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Introduction

ALU:

An arithmetic logic unit (ALU) is a combinational digital electronic circuit that performs
arithmetic and bitwise operations on integer binary numbers. This is in contrast to

a floating-point unit (FPU), which operates on floating point numbers. An ALU is a
fundamental building block of many types of computing circuits, including the central
processing unit (CPU) of computers, FPUs, and graphics processing units (GPUs). A
single CPU, FPU or GPU may contain multiple ALUs.
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Implementation:

This project is designed to do multiple tasks on n-bits binary numbers as shown in
the table below.

ALU Function Code (C) ALU Output (O) ALU Symbol
000 (X+Y)/2 X[n-1:0] YIn-1:0]
001 2*(X+Y)
010 (X/2)+Y
011 X-(Y/2)
100 XNANDY
101 NOT(X)
110 XNORY
111 XXORY

Later, answers to the following questions will be mentioned

a) Specify the size of the output (O) in bits so the overflow can never occur.

b) Show the ALU implementation using medium-scale integration (MSI) components and
minimum number of gates (i.e. in blocks with their sizes). Note that, you might use some kind of
extension (sign- or zero-extension).

c) Write behavioral Verilog modules for your elements you defined in Part (b). Be noted that the
size of every element you define should be parameterized, so that you can vary the design during
the testing phase.

d) Write a structural Verilog model for your ALU designed in Part (b) using the elements you
defined in Part (c).

e) Generate the waveforms of the ALU defined in Part (d), assumes that X and Y are 4-bits and
their values based on your student ID should be set as follows: 2 |Page

The general representation of the student ID is 1C2Y2X2C1Y1X1, so, if your student ID is 1220520,
then X, Y, and C values for the three test cases as follows:

X C
1 | Xi=0 | Yi=2 | C1=5 | NOT(0)
C

2=2 | ((0)2)+H2)
Xz3=-X1|Y:=-Y1 | C:=C2 | ((0)/2)+(-2)

ISR
a
Il
<
5
Il
]
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Answers

a) Specify the size of the output (O) in bits so the overflow can never occur.

Main explanation :

R/
L X4

X/
0’0

The output of an addition operation of 2 numbers with n bits for each one
requires (n+1) bits > (Sum & Carry[overflow])

The output of a subtraction operation of two numbers with n bits for each one
needs the same number of bits as an addition operation - (n+1) bits, since
the subtraction is converted to addition of 2’'s complement before doing the
operation.

Multiplying an n-bits number by 2 is the same is as shifting each bit to the left
by one bit, and the most left bit is shifted into the carry flag, which means that
the output of this operation needs n+1 bits.

However, dividing an n-bits number by 2 is the same is as shifting each bit to
the right by one bit, and the most right bit is shifted into the carry flag, but
since we add zero on the left of the number(zero’s on the left don’t affect the
value) the output of this operation needs the same number of bits in the input
(n) bits.

Specific explanation :

X NAND Y, NOT(X), X NOR Y, X XOR Y:

These are logical operations in which the number of bits in the output is the
same as the number of input’s bits.

(X+Y)/ 2:

As mentioned before, the operation of adding X & Y requires (n+1) bits to
represent it. And the division of the summation by 2 doesn’t affect on the
number of input’s bits. Which means the result of this operation needs
(n+1) bits.

(X/ 2)+Y, X—=(Y/2):

As the previous point, these operations consist of (addition or subtraction) and
division operations, division does not affect the number of bits in the input,
addition or subtraction requires one more bit than bits in the input. As a result,
these operations needs (n+1) bits to represent them.
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= 2¥(X+Y):
Let X + Y = Z, which needs (n+1) bits to represent, the operation of

multiplication Z by 2 requires ((no. of bits in Z) + 1), that equals (n+2) bits.

Summary :
Operation Arithmetic Logic No. of bits
(X+Y)/ 2 v n+1
2*(X+Y) v n+2
X/ 2)+Y v n+1
X-(Y/2) v n+1
XNANDY v n
NOT(X) v n
X NOR Y v n
XXORY v n
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b) Show the ALU implementation using medium-scale integration (MSI) components and

minimum number of gates (i.e. in blocks with their sizes). Note that, you might use some

kind of extension (sign- or zero-extension).

ALU implementation: -This is the main answer for question (b)-

n

. Fammeteriand e |
n

p
Signed Integer

sumXy[n: 0]

j+:|Parameter
n

Walud  Type |

win: 0]

[Parameter Valu L
“In 4 |Signed integer

.0
bjn-1.0

[ParameterVaiud  Tyoe |

n 4 Signed Integer

sunfn.0] -

V0T

w2[n+1:0]

A0l yine 2]

fRom

Parameter |Valu
n 4 Signed Integer

nati
. sumyVi[n: 0]
Parameter [Valu T
n 4 |Signed Integer
Parameter Valu T
Signed Infeger
3 Parameter[Valu  Type |
~ n [+ signed nteger|
VAT 0] | = 2 0]
nstf
Parameter\Valug T e
“In 4 |Signed integer
win+ - 0]
A1.0] et 0]
¥ir-1.0]
nstl
Parameter Valu T
] Signed Ineger
i wén+1:0]
[Parameter Valu L
] 4 |Signed integer
wiln+1 1 0]
A1.0] et 0]
¥in-1.0]
bitiize R TZ1547E IParameter|Valu
n Signed Infeger whln+1:0]
Ar10] e -
yin1.0
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ALU implementation(divided into two photos):

Parameter|Valu T
Fulldddar 1210472 n 4 Signed Integer
- - . sumxrTn ;0]
iR ) | Pt a[n-1.0)  sum{n. 0 —
fin-1:0] | el bin-1..0]
nst
Parameter|Valu T
Fight_shifter_n_1210475 n 4 Signed Integer —
s . Wiln-1:10]
[ dn-1:0] [ AL ®n-1.0]  yin-1.00 ol -
Al :w#J f
nsts nPammet-
Parameter|Valu T
Fight_shifter_n_1210475 n 4 Signed Integer
R HET o o —
i [ e x[n-1..0] wn-1..0] Vo O] S -
Parameter|Valu T
bitwize_MAMD 1270472 n 4 Signed Integer
Xn-1 0] [ el wn-1..0]  fn+1..0]
VT | L
nst7
Parameter|Valu T
bitwize_NOT 1210478 n 4 Signed Integer
¥ ) iy S =11 '
: ke ®n-1..0]  f[n+1..0]
nstd
Parameter|Valu T
bitwize_NOR_1210478 n 4 Signed Integer
Xn-1 0] [ el wn-1..0]  fn+1..0]
VT | L
nst10
bitwize_XOR_1210478 Parameter|Valu T
R — n 4 Signed Integer
¥n-1770] [ el ®n-1..0]  f[n+1..0] -
VT | L
n=ti
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“Hi
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4
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Parameter |[Valu T
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win+1:0]
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Parameter [Valu
n 4

T
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i BT
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13{n..0]
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C) Write behavioral Verilog modules for your elements you defined in Part (b). Be noted that
the size of every element you define should be parameterized, so that you can vary the
design during the testing phase.

Used components

Full Adder:

Full_adder circuit has two inputs: X and Y it calculates the summation
of them and set it as output (sum).

{FliiAdder 1576478

St aln-1.0]  sum[n..0]
st b[n-1..0]

Einm

.......

Code: -from the answer of question (c)-

module FullRAdder 1210478 #(parameter n = 4)/*parameterization*/ (a, b, sum);

input signed [n-1 : 0J]a, b; //declaring inputs
output reg signed [n : 0]sum; //declaring outputs
always B (*)
begin

sum = a + b; //addition operation
end

endmodule
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Simulation:

Simulation Waveforms

Simulation mode: Functional

=

g 3

-—

ks
A
e
@

1 2 8

o
o

tazter Time Bar: 1100 nz «| +| Painter: 9035 nz Interval: 1965 ns Start:
Ops 10.0ns 200ns 30.0ns 400ns 50.0ns 60.0 ns 70.0ns 80.0ns 904
Value I T T I I I I
Name

1104
0 a 5- T4 2 % 3 % 4 ¥ O G A
5 b -4 -2 A4 -2 A 1 ¥ 0 ¥ A2 w3 W4 N5 3
& 10 sum 5. D N2 ¥4 b D T T
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Full Subtractor:

Full_Subtractor_1210478 circuit has two inputs: X & Y it calculates the difference

between them as (X —Y) and sets it as output (diff).

Full_Subtractor_1210478

xn-1.0]  diff[n..0]
y[n-1..0]

inst1

Code: -from the answer of question (c)-

module Full Subtractor 1210478 #(parameter n = 4)/*parameterization®/

input signed [n-1 : 0]x, y; //declaring inputs
output reg signed [n : 0]diff; //declaring outputs

always @(*)
begin
diff = x - y; //subtraction operation
end
endmodule

Simulation:

(%, vy, diff);

Simulation mode: Functional

[y Master Time Bar| 2725 LH Poanser: 9.37 ns Interval|  -17.88ns  Stat Enct
A Valuse Ops II}.FIrts M.pm N.Pns
o Name 272 2725
-
@ 0 H x 5. D i 1 b F] b 3
A Ey S K = 4 -1 X 0 ) 1
™ ol | [ df 5. ]
",
—

[-L- P
a
el

4
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Shifters (Dividers & Multipliers)

Right shifters (Dividers):

| made tow dividers circuits, in order to get the same number of bits in inputs &
outputs in ALU circuit to get an accuracy results. In general, R_shifter_n_1210478
(which has inputs and outputs of n bits) and R_shifter_ n_1 1210478 (which has
inputs and outputs of n+1 bits) circuit take one number as input (x) and find the
division by 2 operation and set it as output (y).

{ Right_shifter_n_1210478 §""R"i'éii't':é.'ﬁ'i'f't'é'r:ﬁ:ﬁ:?iﬁﬁﬁé
= x[n-1.0]  y[n-1.0] bt x[n.0]  y[n.0] e
éinst2 inst3

Codes: -from the answer of question (c)-

module Right shifter n 1210478 # (parameter n = 4)/*parameterization*/ (x, v):

input signed [n-1 : 0]x; //declaring input
output reg signed [n-1 : 0]y; //declaring output

always @ (xz)
begin
v =x / 2; //dividing operation
end

endmodule

module Right shifter n_ 1 1210478 #(parameter n = 4)/*parameterization*/ (x, ¥):

input signed [n : 0]1x; //declaring input
output reqg signed [n : 0]y; //declaring output
always @ (x)
begin
v =x/ 2; //dividing operation

end

endmodule
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Simulation

. *Simulation for both circuits is the same

Simulation Waveforms

Simulation mode: Functional

Master Time Bar:

1100 ns

k 4| ¥| Pointer: 128.99 ng Interyal: 18.99 ns Start

ps DO ns Ons Ons .0 ns DO ns Ones Ons .0 ns 0 ns .0 ns .
A Va Al 100 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100.0 110,
o Name 11 110.
NEET Xz ¥ I ST G SN G G

55 y ¥ i) ¥ 0 i 1 ¥ 2 Y 3

&%
2,
—
8%
gl
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Left shifters (Multiplier):

L_shifter_n_1210478 circuit take one number as input (x) and find the multiplication

by 2 operation and set it as output (y).

Left_shifter n_1210478

Xn.0]  y[n+1.0] et

i instd

Code: -from the answer of question (c)-

module Left shifter n 1210478 #(parameter n = 4)/*parameterization*/ (x, y);
input signed [n 01x; //declaring input
output reg signed [n+l 0lv; //declaring output
always @(x)
begin
vy = X * 2
end

endmodule
Simulation:
Simulation Waveforms
Simulation mode: Functional
% taster Time Bar: 2100 ne 4| +| Painter: 7812 ns Interval: -131.88 ne Start: End:
A Value Ops 10.0ns 20.0ns 30.0ns 40.0ns 50.0ns 60.0ns 70.0ns 80.0ns 90.0ns 100,0ns 110,0ns 120,
% Name 210.0¢
A o] @+ 5 T G S R S S N SR SR S S S S G

4| @y 54 T W 4 Y 2 % 0 Y 2 ¥ & ¥ & Y § ¥ % ¥ 4 % 3 % 0
@
l’-?-»
N
!
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Bitwise NAND:

This block has two n-bit inputs (X and Y), and one output (f), The bitwise_nand circuit
check X and Y bit by bit, if they are both one, the result of this bit in the f output will
be zero, otherwise, it will be one.

“bitwise NAND_ 1270478

s 4[n-1.0] fln+1_0] —l

=1 yin-1.0]

i inst

CLITY

Code: -from the answer of question (c)-
module bitwise NAND 1210478 #(parameter n = 4)/*parameterization*/ (x, y, f);

input [n-1 : 01x, y: //declaring inputs
output reg [n+l : 0]f; //declaring output

always @ (%, y)

begin
f=~(x&vy): //bitwise nand operation
fln+l] = £In-11; // (setting extra bits as the n's bit to make
f[n] = £[n-11: //the number of bits in the output egquals n+2)
end
endmodule
Simulation:
Simulation Waveforms
Simulation mode: Functional
h Master Time Bar: 2738 ns 4| ¥} Pointer: 158.45 nz Interval: 1311 ns Start: End:
A 110.0ns 130.0ns 150.0 ns 170.0ns 190.0 ns 2100ns 230,
Value i i i i i i
o Name | 273
@\ 0 A x BD[K 1011 1100 1101 1110 1111 0000 0001 0010 0011 0100 0101 0110
5 | @y B11f_O0101 0110 % 0111 ¥ 1000 % 7001 % 7010 % 1011 % 1100 % 1101 % 1190 % 1111 % 0000 %
# 10| @A B111K TIT10 % 111017 % 117070 3 0001171 % 000710 % 111191 3 117710 % 110007 % 111190 % 119071 % 111010 % 171111
#h
M,
—n
8%
2l
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Bitwise NOT:

This block has one n-bit input (X), and one output (f). The bitwise_nor circuit check X
bit by bit, if the bit is one, the result of this bit in the f output will be zero, otherwise, it
will be one.

Cbitwise NOT_ 1210478

bk x(01.0]  fn+1.0] —

Code: -from the answer of question (c)-

module bitwise NOT 1210478 #(parameter n = 4)/*parameterization*/ (x, £f);

input [n-1 : 0]=x: //declaring input
output reg [n+l : 0]f; //declaring output

always @ (x)

begin
f=~(x);: //bitwise not operation
f[n+l] = f[n-1]; // (setting extra bits as the n's bit to make
f[n] = £[n-1]: //the number of bits in the output equals n+2)
end
endmodule
Simulation:

Simulation Waveforms

Simulation mode: Functional

% Master Time Bar: 27.25 s 4| | Painter: 120.81 ng Interal: 93.56 ng Start:
A 110.0ns 130.0ns 150.0 ns 170.0ns 190.0ns 210.0ns
e Walue b i i i i i
C 27.2¢
@\ >0 H = BO:f_T110 W T711 0000y 0001 & 0010 % 0011 ¥ 0100 ¥ 0101 % 0110 % 0111 % 7000 3
o5 X B 111 f_ 000007 % 000000 T77177 4 119190 4 117101 % 111100 117091 11010 % 1171001 % 111000 % 000T1T %
i
t
N
—
8%
£l
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Bitwise NOR:

This block has two n-bit inputs (X and Y), and one output (f), The bitwise_nor circuit
check X and Y bit by bit, if they are both zero, the result of this bit in the f output will

be one, otherwise, it will be zero.

E“E[ﬁ;ﬁ‘é‘é:i;\i@‘ﬁ:ﬁl é‘.‘«]‘l[j&“?-é. T .-I

» x[n-1..0] fin+1_.0] —I

=1 yi-1.0]

inst

U R R AR SRR RN AR R R RE R RE R

Code: -from the answer of question (c)-

module bitwise NOR 1210478 #(parameter n = 4)/*parameterization*/ (x, ¥y,

input [n-1 : 0]x, y; //declaring inputs
output reg [n+l : 0]f; //declaring output

always @ (%, ¥)

f):

begin
f=~=x1y): //bitwise nor operation
f[n+l] = f[n-1]; // (setting extra bits as the n's bit to make
f[n] = £f[n-1]; //the number of bits in the output equals n+2)
end
endmodule
Simulation:
Simulation Waveforms
Simulation mode: Functional
% Master Time Bar. 1300 ns 4| +| Painter: 441 ns Interval: -125.59 ns Stark: End:
A Val 0 ps 'H].Qns Zﬂpns M.Pns -ﬂ].Pns Sﬂ.Pns GlD.Pns 7D.Pns SlD.Pns B’D.Pns 1ﬂ'D‘Dns 11ﬂiﬂns 121]i
& 0 | B« B114_0000 % 0001 ¥ 000 ¥ 0011 % 0100 % 0101 ¥ 0110 % D011l ¥ 1000 ¥ 1001 ¥ 1010 % 011 %
@5 | @y BOTK_1001 Y 090 % 1011 ¥ 1100 % 1901 ¥ 1190 % 1911 ¥ 0000 % 0001 % 0010 Y 0011 ¥ 0100 %
P 10| @t B 00C [ 000710 000100 000000 __ 000070 (00000 71000 000710 00100 00000
i
#,
—
8%
A
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Bitwise XOR:

This block has two n-bit inputs (X and Y), and one output (f), The bitwise_nor circuit
check X and Y bit by bit, if they are both zero or both one, the result of this bit in th
f output will be zero, otherwise, it will be one.

E.-b-i-m}i-é-é:}-{-ﬁ-ﬁ:-ﬁuﬁ-:{E]-&n?-%-uuu-unuuu.l
bt X[11.0]  fn+1.0]  fret
it y[1-1_0] :

Code: -from the answer of question (c)-

module bitwise XOR 1210478 #(parameter n = 4)/*parameterization*/ (x, y, f);

input [n-1 : 01%, y; //declaring inputs
output reg [n+l : 0]f; //declaring output

always @ (%, y)

begin
fE=x "y //bitwise xzor operation
f[n+l] = £[n-11; //(setting extra bits as the n's bit to make
fln] = £ln-11; //the number of bits in the output equals n+2)
end
endmodule
Simulation:
Simulation Waveforms
Simulation mede: Functional
% taster Time Bar: 440.0 ne 4| +| Painter: 356 74 ne Interval: -84 26 ns Start: End:
A Val 0 ps T[HI]ns Zﬂpns E‘rﬂ.il]ns -ﬁ].!]ns Eﬂ.Pns GD.{I]ns T-"D.Pns Eﬂ.il]ns ‘}D.Pns ‘I[H]iﬂns ‘I‘Iﬂiﬂns 120
@\ il x BE11 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011
5 | Ey BOCK 0101 % (010 % 011 1000 % 1001 % 1090 1011 % 1100 % 1101 % 1190 % 1111 % 0000
M o 10 Hf B 111§ 000101 % 000111 000101 x 111011 % 191701 % 111111 3 117701 % 111011 % 000101 % 000711 % 000101 % 111011
@-»
—
B
£
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8-1 Multiplexer:

This multiplexer has five (n+2) bits inputs, three (n+1) bits inputs, selection ((3)

bits input) and one (n+2) bits output. The output has value same as one of the
inputs depending on the selection input (the 3-bit input).

o T RS

NMux 811310478

—t c[2.0] fn+1..0]
et [1[11..0]

St 14[4+1..0]

=t 12[0..0]

=t 13[n..0]

I5[n+1..0]

16[n+1..0]

17[n+1..0]

ft 18[1+1..0]

Code: -from the answer of question (c)-

module Mux 8 1 1210478 # (parameter n = 4) (¢, I1, 14, 12, I3, I5, Ie&, I7, I&,
input signed [n : 0] I1, IZ, I3;

input signed [n+l1 : 0]I4, I5, I6, I7, I8; //declaring inputs

input [2 : 0les //declaring selection as input

output reg signed [n+l1 : 01f; //declaring output

always @(c, I1, 14, IZ, I3, I3, I6, I7, IB)

begin
//setting wvalues of the output depending on selection
if (¢ == 'b000)
f = I1;
else if (c == 'b001)
f = I4;
else if (c == 'b010)
f = 12;
else if (c == 'b01l1l)
f = 13;
else if (c == 'bl00)
f = I5;
else if (c == 'bl01l)
f = I&;
else if (c == 'bll0)
f=1I7;
else if (c == 'blll)
f = 18;
end
endmodule

£);
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Simulation:

Simulation Waveforms
Simulation mode: Functional
[j& b azter Time Bar: 0.0 = 1| +| Painter: 11.5nz Interval:
A D ps 20.0ns 40.0ns 80.0ns 80
Va I I I I

v Mame 5

@\ 0 I B 0DOD0D % 00001 % 00010 % 00011 % 00100 ¥ 00101 % 00110 ¥ 001171 %
iBF6 |2 Bk ODDDO x 00001 % 00010 ¥ D0011 ¥ OD10D % OD101 ¥ 00110 % 00111 %

P 12 13 Bif ODODD % 00001 % 00010 % O0O11 % 00100 ¥ DO101 % 00110 ¥ 001171 %
13 14 B[ K DDDOOD * 000001 ¥ 000010 % D0DO11 X 000100 % 000101 % 000110 ¥ 000111 %

ﬁ-ﬁ i 25 15 B C k 000000 ¥ 000001 ¥ 000010 % 00011 ¥ 000100 *x 000101 ¥ 000110 ¥ 000111 ¥

—+ |32 1 B [ § DODOOD % 000007 ¥ 000010 Y DODOT1 ' 000100 % 000101 * 000110 ¥ 000111 %

ga, B39 |7 B C k 000000 ¥ 000001 ¥ 000010 ¥ 00011 ¥ 000100 x 0001071 ¥ 000110 ¥ 000111 ¥

;: i 46 18 B { [ DODODOD * 000007 ¥ 000010 ¥ DODOT1 % 000100 ¥ 000101 ¥ 000110 ¥ 000111

21’ 3| Ec E 000 % 001 % 010 % 011 % 100 % 101 % 10 % 111 %
a7 f B C k O0DD0OODD % 000001 ¥ 000010 % 00011 ¥ 000100 x 000101 ¥ 000110 ¥ 000111 ¥
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ALU:

ALU is the block that collects all of this project components, it has two n-bit inputs
that the operations depend on, and one 3-bit input (selection) which determines the
operation, Also it has one n-bit output.

—t C[2..0] O[n+1.0] femmt
st X[n-1..0]

 Y[n-1..0]

D) Write a structural Verilog model for your ALU designed in Part (b) using the elements
you defined in Part (c).

ALU (structural) code: -This is the answer for question (d)-

module ALU structural 1210478 #(parameter m = 4) (C, X, ¥, 0);

input [2:0]C; ffdeclaring selection as input
input =signed [n-1 : 0]X, X: ffdeclaring inputs: X & ¥
output signed [n+l : 0]0; ffdeclaring outpuc: O;

wire signed [n-1 : 0]WV1, V2;
wire signed [n : 0]sumXY, sum¥YV1, diffxXva, wl:
wire signed [n+l : 0lw2, w3, Wi, W, wbE; //declaring wires to carry values

Siinvoking made modules and setting the result In wWwires:
Fullhdder 1210478 (¥, ¥, sumXY):;
Right_shifter_n_l_lz10475 (sumXY, wl);//The result of first operation: (X+4Y)/2

Left shifter n 1210478 (sumXY, wl};//The result of second operation: 2Z¥ (X+Y)

Right shifter n 1210478 (X, V1):
Fullidder 1210478 (V1, ¥, sum¥V1l)://The result of third coperation: (X/Z)+¥

Right shifter n 1210478 (Y, V2):
Full Subtractor_ 1210478 (X, V2, diffXvVi)://The result of 4th operation: X-(¥/Z)

S linvoking made bitwise-gates and setting the result in wires::
bitwise NAWD 1210478 (X, ¥, w3)://The result of 5th operatiom: X NAND ¥
bitwise NOT_ 1210478 (X, w4).//The result of &th operation: NOT X
bitwise NOR_1210478 (X, ¥, wWT):. he result of 7th operation: X NHOR Y
bitwise XOR 1210478 (X, ¥, w6)://The result of Sth operation: ¥ XOR ¥

the multiplixer module to get the finmal output:

Slinvokin
1 1210478 (C, wl, w2, sum¥V1l, diffXvz, w3, wi, wd, we, 0):

g
Mux 8 12

endmodule
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E) Generate the waveforms of the ALU defined in Part (d), assumes that X and Y are 4-bits
and their values based on your student ID should be set as follows:
The general representation of the student ID is 1C2Y2X2C1Y1X1, so, if your student ID is
1220520, then X, Y, and C values for the three test cases as follows:

Test X Y C (0]
I | Xi=0 | Yi=2 | Ci=5 | NOT(0)
2 X>=0 Y.=2 Cx=2 | ((0)/2)+(2)
3 | Xs=-X1|Y3=-Y1|Cs=Ca2] ((0)/2)+(-2)

Note: If any value from the set {C2, Y2, X2, C1, Y1, X1} is 8 or 9, you need to replace it by 1

Simulation:-This is the answer for question (e), test by test (depending

on my ID: 1210478)-

Test X Y C O
1 X1=1 Y1=17 Cl=4 XNANDY
2 X2 =0 Y2 =1 C2=2 ((0)/2)+(1)
3 X3 = -1 Y3 =-7 C3:=2 (-1/2)+(-7) Bl
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Second test

P
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f) Write a single behavioral Verilog module that models the designed ALU.

ALU (behavioral) code: -This is the answer for question (f)-

module ALU behavioral 1210478 #(parameter n = 4) (X, ¥, C, 0);

input [2:0]C; //declaring selection as input
input signed [n-1 : 01X, ¥; //declaring inputs: X & Y;
output reg signed [n+l : 0]O; //declaring output: O;

always @ (X, Y, C)

begin
//setting values of the final output depending on selection
if (C == 'b000)
0= (X +7Y) / 2;
else if (C == 'b001)
o =2 % (X + ¥);
glse if (C == 'b010)
0= (X/ 2) + ¥;
else if (C == 'b011)
0=X- (Y / 2);
else if (C == 'b1l00)
0O =~(X & Y);
else if (C == 'bl01)
0= ~(X);
else if (C == 'bl1l0)
0= ~(X | Y);
else if (C == 'blll)
=X " %;
else
o= 0;
end
endmodule
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g) Generate the waveforms of the behavioral ALU defined in Part (f), assumes that X and Y are 4-
bits and their values based on your student ID should be set as follows:
The general representation of the student ID is 1C2Y2X2C1Y1X1, so, if your student ID is 1220520,

then X, Y, and C values for the three test cases as follows:

1 X;=0 Yi=2 | C;=5 NOT(0)
2 X2=0 Y>=2 | C2=2 | ((0)/2)+(2)
3 1 X=-X1|Y3=-Y1|GC=C2| ((0)2)+-2)

Note: If any value from the set {C2, Y2, X2, C1, Y1, X1} is 8 or 9, you need to replace it by 1

Simulation:-This is the answer for question (g), test by test (depending
on my ID: 1210478)-

et X Y ___C 0
1 X1 = Y1=7 Cl=4 X NAND Y
2 X2 =0 Y2=1 C2-=2 ((0)/2)+(1) HH
3 X3 = - Y3-- C3=2 | ((-N/2)+(-7) B8

First test
@ Simulation Report - Simulation Waveforms E\@
=51 Simulation Report Simulation Waveforms
é Legal Notice Simulation mode: Functional
--&HEE Flow Summary
i ¢SHEE Flow Settings
&3 Simulator
¢S Summary I [273ns]
%% Settings A
@@- Simulation Waveforms o Value 171.26ns 179, n%
[=-&H] Simulation Coverage G ame 273
@% kTLi?ii & &0 X B 0¢ 0001
""" = g 55 Y ]
A i 10 C B[ 100
w4 | HO B 111 0
a,
_'.
oa..
o _
| I Idle
ENG = 2356
~ 0 s e 05/02/2023 e

25| Page




Second test
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Thank Yyou ...
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