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String



EXIS(string) = Z2=2 H{ZHO|LC}
* char 2| H{E
« 20| EEX}F\O
H H(\O \O
string
-

a character string

Part of the array,

end of string but not tp;iarl]rt of the
delimiter string
\0

char str[1l]; [G|lo|lo|d| |D|a y\d? ?)

ellll]o
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char str[15] = “Good Day”

. BYS 8YS BF AIRY W glsLIL

e char monthl[] = “January”;
« H1E37]7t ZAIE2 0|0 X3 XI5z 4%

e char *pStr = “Good Day”;
char str[9] ={'G’, '0o’, o, 'd’, ", ‘D, @, y, \O}L

month —|Jla|njulalr v \O // Local Declarations
str—L T LTI I PP P
char str[9];
String Declarati
"Good Da.yn ‘ G olo d D a Y ‘1\0 (3.) ring veclaration

DS“‘ B/' // Local Declarations
pStr |3—>

char* pStr;
str —»|Glojo[d| |Djafy[\0

(b) String Pointer Declaration



=AtE2 2] Z21E

e H{EO| 0|22 AT elementl| AL} ZLCt
« 1M scanfzZ %s 2= M & oF =QICH

str[0]

H e TT0 "W 71T 'd T\

str &str[0]
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char str[9];

// Local Declarations
str—- [ [ PP {1

(a) String Declaration

char* pStr;

// Local Declarations
pStr |3—>

(b) String Pointer Declaration

« HEA S8 2 oliAL HE =429 45 FHF0{0F



String Copy?

e char str1[6] = “Hello”;
char str2[6];
str2 = strl; //?



String Input/Output Functions

formatted input/output functions
 scanf/fscanf
e printf/fprintf

special set of string—only functions
* get string (gets/fgets)
e put string ( puts/fputs ).



FLUSH

« AEZ HTIE H|RE
e Scanf & Y&dt= of

@]
=
A
O Hdce. ol

=)
=

=
ALE

SiCt

—

Al

- The string conversion code(s) skips whitespace.

Test)

Int a, char b;
scanf(“%d”, &a);
scanf(“%c”,&b);
printf("%d %c\n”, a, b);

fflush();

W < 0 W N

// Read Month
#define FLUSH while (getchar() !=
char month[10];

printf("Please enter a month. ");
scanf ("%$9s", month);

FLUSH;

// Read Month

|\n|

)

#define FLUSH while(getchar 1= \n’)




Formatted String Input

e char str[10];
e scanf(“%9s”, str);
e str — HIE HEOIE &> &7 EX| €3

. Q12 2} H42 YIEA| HOloh XY



String Manipulation Functions

e #include {string.h)

» String Length and String Copy

» String Compare and String Concatenate

* Character in String

» Search for a Substring and Search for Character in Set
» String Span and String Token

» String to Number



More at

e http://www.cplusplus.com/reference/string/

A== ot T Hop H o ARZH 5]/

—

« T=ZA|ZH0]

o


http://www.cplusplus.com/reference/string/
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e Lists — various Data Structures implemented with List



List



What to learn--

‘ Lists I

‘ Linear I ‘Non-LinearI
‘ General I‘ Stacks I‘ Queues I ‘ Trees ” Graphs I




Linked List

« 2t210| Element?} Lt= Elementl| HX|E A Z&ot¢ 0|04l GO|E A
E&X
+ H2O02 2 O|0{XICHH of B (Array)S QH&71?2?
e ArrayQ| &7&7 HE?
e Linked List2| Z&7 =7

List Linked List

Space Complexity O(n)
At O(1) O(n)
Insert O(n) O(1)
Remove O(n) O(1)




Array — List Pros and Cons

s 012 P AE b 2

2jolof Y% F2 EE BHA Ol Db

210l 0| PIX| & /AN HE EE

Db Ol 4 GIOIE! X HE 20 48 Jbs 4 olst 28

HE

GI0IE B2 EE HE

Jlol B2k XX (CIOIEfel 301 + TOIEIl I | 3I0h 48 Jbs 4 « (CIOIE
Ol + ) » H1F R4 o 3| + p)

ANESIX o D1 Zo2 o | a8 U 48 0hs M4 - AN2

ot | A5 HIOIE 4

£J18 = RA/22 TOIE AFBOR QIGH DHCHR | BHZSl QI A 2ot XEGHE &
2 og 43

SH AS IIXE GIOIE 21 | B2 G20l 2H0l O2ig | B2 HAUNE 418




Linked List

< BOHGE 71212 2 QLT OI27HS 7t2iL 42 YT

list data link data link data link data link
(a) Linear list

= gV \ X

list /Iink data Iink\ list
(c) Empty list

link data link link data link
(b) Non-linear list




Linked List Node Structures

- HIO|E| 2& + EIE| 2F(CtE ElementE 7t2[Z)

Node with Node with
One Data Field Thrge Data
Fields
number - name || id || grdPts
Structure
in a Node

-

|_ name address phone L=




General Linear Lists

. JhE UEHEOl K| Bl AE

— 1 L—

* Retrieve
 |[nsert

* Change

* Delete
 Traversing
* Building

list data link data link data link data link
(a) Linear list



Insert a Node to Empty List

pNew->link = pList;

pList
Before Add After Add
pNew [ {789 pNew | =] 39 [X]
oList XI oList j’
pPre E pPre E




Insert a Node at Beginning

pPre pPre

pNew-=link
pList
Before Add After Add
pNew 39 pNew 39 | |
1 =N
pList _—I- 75 | 4= 124 [ |- ... pList ZI 75 | |+ 124



Insert a Node in Middle

pNew->link = pPre—>link;
pPre->link = pNew;

pNew [_~I—> 96 pNew E—» 96

v —»l 75 | tol 124 [ f» - o —»l 75 |\

pPre m/' pPre Ij/

Before Add After Add



Insert a Node at End

pNew->link
pPre->link

pPre->link;

pNeWEI [ 134 pNewEI o[ 134
x
—»| 75 > 124 ... —»| 75 > 124 [\

Before Add After Add



Insert a

10
11
12
13
14
15
16

17
18

19
20
21
22
23
24
25
26
27
28
29
30
31
32

Node — Code

NODE* insertNode (NODE* pList, NODE* pPre, DATA item)

{
// Local Declarations
NODE* pNew;

// Statements
if (!(pNew = (NODE*)malloc(sizeof(NODE))))
printf("\aMemory overflow in insert\n"),
exit (100);

pNew->data = item;

if (pPre == NULL)
{
// Inserting before first node or to empty list
pNew->1ink = pList;
pList = pNew;
} // if pPre
else
{

// Inserting in middle or at end
pNew->1ink = pPre->1link;
pPre->1ink = pNew;
} // else
return pList;
} // insertNode




Delete First Node

pList

pPre

‘ pList = pCur->link; I

1

| 124

Cu:\
] »

Before Delete

pList

pPre

(Recycled) | 124

After Delete



Delete — General Case

Before Delete

.. — 75

__>

96 —+—»

124

pPre B/' pCur

a

‘ pPre->link = pCur->link ; I

[

pPre B/ pCur

a

(Recycled)

After Delete

124

Pre, Cur 5 747}
£0[ 22I0|= A &I



Delete a Node — Code

0 1 O L = W N

I e i i e e i
e JETo B » TS B'o ) WS 3 BT S % S % R SR s X e

This function deletes a single node from the link list.
Pre pList is a pointer to the head of the list

pPre points
pCur points
Post deletes and
returns the
*/
NODE* deleteNode (NODE*
{
// Statements
if (pPre == NULL)
// Deleting first

to node before the delete node
to the node to be deleted
recycles pCur

head pointer

pList, NODE* pPre, NODE* pCur)

node

pList = pCur->link;

else
// Deleting other

pPre->1ink = pCur-

free (pCur);
return pList;
} // deleteNode

nodes
>1link:




Search Linear List

//B|AE pListZt QIL}.
struct Node *pWalker = pList;
while(pWalker)

{
If(pWalker—)data == &= O|0|E{)
return 1;
} pWalker = pWalker—)next;

return O;



Linear List Traversal

B—b‘l& —

pList ‘,‘

pWalker

39

P o0

STN




Print Linear List

5 | void printList (NODE* pList)
6 | {
7| // Local Declarations
8 NODE* pWalker;
9
10 | // Statements
11 pWalker = pList;
12 printf("List contains:\n");
13
14 while (pWalker)
15 {
16 printf("%3d ", pWalker->data.key);
17 pWalker = pWalker->1link;
18 } // while
19 printf("\n");
20 return;




Average Linear List

o 13 o W\

11
12
13
14
15
16
17
18
19
20
21
22

double averageList (NODE* pList)

{
//

//

Local Declarations
NODE* pWalker;

int total;

int count;

Statements

total = count = 0;
pWalker = pList;
while (pWalker)

{
total += pWalker->data.key;
count++;
pWalker = pWalker->link;

} // while

return (double)total / count;

} // averageList




Stack

e Last in First out (LIFO)2| H|0|Ef AEE K
* Insertion} deletion0| &4 5t Z(Top)0f| ATt YO AL
* Push : 22 A5 = &Y

* Pop : 2 ?0|A StLt Bi= AR
Q Top

Stack of Coins Stack of Books Computer Stack




Stack Implementations

_ ~ Head .
Top | = :ﬁ tnEl: |_:-3_|
- |_,, Data
. =T |[nodes
L,
) T
L

(a) Conceptual (b) Physical



Stack Data Structure

typedef struct |l
{
count top int count;
truct node* top;
Stack Head Structure . g
} STACK;

typedef struct node

{
] int data;

data link struct node* link;
Stack Node Structure } STACK_NODE;




Stack Push

28] [X
pPNew > data link
stack

2 S [A
count top data link
N
data link

(a) Before

pPNew "|"data  link
stack [ —
10 L, [
count top data link
| [
data link
(b) After



Stack _ Pop

Recycled

ditPtr u-—- @ ditPtr . L o
P data link data link
stack stack
3 (757 | > ~{[757 ]
count top data link count top data link
N [ X
data link data link

(a) Before (b) After



Queue

* First in First out(FIFO)Q] H|0|Ef AE= XA

* Insertion2 & &, Deletion2 CI=E otX Z0f|A{TF LY, :

* Enqueue : 70| ME22 Z 2= &Y (rear)

e Dequeue : FO|AM SILIE HM|7Hot= &Y (front)
Banks'R'Us

CIf RRARES

(a) A queue (line) of people

Remove Insert
(dequeue) (enqueue)
front rear

(b) A computer queue



Queue Implementations

(a) Conceptual queue

front count  rear
{ : )

front rear

(b) Physical queue



Queue Data Structure

- typedef struct node [:k
{

int data:
data next struct node* next;

} QUEUE NODE;

Node Structure

typedef struct

{
QUEUE NODE* front;

int count;
front count rear QUEUE NODE* rear;
} QUEUE;

Head Structure




Enqueue

front count rear front count rear
Queue IE E Queue m m
O = X L 2] [
newPtr data next newPtr data next
Before After

(a) Case 1: Insert into Null Queue

Q front count rear III Q front count rear m
ueue |_|__| |_|__| newPtr ueue |_|__| m newPtr
Y Y v Y Ny
23] [ | | 352 (X B [~ = [
data next data next data next data next
Before After

(b) Case 2: Insert into Queue with Data



Dequeue

Queue

front count rear

Al

y

data

X

next

Before

Queue

front count rear

X [o] X

deleteLoc |

(a) Case 1: Delete only item in queue

Queue

front count rear

n = ¢
Y
e [~ =5
data next data next
Before

Queue

front count rear

Ex ‘*-¢

deleteLoc

data next

(b) Case 2: Delete item at front of queue




7|. 2L} U= A ol Al Z= M= =M= L= &= UL

» Data StructurediM= CIYSH Implementation0] 7| IH20| £XHH
Q7| ELf= o{EA £olot=X| ConceptEE & 7|4
« DSEE2 T L HtEA| BOf BL L},

« B =M= = A 7|6t
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