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Abstract

This study details the theoretical underpinnings and empirical findings of a model checker for channel-network-modeled
component connections in the Reo calculus. To reason about the data flow and coordination rules in a network, the
specification formalisms use a branching time logic. The Model checking for CTL-like logics is based on versions of
traditional automata-based methodologies. In this implementation, binary decision diagrams are used to symbolically
depict the network and the available I/O-operations. The effectiveness of our model checker has been shown by applying it
to a few cases
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Introduction in [2]. The timed data stream semantics of [5] is

demonstrated to be compatible with the
Over the last 15 years, several coordination operational semantics of a Reo network
Ian.guages and models have .emerged, each of provided in [6] using a version of labelled
which offers a formal description of the glue transition systems called constraint automata.
code used to connect components and which While Reo is a beautiful formalism for
may be used as a springboard for formal synthesizing component connections using
verification. For the exogenous coordination simple composition operators, it may be
language Reo [2], we fOCUS_ on the Igtter challenging to make sense of Reo networks that
component here. Through a chain of operations have numerous nodes and channels. Therefore,
that generate channel instances and connect a vital part of using the Reo framework for
them. in (network) nodes, Reo's glue code is complicated situations is having tool support for
acquired as a network of channels. assessing the  coordination  mechanism

described by a Reo network. The (bi)simulation
and language equivalence testing algorithms in
[6] and the temporal logic specification
algorithms in [3,10] are examples of verification
algorithms for Reo networks based on their
constraint automata semantics.

Reo network semantics have been supplied in a
variety of coherent forms. Accept and offer
predicates codify whether and which data items
may be written or read at a node, respectively,
across a variety of network setups, as described
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Reo Constraint and automata

Here, we provide a high-level overview of Reo, a
coordination language with a semantics based
on operational constraint automata.References
[2,6] provide further information. In Reo, an
exogenous coordination language, complicated
component connections are formed in a
compositional way by organizing in a network of
channels. When it comes to coordinating and
interacting with other nodes in a network, the
glue code is provided by Reo networks. Reo
uses a loose concept of channels and allows for
any form of peer-to-peer interaction. The
channels in a Reo network need to have a user-
defined semantics and two channel endpoints
that are either sink or source ends. Data is
written into the channel at the source end and
read out at the sink end.

synchrofioas FIF0I synchroagus
chaanel channel draim

Three basic kinds of channels that will be used
as examples are graphically shown in the image
above. There is a source and a drain in
synchronous and FIFO channels, respectively.
Writing and reading must be done at the same
time through synchronous channels.done at the
same time. The FIFO channel seen in the center
has a single buffer cell and is hence referred to
as a FIFO1 channel. As long as there is no data
in the buffer, writing from the source end is
permitted. When you write d, it is saved in the
buffer. If the buffer is full, data may be read from
the sink end, and the item will be removed from
the buffer. The synchronous drain provides a
powerful route for the development of
sophisticated Reo coordination principles. It has
two inputs but no outputs. Both ends of a data
item are being erased at once, making
simultaneous writing impossible.

Sets of channel terminations are represented by
the nodes in a Reo network. There are three
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types of nodes that result from Reo's join
operator: source nodes, sink nodes, and mixed
nodes. Each type is determined by whether or
not all of the channel ends that coincide on a
node A are source ends, sink ends, or a
combination of both. Connecting components to
a network via input and output ports, or source
and sink nodes. The admixed vertices Logic that
Forks in Real Time Here, we provide a temporal
logic based on branching time, which may be
used to reason about the control and data flow
in a constraint automaton. This reasoning,
known as Branching Time, CTL [11,12], PDL
[15], and TDSL [3,9,4] are all components of
Stream Logic (BTSL). Similar to CTL, formulae
may employ the route quantifiers and to refer to
the configurations of a component connector
(states of a constraint automaton) using atomic
propositions ap AP. Until, a standard operator
for expressing path attributes, or the PDL/TSDL-
like modality __, where is a regular expression
providing sequences of 1/O-operations at the
nodes, are the two most common ways to define
a path. BTSL, you'll need a tuple (AP,N) where
AP is a collection of atomic propositions and N is
a set of nodes. BTSL syntax is divided into three
tiers, marked by the capital Greek letters and for
state formulas, the tiny greek letter for run
formulas, and the letter for normal 1/O-stream
expressions. Model Validation in Symbolic BTSL
4 As input, the BTSL model validation issue
requires a Reo network, which may also
includes a BTSL formula that has to be verified,
and constraint automata that describe the
interfaces of the components that make up the
links between the network's source and sink
nodes. Connected system components'
automata to the network's sink or source nodes,
the environment in which the network functions
is described. Since certain transition instances
(concurrent  I/O-operations) may become
impossible owing to the behavioral interfaces of
the components, they may limit the non
determinism in the automata for the network.
When node A, which is both a sink and a
source, is connected to a port on a component,
A is said to be a mixed node. As a result, the
component's automata might also reduce the
number of possible terminal states. When these
automata are ignored, the analysis will take into
consideration all possible interactions between
the sink and source nodes even if nothing is



(wm INTERNATIONAL JOURNAL OF APPLIED
) SCIENCE ENGINEERING AND MANAGEMENT

known about the prospective behaviors of the
components that will be managed by the
network.

Reo

\ S —— ~

' BOD represeniation | | BTSLmodel

BTSL Formufa

network, maybe within of the ecosystem
provided by the automata for the components.
The second stage is to prove or disprove that a
certain BTSL formula is true for all beginning
states of the created constraint automata. Yes,
without a doubt forms of formulas The model
checker may either provide a witness (such as a
run with [=) or a counterexample (such as a run
with _[=) for the formula being tested. We
provide a symbolic BTSL model checker in the
next section. After briefly outlining the
fundamentals of the BTSL model checking
technique, we move on to describe the symbolic
implementation of this method. Five Instances,
With Outcomes A handful of instances were run
via the BTSL model checker. Here, we will
report on There are two examples of this. All
testing was performed on a Pentium IV with
1.8GHz of processing power and 1.5GB of RAM
running Mandriva Linux with kernel 2.6.12. The
program was developed in C++ and GCC4.0.3
was used to build it; the JINC [18] library was
used to create the binary decision diagrams. 5.1
(Philosophers at Dinner) as an Example The first
provides a Reo model of the classic
philosophers' dinner (see Fig. 5 in [1]).

take lefl; take_right,
e, f e

PHILOSOPHER P

R § e
relum_jefl; return _n::r::,—.l.—

Fig. 5. Dining philesophers soenario
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...to the philosopher's right. An FIFO1 channel
and synchronous drain represent the chopsticks
in this analogy. Figure 6 depicts the philosopher
and chopstick interface constraint automata.
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i3 take Jefl; ! ~take nght N,
=T 5 bz,
55 | —retum Jeft; £ ~return_nght = "““LL};.- =
7o — 4 B ’ 2
¢ <!
) o RN - ! <
- =e 229X _z o
3 o g\ 4§
de ~lake_jelt, / take ngat.! T/ \ 2
gE =Y i, inwsg |
R —return_teft; A ~return_nght ~
9 J .
-
TSN
eating;
N
Fig. 6. CA for phifosopher and chopstick

In Table 1, we see how effectively the symbolic
join-operation can be used to build the
BDDrepresentation of the constraint automaton
A for the whole system. The "size" column
provides a count of philosophers. The In the
table below, "time" represents the amount of
time required during synthesis, whereas
"reachable time" indicates the amount of time
required to calculate the reachable fragment of
A. The other two columns detail the largest BDD
created throughout the symbolic computation
and the size of the BDD generated for A.Since
there is a run in which all philosophers accept
the left chopstick and then wait indefinitely for
the missing right chopstick, the second formula
cannot hold. Using a backward iteration of 798
times, we have discovered this impasse.
analysis. The stalemate may be identified in only
403 steps and 13.92 seconds using forward
analysis to compute the reachable section first.
Mutual exclusion: Example 5.2 The component
connection seen in Fig. 7t is used as an
example two.
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Sze Time BDDNodes Peak | Reach Time
200 | 098 33146 R55213 0.24s
400 | 218 (6546 RYp 574 0.45s

800 | 4.97s 133346 | 1146523 | 0865

1600 | 126% | 266046 |22M323 | 18Is

3200 | 3512 | 5MI46 | 4590523 | 3.96s

6400 | 11220s | 1068546 | 9182523 |  B.53s

.......

Table 1
Svathesis results for the dining philosophers

hat provides a critical action bottleneck of no
more than k processes per time instance for a
set of n parallel processes (P1,..., Pn)
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In this case, we assume that each component's
Pi has a behavioral interface represented by the
constraint automaton shown in Fig. 7. The
generated BDD-representation findings are
summarized in Table 3. where n is the total
number of processes and k is the maximum

RN
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permissible critical section occupancy. There are
more than 5 10119 possible configurations in
this CA if you have 200 processes and k = 60.

The Final Six

The study aimed to provide light on the
reasoning behind and operation of our Reo
network model checker. Two examples have
been provided to demonstrate the speed with
which our model verification method can
process extremely large networks with up to
101200 configurations. We feel that our model
checker offers a significant contribution for
formal reasoning regarding exoge neous
coordination models, especially in light of the
vast variety of applications of the Reo framework
(see, for example, [13,20,9)). Our
implementation will be expanded to reason
about real-time constraints using the logic TDSL
[3] or a branching time version thereof, and
about dynamic reconfigurations using the logic
considered in [10] or other formal frameworks for
Reo's dynamic operations, in addition to further
efficiency optimizations and case studies.
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