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2  (                                             points)         min.  

State diagram coding in Verilog (you may refer to the Cadence (Esperan) Verilog guide): 

Consider the following  partial flowchart and the corresponding partial state diagram along with 
the Verilog code segments written by four students.   

2.1 Notice that  code #3 is similar to code #1, except that code #3 is 
perhaps unnecessarily (but harmlessly) more verbose (like my 
wife! don’t tell her). Code #4 is formed by removing the three 
occurrences of "else" in code #3. Code #2 is essentially the 
reverse ordering of code #3. Write  "Right" or "Wrong" below for 
each.
Code #1 _______  ; Code #2 _______  ; Code #3 _______  ; Code #4 _______  ; 

2.2 Now consider the incomplete Code #5 on the side along with the 
Karnaugh map representation of the desired state transitions. 
If  all the three, A, B, C, are true, state gets assigned with S3, gets 
reassigned with S2 and further reassigned with S1. Since the last 
assignment prevails over the prior assignments, in this case, state 
finally goes to S1. Note that there is no if clause leading back to 
S0. Complete the "if" conditions in code #5. Else state reasons 
why it can not be completed.
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S2

S3
A A B

A B C

A B C

S0: 
 begin

if (A)
state <= S1;

else
if (B)

state <= S2;
else

if (C)
state <= S3;

else
state <= S0;

 end

S0: 
 begin

if (A)
state <= S1;

else
if (!A && B)

state <= S2;
else

if (!A && !B && C)
state <= S3;

else 
if (!A && !B && !C)

state <= S0;
 end

S0: 
 begin

if (A)
state <= S1;

if (!A && B)
state <= S2;

if (!A && !B && C)
state <= S3;

if (!A && !B && !C)
state <= S0;

 end

S0: 
 begin

if (!A && !B && !C)
state <= S0;

else
if (!A && !B && C)

state <= S3;
else

if (!A && B)
state <= S2;

else  // there is no if A
state <= S1;

 end

#1 #2

#3 #4

S0: 
 begin

if ( ) // write either B or C
state <= S3;

if ( ) // write either B or C
state <= S2;

if (A)
state <= S1;

 end
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2.3 Combinational logic coding:

The result R is either the sum SUM of  A and B (A+B) or the difference DIFF X minus Y (X-Y), 
depending on which ever is greater. Assuming that all needed declarations are already made 
appropriately (as reg or wire), complete the always block below.  

Sequential logic coding: The above design is modified to have registered outputs. These registers 
shall be updated only in COMP state. Complete the RTL (datapath operations) in the COMP state 
(COMP case branch). The case statement is in an always block( always @ (posedge CLK) ).  

3  (              10           points)   7  min.  

Reproduced below is a Fall 2008 Quiz question together with its answer. 

+
-

A
B
X
Y

I0

I1S
Y

P
QQ>P

RSUM
DIFF

always @(            )
begin

SUM A + B
DIFF X - Y
GT_Int  

DIFF_GT   GT_Int 
if (GT_Int)

R
else

R
end

Out of the three SUM, DIFF, R, we 
need to assign ___________________ 
using __________________ (blocking /
non-blocking) assignment operator only,
where as we can assign _________  
using any one of the two operators.

DIFF_GTGT_Int
GT internal signal

+
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B
X
Y
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Y

P
QQ>P

RSUM
DIFF

COMP:// COMP state case branch
begin

SUM A + B
DIFF X - Y
GT_Int  

DIFF_GT   GT_Int 
if (GT_Int)

R
else

R
end
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(STATE == COMP)

[7:0] [7:0]

Out of the three SUM, DIFF, R,we 
need to assign ___________________ 
using __________________ (blocking /
non-blocking) assignment operator only,
where as we ______________________  
_________________________________

QCOMP
one-hot CU notation

Number system, adder design: You are looking for a 3-bit adder/subtractor, which can perform addition
or subtraction of signed or unsigned 3-bit numbers and produce appropriate sum/difference together with
overflow information. You are given the following 4-bit adder/subtractor chip. Your lab partner connect-
ed it to A[2:0], B[2:0], and SUM[2:0] as shown below. He is not sure whether this is so far correct and
also he does not know how to proceed with X0 and Y0 (i.e. whether to connect 0,0 or 0,1, or 1,0, or 1,1).
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3  (          42           points)   25   min.  

3.1 Byte addressable processors: Shown on the side is the memory 
interface to a 64KB chip in a system based on 32-bit data, 32-
bit logical address byte-addressable processor. Notice that the 
Data lines are not labeled. Among the 4 choices below, pick as many 
potential right choices for labeling the data lines and explain your 
choices.
(i) D[7:0]  (ii) D[15:8]  (iii) D[23:16]  (iv) D[31:24]
_________________________________________________
_________________________________________________
_________________________________________________
Let us say, this 64KB chip got burnt out. Until we replace the 
chip, we should avoid using a 64KB range of memory locations 
or more or less? Specify the size of the memory space and its 
range in hexadecimal that we need to avoid. _______________ 
_________________________________________________
____________________________________________________________________________
____________________________________________________________________________
____________________________________________________________________________

3.2 A SWAP operation of $4 and $5 is 
shown on the side for initial contents of 
3 and 4. Assume that the registers and 
the ALU are 4 bits wide (instead of 32 
bits wide). Show what happens if the 
initial contents are 1110 and 1111 in 
binary. 

Would you use ADD and SUB 
instructions to perform the swap 
operation or ADDU and SUBU ? 
Explain. ________________________

3.3 State diagram coding in Verilog: The following is an extract from our Fall2010 quiz exam. And 
we know that both code snippets (#1A and #1B) (which are parts of their respective clocked 
always procedural blocks) correctly represent the partial state diagram on the  left.   

A31
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A18
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S0

S1

S2

S3
A A B

A B C

A B C

S0: 
 begin

if (A)
state <= S1;

else
if (!A && B)

state <= S2;
else

if (!A && !B && C)
state <= S3;

else 
if (!A && !B && !C)

state <= S0;
 end

S0: 
 begin

if (A)
state <= S1;

if (!A && B)
state <= S2;

if (!A && !B && C)
state <= S3;

if (!A && !B && !C)
state <= S0;

 end

#1A #1B

SLR_A

DLR_A

SLR_B

DLR_B
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3.3.1 A later _________________________________ (concurrent assign statement / procedural 
assignment) overrides an earlier such assignment in a _________________________________
_____________ (clocked procedural block / combinational procedural block / either / neither).

3.3.2 What happens if we remove the lines in the two double-line rectangles, DLR_A and DLR_B?
A possible answer (removing the loop around S0) is shown on the right.
Do you agree with the possible answer?  Yes  /  No 
If you disagree, show the correct answer by modifying one or two of the left-side diagrams.
Did we violate the A.I or M.E. requirements? _______________ (A.I. / M.E. / Both / Neither).    

3.3.3 What happens if we remove the lines in the two single-line rectangles SLR_A and SLR_B.
A possible answer is shown on the right.
Do you agree with the possible answer?  Yes  /  No 
If you disagree, show the correct answer by modifying one or two of the left-side diagrams. 
Did we violate the A.I or M.E. requirements? _______________ (A.I. / M.E. / Both / Neither). 

3.4 Synchronous counter 
coding: As shown on the 
side, many technicians code 
combinational logic 
separately and use a clocked 
always block just to update 
the registers, whereas 
engineers code the register 
together with the upstream 
combinational logic in one 
clocked always block. 

The 2 lines in EngBox:
OK to leave them commented? Y/N 
OK to uncomment them? Y/N

The 2 lines in TechBox:
OK to leave them as is? Y/N
OK  to comment them out? Y/N 
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2  (   10+20+20+20+30  =  100  points)   60 min.  Inches => Feet => Yards conversion

2.1 Given below are two designs of a divider, doing division by repetitive subtraction. 
Mealy #1 design produces _____________ (right / wrong) results.
Mealy #2 design produces _____________ (right / wrong) results.
________  (Mealy #1 / Mealy #2) is less efficient than  _______  (Mealy #1 / Mealy #2) because 
it takes ________________ (one more / one or several more) clock(s) _________________ 
(always / sometimes). Give an example data and highlight the difference between them. _____
____________________________________________________________________________
____________________________________________________________________________ 

2.2 Using the above efficient Mealy division method above, complete the following 
inches => feet => yards converter below.  

2.3 Do this after you do Q#2.4 and Q#2.5 on the next page. Fill-in the clocks spent in the table below. 

10
pts

I

X  <=  XIN;
Y  <=  YIN;
Q  <=  0;

C

X <=  X - Y;
Q <=  Q + 1;

D
(DONE)

(COMPARE (INITIAL)

START

START

END

and UPDATE)

~R
E

S
E

T X  >  Y

X  <  Y

if (X  >=  Y)

END

Mealy #2

I

X  <=  XIN;
Y  <=  YIN;
Q  <=  0;

C

X <=  X - Y;
Q <=  Q + 1;

D
(DONE)

(COMPARE (INITIAL)

START

START

END

and UPDATE)

~R
E

S
E

T X  >  Y

X  <  Y

if (X  >=  Y)

END

Mealy #1

20
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if
I

Inches  <=  Inches_ini;
Feet  <=  0;
Yards  <=  0;

C_FEET

D
(DONE)

(COMPUTE FEET) 

(INITIAL)

START

START

ACK

~R
E

S
E

T

Inches  <=  Inches - 12;
Feet  <=  Feet + 1;

C_YARDS

Feet  <=  Feet - 3;
Yards <=  Yards + 1;

(COMPUTE YARDS) 

if

ACK

20
pts
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2.4 Redesign the state machine of Q#2.2, this time converting inches to yards first and then the leftover 
inches to feet next 

2.5 Our principle designer, Mr. Trojan, observes that the design of Q#2.2 can be improved by merging 
the C_FEET and CYARDS states into one combined state, called, say, COM (for compute), in which 
we convert inches to feet (as before in the C_FEET state) and also, whenever enough feet (3 feet) 
gathered or about to gather (i.e. we have 2 feet and we see that another foot is coming, because 
currently inches are 12 or more), we convert the feet into an Yard. This way, to convert feet to yards, 
we incur _________  (zero / fewer) extra clocks (extra = over and above the clocks needed to convert 
inches to feet). Complete the state diagram.   

2.5.1 We can apply the above idea to our design in Q#1.1 and save clocks in checking divisibility by 3. T / F 

20
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if
I

Inches  <=  Inches_ini;
Feet  <=  0;
Yards  <=  0;

C_YARDS

D
(DONE)

(COMPUTE YARDS) 

(INITIAL)

START

START

ACK

~R
E

S
E

T

Inches  <=  Inches - 36;
Yards <=  Yards + 1;

C_FEET

Inches  <=  Inches - 12;
Feet  <=  Feet + 1;

(COMPUTE FEET) 

if

ACK
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I

Inches  <=  Inches_ini;
Feet  <=  0;
Yards  <=  0;

COM
D

(DONE)
(COMPUTE) 

(INITIAL)

START

START

ACK

~R
E

S
E

T

Inches  <=  Inches - 12;

if

ACK

Feet  <=  Feet  -       ;

if

begin

begin

Yards <= Yard s +     ;
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Fall 2018                                                EE354L                       Instructor: Gandhi Puvvada
                                                   Midterm Exam (20% to 25%) Date: Oct 29, 2018, Friday 
                                                Closed-Book Closed-Notes Exam Time: 9:00-11:50 AM EEB132

Name: Total points:  250    
Perfect score:  245 /  250           

1  (  40   points)  25  min.   State Machine design 

Given below is solution to Q#2.5 of the midterm of Spring 2018.  

Following the above example, let us convert Inches (I) => Feet (F) => Yards (Y) => Furlongs (FL) => Miles (M).
One Mile = 8 Furlongs (used in UK and in India, but not so much in the US).   One Furlong = 220 Yards. 
Note that it is convenient to use the above suggestion in the small rectangle regarding taking 
advantage of later assignments overriding earlier assignment in HDL coding. Try to reduce cost 
and improve speed by avoiding unnecessary subtractions such as (Feet - 2) under  the condition 
"if (Feet == 2)". You can replace the statement "Feet <= Feet -2;" with "Feet <= 0;". 
Do not worry about the sizes (bit-widths) of the various registers. Complete the following state diagram.

..., whenever enough feet (3 feet) gathered or about to gather (i.e. we have 2 feet and we see
that another foot is coming, because currently inches are 12 or more), we convert the feet
into an Yard. This way, to convert feet to yards, we incur ZERO (zero / fewer) extra clocks
(extra = over and above the clocks needed to convert inches to feet). 
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One engineer (we do not know if he is a Bruin or a Trojan) says the log nested "if" statement 
means a very slow clock as Miles incrementation takes several additions or subtractions or 
comparisons to finish before we decide whether to increment miles or not. Derive the condition 
for Miles incrementation and offer your analysis on the long nested "if" statement. __________
____________________________________________________________________________
____________________________________________________________________________
____________________________________________________________________________
____________________________________________________________________________
____________________________________________________________________________
____________________________________________________________________________
It takes less clocks if we need to convert inches into Yards only instead of up to miles.  T  /  F
Explain: _____________________________________________________________________
____________________________________________________________________________
____________________________________________________________________________
____________________________________________________________________________ 

2  (  80   points)  60   min.  State Machine Design

Reproduced below is the solution to Q#2.1 of Fall 2014 that you went through.   

Let us call the above design, a narrow-clock array-division. For our current design here, we are 
told that the clock is wide, so we are doing wide-clock array division. Here the dividends may not 
be exactly divisible. Since it a wide clock, we can do one access followed by one arithmetic 
operation (say X <= A[I] - B[I];) or if (A[I] >= B[I]) ). The single array access 
may be for writing also (say C[I] <= Q + 1;). But you are not allowed to do two accesses, 
say, for example C[I] <= A[I] - B[I]; though we may not want to do this anyways.
A[I] and B[I] are read-only and C[I] is write-only. So you should not store any new value 
at A[I] or B[I] or try to read C[I]. However, you are allowed to write multiple times in C[I] 

Array divider: Perform 10 divisions C[I] <= A[I] / B[I] for I going from 0 to 9.  Here
the dividends are exactly (evenly) divisible by the divisors. So you do not record any remainders. 

The array access time is about 80% of the clock period. So you cannot access and simultaneously
perform a comparison or subtraction operation on the accessed items in the same clock. So, do
not write  "if (A[I] > B[I])"  or  "if (A[I] == B[I])"  or  "A[I] - B[I]". 
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5  (   8 + 8 = 16        points)   10  min.  Schematic => Verilog Coding 

Given below is a small schematic and the associated Verilog code containing two assign 
statements and three always clocked blocks. Rewrite the code without any assign statements in 
two ways: Method #1: one clocked always block Method #2: Q1 and Q2 generated in one always 
clocked block and Q3 generated in a separate clocked block. Do not worry about the data types 
of signals (wire or reg). Let us assume that they are adjusted accordingly.  

8+8 pts

CLK

D QD3_Int  Q3

CLK

CLK

D Q
D2 Q2

CLK

CLK

D Q
D1 Q1

CLK I0

I1
Y

SD3

EN

X

module Inputs/Outputs

D1

D2

D3

X

Q1

Q2

Q3

EN and D3_Int are internal 
signals (not module port pins)

Method #1: one clocked always block Method #2: Q1 and Q2 in one always block
Q3 in another

We enjoyed teaching this course. Several of you made very interesting projects. Hope to see you in EE457. - Gandhi




