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WAYBIF : HTMLIZHS ( BREFRIC )

<html xmlns="http://www.w3.0rg/1999/xhtml"
xml:lang="en" lang="en">

£<head>
<meta http-equiv="Content-Type"
content="text/html; charset=utf-s8" />
<title>simple</title>
-</head>
B<body>
<hl>A simple web page</hl>
E<ul>
<1li>List item one</1i>
<li>List item two</1li>
s/l

n<h2><a href="http://www.cs.luther.edu">Luther CS </a><h2>
< /body>
-</html>
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rootnode
childl | child2
nodel node2
childl | child2 | child3 child1
node3 node4 node5 nodeb
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y BEFcEA)RiAPython ListRSCM ™ MMIEHRSE ;
y  BRIAREREFIFRCIM XN , HEB31 M cERI7IFRCI -
F1NTE NART RAGE,
FNTERLETH BTULE2NTLE A AT ER)
FINTLERLETH PFTUEINTLELEZ—NFNER)

y  PARERRG , — 1N e =RI=X
wAmyTree[0], Z-F#myTree[l], % FHMmyTree[1]

’ ﬁﬁE;ﬂ%iﬁHﬂﬂﬁ,‘ﬁ“ myTree = ['a’,  #root
TG EH SMARRE, & —F i )2 IELEH ['b', #left subtree
, . v _ d’ [1, >
TARE B RS S, REZ AT EAART L
['c', #right subtree
[f [1, [11,
[1 ]
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def

def

def

def

def

def

def

BinaryTree(r):
return [r, [1, [1]

insertLeft(root,newBranch):
t = root.pop(1)
if len(t) > 1:

root.insert(1, [newBranch,t,[]])
else:

root.insert (1, [newBranch, [], []])
return root

insertRight(root,newBranch):

t = root.pop(2)

if len(t) > 1:
root.insert (2, [newBranch,[],t])

else:

root.insert (2, [newBranch,[],[]1])
return root

getRootVal(root):
return root[0]

setRootVal(root,newVval):
root[@] = newVal

getLeftChild(root):
return root[1]

getRightChild(root):
return root[2]
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— r = BinaryTree(3)

> aEEriER insertLeft(r,4)
:;‘E insertLeft(r,5)
2 I imiBid B R(E insertRight(r,6)
= insertRight(r,7)
% 1 = getLeftChild(r)
= print(1)
%/ setRootVal(1l,9)
print(r)
insertLeft(1,11)
print(r)
orint(getRightChild(getRightChild(r)))
4, [1. [11. [1]
9, [4, [], [11], [1), [7, [1, [6, [1, [1]1]1]
2, [, e, {1, 00 01,01 . 0 e 1 00




fEE{EIk6-1

X = BinaryTree('a')

insertLeft(x,'b")

insertRight(x, 'c")

insertRight(getRightChild(x), 'd")
insertLeft(getRightChild(getRightChild(x)),"'e")

a) ["a', ['b", [1, [1I, ['c’, [1, ['d", [1, [111]

b) [*a*, ['c’, [I, ['d", ['e", [1, [11, [111, ['b", [1, [11]
c) [*a*, ['b", [1, [11, ['c’, [1, ['d", ['e', [1, [11, [1111
d) ['a’, ['b", [1, ['d", ['e", [1, [11, [111, ["c’, [1, [1]]

) B—A*buildTreeifi%} , BiJiFM LixaxEFIRIFIEHE , £
ElFR7<AY
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J % i left/rightChild WKk A 46w £ /& FTH a9 5] Bl (B 4 Z£BinaryTree
DN
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left | right :
/ \ !
|
b C
class BinaryTree: left | right left | right
def __init  (self,rootObj):
self.key = rootObj
self.leftChild = None d a f

self.rightChild = None . _ :
AR A AR 5 = 7] A 5 5 T/ FR /2016 left | right left | right left | right




def insertLeft(self,newNode):
if self.leftChild == None:

else:

Eimﬂq . -ﬁ,‘a“%ﬁiﬁ self.leftChild = BinaryTree(newNode)

y insertLeft/Right5ix
AL &R EGT EHEANFEM

» B EIErIER

= BinaryTree('a")
r.insertLeft('b")
r.insertRight(’'c’)

r.getLeftChild().insertRight('d'ﬂ
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t = BinaryTree(newNode)
t.leftChild = self.leftChild
self.leftChild = t

def insertRight(self,newNode):
if self.rightChild == None:
self.rightChild = BinaryTree(newNode)
else:

t = BinaryTree(newNode)
t.rightChild = self.rightChild

r.getRightChild().setRootVal( 'hello") self.rightChild = t

def getRightChild(self):
return self.rightChild

def getLeftChild(self):
return self.leftChild

def setRootVal(self,obj):
self.key = obj

def getRootVal(self):
return self.key
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BRI LMSRIENRTHWEN
b ERARER, AT ERERES

1

o RIESRER((7+43)*(5-2))

= HTHTHELE, 52T H*091E, LMLt H743425-2

< &k KME0Y B R A B EAT Mk R Xt H ek aR

=) MR EMEAE K, HARES r
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»  MERIZEDREEE , SIEMZEPKERNEXN T SRIRER
YA =l AL TH, T LA FABinaryTree.insertLeft/Right

LAy kX EAE, T L8 FBinaryTree.setRootVal
LAT 8T %2 £ 4 T4, A MABinaryTree.getLeft/RightChild
2%, BarH EEAEXH &, IANERA T HIF!
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def buildParseTree(fpexp):
fplist = fpexp.split()
pStack = Stack()

eTree = BinaryTree('")
pStack.push(eTree) m
currentTree = eTree

1

2 oy 0

=] for i in fplist:

= -1, == BN

- currentTree.insertlLeft (' ")

< pStack.push(currentTree) gm
3 currentTree = currentTree.getlLeftChild()
5

SILF 3 Net In [T, Ne', T, TR, YY)

2

SEAFEN currentTree.setRootVal(int(i))
parent = pStack.pop() ﬁm
currentTree = parent
elAE 1 dn W, Te7, TR W]
currentTree.setRootVal(i)

currentTree.insertRight("")

pStack.push(currentTree)
currentTree = currentTree.getRightChild()

ESEEE) i )
currentTree = pStack.pop() ﬁm.
else:

raise ValueError
A FHIKE =8 B 5 2 FR/FR /201 return eTree

F . . B
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R TRENBINZE | BIITLIARHRITRIEIKE

HFBinaryTree@—MEB)IAEURLEEN , B7AM , AJTLAREASEER
QbIEBinaryTree , BfEK({EFEevaluate

WAy AT KA Xy faid, T UARK e RE TS, 29 m EERME, R
AT B AR K XA =

K{EifiE evaluatefiBIH=E5 -
HEARGEREM: PP ERARBEWTR, RALLETT &, EHRT E8953E

TP F % ik XA 91 ’j
G MRk XM N A TR BRI 7~

AR B F: oA Mevaluatert F A Foffed T 694E, LK KRMERE
S e i N e Y. o ., >>> import operator
L TAOAEARAR T AR AT, NmFERA o, operator.add
<built-in function add>

— MENFEFTEERPy thontyl5 : B#XGIA} > operator.add(1,2)

. 3
import operator >>> op= operator.add

>>> n= op(1,2)
>>> n
3

op= operator.add
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import operator 1
def evaluate(parseTree):
opers = {'+':operator.add, '-':operator.sub, \
"*':operator.mul, '/':operator.truediv}
.

leftC = parseTree.getlLeftChild()
rightC = parseTree.getRightChild()

14
5
&
=
CS
S
©)

5

if leftC and rightC:
fn = opers[parseTree.getRootVal()]

return fn(evaluate(leftC),evaluate(rightC))
else:

HARZTRE M return parseTree.getRootVal()

F J. % 1
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) HMHEIREGHET |, WEMBEIRIREIGRLLRREERE , XIHRER
BHU R TIBERIEERRA “EHTraversal”

y PIRVEE S = | (EEEDIRERAES | BiJigIENH RiIBEIR
FRIAREX 3 37EH
A (preorder) : RFFIARAT &, BEBEXRWF T LTH., G

31
]
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AT 3% 1P A T A
¥ i (inorder) : LB EAMT Fip B ATH, BipFRET R, RET
7 9] & T+

:

i (postorder) : &i#BVANE FiF R ATH, BEFiTFELETH,
W 7 FIAR T B
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y Book-> Chl->» S1.1-> S1.2-> S1.2.1-> S1.2.2->

y Ch2-> S2.1-> S2.2-> S2.2.1-> S2.2.2

g
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R A Figure 5: Representing a Book as a Tree
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PGB : iEB)IETEMHD

 PIBHIIARBIERES ! 4o f preorder(tree):
if tree:
print(tree.getRootVal())

preorder(tree.getlLeftChild())
preorder(tree.getRightChild())
»  tBEILAfEBinaryTreeRECIBIFEHAYS i R
T EANT R L A =Pl def preorder(self):
print(self.key)
it self.leftChild:
self.leftChild.preorder()

if self.rightChild:
self.rightChild.preorder()

»  EFERHPFEHBINBNEERAZEEDINE

31
]
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def postorder(tree): def inorder(tree):
if tree != None: it tree != None:
postorder(tree.getlLeftChild()) inorder(tree.getlLeftChild())
postorder(tree.getRightChild() print(tree.getRootVal())
print(tree.getRootVal()) inorder(tree.getRightChild())
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) EFETRMEABITRIRE , T LHE— M EEEREE I
REEaE RS RN R HIRE

» KBEFEREESFRIEIKENRT :

—
def postordereval(tree):

opers = {'+':operator.add, '-':operator.sub, \
"*'":operator.mul, '/':operator.truediv}

resl = None

res2 = None

if tree:
resl = postordereval(tree.getlLeftChild())
res2 = postordereval(tree.getRightChild())

if resl and res2:

return opers[tree.getRootVal()](resl,res2)
else:

return tree.getRootVal()
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ESPRRIEL
i AR R AR (RE %)

14 def printexp(tree):

ég sVal = ""

%E if tree:

o sVal = "(' + printexp(tree.getLeftChild())

B sVal = sVal + str(tree.getRootVal())

gl sVal = sVal + printexp(tree.getRightChild())+")"
= return sVal

L
:
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ERIERAIFI T —HrIFoRLEEPA T queue , PAFIB—HPZE(S
i “EARA” .

BATH 25, VIPE PR LR S, TAER A
A RGP AT R AL 509 SEAZ R R P 4F A48 2 AR L A R A P SE AT

» fRRFEPATIRYHEIPAdequeuelR{EIRPATI—1E , EREMPABLLPA ;

» (BTEMFPASIAER , SURIRENAFZIRE “ed” FiRE : St
FRAEMRITHE T | MRS RAIEREIRNHNERH.
A, HARIINIRERILR L A, & RFHUBAARE LR B4
B IAZ AT 77
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XAH(F) ER(O) EE(V)

i | e | mAmmER | Ew | B HEEE Bs)

) BF BT ABEALIBREIRATPATY ? | = w_ws _ mea o

Emwes.exe 4412 TFHFIET Bin 00
a Ju R B 2l SRS
7 AL A A ES B 0 @ chrome.exe ® 00
B IAAR NG B R B AR S ) Ociorscce [ o %
€ chrome.exe | RERESRP) > RH(R)

@ chrome. BRI =H)

Ewhpp-exe PR EFERN)
carome UAC EHUL(V) (o] ERMN) |

- \ . NI IRV v ,w WeChat. BIEEEERETI4(C) {&FIEZ(B)
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—XiBinary Heap3CIR{L7cPATY

y  SEILSERASIRIZ S RE KA — X IEREH
= UM AR A5 2R TA ) B9 N A A B TR B 2 B AR AR 4 20(Llog n)

y ZEMNBEBZAET  BZESE LRI |, A EAIFERERSIREE
ey !

»  EkeyHIEANBRITRD “Bri)\ifEmin heap”

Bz, ®KkeyHiINE &L “®& K3¥fEmax heap”

y  ADT BinaryHeapBHE(EENUIT :
BinaryHeap(): 43 —A= = X3 £,

insert(k): F#rkeysa N 2|3 4 ;

findMin(): B EMEFEIR DA, RKAOAVIRG LT
delMin(): &AW PR AT, BB AE MR,
isEmpty(): BEMBEREL AT,

size(): &M PkeyaI NN ;

buildHeap(list): A —A key?| k& 43

:
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ADT BinaryHeapfHR{ERbI

from pythonds.trees.binheap import BinHeap

bh = BinHeap()

E bh.insert(5)
% bh.insert(7)
= bh.insert(3)
~ bh.insert(11)
3 4
@@ print(bh.delMin()) F
print(bh.delMin()) > XD ========:
print(bh.delMin()) B .
print(bh.delMin()) 3
5
7
11
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AT (EHHRERRFRISERNEUKEL | g MRA=MEGHE ;
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) BABRA ‘TN MEERIEGEN e
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» REXWHRTEISTHE  AILIBIFERESIZE | LIESERGIUER |
HEBRIFAYIERR :
I R EAETNR PO TR Ap, AL ET T ETHA2p, &T T EA2p+1
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y g “HE” AYSE 2R ET— 1M Ex , BT EpHAdkeyly
INFEFxHPkey,
XEE, A “B7 MReg XK, HPHEAT—55%12, ML —NCHF T
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— UHE(ERISTH

L DRI

i R AP AR LR RKIE, BT EATHRAOOALA, 125 T 6 @ KA

. =T U 5t ab R ofe A 6 class BinHeap:

T_g TOAR B R ERORIR X, REE, SEE VDY (SELE):

=] . . self.heaplist = [Q]
i~ 1nser‘t(key)7':l';§ self.currentSize = 0'|
o B, ATHRFTF “ZE2IHK” 69, #key ZhmE| ] XL .
S 5] 2 2 N ¢

F . % 1)

new item

AR E R
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y insert(key)F %
12, #keyf LAk RE, SARLEEF “HB” ki

BRI IR R RA ok, 12T B AR 09 542 5T A AR R T
TRAE & key L A%k “LiF” 3L EH{zE
E%: #Mkeyty “LFT RaWAL U BET &M OB K

Q'™ \
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— SMEIRERYSEIR : insert{{hS

def percUp(self,i):
while 1. // 2 > 0:
if self.heaplList[i] < self.heaplList[i//2]:
tmp = self.heaplist[i // 2]
self.heaplist[i // 2] = self.heaplList[i]
self.heaplist[i] = tmp :
ii= 1 /1 2

5T R

iayizsges i

5
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5

def insert(self,k):

WEEE% self.heaplList.append(k) |

self.currentSize = self.currentSize + 1

m self.percUp(self.currentSize)

g

AT A S HUER G 2 R R 5 5 T/ BRa/2016



= SR FRISCER

y delMin()FAiE
Bk, ABAEANEP R key—2 THA{2094R T Hheaplist[1]

TR “REZIHT R, ARE AT RRRBERT A

-

remove min
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— SHEERERYSEIR

y delMin()FAiE
Bl AL, X ARERIE, LRMRT “HB” X/
fRFE Tk BIHRT LB HE—K3%E “TR”, ALAANT T AR
“TIRT BB HEF: wRITHEKR, P2AEFR DT ERIETIT

\'™ NN
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—SERERYSEIR : delMinf(H

— def percDown(self,i):

while (i * 2) <= self.currentSize:

mc = self.minChild(i)

if self.heaplList[i] > self.heaplList[mc]:
tmp = self.heaplist[i]
self.heaplList[i] = self.heaplist[mc]
self.heaplList[mc] = tmp

i =mc

def minChild(self,i):
if 1 ¥ 2 £ 1 > self.currentSize:
return 1 * 2
else: |
if self.heaplList[i * 2] < self.heaplList[i * 2 + 1]:
return i * 2
else:
returm 3 % 2. 3 1

def delMin(self):

retval = self.heaplList[1]

self.heaplList[1] = self.heaplList[self.currentSize]
self.currentSize = self.currentSize - 1
self.heaplist.pop()

self.percDown(1)

return retval
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— SHEERERYSEIR

y buildHeap(1lst)Zi& : NTAFRER “HE”
HEAMRE ARG B EAZ: FAinsert(key) 7 ik, H L5 £ P o33 B A
insert®3 ¥, {2k A a9 KM AZ0(nlog n)

L%, B TR A, RBFEERMIEFALO(N)

—— — def buildHeap(self,alist):

£
i&
4
i3
5
=]
A
—
o
=

Ht B RIE P self.currentSize = len(alist)
self.heaplList = [0] + alist[:]
y B - FIR W EskE{THER ? print(len(self.heaplist), i)

while (i > 0):
print(self.heaplList, i)
self.percDown(i)

° ° (v prini(:eifjhiapLiSt,i)
ofoR Yol *WG
DG OGO O GO

i=1

“YHER” Hik: 0(nlog n)

Initial Heap
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y FlRIBinHeap3k , SEMl— M HEF&iZHeapSort(1st)
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—_X{EZERIBinary Search Tree

)

{EADT MapRYEIRBEEF , JLARBARNEIREENERTER
RiFFIEHKey , BIHCEEM TR HE
B ERBFEEM+ =T H %

TP & AR LA T Rt R ARk

TEEIIRRIXEZSUEER R Fkey , SEMkeyAIHRIEIEZE
S3—TADT MapBRYIEME :
Map(): &1 — A2 Best

put (key, val): Fkey-val XEEst A NG, 4o Fkey 244, NFF
val# 4 )5 5k 69 18 X FR 14 ;

get(key): 4 key, RE XK HIEA, b RG A&, WIAENone;
del: i#itdel map[key]#9i& &) #5 X Mtk key-val X 5% ;

len(): ZRE B4 key-val kX FKa94 B ;

in: i@litkey in map#9iE @ f X, AHkey2A L HAETXEF, H RA

AT A F B = (B A 5 5 TR /BR/2016
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SR MEE

) CRIEERIBSTHIMES : bR P B Ekey B HIMEE TR | I

EbR B R K FR B keyEBBIRTEG T,

y  AEE—MEERaIBsT , 78870,31,93,94,14,23, 73MJIRFHEA

) ESEAR7eR IR 2 =
31tb70/)y, HKEAFH LA '/ \‘
93tb70 K, KB AT T & 31 93
941L93 &, #* 3| &F & l l \
14631/, 4B £ F T &
2314 K, I HA l
7393, % B A A

y  ER  EEAIREARR , EEAIBSTIBARF] !

b / N\
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—RISEMRISEM - TG

y EEEHETIBSTHINodeF BN , BSTHrootpk a5 | R ==Node

class TreeNode:

> class BinarysearChTree def __init_ (self,key,val,left=None,\
root 3] i TreeNodest £ right=None, parent=None):
self.key = key
sizek = RENH self.payload = val
self.leftChild = left
_iter_ (AE#HAHL) self.rightChild = right
class BinarySearchTree: self.parent = parent
def __init_ (self): def hasLeftChild(self):
self.root = None return self.leftChild

self.size = ©
def hasRightChild(self):

def length(self): return self.rightChild

return self.size def islLeftChild(self):

return self.parent and \

et _1en (Self): self.parent.leftChild == self

return self.size

g _ def isRightChild(self):
def __iter_ (self): return self.parent and \

return self.root. iter_ () self.parent.rightChild == self
U AR FHIR 5 = 18] B F T/ R R/2016
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—YIEZEPIAYSEI : TreeNodeZE

def isRoot(self):

.
?é > class TreeNode return not self.parent

Vs key%éﬁ%ﬂﬁ

3 5 def islLeaf(self):

5 payloadxvalue return not (self.rightChild or self.leftChild)
T left/rightChild

/ def hasAnyChildren(self):

= 7 9 T A~parent 5| A return self.rightChild or self.leftChild

5

e def hasBothChildren(self):

return self.rightChild and self.leftChild

def replaceNodeData(self,key,value,lc,rc):

self.key = key

self.payload = value

self.leftChild = 1lc

self.rightChild = rc

if self.hasLeftChild():
self.leftChild.parent = self

if self.hasRightChild():
self.rightChild.parent = self

AT AR F B G = B R 5 5 e /MR t/2016
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—RIEFEMAIEIR : putdTik

y put(key, val)Fi% : ifiAkeytdiEBST
ALRABSTAE AR, WmE— T 2A4%A, IR LkeyR AT &root

EN, AR —A #0254 put(key, val, root)ki #Ekey

N

y _put(key, val, currentNode)RJEiEiRIE
4= X keytbcurrentNode.key >, AR Z putZ|currentNode £ F#¢

« BWmREAHZTFH, I Lkeyit AN AT &
4= X keyttcurrentNode.key X, AR Z put®|currentNode® F#¢

« B REHAETH, A Lkeyst A A T T A

def put(self,key,val):
it self.root:
self. put(key,val,self.root)
else:
self.root = TreeNode(key,val)
self.size = self.size + 1

31
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—RIEFEWMAVEIR : _putiBBNIGIE

y ER ! ZMUIERELEBBAESkeyYER
HEOAAVaAlEI—TFTE

o def _put(self,key,val,currentNode):
ég it key < currentNode.key:
o if currentNode.haslLeftChild():
o m self. put(key,val,currentNode.leftChild) -
J else:
a currentNode.leftChild = \
= TreeNode(key,val,parent=currentNode)
else: i
if currentNode.hasRightChild(): 4
m self. put(key,val,currentNode.rightChild) b
else:

currentNode.rightChild = \
TreeNode (key,val,parent=currentNode)

y BEFI  setitem_ (M7 :

"] YmyZipTree[ 'PKU'] = 100871 el __seticem . (seli,k,v):

self.put(k,v)

AT A F B = (B A 5 5 TR /BR/2016



—IEEMRYEIR : putBElR

y  $iAkey=19 , currentNodefJZMHIE (IREBB )
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» RERIARRS, 30, 2, 40, 25, 4ffiNkey , EERKAIBSTRE :

S
;
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" IR RYSEIR - getBik

y —BBSTIiE ¥k , T—ﬁ\ﬁiﬁﬁﬁ%}Awﬂlﬂiﬁﬁﬁkey*ﬂ!va1 , BI{E
RikE IJkeyFﬁT' FRRE)

14 MrootFFds, #EIFETF, ﬁ@&@ RFE T B RIKE T T ELRKE],

ég def get(self,key):

F e if self.root:

/E 4 gEtH'* res = self. get(key,self.root) :

B TErootA L HE? if res:

S " return res.payload

O PR %3k 4 get T

= return None -
; getHi£ else: I

% 7| | & B None return None E

ALY Al T &, AR def _get(self,key,currentNode):
if not currentNode:

G B VEHEN LT return None
elif currentNode.key == key:
return currentNode
elif key < currentNode.key:

return self. get(key,currentNode.leftChild)
else:

AT A FH I G = (8] B 5 e/ R /2016 return self. get(key,currentNode.rightChild)




" IR RYSEIR - getBik

y __getitem_ F5FNGE
% 3val= myZipTree[ 'PKU']

y __contains_ $§FkAiE
S H'PKU' in myZipTree®y & AH|¥7iz H fFin

def _ getitem (self,key):
return self.get(key)
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def _ contains__ (self,key):
if self. get(key,self.root):
return True
else:
return False

AT A S HUER G 2 R R 5 5 T/ BRa/2016
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—_IEZEMAYSEIN : deletelTik

y BIEMER , mER0delete)Tik :
Bk, AMPARE LI E, BiT1IAME, AR getdk B MRy T &,
SR G 18 remove K MIfR, FRASF) N R TEEE
W RAFINT R (MARFARAT ERT) , AT EHAkkey, #EEA
0 1E M PR AR T &, R T W R4

y __delitem_ $55kAi%

L
£ 3del myZipTree[ 'PKU' |iX #8915 8) #:4F —
z
|

£
i&
4
i3
5
=]
A
—
o
=

def delete(self,key):

X if self.size > 1:
y SZfEremovel5ixk ! nodeToRemove = self. get(key,self.root)
if nodeToRemove:
self.remove(nodeToRemove)
self.size = self.size-1
else:
raise KeyError('Error, key not in tree')
elif self.size == 1 and self.root.key == key:
self.root = None
def _ delitem_ (self,key): self.size = self.size - 1

self.delete(key) else:
WA FHIR G = |8 B F IR/ 5/2016 raise KeyError('Error, key not in tree')




" A EWAYEEIR : remove5ik

) MBSTHIremove—ANER , E(BIARISBSTRIMRR , SIAT3HHER I

:‘ﬁ‘ 4\5\\ ‘/\iﬁ%ﬂﬁ‘ 4\5\\
T EALINT T R
TEANTFT A

» IRBFRRNERED , BEEDER
if currentNode.islLeaf(): #leaf
if currentNode == currentNode.parent.leftChild:
currentNode.parent.leftChild = None
else:
currentNode.parent.rightChild = None

2R

-




—SHEEWRYEEIR - removelTik

) EMBRHEZ TR TR R
Wk WX AR—0T T S LA, BB T B9l B

(EEFIREMEREX D NLMER

MM T 2T ERE? LALTTR?
MM T EAFREXT ENAE? ERET T R?
M T A S FERART A2
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else: #

this node has one child

== 1T currentNode.haslLeftChild():
— if currentNode.islLeftChild():

currentNode. lettChild.parent = currentNode.parent
currentNode.parent.leftChild currentNode.leftChild

elif currentNode.isRightChild():

currentNode. lettChild.parent = currentNode.parent

currentNode.parent.rightChild = currentNode.leftChild

currentNode.replaceNodeData(currentNode.leftChild.key,
currentNode.leftChild.payload,
currentNode.leftChild.leftChild,
currentNode.leftChild.rightChild)

urrentNode.islLeftChild():

currentNode.rightChild.parent = currentNode.parent
currentNode.parent.leftChild = currentNode.rightChild

— =l

A EEEED

ég else

N T

o

= else:
if €

110 R fflER

elif

currentNode.isRightChild():

a7 AR

currentNode.rightChild.parent = currentNode.parent

else

currentNode.parent.rightChild = currentNode.rightChild

TR SR
FA S

currentNode.replaceNodeData(currentNode.rightChild.key
currentNode.rightChild.payload,
currentNode.rightChild.leftChild,
currentNode.rightChild.rightChild)

-




—SHEEWRYEEIR - removelTik

y BIMBERAES . BT EE2NMNFR R
B A ) M AT 7 8 BB s i T R
B AR B 5 — AT SR A T R, XA
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T —Avkeyfd T &, BRI T EAE T T RDGIRAS, ARA “BH”

TUAFRZENBHT ERSAFINTHE (RFRFHE, RIAETFH)
I GEHT SRk (LHERGT) , HirdpamT
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" A EWAYEEIR : remove5ik

y BinarySearchTreeZX : remove5i%

elif currentNode.hasBothChildren(): #interior
succ = currentNode.findSuccessor()
succ.spliceOut()
currentNode.key = succ.key
currentNode.payload = succ.payload

y TreeNode2¥ : S FHTB =findSuccessor() —
e - AR T . def findSuccessor(self):
IR B w1 s findMin() s %
if self.hasRightChild():

succ = self.rightChild.findMin()
else:

if self.parent:

if self.islLeftChild():
— - succ = self.parent
EHUK%@EU else: i
self.parent.rightChild = None
succ = self.parent.findSuccessor()
self.parent.rightChild = self

14
5
&
=
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5

return succ

def findMin(self):
current = self

while current.hasLeftChild():
I o e o s S current = current.leftChild
A 5 7 R o o IR e M

return current



" A EWAYEEIR : remove5ik

y TreeNodeZ. : fgH P =spliceOut()

def spliceOut(self):
if self.islLeaf():

if self.islLeftChild():
EHMT R self.parent.leftChild = None
;

else:

self.parent.rightChild = None
elif self.hasAnyChildren():
if self.hasLeftChild():

if self.islLeftChild():

self.parent.leftChild = self.leftChild
else:

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

14
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5

HEASIB2)

else:
if self.islLeftChild():

BEEsaFoElNTR self.parent.leftChild = self.rightChild
else:

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

AT A S HUER G 2 R R 5 5 T/ BRa/2016



—RIERMAYEIR © EER

» {EApythonFH , HAJAJLIAfor i in dict: XERIFENEF
HRRIFrBkey , ADT MaptBRiZEIIXHFRIEZRINGEE

y BinarySearchTreeZXHf) iter_ BiZEIFEHE T TreeNodeHfY
EIEZES37 937

» TreeNodeZEFRRY iter 1&E((EE
EIR ER AR, 23 EFBinaryTreet d)  str #1355 A7
yieldR 4K i% /X a4 i B,

mytree = BinarySearchTree()

mytree[3]="red" def iter (self):
mytree[4]="blue" E 5

1
5
=
7S
—
=
©)

>

/&)

mytree[6]="yellow" xE ?elf: .
mytree[2]="at" if sel'F.hasLe-FtCP_uld():
for elem in self.leftChild:
print(3 in mytree) yield elem
print(mytree[6]) yield self.key
del mytree[3] if self.hasRightChild():
print(mytree[2]) for elem in self.rightChild:
for key in mytree: .
=l print key, mytree[key] yield elem



—RIEEW - KiEDth

s BputSiEREl , EEsTE ATMANESZE I

» HERRERZEETFT-EEMNEE (RXEX)  MESEX
SR keyi BN IRFRIFIE.

»  WIRkeyBIFIREFEIN S HBRYE , BBAXTFHNFIRTGSkeylIiEE
AT | BBABSTHIRERLELog,n (nEHRRIPR ) , A, X
HERIMITAE TGN , put TiEERENERE/I0(1og,n).

y  {BkeyFER A HIRIRBERTE2ARE
M B KR P AENEG1E, 2ot B

X BAE put ik B9 RS 2 0(n)
y HEHZthEXRLUER
y - BeIEH ? A= keyiENRERISZM ?

20
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5
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wady (ARTER)

y  iHEEIBBinarySearchTreeEFITreeNodeFERILER(LHD |, (B ZHELE
=TT

14
5
&
%
:S
=
©)

5

~NAAA™ \

AT A SR 5 2 R AL 5 B/ ROR/2016



SEE—IEEN - AVLIIRIEENX

EAIREEREBEkeyii NN —EFRISFEH"IEZEN : AvLi

AVLAE RO£0 4 F4%E: G.M. Adelson-Velskii and E.M. Landis

y  FIFAVLISCIRADT Map , A L 5BSTRISCINER , ARZMNTE
F - ERRSHIPISTE

»  AVLIWRISEIRAR , FENBN B RIRE “FE@EFbalance factor”
S8, HERFRIBET ST EFRRISERENRY |, i@l ,
REEATFHREE :
balanceFactor=height(leftSubTree) — height(rightSubTree)

e R-FHEF KT, ArA “AEleft-heavy” , DN TEARA “&Eright-heavy”
R T 5 T, NARME-FH,

» MR—APMZREEWPEINTRNEEEFERE-1, 0, 120, W
B IR MR &G
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=
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EiE— L= - AVLBIRIEN

1 ) —BERHMEEDED , SUANTEEFREBITEE ,
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AVLIRRYIERE

»  SEMMAVLIHZED , REBAVLHESREREZER—MRIFAYIERE

y  BAIBEDrAVLIRZETBR TRYTEEE : BIE&SEFH1eE -1
TEMNE-FEHR-FAH169 “AFT” AVLA, Wa95 ENRLIF4E, KA F A
BOCE EHEN) Arbrbis (o9& Eh) Z 89 % & defT?

AmAF "
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AVLISTEREST T

0 > MBLEEN=1. 2. 3. 40, BEFHSHNGITL -
2 h= 1, N= 1
£ h= 2, N= 2= 1+ 1 Np =1+ Np_1 + Np_
;?%% h= 3, N= 4= 1+ 1+ 2
= h= 4, N= 7= 1+ 2+ 4 Fp=0%
r:—Tr F]_ — 1
= MENRAMED , RISEERIREEI! F=F., +F yforalli>?2
& E RN KIIFL -—2
# FIFiZ 5Nh Nh — Fh+2 = l,h >1 8
. N $ — 1+y5 |
y IEEBPEREFIRIMERR : Fi/Fi- 1 8MTFEEHED = >
= VA H 16938 X :
T VA HFifg:id X Fz:<I>z/\/5
y  AGFLBIUEA NN , BEINhATIEE Ph+2

N; = —1
S
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AVLIIEBED
y EiRiBEIHENHIhT , FEAiJEFEn
logN, +1=(H +2)log® — %log5

log N, +1 —2log® + %log5

h =
log ¢
h = 1.441og N},

5
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é:l:
14
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5

AR, FRERBRT , AALRMESTRYANNERER , RSFE
1. 4AENTI R BIREZIREY

y  AJLARAVLIEE ZRIESEREH0(1og n)

Z
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AVLIRAYSEIR

y  BEFRAVL S RItGESCaEasBuHBsTHIRIERE | BRBILIBH: , Ei1FE
SEaMRAVLIHBEA— 1Nikey , M GE(RISAVLAIROZE TR

) B . Bikey BB SR/EABIAVL T

AR LS PEETNES TS £ R
fBa®rm i T an)-FHE T

s WRAENETHABEN, MRH LPHET 2801;

C WRAEAETHAEN, WRHAFHET2AL
EAP R T AL A £ T R BART R R AE—B B EL, HA:

+ BBV EH UL

C REFEART KFHETHAER0, TEYMLET K0T

#ET A L.
(B M-1HFVREER 0, M2 REFTHEE)

s YGAVLBIMEFIBSTRIFZESCIR , TreeNodeAi&lbalanceFactor
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AVLBIRISCIR : putoiEk

y EEFIEN _putXiZEin]

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

it key < currentNode.key:

if currentNode.hasLeftChild():
self. put(key,val,currentNode.leftChild)

else:
currentNode.leftChild = TreeNode(key,val,parent=currentNode)
self.updateBalance(currentNode.leftChild)

if currentNode.hasRightChild():
self. put(key,val,currentNode.rightChild)

else:
currentNode.rightChild = TreeNode(key,val,parent=currentNode)
self.updateBalance(currentNode.rightChild)

AT A F B = (B A 5 5 TR /BR/2016



AVLFIRISEIN : UpdateBalanceFi&k

% def updateBalance(self,node):

4x 1+ node.balanceFactor > 1 or node.balanceFactor <

E B self.rebalance(node)
) return
it node.parent != None:

if node.islLeftChild():
node.parent.balanceFactor += 1

elif node.isRightChild(): ‘
node.parent.balanceFactor -=1 ‘

(UOWAd) M

it node.parent.balanceFactor != 0O:
self.updateBalance(node.parent)

AT A F B = (B A 5 5 TR /BR/2016



AVLFIBISCIR : rebalanceEFTEET
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AVLFIBISCIR : rebalanceEFTEET
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AVLBIBYSEIR : rotateLeftfLhHS

def rotatelLeft(self,rotRoot):
newRoot = rotRoot.rightChild
N rotRoot.rightChild = newRoot.leftChild
_UTZ%Eﬁ? it newRoot.leftChild != None:
SETI newRoot.leftChild.parent = rotRoot
newRoot.parent = rotRoot.parent
if rotRoot.isRoot():
self.root = newRoot
else:
if rotRoot.isLeftChild():
rotRoot.parent.leftChild = newRoot
else:
rotRoot.parent.rightChild = newRoot
newRoot.leftChild = rotRoot
rotRoot.parent = newRoot
rotRoot.balanceFactor = rotRoot.balanceFactor + \
NER T TR 1 - min(newRoot.balanceFactor, 0)
== FER K] newRoot.balanceFactor = newRoot.balanceFactor + \
1 + max(rotRoot.balanceFactor, 0)

B = V1S
e

(UOUWIAD) PR
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AVLIIRYSEIR - YRR T

n BRI TR T AR, H
AN O [e)
i%%ng?acQ;ME A ° — °

e AR A A
IEIB= hA- HhD ;

@ : 1BhD= 1+ max(hC, hE), FTLAIHB= hA- (1+ max(hC, hE))
#B- 1HB= 1+ max(hC, hE)- hC

#B= HB+ 1+ max(hC, hE)- hC; #8hC# stmaxf ik Lt
#B= IHB+ 1+ max(0, -1HD) <==> #B= HB+ 1- min(0Q, HD)

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




AVLPIHYSCIR . EEZRYIEH

»  FER "AE" Fi , PERZhesE AL E

=
ERBELAR “AEE” T e e

“EE” Bkdh, TR “HE

» FRLA , EEhEf e Z Rt ER T RRIEF 9 D:> o
e RAEFHE CEE ik, T RITE RS

5K 8RR L A
. M, AR Z A E AT AET a9
R ETNE “HE” 6935, LI C AT AkEE /
mumminsick (5) &) (5
() — ) — © ¢

TLFA S 3% 5 % 1B B/ 2016 e 6

14
5
&
=
CS
S
©)

5




AVLBIBYSEIR : rebalancef{{HS

def rebalance(self,node):
AEFEE if node.balanceFactor < 0:
if node.rightChild.balanceFactor > O:

AP e # Do an LR Rotation

-y =l self.rotateRight(node.rightChild)
self.rotatelLeft(node) |
else:
# single left
self.rotatelLeft(node) |
elif node.balanceFactor > O: I
it node.leftChild.balanceFactor < 0:
# Do an RL Rotation
EfTRAE self.rotatelLeft(node.leftChild)
STACNE self.rotateRight(node)
else:

# single right
self.rotateRight(node)
AT A FH I G = (8] B 5 e/ R /2016
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y SIS ZRIputHik , AVLBHRERGEITFEEER | XtFgetHiZa
L2{F$50(1log n)RIEERE
i, putm EORNA S K?

y  JEAVLRput iR ARAERS ¢
TEHANNH T EAT T L, PHEATAXLT AL SR RZH
O(log n)

e RAENGI T R R T AR, TH-FERZE E2Rms, 12X
W5 E AR K, ZFH0(1)
FIT VA ANput 77 i ag B 1] B2 B L £ 0(log n)
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ADT MapHBISEIRG &I
) BIRAT SHEIREEERTIADT Map , ERESRER I

SR TR

1
> O(n) O(1)->0(n)  O(log2n) -> O(n) O(log2n) -
(:3;, get O(log2n) O(1) -> O(n) O(log2n) -> O(n) O(log2n)
in O(log2n) O(1) -> O(n) O(log2n) -> O(n) O(log2n) ;
del O(n)) O(1) -> O(n) O(log2n) -> O(n) O(log2n)
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