LSUEE 3755 Homework 2 soution Due: 25 September 2013

Read the carry lookahead handout before solving this assignment. It is linked to the course lecture
notes page, http://www.ece.lsu.edu/ee3755/1n.html].

Problem 1: The handout mentions two types of CGL, lookahead and ripple but only describes
lookahead CGL. The ripple CGL would generate ¢; in terms of ¢;_1 as well as p;_1 and g;_1. Show
the logic for that as a Verilog module. The module should have three 1-bit inputs, and a 1-bit
output.

Hint: To solve this problem draw a truth table with a;—1, b;—1, and c;—1 as inputs and g;_1,
Di—1, and ¢; as outputs. Of course, you can easily fill in the g and p values. From this table you
should be able to figure out a function for c; in terms of just ¢;_1, pi—1, and g;—1. WARNING:
figure this out for yourself, don’t look for a solution elsewhere.

Solution appears Dalow.

module cgl_ripple(co, ci, p, g);
input ci, p, g;
output co;

assign co = ci & p || g;

endmodule

Problem 2: At the time this homework was assigned the CLA handout did not (yet) provide a
delay analysis for the hierarchical CLAs. Provide a delay analysis for each of the variations given
below. Use the unrealistic and conservative models from the slides.

TO solve this prob\@m one must understand two tmngs. First, how a hierarchical CLA s constructed. Second, how
t0 do the timing analysis.

Consider the “nierarchical CLA with lookahead CGL and a CLB-r" referred to part (D). This is constructed by
using an /-bit ripple adder in the CLB and using lookanead CGL to compute the ¢q through ¢, in terms of the carry in
and Py 10 Py—1, Go 10 Gy —1. See the Hllustration in the solution to part (b).

For the t‘\m'mg M\Q\ySQS needed for the SUD-PYOD\QmS below use the TO\\O\N\\'\% method: Start by mMng all \ﬂpUtS
with a zero (indicating ¢ = 0). Look for a gate in which each input is marked. Take the maximum-valued mark and add
on the gm dQ\Qy. Mark the OUtpUI of the gﬁt‘é Wwith the sum. RQPQM until all wires are marked. The d@\&y is the mghest
value marked on an OUIPUL

In the unrealistic model XOR g&tQS have a GQ\Qy of 2, and all other gat@s have o G@\&y of 1. In the conservative
model & 3-input XORs gate has a delay of 1, all other gates have a delay of Ig r2, Where 7 is the number of inputs.

One can save time by identifying the critical path and only marking it. For the problems below the eritical path
nas four p&TtSZ 1t starts with the G S\gﬂ&\. (Po 18 NOT critical because it uses one less \QyQT of gMQS.) 1T then continues
into the m—'mput CGL and out U\Y()Ugh OUIpUI Cm—1 INTO block CLB-z. In CLB-z the path goes into the /-bit adder.
For CLB-r blocks the /-Dit adder is a ripple adder and the third part of the critical path goes through rn — 1 bits of carry
\Og\Q. For CLB-c blocks the third pm goes U\TOUgh another CGL bloek. The last P‘Mt of the critical path 18 U\FOUgh the
XOR gata in bit 7 — 1 0f the adder.

See the solution to p&ﬁ (D) for a d'\agram ShO\ng GQ\QyS Q\Oﬁg The critical path.

A common mistake was to eompum the GQ\&y U\T()Ugh 2 CLB in isolation, then Qompute the dQ\Qy through the CGL
in isolation and then add the two. That's & mistake in this case because the ¢ and b 'mputs to CLB arrive before the ¢
'mput. For the unrealistic model of 2 CLB-¢, the GQ\Q\/ is 5 from the a 'mputs but omy 4 from the ¢ 'mput.

Datailed t'\m‘mg for each case is shown helow.


http://www.ece.lsu.edu/ee3755/
http://www.ece.lsu.edu/ee3755/ln.html

(a) Provide a delay analysis for a hierarchical CLA with lookahead CGL and a CLB-c (blocks use
CLAs). Show both unrealistic and conservative delays.

unrealistic:

This Step Total Signal produced in this step.

0 0 Inputs (A, B, carry in)

2 2 P; generated within CLB-c.

3 3 G; generated within CLB-C.

2 5 c; generated by the m-input lookahead CLG outside the CLB-C's.
2 7 c; generated by the J-input lookahead CLG inside the CLB-C's.

2 9 The s; generated by a CLC inside the adder in the CLB-¢'s.
Conservative:

This Step Total Signal produced in this step.

0 0 Inputs (A, B, carry in)

1+1gl 1+1gl P; generated within CLB-c.

1+21gl 14 21gl G; generated within CLB-C.

2lgm 1+21gl+2Ilgm ¢ generated by the m-input lookahead CLG outside the CLB-¢'s.
21gl 1+4lgl+21lgm ¢, generated by the /-input lookahead CLG inside the CLB-¢'s.

2 3+4lgl+2lgm  The s; generated by a CLC inside the adder in the CLB-¢'s.



(b) Provide a delay analysis for a hierarchical CLA with lookahead CGL and a CLB-r (blocks use
ripple adders). Show both unrealistic and conservative delays.

The d'\agram Delow shows the critical PQU\ in red with both unrealistic and conservative d@\&ys shown \ong he PQU\.
Atter the d'\&gmm he GQ\&yS are shown in tabular form.

t=0 <—Unrealistic Delay

Red Wires on Critical Path

t=0 «— Conservative Delay Im bits anq 1 | bits 5+2(/-1)
B T} by 1+2lgim+2(I-1)
a| | by 0+3 CLB-rp,. itri 8
CLB-ry | It 0+1+2Ig | 1 I-bit ripple adder \ ) §
GO_ ¥ 5 - Gm-l (o]
< o ooo ooo =t
> ﬂ) Cm-1 | Pr-1 Cm
o :
I bits [Sm.1 '\ S
I-bit ripple adder Im bits \/ 5+2(/-1)+2 ; 54 o
Carry Generation Logic 1+2Igim+2(-1)+2 = 1 + 2lgn + 2/
G G Delay of Entire CircuAt
m-2
Pm. 3 2 T ‘
’ AN sl 1
o000 .%
Unrealistic
Delay
a5
Conservative Delay—— 1+2|g | + 2Igm = 1+2|glm
unrealistic:
This Step Total Signal produced in this step.
0 0 Inputs (A, B, carry in)
2 2 P; generated within CLB-c.
3 3 G, generated within CLB-¢.
2 5 c; generated by the m-input lookahead CLG outside the CLB-C's.
2(0—-1) 5+2(1-1) The ¢;—1 Tor the ripple adder inside 4 CLB-T.
2 T+2(1-1) The s;_1 for the ripple adder inside a CLB-T.
conservative:
This Step Total Signal produced in this step.
0 0 Inputs (A, B, carry in)
1+1gl 1+1gl P; generated within CLB-c.
1+21gl 14 2lgl G; generated within CLB-c.
2lgm 1+21gim ¢; In the m-input lookahead CLG outside the CLB-¢. (Note lga+1g b = 1g ab).
2(0—-1) —142lglm+20 ¢y generated by the -input lookanead CLG inside the CLB-C's.
2 1+2l1gim +21 The s;_ generated by a CLC inside the adder in the CLB-¢'s.



(¢) Provide a delay analysis for a hierarchical CLA with ripple CGL and a CLB-r (blocks use ripple
adders). Show both unrealistic and conservative delays.

unrealistic:

This Step Total Signal produced in this step.

0 0 Inputs (A, B, carry in)

2 2 P; generated within CLB-c.

3 3 G; generated within CLB-C.

2(m—1) 1+2m Cm—1 generated by the m-input lookahead CLG outside the CLB-C's.
20-1) —14+2m+2I The ¢z—q Tor the ripple adder inside & CLB-T.
2 1+2m+2] The s;_1 for the ripple adder inside a CLB-T.
Conservative:

This Step Total Signal produced in this step.

0 0 Inputs (A, B, carry in)

1+1gl 1+1gl P; generated within CLB-c.

1+21gl 14 2lgl G; generated within CLB-c.

2(m—1) —142lgl+2m ¢y of the m-nput ripple CLG outside the CLB-C's.
2(0—-1)  —2421gl+2(m+1)c;—1 generated by the -input lookahead CLG inside the CLB-¢'s.
2 21gl+2(m +1) The s;— generated by a CLC inside the adder in the CLB-¢'s.



