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HMR->HET->HILA->RA B ->IA->E->ERFH

Animalia->Chordate->Mammal->Carnivora->Felidae->Felis-»Domestica
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Windows\ Files\
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<html xmlns="http://www.w3,org/19%9/xhtml"
xml:lang="en" lang="en">

se<head>

<meta http-equiv="Content-Type"
content="text/html; charset=utf-8" />

<titlersimple</title>

t</head>

B<body>

<hl>A simple web page</hl:>

F<ul>

£li>List item one</1i>

<li»List item two</1i>

< ful>

<h2><a href="http://www.cs.luther.edu">Luther C8 </a><h2>
< /body>

</html>
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det

def

* BinaryTree(r):

return [r; [1, [1]

- insertlLeft(root,newBranch):

t = roct.pop(l)
1f lem{t) > 1:

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

root.insert(1, [newBranch, [], []11)
return root

¢ insertRight(root,newBranch):

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

- getRootVal(root):

return root[@]

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

getLeftChild(root):
return root[1]

- getRightChild(root):

return root[2]

~



¥

TR : EIEE oo

— insertLeft(r,5)
- IBELETR insertRight(r,6)
43 insertRight(r,7)
ol > B ERHAREE 1 = getLeftChild(r)
§ print(1)
"2\i setRootVal(l,9)
S orint(r)
S insertlLeft(1,11) -
3 print(r) —
orint(getRightChild(getRightChild(r))) z
>>> "
[5, [4, [], [1], []1]
(3, 19, [4, L), L[1)s [1)s 17, [)s 16, [)s [1]]]
3, 19, [11, [4, (], [1)s (1) L1)s U7, [)s [6, [)s [1)]]
6, [], []]
>>>
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X = BinaryTree('a')

insertLeft(x,'b")

smdrzrnsnsg

insertRight(x, 'c")

;; insertRight(getRightChild(x),'d")

§; insertLeft(getRightChild(getRightChild(x)),'e")

= a) [*a’, ['b*, [1, [1]l, ['c’5 [1, ['d", [1, [11]]
b) [*a*, ['c*, [], ['d", ['e", [1, [1]l, [111, ['b", [1, [1]]
c) [*a*, ['b*, [1, [1]l, ['c*, [1, ['d", ['e", [1, [1], [11]]
d) [*a’, ['b", [1, ['d", ["e", [1, [1], [111, ["c’, [1, [1]]

) B—AbuildTreeifi&]l , @IEAA LIXEREFIFRIR(FRAE , EANERIR

bR KFHIR G = WAL 5 12/ T4R5%/2018
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RSCIR
HAH ERART EORBETR, ARIE
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y EBX—BinaryTree
R key R A AR T 3 IBEA
AR left/rightChildN 4k A @ L/ %
#8935 A (B4 ZBinaryTreest %)
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left | right
C
left | right left | right
d e f
left | right left | right left | right

class BinaryTree:

def _init_ (self,rootObj):

self.key = rootObj
self.leftChild = None
self.rightChild = None

~



smdrzrnsnsg

&

s
>
S
—

LI © PREHEE

insertLeft/Right5i%
WAL &R AT S NAR

B rRIER

N

r = BinaryTree('a’')

r.insertlLeft('b")

r.insertRight(’'c")
r.getRightChild().setRootVal( 'hello")
r.getLeftChild().insertRight('d")|

bR KFHIR G = WAL 5 12/ T4R5%/2018

def

det

def

det

L‘iE"F

def

insertLeft(self,newNode):

if self.leftChild == None:

self.leftChild = BinaryTree(newNode)

else;
t = BinaryTree(newNode)
t.leftChild = self.leftChild
self.leftChild = t

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

getRightChild(self):
return self.rightChild

getleftChild(self):
return self.leftChild

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

getRootVal(self):
return self.key

~
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L AT P BiXE4E, XA MBinaryTree.setRootVal

LT P A TFE2 LAEFH, ThAABinaryTree.getLeft/RightChild

B, TP EEFABKT R, INEAHFTEILF!

AT LA R— MERICRIBIEX T =
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def buildParseTree(fpexp):

fplist = fpexp.split()
pStack = Stack()

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

for i in fplist:

iF 1 an "[":
currentTree.insertleft ("' ")
pStack.push(currentTree) ﬂm
currentTree = currentTree.getSeftChild()
iliF 1 onGE 3n [T, et Ve vy "IV

currentTree.setRootVal(int(i))
parent = pStack.pop()
currentTree = parent
gliT 3. dn [, "2 YL )
currentTree.setRootVal(i)
currentTree.insertRight(' ')
pStack.push(currentTree)
currentTree = currentTree.getRightChild()
elif 4 == "}";
currentTree = pStack.pop()
else:
raise ValueError
return elreea
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» HFBinaryTreeE—N ARG M , BAM , ATLAREHARERLE
BinaryTree , @i&3K{EEF £ evaluate
B AT T R A XL, TUARGRETHAE, 2w ELERE, RELFIAENARE
EN:EI:E

y K{EERE evaluatefB)I=FE -
RALREN: TP ERBREGTHR, SAELETFIE, ABETEOREARHTEEX
w6948
G LA BRAERXMOHETFH. HFH, BAS AL
ARG %: 55ARevaluateit £ F At TG, HAKBRERE LS FRGERK
BF EOBRER T, KRRk ik X644
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» —MIBINERFRIEERIFIS - HEY
sLﬁ >>> import operator
import operator

>>> operator.add
<built-in function add>
>>> operator.add(1,2)
3
>>> op= operator.add
>>> n= op(1,2)
>>> N
3

op= operator.add
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FIRFRIETVRETIIKR(E : K69

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

N leftC = parseTree.getleftChild()
JEd\ibﬁi rightC = parseTree.getRightChild()

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

smdrzrnsnsg

(uoyIAd )

YA

:ﬁEWﬂUﬁFﬁ return fn(evaluate(leftC),evaluate(rightC))
else:
HARETR A return parseTree.getRootVal()
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) EelEERGIER |, WHEMEHEREIRIGRLLRREERE , WHPREH R
TR EFRA “iEhTraversal”

MYAELIES < | (ERBHIRFRASR , BBk

KX 93 3FEH
Wikl (preorder) : £FFARTE, BRBEARXNFFTRLETH. KEMNFTEETH;

v il (inorder) : i )aiy FiF R ATHK, HIFFEBRT R, REFFIFEATH;
G i i (postorder) : BPEMEFFRALTH, BEFIFTRATHR, REITFERT &

od

R R FERNAE

N

»
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FIOER : EVEEKE
BRI !

det

preorder(tree):
if tree:
orint(tree.getRootVal())

preorder(tree.getLeftChild())
preorder(tree.getRightChild())

\

» tBRJLAfEBinaryTreeZ$FRSEIIRIFRIERAYTIE 1 d=f preorder(self):

B RWNTRAT K Z b

print(self.key) i
if self.leftChild: | &
self.leftChild.preorder()
if self.rightChild: Z

self.rightChild. preorder() h

 EFERMRFEREHINNAEINEEZRAREEINS

def postorder(tree):
if tree != None:
postorder(tree.getlLeftChild())
postorder(tree.getRightChild())

print(tree.getRootVal())
bR K F IR 5T o/ hony 2018

def inorder(tree):
if tree != None:
inorder(tree.getlLeftChild())
orint(tree.getRootVal())
inorder(tree.getRightChild())



BFER : JX\K(E

) [BIERBIRRRENETNIKRE | Efr EBE—1 BFEHIIE | 218
B IBRRINLIBHRYX

HEFIBHEESRIEINKRIEN :

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

N
Lq
A

SRS \
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 KAPFEHEIHEERERSIESPERIAN
TARDE S EAKF AT 5, #ATHERDER (RESHD)

def printexp(tree):
sVal = ""
it tree:
sVal = "(' + printexp(tree.getLeftChild())
sVal = sVal + str(tree.getRootVal())
sVal = sVal + printexp(tree.getRightChild())+" )"
return sVal

~
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&fdB\5lqueue

N

PASIBE—FZTFTRA “HEPAT” .
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B G

BYEZRAPRITRABESHRAEARA P4
H A5 2 #AZ AP B AF) F AT
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MEH(F) Em0) =BV

i | e | wEmEER | B0 | A wEES B

Eﬁi

BEE

CPU

PID %

4412 TFFIEST Bin 00
E chrome.exe ESER{TE(E) 00
& chrome.exe EEREIERIT) 00
t EhrﬂmE‘.E‘I'E' | 1 m"il EE:_".'H}
& chrome.exe IEEERE(F) =(H)
ETPH& PN EFIERA)
-~ ;;;”;ZZ UAC ESlE(V) & | IE®(MN)
s ' SRS E(C) )
i | MsMpEng.ex (L)
W xnview.exe FIFFZAHUE(0) oo
lexplorer.exe EEHLRE(N) 00
B |svchost.exe EER) [EM 00
Edkuaipan.exe =RIIRSS(S) 00

TP e
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IRIRHEERANE , MRS RRIEHREIRNIHE BE.
XA, AT OGN LI B R, §2RFHFEARBEAKLRLERZAZHE AT .
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X ERET
= SUR BB B M AR S FA ) B9 N At IR B 2
B AR £0(log n)

XN EBRZUETF  HiZigE
WERZ-XNE , HEBIEERERTY
FRRSCIAY !

/I keyHEEPABRITRA "R
min heap”

B Z, mAkkeyHeEN B IR “& K3Emax
heap”
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—X#EBinary HeapSCIR{iE5EEAS

y EMIESGRAFINEHBRESREBE- ) ADT BinaryHeapAHE(EENUT :

BinaryHeap(): A1 — A% X35t % ;
insert(k): ¥ #keym A\ 2|} F;
findMin(): BEBE PR DR, KADA
Vitk & 23 &

delMin(): B =R PR ITM, R IMHE
o 4

isEmpty(): BREBERE A F;
size(): & EH Fkeydy /MK ;

buildHeap(list): A —A-key?|% €]
i

~
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ADT BinaryHeapHRJiE{Ea{l

from pythonds.trees.binheap import BinHeap

bh = BinHeap()
bh.insert(5)
bh.insert(7)
bh.insert(3)
bh.insert(11)

orint(bh.delMin())
orint(bh.delMin())
print(bh.delMin())
print(bh.delMin())
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AT (EHERMEREGRISTEXNIEUKEL |, MR H4E ;
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" —iREAFHREBHERERENT R
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mé_XWEEIEFE%HEIE JLABIERESIR , LIERNAIER , #EE
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B P EENEPTAEAIN, RLAEXXHT ET4HEAn//2
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X FHeap Order

» FiE “IE" AYSTE  RiEHEPEIT—1M Y RX , HEXBRpPiikeyldihvFE
Fxhikey,
B, A BT MR SR, HPET—E%2, HRATHAKT)

FA& O BRI, ERRTE T ekeyR

14

T[T ] ]

]Dli‘?‘ll

0 1 2 3 ] 5 b T - 9 10 11
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= SR FRISCIN

y SR
ERA—ANFNERFGHEKE, KPR ATHRAOYALR, 1247 B @R AR 2| H 249
BE R E, EEE, class BinHeap:
def _ init_ (self):
) insert(key)J5ik drpigrn e )
B, ATHRFE “RE=IXH” 9B, FkeyRZH |72 KL
=] A ?
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= SR FRISCIN

y insert(key)Fi&
{82, #Hkeyfi BimEI|EAR, TREERE B7 KB

BRN L CHEBKRFZA B R, B3 TF H 5 ARG 42T 8RR 5
TRE ZRKHkey b 5K “LF” B A EHEE
A& #Hkeyty “LF” FLoHraL URBP EY “CGR” KF
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— S HEE(ERYSEIR : insert{ES

def percUp(self,i):
while 1 // 2 > 0:
it self.heaplist[i] < self.heaplist[i//2]:
5P A5 tmp = self.heaplList[i // 2]
self.heaplist[i // 2] = self.heaplList[i]
self.heaplList[i] = tmp
iy e 1N i=1//2

def insert(self,k):
m self.heaplist.append(k)
self.currentSize = self.currentSize + 1

m self.percUp(self.currentSize)

bR KFHIR G = WAL 5 12/ T4R5%/2018
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= SR FRISCIN

y delMin()fi%
B, BAENEFT R EKkey—AZ TH B2 6942 T KEheapList[1]

ATHRFE “REZIXH” B9HR, ARE AT LRRBRT &

%] A ?

bR K FHIR G = M AF F 7/ 4RK/2018
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= SR FRISCIN

y delMin()fi%
A, XAREHGHB®, TRHBIRT B” K5

fRo Tk WHORT EREE—F%BZ “TR”, LAAANT I B4
“TR” BEGEHE: wRILTHAK, R2EFERIGTHEIBTR

smdrzrnsnsg

(uoyIAd )
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—XIEHRFRISEIR - delMin{{h3

def percDown(self,i):
while (1 * 2) <= self.currentSize:
mc = self.minChild(i)
if self.heaplList[i] > self.heaplList[mc]:
N N tmp = self.heaplist[i]
,XLiﬁé_F:LrL self.heaplList[i] = self.heaplist[mc]

self.heaplList[mc] = tmp
SILRAZ 4 i =
nEsIEE T S

smdrzrnsnsg

2
AV def minChild(self,i):

\< ; i E

= - ifi*2 4+ 1> self.currentSize:
Q I]E—¥'|j,l"h‘_\ return 1 * 2

Ei else:

if self.heaplist[i * 2] < self.heaplList[i * 2 + 1]:

J\&IEI-ZBE/J\EI‘J ElSEr:“EJl:ur"n i # 2

return 1 ¥ 2 + 1

def delMin(self):

m retval = self.heaplList[1]
self.heaplList[1l] = self.heaplist[self.currentSize]
self.currentSize = self.currentSize - 1
self.heaplList.pop()
jbf‘i’?k#i&fﬁlﬁérﬂﬂ#m self.percDown(1)
return retval
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= SR FRISCIN

y buildHeap(Ist)/5i% : NEFRER “H"
é&mﬁﬁiﬁé@?@%i: Flinsert(key) 7 &, WAFEZ T WEERZ AN insertB3EF, 2

ﬁ% A “TFin” i, e ERAMEREO(n)
NFI=RE] ,“\EI’J’“*,HJ-T&‘*

g

Initial Heap
R KkFRRERER

By & XM £0(nlog n)

i=2
) A2 52 1%/ T4 3%./2018

rS|Esi=Vw

7 ML

det buildHeap(self,alist):

= len(alist) // 2
self.currentSize = len(alist)
self.heaplist = [@] + alist[:]
print(len(self.heaplist), i)
while (i > 0):

print(self.heaplList, i)

self.percDown(i)

i=1-1
print(self.heaplList,i)
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—YiEZIBinary Search Tree

» {EADT MapRILIRGEF , JLIRAFRNBIEESAMERTEFREFH
EikKey , BIHEEEM TR LR
AR A BEN = DR F ok
B 2 M B A+ B B RS ok

 FEFBNRNHAZSUEREMFRFkey , EikeyRIRIEIEER

NHBTE D

&

s
>
S
—

~
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—Xi¥EZRIBinary Search Tree : ADT Map

» 83—TADT MaphRIE(F :
Map(): ®JZ—A~= B4t
put(key, val): Jfkey-val X Bt ANpd4td, dmRkeyL B 44, NIFvalH#E ke
1B X B4R ;
get(key): £ <Zkey, LB XK/, =R AAL, WiRENone;
del: i@ itdel map[key]#9i5 & XM key-val X & ;
len(): EE B4 Fkey-val X F &5 B ;
in: #@idkey in map#yiE QM X, BBkeyREHFLETREF, & RIE
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ZRIEZRMBSTRYIERR

3 BRTERAMkeyBBHIEETH | R TISHAARKeySHMEGTH,.

RS

¢,§ , AER—/MEHEIBST |, $58870,31,93,94,14,23, 73IFRFHEAN

| ESCEA7ORIIMIR 70

’; 31b70/), KBAFH & '/ \

:3 931L70K, HELETFH 5 ’

S 9493k, HEAETHE 31 93 "z"
141631/, KB AFH & l l "
23rb14 X, HE A A 14 73 94
731693/, KB XA l

y R IBAIEAR |, £EAIBSTHAR !

bR KFHIR G = WAL 5 12/ T4R5%/2018



—NISEMRIE : T afesEE

], BEMIIBSTAINodeFA % , BSThIrootRR5| IR ANode

ey : |

’l,‘§ » class BinarySearchTree class BinarySearchTree:

% root 5| fl TreeNodest £ aek . SHLE (esiE):
sizeR 7 R EAHK self.root = None
__iter  (AEBEFHH) self.size = ©

(uoyitd )

def length(self):
return self.size

~

def len_ (self):
return self.size

def iter_ (self):
return self.root.__iter_ ()
A K F ARG 2 A 5 12/ TR /2018 -
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class TreeNode
key 4218
payload&value
left/rightChild

% 9hm T A-parent3| A

bR KFHIR G = WAL 5 12/ T4R5%/2018

—SHEZEMAISEIR - TreeNode3E

class TreeNode:

det

def

def

detf

__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

hasLeftChild(self):
return self.leftChild

hasRightChild(self):
return self.rightChild

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

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

YA
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—SHEZEMAISEER - TreeNode3E

def

def

def

def

def

T KFHIRE = A4S 515/ 5 33,/2018

isRoot(self):
return not self.parent

isLeaf(self):
return not (self.rightChild or self.leftChild)

hasAnyChildren(self):
return self.rightChild or self.leftChild

hasBothChildren(self):
return self.rightChild and self.leftChild

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

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

\
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—RIEEZRYSEIR - BST.putzik

y put(key, val)F3i% : HiAkeyfdiEBST
BAAABSTREEAR, R —AF REEA, IR Lkeym AT Eroot

EN, AR —A#EEHHK put(key, val, root)k# Hkey

smdrzrnsnsg

N

_put(key, val, currentNode)FiEiRIE —
4» X keytbcurrentNode.key/ s, #8 A put®| currentNode Z F ¢

o (B EH £ TH, FSLkeywh ik AL T T A
4= Z keytbcurrentNode.key kX, A4 puté']cur'r'entNoderiQ%ih‘JL

» EwmREHA TN, A Lkeyst B AL T T

(uoyitd )

YA

def put(self,key,val):
if self.root:
self. put(key,val,self.root)
else:
self.root = TreeNode(key,val)
e k 2 HeIK B o A 51/ T,/ 2018 self.size = self.size + 1



—IEZRAYSE - _puttiElGik

y EE | IMUEEIRBAIEEAEEkeyYIE R
EFEbitRIevalhe—TFTHE

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=currenthode)

smdrzrnsnsg

(uoyitd )

else:
1t currentNode.hasRightChild():
self. put(key,val,currentNode.rightChild)

~

else:
currentNode.rightChild = \
TreeNode(key,val,parent=currentNode)
y FEFHE__setitem__{{{ 7 def  setitem_ (self,k,v):
= XAmyZipTree[ 'PKU'] = 100871 self.put(k,v)

bR KFHIR G = WAL 5 12/ T4R5%/2018



— XSRS : BST.putBElR

» ¥EAkey=19 , currentNodelJZ{idEE (kB )
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pEE{ENL6-2

y ¥RBBRIIRRES, 30, 2, 40, 25, 44Fi key , ERERIBSTE :

O 3
2 c) ‘i' *‘a'

SRUTE ST

(UoYfd )

TR KFHIRE F 10 AFF I/ 15 3%/2018
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—WIEZEMAISEIR : BST.get5ik
, —EBSTHEER , F—4 5 EmEMbithiziBkeyREval , EITER T

i R
%: keyFifERIT =
5 MrootFds, #JFET, HERE, RAEFTERKENTH RELRRE,
§§ def get(self,key):
! . if self.root:
’% ) getH;£ res = self. get(key,self.root)
;S? Z&%roo-t;%@éﬁ? = rEE:r*fturn res.payload
3 AR get
Q - return None -'z"'
else:
) _geltﬁiﬁ return None r
= 5| Fl iR EINone def _get(self,key,currentNode):
mE LA A, R s
- s : elif currentNode.key == key:
Eﬂ']lidali)\ﬁ/f‘?‘ﬁ return currentNode

elif key < currentNode.key:
return self._get(key,currentNode.leftChild)

R K F R G 2 A S/ 5 3K/2018 else;
return self. _get(key,currentNode.rightChild)



—IEZERAYSEI - BST.get)5ik
y _getitem_ 455K 5%

% Ival= myZipTree[ 'PKU"']

__contains_ {55k i&
5F'PKU' in myZipTree® £ A FIBriz H HFin

def _ getitem_ (self,key):
return self.get(key)

smdrzrnsnsg

(uoyifd )

YA

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

bR KFHIR G = WAL 5 12/ T4R5%/2018



— SIS ZERIRYSCIN : BST.deletef5i%k

| > BIEREH  RERMdeletel5iX :

%?:i Bk, ARFTALZINE, BEINWE, LALRA _getRB MR T .5, AEAMAremove

S R, RRSMRERER

% I RAFINTE GERRARTET) , B AT EEARkey, 8 IEEAELMEART

S| A mERRT A =

gg def delete(self,key):

> . == N if self.size > 1:

% I —delltem— _4‘3‘6*]515 L i} nodeToRemove = self. get(key,self.root) -
% 3del myZipTree[ 'PKU' ]iX A 895 @) 3 4F if nodeToRemove: v

self.remove(nodeToRemove) s
N Ei’—j‘:’&remove)‘iiﬁ ! Elg:elf.sne = self.size-1

raise KeyError('Error, key not in tree')
elif self.size == 1 and self.root.key == key:

def _delitem_ (self,key): LT o R
Self,delete(key) _ self.size = self.size - 1

raise KeyError('Error, key not in tree’)
A K F R G 2 WA S I/ %K /2018



—SHEZWRYSEIR : BST.removel ik

MBSTHremove—/{1u = , BIBAGFRIFBSTRYIERS , LA T 3HIEH:

>
%:.{,5 PEEATFI LA if currentNode.islLeaf(): #leaf
A if currentNode == currentNode.parent.leftChild:
- -
g TARRINT TR currentNode.parent.leftChild = None
3 - - lEE:
) A 24N 3 N
RS PARANTE currentNode.parent.rightChild = None =

 RBFURNIERED . EiEIER

(uoyifd )
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—SHEZWRYSEIR : BST.removel ik

 B2MEEHER  #lTREINT TR
k. FWEAANE—THELS, BRIFBMH RGOEE

(EEFIRRMEREXDILHER :
B H BT HERLE? BRETFH&K?

B EALRALT ALY ERETFHA?
B H 5K RART B2

hl-l-4‘
TR

Y

U1

MR

&

s
>
S
—

bR KFHIR G = WAL 5 12/ T4R5%/2018
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else:

BST.removelsix

# this node has one child

it currentNode.hasLeftChild():

—
L~

—
L~

‘A

if cC

urrentNode.isLeftChild():

currentNode.parent
currentNede.leftChild

currentiNode. lettChild.parent
currentNode.parent.leftChild

elif

currentNode.isRightChild():

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

else

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

else:

—
L~

—
L~

‘A

=0
o K KR 7 A 2 r;z/%m;‘::l‘"

it C

urrentNode.islLeftChild():

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

elif

currentNode.isRightChild():

currentNode.rightChild.parent = currentNode.parent

else

currenthNode.parent.rightChild = currentNode.rightChild

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




—SHEZWRYSEIR : BST.removel ik

 SE3IMBRAER BB RE2M TR
B ok R AT 5 B R T %
1T REE) B —ALHE T ERBRAM T &, IALET EHARM P EH T —Akeylt
H 8, EAM T EETRERNGIA, Hh B
TUFRBEAGBT ERSATINTH R (AERTHE, SHETH)
KIAE BT EMER (LHAMET) , BREBEMT 5.
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—SHEZWRYSEIR : BST.removel ik

y BinarySearchTree3t : removekix ( [BH23)

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

smdrzrnsnsg
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— RIEZRMRYSEIR

R RE R DT &findMin()

smdrzrnsnsg

(uoyIAd )

vl ::

bR KFHIR G = WAL 5 12/ T4R5%/2018

BST.removelix

y TreeNodezk : 3548 afindSuccessor()

def findSuccessor(self):

succ = None
if self.hasRightChild():
succ = self.rightChild.findMin()

glse;

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

self.parent.rightChild = None

self.parent.rightChild = self

succ = self.parent.findSuccessor()

return succ

def findMin(self):

current = self

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

return current

YA



—SHEZWRYSEIR : BST.removel ik

» TreeNodezk : i =spliceOut()

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

_ if self.islLeftChild():
lfﬁ?ﬂlﬁiiﬁk’ self.parent.leftChild = None

else:

smdrzrnsnsg

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

(uoyIAd )

SRS EE]

YA

else:

BEHETO L ORI A

if self.isleftChild():
self.parent.leftChild = self.rightChild
else:
self.parent.rightChild = self.rightChild
self.rightChild.parent = self.parent

bR KFHIR G = WAL 5 12/ T4R5%/2018



—SHEEMRYSCIR - ECRS
y {EAPython=EB , BfiITTLARfor i in dict: XIS ZI4E FHbRIERE
key , ADT MaptBRiZCIXtEANEN ZZINEE

» BinarySearchTreez(Hf_ iter_ 75 iZEIFARA T TreeNodeHRIE R 455k
hix

NHBTE D

&

s
>
S
—

~

bR KFHIR G = WAL 5 12/ T4R5%/2018



—RIEFRMAYEIR © EER

'é y TreeNodeZrhfy iter %S

% FFr LR —A#)ak, BH ELFBinaryTreebP ®  str #Ja 5k A7

4\

S yield-Z 3t &k %k K EGiR E1E,

8 :

R mytree = BinarySearchTree() A=< iter  (self):

;; mytree;3;=:red"" $€ solf:

3 my:ree:g:f"blﬁ E if self.hasLeftChild():

S mysrecLo]= Fettom for elem in self.leftChild:
\ mytree[2]="at

yield elem
yield self.key
it self.hasRightChild():

~

print(3 in mytree)

orint(mytree[6]) : P :
del mytree[3] for elem in self.rightChild:
orint(mytree[2]) yield elem

for key in mytree:
print key, mytree[key]
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—XEEM : HiEpth (LAputizidafl)

» HERRERREF-XEFMHSE (RXEX) , MESENZIHIRLR
keyiBR A IREEISZE,

y AR keyBIFIFRE2EN D HBENE , BBAXRFFINFIRT =keyRIBEEAXEBIESE |
BABSTHISEMRElog,n ( n2P =14 ) | HE XN ERER , ==
putfZiZm=ETEEEHO0(log,n),

y {BkeyFlRDHIRIGERATEAE
BB B JOR NG5, e B
X EHEput k69 PEER H0(n)

-

RIS o

&

s
>
S
>

YA

» HeBiEBEXRMIER
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(UoyIAd )

wma%HS (AFER)

y i5EMEBinarySearchTreeZ

TreeNodeXAILERXHD , (288

IEf@iE1T

T K F MR = A A2/ % iK/2018
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SFE—SUEFR : AVLIRIE N
 BAiREELSEkey BN —ERISTEN_USER : AVLE

AVLR KA 4 F%E: G.M. Adelson-Velskii and E.M. Landis

» FIFBAVLIHEIRADT Map , B ESBSTRISEIER , ARIZRETF=N
WAERSHEIPTE =

» AVLRIRISEIRAR , BEXNEINMHRIREE “"FEi@EFbalance factor” %],
FEEFERET SNERFHNSERENR , Btk , EE6FHE
EE:
balanceFactor = height(LeftSubTree) - height(rightSubTree)

R -FHEF AT, A “ALEleft-heavy” , N FEMRA “EEright-heavy”
FHEFFTo, NWARMEFH,

-

0
S
g
%
%
S
S
Q
S
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FHZIERW - FHEF

» MR—ANZRREEMPEN TR
F&EFEE-1, 0, 1219

MBI Z UL MR AN

smdrzrnsnsg

LR o
-------------------------------

(uoyIAd )

LR o
-------------------------------

LR o
-------------------------------
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PH-RISEN : AVLREIEN \‘

] 0 SEvemaaRs, SEARTRETELLER . wRE—tar )
: o

| TR

g ZRIFBSTHMR ! £EFTHAA T oD TR, &FTHARKTAR e

S WEER— HE WATEH

Sz 4 1%, 35

(uoyIfd )
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AVLIRYSEIR : puthix
. EEEY putliEEE '

def _put(self,key,val,currentNode):
1T key < currentNode.key:
if currentNode.hasLeftChild():
self. put(key,val,currentNode.leftChild) =
else:
currentNode.leftChild = TreeNode(key,val,parent=currentNode)
ﬁﬁ%&ﬂ!%F‘ self.updateBalance(currentNode.leftChild)
else:
if currentNode.hasRightChild():
self. put(key,val,currentNode.rightChild)
else:
currentNode.rightChild = TreeNode(key,val,parent=currentNode)
'WE%EHH%F- self.updateBalance(currentNode.rightChild)
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AVLAIRYSE : UpdateBalancefixk

def updateBalance(self,node):

it node.balanceFactor > 1 or node.balanceFactor < -1:
BBy self.rebalance(node)
return

it node.parent != None:
if node.islLeftChild():
node.parent.balanceFactor += 1

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

it node.parent.balanceFactor != 0:
IEEEAQXS A A F self.updateBalance(node.parent)
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AVLAIEYSCIR : rotateLeft{{HS

def rotatelLeft(self,rotRoot):
newRoot = rotRoot.rightChild

Qﬁucxﬁﬁ*ql rotRoot.rightChild = newRoot.leftChild
b, 1T if newRoot.leftChild != None:
EE h%ﬁ? newRoot.leftChild.parent = rotRoot

newRoot.parent = rotRoot.parent
if rotRoot.isRoot():
self.root = newRoot

smdrzrnsnsg

if rotRoot.islLeftChild():
rotRoot.parent.leftChild = newRoot
else:
rotRoot.parent.rightChild = newRoot
newRoot.leftChild = rotRoot
rotRoot.parent = newRoot

(uoyIAd )

bR KFHIR G = WAL 5 12/ T4R5%/2018

12%@ | -lj,“\ rotRoot.balanceFactor = rotRoot.balanceFactor + \
HEY L] 1 - min(newRoot.balanceFactor,
ﬁﬁgl}aE.? newRoot.balanceFactor = newRoot.balanceFactor + \

1 + max(rotRoot.balanceFactor,

YA



S
g
RS
S
i)
3
Q
N

AVLIRISCIR - a2 g E -
y BEEhEEN & EFaIR2
f% ¥ T ;X F-ABCDE

ACE®)-FHEH T AL
e hA/hC/hER A

3 EABDHIELE o

ANO:
AN

bR K FHIR G = M AF F 7/ 4RK/2018

—

[\

ORPA
[\

\

YA\



AVLIRISEIR : WeRIRESEERIF (¢ (®)
. BIREEBIEL AN () — (5) i
/e\

#B= hA- hC

IHB= hA- 1EhD - - AN
e : IHhD= 1+ max(hC, hE), FfXAlEB= hA- (1+ max(hC, hE)) —
#B- HB= 1+ max(hC, hE)- hC

#B= B+ 1+ max(hC, hE)- hC; FhCA#maxHHHK LA
#B= HB+ 1+ max(Q, -1HD) <==> #B= HB+ 1- min(@, 1HD)
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rotRoot.balanceFactor = rotRoot.balanceFactor + \
1 - min(newRoot.balanceFactor, ©@)
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def rebalance(self,node):

if node.balanceFactor < @:

1t node.rightChild.balanceFactor > @:
# Do an LR Rotation
self.rotateRight(node.rightChild)
self.rotatelLeft(node)

else:
# single left
self.rotateleft(node)

elit node.balanceFactor > 0:

1T node.leftChild.balanceFactor < ©:
# Do an RL Rotation
self.rotatelLeft(node.leftChild)
self.rotateRight(node)

else:
# single right
self.rotateRight(node)
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% Hash Table Binary Search Tree AVL Tree

=

s o(n) o) ->0(m)  O(log,n) -> O(n) O(log,n)

Q

N —
get O(log,n) O(1) -> O(n) O(log,n) -> O(n) O(log,n) g
in O(log,n) O(1) -> O(n) O(log,n) -> O(n) O(log,n)

del O(n) O(1) -> O(n) O(log,n) -> O(n) O(log,n)
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