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Outline

o Simple model building
o Writing actors
o Writing directors
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Building Models

File View Edit Graph Debug Help —

EIEIEEE RO E R

(] utilities )
& Directors SDF Director
] Actors InteractiveShell
¥ [ Sources SampleDelay
» [ ] GenericSources
» [ ] TimedSources

¥ | ] SequenceSources

@l InteractiveShell

[®=] Interpolator Display
[®=] Pulse E
[=3] Ramp -
EJ Sequence P
Sinewave v
SDF Direcior
'Y)el‘-)(uﬂ\dl
e
Dosplay
9L

execution finished.

Lee, Berkeley 4



Outline

o Simple model building
o Writing actors
o Writing directors

Lee, Berkeley 5



Simple String Manipulation Actor

public class Ptolemnizer extends TypedAtomicActor {
public Ptolemnizer (CompositeEntity container, String name)
throws IllegalActionException, NameDuplicationException {
super (container, name);
input = new TypedIOPort (this, "input");
input.setTypeEquals (BaseType.STRING) ;
input.setInput (true);
output = new TypedIOPort (this, "output");
output.setTypeEquals (BaseType.STRING) ;
output.setOutput (true) ;
}
public TypedIOPort input;
public TypedIOPort output;
public void fire() throws IllegalActionException {
if (input.hasToken (0)) {
Token token = input.get (0);
String result = ((StringToken)token) .stringValue()
result = result.replaceAll ("t", "pt");
output.send (0, new StringToken (result));
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Object Model for
Executable Components

«Interface»
Executable

S

«Interface»

Actor

+fire()
+initialize()
+postfire() : boolean
+prefire() : boolean
+preinitialize()
+stopFire()
+terminate()
+wrapup()

ComponentEntity

+getDirector() : Director

T

+getExecutiveDirector() : Directo
+getManager() : Manager

CompositeEntity

+inputPortList() : List
+newReceiver() : Receiver
+outputPortList() : List

-

Director

AtomicActor

CompositeActor
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0.1

NoRoomException

thrg

«Interface»

DWS

Receiver

Object Model (Simplified) for
Communication Infrastructure

+gel() : Token

+hasRoom() : boolean
+hasToken() : boolean

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, = +put(t : Token)

+getContainer() : IOPort

+setContainer(port : IOPorf]

Mailbox

«Interface»
ProcessReceiver

QueueReceiver

7

|
|
|
|
|
|
L

CTReceiver

CSPReceiver

PNReceiver

1.

1.

1

1

throws

NoTokenException

,,,,,,,,,,,,,,,,,,,,,,,,,,,,

DEReceiver

SDFReceiver

FIFOQueue

1.1
1.1

ArrayFIFOQueue
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Object-Oriented Approach to Achieving
Behavioral Polymorphism

«Interface» These polymorphic methods
Receiver implement the communication
semantics of a domain in Ptolemy

+gel() - Token IT. The .r'ecgive'r ins’raqce used in
+getContainer() : IOPort communication is supplled by the
+thasRoom() - boolean director, not by the component.

+hasToken() : boolean

+put(t : Token)
+setContainer(port : IOPort, -
IOPort
Recall: Behavioral polymorphism producer consumer
Is the idea that components can be actor actor

defined to operate with multiple

models of computation and multiple Receiver
middleware frameworks.
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Extension Exercise

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 () {
IOPort 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:

SequencePlotter EE@@
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Using It -
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S ¢ 05
NondogmaticPNDirector 00r
-1.0L
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- oon| ﬁc
> SequencePlotter EIEIE,D
— 20 [ T T T T T T T T T T T T i
181 1
T ——— 10 1
- a8 |
SOF Direchr Model of a sensor sensing a sinusoidal signal with efre{ | |
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sampling frequency. This composite actor simulates esal 03[ 1
real-time behavior by sleeping the amount of time given by enol 10} E— o\
the samplingPeriod (in seconds) before producing an output. 00 01 02 03 04 05 08 07 08 08 10 14
Ramp o

-
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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 () { .
Implementation of the

return new DelegatingReceiver();
}

public class DelegatingReceiver extends AbstractReceiver { .
AmorphousDirector

private Receiver receiver;
public DelegatingReceiver () {
super () ;
_recelver = new SDFReceiver();
}
public DelegatingReceiver (IOPort container)
super (container) ;

_recelver = new SDFReceiver (container);

throws IllegalActionException {

public void clear() throws IllegalActionException ({
IOPort container = getContainer();
if (container != null) {

StringParameter receiverClass
container.getAttribute ("receiverClass",

= (StringParameter)
StringParameter.class);

if (receiverClass != null) {
String className = ((StringToken)receiverClass.getToken()) .stringValue();
try {

Class desiredClass = Class.forName (className) ;

_recelver = (Receiliver)desiredClass.newlInstance();
} catch (Exception e) {
throw new IllegalActionException (container,

"Invalid class for receiver: " + className);

e,

}

_receiver.clear();

public Token get () throws NoTokenException {

return receiver.get();
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Using It

Edit parameters for input

\ ?) receiverClass:

AmorphousDirector

SequencePlotter

I ptolemy.actor. QueueReceiver

[

Cornrnit

J {

Add ] [ Remove

] [Restore Defaults] [ Preferences ] [ Help ] [ Cancel

x10

Edit parameters for input

\ ?) receiverClass:

[ Commit ] [ Add ] [ Remove ] [Restore Defaults] [ Preferences ] [ He

6 Invalid class for receiver: ptolemy.actor.MailboxReceiver
in .AmorphousExample.SequencePlotter.input
Because:
ptolemy.actor.MailboxReceiver

| ptolemy.actor.MailboxReceiver|

[ Dismiss ] [ Display Stack Trace ]
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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"));
}
public class LeftRightScheduler extends Scheduler {
public LeftRightScheduler (LeftRightDirector director, String name)
super (director, name);
}
protected Schedule getSchedule() .. {
StaticSchedulingDirector director = (StaticSchedulingDirector)

List actors = compositeActor.deepEntityList();
Iterator actorIterator = actors.iterator();
TreeSet sortedActors = new TreeSet (new LeftRightComparator());
while (actorIterator.hasNext()) {
Actor actor = (Actor) actorIterator.next();
sortedActors.add (actor) ;
}

Schedule schedule = new Schedule();

Iterator sortedActorsIterator = sortedActors.iterator();
while (sortedActorsIterator.hasNext()) {
Actor actor = (Actor) sortedActorsIterator.next();
Firing firing = new Firing();

firing.setActor (actor);
schedule.add (firing) ;

return schedule;

}
public class LeftRightComparator implements Comparator {

public int compare (Object ol, Object 02) {

}
public boolean equals (Object o) {

getContainer();
CompositeActor compositeActor = (CompositeActor) (director.getContainer()):;

Implementation of the
LeftRightDirector
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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

o)
O
o)
o)
O
o)
@)
o)

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

e S |
oCal is an experimental language "UEd
for defining actors that is analyzab O aput. o> int. Outputs =
for key behavioral properties. el wivites (a5 2 ||
enz wod a = 0
SDF Director

- action [a] ==> [0] guard filter(a) end

action [a] ==> [a] guard not filteria)
var £ = filter

do
filter := lambdai{Integer b): f{b) or divides(a, b) end;
Ramp rimeSieve sequef]
ooo
# action [a] ==> [-1] end
 Cal -L Cal ]; l..:
Kl ja

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.
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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

(o)
O
o)
o
O
o)
@)
o)

o All of our “domains” are extensions built on a core infrastructure.
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Example Extensions

This model illustrates the use of a "run composite actor"
component. That component contains another Ptolemy Il model.
Each time it fires, it performs a complete execution of

that other Ptolemy Il model, rather than just one firing

as would be typical of a composite actor.s

run composite actor

Ex)

Look inside this actor
to see the model that is
repeatedly executed.

m

Using Models to Control Models

SDF

[>>run:1

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

This model generates Lissajous figures,
which are plots of one sinusoid vs. another.
On each execution, it generates one figure.

Sinewave2

B| 1| ||

10 ¢
0.8[
06[
0.4
0.2
-0.0[
021
040 ¢
-06[

08
1.0 GREL S

-0 -08 -06 -0.4 -0.2 -00 02 04 06 08 1.0

oThis is an example of a “higher-
order component,” or an actor that
references one or more other actors.
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Mobile Models

b i,
=Y 25

| Model-based distributed task management:

Examples of Extensions

e indexOffset: i /Offset* 2%order / sampling|
® samplingFrequency: 8000.0
o frequencyOfiset: 30.0

SDF Director

Baud Rate

f  199.921875

DE Director

TimedDelay

PushConsumer

e order:

Avi

L

E’de““' C"'“ﬁls“"‘"”%swnwmn FR AbsoluteValue2 FFT Chop J

Display2
E Authors:

Yang Zhao

Steve Neuendorffer
Xiaojun Liu

MobileModel

1

PushConsumer actor receives pushed
data provided via CORBA, where the data
is an XML model of a signal analysis
algorithm.

L

MobileModel actor accepts a StringToken
containing an XML description of a model.
It then executes that model on a stream of
input data.
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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

(o)
O
o)
o
o)
o)
@)
o)

All of our “domains” are extensions built on a core infrastructure.
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Extension of Discrete-Event

Modeling for Wireless Sensor Nets

¥4 file:/C: /ptIl/ptolemy/domainswireless/demo/SmallWorld/SmallWorld. xml

File View Edit Graph Debug Help

%%mamb

NSRS

[#-__| ImageProcessing =

[#-_ ] Interactivelcons

-] Joystick

[#-__| Matlab

[#-__] Python

[#-__] RegressionTest

-] Security

= 4 Wireless

B \wirelessDirector

-4 WirelessActors

""" [#=] ColisionDetector

---- N GetProperties

""" O GraphicalLocator

---- IE] Locator

""" E NodeRandomizer

---- == TerrainProperty

""" P TransmitPropertyTre

---- IE] Triangulator

""" @ WirelessComposite

---- X wiredTowireless

""" X wirelessTowired

=14 WirelessChannels

""" * Atomic\WirelessChai

---- == DelayChannel

""" “* LimitedRangeChann

---- “* ErasureChannel
—

erange: 110 propel
@ probability: min(1.0, (PI"sureRange”2)/(PI*'range”2))
NodeRandomizer ~ ®sureRange: 55

WirelessDirector Wireless ToWVired Histogram Plotter

A geNumberOfHops

» » e nodePropagationDelay: 0.5
e visualDensity: 0.25 ReportChanne f> 2.59574468...

e randomize: true 100 meters ,

Counter NumberOfLinks

o g

Data analysis module.

This demo shows a sensor network where
each node rebroadcasts the first message

it receives. An "initiator" component
broadcasts a message, and the model keeps
track of the number of nodes that receive
the message after one hop, after two

hops, etc., and plots a histogram.

If you increase the range above the
"sureRange", then the probability of
delivery drops according to the formula
shown, which keeps the expected number
of recipients roughly constant. It was
shown by Franceschetti et al. (2003)

that on average, fewer hops are

needed when the range increases.

When you run the demo, the initiator
will broadcast a message. A node turns to be
red if it receives the message in one hop;

Channel This channel has range given by the it turn to be green if it receives it
“range" parameter and probability of more than one hop. It stays white if
delivery given by the "probability" it never receives the message.
parameter.

Author: Edward Lee, Yang Zhao

execution finished.

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
range links being viable.
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Viptos demo:
Multihop routing (Surge)

Hardware

€S

I ptinyOSDirector
™= DE Director
b utilities
b WirelessChannels
~ Actors

= PtinyOSActors

File View Edit Graph Debug Help

eaEadPlesmmhe

Wireless Director

MicaBoard1

LimitedRangeChannel SurgeVisualizer

is running a version of Surge,
the number in their given name.
d for TinyOS that uses MultiHop
ight readings and forwards them to
awindo' ge success rate
choose i 0 whom the node
de 0) periodically sends out a
e their position in the network

(il = s

@ nodelD: MicaCompositeActor::P§nyOSDirector::nodelD

® range: range

Viptos extends VisualSense
with programming of TinyOS
nodes in a wireless network.

See the Ph.D. thesis of

Elaine Cheong (Aug 2007).

Viptos: Extension of VisualSense with
Programming of TinyOS nod

Physical environment

Simulation
(with visualization of
routing tree)

Software

Code generation:
Models to nesC.
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Another Extension: HyVisual — Hybrid System
Modeling Tool Based on Ptolemy Il

Thls dels the dynamiCS Of a ba” ‘fi:C:IhyzhenglptIllptnlemylconﬁgslhyv'isuauintrn.him
. . . . - e elp
falling in a gravitational field. velocity

p

g HyVisual 2.2-beta - Hybrid System Visual
Modeler

Velocity :
Const s ZeroCross ng Detegtﬁ:‘ Block-diagream editor and simulator for hpbrid spstems.
> P * Documentation
* Copyright

Position To start immediately by creating a hybrid system, select File, New, Graph

pos ition Editor from the menu bar. Select Help from the Help menu for instructions on

‘ creating a model.
]

Hybrid systems are systems with continuous-time dynarnics, discrete events, and discrete moQ changes. This visual

modeler supports construction of hierarchical hybrid systems. It uses a block-diagram representation of ordinary
Fil differential equations (ODEs) to define continuous dynamics. It uses a bubble-and-arc diagram representation of finite

FEEEREDIENNLEREE R o o e 2]

- A= annotation [T T T T T ] i
velocity 1w enthey - |
) state ’

w
bump £ | i
= 6
’ abs{postion) < stoppedl £
2 ar .
position

> ot -

‘.—_—/ oL ]
frue L L L L
i} 5

free 10 15

~ e HyVisual was
R RS first released in

bump_isPresent

Q S free.initialVelocity = -elagticity * velocity; free.initialPosition = position J a n u a ry 2003
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Another Extension:
Kepler: Aimed at Scientific Workflows

File Edit View Workflow Tools Window Help

Qe@FaldP i@ me)lcye

Components | Data )

Search

datos

[ Search ” Reset l

Sources

Datos Meteorologicos

hydatoscia ategua

hydatoscia stegua subsp- ategua
hydatoscia callas

nerita undatostriata

speiropsis pedatospora

| .eml-simple-plot.XY Plotter

SDF Director

Datos iteorologicos

B

\AAAAAAAS

A simple example of using EML data. First, a search is done in the Data
pane to locate an EML-described data set, which is dragged onto the
workflow canvas. The EML data source is added to the workflow, and then it
contacts the EcoGrid server to download the data and configure the ports.
After being configured, it displays the ports from the EML data source,

which are then mapped into an XY scatterplot.

XY Plotter

File Edit Special Help !
|
X0 XY Plotter
T T T T * T T T T
L ‘e
9.55 | i ;
9.54 sf .
6 results returned. | !' N
9531 » -y LI
b 2
L > -
9.52 Y Y ~ :
L P d
951 * 3 =
950, L L | I » L L
< 2 4 5} 8 10 12 14 16 18

execution finished.

This example shows the use of data ontologies and
database wrappers.

O 00O O OOO

Key capabilities added by Kepler:
Database interfaces

Data and actor ontologies
Web service wrappers
Grid service wrappers
Semantic types
Provenance tracking
Authentication framework

& Services List

Current Data Source(s):

9=1E3

Service Name Document Type

Ecological Metadata Language 2.0.0
KNB Metacat EcoGrid Queryinterface

Ecological Metadata Language 2.0.1
KU Digir EcoGrid Querylnterface Darwin Core 1.0
GEON Search Querylnterface WDEPT/DLESE/NASA 0.6.50

Add

o | |

Cancel




o

o

,t'-

Fusion Simulation Workflow

Kepler as an Interface to the Grid

Fusion Simulation Codes: (a) GTC; (b) XGC with M3D

e.g. (a) currently 4,800 (soon: 9,600) nodes Cray XT3

GOAL:

automate remote simulation job submission

: 9.6TB RAM; 1.5TB simulation data/run

continuous file movement to analysis cluster f
or dynamic visualization & simulation control

... with runtime-configurable observables

'3

file:/usr/home/pnorbert/Kepler/kepler. . .kflow-scottdemo/

File

Edit

View Warkflow Tools Window Help

®

O

R A
¥ N

¢

6 ) 5

ndl

Q> Il@®

PN Director

Submit
Simulation
Job

# locallobDie: fusr/home /pnorbernt).hpocicpes

Submit
FileMover
Job

WaitForSimFinish
finished

SubmESmjoh

&

.JobSubmitAndStatus.LogDisplay |;| |E| |z|

Help

File  Tools

JobSubmitActor: submit job job4..

JobSubmitActor: Job job4 is submitted, it's real jobID is: 69721.nid00004
JobSubmitActor: submit job job5...

JobStatusActor: Status of job job4: Wait

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

JobStatusActor: Status of job jobd: Wait

JobStatusActor: Status of job jobS: Wait

JobStatusActor: Status of job job4: Wait

JobStatusActor: Status of job job5: Wait

JobStatusActor: Status of job job4: Running

JobStatusActor: Status of job job5: Wait

JobStatusActor: Status of job job4: Running

Select)

cbManager

ﬁ

Suly pitvavedjob
2b

—~

W g

Execution Log
(=> Data Provenance)

Select
JobMgr

|

4

Overall

architect (& prototypical user): Scott Klasky (ORNL)

WF design & implementation: Norbert Podhorszki (UC Davis)




| Griddles

Resurgence
Other contributors: C|pr
- Chesire (UK Text Mining Center)

The Geosciences Network

NLADR

- DART (Great Barrier Reef, Australia)
- National Digital Archives + UCSD-TV (US)

LOOKING

Contributor names and
funding info are at the
Kepler website: http://
kepler-project.org
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Getting More Information: Documentation
. PTOLEMY II
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