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Goals

e Project Goals

- This project focuses on software creation for
embedded systems with emphasis on systematically
handling cross-cutting concerns such as safety,
real-time, concurrency, liveness, adaptability, and
Integratability. The approach is component based,
with compositional semantics and system-level type
systems.

 Research Area
- Heterogeneous modeling and design, code generation

e Targeted Development Context

- The Ptolemy 11 tool will be used for modeling,
simulation, and design of concurrent, real-time,
embedded systems.
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Products = 1

e Ptolemy 11

Java-based framework

Open source

Open architecture

Platform for domain-specific languages

Toolkit for code generators } o o
GUI toolkit Preliminary at this time

e Domains

Continuous-time

Discrete-time

Discrete events

Communicating sequential processes
Process networks

Dataflow

Time-triggered

3-D graphics

Synchronous/reactive o o
Publish/Subscribe Preliminary at this time
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Producer / Consumer

Mfm

process {

\I/'\}rite();

channel

port

port

process {
read();

}

receiver

e Are actors active? passive? reactive?
e Are communications timed? synchronized? buffered?

A domain answers these questions in a disciplined way
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Interfaces Y 3

e Design Data

- MoML XML schema
— Configurable GUI toolkit

- Java API

- CORBA components |- Preliminary

e Components for

Component-Based Design

— Domain polymorphic

— Data polymorphi
- Type constraint

- Structured types (records, arrays) )

C
propagation

- System-level types > Preliminary

- Real-time types
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Hierarchical Heterogeneity =

MoBiEs™

vs. Amorphous Heterogeneity

Amorphous

Hierarchical

el

U]

—

Color is a communication protocol
only, which interacts in
unpredictable ways with the flow
of control.

oy

N

Color is a domain, which defines
both the flow of control and
interaction protocols.
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: Example Execution —= ]

e o [=]

Director parameters:

iterations: ]

vectorizationFactor;

—

3-D
Graphics

Eg,i..damped pendulum01 70.TimedPlottern

File Edit Special

o7 Go | Pause Resume | Stop |
0ar
0or 7
0ar 7
-1.0L i

3 | (T piPlot tool

0 5 10 14 20 25 aa 35 40
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R Example Domain Py

e Glotto domalin
- Synchronous semantics
— Concurrent finite-state machines
— Time triggered, multirate
- Verifiable semantics

e Realization In Ptolemy 11

— About 1000 lines of code/comments in four classes
e GiottoDirector
e GiottoScheduler
e GiottoReceiver
e GiottoActorComparator

- Leverages pre-existing FSM domain.
- Leverages pre-existing GUI and actor library.
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MoML Specification

== N "fg"
MoBIES "

MoML is an XML schema representing
only the abstract syntax of
component-based designs.

<?xm version="1.0" standal one="no"?>

<! DOCTYPE nodel SYSTEM "DTD | ocati on">

<nodel cl ass="cl assnane">
<entity nane="A" class="cl assnane"></entity>
<entity nanme="B" cl ass="cl assnane"></entity>
<entity nanme="C' class="cl assnane"></entity>
<rel ation nane="r1"></rel ati on>
<relation nane="r2"></rel ati on> r1
<link port="A. out" relation="r1"/> ‘ O
<link port="B.in" relation="r1"/>
<link port="C.out" relation="r2"/> r2
<link port="B.in" relation="r2"/> a

</ nmodel >
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i Code Generators —<u 3
Domain semantics defines communication, flow of control
et Cusers'ealwergilnoisySineWawve. xmil \
:a““i“““ AddSubtracts peflienceScope10 Schedule:
- fire GaussianO
Ramp1 Sine2 ‘ - fire Rampl
i H“' parser scheduler| _ gire sine2
- fire A
Ptolemy 11 model e ddSubtracts
| - fire SequenceScopelO
All actors will be method call
. ) | code generator
given in Java, then | |
translated to If £l e, raroreny 0T
embedded Java, C, || | e et (hy:
VHDL, etC bIOCk bIOCk ‘ } zlu;ez{sumadd(pl us.get(i));

}
}

}

abstract syntax tree

i . r
First version created target code

by Jeff Tsay.
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Software Practice

MoBTHES

Object models in UML

Design patterns

Careful package organization
_ayered software architecture
Design and code reviews

Design document (to be a book)
Nightly build

Regression tests

Sandbox experimentation

Code rating




graph

kernel

ComponentEntity -

ComponentPort kernel.util

ComponentRelation| attribute

CompositeEntity CrossRefList

Entity lllegalActionException

Port . InternalErrorException -
Relation -

InvalidStateException
KernelException
l.————————= NameDuplicationException

CPO
DirectedAcyclicGraph
DirectedGraph
Graph

Inequality
InequalitySolver
InequalityTerm

math

ArrayMath
Complex
ExtendedMath
Fraction
SignalProcessing

3

MoBIHES

Ptolemy |1
Packages

ekernel (clustered graphs)
eactor (executable models)
edata (tokens, expressions)
evergil (API for Uls)

egraph (graph algorithms)
emath (math algorithms)

eplot (plotting utilities)
edomains (modeling framelets)

kernel

ComponentEntity

Nameable
NamedList data
NamedObj ) BooleanMatrixToken
NoSuchltemException BooleanToken data.expr
\l‘;’\}olimyThread ComplexMatrixToken o=~ o=
orkspace ComplexToken pravi
kernel.event A ASTPtBitwiseNode
- - DoubleMatrixToken ASTPtFunctionNode
TopologyChangeFailedException DoubleToken ASTPtFunctionallfiNode
TopologyChangeRequest IntMatrixToken ASTPiLeafNode
TopologyEyent IntToken ASTPtLogicalNode
TopologyLlstgner LongMatrixToken ASTPtMethodCallNode
TopologyMulticaster LongToken ASTPtProductNode
A l'\\lAatrleolien ASTPtRelationalNode
og!"et"Tcak ASTPtRootNode
o ;‘I’:ﬁgks: ASTPtSumNode
: ASTPtUnaryNode
actor
StringToken JJITPtParserState
Actor Token Node
ActorListener actor.util TypeLattice Parameter
AtomicActor ParameterEvent
CompositeActor CQComparator ParameterListener
DefaultExecutionListener | CalendarQueue ParseException
Director DoubleCQComparator PtParser
Executable FIFOQueue PtParserConstants
ExecutionE_vent PtParserTokenManager
ExecutionListener PtParserTreeConstants
I0Port SimpleNode
IORelation Token
Mailbox TokenMgrError
Manager UtilityFunctions
NoRoomException
NoTokenException
Sueu_eRecelver L[ schematic plot
Egerer . - LogicAnalyzer
TypeConflictException Domain LogicAnalyzerFrame
TypeTerm actor.lib EntityType Message
TypedActor Add Icon : Plot
TypedAtomicActor Const IconLibrary PlotApplet
TypedCompositeActor PTMLParser i aati
Demux . PlotApplication
TypedIiOPort Expression PTMLPrinter PlotBox
TypedIORelation FunctionGenerator PtolemySystem PlotDataException
tor.process Gain Schematic PlotFrame
actor.p . SchematicElement ;

- Multiply . . PlotLive
NotifyThread Mux SchematicEntity PlotLiveAnplet
ProcessDirector SchematicParameter Skl

. Plot ; PlotPoint

ProcessReceiver ; SchematicPort

Print ; . Pxgraph
ProcessThread Repeat SchematicRelation
TerminateProcessException | |ggject XMLElement

Switch
actor.sched XYPlot media
NotSchedulableException Audio
Scheduler AudioViewer
StaticSchedulingDirector

ComponentPort
ComponentRelation
CompositeEntity
Entity

Port

Relation
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Kernel.util Package

«Interface»
Nameable

== N "fg"
MoBFES™

Attributd i_ _____ o Workspace
on NamedObj o.n i 1
p— Ptolemy |1
)
Key
I
Classes
Enity | 04 = b I?nl? [________Oj;.Relation
ort
)
| L) -
; P | UML static structure
i IComponentPort —— -
IComponentEntit CompositeEntit d I a.g ram fo r th e key
«Interface> 0..n container 1
classes in the kernel,
container|0..1
0..n -
i kernel.util, and actor
[ « M
i n;irtfgfe Actor Package p aC kag e S .
|
|
AtomicActor Director|
0..n 0.2
0.1 CompositeActor,| 1 L
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0..n container

0..1
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¥ Ptolemy II Internal Website - Netscape =10 x|
File Edit View @0 Communicator Help

I 4 2 3 4 a < & @ @
Back. Forward  Reload Home Search  Metzcape Frint Securty Shop Stop

T w!' Bookmarks \&, Locatinn:Ihttp:ﬁptolem}l.eecs.berkele_l,l.eduf’”ptllf" j ﬁ'What's Related

i Instant Meszage Wiebh ail Contact People ellow Pages Download [__‘i Channels WWelcome to Agil

239 Ptolemy Group Internal Page

Package .ptolemy.kernel

| Compilation Units | method |cnnstructur | hasic hlock | hranch |switl:h | catc
| ComponentEntity.java | 8/8=1008 | 3/3=100% | 23/26=88% | 19/22=86% |0f0=DI/A |0/0=I
| ComponentPortjava | 30/30=100% | 3/3=100% |101/116=87% | 74/92=80% |0f0=DI/A | D=
|ComponentRelationjava| 8/8=1008 | 3/3=100% | 28/34=82% | 26/32=81% |0f0=DI/A 0/0=E
| CompositeEntityjava | 2/29=100% | 3/3=100% |118/136=87% | 93/104=85% |0f0=DI/A | 0/8=C

| Entity java | 1717=100% | 44=100% | 53/56=94% | 28/32=87% |0/0=1T/4 | 0/2=(

| Port.java | 17/17=100% | 3/3=100% | 65/73=8%% | 47/56=83% |0/0=1T/A | 0/4=C

| Relationjava | 10/10=100% | 4/4=100% | 35/40=87% | 19/20=95% |0f0=DI/A | 0/5=C

| TOTAL [119/119=100% |23/23=100% 424/481=88% |306/358=85% |0/0=1T/4 [0/23=
1

Package .ptolemy.kernel.util

|

| Compilation Units | method |cunstructur| hasic block | hranch | switch |_

| Attribute java | 44=100% | 3/3=100% | 18/20=00% | 16/18=88% |0/0=DT/A|
| Changelistenerjava | 0/0=N/A& | 0/0=N/A | 0/0=bUA [ o/0=tmA or0=ha |
| ChangeRequestjava | 3/5=60% | 1/1=100% | 9/14=64% | 5/14=35% |0/0=1V/4 |1
| CrossRefList.java [17/17=100% | 6/6=100% | 66/75=88% | 66/78=84% |0/0=DT/A|
1 DebusEvent.iava | 0f0=NrA | 0/0=N{A | 0/0=N7A | 0/0=N1A IofoszAl_'

eallocal@ptolemy.eacs.bakelay.ad:

E |=‘|D'= | |D0cument: Dane

Nightly build
creates a
web page
displaying
code rating,
code
coverage of
regression
tests, and
results of
the build and
the tests.
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: Interaction Mechanisms —

\«mvﬁs\‘

e Software releases
— December 2000 (0.5 beta)
- February 2001 (0.5)..

e CVS access over the Internet

- For the brave, with whom we work closely

e Kluwer book (est. March 2001)

— Developers guide
— UML object models of everything

e Ptolemy Miniconference

- March 22-23, 2001 Claremont Hotel,

Oakland
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q Near Term Schedule
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e Software releases
— December 2000 (0.5 beta)
- February 2001 (0.5)
— December 2001 (0.6 beta)
- February 2002 (0.6)

* Milestones
— Record types (February 2001)
— Miniconference (March 2001)
- System-level type definitions (Summer 2001)
— Real-time type definitions (Summer 2002)
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Releasability Restrictions ——u

MoBiEES™Y

Copyright (c) 1998-2000 The Regents of the University of California.

All rights reserved.

Permission is hereby granted, without written agreement and without
license or royalty fees, to use, copy, modify, and distribute this

software and its documentation for any purpose, provided that the above
copyright notice and the following two paragraphs appear in all copies
of this software.

IN NO EVENT SHALL THE UNIVERSITY OF CALIFORNIA BE LIABLE TO ANY PARTY
FOR DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES
ARISING OUT OF THE USE OF THIS SOFTWARE AND ITS DOCUMENTATION, EVEN IF
THE UNIVERSITY OF CALIFORNIA HAS BEEN ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

THE UNIVERSITY OF CALIFORNIA SPECIFICALLY DISCLAIMS ANY WARRANTIES,

INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. THE SOFTWARE

e None PDATES,
— Source code provided.
— Can be commercialized.
— Can be used in commercial products.

Lee & Henzinger



0

Required from OEP
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