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BB 7= A=Y arvzvb oy vy r Vv s e s — v —
DROFEDP L CHBTELLEE ) bBAHA, KWL THRAELHHAFER
WEDNT A—FIKFELTVEDS, TOFHEI—HEE R Tk, EB
2, ZLOBERNLEMERLDZEHNTE S, 12, MATHEMATICA &

HRIEZOME 2 RIS 2L PMRZOTRLETHNUITEORZHL
LB EERTE 5,

2, AV —Fy PRT o A— /a/%ﬂ%bkﬁﬁﬁ&u%%GEW?
OHP 12 & 5 A THANS VY, BT =A-Ya 0774 V%
Web X—JIZART L, ZEZLELZBEHR & RBRIZ, METLHED
BELTHEBTELIENAN) y PLLTRITFONRTWSE, dH5ABEBITIAED
FTEBLDRRLZWY, BLOTREFZEEFETHIDICLoTREADR TV
ﬁ&@—oﬁﬁéﬁo

AR@wTHIILAZ LIE, CAL (Computer Assisted Learning), CAI
(Computer Aided Instruction), # 5\ %, E-Learning & MEiEh 3 HFiE%
RFELITIY ANL S LT 2RADMETH 2

BRBEDOD BHEIZOVWTOEBRFRIC L 5HIIR ORI THI 7,
D% DREBFEFVIZOWTT A=Y a vy 2HVTHATAZLE2TFEL
T,

8) EB, &\ i¥52135¥f#73‘6 MR, OB E T T UV 22 F 2 Y o
b4 tﬂj} R L, LAN##§:T JavaScript ¥ HTML 774 V&2 FHL 7z, 7=
x—&ay774»u77tzbth,NU—%%V%®A4N—UV&%%%
HAWT7oA—va v, 2EOBEKREZF| ZEFNTETWS,

9) EHZOER LA, I7ulREy, <7 olEE, BEEBSRBIUY— 28R
DWW T? Computer Assisted Learning in Econormcs Programs 14 RiZE G % CF'
DMIL72dDTH B, PUTO WebR—VIZABHLTWA, #® URL i
http://www.otaru-uc.ac.jp/ uzawa/cal-economics/cal-win.html
Thb,
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1.

MATHEMATICA® 70 75 A #ER L (482 2581), BHEL2FERE
w5,

. ZOE#H%HTML/Math MLER TRET 5, £ED 7 * )V ¥ Dimages

7+ VFWiZindex_gr #.gif 7 7 A VAMER SN B, %23 BE 126D
BLESVAS, ‘

. MATHEMATICAD® 7075 A% fER L, gif 7 +—<v FBRAOHEE

(index_gr_*.gif) %jpeglBRDEHE (xxxx*.jpg) CEHT 5, xxxx
BIRELAEBEOXTS, * CEREDRFOBLESTFASL, 774NV
ZO—BEBWEMED “index_gr " O “xxxx” IZEZLH0IEGHERLE
BAZRERIERWZODIERTH S,

. HTML & JavaScriptZ BWCT7 = A— Y a vy 2#ERT 5 (T3 B LU

B, BAMICIX, EEL 2 IR 1Ha<%D 35 70k RE]JavaS
criptZ v/ 7u s 5 a2 Hwvwb, DJavaScript7 1 75 L% HTML 7
7 A VIZHY AHA, EEOHHEZHTMLILETIT ),

. JavaScript70 75 A CHRBMCTEX 2 HEEREILX, X0 TEETH S, TE

EAET) A¥— 1 (start)y, TR b v 7 (stop)s, "T—DEIDHEE~NES
(backward) 1, T—2XDEBE~BE T % (forward) ), "(ERTIZHREL
T@%iﬁiﬁﬁf“j HA%— 1+ (Restart) ), Tav% ) ORFEEZRL
T5 (quick)), BLY, Tav#)ORREEEELT S (ow)s Th
5 (ft8k4 2 8M]),

. Internet Explorer*°Netscape NavigatorZe &D 7 5 7 THTML 7 7 £

NEFRTDE, EEBROT A -V aVvdRAIENTEL, T A—
VavEHETAE, %1 L0%E 2 ORNEME, BERKISE, £ Ok
Th b 3 KITIZHBT 5 FUSHIAR, 35 2 o FOSHITE (RO iR 2 2 ¢ )
LAE 1 OFMBEMEOLBRS TAE L OHBEERKICT S, ToE 1S
REEOPEDT 25 v X NNV B RERLRTL kb,
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1822 1, 25LV8ERRT 2/-HDDMATHEMATICAT LT 5 Ly
UToSur AT (% %) THIWLESEIAY FTHE,

B1%#< 70574

(k% 1 OFFEBIH *)

ff=(aa—cc-(x+y)) x

(x BEBBOUR L BABBD/ST X —F DERE *)

aa=25;cc=1;

(*FBEHEIE L TBREEZL72DDHE*)

colfunFF22[z_]=Hue[-0.35+0.8 z,1,1]

(s FTE B T 2 i < %)

ffsurf22=Plot3D [

- ff, {x,0,2a-cc}, ly,0,aaccl,
PlotPoints—>25,
PﬂotRange—>{0,((aa—cc)/2)“2h
AxesLabel-> {"qy”,"qy”, "profit’},
BoxRatios—> {1,1,0.6},

ClipFill->None,
ViewPoint-> {-1,-2, 1},
ColorFunction—> colfunFF22
]

H2%&#<7OT 74
(xEFEROB, KZEERTIHARORET O — T v %)
isoOneHueThick[profit ,hh ,ss ,bb_,thk ]:=ParametricPlot3D[ -
{x,aa-cc-x-profit/x, pfoﬁt, {Hue[hh, ss, bb], Thickness[thk]} |,
{x,0.001, aa—cc},
AxesLabel-> {"qy”,”q2”, "profit’},
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PlotRarige—> {{0,aa-cc}, {0,aa~c¢}, {0, ((aa—cc)/2)"2}},
DisplayFunction—>Identity
]

(¥ BEEZ, KSIZ—FTEMBEMRE 145EH  *)
paiOneGradation=Show [Table[ v
isoOneHueThick [profit, 1-profit/160,1,1,0.01], {profit, 0,144}
1,
PlotRange-> {{0,aa—cc}, {0,aa—cc}, {0, ({aa—cc)/2)"2}},
BoxRatios=> {1,1,0.6},
ViewPoint-> ~1,-1.5,1.2},
DisplayFunction—>$DisplayFunction
]

&AW TNI I 4
gg=(aa—cc-(x+y)) y

aa=25;cc=1;

(%3 2 ORIBIITE & P, %385 LTHiC 70 Y~V r %)
ggsurfHue [profitTwo_,hh ,ss_,bb_]=
Plot3D[ {gg,Huelhh,ss,bb]}, {x,0,aa—cc}, |y,0,aa—cc},
PlotPoints—> 25,
PlotRange—> {{0,aa—cc}, {0,aa-cc}, {0, profitTwo} },
AxesLabel-> {"qy”.”qs”, "profit”},
BoxRatios—> {1,1,0.6},
ClipFill->None,
ViewPoint-> {1,1,1},
DisplayFunction—>Identity
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(1 DEEEYBLFEZAERE, FIEKE, BEEELTH S0
Y—=Vx k) ‘ |
qiPlane[q;_,profit_,hh_,ss_,bb_Jl:=ParametricPlot3D[
la1,v,z,Hue[hh,ss,bbl}, ly,0,aa—cc}, iz,0, profit},
Shading—> True,
PlotRange—> {{0,aa-cc}, {0,aa-cc}, {0, ((aa—cc) /2)"2}},
DisplayFunction—>Identity
]

(k3% 2 DU O— R 2 FEKEOR/MEL BXE, BERELTH
{FaY—V ¥ %)
reactionTwoBand [profitMin_-, profitMax_,hh_,ss_,bb_,thk_]:
=ParametricPlot3D[ v
{x, (aa-cc—x) /2, ((aa—cc—x)/2)"2, {Huelhh,ss, bb], Thickness
(thk1}},
{x,aa—cc-2 Sqrt[profitMax],aa-cc-2 Sqrt[profitMin]},
BoxRatios—> {1,1,0.5!},
AxesLabel= {"qy”,"qy", "profit’},
PlotRange~> {{0,aa-cc}, {0,aa~cc}, {0, ((aa-cc)/2)"2}},
DisplayFunction->Identity
]

(A3 2 ORGEIUS 2 FIEKE, BRZEELTH /DY —Ty %)
bestResponseTwo[profit_,hh ,ss ,bb_,sz_]=
Graphics3D[ {Hue[hh,ss, bb], PointSize[sz],
Point[ {aa—cc-2 Sqrt[profit], (aa—cc-(aa—cc-2 Sqrt[profit]))
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/2, profit} 1},

PlotRange—> {{0,aa—cc}, {0,aa—cc}, {profit-1, profit + 1} }

]

C(xE 2 ORBEEOUEF, Thbb, 3-DEMICHTSKIGHEE N

LZEBEHL IO — Ty %)

deltaTwo=0.000001;
firmTwoReaction=Partition [ Table[Show[

ggsurfHue[ ((aa—cc—x)/2)"2,0.32,0.8,1],
q;Plane[x, ((aa—cc)/2)"2,0.85,0.7,1], ;
reactionTwoBand [ ({aa—cc—x) /2) "2, ((aa—cc) /2) "2,0.65,1,0.8,
0.01],
bestResponseTwol ( (aa—cc—x)/2)"2,0.65,1,0.5,0.035],
Graphics3D[Text["q:=", {13,16,200} 11,
Graphics3D[Text[0.01 % Round[ (x-deltaTwo) *100], {18, 15,

212111,
Graphics3D[Text["qs=r2(qy)=", {19,14,200} 1],
Graphics3D[

Text[0.01 % Round[ ((aa—cc-(x—-deltaTwo)) /2) % 100], {26, 15,

212}1], |
Graphics3D[Text["profit =", {-5,5,190} 17,
Graphics3D[ ‘

Text[0.01*Round[ ((aa-cc- (x~deltaTwo)) /2) 2% 100], {6,7.2,
202411,
PlotRange-> {{0,aa-cc+2 deltaTwo}, {0,aa—cc}, {0, ((aa—cc)/2)
"2,
BoxRatios—> {1,1,0.6},
ViewPoint-> {1,-1.2,1},
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DiSplayFunction—> Identity
1.
{x,0+deltaTwo,aa-cc + deltaTwol 1, 3

]

(3 2 ORUSHMRZ BT 2 EgE RRT 5 *)
Show|[

GraphicsArray [firmTwoReaction] ,

DisplayFunction—>$DisplayFunction

]

11823 JavaScriptU X k
<Script Language=]JavaScriptl.1”
I
var TimeSet1=300;
var ImageSetA=142;
var ImageSetStart=142;
var ImageSetEnd=179;
ANIMA=new Array();
for (i=-ImageSetStart;i<ImageSetEnd + 1i++) |
ANIMA/i]=new Image();
ANIMA[i].src="images/s113a” +i+".jpg”;
N
function animel() {
document. animation . src=ANIMA [ImageSetA] . src;
ImageSetA ++;
if TmageSetA>ImageSetEnd) |
ImageSetA=ImageSetStart;
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timerID=set Timeout ("animel ()", TimeSet1);
!
function anime2() {
ImageSetA ++;
if ImageSetA>ImageSetEnd) {
ImageSetA=ImageSetStart;

document. animation.src=ANIMA [ImageSetA] .src;
t
function anime3() {
ImageSetA—;
if TmageSetA <ImageSetStart) {
ImageSetA=ImageSetEnd;

document. animation . src=ANIMA [ImageSetA] .src;
l
function stop1() {
clearTimeout (timerID);
}
//==>
{/Script>

1884 HTMLYU X bO—if
<IMG SRC="images/s113a” + ImageSetStart +”.jpg” Name="animation”
Alt="animation” BORDER=0 Width="288" Height="288" Align="left">
(FORM> |
<{INPUT TYPE="button” VALUE="start” onClick="TimeSet1=300;
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ImageSetA=ImageSetStart; animel ()"

{AINPUT TYPE="button” VALUE="stop” onClick="TmageSetA—;
stopl()™

ANPUT TYPE="button” VALUE="backward” onClick="anime3 () ">

<INPUT TYPE="button” VALUE="forward” onClick="anime2 () ">

ANPUT TYPE="button” VALUE="Restart” onClick="animel () ">

{INPUT TYPE="button” VALUE="quick” onClick="TimeSet1=0.8 %
TimeSet1™

{INPUT TYPE="button” VALUE="slow” onClick="TimeSet1=1.2 %
TimeSet1™

</FORM>
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Summary

This is new approach to teach students Stackelberg equilibrium (and Cournot
equilibrium) in Duopoly game using animation. We assume constant marginal cost
and linear demand function for two firms. We consider 2 stage game where firm
1 is a first mover and firm 2 is a second mover. This is well known Stackelberg
duopoly model where firm 1 is a leader and firm 2 is a follower. Following the
established formula, we use backward induction approach to solve for this game.
At the second stage, we solve for the firm 2's best response function (reaction func-
tion or curve in the Cournot model) using Animation whose figures are made by
MATHEMATICA and run by JavaScript and HTML. You will see some of the
program lists in Appendices 2-4. At the first stage, we will find the Stackelberg
equilibrium in the region which consists of the cross points of firm 1's profit sur-
face and firm 2's reaction plane (ie., the generalized reaction curve in the 3-D
space). We compare the Stackelberg equilibrium with the Cournot one with
several points of view. I hope you will be satisfied with my animations in the 3-D
space. Associated animations are seen at the following URL of my Web site:
http://www.otaru-uc.ac.jp/ uzawa/cal-economics/mathanim-e.html



