fﬂT

|ms
O

R BB IHE - COMP2123

by
FU \

FEIT EDUCATION

YX¥E

=[] FEIT/\BSF [USYD] &




Table of Contents

FGE BT P LS TTETTIE ..eveveresereresesesvsvsvsssssssssssssssssssasssasasasasasssssssassssssssnsssssssssssssasassas 2
[0 T=T= L (LY=L PRt 3
COMPIEXItY AEFINItION S UF B ..eeeeereeeeeeseeeeeseeseseeessireressssssssssssssesassssssssssssssssssssssssssssnsssnes 3
= OO cccoscodBosoonooosdecosooncdRbonooosdae 3
FFUZBL oottt ettt ettt e ettt n st en et et 4

STl T = 4
T B T B Y TT 35 oottt ettt sttt ettt n ettt n e 4

T =y OO OO 5
NOde, LINKEAIISt & AITQY LiSt......ccuuueeeeueeeeeneeeeerereusserenseerensesensserensssssssessnssessassssssssssnsssssnsans 5
Array Based LiSt ......ccuuiiiiiiuiiiiinuiiiiiniiiiiiiiieiiiueeiiemseriesmsietiesmietissssstesmssstessssessessssssssssssssssns 5
T O T 6
LiNKEALISt BAS@A LiSt.....ccuieuieiieiieiieiieireiieireiietietiesrestessessessassesesssesssesssssssssassassssssssassassassassassansnns 6
SINGIY/DOUDBIY LINKEALIST ....veiiveeeveeeieecree et e et cte et e ereeebeeeeteeeaveeeveeeateeeabeeeasessaseeesseesaseessseesnseessreesareenarens 6

B ) S 2 B B oottt ettt n et 7

LT =R 7
STACK & QUEBUE ..ceuurieeniieniiiieerteeertenereeseetaseereseerassersssereasessssssensesenssssnssssnssssnsssrssssssssesanssssnsesannens 8

B ) S 2 B B oottt ettt 8

LT ST 8
(BINAIY) TrE ...eeeeeeieeriiieeeiiiiicsissssnsesnisnssssssssssssssmmsssssssssssssssssssssssssssssssssnnsssssssssssssssnnns 9
B R ZE A oottt ettt ettt e et et e et e et et b e et et testenseresens 9
TrEE TrAVEISAl cuuiuuieieiieiieiieiieiieiretieerettecreseecteseesesssesesssssssssssasssssasssssasssssassassasssssassassassassnssansnns 10
=Yoo =] 10
[[aTe Yo 1= SO O PO URURRRRRORt 11
0T (@] o 1= 12
Binary S€AIch TrEe.......ccuuecevveeuneiiiiveuniisiienniisnsssusisssmssssiisssssssssssssssssssssssssssssssssssssssssssssssns 13
[ Y IEY=T: [ 1 PO UR OO PRURRRRRRRORt 13

AVL B oottt ettt et et e e e e e e et e et e st ea e et e e e et e et e aae et er e et et eate st eatesaeer e et et et enteatesaeere et et entensenresreares 14

B ) ZE L oottt 14
FFUBI .ottt ettt ettt et R ettt ettt et s et e et e st e 14
Priority QUEUE & HEQP...........cceueeeueeenirerirenireiireeiseeisinernssresssesssessssosssesssessrnsssnsssessssssssnnaes 15
Priority QUEUE. ... cieeiiiieiiieeiiieeiiiteeteeittasitrnesttaessinessresssrssssrenssrenssssnsssenesssnssssnssssassssansssansssanssss 15

B e L 10 V- 113 4 5 20 16
INSEITION SOMT 55 SEIECTION SOM..eviieeeee ettt ettt et et e et s e e st e st esaeeeaeeeaseesessesssesseessesssesanesens 16
Bl L= < 5 T 16
(LT T e LA TT=Y a0 42 T= o o 1Y Z= TR 17

B ) 2 B L oot 17



HOASRING .. .oueneeeeereneeeerereeeereueeeeusesenssessnseesnsserenssessnsesssssesssssessssssssssessnssessnssssnsssssnssesense 19
BUARLEM oot 20
Yo E T L( =T O 1 =11 11 =PRI 20
Linear Probing/Open adar@SSING ......ccuieiieeiieeiieeireesiteesreesteestveesaeestaeesaeesaseesseessseesaseessseesaseessseesseesssens 20
(O( T e Yo Tl o T 1) a1 Lo V-SSP 21
B ) 2 B ettt en e 22
BB ettt ettt ettt et et ete et ettt et et eteete s eteeteteteeteteteebentete et et eteetenseteetenseteetenseteatenseteerens 22

Big O notation

A

LinkedList
Node

Abstract Data Type

T

Stack and Queue

Tree

HashMap

Heap

A

A
BY 2 & (20 43):

& B IR E A (RO 82 Graph 4HX)

prove 8 Zt & (week 1),

Wi X 4> (f5140 Heap vs BST),

EbERL S (140 Graph AY7FfiEiL ¥ Matrix 12 Adjacency List)

prove —MNEEEEEHEM (BIANZL)

J& 2 & (40 53):

Design an algorithm that .....
A describe your algorithm

B argue/prove correctnes

C analyse complexity.

, (for full mark- time complexity: O(...))

Graph




] gE 1% [0) 926 BY: Divide and conquer, Tree (JIE B TN B #L12), graph.
Cheat sheet
ARAHFEEWVETABEAIANNNERE. BEERIE.
BERE AR (L a0 graph BAYRIEIREE, $k MST, £55).
AREEETARARGAXLIBAEARNE RLE.

BATRBEREA T — MRS WNAE ShEX:

HEZERMM4 - ITHAES, TR ATE

EWESNEZ G, FASI AT, u&?ﬁﬁﬁﬁgfﬁﬂﬁﬁﬂﬂﬁ—r?

Fr L, 785 R B B A EUREMMBEN R, Bl TRicE—EEANEE HA2EE
N FE—FEIRE, EXMAT AR, EXEHSTE.

Eban List 544, F£1e ArrayList fY3CI0 53 LinkedList AYSCIR, TLX;LIMHHE’] "B Eban

append, insert, insertHead, removeHead, removeTail, get(index)....
{82, Array based list 9 insertHead 8 ZE=Z O(N), LinkedList based list A3 insertHead & £+ /&

= 0(1)
K2R TEREERNSIT AR EMmEMRA.

o] RE B IRE SRR BB —[8)/ 8 Bl VE S/ NELR IR [B).
EX

cg(n)

f(n)

f(n) = O(g(n))



(A=A

Problem 5. Given an array A consisting of #n integers, we want to compute the
upper triangle matrix C where

Ali|+ Ali+1]+ - + A[j]

Clilljl = e

for 0 < i <j < n. Consider the following algorithm for computing C:

def summing_up(A)
C + new matrix of len(A) by len(A)
for i in [0:n-1]
for j in [i:n-1]
compute average of entries A[i:j]
store result in C[i, j]
return C

~N o O W N

a) Using the O-notation, upperbound the running time of SUMMING-UP.
b) Using the ()-notation, lowerbound the running time of SUMMING-UP.

F15:
K 0 (1TE 2 round up A9, Omega (YITE 2 H I FIEAEM.
a) 1TH O-notation:
SNZE 1L j TEEREY BREL:

n—1
mn-1)+(n—-2)+...41=>» i
i=1
By arithmetic progression,
n—1
n—1)+1 1 1
i ( ——(n —1):5n(n—1):§(n2—n)

=1

Wa‘ll compute C[i][j]BRE: REETi-j+1, O(n)

b) itZE Omega-Notation

RBERTAREN—H2E & A f(n)AY complexity SIiE AA.

XA F R, MER i <n/4,j > 3n/4 T XFEMNXHENEE—HF3In?/1640. FHRI

compute CHI[] MEZEZEDZE n/2. FRAX—EHRHEREZE D E3n?/32.
HEEM—BHEREZTDE 3n%/327, A F %k Omega(n®)

j]ﬂ'/A n/4? XA ZREHLAY.

i AU RIS

AR IE#RYTTA

1. Prove by contradiction



2. Prove by math induction - i& B TH 3B AN E %
a. 5@ assignment 2, divide and conquer

3. Prove loop invariant - & AT 3IEi%E 3, B loop FIE X, Lk 40 assignment 1
a. Assignment 3 9% — [a], Merge > 2 H9 1E #5141 BE

4. 2,3 #54&: & AT Divide and conquer.
a. {5 merge sort 1IF#4IF BA.

5. Exchange argument - {Xj& F§F Greedy.

a. 5% assignment 5 5 — b [5].

IERRSEIRN A A
1. XEBMESHNENEERIBRE —BE ZIEPLBERER RMNRTEZERHIR
.

5140 (Assignmnet):

(0-1 T [a) )

BNAE—LY o MmN EES, MERF

BB EREN S WEEEMRURERLEFENY S, RS INEREER F EEF
k1% BN (PickLargest strategy)

AR RE IR TEH input URRLMBETA, DULHH B S HHNEEHERL.
S=10

Item 1 2 3 4 5
Space 1 2 3 4 5
Fun 3 4 5 6 7

%08 Fun | R{ERIE, {5, 4, 1} Y FUN {EAlERRE 7+6+3 = 16
BRER BAT IR —HE TR

{1,2,3,4} iy FUN {EfNiE5E 2 3+4+5+6 = 18,

Fir A PickLargest 7+ N B AN IERBI R XHFRUILATERET .

Array Based List

01 2 i n
|
OISR T
01 2 i n
ith AT Te
element 01 2 i n




B
AL — FF 0(1) enqueue, O(1) dequeue, O(1) getAverage Y array based queue? (asm1)

1 class X B II—> sum F] length.
Y enqueue —/NJTE, sum +=¢, length += 1

3 dequeue —JTE, sum -= ¢, length -= 1

LinkedList Based List
A/ EIT: Node 4R 5.
Node BJEIE L KIXHE:

class Node:
def _init__(self, e): n: Node
selfval = e next

self.next = None

def setNext(self, node):
# node: is another Node instance €lement
self.next = node

Singly/Doubly LinkedList

head

A B c D

TESLEF AN— ¥ node
Traverse list

MEREA index B4 list.

class Node:
def _init_ (self, v):
selfval =v
self.next = None

class MyLinkedList:
def _init__(self):
selfhead = Node(-1)
selflength = 0

def addAtHead(self, val: int) -> None:
newFirst = Node(val)
oldFirst = self.head.next
self.head.next = newFirst



newFirst.next = oldFirst
selflength+=1

def deleteAtIndex(self, index: int) -> None:
if index >= selflength or index < 0:
return -1
curr = selfhead
while(curr.next):
if index==0:
break
Curr = curr.next
index-=1
curr.next = curr.next.next
selflength-=1

SEEEPAYE e

ArrayList 0 LinkedList 973 [8) 8 2 E 452 0(n)

ArrayList & & RE 481 3F A index, MBRSIBINEETALEEZ O(n)
LinkedList &4 list R&XL or BAYIER
JUETFXRERRITES B CHEESEN. & ANKILE:
B AY List 2540 pointer

oyl I Tal VA

FAN—A% BB Stack 1 Queue 2 E T Linkedlist (W5 22/ F

ArrayList LinkedList
Size() o(1) o(1)
isEmpty() 0(1) 0(1)
Get(index) 0(1) O(n)
Set(index, €) 0(1) 0O(n)
Add(index, €) 0(n) 0(n)
Remove(index) 0(n) 0(n)
Remove(Ref) ? 0(1)
AddFront(e) 0(n) 0(1)
InsertBefore(Ref, e) ? 0(1)
InsertAfter(Ref, e) ? 0(1)
(=8
1. F§ Singly Linked List S2Z[ A9 Queue, E push #1 pop NELEE L /?

0(1)

4 Singly LinkedList MEKMERE S TE (0(n)), (BINRAEEEBRIF— pointer, B
o] [ S2EY O(1) append.

SL#B enqueue, E & dequeue, RIT] M EIEERZ O(1).



Stack & Queue
1217 /= Stack Ze#tfe i (FILO, first in last out) , Queue &34 (FIFO, first in first out)

/’

n I Back Front
\ \ Dequeue
[ 1| Enqueue
Empty Push Push Pop I

stack

Stack #1 Queue 7£ Python BE#P0] M list Y12 (EfE £ 30T
7t Java B R RAA B LIRS, (Bt 0] PUBIT List KB £ LI,

BHa| 8 2 fE AL
1012 & Stack 1 Queue AYFFEIREERZ O(1) - BT LinkedList Y32, SiE B TARKERN

array + pointer.

Stack Queue
Size() o) o(1)
isEmpty() 0(1) 0(1)
Push()/Enqueue() 0(1) 0(1)
Pop()/Dequeue() 0(1) 0(1)

(=

1. Fi stack £IE queue
Using only two stacks, provide an implementation of a queue.
Analyze the time complexity of enqueue and dequeue operations.

A stack(R 223 push/pop) K LI — queue BY#E{E(enqueue/dequeue)

F 11— instack F1— > outstack 3L,

% enqueue FJRTIE, F 11T instack B push —NELF; & dequeue FIRTE, FTH LR E
outstack BEEHBHE. NREH, TN instack BB AYFTHE A pop Hf outstack B. A FF ]
1L outstack pop H E—EL

=SS
operation Instack outstack Return
Enqueue 1 [1]
Enqueue 2 [1,2]
Queue.pop() [ [2,1] [2,1].pop() = 1.
SRR

Enqueue & 0(1), Dequeue ;2 O(n).

2. F queue S£I stack
A&Z A queue( A AT enqueue/dequeue) kR SLFL— stack Fy#E 1 (push/pop)



fRE: REE— queue.

Push:
g-enqueue(x)
BRI q B9K/INZ N, dequeue N 2K, 3+ enqueue 56HC.
pop:
g.dequeue(x)
operation Q Return
Push 1 [1]
Push 2 [2,1]
Push 3 [3,2,1]
Pop [2,1] 3

Binary Tree 5 LinkedList fYBX % :

LinkedList £—> Node R — reference 53— Node, 25— J7[5). Doubly Linkedlist
KA PALERABRAN F7 a1 1R [B].

Tree ;2— Node T [F 1~N PMAIREZ 2 4, M)A ZXHH) reference L HAM Node, FIRE
Ji1E).

— &M=, % F Tree By worst case, E30] |5 % LinkedList.

HIREM
class Node:
def _init_ (self, v):
selfval =v

selfleft = None
selfright = None

class Tree:
def _init__(self, root):
self.-root = root

Binary Tree —fi& R A& B reference, }XH parent.
AR N B Tree 7% F parent.



MREE parent, ‘! %@%Z‘/ﬁ%g root [a] 8.
INERE parent, NFRTJ UM leaf node 1F _EFE.

Tree FUIR R, IBMNE, —REEFZEM root 5. EHEITBEIRIERN node, REHTTIE

Tree Traversal

*XTEI]LE BEARED X2, HREAKEITZILF traversal .
B A T M traversal B9 E _FkE R Postorder.
— X FHEA Node F9E BRI T BE)H KX E|E subtree AYZIF.
#rF—> Node F1 parent fy5EiZRIXFR KA EFTH child node #1 parent fJ5% .

=MIEE EERFHIEITEFH E % - preorder, inorder, postorder.

InOrder(root) visits nodes in the following order:
4,10,12, 15, 18, 22, 24, 25, 31, 35, 44, 50, 66, 70, 90

A Pre-order traversal visits nodes in the following order:
25,15,10, 4,12, 22,18, 24, 50, 35, 31, 44, 70, 66, 90

A Post-order traversal visits nodes in the following order:
4,12,10, 18, 24,22, 15, 31, 44, 35, 66, 90, 70, 50, 25

root 4>

10 35 70
it / \. N /N
4 12 24 31 44 66 90

—ﬂJJEJ_ETJTFF%BIE O(N) /I\ node /\'LEIEJ
Preorder

SZBC BAEFWEBEH BAFHE
BRI XS

10



def preorder(node):
if node == None:
return
print(node.val)
preorder(node.left)
preorder(node.right)

2
Invert Binary Tree &35 — X #f

Example:

Input:

def invertTree(self, root: TreeNode) -> TreeNode:
def preorder(root):
if root==None:
return
rootleft, rootright = root.right, root.left
preorder(root.left)
preorder(root.right)
return
preorder(root)
return root

IE#M: 75 —>K recursion call Z 8y, parent &2 24 FHEI%E, EEIFEE] leaf A1E.
BZ:E: O(n).

Inorder

EEFHFIEE, BECHBEFHEA.
AR XNEERFET -XHE.
BV FHIE: fikoR 5[] binary search tree, 52| HEF Y list
definorder(node):
ifnode == None:
return

11



inorder(node.left)
print(node.val)
inorder(node.right)

wl
2. fE—>tree B, tNfa/#—- node AY inorder successor

O ©

inorder successor (x) = e
inorder successor (a) = f

NRIX node HHFH, successor 2 H FIERARN .
NRIXA node JZH LTI, TBIAEEH parent. R T UK EIE N SR E parent B FH, X
A parent FEEB(1EHKH.

3. WK R — RS N =2
Bix:
def inorder(node, level):
if node == None:

return
inorder(node.left, level +1)
if level == N:

print(node.val)
inorder(node.right, level + 1)

IEFM: Inorder N R FES—ENINF L EMNELEA.
E:E:0(n)

PostOrder
S, FhARE REEC
BEABTRZRNESRNEE, BFEX K assignment

def postorder(node):
if node == None:
return
postorder(node.left)
postorder(node.right)
print(node.val)

12



PreOrder, Inorder, PostOrder & Z&E &2 O(N).

SF—NEE, MR EFTH B node #EF—E: O(N)

R E HEHE, X RiEFE— child node: O(h), where h = height of the tree.
X TREER, R /ZH 1A binary tree 2 balanced, 7§ O(h) = O(n).

N balanced N4 O(logN)

I
1. Design alinear time algorithm that given a (binary) tree T computes for every node u in
T the size of the subtree rooted at u

& %: post-order.
Recursively find out the left/right child subtree size.

Return Func(r.left)+Func(r.right)+1.

1E 784 for any internal node, the total subtree size equals to sum of subtree rooted at its left
and right child.

Complexity: O(n)

(—AIRI& BST R HER)
Binary search tree & X: Z£6> node t, & FRif{EX B CHE/, B CHEX LA TN

BST search
def searchBST(node, val):
if node == None:
return None
if val < node.val:
return searchBST(node.left, val)
elif val > root.val:
return searchBST(node.right, val)
else:

13



return node

AVL A

-0(h) =0(logN)

— %09 BST. —> node E [ subtree fIREZE (MET—HKERENIX leaf FIRE)F il
7 1.

Search: logN

insertion: logN

Removal: logN.

AR 30-20-10, H LM T EM? {E R 20-30-10 BYRFE# 20-10-30 9N
AVL tree o] M@ id rotation N ARER DS E

bl
]
x5
=

HHel 8 22 E B2
£ binary search tree B R —/MERIAT[E]Z O(h) h = height of tree.
NER tree = balanced (AVL), 4 O(logN).

15
1. Given a tree node root, validate if it is a binary search tree.
AT XA TR I? 20 RAXS, = 0] PUIERR?
def test-bst(T)
for u in T do
if u.left #nil and u.key < u.left.key then
return False
if u.right #nil and u.key > u.right.key then
return False
return True

R
def Isvalid(root, min, max):
if not root: return True
if root.val > max or root.val < min: return False
return isValid(rootleft, min, root.val) and isValid(root.right, root.val, max)

Isvalid(root, -inf, +inf)
2. Consider the following operation on a binary search tree: median() that returns
the median element of the tree (one whose ranking is |n/2] in sorted order).
Give an implementation that runs in O(h), where h is the height of the tree. You are

allowed to augment the insertion and delete routines to keep additional data at each
node.

FBEBATITINE node 472 TR size, A TATE O(h)AH AR HEI—" BST £ median?

14



REO] UFEETF R size, AT AR A EAIFLE]— BST 9% k N AAY element.
1 median L@ — MR kK E.

HEREE node x FIRHE:
1. R xleftsize==k-1, %88 x 2% k ) element
2. R x.leftsize >=k, node = node.left
EAx Z0EEk NEKT.
3. MR xleftsize<k-1, A% k NMI—ELE L FRIA.
BB FRATEEH#T k = k - uleftsize - 1, F A48/ Bl fa Z BIHEBR AV EZAB 0.

ZRX LR, T O(h) B [B] A E]—> BST 2 Y median.

1. Heap 5 priority Queue fJ< %

2. Heap f9%54: Complete Binary Tree, min/max heap, removeMin(max), insert i3/l 715
£

3. Heap/PQ HYf£H

Priority Queue
— M EIE 54, ¥ insert, removeMin(max), min() &%,

AEFERAEHEIES PQ #Y deskcheck:

Method Return value Priority queue
insert(5,A) {(5,A)}
insert(?,C) {(5,A),(9.Q)}
insert(3,B) {(3,B),(5,A),(9,C)}
min() (3,B) {(3,B),(5,A),(9,C)}
remove_min() (3,B) {(5,A),(9,.C)}
insert(7,D) {(5,A),(7,D),(9,C)}
remove_min() (5,A) {(7.D),(9,.C)}
remove_min() (7,D) {(9,C)}
remove_min() (2,Q) {}

is_empty() true {

AR PQ BHIRM, AR EFEMAYSEIN. PQ AYSEIR /77 A B HEF (T Insertion/selection sort),
heap. Heap X 4> array based heap #1 tree based heap.

15



Array

Priority Queue Heap based PQ

Sorting based PQ ADT
Tree

Sell orders

Matching
Engine

PQ 9% A =:
1. ZFEFUBE R A% - stock matching engine g9+

E T sorting 5 list B PQ
SRMETHEIE PQ FATIHE M FRIE %
1. —/EHE# insert, removeMin F{&EHEE.
2. 7 insert BYEHEHERE, #io) A B removeMin.
X E AT 8] &BZE A% insert O(1), removeMin O(n) | insert O(n), removeMin O(1)

Insertion sort 5 Selection sort
AT AR A BF T AT PLFE B sorting? E AHEFMEIEEF A EE removeMin 1 insert Y25
. F MR P FR 777 TR R A HE R E A

1. Selection sort {J/EIE 2 B 1% insert, removeMin FHEREF. 540 selection sort? & %
' RE T select(remove) {Y & A HEF.

2. Insertion sort fYRIEE 7 insert FIRMEHERE, o) I & 1 removeMin. H{t4 MY
Insertion sort? F & R 7 insert fY8H&E A HEFe.

P sort WEREEZ 0(n?) - BA—HFEH n MF, BREAEI—A 0(n)ATTE, ATId
BHERER 0(n?).

ETF Heap #9 PQ

Tree based heap
1. EETXH

16



BT RET—HzZN HEMESH SXEAVERRE T —HN&RAIL
TE XIS EZ log(N) . N 2 node FYEL

GERRFZ: §—/F 1 #8 27 /> node, M i=0 0% i=x, —3F N 4 node, K x)
ARXDXENEZREN—MRE tree BERNEXEERE

2. Parent Lt EAZF/IN. EH &% T ZELHF.

3. FH heap #47 insert()#1 removeMin()&B2 LogN. — &K1, AR FE(FF PQ, A heap
MR &I

4. E-T heap f9 sorting N heapsort, i [g]2Z NlogN.

Heap #fY Insert/Remove

Insert 9 A5
1. ERHKERE—N (REENELA)NMNE

MBS RERAE
i j8]: O(logN)
1. #H&EE—AEERZ 0(logN).
2. WA R45 parent path F#9 node 32#, parent path K R A log(N)iX 4 K.

Remove:
1. BRE—N(REENRSA) BYEZ root
2. REIEXNMRE root 5EEZFERELLE/NIR—NZH T

A 18): O(logN)
1. EH R %5 parent path FHJ node 2Z#, parent path F{ 2R F log(N)iX 4AK.

Array based heap

A&z B 8 ZERE L.

Root FY{I & Z array[0]

Array[i| S A F1E 2i+1, A% T 7 2i+2 \L&. Parent £(i-1)//2 AL E.

17



iR
1. Given k sorted lists of length m, design an algorithm that merges the list into a single
sorted lists in O(mk log k) time

—H#HE m*k P TE.

3 4 ZL—_‘ r_’E € RemoveMax()
RemoveMin()
-]
'_4‘ ".‘ 7 '(," '.“
Lo i)

heap height
= log(k)

k nodes .
2 [ 4 6 17 AN e knodes .
----------------- P b ror LTS op R O,
Min Heap Max Heap
with k nodes with k nodes

insert(5)

swap takes log(k) 7 k.
to restore min heap order
4 :J : ‘Z 7

Min Heap
with k nodes

.

a) FA23LIE— max heap F1—> min heap.
Minheap B FEMZ5— list B head A9 reference, thgt 2 list B/ NI FB DL
Maxheap BEFHE5 list E tail fY reference, W2 list B &AL
£ removeMin() B9 A&, F{[TM min heap B removeMin() $xEBUXLE head B &/N\HIFP
. 7 B4E head Z [RHYABEF 10 minHeap E.
7£ removeMax() fYRHE, F{JM max heap 2 removeMax() FKBUXLE tail B & KAIF A
I BIE tail Z FIAYARMEF A0 maxHeap .

b) FkAIAY input list ZM/NEKHEEF 89,



IEHPE:

BRI, ZE AL/ — M2, — 4 list ) head EBEXA list RE/NGSE, T tail SHAL
FEMBEMAEM k DMIXEER list EMHEISR/NHTRE ERERIFTENLEBERE/),
MEZ BB KRN .

IXB B /)N 45, Min heap £& 5 head Y reference, 1 Min Heap FYZ54 0] U{RIEE
felogN BB ERGERR/NIITTER (N2 heap ERTTEMEE, ERNTAIAE, N=k, F A
B kA list, g k k).

FEBER/ head ZJ5, BATEEFIX list AY3LE] reference, th i 2 F £ insert — 4
#H9{E# Min Heap. Insert(e) 7£ Heap 12 logN.

7£ max heap HHEAXRBHAER THE2FIE.

removeMin/Max() #1 insert() 7£ heap based Priority Queue 2 fyHt[8]&F 2 0(log(N)),
Nis & queue B ETEHE.

Min/Max heap Z5# R FEE (R 1Fk /) LinkedList 2 #yLF1E reference. prIU5 3IEFN
heap EMy N = k.

7t doubly linkedlist B ZfrLERIAS ]2 O(1), ATIAFFA G Kk

Therefore, overall complexity of removeMin/Max is O (log(k))

Given an array A with n distinct integers, design an O(n log k) time algorithm for finding
the kth value in sorted order.

B 7% array 8987 k NMUF I max heap

MEE k+1 NEF A, 5 max heap fY root (R AE)LLE.

N5 array([i] < root, remove max from heap, }§ array[i] )i A\ max heap. K Z RNEH0A.
RIEHETE heap BRI R BN EEAER AT k ME.

Invariant: 7£ iterate i f9{E{T A%, heap B{XE & array R9FT i MEEHR/NAY k ME

1.
2.
3.

% i=k B, & invariant.

218 ¥ i=n B$4F4 invariant, th3t 21% root = array[0~i] H/)\ k MEEHF A/E.

¥ i=n+1 B, g0 array[i] < root, I] I, root /DLt array[0~i+1]E k MEE KT, I FF
5" heap EXEE array {951 | MEER/NEI k ME"RIER, FTUEBER. k=, T
array[i] £/DLt array[0~i+1]2E k MEE X, FF AR heap

Frid 1=n+1 B> 5, heap BEHIH A thTF4 invariant.
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HRsEH

Alh(x

h(x)
index in table

Hash
function

Key (x) ————

£ 7 hashing, key 5] A2 {E{E 2R 7, LL 40 string, LEZA object, #RET ).

Khr F BN R BEREZ T index. FTAFEBIL—F: 1€ key HE— T, 4 8EF key 3k
¥ index. Xzt £ hash function.

Hash function B4MBST 2R O(1), B A BEBRN SN, BH R HHH

Separate Chaining

B LFrEAAYEE, hash function o] gE< = A R E.

Eban, 7 E—N[0~12]f9FRE fit —LE 0~100 = [8) 895, F 419 WE X hash function 3
nMOD 12.

B, AEINEF MOD 12 B 2|AHE A index. XNEHE, BN REEE— index fLE A—1
linkedlist SEF N ZME.

X, —XEEMAHFE 0(1), 2 0(n) 7, AAREIFATREERA K input #HEE| 7 E—
index, JE[EF 7 linkedlist B & 7.

01 2 3 45 6 7 8 9 10/11 12
Al [[\ | I [ [ ] [ ]
G| () (10)[ |(25)
) \_/ \L,/ N
3 B / - ok
5 7. P
(28) ( 36) 38 )
2] Yle
e \,T,_/
(0)
N
)

T

BRI ZE L hash function R T]RE BB =4 index, B RIHE.

Linear Probing/Open addressing

MRBATNEIELESE memory 23K, ARIFESZ— index (L EHE— linkedlist, A AIBE|
collision FYFHMEFLA1E o] IR FFEHRALE.
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01 2 3 45 6 7 8 9101112
HEn 1HE

|
¢ o — e
( —
‘/54\\ /18\) /@ '/25\,
- | N
b /
V 28) /?L(x\ 38)
[N/ Ot bt
‘(”‘ 12)
&= A 4
N i
%)
8y ’
_/ must probe 4 times
New element with before finding empty slot
key = 15 to be inscrlcd)\' /—/%
B WAk Wl Y
0 1 2 3 4 5 6 7 8 9 10
13 26 5 37 16 21

e putiBZF collision KyiFE, EEEE B ==& DEFUNCT HIE.

o Delete 8%/ collision AYRHE, 5T HEMBRRIEL HERBEITZME. MEREIFCA
DEFUNCT.

e Get 1B%| collision i, F/EE R, —EHEE|= A 1. (FZ| DEFUNCT RMETkK)

Load Factor

WMRIFHTEI n 4 key BUHF[0~N-1]/MIEE X, load factor a=n/N, XK TEEE R TP
£ key FEE— ML EHEABEE.

Get/insert AR E)1@ FIA A2 O(1+ ), HIAIE L2 O(n).

Cuckoo hashing
BIE B 4B 4E hash function. E— P B ES XN N A hash table FAAREAE.

LITTJTIel TTT Tl T T I ]-=

Get F1 remove FIRTE, 95 hl 1 h2 3 Z ) table. ZNE element 127, N A AT table

S —A,
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{ERZ Put fIHZ O(n). ZNRFE element 7 put FYAITEIRAZ M IAER hash collide T, EFEE
R T1(5 T2) 2, ILRERMIER element KA HEAIME. XN E2IXATEER T UZE
O(n)

BfE1E 2L E 25
BAR—MIERT insert(key, value) F get(key, value)2 O(1), BiX [ 1R FEEREBERL—MIAAL
2 O(N).

Put Get Remove
Chaining 0(n) O(n) 0(n)
Linear Probing 0(n) O(n) 0(n)
Cuckoo hashing 0(n) 0(1) 0(1)

IR
fEXF HashMap fJRABVE, FEF R L IUE AT AZRAY hash function |X X R hashmap AYE
WA R - BE T INEE linear probing.

1. Suppose that you have a group of n people and you would like to know if there are two
people that share a birthday. Design an O(1) algorithm that given the information about
the n people’s birthday, finds a pair that share a birthday, or reports that no such pair

exists.
Tk
{# A& T linear probing {4 hashmap, hashmap 9 memory X/N2 2*365. (X R EZEETHE—
i)

Hash function: 4 H - > [1, 365]F i — 2.
R4 H i@ 1d hash function N\ hashmap, Z1RFEAL = 1, HEFIRELXNMIE
MREIMMANEFRIRE, IRAXERATRD —14EH.

E#
1 /2% linear probing, REE 2*365 K/\fY table, B A—B#AI%EF 1 st AR L% B 7 —4A
pair, It B & $ 1% B B 9.

SRE:0(1) AT4R 0(1)? A 365 XNMEREEMN. BNMNEHREBETAZIED 365%2 k.
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