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HARDWARE MODEL CHECKING
Transition system: T = 〈I,x,δ〉, where x =

x1,x2, ...,xn is the set of variables over B =
{true, f alse}, I(x) is initial state and δ(x,x′) rep-
resents the transition relation.

State: A state s of T is an an assignment of
values to variable x.

Trace: A trace γ : s0,s1, ... is an infinite se-
quence of states such that s0 |= I, and for each i≥ 0,
(si,si+1) |= δ.

Reachable State: A state s is reachable in T if
∃γ ∈ T : s ∈ γ. We denote the reachable state space
as Q.

Safety property: A safety property P of T is
a first-order formula over the varaibles X of T ,
which asserts that certain states s of T cannot be
reached during the execution of T , often known as
bad states, B(x).

Problem Statement: Given a state-space over n
boolean variables, the problem is to decide whether
T |= P, that is, starting from initial state I(x),
whether a state in B(x) can be reached following
only transitions in T (x,x′).
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TECHNIQUES
Bounded Model Checking:

I(x0)∧k−1
i=0 (T (xi,xi+1))∧ (∨k−1

i=1 B(xi))

BMC with K-induction:

P(x0)∧k−1
i=0 (Ti∧Pi) =⇒ Pk

Interpolation-based Model Checking:

Q∧k−1
i=0 (Ti∧Pi) =⇒ Pk

IC3/Property Directed Reachability:

1. I(x) =⇒ P

2. ∀i, I(x) =⇒ αi(x)

3. ∀i,∧k
i=1αi(x)∧ P(x)∧ T (x,x′) =⇒ αk(x′),

αk is inductive relative to α1,α2, ...,αk−1.

4. ∀i,∧n
i=1αi(x)∧P(x)∧T (x,x′) =⇒ P(x′),

P is inductive related to the inductive invari-
ants α1,α2, ...,αn.

Predicate Abstraction:

1. Transition Relation: T̂ := {(b,b′)|∃x,x′ ∈
S : T (x,x′) ∧ α(x) = b ∧ α(x′) = b′}, α

is abstraction function, x = {x1 . . .xn},b =
{b1 . . .bn},bi = πi(x), πi is the predicate on
concrete variable xi

2. Initial State: Î(b) := ∃x ∈ S : (α(x) = b)∧
I(x)

3. Safety Property: P̂(b) := ∀x ∈ S :
(α(x) = b) =⇒ P(x)

FROM BITS TO WORD TO SOFTWARE NETLIST
Verilog Bit-level Netlist Word-level Netlist Software Netlist

module t o p ( Din , En , c lk , Dout ) ;
wire cs ; reg ns ;
input c lk , Din , En ;
output Dout ;
/ / ~ C o m b i n a t i o n a l B lock ~
a s s i g n Dout = cs ;
always @( Din or cs or En )
begin
i f ( En ) ns = Din ;
e l s e ns = cs ; end
f f f f 1 ( ns , CLK, cs ) ;
endmodule
/ / ~ S e q u e n t i a l B lock ~
module f f ( Din , c lk , Dout ) ;
input Din , c l k ;
output Dout ;
reg q ;
a s s i g n Dout = q ;
always @( posedge c l k )
q <= Din ;
endmodule

Var iab le Map:
I n p u t s : t o p . c l k =0 ,
t o p . Din =1 , t o p . En =2 ,
t o p . f f .CLK=3 ,
t o p . f f . Din =4 ,
c o n v e r t : : i n p u t [ 0 ] = 6
c o n v e r t : : i n p u t [ 1 ] = 7
c o n v e r t : : i n p u t [2 ]=1 1
c o n v e r t : : i n p u t [3 ]=1 2
Wires : t o p . Dout =11 ,
t o p . f f . Dout =5 ,
t o p . c s =12 , t o p . ns =!10
Latch : t o p . f f . q=5
T r a n s i t i o n c o n s t r a i n t s :
! ( v a r ( 5 ) & ! v a r ( 1 2 ) )

& ! ( ! v a r ( 5 ) & v a r ( 1 2 ) )
! ( v a r ( 4 ) & ! ( v a r ( 2 )

& v a r ( 1 ) ) & ! ( ! v a r ( 2 )
& v a r ( 7 ) ) ) & ! ( ! v a r ( 4 )
& ! ( ! ( v a r ( 2 ) & v a r ( 1 ) )
& ! ( ! v a r ( 2 ) & v a r ( 7 ) ) ) )
! ( v a r ( 3 ) & ! v a r ( 0 ) ) &
! ( ! v a r ( 3 ) & v a r ( 0 ) )
Next s t a t e f u n c t i o n s :
NEXT( t o p . f f . q )= v a r ( 4 )

S t a t e c o n s t r a i n t s :
t o p . Dout== t o p . c s
t o p . f f . Dout== t o p . f f . q
t o p . f f . Din== t o p . ns
t o p . f f . c l k == t o p . c l k
t o p . f f . Dout== t o p . c s
t o p . ns == t o p . En ?
t o p . Din : t o p . c s

T r a n s i t i o n c o n s t r a i n t s :
n e x t ( t o p . f f . q )== t o p . f f . Din

_Bool nondet_bool();
struct s_ff{_Bool q;};
struct s_en{ _Bool ns;
struct s_ff sff; }sen;
_Bool ff(_Bool CLK,_Bool Din,
_Bool *Dout){
_Bool q_old;
q_old = sen.sff.q;
sen.sff.q = Din;

*Dout = q_old;
return; }
_Bool cs;
void top(_Bool clk,_Bool Din,_Bool En,
_Bool *Dout) {
if(En) {
sen.ns = Din; }
else {
sen.ns = cs; }
ff(clk, sen.ns, &cs);

*Dout = cs; }
int main() {
_Bool clk,En,Din,out;
while(1) {
Din = nondet_bool();
En = nondet_bool();
top(clk,Din,En,&out); }
return;
}
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ABSTRACT INTERPRETATION VIEW OF CDCL
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B. CFG P’A. CFG P C. ACFG for P’

Automatic Program and Property Driven Partitioning

Partial assignments⇔ Abstract domain
Unit Rule⇔ Abstract transformer
BCP⇔ Greatest fix point iteration

Decision⇔Meet irreducible
Conflict Analysis⇔ Graph cuts
Learning⇔ Trace partitioning

SOFTWARE NETLIST
A Software Netlist is defined as the six tu-

ple, SN = 〈In,Out,Seq,Comb, Init,Asgn〉, where
In, Out, Seq, Comb, Init are input, output,
sequential/state-holding, combinational/stateless
signals and initial states respectively. Asgn is a fi-
nite set of assignments to Out, Seq and Comb,

• Asgn ::=CAsgn|SAsgn

• CAsgn ::= (Vc = bvExpr)|(Vc = bool), where Vc ∈Comb]Out

• SAsgn ::= (Vs = bvExpr)|(Vs = bool), where Vs ∈ Seq

• bvExpr ::= bvconst |bvvar |IT E(cond,bv1 . . .bvn)|
bvop(bv1 . . .bvn),cond ∈ bool,bvi ∈ {bvconst ,bvvar}

• bool ::= true| f alse|¬b|b1 ∧b2|b1 ∨b2|bvrel{b1 . . .bn},(n≥ 1)
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RESULTS
1. BMC on software-netlist is on average >2X

faster than BMC on bit-level netlist and
word-level RTL model.

2. For unbounded verification, software k-
induction is faster and solved more safe in-
stances than k-induction for bit-level netlist.

3. Software PDR and bit-level PDR times are
comparable for detecting deep bugs.

VERILOG TO C TRANSLATION
Verilog RTL C Program

module top(Din,En,clk,Dout);
wire cs; reg ns;
input clk, Din, En;
output Dout;
// Combinational Block~
assign Dout = cs;
always @(Din or cs or En)
begin
if (En) ns = Din;
else ns = cs; end
ff ff1(ns,CLK,cs);
endmodule
// Sequential Block~
module ff(Din, clk, Dout);
input Din, clk;
output Dout;
reg q;
assign Dout = q;
always @(posedge clk)
q <= Din;
endmodule

struct s_ff { _Bool q; } sff;
struct s_en { _Bool ns;
struct s_ff sff; } sen;
// Combinational Block~
void top(_Bool clk,_Bool Din,
_Bool En, _Bool *Dout) {
_Bool cs;
if(En) sen.ns = Din;
else sen.ns = cs;
ff(clk, sen.ns, &cs);
}
// Sequential Block~
_Bool ff(_Bool CLK,
_Bool Din, _Bool *Dout) {
_Bool tmp0;
tmp0 = Din;
sff.q = tmp0;

*Dout = sff.q;
return;
}


