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Question 1 —[15 marks]

a. Ina4-variable Boolean space consider the 2-cube A = x1x1. Thereis exactly one other cube,
B, forwhichA* B =/

i. Givethe cubeB:

ii. Isthefollowing statement true or false: For every possible 2-cube, G, there exists
exactly one other 2-cube, H, for whichG* H = A&

ANSWER (circle one): true or false

iii.  Proveor provide a counter example of the following statement: In an n-variable
Boolean space, for each (n-1)-cube, K, there exists no other cube, L, for which
K*L=A

ANSWER:



Vi.

Is the following statement true or false: In an n-variable Boolean space the number
of (n-1)-cubes that existsis equal to n.

ANSWER (circle one): true or false

In a4-variable Boolean space consider the cube A = x1x1. Define another cube, Z,
suchthat Z # A = Z. How many cubesin total exist that satisfy this constraint?

ANSWER for Z:

ANSWER for total number of cubes:

Consider a 4-variable Boolean space. For any cube 2-cube, G, how many other
cubes, H, exist such that G # H generates multiple cubes?

ANSWER:




Question 2 — [10 marks]

i.  Given the following prime implicants for a function, circle the essential prime implicants:

f (X1, X2, x3, x4, x5, x6) = {0x11x0, 0x111x, 01x011, Ox110x, 101111}

il.  For afunction, f, consider the following cover:
f (X1, X2, X3, x4, X5, x6, x7) = { X101XX1, X1011X0, X1010X0, 1X0111X}

List the prime implicants of f. Y ou can use the space on the next page for rough work if
needed.

Prime implicants:

Give aminimal cover for f:




Question 3 —[15 marks]

a. Consider the circuit below:

x1

X2 a

x3
Consider each of the stuck-at faults b/0, ¢/1 and /0. For each of these faults, specify the values
needed on wires a, b, ¢, and inputs x1, x2, x3 to test for the existence of each fault. List all of the
test vectors that can test for each fault.
ANSWER:

b/0:

c/1:

f/0:



b. Consider the circuit below

E%ﬂ

x1
I
an/d : A

and
C

X2 a

X3

What is the purpose of the topmost AND gate? Be as specific as possible.

ANSWER :

Consider each of the stuck-at faults d/1 and d/0. For each of these faults, specify the values
needed on wires a, b, ¢, and inputs x1, x2, x3 to test for the existence of each fault. List all of the
test vectors that can test for each fault.

ANSWER

d/1:

d/o:



Question 4 —[15 marks]

Design an asynchronous sequentia circuit with two inputs C and T, and one output Q. If T =1
then Q should change whenever C changes, and if T =0, then Q should remain stable. (Thisis
likeaT flip flop that is sensitive to both positive and negative clock edges.)

Give the corresponding state diagram. (Label the inputs as TC on the arcs in the diagram).
ANSWER:

Give the flow table
ANSWER:



Give the excitation (state assigned) table. (Label the present states y2y1 and next state Y 2Y 1).
ANSWER:

Give Boolean expressions for the next state and output variables. Y ou may use the blank space
on the nest space to derive your answers.
Boolean Expressions:



Give the corresponding circuit using only NAND gates and inverters.
Circuit:

Space for Rough Work for Deriving the Boolean Expressions:



Question 5—-[10 marks]

Reduce the following primitive flow table for an asynchronous sequential circuit to a state table
with aminima number of rows. Give aMealy output table for the FSM. Show your work by
giving the reduced flow table after state reduction based on output values (and next-state entries)
but before merging of states, the merger diagram, and the reduced table after merging of states.
Use the space on the following page for rough work if needed.

xIx2 | xIx2 | xIx2 | x1x2 | Output

Present state § 00 01 10 11 z
A A C - K 0
B - C B F 0
C A C G - 1
D D J - K 0
E A E B - 0
F H - G F 1
G - C G F 0
H H M - F 1
I - J I F 0
J D J I - 1
K D - I K 0
L D - B L 1
M H B - 0

ANSWER for reduced flow table based on output values and next-state entries (before merging):



Merger diagram:

ANSWER for fina reduced flow table after merging:



Question 6 —[10 marks]

i.  Inyour VHDL code for several of the labs you instantiated a tri-state buffer connected to
the M68K DTACK signal. Why is this buffer needed?

ANSWER:

ii.  Inthe SRAM part of the processor |ab the following statement of VHDL code (or
something similar) appears:

srama(17 downto 0) <= address(18 downto 1) when m68k_master="1" else
( "000000000" & proc_addr( 8 downto 0) );

What is the purpose of this statement?

ANSWER:

iii.  Inthe processor lab, the following statement of VHDL code (or something similar)
appears:

saddress <= ("1" & RO( 7 downto 0) ) when ldstw="1" else
("0" & PC(7downto0));

What is the purpose of this statement?

ANSWER:



iv.  What isthe purpose of wrapper.vhd and wrapper.acf?
ANSWER:

wrapper.vhd:

wrapper.acf:



