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CSE 140 Spring 2017: Final, Due 10PM 6/15/2017

This is an open book final. The exam contains four problems. Web searches
are encouraged. If there is any uncertainty about the problems, make and state your
assumptions. Each person is supposed to work by oneself. Thus, no discussion is allowed.

1. (Boolean Algebra) Prove the following Boolean theorem using Boolean laws only, i.e.
no theorem is allowed for the proof. State the name of the law for each step of your
proof.

z+1=1 (1)

2. (Switching Function) A set of switching variables a, b, ¢, d, e has the values defined by
the following simultaneous switching equations.

a+b+c=1 (2)
V+cd+d=1 (3)
c+d+e=1 (4)
at+c+e =1 (5)
a+b+d=1 (6)

Use a switching function f(a,b,c,d,e) to cover the values of the variables as its On-Set
F'. In other words, a min-term m; belongs to F if and only if the corresponding binary
code (a,b, c,d,e) = i satisfies the above equations.

2.1 Check which of the following min-terms belong to On-Set F.

mo, Ms, M1, M5, M3ag. (7)

2.2 Express function f(a,b,c,d,e) in a minimal sum of products form. Describe the
number of product terms and the number of literals.

3. (Retiming) Check the digital correlator circuit in paper, C. Leiserson and J. Saxe,
”Retiming Synchronous Circuitry,” Algorithmica, pp. 6:5-35, 1991. (The paper is posted
with the exam. You are encouraged to read the approaches and references of the paper,
but it is not required.) Suppose that each comparator § propagation delay is changed to
10 picosecond and each adder + propagation delay is changed to 50 picosecond (changed
from the numbers in the paper).

3.1 For the digital correlator circuit in figure 1 of the paper, what is the clock period
of the circuit (the delay of a longest path of combinational rippling)?

3.2 For the circuit in figure 2 of the paper, what is the clock period of the circuit (the
delay of a longest path of combinational rippling)?

3.3 For the same path between figure 1 and figure 2, that starts from and loops back
to the Host, the loop traverses the same number of registers. Explain that the host
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should experience the same responses from the two circuits in figures 1 and 2. State your
explanation in no more than four sentences.

3.4 With aggressive retiming, what is the minimal clock period that can be achieved
for the digital correlator in this paper? Hint: check figures 3 and 4 of the paper.

4. (System Designs) Follow the style of the routine Multiple in slide 5 of lecture 14
to describe your design. Suppose that module M ultiple(X,Y, Z, start, done) is used for
the multiplication operation. Design a system that inputs a 3-bit binary number n and
outputs its factorial n!.

4.1. Write the program. Explain the interface with module M ultiple(X,Y, Z, start, done).

4.2. Describe the data subsystem with a schematic diagram. You can treat module
Multiple(X,Y, Z, start, done) as a black box.

4.3. Draw the state diagram of the control subsystem and describe the control signals
using a truth table.




rivy) =0 r{vg)=-I r{vg)=-2

r{v;)=-I ri{va)=—I r{va)=—2  r{vg)=-2
Minimal Clock Period = 2 Comparator Propagation Delay + 1 Adder Propagation
Delay = (2 * 10) + 50 = 20 + 50 = 70 ps.
Rubrics:

3 points, if correct answer. No partial credit.

4. (System Designs) Follow the style of the routine Multiply in slide 5 of lecture 14.
Suppose that module Multiply(X,Y, Z, start, done) is used for the multiplication opera-
tion. Design a system that inputs a 3-bit binary number n and outputs its factorial n!.

4.1. Write the program. Explain the interface with module Multiply(X,Y, Z, start, done).

Solution:

Interface:




Program: (n ’)

Factorial(N, Zf, start, done, X, Y, Zm, mstart, mdone)

{

Input: N[2:0] type bit-vector, start type boolean, Zm[31:0] type bit-vector,
mdone type boolean;

Local-Object: F[15:0] type bit-vector, i[15:0] type bit-vector;

Output: Zf[15:0] type bit-vector, done type boolean, mstart type boolean,

X[15:0] type bit-vector, Y[15:0] type bit-vector; Wﬁ-
SO: if start’ goto SO || done = 1; Fi;t'. Z
Sl:SF = 1||| i=11| done =0]| if N == 0, goto S8;
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+—> 82: mstart = 0 || if mdone’, goto S2;
S3: if i == 1, goto S5

S4: F = Zm[15:0]

S5: if i >= N, goto S8; [

S6: i =i+ 11| X&F; . ‘("‘ :
S7: Y& i,|| mstart = 1 || if_mdone, goto S7 else goto S2;. @ 5 )

S8: zf = F || _done = 1 |I_goto SO;

The module Multiply is executed every time we want to perform a multiplication when
computing the factorial. F and i are connected to X and Y inputs of Multiply. mstart is
connected to the input start of Multiply. The output Z of Multiply is connected to Zm.
The output done of Multiply is connected to mdone. Initially mstart is set to 0, and we
wait until mdone becomes 1. Then X and Y, are updated with the new values of F and
i, and mstart is set to 1. We then wait for mdone to become 0, when this happens we
know that Multiply has started execution. We then set mstart to 0 and wait for mdone
to be 1. When this happens we know that Multiply has finished execution and that the
multiplication result has been reflected in the input Zin, which we load to F. We then
continue our program to compute the factorial.

Rubrics:

6 points, if the program is correct with explanation for the interface.

Subtract 1 point, if the interface explanation is missing.

Subtract 1 point, if there is a logical mistake in factorial calculation.

Subtract 0.5 points, if the check for mdone == 1 is missing before calling Multiply.
Subtract 0.5 points, if mdone == 0 is not checked and mstart = 0 is not set.
Subtract 0.5 points, if inputs, local objects and outputs are missing or incorrect.
Use the assumptions mentioned by students to evaluate the above conditions.

0 points for no attempt.

4.2. Describe the data subsystem with a schematic diagram. You can treat module
Multiply(X,Y, Z, start, done) as a black box.

Solution:




State Diagram:

Rubrics:
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Rubrics:

5 points, if the schematic diagram for the data subsystem is correct.
Subtract 1 point for every missing/unnecessary register or selector or control signal

or operator like INC or wire.
Subtract 1 point if there is a missing label on selectors, registers or Multiply.

Subtract 2 points if missing the Multiply module.
Please refer to the program of the student when checking above.

4.3. Draw the state diagram of the control subsystem and describe the control signals
using a truth table.

Solution:
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CSE140 Final, Saturday June 8, 2019, Name ID

III. A sequential adder)inputs (a2;,b2;) and (azii1,b2i11), the 2i’th and (2i + 1)’th bits of two
binary numbers in each clock cycle for i = 0 to 5 — 1 and outputs the sum s,;,52;41, where n is

the number of bits and is assumed to be even. Implement the adder with a D flip-flop, Lwo Full
Adders and a minimal network of AND, OR, NOT gates. (15 points) ab O\ b;;

1. State table (8 points)

Cag

e -1: two-bit serial adders without carry out 2i+2.

e -2: incomplete two-bit serial adders with carries
e -4: two-bit serial adders without carry in or write carry in as output.

e -6: only state table for one-bit serial adder. S‘ﬂ S;{

2. Diagram (7 points)
e -2: each mistake.

e -4: wrong diagram with one D F-F and two full adders.

IIL.1. Write the state table to describe the next states and outputs as functions of present state and
inputs. (8 points)

Answer: Input aj;;1.2; and by;y .2, output sum sy;. 1.2, the carry in c¢y; to digit 2i and carry out
c2i+2 from digit (2i+ 1) are connected by the D F-F,

D=cy2, Q=ca.

IIL.2. Draw the schematic diagram. (7 points)
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CSE140 Final, Saturday June 8, 2019, Name ID

agit12i | baisrai | €2 | cair1 | it | S2iv12i
00 00 0 0 0 00
00 00 1 0 0 01
00 01 0 0 0 01
00 01 1 1 0 10
00 10 0 0 0 10
00 10 1 0 0 11
00 11 0 0 0 11
00 11 1 1 1 00
01 00 0 0 0 01
01 00 1 | 0 10
01 01 0 1 0 10
01 01 1 1 0 11
01 10 0 0 0 11
01 10 1 1 1 00
01 11 0 1 1 00
01 11 1 1 1 01
10 00 0 0 0 10
10 00 1 0 0 11
10 01 0 0 0 11
10 01 1 1 1 00
10 10 0 0 1 00
10 10 1 0 1 01
10 11 0 0 1 01
10 11 1 1 1 10
11 00 0 0 0 11
11 00 1 1 1 00
11 01 0 1 1 00
11 01 1 1 1 01
11 10 0 0 1 01
11 10 1 1 1 10
11 11 0 1 1 10
11 11 1 1 1 11

IV. Counter: Given a modulo 8 counter, construct a counter that counts in a repeated sequence
(1,2,5,6,7,0) with minimal networks of AND, OR gates. Assume that NOT gates are free. (15
points)

1. Truth table (8 points)
e -1: for each wrong/missing entry.
2. Diagram (7 points)

e -1: missing labels (CLK, CNT, LD, D and Q).
e -1: not using minimal networks for LD and D.
e -2: wrong LD or D.

e -1: wrong CNT.
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. Serial Adders:

Il.1. A sequential adder inputs ai, bi, the i'th bit of two %nary numbers in each clock cycle for i =0to n -1
and outputs the sum si-Implement the adder with a T flip-flop, and a minimal AND .OR-NOTnetwork (if
the network is needed). Write the state table, to describe the next states and Yitputs.
Draw the schematic diagram. Qu (<2 a:% ‘ 8,7 i

Class Notes et

I.2. A sequential three-at-a-time adder inputs ,TB'i, el, the i'th’Bit of three il%ﬁ'l numbers in each clock
cycle fori=0to n-1and produces the sum si Implement the adder with a minimal number of Full
Adders and two D flip-flops. Other logic components are not needed, nor available. Draw the logic
diagram




.CSE140 Spring 2009, Final, 3-6PM, Tuesday,June 9, Name
General Statement: In this exam, we assume that every input comes with its complement.

I. Adders/Subtracters: A Half Subtracter inputs two bits x and subtrahend y, and outputs the difference d
and borrow-out bout, while a Full Subtracter inputs three bits x, subtrahend y and borrow-in bin,and
outputs the difference d and borrow-out bout

I.1. Write the truth tables of the Half Subtracter and the Full Subtracter. Describe those logic using
minimal sum of proucts expressions.

1.2. Implement a Full Subtracter with only one Half Subtracter and a minimal two lev el NOR gates.
Drawthe logic diagram.-




