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Abstract. Synchronous languages propose a new way to specify the reactions of a real time system to its
environment: they are described within the language and no more at the operating system level. Furthermore
the reactions of the Run Time Support (RTS) to events have also to be specified. RTS give access to processor
resources. Predictability and efficiency are now requested. SynDEx has been designed to generate RTS for
programs written in the synchronous language SIGNAL, target computers being distributed processors. The
target performances are taken into account to automatically partition the program over the processor set and
to schedule executions in order to maximize the global performance. We present SynDEx and the specification

formalism.
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1 INTRODUCTION

Emerging synchronous languages propose a new way
to specify the reactions of a real time system to its en-
vironment: concurrency, communication and events
handling are described within the language and no
more at the operating system level. Furthermore
the reactions of the Run Time Support (RTS) to
events have to be specified at the programming level
or hidden. This allows to consider that the pro-
grams have instantaneous reaction to external events
(no extra events are generated by the RTS), making
easier verification and improving program readability
and portability. Nevertheless, RTS are still usefull to
give access to processor resources (time, memory, i/o
channels. . .). Predictability and efficiency are now re-
quested. The SynDEx software environment has been
designed to generate RTS for programs written in the
synchronous language SIGNAL, target computers be-
ing distributed processors. An RTS resulting from
a given SIGNAL program and a target multiproces-
sor has a formal specification allowing verification and
code generation. The target performances (speed of
processors, throughput of i/o channels, memory size)
are taken into account to automatically partition the
program over the processor set and to schedule exe-
cutions in order to maximize the global performance.
We present and demonstrate the current prototype of
SynDEx and the specification formalism.

2 SynDEx AND SIGNAL

2.1 The PST® formalism

We follow, when possible, the notations of [1] §3.

Realtime programming, SIGNAL, Run Time Support, program partitionning and scheduling,

Values Let A be a finite set of names, called ports.
Ya € A, D, is the domain of values carried by a.
Four values are distinguished: ¢ (true), ff (false), T
(present), L (absent). By = {tt, ff} and Br = {T, L
} are, in an obvious way Boolean algebras. D4 =
UqD, will be sufficient in the sequel and called D when
A is given by the context. We still need: Dat (or D)

=Dy U{T}, ﬁA (OI‘ 75) =Dy UBT.

Time and traces We now use some basic facts
about Pomsets (see [2], [3]). To each a € A is asso-
ciated a labeled partial order (£po), that is a 4-tuple
(7a,Da, <a,la), where: m, is a vertex set, modeling
instants, D, is defined as before, <, is a partial order
on mq (t1 <4 tz means: event (or instant) ¢; is pre-
ceding t5), £, is a labeling function assigning values
to instant-vertices.

Identities of instants are not important, so that
£po’s are only to be known up to a ¢po isomorphism.
We have the following equivalence: (mq, Do, <a, £y) =
(7!, Da, <!, £0) iff If bijection 7, — 7’ such that
t1 <a t2 & f(t1) <, f(t2) and £4(t) = £,(f(t)), Vt €
7. The equivalence classes, denoted 0, = [7,, D4, <a
,£,] are Pomsets and look like generalized traces.
More precisely we say that 6, is sequential if £;1(D,T)
is totally ordered (property independent of the chosen
representative of ;). 6, will be called a trace of a and
an S-trace if it is sequential.

Remark that traces allow autoparallelism: when
needed, sequentiality will have to be explicitely im-
posed (e.g. for input/output parts of a delay opera-
tor). Sometimes it is not needed (e.g. for the SIG-
NAL process a := b+ ¢) at a level of description,
but needed at an other level (e.g. for the “hardware

adder” a := b+ ¢).



Clocks A clock (resp. an S-clock) is a trace (rep.
an S-trace) with values in Bt. We have the following
basic partial order on the set K of clocks: H; C Hy
iff h71(T) C hy*(T) for some hy € Hy, hy € Hy (that
C is a partial order is easy to prove). SK is the set

of S-clocks.

Operations on traces

Parallel composition of traces (or concurrence):
Let 0; = [m,D;,<;, 4] for i = 1,2, then 01|02 =
[7.,D., <c,{] with 7. = {1} x 7, U {2} x 73, (x is
the cartesian product of sets), D, = D1 UDs, (i,z) <.
(j; y) ffi=jand z <5y, Ec((ia I)) = El('r)

Let ¢ = [0,0,0,0] be the empty trace. It is easy

to show [3]: O4lle = €||fa = 0o 5 04l|0r = 0]|0a ;
011 (94110-) = (0a0n) 0.
Sequential composition of traces: 01,0, =
[7s,Ds,<s,ls] with 75,Ds,ls as 7., D., L, above
and (i,2) <s (j,y) iff i = jand 2 <; yor i =1
and 7 = 2.

We have:
Ga; (9(], gc)
Orthogonal composition of traces (or orthocur-
I'GHCG)Z 91 X 92 = [71'1 X 71'2,751 X’ij,gl X §27£1 X Ez]
¢ is also a left and right neutral element, x is associa-
tive.

Processes: they are sets of traces. Examples (Kleene

star and Dagger): 0% = {¢, 04, 04; 04, 04;04;04,...},

91 = {e, 04, 04|04, 04||0al]|0a,-..}. Previous opera-
tions can be extended to processes: the resulting pro-
cess is the set of resulting traces associated to each
pair of traces. Usual set operations are also valid for
processes.

Traces and processes homomorphisms. Preced-
ing operations act independently on events ; domain
values, order relation and labeling of traces. We need
to express dependences between resulting events and
initial events and values.

Let 0 be a trace on Dy (ie. 6 = [Wg,@g,ﬁg,fg])
and f be a function mapping Dy to traces on Dy. f
can be extended to a function mapping traces on Dy
to traces on D} in the following way:

f(0) = g F(€a(5)); f(La(t))

Oa;e = €0q = 04 and (04;0;);0. =

(In order to avoid extra parentheses, we give to
; a higher precedence than to other binary opera-
tions). Events, domain of values and labeling func-
tion of f(6) are those of ||tex, f(¢o(t)), the order re-
lation is the one of this last trace augmented with
Us<t (Wf(ze(s‘)‘) X ’/Tf(go(t)))l f can still be extended in
the obvious way to processes.

Application 1: memoryless functional pro-
cesses We give the semantics of a process F' with
input ports Iy,...,In_1, output port O, comput-
ing “repeatedly” f(zo,...,%n_1), z; € D. Denot-

ing in the same manner a quantity a and the trace

[{a};{a}, {(a, @)}, {(a, a)}] we have:

F = f((D*)! % (Lo||La]| -~ | 1n=1); O)

Wi~th
_]i(.’]?o,...,.’]in_l,fj) = (xj,Ij)
f(;l‘o,...,;l‘n_l,O) = (f($0,...,;l‘n_1),0)

(where for example Iy is a port name and a trace,
(zj,I;) a label and a trace ...). Argument traces
are here finite occurences of n-tuples on D. F
is called a M-function and denoted f(zg,...,zn_1).
We can augment order by replacing the Dagger by the
Kleene star, so that results are also finite sequences.
This is too restrictive for applications in view (or-
dering events labeled by L is useless in some cases)
so we prefer to define sequential memoryless function
(or functional processes), in short SM-functions, as
functions mapping S-traces to S-traces. A sufficient
condition for F' to be a SM-function is F' being a
M-function, extension of some f satisfying:

Hio, T, =1=Va Eﬁ, 175 20, f(;l‘o,...,;l‘n_l) =1

This condition is also necessary for n < 1.

Example : the memoryless part of the PST®
Kernel Let D and D as above and define the follow-
ing functions on P with singleton value traces:
P:z— Tifx €D, else L (value presence function)
S:x—Tifz € Dr, else L (synchro event presence
functions)

T:xz— Tifx =1t else L (truth function).

Substituting in the definition of M-functions, P
(resp. S,T) for f with n = 1, leads to SM-functions
still called P (resp. S,T).

In the same manner we can extend booleans op-
erations of Bt to operations on clocks, so that K is
a Boolean Algebra with operations denoted ., +,—.
We remark that . is a SM-function, but + and —
are not so (union or complement of totally ordered
sets are not necessarily totally ordered). Let D; and
D, be two domains of values and ® be the function
(;El,;l‘g) € 751 X ’ng — (l‘l if 1 € Dy and x93 € Dat
else x5) € D, UDs. ® can be extended into an SM-
function of traces called the modulation product.

Application 2 : memoryless functional relation
It will be sufficient to consider relations of the form
{00,...,0n=1) | f(bo,...,0n-1) = 0} where f is an
SM-function and @ a given trace. Such a relation is
in fact a process. We call it a M-relation.

The PST® Kernel It possesses the following op-
erations and relations defined on traces:

i) SM-functions with in particular P, S,7,® and
clock multiplication

ii) M-relations and clock addition and negation

iii) Constructors ||, ;, x.

iv) P4tA” with A’ C A sets of port names.



The last operation is the restriction of Py, a set of
traces associated with ports of A, to traces associated
with ports of A’ (SIGNAL notation).

It will be convenient to denote by NK the set of dis-
crete sequential clocks, so that @ is discrete sequential

iff S(0) € NK.

2.2 The PST® based model of SIG-
NAL

Signals Consider the following equivalence relation
on traces: #; = 0y iff 61 @ P(61) = 62 ® P(62) (6, and
6, differ only by T or L labeled events).

Signals are = equivalence classes of discrete S-
traces. We write s = [0]. Each clock is equivalent
to L. The clock of a signal s = [0] is P(0), we write
instead P(s). A process is a set of signals.

A model of SIGNAL Such model is a list con-

straints on discrete S-traces (and then on signals

through =):

i) R(x1,...,2p) = r(x1,...,2p)| synchro (z1,...2,

where r is a M-relation and synchro (zy,...,z,) =

(P(a1) = -+ = P(z))

i) 2 $ 1init 29 = 2 ; 2.

iii) ¢ when b = 2 ® (P(z).T(b))

iv) u default v = u ® (v @ (P(u) + P(v)))

W=

vi) Plaq, ..., 2, restriction to the listed set of signals.
This model can be proved to be equivalent to the

(discrete sequential) trace model of [1].

2.3 SynDEx / SIGNAL interface

SIGNAL and PST® programs Using the pre-
ceding model, SIGNAL programs can be rewritten
into PST® programs acting upon discrete S-traces
satisfying 0 = 6 ® P(f), or equivalently upon traces
satisfying the relation P(f) = S(f) € NK. Other
clock relations come out of PST® translations of type
i) instruction (the synchro part), type ii) P(y) =
P(z), type iii) and iv), by using the identities P(f; ®
02) = (P(61) + P(62)).5(62), S(0; ® 62) = S(02).
The resulting clock relation (after || composition)
is normally solvable by the SIGNAL compiler if the
program is “well written”. The solutions are SM-
functions of external clocks (visible clocks after !!
operation and free clocks resulting from non unic-
ity of solutions) and possibly still M-relations in-
volving external clocks and input boolean signals
(i.e. signals on By associated with an external in-
put port)(see [4]). This set of solution clocks may be
partially ordered using C and the following property:
H1 g Hz IEHH,Hl = HZH or E'H/,Hg = H1 —{—H/
Beside clock relations, the SIGNAL compiler pro-
duces a Dependences Graph conditioned by clocks
(the Conditional Dependences Graph, CDG for
short), union of CDG associated to SIGNAL “in-

structions” except ii) [4]. The PST® program can
be treated in a different way, we sketch now.

Structuring PST® programs We present the ob-
jectives and principles of this structuring. In order to
obtain runable programs, at least in well defined con-
texts, we need to structure the global trace relation
P represented by the program into P = hbox Rext||F
where Rext is a M-relation on external boolean traces
or clocks defining an admissible context and F' is an
homomorphism mapping external input traces to in-
ternal and external output traces. Rext has to be as
“simple” as possible. Simplifications are obtained by
boolean manipulations and clock C-ordering. For ex-
ample the property H C H' and H € NK = H €
NK leads to write sequentiality constraints only for
some maximal clocks (not all, if this constraint has
been kept only for traces operated by a delay, in or-
der to be less rstrictive). Structuring the “functional
part” F' of the program leads to:

1) Substitute the resulting expressions of clocks
(after solving and simplifying) for their instances in
F and again to simplify. For example y = z ®
(P(2).T(b)) and T'(b) C P(z) leads to y = z @ T'(b).

2) Organize the program “around memories”: for
each delay operator a NK clock has been determined
(common clock to input and output traces). All the
delay operators with the same clock ®;, i =1,...,m,
can be rewritten as a single delay, mapping vector val-
ued traces z} to x;: @; := x4,; 2f. ) with S(z}) = &,
is necessarily the output of a M-function which can
be written as a§ := f; (x4, ui, a;)®S(a; ) where a; is the
vector valued trace whose components are , for all
the ports p such that: S(6,) = ®; and there is a direct
dependence between p and the input port of the delay
assoclated to ®;. w;; 1s defined in the same manner
without the clock condition, so that all direct depen-
dences are taken into account. Let y; be the vector
valued trace whose components are ), for all the ports
not considered until now, such that S(6,) = ®;. v
may depend upon z;, a; and u;2, to be complete. Set
u; = Us1||ugn. We can write y; = hi(@i, ui, a;) ® S(a;)
for some M-function. The introduced vector valued
traces are associated to ports of the form p1|| - -||pm
where p; was associated to the ith component. This
leads to a candidate intermediate code to link the SIG-
NAL and SynDEx environments.

The proposed SynDEx / SIGNAL interface
A general input program for SynDEx may have the
form P = hboxRext||F:||---||Fx where F; is an in-
put/output mapping admitting the “state represen-
tation”:

Fi(ui, a;) = (z} == fi(@i, ui, a;) @ S(a;)
i = 445 %]

lys := hi(zi, us, ai) @ S(ai))!ly;



where £ is the number of clocks. It may happen that
z; be constant, corresponding to cases where S(a;)
is not associated to a delay operator: F; reduces to
a M-function. wu;,a; may be, for some components
external input traces or other Fj outputs. Remarking
that S(y;) C S(a;) the clock hierarchy is still apparent
on the automata network F' = ||; F;.

In fact, P appears as an expansion of a trace P
where events are no more instants but clocks: P =
[KF;DIO;SKF;{(CI)Z';FZ') | P, € KF}] where Kp is
the finite set of clock, <K, the clock ordering and
Do the union of input-output domains of the F/’s
satisfying Rext.

3 MULTIPROCESSOR PRO-
GRAMMING IN SynDEx

The labels F; in P are input-output functions asso-
ciated to some events, the clocks. This vision is not
precise enough if, for example, we want to make the
data flow aspect of the program apparent: we have
to change the level of atomicity and we are again to
P-level. Each event is viewed as a multievent and Fj
as actions {f;,hi,;} to perform at each elementary
event (the synchronous instants). Again this level of
description may necessite a refinement if we want to
detail the different steps when performing computa-
tion or communication. We modelize again this refine-
ment, as a trace homomorphism: we map labels of P
(i-e. fi, hi,;) to traces representing execution schemes.
The event sets of these traces are finite sets, the labels
contain informations on execution time and memory
requirement. Allocation of a process F; to a processor
pr can be represented by 6;; = F; x py if j = k else €.
A scheduling is a local (to a processor) linear augment
of the allocated program [|; ;é; ;, a linear argument ¢’
of a trace # differing from 6 only in its partial order:
<y, 1s a linear superset of <g. Scheduling have to be
compatible (they have to constitute an allowed global
scheduling). This leads to the problem of determin-
ing a new level of atomicity where atoms can be a
priori linear augmented [4]. The structure of Kpg is
important for the allocation/scheduling problem. The
actual optimizer considers only the case |Kp| =1, al-
lowing off line optimization. For |Kg| > 1, on line
scheduling is requested and will be studied later.

4 THE COMMUNICATION
KERNEL

Usually a real time distributed executive provides ser-
vices such as time and resources management (mem-
ory, files), allocation and scheduling of processes and
inter-processes communication and synchronization.
Among these services, one of the most important is
the communication support. We emphasize this issue

because of the peculiar role of inter-processor com-
munications in distributed memory multi-processors.
Access to communication resources leads to the well
known bottleneck. In order to overcome this prob-
lem, we intend to map as well as possible the appli-
cation graph algorithm on the multi-processor target
graph: inter-processor communications and execution
time are minimized. The study of these graphs allows
the allocation and scheduling of processes and com-
munications in a static way before execution.

Automatic generation of executives does not sup-
pose a system background process resident on every
processor and invoked by every process requiring a
communication service. SynDEx generates the min-
imum amount of system processes supporting inter-
processor communications, the executive will be built
using a reduced executive kernel.

4.1 Communication services

Let’s review briefly the main issues involved in a end-
to-end communication (message passing scheme), re-
ferring to OSI communication services.

Datalink layer : An application process perform-
ing a communication in order to deliver a data to an
other application process placed on an other proces-
sor, must send messages through the network. The
messages travel on routes (network path), they are ex-
changed from processors to nearest processor through
a physical connection (bus, link) and finally reaches
the receiver processor.

Network layer : Any process in a processor can
send a message to any other process located in any
processor, providing end-to-end transmission. For-
warding through intermediate processor on a route
is transparent to the application processes.

Transport layer :
messages through the network must be reliable, they
are guaranted not to congest, block or corrupt the
communication network. Communication protocols
prevent from these misfunctionings. An end-to-end
communication can be processed using a more or less
strong synchronization protocol. A synchronous pro-
tocol, where sender and receiver application processes
must cooperate, is a strong synchronization. For ex-
ample in a data-driven mode, the sender transmits
data only when the receiver has acknowledged the
previous data. Furthermore a higher protocol can be
added which carries out routes arbitration avoiding
dead-locks.

End-to-end transmission of

4.2 Executive kernel

In order to achieve the previous functionalities, we
have defined an executive kernel described below.
PE and PR : At one end of the communication
path, the PE object (sender gate) builds a data mes-
sage with the raw data produced by application pro-
cess and routing informations specifying the PR lo-



cation to reach. When route arbitration is required,
before sending data, the PE has to ask for a route.
Then it builds a control message with the control op-
eration type (request or release) and routing informa-
tion specifying the route arbiter to reach. The mes-
sages are sent to the RT object described below. At
the other end, the PR object (receiver gate) extracts
from the message raw data to be consumed by the ap-
plication process. If a synchronous protocol is used, it
sends an acknowledge control message to the sender.

PES : This object (input/output gate) performs in-
put and output of messages from and to other proces-
sors through the communication network. Actually it
is used when messages are forwarded. In both direc-
tions, messages are buffered in a FIFO mode. This
allows to support several sequentialized communica-
tions. PES have access the network. For example
when a message goes through a bus in order to reach
the neighbouring processor, a PES sends a request
control message to the bus arbiter, waits for a grant
message, then sends its data message and finally sends
a release message to the bus.

RT : A router object is located in every processor.
It receives messages directly from the PE’s and, us-
ing a looktable, it determines which processor has to
be reached. The message is sent to the proper PES
(used as output) in charge of its delivery on the net-
work. It receives from PES’s (used as input) messages
sent by PE’s and PR’s located in distant processors.
Using the routing information inside the message and
a looktable, it determines if the message is reaching
the proper processor, in that case it sends it to the
PE, in the other case it forwards the message to the
proper PES (used as output).

ARB : An arbiter object is located in every pro-
cessor. It receives requests from PE’s and from PES’s
and decides which of them must be satisfied and fi-
nally sends grants. In order to achieve this, it refers
to scheduling informations. In both cases the arbi-
tration policy can be choosen by the user or given by
SynDEx. More information can be found in [6].

5 PROTOTYPE
DESCRIPTION

The SynDEx programmer describes the multi-
processor as a hardware graph and the application
as a software graph, then maps the two graphs by
specifying placement constraints and by running a
placement algorithm and finally runs a code gener-
ator which produces the multi-processor executive to
be compiled and linked with system and user libraries.

A SynDEx browser picture is given in figure 1 as it
appears on a workstation screen showing in this exam-
ple an adaptative equalizer mapped on a bi-processor.
The user needs to interact with only one window di-
vided in five areas, each with its own pop-up walking
menu(s). SynDEx commands may be invoked either

{function adap "calls" egafidapteResl "dt" 9 "I/ 0"
REAL32 Terr, TABREALZZ ?in tzcoef looef)
"scheduled on p""

=0

Figure 1: SynDEx browser

from menus or from a text interpreter.

5.1 Topography area and its zoom

The bottom-left area allows the user to edit the to-
pography of the hardware and software graphs. The
topography area may bee magnified under the con-
trol of the top-left area. This zoom area displays a
schematic map of the topography area, where only
boxes frames are drawn.

In the following, a graph vertice will be called a
node, and a graph edge a connection. For the hard-
ware graph, nodes represent processors (memory and
computation capacity) or buses (shared communica-
tion capacity) and connections represent bidirectional
data links between hardware nodes. For the soft-
ware graph, nodes represent computation activities
and connections represent oriented data transfers.

Each displayed object has its own menu of com-
mands that the user may pop-up by depressing a
mouse button when one of the object’s remarquable
point (box corners and center and broken line ver-
tices) is highlighted (at any moment, that remar-
quable point which is nearest to the mouse pointer
is highlighted).

Any remarquable point may be moved by dragging
it with the mouse. The user may also collect several
nodes (by shift-clicking each one) into a multiple se-
lection which is a kind of hyper-node with an invisible
box which may be used to move, resize, copy or cut
all together the members of the multiple selection.

5.2 Text area

The top middle area is used for text input and output.
The text area of figure 1 shows the SynDEx command
which was input to build the software node adap (see



[5] for full syntax reference). To input a command, the
user may type it entirely or just modify a template ob-
tained from the text area menu (the template comes
with comments for help). To execute a command, the
user selects its text and runs the SynDEx interpreter
from the text area menu. The SynDEx interpreter
inserts explicit error messages as highlighted text be-
fore the character where the error was found, giving
the user an easy way to locate and correct the error.

5.8 Schedule area and its zoom

When the user has completed the hardware and soft-
ware graphs in the topography area, he runs a place-
ment algorithm from the text area menu and the re-
sulting schedule is displayed in the bottom-right area.
This area may be magnified under the control of the
top-right area in the same way the topography area
is controlled by the top-left area.

There is one column per processor, with time run-
ning from top to bottom. Each activity is displayed
as a box which height is proportionnal to the activ-
ity’s duration. Each inter-processor communication is
displayed as a diagonal line from the sender processor
column to the receiver processor column with vertical
projection proportional to the communication’s dura-
tion. Inter-processor communications appear stippled
in the topograhy area.

5.4 Placement algorithm

The placement algorithm presently implemented in
SynDEx is a greedy algorithm based on an heuristic
looking for critical path minimization [7]. It assumes
that the hardware graph is homogeneous (all proces-
sors are of the same type), that the software graph
is an unconditioned data-flow graph and that graph
cycles may only be done through delays. The user
may constrain activities to be placed on a given pro-
cessor by collecting them into a multiple selection and
by running the placement command from the pro-
cessor’s menu. In figure 1, R1 and winda appear
stippled to show they are constrained.

Step 1 : an initial set of candidates for placement is
made of activities with no predecessors (and of delays
in order to cut cycles).

Step 2 : among all the possible pairs candidate-
processor, the one which minimizes a given cost func-
tion is selected and its candidate is placed on its pro-
Cessor.

Step 3 : the candidate just placed is removed from
the candidates set and among its successors (except
delays), those having all their predecessors already
placed are added to the candidates set.

Step 4 : steps 2 and 3 are repeated until the candi-
dates set is empty.

The cost function in step 2 takes into account the
candidate’s schedule flexibility [8] and its volume of
inter-processor communications, would it be placed

on the processor. The schedule flexibility is the differ-
ence between the candidate’s latest and earliest dates.
An activity’s earliest start date is the maximum of its
predecessors’ earliest end dates. An activity’s latest
end date is the minimum of its successors’ latest start
dates. The difference between an activity’s end and
start dates is the activity’s duration, given by the user
when building each activity. Initial earliest and lat-
est dates are computed in step 1 so that activities
located on the software graph critical path(s) have
a null schedule flexibility. As activities are placed,
sequentialization of parallel activities and/or inter-
processor communications diminish schedule flexibili-
ties by delaying earliest dates. Furthermore, as inter-
processor communications share hardware links, the
more their volume, the more they will delay following
inter-processor communications.

Therefore the best processor for a candidate will
be either the one it was constrained to be placed on
or the one giving it the most schedule flexibility and
the minimum communication volume (i.e. minimize
the difference between the last and the first), and the
candidate to place first will be the one which has,
with its best processor, the least schedule flexibility
and the least communication volume (i.e. minimize
the sum of the two).

When an activity is placed, each inter-processor
communication duration is kept to a minimum by
choosing the fastest route (hardware graph path) be-
tween the sender and receiver processors. If the hard-
ware graph happens to be not connex, a hardware
connection is automatically built as close as possible
to the sender and receiver processors to ensure that
at least one route connects them. This is usefull when
the user lets the algorithm build its own idea of the
machine best suited for the application. To do so, the
user reduces the hardware graph to a single proces-
sor before running the placement algorithm. Then,
before step 1, the algorithm prompts the user for a
number of processors with an initial answer equal to
the upper bound of the ratio between the activities
durations sum and the critical path length. Then the
algorithm connects that number of processors as it
runs.

5.5 Code generation

All code generators (SynDEx, postscript, executive)
and other file interface commands are run from the
top-left area menu.

The SynDEx code generator produces a backup file
containing SynDEx commands describing the hard-
ware and software graphs and their mapping after a
placement. This file may be later loaded to restore
the SynDEx browser in the saved state.

The postscript code generator produces more de-
tailed output than that available on the display
This output may be used for hardcopy or
insertion into another document.

screen.



The executive code generator produces the source
code necessary to run the described application on
the described multi-processor as it has been sched-
uled. The code calls external user (activities) and
system (executive kernel) libraries, allocates needed
buffers, network addresses and routing tables ... all
with cross-references and comments refering to the
original SynDEx commands specifications. To ease

t

the final compilation process, a makefile is also gen-
erated. SynDEx has been designed to generate exec-
utives for different langages though it presently gen-
erates only OCCAM code for the Inmos Transputer
Development Toolset.

6 CONCLUSION

Partial order programming has been used as a com-
mon formal framework to modelize SIGNAL pro-
grams and the various SynDEx transforms leading
to multiprocessor implementation. This formalism
should be adequate for further studies. The actual
prototype of SynDEx has been presented. It has been
already successfully used in large scale signal process-
ing applications.
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