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1 Abstract

1.1 Dancing LinksZ{t 4

Dancing Links fZknuth 715 JLFES F—RIB30, ERERE—RER
] IR AL, DI IRAE e S R oKk, A AR S 28 P AT 2@ N H .

1.2 Dancing LinksBIFEREZ{T 4

Dancing Links 2 XU T P BERRAF R AR, RIX BIE R
HIPEAE o FESRER R R, T ot Ak (A R A A B 2 386 U1 (1 R 2 2 A
ML, XS B Dancing Links KAFA#AEFE, A4 7T LRS- AR5 4 1)

1.3 XEILX Eknuthit XHIAE

A 18 e X Dancing Links 753381 H 1 —AN 44, 512 7 LA
SO, SRS n] DLAE T B

http://www.ocf.berkeley.edu/ jchu/publicportal /sudoku/0011047.pdf

XS A, FRE I 2252 L B knuthf 73, AT LUCUYE— 42
2% o RILLAH T Sukudo ] #FT—/NDancing Links ) — N8 F i) @,

2 WEsER

2.1 WEERNTFIEEW

XA HE R AT G5 WA AT R — S 5 Ok R R Sk Fq 5. R e —
ANGE S D preff I -— Pnext ik, W& AR, g5 b iREr
FIE AR YA
2.2 WEsERIN B

ARFT 0, AE B R TR — A G5 U AR AR, T HLARRL . U]
BERAAEPIRMETH, ATPUT MR R ai e AT R At

L[R[z]] = L[z}, R[L[z]] = Rlz]; (1)
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HEA Sl X BER 2 56 AKX P ) — 2 A B .

2.3 WhEERKE

(U BERT A LB (1) BETIAT , AR F i
AR
L[R[z]] = =, R[L[z]] = =; (2)

XBAC 2K 2 B f (0 45 i, BRSNS B b o 28— B BIX B
AR AL 2 B AR A5 W0 ? R AT e 2 DA SRR h MEAT N R 45 12
SEANEET N A7 BRI AN G B ) 168, i N A7t AR . (HRAEX L,
FATE B IX R AR o

WAVEFER P ER, JURBEAT — bR, FFABEAT ECIE 103 25 N A7 1
Yo EREIRAT G RAE AT LU (2) HEAT R HRAE T .

R RS YR BAUS A A2 Pl i RA PR R IERF (2) 95
KIE T . (2)4 Z&Dancing Links (%0,

3 Exact Cover Problem

3.1 Description

S I R R 1) R P S R AR A TP AT R . RIS
PA1KAG —~ )8 (Exact Cover Problem).

258 —NOVREFE, II/E £ 2617, i1 a 5 a B 1. Bl 1
urr.
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X PR AR (3), BATHATAA{1, 4, 5} MRl — 447 HAXA —

/I\].o

3.2 Solving an exact cover problem

IR E, exact cover problem J&— NGk H 2 I SL MR v 1) n) @, i
PR ER HEWN FER:
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if (A is empty) { \\A is the 0-1 matrix.

the problem is solved;

return ;
}
choose a column, c,

that is unremoved and has fewest elements.; RG]
remove ¢ and each row i that A[i]l[c] == 1 from matrix A;

for (all row, r, that Alr][c] == 1) {
include r in the partial solution.;
for each j that A[r][j] == 1 {

remove column j and each row i

that A[i][j] == 1 from matrix A. ...(3)
3
repeat this algorithm recursively on the reduced matrix A.
resume all column j and row i that was just removed; ...(4)
}
resume ¢ and i we removed at step (2) ... (8);

EIRACHS AN RS R, WRIRE A LA A, T e DR D BR R
I I R R IE A AR, (B b 58 A AL o

FATEAL, 2 B PAIXBAS, HRXBAUS AR D2 e ,
JLFEAT AL Rt b SR AR R PUAL th AN 15 2 2 A IR 5 7T
PUESEETIEE-PAE R E DN )T

g 25 S BURESAT (1) (2) (3) (4) ZIUALKISCHE, tiEDancing Links
FEIAE IR o AT LAEUE AR 25 AR 3 — AN fif 510 5 s

Step (1): FEHIFFHEATFAH, 3 H AR ERbric 1951 oo = M D K.
RARABRG N Ak B D, WA R BE UK, A IERTE.

Step (2): A H4ETFIAATAR L, Arid I O MBR.
Step (3): [FStep (2)
Step (4): AN EIFRICIER .

Step (5): [A]Step (4)

IStep (1) —AE KR, BLEEERDICEI S, HXE MRS, 5RATHE N E
#iDancing Links#% £ KGR, WAL Zitid
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SR, IXAS T IEAR WY o AR 3 AR AL, AR Je PRI o (AT MY fR 1 ok
(R Ta) R, A AR IR I S AR AR AR 18 . AR IR 220 (n) (n A FEFE R /M) o
festep (1) (2) (3) (4) (5) HHMIFH 2 T AR AE, PrAFAIARERME
AR IR . ARSI T 0, B AR T 2 D, BT 32
T2,

AT 5, BT B, HE B B A 328 JH AR RN A 2 2 A TR A L
1 BATTHTRE R (K AR A, ANBATFALE Rl — HAEE H 27 &4k

EVFA B 2 A AR AR AR R B . R T DA R SCRP I BR 14,
B MR L B I R B A A T T AR, AN A7 FR) 3R A 1 )

MHUTH IR, FATENTE TR ROREUE T A R . B e e bk
G, B LLRATT AT LB It RERER AR AL, 2 ROR IR e

A TR, AR AR N 2 T kR, B Ceabric R
G5 RUORAMFAEAERER T . AR BRI RE R 1A IR E R L AT 5
TIREL ANATREHE ST T

AN RER KB , FATFERER T MRS e R 5, T RRE RS
52 Step (4) (5) XA SEHLNE? WG, TG A8 SCIF SR XU R A4,
B ALTE FI X ) R O VR S48, AEIX HLAN IR AP e ?

W7, B, 24t Dancing LinksHE AN EH5E T o WHHRAREIERAR T,
Al AE I, IX 4 fR] HLURF! IX 5t J& Dancing Links"4? {H J&Dancing Links/ff]
SN ALIEAFAE R B O a4 BER & ). T I 3A 12K 40 41 i€ JT Dancing
Links.

3.3 The Dance Steps

NP R SBT3 B R B R AR, XA Ty S s N
BE, WAl DO PRAEA TS o X RE— RS, Gl FILAME R

e L[x], R[x], U], D[x], C[x];

o X1 FHER HLRUDRIL T, LRRICA A7 M AR, UDK
s BT P R

o head J811 & 1 LTREN, headiB I LRK B 2 1514541 3k

o BEBIEATHIIRE ko Clx|REHR ISR LAyl . AT a4 Sk An]
To» AER ISP BAT SR IR HoR o AR H I MR K
FEARAT L EE (o

o Ji4h, HPIANEAS[x], Olx]; S[x|idxAHER h &5 Al B 4. Ox Mk
LR RE A
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0- 1B (3) A7k & T 4n I (1) T s
o WU B Lk R head.
o ABCDEFGAFIIHRE k.
Exact Cover Problem (1) 520U~ R, I A dEs(0).

void remove(const int &c) {
//remove column c and all row i that A[i] [c] ==
L[R[c]] = Llcl;
R[L[c]] = Rlc];
//remove column c;
for (int i = D[c]; i '= c; i = D[i]) {
//remove i that A[i][c] ==
for (int j = R[i]; j !'= i; j = R[JD {
U[D[j1]1 = ULj];
D[U[j1] = D[jl;
--S[c[j11;
//decrease the count of column C[j];
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void resume(const int &c) {
for (int i = Ulcl; i !=¢c; i = U[i]) {
for (int j = L[i]; j !'=1i; j = L[ {

++S[C[j1];
UD[31]1 = j;
D[U[j1]1 = j;
}
}
L[R[c]] = c;
R[L[c]] = c;

bool dfs(const int &k) {
if (R[head] == head) {
One of the answers has been found.
return true;
}
int s(maxint), c;
for (int t = R[head]l; t !'= head; t = R[t]) {
//select the column ¢ which has the fewest number of element.

if (S[t] < s) {

s = S[t];
c =1t;
}
}
remove(c) ;

for (int i = D[c]; i != c; i = D[i]) {
0[k] = i;//record the answer.
for (int j = R[il; j '= i; j = R[GD) {
remove(C[j1);
}
if (afs(k + 1)) {
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return true;

}
for (int j = L[i]; j !'= i; j = LD {
resume (C[j1);
}
}
resume(c) ;

return false;

PR £ remove il BR T K B (1) 81 e S X M IRIAT o T PR B resume ) & 38 J5U eATT,
AT BEAT LG 1 4 YA TR )X A A R 0 L TR £ ) e X HE R TR 11 it )
SR B S IE 5, JE BRI SR o 28R, eAR H rp ) B I S AN 5
IERAPEI . IXFES A T 380G — e i ).

TIAMBA — AN /N o) f R FR N1 N 1% e K . AEd s R b BRAT] Qo]
Frcolumn ¢, & —ANAEH BT ) M, X ANFE S FRATTIE BRI L 0 b
e, EAMLAIE BRI

AN SV, BATNZIEREW— N ? fEXMRF T, X — R4
LR, T RIS, X BRI A S TR IE L T — 5. 1X AN ) e
SN % AT e S R IS M RO o BB U AR B H ARk ) 5 e i
YRT o AR P A Gt SRR R PR ' i Dancing Links He i) A 18 — 28, B4R
AT BEAE AL PR A X B ) T

3.4 Hust Online Judge Problem 1017

http://acm.hust.edu.cn/thanks/problem.php?id=1017
X & —iBexact cover problemt]— AN H o ARDAACHS IE#HPE w5 nT LA
FEBEERATIA -

4 Sudoku to exact cover problem

4.1 What is Sudoku?
Sudokuse: — AT JLAEAEH AT I 2 R UEAR o B IR HR SC A S B
Sudoku i) 82 LE—N9 * 9FRE T I, EEFE S * 399NN, AR B b
OIS R 1-9 P B — AN, AT B8 BN N
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E 9N EE IR VIR DLT, AL/ & DML T, RTE
AR AT T (L

Sudoku FIRI AR5 i 5, (FUE HUR A PR PE.

M5 RE T HLP B4 3 T Sudokudif #k. R Zlinuxid [l R4,
WiGnome, th¥1%¢ T Sudoku. &M b4 1R 2 Sudokulf) W 5k, ] LLLE ¥
AR Sudoku” kKB —LL . ALERFITICPC final B PR FE I, RER 18T 4]
4TS 1S — TEHOMS . 2 505 R IBT At 4a th

4.2 How to Solve Sudoku Puzzle?
Sudokuf{JfifizAR %, Ktk Fa2oh:
o R
o Fyit
o MWRHIE

P9 * 9ffSudoku, H i FL A HE Z O B2 1 T S I . kAT
B, R T, IR . 7rix 5LAT DU 2355 OG5
1EH .

N T 2R SR -

B A W8S /N A (1 v e Pk, A TP RT RE I e D R R Tl
T AV 38 B A5 R Rl A Ak H B g ke I8 T LUK B — A B e EAR I R R
1. pku3074 1] AIAE600msZE AT FHIXFh 7 ac,

FAAEIXAN M () FEbli b3 —Fh s 22 7 5K

FMT AN A FEA DI (1) T e

B IX AR 7 05, Sudokust AT L EL B PR i T X F9 *
91 1SudokuJ L “F 22 B o pkud074 0] LA £1200ms PA . Ciy Z0 A6 1 LG 3R
.

X Sudokuth (A I 2, X EAMEL 2 /v 26 Sudoku )41k 7772 AE
W, HRKZ RN THIEN L. A2, 2— N EREENLRE,
RAAIE AT OIFICPC.

X FAEAR R R A I b o e i R I ReR . X BAAMEL Z A4
FFARIRZ, A 2GR LW E AR A OGRS

PEPEAHEMCM G E = @30 MIBJE H 2 Sudoku ) . Wr 3k
TR By yt Ut, A ME RS T — MY SudokuFE P T —5%%, At
PSR RK T, k742
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4.3 Dancing Links7Ef2RSudokuiX 2 B35 _E B EE

IR 21X P07 o 1k 148 2% () JURR W] LA 4K R excact cover problem. X 53
I AT LA Dancing Links> R 2 o X tH £ Dancing Links5# K 5. 40
FAR A Dancing Links H fif ghe— L8472k o) 731 R ok 7715 ISR RS F
T o AEH 2 ) @] LUK iexact cover problemBi 3Ll Texact cover R

L o
Dancing Linksf3 ftAfL# e ?

e Dancing Links/&— Ml R 5%, AMRE O LLIE R,
AR BE 18 8 H AR Bt Sm i, KRBT 2Tk ARPT 2R

AV % Rl Lt

e Dancing Links AR B C ZAAAR R 5 IRAE B AT AL
HREF, Dancing LinksfEAE 2 A URARLSF TARFAA B AL .

e Dancing Links] A/ E 2, R v DIER I B LR R4 )
KR = TIs T80%.

e Dancing LinksfUASEH 1, T LLBEI g, AOR$e s 17 A Ik
FE o 98D T debugl s [a] o

WRH T AT, BIRARR AR, AR T, BARMERE X A A
BYH . £ HDancing Links A ff #3281 A, 2 R BLX — AR
2 [ LA R LUK P P AT 3SR AOE ( 7 H o AR BT A AN 2 1) T [A]
MR BT RGEATARLS T

SCHL AN T, HEEAC IR, PN EDancing LinksfRRR . 48
P E A PE AN S DU LA T ISR T o A 2% gl 475 90 5 I 2% e H —
I

R+ Bifli== AC

WS, SEANEIRIE A DE . HEHOKRE — F QT bsudokull .

4.4 FURE
XA * OB, JENLANR R R
i7:
—3Lg * 9 * 9 == 72917, —L9 * /NI, AL AT BEME(L - 9),

Bp—FA] BEHON A 1T
4
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=39+ 9+9) %9+ 81 == 324 Ml =97 HIAKFITTIFIFNI /N
Beo LML AZ ORI AT RE, DRI BERR AT AEH AT LALEFE—>. 81URAESIA
R BRI RE AN/ AT Bty

PRI PR g ok, AT RIBIE Ntk 2 g5, ATin] LA
AACA[[) WA TR A0, 4R 52 Exact Cover Problem[#) 5 X: EFE—
BeAT, (ARG — 54T HAAT —N 1o I, S AN 24 N A sudoku ) — M 2

AT 28 Ut i Sudoku 48 AR, ILAE FR&5 & A5 IR, fR4sAN
SIWARA LR ? HLSER —FE

A AR AN, T HYHA AN

FATHEH) 73 R g, — KRG A /MEATRENE, 5 —2K 2
BB A X FEA K T ReME. 50— KT hisl, 320+ 9
+9) * 9iX—H5.

XFERRATT T IR B HAT O AR 2 28, 1 HLR R 0 BRI, XS5 St 2
& Sudokuf I ESK 1]

AARBA W HE2 UL, Dancing Links[FAR AL AR ILAERE WG 2 30AR, XA
B Al R (324 * 729), WA Dancing Links KAf#, 7] HE H f# e ?

4.5 Pku Online Judge Problem 3076 3074

http://acm.pku.edu.cn/JudgeOnline/problem?id=3074

http://acm.pku.edu.cn/JudgeOnline /problem?id=3076

307452 A9 * 9 HUI.

307652 —/M16 * 16/

XM IE R H R SRR 1) 77 3ok, % AEH S . Problem StatusH [
HI JLA AC Codedk A4 & FlDancing Links KA# ) o CAME R K mail i) a) £ty
g .

3076 HL 1 A7 L8 A Z0ms ACHT. 1 HACKH K BE AR w5, Fo 170 PREEARAT]
ST HLEAT I EAE . A HPOJ I P 01 R s A — T e

5 Exact cover problem Z¢#f

5.1 Abstract

TR TR EANIEAR I — L 5. W SRR o RA S H , W
BELER AT N A Lo R . RO RS W, B 18] RORS O #BAS fo i 3675 25 4
AIA*, AT T AR i AR AR AR R AL, AN ARV
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BABY H LR BRI . (HZ BAIEFAAEIRIT AT T2 ), fHR ok
— Nl R A*FESEFR A N T A 4 o
A5 ST AP BN L -

o ZHKJH IS
o 15%1Y

o KT LG o

5.2 Description

Pl THtlexact cover problem ] & —F: £E0-1H B & i 2D 14T
{135 —F5 b A 1.

FATAT LAAR B — b 40 B 1) SR AR R B A
Je TR RURT ASCBCAT 310 R, SR FRATT 2230 de D R 20 30 1) i, ATA AR 320 1) i
R SCHL T -

FATHA* + Dancing Links v i,

AFIEEVERIHESE, Dancing Links K SEHLEE 4544, T & %L,

AFR LU B R h R B W TE, bR B I W R 2R 1, R A
DR O B2 2R FE AR AR AR KRR FE B Yo TR B3 . ek Hoin FARAS
B ? B BAT T 1% AR ORUE L R U B R BT Kb T S h R £
) 48

U h R EOE SFEREA SR, Bt DO TR I RE Mok 36, & #¢Dancing
Linkss2 %A L2 B 28I VRN, Dancing Links 1032 AT 1)
KR .

5.3 H function

XFT B PR A AR, BT I h ek HUZ 1K 1)«

ansK it h R EU 5 fE

X H A B UL, R — AN AR I A, IR B W% A e D TR L NMT
Ky, Pl Alans++. ZAIEE] S, AL E PN N AT, 2w T
ZEIEFE, JFAUIX AT N ) FI B B ). AR SRk PR BRI 51, 3
BHEXFER

T XA ERAE, 3t nT AR — AN B Th ek 2
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5.4 Method
HTheR %, B NGB T « AEHA L, HIDA L, SEHUELL
BT L

I SEBTTIEEIDA*, BN T — AN HEFEEAT HI F Mhashid 2 AR
T o TN EASE R AR LN o i AIDA S & — A FU I 1) ik 5

5.5 Pku Online Judge Problem 1084

http://acm.pku.edu.cn/JudgeOnline /problem?id=3076f
X R H R 1 b1 ), R R R R IR .
PG IORE S50 T LARL6 OK PRI E s o 25 MR RS T



