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Digital systems: from bits to
microcontrollers

- Introduction to digital systems fundamentals

- Sequential digital systems
- Introduction to microcontrollers

- Introduction to advanced implementation platforms
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Representation of signed numbers

Sign and magnitude representation

bit sign followed by natural binary representation

Two’s complement

N2 =2n - (N), where n is the number of bits of
One’s complement the number to represent

N@ = (2= 1) - (N),
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Using complement representation

A-B A + (- B)

Two’s complement

n=4

(2) = 9n _
A=3,,=0011, N 2 (N)Z
B=4,,=0100,
+3 = 0011 +3 = 0011
+4 = 0100 -4 = 1100
+7 0111 -1 1111

A =24-0011,=10000- 0011 = 1101

B(?) = 24 - 0100, = 10000 - 0100 = 1100

-3 = 1101 -3 = 1101
+4 = 0100 -4 = 1100
+1 (1) 0001 -7 (1)1001
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Adding signed number using two’s complement

A, B,and S
represented in
two’s complement

One’s complement

n=4

AW = (24-1) - 0011, = 1111 - 0011 = 1100
A=3,,=0011, N = (2" -1) - (N),

B = (24-1) - 0100, = 1111 - 0100 = 1011
B = 4,,= 0100,
+3 = 0011 +3 = 0011 -3 = 1100 -3 = 1100
+4 = 0100 -4 = 1011 +4 = 0100 -4 = 1011
+7 0111 -1 1110 (1) 0000 (1) 0111
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Adding signed number using one’s complement

A, B,and S
represented in
one’s complement

Two’s complement
N = 2" - (N),
_(2(n'1)) <= N <= 2(”‘1)-1

-8<=N<=7
n=4 -7<=N<=7
N® = (27— 1) - (N),

-(2(m1)-1) <= N<=2(-1)-1
One’s complement

1 0000
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Adder/subtraction of two unsigned numbers

Data inputs:
A and B: unsigned numbers with 3-bit
Data output:
S: 4-bit result using 1’s or 2’s complement
Control input:
add_sub: ifadd_sub=0 then S = A+B
elseS=A-B
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Adder/subtraction of two unsigned numbers

using one’s complement

if add_sub=0 then S = A+B
elseS=A-B
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using one’s complement

if add_sub=0 then S = A+B
elseS=A-B

)

if add_sub=0 then C,C,C,C,= 0B,B,B,

|

AAA

B,B,B,

Adder/subtraction of two unsigned numbers

———add_sub
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else C,C,C,C,= (0B,B,B,)) AN B
‘ Cout Z Cin
S

(0B,B,B,)" = 1B,B,B,
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One’s complement representation

using one’s complement

Adder/subtraction of two unsigned numbers

if add_sub=0 then S = A+B
elseS=A-B

A

if add_sub=0 then C,C,C,C,= 0B,B,B,
else C,C,C,C,= (0B,B,B,)

&

(0B,B,B,)" = 1B,B,B,

add_sub B;
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C;=add_sub 1B,
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Adder/subtraction of two unsigned numbers
using one’s complement
0 B, B, B,
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One’s complement representation

Adder/subtraction of two unsigned numbers
using two’s complement

if add_sub=0 then S = A+B
elseS=A-B [ [ [
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Adder/subtraction of two unsigned numbers
using two’s complement

B,B,B,

[———add_sub
T 3210 (N)(Z) = (N)(l) +1

AV B
cout Z Cin
S

555,550 One’s complement representation
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Adder/subtraction of two unsigned numbers
using two’s complement

B,8:8 (N)@ = (N)V +1

~——add_sub add_sub
0
3121110 » J ~3M211-0

A N B
Cout Z cin
N

S55,5:5, One’s complement representation S55,5:5, Two’s complement representation
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Adder/subtraction of two unsigned numbers
using two’s complement

add_sub

5,5,5,S, Two’s complement representation

add_sub




