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7IXIX17(pruning)
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In [1]:

In [2]:

Out[2]:

from typing import List, Dict

# B+ 4o JHel 2ol Hs, 5, 1, 2, 3,
variables = [1, 2, 3, 4]

# EOfel: 2ol Zlo| XElEE + QU= JIsE!

domains: Dict[int, List[int]] = {}
columns = [1, 2, 3, 4]
for var in variables:

domains[var] = columns
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o Of2f &|FX &4 backtracking search queens ()& YEHAQIn-Z 23
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In [3]: def backtracking search queens(assignment: Dict[int, int] = {}):
"""assignment: Z}Zf9| BiTE F[Z At&ol1 F[gl2 ofg B0 2EE

# Z& H0f ofst glo] XEE 3R X212 BIEAZ[E af7f 2L E 242
if len(assignment) == len(variables):
return assignment
# OFF Zt2 K| g2 50| ZAIE EEY YUIFS OfF HUEA S US o2 0o FY
unassigned = [v for v in variables if v not in assignment]
first = unassigned[0]

for value in domains[first]:
# F9: 7|=29| assignmentE HEZof7 floff EAIE &
# E[FFO0| 2dg nf oF gEdts J/Yd Fol flafAg.
local assignment = assignment.copy()
local assignment[first] = value
# local_ assignment g#gl0] RS XM =5 AMEsf0] Hi+ g5 0/0/Zf.
if promissing queens(first, local assignment):
result = backtracking search queens(local assignment)
# 282 00X RalE EHEE MF
if result is not None:
return result

return None



In [4]: def promissing queens(variable: int, assignment: Dict[int, int]):
MZ2S B2 variablel] ZiS HE ofEA offE B9 SIEE HAE ANJY TSR]

assignmentO CHa BFESE[=X] 02 3fol

n-# ZHS ZL: HEZI0] BE Hof s LFE.
=, M2 SIXIAFHOF sHe o] JIF0f ojo| A2ES #E F I

o @, &, Cjz Hof PIKIGH=A| of2E Helgtr e

Ol 4

# qlr, glc: XM 20| =2 OiC[o] ZHif &
for gqlr, glc in assignment.items():
# q2r = X Z Offof X[zt CIE BEE ZEE CHYS=E X710HS0{E 2kl
for g2r in range(qglr + 1, len(assignment) + 1):
g2c = assignment[q2r] # =4 #<9 &
if glc == q2c: # &2 %o §x/?
return False
if abs(qlr - g2r) == abs(qlc - q2c): # LCHZMA0] 2/x/2?

return False

# ZE B0 Ofef Aef=z1 PIEE
return True



In [5]: backtracking search queens()

out[s1: {1: 2, 2: 4, 3: 1, 4: 3}
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BE: 2F2(shallow) SA} vs Z12(deep) A

o Z|AEQ|copy() HMEE &2 BEAIELE AIEE
n IXIR 2| AEL B2 MER 2|AEE SAISHA IS0 &
m SEX|TF 2K O| 2| 2| AE Y B H= AS SASH

rr 0

In [6]: # 22 ZAf
aList = [1, 2, 3, 4]
bList = alList
cList = aList.copy()
aList[0] = 10
print ("®2 SAt:", aList[0] == cList[0])
dList = [[5, 61, [7, 8]]
eList = dList.copy()
dList[0][1] = 60
print ("®2 SAt:", dList[0] == eList[0])

2Al: False
EAt: True

me me
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Python 3.6 Print output (drag lower right corner to resize)

(known limitations) L2 ZA: False
L2 ZAb: True

alist [1, 2, 3, 4]
bList = alList

cList = aList.copy()
Frames Objects
aList[0] = 10 )
Global frame list

0 1 2 B8]
print("¥2 EAb: ", alist[0] == clList[0]) allst 10234

bList
list

cList
0o |1 |2 |3
11234
N

dList
elist

[rs, 61, [7, 8]1]
dList.copy()

dList

dList[0][1] = 60 elist \
print ("2 =Ab: ", dList[0] == elist[0]) g‘

list list

Edit this code

line that just executed
= next line to execute

Done running (9 steps)
Customize visualization (NEW!)




In [7]:

o U2 XA FAIE StE{H 22 SAHdeep copy)S AHE3OF gt

a HIAIY: M2 H O
m MY copy B=2| deepcopy () &

o copy() & €2 EALEAEL| copy () HIMERS

o deepcopy () &: 42 AL

# 22 Al vs. 22 FAf

EC = E— =

from copy import copy, deepcopy

aList = [1, 2, 3, 4]

bList = aList

cList = copy(alList)

aList[0] = 10

print ("®2 SAt:", aList[0] == cList[0])

dList = [[5, 6], [7, 8]]

eList = deepcopy(dList)

dList[0][1] = 60

print("Z2 SAt:", dList[0] == eList[0])

U2 EAl: False
12 EAl: False
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Python 3.6 Print output (drag lower right corner to resize)

(known limitations) L2 =2Ab: False

2 SAt: False

from copy import copy, deepcopy

&
aList = [1, 2, 3, 4]
bList = alist Frames Objects
cList = copy(aList) )
Global frame list
: : . 0 1 |2 |3
alist[0] = 10 copy | imported object e
deepcopy | imported object
print ("€ S|Ah:", alist[®] == cList[0]) aList .
bList 0o |1 |2 |3
dList = [[5, 61, [7, 811 Lt ~ l1|2|3la
elList = deepcopy(dList)
dList
(" list list )

(e4]

dList[0][1] = 60 elist ‘\\ 0 |1 o |1
print("Z2 HAb: ", dList[0] == eList[0]) .—\T’ 5 | 60
line that just executed “;t 1
== next line to execute \i

. —J/

Done running (10 steps)
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Customize visualization (NEW!)
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In [8]: from typing import List, Dict

# Biz: 4 OfL/el s, %, 1, 2, 3, 4
variables = [1, 2, 3, 4]

# =ojol: 2fzfo] oicjof M + Q= JHsEH BE My
# 3-ME517). 1(4Z), (ﬂ/‘é*), 3(&H)
domains: Dict[int, List[int]] = {}
columns = [1, 2, 3]
for var in variables:

domains[var] = columns

[C|ol| S ESHA B, LiE, ZM 0= M

Oy

In [9]: domains

out[9]: {1. 11, 2, 31, 2: [1, 2, 31, 3: [1, 2, 3], 4: [1, 2, 3]}
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o Ol2 £|F*X &4 backtracking search colors () LEXOI m-MElst7| 2X|E i
gt
" assignment QIX}: E|FA PO AM LR | 0] Cia el QI 2 HEE

=32 AHE 7HE|Z.

n QX7 SORH OHA gf= S| et S 2=
Zae|E T,

n C[FX 2 N2|E0| MMM assignment 7t EEE|D] 2= #H~0] Cisl L2l
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In [10]: def backtracking search colors(assignment: Dict[int, int] = {}):
"""assignment: ZfZf9| HI+E F[ZE Af&sd ZIgE2 o5 Hiof ZEE g

# Z& H0f ofst glo] XEE 3R X212 BIEAZ[E af7f 2L E 242
if len(assignment) == len(variables):
return assignment
# OFF Zt2 K| g2 50| ZAIE EEY YUIFS OfF HUEA S US o2 0o FY
unassigned = [v for v in variables if v not in assignment]
first = unassigned[0]

for value in domains[first]:
# F9: 7|=29| assignmentE HEZof7 floff EAIE &
# E[FFO0| 2dg nf oF gEdts J/Yd Fol flafAg.
local assignment = assignment.copy()
local assignment[first] = value
# local assignment g{O0] RE510 X7 S== ALE350f Hi+ & 0/0/Zf.
if promissing colors(first, local assignment):
result = backtracking search colors(local assignment)
# P28 00X RalE EEE MF
if result is not None:
return result

return None



In [11]:

def promissing colors(variable: int, assignment: Dict[int, int]):

"MEE P variabled] gl BE ofEIA S B OIFHE HIAE AjOJS| AEZIO)
assignmentO CHa BFESE[=X] 02 3fol

m-MEs7| 2HO] ZQ: O/ROIC/] Mefo| w2t HoFEZI0] St
=, O}C] variabled] SEEl 40| 0[20fC|o] Mzt S2pof &,
OIZ S8 2f2tol DIC|7} ZHe O/ROICISS] EIAES x| HHolsjof &t "
# 2t ofclo] ozt oR0jCjel Z/AE

constraints = {
1 : 02, 3, 41,
2 : [1, 31,
3 ¢ [1, 2, 47,
4 : [1, 3]

}

for var in constraints[variable]:
if (var in assignment) and (assignment[var] == assignment[variable]):

return False

return True



In [12]: backtracking search colors()

out[12]: {: 1, 2: 2, 3: 3, 4: 2}
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In [13]:

out[13]:

oo K

# B 4 JHel 2ol ¥=, £, 1, 2, 3, 4, 5
variables = [1, 2, 3, 4, 5]

# E0fel: zf2fol 20| ApElEE + [ Jtser & 9 #IA.

domains: Dict[int, List[int]] = {}
columns = [1, 2, 3, 4, 5]
for var in variables:

domains[var] = columns

backtracking search queens()

{1: 1, 2: 3, 3: 5, 4: 2, 5: 4}

M 2ot backtracking search queens()
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M 248t backtracking search colors() &4+E 0|&5}0]

|;|o HO

In [14]1: # H+: 04 Jf OiC/e Bi=, =, 1, 2, 3, 4, 5, 6
variables = [1, 2, 3, 4, 5, 6]

# ZOool: ziztel oiffof g + Q= MY A IR, G, B)
domains: Dict[int, List[int]] = {}
columns = [1, 2, 3]
for var in variables:
domains[var] = columns



o O IO oI5t H|UEX7HS AIREH 201N Eo| Sta= 20t 2k

In [15]: def promissing colors(variable: int, assignment: Dict[int, int]):
assignmentO CHa BISE[=X] 082 2fol

n-MEsL7| 2HO ZHS: O/0H|S| Mefo| mEf ForEzio] SetE.
=, O/ variablel| 2fEHE Mo of20pC(ef Mzuf EEfoF 2f.
O/ ®ls 2}2to] OIC/7} ZH= O|ROIC/SS| EIAES Hix| FOIsHOF B, """

# 2} OpCjof i3t ojRofC|el 2lAE

constraints = {

1 [2, 41,

(1, 3, 51,

[2, 61,

[ 1 I 5 ] 14

[2, 4, 61,

[3, 5]

(2NN O I ~ R GV S}
e oo oo oo oo oo

for var in constraints[variable]:
if (var in assignment) and (assignment[var] == assignment[variable]):
return False

return True



backtracking search colors()

In [16]:

2}



