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Figure 2—1 lIllustration of a simple binary counting application.
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2 & 2=(Binary Numbers) -

28 =2 JI=Z X X (Weighting—structure)
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TABLE 2—-2 Binary weights.

Positive Powers of Two Negative Powers of Two
(Whole Numbers) (Fractional Number)
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= X129 & g8 (Sum-of-Weights Method)
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Related Problem Convert decimal number 39 to binary.
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28 L= &

| EXAMPLE 2-11
Perform the following binary divisions:

(@) 110 = 11 (b) 110 = 10

10 2 11

Solution (a) 11)110  3)6  (b) 10)110
16 10

000 0 10

10

00

Related Problem  Divide 1100 by 100.
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Binary number 0001100100101
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Figure 2—2 Example of inverters used to obtain the
1’s complement of a binary number.
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(0l 2-12) 101100102 29| &=

i 2.

(0l 2-13) 101110002 29| 2=

2RI20| 19| B4 20|18 A(5)
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Negative number

_YYYYYYYY

Input bits
Carry
Add O
e in | (add 1)
Output bits (sum)
2’s complement 0 I 0 I 0 I I 0

Figure 2—-3 Example of obtaining the 2’s comple
ment of a negative binary number.
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| E( sign bit) ;
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f=-A=8 ==(Floating—Point
Numbers) &)
BE_ALE A

241,506,800 =>.2415068 X 102
/.

JtZ=(mantissa) Xl Z=(exponent)

& (Single—Precision) : 32 HIE
9! &~ (Double—-Precision) : 64 HI E
& —-& U & (Extended—Precision) : 80H| E
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(Single—Precision Floating—Point Binary

Numbers) O
S Exponent(E) | Mantissa(fraction, F)
23 INESSS Py E
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-126 <= & M| K= <=128
e 280 EE-A4H SEf EE

1011010010001 = 1. 011010010001 X 212 (2F==ct JtH)
=>/ 0 |10001011/01101001000100000000000

= 12 + 127
= 139
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Fm o =l L= e 28 D =
(Single—Precision Floating—Point Binary
Numbers)
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1 [10010001| 1000111000100000000000

=> B0l A< A== : 10010001 = 145

= (=1)1(1.10001110001) (2145127 )
= (-1)'(1.10001110001)(218 )
= -1100011100010000000

GIAMl 2-18) 10&l== 3.248 X 1042 H-ZLE B5-45F 282 HE
=>3.248 X 104 = 32480 =1111110111000002=1.11111011100000X2"
AN==114+127 =141 =10001101>

0 1100011011 11111011100000000000000
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« QHEZ 2 XAH(Overflow condition)
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00001000-00000011 00001100-11110111
=>8-3=8+(-3)=5 =>12-(-9)=12+9=21
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16& ==(Hexadecimal Numbers)
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0001
0010
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1101
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1111
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650/16 = 40.625 => 0.625 X 16 = 10 => A
40/16 =2.5->05X16=8=> 8
2/16 =0.125 => 0.125 X 16 =2 =>2
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2’s complement 2’s complement

Hexadecimal [—™ Binary —™ e ; )
in binary in hexadecimal

Example:

Y
Y

2A 00101010 % 11010110 D6
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1’s complement

Subtract from 2’s complement

Hexadecimal — ) — in hexadecimal i )
maximum in hexadecimal
plus 1
Example:
2A —> FF - 2A ——> D5+ 1 — D6

168 2=, 8&I2=(8, 9) 38
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Ol Kl 2—30) 8446 — 2As6 , C316 — 0B
2 1) 9 2)
2A16 = 00101010 0BS E=
= 2= 11010110 = D646 =>FF-0B+1=F5
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359/8 = 44.875 ->0.875X8=7
44/8 =55->0.5X8=4
5/8 =0.625 ->0.625 X 8=5
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Gl 2-35) BCD == & &

0011 + 0100, 10000110 + 00010011
0011 3 1000 0110 86
0100  +4 0001 0011 +13
0111 / 1001 1001 oS
Gl 2-36) BCO = S &
1001 + 0100, 00010110 + 00010101
1001 9 0001 0110 16
0100 + 4 0001 0101 + 15
1101 > 9 13 0010({1011 31
+0110 + 6 add 6 +0110 +6 addo
0001 0011 =>13 0011 0001 => 31

BCD, CIXNIE 2&E & IH2IEI(10, 11)

45



14101 2 &
DECIMAL BINARY GRAY CODE | DECIMAL BINARY
0 0000 0000 8 1000
I 0001 0001 9 1001
2 0010 0011 10 1010
3 0011 0010 11 1011
R 0100 0110 12 1100
5 0101 0111 13 1101
6 0110 0101 14 1110
7 0111 0100 15 1111

GRAY CODE

— (Gray Code)

©

1100
1101
1111
1110
1010
1011
1001
1000

BCD, LIXNIE 2E &

HelEl(10, 11)
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Contact brushes in a fixed
position slide along the surface
of the rotating conductive rings

©

101 100 &5 3bit
111 000 “ Gray
110 001 code
010 011

(a) Binary (b) Gray code
Figure 2—7 A simplified illustration of how the Gray code solves

the error problem in shaft position encoders.
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ASCII(American Standard Code for Information
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Ielel &8 (Parity Method)
ool 2ES 218 H2lEl 2o
ODD PARITY
P BCD P BCD
0 0000 1 0000
| 0001 0 0001
| 0010 0 0010
0 0011 1 0011
Gl Ml 2-39) & 4= TH2IEl &, | 0100 0 0100
1010, 101101011111 0 0101 I 0101
0 0110 1 0110
1 0111 0 0111
1 1000 0 1000
0 1001 1 1001
BCD, CIXIEg 2E & THelEl(10, 11) 50



