Computer Science Monash University

CSE1303 Part A
Data Structures and Algorithms
Summer Semester 2003

Lecture A17/18 — Revision

Kymberly Fergusson

Lecture Overview

¢ Subject overview

— Topics covered this semester.

* Exam overview

— Types of questions found in Part A of the exam.

¢ Exam hints and resources

— How to deal with exams (resources, and hints
for during the exam).

— How to prepare.

* Revision
« Going further

— Some examples you may find useful.

Subject Overview

» BasicC
— Data types
— 1D and multidimensiona arrays
— Strings
—1/0 & Filel/O
— Structures and t ypedef
— Dynamic memory

Subject Overview

« ADTs
— Stacks
 Array implementation
« Linked implementation
* Push
. Pop
* Initiaise

— Pointers « Check empty/full
Subject Overview Subject Overview
* ADTs * ADTs
— Queues — Singly linked list

 Array implementation
* Linked implementation
* Append

* Serve

* Initialise

» Check empty/full

 Array implementation
* Linked implementation
* Insert

* Delete

* Search

* Initiaise

» Check empty/full

* Traversd
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Subject Overview

e ADTs
— Doubly linked list

* Linked implementation
¢ Insert (not C code)

e Delete  (not C code)

e Search  (not C code)

« Initialise

 Traversal (not C code)

Subject Overview

« ADTs
—Trees

« Parse Trees/Expression Trees
— Prefix/Infix/PostFix

 Binary Trees and Binary Search Trees
—Insert
—Delete
—Search
—Initialise
—PreOrder, InOrder, PostOrder Traversa

Subject Overview

« ADTs

— Hashtables
 Hash function
* Insert
* Delete (chaining)
* Search
* Initiaise
« Collision resolution (chaining, linear probing)

Subject Overview

* Algorithms

— Searching
« Linear search (arrays, lists, hashtable
* Binary search (arrays)

— Recursion
« Direct/Indirect
* Unary
* Binary

— Complexity

Subject Overview

* Algorithms
— Sorting
* Insertion sort (array)
* Selection sort (array)
* Binary Tree sort
* Mergesort (array)
 Quicksort (array)

11

Exam Overview

* 0.5 of the 3 hour examisfor Part A
» Typical typesof questions:
— Multiple choice
— Short Answer
« Write a structure or a small piece of C
* Write a short answer to a question
— Long answer
» Code a solution to a problem
» Write an dgorithm for a problem
« Fill in diagramg/missing code
» Wewill go over the sample exam next lecture.

12
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Resources for Exams

* Monash Community services selthelp information for exams:
— Exam Skills- Clue Words
— Exam Taking Techniques

— Exam Analysis
— Effective Skills in Examinations

— How to Survive Exam Weeks
— Preparing for Tests and Exams
— FEinal Exam Review Checklist
— Examination Room Techniques
— General Exam taking Hints
— How to keep Calm during Tests
— Test Anxiety Scale
» All these resource pages found at:

— http://www.adm.monash.edu.au/commserv/counsellina/selfhel p.html

13

Exam Preparation Hints

» Revisedl of the lecture notes
e Do dl of the tutorid questions

* Revise and finish al of the pracs (you gain better understanding
doing the bonus questions)

« Do the suggested reading at the end of all lectures

« Do the suggested additional exercisesin the tutorias
» Attempt the practice exam

» Revise your tests (look a them at the generd office)

« Try to implement the dgorithms that you haven't dready donein
the pracs

* Prepare questions for the last tutorial

« Come with questions to consultation with the lecturers
(additional hours are advertised closer to the exam date)

During the Exam

* Read the questions car efully!

« If you don't know what a question means, ask the lecturer.

« Don't get stuck on one question —move onto something else.
» Planyourtime —don't spend it &l on a couple of questions.

* Do the easy questions first.

* Attempt al questions.

« Don't use whiteout! (And don't erase your workings)
* Check you have answered dl the questions. 15

Revision — Linked Lists

 Operations:
— Initialise
— Set position (step to a position in the list)
— Insert
— Search
— Delete
— Make anew node

Initialise List

listPtr a;;ro; ist »| count 0

headPtr

INTHTH

void initialiseList(List* listPtr)
{
listPtr->headPtr = NULL;
listPtr->count = 0;

}

17

Set Position

= =

I:lposi tion O 1 2

Node* setPosition(const List* listPtr, int position){
int i
Node* nodePtr = listPtr->headPtr;
if (position < 0 || position >= listPtr->count) {
fprintf(stderr, “Invalid position\n");
exit(1);
}
else {
for (i =0; i < position; i++) {
nodePtr = nodePtr->nextPtr;
}
}
return nodePtr; 18

1/2/03




Computer Science Monash University

Set Position

Head ':>|

| =L |

nodePtr
Node* setPosition(const List* listPtr,

int i
Node* nodePtr

int position){

= listPtr->headPtr;

if (position < 0 || position >= listPtr->count) {
fprintf(stderr, “Invalid position\n");
exit(1);
}
else {
for (i =0; i < position; i++) {
nodePtr = nodePtr->nextPtr;
}
}
return nodePtr;

19

=

Set Position

Head =>| | | | |

-
posi tion 0 &h:cl)-dePt ;

Node* setPosition(const List* listPtr,
int i
Node* nodePtr

int position){

= listPtr->headPtr;

if (position < 0 || position >= listPtr->count) {
fprintf(stderr, “Invalid position\n");
exit(1);
}
else {
for (i =0; i < position; i++) {
nodePtr = nodePtr->nextPtr;
}
}
return nodePtr;

2

]

Set Position

Head I::>| | _|_>| | _|;|

nodePtr
Node* setPosition(const List* listPtr, int position){
int i

Node* nodePtr = |istPtr->headPtr;

=}

2

A

Inserting — Start of List

+ |

d|:>| |

Hea

0x30a8

0x2008

T)

0x2008 0x30a8

/4 0x2000

newNodePt r X

L1

posi tion 0

23

x2008 0x30a8

/ 0x2000
newNodePt r X

L1

posi tion 0

_ . \
it staerr, Fival i positiontny 4 0x2000
exit(1);
} newNodePt r E
else {
for (i =0; i < position; i++) { I_Q—_l
) nodePtr = nodePtr->nextPtr; posi tion
return nodePtr; 21 22
}
Inserting — Start of List Inserting — Start of List
e I - i B I (T3
Y Y
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Inserting — Inside the List

e =>[ [ 4———[ | 4

0x3080 0x3050

L L5

0x2000

newNodePt r /
[ o ]

position

25

Inserting — Inside the List

vead =>[ [ F——[ [ +
A \4

0x3080 x3050

/ 0x2000
newNodePtr  px2000
posi tion II'

Inserting — Inside the List

Head == [:::[::;—

0x3080 v

<4
0x2000
newNodePt r @

posi tion Iil

0x3050

27

void insertltenfList* listPtr, float item int position)

{
Node* newNodePtr = makeNode(iten);
Node* nodePtr = NULL;

if (position == 0)

{
newNodePtr->nextPtr = |istPtr->headPtr;
listPtr->headPtr = newNodePtr;

}

el se

nodePtr = setPosition(listPtr, position-1);
newNodePt r->next Ptr = nodePtr->nextPtr;
nodePtr->next Ptr = newNodePtr;

listPtr->count ++;

Deleting — 1% Node

= [ 5l 5l | +

0x4000 0x2030 0x30a8

Head

f_J posi tion
—

nodePt r

29

Deleting — 1% Node
Ll gl ol [ H
\/

0x4000 A Oxzoﬁ 0x30a8
f_J position Head

%l nodePt r
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Deleting — 1% Node

L = |

0x2030 0x30a8

II' posi tion Head

31

Deleting — Middle Node

vead = | | | | | 4

0x30a8

0x4000 » 0x2030 )

[+ Toosition

prevNodePt r
nodePt

32

Deleting — Middle Node

veas =L | AL |l |+

Deleting — Middle Node

U= o G
\

\4
0x4000 0x2030 0x30a8 0x4000 p > 0x30a8
II' posi tion IIlposition
m prevNodePt r Wprevl\bdeﬁr
nodePt nodePt f
33 34
void del eteNode(List* listPtr, int position)
{
Node* prevNodePtr = NULL;
poder nedepr =k Doubly Linked List
if (listPtr->count > 0 && position < |istPtr->count) y
{
if (position == 0) { U 1 Z 5] 4
nodePtr = listPtr->headPtr ;
listPtr->headPtr = nodePtr ->nextPtr ;
} —_— —_— —_— —_— =
el se { -
prevNodePtr = setPosition(listPtr, position - 1); I__ -1 1 - -1 %
nodePtr = prevNodePtr->nextPtr; -« « - «
prevNodePtr ->next Ptr = nodePtr->nextPtr; \ ﬁ
listPtr->count--;
free(nodePtr) ;
}
else { _ o currentPtr
fprintf (stderr, “List is enpty or invalid position.\n");
exit(1);
}

35

}
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struct Doubl eLi nkNodeRec I nwt at end

fl oat val ue;

struct Doubl eLi nkNodeRec* nextPtr;

struct Doubl eLi nkNodeRec* previousPtr; 0x4000 0x3080 0x2030 0x2000
b

typedef struct Doubl eLi nkNodeRec Node;

x3080 —f— (x2030 —F— NULL ——Y| NULL __|

struct Doubl eLi nkLi st Rec < Px4000 4 Px3080 l——hu_ \

{ o

HRULL L
int count ; A| A Al
Node* currentPtr;
int position;
b currentPtr
prevNodePt r newNodePt r

typedef struct Doubl eLi nkLi st Rec Doubl eLi nkLi st;

37 38
Insert at end Insert at end
0x4000 0x3080 0x2030 0x2000 4000 0x3080 2030 0x2000
0x3080 | » [0x2030 | S x3080 " § dx2030 ~ L, N I
Caupr o Toseeele Lo I__M” \4 YT " Bsooo—d b e Y
\ 4 A \ ﬁ Al A
currentPtr currentPtr
prevNodePtr newNodePt r prevNodePtr newNodePt r
39 40
Insert inside the list Insert inside the list
UXA000 UX3UB0 IXZ030 @Xa000 | PX30UB0 XTU30
[O0X30U80 > [0XZU30 > O __| [X3080 » (X2030 > O __|
[ — 1 v [

WAL < "0x4Q00 0x3080 ! < 0x4000 0%3080
i — | " P
X X
currentPtr prevNodePtr <_| X currentPtr prevNodePtr < X

= newNodePt r I—lx2030 newNodePt r
A NOCT

\ \

41 42
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Insert inside thelist Insert inside thelist
0x4000 0x3080 0x2030 0x4000 0x3080 0x2030
0x3080 —— |0x2030 T F -~ x3080 x2030 | ¥ -~
NULL NULL
—NULL T j rULL K bx _V|
OX4000 [ 0x3080 Px4000 Dx2000
i ] | ( N
0x2000 OXZOOOY
currentPtr prevNode r currentPtr prevNodePt
0x2030 ] newNodePt r bx2030 ]
r 0x3080 r0x3080
43 44
Insert inside thelist Delete from start
0x4000 0x3080 0¥2030
4000 0x3080 2030
0x3080 | » [0x20007] NP
T [<C \4 = —1 ]
M < ( 2 x3080 "> 0x2030 ||
m %2000 ¢ [y " Braooo—d b \l
\l A
currentPtr prevNodePyr 14
Ox2030 newNodePt r currentPtr
0x3080
ol dNodePt r
45 46
Delete from start Delete from start
UX4000 Ux3080 OXZ030 px3080 XZ030
O g O I oy T
NOLL 1« 0x400! -« 0x3080 \ |_ NULL 0x3080 \
S i
I;jurrentPtr rrentPtr
ol dNodePt r X ol dNodePt r X
47 48
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Delete from inside list

0x4000 0x3080 0x2030

Delete from inside list

0x4000 0x3080 A0x2030

0x3080 =1 [0x2030—3| nuLL —j x2030 I x2030 —F | nuLL ——|
J_—NU'—L << [0x4000 [T 0x3080 I_‘NJ-L <« Px4000 <4 Px3080 v
1 T
currentPtr ol dNodePt r currentPtr ldNodeP”
49 50
Delete frominside list Delete frominside list
0x4000 ’[m 0x2030 4000 l[\A 2030
1 ] I ]
0x2030 02030 > iy 1| 2030 ||
YT < Lowdoo los \l [(huay s \l
T T4
Currentptr 0x3080 ol dNodePt r Currentptr 0x3080 | dNodePt r

51

Revison — Recursion

- Unary

- cdlsitsdf a most once
- Binary/N-ary

- callsitsalf twice/N times
- Direct

- the function cals itself
- Indirect

- The function calls another function which calsthe
first function again.

53

Revison — Recursion

- Always
- Converges to a base case (always)
- Has arecursive definition
- Has a base case
- Can remove recursion using a stack instead
- Disadvantages
- May run slower
- May use more space
- Advantages
- Easer to prove correct
- Easer to anayse
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Recursive - Free List
nodePt r

L 1+

0x2000

| —L 11

0x258a 0x4c68

/* Delete the entire list */
voi d FreeList(Node* nodePtr)

if (nodePtr==NULL)
return;

FreeLi st (nodePtr->next);

free(nodePtr);

0x2000

Stack in memory

565

Recursive - Free List
nodePt r

Ll +—~L 1 +L 14
| !

0x2000 0x258a 0x4c68
/* Delete the entire list */
voi d FreeList(Node* nodePtr)

if (nodePtr==NULL)

return;

FreeLi st (nodePtr - >next); 0x258a

, free(nodePtr); 0x2000

Stack in memory

56

Recursive - Free List

nod@Pt r
I HE
> S 1
\
0x2000 0x258a 0x4c68
/* Delete the entire list */
voi d FreeList(Node* nodePtr)
if (nodePtr==NULL) OxACGA
return;
FreeLi st (nodePtr - >next); 0x258a
free(nodePtr); 02000

Stack in memory

57

Recursive - Free List

nodij?t r
|

—~ L |
| | > | | [ > [ 1
\
0x2000 0x258a 0x4c68
/* Delete the entire list */
voi d FreelList(Node* nodePtr)
NUI |
if (nodePtr==NULL) OxACGA
return;
FreeLi st (nodePtr - >next); 0x258a
free(nodePtr); 02000

Stack in memory

58

Recursive - Free List
noc{?Ptr
| +—

T4

>
0x2000 0x258a 0x4c68
/* Delete the entire list */
voi d FreelLi st (Node* nodePtr)
{
if (nodePtr==NULL) OXATES
return;
FreeLi st (nodePtr - >next); OxX258a
free(nodePtr);
} UXZUUU

Stack in memory

59

Recursive - Free List

node@’t r
I

>
0x2000 0x258a

/* Delete the entire list */
voi d FreelList(Node* nodePtr)
{

if (nodePtr==NULL)

return;

FreeLi st (nodePtr - >next); OxX258a

free(nodePtr);
} UXZUUU

Stack in memory

60
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Recursive - Free List
nodePt r

0x2000

/* Delete the entire list */
voi d FreeList(Node* nodePtr)

if (nodePtr==NULL)
return;

FreeLi st (nodePtr->next);

free(nodePtr);

0x2000

}

Stack in memory

61

Revision - Binary Trees

« Parent nodes always have 2 children
* ExpressionTree
— A Binary Tree built with operands and operators.
— Also known as a parse tree.
— Used in compilers.
¢ Binary Search Tree
— Every node entry has auniquekey.

— All thekeysin the left subtree of anode are lessthan
the key of the node.

— All thekeysin the right subtree of anode are greater
than the key of the node

Revision - Binary Trees

» Traversal
— PreOrder (Visit Left Right)
— InOrder (Left Visit Right)
— PostOrder (Left Right Visit)

63

Example: Expression Tree

|1/’2 + B6*7/4 |

N PO

AN

T A N P

P A A

|1 |’% |/ |ﬁ |7 Postfix

|ﬁ |7 |A | Prefix

Revision — Binary Search Trees

 Operations:
— Initialise
— Insert
— Search
— Delete (not needed to be known for exam)
— Make anew node
— Traverse (inorder, preorder, postorder)

65

Make a new node

e Steps:
— alocate memory for the new node
— put item into the new node
— set left and right branchesto NULL
« returns: pointer to (i.e. address of) new node

TreeNode* nakeTreeNode(float val ue) value

TreeNode* newNodePtr = NULL

jip

newNodePtr = (Tr eeNode*) mal | oc(si zeof (TreeNode) ) ; newNodePtr
if (newNodePtr == NULL){
fprintf(stderr, “Qut of memory\n");
exit(1); newNodePtr  0x2000

I

> g
el se(
newNodePt r - >key = val ue;
newNodePtr- ef tPtr = NULL; > 3
newNodePt r->i ght Ptr = NULL;
NuLL  NuL
66

newNodePtr  0x2000

}
return newNodePtr;

1/2/03
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| nsert

Insert 0.9
nodePtr

TreeNode* insert(TreeNode* nodePtr, float item

{

| nsert

Insert 0.9
nodePtr

TreeNode* insert(TreeNode* nodePtr, float item

TreeNode* insert(TreeNode* nodePtr, float item
{

if (nodePtr == NULL)
nodePtr = makeTreeNode(iten);
else if (item < nodePtr->key)
TMOQEPLT-STertPr = TNSert(nodertr->Tertpir, 1teny;
else if (item > nodePtr->key)
MOdEePLT- ST TGNt PLT = TNSErt(nodePtr->r1gntpPer, |ler|
return nodePtr;

{
if (nodePtr == NULL) if (nodePtr == NULL)
deRiy — rad Nodeliteud nodePtr = makeTreeNode(iten);
else if (item < nodePtr->key) | else if (item < nodePtr->key)
nodePty->leftPtr = insert(nodePtr->leftPtr jten): nodePty->leftPtr = insert(nodePtr->leftPtr jten):
else if (item > nodePtr->key) else if (item > nodePtr->key)
nodePtr->rightPtr = insert(nodePtr->rightPtr, itenm); nodePtr->rightPtr = insert(nodePtr->rightpPtr iten).
return nodePtr; return nodePtr;
} 67 } 68
In t Insert 0.9 In t Insert 0.9
nodeP:
A

TreeNode* insert(TreeNode* nodePtr, float item

TT (NodePtT == NULL)
nodePtr = makeTreeNode(iten);
else if (item < nodePtr->key)

nodePtr->leftPtr = insert(nodePtr->leftPtr, item;
else if (item > nodePtr->key)
nodePtr->rightPtr = insert(nodePtr->rightPtr, item;
return nodePtr;
} 70

Insert 0.9

TreeNode* insert(TreeNode* nodePtr, float item

{

L doR—== NULL ]
nodePtr = makeTreeNode(item;
else if (item < nodePtr->key)
nodePtr->leftPtr = insert(nodePtr->leftPtr, item;
else if (item > nodePtr->key)
nodePtr->rightPtr = insert(nodePtr->rightPtr, item;
return nodePtr;

} 71

Find 0.7
nodePtr

TreeNode* search(Tr de* podeptr  float target)f
|\f (nodePtr != NULL){
P " doRt oy
<
nodePtr = search(nodePtr->leftPtr, target);

else if (target > nodePtr->key)
nodePtr = search(nodePtr->rightPtr, target);

return nodePtr;

1/2/03
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Search

Find 0.7

TreeNode* search(TreeNode* nodePtr, float target){

nodePtr

TreeNode* search(TreeNode* nodePtr, float target){

if (nodePtr != NULL){ if (nodePtr != NULL){
if (target < nodePtr->key) if (target < nodePtr->key) |
deRty = hinodeRt Lefip: : e deRty = hinodeRt Lefip: : e
else if (target > nodePtr - >key) | else if (target > nodePtr - >key)
nodePtr = search(nodePtr->rightPtr target): nodePtr = search(nodePtr->rightPtr, target);
} }
return nodePtr; return nodePtr;
} }
73 74
ch  Findor ch  Findos
nodePt nodePtr
4
TreeNode* search(TreeNode* nodePtr, float target){ TreeNode* search(TreeNode* nodePtr, float target){
if (nodePtr != NULL){ [ tTotertT = NUtET T
if (target < nodePtr->key) if (target < nodePtr->key)
nodePtr = search(nodePtr->leftPtr, target); nodePtr = search(nodePtr->leftPtr, target);
else if (target > nodePtr->key) else if (target > nodePtr->key)
nodePtr = search(nodePtr->rightPtr, target); nodePtr = search(nodePtr->rightPtr, target);
C ] }
Teturn nodeprr; return nodePtr;
} }
75 76
ch  Findos Find 0.5
nodePtr\ nodeP
A
TreeNode* earch(Tr d nodebPtr float target)! TreeNode* search(TreeNode* nodePtr, float target){
|\f (nodePtr 1= NULL){ if (nodePtr != NULL){
£ (target doRt . £ (target doRt .
nodePtr = search(nodePtr->leftPtr, target); nodePtr = search(nodePtr->leftPtr, target);
else if (target > nodePtr - >key) else if (target nodeptr - >key)
nodePtr = search(nodePtr->rightPtr, target); nodePtr = search(nodePtr->rightPtr, target);
}
return nodePtr; return nodePtr;
} }
n 78
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Search

Find 0.5

TreeNode* search(TreeNode* nodePtr, float target){

if (nodePtr != NULL){
if (target < nodePtr->key)
deRty = h{nodeRti sl gty ¢ )
else if (target > nodePtr - >key) |
nodePtr = search(nodePtr->rightPtr target):

}
return nodePtr;
}

nodePtr

Treghode* earch(Tr

de* nodePty float target){

i _(nodePtr 1= NULL){ ]

if (target < nodePtr->key)
nodePtr = search(nodePtr->leftPtr, target);
else if (target > nodePtr - >key)
nodePtr = search(nodePtr->rightPtr, target);
1

leturn nodeprr: ]

79 80
Traversal -
Revision - Hash Tables
* Inorder traversal of aBinary Search Tree alwaysgivesthe
sorted order of the keys. (l&ft, visit, right) » Each item has a unique key.
void printlnorder(TreeNode* nodePtr){ . U%ala‘gea‘ray called aHash Table.
printinorder(nodePtr-> eftPtr); :
printf(* %, nodePtr->key); » Use aHash Function
printinorder(nodePtr->rightPtr); — Use prime numbers
} B ) — Mapskeysto positionsin the Hash Table.
« Preorder (visit, l€ft, right): — Beeasy to calculate.
void printPreOrder(TreeNode* nodePtr){ — Useall of the key.
printf(* 9%, nodePtr->key); i
printPreOrder(nodePtr->l eftPtr); - Spread t_he keysunlformly'
printPreoOrder(nodePtr->rightPtr); — Useunsigned integers
} » Operations:
* Postorder (I&ft, right, visit): — Insert
void printPostOrder(TreeNode* nodePtr){ — Delete
printPost Order(nodePtr->leftPtr);
printPost Order(nodePtr->rightPtr); ~ Search
printf(* o, nodePtr->key); — Initiaise
} 81 82
Linear Probing - I nsert
. : 5 « Apply hash function to get a position.
Example: Hash Function for a string e 00t ap
« Trytoinsert key at this position.
unsi gned hash(char* s){ * Deal with collision 3y
int i =0; — When two keys are mapped to the same position.
unsi gned val ue = 0; — Very likely
while (s[i] !'=\0"){ . .
value = (s[i] + 31*value) % 101; Linear Probing - Search
i ++; » Apply hash function to get a position.
} * Look at this position.
return val ue; « Deal with collision
} — When two keys are mapped to the same position.
— Very likely
Linear Probing - Delete
« Usethe search function to find the item
« |If found check that items after that also don’t hash to the item’s position
« If items after do hash to that position, move them back in the hash table and
delete theitem.
83 84
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Example: Insert with Linear Probing

Example: Search with Linear Probing

hash table
Aho, Kruse, Standish, Horowiz, Langsam, Sedgewick Knuth ~ hash table Aho
Aho Standish
Standish Langsam |:> | Hash l angsam
Langsam |:> Hash | angsam Function
Function 3
modul e i nsert (hashTabl e, item nodul e sear ch( hashTabl e, target) 4
{ . 5 Kruse
position = hash(item posi tion = hash(target)
initialise count to 0O Kruse initialise count to 0 Horowitz
whi | e( count < hashTabl eSi ze) - whi | e (count < hashTabl eSi ze)
Horowitz {
|{f (position in hashTable is enpty) if (rp(eJtsh:lno?ll:n hashTabl e is enpty)
‘g(: :e| (‘):,Sm at position in hashTabl e else if (key at position in hashTable == target)
} return position;
(el e step position along (wap around)
step position along (wap around) increment count
increment count } )
} if (count == hashTabl eSi ze) then
) return -1;
if (count ==hashTabl eSize) then
) the hashTable is full 8 8
» At each position in the array you have alist: 1 T * Apply hash function to get aposition in the array.
0 __vl « Insert key into the Linked List at this position in the array.
) 2
List hashTabl§MAXTABLE]; 1 = -
2 1 —| voi d I nsert Chai ni ng(Tabl e* hashTable, float item
v {
. Advaqt&es int sh = hash(item
R . . tl t (hashTabl Hash], it ;
— Insertions and deletions are quick & easy Stinsert (hashTable[ posHashl, item;
— Resizable
 Disadvantages
— Uses more space —]
haee al, | B2 Aho [ 1
— More complex to implement 0 F= -
—t— Standish > | Knuth |
2 4 D» Bedgewick T
87 88
« Apply hash function to get a position in the array. « Apply hash function to get a position in the array.
« SearchtheLinked List at this position in the array to seeif theitemis « Deletetheiteminthe Linked List at this positionin the array .
init.
/* module returns NULL if not found, or the address of the /* nodule uses the Linked list delete function to delete
* node if found */ * an iteminside that list, it does nothing if that item
* isn't there. */
Node* __Sear chChai ni ng( Tabl e* hashTable, float item{
posHash = hash(item voi d Del et eChai ni ng(Tabl e* hashTable float item){
Node* found; int posHash = h(item
found = searc hTabl e[ posHash], item; St (hashTabl e[ posHa: , item;
return found;
}
—t— T —t— T
>
o[ I =2 __‘l a | _|_| o [T | &= __‘l N _|_|
v ot e 4 Lot et
1 [ 2| e [—Stendisk _Z| tentithr . 1 [Z] F Stantish - tentithr .
2T >Lsedgemies 2 T > bedgewioh
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Revision - Mergesort
« Recursively split the array in half until you have arrays of length 1
* Merge them together in sorted order
« Returnthe merged array

void mergeSort(float array[],
int* tnpArrayPtr = (int*)malloc(size*sizeof (int));

int size){

if (tnmpArrayPtr != NULL)
mergeSort Rec(array, size, tnpArrayPtr);
el se{
fprintf(stderr, “Not enough menmory to sort list.\n");

exit(1);

) A N R

Revision - Mergesort

voi d nergesar!kc(float array[],
int i
int md = sizel2;
if (size > 1) {
nergeSort Rec(array, md, tnp);
mergeSort Rec(array+nid, size-mid, tnp);

int size, float tnp[]){

nergeArrays(array, nid, array+nid, size-md, tnp);

for (i =0; i <size; i++)
array[i] =tnp[i];

Sort

free(tnpArrayPtr);
} Sort Sort
ner geli st
/Combme Y\ 1
Sort Sort 'Sort
- [N - B3 =g \ LN
— I:I
o1
Revision - Mergesort Revision - Quicksort
voi d » Partition
mergeArrays(float a[], int aSizefloat b[],int bSize float tnp]){ — Choose apivot element
t ki =0]=0 i i
;zr (k = ‘0; k <IaS| ze + bSize; k++) ~ Swap plvF)t.WIIh array[0] :
— Sort remaining elements so that the ones less than the pivot are to the left
if (i =asize) { ) b: of the ones that are greater than the pivot.
”:E[ K= blils a ) — Swap the pivot back into the correct position (the rightmost lessthan
)' ! element)
"—"!S"—‘ 'fk (i = bSize) { tmp: |a—|e-|-4-|-5—|-e-|—7-le—|—|—| + Sort the sub-array to the left of the pivot
,Tf;[ 1 =alil: « Sort the sub-array to theright of the pivot
}
elSE[\lf(](a[i][ <= b[j]) { | |
t =ali];
i — o
}
EI!Sfrlﬂ{[k] = bli]; A"mb'"!\ |/v [ | = |
e ' R — - -
) =]
}
}
93 94
Revision - Quicksort Revision — Quicksort - Partition
void quickSort(float array[], int size){ int partition(float array[], int size){
int index; int k;
if (size > 1){ int md = sizel2;
index = partition(array, size); int index = 0;
qui ckSort (array, index); i d)
qui ckSort (array+i ndex+1, size - index - 1); swap(array, array+m d);
} for (k = 1; k < size; k++){
} if (list[k] < list[0]){
i ndex++;
| | swap(array+k, array+i ndex);
|Parmion } : Cl l l l l
| |Y| | swap(array, array+i ndex); | | ;1 | |
<p p P<:\ return index;
: O I [l
. i [ |
x<p p p<= 9
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Goi ng Further (not examinable)

* |nsertion sort on alinked list

0x4000 0x3080 0x2030 0x4030
9 10 6 2
0x3080 =13 |0x2030—T»| 0x4036T»| NULL—]
Head

Goi ng Further (not examinable)

* |nsertion sort on alinked list

0x4000 0x3080 0x2030 0x4030
9 10 6 2
x3080 —fp— (x2030 —p—|0x4030 —%—| NULL —]
/A T T
Head
prev cur
next

Goi ng Further (not examinable)

* Insertion sort on alinked list

Goi ng Further (not examinable)

* Insertion sort on alinked list

0x4000 0x3080  0x2030 0%4030
9 10 6 2
0x3080 | » |0x2030 J»| 0x4030 [ >l NJI _—|
Head
prev cur
step next

99

4000 0x3080 2030 %4030

9 10 6 2
x3080 > (x4030 0x4030 1 Lany ]

‘4 * L __/‘

v
Head
prev cur

step next

Goi ng Further (not examinable)

* Insertion sort on alinked list
0x4030

UX4000 UX3U8U UXZ030

Q 10 I~

OFSG80— » OXZPSO Ux;(llu NOFT
/ v __/4

Head
prev cur
step next

N

101

Goi ng Further (not examinable)

* Insertion sort on alinked list

XZ000 PX3080 XZ030 X4030
g 10 I 2
3050 X200 OXAOOL- TS0
B \L/ °

v
prev cur .
ste nex
P Head

102
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Goi ng Further (not examinable)
* Insertion sort on alinked list

0x2030 0x4000 0x3080 0x4030
6 9 10 2
0x4008-—|0x3080 —t— [0x2036—+ '\U-L—W
rev
step p cur
Head

103

Goi ng Further (not examinable)

* |nsertion sort on alinked list

0x2030 0x4000 0x3080 0x4030

6 9 10 2

2030__| 0x2030,

0x4000 ——4x3080 —f3=
N

step

Goi ng Further (not examinable)

* Insertion sort on alinked list

0x2030 0x4000 0x3080 0x4030.
6 9 10 2
0x4000 T, lox3080 T 5 lox2040 0x2030
4
v
pre cur
step Head

105

Goi ng Further (not examinable)

* Insertion sort on alinked list

1

4030 X2030 x4000 3080
2 6 9 10
2030~ l0x4000 ~T0k3080 L 1x2030
>
A
v
Head

106

Goi ng Further (not examinable)

» Codefor adoubly linked list follows on the
next two slides.

107

/* Not exam nable */

void insert(DoubleList* listPtr,float item int position)

{
Node*
Node*

newNodePtr = makeNode(item);
nodePtr = NULL;

if (position == 0)
{

newNodePt r->next Ptr = |istPtr->headPtr;
if (listPtr->headPtr != NULL)
listPtr->headPtr->previousPtr = newNodePtr ;

listPtr->headPtr = newNodePtr;

}

el se

{
nodePtr = setPosition(listPtr, position-1);
newNodePt r->next Ptr = nodePtr- >nextPtr;
newNodePt r->previ ousPtr = nodePtr ;
nodePt r->next Pt r->previ ousPtr = newNodePtr ;
nodePtr->next Ptr = newNodePtr;

}

listPtr->count ++;

108
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/* Not exam nable */
void del et eNode( Doubl eList* listPtr, int

{
Node* ol dNodePtr = NULL;

Node* nodePtr = NULL;

if (listPtr->count > 0 & position < |
if (position == 0) {
ol dNodePtr = listPtr->headPtr ;

if (listPtr->headPtr != NULL)
listPtr->headPtr->previousPtr

}

else {
ol dNodePtr = nodePtr->nextPtr ;

ol dNodePtr->next Pt r- >previ ousPtr
}
listPtr->count--;
free(ol dNodePtr ) ;

}

else {
fprintf (stderr, “List is enpty or
exit(1);

}

posi tion)

istPtr->count) {

listPtr->headPtr = ol dNodePtr - >nextPtr;

= NULL;

nodePtr = setPosition(listPtr, position - 1);

nodePtr->nextPtr = ol dNodePtr - >next Ptr;

= nodePtr;

invalid position.\n");
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