Unit 1. Number Systems and Conversion

§ Digital Systems and Switching Circuits
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Ste——] Switching
Soe— Circuit :

® Combinational Circuit
m V, functionof S;, S, present values

® Seguential Circuit
m V, functionof S;, S, both present & previous values
B memory behavior

® Switches

m realized by transistors
m transistor level, gate level, module level (adder, arithmetic unit....)



§ Number Systems & Conversion

® Number Systems
m Base 10 953.781p = 9x10° +5x10" +3x10° + 7x10™" +8x10*

(Decimal)

mBase?2 1011.11, =1x2°+0x2° +1x2" +1x2° +1x27" +1x 277

(Binary)
:8+O+2+1+£+l :11§ =11.75,,
2 4 4



BaseR:(0,1,,R-1) Base 4 :(0,1,2,3)
N = (8,8,8,8,8.8,8 ,8 3)r
-a3,*R'+a,*R°+a,*R°*+a,*R' +a,*R’
+a,*R*'+a,*R?+a,*R” , a<R

147.3, =1x8° +4x8" +7x8" +3x8™ :64+32+7+§

=103.375,, Octal
Basel6:(0,1,2,...,9,A,B,C,D,E,F) Hexadecimal

A2F, =10x16°+2x16'+15x16° = 2560+ 32 +15
= 2607,



® Conversion

Decimal = R
53,, — Binary

2) 53

2) 26

do
]
dy
d3
Ay

s

d; Ay A3 A Qg
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® Npp=(3,8n1.. 848 )= AR+, R+ ... + QR+ R+ 3,

N

® ?Rlo — aan'1+ a,n_an'Z‘l' R aZR+ a‘l ______________ Remainder aO

N
o L=-aRv+ AR+, Remainder &1

R2

o Nio — QR+ ..+

R3



Fo=(a;a,...a,)g= a; R+ a,R?+....+ a,R"
FR=a,+a,R'+...+a,R™=a,+F
FIR=a,+asR+...+a,R™=a,+F,

F,R=a.,+ F,



Ex 625, —
F=625 F, = .250

X 2 X 2
1.250 0.500
T 1
a, a,
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Ex. 231.3, = ( 63.515)

231.3, =2x4° +3x4" +1x4° +3x1 =45.75,

{ 5

;

(5) . 2 5

;

(1) . 7 5

;

(5) . 2 5

;

45.75,, = (63.5151) | |5




Binary to Octal I

1 101 011 101 110 . 001 100,=15356.14,

1 5 3 5 6 . 1 4,

Binary to Hexadecimal I

1 1010 1110 1110 . 0011 = 1AEE3,

1 A E E . 3
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Binary Arithmetic I

Addition I

Subtraction I

111
13, =110 1
+ 11, =101 1

1000

13



<
—i

143, Multiplica tion

1 1 0 1 =
1 01 1 =

1 1 0 1

1 1 0 1
0O 0 0 O
1 1 0 1

1 1 0 1
1 0 0 01 1 1 1
1 0 1 1

1 0 001 1 11
0 1 0 1 1

0 1 1 0 1 1 1
1 0 1 1

1 0 1 1

1011)

Division




Negative Numbers

+N Positive -N Negative integers
|(2:Iegers Sign and 2’S 1’s
magnitude | complemen | complemen
systems) i A
+0 0000 -0 1000 | ----- 1111
+1 0001 -1 1001 1111 1110
+2 0010 -2 1010 1110 1101
+3 0011 -3 1011 1101 1100
+4 0100 -4 1100 1100 1011
+5 0101 -5 1101 1011 1010
+6 0110 -6 1110 1010 1001
+7 0111 -7 1111 1001 1000
8 |- 1000 | -----
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® Sign-magnitude
(sign bit) + (postive magnitude)
Hard to implement in hardware
® 1’s complement
N=(-1)-N
® 2’s complement
N*=2"—-N, Forn=4,-N = 16-N
e.g. -3 =>16-3=13=1101,

® Easy way to form 1’s complement
m Complementing N bit-by-bit

® Easy way to form 2’s complement
m Complementing N bit-by-bit and then adding 1
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Binary Codes I
9 3 7 2 5 Binary-Coded-Decimal(BCD)
1001 0011 0111 0010 0101 8-4-2-1 BCD

Why Binary Codes I




Table 1-1 Various Codes I

8—4-2-1

Decimal Code 6-3-1-1 Excess—-3 2-out-of -5 Gray
Digit (BCD) Code Code Code Code
0 0000 0000 0011 00011 0000
1 0001 0001 0100 00101 0001
2 0010 0011 0101 00110 0011
3 0011 0100 0110 01001 0010
4 0100 0101 0111 01010 0110
5 0101 0111 1000 01100 1110
6 0110 1000 1001 10001 1010
7 0111 1001 1010 10010 1011
8 1000 1011 1011 10100 1001
9 1001 1100 1100 11000 1000
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Weighted Codes I 8 4 21
6 3 1 1 Ex.1011 =6+1+1=38

Excess-3 Codes I 8 4 2 1 + 3(0011)toeach codes

0 01 1 — 0110
2-out-of-5 Codes I 2 out of 5 digits are “1”
Error-correcting Codes
Gray Codes I Each Bit differ by 1-bit I
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Table 1-2
ASCIl Code

J

ASCII Code
AG AS A4 AS AZ A]

Char-

ASCII Code
As As Ay A3 A, A,
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Homewor k I
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