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

- xml:lang="en" lang="en">
Z<head>
<meta http-equiv="Content-
; : content="text/html;
<t1tle>51mple</t1tle>
-</head>
E<body>
<hl>A simple web page</hl>
B<ul>

<li>List item one</li>

<li>List item two</li>
F</ul>

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

Typell
charset=utf-8" />

F</body>
~</html>
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myTree = ["a’, #root

['b', #left subtree
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def BinaryTree(r):

STEU . B i i .

def insertlLeft(root,newBranch):
— t = root.pop(1)

[ ﬁ{]ﬁ jﬁx .?l'\ﬁu %&%#JEJJ%?% o ligé?izsi;t(l,[newBranch,t,[]])

$ra else:
{’E Aj EJ% root.insert(1, [newBranch, [], []])
BinaryTreefBl|EXBEDT BBV —_Y K return root
j_nsertLeft/j_nsertRightﬂ%%ﬁ--D)J_é\j:ﬁj\m def insertRight(root,newBranch):

t = root.pop(2)

PENHBEENAZ /G5 Pm if len(t) > 1:

root.insert(2, [newBranch,[],t])
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get/setRootVal)ﬂ\l_IH%%ﬁi&@*&"-ﬁ)ﬁ else: . s (2. [news L 0])
getLeft/RightChildiR[O1Z /B 5K return root

def getRootVal(root):
return root[@]

Z

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

def getLeftChild(root):
return root[1]

def getRightChild(root):

ERFHEIEE/ 3= return root[2]
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r = BinaryTree(3)
insertLeft(r,4)
insertLeft(r,5)
insertRight(r,6)
insertRight(r,7)

1 = getLeftChild(r)
print(1l)

setRootVal(1l,9)

print(r)

insertLeft(1,11)

print(r)
print(getRightChild(getRightChild(r)))

e

(1, [11, [1]
4, [1, 1), [11, [7, [1, [6, [1, [1]]]
(4, [1, [11, []].. (11, [7, [1, [6,
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class BinaryTree:

def init (self,rootObj):

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

P - “+— —l it self.leftChild == None:
y(fmll'XI . -D,ﬁ%?ij:%/zt: self.leftChild = BinaryTree(newNode)

else:
t = BinaryTree(newNode)
e insertlLeft/Rigcht t.leftChild = self.leftChild
. R / _H_g 75% . self.leftChild = t
WIESL&MRN D miE BN
def insertRight(self,newNode):
= — it self.rightChild == None:
® 1%@ rEI'ﬂ%T_R self.rightChild = BinaryTree(newNode)
else:

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

r = BinaryTree('a’)
r.insertLeft('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):

AT K A I/ %) i return self.key
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AT def buildParseTree(fpexp):
D%L-F%]EJ 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()
EEZL elif i not in ['+', "=', "*', /', ")']:
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currentTree.setRootVal(int(i))
parent = pStack.pop()
currentTree = parent
elif i in ["+", '-", '*', '/']:
currentTree.setRootVal(i)
currentTree.insertRight(" ")
pStack.push(currentTree)
currentTree = currentTree.getRightChild()

Z

elif i == ")":
currentTree = pStack.pop()
else:
LT K S AL e/ 3 & ik raise ValueError

return eTree
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RV E
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BRABE: DRlBAevaluateit EAXAFRFEGITHEYE, HERNRERRBAZEFTREKIR
TRENRERETIIE, MMBAIREARNNE
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MRFRATNENTRKIE -
o« —BIRFTIRMNRIS:

SIF

import operator

op= operator. add
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C

>>> 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}

gr= AT leftC = parseTree.getleftChild()
AN rightC = parseTree.getRightChild()
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it leftC and rightC:
fn = opers[parseTree.getRootVal()]
return fn(evaluate(leftC),evaluate(rightC))

1| 31E A
else:

HARZETR A return parseTree.getRootVal()
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o LMHIESHID, XNHABHIEINHOREBEEERE, XIMPMAE YR
THICBRIEFR N “I@HTraversal”

MAERMERR, E/EDRIERNAER, BIERIDRBAREHAE
KX 7> 3FPIE T
BUFPIEMD (preorder) : STiRIOMR TR, BREMBIFHIALETN. RERIFHIIEGTN;

(PRI (inorder) : FEBIIMPRBIHALESTH, BHOURDM, XEPHRHIDEGIH;
[GR5i@/h (postorder) : FoB3tGRRIANIQAESH, BERHIOGESTM, REHIIERDM.
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AIFEEMRAF : — AN BREDEISE
e Book-> Chl-> S1.1-> S1.2-> S1.2.1-> S1.2.2->
e Ch2-> S2.1-> $2.2-> §2.2.1-> $2.2.2

Figure 5: Representing a Book as a Tree

AT RF TR/ 3] =

“YA\'™ \ |



o FhEANEBIEERBT! def preorder(tree):

it tree:

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

° ‘H_qquEBinaryTree¥CJ%I&EGF?;E‘%B@E%; def preorder(self):

rint(self.ke
w2 A S HZENZEIF T et lertcia:
self.leftChild.preorder()
it self.rightChild:
self.rightChild.preorder()F
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o ERENANPREDNABNERIBRZSOINGG:

def postorder(tree): def inorder(tree):
if tree != None: if tree != None:
postorder(tree.getlLeftChild()) inorder(tree.getLeftChild())
postorder(tree.getRightChild()) orint(tree.getRootVal())
/print(tree.getRootVal()) inorder(tree.getRightChild())
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def postordereval(tree):
opers = { + :operator.add, '-':operator.sub, \
‘:operator.mul, '/ :operator.truediv}
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resl = None
res2 = None
it tree:
resl = postordereval(tree.getLeftChild())
res2 = postordereval(tree.getRightChild())
it resl and res2:
return opers[tree.getRootVal()](resl,res2)
else:
return tree.

etRootVal
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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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€ chrome.exe ERES(E) 00
EIJ BAE € chrome.exe EREREHEM(T) 00

BIERAPHITRBRIESHEZERAB R

€ chrome.exe WERERP) SCAT(R)
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AlfEEHEAERE P EERY
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€ chrome.exe
A Wpp.exe

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

R TEXE(F)

THTFTE(A)
UAC EEBlEN)
BIERFEAE S (C)

FIF AU E(0)
BAIEZE(N)
E%E(R)
FFIRSS(S)

S(H)
=T 1EE(A)

1EZE(N)

T IE=(B)
1&(L)

£ 3 kuaipan.exe
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| o SKIMILERINEER S REXHE T o ADT BinaryHeapBUE{EENX W T :
z% ISR BinaryHeap () : SIE— 1R _XHEXNR;
*\g — AT e A TIBI A AROLHIA S 2 insert (k) : Y8&key MABIED;
8 ESMREE0(og n) findMin() : REEDEIR/I\E, B/\TUY
S . —weweEsLET, mEEes  TEOE
S T T SSIETERIO eMin() : REMEDHIS/VA, BIRAME
S BES-NW, ARMAERENY oppe. o
. SCIREY ! R
S RRRU! isEmpty () : ROERFNE;
o B/\keyHIEREMIRN “B/uE  size0: ROERkeysI T,

min heap” buildHeap (list) : M—"TkeydlZREIERHT

h}iz S Kkey HETEMAE R “S A HfEnax :2

eap”
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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())
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URDREIRPH NrNp, ABLEAZFTTR MrN2p, 63 DmN2ptl
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HE/RFEHeap Order

“HE” BRI, =18

Jﬂﬂkeyo

C

]

HI—TTmx, ERTRpC

D keyIY/)\-

SR, RS 7 RN R, EOEA—RBE, 98— CHEE5

TG “E” MRN-XH, ERiRTDmPEkeyER/|\
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KA TIRRRSELIE, HEPRE My, B 5 EEaNEIURRE8

Flo class BinHeap:
def

SEE_XW” BIMR, FkeyRiZw0ES

__init_ (self):

self.heaplist = [©]
self.currentSize = ©
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o insert (key) &
BR, #FkeyERMIEIRKE, BRLTERE “IE” P

SRNEEBERERFPRERE, BNTRARNBRER YRR
TREZR#key)BEWER « 3” FHIERUE
FE: FikeyHl  H3F” ASFINEHTRF DN “I” RFE

BT i ‘

( uoyifg

T RFHEMNFER/ =R



WIERVEBYSCEN . insert{{H8

def percUp(self,i):
while 1 // 2 > 0:
it self.heaplist[i] < self.heaplList[i//2]:
QP A5 tmp = self.heaplist[i // 2]
self.heaplist[i // 2] = self.heaplist[i]
self.heaplList[1i] = tmp
iaticeye I i=1//2

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

m self.percUp(self.currentSize)

mKRFHFEMF R/ =
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— WIHE#RIERVSCIR

e delMin () oA
B, BERMEPR/)\Bkey—— I TEBNUAMR TS mheapList [1]

NISRE “TEXW” B4R, AFRE—TDRKIABRDR

remove min

AR o ‘

( uoyifg

T RFHEMNFER/ =R
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— WIHE#RIERVSCIR

o delMin() 55%&
B, X, BB, BRIIRS “&” K
BRE: BIFORDRLEE—RBR “TR”,
“TON” BRENER: WRLFTDHRA, IBARER

E%WE%%%‘

DD J]\
/NSO R N,

( uoyifa)
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“XHEIRERSCHL . delMinf{(AE

— def percDown(self,i):

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

mc = self.minChild(i)

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

i = mc

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

ﬂ&—?*ﬁ}f_"—l return 1 * 2

else:
17T self.heaplList[i * 2] < self.heaplist[i * 2 + 1]:
return i * 2

\
J& else:
return i1 * 2 + 1

def delMin(self):

retval = self.heaplList[1]
self.heaplist[1l] = self.heaplList[self.currentSize]
self.heaplList.pop()
A K it L/ ) self.percDown(1)
return retval
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self.currentSize = self.currentSize - 1



— WIHE#RIERVSCIR

e buildHeap (1st) HYE: MTBIRERK “IHE”
BINRBERBVEZER . Binsert (key) A, /I%%F?»i%qﬂﬁ’ﬂéﬂﬁlﬁ PNinsertFED, BX
2B E0 (nlog n)

X, B “M” &, EBRUNEHIE0 (n) -
MBETREILTRITE A v

jiﬂ""p,m _F;)"T_, self.currentSize = len(alist)
self.heaplList = [@0] + alist][: ]P

orint(len(self.heaplist), i) L
while (i > @): z
print(self.heaplList, i) »
?elf:percDown(i)
° ° ° 6 ° ° ° ° pr‘ini(:eif:hiapList,i)
=) (&) 0 O 0 0 Q 0

Initial Heap
T KRFHENF R/ X =
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— WIHE#RIERVSCIR

e BS: H

—X

it

THERS ?

“SHEHERE” 5% 0(nlog n)
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—_ Y Z=MBinary Search Tree
.y EADT MapBISKRIARP, TJUURBARNHESBIBREZEREEHNE
g§ Key, BIEEESSH S NHR
*\,g BEREESR+ —DBREE
% BOIRMIESIR+BERI N PRERE A
o NERITFHXBZXEBRWRSkey, KIkeyHIRIRER

( uoyifa)

EmKRFHENF R/ X =




—_Yi#EZ=RMiBinary Search Tree: ADT Map

23— NADT MapBYIR{E:
Map () : BIE— T =0REY

put (key, val) : Jfkey—val KEXXUIOABREYP, WRkeyE&2HBHE, NRvalBIRRKNIEXK
BXE ;

get (key) : 45%Ekey, IROKBXBVEIEE, WASFE, NIR[ONone;
del: @iddel maplkey]l BB O MIRRkey—valxEx;

len() : IROIBREY Pkey-val KEXHNEE ;

in: WiJkey in mapBNBOEI, ROkeyBRERFETREP, /RE

BT S s ‘

( uoyifg
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EmKRFHENF R/ X =



— XY EBZRWBSTEYIME
o HEARMm/\BYkeyHD
S —MEE

* “58‘5‘6552\8970&791%]1‘52

OY

BT S s ‘

31EL70/)\, ME
93LL7TOK, WA
94tK93 K, ME
140317\, IE!
23tb14K, W3

( uoyifa)

73EL93/)\, HE

e FE: HAINRBAL,

Zasis el
BT PR
BT PR
Zashs el
ISva)
Hr

ol

bl

4 A BNBSTHI,

MEAZSTHN, R PRAKBkeyED
8 BYBST, IZER70, 31, 93, 94, 14, 23, 7389/ FBE A

IMEG ST,

70

/

31

93

ol
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“XEBRMEKI : PRI ES0

==
® ™3

JRBSTAINode R NS, BSTHIroota sas|)

e class BinarySearchTree

rootS|fTreeNodeXY &
size RM PRI TEN
__iter_ (BUSEER)

AT RSt HALF IR/ 3] =i

~

BT mNode

class BinarySearchTree:

def _init  (self):
self.root = None
self.size = ©

def length(self):
return self.size

def __len_ (self):

return self.size

def _iter_ (self):

return self.root. iter_ ()

Z



—YIEZPBSCH . TreeNodeZ

class TreeNode:

e class TreeNode def _init_(sel-F,key,val,1e-Ft=Nonei\
right=None, parent=None):
key NERIE self.key = key
payloadf%value self.payload = val

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

self.parent = parent
79M0 S Tparent 5|

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

EmKRFHENF R/ X =
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—YIEZPBSLIN : TreeNodeZ

def isRoot(self):
return not self.parent

def islLeaf(self):
return not (self.rightChild or self.leftChild)

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

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

def 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

T RFHEMNFER/ =R
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— YiEZRMEISEIN : BST. put 5k

o0 put (key, val) 5k: 3@ AkeyiiGBST
BEEBSTRENE, WR—ITIREIRTB, ALkeyBNIRTDmroot

&0, #AR—RIFEE put (key, val, root) K Ekey

_put (key, val, currentNode) NEERIE —
Q0RkeyttcurrentNode. key/)\, #ABZ_putF|currentNodeZ- 5%

o [Hin R&%A LT, I Lkeyit &N Z2FH &
Q0RkeytlcurrentNode. key X, #B8Z_putP|currentNodes 51

« B RERA TR, A Lkeyit kA& T &

- ‘

- JA

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

EmKRFHENF R/ X =




YRRV . _putiEBENSA

o ER! XTRBRENIEBAESkeyWIBR
RSt fval S — NS

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)

l'l"
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else:
it currentNode.hasRightChild():
self. put(key,val,currentNode.rightChild)

Z

else:

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

o FEFIE_ setitem WS : def _ setitem_ (self,k,v):
O] PmyZipTree[’ PKU' ] = 100871 self.put(k,v) I

AT RSt HALF IR/ 3] =i




“YBRMBEISCKHN . BST. put &R
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B A\key=19, currentNodeBZZ{, Y1

T RFHEMNFER/ 3= E
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" YEERMISH . BST. get 5%

o —BBSTHEEXR, M—1TaAMBMRPERkey>R Hval, RITEMPILE
keyPTEERY T
MrootFHs, BIBET, HRIRE, RETIREENHTmbFHKE.

def get(self,key):

g
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it self.root:
o 891375% res = self. get(key,self.root)
=] 9 if res:
E%rootméﬁﬁ ) return res.payload
BB AN _get Shees
return None
else:
P _getﬁﬁ_\t return None
22 5|FiR CINone def _get(self,key,currentNode):
e 1i¥ not currentNode:
LA HRIPm, AID return None
\ \ elif currentNode.key == key:
ém\Uﬁuaﬂ]\E/E%m return currentNode

elif key < currentNode.key:
return self. get(key,currentNode.leftChild)
AT K HALF L/ X = else:
return self. get(key,currentNode.rightChild)
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T XYIEZRMEISEI : BST. get 5k
o getitem VA

ScIfval= myZipTree[’ PKU’ ]
e _contains KA
S PKU' in myZipTreeNESH ¥z ERTin

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

def _ contains__ (self,key):

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

return True

else:
return False

T RFHEMNFER/ =R
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—_YEZMBYSLT) : BST. delete /%

o BIZTAR, E*Mdelete/T7A: l
B85, BNPEZ/OTR, BYULTENE, FTHA_getIBIZ2MEREN MR, ARS/EArenove
MR, HAZNIRTEEIR;
URNBINT DR (MRRBRYRS) , HMERELERkey, BEILEENEFMIERE DM,

:
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§
1PN
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S

LB A 5 R ESo det delete(self,key):
it self.size > 1:
e delitem _ﬁpﬂiﬁﬁ_\t zzdﬁl::j::?:::Eo:E?el'F._get(key,sel-F.root)
SKIRdel myZipTree[’ PKU 1iXHHUIE QRIE self.remove(nodeToRemove) Z
self.size = self.size-1 s
= o else:
° EKEremoveEi\t! raise KeyError('Error, key not in tree')

elif 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 AkFHEFE/ 3=



—_YEZ=MBYSLTN :  BST. remove 54
o MBSTremove— N, IMOARRGBSTRMR, LA N3FPIBH

TREESTR if currentNode.isleaf(): #leaf
it currentNode == currentNode.parent.leftChild:
++ AN\ 2 =+
PRELITI TR currentNode.parent.leftChild = None
++ ++ :
9N else:
PRAEZTI T currentNode.parent.rightChild = None o

o RESTIRIBRED, ERMIER
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—_YEZ=MBYSLTN :  BST. remove 54

o F2MMBEHEER: KHTREITITDOR
R RXTNE—NTORLR, BHERRREME

o BFRBRIEREXD/PBN:
BB BRNTBRRE 2 ERET TR ?

B TREFRERXDRNE ? EREFT M ?
RO REEMRBIRT ?

BT S s ‘
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else: # this node has one child

N it currentNode.haslLeftChild():
BST. remove /55 i currentNode.isLeftChild():

— currentNode. lettChild.parent

=+ )
i’“‘ currentNode.parent.leftChild

currentNode.parent
currentNode.leftChild

elif currentNode.isRightChild():

currentNode. leftChild.parent currentNode. parent

‘A

i)

+

df
|

currentNode.parent.rightChild = currentNode.leftChild
else:

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

s currentNode.leftChild.leftChild,

currentNode.leftChild.rightChild)

il
o
;

else:
it currentNode.islLeftChild():

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

i
+
df
|

elif currentNode.isRightChild():

= currentNode.rightChild.parent = currentNode.parent
] currentNode.parent.rightChild currentNode.rightChild

else

currentNode.replaceNodeData(currentNode.rightChild.key
S currentNode.rightChild.payload,
SR R HR £ currentNode. rightChild.leftChild,
currentNode.rightChild.rightChild)




—_YEZ=MBYSLTN :  BST. remove 54

o EIMBEFNER: K TRE2TITDIR
XN TEBERMRED T PR LB~

BYUKBIA—TEENDLRERER TR, XTEETRMEHRM DRI N —"TkeylE
T, RIS RaTHDR/ N, TRy “BLk”

JUEEXTMTBHEDTRERZRABITT IR (RERHTPR, INXFESTW)
REX B DRBER (EMEMERS) , SHERR™ .
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—_YEZ=MBYSLTN :  BST. remove 54

e BinarySearchTreezf: remove 5% (IEFE3)

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

BT S s ‘

( uoyifg
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—_YEZ=MBYSLTN :  BST. remove 54

e TreeNodeZs: FH KT mfindSuccessor ()
‘ﬁﬁﬂ@kﬁ?ﬂﬁ%ﬂ\ﬁﬁﬁifindMin() def findSuccessor(self):

succ = None
it self.hasRightChild():
succ = self.rightChild.findMin()
else:
1t self.parent:
it self.islLeftChild():
succ = self.parent
else:
self.parent.rightChild = None
succ = self.parent.findSuccessor()
self.parent.rightChild = self
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return succ

def findMin(self):
current = self
while current.haslLeftChild():
current = current.leftChild
return current

vy

EmKRFHENF R/ X =
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—_YEZ=MBYSLTN :  BST. remove 54

e TreeNodezt: P mspliceOut ()

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

_ if self.islLeftChild():
'%ﬂmm self.parent.leftChild = None

else:

self.parent.rightChild = None

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

EEESSEE]

else:

EHTA L ORI R

EmKRFHENF R/ X =

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

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

self.parent.rightChild = self.rightChild

self.rightChild.parent = self.parent




—WERWBYIN : 1X{ES
e {ENPython=HR, EAIQLIAfor i in dict: XHEFEBNHEWNZE
Bkey, ADT Mapﬂj WA SRR X RIR 88 DDEE

e BinarySearchTreeZXdgY iter FHEEREEAMA 5 TreeNode PRNEZEFHH
7

Lq}
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R BVAT

mmmw\

( uoyfa)
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—IERWEILI : K2

o TreeNodeZEdH iter K
KPR ER—MNEIFR XL, F8F) EHBinaryTreetPBY_ str_ JFRIFFIEAL ?

yield@XNWERIEANBNIROHE.
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mytree = BinarySearchTree()| 4=f iter (self):

mytree[3]="red" if self:

'“Y:"E“-';‘gzj,,blﬁ ) if self.hasLeftChild():

nyEreeLb = e for elem in self.leftChild:
mytree[2]|="at

yield elem
print(3 in mytree) ¥151d self.k?y _
orint (mytree[6]) if self.hasRightChild():

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

YA \ |

print(mytree[2])
for key in mytree:
orint key, mytreel[key]

Ao K F AT IR/ 2] =



“XEBRW: EEDNT (Blout5ERA)
[MEERERRET —XERNHEE (FABR) , MESEXZHIEN
key: 53}\"5:',:?_'9957 0,

o WRkeyAIIF BN OMENE, ALXRTFVNTFIRDRkeyBVRBEABIESE,
B2 BSTNSERIRLlog,n (n@PmMENTED) , MH, XtEImRi e,
put/FARZEMEENO (logyn) o

o BkeydIERDMRIRIBIIRSTENT
BRI BIRIMEEANIE, 0EE
XY Rput 7555 EIMEEENO (n)

o HEDZAEBEEXRUBT
o WMO[BIH ? AZkevi ARFERIS A ?

mKRFHFEMF R/ =

o
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WE—XIERIM: AVLERENX
o BIRBBREBLkeyiE AN —BERGFEN_XERN : AVLY

AVLER RBHEZRNRZESHEE : G.M. Adelson-Velskii and E.M. Landis

AFAAVLRYSCINADT Map, EAR _ESBSTHSKIIAEE, AEAZMXEF X
NERRSEHrYE

o AVLRIBUSEIIh, E|EEXNE/ N DPRIBIR Y& QRS balance factor” Sy,
22y, %@%mﬁe’gz{a%meﬂmgﬂ%ﬁxe@ Wlbin, RAG3WNE
B=:

balanceFactor = height (leftSubTree) — height (rightSubTree)

WREERFTKTFO0, FrRN “ZL&Eleft-heavy” , /N\FIRN “BEright-heavy”
W&ERSTFTO0, NFRIEFE.
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o X

AT RF it H AL/ R

=i

ERTEE-1, 0, 12/

R IBRIRIYS

---------------------
.
"

----------
2
*

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

0. R
-------------------------------

0. o
------------------------------

0. R
-------------------------------

0. R
-------------------------------
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W8 IEHR : AVLRTENE N

VERREIREDR, B YvRNEERTBLEIEE, WEE—1&EH
Z @Iﬂ'ﬂﬂﬁ
REFBSTRYMR ! ZSMEMEDRE/N\TIRE, ASTHEAATIR

22— “L5F” AL ER
RN, NAZT R 24 2

o
FE*

|/

X

MBS i ‘
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AVLABUIMERE

o SCHAVLINZHI, KEBAVLWESIHLREBAR—MRGHIIERE

o BATBRDITAVLINERZEISIE NEVIERE: BINFEERSH1E-L
TEINEFERIT VI “AE” ALK, WOBEMNITIE, KEBTEME (B DOREN)
AMEEXPRE (MVFEDL) ZBHNXANG ?

A K F A HALF IR/ 2] = i “
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AVLIMEREDHT

&%
" h= 1,
N
il n=2
§ ’
o
PN

h= 4,

( uoyifg

o MIRXMEI, 1R

SE

N= 2= 1+ 1
N= 4= 1+ 1+ 2
N= 7= 1+ 2+ 4

SR AR DR

o ERARLADIBIMER
TS HFi HE

MAEFiE&5Nh

EmKRFHENF R/ X =

5: Fi/Fi—-1#3[07

e MR EA/D=1, 2. 3, 4N, RPRIHNNEH:

Np, =

1+ Np_1+ Np_o

F,=0
=1

F,=F, { +F, oforallt > 2

RO SER AL SR E !

Nh:Fh—FZ_l:hEl
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AVLIMEREDHT

e WFiIBERSAZINMG, SFINMEE Hht2 I
- N}, = = !

ERBARBNMLS, BAI#ELh

BT S s ‘

— 4+ —
o o TR, EWEERT, AREBS 1ogN, + 1= (H +2)log® — Liogs
S RENNERD, RIBEI. 44 9
3 log(Nh) BVIEZRREL . log N;, + 1 —2log® + %lﬂgﬁ 2
o TDLHAVLNIERNASRE N B log ® P

0(log n) h = 1.441log N},

EmKRFHENF R/ X =



AVLIRYERSTER

o BERAVLNZEMIASCREGSCURBSTIBYMRE, BRRWIBE, BRIIKEBO
AVLIIB A\ —iffikey, WA REIRITAVLIYEYSPETIER

o B, #keyNEUT PRIETUEAZIAVLAYH
HHRNPERS R, RASTREM T
BRMIELTROFERS :

 WREHETHEHN, MRF L THE T 281
s WREXNETFHEFEN, WRFATHETF LR
XRPNTEEERLTRIURTRANBE—BER LR, F5I:
o EBERF B AL
c REEARH A TEHETFH AL, THEPHLEY AWTHET AL,
(T R-1F 1 EZ0, MI2BETHEE)

o JGAVLIYYENBSTHY52£3CT), TreeNodedi&jbalanceFactor

mKRFHFEMF R/ =

BT S s ‘

( uoyifg




AVLETEUSEIR : put/55k
SFEN_put/57AR1T

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

Cd

Sy
T/

TS i

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

o else:

= currentNode.leftChild = TreeNode(key,val,parent=currentNode)
§ B Sra self.updateBalance(currentNode.leftChild)

o else:

it currentNode.hasRightChild():

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

EmKRFHENF R/ X =



AVLIXYBYSEE) : UpdateBalance 5.

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
%

J if node.isLeftChild():
§ node.parent.balanceFactor += 1
~ elif node.isRightChild():
node.parent.balanceFactor -= 1
it node.parent.balanceFactor != 8:

self.updateBalance(node.parent)

EmKRFHENF R/ X =



AVLAIBYSKEIN . rebalance BT ET

FEFE: RAENSHHTIE R rotation
N “AE” & “G&” HTALQHOemer:, ONSEFHEXRX DM
EHREEHEE DR EERS

WS, B— “68” IWANZNeY: (HRKBSTIER)
/@E%wﬁBkﬂ%%me’ﬂﬁ

R ER D RATENFIIR DB T HR
WRFRIRBREBALIT IR, R PTRIXENANAT DR

(ANEIHR—EER) e 9
/. 9
(RA22) i
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AVLIBYSLER . rebalanceEB#ET €T
o BERLNBRN: WBH “A8” STMEGHEFE

ie¥ea, FIRPTREIBRTRIENGST IR, ERFIBETRREXEEEI TR, m2nRE
NESF PREFTEN!

RENEG T IR BRPRENZST PR
@, ENAZS PREREE—ERR
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AVLRYEYSEEN . rotateLeft{{ig

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

Q*u£¥ﬁ§$¢] rotRoot.rightChild = newRoot.leftChild
e o it newRoot.leftChild != None:
Eirﬁﬂ:f 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
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12@@ | -Ijl“\ rotRoot.balanceFactor = rotRoot.balanceFactor + \
__EJ__I%&.? 1 - min(newRoot.balanceFactor, ©)
7o L YR TE newRoot.balanceFactor = newRoot.balanceFactor + \

1 + max(rotRoot.balanceFactor, 9)
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8 B hA- e

*\,g [BB= hA- |BhD sy [E AN

i fi: [BhD= 1+ max(hC, hE), F7L{EB= hA- (1+ max(hC, hE)) pr
@ ¥B- |BB= 1+ max(hC, hE)- hC

§ #B= |gB+ 1+ max(hC, hE)— hC; IChCESHmaxWM BT r
~ HB= |8B+ 1+ max (0, —|8D) <==> #FB= |HB+ 1- min(0, |HD) g

rotRoot.balanceFactor = rotRoot.balanceFactor + \
1 - min(newRoot.balanceFactor, 0)
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AVLIBYSCEN : rebalanceft{ i3

def rebalance(self,node):

AEEEAIE it node.balanceFactor < ©:
it node.rightChild.balanceFactor > @:

# Do an LR Rotation
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AfFTOREE self.rotateRight(node.rightChild)
self.rotateLeft(node)
elift node.balanceFactor > ©:
S HE self.rotateRight(node)
else:

ST self.rotateLeft(node)
else:
EEE E
R it node.leftChild.balanceFactor < ©:
# Do an RL Rotation
# single right
self.rotateRight(node)

# single left
T RAE self.rotatelLeft(node.leftChild)
T RFHEMNFER/ =R T ————————
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e https://www. cs.usfca. edu/ galles/visualization/AVLtree. html

EBHE: Insert 3, 2, 1, 4, 5, 6, 7
MRIEE; : Insert 10,5, 15, 12, 20, 11
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o BB Z#MIputHiER, AVLIARERFVEMR, XiFgetDABIBRIRE
0(log n) B MHEE
A, putHEBMBEZK?

IRFAVLINBYput I53A D N T ERD -
mRBANFUREH TR, EMEMBRDMRAETLDREUHNERZIN0(log n)
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X, =BHEO0(1)
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ADT MapBYSKEN57A/\4ES
o B1XRA 5B SIFIE ERIKIMADT Map, HNBEREHELKIW

RN :

Hash Table Binary Search Tree AVL Tree

BT S s ‘

%3 o(n) O(1)-> O(n)  O(log,n) -> O(n) O(log,n)

Q

S

= get O(log,n) O(1) -> O(n) O(log,n) -> O(n) O(log,n)
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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HMNESH):2-3 Tree

e Tis empty

e Tisa2-node with A. |
® Left child P and right child Q Irsertina2node :

® P<A<Q @ @
@

e Tisa3-node A and B.
® Left child P, Middle child q, right child R, then

® P<A<Q<B<R . @ . @ _
e ®

initial Tempdnods Mowe middle to parent and split
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Insert in & 3-node (3 node parent) ; @

® ©
.@.-@. OOO ® OOE ® |

initial M e midde to parent and 1t Move middle to parent andsplit
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HAOSEEm45ta: B-tree (m)

§& e FEvery has at most mchildren. [ ]

}E

g:él: e FEvery node, except for the

1"4] root and the leaves, has at 11 B[]

§ least [m/2] children. 2] ]

g 1] ]
e The root node has at least two r274]

;? children unless it is a leaf. AT G BT

= Z71]

3 e All leaves appear on the same A GO T

~

Z

level.
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e A non—leaf node with k& children
Ll ] 301 L] [FL

contains A—1 keys.

Insertion (m=3)
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