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The two details most misunderstood about Verilog

A couple of important Verilog tips

Efficient Verilog FSM coding styles

Verilog-2001 enhancements
— Enhancements already implemented by ModelSim

ModelSim quirks & tricks

Papers with more details about the Verilog Seminar topics can be downloaded from:
www. sunbur st - desi gn. conl paper s
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The Two Details Most
Misunderstood About Verilog

Net-types vs. register-types
Blocking vs. nonblocking assignments

Introducing: the Verilog event queue

4

PE— h——
Use of Reg Types junbdg%)asign_
VS. Na Types Sponsore;W

» Register types are only assigned inside of procedural blocks

LHS must be a
reg type

reg [8:0] sum

al ways @a or b)
sum= a + b;

* Net types are assigned or driven outside of procedural blocks

LHS (outputs)

LHS mustbea J|wire [8:0] sum wire y: |mustbenettypes
net type — P

assign’sum= a + b; and gl(y, c, d); I
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2




5

, . b
BIog:kl ng & Nonblocking _QTEQ&)QS@“_
Assignments et

» Verilog "race" conditions
* Blocking and nonblocking assignment fundamentals
» 7 Guidelines to help avoid Verilog race conditions

» Verilog's "Stratified Event Queue"

* Examples:
— Sequential pipeline
— Sequential LFSR (Linear Feedback Shift Register)
— Combining blocking & nonblocking assignments

« Common misconceptions about NBAs

6
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Nonbl OCkl ng iunbd%)asign_
IsNot A Typo cponsore b FEEETETEES

» The word nonblocking is frequently misspelled as:
non-blocking
AN

Misspelled in most I

‘ Misspelled with a "-" ' Verilog books

* The correct spelling as noted in the IEEE 1364-1995 Verilog
Standard is:

nonblocking «— Spell-checkers do not
recognize Verilog keywords

IEEE Std 1364-1995
Section 5.6.4 Nonblocking assignment

From the IEEE Verilog Standard itself '

Advanced Verilog Techniques Workshop - 2001

3




7
e

I

Verilog Race Conditions —Sunburst Design_—

* The IEEE Verilog Standard defines:
— which statements have a guaranteed order of execution
("Determinism", section 5.4.1)
— which statements do not have a guaranteed order of execution
("Nondeterminism", section 5.4.2 & "Race conditions", section 5.5)

» A Verilog race condition occurs when two or more statements
that are scheduled to execute in the same simulation time-
step, would give different results when the order of statement
execution is changed, as permitted by the Verilog Standard

» To avoid race conditions, it is important to understand the
scheduling of Verilog blocking and nonblocking assignments
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Blocking Assignments —Sunburst Design—

Sponsored by Model Technology

» Blocking assignment operator: =

» Execution of blocking assignments is a one-step process:

@ Evaluate the RHS (right-hand side argument) and update the LHS (left-
hand side argument) of the blocking assignment without interruption
from any other Verilog statement

« "Blocks" trailing assignments in the same always block from
occurring until after the current assignment has completed

Advanced Verilog Techniques Workshop - 2001
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Blocking Assignments o

* Problem: Inter-dependent blocking assignments that execute
in the same time step ‘ Execution order is not guarantee!! .

yl
——
modul e fboscl (yl, y2, clk, rst); rst
out put yl1, y2; P ‘
input clk, rst; 1 1 2
reg yl, y2; Y b » pre y >
_>rst >
al ways @ posedge cl k or posedge rst) I I/
if (rst) yl = 0; _// reset clk /4
el se yl = y2;‘\‘
On rst, y1=0 and y2=1 ; : -
y y ' Which simulation model???
al ways @ posedge clk posedge rst) Both are wrong!!
if (rst) y2 = 1; 4// preset
el se y2 =yl \ yi
rst I
endnmodul e / ]

After rst, on next posedge clk, m yl |y2 p|re |y2

y1=1 (y2) and y2=y1=1

-OR- _>rst >
y2=0 (y1) and y1=y2=0 clk ] r
10
Nonblocking Assignments —Sunburst Design_
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* Nonblocking assignment operator: <=
» Execution of nonblocking assignments can be viewed as a

two-step process:

@ Evaluate the RHS of nonblocking statements at the beginning of the
time step

@ Update the LHS of nonblocking statements at the end of the time step

» Allows assignment scheduling without blocking evaluation and
execution of other Verilog statements

» Only used in procedural blocks (not continuous assignments)

Syntax error!
lllegal continuous -
assignment |a55| gn y <= a +b;

Advanced Verilog Techniques Workshop - 2001
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| nter-Dependent —
. ] —Sunburst Design_
Nonblocking Assignments =

* No problem: Inter-dependent nonblocking assignments that
execute in the same time step

‘ On rst, y1=0 and y2=1 '

modul e fbosc2 (yl, y2, clk, rst);
output yi1, y2;
input clk, rst; Simulation &
reg oyl oy synthesis result
al ways @ posedge cl k Vs ~
if (rst) yl <= 0; y1
el se yl <= y2; rst ———— *
]
al ways @ posedge cl k/or posedge rst) |y2 yl | |y2
if (rst) y2 <= 1 // preset P e
el se y2 <= yl; st >
endnodul e /‘ clk [ I/

After rst, on next posedge clk,
y1=1 (y2') and y2=0 (y1')

No race condition! '

7 C0d| ng GU' del INes Follow these guidelines to jJgh—

remove 90-100% of all
Verilog race conditions  [jchnology

* In general, following specific coding guidelines can eliminate
Verilog race conditions:

Guideline #1: Sequential logic and latches - use nonblocking assignments
Guideline#2: Combinational logic in an always block - use blocking assignments

Guideline #3: Mixed sequential and combinational logic in the same always block
is sequential logic - use nonblocking assignments

Guideline#4: In general, do not mix blocking and nonblocking assignmentsin the
same always block

Guideline #5: Do not make assignmentsto the same variable from morethan one
always block

Guideline#6: Use $strobeto display valuesthat have been assigned using
nonblocking assignments

Guideline #7: Do not make #0 procedural assignments

Advanced Verilog Techniques Workshop - 2001
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|EEE1364-1995 Verilog T —
Stratified Event Queue =

Blocking assignments

/ Evaluate RHS of nonblocking These events may

«— || assignments be scheduled in
Active Events <—f Continuous assignments any order

| pa—

$di spl ay command execution

\ Evaluate inputs and change

| el OUtpUtS Of primitives

Inactive Events ’:A #0 blocking assignments +—— Guideline #7: do not

use #0 delays

‘ Nonblocking EventsE Update LHS of nonblocking assignments

Monitor Events $noni t or command execution

$st r obe command execution

[ Other specific PLI commands

14

Self-Triggering Oscillators?
ATE LSS

/ NOTE: contrived examples -
not the recommended coding

modul e oscl (clk); modul e osc2 (clk); style for clock oscillators!

out put clk; out put clk;
reg cl k; reg cl k;

oscl 0sc2

initial initial B | a----- oo

#10 clk = O; #10 clk = O; 0: clkl=x clk2=x

10: cl k1=0 clk2=0

al ways @cl k) al ways @cl k) 20: clkil=1 clk2=1

#10 clk = ~clk; #10 clk <= ~clk; 30: clkl=1 clk2=0

endnodul e endnodul e 40: clkl=1 clk2=1

modul e tb; \ 60: clkl=1 clk2=1
oscl x1 (.chk(elkl)): 4500 nonblocking

oscl: blocking] osc2 x2 (.clk(clk2)); assignment 5938 c: ::ifl cl k2=1
assignment initial begin ol kgl

$di spl ay(" oscl o0sc2");
$display(" ------ ------ ")
$nonitor("%l: clkl=% clk2=9%", $stinme, clkil, €lk2);
end
oscl: no .
initial #100 $finish; oscillation!
endnodul e -

Advanced Verilog Techniques Workshop - 2001
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(not with blocking assignments) -~

initial Active Events |
osc2: #10 clk = 0O;
nonplocklng #10 clk=0 Qe Blocking Assignment
assignment 5| ways @cl k) @(clk) I+ Trigger always block
#10 clk <= ~clk; (RHS=1) |« Evaluate RHS of NBA
@(clk) > Wait for clk transition
— 4{ activate NB events ‘
initial -
oscl: _ A clk<=1 l«— NBA assignment
. #10 clk = 0; i
blocking >(triggers @(clk))
assignment § 5| yays @cl k) (RHS=0) f« Evaluate RHS of NBA
#10 clk = ~clk; 4{ activate NB events ‘
; clk<=0 l«— NBA assignment
Active Events .
(continues)]  >(triggers @(clk))
#10 clk=0 [«— Blocking Assignment —» oscillating!
@(clk) > Trigger always block
#10 clk=~clk=1 g« Blocking Assignment + Update LHS of NBA
@(clk) I Wait for clk transition
> stopped! |+ Update LHS of NBA

16
Pipeline —a
Blocking Assignments Style #1 —Sunburst Design_
. Sponsored by W
L Active Events |
gl=d; l«— Blocking assignment nodul e pi pebl (g3, d, clk);
g2 =ql; // d j« Blocking assignment output [7:0] g3;
g3 =q2; // d j« Blocking assignment input [7:0] d;

i nput cl k;

re 7:0] 93, g2, qil;
@ [Tt g

al ways @ posedge cl k) begin

ql = d;
q2 = ql;\ :
end blocking assignments
endnodul e but only one
synthesized register
‘ Simulation result ' ‘ Synthesis result!! '
e /R f—}%
oK e d_r— a3

clkl_‘>— fD— rd clk

Advanced Verilog Techniques Workshop - 2001
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Blocking Assignments Style #2

Active Events

17
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l«— Blocking assignment
g2 =091, l«— Blocking assignment
gl=d; //d e Blocking assignment

Monitor Events

‘ Simulation result '

nodul e pi peb2 (g3, d,
output [7:0] qg3;

clk);

input [7:0] d;
i nput cl k;
reg [7:0] a3, 02, ql;

al ways @ posedge cl k) begin

a3 = q2; . .
g2 = qi; This ordering
gl = d; will work
end
endrodul e I

Synthesis result '

s H /—/\ ™
d ql g2 q3 d gl q2 g3
cM clki g [ g g

Pipeline
Blocking Assignments Style #3

Active Events |

18
Y | ——
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iunbuﬁDasign_

[ Executes in any order

ql=d; l«— Blocking assignment
g2 =q1l; // d g« Blocking assignment
g3 =0q2; // d g« Blocking assignment

NB Events

Monitor Events

‘ Simulation result '

fodul e pipeb3 (g3, d, clk);

output [7:0] @3;

input [7:0] d;

i nput cl k;

reg [7:0] 93, g2, qi;

al ways @ posedge cl k) ql=d;
al ways @ posedge cl k) g2=q1i;

al ways @ posedge cl k) g3=qg2;

endnodul e
This ordering
- might not work
Synthesis result '

/ " — ~
d? ql? q27?, q3??? d ql q2 q3
clk g g g clk g g g

Advanced Verilog Techniques Workshop - 2001
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Blocking Assignments Style #4

Active Events

e

I

5unbu1§Dasign_

19

[ Executes in any order

g2 =091, l«— Blocking assignment
g3 =q2; // g1« Blocking assignment
gl =d; // qlp« Blocking assignment

s

Monitor Events

dul e pi peb4 (g3,
output [7:0] qg3;

input [7:0] d;
i nput cl k;
reg [7:0] g3,

al ways @ posedge
al ways @ posedge

al ways @ posedge

endnodul e

a2, ql;
cl k) g2=q1;
cl k) q3=q2;

cl k) ql=d;

‘ Simulation result '

Synthesis result '

~ I
43222

d? q1?, q27?|
CM

This ordering
might not work

/—/\ ™
d gl q2 g3
clk g g g

Blocking Assignment Codi
Styles (Pipelines)

ng

Sponsored by Model Technology
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iunbuﬁDasign_

20

‘ Pipeline Coding Styles '

Simulates | Synthesizes
Coding Style correctly correctly
Blocking Assignments #1 NO! NO!
Blocking Assignments #2 Yes Yes
Blocking Assignments #3 ? Yes
Blocking Assignments #4 + ? Yes

lof4
simulates

correctly
I

3of4
synthesize

correctly
I

Advanced Verilog Techniques Workshop - 2001
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Nonblocking Assignments Style #1 —Sunburst Design

Active Events

(RHS=d")
(RHS=q1")
(RHS=q2")

l«— Evaluate RHS of NBA out put [7 0] q3’

l«— Evaluate RHS of NBA nput [7:0] d;
i nput clk;

reg [7:0] 93, q2, qi;

l«— Evaluate RHS of NBA\ modul e pl penl (q3’ d, cl k),

[«— Update LHS of NBA ways @posedge cl k) begin
«+ Update LHS of NBAw_| ql <= d;
<« Update LHS of NBAv_| q2 <= qi; This ordering
R g3 <= 92; will work
Monitor Events end

endnodul e

‘ Simulation result ' Synthesis result '
I —>

r I
d ql q2 g3 d ql g2 q3
CM C”‘E i

22
B | —

Pipeline S — | %Y

Nonblocking Assignments Style #2 —Sunburst Design_

i S| d b I Technology
Active Events | ponsored by Model Technology

(RHS=02)  Je- Evaluate RHS of NBA, [1ndule pipen2 (g3, d, cl k);
(RHS=g1") J< Evaluate RHS of NBA\ out put [7:0] g3;
«— Evaluate RHS of NBA nput [7:0] d;

(RHS=d")

NB Events

i nput clk;
reg [7:0] 93, 92, qi;

l«— Update LHS of NBA
« Update LHS of NBA'Q \a'gyi_@égosecjge clk) begin

l«— Update LHS of NBAv\\qz <= ql ANY ordering
: gl <= d; will work

endnodul e

‘ Simulation result ' Synthesis result '
/R /_/\

a ™
d ql q2 g3 d ql q2 a3
clk g g g clk g g g

Advanced Verilog Techniques Workshop - 2001
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Nonblocking Assignments Style #3 —Sunburst Design

Active Events

(RHS=d")
(RHS=q1")
(RHS=q2")

l«— Evaluate RHS of NBA modul e pi pen3 (g3, d, clk)

«— Evaluate RHS of NBA\ output [7:0] g3;

l«— Evaluate RHS of NBA input [7:0] d;
i nput clk;

reg [7:0] 93, q2, qi;
«— Update LHS of NBA —-
« Update LHS of NBA\XK always @posedge clk) ql<=d;

+~ Update LHS of NBAV\ al ways @ posedge cl k) qg2<=qi;

Monitor Events al ways @ posedge cl k) g3<=q2;
endnodul e

This ordering

‘ Simulation result ' Synthesis result will work

~

~ /% /_/\
d ql 92 93 d ql 92 93
CM clk}Ei_rEI_’_E

24
Pipeline —
Nonblocking Assignments Style #4 —Sunburst Design

i S| d b I Technology
Active Events | ponsored by Model Technology

(RHS=q1")
(RHS=q2")
(RHS=d")

NB Events

l«— Evaluate RHS of NBA modul e pi pend (g3, d, clK);

l«— Evaluate RHS of NBA\ output [7:0] g3

«— Evaluate RHS of NBA input [7:0] d;
i nput cl k;

reg [7:0] a3, 02, ql;
l«— Update LHS of NBA —n1-
« Update LHS of NBA &K al ways @ posedge cl k) g2<=ql;

+ Update LHS of NBAV\ al wvays @ posedge cl k) q3<=qg2;

Monitor Events
ANY NEW
‘ Simulation result ' Synthesis result ordering will
work

s I > =
d ql q2 q3 d ql q2 q3
Clkw Clkw

Advanced Verilog Techniques Workshop - 2001
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Coding Styles (Pipelines)
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‘ Pipeline Coding Styles '

. Simulates | Synthesizes
Coding Style correctly correctly lof4
~ )
Blocking Assignments #1 NO! NO! simulates
correctly
Blocking Assignments #2 Yes Yes
> 30f4
Blocking Assignments #3 ? Yes synthesize
tl
Blocking Assignments #4 + ? Yes y. sorecy
<
Nonblocking Assignments #1 Yes Yes 40f4
imulat
Nonblocking Assignments #2 Yes Yes simuiate
> correctly
Nonblocking Assignments #3 Yes Yes
4 of 4
Nonblocking Assignments #4 + Yes Yes ) synthesize
correctly
.
| 26
Careful Coding with —a
—SunburstDesign—
.

Blocking Assignments

Sponsored by Model Technology

Careful usage of blocking
assignments can work

— But why work this hard??

Single flipflop modules will work
with blocking assignments

— Bad habit - better to consistently
code sequential logic with
nonblocking assignments

Coding sequential logic with
feedback loops
— Additional problems when using
blocking assignments

— LFSR (Linear Feedback Shift
Register) examples

modul e dffb (g, d, clk, rst); .

9m put a; This example is in
input d, clk, rst; K
reg q most Verilog books
(bad habit!)
al ways @ posedge cl k) | _
if (rst) g = 1'bo; Bad coding
el se q=d; style!
endnodul e I

Advanced Verilog Techniques Workshop - 2001

13




LFSR

Blocking Assignments Style #1

27
T ath———

I

_—Sunburst Design__
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Active Events R
Bponsored by Model Technology

3=1 <« (3=1'b1 | preset
nodul e | fsrbl (g3, clk, pre_n); q2_1 q2—1‘b1
out put g3, q2= <+ Q2=
input clk, pre_n; < gql=1b1
reg a3, 92, ql; < assign n1=q1q3
Wre nl; <« g3=q2
assign nl = ql ~ g3; 10 1 q2=(n1)=0 <« g2=nl
q1=(q3)=1 < ql=q3
al ways @ posedge cl k or negedge pre_n) < assign n1=g1°q3
if (!pre_n) begin <« g3=q2
gg - 1 Eii 02=(n1)=0 <« g2=n1
gl = 1' b3, q1=(q3)=0 <+ gl=9g3
end Wrong value!
el se begin Should be "1 \ 1 ~ ' |
a3 = g2 7
— q3
g2 = nl q\ 8) qu D_ 8) q2 8) ﬁ
ql = g3; — )<
end > > >
endnodul e Synthesizes, but does | clk /r N\ r r
not simulate correctly 7 N
28
LFSR —
Blocking Assignments Style #2 —Sunburst Design—

Active Events '

nodul e | fsrb2 (g3,

clk, pre_n);

out put g3;

ql,92,03=111

+ {93,g2,q1}=3'b111

i nput
reg

clk, pre_n;
93, g2, qi;

ql,92,903=1(0)1
q1,92,93=1(0)0
ql,92,03=0(1)0

<« {03, 92,91} ={q2, (q1"q3), 93}
<« {03, 92,91} ={q2, (q1"q3), 93}
<« {03, 92,91} ={q2, (q1"q3), 93}

clk

Synthesizes and
simulates correctly

al ways @ posedge cl k or negedge pre_n) preset' gql-q2-q3
if (!'pre_n) {g3,92,ql} = 3'blll, 111

el se {a3.02,q1} = {a2, (q1"qg3), g3};
endmodul e clk | | d1-92-q3
'— This will work ... 101

but the equations
pre_n can be confusing clk q1-92-93
g
q3

\Cﬁ ql D‘\_ q2 193 | clk § | 91-92-g3
010

Advanced Verilog Techniques Workshop - 2001
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Nonblocking Assignments Style #1

29
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5unbu1§Dasign_

nodul e | fsrnl (g3,
out put Qg3;
input clk, pre_n;
reg a3, g2, ql;
wire nl;

clk, pre_n);

assign nl = gql1 ~ g3;

@ posedge cl k or negedge pre_n)
pre_n) begin

<= 1'bil;

<= 1'bil;

al ways
if (!
g3

g2

Synthesizes and
simulates correctly

ql <= 1'bl;

end

el se begin

<= (2,
<= nl,
<= (3;

q3
q2
ql
end
endnodul e

q3

ql )2 T

q2

—

LFSR

Nonblocking Assignments Style #1

30
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—

iunbuﬁDasign_

Sponsored by Model Technology

Active Events '

NB Events

<« Update LHS NBA
<« Update LHS NBA

<« Update LHS NBA

<« Update LHS NBA
<« Update LHS NBA
<« Update LHS NBA

<« Update LHS NBA

<« Update LHS NBA

preset (RHS=1) <+ (3<=1'bl ——»
(RHS=1) <+ (2<=1'bl ——»
(RHS=1) <+ (1<=1'bl ——»
<« Activate NBA
nl=(171)=0 < assign nl1=q1~qg3
clk | (RHS=g2'=1) < g3<=q2 ——»
(RHS=n1=0) J < g2<=nl ——»
(RHS=g3'=1) <« ql<=q3 ———»|
<« Activate NBA
n1<=(171)=0 < assign n1=q17q3
clk (RHS=g2'=0) <+ (3<=q2 ——»|
(RHS=n1=0) <« g2<=nl >
(RHS:qs':l) <+ q1<=q3 — b
<« Activate NBA

<« Update LHS NBA

Advanced Verilog Techniques Workshop - 2001
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Nonblocking Assignments Style #2
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5unbu1§Dasign_

31

nodul e I fsrn2 (g3, clk, pre_n);
out put Qg3;
input clk, pre_n;
reg a3, g2, ql;

al ways @ posedge cl k or negedge pre_n)
if (!'pre_n) {q3,92,ql} <= 3' bll1;

el se {a3,02, 91} <= {q2 (q1"g3),q3};

endnodul e

Synthesizes and
simulates correctly

... but again, a cryptic
coding style

q3 RN

Nonblocking Assignment

Coding Styles (LFSRS)

Sponsored by Model Technology

_—.\‘l“,—

iunbuﬁDasign_

32

| LFSR Coding Styles |

Simulates | Synthesizes
Coding Style correctly correctly lof2
Blocking Assignments #1 NO! Yes simulates
correctly
Blocking Assignments #2 Yes Yes
AN 20f2
synthesize
\ X X
| Cryptic coding style '7 correctly
I
Nonblocking Assignments #1 Yes Yes 20f2
simulate
Nonblocking Assignments #2 Yes Yes 1mu
AN correctly
} Cryptic coding style '7 20f2
I T synthesize
correctly

Advanced Verilog Techniques Workshop - 2001
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Nonblocking Assignment o —
Guidelines#1 & #2 =

* Guideline #1: Use nonblocking assignments in always blocks
that are written to generate sequential and latching logic

» Guideline #2: Use blocking assignments in always blocks
that are written to generate combinational logic

nodul e nbex1 (q, a, b, clk, rst_n);
out put q;
input clk, rst_n; Synthesized result!
input a, b; y
reg q, y; > i
always @a or b) > b
y =a” b;
clk
al ways @ posedge cl k or negedge rst_n) R
if (!rst_n) q <= 1'b0; >
el se q <= y; rst_n
endnodul e
T —
| 34
Nonblocking Assignment —
—SunburstDesign—
.

Guideline #3

Sponsored by Model Technology

» Guideline #3: Use nonblocking assignments in always blocks
that are written to generate sequential and combinational
logic in the same always block

nodul e nbex2 (q, a, b, clk, rst_n);
out put q;
input clk, rst_n;
input a, b;
reg q;

Synthesized result!

al ways @ posedge cl k or negedge rst_n)
if (!rst_n) q <= 1'b0;
el se g <=a”" b;

endnodul e

Advanced Verilog Techniques Workshop - 2001

17




Combinational Logic &

Nonblocking Assignments?

35
T ath———

I

5unbu1§Dasign_

» Using nonblocking assignments in purely combinational always
blocks might be functionally wrong
— Pre-synthesis simulation will be incorrect

— Synthesizes equivalent combinational logic with warnings about the
sensitivity list

al ways @a or
tnpl <= a & b;
tnmp2 <= ¢ & d;

nmodul e ao4 (y, a, b, c, d);

out put v;
input a, b, c, d;
reg y, tnpl, tnp2; VRONG

b or ¢ or d) begin

a b c e tnpl tnp2 yi

1 0 O

0 0 0
e

—4—0O

y <= tnmpl | tnp2; Previous values tmp1 and tmp2!
end ~<~——__ | NOT the values calculated during
endnodul e the current pass through this
always block
b c d tnpl tnmp2 vy —\ | %
1 0O O 0 0 0 )
—SunburstDesign—
1 0O O 1 0 0 -
\_\’;\< nodul e ao5 (y, a, b, ¢, d);
- 1 0 0 1 0 1 out put y;
L input a, b, c, d;
Active Events [ reg y, tnpl, tnp2;

(RHS=1)
(RHS=0)
(RHS=0)

tmpl<=1

(RHS=1)
(RHS=0)
(RHS=1)
tmp2<=0
y<=0

tmpl<=1
tmp2<=0
y<=1

l«— Evaluate RHS of NBA
[«— Evaluate RHS of NBA:
l«— Evaluate RHS of NBA
H activate NB events
l«— NBA assignment

> Again - trigger always blo
l«— Evaluate RHS of NBA
l«— Evaluate RHS of NBA
l«— Evaluate RHS of NBA
l«— NBA assignment

l«— NBA assignment

H activate NB events
l«— NBA assignment
l«— NBA assignment

l«— NBA assignment

always @a or b or c or d
[or tnpl or t np2) | begin
tnpl <= a & b;
tnp2 <= c¢ & d;

y <= tnpl | tnp2;
end

endnodul e

NB Events
, tmpl<=1 < Update LHS of NBA
, tmp2<=0 < Update LHS of NBA

y<=0 <« Update LHS of NBA
Etmp1<=1 <« Update LHS of NBA
\tm92<=0 < Update LHS of NBA

y<=1 <« Update LHS of NBA

Advanced Verilog Techniques Workshop - 2001
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. . : h——
Compl national Logic Coding _QTEQ&)QS@“_
Efficiency oo

« The model with all blocking modul e aol (y, a, b, c, d);
assignments simulates 7% - 40% out put y;
faster than the model with all I nput a, :), ¢ ?? N
nonblocking assignments! reg y, tipL, thps
- always @a or b or ¢ or d) begin
All blocking tnpl = a & b;
assignments thp2 = ¢ & d-
y = tnpl | tnp2;
nmodul e ao5 (y, a, b, c, d); end
out put y; endnodul e

input a, b, c, d;
reg y, tnpl, tnp2;

always @a or b or c or d or tnpl or tnp2) begin
tnmpl <= a & b;

tnp2 <= ¢ & d; All nonblocking
y <= tnpl | tnp2; assignments
end
endnodul e

38
Combining Blocking & —a
A ) iunbuﬁDasign_
Nonblocking Assignments . -
ponsored by Model Technology
modul e ba_nbal (q, a, b, clk, rst_n);
out put q;
input a, b, rst_n;
i nput clk;
reg q, tnp;

al ways @ posedge cl k or negedge rst_n)
if (!rst_n) g <= 1'b0; «—

el se begin Nonblocking
- . assignments to ¢
tmp = a & b; ol
q <= tnp; (sequential)
end
endnodul e

Blocking
assignment to t np
(combinational)

Risky coding style!
Potentially confusing
event schedule ... ... but it does work! '

Advanced Verilog Techniques Workshop - 2001
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Combining Blocking & —
A ] —Sunburst Design_
Nonblocking Assignments =

modul e ba_nba3 (g, a, b, clk, rst_n);

out put g; Recommended
input a, b, rst_n; coding styles
input clk;

reg q;

al ways @ posedge cl k or negedge rst_n)

if (!rst_n) g <= 1'b0O;

el se g <=a &b;
endnodul e

Combine the combinational
assignment with the
sequential equation . . .

nodul e ba_nba4 (g, a, b,

clk, rst_n);

out put q; - -
input & b, rst_n; . or separate the combinational
'rgg“t ;! ki logic assignment into a separate
wire tmp; continuous assignment and
separate always block

assign tnp = a & b;

Not recommended:
coding style with mixed blocking
and nonblocking assignments in

the same always block

al ways @ posedge cl k or neged

if (!rst_n) g <= 1'b0O;

el se g <= tnp;
endnodul e

40

Combining Blocking & —a
A ) —SunburstDesign—
Nonblocking Assignments -

Sponsored by Model Technology

* Guideline #4: Do not mix blocking and nonblocking
assignments in the same always block

nmodul e ba_nbaé (q, a, b, clk, rst_n);
out p;“ a: ) . Synthesis
input a, b, rst_n;
i nsut cl k: - Verilog s.imu'lators I syntax error!
reg q, tnp; permit this!
al ways @ posedge cl k or negedge rst_n)
if (!rst_n) g = 1'Db0;
el se begin
;mi::t i’p& b; _Blocking
end \ assignment to g
endnodul e
Nonblocking Error: Areg can only be assigned with
assignment to q [ all RTL assignments or all

procedural assignnents near symnbol
"online 11 in file ba_nba6.v

Advanced Verilog Techniques Workshop - 2001

20




41

Nonblocking Assignment —
Guideline #5 —SunburgtDesign

Race Sponsored by ModelTechnology
. . condition! Simulation result??
* Guideline #5 : Do not make > 11/ d22 q

assignments to the same variable

from more than one always block e
clKk |

nmodul e badcodel (q, dl1, d2, clk, rst_n);
out put q; rst_n
input di, d2, clk, rst_n;
reg q;

Synthesis result !!

always @posedge clk or negedge rst_n) dl

if (!Irst_n) q <= 1'b0;
el se q <= di; ]
al ways @ posedge cl k or negedge rst_n)
if (!'rst_n) q <= 1'bO; q
el se q <= dz; ([)
endnodul e d2

Warni ng: In design 'badcodel', there

is 1 mltiple-driver net with clk Does not match
unknown wi red-1| ogic type. rst n ([) simulation!
42
Sponsored by —gh————
—SunburstDesign_
Model Technology =9

Common Misconceptions About
Nonblocking Assignments

Advanced Verilog Techniques Workshop - 2001
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$display & Nonblocking —ah—
. —Sunburst Design_
A $ gnmer]ts Sponsore;Mode!Technology

* Myth: “Using the $display command with nonblocking
assignments does not work”

 Truth: Nonblocking assignments are updated after all $display
commands

nmodul e di spl ay_cnds;
reg a;

initial $monitor("\$nmonitor: a = %\n", a);

A . Actual output
initial begin display
$strobe ("\$strobe : a = %\n", a)

a = 0; -

a <= 1; $display: a =0

$di splay ("\$display: a = %\n", a); .
#1 $finish; $nmonitor: a =1
end

endnodul e $strobe : a =1

44
i ——

#0 Assignments _Sunburst Design_

Sponsored by Model Technology

» Myth: “#0 forces an assignment to the end of a time step”

» Truth: #0 forces an assignment to the "inactive events queue”

Advanced Verilog Techniques Workshop - 2001
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Scheduling Example

45
—h————

I

5unbu1§Dasign_

Ons: $display: a=0 b=1 ';
= nodul e nb_schedul el; Ons: #0 :a=0 b=1 B
reg a, b; Ons: $nonitor: a=1 b=0
Displayed Ons: $strobe : a=1 b=0
initial begin output!!
a = 0; Ins: $display: a=1 b=0
b =1; 1ns: #0 :a=1l b=0
a <= b; 1ns: $nonitor: a=1 b=0
b <= a; 1ns: $strobe : a=1 b=0
$monitor ("%dns: \$nonitor: a=% b=%", $stine, a,
$display ("%dns: \$display: a=% b=%", $stine, a,
$strobe ("%dns: \$strobe : a=% b=%\n", $stine,
#0 $display ("% dns: #0 a=% b=%", $stine, a,
#1 $nonitor ("%dns: \$nonitor: a=% b=%", $stine, a,
$di splay ("% dns: \$display: a=% b=%", $stine, a,
$strobe ("%dns: \$strobe : a=% b=%\n", $stine,
$di splay ("%dns: #0 a=% b=%", $stine, a,
#1 $finish;
end
endnodul e
| 46
Scheduling Example —a
_Sunburst Design_—
.
Queued Events ____
Sponsored by Model Technology
_ . . initial begin
a=0 l«— Blocking assignment —1 -0
b=1 [4+— Blocking assignment «———b = 1:
(RHS=1) fle- Evaluate RHS of NBA «———a <= b;
(RHS=0) [+ Evaluate RHS of NBA 4/7 b <= a;
"a=0 b=1" f< $di spl ay command $nonitor ...;
$display ...;
— $strobe ...;
- i . . #0 $display ...;
a=0 b=1 #0 display command
#1 $nonitor ...;
Nonblocking a<=1 +— Update LHS of NBA $display ...;
Events b<=0 <+ Update LHS of NBA $strobe ...;
$display ...;
4= $roni t or command #1 $finish:
$st r obe command end

Advanced Verilog Techniques Workshop - 2001
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Multiple Nonblocking ﬁ'&) .
un Ull gsign—

Assignments

a7

* Myth: “Making multiple nonblocking assignments to the same

variable in the same always block is undefined”

» Truth: Making multiple nonblocking assignments to the same

variable in the same always block is defined by the 1364
Verilog Standard
— The last nonblocking assignment to the same variable wins!

Nonblocking Procedural —. NI
iunbuﬁDasign_

Assignments

48

Sponsored by Model Technology

From the IEEE Std 1364-1995 [2], pg.
47, section 5.4.1 - Determinism

"Nonblocking assignments shall be performed in the order the statements were
executed. Consider the following example:

initial begin
a <= 0;
a <=1,
end

When this block is executed, there will be two events added to the nonblocking
assign update queue. The previous rule requires that they be entered on the
queue in source order; this rule requires that they be taken from the queue and
performed in source order as well. Hence, at the end of time-step 1, the variable a

will be assigned 0 and then 1."

assignment wins!”

Translation: “Last nonblocking

Advanced Verilog Techniques Workshop - 2001
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Why arethereproblemsatthe = ——gga—
) . . . —Sunburst Design—
beginning of the ssimulation? =

* Problem: different simulators and simulation options cause the
simulation to behave differently at the beginning of a simulation

* Reasons:
— reset is asserted, but not recognized at time 0

Guideline: set reset to 0
with a nonblocking
assignment at time O

— the first clock is executing at time 0

Guideline: set the clock to 0
for the first half-cycle

50

Re%t Race “define cycle 100

“timescale 1ns / 1ns

Condltl on modul e reset _tineo;
reg d, clk, rst_nm; rst_n asserted
res @ with blocking
Procedural > initial begin assignment
blocks can start clk = 0;
up in any order en;‘)f ever #('cycle/2) clk 7 ~clk;

N
initial begin
$tinmeformat(-9,0,”ns", 6);
$nmonitor ("% : gc% d=% clk=% rst_n=%",

$stjfre, q, d, clk, rst_n);
rst_n = 0;
d =1;
@ negedge clk) rst_n = 1;
@negedge clk) d = ~d; Might miss
((j@negedge cl k) $finish; negedge rst_n
en

al ways @ posedge cl k or negedge rst_n)
if (Irst_n) q <= 0;
el se q <= d;

initial @negedge rst_n) €+——— Waiting for a
Missed negedge rst_n! $di spl ay(" RESET at time 0"); |Ne€gedgerstn
— endnodul e

oOrRr P OOO
coaoacao
TR TR
CORRRR
Q00000
XX XXX X
oo
RPORrRORO

q
q
q
q
q
q
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No Reset Race
Condition

51

“define cycle 100
“tinmescale 1ns / 1ns
nmodul e reset _tine0;

reg d, clk, rst_n;

Procedural
blocks can start
up in any order

Must assert rst_n at
the end of time O
No Race Condition!

reg q;

™ initial begin

Assert rst_n
with nonblocking
assighment

cl k 0;
forever #( cyclel/2) cl
end

N

initial begin
$ti mef ormat (-4, 0, "ns", 6);
$rmoni tor (" qg=% d=% cl

$stine, q, d, clk,

rst_n <= 0;
d 1;
@negedge clk) rst_n = 1;

RESET at tine O
Ons: =0 d=1 clk=0 rst_n=0
50ns: g=0 d=1 clk=1 rst_n=0
100ns: =0 d=1 clk=0 rst_n=1
150ns: g=1 d=1 clk=1 rst_n=1
200ns: g=1 d=0 clk=0 rst_n=1
250ns: g=0 d=0 clk=1 rst_n=1

@negedge clk) d = ~d;
@negedge cl k) $finish;
end

al ways @ posedge cl k or negedge rst_n)

if (!rst_n) g <= 0;
el se gq <= d;

Triggered negedge rst_n

initial
$di spl ay("RESET at tinme 0");
endnodul e

~cl k;

@ negedge rst_n) +——

k=% rst_n=%",
rst_n);

Negedge rst_n
will be triggered

Waiting for a
negedge rst_n

Clock Race
Condition

52

“define cycle 100
“tinmescale 1ns / 1ns
nmodul e cl k_ti ne0;

Procedural
blocks can start

ons: g=x
50ns: Qg=x
CLK H GH at
100ns: =0
150ns: =0
200ns: g=1

o0
~ x
Il
o

I—‘I—‘Ogol—‘

—_
Qo0 Q T aQ

o

o0 o
x~ x x
"nnn
PO PR

Missed posedge clk! '/

up in any order
I

reg d, clk;
reg q;

| initial begin
clk = 1;

end

initial begin
$rmonitor (" %:

$stine, q, d,
d <= 1;
@ negedge clk) d ~d;
@ negedge clk) d ~d;
@ negedge cl k) $finish;
end

al ways @ posedge cl k)
q <= d;

initial @posedge clk)
$di spl ay("CLK H GH at t
endnodul e

Ly

forever #( cyclel/2) clk

$tinmeformat(-9,0,"ns", 6);
q=% d=%

/

clk assigned
with blocking
assignment

~cl k;

cl k=%",
clk);

Waiting for a
posedge clk

ime 0");
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No Clock Race

“define cycle 100

Condltl On “tinescale 1ns / 1ns -
modul e cl k_ti meo; Assign clk
reg d, clk; with nonblocking
reg a; assignment
Procedural ——» initial begi/
blocks can start clk <= 1;

forever #( cycle/2) clk = ~clk;
end

up in any order

initial begin
$timeformat(-9,0,"ns", 6);
$monitor("%: q=% d=% clk=%",
$stime, g, d, clk);

CLK HGH at time 0 d <= 1:
Ons: g=1 d=1 clk=1 @negedge clk) d = ~d;
50ns: g=1 d=0 clk=0 @negedge clk) d = ~d;
100ns: q=0 d=0 clk=1 @ negedge cl k) $finish;
150ns: =0 d=1 clk=0 end
200ns: g=1 d=1 clk=1
al ways @ posedge cl k) Waiting for a
q <= d, / posedge clk

. initial @posedge clk)
- $di splay("CLK HGH at time 0");
Triggered posedge clk '/ endmodul g v )

54

Why don't | seethelast printed ——aa——
. . ) —SunburstDesign—
value in my Simulation? =

Sponsored by Model Technology

* Problem: the simulation ends before the last value is printed

* Reason: The $finish command was scheduled in the active
events queue
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. —
$f| HISh RaCe 5unbl.%€519n—
Condition bt

o PRI T SO ST S

“define cycle 10
“timescale 1ns / 1ns
nmodul e finish_print;
i nteger cnt;
reg clk;

MONI TOR: cnt =1
STROBE : cnt=2
MONI TOR:  cnt =2
STROBE : cnt=3

MONI TOR  ont =3 initial begin

. _ clk = 0;
W(Eﬁ 22; ;j forever #( cycle/2) clk = ~clk;
STROBE : cnt =5 Displayed end
MONI TOR: cnt =5 values do not nitial beai
STROBE : cnt =6 include cnt=8 tnitial begin

. _ $noni t or 4C" MONI TOR cnt =90d", cnt);
MONI TOR:  cnt =6 ent = 1:

STROBE : cnt=7

MONI TOR cnt =7 repeat (7) begin

@posedge cl k) cnt = cnt+1;

$strobe $strobe("STROBE : cnt=%d", cnt);
end

$finish; «————— $finish
end command

initial wait(cnt==8)
_—+—> $di spl ay(" DI SPLAY: cnt=%d", cnt);
endnodul e

First use a wait command to
test cnt and then $display

56

.. Py e
NO $f| nISh Race junbl.%)GSign—
Condition e

N

y

“define cycle 10
“tinescale 1ns / 1ns
nodul e finish_print;
i nteger cnt;
reg cl k;

MONI TOR: cnt =1
STROBE : cnt=2
MONI TOR: cnt =2
STROBE : cnt=3

MONI TOR  ont =3 initial begin

. _ clk = 0;
m& 22: ;j forever #( cycle/2) clk = ~clk;
. _ Displayed end
STROBE : cnt=5 .
MONI TOR  cnt =5 values DO initial beai
STROBE : cnt =6 include cnt=8 tnitial begin | — .
MONI TOR cnt =6 $noni t or MONI TOR: cnt=%0d", cnt);
. - cnt = 1;

STROBE : cnt=7 repeat (7) begin
MONI TOR: cnt =7 @posedge cl k) cnt = cnt+1;

DI SPLAY: cnt =8 " . _ "
STROBE . ont =8 $Strobe]—e>n§strobe( STROBE : cnt=%0d",

MONI TOR:  cnt =8 #1 $finish; < #1 $finish
end command

cnt);

initial wait(cnt==8)
. . _+—» $di spl ay(" DI SPLAY: cnt=%0d",
First use a wait command to endnodul e

test cnt and then $display

cnt);
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$d|SpIay and #0 ASSlgnment ju;‘.\?:'l‘:)esi n—
Guidelines it

» Guideline #6: Use $strobe to display values of variables that
have been assigned by nonblocking assignments

— Do not use $di spl ay to display variables assigned by nonblocking
assignments

» Guideline #7: Do not make #0 procedural assignments

58

Summary of 7 Guidelinesto S— N
. . .. —Sunburst Design—
Avoid Verilog Race Conditions =~

Sponsored by Model Technology

Guideline#1: Sequential logic and latches - use nonblocking assignments
Guideline#2: Combinational logic in an always block - use blocking assignments

Guideline #3: Mixed sequential and combinational logic in the same always block
is sequential logic - use nonblocking assignments

Guideline #4: In general, do not mix blocking and nonblocking assignmentsin the
same always block

Guideline #5: Do not make assignmentsto the same variable from morethan one
always block

Guideline#6: Use $strobeto display valuesthat have been assigned using
nonblocking assignments

Guideline #7: Do not make #0 procedural assignments

Follow these guidelines to
remove 90-100% of all
Verilog race conditions
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Sponsored by — g ————

5unbu1§Dasign_

uuuuuuuuuuuuuuuuuuu

A Couple of Important
VerilogTips

60
L

File Naming Fundamental —Sunburst Design—

Sponsored by Model Technology

* Verilog is case sensitive
» Make Verilog file names match the Verilog module names

Example:
file name: asicTop.v
module name: asicTop

» Advantages
— Easier to compile all necessary files using the -y library directory
command line switch
— Easier to build synthesis scripts with a single list of designs that also
serve as a list of file names
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T ath———

I

Case Statement Definitions —Sunburst Design_

* A common set of terms for case statements

case

modul e casenux (y, a, b, sela);

out put Vv header
i nput a, b, sela;
case reg s case expression '
Statement al )Aa.)cs_/@_a_o.( b or sela) begin
Icase (sel a)l «— case item
; |, 1'b0: y = b; T statements
case items 1 b1: y = a | —
defaul t: $display("%n ERROR sel a=%", sela);
endcase
end case default
endnodul e
62
b
Case Statement Types —Sunburst Design—
.
—— module c1 (y, a); nmodul e cz1 (y, a); modul e cx1 (y, a): [P
output [1:0] vy; output [1:0] vy; output [1:0] vy;
i nput a; i nput a; i nput a;
reg [1:0] v; reg [1:0] v; reg [1:0] y;
al ways @ a) al ways @ a) al ways @a)
begin begin begi n
case (a) casez (a) casex (a)
/ 1'b0: y = 0; / 1'b0: y = 0; / 1'b0: y = 0;
case 1'bl: y = 1; casez 1'bl: y = 1; casex 1'bl: y = 1;
statement f1' bz: y = 2;|statement | 1'bz: y = 2; |statement §} 1'bz: y = 2;
1'bx: y = 3; 1'bx: y = 3; 1'bx: y = G;
endcase endcase endcase
end end end
endnodul e endnodul e endnodul e
If a=... case casez casex
_ When should
1' bO: 0 0 0 casez & casex
1' bi: 1 1 be used for
1' bz: 2 {:g:} synthesis?
1' bx: 3
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e

Casex

out put
i nput
i nput
reg

[31:30]

casex ({addr

nmodul e code6 (nmente0, nencel,

E—
cs, en, addr); ﬁDGS]g“_

menced, nencel, cs; pd by Model Technology

en; -

addr ;

mence0, nencel, cs;

al ways @addr or en) begin
{mentel, nentel,

, en})
nce0
ncel

cs} = 3'b0;

1' b1,
1' b1,
1' b1,

3'b101: ne
3'b1ll: ne
3'b0?1: cs
endcase
end
endnodul e

addr[31:30] |__2'b10

en| 1bx

[ Wrong! I
msm:e( De—

— -
mencel
cs
64
b
Casex —SunburstDesign—
~—
Synthesized result ponsored by ModelTechnology
addr [ 31]
addr [ 30] )_ mencel
en
—[>x3 *— nmence0
] cs ~ Pre-synthesis
—{>Q— simulation does not
match post-
synthesis simulation
addr[31:30] |__2'b10
en| 1'bx
L Right!
. /
rrem:e( 1'bx >
S —
nmencel
cs
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e

I

Casez

out put
i nput
i nput
reg

{ment
casez

3'b

3'b

3'b

endca

end

endnodul e

modul e code7 (menteO, nencel, cs, en, addr);

mence0,

en;
[31:30] addr;

mence0,

al ways @addr or en) begin
e0, menctel, cs} = 3'bO;

({addr, en})

101: nence0 = 1'bl;
111: nenctel = 1'bl;
0?1: cs = 1'bl;
se

liDasign_

mencel, cs;

mencel, cs;

addr[ 31: 30]
en

msm:e(

2'b10

mm 1'D7 ——

__— 5‘/4 Wrong! |

—
nmencel
cs
66
eV S
Casez —SunburstDesign—
.
Synthesized result ponsored by ModelTechnology
addr [ 31]
addr [ 30] )_ mencel
en

—{>Q *— mence0
cs Pre-synthesis
—{>Q— simulation does not

match post-
synthesis simulation

addr [ 31: 30]
en

2'b10

rrem:e( 1'bx

mencel

Cs

- 1'DZ7 ——

/be*/ Right! I
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I

Casez & Casex Guidelines —Sunburst Design_—

« Guideline: Do not use casex for synthesizable code

» Guideline: Exercise caution when coding synthesizable models
using the Verilog casez statement

e Coding Style Guideline: When coding a case statement with
"don't cares™:
— use a casez statement
— use "?" characters instead of "z" characters in the case items to indicate
"don't care" bits

68

"full_case parallel_case", the —
. . ; . —SunburstDesign—
Evil Twins of Verilog Synthesis =

» Guideline: In general, do not add a "full_case" or
"parallel_case" directives to Verilog models
— Coding "One-Hot" FSMs using the unique "case (1'b1)" coding style is
the only exception

Sponsored by Model Technology

e The "full_case" and "parallel_case" directives are ignored by
simulation but change the behavior of synthesis tools

These switches can make some designs smaller and faster

These switches can make some designs larger and slower

These switches can change the functionality of the design

THESE SWITCHES ARE ALWAYS MOST DANGEROUS WHEN THEY

WORK!

Advanced Verilog Techniques Workshop - 2001

34




69

Sponsored by — g ————

Model Technology —Sunburst Design_

uuuuuuuuuuuuuuuuuuu

State Machines

Abbreviated FSMs (Finite State Machines)

70
B | —

—

State Machine Classification —Sunburst Design_

Sponsored by Model Technology

* Moore - outputs are only a function of the present state

* Mealy - one or more of the outputs are a function of the
present state and one or more of the inputs

* For an “n”-state FSM (examples on next slide):
— Binary (highly encoded) = Ceiling log,n flip-flops
5 states -> 3 FF's (fewest number of FF’s)

— One-Hot = n flip-flops
5 states -> 5 FF’'s (smaller combinational logic)
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Binary & One-Hot FSMs

5unbu1§Dasign_

71
T ath———

011 00100
010 01000

Primary State Machine Blocks

72
A
-
iunbuﬁDasign_

Sponsored by Model Technology

» Next State (N.S.) combinational logic
» Clocked Preset State (P.S.) logic
» Output combinational logic

combinational

A4

state

inputs (Mealy State Machine Only)
combinational sequential
logic logic
e | B
Next —— »| Present
state State State
» Logic > FF's
clock

logic
outputs
Output
Logic
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State Machine Coding Styles ~ —Sunburst Design—

» Two-Always Block State Machine
— Use three-always blocks to register outputs

« Efficient One-Hot State Machine - combinational outputs
— Using a coding style that is unique to Verilog

74

General State Machine —i
. ) —SunburstDesign—
Guidelines -~

Sponsored by Model Technology

» Guideline: Make each state machine a separate Verilog
module
— Easier to accurately maintain the FSM code
— Enables FSM tools to do optimization/manipulation

* Guideline: Make state assignments using parameters with
symbolic state names
— Generally better than “define state definitions
(examples on next two slides)

Advanced Verilog Techniques Workshop - 2001
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. ey . N . — ath——
State Definitions Using define _<;unbm‘“s"vf:>asign_

“define | DLE 3" bOOO~ Frosrreerwsrsony

1° i ' “define IDLE 2'b00 |
define Bl 3’ b001 . ! ’
‘define B2 3 b010 T “Re-definition” " define READ 2’ b0l
“define B3 3 b101 P warnings! define S2  2'b10

“define READ 3’ b100—
! nmodule fsn2 (... );

module fsm (... ); Multiple FSMs with endimodul e
the same state names Bad coding
style!!

endnodul e

“define creates a
global definition

76

. ey - PE— h———
State Definitions Using parameter —— ms.ﬂﬁ)asign_

Snonsared bv Model

nodule fsml ( ... ); module fSn (... );
par amet er ‘ No state definition o
blems! paraneter |DLE = 2’ b0O,
I DLE = 3' b000 pro =2
’ READ = 2’ b01,
BL = 3 b00L, PAD 2o
e 3 bion, Multiple FSMs with |
B3 = 3'Dbi101, ultiple s wit e
READ = 3’ b100: the same state names [ [ €ndmodul Good coding
endnodul e

parameters create
local definitions

tye
(=)

Advanced Verilog Techniques Workshop - 2001
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T ath———

I

State Parameter Definitions —Sunburst Design_—

AN

Parameter definitions rameter definitions for
for binary encoding verbwse one-hot encoding
paraneter |DLE = 3’ b00O, par anet er 5' b00001,
S1 = 3’ b001, = 5'b00010,
S2 = 3’ b010, < 5' b00100,
S3 = 3’ b011, ' b01000,
ERROR = 3’ b100; 10000;
State register encoding ' ﬂ State register encoding '
Inefficient way to
code One-Hot FSMs
78
Two-Always Block State —a
—SunburstDesign—
.

Machines

Sponsored by Model Technology

* (1) Code a sequential always block to represent the state-
vector register

e (2) Code a combinational always block to represent the next-
state combinational logic

¢ (3) Combinational outputs can be coded using either:
— Continuous-assignment outputs
-OR -
— Include the output assignments in the combinational next-state always
block

Advanced Verilog Techniques Workshop - 2001
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Moore Example #1A- Bubble ~— ——agha—
] 5unbursta519n_
Diagram

» State machine bubble diagram

Except where noted,
outputs “rd” and
“ds” equal O

80
B | —

Two-Always Block Coding Style 5unbms-‘&)qs,gn_

(Symbolic Parameter Assignments - Sequential Always Block)

Sponsored by Model Technology

modul e snmRa (rd, ds, go, ws, clk, rstN);
output rd, ds;
input go, ws, clk, rstN

paraneter |DLE = 2'b00,
READ = 2' b01,
DLY = 2'b10,
DONE = 2' b11,;

reg [1:0] state, next;

al ways @ posedge cl k or negedge rstN)
if (!IrstN) state <= |DLE;
el se state <= next;

Advanced Verilog Techniques Workshop - 2001
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— ath——

nburstQSIgn_

Two-Always Block Coding Style <.

(Combinational Always Block - Continuous Assignment Outputs)

al ways @state or go or ws) begin
next = 2'bx;
case (state)
IDLE : if (go) next = READ;
el se next = |DLE;
READ : next = DLY;
DLY
if (!ws) next = DONE;
el se next = READ;
DONE : next = | DLE;
endcase
end
assign rd = ((state==READ)| | (state==DLY));
assign ds = (state==DONE);
endnodul e Output method #1
(continuous assignments)

82
Py e

nburstGSIgn_

Two-Always Block Coding Style =&

(Combinational Always Block - Always Block Outputs)

Sponsored by Model Technology

al ways @state or go or ws) begin
next = 2'bx; rd = 1'b0; ds = 1'bO; Initial default
case (state) 1 value assignment
IDLE : if (go) next = READ, - initializes the
el se next = | DLE; outputs to a
READ : begin rd = 1'b1l; default state
next = DLY;
end
DLY : begin rd = 1'b1;
if (!'ws) next = DONE;
el se next = READ;
end
DONE : begin ds = 1'bil;
next = |DLE;
end
endcase Output method #2
end (always-block assignments)
endnodul e

Advanced Verilog Techniques Workshop - 2001
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Next State ‘x’-Default —
. —Sunburst Design_
Assignment bt

* Make an initial default state assignment

» Simulation/synthesis trick!
— Xx-assignments are treated as “don’t-cares” by synthesis

— Xx-assignments are treated as unknowns in simulation

A missing next-state assignment will become obvious during simulation
(FSM debugging trick!)

84

Next State Fixed-Default S— N
. —SunburstDesign—
Assignment e

Sponsored by Model Technology

» Some models require unused/undefined states to transition to
known states
— Satellite applications (designs subject to radiation)
— Medical applications (for legal reasons!)
— Formal verification (no equivalency checking with next= 2'bx)
— Diagnostic hardware that uses FSM FF’s in a scan chain

next = | DLE; -OR - next = ERROR etc...

» Make a determinant state assignment

Advanced Verilog Techniques Workshop - 2001
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Two-Always Block Coding o —
Style Guidelines Review =

* Symbolic state names - easy to identify and modify
— parameter READ = 2'b01;
— case (state) READ
— next = READ;
— assign <Moore output> = (state == READ) ...

» Separate present state sequential block
— Reset condition checked first
— Nonblocking assignments

86

Two-AlwaysBlock Coding ~ ——ae—
Style Guidelines Review (cont.) i

Sponsored by Model Technology

» Separate next state combinational block
— Sensitivity list sensitive to state and all inputs
— Default state assignment (next = 2'bx;)
— Blocking assignments

* Making output assignments
— Separate output continuous assignments

All conditions that affect an output are in one location and easily
scanned

-OR-
— Place output assignments in the combinational always block
Input conditions have already been decoded
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Registering The
"Next Outputs’

87
T ath———

I

5unbu1§Dasign_

go=0
State Except where noted,
combinational sequential | registers ?é‘;?”;;u;ﬁo and
logic logic go=1
inputs / READ
Next * Present | Staté
State State _
=0
state Logic " Fes e %
ws=1
sequential
logic
- -I-;I- outputs
—
Output
> FF's
clock
next Output
outputs registers
| 88
Registered Outputs . .
—SunburstDesign—
.

(Add athird (sequential) always block)

Sponsored by Model Technology

al wvays @ posedge cl k or negedge rst_n)
if (!rst_n) begin

el se begin
ds <= 1'bO;
rd <= 1' bO;

ds <= 1'b0O;
rd <= 1'b0;
end

Easy to register outputs
for Moore State Machines

The next registered

case (next) =

READ: rd <= 1'bl
DLY: rd <= 1'bl
DONE: ds <= 1'bil;
endcase
end
endnodul e

output depends on
the next state

Advanced Verilog Techniques Workshop - 2001
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modul e fsmib (ds, rd, go, ws, clk, rst_n);

M 1 output ds, rd;
Registered "Next
input clk, rst_n;

State register, | res ds, ra

Outputs' Example sequential | s 1o - 2

always block o o
DONE = 2' bll;
Next state, reg [1:0] state, next;

al ways @ posedge cl k or negedge rst_n)
if (!rst_n) state <= IDLE;
el se state <= next;

Synthesis result combinational

always block

A a ways @state or go or ws) begin

" n t = 2'bx;
State Next output”, tone (state)
N IDLE: if (go) next = READ;
registers Isequegtllalk else’ next - I DLE;
always bloc

el se next = DONE;

T 1 DONE: next = IDLE
\ endcase
Output \ end
L \ reglsters al ways @posedge clk or negedge rst_n)
go g[

if ('rst_n) begin
clk 0

READ: next = DLY;
DLY: if (ws) next = READ,

ds <= 1'b0;
rd <= 1'b0;
ds end
el se begin

ds <= 1'b0;

rd <= 1'b0;

case (next)
READ: rd <= 1'bl;
DLY: rd <= 1'bl;
DONE: ds <= 1'bl;

A

, SE: P endnodul e
] ' 90
State Machines - Mealy —
iunbuﬁDasign_

Outputs

Sponsored by Model Technology

* Mealy Machine - One or more outputs are a function of the
Present State and one or more of the inputs

* How are Mealy outputs coded?
— Continuous assignments

assign <out> = (state == READ) & !read_strobe_n;

-OR-

— In the next state combinational always block
READ : if (!read_strobe_n) <out> = 1;

Advanced Verilog Techniques Workshop - 2001
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Onehot Coding Style —

(Two Always Blocks - Symbolic Parameter Assignments —unburst Design—
- Sequential Always Block) Sponsored by Model Technology

modul e smlhtfpa (rd, ds, go, ws, clk, rstN);
out put rd, ds;
input go, ws, clk, rstN; Same example -
One-Hot coding style

paraneter |DLE = 0,
READ = 1, \
DLY = 2, These are index
DONE = 3; values into the

state register

reg [3:0] state, next;

al ways @ posedge cl k or negedge rstN)
if (!rstN) begin

state <= 4' bO;
state[ I DLE] <= 1'bil;
end
el se state <= next;

92
B | —

Onehot Coding Style .

—SunburstDesign—
(Two Always Blocks - Continuous Assignment Outputs) -~
Sponsored by Model Technology

In general, full_case &

. parallel_case will make a
al ways @state or go or ws) begin size and speed difference
next = 4'b0;
case (1'bl) // synopsys full_case parallel_case
state[IDLE] : if (go) next[READ] = 1'bl,
el se next[| DLE] = 1'bl;
st at e[ READ] : next[DLY] = 1'bl,
state[DLY] : if (!ws) next[DONE] = 1'bl,
el se next [ READ] = 1'bl,
st at e[ DONE] : next[ 1 DLE] = 1'bl,
endcase
end
assign rd = (state[READ] || state[DLY]);
assign ds = (state[ DONE]);
endnodul e
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T ath———

I

FSM Summary —Sunburst Design—

* Many ways to infer state machines (many obscure ways!)

e One-Hot state machine using case (1' b1)

— Style is unique to Verilog
— Using paral | el _case directive makes a positive difference

» Registered outputs are glitch-free and a recommended
synthesis coding style

94

Sponsored by — |
Model Technology —Sunburst Design—

uuuuuuuuuuuuuuuuuuuuu

Verilog-2001 Behavioral and
Synthesis Enhancements
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. S ——
Verilog Enhancement ey S
Strategy o

* Why make Verilog enhancements?
— increase design productivity
— enhance synthesis capability
— improve verification efficiency

» The Verilog "prime directive"
— do not break existing designs
— do not impact simulator performance
— make the language more powerful and easier to use

To boldly go where no
simulator has gone before!

96

Top-Five Verilog j—uﬁrqsi "~
Enhancement Requests ="

Sponsored by Model Technology

IVC-1996 birds of a feather
— Session chaired by Kurt Baty of WSFDB

#1 - Verilog generate statement

#2 - Multi-dimensional arrays « Look at this
enhancement first

#3 - Better Verilog file 1/0

#4 - Re-entrant tasks

#5 - Better configuration control

NOTE: Verilog-2001 in this
section is not fully tested!
(waiting for a V2001 simulator!)

Advanced Verilog Techniques Workshop - 2001

48




2-bit wire-bus

97

e

Structural Dual-Pipeline Model _<;unbw‘“s:fDesign_

d by Model Technolo

nodul e dual pi pe (doutl, doutO, din, en, clk, rst_n); declarations
output [1:0] doutl, doutO;
input [1:0] din, en;
i nput clk, rst_n;
wre [1:0] dataO_0, dataO_1, dataO_2, dataO_3, datal_0, datal_l, datal_2, datal_3;
datal_O[1] — datal 1[1] — datal 2[1] . datal_3[1] doutl[1]
& Tk e
datal 0[0] | | T datal 1[0] | | I datal 2[0] | | I, datal 3[0] dout1[0]
dinf1] L | |
din[0] & = %
data0_0[1] | | T datao_1[1] | | 1. data0_2[1] | | 1. data0 3[1] douto[1]
Jus Jus Jus
datao_0[0] ||| T datao_1[0] ||| 1. datao_2[0] ||| 1. data0 3[0]  douto[0]
en1] — T[T e i
en[1:0] enfo]—»| T o
clk
rst_n
98
. . ) |’_
Dual P| pel ne COde 1-dimensional wire iunbuﬁDasign_
array declaration
Sponsored by Model Technology

i nput

wre

df f u010

dff u001 (.
dff uo1l (.
dff u021 (.

dff u100 (.
dff ul10 (.
dff u120 (.

assign doutl
assign doutO
endnodul e

assign datal_
assign data_

(.
dff u020 (. q(

clk, rst_n;

data0_0, dataO_1, data0_2, dataO_3, datal_O, datal_1, datal_2, datal_3;
S? n; 4///{ 2-bit assignments '
in;

dff u000 (.qgddata0_1[0]),

0
0

df f ul01l (.q(datal_.
dff ulll (.q(datal_ZiH
df f ul2l (.q(datal_§

datal_3;
dat a0_3;

.d(data0_0[0]),
.d(data0_1[0]),
.d(data0_2[0]),

.d(data0_0[1]),
.d(data0_1[1]),
.d(data0_2[1]),

.d(datal_0[0]),
.d(datal_1[0]),
.d(datal_2[0]),

.d(data1_0[1]),
, .d(datal_1[1]),
.d(datal_2[1]),

nodul e dual pi pe (doutl, doutO, din, en Clk,
output [1:0] doutl, doutO;
input [1:0] din, en;

Bit reference
listed last

rst_n);

clk(cl k),
clk(cl k),
clk(cl k),

clk(cl k),
clk(cl k),
clk(cl k),

clk(cl k),
clk(cl k),
clk(cl k),

_clk(clk),
clk(clk),
clk(clk),

.en(en[0]),
.en(en[0]),
.en(en[0]),

.en(en[0]),
.en(en[0]),
.en(en[0]),

.en(en[1]),
.en(en[1]),
.en(en[1]),

.en(en[1]),
.en(en[1]),
.en(en[1]),

.rst_n(rst_n));
.rst_n(rst_n));
.rst_n(rst_n));

.rst_n(rst_n));
.rst_n(rst_n));
.rst_n(rst_n));

.rst_n(rst_n));
.rst_n(rst_n));
.rst_n(rst_n));

.rst_n(rst_n));
.rst_n(rst_n));
.rst_n(rst_n));
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Multi-Dimensional
Verilog-2001 Enhancement #2

3-dimensional wire
array declaration

Synthesizable

99

e

I

5unbu1§Dasign_

rm(d)ﬂll Su?u([-,\ll:piO]pea\éﬁlta'( dgzhib; dout 0, di en, clk, rst_n); Soon!
input [1:0] din, en;
i nput clk, rst_n;
wre [1:0] data [1:0] [3:0];
data[1][0][1] — data[1][1][1] data[l][2][1] — data[1][3][1] doutl[1]
L L e
dinga data[1][0][0]| | L data[1][1][0] | | T data[12][0]| | L data[1][3][0] dout1[O]
n
din[o] & & &
data[ojjol[1]| | 1 datafojjia| | datafojr2)a]| | L. data[oj3][1] douto[1]
data[o][o1[0]||| X datafoy[1jio] ||| 2_datafoir21i0]| || L. data[oj3jjo] douto[o]
enf1)— 710 [ pud
en[1:0] en[0]—# o
clk
rst_n
- - - | 100
Multi-Dimensional —
3-dimensional wire J—Sunburst Design—
A rray COde array declaration adl

nodul e dual pi pe_v2k (doutl, doutO, din,en,

output [1:0] doutl, doutO;

i nput
i nput

df f
df f
df f

u000
u010
u020

df f
df f
df f

u001
u011l
u021

df f
df f
df f

ul00
ullo
ul20

df f
df f
df f

ul0l
ulll
ul21l

assign doutl
assign doutO

endnodul e

[1:0] din, en;

clk, rst_n;

= din;
= din;

-q(datg[0][1][1]),
-q(dataj0][2][1]),
-q(data[Q][3][1]),
-q(data[1\[1][0]),
-q(data[1]§2][0]),
-q(data[1][Q][0]),

.q(data[1][1N 1]),

data[0][3];

[1:0] [3:0];

data[l][?»];'\

Bit reference

clk,

rst_n);

Word assignment
2 index variables

.d(data[0][0][0Q]),
.d(data[0][1][0]),
.d(data[0][2][0]),

.d(data[0][0][1]),
.d(data[0][1][1]),
.d(data[0][2][1]),

.d(data[1][0][0]),
.d(data[1][1][0]),
.d(data[1][2][0]),

.d(data[1][0][1]),
.d(data[1][1][1]),
.d(data[1][2][1]),

clk(clk),
clk(clk),
clk(clk),

cclk(clk),
cclk(clk),
cclk(clk),

clk(clk),
cclk(clk),
cclk(clk),

clk(clk),
cclk(clk),
.clk(cl k),

.en(en[0]),
.en(en[0]),
.en(en[0]),

.en(en[0]),
.en(en[0]),
.en(en[0]),

.en(en[1]),
.en(en[1]),
.en(en[1]),

.en(en[1]),
.en(en[1]),
.en(en[1]),

.rst_n(rst_n));
.rst_n(rst_n));
.rst_n(rst_n));

.rst_n(rst_n));
.rst_n(rst_n));
.rst_n(rst_n));

.rst_n(rst_n));
.rst_n(rst_n));
.rst_n(rst_n));

.rst_n(rst_n));
.rst_n(rst_n));
.rst_n(rst_n));

listed last

Bit assignment
3index variables

Sponsored by M_gygl Technology
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Generate Statement —

_ —Sunburst Design—
Verilog-2001 Enhancement #1 =

Synthesizable

Soon!

nodul e dual pi pe (doutl, doutO, din, en, clk, rst_n);
output [1:0] doutl, doutO;
input [1:0] din, en;

i nput cl k"s‘—”/{ Three genvar variables declared: i, j, k I
genvar i, j k;

i
wire [1:0] data [1:0] [3:0]; 4—‘ 3-dimensional wire array declaration '

assign data[1][0] = din; ;
assign data[0][0] = din; Named blocks are required I
generate for (i =Q; i <_=l; i =? +_l) begi n: ffi ¢—— Three nested
generate for (j=0; j<=2; j=j+1) begin: ff2 4——— f I
generate for (k=0; k<=1; k=k+1l) begin: ff3 €4—— generate for-loops

dff ul (.q(data[i][j+1][k]), .d(data[i][j][k]), .clk(clk), .en(en[i]), .rst_n(rst_n));

endgenerat e
endgenerate
endgener at e

First generated dff instance name:
data[1][3]; ff1[0].ff2[0].ff3[0].ul
data[0][3];

assign dout 1
assign dout0

gndmdul e Last generated dff instance name: R
ffL[1]).ff2[2].ff3[1].ul
| 102
Generate Statement —
iunbuﬁDasign_

genvar Index Variable

Sponsored by Model Technology

* New keyword: genvar
— Better than imposing restrictions on use of existing integer data type

* Restrictions
— Genvars shall be declared within the module where they are used
— Genvars can be declared either inside or outside of a generate scope

— Genvars are positive integers that are local to and only used within a
generate loop that uses them as index variables

— Genvars are only defined during the evaluation of the generate blocks
— Genvars do not exist during simulation of a Verilog design
— No nesting of generate loops that use the same genvar index variable

— The value of a genvar can be referenced in any context where the value
of a parameter could be referenced
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Other Types of Verilog ﬂr
Generate Statements .

Synthesizable
Soon!

« if-else generate

nmodul e ...
generate if ((AWDTH < 8) || (B_WDTH < 8))
CLA multiplier ul (...); /1 CLA nultiplier
el se

WALLACE mul tiplier ul (...); // Wallace-tree multiplier
endgener at e

enaﬁﬁdule

¢ case-generate

nodul e ...
generate case (1'bl)
(W DTH<6) : adder1 ul (...);
((WDTH>5) && (W DTH<10)): adder2 ul (...);
(W DTH>10) : adder3 ul (...);

endgener at e

endnodul e

Enhanced File /O 5Tnbu-ﬂ"rsfDqsign_
Verilog-2001 Enhancement #3 =

Not

. . Synthesizable
* Functions and tasks that open and close files

Verilog-1995 Verilog-2001
Multi-Channel Descriptor File Descriptor

i nteger mcd; & integer MSB="0" ' integer fd Ir'd integer MSB="1"
initial begin initial begin

ncd = $fopen ("file_nane"); fd = $fopen ("file_nane", type);

$f cl ose(ncd); $f cl ose(fd);
end end

Type Verilog-2001 File Types

r rb open for reading

w whb truncate to zero length or create for writing

a ab append; open for writing at end of file, or create for writing

r+ r+b rb+ open for update (reading and writing)

w+ w+b  wb+ truncate or create for update

a+ atb  ab+ append; open or create for update at end-of-file
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i —— gl ———
Enhanced File I/O (cont.) e~ N
Verilog-2001 Enhancement #3 et

« Tasks that output values into files
« Tasks that output values into variables

* Tasks/functions that read from files and load into variables or
memories

New Verilog-2001
$ferror file I/O commands
$f getc
$fgets
$f r ead
$f scanf

$f seek Verilog-2001 files and
$ftell Verilog-1995 files can both

$f unget ¢ be used in the same testbench
$f unget f

$rewi nd

$sf or mat

$sscanf

$swite (al so $switeb, $switeo, $switeh)
$unget c

Re-Entrant Tasks & Functions =~ —_ & = =~
Verilog-2001 Enhancement #4 =

Synthesizable

Soon!

Verilog-1995 tasks

nodul e ...
task witel; | use static variables I

endt ask

task automatic write2: Verilog-2001 new keyword:

,\ automatic
endt ask \
Verilog-2001 tasks I

endnodul e use stacked variables

Automatic tasks & functions
makes recursion possible
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Verilog Configuration Files —ah—

_ —Sunburst Design—
Verilog-2001 Enhancement #5 =

Synthesizable

addertop
al a2

e L/ L

Adder (Gates) I [

/ AN

Soon!

Simulation specification #1 Simulation specification #2
addertop.al - RTL model addertop.al - RTL model
addertop.a2 - RTL model addertop.a2 - gate-level model
Libraries
config rtl; config m xed; on the
design rtlLib.addertop; design rtlLib.addertop; next slide
default [liblist rtlLib; default [liblist rtlLib;
endconfig i nstance addertop.a2 liblist gateLib;
endconfig

Simulation Configurations —i

. —Sunburst Design—
Verilog-2001 Enhancement #5 -~

LSponsored by Model Technology

‘ Directory structure ' I

file: addertop.v '

mpdul e addertop()
adder al(...);

adder a2(...);

lib.map | addertop.v |
P endnodul e
rtl.cfg | adder.v |
file: adder. vg—' file: adder.v
nmodul e adder () ; | nmodul e adder () ;
/1 gate-level adder /1 RTL adder
/1 description /1 description
endnodul e endnodul e
file: 1i b. nap |
rtl.cfg & mixed.cfg library rtlLib ../projl/vliog/*.v
on previous slide library gateLib ../projl/gates/*.vg
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Works with PE— \} | S

ANSI-C Style Ports |Mdesmes —Sunburst Design

Synthesizable

Soon!

g - in the port list

nmodul e dffarn (q, 4(rclk, rst_n);

output d; } q - port type is "output” Verbose port
input d, clk, rst_n; , declarations
reg q;, < } q - data type is "reg"

al ways @ posedge cl k or negedge rst_n)
if (!'rst_n) g <= 1'bO;

el se q <= d; ( port-list, port direction

endnodul e and port datatype )

nmodul e dffarn (/
output reg q,
i nput d, clk, rst_n);

al ways @ posedge cl k or negedge rst_n)
if (!rst_n) g <= 1'DbO;

el se q <= d;
endnodul e
| 110
Comma' arated Work; with —m‘
%p ModelSim 5.5! junbulﬁDGSign—

Sengitivity List

 Synthesizable

Parameterized Verilog-2001

1
memory (ram1) model Soon!

modul e ranl (addr, data, en, rw_n); I
paraneter ADDR SIZE = 10; -
par aneter DATA S| ZE = 8; MEM_DEPTH is
paraneter NMEM DEPTH = 1<<ADDR S| ZE: automatically sized
out put [DATA Sl ZE-1:0] data; from the ADDR_SIZE
input [ADDR SIZE-1:0] addr;

i nput en, rw.n;

reg  [DATA SIZE-1:0] mem [0: MEM DEPTH 1] ;

assign data = (rw_n & en) ? men{faddr] : {DATA SIZE{1' bz}};

al ways| @addr, data, rw_n, en)
if (FTwW_n &% en) nenladdr] = dat a;
endnodul e I

Comma-separated
sensitivity list
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e

Incompl ete Sensitivity List —Sunburst Design_—

nmodul e codela (o, a, b); H

out put o; Full sensitivity list
input a, b;
reg 0 nodul e codelb (o, a, b);
out put o;
al ways input a, b; ‘ Incomplete sensitivity list
0=aé&hb; reg o o
endrmodul e | |i "Warning: Variable 'b' ...
does not occur in the timing
al ways control of the block ..."
0 =a &b;
endnodul e
/ ‘ o
modul e codelc (o, .| No sensitivity list
] out put o; | |
Synthesized result! i nput a, "Warning: Variable 'a’ ...

reg 0; does not occur in the timing

control of the block ..."
:D_ — al ways L]

o=aé&b; "Warning: Variable 'b' ...
does not occur in the timing
endmodul e control of the block ..."

112
L

Incomplete Sengitivity List —Sunburst Design_—

. . . S d by Model Technol
—_ — Pre-synthesis simulation I T TR
modul e codela (o, a, b); matches
out put o; post-synthesis simulation
input a, b;
reg 0;

nmodul e codelb (o, a, b);

out put o;
al ways input a, b;

0 =aé&hb; reg o; Pre-synthesis simulation
endnodul e does not match
al waysw‘_/\ post-synthesis simulation
0o=aé&hb;
endrodul e

nodul e codelc (o, a, b);

out put o;
Synthesized result! input a, b;

: Pre-synthesis
reg o,/ simulation hangs!
:D_ al ways |—|

0 =a &b
endnodul e
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@* Combinational ﬂgﬂ_
Sensitivity List =

nodul e codeld (o, a, b); Pre-synthesis simulation
output o; o ' matches
i nput a’ b: post-synthesis simulation
reg 0; /
al ways @
0 =a &b
endnodul e
Synthesized result!
114
T ——
ANSI-C Style Parameters _Sunburst Design_
4

 Synthesizable

Parameterized Verilog-2001

Soon!

parameter(s) can be memory (ram1) model
redefined when the
model is instantiated

MEM_DEPTH is

automatically sized

nodul e ranil| #( paranmeter ADDR_SI ZE 10, from the ADDR SIZE

paraneter DATA SIZE = 8

| ocal param MEM DEPTH = 1<<ADDR Sl ZE); |
localparam(s) cannot be §(out put [ DATA_SI ZE-1:0] data,

redefined when the i nput [ADDR Sl ZE-1:0] addr,

model is instantiated i nput en, rw.n);

reg  [DATA SIZE-1:0] mem [0: MEM DEPTH 1] ;

assign data = (rw.n & en) ? nenf{addr] : {DATA SIZE{1' bz}};

al ways| @ Combinational I
if (I'twn & en) menfaddr] <= data; @ sensitivity list
endnodul e l
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Errata- @*

(Information Missing from

<

nodul e decoder

(

the Verilog-2001 Standard)
3-to-8 decoder

115
—th——

I

5unbu1§Dasign_

<

Code from a One-Hot
State Machine design

@ is the same as
@state or go or ws)

Index variables should be
part of a combinational

output reg [7:0] v, with enable
i nput [2:0] a, :
i nput en); L @ is the same as
@a or en)
always @ begin
y = 8 hff;
y[a] = !en;
end \ —
dnodul
endnodul e M vays @ pegin
next = 4'Db0;

case (1'bl) // synopsys parallel_case

itivity list state[ | DLE] if (go) next[READ] = 1'bil;
Sensviy s el se next[ I DLE] = 1'bl;
/ st at e[ READ] next[DLY] = 1'bl;
stat e[ DLY] if ('ws) next[DONE] = 1'bil;
el se next [ READ] = 1'bl,
Non-constant case-items st at e[ DONE] next[ I DLE] = 1'bi1;
should be part of a endcase
combinational sensitivity list § eng
116
Passing Parametersto Instances — g ——
—SunburstDesign—
.
nodul e regbl k (g, d, ce, clk, rst_n);
Parameterized = P& ngt f;l ?:EZE S] 4;]_
regblk model input [SIZE-1:0] d
i nput ce, clk, rst_n;
reg [SIZE-1: 0] q;
Two instantiated regblk instances
with different sizes al ways @ posedge cl k or negedge rst_n)
if (!'rst_n) q <= 0;
else if (ce) q <= d;
endnodul e
demuxreg model \ \KQ
block diagram . Jdindd |, [15:0]
7 7 qp== Al
Ia ¥ 16 \ 16
d[7:0] dd g
8 ce 8 cen lce

ce

clk

I>O ce_n

rst_n
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defparam Redefinition
Verilog-1995

e

I

5unbu1§Dasign_

Sponsored by Mo

nodul e dermuxreg (g, d, ce, clk, rst_n);
output [15:0] q;

input [ 7:0] d;
i nput ce, clk, rst_n;
wre [15:0] q;

A defparam can be
before the instance

wre [ 7:0] ni;
not uo (ce_n'}/
def param ul. Sl ZE=8;

reghlk ul (.q(nl), .d (d),
regblk u2 (.q (qg), .d({d,n
def par am u2. Sl ZE=16;

.ce ;
— ce(ce_n),

after the instance

A defparam can be

“clk(clk),
cclk(clk),

.rst_n(rst_n));
.rst_n(rst_n));

117

endnodul e

The Verilog Standards Group hopes
that defparams eventually die!

12.2.1 defparam statement (Verilog-2001)

"When defparams are encountered in
multiple source files, e.g., found by library
searching, the defparam from which the

d,
paraneter Sl ZE = 4;
output [SIZE-1:0] q;
input [SIZE-1:0] d;
i nput ce,
reg [SIZE-1: 0] q;

ce,

al ways @ posedge clk or
if

cl k,

clk,

‘ A defparam can be in a whole separate file!! I

nmodul e regbl k (q,

rst_n);

rst_n;

negedge rst_n)
(!rst_n) g <= 0;

o : . o else if (ce) q <= d
parameter takes it's value is undefined. endrmodul e
| 118
— VU —

Positional Parameter Redefinition

Sponsor

Verilog-1995
nmodul e demuxreg (q, d, ce, clk, rst_n);
output [15:0] q;
input [ 7:0] d;
i nput ce, clk, rst_n;
wre [15:0] q;
wre [ 7:0] n1;
not u0 (ce_n, ce);
regbl k #( 8) ul (.q(nl), .d (d),
regbl k #(16) u2 (.q (q), .d({d,n1}),
endnodul e 4

.ce(ce),
.ce(ce_n),

iunbuﬁDasign_

Instance and parameter information
all on the same line of code

clk(cl k),
clk(cl k),

.rst_n(rst_n));
.rst_n(rst_n));

Passing parameters
by position

One serious disadvantage:
When passing parameters by position,
all parameters up to and including the

changed parameters must be listed,
even if some parameter values do not
change!!

nodul e regbl k (q,

d,
paraneter SIZE = 4;
output [SIZE-1:0] g;
input [SIZE-1:0] d;
i nput ce,
reg q;

ce,

[ Sl ZE- 1: 0]

al ways @ posedge clk or
(!'rst_n) q <=
q <= d;

if
else if (ce)

endnodul e

cl k,

cl k,

negedge rst_n)

0;

rst_n);

rst_n;
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Named Parameter Redefinition

Verilog-2001 Enhancement

119
—th——

I

5unbu1§Dasign_

Spon gy

= modul e denuxreg (g, d, ce, clk, rst_n);
out put [15:0] q;
input [ 7:0] d;
i nput ce, clk, rst_n;
wre [15:0] q;
wre [ 7:0] ni;
not u0 (ce_n, ce);
regbl k #( .SIZE(8)) ul (.q(nl),.d (d),
endnodul e A

Instance and parameter information
all on the same line of code

.ce(ce), .clk(clk),.rst_n(rst_n));

regbl k #(.SIZE(16)) u2 (.q (q),.d({d,n1}),.ce(ce_n),.clk(clk),.rst_n(rst_n));

Parameter redefinition using
named parameters
(same syntax as named
port connections)

Only the parameters that
change must be listed

nodul e regbl k (g, d, clk, rst_n);
paraneter Sl ZE = 4;

out put [ SI ZE-1: 0]
input [SIZE-1:0]
i nput
reg

ce,

e, clk,

q
d
c rst_n;
q

[SIZE-1: 0] q;
al ways @ posedge clk or

negedge rst_n)
if (!rst_n) g <= 0;

else if (ce) q <= d
endnodul e
| 120
. e ——
- _
Demuxreg Verilog-2001 Model =3 e Design_
Model Technology
¥ v {d,n1} d q+Q[1510]
Is 16 16
d[7:0] dd g
8 ce 8 e lce
8-bit regblk 16-bit regblk
#(. SI ZE(8)) > > 1 #(. Sl ZE(16))
ce {>O ce_n
clk
rst_n
nodul e dermuxreg (g, d, ce, clk, rst_n);
output [15:0] q;
input [ 7:0] d;
i nput ce, clk, rst_n;
wre [15:0] q;
wre [ 7:0] ni;
not u0 (ce_n, ce);
regbl k #( .SIZE(8)) ul (.q(nl),.d (d), .ce(ce), .clk(clk),.rst_n(rst_n));
regbl k #(.SIZE(16)) u2 (.q (q),.d({d, n1}),.ce(ce_n),.clk(clk),.rst_n(rst_n));
endnodul e
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—th——

I

Parameter Redefinition —Sunburst Design_—

» Guideline: Do not use defparam statements
— Extra line of code
— Can be anywhere and in any file
— In-house tools are harder to implement

» Guideline: Use instantiated models with the new Verilog-2001
named parameter redefinition

122
L

Top-Level Module Instantiation —Sunburst Design—

nodul e top_padsl (pdata, paddr, pctll, pctl2, pw, pclk); E
input [15:0] pdata; /'l pad data bus f—
inout [31:0] paddr; !/ pad addr bus
. Top-level 110 pa_d i nput pctl1, pctl2, pwr, pclk; // pad signals
. L wre [15:0] data; /1 data bus
Instantiation wre [31:0] addr; /1 addr bus

* Pre-Verilog-1995 mai n_blk ul (.data(data), .addr(addr),
.sigl(ctll), .sig2(ctl2), .si

g3(wr), .clk(clk));

IBUF c4 (.O( w), .pl( pw));
IBUF ¢3 (.Q(ctl2), .pl(pctl2));
IBUF c2 (.Q(ctl1), .pl(pctll));
IBUF c1 (. clk), .pl( pclk));

BIDI R bl5 (.N2(data[15]), .pNl(pdata[15]), .WR(w));
BIDI R bl4 (.N2(data[14]), .pNl(pdata[14]), .WR(w));

| 16 data BI DI RI/O pads K ..
BIDIR bl (.N2(data[ 1]), .pNl(pdata[ 1]), .WR(w));
BIDIR b0 (.N2(data[ 0]), .pNl(pdata[ 0]), .WR(w));

IBUF i31 (.Q(addr[31]), .pl(paddr[31]));
IBUF i30 (.Q(addr[30]), .pl(paddr[30]));
IBUF i29 (.Q(addr[29]), .pl(paddr[29]));

| 32 addr | BUF 1/0 pads | 1

IBUF i2 (.Q(addr[ 2]), .pl(paddr[ 2]))
IBUF il (.Q(addr[ 1]), .pl(paddr[ 1]));
IBUF i0 (.Q(addr[ 0]), .pl(paddr[ 0]))

endnodul e
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Top-Level Module Instantiation — &

_ —Sunburst Design—
Verilog Generate Method et

nodul e top_pads2 (pdata, paddr, pctll, pctl2, pw, pclk);

¢ Top-IeveI 110 pad input [15:0] pdata; /1 pad data bus
instantiation using inout [31:0] paddr; /1 pad addr bus
i nput pctl 1, pctl2, pw, pclk; /1 pad signals
generate statements| wire [15:0] data; /1 data bus
wire [31: 0] addr; // addr bus

» Verilog-2001
mai n_bl k ul (.data(data), .addr(addr),
.sigl(ctll), .sig2(ctl2), .sig3(w), .clk(clk));

genvar i;

IBUF c4 (.O( w), .pl( pw))
IBUF ¢3 (.Q(ctl2), .pl(pctl2));
IBUF c2 (.Q(ctl1), .pl(pctll))
IBUF c1 (.O( clk), .pl( pclk))

generate for (i=0; i<16; i=i+1) begin: dat
‘ 16 data Bl DI R1/O pads '——bBIDIR bl (.N2(data[i]), .pNl(pdata[i]), .VWR(w));

endgener at e

generate for (i=0; i<32; i=i+l1) begin: adr
‘3230'(1" I BUF I/O pads '——NBUF i1 (.Qaddr[i]), .pl(paddr[i])):

endgener at e

endnodul e

124

Synthesizable

Top-Level Module Instantiation

- Soon!
Array of Instances Works with (Finally!)
ModelSim 5.5!
nodul e top_pads3 (pdata, paddr, pctll, pctl2, pw, pclk);
¢ TOp-Ievel I/O pad input [15:0] pdata; /'l pad data bus
instantiation using inout [31:0] paddr; /1 pad addr bus
. i nput pctl 1, pctl2, pw, pclk; /1 pad signals
arrays of instances wire [15:0] data; /1 data bus
wre [31:0] addr; /1 addr bus

« Verilog-1995
maei n_bl k ul (.data(data), .addr(addr),
.sigl(ctll), .sig2(ctl2), .sig3(w), .clk(clk));

IBUF c4 (.O( w), .pl( pw));
IBUF ¢3 (.Q(ctl2), .pl(pctl2));
IBUF c2 (.Q(ctl1), .pl(pctll));
IBUF c1 (. clk), .pl( pclk));

‘ledataBl DI RI/O pads L—’ BIDI R b[15:0] (.N2(data), .pNl(pdata), .WR(w));

ly | BUF i[31:0] (.O(addr), .pl(paddr));

[ 32 addr | BUF /O pads |||

endnodul e
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—th——
E—
V++ Enhancement Idea? e
_ ~ —SunburstDesign—
Verilog-2005 Enhancement? - What do you think? ~
Sponsored by ModelTechnology
. H nodul e top_pads3 (pdata, paddr, pctll, pctl2, pw, pclk);
Automatic pOft input [15:0] pdata; /1 pad data bus
matching where inout [31:0] paddr; /1 pad addr bus
. i nput pctl 1, pctl2, pw, pclk; /1 pad signals
appllcable wire [15:0] data; /1 data bus
wire [31: 0] addr; // addr bus

* Named port

matching for main_blk ul (@, .sigl(ctll), .sig2(ctl2), .sig3(w));

exceptions B o4 (LO( w). .pI( pu));
IBUF ¢3 (.Q(ctl2), .pl(pctl2));
IBUF c2 (.Q(ctl1), .pl(pctll));
@*automatic IBUF c1 (.Q( clk), .pl( pclk));
port matching?? BIDIR b[15:0] (.N2(data), .pNi(pdata), .WR(wr)):
IBUF i[31:0] (.Q(addr), .pl(paddr));
endnodul e

main_blk ul (@, .sigl(ctll), .sig2(ctl2), .sig3(w)); '

126
B | —

Attributes —Sunburst Design—

Sponsored by Model Technology

* New tokens
(* *) < VSG members call
these "funny braces"

(* attribute_nane = constant_expression *)
-Or-
(* attribute_nane *)

Synthetic comments require
- that all comments are parsed

/1 rtl_synthesis full_case parallel_case

replace with

(* rtl_synthesis, full_case, parallel_case *)

| Put tool directives into attributes to

eliminate the need to parse comments

Advanced Verilog Techniques Workshop - 2001

63




Additional Verilog-2001
Enhancements

127
—th——

I

5unbu1§Dasign_

 Signed arithmetic
* Exponential operator

» Enhanced conditional compilation

Mostly

Synthesizable
??

* Removed: net declaration requirement for LHS of continuous

assignment to an internal net
* Added: ‘default_nettype none

« Initialize variables in the declaration
« Indexed vector part selects

What Broke in Verilog-20017?
(1) Having Exactly 31 Open Files

128
B | —

—

iunbuﬁDasign_

Sponsored by Model Technology

» Two behavioral capabilities broke in Verilog-2001

 File 1/O (one corner case)

1,000's of open files are now possible

cause a conflict

Verilog-1995 permits 31 open files, each open file sets one integer bit
Verilog-2001 steals the integer-MSB for new file I/O file handles

If a design uses exactly 31 open files, the new file /O enhancement will

Work-around: replace one of the open files with a Verilog-2001 file
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What Brokein Verilog-2001? ~ —_al&

) R ) —Sunburst Design—
(2) Unsized "bz Assignments et

» Unsized z-assignment
— “bz assignments assign up to 32 Z's and then pad the MSBs with all 0's
— Any design that counts on this behavior deserves to be broken!

nmodul e tribuf (y, a, en); nmodul e tribuf (y, a, en);
paraneter S| ZE = 64, paraneter SlZE = 64,
output [SIZE-1:0] vy; output [SIZE-1:0] vy;
input [SIZE-1:0] a; input [SIZE-1:0] a;
i nput en; i nput en;

L~
assigny =en ? a: 'bz; assigny = en ? a: {SIZE{1 bz}};

endnodul e | endnodul e

Parameterized model:
l three-state driver
| Verilog-1995: y = 64' h0000_0000_zz7z_z227 | ~ (Works for both
Verilog-1995 & Verilog-2001)

‘Verilog-ZOOl: y = 64'hzzzz_zzzz_zzzz_zz727 '

130

e
Errata' . —Sunburst Design—
A Few Mistakes"Slipped” Into The LRM -~

Sponsored by Model Technology

* The Ceiling of the Log of Base 2 function has errors

depth is only
??
W‘ 1-bit wide (oops!) I

functi on/i/nt eger cl ogbh2; h

i nput “dept h; If depth = 0 the for-loop
integer i,result; never executes ...
begi n /

for (i =0; 2 ** i <depth; i =i + 1)

result =i + 1; Simple 1-statement
clogbh2 = result; implementation

end 4
endf ungtion

function integer clogh2;

... result is never input [31:0] value; v
initialized and ... for (clogb2=0; val ue>0; clogb2=cl ogh2+1)
val ue = val ue>>1;

...clogb2is endr unctron
assigned "X"
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Final Example - Using Multiple ——aa— "
. —Sunburst Design_
Verilog-2001 Enhancements =

» Build a parameterized Barrel Shifter model (Verilog-1995)
» Convert the model into a parameterized Verilog-2001 model

* Instantiate the model into a Barrel-Shift register

132
. — | —————
Barrel Ifter iunbuﬁDasign_
Example Barrel Shifter model from

Sponsored by Model Technology

a popular synthesis book &

nodul e SH FTER_BARREL (Rotate, A, Y);
input [2:0] Rotate;

input [5:0] A -
output [5:0] Y; fu_nct|on [5:0] rol6;
reg [5:0] Y; input [5:0] A
input [2:0] NoShifts;
always @Rotate or A)
begi n: COVB_BARREL_SHI FT reg [6:0] A ExtendLeft;
case (Rotate) integer N
0: Y =A .
1: Y = rol 6(A 1): begi n
2. Y =rol6(A 2); A ExtendLeft = {1'b0, A};
3 Y =rol6(A 3). for (N=1; N<=NoShifts; N=N+1)
4: Y = rol 6(A 4): X begi n
5. Y = rol 6(A 5); A ExtendLeft = A ExtendLeft << 1;
default : Y = 6' bx; A _ExtendLeft[0] = A ExtendLeft[6];
endcase end
end rol 6 = A ExtendLeft[5:0];
end
endf uncti on
- endnodul e
No r ol 6 function necessary -
use part-selects and concatenation
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Barrel Shifter

Better RTL Model

133
—th——

I

5unbu1§Dasign_

PRI T SO ST S

nmodul e barrel _shifter (y,
output [5:0] vy;
input [2:0] rotate_cnt;
input [5:0] a;
wre [5:0] tnp;

a,

assign {y,tnp} = {a,a} << rotate_cnt;
endnodul e

rotate_cnt);

No always block or case
statement necessary, use
a continuous assignment

/

nodul e SH FTER_BARREL (Rotate, A, Y);
input [2:0] Rotate;
input [5:0] A

utput [5:0] Y.
sty

endnodul e

{y,tnp} = {a,a} << rotate_cnt
is equivalent to

{y,tnmp} = {a[(WDTH1)-rotate_cnt:0],a[WDTH-1: 0], {rotate_cnt{1' b0}}}

Barrel Shifter

Two-Parameter RTL Modél

134
B | —

—

iunbuﬁDasign_

Sponsored by Model Technology

assign {y,tnp} = {a,a} << rotate_cnt;
endnodul e

nodul e barrel _shifter (y, a, rotate_cnt);

nodul e barrel _shifter (y, a, rotate_cnt);
output [5:0] vy;
input [2:0] rotate_cnt; <
input [5:0] a;
wre [5:0] tnp;

Let's turn this into
a parameterized model

parameter W DTH 6, <«
paraneter CNT_SI ZE
out put [ W DTH 1: 0]

y;
0] rotate_cnt;

input [CNT_SIZE-1:
input [WDTH 1:0] a;
wre [WDTH 1: 0] t np;

assign {y,tnp} = {a,a} << rotate_cnt;
endnodul e

3 — |

Two parameters,
WIDTH & CNT_SIZE
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Barrel Shifter - Veril

One-Parameter RTL Model

- 135
Verilog-2001 parameter

and port list

0g-2001

nmodul e barrel _shifter(y, a, rotate_cn
parameter W DTH = 6;
paranmeter CNT_SIZE = 3;

out put [ W DTH 1: 0] y;
0] rotate_cnt;

input [CNT_SIZE-1:
input [WDTH 1:0] a;
wre [WDTH 1: 0] t np;

assign {y,tnmp} = {a,a} << rotate_cn
endnodul e

t);

nodul e barrel _shifter #(

parameter = W DTH =6,
paranmeter = CNT_SIZE = 3);

(out put [WDTH 1: 0] Yy,

input [CNT_SIZE-1:0] rotate_cnt,
input [WDTH 1:0] a);

wre [WDTH- 1: 0] t np;

t; assign {y,tnp} = {a,a} << rotate_cnt;

localparam and a
constant function are used
to set the CNT_SIZE

T~

One parameter
WIDTH v

endnodul e
nmodul e barrel _shifter #(

+» parameter W DTH = 6,
| ocal param CNT_SI ZE = cl ogh2(W DTH) ) ;
(out put [WDTH 1: 0] y,
input [CNT_SIZE-1:0] rotate_cnt,
input [WDTH 1: 0] a);
wre [ WDTH- 1: 0] tnp;

assign {y,tnmp} = {a,a} << rotate_cnt;

™ function integer clogbh2;
input [31:0] val ue;
for (clogb2=0; val ue>0;
val ue val ue>>1;
endfunction
endnodul e

cl ogh2=cl ogh2+1)

Registered Barrel Shi

Verilog-2001 Version

136

e ———

| ANSI-C
—Sunt style parameters

and ports

fter

Spon

nodul e barrel _shifter
paraneter W DTH

#(

o

Local
parameter

o ¥

Data type included in
the port declaration

\

nmodul e bar r&l _reg (

ANSI-C
style ports

output reg [7:0]

i nput [7:0] din,

i nput [2:0] rot,

i nput clk, rst_n);
wre [7:0] bs;

> | ocal param CNT_SI ZE = cl ogh2(WDTH)) ;

(out put [WDTH 1: 0] Y,

input [CNT_SIZE-1:0] rotate_cnt,
input [WDTH 1:0] a);

wre [WDTH 1: 0] t np;

assign {y,tmp} = {a,a} << rotate_cnt;

function integer clogb2;
i nput [31:0] val ue;
for (clogh2=0; val ue>0;
val ue = val ue>>1;
endfunction
endnodul e

cl ogb2=cl ogh2+1)

T~

Constant

al ways @ posedge cl k, negedge rst_|
if (!rst_n) g <= 8'b0;
el se g <= bs;

barrel _shifter #(.WDTH(8)) ul (.y

function

Comma-separated
sensitivity list

n)

(bs), .a(din), .rotate_cnt(rot));

endnodul e

Parameter redefinition using named parameters

Advanced Verilog Techniques Workshop - 2001

68




137
—th——

Registered Barrel Shifter .

_ _ —Sunburst Design—
Verilog-2001 Version et

¢ Build the whole model in one simple module

nodul e barrel _reg (

output reg [7:0] q,

i nput [7:0] din,

i nput [2:0] rot,

i nput clk, rst_n);
wre [7:0] bs, tnp;

al ways @ posedge cl k, negedge rst_n)
if (!rst_n) q <= 8'bO;
el se q <= bs;

assign {bs,tnp} = {din,din} << rot;
endnodul e

Parameterizing the barrel_reg
model is left as an exercise
for seminar attendees!!

138
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Verilog-2001 Advantages —Sunburst Design_—

Sponsored by Model Technology

* increased design productivity
» enhanced synthesis capability
» improved verification efficiency

Verilog-2001 will be more powerful
and easier to use than Verilog-1995
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Sponsored by — g ————

Model Technology —Sunburst Design—

A MENTOR GRAPHICS COMPANY

Model Sim User Notes

Two Quirks & Three Tricks related to using
the ModelSim Verilog simulator

140

The ModelSim PC License Server ——sia—

iunbuﬁDasign_

Starting the PC license server
[BX Exploring - win32 i [_ O] =] < A s Maddal Tasbnoloay
is not well documented . ology
| Fle Edt Vew Go | |ﬁ_ Double-click —

& . o= (i ‘ ¥ 7 3 | =) ‘ X H - the flexIm.cpl
Fomrard .
Back = Foar Up Cut Copy Paste Undo Delete  Praperties | Views | — (COI’]tI’Ol pane|) file
| Addiess [ M odehech_5.5win32 _A
Folders x &
£ hpli2100
- KFCHS
[#-] Modeltech_5.4d
=] Modeltech 55 e
7 doos ] itcl3n i .
O divers = ibhmers <Start> the license server
& (1 examples T
o - [#]ichmo and select <OK>
B ieez ] ibsm.exp
3] t] !EE\ETE fbsmlib FLEXIm License Manager
{8 includs o8] bvsim exp -
-1 modelsim_lib Wibwsinb Contral | Seiup | Licenses | préanostics | About |
w0 std .
el ] b v ~Contrals License Mandfer
R s . b Service Hamg FLEIm License Manager
503 [ Imngrd sxe
5.5 veriog I | e Starts Up the License Server
= Irnuil,
-0 vhdlarc Elruiieee Stops the Licenss Server
B vital2 7h mge phainfo
-, E mgcld.exe
1 LA Status License tanager Status
- ivhweloimmiamisil = modelech ex
-] MOUSE miipli axp
-] Multimedia Files =
[#1-45} My Documents Chang eto the
50 ohiect(s] {plus 17 hiddzn] Modeltech 5.5/win32 R§=
—_— T = ot || Concel Apply
directory |
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I

Misleading Port Warning —Sunburst Design_—
e Contrary to the ' Sponsored by Model Technology
< "tinescale 1ns / 1ns

modul e th; warning, there is
reg a, b no problem here

. b; / This should be
a syntax error
nyand2 ul (.y(y), .a(a), .b(b));

initial begin
$tineformat(-9,0,"ns", 10);

$monitor("%: y=%h a=% b=%", $stime, y, a, b): The problem is
a=0; b=0; | | the extracomma
#10 a=1; b=l before the closing ")"
#1 $finish;
end
endnodul e

modul e nyand2 (y, a, b,);

out put y; f

input a, b;

and gl (y, a, b); # vsim-do {run -all} -c tb
endrmodul e # Loading work.th

# Loadi ng wor k. myand2
# WARNI NG nyand2.v(5): [TFMPC] - Too few port connections.
# Regi on: /tb/ul

142

Trick: Running UNIX-Version of ——aia——
—SunburstDesign_
Model Sim without the GUI et

* To run a simulation with the GUI

— execute the command:
vsi m <top_| evel _desi gn>

Sponsored by Model Technology

* To run a simulation without the GUI
— create avsi nr alias Add this UNIX alias

— '/ to the .cshrc file

|alias vim 'vsim-c -do "run

— execute the command:
vsimr <top_| evel _design>

Advanced Verilog Techniques Workshop - 2001

71




143

Trick: Running Faster ﬂr
ModelSim Simulations =

» By default, ModelSim runs in debug-optimized mode
— this is different from most simulators

* To run ModelSim in speed-optimized mode, add two vlog
command line switches:

viog|fast -o5|<list of files or command-file> | |Veryimportantfor
ModelSim users!

— What's the difference?

Module boundaries are flattened and loops are optimized so some
levels of debugging hierarchy are eliminated

Significantly faster simulation performance '

144
L

How To Isolate Design Problems o 4%,

(RTL & UDP dff Example)

Sponsored by Model Technology

nmodul e df fudp (q, d, clk, rst_n); +defi ne+RTL to run an I
out put q; . .
input d, clk, rst_n: RTL version of the d-flip-flop
“ifdef RTL
reg q; prinmitive udpdff (g, d, clk, rst_n);
al ways @ posedge cl k or negedge rst_n) _OUt put q;
if ('rst_n) g <= 1'boO; input d, clk, rst_n;
el se q <= d; reg q;
“endi f
“ifdef UDP tabl e
udpdff ul (g, d, clk, rst_n); < /1 d clk rst_n: q : gnext
“endif ? ? 0 N |
endnodul e X 0 r 1 2?2 0,
1 r 1 0?0 1 ;
/1 ignore falling transitions
/1 on clk
+def i ne+UbP to run a I ?noreftranii ti :ons?on: d _
UDP version of the d-flip-flop 9 ” P
endt abl e
endprimtive

D-flip-flop User Defined Primitive model
(with a bug!)
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7] ModelSim SE 5.5

. .
I .
rl Ck. Col I lparl ng Eile Edit Design View Project Bum Compare Macio Options Window Help

22 =@ 100

Wa/ef OrmS R lwurk—j ModelSim> viib work

ModelSim> wiog -f run_itlf

e # Model Tschnology ModslSim SE viog 5.5 Compiler 2001.03 Ma
[yt 15200
. # - Compiling module th_dff
# - Compili dule dffud;
* ModelSim 5.5 has a very useful < Conping odie iy Start the
4 th_di /
waveform compare feature 4.5 N—— vsim GUI
4 wsim tb_dff
# Loading work. tb_dif
# Loading wark dffudp Open the
VEIM B> view wave d———— .
4 wave wave window

un -all
H H # * Nate: JARm th_dff.v[24)
RTI— SImUIatlon 4 Time: 141 ng Iterd 0 Instance: Ab_dff

#1
# Break at th_dff.v line 24
WSIM 7> quit -sim

Run the
simulation

4 wave - default

File Edit Cursor Zoom Compare Bookmark  Format  Window

SEHES ! JBRB . X ki Qe ELEIEE | fefeind |

b ditaul /g 1 —] T Quit the simulation
At dtiutd il b to create a valid
Jth_dit/u folke 50 LML LT L L i ir . .

fto_dtAu frst_n 511 ] vsim.wlif file

141 s 55 o |
One |8
T i

Ousto 148 ns

B

BN Exploring - UDP = E |
Compari ng | Bl Edt View Go Favoies Ieds Hep [
e . o= | ¥ w | K .
Back Forerd Up Cut Capy Paste Unda Delete  Properties Wiews
Wa\/ ef Orl I lS [ Addiess [ CATIHeModelT echiSeminar2001 0P =]
Falders x| Mame
& (] HDLCON = wulk
. ey ] difud.
e The default file SD IEEE lunlililv
. . 7 15D_Magazine .
vsim.wif will be -
. (£ Seminari2001
re-written on the T e
. . 41 Lab_Mux
next simulation D OPERATORS -
1 PaRAM
) PART_SELECTS "
-3 SIGNED_ARITH Change this file name
g (example: rtl.wif)
£ work
. -[Dz.exTEnn
-+ wave - default [_[O] =]
Fie Edt Cusor Zoom Compare Bookmark Fomat Window = 5
EHES | fBBB KX +¥ Q@ | 3 FERE L L Computer 7

The "waves" window goes
blank after executing
the quit -simcommand

— T T IED‘ T I IWDDI T T
s
| i

0nsto 148 ns “
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 ModelSim SE 5.5

Compa” ng After simulation,

select Compare o

Waveforms B s> g
\ B nt.,dff ih_dif Wit et

o ul: dffudp # Model Technology ModelSim SE viog 5.5 Compiler 2001.03 Ma

1 52001 ——
# - Compiling module th_dff

* Run a second simulation %EEFQH;S D;E}“'&ﬁ’éﬁ””
op el modles
— to generate a second set of i o

ModelSim> 1vsim
waveforms sl 4—* Start vsim '
waim th_dff
4 Loading waork. tb_dif

# Loading work dffudp
# Loading work udpdff
1 -all

: : 47 Note Witk tb_ it 24]
UDP simulation 4 Tine: 141 ns TiTafee 0 Instance: Ab_dif

#1
# Break at th_dff.v ine 24
WVSIM 17>

Run the
simulation

i 17

4+ wave - default

File Edit Cursor Zoom Compare Bookmark Format  Window

ik N\ o 0l

;l_\_l_l__\_l_le_l_l_l_\__l_l_l

Either quit the simulation
(to create another valid vsim.wif file)
50 -OR-
run comparison with the current
Tnsto Wi ns data set (current simulation)

Select one of the . Wl f files

COmparI ng (example: rtl. wf) —_‘\“"_

Comparison Wizard

Waveforms Pl

comparisan s to open fhe reference Reference Dataset ~

and test datasets [.wi files]
:/Chffchode\Techr‘SemmalZUm.f‘UDP/ltI.w\f_'I Browse..
. . Either dataset can be a saved wlf file
¢ Use the comparison wizard!! | oadasset that i shssdy opened
[ Test Dataset

Use the Browse buttons to browse for
asaved dataset, or click the down
anow to select 5 file from the dataset
selection histary.

£ Use Current Simulstion
¥ Updats comparison aftsr each un

&+ Specify Dataset

[odelT ech/Seminar2001 /UDPAudpbug.wll | %] | Brawse...

Comparison Wizard M=

“With the reference and test datasets
selected, the next step is to selsct & - e
camparison method, omparizon Method

Cormpars All Signals - compares sl & Compare A Signals
signals in the test dataset against the
signals in the reference dataset " Compare Top Level Parts

xPlEViDLI‘.l P MNewts Cancel |

Compare Top Level Parts - compares £ Specify Comparison by Signal 1
the top level ports of the selected

datassts " Specify Comparison by Region Select asecond . wl f file

Specify Compariszon by Sianal - opens \ (example: Udpbug \M f )

Ihlla Sllruclulirhl_nwmlir :D allow you ta -OR-

select specific signals for comparisan Select the Comparison ) .

Speciy Compation by Fegon Method of chpoice Use the current simulation
H

Flegin deog o sl selection o = data set

specific reference region.

< Previous

e ] D | At the'end of each step,
click on Next >
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Comparing
Waveforms

149
— g ————
—_— XL
Comparison Wizard [_ O]
Click the pes button and then next to
add more signaks to the comparison.

Comparison Wizard

Click the button ta compute the
differences.

Select Conput e
Di fferences Now ...

i Comparison Wizard

Press Finish and proceed to the

‘Would you like to add more signals to the comparison?
£ Yes

= No

!E

Click on Next > to use
the signals from the

e Differences Now |

two selected data sets
i [=l K3 \ i
gzxswai:wedg‘v:pﬁl:zda. comparison and C“Ck T | Next) | i
on Next > : :
J [Hext > Cancel
Select Fi ni sh to show
the waveform display
Finish
| 150
Comparing —
iunbuﬁDasign_
Waveforms . i
ponsored by Model Technology

X marks
the spot!

» "Waveform compare” highlights differences between signals

Find previous Find next
difference difference
Expand the The differences Find first Find last
different signals are highlighted difference

difference

The UDP output
is going unknown!

O ns to 148 ns

l
|
7
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Waveform Comparison Helps ~ ——agha—
—Sunburst Design_
| solate Problems et

nodul e df fudp (g, d, clk, rst_n);
out put q;
input d, clk, rst_n;
“ifdef RTL
reg q; primtive udpdff (q, d, clk, rst_n);
al ways @ posedge cl k or negedge rst_n) output g;
if (!rst_n) g <= 1'bo; input d, clk, rst_n;
el se q <= d; reg q;
“endif
“ifdef UDP table
udpdff ul (q, d, clk, rst_n); /1 d clk rst_n: g : gnext
“endi f ? ? o : ? : 0;
endnodul e 0 r 1 N |
1 r 1 0?01
/1 ignore falling transitions
/1 on clk
? f T 0?7 -
/1 ignore transitions on d
. . * 2 2 . )
Am'ss'f‘g UDP entry for /] ignore transitions on rst_n
rst_n transitions caused the bug | 2 2 . 9 -
endt abl e
endprimtive
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Whereto goto download the =~ ——asa—
—SunburstDesign—

papers Sponsore;IWchnology

* Some papers with more details can be found at the Sunburst
Design web site:

www. sunbur st - desi gn. coni papers
(Bad web site that might improve some day!)

— Papers with more details about the Verilog Seminar topics:
Cunmi ngsHDLCON2001_Veri | 0g2001_revl 1. pdf
Cunmi ngsSNUGL999Bost on_Ful | Par al | el Case_revl1_1. pdf
Cunmi ngsSNUG1999SJ_Synt hM smat ch_rev1_1. pdf
Cunmi ngsSNUG000Bost on_FSM revl 1. pdf
Cunmi ngsSNUG000SJ_NBA revl 2. pdf
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