
INTRODUCTION
Behaviorallevelmodelingconstitutesdesigndescriptionatanabstractlevel.Onecan
visualizethecircuitintermsofitskeymodularfunctionsandtheirbehavior;itcanbe
describedatafunctionallevelitselfinsteadofgettingboggeddownwithimplementation
details.

OPERATIONSANDASSIGNMENTS
The design description atthe behaviorallevelis done through a sequence of
assignments.Thesearecalled‗proceduralassignments‘Theprocedureassignmentis
characterizedbythefollowing:

 Theassignmentisdonethroughthe“=‖”symbol(orthe“<=”symbol)aswasthe
casewiththecontinuousassignmentearlier.

 Anoperationiscarriedoutandtheresultassignedthroughthe“=”operatortoan
operandspecifiedontheleftsideofthe“=”sign–forexample,N=~N;Herethe
contentofregNiscomplementedandassignedtotheregNitself.Theassignment
isessentiallyanupdatingactivity.

 Theoperationontherightcaninvolveoperandsandoperators.Theoperandscan
beofdifferenttypes–logicalvariables,numbers–realorintegerandsoon.

 AlltheoperandsaregiveninTables6.1to6.9.Theformatofusingthem andthe
rulesofprecedenceremainthesame.

 Theoperandsontherightsidecanbeofthenetorvariabletype.Theycanbe
scalarsorvectors.

 Itisnecessarytomaintainconsistencyoftheoperandsintheoperationexpression
–e.g.,N=m /l;Herem andlhavetobesametypesofquantities–specificallya
reg,integer,time,real,realtime,ormemorytypeofdata–declaredinadvance.

 Theoperandtotheleftofthe“=”operatorhastobeofthevariable(e.g.,reg)type.It
hastobespecificallydeclaredaccordingly.Itcanbeascalar,avector,apartvector,
oraconcatenatedvector.

 ProceduralassignmentsareverymuchlikesequentialstatementsinC.Normally
theyarecarriedoutoneatatimesequentially.Assoonasaspecifiedoperationon
therightiscarriedout,theresultisassignedtothequantityontheleft– for
exampleN =m +l;N1=N *N;Theaboveform asetoftwoproceduresplaced
withinanalwaysblock.Generallytheyarecarriedoutsequentiallyintheorder
specified

Thesequentialnatureoftheassignmentsrequirestheoperandsontheleftofthe
assignmenttobeofreg(variable)type.

FUNCTIONALBIFURCATION
Designdescriptionatthebehaviorallevelisdoneintermsofproceduresoftwotypes;
oneinvolvesfunctionaldescriptionandinterlinksoffunctionalunits.Itiscarriedout
throughaseriesofblocksunderan―alwaysThesecondconcernssimulation– its
startingpoint,steeringthesimulationflow,observingtheprocessvariables,andstopping
ofthesimulationprocess;allthesecanbecarriedoutunderthe―always‖banner,an
―initialbanner,ortheircombinations.However,eachalwaysandeachinitialblock

initiatesanactivityflow duringsimulationIngeneraltheactivitywithallsuchblocks
startsatthesimulationtimeandflowsconcurrentlyduringthewholesimulationprocess



Aprocedure-blockofeithertype–initialor

begin–endConstruct

Ifaproceduralblockhasonlyoneassignmenttobecarriedout,itcanbespecifiedas
below

initial#2a=0;
Ifmorethanoneproceduralassignmentistobecarriedoutinaninitialblock.Allsuch
assignments are grouped togetherbetween ―begin and ―end declarations.The
followingaretobenotedhere

 Everybegindeclarationmusthaveitsassociatedenddeclaration.
 begin–endconstructscanbenestedasmanytimesasdesired.

NameoftheBlock
Anyblockcanbeassignedaname,butitisnotmandatory.Onlytheblockswhichareto



beidentifiedandreferredbythesimulatorneedbenamed.Assigningnamestoblocks
servesdifferentpurposes:

 Registersdeclaredwithinablockarelocaltoitandarenotavailableoutside.
However,duringsimulationtheycanbeaccessedforsimulation,etc.,byproper
dereferencing.

Namedblockscanbedisabledselectivelywhendesired

LocalVariables

Variablesusedexclusivelywithinablockcanbedeclaredwithinit.Suchavariableneed
notbedeclaredoutside,inthemoduleencompassingtheblock.Suchlocaldeclarations
conservememoryandofferotherbenefitstoo.Regsdeclaredandusedwithinablockare
staticbynature.Theyretaintheirvaluesatthetimeofleavingtheblock.Thevaluesare
modifiedonlyatthenextentrytotheblock.

INITIALCONSTRUCT
Asetofproceduralassignmentswithinaninitialconstructareexecutedonlyonce–and,
thattoo,atthetimesspecifiedfortherespectiveassignmentsTheinitialprocessis
characterizedbythefollowing

 Inanyassignmentstatementtheleft-handsidehastobeastoragetypeofelement
(andnotanet).Itcanbeareg,integer,orrealtypeofvariable.Theright-handside
canbeastoragetypeofvariable(reg,integer,orrealtypeofvariable)oranet.

 Alltheproceduralassignmentsappearwithinabegin–endblock
 Alltheproceduralassignmentsareexecutedsequentially–inthesameorderas

theyappearinthedesigndescription.Theinitialblockabovedoesthreecontrolling
activitiesduringthesimulationrun.

 Initializetheselectedsetofreg'satthestart.
 Changevaluesofreg'satpredeterminedinstancesoftime.Theseform theinputs

tothemodule(s)undertestandtestitforadesiredtestsequence.
 Stopsimulationatthespecifiedtime

MultipleInitialBlocks
Amodulecanhaveasmanyinitialblocksasdesired.Allofthem areactivatedatthestart
ofsimulation.Thetimedelaysspecifiedinoneinitialblockareexclusiveofthoseinany
otherblock.

ALWAYSCONSTRUCT
Thealwaysprocesssignifiesactivitiestobeexecutedonan―alwaysbasis.‖Itsessential
characteristicsare:

Anybehavioralleveldesigndescriptionisdoneusinganalwaysblock.

Theprocesshastobeflaggedoffbyaneventorachangeinanetorareg.

Theprocesscanhaveoneassignmentstatementormultipleassignmentstatements.
Inthelattercasealltheassignmentsaregroupedtogetherwithina―begin– end
construct.

Normallythestatementsareexecutedsequentiallyintheordertheyappear.



EventControl

Thealwaysblockisexecutedrepeatedlyandendlessly.Itisnecessarytospecifya
conditionorasetofconditions,whichwillsteerthesystem totheexecutionoftheblock.
Alternatelysuchaflagging-offcanbedonebyspecifyinganeventprecededbythe
symbol“@”.

@(negedgeclk):executesthefollowingblockatthenegativeedgeofthereg(variable)
clk.
@(posedgeclk):executesthefollowingblockatthepositiveedgeofthereg(variable)

clk.@clk:executesthefollowingblockatboththeedgesofclk.
 Theeventscanbechangesinreg,integer,realorasignalonanet.Theseshould

bedeclaredbeforehand.
 No algebra orlogicoperation ispermitted asan event.The OR'ing signifies

―executetheblockifanyoneoftheeventstakesplace.
 Thepositivetransitionforaregtypesinglebitvariableisachangefrom 0to1.
 Foralogicvariableitisatransitionfrom falsetotrue.

Theposedgetransitionforasignalonanetcanbeofthreedifferenttypes:

 0to1

 0toxorz

 xorzto1

Thenegedgetransitionforasignalonanetcanbeofthreedifferenttypes:-

 1to0

 1toxorz

 xorzto0

Iftheeventspecified isintermsofamultibitreg,onlyitsleastsignificantbitis
consideredforthetransition.Changesintheotherbitsareignored.Theevent-based
flagging-offofablockisapplicableonlytothealwaysblock.Accordingtotherecent
versionoftheLRM,thecommaoperator(,)playsthesameroleasthekeywordor.The
twocanbeusedinterchangeablyorinamixedform.Thusthefollowingareidentical:@
(aorborc)@ (aorb,c)@ (a,b,c)@ (a,borc)

EXAMPLES
VersatileCounter

modulecounterup(a,clk,N);

inputclk;

input[3:0]N;



output[3:0]a;

reg[3:0]a;

initiala=4'b0000;

always@(negedgeclk)a=(a==N)?4'b0000:a+1'b1;

endmodule

TEST_BENCH

moduletst_counterup;

regclk;

reg[3:0]N;

wire[3:0]a;

counterupc1(a,clk,N);

initial

begin

clk=0;

N=4'b1011;

end

always#2clk=~clk;

initial$monitor($time,"a=%b,clk=%b,N=%b",a,clk,N);

endmodule

modulecounterdn(a,clk,N);

inputclk;

input[3:0]N;

output[3:0]a;

reg[3:0]a;

initiala=4'b0000;

always@(negedgeclk)a=(a==4'b0000)?N:a-1'b1;

endmodule



moduleupdcounter(a,clk,N,u_d);

inputclk,u_d;

input[3:0]N;

output[3:0]a;

reg[3:0]a;

initiala=4'b0000;

always@(negedgeclk)a=(u_d)?((a==N)?4'b0000:a+1'b1):((a==4'b0000)?N:a-
1'b1);endmodule

moduleclrupdcou(a,clr,clk,N,u_d);

inputclr,clk,u_d;

input[3:0]N;

output[3:0]a;

reg[3:0]a;

initiala=4'b0000;

always@(negedgeclkorposedgeclr)a=(clr)?4'h0:((u_d)?((a==N)?4'b0000:a+1'b1)
:((a==4'b0000)?N:a-1'b1));

endmodule

Example

ShiftRegistermoduleshifrlter(a,clk,r_l);

inputclk,r_l;

output[7:0]a;

reg[7:0]a;

initiala=8'h01;

always@(negedgeclk)begina=(r_l)?(a>>1'b1):(a<<1'b1);

end

endmodule

ASSIGNMENTSWITHDELAYS



Thedelayreferstothespecificactivityitqualifies.Avarietyofpossibilitiesofspecifying
delaysto assignmentsexist.Considertheassignmentalways#3 b = a;Simulator
encountersthisatzerotimeandpoststheentireactivitytobedone3nslaterthe
assignmentisscheduledtoberepeatedevery3ns,irrespectiveofwhetherachangesin
theMeantime
Intra-assignmentDelays
Incontrast,theintra-assignment‖delaycarriesouttheassignmentintwoparts

A=#dlexpression;Heretheexpressionisscheduledtobeevaluatedassoonasitis
encountered.However,theresultoftheevaluationisassignedtotheright-handside
quantityaafteradelayspecifiedbydl.dlcanbeanintegeroraconstantexpression
ZeroDelay
Adelayof0nsdoesnotreallycauseanydelay.However,itensuresthattheassignment
followingisexecutedlastintheconcernedtimeslot.Oftenitisusedtoavoidindecision
intheprecedenceofexecutionofassignments
waitCONSTRUCT
Thewaitconstructmakesthesimulatorwaitforthespecifiedexpressiontobetrue
beforeproceedingwiththefollowingassignmentorgroupofassignments.

Itssyntaxhastheform wait(alpha)assignment1;

alphacanbeavariable,thevalueonanet,oranexpressioninvolvingthem.Ifalphaisan
expression,itisevaluated;iftrue,assignment1iscarriedout.Onecanalsohaveagroup
ofassignmentswithinablockinplaceofassignment1.

Theactivityislevel-sensitiveinnature,incontrasttotheedge-sensitivenatureofevent
specifiedthrough@.
Specificallytheproceduralassignment@clka=b;
assignsthevalueofbtoawhenclkchanges;ifthevalueofbchangeswhenclkissteady,
thevalueofaremainsunaltered.
wait(clk)#2a=b;thesimulatorwaitsfortheclocktobehighandthenassignsbtoa
withadelayof2ns.Theassignmentwillberefreshedaslongastheclkremainshigh

DESIGNSATBEHAVIORALLEVEL
moduleaoibeh(o,a,b);

outputo;

input[1:0]a,b;

rego,a1,b1,o1;

always@(a[1]ora[0]orb[1]orb[0])

begin

a1=&a;

b1=&b;

o1=a1||b1;

o=~o1;



end

endmodule

moduleaoibeh1(o,a,b);
outputo;
input[1:0]a,b;

rego;

always@(a[1]ora[0]orb[1]orb[0])o=~((&a)||(&b));

endmodule

BLOCKINGANDNONBLOCKINGASSIGNMENTS
Theseareexecutedsequentially–thatis,onestatementisexecuted,andonlythenthe
followingoneisexecuted.Suchassignmentsblocktheexecutionofthefollowinglotof
assignmentsatanytimestep.Hencetheyarecalled―blockingassignments‖.Afacility
calledthe―nonblockingassignmentisavailableforsuchsituations.Thesymbol―<=‖
signifiesanon-blockingassignment.Thesamesymbolsignifiesthe―lessthanorequal
to‖operatorinthecontextofanoperation.Thecontextdecidestheroleofthesymbol.
Themaincharacteristicofanonblockingassignmentisthatitsexecutionisconcurrent
withthatofthefollowingassignmentoractivity.

NonblockingAssignmentsandDelays
Delays–oftheassignmenttypeandtheintra-assignmenttype–canbeassociatedwith
nonblockingassignmentsalso.Theprincipleoftheiroperationissimilartothatwith
blockingassignments.
THEcaseSTATEMENT
Thecasestatementisanelegantandsimpleconstructformultiplebranchingina
module.Thekeywordscase,endcase,anddefaultareassociatedwiththecaseconstruct.
Formatofthecaseconstructis
Case(expression)

Ref1:statement1;
Ref2:statement2;
Ref3:statement3;
......
default:statementd;

endcase
Iftheevaluatedvaluematchesref1,statement1isexecuted;andthesimulatorexitsthe
block;Elseexpressioniscomparedwithref2andincaseofamatch,statement2is
executed,andsoon.Ifnoneoftheref1,ref2,etc.,matchesthevalueofexpression,the
defaultstatementisexecuted.Astatementoragroupofstatementsisexecutedifand
onlyifthereisanexact–bitbybit–matchbetweentheevaluatedexpressionandthe
specifiedref1,ref2,etc.

Foranyofthematches,onecanhaveablockofstatementsdefinedforexecution.The



blockshouldappearwithinthebegin-endconstruct.

Therecanbeonlyonedefaultstatementordefaultblock.Itcanappearanywhereinthe
casestatement.

Onecanhavemultiplesignalcombinationvaluesspecifiedforthesamestatementfor
execution.Commasseparateallofthem.
moduledec2_4beh(o,i);

output[3:0]o;

input[1:0]i;

reg[3:0]o;

always@(i)

begin

case(i)

2'b00:o=4'h0;

2'b01:o=4'h1;

2'b10:o=4'h2;

2'b11:o=4'h4;

default:begin

$display("error");

o=4'h0;

end

endcase

end

endmodule

CasexandCasez
The case statementexecutes a multiway branching where everybitofthe case
expressioncontributestothebranchingdecision.Thestatementhastwovariantswhere
someofthebitsofthecaseexpressioncanbeselectivelytreatedasdon‘tcares–thatis,
ignored.
Casezallowsztobetreatedasadon‘tcare.
?characteralsocanbeusedinplaceofz.
casextreatsxorzasadon‘tcare
modulepri_enc(a,b);
output[1:0]a;
input[3:0]b;
reg[1:0]a;

always@(b)



casez(b)
4'bzzz1:a=2'b00;
4'bzz10:a=2'b01;

4'bz100:a=2'b10;
4'b1000:a=2'b11;
Endcase
endmodule

SIMULATIONFLOW
Verilog hasto bean inherentlyparallelprocessing language.Thefactthatallthe
elementsofadigitalcircuit(oranyelectroniccircuitforthatmatter)functionandinteract
continuously conforming to theirinterconnections demands parallelprocessing.In
Verilogtheparallelprocessingisstructuredthroughthefollowing[IEEE]:Simulationtime:
Simulationiscarriedoutinsimulationtime.Thesimulatorfunctionswithsimulationtime
advancingin(equal)discretesteps.

Ateverysimulationstepanumberofactiveeventsaresequentiallycarriedout.

Thesimulatormaintainsaneventqueue–calledthe―StratifiedEventQueue‖withan
activesegmentatitstop.Thetopmosteventintheactivesegmentofthequeueistaken
upforexecutionnext.

Theactiveeventcanbeofanupdatetypeorevaluationtype.Theevaluationeventcan
beforevaluationofvariables,valuesonnets,expressions,etc.Refreshingthequeueand
rearrangingitconstitutestheupdateevent.

Anyupdatingcancallforasubsequentevaluationandviceversa.

Onlyafteralltheactiveeventsinatimestepareexecuted,thesimulationadvancesto
thenexttimestep.

Completionofthesequenceofoperationsaboveatanytimestepsignifiestheparallel
natureoftheHDL.A numberofactiveeventscanbepresentforexecutionatany
simulationtimestep;allmayviefor―attention.‖Amongstthese,aneventspecifiedat#0
timeisscheduledforexecutionattheend
StratifiedEventQueue
Theeventsbeingcarriedoutatanyinstantgiverisetootherevents–inherentinthe
executionprocess.Allsucheventscanbegroupedintothefollowing5types:

Activeevents–explainedabove.

Inactiveevents–Theinactiveeventsaretheeventslinedupforexecutionimmediately
aftertheexecutionoftheactiveevents.Eventsspecifiedwithzerodelayareallinactive
events.

BlockingAssignmentEvents–Operationsandprocessescarriedoutatprevioustime
stepswithresultstobeupdatedatthecurrenttimestepareofthiscategory.

MonitorEvents–TheMonitoreventsatthecurrenttimestep–$monitorand$strobe–
aretobeprocessedaftertheprocessingoftheactiveevents,inactiveevents,and
nonblockingassignmentevents.

Futureevents– Eventsscheduledtooccuratsomefuturesimulationtimearethe
futureevents.



Thesimulationprocessconformingtothestratifiedeventqueueisshowninflowchart
form inFigure

ifANDif-elseCONSTRUCTS
Theifconstructchecksaspecificconditionanddecidesexecutionbasedontheresult.
the structure ofa segmentofa module with an ifstatement.Afterexecution of
assignment1,the condition specified is checked.Ifitis satisfied,assignment2 is
executed;ifnot,itisskipped.Ineithercasetheexecutioncontinuesthroughassignment3,
assignment4,etc.

Executionofassignment2aloneisdependentonthecondition.

Therestofthesequenceremains....

assignment1;

if(condition)

assignment2;

assignment3;

assignment4;



Useoftheif–elseconstruct
...assignment1;

if(condition)

begin//Alternative1

assignment2;

assignment3;

end

else

begin//alternative2

assignment4;

assignment5;

end

assignment6;......

Aftertheexecutionofassignment1,iftheconditionissatisfied,alternative1isfollowed
andassignment2andassignment3areexecuted.Assignment4andassignment5are
skippedandexecutionproceedswithassignment6.

Ifthe condition is notsatisfied,assignment2 and assignment3 are skipped and
assignment4 and assignment5 are executed. Then execution continues with
assignment6

moduledemux(a,b,s);

output[3:0]a;

inputb;

input[1:0]s;

reg[3:0]a;

always@(bors)

begin

if(s==2'b00)

begin

a[2'b0]=b;

a[3:1]=3'bZZZ;

end

elseif(s==2'b01)



begina[2'd1]=b;

{a[3],a[2],a[0]}=3'bZZZ;

end

elseif(s==2'b10)

begina[2'd2]=b;

{a[3],a[1],a[0]}=3'bZZZ;

end

elsebegina[2'd3]=b;

a[2:0]=3'bZZZ;

end

end

endmodule

assign–deassignCONSTRUCT
Theassign– deassignconstructsallow continuousassignmentswithinabehavioral
block.always@(posedgeclk)a=b;Bywayofexecution,atthepositiveedgeofclkthe
valueofbisassignedtovariablea,andaremainsfrozenatthatvalueuntilthenext
positiveedgeofclk.Changesin b in theintervalareignored.Considertheblock
always@(posedgeclk)assignc=d;Hereatthepositiveedgeofclk,cisassignedthe
valueofdinacontinuousmanner;subsequentchangesindaredirectlyreflectedas
changesinvariablec:Theassignmenthereisakintoadirect(oneway)electrical
connectiontocfrom destablishedatthepositiveedgeofclk.Consideranenhanced
versionoftheaboveblockas
AlwaysBegin@(posedgeclk)assignc=d;@(negedgeclk)deassignc;end
Theaboveblocksignifiestwoactivities:
1.Atthepositiveedgeofclk,cisassignedthevalueofdinacontinuousmanner

2.Atthefollowingnegativeedgeofclk,thecontinuousassignmenttocisremoved;
subsequentchangesto d arenotpassed onto c;itisasthoughciselectrically
disconnectedfrom d.
Inshort,assignallowsavariableoranetchangeinthesensitivitylisttomandatea
subsequentcontinuousassignmentwithin.deassignterminatestheassignmentdone
throughtheassign-basedstatement.
moduledemux1(a0,a1,a2,a3,b,s);
outputa0,a1,a2,a3;
inputb;

input[1:0]s;
rega0,a1,a2,a3;

always@(s)if(s==2'b00)
assign{a0,a1,a2,a3}={b,3'oz};

elseif(s==2'b01)



assign{a0,a1,a2,a3}={1'bz,b,2'bz};
elseif(s==2'b10)
assign{a0,a1,a2,a3}={2'bz,b,1'bz};
elseif(s==2'b11)

assign{a0,a1,a2,a3}={3'oz,b};
endmodule
DFlip-Flopthroughassign–deassignConstructs
moduledffassign(q,qb,di,clk,clr,pr);
outputq,qb;

inputdi,clk,clr,pr;
regq;
assignqb=~q;
always@(clrorpr)
begin
if(clr)

assignq=1'b0;//asynchronousclear
andif(pr)
assignq=1'b1;//presetofFFoverrides
else

deassignq;//thesynchronousbehaviour

end
always@(posedgeclk)q=di;//synchronous(clocked)valueassignedtoq

endmodule
repeatCONSTRUCT
Therepeatconstructisusedtorepeataspecifiedblockaspecifiednumberoftimes.The
quantityacanbeanumberoranexpressionevaluatedtoanumber.Assoonasthe
repeatstatementisencountered,aisevaluated.Thefollowingblockisexecuted―a‖
times.If―a‖evaluatesto0orxorz,theblockisnotexecuted.Structureofarepeat
block.…
repeat(a)
beginassignment1;
assignment2;

end
…Amoduletoillustratetheuseofthe
repeatconstruct
moduletrial_8b;
reg[7:0]m[15:0];
integeri;
regclk;
alwaysbeginrepeat(8)begin@(negedgeclk)m[i]=i*8;
i=i+1;

end
repeat(8)
begin@(negedgeclk)i=i-1;

$display("t=%0d,i=%0d,m[i]=%0d",$time,i,m[i]);
end



end
initial
begin
clk=initial

beginclk=1'b0;
i=0;#70$stop;

end
always#2clk=~clk;

endmodule
forLOOP
TheforloopinVerilogisquitesimilartotheforloopinC;theformatoftheforloopis....
for(assignment1;expression;assignment2)statement;...Ithas fourparts;the
sequenceofexecutionisasfollows:
1.Executeassignment1.

2.Evaluateexpression.

3.Iftheexpressionevaluatestothetruestate(1),carryoutstatement.Gotostep5.

4.Ifexpressionevaluatestothefalsestate(0),exittheloop.

5.Executeassignment2.Gotostep2.

Anaddermoduleusingtheforloop.
moduleaddfor(s,co,a,b,cin,en);
output[7:0]s;
outputco;
input[7:0]a,b;

inputen,cin;
reg[8:0]c;
regco;
reg[7:0]s;
always@(posedgeen)beginc[0]=cin;
for(i=0;i<=7;i=i+1)
begin{c[i+1],s[i]}=(a[i]+b[i]+c[i]);
end

co=c[8];
end
endmodule

THEdisableCONSTRUCT
Therecanbesituationswhereonehastobreakoutofablockorloop.Thedisable
statementterminatesanamedblockortask.Controlistransferredtothestatement
immediatelyfollowingtheblock.Conditionalterminationofaloop,interruptservicing,
etc.,aretypicalcontextsforitsuse.Oftenthedisablingiscarriedoutfrom withinthe
blockitself.ThedisableconstructisfunctionallysimilartothebreakinCORgatemodule
todemonstratetheuseofthe
disableconstruct

moduleor_gate(b,a,en);



input[3:0]a;
inputen;

outputb;
regb;
integeri;

always@(posedgeen)
begin:

OR_gateb=1'b0;
for(i=0;i<=3;i=i+1)
if(a[i]==1'b1)
beginb=1'b1;
disableOR_gate;

end
end
endmodule

Thedisablestatementhastohaveablock(ortask)identifiertaggedtoitinthisrespectit
differsfrom ―break‖inC.

Onceencountered,itterminatesexecutionoftheblock;thefollowingstatementswithin
theblockarenotexecuted.

Typicallyitcanbeused to handleexceptionsto regularlyassigned activitiesfor
example,Interrupt,Hold,Reset,etc.

whileLOOP
Theformatforthewhileloopisshowniswhile(expression)statement;
TheBooleanexpressionisevaluated.Ifitistrue,thestatement(orblockofstatements)
isexecutedandexpressionevaluatedandchecked.Iftheexpressionevaluatestofalse,
theloopisterminatedandthefollowingstatementistakenforexecution.
Iftheexpressionevaluatestotrue,executionofstatement(blockofstatements)is
repeated.Thustheloopisterminatedandbrokenonlyiftheexpressionevaluatestofalse.
Togeneratesapulseofdefinitewidth



modulewhile2(b,n,en,clk);



input[7:0]n;



inputclk,en;



outputb;



reg[7:0]a;



regb;



always@(posedgeen)



begina=n;



while(|a)



beginb=1'b1;



@(posedgeclk)a=a-1'b1;



end



b=1'b0;



end



initialb=1'b0;



endmodule
foreverLOOP
Repeatedexecutionofablockinanendlessmannerisbestdonewiththeforeverloop
(comparewithrepeatwheretherepetitionisforafixednumberoftimes).
moduletogenerateaclockwaveform usingtheforeverconstruct
moduleclk;

regclk,en;
always@(posedgeen)
forever#2clk=~clk;

initial
begin
clk=1'b0;
en=1'b0;

#1clk=1'b1;
#4en=1'b1;

#30$stop;
end
initial$monitor("clk=%b,t=%0d,en=%b",clk,$time,en);
endmodule

PARALLELBLOCKS
Alltheproceduralassignmentswithinabegin–endblockareexecutedsequentially.The
fork–joinblockisanalternateonewherealltheassignmentsarecarriedoutconcurrently.
Onecanuseafork-joinblockwithinabegin–endblockorviceversa.

Force–releaseCONSTRUCT
Whendebuggingadesignwithanumberofinstantiations,onemaybestuckwithan
unexpectedbehaviorinalocalizedarea.Tracingthepathsofindividualsignalsand
debuggingthedesignmayprovetobetootediousordifficult.Insuchcasessuspect
blocksmaybeisolated,tested,anddebuggedandstatusquoanteestablished.The
force–releaseconstructisforsuchalocalizedisolationforalimitedperiod.forcea=
1'b0;forcesthevariableatotakethevalue0.forceb=c&d;forcesthevariablebtothe
valueobtainedbyevaluatingtheexpressionc&d.Theforce–releaseconstructissimilar
totheassign–deassignconstruct.Thelatterconstructisforconditionalassignmentina
designdescription.Theforce–releaseconstructisfor―shorttime‖assignmentsina
test-bench.Synthesistoolswillnotsupporttheforce–releaseconstructs.

The force–release constructis equallyvalid fornet-type variables and reg-type
variables.Thenet–typevariablesreverttotheirnormalvaluesonrelease.Withreg-type
variablesthevalueforcedremainsuntilanotherassignmenttothereg.

The variable,on which the values are forced during testing,mustbe properly
dereferenced.

Intheillustrationabove,eachvariablewasforcedoneatatime.Itwasdoneonlyto
simplifythe illustration sequence and focus attention on the possible use ofthe
construct.Inpractice,differentvariablescanbeforcedtogetherbeforethespecialdebug
sequence.Theirreleasetoocanbetogether.

ORgatemoduleanditstestbenchtoillustratetheuseofforce–releaseconstruct



moduleor_fr_rl(a,b,c);
inputb,c;
outputa;
wirea,b,c;

assigna=b|c;
initial
begin

#1$display("display:time=%0d,b=%b,c=%b,a=%b",$time,b,c,a);
#6forceb=1'b1;
#1$display("display:time=%0d,b=%b,c=%b,a=%b",$time,b,c,a);

#6releaseb;



#1$display("display:time=%0d,b=%b,c=%b,a=%b",$time,b,c,a);



End



endmodule

EVENT
Thekeywordeventallowsanabstracteventtobedeclared.Theeventisnotadatatype
withanyspecificvalues;itisnotavariable(reg)oranet.Itsignifiesachangethatcanbe
usedasatriggertocommunicatebetweenmodulesortosynchronizeeventsindifferent
modules....
eventchange;...

always
......

change;...

.always@change..

.Inthecourseofexecutionofanalwaysblock,theeventistriggered.Theoperator
signifiesthetriggering.Subsequently,anotheractivitycanbestartedinthemodulebythe
eventchange.Thealways@(change)blockactivatesthis.Theeventchangecanbeused
inothermodulesalsobyproperdereferencing;withsuchusageanactivityinamodule
canbesynchronizedtoaneventinanothermodule.Theeventconstructisquiteuseful,
especiallyintheearlystagesofadesign.Itcanbeusedtoestablishthefunctionalityofa
designatthebehaviorallevel;itallowscommunicationamongstdifferentinstantiated
moduleswithoutassociatedinputsoroutputs.Amoduletoillustratetheeventconstruct:

Aserialdatareceiver

modulerec(a,ddi,clk);

output[8:1]a;

inputddi,clk;

reg[8:1]a;

integerj,jj;

eventbuf_ful;

always

for(j=0;j<20;j=j+1)

begin

#0jj=0;

repeat(8)@(negedgeclk)

beginjj=jj+1;

a[jj]=ddi;

//$display("b=%b",a[jj]);



end

#0->buf_ful;

end

endmodule


