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Abstract

Massively Parallel Computing Systems (MPCS)
provide high performance computing generally used to
accelerate numerical computation applications. We
present a methodology called “Algorithm Architecture
Adequation” used to take advantage of the computa-
tion power of these systems in the case of real-time
applications. With this methodology, application al-
gorithm as well as MPCS are specified with graphs,
then the implementation of an algorithm on a MPCS
in respect with real-time constraints may be formal-
ized in terms of graphs transformations. This allows
to optimize, taking into account inter-processor com-
munications which are critical, the real-time perfor-
mances of the implementation. As a result, real-time
distributed executives are produced automatically with-
out dead-lock and with minimum overhead. This re-
duces drastically the development cycle of real-time ap-
plications running on MPCS.

1 Introduction

Massively parallel computing systems are mostly
used in the field of number crunching in order to ac-
celarate the execution of numerical computation pro-
grams. However, since they provide high performance
computing, it should be interesting to use these sys-
tems under real-time constraints.

We intend to show how it is possible to exploit the
potential power brought by these systems in a real-
time environment. In this peculiar domain of MPCS,
there are two main issues. In one hand, such systems
must be able to handle external events coming from
environment through sensors (analog or digital) and to
produce output events as a reaction to input events,

through actuators. In an other hand, because a lot of
processors are cooperating in MPCS, communications
are critical and must be efficiently supported in order
to minimize the overhead they introduce.

Typical applications requiring large amount of com-
putations as well as interactions with their environ-
ment under real-time constraints, may be found for
example in the following domains: biomedical (EEG
and ECG processing...), telecoms (modems, echo
cancelling, telephone network regulation...), auto-
mobile (engine control, ABS...), aerospace (aircraft
and spacecraft control . ..), process control (industrial
and power plant regulation. . .), arms systems (radar,
sonar, multi-sensor fusion...). These applications be-
long to the field of process control, image and signal
processing, that we will call later in a broad sense,
signal processing.

Each application is composed of a computer based
system and of the environment it interacts with. The
system itself is composed of a hardware part execut-
ing a software part. Finally the software part includes
an application program, coding an algorithm indepen-
dently from hardware considerations, and an executive
allocating hardware resources in order to execute the
application program. The system is said to be reac-
tive because, in order to keep control over its envi-
ronment it must interact permanently with it, i.e. it
must produce reactions to every stimulus coming from
the environment. If not already discrete, input stim-
uli are sampled and called input events and reactions
generate output events. Strictly speaking the system
is said to be real-time, when reactions are produced
within bounded delays.

Although new monoprocessor architectures (work-
stations), provide ever increasing computation power,
they cannot cope with the ever increasing complexity
of some signal processing applications. Parallel ar-



chitectures that we call multiprocessor are needed for
such applications. In this case, it must be pointed out
that the executive, which supports the execution of
the application algorithm, has more resources to han-
dle. Therefore it induces more overhead which reduces
the power benefit brought by multiprocessing. That
is the reason why the application developper must be
particularly careful for the choice and the use of the
executive.

This paper is organized as follows. We first present
the graph models used to exhibit both the poten-
tial parallelism of the algorithm and the available
parallelism of the multiprocessor. We focus on the
multiprocessor model called Macro-RTL in reference
with Register Tranfer Languages [9] introducing a new
level for hardware description. This level is accurate
enough to represent the architecture features neces-
sary to modelize and optimize the implementation.
This one, which consists in distributing and schedul-
ing the algorithm on the multiprocessor, is formal-
ized in terms of graphs transformations. In order to
obtain an efficient implementation that we call “Al-
gorithm Architecture Adequation”, A3 for short, we
state and give a solution for a performance optimiza-
tion problem. Such an adequation is performed by
choosing among all the possible graphs transforma-
tions one which optimizes the real-time performances.
Real-time performances are mainly characterized by
the input data rate and the response time, both ex-
pressed in our models in terms of critical path cal-
culi. We present briefly a response time optimiza-
tion heuristics which is a “schedule flexibility” based
greedy algorithm, upgraded to take into account inter-
processor communication delays and critical path in-
crease. At this point, a real-time distributed execu-
tive, which is the result of graphs transformation, may
be built from an executive generic kernel. The global
approach, from algorithm and architecture specifica-
tions to optimized executives generation, formalized
with the graph oriented methodology is also called
A3. Finally, before concluding, we describe SynDEx,
an interactive graphical software implementing the A3
methodology.

2 Algorithm Model

In order to take advantage of the available paral-
lelism of the multiprocessor, it is necessary to exhibit
the potential parallelism of the algorithm. This may
be obtained either directly from a data-flow program
or extracted by data-dependence analysis of a sequen-
tial program.

D action

memory —= data-flow

Figure 1: Software graph example

The algorithm is therefore modelized by a condi-
tioned data-flow graph (oriented hypergraph), that we
call software graph, where each vertice is an action
and each edge is a data-flow. This is a generalization
of the data-flow graph model defined by Dennis in [4],
extended with three kinds of vertices. The first one,
that we call delay, exhibits the initial tokens, that is
the state memory of the algorithm. The two other
ones are used in combination to condition a subgraph
by a boolean data-flow [2]. Hence, each action stands
for either a computation or a conditionning or a mem-
ory or an external I/O whereas each edge stands for
an iterative data transfer which induces a data de-
pendence between the producing and consumming ac-
tions it connects. Moreover, the inputs of a compu-
tation action must precede its outputs (output values
depend only on input values, there is no internal state
variable and no other side effect), this involves also
a dependence. A memory action holds data in se-
quential order between iterations, its output precedes
its input. Therefore a memory action may be seen
as two separate vertices, one with no predecessor and
the other with no successor, then a graph with cy-
cles only through memory vertices may be considered
acyclic. Actions with no predecessor stand for the ex-
ternal input interface handling the events produced
by the environment. Symetrically the actions with no
successor stand for the external output interface gen-
erating the reactions to the events. The dependences
of the acyclic graph induce a partial order on its ac-
tions. This model exhibits the potential parallelism of
the algorithm.

3 Multiprocessor Model
The multiprocessor, of SIMD, MSIMD, MISD,

MIMD or SPMD type according to the “well-known”
classification, is a processor network modelized by a



non oriented hypergraph, that we call hardware graph,
where each vertice is a processor and each edge is a
physical bidirectionnal communication link allowing
data transfers between the memories of the processors
connected to the link.

Since we intend to optimize the implementation of
an algorithm on a multiprocessor, we need a model
of the multiprocessor, accurate enough to predict its
real-time behavior, but macroscopic enough to avoid
unnecessary details of second order importance. For
example, fetch-decode pipelines may not be neglected
when the execution duration of an isolated instruction
is considered, but they are of second order importance
when a sequence of instructions is considered, because
the sequence has an integrator effect.

At our macro-RTL level, a processor is composed
of several execution units sharing a local memory,
through which inter-unit communication and synchro-
nization are performed. FEach execution unit is an
automaton with its own state memory (private reg-
isters). Each transition of such automata consumes
and/or produces data in macro-registers. A macro-
register is a set of contiguous memory elements which
size depends on the type of the macro-register (inte-
ger, real ...) and on the size of the memory element
for each architecture (8 bits, 32 bits ...).

Among these automata, some are used to control
the others: we call them macro-sequencers because
they generate commands for the controlled automata
to initiate transitions. These commands are produced
by decoding macro-instructions fetched by the macro-
sequencer from a program memory. Moreover, state
transitions of a macro-sequencer automaton may be
conditionned by the state of the controlled automata
(conditionnal jumps or interrupt arbitrations for ex-
ample).

In practice, at a lower level, several processor clock
cycles may be required to perform a macro-instruction
because the corresponding automaton transition may
involve in turn several internal transitions. These in-
ternal transitions may be the result of the execution
of a single native instruction of the processor or the
result of the execution of a subroutine. Therefore, the
execution duration of a macro-instruction depends on
the type of the execution unit which executes it.

The macro-sequencer, as well as the local memory
of each processor and the physical inter-processor com-
munication links, are each shared among several units.
An arbiter is necessary to schedule the use of each of
these shared resources. These arbitrations may induce
waiting delays which increase the execution duration
of macro-instructions. At the macro-RTL level, these

delays are integrated on the duration of the macro-
instruction. This is modelized by a square matrix that
we call interference matrix, where each element (%, )
is a coefficient proportional to the slow-down of the
unit ¢ when the unit j is active. When the arbitration
is equitable between two units ¢ and j, the coefficients
(4,J) and (j,%) are equal. To characterize an archi-
tecture, it is therefore sufficient to measure separately
these coefficients and the execution duration of macro-
instructions with no interference [5].

Execution units may be divided in four main cate-
gories:

e computation units execute computation macro-
instructions coding computation actions of the
software graph

e I/O units execute input and/or output macro-
instructions, one for each I/O action of the soft-
ware graph, to read data from sensors or write
data to actuators

e communication units execute communication
macro-instructions, one for each communication
action of the distributed software graph, to trans-
fer data between macro-registers located on dif-
ferent processors

e macro-sequencer units execute conditionning
macro-instructions coding conditionning actions
of the software graph and sequence other types of
macro-instructions

CAL = Computation unit COM = Communication unit

MEM = Memory 1/0 =1/0O unit

Figure 2: Hardware graph example

Note that there are multiple memory spaces in a
multiprocessor:

e the state memory of each automaton is not visible
in our macro-RTL model because it is accessed
only inside macro-instructions



e the local data memory shared by the execution
units of a processor is visible through macro-
registers

e the global memory shared between several proces-
sors (there may be several global memory spaces)
is modelized by a degenerated processor with no
computation unit

In order to illustrate our macro-RTL model, here
are two examples. The Transputer may be decom-
posed into one computation unit, five communication
units (four full-duplex links and the memory bus which
may be used for globally shared memory communica-
tions or for communications with I/O units), and only
one macro-sequencer.

The TMS320C40 may be decomposed into one com-
putation unit, eight communication units (six half-
duplex links and two memory buses which may be
each used for globally shared memory communications
or for communications with I/O units), and only one
macro-sequencer.

4 TImplementation Model

In this paper, we assume that each processor
has only one computation unit and only one macro-
sequencer, as in the examples of the Transputer and
of the TMS320C40, and no more than one I/O unit.
Moreover, we assume that each processor has enough
program and data memory to ignore memory alloca-
tion problems in the implementation.

The graph models used for the algorithm and the
architecture specifications lead to a formalization of
the implementation in terms of graphs transforma-
tions. The optimization aspects of the adequation be-
tween both graphs will be the subject of the next sec-
tion. Whatever type of optimization, the implemen-
tation consists in reducing the potential parallelism of
the software graph into the available parallelism of the
hardware graph. This graphs transformation consists
in:

e distributing the actions on the processors (com-
putation actions are assigned to the computation
unit of the processor, conditionning actions are
assigned to the macro-sequencer of the processor,
and I/O actions are assigned to the I/O unit of
the processor), this leads to inter-processor com-
munications which are themselves distributed on
the inter-processor links (communication actions
are assigned to the set of communication units
which are connected to the link and cooperate to

transfer data between the local memories of their
respective processors)

e scheduling the actions which have been assigned
to a processor and scheduling the communications
which have been assigned to a link

From this graphs transformation may be automati-
cally generated a real-time distributed executive al-
lowing the execution of the algorithm on the multi-
processor. This is discussed in section 6.

ADEQUATION
ALGORITHM — ARCHITECTURE

1 1

potential available
parallelism reductjon parallelism
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software hardware
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More formally, the distribution consists in parti-
tionning the software graph in as many partition el-
ements as there are processors. The edges crossing
the partition boundaries imply inter-processor com-
munications. Though the hardware graph is inevitably
connex, each processor is not necessarily directly con-
nected to all the others. In order to allow communica-
tions between non directly connected processors, the
hardware graph is first transformed into a completely
connected graph where the vertices are the same as
in the hardware graph (the processors) and where the
edges are all the acyclic paths of the hardware graph,
called routes. Therefore any communication between
any two processors will be assigned to a route.

The hardware graph is a pair (P, L) where P de-
notes the set of processors and £ the set of inter-
processor physical communication links. We then de-
note R the set of all the paths in (P, L£). Note that
routes, as links, are bidirectionnal. We call routing
this transformation of the hardware graph into a com-
pletely connected hardware graph:

routing

(P,L)y — " (P,R)

The software graph is a pair (A, D) where A de-
notes the set of actions and D the set of inter-action
data-dependences. We then denote A, the set of the
actions assigned to p € P, by D, the set of the data-
dependences between actions belonging to A, and by



D, the set of the inter-processor data-dependences
generating communications assigned to r € R. We
call distrib the distribution of the software graph onto
the routed hardware graph and call G4z the resulting
graph:

distrib

((A¢D)¢(P¢R)) — Gar

where

Gir =

U .2, [ D,

peEP rerR

In order to describe more accurately inter-processor
communications, each d, € D, is subsituted by a lin-
ear graph with as many vertices as there are links on
the route. We call com this transformation:

YreR, VYd, €D, d, m(cp,az,cp/,...alu,cpu)
Each such new vertice a;, that we call communica-
tion action, corresponds to a data transfer between the
memories of two directly connected processors. Actu-
ally all the processors connected to the physical link
cooperate (in a way that depends on the hardware) to
execute the transfer, so we can consider that each com-
munication action is distributed over the communica-
tion units sharing the link. Therefore the new edges
¢p are intra-processor but inter-units (computation-
communication or communication-communication or
communication-computation).

By grouping all the a; of a same [ € £, and all the
¢p of a same p € P, we obtain the sets .4; and C,.
Then com transforms G4z into G4, where:

Gac = U (Ap,Dp UC,), U A

pPEP lel

The transformations routing, distrib and com do
not modify the software graph partial order D. On
the computing unit of each processor, a scheduling of
the actions is a total order Yjp which includes the par-
tial order restricted to A,, that is D,. Identically on
each link, a scheduling of the communication actions
is a total order D; which includes the partial order re-
stricted to A;. We call sched this transformation and

G, its result:

sched
Gac — Gs

where

G, = U(Apaﬁpucp):U(-Alaﬁl)

peEP el

In short, the implementation of an application al-
gorithm on a multiprocessor is the composition of the
four above described transformations:

('P,,C) routzng (7? R)

(A, D), (P, R)) 1 G S0 Gy 2 G

We call this global graph transformation dist/sched:

dzst/sched

((A,D),(P, L)) Gs

We present now a basic example of graphs transfor-
mations involving the software graph of fig.3 and the
hardware graph of fig.4. First the routes Ry = (L1),
R2 = (LQ), R3 = (Lg), R4 = (Ll, Lg) are built.

diy dy
d dy

dig

Figure 3: Software Graph Example

L,

Figure 4: Hardware Graph Example

We assume that actions a; and a3z have been as-
signed to Pj, ay to Py and a4 to Ps. We obtain the
partition of the software graph as shown on fig.5. Thus
dia, doa, d14 and dzq are edges between partition ele-
ments. Similarly, we assume that the data dependence
d1g is assigned to Ry, dza to Ra, di4 to R3 and ds4 to
R4. Note that this latter dependence is assigned to
a route introducing an intermediate processor which
will have to relay the communication.

In order to complete the distribution ¢/P’s and
a/L’s are added as shown fig.6. Then the actions are
scheduled on the processor they have been assigned



Figure 5: Distribution Example

to, and identically the inter-processor communication
actions are scheduled on the link they have been as-
signed to. The computation unit of P; will execute
the sequence of computation (a1/Pi;as/P1). In par-
allel with this sequence, the communication unit of
P; attached to L; will cooperate with the one of P,
also attached to L; in order to execute the sequence
of communications (a;/Ly;as/L1). This sequence is
imposed by the dependence edge di/L;. Similarly the
communication unit of P, attached to Lz will cooper-
ate with the one of P4 also attached to L3 in order to
execute the communication a; /L3 in parallel with the
other units of P». And so on for the rest of fig.6.

Figure 6: Scheduling Example

5 Performance Optimization

Several dist/sched transformations may be ob-
tained from a given software/hardware graphs pair.
As stated in the introduction, we look for one which
minimizes the response time of the transformed graph.
The response time is the critical path of the graph,
computed from the execution durations of the actions
(including communication actions).

We denote A : A x P — IR the function giving
the execution duration of every action. To simplify
the notations, we assume in the following that the
multiprocessor is homogeneous, that is that it is built
with only one type of processor and only one type of
communication link. Then the function A is simply

A:A—1R.

Note that usual optimization schemes do not take
into account communication delays, whereas in our
model each routed communication is detailed enough
so that the duration of each communication action
may be determined in function of the amount of data
it transfers [5].

We then denote D the partial order between actions
after the dist/sched transformation:

p=pu||JD, U(UD,)

pEP el

We also denote s(a) and e(a) = s(a) + A(a) the start
and end execution dates of an action a € .A. The par-
tial order P is easily translated into relations between
execution dates:

V(a,a’) € D e(a) < s(a’)

Then by denoting I'(a) = {a’ € A | (a,a’) € D} the
successors of an action a € A and T'(a) = {a’ € A |
(a',a) € D} its predecessors, we may define its earliest
start from start S(a) and its earliest end from start
E(a) and finally the response time R:

0 if [(a) =10
S(a) = max FE(a’) otherwise
a'el(a)
E(a) = S(a)+ A(a)
R = max E(a)

The optimization problem, minimizing R, as other re-
source allocation optimization problems, is known to
be NP-complete. Among the heuristics used to cope
with this problem, the ones based on schedule flexi-
bilities are known to give almost as good results as
simulated annealing but are much faster [3]. For ev-
ery action, its schedule flexibility F'(a) is defined using
R and its latest end from end E(a) and its latest start



from end S(a):

_ 0 ifC(a)=10

E(a) = { max S(a’) otherwise
a'€l'(a)

S(a) = E(a)+ A(a)

F(a) = R—S(a)— S(a)

Schedule-flexibility based heuristics are greedy algo-
rithms where an action is assigned to a processor at
each step. This action is chosen among the ones, called
candidates, which have all their predecessors already
assigned. The schedule flexibility is used as a cost
function to select the best action/processor pair.

We have developped a new schedule-flexibility
based heuristics using our models to take into account
communication delays (see the discussion on the A
function at the beginning of this section). Moreover we
have extended the cost function to take into account
the critical path increase of candidate assignments.
Indeed, assigning a candidate action to a processor
may lead to delay the candidate’s execution. When
comparing the assignments of a candidate on differ-
ent processors one may obtain different earliest start
dates. The later an action is executed, the least sched-
ule flexibility it has, until it becomes critical. Then
the schedule flexibility remains null (it is a piecewise
continuous function) but the critical path begins to
increase. We therefore introduce the schedule penalty
P(a) which is also a piecewise continuous function and
is the counterpart of the schedule flexibility which is
a slack before any response time increase. The differ-
ence between the schedule penalty and the schedule
flexibility is then a continuous function that we call
schedule pressure o(a):

Vae A o(a)= P(a)— F(a)

With our models, the heuristics consists in building
step by step the dist/sched transformation by com-
posing elementary graphs transformations. Each step
transformation consists in assigning and scheduling
a selected candidate action on a selected processor.
Therefore, the number of steps is equal to the number
of actions. The pair (candidate, processor) selected at
step 7 is the one which verifies:

Ha,p) eVixP | ¢'P = max <min O'ialpl)

a’eVi \p'eP
where V¢ C A denotes the set of candidates which are
the actions not yet selected and having no predecessor
not yet selected. This heuristics is detailed in [8].

F(=3)

Figure 7: Schedule pressure components

The number of processors may also be optimized. If
the response time constraint is satisfied, the user may
try to decrease the number of processors, otherwise
he may try to increase it. A reasonable initial number
of processors is the integer immediately above the ra-
tio between the maximum response time (sum of the
durations of the actions excepted the communication
actions, corresponding to a mono-processor execution)
and the minimum response time (critical path before
implementation, that is with no inter-processor com-
munication action).

6 Executive Generation

The executive supports the implementation de-
scribed in section 4, that is mainly the distribution
and the scheduling of the algorithm on the multipro-
cessor. Distribution is a spatial allocation of hardware
resources, whereas scheduling is a temporal allocation
of these resources.

An executive is said to be dynamic when the de-
cisions and optimizations it has to carry out in order
to satify the real time constraints are done at execu-
tion time using the real-time clock. Conversely it is
said to be static when the decisions and optimizations
are done at compile time with the knowledge of the
execution duration of actions. So, dedicated or gen-
eral purpose real-time distributed executives currently
used, may be simply classified according to the three
main resource types (computation units, local memo-
ries and communication units) and the two allocation



types as depicted in fig.8 where the letter S stands for
static and the letter D for dynamic.

Executive comput mem comm
examples dist ord | dist ord | dist ord
Meiko D D D D D D
CHORUS S D S D D D
SynDEx v1 S D S D S D
SynDEx v2 S S S D S D
SynDEx v4 S S S S S S

Figure 8: Executives classification

Note that a static executive introduces an overhead
which is less expensive than in the case of a dynamic
executive. It is important to use as much as possible
static executive and to use dynamic executive only
when it is necessary. The parts of the application (en-
vironment and/or algorithm and/or architecture) for
which enough informations are available will be sup-
ported by a static executive whereas the other parts
will be supported by a dynamic executive. A cur-
rent research axis consists in improving the A3 op-
timization heuristics presented in [8] so that it may
take these implementation choices. These choices are
exhibited in our implementation model through the
scheduling orders Yjp (total order implying a sequen-
tial execution of actions) and P, (partial order imply-
ing a pseudo-parallel execution of actions).

In any case, with or without pseudo-parallelism in
each execution unit, there is also a true parallelism
between units. The executive must support both kinds
of parallelism in respect with the causality imposed
by the partial order involved by the distribution and
the scheduling of the implementation (partial order
which is itself, let’s recall it, only an enforcement of the
original partial order involved by the software graph).
Obviously, when this causality is respected, dead-locks
are avoided.

The causality is initiated by the inputs received
from the environment. Another current research axis
concerns executives able to handle several parallel in-
puts involving a partial order between these inputs.
Here we assume that the software graph has only one
input action.

Intra-unit dependences involving the total orders
Yjp D D, and D, (di; and CZZ'/L]' in our example
of fig.6), as well as the conditionning actions, are
naturally implemented as sequential and conditionnal
execution of actions on macro-sequencers. But the
inter-unit dependencies C, involve inter-unit synchro-

nizations through the local memory and the macro-
sequencer and require special care for their imple-
mentation. Inter-processor communication actions .4,
also require special care for their implementation when
the cooperation they require between communication
units is not completely supported at the hardware
level.

These carefully implemented subroutines, which
coding is strongly dependent on the architecture, com-
pose the executive generic kernel. The executive is
built by instanciating (calling sequentially or condi-
tionnaly) these subroutines for each C, or A; and by
instanciating the user’s subroutines which code the al-
gorithm computation and I/O actions.

We present now an example of static executive gen-
eration. Fig.9 shows an architecture with two proces-
sors, both with one computation unit, one communi-
cation unit and one macro-sequencer, and the left one
also with an I/O unit. Below this hardware graph is
represented the distribution and scheduling of the ex-
ample algorithm given fig.1. The vertical arrow below
each execution unit represents the sequence of actions
it executes. The big horizontal arrows within boxes
represent the inter-processor communications and the
small horizontal arrows represent inter-unit synchro-
nizations.

P1 P2
I/0|| MEM |com COM| MEM
CAL CAL

(o
—
Vo
-

%

Figure 9: Static executive example



7 The SynDEx Software

SynDEx [6] supports the A3 methodology discribed
previously. Its graphical interactive user interface al-
lows to input both harware and software graphs. The
latter can be imported from a file which is the result
of the compilation of a source program written in the
synchronous language SIGNAL [1].

Then the user executes the A3 heuristics which
finds out a distribution and scheduling minimizing the
response time. As a result, the predicted real-time
behaviour of the algorithm on the multiprocessor is
visualized. This feature is very important because
the user can evaluate real-time applications even be-
fore the hardware is available. It is sufficient to know
enough informations about it to experiment its real-
time capabilities for a given algorithm. Moreover, us-
ing the performance prediction diagram, the user can
iterate at this level, trying different hardware solutions
to size the architecture. Namely, he can find the min-
imum number of processors and of physical links he
needs.

Finally, a real-time distributed executive is gener-
ated, built from the application library including com-
putation and I/O actions given by the user and the
executive generic kernel written in C, including con-
ditionning, memory and communication actions. This
generated executive is garanteed to be dead-lock free.
Presently executive generic kernels have been devel-
opped for multiprocessor architectures based on the
Tranputer T800 and on the Texas TMS320C40.

The executive may be generated with chronomet-
ric instructions [5]. Hence, it is possible to know the
beginning and ending dates of every action during a
real-time execution. These informations may be com-
pared with those calculated by the A2 heuristics.

Since the executives are automatically generated
with SynDEx, low level hand coding and multipro-
cessor real-time code debugging are eliminated, con-
sequently the development cycle duration of real-time
applications is tremendously reduced. Moreover, as
the optimization heuristics is fast, several hardware
sizes may be rapidly compared in order to find the
best trade-off between real-time and hardware size
constraints.

Fig.10 shows a screen snapshot of the SynDEx
graphical user interface displaying a didactic example
application with two tranputers executing an adaptive
filter algorithm.

The left window displays a topological viewpoint
of the application, with the hardware graph on the
top (processors root and p with communication units
root/12 and p/11 connected) and the software graph on

Figure 10: SynDEx software: a didactic example

the bottom. Each action with a dotted frame is con-
strained to be executed on a given processor. Each
graph component may be moved or sized within a
mouse-drag or may popup its own menu of context
dependent edit commands. Commands may also be
typed and interpreted in the top text view which is
also used to display informations which are not rep-
resented graphically, such as execution durations or
dataflow types.

The right window displays, after a run of the A3
heuristics, a temporal viewpoint which represents the
execution schedule of one reaction to a stimulus. The
time is flowing from top to bottom with one column for
each processor. The position and height of each action
frame represent respectively its execution date and its
duration. The top and bottom of each slant line rep-
resent respectively the starting and ending dates and
processors of an inter-processor communication. More
details may be obtained numerically in the top text
view, such as the schedule flexibility of any action,
the idle periods of any hardware resource, or more
global informations such as the reaction’s duration or
the application’s speedup.

To generate the executive, once satisfied with the
predicted performances, the user has just to select
the corresponding option from the popup menu of the
top-left view (which is also used to zoom the bottom
graphs view). Among the generated source files, only
one, the makefile, has to be modified to locate the
user’s functions coding the algorithm actions.

On a Sun-Sparcl0 workstation, the adequation
takes less than one second and the executive is gen-
erated in about two seconds for this example. For a



more complex example with an hypercube of 16 pro-
cessors executing 269 actions as shown fig.11, the ad-
equation takes less than 5 minutes and the executive
is generated in about 10 seconds.

Figure 11: SynDEx software

& Conclusion

We have developped a methodology called A3
(Algorithm Architecture Adequation) which unifies
through graph models the algorithms and the mas-
sively parallel architectures and therefore formalizes in
terms of graphs transformations the implementation
of an algorithm on an architecture. In the frame of
this methodology, we have developped an heuristics to
optimize the real-time performances of the implemen-
tation because efficient use of architecture resources is
needed for economical reasons or to satisfy real-time
constraints. The practical interest of this methodol-
ogy is that it finally allows the automatic generation
of a dead-lock free executive from an optimized imple-
mentation. This drastically reduces the development
cycle duration of real-time applications on MPCS.

To support this methodology, we have devel-
opped the SynDEx graphical interactive software
which has been tested on multi-Transputer and multi-
TMS320C40 architectures.

We are presently refining our hardware model in or-
der to obtain a more accurate determination of the ex-
ecution durations of computations and inter-processor
communications. We are also generalizing our execu-
tive models to support the combination of static and
dynamic distribution and scheduling and to support

algorithms with multiple inputs. The heuristics will
be consequently modified. Future research axis are
planned in the field of memory optimization, input
rate minimization and its relationship with response
time optimization.
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