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Sym
bolic sim

ulation

•
Sym

bolic sim
ulation - sem

i-form
al technique

based on num
eric sim

ulation :
•

som
e inputs are valued, others stay sym

bolic
•

results: arithm
etic and logical expressions

•
Problem

s:
•

Sym
bolic expressions becom

e very large w
ith the

num
ber of sim

ulation cycles
•

The sim
ulation tree grow

s exponentially (w
ith

conditional statem
ents w

hen the condition is a
sym

bolic term
)

•
The results are unreadable
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C
onstrained Sym

bolic Sim
ulation

Tw
o aspects of the sim

ulation:
algebraic com

putation -> M
athem

atica
branching decision -> A

C
L2

•
Constraints:

•
data type restrictions,

•
inequalities and equalities betw

een expressions
com

posed of design variables or input signals and
arithm

etic operators
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onstrained Sym

bolic Sim
ulation

A
C

L2 B
ooks

S
ym

b
o

lic
R

esu
lts

V
H

D
L

F
ile

M
-C

o
d

e

S
im

u
latio

n
 

C
o

n
strain

ts

U
ser

S
ym

b
o

lic C
o

m
p

u
tatio

n
 

w
ith

in
 M

ath
em

atica

C
o

n
strain

ts R
eso

lu
tio

n
w

ith
in

 A
C

L
2

S
im

u
latio

n
 

T
h

eo
rem

s



V
D

S
5

          ©
 D

iana T
om

a

Branch D
ecision Schem

e

M
ath

em
atica

C
all of A

C
L2 to check 

consistency of constraints 

If Ih  is returned, show
 it to the user, 

else L
h  im

plies branch condition B
?

If answ
er is Q

.E
.D

 sim
ulate tru

e branch
else L

h  im
plies n

o
t B

?

If answ
er is Q

.E
.D

. sim
ulate false branch

else ask the user to add constraints or fork 

C
heck_consistency (L

h )

P
rove (L

h  im
plies B

)

P
rove  (L

h  im
plies (n

o
t B

))

A
C

L
2

C
onsistency L

h ?

Ih  or t

L
h fi

B

answ
er

L
h fi

 (not B
)

answ
er
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C
hecking constraints consistency

•
check_consistency function
–

U
ses :
•

tool1-fn from
 /books/m

isc/expander
•

consistency function

(defun check-consistency (Lh state)
   (if (true-listp Lh)
       (cond ((endp Lh) (value  nil))
             (t (mv-let (erp val state)
                 (tool1-fn Lh state nil t nil t t)
                 (if erp
                    (value nil)
                    (if (nth 1 val)
                        (value t)
                        (consistency Lh nil 1 state))))))
       (value nil)))
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C
hecking constraints consistency

•
consistency function
–

Returns, for an inconsistent set of constraints
•

nil in case of errors
•

otherw
ise a m

inim
al set of contradictory constraints

(m
inim

al = any strict subset is satisfiable)

(      …
C

k-1  C
k  C

k+
1  …

C
n )

L
h

I
h

nil
C

1t
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C
hecking constraints consistency

•
consistency function
–

Returns, for an inconsistent set of constraints
•

nil in case of errors
•

otherw
ise a m

inim
al set of contradictory constraints

(m
inim

al = any strict subset is satisfiable)

(          …
   C

k  C
k+

1  …
C

n )
I

h

nil
C

1 …
C

k-1

t

L
h
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C
hecking constraints consistency

•
consistency function
–

Returns, for an inconsistent set of constraints
•

nil in case of errors
•

otherw
ise a m

inim
al set of contradictory constraints

(m
inim

al = any strict subset is satisfiable)

(                      C
k+

1  …
C

n )
I

h

nil
C

1 …
C

k-1 C
k

f

L
h



V
D

S
10

          ©
 D

iana T
om

a

C
hecking constraints consistency

•
consistency function
–

Returns, for an inconsistent set of constraints
•

nil in case of errors
•

otherw
ise a m

inim
al set of contradictory constraints

(m
inim

al = any strict subset is satisfiable)

(                      C
k+

1  …
C

n )
I

h

nil
C

1 …
C

k-1 C
k

f

L
h
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C
hecking constraints consistency

•
consistency function
–

Returns, for an inconsistent set of constraints
•

nil in case of errors
•

otherw
ise a m

inim
al set of contradictory constraints

(m
inim

al = any strict subset is satisfiable)

(                      C
k+

1  …
C

n )

I
h

(C
k )

C
1 …

C
k-1 C

k

f

L
h
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C
hecking constraints consistency

•
consistency function
–

Returns, for an inconsistent set of constraints
•

nil in case of errors
•

otherw
ise a m

inim
al set of contradictory constraints

(m
inim

al = any strict subset is satisfiable)

(C
1 …

C
k-1  C

k+
1  …

C
n )

I
hC
k

(      )

f -> stop

L
h
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C
hecking constraints consistency

•
consistency function
–

Returns, for an inconsistent set of constraints
•

nil in case of errors
•

otherw
ise a m

inim
al set of contradictory constraints

(m
inim

al = any strict subset is satisfiable)

(C
1  …

C
k-1  C

k+
1  …

C
n )

I
h

C
k

(      )

t

L
h
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C
hecking constraints consistency

•
consistency function
–

Returns, for an inconsistent set of constraints
•

nil in case of errors
•

otherw
ise a m

inim
al set of contradictory constraints

(m
inim

al = any strict subset is satisfiable)

(       …
C

k-1  C
k+

1  …
C

n )
I

h

C
k

(      )

t    …

C
1

L
h
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C
hecking constraints consistency

Exam
ple

•
consistency function
–

Returns, for an inconsistent set of constraints
•

nil in case of errors
•

otherw
ise a m

inim
al set of contradictory constraints

(m
inim

al = any strict subset is satisfiable)

L
h = ((< a b) ( integerp a) (< c a) (< c d) (< b c))

I
h = ((< b c) (< c a) (< a b))
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A
C

L2 - M
athem

atica com
m

unication

•
Com

m
unication via a pipe

•
Initialized by M

athem
atica w

ith callAcl2 function
•

M
athem

atica gets the last line of the A
CL2  response

•
O

ne A
CL2 session during the w

hole sim
ulation

callAcl2[“(defthm foo (equal x x) : rule-classes nil)”]
FOO

callAcl2[“(defthm foo (not (equal x x) ): rule-classes nil)”]
******** FAILED ******** See :DOC failure ******** FAILED

****
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A
C

L2 - M
athem

atica com
m

unication

•
Theorem

s:
callAcl2[“(mv-let (erp val state)
                  (defthm foo (implies L B))
                  (declare (ignore val))
                  (if erp
                     (value nil)
                     (value T)))”]

•
Functions:
callAcl2[“(mv-let (erp val state)
                  (check_consistency L)
                  (if erp
                     (value nil)
                     (value val)))”]



V
D

S
18

          ©
 D

iana T
om

a

Euclid’s G
C

D
 A

lgorithm

P1: 
process 

begin
    

wait until clk='1';
    

if RST='1' then
       

a0:=a;
       

b0:=b;
       

ok<=False;
    

elsif a0=b0 then
          

ok<=True;
          

res<=a0;
    

elsif a0>b0 then
          

a0:=a0-b0;
    

else b0:=b0-a0;
    

end if;
end 

process 
P1;

P1: 
process 

begin
    

wait until clk='1';
    

if RST='1' then
       

a0:=a;
       

b0:=b;
       

ok<=False;
    

elsif a0=b0 then
          

ok<=True;
          

res<=a0;
    

elsif a0>b0 then
          

a0:=a0-b0;
    

else b0:=b0-a0;
    

end if;
end 

process 
P1;
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Euclid’s G
C

D
 A

lgorithm

P1: 
process 

begin
    

wait until clk='1';
    

if RST='1' then
       

a0:=a;
       

b0:=b;
       

ok<=False;
    

elsif a0=b0 then
          

ok<=True;
          

res<=a0;
    

elsif a0>b0 then
          

a0:=a0-b0;
    

else b0:=b0-a0;
    

end if;
end 

process 
P1;

P1: 
process 

begin
    

wait until clk='1';
    

if RST='1' then
       

a0:=a;
       

b0:=b;
       

ok<=False;
    

elsif a0=b0 then
          

ok<=True;
          

res<=a0;
    

elsif a0>b0 then
          

a0:=a0-b0;
    

else b0:=b0-a0;
    

end if;
end 

process 
P1;

if a
0 =

b
0

if a
0 >

b
0

ok<
=

true
R

es:=
a

0

 b
0 :=

b
0 -a

0
 a

0 :=
a

0 -b
0

if a
0 =(b

0 -a
0 )

if (a
0 -b

0 )=
b

0

if a
0 >(b

0 -a
0 )

ok<
=

true
R

es:=
a

0
if (a

0 -b
0 )>

b
0

ok<
=

true
R

es:=
a

0 -b
0

 b
0 :=(b

0 -a
0 )-a

0
 a

0 :=
a

0 -(b
0 -a

0 )
 b

0 :=
b

0 -(a
0 -b

0 )
 a

0 :=
(a

0 -b
0 )-b

0

if a
0 =(b

0 -a
0 )-a

0
if a

0 -(b
0 -a

0 )=b
0 -a

0
if a

0 -b
0 =(b

0 -a
0 )-a

0
 if (a

0 -b
0 )-b

0 =
b

0

ok<
=

true
R

es:=a
0

ok<
=

true
R

es:=a
0 -(b

0 -a
0 )

ok<
=

true
R

es:=a
0 -b

0

ok<
=

true
R

es:=(a
0 -b

0 )-b
0

if a
0 >(b

0 -a
0 )-a

0
if a

0 -(b
0 -a

0 )>
(b

0 -a
0 )

if a
0 -b

0 >(b
0 -a

0 )-a
0

 if (a
0 -b

0 )-b
0 >

b
0

 b
0 :=

((b
0 -a

0 )-a
0 )-a

0

 a
0 :=

a
0 -((b

0 -a
0 )-a

0 )

 b
0 :=(b

0 -a
0 )-(a

0 -(b
0 -a

0 ))

 a
0 :=

(a
0 -(b

0 -a
0 ))-(b

0 -a
0 )

 b
0 :=(b

0 -(a
0 -b

0 ))-(a
0 -b

0 ))

 a
0 :=

(a
0 -b

0 )-(b
0 -(a

0 -b
0 ))

 b
0 :=

b
0 -((a

0 -b
0 )-b

0 )

 a
0 :=

((a
0 -b

0 )-b
0 )-b

0

1st sim
ulation cycle

2nd sim
ulation cycle

3rd
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R
eduction of the execution tree

Constraints
:

 
 
 
a
=
3
n
,
 
b
=
n
,
 
n

ŒN
*

P1: 
process 

begin
    

wait until clk='1';
    

if RST='1' then
       

a0:=a;
       

b0:=b;
       

ok<=False;
    

elsif a0=b0 then
          

ok<=True;
          

res<=a0;
    

elsif a0>b0 then
          

a0:=a0-b0;
    

else b0:=b0-a0;
    

end if;
end 

process 
P1;

Constraints
:

 
 
 
a
=
3
n
,
 
b
=
n
,
 
n

ŒN
*

P1: 
process 

begin
    

wait until clk='1';
    

if RST='1' then
       

a0:=a;
       

b0:=b;
       

ok<=False;
    

elsif a0=b0 then
          

ok<=True;
          

res<=a0;
    

elsif a0>b0 then
          

a0:=a0-b0;
    

else b0:=b0-a0;
    

end if;
end 

process 
P1;

if a
0 =

b
0

if a
0 >

b
0

ok<
=

true
R

es:=
a

0

 b
0 :=

b
0 -a

0
 a

0 :=a
0 -b

0

if a
0 =(b

0 -a
0 )

if (a
0 -b

0 )=b
0

if a
0 >(b

0 -a
0 )

ok<
=

true
R

es:=
a

0
if (a

0 -b
0 )>b

0
ok<

=
true

R
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a
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0

 b
0 :=(b

0 -a
0 )-a

0
 a
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a

0 -(b
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0 )
 b

0 :=
b

0 -(a
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0 )
 a
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0 -2b

0

if a
0 =(b

0 -a
0 )-a

0
if a

0 -(b
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0 )=b
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0
if a
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0 )-a

0
 if (a
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0 )=

b
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ok<
=

true
R
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0

ok<
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R
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=
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ok<
=
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0 ))

 b
0 :=

b
0 -((a

0 -b
0 )-b

0 )

 a
0 :=

((a
0 -b

0 )-b
0 )-b

0

1st sim
ulation cycle

2nd sim
ulation cycle

3rd



V
D

S
21

          ©
 D

iana T
om

a

Constraints
:

 
 
 
a
=
3
n
,
 
b
=
n
,
 
n

ŒN
*

P1: 
process 

begin
    

wait until clk='1';
    

if RST='1' then
       

a0:=a;
       

b0:=b;
       

ok<=False;
    

elsif a0=b0 then
          

ok<=True;
          

res<=a0;
    

elsif a0>b0 then
          

a0:=a0-b0;
    

else b0:=b0-a0;
    

end if;
end 

process 
P1;

Constraints
:

 
 
 
a
=
3
n
,
 
b
=
n
,
 
n

ŒN
*

P1: 
process 

begin
    

wait until clk='1';
    

if RST='1' then
       

a0:=a;
       

b0:=b;
       

ok<=False;
    

elsif 
a0=b0 

then
          

ok<=True;
          

res<=a0;
    

elsif a0>b0 then
          

a0:=a0-b0;
    

else b0:=b0-a0;
    

end if;
end 

process 
P1; R

eduction of the execution tree
1st sim

ulation cycle

callAcl2[“(mv-let (erp 
val 

state)
          

(check_consistency 
            

((integerp n) (< 0 n)))
          

(if erp (value nil) 
              

(value val)))”]

if a
0 =b

0

elsif 
a0=b0 

then
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R
eduction of the execution tree

Constraints
:

 
 
 
a
=
3
n
,
 
b
=
n
,
 
n

ŒN
*

P1: 
process 

begin
    

wait until clk='1';
    

if RST='1' then
       

a0:=a;
       

b0:=b;
       

ok<=False;
    

elsif a0=b0 then
          

ok<=True;
          

res<=a0;
    

elsif a0>b0 then
          

a0:=a0-b0;
    

else b0:=b0-a0;
    

end if;
end 

process 
P1;

Constraints
:

 
 
 
a
=
3
n
,
 
b
=
n
,
 
n

ŒN
*

P1: 
process 

begin
    

wait until clk='1';
    

if RST='1' then
       

a0:=a;
       

b0:=b;
       

ok<=False;
    

elsif 
a0=b0 

then
          

ok<=True;
          

res<=a0;
    

elsif a0>b0 then
          

a0:=a0-b0;
    

else b0:=b0-a0;
    

end if;
end 

process 
P1;

1st sim
ulation cycle

callAcl2[“(mv-let (erp 
val 

state)
          

(check_consistency 
            

((integerp n) (< 0 n)))
          

(if erp (value nil) 
              

(value val)))”]

if a
0 =b

0

    T
   

   

elsif 
a0=b0 

then
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R
eduction of the execution tree

Constraints
:

 
 
 
a
=
3
n
,
 
b
=
n
,
 
n

ŒN
*

P1: 
process 

begin
    

wait until clk='1';
    

if RST='1' then
       

a0:=a;
       

b0:=b;
       

ok<=False;
    

elsif a0=b0 then
          

ok<=True;
          

res<=a0;
    

elsif a0>b0 then
          

a0:=a0-b0;
    

else b0:=b0-a0;
    

end if;
end 

process 
P1;

Constraints
:

 
 
 
a
=
3
n
,
 
b
=
n
,
 
n

ŒN
*

P1: 
process 

begin
    

wait until clk='1';
    

if RST='1' then
       

a0:=a;
       

b0:=b;
       

ok<=False;
    

elsif 
a0=b0 

then
          

ok<=True;
          

res<=a0;
    

elsif a0>b0 then
          

a0:=a0-b0;
    

else b0:=b0-a0;
    

end if;
end 

process 
P1;

1st sim
ulation cycle

callAcl2[“(mv-let (erp 
val 

state)
     

(defthm thm1 
        

(implies (and (integerp n)(< 0 
n))

                 
(equal (* 3 n) n)))

     
(declare (ignore val))

     
(if erp (value nil)

        
(value T)))”]

if a
0 =b

0

elsif 
a0=b0 

then
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R
eduction of the execution tree

Constraints
:

 
 
 
a
=
3
n
,
 
b
=
n
,
 
n

ŒN
*

P1: 
process 

begin
    

wait until clk='1';
    

if RST='1' then
       

a0:=a;
       

b0:=b;
       

ok<=False;
    

elsif a0=b0 then
          

ok<=True;
          

res<=a0;
    

elsif a0>b0 then
          

a0:=a0-b0;
    

else b0:=b0-a0;
    

end if;
end 

process 
P1;

Constraints
:

 
 
 
a
=
3
n
,
 
b
=
n
,
 
n

ŒN
*

P1: 
process 

begin
    

wait until clk='1';
    

if RST='1' then
       

a0:=a;
       

b0:=b;
       

ok<=False;
    

elsif 
a0=b0 

then
          

ok<=True;
          

res<=a0;
    

elsif a0>b0 then
          

a0:=a0-b0;
    

else b0:=b0-a0;
    

end if;
end 

process 
P1;

1st sim
ulation cycle

callAcl2[“(mv-let (erp 
val 

state)
     

(defthm thm1 
        

(implies (and (integerp n)(< 0 
n))

        
    

(equal (* 3 
n) n)))

     
(declare (ignore val))

     
(if erp (value nil)

        
(value T)))”]

if a
0 =b

0

    nil   
   

elsif 
a0=b0 

then
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R
eduction of the execution tree

Constraints
:

 
 
 
a
=
3
n
,
 
b
=
n
,
 
n

ŒN
*

P1: 
process 

begin
    

wait until clk='1';
    

if RST='1' then
       

a0:=a;
       

b0:=b;
       

ok<=False;
    

elsif a0=b0 then
          

ok<=True;
          

res<=a0;
    

elsif a0>b0 then
          

a0:=a0-b0;
    

else b0:=b0-a0;
    

end if;
end 

process 
P1;

Constraints
:

 
 
 
a
=
3
n
,
 
b
=
n
,
 
n

ŒN
*

P1: 
process 

begin
    

wait until clk='1';
    

if RST='1' then
       

a0:=a;
       

b0:=b;
       

ok<=False;
    

elsif 
a0=b0 

then
          

ok<=True;
          

res<=a0;
    

elsif a0>b0 then
          

a0:=a0-b0;
    

else b0:=b0-a0;
    

end if;
end 

process 
P1;

1st sim
ulation cycle

callAcl2[“(mv-let (erp 
val 

state)
     

(defthm thm1-neg 
        

(implies (and (integerp n)(< 0 
n))

                 
(not (equal (* 3 n) n))))

     
(declare (ignore val))

     
(if erp (value nil)

        
(value T)))”]

if a
0 =b

0

elsif 
a0=b0 

then
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a

R
eduction of the execution tree

Constraints
:

 
 
 
a
=
3
n
,
 
b
=
n
,
 
n

ŒN
*

P1: 
process 

begin
    

wait until clk='1';
    

if RST='1' then
       

a0:=a;
       

b0:=b;
       

ok<=False;
    

elsif a0=b0 then
          

ok<=True;
          

res<=a0;
    

elsif a0>b0 then
          

a0:=a0-b0;
    

else b0:=b0-a0;
    

end if;
end 

process 
P1;

Constraints
:

 
 
 
a
=
3
n
,
 
b
=
n
,
 
n

ŒN
*

P1: 
process 

begin
    

wait until clk='1';
    

if RST='1' then
       

a0:=a;
       

b0:=b;
       

ok<=False;
    

elsif 
a0=b0 

then
          

ok<=True;
          

res<=a0;
    

elsif a0>b0 then
          

a0:=a0-b0;
    

else b0:=b0-a0;
    

end if;
end 

process 
P1;

1st sim
ulation cycle

callAcl2[“(mv-let (erp 
val 

state)
     

(defthm thm1-neg 
        

(implies (and (integerp n)(< 0 
n))

                 
(not (equal (* 3 n) n))))

     
(declare (ignore val))

     
(if erp (value nil)

        
(value T)))”]

if a
0 =b

0

    T
   

   

elsif 
a0=b0 

then
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a

Constraints
:

 
 
 
a
=
3
n
,
 
b
=
n
,
 
n

ŒN
*

P1: 
process 

begin
    

wait until clk='1';
    

if RST='1' then
       

a0:=a;
       

b0:=b;
       

ok<=False;
    

elsif a0=b0 then
          

ok<=True;
          

res<=a0;
    

elsif a0>b0 then
          

a0:=a0-b0;
    

else b0:=b0-a0;
    

end if;
end 

process 
P1;

Constraints
:

 
 
 
a
=
3
n
,
 
b
=
n
,
 
n

ŒN
*

P1: 
process 

begin
    

wait until clk='1';
    

if RST='1' then
       

a0:=a;
       

b0:=b;
       

ok<=False;
    

elsif a0=b0 then
          

ok<=True;
          

res<=a0;
    

elsif 
a0>b0 

then
          

a0:=a0-b0;
    

else b0:=b0-a0;
    

end if;
end 

process 
P1; R

eduction of the execution treeif a
0 =b

0

if a
0 >b

0

1st sim
ulation cycle

callAcl2[“(mv-let (erp 
val 

state)
     

(defthm thm2 
        

(implies (and (integerp n)(< 0 
n))

                 
(> (* 3 n) n)))

     
(declare (ignore val))

     
(if erp (value nil)

        
(value T)))”]

elsif 
a0>b0 

then
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R
eduction of the execution tree

Constraints
:

 
 
 
a
=
3
n
,
 
b
=
n
,
 
n

ŒN
*

P1: 
process 

begin
    

wait until clk='1';
    

if RST='1' then
       

a0:=a;
       

b0:=b;
       

ok<=False;
    

elsif a0=b0 then
          

ok<=True;
          

res<=a0;
    

elsif a0>b0 then
          

a0:=a0-b0;
    

else b0:=b0-a0;
    

end if;
end 

process 
P1;

Constraints
:

 
 
 
a
=
3
n
,
 
b
=
n
,
 
n

ŒN
*

P1: 
process 

begin
    

wait until clk='1';
    

if RST='1' then
       

a0:=a;
       

b0:=b;
       

ok<=False;
    

elsif a0=b0 then
          

ok<=True;
          

res<=a0;
    

elsif 
a0>b0 

then
          

a0:=a0-b0;
    

else b0:=b0-a0;
    

end if;
end 

process 
P1;

if a
0 =b

0

if a
0 >b

0

1st sim
ulation cycle

callAcl2[“(mv-let (erp 
val 

state)
     

(defthm thm2 
        

(implies (and (integerp n)(< 0 
n))

                 
(> (* 3 n) n)))

     
(declare (ignore val))

     
(if erp (value nil)

        
(value T)))”]

    T
   

   

elsif 
a0>b0 

then
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R
eduction of the execution tree

Constraints
:

 
 
 
a
=
3
n
,
 
b
=
n
,
 
n

ŒN
*

P1: 
process 

begin
    

wait until clk='1';
    

if RST='1' then
       

a0:=a;
       

b0:=b;
       

ok<=False;
    

elsif a0=b0 then
          

ok<=True;
          

res<=a0;
    

elsif a0>b0 then
          

a0:=a0-b0;
    

else b0:=b0-a0;
    

end if;
end 

process 
P1;

Constraints
:

 
 
 
a
=
3
n
,
 
b
=
n
,
 
n

ŒN
*

P1: 
process 

begin
    

wait until clk='1';
    

if RST='1' then
       

a0:=a;
       

b0:=b;
       

ok<=False;
    

elsif a0=b0 then
          

ok<=True;
          

res<=a0;
    

elsif a0>b0 then
          

a0:=a0-b0;
    

else b0:=b0-a0;
    

end if;
end 

process 
P1;

if a
0 =b

0

if a
0 >b

0a
0 :=a

0 -b
0

1st sim
ulation cycle

a0:=a0-b0;
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R
eduction of the execution tree

Constraints
:

 
 
 
a
=
3
n
,
 
b
=
n
,
 
n

ŒN
*

P1: 
process 

begin
    

wait until clk='1';
    

if RST='1' then
       

a0:=a;
       

b0:=b;
       

ok<=False;
    

elsif a0=b0 then
          

ok<=True;
          

res<=a0;
    

elsif a0>b0 then
          

a0:=a0-b0;
    

else b0:=b0-a0;
    

end if;
end 

process 
P1;

Constraints
:

 
 
 
a
=
3
n
,
 
b
=
n
,
 
n

ŒN
*

P1: 
process 

begin
    

wait until clk='1';
    

if RST='1' then
       

a0:=a;
       

b0:=b;
       

ok<=False;
    

elsif 
a0=b0 

then
          

ok<=True;
          

res<=a0;
    

elsif a0>b0 then
          

a0:=a0-b0;
    

else b0:=b0-a0;
    

end if;
end 

process 
P1;

if a
0 =b

0

if a
0 >b

0a
0 :=a

0 -b
0

if (a
0 -b

0 )=b
0

2nd sim
ulation cycle

callAcl2[“(mv-let (erp 
val 

state)
     

(defthm thm3 
        

(implies (and (integerp n)(< 0 
n))

                 
(equal (* 2 n) n)))

     
(declare (ignore val))

     
(if erp (value nil)

        
(value T)))”]

elsif 
a0=b0 

then
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R
eduction of the execution tree

Constraints
:

 
 
 
a
=
3
n
,
 
b
=
n
,
 
n

ŒN
*

P1: 
process 

begin
    

wait until clk='1';
    

if RST='1' then
       

a0:=a;
       

b0:=b;
       

ok<=False;
    

elsif a0=b0 then
          

ok<=True;
          

res<=a0;
    

elsif a0>b0 then
          

a0:=a0-b0;
    

else b0:=b0-a0;
    

end if;
end 

process 
P1;

Constraints
:

 
 
 
a
=
3
n
,
 
b
=
n
,
 
n

ŒN
*

P1: 
process 

begin
    

wait until clk='1';
    

if RST='1' then
       

a0:=a;
       

b0:=b;
       

ok<=False;
    

elsif 
a0=b0 

then
          

ok<=True;
          

res<=a0;
    

elsif a0>b0 then
          

a0:=a0-b0;
    

else b0:=b0-a0;
    

end if;
end 

process 
P1;

if a
0 =b

0

if a
0 >b

0a
0 :=a

0 -b
0

if (a
0 -b

0 )=b
0

2nd sim
ulation cycle

callAcl2[“(mv-let (erp 
val 

state)
     

(defthm thm3 
        

(implies (and (integerp n)(< 0 
n))

                 
(equal (* 2 n) n)))

     
(declare (ignore val))

     
(if erp (value nil)

        
(value T)))”]

    nil   
   

elsif 
a0=b0 

then
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R
eduction of the execution tree

Constraints
:

 
 
 
a
=
3
n
,
 
b
=
n
,
 
n

ŒN
*

P1: 
process 

begin
    

wait until clk='1';
    

if RST='1' then
       

a0:=a;
       

b0:=b;
       

ok<=False;
    

elsif a0=b0 then
          

ok<=True;
          

res<=a0;
    

elsif a0>b0 then
          

a0:=a0-b0;
    

else b0:=b0-a0;
    

end if;
end 

process 
P1;

Constraints
:

 
 
 
a
=
3
n
,
 
b
=
n
,
 
n

ŒN
*

P1: 
process 

begin
    

wait until clk='1';
    

if RST='1' then
       

a0:=a;
       

b0:=b;
       

ok<=False;
    

elsif 
a0=b0 

then
          

ok<=True;
          

res<=a0;
    

elsif a0>b0 then
          

a0:=a0-b0;
    

else b0:=b0-a0;
    

end if;
end 

process 
P1;

if a
0 =b

0

if a
0 >b

0a
0 :=a

0 -b
0

if (a
0 -b

0 )=b
0

2nd sim
ulation cycle

callAcl2[“(mv-let (erp 
val 

state)
     

(defthm thm3-neg 
        

(implies (and (integerp n)(< 0 
n))

                 
(not (equal (* 2 n) n))))

     
(declare (ignore val))

     
(if erp (value nil)

        
(value T)))”]

elsif 
a0=b0 

then
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R
eduction of the execution tree

Constraints
:

 
 
 
a
=
3
n
,
 
b
=
n
,
 
n

ŒN
*

P1: 
process 

begin
    

wait until clk='1';
    

if RST='1' then
       

a0:=a;
       

b0:=b;
       

ok<=False;
    

elsif a0=b0 then
          

ok<=True;
          

res<=a0;
    

elsif a0>b0 then
          

a0:=a0-b0;
    

else b0:=b0-a0;
    

end if;
end 

process 
P1;

Constraints
:

 
 
 
a
=
3
n
,
 
b
=
n
,
 
n

ŒN
*

P1: 
process 

begin
    

wait until clk='1';
    

if RST='1' then
       

a0:=a;
       

b0:=b;
       

ok<=False;
    

elsif 
a0=b0 

then
          

ok<=True;
          

res<=a0;
    

elsif a0>b0 then
          

a0:=a0-b0;
    

else b0:=b0-a0;
    

end if;
end 

process 
P1;

if a
0 =b

0

if a
0 >b

0a
0 :=a

0 -b
0

if (a
0 -b

0 )=b
0

2nd sim
ulation cycle

callAcl2[“(mv-let (erp 
val 

state)
     

(defthm thm3-neg 
        

(implies (and (integerp n)(< 0 
n))

                 
(not (equal (* 2 n) n))))

     
(declare (ignore val))

     
(if erp (value nil)

        
(value T)))”]

    T
   

   

elsif 
a0=b0 

then
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R
eduction of the execution tree

Constraints
:

 
 
 
a
=
3
n
,
 
b
=
n
,
 
n

ŒN
*

P1: 
process 

begin
    

wait until clk='1';
    

if RST='1' then
       

a0:=a;
       

b0:=b;
       

ok<=False;
    

elsif a0=b0 then
          

ok<=True;
          

res<=a0;
    

elsif a0>b0 then
          

a0:=a0-b0;
    

else b0:=b0-a0;
    

end if;
end 

process 
P1;

Constraints
:

 
 
 
a
=
3
n
,
 
b
=
n
,
 
n

ŒN
*

P1: 
process 

begin
    

wait until clk='1';
    

if RST='1' then
       

a0:=a;
       

b0:=b;
       

ok<=False;
    

elsif a0=b0 then
          

ok<=True;
          

res<=a0;
    

elsif 
a0>b0 

then
          

a0:=a0-b0;
    

else b0:=b0-a0;
    

end if;
end 

process 
P1;

if a
0 =b

0

if a
0 >b

0a
0 :=a

0 -b
0

if (a
0 -b

0 )=b
0

if (a
0 -b

0 )>b
0

2nd sim
ulation cycle

callAcl2[“(mv-let (erp 
val 

state)
     

(defthm thm4
        

(implies (and (integerp n)(< 0 
n))

                 
(> (* 2 n) n)))

     
(declare (ignore val))

     
(if erp (value nil) 

        
(value T)))”]

elsif 
a0>b0 

then
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R
eduction of the execution tree

Constraints
:

 
 
 
a
=
3
n
,
 
b
=
n
,
 
n

ŒN
*

P1: 
process 

begin
    

wait until clk='1';
    

if RST='1' then
       

a0:=a;
       

b0:=b;
       

ok<=False;
    

elsif a0=b0 then
          

ok<=True;
          

res<=a0;
    

elsif a0>b0 then
          

a0:=a0-b0;
    

else b0:=b0-a0;
    

end if;
end 

process 
P1;

Constraints
:

 
 
 
a
=
3
n
,
 
b
=
n
,
 
n

ŒN
*

P1: 
process 

begin
    

wait until clk='1';
    

if RST='1' then
       

a0:=a;
       

b0:=b;
       

ok<=False;
    

elsif a0=b0 then
          

ok<=True;
          

res<=a0;
    

elsif 
a0>b0 

then
          

a0:=a0-b0;
    

else b0:=b0-a0;
    

end if;
end 

process 
P1;

if a
0 =b

0

if a
0 >b

0a
0 :=a

0 -b
0

if (a
0 -b

0 )=b
0

if (a
0 -b

0 )>b
0

2nd sim
ulation cycle

callAcl2[“(mv-let (erp 
val 

state)
     

(defthm thm4
        

(implies (and (integerp n)(< 0 
n))

                 
(> (* 2 n) n)))

     
(declare (ignore val))

     
(if erp (value nil) 

        
(value T)))”]

    T
   

   

elsif 
a0>b0 

then
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a

Constraints
:

 
 
 
a
=
3
n
,
 
b
=
n
,
 
n

ŒN
*

P1: 
process 

begin
    

wait until clk='1';
    

if RST='1' then
       

a0:=a;
       

b0:=b;
       

ok<=False;
    

elsif a0=b0 then
          

ok<=True;
          

res<=a0;
    

elsif a0>b0 then
          

a0:=a0-b0; 
    

else b0:=b0-a0;
    

end if;
end 

process 
P1;

Constraints
:

 
 
 
a
=
3
n
,
 
b
=
n
,
 
n

ŒN
*

P1: 
process 

begin
    

wait until clk='1';
    

if RST='1' then
       

a0:=a;
       

b0:=b;
       

ok<=False;
    

elsif a0=b0 then
          

ok<=True;
          

res<=a0;
    

elsif a0>b0 then
          

a0:=a0-b0; 
    

else b0:=b0-a0;
    

end if;
end 

process 
P1; R

eduction of the execution treeif a
0 =b

0

if a
0 >b

0a
0 :=a

0 -b
0

if (a
0 -b

0 )=b
0

if (a
0 -b

0 )>b
0

a
0 :=a

0 -2b
0

2nd sim
ulation cycle

a0:=a0-b0;
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R
eduction of the execution tree

Constraints
:

 
 
 
a
=
3
n
,
 
b
=
n
,
 
n

ŒN
*

P1: 
process 

begin
    

wait until clk='1';
    

if RST='1' then
       

a0:=a;
       

b0:=b;
       

ok<=False;
    

elsif 
a0=b0 

then
          

ok<=True;
          

res<=a0;
    

elsif a0>b0 then
          

a0:=a0-b0;
    

else b0:=b0-a0;
    

end if;
end 

process 
P1;

if a
0 =b

0

if a
0 >b

0a
0 :=a

0 -b
0

if (a
0 -b

0 )=b
0

if (a
0 -b

0 )>b
0

a
0 :=a

0 -2b
0

if (a
0 -2b

0 )=
b

0

3rd sim
ulation cycle

if n=n

elsif 
a0=b0 

then



V
D

S
38

          ©
 D

iana T
om

a

R
eduction of the execution tree

Constraints
:

 
 
 
a
=
3
n
,
 
b
=
n
,
 
n

ŒN
*

P1: 
process 

begin
    

wait until clk='1';
    

if RST='1' then
       

a0:=a;
       

b0:=b;
       

ok<=False;
    

elsif a0=b0 then
          

ok<=True;
          

res<=a0;
    

elsif a0>b0 then
          

a0:=a0-b0;
    

else b0:=b0-a0;
    

end if;
end 

process 
P1;

if a
0 =b

0

if a
0 >b

0a
0 :=a

0 -b
0

if (a
0 -b

0 )=b
0

if (a
0 -b

0 )>b
0

a
0 :=a

0 -2b
0

if (a
0 -2b

0 )=
b

0

ok<
=

true
R

es:=a
0 -2b

0

3rd sim
ulation cycle

ok<=True;
res<=a0;
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Sym
bolic evaluations of assertions

•
the assert statem

ent assures that bool_expr is never violated
•

Label1 is translated into a variable that can rem
ain sym

bolic during
one or m

ore sim
ulation cycles

•
If it evaluates to false at cycle C, the sim

ulation path is a counter
exam

ple

If[bool_expr
  ,ChangeV

ar[Label1,True]
  ,ChangeV

ar[Label1,False]
  ,If[CallA

CL2[bool_expr]
     ,ChangeV

ar[Label1,True]
     ,ChangeV

ar[Label1,False]
     ,Label1]]

Label1: assert bool_expr
             report “!m

essage!”
             severity severitylevel;

M
athem

atica if  function
V

H
D

L
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C
onclusion

•
A

 new
 approach for the sym

bolic sim
ulation of high level circuits

specifications
•

U
se of typing inform

ation and user constraints to prune the execution
tree

•
U

se of tw
o pow

erful autom
atic system

s: M
athem

atica and A
CL2

Future w
orks:

•
V

alidate the approach on industrial circuits
•

Extend to new
 V

H
D

L subset for the system
-level synthesis and

System
C
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Foreseen V
H

D
L subset

•
Level 1 synthesizable subset

•
Concurrent statem

ents:
–

Signal assignm
ent

–
Com

ponent instantiation
–

Processes : single clock synchronized processes
•

Sequential statem
ents:

–
V

ariable and signal assignm
ents

–
if-then-else, case conditionals, for-loop statem

ents
•

Types
–

Scalar data types: integer, bit, boolean, character
–

Subtypes defined on integer, bit vector type
•

H
ierarchy: com

ponents do not contain com
binatorial processes

        Sim
ulation cycle=clock cycle


