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2-to-1 Multiplexer Example
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Gate-level Modeling

Values are

_ _ wire
a0 continuously driven by ‘—

10 Ul an output of a device
w ° Sb Z
U3
S al always active drivinga 0, 1, X, z
_ |U2
11
not UO (sb, s); wire sb;
and Ul (a0, i0, sbh), wire ao;
U2 (al, il, s); wire al,;
or U3(z a0, al); wire z;
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Dataflow Modeling
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not UO (sb, s); =$ assign sb = ~s; wire sb;
and U1 (a0, i0, sbh), =» assign a0 = i0 & sb; wire ao:
U2 (al, i1, s); =) assignal=ilé&s; wire al:
or U3 (z, a0, al); =) assignz = a0|al; wire z;
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Continuous Assignment
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assignz = i0 & i1,

Continuous Assighment

The output z always has the value
of i0 and il

Whenever inputs change, evaluate
and propagate its output

The output z always has the value
of i0 and i1
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Behavioral Modeling - Combinational

a value holder  not a flipflop
needs no driver

l: “}-Isb -BD5 reg
i1 — B }

Procedural Assignment

assign sb = ~s; = always @(s) reg sb:
sb = ~s;
. _ . 0:
assigna0 = i0 &sh: = always @(i0 or sb) reg ao;
’ a0 = i0 & sb;
assignal = i1 &s; o always @(il or s) reg al;
’ al= il&s;
assignz = a0 ail; - always @(a0 or al) reg z;
z= a0 al;
Dataflow Modeling Behavioral Modeling
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Procedural Assignment

e ) L g EOC

7 assignz = i0 & i1,

wire z;

Continuous Assignment

Whenever inputs change,

a value holder  not a flipflop evaluate and propagate its output

needs no driver

always @(iO or sb)
reg z= 10 & i1,

reg z;

Procedural Assignment
within always, initial

combined with if () then — else —
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Simulation

10 a0
Ul
sb yA
U3
S > al
i1 U
assign sb = ~s; = always @(s) whenever s changes
sb = ~s; sb = ~s;
assign a0 = i0 & sb; - always @(i0 or sb) whenever i0 or sb change
a0 = i0 & sb; a0 = i0 & sb;
assignal= i1 &s; - always @(il1 or s) whenever il or s change
al=11&s; al=1i1&s;
assignz = a0 | al; - always @(a0 or al) whenever a0 or al change
z= a0 | al; z= al0|al;
Dataflow Modeling Behavioral Modeling
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When i10 changes

always @(s)
sh = ~s;

always @(i0 or sh)
a0 = i0 & sb;

always @(il1 or s)
al=1i1&s;

always @(a0 or al)
z= a0 | ail;
always @(s)
always @(iO or sb)

always @(il1 or s)

always @(a0 or al)

10 U1 a0

sb Z
S al
. u2
11

|

a0 = i0 & sb:

|

7= a0 | al;
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When s changes

always @(s)
sb = ~s;

always @(i0 or sh)
a0 = i0 & sb;

always @(il1 or s)
al=1i1&s;

always @(a0 or al) i1 @ - g

z= a0 | ail;

wn
@y
N

always @(s) |

always @(iO or sb) \J

20 = i0 & sb:

always @(il or s) |

always @ (a0 or al) |

N S

z= a0 al; = a0 | al;
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Behavioral Modeling - Sequential

d—b Q—A¢@ cIkJ | f |_
clk—

Only sensitive to a

J

o [ T e I e e O o Y

subset of of their inputs these input changes does responds to any
— sensitivity list not affect its output Inp:ny i, €s
the two inputs (clk, d) q J
always @(posedge clk)
q=d;
always @ (posedge clk) I I
a =d:; a =d
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Behavioral Modeling - Initialization

clkl

d —

a_

initial .
begin initial
clk=0; clk = 0;
d=1, d=1;
q-= 0, qg=0;
end
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Parallel Processes

iO‘ U1 a0

D Q== (
S al

@ clk

11
always @(s)
sb = ~s;
always @(iO or sb)
a0 = i0 & sb; Five
always @(il or s) > Parallel
al=i1&s; Processes
always @(a0 or al)
z= a0 | al;
always @(posedge clk)
q=d
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Structural Modeling

het net net net
I .
het & | F g = reg het
wire wand tri0 supplyO trireg
tri wor tril supplyl
triand
trior
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Sequential Assignment (2)
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