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Ptolemy Il Extension Points

Define actors

Interface to foreign tools (e.g. Python, MATLAB)
Interface to verification tools (e.g. Chic)

Define actor definition languages

Define directors (and models of computation)
Define visual editors

Define textual syntaxes and editors

Packaged, branded configurations

All of our “domains” are extensions built on a core infrastructure.
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Ptolemy II: Functionality of Components is Given in
Standard Java (which can wrap C, C++, Perl, Python,
MATLAB, Web services, Grid services, ...) and/or in C
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A still experimental, rapidly evolving capability
supports embedding C code in Ptolemy models, and

MOdels-tO-C generating standalone C programs from Ptolemy
models. This example produces embedded C code for
the iRobot Create. =

Comemangd
Module

SDF Director StaticSchedulingCodeGenerator

Inkialz= Enoety This example responds to buttons

@ to drive forward or backward, and
responds to the bump sensor to stop.

SDF Director

y ~Cargo Bay
s/ Connestos

Respond to buttons to drive L —
forward or backward, and respond -
to the bump sensor by stopping.

Run initialization ¢ode once
then run main loop, forever.

Expression

Simple iRobot
example that Wrapper for Boo\een'lomw-mgdzsumrad
hierarchically platfarm-
. speciiccode ™ |  po ool P /B | |
combines SDF ta read the
SEensors.
and FSM.

Wrapper for
platform-s pecific
code to drive the
motors.

Custom C code

Lee, Berkeley 5

. iRobot Cresite

Ptolemy Il Extension Points

Define actors

Interface to foreign tools (e.g. Python, MATLAB)
Interface to verification tools (e.g. Chic)

Define actor definition languages

Define directors (and models of computation)
Define visual editors

Define textual syntaxes and editors

Packaged, branded configurations
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o All of our “domains” are extensions built on a core infrastructure.
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execution control data transport

init()
fire()
E1

|0Port

IORelation Receiver

(inside port)

Recall Abstract Semantics
of Actor-Oriented Models of Computation

Actor-Oriented Models of
Computation that we have
implemented:

« dataflow (several variants)

* process networks

« distributed process networks
« Click (push/pull)

* continuous-time

* CSP (rendezvous)

« discrete events

« distributed discrete events
 synchronous/reactive

« time-driven (several variants)

Lee, Berkeley 7

Object Model for

Executable Components

«Interface» «Interface»
Executable | | Actor -
ComponentEntity E—
CompositeEntity
+fire() +getDirector() : Director
+initialize() +getExecutiveDirector() : Director| 01
+postfire() : boolean| +getManager() : Manager on -
+prefire() : boolean +inputPortList() : List
+preinitialize() +newReceiver() : Receiver
+stopFire() +outputPortList() : List
+terminate()
+wrapup() \—
CompositeActor
e —
Director AtomicActor
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Object Model (Simplified) for
Communication Infrastructure

0.1

NoRoomException|

Receiver .
NoTokenException
throws
throws

«Interface»

+get() : Token
+getContainer() : IOPort
+hasRoom() : boolean
+hasToken() : boolean
+put(t : Token)

+setContainer(port : IOPort)

Mailbox

«Interface»
ProcessReceiver

QueueReceiver DEReceiver SDFReceiver

H

1.1

CTReceiver CSPReceiver

FIFOQueue ArrayFIFOQueue

PNReceiver
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«Interface»
Receiver

+get() : Token

+put(t : Token)

+getContainer() : IOPort
+hasRoom() : boolean
+hasToken() : boolean

+setContainer(port : IOPort)

Recall: Behavioral polymorphism
is the idea that components can be
defined to operate with multiple

Object-Oriented Approach to Achieving
Behavioral Polymorphism

These polymorphic methods
implement the communication
semantics of a domain in Ptolemy
IT. The receiver instance used in
communication is supplied by the
director, not by the component.

producer
actor

IOPort

consumer
actor

models of computation and multiple Receiver
middleware frameworks.
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Extension Exercise 1

Build a director that subclasses PNDirector to allow ports to alter
the “blocking read” behavior. In particular, if a port has a parameter
named “tellTheTruth” then the receivers that your director creates
should “tell the truth” when hasToken() is called. That is, instead of
always returning true, they should return true only if there is a token
in the receiver.

Parameterizing the behavior of a receiver is a simple form of
communication refinement, a key principle in, for example,
Metropolis.
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Implementation of the
NondogmaticPNDirector

package doc.tutorial;
import ..
public class NondogmaticPNDirector extends PNDirector {
public NondogmaticPNDirector(CompositeEntity container, String name)
throws IllegalActionException, NameDuplicationException {
super(container, name);

public Receiver newReceiver() {
return new FlexibleReceiver();

public class FlexibleReceiver extends PNQueueReceiver {
public boolean hasToken() {
10Port port = getContainer();
Attribute attribute = port.getAttribute("tellTheTruth™);
if (attribute == null) {
return super.hasToken();

¥
// Tell the truth...
return _queue.size() > 0;
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With NondogmaticPNDirector:

=] il

SequenceFlotter

00 ©1 82 03 04 05 06 07 08 08 10 11
not

With PNDirector:

ENRIE

SequencePlatter

AddSubtract  TrigFunction

Model of a sensor sensing a sinusoidal signal with

the specified frequency and phase at the specified

sampling frequency. This composite actor simulates
real-time behavior by sleeping the amount of time given by
the samplingPeriod (in seconds) before producing an output.

AddSubtract2
Sleep

15
10
as
o
05
enoi 10t — 1  — 11 —

00 01 02 03 04 05 06 OF 00 09 10 11

aot

output

d ruundTu\nI[samp.I?\.ngPeriud *1000) H
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Extension Exercise 2

Build a director that subclasses Director and allows different
receiver classes to be used on different connections. This is a form
of what we call “amorphous heterogeneity.”
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package doc.tutorial;
import ..
public class AmorphousDirector extends Director {
public AmorphousDirector(CompositeEntity container, String name)
throws IllegalActionException, NameDuplicationException {
super(container, name);

public Receiver newReceiver() {

return new DelegatingReceiver(); Implementatlon Of the

public class DelegatingReceiver extends AbstractReceiver {

private Receiver _receiver; AmorphOUSDlreCtor

public DelegatingReceiver() {
super(Q);
_receiver = new SDFReceiver();

public DelegatingReceiver(l10Port container) throws IllegalActi
super(container);
_receiver = new SDFReceiver(container);

3

public void clear() throws IllegalActionException {
10Port container = getContainer();
if (container != null) {
StringParameter receiverClass = (StringParameter)

container.getAttribute(*'receiverClass”, StringParameter.class);

if (receiverClass != null) {

string className = ((StringToken)receiverClass.getToken()).stringvalueQ);

try {
Class desiredClass = Class.forName(className);

_receiver = (Receiver)desiredClass.newlnstance();

} catch (Exception e) {
throw new IllegalActionException(container, e,
“Invalid class for receiver: " + className);

3

_receiver.clearQ);

public Token get() throws NoTokenException {
return _receiver.get();

onException {
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AmorphousDirector

Edit parameters for input

SequencePlotter

\\/ receiverClass: | ptolemy actor. QueueReceiver

[[_commt J[ add ][ Remove | [RestoreDefauks] [ Preferences | |

Help [ cancel

Edit parameters for input

:{) receiverClass: | ptolemny. actor MaiboxReceiver|
- EAqUan AFIaar il [ _commi ][ add | [ removs | [Restors Defauts | [ Freferances
n ]
T
. | {
[
|
; ]
3 1
2 l @ Invalid class for receiver: prolemy, actor, MailboxReceiver
1 | in .AmarphousE:xample. SequenceFlotter.input
Y i 1 Because:
0o 0 o4 D6 08 D 12 14 18 . polemy. actor. MailboxReceiver
L

Dismiss ] [ Display Stack Trace ]

Lee, Berkeley 16

o3



Extension Exercise 3

Build a director that fires actors in left-to-right order, as they are laid
out on the screen.
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package doc.tutorial;
import java.util.Comparator;
import ..
public class LeftRightDirector extends StaticSchedulingDirector {
public LeftRightDirector(CompositeEntity container, String name) .. {
super(container, name);
setScheduler(new LeftRightScheduler(this, "LeftRightScheduler'));

3
public class LeftRightScheduler extends Scheduler {
public LeftRightScheduler(LeftRightDirector director, String name) .. {
super(director, name);

3
protected Schedule _getSchedule() .. {
StaticSchedulingDirector director = (StaticSchedulingDirector) getContainer();
CompositeActor compositeActor = (CompositeActor) (director.getContainer());
List actors = compositeActor.deepEntityList();
Iterator actorlterator = actors.iterator();
TreeSet sortedActors = new TreeSet(new LeftRightComparator());
while (actorlterator.hasNext()) {
Actor actor = (Actor) actorlterator.next();
sortedActors.add(actor);

Schedule schedule = new Schedule();
Iterator sortedActorslterator = sortedActors.iterator();
while (sortedActorslterator.hasNext()) {

Actor actor = (Actor) sortedActorslterator.next();

Firing firing = new FiringO; Implementation of the

firing.setActor(actor);

, schedule.add(firing); Leftng htDirector

return schedule;

public class LeftRightComparator implements Comparator {

public int compare(Object ol, Object 02) {

3
public boolean equals(Object 0) {

b

¥ Lee, Berkeley 18
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o All of our “domains” are extensions built on a core infrastructure.
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Example Extensions
Python Actors, Cal Actors, MATLAB Actors

o . i . _IQUnnamed
oCal is an experimental language Fie. ob
o H actor PrimeSieve () =
for defining actors that is analyzab T et o> ne Dutpcs
. . filter := lamhda (a) : false end:
for key behavioral properties. ey e S
bmod a=0
end
SDF Director
- action [a] ==> [0] guard filrer(a) end
action [a] ==> [a] guard not filteria)
var £ = filter
do
filter := lawbda(Integer b): f£{b] or dividesia, bl end;
Ramp rimeSieve sequef =
Cal Cal B . action [a] ==> [-1] end
a "0 r V] fena
< ;IJ

This model demonstrates the use of function closures inside a CAL actor.

The PrimeSieve actor uses nested function closures to realize the Sieve of Eratosthenes,
a method for finding prime numbers. Its state variable, “filter," contains the current filter
function. If it is "false" a new prime number has been found, and a new filter function

will be generated.

The PrimeSieve actor expects an ascending sequence of natural numbers, starting from 2,
as input.

Lee, Berkeley 20
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o All of our “domains” are extensions built on a core infrastructure.
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Example Extensions
Using Models to Control Models

S This model illustrates the use of a "run compaosite actor”
- component. That component contains another Ptolemy Il model. @E@@
Each time it fires, it performs a complete execution of
that other Ptolemy Il model, rather than just one firing [ I T 1 1 T [ |
as would be typical of a compasite actor.s 10 g y
0 ’(
Ramp run composite actor 0B
j | ]f ’l = | oar i
Look inside this actor ozr \ ‘
to see the model thatis L
repeatediy executed -0

This model generates Lissajous figures, 04 @
which are plots of one sinusoid vs. another. L

On each execution, it generates one figure.

I I I I I I L L L L L
-1.0 -08 -06 -04 -02 -00 02 04 06 08 1.0

¢> SED Sinewave2

This "port parameter”
provides a wayto get
inputs to the model
where the value differs
on ach run,

oThis is an example of a “higher-
order component,” or an actor that
references one or more other actors.
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PushConsumer actor receives pushed
data provided via CORBA, where the data
is an XML model of a signal analysis

Examples of Extensions
Mobile Models

DE Director

e order:

TimedDelay
Const

Authors:

Yang Zhao
Mobileiodel Steve Neuendorffer
PushConsumer L 28 Xiaojun Liu

' T
MobileModel actor accepts a StringToken
containing an XML description of a

model. It then executes that model on a
stream of input data.

algorithm.
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Extension of Discrete-Event
Modeling for Wireless Sensor Nets

Hevogram Piaer

B [T — T LR
wnodePropagasantiviay 03

. . [ | oo
i

. .I.n

BumragatismitariHcm|

—— GO i bertLinks.

I -]

Dutn anslyss modde

mnmmamm—u\m

the massage aer one hop, afler ko
hogs, alc., and plots & Nstogram.

¥ you increase the range above the
“sureRange”, then the probabiity of

Wihen you run e demo, Bhe initistor

will EFOAACRIL & FSEAGE. A Noe amnd 10 by
red ¥ it recaives the message in one hop:

1 turr 50 be gresn ¥ it recaives &
maone than ana hop. 1 stays white if

# never recuives the message.

VisualSense extends
the Ptolemy Il discrete-
event domain with
communication between
actors representing
sensor nodes being
mediated by a channel,
which is another actor.

The example at the left
shows a grid of nodes
that relay messages
from an initiator (center)
via a channel that
models a low (but non-
zero) probability of long

Author: Edward Lee, Yang Zhao

range links being viable.

Lee, Berkeley 25

Viptos: Extension of VisualSense with
Programming of TinyOS nodes

T T

Fbll‘h‘c)::C:o

Physical environment
Viptos demo:

Multihop routing (Surge) Simulation

(with visualization of
routing tree)

Hardware

Software

Code generation:

Viptos extends VisualSense Models to nesC.

with programming of TinyOS
nodes in a wireless network.
See the Ph.D. thesis of
Elaine Cheong (Aug 2007).
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Another Extension: HyVisual — Hybrid System
Modeling Tool Based on Ptolemy I

RefliementSolver  This madels the dynamics of  ball e N |

falling in & gravitational field. velocity

Velacity ~
Const i Z:emCrusslngDeﬁagﬁuurrnp
o0 b | b4 >
Pasition J—D_-
- position
= -

Fie Edt Special Help

HE-TEEONEONEEEEE ELE=]

- A= annatation N 10 4 P
state ";'WU
ol ]

bump

pg HiyVisual 2.2-beta - Hybrid System Visual
Muoddeler

absiposition) < stapped]

1___/ ol
e
0 5 10

=N Q weco . HyVisual was
e o first released

o P b sent
free initialVelocity = -elagticity * velocity, free.initialPesition = postion H
Q- in January
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height meters

position

Another Extension:

Kepler: Aimed at Scientific Workflows
. Key capabilities added by Kepler:

He EM Yew wirfiw Toh wrde e

QeaFaEr e mmdi-le o Database interfaces
Secente B i S0 Dinctor o Data and actor ontologies
s @ o Web service wrappers
_ ok . o Grid service wrappers
Lo NS ||| o Semantic types
Datos Meteoroiogiens - .
rionc o Provenance tracking
. o Authentication framework

A simple axampis of using EML 058, First, 8 saarch |s dons in the Dats
pani 1o bocate an EML-described data sol. which is dragged onta the
workflow canvas. The EML data source ts added 1o the workdiow, and then it
contacts the EcoGred server 1o downlasd the data and configura the ports.
Aftar beng configured. il dsplays the ponts from the EML data source,
which are then mapped into an XY scatiorplat 8 Serviom Lt r_ ﬁ:!IPEI

Currerd Doln Searens)

V0 ol simple-plat XY Plattor

Servce Hame Rscument Trse
Erologe:al Wetadala Language 2.0.0 E
KNE Mntacat EcoGrid Guoninatacs Gl
Eralugicsl Wetudalu Language 20.1 E
s.mf'"" - kL) Digir EooGnd Querdntarace [# Darwen Core 1.0 =]
HECH Search Guergnteriace [ ADEPTIDLESEMASA 05,50 =]

This example shows the use of data ontologies
and database wrappers.
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o Fusion Simulation Codes: (a) GTC; (b) XGC with M3D
e.g. (a) currently 4,800 (soon: 9,600) nodes Cray XT3; 9.6TB RAM; 1.5TB simulation data/run

o GOAL:
automate remote simulation job submission

continuous file movement to analysis cluster f & ; i LogDisplay [=IB]x]
or dynamic visualization & simulation control File=  Tools Help

... with runtime-configurable observables JobSubmitA ctor: submit job jobd...
JobSubmitActor: Job jobd is submitted, it's real joblD is: 69721 nid00004
E file;/ust/home/priorbery/Kepler/kepler. . kflow-scottdemo/} jobsuom iacor: subm it job jobS

JobstatusActor: Status of job jobd: Wait
JobSubmitActor: Job jobS is submitted, it's real jobID is: 69722.nid00004
JobstatusActor: Status of job JobS: Wait

File  Edit Miew Warkflow Tools  Window  Help
@@ aEr/ e B mw e Jobstatuoncior: Satce of o oo Wait
JobStatusActor: Status of job jobS: Wait

1 PN Bt JobStatusActor: Status of job jobd: Wait
M # locallcDir- fust fhame /prorben hpeeicpes JobStatusictor: Status of job jobS: wait

JobstatusActar: Status of job jobd: Running

JobStatusActor: Status of job jobS: Wait
JobStatusActor: Status of job jobd: Running

Execution Log
(=> Data Provenance)

Submit
FileMover

Submit
Simulation

;| Overall architect (& prototypical user): Scott Klasky (ORNL)
WEF design & implementation: Norbert Podhorszki (UC Davis)

Ptolemy IT

GE®N |

The Geosciences Network

Griddles

SKIDL
SRB
Other contributors: i -
- Chesire (UK Text Mining Center) Ci pl’eS NLADR contributor names and

funding info are at the

- DART (Great Barrier Reef, Australia) LOOKING Fome
) - . Kepler website:
- National Digital Archives + UCSD-TV (US) http://kepler-project.org
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~. PTOLEMY II
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Volume 2:
Developer-Oriented

Getting More Information: Documentation

" PTOLEMY Il
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Volume 3:
Researcher-Oriented

Tutorial information: http://ptolemy/conferences/07/tutorial.htm
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