
Dataflowlevelmodelling

Dataflow modellingisahigherlevelofabstractioncomparedtogate
levelmodelling.

Todesignacircuitinadataflowlevel,thedesignershouldbeawareof
dataflowofthedesign.

Thegateleveldesigndescriptionmakesuseofthegateprimitives
availableinVerilog.ItbecomesverycomplexforaVLSIcircuitbecause
numberofgateisverylarge,hencedataflowmodellingbecomeavery
importantwayofimplementingthedesign.

Dataflow modellingmakesthecircuitdescriptionmorecompactas
comparedtothedesignthroughgateprimitives.

Verilogallowsacircuittobedesignedintermsofthedataflowbetween
registersandhowadesignprocessesdataratherthantheinstantiation
ofindividualgates.

In data flow modelling mostofthe design is implemented using
continuousassignment,whichareusedtodriveavalueontoanet.

Continuousassignmentstructure

A continuous assignmentis the mostbasic statementin dataflow
modelling,usedtodriveavalueontoanet.Thisassignmentreplaces
gatesinthedescriptionofthecircuitanddescribesthecircuitata
higherlevelofabstraction.
Theassignmentstatementstartswiththekeyword‘assign”.

Continuous assignmentcan be used in two ways ,as the net
declarationstatementandasthecontinuousassignmentstatement.

Thesyntaxofanassignstatementisasfollows.

continuous_assign::=assign[drive_strength][delay3]
list_of_net_assignments;
list_of_net_assignments::=net_assignment{,net_assignment}
net_assignment::=net_lvalue=expression

Continuousassignmentshavethefollowingcharacteristics:
 Thelefthandsideofanassignmentmustalwaysbeascalaror

vectornetoraconcatenationofscalarandvectornets.Itcannot
beascalarorvectorregister.

 Continuous assignments are always active.The assignment



expressionis
evaluatedassoonasoneoftheright-hand-sideoperandschanges
andthevalueisassignedtotheleft-hand-sidenet.

 Theoperandsontheright-handsidecanberegistersornetsor
functioncalls.
Registersornetscanbescalarsorvectors.

 Continuousassignmentcannotbeusedwithininitial oralways
blocks.

 Delayvaluescanbespecifiedforassignmentsintermsoftime
units.Delayvaluesareusedtocontrolthetimewhenanetis
assignedtheevaluatedvalue.

ExamplesofContinuousAssignment

//Continuousassign.outisanet.i1andi2arenets.
assignout=i1&i2;

//Continuousassignforvectornets.addrisa16-bitvectornet
//addr1andaddr2are16-bitvectorregisters.
assignaddr[15:0]=addr1_bits[15:0]̂ addr2_bits[15:0];

//continusous assignmentwith Concatenation.Left-hand side is a
concatenationofascalar
//netandavectornet.
assign{c_out,sum[3:0]}=a[3:0]+b[3:0]+c_in;

//delayspecificationincontinuousassignmentstatement
assign#25out=i1&i2;

Implicitcontinuousassignment

Regularcontinuousassignmentmeans,thedeclarationofanetandits
continuousassignmentaredoneintwodifferentstatements
butinimplicitcontinuousassignment,assignmentcanbedoneonanet
whenitisdeclareditself.
Example
//Regularcontinuousassignment
wireout;
assignout=in1&in2;

//Sameeffectisachievedbyanimplicitcontinuousassignment
wireout=in1&in2;



ImplicitNetDeclaration

InVerilogduringimplicitassignment,ifL.H.S.isdeclaredthenitwill
assigntheR.H.S.tothedeclarednet.
ButiftheL.H.S.isnotdefineditwillautomaticallycreateanetforthe
signalname.
Example
//Continuousassign.outisanet.
wirei1,i2;
assignout=i1&i2;//Notethatoutwasnotdeclaredasawire
//butanimplicitwiredeclarationforout
//isdonebythesimulator.

Combiningassignmentandnetdeclaration
Theassignmentstatementcanbecombinedwiththenetdeclaration
itselfmakingtheassignmentimplicitinthenetdeclarationitself.
Thusthetwostatements
Wirec;
Assignc=a&b;
Canbecombinedas
Wirec=a&b;

Continuousassignmentandstrength

A netto which the continuous assignmentis being made can be
assignedstrengthforitslogiclevels.



Delayandcontinuousassignment
Delayvaluescontrolthetimebetweenthechangeinaright-hand-side
operandandwhenthenewvalueisassignedtotheleft-handside.
Threewaysofspecifyingdelaysincontinuousassignmentstatements
are

 regularassignmentdelay
 implicitcontinuousassignmentdelay
 netdeclarationdelay

RegularAssignmentDelay
Thefirstmethodistoassignadelayvalueinacontinuousassignment
statement.Thedelayvalueisspecifiedafterthekeywordassign.

assign#10out=in1&in2;//Delayinacontinuousassign

Anychangeinvaluesofin1orin2willresultinadelayof10timeunits
beforerecomputationoftheexpressionin1&in2,andtheresultwillbe
assignedtoout.

Ifin1orin2changesvalueagainbefore10timeunits,whentheresult
propagatestoout,thevaluesofin1andin2atthetimeofrecomputation
areconsidered.Thispropertyiscalledinertialdelay.

An inputpulse thatis shorterthan the delay ofthe assignment
statementdoesnotpropagatetotheoutput.
Figure:

1.Whensignalsin1andin2gohighattime20,outgoestoahigh10
timeunitslater

(time=30).
2.Whenin1goeslowat60,outchangestolowat70.
3.However,in1changestohighat80,butitgoesdowntolowbefore10
timeunitshaveelapsed.
Hence,atthetimeofrecomputation,10unitsaftertime80,in1is0.



Thus,out
getsthevalue0.Apulseofwidthlessthanthespecifiedassignment
delayisnot
propagatedtotheoutput.

ImplicitContinuousAssignmentDelay

Animplicitcontinuousassignmentisused tospecifybothadelayand
anassignmentonthenet.
//implicitcontinuousassignmentdelay
wire#10out=in1&in2;
//sameas
wireout;
assign#10out=in1&in2;

Thedeclarationabovehasthesameeffectasdefiningawireoutand
declaringa
continuousassignmentonout.

NetDeclarationDelay
Adelaycanbespecifiedonanetwhenitisdeclaredwithoutputtinga
continuous
assignmentonthenet.
Ifadelayisspecifiedonanetout,thenanyvaluechangeappliedtothe
netoutisdelayedaccordingly.
//NetDelays
wire#10out;
assignout=in1&in2;
//Theabovestatementhasthesameeffectasthefollowing.
wireout;
assign#10out=in1&in2;

Assignmenttovectors
Thecontinuousassignmentareequallyapplicabletovectors
Example:-8bitadder

moduleadd_8(a,b,c);
Input[7:0]a,b;
Output[7:0]c;
assignc=a+b;
endmodule



concatenationofvectors
onecanconcatenatevectors,scalars,andpartvectorstoform other
vectors.Theconcatenatedvectorisenclosedwithinbraces.Commas
separatethecomponents-vectors,scalars,andpartvectors.
Example
{a,b,c}
concatenatedvectorof13bitwidthifais8bitvector,bis4bitvector
andcisscalar.
Thevectorcomponentformedinorder,firstismostsignificantbiti.e.
a[7],lastisleastsignificantbiti.e.candotherbitareinbetween.
Theconcatenationcanalsobewithselectedsegmentofvectors
Example
{a(7:4),b(2:0)}
7bitvectorformedbycombiningthe4mostsignificantbitofvectora
with3leastsignificantbitofvectorb.
Thesizeofeachoperandwithinthebraceshastobespecifiedfullyto
form theconcatenatedvector

Acomplete8bitaddermoduleatdataflowlevel
moduleadd__8bit(c,co,a,b,ci);
input[7:0]a,b;
inputci;
output[7:0]c;
outputco;
assign{co,c}=(a+b+ci);
endmodule

whenitisnecessaryto replicatevector,scalarsetc.to form other
vectors,thenuserepetitionmultiplierthroughconcatenation.
Forexample
{2{p}}
Itrepresentstheconcatenatedvector
{p,p}

Concatenationoperationcanbenestedtoform abiggervectorwhen
componentscombinationarerepeated.
Forexample
{a,3{2{b,c},d}}
Itisequivalentto
{a,b,c,b,c,d,b,c,b,c,d,b,c,b,c,d}



Thetwostatement
assignGND=supply0;
p={8{GND}};
itgroundthe8bitofvectorp.

operators



ArithmeticOperators
Therearetwotypesofarithmeticoperators:binaryandunary.

Binaryoperators
Binaryarithmeticoperatorsaremultiply(*),divide(/),add(+),subtract(-),
power(**),andmodulus(%).Binaryoperatorstaketwooperands.
example
A=4'b0011;B=4'b0100;//AandBareregistervectors
D=6;E=4;F=2//DandEareintegers
A*B//MultiplyAandB.Evaluatesto4'b1100
D/E//DivideDbyE.Evaluatesto1.Truncatesanyfractionalpart.
A+B//AddAandB.Evaluatesto4'b0111
B-A//SubtractAfrom B.Evaluatesto4'b0001
F=E**F;//EtothepowerF,yields16



Ifanyoperandbithasavaluex,thentheresultoftheentireexpression
isx.

Modulusoperatorsproducetheremainderfrom thedivision oftwo
numbers.Theyoperate similarlyto the modulus operatorin the C
programminglanguage.

13%3//Evaluatesto1
16%4//Evaluatesto0
-7%2//Evaluatesto-1,takessignofthefirstoperand
7%-2//Evaluatesto+1,takessignofthefirstoperand

Unaryoperators

Theoperators+and-canalsoworkasunaryoperators.Theyareused
tospecifythepositiveornegativesignoftheoperand.

-4//Negative4
+5//Positive5

RelationalOperators

Relationaloperatorsaregreater-than(>),less-than(<),greater-than-or-
equal-to(>=),andless-than-or-equal-to(<=).Ifrelationaloperatorsare
usedinanexpression,theexpressionreturnsalogicalvalueof1ifthe
expressionistrueand0iftheexpressionisfalse.
Ifthereareanyunknownorzbitsintheoperands,theexpressiontakes
avaluex.

//A=4,B=3
//X=4'b1010,Y=4'b1101,Z=4'b1xxx
A<=B//Evaluatestoalogical0
A>B//Evaluatestoalogical1
Y>=X//Evaluatestoalogical1
Y<Z//Evaluatestoanx

LogicalOperators

Logicaloperatorsarelogical-and(&&),logical-or(||)andlogical-not(!).
Operators&&and||arebinaryoperators.Operator!isaunaryoperator.
Logicaloperatorsfollowtheseconditions:
1.Logicaloperatorsalwaysevaluatetoa1-bitvalue,0(false),1(true),or
x
(ambiguous).
2.Ifanoperandisnotequaltozero,itisequivalenttoalogical1(true



condition).Ifitisequaltozero,itisequivalenttoalogical0(false
condition).
Ifanyoperandbitisxorz,itisequivalenttox(ambiguouscondition)
andisnormallytreatedbysimulatorsasafalsecondition.
3.Logicaloperatorstakevariablesorexpressionsasoperands.

A&&B//Evaluatesto0.Equivalentto(logical-1&&logical-0)
A||B//Evaluatesto1.Equivalentto(logical-1||logical-0)
!A//Evaluatesto0.Equivalenttonot(logical-1)
!B//Evaluatesto1.Equivalenttonot(logical-0)

//Unknowns
A=2'b0x;B=2'b10;
A&&B//Evaluatestox.Equivalentto(x&&logical1)

EqualityOperators

Equalityoperatorsarelogicalequality(==),logicalinequality(!=),case
equality(===),andcaseinequality(!==).Whenusedinanexpression,
equality operators return logicalvalue 1 iftrue,0 iffalse.These
operatorscomparethetwooperandsbitbybit,withzerofillingifthe
operandsareofunequallength
//A=4,B=3
//X=4'b1010,Y=4'b1101
//Z=4'b1xxz,M =4'b1xxz,N=4'b1xxx
A==B//Resultsinlogical0
X!=Y//Resultsinlogical1
X==Z//Resultsinx
Z===M //Resultsinlogical1(allbitsmatch,includingxandz)
Z===N//Resultsinlogical0(leastsignificantbitdoesnotmatch)
M !==N//Resultsinlogical1

BitwiseOperators
Bitwiseoperatorsarenegation(~),and(&),or(|),xor(̂),xnor(̂~,~̂).
Bitwiseoperatorsperform abit-by-bitoperationontwooperands.
Theytakeeachbitinoneoperandandperform theoperationwiththe
correspondingbitintheotheroperand.Ifoneoperandisshorterthanthe
other,itwillbebit-extendedwithzerostomatchthelengthofthelonger
operand.

TruthTablesforBitwiseOperators



Examplesofbitwiseoperatorsareshownbelow.
//X=4'b1010,Y=4'b1101
//Z=4'b10x1
~X//Negation.Resultis4'b0101
X&Y//Bitwiseand.Resultis4'b1000
X|Y//Bitwiseor.Resultis4'b1111
X Ŷ//Bitwisexor.Resultis4'b0111
X ~̂Y//Bitwisexnor.Resultis4'b1000
X&Z//Resultis4'b10x0

ReductionOperators
Reductionoperatorsareand(&),nand(~&),or(|),nor(~|),xor(̂),and
xnor(~̂,̂~).
Reduction operators take only one operand.Reduction operators
perform abitwiseoperationonasinglevectoroperandandyielda1-bit
result.
Bitwiseoperationsareonbitsfrom twodifferentoperands,whereas
reduction
operationsareonthebitsofthesameoperand.Reductionoperators
workbitbybitfromrighttoleft.
X=4'b1010
&X//Equivalentto1&0&1&0.Resultsin1'b0
|X//Equivalentto1|0|1|0.Resultsin1'b1



X̂//Equivalentto1̂ 0̂ 1̂ 0.Resultsin1'b0
//Areductionxororxnorcanbeusedforevenoroddparity
//generationofavector.

ShiftOperators
Shiftoperatorsarerightshift(>>),leftshift(<<),arithmeticrightshift
(>>>),andarithmeticleftshift(<<<).

X=4'b1100
Y=X>>1;//Yis4'b0110.Shiftright1bit.0filledinMSB
position.

Y=X<<2;//Yis4'b0000.Shiftleft2bits.

ConcatenationOperator
Theconcatenationoperator({,})providesamechanism toappend
multipleoperands.
Theoperandsmustbesized.Unsizedoperandsarenotallowedbecause
thesizeofeachoperandmustbeknownforcomputationofthesizeof
theresult.
//A=1'b1,B=2'b00,C=2'b10,D=3'b110
Y={B,C}//ResultYis4'b0010
Y={A,B,C,D,3'b001}//ResultYis11'b10010110001
Y={A,B[0],C[1]}//ResultYis3'b101

ReplicationOperator
Repetitiveconcatenationofthesamenumbercanbeexpressedbyusing
areplicationconstant.Areplicationconstantspecifieshowmanytimes
toreplicatethenumberinsidethebrackets({}).
example
regA;
reg[1:0]B,C;
reg[2:0]D;
A=1'b1;B=2'b00;C=2'b10;D=3'b110;
Y={4{A}}//ResultYis4'b1111
Y={4{A},2{B}}//ResultYis8'b11110000
Y={4{A},2{B},C}//ResultYis8'b1111000010

ConditionalOperator
Theconditionaloperator(?:)takesthreeoperands.
Usage:condition_expr?true_expr:false_expr;
Theconditionexpression(condition_expr)isfirstevaluated.Iftheresult
istrue(logical1),thenthetrue_exprisevaluated.



Iftheresultisfalse(logical0),thenthefalse_exprisevaluated.
Iftheresultisx(ambiguous),thenbothtrue_exprandfalse_exprare
evaluated
andtheirresultsarecompared,bitbybit,toreturnforeachbitposition
anxifthebitsaredifferentandthevalueofthebitsiftheyarethesame.

Operatorprecedence

EXAMPLES

4-to-1Multiplexer
modulemux4_to_1(out,i0,i1,i2,i3,s1,s0);
//Portdeclarationsfrom theI/Odiagram
outputout;
inputi0,i1,i2,i3;
inputs1,s0;
//Logicequationforout
assignout=(~s1&~s0&i0)|

(~s1&s0&i1)|
(s1&~s0&i2)|
(s1&s0&i3);

endmodule

4-bitFullAdder



modulefulladd4(sum,c_out,a,b,c_in);
//I/Oportdeclarations
output[3:0]sum;
outputc_out;
input[3:0]a,b;
inputc_in;
//Specifythefunctionofafulladder
assign{c_out,sum}=a+b+c_in;
endmodule

4-bitFullAdderwithCarryLookahead

modulefulladd4(sum,c_out,a,b,c_in);
//Inputsandoutputs
output[3:0]sum;
outputc_out;
input[3:0]a,b;
inputc_in;
//Internalwires
wirep0,g0,p1,g1,p2,g2,p3,g3;
wirec4,c3,c2,c1;
//computethepforeachstage
assignp0=a[0]̂ b[0],

p1=a[1]̂ b[1],
p2=a[2]̂ b[2],
p3=a[3]̂ b[3];

//computethegforeachstage
assigng0=a[0]&b[0],

g1=a[1]&b[1],
g2=a[2]&b[2],g3=a[3]&b[3];

//computethecarryforeachstage
//Notethatc_inisequivalentc0inthearithmeticequationfor
//carrylookaheadcomputation
assignc1=g0|(p0&c_in),

c2=g1|(p1&g0)|(p1&p0&c_in),
c3=g2|(p2&g1)|(p2&p1&g0)|(p2&p1&p0&c_in),

c4=g3|(p3&g2)|(p3&p2&g1)|(p3&p2&p1&g0)|
(p3&p2&p1&p0&c_in);

//ComputeSum
assignsum[0]=p0̂ c_in,

sum[1]=p1̂ c1,
sum[2]=p2̂ c2,
sum[3]=p3̂ c3;

//Assigncarryoutput
assignc_out=c4;
endmodule

RippleCounter



//Ripplecounter
modulecounter(Q,clock,clear);
//I/Oports
output[3:0]Q;
inputclock,clear;
//InstantiatetheTflipflops
T_FFtff0(Q[0],clock,clear);
T_FFtff1(Q[1],Q[0],clear);
T_FFtff2(Q[2],Q[1],clear);
T_FFtff3(Q[3],Q[2],clear);

Endmodule

Ringcounter
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