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3
3–1 2

:

2 (e.g. , )

[ ]

:

,

32 , (bit;BInary digiT

)8 ,

16( 24)

0100 0001 “A”
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2 :

@@
��

2 0 1

@@
��

0 1

2












10

0 1 B’10101101111’













8 16 :

2

(i.e. )

@@
��

0 1 3 4

1



303

@@
��

3 0 7 8

8

4 0 9,A F 16

16

2 8
000 0
001 1
010 2
011 3
100 4
101 5
110 6
111 7

2 16
0000 0
0001 1
0010 2
0011 3
0100 4
0101 5
0110 6
0111 7
1000 8
1001 9
1010 A
1011 B
1100 C
1101 D
1110 E
1111 F
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B’101011010111’
( ) C

8 101 011 010 111 5327, · · · O’5327’ 05327

16 1010 1101 0111 AD7 · · · X’AD7 0xAD7

2 8
000 0
001 1
010 2
011 3
100 4
101 5
110 6
111 7

2 16
0000 0
0001 1
0010 2
0011 3
0100 4
0101 5
0110 6
0111 7
1000 8
1001 9
1010 A
1011 B
1100 C
1101 D
1110 E
1111 F
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3–2

(i.e. 0 1 )

@@
�� 6 8 1















(byte)

1 =8 [JIS ... ]















3

• EBCDIC

IBM 1964 IBM (

)
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•ASCII7 (American Standard Code for ...)

3
0 1 2 3 4 5 6 7

0 NUL DLE 0 @ P ` p
1 SOH DC1 ! 1 A Q a q
2 STX DC2 " 2 B R b r
3 ETX DC3 # 3 C S c s
4 EOT DC4 $ 4 D T d t

4 5 ENQ NAK % 5 E U e u
6 ACK SYN & 6 F V f v
7 BEL ETB ’ 7 G W g w
8 BS CAN ( 8 H X h x
9 HT EM ) 9 I Y i y
A LF SUB * : J Z j z
B VT ESC + ; K [ k {
C FF FS , < L \ l |
D CR GS - = M ] m }
E SO RS . > N ^ n ~
F SI US / ? O o DEL...

︸ ︷︷ ︸

”K”

3 O”4”

4 X”B”

B”100 1011”
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&

$

%

J B !

5 G � ; (functional character) $ = < � � 9 � E A % � � � 3 � � � N 	 
 � @ 8 � � 
 � �

� � ;

� �

@ 8 � ; (control � ) � � �




� � � � �

�

L > � 0 �

$

�

�

D � �

NUL · · ·6 � (null) DLE · · ·E A @ 8 �  (data link escape)

SOH · · ·" % # & ' 3 � (start of heading) DC1 · · ·( C @ 8 1(device control 1)

STX · · ·) * + ,

3 � (start of text) DC2 · · ·( C @ 8 2(device control 2)

ETX · · ·

) * + ,

� N (end of text) DC3 · · ·( C @ 8 3(device control 3)

EOT · · ·E A � N (end of transmission) DC4 · · ·( C @ 8 4(device control 4)

ENQ· · ·- . / (enquiry) NAK· · ·H 1 2 4 (negative acknowledge)

ACK· · ·7

1 2 4 (acknowledge) SYN · · ·F : ? I (synchronous idle)

BEL · · ·K M (bell) ETB · · ·E A O P Q R � S

BS · · ·T U (backspace) (end of transmission block)

HT · · ·V W � O (horizontal tabulation) CAN· · ·X Y (cancel)

LF · · ·Z

� (line feed) EM · · ·[ \

�

] (end of medium)

VT · · ·^ _ � O (vertical tabulation) SUB · · ·C ` � ; (substitute character)

FF · · · = < A

� (form feed) ESC · · · �  (escape)

CR · · ·a b (carriage return) FS · · ·c d e M f g � ; (file separator)

SO · · ·h

c

, i j , (shift out) GS · · ·' M �

k

f g � ; (group separator)

SI · · ·

h

c

,

e & (shift in) RS · · ·l m � n f g � ; (record separator)

US · · ·o p

Q

,

f g � ; (unit separator)

DEL · · ·q Y (delete)
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• JIS8 (Japanese Industrial Standard)

4
0 1 2 3 4 5 6 7 8 9 A B C D E F

0 NUL DLE 0 @ P ` p
1 SOH DC1 ! 1 A Q a q
2 STX DC2 " 2 B R b r
3 ETX DC3 # 3 C S c s
4 EOT DC4 $ 4 D T d t

4 5 ENQ NAK % 5 E U e u
6 ACK SYN & 6 F V f v
7 BEL ETB ’ 7 G W g w
8 BS CAN ( 8 H X h x
9 HT EM ) 9 I Y i y
A LF SUB * : J Z j z
B VT ESC + ; K [ k {
C FF FS , < L Y= l |
D CR GS - = M ] m }
E SO RS . > N ^ n ¯
F SI US / ? O o DEL

︸ ︷︷ ︸

X’5C’,X’7E’ ASCII
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4

• JIS

JIS 2 /16

216=65536 1 ( , , ,

) 2965 , 2 3390 ,

5810 , 12156

X‘234A 2349 2353 3441 3B7A 2533 213C 2549’ 16

JIS 8

,

8

JIS

JIS
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•MS

JIS JIS ...

Esc 8

/Windows

JIS 8 X‘81’ X‘9F’, X‘E0’ X‘FC’

1 2 1

• EUC(Extended Unix Code)

UNIX-JIS , UJIS

UNIX 1986 AT&T

(2007 ) UNIX/Linux

2 3 1
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•Unicode

Unicode

1993 ISO 1995 JIS

Unicode , , , ,

1 , 2 , Uni-

code

UTF-8 1 4 ASCII

UTF-16 65536 16 , 32

Windows XP

UTF-32 32
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3–3 2

10 0 9 dndn-1 · · ·d1d0
dn×10n+dn-1×10n-1+· · ·+d1×101+d0×100

1234=1×103+2×102+3×101+4×100

2 0 1 anan-1· · ·a1a0
an×2n+an-1×2n-1+· · ·+a1×21+a0×20

2 11010 (10 )

1×24+1×23+0×22+1×21+0×20=26

—
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10 2 :

x 2 B’anan-1· · ·a1a0’

x=an×2n+an-1×2n-1+· · ·+a1×21+a0×20

ai x i

ai=mod
















x

2i







 ,2








⌊ ⌋ ,

mod 1 2

(10 ) 2
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—
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2 :

10

11011

+ 101111

1001010

101111

− 11011

10100

11011

× 1011

11011

11011

11011

100101001

101

101) 11010

101

110

101

1
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3–4







10 26 (2 11010) 5

m ⌊log2m⌋+1

1
�
�

�
�⌊ ⌋

@@
��

•

(word)

• 1

'

&

$

%
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:

2

2

10 26 11010

8

10 26 00011010

n

0 2n−1
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:

10 26 8 00011010

3






2

1
'

&

$

%
3 2

n
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•






1 (0=⇒ , 1=⇒ )

n−1

10 26 2 11010

n=8
26 00011010,
−26 10011010

@@
��

3 −(2n-1−1) 2n-1−1

3 an-1an-2· · ·a1a0
(−1)an-1×(an-2×2n-2+an-3×2n-3+· · ·+a1×21+a0×20)

(−1)an-1× n-2
i=0ai 2

i
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• 2 · · · ( )

x 0 2n-1−1

x 2

( 0 n ) ,

x −2n-1 −1

x 2 2n+x 2 ( )

n=8 −26 2 28−26 2

28−26=(11111111+1)−00011010

=(11111111−00011010)+1

=11100101+1

=11100110

26 00011010,

−26 11100110 · · ·28−26 2 ( )
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an-1an-2· · ·a1a0






0≤x≤2n-1−1 : =⇒x<2n-1 =⇒ 0

−2n-1≤x≤−1 : =⇒2n+x≥2n-1 =⇒ 1

an-1an-2· · ·a1a0

an-1=0

an-1×2n-1+an-2×2n-2+· · ·+a1×21+a0×20

=an-2×2n-2+· · ·+a1×21+a0×20

an-1=1

−2n+(an-1×2n-1+an-2×2n-2+· · ·+a1×21+a0×20)

=−2n+(1×2n-1+an-2×2n-2+· · ·+a1×21+a0×20)

=−1×2n-1+(an-2×2n-2+· · ·+a1×21+a0×20)

−an-1×2n-1+ n-2
i=0ai 2

i

@@
��

−2n-1 2n-1−1
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−(an-1an-2· · ·a1a0 )

=−(−an-1×2n-1+ n-2
i=0ai 2

i)

=an-1×2n-1− n-2
i=0ai 2

i

=an-1×2n-1+ n-2
i=0(1−ai) 2i− n-2

i=0 2i

=an-1×2n-1+ n-2
i=0(1−ai) 2i− (2n-1−1)

=−(1−an-1)×2n-1+ n-2
i=0(1−ai) 2i+1

=−ān-1×2n-1+ n-2
i=0āi 2

i+1 ( āi = 1−ai)

=(ān-1ān-2· · ·ā1ā0 )+1

@@
��

1
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&

$

%

1

0 2 n-1 2 n

0

2 n-1-2 n-1

0 2 n-1-2 n-1

-(y   - 2      )1
n-1

-(y  -2      )2
n-1

y  -21

y   - 22
n

x

x

x

y 1 y 2

2

( )

( )

n
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• 1

x 0 2n-1−1

x 2

( 0 n ) ,

x −(2n-1−1) −0

x 1 2n−1+x 2 ( )

n=8 −26 1 28−1−26 2

(28−1)−26=11111111−00011010

=11111111−00011010

=11100101

26 00011010,

−26 11100101 · · ·28−1−26 2 ( )
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2

3 −(2n-1−1) 2n-1−1

3 an-1an-2· · ·a1a0
−an-1×(2n-1−1)+ n-2

i=0ai 2
i

3
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2 :

• n

1© 2 2

n

2© 2

(overflow)

1©

•
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3–5







· · ·

· · ·

3

• IBM

1 /32

s
︸︷︷︸

e6e5 · · · e1e0
︸ ︷︷ ︸

d1d2 · · ·d23d24
︸ ︷︷ ︸

(-1)s×M×16E

M =
24
i=1di×2-i E =

6
i=0ei×2i− 64
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• (ACOS)

1 /36

e7e6e5 · · · e1e0
︸ ︷︷ ︸

d0d1d2 · · ·d26d27
︸ ︷︷ ︸

M×16E

M = −d02
0 + 27

i=1di×2-i

E = −e72
7 + 6

i=0ei×2i�
�

�
�2

—
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• IEEE 754

4

1 % Q

, 8 % Q

, 23 % Q

, (10 6 7 ) 32 % Q

,

1 % Q

,

11 % Q

,

52 % Q

,

(10 15 16 ) 64 % Q

,

4 1 % Q

, 15 % Q

, 112 % Q

, (10 33 34 ) 128 % Q

,

—
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32

s
︸︷︷︸

e7e6 · · · e1e0
︸ ︷︷ ︸

d1d2 · · ·d22d23
︸ ︷︷ ︸







(−1)s×(1+M)×2E if −127<E<128

(−1)s×M×2E+1 if E= −127

Inf( ) if E=128, M=0

NaN( ,Not a Number) if E=128, M6=0

M =
23
i=1di×2-i



















d0=1

1.d1d2 · · ·d22d23
2



















E =
7
i=0ei×2i− 127

—
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26 IEEE 754( )
@@
��

26.0 (−1)s×(1+M)×2E

26.0 = 11010.0 (2 )

= 1.10100 × 24

= (−1)0×(1+0.10100)×24

@@
��

2 s=0, M=0.10100, E=4

@@
��

se7e6 · · · e1e0d1d2 · · ·d22d23 26

M =
23
i=1di×2-i = 0.10100

d1 = 1

d2 = 0

d3 = 1

d4 = 0

d5 = 0

............

E =
7
i=0ei×2i− 127 = 4

7
i=0ei×2i = 131

= 10000011 (2 )

e7 = 1

e6 = e5 = · · · = e2 = 0

e1 = e0 = 1
—
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(1÷10×106=1?):

—
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IEEE 754( )

10 1 X’3F800000’ , · · ·20×1.0(2 )

10 10 X’41200000’ · · ·23×1.010(2 )

2 (20×1.0)÷(23×1.010)

0.00̇011̇(2 )=2-4×1.1̇001̇(2 ) ,

@@
��

10 1÷10 X’3DCCCCCC’

0.0001 1001 1001 1001 1001 1001 100 (2 ) = 0.1999998(16 )

10(10 ) = 1010(2 ) = A(16 )

0.FFFFFF0(16 )=2-1×1.FFFFFE(16 )
@@
��

10 1÷10×10 X’3F7FFFFF’

@@
��

10 1÷10×10 10 1

—
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&

$

%

(1÷10)
0.00̇011̇0011

1010 ) 1.0000 ...
1010 ...

1100 ...
1010 ...

1000

(16 0.1999998×A)

0.199999 8
× A

0.FFFFFF0







1×A= A (16 )
9×A=5A (16 )
8×A=50 (16 )
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3–6





 ......

@@
��
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3. 2 (1999 )

(0) 0110 0100 0100 1110 16

(1) ( ) 38 JIS 8

16

(2) 10 38 8

2

(3) 10 −38 2 8

2

(4) 10 38.0 IEEE 754

2
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3. 3 (2000 )

(1) 0110 0100 0100 1010 16

(2) 0110 0100 0100 1010

(3) 0110 0100 0100 1010

(4) 0110 0100 0100 1010

2

(5) 10 3.0 IEEE 754

2

(6)


