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Unit 1.  Number Systems and ConversionUnit 1.  Number Systems and Conversion

§ Digital Systems and Switching Networks
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OFF  “0”(0V)
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Switching
Network

S1 V0
S2

Combinational network
V0 ：function of  S1, S2 present values

Sequential network
V0 ： function of  S1, S2 both present & previous values
memory behavior

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

Circuit

CircuitsCircuits

CCCircuit

Circuit

Circuit



4

§ Number Systems & Conversion

Number Systems
Base 10：953.7810  =
(Decimal)

Base 2：1011.112
(Binary)
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Base R : ( 0,1,····,R-1) Base 4 : (0,1,2,3)

Base16:(0,1,2,…,9,A,B,C,D,E,F)    Hexadecimal
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Conversion
Decimal           R a5  a4  a3 a2 a1  a0

5310          Binary      5310= 1 1 0 1 0 12

2 )  53……. 
2) 26 ……. 1 a0

2) 13 ……. 0 a1

2) 6  ……. 1 a2

2)   3  ……. 0 a3

2) 1  ……. 1 a4

0  ……. 1 a5

⇒
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N10 =( an an-1…a2a1a0  )R=anRn+an-1Rn-1+……+a2R2+a1R1+a0

= anRn-1+an-1Rn-2+…...+a2R+a1 -------------- Remainder a0

= anRn-2+…... a3R +a2 -------------------------- Remainder a1

= anRn-3+…...+a3  ---------------------------------- Remainder a2
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F10  = (.a-1 a-2 ….a-m  )R = a-1 R-1 + a-2R-2 +…...+ a-m R-m

FR  =  a-1 + a-2 R-1 +…...+ a-m R-m+1 = a-1 + F1

F1R = a-2 + a-3 R-1 +…...+ a-m R-m+2  = a-2 + F2

F2R = a-3 + F3

M

M
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Ex：.62510       .( )2

F = .625 F1      = .250 F2   = .50 

Χ 2                    Χ    2                  Χ   2                            

1.250                  0.500                   1.000

a-1                             a-2 a-3

.1012

⇒

⇒

↑ ↑ ↑
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( )７　　　　　 .3.231. 4 ⇒Ex 63.5151
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Binary to OctalBinary to OctalBinary to Octal

8

8

2 14.15356
41.65351

100001.1101010111011 =

Binary to HexadecimalBinary to HexadecimalBinary to Hexadecimal
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Binary ArithmeticBinary ArithmeticBinary Arithmetic

AdditionAddition

SubtractionSubtraction
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Negative Numbers

Negative integers+N Positive 
integers 
(all 
systems)

-N

Sign and 
magnitude

2’s 
complemen
t

1’s 
complemen
t

+0
+1
+2
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+7
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0001
0010
0011
0100
0101
0110
0111

-0
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-3
-4
-5
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-8

1000
1001
1010
1011
1100
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1110
1111
-----

-----
1111
1110
1101
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1010
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1000

1111
1110
1101
1100
1011
1010
1001
1000
-----
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Sign-magnitude
(sign bit) + (postive magnitude)
Hard to implement in hardware

1’s complement
N = (2n – 1) - N
2’s complement
N* = 2n – N, For n = 4, -N = 16-N
e.g. -3 => 16-3 = 13 = 11012
Easy way to form 1’s complement

Complementing N bit-by-bit

Easy way to form 2’s complement
Complementing N bit-by-bit and then adding 1
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CodesBinary

01010010011100111001
52739 Binary-Coded-Decimal(BCD)

8-4-2-1 BCD

Binary-Coded-Decimal(BCD)
8-4-2-1 BCD

Why Binary CodesWhy Binary Codes
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10

t1 t2 t3 t4 t5 t6 t7 t8 t9 t10

(t)
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Table 1-1 Various CodesTable 1Table 1--1 Various Codes1 Various Codes

( )

1000110001100110010019
1001101001011101110008
1011100101010100101117
1010100011001100001106
1110011001000011101015
0110010100111010101004
0010010010110010000113
0011001100101001100102
0001001010100000100011
0000000110011000000000

5231136
1248

CodeCodeCodeCodeBCDDigit

GrayofoutExcessCodeDecimal −−−−−−−
−−−
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Weighted CodesWeighted CodesWeighted Codes

81161011  .    1   1    3   6
  1   2   4   8

=++=Ex

Excess-3 CodesExcessExcess--3 Codes3 Codes ( )
0110    1    1   0   0

    00113        1    2    4    8
→
+ codeseachto

2-out-of-5 Codes22--outout--ofof--5 Codes5 Codes 2 out of 5 digits are “1”

Error-correcting Codes

2 out of 5 digits are “1”

Error-correcting Codes

Gray CodesGray CodesGray Codes Each Bit differ by 1-bitEach Bit differ by 1-bit
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HomeworkHomeworkHomework

1.1 (b)；

1.2 (b)；

1.4 (c)；

1.5 (b)；

1.7     (a), (c);

1.9

1.16 (b)；

1.1 (b)；

1.2 (b)；

1.4 (c)；

1.5 (b)；

1.7     (a), (c);

1.9

1.16 (b)；

1.17 (b)；

1.24

1.25 (a)

1.17 (b)；

1.24

1.25 (a)

1.1  1.3  1.5  1.7  1.9  1.11 1.15  1.18  1.20  1.22

1.25  1.28


