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ABSTRACT

N-puzzle is a kind of puzzle game for leisure. In Wenquxing and mobile games
can often see its shadow. Some of them change the numbers into pictures and become
a jigsaw puzzle.

N-puzzle problem was first put forward by the famous American game designer
Sam Loyd in 1970. It proved to be NP-hard problem later. Because of its interesting
properties and suitable state space for study, people's study for N-puzzle and some
chess games is very early, it is these studies that bring the current artificial
intelligence (Al) field into flourish.

This paper first introduced some different search algorithms. And through solve
the 8-puzzle problem, we shown that the superiority of heuristic search. Then we
chose different heuristic functions to re-solve the problem. We found that the number
of nodes increased exponentially when the solution path growth, that is the longer the
path the higher accuracy will require for the heuristic function. So if we want to
reduce the search time, we must find an optimization method to heuristic function.
For the 15-puzzle problem solving, we used the mode database method. This method
is first to calculate the exact solution of the sub-problems, and then use these solutions
as the database of heuristic function. It is high accuracy that can solve a random
15-puzzle problem in several milliseconds. We also introduced that using machine
learning methods can optimize the heuristic function. Finally, we design and complete
this software, include the game needs analysis, module design, interface design and
the program code.

Key words: N-puzzle; Heuristic search; A* search; Machine Learning; mode
database; Software Design
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AR R, R LRI T IR R R, (EIR £ R A RS T
PUZRNH . gL B SRR E. AL RESE. PLE AR,
B S AR AN ) R AR . BRI DL RN L R s RN, 1997
HEIBM I “UREE AN R R A 2 T DAV R N TR BRI — A AR
i, B4, B RIR RN TR GERT 7L i) B B
1.3.3 #ZFF3]

MUES 22 3 7 N TR REF A HIAZ O, B ELEERIE T — 11 Z HOME R 228
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HR A AR L, X T8 K A R R — M B R R R A .
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P(D) P(D)
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R P(MID)FR R EATH I 2 H4E 4 D J5 TR MR M A E IR . P(D|M)
SRR RE . KT PSR s, FRA1A

P(D'|M,D*%,---,D')
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BN KERESE, FATHR AT — HRAEBIR R S8 w.

AT Mg 7380 (B 1-3) U F e ik o1 i, B i T
RN AA5 BAC B AN S S R . e it 7 AT Y IR SRS, JFIE S
e Je i A AN R O T, BN TR AN IRME, Hs A s KT
WMELIN 4 0] LB AR N R — 7, IRl R SERn % A A e s, AT DA
TRERRN A TT I RAEL, A BE S S A A T T — DR AN B B A R
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BIE  \HESEE KR
X T FRATEL IR B B P I %, HoAizoO DR N RS 3R (i —AN B 3l g2
NHFRATHA E— R R EIE R IOX — LR, BIEH CHE S kL
8
2.1 BEMEHRZER
8-puzzle HIRAS 7S [ K 91/2=181440, 1 %K HT(E BRI R 7 K

XTSRS R —A 9 AL HE B R, IF B R R A7
LRSS, REMERANER, —2r i eEg ) L FSAEa8E), g
A DUF] X 645 B R IR Al B A R % AR . A dh, MR R IR R R H RER
Vi, R R B Open AN Closed 243 Tl 476t 5 U 1] F 45 50 A0 B4 el i g 4%
o XTREIRFEA AT 55, IR L2 75 4 Open &A1 Closed £+, & ANEE NI
A Open F#HATHEBA . FH AL AT CAORUEREE U7 7] 2] 8-puzzle 171 BT 181440
MIRE .

1. SEPERSEE Z it i M.

begin
Open:=[Start];
Closed:=[];
while Open#[] do
begin
remove leftmost state from Open, call it X;
if X=goal then return the path from Start to X
else begin
generate children of X;
put X on Closed;
discard children of X if already on Open or Closed; %fjfi 3 f5 56
put remaining children on right end of Open %A
end;
end;

return FAIL %% AIRS T
end.

2\ %%F?ifm:
StateZS N EUIRAZE, fU4rint dataflState Fatherpi /4Nl 5 2R &
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ProgramZ N £ 27, HAAARERN:

ArrayList OpenArr = new ArrayList();

ArrayList ClosedArr = new ArrayList();

int[] ten = { 200000000, 10000000, 1000000, 100000, 10000, 1000, 100, 10, 1 };
int[]Cnum=4{2,3,2,3,4,3,2,3,2};

int[,] Cpoint={{1,3,0,0},{0,2,4,0},{1,5/0,0} {0,4,6,0},{1,35,7},
{2,4,8,0},{3,7,0,0},{4,6,80},{57,0,0}};

HA1Openzk FClosed 3% K H C# H iy F 71 R 2 Array ListR SZHL, AT UL 41 T46 A\
MIBR#EAE . CnumBZHid % 1 &M Re AL+ 17 UM, Cpoint —4E%4H R
X ARG = A AR DI B, XA AT DU (AR B 1 A

T AL

private bool IsAim(State Node)

private void SetPath(State Node)

private int Contain(ArrayList Arr, int data)
private void LoopSearch()

HrhLoopSearch 4 R k4, A LIRSS iR PRI T9m 1S, EMTTAHEES
ATV ISAIMPAIWT 2 55 N B AR 17 5, SetPathilz [A] EAAfE K42, Containig A Wr
datai(#s & B e FR P71

2.2 AMEZR

TSR R O AL (-3 BER R BT SIRES, 558 B RO R 2 X
TN IR S R f(n)=g(n)+h(n), X BIRA LS K KE h=FrE I
TR EAERIBER A, 758 B R — R Sk 4 RAS: F Open
P FFRAD TR A YR RS, ] Closed iR OV T FPRES . A ER
HUETINI — 25 & %5 Open K HH IR ASHZ IR RAEHET . Rk, BHRIGIHAERE 5 FE

Open FH i A BHPRAS
1. ASEZI D ARS i .
begin
Open:=[Start];
Closed:=[];
while open#[Jdo %L A RE
begin

remove the leftmost state from open, call it X;
if X=goal then return the path from Start to X

8
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else begin
generate children of X;
for each child of X do
case
the child is not on Open or Closed;
begin
assign the child a heuristic value;
add the child to Open
end;
the child is already on Open;
if the child was reached by a shorter path
then give the state on Open the shorter path
the child is already on Closed;
if the child was reached by a shorter path then
begin
remove the state from Closed;
add the child to Open
end;
end;
put X on Closed;
re-order states on Open by heuristic merit(best leftmost)
end;
return FAIL %Open 1 4% T
end.

TERE— UG, A ZRMIB Open FIFRHIEE—/N AL, WHRIEAT AN
EFRTT S, IR IR B A X S B AR AR R AT, G SRA 2 B AR AL, TR
PRI (52K AR I RRRE B 250 P AE T e 4k R S AT
Open 5§, Closed e, J2 i 70 2350 7 B AR 6 4 LARA DR IZ AR IE R I 2 B
FIE% 1%, ERARESA SR, DR R 7 A 2 BB BAR B2 i .
SR JEHE Open RIZM S RAEATHT , HRIFHR AN SHEAE Open R 1T
T, SRR BRI e S 1 A AT R AT e /b 48 2= Jo I R
2. FEFFERI
5] 55 AR ST 2R 5L, State FENFT AUIRA L, BMEGHE

public int data;
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public int fvalue;//j3 & 1&
public int n;
public State Father;

v AL E R 203 TR A E REAME R EE
ProgramZ& NAET R, HI7VEEFE:

private bool IsAim(State Node)

private void SetPath(State Node)

private int Contain(ArrayList Arr, int data)
private int Sortfvalue(ArrayList Arr, int fvalue)
private void LoopSearch()

HorpSortfvalue /772X Openge H yu 3 #4 ME J8 RAB AT HEFF . i/ DI TR 520
BATAT UL 5 K AB T 4 A\ Openge,  BLi ml LISR FH =20 B4R 5 51 e 4l A AL
B, Mi—BRFFOpen& Ay, R itEs s sl G KA, AT RLE L—1
OOy —HEHLH, FRICSKEE MG T LB S IEWiEE R . £/ 419 i, R
it VSR A A T i A 2 e R ARG R AT, JF B R g(nE+1 (R EHD
2.3 MEZRERERHERLR
RAVEBYIUATT 25 data {Hh 810357426, ‘&5 HARKISLPREE S5 23, RIF K

T FEAR AR RN FF AR RBEAMRESH AT 23 2. Bl 2-1 MR R 7L e i)
8] S F7 1a) 9 R B
o C:\windows\system32\cmd.eu_ o C:\windows\syﬁe;\m

B8 : 88 : 88 . 81386887
OpenArr.GCount=24

&1 2-1 AR ELERERIER LK
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PR LL AT DLE M, AEIE L TG (3 B2 [ S SR TLE 45
KOHR e Tz,

2.4 FEFFMRESHR
SRFH vs2010 (1 HOPERE ST, W LA 5L ek SO AT BORUR I (1 2-2).

ETHTHENTHEEAERARE
EE CRIERSIHEERS CRiR SRS
¥ ConscleApplication2.Program.Main(string[]) 100.00 144
¥ ConscleApplication2.Program.LoopSearch() 90.60 8.51
¥ ConscleApplication2. Program.Contain(class System.Collections.ArrayList,int... 76.04 37.39
& System.Collections.ArrayList.get Item(int32) 19.50 19.50
4] System.Collections.ArrayList.get Count( 19.15 19.15

ERNE EREERA) BEN)

AERTT IR A3 T {ERIERES

SRAESERSHAEFTEN R

=R SRR
ConsoleApplication2.Program.Contain(class System.Collections.Arraylist,int32) I 37,39
System.Collections.ArrayList.get_ltem(int32) I 20.01
System.Collections.ArrayList.get_Count() s 19.44
CaonsoleApplication2.Program.LoopSearch() s 851
System.DateTime.get_Now(] s 6.39

K 2-2  AFERMEREDHT

AT R IR PP BB 43 i (R FIAE 7 Contain BR# b, EIRSINEEASBT AR A
AT 1 o R SR EE IR, Bir L Contain b8 401 TR S B AT R 3G K.
PRI 3ATTRT L4 Open A Closed 2273 )i —Ma Ay 1136, FIRARIC MRS
VIl OL, X Contain B8 30T LUEL 3 G Ay K A s AR, B &
T ARFUCH AT 7 A S G T FRT R ]
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BZF THEBEDEIBKRENE X RHRINIL

3.1 R EAL o) FoK fE

YT 4*4 A, FRATH 16 F 95 B 74 F RARCEAN T SIS . BT
4%4 FRATES5 K 100 245 (3*3 fRAF 3 7E 20 H2H8D), Rtk n 5% FH Fl 3*3
A [R)RE ) it 2 bR 0K R e AT A IS 8] P SR AS R B A2, DRI L IRATT B TSR R U ) i
7 2 1187181

3.1.1 BAREHFHEXHERMERENFMN

X TR R BRI, RT AR s it 1 B ) e A AR RE RIS A R e Tz
e L 1 g RS R AN T JFAe st [ 0 AR AR, PRI R R 3ol R 1, B
TRAEFT R AR R 3T IATHBC Pk, 7T LLKE 1) R ik R Ee.
AT RTUN AR TSR BRT, IR AL BAIREH BT, ATRIE
P A AN BN BRI, AR = AR it ] AL
1.~/ R U AR TR0 3 B i 7, Wk AL B AR
2. TR UM AR TSR BT, WA BT
3. —MBLFR LI ARG TFRENE B A% T

£ T 3*3 JRAS ) AR T, FATTIEBUS K R ho(n)=Fr A B 2035 H befr
BREE AN, WAKYS MW es, X B s —REOL. SN ERATE AT PLig %
JR R BRE o (n)=FECLAIBL T2, 0N A =R AL A LT RI A A A #,
S =R DU S A DL RA T I, PRI hg LUy B RS R X T
FA ARSI E ha(n)<he(n), SA8 hp & EUFIIE K. X FJofE B
TR SR, TTLLEAER ho(n)=0 1) A ZR . TFIHIFATNIX 3 AN E K 11 Re
Xt

BEHLAE R 50 MA R 8 Hhd i, eI EEM 6 21 25, Jfibigtld oy
AT EI o 73 I B3R 3 AR REAT IR, FFC ST A U A R R

12F

« by
1

% eyl ve. x
* eyl x
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K3-1 3R KIEREXS B

PR R, AR TT 1) 19 RSB AT B AR AR R T 3 5k
ARFR . AR DU H RS R EE AR I, U IR0 R AR 2 1R BUE . TR AR RS
AR, =MUR R RBL BT REZE = EOK

3.1.2 RAMIERE

XFF 4%4 A, FRATT R BFE 2 e di e 2 R A AL T I SR PR R Bl B B
CAIR KGR, DRI TR B IR A0S % o AR AR 122 10 5 v B o8 2 WK fig
P ot Je) BEOR IRAF TR AN ) JE R, 6 A2 SR AN T BE IR i) 8 PR A A Can DY A A
FRI— B AR TR R, AR E R P IB R A AaRE, Eil
FEEE PR B 4 H AH R 7 1) R A SR # Re T B — AN n RGN B R X 1 8 1
B [ Rl B ARIRES 15 8 &R Il N REASHE 2 S R T RN

1-2-3-4 IR B R FE A, AT AT LUK E 5-6-7-8 B 2-4-6-8 & HEE. &
IR 1-2-3-4 H¥E PEAN 5-6-7-8 AR 10 1 10 VR Rk I A B S, (BT 115 28 K
KAIE AR PRGN T, BN T-45 € PIRES 1-2-3-4 7 [l @ (1) ff Al 5-6-7-8
TR R LS € R R EE B —— A% 3) 5-6-7-8,1-2-3-4 AT HEFE A
B E, RZIMRe ALIATATLLRTEN 1-2-3-4 (B NIKE. ARESE
HH B S I i R 3 R SR A SR AR A I R AE T S o IX P R A oA 4R
oA A 2R RO R BRAT % R AR 15-puzzle W, HAE AT AL AR
FH S RGHER 554 8 R R U b T 10000 £%

3.1.3 “HBUEERERFEN
State KT AURA L, JBMEATE

public int data;
public int step;
public int Index;

b data M 1,2,3,4 FUERE BT AEAL B AT RO — A 5 A7 16 JFEHI4G step it M
A AENZ AT ERE RS Index LR AT AR ENE R Chl e T Ik 3I &
2, HEN{4,-114Y, HARELTAL.

FREF AL

State[] StateArr = new State[1048576];

ArrayList OpenArr = new ArrayList();
intf[]Cnum=4{2,3,3,2,3,4,4,3,3,4,4,3,2,3,3,2 };

int[,] Cpoint={{1,4,0,0},{0,2,5,0},{1,3,6,0},{2,7,0,0},{0,5,8,0},

13
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{1,4,6,9%},{2,57,10} {3,6,11,0},{4,9,12,0},{5,8, 10,13}, {6, 9, 11,
143},{7,10,15,0}, {8,13,0,0}, {9, 12,14,0}, {10, 13, 15,0}, { 11, 14, 0,

0%
int data0 = 4671; //0x0123F

HrbState Arrid SEEEANIRAS (3£161/111=524160) 1152, A K/NEN
1048576=16"5 (A 50 161EHIED , &N T K StateArr S Eis A LKA, 75 51
datafB BP & 51, MRS FRER S FEAR AR R AR, @i HhrRS 5 R IRl g T
BB AL PFTERFE. OpenArmid A AT &, FIBT A2 B8
]33 AT LLARH State Arr[data] S 75 4% Sk F 1K o

A 524160F IR S R 52 2 )5, ¥ State ArrE 2 AN A A datafid Flstep i
BNXUOC, 191234 ) R, F R 775 ] LL45 215678 . 9ABC . DEFO
AN BAHAR . fER1GDEFO (OfRERZH) it FERE, FRATR A AUH 3N 2L
5y BRI SLbRAe B0 KR 2 G dE B AR R, DR [l R R RO L AT
INET
3.1.4 KfE+ R o) RiFzE Kl

AR LT SR A3 A SR P, FRATTFH A0 J2 (P step (ELAR ISR AR B4 58 4
SRR KRG, TR AR RS E AT R FI*SAMIE, AT il
PR ITERR G KAEH &

FEF SN R
Statez%

public String data;
public int fvalue;
public State Father;

N, AT A datafE AT H1I6 N A B oRid sk, Wy SRS N
“123456789ABCDEF0” lljdatafgy “0123456789ABCDEF” .

B0 ARk G Rr Sl L I

ArrayList OpenArr = new ArrayList();
ArrayList ClosedArr = new ArrayList();
int[,] modeDB = new int[4, 1048576];
int[] Cnum;

int[,] Cpoint;

String goal = "0123456789 ABCDEF";

14
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public void read DB()//#txt>C 14352 A\ mode DB 4H

public int getfvalue(String pdata)// & 44H 2 step (B AR N =k 18 5 K AEH

public String DataToPosition(String data) /4% Pk &5 A o AL B R F o
private bool IsAim(State Node)

private void SetPath(State Node)

private int Contain(ArrayList Arr, String data)

private int Sortfvalue(ArrayList Arr, int fvalue)

private String ChangeString(char[] datac, int p, int u)/4% 245 Brp. ubsr B 775 %F i
public int CharToNum(char c)//4 775 i g AH B B0

public char NumToC har(int n)/ /K 075 5 A N 7 FF

private void LoopSearch()

3.2 M&BRFIFERUBLRERH

JE R B Hth(n) 2 F SR A TH AN finB H AR 9 sl AR FE R o B e A o) A4 se Al
R — AR ? — D T7 SR BT MRE S B e PR AR st ) AL, 2L 1
(M P ERAT IR R B 8 R R 53— A R M B S B
R, FATAT LASK A R [ R A e it ) e DA AR SR A3t 7 7T 252 2] () B SE 451
AN SR ALFEMR AT L — AR T ANRAS BIA M HFERY - 18X L4511,
FATTAT LA — S A 4857 ) SRR 38 RE 06 TN A TR 25 ARG IO R 2, XA R 2
AL JATH A 5 K R

XA ST B b — TSR B AL 2 ST SRS, AR, AERRATRE A
1 BB ] R A RACRF AR IR SR ) SR 2 ARG AT L B AT AT RS 2 A AN IR
R A 2 B IR AL 3 J5 R BR 2L

h(n) =c,x,(n) +c¢,X,(n) (3-1)

Em TS EEAG L, IR BUH e/ SRRl A HAORRE S Hcl. ¢2.
PATIEFE AV RF RS D0 B i 25 O 2 L (R R B )

XEFBATH R, W LLEFRFIE— Oy “ 2mWiEae” o FFIE 08 “IUE
IR, BIAH QB AAR 5 255 2 H PRI i ZRAZ 7 B A S 0 XA IRFAIE
3T AR B 7 AR 7 HAr XESE, B R RS Shm A L PR, BN
BB B Rk GE % - 1X -5 R o 21 AR s e o 2 s 55 DU AN A —
IS e PRI 2K 2 e i 2 25 1L

15
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EWE KRS
41 R

4.1.1 FEanE ks |1 HeaR

ST B TR (I SRR A8 TR A, 1 SeBRAT 75 2 40 BT T etk I 2% 7
7 T 5 B -
1. PhHE 5 R

PRRRAE S5 R TR DA R B, T4 2B S R R G, B
TE— YIRS B A OB 1 5E IR — B AR, Bt R G610 B R AE I F v
(SIS T — B IR RRR S, XA S BE 1 — AN S
2. Xt

Wk h e M ARE SRR, . A, XRER] LB SNk £
(AR, FATHERL R 422 R QQ MBI K R 45, e A A — i IRk
RRAE AR — .
3. Wi HEF K

AR E A RS T BIRS S5 IO T, 33t A i 2 o 35 TR 0
B, DRI EE ) £ e R SRR B U R T, 0 N A e o AR B B
TR o A EL S TR X T P W 2 P ANk P R, B PR e 3E 5 2%
IR WIS IE B AR 2 5 B 22
4, BRI

TR UATE TAEZ A, 3B — il shas i), o oo, Weskid ft o,
AR SR SRRSO N E . B R CR I B H, kA
N
4.1.2 ERFFRERDT

T R R VB A P B RA T A e, M ST RN T B 75 7 T 43 %
BRAF AT
TRV TSR AT e R v s, BRI B B IR R .
1o ZERJE TR 28 B KR, FEMR T RZAE BT 5 RS 789 5252 AR R 1 A
.
2. MR R E BT, ROV button FEAFRE IR, HANI AT LAEAT
—SE T A5 E e
3¢ R AT R, MR AR % R R BT R A, %S R
P, XREBESt s DL EE 1 O B BT B
4, FAORVEVF T, %SRS R R IR, 5 AN AT LA A A

16
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RER 5| Dok IR B .

DIRe s vt J7 TR N R AT Re 78 F P #4E,  JF HUS AT R B3 e xk ity ml Bod .

1. BTN PEERR, iz ftin ok aebfi i & 2 56 B B 7 i Dy se .

2. AN S B ORAT U AT R B R ) TR, DA ISR AT DLAE — B 8] J5 4k 4L
T A T8 TR o

3. AMEINEAR AT B, ROZA A FERMER LR, DLEAFERSMI® T FRATX
HEHE 7 3*3 M1 4*4 PIARCAS B w9 e . AEAMIL BTt b, a7 Er AR
R, oo T B R Bk £ SCH R P B sE Xz .

A4, NBRITFE IR, NiZ¥ar “N-puzzle JERERE”, Gt R BT E A BT 5 1)
Isf 1) A SRS SR, ek A AT L4, AERRR BB LS RN B4 T 5 n (5
B TR Bk AW AT Bk .

5. ZPAMHIZ L IR NRE B Bh4h B E IR B H bR 7 SRR AT, AT
LK 48 2223 4 i 77 201 solve one step 77 204 5 P S

6. VAR I T EHRAE I I BN A RS, v TR AT REE AN F IR K
TEREFP BT, AR TR RAbREE. SRk 3 AR T

7. PRI AR, FERE N RS A BT RE A B BT ELDhRE . FERE T IT IR B
A BN

8. WER AR R H BRSO K AR BT DAL T R I B

4.2 FEHET SR
4.2.1 IhEetER REEO

R TR SR AT, IR DR T T
1. WERERAEAR R

B B AR R ST S A, BT B AR — AN LU A (%
MEFHAAFED DA BRI, I AW TR (boolwin) |
JiFRsize (3*384*4) | f& 75 NI F (bool picture) LK B A 4 Fx (String bmpname)
o (IR RE T, SROLORAF ARG R AR DI RE, FRATE B AT ORAF, 1E
ST A SR HE I 5 5 ) 4R % 4% InitiaIDirectory Al JE 25 Filter . (R 7E IR 1K K
NUERHERE . R E AR BRI ERRAT A DA 8 . EFT T SR 75
324 FHOptionChange BB %, & 58 B & butto % 44 AR 39 R0 I A BT 80 2%, MY T
WO IILE . HANEHRRE S ML T F] LA VE B i 3w AR R 7 T,
XA AT R AT A AT B, BRR TSRS ARSI . 285 FEXTbutton
AT A5 B AT B8 Ut AT DK I L4 WoRAE A b
2. VAR MR AR

17



REERF 2011 JaARAE b it GRSO

AR I e AR TR HERIIN 25 - Congratulations (15 2. B N E0HE 1% 4
FH B 1) Span A1 A& 20 44 step, AEAR BRIk I 75 22 M d sk i SO R s H 4B S
FEAT Span. step HEATELEL, F HLKUEREESHE L “N-puzzle Jukfesss”, NIFE P4
HO“HRICR” $EnE R, FER SRR AR 505 N eSS4
3. IEIEE (Options)

A Lk E T I R R A AR AP (B i R ) B TR
By NS A > W R FE B A T B R, R B R B R AR . X
FEFE Option T3S E I, 7T LLR R /0 F P (s Bt e, wnssck, iy
WA R . B IR T R iR B LRI ThRE, DR B e SRR L
I 5 BT — A SO IR AE . A B EAE O T IR I, T RE R A 3 R
OptionChange & é&mﬁlﬂl‘zﬁﬁl 2B PR s B CUE K size a2 15N
)#52 BIR 40 (FEE).

%@H?ﬁ"ki‘%ﬁ% (Preview solution)

ﬁi‘%ﬁ%@i UG R W 1E Iewk Ik F2 A o0k B R B A7 TN, LA N B D 24 i U Xk
size FIE I &HR . ST T XA TS IRAE T PriSc i rImsk I Ao
5. HBRMFI

ZME R OAE BRI T HARSEI, N 2 TR size AT Arr 4 .
fig R LR TN AVE R AR AR AT L SRR Uy A E SR, JF AR
RETE EFET 1 A 3 B R AR FE M D RE

4.2.2 BEFEESI

1. F&M (Forml.cs)
MR IR ThRERER R 4y, G FE P SE kT an R

8 puzle T s | [+ & puste oo
Play Help Game [Play | Help
MNew Game Left
Save Game UL
Open File Right
Down
Statistics
Options Preview solution
Salve one step
Exit Alt+F4
Shuffle

K 4-1 FE RS R

18
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PALRE PPz AT Ja Hrdsin i) button 2 4

E

e
ot 8-puzzle

Game Play Help

T
6
15

4-2 FEERIINE button #4

2. Gt E B &K (Statistics.cs)
GHE B E R R R AL R S ERBI A, DRt EEE R,
BT EEEESE, B,

ol Statistics | S
Er{ERtiE BiEEE
000024 51
00:00: 268 59
10:00:00 1000
10:00:00 1000
R

& 4-3 Statistics i {4

HWAREE A

buttonl—— “ < []”

button2—— “EH"”
listBoxl—— W& P4 Item{“3*3”, “4*47}
groupBox1—— “ e fERY[H]”
groupBox2—— “HE A7

labell- label8—— SR 4 i1 1,

3. HEUiE & (Option.cs)

19
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it s 30K H Atk R (StarCraft 11.jpg/Frost Wyrm.jpg/constellation.jpg). B H
SR A E LIhRE, Rk size FH S E E X IHRE N EThAE
o5 Option EI@

Difficulty Picture
- C ] _ Humber

) StarCraft II
O 4

| Frost Wyrm

_ user—defined B
_ constellation

_ user—defined

owe | | ma |

Kl 4-4  Option %1k

H AR

buttonl—— “7fisE ”

button2—— “HyH”
groupBox1——*“Difficulty”
groupBox2——*Picture”

radio Button1-radioButton8—— 7% 1 ¥ 1% 4241

4, PERRMERIE R (Win.cs)

rnf Win =k
GongratulationAfoulwin!!
WWE: 3 BfE: 00:o0:2d4 HFHI. 55
4 new record!
B || mEB
K 4-5  Win &k
R AL

buttonl— “iBH”
buttol2—— “Fk—F"

labell—*“Congratulations! You win!”
label2—— “X&E: ”

20
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label3—— “Ifa]: ”
labed—— “HH.”
labe [5- labe 18—t 3% 1% )5 &% T fE &

5. Solve one step % 14

u-' Solve [::]I!II[::]

listBoxl

s ] [ tesseo |

K 4-6 Solve &

RS
buttonl—— “Solve”

button2—— “Next(Space)”

listBox1l——— &/ 3R 5 B

4.3 FEMEFNRESSI

1. B &

TSR ) 1 B R size. BT AE . B AR

private int n=3;

private int size = 9;

private bool picture = false;

private String bmpname = null;

private int[] Arr = new int[16]; /A% BT HEF A

private Button[] btn = new Button[16];//buttondZ {4 %120, H41EHER
private Bitmap bmp0 = null;//bmp0-7-fit & F

private Bitmap[] bmpsize = new Bitmap [16];/iZ ¥t 417 1% BTk 5 1
private int X, Y /RS T RN, 8 o508 5 R OK /N

private bool win = false;
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private DateTime start;
private TimeSpan span = new TimeSpan();//ic 35 i %% Fir F st 7]
private int step = 0;/Ac %k AT E 25 %

2. J7E N

1) public void GetlnitialFormSize()——3k#5 % P X IR, TREX. Y.

2) private void Shuffle()

KBTI, B AL 2R B AR BEHL R AT Tk, Tk 24T
BLHORCR o FRIRBENLE OZE3MBEHLE, 7R B R A . B4k
FIHAAFO AREMH) WA E, NEHIBHERELZ, b EREshiRE,
ASRETE MBI SEIRAEFR o Forp 23 4% A 2 1 22 # FHChang Arr R 58 . BT
New Gamei #2114, R AT DB A s E o I A I b, &
Fwinik Nfalse. JFEARF IR RIS HE R . SHE LN EBRE.

3) private void LeftMove()

private void UpMove()

private void RightMove()

private void DownMove()

DA ERREON R sh1RAE, RHTELRR 25100, 75 ZEA) M e i R (R AR AT, RETS 5E LAl
RLAEEAE o AT T RS AE N step++.

4) private bool CheckWin()——3IBr 47 Arri 42 55 B AR EdH A .

5) private void Changebtn(int[] Arr)

Z R ER IR AU OB buttodB A S B o B I AR T RS 0L, £
N U AR buttonf) 55 B, A5 00y W i Agbutton fftextfi, I 4% #button
fvisible/@ L1 N false. Ay HFRIS, MErE@WInGi &, JEiT S IRk
T RS TR T e A5 4, IR4 2 it buttonff) J&8 8 J5, RIS BB Ao

6)private void Change Arr(int[] TempArr, int p, int q)——¥%141 70 % Arr[p] A1 Arr[q]
b,

7) private int GetPosition(int[] Ar)——3kE 2 # KA HE

8) public void OptionChange(int newn,int newsize,bool newpicture,String
newbmpname)

2 R BRI T A B U FH T ER 8, S4B Fenewssize . newpicture i newbmpname.
un 5 B R AU 7 K newb mp name 842 1 B A8 NbmpO £z B S F, AR I
newsize K/NHEAT BT EL, FH45 BTG OB bmp AL BLA100*100 K /Mt 45 bmpsize
B i Rsize iU N 7 A% 1 X (ClientSize) HIK/INAyn*100.

Button #ZH WI4AL 445 Name. Size. Location %5 )@ MO, 205 A& H
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i Xt Backgroundlmage JEVEWA(EL, 41 RNECT I AN FHXS Text J&MEAE. 535k
Z5EEA button R IN—AN Click 21
btn[i].Click += new EventHandler(Btn_Click);

3. LB

1) private void Forml_Load(object sender, EventArgs e)

TEE R ENT, T ENIEE I N 3*3 WA k. [F OptionChange B4+
B e v e AR TE

2) void Btn_Click(Object sender, EventArgs €)

ZFAF A button FEAFEINE Click F4%, B B2 kB i FH BAREAE AT LIRS
BT B Az F A Ak R I B Sl 75 A W ) LR 5 A S A 4L, 25 R ChangeArr
A1 Changebtn pR E AT F2 B 4E

3) private void Form1_KeyDown(object sender, KeyEventArgs €)
[@Btn_Click=FAFAHIA, H Wik B sl i At mr i g b, A& E
WSADIYAN 55 N B 1 BN A2 #3)), 437U F LeftMove (). UpMove()
RightMove(). DownMove() P44 e %1
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FHE BE

ARICE SN TR 2 R SRS, IR A 20 Npuzzle [T T
KA, XS 15 B R AL AE i oA 1 ARt o R R BOEAT Ak . R s X
N-puzzle i PAFIISEIL, 5%2] 1 Cogife, FFHIRSRIRS] B TREM — Lk
FIAR . R D A AR LR B4

AFEHE RS B R . PR e RN SRR R, e R
M, AER 2 S 1A N 8] S 2R FEARAE AR R IR AL R A 7 5RAR /N, (H
AR IRIERIUE, BEATEN. BARERPHEEANN AR, (£ik
HRCT SR 1) i3 5 3 R g o DIE AR A1 2 46 11 o I EL BB 36 BORBIONS 19 1) J 5 R 0
ZEE R R RER AR T o B RIASRP ISR 1B 2 18] B2 2% RE AT (8] B2 2% JEE
PIBCUE 0, LER A e 7 SR MIRPE 1 a3 ) R FE 3R T T2 SRR
Se AR A G MIFEAR 1 22 () B BT T 1 A R e DL AN 58 4%k, R g L 1] 22 2%
FEARRENE 15 I IR

O T EIEIE X 8 Aok R KR, FATH A B RS R R RIAT T
Beo IF Bt 1 AR5 A o BB oK A e, AT BB Bt A2 1A KA 7
VIR BT R R R AR RN . X A FES AL 5 K R R R SRR TR g
Z5YE.

FESRAE 15 Kkt fm) i, 25 73R IDGR AR 8 KA i ) )5 i bR HIrhe AR ME A He I (8]
PR BN, PRI 250 R R BT DA o 5 OB PR AR AT s 1) L0 20 SR A
TR R R L R ARG 2, TTRE 7 R I (R S K R B K,
BRI 2 1) 7 V2 R ORI N4 2R B2 o T 2% 77 ¥ PR sk et A 00 P A AR 5 A
gD THE, I HX T RE BARD IR AU, KRR SRR A
Wl BIGIAINAE THLE I I7, 120750 ik 1A (e PE sk S, JF L
A DUEE A Wb S, X R s BOEAT IR B, AT A TR R
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B

AR AT TR 2 N B RIS

BRI N5 2 Mk 2T, R SCE AR, sk MO T Rig
RGN B AMEE SR, JFONBkE 7 254 H SOk BT EGR AL
frseds, A CH#, Egfeid el SR WA, AR5k ImH Bk
R, TKEITIN R EEE SRR TR, I RA G2

R Ja F O A F AR, AR I BRI SR O SCRPAIHE B4 LR B
FI5E T ASRHEAR S, BRI ZIRDRS BK, FESL AU A 07 4 # 2 BE
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