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Abstract

There are 3 archers in a duel. Each player takes turn to shoot a player except himself. Once a
player is shot, he will withdraw from the game. The last survivor is the winner. We use the tree
diagram to determine the each balance strategy, and design a python program to simulate each
probability of the tree's branch. After that, we try to extend the analysis to more than 3 players.
Because the situation is too complicated to deduce the general formula of winning rate, we use the
degenerate characteristics of the game to conclude the recursive formula of the winning rate of each
player in the dual of n competitor. We implement the program for the recursive formula. Because the
complexity of the program is O( n"*2), we can't analyze these games with more than 8 players. The
exhausive simulations can only be carried out for less than 6 players. Therefore, this research mainly
conducts experiments and inferences for games with less than 6 players. However, we seldomly get
all the information in the real life. By using the program simulation, we can get the probability of
strategy for each player. We also can find the best strategy for each player under the situation of

imperfect information.
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0 L(Pj) = (P; —+ X)
n_TrJ1 LP)=(P—X)
PAR) = ll—Il { p: else
4 Jli—j+n)modn [(i +n — j)modn] < [(tar — j + n) mod n|
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1% WG UERRREER > WP RREEGYRZE - PUT PUREE DT 2R =0
o

1. Bpk=l(w)
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Recursive call W

L function W(i, players, L) J
1

n «-the number of players

Yes
Wi, players, L)=1

No
Let w=0,j=11=1

T Yes ' !y
j<n? calculate V', players’, L' }
No :

[ Wi, players, L):l": ]

je~j+1 p———or re—r*(1-p;}

| we-war*py « W(i', players’, L) I>

Yes

v

Recursive call ABL

&+ ~ W(, players, policy) ey 87t 12 ]
JURZE AV ~ players’ ~ L' EFRBIPR P YD’ ~ players’ ~ L' [ -
BERE R A h R RS R E TR - BN — (RS A R BEEN S &P 20U
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2. PR ek

FHP L R IR S TR SR - Rt — HLABL(players, Ly ey ) AV {EREE 1212 20H]

GEOR o BRAIAUREANE

Recursive call ABL

[ Function ABL{players, L.y ) ]

ABL(players. Lyey) | Yos @
= Lypyy

ey abi2 « ABL(players. Lycee')

Recursive call W
&

abl==[]| or
W({i+ 1, players,abl) <
&t + 1, players, abl2)2

[ ABL{players , Ly, ) = abl ]

& — ~ ABL(players, Lpyey) BRI EURAZ R
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TR EEE0(1) » B E T MR R

C * [n * (nn+1 + 1,1n+1) 4+ 1 % nn+2] =3C % nn+2
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6 26.61 1.68 = 10°
7 708 4.04 * 107

]+ BV PR n BEAIF TR RAVE#EE - 7TEH RV E R -
1e7

4.0 1

15

30 1

25 1

20 1

15 1

140 A
05

00

1 2 3 4 5 6 7
-+ - B n BEABET(n) B RA2

HI—8H 7 AR Pl g /i 708 7 » &9-Fr# > NILERE TR ERSEE - DIT() T
A8 NLAEFE BT nl ST E—4H 8 NFm - RHS FRIF4Y 18838 70 AT 5 /N
—4H 12 NFERFE2.25 = 101°F) - 49700 4F  RLAIEAR D) - NBUAZ IR B Ak
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B, Plotly BFERATESH D Yoo

HI5Y Plotly ABHIIRE] - 0GRS MEIP A2 F4E6 - ERTREE LB 16
CHEZEEAAES - HB—(E =t - HERLEEER E R R 1L -

Z - FEIABCT » B SRESR R R
FFADY A L E B A E B st PR A B TSR (e
HEMEHS A\ BB SBEBRTRIREN ST - WHEFARR RS - RO
Python BEEHFEt» (3T A ZER (T A RLABER - RMIEE A S 4L An P& (D1, oy o D)
VB4 e AR ARG » (T BT AT 15 L R TR ST G s b - )
T BN NI R B T SR B A e

(=)~ SAFERT - FET AR
RIS T 100000 414 25 (P, Do, P3) » STELE A ciioA & AP NS U1 e T
Git (BB 2 G T

£/ S AZEE T S REISE R

- jm% BEERTER | &P, HHEEP, SHEEP;
P, 23.81% 0% 40.99% 35.20%
P, 23.14% 35.51% 0% 41.35%
P; 27.80% 36.07% 36.13% 0%
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e E =~ I > DUEHIRESE S L HISE R E A K -

()~ WAEFT > A FPH RS Hy S E R

HAPIHELEE 17 10000 4Hn 420 2 (P1, P2, P3, Pa)
I LCNECES 2 L& VUFE HA):

sTREESEE MRS I TEET

L~ AT T SR B A e

o %%mg BENE | e8P, | HEP, | HEP, | HEP,
P 5.06% 33.77% | 30.57% | 30.60%
P, 538% | 31.99% 0% 32.00% | 30.63%
P; 488% | 2942% | 31.93% 0% 33.77%
P, 532% | 32.37% | 29.65% | 32.66% 0%

(=)~ IAFEFT - AEPHERISH AR

FAMEIEE 7 10000 4H e %40 % (p1, P2, P3» P4 Ps)

aT o SR OGRS 2 iz PUFE L A):

Tt~ TAFEE TS RHSSE AR

sTERH S TP H SRS I A T4

SRl

s BEESE | HEP, | HEP, 5HEEP; 5H82P, 5HE2Pg

Py 12.28% 0% 23.87% 19.97% 20.87% 23.01%

P, 11.84% 21.2% 0% 24.19% 21.28% 20.89%

P; 10.87% 19.75% 22.83% 0% 24.98% 21.57%

P, 11.7% 19.57% 20.71% 22.96% 0% 25.06%

Ps 11.77% 22.59% 20.35% 21.73% 23.56% 0%
(M0) ~ ANABERH > AP RS R S A iR

FHFREFFEIRRA > FfPTRAELEE T 1000 &Han -PEHE (D1, P2, P3, P4, Ps, Pe) * T HASEHE T

AP SRES AT TR 1SR — OB 2 L& VURE FLA:
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Tt—  NAFEF NSRS R AR

o %%mg BENE | HEP, | HEP, | HEP;, | HNEP, | HEP; | HEP
P, 6.4% 0% 184% | 178% | 176% | 162% | 23.6%
P, 5.5% 21.9% 0% 188% | 193% | 185% | 16.0%
P; 4.9% 208% | 19.7% 0% 192% | 158% | 19.6%
P, 4.7% 184% | 168% | 20.9% 0% 24% | 16.8%
P; 5.1% 178% | 167% | 21.0% | 19.6% 0% 19.8%
Ps 5.0% 211% | 176% | 186% | 168% | 20.9% 0%

R/ VR — 3R B2 EHBERIENER R N REMSEAIRREE
AR

RN ALl BB G R A PR SREISEYRF I 2R 10 388 NI R MIS AT AR -
BEZ = ~ VU ~ TLBN AFRARHTES, - ?ﬂdﬁé’*ﬁ%ﬁﬁgﬁéﬁmﬁ% SHER AR (K > TG
BHASEAHCRHERT - B4E 0 AFERT > P~PFHE NI 2EZPHY T
EPy > DUHEHE AYBRED S > 1117 Py ST 58P, o YRR - 1%&%%%? SAEREFHR > #E
AERSN NEREREA ) > BEES LN -

=~ Dlap R A/ N AR RS SRS IR R

FITFEE R — ISR 2By o = B & P SR 4 2 A S ORI Al =
R FFIErar SRR RIS > M2 SUR R IE an PR A NS - O REsEsiiT
HURFE - ﬁaﬁf‘ﬁ[@f’f&ﬁﬁn{l EAERE LAY 0~ 1 RIS HYIERE n B RSP
rEFFEE—Har R G > WorhETESEH S H PR - S& AR R A SRS
IEU?EFEJE’J%EH% ”r%%ﬁlﬂ%u%fﬁffﬁé‘? EE)A nos T e R R 2 S IR (%< (< {5 | o VAT S e
FA WA ABEERFINEEE TR - BB =~ A NERNERGER - 1282 PRIYE
faef > JMILL Hy Fomn AR T o RE(EASEE > Ll Hy rahRIRAISEE > K
R - Hi (R n ABfBhanthaRss K (RRV2EE - LUN 28 Darh RN NEGBRR RS 2EE
[ > 5 ARESHY AR -

(HZAZERT DA NGB T o R RIS S e
FRIPIEEE T 100000467 %4 2hy, hy, hy » (R8N < hy < by » BEEH LS TAR

NEFFHES T B P Rl S U ERR - TG R T (BRI RN 1%H Y HRES
> H/NBGRE AL U R IURE FLA:
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DlaprtpeREE T - = ABB S PRI AR

#to
RS B
H, > X,H, - Hy, Hy - H, 72.88%
H, > H; H, > Hy, Hy > H, 21.34%
H, > H; ,H, - Hy, H; > X 2.36%
H; -» H; ,H, - H{,H; - H, 1.57%

AP E L RIS ol > Al—5 = A EA TR P o & (Hy -
X,H, = H3, Hz - Hy) - R &I5EHETEE - TEFRESHE LN > BRFGEEE

W=

G332 SATEA LIRS -

BESN - AT H S 2 B FESRES IR (R =)

DlaphREZE T - = \FEFES- PHRIS AR

Ft=
SRl
P BEEE | HEBH, | HEH, | 5%H,
H, 72.88% 0% 1.25% 25.87%
H, 0.6% 3.93% 0% 95.47%
Hj 2.36% 0.58% | 97.05% 0%

(OPUAFERT A A N ISR T R R 58 A

HAPIfEEEE 7 100002H a1 R4H & hy, hy, hg, hy AifREEh, <h, <hg <h,

RS

NEFFES T B P Rl St ERR - TG TR R T IR BN IR RTY 3% H Y HRES

£):

FAU0 -~ DR T » TSRS T R e

IREREE R
H; » H,,H, » H; ,H; » H, ,H; - H; 50.75%
H; -» X,H, -» H;,H; - H,,H, - Hj 15.25%
H, -» H,,H, - H;,H; - H,,H, - H; 8.18%
H, - H4,H, - H,,H; - Hy,H, - Hy 5.39%
5.13%

H; - H3,H; - Hy, Hz - Hy, Hy = Hy

LIS IR R R e Y SRS B2 5 fs(H, —» Hy ,Hy » Hy ,Hz - Hy ,Hy » Hy) > H
HESRER = AR T2%HEE 51% » SNSRI - IN - th ATt S S e

A [E SRS AR
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RAI DlanthREE T WWARRS- PRI S AR

% %;fm% BERE | HEH, | HEH, | HEH; | HEH,
Hy 16.04% 0% 1.49% 939% | 73.09%
H, 0.76% 91.46% 0% 0.46% 7.32%
Hj 3.1% 431% 1.6% 0% 90.99%
H, 0.63% 13.74% 5.3% 80.33% 0%

S)RAAERT > PlanhRAUNGEGERE T > A FP R TREs Ay S L R

HRIF AR ZR » FAMEEEEE 7710040 hy, hy, ha, hy  hs i fREGh; <h; <hg <h, <hs >
TR SRS RIEFHRY ] Yo SRS SR R AR - I TS R R (HN RIS R B E 1B

% EREURHBIARTL 3%HT RIS 5):

Tt~ Dlapth Rz - T AFF S P id a8 A pees
TRE LR IR
H; - Hs ,H, - Hs ,H; - H, ,H,; = H;,H; = Hy 9.04%
H, -» Hg,H, » H,; ,H; » H, ,H;, - Hg,H; » H, 8.32%
H, -» X,H, » Hs ,H; » H, ,H, » Hg,H; » H, 4.23%
H,; -» H,,H, » H; ,H; » H, ,H, - Hg,Hs - H, 3.63%
H, » H,,H, » H; ,H; » H, ,H, - Hg,Hs - H, 3.3%

ATLLEEIR - H R

Rt e Y RS R 5

filRy(Hy > Hs ,Hy > Hs ,Hz > Hp ,Hy = Hg, Hs —

Hy) » FHISBIBERER] 9% » S RIGS BRI I AL - BLA1 - RSt S B R A
[ SRES AR

T D REIE T - T A/ S PRSI ERR

SRl
sy AR | HE8H, | HEBH, | HEBH; | HE8H, | HE8H;

Hy 16.12 0 13.82% | 1882% | 1831% | 32.93%

H, 10.45% 31.14% 0% 1141% | 12.65% | 34.35%

Hj 13.00% 3.88% | 69.93% 0% 1.48% 11.72%

H, 8.93% 2.93% 8.29% 8.43% 0% 71.41%

Hs 8.65% 5.47% 5.32% 496% | 75.61% 0%

Pl T\ R A HEeR S A P RS 5 (HS R H, ~ Hy ~ He{5A ISR

RS - T oS
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fR¥Z 3~5 ABERERMHEMN - 2 AFFT > fIREIGRE (Hy BH, ) HIRER RS HT R
W Ry B5T - HASEE RS AR S A IR -

BEAN > Serl T DI ERIE PSS | AUREILT o S ORESHIBCREET Y AR T DlanreREE |
HEIL T - ST 2HE TRESHIRISA G FINIHEE - NI ERAMTEE R LLRE AT BIH PP B AR B (5 > 2
FEE N PR R NG (R P TRES Y B K

U~ RSES2 R

EHCETEHEE T TERIE R T RTAIRIUE » B RIRAY TR - (HIRE TET S R
EISHIFTAARILHY > BERF AT i et 5 U HE A M &N M HYA SE3= P okl - DU ES
i ERFISTERIAR |~ TERAa P RA/NERE 5 MR T » BRSSP eRg -
(MBS EIAFFER: > S SFENA 585 PR

{h-U-(—)afamiyE =T - Fra2ES ERGARN BT - SUASRIEIEa R - 3
PSR S 2BEH A 5 RIS B R (h- SR Ag R 2E B B AR R e YRS -
FIE S WANG IV

T/ BRI RIETE - S2FENA TR PR

P
B Py P, P P, Ps Pg
3 HUER, | MR, | HEP,
4 a2R, | HERR, | MR, | HEEPR
5 BUEP, | IR, | PR, | BER | H%P,
6 2R, | PP | GPEER | SR | PR, | %R

(h-—&RIE > ZBSEETISEIE T P~Py HEE T — A P EERT— A AR
BEAEFRRAET > PRECGESN BN RIS IR A A MR BE RS - LRI
HEEHINEFPAYER & B A R RV SRS S R B R IEAh Mt E FEE R E%
BHEFOR A FISRES NS S EPRAVHEE - AP RIS E B A S22 ok
{HET 2 RSB AE AT > NI AR IR P SR

(OEERE PRANEFE - Z2EEHA T3 R
{h-PU-(O)ahmiVE R - FrA 2B EEGHNSSE R G PR/ NIIRR - AEEES
FISTEENESY - DR R EAF RIS LIS ETT - AMTPENER S SFHHYA 58 55 A g i)
Rolhi-=8FRBT > Z2EEREMRR SR - RTTLFTR - AR Rk
Ffiean TR RENAH ~Hp RS 2 F
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TIL BRI PR A MBS

» BZEEHNA TIPS

< H,y H; H; Hy Hs
ANB
JRE0E H%EH; HFUEH,
HUEH,, HUEH, HUEH,, HUEH
HF9EH; B9 s HFUEH, B9 s HUEH,,

RN AR &R - BRI AR 2= P oS al sE 8 N B R A% - (h-
=RFIET > SFAERCRAVESSELL- IR IR MHEN LR RIEP S - 1£E
K R E YR 5 HE A AR SRS B R B - JRBRE PR E S5F s
FIIHEGRI ANE S BT - RS AR A -

PRIEZAD > BT IR FERSRIS BT LL R

L BR=EAFERIN  m59E EEERENRERE
2. EeREAIGEE LAY
3. SEEGR T NBE VR BN TE

HAsgg =R2 0 - T AFERAVRISEY - PIENAERT - SEEH, NEEHE

ORATH, AT 8RS58 H, » (2R T EFI= A AEFETHVRIIEHDIE - = AFEFTHY

H A EHHASEENE - FHE > T AERT - SEEHANEH A EBRGIHIH, >
&Ry TREIUAE R/ RIgEH)RIE

+
@‘\%Dn
HESEEATAP - RAISHTEDT > POPEEISLE P>P: « PASIE PP -

AESBEEHEA=AP P BPSHFTERT 0 2FE PHBGRE

j=1ALP) # (P, = X) [ .‘::. :{7. p P
m ) 1 ALiP) = (P, = X) ( 0 L I':\ .E"
) o X o clse

TL{P,) = (P, = X

\:({‘(hn e )
Wi (L) = ‘

AEBBEATAP - P DISHTRET MRS P SIS L hRe
IR DA B T SRR O -
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-~ F2EEE=AP P BH5SHFFEST:
(—)P1 H B A = P SRS Ry P> P
(TP H B A i Y P SRS Ry P> Ps
(Z)Ps B A = P SRSy P> P
(2 MBS e g PR LSRR S TR -
h o~ FERI = Aan R AR NEF S FE RS R e RS Ry i 598 N 8
SN N BT
N AEH n B2EFEPL P, . PRIFTETNSH FERET - 2FBBRNGRE

g : 0 L(Pj) = (P; —+ Py)
\ n y " ) y : l
Wp,(pl L 21 P(Ry) {\\-'r,'(vl-'l.\"f‘r»*"-"') else
py(players, L) = 1 - P(R’)
Hr
5 j=12 L(P}) #(P; — X)
: 1 L{P)=(P.—X : (
P(R;) = ¢ [T '1({p’ (Lll( W )) By, 1> IALED S (Kp—ek)
= L(P)) = (P; -+ X)

n ) n SIS,
P(R") H{l L(P,) = (P, — X)

» else
=1 Pt

[(i—j+n)modn [(i +n —j)modn] < [(tar — j + n) mod n]
i . d \
1(1 j—1+n)modn |

players’ = {Pi11, P42 ... , Py, P, ... P} — {PAFEE 5}
L' Fyplayers'FirE{T 2 n-1 BEEHY-FH e

(i—j+n)modn! > [(tar — j + n) mod n|

t o EEAER - EEE ST RANEFHIZAREGT - SSFE IR R RAYTRES R EE
IEE - RIS > A F HARRIBERAEZE AR -

I\~ FEFE SR R A NIFFPY 2 AFE R
(aneRREEE WAL LA EE -
(OBR=AERBIN > &8 ST EENERSE -
O2FEEG R TEAMLENTTE -

S~ EZASFTERT - BN TRANE AL BIEF A& (R S B SEEHHA

ﬁio

* B Em BRI R E

MG ar Rt RS THOAR RS | SR THUAR N EE - BRERE
BEELNE - GREHEBENGROMESLBAZEE - A ZRERRAEIEMNER -

7t
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WNESFEEEE A F H AR ar PR A E > SES 2B EREAF AR ABERRE T HAIE -
mEREEEEN -

51 TS ERA A FIEETIE - RS2 EE DA FINAF S8 > AR A
SEARECT Y -

PR T —fVEE - MM AZRESESEFEEETIR - BRESFE AR > Rigg
AW -

AWt E T SF T EENIIE - BOKES - R REFEEARIGH] - ELH - B
PEAVEE R L SRR IR B AP AARRE S AR - &1 ] DU BLE B TRy 5 A T 5

il ~ 25EF

— « PESHE (2011) - Shoot ? or not ? — B4R & AT (BRI BRI 2 SRR - cP2EEREISE 51
Bk R

* Len Fisher (2019) - BY ) HUEAR-AE/EHIVEEMHR - R MUk -

~ 15 (MaE ~ K58 o RIEREE Python PRI ImEAEM - L&1&3

SR~ BIHERE(1976) - FEER - B -
http://episte.math.ntu.edu.tw/articles/mm/mm_01_3_05/index.html
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b5

— . TP3 SPERARAHSR  MILE RGN | Y
% P 8IS B PIDPr o PRI R PP (6 0E{1,2,3,X)) » 5 P8I By PPy
BEAFSEHS AL, =(0,1) - ZELIRLFRAS AL, BEERTERS § [H20R (L 2 A28
B~ DIRUFTRAE = Bl E NS B R BHTE: - MDA Wps (L) RIREEE Ps I3
RUESANEIESS

;=1 P(RIj)+P(P; win|RL)) [2]-2:1 P(RI;)*P(P3 win|RIj)]+P(RI3)*P(P3 win|RI3)
1-P(RI") o 1-P(RI")

Wps(Ly) =

% P SRHE By P>Pt > P22RES By PP (4~ 0E{1,2,3 X}) ’ % Ps 551 B Ps>P, > H
BERF RIS L, =(0,0,2) « HARIGFRRRIRE BLIFEEES j &R (LRE 2 NEEN
HF - DIRRIVFRIE =BG N B R brB4: muwpg(Lz)%%/%ﬁtH%} P
EUESNEIRCS

%1 P(RII})«P(P3 win|RII;) [2]-2:1 P(RII;)*P(P3 win|RIIj)]+P(RII3)*P(P3 win|RII3)
1-P(RII) - 1-P(RII)

Wp3(L,) =

EEIE s L RSN B T EE ) IS EEEEVMEE] » [NEERLI = RIT -
Ly~ Lz PRI A2 EE RIS HEE - Kt

[X7-1 P(R)) * P(P; win|RI;)] = [¥7, P(RIL;) * P(P; win|RIL)] ~
P(RI3) = P(RIl3)

§1‘%WP3 (L1) — Whps (Lz)I
Wp3(Ly) — Wp3(Ly) =

[22, P(R1;)+P(P3 win|RI;)|+P(RI5)+P(P3 win|RI3)
1-P(RI") -

|22, P(R11})+P(P5 win|RIL))|+P(R1I3)+P(P3 win|RII3)

1-P(RII")
_ P(RI3)«[P(P; win|RI3)-P(P; win|RII3)]
= 1-P(RI")

P2p P1ip p3(P2-P1)
P(RIy)-[;222 - ] - PRIy [
1-P(RI") 1-P(RI")

PRI [t |
= 1-PRI") * (p1 — P2)
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p3
/\P(RI3)*[(1—pzp3)(1—p1p3) ]

: 1-P(RI') >0 [NIEE Wes(Ly)-Wes(L)HYIEEHURR (p1 — P2):

(1)Ep1 > p2 > Woes(ty,tz,1) — Wes(ty,t2,2)>0
(2)Ep1 < p2 > Wes(ty,tz,1) — Wos(ty,t2,2)<0

~ PLAR[EISRES T P2~ P3 SRR MR EEEH
(—) P1EREE By P1>X R Py ~ P RSRAEFMEAYEEEH

(DTE pi<ps B > 75 ABLX, DA (X, 1,X) » Bl P> P By P P SRS
2% Pt By Pr~ P R K (6E(1,2)) o F P SRES By P2 Ps B Py TSRS
WA By Ps>Plae 15 P SR By Po> P B P S SIS By Ps> Pta FEEF Wia(X, 1,6)<Wn(X,3,t)
Pr>Pi A By P AP RIS

() P1REE By P12 Py [N Py~ P SRS MRS HH

()75 P SRBE[E E fy PP P a3l iy Sl fy P> X0 Al P 5Rl% fy P> X B PP
BF > Py BB e SR o fy P> X o
DU EAEE Pt i@ P~ P e iR (0€{1,2)) © 6E% Ps & Pui% > Ps

2P3

MRy W3(HS Pri=Py W3=—2 %TWBWLPM) IHEF Ps ST SRIE

H Ps>X ~ Ps>Pts lE AT 5E - FEE L P ~FHr SRS AR (S0 Ps P SRl B P>X
A
a5 P ETTEN Ry PP
Ps T RIS By P> X Y FE SR By
Wes(2,1,X)>Wes(2,1,t5)

1 D3 — P3
> ( + ) >
1-p1D2 P1 1-p1P3 P1P2 1-p2p3

P3 — D3 —_—
+ —+ X W3
197273 (p1* —Pips P1D2 12,75 P1P2P3 )
P1D2D3 ( « P2 + DD, X P3 ) >
(1-P1p2)(1-P1D2D3) P1 1-p1P3 P1P2 1-p2p3

p1p2p3 (W3)
1-P1D2P3

1 P3 J— P3
X X W3
9(1—1’1172) (pl 1-p1pP3 + Db 1- p3) > ( )

b PHVTTEN R P2X
P: S SRS By Ps> X B 7 B By
Wrs(2,X, X)>Wes(2,X,13)
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D3 1 D3 —
X X W3
9(1—1)1173) > 1-p1p3 (pl 1-p1p3 +P1ps )

9( P3 )X D1D3 > D1D3 (W3)

1-p1p3 1-p1p3 1-p1p3

>(2) > w3)

1-p1p3
C.% P: E@?ﬁ'%ﬂ/f)% Pz%Ps
P 1SRG By Ps> X Y TR 4 By
Wes(2,3,X)>Wes(2,3,t3)
pP3 pP3 —_—
1-Pipz (pl % 1—p1p3) > Tormems (PL X T T P1PaPs X W3)

D1D2D3 (P1>< p3 )> D1P2D3 (W3)
(1-p1p2)(1-P1D2D3) 1-p1D3 1-P1D2D3

(P x ) > W3)

(1-P1p2) 1-p1p3

FH BT a ~ b, > c. > FAFTATLASEER - $FHYSHE PHYASR > A DUE P>X By

SPETRESHIRIF R Ry T8 > (W3) 5 -

A 1 D3 < 1 D3 —
I (pl 1—m) -1172) (pl 1pip; | P1P2

1 D3 _ D1 D3 D3
— P17 = — <l
(1-p1p2) 1-p1p3 (1-p1p2) \1-p1P3 1-p1P3

) H

1-p2D3

N 1 D3 == 1
» [K =1 w X s W \ X
IH:EE 3< (1-p1p2) (p1 1_191773) 3JE{ZMIEH:(1—M) (p1

Pivs X o )il - b

1-p2p3 1-p1pP3

1-p1P3

5 PPl > P> X B PUERAERES » AIE PP I PB2X B Pi2X

e Ps AR RS
Q& pi<ps i » & ABLQ2, DA R(2,1,X) » HIl P> Prdh A P By Pl
2 Pt By Pr~ PRI A (PHE{PLP2)) « HH(X)-(DFRAFHSHIHE

ABL(2,1)=(2,1,t5) > Al ABL(2,3)=(2,3,t5) © XAE pi<psBF > Wea(2,3,6)>We(2,1,t5) > PP

FRFTA PSS PSR A - PV RIS PSP -
(378 p>p: H picps » HII PPt s PP 50

p>p i P HT RS 2 Ps> X 2 Ps> P 0] 5E » () -(Q)FAM 1S5 H13 pi<ps

A ABLQ,D=Q2,1,X)FF P>P A REE P HIEE RIS o {H pi<ps R
W(2,1,X)<We(2,3,X)DARRTL > H & pi<ps B Wen(2,1,X)< We(2,3, ) AR T
We(2,1,X)<We(ABL(2,3)) » PP AR By P Y -l SIS
(A& p>psHF » 75 ABLQ2,3) R F5(2,3,1) » Rl PPy A2 P AP SR
FAM5r ABL(2,3)=(2,3,2) ~ ABL(2,3)=(2,3,X) R Fiik e :
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a5 ABL(2,3)=(2,3,2)
LB ABLQ,DAE QLX) L2)MFEATEE o FHFY We(2,1,X)>Wn(2,1,2) »
SAE po>ps B We(2,1,2)>We(2,3,2) » 45 & Bl =0T ol 8537
We(2,1,X)>We(2,1,2)>W(2,3,2) » We(ABL(2,1))>Wrn(ABL(2,3)) * P.DP: R 12
FirE P2 SREE HP 5 P f R » P P SRES A By Po>Ps -
b ABL(2,3)=(2,3,X)
FH()-(DFRAMEHIERRS ABLQ2,1)=(2,1,X) ° XAF pi>psBF »
Wn(2,1,X)>Wen(2,3,X) > PP ANZATA P RIS {E PR K - P R
B Pr>Ps

4 a b, B ABL(2,3).5(2,3,2)80 (2,3, X0 » PP AR By P Y Sl sRmg o

(=) P1 SRS By P1>Ps N Py ~ P3RS MY EEHA

(DPs P SRES A s P>X
HMESAES P LSS EZ T - antPRESHYE Pabe {1,2)) > WG Ps

Eh Py % P =W3 (2 Pr=P) » WS:% o %5 PL=p, » W3=—P) » % Py ATAE
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if(W.get(str(p))=None and W[str(p)]-get(str(pol))=None
and W[str(p)][str(pol)].-get(pi)!=None):
return Wstr(p)][str(pol)][pi]
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