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Abstract .  The NCSU Concurrency Workbench is a tool for verifying 
finite-state systems. A key feature is its flexibility; its modular design 
e a s e s  t h e  task of adding new analyses and changing the language u s e r s  

employ for describing systems. This note gives art overview of the sys- 
tem's features, including its capacity for generating diagnostic informa- 
tion for incorrect systems, and discusses some of its applications. 

1 I n t r o d u c t i o n  

The NCSU Concurrency Workbench (NCSU-CWB) [1] supports the automatic 
verification of finite-state concurrent systems. The main goal of the system is 
to provide users with a tool that is flexible and easy to use and yet whose per- 
formance is competitive with that of existing special-purpose tools. In support 
of the former, and like its predecessor, the (Edinburgh) Concurrency Work- 
bench [9, 15], the NCSU-CWB includes implementations of decision procedures 
for calculating a number of different behavioral equivalences and preorders be- 
tween systems and for determining whether systems satisfy formulas written in 
an expressive temporal logic, the modal mu-calculus. In contrast with the Edin- 
burgh CWB, and with other tools, however, the NCSU-CWB also supports the 
following. 

- Diagnos t ic  informat ion.  The NCSU-CWB provides appropriate diagnos- 
tic information for explaining why two systems fail to be related by a given 
semantic equivalence or preorder. 

- Language  flexibility. The design of the system exploits the language- 
independence of its analysis routines by localizing language-specific proce- 
dures (syntactic analyzers, semantic functions) in one module. This enables 
users to change the system description language of the CWB using the Pro- 
cess Algebra Compiler tool [8]. 

In order to enable the tool to handle large "real-world" systems we have also 
paid great attention to issues of time- and space-efficiency. 

The remainder of this note provides an overview of the features of the NCSU- 
CWB and reviews some case studies to which the tool has been applied. 
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2 System Overview 

User Inter/ace. The NCSU-CWB supports two user interfaces: one text-based, 
and hence capable of running on a variety of different platforms, and the other 
graphical, and hence easier to use. Each consists of a "command loop"; users en- 
ter commands either textually or by pushing buttons, and the system calculates 
and displays the result. To analyze a system, a user first creates a file containing 
the definition of the system in the language supported by the version of the 
NCSU-CWB at hand, invokes the tool, loads the file into the NCSU-CWB, and 
executes appropriate commands. 

Commands. In addition to providing a system simulation facility, the NCSU- 
CWB can compute a number of behavioral equivalences and preorders and cal- 
culate whether or not systems satisfy mu-calculus formulas. The textual inter- 
face of the NCSU-CWB uses a shell-like syntax for commands corresponding to 
these procedures. For example, the command to check whether systems Spec 
and ABP are must equivalent is the following: eq -Smust Spec ABP. Here the 
qualifier for the -S flag indicates which semantic equivalence should be checked; 
other possible qualifiers include sire (simulation equivalence), obseq (observa- 
tional equivalence), t r a ce  (trace equivalence), and several others. The general 
command for preorder checking, le,  uses the same scheme for specifying which 
ordering to check. In any case, appropriate diagnostic information is returned 
to the user when the given systems are found to be unrelated. For example, 
two systems are must equivalent iff they must pass exactly the same tests (in 
a precisely defined sense). Thus if Spec and ABP are not must equivalent, there 
must be a test that distinguishes them; when this is the case the NCSU-CWB 
computes such a test and displays it to the user. 

The NCSU-CWB includes two model checkers, each of which allow users to 
specify formulas in a particular Subset of the modal mu-calculus; one accepts 
formulas in the alternation free fragment [10] while the other accepts formulas 
in the L2 fragment [2]. 

The system also supports commands for minimizing systems with respect to 
certain equivalences; this proves to be very useful in fighting state explosion. 

Implementation. The NCSU-CWB is implemented in SML of New Jersey and 
consists of approximately 18,000 lines of code. 

3 System Design 

As stated in the introduction, one of the main features of the NCSU-CWB is 
its flexibility; in particular, users should be able to 1) add new equivalences and 
preorders, and 2) alter the language used for defining systems. In support of 
the first goal, the design of the NCSU-CWB uses generic preorder/equivalencr 
checking algorithms in conjunction with system and formula transformations 
in order to compute equivalences and preorders. To illustrate the approach, we 
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explain how the tool calculates its response to the command eq - S m u s t  S p e c  

ABP mentioned in the previous section. 

1. Spee and ABP are "compiled" into automata. 
2. These automata are transformed into a type of deterministic automata [6]. 
3. The transformed automata are fed into a generic equivalence checker, which 

calculates whether or not the two automata are bisimulation equivalent [14, 
16]. If they are not equivalent, the checker produces a formula in a special 
logic that distinguishes the two automata [5]. 

4. If a formula is produced, a formula transformer converts it into a test, which 
is then returned to the user [4]. 

This general scheme is robust: numerous equivalences may be computed, and 
relevant diagnostic information generated, using appropriate transformations in 
tandem with bisimulation equivalence. Consequently, to add an equivalence re- 
lation to the NCSU-CWB, one need only define an appropriate process trans- 
formation and, if diagnostic information is desired~ a formula transformation. A 
similar scheme is used for preorders. 

In support of the second goal, all language-specific information has been lo- 
calized within one module inside the NCSU-CWBo This module may be thought 
of as encapsulating the parse trees resulting from processing a user-supplied 
system description; it exports parsing and unparsing functions, and semantic 
routines (such as those for calculating single-step transitions), for these trees to 
the rest of the tool. To change the system description language, then, one need 
only alter routines in this module. The Process Algebra Compiler [8] greatly 
eases this task by providing users with a high-level notation in which to define 
the syntax and (operational) semantics of their languages. Using this tool, front 
ends for CCS, CSP [12], Basic Lotos [8], a version of CCS with priorities [7], and 
other languages have been generated for the NCSU-CWB. 

4 A p p l i c a t i o n s  a n d  F u t u r e  W o r k  

To date the NCSU-CWB has been applied to the analysis of several different 
systems, including the following. 

- The connection phase of the UNI (Version 3.0) protocol used in ATM net,- 
works was formalized in CCS in [3] and verified. The largest finite-state ma- 
chine handled in the course of the analysis contained about 60,000 reachable 
states. 

- The timing behavior of an active-structure control system was analyzed 
in [11]. The system was formalized in a real-time variant of CCS and con- 
tained in excess of 1019 states. By minimizing the system in a component- 
wise manner, however, the analysis was carried to completion. 

- The functional behavior of different variations of a railway signaling sys- 
tem was analyzed in [7]. The language used to define the system borrowed 
constructs from several different process algebras, while the system's require- 
ments were specified using mu-ealculus formulas. 
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As future work, we plan to investigate techniques for computing and display- 
ing diagnostic information when systems fail to satisfy temporal  formulas. We 
have also partially implemented on-the-fly versions of the preorder/equivalence- 
checking routines with a view to comparing the performance of global and on- 
the-fly algorithms. 
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