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always statement for clocked logic

* Flip-Flops, Counters, ... @9
o State Machines, ... ®§% @9
« Data Registers, ... | & ®<§%
In short, any clocked logic @® %@
&

Logic with no reset  ©

always @(posedge Clk) S ——

begin - NO_RESET
// statements;

end



3 asynchronous reset

<$9 always @(posedge Clk, posedge Reset)
q\g begin - ASYNC R %
IT (Reset)
. // statements;
XY else
& // statements;
end

synchronous reset

always @(posedge Clk )
begin : SYNC_R “\
IT (Reset)
// statements;
else
// statements;
end



. asynchronous reset

<$5$J always @(posedge Clk, negedge Reset)

begin  : ASYNC_R “\
\Q$5 if (-Reset)
. & // statements;
\& else
q§a // statements;
end
synchronous reset
always @(posedge Clk )
begin : SYNC_R “\
IT (~Reset)
P // statements;
else

// statements;
end



Flip-Flop coding

Q. nor = FF with no reset at all
Q_async_r = FF with asynchronous reset
Q_sync r = FF with synchronous reset

Q_no_r de = FF with Data Enable but no reset at all
(suitable for data registers)
Q_async_r _de = FF with asynchronous reset with Data Enable

Q_sync_r_de = FF with synchronous reset with Data Enable

Q _bad r = The BAD coding results in treating the RESET
as a Data-enable control.

Q_bad_r _made_good = BAD coding fixed!
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Q Nno r
= FF with no reset at all

always @(posedge CIlk)
begin - FF _NO R
Q_no_r <= D;

end



Q Nno r
= FF with no reset at all




RTL schematic




Q _async r
= FF with asynchronous reset
always @(posedge Clk, posedge Reset)

begin - FF_ASYNC R

IT (Reset)
Q async r <= 17b0;
else
Q async r <= D;
end



Q_async r
= FF with asynchronous reset




Q sync r
= FF with synchronous reset
always @(posedge CIk)

begin - FF_SYNC_R

IT (Reset)
Q sync r <= 17b0;
else
Q sync r <= D;
end
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Q no r de = FF with Data Enable
but no reset at all
(suitable for data registers)

always @(posedge CIk)
begin : FF NO R DE

1T (de)
Q no r de <= D;

end



Q _async r de = FF with
asynchronous reset with
Data Enable

always @(posedge Clk, posedge Reset)
begin - FF_ASYNC R DE

IT (Reset)
Q async r de <= 1"b0;
else 1T (de)
Q async r de <= D;
end
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Q _async r de = FF with
asynchronous reset with
Data Enable




Q _sync r de = FF with
synchronous reset with
Data Enable

always @(posedge CIk)
begin - FF_SYNC R DE

IT (Reset)
Q sync r de <= 17"bO0O;
else 1T (de)
Q sync r de <= D;
end



Q bad r = The BAD coding
results In treating the RESET

as a Data-enable control
always @(posedge Clk, posedge Reset)

begin - FF_BAD R

IT (Reset)
. // nothing to do
else
Q bad r <= D;
end



Q bad r = The BAD coding
results in treating the RESET
as a Data-enable control

f“\# 7 Q. bad
D -pad -V
D cj

rCLK—>C

2

QQS 9.’(



Q bad r = The BAD coding
results In treating the RESET
as a Data-enable control

L—-'
l223¢k



Q bad r made good =
BAD coding fixed!

always @(posedge Clk, posedge Reset)
begin - FF_BAD R MADE_GOOD

IT (Reset)
Q bad r made good
// tell XST that you do not

// care what happens during
// the reset

else
Q bad r made good <= D;
end
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Q bad r made good =
BAD coding fixed!




Synchronous counter with CLR,
LOAD, and EN controls

Most Significant

Least Significant
Register

M ux2 M uxl QO*
100 100 g

ux
I /1/ (5=
= T R I
BA? —J12 s 8:|125 \QZ* 0 Qu
Mromo CLR )

CLK

D Q

N\

)
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/4L.S163A Synchronous counter
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Gradual development of counter

Register
Adder Qo* 55 Q0
A QfE—j oL
éE% S P
CLK
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Basic idea In datapath design in RTL.:
intercept and inject

Free running counter
| <=1+ 1;

Register
Q* [ 0
Q1 Q1

CLK




Counter with CLR control
If (CLR) I <= 3'b000; else i1 <=1+ 1;

ister
* Q0
Q1




Counter with CLR and LOAD controls
if (CLR) 1 <= 3’'b000:;
else if (LOAD) 1 <= {BA2, BAl, BAO};
elsei <=1+ 1;

ister
* Q0
Q1
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Counter with CLR, LOAD, and EN controls
if (CLR) i <= 3'b000;
else if (LOAD) i <={BA2, BA1, BAO};
elseif (EN) i<=1+1;




Counter with CLR, LOAD, and EN controls
if (CLR) i <= 3'b000;
else if (LOAD) i <= {BA2, BA1, BAO};

else if (EN)i<=i+ 1;
L(_elsel <:D

(:mp[[cif. Ko hatrm bul Shouws’s 77{97
Upu e w"r‘Tiﬂ? RTL for fhe fiest Tome |

Register
* 5ol P
Y15 Q_Ql
D
RN 2
CLK
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Is this CLR control a synchronous
clear control or an asynchronous
clear control?

Most Significant

Least Significant

29



How do we describe this counter In
Verilog HDL?

e Structurally emulating the gate-level
logic schematic of 74LS163A7

 Behaviorally based on the MSI level
function design diagram? M




Ok, we all agree -- behaviorally

e S0, shall we describe three muxes and
one incrementer and a register ?

Most Significant
Least Significant
Register
M\uxz Muxl QO* 3 Q QO
100 100
]t =1L
— B e T
BA? —J12 s 8:|123 \QZ* 0 Qz‘/
Mromo CLR )
CLK
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NO!
5 separate items and their
Interconnection Is not quite readable!

Most Significant

Least Significant
Register

111
112 §

Mux2

h

101 101

102 Y0 /IOZ YO/
110 E —/BAO:HO ¥%—/0:

BAl —u

112 S

BA2 —
/EOAD
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100
101

ud

102 YO0

Y1

110 Y2

111

112 S

C

o
/ o

i

N\ -
LR

r

CLK
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An If statement In a
clocked always block!

Most Significant
Least Significant
Register
Mux3 M\uxz Muxl QO* = Q QO
100 100 100
101 /|01 _/_I01 / 1] 1
102 Y0 /mz YO_/_|02 ) Q Q//
D
Yl_/BAo: Y1 /0‘_ Y1 Q

i BT TNt

112 S

12 s BA? —J12 s 0— 0
/IEN /EOAD CLR )

i
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Closest code Q sync r de = FF
with synchronous reset with
Data Enable

always @(posedge CIk)
begin - FF_SYNC R DE

IT (Reset)
Q sync r de <= 17"b0;
else 1T (de)
Q sync r de <= D;
end



Coding of a
counter with synchronous CLR,
and synchronous LOAD, and EN

always @(posedge CLK%;Eésedg€i§EED
begin - COUNTE

iIT (CLR)
Count <= 3"b000;
else 1T (LOAD)

Count <= Load 1nput;
else 1T (EN)
Count <= Count +1;

end



Coding of a
counter with asynchronous CLR
and synchronous LOAD, and EN

always @(posedge CLK, posedge CLR)
begin - COUNTER
it (CLR)
Count <= 3"b000;
else 1T (LOAD)

Count <= Load 1nput;
else 1T (EN)
Count <= Count +1;

end
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blocking
and
non-blocking
assignments
In procedural blocks

very impov‘fanf '(’op.‘c !
Vevy confusing lopic /



blocking
assignments

. e ;/ h{ockin
0 =b, &t gnrmart
opgrafor

°
c s e
)



LS bl_ocklng
K assignments

! L)KOCI(W\
a = b) amigzmmf

ey
QJ\ Blockg /¥y b k-

/Q‘O/Z(-mw'& {rom nge,ul;‘.n7/
unlit LHS s updaled




blocking

L-H-S
assignments
.., EKOCI(W\7
-
) LH8 is updaled

(m mzdcaf'
im por/f?:ni ‘&f



blocking
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non-blocking
assignments

ey - non-blocking

— .Y :
a& b, X g; et
e o o o ’ ‘<—

Y)O& 72\: af’l’ow-



LS non_—blocklng
K assignments

) non-hLockin
Q& b) a/ysigszsz

b Does nof
Q)\ block Hese lak:
/QJMW?Z {"om QX.eeuZFv?/
unlif LHS '4 Up daled.




non-blocking

L:-H-S .
‘assignments
ron-blocking
0 <’ b) amsi gnmaml
-
) LH-8 ix updaled
Oﬂlﬁ altr AT /

impotfant _



non-blockin
g on-blocking

assignments
K ’ non-blocking
0
C

é a/ysigmmﬂmf
<=
)
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blocking =
and
non-blocking <
assignments
In procedural blocks

So wWhere do we uAe




wle witl 2xplain
(Mimﬁ a ‘6imv‘7 2 xomple.

Consider a RIGHT-SHIFT register.



Sin

RIGHT-SHIFT register

A o« B8 © €
D Q m——m—D Qe——D Q
>CLK CLk I>CLK C LK '>CLK

CL —




RIGHT-SHIFT register

1

Sin /’\

DO@

CLY ’j> CLK

O

DA =

—D @

clk—pCLX

C

Qs

ANew C’or\ﬁu\(’ =

Q
"o

C LKL

>CLX

o,

A B C
Current confent = O 1.0

110} 1
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i
Sin

RIGHT-SHIFT register

A

CL —;

D O@

> CLK

O
QDA

—

Ry ofd valus| 1

R [’L)Sz(\{ (A ?ﬂﬂ—:’m? Q Mew value

CLx
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| O
g @B C Qc
D ‘ S —Do@
> CLX C LE—>CLK
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RIGHT-SHIFT register

1
Sin //\

D O@

cLe —>CLX

O
QY

B

—

CtLx

D Q
l

> CLX

Q3

C

(K

Q
1o

>CL\\

o,
Qo

[ ooks Like a PACC

COY\C‘ ¢ [ion J



a condiliorn Mat producos
ron-Aale emini 2lic values



duces
€ hat pro ”
| YC AL
C‘T;miniz-ﬁc values
o U
Y YON

O ﬁcod l



Low Clo wt avoid
ract Qc)v\d{ﬁonz



Low Clo we Ovoid
ra.cl Cc)ﬂdiﬁov\z

Sin

A

oy |

D O

CL —

> CLK

Qa4

em—

8 Qs C
D Qe————D Q
> CLK C LE—>CLK

CL(’j

Shigt one bit afa [ime 7



Sin

A

D €

CLe —;

>cx

Qa

Qe

B C
D © ®B D O
D>CL CLe—>CLK

CLx—;

[ —

gl\téf one bit af a Emz?
Jt works, but.. .

At hia \‘o.'\’v., it Taker 32 clocks
o right- shift by i bit

(n O
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RIGHT-SHIFT register

1
Sin /’\

DO@

cLe —pCLK

O
DA

—

CLk

8 &
B ‘ S — Do@
P CLX C L CLK

O
Qe

The RACE condiriboh <A pl'wzn'fzd
(n hO\‘C‘WO\‘l dg&.‘gn f,:gj Propl‘o

Timing design !



i
Sin

RIGHT-SHIFT register

A

DO@

CL —;

> CLK

O
DA

—

CLk

| O
5 S Q
3 C
D Q@ —D _ Q
l O
> CLX C L CLK
o(onaM
/mw of
20anT unt
-D © D o P
—>C > CLK



TIMING Design avoids race

@8 val d&uﬁa%

a\ungy N

e o ns A YT

D Or D QO ?'O%\g
Cop= O 6ns Th= 02n$

G =
Gold en rule |



TIMING Design avoids race

(:J(Aat % tPB Qy\d QOY\&JLWY\'(—/C«,
# ¢,
Thon Rimply apply BRUTE FORCE DELA)

/O(AVQM
/%Y\MQT
2aonT unlid
1D © W‘—N—D O ‘ZO%.\S

":>‘CLK —-:>CLK
Th= O 2ns




Static Timing Designer
(in synthesis and implementation tools)
performs
millions of these timing checks
to ensure that there are no RACE
conditions!




Static Timing Designer ....

But then, during initial
behavioral simulation, we do
not state any delays in our
code! So, our ZERO delay
coding will fail?!?




Yes, that Is where the
non-blocking assignments
with delta-delay
save the day!

20+ AT > 20:0



RIGHT-SHIFT register

Sin ‘A

CLyY ——;> CLK

Qa4

B

D Q
> CLK

C’LK’—,

Qs C

D ©

C L CLX

QC <= QB;
QB <= QA;
QA <= Sin;

QC = QB;
QB = QA;
QA = Sin;

QA <= Sin;
QB <= QA;
QC <= QB;

QA = Sin;
QB = QA;
QC = QB;




RIGHT-SHIFT register

Sin A @A B @B C Qc
D Qf ———— D Q) [ — [ Q) [ —
cLe —>CLK cLe—CLy C L

QA/<=SIn;

QG—QB;
QB F QA,;
QA F~ Sin;

/QA = Sin;
QB <= QA;
QC/<=QB;




RIGHT-SHIFT register

Sin A Qa 8
D Qr e Q
CLe —pCLX CLe—>CLK
QC <= QB;
5% QB <=QA; / 3F#x
QA <= Sin;
QC = QB;
QB = QA; \/9
QA = Sin: Qraaﬁs
Po gy im Luﬁ%w

3 ‘. Fg 8 Gandhi Puvvada

Qs

C

C (k—

D Q
> CLK

QA <= Sin;
QB <= QA;
QC <= QB;

QA = Sin;

QB =0Q
QC=0Q

A,
B;

X



RIGHT-SHIFT register | CIRCULAR-SHIFT register

<, A 8 o € o A 8 o C o
—Io e Oa 15 ol Os D o—7¢ D O-—gﬂ——D o Os D Ol —em
cLe—p ek cle—p e CLepeLX cwe—p e cLe— oK cuepex

QC=0Q8B; =~ QC = QB;

QB = QA; o QB = QA;
QA = Sin: | Credles QA = QC;
Pasulfs im _ elgishere
3FFe
QC <= QB;
QB <= QA;
QA <= QC;

Does any of the two work?

Copyright 2008 Gandhi Puvvada 67



CIRCULAR-SHIFT register

Qe & 2hekivehy

J[C ~arg variabk A an B @ C 0o
@3 Q/W\pmalfj A 5o BDQ e
H Dew cuepew

QC=08B; ,
w5 QB = QA; O/Q@B QC = QB;

X

QA = QC:~ QB = QA;
&g S o QA = ’;’QC;
QC <= QB;
DAO-—QL—DBO O QB <= QA; V
cLe—p e CLe—CLX QA <= QC,

Does any of the two work?
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Conclusion on
non-blocking assignment usage:
Use it for assigning to physical registers

In any real system, there are hundreds of registers
updating on the same clock tick.

Each register (through its NSL) should decide what to do
(what value to acquire) based on the current state
_(befl%re the next clock edge) of other registers (including
itself).

Hence, use non-blocking assignments to assign a

value to a register so that the new value appears after
delta-T and does not cause any race condition.
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Then, when do we use
blocking assignments?

For intermediate variables, (and in
combinational logic)

70



Intermediate variables
In multi-level combinational logic

Example problem:
Given four numbers P, Q, X, Y
find the smallest value and
output it as R (the result).

One can use the conditional select operator in the
continuous assign statement or in a procedural
assignment statement, but the if statement

(in a procedural block) is much more readable.
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Intermediate variables
In multi-level combinational logic

Without intermediate variables

/lconditional select operator sel ? True : false

assign R_assignl =
( (P<Q?P:Q) < (X<Y)?X:Y) ) ?

(P<Q)?P:Q) : (X<Y)?X:Y),

72



Intermediate variables
In multi-level combinational logic

With wire type intermediate
variables (Data Flow modeling)

/lconditional select operator sel ? True : false
assign small PQ_wire = P<Q)?P:Q;
assign small_XY wire = (X<Y)?X:Y;

assign R_assign2 = (small _ PQ wire <small XY _ wire) ?
small_PQ_wire : small XY wire;
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Intermediate variables
In multi-level combinational logic

With reg type intermediate
variables (behavioral modeling)

always @* if (P<Q)
small_ PQ reg =P;

begin : SMALL_ ALWAYS else
small_PQ_reg =Q ; B
Il local reg variables if (X<Y) = 8
reg [1:0] small_PQ reg; small_XY_reg 2 B %‘
reg [1:0] small_XY_reg; else ss_ e E‘, )
small_XY reg =Y ; i
[ bOdy of the block 4’ if (small_PQ_reg < small XY _reg) «
R_always =small PQ reg; ??
else &—
end R_always =small XY reg; ¢ ¢

andhi Puvvada
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Final (final, not intermediate)
assignment in combinational logic can be
either blocking or non-blocking.

As a thumb rule, we can use blocking
assignments uniformly for describing
combinational logic.

if (P<Q)
small_ PQ _reg =P;
else
small PQ reg =
if (X<Y)

small_XY _reg =
else

small_XY reg=Y;
If (small PQ reg <small XY _req)

R _always =small_PQ_reg;

R_always = small_XY reqg ;

blocking
assignments
only

final assignments

Copyright 2008 Gandhi Puvvada
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blocking and non-blocking
assignments
In clocked always blocks

For physical registers, use non-blocking
assignments only to prevent race condition
and to prevent discrepancy between
simulation and synthesis

In the processes of producing values to be
registered, If you use intermediate
variables, then use blocking assignments

to produce the intermediate variables.
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blocking and non-blocking
assignments
In clocked always blocks

S
2D

> CLX

CLK
Lt us code Thu adrove m OOU

M b l o JQ .
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blocking and non-blocking
assignments
In clocked always blocks

always @ (posedge CLK) always @ (posedge CLK)
begin : NSL_SM_example begin : NSL_SM_example
D=D1& D2, ? D <=D1& D2,
° S

Q <=D;

Q=D;




blocking and non-blocking assignments
In clocked always blocks

Good code. D is an intermediate variable and does
not cause register inference.

Some describe the D as a collapsible or removable
variable. Only one FF for Q is inferred as desired in
the diagram two pages before. Both synthesis and

simulation tools interpret the code the same way.

always @ (posedge CLK)
begin : NSL_SM_example

D=D1&D2; v~

:D;
Q<\ v’

Synthesis tools will infer two FFs, one for D and
one for Q

Simulation tools vary in their treatment of this bad
code. Some may convey the new value for Q to
other always blocks and some may convey the old.
Simulation/synthesis discrepancy is very likely to happen.

always @ (posedge CLK)
begin : NSL_SM_example

Will change
after Delta-T ~D <=D1 & D2; )(

= D: ? “OtOk

end

both are OK.

N otd D

"Some think that  Teng

Other clocked always blocks may have Q on the RHS. You do not want
to cause RACE condition nor simulation synthesis discrepancy.
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Every non-blocking assignment in a clocked
processes will result in a physical register!

always @ (posedge CLK) D Q
begin : NSL_SM_example 3$—D o] I

D = D1 & D2; e
Q <=D; CLK
end
always @ (posedge CLK) Di D ___9‘
begin : NSL_SM_example $—~D Q=D O
D = D1 & D2; b r>cu< r—,>CLK

QL:[);\ CLK CLRk
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Intermediate variables?
Then, do not try to read them before you
assign to them!
Otherwise you get extra registers!

always @ (posedge CLK) D Q
begin : NSL_SM_example 3$—D o] I

D =D1 & D2; e
Q <=D; CLK
énd
always @ (posedge CLK) | D Q
begin : NSL_SM_example Bl $—‘D Qs D Qe
0<=D: ¥ old D r>cu< r>CLK
N

D1 e D2 N\ CwK ) CLK
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Intermediate variables in a clocked block?
Then, treat them as local and do not refer to
them from outside!

always @ (posedge CLK) D Q
begin : NSL_SM _example D‘ D O — Q Q
D =D1 & D2; bl r—,>cu: & El
L Y
Q<=D; CLK N 3
end Qﬁb _S_?
R
always @ (posedge CLK) \/ v
begin : NSL_SM_example D Q———DO-—D O———
Q_inverted D =~ D; r>CLK r>CLK
2Ne / CLK CLK

V4
Undesirable use of D here, which is an intermediate

variable in another always block. _ _
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If you really
wanted this

Dt

D2 —

hardware, then

code It as..

— |

—D ©
O
> /
r——, cw q’{@ 4;
CcLK -\;S §
& =
4 ©
o o—>o0—o o}
Do Do
r_
CcLK CcLK

always @ (posedge CLK)
begin : NSL_SM_example

D = D1 & D2:
T DR<=D:

Q <=D;

end

always @ (posedge CLK)
begin : NSL_SM_example
rd
Q_inverted D =~ DR;

end

Copyright 2008 Gandhi Puvvada
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If you wanted this hardware, then code all NSL
and both registers in one always block or
code the NSL separately in a combinational block.

always @ (posedge CLK)
begin : NSL_SM example

D=D1& D2;
Q <=D;
Q_inverted D <=~ D;

end

assign D =D1 & D2; «

always @ (posedge CLK)
begin : SM_example
Q<=D;
Q_inverted D <=~D;

end

DA
DL
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If D Is an intermediate variable, and you if
do not want anyone to access it by
mistake, then restrict its visibility!

&)
na mQA bq_ﬂiv\ ~nd blocK cay g;ﬁ-DF_D o) IP—

dicdare local Variahles Dew

always @ (posedge CLK) -

begin : NSL_SM example
reg D; // local declaration -

— . Preferred practice
D - Dl & D2’ (follows VHDL variable
Q <=D; declaration inside a process)

end



Can you code all this in one
always clocked block?

Do o _@;.l
CLKpC —\- $_EN

( Q2
D2 o

CLK PO




Do of
always @ (posedge CLK) C L K—Dox K = N

begin : SM_OFL_example _,_,E
Q1 <= DI. K 0
D2-D ©

Q2 <= Dg; C L K—Pow

o EN <= Q1 & Q2;

do you wont fo AR bloiim@ or
Y\Oﬂ—bloc ivxﬂ O&Stﬂhmn\ j?u“daw“fd

Ov. A Thatt )Somnlrc'm% oL
thak WC QL Missing ¢
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always @ (posedge CLK) AN

begin : SM_OFL_example Di-p o~ & EN

Q1 <= D1: CLipex ~Dj > ¢
’ _ CLK )
Q2 <= D2: F Q2 ’_,>CL\\

EN <= 01& Q2 ) DZ7p o
C LK

end

Any object (such as EN here) assigned in the
clocked always block, irrespective of whether it
IS assigned using a blocking assignment
operator or non-blocking assignment operator,
will result in a physical register, if it is referred

from outside of that block.

If it is not referred (referred = read, placed on the RHS) from outside or
Inside, the synthesis or the implementation tool will treat it as a “waste”
and will remove it, as it is not consumed either inside or outside the block
where it is produced.
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What hardware Is inferred by this?

always @ (posedge CLK)
begin : SM_OFL_example

Q1 <= D1
Q2 <= D2:
EN = Q1 & Q2

If (EN) Q3 <=D3;
end

Copyright 2008 Gandhi Puvvada
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always @ (posedge CLK)
begin : SM_OFL_example

Q1 <= DIi;
Q2 <= D2;
EN = Q1 & Q2;

if (EN) Q3 <= D3: hardware inferred

end

Di{-p o}
CLKpPeK K/ D3
K L | B e

Ql |
| —D @l—QB

&2

N2-D o
CLKpK

en

—
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which of the two codes Iinfers the same

hardware?
always @ (posedge CLK) Dif at \ lsa
begin : SM_OFL_example 1A CLkpax D3 CL:D ©
Q1 <= DI; Q =Pex
— . D2-o
Wz == b cLKk-Pox EN
end
always @ (posedge CLK) always @ (posedge CLK)
begin : SM_OFL_example_1B begin : SM_OFL_example_1A
EN = QL& Q2; +—— Q1 <= DI
if (EN) Q3 <= D3: Q2 <= D2:
end — EN = Q1 & Q2;
end

always @ (posedge CLK)
begin : SM_OFL _example 1B

if (EN) Q3 <=D3;
end
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which of the two codes Iinfers the same

hardware
always @ (posedge CLK) DIf5 at \ LQ‘!
begin : SM_OFL_example_1A CLkpox o3l P ©
Ql <= DI, Q2 CL51>CLK
= . D2-o
Q2 S D2’ CLK-POK EN

end /
always @ (posedge CLK) always @ (posedge CLK)

begin : SM_OFL_example_1B begin : SM_OFL_example 1A
EN = Q1 & Q2;, +— Q1 <= D1;
if (EN) Q3 <=D3; Q2 <= D2:
end — EN = Q1 & Q2;
end X

always @ (posedge CLK)
begin : SM_OFL _example 1B

if (EN) Q3 <= D3;

solution
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Then what hardware Is inferred by this code?

al

Di -
CLK~

Q2

D2+

CLK~

| -o ols;

-2 )
CEDew
EN

always @ (posedge CLK)
begin : SM_OFL_example 1A
Q1 <= Di;
Q2 <= D2;
—_— EN = Q1 & Q2;
end
always @ (posedge CLK)
begin : SM_OFL _example 1B

if (EN) Q3 <=D3;
end
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Then what hardware Is inferred by this code?

at \ _133

Difo —D ©
CLK-POK D @ o3 CEBew
D2-fo 2 e > C EN
CLKPOX EN

always @ (posedge CLK)
begin : SM_OFL_example 1A
Q1 <= Di;
Q2 <= D2;
—_— EN = Q1 & Q2;
end
always @ (posedge CLK)
begin : SM_OFL _example 1B

Synthesis tools definitely infer the
above middle Flip-Flop.

But some simulations tools inferred a FF,
and some did not. And this may cause
simulation/synthesis discrepancy @

| any case it is a bad coding practice and
we should never do this.

solution
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What if the 2nd always block is
combinational?

Di-o al
CLK-POK D @ I E N - bm,
D2-o 2 CLK_\' C m
CLKPOX EN
always @ (posedge CLK)
begin : SM_OFL_example 1A
Q1 <= Di;
DI Q! Q2 <= D2;
CLk-Pex EN. bGV— EN = Q1 & Q2;
Q2 [>O—— #l1
D2-fo always @ (EN)
CLkpax EN begin : SM_OFL_example_1B

EN bar <=~ EN;
end
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What if the 2nd always block is
combinational?

Difo S!
CLK-POK D @ I L N bm,
D2-o 2 CUL\‘ C m
CLKPOX EN
always @ (posedge CLK)
begin : SM_OFL_example 1A
Q1 <= D1
DI Ql Q2 <= D2;
CLkPox EN. bav—bend EN = Q1 & Q2;
2 | }O
YRR g always @ (EN)
CLkpax EN begin : SM_OFL_example_1B

EN bar <=~ EN;

solution
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S —
V)

NSL
OFL

Generalization:
Any upstream logic to a register can be called a NSL!

g C AR o | X
S o —> 3) o —
= ¥ y Z x
O o 2

)
c 7

counlev Dalo. poJR
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NSL, SM,OFL @ =2~
Z

- OFL

/

NSL is the “Upstream Combinational Logic” upstream to the SM.

OFL is the “Downstream Combinational Logic” downstream to the SM.

SM goes in a clocked always block.
Its NSL (the SM’s NSL) can be coded along with the SM in the same
clocked always block.

However, the OFL outputs are purely combinational and should not be
coded along with the SM in the clocked always block. OFL should be
coded separately in a combinational block (or produced using assign
statements).

Or if the OFL is feeding into another NSL of another SM, then it can be
combined in the coding of that SM under that clocked always block.
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Division between DPU and CU

//Traditional division
between DPU and CU
OFL (combinational logic)

IS In the CU.

DPU

EE
X_Reg
Y Reg

NSL |
Current_State

f N

) (bivision between DPU and‘\

CU for HDL coding

1S moved to DPU. It

OFL (combinational logic)

NOT coded explicitly.
The OFL 1s implicit in the

IS

DPU”s RTL 1In the CASE
statement.
iEE DPU
;% '5
i)

AN

OFL

NSL [
Current_State

CU
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Counter coding

Simple, all non-blocking assignments

always @(posedge CLK, posedge CLR)
begin - COUNTER
if (CLR)
Count <= 3"b000;
else 1T (LOAD)

Count <= Load 1nput;
else 1T (EN)
Count <= Count +1;

end
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Counter coding

to illustrate need for proper mixing of
blocking and non-blocking assignments

This is a made-up problem. It is a 5-bit truncated UP
counter going from 0 to 20 and back to zero.

When the JUMP is asserted, the counter should jump to the

mid-point M or a little beyond the midpoint M as detailed below. The midpoint M
Is the middle point between the current count and 20.

Example: Say, the current count is 12. Distance from 20 is 8. Half is 4.

So the mid point M is at 16 (12+4 = 16).

But what if the difference is an ODD number? Then you need to jump by

either the "floor" or the "ceiling" of the half of the difference depending

on whether the difference is less than ten or more than ten respectively.

We said, "or a little beyond the mid point M".

After calculating the mid point M, a bonus to the jump by a constant of 4 is allowed
if this bonus addition does not cause wrapping around (due to going beyond 20).
Examples: So, for the current count of 12, the jump takes you to 20, but, for a
current count of 14, the jump takes you only to 17.
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Part of the counter coding (in a clocked always block) illustrating proper mix of
blocking and non-blocking assignments is presented on the next page.
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it (Jump)
begin
Q next = Q; // notice blocking assignment
diff = 20 - Q next; /7/ (20 - Q) also works
iIf (diff[0] == 0) // 1T the difference 1s even
begin
Q next = Q next + { 1"b0 , diff[4:1] };
end
else // 1Tt odd
begin
It (diff < 10)
begin
Q next = Q next + { 1°b0 , diff[4:1] };
end
else
begin
Q next = Q next + { 1"b0 , diff[4:1] } + 1°b1;
end
end
IT ( (20 - Q_next) >= 4)
begin
Q next = Q next + 4; // bonus 4
end
Q <= Q next; // notice the non-blocking assignment
end
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