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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>

H<body>

<hl1>A simple web page</hl>

g<ul>

<li>List item one</1i>

<li>List item two</1li>

</ul>

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

-</html>
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BinaryTree] UK AT & 69 = M

insertLeft/insertRight 3% ¥ A
WREALAEY LZ/ETT &
get/setRootValll] BUF R & EAR 7 &
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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]
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-

-

 ImEETHERR(E

-

-

(1, [11, []

4, [1, [1]
(11, [4, []

1]

]

r = BinaryTree(3)
insertLeft(r,4)
insertLeft(r,5)
insertRight(r,6)
insertRight(r,7)

1 = getLeftChild(r)
print(l)

setRootVal(1l,9)

print(r)

insertLeft(1l,11)

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

[11, [
[11, [

7, [1, [6, [1, [111]
11, 011, 17, [1, [6, [1, [11]]
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X = BinaryTree('a')

insertLeft(x,'b")
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insertRight(x, 'c")

» 5= buildTreeif2] , BRI LIABRESIRIR(EHEEL , ERLUERIH
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:? insertRight(getRightChild(x), 'd")

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

2 a) ['a*, ['b", [1, [11, ['c’, [1, ['d", [1, [111]
b) ['a*, ['c’, [I, ['d", ['e*, [1, [1], [111, ['b", [1, [1]]
c) ['a*, ['b", [1, [1], ['c*, [1, ['d", ["e", [1, [11, [1]]]
d) [*a*, ['b", [1, ['d", ['e", [], [11, [11], ['c*s [1, L[]]I
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= R 1eft/r'ightChild91'J KA QLE/ AT left | right left | right left | right Z
B#93I M (FMABinaryTreest %) = - BN

class BinaryTree:
def _init_ (self,rootObj):
self.key = rootObj
self.leftChild = None
self.rightChild = None

T K F MR = A A2/ K /2017



NN SH- 2
TS

MRJTE:

~7

DL/.

3
>
o
S
~

LI © PREHEE

» insertLeft/RightFix
FAZ G &M AT EIEANFM

y ipE i riIES

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

Z



PEE{FIr6-1

» BE—A1buildTreetf#] , #BidFH
BinaryTree3$75i% . ERUERRD
AI—

y JBinaryTreezX5_ str_ 5%, 5E
MR ES R NFTED e — X4
RS

AR s ‘

( uoyify)

bR K FHIR G = A AF F R/ R /2017

Z



BN : fiFtrPiParse Tree (1FiERT )

0 BWBTFERFESHR9F O WUhig @
o FOFHSHEEES  HEF
L BRI

FAmdT

Verb Phrase

) TBiETHR
2IEE, RRA
 EFRIHESRIMmE
ik, EERE
Wi i 2 B AR

y BMESAE
PREE, EX M

I

3
>
o
S
~

Z

bR K FHIR G = A AF F R/ R /2017




MBURIFE : f2thidParse Tree ( FEILAT )

» BefiEnJLMEREN R AMEH
ot RRARMER, AT RRARMEH

2ESFEI((7+3)*(5-2))

BTFHETEAEE, T2HH*0E, HLMAeTH7+345-2
RE ARG ERFEMTAERLINFH KL LR
ABREHEE X, KALARZ

WP FHERT I FRER
KFRERATFRESMEOT &, BTRAKL

AR s ‘

( uoyify)

E KRFHIR G = A5 512/ % K/2017



MAIRIA : RXTM

%;Sz  TE , BIIBREEFRENT =it
KA RE MRS XRATH
9 A AR XRRATR A R A X R A

FAmdT

ME A XBATAR B REZ A X FFEH X

B, EIESRENEDHE AR TokenlIFR
;E$igjh\7~lg% “ () ” . ;}%,ﬁ;kk “ 4 */» ﬁ"‘l‘%’ﬁfﬁ “6’\’9” ]‘1)—[4;&

EETHAREXNTIE, AEHFFTEREIANER

I

3
>
o
S
~

Z

E KRFHIR G = A5 512/ % K/2017



MAORIFA - /X

Y WNEIIRPERIESFREANRISNRIE |, (RIERNGEIZEZHr R

E IR EAR"(": AL ER AT T EMARLETH S, SHPETH, EAX
A AN B

§ I R LA AR+, -, L, ] LAY BRI RS, A YA AR

I

AP REARET IR, BT RTH, RAZIANHT R
e R YA AR FAFRK: FHATP meER AR, AP e bR e K &
Je R Y AL AA")": W BETH K ESABE BT R

3
>
o
S
~

Z

bR K FHIR G = A AF F R/ R /2017



Méﬁ?ﬁ AV FREAERT : ER

ESFREN : (3+(4*5))
h\ﬁ@/?-‘?—ﬂi[ ( , "3, T+, (Y,

4T, *, ,),)]

SRR A AR B e O .
BIEZH, BATPEART R

EN'(', RIRTATIE, STV ERTH _"___
A3, BHEARENI, LAHE . . g
B

BN+, BT EREN, ARETH
B, BAHERTH

S
TS

T

L,

TS

N

3
>
o
S
~

T K F MR = A A2/ K /2017



Méﬁ?ﬁ AV FREAERT : ER

 BEREARITPhI IR
BEAT(, MRETHE, THPETH

A4, BATH ERIXRENL, EAZKTE
EANF, B HEREN, AEETIR, SAPETH
EAN'S', BATWERENS, EAFXH R
EA')', EABIRTE

Sy
TS

T

i

DHABITE

3
>
Q
S
~

TR F MR F A4 FF 2/ %5K/2017



MEFRSRENEURIEI T : Bis
» MERGEREIIEE | ClRMCEhX R R LA SR

YLATH A2 AL T, T LA ABinaryTree.insertLeft/Right
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L AT P & T2 A% F&, LA MABinaryTree.getLeft/RightChild
B, BATH R EABXT &, INEEFEZHF!
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def buildParseTree(fpexp):

fplist = fpexp.split()
eTree = BinaryTree(
pStack.push(eTree)
currentTree = eTree
for 1 in fplist:
currentTree.insertlLeft ("' ")
pStack.push(currentTree)
currentTree = currentTree.getdeftChild()
elif 1 not in ["+", '-", "*', /', ")']:
currentTree.setRootVal(int(i))
parent = pStack.pop()
elif 1 in ["+", "=, "*', '/']:
currentTree.setRootVal(i)
currentTree.insertRight(" ")
pStack.push(currentTree)
elif i == ")":
currentTree = pStack.pop()
else:
raise ValueError

pStack = Stack()
ll) |
ifi=="(":
currentTree = parent
currentTree = currentTree.getRightChild()
return eTree
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» HFBinaryTreeR—ME&FEIELE , BN , JLAREIPRERLIE
BinaryTree , @i&3K({EEF £ evaluate
B AT TR A XL, TRAAMGKE TR, 2 m ELERE, REFIENRZ
EN: R

y K{EiFEevaluateAhB)I=E= :
BRABREMN: TP ERBHEGTH, BHLETFDE, ABD SOREAFAFRER
#6948
BN HRR XS A ETR. BT, BRI
ARG %: 5 5AMAevaluateit £ Fifat FREEGME, LA KREREEE TR GERAR
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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

AR s ‘

( uoyify)
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*UFE% EBFTRIRIE - U6

X,
S

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

IR

DHABITE

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

163 1E

3
>
o
S
~

}

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

HARETR A return parseTree.getRootVal()
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WaE[HTree Traversals

y SHEIREEH , WHEEFBEIEIRA SRR RERRE | XWHPRRETH ai
fBIEARERR/D “iElhTraversal”

MNIEE ISR | EEEDRERAER | BN DSIBRXFRAE
KX 9 3FEH
WA F (preorder) : ARIFFEMRT &, FRBERNFFRELZTH. RENAFTFEETH;

v i (inorder) : fti#jaxuk FizRlATH, HiFRRTE, RETFFFHEAETH;
G i i (postorder) : Ri#BBEMEFITRIALTH, BEFTEETH, REITFERT L,

BT oS ‘

( uoyify)
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BIFERIIGF : —FBRIEHIE

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
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( uoyify)

Figure 5: Representing a Book as a Tree
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WESER : 3B)ELE
) PHERRCIIIEE i ! def preorder(tree): l

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

» tBRJLAfEBinaryTreeSFRSEIIRIFR BB A © d=f preorder (self):
> e 7 rin se . Ke
FEEMNTHAT R ZF |0 it self.leftczild:
self.leftChild.preorder() g

\

:
-
i
1
IS
3
PN
J
3
S

it self.rightChild:
self.rightChild.preorder()

 EFBERIRFEHINABINERRAREDIINRS

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

print(tree.getRootVal()) . ) /
LT K F 3R ST TSRy 2077 inorder(tree.getRightChild())
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) [EIERBIRRRENETNIRE | Efr EBE—1 BFEHIIE | 218
SBEERELERIAR

» RABFBHEESFREINKENT :

def postordereval(tree):

-y
TS

2

TS

8
S

:P opers = { '+ :operator.add, '-':operator.sub, \
> *':operator.mul, '/':operator.truediv}
% resl = None E_
~ res2 = None :::
if tree: r
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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RIFiEHh . EREESHEREIN

» RAPFEMEREEFRERSIESPEFREIN
FHARD P EARFEMRT 5, K ATBEARDER (REHD)

def printexp(tree):

sVal = ""

it tree:
sVal =
sVal =
sVal =

return sVal

bR K FHIR G = A AF F R/ R /2017

(" + printexp(tree.getlLeftChild())
sVal + str(tree.getRootVal())
sVal + printexp(tree.getRightChild())+")"
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MA4(F) #ERO) &EF(V)

W | tHRE | WARRICE | B | B FRIER (RS
IR PID & 2] CPU
4412 THFEET Bin 00

€ chrome.exe EEHRESS(E) 00

@ chrome.exe EEERIFHEI(T) 00

@ chrome.exe SERIERP) » SERY(R)

@ chrome.exe BEREE() =(H) |
E thprz.ri):exe sl . ['%E;J-}E\j% .

¥ WeChat.exe ) _
_ ' BT ETAF(C) SEEAl
® ' MsMpEng.ex WL |
@ xnview.exe FIFTSHIE(O) 00
__explorer.exe BIIER(N) 00

® |svchost.exe EER) [EM 00
kuaipan.exe 2B (S) 00
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fiSPASIRY P dequeuetR{EIRPATI—1F , EBZMPAELPA ;

{(BIE(LSCPATIRER , ZHBIBNARFEIEH “ik%" KifE | BINTTRAVE
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( uoyify)
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( uoyifg)

X iEENHR LS
U R BN E R AT B9 N PAFe A B 2
B AR F2£0(log n)

—RIENFEZLETF  HZES
BWERZXE , HERIERERS
FRARLIRY !

/I keyHHEPABBITRA "RV
min heap”

BZ, mAkeyHrER AR “& KH#Emax
heap”
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—X#tBinary HeapSCIRfi5EEAF

y EMIESLRAFINEHBRERBE- ) ADT BinaryHeapAHE(EENXUT :

BinaryHeap(): 4] — A= 305t %;
insert(k): ¥ #keytm \F|HE ¥ ;
findMin(): B ER PR DA, KM
Vitk & 3R F ;

delMin(): R EBEFHR DR, RENKE
R

isEmpty(): BEHEZEAHZ;

size(): &R EIE T keytd /N ;
buildHeap(list): A—A key?| % 4l
g
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ADT BinaryHeapRJE{EaH

£

i : : :

% from pythonds.trees.binheap import BinHeap PO =======:

\

5 bh = BinHeap() >>>

% bh.insert(5)

' bh.insert(7) 3

? bh.insert(3) 5

= bh.insert(11)

S

N 7 !
print(bh.delMin()) |
print(bh.delMin()) 11 |
print(bh.delMin()) |
print(bh.delMin()) >>2 |
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AAERRETIFRCI — R I

AT (EHHR(FRERISTENEUKEL | B 23RBS ;

B, MREBEREBEFRISENHHER L, Ml SIRE RS =R
" —REAFRRBHERERENT R

y BAIRA "2 WNSIIRIESEIR 2"
EAZSIH, BEAARTERABSTT S, BETHINAY S5

BT oS ‘

( uoyify)

Z
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SeE X MIRY7IRECIR A £ R

EZRXWEBETFHEISHFE , JLAEREIR  LIaRNAER , #RE

RIFAITERS -
W RPELEFN R P TARAp, AR EFHETHENI2p, &#FH 5H2p+1

R AAEI T TARAN, ARLELT EFARAN//2

N

AR s ‘

( uoyify)

Z

(oo [ fo e 2o fr =] |

0 1 2 3 4 5 6 7 8 9 10 11
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AR s ‘

( uoyify)

X FHeap Order

» PR “iE" AYISE | EIEEPEI—P B Ex , EXTSpHhtikeyt3hFE
Fxrhfgkey,
BH, FA R BRAHZSH, RPET—5BE, HRATHAEKT]

A “p” PE 69 — A, —f@ﬁ*ﬁ%éﬁ’ﬁﬁkeyﬁ'l‘

anpoppnpnnoN

0 1 2 3 9 10 11
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= SR FRISCER

) ZSMEIIRME
RRA—AFIRRBARKE, AP ETTHRAGKALM, 124 T B @RADT A 2| # £

ﬁﬁ*l‘lf‘é&, V48 2 o class BinHeap:
def __init_ (self):
self.heaplList = [0]

I NS~
TR S

RIS

P ) insert(key)T:l'fﬁ self.currentSize = 0@
? AL, ATHRETF “ZE&=_XH” B9H R, FHkeyRZHAMmE] 7| 2 RXE
S 5] 4.2
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= SR FRISCER

¢ insert(key)f ik

R, HkeyR¥umATIRKR, BRTERE B K

@ BRI CHZRGRE ZE YR, BT RHBRGRBZTRAIRKS
% FRE B Hkey B EBBE “Lig” HALHAEE

3 Ef: #keyt) “ L% FAMRLCRBH HH 7 KB

3

o

S
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= SERERYSER : insert{{hS

def percUp(self,i):

while 1 // 2 > 0:
it self.heaplist[i] < self.heaplist[i//2]:
SR A tmp = self.heaplist[i // 2]
self.heaplist[i // 2] = self.heaplList[i]

self.heaplList[i] = tmp
iy e 1N i=1//2

def insert(self,k):

WINEIRE self.heaplist.append(k)
self.currentSize = self.currentSize + 1
self.percUp(self.currentSize)

-y
TS

T

L,

TS

A

N

3
>
o
S
~

Z
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( uoyifg)

= SR FRISCER

y delMin()fi%
B, BARENEPR D Ikey—AZ TR A {2894 T SheapList[1]

ATHRTF “REZIH” WA, ARE—AT 2RARERT K

A2 @

remove min
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= SR FRISCER

y delMin()fi%
FlAf, X AR FEGHR, LRBART “B” X5

MR Tk WO T RIEH—FBL TR, LEBLHEAT T SR D

AR TS i 3 ‘

“FI BREMBE: WRLTHEK, FARBRIGTHEMTR

( uoyify)




—SOERIERISEIR : 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]

‘NL;ﬁé_F:LrL self.heaplList[i] = self.heaplList[mc]
self.heaplist[mc] = tmp

BT e

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

ﬂ&—?qﬁ_lr‘l_“_l\ return 1 * 2

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

J\EIEIZB‘Z/J\EI\J elser:"E‘tur‘n i * 2

return 1 * 2 + 1

def delMin(self):

retval = self.heaplList[1]
self.heaplList[1l] = self.heaplList[self.currentSize]
self.currentSize = self.currentSize - 1

NN S~ 2
TR

MRJTE:

D

~7

3
>
o
S
~

Z

self.heaplList.pop()
self.percDown(1)
return retval




= SR FRISCER

» buildHeap(Ist)75i% : MERRRER “it" I

S
TS

T

HME B ARYABEZ: Ainsert(key)F ik, AL £ FUHKIEREZAN insertB3E P, {2iX
2489 &R £0(nlog n)

EFE, A TR &, _BFERHEFAZO(n) e
}AE?_J: /\\\E/J/\-H-/\\\J:FyA aet ?uiITZE?zii:ii,?ilzt)

.[H"D,“\ —F;)"T_, self.currentSize = len(alist)
self.heaplList = [0] + alist[: ]

print(len(self.heaplist), i) L=
while (i > ©): Z
print(self.heaplist, i) r
§e1f:percDown(i)
° ° ° ° ° ° ° ° prin;(;eifjhiapList,i)

Initial Heap
T RFHKEE JFﬂﬂ##I‘m/%m/zow

L,

RIS

I

3
>
o
S
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AR TS i 3 ‘

( uoyifg)

= SR FRISCER

y BE . FIBZXHEREITHER ?
“YHeF” Hik: 0(nlog n)
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NARATR \

( uoyifg)

PEE{FIL6-2

» FABinHeap3 , EEM— 1M HEEE ZHeapSort(Ist)
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( uoyify)

—YiEZBinary Search Tree

y {EADT Map®sEMKB FH , sJLARABAARRE
BikKey , BIHECESEMTAMNEE
HAEREEM+ DR T
B & R+ B B Bk Bk

» FEEAIFii,

bR K FHIR G = A AF F R/ R /2017
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—XiEZERIBinary Search Tree : ADT Map

» 83—TADT MaphRIE(F :
Map(): AlZ—A~Z gt

put(key, val): Ffkey-valXEKtAe ANBRAFF, dmRkeyL & A&, W HFvalH#R k918
XK B4R ;

get(key): % Ekey, L E XK IEA, A4, W& ENone;

del: i@ iddel map[key]&yi& & & X Mkkey-val X B%;

len(): R EIBAFPkey-val XEagH B ;

in: #idkey in map#yiEa K X, BEGkeyR LT HETRBEY, HRA

-y
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T

L,

DHABITE
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—RIERMBSTRYERR

%k;é R T REIkeyEHMEEZ TR , LT R KRIkeyEBHIMER T

o ) BER—/MESMBST , #8870,31,93,94,14,23, 73HIFRHEA

5

% » BFARY70R%IRHE 70

S 3170/, KB ETFHE / \

§ 9370k, HAEATFH L

o

= 94rk93k, HEETFH & 3l 93
146314y, HBAZF T & l l

23tb14 K, IR A
73693/, #Z B H A

iR EAREARRE , ERRIBSTHALR !

bR K FHIR G = A AF F R/ R /2017
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—ISFEMRISEM - T RfEEGH

y BEMZEIBSTHINodefg/ N2k , BSTRrootpk RS IR =Node

» class BinarySearchTree class BinarySearchTree:

-y
TS

2

s

\g root 3| FlTreeNodext % def _init_(self):
1% sizek =W REANHK self.root = None
__iter  (ABHEH) self.size = ©

3
>
o
S
~

def length(self):
return self.size

Z

def __len_ (self):
return self.size

def __iter_ (self):

return self.root. iter ()
AT K F R G = A5 5 T/ TR K /2017 ~



— WL ERAYSEIN : TreeNodeZE

class TreeNode:

;3!‘:& y class TreeNode def _init_(sel-I:,key,val,left=None3\
. right=None, parent=None):

g% key 7y 448 self.key = key

1"@ payload;%value self.payload = val

T

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

self.parent = parent
% 5hAe T A-parent 3] F

42

~7

D

def hasLeftChild(self):
return self.leftChild

3
>
O
S
~

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 \

self.parent.rightChild == self
T KFHIR G = WA F F 2/ TR /2017 P 5 -



—WHEEMAYSEIN : TreeNodeZE

def isRoot(self):
return not self.parent

-y
TS

T

L,

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

MRJTE:

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

D

~7

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

3
>
o
S
~

def 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

Z

bR K FHIR G = M AF F R/ R/2017



—IEZEMRYEEIR - BST.putsik

y put(key, val)F3i% : iAkeyfdiEBST
BARAEBSTREEAE, R —AT &AL FE, IR2LkeyR AT Eroot

EN, AR —A#B)2HH put(key, val, root)k& Ekey

NN SH- 2
TS

DHABITE

y _put(key, val, currentNode) BIKREifiTE
4= X keyttcurrentNode.key/)>, ARA putéljcur'r'entNode/}'E:J"}ﬁ!aL
o (BH0 B A A TH, A Lkeyit KA AT r.
= E keyttcurrentNode.key kX, AR4A puté'Jcur'r'entNodez?%JblaL g

o EwmRERAHALTH, #Lkeyrt ik A& FT &

def put(self,key,val): E
it self.root:
self. put(key,val,self.root) l

3
>
o
S
~

else:
self.root = TreeNode(key,val)
K A 7 A 12/ K /2017 self.size = self.size + 1



—IEERAYSEI - _puttiEl Gk

y iR | IMUEEIRBA BB EEkeyYIE R
bt RievalEi—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)

-y
TS

T

L,

NARJTE:

~7

3
>
o
S
~

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

Z

else:
currentNode.rightChild = \
TreeNode(key,val, parent=currentNode)
» FBEFIB__setitem__ {7 def _ setitem (self,k,v):
* XAmyZipTree[ 'PKU'] = 100871 self.put(k,v)
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( uoyify)

—XIEZERIAYSCIR : BST.putBElR

» iAkey=19 , currentNodefIZt1ZiE (KB )

T K F MR G T A4 FF 2/ %5K/2017
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fEE{EN6-2

» ¥RBBRIIRRES, 30, 2, 40, 25, 44FNkey , ERERIBSTE :

AR TS i 3 ‘

( uoyify)
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—WIEZPIAYSEIN - BST.geth ik

» —BBSTHEEER , F—MRiZBmEMRZIRkey R val , BITERRE
keyFR{ERITS =

MrootF 4k, BE®T, ABKRE, REFTIRKENTH ELKIERE,
def get(self,key):
if self.root:

-y
TS

T

L,

&

S

2 ) getTJ—;£ res = self. get(key,self.root)
D FErootR2EHET? LT ores:
= return res.payload
S EABBEIH get else:
return None —
— else: z
) _getﬁiﬁ return None r
2% 5| F1i2 ENone def _get(self,key,currentNode):
if not currentNode:
Egagﬁﬁ-’ljo ™9 }S‘Sgij] return None
. . elif currentNode.key == key:
EN BB HEANE /AT ! d

return currentNode
elif key < currentNode.key:
return self. get(key,currentNode.leftChild)
AT K F Rk B = A I/ R aK /2017 else:
return self. get(key,currentNode.rightChild)



—RIEZRIAYSEM - BST.getHik
y __getitem_ 3§ iE

5% Jval= myZipTree[ 'PKU"]

__contains_ 45555 &
5 H'PKU" in myZipTree®yE A F|¥riE H fFin

AR s ‘

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

( uoyify)

Z

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

bR K FHIR G = A AF F R/ R /2017



—IEEBIAYSCIR : BST.deletelsixk

| FIEREHE  BSRIdeleteTik : l

g% Bk, ARTAZYH A, BLINWE, LR getRIZMERHH L, KRS5HAAremove

@ RM, BB R TR

8 WRBFINATE GRRARARTRT) , A RAT EAcikkey, £IEHE A ELRIFRT &,

< PSS =

S def delete(self,key):

=) H =+ N if self.size > 1:

g = _delltem_ _#U;*Hlﬁ . nodeToRemove = self. get(key,self.root) -

~ £ del myZipTree[ 'PKU' X #£6915 &) BRAF if nodeToRemove: 7
self.remove(nodeToRemove) s

- self.size = self.size-1
y EZfEremovelik ! else:
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 K FHIR G = A AF F R/ R /2017



-y
TS

Tk

DHABITE
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—SAEERIAYSEI © BST.removelsik
» MBSTHremove— /B R , INIARIGBSTRIER , 2LAT3#iEH

PEEAETFH A if currentNode.islLeaf(): #leaf

. - if currentNode == currentNode.parent.leftChild:
TRAINT TR currentNode.parent.leftChild = None

B EH2ATH A slees

currentNode.parent.rightChild = None

 RBFRRNERED . EiERIER

bR K FHIR G = A AF F R/ R /2017
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—SGHEZMRISEIR - BST.removelik

 B2MEEHER  #lTREIIT TR
Rk FEIAE—THELE, BBRFBMH KQEE

(BEFRIEMFREX D LS
BT R TH ERE? ERETHH?

BT RAFRAXTERGL? LRAETH AT
A T R AT AHRART E?

M%WE%%%‘

( uoyify)
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else: # this node has one child

BST removeﬁiﬁ it currentNode.hasLeftChild():

if currentNode.islLeftChild():
— m 7z currentNode.le'FtChlld.par‘?nt - cur‘r‘entNode.par‘ent.
TJ ] currentNode.parent.leftChild = currentNode.leftChild

elif currentNode.isRightChild():

currentNode. leftChild.parent = currentNode.parent

currentNode.parent.rightChild = currentNode.leftChild
else:
currentNode.replaceNodeData(currentNode.leftChild.key,

currentNode.leftChild.payload,

-y
TS

I

S
)}
N
ot
|

T

42

~7

2

‘A

2 i currentNode.leftChild.leftChild,
a3 currentNode.leftChild.rightChild)
< else:
- if currentNode.islLeftChild():
m 7 currentNode.rightChild.parent = currenthNode.parent
BERY)) currentNode.parent.leftChild = currentNode.rightChild

elif currentNode.isRightChild():

HJI z currentNode.r‘ightChiI.Ld.par‘?nt = cur‘rentNode.p?r‘ent .
. currentNode.parent.rightChild currentNode.rightChild
else:
currentNode.replaceNodeData(currentNode.rightChild.key
currentNode.rightChild.payload,
currentNode.rightChild.leftChild,
currentNode.rightChild.rightChild)

>
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L~
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—SGHEZMRISEIR - BST.removelik

 EIMBRRASS  BHFAE2M TR
SR o B AT R A B R
(8T AR E] 5 —AAik 85 ERBRAM T &, EASEH EIARMH E8 T —Akeyld
WE, BT R TR RGN, K Bm”
TAKREABET ERSAAINTFE (AT E, IBRAETH)
PBEAG BT B CLAAMBT) , BRBHMS &,

-y
TS

2

TS

FA

I

3
>
o
S
~

bR K FHIR G = A AF F R/ R /2017



—SGHEZMRISEIR - BST.removelik

y BinarySearchTree3t : removefix ( [B6H23)

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

AR s ‘

( uoyify)
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—SGHEZMRISEIR - BST.removelik

y TreeNodez : 354 afindSuccessor()
iﬂﬁ]«fiéﬂﬁ'l“l‘?,ﬁfindMin() 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
succ = self.parent.findSuccessor()
self.parent.rightChild = self

NN S~ 2
TR

MRJTE:

D

~7

3
>
o
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~

Z

return succ

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

gy
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—SGHEZMRISEIR - BST.removelik

» TreeNodezk : i =spliceOut()

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

_ if self.islLeftChild():
ERGET
self.parent.rightChild = None

self.parent.leftChild = 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

-y
TS

T

L,

MRJTE:

D

else:

~7
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EEESSEE]

Z

else:

EHEmAO L DRI R

if self.islLeftChild():
self.parent.leftChild = self.rightChild
else:
|se1f.parent.rightChi1d = self.rightChild
K A R 5 Bk 2017 self.rightChild.parent = self.parent




—SHEEMRYSCIR - ERS
y» {YEAIPython=EEl , FiJTTLARfor i in dict: XIS ZIAEFHBRERE
key , ADT MaptBRiiZCIXtEANEN ZZINEE

» BinarySearchTreeZrhfy_iter_ J5iXEHIZFEA T TreeNodeIE R 155%
hix

AR s ‘

( uoyify)

Z
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—RIERMAYEIR : EER

y TreeNodeZHf] iter &8
EIRER A K, 22 EHBinaryTree® #y  str_ #1135 % A7

yield & 3+ & K &% XYL E1E,
mytree = BinarySearchTree() J=f iter (self):

-y
TS

2

DHABITE

N mytree[3;=:red"" if self:

Ry (ytreeldl= blue . i self.hasLeftChild():

] mytree[6]="yellow for elem in self.leftChild:
o mytree[2]="at

yield elem
yield self.key

Z

print(3 in mytree)

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

for key in mytree:
print key, mytree[key]
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—XIEEW : KiEoth (LAputiizafl)

T RESREERET_IERRNNEE (BXEX)  HHSERZHER
% key?ﬁ)\llliﬁl"ﬂflﬂ’un

: B i i iiBAjc-HulJ\ﬂET:’ keyRUBREARIES
% ﬂBABSTHgnr“sk log,n ( nNEFEMME) , ME , SRR EER
D putiiZEZEEEE/0(log,n).

S (BkeySIERTIRIFERAEL R

BRMANB| XKIRFIENGTE, ok B
X EHMEput T E G PEEE A 0(n)

» HeRZEERURER

Z

E KRFHIR G = A5 512/ % K/2017



NARATR \

( uoyify)

iREES (AFER)

y i5EMEBinarySearchTree# ]

TreeNodeZER28BXH8 , FZ28E

IETRIETT
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SFESUEER - AVLIRIEEN
 BAiREESEkey BN —ERIS TN USER : AVLE

AVLAZE KAZ M L F4%E: G.M. Adelson-Velskii and E.M. Landis

» FIFAVLISEIRADT Map , EA E5BSTHSEMER , ARZULEF—X
MRS S HEIPTTE

» AVLRIRYSEIRR , FEXNBANM L RIRER "FEi@EFbalance factor” &2f,
qz&ilil?%*ﬁ?&ﬁmﬂfl&ﬁ?wmﬁr REXR , Bl , EERFHE
EE :
balanceFactor = height(lLeftSubTree) - height(rightSubTree)

R FEERF K TF0o, A “AFleft-heavy” , ITFEMHA “AEright-heavy”

FHEHTF % TFo, NAREFH.

BT oS ‘

( uoyifg)
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FEHZIERW - FHEF

» MR—ANZRREEHRPEN TR/
Fi&EFEE-1, 0, 1219

MBI Z SUE MR A&

Sy
TS

2

TS

FA

I

LR o
-------------------------------
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~

‘‘‘‘‘‘‘
--------------------------------------------------------------
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= RIZER] : AVLAIOREN -
—BEFERIRMEIEDR , BT RNEEGEFELIGEE , WEE—1EH

EEANIIE
ZRKEBSTERR ! 2T AH D BADTAR, HFTHAK TR o

MAERE—1 "RAE" HAFEEN

e — oo

N

AR s ‘

N

( uoyify)
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AVLI¥RYTERE

» SEIMAVLIZET , REFAVLNESIRSLEEIZEE—MRIFAYERE

» AR ITAVLRZEIBRE TAYESE : BIEEEFH1E-1
TRZEFEHEAT AL “A£2F” AVLA, K95 EMNRLTFEE, £AEFFAALE (&5 EHN)
Fertb stk (a9 BEh) Z &K R 2efT?

|
z ’, ‘
TE KFHIRE Z A 512/ % K/2017 o E

AR s ‘

( uoyify)
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AVLIIERED Hr

;ﬁé » MBEEh=1, 2, 3, 48y, ST =EINAIZEL :
/5 h= 1, N= 1
’@ h= 2, N= 2= 1+ 1 Np =1+ Np-1+ Np
% — — —
S h= 3, N= 4= 1+ 1+ 2 Fy=0
@ h= 4, N= 7= 1+ 2+ 4 F =1
8 e a . F;=F;,_ + F,_yforalli>2
S mEAES , RISEERIRNE) !

X ERIRRHKIFL N,=F,.o—1,h>1

FIAFiZ ENh

. . pume d — 1++/5
y EHBPEREFIRIMSR : Fi/Fi-liERFEEHEO =

A hFifgil X )
)% F1 jF; :::‘Q}z//\/qg

bR K FHIR G = A AF F R/ R /2017
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AVLIIERED Hr

FiREXFBNHNY |, FfilfELh

N

S0 > BFIENAAZINhAR |, 52INhRY (I)h+2 I
i% EI Ny = — 1

14 \/5

2

P

N

AR, EREERT . AVLHES _ 1 B

J loeN; +1=(H + 2)log® log b

S BANANMERG, BSEE (H+2)log® = 5log
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AVLIIRYSEIR : puthix
. BN putsiEie l

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)

ﬁﬁ%&ﬁH;F' self.updateBalance(currentNode.leftChild)
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TS

( uoyihd) tHiB:

else: —
if currentNode.hasRightChild():
self. put(key,val,currentNode.rightChild) !"
else:
. currentNode.rightChild = TreeNode(key,val,parent=currentNode)
HEZEF self.updateBalance(currentNode.rightChild)
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AVLAIRYSEIN : UpdateBalancefix

X,
S

def updateBalance(self,node):
it node.balanceFactor > 1 or node.balanceFactor < -1:
BT 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:
IEIEEAQXS A A F self.updateBalance(node.parent)
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AVLBIRYSCEIR : rotateLeft{{HS

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

X,
S

T

Qﬁucx rotRoot.rightChild = newRoot.leftChild
%,:ﬁ; —FDV‘E*EE if newRoot.leftChild != None:
5 EE h%ﬂ:? 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
{yﬁﬁ | -lj/\\\ rotRoot.balanceFactor = rotRoot.balanceFactor + \

== 25 ER 1 - min(newRoot.balanceFactor, ©)
ﬁﬁgl}am.? newRoot.balanceFactor = newRoot.balanceFactor + \

1 + max(rotRoot.balanceFactor, 0)
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AVLAIRYSEIR : IR EEERTF ()

", BIREEBHTW A ) — () I
iE #B= hA- hC

L,

IHB= hA- 1EhD = > A A

7 : 1BhD= 1+ max(hC, hE), BTXAHB= hA- (1+ max(hC, hE))
#B- 1HB= 1+ max(hC, hE)- hC

#B= HB+ 1+ max(hC, hE)- hC; #hC#&stmaxHK LA
#B= BB+ 1+ max(Q, -1HD) <==> #[B= HB+ 1- min(0Q, IED)

TS

N

—

3
>
o
S
~

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

def rebalance(self,node):

OEEEINE if node.balanceFactor < 0:
it node.rightChild.balanceFactor > 0:

# Do an LR Rotation

NN S~ 2
TR

DHABITE

3
>
o
S
~

WA -

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

SeanE self.rotatelLeft(node)
else:
EEE B
=2 Al it node.leftChild.balanceFactor < 0:
# Do an RL Rotation
# single right
self.rotateRight(node)

# single left
AT RAE self.rotatelLeft(node.leftChild)
AT RF ARG =2 WA IR/ TR R /2017 |
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y BAIIRA T SHEURERMEEREEMADT Map , HRNEEZELHS RN
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S
Hash Table Binary Search Tree AVL Tree

BT oS ‘

gﬁ O(n) O(@1) -> O(n) O(log,n) -> O(n) O(log;n)

Q

S p—

— 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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