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The following fundamental issues in establishing
sound architectures for object-oriented (OO) real-time
(RT) distributed computing systems (DCS's) are briefly
discussed in this paper:

(1)  How much is the fixed priority assignment relevant
to the activities of distributed object designers ?

(2)  Can the event-triggered architecture and the time-
triggered architecture be combined into a unified
architecture ?

1. Fixed priority assignment

Until recently, assigning fixed priorities to
processes was an art frequently practised by designers of
RT computing systems, especially simple centralized RT
control systems.  The temptation to continue this habit
into the era of designing complex RT systems in the form
of networks of location-transparent high-level distributed
objects may exist.  However, asking distributed object
designers to handle fixed priority assignment is
considered to be an ineffective approach that cannot be
justified.  Some of the major reasonings are as follows.

(1)  One major goal of moving from process-structured
RT distributed computing (DC) to OO RT DC is to
reduce the complexity in design of large-scale RT
application systems.  The complexity reduction is
achieved by allowing the system designer to deal with
high-level abstract computation units, i.e., distributed
objects, while leaving the details of mapping the high-
level designs to machine execution resources to the tools
and intelligent execution engines.  For example, it is
desirable to relieve the distributed object designer of all
or most of the burden of knowing the site locations of
distributed objects or the low-level protocols for inter-
node communication.

(2)  Fixed priorities are the attributes that can be easily
observed by the low-level node execution engine.
However, it is a very crude way of expressing the urgency
of application processes.  Except in simple cases of
centralized systems, the designer does not clearly
understand the relationship between the timing
requirements of applicaton processes and the timing
behavior effected by assigning fixed priorities to the
processes during the design period.  A typical situation
where the designer could assign fixed priorities with
relatively less pain was in designing a simple device

control system in which the main processor runs multiple
fixed-pattern periodic processes, each repeatedly
exchanging signals/messages with one specifically
assigned cyclic device in a fixed pattern without much
interaction with other processes.  Many large-scale RT
DCS's needed nowdays are far different from such simple
centralized systems.  They run many cooperative
dynamic decision-making application subsystems which
exhibit dynamically changing patterns of interaction
among themselves as well as with the application
environments.

(3)  If there are timing requirements inherent in the
target applications, it is best for the distributed object
designer to express them and reflect them in the simplest,
clearest, and the most easily analyzable form in the high-
level object network design.  If the application requires a
certain object method to start within a certain time-
window and complete by a certain deadline, the start
time-window and the completion deadline must be
expressed in natural forms as parts of the distributed
object design.  Even without considering possible object
migration and dynamic changes in the network
configurations and object distributions, it will be a
horrible task for the distributed object designer to assign
fixed priorities to the objects or their methods with the
hope that they will effect the desired start time-windows
and completion deadlines.

Suppose object O1 was designed to contain two
methods, O1.m1 and O1.m2, and object O2 was designed
to contain two methods, O2.m3 and O2.m4.  In order to
meet the application requirements, O1.m1 must be
completed in 10 milliseconds once it is activated.  O1.m1
needs a service from the method in the third object,
O3.m5, and the complete service must be obtained in 5
milliseconds in order to meet its own completion
deadline of 10 milliseconds.  If O1.m2, O2.m3, and
O2.m4 have similar requirements, how can one assign
fixed priorities to all these methods ?  What confidence
does the designer have on the effects of such an
assignment ?  If the distributed object designer must do
this kind of activities, then most of the high-level abstract
nature of the object network design activities disappears.
Therefore, distributed object designers who produce
location-transparent distributed objects which make
remote method calls among themselves  should not think
in unnatural terms such as priorities.

(4)  Given natural expressions of timing requirements
that the designer has embedded in the designs of
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distributed objects, it should be the
job of the middleware, the operating
system, and the design tools to map
the designs to low-level node
execution engines managing low-
level resources such as processes
and threads regardless of whether
the low-level resources are assigned
fixed priorities or dynamic
priorities.

2. Unification of
the event-triggered

architecture and
the time-triggered

architecture

The complimentary
relationship between the event-
triggered (ET) architecture and the
time-triggered (TT) architecture
have been a vigorous discussion
topic in the past decade [Kop90,
Kop97, Lel98].  One safe
conclusion is that the ET
architecture may lead to a better
economy of scale for certain kinds
of RT applications whereas it may be easier with the TT
architecture to realize more predictable timing behavior
and more dependable behavior of systems for certain
kinds of hard RT applications.  It thus seems to be a
meaningful research action to pursue an architecture and
a design methodology that encompass both ET and TT
approaches.

One such approach being explored by the author
and his research collaborators is the the Time-Triggered
Message-Triggered Object (TMO) structuring scheme
[Kim94, Kim97b].  The TMO scheme is intended to
facilitate RT distributed software engineering in a form
which software engineers in the vast business software
field can adapt to with small efforts.  It is a syntactically
simple and natural but semantically powerful extension
of the conventional object structuring approaches.  The
scheme facilitates uniform structuring of (1) both RT and
non-RT distributed application systems, (2) both control
computer systems and their application environment
simulators, and (3) requirement specifications and system
designs arising at various phases of system engineering.

At the same time the TMO scheme enables a great
reduction of the designer's efforts in guaranteeing timely
service capabilities of distributed computing application
systems.  Its support tools can be based on well-
established OO programming languages such as C++ and
JAVA and on ubiquitous commercial RT operating
system kernels or even on NT.  In addition, the TMO
scheme facilitates an attractively simple approach to
parallel and distributed RT simulation [Kim94, Kim97b].

TMO extends the conventional objects with several
unique features including:

(TF1)  Spontaneous method (SpM):

The TMO contains a new type of methods, time-
triggered (TT-) methods, also called the spontaneous
methods (SpM's), in addition to the conventional service
methods (SvM's).  The SpM executions are triggered
when the RT clock reaches specific values determined at
design time whereas the SvM executions are triggered by
service request messages from clients.  Moreover, actions
to be taken at real times that can be determined at the
design time can appear only in SpM's.

(TF2)  Basic concurrency constraint (BCC):

Under this rule, SvM's cannot disturb the executions of
SpM's and the designer's efforts in guaranteeing timely
service capabilities of TMO's are greatly simplified.
Basically, activation of an SvM triggered by a message
from an external client is allowed only when potentially
conflicting SpM executions are not in place.  An SvM is
allowed to execute only when no SpM that accesses the
same portion of the Object Data Store (ODS) (i.e., a
group of data members) to be accessed by this SvM has
an execution time window that will overlap with the
execution time window of this SvM.  However, the BCC
does not stand in the way of either concurrent SpM
executions or concurrent SvM executions.

(TF3)  A time window imposed on each output action and
completion of a method:
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Figure 1:  The basic TMO structure (adapted from [Kim97b]
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By advertising these time window specifications to the
designers of potential client objects, the designer of the
server TMO guarantees the timely services of the object.
Before determining the time window specifications, the
server object designer must make sure that with the
available object execution engine (hardware plus
operating system) the server object can be implemented
such that the output actions are performed within the
time windows.

(TF4)  Programmable data-field-channels [Kim95,
Kim97a].

This feature of the TMO scheme facilitates highly
abstract (relieving the programmer of the burden of
dealing with underlying OS services and network
protocols) and yet highly efficient cooperation among
remote TMO's.  The essence of the original data field
scheme [Mor93] is to facilitate dynamic creation of
logical multicast channels shared among the concurrent
distributed processes for their interaction in such a way
that the idiosyncracies of the physical communication
networks are transparent to the process designer.  If the
physical communication facility has the broadcast
capability, then a logical multicast channel is facilitated
by making all processing nodes using the channel
broadcast (through the physical communication facility)
messages with the headers containing the ID of the
channel called the content code.  The processing nodes
connected to the logical channel can see all the messages
coming through the physical broadcast facility but will
pay attention only to those messages containing relevant
content codes.   This means that when processes are
designed to communicate via the logical multicast
channels only, processes can be dynamically relocated
without impacting other cooperating processes.  The
programmable DFC scheme [Kim95, Kim97a] differs
from the original data field scheme in that the former
allows dynamic flexible connection of processes to the
logical channels and supports not only conventional
event messages but also state messages [Kim95, Kop97]
which are based on the distributed replicated memory
semantics.

Several preliminary experimental validations
undertaken by the proposers and other research
organizations [Kim94, Kim97b, Sho98] have shown the
great potential of the TMO structuring in design and
implementation of large-scale complex distributed
applications in factory automation, traffic control, and
military planning/engagement areas.  These
demonstrations included successful implementations of
augmented C++ runtime environments [Kim97a, Sho98].
However, much further work is needed on software
engineering environments (SEE's) for TMO-structured
distributed software in order to realize its main goal, i.e.,
to bring about a major improvement in the design
productivity and product reliability in complex
distributed system engineering.
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