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This experiment was to study a method of finding the values of an
n- person non coorperative zero sum game in which at least one player has
only two or three strategies. The others have'm strategies where m is a
natural number. It was found that there was the logical method of
finding values of game according to the properties of maximin and

equilibrium point by graph.
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FIND DETD (J} . | ;
L — : [
[]
__,.-—3%1\-7—-“-';———* Wam F sl asutinaan | .
T DT DE: o i !
Lies l :
f
{

PRINT tudunimminy ;
- TnyCrammer ‘s Rule 1j

—— " P ....,.._._.—-A
FIND SOLUTION FROM DETD (J) 4J=1,2,3,4

SAVE AT SX1, SX2, AND FIND SX3 ) l‘ .

. e e NEXT 2
_.T.-

— o —

. Y
PRINT OUTPUT 1 - ' 7
/ PRINT OUTPUT 7

(013" ' (__!L.._..
YES RETURN

1 > sx( 31— OPSXl= S5X1
OPS¥2= SX2
-OPSX3= SX¥*




4. lutung

’ '
UNAT RN DILME

LGS

DIM ACLE) ,B(18) ,C(18) ,FAYL(3,3) ,PAYI(3,5) ,FAYZ(Z,5),FAYA4(2,3) ,,FPAYS(2,3)

CLODIM VIS) ,MF(S,3) 0 (3,10 ,8X(3,1),D(%,3) ,DETD(4) ,DE(T, )

o .
W B

RINT STRINGS (EQ,"<")
23 PRINT® © .
THIS FROGRAM CALCULATES'THE VALUES OF THREE PERSONS NON COORAPERTIVE™

v CRINT®
5o FRINT® . ZER( SUM GAME .
a0 FRINT” FOR FLAYER WHO HAS ONLY TWO OR THREE STRATEGIES®
7® FRINTY ¢
T RFRENT WRITTEM BY ADISAK MOMDEE"
COCINTT
AOOFRINT GTRHINGE (80, ")
PB LFRINT OTRING (80, "+™")
1 BRINTS  #wusaaw THIS FROGRAM CONTAINS THREE FARTS sHHEBHE
L0 PRINT ™
130 FRINT" FAYOFF TABLE,  EXPECTED FAYOFF FUNCTIONS, AND  SOLUTION®
S0LFRINT® ®

b

Tt

tia
W

FRINT®

FRINT"#a#¥%saneeTHREE PERSONS NON COORFERATIVE ZERO SUM GAPME K% %K & %% 5 K%
LPRINT " k60w ea k%64 £ X460 THREE FERSONS NON CODRFERATIVE IERQ SUM GAME™;
LERTNT X2 600 3 e 9 '

FOR I=! TO 1000

NEXT X

Cls

PRINT"MENU 1:FRINT  PAYOFF TABLE ™

FRINT" 2:FRINT EXFECTED FAYOFF FUNCTIONS®
FRINTY Z: CALCULATE VALUE OF GAME"

FRINT @: END OF JOEY

TNFIST ANSWERL

TF {AMSWLRI=11 THEN GOSUE SGUB

17 CARTWEIC L2y THEN GOSUR AL08
IV OATISUWITR L -y THER GOGUE R
TR oSBT 60 THEN 19000
GOTE: Tew
[l RN I B 0 f HIRY ST o B S SN W e LU TeRL
(R
[T IEA S i R
LAl NCDY Bl
[ (AR RS IR

O S |

N RS N B
[ U T I

UMY TaRSY g " FAYOFS TABLL <
FIINY YAR(L) : “+xPAYOFF 1ABLT A=
LE CTRT TABCAL) s "FLAVER" ; TARISE ;1 1"z 1Ak &0 70" Talsg sty gon
FLOINT 1ARI40) ; "PLAYER" ; TAR(G@Y . "1 "1 TAR1oDY "2 0 1Ak T o M5
CRILINT TAE(T)Y s "STRATENLICG"
FRORT AR CLTRATEG LESGT
e 4

»



502
HB03
HBI0
&BI D
&0
s840
&850
HDLO
270
HA30
-08%
L0508
5100
6116
6170
a1 28
L1406
&156
{r} &+
H1TWY
6150
(ll lt;m
&AL
NIl
2000

SR

L

FOR J=1 70
roR ¥=1 70
FOR L=1 70
M1
LERINT TAB(7): " ("3d;", "3k ", 5L ") "3 TAB(SB) ;AN  TARCSE) : HIM) ; TAEK(L8)5C (M)
FRINT TAR(Z) ;" ("305","1K; ", "5L; ") “1 TABCAB) j ALM) ; TAR(S9) ; 1 (M) ; TAR(68) ;C (1)
NEXT L

NEXT K

NEXT J

FRINT® o

LERINT® »

FRINT STRINGE (80, "#“)

ILPRINT STRINGS (B@,"*")

RETURN

REM SUBFROGRAM 2 FPRINT EXFECTED FAYOFF FUNCTION

Cis

FRINT"THE FLAYER NUMEER"

INFUT PLAF

FRINT"NUMBER OF STRATEGIES"

INFUT STRAT

IF (STRAT=2)} THEN 6160

IF (STRAT=3) THEN 7118

FRINT"CANNOT CALCULATE EY THIS METHOD"

LPRINT"CANNOT CALCULATE BY THIS METHOD®

RE TURN

REM THIS FART PRINTS FUNCTIUNS OF THE FLAYER WHO HAS = “TRATEGIES

FRINT" ©

LERINT® »

FOR I=1 TO 18

READ A(I)

NEXT I

LFRINT TAE{15); "*THE FLAYER NUMEIR"FLAF;"  HAL " ;STRAT, "STRATEGIES«"
FRINT TAE(15): "% THE FLAYER NUMBELK™;FLAF ;"  MAS " ;STRAT: “STRATEG] LS~ "
LPRINT® *

FIRINTY -

{ FRINT“#EXFECTED AYOFF FUNCTION®

FRINT “#*EXCLCTED FavOrt FUNCIION®

LFRING™

PRINT® »

=t

A LK



6250 FOR I=3 TO 3
LH260 FOR J=t TO 3
&H2780 L=+l

608 A AL
L2798 LFRINT TAROIS) ;"L 3 1gd; " (X ="k "Xl ALY L
L£T0Q FRINT TARCIS) ;"1 " (X 1dy="31 " X1+ (" ;ALY ™

AT @ FAYLI {1, J)=AKD)

HI20 PAYZ (I, JY==A L)

LGIRE Wap 42

LHT4Q NEXT J

&350 NEXT I

4TEN KEM CHECK DOMIRATE MIXED STRATEGEIS

H7O ILFRINT TAR 1) 3 "*FUNCTIONS NRE CONSIDERED FOR INTERSECTION”
L0 PRINT TABC1Q) ; "= *FUNCTIONS ARE CONSIDERED FOR INTERSECTION®
o0 FOR I=1 TO
&400 FOI =1 TO
L4410 FOR + =1 TO
54086 F0R L= 1 TO
HATE Re=d

LG4 S=] .
&ASE IF(I=il) AND (Jd=L) THEN &£470

H46Q IF(PAYL (I, >PAY1 G, LYY AND (FAYII(I ,J) AFAYZLL, L)) THEN &E00
6470 NEXT L

H48@ NEXT Kk

&40 F=PAYL (L ,J)Y--FAYZ (T, J)

A%00 LFRINT TAEIS) s "L RS (X1 =" " X1« (" PAYLL ) ;"0 Y

S8 FPRINT TABRCISS ; “LU:RiSi " (X0 =" Fs "0+ " FPAYI(L 035" "

&3228 NEXT J

&5T0 NEXT I

£ 0 0G0

L5838 FRINT ™ ##¥ey v x TRACE, GRAFH AND CONSIDER 1IN KSECTEIORN I
550 FRINT® ™
&ETE RETURM ]

o

£ REF THIS PART EXE CUTES JALUE OF SArt OF LA o WHO Heb T 5TRGIEGIES
L6180 READ IME

5620 0FViI- -100

HETE FOR @ 21 TO TNL



LAl

5=
o7 oG

=]
&7 7
578
&7
S030
LELB
L8128
OB
[ 1%
i 7
P Nl ]
HAERY

vin e
SO

P &)
T

e

T O HMT

i
R § [T A
r

READ vi1,02,C1,Co
SX1=(C -ClY/ (A1 -n2s

SXZ=1- aX1

VAT =1 vSX1 -+t

PRINT" HE INTERSECTION POIRNT
LEFRINT"IHE INTERSECTION FOINT
IFOQ(T: OFVEY)Y THEN 6740
DPFV1=V )

ANY 1=53Y1

O 2mGX2

NEXT 1

FRIMT™ "

LERINT® *

LFRINT TABCIO) : " %x+#0FTIMAL MIXED
FRINT VAR(10) ;" *x*xDFTIMAL MLIED
LPRINT »

FRINT

LFRINT TABR{1@) ; "*###VALUE 0OF GAME
FRINT TAR{LI®) : "###%VAL UE OF GAME
LFRINT S2TRINGS (8@, "*")

FRINT STHINGF(BA, +")

RETURN

REM SURMHROGRAM =
CcLSs
TRINTTHE
INIFUT I AF
CRINTRUMED R OF STRATE GTIES®
CAFUT SN

CALCLIL AT At

T AYER HUMBL R

THEN &&00
FIHEN 7&6,¢
CALCULATH
CALCULATE

PoaTRAT D
PLUTNT CANNGT
LEXTNT "CARTIE
HETURN
B M

THIE
THIE

1ey
X3

NS IS R A

Tu L4

hay o

[ e

FRINTG

NUMBLR Y;1:"18
MUMBER

ME”
PETHON "

]l

¢"38X1pt,
(";8x1: 7,

vl IS

15
s

STRATEGY
STRATEGY

("3 ANX]1;
("sAMXL;

FOR THE FLAYER NUMBER
FOR THE FLAYER NUMRBER

OF GfME

I HJD™

THRE LAYER WH (1RS>

"aMiIye)y
DRSS I I

Ty UEPANXZ )
“LUUIANYZ Y

is

is

"sFLAF; "
“sPLAF; ™

HTRATEGLIES

"1 OFV:
v 0PV




7iug LPRENTSC

7istn FRINT" _

2170 LPRINT TAB(1S);"+VHE FLAYER NUMEER “;PLAF;" HAS" s STRAT ; "STRATEGIESK"
e PRINT TAE(15); "%¥ [HE FLAYER NUMBER ";FLAF;" HAS";STRAT; "STRATEGIESk*™

LFRINT" "

PRINT" "

PRINT"##FART2; EXFECTED FAYOFF FUNCTIONBS®Y
LFRINT"*EXFPECTED FAYOFF FUNCTIONSY
FRINT " «#EXPECTED FAYOFF FUNCT IDNG"

LFRINT" ©

FRIWNT" ©

=1

FOoR I=y TO 2

FOR J=1 T 3
=kl

M=t 2

E=E ) - BeeM)
D=k (L) ~BOM)
LFRINT TAB(13)Y 3" "F";
FRINY TAR(1S);"F";
rPayI (L (dr=Rd0)
TAY4 (1 . J3HD
FAYSCL, 0 =R{M)

Fozh 43

NEXT J

MEXT

1M CHECKED DOMINATLE MIXED STRATEGIES
LERINT"FUNCTIONS ARE CONSIDERED FOR INTERJECTION™
FRINTY ! UNCTIONS ARE 7 ONSIDERED FOR INTERDECTION"

ERE S ,X_’-_'J=";F';"X1+(";D;")X2+(";E(H);".\ "
;"(Xl,X2)=';P;"X1+(";Q;"JX2+(";B(M);") o

FOR 1=: TO 2
Qe A= ' 2
Flie FP=y 7O 2
Fol =1 [0 =
Fre T
C=

T Ut ARD o J=@y THLT TS0
JLI 1T [ Y ¢ 2R § S L ANL. (FaY4 1 30 /YA F, (MY THEN LA
TR £ o
LA S B I AV D THEN 7680
A LIERT v
v Y



7558
7

7533
L0
7608
7610
SR
F&Z8
L0
7660
7470
7680
70
Ve
7710
7720
7730
7740
7750
7ra0
70
1y R0
7778
7600
76810
76820
7830
7840
TE5¢
560
870
7082
7850
7300
771@
P 0]
S
et

r=fAYS il ,3) - FPAYSL T,J) .

F=Paya(l,d) -FAYS (I, d)

L PRINT TAB(!S);"P";R;S;“(XI,X2)=";E;"X1+<";F;”)X2+(";P-V5(I,J);")“
FRINT TGB(lb);"P”;R;S;”(XI,X2)=”;E;”Xl+(";F;“)X2+(";FGVS(I,JJ;")”
NEXT J ’

NEXT 1 . .

FRINT ' 5N FLEASE TRACE GRAPH AND CONSIDER INTERSECTION Py
FRINT" " i

RETURN

REM THIS PART EXECUTES VALUE OF GAME OF THE FLAYER WHDO HAS I STRATEGLES
READ FLAN

oPVi=-100

FOR I=1 TO FLAN

FOR J=i TO 3

FOR K=1 TO 3

READ MP{J,K)

NEXT K

NEXT J

FOR L=1 TO 3

READ CP(L, 1)

NEXT L

FOrR J=t TO 4

IF (J=1) THEN /8B@

=J-1

DE {1 ,KY=MP (L, 1)

DE (2,¥)y=MF {2,

DE (3, 5)=MF (3, K0

D1, KISCHLE, 1)

D21}y =CFI2, 1)

DX, ) =0T, 1)

GOTO 773@

FOR M1=1 TO ™

FOR M2=1 TO 3

D (M1, M2 =Ml ML, MDD

NEXT M2 ]
MNEXT Mi

LH=(D(l,lilUiJ,?l*D(E,i))'(D(l,Z)ith,ZlhD(Z,l?)+(D(1,3)*ﬂi2,1'Jﬂ(?“
D2- thS,lHDf..'.:,’.'_')H-(L,,-:..!)tc,D\ AT RO IS LN B O (DL, DRDT2, 1D LS
DETH (I DI~ 0%



Fe
FAIAY
£ 1T
FASEE
Buan
gy

2103a¢
AR
1.9
810
g1 40
© LS50
13 &8
(170
3158
RER5
anaa
ulle

el

e

CTLA0
RIS A
)

b ade THEN 3600

PO omDE LK)

DOZ i emDE e k)

BT =RECT,FD

MEXT

IF«DEITDCE)=3) THEN 8270
X3, 1 DETD (DY ADETD L -
Sx {2, i1:DETD() /DETD(1}
Syl 1y DETD(A) /DETDC L)
Gri-Sxcl, i)

BXL=BX (I, 1)

m1 ALK 1Y +EXER 1))

LEFRIMTYTHE THTERSECTION FOINT NUMBER “;7;
FEM CHECE MIXED STRATEGIES
IF4GX179) OR (5X11° THEN 8296
TRvnXl @) OR 15X27 1 FHEN G206
IF{GYL @)y OR (5X2 1) THEN 8200
TF ORI sGX (R, 1Y) THEN 825
Cryt=53(3,1)

OF1 v 1 =651

M 3x =02

P -X3T5X3

GOTO 375

“IS(TEXLg

LPRINTY THIS INTERSECT [ON FOINT NUMBER ";r;" IS USELESS.
FFRINTY THIS INTERSECT,ON FOINT NUMBRER Yl IS USELESS.

GOTO (7RO

LS " ANRDT FIND TRNIERSECTION FOINT BY CHAMER'S RULCE™
S RLULKE"

PRINT™ (CARNGT FIND INTENRSECTIOH FOINT BY CHAMER®
NEXT

FRINY" -

LERINGTO t

PRANT "see< b T IMAL M 01 LTLRATELY IS araxXy;, " OPSXT:
FRRIMY e M hne B VRATE S ¢ ' sgrmosty s 0FSXY:

PIOINT o
Latra

[T Yo D OF Gl F O THE PLAYLR MUMBERY Loy

CHITNG "re e wal gl OF LOMEL 1O VHE PLAYER REMRER" 3 1A) H

ERINT LIS E e e
CUIOTRIE R LG iR, ety

"

l

PRINT" THE INTERGECTION FOINT NUMBER “;Z; " IS(“;SX1;%,";5KD;%, ";8X(3,1);")"
: GYZ3N ST, 1y




B8 RET UK

90UB REM LATA FOR FPAYOFF TABLE
9010 DATH  3,2,9,-4, 1,6,3,2,8,-4, 7,7, -2,2, %, -5,2,
9026 DATA - 5,3,1,-2,7,-4, -2,7,7,1
G160 REM DATA FOR 1 AYER NUMBER 1 WHD HAD 2 STRATEGLES
9118 DATA -3,—6,9,7, 1,-8,3,-6,0,-5,~9,1,7,7,2,-F,-5,7
§17¢ DATA o
3120 DATA T,7,-4&, -8
3140 DATA L, -10,-6.1
Go@l RE™M LATA FOR PLHYCR NUMEBER 2 WHD HAS I STRATEGIES
DTG DATA 2,2, -2, ~hy- 8,7,6,7,3,7,2,-4,-5,%,7,5,-2,1
7D DaTS 4
9TL0 LATA 4,4,-1,-9, “1,11,6, 1
FOA0 DATA T, 3,4
QrEE UATA 4,4,—1,—-9,- 7, -1,4,-3,--1
9T e DATA 2, 3,1
S0 DATA 4,4 —1,11,6, 1,4, -3,-1
7260 DATA 2,4 -1
G50 DATA »9,—7,-1,11‘5,«1,a,~3 -1
9530 DATA 3,4,-1
9508 REM DATA FOR FLAVER NUMEBER 3 WHD HAS I STHATEGIES
=@ DATA 1,-3,~5,-5,4,2,-5,-5,2,~1,~4,2,4,0,1,-3,2, 8
‘?‘"‘ nata 4
558 DATA &,2,-1,-7,2,-1,-7,~7,~-
954@ DATA S, 2, -2
9550 DATA @, 2,-1,-7,2,~1,5,18,-1
9550 DATA 4%, -2,8
S7@ DATA 6,7 ,-1,-7,-7,~1,5,18,~
9580 CATA S,-2,8
F52@ DATA =7 ,0,—1,~7,-7,-1,5,10,-1
94608 DATA -2,-2,0

10R0e (LND

Iy

-

-5,

]
bp gl
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CI v -:: o W
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1 v v
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Ujvan g120... lJNﬂﬂNﬂlﬂWﬁ”ﬂhﬂh ﬂ1ﬂ1ﬂﬂu1ﬂﬂ1iqIHWQ”HWQﬂﬂﬂﬂﬂQNLﬂNWN
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6. UaTIINYT RN luTunsu

e R e S N R % T N S R I SO S
EEAEE ALK R ERAFETHRED PERSONS NON COORFPERATIVE ZERQD SUM GAME M X% %% &% X & b X %K X X

KPAYOFF TABLEx

FLAYER 1 2 3
STRATEGIES
(1,1, 1 -3 2 1
(L, 1,2 K4 & -3
(1,1, 3 -1 b -5
¢l , 2,1 3 2 ~3
1y 2, 2 5] -4 4
L, 2,3) -9 7 2
1, 3,1 7 -z -5
t1 o, 3, 2 2 b -5
(1, 3, 3 -5 x z
2,1t , 10 -& 7 -1
(=, 1,2 7 -3 -4
2,1, ) -8 S 3
(2, 2,13 ) 2 4
2,2, 2 -5 X 2
(2, 2,3) 1 2 i
€2, 3,10 7 -4 -3
(2, 3, %) ~5 7 z
(2, T, %) 7 1 -8

LR R R R R R T b O N N R R KERHFR AR R EER AR T A AL A b H AN [ R T



ATHE PLAYER NUMBE: 1 HAS 2 STRATEGIESR

PEXFLCTED FAYIFF FUNCTION

L1 1 (X1)y= 3 Xi1+v(-¢4 )

L1 2 (X1)= 2 Xt4¢ 7 )

L.} T XY= 7 X1+4-8 )

L2 1 (X1)= 9 X14({-& )

L2 2 (X1)=8 Xi1+¢(-5 ) '
L2 2 AX1)=~1@ X1 r( 1)

. 3 T (X1)= @ X1l+( 7 )

L3 2 (xtr= 11 X14(-Q )
L3 2 (X1)=—12 X1+ 7 )

*FUNCTL(INS ARE CONSIDERED FOR INTERSECTYON

L 1 I (X1)= 3 Xi1+(—4 )

.1 3 {X1)= 7 X1+ (-8 )

L2 3 (X1)=-1@ X1+¢ 1 )
L322 Xly=s 1t X1+ (-9 )

THE INTERSECTION FOINT NUMBER 1 I8 (.5 ,-4.5 )
THE INTERSECTION MOINT NUMBER -2 18§ ( .53B4s18 v—4. 5Bas1s )

*xx0F1 [MAL MIXED STRATEGY IS ( 53844616, L 4615364 )

#ECVELUE OF GAME FOR THE FLAYER NUMBER 1 IS'-4.58461 6
*¢*****1*&ii**+ﬁ*+§****+***********iil****;****r***iii****nx*1«*w%ix*f*wn***n*-



*THE FLAYER NUMBER 2 HAS 3 LGTRAMTEGLESG«
*[EXFFCTED £AYVOFF FUNCTIONS

{X1,X2y= 4 X1+( 4 YXZ+{~2 )
(X1,X2)=-G X14(-7 3X26( 3 )
(X1, X2)= 3 X14( 4 IX2+( T )
(N1,XT0= 11 X1+¢ & X2+ (-4 )
(X1,X2)=—1@ X1+{(~4 Y X2+( 7 )
(X1,X2)= 4 X1+{=3 IXZ+{ 1 )
ERED FOR INTERSECTION
(X1, X2)= 4 Xi+( 4 )X2+{(-2 )
2 (X1,X3)=~§ X1+(=7 )X2+( I )
11, X2)= 11 X1+( & X2+ (-4 )
3 OAX1,X2)= 4 X1+(=3 )X2+( 1 )
THE INTERSECTION #OINT NUMBER 1 IS 2352941 , 17647046 ,—-.3529412 )
THE INTERSECTION FOINT NUMSER 2 IS{ 2.197802E-02 , .42BS71S ,—. 1978022 )
THE INTERSECTION FOINT NUMBER 3 IS( .16326S3 , .4285715 , .3&7347 )
THE INTERGECTION FOINT NUMEER 4 IS(-2.247191E-02 , .5730337 ,-.B@BY6BE )
THIS INTERSECTION FOINT NUMBLCR 4 IS USELESS.

FUNCTIONS ARE CONSI

[ B BN i N VI
e O CE R B Y

. B i i e M . w i+ e it i

K kDFTIMAL MIXED STRATEGY IS({ .14632653 , .4285715 , 4081633 )

& WVALUE OF GAME FOR THE FLAYER NUMEBER 2 IS5 3467347 .
L LN S S NS B



A lie PLAYER NUMBER X HAS 2 STRATEG [ESK

SEXFECTER FAvORE VUNET IONS

F o 1 (XE, 8= b6 X110 2 )X2+{~5 ) .
Foi 2 (R1,X3)=-7 X1l+( 2 X2+ 2}
ol 3 (X, X)) ==7 X1+(=7 IX2+( 2 )
Fo2oo1 AX1,a2)==-4 X1+(-7 YX2+¢ T )
o 2 X1, X2)= 3 X1e( 1 yX24+( 1 )

o203 (X1, 3 X140 10 1X2+(-8 )
FUNRTIONS ARE CONSIDERED FOR INTERSECTION

1l (XY, X2y 6 X140 2 )IX2+(-5 )
Frol 2 (X1, X2y=~7 X1+v{ 2 3X2+( 2}
1 3 (X, X2)==7 X1+{-7 )X2+( 2 )
2 3 (X1,X2)= 5 Xi+{ 1@ )xX2+{(-8 )
THE INTERSECTION POINT NUMBER 1 IS( ,5384&14 , @ ,-1.759231 )
THE INTERSECTION FOINT NUMBER 2 IS( .5384&1& , 4423077 ,-.BO45154 )
THE INTERSECTION FOINT NUMBER I [S( 29345372 , 4870796 ,-2.&6446018 )
THE INTERSECTION FPOINT NUMBER 4 15¢ .B333333 , B ,-3.833333 )

*xA0FTIMAL MIXED STRK\TEGY IS .5384&616 , 4423077 , 1.923072E-02 )

»##VALUE OF GAME FOR THE FLAYER NUMBER I 15 -.8B845154
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