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1 Extended abstract

Reo [1, 8] is an exogenous coordination model for software components. It is based
on channel-like connectors that mediate the flow of data and signals among compo-
nents. Notably, a small set of point-to-point primitive connectors is sufficient to express
a large variety of interesting constraints over the behaviour of connected components,
including various forms of mutual exclusion, synchronisation, alternation, and context-
dependency. In fact, components and primitive connectors can be composed in a circuit
fashion via suitable attach points, called Reo nodes. Typical primitive connectors are the
synchronous / asynchronous / lossy channel and the asynchronous one-place buffer. The
informal Reo’s semantics has been matched by several proposals of formalisation, ex-
ploiting co-algebraic techniques [2], constraint-automata [3], and colouring tables [6].

Figure 1 shows a small but non-trivial example of Reo circuitfor modelling anex-
clusive router, together with the explanation of how the different kinds ofconnectors
are drawn as arrows. If some datumn is written onA then it flows toB on the syn-
chronous channelsA. NodeB must push (copies of)n on the three outgoing channels
lsC, lsD andsd. The datum can get lost onlsC or on lsD, because they are lossy, but not
on both. In fact the synchronous drainsdcan getn from B only if E can provide another
datum. This is possible only ifE receives the datum fromC (via sC) or fromD (via sD),
andE is not allowed to take the datum from both synchronous channels. Therefore it
must be the case that exactly one node betweenC andD receivesn, which is then for-
warded either toF or to G. The example suggests that the propagation of constraints
can introduce some context-awareness in certain parts of the circuit (see [6]).

We aim to show that the Tile Model [9] offers a flexible and adequate semantic
setting for Reo. The name ‘tile’ is due to the graphical representation of such rules (see
Fig. 2). The tileα states that theinitial configuration scan be triggered by the event
a to reach thefinal configuration t, producing theeffect b. Tiles can be composed in
three different ways to generate larger steps: (i) horizontally (synchronisation), when
the effect of one tile matches the trigger for another tile; (ii) vertically (composition
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Fig. 1.Exclusive router (fromA to eitherF or G) as a Reo circuit
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Fig. 2.Examples of tiles and their composition.

in time), when the final configuration of one tile matches the initial configuration of
another tile; and (iii) in parallel (concurrency).

Tiles resemble Gordon Plotkin’s SOS inference rules [14], but they can be com-
posed horizontally, vertically and in parallel to build larger proof steps. They take inspi-
ration from Andrea Corradini and Ugo Montanari’s Structured Transition Systems [7]
and generalise Kim Larsen and Liu Xinxin’s context systems [12], by allowing for more
general rule formats. The tile model also extends José Meseguer’s rewriting logic [13]
(in the non-conditional case) by taking into account rewrite with side effects and rewrite
synchronisation. As rewriting logic, the tile model admitsa purely logical formulation,
where tiles are seen as sequents subject to certain inference rules.

The definition of a tile semantics for Reo has specific features:

– Concurrency aspects can be taken into account. In fact, tiles have been designed
around concurrent systems, hence it is common to consider a monoidal structure of
states that gives raise to a monoidal double-category of concurrent computations.

– Tile bisimilarity and tile trace equivalence offer standard abstract equivalences.
– Meta-theoretical results can be exploited to guarantee that tile bisimilarity is a con-

gruence, thus reconciling the algebraic and co-algebraic views of connectors.

The case of stateless connectors has been already considered in [4], in which case
a normal form axiomatisation is available for tile bisimilarity, that coincides with tile
trace equivalence and with the 2-colouring semantics of [6]. Roughly, Reo nodes and
connectors are represented as hyper-edges (with typed incoming and outgoing tentacles)
that can be composed sequentially (horizontally) and in parallel by connecting their



Fig. 3. Tile model for the exclusive router circuit

Fig. 4. Basic tiles for asynchronous FIFO1 buffer

tentacles. The semantics of each connectorc is defined by suitable basic tiles whose
initial configuration is the hyper-edgec and whose triggers and effects define how the
data can flow throughc. Figure 3 shows the configuration diagram that corresponds
to the exclusive router, together the explanation of how thedifferent kinds of hyper-
edges correspond to Reo elements and with an example of derived tile composition. To
improve readability we use different shapes and colors for nodes, channels and vertical
observations. A duplicator is a special kind of hyper-edge that allows to attach multiple
connectors to the same node. White triangles are used to typeincoming attach points
and black triangles to type outgoing attach points: they areoriented according to the
flow of data. The derived tile composition in Fig. 3 is obtained by horizontal and parallel
pasting of basic tiles. The overall trigger is void, becausethe configuration has no attach
point on the left. The overall effect models the routing of a datumn from the incoming
interface ofA to the outgoing interface ofF, with G idle.

During the talk we will show that the semantics given in [4] can be extended to
take into account stateful connectors, like one-place buffers (see Fig. 4) and, more im-
portantly, it can deal with the finer 3-colouring semantics of [6], where the causes of
inhibited interactions can be tracked. In the presence of stateful connectors, one ad-
vantage of tiles w.r.t. colouring tables is that the state ofthe connector after each step is
made explicit in the final configurations of basic tiles (while it is not shown in colouring
tables).



Finally, we observe that the Tile Model can offer a uniform setting for representing
not only the ordinary execution of Reo systems but also dynamic reconfiguration strate-
gies in the style of [5, 11, 10], thus reconciling relevant aspects that were dealt with
separately in previous proposals.
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