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always € (sel, a, b)
if (sel)
op = a;
o) else
n op = b;
B.ﬂatf\ _____b
op
5
B
ond
page st

o have Ow9 or more mo re Than

A AalimenTs, bul j, [T
om.) z%m&ai T w::“ jor O bmiietrg-l'aﬂjm'l‘



Page 4 of 49




Page 5 of 49

page 44, ys o %, A%
™
always N
2
corabinalion Logia (@ mu*) Q
ll‘.“Y’ @(sel or a or b) always @(<event_i_expression>}
if (sel) '\/’ begin
op = a; -
+ —>sequential statement (s)
else ‘}H' {(‘L eid
o
op = b;
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SQ.WFGL lﬂﬂie (CL 'D—f-l'-)

always @ (posedge clk or negedge rst)
AL (rst == 0),
q <= 0;
else
q <= d;

ok (j?ﬁ) 2qmalily cheek
l‘.[.’ (N V’S*) Pl"t'ﬂf;: 16C
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page 3,97 -
Pﬂ-s 12,13 " : |
always @ (posedge clk or negedge rst} always Q@ (posedge clk)
if (rst == 0) T — if (rst == 0)
q <= 0;
else ; q 5= o
q <= d; : else




always @ (sel, a, b) /
if (sel)

op = aj;
else
op = b;

Combinational Procedures

Rule 1: A RTL combinational procedure must have a
complete sensitivity list, where all of the signals
read in the process are included in the sensitivity list.

complete sensitivity list,
PRg 10

Vewi Log 200! Anlox  rpramat
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always @(s€l, a, b)
if (sel)
op = a;
else
op = b;

combinational logic only:- e

always @ (*)
if (sel)
op = aj;
else
op = b;

Verilog2001 Automatic Event List
Verilog2001 also adds an automatic event list for

:;:'\Lol caxd
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tolte NI,N2,SP;

GAasign SP = v S

| ahuog,s @ (19,14 s)

Nir 1! Ax
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toite NI, N2,SP;
aAasign  SP = o~ S
Ousign N1 = I A sP;

Ossign N2z It &S <

assign Y = [ N2 \
L NI,N2,SP ; |
- m.a,s @ (19,14 s)

SP = ~v S
Nt -=—1I@ & -SP;
Niz Il &5 3

i SOLUTION
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Initial UMD in TESTRENCHES

/ nd Luout Lt Qt. no Aonailc vily iiat)
initial“begin
ip = 8’h00; //initialize
#10 ip = 8’hf0; // pattern one
#10 ip = 8’'hel; // pattern two
#10 ip = 8'hd2; // pattern three
#10 ip = 8’hc3; // last pattern

2l \ e . ﬁ/ /
Mc Gmr.Aca!L Ins / 10ps sz.acaln Ins / OO p4

\ LY -
Emﬂ.alm,lt unit / precvion




T if... elseif... else

if (condition)
procedural statement (s)
else if (condition)
procedural statement(s)

else
procedural statement(s)
_ A
statement (s)
A8 -
I begin

o

T g T -
2hre i s oplional

if (condition)
procedural statement(s)
else|if (cOnditipn) 4
" procédural-statement(s)
else ) -
procedural statement (s)

Just "iB”
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if (condition)
procedural statement(s)




b =

if |(condition)

i (%et)

=1)
=1'bt)

l{) L%d:
i§ (s s

o5
naﬁolaﬁonal Operators
Comparison operators:
< less than
> greater than
<= less than or equal to
>= | greater than or equal to

peg

L ol
Logical Operators

Page 13 of 49

Reduce both operands to a single bit, and then
performs a single bit operation:.

| (tfrﬁ)\*
N Ek (,., rsi’)

page oG

L

not

&&

and

|

or

Equality Operators
There are two forms of equality, logical and case.
The difference is in the handling of the x and z values:

‘Bit-Wise Operators

not ....p-o_

logical equality

logical inequality

===

case equality
case inequality

S only in Tast banch
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SoLUTION
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Extroct from page [28 (pdi Poge Is| §8€79) of  resesw 13642001

IEEE Std 1384-1995)

Because the else part of an if-else is optional, there can be confusion when an else is omitted from a nested if
sequence. This is resolved by always associating the else with the closest previous if that lacks an else. In the
example below, the else goes with the inner if, as shown by indentation.

if (index > 0)
it (rega > regb)
result = rega;
else // else applies to preceding if
result = regb;

If that association 1s not desired, a begin-end block statement shall be used to force the proper association, as
shown below.

if (index = 0) begin
if (rega > regb)
result = rega;
end
else result = regb;



The following process
infers a transparent latch:
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always @(ctrl of a)
if (ctrl)

—lO b|— —ID QF—
— et —Jeclk

) —ID QF—
J":‘;g —b el

always @ (ctrl, a)

if (ctrl)
b <= g; ?

else =
b <= 1'b0;

always @ (posedge ctrl)
b <= 3a;

?




The following process

infers a transparent latch:

SOLUTION
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always @(ctrl of a)
if (ctrl)

hFF —b el

always @ (ctrl, a)
if (ctrl)

h <= i G_-I}b .
else
; .
b <= 1'b0; S% |

always @ (posedge ctrl)

hoe= g
e
- —1|D Q
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'Dq.bcu.x.lf M:qmmmt& Quoia LYok

{'o®;
{' bd;

- 1'bd;
== “MS)

f.,{ (stali == “MT)
mitg = t'ol;
E{. (ftaly == *S9)
Ssy = t'o ! ;
e
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In a procedural block

(meaning in the sequential coding area between
"begin .. end™ in constructs such as

always, initial, task and function),
later assignments override earlier
assignments.

Please remember this basic rule and the intent behind it.
A good exercise on the application of this property is Q#2 of
hitp://www-classes usc.edu/engr/ee-s/457/ee457 Fall2010

exams/eedb7 Quiz fl2010 pdf




Page 25 of 49

// state machine output functionlogic
- assign msg o (State —_—— \MS) ; .....................
assign mtg
assign ssg

(state == \MT); | |
(State o — ‘SS) ; ....................
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pochLt

case
L ]

Syntax G

0 {Ltj

case (case_expr)
item expr : statement (s);
item expr : statement(s);
__default : statement(s);
endcase

o Coib';B {: nole Thace iz vo  2nd ;-'t )
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G4 wwx rol:m?, Uriey @ Case Rlafivnaml

‘module mux_case (IO, Il, I2, I3, S, Y) ¢
“$nput I, 11; IZ; 13;
1Enput [1:0] 5;
-output Y;

always @ ( )
gase (80 9 e

endcase

endmodule
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mochule mux case (I0, Il1, I2, I3, S5, Y)
anpur 10 1l T2, 13;

i g, SOLUTION

reg Y;

always @(IO, I1, I2, I3, S)

case (S)
2'b00: Y = I0;
2'b0 Y = I1;
2'hib: ¥ = I2:
2 s Y = T
endcase

endmodule
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Full Case
Case branches do not need to cover all values for the

case expression, but this implies a latch for synthesis.
We do not want a LATCH in a combinational logic!
conaidie & 3 1 wux.

always @ (10, I1, 12,f%§?"5)

case (S)
2'b00: Y = 10;
2Pl ¥ = Eiz
il X = 12;
=3 T S
ffgﬁdcase

|
U This Combinolion Never gecurt on o, we were told-



always @(10, 11, 12,

case (S)

[
<!
|

= 10;
El;
1 575

I

7 S)

CLK

\' AND ov NAND
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— ] ™ T
' 2'b01: Y
always @(I0, I1, I2, Z3; S) G,
case (S) | default: Y
Y T = I0; andcase
&
= 12;

% 1tbx 5> —F dﬂ-*wlr 4 y =14 ‘bX 7 1 |
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JE:-[;7<'RE 1>hcbﬂum‘

Aaa a 3;::&:.0! ecmw\w'f'

//synopsys ful! _case._ ‘a—pu,hwui

& I

TONTY TR A e //rtl_synthesis full case| Otny onk
//pragma full_case
always @(I1I0, I1, 12’#25;,5)

case (S) /qnégnophﬂb {FQL-Qﬂb&——

2'b00: ¥ = 10;

2'phls ¥ = Fls

2'plD: ¥ = T2

- tL;: = T
/”éndcase '
k s

N Thin Combinolion Yaver geeurt on S, we were told
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Which is better? And why?

always @ (IO, I1, IZ2, S) ||always @ (IO, I1, I2, S)
] case (5S) case (S) // synopsys full case
Y = 10; - Y = I0;
X = Il1; f X =11;
e ' ply: o [22 @ Y = 1I2;
default: Y =  'b.
endcase endcase
|
Elontite "full case parallel case'", the Evil Twins of Verilog Synthesis

The first method is better as the information is conveyed to both the simulation tool and the synthesis tool.
In the case of the 2nd method, you let the simulator behave on the basis of the presence of the latch and
told the synthesis tool to remove the latch. If your simulation appeared to have worked because of the
presence of the latch, then you caused “simulation synthesis mismatch" and this kind of problems are

difficult to trace.
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_”-u. diswxaion o

//synopsys full_case

O'ncl

/ / synopsys paralle_case

(A nol veey Empovlt_anl' ok ks Poir\b
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This page &
based 00 —>'"fyll_case parallel _case', the Evil Twins of Verilog Synthesis
Rn.cmmwsaﬁfﬂﬂ Bmm > ! Clhifford E. Cumlmngs Suuburst Dﬂugu Iuc
" _ﬂ' i ,g U“d“;?ul‘q‘ r ~// synopsys pnmllaﬂ case - '[_ awﬂo{_._ 1 tm plu_a

--Priorﬂa o{s T —Cast ,’St‘attmwf Use omrﬁx?h&tt ﬂﬂatﬂ?

YOu.r Simalalor E?hot‘“f_b a;n(j /Ept.cial_ comment. Your CL.Mgm mmy
work in Aimadabion bul vol™ aflic SyrThesis |

So Ly 5 Qvoid Usimng TR followios (_ cliffords Fecowmendalivg

//synopsys full_case parallel_case
//rH _synthesis full_case parallel_case  //rtl_synthesis full_case //rtl_synthesis parallel case

//synopsys full_case  //synopsys paralle case

//pragma full_case parallel_case _ /fpragmafull_case o oealle_case
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N O LATC HE S ! ﬂ """""

' 'If you are describing a combinational logic, see that
| |/there is never a situation, where you did not assign
] any value foran output Otherw'lse you getalatch! |
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The  for loop in o AymTResizable code Leeudes all :fs
Cecalions  wiflioul ony advancemenl of Sevulaion lrms .

The for loop wilh by wUncolled by A &,mm»s:,smt.
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Blocking or Non-blocking assignments

mﬁ?tr L

| @ (%)
_ buhin
- 1%0; J%%n or
o

1=0; (&3 1= t+.1) |

.
beﬂiﬂ
P = P& xUij
.
e Eﬁ!t:{d.kim?{
QM ¢ gmmants

- No AT Tmmedialk

GME_qnmlmf
P-& P2 xLil;
Ncnﬁ blc:c.kama{
Q%:q«nmm‘t'
AT . Lot sids

“bann 8 Achrolufed &
reccive 8 new valus

in fulure afler AP
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Non bﬂOCkfm% assigmpunls
SO UJ'L\LH. do .9 LAL f

whever 9 need T ATM/

Lrxamph Hardwars coumnler ) F¥3in stali Memory, .. -
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Non-blocking assignments for real registers onthe L. H.S in a
clocked always block.

(= (+1; ” Nardusare Countir
Stali &= (Rlr, inpots) ;[ Alolk mackine
SR <= _1'b1,SR[‘?= 1]} //R;%(.t BL‘#; regisler

4 ey | & V
..!-.I{_,_j.,{: "'I' I.,_ : T‘.ﬁ_ﬂﬂ- .L.-.-
f =20 |"S T unlid




Can we swap the contents of two registers, A and B,
simulataneously (on the same clock edge)

without any need for temporary registers?

Software people use temporary variables.

|s swaping the contents of two latches, X and Y same as

swapping the contents of two registers A and B?

A

CLx

08

CLK

B

08

X

cekf

PR,

Cex|
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Can we swap the contents of two registers, A and B,
simulataneously (on the same clock edge)
without any need for temporary registers? e's

Software people use temporary variables.

Is swaping the contents of two latches, X and Y same as
swapping the contents of two registers A and B? No You need

Tomporary
r-_j'b“ B < v (shohey
Da—f\_’»—oa —o O —o 8

CLK > f-lﬂ&) Gk GEK_




To swap the contents of two registers, A and B,
do you use Blocking or Non-blocking assignments or
do you have a choice?

SWAP_|

CLk

DE

CLk]

|

-

SWAP STATE:
begin
if (SWAP)
begin
- A <= B;
== B <= 1;
end
end

SWAP_ STATE:
J begin
if (SWAP)
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To swap the contents of two registers, A and B,
do you use Blocking or Non-blocking assignments or
do you have a choice?

- s
swAR_| - »

Cli_> 'C"-_K_>

Of C'Oursé Non -blockmgl

No choice at all!

|

-

SWAP STATE:

|

J

begin
if (SWAP)
begin
_* A <= B;
_-'-k B <= A;
end
end

SWAP_STATE:
bEg in
if (SWAP)
begin
A = B:
B =A;
end
end
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Non-blocking assignments to all
physical registers in a clocked
always block to avoid any race
condition in simulation.

Please remember this basic rule and
the intent behind it.
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