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(TR —FMSRIAVLEY (SHEZXRY) |, #EEHI TR RS EIEIS AT E R AR
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ARESRLAGR, X THHIB AL BN TA E 0 720 FROZS MK

(1) TRELBHES,

(2) BT REE;

(3) B FEERE. (HFENUILTR) ;

(4) BMIETREIMTNFLIREBERE. (WS IMHFERINFEBE LR MNE
ZHOABTR) |

(5) METREESMHFIFrEREEESHEEHNENEET A,
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T ERh S SRIPythonfZEFUNT:

In [4]:

1 class RBNode:

2 def init_ (self, val, color="R"):
3 self.val = val

4 self. color = color

5 self. left = None

6 self.right = None

7 self. parent = None

8

9 def is black node(self):
10 return self.color == "B”
11
12 def set black node(self):
13 self.color = "B
14
15 def set red node(self):
16 self.color = "R”

17

18 def print(self):

19 if self. left:

20 self. left. print ()
21 print (self.val)

22 if self.right:

23 self. right. print ()

A

3. LI EMIRIIEXCIRIE

3.1 ZhefahE
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SHEAVEXS LR BATIEAMPRSFRIFRT, WA T, BRATRESIES L RMAIME
R, A7 RIFELEMAIMER, FMAJLTEXT RIE—FR5IA0EEE, B Tied (Flani
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FIRERT, LRMMRARERITEITERIIMLR.

TheRIBIF: ENENE, FTEREBLEN, BEDEMESRAR (TR7) , BalE

(FR15) , REHTE

BhERIPIF: AENENG, FTEREBLREN, AELENEANE (TTR6) , KEHFE

18-inser node 3

19-inser node 3

TEAIPythonfUiBSH T BIFEM :
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46

[5]:

FES RS T IF R

class RBTree:

y

ARV TN (1
P —: Rt 2R,
PR AR AU R
PR = AN R (NTLEE 19 ) 2SR
PRIV s FEANLL AT RS AR R B A (R WA TAAE AN IE S 20
PERTTL: MAE— 5 s B AS 15 200 BT B AR AR A 5 AH R 2 H )R8 7 R
def init (self):
self. root = None

def left rotate(self, node):

PR

* s B X st AT A e

* parent parent

% / /

*  node right

k /0\ /\

* In right ——— > node ry

x /\ /\

¥ 1y ry In ly

* R T =

* 1. Fright A 119 sy &anode AT 1719 5, IR nodelikghright £ 115 s 1
x 2. Bright A T3 5% Anode, KinodellIA2 ¥ 5 1% Nright

* 3. Finode YT fiparent (AEZH)) K2 right AC T 5, [AY 5 Frparent [
:param node: B/ HER T AN
:return:

Y

parent = node. parent
right = node. right

# AT TR T T TR T P EE
node. right = right. left
if node.right:

node. right. parent = node

#10 node EIHTELT T TR HI AT Tk 2EHR2
right. left = node
node. parent = right

# AT TR T BT TR R TR IS T ke PIES
right. parent = parent
if not parent:
self. root = right
else:
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FES RS T IF R

if parent. left == node:
parent. left = right
else:
parent. right = right

pass

def right rotate(self, node):
print ("right rotate”, node. val)

)y

*

FoX K K X K K X KX K

Y

AleE B A sy i 7 A e
parent par
/ /
node le
/ \ /
left ry —— > 1n
/\ /
In rn rn
Hlef v = A

ent

f't
\

node

\
ry

1. Rrlefti A 11 rirni&node A 17 £, H¥nodeM 4 rnds 17 s AT

2. ¥ileftifs 115 A& Anode, ¥nodelJ T ik Nleft

3. ¥fnode1AZH5 miparent (AEZHS) TRZ5 leftIAC T &, AR BE Fiparent ) ¥
:param node:
:return:

parent = node. parent
left = node. left

¥ PR
node. left = left.right

if

7

node. left:
node. left. parent = node

L PEIL IS

left. right = node
node. parent = left

#

L P HES

left. parent = parent

if

not parent:
self. root = left

else:

if parent. left == node:
parent. left = left
else:
parent. right = left

pass
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3.2 FRNIRE

MFRBAIRRE TR, WERKENPERMRS, HHEEEHMEEN. FLLEAE, &
REPANRBANI BT R, XFEEIREHSRRE. BEREREERENBR:

TINRBEANNRRTR, VEERCRZRES (MR2) , TIPEAS— I TR15891E
., STERR:

1-inser node 15 2-inser node 15

2. MRBANTRNKTRERETR, UAERHE. RAFEA— T R6RIER, W
TERR:

11-inser node 6 12-inser node 6

SURBATRIXTRIASTR (BRiER4)  BRTARNAETRALET R,
(1) ERXTREERFTRENRERS, BEITRENAIE (EENERMERS) |
(2) BREEEXTREGERLEBMRIMER (184) . WTHEFR:

| 7-inser node 14 | | 8-inser node 14 | | 9-inser node 14 |
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4. NRBATRUIRTRVABTR (BREEN) , BERXUANAETRAAEETR. 7
BigEATR, XTa, RELXTAEM., BInode = node.parent.left && node.parent =
node.parent.parent.left(EZNI), 3 node = node.parent.right && node.parent =
node.parent.parent.right (EHGN) .

WIEGE: BRTREMERETR, BHTRTAIETR, FEifREEFEITR

(AEN, fAiE, BEAUELE) . 2~pl4, BA TRI1I2BHEHER. N TFERxR:

5 MRBATRNKTRIAET R (ERMEREN) , BRTANASTRARST R, F
BEATR, KUK, RMEXTLAAERN,

QRIBFSE: FERERXTR, FHTHEMN (B4MiER) , BRBHERSRGIE. T™F+, &
A T R5SERLREER., 0 TNERR:
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3.3 MHIBRIRIE
PN A
BEDR: TRNAFRG, SAENTA.
BH#PR: TRlEaFNY, IVMERT A

SN BRI RERORIBIEIK4; RERSHIEY4/96

HIBRIRIES R T =N
(1) SREZEEIEMRAHFER (GERERREEREAMRN F R RRE) . BrY: 2=
BREUR, EMFRmAHE. (EBRERIFEERMBRH O mAvERE. HEIERPRT RAVE4T mEED

BT, WNRGFE UHSRHEISFTR. BUSREINTR, KERHERNRTR. BiE, B
TR RIIK T A,

(2) XJLLEMBATRE, EWRRT BN, RERLENAIMER,

(3) EHIERIMIBRT =

KRS =oRbl: 9510 (BT R) Bt T T FEERIEF BIa@BEMFMET <9,
TRY 7 BRI F 5 9.
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TEAIPythonfUEBLSH 7 BIASEIR :

In [6]:

def pre delete node(self, node):

y

MR AR, IR [n] e 2 M bR 1Y R
:param node:

:return:

post node = self.get post node (node)
if post node:

CO 3 O U1 v W DN +—

9 node. val, post node.val = post node.val, node.val
10 return self.pre delete node(post node)
11 pre node = self.get pre node (node)
12 if pre node:
13 pre node. val, node.val = node.val, pre node.val
14 return self.pre delete node(pre node)
15 BB T TT R, R TEE TR
16 return node
y |

HIBRBTRZELLRM: B ROEMIPRT R/ERIEE— RN
(1) WBFRATRELASTR, IAFERZEEMR, OB

12_delete_2 12_delete_3
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(2) MFRTRERER, ERMER
(3) MREEETR, IHETRRABTR, IEEKTR: BRTRERER, BT
TEM, E=TE.
(4) HREETR, RBAERBERETR, BRFTRNBAREFIR, BAMEF
TREREBT R,
« BT RERIETR
c MRLTRRIBTR, BERCRTREREETR (FRBER)
 MRRXTRARRETR, BREISFITR (EFEE)
(5) HREETR, WAERBERETR, MATANRUFLTR (MREBTRAL
TR, WALRBTRINETR, AThRERE) AMeETR
« T RHBRANFLRIRENER. HETR (BE) IKTR (JERELe,
REERG) HiRge
o EAERTI R,

THEEIPythonfUEBLAH T BAEIR :
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In [11]:
1 def check delete node(self, node):
5 s
3 for A MM %15 sinode
4 :param node:
5) :return:
6 s
7 if self.root == node or node.is red node():
8 return
9
10 node is left = node. parent. left == node
11 brother = node. parent. right if node is left else node. parent. left
12 #brother WANK5
13 if brother.is red node():
14 B UG TR, AL T, R T TR
15 if node is left:
16 self. left rotate (node. parent)
17 else:
18 self. right rotate (node. parent)
19 node. parent. set_red node ()
20 brother. set_black node ()
21 print ("check node delete more ”)
22 # T 22 H TR
23 self. check delete node(node)
24 return
25
26 all none = not brother. left and not brother.right
27 all black = brother. left and brother.right and brother. left. is black |
28 if all none or all black:
29 brother. set_red node ()
30 if node.parent. is_red node():
31 node. parent. set_black node ()
32 return
33 self. check delete node(node. parent)
34 return
35
36 #I7 B 0 A7 T [ BT 1 s A AR AR L T
37 brother same right red = node is left and brother.right and brother.r
38 brother same left red = not node is left and brother. left and brother
39 if brother same right red or brother same left red:
40 if node. parent. is red node() :
41 brother. set_red node()
42 else:
43 brother. set_black node ()
44 node. parent. set_black node ()
45
46 if brother same right red:
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47 brother. right. set black node ()

48 self. left rotate (node. parent)

49 else:

50 brother. left. set_black node ()

51 self.right rotate (node. parent)

52

53 return

54

55 # BB T T R I I T R H AR AL T

56 brother diff right red = not node is left and brother.right and broth
57 brother diff left red = node is left and brother. left and brother. lef
58 if brother diff right red or brother diff left red:
59 brother. set red node ()

60 if brother diff right red:

61 brother. right. set black node ()

62 self. left rotate(brother)

63 else:

64 brother. left. set_black node ()

65 self. right rotate (brother)

66

67 self. check delete node(node)

68 return

4. T EBMAIRE

1.4T BMTELinuxIEECANESS AE PRI R

Linux BIRRERBMRAIE 2. 6. 24 Zf5, (£ THAYEREIER CFS, ATEIFSCRITNIE TiH
TEEBLAREPNZITRIE)A key (EHEAE—RABIN E, LISSHEAFERUEEREES. CFS FH
active /expired FEMZNSITEMNSER, FAHIRFMESHERINENXIEEREES, HEHE
B EPRAETIET SR ERLENREN N—MES, RIEEES A CPU RHERRE
KIRERBE(ES MR,

2 LT RMTELinuxEEHATFHRAIRIF

32 fif Linux RAZEEIAMBIEESEIRID 0 - 3G AF=E, 3 - 4G ARZ=E, EitE i
TERLAERS 4GBRIEIMZSIA. [ERY, Linux BX T REIEEXE( VMA) LUBETEIFRHIERE
ARRIEMZSE, 81 VMARTE MHER—RIESLENTE, EPRcEERRIHE, iran
FE X Rt HE R RS s HHE I— MR, SRERTHUTITEER VMA ZIiSEXER, T
FEMZHEME, FELORR TR EHETE,

2. TR RIAI & LRI
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TEME—MEFE_XEREN, B8 TRERER NI ERE, XET R
BRGNS . AEMENBRAVEUEETRIZRS ITE], TLEREEFRIMERE, T
SQLite#§#EEE, FILASRFILL ERSLILERS SR,

5. B3
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//J'

FES RS T IF R

tree, save rb tree

//B//

/IR ”

{}={}”. format (a. index, a.action))

"{}={}”. format (a. index, a.action))

In [ ]:
1 __author =’ jerome’
2 import functools
3 from tree plt import show rb
4 import random
5
6 class RBNode:
7 def init  (self, val, color="R"):
8 self.val = val
9 self.color = color
10 self. left = None
11 self. right = None
12 self. parent = None
13
14 def is black node(self):
15 return self. color ==
16
17 def is red node(self):
18 return self.color ==
19
20 def set black node(self):
21 self.color = "B”
22
23 def set red node(self):
24 self.color = "R”
25
26 def print(self):
27 if self. left:
28 self. left. print ()
29 print (self. val)
30 if self.right:
31 self. right. print ()
32
33 def tree log(func):
34 @functools. wraps (func)
35 def function(a, b):
36 save rb tree(a. root,
37 a.index += 1
38 func (a, b)
39 save _rb_tree(a. root,
40 a.index += 1
41
42 return function
43
44
45 class RBTree:
46 Y

localhost:8888/notebooks/& % Tt # % -4+ 41 Bt ipynb#
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47
48
49
50
o1
o2
o3
o4
05
o6
o7
o8
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
7
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94

VLS E-E TR OB
ARV R TN (13
PR —: AR e E 2 RO
PRI = MR R R
PR = BN S (NILECE TS 2D 2 B
PETDY s BEANLL T SRS R R B A (R WA EAE AN IE S 20 (T
PERTTL: MAE— 45 s B AN 15 U1 B B AR AR A 25 AH [R5 B ) 8 7 R
def init (self):
self. root = None
self.index = 1
self.action =

”n

def left rotate(self, node):

Yy

* JEie i B X S xdt AT Ao e

* parent parent

% / /

*  node right

x /\ /\

* In right ——— > node ry

x o/ \ /\

¥ 1y ry In ly

kIR =R

* 1o Bright A 119 s 1y &anode AT 119 5, FEfnodelkZ5right o119 il
* 2. Bright A T 5% Anode, BnodefJ T Ak Nright

* 3. FgnodeMI5C T miparent (JEZEHT) IRZ5 right AT i, [FIRY B Frparent )
:param node: ZAHEHTT A

:return:

parent = node. parent

right = node. right

LT TR TR R TR 2PEE]
node. right = right. left
if node. right:

node. right. parent = node

#H node ABIKTELT T T RIHIZ T T P52
right. left = node
node. parent = right

B AT HRHIOR T B ITT AR TR IS Tt e IR
right. parent = parent
if not parent:
self. root = right
else:
if parent. left == node:
parent. left = right
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95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142

AW U R

else:
parent. right = right
pass

def right rotate(self, node):

print ("right rotate”, node. val)

bS]

* ol iE B R Sy T A e

* parent parent

* / /

* node left

* / \ /\

* left ry —— > In node
* /\ /\

* In rn rn ry

*ﬁ%@?gﬁ$

* 1. FleftBA4 15 ArnlkZinode AL 715 55, HoFinodeM 25 rnAds 1~ S AT

*2 B leftl) A1 A Anode, FinodelJ AT ik Nleft

* 3. Bnodel )T fiparent (JEZEH) TR 25 1eft AT i, [HIF 5 Hrparent 1~

:param node:

:return:

parent = node. parent
left = node. left

-
node. left = left. right
if node. left:
node. left. parent = node

# QU FEEIRZ
left. right = node
node. parent = left

S
left. parent = parent
if not parent:
self. root = left
else:
if parent. left == node:
parent. left = left
else:
parent. right = left
pass

def insert node(self, node):

Y

R INAE 2L R TS I AN 2 R

localhost:8888/notebooks/51iJ: T £ Z-45 1 41 M ipynb#

18/25



2020/4/13

143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190

FES RS T IF R

:param node:

:return:

if not self.root:
self. root = node
return

cur = self. root
while cur:
if cur.val < node.val:
if not cur.right:
node. parent = cur
cur. right = node
break
cur = cur.right

continue

if cur.val > node.val:
if not cur. left:
node. parent = cur
cur. left = node
break
cur = cur. left
pass

@tree log

def check node(self, node):
R AT 15 S S AT AR A T
PR MR S B

PERTY: BEANLLAAT S RS 19 AR R (e U AFAE M ESE AL

@@ )5 PRI In) BRAR Ry, 1 RURNIL A s 0 72 N RS [R B 9 20 £ 45 55

:param node:
:return:

» )

# WIRAEE TR E %1% B AR O T A

if self.root == node or self. roo

self. root. set_black node()

print (“set black 7, node.val)

return

7 UIRSE TI AR TR, E B
if node. parent. is black node() :

return

# WIRIC T rRTHI I A T A2 2105 14,

grand = node. parent. parent
if not grand:

localhost:8888/notebooks/51iJ: T £ Z-45 1 41 M ipynb#

node. parent:

19/25



2020/4/13 FOE SRR I R

191 self. check node (node. parent)

192 return

193 if grand. left and grand. left.is red node() and grand.right and grand.
194 grand. left. set_black node()

195 grand. right. set_black node ()

196 grand. set_red_node ()

197 self. check node (grand)

198 return

199

200 # IR TR I35 T i tH A2 AR T,

201 # node node. parent node. parent. parent >/l

202 parent = node. parent

203 if parent. left == node and grand.right == node. parent:
204 self. right rotate(node. parent)

205 self. check node (parent)

206 return

207 if parent.right == node and grand. left == node. parent:
208 parent = node. parent

209 self. left rotate (node. parent)

210 self. check node (parent)

211 return

212

213 # node node. parent node. parent. parent [a/iZ

214 parent. set _black node ()

215 grand. set_red node ()

216 if parent. left == node and grand. left == node. parent:
217 self.right rotate(grand)

218 return

219 if parent.right == node and grand.right == node. parent:
220 self. left rotate(grand)

221 return

222

223 def add node(self, node):

224 self.action = ’inser node {} . format (node.val)

225 self. insert node (node)

226 self. check node (node)

227 pass

228

229 def check delete node(self, node):

230 Y

231 o 25 MR 15 sinode

232 :param node:

233 :return:

234 Y

235 if self.root == node or node.is red node():

236 return

237

238 node is left = node. parent. left == node
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239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
259
256
257
258
259
260
261
262
263
264
269
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286

B S WRHE-FE LU a2
brother = node. parent. right if node is left else node. parent. left
#brother WA K5~
if brother.is red node():
# R AEE T, TR AL E TR, BEFC T R T Ak B
if node is left:
self. left rotate (node. parent)
else:
self. right rotate(node. parent)
node. parent. set_red node ()
brother. set black node ()
print ("check node delete more ”)
T e e
self. check delete node(node)
return

all none = not brother. left and not brother. right
all black = brother. left and brother.right and brother. left. is black
if all none or all black:
brother. set red node ()
if node. parent. is red node() :
node. parent. set black node ()
return
self. check delete node(node. parent)
return

#ET T I 5 TR [ 1 s 7 AR AR 2L T 5y

brother same right red = node is left and brother.right and brother.r
brother same left red = not node is left and brother. left and brother
if brother same right red or brother same left red:

if node. parent.is red node():
brother. set red node ()

else:
brother. set black node ()

node. parent. set _black node ()

if brother same right red:
brother. right. set_black node ()
self. left rotate (node. parent)

else:
brother. left. set black node ()
self. right rotate(node. parent)

return

# BT TR I SFIY T 1 7 A ARAE 2T T
brother diff right red = not node is left and brother.right and brott
brother diff left red = node is left and brother. left and brother. lef
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288
289
290
291
292
293
294
299
296
297
298
299
300
301
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309
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307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
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324
325
326
327
328
329
330
331
332
333
334

AW U R

if brother diff right red or brother diff left red:
brother. set red node ()
if brother diff right red:
brother. right. set_black node ()
self. left rotate (brother)
else:
brother. left. set black node ()
self. right rotate (brother)

self. check delete node(node)
return

def pre delete node(self, node):

Yy

FHIBRETAE 7Y, 3R [F] A 2 S R 1)
:param nodc.
‘return:

bS]

post _node = self.get post node (node)

if post node:
node. val, post node.val = post node.val, node. val
return self.pre delete node(post node)

pre node = self. get pre node (node)

if pre node:
pre node. val, node.val = node.val, pre node.val
return self.pre delete node(pre node)

HIGHHTIR TR, IR T EE Ty

return node

def get pre node(self, node):

PR ]

SREC BUOX A, B Honode N T s B K OME
:param node:
:return:
if not node. left:
return None
pre_node = node. left
while pre node.right:

pre_node = pre_node. right
return pre node

def get post node(self, node):

)y

B JE 22
:param node: B 51 tnode R A5 /N R

‘return:

Y
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335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
359
356
357
358
359
360
361
362
363
364
369
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382

VLS E-E TR OB
if not node.right:
return None
post _node = node. right
while post node. left:

post _node = post_node. left
return post node

def get node(self, val):

PR ]

R E TR AE R
:param val:
:return:
if not self.root:
return None
node = self. root
while node:
if node.val == val:
break
if node.val > val:
node = node. left
continue
else:
node = node. right
return node

def delete node(self, val):

node = self. get node (val)
if not node:

print ("node error {}”.format(val))

return
save rb tree(self.root, “{} delete 0”.format(val))
B RHE IR T
node = self.pre delete node(node)
save rb tree(self.root, “{} delete 17.format (val))
# node Tiriib AR5, HT Hrithali w5y
self. check delete node(node)
save rb_tree(self.root, “{} delete 2”. format (val))
HEL IR ZE R 1 T
self.real delete node(node)
save b _tree(self.root, “{} delete 3”.format (val))
pass

def real delete node(self, node):

PR ]

FLIE MRS A R 2

:param node:
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FES RS T IF R

383 :return:

384 Y

385 if self.root == node:

386 self.root = None

387 return

388 if node. parent. left == node:
389 node. parent. left = None
390 return

391 if node. parent. right == node:
392 node. parent. right = None
393 return

394

395 if name == main

396

397 tree = RBTree ()

398 data = list(range (1, 20))

399 random. shuffle(data)

400 print (data)

401 for i in data:

402 tree. add node (RBNode (i))

403

404 random. shuffle (data)

405 for i in data:

406 print ("delete 7, 1)

407 tree. delete node(i)

408

409

410 pass

SIREE:

[1] (BUREH) =HES

[2] https://blog.csdn.net/net_wolf _007/article/details/79706498

(https://blog.csdn.net/net_wolf _007/article/details/79706498)

iRE%5

1. BT BREBIEIPythonftiBa CIES B,
2. 38R A = 3,41,52,26,38,57,9, 49 3TN,
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3. X _EIALUERSCHIRILLBMSCIIAIN2, 19, 50, 70}, MBR{2, 19, 50, 57HE(E.

iTie, BER. (Fik:

SERH (82%FB. XiF) | BEEC P B8, IR, 2016,
RSB (I51TV) © EigiRo WiERo LI Z>3o  Hito
#FIRLT (F) - E3o MR ZHETIGo WEfFlo
BFEAX (BHY) %0 Tigo Mo  1ESo Hfto

BFFE (BHY) : Sk EBo o fEo  &fo  Hito

IBRRAA: 1. BIREAXNTBITAR, 2. #FAFEITE. BEHE. (RIESPIa"—.
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