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Binary coded decimal

m BCD

Binary coded decimal (BCD) is a way to express each
of the decimal digits with a binary code.

There are only ten code groups in the BCD system.
In BCD, 4 bits represent each decimal digit.
he 8421 code is a type of BCD.

BCD means that each decimal digit, O through 9, is
represented by a binary code of four bits.

The designation 8421 indicates the binary weights uf
the four bits (23, 22, 21 ,29°).
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Complements,

Decimal/binary conversion

Nadly )@ ¢ ! 2 3 4 5 6 7 8 9
BCD 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001

m Decimal/binary conversion
With four bits 16 numbers (0000 through 1111) can
be represented.
In BCD only ten of these are used.
The six code combinations that are not used.

1010, 1011, 1100, 1101, 1110, and 1111-are invalid
in the 8421 BCD code.




BCD

To express any decimal number in BCD, simply
replace each decimal digit with 4-bit code,

Convert each of the following decimal numbers to BCD:
(2a) 35 (b)98 (c) 170 (d) 2469

Solution (@) 3 5 (b 9 8
[ 1 Ll
00110101 10011000
e 1 7 0 d 2 4 6 9
Lol 1Ll
000101110000 0010010001101001
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Some more examples __

10000110 001101010001
[N (A
8 6 3 § 1

1001010001 110000

1 1 1
9 4 7 0

LAY
nnnnnnn
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BCD Addition

m Here is how to add two BCD numbers

Add the two BCD numbers, using the rules for binary
addition.

If a 4-bit sum is equal to or less than 9, it is a valid
BCD number.

If a 4-bit sum is greater than 9, or if a carry out of
the 4-bit group is generated, it is an invalid result.
Add 6 (0110) to the 4-bit sum in order to skip the six
invalid states and return the code to 8421. If a carry

results when 6 is added, simply add the carry to the
next 4-bit group.
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examples,

m [ he decimal number additions are shown for

comparison.
(@) 0011 3 (¢ 1000 0110 86
+ 0100 g + 0001  OO0I11 413
0111 7 1001 1001 99
(b) 0010 0011 23
+ 0001 0101 + 15
0011 1000 38
(d) 0100 0101 0000 450
+ 0100 0001 Ol11 + 417
1000 0110 0111 867
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Examples (Invalid Cases),

Example 1

The decimal number additions are shown for comparison.

(a) 1001
+ 0100
1101 Invalid BCD number (>9)
+ 0110 Add 6
0001 0011 Valid BCD number

d !
1 3

S e
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BCD Addition (Invalid cases),

Example 2
(b) 1001 9
+ 1001 49
| 0010 Invalid because of carry 18
+ 0110 Add 6
m m Valid BCD number
) d

s
o0




BCD Addition (Invalid cases),

Example 3
(¢) 0001 0110 16
+ 0001 0101 + 15

0010 1011 Right group 1s invalid (>9), 31
left group is valid.
+ 0110 Add 6 to invalid code. Add

carry, 0001, to next group.
0011 0001 Valid BCD number

T
3 1
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BCD Addition (Invalid cases)
Example 4

(d) 0110 0111 - 67
+ 0101 0011 .+ 53
1011 1010 120

+ 0110 Both groups are

i invalid (>9), so add
0090 . 6 to both groups.

= Valid BCD Number

!ﬁ D ——
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Digital Codes

m BCD code is a numeric code.

m Some other codes are alphanumeric.

they are used to represent numbers, letters,
symbols, and instructions.

That is they are used to represent letters, numbers,
symbols,

m For example Gray code, ASCII Code.

Reading Assignment (Alphanumeric, EBCDIC,
Error Detection and Correction code etc)

[AAN:
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Gray Code

m Gray code has the following conventions,
It is unweighted code also not arithmetic code.

there are no specific weights assigned to the bit
positions.

The important feature of the Gray code is that it ex-

hibits only a single bit change from one code word to
the next in sequence.

Like binary numbers. the Gray code can have any
number of bits.

B
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Gray Code.

Table below shows the 4-bit Gray code for decimal numbers
0 through 15.

DECIMAL BINARY GRAY CODE | DECIMAL BINARY GRAY CODE

0 0000 0000 g 00
1 0001 0001 9 001 1101
) 0010 0011 10 010 1
3 0010 1 o1l 0
4 0110 12 1100 1010
5 0101 0111 13 101 1011
6 0110 0101 14 1110 1001
7 0100 15 m 1000
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Binary to Gray Code Conversion

m Convention to be used for conversion,

The most significant bit (left-most) in the Gray code

is the same as the corresponding MSB in the binary
number.

Going from left to right, add each adjacent pair of
binary code bits to get the next Gray code bit.

Discard carries.

B
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Binary to Gray Code Conversion,

For example, the conversion of the binary number 10110
to Gray code is as follows:

-4+ =20-+->1-+=2>1-+—->0 Binay
| | | ! !
l l l 0 | Cray

The Gray code is 11101.
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Gray Code to Binary Conversion

m Convention to be used for conversion,

The most significant bit (left-most) in the binary code

is the same as the corresponding bit in the Gray
code.

Add each binary code bit generated to the Gray code
bit in the next adjacent position. Discard carries.
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Binary to Gray Code Conversion

%

For example, the conversion of the Gray code word
11011 to binary iIs as follows:

| Gray
|

A
U Binary

The Binary code is 10010.
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Conversion Examples
ﬁﬂ

(a) Convert the binary number 11000110 to Gray code.
(b) Convert the Gray code 101 O1III to binary.

Solution
(a) Binary to Gray code:

I-+—=1-+—30-+—>0-+—=>0—-+21-+—>1-+—0

- d l d & l 3 d
1 0 1 0 0 1 0 1
(b) Gray code to binary:

1 0 I 0 1 I l 1
l/_ %’ﬂJ,/-;-ﬂ\L f+’m¢/ -1-”%/--% ')TJ,/ !.- ’H\L/+’Z\L
1 1 0 0 1 0 1 0

®
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ASCII Code

ASCII is the abbreviation for American Standard
Code for Information Interchange.

ASCII is a universally accepted alphanumeric code
used in most computers and other electronic

equipment.

When you enter a letter. a number, or control
command, the corresponding ASCII code goes into
the computer.

ASCII has 128 characters and symbols represented
by a 7-bit binary code.

Actually, ASCII can be considered an 8-bit code with
the MSB always O.

@
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ASCII

The first thirty-two ASCII characters are nongraphic
commands that are never printed or displayed.

These are used for control purposes.

E.g. line of feed, null, start of text, escape etc.

The other characters are graphic symbols that can be
printed includes,

Letter of alphabet, 10 decimal digits, punctuation
symbols and other commonly used symbols.

B
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CONTROL CHARACTERS GRAPHIC 5YMBOLS

NAME DEC  BINARY HEX SYMBOL DEC BINARY HEX | SYMBOL DEC BINARY HEX | S5YMBOL DEC BINARY HEX

NUL 0 (RO 00 space 32 0100000 20 @ fad LOOCKNKD 40 ' S RICEEEY &)
SOH 1 (KNI 01 ! 3 O100001 4l A 65 1 0000 41 a 97 | [EKHM il
STX 2 CHCHR () (2 i 34 0100010 22 B (i 1D 42 b 98 IRLLEVTY 62
ETX 3 CHIOEN | 03 # 35 LLHE 23 B 67 UL 43 C 99 (RIEEVIE! 63
EOT 4 CHOCHD 106 04 5 36 0100100 24 D % | 000100 H d L0 RO d
ENQ 0 U000 05 % 37 0100101 25 E ) LR 01 45 e 10l 1101 65
ACK f (HIHY] (D 1 & 38 0100110 26 I 70 | O 10 46 f o2 AIURTE 66
BEL 7 [LUVTERY| 07 39 0100111 27 G Tl TLLUIRR 47 g L3 (RILITRY] 67
BS 8 GO0 1006 OX { 40 0IN1000 28 H 12 | 0] (KK 48 h Fid | FERIMHD hHi
HT 9 OO0 1001 i ) 41 0101001 29 I 13 OO0 49 i 105 | 10001 6Y
LF 10 0001010 A . 42 0101010 2A J 74 1001010 4A j 106 LIO1010 6A
VT 1 0001011 (B - 43 IaInL 2B K 15 1001 4B k iy L1001 6B
FF 12 [LLHIRTL (L& ' 44 OIO1 100 2C L. 76 1001 106 4C 1 108 LTO1100 6C
CR 13 D101 0D - 45 oLotiol 2D M 17 LK 10N 40 m IR L1001 6D
50 4 001110 OE 46 0101110 dE N 78 1oL 4E n 110 LIOLI10 6E
S1 15 D011 OF / 47 A LIRRN 2F 0 79 [LURER 4F 0 Il AR b
DLE if (000 10 0 48 0110000 30 P &0 1010000 50 P 112 LT 10000 70
nCl 17 0010001 il | 44 0110001 31 Q Bl 1010001 51 q Rk L1 10001 7l
DC2 I8 GOIO0 10 12 2 50 Q110010 32 R 82 OO 52 r |14 NI T2
DC3 19 oot | 13 3 51 011001 E i3 5 83 LT 53 5 115 I ETO00 1 73
DC4 20 0010100 14 4 a2 0110100 34 T 4 1010100 54 t 16 L1100 74
NAK 21 L LT 15 5 53 0110101 35 U R5 LT 0] 53 u 117 AR 75
SYN 22 oL 16 6 54 0110110 36 v Kty 1010110 56 v 18 RRIURLE T6
ETB 23 LR 17 ) 35 G110111 37 W 87 1010011 57 W 119 110111 77
CAN 24 (LHRILLY I8 8 56 0111000 38 X 88 10110060 58 X 120 000 T8
EM 25 o 1001 19 9 57 OFL1001 39 Y 89 1011001 39 ¥ 121 ARALE 79
SUB 26 01 1010 1A 38 0111010 A £ B0l 10010 SA Z 122 o TA
ESC 27 LHRLUIR 1B . 59 n11IaLl 3B | 9] 1ot 5B { 123 RRETUR 8
FS 28 (LURRILLY IC < 60 0111100 3C \ 92 11100 5C | 124 FHIng 7C
G5 29 LATRRTY ID = 61 RN iD | 93 1110l D i 125 RRRRLHH n
RS ) IR RRIL lE > 62 OreLnte 3E A W (IR JE - 126 LEHELLO TE
Us 31 VTR I ' 63 011l 3F | = 95 1001 5F Del 127 RRRERY TE




Examples

The first thirty-two ASCII characters are called the
control characters.

hese are used to allow devices such as a computer
and printer to communicate with each other when

passing information and data.
The extended ASCII characters are represented by
an 8-bit code.

Extended ASCII has additional 128 characters to
present other symbols.

The extended ASCII character set is presented in the
table.

(AN
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SYMBOL DEC HEX | SYMBOL DEC HEX | SYMBOL DEC HEX | SYMBOL DEC HEX

G 128 80 a 160 AD L 192 Co o 224 EO
i 129 81 i 161 Al i 193 (3 | B 225 El
é 130 82 6 162 A2 — 194 2 I 226 E2
4 131 83 G 163 A3 3 195 c3 T 227 E3
i 132 84 i 164 A4 _— 196 C4 > 228 E4
2 133 85 N 165 AS - 197 Cs o 229 ES
E 134 86 a 166 A6 F 198 C6 L 230 E6
< 135 87 o 167 A7 Ik 199 7 T 231 E7
é 136 88 z 168 A8 IL 200 (@] <D 232 ES
& 137 89 - 169 A9 r= 201 C9 © 233 E9
& 138 8A - 170 AA e 202 CA 0 234 EA
7 139 8B J 171 AB == 203 CB S 235 EB
i 140 8C 1 172  AC IF 204  CC o 236  EC
i 141 8D . 173 AD —— 205 CD @ 237 ED
A 142 SE - 174  AE i 206  CE e 238  EE
A 143 8F » 175 AF = 207 CF M 239 EF
B 144 90 176 BO e 208 DO 240 FO
w 145 91 177 Bl == 209 DI e 241 Fl
y. 146 92 178 B2 v 210 D2 = 242 F2
o 147 93 ; 179 B3 w 211 D3 = 243 F3
& 148 94 =] 180 B4 o= 212 D4 ] 244 F4
& 149 95 =y 181 B5 = 213 D5 ] 245 F5
i 150) 96 - 182 BO — 214 D6 246 F&
& 151 97 = 183 B7 Bt 215 D7 247 7
y 152 98 = 184 B8 == 216 D8 < 248 F&
O 153 99 i 185 B9 = 217 DY . 249 K9
) 154 9A | 186 BA — 218 DA . 250 FA
¢ 155 9B - 187 BB i 219 DB J 251 FB
£ 156 oC - 188 BC = 220 DC M 252 FC
¥ 157 9D LT 189 BD [ 22| DD 2 253 FD
Pr 158 9E = 190 BE i 222 DE = 254 FE
f 159 9F = 191 BF =2 223 DI 0 255 FF
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