EFAH
1 1

Data Structures and Algorithms



Data Structures and Algorithms



AN

e

of |[H &

Klo| / #v =~
d ko oln

< | Ko & R«

S | K @ m

s NS

- _I__|o )

wO

Data Structures and Algorithms



(10+14)/2 = 12

X”
-

-

-

0

-

1

- -

Data Structures and Algorithms



el 9|%] 2

- Ol Ofl B 2|5t

12 &7

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Data Structures and Algorithms



H| 2| &

A = ar high] - arr[low]
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g L4 N \ \
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low S high
=HA T A0 MEHE QIEA 3t 2olof S

A Q||| QIEIA T A4

A : O =(high-low) : (s-low)

s = 2 (high-low) +low

x-arr[low] |
s = _ (high-low)+low
arr[high]-arr[low]
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o« 2N =2 MO B[ Of 2 ‘T O| &7 7F Or il 7] (key)
. HO|A HO|E{S &= HEIS 28

=

|:|OI-

typedef Key int // €A 7| EIQ A9
typedef Data double // &AM G|O|E EIR A2

typedef struct item

{

Key searchKey; // EMA F|(search key)

Data searchData; // B4 O|O|E{(search data)
} Item;
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int search(int arr[], int first, int last, int target)

{
int mid;
// if(first > last)
if(arr[first])>target || arr[last]<{target)

retrun -1,
// mid = (first+last)/2;
mid = ((double)(target-arr|[first]) / (arr[last]-arr[first])
* (last-first)) + first;  x-arr[low]

5 = (high-low)+Ilow
arr[high]-arr[low] — ~

if(arr[mid] = target)

return mid;
else if (target < arr[mid])

return search(arr, first, mid-1, target);
else

return search(arr, mid+1, last, target);
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Hf & 1x1079 1x10A9 (worst)

O %l ErAf E g B 1x1079 X < 30 (average)
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BinarySearchTree.h LH-&

#include "BinaryTree2.h"
typedef BTData BSTData;

// BSTS| M 4 =7|=5t
void BSTMakeAndInit(BTreeNode ** pRoot);

/] =0 X&= ¢O|g diet
BSTData BSTGetNodeData(BTreeNode * bst);

// BSTE U2 2 [O|8 HEH(EQ Myid Lat)
void BSTInsert(BTreeNode ** pRoot, BSTData data);

// BSTE CHA 22 O|O|E EFAM
BTreeNode * BSTSearch(BTreeNode * bst, BSTData target);
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BinaryTree2.h L&

typedef int BTData;
typedef struct _bTreeNode

{
BTData data;

struct _bTreeNode * left,
struct _bTreeNode * right;
} BTreeNode;

BTreeNode * MakeBTreeNode(void); // =EE oz o LEO FA 7t g
BTData GetData(BTreeNode * bt); // A &= L=E=9| G|O|g B3t
void SetData(BTreeNode * bt, BTData data), //

BTreeNode * GetlLeftSubTree(BTreeNode * bt); // L=E9| 2IZ Z}Al LEO| ZA
BTreeNode * GetRightSubTree(BTreeNode * bt); // =EQ| QEZE XAl LEO| FA BiE

/129 AFB/LES AA LB WA

void MakeLeftSubTree(BTreeNode * main, BTreeNode * sub),
void MakeRightSubTree(BTreeNode * main, BTreeNode * sub);

Data Structures and Algorithms 14
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void BSTInsert(BTreeNode ** pRoot, BSTData data)

NULL; // parent node
*pRoot; // current node
NULL; // new node

BTreeNode * pNode
BTreeNode * cNode
BTreeNode * nNode

while(cNode != NULL){ // ME22 L=E7t 2ItE Q2 E 2U=Ct,
if(data == GetData(cNode)) return; /] 719 S5 585X %=

pNode = cNode;

GetLeftSubTree(cNode);

if(GetData(cNode) > data) cNode
GetRightSubTree(cNode);

else cNode

// pNodelQ| ME LEO| 27t Al =E9 MY
nNode = MakeBTreeNode(); /[l M =E9 MM
SetData(nNode, data); // M =20 4|0l A&

// pNodel2| ME LEO| M SEZE 7}

if(pNode 1= NULL) { // M =EJ} F2E LEJ} OfL|2tH,
if(data < GetData(pNode)) MakeLeftSubTree(pNode, nNode);
else MakeRightSubTree(pNode, nNode);

Yelse{ // M =EJ} £2E LE2tH,
*pRoot = nNode,
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BTreeNode * BSTSearch(BTreeNode * bst, BSTData target)
{

BTreeNode * cNode = bst; // current node
BSTData cd, // current data

while(cNode != NULL)
{
cd = GetData(cNode);

if(target == cd)

return cNode; // EH0| d&orE olfd LE9| T4

else if(target < cd)
cNode = GetlLeftSubTree(cNode);

else
cNode = GetRightSubTree(cNode);

}

return NULL; // EHAH CHAO| Q=
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Case 1: EF2 .= E (Easiest case)

(2) (%)
OBNO = OBNO

AR Za

OO

APH| che

// dNode@} pNode= ZtZ+ APA|&H LLEQ} 0|9 B2 LEE J12|7|= EQIE He
if(GetLeftSubTree(dNode) == NULL && GetRightSubTree(dNode) == NULL)
{

if(GetLeftSubTree(pNode) == dNode) // & Z}Al LEOI AL
RemovelLeftSubTree(pNode); /] §ZE A L E AR

else /[l LEZR AM =0 37
RemoveRightSubTree(pNode); /] LEZ Al LE AR
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Case

2: StLIO| ME EL]

A Ch

=

APH| 2t

else if(GetLeftSubTree(dNode) == NULL || GetRightSubTree(dNode) == NULL)
{
BTreeNode * dcNode; // delete nodel| AAl LE
/] AAH CHAe AA EEFE 2|
if(GetLeftSubTree(dNode) != NULL) /] AA EET 2F
dcNode = GetLeftSubTree(dNode);
else /] AA L EJ 2EXE
dcNode = GetRightSubTree(dNode);
if(GetLeftSubTree(pNode) == dNode). // AfA| CHi40| 2F XA LE
ChangelLeftSubTree(pNode, dcNode); // RIZSZ HZA
else /1 AA T0] LESR AA EE
ChangeRightSubTree(pNode, dcNode);// LEZ2 = HZA
}
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Case 3: = 7C| A EEZ|

else {
BTreeNode * mNode = GetRightSubTree(dNode); // mininum node
BTreeNode * mpNode = dNode; // mininum nodel| &2 L&

int delData;

while(GetLeftSubTree(mNode) != NULL) { // A4S EE A LE=
mpNode = mNode;
mNode = GetLeftSubTree(mNode);

}

/] HHAY 20| HEE 22 MAY 20| o

delData = GetData(dNode); // e M GO =He

SetData(dNode, GetData(mNode));

/] UiAe SEof B2 LEQf XA LEZ= AHZE

if(GetLeftSubTree(mpNode) == mNode) // CHA|Y L=E=E7} &1 L EC2IH
ChangeLeftSubTree(mpNode, GetRightSubTree(mNode)),; //

else /] A SE7F LEX LE2tH

ChangeRightSubTree(mpNode, GetRightSubTree(mNode));

dNode = mNode;,
SetData(dNode, delData); // 2 GolE =EH
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ALR| HAHS QIS 7L BHE St S

/] Z A L E A, AAHE EQ FA Zr0| Hist
BTreeNode * RemoveleftSubTree(BTreeNode * bt);

/] LEZE AA EE AHAH, AAHE EQ =4 {f0]| Btet
BTreeNode * RemoveRightSubTree(BTreeNode * bt);

/] Ol22] ABEZ £8tstA| &1 mainl| &1F AA| EE HEF
void ChangelLeftSubTree(BTreeNode * main, BTreeNode * sub),

[/ HE2 2B= FUoA] Z4 mainl| LEZR AA L5 HE

void ChangeRightSubTree(BTreeNode * main, BTreeNode * sub);
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BTreeNode * RemoveleftSubTree(BTreeNode * bt)

{
BTreeNode * delNode;
if(bt != NULL) {
delNode = bt-Dleft; void ChangelLeftSubTree(BTreeNode * main,
bt->left = NULL; BTreeNode * sub)
) ¢
return delNode; main->left = sub;
} }
BTreeNode * RemoveRightSubTree(BTreeNode * bt)
{
BTreeNode * delNode;
void ChangeRightSubTree(BTreeNode * main,
if(bt != NULL) { BTreeNode * sub)
delNode = bt-)right; { . |
bt->right = NULL; } main->right = sub;
}
return delNode;
}

Data Structures and Algorithms 25



.7r+ E LC MA 0|2

: E AH|Q| ZRE LIDIX| AK| R EITF 20| YEtatst7| SIs)A
pNode
}c\:oF —?—E = ®G= o cNode

AKX A A (The Rest): 27| 2}
$_
E L

\J
-1

& pRoot

Virtual Root Node

Root Node

BTreeNode * BSTRemove(BTreeNode ** pRoot, BSTData target)

/] AA CHAO] 2E LEQI FSE EE 2 12s[OF oLt
BTreeNode * pVRoot = MakeBTreeNode(); /] 7Y FE LE;

BTreeNode * pNode = pVRoot; // parent node
BTreeNode * cNode = *pRoot; // current node
BTreeNode * dNode; // delete node

/| EE L EE pVRoot7t 7t2|7|= LEQ QEZ ME LEJ A
ChangeRightSubTree(pVRoot, *pRoot);

o
A1
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AKX A AF (The Rest): &F 4| C

| 27|

. pNode7chodeO| SR LEEETIE
e BSTSearch & S =2 Al =gl

+ 0|2 B H case 1,2,3 5+

/] AA O % Aot LB A

while(cNode = NULL && GetData(cNode) != target) {

pNode = cNode,

if(target < GetData(cNode))

cNode = GetLeftSubTree(cNode);
else

cNode = GetRightSubTree(cNode);

7 OF et

BSTSearch=
CHA| =7t

if(cNode == NULL)  // AA| B0 AR Z=CHH,

return NULL,
dNode = cNode; /] ArA A2 dNode?}

Zte| 7| etrt.
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M| HLE (The Rest): FE = E 4K

/] MAE EEVF FEE LEQI FR0| et 2
if(GetRightSubTree(pVRoot) != *pRoot)
*pRoot = GetRightSubTree(pVRoot);

free(pVRoot); // 7t&f FE L& AMA
return dNode; // AtA| CHAF gbst
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Balance Factor
. 3 EH7| A

(e} AL
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Case 1: LL 2AFE|

o LL&YEH, 7AC|IM

. "l EO| 21Z(Left)0f| XtA&] L ET} SHLE EXHSHL,

21Z (Left)Of| AtA! L ET} EE SFL}F =X|”

+2

=

0 LL3|H™

-~ -
-

> [ 12-4: LL2IHe| gigat O Zif
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Case 1: LL2|N - &=ENM

. Chhof

Node cNodel
cNode pNode\
LL3H™

ChangeLeftSubTree(cNode, pNode);
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ChangelLeftSubTree(pNode, GetRightSubTree(cNode));
Change Right SubTree(cNode, pNode);
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Case 1: RR2| N

e LLZ|MItRRE|FM 2 L2744

ChangeRightSubTree(pNode, GetLeftSubTree(cNode));
ChangeLeftSubTree(cNode, pNode);
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Case 2: LR &FEf

e LL / RRMENXNEH oF H

e LR 2YE{OJ| Al LL / RR&E
« 1M LRAE] > RRZ|H (

+2

av]
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RR2| M O| 4= 21 22 XA 2A| w2t
:\ = (1)
G 6 QUBHE Ol RRE|H
N\ > THY L ETUF NULLY ER =
q R RR 2| 7Hs
NULL
NULL
\ = B0 > R4 2
i RR2|H left
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Case 2: LR §‘X._'|

G§ Q@ <J® @ﬂ@LR > LL dEj=
CHAl

beHeh LRYJEN UFE Oo{A] RRE|ITE BT}

+2 +2
-1 +1 L
= = LR3| A
S8 RREF LLE|H
0
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Case 2: RLYEH 2} RLZ| A

o LRAEN LR M 1 RLAYEN RLE| M 2 B2k KO 7} QIS

e P8,

Al

-2

-2
1
+1 E:> -1
3
) 22 LL3H™ 0
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* BinarySearchTree2.h : O| &l E

FAH E
o1 —
* BinarySearchTree2.c: O| %l EfAM E

BinaryTree3.h :O| &l E2| 9| 5| G ot
BinaryTree3.c :O| 2 E2| Fd &=

=| 2| &f| H up &
| T8 &

« AVLEZ|= O|%l EHM EZ|o] 2=
. 07 gAY E2| 7|HoZ T

. BmarySearchTreeZ O 2[R HY 7|s= F7t

» I} AO| O| 5= BinarySearchTree3.c2 H 3

. N2 F71e It
« AVLRebalance.h: 2|2 =& 2HH
e AVLRebalance.c: 2|22 A 2HH
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LS BAS: LT MYU/AH Al 20| TR
« BSTInsert &=+ E2|0| =t EE F7}

» BSTRemove & EZ|0|A EE XA

« StAO| SEN

L

void BSTInsert(BTreeNode ** pRoot, BSTData data)
{

*pRoot = Rebalance(pRoot); // =& 7t & 2[4

}

BTreeNode * BSTRemove(BTreeNode ** pRoot, BSTData target)
{

*pRoot = Rebalance(pRoot); // =& A|H = 2[4
return dNode;
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o EC| 2| 0|2 At

int GetHeightDiff(BTreeNode * bst) // =0|2| zl& Ul

{
int 1sh; // left sub tree height

int rsh; // right sub tree height

if(bst == NULL)
return 0,

1sh
rsh

GetHeight(GetLeftSubTree(bst));
GetHeight(GetRightSubTree(bst));

return 1sh - rsh;
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3 E2|9| =0| A4t

int GetHeight(BTreeNode * bst) // E2|2| =0|= AAtsto] Ehat

{
int leftH, // left height

int rightH; // right height

if(bst == NULL)
return 0,

leftH = GetHeight(GetLeftSubTree(bst)); // 21Z =0| A

rightH = GetHeight(GetRightSubTree(bst)); // LEZ =0| A

if(leftH > rightH) // & 4f2e] =0[Z PratatC},
return leftH + 1,

else
return rightH + 1,
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A3 LL/RRZ| (Case 1)

« 2|™ =2 parent nodel| ¥ X| HfE

M Z 2 parent node 2/ X| 2| H

o LL->RRZ| ™ Left-> Right2 =7

BTreeNode *RotatelLL(BTreeNode *bst)

{

bst J

v
pNode =f>@
BTreeNode *pNode; >
BTreeNode *cNode; cNode =f>® LL3|

/
/

// pNode®} cNode? <:j>

/] 2dZ2 et Zte| &7|
pNode = bst;
cNode = GetLeftSubTree(pNode);

/] =2|d
ChangeLeftSubTree(pNode, GetRightSubTree(cNode));
ChangeRightSubTree(cNode, pNode);

return cNode; // HEE FE LE FA {}f 8ISt
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cNode cNode
2 Left->Right # 4 { /

RotateRR(cNode)
BTreeNode * RotateLR(BTreeNode * bst)
{

BTreeNode * pNode;
BTreeNode * cNode; LEE LREE = mlojud

// pNode®} cNode?
/] 2SS et Ate| &7
pNode = bst;

cNode = GetLeftSubTree(pNode);
,°"°“e S22 RRE[HO| 2l

/] B&4 RR 2|d
ChangeLeftSubTree(pNode, RotateRR(cNode));

ChangeLeftSubTree(pNode, ++* );

return RotatelLL(pNode); // LL 3|

. CIA| E2Ict
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= Rebalance

BTreeNode * Rebalance(BTreeNode ** pRoot)

{
int hDiff = GetHeightDiff(*pRoot); // =& Ql4= A4t
if(hDiff > 1) /] EE ME Eg| Y@ake=z FO0|7t 2 Ol ACHH
{ /] 22 =Y LL = LRAE]
if(GetHeightDiff(GetLeftSubTree(*pRoot)) > 0)
*pRoot = RotatelLL(*pRoot);
else
*pRoot = RotatelLR(*pRoot);
}
if(hDiff < -1) // LEZF AME E| ¥¥e=z 2 Ol ALHH
{ /] EZoZ E3Y: RR E= RLAEN
if(GetHeightDiff(GetRightSubTree(*pRoot)) < 0)
*pRoot = RotateRR(*pRoot);
else
*pRoot = RotateRL(*pRoot);
}

return *pRoot,
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« GetHeightDiff(GetLeftSubTree(*pRoot)) > 0

e LL EE= LR 2AfEY

+2

+1

+2

LLYENR} LRYERS
=718

HEIEH LLYEN

« GetHeightDiff(GetLeftSubTree(*pRoot)) >
« RR LE CC = RL AI-EH

ZHCHEE LRAJEN

+1

RRYJENS} RLAENS
TEIIE

ZHCHsE RRAJEN
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