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1. Introduction
The Averest framework1 provides a set of tools for the specification, verification, and implementation of reactive systems. Currently, it consists of a compiler for our Esterellike synchronous programming language Quartz, a symbolic model checker for finite and infinite state transition
systems, and a code generator for hardware/software synthesis.

Figure 1. Averest Design Flow
Figure 1 shows the Averest design flow: A given Quartz
program is first translated to a symbolically represented
transition system in Averest’s Interchange Format AIF that
is based on XML. Temporal logic specifications are thereby
translated to alternating ω-automata and/or µ-calculus formulas. Depending on the used data types (integers with limited or unlimited bitwidth), the resulting transition systems
have finitely or infinitely many states. The AIF description
can then be used for verification and for code generation. In
the following, we briefly describe the main tools of Averest,
namely Ruby, Beryl, and Topaz.

2. Ruby: Compiling Synchronous Programs
A common paradigm of synchronous languages [1, 5] is
the distinction between micro and macro steps of a program. From a programmer’s view, micro steps do not take
1 http://www.averest.org

time, while all macro steps take the same amount of logical
time. This programming model together with synchronous
concurrency allows the compilation of multi-threaded synchronous programs to deterministic single-threaded code.
A distinct feature of synchronous languages is their formal
semantics that is usually given by means of SOS transition rules. Moreover, synchronous programs can be directly
translated to hardware circuits. On the other hand, the synchronous programming model challenges the compilers: Intrinsic problems like causality and schizophrenia problems
must be solved.
Our compiler Ruby is able to translate Quartz programs
to symbolic descriptions of transition systems. The correctness of these translations have been formally proved by
means of an interactive theorem prover [7, 8, 9, 11]. In
addition to most Esterel statements, Quartz offers the following features: generic programs (compile time parameters), different forms of concurrency (synchronous, asynchronous, interleaved), explicit nondeterministic choice,
fixed bitwidth integers with a complete set of arithmetic operations, arrays, infinitely large integers (with a restriction
to Presburger arithmetic, see Section 3), and temporal logic
specifications (LTL, CTL, and subsets of CTL∗ ). The specifications are translated to alternating ω-automata and/or µcalculus formulas, where the classification into safety, liveness, and fairness [10] is taken into account.

3. Beryl: Symbolic Model Checking
Beryl is a symbolic model checker for the verification of
finite and infinite state systems. It contains algorithms for
global, local, and bounded model checking of µ-calculus
formulas [3, 10, 16, 17]. The ability to deal with infinite
state systems makes Beryl particularly attractive for the verification at high abstraction levels, where implementation
specific details such as the bitwidth can be neglected. Additionally, Beryl can also be used to determine the worst case
execution time of Quartz programs and other transition systems at an architecture-independent level [14, 15].

For finite state systems, it is beneficial to choose between
different model checking algorithms, since their runtimes
may vary significantly. For example, safety properties can
often be proved most efficiently using local model checking
that incorporates induction-like reasoning. For infinite state
systems, however, the choice of the best algorithm is not
primarily a matter of efficiency, but rather a matter of termination [17]. For this reason, Beryl is not restricted to a particular approach, but offers different algorithms to achieve
termination for a large class of specifications.
As usual in symbolic model checking, finite sets are represented by means of propositional logic. Currently, Beryl
supports the BDD packages CUDD [4] and BuDDy [2] as
well as the SAT solver zChaff [6]. For the representation of
infinite sets, we employ Presburger arithmetic, a decidable
predicate logic over the integers. Presburger arithmetic formulas are internally represented by means of finite automata
(there are decision procedures based on deterministic and
alternating finite automata).

4. Topaz: Generating Code for Synthesis
Topaz is a tool for translating transition systems generated by Ruby to hardware description languages (Verilog,
VHDL) for hardware synthesis or to conventional programming languages such as C for software synthesis. For Verilog and VHDL, finite state machines are generated that can
be used as input for other tools like FPGA compilers to
build hardware. The C code generation can be used for simulation or for a direct implementation on a microcontroller.
For that purpose, interface functions are provided to set the
inputs and to get the outputs of a program. For finite state
systems, there is also the possibility to generate code for
other model checkers such as SMV.

5. Future Work
We are currently developing better algorithms for causality
analysis in Ruby to eliminate constructive cyclic dependencies [11, 12, 13]. Moreover, the estimation of reachable
states, as already available, will be improved and will be
used by Topaz for code generation. Furthermore, we plan
to support Accellera’s property specification language PSL.
Although Beryl already contains different model checking
algorithms and heuristics to achieve termination for infinite
state systems, we are working on additional techniques that
make use of invariants and well-founded orderings. Topaz
will be improved to generate event based code that proved
to be much faster for certain applications than the currently
generated cycle-based code. Additionally, we are working on tools for automatic program synthesis that use algorithms developed in supervisory control theory.
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