

ulx,y)
=h %" 4 %" B

0 ] ) \ ] \ Good 1

p2 = 500 Income = 122000
Y = 146.4 Utility = 763.509

v [’P" or "¢’ for Hard copy] when ready .

Figure 2.1.1 Income—consumption curve for Cobb=Douglas type of utility function.

Optimal Consumpt ion Plan(Utility maximization subject to budget constraint)
Copyriieht (C) 1986-1998 Takashi SUZUKI & Masaru UZAWA(Otaru Univ. of commerce)
G e
o We are drawing the income-
o consumpt ion curve,
d Utitity function is
- Giffen good type.
2
60 ulx,v)
=(x- 40 )/{v- 60 )"2
0 “Good 1
pl = 225 p? = 306.333 Income = 27375
¥ = 40.0222 ¥ = 58,9673 Utility = 20.8393 02
Please press arwkey ['P" or "p’ for Hard copy] when readv .

Figure 2.1.2 Income—consumption curve for Giffen good’ s type of utility function
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Optimal Consumpt fon PlantUtil ity maximizat ion subject to budset constraint)
Copvredrt, L0 1986-1998 Takashi SUZUKI & Masaru UZAWA(Otaru Univ. of commerce)
G
We are drawing the income-
consumpt fon curve.

tility function i=

CES twvpe.

e GO 0O

uls,v)

=4 k" L2+ 5ok 2

0 ) T Good |

pl = 100 pZ = 250 Income = 44000
Xz 214.517 o= 80. 1932 Utility = 24.0073
Piease press anvkev UP" or “p’ for Hard copv] when ready ..

Up+ ma! bonmum;ffon”PlanlU%th; maV|m1¢at:on subject t; budget rbnbtrandi
?Lopyrtch é 1998 Takashi SUZUKT & Masaru UZEWA(Otaru Univ. of commerce)

We are drawing the income-
consumpt ion curve.

Wility function is
Rationa! type.

%] [e3 e R o]

ulx,v)
=k Okt 1 x+ 1 y)

0 T T Good 1
pl = 200 p2 = 2725 Income = 83000
¥ = 164.996 Y = 155,509 Utility = .987665

Please press anvkey ['P" or 'p’ for Hard copv] when ready

Figure 2.1.4 Income-consumption curve for Rational type of utility function.
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In the second phase, you can see the price—consumption curve, namely, offer

curve.

In the case of Cobb-Douglas, the equilibrium points are horizontal line. In the
case of Giffen, notice that the price—consumption curve is rightward down-sloping
when price of good 1 increases. Namely, when the price rises, then the demand for
good increases | In the case of CES, the offer curve is leftward down-sloping, while
in the case of Rational function, the offer curve is leftward up-sloping.

P .

ption Flardltility maxinization subject to budzet constraint)

bUbfima! Lonsumbélo
Cop ht QC) 1986-1998 Takashi SUZUKI & Masaru UZBWA(Otaru Univ. of commercel

G
o We are drawing the
o price-consumpt ion curve
d {offer curve)

by changing the price 1.
2 Hility function is

Cobb=louglas type.
ulx,y)
=5 %" 4 %" B

0 Good 1
pl = 17299.5 pZ = 500 Income = 137000
¥ o= 3.16772 ¥ = 164.4 Utility = 169.36
Please press arwkey ['P7 or "p” for Hard copy] when ready .

Figure 2.2.1 Price—consumption curve for Cobb=Douglas type of utility function.
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Opt%%a! Consumpt fon Plan(U{HE%yumaximfza{ién”subjecf to bﬁﬁgetvéonstra}ﬁf}
Coprright (C) 1988-1998 Takashi SUZUKT & Masaru UZAWA(Otaru Univ. of commerce)
G

We are drawing the
price-consumpt ion curve
3 {offer curve)
~~~~~~~~~ by changing the price 1.
Ubility function is
Gitfen zood twpe.
ulx,v)
(x40 )/ {w- 60 )72

o
o
d

2
60

. L e 2 Gggd41v

2 = 306.333 Income = 27374
= 3.13141 Utility = 6.08515E-03
P oor "p’ for Hard copv] when readv ...

pl = 442.609 P!
% = 59.6796 E

Please press anvkey

onsumpt ion Plan{Utility maximizat ion subiect fo budget constraint)
(C) 1986-1998 Takashi SUZUKI & Masaru UZAWA(Otaru Univ. of commerce)
We are drawing the
) price-consumpt ion curve
5, (offer curve)

* by changing the price 1.
Utility function is
CES tvpe.
ulx,v)
=4 %" 2+ 0w 2

o “ Good 1
pl = 2329.81 p2 = 250 Income = 48000
X = 6.22563 Y = 133,982 Utility = 19.0825

Please press arwkey [P’ or "p’ for Hard copv] when ready ...

Figure'2.2.3 Price consﬁmption curve for CES type ofmutility function.
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TR
ptimal Consum

ption PlanUtility maximization subject to budset constraint)

:Q§B—1998 Takashi SUZUKI & Masaru UZAWA(Otaru Univ. of commerce)

L)

o We are drawing the
o price-consumpt ion curve
d {offer curve)

by changing the price 1.
2 Utility function is

Rat ional twee.
ulx,v)
=k ok 1 ox+ 1 y)

0 - | Good 1
pl = 6057.5 p2 = 225 Income = £1333.3
¥ = 8.4891 Y = 44,041 Utility = 876308

Please press arwkey ['P’ or 'p’ for Hard copv] when ready ...

Figure 2.2.4 Price-consumption curve for Rational type of utility function.

In the final phase, you can see the demand curve.

In the case of Giffen, the demand curve is upward sloping, while in the cases

of

Cobb—Douglas, CES and Rational function, each demand curve is downward sloping{the

law of demand prevails).
Please see Figures 2. 3.1 — 2. 3 4.
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timal Consumption Plan(Utility maximization subject to budget corstraint)

ight (C) 1986-1998 Takashi SUZUKI & Masaru UZAWA(Otaru Univ. of commerce)
Prikcg of good 1
We are drawing the demand
curve for good 1.
ﬂ Utility function is
192.100] Cobb=Douglas tvee.
: ulx,v)
; S5 % 4 %y B |
i Demand function iz D1 = MEd/((A+R1P1),
X X where, & =4,
t \§ B=6,
RN and, M = 137000
NG
32.0@?_‘_‘—_———-:}T“““““--—WMm_M_____&w_ B
0 20.83 Demand for good 1
125.00
Please press anvkey [P or "¢’ for Hard copy] when ready .

Figure 2.3.1 Demand curve for Cobb=Douglas type of utility function.

timal Consumot ion Plan(Utility maximizat ion subject to budset constraint)

pyright (C) 1986-1998 Takashi SUZUKI & Masaru UZAWA(Otaru Univ. of commerce)
Price of zood 1 j
f We are drawing the demand
J curve for good 1.
{ Ubitity function is
/j Giffen good type,
M5 / ulx,v)
/4 Demand curve is pl =(M - B¥P2)/(2xA - D1),and
S Demand function is D1 =24 - (M - B#P2)/P1,
s where, A =40 ,
224 BE - - E B=80,
: ' M= 27374 ,
: E and, Pz= 306.333 .
0 40 Demand for good 1
56.00
Please press arvkey [P’ or “p’ for Hard copw] when ready .

Figure 2.3.2 Demand curve for Giffen good’ s type of utility function.
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bt imal Consumetion Plan(Utility maximization subject to budget constraint)

Copyrlight (8)51988-1998 Takashi SUZUKI & Masaru UZBWA(Otaru Univ. of commerce)

Prikce of good 1
y e are drawing the demand

' curve for good 1.

", Utility function is

192,00 ", CES type.

N ulx,v)
=4 %" 2+ 5 kL2
. Demand function iz D1 =(4"K1#P2 K2xM/P1) /G5,
\“\\xiwhere, GG=(B KI*P1 K2+AK1xP2"K2),
T A= 4,
TTR=B,
"""""""""""""" K1= 172507
K2= 0.250,:
M = 48000 .
and, P7=_2h0
0 111.74 Demand for sood 1

G4.000 """

B T~

Please prezs arwkev [P or 'p’ for Hard copy] when ready ..

D’timai Consumet fon Pam,U?. ility maximizatien subject to ._id.% corst ain’r.}
Copyrlight (C) 1986-1998 Takashi SUZUKI & Masaru UZAWA(Otaru Univ. of commerce)
Prikce of good 1 a

Y We are drawing the demand
\ curve for good 1.
208.00 Y Utility function is
"""""""""""""" }K Rational twpe.
N,
S,
kN ulx,v)

\\\ =xky/ (sckyt 1 x+ 1 )
. Demand function is DT = W/GG,

“wghere,  GG=(P1+SQR((P1x4) / (P2XB) )*P2) ,

‘
‘
,
.
‘
‘
,
‘
‘
;
.
k]
:
;
:
x
,
.
:
, and,
‘
x
,
.

T~ A=1,
FE O 310 e il —B =1,
LM OTTB1983.3
i P2= 2725 .
0 144.54 Demand for good 1
286.38

Please press arwkay ['P" or 'p’ for Hard copy] when ready

Figure 2.3.4 Demand curve for Rational type of utility function.

Collection of graphs will be gathered in another brochure for your reference.
You can see the same type of graphics on the screen step by step.
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Chapter 3 Slutsky decomposition of the price effects into sum

of the Substitution effect and the Income effect
<{F-SLTKY. exe>

This program was programmed by Masaru UZAWA (Otaru Univ. of commerce) at May 31, 1988.
It is a English Version of SLUTSKY.BAS (Japanese message).
This version is for Windows95/98 transferred by M. Uzawa.

We offer a graphics demonstration for Slutsky' s decomposition. This program helps
you understanding the Slutsky s decomposition of price effect into sum of
substitution effect and income effect.

You can choose
1. auto demonstration,
2. manual demonstration, and
0. exit of program.

If vyou choose number 1 or 2 then you can choose the utility function.

Please input numbers for parameters that characterize the utility function when you
choose 2.

Three types of indifference curves are displayed for different parameters.
You can guess the relation of the shapes of indifference curve and parameters.
Next, please input numbers for prices and income when you choose 2.

The constraint and the budget line are displayed.

The process for obtaining the equilibrium is displayed. Marginal rate of
substitution (MRS;,), relative price, and equilibrium E are displayed.

Next, please input a new price of good 1,pl’ when you choose 2.

The New equilibrium E° and the compensated equilibrium E'° are displayed. The
move from E to E' is the price effect. The price effect is decomposed into sum
of the substitution effect (E to E'’) and the income effect (E'’ to E).

This decomposition is well known to the Slutsky’ s decomposition.

Please choose one of the following six types of utility functions:

A B
1. Cobb-Douglas type ulxl, x2) = x1 % x2
(Cobb, Douglas)
2
2. Giffen s good type uxl,x2) = (x1 - A /B - x2)
(Wold, Jureen)
K K
3. CES type u(xl, x2) = Axxl + B*x2

(Arrow, Chenery, Minhas, Solow)

4. Rational function type u(xl, x2) = x1*x2/ (x1%x2+A%x1+B*x2)

5. Sum of Rational functions type u(xl,x2) = - A/X1 - B/X2

6. LES type u(xl, x2) = A*LOG (X1-K) +B*L0G (X2-L)
(Klein, Rubin, Stone, Geary)
16/69
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I can show you some of screen graphics are gathered here.

[Figure 7]
A =10.00
B =12.(0

[Figure 3] Depending on the ziven data,
indifference curves are
depicted in Figure 1.
Parameters are given

in each Figure.

Copvright (C) 1983-1998 Masaru UZAWA

(Otaru Univ. of Commerce)

Pleaze precs any kev('P’ or "o’ for Hardcopy) when readv. ..

Figure 3.1.1 Three indifference curves for the Giffen good s case

SLTEY

LCopvright (C)

1983-1999vMasaru UZAWAOtaru Uni%. of Commerce)

< Giffen case > 2
; UG, =000 - 10 )70 20 - ¥2)
H2 ! * Original prices and income ¥
! {pl,p2,M) =( 200, 450, 10000)
22.07 E
N ! origimal relative price p1/p2 = 0.44
20 "'2?1‘1{ “““““““““ WMRS19(-15-5-15-5556-3----- = (.44
Sy E
N Orizinal equilibriun E =( 15.00, 15.56)
E \\\_:T_“‘Hxxmhﬂ
: S T
5 N T s 0258
0 | N ¥
[ WU UU
We seek the indifferece curve which touches the budeet |ine.
Please press any key('P’ or “p’ for Hardcooy) when readwv...

Figure 3.1.2 Consumer equilibrium in the Giffen good’ s case.
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LCopyright (C) 1983—1998”Maéaru UZ&WA(Otaru Univ. of Commerce)
<< Giffen case >» 2
UK, ¥20=041 - 10 2/ 20 - X&)

%2 ¥ Original prices and income *
(p1,p2,M) =( 200, 450, 10000)
22.p2 X New prices and income X
{p17,p2,M) =( 400, 450, 10000)
original relative price pl1/p2 = 0,44
20 MRS 2{-455-15.5556-)---- = (.44
New relative price pl’/p2 = (.89
MRS12( 17.5 , B.6BBBT ) = 0.89
Original eguilibrium E =0 15.00, 15.568)
New equilibrium E” =( 17.50, B.67)
"“"«-\.__\_\NMM
— ) -
T %1
U SU U

We seek a new eauilibrium point for rew price systen.
'R 3 ¥
Please press anv kev('P" or g’ for Hardcopy) when ready

Figure 3.1.3 New consumer equilibrium in the Giffen good’ s case.

pvright (C) 1983-1998 Masaru UZBWA(Otaru Univ. of Commerce)
<< Giffen caze > Z
' UG, X23=041 - 10 )/C 20 - ¥2)
%2 ! ¥ Qriginal prices and income X
\ | (p1,02,M) =( 200, 450, 10000)
22 P2 f X New prices and income X
N (p1”,p2,M) =( 400, 450, 10000)
S original relative price pl/p2
20 - 'V'*g """"""""""" MRS124-455-15-5556-7)--- -
_ New relatlve price pl’/p2
MRS12( 1 5.66667 )
Original equil%brium E
Hew equilibrium E’
ickeian compersated point E
e

U (2 S S T B F R 4

U UU

We seek the Hicksi fan comp sersated suuilibriue point E7

and show the Slutsly’s de ccn;oax+;on

Please presz any kev('P’ or “p’ for Hardcopy) when ready.

Figure 3.1.4 Slutsky decomposition in the Giffen good s case.
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K2

. 12,994 N "
N ) - —
.\"-\--___ . \\“——\_\_
%1 0
<< CES caze >
: x\\

\ i 5 [Figure 3] Depending on the ziven data,

A & 7.00 indifference curves are

Parameters are given

\ \_\ R= 2.80 depicted in Figure 1.

in each Figure.

2000/03/07

Copyright (C) 1983-1998 Masaru UZAWA

(Ctaru Univ. of Commerce)

Please press anv kev('P’ or 'p’ for Hardcopy) when readv...

K :

83-1998 Mésaru UZAWA(Otaru Univ. of Commerée)

<< CES case »> .25 25
E . Ulx1,x2) = 741 + 332
X2 § * Original prices and income *
! (1,02,M) =( 400, 500, 10000)
20.00 x
! original relative price pl/p2 = 0.80
" \ MRS12( 19.2314 |, 4.51489 ) = (.80
-~ \‘l
T \\ Original equilibrium E =( 19.23,
. . \\
Na U= 19.058
.
0 e X
2o UU
We seek the indifferece curve which touches the budget 1ire.
Please press anv kev' P or "p’ for Hardcopy) when ready...

Figure 3.2.2 Consumer equilibrium in the CES case
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opyright (C) 1983-1998 Masaru UZAWA(Otaru Univ. of Commerce)
<< CES case >» .25 .2b

Ulxd,x2) = 7 X1 + 3342
X2 ¥ Original prices and income %
(p1,p2,M) ={ 400, 500, 10000)
20. X New prices and income X
(p17,02,M) =( 500, 500, 10000)
original relative price pl/p2 = (.80
MRS12( 19.2314 , 4.61489 ) = (.80
Mew relative price pl’/p? = 1.00
MRS12( 15.1158 , 4.88422 ) = 1.00
Uriginal equilibrium E ={ 19.23, 4.81)
New equilibrium E" =( 15,12, 4.88)
\%\\ E
" - I =
E ’\\ bﬁqr:::q‘k ‘i >

We seek a rew eaquilibrium point for new price system.
3 5 5 ¥
Please press anv kev('P’ or 'p’ for Hardcopy) when ready.

Figure 3.2.3 New consumer equilibrium in the CES case

1983-1998 Masaru UZBWA(Otaru Univ. of Commerce)
> .25 .25
: Ulx1,x2) = 7 X1 + 3 %2
¥ Original prices and income X
(o1,02,M) = 400, 500, 10000)
¥ New prices and income X

(p17,02,M) =( 500, 500, 10000)

opyright (C)
<< CES case >

X2
20.

original relative price p1/p2 = 0.80

MRS12( 19.2314 , 4.61489 ) = (.80

New relative price pl’/p? = 1.00

MRS12( 15,1158 , 4.88422 ) = 1.00 ‘

Uriginal eauilibrium E =( 18.23, 4.81)

New equilibrium E” =( 15.12, 4.88)
, Highgiam compensated point B 7=( 17,92,  5.79)

Collection of graphs will be gathered in another brochure for your reference.
You can see the same type of graphics on the screen step by step.
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Chapter 4 Profit maximization by Competitive firm

(Marginal cost, Average cost and Supply curve)
<F-MCAC. exe>

This program shows you the simulation of profit maximization of competitive firm.
Marginal cost (MC), Average cost (AC) and supply curves are depicted on the screen.

This program was programmed by Masaru UZAWA (Otaru Univ. of Commerce) on November
7, 1989 for NEC s PC-9801 series {(Japanese version). It was translated in English
version on July 5, 1991 for Toshiba’ s DynaBook (J-3100SS)and on May 6, 1992 for IBM
PC/AT.
This version is for Windows95/98.

For the Newton method, I refer to J. Hylebohn(ed.), BASIC program for numerical
calculus,’” (McGraw-Hill, 1981). Translated by Tatemasa Oya, McGraw-Hill Kogakusha,
1982, pp. 44-45.

Program begins with the following message:
Let cost function be C(g)=C3%q 3+C2*xq 2+C1*q+CO

Demonstration (1) C(g)= 0.05%q 3 — 4%q 2 + 500%q + 2500
Demonstration (2) C(q)= q"3 - 30%q 2 + 353%q + 1000
Demonstration (3)  C(q)= 100%q 3 - 300%q 2 + 500%q + 300
Demonstration (4) Clg)= 5%g 3 — 90%q 2 + 600%q + 200
Demonstration (5) C(g)= 0.001%q 3 - 0.1%q 2 + 10%q + 100
Manual demonstration (you can choose parameters)

S ol

Please press a number (1,2,3,4,5, or 6).

In phase 1, you can see the cost curve when you choose 1,2,3,4 or 5
If you choose 6, then you are invited to input parameters of cost function and you
can see the associate cost curve.

Next, you can see the profit maximizing output, profit, and fixed cost multiplied by
(1) in the tabular form.

In phase 2, you can see the associate average cost curve (AC), average variable cost
curve (AVC), and marginal cost curve (MC).

You can confirm that MC crosses the minimum of AC and that of AVC, respectively.
Under the given price, competitive firm can produce the output that maximizes the
profit.

Depending on the market price, the profit can be positive or negative.

Let market price be p, the minimum of average cost be AC. min, the minimum of average
variable cost be AVC.min, and the minimum of marginal cost be MC. min.
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Following 5 cases can occur:

1. When p > AC.min, the maximum profit is positive.
In phase 2, rectangle area painted by green shows the maximum profit.

2. When p = AC.min, the maximum profit is zero.
In phase 2, the profit cannot be exactly zero because of calculated roundness.

3. When AVC.min < p < AC.min, the maximum profit is negative.
In phase 2, rectangle area painted by red shows the maximum profit.

4. When p = AVC.min, the maximum profit = — fixed cost.

5. When MC.min < p < AVC.min, the tentative maximum profit is negative.
In phase 2, rectangle area painted by purple shows the tentative maximum profit.
Because the absolute value of tentative negative profit is larger than fixed
cost, zero output produces the true maximum profit in this case.

On the next screen you can choose the case in the following menu:

skeoksfokteiorskk M E N U sekskorskskokskekok
1. Come back the initial phase
you can choose another parameters
2. Keeping parameters constant,
you can see the table of profit
3. Keeping parameters constant,
you can come back the phase
0. Quit from the program

Please press a number (1,2,3, or 0)

22/69



CAL-manual-v129.doc 2000/03/07

Copyriight (C) 1989-1998 by Masaru UZAWA (Otaru University of Commerce)

Output for Break-even point
= 50
- Qutput for Shut-down point
S/ = 40

~ Data for demonstration

S Let cost function be
7 Cla) =C3%q™3+C2%q " 2401 xq+C0
I ) where
: £3= .05
E £2=-4
: C1= 500
. £0= 2500

0 T 0
0 50

Me are row calculating the Break-sven poirt and the Shut-down point.
Please press any key ['P" or "¢’ for HardCopy] when ready...

Figure 4.1.1 Cost curve for case (1).

Price Output  Profit -Fixed cost
950.000 §7.586 34004.0 -2500.0
926.250 86.272 31939.4 -2500.0
902.500 84.929 29906.3 -2500.0
878.750  83.553 27905.5 -2500.0
855.000 82.144 25937.8 -2500.0
831.250 80.899 24003.9 -2500.0
807.500 79.213 22104.9 -2500.0
783.750  77.684 20241.% -2500.0
760.000 76.108 18415.3 -2500.0
736.250  74.480 16626.9 -2500.0
712.500 72.795 14877.9 -2500.0
688.750 71.045 13169.7 -2500.0
665.000 69.224 11503.9 -2500.0
641.250 B67.321 9882.2 -2500.0
617.500 65.32% 8306.9 -2500.0
R93.750 63.220 6780.2 -2500.0
570.000 60.985 5305.0 -2500.0
546.250 58.59% 3884.8 -2500.0
K22.500  56.011  2523.2 -2500.0
498,750  53.177  1226.0 -2500.0

Break-ever point 475,000 50,000 -0.0 -2500.0
Please press any key ['P" or "p’ for HardCopyv] whern ready

case (1)
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: Price Output  Profit  -Fixed cost
| Bresiceven coint 475,000 50.000 -0.0 -2500.0
? 472,250 49,604 -137.0 -2500.0
469.500 49.201  -272.8 -2500.0
466.750 48.730 -407.6 -2500.0
464,000 48.372  -541.2 -2500.0
461.250 47.945  -873.6 -2500.0
458.500 47.510 -304.8 -2500.0
455,750 47.06% -934.9 -2500.0
453.000  46.611 -1083.7 -2500.0
450.250 46.146 -1191.2 -2500.0
447.500 45,670 -1317.5 -2500.0
444,750 45,181 -1442.4 -2500.0
442,000 44.679 -1566.0 -2500.0
439.250 44.163 -1688.1 -2500.0
436.500 43.631 -1808.9 -2500.0
433.750  43.081 -1928.1 -2500.0
431.000 42.513 -2045.8 -2500.0
428.250  41.824 -2161.9 -2500.0
425,500  41.311 -2276.3 -2500.0
422,750  40.671 -2389.1 -2500.0
420.000  40.000 -2500.0 -2500.0
sz any key [P or g’ for HardCopy] wher ready. ..

Please pre

cost in case (1).

Price Output Profit  -Fixed cost
420.000 40.000 -2500.0 -2500.0
418.667  39.662 -2503.1 -2500.0
417.334  39.316 -2605,7 -2500.0
416.001  38.960 -2857.9 -2500.0
414,687  38.593 -2709.6 -2500.0
413.334  38.214 -2760.8 -2500.0
412.001  37.822 -2811.5 -2500.0
410.668  37.417 -2881.7 -2500.0
409.335  36.995 -2911.3 -2500.0
408.002 36.556 -2960.3 -2500.0
406.669 36.095 -3008.7 -2500.0
405.336  35.612 -3056.5 -2500.0
404.002 35.100 -3103.7 -2500.0
402.689  34.556 -3150.1 -2500.0
401.336  33.971 -3195.8 -2500.0
400.003  33.33% -3240.6 -2500.0
398.670 32.831 -3284.6 -2500.0
397.337  31.833 -3327.6 -2500.0
396.004 30.886 -3369.4 -2500.0
394.871  29.652 -3409.8 -2500.0
393.337  26.831 -3448.0 -2500.0

Please press any key U'P" or “p’ for HardCopy] when ready. ..

Figure 4.1.4 Price, Output, Profit and negative value of Fixed cost in case ().
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Copyright (C)‘1989?i998‘by‘Mésaru>UZﬁWﬁ (bfaru Universffy 6kaOmmerée)
Fixed cost = 2500

Price associated with
Break-even point= 475

i Price associated with
‘ Shut ~down point = 420

p.MC. AC, A0 Phase 2 MC

Urder given market price,
profit maximizing output
and prof it are shown.
Please input price 2 450
more than 393.333
Price Output Profit
450.0 46.10 -1202.8

50

Please press any kev [P or "5’ for HardCopvl when ready. ..

um and maximum profit in case (1).

Collection of graphs will be gathered in another brochure for your reference.
You can see the same type of graphics on the screen step by step.
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Chapter 5 Profit maximization by Monopoly firm

(Marginal revenue and Marginal cost)
<F-MRMC. exe>

This program shows you the simulation of profit maximization of monopoly firm.
Marginal cost (MC), Average cost (AC) and Marginal revenue (MR) curves are depicted
in the screen.

This program was programmed by Masaru UZAWA (Otaru University of Commerce) on January
8, 1990 for Fujitsu’ s FM R-60&70 series. It was translated in English on July 4, 1991
for Toshiba’ s DynaBook (J-3100SS). It also was transferred in English on April 30,
1992 for IBM PC/AT while I was in University of Rochester, U.S. A. as visiting scholar.

For the Newton method, I refer to J. Hylebohn(ed.), BASIC program for numerical
calculation,’ (McGraw-Hill, 1981). Translated by Tatemasa Oya, McGraw-Hill Kogakusha,
1982, pp. 44-45.

Program begins with the following menu screen:

Phase 1 K M E N U >»

Let demand curve be p = AA - BB*D ,
and cost function be C(Q)=C3%Q 3+C2:%Q 2+C1*Q+CO .

1. Demonstration (1)

p = 1000 — 104D, C(Q)=0. 05%Q" 3-4%Q " 2+500%Q+2500
2. Demonstration (2)

p = 500 - 204D, C(Q)=Q 3-30%Q 2+353%Q+1000
3. Demonstration (3)

p = 800 —-250%D, C(Q)=100%Q 3-300%Q" 2+500%Q+259. 316
4. Demonstration (4)

p = 700 — 40%D,  C(Q)=5%Q 3-90%Q" 2+600+Q+2000
5. Demonstration (5)

p = 350 — 22*D, C(Q)=5%Q"3-90%Q" 2+600%Q+200
6. Manual demonstration (you can choose parameters.)

0. Quit from the program

Please press a number (1,2,3,4,5,6, or 0).

To execute of Demonstration, you must choose a number 1,2,3,4 or 5.
If you choose a number 6, then you are requested to input parameters.
If you choose a number zero(0), the program ends.

In phase 1, you can choose five demonstrations or you can choose yourself
parameters of demand and cost functions.
In phase 2, you can see the revenue, cost, and profit curves which are determined
by the parameters in phase 1.
26/69



CAL-manual-v129.doc 2000/03/07

Following 3 cases are possible:

(A) The revenue curve crosses the cost curve and the maximum profit is positive
(demonstration (1) and demonstration (2))

(B) The revenue curve contacts with the cost curve and the maximum profit is zero
(demonstration (3)),

and,

(C) The revenue curve cannot intersect with the cost curve and the maximum profit
is negative
(demonstration (4) and demonstration (5))

In phase 3, you can see the procedure to solve maximum profit and associated
price under given data in phase 1.

For your reference, value of fixed cost multiplied by (1) is given.

In phase 4, you can see demand curve (DD), marginal revenue curve (MR), average
cost curve (AC), average variable cost curve (AVC), and marginal cost curve (MC).

In addition, you can also see the profit maximizing price, output, and, profit
in the diagram.

You can see the following menu message:

* %k ok ok kM E N U % % % % %

1. Going back to the initial phase 1, you can choose another parameters.
Keeping parameters constant, you can come back phase 2 in which revenue, cost
and profit curves are depicted

3. Keeping parameters constant, you can come back phase 3 in which procedure for
profit maximization is described

4. Keeping parameters constant, you can come back phase 4 in which MR, MC, AC and AVC
curves are described.

0. Quit from the program.

Please press a number (1,2,3,4, or 0).

You can choose any of above number.
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Let demand function be

% 25000 ff/”‘ D = Al - Bl*p, where
R &1 = 100
T Bl = .1.
P - f Then, the demard curve (0D) is
Do : > = 1000 - 10D,
0 50.00 100.00 Q
2500
E750L6.— ,
0 ™~
0.2\ 0
.
N profit curve  Cl= 500
Prof it maximizing price, output, profit C0= 2500 .

697.6 30.24  5750.8
Theory of Moropoly (MR=MC)
Copyright (C) 1990-1998 Masaru UZAMWA(Ctaru University of Commerce)
| Please press anw kev('P' or "g’ for Hardcopy) when ready.

Figure 5.1.1 Revenue, Cost, and Profit in case (1).

[Phase 3] Theory of Moropoly (MR=MC)
Copyright (C) 1990-1993 Masaru UZAWA(Otaru University of Commerce)

Demand curve is p = 1000 - 10 D . Suppose that output is eaqual to demand.
Then, the reverue(R) is R = PxQ = 1000 Q - 10 Q"2 .
Maranal revenue(MR) is MR = 1000 - 20 Q .
. Cost function is C(Q)= .05 Q"8 - 4 Q"2 + 500 Q@ + 2500 .
Marginal cost(MC) is MC = 0.15Q0°2 - 8.00Q + 500.00 .

Prof it = Revenue - Cost.

The first order condition for maximization is MR = MC, and the second order
condition is that the slope of MR is less than the slope of MC.

From the condition of MR = MC, we have
1000.00- 20.000 = 0.15Q72 - 8.00Q + 500.00

0.15Q72 +( 12.00)Q +(-500.00)= 0 .
Solving the above auadratic eauation, we have two solutions.
You can confirm that the second order condition is satisfied by the largest
solut ion.

DOutput 0 = 30.24
rice p = 697.62
rof it =5750.60
rof it maximizing price, output, profit, - Fixed cost

697.6 30.24  5750.6  -2500.00

Please press any kev('P’ or "p’ for Hardcopy) when ready.

erivation of monopoly equilibrium in case
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Under the given demand
and cost functions, we have
morepoly price, output,

and maximal profit.

price = 637.62
output= 30,24

prof it=5750.60

- . For vour reference,
N ; we give (- Fixed cost).
BN .

N S bverage cost (4C) = B07.44

5 L - Fixed cost =-2500.00
: \\ A éi
0 30.24 %3 50.00 W Q

Theory of Moropoly (MR=HC)
Copyright (C) 1990-1998 Masaru UZAWA(Otaru University of Commerce)

Please press any kev( P or "p’ for Hardoopy) when ready. ..

o g 2

Figure 5.1.3 Monopoly equilibrium in case (1).

Collection of graphs will be gathered in another brochure for your reference
You can see the same type of graphics on the screen step by step.
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Chapter 6 Simulated Groping process for the equilibrium price
<F-EQ-P. exe>

This program was programmed by Masaru UZAWA (Otaru Univ. of Commerce) on May
1988.
This version is for Windows95/98.

24,

When the price
is in the
can find the

This program simulates the equilibrium price formation.
simulation begins, If  the price
neighborhood of the equilibrium price in the [n]th trial

please input the price data.
you

equilibrium price after [nl]th groping.
Approximation is checked by the parameter epsilon. Given number of
epsilon is 0.001. You can change the approximation condition, if necessary.

TS
D tExcess Demand
ES :Excess Supplv

o | 987107217 01:29:17 [ 5 ]
Copyright (C) 1988-1998 M
01

= depard

aru UZ8Na

* tsupply

Maighborhoods 001 *eauidibrium price [ 1Jerice=? 200 £ES
[ Zlprice=? 50 £l
[ 3lprice=? 80 ED
[ 4lprice=? 81 E3
[ 5lorice=? 80.5 ES
[ 8lprice=? 80.2 ED
[ 7lorice=? 80.3  ED

Please press any key ['P" or 0’ for HardCoow] when ready

1.5

You win and find the eauilibrium price

.
~
.
Demard curve is p = 116 - 200 ™
4.0 Supply curve is p= 14 +44 & .
0 where p = price, 0 = demand, and S = suprly. D,S

4,7
80,32 after [ 7 Ith trials.

30/69



CAL-manual-v129.doc 2000/03/07

SR v . ‘. i
p 98/10/25 16:03:36 L7 ] » demared ¢ tsupply D iBEwress Demand
Copyright (C) 1988-1998 Masaru UZ8HA ES :Excess Supply
Neighborhood= 80T #equilibrium price [ 1lerice=? 500 ES
X [ 2price=? 100 e
>, [ 3lprice=? 110 ES
A P [ 4lorice=? 104 £
- e [ Blerice=? 105 S
. ( A2, 14143 [ 6lprice=? 104.5 ED
., /r:/'
g o
/'// ;
Demard murve iz p = 8% fQ
Supply curve is opoz 24 + 89 5
24 where p = price, U = demand, and S = supplv. 0,5
0.8
You win and Tind the squilibriun price 104.51 after [ 6 Hh trials.

Please press any key [P or "o’ for Hardlopw] when ready

Fléﬁfe 6.2 Search for market equilibrium price (Example 2).

Collection of graphs will be gathered in another brochure for your reference
You can see the same type of graphics on the screen step by step.
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Chapter 7 Simulation in cobweb theory
<{F-COB. exe>

This program was programmed by Masaru UZAWA (Otaru Univ. of Commerce) on June 16,
1988.

This version is for Windows95/98.

It helps you understanding the cobweb theory.

Program begins as follows:

Cobweb Theory
Copyright (C) 1988-1998 Masaru UZAWA (Otaru University of Commerce)

MENTU

1. Manual demonstration of the cobweb theory
(Case of randomly given parameters for the demand and supply curves)
2. Manual demonstration of the cobweb theory
(You can choose the parameters for the demand and supply curves)
3. Auto demonstration (Converging cobweb case)
4. Auto demonstration (Diverging cobweb case)
5. Auto demonstration (Persistent oscillations case)

0. Quit from the program
Please press a number (1,2,3,4,5 or 0).

If you choose number 3, then convergent case is displayed on the screen.

If you choose number 4, then divergent case is displayed on the screen.

If you choose number 5, then cyclical case is displayed on the screen.

If vyou choose number 1 or 2, then you have to input a number for initial price level.
Depending on the parameters, you will see the convergent case, the divergent case,
or persistent oscillation case.

Please see the Figures 7.1-7.5.
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orice Cobweb Theory

Copyright (C) 8’§‘1988 Masaru UZAWA(Otaru University of Commerce)
sor
24 e e quant ity
0 148.3

305.994967245252

Flease input for the initial price more than 24 and less than 1353 .

Cobweb Theory

Copvrlght (C) 1983-1998
,/
Demared curve in o o= |
o
Suprly
" auant ity

305.9949672452572

A f" /\ i
A E (R f‘l .”[1\ f& ;\"1 / f‘\ ,i ;‘\ A g\ j
{ && f 2 ‘f \/)\‘l f EIJl L %;; é y‘; *lé ‘,v, ivyf SJ 1/\/ \; V e \1/ s

Initial price = 100
0 time

Please press any kev('P or 'p’ for Hardoopy) when ready. .

Figure 7.2 The convergent processes in price movement of Cobweb Theory.
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pricy Cokmeb Theory ’
Copvright (C) 1988-1998 Masaru UZEWA(Otaru University of Commerce)
200 SR

red curve e
Supply curve s p
guant ity

2000

[

|

!
U 5
;6&3%4

!

!

L

A A o,
" fe - N NP e Ny R GV IV VY .
' N \‘/ \/ B Gt i

Initial price = 150

time

ease press any key(UF or "o’ for Hardeooy) when readv..

price Cobweb Theory This case iz the diverzent one.
Copyright (C)

1988-1998  Masaru UZARA(Otaru University of Commerce)
2000 o

o2 del | =1

|
———l| I Demand curve {9 p @

Supply curve is p
quant ity

2000

0 447.385

2000 price

2 o A
NS xsf\‘ﬁ ;KﬁfﬁjAu"" b

j Initial price = 1005
0 time

p’ for Hardeopy) when ready.

Figure 7.4 The divergent case of Cobweb Theory.
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N S 0
‘price

Cobweb Theory Th is:«' case is the percistent oscillations. \
Copyright (C) 1988-1998 Masaru UZAWA(Dtaru University of Commerce)
2000 o

250 Initial price = 1500
0 1 ime

Flease press ary kev('P” or "’ for Hardoooy? when ready

@l

Figure 7.5 The persistent oscillatiohs ca‘se of Cobweb Theory.

Collection of graphs will be gathered in another brochure for your reference.
You can see the same type of graphics on the screen step by step.
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Chapter 8 Cournot equilibrium by using the reaction curve
<F-REAC. exe>

This program was programmed by Masaru UZAWA (Otaru Univ. of Commerce) on July b5,
1988. It shows the demonstration of Cournot’s reaction function equilibrium.

Following is the menu screen:

MENU

1. Demonstration of Cournot’s Reaction Function Equilibrium

2. Auto Demonstration of Cournot’ s Reaction Function Equilibrium
(Convergent case)

3. Auto Demonstration of Cournot’s Reaction Function Equilibrium
(Divergent case)

0. Exit of program.
Please press a number {(1,2,3 or 0).
If you choose number 2, then convergent case is displayed on the screen.
If you choose number 3, then divergent case is displayed on the screen.

If you choose number 1, then you must input a number for initial output level.
Depending on the parameters, you will see the convergent case or the divergent case.

| ﬁh Courrot eauilibrium by means of reaction functiors
W Y Copyright (C) Masaru UZAWA(Otaru University of Commerce)
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241170%

0 )l
149,374 26231

< This is the divergent case »»

Please press any key (P for Hardeopy) wher ready. ..

Figure 8.1 Divergent case in the Cournot equilibrium.
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Courrot equsixhrauh by means o# react ion funct ions

w Copvright (C) Masaru UZANA(Otaru University of Commerce)
1280 Reaction function of firm 1 is Q1= ( 1170 - Q2)/ 1
1T Reaction function of firm 2 is 0*? f2et - 2 o

Equilibrium output for firm 1 = 550
_E4usf§brium output for firm 2 = 180
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the divergent case »>
ase press any key (P

Ve
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case 1n the

Lot equilibrium by means of reaction functions

Lo ac
w2 Copyright (C) Masaru UZAWA(Otaru University of Commerce)
1280 Reaction function of firm 1 is Q1= ( 1170 - @23/ 1.8
TR Beaction function of Tirm 2 e Q2= 1280 - 2 O
U . . .
<P Eauilibrium outeut for fim 1 = 550
< Eaui Hibrium cutput for fim 2 = 180

Lol
=

St 850.00
K This is the divergent casze >
Please press any kevy (P for Hardecopy) when readv. ..

Figure 8.3 Divergent case of the Cournot equilibrium.

Collection of graphs will be gathered in another brochure for your reference
You can see the same type of graphics on the screen step by step.
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Chapter 9 Pareto efficiency in the Edgeworth’ s box diagram
<{F-BOX5. exe>

This program shows you the Edgeworth’ s Box diagram which exhibits the Pareto efficient
points and advantageous allocations for both agents

This program was programmed on February 9, 1992 by Masaru Uzawa (Otaru University
of Commerce) for FM R60&70. It was transferred in English on May 6, 1992 for IBM PC/AT.
This version is for Windows95/98.

Program begins with the following message:

1. demo(locus of the Pareto efficient points is convex from below)
demo (locus of the Pareto efficient points is a line)
demo (locus of the Pareto efficient points is convex from above)
demo (locus of the Pareto efficient points is convex from below)
execution(you can choose parameters)
See the explanation of the program

S

0. Exit from the program
Please press a number(l, 2,3,4,5,6 or 0).
If you want to see demonstrations, please press 1,2,3, or 4.

We can say that an allocation E is the Pareto efficient allocation if the
following conditions are satisfied, i.e.,
(1)an allocation E is feasible(i.e., in the Edgeworth’s box diagram),
and
(2)no other feasible allocation exists in which any person’ s utility are not worse
off and at least one person s utility can be well off.

When you press "1’,’2,”3", or 4, then the Edgeworth’ s box diagram appears
in the screen in which allocations between two agents are displayed

Origin of agent X is ox. Good 1 is measured to right horizontal, and good 2 is
measured to upper vertical.

Origin of agent Y is Oy. Good 1 is measured to left horizontal, and good 2 is
measured to down vertical.

We can show data for 2 agents initial endowments, parameters of utility
functions, and initial endowments in the economy on the right screen.

First, we can draw two indifference curves through each agent’s initial
endowment. You can see the message from us on the screen.

Next, we want to know the advantageous allocations for both agents. We can draw
an indifference curve which contacts with other agent’s indifference through the
initial endowment.
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An allocation in the shaded area is a preferred allocation to initial endowment
for both agents.

Therefore, two agents(X and Y) can exchange one good for another to increase
utilities in the shaded area.

You can see agent Y s indifference curve which contacts with agent X' s
indifference curve, step by step. On the screen, you also see the message We are
now seeking the Pareto efficient points. Please wait a minute.’

You can confirm that the curve from Ox to Oy shows the Pareto efficient points
This curve is called, in usual, ’contract curve.’

The contract curve defined by Edgeworth is the portion of contract curve in the
shaded area and now is called *Core (of the allocation).’

When you choose ' 17, then the locus of the Pareto efficient points is convex
from below.

When you choose '2’, then the locus of the Pareto efficient points is a line

When you choose ' 3", then the locus of the Pareto efficient points is convex
from above.

When you choose "4, then the locus of the Pareto efficient points is convex
from below.

When you choose 5, then you can see data of demonstrations on the screen.
Please input numbers for the following economic data.

Let us define agent X' s initial endowment to be (W.X1,W.X2).
W.X1 is a positive number.

W.X2 is a positive number.

Let us define agent X' s utility function to be

UX (X1, X2) =SX*X1" (AX) *X2" (BX).

SX is a positive number less than 10.

AX is a positive number less than 10.

‘BX is more than a given positive number and less than 10.
Let us define agent Y's initial endowment to be (W.YI,W.Y2).
W.Y! is a positive number.

W.Y2 is a positive number.

Let us define agent Y s utility function to be

UY (Y1, Y2) =SY*Y1™ (AY)*Y2" (BY).

SY is a positive number less than 10.

AY is a positive number less than 10.

BY is more than a given positive number and less than 10.

If you have finished to input data, the screen goes as same as the case of
demonstration.
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hérPar&%o efficient péin{ in the Fdzeworth's bvf dla%ram
Lopyright (C) 1990-1998 MWasaru UZBWA{Otaru Univ. of Commerce)

fou can chooze the scale of the Fdgaworth's box diagram:
1. bbscissa/ordinate ratio on the screen is 3/4 irrespective of
the ratio of the initial endownment in the economv, or

2. dbscissa/ordinate ratio on the screen is accord with
the ratio of the initial endownent of the economy

3. Return to the previcus meru phase [

e presm g remper (1,2 or 91,

Figure 9.3 Choice of the size of the Edgeworth’s box diagram

<« Data for demorstration >>

?Because of AX/BX= .68BGE7 > 428571 =AY/BY.

contract curve is convex from below.
: v —4f) Oy
Y Yo
58— 20
* Data for agent Y %
WY1 = 40
e W_¥2 = 20
N - ety ,ﬁ}
} =SYRy1 (A RY2T(BY)
1 3Y = 1
! AY = .3
: a BY = .7
Ox 20 I * Data for the ecoromy X
Lopyright (C) 1990-1998 Masaru Uzawa Y2 Endowment of zood 1 = 60
(Otaru Univ. of Commerce) Endowment of good 2 = 70
Mo are now drawing the fndifferﬂmce curve through the initial endowment.
Please press any kev('P™ or "p" for Hardoopy) when ready.

Flgure 9.4 Drawing the indifference curve through the initial endowment
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curve detf ined by Edgeworth. oy t

Figure 9.6 The Pareto efficient(or optimal) points

Collection of graphs will be gathered in another brochure for your reference.
You can see the same type of graphics on the screen step by step.
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Chapter 10 Equilibrium and Pareto efficient allocation in 2x2

exchange economy
<F-2X2AZ-v101. exe”>

This program shows you the Edgeworth’ s box diagram in which you can see the equilibrium
and Pareto efficiency in a 2x2 exchange economy.

This program was programmed by Masaru Uzawa (Otaru University of Commerce) on
February 14, 1990 for Fujitsu’ s FM R-60&70 series(Japanese version).
It was translated in English on June 13, 1991 for Toshiba’ s DynaBook (J-3100SS)
It was also transferred in English on April 28, 1992 for IBM PC/AT.
This version is for Windows95/98.

Program begins with the following message screen:

Do you want to get the explanation of the program (Y/N)?
When you want to get the explanation of the program, please press Y or vy.
If vou want to run the program, please press any key other than Y or vy.

If you can choose 'Y, then the explanation for the program
begins otherwise you can see the following menu message:

solocokolioclolliololoksiclolor M E N U selekelkkokooiokskedookokorstokokoiok
Demonstration (Pareto efficient locus is convex from below)
Demonstration (Pareto efficient locus is the line)
Demonstration (Pareto efficient locus is convex from above)
Manual demonstration (You can choose parameters)

S

Quit from the program
Please press a number (1,2,3,4, or 0).

If you see the demonstration, you may press a number such as 1,2, or 3. When
you choose a number, then two panels appear for you.

In the upper panel, you can see the indifference curve which passes through the
consumer X s initial endowment (WX). In the lower panel, you can see the indifference
curve which passes through the consumer Y' s initial endowment (WY).

The shaded area shows allocations for which each consumer is better off. In
the right side of the panel, we show data for consumers X and Y.

In the next phase, we give you the Box diagram to demonstrate the allocation
processes of two consumers.

The origin of consumer X is Ox, and good 1 is measured from Ox to the right,
and good 2 is measured from Ox to the top.

The origin of consumer Y is Oy, and good 1 is measured from Oy to the left, and
good 2 is measured from Oy to the bottom

In the right side of the panel, we give data for two consumer’ s initial endowments,
parameters of utility functions, and initial endowment in the economy.
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First, we can depict the indifference curves that pass through the initial
endowment of two consumers and you can see the message in the bottom.

Next, we can calculate the allocation for which two consumers are better off.
The shaded area shows the favorable allocation for both consumers to the initial
endowments. The shaded area also shows the region for which both consumers can
exchange.

You can see the message 'Now we are calculating the equilibrium under the
relative price in the economy.’

Now, we can first depict the line which has any given initial relative price
and passes through the initial endowments.

Second, we can get the consumer X’ s indifference curve which contacts with the
budget line.

Third, we can obtain the equilibrium for consumer X.

Fourth, we can depict the consumer Y s indifference curve which contacts with
the same budget line.

Fifth, we can obtain the equilibrium for consumer Y.

In the lower—right panel, you can see the equilibrium of consumers X and Y and
excess demands for good 1 and good 2.

The initial relative price is low, when the excess demand for good 1 is positive
(Excess demand).

The initial relative price is high, when the excess demand for good 1 is negative
(Excess supply).

You can see the message 'Now we are calculating the equilibrium relative price
and the equilibrium’.

When you press any key, you can see the equilibrium relative price and the budget
line which passes through the initial endowments. You can also see the consumer X’ s
indifference curve which contacts with the budget line and the equilibrium for
consumer X.

Next, you can see the consumer Y s indifference curve which contacts with the
same budget line and the equilibrium for consumer Y. In the lower-right panel, you
can see the equilibrium for consumers X and Y, and the excess demands for good 1 and
good 2.

You can confirm that the excess demands for good 1 and good 2 are zero.

You can also confirm that both consumer X' s indifference curve and consumer Y’ s
indifference curve contact with the same budget line whose slope is the equilibrium
relative price.

In other words, the equilibrium is the Pareto efficient point.

An allocation is called a Pareto efficient allocation if (and only if) there
is no possible movement from it that could be make everyone better off.

In other words, you can see that the curve from Ox to Oy is the Pareto efficient
allocations. Usually, this curve is called 'contract curve.’

The ’contract curve’ defined by Edgeworth is the Pareto efficient allocation
which is contained in the shaded area. We are now calling it the ’Core’ of the
resource allocation.
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When vou choose the number ' 1’, the Pareto efficient locus is convex to the bottom.
When you choose the number ’ 2, the Pareto efficient locus is the linear line
When vou choose the number '3’ the Pareto efficient locus is convex to the top.

When you choose the number '4’, data for demonstrations are shown. And, you are
requested for input numbers for parameters in the following way.

Let consumer X s initial endowment be (W.X1,W.X2),

W. X1 be positive,

W. X2 be positive,

consumer X s utility function be UX (X1, X2)=SXxX1 (AX)*X2" (BX),
SX be positive and less than 10,

AX be positive and less than 10,

and,

BX be more than some given positive number and less than 10.
Let consumer Y s initial endowment be (W.Y1,W.Y2),

W.Y1 be positive,

W.Y2 be positive,

consumer Y s utility function be UY (Y1, Y2)=SY*Y1™ (AY)=*Y2" (BY),
SY be positive and less than 10

AY be positive and less than 10,

and,

BY be more than some given positive number and less than 10.

When vou input numbers, you can get the same graphics as for
demonstration.

Let Pareto efficient point be (X1, X2).
We have X2 = BX*AY*W. 2%X1/ (AX#BY*W. 1 + (BX*AY — AX*BY)*X1)

When AX/BX > AY/BY, the Pareto efficient locus is convex to the bottom.
When AX/BX = AY/BY, the Pareto efficient locus is the linear line.
When AX/BX < AY/BY, the Pareto efficient locus is convex to the top.

Concerning the scale of the Edgeworth’ s box diagram, you can choose the following
2 cases.
1. [relative mode]
ordinate/abscissa ratio is 1/1 irrespective of the initial endowments ratio

2. [real mode]
ordinate/abscissa ratio is accord with the initial endowments ratio

Please press a number (1 or 2).
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ok Edgeworth's box diagram ¥ ¥ Data for consumer X ¥
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% Endowments in the economy *%
W=(180, 190 )
Ox

We are drawing indifferarce
curves through the endowments.

40 ,
el Each colored area shows
Oy 140 allocalt ions that

are
praferred to the endo

Lopyright (C) 1998 by Masaru UZAWA by exch consumer,

Please press anv kev ['P" or "o’ for Hardeopy] when ready ...

4% Edgeworth’ s box diagram sk % Data for consumer X 4%

[ real mode ] Endowment=0( 20 , 150 )
7 140 Oy U= 1 ¥{17°C .45 2™ ( .55 )
Y1 % Data for consumer ¥ %X
Endowment=( 140 , 40 )
- U= 1 =17 .3 )x¥2"( .7 )
150 *¥ Endowments in the economy X*
W=C160, 190 )
Ox 20 T2
K1
opvright () 1998 by Masaru UZAWA
he colored area shows allocations in which two consuners are better off.
e are drawing indifference curves that pass through the initial endowments.
Piease press any key ['P" or “p" for Hardoopy] when ready ..

Figure 10.1.2 Better off allocations for both consumers.
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Flgure 10 1 4 Exchange occurs: 001n01dence of two consumers’ equilibria
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Figurev

Collection of graphs will be gathered in another brochure for your reference.
You can see the same type of graphics on the screen step by step.
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Chapter 11 Multiplier theory in income determination

No exe file
<F-MULT. exe>

This program was programmed by Masaru UZAWA (Otaru Univ. of Commerce) on July 15,
1988.

This program shows you a multiplier effect in the income determination.
Program begins the following menu screen:

M E N U
1. Display of Multiplier Effect
2. Comparison of Two Multiplier Effects

Please press a number (1 or 2)

If you choose number 1, then you must input a number for marginal propensity
to consume (MPC), say 0.8. Values of temporary and cumulative spill-over effects
are calculated and showed
Then, you can see the temporary and cumulative spill-over effects in the chart.

If you choose number 2, you must input two different MPCs.

The same process proceeds as given in case 1. You can see the difference in
multiplier effects for different MPCs.
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Chapter 12 IS-IM analysis in income determination and

interest
<F-ISLM. exe>

This program was programmed by Masaru UZAWA (Otaru Univ. of Commerce) on July 18,
1988. This version is for Windows95/98.

This program helps you understanding the derivation of IS 15
and LM curves. Also you can get comparative statics in IS-LM analysis

The program begins the following message:

< M ENU >
1. Auto demonstration of IS,LM curves and IS-LM analysis
2. Manual demonstration of IS,LM curves and IS-LM analysis

Please press a number(l or 2).

You can choose either auto demonstration or manual demonstration.
If vyou press number 2 then you are required to input several parameters.

The next menu screen begins as follows:

kkx M E N U skkk:

1. Derivation of IS curve

2. Derivation of LM curve

3. IS-LM Analysis (Shift in IS curve)
4, IS-LM Analysis (Shift in LM curve)

Please press a number (1,2,3 or 4).

If vyou choose number 1, then IS curve is derived on the screen from
investment curve, saving curve and auxiliary I=S line. Next, vyou can see the
effect of increase in government expenditure on IS curve, i.e., shift in IS curve.

If you choose number 2, then IM curve is derived on the screen from
transaction demand for money, speculative demand for money and money supply. Next,
you can see the effect of increase in money supply on LM curve, i.e., shift in LM
curve.

If you choose number 3, then you can see the comparative statics in the case
of shift in IS curve.

If you choose number 4, then you can see the comparative statics in the case
of shift in LM curve.
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Figure 12.1.2 Derivation of New IS curve due to increase of investment
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Co <15 fralysis >
b case of shift in IS curve
A Thﬁ old I3 curve is red.
: a : r=(0.50Y - 54 )/ 248
[ J The new 1S curve i= blue.
2 i J ro= (0.500Y - 74 )/ 248
| 11 . )
v ; {he LM curve iz gresr,
L . o r o= 576, UUK( 200 - hY)
e lfugxf’ #:
S AEEEEEE R KN
P : ﬁ»x\‘\\\ Mew IS curve  #X New eq&ci'kr;um
- P M:%w-fu ve Ot )= 223,42, B2
Co Increase of Qovernment
P s < expenditure (G = 20 )
¥ @y/asc = 1.401
0 ke Y @r/8G = 0.045
Do wou exit from the program 7 (Y or M)

Figure 12.3.2 New equilibrium in IS-IM analys1é due to increase of investment
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CIB-LM Aralvsis >
case of shift in LM curve

Tre 1S curve iz red.
ro= (0.400Y - 69 )/ 248
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F = 800.00/C 200 - .4 Y)

(Y, K)=( 268.28, 6.47)

1
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: '
t §
: '
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3

Néw LMHCUFVG .

Do vou exit from the program 7 (Y or N

IS Analvsis >
case of shift in LM curve

The IS curve is red.

r = (0.400Y - 69 )/ 248

- = 800.00/( 200 - .4 Y)
The rew LM curve is blue.

r = 800.00/( 250 - .4Y)

{rx, rx)=( 268.28, 6.47)
X Mew equi | ibriun xx
(Y',r')=(304.83, 4.69)
Increase of money supply
(MG = 50 )

@y/@MG = 0.731

@r/@MG = -0.036

Figure 12.4.2 New equilibrium in IS-LM énalysis due to increase of money supply.

Collection of graphs will be gathered in another brochure for your reference.
You can see the same type of graphics on the screen step by step.
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Chapter 13 Marginal efficiency of investment
No exe file
{F~INVST. exe>

This program shows you the simulation of marginal efficiency of investment.
RHO is the marginal efficiency of investment which satisfies the following
relation : K=R1/(1+RHO)+R2/ (1+RHO) "2

This program was programmed by Masaru UZAWA (Otaru University of Commerce).
1990-12-08 Ver. 1.0 for J-3100SS (Japanese version)
1990-12-09 Ver. 1.01 for J-3100SS (English version)
05/04/92 Ver. 1.00 for IBM PC

Program begins with the following menu message screen:

Marginal efficiency of investment

Copyright (C) Masaru UZAWA (Otaru University of Commerce)
1990-12-08 Ver. 1.0  for J-3100SS

05/04/92 Ver. 1.00 for IBM PC

You can choose a number for which your computer can be done
The following menu screen appears when you choose, say,’ 3’

Let’ s define K to be an initial investment,

Rl to be a first period reward, and,

R2 to be a second period reward.

The marginal efficiency of investment (RHO) satisfies the
following relation:

K=R1/ (1+RHO) +R2/ (1+RHO) "2

Let’ s define 1+RHO to be X.
From K#X 2 - R1*%X - R2 = 0, we have
X =(R1 + SQR(R1"2 + 4*R2+K)) / (2%K).
Then we obtain RHO = X - 1.

fooicikekickk MO E N U sekioklellockeokek
You can change an initial investment
You can change a first period reward
You can change a second period reward

RSN

You can choose a set of parameters
0. Quit from the program
Please press a number(l,2,3,4 or 0).
You can get the marginal efficiency of investment(RHO) in the
tabular form. You can also compare the effect of one factor change

on the marginal efficiency of investment.
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Chapter 14 Simulated money creation process

No exe file
{F-MONY. exe>

This program shows you the simulation of money creation process.

This program was programmed by Masaru Uzawa (Otaru University of Commerce) on
July 12, 1988 for FM-R60&70.
It was translated in English on December 1, 1991 for DynaBook (J-3100SS).
It was also transferred in English on May 16, 1992 for IBM PC/AT.
This verison is for Windows95/98.

Program begins with the following menu message screen:
Display of the money creation process
Copyright (C) by Masaru UZAWA (Otaru Univ. of Commerce)
1988-07-12 Ver. 1.0  for FM-R60&70
05/16/92 Ver. 1.00 for IBM PC(English version)

sekskkokkkskokokkdokkk M E N U skeksksskerskskoksiokskk
1. Display the money creation effect
2. Display and compare two money creation effects

Please press a number (1 or 2).

If you choose " 17, then you are requested to input a number (%) for the deposit
reserve requirement ratio and the periods of spill over effects less than 36.

If you choose '2°, then you are requested to input two numbers (%) for the
deposit reserve requirement ratio and the periods of spill over effects less than
36.

Money creation and accumulated money are displayed in a tabular form.
You can also see the graphic representation of money creation and accumulated
money.

You can confirm that the more the deposit reserve requirement ratio, the more
the money creation and the accumulated money.
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Chapter 15 Iso—profit curve and Cournot and Stackelberg
equilibria
<F—-ISOPR. exe>

This program is to show the iso—profit and Cournot and Stackelberg equilibria in the

framework of two firms model.

This program was programmed by M. Uzawa (Otaru University of Commerce) on October

12, 1991 for DynaBook (J-3100SS).
It was translated in English on January 28, 1992 for DynaBook (J-3100) series

This version is for Windows95/98.

Let firm 1’s cost function to be Cl=M#%Ql and firm 2’ s C2=M*Q2,

respectively.
Let the market demand function to be p=AA — (Q1+Q2).

You can choose numbers M and AA.

We have a reaction function of firm 1 as Q1=r1(Q2)=(AA - M - Q2) /2 and a reaction
function of firm 2 as Q2=r2@Q1)=(AA - M - Q1) /2.

You can see the iso—profit curves of firm 1 and firm 2, step by step.
In the next screen, you can see the Cournot equilibrium and the Stackelberg

equilibria by using the iso—profit curves.

T ———__ ‘
2 Bourrot cquxExbrsum Stackelberg equilibrium ﬁnd iso-prof it curve
Copwright (C) 1991-1998 by Masary Uzawa ((taru Univ. of Commerce)

We draw the iso-profit curve of firm 1.

Each maximum of iso-profit curve attains

on the reaction curve of firm 1.

Cost function of firm 1 is Cl= 141 .

Cost function of firm 2 is (2= 1 Q2 .

Inverse demand funct|on(demand curve) isp = 25 - (Q 1+02).

’ A7 ME et by :V ::;i:l i

W & “w

ey

= ( “4 - QQJH 2

(02)) s

Flease press anv kev('P" for Hardeopy) when readw...

Figure 15.1 Firm 1’s reaction curve and its iso—profit curves
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02 Pournot equlffbrlum Stackelbareg sauilibrium and iso-prof it curve
Copvright (£) 1991-1998 by Masaru Uzawa (Otaru Univ. of Commarce)

We draw the iso-profit curve of firm 2.

Each maximum of iso-profit curve attains

on the reaction curve of firm 2.

Cost function of firm 1 is Cl= 1 Q7 .

Cost function of firm 2 is C2= 1 Q2 .

Inverse demand function(demand curve) is p = 25 - (01+02).
Then, we have the reaction function of fimm 7

(2=r2(01)) is Q2= 12 - 501

2 Cournot equaiibr&um,otarkelo@rg equi librium and iscprofit curve
Dopvright (C) 1991-1998 by Masaru Uzawa (Otaru Univ. of Commerce)
Cost funct:on of firm1 isCl= 1Q1 .

Cost function of fim 2 isC2= 1 Q2 .

. Inverse demand funct ion(demand curve) isp =25 - (Q1+02) .
P I Ther, we have the reaction furction of fire d

(¥1= (QQJ) is Q1= (24 - Q“)/ ,and

the reactéon furnction of fimm 2

(=r2{01) is (2= 12 - 501 .

(Both firm 1 and 2 are followers)
Courhot eQU|l|br|um is denoted by C

Stackelbergsequ1||br|umslc dep!cted by 81

Flease press ary kev('P’ for Hardoopy) wher ready. ..

and iso—profit curves

58/69



CAL-manual-v129.doc 2000/03/07

Chapter 16 Entry Deterrence due to Prof. Dixit (1979)
<F-DIXIT2. exe>

This program was created by Masaru Uzawa (Otaru University of Commerce) on 11/06/94
for Toshiba’ s DynaBook.

Original paper by Dixit, “A Model of Duopoly Suggesting a Theory of Entry Barriers”,
Bell Journal of Economics, Vol. 10, No. 1{(Spring 1979), pp. 20-32 is acknowledged.

This version is programmed on 06/16/98 Ver. 1.00 for Windows95 by F-BASIC97.

This program shows you the explanation by Prof. Dixit(1979) for “Entry
Deterrence” on the screen. You can see the three types of demonstration and also you
can choose any parameters.

You can see the following menu screen when you started the program.

Ertry Barriers by Dixit: Stackelberz eauilibrium and isoprofit contour
Copyright (C) Masaru Uzawa (Otaru Univ. of Commerce)

11706794 Ver. 1.00 for Toshiba's DvnaBook series

06/16/98 Ver. 1.00 for Windows9h by F-BASICY7

ket M E N I e s ees

1. Demonstration: Approve Entry and Stackelberg Eauilibrium
2. Demonstration: Entry Deterrence and "limit output’

3. Demonstration: Blockaded Entry and Monopoly Equilibrium

4. The case where vou can choose the parameters

0. Escit (it

Please press a number(1,2,3,4, or 0},

Figure 16.1 The menu screen

Please choose any number(l,2,3,4, or 0) so as to do so.
If you choose 1, then you can see the case of “Approve Entry by Incumbent firm” and
Incumbent firm produces at Stackelberg Equilibrium.

At first, yvou can confirm that the more profit accrued by firm 1(Incumbent firm),
the lower position of isoprofit contour.

59/69



CAL-manual-v129.doc 2000/03/07

EXZ Entry Barriers by Dixit: Stackelberg eauilibrium and isoprofit ron*odr
[hpprove Entrv]  The firm 1's isoprofit contour:
24 Fach isoprofit contour achieves at maximum

on the firm 1's reaction curve.

Firm 1's cost function is Cl= 1 X1

Firm 2’s cost function is C2= 1 X2

Inverse demand function is p = 25 - (X1+X2).

Then we have the following:

the firm 1"s reaction function(X1=r1(¥2)} is
1= (24 - 1 %420/ 2

Please input a number for prof it less than 144

. PAITC 1 )=2 80
PAIT( 2 )=? 50
PAITC 3 )=2 90

x1

Please press anv kev [P or 'p’ for HardCopv] when ready

Flguréhlﬁ.Z The shape and position of 1éébrof1t contours of firm 1.
The same figure is seen for firm 2(Entry firm).

v Barriers by Dixit: Stackelberg equxlibrxlm and isoprof it contour
[&perVC Ertry]  The firm 2°s isoprof it cortour:

Each isoprofit contour achieves at maximum
on the firm 2's reaction curve.
Firm 1’'s cost function is Cl= 1 X1
Firm 2's cost funciton iz CZ2= 1 %2
Inverse demand function is p = 24 - 1 %(X1+¥2)
Fixed cost is 1.
AN The fir 2's reaction curve is the bold lire

“\\\ of ¥2=0 24 - 1 41}/ 2

Uease irput a number for prof it less than 144

1({

—t
e

.. PAI2C 1 )=0 20
T, FalZ( 2 s: 50
_,/M"“” . FAIZC 3 )=7 100
G
24
o1 %1

Please press any key ['F or "p’ for HardCopy] when ready ...

Figure 16.3 The shape and the position of isoprofit contours of firm 2.

You can see the case of Approve Entry by the firm 1{(Incumbent firm) and
firm 1 and firm 2(Entry firm) are at the Stackelberg Equilibrium.
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Entry Barriers by Dixit: Stackelberg eauilibrium and iscorof it conféur
[bpprove Entry]  The firm 1's cost function is Cl1= 1 xX1

24 The firm 2's cost function is C2= 1 x¥{2
The inverse demand function is p = 25 - 1 %(X1+¥2)
Fixed cost is = 1 . Then we have
firm 1's reaction function: X1=r1(}2)) is
K= (24 - 1 %23/ 2
\\ firm 2°s reaction function: ¥2=r2(X1)) is
the bold line of ¥2= (24 - 1 %1}/ 2
The Stackelberg equilibriun is dencted by 51
12 where firm 1 is leader and firm 2 is follower.
e S1( QS1, QS2,PS1)=( 12,86, 7)
™ Firm 1 adnits entry of firm 2, and
S, the Stackelbers equilibrium S1 prevails.
o | N TR ot 00 X0 ot 4 loni1)
2 L e 81:¢ 12.00,  B.00)  72.00
\( el AT Z1:( 20048, 0.00) 72.00
1 S $e BISC 2200 0.00) 44,00
0 M1 BIQ1 Q1:¢ 24,00, 0.00) 0.00
12 Z1 24
®1
Please press any key L'P" or 'p’ for HardCopv] when readyv ...

Figure 16.4 The case of Approval of the Incumbet firm and the Stackelberg
Equilibrium.
The other cases proceed in the same way. Please see the following figures.

EX? Entry Barriers by Dixit: xiackeiberg equi libriun and isoprof it contour
[Erdry D@tcrr@nce]The firm 1's cost function is Cl= 1 %X
24 The firm 2°s cost function is C2= 1 %%2

The inverse demand function is p = 25 - 1 *(X1+X2)
Fixed cost is = 2% . Then we have

firm 1's reaction functlon Kl=r1 (¥2)) s

K= (24 - 1 x¥2)/ 2

firm 2's reaction function: ¥2=r2(¥1)) is

the bold line of ¥2= { 24 - 1 %13/ 2

1 AN The Stackelberg equilibriun is denoted by 51
RV " where firm 1 is leader and firm 2 is follower.
~—\ S1( 081, 082,PS)=( 12 , 6 , 7 )
0 Firm 1 can deter the entry of firm 2, and
e 81 A1 tirm 1 produces the output more than Bl.
6 \\ . output (X1,%2) prof it(pail)
\ P At 14.00, 5.00)  70.00
A ; - Bl:( 14.00, 0.00) 140.00
; . 71.( 92049 0.00)  72.00
0 M1 B1 Q1:¢ 24.00, 0.00) 0.00
12 21 24

e

Please press ary key [P or "'p’ for HardCopv] when ready

Figure 16.5 The case of Entry Deterrence by the firm 1(incumbent firm) and firm 1
produces output more than Bl.
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%2 | Ertry Barriers by Dixit: Stackelberz equilibrium and isoprofit contour
[Blockaded Entry] The firm 175 cost function is Cl= 1 %Xl
24 The firm 2's cost function is C2= 1 %X2

The irverse demand function iz p = 25 - 1 %(X1+X2)
Fixed cost iz = 81 . Then we have

firm 1's reaction function: X1=r1(X2)) is

Kl= (24 - 1 ®(2)/ 2

firm 2's reaction function: ¥2=r2(X1)) is

the bold line of ¥2= ( 24 - 1 %1}/ 2

The Stackelberg equilibrium is denoted by 51

where firm 1 iz leader arnd firm 2 is follower.
S1C @81, Qs2,PS1)=C12 ,6, 7))

Firm 1 can block the entry of firm 2, and

e, 8] firm 1 produces at Ml (Monopolv).
T outout (X1,%2)  prof it(pail)
el BI:( 6.00, 0.00) 108.00
: RN Mi: (O 12,00, 0.00)  144.00
; YA N Y 49, 0. U[]) i2.00
M @ Q1:¢ 24,00, 0.00) 0.00

12 Z1 24
X1

3

Please press anv kev ['P" or "»' for HardCopv] when ready

Incumbent firm) and firm 1

Figur .
produces at Monopoly equilibrium.

62/69



CAL-manual-v129.doc 2000/03/07

If you choose 4, then you can choose any parameters of M(marginal
cost), AA(the highest price at which consumer can buy), BB(the slope of the
demand curve), and F(the proxy variable of scale economy).

ntry Barriers by Dixit: Stackelberg equilibrium and isoprot it cortour

et us define the cost functions to be Cl=MxX1 and C2=M¥X2.

e also assume that the inverse demand function is p=Ad -BBx(X1+X2).

hen, we have the followina:

irm 1’s reaction function(X1=r1(¥2)) is X1=(&& - M - BBX{2)/(24BB), and,

irm 273 reaction function{XZ=r2(¥1)) is a part of ¥7={A4 - M - BBX11/(24ER),
here, M the marginal cost, and p the market price.

ow we suppose that the fived cost is F as a proxy of scale econcmy.

Please input numbers for parameters as vou |ike.
M =7 20

A4=? 100

BR=? 2

Please input a nummber for F less than 800 .
F=? 400

Figure 16.7 You can choose any parameters of M, AA, BB, and F.

In this case, you can see the case of Blockaded Entry by the firm 1 (Incumbent
firm).
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Chapter 17 Attainable set for two—person game including the

battle—of—the—sexes game
<F-BOSG3. exe>

This program was programmed by M. Uzawa (Otaru University of Commerce) on January
24, 1993 for IBM PC/AT.
This version is programmed on October 4, 1998 for Windows95/98

This program shows you the attainable set for any two person game including the
battle-of—the—sexes game.
For your reference, I will explain the case of the battle—of-the—sexes game.

The battle of the sexes game is a story of a man Michael) and a woman (Rachel)
planning an evening entertainment. The possible alternatives are to go to Opera or
Football.

The Pay—off matrix[{Aij,Bij)] is given as follows:

Here, Aij is Michael’ s pay—off and Bij is Rachel’ s pay-off.

Rachel
Opera Football
Opera I (2,1 | (0,0)
Michael
Football | (0, 0) | (1,2) 1

Table 17.1 Pay—off matrix for the battle-of-the—sexes game

This means that both players would rather spend the evening together rather than apart,
but Michael would rather they be together at the Opera, while Rachel would rather
they be together at the Football.

There may be some case(s) where no player can improve upon his or her pay—off by
changing his or her strategy unilaterally.
This solution is a Nash equilibium.

You can confirm that both (Opera, Opera) and {Football, Football) are Nash
equilibria under pure strategies

We can illustrate some of the attainable sets for two person games including the
battle-of-the—~sexes game.

Please see the following Figures 17.1-17.8.
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Chapter 17 Attainable set for two—person game including the

battle-of-the—sexes game
<F-B0SG3. exe>

This program was programmed by M. Uzawa (Otaru University of Commerce) on January
24, 1993 for IBM PC/AT.
This version is programmed on October 4, 1998 for Windows95/98

This program shows you the attainable set for any two person game including the
battle—of-the—sexes game.
For your reference, I will explain the case of the battle—of-the—sexes game.

The battle of the sexes game is a story of a man(Michael) and a woman (Rachel)
planning an evening entertainment. The possible alternatives are to go to Opera or
Football.

The Pay-off matrix[(Aij,Bij)] is given as follows:

Here, Aij is Michael’ s pay-off and Bij is Rachel’ s pay-off.

Rachel
Opera Football
Opera | (2, 1) | (0,0 1
Michael
Football | (0,0) | (1,2 l

Table 17.1 Pay—off matrix for the battle—of-the—-sexes game

This means that both players would rather spend the evening together rather than apart,
but Michael would rather they be together at the Opera, while Rachel would rather
they be together at the Football.

There may be some case(s) where no player can improve upon his or her pay-off by
changing his or her strategy unilaterally.
This solution is a Nash equilibium.

You can confirm that both (Opera, Opera) and (Football, Football) are Nash
equilibria under pure strategies

We can illustrate some of the attainable sets for two person games including the
battle—of-the-sexes game.

Please see the following Figures 17.1-17.8.
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F-B S

i'isblay of the Attairable set for the battle-of -the-sexes zame
Lopyright (C) 1993-1998 by Mazaru Uzawa (Otaru University of Commerce)
Plavér 2’ s Payofi

2
Al=2  A12=-1
A21=-1  A22= 1
B11=1 BI12=-1
BZ1=

-1 B22=2

Plaver 1's Pavoff

—
H
Edi

Luce and Raiffa's examelel1957)

Please push any kevl'F" for Hardoopy) when ready .

Figure 17.1 Attainable set for the Battle—of-the—Sexes game in Luce and
Raiffa(1957).

Display of the Atainable set for the batile-of -the-sexss game
Copyright (C) 1993-1998 by Masaru Uzaga (Otaru University of Commerce)
§ Playgr 2's Pavoff

2 £
}f"
K1= 2 A2
21=-1 221
BIT=1 BI2=-1 1 / e
B21=-1  B22= 2 /

Flaver 1's Payoff

Luce and Raiffa’s example(1957)

S,

Please push any key('P’ for Hardeopy) when ready ...

Figure 17.2 Attainable frontier in the Battle—of-the-Sexes game in Luce and
Raiffa(1957).
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he Attainable set for two person game including the battle-of -the-zexes éame
Lopyright (C) 1993-1998 by Masaru Uzawa (Ctaru University of Commerce)

Plasgr s Pavedt
2
AT=2 A12=0
A21=0  A22= 1
Bl1=1 B12:=0
B21= 0 B22= 2

Plaver 1's Pavoff

The caze where wou can choose paramsters.

Pleaze push any kev('P’ for Hardcopy) when ready ...

Figuré 17.3 The attainable set for the battle—of-the-sexes gémé(another example)

The bttainahle set for two person game including the battle-of -the-sexes zame
Copyright (C) 1993-1938 by Masaru Uzawa (Ctaru University of Commerce)

Plaver 2 s Paueff

6
b
All=4  Al2= 2
A21=1  A22=%
B11=2 Bl12=8
Bz21=5 B22= 2 2

Flaver 1's Payvoff

£}

The case where vou can choose paramgters.

Please push any kev('P’ for Hardoopy) when ready ...

Figure 17.4 Attainable set for two person game.
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=
The Mttainable set for two person game including the battle-of -the-sexes same
Lopvright (C) 1993-1998 by Masaru Uzawa (Otaru University of Commerce)

Plavér 2's Payoff

Al1=-1  A12=-5
A21= 0 A22=-3
B11=-1 B12=10

1=-1
Bz1=-5 B22=-3

Player Vs Paveff

e Attairable set for fwo person zame including the battle-of -the-sexes game
pvright (C) 1993-1998 by Masaru Uzawa (Otaru University of Commerce)
Flayér 2" s Pavoff

-.
Al1=3  A12=0 3
A21= 4 A22= 1
B11=3 Bl2= 4
Bz21= 0 B22- 1
1
010 1 3 4

Plaver 1’5 Favoft

The case where vou can choose param#ters.

Please push ary kevCF' for Hardcopy) when readv .

Flgure 17.6 The attainable set for the price war game
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§Tha'&ttaihable set for two person game including the battle-of ~the-sexes zame v
Copyright (C) 1993-1998 by Masaru Uzawa (Otaru University of Commerce)

Plawer ¢ s Pavedf

2 g
A= 1 A12: 0
821= 0 A20= 9
BI1= 1 BI2- 0 1
B2l= 0 Boo- 2

010 1 2

Plaver 17z Pavolf

The case where vou can choose paramgters.

Please push any kev('P" for Hardcopy) when ready ...

Figure 17.7 The attainable set for the coordination game

he &ttainable set for two person game includirg the batile-of -the-sexes zame
opvright (C) 1993-1998 by Masaru Uzawa (Otaru University of Commerce)

dr 2 s Paveff

Y

Al1=0  Al12=6
A21=0  A22=3
Bl11=0 Blz=0 3
Bz21=6 B22= 3

The case where vou can chooss param%t =

T
i

Please push any kev (P’ for Hardoopy) wher ready ...

Figure 17.8 The attainable set for the Hawk-Dove game

#¥x%% End of CAL in Economics programs for Windows95/98 USER GUIDE ¥tk
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