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PRaBIF : HTMLXHE ( 8REfRIC )

<html xmlns="http://www.w3.0rg/1999/xhtml"

xml : lang="en" lang="en">

Z<head>

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

<title>simple</title>

</head>

H<body>

<hl1>A simple web page</hl>

HF<ul>

<li>List item one</1li>

<1li>List item two</1i>

</ul>

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

-</html>
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(EERETIR

BinaryTreet| Z U AR 7 & 69 = XA

insertLeft/insertRight¥& 3 7 RN
WEPERL BB E/ETH A
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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, [], []1])
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[Q]

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

getLeftChild(root):
return root[1]

getRightChild(root):
return root[2]

~



SCI - aRESIRE o ananyTres(3)

insertLeft(r,5)
y 15 ridElI insertRight(r,6)
insertRight(r,7)
 imEE B R RE 1 = getlLeftChild(r)
print(l)
setRootVal(1l,9)
print(r)
insertLeft(1l,11) )
print(r) —
print(getRightChild(getRightChild(r))) z
>>> h
5, [4, [1, [11, [1]
(3, [9, [4, [1, [11, [11, [7, [1, [6, [1, [111]
3, [9, [11, [4, [, [11, (11, (11, (7, [1, [6, [1, [11]]
6, [1, []1]
>>>
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X = BinaryTree('a')

insertLeft(x,'b")

insertRight(x, 'c")

» B—AbuildTreeifi&]l , @IEAA LIXEREFIFRIR(FRE , ERANERIR
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)

, ['dY,

(1, [11,

, ['dY,
1, [11,

insertRight(getRightChild(x), 'd"’
insertLeft(getRightChild(getRightChild(x)),'e")
a) ['a’, ['b*, [, [1], ['c’, [] (1, [111]

b) [*a*, ['c’, [], ['d", ["e’, (111, ['6", [1, [1]
c) [*a’, ['b*, [1, [1], ['c’, [] e’y [1, [11, [11]1
d) [*a’, ['b", [], ['d", ["e’, [ (111, ['c’s [1, [11




LR - DREEHEE a

— left | right

. FIRETTLA RIS R AT A / \
SESCIR
FAT EARBERT EHRIER, ABIEA b c
AT R left | right left | right

y EEX—BinaryTreeZE / l \q
&R key R AR T B2 BER d . ¢ :
AR left/rightChildN 4k AW L/ %E left | right left | right left | right z
FHe95 A (RHR2BinaryTreest £) ™~

class BinaryTree:
def _init_ (self,rootObj):
self.key = rootObj
self.leftChild = None
self.rightChild = None
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» insertLeft/RightFix
AL G &P R BT BAENARBL

B rRER

r = BinaryTree('a")

r.insertLeft('b")

r.insertRight('c")
r.getRightChild().setRootVal( 'hello")
r.getlLeftChild().insertRight('d")|
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def

def

def

def

def

def

insertLeft(self,newNode):
it self.leftChild == None:
self.leftChild = BinaryTree(newNode)
else:
t = BinaryTree(newNode)
t.leftChild = self.leftChild
self.leftChild = t

insertRight(self,newNode):
it 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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def buildParseTree(fpexp):

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

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

for 1 in fplist:

if i=="(":
currentTree.insertlLeft ("' ")
pStack.push(currentTree)
currentTree = currentTree.getdeftChild()
elif i not in ['+", '-", "*', /', ")']:

currentTree.setRootVal(int(i))
parent = pStack.pop()
currentTree = parent
elif 1 in ["+", "=, "*', '/']:
currentTree.setRootVal(i)
currentTree.insertRight(" ")
pStack.push(currentTree)
currentTree = currentTree.getRightChild()
elif i == ")":
currentTree = pStack.pop()
else:
raise ValueError
return eTree
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y HFBinaryTree@—/MBAEIELSES , A , oL

HiEHR

BinaryTree , 8§&k{EF £ evaluate

LRI

WATEI T RIAXGHFHE, TUAARGRKETHITIE, 29 ELERME, RAFIAEANRE

Xl
y K{HFEevaluatefhBE I == -

AAEZERFM: TN ERRAENTH, RALETH R, ERT AOKBAFATREAX

Ry 4R
G A WREAXMPAETH., ZTH, BPAHLSE DAL

AR 8 %: 4 AAAevaluatest £ £ THAE THEGME, LEAREERFLEL THOMER

T RGRMEFHRITHE, AfFERAXNME
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import operator

op= operator.add
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>>> import operator

>>> operator.add
<built-in function add>
>>> operator.add(1,2)

3

>>> op= operator.add
>>> n= op(1,2)

>>> n

3

Z



FIRAREIVEEIRIE - 63

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

4r  INAM S leftC = parseTree.getlLeftChild()
AN rightC = parseTree.getRightChild()

it leftC and rightC:
. fn = opers[parseTree.getRootVal()]
Gel mpE) = return fn(evaluate(leftC),evaluate(rightC))

else:

HARETR A return parseTree.getRootVal()
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FaiBH Tree Traversals

) EelEERGIER |, WHMESEREIRNIGRLLRREER , WHPMRETH R
TRIEREEFRA “iEhTraversal”

» WRIEERIES =S | (ESEBIRERAES | i
KX 93 3FEH
Wi (preorder) : £FFART &, FHRERITHTELTH. KRB FHFFRETH;

w R (inorder) : &#BEHF FiFRALATH, HiIZFRT L, REPHITEAETH;
G K5 (postorder) : &£i#E3E FizE AT, BEFFRETR, REFRAET S

-
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(woyitd ) Frmirsrisialy

BIFFEBGIF . —FBRETRRIE

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

Figure 5: Representing a Book as a Tree
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FIROIER : iYL EMHS

hEHRIEIBIERE

it tree:
print(tree.getRootVal())
preorder(tree.getlLeftChild())
preorder(tree.getRightChild())

S def preorder(tree): l

» tBRILAfEBinaryTreeXFRSEIMRIRFIEBAYIGIE : def preorder(self):

orint(self.key)

FEEZRNTHREE A Z WA if self.leftChild:

» [BFiBHhHREFE

def postorder(tree):

/

it self.rightChild:

)
self.leftChild.preorder() Eii
self.rightChild.preorder() h

hEIIB{NEZEER IR :

def inorder(tree):

if tree != None: it tree != None:
postorder(tree.getLeftChild()) inorder(tree.getLeftChild())
postorder(tree.getRightChild()) print(tree.getRootVal())
print(tree.getRootVal()) inorder(tree.getRightChild())
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B IBRRINLIBHRYR

» RAEFBHEESFREINKENE :

-

R
-
%

™ def postordereval(tree):
QP opers = { '+ :operator.add, '-':operator.sub, \
§l *':operator.mul, '/ :operator.truediv}
S resl = None i
res2 = None ::5
if tree: b
resl = postordereval(tree.getLeftChild())
res2 = postordereval(tree.getRightChild())

1t resl and res2:

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

return tree.getRootVal()
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RFiER : EREESHREREL
 REPFEGRASERENSESRERIADL
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:
% THRD P HEARF O, T 5, FHFBEARDER RE%T)
4

3

7~ def printexp(tree):

M mn

< sVal =

< .

3 it tree:

N

sVal = "(' + printexp(tree.getLeftChild())
sVal = sVal + str(tree.getRootVal())

sVal = sVal + printexp(tree.getRightChild())+")"
return sVal
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{li5cBA5Priority Queue

» FePATIRIHPA dequeueiR{EIRPASI—1F , BRRMPAFLLEA ;

» (BIEMRFGPASIRER , SURINAYVRFEIEE “(i5sd” REE : BIHATRAIE
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B AR A£0(Llog n)

—XENEBZUETF  HiZigE
WERZ-XE , HE=BIEERERTY
FRRSCIAY !

&/ keyHEEPABRITRA “ER\E

min heap”

B Z, mAkeyHE AN B A “& KfEmax
heap”

R KR FHIR G = A5 512/ % 3K,/2019

—XHEBinary Heap3EIR{jt5cBA%!

y EMIESGRATINEHBRESRBE- ) ADT BinaryHeapAHE(EENUT :

BinaryHeap(): 1 — A% U £ ;
insert(k): ¥ #keytm A\ 2|H F;
findMin(): BEBEFHRDA, KADA
Vitk & 23 F

delMin(): B ER PRI, REIME
+ M

isEmpty(): BLERREEAHZ;

size(): & EH FkeydI MK ;
buildHeap(list): A —A key?| %k 4]
#f

~



ADT BinaryHeaphYJi#{Ex I

3
%% from pythonds.trees.binheap import BinHeap p 3 3 S
4
§ bh = BinHeap() >>>
% bh.insert(5)
~ bh.insert(7) 3
\;: bh.insert(3) 5
= bh.insert(11)
< 7
print(bh.delMin())
print(bh.delMin()) 11
print(bh.delMin())
orint(bh.delMin()) >>>
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X FFHeap Order

» FiB “IE" AYSTE | RiEHEPEIT—1 Y RX , EXBRpPikeyldihvFE
Fxhikey,
B, A OR7 MRS, HPET—E%E, HRATHEKT

e R HRW R, AAET AT key R )

anpoppnpnnoN
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— SR FRISCER

— XM
KR AT ERRARKE, KT RETARAOKARM, 24T B &RDT XM 2 &£ 4

BE R E, KRG, class BinHeap:

def __init_ (self):
. : self.heaplList = [0]
lnsel‘t(kGY)Hlf self.currentSize = ©

B, ATHREF “RE=XK” R, FkeyRiZHii 25| x KL
%] A ?

N

N

bR KFHIR G = M AL 5 12/ 5% /2019
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y insert(key)FiE
a2, Hkeyfi B h|EAR, TREERNE “B7 KB

RN ECHRRE LT REZ A, 1a3tF L BRGBZTRAIRALS
FREZWKHkey b HEHKZk “LiF” A EHEE
EF: Hkeyt “LF” REABORLCERBRDEN B RFE

smdrrinnsg
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= SERERYSER : insert{thS

def percUp(self,i):
while 1 // 2 > 0:

-

it self.heaplist[i] < self.heaplist[i//2]:
53 A3 tmp = self.heaplList[i // 2]

AN

MRS o

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

self.percUp(self.currentSize)
LR KRR G = A F I/ 5 K/2019
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— SR FRISCER

y delMin()fi%
B, BAZEANEP R EGKkey—AZ TH B2 6942 5 EheapList[1]

ATHRF “REZIK” B9RR, ARE AT RRARBTRT A

14 ? @

remove min
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— SR FRISCER

y delMin()fi%
FlAf, XAREHHII, TRHBIRT B” kA5

fR Tk WHOIART BIEE—F%BZ “TR” , AZDLHEAT T S8

“FI BEMRE: W RET AR, FABBRIOTHETRTR
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—SOERERISEIR : delMinfE5

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

self.heaplist[mc] = tmp
SILnAz 4 i =
OISR N R

def minChild(self,i):
if 1 * 2 4+ 1 > self.currentSize:

ﬂ&—?zﬁ_)“h‘_\ return 1 * 2

else:
it self.heaplList[i * 2] < self.heaplList[i * 2 + 1]:

J\élﬁltg\zl]\ﬂl\] elser:"E‘tur‘n i * 2

return 1 * 2 + 1

def delMin(self):
retval = self.heaplList[1]

m self.heaplList[1] = self.heaplList[self.currentSize]
self.currentSize = self.currentSize - 1

self.heaplList.pop()

return retval
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— SR FRISCER

» buildHeap(Ist)75i% : NERRER “iE”
é&mn%aﬂima&;% Flinsert(key) 7 ik, HAF % FHRKEREZEAinsert BB+, 12

£+ A “TFiR” sk, e ERMEREO(n)
NFI=RE] ,“\EI’J’“*,HJ-T&‘*

Initial Heap
R KkFREER

69 & XM £0(nlog n)

] ﬂ??ﬂm/% i%,/2019

rS|Esi=Vw

7 ML

def buildHeap(self,alist):

i = len(alist) // 2
self.currentSize = len(alist)
self.heaplList = [@] + alist[:]
orint(len(self.heaplist), i)
while (i > 9): z

print(self.heaplList, i) r

self.percDown(i)

i=1-1
print(self.heaplList,i)



NSNS~
IPNR s

HIBITE

P

=

S
>
S
N~

— SR FRISCER

y BF : fIESXIEREITHER ?
“YHER” Hik: 0(nlog n)

bR KFHIR G = M AL 5 12/ 5% /2019

Y™ \



fE=E{EAVL6-2

» FABinHeap3 , EEM— 1M HEEE ZHeapSort(Ist)
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—Xi¥EZRIBinary Search Tree

» {EADT MapRI=EIBFER , L IRAARBNEIREGIEHFIIEERS
BikKey , BIHISESLMTANS R
ARFEABRBEEM+—_ ¥ EH &

I R BFEEH+BTIN R RIERH &

» FEEAIFii,

bR KFHIR G = M AL 5 12/ 5% /2019
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—X{EZ=RiBinary Search Tree : ADT Map

» 83—TADT MaphRIE(F :
Map(): ®lZ—A~= B4t

put(key, val): Hkey-val kBt Nt , deRkeyl 244, NIvalHikz key
1B X BRAE;

get(key): % Ekey, BE XBAKEE, AR F A, Ni&ENone;

del: i#itdel map[key]#yiE &) # XMk key-val £ 5%;

len(): EE A Fkey-val X Fe9¥ B ;

in: i#idkey in map#yiE A X, BBkeyRFEHLET ABEP, A RIE

Z
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 EERBRRkeyERBIREE T | LEX DR KRIkeyBREMERFH.
» AEE— MEERIBST |, $#70870,31,93,94,14,23,73/3IEFFHEN

, ESEHEABITORE IR 70
31k70), KB LTH L
93tk70 Kk, HKEATFTH.E / \
941b93k, H A AT H & 31 93
14631/, KB AT & l l
23tb14 K, REHXE
731693/, X E| L A l

L AIBSTHR AR !
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—RIEFWAYSEI - T afaEEsN

y BEZEIBSTHINodef/ N2k , BSTRrootpk RS IR =Node

class BinarySearchTree:

» class BinarySearchTree
root 3] Fl TreeNodext % def  init (self):
size®x T EEAK self.root = None
__iter_ (REHH) self.size = ©

def length(self):
return self.size

~

def __len_ (self):
return self.size

def __iter_ (self):

return self.root. iter_ ()
A K F R G 2 A 5 1/ TR /2019 -



—HEERIRYSEIR - TreeNodeZE

class TreeNode:

N class TreeNode def _init_(sel-I:,key,val,left=None3\
. right=None, parent=None):
keyiyéﬁ{ﬁ. self.key = key
payload%value self.payload = val

self.leftChild = left
left/rightchild self.rightChild = right

self.parent = parent
% 9Fm T A-parent3| A

def hasLeftChild(self):
return self.leftChild

def hasRightChild(self):
return self.rightChild

Z

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

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

S, self.parent.rightChild == self
bR K FHIR G = A A5 F 12/ 5K /2019 ~
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—HEERIRYSEIR - TreeNodeZE

def

def

def

def

def

TR K FHIR G F A S F 12/ %K /2019

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 = 1c

self.rightChild =

if self. hasLeftChlld()'
self.leftChild.parent = self

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

~



—XIEZRYSEIR - BST.putsik

y  put(key, val)F3i% : HiAkeyfdiEBST
AREBSTREAZR, WmE—AF EHELA, IR LkeyR AT Hroot

EN, AR —A#EHHK put(key, val, root)kk Ekey

-

MRS o

y _put(key, val, currentNode) BIF &=
%= X keytbcurrentNode.key/ )y, R4 putéﬂcurrentNodezE€F$¢

- EwmREHEFH, A Lkeywt & A EFH
= X keyttcurrentNode.key Xk, AR A putéﬂcurrentNode2§€F$@

o B R %H A TR, FLkeyit B A H T A

def put(self,key,val):
it self.root:
self. put(key,val,self.root)
else:
self.root = TreeNode(key,val)
K AR 5 AR I/ HRAK/2019 self.size = self.size + 1
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—RIEZEMAYEEIR - _putifEl Gk

y iR | RMUIEISB L IBEAESkeyIER
bt Rievalhie—THE

def _put(self,key,val,currentNode):
it key < currentNode.key:
if currentNode.haslLeftChild():

m self. put(key,val,currentNode.leftChild)
else:

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

-

-

td

MBI E i

-~/

&
s
>
S
S

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

Z

else:
currentNode.rightChild = \
TreeNode(key,val, parent=currentNode)
» FBFIE__setitem_ {7 def  setitem_  (self,k,v):
" AmyZipTree[ 'PKU'] = 100871 self.put(k,v)

bR KFHIR G = M AL 5 12/ 5% /2019
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—IEFEMAYSEIR : BST.putBEl7R

» ¥EAkey=19 , currentNodelfJZ{idEE (kB )

R KFHIR G = M AL F 5 12/ 5% /2019

\

YA



PE={EAL6-2

» ¥RBBIRRES, 30, 2, 40, 25, 4ifiNkey , EFEAYBSTR :
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—SHEEMAYSEI © BST.get5ik
, —EBSTHEER , F—1 &M NpithiziBkeyRBval , BNZERIREE

4,

3
% keyFR7ERIT =
S MrootFr4s, #BEMTF, HHKE, RETFTHRKENTT ELARE.
§§ def get(self,key):
I Q it self.root:
% ’ getH;£ res = self._ get(key,self.root)
‘;D ZFrootR L 547 if res:
> return res.payload
S AR #EEHHK_get else:
N~ return None i
else:
) _geltTJ-;£ return None r
% 5| F1i& EINone def _get(self,key,currentNode):
it not currentNode:
B S AT R, R return None
E‘mdﬁdalﬁ}\fn/ﬁ%ﬁ elif currentNode.key == key:

return currentNode
elif key < currentNode.key:
return self. get(key,currentNode.leftChild)
AT K F R G R AL 5 12/ 15 3K/2019 else:
return self. get(key,currentNode.rightChild)



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

% Ival= myZipTree[ 'PKU"']

y __contains_ 5% 5%
S H,'PKU' in myZipTree®E A Hria H &in

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

v
1
]
g
RS
=
s
S
Q
N

~

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

bR KFHIR G = M AL 5 12/ 5% /2019



—SHEZWMRYSCIR : BST.delete5ik

-

, BIEHER , REZMdelete5ik l
gk Bk, ARPAEZYHE, BIINWE, A getRIZMRHH L, KREA Aremove
S RmB, RRH MR
% e RFEFINTE (MRRARFTET) , ARART Ehctkkey, A EARLEAMGART
S &, EERRTHHEE. =
§§ def delete(self,key):
> : =3 N if self.size > 1:
% ) - —delltem— —4v§*H'£ o nodeToRemove = self. get(key,self.root) -
% 3del myZipTree[ 'PKU' XA 495 o) 34F if nodeToRemove: #
self.remove(nodeToRemove) s
s 1f.size = self.size-
N E;}:EremOVEH;E ! elsefe size se size-1

raise KeyError('Error, key not in tree’)

. elif self.size == 1 and self.root.key == key:
def _delitem_ (self,key): self.root = None

self.delete(key) : self.size = self.size - 1
else:

raise KeyError('Error, key not in tree’)

bR KFHIR G = M AL 5 12/ 5% /2019



—SIEERIAISEIR : BST.removekik
» MBSTHremove—/B R , ANIARIGBSTRIER , 2LAT3#iEH

PTEEETI A if currentNode.isleaf(): #leaf

. . if currentNode == currentNode.parent.leftChild:
TRALNT TR currentNode.parent.leftChild = None

HEFINTH & else:

PRAINTT currentNode.parent.rightChild = None ——

 RBFRRNIERED . EiEIER

bR KFHIR G = M AL 5 12/ 5% /2019



—SHEZRRYSEIR : BST.removelsixk

 B2MEEHER  #lTREIIT TR
Rk FIANE—WFTHELES, FRPHAMT EGEE

 (BEEHHMEFTEX DTSR :
B F AT HERL? BRETH AT

BMPERAGFREXPT EWELE? TRETFFER?
AT ERASTHART R?

? v
B
]
g
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=
s
S
Q
N
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else:

BST.removefix

# this node has one child

it currentNode.hasLeftChild():

- BT

‘A

RSt

‘A

[e—

- IR

‘A

if c

urrentNode.islLeftChild():

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

elif currentNode.isRightChild():

currentNode. lettChild.parent currentNode.parent

else

currentNode.parent.rightChild = currentNode.leftChild

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

else:

‘A

‘A

‘A

it ¢

urrentNode.islLeftChild():

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

elif currentNode.isRightChild():

currentNode.rightChild.parent = currentNode.parent

else

currentNode.parent.rightChild = currentNode.rightChild

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




—SHEZRRYSEIR : BST.removelsixk

 BIMEHERAESR : BHTRE29MFE R
SR Tk AT R AR T R
12T AR B B —A At 0 SRR YAM T K, EASET SHABMF EH T —Akeylh
TR, BAM T EATHE RO, Y B
TAKZING ST ERSRAINTHE (KSR 5, RRALTFH)
KIAB ST B R (BIAMBT) , HRIPAEM T .

Z
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—SHEZRRYSEIR : BST.removelsixk

» BinarySearchTree3t : removelix ( [BH23)

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

~

bR KFHIR G = M AL 5 12/ 5% /2019
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BST.removel%x

y TreeNodez : 354 afindSuccessor()

def findSuccessor(self):

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

else:

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

\
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—SHEZRRYSEIR : BST.removelsixk

» TreeNodezk : i =spliceOut()

def spliceQOut(self):
if self.isleaf():

_ if self.islLeftChild():
.rﬁiﬂmm 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

? v
B
]
g
RS
=
s
S
o
N

SRS EE]

~

else:

BEHETO L ORI A

if self.isLeftChild():
self.parent.leftChild = self.rightChild

else:

self.parent.rightChild = self.rightChild

b Kk 2 o A2 2 TR R /2019 self.rightChild.parent = self.parent




—XISZEMIRISEM - 1=AXER
y» {YEAIPython=EBl , FiJTTLARfor i in dict: XIS ZIAE FHBRIERE
key , ADT MapthBiZSEMiXtFAYE(ESTNEE

» BinarySearchTreez(Hff]_ iter_J5iZEIFAR T TreeNodeHRIE R 455k
hix
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—SIRZEMIRISEM - &ENER

y TreeNodeZHf] iter 1E{(EE
KR ER—A#)E R, B2 LHBinaryTree¥P#  str #E5HA?

yieldZ 5t &k % K ayiR E4E,

mytree = BinarySearchTree() J=f iter (self):

mytree[3]="red" if self:

"'yt"ee[“;::bl‘l‘i" ) if self.hasLeftChild():

mytreel6]= vellow for elem in self.leftChild: =
mytree[2]="at yield elem Z
orint(3 in mytree) yield self.key ,Fh
orint (mytree[6]) if self.hasRightChild():

print(mytree[2]) yield elem

for key in mytree:
print key, mytree[key]

bR KFHIR G = M AL 5 12/ TR /2019



—XIEER - FEiEoth (Llputiixafl )

» HERRERREF-XEFMHSE (RXEX) , MESENZIHIRLR
keyiBR N IREERISZNE,

1R keyRI5IFRE2EEHN S THENE , BBAXTFHNFIRT =mkeyfSEEAEEBSE |
BBABSTHSEMEZlog.n ( nETENMNE) |, A |, XENREEEEN |
putFiEREEEHAO(log,n),

) {BkeyFFR S HikiRHERMTEARE
BB B KR #ENE 36, St B
X BHEput Z &G PERE A0(n)

-

MBS oS

&

s
>
S
S

~

» HeBiEBEXRMIER
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iRE%S (AFER)

y i5EM#EBinarySearchTree#

TreeNodeXAILERLHD , (288
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SFE—SUEER : AVLIRIENX
 BAREELEISEkey BN —EIRISFEN "SR : AVLE

AVLRE KA L F%E: G.M. Adelson-Velskii and E.M. Landis

» FIFBAVLIHEIRADT Map , B4 ESBSTRISEIER , ARZETF=
WAERSHEIPTE

» AVLRIRYSEIRR , FEXNBANM L RIRER "FEi@EFbalance factor” &8,
Slzf&iEI?E*EEE"ﬁ,“‘EIﬁEE?NEng REXR , BiR , EERFHE
EE:
balanceFactor = height(lLeftSubTree) - height(rightSubTree)

R FH#EF AT, A “LAFleft-heavy” , N FEMA “EZright-heavy”

FHETHTo, WAREFH,

-
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F&EFEE-1, 0, 1219
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AVLI¥RYTERE

» SEIMAVLIZET , REFAVLNESIRSLEEIZEE—MRIFAYERE

y AR ITAVLMREIBRE TAYESE : BIEEEFH1E-1
TERZINE-FERTFTAHLI “AF” AVLF, KOS5 ERIFHE, REFRAALE (& EHN)
Fetbit k& (WeGZHEh) ZEEGX F defT?
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AVLIIERESD Hr

) Un.%?.J:h=1‘ 2, 3. 4HE|. ' 'E\*n"—i_'\iﬂNElgﬁ“wt

h= 1, N= 1
h= 2, N= 2= 1+ 1 Np =1+ Np1 + Np2
h= 3, N= 4= 1+ 1+ 2 By —0
h= 4, N= 7= 1+ 2+ 4 F =1
. . , . . F,=F, { + F, 5 foralli>2 ;

y MEBXMET , FIFRESERARZEELS ! &
2 X EERARKIIFIL N,=F,.o—1,h>1 ;
#| FIFiE ENh

. - $ — V5

y IEHAREREFIRIIERR : Fi/Fi-lBRTFEESHEO — 2

TIAB HFifhl X F. = <I>Z/\/5
S
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AVLIIERESD Hr

3 ) BFiEXKATINhA , BEINhE Hh+2 l

o ER Ny = & 1

% . BB RENINT |, BAIRRLh

S o ER, EREERAT, AVLRES 100N, 11— (H+2)log®d — ~logs

| BANANWEEG, BSEE (H+2)log® = 5log

S| LAAENTHSRBIRIETIRE . log Ny +1—2log® + jlog5 >
, EIAHAVLREIE RS RE S B log & N

O(log n) h = 1.441og N},
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AVL{RYSEIR

) BRPRAVLEEMITRSCEeuze i BSTRIRITERE | BRIBRWIEH, | BAIKEEW
AVLEHBEAN—1 Fikey , MAIABEGRISAV LRI FETTERR

. % . Bikey R EIA T AR IBASIAVLR
AN FER TR, AAFALEEZHFE
BBk T Ea-F4E T

« WRAEANLETFH RN, WY &P HEF2Em;

« WREAET T RGN, MWXT RFHEF2REDL
AP T REALXT RERT AR 2—a 3B Lk, A

o« FEBIRT R A LS
« WERNMXT R FEETHAERO, THPWLET RW-FEE T AL,
(L -1k F 1R EE0, HIA2KETHEE)

v IGAVLEERABSTHIFECIN , TreeNoderi&lbalanceFactor
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AVLIRYSEIR : puthik
. EEEN putSiEENE '

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)

wﬁ%gﬂi%F' self.updateBalance(currentNode.leftChild)

else: —
if currentNode.hasRightChild():
self. put(key,val,currentNode.rightChild) r
else:
. currentNode.rightChild = TreeNode(key,val,parent=currentNode)
AR F self.updateBalance(currentNode.rightChild)
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AVLAIRYSEIR : 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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AVLBIBYSCIR : rebalanceEF
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AVLBIBYSCIR : rebalanceEF
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AVLHIRYSCIR : rotatelLeft{{H3

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

Qﬁucxﬁ§$4] rotRoot.rightChild = newRoot.leftChild
== ey if newRoot.leftChild != None:
EE h%ﬁ? newRoot.leftChild.parent = rotRoot

newRoot.parent = rotRoot.parent
if rotRoot.isRoot():
self.root = newRoot
else:
it rotRoot.isLeftChild():
rotRoot.parent.leftChild = newRoot
else:
rotRoot.parent.rightChild = newRoot
newRoot.leftChild = rotRoot
rotRoot.parent = newRoot
1&@@ | -Ij/\\\ rotRoot.balanceFactor = rotRoot.balanceFactor + \

== N E 1 - min(newRoot.balanceFactor, 0)
ﬁﬁgl}gm.? newRoot.balanceFactor = newRoot.balanceFactor + \

1 + max(rotRoot.balanceFactor, 0)
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AVLRRISEIR - AMTEEEEEF () (2
. BIREEBIEL A () — (s) i
/o\

#B= hA- hC

IBB= hA- 1HhD = = A
e : IHhD= 1+ max(hC, hE), FrXAlHB= hA- (1+ max(hC, hE))

#B- 1HB= 1+ max(hC, hE)- hC

#B= HB+ 1+ max(hC, hE)- hC; #hCA#tmax:H &K LA

#B= HB+ 1+ max(Q, -HD) <==> #B= HB+ 1- min(@, IHD)

—

YA -

rotRoot.balanceFactor = rotRoot.balanceFactor + \
1 - min(newRoot.balanceFactor, 0)
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AVLEIEYSCEIR : rebalanceftis

def rebalance(self,node):

AEEZLE it node.balanceFactor < 0:
it node.rightChild.balanceFactor > 0:

# Do an LR Rotation

Pl samiisss |

(uoyid )

# single left
EfTRAaE self.rotatelLeft(node.leftChild)

AfFTOREE self.rotateRight(node.rightChild)
self.rotatelLeft(node)
elif node.balanceFactor > O:
e Yadli self.rotateRight(node)
else:

SeahE self.rotatelLeft(node)
else:
EEE B
Al it node.leftChild.balanceFactor < 0:
# Do an RL Rotation
# single right
self.rotateRight(node)

bR KFHIR G = M AL 5 12/ 5% /2019

\

WA



I '—|+J0¢‘
TR

MRS i

=

S
>
S
N~

AVLIHISEIR : 55—
. WNEFRE “EE" FRNEEE ?

 IREIRIEEIIE

bR KFHIR G = M AL 5 12/ 5% /2019

v

\

YA\



AVLIIRISEIR : (iR
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ADT MaplsEIR 5 ik Ihes
y BAIIRA T SHEURERMEEREEMADT Map , HiNESEZELHS RN

-

?% TP :

5

=

s o(n) O(l)-> O(n)  O(log,n) -> O(n) O(log,n)

J E
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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