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<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>
E<body>
<hl>A simple web page</hl>
B<ul>
<li>List item one</li>
<li>List item two</li>
F</ul>
m<h2><a href="http://www.cs.luther.edu">Luther CS </a><h2>
F</body>
F</html>
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rootnode

childl

child2

VAR

nodel node2
childl | child2 | child3 childl
node3 node4 nodeb nodeb
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['b', #left subtree
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def

def

def

def

def

def

def

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

insertlLeft(root,newBranch):
t = root.pop(1)
it 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[@]

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

getLeftChild(root):
return root[1]

getRightChild(root):
return root[2]
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§Sz 'I.HEE tHrm./T ro= BinaryTree(3)

}E 1nsertLeitEr,4;

g:l: ‘ N \ oy ® = insertlLeft r,S

2 IRETETHBHRE  isermisnin)
insertRight(r,7)

§ 1 = getLeftChild(r)

T rint(1

SN setRootVal(1l,9)

S print(r)

> insertlLeft(1,11)

Q print(r)

i orint(getRightChild(getRightChild(r)))

>>>
5, [4, [1, [1], [1]

3, [2, [4, [1, [1], [1], [7, [1, [6, [], [1]]]

(3, [9, [ (4, [1, [11, []]; (11, (7, [1, [6, [1, [11]]
6, [1, [1]

>>>
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class BinaryTree:

def init (self,rootObj):

self.key = rootObj
self.leftChild = None
self.rightChild = None
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def insertlLeft(self,newNode):

P . -|-|-£ \E N 1t self.leftChild == None:
%EE'.W. 13,“‘51_3‘%:2'5 self.leftChild = BinaryTree(newNode)

else:
t = BinaryTree(newNode) .
s insertLeft/Riahth; t.leftChild = self.leftChild
e . / _"_g T:-l£ . self.leftChild = t
ARG KRR T RAEAAR
def insertRight(self,newNode):
N o= — it self.rightChild == None:
) 1E|E|erﬂglj-\ self.rightChild = BinaryTree(newNode)
else:

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

r = BinaryTree('a’) self.rightChild = t

r.insertlLeft('b")
r.insertRight('c")
r.getRightChild().setRootVal( 'hello')
r.getLeftChild().insertRight('d")|
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def getRightChild(self):
return self.rightChild

def getLeftChild(self):
return self.leftChild

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

def getRootVal(self):

LR KR Fit F AL IR/ %) = /2022 return self._key
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@ Lary Rk EAE, TAAMBinaryTree.setRootVal
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def buildParseTree(fpexp):
fplist = fpexp.split()
pStack = Stack()

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

for 1 in fplist:

ifi=="(":
currentTree.insertlLeft (")
pStack.push(currentTree)
—— currentTree = currentTree.getleftChild()
EEZL elif i not in ['+', "=', "*', /', ")']:

currentTree.setRootVal(int(i))
parent = pStack.pop()
currentTree = parent
elif i in ["+", '-", "*', '/']:
currentTree.setRootVal(i)
currentTree.insertRight("' ")
pStack.push(currentTree)
currentTree = currentTree.getRightChild()
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elif i == ")":
currentTree = pStack.pop()
else:
AT K S IR/ 3] & /2022 raise ValueError

return eTree
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» HFBinaryTreeR—MEAEIESIE, BN, AJLARBEPTEFRLIE
BinaryTree, @EK{EEFZlevaluate
HATEN FRAXGFHE, TRAARGKRET RS, B LERE, RARFIAENRE -
A #yfa

y K(EFEevaluatefiE)H=E2:
BALGREME: tHERRALNTH, RALLTHE, ABTEORBEARHTFREX

A 48

BAOAR: FREASXK>AEZTH, ZTH, BPHSEDE

AR A H: 4AlAAevaluatert H 2 FTatfat FHOM, LEAREERELEE THOMER
BT RO RMEFRATHE, ARFEREE
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FIAREIVRETIRE: B

) a%i%hﬂ*iﬁﬁﬁi'lﬂ‘ﬂil’i: 2

import operator

op= operator.add

T KF i HEAFER/ X = H/2022

>>> import operator

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

3

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

>2>> n

3
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import operator
def evaluate(parseTree):
opers = { '+ :operator.add, '-':operator.sub, \
"*'":operator.mul, °/':operator.truediv}
AN IRE
it leftC and rightC:
- fn = opers[parseTree.getRootVal()]
128 AE B return fn(evaluate(left(C),evaluate(rightC))
else:
HARETR A return parseTree.getRootVal()

leftC = parseTree.getleftChild()
rightC = parseTree.getRightChild()
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WaiBHATree Traversals

y RERGATR, WERBHIEIRA LR EREERE, YHPRRED R
FBIAaREFRA “iBhTraversal”

MRIEE TSR, (FEEBIRERPAES, Bi)igIENHRiERAFAR
KX 7 3FuED —
MM (preorder) : LiFFIART &, BREFANFTEETH. KEANF TR ETFH;

v HF#®@ M (inorder) : BEMP FiFRI LT, FiFRRT L, REPFIFRETH;
G ik i (postorder) : i#EMEFiTEALATHR, BEFITRAETH, REITERT

MBS s ‘
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(uopfd) SHmUEnsT §

BIFERIGF: —FBRIEHIE

y Book-> Ch1-> S1.1-> S1.2-> §1.2.1-> §1.2.2->
y Ch2->S2.1-> S2.2-> S2.2.1-> S2.2.2
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mRgER : EAEEHE
y BB IBIEERS! def preorder(tree):

it tree:

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

y WBAJLAfEBinaryTreeRFRCINBIRFIEBRIFGEK: def preorder(self):

. rint(self.ke
T EANT HRE 7 2 0P| S s I
self.leftChild.preorder()
it self.rightChild:
self.rightChild.preorder()
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 BFBHPRFEHINABNEERRIEAIRRE:

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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) [OIRBIRRIRENERHKRE, EFELEE—1EFEHNEE, JAE2XHE
SBIPRRMLEDRIRR

» RABEFBHEESFREINKREH:

def postordereval(tree):
opers = { + :operator.add, '-':operator.sub, \
‘:operator.mul, '/ :operator.truediv}

resl = No
res2 = None
it tree:

resl = postordereval(tree.getlLeftChild())

res2 = postordereval(tree.getRightChild())

it resl and res2:

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

else:

return

:
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tree.getRootVal
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RIFiEMh: EREESHERAEIN

KAPFEREHIRERERESIESRETRED
FHIRDF S EARF LW T 5, FOTBERGER (REHD)

¥
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def printexp(tree):
sVal = ""
it tree:
sVal = "(' + printexp(tree.getlLeftChild())
sVal = sVal + str(tree.getRootVal())
sVal = sVal + printexp(tree.getRightChild())+')"
return sVal
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EB3EREAIFI T —MFIFOE

Z513PASl queue
» BAFIBE—HEMETRA “HFTAT” .

BAERES, VIPEF#KAZS, TkiE  [Ewpsexe

1 0ING=]
BIEZATPITRBIESOHAERA P4
H 35 = skAL A E AT P SEAT
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E(F) Em(O) EFH(V)

Hiz | 1588 | WABhRICE | B | AF

FER

HFR

PID &

=]k

4412 HFI=ET

Bin

€ chrome.exe
@ chrome.exe
€ chrome.exe
€ chrome.exe
Ewpp.exe

€ chrome.exe
¥ WeChat.exe
B |MsMpEng.ex
@ xnview.exe

_explorer.exe

B ' svchost.exe

ISR
SRS RI(T)

00

00
00

RENAHRP)

= TEFEIE(F)

T TRE(A)
UAC EEHE(V)
BIEFEEH(C)

FIF AU S(0)
BHIIEZFE(N)
EE(R)

sEEF(R)
=(H)
=T1ER(A)

1IEZ(N)

T 1E(B)
{&(L)

3 kuaipan.exe

FFIRS(S)

0o
00
00
00
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liSePATIRI A dequeuetREIRFATI—1F, EREMPAFLEA;

(BIEMRSPATIRER, ZIRIRRGRFEIEE “i7td” KRBE: [INFHRIN
EIHMERA S, MR RRIEHEIRNHMERRH.
A, RAERFIARRAERILE LR, §2HRETRERRLARZHENIIHN A,

B B AR ERILARRSEMKEFPATI?
IR AR LR A KBRS )7
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0 > EMMRERATINEZMBFRERET ) ADT BinaryHeapEHE(EENIUIT:

EE RigEEsE BinaryHeap(): &1 — A% X3+ %;

é = U3 5 45 4548 20 T B 69 A AR i R insert(k): ¥ #tkeytoA |k b ;

& R ARRFH£0(1log n) findMin(): BERF R INA, FIA

S —xemsmzaET, mEms AR -

< — . ’ =H : — h 2 INx S

S BERCXE, WERERENT e T AR

S ey y e

~ FRCINRY! isEmpty(): BEBERZEHRHZE; z
. BihkeyHHERA BTN “BE  sizeO: EERPReyi i R

min heap" buildHeap(list): A—A key?| & 4]

B Z, & KkeyH AN B Z “& KEmax #
heap”
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from pythonds.trees.binheap import BinHeap

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

print(bh.delMin())
print(bh.delMin())
print(bh.delMin())
print(bh.delMin())

EKFHEMF R/ X = H/2022
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ST X MIRI7IFRECIR AL E R

TE_XWHRFHEFE, JLABIEREIIR, REBEHNAER, #RE

RUFAITERR:
IR EEFNEFTHOTIRAp, MAKXET T ERTHRA2p, &FT T EH2p+1

RN EEFNEZF TAAN, RAXXTETHRAN//2

N

Tl =]

0 1 2 3 4 5 6 7 8 9 10 11
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iR FHeap Order

» FE “HE" RS, BREEPET— I MNRx, BB RphidkeyldihFE
Fxhdkey.
H, HA OR” BAKZSH, HPET—5%2, HR-ACHEKT

Fra 7 R =XH, EMRTEFejkeyR
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y X HEMIRE
ERA— NP ERGKGHREKE, LAFPRATHRANALA, BT EERDT AR 2 &£
BY kX, EREC. class BinHeap:

def __init  (self):
. . self.heaplist = [©]
> msert(key)Tg';ﬁ self.currentSize = ©
B, ATHRE “ZE2=XHK” 8RR, #HkeyR ZHmmE 7|
=] A% ?

EKFHEMF R/ X = H/2022
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= SR FRISCER

y insert(key)/5i%
2%, #keyf LI RXE, BRUEEE B kK

B AN C AR R RA # A, 23T 5 2] AR G 342 VT 88 IR R T
FTRE & Hkey EHRAR “LF” B A EHLEE
E&: Hkeyt) “LF” RaH L CeRBET wb CR” Kp

BT i ‘

( uoyifg

EKFHEMF R/ X = H/2022



— SERERYSERR . insert{thS

def percUp(self,i):
while 1 // 2 > ©:
it self.heaplist[i] < self.heaplList[i//2]:
H5QI AT tmp = self.heaplist[i // 2]
self.heaplist[i // 2] = self.heaplist[i]
self.heaplList[i] = tmp
iy e I i=1//2

def insert(self,k):
ME% self.heaplList.append(k)
self.currentSize = self.currentSize + 1

m self.percUp(self.currentSize)

T KF i HEAFER/ X = H/2022
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= SR FRISCER

y delMin()fi%
Bk, BAEANB PR key— A2 TH B4 8948 F KheaplList[1]

ATRE “REZIN” 9B-R, ARE—ANT 2RRERT &

P2 @

remove min

AR o ‘

( uoyifg

EKFHEMF R/ X = H/2022
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= SR FRISCER

y delMin()fi%
R, XARWFQHIR, TRHRT BB” XK

Rk ik: WMORT KBF—RBR TR, AILHATH S
“FI7 BEGRE: WRETFEK, TFL2AERIOTHEXRTR

BT i ‘

( uoyifg
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—SOERERYSEIL: delMinf(HS

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

mc = self.minChild(i)

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

i = mc

def minChild(self,i):
it 1 *¥ 2+ 1 > self.currentSize:

ﬂ&—?*ﬁ“ﬁ“ return 1 * 2

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

\
J& else:
return i * 2 + 1

def delMin(self):

retval = self.heaplList[1]
self.heaplList[1l] = self.heaplList[self.currentSize]
self.heaplList.pop()
AT A 5 S B/ 3] self.percDown(1)
return retval

;
-
£
13
S
B
%
3
>
Q
N
N\~

self.currentSize = self.currentSize - 1



= SR FRISCER

y buildHeap(Ist)/5i%: I\NEFERER “H"
HME ARG ELR: HAinsert(key)Fik, WA/, EFHOKIBEAEZEAinsertB3E P, 12
iX A9 8 RHA£0(nlog n)

E%E, A TR &, B FERMEHRLO(N)
}‘AE%F%_,\\\E/J/\-H_,“\J:FQL\ aet Euilgzﬁ?zﬁzi;,?il;t)

jil]""p,m _F;)"T_, self.currentSize = len(alist)
self.heaplist = [@] + alist[:]

print(len(self.heaplist), i) ==
while (i > @): ::!
print(self.heaplist, i) »
ﬁelf:percDown(i)
° ° ° ° o ° ° ° prini(;eif:hiapList,i)

Initial Heap
T KRFIHEF /R = 1/2022
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= SR FRISCER

y BE: FIRZSUERHITHERR?
“YeHER” Hik: 0(nlog n)

EKFHEMF R/ X = H/2022

YAN\™ \ |



BT S s ‘

( uoyifg

—YiEZERIBinary Search Tree

y {EADT MapRIEIBFER, vJLIRAARBIE

SikKey, BIHEEEMTAINHR
B R R SARE M+ = Rk ok
P 2 SRS MBI R R ARk

 FEFAIFRE

T KF i HEAFER/ X = H/2022
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EETIFIR R LR AR

EEMRFkey, LEMkeyRIREEE




—EZRBinary Search Tree: ADT Map

y 83—TADT MaphYR{E:
Map(): A]Z—A % B4t

put(key, val): Jfkey-val kB mABst T, mXkeyL 24 4£, MFFvalHit/z key
1B K BRAE ;

get(key): & key, BB XIKAKPEE, W RAF4L, ULk ENone;
del: i@ itdel map[key]#yi& & # XMk key-val X3 ;

len(): EEAH Pkey-val xFRa9% B ;

in: i@itkey in map#yiEGH X, B EkeyREAETRESF, HRE
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— IS ERBSTRITERR

 BFSAR70RE IR

31tk70/)y, KB EFH AR
93rb70k, KB ATH &
941k93 kK, KA AT H &
141631/, KB LEFH A
23tk14 K, B KA
73tb93/), KB X £

y e HBAIRFEAR, “ERKRIBST

BT S s ‘

( uoyifg

uNGE

y EER PR IkeyEBEIMEEF, LERXBRKA9keyEBHINES FH,
y BEE—/EEEYBST, 3%8870,31,93,94,14,23, 7319IIAFBHEA

70

/

\

31

93

T KF i HEAFER/ X = H/2022




Z RISFEMRISCEM : VbR

= ZIBSTHINodefi{ 25, BSTRIrootRkR5IAIRT<Node

class BinarySearchTree:

N

» class BinarySearchTree

root 3| FlTreeNodest+ £ def __init_ (self):

size&k T REANHK self.root = None
__iter  (REBEHEH) self.size = O

;
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def length(self):
return self.size

def len_ (self):

return self.size

def __iter (self):
return self.root.

()

__1iter

T KF i HEAFER/ X = H/2022



— SR ZEMIRISEIR

TreeNode3E

class TreeNode:

) class TreeNode def _init_(sel-F,key,val,le-Ft=Nonei\
. right=None, parent=None):
keyﬁ%ﬁ self.key = key
payload;%value self.payload = val

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

self.parent = parent
7% 5hm T A~parent 3| Al

def hasLeftChild(self):
return self.leftChild

;
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def hasRightChild(self):
return self.rightChild

Z

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

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

self.parent.rightChild == self

T KF i HEAFER/ X = H/2022
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—SHEZRYSEIN : TreeNodeZE

def

def

def

def

def

T KF i HEAFER/ X = H/2022

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 = rc

it self.haslLeftChild():
self.leftChild.parent = self

it self.hasRightChild():

self.rightChild.parent = self

\
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—SAEERAYSEIR: BST.put)sik

put(key, val)3i%: HiAkeyfdiEBST
BREBSTREANT, R —AF EHEA, IR LkeyR AT Eroot

EFN, HAR—A#EERHE put(key, val, root)kik Ekey

_put(key, val, currentNode)fIE;iERiE —
4m EkeyttcurrentNode.key )y, #F 4 put® currentNodez F#f

o EanR&EFLETFH, A Lkeyit X AL T &
4o X keytbcurrentNode.key kX, #F A puté'lcurr-entNodeZQ%ilﬂaL

« B RERAE TR, A Lkeyit &AL T

‘éj
-
o
%
S
D
S
Q
S
o

WAL

def put(self,key,val):
it self.root:
self. put(key,val,self.root)
else:
self.root = TreeNode(key,val)
T3 K IR R/ R 2 /2022 self.size = self.size + 1




—IEEMAYSEI:  puttEl Gk

y R XMUBEIRBLIEBEAEEkeyRYiE R
EEbitRipvalB—THE

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

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

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

Z

else:

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

y FBFI_ setitem {{l: def _ setitem_ (self,k,v):
7T AmyZipTree[ 'PKU'] = 100871 self.put(k,v) '

T KF i HEAFER/ X = H/2022




—XIEZEMAYSCIR: BST.putE

A
¢

S~

VAR

( uoyifg)

T KFH HEMFIL/ X = /2022

S ifiAkey=19, currentNodefIZEiZiE (k&) :

YAN\™ \ |



—RIEEZEMAYEEIR: BST.gethik

y —BEBSTHIE#EEK, T—1MAiEFE=Nfidixizkey3k val, BIERIAEE]
keyFRrERIP =
MrootF45, #FGT, BAFKRD, XFTARKENTT RELLKKRE,

det get(self,key):

:
-
o
%
g
§
1PN
D
S
Q

S

X it self.root:
) getﬁ;£ res = self. get(key,self.root)
’ﬁ%rootfé%i—’i—/&? it res:
return res.payload
A F#Y2 KK get else:
return None
else:
) _getﬁiﬁ return None
=¥ 5| fli& EINone def _get(self,key,currentNode):
, . 1if not currentNode:
Pﬁﬁﬁéﬁf)‘qﬁ,ﬁ\, 5‘5(‘3‘)] return None
. . elif currentNode.key == key:
TN # )3 3N £ /AT A d g

return currentNode
elif key < currentNode.key:
return self. get(key,currentNode.leftChild)
AT K F I A I/ 2 = /2022 else:
return self. get(key,currentNode.rightChild)
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—RIEEZEMAYSEI: BST.gethik

y __getitem 455575k
£ 3val= myZipTree[ 'PKU']

y __contains 455k AiE
SHPKU' in myZipTree® £ A A2 H fin

def  getitem (self,key):
return self.get(key)

def _ contains__ (self,key):

it self. get(key,self.root):

return True
gelse:

return False

T KF i HEAFER/ X = H/2022
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T WiEZSERIBYSE: BST.deletes5ik

, BIgER, REZMdeletesik: l
AL, ARTHZ TP &, BIINE, LA _getRB MR a T &, KREHAMremove
R, BRE] BRI

e RBRAINTE (RRRABRTET) , AALAERT EBARkey, #ICERGEAMRRT

—
&, EEANT IR, def delete(self,key):

it self.size > 1:

:
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A
g
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§
1PN
D
S
Q
S
o

> _delitem_ _!%ﬁ*ﬁiﬁ rjodeToRemove = self. get(key,self.root)
2 £ . . s 1y - 1T nodeToRemove:
% 3.del myZipTree['PKU' |iX 4935 & #4F self.remove (nodeToRemove)

FANA

self.size = self.size-1

Fu =1 else:

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

. self.root None
def _dE]-ltem_(SEl-F:kEY) - self.size self.size - 1

self.delete(key) else:

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

T KF i HEAFER/ X = H/2022



—SHEERIAYSEI: BST.removelsik
» MBSTHAremove—/M1 =, WBNIAFIFBSTRIER, 2LAT3HIEH

PEEATFIE if currentNode.islLeaf(): #leaf

. . it currentNode == currentNode.parent.leftChild:
TRALNTT R currentNode.parent.leftChild = None

FEANTH & shes

PRALNTT currentNode.parent.rightChild = None ——

 RBFLURNIERED, EiEMER
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—SGHEZMRYSEIR: BST.removelix

 E2MBEHESR: BHVRBINFER
Wde: WRAE—WTH R LA, RYPEM T S0 E

y (B EFEER 2 TLMER:
BHPENTFIERLE? ZTRETFH E?

BN EATREXTENLE? LRETTR?
M P EA R HRART KT

;
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BST.removel%

:
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§
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else: #
it currentNode.hasLeftChild():

i)

+

df
|

‘A

B

if ¢

this node has one child

urrentNode.isLeftChild():

currentNode. lettChild.parent
currentNode.parent.leftChild

currentNode.parent
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:

i
+
df
|

RS

—=

-iﬂ_an
m Kk FHEIF R/ =20 o

if c

urrentNode.islLeftChild():

currenthNode.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)




—SGHEZMRYSEIR: BST.removelix

 BIMBEERARR: BHTRE291F5R
LB Rk R R TAT 7R LA B R TR

BT AR E| 5 —ANAE T SRR BRBM T R, IANEET RIABM T LT —/keyfd
TR, BB T RETHRE RIS, KA BR”

TURRENEGET ARSZAFAINTI R (RFRTH R, IRAETH)
FEANBRET aFh R (LHRABRT) , BHRFHMT &
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—SGHEZMRYSEIR: BST.removelix

» BinarySearchTree3%: removefix (15H23)

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

BT S s ‘
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—SGHEZMRYSEIR: BST.removelix

y TreeNode3s:

BRARB R DT EF

MI

findMin()

HEIA=]

vy

T KF i HEAFER/ X = H/2022

3 R4k TS s findSuccessor()

def findSuccessor(self):
succ = None
it self.hasRightChild():
succ = self.rightChild.findMin()
else:

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

self.parent.rightChild =
succ = self.parent.findSuccessor()
self.parent.rightChild =

None

self

return succ

def findMin(self):
current = self
while current.haslLeftChild():
current = current.leftChild
return current
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—SGHEZMRYSEIR: BST.removelix

» TreeNodeZE: T =spliceOut()

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

_ it self.islLeftChild():
.fﬁ’mmm self.parent.leftChild = None

else:

self.parent.rightChild = None

elif self.hasAnyChildren():
it self.haslLeftChild():

HEIASIEER!

else:

EHHTA L ORI R

T KF i HEAFER/ X = H/2022

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

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

self.parent.rightChild = self.rightChild

self.rightChild.parent = self.parent




— SRS : k(s
» {EAAPython=H#, FfiJnJLARfor i in dict: XHFRIG EZNZEFHPRIFFH
key, ADT MaptERriZsCiliXtER0ECESINEE

» BinarySearchTreeZXfhf] iter FHiZEIFFAR T TreeNodeiIREZ 4Tk
hi&

BT S s ‘

( uoyifg
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ZSIEZEMIRISEIR . EER

» TreeNodeZEHfg iter &E(EE
ERER—AFERE, 2B EFBinaryTree® 8  str_ #1257 E A7

yield & & &k % K &R E1E,

mytree = BinarySearchTree(), 4d=f 1iter (self):

mytree[3]="red" if self:

myzreezg:f"blgi . if self.hasLeftChild():

mytreelol= yeLiouw for elem in self.leftChild:
mytree[2]="at yield elem

yield self.key

orint(3 in mytree) _ _ _
if self.hasRightChild():

print(mytree[6])

del mytree[3] for elem in self.rightChild:

print(mytree[2]) yield elem
for key in mytree:

print key, mytree[key]

AT KF I HEAFER/ X = 1/2022
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—XiEEW: FEoth (PAputiziziafi)
) HESERERAREF _RERRNEE (BABR) , TESEXZHRR
key BN IBRFAIRAA.

IR keyRIFIFREMNDHANE, BAKXFHNFIRTGSkeyRIBEXEHEF,
ABABSTRIREERMZlog,n (nETSHTE) , ME, XFENMREFLEN, ==
putioiZERZEMEEAO(log,n).,

» {BkeyFl AT ERMELFE
BRI 2 KR A8, ot

X BAEput 7 ka9 P8R A0(n)
y HehEBEEMUER
y WMAIEGH? A= keyiENIRFERISZIN?

T KF i HEAFER/ X = H/2022
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FESUEFER: AVLIHRIEN
 BAIREESEkey AN —ERISTEHN_USHR: ALY

AVLAZ X B8 L34 E: G.M. Adelson-Velskii and E.M. Landis

N

FIFAVLRSEIRADT Map, B4 E5BSTRIEER, ARZMNEF=-X

MRYER S HEIPTTE
y AVLIHBRISEIRAR, ESEWSPM P RIREE "FEEEFbalance factor” &4,

& EF 2R
EBE:

4

S ANEGFRNSERENN, B, REEFHE

balanceFactor = height(leftSubTree) - height(rightSubTree)

R FHEF K TO, KA “LEEleft-heavy” , M TFEMH “&Eright-heavy”
FHERFEF To, WMm4E-FE.

T KF i HEAFER/ X = H/2022
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y MR—PTS

FHEFEHE-1, 0, 12

EEHPEAN TR

 MPEXAN =N

T KF i HEAFER/ X = H/2022
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Pl —SUEER: AVLIRIIEN

*&—Er$@wm¢a&¢ SUANFEEFEHLTEE, WEE— EH
& SEERITTE
*@ ZRKBBSTHMR ! 2T WA H ST, & FHELFAR

i EEE— “HE WATER
B MRBHTE, FEEHH AR

T RFHHEIFR/ 2] = /2022 \ |
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( uoyitd)

AVLI¥RYTERE

» EIMAVLINZEI, REEAVLNESHEGEISIAE— MRIFRITERE

y AR ITAVLREISR FRYTEEE: BIEEEFA1eE -1
TR E-FEHR T AL “AF” AVLE, WaiS ENR1FE, RA5FRARAE (&7 &N
Fertbat ok (eI FH Eh) Z &% & defT?

ALTE R F it S e/ 3] = /2022 “
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AVLITEBES Hhr

73 h= 1, N= 1
*\é h= 2, N= 2= 1+ 1 Np =1+ Np1+ Np
% h= 3, N= 4= 1+ 1+ 2 0
@ h= 4, N= 7= 1+ 2+ 4 F?:1
§ e s ot e s F;=F, 1+ F; s foralli > 2
S MEEAER, REEERERR!

XX BARRKIFL Ny =Fp.o—1,h>1

#|AIFiE ENh

: . $ — V5
y SERBBEREGIRIIERR: Fi/Fi-1EmFEEHEO — T2

TIAE HFifhil X F, = @/\/5

T KF i HEAFER/ X = H/2022




AVLITEBES Hhr

y BFIBINKAZINhrh, B5ZINhAY Ph+2 —
B Nh — ﬁ —1 I
Li#EILIENhTY, #EifELh

A, EREBRT, AVLEER log N, +1=(H +2)log® — %1“55 -

N

BT S s ‘

N

D

S PRABANMERD, RSE

S| 1.44log(Nh) RGIEZRE ,_ logNy +1—2log® + Llog5 >
) EILARAVLR RS R ES R E h log & ™~

O(log n) h = 1.441log N,

T KF i HEAFER/ X = H/2022



AVL{RYSEIR

| 0 BERAVLGRIIAAESTUEBSTRIRIIEGE, BRBWIRR, RIREEM
§ AVLISEN—/Nffikey, S BERRISAVLISRPEIER

,@ ST ] A Y ) A

=1 ) B%, #HkeyBEMUMTRAZRBEAZIAVLEH

% RS EHE TR, AASREE TP

S EAYRART RNFEET

S R RATH RN, MR ETFHE T 21

~ C WREAETHREN, NRYEFHEET 2RI

IR TREE XX RBRT a9 B 2—E4#8 Lk, 73

o i BIRT Ry AL
c WEX MRV R FEHEHTHAZRO, THPWHLELET AW FHE TN L,
(L A-15FLHEE0, HALHETFHEE)

y  IGAVLEHEABSTRIFECIN, TreeNoderi&balanceFactor
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AVLBIRISEI: puthix

;éé EHEX _putiiZEi=]

4
N
1

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

TS

%i self. put(key,val,currentNode.leftChild)

) else:

S currentNode.leftChild = TreeNode(key,val,parent=currentNode)
§ iﬁ%_jr self.updateBalance(currentNode.leftChild)

o else:

if currentNode.hasRightChild():

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

T KF i HEAFER/ X = H/2022



AVLIRYZEIR : UpdateBalancefixk

X
&

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

return
it node.parent != None:

INNS-- 4
THIHSZ

A
2
%

D :f node.isLeftChild():
§ node.parent.balanceFactor += 1
~ elif node.isRightChild():
node.parent.balanceFactor -= 1
it node.parent.balanceFactor != @:

self.updateBalance(node.parent)

T KF i HEAFER/ X = H/2022



AVLPIRYSEIR : rebalanceEF g

y FEFE: BAEENFFhH#HITIEErotation
MCEE” RE “HE” HIFRRAF AN, R EHAELH L3 A
PHARERY N LR T

 WME, 2—1 "AE" FWANEZIERE (FHFEFBSTIER)
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def rotatelLeft(self,rotRoot):
newRoot = rotRoot.rightChild

Q*u£¥ﬁ§$¢] rotRoot.rightChild = newRoot.leftChild
= 1T it newRoot.leftChild != None:
Eirﬁﬂ:ﬁ newRoot.leftChild.parent = rotRoot

newRoot.parent = rotRoot.parent
it rotRoot.isRoot():
self.root = newRoot
else:
it rotRoot.isLeftChild():
rotRoot.parent.leftChild = newRoot
else:
rotRoot.parent.rightChild = newRoot
newRoot.leftChild = rotRoot
rotRoot.parent = newRoot

;
-
£
13
S
B
%
S
>
Q
N
N\~

12%@ | -Ij/\\\ rotRoot.balanceFactor = rotRoot.balanceFactor + \
EE.EJ—_I%&.? 1 - min(newRoot.balanceFactor, ©)
oL YRITE newRoot.balanceFactor = newRoot.balanceFactor + \

1 + max(rotRoot.balanceFactor, 9)
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#B= hA- hC

IBHB= hA- 1HhD 2 : A A
#: 1HhD= 1+ max(hC, hE), BTVAIEB= hA- (1+ max(hC, hE))

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

#B= HB+ 1+ max(hC, hE)- hC; #hCA#max® ik LA

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

—

:
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=
rotRoot.balanceFactor = rotRoot.balanceFactor + \
1 - min(newRoot.balanceFactor, 0)
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def rebalance(self,node):

it node.balanceFactor < @:
it node.rightChild.balanceFactor > ©:
# Do an LR Rotation
self.rotateRight(node.rightChild)
self.rotateLeft(node)
else:
# single left
self.rotateLeft(node)
elift node.balanceFactor > ©:
it node.leftChild.balanceFactor < 0:
# Do an RL Rotation
self.rotatelLeft(node.leftChild)
self.rotateRight(node)
else:
# single right
self.rotateRight(node)
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TFRPR73:

REMTNELRELIMADT Map, HEASZREHER I

Hash Table Binary Search Tree AVL Tree

get

in

del
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O(n)
O(log,n)
O(log,n)

O(n)

O(1) -> O(n)

O(1) -> O(n)

O(1) -> O(n)

O(1) -> O(n)

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

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

O(log,n)
O(log,n)
O(log,n)

O(log,n)
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