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Department of Computer Science, Bishop s University
2600 College St, Sherbrooke, Quebec JIM 177, Canada
fbruda;petter;scott;robg@cs.ubishops.ca

Abstract: We present an implementation of a programming language that allows programming of real-time
applications distributed over a network. We have several goals in mind: First, the language should be built on a
sound semantics and offer support for model-based conformance testing. At the same time the language should
place the normal programmer (who tends to shy away from exceedingly formal constructs) in a comfortable
environment. Thirdly, programs written in this language should run on commodity systems, without relying
on real-time support from the kernel. Finally, the language separates the code from timing restrictions, thus

allowing for code re-use.
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1 Introduction

Both the functional and the temporal behaviour are
essential in real-time systems; correctness depends
not only on the result of computations, but also on
the time at which the results are produced. Build-
ing such systems has become increasingly dif cult
due to their use in larger and more complex appli-
cations. This increased complexity coupled with so-
phisticated demands in terms of safety and perfor-
mance have generated increased interest in method-
ologies and tools that make the analysis and mod-
elling of real-time systems possible in terms of exe-
cutable models.

Classical real-time programming languages al-
low the speci cation of time constraints along with
the code being executed; the code then is restricted
to run within the associated timing constraints. Ex-
amples include MPL [11] and RTC++ [9]. Tim-
ing restriction re-usability (which is absent from the
mentioned languages) is introduced in an object ori-
ented environment by HRTC++ [13], and can be fur-
ther enhanced by introducing new constructs such as
temporal abstract classes [12].

Languages like the ones mentioned above aim
at easing the development and maintenance process

This research was supported by the Natural Sciences
and Engineering Research Council of Canada, by the Fond
quebecois de recherche sur la nature et les technologies, and
in part by Bishop s University.

of systems by encapsulating timing information into
the objects; although certainly possible within the
underlying (non-real-time) language, the develop-
ment of distributed systems is not consciously con-
sidered. However, distributed systems (more gen-
erally, concurrent systems) are becoming popular
at a tremendous rate. Languages such as DROL
[20] address the distributed nature of systems explic-
itly. DROL is (once more) an extension of C++ that
describes on a meta-level the semantics of (asyn-
chronous) message passing, including timing con-
straints (embedded in the objects that communi-
cate with each other). DROL is implemented on a
specialized, real-time kernel. Another and prob-
ably the most popular facilitator of distributed,
real-time programming is MPI/RT [19], a de-facto
standard that provides a portable API for real-time
message passing and synchronization (while be-
ing silent in the area of process/thread scheduling).
MPI/RT addresses re-usability issues by emphasiz-
ing an object-oriented design for the API.

A different approach is taken in the modelling
language ROOM [17], which is based on establish-
ing early operational models and then re ning them
to implementation. System modelling with ROOM
is performed by designing actors communicating
via point-to-point links by sending and receiving
messages. The behavior of an actor is represented by
an extended state machine. Incoming messages trig-
ger transitions associated with the actor s state ma-
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chine. ROOM does not constrain the actors; instead,
annotations to the message sequence charts can be
used to indicate timing constraints, and constraints
such as deadlines and periodicity are speci ed on
end-to-end computations.

The particular way ROOM imposes timing con-
straints is worth noting as being opposed to the other
programming languages. We believe that imposing
end-to-end constraints is the logical way to go, for
indeed timing constraints represent global, applica-
tion level properties. When using a real-time lan-
guage such as HRTC++ or an API like MPI/RT one
must perform an extra step to infer the local con-
straints expressible by the language from the global
constraints included in the speci cation.

A semantics of communication similar to
ROOM s is also possible in a more general setting
[10]: An RT-Synchronizers system is de ned as
a collection of active objects that executes con-
currently, communicating via messages; timing con-
straints are imposed on the messages. In this model,
the functionality of objects can be implemented
using a general purpose language (as opposed to
ROOM s restricted model), and then the objects are
glued together by interaction constraints. The con-
straints are established on top of ordinary objects.
The RT-Synchronizers semantics contains no ref-
erence to end-to-end (or global) timing constraints,
though they are implicitly supported.

We also note that ROOM as opposed to the
languages presented before is a modelling rather
than a general purpose language, so the language is
based on formal models. Many other similar lan-
guages exist [15], along with languages based on
process algebrae such as CSP [16] or their under-
lying semantics of labelled transition systems [8].
This kind of languages are preferred because of their
suitability for formal model checking and confor-
mance testing. On the other hand at least in our
experience they place the average computer sci-
ence graduates (that is, the bulk of future program-
mers) in an unfamiliar territory; the bulk of program-
mers are not at ease in other environments than the
one of imperative languages.

Inall, many ne general purpose, real-time pro-
gramming languages exist; they offer in varying de-
grees a separation between timing constraints and
functional behaviour, and some are probably imple-
mentable without real-time support from the kernel
(though we are not aware of any signi cant approach
on the matter). None of these languages however
offer support for model-based conformance testing.

The modelling language ROOM (and other mod-
elling languages) on the other hand does offer such
support, but its underlying functionality is given in
terms of nite state automata, which are neither gen-
eral nor a familiar territory for the usual program-
mer. We address in what follows the issue of real-
time programming by developping a new program-
ming language that combines the features found in
the two categories mentioned above.

We are primarily interested in offering a good
foundation for model-based testing, but we also con-
sider in the process the following characteristics (en-
countered in the languages presented above, though
not necessarily together): a real-time system con-
structed using our programming language consists
of a number of modules which are programmed in
a general purpose programming language. The gen-
eral purpose language itself is however immaterial
to the speci cation of timing constraints, which are
instead imposed on the inter-module communication
using constructs that are independent of the commu-
nicating modules. We aim for a separation between
functional behaviour and timing constraints, which
is natural for real-time speci cations. In the pro-
cess, we thus promote a component-oriented pro-
gramming [6] style. Indeed, since modules them-
selves have nothing to do with real time, they can be
changed and re-used at will, in a normal fashion.

The basis of real-time application speci cations
is global (or end-to-end) timing constraints, so our
language supports this kind of constraints. Recog-
nizing that local constraints are potentially useful
(even if not part of the speci cation), we also allow
for the speci cation of point-to-point constraints.
Initiating the transmission of inter-module messages
is as much as possible transparent; a module issues
a method call to another module in the same way
as it issues a call to a local method.

Building distributed systems is a central con-
cern in designing the language. Many modules can
be grouped into a process (or node ), and many
processes communicate to each other using internet
sockets.

Finally, a program written using our pro-
gramming language runs on commodity, POSIX-
compliant operating systems. In particular it does
not rely on real-time support from the underlying
Os.

We offer a semantics for such a system in Sec-
tion 2. We then offer in Section 3 an overview and
also a small programmer s guide of the resulting RT-
SYNC programming language. Section 4 presents
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the internal of the system (from the developer s point
of view). Conclsions and future developments fol-
low in Section 5.

2 Semantics

Our implementation follows a semantics based on
the semantics of RT-Synchronizers [10] which is
in turn based on the actor model [1]: distributed en-
tities are modelled as self-contained objects called
actors. An actor encapsulate a state, provides a set
of public methods, and may call methods from other
objects by means of message passing. Actors thus
represent the layer of an RTSYNC program that ex-
ecutes the code speci ed by the user which (gen-
erally) interacts with the outside world. The actors
execute concurrently, and are identi ed by unique
names (sometimes mail addresses ). The origi-
nal message passing scheme is non-blocking and
buffered, meaning that an actor resumes normal op-
eration immediately after sending a message with-
out waiting for a reply from the receiver, and that
messages sent but not yet processed by the receiver
are buffered until the receiver accepts them. Rec-
ognizing the however rare need for synchronization
between actors, we also offer a blocking message
passing scheme (introduced in the syntax by the
sync_snd construct).

To send a message an actor calls a method of
some other actor; a message d:m(p) contains the
name d of the destination actor, the name m of the
method to be invoked at the destination, and possi-
bly a set p of parameters to be passed to the method
being called. For the blocking case the message
needs to contain the name of the sender (though this
needs not be speci ed explicitly by the program-
mer). We end up with an implementation syntax
similar to the one noted above, but we use the no-
tation ha ¢ a’;cvi in our semantical description,
where a represents the destination of the message,
a’ the sender (or  for non-blocking messages), and
cv is the body of the message which includes the
name of the method to be invoked at the destination
and also the parameters (the existence of a method
name and parameters is immaterial for the message
passing mechanism).

With this structure for messages, the seman-
tics of actors is given by the transition system ¥
shown in Figure 1. The state of a set of actors is
modeled as a pair th j i, with and representing
the actor state and the set of pending messages, re-
spectively. The state of an actor a is written [E “ b],

with E the environment and b the remainder of the
actor behaviour. The actor reduces its behaviour un-
til it reaches ready(x); this signi es that actor a is
waiting for a message (whose content is then bound
to X). The transition system ¥ de nes the seman-
tics of the programming language used to program
actor behaviour. The environment variables w, are
fresh variables initialized with the special value ;
they hold the sender of the last blocking message (in
order to send an acknowledgment when the called
method completed), or whenever the last message
was non-blocking.

We note that one cannot make timing assertions
about the execution of an actor program directly. In
order to make this observation explicit the delay ac-
tions "(d) is introduced, with d a positive number
representing the passage of d time units. The actor
evolves by performing a sequence of instantaneous
actions and by letting the time pass.

Messages are intercepted by synchronizers.
They are reactive agents that exist to monitor and
enforce time constraints upon the inter-actor mes-
sage communication. Every actor-actor relation (a
relation between actors a and b exists whenever a
references a method of b, or vice-versa) may have
an associated ( coordinating ) synchronizer. This
synchronizer then intercepts all communication be-
tween the two actors and enforces user-de ned tim-
ing constraints expressed as real-time constraints on
pairs of message invocations.

The semantics of one constraint in a synchro-
nizer is given by the transition system ¥ shown
in Figure 2. The state variables of a synchronizer
are represented by an environment V that maps vari-
ables to their values. A constraint can have two
forms: p1 =) p2 y, 27T ; g, whereps, p2
are message patterns, and y is a positive, real valued
variable or constant; the rst form speci es that a
message matching the pattern p, must follow a mes-
sage matching p; no later than y time units. Con-
versely, the second form speci es that y time units
must pass after a message matching p; occurs before
a message matching p, is allowed. Whenever an
invocation matches p; the constraint res and thus
creates a new demand instance matching p,. Such
a demand is represented by a triple ps d, with
d (a real number) denoting the deadline or release
time of p,. The state of a constraint is represented
as a constraint con guration fj j J; is a static
description of a constraintp; =) p, yand is
a multi-set of demands instantiated from this static
description.
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hfun : ai
EO < b
th [EY“ baj §

E “b
h[E “Dblaj # 12
hsnd : a;ha’ ¢ ;cvii
th ;[E “send(@”;cv);blaj i ¥
hsync_snd : a;ha’  a;cvii

h ;[E “blaj ;ha’ C ;cvii

h ;[E < syncsend(@’;cv);blaj 1 ¥ th ;[E < wait(@”);blaj ;ha’ C a;cvii
hwait : a; a’i
h :[E < wait(@");blaj ;ack(@)i ¥ h ;[E “blaj i
hrev : ajha € a’;cvii
E(wy) &
th ;[E “ ready(X);blaj ;ha Calcvii ¥ W ;[E[x A cv;w, A a% “ blaj ;ack(E(wgy))i
E(wa) =
h ;[E © ready(X);blaj ;ha Cacvii ¥ W ;[E[Xx A cv;w, A % “ blyj 1

hdelay : di
hji ©hiji

Figure 1: Actor con guration transitions.

The passage of time is controlled by the Delay
rule. The elapsed time e is subtracted from d; in
each demand p;  dj; this is written e. The de-
lay rule ensures that deadline constraints are always
satis ed.

A synchronizer is then represented by a syn-
chronizer con guration h—jVi where is a set of
constraint con gurations ranged over by ; and V
represent the state variables of a synchronizer by
means of a mapping from identi ers to their values.
The semantics of a synchronizer is shown in Fig-
ure 3. Triggers can be attached to events, and their
effect (not shown in the gure but rather trivial to
consider) is to transform V according to the assign-
ments speci ed therein.

For convenience we differentiate between point-
to-point synchronizers (just synchronizers for short)
and global synchronizers. The global synchronizers
impose general (and not only point-to-point) con-
straints.

hAction : li

gi2[l:n], ; ¥ ! .
aVEE g G RV
| 2 fha  a°; cvi; "(e); ack(a)g

Figure 3: Synchronizer semantics.

Constraining an actor program is de ned as a
special form of parallel composition k. An inter-
action constraint system con guration is written as
ranges over synchronizer
con gurations. The composition of an actor con g-
uration and an interaction constraint system is de-

ned by the transition system ¥  shown in Fig-
ure 4.

3 The RTSYNC system

An RTSYNC (distributed) program consists in a set
of RTSYNC nodes. A node is a standalone ex-
ecutable that can work in isolation or communi-
cate with other nodes through internet domain sock-
ets. Each node contains a number of actors (which
perform non-constrained actions) and synchronizers
(which enforce timing constraints over inter-actor
communication). Both the inter-node communica-
tion and the intra-node message passing is coordi-
nated by postmasters. Each RTSYNC node runs ex-
actly one such a postmaster.

RTSYNC nodes are C++ programs that con-
tain blocks of RTSYNC speci ¢ code. The RT-
SYNC compiler takes source programs in this for-
mat, parses the RTSYNC speci c-code, and so gen-
erates C++ code which it outputs along with the sur-
rounding C++ code. This resultant code le can then
be compiled with a C++ compiler to produce an exe-
cutable. During compilation a run time library must
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hSat :ha  a’;cvii

. = ifha Ca’;cvi p2 ez P2 V(y) ifha Ca%cvi p;
ST  p2 d otherwise = otherwise

. U . _haQghevi, U U

ioope o iV T o b

hSat :ha  a’;cvii

o = ifha Ca’;evi po~d® 0 ez P2 V(y) ifha Ca%cvi p;
ST p, d otherwise = otherwise
. U . _haCghevi, U U
ioope & TV e e b
hSat. : ha  a";cvii
_ P2 V(y) ifhaCalevi p,  2f ;g
Cf = i S
; otherwise
.. -h O:cvi . u . .
IR R PR
hAck : ack(a)i 2f ; ¢ hDelay : ei 2f ; g
ijo§ 8, i2( endi 0:fij i P e j

Figure 2: Single constraint semantics; ha ¢ a’; cvi

be linked in. The library contains all of the run-time
code needed by the program (parent classes, post-
master code, logging, etc.).

Our programming language produces code that
does not require real-time resources from the oper-
ating system. Indeed, about the only requirements
are a POSIX-compliant operating system, an ANSI
C++ compiler, and the potable BOOST libraries [2].

The distributed nature of the system is very Tex-
ible, being implemented in a peer to peer fash-
ion. No centralized control exists, and individual
nodes are free to enter and leave the network at
any time.

Timing violations are of course always detected
at run time. Once such a violation is detected a han-
dling routine is run. The programmer has the op-
tion of de ning such a handler for each synchro-
nizer; upon completion the handler may optionally
terminate the current node or the whole system.

Static timing analysis (and in general confor-
mance testing) is more useful than run-time detec-
tion and is our main, active research interest. At
this time static analysis produces a timed call graph
for method calls and then computes its reYexive and
transitive closure in order to take global constraints
into consideration. The process is restricted to con-
stant time restrictions, and does not take into consid-
eration the running time of unrestricted code inside
actors. It is also a somehow ad-hoc process, having
the role of a stub for future development rather than
being a good implementation.

x1(x2) when b & a =V (x1) A b(V [x2 A cv])
3.1 Actors

Actors are the active agents of the system: they exe-
cute code and generate messages for communication
( method calls ); the other RTSYNC entities merely
serve as support and co-ordination. Messages are
thus formed and eventually decoded and acted upon
solely at the actor level (a message is generated
whenever a method call referencing a method of
a foreign actor is performed within an actor). Note
that since messages only occur in inter-actor com-
munication, and since only messages are subject to
time constraints, activities occurring within an actor
cannot be time constrained.

An actor is de ned in RTSYNC as a block
whose structure is shown in Figure 5. An actor is
identi ed by its name speci ed after the actor key-
word. It contains a set of declarations for the local
variables, followed by a series of blocks of code.
The rst such a block (the initialization code, in-
troduced by the keyword init) is executed when the
system starts up. The next blocks of code are meth-
ods triggered by incoming messages. Such blocks
are introduced by the name of the method, followed
by a list of formal parameters, followed by an arbi-
trary block of code that implements the respective
method.

Actors are written in a general purpose language
such as C. In the current, proof of concept imple-
mentation we use a subset of C dubbed C-. The lan-
guage (described by a rather readable YAcC source)
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Untimed actions

hj i o O a I 2 f hfun:ai;hsnd : a;mi;hsync_snd : a; mi;

hwait : a;a’i;hready : ai g

hjoak( o on) ¥

Receive
hja & mo

i2[1zn] i

h % %akq 1;:::5 n)

haCghevi

i 0 I = fhrev @ ajha € @ cviig

hj uk( 1;:::5 n)

Synchronization

\Y ackfa)

i2[ln] 0=

%5 fwk( 35 R

A GHEES B A U GHEE

Delay
\4 ")
i2[lzn] T =

oj oAk 1 n) 80 b0 ORk( )

v L)

Figure 4. Combined semantics of the system.

actor name f
C- variable declarations
init £ C- code g
method-name (parameters) f C- code g
method-name (parameters) f C- code g

g

Figure 5: The structure of an actor block.

is immaterial to the functionality of the system, and
it can be easily enhanced (or even changed alto-
gether).

One special statement of the language is the one
that implements the call of a method (of another ac-
tor). This syntax of such a statement is a:m(p), with
a the name of the actor whose method m is to be
executed with p as list of arguments. Once the state-
ment is executed a message is sent to actor a. Such a
message is intercepted and processed by a synchro-
nizer, so the actual message passing mechanism is
described in the next section.

The default non-blocking semantics can be
changed by pre xing the method call with the key-
word sync. In such a case the caller blocks until the
callee completes the execution of the method speci-

ed by the message.

3.2 Synchronizers
The syntax of a synchronizer is shown in Figure 6. A

synchronizer consists in four parts: a set of instanti-
ation parameters, instantiation code, and declaration

of local variables; a set of constraints; a set of trig-
gers; and an exception handler. Messages of interest
are identi ed by patterns, which have in the current
implementation the form a:m where a speci es the
destination actor and m is the name of the method to
be called as a consequence of the message.

As for the actors, the initialization code is intro-
duced by the keyword init. Unlike the actors, the
init keyword is followed by a construct of the form (
actorl<->actor2) ). This construct speci es that the
current synchronizer intercepts messages exchanged
between actors actorl and actor2.

Only one synchronizer may be the designated
coordinator of any given actor pair, and the relation
is commutative. The presence of an explicitly de-

ned synchronizer at any such relation is optional;
relationships may be unconstrained, in which case
the system automatically provides a null synchro-
nizer; no assertions regarding timing can be made
in such a case.

Recall that a constraint can have two forms:
Ppr => p2 yandps =) pz Yy, wherep, pz
are message patterns, and y is a positive, real valued
variable or constant. These two forms are introduced
in the current implementation by the keywords min
and max, respectively. A message intercepted by the
synchronizer is continuously polled. The synchro-
nizer examines the message s time constraints to de-
termine whether the message is a valid candidate for
execution (i.e., the minimum time before execution
has passed) and whether the message has violated
any constraints (i.e. whether its must run before
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synchronizer name f
C- variable declarations
init (actorl<->actor2)) f C- code g
constraint f
min actor.method -> actor .method = expr ;
max actor.method -> actor .method = expr ;

g
trigger f

enable ( actor.method ) when expr ;
disable ( actor.method ) when expr ;
action (‘actor.method ) f C- code g

g
exception f C- code with return statement g

g

Figure 6: Structure for a synchronizer block.

time has passed), and taking the proper action. In
the rst case, the synchronizer holds a message until
it is a valid candidate for execution, at which point
the synchronizer relays it to its proper destination.
In the case of a message violating timing constraints,
the synchronizer throws an exception and drops the
message (which is thus never delivered).

Once the timing constraints managed by the
synchronizer are violated, the code from the excep-
tion section is called. This is the only section in
which the return keyword is allowed, with the ar-
gument TERMINATE (with the effect that the whole
RTSYNC system is terminated), KILLNODE (with
the effect that the current node is terminated), or
CONTINUE (which speci es that the exception has
been taken care of and execution can continue).

Synchronizers may also perform non-
coordinating tasks by responding to arbitrary
events ( events being speci ¢ methods calls) by
means of triggers. These can be action triggers,
which are arbitrary code blocks executed upon
noti cation of certain events, or enable/disable
triggers, which globally enable or disable individual
methods of actors subsequent to particular events.

Global synchronizers In addition to the point-
to-point timing constraints speci ed by the RT-
Synchronizers [10] semantics (and implemented
by synchronizers), ROOM s transaction constraints
(also referred to as global constraints [10]) are
implemented by global synchronizers. The syn-
tax of global synchronizers is similar to the syn-
tax of (point-to-point) synchronizers (shown in Fig-
ure 6), except that they are introduced by the key-
word global rather than synchronizer.

Transaction constraints must be synchronized
by the global synchronizer. Any constraint expres-
sion over relations that are not point-to-point in
terms of method calls, although syntactically valid,
are not allowed in normal synchronizers; synchro-
nizers are validated against the timed call graph.

4 RTSYNC internals

The following is a brief summary of the internal
structure of the RTSYNC system. It includes more
detailed discusions about particular components of
the system that are not straightforward and are not
described earlier. For a complete picture, this sec-
tion should be read in conjunction with the the com-
plete API documentation available on the RTSYNC
Web page [14].

4.1 Actors

Every actor in the system inherits from the actor
class and for the purpose of the modular scheduler
also inherits from schedulable. The parent actor
class de nes the necessary functions such that ev-
ery actor can setup a polling thread after construc-
tion. The purpose of an actor s polling thread is to
request messages from synchronizers (whenever it
has message registrations in m_msg_requests) and
to execute the methods contained in those messages.
Note that execution is done in the polling thread and
therefore only one message is acted upon at a time.

In a system such as ours dynamic priority for
the participating threads (assigned according to the
priorities of the pending messages) is imperative.
Scheduling threads for execution according to their
priorities is accomplished by a system that blocks
all but the highest priority threads; the unblocked
threads run then concurrently being scheduled on the
processor(s) according to the (hon real time) kernel
scheduler. Message queues are implemented on a
per-thread basis. Message priorities (which in turn
determine thread priorities) are assigned dynami-
cally, based on their time constraints.

In essence our implementation is based on the
generalized rate-monotonic scheduling theory [18],
under which all the tasks meet their deadlines as
long as the system load lies below a certain bound.
Given the assumed lack of real-time support from
the kernel (and the limited actual support currently
available on real-time systems) this mechanism is
implemented using signals. Speci cally, all but the
highest priority threads are blocked waiting for a
critical region within the handler of a speci c signal.
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The scheduler then unblocks lower priority threads
whenever the highest priotiry threads complete. This
mechanism implies a certain time coarseness; how-
ever, the coarseness is similar to the one induced by
the network communication stack so we do not con-
sider it a serious limitation.

4.2 The postmaster

The postmaster serves as the universal relay and dis-
patch engine for an RTSYNC system. All calls orig-
inating from actors or synchronizers route through
the postmaster so that the operation of actors and
synchronizers is fully network transparent. The
postmaster holds data structures that contain infor-
mation about all RTSYNC entities within the lo-
cal node, and essential information about all remote
nodes.

Each node contains its own postmaster which
allows a distributed RTSYNC program to operate as
a peer-to-peer system. As such, there is no server,
rather clients ful Il both roles as needed throughout
the lifespan of the system. The general process is as
follows:

For a single node system (or the rst node of a
distributed system), the node simply activates, sets
up a server port, and then goes about running (to the
extent that it can as it is waiting for other nodes).

For a node joining an already running system
the process is a little different. While it will still
set up a server port, it will (in the constructor) also
connect to the host that it has been provided with.
This initial interaction between client and server
serves to populate the new client with information
about all of the other nodes (postmasters) in the net-
work. From there, the new client will initiate com-
munication with each of the other nodes of the net-
work to exchange information with them about their
respective setups. This is referred to as the popu-
lation stage. Both client and server complete this
stage when they have each received a snapshot of the
other s structure (members, methods, relationships,
etc.)

Once the (initial) population is complete, the
postmaster will continue execution of the run
method which is to say that it will either go into
an in nite poll loop or begin system execution by
passing an initial message. The network messaging
protocol uses a simple, plain-text, format for trans-
mission.

4.3 Messages in an RTSYNC system

Messages go through a (necessarily) complex hand-
shake process as they travel through an RTSYNC
system. A message is thus subject to the following
process (controlled by postmasters) from inception
to destruction:

1. Message creation is done by source actor; cre-
ation timestamp is set.

2. The message is then passed to coordinating
synchronizer by invoking sm_receive_msg of
the postmaster; the dispatch timestamp is set by
synchronizer when it receives the message.

3. The synchronizer holds the message in its in-
coming queue until time constraints allow for
its sending to the destination actor.

4. The message is then moved to outgoing queue
and the destination actor is noti ed that syn-
chronizer has a message holding for it (via
am_register_msg).

5. When the actor s polling thread is ready for this
message (all messages are received in order of
their timestamp), it calls sm_request_msg of
the postmaster; the return value of this call is
the message; the received timestamp is set upon
message arrival at the actor.

6. The actor executes the method speci ed by
the message using the parameters contained
within; execution timestamp is set when exe-
cution is complete.

7. The actor calls sm_ack_msg of the postmaster;
the result of this call is a passing of the message
to ack_msg of the synchronizer; this function s
purpose is limited to status messages and to the
implementation of synchronous messages.

8. Actor noti es all of its registered listeners that
it completed execution of the method speci ed
by the message.

4.4 The network application protocol

The network messaging protocol uses a simple,
plain-text, format for transmission. The general for-
mat of a transmission packet consists of the follow-
ing tokens: size of packet (excluding the size itself
and its trailing space), protocol directive (enumer-
ated in postmaster.h), and optional parameters
(directive dependent).
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A sample message is provided below. This mes-
sage is of type RT_REQUEST and would be sent to a
node that contains a synchronizer named mysync.
After parsing, that synchronizer would be informed
that actor someactor would like a message from it.

18 3 mysync someactor

In general the system uses the following protocol di-
rectives:

RT_MESSAGE: normal RTSYNC message to be
acted upon (i.e. send to receiver); parameters:
the message.

RT _NOTIF: noti cation of method completion
(send to listener); parameters: syncref, actor-
ref, rttime_t, method.

RT_REQUEST: noti es a synchronizer that an
actor would like its next message; parameters:
syncref, actorref.

RT_REQRESPONSE: reponse to an RT_REQUEST
(contains a message); parameters: the message.

RT_REGMSG: noti es an actor that a message is
waiting; parameters: actorref, syncref, rttime_t.

RT_ENABLE: enable an actor s method; param-
eters: actorref, method.

RT_DISABLE: disables an actor s method; pa-
rameters: actorref, method.

RT_REG_LISTENER: register synchronizer as
listener to actor; parameters: actorref, syncref.

RT_RECVMSG: synchronizer received message;
parameters: syncref, message.

RT_ACKMSG: acknowledge reception of mes-
sage from synchronizer; parameters: syncref,
message.

RT _POST DISABLE: send noti cation to an-
other postmaster that method was disabled; pa-
rameters: actorref, method.

RT_POST_ENABLE: send noti cation to another
postmaster that method was enabled; parame-
ters: actorref, method.

RT_GET _NETIDS: request the list of net id-s
from another postmaster; parameters: none.

RT _POPULATE: request a postmaster s list of lo-
cal actors and synchronizers; parameters: none.

RT_POPULATION: response to a populate re-
quest (or send by new postmaster); parameters:
full population data from a node (see below).

RT_TERMINATE: signal a postmaster sends to
other postmasters to tell them that it is going
to terminate; parameters: none.

RT_KILLALL: once received by a postmaster, it
should immediately kill itself; the whole sys-
tem is going down.

RT_TIMEUPDATE: noti cation that a method
has been run with new lastrun timestamp; pa-
rameters: actorref, method, rttime_t.

RT_SYNCNOTE: noti cation to actor locked in
synchronous call that remote party nished ex-
ecution; parameters: message.

The following is the structure of a RT_POPULATION
packet (all tokens in each section are separated
by spaces, and all sections of the RT_POPULATION
packet are separated from previous sections by a dol-
lar sign as shown):

list of actors (local to the remote node) $
list of synchronizers (local to the remote
node) $ list of (2 actors, followed by a syn-
chronizer (synchronizing pairs)) (global
synchronizer) $ list of (actor, method,
boolean enabled 'ag) (global list of all
methods in the system) $

5 Conclusions

Our primary goal was developing the RTSYNC sys-
tem is to offer a general-purpose programming lan-
guage that offers a good foundation for model-based
conformance testing of real-time, distributed sys-
tems. At the same time the language should also
place the normal programmer in a familiar environ-
ment, should produce code capable of running on
commodity systems, and should offer separation be-
tween time restrictions and code (thus facilitating
code re-use).

We described here an incipient implementation
of such a system. We have addressed the rst three
goals by providing a familiar C-like language to the
programmer (still to be enhanced to a production
language) and by offering an implementation based
on dynamic priorities that should satisfy all the fea-
sible real-time tasks. Our implementation uses in-
ternet domain sockets and is thus suitable for both
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nodes distributed over a network and nodes running
concurrently on one machine; all the actors on one
machine are normally grouped into one node so that
they use shared memory to communicate instead of
sockets, but two or more nodes can run on the same
machine and communicate over the loopback sub-
net. Local subnet communication is important as
support for testing real-time systems, or to be more
precise for interfacing a running system with one or
more testing systems. Indeed, beside the usual in-
put/output interface provided by the operating sys-
tems, a testing system is able to connect without re-
compilation to the system under test using the mes-
sage passing interface already provided. A tester
would be thus able to test various time properties
(not necessarily limited to existent time constraints
since the tester could introduce more time restric-
tions of its own). We believe this to be a powerful
tool and so a signi cant contribution.

The system is also based on a sound semanti-
cal model. This offers a good starting point for our
most important goal, model-based testing. At this
time we offer some tools that could be used to ac-
complish this, but we fall short of actually perform-
ing any kind of formal testing. We base our imple-
mentation on a well de ned semantics, so one would
be able to express the model semantically and then
derive both the test cases and the application itself
starting from the semantical model. Once this is ac-
complished, the actual conformance testing of the
end product is easily done as mentioned above.

At this time i.e., without a proper formal
testing in place our language should be regarded
as producing soft real-time systems; we intend to
strengthen the language so that it is able to produce
hard real-time systems at least for particular struc-
tures of such a system. Even so, the unpredictability
of network communication is expected to pose addi-
tional problems and needs further consideration.

We note nally the relation between our cur-
rent work outlined here and timed ! -languages, the
previously developed complexity-theoretic model of
parallel real-time computations [3, 4, 5]. Timed
T-languages are in particular suited for describing
(or being described by) the interface between nodes
in an RTSYNC system. Establishing the semanti-
cal model presented here as an abstract machine for
timed Y-languages and deriving further complexity
results for real time is also one of our long term in-
terests.

In all, this paper presents a report of what we
believe to be a powerful tool in placing real-time,

distributed programming on a formal basis. This
is one small step towards this goal; future develop-
ments are in the works theoretically, and once devel-
oped their implementation should pose little prob-
lems given the support already built into the sys-
tem. In the meantime we want to open a discussion
on model-based versus ad-hoc development of real-
time distributed systems. Given the somehow pre-
liminary nature of this development, we do not pro-
vide programming examples or testing of the system
at this time.

5.1 Current and future developments

The current version of the RTSYNC system is avail-
able on the Web [14] and can be distributed and
modi ed freely under the terms of the GNU Gen-
eral Public License [7]. Programming and user doc-
umentation are also available on the RTSYNC Web
page [14]. Interested parties are encouraged to con-
tact the developers; while people can modify the
code freely and without any requirement to send
back the changes to the developers [7], we kindly
ask that modi cations of the code be sent back to us
for possible inclusion in future versions. Feedback
of any nature is also welcome.

At this time we fall well short of the stated goal
that our system allows for formal analysis of the pro-
grams. We are currently interested in studying the
possibility of deriving a model and test cases start-
ing from the RTSYNC code itself. The mentioned
timed call graph currently computed by the system
should be viewed as a stub that is to be replaced in
the future by the results of our current research (the-
oretical research on the matter is in the works).

Once the theoretical foundation is in place, the
system might be extended to include these results.
However, such an extension is highly dependent on
the interest of the applied community in such a tool;
this interest will be a decisive factor in the speed-
iness of future developments of the RTSYNC sys-
tem. As mentioned before, feedback on the matter
is appreciated and will have a direct inYuence on the
development process. Featuer requests in particu-
lar are welcome, though we cannot guarantee any
speedy answer to these requests indeed, the future
development of the RTSYNC system is highly de-
pendent on theoretical work, whose time line is im-
possible to predict (and which has priority over the
development work).
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Abstract: Economic, demographic and technological changes establish a new reassessment of the
custom trade. This article introduce the way in which the emergent technology facilities can be use in
retail activities, bringing out new services types for customers and economic agents.

The project set up a new technological infrastructure for an Intelligent Store, bringing in different
technologies: RFID ( for automatic products detection) or interfaces with payment systems based on
RFID, GPS, GIS ( for client localization or store localization and starting proximity alerts ), wireless
communications, mobiel access to information (on PDA or SmartPhone), integrated environments for
data analysis ( Bussness Inteligence) regarding stocks and customer administrationt.

Keywords: mobile communication, marketing, computer interfaces, database management system,

decision-making.

1. Introduction

Retail trade is an essential component of
economic development, with major social
implications affecting people’s lives and
activities. Careful analysis of the field
identified some miss functionalities.

While leisure time seems to be smaller and
smaller and the daily stress is increasing,
people loose their patience and the
availability to spend a lot of time searching
for products on store shelf or waiting for
paying the products in the basket. One may
notice an increasing need for detailed
information on products, which currently is
not satisfied.

On the other hand, the merchant is interested
in reducing the time wasted in activities such
as provisioning, stock administration or
product inventory. At the same time the
merchant, whose main goal is to maximize
the profit, must be able to

dynamically diversify his supply according to
the customer demands, to make the supply
more attractive (by advertising, information,
promotions in optimum moments), to know
the market trends in order to make the best
decisions his specific activities.

This paper presents an innovative solution in
retail activities, named “Intelligent Store-
INTELSHOP”, based on a technological
platform that offers the support for some
attractive and efficient services for customers
and administrative staff. The technological
platform integrates various technologies such
as RFID (for automatic  product
identification), GPS and GIS (for customer
localization and starting proximity alerts),
wireless communications, mobile access to
information on PDA or SmartPhone,
integrated environments for data analysis
regarding stocks and customers
administration, interfaces with electronic
payment systems.
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2. System Implementation

The goal of the proposed system is to make
available the advanced technology to the
merchants and to make shopping activity more
flexible, easier and even funnier, maximizing

Elaborate and download the shopping

\ cart on PDA

INTELSHOP
store

INTELSHOP
portal

wve Sync
4 3

PDA

Shopping cart
rovision ~ hear the

Home or office

Locate i

the visibility within Intelligent Store and the
impact on customers.

The main services for clients are shown in
figure 2.1.

Information about products
location

=

( Payment

Products information

‘\
i Electronic
e payinents

Inside the Store Electronic cashier

Intelligent Store

Fig. 2.1. Main services for customers. At
home it may edit a shopping list and transfer
it on PDA. The list will be automatically read
in the neighborhood of the Intelligent Shop.
Inside the store, the customer is guided to the
shelf with the map displayed by PDA. The
RFID reader attached to PDA read detailed
information on products in shopping list
when the customer is in the vicinity of those
products. The total cost of products in cart is
automatically computed.

These are:
- online information on  products
(availability, characteristics, price):
product identification:  selection
from a list and reading RFID tag
reading information about product
from database and display them to
the client
- customizable offer for loyal clients
- client guidance within the store, towards
the products, using digital map of the
store available on a mobile device
(PDA or Smart Phone)
- interfaces for electronic payment systems
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The services provided by system for store
are:
- stock administration:
product registration in warehouse
and writing in RFID tag,
product monitoring on shelf
(intelligent shelf)
count total price of products in
customer cart (Self —Checkout)
Other services of the system aim to offer
support for marketing strategies:
- customizable offers
- establishing the availability of products
within client list, localization of
products on shelf, client guidance using
the digital map of the store
- information on product traceability (the
history of product states from
acquisition to sale)
- online information about products and
promotions.

A. System architecture

INTELSHOP system has a multi-layer
architecture. In the middle of this
architecture are:

- Back-office application server

- Information repository server

- Access middleware

- HMI — Human Machine Interface
The novelty of the proposed system consists
in the integration into a unitary platform,
robust and reliable, able to bear various
market chain specific services.

The application server allows direct
integration of any new developed service
module as well as services distribution
through a server network.

The information repository server was
designed to store and manipulate data and
interact with application server!®),

The middleware server deals with the
actions related to customer authentication,
session management, validity duration of
client request and data presentation.

Finally, HMI provides interactivity and
innovative features.

3. System components

Currently we realized the following system
components which have to be integrated at the
level of functional model:
- Platform for online data acquisition
through RFID communication channels
- INTELSHOP Web portal and Web services
- Digital map of an area from within
Bucharest city with location of store chain.
The map is integrated into Web portal
facilitating client orientation
- Application for mobile device PDA
(MapPROD) that allows clients to quick
find products on shelf, to get extended
information on products, customized bids,

etc.
- Services for store administration
- CRM (Customer Relationship

Management) services.
3.1. The platform for online data acquisition

3.1.1. The hardware subsystem of the
platform for online data acquisition with
RFID communication

The platform for online data acquisition
comprises a hardware subsystem that includes
specific RFID equipment (anthena, USB RFID
Reader, tags) and a software subsystem. The
hardware subsystem uses USB interface to
communicate with RFID readers and, by means
of a software module, ensures the following
functions:
- Scans for available RFID readers and
manage the list of RFID readers
- Selects a RFID reader from the list based
on its ID number
- Opens the communication channel with the
selected device, creating a data structure
and an object associated with the device,
within the DLL library
- Transfers data towards RFID reader
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Fig.3.1.1 Scans for available RFID readers and manage the list of RFID readers

3.1.1.2 The hardware subsystem of the
platform for online data acquisition

The software subsystem is implemented in
client-server architecture, different applications
communicating via Ethernet protocol. The
virtual core of client-server communication is a
Web service which includes direct access
functions to central databases. The Web
services, hosted by central server system, may
be accessed by software client allowing database
updating according to products that flow from
the store. Client application software is
implemented with Visual C++ Builder and uses
object belonging to TClientSocket class.
Acquisition application software implements
and manages data streams through USB
interface, embeds the communication interfaces
with system central server and allows:

- Transmission of manual commands
towards  equipment and  automatic
acquisition of data stored by transponders in
the RF field of connected RFID.

- Communication with several RFID
equipment simultaneous connected at
different USB ports of Host PC.

Acquisition application software implements
and manages data streams through USB
interface, embeds the communication interfaces
with system central server and allows:

£ fifen

Y i bt i~ it el - o i

- Transmission of manual commands
towards equipment and automatic
acquisition  of data stored by
transponders in the RF field of connected
RFID.

Communication  with  several  RFID

equipment  simultaneous connected at

different USB ports of Host PC.

3.1.2. Web Portal INTELSHOP:
http://intelshop.itc.ro

The next platform component, INTELSHOP
Web portal, ensures an interactive interface
for customers using data fetched directly
from database server. It is available at the
web address: http://intelshop.itc.ro. It allows
customers to browse products as any other e-
commerce portal but, in addition, it gives the
possibility to edit the list of products, transfer
it on the PDA. The software application for
mobile devices is downloadable from the
Web server via portal.

The third component of platform is the digital
map which can be accessed by customer through
Web portal. It helps customers to locate the most
convenient location for shopping. Figure 4.1.2.1
displays the map with the location of three stores,
available on Web portal.

Fig. 3. Information about store localization on the map






