Ninth Biennial Ptolemy Miniconference

February 16, 2010

http://ptolemy.eecs.berkeley.edu/ptconf

8:00 am to 8:30 am

Continental Breakfast

58:30 am to 8:45 am

Ptolemy Miniconferences, Edward Lee (Berkeley)

18:45 am to 9:10 am

Distributed Execution Architectures in Kepler
Jianwu Wang, Daniel Crawl, Ilkay Altintas, Chad Berkley, &
Matthew B. Jones (San Diego Supercomputer Center and UC Santa Barbara)

19:10 am to 9:35 am

Modeling Distributed Real-Time Systems with Ptolemy II,
Patricia Derler, Jia Zou, Slobodan Matic, John Eidson (Berkeley)

19:35 am to 9:55 am

Semantics of Modal Models in Ptolemy,
Stavros Tripakis & Edward A. Lee (Berkeley)

59:55 am to 10:15 am Break

110:15 am to 11:10 am |

Static Analysis using the Ptolemy II Ontologies Package,
Charles Shelton, Elizabeth Latronico, & Ben Lickly (Bosch & Berkeley)

111:10 am to 11:35 am :

To Meet or Not to Meet the Deadline,
Jan Reineke, Isaac Liu, Gage Eads, Stephen Edwards, Sungjun Kim, Hiren Patel
(Berkeley, Columbia, Waterloo)

111:35 am to 12:15 pm |

Poster Tweets

12:15 pm to 2:30 pm

Working Lunch and Poster Session

 2:30 pm to 2:55 pm

The Dataflow Interchange Format: Towards Co-Design of DSP-oriented Dataflow Models and
Transformations,
Shuvra S. Bhattacharyya (Univ. of Maryland)

12:55 pm to 3:20 pm

Workflow Recovery for Different Models of Computation and Models of Provenance,
Sven Koehler, Bertram Ludaescher, Timothy McPhillips, Anandarup Sarkar (UC Davis)

3:20 pm to 3:45 pm

Design, Analysis, and Implementation of Static Dataflow Models for Hardware Targets,
Kaushik Ravindran, Murali Parthasarathy et. al, (National Instruments)

Break

3:45 pm to 4:00 pm

1 4:00 pm to 4:25 pm

Kepler/G-Pack: A Kepler Package Using the Google Cloud for Interactive Scientific Workflows,
Gongjing Cao, Lei Dou, Quinn Hart, Bertram Ludaescher, (UC Davis)

1 4:25 pm to 4:50 pm

Context Aware Actors,
Anne H.H. Ngu & George Chin Jr. (Texas State Univ. & Pacific NW National Lab)

14:50 pm to 5:15 pm

Modular Code Generation,
Dai Bui & Stavros Tripakis (Berkeley)

15:15 pm to 5:30 pm

The Ptolemy Project: Advancing System Design,
Edward A. Lee (Berkeley)

' 6:00 pm to 8:00 pm

i Reception and Dinner, The Faculty Club




Posters

Gage Eads Berkeley Deadline Instructions in a PRET Architecture

Shanna-Shaye Forbes | Berkeley Error Handling in Model-Based design for Real-Time Systems

Soheil Ghiasi, Matin UC Davis Malleable Dataflow Specification: An Essential Ingredient for Resource-
Hashemi Scalable Implementations

Isaac Liu, Berkeley A PRET Architecture Supporting Concurrent Programs with Composable
Jan Reineke Timing Properties

Slobodan Matic, Berkeley The Distributed Power System Test Case for Distributed Real-Time

Ilge Akkaya, and
John Eidson

Systems

Christian Motika,
Hauke Fuhrmann,
Miro Spénemann
Reinhard von

Kiel University

KIELER Actor Oriented Modeling

Hanxleden

Deepak Shankar Mirabilis Using Ptolemy/VisualSim for Internet-based model Sharing and
Communication.

Chris Shaver Berkeley Alternative Syntactic Representations of Graph-Based Models

Chris Shaver, Dai Bui, Berkeley Multidimensional Dataflow Models

Stavros Tripakis

Elizabeth Latronico,
Charles Shelton,
Ben Lickly

Bosch & Berkeley

Lattice Composition for Ontology Analysis

Ben Lickly,
Charles Shelton,
Elizabeth Latronico

Bosch & Berkeley

Practical Ontologies with Infinite Lattices

Andreas Thuy University of Towards flexible and robust cyber-physical-systems through self
Paderborn organization
Stavros Tripakis, Berkeley, TU The Earlier the Better: A Theory of Timed Actor Interfaces
Marc Geilen, Eindhoven
Maarten Wiggers
Mike Wirthlin Brigham Young Automated Bit-Width Analysis Using Ptolemy
University
Michael Zimmer Berkeley IEEFE 1588 Time Synchronization for Real-Time Distributed Systems
Jia Zou, Jeff Jensen, Berkeley The Tunneling Ball Device (TBD) Test Case for Real-Time Systems
Slobodan Matic
Jia Zou, Berkeley From PTIDES to PtidyOS: Programming Distributed Real-Time

Slobodan Matic,
John Eidson

Embedded Systems
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o Christopher Brooks

o Edward A. Lee (PI)

o Stavros Tripakis

o Mary P. Stewart
Postdocs:

o Patricia Derler

o Slobodan Matic

o Eleftherios Matsikoudis
o Jan Reineke

Grad Students:

o lige Akkaya

o Dai Bui

o Shanna-Shaye Forbes
o Ben Lickly

o Isaac Liu

o Chris Shaver

o Jia Zou

o Mike Zimmer

Visiting Scholars:

o Hugo Andrade . |
o Janette Cardoso L
o John Eidson ’

A
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{ The Ptolemy Project

The 1st Biennial Ptolemy
Miniconference: 1995

Ptolemy
Research

« Design complexity
management.

« Visual, algorithm-level

system design.

Formal methods for

dataflow systems.

Programming

language semantics

« Software and hardware

synthesis.

Parallel architectures,

partitioning, and

scheduling

addresses
system-level design and implementation of sig-
nal processing systems.

This highly multidisciplinary project

Shuvra Bhattacharyya
Joseph T. Buck
Wan-Teh Chang
Brian L. Evans
Steve X. Gu
Sangjin Hong
Christopher Hylands
Asawaree Kalavade
Alan Kamas
Allen Lao
Bilung Lee
Edward A. Lee
David G. Messerschmitt
Praveen K. Murthy
Thomas M. Parks
José Luis Pino
Farhana Shiekh
S. Sriram
Juergen Teich
‘Warren W. Tsai
Patrick ]. Warner
Michael C. Williamson

J—
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( The Ptolemy Project

The 15t Biennial Ptolemy
Miniconference: 1995

Implementation of Signal Processing Systems

Hardware/
Software
Synthesis

Design of
heterogeneous
embedded systems.
Real-time systems
Synthesis of software
from dataflow graphs.
System-level hardware
design.

Cosimulation of
hardware and software.
Codesign of

hardware and software

The design philosophy in Ptolemy is :
allowing for effective use of design tools
within a general system-level design environment.

Shuvra Bhattacharyya
Joseph T. Buck
Wan-Teh Chang
Brian L. Evans
Steve X. Gu
Sangjin Hong
Christopher Hylands
Asawaree Kalavade
Alan Kamas
Allen Lao
Bilung Lee
Edward A. Lee
David C. Messerschmitt
' Praveen K. Murthy
. Thomas M. Parks
| José Luis Pino
Farhana Shiekh
| S. Sriram
Juergen Teich
Warren W. Tsai
Patrick ]. Warner
Michael C. Williamson

_—

Ptolemy Project, Berkeley 4




The Ptolemy Project
" oseph T Buck
e Wan-Teh Chang
4 Brian L. Evans
3 Steve X. Gu
Sangjin Hong
Christopher Hylands
Asawaree Kalavade
Alan Kamas
Allen Lao

David G. Messerschmitt
Praveen K. Murthy
Thomas M. Parks
José Luis Pino
Farhana Shiekh
S. Sriram
Juergen Teich
‘Warren W. Tsai
Patrick ]. Warner

Michael C. Williamson
—_—

A AT BERKELEY

_ software ASIC
compiler synthesis synthesis synthesis
N '
execution execution ASIC logic
model model model model

detail modeling and simulation

UNIVERSITY OF CALIFORNIA AT BEREELEY
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( The Ptolemy Project

e Wan-Teh Chang
- Brian L. Evans
Steve X. Gu
Sangjin Hong
Christopher Hylands
Asawaree Kalavade
Alan Kamas
Allen Lao

David C. Messerschmitt
Praveen K. Murthy

emy

Juergen Teich

( Domains in Ptol
‘Warren W. Tsai
Patrick J. Warner

BDF DDF ) PN ) process networks
dynamic dataflow Michael C. Williamson

Boolean dataflow

synchronous dataflow A AT BERKELEY

multidimensional SDF

— w1 w

2

3 &

PTOLEMY
KERNEL

Y/

circuit simulation

° : :
communicating proce:

design methodology management

UNIVERSITY OF CALIFORNIA AT BERKELEY
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( The Ptolemy Project
Shuvra Bhattacharyya
Joseph T. Buck
Wan-Teh Chang
Brian L. Evans
Steve X. Gu
Sangjin Hong
Christopher Hylands
Asawaree Kalavade
Alan Kamas
Allen Lao
Bilung Lee
s ~ Edward A. Lee
Where to From Here? | D‘;":’virisﬁ':‘n’.‘l‘;““
] Thomas M. Parks
. . | José Luis Pino
* Real-time scalable computing. Farhana Shiekh
1 S. Sriram

* Scalable embedded systems design. | Juergen Teich

= e

The 15t Biennial Ptolemy
Miniconference: 1995

‘Warren W. Tsai

* Design migration from abstract to concrete. Patrick J. Warner
Michael C. Williamson

* Formal methods based on partial orders )

« Hybrid systems: combining FSM with dataflow

* Modeling and analysis of random systems.

* Design of nondeterminate systems.

. Complcxi(y management.

* Design visualization and documentation.

« Partial evaluation and incremental compilation.
* Models for back-end signal interpretation.

+ Heterogeneous scheduling.

UNIVERSITY OF CALIFORNIA AT BERKELEY

Ptolemy Project, Berkeley 7

Organizational )

Michael C. Williamson
Yuhong Xiong

S || oot The 2" Biennial Ptolemy
Miniconference: 1997

Praveen Murthy
Seehyun Kim

e - "
Visual Design )

Students

Sunil Bhave
CIff Cordeiro
John Davis
Stephen Edvwards
Ron Galicia

Mudit Goel mase a Square Wave by a .
e s Square Wavey * Formal properies.
+ Scalability.

Luis Gutierrez

Bilung Lee
ilp_overview.doc .
TRIVERSTTY OF O3 ™ > 1 ¢ Scheduling.
= AN « Partitioning.
$ s 3 oy
L [Olgugt_ |
we b -t
-

shidsdsgaaas

\_ilp_overview.doc © 1997, p. 10 of 15 )
UNIVERSITY OF CALIFORNIA AT BERKELEY
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.| The 2nd Biennial Ptolemy Miniconference:
£ 11997

% Simple Myrinet Modeling Example sassiEiT s

Myrinet Moduling Examele
{ L R S = o
i s [onid e o) *‘
——E. B R s RNVl nar Modeling Results s
s :‘; e ?‘.:. ...._m.___ for Simple Example ansizt
s | (B -
CI R T

Simple Myrinet Modeling Example

Gantt Tool Display of Simpie Mynnet Modsiing Example

sl

High-Performance Scalable [ yor setwsmer |
Computing (HPSC) modeling * Green: processing of data on Node

+ Orange: origin of one or more queued in the switch
by Sanders, a Lockheed- »" Red: propogating effect of switch contention down current data path

Martin Company.

Ptolemy Project, Berkeley 9

Live trading
example

Applications of Ptolemy in Securities Trading

or,
Playing the Markets with Ptolemy

Tom Lane

< Thep Niti Seliing ) SWT
Stop Hits Bupbeg 1 SP)

Structured Software Systems, Inc.

S e

Ptolemy Project, Berkeley 10




Modeling Free Space Optoelectronic
Systems Using Ptolemy

@

Steven P. Levitan
Donald M. Chiarulli
Tim P. Kurzweg
Mark A. Rempel

Departments of
Electrical Engineering &
Computer Sclence

o

Philippe J. Marchand
Chi Fan
Fredrick B. McCormick

Department of Electrical &
Computer Engineering

Overview

2

Chatoyant is a computer aided design tool for the design of
Free Space Optoelectronic Information processing (FSOI) Systems.
& Simulation - Analysis - Synthesis - Interface

<« Enable the modeling of FSOI systems without costly
prototyping

digital daiver
Togic ekﬂmﬂus acray lens SLM lens

“IHIHH!

detectoc seceiver a.pm

pmarchand@ucsd edu
hip:isolton.ucsd.odu
University of Pittsburgh University of California, San Diego

< Funding: National Science Foundation- MIP-9421777

Chatoyant Stars in Ptolemy

@

A flodulators Detectors Lenses Lenslets
rea Detector Size Focal Length | Focal Length
pacing Detector Spacing Diameter Diameter
hmbda Distance Distance Distance
dhatovant
potsize X. y offsets X,y offsets  |x,y offsets
[Filename | Radius of Integration Spacing
[Gauss/Ray [R.C.A Number
chatovant
Ptolemy Project, Berkeley 11
( Tycho h
d Qi . Christopher Hylands
The 2" Biennial Ptolemy Edward A, Lee
H. John Reckie
Miniconference: 1997
Kevin Cha
WonTeh Chng
Cliff Cordeiro
Wei-Jen Huang
Tyt‘h() (] ) Mario ng‘ Silva
) = o
B Class Hisrarchy
[ e Ve W 1008 25 #6740
J
UNIVERSITY OF CALIFORNIA AT BERKELEY
Tycho (2) )
Bt e ope -
R = .
R e vu St e Pt o
eoton e | _comaws | oo
. ey e
UNIVERSITY OF CALIFORNIA AT BERKELEY
[— =
. J/

UNIVERSITY OF CALIFORNIA AT BERKELEY




Modeling in Java 212121212

+ Choosing the best
modeling technique can
have a far bigger impact
than using a faster
modeling tool.

3rd Biennial
PtConf 1999

* Mixing modeling
techniques permits multi-
domain modeling using the
best available modeling

The switch to _
techniques.
Pto I e m y I I + Threads, objects, and UI infrastructure helps with both.

Network integration of Java promotes sharing of modeling methods.
+ Java performance and infrastructure is rapidly improving.

The Ptolemy Project — Emaiummen
P‘rolemy Classic vs P‘rolemy II Heterogeneous Modeling and Design Sraff
- Creistopher Hylods
C++ Java Mary P. Stewart
Mature platform  Experimental e Fasnacchars
Does code generation All Java (now) e leronte
Monolithic tool  Modular packages Students
Standalone  Networked é::%?g::; =
. . Mudit

Sequential  Multi-threaded Bilrs s

. M | Leun:

GUI-centric Applet-centric ):(-f to ng
joojun Liu

Ad-hoc development  Good sof tware practice Lkt Muliaci

A S N Steve Nevendorffer

Dynamically linked Reflective Neil Styth
eff Tsay
Astronomical lexicon  Boring lexicon Williom Wu

Yuhorg Xiong

Ptolemy Miniconference - 1 Ptolemy Miniconference - 1

3" Biennial Q.
PtConf 1999

DRAC

Algorithm Analysis and Mapping
Environment for Adaptive Computing
Systems

Eric Pauer, Cory Myers, Ken Smith, and Paul Fiore
187,COMy_Jmemiin, pHiore}@eanders.com

et -0 CK €€ Martin Company

ACS Domain - CGFPGA Target

Winograd dataflow (ACS domain) VHDL design (generated
E 0 5 SANDERS é

CGFPGA S e i | Hardware-in-the-loop
target yields: ' s .
' VHDL design = SDF Galaxy
and schedule - = e
" N ™
4 o =
> B e@d -
The results are sent to synthesis
and place/route, yielding i
complete FPGA implementation! [ ”}‘ ! SDF Wildforce star executes complete FPGA design
£ '1 ‘.guu: in hardware on Annapolis Wildforce FPGA board
IR,
Dataflow/Hardware schedule = P L — J——

savsrt S S Sk TR Ptolemy Project, Berkeley 14




| 31 Biennial
PtConf 1999

Cosimulating Synchronous DSP
Designs with Analog RF Circuits

José Luis Pino and Khalil Kalbasi

I HP Ptolemy

— Example: 16 QAM Tx/Rx

g

Demodulatog

(DSP), Synthesized
1QData Generator =
57 RFIC

Q
Modulator

e —— o R S R

Ptolemy Project, Berkeley 15




&S PADON
—

EUROFINDER

Rapid Prototyping
of
RADAR Signal Processing Systems

using
Ptolemy Classic
Ptolemy MiniConference UCB
és PADON Denis Aulagnier, Patrick Meyer, Hans Schurer, Xavier Warzee,
EUROFINDER THALES
WEIGHT _BOT
sl L THALES
et >

ésl’fi DON
EUROHINDER

=~ Main functional requirements are met by the final design
(12 of the 19 requirements)

~ Throughput and latency requirements are almost met;
expected to be met in case of full speed G4 daughter
cards and/or VSIPL functions redesign

~ Review of graphical Ptolemy designs seems faster and
more efficient than code reviews

- Disadvantage is parameter handling and scope

— Design is highly multi-rate, but this is difficult to see

~ Some functionality is inside stars (hidden)

=~ Total design, validate & test time for bare beamformer
was 354.5 hours, while normal development takes 481

hours: Approximately 36% faster (improvement ~1.36)

THALES ssstomet  [VTETIATN (2]

Ptolemy Project, Berkeley 17

Nuala Mansa i’

Mary P. Stew: lephely Neuendotffer

Neil E. Turrér (Chess) mes eh

o Lea Turpin (Chess) Haigéfmzoheng
Rachel Zhou
Postdocs Etc ¢ -

4

)Cuadrado, Visiting Seholar
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o I L e
ps / spe & semi-colon ’; to
E_{\_{ / see furl er documentanon,

Heterogeneous,
problem-level
description
A%
S @
host % g
ogrammable S
prog Dep bl \—\(‘,U\W.C\ g §
mem ory interface 3 ()
trol panel ‘
o o \,\L\\\\} Heterogeneous,
Relating the problem level with the assembly Weo imp/emenraﬁoq
implementation level code -level description

Ptolemy Miniconference, May 9, 2003 19

Foundations

Our contributions: |
+ Behavioral Types ,
+ Domain Polymorphism ’
+ Responsible Frameworks

* Hybrid Systems Semantics :

- Dataflow Semantics

+ Tagged Signal Model

-+ Starcharts and Modal Model Semantics
- Discrete-Event Semantics

+ Continuous-Time Semantics

Giving structure to the notion of
"models of computation”

Ptolemy Miniconference, May 9, 2003 20




HyVisual - Hybrid System Modeling Tool
Based on Ptolemy II, Released Jan. 2003

Refinement Solver This models the dynamics of a ball
falling in a gravitational field. velocity

Velocil
& ZeroCrossingDalegtor Flo TR Spedd Wb
ump

Const T
Position

positiol

]
1Z|z[2[=|Z]>[n]o]®]m |5

\,7 )|
L)
A annotation -
state “;“"Y 2

bump 0

abs(position) < toppedThreshold 8& 0 4 10 1 20 % 30
e (50c)

position init

J HyVisual is a
e [ =00 targeted tool,
S Q designed for
B T e ittt hybrid system
= modeling.

e
i
i
H

E—

Ptolemy Miniconference, May 9, 2003 21

KEPLER: Overview and
Project Status

6" 2005

Bertram Ludéascher

=%

- ' ludaesch@ucdavis.edu

ISome KEPLER Actors (out of 160+ ... and counting...) ] -
- oo 2>
Associate Professor /‘m
ViobSuscn [ 1 = Dept. of Computer Science & Genome Center
‘ [W.T "‘:‘:5E—“ e | »T,:T» | | =emsf growser Bz University of California, Davis
| 1l e |
{1 |

oo v |
s connect P ey i lKEPLER/CSPZ Contributors, Sponsors, Projects

hay Ao SOU, NLADR, Resrgenc,EOL. B A
Kim Baldridge Resurgence, NMI .

Chad Berkley SEEK " d|

Shown o SEEK Sy i

Terence Critchiow SOM g
e A
Jeftrey Grethe BIRN

= 3 (e |
% | craastopher 1. Brooks Prosemy Z| q
*| Znengang Cheng sOM 2|
Dan Higgns SEEK 1] EEK I
ol St www.kepler-project.org
e Matt Jones SEEK

Werner Krebs, EOL
Edward A. Lee Prolemy If

Kai Lin GEON
Bertram Ludaescher SOM, SEEK, GEON, BIRN, ROADNet

Jing Tao SEEK -
o =%

Mark Miller £0L et

0 Banois Pty Micont May 129, 2005 Bertsiey Keples Overviow £ C aformati
SV ack Ny EGSDL Hesearch Network
Steve Newsndortter Projemy il g

Bing Zhu SEEK

[ Coliab. toois: IRC. cvs. skype. Wiki: hotTopics. FAQs. .. |
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6" 2005

Growth of the Cal
actor language

SIXILINX

Programming with actors

Jérn W. Janneck
Xilinx Research Labs

driver application

MPEG-4 decoder

metrics

* 60 atomic actors
* 22 atomic actor classes

+ 3307 LOC (Cal)

+ LOC per actor class
between 7 and 2054

actor constructs
« variable token rates
« static/cyclostatic rates
+ data-dependent choice

* test for absence of tokens

« non-prefix-monotonic
actors

code generation

» interleave row and column streams
# pipelined 1D-IDCT
s result:

= 6 multipliers with 46% utilization
% more operator re-use costly in terms of operand routing
+ >100 Mhz clock

Prolemy Minkconference V1, 2008-05-12 -9 Xilinx Research Labs.

2%

wa—
The Kepler Project

Overview, Status, and Future Directions

Matthew B. Jones
on behalf of the Kepler Project team

National Center for Ecological Analysis and Synthesis

El#lleﬂ"l Scientist’s View
‘manipulate data nowcast, forecast
_grid & similation

datelogger
)

O,

Outside User’s View
public interfaces.

University of California, Santa Barbara

datalogger

A

A sensors

7]

Py
“Mologi

e g O A

2

=

e

Pt D § S
OO e )

Figure from Bowers and McPhilips

O T )
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Hugo Andrade (NI)
Christopher Brooks
Dai Bui

Yasemin Demir

John Eidson (Agilent)
Thomas Feng

Shanna Shaye Forbes
Jeff Jensen

Edward Lee

Jackie Leung

Ben Lickly

Isaac Liu

Thomas Mandl (Bosch)
Slobodan Matic
Eleftherios Matsikoudis
Hiren Patel

Stephan Resmerita
Bert Rodiers

Yang Zhao

Jia Zou

8th 2009

Cyber-Physical Systems (CPS)
Where it is going

CPS: Orchestrating networked computational
resources with physical systems.

s
oA -
TR

i -
s

-
-

Ptolemy Project, Berkeley 25

Hugo Andrade (NI)
Christopher Brooks
Dai Bui

Yasemin Demir

John Eidson (Agilent)
Thomas Feng

Shanna Shaye Forbes
Jeff Jensen

Edward Lee

Jackie Leung

Ben Lickly

Isaac Liu

Thomas Mandl (Bosch)
Slobodan Matic
Eleftherios Matsikoudis
Hiren Patel

Stephan Resmerita
Bert Rodiers

Yang Zhao

Jia Zou

8th 2009

PTIDES: Programming Temporally
Integrated Distributed Embedded Systems

Distributed execution under DE semantics, with “model time”
and “real time” bound at sensors and actuators.

Output time stamps
are < real time

Input time stamps are
2 real time 1
alime

Platiorm 3
; |
Input time st:jlmps are Computation3
real time [
= : J
- vrg
!
* Actuatort
Clock
8= Computationd

Output time stamps |
are s real time | Lee, Berkeley 13
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8th 2009

[ p——

e fon Yew wannow
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Parallel Virtual
Machines in Kepler

Fork

vl
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& »
Mosomon M= L |
VoedRames  Hono Fame oo rav] J[1-00x [ 00:08/00:09

Modia Audio Vides Playback Playist Tocls Help

Daniel Zinn =
Xuan Li
Bertram Ludaescher
UC Davis Lidd
opllovie2Frames T m . 4‘
: \ B
om HyE N :
Daniel Zinn 27 University of Califomia, Davis
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Let the show begin!
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Distributed Execution Architectures
in Kepler

Jianwu Wang?, Daniel Crawl’,
llikay Altintas’, Chad Berkley?, Matthew B. Jones?

1 San Diego Supercomputer Center, UCSD
2 National Center for Ecological Analysis and Synthesis, UCSB

S: ;ﬁcw'
-
& ¥“ 2/16/2011 Ninth Biennial Ptolemy Miniconference 1

Outline

* Distributed Execution Architectures in
Kepler

 Master-Slave Distributed Execution
Architecture in Kepler

« MapReduce Distributed Execution
Architecture in Kepler

« Comparison between the Above Two
Architectures

o Repler
>
X‘ 2/16/2011 Ninth Biennia | Ptolemy Minicon ference 2

#
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Part |

e Distributed Execution Architectures in
Kepler

9: B
»
o 2/16/2011 Ninth Biennia | Ptolemy Miniconference 3

X

Distributed Execution Requirements in
Kepler

« Various requirements on distributed
execution in different environments,
examples:

— Ad-hoc network resources
— Web service resources

— Cluster resources

— Grid resources

— Cloud resources

. e » Keplee
@ ¢ h.
b » 2/16/2011 Ninth Biennia | Ptolemy Minicon ference 4
¥ X -




Distributed Execution Supports in
Kepler

» Kepler integrated frameworks and libraries
to support the requirements

— Remote method invocation (RMI) for ad-hoc
network resources

— Axis Web service libraries for Web Service
invocation

— Ssh session libraries (JSch) for remote
execution and job submission on clusters

— Globus libraries for Grid computing

; » Kepler
o: | ) o
N 2/16/2011 Ninth Biennial Ptolemy Miniconference 5
+X -

Three Distributed Execution Levels in
Kepler

 Workflow level: the whole workflow can be
executed in distributed environments

— Example: Web service for Kepler workflow
execution
« Actor level: distributed computing and data
resources can be utilized in an actor
— Example: Web service actor in Kepler
» Sub-workflow level: sub-workflows can be
executed in distributed environments

— Example: Master-Slave and MapReduce
- Distributed Execution R
sl g

Ve 2/16/2011 Ninth Biennial Ptolemy Minicon ference 6




Advantages of Using Workflow System
for Distributed Execution

Reuse existing workflows

— Easily transform workflow from centralized
execution to distributed execution

Transparent implementation

— Hide diverse distributed techniques from users,
such as different job schedulers

— Just drag-and-drop, no coding is needed
Optimal execution

— (Semi-)automatically get the best execution plan
Provenance support

* Fault tolerance

& =%
»
A 2/16/2011 Ninth Biennia | Ptolemy Miniconference 7

¥ X

Part i

» Master-Slave Distributed Execution
Architecture in Kepler

-~
o 2/16/2011 Ninth Biennial Ptolemy Minicon ference 8
X @m—




Distributed Composite Actor

+ As the role of Master, each token received by Distributed
Composite Actor is distributed to a Slave node, executed,

and the results returned.

4

9
. 3
s 2/16/2011

Slavel

&

Ninth Biennial Ptolemy Miniconference

Kepler

Distributed Composite Actor Behaviors
with Different Computation Models

M aster M aster
SDF Domain PN Domain
@ Distnbuted @ Distnbuted
(o} Actor Comp Actor  Comp Actor ¢ At

Actor

Comp Actor  Comg

- /
/ //

1/ \
1y i 1y \
/~ 1] \ \ I \ \
© ‘5‘ '|”= ©) Slave 1 ® ?\ '|”=® Slave 1
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Usability

Users use the DistributedCompositeActor just like the

common composite actor
Interaction for execution enviro

CompositeActor
f}us!omlre Name

nment transition

1
|
]
Configure Ports !
Configure Linits / (0 By defant this DCA wil aterrpt to distrbute s
Open Actor cri+L |/ #ion to al slaves, IF 1 figure th 199t the Tools men and select Distriuted Computing
Documentation ol!
/
Distrit \ Avallsble Slaves Used Slaves
Listen to Actor N :::«;;ﬁmm Vepler.sdsc.eds
\ 15511, locshost
Sogpest i oo
Semantic Type Annotation.. \ 123.54.58.60
Save In Libeary. \
Export Archive (KAR). \
Upload to Repasitory \
Preview \
Corwert to Class [ oK Cancel

X
:
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N 2/16/2011

Ninth Biennial Ptolemy Miniconference




Performance Experiment

§ | Configuration
o  SDF locally
© PN locally
SDF Master—Slave
s PN Master—Slave
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« MapReduce Distributed Execution
Architecture in Kepler

>
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MapReduce Actor in Kepler

[Map~ Reduce |
Maplnputkey
MapReduce ﬁ ﬁ‘“’“
-%‘" Ay akoe Reduceinputlist

()

Reducenputkey
ReduceOutputvalue

(a) MapReduce actor. (b) Map sub-workflow in MapReduce actor.

(c) Reduce sub-workflow in MapReduce actor.
- Kepler
o
@‘ 2/16/2011 Ninth Biennial Ptolemy Miniconference 15 h‘
X am—

MapReduce Actor Execution in Hadoop

SDE Em

Input Path for MapReduce P = .
: - Kepler GUI

£> Users/JianwuHadoop/input

Output Path for MapReduce

[> Users/JianwuHadooploutput

2. MapReduce Acto
execution on Hadoop

1. Transfer input data 3. Transfer output data 3
from HDFS toloca 7. 11adoop Master

from local FS to HDFS @
4 Cistribute Kepler distribute Kepler <y
execution engine with .
- Hadoop Slaves

execution engine with
Map sub-workflow  Reduce sub-workflow

(=) N

Reduce slaves with

Map slaves with
output data blocks

input data blocks

X

>

b ,(‘ Ninth Biennial Ptolemy Miniconference
2

2/16/2011

s Kepler
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Using MapReduce Actor for Word Count

Input Path for MapReduce
> AUsers/JianwuHadoop/input

Output Path for MapReduce

Word count workflow in Kepler

SDF Elmaol

MapReduce4WordCount FileReader

OutputDirectonyisting AmayToSequence =1\,

>

Displa

>
SDF Director SDF Director -
@ Map sub-workflow ﬁ.) Reduce sub-workflow
MaplnputValue String Splitter lterate Over Array MapOutputList ReducelnputList Expression ReduceOutputValue
&
<
Sub-workflow in
oy o IterateOverArray actor
- Kepler
- %
y » 2/16/2011 Ninth Biennial Ptolemy Miniconference 17
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Performance Experiment for Word Count

Total Execution Time (minutes)

@‘
P
s 2/16/2011

O Kepler Workflow in Hadoop
© Java Program in Hadoop

10

Slave Node Number
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Part IV

- Comparison between Master-Slave and
MapReduce Distributed Execution
Architectures

> Kepler
(V5
& *‘* 2/16/2011 Ninth Biennial Ptolemy Miniconference 19

Commonalities

 Both have distributed data + distributed
programs

 Both have master and slaves
- Both have execution engines on slaves

o Repler
>
X‘ 2/16/2011 Ninth Biennia | Ptolemy Minicon ference 20

#

<




Main Differences

 MapReduce

— Usually, all input data needs to be staged in
beforehand and outputs is only accessible when
the whole execution is finished

— More suitable for large data sets, and has good
scalability on clusters with numerous nodes

 Master-Slave

— Inputs can be provided dynamically and get its
result gradually once it is generated

— More suitable for dynamic data distribution cases

@ g

Thanks!

» Papers for the Above Work

— J. Wang, D. Crawl, |. Altintas. Kepler + Hadoop — A General
Architecture Facilitating Data-Intensive Applications in Scientific
Workflow Systems. In Proc. of the 4th Workshop on Workflows in
Support of Large-Scale Science (WORKS09) at Supercomputing
2009 (SC2009) Conf..

— J. Wang, I. Altintas, P. R. Hosseini, D. Barseghian, D. Crawl, C.
Berkley, M. B. Jones. Accelerating Parameter Sweep Workflows
by Utilizing Ad-hoc Network Computing Resources: an
Ecological Example. In Proceedings of IEEE 2009 Third
International Workshop on Scientific Workflows (SWF 2009),
2009 Congress on Services (Services 2009).

* More Information:

— Distributed Execution Interest Group of Kepler: htips:/
dev.kepler-project.org/developers/interest-groups/distributed

— Contact: janwu@sdsc.edu




heterogeneous

lPZfO[E my (P?'O] ect modeling and design

MODELING DISTRIBUTED
REAL-TIME SYSTEMS WITH
PTOLEMY |

Patricia Derler, Jia Zou, Slobodan Matic, John Eidson,
Edward A. Lee

University of California, Berkeley

DISTRIBUTED REAL-TIME SYSTEMS

Multiple computers, comprising of sensors and actuators,
connected on a network that act and react on events to meet
timing constraints.

Transportation
(Air traffic
control at
SFO)
Automotive Telecommunications

Building Systems
o=

Courtesy of ) Courtesy of Kuka Robotics Corp.
General Electric Patricia Derler - Ptolemy Miniconference 201 |




MODELING DISTRIBUTED REAL-TIME SYSTEMS

Platform 1

Computationl
Sensorl } I e ul Platform 3

\ | Computation3
Platform 2

Actuatorl

g
hysical Local :
interface netork|  Event Syl
it S
fabric ource IRtEHACE
Physical
plant
Patricia Derler - Ptolemy Miniconference 201 | 3

OVERVIEW

+ Challenges: How to model
* Time
« Network
* Execution time
* Execution semantics

* Address modeling challenges in PTIDES

Patricia Derler - Ptolemy Miniconference 201 | 4



THE TIME CHALLENGE

10 t Q ~ Platform|
" time

Platform 2

t0 t b time
_ Platform 3
t0 t)

t time

v

Distributed platforms have different notions of time
Platform clocks drift

Platform clocks drift at varying rates

Patricia Derler - Ptolemy Miniconference 201 |

MODELING DISTRIBUTED SYSTEMS

Director mediates between actors

Director \ ) ) . . .
Difficult to maintain different notions of time
Platform 1
C tati 1}
# Ul Platform 3
\ I Computation3
Platform 2
5=
phy-sical o hysical
interface network Event ?] : y ]
fabric Source interface
p Computation4 |

One hierarchy level is not enough

Patricia Derler - Ptolemy Miniconference 201 |
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MODELING DISTRIBUTED SYSTEMS

Director
Computationl }—
Platform 3

B

Platform1
Platform3

Platform2

-

Physical Plant

Platform 2

| Computation3

Actuatorl

Local
Event
Source

Director

Avi

trigger, o
_Sensorz Computation2
| : Director I_

. ]
Hierarchies:
* Opaque composite
actors

e Fmbedded directors
maintain time

Patricia Derler - Ptolemy Miniconference 201 | 7

MODELING DISTRIBUTED SYSTEMS

Director

- Oracle time = 1o
Platform | time Platform3 time
= fi(to) = f3(to)

_J

/ Physical Plant

.

Platform?2 time
= f(to)

Top level: Oracle time

Every platform time is
defined with respect to
oracle time

fx(Oracle time)  Platform 3 ,
\ Oracle time

Platform 2

Platform |

oracle time

Patricia Derler - Ptolemy Miniconference 201 | 8
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CLOCK SYNCHRONIZATION

Director

MasterPlatform

5o

SlavePlatform

510

Director

CurrentTime

port

adjust 1
clock
rate:

Slave

Master

Director

AdjustPlatformTime

: Master
adjust p
Slave
clock
value:
Patricia Derler - Ptolemy Miniconference 201 | 9

MODELING NETWORKS

Platform1

N g

Platform3

5o

Platform2 C )

{ ) J

—

Physical Plant

Distributed platforms
communicate via
networks

Networks have latencies

e.g. CAN Bus, T TEthernet

Patricia Derler - Ptolemy Miniconference 201 | 10
10



MODELING NETVWORKS

=
Platform1
Platform3
EElS
Platform2
&
Physical Plant

Physical connections vs.
Logical connections

Logical connections are lost

MODELING NETWORKS

Platform2 C

Platform1 LJ 7

RS =l

Platform3

J

—

Physical Plant

Patricia Derler - Ptolemy Miniconference 201 | Il

Aspect-oriented
modeling

Quantity managers
[BalarinO3] and
schedulers to simulate
network latency

[Balarin03] F. Balarin, H. Hsieh, L. Lavagno, C.
Passerone, A. L. Sangiovanni-Vincentelli, and Y.
Watanabe. Metropolis: an integrated electronic
system design environment. Computer; 36(4), 2003.

Patricia Derler - Ptolemy Miniconference 201 | 12
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MODELING EXECUTION TIME

Cexecution time )
execution time execution time
execution time ? \/
\ | | /

Platform 1 ||

omputationl
\ : Plaform

\\ IComputationB | F

Platform 2

9 Sensor2

=

hysical Local -
iﬁteyrface neoiK  Event “ iﬁrt]gl:;;gé
1 S
fabric ource
Physical
plant
Patricia Derler - Ptolemy Miniconference 201 | 13

MODELING EXECUTION TIME

How Is execution time computed?

Which time line to use for — Oracle time
specifying execution time!? \

> Platform time

Parameter

WCET = 0.4

Direct '

irector Aspect-oriented
- rogrammin
Sensorl% -IW p g g

>

Patricia Derler - Ptolemy Miniconference 201 | 14
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DISTRIBUTED DISCRETE-EVENT MODELS

Platform1

-
Platform3

)

Physical Plant

Discrete-Event (DE) for
simulation

DE as a application
specification language
which serves as a semantic
basis for obtaining
determinism in distributed
real-time systems.

We need another time line

Patricia Derler - Ptolemy Miniconference 201 | I5
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DISTRIBUTED DISCRETE-EVENT MODELS

e Platform| time
* |ogical time

e Platform3 time
* |ogical time

Logical time describe the
execution semantics

New time line: logical time

Oracle time

e Platform?2 time
* Logical time

Physical Plant \

v

v

Platform time

Oracle time

> Logical time

Patricia Derler - Ptolemy Miniconference 201 | 16

16



PTIDES: AN APPLICATION

Programming temporally integrated distributed event systems

[ZhaoO7] 0 _ Platform|
L time
. , : . i _ Platform2
e Discrete event model for execution : o | time
>
e Relates logical time to platform time error bound
t , Oracle
whenever necessary time
. Platf
* Requires bounded error between platform S
f(t) time
clocks: Relies on clock synchronization e
, Logica
* Events are processed in time-stamped f(t) time

order |

[Zhao07]Y. Zhao, |. Liu, and E.A. Lee. A programming model for time-synchronized distributed real-time systems. In
Proceedings of the |3th IEEE Real-Time and Embedded Technology and Applications Symposium (RTAS 07), pages 259—
268, Bellevue, WA, USA, Apr 2007.

Patricia Derler - Ptolemy Miniconference 201 | 17
17

A PTIDES MODE
send time stamp and value

increase time stamp ~ )|2nd over network

Gime stamp = platforn\ ﬁir@laﬁorm time progr\ Ilses ) Gime stamp < platform time )
| [ ] \[ VA | |
||

model time
delay d1

Platform 3

g

\execution time < logical time delay

]
mode| time |

| delay d3

hysical Local ¢
i‘r)1 tey rface network| Event i|r3‘ }t1ey: fu;gé
1 Source
fabric

Physical

plant

Patricia Derler - Ptolemy Miniconference 201 | 18
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SUMMARY

* Distributed embedded systems
» Each distributed platform has its own notion of time

* Modeling distributed systems with different notions of time and
clock drifts

* Clock synchronization
* Modeling networks

* Modeling distributed discrete event systems

« PTIDES

Patricia Derler - Ptolemy Miniconference 201 | 19
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Semantics of Modal
Models in Ptolemy Il

Edward A. Lee
Stavros Tripakis

UC Berkeley

Ninth Biennial Ptolemy Miniconference
February 16, 2011

.
'
b3

Il ;

I I T R

What are modal models?

o Modal models = hierarchical models mixing FSMs
(Finite State Machines) and other models

ModalModel
2t

State refinement

Director Director

’- inl

out out

»-
™ | i
»-




Example:
Hybrid System

guarfi. abs(Force) >VSlickiness

Finite State Machine

Separate.ve = vi

e

Guard: true
output: P1 = pl; P2 = p,

hed_isPresent && (V1-V2) > 0.0 \
er.p = P1, \

ether.v - (V1+VI2)/2.0‘ \
Together.stickiness = 10.0 \

V1
V1 integrator P1 integrator V1 integrator P1 integrator
Expression
P1
S Vi

Continuous-time model

‘ Expression2

Continuous=time model

............

2.072.0 - 2.0"P2

V1 and V2 are

e

]

P1

Force

1.0°1.0 - 2.0°2.0 - (1.0-2.0)°P1 p—fpum

velocities, and
P1 and P2 are
touched positions of the

two masses.

ZeroCrossingDetector

AddSubtract

Stickiness integrator,

Stickiness

ain

V1 and V2 are velocities,
and P1 and P2 are positions
of the two masses.

Influences for this work

o Statecharts [Harel 87]
o Argos [Maraninchi 91]
o Esterel [Berry & Gonthier 92]

o Abstract state machines [Gurevich 93]
o Hybrid systems [Puri & Varaiya 94, Henzinger 99]

o Timed automata [Alur & Dill 94]
o SyncCharts [Andre 96]

o I/0O Automata [Lynch 96]

o *Charts [Girault, Lee, & Lee 99]
o UML State machines




Ptolemy Il goes one step further

Arbitrary combinations
of FSMs with other
domains

ModalModel

5

0 out

guardExpres

inl setActions

outputActions
setActions

outputActions

* out
i& (model) !

guardExpression

sion

Director

out

Director

I

s
=

2 il 4

out

How to give meaning to modal models?

o Not always trivial:

What happens to the
events produced by the
discrete clock while system
is at mode “irregular”?

DE Director

DiscreteClock

ModalMode!

TimedPlotter

guard: in_isPresent
in out
> G o

guard: _is sent

DE Director DE Director
DiscreteClock PoissonClock
» % 3—;—" > -
meanTime: 1.0
3 values: (2}
period: 1.0




How to give meaning to modal models?

o Approach 1:
Give a meaning to every possible combination of models:
Hierarchical state machines (Statecharts, UML, ...)
Timed automata (timed models within state machines)
Hybrid automata (continuous models within state machines)
Mode automata (synchronous/reactive within state machines)

Scalable?

How to give meaning to modal models?

o Approach 2 [Ptolemy]:

Modular semantics

semantics of composite blocks = function of semantics of sub-
blocks

Compositionality
Heterogeneity




This talk

o A formal semantics for Ptolemy

operational semantics
close enough to the Java implementation to be faithful
but not too close (fits in a few pages)

o A formal semantics for modal models

A FORMAL SEMANTICS FOR
PTOLEMY

10




Abstract semantics

o Actor = State Machine

o Actor = Inputs + Outputs + States + Initial state
+ Fire + Postfire

o Fire = output function: produces outputs given current
inputs + state F:-SxI—=0

o Postfire = transition function: updates state given
current inputs + state

P:SxI—S§S

1

Implemented as Java interfaces
Interface “Initializable”

[Melh«l Summary l
[ w=se]a x

ot Sl b ek |

Interface “Executable”
Method mary

void(fire())
re the actor

boolean|isFireFunctional ()
Remun true if this executable does not change state in either the prefire() or the fire() method

boolean|isStrict ()
Return true if this executable 15 strict, meaning all inputs must be known before iteration.

int|iterate(int count)
_Invoke a specified muber of iterations of the actor:

boo lculﬁzostfire ()
ethod should be wrvoked once per iteration, after the last wvocation of fire() i that iteration.

boolean|prefire ()

This method shonld be invoked prior to each mvocation of fire()

void|stop ()
Request that execution of this Executable stop as soon as possible
void|stopFire ()

Request that execution of the current iteration complete

voidlterminate ()
Ternunate any cwrently executing model with extreme prejudice

12




Examples

Scale Single state (“stateless’).
P : trivial (state never changes).
F:out:=in*1.5

. State: the current value
NonStrictDelay
Fon F : out := state
P: state := input

13

Behaviors — untimed F:5xl=0
P:SxI—S§
o Set of untimed traces:
S, XooVo s, X1, Yy s, X2,))
o such that for all i :
Vi = F(Si’xl)

14




What about “timed” actors?

DiscreteClock vO

L t0 t1 t2 t3 t4 time

o States include special timer variables:

Set to some positive value, “expire” when they reach 0, can be
“frozen” and “resumed”, ...

15
. . F:SxI—=0
Behaviors — timed
P:SxI—S
o Set of timed traces: Delays
xO sy() ’d() xl ,yl adl xZ ﬂy2 ’dZ
S0 S1 S2
o such that for all i :
yi _ F(si,xi) Decrement timers by di

Siv1 = P(Si _di"xi)

d. = min{v|vis the value of a timerin s,}

16




What about hierarchy?

How to give semantics to a hierarchical model?
i.e.,
How to give semantics to a composite actor?

CompositeActor

A NonStrictDelay actor "breaks” a feedback loop in a SR model

17

Directors = composition operators

o Given a composite actor with a set of subactors
A1, A2, ..., with fire & postfire functions
F1/P1, F2/P2, ...

o ... its director defines a new pair of fire & postfire
functions Fand P.

o F and P define a new, composite actor A.
o A can be used like an atomic actor (black-box).

Modular, compositional semantics
18




[Synchronous languages: Esterel, Lustre, Signal, ...]

Example: Synchronous/Reactive (SR)

SR Director o T
’ signal = “wire ‘ NonStrictDisplay2 Nouts
File 7He<lp )
Ramp T =
: A | AidSu‘blram StﬂctDeIay 2
L NonStrictDisplay ig

21 -
% ’Il:]l 20
B o
A NonStrictDelay actor "breaks" a feedback loop in a SR model. ! [
- To compute the composite F, director solves a fixpoint:

- Keep on evaluating Fi’s until the values of all signals stabilize
(this includes output signals in particular)

- State remains unchanged during computation of the fixpoint!
c.f. separation of fire and postfire

- To compute the composite P, just execute all Pi’s

19

[Lee-Messerschmitt ‘87]

Example: Synchronous Data Flow (SDF)

In each firing, actors consume a fixed

1 2 3 1 number of tokens from the input
A B » streams, and produce a fixed number

1 of tokens on the output streams.

’ signal = “buffer”

- SDF Director computes

SDF y
Synchronous Dataflow Modeling T
- Estimate the spectrum of three sinusoids in noise perIOdIC SChedUIer e. g-,
Sinewave by three different techniques. A A A B B
y J s E

- Composite fire() fires all
internal actors according to
schedule

Spectral Estimates

This example illustrates SDF modeling, which

is well-suited to signal processing. In SDF,
components communicate using streams, but their
production and consumption rates are fixed.

B of these fixed rates, extensive static o
analysis of the model is possible, enabling 40 35 30 25 20 -13 10 45 00 05 10 15 20 25 30 38 40
efficient code generation and optimization. Fraquncy (m M o

Decbein




MODAL MODEL SEMANTICS

21

Giving semantics to modal models

F,, P, functions
already defined

for thisrefinement

for the modal model

DE Director

DiscreteClock

periogr2.5

ModalMod

&

TimedPlotter

o

guard: in_isPresent

in out
-> >
o~ guard: y_isrue»l
‘\ J

/

>
DE Director DE Director
DiscreteClock PoissonClock
in out ln* @ out
meanTime: 1.0
; 8 values: 2}
period: 1.0

Goal:
define F', P functions

F_, P, functions
already defined
for the" controller"

automaton

F,, P, functions
already defined

for thisrefinement

22




Rough description of semantics

non-preemptive transition

guard: guard2
Gae )
guard: guardl

preemptive transition

o Given current controller state si:
o If no outgoing transitions from si are enabled:
Use Fiand Pito compute F and P
o If preemptive outgoing transitions from si are enabled:
Use the actions of these transitions to compute F and P
o If only non-preemptive outgoing transitions from si are enabled:
First fire refinement, then transition, i.e.:
F is the composition of Fi and the output action of a transition
P is the composition of Pi and the state update action of a transition
o Timers of refinements suspended and resumed when exiting/entering
states
o Details in paper “Modal Models in Ptolemy” [EOOLT 2010]
23
DE Director
Timed modal model example
DiscreteClock

Mode transitions triggered at
times 0, 2.5, 5, 7.5, efc.

Events with value 1 produced at
(local times) 0, 1, 2, 3, etc.

periogr2.5

ModalModel TimedPlotter

> X = »

guard: in_isPresent

guard: in_isPresent

V Spontaneous Modai Model
T T

First regular event generated at (global
time) O, then transition is immediately
taken.

DE Director

PoissonClock

meanTime: 1.0
values: (2}

T T T T

20F ! T R
151 b
10 ¢ ,
05 i
0.0 C 1 1 1 1 L 1 1 -
0 1 2 3 4 5 6 7 8 9 10
time
irreqular reqular irreqular reqular 24




Conclusions, ongoing work and future challenges
o Modular formal semantics for Ptolemy Il
Directors = composition operators over state machines

o Semantics worked out for modal models [EOOLT 2010]

Currently extending it to other domains: Synchronous-
Reactive, SDF, Discrete-Event, Continuous-Time, ...

o Meta-model to describe semantics?

25

Thank you

o Questions?

26




Static Analysis using the Ptolemy I
Ontologies Package

Charles Shelton, Elizabeth Latronico (Bosch Research and Technology Center)
Ben Lickly, Edward Lee (UC Berkeley)

Ptolemy Mini-Conference, February 16, 2011

ﬂsﬁﬁgﬁf'{: Research and Technology Center

1 Charles Shelton, Elizabeth Latronico (Bosch), Ben Lickly, Edward Lee (UC Berkeley) | 2/16/2011 | ® 2011 Robert Bosch LLC and affiliates.
All rights reserved

Static Analysis Using Ptolemy Il Ontologies

Motivation

> Cars are networked software systems
« Up to 70 Electronic Control Units
» Software crucial for many features
« Electronic stability control
« Parking assist
« Emissions control
« Engine Start/Stop
. Active and passive safety
« Bosch makes all of these systems for auto manufacturers

> How can we manage increasing complexity and interconnectedness
of software models?

> Analysis approaches promising, but hand-annotation has drawbacks
. Time intensive to develop and maintain
« People are inconsistent, make errors
« Repeat for every composition

125%{?2{‘{} Research and Technology Center

Shelton, Elizabeth Latronico (Bosch), Ben Lickly, Edward Lee (UC Berkeley) | 2/16/2011 | © 2011 Robert Bosch LLC and affiliates
eserved




Static Analysis Using the Ptolemy Il Ontologies

Examples of Model Construction Errors

osition (meters
velocity ((m/s)A
acceleration

Semantics error

125 ﬁ?gsf': Research and Technology Center

3

CRIRTC3-NA Shelton, Latronico | 2/16/2011 | © 2011 Robert Bosch LLC and affiiates. All rights reserved

Static Analysis Using the Ptolemy Il Ontologies

Static Analysis Using Ontologies

> An Ontology consists of:
« A set of Concepts
- Relationships between those concepts

> Ontologies are used for representation of semantic information
« General ontology frameworks (eg. OWL) focus on expressiveness
- Arbitrary ontologies represent complex relationships as a graph

> Restrict Ptolemy ontologies to lattice graph structure
» Lattice elements form a complete partial order
« Existing scalable analysis algorithms
« Existing work from compiler static analysis

125%!92’?!_3 Research and Technology Center

4

CRIRTC3-NA Shelton, Latronico | 2/16/2011 | © 2011 Robert Bosch LLC and affiiates. Al rights reserved.




Static Analysis Using the Ptolemy Il Ontologies

Ontology Example: Ptolemy Type System

> Ptolemy type system implementation
» Types organized in a lattice

» Edges represent “can be converted to” relationships
« Automatic type inference and propagation

« Rehof-Mogensen constraint solving algorithm

General

Numerical

> Users define type constraints in their actors
« eg. An actor’s output port type must be
“greater than or equal to”
(higher in the lattice)
the input port type
« Connections between actors imply that
the sink type 2 the source type

125%3'?35‘!3 Research and Technology Center

5

CR/RTC3-NA Shelton, Latronico | 2/16/2011 | © 2011 Robert Bosch LLC and afiiiates. All ights reserved

Static Analysis Using the Ptolemy Il Ontologies

Ptolemy Ontologies Framework

> Ontologies package generalizes the Ptolemy type system framework
» Users can define their own ontology
« Must also define the rules that determine ontology concept
resolution
» Constraints between model elements
« Constraints between actor input and output ports
« Reuses existing Ptolemy code

> Constraints are specified as inequalities between concepts assigned
to each model element
output 2 cinput

L] c
* Coytput 2 f(Cinpy) Where fis a monotonic function in the ontology

domain ( ¢, 2 ¢, implies f(c,) 2 f(c,) )

lz5i§995¢? Research and Technology Center

6
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Static Analysis Using Ptolemy Il Ontologies

Demo: Dimensional Analysis

> Use the Ontology static analysis to infer dimensional properties
« Position, Velocity, Acceleration, Time

> Ptolemy Model Example: Simple Car Dynamics Model
« There is an error in this model that leads to incorrect results

desi d
esiredSpee AddSubtract MultiplyDivide

AccelerationPlot

k> tmeConstant

Integrator2 PositionPlot

ﬂsﬁsg“fg Research and Technology Center
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Static Analysis Using Ptolemy Il Ontologies

Step 1: Drag in a Lattice Ontology Solver

Fle Vew EGt Grath Detug Meb

HoQARQADP NP mED:0e

) Becterc
& ) Expermentalomans Continuous Dinckor
) Goaphtiarafermancn
W ) Graghis

-0 Inagabrocaseng

& 3 Inberactivelcons

2L Joystick

ey

) Petriist

e tmeConsmat 10.0

dosiredSpeed  AddSubiract MilfghOhice

atcroreokogr Al

AccstertonPlot

ﬂﬁ{gﬁg{fh Research and Technology Center

8 Charles Shelton, Elizabeth Latronico (Bosch), Ben Lickly, Edward Lee (UC Berkeley) | 2/16/2011 | © 2011 Robert Bosch LLC and affiliates.
All rights reserved.




Static Analysis Using Ptolemy Il Ontologies

Step 1: Drag in a Lattice Ontology Solver

Fle Vew ER Gragh Debug Hep

HoQaQHQAOP @D =m0 e

) Excter

Contewous Director

') Expermentalonans
O Gt rmatin - e bmeConatant 100
) Graphies

st
— cerredSpeed Asasavact WitphONkse

i
o

tmeConstant

DimensionOnologyhnalysis
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Static Analysis Using Ptolemy Il Ontologies

Step 2: Open the Solver Model

Fle Vew [t Gagh Detug Meb

HoQaQRaAOP @D =eOb0e

) Eseterkc.

(3 Dpermentaonsns Coninuous Director
) GraphTraratermation @ timeConstant 10.0

desiredSpeed AsdSublact

AcoeerabonPiol

CQustomice
Iopewance »
- 0 Usten to Attrbate
— -
) ey Concapts
Resolve Concepts

1886-2011
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Step 2: Open the Solver Model

Fle Vew Edt Gagh Debup Heb

IiSolver sl

§ O Escherc| F0 Ve B Gigh Omtig Hep

e B QARQATP @S medhée
& o A Aeototen |

Bosch Research and Technology Center
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Step 3: Drag an Ontology into the Solver Model

Fla Ve [dt Gagh Detug Heb

N filesC: P eley_HE. . DynamicsSenpleModelWrongWithSotver xml

W O Escterk
e o QQEQACPHNOS meoe
) Graphicdl A Aenotation

¥ oo i) Actoe Comtrmets.
eptFuUnction
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Step 3: Drag an Ontology into the Solver Model

Fa Vew Edt Geagh Dwtug bl
Ho
W L) Esoterc] Fie Vew E8 Gragh Debug Heb

el o QAQEQADP @S mec e

» L ot A irnckation
50 acorContraes.

= Conceptr dimarsionSystern
n
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) Concept Functiond
) Lattice Ortologes
A

dimensionSystem
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Static Analysis Using Ptolemy Il Ontologies

Step 4: Create the Dimensional Analysis Ontology

Fin Vew B Gexgh Dwlug beb

o o O Polemy/ptil_SVN_Berkeley HL. . .DynamicsSknplaModaiWrongWithSotver.xm|
W5 Srscterc) Fie Vv ES Gragh Dsbus Heb

e Mo QAQEQALPHIOS meDH0 e

dimansionSyssem

Cuntomize

Docummetaten »
fopeararce 3
Listen to Acter

Open Actor i
Opan instance

Save Actor In Lbrary

Cormvert to Class

| dimensionSystem
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Step 4: Create the Dimensional Analysis Ontology

Oebury Mol -

‘ '

Fla Ve Bt Geph

opt
5 ) Ml O FinScalwRepreset s onenpt
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Step 5: Add Actor Constraints to the Solver Model

Fle Vew EGt Gragh Debug Meb

W o G IC:Prolemylptil SYN_Berkeloy ME. . DynamicsSimpleModelWrongWithSotver xmi
= 3 Gackeec| e Vew Edt Grach Debug heb

e Mo QQRQADIP @S mEdi-ie
A

0 oyl oreokogy
WMt g rodxtloticeOntogy
33 Petrivatl ) Concept Functions
L Onke ) Lattke Ontokiges
=5 8
Ll

-A- coef
&P
) Regress
o () Seaurtyl
L Wirekesd]
¥ %10
s ¥ ;
< dimensionSystem
-
——

-
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Step 5: Add Actor Constraints to the Solver Model

Fla Ve B Ggh Dstag Hep

Flo Vew ER Grxch Debug Mep
HoQAQRQADP @D =m0 e

o A= Arentaton
GmenaionSystem

ProdxtitkaOnkckogy A8y

Lattce Oreokups

rarn el

|
|
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;.E
i
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Step 5: Add Actor Constraints to the Solver Model

Fle View (&t Guoh Oebuy Mo
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Bt Gigh Detug b

\'.'/ toClanbisne: tckemy. domans contruous 1b.Jteyskor|

Comet | [ add | [ kewowe | [Recomosimis] [ oetemces | [ b | [ cwew |

Comwainn

ﬂﬁﬁgyﬁ-ﬂ: Research and Technology Center

Charles Shelton, Elizabeth Latronico (Bosch), Ben Lickly, Edward Lee (UC Berkeley) | 2/16/2011 | © 2011 Robert Bosch LLC and affiiates.

18 All rights reserved.




Static Analysis Using Ptolemy Il Ontologies

Step 5: Add Actor Constraints to the Solver Model

Fin Vew Bde Gugh Detug eb

K 1il:/C: /P tolomy/ptil_SYN_Barkeley_HL. . .DynamicsSimpleModetWrongWithSolver.xmi
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Static Analysis Using the Ptolemy Il Ontologies
Defining Actor-Specific Constraints

' ' (Rcssieraion)

Integrator

X j y

Actor Elements Constraints
Integrator input port derivative (x), | c, 2 f(c,)
output port state (y) ¢, 2 f5(cy)
Unknown If ¢, = Unknown Unknown If ¢, = Unknown
If c, = Position Position  Ifc, =
1rl(cy) = Acceleration  Ifc, = folcy) = If ¢, = Acceleration
Ifc, = Time Time Ifc, =
Conflict Otherwise Conflict Otherwise

ﬂﬁﬁﬁglﬂ Research and Technology Center
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Step 5: Add Actor Constraints to the Solver Model

" ||.umpw Edit parameters for Integs storActorConstraints.
oxtorClrssNam: PRy, doman ccotraus 10 Jrteg otor | (=)e3
e oot Tem:
& ertvativePortTeen: 34 gEAte == Unknown 7 Unknown :
.4 state == Poaition 7 Velocity :
s state == Velocity ? Acceleration :
p atate “= Time ? Dimensionless :
B Contlict
.
» Lt obih i >= derivative == Unknowa ? Unknown :
» derivative == Valocity ? Position :
* derivative == Aeeeleration ? Velocity :
vy derivacive == Dimensionless ? Time :
4 Contlict
<
- -
bRt Temn: = itte
- RS RALL T = hitn
st
bed [ Comme | [ At | [ Remowe | [RestoeDefs] [ hreferences [ mo ][ Cawel | —-

886201
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Static Analysis Using Ptolemy Il Ontologies

Step 5: Add Actor Constraints to the Solver Model

Creckogy
Productiattxsontokogy
Concept Functions:

|3 Laetcm Cetologges
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Step 5: Add Actor Constraints to the Solver Model

Flo Ve Bt Geh Detxg Hep

h ww:.aa;:an-.wb ‘ il
e Mo QAR QAP IG@» mmdhc:e

# ) Greoticdl Ae Arentaton
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Static Analysis Using Ptolemy Il Ontologies

Step 5: Add Actor Constraints to the Solver Model

[Fn Ve Ede Gexgh Debuny rel

+ 3 Cocteric] Fle Vew E&t Gagh Debug Meb

| W QAEQADPHOD SR e

ibgmicCoaviie

1886-2011
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Step 5: Add Actor Constraints to the Solver Model

Fla Ve B0t Grxgh Detag Hen

Vemy/ptll_SVN_Berkelay_HL. amicsSimplamoda W ronaWithSolvar ant 1]
o Escterc| Flo Vew EQt Grxh Debug Mep

e Mo QARQARDP @ =g he

4\ Graoticl A Arvtton

+ 0 Joysich g cetology

divdeFuncton
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Step 5: Add Actor Constraints to the Solver Model

Fe Ve B Geh Oetixy Meb

[CiPiolemylpUL_SYI_Horkaley_HE. , DynamicsSomplabloda WrongHthSotrar.an) 3 il
T L faterc] Pt Vew ER Graoh Detwg heb

P Mo QARQADP IO mmdhe

¥ ) ool A fevctaton
o=

| Edit parameters for divideFunction

("dividend”, "divisor”)
dividend == Unknown || divisor == Unknown ? Unknows ~
dividend == Velocity && divizor == Time ? Acceleracion :
dividend == Position €€ Aivisor == Time 7 Valosity :
(dividend == Position &6 divisor == Velocity) || (dividend == Velocity &6 divia
divizor == Dimensionless ? dividend :

| | | (o | | | |
e
)
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Step 5: Add Actor Constraints to the Solver Model

Fe Ve Et Grh Oebag Hely

oo k1 fike: /G Ptoemy/ptll_SVN_Berkeloy_HL. . DynamicsSimplaodelWronaWithSolver.yamt
¥ Csterc| Fle Vew E® Grach Detug Mep

S Mo QARQADP @S e e

# ) Greoticde Ae Arentaton
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Static Analysis Using Ptolemy Il Ontologies

Execute the Lattice Ontology Analysis

Continuous Director
[SmeConstant 10.0

desiredSpeed AddSubtract

SfimeConsiant

MultiplyDivide

AccelerationPlot

Integrator VelocityPlot

DimensionOntologyAnalysis

Integrator2 PositionPlot

g
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Step 6: Add Initial Constraints to the Model

Fle Vew L& Goah Detug Hep

HoQQRQADPIHNG®@D =)o e
| oo
.jr.::u - @ imeConstant 10.0

"

Inegerocessg
o) Intee acehomicons

cesimcSpend AdaSubract

§ ioCormuni §

DimansicnOntologyinalysis
2 .
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Step 6: Add Initial Constraints to the Model

Fle Vew [ Gch Debug Meb

HoQ@FKa AP @ mediho e

() Expeisot lbonans.
¥ (2 GraphTranstcematien Consinuous Director

# Graphics. - etmeConstant 100

=03 Ortcoges O gdsumirect MultiphDivide
Aocolaratoniiot
tf smeConstert
Intogratoe VolocityPiot

) Userlitrary j
< » DimensionOnologytnatysis
- -
| — = - g2 PosisonPlot

e . @ ontlogyName: cons ¥aint J
== i =
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Step 6: Add Initial Constraints to the Model

fle Vew [ Graph Debup Heb

Mo@QHE QAL IO =0 e

* ) Experiment sbomans a
+ ) G Tinsformaton Contewous Director

§ smeGomurt§

DimensionOnoiogyinalysis

e dimensionSytem comaint
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Step 6: Add Initial Constraints to the Model

Mle Vew Cdt Grach Debup Heb

HoQRQRQADP @Sy -ce

+ ) Diparmarealicnans a
¥ ) GraghTraestormation Conbinous Director

+ O Graphics - s tmeConstant 100

8 ) Petrbint desiredSpeed  AsdSutwact

MultghOndce

Tdit Parametes dimensionSystem::constraint

FroductiatticeCrtobogyh
-A- PO

2 Prthen

* ) RegressonTest

* ) Searty
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@ dimensionSystem-constraint
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Step 6: Add Initial Constraints to the Model

Fle Vew (3t Gragh Oebup Heb
HoQaQRaQALP @™ mkdiEce

+ ) Dpermentaliomans |
) Gahraeeformaton | Contewous Director

e tmeConatant 100

Py

§ imoComn §

| DmensicoOnkiagynatysis

o dimensionSystem-constraint SmeConstant >= Time
constaing2: >= Vielocity
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Reexecute the Lattice Ontology Analysis

Continuous Director
®UmeConstant: 10.0

desiredSpeed AddSubtract MultiplyDivide

AccelerationPiot
=l

T
Const i
{ timeConstant ?

Integrator

DimensionOntologyAnalysis

Integrator2 PositionPlot

@ dimensionSystem:constraint imeConstant >= Time
° >= Velocity

Charles Shelton, Elizabeth Latronico (Bosch), Ben Lickly, Edward Lee (UC Berkeley) | 2/16/2011 | © 2011 Robert Bosch LLC and affiliates.
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Fix the Model Error and Reanalyze

Continuous Director

This erroneously
connects Acceleration
output data to an input
expecting Velocity data

®UmeConstant: 10.0

desiredSpeed il Sack MultiplyDivide
cos
" e AccelerationPlot
Const - '
IE timeConstant ?

Integrator

DimensionOntologyAnalysis

Integrator2 PositionPlot

e dimensionSystem:constraint imeConstant >= Time
>= Velocity

ﬂsﬁsg“!: Research and Technology Center
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Fix the Model Error and Reanalyze

Continuous Director

o tmeConstant: 10.0

desiredSpeed AddSubtract MultiphyDivide

AccelerationPlot

i tmeConstant

Integrator

DimensionOntologyAnalysis

e dimensionSystem::constraint: ¥meConstant >= Time
>= Velocity

| Integrator2 PositionPlot

ﬂEﬁ?glﬂ: Research and Technology Center
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Done!

Continuous Director
®tmeConstant 100

desiredSpeed AddSubtract
Vet MultiphOivde
T e sy )
Vecoy, Pl mn
— N'J» o AccelerationPlot
Const A
lf tmeConstant od b—f_“‘»
4
Integrator VelocityPlot
[

Apply Ontology

Integrator2 PositionPiot
. X ooy
o dimensionSystem:constraint imeConstant >= Time

S >= Velocity

T j Veccy o
DimensionOntologyAnalysis Lr . ~
Double click to AE
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Potential Uses for Ontology-Based Analyses

> Type/Semantics Checking
. Signal Data type Propagation
« Signal Physical Dimension Propagation
- Signal Physical/Logical Propagation
- Signal Data/Control Propagation

> Constant/Non-Constant Propagation
> Reachability
> Observability

> lIdentify and Propagate Diagnostic/Functional Model Elements

ﬂﬁiﬂ?g’fh Research and Technology Center
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Ongoing Work

» Combining multiple ontology frameworks for integrated analyses
« POSTER: Elizabeth Latronico

> Ontologies with Infinite Lattice Elements
« Constant value propagation
« Representing and propagating records of lattice elements
« POSTER: Ben Lickly

> Concept function monotonicity analysis
« Automatically determine whether or not a function is monotonic
- Enable easier development of ontology frameworks

> Ontology Error Analysis
- Identify errors in the model by finding specific constraint conflicts

125 {g?gsﬁ!} Research and Technology Center
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Conclusions

> Lattice-based ontologies enable automatic static analysis
» Models can be verified for structural and semantic properties
« Guaranteed sound analysis given:
- The ontology is a lattice
« All constraint functions are monotonic
- Analysis algorithm scales with the number of constraints
- # constraints scales with # model elements

> Ontologies Package Demos in the Ptolemy Repository
. /ptolemy/data/ontologies/demo
. /ptolemy/data/ontologies/demo/DimensionSystemExample
« /ptolemy/data/ontologies/demo/CarTracking

> Thanks!
« Charles.Shelton@us.bosch.com

125 f Bosch Research and Technology Center
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To Meet or Not to Meet the Deadline
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® Abstractions are Great
... if they abstract the right thing

Code
Generation

Higher-level Model of Computation ?
C-level programming language

2 p 3 Compilation
bStra(_:tS ,jom —> | Instruction Set Architecture (ISA)
execution time

3 Execution
Hardware Realizations

Reineke et. al, Berkeley 2




® Current Timing Verification Process

)| Compiler ‘ ) | Architecture

WCET
Analysis

A"
X

Reineke et. al, Berkeley 3

® Current Timing Verification Process
=) | Compiler | &) ) | Architecture
o New Architecture = \’
Recertification WCET
o Extremely time-consuming Analysis
and costly

Airbus:
40 years
supply of

Reineke et. al, Berkeley 4




® Agenda of PRET

Higher-level Model of Computation
Code
D Generation
C-level programming language
3 Compilation
Endow with . . =3 | Instruction Set Architecture (ISA)
control over timing
. Execution
Predictable

. —>» Hard Realizati
Execution Platform ardware neatizations

Reineke et. al, Berkeley 5

° PRET Machines

Make Timing a Semantic Property of Computers

Precision-Timed (PRET) Machines

JTAG and SWD interface

Timing precision with performance: Challenges: |
Memory hierarchy (scratchpads?) L S
Deep pipelines (interleaving?) e i
ISAs with timing (deadline instructions?) e
Predictable memory management (Metronome?) e -
Languages with timing (discrete events? Giotto?)
Predictable concurrency (synchronous languages?) g R — CAN bus nteface
Composable timed components (actor-oriented?)
Precision networks (TTA? Time synchronization?)

— PWM outputs

Ethernet interface

See our posters!

Reineke et. al, Berkeley 6




® Agenda of this Talk

Higher-level Model of Computation
Code
D Generation
C.,‘Ol"respondlng —> | C-level programming language
timing constructs D o
Compilation
Endow with . . =3 | Instruction Set Architecture (ISA)
control over timing
Execution
Hardware Realizations

Reineke et. al, Berkeley 7

° Adding Control over Timing to the ISA

Variant 1: “delay until”

Some possible capabilities in an ISA:

o [V1] Execute a block of code taking at least a
specified time [Ip & Edwards, 2006]

A

delay_ |
until

»

\ 1 second | time

\ 1 second | time
I 1

Where could this be useful?
- Finishing early is not always better:
- Scheduling Anomalies (Graham’s anomalies)
- Communication protocols may expect periodic behavior

Reineke et. al, Berkeley 8




Adding Control over Timing to the ISA

Variants 2+3: “late” and “immediate miss detection”

o [V2] Do [V1], and then conditionally branch if the
specified time was exceeded.

branch_expired

L 1 second | time
I 1

o [V3] Do [V1], but if the specified time is exceeded
during execution of the block, branch immediately
to an exception handler.

exception_on_expire

L 1 second | time

Reineke et. al, Berkeley 9

Applications of Variants 2+3
“late” and “immediate miss detection”

o [V3] “immediate miss detection”:

Runtime detection of missed deadlines to initiate
error handling mechanisms

Anytime algorithms
However: unknown state after exception is taken

o [V2] “late miss detection”:
No problems with unknown state of system

Change parameters of algorithm to meet future
deadlines

Reineke et. al, Berkeley 10




PRET Assembly Instructions
Supporting these Four Capabilities

set_time %r, <val>

— loads current time + <val> into %r
delay_until %r

— stall until current time >= %r
branch_expired %r, <target>

— branch to target if current time > %r
exception_on_expire %r, <id>

— arm processor to throw exception <id> when current time > %r
deactivate_exception <id>

— disarm the processor for exception <id>

Reineke et. al, Berkeley 11

Controlled Timing in
Assembly Code

[V1] Delay until: . .
[V2] Late miss detection

set_timer1, 1s
// Code block
delay_until r1

set_timer1, 1s

// Code block
branch_expired r1, <target>
delay_until r1

[V3] Immediate miss detection

set_time 1, 1s [V2] + [V3] could all have a variant that

exception_on_expire r1, 1 does not control the minimum
// Code block execution time of the block of code, but

deactivate_exception 1 only controls the maximum.

delay_until r1

Reineke et. al, Berkeley 12




® Application: Timed Loops
Lower bound for

Fixed Period each iteration
set_timeri, 1s set_timer1, 1s
loop: loop:

// Code block // Code block
delay_until r1 delay_until r1
ri=r1+1s set_timeri, 1s
b loop b loop

The two loops above have different semantics:

g
[ ]
} 1 second { } 1 second '|< 1 second { time
Reineke et. al, Berkeley 13

® Timed Loop with Exception Handling

Exact execution time

no jitter .

(noj ) This code takes exactly 1

set_timer1, 1s second to execute each

exception_on_expire r1, 0 iteration. If an iteration takes

loop: more than 1 second, then as

// Code block

soon as its time expires, the
iteration is aborted and an
exception handler is
activated.

deactivate_exception 0
delay _until r1

rit=r1+1s
exception_on_expire r1, 0
b loop

Reineke et. al, Berkeley 14




Exporting the Timed Semantics to a
Low-Level Language (like C)

tryin (500ms) { .
// Code block set_time r1, 500ms
// Code block

} expired {
patchup(); branch_expired r1, patchup

This realizes variant 2, “late miss detection. ”

The code block will execute to completion.
If 500ms have passed, then the patchup procedure will run.

Reineke et. al, Berkeley 15

Exporting the Timed Semantics to a
Low-Level Language (like C)

Jjmp_buf buf;
if (Isetimp(buf) ){
set_time r1, 500ms
tryin (500ms) { exception_on_expire r1, 0
// Code block // Code block
}catch { 3 :
panic(); ; :Ie;aec{tlvate_exceptlon 0
panic();
}

exception_handler_0 () {
longjmp(buf)
}

This pseudo-code is neither C-level
nor assembly, but is meant to explain
an assembly-level implementation.

Reineke et. al, Berkeley 16




Variant with Exact Execution Times:

o
tryfor
Jjmp_buf buf;
tryfor (600ms) { ) )
// Code block if (Isetimp(buf) ){
}catch { set_time r1, 500ms
panic(); exception_on_expire r1, 0
} // Code block
deactivate_exception 0
This is the same, except for the delay_until r1
added delay_until Jelse {
panic();
}
exception_handler_0 () {
longjmp(buf)
}
Reineke et. al, Berkeley 17
o MTFD — Meet the F(inal) Deadline

o Variant [\V1] ensure that a block of code
takes at least a given time.

o Variants [V2, V3] allow to act upon
deadline misses.

o [V4] “MTFD”: Execute a block of code
taking at most the specified time.

. e [V4] Exact execution:
Being arbitrarily “slow” is

always possible and “easy”. set_timer1, 1s
// Code block
But what about being “fast”? MTFD r1

delay_until r1

Reineke et. al, Berkeley 18




® Current Timing Verification Process

=) | Compiler ﬁ ) | Architecture

WCET
Analysis

9%
X

Reineke et. al, Berkeley 19

® Current Timing Verification Process

ﬁ Compiler ﬁ ﬁ Architecture

o New Architecture = WCET
Recertification Analysis
o Extremely time-consuming
and costly

v X

Reineke et. al, Berkeley 20




® The Future (?) Timing Verification Process
E> Compiler l:> |:> Architecture
Timing
Constraints
Check
—— o Timing is property of ISA
N % o Compiler can check
/ X constraints once and for all
o Downside: little flexibility in
architecture development
Reineke et. al, Berkeley 21
° The Future (?) Timing Verification Process:

More Realistic?

I:> Compiler |:>|:> Architecture

Architecture
Constraint

Generator v 4 %
< X

o ISA leaves more freedom to
implementations

o Compiler generates constraints on
architecture to meet timing constraints

Reineke et. al, Berkeley 22




Conclusions

o Abstractions are great, if they are the right abstractions

o Real-time computing needs different abstractions
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Institut Christian-Albrechts-Universitat zu Kiel

fiir Informatik
Faculty of Engineering

Department of Computer Science

— KIEL|

~  KIELER Actor Oriented Modeling

P

Kiel Integrated Environment for Layout
Echpee Rich Cloant

o] Meta Modeling

KAOM - KIELER Actor Oriented Modeling
Demf

« XML (]

Text - Xtext
Databases
Teneo Persistence

EMFStore, JCR p S

« Graphical Modeling Framework GMF
« Graphiti

i « Textual Xtext, TCS
Edmng'. Eclipse standard Editors/Views
Extended Editing Framework

Metamodel abstract syntax in Eclipse EMF enables a broad technology synergy

. N - = e T2 QvT
: N - s
i by Transformation
cDo =l [= Language ATL
« Versioning p— o + 0AW Xtend

e Model-to-Model
— Transformations
« EMF Compare The Controller
« Validation + AW Xpand Eberpriting e miocel
P ELEOFI\SZE::OSOPE « Java Emitter a3 Ui el W
* l: - " 3
« J2EE (SDO) { Code b B
Processing — St prgna

Generation - b

View Management
KiVi — KIELER View Management

- Query View
Transformation

KiVi Focus & context on a Ptolemy Data Flow Diagram Kivi Separation of Concerns

Model Execution
KIEM — KIELER Execution Manager [3]

Emugon Manages Aurtime

v
Overview of the Execution Manger Infrastructure

SyneCrart ¥ Peolery
Xt

KiePto Ptolemy Simulation Concept

S, — i +¢mp:]

Hulrmv-HM/——a g | Desplay
= 1
v 4 4
psiam  [05h i : l l !
Mot g Angge|
i ki g oL LI i ph
uw T & e I SR Dirnctor
Ptolemy Plotter Animated Data Tokens

e Data Visualization

o—r——— Traffic Light Environment Visualization

Visualization of a Railway Installation

KAOM with Automatic Layout, Ptolemy rendering
and Simulation in KIELER

Automatic Layout

Layout of a State Chart Diagram

Automatic layout of GMF and

Graphiti diagrams

Generic interface for layout algorithms
Flexible configuration of layout options by the user
Automatic layout integrated into Ptolemy's graphical

KIML — KIELER Infrastructure for Meta Layout [2, 5] KARMA — KIELER Advanced Rendering for Model Appearance

P
s ¥ i s

I Ptolemy Actor Rendering

Layout of Data Flow Diagrams

Model Rendering

l [F * Possible customized model rendering
- el I‘:ﬂ options:
o FlTE TimodPhtor E.g., Ptolemy, LabView, Simulink,
ASCET, SCADE
GMF editor support, Graphiti (planned)

‘Tiis block is generating a decreasing continuous signal

‘ with initial state a5 5.0 and decrensing siope as -1.0.
v }—ﬂ

P Rendering Ptolemy Annotations
Ramp.
: / PRSP
editor Vergil Rendering Plolemy Data Flow Rendering Plolemy State Machines

Contact Persons:

Miro Spénemann / Christian Motika
Department of Computer Science
Christian-Albrechts-Universitat zu Kiel
Olshausenstr. 40, 24098 Kiel, Germany

Phone: +49 (0) 431 880-7282 /-7526

Fax: +49 (0) 431 880-7615

msp@ / cmot@informatik.uni-kiel.de

http://www.informatik.uni-kiel.de/rtsys

Contact Person: Further Information:

Prof. Dr. Reinhard von Hanxleden http://www.informatik.uni-kiel.de/rtsys/kieler
Department of Computer Science

Christian-Albrechts-Universitat zu Kiel

Olshausenstr. 40, 24098 Kiel, Germany

Phone: +49 (0) 431 880-7281

Fax: +49 (0) 431 880-7615

rvh@informatik.uni-kiel.de

http://www.informatik.uni-kiel.de/rtsys

Poster presented at 9" Biennial Ptolemy Miniconference (PTCONF'11), Berkeley, CA, February 2011, © Christian Motika. Miro Spénemann, Reinhard v. Hanxleden 2011
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MIRABILIS

Challenges - IP Re-Use

Internet reduced IP distribution cost, But .
No standard modeling interface and format
Several abstraction-levels and domains
No unified design and simulation environment

It is possible..

I—

MIRABILIS

\ =" t-lvvvﬂ,ﬂ u\
IP Packaging similar to Adobe Publisher _.ll.kFF

May 15, 1999

e

MIRABLLIS

Creating the Right Design

MIRABILIS

\

VisualSim Solution Model

Internal Users

External Users

- Technical
Feasibility & Marketing €\ E
Risk Reduction Executable
Sub-System) Systems Performance mumn_,ﬂ_om:o: _u N
Architect Engineer Engineers

Performance &  (‘Hardware/ Embedded Aerospace
Architecture IC Software Automotive
Algorithm W » Networking
Validation Exd Communication
......... m. E Wireless
““““““““““““““““““““““““““““““ = Digital Control
uP and Computing
3rd Part .
Provided ﬁ To Implementation etc...

(HDL, Embedded C/C++/Java)

Integrate requirements, design, verification & management

211411

MIRABILIS

What is a System?

Satellite Protocols

Computer

Semiconductors Industrial

Electronics

System is what you are building

21411

-

Mirabilis Design® Inc: Confidential

MIRABILIS

Challenges - Convergence
Today’s System

Yesterday’s System

m _H_
e ==Y

Dept. B
Protocol

i

/ Convergence of Multimedia, Computing and Communications

May 15, 1999

MIRABLLIS

gooonn
Using Ptolemy/VisualSim

for Internet-based Model
Sharing & Communication

Darryl Koivisto
Chief Technology Officer
dkoivisto@mirabilisdesign.com

MIRABILIS

\

Mission Statement

System Simulation Software
with
Application-specific Modeling Libraries
for
Performance and Architecture Exploration
of
Large Complex Electronic Systems

/ _ Innovative methodology for addressing today’s Ad-Hoc Approaches - k

2114/11

-

Mirabilis Design® Inc: Confi

MIRABILIS

About Mirabilis Design

System design and exploration for Systems, SoC
and Software
VisualSim- Modeling and simulation environment
Based in Silicon Valley with offices in Southern
California, Czech and India

Experienced application support in US, India, Japan and China
Largest source of system modeling IP with
embedded timing and power

Experts in system modeling and architectures

Select the “Right” configuration to match customer request _ /
2114/11 v a
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The Dataflow Interchange Format: Towards
Co-design of DSP-oriented Dataflow
Models and Transformations

Shuvra S. Bhattacharyya

Maryland DSPCAD Research Group
http://www.ece.umd.edu/DSPCAD/home/dspcad.htm

Department of Electrical and Computer Engineering, and
Institute for Advanced Computer Studies
University of Maryland, College Park, 20742, USA.

Ptolemy Miniconference, University of California, Berkeley,
Feb. 16, 2011 [Version: Feb. 13, 2011]
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Outline

» - Introduction to the dataflow interchange
format (DIF) project, dataflow
transformations, and DICE

* Application case study: high energy physics
Wrapup
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The Dataflow Interchange Format (DIF)
* DIF captures coarse grain dataflow applications formally [4]
» To formally describe applications, the DIF Language (TDL) is
— Designed to capture a variety of dataflow models
— Can be used in conjunction with functionally simulatable actor descriptions
» To facilitate design, the DIF Package (TDP) provides:
— Scheduler, simulator, analyzers
~N .

Abstract, formal smuc Dataflow|Models DSRibesigns Other benefits to
application |\ (o [ﬂm-] [ Metatianing ] Lsmare || heginning with a
description —= 1 formal description:

— Bounded memory and
5 ~ deadlock detection
2= (e [(’T'E:;‘“‘kage @ M — Buffer and communication
3 o DIF-to-C [ minimization:
§§ L | AIF/F:'orling | | DIF Representation 7y ) _ Para”el Multlrate |00p, or
5 & | Pto\emvyEx/Im ] [ oFATExvm | [ otherExim | DSP Quasi- StatIC SChedu“ng
o5 — ; 3 ¥\ | Libraries — Heterogeneous task .
g ® baa;aedof‘;vs-P Ptolemy I | AL{Fgggii‘ng Other Tools I&, mapplng and Co-syntheSIS
Design Tools | — ) Oer — Probabilistic design, Data
- T - partitioning, Vectorization,
High-performance | frbedded [ wan | [ aa ][ oper c
implementation | patoms " —ET— o | torms oop
S ~ ,  DEPARTMENT OF
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[dataflowModel] graphID {
basedon {
graphlD;

[topology] {
nodes = ndID, ...;

edges = edgeID (srcNdID, snkNdID), ...;

}
[builtInAttr] {
elementID = value;
elementID = id;
elementID = idl, id2, ...;
}

[attribute] usrDefAttr {
elementID = value;
elementID = id;
elementID = idl, id2, ...;

}

[refinement] {

RS,
NERSIZ,,
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Computation Graphs and Marked Graphs [Karp 1966,
Reiter 1968]

Kahn process networks [Kahn 1974]
Synchronous dataflow, [Lee 1987]
—  Static multirate behavior

— SPW (Cadence) , National Instruments LabVIEW, and

others.

Well behaved stream flow graphs [1992]

— Schemas for bounded dynamics
Boolean/integer dataflow [Buck 1994]

— Turing complete models
Multidimensional synchronous dataflow [Lee 1992]

— Image and video processing
Scalable synchronous dataflow [Ritz 1993]

— Block processing

— COSSAP (Synopsys)
CAL [Eker 2003]

— Actor-based dataflow language
Cyclo-static dataflow [Bilsen 1996]

— Phased behavior

— Eonic Virtuoso Synchro, Synopsys El Greco and
Cocentric,

r seorormenemne EVOlUtion of Dataflow Models of
Computation for DSP: Examples

:;Vo
R,

Bounded dynamic dataflow

— Bounded dynamic data transfer
[Pankert 1994]

The processing graph method [Stevens,
1997]

— Reconfigurable dynamic dataflow

— U. S. Naval Research Lab, MCCI
Autocoding Toolset

Stream-based functions [Kienhuis 2001]
Parameterized dataflow [Bhattacharya 2001]
— Reconfigurable static dataflow

— Meta-modeling for more general
dataflow graph reconfiguration

Reactive process networks [Geilen 2004]
Blocked dataflow [Ko 2005]
— Image and video through
parameterized processing

Windowed synchronous dataflow [Keinert
2006]

Parameterized stream-based functions
[Nikolov 2008]

Enable-invoke dataflow [Plishker 2008]

Variable rate dataflow [Wiggers 2008
Angeles System Canvas [Wigg ]
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DIF Project Components

Core components
— The DIF language (TDL)
— The DIF package (TDP)
— Enable-invoke dataflow (EIDF) and functional DIF
— DIFML: XML dialect
* Plug-ins
— DIF-to-C: Software synthesis for SDF
— TDIF and TDIFSyn
— The dataflow schedule graph (DSG)

* Interfaces to ADS, OpenDF, LabVIEW, Ptolemy I,
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High Level Dataflow Transformations

AY

* A well designed dataflow representation exposes opportunities for
high level algorithm and architecture transformations.

» High level of abstraction - high implementation impact

« Dataflow representation is suitable both for behavior-level modeling,
structural modeling, and mixed behavior-structure modeling

— Transformations can be applied to all three types of
representations to focus subsequent steps of the design flow on
more favorable solutions

+ Complementary to advances in
— C compiler technology (intra-actor functionality)

— Object oriented methods (library management, application
service management)

— HDL synthesis (intra-actor functionality)
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Representative Dataflow Analyses and
Optimizations

« Bounded memory and deadlock detection: consistency
« Buffer minimization: minimize communication cost

» Multirate loop scheduling: optimize code/data trade-off
» Parallel scheduling and pipeline configuration

« Heterogeneous task mapping and co-synthesis

* Quasi-static scheduling: minimize run-time overhead

» Probabilistic design: adapt system resources and exploit slack
« Data partitioning: exploit parallel data memories

» Vectorization: improve context switching, pipelining

» Synchronization optimization: self-timed implementation
 Clustering of actors into atomic scheduling units
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Formal Model Detection
(Core Functional Dataflow [3])

» Divide actors into a set of modes

— Each mode has a fixed consumption and production behavior
» Write the enabling conditions for each mode
« Write the computation associated with each mode

— Including next mode to enable and then invoke

» For example, consider a standard Switch:
Production & consumption

Switch Actor behavior of switch modes Mode transition diagram
between switch modes

1

convol_[1,0] Control Data True False
Switch Control 1 0 0 0
1 Fase 1011 True 0 1 1 0 / '
Data  Output > 4 7
’ False 0 1 0 1
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Practical Model Detection on Units
« Deterministic — Does the output repeat?
00101110 00101110 1101101000 1101101000
Input Sequence 1 Input Sequence 2 ‘ Output Sequence 1 Output Sequence 2

- Statefulness — Does the output just reorder?

8808 G801 Wi 101008 [EEEE 1o

Input Sequence 1 Input Sequence 2 Oui‘put Sequence 1 Output Sequence 2

» Dataflow model — Does input & output behavior repeat?

A @, %, 0, o
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" DICE: DSPCAD Integrative Command-"
Line Environment [21

Whatitis... Top Level Project
» a framework for managing Directory

cross-platform testing : -

* language independent Test_Cluster Test_Overlap_
« an open source resource /\ \ filier
\ Test_Cluster_ Test_Cluster_
What it does not do Computation Threshold
« provide code synthesis or — \‘\‘ . =
debu g gin g tools Test_dif Test_cc | | Test_verilog util
. . . L correct-outputtxt  correct-outputixt  coerract-cutputtxt common_input1.txt
« provide simulation capabilities T e e [omee e
makeme makeme makeme =
« transcode between platforms readme ot readme.tx readme txt

or languages

; ;“‘Ky\"', DEPARTMENT OF
JACS : @/ . ELECTRICAL & 6
- 7, oWs  COMPUTER EN

2, W <
TRy LN

i<

)
)} 1)
O

&> A. JAMES CLARK

&)
2, 8Wo  SCHOOL OF ENGINEERING
1,
L

Outline

&
@

* Introduction to the dataflow interchange
format (DIF) project, dataflow
transformations, and DICE

» - Application case study: high energy
physics
 Wrapup
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“" Case Study: Compact Muon Solenmd Trigger
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«  Complex:
— 9300 magnets

— Protons travel at 99.99% times the
speed of light

— 7 TeV beam collisions

*  Performance Oriented:
— 6 collision detectors

— 600 million proton collisions per
second

* International Collaboration:
— 2000 Scientists
— 155 Institutes
— 37 Countries

:“'\M“’r, DEPARTMENT OF
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CMS Trigger Background

» Large Hadron Collider (LHC)
— CERN: Switzlerland/France
— Event rate of 1GHz
— Trigger Selectivity: ratio of trigger rate to event rate
(e.g., 10-11)
» Compact Muon Solenoid
— General purpose particle physics detector for the LHC

— CMS Trigger: Multi-Level Filtering: Level 1 (FPGA) -
High Level Trigger (software) - Tape storage

Source: http://en.wikipedia.org/wiki/Trigger %28particle physics%29, and

http://en.wikipedia.org/wiki/
Compact Muon Solenoidf#flayer 2 .E2.80.93 The Electromagnetic Calorimeter,

Dec. 1, 2010.
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Goals: Efficient, Agile Design

The upgraded Calorimeter Trigger will require
new algorithms

Modern field programmable gate arrays
(FPGASs) provide efficient platforms
Implement Calorimeter Trigger using

— A unified design platform

— Unified design and test methodologies

— Techniques that facilitate future upgrades

Start by implementing a baseline design for
the new algorithms

\-'\\\“\‘I\qu DEPARTMENT OF
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K S COMPUTER ENGINEERING
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Solution: Novel Implementations and a Unified
Cross-Platform Management System
» Collaboration with University of Wisconsin [1]

* Novel FPGA designs
— Reexamination of physics algorithms for FPGAs
— Structured analysis of resource uspge tically generated

Sv
QS4
eSide,

application graph

» Cross-platform design
management

— Novel, light weight development
framework

— Dataflow model detection
— Enhanced auto-documentation
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Impact: Performance and Cost

* Novel FPGA implementations for over a
dozen modules in the CMS detector

— Improve performance

— Cut implementation costs by reducing the
number of FPGAs required for the upgrade

* New design process

— Bugs found earlier in design process saves time
and money

— Automated documentation facilitates fast
collaborative design process
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Processing Detectors

56x72 sized grids
*  With millions of events a
_: second, storing all of the
data would result in
GigaBytes per second
. * Instead, store only
events that trigger
certain conditions

L1 trigger finds image
features that represent

certain particles from a

series of:

— Thresholding
1 — Filtering

— Sorting
Must complete in
nanoseconds to process
every sample period
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Trlggerlng Appllcatlon Graph

|||||

Channel
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Trlggerlng Appllcatlon Graph

Written by application designers and then re-implemented by
hardware engineers - Cross-platform verification is a
problem
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Test directory structure

top level
DICE
test
Util

common testdif testcc testv
input files makeme makeme makeme Java
correct- runme runme runme

output

@-ﬂéﬂg-sﬁ—vﬂ FRe——

e Sl

) “”'A',
e ]
YL

src

C++ Verilog
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Text fles NMlOd el based testbench creation
(sample input ECAL 1-4 Sy HCAL 14
provided by "
user) : N — i — \
File File File
reader 1 reader 2 reader 3
Cluster
Computation
Actor
\I/ Comparator
: . from larger
test framework
38b output I Expected

=

@-ﬂéﬂg-sﬁ—vﬂ mrgter St

y—
AR~ ) TS
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Results
Determ- Model
Actor | Inputs | Outputs inistic Detected | State
Cluster Thresh 12 12 Yes HSDF No
Cluster Compute 12 6 Yes HSDF No
Overlap Filter 8 4 Yes SDF No
Jet Reconstruction 1 2 Yes SDF No

(H)SDF = (homogeneous) synchronous dataflow
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Outline

* Introduction to the dataflow interchange
format (DIF) project, dataflow
transformations, and DICE

* Application case study: high energy physics
- Wrapup
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The dataflow interchange format (DIF) project

— The DIF Language (TDL)

— The DIF Package (TDP)

— Plug-ins for simulation and synthesis

« The DSPCAD Integrative Command Line Environment
(DICE)

» Application case study: high-energy physics

» Other ongoing application thrusts in the DIF project include:

embedded speech processing, software-defined radio,

wireless sensor networks, image registration, radio

astronomy instrumentation

» Co-design of dataflow-based representations and
transformations
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(Available from: http: //www.ece.umd.edu/DSPCAD/papers/contents.html)
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Workflow Fault Tolerance for Kepler

Sven Kohler, Timothy McPhillips, Sean Riddle, Daniel Zinn,
Bertram Ludascher

-~ Kepler
% .
=m_ Introduction
Scientific Workflows
Automate scientific pipelines
Have long running computations
Often contain stateful actors

Workflow execution can crash because of ...
Hardware failures
Power outages
Buggy / malicious actors, ...

Start workflow from the beginning
Align

Sequence Source Chimera Filter ~ Display
output




%gpler
e ® Current Fault Tolerance Solutions ...
» Manage actor failures or

sub-workflow failures AND their effects

Atomicity and provenance support for pipelined scientific
workflows [Wang et al.]

Ptolemy’s “Backtrack” [Feng et al.]

» Use caching strategies for faster re-execution
W.A.T.E.R.S. memoization [Hartman et al.]
“Skip over” strategy [Podhorszki et al.] (CPES)

%ﬁfler
e Our Fault Tolerance Approach

»  Recovery based on readily available Provenance

Create a uniform model for workflow descriptions and
provenance

Record actor state in provenance in relation to invocations

After a workflow crash: Use provenance data in our uniform
model and start recovery

» Different strategies for recovery




y Kepler

:.3. Model for Workflows and Provenance

SDF Extension
Token_transfer Firing_count
Actor 7T I 1= Actor
Port ____i | i Number
Number ! i ! Provenance Model
Subworkflow i i i Actor State
Workflow I L5 ActorD i Invocation
[ Parent ‘—|—1— Workflow State
: Invocation
Moc : Stateful D Event
Workflow : Actor Type
MoC i Port Number Token
Link “==% Name Status Invocation
Name ‘ Actor . Port
Port Direction Number
Core Model
>

Y
e Our Recovery Strategies

Naive - Restart the workflow without using provenance
- Re-executes everything

Replay - Use basic provenance to speed up recovery
- Re-execute stateful actor with input from provenance (replay)
- Restore all queues
- Resume the workflow according to the model of computation

Checkpoint - extension of replay strategy
- Use checkpoints (state of actors stored in provenance)
- Reset stateful actors to recorded state
- Replay successful invocations after the checkpoint
- Restore queue content
- Resume the workflow




» Kepler
:1"' Example: Checkpoint in SDF

Workflow with a mix of stateful and Corresponding schedule of the workflow
stateless actors . with a fault during invocation B:2

stateful

stateless 5 stateful stateless

- —————————————————
e i e O

+

Execution with a
Failure

Execution of the previous

Actor A Actor B Actor C Actor D Actor E 3 workflow
(stateless) (stateful) (stateful) (stateful) (stateless)

iterate
A

Checkpoints for actor B
and D but not for C

B:1 §

State B1 \@ \ f
@1«; i Atinvocation B:2 - Crash

: \9« (Tiorate ) i

D:1 @) Tokens t4 and t7 - in queue

State D1

iw;?i] Token t9 - to be restored

Token t10 - to be deleted

time of failure




marer  Stages of Checkpoint Recovery
- *e

--.—
Actor A Actor B Actor C Actor D Actor E
(stateless) (stateful) (stateful) (stateful) (stateless)
(done) (new instance) (new instance)  (new instance)  (new instance)
: : - : restore states
State B1 State D1 :
7 iterate :
§ c1 X ‘ : replay actors
0 e } restore queues
running : : reset scheduler
B:2 i : & continue
’ : : execution
y Kepler
- oe

=a— Prototype Implementation in Kepler

» Using Kepler with the Provenance Recorder
» Extensions to the Provenance Recorder:

Record serialized tokens
Extend the provenance schema
Add queries

» Recovery Extension in the SDF Director:
Serialize states after one iteration of the SDF schedule
Black-list to prevent capturing transient actor information
White-list if actors are annotated with state-information




» Kepler
% Prototype Implementation in Kepler

» Upon restart:
» SDF director checks provenance information

» SDF director calls the recovery engine

» Recovery:
» Restore the internal state of actors

» Replay successful invocations using input tokens from
provenance

» Restore content of all queues

» Return to SDF director with information about where to
resume

Synthetic Workflow Results
OCompletion
160
SDF Director B (stateless) 140 s Recovery
120 B Time to Crashpoint
" 100
H
g 80
H
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== Conclusion

» Advantages of our strategy:
» Efficient workflow recovery using readily available information
» Quick constant time recovery (checkpoint strategy)
» Generalized approach, saving labor
» Robustness
» Disadvantages of previous strategies:
» Required labor-intensive customized systems
» Failure required restarting long-running workflows from the
beginning
» Caching only works for stateless actors
» Caching only provides a partial recovery




Design, Analysis, and Implementation of Static Dataflow Models for Hardware
Targets,
Kaushik Ravindran, Murali Parthasarathy, et. al, (National Instruments)

Abstract: We present the DSP Designer framework to implement applications
specified in the Static Dataflow (SDF) model of computation on hardware
targets, such as FPGAs. Prior studies have shown the effectiveness of SDF as a
natural model to specify multi-rate streaming applications. However, the focus
of these works has primarily been on SDF implementations for processor targets.
DSP Designer specializes the SDF model to make it suitable for hardware targets.
It facilitates hardware actor definition and intellectual property (IP) integration.
The back end additionally provides analysis methods tuned for synthesis of
efficient hardware designs, such as resource allocation, memory optimization,
and scheduler generation. The objective is to deliver an exploration framework
that empowers application domain experts to become hardware designers. In
this talk, we highlight key concepts underlying DSP Designer, demonstrate
preliminary capabilities for exploration and implementation using practical
applications, and discuss open challenges related to the specification of control
and timing along with dataflow. We also summarize key features of the DSP
Designer software architecture and invite partners to leverage our infrastructure
and API to build tools for graphical design.



Kepler/G-Pack: A Kepler Package Using the Google
Cloud for Interactive Scientific Workflows
(a.k.a. Koogle-Kuration Package)

Gongjing Cao, Lei Dou, Quinn Hart, Bertram Ludaescher

UC Davis

9th Biennial Ptolemy
Miniconference

Berkeley, CA
February 16, 2011
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@~ Kepler

=*%e | |nteractive Scientific Workflows

a8—

= Requirements for human interaction in scientific

applications

» dynamic branching based on scientists’ runtime decision
» semi-automatic data curation

= Category of human interaction

Synchronous

Asynchronous

time cost

short time, instantly

unknown

people involved
in interaction

workflow executor

people other than
workflow executor

workflow blocking

yes

not necessarily

implementation
approaches

graphical window
web page/browser

dedicated server
mail, polling, callback

Ptolemy Miniconference, February 16, 2011

DAKS, UCDavis 2
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::“ Google Cloud Computing in Kepler

Ptolemy Miniconference, February 16, 2011 DAKS, UCDavis 3
@~ Kepler

=*%e | Actors in Kepler/G-Pack

iy ctors In Kepler/G-rFac

= Authorization
> 15t step to acquire access to Google services
= Spreadsheet Operations

» Various manipulations on Google Spreadsheet, like copy, share,
import, export, query, audit.

= Data Analysis

» Various operations especially for data curation purpose, like
duplicates identification and fuse, data boundary inspection.

= Data Access

» Google visualization datasource actor allows SQL-like access to
Google cloud data

= Mail Service

» MailSender Actor supports sending email through SMTP with
UserName/Password or OAuth token/secret.

Ptolemy Miniconference, February 16, 2011 DAKS, UCDavis 4




L | OAuthAuthorizer Actor

1. Requests token
with OAuth

-
>

2. Responds with un-
authorized request token

3. Invokes Web browser with
auth request URL

o Google ,
4. Requests authorization . 5. Redirects user to
P Accounts [ access Concentpage >

for request token Access Consent page

Web Browser . . Authorization _ User
7. Redirects with 6. Logs in & grants
< verification token ' denies access

8. Feeds verification
token to installed app

9. Requests exchange OAuthAuthorizer
for OAuth token&secref™ Google Services, OAuth

10. Responds with
OAuth token&secret

11. Requests data » | GOOSIC
with OAuth token&secrét N
Service

12. Responds with Access
requested data

timeout(seconds) Secret

» Kepler
h’ Spreadsheet Operation Actors
aae-

Auth Tok
o seD>Spreadsheetimporter

url URL

Worksheet, Worksheet Title
Append Mode

data

Importer import data to a spreadsheet

Exporter export data from a spreadsheet

Copy copy a spreadsheet from a template

Share share the spreadsheet with another user

Query query data from the spreadsheet

Auditor allow human interaction during the execution of the
PollingQuery | workflow

Ptolemy Miniconference, February 16, 2011 DAKS, UCDavis 6
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BE— VisualizationDataSource Actor

= Get the response from a servlet which is implemented with
Google visualization datasource.

» Kepler
'i-:;. Data Access

* e.g. servlet:

Table: daily
query:select * where d_date>date'2005-01-09' and
d_date<date'2005- 01 -20'

VisualizationDataSource

output

on’,typo: nusber,pattern: )], rowas({cil {vi52. 10be (¥117:9)s (v18.B000002), (vi218.8), (v110:2) s {
USOA}, {v416.215990}, {v1205.0} |}, {e+[{v473.0},{vi1.0}, {v46.0000000}, (v:200.29999}, {vit. 30060013, |
USDA"}, {v136.335999}, {vi285.0} ]}, {c1[{vi5d. 4},{v:2.3},{vi211.2},{v:4.9000001}, {vinew Dat
USDA'}, {v:36.335999),{v:285.0}]},{e:[{v:55. JOOEOD!) {v:0.30000001}, {v:126.9}, {v:3.5939393}
USDA"}, (v136.335999), (v1205.0) 1), {e1[{v:20.

DSDA'}, {v436.335990}, {vi205.0} 1}, {cs{vida. e
usm'}.(vas.::sauﬂ.(v:zas.o)1).(::[(»::2;.0).{v-s.uuuw).iv.:.uwwun}.(vxxu.sonm).(v:t.osss
USOA' b, {vi36.335999), {vi285.0) 1}, {c3[{v:25.0},{v37.5999999}, (v:4.8000002},{v:138.60001},{v:4.9000
USDA'}, {v436.326099), {vi205.0) 1}, {cs[{vs29.0},{v:8.1000008}, {vi6.0999900}, {vi1560.0},{vi5.L999998)
USDA'}, {vi36.335999}, {vi285.031},{ci[{vidI.0},{vi7.I000002},{Vvi4.9000001}, {vii45,10001},{vi5.3000
USDA'}, {v:36.335999}, {v:285.0}1}13}):

Ptolemy Miniconference, February 16, 2011 DAKS, UCDavis 7

Keple
%, | Data Access

ea- VisualizationDataSource Actor

=  Actor parses JSON string to Kepler token
= array of RecordToken

Search Components

Q ( search )

m\‘ .vis.Display

|_dewp = 10.2, d_max_at = 17.9, d_min_at = 8.8000002, d_sr_avg = 52.0, d_wr = 218.8, st_elevation = 285.0, g

.9000001, d_max_at = 10.4, d_min_at = 2.3, d_sr_avg = 54.0, d_wr = 211.2, st_elevation = 285.0, st

.5, d_max_at = 6.4000001, d_min_at = 4.8000002, d_sr_avg = 20.0, d_wr = 128.89999, st_elevation

»BcC ( .0999999, d_max_at = 6.0999999, d_min_at = 4.0999999, d_sr_avg = 21.0, d_wr = 141.60001, st_ele ,
g ompongy” date ="1/18/2005", d dewp = 5.6999998, d_max_at = 8.1000004, d_min_at = 6.0999999, d_sr_avg = 29.0, d_wr = 150.0, st_elevatic,

» [ Projects Ire 5 DB

» [ statistics

Actors

Dataturbine

Directors

Opendap -

R

MyWorkflows

tionDataSource

vyYyVVYYYy

Display

0 results found.
Edit parameters for VisualizationDataSource

URL: | "http:/ /comet.cs..ucdavis.edu:8080/ CimisVis / sqitable=daily&tq=select’20°%20where’20d_dates
firingsPeriteration 1
g Help ) ( Preferences ) (  Restore Defaults ) ( Remove ¢ Add ) € Commi

Ptolemy Miniconference, February 16, 2011 DAKS, UCDavis 8
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& ®&® | MailSender Actor
[ J od

» Gmail and other mail server supporting SMTP protocol

» It supports sending email through SMTP with UserName/
Password or OAuth token/secret.

Auth Token
Token Secret
From Email
To Emails .
Contentik MailSender
SMTP Server|
output
SMTP Port
User Name
Password
CcC
BCC
Subject

VVVV

Ptolemy Miniconference, February 16, 2011 DAKS, UCDavis 9

ny
e wa [ Data Analysis Actors (COMAD actors)
ae- Edit parameters for DataFuser - P ———— —— - L= ]
@ ReadScope: | //specimenRecGroup |
Signature: DataList:*+,
FuseFunctionPath:StringToken?,
FuseFunctionPackage:StringToken?
->
FusedResult: *
Datalist: /SpecimenRecordType+
FuseFunctionPath: “$FuseFuncFile”
FuseFunctionPackage: “sFuseFuncPkg”
FusedResult: /*[@label=="FusedRecord"]
[ Commit ] [ Add ] l Remove ] IRstore Defauhsl [ Preferences l [ Help ] l Cancel I

Do clustering on a list of RecordToken by applying

lusteri
Clustering specified function for specified field.

DataFuser Fuse a list of RecordToken with specified function

ConditionTester | Test whether specified condition is satisfied or not.

Ptolemy Miniconference, February 16, 2011 DAKS, UCDavis 10
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Y Evapotranspiration Workflow

SDF Director )
Evapotranspotation Workflow - Koogle demol

Spreadsheet is used as data storage and calculateation tool during this demo.
ETOs are calculated from CIMIS wheather station data according to different models

OAuthAuthorizer
Google Services,

tmeout(seconds),

Spreads RExpression

L

preadsheetimporter

alizationDataSource

Ptolemy Miniconference, February 16, 2011

1/9/2005 1/19/2005 1/30/2008 2/9/2005 2/19/2005 3/1/2008

» Kepler
e @= | Biofuel Refinery Workflow
ae-

biofuel refinery workflow

SDF Director
This workflow allows users to copy a spreadsheet from a templete,
then use the existing data or edit the spreadsheet to help them make
dicision in building a biofuel refinery.

SpreadsheetShare

refinery-copy2 o [x R e e
W e d % e wsh A wamavey [EIE e
from  kepler.ucd@gmail.com P iy G G e
to M4 viewonly2010@gmail.com ,, — — : * xe X _ .. =t
date  Fri, Feb 11, 2011 at 9:06 AM H . e

subject  refinery-copy2
mailed-by  doclist bounces.google.com

I've shared a document with you:

SNENEssaEEs

refinery-copy2
google.com/ccc?key=0AgT1sEGRal}}

It's not an attachment — it's stored online at Google Docs.

NEEYERE.

Pt 2P B P AP S

DAKS, UCDavis 12
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:-P @& | SpecimenRecordMerge Workflow

ComadDirector This workflow demonstrates how specimen data with duplicates are fused and curated semi-automatically.

0

1. Firstly the specimen records are imported from a file in csv format.

2. Secondly the duplicated sets of specimen records are identified through specific clustering function
and for each duplicate set a fused record is generated.

3. Thirdly the original specimen records and the fused record are imported into a google spreadsheet for
human curation. Meanwhile the corresponding curators are informed of such curation request.

4. Finally, the human curation result is collected once it’s finished by the curator.

nReader Clustering ﬁ mainDetermination

| OAuthAuthorizor CurationAssigner DataPreparator P reator i =
I SpreadsheetShare MailSender CurationCollector CollectionDisplay TraceWriter

Ptolemy Miniconference, February 16, 2011 DAKS, UCDavis 13

nE
® we | AdvancedSpecimenRecordMerge Workflow
aae-

ComadDirector  Thjs workflow makes the following improvement of SpecimenRecordMerge workflow.

It's demonstrated how easy it is to reconfigure COMAD workflow to adapt to new functionalities.

0

1. Insert SpecimenRecCleaner actor to clean source data by removing "bad" specimen records with
unclear collector of "et al.”

2. Reconfigure Clustering actor to cluster specimen records against collector field with fuzzy match
method. Therefore the specimen records collected at the same time and the same location but by
different collector of "E. L. Morris" and "E. Morris" could be identified as duplicates.

CollectionReader SpecimenRecCleaner Clustering DataFuser DomainDetermination

o orizor CurationAssigner DataPreparator SpreadsheetCreator Spreadsheetimporter
SpreadsheetShare MailSender CurationCollector CollectionDisplay TraceWriter

Ptolemy Miniconference, February 16, 2011 DAKS, UCDavis 14
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Context-Aware Actors

Anne H. H. Ngu
Department of Computer Science
Texas State University-San Marcos

02/8/2011 Ngu-TxState

Outline

. Why Context-Aware Actor?

. Context-Aware Scientific Workflow System
- Architecture
- Context Modelling and Provisioning
- Context Providers and agents
- Context Annotation
- Demo of Context-Aware actors
- Conclusion and future work

02/8/2011 Ngu-TxState




Why Context-Aware Actors?

- Actor-oriented scientific workflow model - ideal for modeling data
intensive, stream-based and concurrent execution nature of
scientific workflow.

- Problems with using Actor-oriented model for modeling dynamic
workflows.

too many low-level control-flow actors and wiring lead to complex workflow that is hard to comprehend
and re-use.

Proposed solution in the past: Static Frame and Template,
Dynamic frame actor, and Generic actor.

%%té(; frame and template cannot adapt to runtime conditions (SciFlow

. Dynamic frame encodes control-flow implementation of runtime conditions in
the frame actor, thus cannot adapt to new situation without re-
implementation (SSDBMS 2009).

. Generic actor encodes all variations in control-flow logic a-priori in the actor.
« Allinvolve knowing low-level actor programming skills.

- Context-aware actor is proposed to enable actor-oriented
scientific workflow to be more personalized, adaptive, intuitive,
and intelligent by modeling the logic related to quality runtime
adaptations as contexts and provisioned by a separate
computing unit to the actor.

02/8/2011 Ngu-TxState

Context-Aware Actors

. Context awareness: the capability of
being aware of its physical
environment or situation (context) and
responding proactively and intelligently

based on such awareness
Actor: a reusable

« One of the most important trends in component that may
computing that is becoming more encapsulate external
important with relentless growth in computation programs,
mobile services (location-base grid services, scripts or
services) local applications.

Context-aware Actors (CAA): make actors more personalized, adaptive,
and intelligent

02/8/2011 Ngu-1xState




Context-Aware FileCopier Actor
An Example CAA

Recommend fastest type of protocol to

transfer file taking user’s contextual
information such as size of the source
file, availability of protocols and speed of
the network connection between
machines.

User enters source file, destination file,
source machine, destination machine,
and a high-level file transfer option (e.g.,
fast protocol)

If filesize is > 6GB and network connection
speed is < 6ms, use bbcp protocol.
If bbcp protocol is not available and recursive

option is set, use scp protocol

Example of contexts used for deciding on
“\:”” a protocol are:
5 =

CA-FileCopierFrame
exitcode
errors

02/8/2011 Ngu-TxState

Context and Context-Awareness

« Context:

- All data that can be gathered automatically at runtime which
can affect the actor’s behavior :

. System parameters (OS, CPU usage, job queue status,
network speed, type of machines, availability of resources
and their versions, occurrences of certain events)

- All data supplied by the user (gathered manually) especially
those data related to his/her preferences. This can include
strategies that can be applied to obtain specific level of
guaranteed quality

« Context-Awareness

- The mechanism for adapting the execution of an actor based on the
sensed /gathered contextual information.

02/8/2011 Ngu-TxState




Kepler Context-Aware Scientific Workflow Architecture

Context Providers

p rotocoIAv-

Agent-1

netw%% w

Ag:ent-n

, remove
Composite

alomic context

context
Context

Provisioner
Cached cofptext

context
xml files

add

context binding

Kepler
System

» Actor ‘rﬂ !

Context-awareness

Actor 1}— ]

>

> SR,

.

Execution Engine

02/8/2011

Ngu-TxState

3 Project Manager || - Context Manuger;

AM mEG 2
4

Context Provisioning Server

XML Context Category

EBX

Add

Show: | All Context v 4

~

(@[ =]

D

3 (@

Define Atomic Context

Afornic contexts are low-level contexts that do not rely on other contexts.

Define Composite Context

Composite contexts are high-level contexts that derive from one or more contexts.

Define Context Community

Context Community is a container where multiple context services are aggregated and a unified interface is offered

Register Agent

Agentis responsible to getthe context from context provider.
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Context Provisioning Server (CP)

Is adapted from the ContextServ project whose goal is to provide a
platform for rapid development of context-aware web services. It is
funded by Australian Research Council.

CP is responsible for setting up, acquiring, and managing the contexts
used by any context-aware actors.

CP contains a set of agents and a repository of context XML files
(context specification)

The context XML files store the specification of all contexts used by a
specific project. CP uses the context XML files to figure out how to
acquire defined context information from the appropriate agents.

CP is implemented as a web service using Apache CXF (a light-
weight Java based web services development tool kits)

02/8/2011 Ngu-TxState

Context Providers

Context providers are the context sources. They are independent
from CP.

There are many different kinds of context providers (hardware sensors,
PDA, software systems, web services).

Agents are used to provide a uniform abstraction for obtaining context

from a particular kind of context provider (e.g. Webservice agent is used to
acquire contexts from all context providers which can be queried through SOAP

protocol)
Context providers can be added and removed anytime.

It is the responsibility of the context provider to provide the
implementation of services (i.e. gathering of the contextual data).
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An example of a context provider

F ] Context Provider

lmplementation of

Name: iFyFilesi i Qi ;
ame b i erifyFileSize context provideg
Cateqgory: Remote
Link: contextproviders.FileSizeContextProvidel
e command like Is —al filename
Agent: CommandLineAgent tO CheCk size Of f”e
Operations: Operation For Input
qgetFileSize |Parameter |target | |

|Parameter |directory | |

02/8/2011 -
Context Modelling
« Context Provisioner distinguishes
: between afomic contexts and
AtomicContext | | CompositeContext composite contexts
‘ \ = « Atomic contexts: low-level
v % contexts, directly provided by context
Confext | [Context Provider |~ ProVIdere
R - e.g., filesize, temperature,

. Composite contexts: high-level
contexts, no direct providers,
aggregate multiple atomic or
composite contexts

ContextProviderlmp

000000000 |

- e.g., fastProtocol

- Provide more powerful context
modelling mechanism

« Context can be provided by one or
more context providers
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Example of Atomic Context

A Atomic Context Context Provider
Name: ‘filesize ‘ Provider Name: ‘verifyFiIeSize
-
Type: ‘float ‘ _Category: ‘Remote v
- /‘/
Context Provider List: verifyFileSize = Link: ‘contextProviders.Fi[eSizeContextProvider
Agent: ‘ CommandLineAgent v
Operation: ‘getFiIeSize v
Input: Reference Value
Parameter target ~
Parameter directory V|
v
‘Select or Create v ‘
v
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XML representation of atomic context

<context>
<name>filesize</name>
<type>float</type>
<category>Atomic</category>
<context_provider>
<name>verifyFileSize</name>
<category> Remote</category>
<agent>commandLineAgent>
<link>contextProviders.FileSizeContextprovider</link>
<operation>getFileSize</operation>
<input ref=“Parameter”> target</input>
<input ref=“Parameter’>directory</input>
</context_provider>
</context>
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Rules for recommending a fast protocol defined

as a composite context
Fast protocol:

If ( (bbcp is available)
/1 big file, slow network speed, so better off with a fast protocol
if (filesize is >=6 GB) & (network speed > =6ms) ) then choose bbcp
else if (filesize < 6 GB OR networkspeed < 6 ms)
if recursive transfer
choose scp
else
if (sftp available) choose sftp
else choose scp
else
if recursive transfer
choose scp
else
if (sftp available) choose sftp

else choose scp
02/8/2011 Ngu-TxState

Example of Composite Context

checkFileAndNetSpeed
@ Composite Context

MName: fastprotocolB
Type: String
heckbbcy 0@&
Dependence List: filesize Lo -
netspeed start
bbeprotocols ’T/%
stmliteprotocols OQ, %
sfprotocol "s/,
= A
/
LS b3
ar
’
Name: bbepCond
StateChart: Open StateChart Editor |
7 Type: Condtional v
SCXML Name: fastprotocolB.scxml V4 filesize > = 6.0 &¢ netspeed >= 0.6
Condition :
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Representation of composite context

<context>
<name>fastprotocolB</name>
<type>String</type>
<category>Composite</category>
<dependence>filesize</dependence>
<dependence>netspeed</dependence>
<dependence>bbcprotocolB</dependence>
<dependence>srmLiteprotocolB</dependence>
<dependence>sfprotocolB</dependence>
<scxml>fastprotocolB.scxml</scxml>
</context>
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Development of Context-Aware Actor

Actor Modelling Context Modelling
S ports | B , AtomicContext|  [CompositeContext | ...
E Actor _ECAObject ContextBinding Context ContextProvider
i — R
1 A
o : CAMechanism ":‘ 5
: S i “-‘_ ContextProviderimpl
t Parameters |: % 5N
: Context Annotation ";

L

LTS
.....
............................................
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Context Awareness Modeling

« Context binding is the ability for an actor to bind
to/access relevant contexts defined in the CP.

. Context awareness is the mechanism by which
an actor behavior can be modified based on the
gathered contextual information.

« A context-aware scientific workflow system
must implement a context binding mechanism
and a context-triggering mechanism.

02/8/2011 Ngu-TxState

Context Annotation as the Awareness
Mechanism

. The main purpose of context annotation is to facilitate an end user (scientist)
to tailor an existing actor in the KEPLER repository to his/her environmental
context by interacting with a visual annotation tool. Context is injected into an
existing workflow on demand —basis.

. The end user must identify context sensitive parameters (CAObject) in an
actor and bind them to appropriate contexts. We assume that the end user
understand the semantics of the defined contexts in his/her domain.

« Two new classes, ContextAnnotationGUI and ContextParameter are
introduced. Context annotation encapsulates all user interactions with the
context provisioning server that will result in correct context binding.

. ContextParameter class encapsulates actions associated with contacting the
context provisioning system to provide real-time evaluation of the contextual
value of a context sensitive port or parameter in an actor.

. Context Annotation provides a generic mechanism for incorporating context
without any code changes.
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Implementation of Context Annotation

FigureAction

<<interface>>

Actor
extends implements implements
. CompositeActor
ContextAnnotationMenu AtomicActor P
: : +prefire() +prefire()
‘L instantiates +fire() +fire()
] +postfire() +postfire()
ContextAnnotationGUI +iterate(int) +iterate(int)
+ContextTriggering() +ContextTriggering()l
+parseContext()
+ContextBinding() t t
TypedAtomicActor TypedCompositeActor
extends extends /
CONCRETE ACTOR extends
JFrame
ContextParameters

02/8/2011
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Implementation of ContextParameter

StringParameter

extends

public String getValue(Object[][] paras) throws
lllegalActionException

// contacts the Context Provisioning server
//saves the list of parameters from an actor

ContextParameter

+stringValue()
+getValue()

02/8/2011
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//uses getContext() API to evaluate the context




1. From the GUI, display all the existing parameters or ports of the
actor that are candidates for context annotation.

2. Let the user selects the context parameter for annotation.

5. Contacts the CP server to find the list of contexts that is relevant
to the selected context parameter.

a. Let the user picks the required context to bind to.

s. If the binding requires mapping, map the context variables with

Steps in Context Annotation

actor parameters.

. Click “map” to finish the binding and repeat 2 to 5 for the next

parameter.

7. The context triggering phase started when user pressed the done

button and run the actor.

s. The context computation takes place during the firing of the actor
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E3 Context Annotation
Step 1 - Select parameter for annatation
SDFDirector

aneFilep JObCreator
(exectatie]

workdit

Inputies
remolefiles|

Context Annotation

Configure Actor
Customize Name
Configure Ports
Configure Units
Open Actor
Documentation

Listen to Actor
Suggest

BT v [fndsopath v]

Choose a context parameter and its associated context

Parameter Assadiated Context Ste p B
JobSubmitter target maxCPUpower Al
t jobManager schedulerAvailability
1 |binPath findBinPath v|
CrHE Displa Step 2 - Map parameters of findBinPath Ste p C
| Context Parameter fctor Perameter
Step A machineame |target |
executableProgram jobManager ] Map

Chrl+L
>

>

Semantic Type Annotation. ..

Save Archive (KAR
Upload to Reposil
View LSID
Preview

02/8/2011

Done Cancel

Step D

Edit parameters for JobManager [
3 / jobManager: “context%schedulerAvailability"
target: St ep E "context%maxCPUpower"
binPath: “context%findBinPath|
class: org.kepler.actor.job. JobManager
semanticType00: urn:lsid:localhost:onto: 1:1#ExternalExecutionEnvil
semanticTypel1: urn:lsid:localhost:onto:2: 1# JobCommand
derivedFrom: ler-project.org:actor:351: 1:urn:lsid:uuid: 1825289
Cormmit ] [ Add NFP'UQM@AP@ ] [Restare Defaults] [ Preferences ] ‘




Summary of Context Annotation

« Context annotation presented a new framework that enabled scientific tasks
to exploit dynamic environmental information during runtime without
introducing complex control-flows and additional proliferate actors.

. Context annotation enables different kepler’s actors to be context-aware
without any low-level re-coding of the actors.

. Context annotation simplifies the construction of scientific workflows that
involve intricate adaptive behaviour, especially when a myriad of
environmental conditions must be checked and verified. When environment
conditions must be checked in different workflows, it can be outsourced to
the CP rather than coding those conditions in every wokflow.

« Intelligent defaults set up in contexts can be re-used across different
workflows. This simply the actor programming.

« Context annotation provides the ability for the end user to plug in different
contexts for the different situations under which a workflow can be executed.
For example, the ability to choose the machine with maximum CPU, the
network with shortest delay, or the protocol with highest reliability
transparently for the users. It hides the complexity of running the workflow in
different execution environments.
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Future Work

« Apply context-aware model to Cyber Physical System

- power grids, medical device systems, traffic control systems, environmental monitoring all
invariably must deal with real time changing physical conditions. Can a more robust and
adaptive CPS system be built with context-aware model?

« Integrate context-aware model with scientific workflow template
design workbench.
- Workflow templates encapsulate both control flow and data flow patterns that can be
reused and adapted by scientists with minimal configuration in their pursue in designing

and executing their own scientific processes. Actor and parameter bindings in template
can benefit from the additional contextual information.

- CorI]text-driven binding of templates will result in a configured workflow that is of better
quality.
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Modular Synchronous Dataflow Code Generation

Dai Bui, Stavros Tripakis, Marc Geilen, Bert Rodiers, Edward A. Lee
UC Berkeley

Ptolemy Mini-Conference, February 16, 2011

Modular Code Generation

* Code generated for a composite block independently from
used contexts:

SDF Director This model illustrates the MultilnstanceComposite actor, where it is
used to compute a subsection of the discrete Fourier transform (DFT)
using the Goertzel kernel. The parameter NDFTCoefficients specifies
the number of bins to calculate.

Rl s This model shows a simple periodogram spectral estimate of a @ sinePeriod: 8.0

modulated sinusoid in noise. The top-level parameters control ® NDFTCoefficients: 10

the carrier frequency, the signal frequency, and the noise @ DFTBlockLength: 64

level. Notice that the two peaks are centered at the carrier o FirstDFTCoeffcient: round FTC

frequency, with their distance from the carrier given by the ) °

signal frequency. The sample rate is assumed to be 8kHz. Sinewave ComputeCoeficent

AbsoluteValue o o o, =

The blocks with red outlines are hierarchical. @ carrierFrequency: 2000.0 ~ dliencescope
~Right click or Command-click (Mac) and o signalFrequency: 500.0

select "Open Actor”. g -
~These generate sinusoids, one for the ® noisestandardDeviation: 0.1 equencePlotter

~signal and the other for the carrier

Time Domain Display
Sine wave

Spectrum Frequej

The Expressioirhlock calculates a mathematical expression, as shown. —

Generate a sine wave.

the View menu to execute the model, > frequency 440.0
ain the toolbar.
o0

a the run window or on the diagram
famp
Cont ] { - f

~Try changing the parameter?

Author: Edward A. Lee




Motivations

Reusability
Incremental compilation
IP protection
Modularity

Unit verification and testing

2/14/11

Parallelization
Scalability

Dai Bui et al.

Reduction of runtime overhead
Speeding up simulations

Naive SDF Code Generation

2 1 1 2 Finite-buffer
schedule:FAABG
1 1 By
— # tokens consumed at o
# tokens produced at/ the port each time o

the port each time the actor fires

the actor fires R R g
1 1 1 K]
A PP Iy 3 S
_
1 1
1
> B P> 1y b

No finite-buffer
schedule!




Naive SDF Code Generation

1 4 2 3 B 1
initial tokens Schedule: AABQAB
3
on the channel 'Y °
3 2 g
Q g
P P

)

©
-
]
=
=)
‘©
[=}

3
»——(AAABB)|—p
NN S S

Schedule: AAABB

. Deadlocked!

Modular SDF Code Generation

Non-monolithic firing function
DSSF = Deterministic SDF with Shared FIFOs

1 2 3 1 x 3 2
A B »——(A44ABB—
monolithic

DaiBuietal. 2/14/11

- ithicl How do we synthesize?
Non-monolithic Y z (AAB) (Q) (AB)
2
| L Can we do
(AAB)(Q)(AAB)
1 ?




Synthesis

* Unfolding (non-homogeneous to homogeneous)

DaiBuietal. 2/14/11

Clustering Algorithm
Effectiveness

Zry ek,/‘\\ -
Valid clustering \@ n

T2 s&” \‘ \: :
yet bad! @\

s e‘Qbﬂ/r Better

7 :
clustering u_>\ |
IH]‘;{'/ :

.- 2

DaiBuietal. 2/14/11

Test cases #ins/outs # nodes in
unfolding graph
Test 2/2 3 5 2

Entropy 1/1 15 1545 1
CD to DAT 1/1 4 156 15




Conclusions

* Hierarchical SDF models are not compositional

* Introduce DSSF profiles as a compositional representation of
composite actors and show how this representation can be
used for modular code generation

* Propose a synthesis algorithm that can handle hierarchical
models of arbitrary depth

2/14/11

Dai Bui et al.

Future Work

* Implement more advanced clustering algorithms to reduce the
number of clusters

* Understand the relations between the number of clusters, the
size of generated code and performance

2/14/11

* Estimate throughput and delay of a code-generated model

Dai Bui et al.
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Cyber-Physical Systems (CPS):
Orchestrating networked computational
resources with physical systems
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uilding Sys Tﬂlsﬂ, Telecommunications

Transportation
(Air traffic
e control at
Avionics SFO)

Automotive

Courtesy of
General Electric




CPS Example — Printing Press

* High-speed, high precision
Speed: 1 inch/ms
* Precision: 0.01 inch
-> Time accuracy: 10us

Open standards (Ethernet)
Synchronous, Time-Triggered
IEEE 1588 time-sync protocol

Application aspects
local (control)
distributed (coordination)

Bosch-Rexroth 7

global (modes)

Ptolemy Project, Berkeley 3

Where CPS Differs from
the traditional embedded software problem:

o The traditional embedded software problem:

Embedded software is software on small
computers. The technical problem is one of
optimization (coping with limited resources).

o The CPS problem:

Computation and networking integrated with
physical processes. The technical problem is
managing dynamics, time, and concurrency in
networked computational + physical systems.

Ptolemy Project, Berkeley 4




Approaching the CPS Challenge

Physicalizing the cyber (PtC): to endow software and network components
with abstractions and interfaces that represent their dynamics in time.

Platform 1
T v
model time
Sensor; Platform 3 delay d1
- odel ti
/ Computation3 :.,"Ehs dlzlme
Platform 2 J
29 Sensqr2 H Computation2 # Merge
model time |
‘ :[[delav a [¢ Actuatorl

<X
hysical Local ¢
igtzrface network| Event physical
fabric Source interface
-V Computation4

Physical
plant

Cyberizing the Physical (CtP): to endow physical
subsystems with cyber-like abstractions and interfaces
Ptolemy Project, Berkeley 5

Projects at Berkeley focused on
Physicalizing the Cyber

Time and concurrency in the core abstractions:
o Foundations: Timed computational semantics.
o Bottom up: Make timing repeatable.

o Top down: Timed, concurrent components.

o Holistic: Model engineering.

Ptolemy Project, Berkeley 6
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