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IEX

R PSR ToE - S LR AR LTF /e s U N1 I S S
5145]: Green Hackenbush (£ i ji i )

Bl n BT, SIS &g, @y ... &y, BEXK L A R FTHAERX LT 7 RiiET
WA TR, AR F

1. WANBWHRAE, IR LSBT

2. RTREOERAE, SEikE RRSEAKR O T, SRIEIRBERAT T2
B, IF B ST T A ANAH I R 20t 2 A

3. BOCTIEATERAE R N il o

RITR LA R BRI UG, V5 [0 145 Hh () JRi T o 3R

L |

MG H, —EREBD n T, Sk —IREEZ G LR B N 0
B n-1 BT BRI, — B B n BT RS TN n UG T 04 7 HECnim
pile) o FrLL, LIA RSN n HA T, A T8N ag, 8. a0 I
FFEWARAE, BRUGRAE NI A T IR EEAD T 1A, sEoikitds
BEVE RO NS, 1050 T IS J5 T 00 i o XX AN )8, #2455 The Sprague-Grundy
Theorem', FATAT LAEAA HBBETE H — /NI IA) 4% 2 ok O(n) R 5577

FATKHAE Green Hackenbush 1, AL R, Bz L LK R K AliL
RFGHGEAHFIY, Wi an RIu K L ] LU 28§ AR IO § BodRfE, MIZex R
WATEL. HE, WUERAMFE G B ARE? ATAGIAERAA A5 20— J%
Pry s —Befiaiobs BT L el R, ok L HBERBEbs | L B, Bk R K

Y5 g AR GiIfT SG %k, W) G=G+G,+...G, I SG BAEL 9(X1, Xz, .- Xn) = G1(X1) XOF G(Xy) ... XOF gn(Xn)o
2P L 2002 AEAEYIBAIESC CHUEE DR BB YA R ——3B M — SRR R A L ) oKk
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WS b RIGBL N EXAEBRRILLE, Juak L MiBeR R M G s AAH IR 1,
[ I} 3241 138 & B, The Sprague-Grundy Theorem 7£3X 25 o] #81_FtHAN T a7

ARSI BRI 1 72 AT i 3 S P9 AN To 55 1) RT3 ke SR AR G AN AH (] 1) 18 2%
), WARZ AR ) 8 (Partizan Games) .

—. BREEZ
AATEAB—A 1 T H Surreal Number, F HLi ik — 8 451 558 £ 28 o 4] 1) B
X HR M A e —RAP 2R 20 &k (Partisan Combinatorial Games)

2.1 Surreal Number 43

TEHCE, surreal number 22— /MUE TR R To 5 NIGEA SSH. R
IfKs /4 surreal number ()5 SCUASARIGME BT, HH T AN SCUE 4 surreal number
YE R — AN W8 0] /R T H 51N, BTLA surreal number ff)— 25 51 25 ) 1 5¢ &R
ANKIPE TR AN S AEAR AR B, A GBI 1 276 276 SCHR[] -

2.1.1 Surreal Number B)#4i&

SEX 1 —A> surreal number FHI§MEG L. FATFRIXPIAN TS D “ itk
5 CHEE” o WENOCT, FdlleH surreal number HAE{L|RY}, Hr L EoR
ek, RFRAES . BN EGTHIITE W surreal number, HAGEA
AFAE—ATeFR X B AN ICR Yy W2 X <Y

EX 2 XF surreal number x = { X_ | Xg My ={Y_|Yr} FEATFEx<yH

)

~

oy

HACUALEE X e X TGy < x, LEAFEAE yg e Y MlifF vy, <x o I TRIETT
fif, ALK y<xBfEx>y, Fx<ya—(y<x) G x<y, ¥ y<x 5 x>y,

FEx<yay<x 51 x=y.

AMEEH B PAS E AERE T i I E NS B R, i B A g
S, BATTA] LA M) 3E surreal number .
e X1 a4, —A surreal number HASES S5HAESHN, HIXHANMES
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[F17C 2 WAL 20N surreal number. {H 2 FRATH FiIZE— surreal number 15 AN%11E
Kb R B4 LA, R ATE, BH{o| 0}, WHFHEN N5}y, R

EX 1, FATATLAE{L | Mg AN AR surreal number. 2% )5, FA14{]} =0,
[l AT TP O JEAE 2R 0 RR/ES

it 0 25, BATEARIH 0 #3 HBn ¥ surreal number, #5H1{0 [}, { |
0 JLAK {0 | OF o #RHEES 2 7%, 0<0, KIL{0|0}FFAN e X 1, Fri{o
| O} A~ 42— surreal number.

A2, FATTUAEH{|0}<0<{0]|}, HILFEAIL{|0}=-1, {0]|}
=1, FIBRATAR L FI-1 &5 1 R AR,

MM 01,-1 E N ARG S ARERIITE, TATAT LI 17 ASEV4H) surreal
number, FATFRIX 17 4> surreal number J27E5E 2 K2R . bR E X 2,
AT DAEN] 1< {1 301> { -1}, BlkdAI{11}=2, {|-1}=-2.

HEh, BATEKIL0< {01} <1, HTAEMENHRIMEEF P A{0]1}+

{0|1}=1, HIHIATIA{0]1} =", RIFIATATLIAGHEL-1]0}=-1,

I EILAEFRAT T4 7 4 surreal number: -2, -1, <Y, 0, Y5, 1, 2. BSRTES 2 K
A=A Y surreal number I8 13 A, AFUZ 0] DUIE B EATIE 2 Biinix 7 /N5
Horp—AN, BltnF A e 2, AT DIAE{ -1 |1} = 0,

W, AR 3 RBATWTLIMIEH Ya= {02}, *la={'h|1}, *={1
12}, 3={2|ILAS R AR Ol e — BOXFE N2, FATRT AR i %
w2 AT . B, BRATTIT LU U R BRBOR 4 AT B surreal
number [0 NI, FRATHRIXAS B HCh S5 pF1 2 -

{I}x=0
{o(x—D |}, x>0AxeZ
S(X) = 1 {S(X+DHhXx<0AXxeZ

{5(12_k )|5(J+1)} x_zi/\J keZAk>0

S L BATTIE T AR T AT B S B e K EOIE 55 /NG (BRI S AL
MR AR, X AN ARG TE T, AXBINEEE AT S E
22 3CHR[] -
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2.1.2 Surreal Number Bj—4t B K EHE

T 1 HF—A surreal numberx={L|R}, x KT LHPHfEE—IILEH
NF R PERE—ANTTH .

EH 2 AT surreal number x = {L|R}, #HEE LT EHEAILE Inao
WAL Inax R} = x5 R, HHES R P HEBRAITE rmin BA{L]|min}=X% -

AT {1,2,314,53={3]4,5}={1,2,3|4}={3]4}.

FRNIXH, s EH R TR surreal number [ XHCh ¢ AEAS
HEAGRZAREA—NGR”, Wh EXEAMTW. R 2 ZRES L
THERATTER, Ba R IPHERDIGER, RMAES L SRS RN K
I, WAl Ae AN E I K ou s /N TR G O, AL surreal number F 7€ X
ANREBE L.

EH 3 Wa B b AR surreal number S2LEEE | KA, IATE a
F b 2 W HAES | KHAEM surreal number 24,

T4 W a<x<b, Hx2a? b 25 AR surreal number, F4{a
Ib}=x .

2.1.3 Surreal Number HIZE £ N
NTHERAT RS H surreal number FRIINVESE SE N S i E IS FE N, IX AN
YU 13 A T 3
EX 3 XFT surreal number x = { X [ Xg Y1y ={ Y| Yr }, ‘ENIHINIELIEH.
X+y={X_ | Xg}+{Y_ | Ye}={X_ + V. X+Y_ | Xg + YV, X+ Y}
Hrpxl P44 X 5 surreal numbery, X +y={x+y:xe X}

A B Oy SOESE T A I, R BRA T i — AN 25 R
4t d+n=d.
SE X 4 %FT surreal number x = { X\ | Xg }» x HIAH BN -

—x=X_ | X }={-X |-X 3}, HAFHTEES X, —X={x:xeX}.

HT 320 AR SR g AT 3 25 H Y, DR B AT T3 S i — A S5

6
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%fF: —0=—{}={}=0.

X 5 XFF surreal number x fily, X-y=x+ (-y)-

W E R =AE S AT A4S A E B

EH 5 T surreal number x = { X [ Xg Py ={YL|Yr b x+y={ XL +V, X
+ YL Xr +Y, X+ Yg ML —ANEILH surreal number.

FEH 6 surreal number PRIV 2L HR, RIx+y=y+Xo

SEH 7 surreal number [IIVEH AR 45 %, BI(X+y)+z2=X+(y+2).

2.2 Surreal Number 54 &3

221 HEHRKRHNEX SRR
TE 44 surreal number 7EZL G IR T Z 1, AT RE B IZX LT HF
LAWK E X
B kT2 82 5%, MERNIIK L HIIK R.
W I R AT N 2 BRPIRES
B 2 5F BRI A PRS2 RS, RE T e —
ARSI, S H5ELBERPREES
B S HERIRBATIRE,
B A THORES, U S HE A REIATERAER, RS . A
WHRSEARERATERAE Z F K I D0
B CIRZS 5E M ERRERAE, W ST P E WA R (A JR).
B S HEPEWERAS, MRS ARG, . | o
R HRAE
HF T AR SCRT A S AT T EE B IR (R 30 8 A EIRAS AL R o 6 T — AN
X, WREYETAE TR P, BUK L T LB B PIRAEMES A PY, BiX R 7]
DUEERS B PIRA IS PR, B ATRMHEIX AR S 1 P = { PY| PR 3.
HAMIF-, BIATUHETAL TARAS P, BuK L v BLBIAHPIRES A AL BL C, IiX
R ] DLRAIRPIRZS O D, A FA T a] LUXHIE 2T ak: P={A,B,C|D}.
BRIXH, WH ] RS 1 B S surreal number JEHARBL. L B
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W antt, RN FTE ) surreal number #S2ERk, (HZIFAEFTA IR AR &
surreal number, [K g%t TRk P = { PY| PR}, ¥ EskE s PEh LG
HENTHES PR EICE . BRI NN W, #82nT LAk R b

surreal number [ 3% »

2.2.2 Surreal Number #E4R & 153 H BY 2 F

AN G, WRITR L IR R #SKH A SR ms EA T, FLiRk G
24T surreal number x, ABAF U1 R 458

B R x>0, BALRETIELET, i L #fa3kk.

B R x<0, BALXRETIEZGT, K R AWM.

B R x=0, WAWEE TR,

T A A5 W] LT RAL T 0 R ik i S ARKRAIE ] -

x>0 I, WREIK L AT, M x & surreal number AJ 51, Brak L S AT LA
W x HR B AN KTAET 0 BPIRE: WR2EK R T, MaTix R HAEH x
HR 2|~ KT 0 BPRA, BRI ENZIIiRK L Ak S &3 A 4k,
PG LG e Tie 2 5 T, Bu L #B a3k k.

A x <0, By LG x BB E—A/N T 0 KPR, itk R ALK
X BB AN TAET 0 KPRAS, BRI 210K R B ik g 4L S HA N
&, LB TERE T, xR R &SR

U x =0, WARRIK LT, WAl Haek x B3 DT 0 FRA,
AR R 23k R 2 R RET, At Gess x B3 — KT 01
KA, EFEDER L ke, BTk, XT x =0 o, s Tk,

RZ IR, — NI G 258 7 il B n DNASFHAS IR T *K Ga, G, ... Gny X G
RIBEARAE S TN n AU DI AN RBEAT B A o IXHP IGO0, FRATTRRIFERR
G Ei AR Gy, Gy, ... G UM, B4 G =Gy + Gy +...+ Gpo 3 n HEAT T Nim Ji Rk
e — AN I

S FIX T A B RE, surreal number f 506 A ar b 3- AT 4307, A A
e
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SEF 8 WA G Z54r T surreal number x, % H 254/ T surreal number y,

B2 G + H S84 T surreal number x +

I

A PIE T surreal number JHAE F I XOKUERH o ik b 1H F) e 2EERAT]

AJ LL# 1R 2 The Sprague-Grundy Theorem JGy g HR AN -2 fZE ) @8, 13-

{NBiibus

— B 5 5 kA 48 an 4 R surreal number DA B IR R BESR AR pe— R AP A

INEAERER i

2.3 fil—: Procrastination®
SErEpY

4 NIy Procrastination 3Rk, BT .

Pk — TP VU R 1 E RS s, HPr A I TR 20 R,
AEE,
WA LM R, IR, WD T 8AE
FRRERAE, BB E N IETR, RIGEEZIE TR AR AL % 1E Ty
BRI T, IFHRDEBIK L R B E B IE K, Bt R
JLUREE S8 PR ) IR JT 1K
BOCANREREATHRAR (1 N Ko
W

B B | choose this B

B| |W| |B / —_— Bl |W
W W |B| |W W (W] |B
Bl W] |B] W] B W] B [W]

X —AG R, WMRITK L BRIE Tt o T aesE, A JAIFRIX
J& 71> W-configuration. 534MRATT5E L AT C Ko H = BB 20 B JRI T
AN SERE IR R TR LA A R C AL — R T M, BAE(C, T). X
PIAN T JRSTHT Co AT Coy FRATIFR Cy AZET Co 2 HAUEXN TAL R — MRS T, 1E(Co,
T) 4 W-configuration I (Cy, T)t & W-configuration.

® MIT Programming Contest 2005, pku2931
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g AT R Co Al Cpy M)A CL AZET Coo
B T RE RS I, RS n i 0<n <50,

vl i)

FATAY e NG DL A, % 8 A0S — RIS T IR G:

WREE T —NETBWER, BALRIEK L E2EIEK R #EA M ik
Wi, B G={|}. 2.1 HE XM, G=0,

WRBE T H—NEEIETEER, BATEER LA — MR 0 sk (Gt
ERXANEO T REATERE) , BIkG={0]}=1.

WRBET WA A EIE T BB, BATTK LA — MRS 1k Gk
E LT ET AR LA — AN BPRAS 0 v G FIME 40 , Fik G
={01|}=2.

WL HCE =L, JATAT A IR T hn MEOIETT RSN, A G=
No [FIELERATIT LIS H AT BE T o n MREIE T EER, A G=-n,

NN EEQ) RIS, BIEE T B on(n > 0)/4N FHEIE 7 710
AN E RS R RSN G ={0,1, ..n-1|n}={n—
1In}=n-"1%.

IAREE T i1 n(n > 0 8 IE 5 A B> B 1 7 AR
WMEE) R, WE G={n-1|n-"}=n-Y;- Y WIHELEEQ)HIEE
fifh AEES T IO A BN B, T G =n- Yy M- g }mﬁ
AR ()RR EAERS T T il b — A B OIE 7, A G=n-

Yy -y + g

WA, X TATE NS — RS T Wi G, JdlTm] BUT an F Rkt

HY G XMW K surreal number x (4 T i ERGE, HAMRAMKER) -

®

10
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SurrealNumber(T) /T RE TN N _EECEE i AN IE TR B
X <0
i <1
n < B THR/D
while i <nand T[i] = T[1]
if T[] = Aftthenx < x+1lelsex < x-1
i< i+l
k < 2
whilei<n
if T[i]= F{% thenx < x+Ycelsex < x-1
i< i+1
Kk < k*2
return x

ALAE B SEE D DA TV, SR T SR I d B T AT R
“BCTEJTE, B OD WV RAEZ B TR EOTRIE T A . B A iR
RN ] 2% O(n).
AR D I IE R E B G R

FATATLUTECE AN % g6l R 3 T, T B F i } PP
(F) n AN IE D ARE 2 Rl — R Cy, H N T EHCE n+l AN IEJ5 1B }n/\
O AIRIT CLif) Coy BRESE NI n MEJTH, &4 p AN IETT .

(D)2 p =11, & T[L.n]P4 N surreal number 24 ve G083 T & EHIA IE
TR B EA, M G={0,1..n-1|n}y={n-1|n}=n-Y=v-Y. f
REST 5 LI IE 7RO A EIE R, MG ={-n]0,-1, ...n+1}=-n+'H=v+
Yoo IEY p=1HF, HPURIERN.

2 p=mm>1ameN) I, BEFEZX p &1 1 2] m-1 B ILAR L,

NHFARIER] p = m IR EA A2 A . FATERAERS T & Bl m+ 1

AMETTRMN EETHS A mm—-1,m-2,...0, RIEHPFE T IHE:
O 9 5 A m IEJT AR BOTETTE, BT A A TR A AIE

Jitk. W nT A k, 85 T[L.n + KPS surreal number 24 v, 3 T[1..n + m-1]

X W) surreal number iy u. HIEFE 2 A[fS: G = {v—zik|v 1 1 L

- 2k+l - 2k+2 T 2m—1}

11
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1 *2m 2m k *2m _2m—k

=-W———W o sz-—{ | o } HA& A R AT 0 G
AP A LS | 1 1 1 _ 1
= f— + —_— = —_

2m 2k 2m—l 2m 2m

@G5 m IE T FEIE T, IBATATE LA PR E S — R
Jite WIS A k, B T[L.n + KX surreal number 24 v, 2 T[1..n + m-1]

1 1 1 1
2k+l + 2k+2 et 2m—1 |V+2_k}

X W) surreal number 2 u. HEH 2 A[1F: G= {v+

1 1 1 y*E2M p oMk o yxpm 4 omk
= {v+— V+—} = HIA R R T 50 G
{ 2k 2m—1| 2k { 2m | 2m }
A Ay L 1 1 1 _ 1
= - = V+_k_ m—l+_m = U+—mo
2 2% 2 2 2

HO@u A, 2 p=m NEVARRZIEFR . PIIHEIEN T p AR R
TH LR & A . EEE.

NHIRATRFE EYIIG R G A n PRI AWscRi G Hon fRIE T,
To, ... TndlE, H5 Ty, Ty, ... To AHXTR) surreal number 4 xq, X2, ... Xqo H 2.2
WHER 8 Al 4N, 5 G AN K) surreal number X = X1 + Xo ... + Xpo

A H SR IATTAIWT 7 /T Co e i ANZE T 7l Co, WAl 2 ZERIATTH W
TR TAERMEEH, M C+H KT 0W, Co+HWART 0, ke LN T
TORBATHIMT CL 2K T55T Coo

Rk, JATHTE 2005 Coy Co XS R surreal number (1)K CRISETHE T
JRITHT N BT B0 I ) surreal number FOR/NERARDND SRS FRECEOR/NEI AT . B
I TR 24 0 O(n), & — MEE R IL,

IINEE

M T 7T LLE B, R surreal number ST AN 2240 A%,  ANMY
SR, iy HRE A A SEIAR 2 faiv,  BL R AG procrastination S, SEBLH
KRR R/NE 1kb AZR], BRI, XXM 1747, surreal number J& 3%
(RS viEs N

12
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=, BHEES
M BT AT LLE L, surreal number % 1 — 8B R I AN 25 18 25 ) 1,
S AR, BT BRI AH 2 AT BN surreal number f)id ]
T, 0T — S — R ZRIERAR, 9] a0 —SE AT 1P I I LR Ui XK
BAHEIA R IS TR 2 BAFAE R ), AT K BEIml 20E w0, AT Rt
ORI, S G BEAPIRAS B AR BRI ARSI VA i 2 ) i

3.1 f1=: Procrastination®

SRS

WA 2.3 5,

v

M 2.3 F A n] A, T8 L surreal number 7] DLERFA fif R 68, (HZFR T surreal
number A AR5 T S 2 R THIFRAT SR R T 2 BT 1 INE R AR IX TE R H

FA1Se KT W-configuration 1€ X: —NJm 12 W-configuration, >4 HAX
K L BRETIEEGEFHEESRM. B RIET W ABET, EAw X
AT 2 LU 2%, ANGForATT, REANRETTAL — T ? W IX T AR, AHEfS
&g

il 3.1.1 X TR G, WUERDUK LT, WATK L 5Tt
JiE

UEH]: AN G, HIK L e T, B4 G h—Ef/E— AL
Ttk K, AR L X K BATIREE R G HB 2N BixK R ST = i
Gi. Bk, X TJRM G, MIK R LTI, anSRAE SN F v s 7R v A0k
18 K BT WNEJT AT AR, I AASE T LIS T S 3 T 4R )R I G, Rl
Z R W PR R ARG R P AT AR K EJTIE T R T # A, AR
L ] BAfEDE A R AT ERAE G S22 K JEAT#AE, A TR R KRS T LUET
(B TFAR AT Gy, BRIEER R MR M. IFEE .

* MIT Programming Contest 2005, pku2931

13
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A7 EHgiie, EATRTE T AR EIiR LT DMt LT . Nl
TAPRE G H P RT “ 7Rl CoANZET TR C” i, XAHRY & FT
BB T, WA LRSI E I T, ARG AR EAT T, 8 ) e 9 ) i
fig 7o EIE ST EEBFHATT S, BB TGIRAS, H2 AT LL22 i
MO RAT TF I

N T TTERGR, k% g(X), Ho X g — MR, #7PsK L AR X
HETF M, W g(X) = 1, B g(X) = 0. & X% add(Ty, To), HH T /1T,
Pl EEs, BRBGRIPIEAE Ty bifi & b To MBS To & XTI REE T I
A RES T AMET A, Hrh W RO B IETT R, B RORBOAIETT K. € X
firdl P o7 R Cy ANZE T 1 )R Cae

AE, HBAFTBITA I3 T, —Fi S S A B0 7% / N\
oIS T — AN E B, REAKE T M FiiiE b /\ _/\
L BB R IE D7 4, T/ AL T SRR T 5 M s 4 ) I I I
B, s BTR . :

VY RTMES R T, HA 9((C1, T)) = 9((Ca, T))» RIGTAIHIEEIE T
B E—NEJ R, AR TS50

il 3.1.2 #7 g((C, T)) =1, H2aXTHA M T T1] =W, #4 g((C,
add(T, Ty))) = 1.

EH]: AT T, = add(T, To), BT RN N, 35 To RN me (03
AW FET, Ik R ABAXAEIET7 A& To[n] EJ5 R IE T AR AT H#AE, W R (C,
T T JRH(C, T), M4t g((C, T) =114, Bix LATF 0. xR X}
FEIE TR To[n] 7 MIE T AT #4E, A BiaK L Al RIESL K R AT #RAE 5 57
ZU6F To[n+LJHEATERAE , DA AR T AR SR THTIE 2 554 T-(C, T)» K L STl
JITLL g((C, add(T, T1))) = 1. UFEE,

[F AT AT LA a0 4hie

T 3.1.3 47 9((C, 1)) =0, MAXSTHrA M T2 Ti[1]1 =B, #H g((C,
add(T, T1))) = 0.

[0 B FRATAZE I ARE , a0 RIRATH ATHZE 2 — s T, 2 9((Cy, T)) = 9((Co,

14
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T) =1, Mathamd 3.1.2 /4, FAETRAFTEMZET Ling —MERAIET
RIS R BRATA AT B B8 T W2 9((Co, T)) = 9((Cy, T)) =0, HF4 Hifi
B33 AT, AT PR EMS T L& AN A G RS, KRR
ATk T AR 2 AN BEIRLZS KA o T GO B T 2]

WHRIRATLATHEZE S — B8 T, W52 9((Cy, T)) =1, 9((C2, T)) = 0, FBAFA
AL A T 4k

8 3.1.4 #7 9((C1, T)) = 1, 9((Co, 1)) = 0, FAXTFHIAIEE T2 9((Co,
add(T, Ty))) = 1 #4 9((Cy, add(T, T1))) = 1.

UEW]: 4 g((Co, T)) = 0, FrBAARARES T g((Co, add(T, Ty))) = 1, iy
0 3.1.3 T4, Ta[1] = W, XK g((Cy, T)) = 1, Pt ph i 58 3.1.2 7] 15 g((Cy, add(T,
T1)) = 1. iFEE.

PRI, R AR BA IS R R rh, S E— S T3 A2 9((C, T)) =1, 9((C2, T))
=0, Wathimd 3.1.4 Al %0, X TAERMEE T WAL g((Co, 1) =1 #H g((C, T)) =
1, IXFEHURT LA A B P O 3L [ R RS I AR P ) — FE B T 32 9((Cy,
T)=0,9((Ca, T)) =1, HBAFKATH] LIAFH Al P oA

WA ER e, RATCEHEAE T T
FRHEZY, I T T SR — e AT L o) 5] __ B W [w]
YRS AT A s A ), R R 3RAT < ©
ANHE R IRAFAE — S5 R Cy\ Co 9 X TAT RS T #6546 9((Ca, T)) = 9((C2, T)),
Bl tn Cy 25T Co WIS B s I AR O o R 2% FE MO AT INHeA5E 1 ) i) i
AHABEER . T4 IR & S I AN 50, PR ATI S R 15
MRS B HE T 10 i BEIA B — e R L At B AT PR IR0 B2 WA I T AR,
AL A R Sk

AR 3.1.5 W R CEE M= E A ny, ng, ng, W g((C, THRE T
B NI Ny +ng + ng+ 1AM IEJT AT K.

145 A R L S B ) e FE AN B 50, BRI A 3.1.5 T4, 4
WATMZE RN T s BT 151 5, 47 9((Co, THMKARZET 9((Ca, T))» A FRAN
RSO HAERIES T, #8047 9((Cy, T)) = 9((Ca, T))» LA P A I
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PRI B iR B g BB, R AN e DU AR v B2 23 00K ng, ng, ng, g
HIBEZH R Rt C, FRATATLUE SCIRAS d[l, §, k|, cur] s gl B s C (DY e b
Rrm I 0, J, K, 1 HAE BB cur BEATHRAE MRS FE 0 36 e AR5 3T
A DUR SR 7%, AR A B RAREASIRES . W IRE S, AT
O(n)FARI KM IRZ S AT LR R P A RaS S* (gl @ M2 I e WA 1E 7 13k
AFRAE) , SRJGHE S IR IR S USRI, HFRENEH
Jynts ARSI A (M), BT —ANB MR TR A O(n®).

BAR, ERTSA I R 2R BATR AR S (1, DB ATT e A FLt
It FEieHEm, Mg, TATT LIS L~ 4.

il 3.1.6 XN G, WAL IE TR k BTN T AT g
AN RERT RS, A ELE k EJTIAEES k AR IR AR B 30+ i b
KA DRI o

UE]: NGB B ) L HIERE IE 7R K AT HRA S D 3R, Wk
BATILEAE k EIr M COIE R K IEATERAE, AL ORI AR R, R
DR R AMAE Kk L5 R I R T84, I AF M IR L ITaastidse
Tk BEATERAE, DS Lk WiRBrs R RHE k EJ5 A SR 1R 7 AR AT #¢
T, WBK L ] IAEDTAK R BEATIRAE G SL2000 k AT R4, B AL RSN T 5
K L IHRIERE T Kk HEATHAE, PriABix L@ t. Hitikse kT4t
W R UEE

Hifire 3.1.6 WA, IRAMET SLARGSHIIR, JEATZEAMA A RS, M
R G SRR R B BT I At (BEREE) TR XAV — MRS A
#FEE T OQ), WH—A R ERER T On?).

FARSZILR IR, AERS I RE T, i 3B B S AR JsUR IR B A LAt 5
—NETT AR, RO T BB (R, AT TBAT AL B BITAT PR AR FBr vF 5
3, i TR SRR n® ARG, SR HRE I R R n
BiR, BT AR T A 2% O(n®). HT n < 50, PRItk B3R ARk L4 mT LUE

A,

® PEUL 2002 EAEVIBNE SC GRITAR RSl PmF B —— I “HUA 7 R ) g
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INGE

[ A i R, FRATT I b T — SRR R IV R 1T DA SR B T B A Rk
TR AN R R FCIRES s I8 BT = R R - 08, DALk ] DA IXAN T VA
HIR I ZROE LR . AR5 2.3 1431 surreal number FIfFEARLL, X
ANTIEAMXEE I 2 WO, 1y HLSE AR SR AR AT T8 (R b o L2 24 i)
R — S50 () R 2 e R, R A IR TR T DR SR B A A A 0L N, Bl 3k
A MRS5S U6 53 87 IR AT AT W DA FRAT 19T AR ) S 1 o DRI b T 1)
figh R0 S A S AR SR L

3.2 5l1=: The Easy Chase®
PSR

HFE L 5BK RARE I AN BB, Wt an

FE—AN RN nen R b, A — DB ORIBET, BIRAE D (wx, wy), 5
—ANBERHT, VIEAIE (b, by). TR L AT, IUFE R EEIT, W
NAZEATHE

IR AR BTR LATHE, Do Ll BLAE BN 224 DA Jy ) e — A IR A i
PP AEAZT M ATRE— 4% WARAETZBiR R AT, Dok R WL B R A2 DA
J3 1 AR — AN A AR 5 AR 1205 [ TSk — A% BPA% (A BEE LD « —
NG 2 HA AR R RL 7 E 2 1 307 AL 2y BT e AL &

i L 55 R ACKEURI R SRS AT AL R — Dy R, — & R
AL MR —Tr =, SR EZ P

B L S R AL TR, A7ty AU R, IRBESE AT T £ 4%
(RIIPE DA SR R Rp 8 1) 20 e 2

BB 2< n<20

>

ARl

6 TopCoder Algorithm SRM 423, Div 1, 500,
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RXJE I APEE TSR ), AT P b E R AL E R R LA AL
FWeR bR L Lk ) U I . T FRATT RS ] gt ke X A1)

HOL, R BRI, A AR K < n<20), BrRAkq]
2 B R A BT R RE LA R TR s ok, SRS PR SRR SR A D1
e

FIBU R — AN R, FATAHER AT U TLoe 4 (Xa, ya, Xa, Yo, cur)
KZN AR, He (X, yn) Ros A EOBE T HHTALE, (X, yo) R 724
HTIALE, cur Ras AR 2B LATHLE 2 Bu K R ATAL. 45 REHIE 1wl 2
DT IR — A Jmy ) T R G, T AN B S g ey HL s SR A i L)
FRE 8 IR T Jyit, FRAT AT LT #5442 winner A1 move 73 J 34 )
T PR AR 252 (R 25 o AR I IR AN AF BB HLAE IR SRS 1INkt
FHRATTE, DI BAT B R 07 SR T 34 -

XA G, FATH R f(G)kfifid G WG AL, 5 X infinite Jy—
MEKIIERES, AYith 10°. SRR G EE Mz L BBUSRAEE x 35,
W f(G) = infinite — x; WA G HIEFH AIix R HHURFrE: x 20, N f(G) =
-infinite + X.

A5, AR AN R H R i L HBRpR 722 5 28, W) f(H) =
infinite — 5; 401 f(H) = -infinite + 3, JUJRI H (12 M BrR R HAL R4k 3
Ao

W GL = (wx, wy, bx, by, L), AR HAzgl 2w f(GOME. BT
L5 JR T Z T B F0 P R R I EANTE I, DRLE 3RAT 125 RR S A 5 — L 2% 11 =y TN M £ R
QIR SRR ER UL HIUDIRFS G R TR (TP

AL, AR TR RED: Y Xy DAIX, Y, X, Yy, R). B
i f(x, y, X, y, L) = -infinite, f(x,y, X, y, R) = infinite.

NI FATZRS IR TR . B 8 H L 50 21 9 > 5o 5 R R S
S BE A 1 R D D Ho, ST & 2 D s AT T AR
G, Btx L W HAEAE f(G)R W RER, BtxK R I HARHUEAE f(G)S T e/, B
PAFATT AT DA H 2 MRS RS 7 1

f(X1, Y1, X2, Y2, L) = max{ f(x1", y1', X2, Y2, R) —sign(f(x1’, y1', X2, Y2, R)) }

f(X1, Y1, X2, Y2, R) = min{ f(x1, y1, X2, y2’, L) —sign(f(xq, y1, X2, y2', L)) }
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Hrp(xq, y1)#(Xa2, Y2)» (X1°, Y1° )N FEEHLFAE (Xq, ya) I E—20 0] DLRIA 1A &,

1,x>0
(X2°, Y2 ) A BB TLE (%o, o) E 2B LARIA AL E, sign(X) =1 0,x=0
-1x<0

FIXH, KELT-Ca T Lk 7, ERZAFA T, AR IR b 5%
FICATEM, FATIFABENNE — TSR U, 82 A2 B ] fif e ax A 1]
ALY VER R R R 8] AR EAHER) R AR, (HR I EAN T REAEAE AN JRi T 1Y)
(B e AR 30 B 5, RISRALT SR A I LR LA A7 A B A o, PRI JRATT AT
LA SRABL T SPRA IR I ARSI R A 1 Jm i 1) T S5 1) 7, Akt
Count(G’)

Pt £, X IHATIR R G, 4 f(G) =0
M 2 1R Ge, 5E f(G)ME, IFHF G JAEBASI q
while g A~ 7
BB T s, A Y
for &E4~nf LL—2b B Rl Y [ R X
tmp — f(X)
MRS TR E B 5. £(X)
if tmp = f(X) and X AN7ERAS g H then ¥ X TNBAS g
return f(G’)

FTHIEA T — F LIREVER I TR R AL, T b n®, iR i H
5 RTHECH E FB R, BRIEE I T S A4 4 O(kn®), 72 FRITEBL R Kk h—
BN E R BT n<20, Bt EIREE O AR IR I iR e ASE .

iR

FREEADGEMT S s, i HIRATE R BUEA IR RIS T A,
XFTARZ JRy T AN 22 BRI A FRAT T T A SR SRRl o =4 Jd T 5 Jmy T 2 18] P 3
FNORARIT IR NG, BATIAEAE AT IR S SR Fc 0 PP 55 =i (14 JE
0L, B Rk S R Z WA W] R R R, TOIR s E IR AE R R vt
SRR, SR BRI AN R — ANk g e ALK AT ) 2
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M, Bk

N §

LRI A E IR R, F 2 RS s M s, RS R A
BOA AR, Ty A R . B (5 R e SR AR, A Bl A R 2 A2 )
AR = AT o Ay ARSI RBARRE D R SAT T B 08 B T [ il (1 I
12— i IE s o 1 ZEAE SEFRAR B AT R IRIIN o) A A Rl 1)L, A 20020 J 25 2 Sk
IEPTI O EARRZ SRk, BRI F 2547, A RE AR, BT
Pt IR % o

it

R SORBR R F Vs B RO 3 o
ST VRO EZR N EACE LR
R L S TR

¢

52 3CHk
. On Numbers and Games: J. H. Conway 7%

+ Surreal Numbers - An Introduction: Claus Tendering =

1

2

3. Game Theory: Thomas S. Ferguson

4, FEZAEVIBN 2002 Fi03C: 5Kk— & CHUBPE VR E PR AR
PHIRI R AR 2 R )

5. H ALY 2002 FFIRSC: 85 Mg “XI SRS BIPA RS —
AN C S S 1} 877 5

6. EIZKAYIPN 2007 FFi03C: EHEE] AfAT—RALE AR

BT

B 3%
Bis% 1 B3R

Procrastination % H $iii&

Once upon a time, there were two graduate students that were best friends.
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During their short breaks from research (usually, not longer than several hours), the
two students liked to play the game of Procrastination.

The game of Procrastination is for two players (black and white), who take turns
moving. The game involves removing cubes from towers. Each cube is either black or
white. At the start of the game, these cubes are arranged into 4 towers: each tower is a
stack of several cubes. On a player’s turn, he can remove any cube that matches his
color (the white player removes only white cubes, and the black player only removes
black cubes). All the cubes above the chosen cube are also removed from the tower,
irrespective of color. For example, suppose a tower is composed of the following
cubes (from bottom to top): black, white, black, white. Then, if black removes the
bottom-most black cube, he removes the entire tower, black can also take the 3rd cube,
removing the 4th cube with it. If white removes the 2nd cube, then only one black
cube will remain, white can also take the 4th cube. If a player cannot remove any
cubes, he loses.

Having already been trained in the intricacies of the game during their
undergraduate years, the two students learned to play the game perfectly, i.e., if a
player had a winning strategy, then that player would win the game. However, at
some time, they discovered that, for most starting configurations, one of the players
has the winning strategy irrespective of which player moves first. They called a
configuration a W-configuration if white has a winning strategy irrespective of who
moves first, and a B-configuration if black has a winning strategy irrespective of who
moves first.

Moreover, the friends noted that some partial configurations are at least as
favorable for one player as other configurations. A partial configuration C is defined
as a set of 3 towers, note that a partial configuration C together with a 4th tower T
forms a complete game configuration, which we denote as (C, T). A formal definition
of the notion “at least as favorable”, is as follows. A partial configuration Cl1
(composed of 3 towers) is at least as favorable for white as another partial
configuration C2 (also composed of 3 towers) if and only if for any 4th tower T, if
(C2, T) is a W-configuration then (C1, T) is also a W-configuration. In other words,
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there does not exist a 4th tower T such that (C1, T) is not a W-configuration and (C2,
T) is a W-configuration.
Given two partial configurations C1 and C2, you are to check whether C1 is at

least as favorable for white as the partial configuration C2.

Input

The first line of the input contains an integer, the number of test cases. A test case
includes one line with Test N, where N is the current test case number followed by
eight lines, specifying the two partial configurations C1 and C2 in this order. Each
configuration is specified by four lines.

The first line of the partial configuration contains three numbers: nl, n2, n3
denoting the heights of the three towers of the partial configuration (0 < nl1, n2, n3
< 50). The second line contains nl letters (B or W) separated by spaces describing
the first tower. The third line contains n2 letters separated by spaces describing the
second tower. The fourth line contains n3 letters separated by spaces describing the
third tower. A letter W denotes a white cube and the letter B denotes a black cube.

Each tower is described in the bottom-to-top order.

Output
For each test case, print on a separate line the test case number and Yes if C1 is at

least as favorable for white as the partial configuration C2, and No otherwise.

Sample Input
2

Test 1

331

WBB
WBW

333

22



1012009 448103 J7 R

BWW
BWW
WBB
Test 2
332

W BB
WBW
BB

333

BWW
BWW
W BB

Sample Output
Test 1: Yes
Test 2: No

The Easy Chase i H #fiid

Two players play a simple game on a n x n board. The first player has a single
white checker which is initially located at (rowWhite, colWhite). The second player
has a single black checker which is initially located at (rowBlack, colBlack). All
coordinates are 1-based. The two players alternate turns, and the first player moves
first.

When it is the first player's turn, he chooses one of four directions (up, down, left
or right) and moves his checker one cell in the chosen direction. When it is the second
player's turn, he also chooses one of those four directions and moves his checker one
or two cells in the chosen direction. A player wins the game when his move puts his
checker in the cell occupied by his opponent's checker.

Both players use an optimal game strategy. If the player can win, he will follow
the strategy that minimizes the number of moves in the game. If the player cannot win,
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he will follow the strategy that maximizes the number of moves in the game.
If the first player will win, return "WHITE x", and if the second player will win,
return "BLACK x", where x is the number of moves in the game (all quotes for

clarity).

Definition

Class: TheEasyChase

Method: winner

Parameters: int, int, int, int, int

Returns: String

Method signature: String winner(int n, int rowWhite, int colWhite, int rowBlack, int
colBlack)

(be sure your method is public)

Constraints

n will be between 2 and 20, inclusive.

- rowWhite will be between 1 and n, inclusive.
- colWhite will be between 1 and n, inclusive.
- rowBlack will be between 1 and n, inclusive.
- colBlack will be between 1 and n, inclusive.

- (rowWhite, colWhite) and (rowBlack, colBlack) will represent different cells.

Examples

0)

N N PPN

Returns: "BLACK 2"
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There are two possible moves for the first player. But he will lose the game anyway.

N PNNDN

Returns: "WHITE 1"

Just one move in this game.

2)

w W kP Ww

Returns: "BLACK 6"

MiX 2 BEERF

procrastination 1

procrastination 2

W'J#%'E}?

(A
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TheEasyChase

B =Ry
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