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Abstract- Verification is inevitable in order to make hardware designs reliable and bug free. The conventional method for 
hardware design verification involves simulation and testing. However, exhaustive testing and simulation over the entire 
behavior space of the design is infeasible even for designs of moderate size and complexity. Formal verification provides a 
feasible alternative for verification of hardware designs. Given a hardware design and functional property, a formal 
verification tool either proves that the design satisfies the property or generates an execution of the design violating the 
property. Application of such tools is highly recommended in hardware designs used in safety critical applications such as 
nuclear reactors.  
VHDL Bounded Model Checker (VBMC) is a formal verification tool for VHDL designs developed in-house at BARC. 
VBMC accepts a VHDL design, a functional property, and verification bound (number of cycles of operation) as inputs. It 
either reports that the design satisfies the functional property for the given verification bound or generates a counterexample 
providing the reason of violation. In case of satisfaction, the proof holds good for the verification bound. This paper presents 
the overview of the tool VBMC with focus on its recent developments. 
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I. RELEVANT STUDIES AND INTRODUCTION 
 
The hardware components of the current century 
usually include field programmable devices popularly 
known as FPGA. Implementation of these devices are 
carried out using hardware description languages like 
VHDL [1, 2], Verilog etc. To make the FPGA design 
bug free it is very crucial to attain a correct HDL 
design. Hence, functional verification of HDL design 
becomes necessary prior to its implementation. 
Traditionally, functional verification of HDL designs 
are carried out through simulation and testing. But, it 
is impractical to carry out simulation for all possible 
combinations of real-world scenarios for problems 
even with medium complexity. Formal verification 
[11] provides a complementary approach to 
simulation and testing.The formal verification can be 
approached from two opposing extremes. One way is 
state-based approach like model checking [16] to 
formal verification, in which we examine all possible 
states, the system can ever be in, and subject each 
state (or sequences of states) to all possible 
combinations and check that only the desired 
properties hold, i.e. the system can never be in an 
undesirable state. The other approach, proof-based 
approach, like theorem proving [16], focused on 
using properties of the design to derive a proof, using 
formalized mathematics, that the system exhibits all 
and only the required properties. The model checking 
is typically fast and fully automatic. Unfortunately, 
the number of possible states of real-world complex 
systems is very large. This restricts the scope of 
model-checking techniques. Theorem proving can be 
used in such cases, but those approaches require 
human insight and creativity to complete proofs. 

Generally, model checking is better for control 
oriented systems and theorem proving better for data 
oriented systems. 
The main objective of this project is to develop a tool 
which is used for verification of systems that have 
combination of control as well as data intensive 
components. Symbolic simulation[4] is very effective 
for verification of these types of problems. Among 
the different variation of symbolic simulator based 
formal verification techniques, verification by 
combining symbolic simulation, constraint solving 
and counterexample guided abstraction refinement 
techniques is said to be most effective [4]. There are 
ample numbers of academic as well as commercial 
tools based on symbolic simulation (e.g. Voss and 
Forte [19]). These tool works at the bit-level which 
possess serious scaling issues when HDL designs 
dealing with wide data paths [3].A few commercial 
packages incorporates symbolic simulator along with 
constraint solver at the word level such as NuSym 
[17], BluePearl [18] etc. BluePearlbasically deal with 
problems related to identifying timing, 
synchronizationetc. and not made for functional 
property verification. NuSym uses symbolic 
simulation for automation of coverage extraction, test 
generation and coverage conversion. However, none 
of the above mentioned tools uses Counter Example-
Guided Abstraction Refinement (CEGAR) with 
symbolic simulation and constraint solving 
automatically.  
 
II. ARCHITECTURE OF VBMC 
 
The VHDL Bounded Model Checker (VBMC) [3] 
developed in-house at Bhabha Atomic Research 
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Center (BARC, Mumbai) combines CEGAR, 
symbolic simulation and constraint solving addresses 
these problems elegantly. This tool can check 
whether a VHDL input program satisfies a given set 
of properties for given verification bound (i.e. 
number of clock cycle). A set of counter examples is 
generated for which cases the input VHDL program 
is failed to satisfy the properties [Fig.-1]. The tool 
was developed in stages. The recent developments 
will be discussed in next section. 
 
III. VERIFICATION STEPS 
 
In this VBMC tool the Symbolic Simulator takes 
input in VHDL format. There are a large number of 
constructs in VHDL, but actually there is no necessity 
of supporting all of them. There exists some 
constructs which can be simulated but can’t be 
synthesized. There are some constructs which are 

rarely used and can be replaced by some other similar 
constructs without changing the meaning. In 
summary, there is necessity of a tool which keeps the 
necessary constructs of input VHDL program by 
removing the unwanted constructs. To solve this 
prospect a preprocessor is developed [Fig.-2]. It takes 
VHDL as input and confines the constructs which are 
not used in our VHDL subset or substitute it with 
some equivalent construct which is accepted by 
VBMC. The restriction of constructs in the 
Preprocessor will reduce the complexity of the 
Symbolic Simulator making it a lot simpler as the 
output of preprocessor will be fed to it.The properties 
are written in English and then translated into PSL 
[8]. Property translator converts the property in PSL 
into the language accepted by constraint solvers 
called the SMTLIB/YICES format, which are then 
submitted for verification [Fig.-2]. 

 

 
 
IV. DEVELOPMENT OF PROPERTY 
TRANSLATOR 
 
PSL is a language for the formal specification of 
hardware. It is used to describe properties that are 
required to hold in the design under 
verification[13].The VBMC tool designed supports a 
subset of PSL and the translation from PSL format to 
the SMTLIB/YICES based internal representationof 
VBMC.VBMC supports PSL properties of the 
following format[13]. 
 
In VHDL 
property < name> is [occurrence operator] 
[enabling condition(s)] [implication 
operator(s)](fulfilling condition)[discharging 
condition][@(clock expression)] 
Where: 
1.‘property’ is a keyword 

2.‘name’ is the name of the property 
3. ‘occurrence’ operator is one of always, never, and 
eventually! 
4. ‘enabling condition’ is any Boolean expression 
5. ‘implication operator’ is one of → or ↔ 
6. ‘fulfilling condition’ is any Boolean expression. 
7. ‘clock expression’ is the condition used to sample 
the assertions. For example, if it is the 
positive triggering edge, it should be specified as 
clk'event and clk='1'. 
 
Steps in Property translator 
This section describes about the basic steps followed 
in the process of Property Translation. The steps are 
described with the help of an example.We will take as 
input PSL Property:  always((w=0b0)||(w=0b1))[2] 
and try to convert it. 
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V. DEVELOPMENT OF PREPROCESSOR 
 
The list of construct of VHDL is given in IEEE 
standard 1076-2002[2].As we can see that there are 
large number of constructs in VHDL[15], the 
common usage are the ones which are important. In 
real-life examples not all of them are used. Therefore, 
we support those constructs which are necessary. 
Firstly, we have separated the constructs depending 
on whether they are synthesizable or non-
synthesizable from the IEEE standard 1076.6-
2004[1].   The grammar of VHDL is trimmed down 
and a subset of it is supported by VBMC.The 
preprocessor is developed to restrict the use of some 
unallowed constructs or replace these constructs with 
some other equivalent constructs such that the design 
remains the same. 
The preprocessor phase has the input source file in 
the form of hardware description language (e.g. 
VHDL/Verilog).The task of preprocessor is 
decomposed into two parts that read the source 
program and discover its structure. Lex and Yacc can 
generate program fragments that can solve the task. 
implementation of the preprocessor is done in the 
following steps shown in Fig.-6. 
 

 
 
Recent developments: 
In recent study, multiple VHDL file can be supported 
without user manual intervention. Integer range in 
signals is converted in binary form and finally 
expressed as standard logic vector automatically. 
Empty cases have been commented automatically if 
found. Variables have been included along with the 
signals in the acceptance list of VHDL subset 
language. Now, the preprocessor is capable of 
handling necessary synthesizable constructs. 
 
VI. SIMULATION RESULTS 
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CONCLUSION 
 
A bounded word-level verification tool VBMC has 
been developed for hardware description language 
VHDL with a provision for updating the same for 
Verilog in future. An overview and recent 
developments of the tool have been presented in this 
paper in a concise manner.  Preprocessor is now 
capable of handling the synthesizable VHDL 
constructs. The property translator accepts all of the 
operators present in VHDL design. Thus VBMC tool 
represents a complete formal verification tool 
applicable for any VHDL design. 
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