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Status Update

m Ptolemy Il version 1.0 alpha available soon
m A platform that can promote collaboration
m Open source, open architecture
m Rated code (red, , green)
m Core code is very high quality (green)
m Code is written to be read
m Extensible GUI (all red, currently)

m Commercial support organization
m recently formed: Agile Design
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Components and their Relationships

The Ptolemy Il kernel

connection

Entity meiaton ¥ Entity provides an abstract
Port @ —p—"X—@ Por syntax - clustered
R { grgphs - that_is well
LA ¢ swt_ed to a wide
® o variety of component-
Port based modeling
strategies, ranging
Entity from state machines

to process networks.
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Hierarchy - Construct components
from finer grain components.

@ )

N
danglingN
transparent
Port )
transparent
Port )

\_ transparent CompositeEntityJ
\ toplevel CompositeEntityJ
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Actor Package — Infrastructure for
Producer/Consumer Components

Basic Transport: Services in the
Infrastructure:

( send(0.t receiver. put(t) ( get(0) )
/
P2 E2
K e broadcast
IOPort token t J e multicast
|IORelation [Receiver e busses
[Actor (inside port) _
e mutations
e clustering
e parameterization
e typing
e polymorphism
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Domains — Provide semantic models

for component interactions

CSP — concurrent threads with rendezvous
CT — continuous-time modeling

DE — discrete-event systems

DDE — distributed discrete events

FSM — finite state machines

DT — discrete time (cycle driven) *

Giotto — synchronous periodic *

PN — process networks

RTOS - priority-driven reactive models *
SDF — synchronous dataflow

*New domains in Ptolemy Il
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Ptolemy |l — Our Software Laboratory

- " Ptolemy Il —

.} Emphasis is on building a

(I o & framework supporting

= 4 experimentation with

g7 @™ models of computation and

. their interactions.
' http://ptolemy.eecs.berkeley.edu
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File WNiew Edit Graph Help

Exploring Giotto Semantics

Ia Unnamed

=10l x|

»le

] utilities
|| directar library

_4 actor library

[+ | sources

=4 sinks

-] Discard

- [m=] Display
 [e=] HistogramPlotter
[ watriviewer

Giottal

| Giotto is an

semantics.

experimental hard-real
time modeling domain
developed by Tom
Henzinger and his
group. Ptolemy Il is
being used to study its
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Modal Giotto Model

qgiotto

- The FSM domain in

ramp dualMode display PtOIemy ” Can be

L~
A]' =i combined with the
Giotto director to get
(inS?in V:1)%4==0 modal synchronous

State1 /—\state{] models.

L

giotto ramp1 giotto ramp1
) a— | (O o ab—n
rampz rampz
& &
ptolery. actorlib. Bamp ptolery. actorlib. Bamp
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Exploring Hierarchical RTOS
Semantics

la file:/C:/ptIl/ptolemy /domains /rtos/test /Ramps.xml - |EI|£|
File Wiew Edit Graph Help

> e

-3 sinks = RTOSO
----- [=] Digcard ==

----- [®=] Dizplay - —

----- [®=] HistogramPlotter -

----- (=] Matriziewer
----- [m=] Matrixvisualizer ClockD

----- [®~] Recorder
----- [®~] SequencePlotter = b
----- [®~] SequenceScope

SequencePlotterd

6:Ramp3
TimedPlotterd
— — P\ |
Working with the il
| Boeing SEC team, '

I/ we created a (very)
preliminary RTOS
domain with

semantics similar to 1 1 O O ) I
OCP build 1. B N e
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Hierarchical Real-Time Scheduling

® Non preemptive
+ Allows precise interactions with other domains
+ Allows precise mode changes
+ (More) predictable behavior
- Requires fine-grain partitioning of components

® |ssues
m Document precise semantics
m How are equal priorities handled?
m Plug-in API for scheduling
m Dynamic priorities & soft real time
m Delegation of coarse-grain computations
m To classical real-time processes (?)
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RTOS-Based Design Is a Fixed
Three-Level Hierarchy

Network

pProcess g process pProcess g process

Problems:

With priority-based preemptive scheduling, how can you
get precise mode changes?

Given a validated design for a subsystem, how do you
insert it in a system without invalidating it?

This approach is not compositional!
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Hierarchical, Compositional Models

Domain

Schedulers (Directors) are
nested hierarchically,
each interacting with
components through the
Executable interface.
Directors themselves
implement this same
interface, so the model is
compositional.

omain

Domain (‘\
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More Mature Domain 1:
Discrete Events

Master Clock

Gaussian

String Sequence

Sequence Count

Square

Record Assembler

Record Disassembler
Displa

Channel Madel

o

Sequencer

The channel is modeled

by a variable delay, which
here is random, with a
Rayleigh distribution.

The DE domain uses an event
gueue to process events in
chronological order, as in VHDL,
Verilog, and a number of
network simulation languages.
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Jreat
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More Mature Domain 2:
Continuous Time

Continuous Time (CT) Director

This model shows a nonlinear feedback
- system that exhibits chaotic behavior.
It is modeled in continuous time. The
XY Plotter CT director uses a sophisticated

ordinary differential equation solver

' : i to execute the model. This particular
L

model is known as a Lorenz attractor. |2
~ Strange Attractor ]
& T T T T T
L ,\ i
Expression 1 Integrator 1 The Integrator is an example i
of a domain-specific actor. This
. i h‘ H S +‘ actor is designed to work with the i

CT director.
Expression 2 Integrator 2

N ‘= The expression actor is used
here to simplify the block diagram.

) To see what expression is implemented,
Expression 3 Integrator 3 right click on the actor and select

1= "Edit Parameters”.

L1 &
CT uses an ODE solver to model M ' | . . . ]

-15 -10 -4 0 5 10 14 20

continuous-time systems. }{1
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Hybrid System Models:
CT + FSM

Hybrid System Flot Positions vs Time

F ¥V = 8TI V||F V<-8TI V
Separate Together
true
touched S
Sl V1 i J CT Director
S -—-E E ] e —

)

—

b .

[*E;. VQ S 1-’ pg S ] L P1 IEE12..
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Experimental Domain-Specific Domain:
GR, for 3D Graphics

E#file:/C:/pt11/ptolemy,/domains,gr/demo,/Pendulum /Pendulum.xmi O] x|
File Wiew Edit Graph Help
] ufilities
| director library GR
| actor li_hranf This model shows a simple pendulum system to illustrate
1 Graphics the 3-D graphics and ODE capabilities of Ptolemy I."
Stage
Tjt Scale3D J
Sphere .
Translate Translate2 ViewScreen
F \B | F
Cylinder
Rotate
-"'P—'....
H—g-’- FLI- =

The top level
domain is GR,
synchronous
semantics tuned
to 3-D graphics

Edward A. Lee, UC Berkeley, 17

damped pendulum ODE

El—f_'h




Animated Pendulum Model

lg file:/C:/ptI1/ptolemy /domains/gr/demo/Pendulum/Pendulum.=xml

File Miew Debuy Help

Go Pause Resume |

Model parameters: -
|Resume executing the model

pendulum? has no parameters.

Director parameters:

iterations: ]

iteration tirme upper bound: |50

The pendulum model drives
transformations of the
graphics model components,
k< and Java3D is used to

(T SRR o ookl P -
| ¥
3

T e S :
AT

=101 x|

| render the result.

s ‘4

¢ i L 33 i . 4% 5
L L bt el RN [
:r. ) : _-" .- .

i
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Physical Dynamics Realized in CT

FiﬂfiIE:,.-"E:,.-"pI:II,.-"ptulenw,.-"dumain5,.-"gr,.-"demn,.-"Pendqum,.-"PEndulum.:-:ml#damped pendulum O : - |EI|£|
File iew Edit Graph Help

rle

H-__|sources ;I
[+ | sinks CT

_| S Periodic Sampler output
[+ __| flow contral - Integratorz - .-»
- | logic

[+-__| conwersions _
- | sighal processing Integratort E xpression

_| =df

=~ _{ continuous time S

S | 11t ator |ptulemﬁ;.actnr.lib.E}{preaainn
[ continuousFransferF _ ‘

g B B BT AT ] Y PN T AT

4 4

=3

The pendulum dynamics are
modeled in the CT domain,
which uses an ODE solver,
as in Simulink.
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More Mature Domains 3:
Synchronous Dataflow

Signal Source

[}

Carrier Source

Moise Source

g

Time Domain Display

Spectrum

E xpression Frequency Domain Display

The Expression block calculates a mathematical expression.
Right click and select "Edit Parameters” to see the expression.

] | | | | Epecltrum | | | EI@E
The SDF domain does 01 .
static dataflow 201 -
analysis to construct d 10f ]
compile-time C ol M M WW |
schedules, and | |
analyze for deadlock T T
and bounded memory. 4 a2 2 4 0 1 2 3 4
frequency w10
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Hierarchical Heterogeneity
and the Concept of “Domain”

Directors are domain-specific. A composite actor
with a director becomes opaque. The Manager is
domain-independent.

Opaque Transparent
Composite Composite
Actor Actor
e N\
EO D1: local director \ \
- ™ - N
=8 D2: local director E3
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Hierarchical Heterogeneity vs.
Amorphous Heterogeneity

Hierarchical

Amorphous

g 3

e oo | |

1

Color is a communication protocol Color is a domain, which defines
§ only, which interacts in unpredictable  both the flow of control and
F =1 &1 ways with the flow of control. interaction protocols.
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Basic Object Model for
Executable Components

«Interface»
Executable

+fire()

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

l‘\\
e

|
R

«Interface»

1] Actor

+getDirector() : Director
+getExecutiveDirector()

+inputPortList() : List

+outputPortList() : List

+getManager() : Manager

+newReceiver() : Receiver

: Directorj

[
>
L

e ]

ComponentEntity

CompositeEntity

Director

AtomicActor

CompositeActor
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Contrast with Current Practice

m Processes or threads under RTOS control
m two or three level hierarchy
m |[imited control over flow of control (priorities)
B not compositional

= UML notations for concurrency
m Active objects (threads, not compositional)
m Sequence diagrams (not scalable nor compositional)
m Statecharts (specialized synchronous concurrency)
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Preliminary Code Generator

“Shallow” and “Deep”

Code generator

Edit Graph Help

_I file:/C:/users/eal/talks;/01 /codeGeneratorDemo.xml - |EI|£|

produces Java

Graph Editar
Run Window

code from block
diagrams.

AL i e

erator

Tree View SDFO

users;/eal/talks/01 /codeGeneratorDemo.xml

=10l x|

File  ¥iew Help

HOTE: This is a highly preliminary code generator facilircy, with many More Info |
limitations. It is best viewed as a concept demonstration.

deep: [

shawy: o

cornpile: (o

run: o

directary: Ciptiliptolermidomainsinos
Cancel | : A YR

compile0ptions: | classpath "iptll;.

runQptions: Lclasspath "ptll "

packageMame:

Executing: jawac -classpath “/ptII;." CivptII'ptolemy'\domainsyrtosicodeGeneratorDeno.java =
Executing: jawa -classpath "/ptIl;.” ptolemy.actor.gui.Cowpositebctordpplication -class codeGenera_
ptolewy, actor.Manager run(): elapsed time: 6079 ms

Ramp1 Display2

File Help

=] =] [

Model parameters:

has no parameters.
Director parameters:

iterations:

vectorizationFactor:

|execution finished

=
4| | »

Code generation complete.
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Near Term Plans

Higher-order functions (with input from Yale & OGlI)
Code generator solidification

System-level types codification

Visual interface solidification (esp. for FSMs)
Giotto semantics solidification

Giotto code generator for TTA

Hierarchical RTOS domain

Publish and subscribe to CORBA Event Channel
m (we have this for JavaSpaces)

m Synchronous/Reactive domain
Dynamic Dataflow domain
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Higher-Order Functions RFC

m Token whose value is a model
m An actor with ports and parameters

Parameter values can be models
Apply actor with “model” parameter
Apply actor with “model” input port
Map combinator actor

Zip combinator actor

Our expectation is that these will vastly improve the
expressiveness of visual syntaxes.

Edward A. Lee, UC Berkeley, 27




