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VHDL Problem Statement

Mod ify t he foll owing VHD L mode l by ad ding a
par am ete r  t ha t  set s t he num be r of  f l ip-fl ops
in t he c ount er . A lso, add an input  w hic h is
loaded w i t h  an async hronous load  inpu t
si gnal  w hic h is ac t iv e lo w .
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VHDL

us e ie ee .st d_ lo gi c_ uns ig ned. all ;
en ti ty  U PCOUNT is

  port  (  CL OCK,  R ESETN, E : in st d_ lo gic ;
         Q               :  o ut st d_ lo gic _v ec to r (3 downto  0) );

end UPCOUNT;
ar ch it ec tur e BEHAVI OR of  U PCOUNT is

  si gnal  COUNT : st d_l og ic _v ect or  ( 3 downt o 0) ;

begi n
  pr oc es s ( CLOCK,  R ESETN)

  begi n
    if  R ESETN =  Ô 0Õ  th en

      COUNT < = Ò0 000Ó;
    el si f ( CLOCKÕ ev ent  a nd  C LOCK = Ô1 Õ) th en

      if  E = Ô1 Õ th en
        COUNT < = COUNT +  1 ;

      el se
         COUNT <= C OUNT;

      end i f;

  end pr oce ss ; Q <= COUNT;
end BEHAVIOR;
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VHDL Problem Solution

us e ie ee .st d_ lo gi c_ uns ig ned. all ;

en ti ty  U PCOUNT is
  generi c ( N : in te ger );

  port  (  CL OCK,  R ESETN, E : in st d_ lo gic ;
         LD               : in st d_ lo gic ;

         LD _I NPUT         : in st d_ lo gic _v ec to r( N_1 d ownt o 0 );

         Q               :  o ut st d_ lo gic _v ec to r ( N- 1 downto 0) );
end UPCOUNT;
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VHDL Problem Solution (Continued)

ar ch it ec tur e BEHAVI OR of  U PCOUNT is
  si gnal  COUNT : st d_l og ic _v ect or  ( N- 1 d ownt o 0) ;

begi n
  pr oc es s ( CLOCK,  R ESETN, LD)

  begi n
    if  R ESETN =  Ô 0Õ  th en

      COUNT < = (OTHERS = > Ô0 ) ;

    el si f ( LD =  Ô 0Õ ) t hen
      COUNT < = LD_I NPUT;

    el si f ( CLOCKÕ ev ent  a nd  C LOCK = Ô1 Õ) th en
      if  E = Ô1 Õ th en

        COUNT < = COUNT +  1 ;
      el se

         COUNT <= C OUNT;
      end i f;

  end pr oce ss ;
  Q <= C OUNT;

end BEHAVIOR;
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Synthesis Style

Questio n:

What kind of hardware ele ment wil l be  in ferr e d by  a 
synthes is too l from the  follow ing model ?

Answ er:

A latch, since  the beha vior is  lev el se nsitiv e.
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Synthesis Style Model

enti ty  WIDGET i s

  Port  ( A, B : in  S IGNED ( 0 to 2) ;

        CLK, RESET : i n st d_ log ic ;

        Z :  o ut  S IG NED(0  t o 2)) ;

end WIDGET;

ar ch it ec tur e EXAMPLE o f WIDGET is

begi n

  pr oc es s ( CLK,  R ESET)

  begi n

    if  ( RESET =  Ô 1Õ  th en)

      Z <= Ô0 Õ; ‘

    el si f ( CLK = Ô1 Õ) th en

      Z <= A nor B;

    end if;

  end pr oce ss ;

end EXAMPLE;
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More Synthesis Style

Qu est io n:

What ki nd of hardw are elem ent wi ll  be inf erred by a
sy nt hesis  t ool fr om th e fo ll owin g mo del?

An sw er:

Synopsy s: A la t c h, s inc e ÔE VE NT  is nÕt  pre sent .

Leonard o: A fl ip -f lo p, s in c e ÔEVENT  is  i mp l ie d.
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Second Synthesis Style Model

enti ty  WIDGET i s

  Port  ( A, B : in  S IGNED ( 0 to 2) ;

     C LK : in  s td _l ogi c;

   Z  :  o ut SI GNED(0  to  2 )) ;

end WIDGET;

ar ch it ec tur e EXAMPLE o f WIDGET is

begi n

  pr oc es s ( CLK)

  begi n

    if  ( CLK =  ‘ 1' ) the n

      Z <= A nor B;

    end if;

  end pr oce ss ;

end EXAMPLE;
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Scheduling Example

enti ty  S CHED2 i s

  port  ( A, B,  C , D,  E,  F : in  IN TEGER;
        CLK :  i n BI T;

        W, X,  Y : ou t I NTEGER);
end SCHED2;

ar ch it ec tur e HI GH_LEVEL of  S CHED2 i s
  si gnal  Z:  I NTEGER;

begi n
  X <= ( A — B ) * C * D ;

  Y <= ( A *  B ) + (E  + F) /D ;
  W <= ( C +  F ) * B

end HI GH_LEVEL;

Questio n:

Con sider t h e foll owi ng VH DL code. Ass umin g that there are no
hardwa re c onst rai n t s and t ha t  you hav e an ALU m od ule t ha t
performs  addi t i on, subtraction,  m ultiplic ation, and divis ion, draw
a da t a  flow  graph.
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Scheduling Example Data Flow Graph
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ALAP Scheduling Example

enti ty  S CHED2 i s

  port  ( A, B,  C , D,  E,  F : in  IN TEGER;
        CLK :  i n BI T;

        W, X,  Y : ou t I NTEGER);
end SCHED2;

ar ch it ec tur e HI GH_LEVEL of  S CHED2 i s

  si gnal  Z:  I NTEGER;
begi n

  X <= ( A — B ) * C * D ;

  Y <= ( A *  B ) + (E  + F) /D ;
  W <= ( C +  F ) * B

end HI GH_LEVEL;

Questio n:

Cons ider  t he fo ll ow in g VHDL c ode. Ass umi ng t hat  you have an
t w o AL U m odul es t hat  p er form  add i t ion, subt rac t ion,
mul tiplica t i on, and  divi sion,  derive  an ALAP sched ule.
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ALAP Scheduling Example Answer

Step Ready List Scheduled
Items

n {3, 7, 9} 3, 7

n-1 {9, 1, 2, 4,

6, 8} 9, 1

n-2 {2, 4, 6, 8} 2, 4

n-3 {6, 8} 6, 8

n-4 {5}  5

So, n = 5.
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Left Edge Algorithm

A B C D E F G H I J K L
S1 X X X
S2 X X X X X
S3 X X X X X
S4 X X X X X
S5 X X X X X

D C G E J B H F A I L K
S1 X X X
S2 X X X X X
S3 X X X X X
S4 X X X X X
S5 X X X X X

R1 R2 R3 R4 R5
S1 D C G - -
S2 B C G E J
S3 B H G F J
S4 B I L F A
S5 K I L F A

Questio n:
For  t he  da t a li fe t im e c ha r t
sho w n, use  t he le f t  edge
algo ri t h m  t o obt a in  an
effic ient regis t e r alloca t i on.

Answ er:

XXXXXS5

XXXXXS4

XXXXXS3

XXXXXS2

XXXS1
LKJIHGFEDCBA
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VHDL Modeling

• Design a resetting sequential majority function that
asserts (active high) the output if the past three inputs
contain two or more 1 Õs. Assume a Moore machine.

Sample  input/output sequences are given below.

• X = 0101110110
• Z = 0000010010
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VHDL Modeling Answer

entity SEQMAJ is

  port (R, I, CLK: in BIT;

        O : out BIT);

end SEQMAJ;

architecture FSM_RTL of SEQMAJ is

  type STATE_TYPE is (S0, S1, S2, S3, S4, S5, S6, S7);

  signal STATE: STATE_TYPE;

begin
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VHDL Modeling Answer (Continued)

-- Process to update state at end of each clock period.

NEXT_STATE: process (R, CLK)
  begin

    if (R = '0') then
       STATE <= S0;

    elsif  (CLK='1'and  CLK'event ) then
      case STATE is

        when S0 =>

            if (I = '0') then
              STATE <= S1;

            else
              STATE <= S2;

            end if;
        when S1 =>

            if (I = '0') then
              STATE <= S3;

            else
              STATE <= S4;

            end if;
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VHDL Modeling Answer (Continued)

when S2 =>

            if (I = '0') then
              STATE <= S4;

            else
              STATE <= S5;

            end if;
        when S3 =>

              STATE <= S6;

        when S4 =>
            if (I = '0') then

              STATE <= S6;
            else

              STATE <= S7;
            end if;

        when S5 =>
              STATE <= S7;
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VHDL Modeling Answer (Continued)

when S6 =>

            if (I = '0') then

              STATE <= S1;

            else

              STATE <= S2;

            end if;

        when S7 =>

            if (I = '0') then

              STATE <= S1;

            else

              STATE <= S2;

            end if;

      end case;

    end if;

  end process NEXT_STATE;
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VHDL Modeling Answer (Continued)

--

-- Output process
--

  OUTPUT: process (STATE)
  begin

    case STATE is

      when S7 =>
        O <= '1';

      when others =>
        O <= '0';

    end case;
  end process OUTPUT;

end FSM_RTL;
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Implementation Medium Choice

Questio n:

If the NRE costs for FPG A and CBIC circui t s  are

$25, 000 and $1 66,000,  respec t i vely , and the  cost o f
indi vidua l parts fo r FPG A and CB IC circuits  are $20

and $6, res pectivel y, w hat is  the break -even

 man ufacturing volum e for thes e two t ypes of circui t s?

Answ er:

25,0 00 + 2 0x = 16 6,000 + 6x

             14x = 141,000

x = 10,071


