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Abstract 
This paper presents a formal semantics for a subset of VHDL that includes 
the basic control constructs, delta and unit delay signal assignment, variable 
assignment, and all forms of wait statements. A polymodal logic with two 
temporal modalities is used as the underlying formalism, thus allowing for 
formalization of the flows of time as well as control without modeling the sim
ulation kernel. Since temporal logics are also good languages for specification 
of program properties and automated reasoning, this approach is a promising 
one for specification and verification of hardware expressed in VHDL. 

1 INTRODUCTION 

VHSIC Hardware Description Language (VHDL) is a widely used hardware 
description language which has become a standard in many domains. A com
mon traditional use of VHDL has been to construct VHDL descriptions mod
eling the hardware design and then simulate the VHDL program to show that 
it meets a set of informal specification criteria from which test vectors have 
been generated. However, this approach is often insufficient in critical appli
cations where it is desirable to prove that the VHDL description meets a set 
of formally specified correctness criteria, and a formal semantics of VHDL is 
thus needed. 

There are many tradeoffs to consider when generating a formal semantics 
for VHDL. A short list of tradeoffs includes the following: 

• What mathematical formalism is used to capture the semantics, and what 
are the theoretical properties of the formalism? 

• How intuitive is the formalism as a language for expressing VHDL seman
tics? 

• How simple is it to express the specification criteria that the VHDL model 
is intended to meet? 

• Does the semantics model the simulation cycle or the hardware correspond
ing to the VHDL description? 
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• Is the translation from VHDL into the formalism automatable? 
• How big (and useful) a subset of VHDL is supported? In particular, is the 

VHDL timing model completely supported? 

The underlying formalism is of utmost importance in determining feasibility 
of formal verification. Most approaches involve the use of higher order logics 
(Reetz et al. 1995, VanTassel 1992), interval temporal logic (Wilsey 1992), 
process algebras (Borger et al. 1995, Goosens 1995), flow graphs (Deharbe et 
al. 1995), Petri Nets (Boussebha et al. 1992, Damm et al. 1993, Encrenaz et 
al. 1995, Olcoz et al. 1993), special purpose functional languages (Belhadj et al. 
1993, Breuer et al. 1995, Fuchs et al. 1995, Salem et al. 1990), or various other 
formalisms (Hua et al. 1993). It is of course desirable to select a formalism 
that is suitable for formal verification. Additionally, it is desirable to select a 
simple formalism that allows for an intuitive VHDL semantics, since it may 
be difficult to determine if the semantics are correct otherwise. 

An overlooked criteria is the simplicity of the formalism in expressing prop
erties that are to be proven. Temporal logic, either directly or through tem
poral assertions integrated with graphical languages, has shown to be a good 
specification language. In fact, several approaches based on other formalisms 
use a specification related to temporal logic. 

A major tradeoff is whether the semantics models the entire simulation cycle 
or the hardware corresponding to the VHDL description. Clearly, it is simpler 
to model a large VHDL subset if the semantics includes a formalization of 
the simulator. However, there is extra complexity involved in modeling the 
simulation engine. A related tradeoff is the nature of the translation from 
VHDL. Most existing approaches are automatable. A manual translation may 
suffer from bugs that are introduced during translation. 

The final tradeoff listed above relates to the size of the VHDL subset be
ing formalized. VHDL is a large language, and all current formalizations thus 
select a subset. In particular, there are three distinct notions of flow in the 
VHDL timing model. First, there is unit delay which is used for signal assign
ments with explicit timing clauses, and corresponds to the actual time taken 
by the hardware entities being modeled. Second, there may be any number of 
delta delays within each clock time unit. The delta delay is an artifact of the 
simulation engine and relates to the event queue. Finally, the VHDL descrip
tion can be considered as a parallel program, and the flow of control through 
this program constitutes a third type of flow that needs to be captured in the 
semantics. 

Due to the difficulty of extracting all three types of flow in one formalism, 
most existing approaches either model the whole simulation engine or select 
a VHDL subset that eliminates either the delta delay or the unit delay. The 
former approach results in an excessively complicated model. In some cases, 
the latter approach is justifiable - e.g. when it is intended for use with a 
synthesizable subset of VHDL that does not support delta delays. However, 
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many existing VHDL descriptions use both forms of delays. The fundamental 
problem is the inability of the underlying logical formalism to capture all three 
notions of flow in a simple manner. 

An interesting recent trend in logics is the usc of polymodallogics for mod
cling multi-agent systems. Polymodal logics combine multiple modalities to 
provide a logic capable of expressing properties that deal with all of these 
modalities without resorting to a more complicated first order or higher order 
logic. Several such logics and combination techniques have been proposed (see 
for example (Finger et al. 1992, Finger et al. 1996, Kracht et al. 1991, Black
burn et al. )). Two particularly common applications are: 

• Logics combining time and belief modalities to model multi-agent systems 
where beliefs change over time. 

• Logics combining transaction-time and valid-time modalities for modeling 
the evolution of temporal databases. 

We believe that polymodallogics are also appropriate for expressing semantics 
of HDLs, due to the problem of capturing multiple flow notions discussed 
above. 

In this paper we present a polymodallogic with two modalities, one for the 
flow of control through the parallel program and one for unit delay. First we 
present the syntax and semantics of the logic in Section 2. Then, section 3 
presents the semantics of a VHDL subset in the polymodal logic. Last, we 
discuss our conclusions and further plans in Section 4. 

2 POLYMODAL LOGIC 

We first provide an intuitive explanation of the logic and then define its formal 
syntax and semantics. 

The language of traditional unimodal linear time propositional temporal 
logic (PTL) augments propositional logic with the temporal operators: o 
(next), D (henceforth or always), 0 (eventually), @ (atnext), and U (until). 
The o, D, and 0 operators are unary future-only operators, while @ and U 
are dyadic future-only operators. Time is a sequence of non-negative integers, 
with propositions taking on values that may be different at each timepoint. 
Such logics have been used to capture the semantics of parallel programs, 
with the flow of control through the program corresponding to the flow of 
time in the logic (Kroger 1987, Manna et al. 1992). However, the addition of 
a clock-time modality as in VHDL makes such an approach inappropriate. 

In our polymodal logic, there are two independent dimensions: time and 
state. For each of the five PTL temporal operators, there is one operator for 
time and one for state, and the two are distinguished by an overscore for the 
state operator (e.g. o for next time and o for next state). Propositions take 
on values that may be different for each< time, state > pair. 
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Figure 1: Two-dimensional space for logic 

Figure 1 illustrates the space over which propositions range. Proposition P is 
true at < t, s >,while Q is true at all times in states'. 

2.1 Syntax 

The language C is defined over an alphabet consisting of atoms and operators. 
The atoms form a countable set A. The operators, along with their equivalent 
symbols are listed below: 

Name Arity Symbol 

true 0 T 
false 0 .l 
not 1 ..., 
and 2 " or 2 v 
implies 2 __.. 

iff 2 +-+ 
next time 1 0 

always 1 D 

eventually 1 ¢ 

until 2 u 
at next 2 @ 

next state 1 0 

all states 1 iJ 
some state 1 0 
until state 2 tl 
atnext state 2 @ 
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The set of formulas in the language are defined inductively as follows: 

• T and l. are formulas. 
• Every element of A is a formula. 
• IfF is a formula, then •F, oF, OF, <>F, oF, OF, and OF are formulas. 
e IfF and G are formulas, then FAG, FVG, FUG, FUG, F@G, and F@G 

are formulas. 

Informally, the set of formulas is defined analogously to the unimodal case, 
with no restrictions on the interplay between the two modalities. 

2.2 Semantics 

The semantics of the logic are as might be expected for a totally independent 
combination of the two modalities. As in the unimodal case, the until operator 
corresponds to the strong version, which also asserts that the second operand 
is eventually true. Various PTL logics differ in their semantics at their current 
time point, and the semantics adopted here is defined below. 

A model M for C is given by the tuple < T, T0 , S, S0 , 11 >. T is a 
sequence of timepoints with initial time T0 . Similarly, S is a sequence of states 
with initial state S0 • 11 is a set of mappings, 11i,j where each 11i,j is a valuation 
function assigning Boolean values to the elements of A at time i and state j. 

The intended reading of M, t, 8 f= F is "F is true at time t and state s over 
model M". The semantics of formulas are then defined as follows: 

M,t,8 f= T 
M,t,8 ~ l. 
M,t,8 f= v iff 11t,a(v) = t for v E A 
M,t,8f=•P iff M,t,8 ~p 
M,t,sf=PAQ iff M,t,8 f= P and M,t,s f= Q 
M,t,8 f= PVQ iff M,t,s f= P or M,t,8 f= Q 
M,t,s f=P~ Q iff M, t, 8 F --,p v Q 
M,t,8f=P++Q iff M,t,s f= (P ~ Q) A (Q ~ P) 
M,t,s f= oP iff M,t+ 1,8 f= P 
M,t,s f= DP iff M, t', s f= P for every t' ~ t 
M,t,s f= <>P iff M, t', s f= P for some t' ~ t 
M,t,s f= PUQ iff M,t',s f= Q for some t' ~ t and 

M, t", s f= P for every t" 
such that t ~ t" < t' 

M,t,8 f= P@Q iff M, t', s ~ Q for every t' > t or 
M, t", s f= P for the smallest t" > t 
such that M, t", s f= Q 

M,t,8 f=oP iff M,t,s+lf=P 



M,t,s I= iJP 
.M,t,s I= 6P 
M,t,s I= PUQ 

M,t,s I= P@Q 

A polymodal semantics for VHDL 

iff M, t, s' I= P for every s' ~ s 
iff M, t, s' I= P for some s' ~ s 
iff M, t, s' I= Q for somes' ~ s and 

M, t, s" I= P for every s" 
such that s $ s" < s' 

iff M, t, s' ~ Q for every s' > s or 
M, t, s" I= P for the smallest s" > s 
such that M, t, s" I= Q 
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All of these operators are not needed since < /\, V >, < o, <> >, and 
< D, 6 >are dual pairs, and<>, 6, @,and@ arc derivable from U and tl 
by the following identities: 

e <>P = TUP 
e 6P= TUP 
e P@Q = o(•QU(P /\ Q)) V oD•Q 
e P@Q = o(•QU(P /\ Q)) VoD•Q. 

Of course, all propositional operators are expressible with -, and v, as usual. 
However, all these operators are included for convenience. 

3 VHDL SEMANTICS 

The VHDL subset formalized here consists of the following: 

• process composition 
• statement composition (within processes) 
• if-then-else 
• while loops 
• variable assignment for boolean variables 
• inertial delay signal assignment for bit signals 
• transport delay signal assignment for bit signals 
• all forms of wait statements 
• delta delay signal assignment for bit signals. 

A few assumptions are made. Fully elaborated VHDL-87 is assumed (IEEE 
1988). All time units are standardized to one timescale (e.g. nanoseconds). 
Finally, we also assume that each signal is assigned to by only one statement in 
the program. In many cases, this assumption can be removed with a change in 
the semantics; however, the formulas in the semantics become larger, and thus 
more difficult to understand. An alternative approach which may be better is 
to rewrite the program to use variables, which can be multiply assigned. In 
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particular, when all signal assignments are of the same delay as is often the 
case, the multiple signal assignments may be replaced by multiple variable 
assignments to a temporary variable followed by a single signal assignment. 
For example, the VHDL fragment: 

IF statel THEN 
s <= el AFTER 2; 

ELSE 
s <= e2 AFTER 2; 

END IF; 

may be rewritten as 

IF statel THEN 
temp:= el; 

ELSE 
temp:= e2; 

END IF; 
s <= temp AFTER 2; 

Using either approach, resolved signals are more difficult to handle. 
In our presentation here, we omit the formalization of various boolean oper

ators and attributes; however, it should be clear how to formalize these within 
our logic. We also omit the formalization of process statements; however these 
can be rewritten using wait statements. A significant omission is non-Boolean 
datatypes. While it is possible to formalize non-Boolean datatypes in a first 
order polymodallogic, reasoning is much more difficult. 

For space reasons, certain details and explanations for some formalizations 
have been omitted, and are covered in Shankar et al. (1997). Several formulas 
in the formalization presented here are unneccessary since they follow from 
VHDL properties and/or other formulas. We include them in our presentation 
to simplify understanding. For the same reasons, we select understandability 
over compactness in our formulas here - in reality, a number of formulas can 
be factored and combined. In particular, we often include formulas that cover 
cases which can be determined by elimination. 

The formalization consists of a set of global formulas and a set of local 
formulas. Whereas the global formulas correspond to properties of the VHDL 
program, local formulas correspond to individual statements in the program. 
For the rest of this section, we first present the notation used in the formal
ization, then an informal overview of the simulation semantics, and finally the 
global and local components of the formalization. 



A polymodal semantics for VHDL 95 

3.1 Notation 

Let P be a finite set of processes indexed by an index set Z, and let S and 
V be the sets of signals and variables in the program respectively. The car
dinalities of the sets P, S, and V are notated np, ns, and nv, respectively. 
Variables, signals, boolean expressions, and statically determined time delays 
are denoted as v, s, e, and n respectively. Variables and signals in the elabo
rated VHDL program are renamed to Vi and Si, where i is a positive index. 
Each line is assigned a label ai,i where i is the process index and j is the line 
index within the process (i, j are positive integers). 

Then, the set of atoms in the logic, A, along with their English readings 
are as follows: 

s 
v 
atai,i 
trans., 
event., 

Values of signals in program 
Values of variables in program 
Statement ai,i is ready to be executed 
Transaction occurs on signal Si 

Event occurs on signal Si 

For example, the statement s3 -+ o otrans84 is read as "if signal s3 is true in 
the current time and state, a transaction occurs on signal s4 at the next time 
and next state". 

We also define certain macros for common constructs. The step macro de
fines transitioning from step j to kin process i: 

step( i, j, k) = atai,ll atai,k 

The following macros indicate when programs or processes are waiting: 

i=np 

waiting 1\ waitingi 
i=l 

i=km; 
waitingi = V atai,i 

where i E Z and the wait statements in process i are labeled by ai,k1 , ••• , ai,km;. 
The final macro corresponds to the final state in which the argument step is 
executed (at the current timepoint), and is defined as follows: 

final(atai,j) = atai,i /\ oiJ-,atai,i 

Finally, the following formulas effectively define the event., variables, by 
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relating them to the trans.; 's. Events for signals that may change during a 
time cycle (i.e. delta delay signals) are defined by: 

DEI(aevent. +-+ (otrans. 1\ -.(s +-+ os))) 

for all signals s E S. Events for signals that may only change at the start of 
each time cycle (i.e. unit delay signals) are defined by: 

D(oevent. +-+ (otrans. 1\ -.(6Els +-+ os))) 

for all signals s E S. 

3.2 Simulation Semantics 

Informally, our semantics represents the state of a VHDL program as a set 
of program counters, one per process. On each state transition, zero or more 
program counters advance. In this paper, we do not exploit the determinis
tic nature of VHDL-87. Our reasons for assuming complete nondeterministic 
execution are as follows: 

• The presence of shared variables makes VHDL-93 execution less determin
istic. 

• The complexity of the resulting formalization (both size and number of 
formulas) is the same whether or not determinism is assumed. 

• It is clear how to modify the semantics for the deterministic case. 

However, we expect to use a more deterministic semantics for formal verifica
tion, since the proofs can be expected to be dramatically smaller. 

Initially, the simulation is at state 0 and time 0. Transfer of control in the 
VHDL program corresponds to a change in state, while advancement of time 
in the VHDL program corresponds to a change in time. Then, the simulation 
transitions through states until each process is waiting. The semantics for 
these transitions is captured by the state modality, without any changes in 
the time modality. The semantics for any unit delay assignments that occur 
during these transitions update the signals at state 0 of the appropriate time. 
We defer treatment of delta delays until later. 
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3.3 Global Formulas 

As mentioned earlier, global formulas correspond to properties that must hold 
for the VHDL program as a whole. Four types of global formulas are needed: 
initial state, control flow, signal persistence, and variable persistence. 

The initial state formula indicates that program execution commences at 
the first line of each process: 

(1) 

Note that all formulas implicitly refer to time and state 0. 
The first global formulas for control flow ensures that only one statement 

in each process can he executed on any state transition: 

DD(ata· · -t -,ata· ··) I,J I,J (2) 

for any j' "I j. Of course, statements in multiple processes may execute con
currently on the same state transition. Transfer of control from one time to 
the next occurs when all processes are waiting: 

o...,¢Eiwaiting -t oj_ (3) 

D(OD(waiting A atai,j) -t oatai,j) (4) 

for any i,j. 
Signals do not change values except when a transaction occurs. For all 

signals si E S, 

(5) 

(6) 

(7) 

Note that trans8 ,, like other variables, takes on values that range over both 
time and state; thus, the second and third parts of the formalization require 
that no transactions occur at any future state for the signal value to persist 
until the next time. The actual generation of the trans., variable values is cap
tured by the formalization of the appropriate signal assignment statements. In 
addition, for all signals si E S that aren't assigned by a delta delay statement, 



98 Part Two Semantics of Hardware-Description Languages 

the following formula restricts transactions to the beginning of each unit time 
cycle: 

(8} 

Similarly, [local] variables do not change values except when explicitly as
signed to: 

lc,. 

DO( 1\ •ata:i,J --+ (v B av)) 
j=lcl 

lc,. 

DO( V (ata:i,i A eato:i,j) --+ (v B av)) 
j==lcl 

D(<5ov B ov) 

(9} 

(10} 

(11} 

(12} 

for all variables v E V where v is local to process Pi and the set of statements 
in Pi assigning to v have labels O:i,lc1, ... , O:i,lc,.. As with signals, the case where 
the variable value changes is handled by the semantics for the appropriate 
variable assignment statement. 

3.4 Local Formulas 

Local formulas correspond to each type of statement in the VHDL subset. 
In general, the formalization of a statement consists of two parts: flow and 
function. The flow component captures the program flow implicit in the state
ment. In traditional procedural languages, flow proceeds from one statement 
to the next, except for loops and selection statements. In VHDL, the situa
tion is complicated somewhat by the presence of a time dimension for certain 
statements (e.g. WAIT). The second component of a statement formalization 
is the functional component, and captures the semantics of the variable val
ues affected by the statement. The functional component is complicated by 
the presence of statements that affect variable values at a different time (e.g. 
signal assignment). 

In this paper, the basic control constructs are presented first, and formal
izations for the variable and signal assignments (excluding delta delay) and 
the various forms of wait statements follow in order. Lastly, delta delay signal 
assignment is formalized. When faced with a tradeoff between readability and 
efficiency, we have chosen the more readable formalization. In practice, many 
formulas are combinable, of course. 
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(a) Control Constructs 
The VHDL selection statement: 

o:i,i: IF e THEN 

o:i,A:: ELSE 

is formalized as follows: 

DD((ato:i,j A •e) ~ step(i,j, k + 1)) 

DD((atai,j A e)~ step(i,j,j + 1)) 
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(13) 

(14) 

Clearly, the first formula transfers control to the ELSE part if e is not true, 
while the second formula transfers control to the THEN part if e is true. 
Of course, other select constructs may be translated to IF-THEN-ELSE, or 
directly formalized in a similar manner. 

A VHDL loop construct is as follows: 

o:i,;: WHILE e LOOP 

o:i,k: END LOOP 

is formalized as follows: 

DD((ato:i,j A •e) ~ step(i,j,k')) (15) 

DD((ato:i,j A e) ~ step(i,j,j + 1)) (16) 

where k' is the next statement to be executed after the loop. Typically, 
k' = k + 1; however, in some cases (e.g. when it is the last statement in 
a process), k' will be different though statically determinable. This primed 
notation for statement indices is adopted for all subsequent formalizations. 
Instead of including a formalization for line o:i,A:, transfer of control back to 
the loop beginning is handled by the semantics for any statements immedi
ately preceding the line dynamically, using an appropriate definition of k'. 
Other loop constructs, including NEXT and EXIT are formalized similarly. 
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(b) Variable and Signal Assignment 
The variable assignment statement: 

a;,;: v := e 

is formalized as follows: 

DD(atai,j ~ step(i,j,j')) 

Informally, the transport delay signal assignment: 

a;,;: s <= TRANSPOR:I'eAF1'ERn 

(17) 

(18) 

creates a transaction that is to occur after n time units (recall that time 
units are standardized and delays are restricted to statically determinable 
quantities). However, any transactions already scheduled for the same time 
(or later) are cancelled. In our VHDL subset, this is equivalent to considering 
only the last execution of the assignment at each timepoint. The formalization 
is: 

DD(atai,j ~ step(i,j,j')) (19) 

(20) 

(21) 

(22) 

(21) and (22) rely on the assumption that the cancellation of transactions 
already scheduled for the same time is equivalent to considering only the 
last execution of the assignment at each timepoint. This follows from the 
restriction to constant delays and the assumption that only one statement may 
assign to Bi, since additional transactions may need to be cancelled otherwise. 

The inertial delay assignment statement: 

a;,; : s <= eAFT ERn 

is somewhat more complicated. Informally, the statement is like the transport 
delay assignment; however, the transaction is cancelled if e's value does not 
persist for n time units. This semantics is captured in the following formulas: 

DD(atai,j ~ step(i,j,j')) (23) 
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n-1 

D((O(final(atai,i) A e) A-. V okO(atai,J A -.e)) t-+ on(trans. As)) (24) 
k=l 

n-1 

D((O(final(ata,,;) A -.e) A-. V okO(atai,j A e)) t-+ on(trans. A -.s)) (25) 
k=l 

(c) Wait Statements 
Since most VHDL programs do not use the full form of the wait statement, 
we formalize two useful special cases first. Informally, the VHDL statement: 

a;,; : WAIT FORn 

indicates that control stays at the statement for n time units. It is formalized 
as follows: 

n-1 

0((-.ata;,; A Oata;,;) ~ ( /\ okiJatai,j A onatai,j' )) 
k=1 

(26) 

(27) 

It is assumed that n > 0 here. Note that care is taken to ensure that the 
consequent of (27) does not apply to time cycles spent waiting at ai,j. 

A second form of wait statement is: 

a;,;: WAITON(s1, ... ,sm)UNTILe 

Here, control proceeds to the next statement if an event occurs on one of the 
Bi 's and e is true at that time. Its formalization is: 

DD(ata,,; ~ (Datai,j V step(i,j,j'))) 

m 

DD(atai,j ~ ((e A V event.~)~ step(i,j,j'))) 
k=1 

m 

DD(atai,j ~ (-.(e A V event.~) ~ Ciata,,;)) 
k=l 

{28) 

{29) 

(30) 

H there is no ON clause, the signals appearing in e are treated as such, in 
accordance with the VHDL definition. H there is no UNTIL clause, (29) and 
(30) are modified appropriately. 

In the full form of the wait statement: 
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et;,i: W AITON(s1, ... , sm)UNTILeFORn 

semantics are as in the previous case except that the statement times out 
after n time units. This is formalized by including {28) - {29), modifying {30) 
appropriately, and adding the following formula: 

n-1 

D((•ato:· ·A ODato:· ·A 1\ okoato:· ·) ~ onato:· ··) IJ ~J IJ ~J {31) 
k=l 

(d) Delta Delay Signal Assignment 
Our treatment of delta delays has been delayed for the following reasons: 

• The semantics for VHDL with delta delays is more complex, requiring 
modifications to previous formulas. 

• Delta delays are a VHDL artifact, and we believe that minor variations of 
the formalization given above are applicable to other hardware simulation 
languages. 

• It may be sufficient to formalize VHDL without delta delays in some cases 
where other VHDL synthesis tools also make the same restriction. 

Most of the previous formalizations remain unchanged, and necessary mod
ifications to the waiting macros and other event-related formalizations arc 
discussed in Shankar et al. ( 1997). 

The formalization of the statement: 

Cti,j : s <= e 

is as follows: 

DD{ato:i,j ~ step(i,j,j')) {32) 

D•trans8 {33) 

DD{(ato:i,j A o(•ato:i,jtlwaiting)) B (otrans.@waiting)) {34) 

DD{(ato:i,j A o(•ato:i,jtlwaiting) A e)~ (os@waiting)) {35) 

{36) 

Briefly, these formulas indicate the flow of control, when transactions can't 
occur, and the value of s when events occur. 
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4 CONCLUSIONS 

This paper has shown that a reasonable subset of VHDL that includes all 
three notions of flow can be formalized in a fairly simply modal logic. The 
formalized subset essentially includes all of VHDL, including all forms of vari
able and signal assignment, control constructs, and wait statements. The work 
described here shares some similarities to the approaches to the temporal logic 
for programming language semantics work in Kroger (1987) and Manna et al. 
(1992). The only other approaches that we are aware of and which model all 
three control flows without modeling the whole simulation kernel are Belhadj 
et al. (1993) and Goosens (1995). 

We believe that polymodal logics are perfectly suited for capturing seman
tics of VHDL, and hardware simulation languages in general. The similarity of 
our logic to temporal logic makes it a convenient language for expressing spec
ification criteria, while allowing for a simple and intuitive formal semantics 
for VHDL. Due to the simplicity of the logic and the exclusion of the VHDL 
simulation engine from the formalization, it is also a promising approach for 
formal verification. Finally, as shown in this paper, a fairly large subset of 
VHDL is formalizable in the logic in a regular automatable manner. 

The major limitation in our approach is the lack of non-Boolean datatypes. 
It is relatively straightforward to modify the semantics to support such datatypes 
(see the techniques in Kroger (1987)); however this would require a base first 
order logic, thus complicating its use in verification. Of course, the need for 
such datatypes is determined by the types of circuits being modeled and the 
level of the model. 

We are currently pursuing further research in exploring the theoretical prop
erties of the logic, justifying the semantics, and refining and integrating our 
formalization approach into a formal verification system. 
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