1’s complement 2’s complement
10100111 01011000 01011001
10101011 01010100 01010101
01110011 10001100 10001101
11100101 00011010 00011011
01010101 10101010 10101011

2.
(a)
0101 + 1110 = 0011 => 310)

-8 <3< 7, nooverflow

(b)
0111110+ 1101011 =0101001 => 4119
-64 < 41 < 63, no overflow

3.
(a)
0101 - 0110 => 0101 + 1010 = 1111 => -1(19)
(b)

10110 - 1100 = 10110 - 01100 => 22 +(-12), ## 2’s complement

=10110 + 10100 = 01010 => 10 (19)
(c)

1011110-1111110 => 94+(-126), ## 2’s complement

=1011110 + 0000010 = 1100000 => -32(10)
(d)

101010 - 101 = 101010 - 000101 => 42 +(-5), #&# 2’s complement

=101010 + 111011 = 100101 => 37(10)

4,
(a)
0101 - 0110 => 0101 + 1010 = 1111 => -1(10),

no overflow(-8 < -1 < 7)

(b)

10110-1100 =10110-11100 => -10-(-4), ## 2’s complement

=>10110 + 00100 = 11010 => -6(10),

no overflow(-16 < -6 < 15)




(c)

1011110-1111110 => -30-(+2), ## 2’s complement

=>1011110 + 0000010 = 1100000 => -32(10),

no overflow(-64 < -32 < 63)

(d)

101010 -101=101010-111101 => -22—(-3), ¥ 2’s complement
=>101010 + 000011 = 101101 => -1910),

no overflow(-32 <-19 < 31)

5.

(a)

0101-0110=>0101+1010=1111 =>-1(10),

no overflow(-8 < -1 < 7)

(b)

10110-1100 => -6-(-4), & 2’s complement
=>1010 + 0100 = 1110 = 210,

no overflow(-8 < -2 < 7)

(c)

1011110-1111110 => -30-(-62), #&# 2’s complement
=>1100010+ 0111110 =0100000 = 32(10),

no overflow(-64 < -32 < 63)

(d)

101010-101 => -10-(-1), ## 2’s complement
=>10110 + 00001 = 10111 => -910),

no overflow(-16 < -9 < 15)

6.
(+27) = (50) => 0011011 - 0110010 => 0011011 + 1001110 = 1101001 => -231g)

(-42) - (30) =>11010110-00011110 => 11010110 + 11100010 = 10111000 => -72(10)



7.

Sol 1
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: z z 2|2 Z I 2
3 2 1 03 2 1 0O
o o 0o 0|0 0 0O O
0 0 0 1|0 o o 1
o o 1 0|0 0 1 0
o o 1 1|0 0 1 1
o 1 0 0|0 1 0 0
o 1 0 1,0 1 0 1
o 1 1 0|0 1 1 0
o 1 1 1/0 1 1 1
1 0 0 0|x x x X
1 0 0 1|0 1 1 1
1 0 1 0|0 1 1 0
1 0 1 10 1 0 1
1 1 0 0|0 1 0 0
1 1 0 1|0 0 1 1
11 1 0|0 0 1 0O
1 1 1 1|0 0 0 1

HEEFH T Kamp » i 5EH logic function -

Z23=0

22 = (2322 42322 + z221'20') or (23’22 +2322" + 23z21'20°)

10

z1z0Mz3z2 00 01 11 10
00 1 1 X
01 1 1
11 1 1
10 1 1
Z1=1z21z20" +23'21 +2321'20
z120\z3z2 00 01 11 10
0]1] X
01 1 1
11 1 1
10 1 1 1 1
Z0 =320
z1z204z3z2 00 01 11 10
0]4]
01 1 1 1 1
11 1 1 1 1
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8.
4-bit x 4-bit multiplier (unsigned)
A3 A2 A1 A0

X B3 B2 Bl B0
: A3B0 A2B0 A1B0 /A0B0

'A3B1 A2B1 A1B1'AOB1!

— o o e - - ol

A3B2 A2B2 AlBZ:AOBZ
A3B3 A2B3 A1B3 A0B3.
p7 P6 P5 P4 P3 P2 P1 PO

@btﬁ 4{?? i

\3 Y2 Y1 YO X3 x2 X1 X0

_|_

|°_

| Cout S3 SZ Sl S

" I T '% v ?ﬂ_w_ T \
4-bit binary adder

\3 \2 Yl YO X3 X2 X1 X0

0——c Y
Cout S3SZ S1 S0
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N

1 \3 \z Y1 YO X3xzx1xo

Cout S3S2S1 S0

——————————— FFFT-r
P7P6PS P4P3 P2 Pl PO

4-bit binary adder

B3 Ax B: Iz II Il ]I Ao
Carry Carry Carry
Full C3 Full C: Full C1 Half |Cin
Adder Adder Adder Adder
carry l l l l
Cy
S3 S2 S1 So
Full adder

nm ) —
Cin




9.

Block diagram
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3-bit x 3-bit multiplier

Check pos or neg
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3-bit adder
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C T
f Y R 2
B ¥ X ¥ X hj
Count [ Cout FA €ir Cout FA Cin[**—Cout FA Cinl()
s s s
L - R
f F i
Zy| |Z4] | %y




Check pos or neg

A2 B2
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10.

Design

module absolute_value_calculator(Z,z);
input [3:0]Z;
output [3:0]z;

assign z = (Z[3])?(~Z+Z[3]):(2);
endmodule

Testbench
module test;
reg [3:0]1Z;

wire [3:0]z;

absolute_value_calculator avc(.Z(2),.z(z));
initial begin
Z=4'b0000;
#5 Z=4'b0001;
#5 Z=4'b0010;
#5 Z=4'b0011;
#5 Z=4'b0100;
#5 Z=4'b0101;
#5 Z=4'b0110;
#5 Z=4'b0111;
#5 Z=4'b1001;
#5 Z=4'b1010;
#57Z=4'b1011;
#5 Z=4'b1100;
#5 7Z=4'b1101;
#5 7Z=4'b1110;
#57=4'b1111;

end

endmodule




