i3 B e

BIRZEIT UNIVERSITY

ENCS2340

Project Report
1st semester 22/23

Instructor: Dr. Anjad Badran
Prepared by: Obayda Sarraj
ID: 1211128




Table of contents

oL o To LU Yo § Lo ] o P 2
Specifying output’s bitS ... ..o 3
ALU Implementation ..o 5
(0 LST=To [ oTo] a oo 1= o £ 6
FUIL AT .. e 6
RIght Shifter ... 7
LIt STt er ... e 8
SUDEIACTON. ... 9
BItWISE XOR ... 10
BIitWiSE NAND ...t e 11
Bitwise NOR ... s 12
BItWISE NO T L 13
MUK 8- s 14
ALU(SEIIUCIUrAL) ..o e e 15
O o = PP 15
TS it 16
ALU (BENAVIOTral) ... 18
(O o = PP 18
T OOt it 19

1|Page




Introduction

Arithmetic Logic Unit (ALU) : is a combinational digital 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 (GPUSs). A single CPU,
FPU or GPU may contain multiple ALUs.

X[n-1:0] Y[n-1:0]

ALU

#/n+2

O[n+2:0]
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https://en.wikipedia.org/wiki/Combinational_logic
https://en.wikipedia.org/wiki/Digital_circuit
https://en.wikipedia.org/wiki/Arithmetic
https://en.wikipedia.org/wiki/Bitwise_operation
https://en.wikipedia.org/wiki/Integer
https://en.wikipedia.org/wiki/Binary_number

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

The ALU process two types of operations:

1- Logic operations the size of output stays the same of the input because
there is no overflow in all logic operations , because every one bit from
X&Y are return one bit as a result .

100 X NAND Y

101 NOT(X)
110 XNORY
111 X XORY
Example for the NOR gate (Assume n=4 , X=10 ,Y=8 ,O=output):
X 1 0 1 0
Y: 1 0 0 0
O: 0 1 0 1

Notice that there is no overflow.

2- Arithmetic operations , there is an overflow and the output size
increase as follows:

ALU Function Code (C) ALU Output (O)

000 (X+Y)/2
001 2%(X+Y)
010 (X/2)+Y
011 X-(Y2)

-If we sum two inputs we need an other bit(digit) for an overflow (as in case
1,2,3)

Example (Assume n=4 , X=10,Y=8):
X+Y =10+8
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-If we multiply the inputs by 2 we need an other bit(digit) for an overflow (as
in case 2)

Example (Assume n=4 , X=6):
6*2 =12

-If we subtract two inputs we need an other bit(digit) for an overflow (as in
case 4)

Example (Assume n=3 , X=-6 ,Y=-4):

X-Y = -6-4
2’'s comp X: 0 0 1 0
2scompY: O 1 0 0 +
0 1 1 0
O: 1 0 1 0

-If we divide two inputs we do not need an other bit(digit) for an overflow
(asin case 1,3,4)

With looking at the table the size of output will be
Case: (X+Y)/2 - n+1

Case: 2*(X+Y) - n+2

Case: (X/12+Y > n+l

Case: X-(Y/2) - n+1

Hence , the answer is : n+2
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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).
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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.

Full Adder :

module FullAdder 1211128 #(parameter n = 4)/*parameterization*/ (a, b, sum);

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

sum = a + b; //addition operation

end

endmodule

Simulation :

Simulation Waveforms

Simulation mode: Functional

hv Master Time Bar: B4.0ns 4| »| Pointer: Ops Interval £40ns Start: End:

A vk ps 1Dpns 2Dpns '3[)l0ns

% Name o

& L S R G S G T S S G T G S S S G R
5 [ G G G0 G D G- D Gl D G A O 1D D O 1D G-I G 1D O 1D O G D OB G 4

Mwmm SN0 1 w3 W& B 7 W9 w10 w & W3 3 W0 W 7 3 W5 6 w8 oW T W

L

-

2]
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Right shifter :

module R Shifter 1211128 #(parameter n = 4)/*parameterization*/ (a, z);
input signed [n-1:0] a ; //declaring inputs
output reg signed [n+1:0]z; //declaring outputs
always@
begin
z =a>|1; //dividing (shifting) operation
end
endmodule
Simulation
Simulation Waveforms
Simulation mode: Functional
k Master Time Bar: 44 0ns 4| »| Pointer 84 ps Interval -4392 ns Stat: End:
A Voloe P2 100ns 200ns 300ns
=% Name :,u[;
SR s- X 3 C I G S G T X T X 8§ YT
@5 | @ sz T X 2 Y 3 X %
]
ﬂ+
—
8
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Left shifter :

module L Shifter 1211128 # (parameter n = 4) /*parameterization*/ (a, z):
input signed [n-1:0] a ; //declaring inputs
output reg signed [n+1:0]z; //declaring outputs
always@ (a)
begin
z = a << 1 ; //mutiplying (shifting) operation
end
endmodule
Simulation :
Simulation Waveforms
Simulation mode: Functional
[§ Master Time Bar: 400ns 4| »| Pointer 42 ps Interval -39.96 ns Stat: End
A Value P73 100ns 200ns 30.0ns
% Name | 400
A& m- 3 R G . G S SR S G - S S A G
@5 2 5 0 Y 7 Y 7 X 3 Y 3 Y 10 X 12 Y i Y 6 Y4
#
ﬁ4
=
2
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Subtractor :

module Subtractor 1211128 # (parameter n = 4)/*parameterization*/ (x,y, sum);
input signed [n-1:0] x, y; //declaring inputs
output reg signed [n:0] sum; //declaring outputs
always @ (x,y)
begin
sum X -y ; //subtraction operation
end
endmodule
Simulation :
Simulation Waveforms
Simulation mode: Functional
[y Master Time Bar: 40.0ns 4| »| Pointer: 235ns Interval: -165ns Start; End:
A Value ps WUIDns 2Dpns BDpns
% Name 200
N EET 7 R G R G B GE R G S G S G S G S S N
5 | By s 0 T X7 X L { Y& X7 T E (7 X% W5 & 3 7 X X0 X 2
P =R CE G G 2 X 3 71 Y10 X 9 X Y8 %9
o
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Bitwise XOR :

module XOR 1211128 #(parameter n = 4) /*parameterization*/ (a,b,c) ;

input [n-1:0] a,b ; //declaring inputs
output reqg [n+1:0]c ; //declaring outputs

always@ (a,b)
begin
c=a”b:; //XOR operation

end

endmodule

Simulation :

Simulation Waveforms

Simulation mode: Functional

[y Master Time Bar: 21.8ns +| »| Pointer: 16.35ns Intervat 5.45ns Start: End:
A Pps 100ns 200ns 300ns

Value ¥ ¥ ¥
% Name 218 218ns
o
& 0 | @2 B O 0000 X 0001 ¥ 0010 Y 017
5 b BO1 0000 Y 0001 4 0010 Y K] ) 0700 b 0101 Y 0110 ) @UIAL

& @10 c B 00C 000000 b 000001 X 000011 e 000010 )¢ 00110 by 000111 h{ 000101 (000100
G,

—

8%

1)
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Bitwise NAND :

module NAND 1211128 # (parameter n = 4) /*parameterization*/ (a,b,c) ;
input signed [n-1:0] a,b ; //declaring inputs
output reqg signed[n+1:0]c ; //declaring outputs
always@ (a,b)
begin
c = ~(a & b) ; //NOT AND operation
end

endmodule
Simulation Waveforms
Simulation mode: Functional
RY Master Time Bar: 57.0ns 4| »| Pointer: 295 ps Interval BE.71 ns Stark: End
A Val ps 1DPns 2D|0ns BDlﬁns
% Name | ok
Q 0 mma ............ E1c 0000 b4 0001 ) { 0010 X 0011 b4 0100 X 0101 b4 0110 b4 0111 b 1000 %1001

5 b B 11 {0000 ¥ 0001 0011 ¥_0100 ¥_0101 0110 7000 1001 1010 1100 1701111 _)_0000 _y_0001 0010
# o 10 c B 0OC 111711 YATITI0 ) 1111 ¥ 311701 3311100 %, 117111 A0y 173011 TTI007 }777000 11111
(el
-+
8%
5l
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Bitwise NOR :

module NOR 1211128 # (parameter n = 4) /*parameterization*/ (a,b,c) ;
input [n-1:0] a,b ; //declaring inputs
output reg [n+1:0]c ; //declaring outputs
always@ (a,b)
begin
c =~(a | b) : //NOT OR operation
end

endmodule
Simulation Waveforms
Simulation mode: Functional
[}q Master Time Bar: 44.0ns 4| »| Pointer: 84 ps Interval: -4392ns Stat: End:
A Val ps 10.0ns 200ns 30.0ns
<% Name 4?'5
q 0 Ha B1C 0000 4 0001 % 0010 X 0011 be 0100 X 0101 X 0110 b4 0 X 1000 %1001

D5 b B 01 {0000 _¥ 0001 0071 ) 0100 0710 Y 0711 ¥ 1000 _Y_1001 Y 1010 ¥ 1011 Y 1100 Y 1307 Y 19790 Y 1111 ¥ 0000 ) 0001 0010
M =10 c B 110 T Y TT110Y 111100 Y1001 111000 YT10017 (110010 110000 YI10007) 110000 Y TI0TT1 T10170 Y1010
Gy
N
B
£l
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Bitwise NOT :

module NOT 1211128 # (parameter n =

input [n-1:0] a ;
output reg [n+1:0]c ;

always@ (a)
begin
C:

end

endmodule

Simulation :

4)

//declaring inputs
//declaring outputs

//INVERTOR operation

/*parameterization*/

(a,c)

13| Page

Simulation Waveforms
Simulation mode: Functional
[}v Master Time Bar: 480ns 4| »| Pointer: Ops Interval: -48.0ns Start: End:
A ps 100ns 20.0ns 30.0ns
Value L L L
% Name 480
& 0 | @a B11 0000 ¥ 0001 Y___0010___X 0011 Y000 Y oioi X 0110 0 Y7000
o5 Hc B11C 111111 b4 111110 b4 111101 b 111100 b4 111011 )4 111010 b 111001 b4 111000 b4 110111
[
L]
e
—
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MUX 8x1 :

module MUX8x1l 1211128 #(parameter n

input signed [n+1:0]
[2:0] c ;
output reg signed [n+l:0] £ ;

input

always@ (c,a0,al,a2,a3,b0,bl,b2,b3)
begin

if (c == 'b000)

f = a0 ;

else if (c == 'b001)
f =al;

else if (c == 'b010)
f =az2;

else if (c == 'b01l1)
f =a3;

else if (c == 'bl00)
f =Db0 ;

else if (c == 'bl0l)
f =Dbl ;

else if (c == 'bl10)
f =Db2 ;

else if (c == 'blll)
f =Db3 :

end
endmodule

Simulation :

//Setting values of the output depending

4)

al0,al,a2,a3,b0,bl,b2,b3 :

//declaring inputs

//declaring outpus

/*parameterization*/

on selection

(c,a0,al,a2,a3,b0,bl,b2,b3, f)

;

Simulation Waveforms

Simulation mode: Functional
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A Value ps 10.9 ns 2ﬂ‘pns 30.pns

% Name 520

& 0 | @ a0 BOO1K 000000 ¥ 000001 X 0O0DI0 X 000011 X 000100 X 000i01 % 000190 X 000iil )
w7 M al B 001 000000 000001 Y 000010 000011 ¥ 000700 Y 000101 ¥ 000110 Y ooodid ]
14 | @ a2 B 001 000000 ¥ 000001 X 00DOID X 00001 ¥ 000100 X 00OTO % 0001I0 ¥ O00iil )
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d) Write a structural Verilog model for your ALU designed in Part (b) using the elements you
defined in Part (c).

ALU structural code

module ALU 1211128 #(parameter n = 4) /*parameter tion*/(x,y,c,0):

input signed [n-1:0] x,y : //declaring inputs
input [2:0] c

wire signed [n+1:0] wO,wl,w2, res0,resl,res2,res3,resd,res5,resé,res7 ; /
output signed [n+l:0]o ;

FullAdder 1211128 XsumY (X,y,w0);
R Shifter 1211128 Xdiv2(x,wl):
R Shifter 1211128 Ydiv2(y,w2);

R _Shifter 1211128 RESO (w0, res0);

L Shifter 1211128 RES1(wl,resl);
FullAdder_ 1211128 RES2(w0,y,res2);
Subtractor 1211128 RES3 (X,w2,res3);

NAND 1211128 RES4(X,y,resd);
NOT_1211128 RES5(x,res5);
NOR_1211128 RES&(X,y,resé);
XOR_1211128 RES7T(X,y,res’7):

ing structural

MUX8x1_ 1211128 (c,res0,resl,res2,res3,res4,res5, rese,res7,0);

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:

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

By note, my ID is 1211128 = 1211121 (1C2Y2X2C1Y1X1)

Test X | Y C | Expected O |
1 X1=1 Yi=2 Ci=1 6
2 Xo=1 Y,=1 C,=2 1
3 X3 = -X1 Y3 = -Y1 C3 = C2 -2
@Simulaﬁon Report - Simulation Waveforms [re|=E |@
@_ﬂ Simulation Report Simulation Waveforms
& B Legal Notice Simulation mode: Functional
&R Flow Summary
EHER Flow Settings
=& 3 Simulator
5@ Summary Q. Master Time 218 nsj_‘lPainlel 20ns Interva -19.8 ns Starl Enc
SHER Settings A
é@i Simulation Waveforms Value P8 100ns
& Simulation Coverage sz e 218
O e Qs m s 1
’ 9 = v 5 z
10 c S 1
- wld | o 5 6
"‘i
.
B
2l
< > |« >
=
[Thw @ [ dle NUM
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Second test ;

@ Simulation Report - Simulation Waveforms E=n B @
I&5 3 Simulation Report Simulation Waveforms
~&hB Legal Notice Simulation mode: Functional
&HET Flow Summary
&R Flow Settings
--&p 3 Simulator
-&3E8 Summary [y MasterTime 218 ns «|| Pointe) 585 ns Interva 11615 ne Star Enc
SHER Settings A
& Simulation Waveforms - Velue L P2 100ns
+-&$ 1 Simulation Coverage %6 ame 21.8
.g%::lu;age &, =T = -
L) essages r—
s &5 | Ey 5 7
0| He 5 2
i =
w14 0 5 1
L]
s
-
oo,
oe
)
< > |L >

=

L] I Idle NUM

s TR
Third test ;

@Simulaﬁon Report - Simulation Waveforms [ | wl=) @
=3 Simulation Report Simulation Waveforms
&BB Legal Notice Simulation mode: Functional
SHET] Flow Summary
--¢=HER Flow Settings
= &3 Simulator
ég Summary h Master Time | 21.8ns ﬂ Point| 801 ps Interv -21.0 ns St Er
ESHER Settings A
&0} Simulation Waveforms - Value 78 100ns
+- & Simulation Coverage C.0 ame 218
o e eE 4
) ! &5 | @y 2
10 c 2
M —
o4 o S- 2
e,
-
oo,
o
2
< > |« >
v
3 e
*0 Id NUM
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‘ f) Write a single behavioral Verilog module that models the designed ALU.

ALU behavioral code
module ALU behav 1211128 #(parameter n = 4) /*parameterization*/(x,y,c,0);

input signed [n-1:0] x,vy ; //declaring inputs
input [2:0] c ;
output reg signed [n+1:0] o ; //declaring outputs

always@ (*)
begin

if(c == 3'b000) //Implement ALU by useing behavioral solution
o] (x+y) /2 ;

(c == 3'b001)

2% (x+y);

3'b010)
)+y

3'b011)
2) ;
3'b100)
(xay) i
(c == 3'b101)
~(x) 7
(c == 3'b110)
~(xly) -
(c == 3'bl11)
X"y

m
F
4]
m
(o]
3 [
ol ol

il
b
ol

¢ oW 0 —~n

1l
I
[43]
]
(o]
as I

0

m
I

/

o

54
= 1~ 1
I ea

i
ol
I

w
m

1]
I

o

ol

m
I
tn
)

Q

tn
]

m
F

i
M

D
I

[w]
([ O (B o |

[e]

else
M=
o = U;

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

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

Test X | Y C | Expected O |
1 X1=1 Yi=2 Ci=1 6
2 Xo=1 Y,=1 | C=2 1
3 X3 = -X1 Y3 = -Y1 C3 = Cz -2
@Simulation Report - Simulation Waveforms =] |@
@_ﬂ Simulation Report Simulation Waveforms
& B Legal Notice Simulation mode: Functional
&8 Flow Summary
EHER Flow Settings
=& Simulator
é@ Summary RT Master Time 218ns j_-lF‘ninlel 20ns Interva -19.8 ns Starl Enc
SHER Settings
é@ Simulation Waveforms A Value P8 100ns
& Simulation Coverage gz = 218
g =T R 1
& i) Messages & | @, : =
10 c S 1
? w4 | Bo s 3
,
-
By
2l
< > |« >
|
w0 [ Idle NUM
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Second test ;

@ Simulation Report - Simulation Waveforms || @
I&5 3 Simulation Report Simulation Waveforms
~&hB Legal Notice Simulation mode: Functional
&HET Flow Summary
&R Flow Settings
--&p 3 Simulator
- ZHER Summary [y MasterTime 218 ns «|| Pointe) 585 ns Interva 11615 ne Star Enc
SHER Settings A
& Simulation Waveforms - Value LP° 100ns
+-&$0 Simulation Coverage %6 ame 21.8
gai e A& Ex 3 i
L) essages r—
g 5 y 5 T
10 | Hec S 2
=
w4 | Ho 5 1
“‘0
-
oo,
oe:
)
< > |L >

=

L] I Idle NUM

Third test ;

@ Simulation Report - Simulation Waveforms | (wl=) @
@n’_vj Simulation Report Simulation Waveforms
&B Legal Notice Simulation mode: Functional
ST Flow Summary
&3EH Flow Settings
=& 3 Simulator
ummary sster Time .8ns {|Point ps Intery -21.0ns Sk r
SRS Master T 21.8 Point| 801 ps | 21.0ns § E
SHER Settings A
&R0} Simulation Waveforms - Value LP° 10.0ns
& Simulation Coverage C e 218
INI 1
it Y - r— :
) 5 Hy 2
M 10 ¢ 7
o4 o 5- 2
G,
-
Qa.,
og;
)
< > |« >
v
heD Idle NUM
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