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Abstrac JJture of sequential programming, the lack of
pue fo the 'Cnhe cent difficulties of parallel programming,
e find hard to design and evaluate parallel
grammers As a result, a major problem found in the
ms.allel real-time systems is the difficulty to
Jevelopment 4 prototypes of the application, and quite often,
ent of this kind of systems is behind schedule.
art of a bigger project financed by FINEP, with
«Arquitetura Paralela U.sam.lo DSPs” (Parallel
Using DSPs), whose aim Is to use a p.arallel
essing and visualising tomqgraphlc. images
oolar atmosphere in real time. In this way, it can be
&on}btll;e he 3D reconstruction of the solar coronal,
poss! raphy, as well as from the spectra
from the ang‘;a;retsoel:&ga s’is{lal Environment which should
one. ThiS PP tinuity in the development of projects

rovide con ]
be.ablfhzonfost common development methods, traditional or
using

¢ of.0r] ering support during the phases of
; bjecwr;z:ii::l’ cll):bl(l)gf;ing gand It)epsting. The environment has
mﬁ;llj interf;ce and the main aim is to facilitate the
;evelopment process and debugging of §ource . code fof
applications developed for parallel kernels, In ?arncular or
Virtuoso (Virtual Single Processor Prograx.mmng System -
Vitwoso is a trademark  of Id?omc Systems -
hifp://www.eonic.com). The environment 1s composed by f(.)ur
iools: a Parallel Programs Generator, a Worst Case Execution
Time Analyser, a Scheduling Analyser, .and a Parallel
Debugger. The first version of the tool 1is available for
download from http://www.dc.ufscar.br/~tev and was released

- asTeaching Environment for Virtuoso (TEV).
Keywords— Visual Environment, High Performance, Real

* Time, RTOS.
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§ INTRODUCTION

- The main goal of the project is the construction of a
parallel system for high performance processing using the
- Blebra’s PAD called VORTIX, working together with a set
~ O DSPs (Digital Signal Processing). The project consists
° “nstructing a parallel system with the capacity (o

Py £ 3
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@lac.inpe.br)

support  realistic  applications.

amount gf parallel processing. The development of this
PToject 1s a joint effort between the Department of
Cgrpputer Science at UFSCar and the Astrophysics
Division at INPE, and is aimed at using the parallel system
for carrying out the processing and visualisation of
tomographic images from the solar atmosphere in real time.
In this way, we could have the 3D reconstruction of the
solar corona, from the angular tomography, as well as from
the spectral one. This parallel system will be accessed
remotely through high-speed networks, and will also be
able to attend other kinds of applications, such as:
multimedia, virtual reality, scientific visualisations. Image

processing for medical applications, weather forecasting,
industrial automation, robot vision, and so on.

In the VORTIX side we will have the third-party
software, whereas in the DSPs we will have a Visual
Environment working together with the kernel Virtuoso.
The kernel requires a set of tools to help on the
development, debugging, and analysis of real-time
requirements. These tools need to be integrated in a visual
environment in order to provide a user-friendly and self-
explaining interface. In addition, this visual environment
should be able to give continuity to the development of
projects that use the most common development methods
(traditional and object-oriented). Within this set of tools we
can mention the Parallel Programs Generator, a Debugger,
Worst-Case-Execution-Time Analyser, and Scheduling
Analyser. Through these tools, the user can create a visual
representation of the application’s structures  (lasks,
semaphores, timers, mailboxes, queues, and so on) an.d
provide the characteristics of each structure. From this
visual representation, the tool allows the automatic
generation of the application’s.C code. . e

Solar Atmosphere Dynamic Images obtained yvnth :lng
sensitivity and high spatial and temporal resc?lutnon,h .oz;l\l/e
allowed to identify the solar atmosphere as a highly

Involving a reasonable
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- s of the coronad
heterogeneous environment. X-rays film

dvnamics, observed by sensors on bofml of the Yohtk;:
s;ucllnc. have shown that the structures 1n X-rays arc no 5
a static cquilibrium, but rather in a slow and continuou
evolution [ALL 92, TSU 93, UCH 97]. | Py

Furthermore, temporal-spatial fluctuations o'f soft ;
rays intensity have shown evidence of the pxnstcncc 0
several kinds of transient phenomena assocnfxtcd to the
plasma-magnetic structures. The study of spaual-tcmporhal
fragmentation of the energy in X-rays have alloyvcd, for the
first time. to characterise turbulence located in the solar

corona plasma. |
However, physical and geometrical

associated with this approach are subject to systcmatl-c
errors due to the spatial limitation imposed by bi-
dimensional images. Actually, the basic topology In that
solar atmosphere in X-rays consists of loops, where cach
element is generally described by a tri-dimensional model,
such as the observed discrepancies found in most models
and observations is due to the fact that in the models the
main physical parameters (temperature, dcns.ity and
magnetic field) and geometric (height, rotation and
position) can vary as a function of the three spherical co-
ordinates. Motivated by this limitation, efforts have been
made in order to allow the real-time tri-dimensional
visualisation of the solar atmosphere.

The most common technique for the reconstruction of
3D images from 2D ones is an angular tomography; this
technique consists of recording n 2D images of a 3D object
observed from different angles. The particular case where n
= 2, is called stereoscopy. In the solar case, the angular
tomography can be obtained in two ways: by using n
satellites positioned at different latitudes; and by using a
single satellite that considers an angular variation resulting
from the solar rotation itself.

However, the second method 1is restricted to the
observation of structures that are stable in time.

A more recent technique for the reconstruction of
structures 1n the solar atmosphere, 1s the spectral
tomography, which instead of using the angular variation,
uses the frequency variation, which is a typical
phenomenon in plasmas that present a sensitive gradient in
density [GRE 95]. Thus, the spectral tomography demands
simultaneous observation, of the same event, in different
frequencies. Considering the existing radio-interfometers
already 1n operation, the advantage of this method is that
almost all the observational apparatus required is already
available. Co-ordinated observations for obtaining images
in X-rays and UV could be incorporated in order to allow 2
more accurate estimate of the temperature and gradient
density of the solar corona [ASC 95].

This paper focuses on the visual Environment used to

develop applications on this parallel system, mainly o
‘ , n th
DSP side of the system. ! ;

parameters

The remainder of this paper is o
section 2 describes the Visual Environm Olloy
describes some related work; section 4 precnt; Soir. )
that compose the Visual Environment: SCCUOSCan the t0g)
structures of the kernel Virtuoso rcPTeSen,:cz Sho ‘h;

n

Finally, section 6 presents the conclusjons abou ¢, TRy
IS ‘
Il.. .- THE VISUAL ENVIRONMENT ik

The technological evolution has mae B
processors at low cost, making viable the c0381blc o
parallel systems, able to suppory high Structiq, of
applications. Examples of this kind of applica?crforma%c
found in multimedia, virtual reality, robot Visjlons can b
image processing, and fault-tolerant 2 p har?jn' Medicy;
systems [MOR 96, MOR96b). With  he real-tim,

propagation of the World Wide Web, a n Masg;ye

e c
parallel applications have emerged. Thig has m;’é fange of
© POssibjq

the remote access of parallel machines dedicateq
applications. 0 Specif
Typically, a parallel application is Composed k
individual modules which, when combined, re et of
application’s natural parallelism. Thijs natu;al Presem'[hc
can be divided Into two parts: parallelism ofp adra“elmn
parallelism of control. According to the applic Ty
composition of both parallelisms differs on its ftlon, .thc
In general, the use of parallelism is applied in ap (;Pon.m"'
where the parallelism of data is at Jeast three tirgg ety
than the parallelism of control, ol
Traditionally,  software developed for
computation has been aimed at maximisine
performance rather than the programmer?s Product;
Ho\'vevcr, to increase productivity and. at the same iimy“
achieve a more generalised use of parallel systems n;]e,
.soﬂ?var‘c has to work in an heterogeneous environment: t}: ;
1S, It 1S necessary to achieve an Integration with. mm
technology available for sequential systems. In additiop e
1s necessary that the software produced be portable and ai)llet
to execute in traditional systems. without
modifications, although with a lower performance.
The development of parallel real-time systems, is often
hard to manage, mainly due to: 1) the technology used for
tl?e construction of the old centralised Systems  basically
dictated the sequential style for the development of
programs, as a consequence most programming languages
reflect the behaviour of sequential programming; 2) lackaof
portability; 3) the implementation of traditional tools s
more complex for parallel systems: 4) it is common to find
fiifﬁcultics at the transition between analysis, design and
implementation; 5) during implementation programmers do
not havc adequate tools for mapping the analysis and design
requirements into the source code; and 6) the difficulty to
produce rapid prototypes of the application usually results
in development runnning behind schedule.

ganise a

bUy

Paralle]

major

.
Mo~ 29 .r."- ':~ o e ’ ~ L
4 AN ot A T NP L NP AL g L ¥ N N T g )




: Enviroﬂmcm for the (?eve.lopment of Parallel
e VI offers an altgl native for solving the
e * This environment 1s composed by a set of
o ho 1 the development of parallel rea]-tjme
rOv ot Supp the generation of code to the phases of
< from is. These tools are integrated through ,
geinE * ical interface, that offers a high Jeye]
Qralfor the construction of parallel real-tjme
pment (0 this Way, the Visual Environment unifieg

. 4(iOnS of design With those of implementation
oing, and validation of paralle] reg).

n. RELATED WORK
ool is aimed al supporting the geqeration of source
This t0 11 execute in the parallel machine. Through this
R Y orams can be constructed based on a graphical
thefr[ﬁz app]ication, which 1s used to integrate the

i< of the Visual Environment.
other t00“the development of the Parallel Programs

e the first step was the definition of the tool's
Gen?ratOT’e This definition was based on a survey carried
arcmtectllfd- the existing graphical environments for the
et stuen}[’ of parallel real-time applications. Although
govelopr™ many graphical environments available for the
o ont of parallel systems, there is no agreement as
devf;:psn;rvices and graphical representations that these
;zvironments should.offer. | |

Some visual environments try (o visually describe the
paralel program through an extended concurrency ‘map
cAI 95]. This approach offers the advantage of allowing a
t[u'erarchical representation of the parallel program, and i1s
quite adequate (0 represent fine grain parallelism. quever,
concurrency maps do not offer an adequate notation for
epresenting data structures  at the high-level (such as
semaphores, resources, mailboxes, etc.), that are present in
most parallel programming languages. Most. v.1sual
environments use graphs to represent parallel applications.
Graphs are useful to describe processes structures, data
dependency, performance visualisation, and so on.

Examples of visual environments based in the use of
sraphs are; TRAPPER [SCH 93], GRADE [DOZ 96],
Millipede [ASP 91] and PVMGraph [JUS 96]. What
differentiates these environments is the abstraction level
and the contents of the information being graphically
represented.

The TRAPPER environment describes the applications
d wo abstraction levels: whereas the parallel structure of
lhe program is described through a processes graph, the
quential components are represented in a textual form.
The graph is formed by nodes and arcs, where nodes
epresent  the processes and arcs the communication

b symposium on Computer Arehi :
2000 12" dymp Chitectyye and Hioh p,,

S being fepresented has 4

lfzvel(s’ (graphical anq textual) afe
Und in the Millipede and PVMGraph

. cally, but the functionalit
| , y of the
IS omitted, The process level describes

. The .graphical notation used by the Visual Environment
tries Fo Integrate these three basic components of a parallel
.real-tlme program into a single graphical representation. As
In most visual environments, this representation is based on
graphs composed of nodes (tasks) and arcs (message flow).
However the graph is extended in order to represent also
the data structures that control the communication and
synchronisation between the processes (semaphores,

mailboxes, resources, etc.).
IV.  TOOLS WITHIN THE ENVIRONMENT

When offering support to the kernel, a set of tools
1s required to help in the development of parallel
applications, debugging and analysis of real-time
requirements. Within these tools it is worth mentioning: 1)
Parallel Programs Generator, 2) Scheduling Analyser, 3)
Parallel Debugger and 4) Worst Case Execution Time
Analyser. These tools compose the Visual Environment for
the Development of Parallel Real-Time Programs [RIB 98],
an integrated programming environment for the
development of applications executed in a parallel machxpe.
This Visual Environment, should be able to provide
continuity in the development of projects using the most
common development methods (traditional or ob)ect-‘
oriented), by offering support during the phases of
implementation, debugging and testing. Figure 1 shows the

main interface of TEV.
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Fig.1 TEV’s Graphical and Text Editor
nodes denote the data structures that compose a paralle
llel P G ¢ program (tasks, signals, resources, mailboxes, etc.), anc
A. Farallel Programs Generator. arrows  denote  the communication operations  and
This tool is aimed at supporting the generation of synchronisation between the structures. The information in

source code for the programs executed in a parallel
machine. In the Parallel Programs Generator, applications
are built through the construction of a graphical model,
which is used to integrate the other tools from the visual
environment, This model is represented by a graph, where

the graphical model can be complemented with textual
descriptions, that is, segments of code written by the user.
The application's graphical and textual information is stored
in the project's file. Based on this information, the Parallel
Program Generator automatically generates the source code
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and the makefiles, which are used for the

e apP ic::d linkage of the source code produced,
MY 0N €
Jali¢
omp! ser.
0 peduling AnaDSe .
g S - of this tool is to foresee whether the
The al will be reached or not. The

nts of the SY st.cm h .
.quiremc Jyser simulates the execution of the
n

neduling A!:i;ry (o evaluate whether the execution in a
¢  in is viable. The analyser 1s also able to
the faults were In orde.r to allow the
jorm 77 =+ them. Based on the estimates produced

mer (0 Case Execution Time Analyser, the
the wors yser produces a graphical representation of
sduling Anaz This graphical representation enables the
.he tasks that are not going to meet the
The aim of the Scheduler Analyser,
oal-ime T verify, before the execution of the parallel
perefore: 1> t?her the real-time requirements will be met. If
s be modified either by the addition of

«tem can :
the SYSt by modifying the source code.

more processors: of

rallel Debugger:

The aim of this tool 1s to allqw the on-line
o the programs developed in the Visual
dcbl}gglﬂct The Parallel Debugger allows the
Epvironmen -[O debug the application in the same graphical
programmﬁft used to develop it. The graphical notations
epvironmen o Parallel Program Generator and the

th
Pfoduced i er are used as a visual interface for the

Analys :
g;geil;f;n 1o the user during the debugging process. A

o detailed graphical description about the internal
m'(;rcution of each task (variables, execution flow, calls to
f}:e kernel's services) is shown by using the diagram

produced bY the Scheduler analyser.

¢ Pa

0. Worst Case Execution Time Analyser.

This tool is aimed at calculating the actual time of
execution of the Worst Case Execution Time [PUS 89] gf
e tasks executed by the kernel. In order to c.alculate th¥s
ime. the tool carries out a lexical and syntactical analysis
of the source code produced by the Parallel Programs
Generator, constructs an abstract syntax trec of the
application and then traverses through the tree to ﬁn.d th.e
path with the worst case execution time. This calculatlop 1S
arried out based on a table that contains all possible

instructions generated by the compiler.

The use of the WCET is necessary to guarantee that the
time requirements of a real-time system are meL. The
WCET is calculated using the path with the worsl case of
ime. This path is that one, among all possible paths of the
task's execution flow, that will take more time to be
eiecuted. To calculate the WCET, the Worst Case
Excoution  Time Analyser (WCETA), carries out an
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stractuees oot a .visualisatlon of the tasks' data
ugh a graphical representation, where it is

sh |
OWn the main commands of the C language, the kernel

5;1?;]21233 and the corresponding WCETSs. This shows some
tradi(ionar?m?g-e's offgrgd by the WCETA if compared to
s 00 s It facilitates the identification of the points

€ the task's overhead occurs; since the task's graphical

p by showing only those
" rogrammer is interested in. the tool
facilitates the understanding of the task: the possibility of

.us;ng. t‘he graphical representation in the debugging process;
It facilitates the allocation of tasks to processors. ‘

V. STRUCTURES OF THE KERNEL VIRTUOSO IN TEV

The graphical notation used by the Parallel Programs
Genergtor ries to integrate the three basic components
(functlonal, behavioural and structural) of a parallel real-
time program Into a single graphical representation. As in
most visual environments, this representation is based on
graphs composed of nodes (tasks) and arcs (message flow).
However the graph is extended in order to represent also
the data structures that control the communication and

synchronisation between the processes (semaphores,
mailboxes, resources, etc.).

Although the graphical representation adopted by the
Parallel Programs Generator is a generic one, its semantic is
based on the programming model established by the kernel
Virtuoso. The next section presents the basic characteristics
of this model.

Virtuoso[ VIR 99] offers a multilevel programming
system built around the optimised nanokernel. The ISR
(Interrupt Service Routine) levels are used to directly
control the hardware interruptions of the processor.

Level 3 (nanokernel) 1s composed of several tasks of
reduced context, called processes. Each process 1s a routine
written in assembly language that may call C functions.
Level 4 is composed of more than 70 services of the
microkernel, which can be called from the C language. The
basic components of this level are the microkernel’s objects.
The main objects of the microkernel are classes such as:
tasks, semaphores, queues, mailboxes, memory partitions,
resources and timers.

Class Task - A task is a program module which exists
to perform a defined function or a set of functions. A taslf 1S
independent of other tasks but may establish relationships
with other tasks. These relationships may exist in the form
of data structures, input/output, or other constructs.
Virtuoso uses the multitasking concept, which gives the
processor the apparent ability (o pgrform mulliplc
operations concurrently. In a sc.qucntlal machmg, a
processor cannot do two or more things at the same tme.
However, with the functions of the system segregated 1nto

v 2 s v alicad_adp. M«“.‘
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different tasks, the effect of concurrency can be aclﬂncvcd.

Efficient use of the processor can be obtained by using the
time a task might wait for an event to occur (0 Tun another

task
Class Semaphore - Semaphores arc used to

synchronise/handshake between two tasks and/or events. A
s;gnallmg task will signal a semaphore while there will be
another task waiting on that scmaphore to be signalled. One
can wait on a semaphore with a time-out or return from the
wait if no semaphore is signalled. This can be useful to

make sure that the task does not get blocked.
Class Message - Messages are used between a sender

and a receiver task. This is done using a mailbox. The
mailbox is used as an intermediate agent that accepts
messages. Messages work with arbitrary sizes and permit a
selective transport between sender and receiver, including

the specification of the message’s priority.
Class Timer - This class of calls allows an application

task 1o use a timer as part of its function by allocating a
Timer object. From then on, the timer can be started to
generate a timed event at a specified moment (one shot) or
interval (cyclic). This event can then signal the associated
semaphore. Timers are mainly used to regulate the
execution of tasks with respect to a required timely

behaviour.
Class Resource - The resource protection calls are

needed to assure that access to resources is done in an
atomic way. Unless the processor provides real physical
protection, the locking and unlocking of a resource 1s in fact
a convention that all tasks using a resource must follow.

Class Queue - Queues are also used to transfer data
from any task to any other task but here the data is actually
transferred in a buffered and time ordered way. The
advantage is that no further synchronisation is required
between the enqueuer and the dequeuing task, permitting
the enqueuer to continue. Another advantage of this
mechanism 1s that a queue also acts as a “port” (e.g., to
access the console from any node in the system).

Class Memory - In any system, memory IS a resource
for which tasks compete. Memory management is an area
where various techniques can be applied. Many techniques
are very fast and use elegant models for allocation and

deallocation of memory.
E. Graphical Editor.

The graphical editor offers a user-friendly interface for
the development of Virtuoso applications. This editor is
used to create the data structure of the application and
generate part of the source code.

Using the graphical editor, the user creates a diagram
(hat.rcp.rcscnts the most important characteristics of the
application. In this diagram, a different symbol is used for
the representation of each kind of object (task, semaphore
resource, mailbox, etc.), and the calls to the microkernei

appear as links connecting these objects,
represented by the graphical editor can be djy;
categories: configurable and executable
graphical symbol of each object is delimited by iCCts. The
within which the object’s name and a figure e fCClang]e.
the kind of object (semaphore, task, etc.), are (’lra“ll)rcscnting
[n the graphical editor, relationships betwee o
represented through connections. These cap b
visual representations of the calls that th
objects (tasks and functions) do to the se
microkernel. A connection is represented in
editor through two components: a connectiop |;
graphical symbol. A connection line is used to imme and g
the object that called the service (a task or a funCt.erCO"“eCt
object under which this service was executed, T 10n) (0 the
symbol indicates the microkernel primitive z;ssoe- graphicy]
this connection. This symbol is placed, by the uglated With
of the line’s segments interconnecting the involy ;r, o one
The kind of connection, that is, the microkerne] Se Objects,
it represents can be easily distinguished by the femce that
colour of the graphical symbol. Ormat ang

F. Text Editor.

Thc‘ Objccts
dCd Into tW(‘)

c dCﬁned as
¥ _CXecutape
['Vices of the
the graphicg]

The graphical editor allows a high-
of the data structures and calls to theg hmliec\;z]k;fl?erfseméﬁon
Howgver, the executable objects' source code ;er\nces,
contain only calls to the microkernel. The functio Oei‘s i
these objects 1s determined mainly by segments of ?l? il
writt.en by the user. These segments vary accordin i
application, and are therefore better defined thg b
textual form rather than by graphical rc:prese:ntation;Ough a

.The‘ text editor provides the user with the faciiit'
write, in C language, the code of the executable ::S .
created by the graphic editor. The text editoo 12
f:omponent of the Parallel Programs Generator andr flfS :
in addition to the basic facilities found in common 3' iy
other resources to integrate the textual part quoﬁ
apphc.ation (source code of the executable objects) with the
graphical part (executable objects and connections) W}: :
a new application is initiated, the basic skeletons. of t;n
special files are automatically generated by the text editorc

This skeletons can be updated | : :
L ] t -
information. ¢ ater  with - additional

G. File Manager.

.The user application may be stored in a project's file
This file contains all the information necessary (o restoré
the graphical and textual parts of the application. The
modgle responsible for storing and restoring the project's
files is the file manager. During the saving process, the file
manager reads the internal data structure stored in the main
memory, makes some conversions, and then stores this data
In the project's file. When the application needs to be
restored, the file manager carries out the inverse operation.
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generator 18 responsible for producing the
coce = parallel Programs Generator, that is, the
o compile and linkedit the wuser's
fles ™ mwo kinds of files are created by the code
applica 13 ﬁ ot ontaining the application's C code and a
code generator produccs. source files, in C
The or all the microkernel objects being graphically
|anguage: Two kinds of source code are produced. The
reprcsef‘;cg('mtain the code that implements the microkerne]
ne

first ON' jata structure. The second ones are designed as
objects cles (h files), that can be inserted within the
r :

»ade
hwl'cation's source c0de. . .
app"! he executable objects (tasks and functions), a third

F-m;]so senerated. This file contains the source code
ﬁ]c 1S -

CLS.
by these objec . .
exccuted 0 code generator creates makefile files, which

voked by the make utility 1n order to produce
can be ble files for the application. The make and run
execul:nds from the main menu can be used to compile,
comm

1 odit and execute the application. In this way, the user
e d to leave the visual environment to execute

does not NEe
these commands.
VI. CONCLUSIONS
A significant limitation for the development of parallel real-

o systems is the lack of adequate programming tools,
nm'nly those that support the final cycles of the life cycle.
?hails work presentec the Visual Environment for the

Development of Parallel Real-Time Prpgrams, whqse main
aim 18 10 facilitate tl?e lmple.mel.ltatlon, debugging and
esting of parallel real-time apphcgtnons. |

The graphical notation used .mtegrates the three. basic
components of a parallel real-time system (behavioural,

structural  and functional), into a single graphical
representation, therefore facilitating the understanding of

the system as a whole. .
Ayprototype of the Visual Environment for the 4.1

version of the Parallel Kernel Virtuoso has already been
developed and is available for downloading, where some
examples can be found, as well as a case study, that

demonstrates how the tool works.
This environment was used to generate the code of an

application using image processing [MUC 98] consisting of
images created by Brownian motion, where measures were
aken by fractal dimension. The generation of code was
obtained approximately in an hour, showing therefore the
potential of the tool in producing rapid prototypes.
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