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1 Introduction

The purpose of this lab is to design and simulate a carry-lookahead adder/subtracter
using VHDL. This will require modifying your earlier design of a ripple-carry
adder/subtracter. In addition to adding the circuitry necessary to make the
circuit add and subtract more quickly, you will also add the circuitry needed to
make it perform excess-m addition and subtraction as well.

2 Equipment

Altera Quartus II software

3 Description
First recall that the carry function is defined by

Cout = TY + XCin + YCin
=2y + cin(r +y) (1)

and that
S=T®BYD Cin. (2)
Furthermore, the generate and propagate functions are defined by

G=uxy (3)
P=xz+y. (4)

With these expressions we can rewrite () as

Cout = G + cin P. (5)



Applying (B) for the first three stages of the adder we have

c1 = Go+ Py (6)
co=G1+cbP

= G1+ (Go +coPo) Py

= (G1+ GoPy) + co(PoPr) (7)
c3 =Go+ 2Py

= G2+ ((G1 + GoPy) + co(PoPy)) Pe

— (G + C1Ps + GoPLPy) + co(PyPLPy) (8)

Note that c1, co, and c3 all are expressed here as functions of ¢y and of several
generate and propagate functions. Find similar expressions for:

® 5, cs, and ¢y as functions of ¢4 and of associated generate and propagate
functions;

® 9, C10, and c17 as functions of cg and of associated generate and propagate
functions;

® 13, 14, and c¢y5 as functions of ¢12 and of associated generate and prop-
agate functions.

Now we can also express c4:

cs = G3 + c3Ps
=Gs+ ((G2 4+ G1Py + GoPLP2) + co(PyPLP2)) Ps
= (Gs+ GoP3 + G1PoP3 + GoP1 Py Ps) + co(Py Py P2 Ps3)

cy = Gy + coPy (9)
where

Gy = G3+ GoP3 + G1PyPs + GoP Py Py (10)
and

Py = PyP,P,Ps. (11)

Similarly, we can define

Cg = G% —+ C4P11 (12)
Cl2 = G% + 68P21 (13)
C16 = Gé + 012P31 (14)



where

G% = G7 + GePr + G5 Ps P; + G4 Ps Ps Py (15)

G = G11 + G1oP11 + GoPioPiy + Gy Py Py Pry (16)

G3 = Gi5 4+ G14Pi5 + G13P1aPis + G1aPisPia P (17)
and

P} = P,PsPsP;. (18)

P} = PgPyPyPi;. (19)

P} = Pi5Pi3P4Pr5. (20)

Note the similarity in:

1. the forms of the G} of [I0), (I5), [I6), and ([7);
2. the forms of the P} of (), @), (), and 20Q);

3. expressions you should derive (and include in your report) for ¢, ¢5, and
cy; Co, Cg, and c1g; and c3, c7, and cq7.

Because of all these similarities, you should implement a single VHDL module
to compute three carries, one propagate function, and one generate function.
Instantiate four of these modules to compute each of these signals for a 16-bit
adder.

Furthermore, another instance of the same module can be used to compute
c4, cg, and c12 along with another generate and another propagate function by

further developing (@), (I2), and ([I3):

c1 = Gp+ Py (21)
cs = G] + cy P}
=G+ (Go +coPy) P!
= (G +GoP}) + co(Py Pi) (22)
c1o = G3 4 cgPy)
=G5+ (G + Gy P} + coPy PPy
= (G + G1Py + GyPL Py) + co(Py P Py) (23)
Finally,
c16 = Gy + c12P3
=G5+ (Gy+ GiPy + GyP\ Py + coPy P Py ) Py
= (G3 + G3P5 + G Py Py + GP{ Py Py) + co(Py Pl Py P3)
=Gi+coP? (24)



where

G} = G3 +GyP; + GIPy Py + G{ P! Py Py (25)
and

P} = P}P!P)P]. (26)

With these circuits you can implement a 16-bit adder/subtracter. If the
input signal Add/Subtract is low, the circuit should perform addition; otherwise
it should perform subtraction.

An additional feature that did not enter into your design of the ripple-
carry adder is the ability to do excess-m addition and subtraction as we dis-
cussed in class. Add another input signal to your design. If the input signal
TwosComplement/Excess is low, the circuit should perform operations on two’s-
complement values; otherwise it should perform them on excess-m operations.
Since you are designing a 16-bit adder/subtracter, this is an excess-216=1 —1 or
excess-32767 adder/subtracter.

When you have fully simulated and debugged your design, take timing sim-
ulations on it and on a 16-bit adder/subtracter of the ripple-carry design you
designed previously. Use these timing measurements to compute the speed-
up provided by the carry-lookahead adder/subtracter circuit you have now de-
signed.

4 Lab Report

Your lab report must contain all of your fully commented VHDL source files
along with simulations convincingly showing the correct operation of the circuit
for all four combinations of two’s-complement and excess-32767 arguments, both
for addition and subtraction. It should detail the timing simulations and the
calculation of the speed-up.

The report itself should also provide commentary on the VHDL code and
the simulations so that they all can be easily understood.
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