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In tro duction

This man ual uses some writing con v en tions:

� men us, buttons etc. are written in b old

( e.g. File men u, OK button, De�nition list , Launc h A dequation option),

� SynDEx directories and �les, examples etc. are written in Computer Modern

( e.g. libs directory , examples/tutorial/example7/exam ple7 _sdc. sdx �le, ! int o p ort de�nition),

� notions, windo ws, etc. are written in italic :

( e.g. AAA metho dolo gy , r efer enc e , de�nition mo de , algorithm window ).
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Chapter 1

Ov erview

1.1 The AAA metho dology

SynDEx is based on the AAA metho dolo gy ( cf. c hapter 12).

A SynDEx application is made of:

� algorithm gr aphs (de�nitions of op erations that the application ma y execute),

� ar chite ctur e gr aphs (de�nitions of m ulticomp onen ts: set of in terconnected pro cessors and sp eci�c

in tegrated circuits).

P erforming an ade quation means to execute heuristics, seeking for an optimized implementation of a

giv en algorithm on to a giv en arc hitecture.

An implemen tation consists in:

� distributing the algorithm on to the arc hitecture (allo cate parts of algorithm on to comp onen ts),

� sche duling the algorithm on to the arc hitecture (giv e a total order for the op erations distribute d

on to a comp onen t).

1.2 SynDEx distributions

SynDEx runs under Lin ux, Windo ws, and Mac OS X platforms. SynDEx is written in Obje ctive Caml .

The Graphical User In terface is written in Tcl/Tk with the OCaml library CamlTk . See c hapter 12 for

w eb links.
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Chapter 2

Getting started

2.1 Application w orkspace

2.1.1 Launc hing SynDEx

SynDEx is launc hed b y running the SynDEx executable, lo cated in the directory bin of y our installation

directory . Some options can b e sp eci�ed on the command line, for example :

� -libs adds a directory where to �nd libraries to include (see c hapter 3),

� -tdir sp eci�es the directory where the h tml v ersion of the tutorial is, to displa y it from the Help

men u.

The complete list of options can b e obtained b y running the SynDEx executable with the �help option.

2.1.2 SynDEx main windo w

Figure 2.1: SynDEx main window

T o create an application w orkspace, run the SynDEx executable. It op ens the main window of

SynDEx ( cf. �gure 2.1).
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2.1.3 Load a SynDEx application

Figure 2.2: Op en a �le

T o load an existing application in the w orkspace, from the File men u, c ho ose the Op en option and

select a SynDEx �le ( cf. �gure 2.2). F or example load the examples/basic/basic.sdx example.

2.1.4 Algorithm and arc hitecture windo ws

Loading a SynDEx application will op en:

� the algorithm window on the main algorithm if it ha v e b een de�ned ( cf. �gure 2.3),

� the main ar chite ctur e window if the main ar chite ctur e ha v e b een de�ned ( cf. �gure 2.4).

Op ening another application will replace the curren t one b y the new one in the w orkspace.

2.2 Mo des

In the algorithm window , the adr ess b ar displa ys AlgorithmMain (main) meaning that the main algorithm

is view ed in the main mo de ( cf. section 5.1.1). Double clic k on AlgorithmMain in the De�nition list .

The algorithm is no w view ed in its de�nition mo de and the adress bar displa ys [Function] AlgorithmMain .

See section 5.1.1 for more information.

Note that one can b e sev eral algorithms and arc hitectures but only one main algorithm and one main

ar chite ctur e on whic h the ade quation will b e applied.

2.3 A dequation and co de generation

T o launc h the ade quation of the main algorithm ( cf. Main mo de in section 5.1.1) on to the main ar chi-

te ctur e ( cf. section 6.3.2), from the A dequation men u, c ho ose the Launc h A dequation option. T o

view the computed sche dule , from the A dequation men u, c ho ose the Displa y Sc hedule option. See

c hapter 9 for more information.
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Figure 2.3: A lgorithm window in examples/basic/basic.sdx

Figure 2.4: Main ar chite ctur e window in examples/basic/basic.sdx

T o generate the co de of the application, from the Co de men u, c ho ose the Generate Executiv e(s)

option. The generated .m4 �les are sa v ed in the example's directory . T o view theses �les from the

SynDEx w orkspace, from the Co de men u, c ho ose the Displa y Executiv e(s) option. See c hapter 10

for more information.

2.4 Sa v e, Close, Quit

T o sa v e the curren t application, from the File men u, c ho ose the Sa v e option. T o sa v e it with a new

name, c ho ose the Sa v e as option and t yp e the new name in the dialo g window . The �le will b e su�xed

b y .sdx .

T o close the curren t application, from the File men u, c ho ose the Close option. It closes all the

applic ation windows and lea v es the w orkspace empt y .

T o quit SynDEx, from the File men u, c ho ose the Quit option.
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Chapter 3

Libraries

3.1 T o use libraries

T o create a new application y ou ma y w an t to use pre-de�ned algorithm or arc hitecture de�nitions . These

are glob al de�nitions ( vs. lo c al de�nitions from the curren t application).

F rom the File men u of the main window , c ho ose the Sp ecify Library Directories option. Then

clic k on the A dd button of the dialo g window and select the target directory . F or example, sp ecify the

SynDEx libs directory and the examples/basic_with_library/ basic Libr aries directory .

T o include a library in an application in order to mak e r efer enc es to the ob jects it con tains, from the

File men u of the main window , c ho ose the Included Libraries option. Then c hec k the target library .

Unc hec k an already included library to un-include it, pro vided there are no r efer enc es in y our application

on de�nitions from this library .

3.2 T o create a library

T o create a library of algorithm or arc hitecture de�nitions , y ou m ust create a .sdx �le con taining the

de�nitions y ou need. Libraries ma y b e lo cated in the libs directory , at the ro ot of y our installation

directory . Or y ou will ha v e to sp ecify their lo cation to the SynDEx application ( cf. section 3.1).
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Chapter 4

Using the in terface

4.1 Selection

Selection ma y b e applied to v ertices or edges of b oth algorithm or arc hitecture graphs.

Clic k on a v ertex (resp. an edge). Red squares app ear on its b orders, meaning that the v ertex (resp.

the edge) is selected. T o select m ultiple v ertices and/or edges, use the shift k ey . T o select a set of

v ertices and/or edges, use the left button of the mouse while dragging it, in order to dra w a square when

the button is released. V ertices inside or in tersecting the square are selected.

T o mo v e a selection, clic k on a v ertex of the selection. Then drag it un til the target p osition and

release the mouse. T o cancel a selection clic k outside the selection.

Con textuals men us are a v ailable on selections ( cf. section 4.3).

4.2 Zo om

Zo om ma y b e applied to ar chite ctur e ( cf. c hapter 6) and sche dule windows ( cf. section 9.6) b y mo ving

the zo om cursor on the b order of these windo ws.

4.3 Con textual men us

Some c ontextual menus are a v ailable in SynDEx. Con textual men us mainly include e dition c ommands

( Cop y , Cut, P aste, Delete ).

Algorithm windo w

In the algorithm window , righ t clic k on the bac kground of an algorithm de�nition window . It op ens a

con textual men u on the target de�nition . Clic k on a v ertex ( function, delay, sensor, actuator, c onstant )

of an algorithm graph. Red squares app ear. Then righ t clic k the mouse. It op ens a con textual men u

on the target r efer enc e .

The A ctiv ate Info Bubbles option displa ys additionnal information when p oin ting the cursor at a

v ertex of an y algorithm graph.

Arc hitecture windo w

In an ar chite ctur e window , righ t clic k on the bac kground or clic k on the Edit men u. It op ens a con textual

men u on the target de�nition . Clic k on a v ertex ( op er ator, c ommunic ation me dium ) of an arc hitecture

graph. Red squares app ear. Then righ t clic k the mouse. It op ens a con textual men u on the target

r efer enc e .
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4.4 Con textual information

When the cursor p oin ts at an ob ject of an algorithm ( cf. c hapter 5), an ar chite ctur e ( cf. c hapter 6) or

a sche dule window ( cf. section 9.6), information is displa y ed in the main window .

By default information is not k ept when switc hing b et w een ob jects. The new information o v erwrites

the older one. T o c hange this b eha viour and k eep all the information, from the Options men u of the

main window , c hec k Keep Information in the Main Windo w . This is for instance useful when the

information displa y ed do es not �t in the windo w, whic h requires to scroll the main window .

4.5 T o �nd an ob ject

Lo oking for a v ertex, from whic h y ou no w the name, in a complex graph can b ecome rather tedious.

Arc hitecture windo w

In the ar chite ctur e window ( cf. c hapter 6), from the Edit men u, c ho ose the Find Op erator Reference

or Find Medium Reference option to lo cate a v ertex of y our graph b y its name. It op ens a windo w

listing all the v ertices of y our graph. Double clic king on one of them will select it.

Sc hedule windo w

In the sche dule window ( cf. section 9.6), from the Edit men u, c ho ose the Find Op eration option to

lo cate an op eration of y our graph b y its name. It op ens a windo w listing all the op erations of y our graph.

Double clic king on one of them will select it.

4.6 Refresh

T o refresh an ar chite ctur e window , from its Windo w men u, c ho ose the Refresh option. If necessary ,

re-op en the algorithm window ( cf. A lgorithm window in c hapter 5) to refresh it.
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Chapter 5

Algorithm

AAA metho dology

In the AAA metho dolo gy , an algorithm is sp eci�ed as a directed acyclic graph ( D A G ) in�nitely rep eated.

Dir e cte d means that for eac h edge represen ting a relation b et w een v ertices, the v ertices tuple is ordered,

i.e. its �rst elemen t is the source v ertex and the other one(s) is(are) the destination v ertex(v ertices).

Still in AAA , SynDEx algorithm v ertices are op erations; op eration stands for a sequence of instruc-

tions whic h starts after all its input data are a v ailable and pro duces all its output data at the end of the

sequence. Edges are dep endences b et w een t w o v ertices.

De�nition vs. reference

In SynDEx there is a distinction b et w een algorithm de�nition and algorithm r efer enc e . T o eac h r efer enc e

corresp onds one and only one de�nition . T o a giv en de�nition ma y corresp ond sev eral r efer enc es . A

de�nition is a D A G similar to those in AAA , except that v ertices are r efer enc es or p orts.

T o a giv en r efer enc e con tained in a de�nition corresp onds a de�nition whic h ma y con tain itself sev eral

r efer enc es and so on.

A tomic or hierarc hical de�nitions

In SynDEx, algorithms can b e de�ned through hier ar chy . A de�nition is said hier ar chic al when it

de�nes an algorithm whic h con tains at least one dep endence (and p ossibly r efer enc es ), otherwise it is

said atomic .

There are �v e t yp es of atomic de�nitions : functions read data on input p orts, execute instructions

without an y side-e�ect, write data on output p orts, sensors are input v ertices of the D A G pro ducing

data from a ph ysical sensor, actuators are output v ertices of the D A G consuming data for a ph ysical

actuator, constan ts are input v ertices of the D A G, with n ull execution time, dela ys memorize data

during one or sev eral in�nite rep etition of the D A G, for use in next rep etitions. These t yp es are detailed

in section 5.1.

A de�nition is said explicitly hier ar chic al when the algorithm con tains at least one dep endence (and

p ossibly r efer enc es ). This includes c onditioning ( cf. section 5.2), r ep etitions ( cf. section 5.3) of hier-

ar chic al de�nitions , and more generally de�nitions de�ned through sev eral lev els of hier ar chy . Only a

function ma y b e de�ned through explicit hier ar chy .

A de�nition is said implicitly hier ar chic al when the algorithm do es not con tain an y dep endence and

y et will b e transformed b y SynDEx, for the ade quation , in to a graph whic h con tains dep endences. This

happ ens only with r ep etitions ( cf. section 5.3) of atomic de�nitions .

W arning: A hier ar chic al de�nition do es not ha v e to w ait for all its input data to b e a v ailable b efore

starting some computations. Indeed, parts of the algorithm graph of a hier ar chic al algorithm de�nition

ma y only require parts of the input data of the de�nition and therefore can start as so on as this part

is a v ailable (and not all the data). In the same w a y , some data ma y b e pro duced b efore the end of the

complete sequence of computations.
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Dep endences

There are t w o t yp es of dep endences:

� data dep endenc e : strong comm unication and execution precedence,

� pr e c e denc e dep endenc e : execution precedence only .

A data dep endenc e imp oses that the r efer enc e at the source of the dep endenc e , pro duces data and is

executed b efore the r efer enc e at the destination of the dep endenc e , whic h consumes the data. A pr e c e denc e

dep endenc e only imp oses an execution order b et w een r efer enc es , no data is pro duced or consumed.

Algorithm windo w

De�nitions and references are managed through an algorithm windo w. If necessary it is p ossible to op en

sev eral algorithm windo ws.

Figure 5.1: Algorithm / New Algorithm Windo w

F rom the Algorithm men u, c ho ose the New Algorithm Windo w option ( cf. �gure 5.1). It

op ens the e dition window for algorithm de�nitions ( cf. �gure 5.2). Clic k on the bac kground of a

de�nition window : the algorithm window sho ws its De�nition Prop erties . Clic k on a r efer enc e in

this de�nition window : the algorithm window sho ws its Reference Prop erties . These de�nition or

reference prop erties app ear in the left b ottom part of the algorithm windo w ( cf. �gure 5.4 for de�nition

prop erties and �gure 5.5 for reference prop erties).

5.1 T o create an algorithm de�nition

T yp es of de�nitions

SynDEx distinguishes �v e t yp es of de�nitions with di�eren t edition rules:

� a function is a general abstraction with no edition restriction: it can con tain dep endenc es , r efer enc es

and p orts;
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Figure 5.2: Algorithm Windo w

� a sensor is an abstraction of a ph ysical device pro ducing data: it can only con tain output p orts;

� an actuator is an abstraction of a ph ysical device consuming data: it can only con tain input p orts;

� a c onstant is a an abstraction of a t yp ed v alue: it can only con tain one output p ort pro ducing that

v alue. F or con v enience, the v alue hold b y the c onstant can b e giv en as a parameter to the c onstant

de�nition . Note that this is only p ossible for v alues that are represen table within the parameter

language: integer , float , string and list of suc h v alues. SynDEx standard library uses this tric k

to de�ne c onstants for the library base t yp es ( int , float , ...). F or example, the cst de�nition of

the int library has one parameter: ListOfValues ;

� a delay is an abstraction of a memory region: it m ust con tain one input p ort (the write p ort) and

one output p ort (the r e ad p ort) of the same t yp e, but nothing more. Delays hold the state of a

SynDEx application. Using delays is the only w a y to propagate data from one iteration of the

application to the next. A delay m ust b e initialized, either b y using a parameter (as suggested

ab o v e for c onstant de�nitions ) or lately in the r e al world co de (as for c onstant de�nitions , doing it

in the co de is the only alternativ e for delays holding v alues of complex t yp es). SynDEx standard

library de�nes delays for its base t yp es as shift registers with t w o parameters: the �rst one is a

list of initial v alues and the second one is the delay range. The delay range is the size (in n um b er

of items) of the register. F or example, the delay de�nition of the int library has t w o parameters:

listInit and nbDelay .

New de�nition

T o create a new de�nition , in the algorithm window , clic k on the + green button. It op ens a dialo g

window in whic h y ou can select the de�nition 's t yp e. F or example c hec k Sensor ( cf. �gure 5.3). T yp e

the name of the new sensor and optionally a list of parameters. F or example t yp e input . Then clic k

OK . It creates a de�nition of sensor named input .

P arameters are lo cal to the scop e of a de�nition . Often, parameters are used to create more generic

de�nitions . F or example, to parameterized the size of a de�nition 's p orts, w e can create a parameterized

de�nition with one parameter standing for the p ort size. P arameter names are giv en as a semi-colon
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Figure 5.3: De�nition of a sensor

separated list b et w een < and > , follo wing the de�nition 's name. The user can also edit the parameters

list in the De�nition Prop erties . Only the main algorithm ( cf. section 5.1.1) can instanciate its

parameters thanks to its �eld V alues in its De�nition Prop erties ( cf. �gure 5.8).

5.1.1 De�nition mo de and main mo de

This section refers to section 2.2.

De�nition mo de

Figure 5.4: C de�nition in examples/hierarchy/hierarchy .sdx

Double clic k on a de�nition name in the De�nition list ( e.g. op en the examples/hierarchy/hierarchy.sdx

application and double clic k on C in the De�nition list ). Y ou are no w in a de�nition mo de ( cf. �gure

5.4). F rom a de�nition mo de , to op en the de�nition corresp onding to a r efer enc e in order to insp ect and

p ossibly mo dify its con ten t, clic k on the target r efer enc e to select it. Red squares app ear on its b orders

( cf. �gure 5.5). Then double clic k on it. It displa ys the de�nition of the target r efer enc e ( cf. �gure

5.6).

Main mo de

T o de�ne an algorithm as main , righ t clic k on the bac kground of the target de�nition window . Cho ose

the Set As Main De�nition option ( cf. �gure 5.7). The color of the bac kground c hanges and the
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Figure 5.5: Op ening B1 r efer enc e in examples/hierarchy/hierarchy.s dx

adress is c hanged from a [Function] to a (main) , meaning that y ou are no w in the main mo de on the

main algorithm ( cf. �gure 5.8). Note that the main algorithm m ust b e at the ro ot lev el of a hier ar chy ; it

can not con tain unconnected p orts. Only the main algorithm can instanciate its parameters ( cf. section

5.1) thanks to its �eld V alues in its De�nition Prop erties ( cf. �gure 5.8).

Clic k on the Main button of the algorithm window . It displa ys the main algorithm in the main mo de .

Clic k on a hierarc hical r efer enc e to bro wse do wn the main algorithm ( e.g. clic k on the C r efer enc e of

Main then clic k on the B2 r efer enc e of C ). Then clic k on Up In Main to bro wse up the main algorithm .

Hierarc h y

No w y ou ma y construct a graph with r efer enc es to c onstants , sensors , actuators , delays and functions .

If this de�nition is in tended to b e referenced in an explicit hier ar chy , i.e. this r efer enc e will b elong to

a certain lev el of hier ar chy (p ossibly a leaf ), y ou m ust use input and output p orts. If this de�nition

is in tended to b e referenced at the r o ot level of the hier ar chy , input p orts are replaced b y sensors and

output p orts are replaced b y actuators .

R efer enc es to an explicitly hier ar chic al de�nition are displa y ed with a double-b or der (in the �gure 5.4

B1 is a r efer enc e on an explicitly hier ar chic al de�nition con trary to add ).

5.1.2 T o add a p ort to a de�nition

P orts are comm unication in terface of a de�nition with the outside w orld.

T yp es of p orts

SynDEx distinguishes three t yp es of p orts:

� an input p ort represen ts a data that is pro vided by the outside w orld to the de�nition ;

� an output p ort represen ts a data that is pro vided by the de�nition to the outside w orld;
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Figure 5.6: B de�nition in examples/hierarchy/hierarchy .sdx

� an input/output p ort can b e seen as a r efer enc e (or p oin ter) to a data pro vided b y the outside

w orld that the de�nition can mo dify in place. This explains the name of input/output p orts: w e

can read the v alue of the p ort and replace it b y a new one.

New p ort

T o add a p ort to an atomic de�nition ( cf. c hapter 5):

� in the de�nition mo de ( cf. section 5.1.1), righ t clic k on the bac kground and c ho ose the A dd p ort

option F or example create a new de�nition named input and add a p ort to this de�nition ( cf.

�gure 5.9);

� it op ens a dialo g window in whic h y ou can t yp e the p ort direction, t yp e, name and optionally its

size. Y ou can clic k on the syn tax help link for more information. F or example t yp e ! int o ,

then clic k OK ( cf. �gure 5.10);

� it creates the target p ort. In this example, the new p ort is an in teger output p ort named o ( cf.

�gure 5.11) in the de�nition window .

Y ou can undo and redo this action.

A p ort de�nition has the follo wing syn tax :

port_definition ::= direction type [ [ size ] ] name

direction ::= ? | ! | &

where:

� ? sp eci�es an input p ort,

� ! sp eci�es an output p ort,

� & sp eci�es an input/output p ort.

Hin t: y ou can create sev eral p orts in one breath b y simply putting sev eral p ort de�nitions in a ro w

in the dialo g window .

definition ::= { port_definition }
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Figure 5.7: Set Main de�nition as main algorithm in examples/hierarchy/hierarchy.s dx

P orts order

If y ou plan to generate co de, it is necessary to sp ecify an order for p orts whic h is consisten t with the

declaration of the corresp onding executable function. T o sp ecify the p orts order, righ t clic k on the

bac kground and c ho ose the P orts Order option.

Input/output p orts

Input-output p orts ha v e a v ery sp eci�c b eha vior concerning data memory allo cation in the executiv es

generated b y SynDEx. F or an y application, SynDEx mak es data bu�er allo cations for (and only for)

the output p orts of the atomic r efer enc es of y our algorithm graph. Input-output p orts do not cause

an allo cation but instead an alias on the output p ort of its predecessor. The op eration con taining this

input-output p ort directly mo di�es the v alue of its predecessor p ort (side-e�ect). This is useful to a v oid

reallo cation of big data bu�ers of the same t yp e (for instances images) b y making successiv e computa-

tions on the same data bu�er.

Ho w ev er, as side-e�ects are not supp osed to happ en in data-�o w graphs, this comes with some

restrictions:

� P orts of delay de�nitions can not b e input/output p orts,

� P orts of hier ar chic al de�nitions can not b e input/output p orts,

� The data of an input/output p ort can not b e di�used: if there is a dep endence A.o �> B.io (where

A.o is an output p ort and B.io is an input/output p ort), neither A.o nor B.io can b e di�used ( cf.

section 5.3.1).
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Figure 5.8: Main mo de in examples/hierarchy/hierarchy.sd x

5.1.3 T o add a reference to a de�nition

A r efer enc e can b e though t as a call to a function in a traditional programming language. Here the c al le d

function is an algorithm de�nition .

New reference

T o reference a de�nition ( e.g. myReferencedDef ) in to another one ( e.g. myDefinition ), set the algorithm

window in de�nition mo de on myDefinition ( cf. section 5.1.1). Then drag and drop myReferencedDef

from the De�nition list to the de�nition window (or select myReferencedDef in the De�nition list ,

righ t clic k on the bac kground of the de�nition window , and c ho ose the A dd reference option). It

op ens a dialo g window . T yp e the name of the r efer enc e ( e.g. myReference ). See �gure 5.12 to see the

result.

P arameterized de�nitions

T o reference a parameterized de�nition , a value d expr ession is required for eac h parameter. This can b e

done b y t yping a semi-colon separated list of expressions b et w een < and > after the r efer enc e 's name,

in the dialo g window . Note that the n um b er of expressions m ust matc h the n um b er of parameters of the

referenced de�nition , and that t yp es m ust matc h.

5.1.4 T o add a dep endence to a de�nition

A dep endenc e is an exe cution or der relation b et w een t w o r efer enc es .

SynDEx distinguishes t w o t yp es of dep endences ( cf. Dep endenc es ): data dep endences and precedence

dep endences (without data). SynDEx automatically creates the righ t t yp e of dep endence dep ending on

the con text:
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Figure 5.9: Con textual men u ! A dd p ort

Figure 5.10: Name of the new p ort
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Figure 5.11: A de�nition after p ort creation

Figure 5.12: A r efer enc e to myReferencedDef in to myDefinition
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� data dep endences

T o create a data dep endenc e b et w een t w o r efer enc es , p oin t the cursor at an output p ort of the

source, middle clic k (or Ctrl left clic k), then drag and drop on an input p ort of the destination

(or righ t clic k on the bac kground, and c ho ose the A dd dep endence option). The source and

destination of a data dep endence can also b e p orts: this is used to read a data from (resp. write a

data to) the outside w orld. Note that for a giv en non-atomic de�nition , all output p orts m ust b e

in dep endence with input p orts: all outputs m ust b e de�ned;

� precedence dep endences

T o create a pr e c e denc e dep endenc e b et w een t w o r efer enc es , p oin t the cursor at an output precedence

p ort of the source, middle clic k, then drag and drop on an input precedence p ort of the destination.

Input (resp. output ) precedence p orts are represen ted b y little blac k squares at the left (resp.righ t)

of the b o xes holding the r efer enc e names.

5.1.5 T o create a sup erblo c k

A sup erblo ck is a set of op erations, edges and p orts extracted as a new de�nition .

T o create a de�nition as a sup erblo c k, select the target set of op erations, edges and p orts y ou w an t

to extract ( cf. section 4.1). Then righ t clic k and c ho ose the Extract as sup erblo c k option. A new

de�nition is created and a r efer enc e to this de�nition replaces the selected set. The new de�nition is

a v ailable in the De�nition list , Y ou can rename b oth the de�nition and the r efer enc e .

Y ou can undo and redo this action.

5.1.6 T o create an abstract reference

An abstr act r efer enc e is a r efer enc e to a hier ar chic al de�nition in whic h the hier ar chy is not tak en in to

accoun t, i.e. the �attening ( cf. section 9.5) do es not go in to the hier ar chic al referenced de�nition that

b ecomes therefore abstr act . Ho w ev er, note that to p erform the adequation this de�nition m ust ha v e a

duration.

T o create an abstract reference, select the desired hierarc hical reference then, c hec k the option Ab-

stract in the Reference prop erties of this reference.

Y ou can undo and redo this action.

5.2 T o condition an algorithm de�nition

First mak e sure that the target de�nition con tains an input p ort of t yp e in t for the c onditioning p ort.

Note that the SynDEx libs directory already pro vides an in t library for op erations on in teger v alues.

New condition

Righ t clic k on the bac kground of the de�nition window and c ho ose the Create Condition option. It

op ens a dialo g window for the new condition. A condition is a port = value expression where port is

the name of the c onditioning p ort and value is an in teger. A new tab is created for the giv en condition.

The c onditioning p ort is no w y ello w colored ( cf. �gure 5.13).

If necessary , refresh the algorithm window ( cf. section 4.6).

Remarks

Note that there can b e only one c onditioning p ort. Y ou ha v e to construct one sub-graph p er condition

( cf. �gure 5.13). F or eac h other v alue of the c onditioning p ort, the result is unsp eci�ed and will b e

inconsisten t.

CondI and CondO v ertices

The ade quation and the co de generation will tak e in to accoun t the exp ande d graph ( cf. section 9.5).

SynDEx will in tro duce new v ertices during the exp ansion : CondI and CondO v ertices.
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Figure 5.13: switch de�nition mo de for cond = 3 in examples/condition/simpleCondi tion/ simp leCon diti on.sd x

A CondI v ertex consumes the c onditioning data and connects the input p orts of the c onditione d

op eration according to its v alue.

A CondO v ertex consumes the c onditioning data and connects the output p orts of the c onditione d

op eration according to its v alue.

References

In a de�nition mo de ( cf. section 5.1.1), references to c onditione d de�nitions ha v e their c onditioning p ort

y ello w colored ( cf. �gure 5.14).

Delete a condition

Righ t clic k on the bac kground of the de�nition window and c ho ose the Delete Condition option.

5.3 T o rep eat an algorithm de�nition

5.3.1 Di�use, F ork, and Join

Y ou can create a r efer enc e to a de�nition , and connect to its input (resp. output ) p orts some output

(resp. input ) p orts with di�er ent sizes . The pre-condition is to ha v e a unique c ommon multiple b et w een

eac h pair of p orts of di�eren t sizes. This m ultiple is the r ep etition factor of the r efer enc e .

Multiplication of a v ector b y a scalar

Supp ose that y ou w an t to sp ecify the m ultiplication of a v ector b y a scalar giving a v ector as result

( cf. AlgorithmMain1 in examples/tutorial/example4 ). Y ou can sp ecify it b y r ep e ating the m ultiplication

b et w een t w o scalars instead of de�ning a new one. F or example for N length v ectors, y ou ma y sp ecify

the r ep etition b y N m ultiplications b et w een scalars giving a scalar as a result ( cf. �gure 5.15).

Y ou ha v e to:

26



Figure 5.14: conditioned de�nition mo de in examples/condition/simpleCondi tion/ simpl eCon ditio n.sd x

Figure 5.15: AlgorithmMain1 de�nition mo de in examples/tutorial/example4/exam ple4 .sdx
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� create a de�nition parameterized b y N ,

� reference the m ultiplication on scalars mul ,

� connect the output p ort of a scalar ( e.g. s_input ) to one of its input p orts ( e.g. mul.a ),

� connect the output p ort of a v ector ( e.g. v_input ) to the other input p ort ( e.g. mul.b ),

� connect its output p ort ( mul.o ) to the input p ort of a v ector ( e.g. v_output ),

� set the r ep etition factor of mul to N : clic k on the mul r efer enc e , then t yp e N in its Reference

Prop erties ( cf. A lgorithm window in c hapter 5).

Rep etition factor

The common m ultiple b et w een eac h pair of p orts with di�eren t sizes is N . It is the r ep etition factor that

y ou ha v e to set explicitely b y using a symb olic numb er e d expr ession .

Di�use the scalar

Since the output p ort of s_input has the same size as its connected input p ort of the m ultiplication

function , it is replicated N times in order to b e m ultiplicated b y eac h elemen t of v_input . This is a

Di�use op eration.

F ork the v ector

Since the function op erates on scalars and the v_input v ector has N elemen ts, eac h of its elemen ts are

pro vided separately in order to b e m ultiplicated. This is a F ork op eration.

Join the in ternal results

Since the function op erates on scalars and the v_output v ector has N elemen ts, eac h r ep etition of the

m ultiplication is tak en in order to b e pro vided as a N elemen ts v ector. This is a Join op eration.

Represen tation

The r ep etition factor is displa y ed next to the name of the r efer enc e ( e.g. in the �gure 5.15 mul is r ep e ate d

N times). The main algorithm ( e.g. AlgorithmMain3 ) instanciates its parameters ( cf. �gure 5.8). F rom

the main mo de in examples/tutorial/example4/e xampl e4.s dx ( cf. section 5.1.1), double clic k on the

matprodvec r efer enc e , the dotprod r efer enc e is r ep e ate d three times ( cf. �gure 5.16).

Explo de and Implo de v ertices

The ade quation and the co de generation will tak e in to accoun t the exp ande d graph ( cf. section 9.5).

SynDEx wil l in tro duce new v ertices during the expansion: Explo de and Implo de v ertices.

An Explo de v ertex extracts for eac h r ep etition of a de�nition eac h elemen t of the data it receiv es ( cf.

subsections Di�use and F ork ).

An Implo de v ertex builds the data it sends b y concatenating eac h separated elemen t pro duced b y

eac h r ep etition of the de�nition ( cf. subsection Join ).

5.3.2 Iterate

In some cases, y ou ma y w an t to r ep e at a r efer enc e but ha v e no di�erence b et w een p ort sizes.
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Figure 5.16: matprodvec main mo de from AlgorithmMain3 main algorithm in

examples/tutorial/example4/exa mple4 .sdx

Figure 5.17: dp de�nition mo de in examples/tutorial/example4/examp le4.s dx
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Multiplication of t w o v ectors

Supp ose that y ou w an t to sp ecify the m ultiplication of t w o v ectors giving a scalar as a result ( cf. �gure

5.17). Y ou can sp ecify it b y r ep e ating the m ultiplication b et w een t w o scalars, that used an accum ulator

to store the partial sum. F or example if for dpaccn length v ectors, y ou ma y sp ecify the r ep etition b y

dpaccn m ultiplications b et w een three scalars (the i elemen t of the �rst v ector, the i elemen t of the second

one, and the accum ulator, initialized to 0 ).

Y ou ha v e to:

� reference the m ultiplication on scalars with accum ulator ( e.g. dp ),

� connect t w o v ectors ( e.g. v1 and v2 ) to the scalar input p orts of the m ultiplication,

� connect a {0} c onstant to the acc input p ort of the m ultiplication,

� connect the output p ort of the m ultiplication to a scalar ( e.g. dp ),

� connect the acc output p ort of the m ultiplication to its acc input p ort c ho osing an Iter ate edge,

� r ep e at dpaccn times the m ultiplication (in the Reference Prop erties of the dpacc r efer enc e ).

The accum ulator is initialized with {0} . Then the output of the r ep etition i b ecomes the accum ulator

of the r ep etition i+1 . The output of the last r ep etition is the output of the r ep e ate d de�nition . This is

an Iter ate op eration.

5.4 T o mo dify an algorithm de�nition or a reference

5.4.1 Mo dify a de�nition

Double clic k on the de�nition name in the De�nition List or double clic k on a r efer enc e from a

de�nition mo de ( cf. section 5.1.1). It op ens its de�nition window . Righ t clic k on the bac kground of

the de�nition window . Cho ose the A dd dep endence option ( cf. section 5.1.4), A dd p ort ( cf. sec-

tion 5.1.2), A dd reference ( cf. section 5.1.3), Create Condition or Delete Condition ( cf. section

5.2) to mo dify the de�nition . Clic k on the bac kground of a de�nition window ( cf. A lgorithm window in

c hapter 5). Use its De�nition Prop erties to mo dify its Name, Description, P arameters or V alues .

Note: Y ou can mo dify lo c al and glob al de�nitions ( cf. section 3.1). Mo di�cations on a glob al de�nition

impact only the curren t application and the library remains unc hanged. T o mo dify a glob al de�nition

o v er-all, op en the corresp onding SynDEx library �le ( e.g. libs/int.sdx ). Mo di�cations on a de�nition

in a library ma y ha v e consequences on all the applications using this library .

5.4.2 Mo dify a reference

Clic k on a r efer enc e in a de�nition window ( cf. A lgorithm window in c hapter 5). Use its Reference

Prop erties to mo dify its Name, P arameters, Rep eat or P erio d . F or the p erio d see the section 5.7

�T o build m utli-p erio dic applications�.

5.5 T o delete an algorithm de�nition

T o delete a de�nition , in the algorithm window , clic k on the - red button.

Note: Deleting a glob al de�nition ( cf. section 3.1) impacts only the curren t application.
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Figure 5.18: Edition of the conv co de phases in examples/tutorial/example7/e xampl e7.sd x

Figure 5.19: Edition of the co de asso ciated with conv in examples/tutorial/example7/examp le7.s dx
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Figure 5.20: Co de asso ciated with conv in lo op phase in examples/tutorial/example7/ex ampl e7.sd x

5.6 T o asso ciate co de with an algorithm de�nition

5.6.1 The co de editor windo w

Righ t clic k on the bac kground of a de�nition window . Cho ose the Edit co de phases option ( cf. �gure

5.18). Chec k init (resp. end ) to generate co de in the initialization phase (resp. ending phase ).

Righ t clic k on the bac kground of a de�nition window . Cho ose the Edition of the asso ciated

source co de option ( cf. �gure 5.19). It op ens the c o de e ditor window on the initialization phase for

the selected de�nition . Clic k on lo op phase (resp. end phase ) to edit the co de asso ciated in the lo op

phase (resp. ending phase ) ( cf. �gure 5.20).

5.6.2 The co de editor macro language

Figure 5.21: M4 macr o c o de for conv in examples/tutorial/example7/ex ampl e7_sd c.sdx

F rom the Co de men u of the main window , c hec k Generate m4x �les . A t co de generation

time, the co de written in the c o de e ditor will b e wrapp ed in to M4 macr o c o de , and outputed in to
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an application_name _sdc.m4x �le. These �les con tain one M4 macr o de�nition p er algorithm de�nition

( cf. �gure 5.21). The c o de e ditor o�ers sev eral macr os to abstract a w a y the M4 natur e of the output

�le. These macr os are of t w o kinds: p ort and parameter names tr anslation macr os , and quoting macr os

( cf. macros directory).

Names translation macros

P arameter and p ort names of an algorithm de�nition are enco ded as parameters of the corresp onding

M4 macr o . Because the M4 language uses p ositional parameters, when the user w an ts to refer to a

parameter or p ort in the asso ciated co de he has to kno w its p osition in the M4 macr o parameters list.

More than b eing not v ery handy , this is fragile relativ ely to adds or deletions of p orts and parameters in

the de�nition : when the user adds a p ort or a parameter to a de�nition , he has to adjust (replace $n b y

$n+1 in) all r efer enc es to parameters or p orts coming after the added one in the parameters list of the

M4 macr o . T o o v ercome this di�cult y , the c o de e ditor recognizes the follo wing macr os ( cf. �gure 5.20):

� @IN(prt) refers to the input p ort named prt ,

� @OUT(prt) refers to the output p ort named prt ,

� @INOUT(prt) refers to the input/output p ort named prt ,

� @PARAM(prm) refers to the parameter named prm ,

� @NAME(pr) refers to the p ort or parameter named pr . When using this macr o , y ou should b e careful

that the p ort or parameter y ou w an t to refer to has a unique name in the de�nition .

Quoting macros

Quoting macr os are used to wrap or un wrap co de b y M4 quote. The c o de e ditor recognizes the follo wing

quoting macr os :

� @QUOTE(txt) will b e put as `txt' in the output �le,

� @TEXT(`txt') will b e put as txt in the output �le.

5.6.3 The co de editor shortcuts

The c o de e ditor supp orts v arious k eyb oard shortcuts that could b e handy when editing source co de.

Ctr-T ab Insert a tabulation.

T ab Complete a p ort name. T yp e the b egining of a p ort name, then press T ab

and as man y times as necessary for the editor to �nd the w an ted completion.

Ctr-I Insert the @IN macr o at cursor p osition.

Ctr-O Insert the @OUT macr o at cursor p osition.

Ctr-N Insert the @INOUT macr o at cursor p osition.

Ctr-P Insert the @PARAM macr o at cursor p osition.

Ctr-T Insert the @TEXT macr o at cursor p osition.

Ctr-Q Insert the @QUOTE macr o at cursor p osition.

Ctr-W Cut the selected text in to the clipb oard.

Ctr-K Cut text from cursor p osition to the end of the line.

Alt-W Cop y the selected text in to the clipb oard.

Ctr-Y P aste the clipb oard con ten t at cursor p osition.

Ctr-A Jump to the b eginning of the line.

Ctr-E Jump to the end of the line.

Ctr-up Jump to the b eginning of the bu�er.

Ctr-do wn Jump to the end of the bu�er.
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5.7 T o build m ulti-p erio dic applications

Un til v ersion 6 of SynDEx, a unique timing information (execution duration) is asso ciated to eac h

op eration (resp. eac h data t yp e of a dep endence) relativ ely to the op erators (resp. media) it ma y b e

distributed to. This timing information, whic h dep ends on the hardw are, is asso ciated to the de�nition of

ev ery op eration. Applications sp eci�ed b y the user with v ersion 6 are implicitely mono-p erio dic, meaning

that all the op erations of the algorithm graph ha v e the same p erio d whic h is equal to the total execution

time of all the op erations executed on the di�eren t comp onen ts of the arc hitecture, taking in to accoun t

the duration of data comm unications through the media. This total execution time is displa y ed as the

v alue of the �Cycle time� in the sc hedule windo w resulting from the adequation.

V ersion 7 of SynDEx allo ws the user to sp ecify , in addition to a duration, a p erio d to eac h op eration.

The p erio d is a timing information asso ciated to the reference of an op eration instead of its de�nition,

whic h do es not dep end on the hardw are. This feature allo ws the user to sp ecify an op eration de�nition

with the same execution duration eac h time it is referenced, whereas this op eration ma y b e referenced

with sev eral p erio ds. Note that for a giv en op eration it is necessary that its execution duration is

smaller than its p erio d to b e sc hedulable.

As so on as a p erio d is asso ciated to at least one op eration reference, the application b ecomes m ulti-

p erio dic. In other w ords, an application is mono-p erio dic if no p erio d is asso ciated to op eration references.

In b oth cases execution durations m ust b e asso ciated to op eration de�nitions and data t yp e of dep en-

dences. A m ulti-p erio dic application has a global p erio d equal to the LCM (Least Common Multiple)

of all the p erio ds asso ciated to the op eration references. That global p erio d corresp onds to the total

execution time of all the op erations executed on the di�eren t comp onen ts of the arc hitecture, taking in to

accoun t the duration of data comm unications through the media. This total execution time is displa y ed

as the v alue of the �Cycle time� in the sc hedule windo w resulting from the adequation.

V ersion 7 of SynDEx, using the p erio d and the execution duration of ev ery op eration, p erforms a

distributed real-time sc hedulabilit y analysis to determine if the m ulti-p erio dic application is sc hedulable.

If it is the case it will generate the corresp onding macro-co de.

Multiple or equal p erio ds

Op erations related b y a dep endence m ust ha v e m ultiple or equal p erio ds . While creating a de-

p endence b et w een op erations whic h ha v e inconsisten t p erio ds, an error message app ears to help the

user ( e.g. Can not create dependence input.o -> compute.in in definition basicAlgorithm Error #1

[Inconsistent periods] ).

While creating a dep endence b et w een op erations whic h ha v e m ultiple p erio ds, there are t w o cases:

� the pro ducer op eration has a p erio d p lo w er than the p erio d n of the consumer op eration. In

this case the pro ducer op eration executes n=p times more than the consumer op eration and con-

sequen tly , pro duces n=p data for the consumer op eration in v olving that these data are memo-

rized. SynDEx displa ys a w arning message indicating that the destination p ort's size will b e in-

creased ( e.g. #1 Warning about dependence input.o -> compute.in in definition basicAlgorithm

[The size of destination compute.in will increase to 2 times the original size] ). In addition,

it creates a new op eration called with the data t yp e of the dep endence pre�xed b y �Implo de_�

(e.g. Implo de_in t). This new op eration is in c harge of collecting the n=p data for the consumer

op eration. Note that the user m ust giv e a duration to this new op eration. In case he forgot it a

w arning message will ask for during the adequation ;

� the pro ducer op eration has a p erio d p greater than the p erio d n of the consumer op eration. In this

case the pro ducer op eration executes n=p times less than the consumer op eration and consequen tly ,

the consumer op eration consumes n=p the same data.

Hierarc hical references

V eri�cations on p erio ds are propagated to hierarc hical references.

While setting the p erio d to a hierarc hical reference, SynDEx v eri�es that the new p erio d is compatible

with the p erio ds of the references it con tains. A ctually , the p erio d of a hierarc hical reference m ust b e

equal (or m ultiple) to the Least Common Multiple (LCM) to the p erio ds of the references it con tains.
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While setting the p erio d to a reference con tained in a hierarc hical reference, SynDEx v eri�es that

the new p erio d is compatible with the p erio d of the hierarc hical reference. A ctually , the p erio d of a

reference con tained in a hierarc hical reference m ust b e equal (or m ust b e a divisor) to the p erio d of the

hierarc hical reference.

Edit the p erio d of an op eration

The user can edit the p erio d of an op eration only in its reference prop erties (cf. paragraph �Algorithm

windo w� in section 5) unlik e its name, its parameters and its rep eat factor whic h can b e also edited

during the reference creation.

By default the p erio d of an op eration is equal to 0. Note that, as so on as an op eration has a p erio d

equal to 0, the application is mono-p erio dic whatev er the other p erio ds are. In other w ords, to obtain a

m ulti-p erio dic application the p erio d of all the references m ust b e edited.

A dequation

See the section 9.4 for details ab out the adequation pro cess in case of m utli-p erio dic applications.
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Chapter 6

Arc hitecture

An arc hitecture is sp eci�ed as a non dir e cte d gr aph where v ertices are of t w o t yp es: op er ator or c ommu-

nic ation me dium , and eac h edge is a connection b et w een an op er ator and a c ommunic ation me dium .

6.1 Op erator

6.1.1 T o create an op erator de�nition

Figure 6.1: De�nition of an op er ator

F rom the Arc hitecture men u of the main window , c ho ose the De�ne Op erator option ( cf. �gure

6.1). It op ens a dialo g window . T yp e the name of the new op er ator ( e.g. U ). Then clic k OK . It op ens

the new op er ator de�nition window ( cf. �gure 6.2). By default the co de will b e generated only for the

lo op phase of the op er ator . See the section 6.1.2 to set its gates, durations and co de phases.

6.1.2 T o mo dify an op erator de�nition

F rom the Arc hitecture men u of the main window , Cho ose the Edit Op erator De�nition option. It

op ens a br owse window . Select the target op er ator . It op ens its de�nition window with Mo dify gates ,
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Figure 6.2: New U op er ator de�nition window

Mo dify durations , and Mo dify co de generation phases buttons.

Gates

Clic k on the Mo dify gates button. It op ens a dialo g window in whic h y ou can set the gates, one p er

line. F or example t yp e

TCP x

TCP y

A gate has the follo wing syn tax :

gate_definition ::= medium_definitio n_ nam e gate_name

where:

� medium_definition_name sp eci�es a c ommunic ation me dium to connect with,

� gate_name . sp eci�es the new gate.

Durations

Clic k on the Mo dify durations button to sp ecify durations b y op eration ( cf. c hapter 7).

Co de generation phases

Clic k on the Mo dify co de generation phases button. Chec k init (resp. end ) to generate co de in the

initialization phase (resp. ending phase ).

Note: Y ou can mo dify lo c al and glob al op er ators ( cf. section 3.1). Mo di�cations on a glob al op er ator

impact only the curren t application and the library remains unc hanged. T o mo dify a glob al op er ator

o v er-all, op en the corresp onding SynDEx library �le ( e.g. libs/u.sdx to mo dify u/U). Mo di�cations on

a de�nition in a library ma y ha v e consequences on all the applications using this library .

6.1.3 T o delete an op erator de�nition

F rom the Arc hitecture men u of the main window , c ho ose the Delete Op erator option. It lists the

lo c al op er ator de�nitions ( cf. section 3.1). Select the target op er ator .

Note: Deleting a glob al op er ator ( cf. section 3.1) impacts only the curren t application.
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6.2 Comm unication medium

6.2.1 T o create a medium de�nition

F rom the Arc hitecture men u of the main window , c ho ose the De�ne Medium option. It op ens a

dialo g window . T yp e the name of the new c ommunic ation me dium . Then clic k OK . It op ens the new

c ommunic ation me dium de�nition window . By default a new c ommunic ation me dium has t yp e SAM

p oint-to-p oint . See the section 6.2.2 to set its t yp e and durations.

6.2.2 T o mo dify a medium de�nition

F rom the Arc hitecture men u of the main window , Cho ose the Edit Medium De�nition option. It

op ens a br owse window . Select the target c ommunic ation me dium . It op ens its de�nition window with

Mo dify t yp e , and Mo dify durations buttons.

T yp e

Clic k on the Mo dify t yp e button. It op ens a dialo g window in whic h y ou can c hange the t yp e of the

c ommunic ation me dium . F or example, c hec k SAM MultiP oin t (resp. RAM ).

Durations

Clic k on the Mo dify durations button to sp ecify durations b y data t yp e ( cf. c hapter 7).

Note: Y ou can mo dify lo c al and glob al media ( cf. section 3.1). Mo di�cations on a glob al c ommu-

nic ation me dium impact only the curren t application and the library remains unc hanged. T o mo dify a

glob al c ommunic ation me dium o v er-all, op en the corresp onding SynDEx library �le ( e.g. libs/u.sdx to

mo dify u/TCP). Mo di�cations on a de�nition in a library ma y ha v e consequences on all the applications

using this library .

6.2.3 T o delete a medium de�nition

F rom the Arc hitecture men u of the main window , c ho ose the Delete Medium option. It lists the

lo c al c ommunic ation me dium de�nitions ( cf. section 3.1). Select the target c ommunic ation me dium .

Note: Deleting a glob al c ommunic ation me dium ( cf. section 3.1) impacts only the curren t application.

6.3 Arc hitecture

6.3.1 T o create an arc hitecture de�nition

F rom the Arc hitecture men u of the main window , c ho ose the De�ne Arc hitecture option. It op ens

a dialo g window . T yp e the name of the new arc hitecture. Then clic k OK . It op ens the new arc hitecture

de�nition window . No w y ou ma y construct a graph with r efer enc es to op er ators and me dia .

New op erator reference

T o reference an op er ator in to an arc hitecture, from the Edit men u of the ar chite ctur e window c ho ose the

Reference Op erator option. It op ens a br owse window . Select the target op er ator . It op ens a dialo g

window . T yp e the name of the r efer enc e . Then clic k OK .

New medium reference

T o reference a c ommunic ation me dium in to an arc hitecture, from the Edit men u of the ar chite ctur e

window c ho ose the Reference Medium option. It op ens a br owse window . Select the target op er ator .

It op ens a dialo g window . T yp e the name of the r efer enc e . Then clic k OK . In case of a SAM multip oint

me dium , it op ens a dialo g window . Chec k Broadcast or No Broadcast for the mo de of the r efer enc e .
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Then clic k OK .

Note for a SAM m ultip oin t medium reference: In case of a SAM multip oint me dium in Br o ad-

c ast mo de, all op er ators connected to this c ommunic ation me dium will receiv e e ach and every message

sen t on the c ommunic ation me dium . In case of SAM multip oint me dium in No Br o adc ast mo de, eac h

message will b e receiv ed b y only one op er ator : the destination op er ator of the message. Righ t clic k on

a me dium r efer enc e and c ho ose Broadcast Mo de to c hange it.

New connection

T o connect an op er ator and a c ommunic ation me dium , p oin t the cursor at a gate of the op er ator r efer enc e ,

middle clic k, then drag and drop on the c ommunic ation me dium r efer enc e .

6.3.2 T o set the main arc hitecture

Figure 6.3: Set u/biProc as main ar chite ctur e in examples/tutorial/example7/exa mple7 .sdx

Set the main op erator

T o de�ne an op er ator of an arc hitecture as main , clic k on the target op er ator , righ t clic k, then c ho ose

the Set As Main Op erator option.

Set the main arc hitecture

T o de�ne an arc hitecture as main , righ t clic k on the bac kground of the target arc hitecture. Cho ose

the Set As Main Arc hitecture option ( cf. �gure 6.3). The ar chite ctur e window is no w lab elled with

(main) .

Edit the main arc hitecture

T o op en the main ar chite ctur e , from the Arc hitecture men u of the main window , c ho ose the Edit

Main Arc hitecture option.
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6.3.3 T o mo dify an arc hitecture de�nition

F rom the Arc hitecture men u of the main window , Cho ose the Edit Arc hitecture De�nition option.

It op ens a br owse window . Select the target arc hitecture. It op ens its de�nition window .

Note: Y ou can mo dify lo c al and glob al arc hitectures ( cf. section 3.1). Mo di�cations on a glob al

arc hitecture impact only the curren t application and the library remains unc hanged. T o mo dify a glob al

arc hitecture o v er-all, op en the corresp onding SynDEx library �le ( e.g. libs/u.sdx to mo dify u/biPro c).

Mo di�cations on a de�nition in a library ma y ha v e consequences on all the applications using this library .

6.3.4 T o delete an arc hitecture de�nition

F rom the Arc hitecture men u of the main window , c ho ose the Delete Arc hitecture option. It lists

the lo c al ar chite ctur e de�nitions ( cf. section 3.1). Select the target arc hitecture.

Note: Deleting a glob al arc hitecture ( cf. section 3.1) impacts only the curren t application.
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Chapter 7

Characteristics

The heuristics p erformed b y the ade quation use the c haracteristics of eac h op eration and eac h data

dep endence relativ ely to the op er ators and me dia it ma y b e distribute d to. Presen tly w e are mainly

in terested in real-time p erformances. Therefore the op erations of algorithm graphs m ust b e c haracterized

in terms of dur ation relativ ely to the op er ators and me dia of arc hitecture graphs.

7.1 Execution durations

7.1.1 Op eration durations

In the algorithm window , righ t clic k on the bac kground of an algorithm de�nition window . Cho ose

the Durations option. It op ens a dialo g window in whic h y ou can set the execution durations of the

op eration b y op er ator ( e.g. u/U = 3 sp eci�es the duration required to execute the target op eration on

an u/U op er ator ).

An op eration duration has the follo wing syn tax :

operation_durat io n ::= operator_defini tio n_ na me = value

where:

� operator_definition_name sp eci�es an op er ator ,

� value sp eci�es the duration as an inte ger time unit.

7.1.2 Op erator durations

In an op er ator de�nition window , clic k on the Mo dify durations button. It op ens a dialo g window in

whic h y ou can set the execution durations on the op er ator b y op eration ( e.g. bool/AND = 2 sp eci�es the

duration required to execute a bool/AND op eration on the target op er ator ).

An op er ator duration has the follo wing syn tax :

operator_durati on ::= operation_defini tio n_ na me = value

where:

� operation_definition_name sp eci�es an op eration,

� value sp eci�es the duration as an inte ger time unit.
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7.2 Comm unication durations

In a me dium de�nition window , clic k on the Mo dify durations button. It op ens a dialo g window in

whic h y ou can set the comm unication durations on the c ommunic ation me dium b y data t yp e ( e.g. u/bool

= 1 sp eci�es the duration required to transfer one elemen t of t yp e u/bool on the target c ommunic ation

me dium ).

A me dium duration has the follo wing syn tax :

medium_duration ::= data_type = value

where:

� data_type sp eci�es a basic data t yp e,

� value sp eci�es the duration as an inte ger time unit.

7.3 Libraries

Figure 7.1: u/U dur ations window in examples/basic_with_library/bas icBiP roc/b asic BiPro c.sd x

In case of a duration already sp eci�ed in a library , a lib/operator_definition_name = value or

lib/operation_definition_name = value or lib/data_type = value line will app ear in the corresp onding

dur ation windows ( cf. �gure 7.1).

Y ou can mo dify durations of lo c al and glob al de�nitions . Mo di�cations on a duration of a glob al

de�nition impact only the curren t application and will not b e sa v ed with the curren t application.
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Chapter 8

Constrain ts

Some op erations of the main algorithm gr aph ma y b e constrained to b e executed on sp eci�c op er ators

of the arc hitecture graphs. In this case the heuristics will not ha v e the c hoice in distributing them.

These constrain ts are sp eci�ed through op er ation gr oups . All the op erations of an op er ation gr oup will

b e distribute d on the same op er ator .

8.1 T o create an op eration group

T o create a new op er ation gr oup , from the Algorithm men u of the main window , c ho ose the De�ne

Op eration Group option. It op ens a dialo g window . T yp e the name of the new op er ation gr oup . Then

clic k OK .

8.2 T o attac h references to op eration groups

Figure 8.1: algo as main algorithm in examples/tutorial/example7/examp le7.s dx
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F rom the main mo de of the algorithm window ( cf. section 5.1.1) clic k on the target r efer enc e . In its

Reference Prop erties ( cf. A lgorithm window in c hapter 5) clic k on the Group button and select the

target op er ation gr oup ( cf. �gure 8.1).

If it references a hier ar chic al de�nition , all the r efer enc es of this hier ar chy will b e attac hed to this

op er ation gr oup (except r efer enc es of this hier ar chy that ma y b e explicitly attac hed to another op er ation

gr oup ).

In particular, in case of a r efer enc e to a c onditione d (resp. r ep e ate d ) de�nition its CondI and CondO

(resp. Explo de and Implo de ) v ertices created b y SynDEx when �attening the algorithm graph ( cf. section

9.5). will b e attac hed to the op er ation gr oup .

8.3 T o constrain t op eration groups on op erators

Figure 8.2: Constrain ts on the main ar chite ctur e in examples/tutorial/example7/exa mple 7.sdx

T o constrain t the r efer enc es attac hed to a giv en op er ation gr oup to b e distribute d on a sp eci�c

op er ator , y ou will constrain t the op er ation gr oups on op er ators . F rom the Constrain ts men u, c ho ose

the Absolute Constrain ts option. Then select the target arc hitecture. T o constrain t an op er ation

gr oup on an op er ator , clic k on the target group in the left list, then clic k on the target op er ator in the

middle and �nally clic k on the Create button. It adds the new constrain t in the righ t list ( cf. �gure

8.2). Clic k on the OK button to con�rm y our new constrain t list, otherwise clic k on the Cancel button.

8.4 T o delete an op eration group

T o delete an op er ation gr oup , from the Algorithm men u of the main window , c ho ose the Delete

Op eration Group option. It lists all the op er ation gr oups . Select the target group.
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Chapter 9

A dequation

P erforming an ade quation means to execute heuristics, seeking for an optimized implementation of a

giv en algorithm on to a giv en arc hitecture.

9.1 Main algorithm and main arc hitecture

There can b e sev eral algorithms and arc hitectures but only one main algorithm ( cf. Main mo de in section

5.1.1) and one main ar chite ctur e ( cf. section 6.3.2) on whic h the ade quation will b e p erformed.

T o de�ne an algorithm as main , righ t clic k on the bac kground of the target de�nition window .

Cho ose the Set As Main De�nition option. T o de�ne an arc hitecture as main , righ t clic k on the

bac kground of the target arc hitecture. Cho ose the Set As Main Arc hitecture option

9.2 Characterization

T o b e able to p erform an ade quation , eac h t yp e m ust b e asso ciated with a duration ( cf. c hapter 7).

SynDEx needs c haracterization for eac h v ertex of the transformed graph to p erform the ade quation . Y ou

will also ha v e to c haracterize additional op erations generated b y SynDEx in case of c onditioning ( cf.

section 5.2) or r ep etition ( cf. section 5.3).

9.3 T o launc h the adequation

T o launc h the ade quation of the main algorithm on to the main ar chite ctur e , from the A dequation men u,

c ho ose the Launc h A dequation option.

The adequation pro cess is preceded b y:

� a �attening pro cess (cf. 9.5),

� a v eri�cation pro cess on the �attened graph ( i.e. non existence of dep endence cycles).

9.4 Multi-p erio dic applications

In case of a m ulti-p erio dic application, the �attening pro cess is preceded b y:

� an assignmen t pro cess whic h p erforms a sc hedulabilit y analysis: in case of a non-sc hedulable ap-

plication, SynDEx displa ys an error message ( e.g. ABORTING: The system is not schedulable! ).

� an unroll pro cess: op erations are rep eated in accordance with their p erio ds, dep endences are added,

Implo de v ertices are added to group data sen t b y sev eral instances of a giv en pro ducer op eration to

a consumer op eration. Note that this new op eration created b y SynDEx m ust ha v e an execution

duration. If the user omits to set this v alue SynDEx will ask for b y displa ying a w arning windo w.
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9.5 Flattening

Hierarc h y

The main algorithm graph is tr ansforme d for the ade quation to obtain a graph with a unique lev el

of hier ar chy , where eac h v ertex is an op eration in the sense of AAA (whic h is the same as an atomic

de�nition in SynDEx). This tr ansformation consists in replacing r efer enc es b y corresp onding de�nitions ,

and paths of dep endenc es connected along the hier ar chy through p orts b y direct dep endenc es b et w een

corresp onding p orts of the transformed op erations.

Abstract references

In case of abstr act r efer enc es ( cf. section 5.1.6), the hier ar chy is not tak en in to accoun t, i.e. the �attening

do es not go in to the hier ar chic al referenced de�nitions . All the abstr act r efer enc es are directly replaced

b y op erations con taining the same p orts as their de�nition . R efer enc es or dep endenc es included in those

de�nitions are ignored.

9.6 Sc hedule

The sc hedule is displa y ed as sets of ordered op erations in�nitely rep eated.

In case of a m ulti-p erio dic application, the sc hedule ma y ha v e one or t w o parts. In the �rst case it is

a p ermanen t part displa y ed as sets of ordered op erations in�nitely rep eated and in the second case it is:

� a transien t part displa y ed as sets of ordered op erations executed only one time,

� then a p ermanen t part displa y ed as sets of ordered op erations in�nitely rep eated.

SynDEx adds some W ait v ertices to force the op erators to satisfy the start time dates of ev ery

op eration computed b y the adequation, taking in to accoun t their p erio d.

9.6.1 T o displa y the sc hedule

T o view the computed distribution and sche dule , from the A dequation men u, c ho ose the Displa y

Sc hedule option. It op ens a windo w for the diagram of the real-time sim ulation of the algorithm

executed on the arc hitecture.

9.6.2 The sc hedule windo w

In the sche dule window y ou will �nd one sche dule for eac h op er ator and for eac h c ommunic ation me dium

of the arc hitecture. The op erations of the transien t part ha v e a red left edge whereas the op erations of

the p ermanen t part ha v e a green left edge. F urthermore, the op erations of the transien t part are dashed

b o xes.

Op erator

Eac h sche dule for an op er ator describ es a sc heduling of c onstants , sensors , actuators , functions and

delays . By default c onstants are not displa y ed. F rom the Windo w men u, c ho ose Sc hedule Displa y

Options . Then c hec k Sho w Constan ts to c hange this setting.

Medium

Eac h sche dule for a c ommunic ation me dium describ es a sc heduling of in ter- op er ator comm unications,

sending (resp. receiving) data from (resp. to) an op er ator . Note that although a comm unication is

called �Send pro c1 pro c2� it is represen ted b y a unique op eration whic h represen ts the duration of the

comm unication (send/receiv e) on the medium.
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Start and end dates

Eac h b o x has a length whic h is prop ortional to the duration of the corresp onding op eration or comm u-

nication (send/receiv e). The start date (resp. the end date) of eac h b o x is displa y ed at its b eginning

(resp. end).

Scale

In case of big duration di�erences, y ou can disable the scale. F rom the Windo w men u, c ho ose Sc hedule

Displa y Options . Then unc hec k Scale to c hange this setting.

Colors

When the cursor p oin ts at an op eration, its b o x is highligh ted in orange. The predecessors of the target

op eration ha v e their b o xes highligh ted in green and its successors in red.

Sc hedule p osition

Clic k b et w een t w o sc hedules of op er ators or b et w een the sc hedule of an op er ator and the sc hedule of a

c ommunic ation me dium then, b efore releasing, drag and drop that sc hedule to c hange its p osition.

Other options

F rom the Windo w men u, c ho ose Sc hedule Displa y Options . Chec k Horizon tal Displa y to c hange

the orien tation of the displa y . Chec k Sho w Arro ws to dra w arro ws b et w een b o xes whic h are in relation

of execution precedence Unc hec k Lab els to not dra w the names of the op erations.
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Chapter 10

Co de generation

When the ade quation has b een p erformed, co de ma y b e generated for the main ar chite ctur e .

W arning: T o generate co de, it is mandatory to de�ne a pr o c essor of the main ar chite ctur e as the

main op er ator ( cf. section 6.3.2).

10.1 T o generate the co de

F rom the Co de men u, c ho ose the Generate Executiv e(s) option. The generated .m4 �les are sa v ed

in the application's directory , one �le p er pr o c essor .

10.2 T o view generated �les

F rom the Co de men u, c ho ose the Displa y Executiv e(s) option.

If the option Generate m4x Files of the Co de men u is c hec k ed, SynDEx also pro duces macr o �les:

� an application_name .m4x �le (if not already existing),

� an application_name _sdc.m4x �le.

The .m4x �le is the only user macr o �le whic h the M4 mac hinery is a w are of. Th us, it should include

the _sdc.m4x �le. The _sdc.m4x �le con tains M4 macr o de�nitions corresp onding to algorithm de�nitions

that ha v e b een asso ciated with a source co de via the SynDEx c o de e ditor . This �le should not b e edited

b y hand b ecause it is o v erwritten eac h time the user triggers co de generation.

The user should put its hand-written macr o de�nitions in the .m4x whic h is automatically created b y

SynDEx only if not already existing. If this �le is created b y hand, the user should b e careful to include

the _sdc.m4x at the b egining of the �le.

10.3 Ov erview

In this section w e giv e a brief summary of �les y ou will require to generate and compile y our executiv e

�les. Co de generation principles will b e detailed in next sections. Files required are:

� application_name .m4x whic h ma y b e empt y , and optionally some processor_name .m4x ,

� application_name .m4m ,

� GNUmakefile ,

� application_name .m4 , and one processor_name .m4 �le p er pr o c essor from the main ar chite ctur e

These �les are generated during the executiv e generation b y SynDEx.
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F or the �les whic h are not generated b y SynDEx, most of the time y ou can simply cop y existing ones

(for instance from the example directory) and mak e mo di�cations explained in the commen ts of these

�les. Once y ou gathered all these �les, t yp e make application_name .all in y our shell. It compiles the

executiv e �les. Then launc h the executable �le of the main pr o c essor . Y ou can also clean y our directory

b y t yping make cle an .

10.4 T o compile an executiv e

Eac h macr o -executiv e source �le m ust b e �rst translated b y the GNU M4 macr o -pro cessor, in to a text

�le in the language preferred for the pr o c essor (usually assem bler for e�ciency , sometimes C or another

high-lev el language for p ortabilit y). This translation relies on sev eral �les included in the follo wing order:

� the �rst macr o -call of the macr o -executiv e source ( include(syndex.m4x) ) includes the �le syndex.m4x

whic h de�nes all the SynDEx generic ( pr o c essor -indep enden t) macr os whic h rely on lo w-lev el sp e-

ci�c macr os exp ected to b e de�ned b y the follo wing included �les;

� the second macr o -call of the macr o -executiv e source processor _( processor_type , processor_name ,

application_name , version , date ) ) includes:

� the �le processor_type .m4x whic h de�nes lo w-lev el macr os sp eci�c to the t yp e of pr o c essor ,

� the �le application_name .m4x whic h de�nes application-sp eci�c macr os ,

� optionally the �le processor_name .m4x whic h de�nes macr os sp eci�c to the target pr o c essor ;

� then, after the memory-allo cation macr o -calls, eac h comm unication sequence starts with a

thread _( medium_type , medium_name , connected_processor_names ) macr o -call whic h includes the

�le medium_type .m4x whic h de�nes lo w-lev el comm unication macr os sp eci�c to the t yp e of the

c ommunic ation me dium .

These indirected inclusions, through the names sp eci�ed under SynDEx, pro vide a v ery �exible and

p o w erful mec hanism needed to supp ort e�cien tly heterogeneous arc hitectures, with heterogeneous lan-

guages and compilation c hains. Then eac h macr o -pro cessed text �le m ust b e compiled with the adequate

compiler, and link ed with the adequate link er against separately compatibly-compiled application-sp eci�c

�les and/or pr o c essor -sp eci�c libraries, for those macr os whic h cannot simply inline the desired co de,

but instead m ust call separately compiled co des.

10.5 T o load the compiled executiv e

In an heterogeneous arc hitecture, there are di�eren t compilation c hains, with di�eren t executable formats

whic h ha v e to b e transfered through di�eren t t yp es of in termediate me dia and pr o c essors to b e �nally

loaded b y di�eren t b o ot loaders. F or these reasons, a p ost-pro cessor is required for eac h t yp e of pr o c essor ,

in order to encapsulate this heterogeneit y in to a common do wnload format. This is explained in more

details in the downlo ader sp e ci�c ation ( cf. c hapter 11).

10.6 T o automate the compilation/load pro cess

All pr o c essor t yp es require the same compilation sequence, but with di�eren t compilation to ols:

� macr o -pro cessing of the macr o -executiv e generated b y SynDEx,

� compilation in to pr o c essor -sp eci�c ob ject co de,

� linking in to pr o c essor -memory-map-sp eci�c executable co de,

� p ost-pro cessing in to common do wnloadable format.

This compilation sequence ma y b e automatically generated for eac h pr o c essor b y macr o -pro cessing

the macr o -mak e�le generated b y SynDEx whic h includes:
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� a v ery �rst macr o -call ( include(syndex.m4m) ) that includes the �le syndex.m4m whic h generates a

mak e�le header, and de�nes the macr os architecture _ , processor _ , connect _ , and endarchitecture _

used in the macr o -mak e�le;

� the second macr o -call ( architecture _( application_name , version , date ) that includes the �le

application_name .m4m (if it exists) whic h de�nes application-sp eci�c mak e- macr os ;

� a macr o -call processor _( processor_type , processor_name , connectors_type_and_name ) p er pr o c es-

sor that includes the �le processor_type .m4m whic h should ha v e for side e�ect to generate the

required compilation dep endences for this pr o c essor ;

� a macr o -call connect_( medium_type , medium_name , connectors_opr_and_name ) p er c ommunic ation

me dium that includes the �le medium_type .m4m (if it exists) whic h should ha v e for side e�ect to

generate an y loader-sp eci�c dep endences (presen tly un used).

Although this indirect inclusion mec hanism is able to generate most of the core mak e�le, an application-

sp eci�c top mak e�le is still required to sp ecify ho w to generate the core mak e�le, and to sp ecify the

compilation and linking dep endencies with application-sp eci�c �les (include �les, separately compiled

�les and libraries).
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Chapter 11

SynDEx do wnloader sp eci�cation

11.1 Con text

SynDEx allo ws the e�cien t programming of parallel, distributed, heterogeneous arc hitectures, comp osed

of sev eral di�eren t t yp es of pr o c essors , and of sev eral di�eren t t yp es of c ommunic ation me dium . F rom a

user sp eci�cation of an algorithm data�o w graph and of an arc hitecture resources graph, and from algo-

rithm and arc hitecture c haracterized libraries, SynDEx automatically generates an application sp eci�c

exe cutive co de for eac h pr o c essor , and pro vides a make�le to automate the compilation and linking of

eac h executiv e, and its do wnloading in to the program memory of the corresp onding pr o c essor .

Separate programming of non-v olatile program memories b eing unpractical, SynDEx considers that

eac h pr o c essor has, for only non-v olatile residen t program, a b o ot-loader (whic h ma y b e v ery small and

simple, or ma y rely on a big and complex op erating system) exp ecting an executiv e to b e do wnloaded

from a neigh b our pr o c essor through a c ommunic ation me dium , except for a single host pr o c essor , desig-

nated b y the name root in the sp eci�ed arc hitecture graph, whic h b o ot-loader exp ects all executiv es to

b e stored altogether in its lo cal non-v olatile memory .

Consequen tly , SynDEx computes, o v er the arc hitecture graph, an orien ted co v erage tree ro oted on

the root pr o c essor , and generates in eac h pr o c essor exe cutive the co de needed to do wnload the compiled

executiv es through this tree, in a predetermined order whic h is also used to generate the mak e�le.

11.2 Bo ot and do wnload pro cess

This pro cess is the same for all pr o c essors , except that the root pr o c essor gets executiv es from its lo-

cal non-v olatile memory , whereas all the other pr o c essors get executiv es from their neigh b our pr o c essor

whic h is their ascendan t to w ards the ro ot of the do wnload tree. The pr o c essors whic h ha v e the same

ascendan t pr o c essor are called the descendan ts of that pr o c essor .

When p o w ered on, eac h pr o c essor b o ots b y executing its residen t b o ot-loader whic h gets the pr o c es-

sor 's executiv e, loads it in to the pr o c essor 's program memory , and executes it. During its initialization

phase , the executiv e gets and forw ards executiv es to all its descendan ts, b efore pro ceeding with applica-

tion data pro cessing.

The ro ot pr o c essor , usually an em b edded PC or other kind of w orkstation, b o otloads from its disk an

op erating system whic h automatically loads and executes a startup program allo wing the user to c ho ose

b et w een di�eren t applications. During early dev elopmen ts, this program ma y b e a simple shell (but this

requires a k eyb oard to b e a v ailable), and the user en ters a make command to compile the executiv es if

needed, and to execute the ro ot executiv e, with the other executiv e �les passed as argumen ts on the com-

mand line. In applications where it is unpractical to use a k eyb oard p ermanen tly connected, the startup

program ma y use another input device (for example a switc h or a touc h screen) to let the user c ho ose

b et w een di�eren t prede�ned shell commands, starting di�eren t applications through the corresp onding
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make command, or simply launc hing a shell for in teraction with a k eyb oard. In more deeply em b edded

applications, where the ro ot pr o c essor has neither a disk nor an op erating system, all the executiv es are

stored in a FLASH memory , and the ro ot pr o c essor b o ots b y executing directly its o wn executiv e, and

�nds the other executiv es sequen tially stored in its FLASH.

The �rst executiv e forw arded to a descendan t is receiv ed, stored, and executed b y that descendan t's

b o ot-loader. Then, while that descendan t's executiv e asks for executiv es, the ascendan t executiv e gets

and forw ards the next executiv es to the same descendan t, un til that descendan t's executiv e signals that

it has itself no more executiv es to forw ard. Then the ascendan t ma y switc h to its next descendan t, un til

it has no more descendan t to service, and hence no more executiv e to forw ard. This fully sequen tial

do wnload pro cess b o ots pr o c essors in the order of a depth-�rst tra v ersal of the do wnload tree.

In the case of a p oint-to-p oint me dium , the descendan t executiv e ma y pro ceed to application data

comm unications as so on as it has no more executiv e to forw ard, whereas in the case of a multip oint

me dium , the descendan t executiv e m ust w ait un til the ascendan t executiv e signals that it has no more

executiv e to forw ard (to a v oid comm unication in terferences b et w een descendan t application data and

ascendan t do wnload data).

11.3 Common do wnload format

Eac h pr o c essor t yp e ma y ha v e a di�eren t compiler (link er) output format, and some pr o c essor t yp es ma y

ha v e a R OM-ed em b edded b o ot-loader (�rm w are), with its o wn requiremen ts on the do wnload format.

The SynDEx common do wnload format encapsulates the details and the di�erences of the compiler

output formats, and of the b o ot-loaders do wnload formats; it is comp osed as follo ws:

� four b ytes pre�x enco ding the 32 bits big-endian total length of the follo wing sequence of b ytes,

� a sequence of b ytes enco ding one complete executiv e, structured as required b y the destination

b o ot-loader, and padded if needed with n ull b ytes un til the total length is a m ultiple of four.

The �rst executiv e forw arded to a descendan t b eing receiv ed b y that descendan t's b o ot-loader, that

executiv e m ust b e sen t without its four b ytes pre�x; the follo wing executiv es sen t to the same descendan t

b eing forw arded b y that descendan t's executiv e, they m ust b e sen t with their four b ytes pre�x.

The sequence of b ytes itself m ust follo w the format exp ected b y the destination b o ot-loader. Therefore

a link er p ost-pro cessor m ust b e dev elopp ed for eac h pr o c essor t yp e, to translate the link er output �le

in to the SynDEx common do wload format describ ed ab o v e. All the p ost-pro cessors' outputs will b e

concatenated b y the mak e�le in to a unique con tiguous image (�le), that the ro ot executiv e will use as

source.

11.4 Do wnloader macros

The downlo ader co de is generated b y t w o macr os :

� loadFrom_ starts the initialization phase of the comm unication sequence of the c ommunic ation

me dium connected to the ascendan t pr o c essor ; its �rst argumen t is the name of the ascendan t

pr o c essor , its next argumen ts, if an y , are the names of the other c ommunic ation me dium connected

to descendan t pr o c essors , if an y;

� loadDnto_ starts the initialization phase of the comm unication sequence of eac h c ommunic ation

me dium connected to a descendan t pr o c essor ; its �rst argumen t is the name of the c ommunic ation

me dium connected to the ascendan t pr o c essor , its next argumen t(s) is (are) the name(s) of the

descendan t pr o c essor(s) .

Pr o c essor names are usefull to address pr o c essors connected to multip oint me dium : a pr o c essor name

ma y b e su�xed to giv e the name of a user de�ned macr o , whic h substitution giv es the pr o c essor address.
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As executiv es data ma y b e forw arded through sev eral c ommunic ation me dium of di�eren t bandwidths,

transfers m ust b e sync hronized suc h that data �o w at the sp eed of the slo w est c ommunic ation me dium .

Bet w een pr o c essors , if �o w con trol is not supp orted b y the c ommunic ation me dium hardw are, it m ust

b e implemen ted b y r e ady to r e c eive con trol messages sen t b y the loadFrom_ co de for eac h c h unk of data

to b e sen t b y the loadDnto_ co de. Inside a pr o c essor , the loadFrom_ and loadDnto_ macr o co op eration

is based on the order in whic h the spawn_thread_ macr os (one for eac h comm unication sequence, i.e.

for eac h comm unication media) are generated in the initialization phase of the main_ ... endmain_ se-

quence: the spawn_thread_ macr o corresp onding to the thread_ macr o of the comm unication sequence

starting with the loadFrom_ macr o (i.e. of the media connected to the ascendan t pr o c essor ) is called �rst,

follo w ed b y the other spawn_thread_ macr os , among whic h the ones, if an y , corresp onding to the com-

m unication sequences with a loadDnto_ macr o (i.e. of the media connected to the descendan t pr o c essors ).

If the pr o c essor is a leaf no de of the do wnload tree, its loadFrom_ macr o has only one argumen t; in

this case, it directly generates the co de sending to the ascendan t pr o c essor a "n ull" message meaning

that no more executiv e is requested, follo w ed, in the case of a multip oint me dium , b y the co de w aiting

for other executiv es to b e do wnloaded to the other pr o c essors connected to the c ommunic ation me dium ,

un til the ascendan t pr o c essor sends an "empt y" executiv e meaning that the do wnload pro cess is complete

on this c ommunic ation me dium .

Otherwise, b efore generating the co de describ ed in the previous paragraph, the loadFrom_ macr o

generates a RETURN instruction (whic h will return con trol after the CALL instruction generated b y the

spawn_thread_ macr o ), follo w ed b y a loadFrom_end_: lab el, and the loadFrom_ macr o also de�nes three

macr os for use b y the loadDnto_ macr os :

� the loadFrom_req_ macr o m ust generate the co de that sends a non-nul l message requesting the

ascendan t pr o c essor to do wnload another executiv e;

� the loadFrom_get_ macr o m ust generate the co de that receiv es one wor d of executiv e data from

the ascendan t pr o c essor ; wor d means the size of a pr o c essor register, usually 32 bits; if the c om-

munic ation me dium transfers executiv e data b y c h unks of N w ords, then ev ery N calls to the co de

generated b y the loadFrom_get_ macr o receiv es a full c h unk of data and returns its �rst w ord, and

the next N-1 calls eac h return a next w ord of the c h unk;

� the loadFrom_next_ macr o whic h is called at the end of eac h loadDnto_ macr o , m ust generate a CALL

loadFrom_end_ , but only for the v ery last loadDnto_ macr o .

If the co de generated b y an y of these three macr os is limited to a few instructions, it ma y b e generated

inline, otherwise the loadFrom_ macr o generates this co de as a subroutine (b et w een the RETURN instruction

and the loadFrom_end_ lab el), and a call to that subroutine is generated instead of the inline co de.
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Chapter 12

Links

F or more information:

SynDEx : http://www.synd ex .o rg

AAA metho dology : http://www- rocq.i nr ia. fr /s ynd ex /p ub/ ex ec v4/ ex ecv 4. pd f

Ob jectiv e-Caml : http://caml.inria .f r/

T cl/Tk : http://www.tcl.t k/

CamlTk : http://pauillac. inr ia .f r/c am ltk /
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