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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.

SO: SO:
begin begin
if (A) if (JA && 1B && 10)
state <= S1; state <= S0O;
else else
if (B) if (JA && 1B && C)
state <= S2; state <= S3;
else else
if (O if (1A && B)
state <= S3; state <= S2;
else else 7/ there is no if A
state <= SO; state <= S1;
end Nested "if" => Preferred end Nested "if" => But unnatural
coding method! order. Full conditions.
Less readable : (
SO: SO: Separate "::Lf" 5tatement5‘=l>
begin pegin . AL e e e
T A T () Ty e tior aooigmmente.
state <= S1; state <= S1:
else
if (A && B) if (1A && B)
state <= S2; state <= S2;
else

if (1A && B && C)
state <= S3;
else
if (1A && 1B && IC)
state <= SO;

end Nested "if" => But

if (JA && 1B && C)
state <= S3;

if (1A && 1B && 10)
state <= SO;
end

unnecessarily verbose by

writing full conditions. SO:
2.1 Notice that code #3 is similar to code #1, except that code #3 is | begin
]‘ix G perhaps unnecessarily (but harmlessly) more verbose (like my if (C) // writenorsoxc

- Ce wife! don’t tell her). Code #4 is formed by removing the three
¢ Lonudoceurrences of “else™ in code #3. Code #2 is essentially the
- reverse ordering of code #3. Write "Right" or "Wrong" below for

b

correck each.
ok

ode 1 Right - Code #2 Right : Code #3 Right - Code #4 Right ;

state <= S3;

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

if (A)//\u:iheherﬂcrc

Now consider the incomplete Code #5 on the side along with the state <= S1;
Karnaugh map representation of the desired state transitions. end

all the three, A, B, C, are true, state gets assigned with S3, gets BC —~—B

. : . . : ANC00 01711 10
eassigned with S2 and further reassigned with S1. Since the last

. : : . — o [so][s3][s2] 2]
assignment prevails over the prior assignments, in this case, state
finally goes to S1. Note that there is no if clause leading back to A[l [s1]s1]s1]si
S0. Complete the "if" conditions in code #5. Else state reasons <

why it can not be completed.

Later please go through the Fall 2018 Midterm Q#l

Furleongs to Miles.

override earlier assignments (to the same variables) .

EE457 Quiz - Fall 20103 /9

dealing with the coding of Inches to Feet to Yards to
This makes us understand and appreciate how we used the fact that the later assignmnets

(C) Copyright 2010 Gandhi Puvvada
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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.

SUM

Al
B_EN DIFF
X__|
-]
P
Q

Out of the three SUM, DIFF, R, we
need to ai)sio SUM ard D (FF
using cKimg (blocking /
non-blocking) assignment gerator only,
where as we can assign

using any one of the two operators.

10
11S

GT Int

GT internal signal

DIFF_GT

Q>P

always @(C A, B, X Y )

begin
SUM =A+B}
DIFF = X -

GT_Int = (D(FF > SOM) j

DIFF_GT =GT_Int;// <" waly

it (GT_Int)
R
else
R

e

= SUM,; [[*&"ix alp of

end

DIFF ) J/ '€ isalwod

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) ).

R

[7:0] [7:0]
CLK

10 DQl

CLK

DIFF|GT

. Qcomp
(STATE == COMP) sreForcomommom 5|

R

OutofthethreeSUM DIFF, R,we

need to ai)slo and DI(FF
using ek ““9’ (blocking /
non-blocking) asmgnmeP_t operator onIy,
where as we _Cssign lo R (a phayacal

\'9.31,&@ Ufieng TR Yon- (oloeb‘"? opgr

q

COMP:// COMP state case branch
begin
SUM

S SUM))

DIFF_GT <GT_Int )
it (GT_Int)
R &< DIFF,
else
R & SUM;
end

pe
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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.

SO: SO:
begin #1A begin #18
if (A) if (A)
state <= S1; state <= S1;
else
if (1A && B)  |SLRA if (1A & B)  |(SLRB
state <= S2; state <= S2;
else DLR_A DLR_B
if (1A && 1B && C) l if (1A && 1B && C)
state <= S3; state <= S3;
else
if (1A && 1B && 10) if (JA && 1B && 10)
state <= SO; state <= SO;
end end

Lon pox font Poir\t Kooenl . Codimg @ Alall weochine in PO L wging, ¢ Case g2tale maml will viever

d . N C. L rules | T asmsi alues Thore ix aly
ause viokalon gl ME.or A:L It:’t4b/QL?i?-ﬂ<’:l)lll?UQf5‘?Jli? s v @)&U%[;\)ﬁ"lgnt D013 Gandm pwada

inplicd N Q‘Al?v\w\wt ) Ltmlk - $ we did nof cover al xa,mrio;,‘,:‘m Gk ool tevarcios, Thu Rlal doe’
nol clhhamge . So vewovimg SCR_A and SLR-B Aid nol cauge AT vielalion.
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3.3.1 Alater pro coduval arsi g ont (concurrent assign statement /[procedural |
assignment) overrides an earlier such assignment in 2z ¢ fh e«

_ (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 SO0) 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.l or M.E. requirements? __ Al e i fi ex (A.l./ M.E. / Both / Neither).
No Q)nm\gt 6 possible answer
ABC | Alak diogrom S ABC
o) .o o | (SN T
Like T @ el mownory
. - S2
WM telain ke content
unlags il (s CLomsigumd

DLR-B.

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.

Equumcﬁci dusigaoxh do not oscill lhcodu ;i DLR_A onnd

Can ‘C'(‘*’"‘“P“E‘a Did we violate the A.I or M.E. requirements? _ Aizifh oc (A.l./ M.E. / Both / Neither).

A-(c= ) | R | ihidy puerly OS2 [S& POSSIDIE answer_
AB-C +|A B ‘ﬁ\taﬂ ?h r},mouo[/ AB-
so Y/~

<l i < AB-C

s1 s3

T Q,ﬂvrwt_
Rolh Slal SQS - (I R P wadil 4
o Tha A B conclidzonw sz ffealivr )
Borve tmnsgcrfic{ o I Mol SO o mwﬂmm icde «

Synchronous counter

) Technician’s way
coding: As shown on the

Engineer’s way

side, many technicians code

combinational logic

separately and use a clocked

always block just to update
the registers, whereas

. . begin : COUNT BLOCK
engineers code the register if (clr) always @ (*)
together with the upstream Q <= .|| vegin
combinational logic in one . ' if (clr)
else if (load)
clocked always block. 0 <= BA; Q next = ;
The 2 lines in EngBox: sise if (em Elseglze;:nl 0+ 1;
OK to leave them commented? \Y/N Q<=9+ else if (load)
EngBox // else

OK to uncomment them? /N Q next = BA;

/1 Q<= Q; = —
The 2 lines in TechBox: end else TechBox

OK to leave them as is?\Y/N
OK to comment them out? YIN

always @ (posedge clk)

always @ (posedge clk)
begin
Q <= Q next;

end

end

Q next = Q; |

Sf\cornbichIOncJ_fggklcxmiam T;dEnxk&\r;\“okg soce Thal @ value Qwﬂgvtofriﬁﬁ QQIPAf

(n ﬂ.rutrub i)cws la_\\’o(-kafﬁ\ T codt . OTharwine Lalohes (sl be in#rrgo(.
(C) Copyright 2013 Gandhi Puvvada
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In some of the RTL designs, we find the use of the following HDL rule produces a convenient understandable design.
Rule: a later assignment overrides an earlier assignment in a procedural block.
Notice this in the Miles/Furlongs problem in the sequence of problems below.

C_FEET
(COMPUTE FEET)

1

(INITIAL)
Inches <= Inches_ini;

START

if (Inches >=12)

Feet <= 0;
Yards <= 0;

Feet <= Feet+1;

Inches <= Inches - 12;

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 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. 10 divided by 5
takes 3 clocks in C state in Mealy #1, where as it takes only 2 clocks in Mealy #2 in C state. In all evenly divisible by
divider cases, Mealy #1 wastes one clock by going back to the C state when (X ==Y).

E START X>Y E START X>Y
7 7
c c

(INITIAL) nd UPDATE) (INITIAL) nd UPDATE)

X <= XIN; X >= Y) X <= XIN; if (X >=Y)

Y <= YIN; X< X-¥; Y <= YIN; X<=X-%;

Q <= 0; Q<=Q+1; Q <= 0;

2.2 Using the abewe-efficient Mealy division method above, complete the following
inches => feet => yards converter below.
‘ (Inches > 12) | ‘ (Feet > 3) |
= START
7

[nchee) « (Futz 2]
C(Incheid o (Feet 23) 7

C_YARDS
(COMPUTE YARDS)

it (Feet >= 3)

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

23

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.

Clocks taken in the design of Q#2.2

Clocks taken in the design of Q#2.4

Clocks taken in the

design of Q#2.5
C_FEET C_YARDS C_YARDS C_FEET com
60 inches =1 Yard 2 feet O inches 5 2 2 2 5
61 inches =1 Yard 2 feet 1 inches 6 2 2 3 6
72 inches =2 Yard 0 feet O inches 6 2 2 0 6
84 inches = 2 Yard 1 foot 0 inches 7 3 3 1 7
MT . .
March 30, 2018 6:18 am EE354L Einak- Spring 2018 3 /7 @ Copyright 2018 Gandhi Puvvada
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2.4

inches to feet next

Redesign the state machine of Q#2.2, this time converting inches to yards first and then the leftover

START

~RESET

1

(INITIAL)
Inches <= Inches_ini;
Feet <= 0;

Yards <= 0;

START

‘ (Inches > 36) ‘

‘ (Inches > 12)

C_YARDS
(COMPUTE YARDS)

‘if (Inches >= 36) |

Inches <= Inches - 36;

(Inches < 36) && (Inches >= 12)

C_FEET
(COMPUTE FEET)

if (Inches >=12)

Inches <= Inches - 12;

Yards <= Yards + 1;

Feet <= Feet+ 1;

2.5

Our principal designer, Mr. Trojan, observes that the design of Q#2.2 can be improved by merging
the C_FEET and CY ARDS 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 fewer) extra clocks (extra = over and above the clocks needed to convert
inches to feet). Complete the state diagram.

START

~RESET

1
(INITIAL)
Inches <= Inches_ini;
Feet <= 0;

Yards <= 0;

START

‘ (Inches > 12)

()

COM
(COMPUTE)

it (Inches>=12) ‘

/

begin
%nches <= Inches - 12;

%
if {Feet == 2) |

begin
Eeet <= Feet - 2 ;
Yards <=Yard s +1 ;

(Inches <= 12)

end
else -
Feet <= Feet + 1; This "else" clause can be removed //
efd if we place Feet|<=Feet + 1;
& as a default assignment to "Feet"
up there. Then, it will be overridden
ACK by Feet<=Feet- 2 ; when (Feet =I;'- 2).

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

MT
EE354L Einak- Spring 2018 4/7
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SOLUTION

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.

‘ (Inches > 12)

' ACK

()

1
(INITIAL)
Inches <= Inches_ini;
Feet <= 03
Yards <= 0;

START

COM
(COMPUTE)

if (Inches >=12)

begin
‘qlnches <= Inches - 12;

l if (Feet==2) ‘

begin
Foot <= Feet - 23
Yards <= Yards+1 ;

else
| Feet <= Feet +1;

%

(Inches <= 12)

This "else" clause can be removed fL
if we place  Feet/<=Feet+1; -
as a default ass/i‘gnment to "Feet”

ACK

up there. Then, it will be overridden
by Feet<=Feet- 2 ; when (Feet =F 2).
/

..., 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).

Following the above example, let us convert inches (1) => 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.

START

~RESET

-

INI
I<=1_Ini;
F <= 0;
Y <= 0_ START -
> » ~
FL <= 0: S .
= 0- O
M <= 0; 3 -I'
1 D -
Il
] :_
5%
has

October 29, 2018 11:47 am

AF<=F+ 1

~

)

7
0

AM <=M +1

)

AY<:Y+1;
0

FL <= FL + 1

2
0
f (FL
{FL <

D

{y <

}

{F <

f (F

EE354L MT - Fall 2018 1/7
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One engineer (we do not know if he is a Bruin or a Trojan) says the Ifgr}g'f.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.

Several comparison conditions are evaluated in parallel, hence we do not expect to see significant impact on clock
speed.

Conditions for miles to be incremented:
(I>=12) & (F==2) & (Y==219)& (FL =17)

There are no subtractions or additions that the miles incrementation waits on :)
It takes less clocks if we need to convert inches into Yards only instead of up to miles. T /
Explain:

The clocks spent in COMP states are the clocks it takes to reduce I (Inches) by repetitively subtracting 12.
The rest of the items (Feet, Yards, Furlongs, and Miles) increment at appropriate times in the background
without taking extra clocks.

October 29, 2018 11:47 am EE354L MT - Fall 2018 2/7 (©) Copyright 2018 Gandhi Puvvada
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5 ( \@ pOil‘ltS) L@ min. C—l
Combinational feedback (example shown on the right) is g

| o a SIN, uwould cost my job 148
(a SIN, would cost my job / is correct, I'ﬂy boss would give me a rise).
Read each of the 4 code segments and state if we created a case of X=X+1
combinational feedback. Here 1, j, dcount, next decount are all 4-bit numbers.

Ty e e
(#1) (#2) (#4)
assign i = 1 + 1; always @ (*) always @ (*) begin: named USC
i=1i+4+ 1; reg [3:0] 7J;
g N PdeB
“-\\
(#3) o cod
always @(%*) 8
RS AXt:]j
Combinational feedback exists in
Code #1 Yes)/ No
Code #2 es)/ No
663(:6 always @ (posedge clk)
Code #3 Qgg)! No dcount <= next dcount;
Code #4 Yes f(g]_cp -

Code #4 is trying to design a decade counter, as you would have figured out. This decade counter
was purposefully not provided with any reset. We let it come up randomly to any value, including
illegal values, but it will soon fall into legal values. Please look at the code for proper usage of
blocking and non-blocking assignment operators, and state if there are any errors and also if there
is any flexibility anywhere of using either (either blocking or non-blocking).

Code qoo&

28 F oy il Cctu e avgildde \Qov I ~(»'ma9~ Cl/xscmqmm'f}s will ion Q_ Combinalimal

Qg8 rp\’o ceduval Kook . Here ,E&Laﬂ‘_&m Quigmiers 17_next.d count
Ccan owz, zr\OV\~ U»ock 9 . Y\lxtvdﬂ»ow"t < | d )

ee201_midterml_Sp2010_rl.fm

2.6 Draw the flip-flop and any additional logic (such as recirculating mux or some gates) inferred by
the following code snippets. Cross-out any bad coding snippets.
always @ (negedge clk, negedge rst) always @ (negedge clk, negedge rst)
begin begin e
if (~rst) Q <= 1’b0; if (~clk) Q <= 17b0; (#2
else Q <= D; —b o2 else Q <= D; b Q
end clk _ob end wndenivalole rst NS 9
CIR elhoics d& Riqmalk CIR
ret 7 O . Lk
always @ (negedge clk, negedge rst) always @ (negedge clk )
begin begin —
if (~rst) Q <= 1'b0; if (~rst) Q <= 1'b0;
else if (~en) Q <= D; else if (~en) Q <= D;
end end
- D D QQ Q
> — ¥
>
N st S cm rsl-

\Q&nlﬁk- gt'\t\i;' k‘:”} inle ﬁwg
4/30/10 EE201L Midterm #2 - Spring 2010 9/ 12
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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.

module Inputs/Outputs

D1
—iDl Ql—
CLE MLk b ol
—1D2 Q21—
) —)CLK

—D3 Q31— D l@2 -

— X CLK \_
EN and D3 _Int are internal —PCLK X/-

signals (not module port pins)

always @ (posedge CLK)
01 <= D1;

Q2 <= D2;

1
2
3
4 always @ (posedge CLK)
5
6
7 assign EN = Q1 & Q2 & X;
8

9 assign D3 Int = EN ? D3 : Q3;

10
11 always @ (posedge CLK)
12 03 <= D3 Int;
Method #1: one clocked always block Method #2: Q1 and Q2 in one always block
3 in another
233k CLK) Q
alurags @ (Por=Igt "D
bagin Slusargs @ (Pomsdge L
QL « Di; begun
Q2 < D2; QL < DL,
b (x 3 Q188:2) Qq < D2,

Q32 < D3; and
M cd-wa-ljé e ons;n..as,_ cLw)

\:;p.ﬁf.‘u’\

i

It is not desirable to do low-level coding of the i (x3Q1 2 @2)
AND gate and the mux by producing the @ 3 & DR
unneeded intermediate signals, EN and D3 Int. a

But if they are produced, they should be produced
using Blocking assignment operator. The three It is important that (X & Q1 & Q2), which is the
Q's shall always be assigned using non-blocking || upstream logic of Q3, stays in the always block
assignment operator. producing Q3. It is wrong if students put it in the
other always block.

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