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. . . . 23 2’ 23

. 8 4 2

. IO3 lo2

1000 100

Binary Bit Weights

23 2’ 2’ 2’

1 l/2 l/4 118

Decimal Digit Weights

10’ lo0 10-l  lo-2 lo1

23 .”

l/l6 . . . . .

lo-4

10 1 l/l0 l/l00  l/l000  1/10000

2I.k 2-l Binary and Decimal Digit Weights

Pll%N  2-l Binary and Decimal Codes

Binary
(base 2)

Bit Weights

Decimal
(base 10)

Digit Weights

23 22 2’ 20 10’ lo*
0 0

1 1
1 0 2
1 1 3

100. 4
1 0 1 5
1 1 0 6
1 1 1 7

1 0 0 0 8
1 0 0 1 9
1 0 10 1 0
1 0 1 1 1 1
1 1 0 0 1 2
1 1 0 1 1 3
1 1 1 0 1 4
1 1 1 1 1 5
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Bit position/Bit weight
I

2O 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 + Bit value

LSB - Binary waveform

2' 0 0 1 1 0 0 I 1 0 0 I I 0 0 1 1

I I I I I 1 I

2*00001.11100001111

I I I

2 3 0 0 0 0 0 0 0 0  1 1 1 1 1 1 1 1

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
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Bit Weights
24 23  22 2’ 20. 2-I  2-2 2-3 2-4

(1 0 1 1 0 .)2

1x24+ox23+1x22+1x2’+ox2°=
24 + 22 + 2’ = (22),0

( 0 1 1 0 1 .)2

Ox24+1X23+1X2~+OX2’+IX2°=
23 + 22 + 1 = (13),0

c.1 0 112

1 x 2-l  + o x 2-2  + 1 x 2-’  = 2-l  + 2-3 = (.625),0

3 4

(1 0 1 0 0. 1 1)2

1x24+ox23+1x22+ox2’+ox2°+
1 x 2 ’ + 1 x 2-2 = iT4 + 22 + 2-l + 2-2 = (20.75),,,
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(53110  = (110101)*

DIVISION REMAINDER

21 I LSB position

21 0

21 I

ALi- 0

213 1

21 1 MSB position

0

CT 455

(110101)* = 25 + 2 4 + 22 + 20

= 32 + 1 6 + 4 + 1 = (53),0
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(29),0  = (11101)~

DIVISION REMAINDER

21 1 LSB position

21 0

217 1

213 1

21 1 MSB position

0

%h-daaid~osi  niqwfdaiaer  2 ~aiaw~esfide~i~Dlao~~lu~0~

(.375),0  = c.0  1 I)2

MULTIPLICATION CARRY-OUT

.375
x 2

.750 0 MSB

3 6

1

1 LSB
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Wl4ho  = (5Oho + (.14),0

Integer:

(5Oho  = (110010)~

DIVISION REMAINDER

2(50 0

2( 1

21 0

?( 0

2(3 1

21 1
0

Fraction:

(.  14ho  = (.001ooo111101)~

LSB position

MSB position
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2.2 '3i%LtWp.dUMll  (Hexadecimal)

lb3 I62 16’ 16’ 16-j 16.’ 16j  . . . . . . . . . .

Decimal Binary Hexadecimal
(base 10) (base 2) (base 16)

0 oooooooo 0 0
1 00000001 01
2 oooo  0010 0 2
3 oooo  0011 03
4 oooo  0100 0 4
5 oooo  0101 05
6 oooo  0110 0 6
7 00000111 0 7
8 00001000 0 8
9 oooo  1001 0 9

10 cm0  1010 O A
11 oooo  1011 OB

.12 oooo  1100 o c
13 oooo 1101 O D
14 oooo  1110 OE
15 0000 1111 O F
16 00010000 10
17 00010001 11
18 00010010 12
19 ooo10011 13
20 00010100 14
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m"aaeiis2.11n7*ln(~uwanullu~erH"~~~~,~~0~

(F 1 5 6 ),c = (111100010101 OllO),

(1101011.1001111 j2 =

(110,1011.1001,111),  =

(110,1011.1001,1110),  =

(6B.9E),,
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cPiasdls2.13  *l*anl~erUrR6u~,Un~~~~~~l~~~~~

(11110111.010001)*

(1111,0111.0100,01),

(1111,0111.0100,0100),

(F7.44),,

(156.32),6  =

I x 162 + 5 x 16' + 6 x 16' + 3 x 16-l  + 2 X 16-'

=256+80+6+J-+L
16 256

40

= (342.1953),,,
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(ABC.D),b  =

10  x 16’ + II x 16’ + 12 x 16’ + 13 x 16-I

2560 176 12 13= + + + 16

= (2748.812)10
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0

(SO. 14),0  =

(50),,  = (1100010)~

(.14),0 = (.00100111  lOl)*

Binary Result:

(50.14),0  = (1100010.001ooQOO1)2

(11 0010.0010 0011 llOl)*  =

(0011 0010.0010 0011 1101)2  =

(3223Dh

Hex Result:

(50.14),0 = (32.23D),e
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Decimal  _ 8421 B C D

0 oooo
1 0001
2 0010
3 0011
4 0100
5 0101
6 0110
7 0111
8 loo0
9 1 0 0 1

Invalid 8421 BCD Cod&

1010
1 0 1 1
1100
1 1 0 1
1110
1111
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p11%19  2.4 Decimal, BCD , Binary and Hex Numbers

Declmol BCD Binary Hex

0 oooo
1 0001
2 0010
3 0011
4 0100
5 0101
6 0110
7 0111
8 loo0
9 1001

1 0 00010000
11 oool  oool
1 2 ooo10010
13 ooo10011
1 4 ooo10100
15 oool  0101
16 ooo10110
17 ooo10111
1 8 oool  loo0
1 9 oool  1001
20 0010 oooo

00 0
0 1 1
1 0 2
11 3

100 4
101 5
110 6
111 7

1000 8
1001 9
1010 A
1 0 1 1 B
1100 C
1 1 0 1 D
1110 E
1 1 1 1 F

10000 1 0
10001 II
10010 12
10011 13
10100 1 4

m”aeh 2.19 nnanl~eruaa91~1wi3n~~u  BCD

(1990),,=

(0001 1001 1001 0000),,

m”adlS  2.20 Decimal to BCD Conversion

( 20.57 )1o = ( 0010 0000.0101 Olll),,,

b?CW.h  2.21 BCD to Decimal Conversion

(0010 1001 0001. OllO),,,  = (291.6),,

Phdl~  2.22 BCD to Decimal Conversion

(1001 0010. 10000111),,,  = (92.87),,
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2.3.2 s%Wi1bi?iU3f%~-X.%4  BCD

ml419  2.5 Excess - 3

Decimal Excess-3

0 0011
1 0100
2 0101
3 0110
4 0111
5 1000
6 1 0 0 1
7 1010
8 1 0 1 1
9 1100

Invalid Excess-3 Codes

oooo
0001
0010
1 1 0 1
1110
1111

PI1419  2.6 Decimal, 8421 BCD , and Excess-3

Decimal 8421 BCD Excess-3

0 oooo 0011
1 GQOl 0100
2 0010 0101
3 0011 0110
4 0100 0111
5 0101 loo0
6- 0110 1 0 0 1
7 0111 1010
8 loo0 1 0 1 1
9 1 0 0 1 1100
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n"aadN 2.23 Decimal to Excess - 3 Conversion

(1990),,  = (o1oo11oo11oooo11)X.,

m"aefh 2.24 Decimal to Excess - 3 Conversion

(20.57),,  = (01000011. 1000 lOlO)..,

n”aSdN  2.25 Excess - 3 to Decimsl  Comversion

VI1519  2.7 Decimal, Gray Code, Binary Values

Decimal Gray Binary

0 oooo 0
1 OWl 1
2 0011 10
3 0010 1 1
4 0110 100
5 0111 101
6 0101 110
7 0100 111
8 1100 loo0
9 1101 1001

1 0 1111 1010
11 1110 1011
12 1010 1100
13 1011 1101
1 4 1001 1110
15 1000 1111
1 6 11000 loo00
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n1%-19  2.8 ASCII CODE

HEX Chamcter HEX Character HEX Character

0
1
2
3
4
5
6
7
8
9

A
B
C
D
E
F

1 0
11

NUL 1 2
SOH 13
S T X 1 4
ETX 1 5
EOT 1 6
ENQ 17
ACK 1 8
BEL I9
BS 1A
HT 1B
LF 1C
VT 1D
FF 1E
CR IF
so 20
Sl 2 1
DLE 22
DC1 23

DC2 24
DC3 2 5
DC4 26
NAK 27
SYN 28
ETB 29
CAN 2A
EM 2B
SUB 2c
ESC 2 D
FS 2E
G S 2 F
R S 30
u s 31
SP 32
! 33

n 34
# 35

$
%
&

(
)
*
+

-

;
0

1
2
3
4
5

CT455
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HEX Character HEX Character HEX Character

36
31
38
39

3A
3B
3c
3 D
3E
3F
40
4 1
42
43
44
45
46
47
48
49

4A
4B
4c
4 D
4E
4F
50
51
52
53

6
I
8
9

<
=
>
?
a
A
B
C
D
E
F
G
H
I
J
K
L
M
N
0

L
R
s

54
55
56
57
58
59

5A
5B
SC
5D
SE
SF
60
6 1
62
63
64
65
66
67
68
69

6A
6B
6 C
6 D
6E
6F
70
7 1

T 72
U 73
V 74
W 75
X 76
Y 77
Z 78
[ 79

7A
I 7B
L 7c

7 D
7E

E
7F

Ii

;
g
h
i
j
k
I
m
n
0

P
9

r
S

t
n
V

W

X

Y

f

1

DEL
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n1-il-a  2.9 EBCDIC CODE

HEX Character HEX Character HEX Character

00
O i
02
03
04
05
06
07
08
09

OA
O B
o c
O D
O E
O F
1 0
1 1
1 2
1 3
1 4
IS
1 6
1 7
18
1 9

IA
1B
1c
1D
IE
1F
20
2 1
22
23
24
25
26
27
28

NUL
S O H
STX
ETX
P F
PT
LC
DEL
VT
RLF
SMM

F F
CR
s o
Sl
DLE
DC1
DC2
DC3
RES

BS
L
CAN
EM
c c

F S
GS

u s
D S
SOS
F S

BYP
LF
E T B
ESC

29
2A
2 B
2 c
2D
2 E
2F
90
9 1
92
93
94
95
96
97
98
99

9A
9 B
9 c
9 D
9 E
9 F
A0
Al
A2
A3
A4
A5
A6
A7

-A8
A9

AA
AB
AC
AD
AE
AF
30
31

S M

ENQ
ACK
BEL

j
k

1
m
n
0

P
9
r

s
t
u
V

W

X

Y
Z

32
33
34
35
36
37
38
39

3 A
3B
3c
3 D
3 E
3F
40
4 1
42
43
44
45
46
47
48
49

4A
4 B
4 c
4 D
4 E
4F
50
51
52
53
54
55
56
57
58
59

5A

SYN

P N
R S
U C
EOT

NAK
DC4
NL

S U B
SP
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811'519  2.9m’e

HEX Character HEX Character HEX Character

SB
S C
S D
SE
5F
c o
Cl
c 2
c 3
c 4
CS
C6
C7
C8
c 9

C A
CB
cc
C D
CE
CF
Do
Dl
D2
D3
D4
D5
D6
D7

iii:
DA
DB’
D C
DD
DE
DF
60
6 1

$ 62
; 64 63

65
; 6 7  6 6

A 68
B 69
C 6 A
D 6B
E 6C
F 6 D
G 6E
H 6F
I 70

7 1
n
73
74
75
76

I 77
J 78
K 79
L 7A
M 7B
N 7c
0 7D

t
7E
7F

R 80
8 1
82
83
84
85
86
87

/ 88

89
8A
8B
8C
S D
8E
8F
E O
El
E2

% E3
E4

> ES
? E6

E7
E8
E9

EA
EB
EC
ED
EE
EF

A F O

z
Fl
F2

a F3
A F4
= F5

>. F6
F7

:
F8
F9

ii
FA
FB

;
FC
FD

f
FE
FF

i

\

S
T
U
V
W
X
Y
Z

0
1
2
3
4
5
6
7
8
9
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n"aSfh  2.26 Sw’ai  ASCII and EBCDIC Coding OfAlphanumeric  Information

22 54 68 65 20 77 65 65 6B 65 6E 64 20

*‘  T h e space w e e k e n d space

69 73 20 68 65 72 65 20 6 1 74 20

i s space h e r e space a t space

6 C 61 73 74 21 22

1 a s t ! “

7 F E3 88 85 40 A6 85 85 92 85 95 84 40

“ T h e space w e e k e n d space

89 A2 40 88 85 99 85 40 8 1 A3 40

i s space h e r e space a t space

93 81 A2 A3 5A 7F

1 a s t ! “



ibfh  2.28 Binary Addition

111111 Carry-out
1111111 1111111

+1110101 + 1110101
11110100

thiaahd  2.29 Binary  Addition
1 Carry-out

looooo0 1oooooO
+ 1100011 + lloooll

101ooo11

BOI-KW
i n

Values KJ b e subtracted: 0 I I 1 0

- 0 - 0 -1 I

Result: 0 I 0 I

1 Borrow in
1 0 0 !@O
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01 Borrow
111OOOOO 1110 A 00

- 11100 - 1 1 1 0 0
1 1 0 0 0 1 0 0

0 1 1 1 1
A

Borrow
1CKIOOOO x0000

- 101011 - 1 0 1 0 1 1
1 0 1 0 1

0 x 0  = o

o x 1 = 0

1x0=0

l x 1 = 1

zd2.6  ilfJll~QfUKitI~lUfl0~

Phiash2.33  fl15qWi~qlUff0~

100011

x

1000110
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m"aaei~s2.34m5y~UlnUglUT189

1 0 1 0 1 0

x

1 0 1 0 1 0

+101010

1 1 1 1 1 1 0

PbdN2.35  fllSJM=i'U~lUiVJ~

1 0 0 1 0 0

x

1 0 0 1 0 0

1 0 0 1 0 0

+100100

1 1 0 0 0 1 1 0 0

&iaafh2.36  fil5grwanvllPlnasl~a~qYan

1 0 1 0 1 0 1 0 1 0 1 0

0 + 101010

1 0 1 0 1 0 + 101010

1 0 1 0 1 0 1 1 1 1 1 1 0

1 1 1 1 1 1 0
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n”aCxh  2.40 Sign and Magnitude

(5 1 lo = ( lfJl)z SAM f 5 = 0101

- 5 = 1101

m”aafh  2.41 Sign and Magnitude Notation

(12),,= (1100), SAM + 12 = 01100

- 12 = 11100

&BFJkl2.42  Sign and Magnitude Notation

(31),,=  (lllll), SAM + 31 = 011111

- 31 = 111111

CT 455 5 5



Decimal Binary

+5 0101
+4
+3
+2
+1
+o
- 0
- 1
- 2
- 3
- 4
- 5

0100
0011
0010
0001
0000
1000
1001
1010
1011
1100
1101
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&SdlS 2.43 One’s Complement Notation

(S),,=  (101),

411 wwh%.d~~%w;d 8 %

+5 = 00000101

- 5 = 11111010

SAM (8 bit form)

+ 5 = 0000101

- 5 = 1000101

<?iaedN  2.44 One’s Complement Notation

(12ho  = (11oo)z

One’s complement @-bit  form):

+12  = oooo1100

-12 = 11110011

SAM (I-bit form):

+12 = oooo1100

-12 = 1ooo1100

m"adl3  2.45 One’s Complement Notation

(31),0  = (lllll)*

One’s complement (8-bit form):

+31 =  oool l l l l

-31 = lllooooO

SAM (8-bit form):

+31 = oc011111

-31 = 1001111i
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C%WhS  2.46 Two’s Complement Notation

(12)lO = (1100)2

Two’s complement @-bit  form):

+12 = oooo1100

-12 = 11110100

One’s complement (&bit form):

SAM (S-bit form):

+12 = oooo1100

-12 = 1ooo1100

+12 = oooo1100

-12 = 11110011

$XIdlS  2.47 Two’s Complement Notation

(31ho  = (11111)*

Two’s complement (&bit form):

+31 = ooo11111

-31 = 111oooo1

One’s complement (&bit form):

+31 = ooo11111

-31 = 111ooooO

SAM (I-bit form):

+31 = ooo11111

-31 = 10011111

&iaadl~  2.48 Two’s Cpmplement Notation

(310  = (lW2

Two’s complement (&bit form):

+.5  = ooooo101

-5 = 11111011

One’s complement (g-bit form):

+5 = ooooO101

-5 = 11111010

SAM @-bit form):

+5 = ooooO101

-5 = 1oooo101
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m"adlS  2.49 One’s Complement Subtraction

1111 11 carry-out
01011101 01011101

- 1001oooo +01101111
Result: 11001100
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PbdN  2.50 One’s Complement Subtraction

01100100 01100100
-00110111 + 11001000

100101100
End-around
carry:

+ L 1
Result: 00101101

n"adN  2.51 Two’s Complement Subtraction

10011110 10011110
-01011001 + 10100111
Drop the JI1ooo101
carry-out:

Result: 11ooo101

&iaadld 2.52 Two’s Complement Subtraction

11101001 11101001
-1loooo1l + 00111100
Drop the IOo100101
carry-out:

Result: 00100101
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m”aedla 2.54 Hexadecimal Addition and Subtraction

B17 1011 oool  0111
- F2C -1111 0010 1100

Form two’s 1 0 1 1 oool 0111
complement: +oooo 1 1 0 1 0100

1 0 1 1 1110 1011

The result is a negative number in the two’s complement form.

Convert result to hex: (BEB)16

n"aBfh~  2.55 8421 BCD Arithmetic

(146ho  + (25% = (W,o

oool 0100 0110 Form BCD
+oolO 0101 1 0 0 1

0011 1 0 0 1 1 1 1 1
+ 0110 Correction

0011 1010 0101
+ 0110 Correction

0100 0000 0101 = (40%

n”a@lk  2.56 8421 BCD Arithmetic

Who  + (1WlO = (2511,o

0000 0101 0010 Form BCD
+0001 1 0 0 1 1 0 0 1

0001 1110 1 0 1 1
+ 0110 0110 Correction

0010 0101 oool = (251110
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a”adlJ 2.57 8421 BCD Arithmetic
_ -

@ho  + @ho  = Who

loo0 Form BCD
+ 1000

oool oooo
+ 0110 Correction

0001 0110 = (16),,,
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