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Formal Verification of Sequential Machines
Based on Their Decompositions
Using Regular Temporal Logic
HIrRoAKI SENGOKU
Abstract

According to the recent progress of VLSI technology, more intricate
and larger logic circuits are designed. The possibility that these designs
contain errors becomes greater. As a result, it becomes important
to establish methods for verifying correctness of logic design. Formal
verification methods are strongly desired because they can guarantee
correctness of design mathematically.

In order to verify correctness formaly, we use a specification and
model of the behavior of implemented logic circuits, and make sure
whether the model satisfies the specification. We use regular tempo-
ral logic to describe a specification, and verify correctness of design
formally by checking whether all of the state transitions satisfy the
specification. This formal verification method is called model check-
ing. We discuss an algorithm of model checking, its soundness and
complexity.

When the number of states of a finite state machine is large, very long
time and very large storage is required to verify its correctness, because
all state transitions should be basically checked in model checking.
However, the number of states of a machine which consists of some
modules may be, in general, the product of the number of states of
each module. Thus, a machine with relatively small number of modules
may have far too many states to be handled even on current super

computers. Therefore, how to verify machines with many states is one



v

of the most significant problems in model checking.

A finite machine with large number of states has, in general, many
functions and some operational modes like a CPU or a micro computer,
and the funcions or the modes depend a little on each other. Thus,
the specifications of these machines may be also separated into several
parts, each of which corresponds to each function.

In this report, we provide a model checking algorithm based on paral-
lel decomposition of sequential machines. We consider the specification
‘no&’ which is separated into two specifications ‘n’ and ‘¢’. Then, we
decompose the machine into two submachines that correspond to ‘n’
and ‘¢’ respectively. When the number of the states of these subma-
chines is small, we can verify the specification ‘no&’ by verifying each
specification on the submachines simultaneously.

We describe the algorithms in the cases that ‘o’ is logical ‘or’ or con-
catination operation in regular temporal logic, and show its soundness
and its complexity. In this method, especially in the case of logical ‘or’,
we can model check with time and space proportional to the sum of

the states of each decomposed machines.
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000 Mark 00 » 0000000000000 RTLOO M,000
00000000000 ¢, 000000 Marked 0DDOOOOOOO0O
0000000000 300000000000000

4.2.1 OO

(00000000000 10000000000000000000
0000 O(|S)oooooo OS,)) 0000
000000000 Mark OODODOO M, DOODDOODODOOOO
0000000000 (s),s) 00000 nO00000 CheckO 5 00
00000000000 0000000000 nx2Xl000D0ODOO
n00M,0 M;00DOO0O0DO0O000O00000000000000
00000000000 |S|0000000
DOo0DoO0000o0o0o0O0 po000 O(S|x28ho¢oooo
O(S| x2¥hoooooooDooooooooooO p0000 O(S))
D000 0000 O|Se)) ooonO

5 U0

0000000000000000 »,00000000000000
0000000000000 pAE 2 ~((-g) V(=) 000000000
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000 RTLOODOOOOOO0OO (-y)V (=) 0000000000 2
0000000000000 00000000000000000000
0000000000000000000000000

D000 ¢ 0000 ¢000000000000000000000
00 00000000000 M, 00000000000000000
000000000 MOOOO0O0O0O0O0OO00000000000
D000 pAED0D000000000000000 (pA&)/t=(n/t)A
(¢/t) 0000007 00000000000 é00000000000
000000 4200000000 MakOOO M, 000000000
(000000000000000000000000000000 M,
0 M, 0ODOOOOOO0OOOOO0O0OOO000000000000000
00000000000000000
‘A’0000000000000000000000000000000
00 RTLOOOOOOO000O0 (6 000000000000000
0000000000000 »00000000000000 0000
D00000000000000)00000000000000000
00

000000000000 00000000000000000000
0000000000000

000000000000000

ooooono 4
procedure Checks(s, My, m, My, n9, ..., My, m,)
begin

p:=00000000000;

for ::=1 to ndo

{p 0000000000 M;00000000000
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gbdooodoooooodoodd pDDDDDD};
if p = ¢ then return false;
return true;

end;

0000000000000 mAmpA...n, 000000000000
pO00000O000 n(:=1,2,...,n)000000000000000
00000 p000000000000O

0000000000000 0000000000000000000
00000000000000000000000000000000
0000000000000 RILODOOOOOOOOOOOOOOOO
000000000000 000000000000000000000
000000000000000000000000000000000
0000

6 U0

00000000000 RTLOOODOODO0OO0OO0OODODOOOO00ooO
bbbt ooooobobobooood
u

bbbt uoubobobouboonoda
0000000000000 DOO0 RTLODODOOOOODODOOOOOooOO
O0000000O0O0O0000D0DODOO00O0DODO0O0 RTLODOOODOO
OO0 vO 200000000 D000 ooooooooooooa
gogobugbobobbobobuooboobuoobouobouobouon

OO0’V 00000000000 oDoooooooooooooood
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0000 mAmpA...0000000000000000O0O00000O0
000000000000 000000000000000000000
0 RTL OO (-p)V(—p)V...000000000020000000
0oo
00000000000000000000000000000000
000000000000000000000000000000

HEN

gboboooboobdobotboboouououboboboouboonoa

bbbt ubuoubououoon
gbobuobogboboboobobobuoboubuobuouobouoon
g oboobooboboon
gotgobooboboobooogd
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