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“RIEFEMIEM: PaNbEESD

» EEHEBIBSTHITreeNodefg/2E, BST
Brootpk s | HIETB = TreeNode

class BinarySearchTree:

def __init  (self):
self.root = None h
self.size = ©

? v
5
]
g
RS
=
s
S
Q
N

def length(self):
return self.size

Z

def _len_ (self):
return self.size

def __iter_ (self):
return self.root. iter_ ()
AR R F ARG = WA F IR/ R 3K./2020



—HEEMAYSCIR: TreeNode3%

class TreeNode:
def __init__ (self,key,val,left=None,\
right=None,parent=None):
self.key = key
self.payload = val
self.leftChild = left
self.rightChild = right
self.parent = parent

def hasLeftChild(self):
return self.leftChild

def hasRightChild(self):

return self.rightChild

def islLeftChild(self):
return self.parent and \
self.parent.leftChild == self

def isRightChild(self):
return self.parent and \
self.parent.rightChild == self

bR K FHIR G = M AF F 7/ 4RK/2020
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<+ TreeNodeZEHIg iter 1E{XRS
ERBHETFT AT forE K, ERFRERBIEHHK
yield &t &k # X hE & 1A
i 8 X

def __iter_ (self):
it self:
if self.hasLeftChild():
for elem in self.leftChild:
yield elem
yield self.key
if self.hasRightChild():
for elem in self.rightChild:
yield elem

bR K FHIR G = M AF F 7/ 4RK/2020
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yieldB955—1MilF

N 1 def fib():
N 2 a, b =1, 1
S 3 while True:
5 4 vield a <
% 5 a, b=b, a+bh
~ 6
N 7 for fn in fib():
S 8 print(fn)
N 9 1t fn> 100000:
10 break
11

12 #fib 1, 1, 2, 3, 5, 8, 13, 21, 34, ...
13 #01) a, b
14 #02) a, b
15 #03) a, b
16 #04) a, b
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—XEHHRISCI: BST.removelix
< REFRRNERIFD, EiERS

if currentNode.islLeaf(): #leaf
it currentNode == currentNode.parent.leftChild:
currentNode.parent.leftChild = None
else:
currentNode.parent.rightChild = None
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< TreeNodez: IEHTLT S

def findSuccessor(self):

succ = None

if self.hasRightChild():
succ = self.rightChild.findMin()

else.:

it self.parent:

if self.islLeftChild():
succ = self.parent

else:
self.parent.rightChild = None
succ = self.parent.findSuccessor()
self.parent.rightChild = self

A ?

Z

return succ

def findMin(self):

current = self

while current.hasLeftChild():
current = current.leftChild

return current

bR KFHIR G = M AL 5 12/ T4 %/2020



% TreeNode2s: B =spliceOut()

def spliceQut(self):
M7 R

if self.islLeaf():
it self.islLeftChild():
self.parent.leftChild = None

else:

self.parent.rightChild = None
elif self.hasAnyChildren(): ——
it self.haslLeftChild():
if self.isLeftChild():
self.parent.leftChild = self.leftChild
else:
self.parent.rightChild = self.leftChild
self.leftChild.parent = self.parent

WA

ryvs if self.islLeftChild():
e self.parent.leftChild = self.rightChild
s e
TImlYTI else:

self.parent.rightChild = self.rightChild
self.rightChild.parent = self.parent

bR KFHIR G = M AL 5 12/ T4 %/2020
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APPSR , EHEFESEETLITWR?
FANHEANN T E, HRETHE, F&ET=0

CHERNETFTHE (41) RETFTHE (-1) , 2EXFTEFHERTFRAETR
e BT EFEEHFAREOE RIEO (+-1) , A TXFHRZETH, F
BR TR RE ZmRT %4

A8 T B3 F £rebalance

def updateBalance(self,node):
if node.balanceFactor > 1 or node.balanceFactor < -1:

self.rebalance(node)
2
s
&

?v
B
]
g
RS
=
s
S
Q
N

return
if node.parent != None:
if node.islLeftChild():
node.parent.balanceFactor += 1
elif node.isRightChild():
node.parent.balanceFactor -= 1

Z

it node.parent.balanceFactor != 0:

[E A+
self.updateBalance(node.parent) HEXLTR

Er
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Iekeis , I HERT R FE R FHIEE

<+ FAREEBRIZEMN
#B= hA- hC
IEB= hA- HhD
e

IHhD= 1+ max(hC, hE), FrA1HB= hA- (1+ max(hC, hE))
#B- 1BB= 1+ max(hC, hE)- hC

#B= HB+ 1+ max(hC, hE)- hC; #&hC#&itmax:H ik LA
#B= HB+ 1+ max(Q, -1HD) <==> #B= HB+ 1- min(0@, 'HD)

rotRoot.balanceFactor + \
1 - min(newRoot.balanceFactor, 0)

rotRoot.balanceFactor

bR KFHIR G = M AL 5 12/ T4 %/2020
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[H5] AVLI{ELiFHE : SEMmydict=F# ( ADT Map )

y  AVLIERZIFZHZERIOkey , ZFpZEBIvalue
»  FHAVLEHRISSHE(ERIE R EEE (log(n) )

get/put/del/in/iter

v O mydict

@ getRoot

@
@
@
@
@
@

_init__
__setitem__
__getitem__
__delitem__
_len__
__contains__

@ clear

®

_str__

@ keys

@ values
bR KFHIR G Z R A F 52/ HRK/2020

TreeNode

@ _init__

@ getLeft

@ getRight

@ isLeftChild

@ isRightChild

@ isRoot

@ jsLeaf

® hasAnyChildren
@ hasBothChildren
@ replaceNodeData
@ replaceNodeValue
® _str__

@ _jter__

@ findSuccessor

@ findMin

@ spliceOut

)

® _put

@ updateBalance
@ rebalance

@ rotateLeft

@ rotateRight

@ get

@ _get

@ __contains__

@ delete

@ remove

@ updateBalanceRemove

Z



371 class mydict:

372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397

IXAVLRE A AERSE IR A= B2

def

def

def

def

def

def

getRoot(self): # REINZBHIAVLHIIE
return self.avlTree.root

__init__(self): # BlE—\==F8#
self.avlTree = AVLTree()

__setitem__(self, key, value): # JEkey:valuefrizZZ|=FEE
# md[key]=value
self.avlTree[key] = valuve

__getitem__(self, key): # MFHPIEEKeyFHKEvalue
# v = md[key]

# KeyfEFHAARTEEMIE, iBraise KeyError

return self.avlTreel[key]

__delitem__(self, key): # MfR=eaFikey
# del md[key]

# KeyfEFHARARTEERIE, iBraise KeyError
del self.avlTreel[key]

__len__(self): # IREXFHNKE
# 1 = len(md)
return len(self.avlTree)

Z



399  def __contains__(self, key): # HBfzsich2R[7E7EKey

400 # k in md S
401 return key in self.avlTree

402

403 def clear(self): # Bl

404 self.avlTree = AVLTree()

405

406 def __str__(self): # HmEFFEER, ,,.“V\Jﬁdlct R MHIRBAVL R EIRG IR E

407 # BEM: {'name': 'sessdsa', 'hello': 'world'}

408 return str‘(self.avlTr'ee) —
409 __repr__ = __str__

410

411 def keys(self): # REIFfiEMkey, ELEZFIR, REBAVLNPFIEDRF

412 retlist = [] —
413 for k in self.avlTree: z
414 retlist.append(k) %
415 return retlist

416

417 def values(self): # IREIffEMvalue, HBREFIR, IRBAVLNPEIBHXF

418 retlist = []

419 for kK 1n self.avlTree:

420 retlist.append(self.avlTree[k])

421 return retlist

bR KFHIR G = M AL 5 12/ T4 %/2020



31 class TreeNode:

32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

—XWTR
EETRRT ARSI, HEMATNED

def __init__(self, key, val, left=None, right=None, parent=None):

self.key = hash(key)
self.ori_key = key
self.payload = val
self.leftChild = left
self.rightChild = right
self.parent = parent
self.balanceFactor = 0

def getLeft(self): # RENEFN (AREFERHREINone)
return self.leftChild

def getRight(self): # IREVAFW (ARIFERHRENoOne)
return self.rightChild

hasLeftChild = getLeft
hasRightChild = getRight

def isLeftChild(self):
return self.parent and self.parent.leftChild == self

def isRightChild(self):
return self.parent and self.parent.rightChild == self

# R HE

—
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60 def isRoot(self):

61 return not self.parent
62

— 63 def isLeaf(self):

X 64 return not (self.leftChild or self.rightChild)

Y 65

el 66 def hasAnyChildren(self):

‘g 67 return self.leftChild or self.rightChild

55 68

Eg 69 def hasBothChildren(self):

§$ 70 return self.leftChild and self.rightChild
71

=

A 72 def replaceNodeData(self, key, val, lc, rc):

S BE self.key = hash(key) = = e

g 74 self.ori_key = key keythaShZlelEI\J / 12 ____ttix

51 75 self.payload = val P
76 self.leftChild = lc : o A z
77 self.rightChild = orl_key IR N/ HiH ’.
78 if self. hasLeftChlld()'
79 self.leftChild.parent = self
80 if self.hasRightChild():
81 self.rightChild.parent = self
82
83 def replaceNodeValue(self, key, val):
84 self.key = hash(key)
85 self.ori_key = key

86 self.payload val



iterfllyield

88 def __str__(self):

89 # BREWBREIIRAXNHL TreeNode IFAIEF TR

90 lestr = f"[{str(self.leftChild)}]" if self.leftChild else "[]"
91 rcstr = f"[{str(self.rightChild)}]" if self.rightChild else "[]"
92 return f"[{repr(self.ori_key)}/{self.balanceFactor}, {lcstr}, {rcstr}]"
93 __repr__ = __str__

94

95 def __iter__(self):

96 # PEEH#HL

97 if self.hasLeftChild():

98 for ori_key in self.leftChild:

99 yield ori_key

100 yield self.ori_key

101 if self.hasRightChild():

102 for ori_key in self.rightChild:

103 yield ori_key

bR K FHIR G = M AF F 7/ 4RK/2020



def

def

findSuccessor(self): # #¥EIEHTR
succ = None
if self.hasRightChild():
succ = self.rightChild.findMin()
else:
1f self.parent:
if self.isLeftChild():
succ = self.parent
else:
self.parent.rightChild = None
succ = self.parent.findSuccessor()
self.parent.rightChild = self
return succ

findMin(self): # #HEIFNELHZ/NTR

current = self

while current.hasLeftChild():
current = current.leftChild

return current

bR KFHIR G = M AL 5 12/ T4 %/2020
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125 def spliceOut(self): # #HET =

126 if self.isLeaf():

127 if self.isLeftChild():

128 self.parent.leftChild = None

129 else:

130 » self.parent.rightChild = None

131 elif self.hasAnyChildren():

132 if self.hasLeftChild():

133 if self.isLeftChild():

134 self.parent.leftChild = self.leftChild
135 else:

136 self.parent.rightChild = self.leftChild
137 self.leftChild.parent = self.parent

138 else:

139 if self.isLeftChild():

140 self.parent.leftChild = self.rightChild
141 else:

142 > self.parent.rightChild = self.rightChild
143 self.rightChild.parent = self.parent

-

-

td

MBI i
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s
>
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145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160

class AVLTree:
def __init__(self):
self.root = None
self.size 0

def __len__(self):
return self.size

def __iter__(self):
if self.root: # WRITHN, FISEARIE]
return iter(self.root)
return iter([])

def __str__(self): # FHAXMEAVLEF
allstr = ", ".join([f"{repr(key)}: {repr(self[key])}" for key in self])
return f"{{{allstr}}}"

bR K FHIR G = M AF F 7/ 4RK/2020
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162 def put(self, key, val): R A
163 if self.root: keyZEEhaShZJEEI‘J / 12 ____I;I./:ZB(

164 self._put(key, val, self.root)

165 else: . .

166 self.root = TreeNode(key, val) orl_key _*E@)\/ﬁ@tj

167 self.size = 1 # FEXEBEMsizeiaftl

168 __setitem__ = put

169

170 def _put(self, key, val, currentNode):

171 ori_key = key

172 key = hash(ori_key)

173 if key < currentNode.key: # FHhashgikeyi#{T3LE —
174 if currentNode.hasLeftChild():

175 self._put(ori_key, val, currentNode.leftChild)

176 else:

177 currentNode.leftChild = TreeNode(ori_key, val, parent=currentNode)

178 self.size += 1 # XEASEIN—1TSE —
179 self.updateBalance(currentNode.leftChild) -<2
180 elif key > currentNode.key: # Fihashjgikeyi#{TxItE %
181 if currentNode.hasRightChild():

182 self._put(ori_key, val, currentNode.rightChild)

183 else:

184 currentNode.rightChild = TreeNode(ori_key, val, parent=currentNode)

185 self.size += 1 # XEASEN—1"TR

186 self.updateBalance(currentNode.rightChild)

187 else: # # Fhash5ikey#1T3Itt, 8%, Bk

188 currentNode.replaceNodeValue(ori_key, val) # ¥, A ENT=

LT K FHIR G 2 A5 F 12/ 5 K/2020
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203
204
205
206
207
208
209
210
211
212
213
214
215

def updateBalance(self, node):
1f node.balanceFactor > 1 or node.balanceFactor < -1:
self.rebalance(node)

def

return

1f node.parent:
if node.isLeftChild():

elif node.isRightChild():
node.parent.balanceFactor -

# MRRXTRILBHAXTIENTER T, #Me e

# RIMAEFTRT
node.parent.balanceFactor += 1

1

1f node.parent.balanceFactor != 0:

self.updateBalance(node.parent)

rebalance(self, node):

1f node.balanceFactor < 0:

it node.rightChild.balanceFactor > 0:
self.rotateRight(node.rightChild)
self.rotateLeft(node) # Xl

else:

# AE

self.rotateLeft(node)

elif node.balanceFactor > 0:
1t node.leftChild.balanceFactor < 0:
self.rotateLeft(node.leftChild)
self.rotateRight(node)

else:

self.rotateRight(node)

AC T AT ALK S L RS 5 I/ R AR/ ZUZU

# K5

# Alhe
# Alhe

# AMABRTFTRT

# AfFTREESALE

# EFTRAESERE
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217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240

# ZEheA EEFEET
def rotateLeft(self, rotRoot):

newRoot = rotRoot.rightChild # newRootRIEETANEAEFT R
rotRoot.rightChild = newRoot.leftChild
if newRoot.hasLeftChild(): # newRootMIZAZFHIFEZIERET mNAN
newRoot.leftChild.parent = rotRoot
newRoot.parent = rotRoot.parent # newRootZkFEfEFET SR T S
# AR R T RN S| FAZEInewRoot
if rotRoot.isRoot():
self.root = newRoot
else:
if rotRoot.isLeftChild():
rotRoot.parent.leftChild = newRoot
else:
rotRoot.parent.rightChild = newRoot
# newRootFIhEsE T MR T XA X
newRoot.leftChild = rotRoot
rotRoot.parent = newRoot

# RN T /BT ER T
rotRoot.balanceFactor

rotRoot.balanceFactor + 1 \

- min(newRoot.balanceFactor, 0)
# JEAEnewRootHFEREF
newRoot.balanceFactor

newRoot.balanceFactor + 1 \
+ max(rotRoot.balanceFactor, 0)

- AL RF R 5 2 A 5 R/ R R/2020
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242 def rotateRight(self, rotRoot):

243 newRoot = rotRoot.leftChild # newRootEiEETAMNAFTS

244 rotRoot.leftChild = newRoot.rightChild

245 if newRoot.hasRightChild(): # newRooti9H FHIFERIFERET =H0AD

246 newRoot.rightChild.parent = rotRoot

247 newRoot.parent = rotRoot.parent # newRootZkFEfEET SR TS

248 # BRI AR T RN NG|AEInewRoot

249 if rotRoot.isRoot():

250 self.root = newRoot

251 else: o
252 if rotRoot.isLeftChild():

253 rotRoot.parent.leftChild = newRoot

254 else:

255 rotRoot.parent.rightChild = newRoot -
256 # newRootFEEET MR F XA \4
257 newRoot.rightChild = rotRoot ,~
258 rotRoot.parent = newRoot

259 # EERET SNFEERF

260 rotRoot.balanceFactor = rotRoot.balanceFactor - 1\

261 - max(newRoot.balanceFactor, 0)

262 # JEAEnewRootHFEREF

263 newRoot.balanceFactor = newRoot.balanceFactor - 1\

264 + min(rotRoot.balanceFactor, 0)
bR R FEHIR G = A F 1%/ 5K /2020
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266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287

def

get(self, key):
return self._get(key, self.root).payload

__getitem__ = get

def

def

_get(self, key, currentNode):

ori_key = key

key = hash(ori_key)

it not currentNode:
raise KeyError(ori_key)

elif key == currentNode.key: # Fihash/Gikey#{Txttt
return currentNode

elif key < currentNode.key: # FhashEfkey#{TILt
return self._get(ori_key, currentNode.leftChild)

else: # Fhashgikey#{T3Itt key >
return self._get(ori_key, currentNode.rightChild)

__contains__(self, key):
try:
v = selflkey]
except KeyError:
return False
return True

bR K FHIR G = M AF F 7/ 4RK/2020
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291
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293
294
295
296
297
298
299
300
301
302
303
304
305

def delete(self, key):
ori_key = key
key = hash(ori_key)
1if self.size > 1:

nodeToRemove = self._get(ori_key, self.root)

1f nodeToRemove:
self.remove(nodeToRemove)
self.size -= 1

else:

raise KeyError(ori_key)
elif self.size == 1 and self.root.key == key:
self.root = None
self.size = 0
else:
raise KeyError(ori_key)

__delitem__ = delete

bR KFHIR G = M AL 5 12/ T4 %/2020

# hashfg89keyX3tb

Z



307 def remove(self, currentNode):

308 if currentNode.isLeaf(): # MEREEFTANMHTS

309 if currentNode.isLeftChild():

310 currentNode.parent.leftChild = None

311 currentNode.parent.balanceFactor -= 1 # RTPEVTAEFTS

312 else:

313 currentNode.parent.rightChild = None

314 currentNode.parent.balanceFactor += 1 # 4 *ﬁ.\’/"TE?*ﬁ,m

315 self.updateBalanceRemove(currentNode.parent) # MMIERT SR S IREFTFE

316 elif currentNode.hasBothChildren(): # MIBERTFT SRS T S

317 succ = currentNode.findSuccessor() # BERNERITFTa, HE#—EEAFHNAETRE

318 # X succ—ERBEFTR —=
319 if succ.isLeftChild():

320 succ.parent.balanceFactor -= 1

321 else:

322 succ.parent.balanceFactor += 1

323 succ.spliceOut() e
324 currentNode.replaceNodeValue(succ.ori_key, succ.payload) \4
325 self.updateBalanceRemove(succ.parent) # MIFERRT SR S A ST %
326 else: # WERRAE—TFOIRNATRTR
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351
352
353

else: # BBRRE—TFIRNAZTBTR
if currentNode.hasLeftChild(): # REAFTS

if currentNode.isLeftChild(): # BCEAFTS
currentNode.leftChild.parent = currentNode.parent
currentNode.parent.leftChild = currentNode.leftChild
currentNode.parent.balanceFactor -= 1 # RTPEVTEFTS

elif currentNode.isRightChild(): # BC2AFT 4=
currentNode.leftChild.parent = currentNode.parent
currentNode.parent.rightChild = currentNode.leftChild
currentNode.parent.balanceFactor += 1 # RPTEVTHFTS

else: # HCORERER
currentNode.leftChild.parent = None
self.root = currentNode.leftChild

else: # RBEAFTR

if currentNode.isLeftChild(): # BCEAFTS
currentNode.rightChild.parent = currentNode.parent
currentNode.parent.leftChild = currentNode.rightChild
currentNode.parent.balanceFactor -= 1 # RTPEVTEFTS

elif currentNode.isRightChild(): # BHCoRAGFT 4=
currentNode.rightChild.parent = currentNode.parent
currentNode.parent.rightChild = currentNode.rightChild
currentNode.parent.balanceFactor += 1 # RPTEAVTHFTS

else: # HCORERER
currentNode.rightChild.parent = None
self.root = currentNode.rightChild

if currentNode.parent: # URAZRESHMESIHTE
self.updateBalanceRemove(currentNode.parent) # MBIERT SR SFHREFTFE

\

AL



356
357
358
359
360
361
362
363
364
365
366
367

def updateBalanceRemove(self, node):
1f node.balanceFactor > 1 or node.balanceFactor < -1:
self.rebalance(node)
# EMEER, HEFnewRootlIFEHEF, NMRTH0, RERE(ERE
node = node.parent
1f node.balanceFactor == 0 and node.parent:
if node.isLeftChild(): # EFTm7T
node.parent.balancefFactor -= 1
elif node.isRightChild(): # AFT=07T
node.parent.balanceFactor += 1
# @ B

self.updateBalanceRemove(node.parent)
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