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1. Making Latches (15%)

Here is one solution:

modul e l at chI nf er r ed ( l at chOut ,  set ,  c l ear ,  gat e,  i n) ;
par amet er  W=4;
i nput  gat e,  set ,  c l ear ;
i nput  [ W- 1: 0]  i n;  / /  par amet er i ze t he bi t wi dt hs
out put  [ W- 1: 0]  l at chOut ;  / /  par amet er i ze t he bi t wi dt hs
r eg [ W- 1: 0]  l at chOut ;
r eg [ W- 1: 0]  i n_r eg;

    al ways @( set  or  c l ear  or  gat e or  i n)  begi n
i f  (  ~cl ear  )  begi n

i f  (  ~set  )  begi n
i f (  gat e )  begi n

                    l at chOut  = i n;
                    i n_r eg = i n;
                end
                el se
                    l at chOut  = i n_r eg;
            end
            el se
                l at chOut  = 1;
        end

el se
            l at chOut  = 0;
    end
endmodul e / /  l at chI nf er r ed

modul e t est ;
    r eg [ 3: 0]  i n;
    r eg gat e,  set ,  c l ear ;
    wi r e [ 3: 0]  l at chOut ;

    l at chI nf er r ed #10 myLat chI nf er r ed ( l at chOut ,  set ,  cl ear ,  gat e,  i n) ;

    i ni t i al  begi n
$moni t or (  $t i me, , , " i n=%d,  gat e=%d,  set =%d,  c l ear =%d,

l at chOut =%d" ,  i n,  gat e,  set ,  c l ear ,  l at chOut ) ;
        i n=15;  gat e=0;  set =0;  c l ear =0;
        #10;  i n=15;  gat e=0;  set =0;  c l ear =1;
        #10;  i n=15;  gat e=0;  set =1;  c l ear =0;
        #10;  i n=15;  gat e=0;  set =1;  c l ear =1;
        #10;  i n=15;  gat e=1;  set =0;  c l ear =0;
        #10;  i n=15;  gat e=1;  set =0;  c l ear =1;
        #10;  i n=15;  gat e=1;  set =1;  c l ear =0;
        #10;  i n=15;  gat e=1;  set =1;  c l ear =1;
        #10;  i n=10;  gat e=1;  set =0;  c l ear =0;
        #10;  i n=10;  gat e=0;  set =0;  c l ear =0;
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        #10 $f i ni sh( 0) ;
    end
endmodul e / /  t est

The simulation result is what follows:

0  i n=15,  gat e=0,  set =0,  c l ear =0,  l at chOut = x
                  10  i n=15,  gat e=0,  set =0,  c l ear =1,  l at chOut = 0
                  20  i n=15,  gat e=0,  set =1,  c l ear =0,  l at chOut = 1
                  30  i n=15,  gat e=0,  set =1,  c l ear =1,  l at chOut = 0
                  40  i n=15,  gat e=1,  set =0,  c l ear =0,  l at chOut =15
                  50  i n=15,  gat e=1,  set =0,  c l ear =1,  l at chOut = 0
                  60  i n=15,  gat e=1,  set =1,  c l ear =0,  l at chOut = 1
                  70  i n=15,  gat e=1,  set =1,  c l ear =1,  l at chOut = 0
                  80  i n=10,  gat e=1,  set =0,  c l ear =0,  l at chOut =10
                  90  i n=10,  gat e=0,  set =0,  c l ear =0,  l at chOut =10

The circuit diagram is also attached. 

2. A D-FF with force/release (10%)

Here is the Verilog and the simulation:

modul e t heyFor cedMeToWr i t eThi sUgl yDf f  ( q,  d,  ck,  r eset _L) ;
i nput  d,  ck,  r eset _L;
out put  q;
r eg q;

al ways @( posedge ck)
q <= d;

al ways @( r eset _L)  begi n
i f ( r eset _L)  r el ease q;
el se f or ce q = 0;

end
endmodul e

modul e t est Ugl yDf f ;
wi r e q;
r eg ck,  d,  r eset _L;

t heyFor cedMeToWr i t eThi sUgl yDf f  Udf f  ( q,  d,  ck,  r eset _L) ;

al ways #50 ck = ~ck;

i ni t i al  begi n
d = 1;
ck = 0;
r eset _L = 0;

$moni t or ( $t i me, , " d = %b,  r eset _L = %b,  q = %b" ,  d,  r eset _L,
q) ;
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@( posedge ck) ;
@( posedge ck) ;  r eset _L = 1;
@( posedge ck) ;  d = 0;
@( posedge ck) ;  r eset _L = 0;  d = 1;
@( posedge ck) ;  r eset _L = 1;  d = 0;
@( posedge ck) ;  d= 1;
$f i ni sh;

end
endmodul e

Here is the simulation result:

0 d = 1,  r eset _L = 0,  q = 0
                 150 d = 1,  r eset _L = 1,  q = 1
                 250 d = 0,  r eset _L = 1,  q = 0
                 350 d = 1,  r eset _L = 0,  q = 0
                 450 d = 0,  r eset _L = 1,  q = 0

3. Hierarchical Names (10%)

Here is the complete code, with answers highlighted. 

modul e a;
/ /  Just  f or  assi gni ng f unct i on out put

r eg t emp;

al ways
begi n:  d

begi n:  e
/ / Cal l  xyzzy f r om her e,  pass s ( 3 l i nes bel ow)  t o i t
t emp = xyzzy( f . s) ;

end
begi n:  f

r eg q,  r ,  s ;
end

end
endmodul e

modul e b;
r eg q,  u,  v;

/ /  Show a $di spl ay st at ement  her e t hat  pr i nt s al l
/ /  t he qs i n modul e as i nst ant i at i ons
i ni t i al

begi n
$di spl ay( " %b,  %b,  %b" , a0. d. f . q, a1. d. f . q, a2. d. f . q) ;

end

a a0 ( ) ;
a a1 ( ) ;
a a2 ( ) ;

f unct i on xyzzy;
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i nput  s;

begi n
xyzzy = s;

end
endf unct i on

endmodul e

modul e t b;
r eg t emp;

i ni t i al
begi n

$di spl ay( " %b" , t op. desi gn. a1. d. f . q) ;
t emp = t op. desi gn. xyzzy( t op. desi gn. a0. d. f . s) ;

end
endmodul e

modul e t op( ) ;
b desi gn( ) ;
t b t ( ) ; / / Fr om i nsi de t b,  $di spl ay r egi st er  q i n a1

/ / Fr om i nsi de t b,  cal l  xyzzy,  pass s i n a0 t o i t
endmodul e

4. Wire You Asking This (15%)

Here are the Verilog descriptions for (a) and (b): 

modul e wi r eAdd_good ( sum,  A,  B,  car r yout ) ;
out put  sum,  car r yout ;
i nput  A, B;

wand c, d,  car r yout ;
wor  sum;

/ /  car r yout  = AB
buf ( car r yout ,  A) ;
buf ( car r yout ,  B) ;

/ /  sum = A ^  B
buf ( c,  A) ;
not ( c,  B) ;
buf ( d,  B) ;
not ( d,  A) ;
buf ( sum,  c) ;
buf ( sum,  d) ;

endmodul e

modul e wi r eAdd_bad ( sum,  A,  B,  car r yout ) ;
out put  sum,  car r yout ;
i nput  A, B;

wi r e c, d,  car r yout ;
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wi r e sum;

/ /  car r yout  = AB
buf ( car r yout ,  A) ;
buf ( car r yout ,  B) ;

/ /  sum = A ^  B
buf ( c,  A) ;
not ( c,  B) ;
buf ( d,  B) ;
not ( d,  A) ;
buf ( sum,  c) ;
buf ( sum,  d) ;

endmodul e

/ /  Test bench
modul e t est bench;

r eg A,  B;
wi r e sum1,  car r yout 1;
wi r e sum2,  car r yout 2;

wi r eAdd_good w1( sum1,  A,  B,  car r yout 1) ;
wi r eAdd_bad w2( sum2,  A,  B,  car r yout 2) ;

i ni t i al
begi n

$moni t or ( $t i me, ,  "  A = %d,  B = %d,  sum_good = %d,
car r y_good = %d,  sum_bad = %d,  car r y_bad = %d" ,  A,  B,  sum1,  car r yout 1,  sum2,
car r yout 2) ;

#10 A = 0;  B = 0;
#10 A = 0;  B = 1;
#10 A = 1;  B = 0;
#10 A = 1;  B = 1;

end
endmodul e

Here is the simulation result

0 A = x,  B = x,  sum_good = x,  car r y_good = x,  sum_bad = x,  car r y_bad = x
10 A = 0,  B = 0,  sum_good = 0,  car r y_good = 0,  sum_bad = x,  car r y_bad = 0
20 A = 0,  B = 1,  sum_good = 1,  car r y_good = 0,  sum_bad = x,  car r y_bad = x
30 A = 1,  B = 0,  sum_good = 1,  car r y_good = 0,  sum_bad = x,  car r y_bad = x
40 A = 1,  B = 1,  sum_good = 0,  car r y_good = 1,  sum_bad = x,  car r y_bad = 1

(c). The Synthesis tool correctly recognizes the wand/wor example and produces the correct
Verilog description. In the wire example it gives an incorrect Verilog description. See below for
the correct and incorrect synthesized Verilog descriptions:

/ /  Cor r ect  Ver i l og descr i pt i on f or  wand/ wor  desi gn
modul e wi r eAdd_good (  sum,  A,  B,  car r yout  ) ;

i nput  A,  B;
out put  sum,  car r yout ;
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and2_1x U1 (  . B( B) ,  . A( A) ,  . Y( car r yout )  ) ;
xor 2_1x U2 (  . B( B) ,  . A( A) ,  . Y( sum)  ) ;

endmodul e

/ /  I ncor r ect  Ver i l og descr i pt i on usi ng ‘ wi r e’
modul e wi r eAdd_bad (  sum,  A,  B,  car r yout  ) ;

i nput  A,  B;
out put  sum,  car r yout ;
wi r e c,  d;

GTECH_BUF B_0 (  . A( A) ,  . Z( car r yout )  ) ;
GTECH_BUF B_1 (  . A( B) ,  . Z( car r yout )  ) ;
GTECH_BUF B_2 (  . A( A) ,  . Z( c)  ) ;
GTECH_NOT I _0 (  . A( B) ,  . Z( c)  ) ;
GTECH_BUF B_3 (  . A( B) ,  . Z( d)  ) ;
GTECH_NOT I _1 (  . A( A) ,  . Z( d)  ) ;
GTECH_BUF B_4 (  . A( c) ,  . Z( sum)  ) ;
GTECH_BUF B_5 (  . A( d) ,  . Z( sum)  ) ;

endmodul e

5. Loopy Synthesis (20%)

Here is the Verilog description for (a) and (b):

/ /  us i ng a const r uct
modul e l f sr _l oop( q,  d) ;
   par amet er  n = 6;  
   par amet er  [ 1: n]  c = 6' h16;
   i nput  [ 1: n]  q;
   out put  d;
   r eg d;
   i nt eger  i ;

   al ways @( q)  
begi n

d = 0;
      f or  ( i  = 1;  i  <= n;  i  = i +1)  begi n
         i f  ( c [ i ]  == 1' b1)
           d = d + q[ i ] ;

end
   end
endmodul e / /  l f sr _l oop

/ /  us i ng a non- l oopi ng const r uct
modul e l f sr _nonl oop( q, d) ;

i nput  [ 1: 6]  q;
out put  d;
r eg d;

al ways @( q)  
begi n

      d = 0;
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       d = d + q[ 2]  + q[ 4]  + q[ 5] ;
      end
endmodul e / /  l f sr _nonl oop

/ /  A s i mpl e r egi st er  wi t h a par amet er i zabl e r eset  val ue.   
modul e my_r egi st er ( c l k,  r eset ,  d,  q) ;
   par amet er  r eset _val ue = 0;
   i nput  c l k,  r eset ,  d;
   out put  q;
   r eg q;

al ways @( posedge c l k or  negedge r eset )  
begi n

      i f  ( ~r eset )
        q <= r eset _val ue;
      el se
        q <= d;
   end
endmodul e / /  my_r egi st er

modul e t est bench( ) ;
   par amet er  n = 6;

wi r e [ 1: n]  q0,  q1;
   wi r e out 0,  out 1;
   r eg c l k,  r eset ;

   l f sr _l oop l f sr 0( q0,  out 0) ;
   my_r egi st er   #( 1)   t est r eg0( cl k,  r eset ,  out 0,  q0[ 1] ) ;
   my_r egi st er   #( 0)   t est r eg1( cl k,  r eset ,  q0[ 1] ,  q0[ 2] ) ;
   my_r egi st er   #( 0)   t est r eg2( cl k,  r eset ,  q0[ 2] ,  q0[ 3] ) ;
   my_r egi st er   #( 1)   t est r eg3( cl k,  r eset ,  q0[ 3] ,  q0[ 4] ) ;
   my_r egi st er   #( 0)   t est r eg4( cl k,  r eset ,  q0[ 4] ,  q0[ 5] ) ;

l f sr _nonl oop l f sr 1( q1,  out 1) ;
   my_r egi st er   #( 1)   t est r eg6( cl k,  r eset ,  out 1,  q1[ 1] ) ;
   my_r egi st er   #( 0)   t est r eg7( cl k,  r eset ,  q1[ 1] ,  q1[ 2] ) ;
   my_r egi st er   #( 0)   t est r eg8( cl k,  r eset ,  q1[ 2] ,  q1[ 3] ) ;
   my_r egi st er   #( 1)   t est r eg9( cl k,  r eset ,  q1[ 3] ,  q1[ 4] ) ;
   my_r egi st er   #( 0)   t est r eg10( cl k,  r eset ,  q1[ 4] ,  q1[ 5] ) ;
   my_r egi st er   #( 1)   t est r eg11( cl k,  r eset ,  q1[ 5] ,  q1[ 6] ) ;

   al ways
     #5 c l k = ~cl k;

   i ni t i al  
begi n

      $moni t or  ( $t i me, ,  " \ nq0[ 1: 6]  = %x,  %x,  %x,  %x,  %x,
%x\ t  out 0 = %x \ nq1[ 1: 6]  = %x,  %x,  %x,  %x,  %x,  %x\ t  out 1 = %x \ n" ,  q0[ 1] ,
q0[ 2] ,  q0[ 3] ,  q0[ 4] ,  q0[ 5] ,  q0[ 6] ,  out 0,  q1[ 1] ,  q1[ 2] ,  q1[ 3] ,  q1[ 4] ,  q1[ 5] ,
q1[ 6] ,  out 1) ;
      c l k  = 0;
      r eset  = 0;
      #15 r eset  = 1;
      #200 $f i ni sh;
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   end / /  i ni t i al  begi n
endmodul e / /  t est bench

The following is the simulation result for (a) and (b). 

0 
q0[ 1: 6]  = 1,  0,  0,  1,  0,  1       out 0 = 1 
q1[ 1: 6]  = 1,  0,  0,  1,  0,  1       out 1 = 1 

                  15 
q0[ 1: 6]  = 1,  1,  0,  0,  1,  0       out 0 = 0 
q1[ 1: 6]  = 1,  1,  0,  0,  1,  0       out 1 = 0 

                  25 
q0[ 1: 6]  = 0,  1,  1,  0,  0,  1       out 0 = 1 
q1[ 1: 6]  = 0,  1,  1,  0,  0,  1       out 1 = 1 

                  35 
q0[ 1: 6]  = 1,  0,  1,  1,  0,  0       out 0 = 1 
q1[ 1: 6]  = 1,  0,  1,  1,  0,  0       out 1 = 1 

                  45 
q0[ 1: 6]  = 1,  1,  0,  1,  1,  0       out 0 = 1 
q1[ 1: 6]  = 1,  1,  0,  1,  1,  0       out 1 = 1 

                  55 
q0[ 1: 6]  = 1,  1,  1,  0,  1,  1       out 0 = 0 
q1[ 1: 6]  = 1,  1,  1,  0,  1,  1       out 1 = 0 

                  65 
q0[ 1: 6]  = 0,  1,  1,  1,  0,  1       out 0 = 0 
q1[ 1: 6]  = 0,  1,  1,  1,  0,  1       out 1 = 0 

                  75 
q0[ 1: 6]  = 0,  0,  1,  1,  1,  0       out 0 = 0 
q1[ 1: 6]  = 0,  0,  1,  1,  1,  0       out 1 = 0 

                  85 
q0[ 1: 6]  = 0,  0,  0,  1,  1,  1       out 0 = 0 
q1[ 1: 6]  = 0,  0,  0,  1,  1,  1       out 1 = 0 

                  95 
q0[ 1: 6]  = 0,  0,  0,  0,  1,  1       out 0 = 1 
q1[ 1: 6]  = 0,  0,  0,  0,  1,  1       out 1 = 1 

                 105 
q0[ 1: 6]  = 1,  0,  0,  0,  0,  1       out 0 = 0 
q1[ 1: 6]  = 1,  0,  0,  0,  0,  1       out 1 = 0 

                 115 
q0[ 1: 6]  = 0,  1,  0,  0,  0,  0       out 0 = 1 
q1[ 1: 6]  = 0,  1,  0,  0,  0,  0       out 1 = 1 

                 125 
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q0[ 1: 6]  = 1,  0,  1,  0,  0,  0       out 0 = 0 
q1[ 1: 6]  = 1,  0,  1,  0,  0,  0       out 1 = 0 

                 135 
q0[ 1: 6]  = 0,  1,  0,  1,  0,  0       out 0 = 0 
q1[ 1: 6]  = 0,  1,  0,  1,  0,  0       out 1 = 0 

                 145 
q0[ 1: 6]  = 0,  0,  1,  0,  1,  0       out 0 = 1 
q1[ 1: 6]  = 0,  0,  1,  0,  1,  0       out 1 = 1 

                 155 
q0[ 1: 6]  = 1,  0,  0,  1,  0,  1       out 0 = 1 
q1[ 1: 6]  = 1,  0,  0,  1,  0,  1       out 1 = 1 

                 165 
q0[ 1: 6]  = 1,  1,  0,  0,  1,  0       out 0 = 0 
q1[ 1: 6]  = 1,  1,  0,  0,  1,  0       out 1 = 0 

                 175 
q0[ 1: 6]  = 0,  1,  1,  0,  0,  1       out 0 = 1 
q1[ 1: 6]  = 0,  1,  1,  0,  0,  1       out 1 = 1 

                 185 
q0[ 1: 6]  = 1,  0,  1,  1,  0,  0       out 0 = 1 
q1[ 1: 6]  = 1,  0,  1,  1,  0,  0       out 1 = 1 

                 195 
q0[ 1: 6]  = 1,  1,  0,  1,  1,  0       out 0 = 1 
q1[ 1: 6]  = 1,  1,  0,  1,  1,  0       out 1 = 1 

                 205 
q0[ 1: 6]  = 1,  1,  1,  0,  1,  1       out 0 = 0 
q1[ 1: 6]  = 1,  1,  1,  0,  1,  1       out 1 = 0 

Here is the comparison result of Synthesis for (c):

looping version:

estimated period - 7.590ns

number of gates: 6 (this includes 4 buffer gates, which do not perform logical computation)

non-looping version:

estimated period - 7.590ns

number of gates: 6 (also includes 4 buffers)

Synplify Pro synthesized both designs identically. Note that the non-looping version simpli-
fies the Verilog description, as C[1:6] is fixed in this case. 
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6. Assert Module (15%)

Here is possible solution to the assert module:

/ /  I mpl ement  as an FSM:  t he f ol l owi ng ar e t he st at es:  
` def i ne st at e_i dl e      2' b00 / /  I DLE st at e 
` def i ne st at e_a         2' b01 / /  onl y A has been seen 
` def i ne st at e_b         2' b10 / /  onl y B has been seen 
` def i ne st at e_ab_or _ba  2' b11 / /  A and B have been seen ( i n ei t her  or der )  

modul e asser t _Aor Bt henC( A,  B,  C,  c l ock,  r eset ) ;
   par amet er msg0 = " Ti meout  er r or . " ,
             msg1 = " ERROR:  Expect ed A. " ,
             msg2 = " ERROR:  Expect ed B. " ,
             msg3 = " ERROR:  Expect ed C. " ,
             msg4 = " ERROR:  Expect ed A or  B. " ,
             msg5 = " ERROR:  Mor e t han one event  asser t ed at  once. " ,
             asser t _name = " Aor Bt henC" ;

   i nput  A,  B,  C,  c l ock,  r eset ;
r eg [ 1: 0]  st at e;

   r eg [ 4: 0]  count er ;

   al ways @( posedge c l ock or  negedge r eset )  begi n
      i f  ( r eset  == 0)  begi n
         s t at e <= ` st at e_i dl e;
         count er  <= 5' b0;
      end

      el se begi n
         / /  check f or  t i meout  er r or  

i f  ( count er  == 5' b10101)  begi n
            $di spl ay( " \ t %s %s" ,  asser t _name,  msg0) ;
            s t at e <= ` st at e_i dl e;
            count er  <= 0;
         end

/ /  check no mor e t han one of  A B C i s t r ue.  * /
         el se i f  ( ( ( A&B)  |  ( B&C)  |  ( A&C) )  == 1)  begi n
            $di spl ay( " \ t %s %s" ,  asser t _name,  msg5) ;
            s t at e <= ` st at e_i dl e;
         end

         el se begi n
            case ( st at e)
              ` s t at e_i dl e:  begi n
                 i f  ( A == 1' b1)  begi n
                    count er  <= 1;
                    s t at e <= ` st at e_a;
                 end
                 el se i f  ( B == 1' b1)  begi n
                    count er  <= 1;
                    s t at e <= ` st at e_b;
                 end
                 el se i f  ( C == 1' b1)  begi n
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                    $di spl ay( " \ t %s %s" ,  asser t _name,
msg4) ;
                    s t at e <= ` st at e_i dl e;
                 end
              end / /  case:  ` st at e_i dl e

` st at e_a:  begi n
                 count er  <= count er +1;
                 i f  ( A == 1' b1 | |  C == 1' b1)  begi n
                    $di spl ay( " \ t %s %s" ,  asser t _name,
msg2) ;
                    s t at e <= ` st at e_i dl e;
                    count er  <= 0;
                 end
                 el se i f  ( B == 1' b1)
                   s t at e <= ` st at e_ab_or _ba;
              end

              ` s t at e_ab_or _ba:  begi n
                 count er  <= count er +1;
                 i f  ( A == 1' b1 | |  B == 1' b1)  begi n
                    $di spl ay( " \ t %s %s" ,  asser t _name,
msg3) ;
                    s t at e <= ` st at e_i dl e;
                    count er  <= 0;
                 end

                 el se i f  ( C == 1' b1)  begi n
                    $di spl ay( " \ t success! " ) ;
                    s t at e <= ` st at e_i dl e;
                    count er  <= 0;
                 end
              end

` st at e_b:  begi n
                 count er  <= count er +1;
                 i f  ( B == 1' b1 | |  C == 1' b1)  begi n
                    $di spl ay( " \ t %s %s" ,  asser t _name,
msg1) ;
                    s t at e <= ` st at e_i dl e;
                    count er  <= 0;
                 end
                 el se i f  ( A == 1' b1)
                   s t at e <= ` st at e_ab_or _ba;
              end

              ` s t at e_ab_or _ba:  begi n
                 count er  <= count er +1;
                 i f  ( A == 1' b1 | |  B == 1' b1)  begi n
                    $di spl ay( " \ t %s %s" ,  asser t _name,
msg3) ;
                    s t at e <= ` st at e_i dl e;
                    count er  <= 0;
                 end
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                 el se i f  ( C == 1' b1)  begi n
                    s t at e <= ` st at e_i dl e;
                    count er  <= 0;
                 end
              end / /  case:  ` st at e_ab_or _ba
            endcase / /  case( st at e)
         end / /  el se:  ! i f ( ( ( A&B)  |  ( B&C)  |  ( A&C) )  == 1)
      end / /  el se:  ! i f ( r eset  == 0)
   end / /  al ways @ ( posedge c l ock or  negedge r eset )
endmodul e / /  asser t _Aor Bt henC

modul e t est bench( ) ;
   r eg A,  B,  C,  c l ock,  r eset ;

asser t _Aor Bt henC  t est _modul e( A,  B,  C,  c l ock,  r eset ) ;

   / /  Osci al l at e t he c l ock ever y #5 
   al ways
     #5 c l ock = ~cl ock;

   i ni t i al  begi n
/ /  $moni t or ( $t i me, ,  " r eset  = %b,  c l ock = %b,  A = %b,  B = %b,

C = %b" ,  r eset ,  c l ock,  A,  B,  C) ;
      c l ock = 0;
      r eset  = 0;
      A <= 0;
      B <= 0;
      C <= 0;
      #10 r eset  = 1;

      $di spl ay( " \ t Test i ng a val i d sequence" ) ;
      #15;
      A <= 1;
      #10 A <= 0;
      #10 B <= 1;
      #10 B <= 0;
      #20 C <= 1;
      #10 C <= 0;
      #20;
      

$di spl ay( " \ t Test i ng f or  t i meout  er r or " ) ;
      A <= 1;
      #10 A <= 0;
      #240;

      $di spl ay( " \ t Test i ng f or  er r or  when expect i ng A" ) ;
B <= 1;

      #10 B <= 0;
      #10 C <= 1;
      #10 C <= 0;
      #10;

      $di spl ay( " \ t Test i ng f or  er r or  when expect i ng B" ) ;
      A <= 1;
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      #10 A <= 0;
      #10 C <= 1;
      #10 C <= 0;
      #10;

      $di spl ay( " \ t Test i ng f or  er r or  when expect i ng C" ) ;
      A <= 1;
      #10 A <= 0;
      #10 B <= 1;
      #10 B <= 0;
      #10 A <= 1;
      #10 A <= 0;
      #10;

      $di spl ay( " \ t Test i ng f or  er r or  when expect i ng A or  B" ) ;
      C <= 1;
      #10 C <= 0;
      #10;

      $di spl ay( " \ t Test i ng f or  er r or  by asser t i ng mor e t han one at
a t i me" ) ;
      #10;
      A <= 1;
      B <= 1;
      #10;
      A <= 0;
      B <= 0;

#10 $f i ni sh;
   end / /  i ni t i al  begi n
endmodul e

Here is the simulation result

Test i ng a val i d sequence
        success!
        Test i ng f or  t i meout  er r or
        Aor Bt henC Ti meout  er r or .
        Test i ng f or  er r or  when expect i ng A
        Aor Bt henC ERROR:  Expect ed A.
        Test i ng f or  er r or  when expect i ng B
        Aor Bt henC ERROR:  Expect ed B.
        Test i ng f or  er r or  when expect i ng C
        Aor Bt henC ERROR:  Expect ed C.
        Test i ng f or  er r or  when expect i ng A or  B
        Aor Bt henC ERROR:  Expect ed A or  B.
        Test i ng f or  er r or  by asser t i ng mor e t han one at  a t i me
        Aor Bt henC ERROR:  Mor e t han one event  asser t ed at  once.

7. Half-Empty Case (15%)

The given FSM can be expressed in verilog as follows, either using full/parallel case or no
case attributes:
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modul e oneHot Ful l Par al l el ( y1,  y0,  x1,  x0,  c l ock) ;
   i nput      x1,  x0,  c l ock;
   out put     y1,  y0;
   r eg       y1,  y0;
   r eg [ 3: 0]  st at e;

   al ways @( posedge c l ock)  
begi n

      / /  f ul l _case par al l el _case 
casex( st at e)

/ /  A
        ' b???1:  begi n
           i f  ( { x1,  x0}  == 2' b00)  begi n
              { y1,  y0}  <= 2' b01;
              s t at e <= 4' b0010;
           end
           el se begi n
             { y1,  y0}  <= 2' b10;
              s t at e <= 4' b1000;
           end
        end

/ /  B
        4' b??1?:  begi n
           i f  ( { x1,  x0}  == 2' b00)  begi n
              { y1,  y0}  <= 2' b00;
              s t at e <= 4' b0100;
           end
           el se begi n
              { y1,  y0}  <= 2' b10;
              s t at e <= 4' b0010;
           end
        end

/ /  C
        4' b?1??:  begi n
           i f  ( x0 == 1' b0)  begi n
              { y1,  y0}  <= 2' b01;
              s t at e <= 4' b0001;
           end
           el se begi n
              { y1,  y0}  <= 2' b11;
              s t at e <= 4' b0100;
           end
        end

/ /  D
        4' b1???:  begi n
           i f  ( x1 == 1' b0)  begi n
              { y1,  y0}  <= 2' b00;
              s t at e <= 4' b0100;
           end
           el se begi n
             { y1,  y0}  <= 2' b11;
              s t at e <= 4' b0001;
           end
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        end
      endcase / /  case( st at e)
   end / /  al ways @ ( posedge c l ock)
endmodul e / /  oneHot Ful l Par al l el

modul e oneHot NoCase( y1,  y0,  x1,  x0,  c l ock) ;
   i nput      x1,  x0,  c l ock;
   out put     y1,  y0;
   r eg       y1,  y0;
   r eg [ 3: 0]  st at e;

   al ways @( posedge c l ock)  
begi n

      / /  no_case
case( st at e)

/ /  A
        ' b0001:  begi n
           i f  ( { x1,  x0}  == 2' b00)  begi n
              { y1,  y0}  <= 2' b01;
              s t at e <= 4' b0010;
           end
           el se begi n
             { y1,  y0}  <= 2' b10;
              s t at e <= 4' b1000;
           end
        end

/ /  B
        4' b0010:  begi n
           i f  ( { x1,  x0}  == 2' b00)  begi n
              { y1,  y0}  <= 2' b00;
              s t at e <= 4' b0100;
           end
           el se begi n
              { y1,  y0}  <= 2' b10;
              s t at e <= 4' b0010;
           end
        end

/ /  C
        4' b0100:  begi n
           i f  ( x0 == 1' b0)  begi n
              { y1,  y0}  <= 2' b01;
              s t at e <= 4' b0001;
           end
           el se begi n
              { y1,  y0}  <= 2' b11;
              s t at e <= 4' b0100;
           end
        end

/ /  D
        4' b1000:  begi n
           i f  ( x1 == 1' b0)  begi n
              { y1,  y0}  <= 2' b00;
              s t at e <= 4' b0100;
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           end
           el se begi n
             { y1,  y0}  <= 2' b11;
              s t at e <= 4' b0001;
           end
        end
      endcase / /  case( st at e)
   end / /  al ways @ ( posedge c l ock)
endmodul e / /  oneHot NoCase

It turns out that using don’t care full/parallel case attributes optimizes the design with 41
instances. Using no case attributes doesn’t optimize the design and requires 60 instances. See the
attached schematics. 


