Chapter 2 primitive data type
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Fundamental type [1]

Page 36, section 2.2 in textbook

type description

char A single byte capable of holding one character in the
local character set

Int An integer, typically reflecting the natural size of
iIntegers on host machine

float Single-precision floating point

double Double-precision floating point




Fundamental type [2]

Page 36, section 2.2 in textbook

qualifier description

short Length of “short int” is less than “int”

long Length of “long int” is larger than “int”

signed Signed number can be positive, zero or negative
unsigned Unsigned number is always positive or zero




Category

Integral

Search “fundamental type” in MSDN Library [1]

Type

char

bool

short

int

__intn

long

long long

Contents

Type char is an integral type that usually contains members of the execution character set — in Microsoft C++, this iz ASCII.

The C++ compiler treats variables of type char, signed char, and unsigned char a=s having different types. Variables of type
char are promoted to int as if they are type signed char by default, unless the /1 compilation option is used. In this case they are
treated as type unsigned char and are promoted to int without sign extension.

Type bool is an integral type that can have one of the two values true or false. Itz size is unspecified.

Type short int (or simply short) is an integral type that is larger than or equal to the size of type char, and shaorter than or equal
to the size of type int.

Objects of type short can be declared a=s signed short or unsigned short. Signed short i= a synonym for short.

Type int is an integral type that is larger than or equal to the size of type short int, and shorter than or equal to the size of type
long.

Ohjects of type int can be declared as signed int or unsigned int. Signed int i= a synonym for int.

Sized integer, where n is the size, in bits, of the integer variable. The value of n can be 8, 16, 32, or 64. {__intn is a Microsoft-
specific keyword.)

Tvpe long (or long int) i= an intearal type that is larger than or equal to the =size of type int.
Ohjects of type long can be declared as signed long or unsigned long. Signed long is a synonym for long.
Larger than an unsigned long.

Chjects of type long long can be declared as signed long long or unsigned long long. Signed long long is a synonym for
long long.



Search “fundamental type” in MSDN Library [2]

Floating float Type float is the smallest floating type.
double Type double i= a floating type that is larger than or equal to type float, but shorter than or egual to the =size of type long double.1
long Type long double i= a floating type that i= equal to type double.
doublel
Wide- __wchar_t & wvariable of __wchar_t designates a wide-character or multibyte character type. By default, wchar_t is a native type but vou can
character use [Zoiwchar t- to make wchar_t a typedef for unsigned short.

Use the L prefix before a character or string constant to designate the wide-character-type constant.

The following table lists the amount of storage required for fundamental types in Microsoft C++.
Sizes of Fundamental Types

Type Size

bool 1 byte

char, unsigned char, signed char 1 byte

short, unsigned short 2 bytes

int, unsigned int 4 bytes

__intn 3, 16, 32, 64, or 128 bits depending on the value of n. __intn is Microsoft-specific.
long, unsigned long 4 bytes

float 4 bytes

double g bytes

long double1 8 bytes

long long Equivalent to ___int64.



Search “integer lImit”

In

MSDN Library

The limits for integer types are listed in the following table. These limits are also defined in the standard header file LIMITS.H.
Limits on Integer Constants

Constant

CHAR_BIT
SCHAR_MIN
SCHAR_MAX
UCHAR_MAX
CHAR_MIN
CHAR_MAX
MB_LEN_MAX
SHRT_MIN
SHRT_MAX
USHRT_MAX
INT_MIN
INT_MAX
UINT_MAX

LOMNG_MIN

Meaning

Mumber of bits in the smallest variable that is not a bit field.

Minimum walue for a variable of type signed char.

Maximum value for a variable of type signed char.
Maximum value for a variable of type unsigned char.

Minimum walue for a variable of type char.

Maximum value for a variable of type char.

Maximum number of bytes in a multicharacter constant.

Minimum walue for a variable of type short.

Maximum value for a variable of type short.

Maximum value for a variable of type unsigned short.

Minimum walue for a variable of type int.
Maximum value for a variable of type int.
Maximum wvalue for a variable of type unsigned int.

Minimum walue far a variable of type long.

Value

g

- 123

127

255 (0xff)

- 128; 0f /1 option used

127; 255 if /] option used

- 32768

32767

65535 (OxFFFF)

- 2147433648
2147483647
4294967295 (OxFFFFFFF)

- 2147433648

Compare table in MSDN with numbers in page 257 of textbook



Search “float limit”

In MSDN Library

The following table lists the limits on the values of floating-point constants. Thesze limits are alzo defined in the standard header file FLOAT.H.
Limits on Floating-Point Constants

Constant

FLT_DIG DBL_DIG LDBL_DIG

Meaning

Mumber of digits, q, such that a floating-point number with q decimal digits
can be rounded into a floating-point representation and back without loss
of precision.

Value

61515

FLT_EPSILON DBL_EPSILON
LOBL_EPSILOMN

Smallest positive number x, such that x + 1.0 is not equal to 1.0.

1.192092396e-07F 2.2204450492503131e-016
2.2204450492503131e-016

FLT_GUARD

FLT_MANT_DIG DEL_MANT_DIG
LDEL_MANT_DIG

FLT_MAX DBEL_MAX LDBEL_MAX

FLT_MAX_10_EXP
DBEL_MAX_10_EXP
LDBL_MAX_10_EXP

FLT_MAX_EXP DEL_MAX_EXP
LDEL_MAX_EXP

FLT_MIN DEL_MIN LDBEL_MIM

FLT_MIN_10_EXP
DBEL_MIN_10_EXP
LDEL_MIN_10_EXP

Mumber of digits in the radix specified by FLT_RADIX in the floating-point
zignificand. The radix is 2; hence these values specify bits.

Maximum representable floating-point number.

Maximum integer such that 10 raised to that number is a representable
floating-point number.

Maximum integer such that FLT_RADIX raised to that number is a
representable floating- point number.

Minimum positive value.

Minimum negative integer such that 10 raised to that number is a
representable floating- point number.

24 53 53

3.402823466e+38F 1.7976931348623158e+303
1.7976931348623158e+3083

38 308 303

128 1024 1024

1.175494351e-38F 2.2250738585072014e-3083
2.2250738585072014e-303

- 37
- 307
- 307

Compare table in MSDN with numbers in page 257 of textbook
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What Is integer

In real world, we use integer based 10 = +(8,10° + 8,10" +8,10? +---+2,10")

In computer, we use integer based 2 = +(1,2° +y 2 +b,2* +---+b,2")

Question 1: why choose base 2, not base 10 in computer?

Question 2: how to transform between base 2 and base 10?
Question 3: the range of exponent n ?

Question 4: How to represent negative number in base 2 (2’s complement)?

do we need to represent sign in computer?



Question 1: why choose base 2?

e Basic unitin computer in bit = {0,1} (5 ). We use electronic
device to represent a bit, say O:discharge()ﬁ’f?ﬁ), 1:charge(# F'jc,:)
Such representation has high tolerance during fluctuation of
voltage.

e Simple to evaluation, since 0+0=0, 0+1=1, 1+0=1, 1+1=0 (a carry),
we can use boolean algebra to implement adder (/[11* 45).

Format of unsigned integer
2n—l 22 21 20
0| | b |0 |k

I T

MSB(Most Significant Bit ) LSB(Least Significant Bit )




Question 2: how to transform between base 2 and base 107

For simplicity, we choose n = 4, consider 7 =l 20 + b121 + b222 + b323

b,=7mod2=1

b = 7_2020 mod2:2m0d2=3mod2:1

b, = 7_(bOZAOrerlZl)mod2=%mod2=1mod2=1
b, = T-(WZ B2 D) o omed2=0

8
2> 22 20 2
7=011L,=19 111111




Question 3: the range of n ?

Consider unsigned integer, maximum occurs when bj =1 V]

maximum=2° + 2t + 2% +...4 2" =2" 1

n Bytes | Maximum value
8 1 255

16 |2 65535

32 |4 4294967295

Byte (7F 7 i™') = 8 bits is unit of type where bit is basic unit in computation



Question 4: How to represent negative number in base 2?

k=0
2n—2 22 21 20
signbit — 11 |b || b | b | b
+ 22 21 20 . 22
+7=011,=[ g | 1 [, ]1] -6=120L,=1;]4

+0 = 00002 = 0 0 0 0 —0= 10002 = 1 0

Not good



2's complement representation

Magnitude representation 2’'s complement representation

2n—2 22 21 20 2n—2 22 21 20

x=|+|ba | BB B|  Xu=|0 b, |b b |h

2n—2 22 21 20 2n 2n—1 2n—2 22 21 20

Xys = 1 |G| |G| Q|G

if x<0, then x,,=2"—|X



Another computation of 2’s complement

1 if b =0
0 if b =1

Is complement of b,

Xps =2 =X = (2" —1—[x)+1= . +1 = _

J
2n—1 2n—2 22 21 20
2n —1 - 1 1 cee 1 1 1

— |0 b, bbb

Xpg = 1 6n—2 b | b Db 1's complement of x




Example: 2's complement of -5
2> 22 2 2
2°-1=| 11|11

Exercise : under 2's complement, representation of O is unique



Table of 2’'s complement versus decimal

signed integer of 2’s complement ranges from -8to 7

decimal 2's (binary) decimal 2's (binary)
0 0000 -8 1000
1 0001 -7 1001
2 0010 -6 1010
3 0011 -5 1011
4 0100 -4 1100
) 0101 -3 1101
6 0110 -2 1110
7 0111 -1 1111

Exercise: signed integer of 2’s complement ranges from —2"* to 2"*'—1



Integer limit from MSDN Library, how can we confirm it?

Type Bytes | Minimum value | Maximum value
(signed) short (int) |1 SHRT_MIN SHRT_ MAX
(signed) int 2 INT_MIN INT_MAX
(sighed) long (int) 4 LONG_MIN LONG_MAX

Question 1: how to determine size of data type for different machines?

Question 2: how to determine limit of range of the data type?



Question 1: how to determine size of data type?

e C provide a compile-time unary operator, sizeof, that
can be used to compute size of any object (data type)
format: sizeof ( type name )
example: sizeof (int)

e Primitive types in C and C++ are implementation defined
(that is, not precisely defined by the standard), so we
need compiler to determine actual size of data type.

o “sizeof’ Is followed by a type name, variable, or
expression and return unsigned value which is equal to
size of data type in bytes.
see page 204 in textbook



Question 2: how to determine limit of the data type?
signed integer of 2's complement under 4 bits range from -8to 7

However if we add 7 by 1, then it becomes -8, not +8, so 7 is maximum

20 22 20 2
= 10111




Show size of type “short” and its limit

#tinclude <stdio.h>
#tinclude <limits.h>

int main{ int argc, char =argu[] )

{

short x_sint ; // x_sint is signed short integer
. —- _ " . . ‘0 ’ H H
printf(“size of short = %d bytesin", sizeof({ short ) ); od’ means to pl‘lnt Integel‘
x_sint = SHRT_MAX ; 7/ [SHRT_MAX is defined in file limits.h
- printf{"maximum of short = %din", %_sint };

¥_sint = SHRT_MAX + 1 ;
printf{"maximum{short) + 1 = din", %_sint };
printf{"maximum{short) + 1 = Zdwn", SHRT_MAX + 1 });
return A ;

’

zize of short = 2 huytes
maximum of short = 32767
maximumt{short> + 1 -32768

maximum{short)> + 1 32768
Prezz any key to continue

This shows SHRT_ MAX is maximum of short

Why this number is not -32768



Beyond integer

 |f someone want to compute prime number,
for example, up to 100 decimal
representation of integer, we cannot use type

int, why?
 How can we do to compute large prime
number? (if someone is interested in this

topic, take it as a project)

Limits of type int: 2% = 2° -(210 )3 ~ 8-(103)3 ~10"
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ASCII code

American Standard Code for Information Interchange, =_

B L2 B O

Map integers to symbols since computer only stores 0/1,
symbols are just interpretation by human being.

E2128(3% 7 (7 bits), H [1133[5) 5 .1
S, BT PR S, B9t 05l T Y
YR BT G Y )

(+DOS ™+

57,
ERCES T %

EASCII (Extended ASC”)}[LASC“ code E 17 bits $%% 7,8
bits, &7 A FUE, FHETRTHR, A A TR Y



ASCII code, Hexadecimal arrangement

From http://www.jimprice.com/jim-asc.shtml

10 11 12 13 14 15
o 1 2 3 4 > & 7 & 94 4 B C D E F
0 NUL 20H 3THX ETH EOT ENG ACKE BEL BE HT LF WI FF C(CE 30 &I

1 DLE D1 D2 D3 Dod NAK YN ETE CAN EM SUE E3C F: o8 RS TR
2 RF | ¥ F R & ( ) D S - .
=0 1 2 2 4 5 & 7T & 9 < = = Y
4 ] 4 B C I E F > H I J E L M N 0
5 F () E s T U0 ¥ w X ¥ &£ [ b ] A _
g a b c 4 e f g hh 1 1 kE 1l m n o
7T p g 1 & t u v w o ox v = { | '~ LDEL

A-Z occupy 0x41 ~ Ox5A, monotone increasing
a-z occupy 0x61 ~ Ox7A, monotone increasing

0-9 occupy 0x30 ~ 0x39, monotone increasing



ASCII| code Table

Dec HxOct Char Dec Hx Oct Html Chr  |Dec Hx Oct Html Che| Dec Hy Oct Himl Chr
0 0000 NUL (rmall) 32 20 040 &#3Z2: Space| 64 40 100 &#64: [ 96 60 140 &#96;
1 1 001 30H (start of heading) 33 21 041 &#33: ! 65 41 101 &#65; & 97 Bl 141 =#97: a4
2 2 002 3Tx [(start of text) 34 ZZ 042 =#34: 7 6o 42 102 =#66; B a5 562 142 &«#98; b
3 3 003 ETx [(end of text) 35 23 043 &#35; # a7 43 103 &#67; C 99 53 143 &#39: C
4 4 004 EOT [(end of transmission) 36 24 044 =#36;7 7 65 44 104 «#65; D |100 64 144 &#1l00; d
S 5 005 ENQ [(encuiry) 37 25 045 &#37r % 69 45 105 «#69: E |101 65 145 &#l0l; e
& 6 006 ACE (acknowledge) 38 26 046 #3587 & 70 46 106 &#70; F |102 66 146 &#l02; €
T 7 007 BEL (bell) 39 27 047 &#39:; ' T1 47 107 &#71: G (103 67 147 &#103; O
& & 010 B3 (backspace) A0 25 050 &#40; | 72 45 110 &#72:; H |l04 68 150 =#l04:; h
9 9 011 TAE (horizontal tab) 41 29 051 &#41: ) 73 49 111 &#73: I |l05 69 151 &#105; 1
10 & 012 LF (NL line feed, new line)| 42 2Z& 052 &#dr & 74 44 112 &#74: J |106 64 152 &#106: ]
11 B 013 ¥T (wertical tab) 43 ZB 053 &#43: + 75 4B 115 «#75; E |107 6B 153 &#107; k
12 [ 0l4 FF (NP form feed, new page)| 44 2C 054 &#44; , 76 4C 114 &#76; L |105 6C 154 &#l0&; 1
13 D 015 CE  ([carriage return) 45 ZD 055 &#45; - 77 4D 115 &#77: M |109 gD 155 &#109; n
14 E 0le 30 ([(shift out) 45 ZE 056 &#46:7 . 73 4E 116 &#7S5: N |110 gE 156 &#110; n
15 F 017 31  (shift in) 47 ZF 057 &#47: S 79 4F 117 &#79: 0 |111 gF 157 &#l111; o
16 10 020 DLE (data link escape) 48 30 060 &#45: 0 g0 50 1z0 «#380: F |11z 70 160 &#ll2: Db
17 11 021 DC1 (dewice control 1) 49 31 0/l &#49: 1 g1 51 121 &#31: 0 (113 71 161 &#113; d
15 12 022 DC2 (dewice control 2) 50 3Z 062 &#50; & G2 52 1zZ &«#82; E |114 72 162 &#114; ¢
19 13 023 DC3 (dewice control 3) 51 33 063 &#51: 3 83 53 123 &#83: 5 |115 73 163 &#115; =
20 14 024 DC4 (dewice control 4) 52 34 0pd #3527 4 g4 54 124 &#534: T |11a 74 164 &#lla; .
21 15 025 MAE (negative acknowledge) B3 35 065 #5337 5 85 G5 125 &#85: T |117 75 165 &#117: 1
22 16 028 5¥N [(synchronous idle) £4d 36 06h &#54: 6 g6 86 1ze &#86:; V |115 76 lea &§l1ld; ¥
23 17 027 ETE [(end of trans. block) 55 37 067 &#55: 7 g7 87 1z7 «#87: W |119 77 167 &«#119; w
24 18 030 CAHN [(cancel) L5 38 070 &#56r 5 88 58 130 &#85: X |1zZ0 78 170 &#l20; ®
25 19 031 EM  (end of medium) E7 39 071 =«#57: 9 39 59 131 &#89; T (121 79 171 &#1z21:; ¥
26 14 032 3UE ([substitute) B8 34 072 &#5G0: : 90 54 132 &#90: £ |122 TA 172 &#liz; E
27 1B 033 EZC [escape) E9 3B 073 &#59; ; Q] EE 133 <#91: [ |123 7B 173 «=#123: |
28 1C 034 F3 ([file separator) 60 3C 074 &#60; < 92 5C 134 &#92: % |124 7C 174 &#124;
29 1D 035 33 (|(group sSeparatar) 6l 30 075 &#6l: = 93 5D 135 &#93; 1 |125 70 175 &#125; |}
30 1E 0368 B3 (record separator) G2 3E 076 &#6Z: = 94 LBE 136 «#94: ~ |1Z6 TE 176 &#lZar ~
31 1F 037 S {unit separator) 63 3F 077 &#63; 7 95 SF 137 &#95;  [127 7F 177 &#127: DEL

Source: www.LookupTables.com



Extended ASCII code

128 ¢ 144 E 161 i 177 1935 L 09 225 B 241+
120 o 145 = 162 & 178 B 194 -+ 20 4 226 T 242 =
130 & 146 £ 163 uw 179 | 195 F 211 L 337 g0 243 =
131 & 147 @ 164 # 180 196 — 212 kb @ 0z 244 T
132 4 148 @ 165 M 181 197 + 23 g 229 5 245 )
133 & 149 & 166 ° 122 198 k214 ¢ 230 p 246 -
134 & 150 & 167 ° 183 4 199 25§ o ¢ 247 =
135 ¢ 151 o 168 184 5 200 L 26 4+ 0 232 0 248 ¢
136 & 152 _  1ep 185 200 F 217 33 @ 249

137 & 153 O 1m o 186 | 02 L 28 - 34 o 2500
138 & 154 0T 171 4% 187 5 03 9+ 0 19 P 3 s 251 o
130 156 £ 172 % lgg 4 04 L 220 g 0 3 e 252
140 i MEME N ™ 129 4 05 = 221 | 37 253 2
141 i 152 _ 1M o« 190 A 06 4 222 | 23 e 254 |
142 A 159§ 175 = 191 4 207 L& 223 W 339 0 255

143 A& 160 4 176 Eo19z Loz Lo 24 p 240 =

Source: www. LookupTables.com



Escape sequence

character description character Description

\a Alert (bell) character \\ Backslash

\b Backspace \? Question mark

\f Formfeed (page break) |\ Single quote

\n Newline \ Double quote

\r Carriage return \ooo Octal number

\t Horizontal tab \xhh Hexadecimal number
\v Vertical tab \O0 0

Question: what is corresponding integral value of escape sequence?




Exercise: How to find integral value of escape sequence

#tinclude <stdio.h>

ndefine NUM_EScAPE_cHar 12  Symbolic constant

int main{ int argc, char= argw[])

{
int i 5 . ,__{‘,5 .
char word[ Nu_Escape_cuar 1 ; Declaration (| f')’ for type checking
word[8] = "\a" ; word[1] = "\b" ; word[2] = "' ; word[3] = "\n' ;
word[4] = '\° o word[5] = ‘ALY word[6] = "\t o word[7] = A\
word[8] = "\?" ; word[9] = '\ word[18] = A word[11] = "Aw@°
for ( 1 = 8 ; 1 < NUM_ESCAPE_CHAR ; i++){

printf{""%c = @x%x\n", word[i] , word[i] );

?
return 8 ;

by

1. Array “word” has 12 elements, each element is a character
2. We use single quote to define a character

3. “for-loop” executes i=0,1,2,...,11

4. %c: print character, %x: print hexadecimal value



#include <ctype.h>

Read page 248 ~ 249 and page 166 in textbook

isalnum(c) isalpha(c) or isdigit(c) is true

isalpha(c) isupper(c) or islower(c) is true

iscntrl(c) Nonzero if ¢ is control character, O if not

isdigit(c) Nonzero if c is digit, O if not

isgraph(c) printing character except space

islower(c) Nonzero if c is lower case, O if not

isprint(c) printing character including space

ispunct(c) printing character except space or letter or digit
isspace(c) space, formfeed, newline, carriage return, tab, vertical tab
isupper(c) Nonzero if c is upper case, O if not

int tolower(int ¢)

convert ¢ to lower case

int toupper(int c)

convert ¢ to upper case




Character array (-7 [fi%[l)

Array index
o 1 2 3 4 5 6 7 8 9 10 11

word[12]= | \a | \b | M [ \n | \r | Nt [ W [ W\ | \2 0V |\ [\O

Array index in C starts from O, array “word” has 12 elements, labeled
as word[0], word[1], ..., word[11], value 11 is called array bound.

Don’t access excess of array bound, or either memory fault may

happen and result is invalid. A common fault of programmers is to
use word[12]



String constant (string literal) versus Character array

“hello, world” is called string constant, the quotes are
not part of the string, just to delimit the string.

l Corresponding character array

Arrayindex 0 1 2 3 4 5 6 7 8 9 10 11 12

hlel|l |l |0o]|, w|lo|r ||l |d \O

/

null character, to
terminate the string

Question: what happens if we remove \O’ from the string?



Exercise: test string constant

#tinclude <stdio.h>

int main{ int argc, char* argu[])

{ char pi[] = "hello, world" ; /= compiler would decide size of p1 =/
printf{"%s\n*, p1 ); F= %s : print string =/
p1[12] = "' ; /= remove \@ of p1 =/
printf("%s\n", p1 });
return 8 ;
¥

hello. world )
hello, world®HHEZ 1t It should be “hello, world!”, why?

Press any key to continue




#include <string.h>

Read page 249 ~ 250 and page 166 in textbook

char* strcpy (s,ct) copy string ct to string s, including \O’, return s
char* strcat (s,ct) concatenate string ct to end of string s, return s
Int strcmp (cs,ct) compare string cs to string ct, return <0 if cs < ct,

return O if cs ==ct, or return >0 if cs>ct

size t strlen (cs) return length of cs

void *memcpy (s,ct,n) | copy n characters from ct to s, return s

void* memset (s,c,n) | place character c into first n characters of s,
return s




Example of strcat in MSDN Library

strcat, wescat| Seanch
UEL: mz-helpdME MEDNQTE »20 enhE MEDH +B0ME WINCE 50 enfwceappdey Sfhtmliwee S0l streatemans cacat. hitm

[#] [¥] Platform Builder for Microsoft Windows CE 5.0 search for strcat
Eﬁﬂ!ﬂLvﬂzxmt

Append a string.

char *{ char *strDestinaticon, comnst char *strSourcs ) ;
wehar t *weoacat{ wohar t *strxlestinstion, conat wehar t *strSourss ) ;

Example

£% BTRCPY . C: This program uses strcpy
* and to build = phrase.
* !

finclude <string.h>
finclude <stdic._h>

void main{ woid )

b s . Why declare character array with 80 elements?
char stringl20];
strcepy({ string, "Hello world from ™ );
| string, "strcpy " )i

string, "and " );
string, "EiEgaRd!" );
"String = %3\n", atring );
}
Output

String = Hello world from strcpy and !
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Fixed point versus floating point  [1]

Suppose fixed-point representation has 8 decimal digits, with radix
point (| BB positioned after 6-th digit.
Example: 123456.78, 8765.43, 123.00

Under 8 decimal digits, floating point representation can be
1.2345678, 1234567.8, 0.000012345678 or 1234567800000

Floating point representation supports wider range of values than
fixed-point representation, however it needs more storage to encode
the position of radix point.

Floating point representation is in scientific notation.



Fixed point versus floating point  [2]

Consider a decimal floating-point system with 4 digits and 3 digits
after radix point.

Theoretical: 0.12x0.12=0.0144  requires 4 digits after radix point to

keep accuracy

Fixed-point: 0.120x0.120=0.014 losses one-digit accuracy

Floating-point: (1.2x107)x(1.2x107) =1.44x107

maintains the same accuracy and only use 2-digits after
radix point



IEEE 754: standard for binary floating-point arithmetic

» Single-precision (32-bit)

* Double-precision (64-bit)

» Single-extended precision ( > 42-bit, not commonly used )
* Double-extended precision (80-bit), used in Intel CPU

sign  exponent fraction
| I

[] [] []
e+f f 0
The three fields in an [EEE 754 float

v=sx25xm

_ _ m=1bb,--- normalized
S==:9gn hit E=exp—N

l m=0.bb,--- denormalized

Excess-N biased



Excess-N biased

The exponent is biased by N =2" -1

where M is number of bits in exponent field

Single precision: M =8, N=2"-1=127
double precision: M =11, N =2"-1=1023

& bit excess-127

Binary Excess-127 Unsigned
value | interpretation interpretation

00000000 127 0
00000001 -126 1
This is different from 2's complement
01111111 0 127
10000000 +1 128

11111111 +128 255



Single precision (32-bit, 4 bytes)

sign exponent] B-hit) fraction (2 3-bit)
Ly I |
oo Yyyyyooo oo o oo oo ooy O =0.15625
o o o
31 23 0
Bit walue=s for the IEEE 754 3Zbit float 0.15825
s=0:v>0
exp=01111100=0x7C =7x16+12=124 N =exp-127=-3
1

m:1.01:1+z =1.25

Normalized value v=sx25xm=+1.25x2"°=4+0.15625



Exercise: example of single precision

Check the configuration has normalized decimal value -118.625

sign exponent (8 bits)
||

fraction (23 bits)

.1

1

0

0

0

0

1

0

1

1

1

0

0

0

0

0

0

0

0

31

Bit wvalues for the IEEE 754 32bit float -118.625

23

=-118.625



Limits of single precision

Type Sign Exp Exp+Bias Exponent Significand Value
Zero 0 |27 0{ 0000 0000 {000 0000 0000 0000 0000 0000 0.0
One 0 |0 1270111 1111000 0000 0000 0000 0QOO 0000 | 1.0
Minus Cne 1 |0 1270111 1111000 0000 0000 Q000 Q00O 0000 | -1.0
Smallest denormalized number, = | -127 00000 0000|000 0000 0000 0000 0000 0001 | 42722 x 27126 = 49145 & 49 AwqQ
"Middle” denormalized number | * | -127 00000 0000|100 0000 0000 0000 0000 0000 | 4271 % 27128 = 49127 & 45 g% 10~3*
Largest denormalized number = (127 00000 0000|111 1111 1111 1111 1111 1111 | 51-2723) = 27128 = 41 18=107%F
Smallest normalized number * 1126 10000 0001|000 0000 0000 0000 0000 0000 | 427128 = 41 18=10-38
Largest normalized number * 127 254 1111 1110 111 1111 1111 1111 1111 1111 422272 % 2197 = 43 41078
Positive infinity 0 [128 255/ 1111 1111 {000 0000 0000 0000 0000 0000 | +0O
Megative infinity 1 128 255(1111 1111|000 0000 0000 0000 0000 0000 | —2X0
Mot a number * 1128 25511111 1111 |non zero MNal

* Sign bit can be either 0 or 1.

Exponent ranges from -126 to +127
Extreme of exponents are used to represent 0, NAN (not a number) and
infinity

NaN:%,f, * ,_OO,_OO,OO+(—OO),oo—oo, -1,log(-2),sin™(1.1)
o0

—00 00 —00




double precision (64-bit, 8 bytes)

exponent fraction
sign (11 bit) (52 bit)
Il
o o o
63 52 0

The three fields in a 64bit IEEE 754 float

Question: How to represent 12.456 ?

Question: what's extreme value of double ?



Question

How does compiler convert decimal value
iInto binary value

How does function printf show decimal
value

Size and limits of floating point
Distribution of floating number
Rounding error



Conversion between string and integral/floating

string
f . atol
ato atoi
float / double int long
2 ? 5
string

stdlib.h

double atof ( const char* s)

int atoi ( const char *s)

long atol (const char *s )




Read page 250,251 in textbook

#include <math.h>

sin(x) cos(X) tan(x) asin(x)
acos(Xx) atan(x) atan2(x) sinh(x)
cosh(x) tanh(x) exp(x) log(x)
log10(x) pow(X,y) sqrt(x) ceil(x)
floor(x) fabs(x)




Beyond double

double-double U&7 : 32 decimal digit accuracy
guadruple-double: " ¥§3 : 64 decimal digit accuracy
arbitrary precision: = Hukg"% - up to 1000 decimal digit
accuracy.

http://crd.lbl.gov/~dhbailey/mpdist/

+ ARPREC (C++Fortran-90 arbitrary precision packaze)
Unix-bazed systems (including &pple Macintosh systems): arprec-2.2.1 tar.gz (version date 2008-01-23)
Windows svstems: arprec 2.2, 1 -windll.zip {version date 200801 -23)
Before installing either version, please see the "release notes" in the EEADME file.

This package supports a flexible, arbitrarily high level of numeric precizsion -- the equivalent of hundreds or ewve
Special routines are provided for extra-high precision (above 1000 digits), The entire library is written in C++. 1
Fortran-90 translation modules modules are also provided that permit one to convert an existing C++ or Fortran
most cases only the type statements and (in the case of Fortran-90 programs) read/write statements need be cha
multipair) are included, as well as three high-precision quadrature programs. New users are encouraged to use

Thiz verion of the ARPREC package now includes "The Experimental Mathematician's Toolkit", which iz avails
interactive high-precision arithmetic computing environment. Cne enters expressions in a Mathematica-style sy
of precizion that can be set from 100 to 1000 decimal digit accuracy. Variables and vector amrays can be define
common transcendental and combinatorial functions, multi-pair FSLO (one-, two- or three-level versions), high
ginh), and summaticn of series.

s QD (C++Fortran-20 double-double and quad-double package)
Unix-based svstems (ncluding &pple Macintosh systems): qd-2.3.64ar.22 (version date 200803200
Windows systems: qd -2.3.4-windll.zip {(version date 200801233
Before installing either version, please see “release notes” in the README file,




OutLine

Basic data type

- Integral

- character and string
- floating point
Operator

Type conversion



Operator

Relational operator

> (greater than)  >= (greater or equal)
< (less than) <= (less or equal)
== (equal) I= (not equal)

Bitwise operator

& (and) | (or) A (exclusive or)
<< (left shift) >>(right shift)

~(1's complement)

Arithmetic operator
+ - * [ % (modulus)

Assignment operator
+= = *= [= = <<= >>= &= N=

Increment / decrement operator
++ - -



Assignment operator

exprl += expr2

X *x= y+1

| += 2

increment | by 2

exprl = (exprl) + (expr2)

X = () (y+)

This form is awkward since we write x
twice, note that in Matlab we cannot
write X *=y+1

| =1 + 2
take 1, add 2, then put the result back in i

e

add 2to |



Increment / decrement operator

An operand of integral or floating type is incremented or decremented
by the integer value 1.

The operand must have integral, floating, or pointer type.

The unary operators (++ and — —) are called "prefix" (“postfix”)
Increment or decrement operators when the increment or decrement
operators appear before (after) the operand.

Postfix: The increment or decrement operation occurs after the
operand is evaluated.

#include <stdio.h>
fidefine HUM_ESCAPE_CHAR 6
int main{ int argc, charx argu[])
{
int i ;
char word[ NUM_ESCAPE_CHAR ] ;

word[B8] = "\a" ; word[1] = "\b" ; word[2] = "\F" ; word[3] = "\n° ;
word[4] = "\r" ; word[5] = "A\UY 7 word[6] = "\t o word[7] = A\
word[8] = "A?" [ word[9] = "\'° ; word[18] = '\ word[11] = "AO°
for (1=10;1<12; i+ M postfix increment

printf("%c = Bx%Bx\n", word[i] , word[i] );
b

return 8 ;




Potential bug of equality operator

#include <stdio._h> #include <{stdio.h>
int main{ int argc, charx argu[] ) int main{ int argc, char= argu[] )
{ {
int x =5 ; LIS
e W e "
printf("x (=%d) is equal to 1\n", x ); PFINTF{"x (=%d) is equal to 1\n", % );
yelsed }9159{_ _
printf{”x (=%d) is HOT equal to 1\n", x ); printf{"x (=%d) is NOT equal to 1\n", x );
H ¥
return 8 ; return A ;
¥ ¥

w (=52 iz NOT equal to 1

Press any key to continue

Question: which one (coding style) is better ?



When typing error occurs, ....

#tinclude <stdio.h>

int main({ int argc, char= argu[] )

{

int % =% ;

ifF ( x =1 )

printf("x (=%d) is equal to 1\n", x };
‘elsed

printf{"x (=%d) is HOT equal to 1\n", x };
H

return 8 ;

w ¢=1» iz eqgual to 1

Press any key to continue

Good! Compiler help us to
detect typing error

#include <stdio.h>

int main{ int argc, char= argu[] )

{
int x =5 ;
if (1 =x X
printf({"x (=%d) is equal to 1wn", x };
elsed
printf("x (=%d) is HOT equal to 1\n", x );
H
return 8 ;
H

Compiling...

main.cpp
F:\course\28688summeriyc_lang\example\chap2iequality\main.c
Error executing cl.exe.

main.obj - 1 error(s), B warning(s)
]

pp(?} : error C2186: '=' : left operand must be 1-value



Why 0 ==X is better than x ==

#tinclude <stdio.h>

int main{ int argc,
{

int =% =% ;

char= argu[] )

if (%=1 )

Al

pt intFx =

i »elseq

»

b

return 8 ;

=%d) is equal to 1\n", % );

printf{"x (=%d) is NOT equal to 1\wn", x };

pseudo-logical bug, this kind of bug is very
difficult to find out, so write 0 == x always

#tinclude <stdio.h>

int main{ int argc, char= argu[] }
{

int x =5 ;

x =1 ;
if ( x *'= 8 )¢

printf{"x (=%d) is equal to 1wn", X };
elsed

printf("x (=%d) is HOT equal to 1\n™, x };
H

return 8 ;



Bitwise operator: AND

#tinclude <stdio.h> ,
o True table (2! fifi#)
int main{ int argc, char= argu[] )}
{
char a, b ;
char a_and_b ; X )/ X éi )/
a= "a" ; JFFf "a' = Bu=61 () () ()
b="1"; /& "1" = B2
aand b =a&hb ;
~anc. 0 1 0
printf{" a = %pwn”, a) ;
printf{" b = Zpwn, "1 ) ;
printf(”a & b = %Zp\wn", a_and_b ) ; ]- () ()
return 8 ; 1 1 1
¥

‘a=0x6l 0|11 O 0O 0 0|1

&>‘1’:0X31 0o/0 1/1 /0 0|01

Q& ‘1 = 0x21 O 0| 1|0 O 0| 0|1




Bitwise operator: OR

#include <{stdio.h> N
S True table (2! ffi%)
int main{ int argc, char= argu[] )

{

char a, b ;

char a_or_b ; X )/ X | )/
as=‘'a' ; Jff 'a' = Bx6 () () ()
b="*"1"; J/f '"1" = Bz}

a_or_b = a b ;

or-b el 0 1 1
printf(” a = %pwn", a ) ;

printf(" b = %p\n”, "1 ) ;

printf(™a | b = %p\n", a_or_b ) ; 1 () 1
return 8 ; 1 1 1

‘a=0x6l 0|11 O 0O 0 0|1

|>‘1’:0X31 0o/0 1/1 /0 0|01

‘a’ | ‘1’ = 0x71 O/1 11 O/ 001




Bitwise operator: exclusive OR

ftinclude {stdio.h> ,
True table (2! fifi#)
int main{ int argc, char= argu[] )
{
char a, b ; N
char a_ex_b ; X )/ X )/
a="'a" ; Fff "a' = Bzé1 O O O
b = *"1" 5 /7 '1" = 8x31
aexb=a"b;
ol o) 1 1
printf(" a = %p\wn”, a ) ;
printf{" b = Zpyn™, 1" ) ;
printf({™a © b = %p\n", a_ex_b )} ; 1 O 1
return 8 ; 1 1 O
b

‘a=0x6l 0|11 O 0O 0 0|1

&>‘1’:0X31 0o/0 1/1 /0 0|01

‘a’ ‘1’ = 0x50 0O 1/0]1 O/ 0 0O




shift operator

#include <{stdio.h>
int main{ int argc, char =argu[] )
{
char a = "a' ;
char a_right_shift_1 = a >> 1 ;
int a_left_shift_1 = a <{ 1 ;
printf{” a = %p\wn", a) ;
printf(* a >»> 1 = %p\n™, a_right_shift_1 ) ;
printf(* a << 1 = Fpin”, a_left_shift_1 ) ;
return 8 ;
e

‘a=0x6l 0|11 O O/0 0|1

/‘ truncate

‘a’ >>1 =0x30 O/0 11 O 0 0 O

Py

‘a’ << 1=0xc2 O 1/1/0]|0 O 0/ 1|0




OutLine

e Basic data type
- Integral
- character and string
- floating point

e Operator

e Type conversion



Type conversion: done by compiler automatically

Conditions for Type Conversion

Conditions Met

Either operand is of type long double.

Preceding condition not met and either operand is
of type double.

Preceding conditions not met and either operand is
of type float.

Preceding conditions not met (none of the
operands are of floating types).

Conversion

Other operand is converted to type long double.

COther operand is converted to type double.

Other operand is converted to type float.

Integral promotions are performed on the aoperands as follows:

If either operand is of type unsigned long, the other operand is converted to type unsigned long.

If preceding condition not met, and if either operand is of type long and the other of type unsigned int,
both operands are converted to type unsigned long.

If the preceding two conditions are not met, and if either operand is of type long, the other operand i=
converted to type long.

If the preceding three conditions are not met, and if either ocperand is of type unsigned int, the other
operand is converted to type unsigned int.

If none of the preceding conditions are met, both operands are converted to type int.

double dUal;

float fUal;

int ilal;

unsigned long ullal;

int main{ int arqc, charx argu[] ) {
f/f iVal converted to unsigned long

{/f result of multiplication converted to double
dlal = ilal = ullal;

£/ ullal converted to fFloat
F/ result of addition converted to double
dlal = ullal + flUal;

return 8 ;




casting ( coercion) §§1ﬁjﬂ§'ﬂij“§@@i

done by programmer

double dUal;

float fUal;

int ilal;

unsigned long ullal;

int main{ int argc, charx argu[] ) {
/7 iVal converted to unsigned long
/7 result of multiplication converted to double
dUal = { {double) iUal )} * { {(double) ullUal } ;

Ff ulVal converted to float
/7 vesult of addition conuerted to double
dlal = { {(double) ulUal ) + { {double) fUal };

return 8 ;

Do coercion as possible as you can.



