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https://www.youtube.com/watch?v=xeWIcOy8rzY
동영상/한눈에 보는 인공지능의 역사.mp4

1956 Dartmouth Conference:
The Founding Fathers of Al

c‘f"b

Alan Newell

Herbert Simon Arthur Samuel Oliver Selfridge Nathaniel Rochester Trenchard More



THE RISE OF Al

Al is born Focus on specific intelligence Focus on specific problems

* The Turing Test » Expert systems & knowledge Machine learning

* Dartmouth College conference * Neural networks conceptualized Deep learning: pattern analysis & classification
* Information theory-digital signals * Optical character recognition Big data: large databases
Symbolic reasoning * Speech recognition Fast processors to crunch data
High-speed networks and connectivity

Dartmouth conference i Edward Feigenbaum  }
led by John McCarthy develops the first :
coins the term Expert System, IBM's Watson Q&A machine wins Jeopardy!
"artificial intelligence”  } giving rebirth to Al i Apple in?egrates SiIi R p'em N aFI) mige ~ ® iIDII BG
: : T . phaGo
1956 . 1975 - 1982 . assistant into the iPhone defeats Lee Sedol
2011 o 2014
YouTube recognizes
2000 cats from videos
® I i I I I I I I N
1950 1960 1970 1980 1990 2010 2020
4
1964 i 1997
Eliza, the first chatbot | i IBM's Deep Blue defeats .
is developed by Joseph i i GarryKasparov, the world's
Weizenbaum at MIT ¢} i reigning chess champion

Limited computer processing power = Real-world problems are complicated
Limited database storage capacity © Facial recognition, translation Disappointing results: failure to achieve scale
Limited network ability © Combinatorial explosion Collapse of dedicated hardware vendors

Al Winter | Al Winter Il

Figure 1: An Al timeline; Source: Lavenda, D./Marsden, P. source dhl via @mikequindazzi
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1950 1956 1958 1969 1974 1986 1995 1997 2000 2005 2012 2016 2020
S HAE CIEHA 39| 2 By 0Fo|AI (MYCIN) Al Al A ILSVRC 2o GPT-3
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Fei-Fei-Li 2| IMAGNET 1}
ILSVRC(ImageNet Large Scale Visual) Recognition Challenge)
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ImageNet Classification with Deep Convolutional
Neural Networks

Alex Krizhevsky Ilya Sutskever Geoffrey E. Hinton
University of Toronto University of Toronto University of Toronto
kriz@cs.utoronto.ca ilya@cs.utoronto.ca hinton@cs.utoronto.ca

Abstract

We trained a large, deep convolutional neural network to classify the 1.2 million
high-resolution images in the ImageNet LSVRC-2010 contest into the 1000 dif-
ferent classes. On the test data, we achieved top-1 and top-5 error rates of 37.5%
and 17.0% which is considerably better than the previous state-of-the-art. The
neural network, which has 60 million parameters and 650,000 neurons, consists
of five convolutional layers, some of which are followed by max-pooling layers,
and three fully-connected layers with a final 1000-way softmax. To make train-
ing faster, we used non-saturating neurons and a very efficient GPU implemen-
tation of the convolution operation. To reduce overfitting in the fully-connected
layers we employed a recently-developed regularization method called “dropout™
that proved to be very effective. We also entered a variant of this model in the
ILSVRC-2012 competition and achieved a winning top-5 test error rate of 15.3%,
compared to 26.2% achieved by the second-best entry.

64 FC FC
60
24
112 12 12
S 4.
l‘i 8 N 34 3 4. - - ->
st T s 4 #
@ 12 12 12
24 10
384 384 192
60 L ]
256 4036 4096




§ .*_lz;:'%" Deep Neural Network (DNN)

N TN
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2010
NEC-UIUC

2011
XRCE

2012
AlexNet

2013
ZFNet

2014

I. GoogleNet
2. VGGNet

2015
ResNet
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2016
GoogleNet-v4
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Prom: BEVA Foanetion

‘ ngid Baker Demis Hassabis John M. Jumper
University of Washington Google DeepMind Google DeepMind
USA United Kingdom United Kingdom

L4 Okl
PNELRe ISl  STRUCTURE SOLVER
20204 &no=c2 DeepMind’s AlphaFold 2 algorithm significantly
L3 OFFl=E outperformed other teams at the CASP14 protein-
2024 Ij = .I.LI- =—3 folding contest — and its previous version’s
performance at the last CASP.

‘loo Ce9eqmRngsPIEIIVLL ‘ Al h F ld2 " o
! afFo
90, : Shapa k)
80 ~A score above 90 v
. ‘&n‘) = - is considered roughly
: ) - equivalent to the ———
A|phaF0|d2 ' ' § g 60 experimentally AlphaFold\
oy S a determined structure
©
PR - o
f. ‘ ﬂ,- 89 30 7 owes AARALS 440 e G s 74
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# KNN
from sklearn.neighbors import KNeighborsClassifier

knn_model = KNeighborsClassifier(n_neighbors=5)
# train model

knn_model.fit(X_train,y_train)

# predict

knn_y_pred = knn_model.predict(X_test)
knn_y_pred
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https://www.youtube.com/watch?v=xms3OOi6uHM&list=PLpuzWnAKjQgBf4aNZfdnBDS3bXWFcwcg-&index=47
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https://www.youtube.com/watch?v=qTFjbfSksdc&list=PLgbB1gJhmG7Abufiov_N159ja2xVcFrxk&index=76
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https://www.youtube.com/watch?v=fG8T07Csz6w
동영상/인공지능의 시작, 탐색.mp4
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A& (3M, 3C, 1B) / (OM, 0C, 0B)
1 2C > (3M, 1C, 0B) / (0OM, 2C, 1B) 1M,1C > (2M, 2C, 0B) / (1M, 1C, 1B) 1C > (3M, 2C, 0B) / (OM, 1C, 1B)
2 1C < (3M, 2C, 1B) / (OM, 1C, 0B) 1M < (3M, 2C, 1B) / (OM, 1C, 0B)
3 2C > (3M, 0C, 0B) / (0OM, 3C, 1B)
4 1C < (3M, 1C, 1B) / (OM, 2C, 0B)
5 2M > (1M, 1C, 0B) / (2M, 2C, 1B)
6 1M,1C < (2M, 2C, 1B) / (1M, 1C, 0B),,
7 2M > (0M, 2C, 0B) / (3M, 1C, 1B)
8 1C < (0M, 3C, 1B) / (3M, 0C, 0B) 2M < (2M, 2C, 1B) / (1M, 1C, 0B)
9 2C > (OM, 1C, 0B) / (3M, 2C, 1B)
10 1C < (0M, 2C, 1B) / (3M, 1C, 0B)
11 2C > (OM, 0C, 0B) / (3M, 3C, 1B)
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@) BE MAH: A1 2| AEO| 212 EAIZ QS B E EHA

1 from copy import deepcopy

(@ 2= A RIXI0ff UX| b2 EFLL| 7H= A4t

2 def evaluate(node): #DOH7H B4 SiAY EH

3 cnt=0

4 for i in range(3):

5 for j in range(3):

6 if node[i][j]==gnode[i][j]: # BAH &ENRt SH EHE H| WS

7 cnt+=1 # D H JEit 42 TS 2lis ALt

8 return 9-cnt # o1l Al 2|0 UA| 42 EFAL| Il Bt

G & HEL o HEf £

9 def nodePrint(node h): # Of7l B4 SHAY oEH, A RIZ(0f R/A| &2 =2l 2H4=(E7 =<}
10 print(f"h={h}") # @0t e=dt =4

11 for i in node:

12 print(i) # 1A B =

N o*



.......................................................................................................................................................................................................................................................................................................................

@ Bt SRY AN R e A

14 def babyNode(node): # 071 == SR AL El

15 i,j=findZero(node) # HHA{ HE{2| BIZHO) X|(QIHL) 2|

16 totalbabynode=[] # A = E5 2A5H= 2|AE Z2T(5

17 if j-1>=6: # BIZH2 21Z0 2 0|SA|Z 4 QJCHH

18 leftnode=deepcopy(node) # SiZf| AFEl S A}

19 leftnode[il[j—1],leftnode[i][j]=leftnode[i][j],leftnode[i][j-1] # £IZ0} HIZto| 21Z 2 15}

20 totalbabynode.append(leftnode) # BIZIS 2AZO =2 0|5 A|Z| A EZ 2|AEQ| 27}

21 if it1<=2: #BIZIS OR2iE2 2 O|SA|IZ &= UCHH

22 downnode=deepcopy(node) # SIA ArE[ ZA}

23 downnode[i+1][j],downnode[i][j]=downnode[i][j],downnode[i+1][j] # ElZI2} BIZIO| Of2f= 2f it
24 totalbabynode.append(downnode) #EIZFS OI2|EZ OS2 0|5 A|Z| A4l = EE 2|AEQ| 27}

25 if jHE2: # YRS REZE O =2 O|SA|Z +=UCHH

26 rightnode=deepcopy(node) # SA ArElj EA}

27 rightnode[i]l[j+1],rightnode[i][j]=rightnode[i]l[j],rightnode[i][j+1] # EIZI} EIZIC| @ =2 ZF NS}
28 totalbabynode.append(rightnode) #UYIZIS @220 2 0|SA|Z AHA L EES 2|A E0f| 27}

29 if i-1D=0: #YIZI2 AZB2=2 O|SA|ZE = JUCHH

30 upnode=deepcopy(node) # SH2H AEH EA}L

31 upnade[i-1]1[j]l,upnode[il[j]=upnade[i]l[j]l,upnode[i—1][j] # gIZtat HIZto| 2|Z 2F st

32 totalbabynode.append(upnode) # HI7tS QIZFO 2 O|SA|ZI 2HA| L E2 2|AE| 27}

33 return totalbabynode # Z[SZSAHSZ 7=l RpAI - E Hist

K



34
35
36
37
38

4 ST AlEHO] EIZHo)

— —

def findZero(node):

for 1 in range(3):

for j in range(3):

if node[i][j]==0:

return 1i,j

FIX(QIZA) Eps

GEHRLIEERUIEE

39
40
41

42
43
44
45
46

. L

# 27| AEY

snode=[[1,2,3],

[0,4,6],

[7,5,8]]
# 25 AEY

gnode=[[1,2,3],

[4,5,6],

[7,8,0]]



48 currentnode=snode # SiAH &E{E 27|
ShY TP 0

49 while True:

50 cnt+=1

51 print(f'count: {cnt}")

52 h=evaluate(currentnode)

53 nodePrint(currentnode,h)

54 if currentnode == gnode:

55 print(“success!!")

56 break

57 bnodes=babyNode(currentnode)

58 min_h=h

59 tmp_node=currentnode

60

..................................................................................................................................................................................................................................................................................................................................................

for i in bnodes:

it P4 514 20}

# EHA 14 22

# 1Al el Bt efaf ALt

# ol JEIQHEV it 2

# oIl JEV SH HEfRt 22 E2,
# success! 1S S5t B =2

# Al AEJO| ZFAl L E A A

# QA eS| Bt ExlE U = 2|9t



.................................................................................................................................................................................................................................................................................................................................................
o,

® B P
= tmp,_h-evaluate(i) #2pA] S 0| T} B2t At :
62 if min_h>tmp_h: # AtA e E o It et SO M Al .o E2| Fot S a0t 442 240 ACHH,

63 min_h=tmp_h

64 tmp_node=1i # 1S0M Bt e ef0] 7+ 22 A4 = E5 YAl(tmp_node) = #{&
65 if currentnode == tmp_node: #FUct L CEZ 22| 2ot 32,

66 print("failure!!") #failure!'E S5t B &

67 break

68 currentnode = tmp_node #2718 7ot AA L5 oAl HEI = A|E

..................................................................................................................................................................................................................................................................................................................................................

0
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failure!!

h
I[17|.

=
=
X g2

(M| fIRI0l A
EFU2| JH4)

2}Al & B Zojx y 5o}sl

o
i':_’l’ c-ll- ‘:él o ElZ %E]—‘E‘J—EI—‘ |

T3 29 e o e

QY 45 9o,

..................................................................................................................................................................................................................................................................................................................................................




__________________________________________________________________________________________________

+8HZ 2H|Q| X£7| MEl 5 817 B7HSH A & 7| MO EFY 2

MON =& JEIE 7|=2 2 FHHO [= B2 7t =20 E o

0>

= 1

7=| '='7|- X7 Akl 25 MEf
$QEX 2ol AL 1125|123
Ol OIX}
5H'||E|'E |=|oo1(|)|k| EEHOI 3164 45 6
KHAIELC =
MM ECHAO| U= Ef = =
SOM ARRIECHE 2 HS .
A

7|—X| El.Olol 27H(3|:|-| 4|:|-|)7|_ |_ A 8IE X2 X7| S ElQF =1 AEf
Lok EFUO RIF A 23 4 EFZO| J2{gt 80|CH LIHX|
EtZ S0l= =AM7t FHHN O = 827t BIL

» 2N 22 1810 Z2, EfY 2 A7} FHITO! Y= 290 $3
0|1 240|202 QEZ0|g IHE 2| ST 4 gl 2|2l 2]

LT,



Al ozt 54

=a
s

M (Best-first Search)

—t

<k

/7
il

Of

|4
L
104
10
K4
oln
N
wad
=)
{0
=
ke
L
L
_H
of Mo
m|_= L
m-l_l N —
=
L=
_|_ —_—
™
[ap =
H =
= ul
=l 7l
- U0 =<
=
U| or
H &1 =Zr
_ i
o] X u
J% &
jo KoL ©

=N

-
o
d

87t

[h(N)]*=

 Efglol 4

Of
LS

AR FIXIO KUK

>

‘_I_



8|4

8|4 "y

1

h(J)
=2

4

1




1 2H oz} et o »p. 49

T
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open 2|

SEENYS= S

\ ; E\ Al E
open 2| AE O M 74E RATH I E £ MHSI0] M| Y2 X7,
VS AR BV VY ER Ol E == S OtLE |2 ME

_____________________________________________________________________________________________________________________________________________

open 2|AE0A ST AEYAH | ST BT 2 AEfRIR S BB
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22 open 2|2 E0)
. open 2|2 E0]
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=
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[open 2|AE: A(W]
> 2J| 4EHQI - € AE open S|AEN| 42
> open 2IAE0] QUYL L C AZ AeH

R

[open 2| AE: B(3), C(5), D(5)]

> MEHEI LT AQ| 244! L-E(B, C, D)Z open 2IAEN]
A0 LE AE 40|

»open 2|AEQN Q)= LE Z I+
L E BE U




o

¢

[open 2|A E: E(3), F(3), 6(W), C(S), D(5)]

» MEHE] I BO| 2H4) LE(E, F, G)E open ZIAED
HAOFD E BE AN

»open 2IAEQ Q/= L E 2 12 QU L C(E,
FF 24U A4, 0HLI| L E(E)E Y02 Aed
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lopen 2IAE: J(2), H(3), G(W), I(W), K(W), C(5), D(5)]

=

> MEHEI L E FOJ 214 L E(J, K)E open 2|AEN HEOIL &

= kE St

» open 2|AEN| 9/
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8 | 4

1

h(F)
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27| HElg
open 2| AE0|| 2%

\

open 2|AE0|A
FRY ALEN AFA|

open 2|AEI4 7H
QU LS A0,

Bizy AENR 21-

Yes
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1 from copy import deepcopy

[N
N
JT
>
nue
ox

2 import random as rn # SUSHAAl

b2,

ol
rot

A A| 2IX[Of] RAK| B2 EFEL| 7= ALt

LS 1=

@

def evaluate(node): # Of7f tHZ~: SHAY AER
cnt=0
for i in range(3):
for j in range(3):
if nodelil[jl==gnodelil[i]: # SIAH AE{R} SH AEHS H|1S}0]
cnt+=1 # D H HE[LL 2 IS 7l4 ALt

return 9-cnt # 3124 A 91210 Q| B4 EFAQ| T4 taH

O 0 ~N o v B~ W

. o



..................................................................................................................................................................................................................................................................................................................

(@ S CHBHE S TElse SR AR A
10 def nodeCreate(node,g,num,p): # O B4 oAl el 27| HEI2 2] 72|, Irts, 2H9| ngtis
11 nlist=[0,[],0,0,0] #02fo] IS MY e|[AE = V(5t
12 nlist[0]=evaluate(node) # H@tetdk
13 nlist[1]=node # Al HEH(B-THES 231 HiE 2 BY)
14 nlist[2]=g # 27| SENFE] SA JEW7ER(S] A2l
15 nlist[3]=num # 2 MEfEH I QHS
16 nlist[4]=p #5252 MHEfe| IRHS
17 return nlist # Aot AEfE Hist
2 HE 22X A Ef =3
18 def nodePrint(node,f,g,num): # 07N 4= Il e, B7F e, 27| HEl2FEC 72|, 1RHS
19 print(f"f={f}, g={g}, num={num}")
20 for i in node:
21 print(i)

22 print("-—--—--—-——- ")

o



def babyNode(node): # OH7H tH4=: SY AER

i, j=findZero(node) # Al e 21ZHO) HRI(A= L) 27|

totalbabynode=[] # A4 L E8 AHSH= 2| AE 273

if j-1>=0: # Q7S 2AF2 2 O|SAIZH = UCHH
leftnode=deepcopy(node) # S HEf SA}

if chkNode(leftnode): totalbabynode.append(leftnode) # BI7HS 2ZC =2 O|FA|IZI == 27}
if i+1¢=2: # 9IZHS OIfIZE 2 2 O|SA|Z &= RUCHH
downnode=deepcopy(node) # SR AE SAL
downnode[i+1][j],downnode[i][j]=downnode[i][j],downnode[i+1][j] # ElIZHat 2IZEC| Of2lZ= 2F 1l
if chkNode(downnode): totalbabynode.append(downnode) # %17H2 Of2fiZC 2 O|SA|Z] == 7
if jHI&=2: # Q1715 QEZRC 2 O|5AIZ £+ UCHH
rightnode=deepcopy(node) # Al HE AL

rightnode[i][j+1],rightnode[i][j]=rightnode[i][j],rightnode[i][j+1] # EIZtatHIZte| @22 7t N5}
=

if chkNode(rightnode): totalbabynode.append(rightnode) #BI7IS REZOZ 0|FAIZI =5 27}
if i-1D>=0: #HI7HS 2AZF 22 O|SAIZ = UCHH
upnode=deepcopy(node) # SIAY AEH SAL

upnode[i-1][j],upnode[i][j]=upnode[i][]j],upnode[i-1][j] # BIZta} BIZIO| Q= Zf WSt
if chkNode(upnode): totalbabynode.append(upnode) #UEI7tS2|ES=2 0|5A|7] =

return totalbabynode # ZTHOZ 2Tl AHA| L E BiEl

K



43
44
45
46
47

@ B4 0[] A4A4E| ME} SOYA

48
49
50
51

. o*

def findZero(node):

for i in range(3):
for j in range(3):
if node[i][j]==

return 1,J

def chkNode(node):

for 1 in plist:
if i[1] == node: return False

return True

# O} 7} 2~

i OY 7Y

#plist= e 2= JEIS Aol 2 | AE

of BIZHom} IX|(12) B

A SEA

B Abef

—



52
53
54
55
56
57
58

..................................................................................................................................................................................................................................................................................................................................................

def selectNode():

tmp=o0list[0][0]

1=0

for o in olist:
if o[0]'=tmp: break
1+=1

return rn.randint(0,i-1)

78 AUS tmpo HY

0



59 # 27| JEY

60 snode=[[1,2,3],

61 [4,5,8],

62 [6,0,71]

63 # DB JEY

64 gnode=[[1,2,3],

65 [4,5,6],

66 [7,8,0]]

67

68 olist=[] # et Ol 2 HYE JE(=5)S A& (open 2|2 E)

69 plist=[] #A e RELEI(E=E)S AY

70 path=[] #Z|S M E=2 A

71 cnt=0 # 7ot = =5 (Elol Sl (B4 Sl%)

72 num=0 #Agdet =Eo| NRiis

Xl el ‘82l (Z=7|=h

73 # olist= Bt e 2 MEE =5 & (open 2|~ E)

74 # plist= HEE 25 HI(=5)E M [2F8 S, HEl, B2 HEfe| 18T

75 olist.append(nodeCreate(snode,0,0,0)) # =Z7| AES S HENZ =7(5}
2

. **



while True:

i=selectNode()

cnt+=1

print(f"count: {cnt}")

print(f"selectNode: {i}")

currentnode=olist[i][1]

f=0list[i][0]

g=olist[i][2]

p=olist[i][3]

del olist[i]

nodePrint(currentnode,f,g,p)

if currentnode == gnode:
pnum=p
print("success!!")
break

bnodes=babyNode(currentnode)

for b in bnodes:

num+=1

# open 2|2 E0f| = HEI(=5) SOIM 71 7

# EHAH 31 27}
# BAIR|S] EhAE 514 S

24
# MBS AEl (= £)0f QIA 2t 22

-

H

# MESH A

# 2 HEf| T} ik

# Si2l AEfQ| H2 (27| HEl2RE2] H2)
#5850 L CO| 1QHS

# S| AEH(L=5)Z olistOf| M AHA|

# A el 2

# Al AEHV SE AEf2tH,

# 2 HEfe| B2 & NRHES S X5t

# success!E =
# EMM =2

# SH JEH7 OtL[2tH, A4 =& -l

# AMAl Lo 7|z AHH

# RS 2|49}

olist.append(nodeCreate(b,g+1,num,p)) # AAl = E2 olistOf] &7}

plist.append([num,b,p])

olist=sorted(olist, key=lambda x:x[0]) # olistO]| Q)= AtE}j(.L E)2 I} =2k (olist[0]) =22

..................................................................................................................................................................................................................................................................................................................................................

# 2| = EZ plistof] 27}

2)S =

FEl(=5) 8 S dEH(=5)= =4

0



99 plist=sorted(plist, key=lambda x:x[0]) #plistof U= LEN(=E)E LRHS(plist[0]) =22 EZ
100 #SEAEOIMSE 27| 4E12 22 2350 L Co| 18HE 33)

101 while True:

102 path.append(plist[pnum][1]) # SH JEHFE 27| HEWRR| B F20| Us 2= HEN(E) MY
103 1f not pnum: break

104 pnum=plist[pnum][2]

105

106 print() #=HE

107 path.reverse() #EGio 2 T Q= A2E fUlgto 2 24

108 for 1 in path: #2ZT A2 =

109 for j in 1i:

110 print(j)

11 print()

.................................................................................................................................................................................................................................................................................................................................................

0



= count: 1
selectNode: 0

=4, g=0, num=0

[1, 2, 3]

14, 5, 8]

[6, 6, 7]
count: 2
selectNode: ©
=3, g=1, num=2
[1, 2, 3]

[4, 5, 8

l6, 7, 0]
count: 3
selectNode: ©
=4, g=1, num=1
[1, 2, 3]

[4, 5, 8]

[0, 6, 7]

count: 155
selectNode: ©

=3, =43, num=259
(1, 2, 3]

(4, 5, 6]

6, 7, 8l

count: 156
selectNode: ©

=2, g=44, num=261
[1, 2, 3]

14, 5, 6]

(7, 0, 8]

count: 157
selectNode: 0

=0, g=45, num=262
(1, 2, 3]

(4, 5, 6]

[7, 8, 0]

success!! -
\

(1,

l6,

(1,
(4,

(1,
(e,
(4,

[1,
(4,
[7,

(1,
(4,
7,

count: & 3l
-selectNode: open Z|AE0| QY= E S

OIN 7H RUSH L==9| QIHIA@H open
2AES| LEE IV ERAUS 7IECE 2
SAk=o= | hiRof B ol U= 0
Ho| L =S MEHSH THS40] =Lt SEXI2E 7t
 RUSH Lot 242 AR o2 MY
S22 selectNode?| 20| 00| OFd =
AUCH)

ofr H7t SRghA AX[of UX| 42 EfUC
71

g 7| MEZHEQ| H2|(EA 2
Me A5 &= 2

cnum: =E9| 1QHS

7FE RAUSH O 242 ZR Qlo|Z MY
57| W20l ASAI- miofct Zept OhE 4=

U

A B

.................................................................................................................................................................................................................................................................................................................................................



1 =H oHZnt e »p. 58

> A* EFM(A star Search)

CEA M B0 ZQ B IPYOIN ALt FRE

2 51 71 3RE S01% 4&
ACH= SRITS sh2ot| ol RIAIZ & U =

H
A
JSHA] B8z E2 8=

- eXT| MEHOIA XY AERTER|C] HZ THS[g(N) 12t
SN K| KO UK U2 EFALO| JH=[h(N) 12 Eet

—

BoH SR KGO0 A4 2N SIS TN 2

k=

f



Wt g
fNJ=g(N)+h(N)

l_
D 0| N (e—-=| D | N

A A*EMH TP




t e FE2 87 el wE 71EL] UE A0
E

S| 7)ol 227 SENSE X EFTHX|S
AelE Hots ALZ Ofhe| ZE0A 23 3138 S0 o

SO}
O - .
AON HIEE x| M BMO] ZEF Of2lQr 0| =73



0

35
28 # GVt et S LY HES Xedst= s JEI(E5) dd

29 def nodeCreate(node,g,num,p):

30 nlist=[0,[],0,0,0] # 02| 25 A 2| AE =7(s)

31 nlist[0]=g+evaluate(node) # B7t&=gf(H12] + Al 2AR(0fl RAA| %2 EFY 74
32 nlist[1]=node # A HE{S-HES 22 1H HIZ = HF)

33 nlist[2]=¢g # 27| JENFE| A2 SEN7FR| 2] A2

34 nlist[3]=num # ZH AEE DS

35 nlist[4]=p # 552 MEfe] NRHS

36 return nlist # g5t HELS diet

(2)

..................................................................................................................................................................................................................................................................................................................................................



. kD

[ count: 1 : [1, 2, 3]

AlsH
20 ——
7 selectNode: 0 4, 5, 8
21t count: 79 [ ]
f=4, 9=0, num=0 ' (6, 0, 7] _
[, 2 3] ?i;CTN?se- 0 . - count: B Sl
4, 5, 8] [1_ 2 93_] , [1, 2, 3] *selectNode: open 2AE0 Q= L= &
6, 0, 7] o (4, 5, 8] OflA 7 RSt =] QIEIA(HH open
4,5, 6 [6, 6, 7 2MEQ| LCB W} HAUS JEOR
count: 2 0,7, 8] =xtp02 FUH| HRO| B Aoj
selectNode: 0 v 80 [1, 2, 3] = 08e| L= Mest 7Ks440| =Lt 6t
4 ot w2 | lo, 5, 8] RIgt 7K RSt =E7t =401 A o]
[1, 2, 3] seLectiiode: [4, 6, 7] 2 MHEID2 seeciNode®| 20| 00| OF
4 s, g =12, 9=10, num=134 g A% 9Ich)
. [1, 2, 3] . '
6, 7, ©] . 5, 6] : of: W7} ST | NEH=REQ| 2| + A
o e URI0f) QU] LS EfUO| )
count: 3 Y [1, 2, 3] _
;2 -g: £7| AEi2REC] 72
selectNode: 0 . [4, 5, 6] N
: . - o=
=5, g=1, num=1 count ' [7. 0, 8] num: E°| RS
[, 2, 3] eectors 0 7R SIS T} 2401 2R, 2ol 443
[4, 5, 8] S g e [, 2, 3l 5| W20l AlAIZ! molct Zap i 4
lo, 6, 7] .2, 3] [4, 5, 6] Quct
450 0] 0, 8, o 3158 2 EM0| Hlsf 4 5147} SO},
: 7.8, 0] = 25 S5E 5 Z20) 20|07 E8t M
B2 7S o 4 Uk

/n success!!

.................................................................................................................................................................................................................................................................................................................................................



e M EfME Ax B S ei517| et mio|M =0
O|0{M of2lie| REE AMstH 1 AuE =teleh = Lt
HX ColabOf|M turtle 2 &2 E-&5l2{™ ColabTurtlePlus
2 =5 E dX|ofof StC.

Of2e| AEF A= HAHA|F] HX}

turle = LIO| MO 7| EMC E XSOl 7|2 REEE I L0 M2t O 8= 8
L —

— 2=

*Colab: Colaboratory2| = =, H2}2A] L{O|A ZO| M AT R EE Xidotn Alaligt
=A==


https://colab.research.google.com/

@ turtle 2 X

1 # B ST 4 Y EE 122 8 S35

p) Ipip install ColabTurtlePlus

[ Collecting ColabTurtlePlus
Downloading ColabTurtlePlus-2.0.1-py3-none-any.whl(31kB)
Installing collected packages: ColabTurtlePlus
Successfully installed ColabTurtlePlus-2.0.1

o o>
= >
Ljo'

X EN M BN Z2 A S 515D 9fot IOl TES
T SO0 O S0l QU RSB RSP 45101 LiofRls

@ 2EMA

# E1E 25 HU51Y|
# ColabTurtlePlus 2= ¢! AFO|E: https://pypi.org/project/ColabTurtlePlus/
from ColabTurtlePlus.Turtle import *

import time #A|72|H 7|58 ARG | Q5 2& MO

o =W

.................................................................................................................................................................................................................................................................................................................................................



. kD

@ e==Erd 32|17

7 def rect(x,y,tt,ww,num): #O0H7H B xZHH, y2HH, EFY 2|, EfY =X} 24|, EFY A}
8 n=str(num) # EIZ JALE A= HEt

9 ww.clear(); ww.speed(13); ww.penup(); ww.goto(x+d/2, y-d/2-10)

10 tt.clear(); tt.speed(13); tt.penup(); tt.goto(x,y); tt.pendown()

11

12 # AR 127

13 for 1 1n range(4):

14 tt.fd(d)

15 tt.right(90)

16 ww.write(n, align="center", font=(25, "Arial", "italic")) #EIZL RS =

17 time.sleep(0.3)

.................................................................................................................................................................................................................................................................................................................................................



18

20
21
22

..................................................................................................................................................................................................................................................................................................................................................

def move(i, mode): # D7l H4 EfULS| S OlF gk
for j in range(3): #HIS SlL=ERJIS E H

x[1]=x[1] + (20*(mode//2)-30)*(mode//3)*3 # 10+32+24 SAIQICt D A5t A

y[il=y[1] + (20*mode-30)*(1-mode//3)*3 #
rect(x[i],y[1],T[1],w[i],1)

=
=, 3025 & 370 ZHM S201A E(E

18~22 mode0f| 2t EfC| 0|5 HIEol gggq

mode 2| i) 2A¥IZ), 1(0t2h
2 2=>y30

3 4 3=x-380,4=x+30
1 1=y-30

0



clearscreen() # S}HH AR

#2222 Q22 oI5HEE B

=2 =20

title=Turtle(); title.ht(); title.speed(13); title.penup()

title.goto(0,200); title.write("8-puzzle by Ax Search”, align="center”,

title.goto(60,150); title.write("I{= Ol= =l4=: ", align="center", font=(15,"Arial", "

count=Turtle(); count.ht(); count.speed(13); count.penup()
count.goto(130,150)

=[] #8mE9| EIYES BIISH= turtle ZHA|E 510 2|2 E0] A&

W=[] #ElUS| HSE Sst=turtle ZHAIE M/ HSH0] 2|AE0| HE
for i in range(9):

T.append(Turtle())

W.append(Turtle())

T[il.ht() #turtle 43| E 2|AE0|| Y25HH,

Wlil.ht() #QIEHES S35l 012 12| Z4HE A Ao 4= UAS.

d=80 #ZSZ 17{2| 20|
c=10 #=F2 =5 Al0|e] ZOo|

#8-THS S 3lH SLO ARIAIZ 17| fITE 27| ZHZFEZL AL

x_i=—(d*3+c*2)/2; y_i=(d*3+c*2)/2

..................................................................................................................................................................................................................................................................................................................................................

font=(30,"Arial",

0



.................................................................................................................................................................................................................................................................................................................................................
o,

St0f EFZE Al
SH0f EFZE Al

©® 7| el 82l
as  vtll #27|ME|(=5)3 139 AR B
45 for 1 in snode:
46 for j in 1i:
47 vt.append(j)
48
49 x=[0]*10 # EILE A2} 22| (RIZF HAH)Q x2EHS AL 2|AE
50 y=[0]*10 # EtUE A|2} 2I2|(@IZ JAY)Q| y2ES ML 2|AE
51
52 for i in range(1,9):
53 tmp=vt.index(i) # E[QIQ| QIHA BT
54 x[1]=x_i+(d+c)*(tmp%3) #QIHA S S ST
55 y[il=y_i-(d+c)*(tmp//3) #QlSA HES SIS
ER rect(x[i],y[i],T[i],w[i],i) #EI& 12|7|
57
58 time.sleep(2) #2ZZtEHZE
59
60 i,j=findZero(path[@]) # 27| AEJ(=E)Q| Bl
61 POS=i%3+] #8172 12+ B

..................................................................................................................................................................................................................................................................................................................................................

R xZHE Aot
22| yZHE ALt

0



62
63
64
65
66
67
68
69
70
71
12
73
74
75
76
17

.................................................................................................................................................................................................................................................................................................................................................

# A JEN(=E)9F O] JEN(I= =)0 BiZh 2{2|S Hluwlat0] EFY Ol

for index in range(1,len(path)):
count.clear()

count.write(index, align="center", font=(15, "Arial", "normal")) #E}2 Ol

i,j=findZero(path[index]) # B JEN(=E)Q| HIZH 12| 27|
tmp=(1*3+])-pos # 0| HEH(t=E)2f HIZt 212|2t H|wsHK Ol Eek ALt
A

tile=path[index-1][1][;]

—

if tmp==3: # 2I7H0| OpfjEe = Ol

move(tile,2) # 217K Wekst= EIYU0| Y Z2 £ 0|
elif tmp==-3: #81Z10| 9|22 Ol AdeH

_ L i [ 8-puzzle by

move(tile,1) # 8170} wekst= Ef0| Of2fZF L 2 0| A* search
elif tmp==1: #HIZI0| REZC 2 0|5 HZ 0|F 314 :

move(tile,3) # 8170} weks= EfU0| IZC 2 0|5 [ 11213 )
elif tmp==-1: #HI7H0| 2IZC 2 0|5

move(tile,4) # 8170} welks= EfY0| LEXC 2 0|5 2 s
POs=(1*3+]) # A AEfC| BIZHZ| Z|41St )

# 3121 AEH(= 5)0] 1IZFDt DBH5E O} AlEf(= )0 Ef
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# 8puzzle - 1) WEHEM - 7h) prs YUE|E
from copy import deepcopy

# X M AKX UAX| @2 EtLS| INFE A LHSCt.
def evaluate(node):
cnt=0
for i in range(3):
for j in range(3):
if node[i][j]==gnode[i][]]:
cnt+=1
return 9-cnt
# HE2| oI HEE ZHBCL.
def nodePrint(title,node,h):
print(f"{title} h={h}")
for i in node:
print(i)

# HT) AEIO| XHA wEZ MNP,
def babyNode(node):

i,j=findZero(node) # node[i][j] 7 BIZ¥

totalbabynode=[]

if i-1>=0: # !
upnode=deepcopy (node)
upnode[i-1][j],upnode[i][]j]=upnode[i][j],upnode[i-1][]]
totalbabynode.append(upnode)

if j+lc=2: # «
rightnode=deepcopy(node)
rightnode[i][j+1],rightnode[i][j]=rightnode[i][j],rightnode[i][j+1]
totalbabynode.append(rightnode)

if i+l1<=2: # 1
downnode=deepcopy(node)
downnode[i+1][j],downnode[i][j]=downnode[i][j],downnode[i+1][]]
totalbabynode.append(downnode)

if j-1>=0: # -
leftnode=deepcopy(node)
leftnode[i][j-1],1leftnode[i][j]=1leftnode[i][]j],leftnode[i][j-1]
totalbabynode.append(leftnode)

return totalbabynode

# OIX JEHS BIZH(e)dt RIX|(AHX)E EfAMSHCE,
def findZero(node):
for i in range(3):
for j in range(3):
if node[i][j]==90:
return i,j

# 27| JEf2t S H JEIE FolStrt.
snode=[[1,2,3],

[0,4,6],

[7,5,8]]

gnode=[[1,2,3],
[4,5,6],
[7,8,0]]

# DFSE 92 AETXE X7|%
cnt = 0
stack = [snode]
visited = []
# O] M EfM(prs) It HH
while stack: # AE{0| EfAMgh L EJ} HOIQlE S0 dhE
cnt += 1
print(f"count: {cnt}")

# AEHO| W ORX|SH (7Y €2 X) =EE AU X dEi= X[F (pop)

currentnode = stack.pop()

h = evaluate(currentnode)
nodePrint('® X &EH', currentnode, h)

¥ 2E MEfOIX ol

if currentnode == gnode:
print("success!! SH MEf =FI")
break

# 9N =EE YE NI
visited.append(currentnode)

# XAl LE(CHS 0|5 7hseh HEf) 4d
bnodes = babyNode(currentnode)

# A =EE Ao 7}
for child in bnodes:
# 0|0 WAL A0 TH7] B2 dEle 5= BAMSHX]
if child not in visited and child not in stack:
stack.append(child)

else:
g AEH0| 2HS| HIYH WX 2
E

ot

o
(o=

=
print("failure!! ZE ZSE EHMIUXC HE X ZHSLICEH")




# 8puzzle - 1) W=X EAM - L}y grs L1E2|E
from copy import deepcopy
from collections import deque # 7 AETEE ZEEHLE ALESHY| {8 =7+

# 2 X M fIXIOf AKX 2 EfZel =5 ALtotct.
def evaluate(node):

cnt=0

for i in range(3):

for j in range(3):
if node[i][j]==gnode[i][]]:
cnt+=1
return 9-cnt

# 2 HEQ| WX JEiE ZHotot.
def nodePrint(title,node,h):
print(f"{title} h={h}")
for i in node:
print(i)
print("--------- ")

# X SEHS XA LEZ M ITiC).
def babyNode(node):

i,j=findZero(node)  # node[i][]j] 7} ©IZt

totalbabynode=[]

if i-1>=0: # !
upnode=deepcopy (node)
upnode[i-1][j],upnode[i][]j]=upnode[i][j],upnode[i-1][]]
totalbabynode.append(upnode)

if j+1<=2: # «
rightnode=deepcopy(node)
rightnode[i][j+1],rightnode[i][j]=rightnode[i][j],rightnode[i][j+1]
totalbabynode.append(rightnode)

if i+l1<=2: # 1
downnode=deepcopy(node)
downnode[i+1][j],downnode[i][j]=downnode[i][j],downnode[i+1][]]
totalbabynode.append(downnode)

if j-1>=0: # -
leftnode=deepcopy(node)
leftnode[i][j-1],1leftnode[i][j]=1leftnode[i][]j],leftnode[i][j-1]
totalbabynode.append(leftnode)

return totalbabynode

# 2= oX HEHC| HIZb(e)ut RAX|(AHL)E EfMBICE
def findZero(node):
for i in range(3):
for j in range(3):
if node[i][j]==90:
return 1i,j

https://colab.research.google.com/drive/1Au@ed19R5MZV7aUUpH-rLBbH3SA-omzw?usp=sharing

# 7| JEiet S8 HEIE Flottt.
snode=[[1,2,3],

[e,4,6],

[7,5,8]]
gnode=[[1,2,3],

[4,5,6],

[7,8,0]]

# BFSE QI+ K27 Zx X735}

cnt = 0
queue = deque([snode]) # EfAMT =2 XN¥st= 7 (X7 HEf &)
visited = [] # 0|0 &2 =EE 7|55 2|2E

M
X
2

# LH| 24 EA(BFs) 18 2
while queue: # FO| EMgE =7} Holle &¢ Ht&
cnt += 1
print(f"count: {cnt}")

# Ao WA BN S02 =E)S AU Wi HEiZ X7 (FIFO)
currentnode = queue.popleft()

h = evaluate(currentnode)
nodePrint('® X &EH', currentnode, h)

# SE JEIRIX =l

=

if currentnode == gnode:
print("success!! SH MEf =FI")
break

# N =EE YE NI
visited.append(currentnode)

# A4 LE(CS 0|5 7tsth dHi) 448

— O

bnodes = babyNode(currentnode)

# XA LEZ Fo| W Fof 7t
for child in bnodes:
# 0|0 HEHAL 7O th7] S HEl= 5 HMSIX
if child not in visited and child not in queue:
queue.append(child)

oF
s

ojo

else:
print("failure!! ZE ZSE EHMIUXC HE X ZHSLICEH")



https://colab.research.google.com/drive/1Au0edl9R5MZV7aUUpH-rLBbH3SA-omzw?usp=sharing
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r)
[open 2|AE: 6, 6, 8]

> 295 012)0f| A MEHTH £ 9)= [}2 QJ21Z open 2|AEN 2}
» open CIAENIM 712 QUTEH Q2|2 MEH(24Y P Q0] MEeH)

S8
oo

[open 2I1AE: 6, 7, 8]

> OF EIHIOHIA A0t Q121 open 214 EOILA AMIOKL,
CHS 21212 e =~ 9l= 21215 open 2| A EOI 20}
> open 2IAENIA 713 QUTF 9IS HEH(24U 2P Qo] Me)




X
lopen 21AE: 7,7, 8]

> QF CHIIO] S JHE 4t

XY
e

[open 2|AE: 6, 1, 8]

> O CHiIo) H2HE JCHE %




ey
[open 2|4
> SUGPY (01 442H

X
)

[open 2IAE: 7, 8]

> ERAH QbR (ZICH 4RI} OIS 2 £ 9I2)
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)t
lopen 2|AE: [+6, I+6, 1+8]

> 2L Q210 M HEHY £ U= THS 9I21E open 212 EOH 20}
> open 2IAEHIM 71 QUTE 22]1E HEH(E4U AL Y| HEH)

X
)

[open 2IAE: |+6, I+8, 2+]]
> O CERIOIA XEHOE Q1212 open 2IAEOIA AHHI0HL,
CHS Q2R MEHY £ 9)= Q1212 open 2| A EMI 27t
> open 2IAEMIAM 712 QOt0H Q|22 MEH(E AQ 71Q 010] MEeH)




ey
lopen 2|AE: 148, 2+], 2+]]

> OF CHHIO| HAHE DTHR 408

o =

o

ae
)

[open 2IAE: 148, 2+], 3+8]

> QF CEXIC) H2HE JHE




an

)
[open 2|AE: 3+6, 3+8]

> QF CHHI0) H2AHE DUHE %

a

=

a

(=]

[open 2|AE: 4+5, 3+8]

> QF CHHIO) H2HE J0HE 4%




aeq
P

[open 2IAE: 5+Y, 3+8]

> QF CHHIQ] HaLE JMHE £+

[open 2|A E: 6+3, 3+8]

> QFCPIIC H2HE J0HE 4%




[open 2|AE: 742, 3+8]

> QFCOJI0) H2HE D0HE 4%

[open 2|AE: 3+8, 8+3]

> QFEIO) H2HE ICHE 408




07 1o |
51*8 o 5+6 4+5 5+4 6+3 L3 8+3

QQ
e

[open ZIAE: 3+8, 9+U]
> QF CHHIO| H2HE DTHR 20H(01F 442H)

[open 2|AE: 6+5, 7+U, 8+3, 8+3, 9+U]

7| AEfOA =1 SER77HK] 2] - et otg
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import heapq

# — BEAE ¥ N, J)

def h(i, j, goal):
A IR (1, §) » SE HIAIKIS WHE 2l
return abs(i - goal[@]) + abs(j - goal[l])

rul SEA
#— 35 BM o

def search(maze, mode):

Parameters:
maze : 2AHR EXAE 2|AE (Z=' v, Y=g, BE='st, BE='GY)
mode : AM8Y EM 22|F
'bfs' - f=g (BFs, Z|EH32 EY)
'best’ - f = h (£l MEA)
'astar' > f =g+ h (A% ALY
Returns:
fmap : 2 S XFO| B KIE
path : =Y > FEIX|Q & 2[AE (Z2 Z2H None)
M = len(maze)
N = len(maze[0])
# — EL(s) / ZA(G) AR EHM
start = goal = None
for i in range(M):
for j in range(N):
if maze[i][j] == 'S":
start = (i, j)
elif maze[i][j] == 'G":
goal = (i, jJ)
si, sj = start
go =0 # =L KTl ¥ HE(g) =0
# — moded Bt f(i, j, g) B9
def f_val(i, j, g):
if mode == 'bfs': return g # BFS: O|& AHz|gt
elif mode == 'best': return h(i, j, goal) # XA2M: Ze[AE D
else: return g + h(i, j, goal) # A*: 0|3 H2| + F2|AE

# — MOl A8 XIETE A3
- [

[None]*N for _ in range(M)] # B7lgtit A= (HESH AT 7|5
g map = [[None]*N for _ in range(M)] # ZZ& 2t ANtX|o] & HE 7|5
parent = {} # 42 =& B2 ZQH {(i,j): (pi,pj)}

# Y XE x7|9
= f_val(si, sj, go0)
f_map[si][sj] = feo
g_map[si][sj] = go
parent[start] = None # Z% X|Fo 2= Q&

https://colab.research.google.com/drive/1Cgzm5z0rABhRtpP80B1Fg OGyA7N50Ts?usp=sharing

counter = 0 # OIAM f 20| &S I 42 =ME tie-break (FIFO EF)
# 2 RA FE: (o, HYEAM, git, ¥, @)

heap = [(f@, counter, g0, si, sj)]

visited = set() # O[O0 2FEI(AH) == Tt

# — B 0o 2o
while heap:
f, _, g i, j = heapg.heappop(heap) # f2t0| 7}% 22 =5 JHH

# 00 Y A22 #HE Lo& HHE
if (i, j) in visited:

continue
visited.add((i, j))

# 2E XY =2 > 32 5§ = e
if (i, j) == goal:
path = []
cur = (i, J)
# parent EQIHE M2} JHUTCE ZEE FH
while cur is not None:
path.append(cur)
cur = parent.get(cur)
path.reverse() # E%-J# 2= §
return f_map, path

871

# — HOIELR AWy 0|2 T Y
for di: dJ in [('1, @)_, (1, @), (0: '1): (9, 1)]:
ni, nj =1i+di, j+dj

iy

# 02 Hel W & #HO| ObE & Ob% 2HFPEX| 2 =E0 N
if (6 <=ni < Mand @ <=nj <N

and maze[ni][nj] != "#'

and (ni, nj) not in visited):

ng =g+ 1 # 0|2 “EWXQ A HE (3t 2t 0| = 1)

# O MYs 228 wAYS g A

if g_map[ni][nj] is None or ng < g_map[ni][nj]:
g_map[ni][nj] = ng
nf = f_val(ni, nj, ng)
f_map[ni][nj] nf
parent[(ni, nj)] = (i, j) # 22 A
counter += 1
heapq.heappush(heap, (nf, counter, ng, ni, nj))

return f_map, None # SHO| =X 23t 42



https://colab.research.google.com/drive/1Cgzm5zOrABhRtpP8OB1Fg_0GyA7N5OTs?usp=sharing

# — 2 3 g

def print_result(maze, f_map, path, name):

>
SN ZIE £ IR XE2 B

Parameters:
maze 0z Jd& (8 A% =28)
f map : 2 HOo| it K=
path : EZ-51E 4= ZIfE 2AE
name : YI2|F 0|5 (£Y dHE)

[1] BIREY XIE: SME 2 40| £ 3t

[2] EfMZL X2 . 2258 42 /2] 0|F AEl(step HZ)
M = len(maze)
N = len(maze[0])

print(f"\n{'="*52}")
print(f" Y12|E: {name}")
print(f"{'="*52}")

# A2 IE 5 0|5 H2l(step) HE
path_map = [[None]*N for _ in range(M)]
if path:
for step, (i, j) in enumerate(path):
path_map[i][j] = step # =Z=0, SH=len(path)-1

# — [1] "ottt X2 &9

print("\n[1] Bttt K=
for i in range(M):

row =
for j in range(N):
if maze[i][]] == "#':
row += " #" # H
elif f_map[i][j] is not None:
row += f'{f_map[i][j]:3d}" # ETMEl H. IS 372 =
else:
row += " " # O|EFAM M
print(row)

# — [2] EfMZAD}
H

X
print("\n[2] EMZAN Xz (EY-5H O|572])")

if path is None:
print(" Z2E 2 = g&LICH ")
return

for i in range(M):

row =
for j in range(N):
if maze[i][]j] == '#':
row += " #" # G
elif path_map[i][]j] is not None:
row += f"{path_map[i][j]:3d}" # 4= 2?9 A: step H=
else:
row += " " # 42 o A
print(row)
print(f"\n ZZ ZO0|: {len(path)-1} 2&")
#— M L2025 =MUE 2
def run_all(maze):
N MR S YIRIES wMCE MWD NS FHr

for mode, name in [
('bfs’, 'BFS'),
('best', 'Z[MRMEM (Best-First)'),
('astar', 'A* EfMy]

1:
f_map, path = search(maze, mode)
print_result(maze, f_map, path, name)
# — 02 Mot & dd (TYH)

# 13x7 44X W (p.66)

maze = [
VR,
i #",
“HO# O s #Y,
“##t G # #",
"HS HHHHEE #Y,
i #",
R e

]

run_all(maze)




# H OH O# # H OH O# H# H H O#H #
# 11 11 11 11 11 11 11 13

# 9 #1111 11 # # # # #

# 7 # # 11 11 11 11

# 7 7 # # # # # # # #

# 9 9 9 9 9 9 911 13

# H OH O# # H OH O# H# H H O#H #

0|&712|)

4
or
gl
K

>

13

FRI= (
Bo# B B O #O# B B # B H #

# 3 4 5

#
#
#
#

# # # # #
# # # # # # # #
# # OH O# # H H O# H# H# H OH #

# 1 # # 8 910 11

# 0

# 2 # 6 7
#

X =

# # O# O# # H OH O# H H O # #
# 3 4 5 6 7 8 91011
# 2 # 6 7 8 # # # # #

# 1 # # 8 910 11

.
N

$
o0

3

[1] &7t

# 1 2 3 4 5 6 7 8 91011 #
# # O# O# H# H OH O# H OH O # #

# 0 1 # # # # # # # #

o|&712l)

IH
ofr
o
K

>

F

b RIE (
Bo# B OB O # # B B B OB K #

# 3 4 5

#
#
#
#

# # # # #
# # # H O# # # #
# # # # # # # # H# # # # #
(Best-First)

# 1 # # 8 910 11

# 0

# 2 # 6 7
#

x=

"
NS

<k
o0

3

# # # # # H OH O# H# H O# # #

Bt

[1]

# 13x7 4% M (p.66)

#,

HEE H#Y,
# #",

#,

G
UHS HHHHHHE #Y,

U
"H#

maze = [
“H#OH#
U
run_all

]

(maze)

#
o|3#zal)
#13 #

# # # # # H OH O# H H O# # #
22 # # # # # 14 #

5 4 3 2 3 4 5 6 #
# 4 3 # # # # # 5 #
21 20 19 18 17 16 15 #
# 23 24 25
2 3 45 6 7 8 91011 #

#
# 0 1 # # # # # # # # 12 #

#

8

7
# 6 # # 3 2 1 0
# 7 6 # # # # # # # # 5 #

# 8 7 6 5 4 3 2 3 4 5 6 #
# # # # # # # # # # # # #
# O# # H H # H K ¥ # H OH #




UNE|E: AMRMEM (Best-First) YUE[E: Ax B
# 19xie AKXt H (p.78)
maze";#g################", [1] Boretdt (1] @7tesdl K=
" " # HOH OH OB OB OB B % # # # # HOH O# # K OH # # OF # # # OH # # ¥ # # #
NH R #--: # # # 19 17 15 15 15 15 15 15 15 15 15 15 15 17 19 21 #
ngog g #", # #OH # # # # # # # #17 1513 13 # # # # # # # # # # 19 21 #
TH O HHHHHEE G #", # 2 # # 15 13 11 11 # 21 19 19 19 21 #
g ## #", # # % # # # # 6 1 2 # #1513 11 11 # # # # # # # 19 19 19 21 #
"# # #", # 8 7 6 5 4 # # 1 2 3 # # 17 15 13 13 13 13 13 13 13 13 # # 21 21 #
# wWo#Y, # 9 8 7 6 5 4 # 2 3 4 # # 19 17 15 15 15 15 15 15 15 15 15 # #
o #, # 7 6 5 # # 4 5 # #2119 17 17 17 17 17 17 17 17 17 # # #
FHHHHHHHHHHHHEHE # 7 6 5 4 5 6 # # 2119 19 19 19 19 19 19 19 19 19 19 21 #
] B OH O# % B # # # OE B # K # # # # # HOH O# % O # # # OE B # K H # ¥ # # #
run_all(maze)
[2] =H 0|3AHZ|) [2] EHMZD X (BEL-5E 0|8H2|)
# OH # % O # # # # # HOH O# % O # # # OE B # K H # ¥ # # #
# # # 3 456 7 8 9101112 13 14 #
# ¥ OF # # # # # # # # # 2 # # # # # # # # # # 15 #
mmmc——m——cm—cc—oo—e= # # # 0 1 # 16 #
ot 73|=: BFS # # # # # # 2120 # # # # # # # # # 19 18 17 #
mmmc——m——cm—cc—oo—e= # 6 7 8 9 # # 19 # # # # #
# 011 # 18 # # # #
[1] BIte4g X2 # 12 # # 17 # # # # #
¥ OH # # # # # # # HOH # # # # # # # 13 14 15 16 # # #
# 4 3 2 3 4 5 6 7 10 11 12 13 14 15 16 # OB O# # H # # # B B # F H # # # # # # OB O# % O H # # B B # F OH B # # # # #
# 3 2 1 2 # # # # # # # #1516 17 #
# 2 1 0 1 # 19 18 17 16 17 18 # 342 Z A2 20|: 19 2H
# 3 2 1 2 # # # # # 19 18 17 18 19 #
# 4 3 2 3 4 5 6 7 # #2019 18 19 20 #
# 5 4 3 4 5 6 7 8 910 11 # 19 18 19 20 #
# 6 5 4 5 6 7 8 91011 12 # # 17 18 19 #
# 7 6 5 6 7 8 910 11 12 13 14 15 16 17 18 19 #
OB % % O # # # B B # K OHE # # # # # #
[2] EPMZD X2 (BY-5H 712])
O# # # £ # # # # HO# # % O # # # #
# 2 3 4 5 6 7 9 10 11 12 13 14 #
# 1 # # # # # # # # #15 #
# ) # 16 #
# # # # # # 19 18 17 #
# # # #
# # #
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