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SRR TR BN TS B ALE, a1, 313 AR B — AN
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HILAE 3 f7. Movement A4k /& PG ER ML E RS, HARAL B R EID X RIFHREE S, key
KRB TERINLE, value R ILADA B /T #A/ESI1E, W 0: [0, "Left", 0, "Up"]#&mxw, M=%
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AF LIS, Foxk 0, 3 L] AR SIRIN N EER “Up”e XAzl & UL E R A
W PTER) 9 M B AT ARSI TT 1), HCE LR BRI TT 0], 45 Al & o] AAN B FEHS 4% 5))
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1. class MoveStruct: #3& XCIRAZS ] xxf
2. def _init (self):

3. self.NextLoc = [];
4. self. Movement ={};
5.

6. Moveable=MoveStruct()
7. Moveable.NextLoc=[[1,3],[0, 2, 4],[1, 5],[0,4,6],[1,3,5,7],[2,4,8],[3,7],[4.6,81.[5.7]]
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8. Movement={0:[0,"Left",0,"Up"], 1:["Right",0, "Left",0,"Up"],2:[0,"Right",0,0,0, "Up"],3:["
Down",0,0,0,"Left",0,"Up"],4:[0,"Down",0,"Right",0,"Left",0,"Up"],5:[0,0,"Down",0,"Rig
ht",0,0,0,"Up"],6:[0,0,0,"Down",0,0,0,"Left"],7:[0,0,0,0,"Down",0,"Right",0,"Left"],8:[0,0,
0,0,0,"Down",0,"Right"] } 4

25— MIRIRE, JEARITA B BPRIRSHAAAE — NPT AT B 51, 1234 F 5
R, 5 SR F 0 PR A M SR A I AR 2 75 FTIE , 27 ISR A B30 A A Dy = 55 R) 9 18
AT LR — A F5, 5 WARER PPy — a8 MEE, Woe. 2
PR judge(srcLayout, destLayout), srcLayout FmVIMIRES, destLayout Fos HFRIRAS -

1. def judge(srcLayout, destLayout):# J| Wi 4] 45K 74 42 75 BE 06 2104 H bR A4S xxf
2. src=0

3. dest=0

4. foriin range(l, 9):

5. fist=0

6 for j in range(0, i):

7 if srcLayout[j] > srcLayout[i] and srcLayout[i] !="'0":

8 fist = fist + 1

9 src = src + fist

10.  for iin range(1, 9):

11. fist=0

12. for j in range(0, 1):

13. if destLayout[j] > destLayout[i] and destLayout[i] !="0"
14. fist=fist + 1

15. dest = dest + fist

16.  if (src % 2) = (dest % 2): # [A) 27 [AlE S 4 AT ik

17. return -1, None

18. else:return 0

ST B RS B RR, R MR R e F — A 33 AR, (HIX T RES:
FEIETEREPRK, FTUFR AR AR R EDRE, 0 RESHE, WyIsIRES
srcLayout="012345678"F7~ E AL TR — AL B I )\ BRDIRAS , X FEFRIR 1T LAE kA7
1A%, AT R BL % sh, LA BFS 1 DFS (S B RFIE NG, 52 LR KL swap_chr(a,
i j), Hi, a RRBIHHTTRERE, @ ARTLUBIMERDALE Gl 22z L
Moveable.NextLoc(j) KD , j R ERAME (B “0” PrEMEUAE T s, @it
curLayout.mdex("ooE@ﬁﬁ%%ﬁx, curLayout F7s AT BPIRAS, 1RSI RE2 5 S0,

BB i > j A A ML B S BN, SRS B VI (7 13 RaR (B (0 38 4 1
ZAPRAS . 2 s RAE BRI H s, R, RRFHENE—A fmm ok
WO AMEET, RIS S RPRES LRSS e J5 B RS H AR AR o

4 fFH TS E AR N http:/word.wd Ix.com/ , FHRE T INZE LTS i
5 BE{S2%: https://zhuanlan.zhihu.com/p/127409399




1. def swap_chr(a, i, j):#015 B RFE: T B30 B 1584 ok £ xxf
2. ifi>j:
3 L,j=j,1
4. b=al:]+a[j] +a[it+1:;j] +a[i] + a[j+1: ¥ E, IR EIAS G RS
5. returnb
BT RFEEMP 2 AT ZE A R A Mg R ? X B A K2

solvePuzzle(srcLayout, destLayout)Bi%l, FN25RHIFTA W] REERIRAFE T I Statu_saving= {}
Hr, Gl KV SESRARIPIRES, B —ANREEN Value, T —ANAMHGEFPIREIER Key, XFF
AT LMS RIS  — REPIRASME, e, HAE TSR 520 s i R kT Jik
R PEE, FTE@IT Statu_saving[srcLayout] = -1 (HIUGARASBA XL srcLayout, K itk
-1 RZARZAHED VIdE T, PR HARENE IR T, BT RB AR, —RER TSR
R, WIT Statu_saving[curLayout] ¥R S FPRAS 512 3% A 5 RS A AT HERNH, 15
B2 TR, IR —ANIREE R append (RAFAE Answer Output F1. JER, N T HJ5HE
BT Hr HORAS, XHEAEH T reverse JVEEUEINF . —RE M HEABAIREESE,
B, X LB VOE 47 B MoveString = {7 MORAF# R AT e R A R Bh 1, AT LR S bR 100
B 4R, M HE e B EE, EAIEIRE R H IR RES K R R AF TR,
FFRIFEEIE Movement Output i HSNEMSS K. B2 Statusaving FTHIHIRE sreLayout
i, Zeabmlg, g

1. def solvePuzzle(srcLayout, destLayout):

2. Answer Output = [[#4 & IRE TR xxf

3. Answer Output.append(destLayout)
4. curLayout=destLayout
5

while Statu_saving[curLayout] !=-1:#55 T--1 I}, SWRAE T LUR G, PIAZE—A
PIFEIRA - value #2-1

6. curLayout = Statu_saving[curLayout]#4% H iz Ji5 TR A A3 i #E [31
7. Answer_Output.append(curLayout)# 5 & — IR LR AT

8. Answer Output.reverse()#H] reverse 15 21|t J7 %y

9. for answer in Answer_Output:

10. if(answer!=srcLayout):

11. Movement_Output.append(MoveString[answer])

12.  return 0, Answer Output# 1 [F &3 [F4H, A&

XRERRATIAIE & ST T )\ B R A 2 A3, B Seie ) B D2 LU R T,
PR SR P FEEE R IR AT Vet MR AR R .
4 B SeH REIE DFS
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N \BIBHIUIRAS sreLayout F1 HARIRZS destLayout .

T 7 M R B judge(srcLayout, destLayout) FIWT HFRIRA 2B ATE, HAliE, Wgkss,
IR H

MH Swap_chr(a,ij) RE, FETHIIERED TSRO E, 19302007 2EH — RIPRE
Wit solvePuzzle DFS(srcLayout, destLayout) R4, 14 ainl iAW) — RIVIRESHFA
Answer_Solving ¥13%, I H¥UATIRE (FHLE) value) AR —ARE CFILE key) AN
Statu_saving T3, KX RIFEENENVEEN MoveString 731 (DFS X g A 5L, BES
X BEAZECYBASSEIL,  Hofl—F0O

WHRMFPRE ST HARIRSEE Answer Solving 53K N7, M4k STT 46 CRA7 A% H 25 3
U T e

Wit solvePuzzle(srcLayout, destLayout) BR%L, M destLayout WHEHKIE scrLayout WPIRZASFNZ)
1€, FFAEN Answer Output

AW Statu_saving T ETHIGIRES sreLayout, 4 Statu_saving I EIWIGIRASHS, 20k
[, dRelimib g R, A, mE e

¥ Answer_Output i reverse FiUfs| [ B IEH T, 54 Answer_Output V) v IFE 5 4%
R R — R RBNE, DL 4 2R EANE AT I [A]

% 1 DFS Hikhife

def solvePuzzle DFS(srcLayout, destLayout):#/4 & It /048 2 57k
Statu_saving[srcLayout] = -1 #4451k 7 it
Answer_Solving =[]
Answer_Solving.append(srcLayout)# 1 A R A& A7 A\ 71| 4

while len(Answer Solving) > 0: #41 F AL FAATEIRES

curLayout = Answer Solving.pop(O#Hit% (ER: BFS FEMBKH)
if curLayout == destLayout:#H| W1 4 AR & 15 0 HARIRAS
break#Ul 42 H bR As, U H AR

ind_slide = curLayout.index("0")# 35453 4% 17 B 1 F Ax,
Ist_shifts = Moveable NextLoc[ind_slide]# il 1] AT A2 e [P0 B A
for nShift in Ist_shifts:
newLayout = swap_chr(curLayout, nShift, ind_slide)#iF 1742 4t
if Statu_saving.get(newLayout) == None:#H| K 42 it J PR 2 5 9% A b i
Statu_saving[newLayout] = curLayouté W ARAS A B ifidt, WP H A7 ) 7~
Answer_Solving.append(newLayout)# {7 N £
MoveString[newLayout]=Movement[ind_slide][nShift]#2/]{E {77t MoveString
if newLayout == destLayout: # W iR 2 15 4 HARIRA
break # WIGLZ HARIRAS, WIHAR

4.2 FATB
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G BEkE | BEAH L BRI (B
T 012345678 | 123045678 60141 1.0897068977355957
12 123645708 | 123045678 214 0.003155946731567383
73 642317805 | 123045678 31702 0.5701100826263428
T4 136254870 | 123045678 22817 0.3518791198730469
& 2 DFS H A

4.3 SRR

solvePuzzle DFS(srcLayout, destlLayout):
Statu_saving[srclLayout] = -
Answer_Solving = []
Answer_Solving.append(srcLayout)

if _name__ == "_‘main_“ . qe\se

R ted
‘Right", 'Up', 'Left', 'Down', 'Right', 'Right', 'Up', 'Left', 'Left', 'Down', 'Right', 'Up', 'Left', 'Down', 'Right’',
'Up', 'Left', 'Down', 'Down', 'Right', 'Up', 'Up', 'Left', 'Jown', 'Right', 'Up', 'Left', 'Down', 'Right', 'Right’',
'Down', 'Left', 'Up', 'Up', 'Left', 'Down', 'Right', 'Up', '_.eft', 'Down', 'Right', 'Up', 'Right', 'Down', 'Left', 'Up',
'Left', 'Down', 'Right', 'Up', 'Left', 'Down', 'Down', 'Righ:', 'Up', 'Up', 'Left', 'Down', 'Right', 'Up', 'Left', 'Down',
'Right', 'Up', 'Right', 'Down', 'Left', 'Up', 'Left', 'Down , 'Right', 'Up', 'Left', 'Down', 'Right', 'Right', 'Down',
'Left', 'Up', 'Up', 'Left', 'Down', 'Right', 'Right']

The number of moves is: 60141

The time consumed is: 1.0897068977355957 s

HEEAR, BHAER 0

Kl 3 DFS #8174 B R R
5 | RS R E: BFS

5. 1 UGB 8%

DFS 1 BFS B X 5l st A2 U5 [0 15 5 7 AN ], DFS F B AR 23k 5 H s 1 ok se il 5,
T BES JUIF]FH BAF Sk o th e R SE IS v . B LR Ff J R 1K) DFS BRI IR AT
L Answer Solving 1&HUUHBAFIRIRBITT, B4 DFS F1H Answer Solving.pop() 1&24H
Answer_Solving.pop(0) (U0 Nl 4 B FRRES 2 M BB SR st AT H FRIRAS AW . HoAth
AASGERER DFS Bk —#F, X B A B B 5 R s BA R AL B AR

f.solvePuzzle BFS(srclayout, destlayout):#[ B8 FEIEBES
Statu_saving[srcLayout] = -

Answer_Solving.append(srcLayout)

en(Answer_Solving) >

curlLayout = Answer_Solving.pop(0) #EEDFS—i¥, SEIGULAMEELBATISET)

curLayout == destlLayout:

K 4 BFS 554U (B DFS A— #3712 508D
5. 2 FATHK

#A #i

Test

GRS Btkds | BERAH KO EITRTIE (B




11 012345678 | 123045678 13 0.005928993225097656
12 123645708 | 123045678 2 0.00011491775512695312
13 642317805 | 123045678 24 6.602513074874878
14 136254870 | 123045678 23 5.147953271865845

2% 3 BFS Hi AR
5.3 ZRER

solvePuzzle BFS(srcLayout, destlayout):
Statu_saving[srcLayout] = -
Answer_Solving = []
Answer_Solving.append(srcLayout)

Len(Answer_Solving) > 0:
curLayout = Answer_Solving.pop(0)
curLayout == destlLayout:

if _name__=="__main__" if (judge(srcLayout,destLayout)... for number in range(len(Ist_ste...
R
The 13th move is:
123
045

f  The move action is: ['Left', 'Left', 'Up', 'Right', 'Right', 'Down', 'Left', 'Up', 'Left', 'Down', 'Right', 'Right', 'Up'l]
The number of moves is: 13
The time consumed is: 0.806714820861816406 s

HEEAR, BHABR 0

K 5 BFS HykiafT45 B r

6 A+BEyE - BT “SHRFEMER” PERRRHET
6. 1 FUA% B 2%

ARSI ) JE R KRR B S P R T )\ BSR4 3] A 4 (1) ) \ B i B i 7 2 AP
HTRBANIREE L N EA®E), FIET “H5HRRER” B KRBT AER
FEFR R LA 2 IS iEE B CONT S s B A, e vTahite) VB )\ i) L a2 AR AL
X B A H Distance_Compute(srcLayout,destLayout) BRECK T E AR 2] B ARSI

1. def Distance_Compute(srcLayout,destLayout):#4% T = 5HEE 25 1154, R B
2. sum=0

3. a=srcLayout.index("0"#HEFR TG B FARALE, BT

4. for i in range(0,9):#5 3 HAth &AM B

5 if i!=a:

6 sum=sum-+abs(i-destLayout.index(srcLayout[i]))# 115 AR A 2] H bR S
7.  return sum

TEERMAE, (EATIPRES 2 R s g S B, 722 CH TR ah i B A e s 5T,
Ja K R RFEE N E R RIEZ T — MRS G B B ARSI 120 3R, 1% L il
T AR AR B AFAE fn

6 %S, https:/blog.csdn.net/qq 41417335/article/details/86359831
7 B S2% . https://www.cnblogs.com/tiangouyzy/p/13837924.html




1. def swap_chr A(a, 1, j, distance, destLayout):#A* (Distance) xxf
2. ifi>j:
3. L,j=]j,1
4.  b=a[:i] +a[j] +a[it+1:] + a[i] + a[j+1:]
5. fn = distance+Distance_Compute(b, destLayout) #fn, fif {7 I Z & (1A A
6. returnb, fn

[FiF, FAFH Statu_distance={) %X N FH AL T U ATPRE R BARIRSHIFER, Wi ss
brAAs (A Fn= MR SACT R, Hrh, key AREHATIRA, value REFHIHK
R B RN . A 7TIXEE UG, T “5ERREE" 1 E KR 1)
AR AR o )\ B ) B ) SRR AR A OAAS n R o HAR R E B RA—FEW
o 4 R (VA bRyE, 2R AE Distance Compute swap chr A R solvePuzzle A =/
R L, HoAh R ER AR —EU .

B2 BRIE

N \BIBHIUIRAS sreLayout 1 HARIRZS destLayout .

2 BT R AL judge(srcLayout, destLayout) I B FRIRAS £ B ATIA, WAL, MIgRsL,
I FR H

3 FIH Swap_chr A 3, FETYIERETSHIAME, FEE4GF0] REH — RIRES . IF
HAKSE M ArRES 2] B ARIRAS 1 2 0511 8E 25(Distance) 15 h(x) A

4 I solvePuzzle A(srcLayout, destLayout) PR 3y, ¥ M ui v iE 1) — RIVREFEA
Answer_Solving ¥13%, F H¥UATIRE (FHLE) value) AT —ARE CFIE key) AN
Statu_saving T, WX MR ENBNEFN MoveString 7t (75 E4L 2| 5 /MUY 5, H
remove F AT E)

5 WRMAPIRESE T HARIRESEE Answer Solving HIR =S, WAk ST 4G A7 A Hi 25 1,
A0, [\ 3

6 3T solvePuzzle(srcLayout, destLayout) R4, M destLayout WHEHGIA scrLayout FIARZSFIZ)
1€, FFAEN Answer Output

7 AW Statu_saving R ETHIGIRE sreLayout, 4 Statu_saving [PIEIWIGIRASH, 20k
[, dRelimib g R, A, mE e

8 B4 Answer Output i reverse B3| [ R E N, & J5+% Answer Output J) ) HAG R 5 Hi 14
R R R MBNE, DL A8 2R NS AT I [A]

R4 T “HSHEREE” R KRBT AR



o1. def solvePuzzle_A(srclLayout, destlLayout):#A* (Distance+Number) xxf

02. Statu_saving[srcLayout] = -1 #¥)#fifk 7R

03. Statu_distance[srcLayout]= 1

04. Fn[srcLayout] = 1 + Distance_Compute(srcLayout, destLayout) #DistancefJA*$ ik, HILERHT: SCEREERCH+HRA IS4
05. #Fn[srcLayout] = 1 + Number_Compute(srcLayout, destlLayout) #Number MHJA*H ik

06. Answer_Solving = []

e7. Answer_Solving.append(srcLayout)#4Fl RSN #, BLHREE

08.

09. while len(Answer_Solving) > @:#M{EfEn]HaINRE

10. curLayout = min(Fn, key=Fn.get)#lL#Fifivalue, BEKey, I MUHHERT MRS

11. del Fn[curLayout )## 3]/ MU G BEEcurLayout Hr i) s it

2s

13. Answer_Solving.remove(curLayout)#3% % /M5 it B R “curlayout” XM A &

14. if curLayout == destLayout:#¥|i YRR TE K HRRE

15. break

16. ind_slide = curlLayout.index("e")# FiZem{i .

17. 1st_shifts = Moveable.NextLoc[ind_slide)# i o] #hf 772 #ef{i % 84

18. for nShift in lst_shifts:#7E0] PIAZ#MEEH

19. #hnjf FATELEARHT (SEhr+HEM)

20. newLayout, hn = swap_chr_A(curLayout, nShift, ind_slide, Statu_distance[curLayout] + 1, destLayout)#DistanceffJA*¥
21. #newLayout, hn = swap_chr_a(curLayout, nShift, ind_slide, Statu_distance[curLayout] + 1, destlLayout)#NumberffjA*%$}.
22. if Statu_saving.get(newLayout) == None:#HWZ# 5 REEFCLEE N

23. Statu_distance[newLayout] = Statu_distance[curLayout] + 1 #77 )\ EMIETE, ET14H

24. Fn[newLayout] = hn#fE A fn, YFTRASN MM

25. Statu_saving[newLayout] = curlayout#i W ijHtas i

26. Answer_Solving.append(newLayout)#7f \ 4

27. MoveString[newLayout] = Movement[ind_slide][nShift] # EN{E{Z7EXTR[)MoveString

28. if newLayout == destLayout: # HN 4HIREEEHHIFRS

29. break # WREHIRRE, MR

6 T 5 ABRIBERS” )8 KRR ST AR SRR
6. 2 AN

#A Hit
PR Btrks | BERAH KD EITRIE (B

Test

11 012345678 | 123045678 13 0.001773834228515625

12 123645708 | 123045678 2 0.00011491775512695312

13 642317805 | 123045678 24 0.015255928039550781

T4 136254870 | 123045678 25 0.15064692497253418

RS T CHHRREEE” 0RO AR R A DK
6.3 ZRBER

solvePuzzle A(srcLayout, destlLayout):
Statu_saving[srcLayout] = -

Statu_distance[srcLayout]=
[srcLayout] = 1 + Distance_Compute(srcLayout, destlayout)

Answer_Solving = []
Answer_Solving.append(srcLayout)
n(Answer_Solving) >
solvePuzzle()

W

The 13th move is:
123
045

= o 1E Yl

The move action is: ['Left', 'Left', 'Up', 'Right', 'Right', 'Down', 'Left', 'Up', 'Left', 'Down', 'Right', 'Right', 'Up'l
The number of moves is: 13
The time consumed is: 0.0016131401062011719 s

HEESER, BHABR 0

K7 S “ 5 HREEE” 1R R BB AR BRI 4 R s

7T MR - BET CREMBTFER” B RN
7. 1 A5 BB

10



T AR B)E R AR EORT I AR R EE R B AN RVE AL B —
L/ MEK BRI . 58 X Number Compute(srcLayout,destLayout) V1 545 A IE R RS & A7 A2 A

1. def Number Compute(srcLayout,destLayout):#i [F] 55 15 Al TEAf IS A7 N 202 Fl xxf
2. sum=0

3. a=srcLayout.index("0")

4. foriin range(0,9):

5. if i!=a:

6 if(srcLayout[i]!=destLayout[i]):# 41 5 & A= £ 47

7 sum+=1#T1 5 Y HRR S A E AR A A0

8

return sum

J TR SRS 0 BT AR R SRR O BB ORI AT, AT A*BEik, A2

solvePuzzle A(srcLayout, destlLayout):
Statu_saving[srcLayout] = -
Statu_distance[srcLayout]=

Fn[srcLayout] = 1 + Number_Compute(srcLayout, destlLayout)
Answer_Solving = []
Answer_Solving.append(srcLayout)
Len(Answer_Solving) > 0:
curLayout = min(Fn =Fn.get)
[curLaynut]
Answer_Solving.remove (curLayout)
curLayout == destlLayout:
|
ind_slide = curLayout.index("0")
1st_shifts = Moveable.NextLoc[ind_slide]
nShift lst_shifts:

newLayout, hn = swap_chr_a(curLayout, nShift, ind_slide, Statu_distancc[curLayout] + destLayout)
Statu_saving.get(newlLayout) ==

Statu_distance[newLayout] = Statu_distance[curLayout] +

Fn[newLayout] = hn

Statu_saving[newLayout] = curLayout

Answer_Solving.append(newLayout)

MoveString[newLayout] = Movement[ind_slide][nShift]
newLayout == destlLayout:

B8 S AL TR 1R KR BB AR BRI A
7.2 TR

) A P

et TERE | BEHRE | BEAH K ELHE (B

T1 012345678 | 123045678 13 0.0023970603942871094
72 123645708 | 123045678 2 0.00017786026000976562
73 642317805 | 123045678 24 7.84287691116333

74 136254870 | 123045678 23 2.999298095703125

R 6 T AEMTEC 8RR RO AR AR A DK
7.3 &R

11




solvePuzzle A(srcLayout, destlLayout):
Statu_saving[srcLayout] = -
Statu_distance[srcLayout]=

Fn[srcLayout] = + Number_Compute(srcLayout, destLayout)
Answer_Solving = []

Answer_Solving.append(srcLayout)
Len(Answer_Solving) > 0:
curl avant = min(Fn =Fn_naet)
Number_Compute() foriin range(0,9) ifil=a if (srcLayoutfi]'=destLayout[i])

il

145

The 13th move is:
123
045

The move action is: ['Left', 'Left', 'Up', 'Right', 'Right', 'Down', 'Left', 'Up', 'Left', 'Down', 'Right', 'Right', 'Up'l]
The number of moves is: 13
The time consumed is: 0.0023970603942871094 s

Ko S A TEC 1R R BB AR BRI 4 R s

8 NFIBIERIRT B #r

N T LSS S5 BN B R T BAT R /7, B X PU AR AN R A 4 SIS ook i
J\ERS )RR, Ay sk T AR R AT A AR TR A AL YRS BN R S s AT () (GR 7D,
FEXF XL E BEAT AT AL (1 10)

gk DFS BFS A* Distance A*_ Number
T1  1.0897069 0.00592899 0.00177383  0.00239706
72  0.00315595 0.00011492 0.00011492  0.00017786
73  0.57011008 6.60251307 0.01525593  7.84287691
T4 0.35187912 5.14795327 0.15064692  2.9992981
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