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Software Legacy of the Project

o Gabriel (1986-1991)
Written in Lisp
Aimed at signal processing Each of these served
Synchronous dataflow (SDF) block diagrams | s, first-and-foremost,

Parallel schedulers
Code generators for DSPs asa Iaboratory for

Hardware/software co-simulators investigating design.
o Ptolemy Classic (1990-1997)
Written in C++
Abstract Actor Semantics
Multiple models of computation
Hierarchical heterogeneity
Dataflow variants: BDF, DDF, PN
C/VHDL/DSP code generators
Optimizing SDF schedulers
Higher-order components
o Ptolemy Il (1996-2022)
Written in Java
Behavioral polymorphism

Multithreaded

Network integrated and distributed Focus has always
Modal models been on embedded
Sophisticated type system ft

CT, HDF, CI, GR, etc. software.
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And Most Recently...

o Kepler (2003-?)

Scientific workflows

Web services harvester
Computational grid integration
Semantic types

Browser interface

Database integration

“R” integration

Sensor data streaming

XML and XSLT integration

@eex I

GE®N |

The Geosciences Network

i,
Biomedical @i )2
Informatics e cf_f"-‘\.
Research Network @

e :
® ¢ @ ©
s s

Lee, Berkeiey 3

ROADNet

T =g i o e (e, iy ek, )

Where it started: SDF: Synchronous Dataflow
and the Balance Equations (1985-86)
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Gabriel and Ptolemy Classic Leveraged SDF to
Generate Parallel Code

SDF model, parallel schedule, and synthesized DSP assembly code (1990)

odeblock(std) £
: initialize address registers for coef and
Scheduling example from Gil Sih's dissertation .df#?él;;rﬁ:: #$addr{coef)+sval{coeflen)-1.r3
Figure 4-1 (mosified shightly) mOVEe sref(delaylineStart).rs

: delayline

move wsval{stepSize) . x1

mowe Sref(erron) . x0

mpyr x0.x1.a

move a.x0

move x:(r3}.b yr{ra)+.yo

3

codeblock( loop) £
[] 1{ loopVal) . Slabel {endloop)
0.b

:)
x:(r3) b ys{rh)+,yo

It is an interesting (and rich)
research problem to minimize
interlocks in complex multirate

applications. Lee, Berkeley 5

Many Scheduling and Optimization Problems
(and Some Solutions) Resulted

Optimization criteria that might be applied:
Minimize buffer sizes.
Minimize the number of actor activations.

Minimize the size of the representation of the
schedule (code size).

O O O O

Software Synthesis from

B See S. S. Bhattacharyya, P. K. Murthy, and E. A. Lee,
Software Synthesis from Dataflow Graphs, Kluwer
Academic Press, 1996, for a summary of the single
processor optimization problems.
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Gabriel and Ptolemy Classic Provided
Cosimulation of Hardware and Generated

Software

g

An SDF model, a
“Thor” model of a 2-
DSP architecture, a
“logic analyzer”
trace of the
execution of the
architecture, and
two DSP code
debugger windows,
one for each
processor (1990).
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Model of a
speech coder
generated to
DSP assembly
code and
executed using
aa DSP
debugger
interface with
host/DSP
interaction
(1993).
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Example: Heterogeneous Architecture with DSP
and Sun Sparc Workstation (1995)

DSP card in a Sun Sparc
wm \Workstation runs a portion of a
Ptolemy model; the other portion
runs on the Sun.

Chowning FM Synthesis

Sparc DSP Card
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Ptolemy Classic Example Showing
Higher-Order Components

= | n an antenna arra

An Adaptive Array Processor with a 4 Element
Uniform Circular Array suppresses three
Caochannel Interferers
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Higher-Order Components Realizing Recursion
in Ptolemy Classic

FFT implementation in Ptolemy Classic (1995) used a partial
evaluation strategy on higher-order components.

- I‘-_J A | - Al T _ f 1 L)
distribut_orl S| L] | '
) | ! IfThenElse repeat
L "h.,‘,‘
!I‘i.l\.lr".iw] =
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FFT of half x(0). X(0)

the order 4
(recursive Bl >< /
reference) - X(2) > X(1)
4 N
\ W 4 «() X

recursive reference

x(3 > p— X(3)

Higher-Order Components in Ptolemy I

The dynamic dataflow (DDF) domain (new to Ptolemy Il in v.
5.0) implements recursion in a similar way [due to Gang Zhoul].

This is the basic recursive algorithm. If there is only one disk to move, simply move that disk.
Otherwise if there are N (>1) disks to move from source tower i to destination tower j through
intermediate tower k, represented as array (N, i, j), it can be decomposed into three steps:
(N1, k), (1,0, §), (N1, K, )

BooleanSwitch DDFBooleanSelect
T, T out

Decomposition  ActorRecursion

»[Bal

ArrayElement ~
Expression

i in==17true-false

ArrayToSequence

Expression2

I in==17{true}repeat(24in-1 false)
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Ptolemy Il

Higher-order components
(actor-oriented) coupled
with a higher-order
expressions (functional)
are a potentially powerful
combination.

Higher-Order Expression Language in

SDF Director

Const

llustration of the MobileFunction actor used to alternate
between calculating x*2 and 2*x.

Ramp

MobileFunction

SequencePlotter
2

The type of the output
of MobileFunction has to
be setmanually to "double”
using the Configure Ports
dialog. Itis not inferred

The Commutalor reads one token from
each input channel and produces the

=10 i
k10” %2 and 2+x, alternating JJJQ
10 : ) ; . 7 . . ,
08 .
06 .
0ar .
D2 :
ool A
o1 2 3 4 5 & 7 8 4 10

tokens sequentially on the output.

Neuendorffer and Zhao
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What is the Ptolemy Project Really About?
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The Ptolemy Project is About
Actor-Oriented Design

Object orientation:

class name
p What flows through
ata . .
an object is
r methods 1 sequential control
call return
Actor orientation:
actor name
data (state) What flows through

m—) parameters m—) an object is

streams of data

ports

Input data  Output data Lee, Berkeley 15

Actor-Oriented vs. Object-Oriented

i The figure at the
el e a. Gene-exprassion pattern-analysis Ieft Shows the use
E e of object-oriented
it web services for a
4 “ .
11 microarray data-
5 . .
b. Gene sequence search and retrieval ana'ySIS Scenarlo
Biology 2 User 6 service provider . e .
registry 3 application 7 GACCCCETACCACETTCACTCCCTACAD fOF |dent|fy|ng
\ targets in drug
10 EANY discovery.” The
. Sequence alignment .
i service provider authOFS eXp|a|n,
Further exparments to 1 CPITTC_ T : CA “the numbered
find binding proteins as TTCTATATTAT. TTTT .
potential drug targets T'E‘-:TAT'T?TGT T C IlneS are the Steps

in the analysis

From Gao & Hayes, “Integrating Biological Research path.

through Web Services,” Computer, March, 2005. Lee, Berkeley 16




The First (?) Actor-Oriented Platform

The On-Line Graphical Specification of Computer Procedures
W. R. Sutherland, Ph.D. Thesis, MIT, 1966

Bert Sutherland used the first acknowledged object-
oriented framework (Sketchpad, created by his brother,
Ivan Sutherland) to create the first actor-oriented
programming framework.

Partially constructed actor-oriented model with

a class definition (top) and instance (below). Lee, Berkeley 17
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Modern Examples of Actor-Oriented
Platforms

Simulink (The MathWorks)

LabVIEW (National Instruments)

Modelica (Linkoping)

OPNET (Opnet Technologies)

Giotto and xGiotto (UC Berkeley)

Polis & Metropolis (UC Berkeley)

Gabriel, Ptolemy, and Ptolemy Il (UC Berkeley)
OCP, open control platform (Boeing)

GME, actor-oriented meta-modeling (VVanderbilt)
SPW, signal processing worksystem (Cadence)
System studio (Synopsys)

ROOM, real-time object-oriented modeling (Rational)
Easy5 (Boeing)

Port-based objects (U of Maryland)

1/0 automata (MIT)

VHDL, Verilog, SystemC (Various)

o
o
o
o
o
o
o
o
(o]
(o]
(o]
(o]
(o]
o
o
o
o
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Ptolemy II: Our Laboratory for Actor-Oriented

polymorphic component

N Models of Computation
. ST
Concurrency management supporting :
dynamic model structure. Director from an
— = extensible library
By || oEOir  — defines component
e interaction semantics
'WE“(:SIS‘E‘;EES Master Clock String Sequence Display As Received
s:,!:;fc‘r;ik L V F Record Assembler l;l
Prr‘t;e;sr;n:cvl\;s;e Sequance Count Channel Modsl RN S
i | > - R
) _‘|.Snms Gaussian Square
#-_ | math square
% é:;’\‘,‘:”:gmm - = The channel is modeled S Type system
S = ‘ s | L for transported
N - - Raylaigh distribution. data
Extensile, behaviorally- -

\

library.
m—

Visual editor supporting an abstract syntax | | . Berkeley 20




Models of Computation
Implemented in Ptolemy |l

CI = Push/pull component interaction

Click — Push/pull with method invocation
CSP — concurrent threads with rendezvous
CT — continuous-time modeling

DDF — Dynamic dataflow

DE - discrete-event systems Most of
DDE - distributed discrete events these are
DPN — distributed process networks actor
FSM — finite state machines oriented.
DT — discrete time (cycle driven)

Giotto — synchronous periodic

GR - 2-D and 3-D graphics

PN — process networks

SDF — synchronous dataflow

SR - synchronous/reactive

TM — timed multitasking

O 0 0O0O0OO0OO0OOOOOOOOODOO
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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 0O 0O 0O 0O 0 ©°

“Domains” are extensions built on the core infrastructure.
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What have we done recently?
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Systems

Waraloss [irector
RadinChannel SoundChannel

This example shows a8 SoundSource

(concentric circles icon) meving threugh

a field of sensors (SoundSensor

actors, with translugcent circke icons)

that detect the sound and communicate with

a Triangulator actor (overlapging ellipses .-"(
icon). The Triangulator performs sensor /|
fusion to triangulate the location of-—

I sound source. I gengeatis a plol |
with estimated o

The SoundGelece and Triangulator aclons \
ary compgéiins, whils the SondSensor N\
nodes g dedned in Jaewa. Inoall AY
casesy/you can look inskie 1o vew ™,
the i plamantation, \

SaundSource compasiie
(which moves)

The sensors tum red when they detact
a sound. Upon detecting a sound, they

transmit the time at which they detect
sound and their current location.

Aulpors: Philip Baldwin, Xiaojun Liu, and Edward A Lee

(instancps of i

100 meters

Modeling and Design of Wireless Networked

VisualSense:
Modeling of
wireless sensor
networks as an
extension of DE.
[Baldwin, Kohli, Liu,
Zhao]

VIPTOS: Design of
software for
wireless sensor
network motes in
TinyOS/nesC.
[Cheong, coming
soon]
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Lee, Liu, Neuendorffer

Actor-Oriented Type Systems

MNoisySinewave

C1 1 raisy

loc

Classes, Subclasses, and Inheritance

This model illustrates the mechanisms in Ptolemy Il
for defining classes and subclasses with inheritance.

This actor is a class definition, indicated by the blue halo. Itis
nd senes as a declaration. To create an
instance of this class, right click on The ion and select

K e
Claan and Noisy Sime Wave an

"Create Instance” (or type Ctrl-N). To see the class definition, look'ins

-
definition

This is an instance
of the above clas!
definition. Look
inside to see the
subclass definition.

Ins

This is an instance
of the base class
for the above class
definition

W

tanceOfMoisySinewave

T—

SequencePlotter

)

instance

This type system
builds on abstract
syntax (not
semantics) so it
applies very broadly
to actor-oriented
models, including
hybrid systems.

SDF Direcior

SOF Directar j il }_1
. . f" - Cenerate 8 sine wave.
instanc inherited-act
Long -
B heauency 4400 fpermme p—
q})mmn-nn
Ramp

:>>mequnncy 420.0
— I¢->|>|'mu 00

- - ® noissSundardDeviaton: 0.1
Ciéietald 8 Sin Wik

The objects highlighted in pink are

defined in the superciass. Such ohjects
cannat be removed in this derived class.
Thair paramaters can ba changed, howaver
This implies thal they can be moved and
can ba assigned custom icons. To examing
the superclass, right ciick on the
background and select *Open Base Class™

Ramp

A Bt

TrgFuncson

output

—{

Gaussian
PaiEy.

override actors ™=

TngFunction

£
subclass

ousput
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Clean, clear, and rigorous semantics for
discrete-event, continuous-time, and hybrid
systems [Cataldo, Liu, Matsikoudis, Zheng

Semantics

hallClass
initialTheta
initial Theta_dot, E}D

d

Newton's Cradle

'

e

ball1
initialThetay

- theta_1
initialTheta_dot, | E}D

eta_1_dot

1

N

X

l

ball2

initialTheta <
inilial Theta_dot, | E}D

theta_2

eta_2_dot

n

x 3
ball3 '?_‘_h

initialTheta, - theta_3
initialTheta_dot | E}D et h

theta_3_dot
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Stochastic
hybrid systems
in Ptolemy Il
are Monte-
Carlo models of
nondeterminism

Stochastic Hybrid
Systems

CT Director

® - m

= o

elapsed time

w

On each transition, generate a new random number with an exponential
distribution. In the “wait" state, wait an amount of time that is the
value of this random variable multiplied by the current (increasing) rate.

tue
wait.threshold = Jog(1-+andom())

evenl_isPrasant
wail threshold = Hog(1-random());
wait.Integrator.initialState = 0.0

Note that on this transition, only one of the
two integrators is reset, so the rate continues
to increase linearly.

e rateOfRatelncrease: 0.005

This model generates a Poisson process with a linearly
increasing rate using the CT domain. The model plots the
events vs. time and a histogram of the time between events
The technique here was suggested by John Lygeros.

IncreasingRatePoissan Tim edPlotter
o

Histogram Plotter

Example of random
“spontaneous
transitions” by Lee and
Zheng, based on
suggestion by John
Lygeros.

CTEmbedded Director

o threshold: 1.3473431196095

Integrator2  Integrator LevelCrossingDetector

Const R
; raIgO'RS'EU’!CreaSE . .

DAM
-

Ead

N i
o —
o
o=
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Other Key Results

PN Director

Ramp

Sleep

e timeStep1: 1000L
& timeStep2: 1500L

Sleep2

i timeStap2 g

Display

Reconfiguration analysis [Neuendorffer]
Generalized dependency analysis [Neuendorffer, Zheng]
The Cal actor language [Eker and Janneck]
Java code generation [Neuendorffer]

Modal model semantics [Liu, Zhou (Rachel)]

Mixed procedural and event semantics [Cheong]
Unbounded time, controlled precision [Zheng]
Nondeterministic merge in PN [Lee, Xiaowen Xin (LLNL)]
Giotto + Ptolemy |l package [Brooks]
Communications library [Zhou (Rachel)]
Image and video library [Yeh]
Scratchpad memory management from SDF [Kohli]
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