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1. Ver ilog Hacking

a. Here is one solution.  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.

modul e compar eTheseTwo2bi t Unsi gnedVal ues_gat es( A, B, Agt B, Al t B, AeqB) ;

   i nput  [ 1: 0]  A, B;
   out put       Agt B,  Al t B,  AeqB;

   not   #( 4, 7)  (  w6,  A[ 1] ) ;
   not   #( 4, 7)  (  w7,  A[ 0] ) ;
   and  #( 4, 7)  (  w1,  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[ 0]  ) ;
   and  #( 4, 7)  (  AeqB,  w4,  w5 ) ;
   or    #( 4, 7)  (  Al t B,  w1,  w2,  w3 ) ;
   nor   #( 4, 7)  (  Agt B,  AeqB,  Al t B ) ;

   / /  Thi s moni t or  was used t o gener at e wavef or ms f or  t he gat e wi r es.
   / /  i ni t i al  $moni t or ( $t i me, ,  / /  " w1. . 7= %b %b %b %b %b %b %b,  l t ,  \
   / /  eq, gt = %b %b %b" ,  w1,  w2,  w3,  w4,  w5,  w6,  w7,    Al t B,  Agt B,  AeqB ) ;
   
endmodul e / /  compar eTheseTwo2bi t Unsi gnedVal ues_gat es

modul e compar eTheseTwo2bi t Unsi gnedVal ues_al ways( A, B, Agt B, Al t B, AeqB) ;

   i nput  [ 1: 0]  A, B;
   out put       Agt B,  Al t B,  AeqB;
   r eg        Agt B, Al t B, AeqB;

   al ways@( A or  B)
     begi n

       #4;
       Agt B = 0;

 Al t B = 0;
 AeqB = 0;

       i f  (  A==B )  
         AeqB = 1;
       el se i f  (  A>B )  
         Agt B = 1;
       el se 
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         Al t B = 1;
     end

endmodul e / /  compar eTheseTwo2bi t Unsi gnedVal ues_al ways

modul e compar eTheseTwo2bi t Unsi gnedVal ues_assi gn( A, B, Agt B, Al t B, AeqB) ;

   i nput  [ 1: 0]  A, B;
   out put       Agt B,  Al t B,  AeqB;
   
   assi gn #( 4, 7)  Agt B= ( A>B) ;
   assi gn #( 4, 7)  Al t B= ( A<B) ;
   assi gn #( 4, 7)  AeqB= ( A==B) ;

endmodul e / /  compar eTheseTwo2bi t Unsi gnedVal ues_assi gn

/ *
 Compar e t he t hr ee i nput  bi t s .  Out put  1 i f f  
 al l  i nput  bi t s  ar e t he same.
 * /
modul e compar e_out put s(  out ,  i n ) ;
   i nput  [ 2: 0]  i n;
   out put       out ;

   assi gn      out  = (  i n === 3' b111 | |  i n === 3' b000 ) ;

endmodul e / /  compar e_out put s

modul e t est er ;

   r eg [ 1: 0]  A, B;
   wi r e     Agt B_gat e,    Al t B_gat e,    AeqB_gat e;
   wi r e     Agt B_assi gn,  Al t B_assi gn,  AeqB_assi gn;
   wi r e     Agt B_al ways,  Al t B_al ways,  AeqB_al ways;
   wi r e     Agt B_agr ee,  AeqB_agr ee,  Al t B_agr ee;

   r eg [ 3: 0]  t est _i n[ 15: 0] ;  
   i nt eger    i ;

   compar eTheseTwo2bi t Unsi gnedVal ues_gat es  
     secr   ( A, B, Agt B_gat e,   Al t B_gat e,   AeqB_gat e  ) ;

   compar eTheseTwo2bi t Unsi gnedVal ues_al ways
     t emes ( A, B, Agt B_al ways, Al t B_al ways, AeqB_al ways) ;
   
   compar eTheseTwo2bi t Unsi gnedVal ues_assi gn 
     sage  ( A, B, Agt B_assi gn, Al t B_assi gn, AeqB_assi gn) ;

   compar e_out put s gt (  Agt B_agr ee,  { Agt B_gat e,  Agt B_assi gn,  Agt B_al ways}  ) ;
   compar e_out put s eq(  AeqB_agr ee,  { AeqB_gat e,  AeqB_assi gn,  AeqB_al ways}  ) ;
   compar e_out put s l t (  Al t B_agr ee,  { Al t B_gat e,  Al t B_assi gn,  Al t B_al ways}  ) ;    
   
   i ni t i al
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     begi n
       $r eadmemh( " t est s. mem" ,  t est _i n ) ;
       $moni t or ( $t i me, , " Cur r ent  Test :  A: %b B: %b\ n
                         gat e:    Agt B: %b Al t B: %b AeqB: %b\ n
                         assi gn:  Agt B: %b Al t B: %b AeqB: %b\ n 
                         al ways:  Agt B: %b Al t B: %b AeqB: %b\ n\ n" ,
                         A, B,
                         Agt B_gat e, Al t B_gat e, AeqB_gat e,
                         Agt B_assi gn, Al t B_assi gn, AeqB_assi gn,
                         Agt B_al ways, Al t B_al ways, AeqB_al ways ) ;

       f or ( i =0;  i <16;  i =i +1)
        begi n
         { A,  B}  =  t est _i n[ i ] ;
         #1000;

         i f  (  Agt B_agr ee ! == 1 )  
           $di spl ay ( " ERROR:  The modul es di sagr ee on t he gt  out put . " ) ;

         i f  (  AeqB_agr ee ! == 1 )  
           $di spl ay ( " ERROR:  The modul es di sagr ee on t he eq out put . " ) ;

         i f  (  Al t B_agr ee ! == 1 )  
           $di spl ay ( " ERROR:  The modul es di sagr ee on t he l t  out put . " ) ;

         i f  (  { Agt B_agr ee,  AeqB_agr ee,  Al t B_agr ee}  === 3' b111 )
           $di spl ay ( " TEST PASSED:  The modul es agr ee on al l  out put s. " ) ;

        end
     end
   
endmodul e / /  t est er
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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.

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

b.    If a new comparator is added, the timing of the gate events will not be affected. The tim-
ing of the gate events is 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

The input signal, b, looks like this:

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 #2 a = ~b

always @(b)  #2 a = ~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 waits till time 12 to read b, so the value of b at
time 12 is used to compute the value of a at time 12. The change in b at time 11 does not cause the
always block to be run, because the is suspended waiting for the #delay.

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
always block, since it is still suspended (blocked)  from the change in b at time 10.

always @(b) #2 a <= ~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 a change in b, this version reads the current value of b, schedules ~b to be written to a in
two time units, and goes back to wait for the next change in b in zero time. So, every change of b
causes a change in a, two time units later. 

3. There’s a pr ice to being an author  of a book

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

modul e Thr eeI nput Adder  ( sum,  i n1,  i n2,  i n3,  c l ock) ;
      i nput  [ 3: 0]     i n1,  i n2,  i n3;
      i nput           c l ock;
      out put  [ 4: 0]    sum;
   
      al ways @( posedge c l ock)

        sum <= #30 i n1 + i n2 + i n3;  
endmodul e

4. Waveform Needed

Notice that since the non-blocking assignments take zero time, the simulation time is still 0
until the #24 is run. Both initial blocks call finish at time 24.

// non-blocking assignment   
initial
     begin
        a <=  #0 1'bx;
        a <=  #4 1'b0;
        a <=  #8 1'bz;
        a <= #12 1'b1;
        a <= #16 1'b0;
        a <= #20 1'b1;
        #24 $finish(0);
     end 

// blocking assignment   
initial
     begin
        #0 a = 1'bx;
        #4 a = 1'b0;
        #4 a = 1'bz;
        #4 a = 1'b1;
        #4 a = 1'b0;
        #4 a = 1'b1;
        #4 $finish(0);
     end 
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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
is generated. 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 initial block (blocking version). Both versions must also propagate their output.  

5. Assign with a function

Three simple functions are used to do the work of the assign statements.

modul e compar eTheseTwo2bi t Unsi gnedVal ues_assi gn( A, B, Agt B, Al t B, AeqB) ;

   i nput  [ 1: 0]  A, B;
   out put       Agt B,  Al t B,  AeqB;

f unct i on i sAgt B;  
       i nput  [ 1: 0]  a;  
       i nput  [ 1: 0]  b;  

       begi n
          i sAgt B = ( a>b) ;
       end

endf unct i on 

f unct i on i sAeqB;  
       i nput  [ 1: 0]  a;  
       i nput  [ 1: 0]  b;  

       begi n
          i sAeqB = ( a==b) ;
       end

endf unct i on 

f unct i on i sAl t B;  
       i nput  [ 1: 0]  a;  
       i nput  [ 1: 0]  b;  

       begi n
          i sAl t B = ( a<b) ;
       end

endf unct i on 

   assi gn #( 4, 7)  Agt B= i sAgt B(  A,  B ) ;
   assi gn #( 4, 7)  Al t B= i sAl t B(  A,  B ) ;
   assi gn #( 4, 7)  AeqB= i sAeqB(  A,  B ) ;

endmodul e / /  compar eTheseTwo2bi t Unsi gnedVal ues_assi gn



18-360, Spring 2004

Page 8 of 11

6. Don’ t be so edgy (5%)
modul e df f  ( q,  d,  c,  r ) ;

i nput  d,  c,  r ;
out put  q;
r eg q;

al ways @( posedge c or  negedge r )
i f  ~r

q <= 0;
el se

q <= d;
endmodul 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 all further activations due to
posedge c will encounter the reset conditions (because of its level).

7.  What are the values (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.

 r eg q,  r ,  s,  t ;

 i ni t i al  begi n
q = 1’ b0;
t  <= #1 1’ b0;
q <= #1 1’ b1;
s = 1’ b1;

 end

 al ways begi n
r  = 1’ b1;
s = 1’ b0;
wai t  ( t  === 1’ b0)  
   q = 1’ b0;
r  = 1’ b0;
q <= #10 1’ b1;

 end

b. The always will never stop after it first stops for the wait, while t is set to 0 at time 1 and
does not change any more. An event (the update of q) will be in the event list for time 11. 

name Value at the end of 
time 0

Value at the end of 
time 1

q 0, as set by the initial 
block

Set to 0 by the always 
block

r 1, as set by the always 
block

Indeterminate, or 
oscillating, as set by 
the always block

s Indeterminate — 
depends on whether 
the always or initial 
block runs first

Set to 0 by the always 
block

t x, wont be set until 
time 1

Set to 0
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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.

b. and c. The update and evaluation functions are
as follows. 

init_XOR ( gat e)
{
    / /  s t ar t  of  s i mul at i on
    gat e. count er _one = 0;
    gat e. count er _x = gat e. num_i nput s;
    eval_XOR ( gat e) ;
}  

/ /  when any s i ngl e i nput  gat e. i nput [ i d]
/ /  changes t o a di f f er ent  val ue ‘ ’ new_val ue’ ’ ,   
/ /  t he update_XOR f unct i on i s  cal l ed
update_XOR ( gat e,  i d,  new_val ue)
{
    i f  ( new_val ue == 1)  
        gat e. count er _one++;  
    i f  ( gat e. i nput [ i d] . val ue == 1)  
        gat e. count er _one- - ;  
    i f  ( new_val ue == x)
        gat e. count er _x++;  
    i f  ( gat e. i nput [ i d] . val ue == x)
        gat e. count er _x- - ;  
    
    gat e. i nput . val ue=new_val ue;  
    
    eval_XOR ( gat e) ;  
    }
}

eval_XOR ( gat e)
{
    / /  i f  any i nput  i s  x,  t he out put  wi l l  be x.  
    i f  ( gat e. count er _x ! = 0)  
        gat e. out put  = x;  
    el se {  
        / /  i f  an odd number  of  i nput s ar e 1’ s,  t he out put  wi l l  be 1;  
        / /  ot her wi se,  t he out put  wi l l  be 0.
        gat e. out put . val ue = gat e. count er _one % 2;  
    }
}

0

1

x

z

0 1 x zXOR

0 1 x x

1 0 x x

x x x x

x x x x
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9. Who needs that #delay anyway (20%)

a. Draw the waveform for a DAC write. Write
“17”  into DAC 4. 

 

b. Draw the waveform for an ADC
read. Read ADC address 4.

The value written will be (17+0) >>
1 = 8.

Processor waits 5 and asserts read
and addressLines, then waits for last neg
clock edge (far right) for value read.

ADC sees read, waits 2, puts value
on dataLines, then waits until far right
clock edge.

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

al ways begi n / /  t hi s model s t he pr ocessor  whi ch wi l l  wr i t e/ r ead t he DA/ ADC.
/ /  Regi st er s dat a,
/ /  addr ,  and r eadWr i t e ar e i nt er nal  t o t he pr ocessor  and ar e t he
/ /  addr ess t o be r ead or  wr i t t en dependi ng on r eadWr i t e.  dat a i s  t he
/ /  val ue t o wr i t e or  t he val ue r ead back.
/ /  Ther e ar e no c l ock edges up her e i n t he unshown par t  of  t hi s al ways
… / / st ar t  her e

r wLi ne <= r eadWr i t e;
i f  ( r eadWr i t e)  begi n / /  wr i t e t o a DAC

addr essLi nes <= addr ;
dat aLi nes <= dat a;

end
el se begi n / /  r ead— ADC val ue comes back i n next  c l ock cycl e

addr essLi nes <= addr ;
@( negedge c l ock) ;

end
@ ( negedge cl ock) ;
i f  ( ~r eadWr i t e)
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dat a <= dat aLi nes;  / /  val ue r et ur ned by ADC
end

al ways begi n
/ / Thi s i s  t he DA/ ADC t hat  l ooks at  t he busl i nes ( r wLi ne,  addr essLi nes,
/ /  dat aLi nes)  and ei t her  l oads t he DAC ( on wr i t e)  or  dr i ves ( wr i t es)
/ /  t he dat aLi nes wi t h t he aver aged val ue r ead f r om t he ADC
/ /  Ther e ar e no c l ock edges up her e i n t he unshown par t  of  t hi s al ways
… / / st ar t  her e

@ ( negedge cl ock) ;
i f  ( ~r wLi ne)  begi n / /  r ead ADC and aver age wi t h pr evi ous val ue

t empReg = ( ADC[ addr essLi nes]  + 
pr evi ousADC[ addr essLi nes] ) >>1;

pr evi ousADC[ addr essLi nes]  = t empReg;
dat aLi nes <= t empReg;
@( negedge c l ock) ;

end
el se / /  wr i t e DAC

DAC[ addr essLi nes]  <= dat aLi nes;
end

clock
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