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Lecture 3 -Data and C(1)
Summary of last lecture
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* Multiple functions
* Interactive program using scanf()
 C data types — integer, char, float

o QOverflow
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5. Taking another step Y
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f+ two_func.c -- SELEE] TEHAM F HE TEE MEScie ZEJH 4/
¥ ins He <=t o b=
prototype = T T Yyoid butler{void); 2 Fx |30FBNSI C 3 ZEEEY +/

int maimCaTd) T
{
_-printfCbutler B 4ol Sl=LEtnT);

Functioncall == =7v"5 butler(} T~
/‘ﬁl‘-i-ﬂt-f-éliﬂ'l‘.’xl- "F_|' :'F_l' LHE_TJ_, CO-ROM EE+D|EE jl_I:IEuEFI_Iwn..:”
butler() executed here!!! et o

o
’— ‘\

Function definition = — =aid butler{vaid) >

-

butler() function appeared three times: prototype, function call, function definition
. 1\'v6@‘butler\(vaia);
no retlifm value ~~  Noargument

» Prototype: - a declaration telling the compiler that you are using a function.
- specifies properties of the function

 The location of function definition does not matter. But it’s nice to put main() first.



1. A sample program (gold.c) R
an interactive program using scanf()

f+ gold.c -- vour weight in gold +/f

#include =stdio.h=

int main{void)

{
float weight: A+ uzer weight +/
Float walue: A+ gold equivalent */

printf{"4re you worth wvour weight in gold™n" )
printf{“Let's check it out.#n"
printff"Please enter wour weight in kg ")

- Keyboard input

d *‘QEEEHE‘H%?EE@;‘TE‘#S}EI ____________ . - %f for floating-point number
I k) ,
_______ s Al ______________4—. . . . .
/+ assume 3old is $7000,0 per ounce 37 - &weight to assign input value to weight
f+ 35,2423 converts kg to ounces +/
value = 1000.0 + weight + 35,2423 - Why &? Has to do with address.

printfy “Your weight in gold is worth $2.2F.%0", walue).
printf("You are easily worth that! If gold prices drop.#n™ )L
printf{ eat more to maintain vour value.¥n” )

return 0.

}

* This program is interactive (CH 2F A1) — computer asks you for
Information and uses the number you enter.

« Compare this with “hello world” program — a significant improvement.
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Data Types
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the way the data is
stored Original K&R Keywords | C90 Keywords | C99 Keywords
B int signed _Bool
1 long void _Complex
integer type = short _Imaginary
(=€) unsigned
L char
floating-point type ~ _| float
(A4 8)

= double
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Type sizes Y
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Type Macintosh Linux on a IBM PC ANSI C
PC WINDOWS (minimum)

char 8 8 8 8
int 32 32 32 16
short 16 16 16 16
long 32 32 32 32
long long 64 64 64 64
/" "\
PC WINDOWS (minimum)
Number of significant
float 6 g —> digit(REXX X2l
37 38 37 38 -37 ~ 38 -37 ~ 37— Exponent range (10&! =
INES=E
double 18 15 15 10 )
-4931 ~ 4932 -307 ~ 308 -307 ~ 308 -37 ~ 37
long double 18 18 18 10

-4931 ~ 4932  -4931~4932 931~ 493 -37 ~ 37
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Basic Data Type Iy
Max/Min range (int for IBM PC/WINDOWS - 32bit) daal
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0/110/110/110/1{0/1{0/1|0/1]0/1 0/10/110/110/1{0/1|0/1]0/1]0/1
.|./_ 230 229 228 227 226 225 224 27 26 25 24 23 22 21 20

a(r-1)/(r-1) = 1(23%-1)/(2-1)=231-1 =2,147,483,647-> maximum
e -2,147,483,648-> minimum

e Minimum = - maximum -1 (because negative integer is stored as two’s
complement (22| £ ==)). Note that there is only one expression for
ZEro.

¢ 29| E=19 B +1
e EX) 2 bit system

01 (o1
+- |20




Basic Data Type
Overflow — an example
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f+ toobig.c-exceeds maximum int size on our svstem +/

¥include =stdio.h=
int main{void)

!
int i = 2147483647,
unsigned int | = 4294967295,
printfl"id Zd EZd#in™, i, i+1, i+2MN
printf{"Zu Zu ZuMn®, j, j+1, j+23
return 0.

h

Bl C-¥Windows#system32¥cmd.exe

2147483647 2147483648 -2147483647
4294967295 A 1

H=520 OFR Lt F2UAS . . .




Today
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o char type
o float type
« Miscellaneous

— Matching Arguments
— Escape sequences

— Matching data types



Basic Data Type
Character type

o Char type: characters (letters &
punctuation)

— Computer uses a numerical code
(certain integer represent certain
characters). E.g., ASCII (American
Standard Code for Information
Interchange) code

— But technically it is integer
— Because it actually stores integers

— 65 represents upper case A. To store
A, you store 65.

Name

5 O
6 O
7 (8} )0 11
60 0 ) | 001 D)
61 O 001100¢ 1
2 O ) _:1_
Ox 21

- |

58 )

59 3 011

60 4 21117 B
S 3111101 N
5 JO1111

7 31111111

64 0100 1 00000C

r 0101 O
6 0102 10000 I

0103 |0Ox43 | 010000

=]
67
68
65

0104 | O

x44 | 01000100 | D

0105 | Ox45

01000101

0106

Ox

46

01000110 | F
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C haraCter type (ASCl | COd e) SEOUL NATIO::L UNIVERSITY

« Standard ASCII code: 0 ~ 127 < 8 bit

« Commercial Unicode Initiative: 16 bit or 32 bit



Basic Data Type (Char) ol
Declaration "
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* Create three variables: response, itable, latan

char response;

char itable, latan:

Do we need to memorize ASCII code to assign character?
No!l - use *’

char grade = ‘A’

TCharacter constant (= Xt &} =)
grade ="A’; [* OK*/
grade = A; /* No! compiler think of A as a name of variables */

grade = “A”; [* No! compiler think of A as a string ¥/
grade = 65; [* OK for ascii but poor style */ Will'be covered later



Basic Data Type (Char)
Nonprinting characters
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 Nonprinting characters: backspace, enter, speaker beep...

1) use ASCII code,
ex) char beep =7 ; // beeping
2) Use escape sequence

ex) char nerf = \n’;



Basic Data Type (Char) ;ﬁﬂg’
Nonprlntlng CharaCterS SEOUL NATIO::L UNIVERSITY

 Nonprinting characters: backspace, enter, speaker
beep

1) Use ASCI code

ex) char beep = 10; // new line \b Back space
2) Use escape sequence n New fine
\t Horizontal tab
ex) char nerf=n’, \ Backslash ()
If you want to print this \' Single quote
\He said, “a\ is a backslash.” \” Double quote
/yrintf(“He said, \"a \\ is a backslash.\"\n"); \? Question mark

Use this



Basic Data Type (Char)
Number (==) & Number character (=< Ab&f =)

« Number vs. Number character

— EX) character 4 is represented by ascii 52 or ‘4’



Basic Data Type (Char) i,
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Printing Characters
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o Use %cC

 As char Is stored as 1 byte integer, If you print the value of a
char variable with usual %d, you get an integer

8+ charcode.c-displavs code number for a character =4
L#include =<stdio.h=

gint mainfvoid)
{

char ch.

printf{"Flease enter a character. in”): .
[ scant{ Zc. &chli] /+ user inputs character +/ —3 SCanf() function fetches the character you

printf{The code for(7c) is(zdin", ch. ch); typed, & causes the character to be
assigned to the variable ch

return 0.

BN C#WWindows#systern32#cmd.exe

Please enter a charactep.

" printf() has to do with display (not

The_ ciude for A is 65. how it is stored)
A3t T OFF 2Lt S2HA 2 - .
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o Data Display versus Data Printing
ch] @ 1 9'jleo 1610 11 storage (ASCII code)

code

@ 67 display



Basic Data Type (_Bool type) %Mj
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« Requires 1 bit of memory: 1 (true) or O (false)
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Basic Data Type (floating-point o
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* Integer Is not enough, e.g., mathematical computing
* Floating point number: float, double, long double
o Similar to real in FORTRAN

Number Scientific Notation | Exponential
(st E 2 1) notation (Xl 2= J|)

1,000,000,000 1.0x10° 1.0e9
123,000 1.23x10° 1.23e5
322.56 3.2256x10? 3.2256€2

0.000056 5.6x107 5.6e-5
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Basic Data Type (floating-point A,
number)
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» Floating point: 32 bit +3.4x10°%8 ~ +3.4x10%

+
\ J | J
| |
7 bit* 24 bit*
exponent Significand (REx Xt &2 Jt+F)
(KI==%5)

« Double: 64 hit +1.7x10308 ~ +1,7x10308

— Use additional 32 bit for significand or exponent

» Declaration of variables Is similar to integer

float noah, jonah; /l declare noah & jonah

float planck = 6.63e-34;  //initialize planck

*can vary slightly depending on machines
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« Valid floating-point constants
3.14159e+12
3.14159
3.14159E12
3el2
.14159e-2
100.

« Not valid
1.56 E+12

there is a space



Floating-point number Rl
floating point constants "
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« By default, the compiler assumes floating-points constants
are double precision.
— float some; some = 4.0 * 2.0;

]4.0 & 2.0 stored as double (using typically 64 bit),
\the product is calculated using double precision

]Answer trimmed to regular float size

| This ensures a greater precision but slows down a program

Use f or F suffice to make the compiler treat a floating-point
constant as type float

— float some; some = 4.0f * 2.0F;



Floating-point number Al
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« Oruse lorL suffix to treat a floating-point constant as type
long double

— float some; some =4.0L * 2.0L;



Floating-point number ]
Prl ntl ng (format SpeCIerr) SEOUL NATIONAL UNIVERSITY

« %f :printtype float and double using decimal notation

e %0e - using exponential notation

Number of places to the right

7o B of the decimal
e = AA] Al
B/ + showf_pt.c —— displays float walue in two wawvs +/ (-'-"'l= OI'EH II'E—I"')
L¥include =stdio. h=
Bint main{void)
{ Bl C¥Windows#system32%cmd.exe
float aboat = 32000,0;
double abet = 2.14e9; 320008 .A0ABHA can be written 3.200000e+BH4
[ong double dip = 5,32e-5; 2140000008 . A0B0AA can be written 2.148000e+BA9

B.008A53 can bhe written 5.32000H0e-BA5

printf{"EZf can be written Zetn”, aboat., aboat) |RiESEIEEI:ENE—NEIIN I E=La 0=
printf{"%f can be written Ze#in", abet., abet ). A=A OFF 2l FEGAME -
printf{"if can be written Ze#in", dip, diph

return 0:




Floating-point number %{
Overflow & Underflow =z

SEOUL NATIONAL UNIVERSITY

o Qverflow: when a number Is too big INF

 Underflow: e.g., 0.1234E-10/10 - 0.0123E-10,

— we lost a digit,
- — 1 .

B4+ showf_pt.c —— displavs float value in two ways +/
L#include «<stdio.h=

Bint main{void}
1
float toobig = 3.4e33 + 100.0f:
printf{"Zetin", toobigl:

BN C:#WWindowsWsystem32#cmd.exe
, e | . HINF@Be +080

4

A5t E 0 L

v ch3, /4. DOebug Win32 ————-

') computer programmingc 7| E 52~ AEWenalish versiorfichOMshowf_pt . c(5) | warning C4056: F& 4538 &5 M5 AMHAM SHERIF LM S
') computer progranmingfic 7| E S22 AtEtenglish versiomfichlMshowf _pt.cl5) © warning C4796: & AS TMHAM ZHSE7L Sz
') computer progranmingfic 71 E S22 AEtenglish versiomtich03showf _pt.c{5) | warning C4756: &5 AME AMHM ZHSET WU sUICH



Type sizes %‘E
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Type Macintosh Linux on a IBM PC ANSI C
PC WINDOWS (minimum)

char 8 8 8 8
int 32 32 32 16
short 16 16 16 16
long 32 32 32 32
long long 64 64 64 64
/7~ \
PC WINDOWS (minimum)
Number of significant
float 6 g ——> digit(REXTX X2l
37 38 37 38 -37 ~ 38 -37 ~ 37———> Exponent range (10&l 4=
NEE
double 18 15 15 10 )
-4931 ~ 4932 -307 ~ 308 -307 ~ 308 -37 ~ 37
long double 18 18 18 10

-4931 ~ 4932  -4931~4932 931~ 493 -37 ~ 37



Type sizes R
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=2/+ typesize.c —- prints out tvpe sizes +/

L#include =stdio.h=

2int maini{void)

{

A+ 89 provides a #zd specifier for sizes =/
printf{"Type int has a size of Zu bvtes.#n”, sizeof(int))
printf{"Type char has a size of ¥u bvtes.#¥n”, sizeof{char)):
printfl"Tvpe long has a size of #u bytes.Wn", sizeof(long)):
printf{"Tvpe double has a size of Zu bvtes. #n®,

sizeof(double )
return 0:
i

- Printf() statements is spread over two lines

EN C-WWindowsWsystemn3 2% cmd.exe

int has a size of 4 hytes.
char has a size of 1 hytes.
long has a size of 4 hytes.

douhbhle has
A OFF >




Matching the constant types
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Int apples = 3;
int apples = 3.0;
Int cost = 12.99;

float pi = 3.1415926536; /*

Ex) ¢ = 277

[* good */
[* ¥
[* bad */
*

0al

0al

0al

L#include =stdio.h=
2int main{void)

{

int a = 2,949

int b = 1.,99;

int c =a + b

printf{ "result is &d #n",

return 0

;

3.141593 5t

H



Arguments Ao
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— Number of format specifier = number of arguments

— Specifier type = value type
8 /+ badcount.c -- incorrect argument counts =/
Lginclude =stdio.h=

Bint main{void) 4
{ 4 8
S ® 6.000068
float h = 5.0F; H=FTIHE O Z|IL == A2
printf("Zdn", f, g9u A+ too many arguments  #/
printfi"id Zd#n",f S+ too few arguments +/

printf("sd Zf¥n", h, 9 S+ wrong kigg\fi\iiliés +/
return 0; Result can be very wrong! 0 in this case.

L Simply using %d to display float value, or
— Simply using %f to display integer value print garbage value.

— In general, compiler doesn’t show error message for this. — be
careful.



Escape sequences A
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\b
\t
\r

B+ escape.c -- Uses escape characters +/
L#include =<stdio.h=
2int main{void)

{
float salary.
printf(“#aEnter your desired monthly salary: "5/ + 1 %/
primtfi” $_______ bbb bW bbtn " ) fe 2 *ﬂ
scanfi "Zf", &salary)
printfl “#nttis.2f a month is $2.2f a wear.”, salary,

salary + 12,00 Fx 03

printfi “#rEee ! fin”); fx 4 +f
return 0.

!

: same as ‘backspace’ in keyboard
: same as tab (usually 9t column)

. position the cursor at the beginning of the current line



Summary R
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 chartype ;use ASCII code,
» floattype ;float (32bit), double (64bit),

 Miscellaneous
— Matching Arguments
— Escape sequences 1o, Ity Ir

— Matching data types ; be careful
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