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Goals
• 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

• Targeted Development Context
– The Ptolemy II tool will be used for modeling, 
simulation, and design of concurrent, real-time, 
embedded systems.
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Products
• Ptolemy II

– Java-based framework
– Open source
– Open architecture
– Platform for domain-specific languages
– Toolkit for code generators
– GUI toolkit

• Domains
– Continuous-time
– Discrete-time
– Discrete events
– Communicating sequential processes
– Process networks
– Dataflow
– Time-triggered
– 3-D graphics
– Synchronous/reactive
– Publish/Subscribe Preliminary at this time

Preliminary at this time
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process {
…
read();
…

}

Producer / Consumer

process {
…
write();
…

}

channel

port port

receiver

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

A domain answers these questions in a disciplined way
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Interfaces
• Design Data

– MoML XML schema
– Configurable GUI toolkit
– Java API
– CORBA components

• Components for Component-Based Design
– Domain polymorphic
– Data polymorphic
– Type constraint propagation
– Structured types (records, arrays)
– System-level types
– Real-time types

Preliminary

Preliminary
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Ptolemy II Visual Syntax
GR domain
(synchronous semantics)

CT domain
(continuous-time semantics)
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Hierarchical Heterogeneity

Color is a domain, which defines 
both the flow of control and 
interaction protocols.

Hierarchical

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

Amorphous

vs. Amorphous Heterogeneity
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Example Execution

PtPlot tool

3-D 
Graphics
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Example Domain
• Giotto domain

– Synchronous semantics
– Concurrent finite-state machines
– Time triggered, multirate
– Verifiable semantics

• Realization in Ptolemy II
– About 1000 lines of code/comments in four classes

• GiottoDirector
• GiottoScheduler
• GiottoReceiver
• GiottoActorComparator

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

<?xml version="1.0" standalone="no"?>
<!DOCTYPE model SYSTEM "DTD location">
<model class="classname">

<entity name="A" class="classname"></entity>
<entity name="B" class="classname"></entity>
<entity name="C" class="classname"></entity>
<relation name="r1"></relation>
<relation name="r2"></relation>
<link port="A.out" relation="r1"/>
<link port="B.in" relation="r1"/>
<link port="C.out" relation="r2"/>
<link port="B.in" relation="r2"/>

</model>

out

A
r1

r2

out

B

in

C

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

Domain semantics defines communication, flow of control

Ptolemy II model

scheduler

Schedule:
- fire Gaussian0
- fire Ramp1
- fire Sine2
- fire AddSubtract5
- fire SequenceScope10

parser

method call

if

block

block

block

code generator
…
for (int i = 0; i < plus.getWidth(); i++) {
if (plus.hasToken(i)) {
if (sum == null) {
sum = plus.get(i);

} else {
sum = sum.add(plus.get(i));

}
}

}
…

All actors will be 
given in Java, then 
translated to 
embedded Java, C, 
VHDL, etc.

target codeabstract syntax tree
First version created 
by Jeff Tsay.
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Software Practice

• Object models in UML
• Design patterns
• Careful package organization
• Layered software architecture
• Design and code reviews
• Design document (to be a book)
• Nightly build
• Regression tests
• Sandbox experimentation
• Code rating
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Ptolemy II 
Packages

•kernel (clustered graphs)
•actor (executable models)
•data (tokens, expressions)
•vergil (API for UIs)
•graph (graph algorithms)
•math (math algorithms)
•plot (plotting utilities)
•domains (modeling framelets)

Actor
ActorListener
AtomicActor
CompositeActor
DefaultExecutionListener
Director
Executable
ExecutionEvent
ExecutionListener
IOPort
IORelation
Mailbox
Manager
NoRoomException
NoTokenException
QueueReceiver
Receiver
TypeConflictException
TypeTerm
TypedActor
TypedAtomicActor
TypedCompositeActor
TypedIOPort
TypedIORelation

data

BooleanMatrixToken
BooleanToken
ComplexMatrixToken
ComplexToken
DoubleMatrixToken
DoubleToken
IntMatrixToken
IntToken
LongMatrixToken
LongToken
MatrixToken
Numerical
ObjectToken
ScalarToken
StringToken
Token
TypeLattice

kernel
math

graph

data.expr

ComponentEntity
ComponentPort
ComponentRelation
CompositeEntity
Entity
Port
Relation

kernel.util

Attribute
CrossRefList
IllegalActionException
InternalErrorException
InvalidStateException
KernelException
NameDuplicationException
Nameable
NamedList
NamedObj
NoSuchItemException
PtolemyThread
Workspace

kernel.event

TopologyChangeFailedException
TopologyChangeRequest
TopologyEvent
TopologyListener
TopologyMulticaster

ArrayMath
Complex
ExtendedMath
Fraction
SignalProcessing

CPO
DirectedAcyclicGraph
DirectedGraph
Graph
Inequality
InequalitySolver
InequalityTerm

ASCII_CharStream
ASTPtBitwiseNode
ASTPtFunctionNode
ASTPtFunctionalIfNode
ASTPtLeafNode
ASTPtLogicalNode
ASTPtMethodCallNode
ASTPtProductNode
ASTPtRelationalNode
ASTPtRootNode
ASTPtSumNode
ASTPtUnaryNode
JJTPtParserState
Node
Parameter
ParameterEvent
ParameterListener
ParseException
PtParser
PtParserConstants
PtParserTokenManager
PtParserTreeConstants
SimpleNode
Token
TokenMgrError
UtilityFunctions

plot

LogicAnalyzer
LogicAnalyzerFrame
Message
Plot
PlotApplet
PlotApplication
PlotBox
PlotDataException
PlotFrame
PlotLive
PlotLiveApplet
PlotPoint
Pxgraph

media

Audio
AudioViewer

schematic

Domain
EntityType
Icon
IconLibrary
PTMLParser
PTMLPrinter
PtolemySystem
Schematic
SchematicElement
SchematicEntity
SchematicParameter
SchematicPort
SchematicRelation
XMLElement

actor

actor.util

actor.lib

Add
Const
Demux
Expression
FunctionGenerator
Gain
Multiply
Mux
Plot
Print
Repeat
Select
Switch
XYPlot

CQComparator
CalendarQueue
DoubleCQComparator
FIFOQueue

NotifyThread
ProcessDirector
ProcessReceiver
ProcessThread
TerminateProcessException

actor.process

NotSchedulableException
Scheduler
StaticSchedulingDirector

actor.sched

kernel

ComponentEntity
ComponentPort
ComponentRelation
CompositeEntity
Entity
Port
Relation
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ComponentEntity CompositeEntity

AtomicActor Director

«Interface»
Executable

CompositeActor
0..n

0..1

0..1

0..n container

«Interface»
Actor

0..2

1

Manager

0..1 1

NamedObj

«Interface»
Nameable

Workspace

0..n 1

Attribute

0..n
0..1

Entity

Port

0..n0..1

container

Relation
0..n

0..n
link

link

ComponentPort

ComponentRelation

0..n
0..1container

Kernel.util Package

Kernel Package

Actor Package

Ptolemy II
Key

Classes
UML static structure 
diagram for the key 
classes in the kernel, 
kernel.util, and actor 
packages.

ComponentEntity CompositeEntity

0..1

0..n container
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Code Rating & Coverage

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
• Software releases

– December 2000 (0.5 beta)
– February 2001 (0.5)…

• CVS access over the internet
– For the brave, with whom we work closely

• Kluwer book (est. March 2001)
– Developers guide
– UML object models of everything

• Ptolemy Miniconference
– March 22-23, 2001 Claremont Hotel, Oakland
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Near Term Schedule
• 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
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
PROVIDED HEREUNDER IS ON AN "AS IS" BASIS, AND THE UNIVERSITY OF
CALIFORNIA HAS NO OBLIGATION TO PROVIDE MAINTENANCE, SUPPORT, UPDATES,
ENHANCEMENTS, OR MODIFICATIONS.

• None
– Source code provided.
– Can be commercialized.
– Can be used in commercial products.
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Required from OEP

Domain definitions
– What is a component?
– How do components interact?
– Disciplined interactions, for

• understandability
• verifiability


