18-360 Carnegie Mellon
Intro to Computer-Aided Digital Design

ECE Department
Out: 1/29/04 Solutions: Homework 1

1. Verilog Hacking
a. Hereisonesolution. Yours may differ

Each of the three implementations are in their own module. They are instantiated in the test
module, and their output is compared for each test input. If the outputs are different, the tester
prints an error.

nodul e conpar eTheseTwo2bi t Unsi gnedVal ues_gat es( A, B, Agt B, Al t B, AegB) ;

i nput [1:0] A B;

out put Agt B, AltB, AegB;
not #(4,7) ( w6, Al]);

not #(4,7) ( w7, A0]);

and #(4,7) ( wi, w6, B[1] );
and #(4,7) ( w2, w6, w7, B[0] );
and #(4,7) ( w3, w7, B[1], B[0] );
xnor #(4,7) ( w5, A[1], B[1] );
xnor #(4,7) ( w4, A[0], B[O] );
and #(4,7) ( AegB, w4, w5 );

or #(4,7) ( AItB, wl, w2, w3 );
nor #(4,7) ( AgtB, AegB, AItB);

/1 This nonitor was used to generate waveforns for the gate wires.

/1 initial $rmonitor($time,, // "wl..7= % % % % % % %, It, \

/1 eq,gt= % % %", wl, w2, w3, w4, w5, w6, W/, Al tB, AgtB, AegB);
endnodul e // conpareTheseTwo2bi t Unsi gnedVal ues_gat es

nodul e conpar eTheseTwo2bi t Unsi gnedVal ues_al ways( A, B, Agt B, Al t B, AegB) ;

i nput [1:0] A B;

out put Agt B, AltB, AegB;
reg Agt B, Al t B, AeqB;
al wvays@ A or B)
begi n
#4,
AgtB = 0;
AtB = 0;
AegB = 0;
if ( A==B)
AegB = 1;
elseif ( A>B)
AgtB = 1;
el se
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AltB = 1;
end

endnodul e // conpareTheseTwo2bi t Unsi gnedVal ues_al ways

nodul e conpar eTheseTwo2bi t Unsi gnedVal ues_assi gn( A, B, Agt B, Al t B, AegB) ;

i nput
out put

[1: 0] A B;
AgtB, AltB, AegB;

assign #(4,7) AgtB=
assign #(4,7) AtB=
assign #(4,7) AeqB=

(A>B);
(A<B);
( ::B) :

endnodul e // conpar eTheseTwo2bi t Unsi gnedVal ues_assi gn

/*
Conpare the three input bits. Qutput 1 iff
all input bits are the sane.
*/
nodul e conpare_out puts( out, in);
i nput [2:0] in;
out put out ;
assign out = ( in === 3'b111 || in === 3'b000 );
endnodul e // conpare_out puts
nodul e tester;
reg [1: 0] A B;
W re Agt B_gat e, Al't B gate, AeqB _gat e;
W re Agt B _assign, Al'tB assign, AegB_assign;
W re Agt B _al ways, AltB al ways, AeqB_al ways;
W re Agt B_agree, AeqB agree, AltB _agree;
reg [3:0] test_in[15:0];
i nt eger i;
conpar eTheseTwo2bi t Unsi gnedVal ues_gat es
secr (A B,AgtB gate, AltB gate, AeqB gate );

conpar eTheseTwo2bi t Unsi gnedVal ues_al ways

temes (A B, Agt B _al ways, Al t B_al ways, AeqB_al ways) ;

conpar eTheseTwo2bi t Unsi gnedVal ues_assi gn
sage

conpare_out puts gt( AgtB_agree,
conpar e_out puts eq( AeqB_agree,

{Agt B_gat e,
{AeqB_gat e,

(A, B, Agt B_assign, Al t B_assi gn, AeqB_assi gn) ;

Agt B_assi gn,
AegB_assi gn,

Agt B_al ways} );
AeqB_al ways} );

compare_outputs It( AltB agree, {AltB gate, AlItB assign, AtB always} );

initial
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begi n

$readmenmh("tests. ment', test_in );

$rmonitor ($tine,,"Current Test: A % B: %b\n
gat e: AgtB: % Al tB: % AeqB: %\ n
assign: AgtB:% Al tB: % AeqB: %\ n
al ways: AgtB: % A tB: % AeqB: %%\ n\n",
A B,
Agt B gate, AltB gate, AeqB gate,
Agt B _assi gn, Al t B_assi gn, AeqB_assi gn,
Agt B _al ways, Al t B_al ways, AeqB_al ways );

for(i=0; i<16; i=i+1)
begi n
{A, B} = test_in[i];
#1000;
if ( AgtB agree !==1)
$di spl ay ("ERROR The nodul es di sagree on the gt output.");
if ( AeqB_ agree !==1)
$di spl ay ("ERROR The nodul es di sagree on the eq output.");
if ( AltB agree !'==1)
$di spl ay ("ERROR The nodul es disagree on the It output.");
if ( {AgtB_agree, AeqB agree, AltB agree} === 3'bl11l1l )
$di splay ("TEST PASSED. The nodul es agree on all outputs.");
end
end

endnodul e // tester
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A=0 and B=0 are used as one test vector. Here are the transitions for A=x, B=x to A=0,B=0.
The signal names are those used in the verilog module shown above.

A e I e — A
Al e I e — A
Bl o e——— I e — A
BlOl o ——— I e — A
WL L —r—— e e—
W2 ] —"— e e—
W3 L —r—— e e—
L I I
ws o I I
L B I I
L B I I
AB L —"——
AgtB L —
AeB _ | _______ | _______ T I
0 4 7 8 14 15

For the above transition, each of the 10 gates changes once, from x toitsfinal value. So in this
case, the min, max, and mean number of transitions of the gatesare al 1. It is possible to have dif-
ferent values with a different circuit and/or a different test vector.

b. If anew comparator is added, the timing of the gate events will not be affected. The tim-
ing of the gate eventsis a function only of the inputs to those gates. In this system, those inputs
are A and B. Adding a new module that reads from A and B will not change the values of A and
B. Since the inputs to the gates do not change, the physical events associated with the gates will
not change.

2. Waveform City
Theinput signal, b, looks like this:

O N
01 2 3 456 7 8 91011121314 1516 17 18 1920 21 22 23

not #2(a,b):
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Note that the “spike” did not go through the primitive gate. It was less than the propagation
delay.

assign#2a=~b

1——— ——————————————————— p—

O I
012 3 456 7 8 910111213141516 17181920 21 22 23

always @(b) #2a=-~b

The delay of two prevents the change in b at time 10 from propagating through. Note that the
delayed blocking assignment from the change at 10 waitstill time 12 to read b, so the value of b at
time 12 is used to compute the value of aat time 12. The changein b at time 11 does not cause the
always block to be run, because the is suspended waiting for the #delay.

1 - pm—

01 2 3 456 7 8 910111213141516 17 181920 21 22 2

always @(b) a=#2~b

Here, when b changes at time 10, its value (1) is stored, causing ~b (0) to be written to a at
time 12. Because the assignment is blocking, the change in b at time 11 does not activate the
aways block, sinceit is still suspended (blocked) from the changein b at time 10.

1 o —

012 3 456 7 8 910111213141516 17181920 21 22 23

always @(b) #2a<=~b

In this case, the non-blocking assignment has no effect, because there are no other assign-
ments in the always block. The behavior is exactly the same as the blocking assignment version.
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always @(b) a<=#2~b

On achangein b, this version reads the current value of b, schedules ~b to be writtento ain
two time units, and goes back to wait for the next change in b in zero time. So, every change of b
causes achangein a, two time units | ater.

1——— —————— — — — — — — — — — —

012 3 456 7 8 910111213141516 17181920 21 22 2

3. There'sapricetobeingan author of a book

Here is a possible fix. Note that non-blocking assignment should be used in order to catch
clock edges.

nmodul e Threel nput Adder (sum inl, in2, in3, clock);
i nput [3:0] inl, in2, in3;
i nput cl ock;
out put [4:0] sum

al ways @ posedge cl ock)

sum<= #30 inl + in2 + in3;
endnodul e

4. Waveform Needed

I/ non-blocking assignment /I blocking assignment
initial initial
begin begin
a<= #0 1'bx; #0a=1bx;
a<= #4 1'b0; #4 a=1b0;
a<= #3 1'bz; #4 a=1bz,
a<=#12 1'bl,; #4a=1Db1;
a<=#16 1'b0; #4 a=1b0;
a<=#201Dbl; #4a=1b1;
#24 $finish(0); #4 Hfinish(0);
end end

Notice that since the non-blocking assignments take zero time, the simulation time is still 0
until the #24 isrun. Both initial blocks call finish at time 24.
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The non-blocking version enqueues all of the events that will change a, then dequeues them as
the simulation progresses. The blocking version suspends the initial block each time a new value
isgenerated. It's hard to say which will run faster. The tradeoff appears to be whether enqueueing
and dequeueing events (non-blocking version) takes more or less time than enqueueing and
dequeueing an initia block (blocking version). Both versions must also propagate their outpuit.

5. Assign with afunction
Three simple functions are used to do the work of the assign statements.
nodul e conpar eTheseTwo2bi t Unsi gnedVal ues_assi gn( A, B, Agt B, Al t B, AegB) ;

i nput [1:0] A B;
out put Agt B, AltB, AegB;

function isAgtB;
i nput [1:0] a;

i nput [1:0] b;
begi n

i SAgt B = (a>b);
end

endf uncti on

function isAeqgB;
i nput [1:0] a;

i nput [1:0] b;
begi n

i sAegB = (a==b);
end

endf uncti on

function i sAltB;
i nput [1:0] a;

i nput [1:0] b;
begi n

isAltB = (a<b);
end

endf uncti on
assign #(4,7) AgtB= isAgtB( A B);
assign #(4,7) AltB= isAItB( A B);
assign #(4,7) AegB= isAegB( A B)

endnodul e // conpareTheseTwo2bi t Unsi gnedVal ues_assi gn
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6. Don’'t be so edgy

modul e dff (g, d, c, r);
input d, ¢, r;
out put q;
reg q

(5%)

al ways @ posedge ¢ or negedge r)
if ~r
q <= 0;
el se
q <= d,
endnodul e

On the initial negative edge of r the description is indeed edge triggered. However, if r
remains low for an extended period over the course of several positive edge c events, the reset
does not act edge triggered. Instead the reset is level sensitive since al further activations due to
posedge ¢ will encounter the reset conditions (because of its level).

7. What arethevalues (10%)

a. Fill in the table showing the values for the three registers at the given times. Legal answers

are 0, 1, X, z, and indeterminate.
reg q, r, s, t;

name Value at the end of Value at the end of
initial begin timeO timel
A ;1;20;1, 00, q 0, asset by theinitiad | Set to O by the always
q <= #1 1 bl; block block
s = 1'bl; r 1, asset by thealways | Indeterminate, or
end block oscillating, as set by
_ the always block
al ways begin
r = 1 bi; S Indeterminate — Set to 0 by the always
s = 1'b0; depends on whether block
wai t (t === 1"b0) the always or initial
r :ql,:bé_ bO; block runs first
q <= #10 17 b1; t X, wont be set until Setto 0
end timel

b. The always will never stop after it first stops for the wait, whilet is set to O at time 1 and
does not change any more. An event (the update of g) will bein the event list for time 11.
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8. Alex, I'll take#8 for 15% (15%)
a. Show the 4-value truth table for a primitive

XOR gate. XOR| O 1 X Z
b. and c. The update and eva uation functions are 0 1 X

as follows. 0 X
Lmt_XOR(gata 1 1 0 X X

/1 start of simnulation
gate. counter_one = 0;

. X X X X X
gate. counter_x = gate.num.i nputs;
eval _XOR (gate);
} ya X X X X
/1 when any single input gate.input[id]
/1 changes to a different value ‘' new value'’,
/1 the update XOR function is called
update_XOR (gate, id, new_ val ue)
{
if (new_value == 1)
gat e. count er _one++;
if (gate.input[id].value == 1)
gat e. count er _one- -;
if (new_value == x)
gat e. count er _x++;
if (gate.input[id].value == x)
gate. counter_x--;
gat e. i nput . val ue=new_val ue;
eval _XOR (gate);
}
}
eval _XOR (gate)
{
[/ if any input is x, the output will be x.
if (gate.counter_x !'= 0)
gate. out put = x;
el se {
/1 if an odd nunber of inputs are 1's, the output will be 1;
/1 otherw se, the output will be O.
gat e. out put . val ue = gate. counter_one % 2;
}
}

Page 9 of 11



18-360, Spring 2004

9. Who needsthat #delay anyway (20%)
a. Draw the waveform for a DAC write. Write
“17" into DAC 4. . 3
dock 0 |
miine ; !
_ o4
addressines Vo
| IR
detalines Lo
L/
b. Draw the waveform for an ADC 45 #
read. Read ADC address 4.
. . clock 1 ]
The value written will be (17+0) >> O—
1=8. rwLine
Processor waits 5 and asserts read _ | 4
and addressLines, then waitsfor last neg  2ddressLines
clock edge (far right) for value read. datal ines 8
ADC sees read, walits 2, puts value 4
on dataLines, then waits until far right 5
clock edge.

c. The solution to part ¢ requires you to use non-blocking assignments so that everything hap-
pens concurrently on the clock edge. The following is an answer.

al ways begin // this nmodels the processor which will wite/read the DA/ ADC.
/'l Registers data,
/1 addr, and readWite are internal to the processor and are the
/! address to be read or witten depending on readWite. data is the
/1 value to wite or the value read back.
/1 There are no clock edges up here in the unshown part of this always
[lstart here
rwLi ne <= readWite;
if (readWite) begin // wite to a DAC
addr essLi nes <= addr;
dat aLi nes <= dat a;
end
el se begin // read—ADC val ue conmes back in next clock cycle
addr essLi nes <= addr;
@ negedge cl ock);
end
@ (negedge cl ock);
if (~readWite)
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data <= datalLines; // value returned by ADC
end

al ways begin
/1 This is the DA ADC that |ooks at the buslines (rwLine, addressLines,
/1 datalLines) and either | oads the DAC (on wite) or drives (wites)
/1 the datalLines with the averaged value read fromthe ADC
/1 There are no clock edges up here in the unshown part of this always
/lstart here
@ (negedge cl ock);
if (~rwLine) begin // read ADC and average w th previous val ue
tenpReg = (ADC] addr essLi nes] +
previ ousADC[ addr essLi nes]) >>1;
previ ousADC[ addr essLi nes] = tenpReg;
dat aLi nes <= t enpReg;
@ negedge cl ock);
end
else // wite DAC
DAC| addr essLi nes] <= dat aLi nes;
end

1
clock

0

rwlLine

addressLines

dataLines

- ""\i_"
G Bt EEEES

7
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