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Figure2. ALU Operations

~_In this experiment, our goal is to design a simple 2-bit ALU combinational circuit that performs the
following unsigned operations: addition, subtraction and multiplication. As shown by Figure 1, the AL
circuit has two 2-bit unsigned input numbers A{A1Aq) and B {B1Bg} and a 4-bit unsigned output Numbey

R{R3RzRiRo}. The ALU circuit also has 2-bit control signal mimy that are used to choose the ALU
operation (see Figure 2).

The experiment is divided into four parts.First, you will implement the quad 2-to-1 multiplexer.Secongq,

you will implement a 2-bit ripple-carry adder/subtractor,
you will combine all the aforementioned modules to implement the ALU circuit.

Finally,

Third, you will implement a 2-bit multiplier.
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w :.P:é‘i"l_l_: Quad 2-to-1 Multiplexer
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a) Write the Boolean equation of the output of the 2-to-1 Multiplee,.

|our=\§ja .}-‘SII/ i \ i Say
/

Myy Our

b) Inside Mux2to1.yv file, write a be

havioral Verilog code to impleme
module. This module has 3 inputs

nt = -
(10,11 and S) and one output (our), the 2.to.q Multipleye,

cl Using four instances of 2-to

~ (PreLab)

-1 multiplexer, design a circuit of a quad 2.1, multiplexe
I,

d) Inside QuadMux2tol.y file, write a structural Verilog code to impleman the quad 2-to.1
multiplexer module based on your design in part c. This module hasnine mputs (43, A2, A1 A0

.-B3.B2,B1, B0 and S) and four outputs (03, 02, 01 and 00), (PreLab, wiite e module code
442 'p:rllljwyr computer and print it) '

LIRSS Aigieal;
Part2:The 2-bit Adder/Subtractor

An adder/subtractor circuit can be built using twa cascaded full adders (see the figure below),
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b) Inside FA.v file, write a behavioral Verilog code to implement the ull adq
has 3 inputs (in0, in1 and Cin) and 2outputs (sum and Cout), " Module, T module
) : ; | Verilo code th;
¢) Inside TwoBitAdderSubtractor.v file, write a structura 8 code tj jmyp
\ adder/subtractor module shown by the above figure. This mody]e has five iement the 2-bit

Npy
and §) and three outputs (S0, 51, and Cout). Puts (A0,A1, BO, By,
Part3: The 2-bit Multiplier.
_ A 2-bit multiplication circuit can be built using four instances of AND gates 5 One instance of the 5
adder/subtractor circuit we implemented in Part1. o,
0 A
A —
Bo — i , Coufo s My
Ay e ) 2-bit
e B, ) B Adder/ 8,10 )
"-'.:-"'7 Pt A, e B, Subtractor
SRR B, S .1 S M,
i 0 S
: -. M,
Fonit Bo——A ) 0

a) Inside Mul.v file;writa a structural Verilog code to implement the 2-bitmultipliermodule shown

Hes 1 _ by the above figure. This-module has four inputs (A0, A1, BO, and B1) and four outputs (M0, M1,
=05 M2and M3),

Part4:ALU circuit design.

a) Inside ALU.v file, write a structural Verilo

g code to implement the full ALU circuit module. For
convenience, we will use fou

r 7-segment displays to show the values of the operand A, operand

... B theoperation, and the result. Inside segdriver2.vand segdriver4.vfiles, we already have written
A thetwo 7-segement driver modules that you need.

The ALU circuit has the following inputs and outputs:
» 6-inputs (A0, A1, B0, B1, m0, m1)
» 28-Outputs:

wyd - % The outputs ‘a0, bo, c0, 0, e, fo, g0°, which will be connected to the 7-segemnt
. display of the result {RsR;R;R;),

pﬂ'!i'F{.,e._ Al =

: % The outputs ‘a1, b1, c1, d1, e1, f1, g1', which will be connected to the 7-segemnt
_.‘a_\_“; R display of operand B {B1Bg}.

R

Bl
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% The outputs ‘a2, b2, ¢2, d2, €2, {2, g2', which wil] be conpg
selection lines {mimo}. fted to the Operation
% The outputs ‘a3, b3, 3, d3, e3, 3, g3', which will be ¢,

Mnect,
display of operand A {A1Ac}. “edtothe 7-segemnt

b) Make the pins assignment for the ALU circuit's inputs and outputs

35 folloys.
Hex (0): Result
a0 i oHEX0_DI[0] PIN_AES
bo oHEX0_D[1] PIN_AF9
c0 oHEX0_DI[2] PIN_AH9
.| do oHEX0_D|3] PIN_AD10
R oHEX0_D[4] PIN_AF10
| fO S OHEX0_D[S] PIN_AD11
il i oHEX0_DI[6] PIN_AD12
Hex (1): Operand B
s lal oHEX1_DI[0) PIN_AG13
bl oHEX1 D[1] PIN_AE16
. cl oHEX1_D[2] PIN_AF16
ezl oHEX1_DI[3] PIN_AG16
"I lel oHEX1_D[4] PIN_AE17
f1 oHEX1_D(5] PIN_AF17
gl oHEX1_D|[6] PIN_AD17
.~ .. | Hex (2): Operation
2581 IS oHEX2_ D0} PIN_AE7
R b2 OHEXZ_D[1] PIN_AF7
ol [T E oHEX2_D(2) PIN_AH5
i | d2 oHEX2 .D[3] PIN_AG4
o). €2 oHEX2_D|[4] PIN_AB18
Rl 12 oHEX2_DI[5] PIN_AB19
Cle2 oHEX2_D[6] PIN_AE19
Hex (3): Operand A
a3 oHEX3_D[0] PIN_P6
b3 oHEX3_D[1] PIN_P4
3 oHEX3_D[2] PIN_N10
d3 oHEX3_D[3] PIN_N7
e3 OHEX3_D[4] PIN_M3
i NE) OHEX3_D|[5] PIN_M7
bilisodd, | B3 oHEX3_DI[6] PIN_M6
(| Input Switches
’ sl B iSW[1] PIN_AB26
=3t B iISW[2] PIN_AB25
o | mo ISW(3] PIN_AC27
Gaigml iSW[4] PIN_AC26
vl AQH A2 TN ISW[5] PIN_AC24
jreerdors] ALL <2250 iISW[6] PIN_AC23
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