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ITM framework

What is it?
— Set of tools: design, running, visualization, post-processing ... tools
— Set of resources: gateway, euforia, data

o Status-Road map

« Contents of the training

e Introduction to KEPLER

« KEPLER in practice

e Advanced use of KEPLER
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ITM framework: what is it?

e Setoftools :

— Data:

. Stand;:\rd naming: CPO (comprehensive description of a Tokamak/plasma through the
CPOs

» Standard access: UAL (local, remote, GRID, HPC). Hidden data storage. jTraverser,
Jscope

» Experimental data: exp2ITM

— Parameters setting of a simulation
» Shot, time step, duration, Heating systems, ...: ISE

— Workflow/orchestration: KEPLER

— Integration of codes: FC2K, WS2K

— Monitoring: ISE (UAL data), Migrating desktop (jobs), Kepler actors (wf data)
— Visualization: ISE, Numplot, Visit, Matlab, Scilab

— Post-processing: Numpy, Matlab, Scilab

e Set of resources:
— Cluster at Portici: Gateway
— GRID & HPC computers: EUFORIA
— HPC-FF at Juelich

Training session 4-6 May 2009
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Status-Road map

e Current version: v1.0 (released on December 08)
— Data structure: 4.06d
— UAL (CPO & time slice)
e Local on the gateway: Fortran (g95 & pgi), C, C++, Java (1.5 or +), Matlab.

* GRID: Fortran (g95) March 2009
» HPC-FF: Fortran (g95 & pgi) 28 April 2009
— Data:
e Shot3,runl
— Experimental data: exp2ITM for TS & JET
o JET:?
e Tore Supra: 40000
— Data storage:
 MDSplus
« HDF5
* Memory (thread version => ok for multicores but not available for multi-nodes)

— ISE (ITM Simulation Editor): released in June 2008 but due to change in the run number
management, it must be reengineered

— KEPLER: release 1.0, one UALInit & one UALcollector
— FC2K: version 1.4 no time slice

— Visualization: using KEPLER actors

— Matlab

e Additional tools:
— Numplot: standalone tool (available now)
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Status-Road map

e version: vl.1 (released on May/June 09)
— Data structure: 4.06d

— KEPLER: release 1.0, new version of UALInit & UALcollector
(occurences + several UALInit or UALcollector)

— FC2K: version 1.4b with time slice

o version: v1.2 (released on July 09)
— Data structure: 4.07
— ISE (ITM Simulation Editor) I .
— Visualization: using numpy actors + VISIT [e = = Eaagisimees s
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Training
e Contents:
— Data (presented by F Imbeaux):
« CPO
« UAL
e exp2ITM

— Workflow/orchestration: KEPLER
— Integration of codes: FC2K

— ISE (not presented but ... slides available)
— Numpy, Visit, Matlab (not presented but ...)
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Introduction to KEPLER ae-

 Workflow design:
— Why an orchestration tool
— Introduction to KEPLER: terminology
— A few actors
— Computation model & directors

— Fusion workflow:

 Building simple workflows:
— getting a CPO & plotting some data
— Reading & updating a CPO

Training session 4-6 May 2009
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Orchestration tool

e Fusion simulation:
— Complex workflow => nested workflows

— Different model of computations (loop
on model time, solver, sequential
processing, branches, parallel
computation ...) => different directors

Choice of KEPLER

E Neutral Transport
% transport coefficients
) Input wave forms
Plasma Coite
transnort Plasma wall Bulk Plasma _
ansp interaction transport controller confinement
edge/SOL solver (1.5D)
(2D)
e Fusion power;
Equilibrium e ! e
sc}lver Pilot; t =2 t+AL: alpha particle E
Bulk plasma communication and source
transport coeff \ repository of data
MHD stability -]
: / NBI L
Fast ion ﬁ deposition Lo
transport coeff
z mll
Solver of Solver of non- ICRF wave | | L
non-thermal thermal ion propagation LA
electron distributions
e 3 distribution ]
| Simulation output | i LH wave | 5
Parallel ﬂ propagation | |
computing
. . 7 ; ECRF wave |
ﬁ Dlele.ctru? tensor Dlelepﬁlg tensor R LM
- . contributions contributions ]
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KEPLER

Based on Ptolemy Il (Berkeley), San Diego, world wi  dely used, friendly tool

Used for:

. Simplify and
automate the
workflow (SDM,
CPES ...)

ORNL

. Coarse grained
programming (one
Instruction is a big
chunk): assembling
components

Opteron
clv er

. Graphical design

. Mixing complex
models of
computation

Command & control site

Training session 4-6 May 2009
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2 main usages
=>design of workflow
=>execution of the workflow

Library of
components

Navigation
area

.ot
.ot
eee®
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Terminology:
. Manager
. Single (suspend/resume...)
. Directors
. Scheduler of the actors , —
J file:/afs/efda-itm .eu/user/g/guillerm/training/workflow: star.xml = || =
(ComponentS) File Edit Wiew Workflow Tools Window Help
‘@“ @| ‘ @! ‘ ’||II| .||*”-‘ *"ﬁ»“ﬁ:‘"ﬂﬁ” " ~ .parameter.Display2 .
Componems\ Dma\ : File  Tools Help
° ACtOrS rSuar(h >
. Ports: Input & Output of an ! D' ——
actor | -.
& £9 components ..." & 4
@ Prajects - L. e —
«  Parameters: i e ]
. Shared by the actors
. Will be detailed inthe next | LT

Session Expression

| Eile Tools Help

N = r 2
o | ¥ -parameter.Display = {3

4

0 resultsfound.
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ACTORS -'-J.

Components of the workflow:

Input Actor Nested Workflow Output Actor
o ACtOI’S COUld be nested (e.g., data) (I.. mmpns] actor) (e.qg., display)
. Fusion codes: Helena, Mishka, Orbit ...
. Categories
. sources
. Const, string, clocks
. Ramp, sinewave, shell, ...
. sinks
. Display, XYZplotter, timedplotter
. Recorder, ...
. Array
. Arrayextract, arrayminimum,
arraysort, ...
. Conversion
. Complextopolar, stringtoxml, ...
. Flow control
. Switch, Sampledelay, Exit, ...
. I/0
. Filereader, writer, ...
. Math
*  Average, ... . Creation of actors will be detailed in
: Matrix the next session
’ g.""”dom . . See “ActorReference.pdf”
. ignal processing

Training session 4-6 May 2009
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Computation models & directors

Directors
. Tell the actors when it has to produce its output = order in which they should execute
. 5 basic schedulers (directors):

SDF Director

. DATA DRIVEN
. soF @
. Synchronous data flow: fairly simple, sequential wo rkflow
. DDF
: Dynamic data flow = SDF with loops PN Director
0 <
. Parallel processing on distributed computing system S

CT Direclor

. TIME DRIVEN
. Continuous time driven
. DE
. Discrete event: modelling time DE Director

QD

. MIXING DIRECTORS

Beware: workflows and actors could depend on the di rector

Training session 4-6 May 2009
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How to choose a director

Does workflow explicitly depend on ‘time'?

N

SDF or PN Directors CT or DE Directors

Is workflow a simple data transformation
with constant data production/consumption rates?

Is model described by
differential equations?

PN Director SDF Director DE Director CT Director
complex logic, pre-calculated firing rules events at specified times numerical integrator
independent threads, fastest execution scheduling simulations dynamic simulations

distributed execution

Choosing a Director for a Kepler Workflow

Training session 4-6 May 2009
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ol

Eile  Edit  View ‘Workflow Tools Window Help

Design

1 Choose your actors (for instance constant, addsub

Design of a workflow (1)

Drag & drop them in the design area

2.
3.  Connect the actors => draw a link between input &
4, Define the director (SDF) and its parameters (num

Unnamed [=1B

eam

Q

e’ "

20

(L

el

Components | Data '

M
rsearch

| direct ‘

| [] search repository

|

=k @ Search Results 1%
= @ Components i
=@ Datalnput

G . Data Cutput

= @ Director

= @ Local Input =
D Directory Listing
= [0) ssH Directory List
=@ Remote Input
>c Directory Listing
[ 55H Directory List >

El . Workflow Output
- @ Textual output | 7
D Directary Listf |

@ CT Director
@ DDF Director
>@ DE Directar
>@ FH Director

() SDF Director
Cila €uce

Ja

17 results found

SDF Director

Constant

Display

Add or Subtract

[~

Eile  Tools Help

-Display

"
1

iterations:

w— vectorizationFactor;

allowDisconnectedCraphs
allowRateChanges:
constrainbuffersizes:
period:
synch‘ronizeTnRea’\Time’:
timeResolution:

class;

semanticType0o:
semanticTypell;

output port
ber of iterations)

Edit parameters for SDE Director,

=

-.e—

stract & display: use the search cmd)

OO

o

0

O

1E-10

ptolemy.domains.sdf kernel SOFDirector

urn:lsid:localhost:onto:L: 1#Director

urrlsid:localhost:onto:2: 1#Director

commit | | Add

Remove

| ‘ Restore Defaults ‘ | Preferences | | Help | |

Cancel

execution finished
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i EFDA Task Force - Keplet
. _ -
Creating an actor in 5 steps wma—

1. Identify your CPOs in & out

2. Turn code into a subroutine with CPOs as argument

3. To make sure the code handles the CPOs correctly, runitina
“testbed”

4. Make a library of your routine (compilation with t he —fPIC option is
essential).

5. Run FC2K

Prerequisite:
1. Install a private version of Kepler in your direc  tory (available on /afs/efda-
itm.eu/project/switm/kepler/4.06d/kepler.tar)
>cp /afs/efda-itm.eu/project/switm/kepler/4.06d/kep  ler.tar SHOME
>tar xvf kepler.tar

2. Set the environment variables with ITMv1
>source /afs/efda-itm.eu/project/switm/scripts/ITMv 1 kepler test 4.06d (where kepler
is the directory of your KEPLER version; use public for the standard KEPLER
version)

Training session 4-6 May 2009
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A data structure describes
how the data in a CPO are
organised.

The data structures are
defined with XML schemas.

The code developer only
needs to know about the
organisation itself.

ITM tools automatically
generate type declarations for
Inclusion in a code so that
access to data is readily
available.

Training session 4-6 May 2009

Step 1

Example:
equilibrium
CPO

cauibrum £

Drescription of a 20,
axi-swrnrnetric, tokarnak
equilibriurn; result of an
aquilibriurn code,
Tirne-dependent P

In Fortran90 the
CPO isjust a
derived type

,datainfu

Generic infarmation on a
data itern

eqconstraint

E]

rreasurernents b constrain
the equilibriurn, autput
walues and accuracy of the

Fit

eqgeometry

n

Gearnetty of the plasra
boundary

E

FUJSH package coefficients
For the rnapping of the
aqulibriurn, The tirme gid of
this structure is the sarme as
the equilibrurn stracture
abowve,

aglobal_param

0d output pararneters

2Profiles_1d

output profiles as a Function
of the polaidal Aux

aprofiles_2d

output profiles in the paloidal
plane

AC00rd_SYS [ m—

Aux surface coordinate
systern on a square grid of
Auzx and angle

Tirne [s]; Tirme-dependeant;
Scalar

aCodeparam

Code parameters
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e Turn code into a subroutine with CPOs as argument
(example of a code which extract the pressure from the
equilibrium CPO).

subroutine cpo2ip(equi_in, ip) Inpu_t arguments can be CPOs, integer,
use euitm_schemas floating point, ...: single or array

use eulTM_routines \
implicit none All the ITM type declarations

integer,parameter :: DP=kind(1.0D0) are included here

o _ . Declaration of
type (type_equilibrium),pointer :: equi_in(:) < the equilibrium
integer :: ip(20) CPO

write(*,*) 'pressure: ',equi_in(1)%profiles_1d%pressure

do 1=1,20 Get the pressure
ip(i) = int(equi_in(1)%profiles_1d%pressure(i)) «—— .

enddo and fill a local array

write(*,*) 'ip:',ip

return

end subroutine cpo2ip

Training session 4-6 May 2009
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Step 3
e To make sure the code handles the CPOs correctly
run it in a “testbed”; F90 example:

program test_bed

o Example for e One can start with a very
uce eulTH rout ines “mycode” simple test_bed program.
implicit none

type (type_equilibrium],pointer :: cpotest(:)

character(len=9):treename ° E;f]()\A/r] on tf](g I(Eft if; an
integer :: idx, shot, run SpeCIfy example with Only an
TS ey < “mycode’ equilibrium CPO as input

use eulTM_schemas I

type (type_equilibrium],pointer :: cpotest(:) |

end subroutine mycode < . .
end interface * Programs of this type with
chot = 150 their Makefile are available
run = i
treenane = 'euitn’ on the Gateway for copying

call euitm_open{treename,shot,run,idx]]
call euitm_getiidx,"equilibrium",cpotest)
call mycode(cpotest) «— RUN “myCOde”

stop
end

Training session 4-6 May 2009
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* Once the code runs correctly in the test bed it is time to
make a Kepler actor of it.

 Make a library of your routine (either static, mylib.a, or
dynamic, mylib.so; compilation with the —fPIC option is
essential). Example for cpo2ip.f90:

F90=pgfa0

e COPTS=-r8 -Mnosecond_underscore -fPIC

 LIBS= -L/afs/efda-itm.eu/project/switm/ual/lib -IUALFORTRANInterface pgi
 INCLUDES= -l/afs/efda-itm.eu/project/switm/ual/include/amd64 _pgi

o all: libcpo2ip.a
e libcpo2ip.a:cpo2ip.f90

. $(F90) $(COPTS) -c cpo2ip.f90 ${INCLUDES} $(LIBS)
. ar -rv libcpo2ip.a cpo2ip.o
 clean:

. rm*.a*.o

Training session 4-6 May 2009
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Project isip]
Narme cpoZip
Subroutine cpo2ip
o
Arguments
Mumber of Arguments | 2
__Type | |5 Array | Array size Input | Output |
‘equiliorium [ 0 |4 I‘P a
integer ¥ 20 B ¥
([
Eeturn
[T Has return
Type Is Array Array Size ' Cutput
([
Source Code
Compiler_pgf_Q_O ris ®
Tyoe fortran -

Library 'afsfefda-itm.eufuser/t/test. 1fitm_ w1l 0factors/cpo2ip/libcpozip.a

Other Jibraries

Emvironment
Keplar fafs,.fefda—itm.eufuser,."tf't*est_lfnm_'vl.Ojfkeplér

Ftolermy ,.fafs,.fefda—itm.eu,fprojectfswitm;ptdlemvfptll?.D

AL fafsiefda-itm. eu/project/switm/ual

Generate  Quit
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Step 5

Run the KEPLER
actor generator
script: FC2K

Isip = folder for description
storage

Name of the actor

Name of the subroutine (no
underscore allowed)

Input & output arg.
g95, pgfa0, C, C++
Your code

Use SKEPLER, $PTII &
$UAL
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Return

Tipe

Source Code
Compiler pafa0
Type  fortran

Library - fafs fefrla-itrn.eufimps fuserferiksson forbit/orbiin.a

da-itm 2l
da-itm.eu
da-itm.eu
da-itm.eu
da-itm.eu
da-itm.au

Jaisfe st fpspling] Jibf

afsfe project fswitm/papline/amdé4_paifliliopspline.
i praject fswitn/paplinefamd64_poi/libfportlin 2
[ [switrn/ pspling [libf
/ / / [libf
/

alsfe
afsfe

nraject fswitn/papline/amd64_poiflibflinezcdf a

f
f
f
f
f
f imp5 user feriksson/pirfpirlin.a

S ol o e T e

Emvironment

Kenler fafsjefdla-itrn.eu/impS juser/eriksson kealer? fkepler

Pralemy /s efda-tm.eufimps Juser feriksson/prolemyfptii7.0

LAL }afs}efda-nm.eu,fproj'ecl,fswilmiual

project/switm/pspline ama64_paiflio ionorin.a

 Add the libraries

[ Has retum

AftaySize

(ther [iararies

d

praject fswitn/paplinefamd&4_poi b Niocdf dummy: a

(enerate  Quit

Qutput

"4 M Shel No. 2-Kansdle
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The actor generator creates a “wrapper” for the code , It
manages the call to UAL etc.

Stored in (where xxx is the actor name) :

SKEPLER/src/cpp/itm/xxx (Makefile, FortranWrap.f90, libxxx.a,
libxxx.s0, ...).“>make” & “>kepler”

SKEPLER/src/eul/itm/xxx (xxx.java & JavadniCall.java)

$KEPLER/kar/actors (xxx.kar)

$KEPLER/lib (libxxx.s0)

SKEPLER/build/src/cpp/itm/xxx copy of SKEPLER/src/cpp/itm/xxx
SKEPLER/build/src/eu/itm/xxx copy ...

$HOME/.kepler keeps a cache of your actors!!

Training session 4-6 May 2009
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A few tools to share actors:

>rmactor xxx (remove the actor xxx from your $KEPLE R
version)

>getactor xxx  Get the actor xxx from $KEPLER and  build
xxx.tar (tar tvf xxx.tar to look at its contents)

>putactor xxx  Put the actor contained in xxx.tar Into
SKEPLER

— Then update your KEPLER version by:
— c¢d $KEPLER
— ant buildkarlib

These scripts are in /afs/efda-itm.eu/project/switm  /scripts

Training session 4-6 May 2009



i EFDA Task Force

EUROPEAN FUSION DEVELOPMENT AGREEMENT
INTEGRATED TOKAMAK MODELLING

Building your workflow

Training session 4-6 May 2009
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Using KEPLER (“>kepler”), look for your actor and c opy it
to the design area

Unnamed

o FEile  Edit Miew Worlflg Tools  Window Hslp

e E > 1o »mnore /

Components ata “u, f
rSearch
o |

[ Ssarch repository

Search Reset:

=@ Search Results
=65 Projects

- '."” *Input port:
- [ cpaditto “equilibrium" CPO

*Output port:
Array of integer
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Fusion workflow (1)

Design

1.
2.
3.

Connection with the UAL: reading the database and

Insert your actor/workflow

Store the simulation in the database: UALcollecto r

Ve

File  Edit View Workflow Tools Window Help

Unnamed

EIEE e

D> 00/ @ = b || 1] o] @
4

C_urhpanems\ Data \

|'SE arch

{
|ual |
|

[] Search repository

Bl @ Search Results
E}--@ Components
@ Datalnput
E} ' Data Operation
EI. Mathematical Operatior
: =1 @ Arithmetic Operaticl
. ualinit
. Data Output
Et- @ workflow
E|. Worlflow Contral
. Boolean Contraol

= Equals

- MotEquals

E|. Worlkflow Input
=@ Constant
[ ualcollector

H
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Configure Actor

Customize Mame
Configure Ports

Configure Units

Cipen Actar Cirl-L

Documentation 3

Listen to Actor

Suggest b

Semantic Type Annotation...

Save in Library...
rehive (AR}

Direction

storing in memory UALInit

DEFALULT O
DEFALULT O |
DEFALULT O |
DEFALULT O |
DEFALULT O |
e e e
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Add the actor which connect to the ITM database

] SDOF Director
Display2

an

o

E' DirEr;tinn e

Bl DEFAULT 1 L]
Add the DEFAULT ] ]

DEFAULT ] L]
output _ DEFAULT O O

EAST L]

CPOs =

[l | Cammit I | Apply | | Acdd | | Remaoye | | Heip_. | | Cancel |

R
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Add the Director (Synchronous Data Flow)

|

SDOF Director
Display2
an
i [ :| T I

Add the

inputs:

*Shot /
‘Run —
emachine

E' Direr;tiun Hid

= DEFALLT 1 ]
DEFALLT [l [l

DEFALLT [l [l

DEFALLT [l [l
EAST [l

[l | Cammit I | Apply | | Acdd | | Remaoye | | Heip_. | | Cancel |

R
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Q.

Run the workflow =

File Help i
Actor test_1Beneald4
Project isip test_1Benealdq4
Mame cpoZip rkflow_1.Array Plotter
Subroutine  cpoip File. Tools  Specizl  Help
Eile  Edit “iew ‘Workfl@y Tools Window Help
5l
Arguments i [ %) EIEEE]
Ed | | ‘ %10 Array Plotter
wn | @ @ QIE D> BT @ = (> 1 5 @ T el 0 R
Type | Singleglice | || Companents’ paa | : 481 1
equilibrium I"
integer i rSearch .~ i
plot |
[] search repository 46f A
45t 2
Return £t @ Search Results - SDF Director
=] @ Components 4.4+ 4
- = @ Data Outpu
Tianes + Jaiz =k @ Workflow Output 431 8
=@ craphical Qutp | | | | | | | | | |
Source Code 0 2 4 6 g 10 12 14 18 18

Compiler pgrao
Tyhe fortran

Libbrary  ‘afsfefda-itm.eu/user it Display
bS] 307 Plotter
B 89 statistics

= 0 Statistical Analysiz
b O GCraphical Analysis

eguifibrium

cpoip

Emvironment (== Timed Plotter
Kepler | jafsfefdasitrn. eufuser, - @ ar Chan
£ ’ Barplot
Ptolerny Jfafs/efda-itm.eufproj £ @ Box And Whisker |
E mlnt 5

Array Plotter

; [T+
15 results faun

UAL Jfafs fefda-itm. eufproji

] | o
I ip=23
do i=1,20 .
ip(i) = int(equ| ...
enddo

oI e T
Aty ex_ecutlonfmlshed.

write(*,*)
return JL'J -

Ln 29, Col 52 INS

PM MEST
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A reminder: Code to KEPLER

« Port your code to the Gateway
 |dentify relevant CPOs

 Make a subroutine of your code that has CPOs
as Input/output or integer, ...

e Run it in atest bed to check that the CPOs are
correctly implemented.

 Make a library of the routine: mylib.a or mylib.so

e Use FC2K to add your code in $KEPLER

 Include your new actor in a workflow and press
run

 And Bob’s your uncle (hopefully).



.+ EFDA Task Force Kepler

EUROPEAN FUSION DEVELOPMENT AGREEMENT -
INTEGRATED TOKAMAK MODELLING ; q_.

Advanced use of KEPLER *°

e Directors
e |terations

* Debug
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How to choose a director

Does workflow explicitly depend on ‘time'?

N

SDF or PN Directors CT or DE Directors

Is workflow a simple data transformation
with constant data production/consumption rates?

Is model described by
differential equations?

PN Director SDF Director DE Director CT Director
complex logic, pre-calculated firing rules events at specified times numerical integrator
independent threads, fastest execution scheduling simulations dynamic simulations

distributed execution

Choosing a Director for a Kepler Workflow

Training session 4-6 May 2009
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Design

1. Choose your actors (for instance constant, addsub

Design of a workflow (1)

Drag & drop them in the design area

2
3.  Connect the actors => draw a link between input &
4 Define the director (SDF) and its parameters (num

ol

Eile  Edit  View ‘Workflow Tools Window Help

Unnamed [=1B

Q@R />IN @ b=

el

Components | Data ' 3

rsearch

;ldirect ‘

[] search repository

=k @ Search Results 1%
= €9 Components =
& @ Datalnput
E}. Local Input 2
D Directory Listing
= [0) ssH Directory List
=@ Remate Input
>c Directory Listing
[ 55H Directory List >
= @ Data Output -
=@ worlkflow Output
£ @ Textual output |
D Directory List u
= @ Director
@ CT Director
.. DDF Dirzctor
>@ DE Director
>@ FH Director
D SOF Director

SDE Director

SDF Director

Constant Add or Subtract Display

Eile  Tools Help

"
1

iterations:

w— vectorizationFactor;

allowDisconnectedCraphs
allowRateChanges:
constrainbuffersizes:
period:
synch‘ronizeTnRea’\Time’:
timeResolution:

class;

semanticType0o:
semanticTypell;

output port
ber of iterations)

Edit parameters for SDE Director,

=

-.e—

stract & display: use the search cmd)

OO

o

0

O

1E-10

ptolemy.domains.sdf kernel SOFDirector

urn:lsid:localhost:onto:L: 1#Director

urrlsid:localhost:onto:2: 1#Director

commit | | Add

Remove

| ‘ Restore Defaults ‘ | Preferences | |

execution finished

~guillerm/public/training/add_with_SDF.xml
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Design of a workflow (2)

Outcome with PN director
1.  With PN, scheduling is done by each thread (actor ) => no global scheduling
= Unnamed [=i[B][*
fudl ..Display = || B *

File  Edit  Miew Wgr'k‘flow Tools Window Help

@ @R e/p/il e mmiic el

Components \ Data \ N

Eile.  Tools Help

Endless

0

|--Search-
| dire |

[] Search repository

E!. Search Results
E}@ Components

e e e e Sl

Constant

E}. Data Input

E} Local Input
D Directory Listing
----- {2 ssH Directory Lisy
= @ Remote Input
D Directory Listing

Add or Subtract Display

N ..PN Director = || 0% /

------ 7] ssH Directory List

= @ Data Output

E." Workflow Output
E}' Textual Dutput

L D Directory Listi | File  Tools Help
B . Director Checking for deadlock: - Tr|Ck
: @ CT Directar There are 2 Blocked actors, 0 Stopped actors, and 3 active threads.
@ DDF Director ‘Waiting for actors to stop.

@0 DE Oirecair Checking for deadlock 1. Constant provide a value at

There are 1 Blocked actors, 0 Stopped actors, and 3 active threads.
@ PI Director Waiting for actors to stop.

i @ SDF Director Checking for deadlock: eaCh Step

o | There are 1 Blocked actors, 0 Stopped actors, and 3 active threads. - -
Tl Walting for actors to stop. 2. PN will stop if no more

17 results found. Checking for deadlock:

There are 1 Blocked actors, 0 Stopped actors, and 3 active threads

—— Waiting for actors to stop. ’ ’ datatOken Source available

Checking for deadlock:

There are 0 Blocked actors, 0 Stopped actors, and 3 active threads. 3 . Use “Si ng IeFireconStant"

Carstant Waiting for actors to stop.

’ Checking for deadlock: 1 d
i ar Subl Displa
S s There are 1 Blocked actors, 0 Stopped actors, and 3 active threads. InStea
Waiting for actors to stop. i

Checking for deadlock:
b |.:1:

4

+arm

[T

[x]

>4l

-execution'finished. . - .| h
| Training session 4-6 May 2009 ~guillerm/public/training/add_with_PN.xml
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Design of a workflow (3)

Outcome with PN director
1. With PN & one single fire => OK

la "
| Unnamed =[O *%

File Edit Wiew Worlkflow Tools Window Help

RAFQEP> IO = )= e End after one
Componems\ Data \ : ) ..Display & E :' Iteratlon

Eile: Tools Help

rSearch

|sing|e | 1 (‘

] Search repository

£ @ search Results
E}@ Componsants
Bl @ Workflow Constant 4

E. Worlflow Documentatig
B Docviewer Add or Subtract Display

Edit paramet=rs for. Constant
? firingCountLimit; 1 V'd
. :
value: 1
class: ptolemy.actor.lib.Const
semanticType00: urtilsidlocalhostonto L 1#ConstantActar
semanticTypell: urrilsid:localhost:onto:2: 1#Constant
kar: urn:lsid:kepler-project.orglkar:s7:1
Commit I | Add | | Remaove | | Restore Defaultsf‘ | Preferences | | Help | | Cancel
} 1 Lsear
[« ]
execution finished. J I:

Training session 4-6 May 2009
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Differential Equations

mi(t) +bz(t) + kz(t) = u(t) (1
Wy = c-z(1) -
z(0) = 10,2(0) = 0.

The equations could be a model for an analog circuit as shown in figure 2.1(a), where = is the voltage

u
T Could be written as
R3 % s
g
Fk i kb l Fb
Rag ¥ —
o
Substrate
(a) A circuit implementation. (b} A mechanical implementation.

. an ODE-based continmuous-time system has the following form:
X = flx,u,t)

v = gxour) <

x(t:) = x,.
0 0 Could be

/ implemented as

v

JO) X-S_X,_,g()—"—*

i

lraining session 4-ob viay 20UY
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Differential Equations (2)

Using the CT director

" -
CT Director
| or 2 Example of 2 coupled
ganed Blotter sl differential equations
eb: 0.1
| XY Plotter e
1] l v
I - F SO x S X o gl) —
_dnlfdt Integrate n
1 rnl - a*nl*n2
_dn2 jdt Integrator
:[ ~-d*nZ + b*nl*n2
®

(] "-ﬁ.i_l)lz'_;-"'libt'ka\'folterraPradatorﬁ'?'éﬁ':}:{ =i[B1[*]}| .02-LotkaVolterraPredatorPrey.Tir |= [ 0] %
Eile. "Tools Special Help Eile  Tools é‘pecial Help |

XY Plotter QE@E Timed Plotter @E@@

a0l 40 '
20t
30t
2o+
Ll 101
0_ 5 1 SOt | -fl_
104 5 00 02 04 06 08 10
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How to iterate?(1)

Different ways
1. Iterations in the Director (seen previously)
2.  Ramp or repeat actors
. Ramp = “for (i=initial;i=i+step;i<final)”
. Repeat = repeat the same input some specified number of times
3. Using arrays & Rexpression

4, Using composite actors (encapsulate the iteration s in a single actor)

5. Feedback connections
. Beware: how to start with some directors (SDF for i nstance)

6. Using map (Java)

Training session 4-6 May 2009
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How to iterate?(2)

Using the RAMP actor (for i=0;i++;i<10)

w | Unnamed [ = "_,E'-”"__.

Eile.  Edit  Miew Workflow Tools Window Help

Comp_one_nts‘\l Diata \ : Eile: Tools Help
Search 2
ramp | g
[| Search repositary SDF Director 4
| Search ” Reset ‘ g
7 bt
E}. Search Results S =
E}@ Companents ] |)|1

E]. Data Operation
¢ B @ Mathematical Operatio Add or Subtract

El & worl

=]

ﬂ firingCountLimit: 1|:||

init: 0
step: 1
class: ptolemy.actor.lib.Ramp
semanticType0: urn:lsid:localhost:anto:l:1#terativeMathOperationActor
semanticTypell: urn:lsid:localhost:onto:2:1#lterativeDperation

o semanticTypeZ2: urn:lsid:localhostonto:2: 1#Warkflowinput

= re; firingsPeriteration: 1

~guillerm/public/training/ramp.xml

| Cammit I | foeld | | Remaove | | Restore Defaults | | Preferences | | Help | | Cancel |
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How to iterate?(3)

Using a Feedback connection (SDF) Trick:
Don’t know how to start => error Add a null time delay => start from
sampledelay output (0..3)
SDF Director SDE Director
Display Display

Constant
Constant

- ” Eile  Tools Help
Exception :

0 Actars remain that cannot be scheduled!

Unscheduled actors:

TTrd = O

ram p_l..-idd or Subtract .ramp_1 Display
scheduled actors:
damp_l.Constant

Dismiss | | Di_splay Stack Trace

4]

| ¥

~guillerm/public/training/loop_SDF.xml
Training session 4-6 May 2009
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How to iterate?(4)

Using a Feedback connection (DDF)
Iterations=4

DDF Director

Display

SRkt Add or Subtract SampleDela

Eile  Tools Help

1]
1

~guillerm/public/training/loop_DDF.xml

Training session 4-6 May 2009

Using PN:
with single firing constant

PN Director

Display

Constant

File Tools Help

0
1

| »
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How to iterate?(5)

Training session 4-6 May 2009

Using a Feedback connection (CT) CT Director
Duration=100s, step=0.1s .
TimedPlotter
initial population ®initPop: 1.0
Edit parameters for CT Director, growth factor er 2.6
7 timeResolution: 1E-10| ‘ y . . .
= startTime: 0.0 Edrl",‘lﬂg Capaflt\f .k' IDD
stopTime: 100.0
initStepSize: o1 it Irtegrator
inthsiepsize: Py Logistic Model
maxStepSize; 1.0
maxherations: 0
errorTolerance: 1e-4
valueResalution: 1e-6
synchronizeToRealTim e 15g
DDESolver: "ExplicitREZ235olver”
breakpointODESolver: "DerivativeResolver
rundaheadlength: 0.1
class: prolemy.domains.ct.kernel. CTMixedSignalDirect Ei Tools Special Help
semanticTyped0o; urn:sid:localhostionto:1:1#Director
semanticTypelll: urr:lsid:localhost:onto:2: 1#Director /}{102 TimedPlatter _‘]_‘_—:ﬂ‘@@ E%
Commit I | Add | | Remowve | | Restore Defaults | | Freferences 1.0 I i ! i ! I ! I ! ! -
T————— 0EF .
Edit parzmeters for
06 ]
? initialstate: |1.|:| r'd
-
class: ptolemy.domains.ctlib.nteg o4r T
semanticType00D: urnilsid:localhostonto:l: 140
: : . 021 -
semanticTypelll: |urriisid:localhostonto:2: 14
0.0 1L | I | | | | | L
L g . g . . i . i .
Commit I | Add | | Remove | | Restore Defaul oo 0l 02 0% 04 05 0& 07 08 08 10
2
#10

~guillerm/public/training/loop_expression_CT.xml
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How to iterate?(6)

: : Using a Feedback connection (PN)
Using a Feedback connection (SDF) lterations=100 need a sto

Iterations=100 See $Kepler/demos/SEEK/Discretelogigtics PN_Directo  r.xml

3 PN Director
SDF Director initifl population ®InitPop: 1

SequencePlotter SequencePlotter carrying capacity ®k: 100
number of iteratior®nSteps: 100
L . +
; < sampleDel number of iteratiofnsteps: 100 ) »
Discrete Logistic B SampleDela Discrete Logistic

O n*(1 + r*(1 - n/k))

-||.nf-(1 + (1 - n/kn

FEile Tools Special Help
| S el Rl EEl |
x10% SequencePlotter E‘JEE—'@ e
T T T T T T T T T T T
i i 1
= e gl e
10F 4 x10% SequencePlotter ‘é‘j@@@
, T T T T T T T
R ! ! | imeeg | ! | =
OB ]
| Loy
DG ] ! |
1 0.8 | |
L d I
0.4 . _ _ | | [
Ei:: 02 e T -1 S — o4 ! ! I ! ! ! ! ! ! -
_ S i i i i | | | | | - — i ' ' ' ' ' ' ' ' ' ]
0o ol 02 03 04 05 08 07 0B 03 10 I 0ol i
et S i
10

Training session 4-6 May 2009 T ~guillerm/public/training/loop_expression_PN.xml
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A more complex fusion workflow me—

Kepler
-~

b

mpend _ine 1ODE DOF Derecihor

W

Workflow parameters ssmini 1oe-05
Scaitnan . 100
mireratonmax_in 15

miglerance_mn: 1.0e-§

equilibriurm convergence loop

in [~ 4

Time loop

r fon=m.tn,inp=m.-mpdt=1n.ditend=tend_m mer=% termax. ..

- O

FRaokanse oot
Single Fire Constant =

|
:+ [m=tr_m, tnp=—tn_in+ =g, . = I
- eguiliterium it SampleDelay
ikl {tne=inenrm = in o d r= inode, count=in.count, ual=inual}

time loog best
plebassual

L 4
—

= file/afs/efda-itm.eu/imp3/user/basiuk/ WORKFLOW/solveri2.xml ol = _” S
File  Edit  Wieww Workfloww Tools  Window  Help

® QR |LIP> |00 @) =p | pmmu o> [0)00) @
4 mpn_im 1000267 100000000 :

- 1

[ fcpo="equSbrivm”, idx=0.shat= lﬂ.run=...*] ]

phopenual
iribd atn
Finalization
Initialization
Single Fire Constant3
# n_in=sgratd brin_infdie . [
1| S e T
[ |

-

TTenTIT Y T TvTOy o
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How to debug?

Different ways
1. Animate the workflow

2. Listen to:

. Actor
. Port
. Director

3. Using the “Provenance” actor

Training session 4-6 May 2009
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How to debug?(2)

=1 . filejafs/efda-itm,eu/user/g/guillerm/tr
. Eile  Edit  Miew Waorkflow Windaow Help
Animate the WOFkﬂOW @\ @ a| b v Animate at Runtime... 1| @
° SpeC|fy the time In ms = Lister to Dirgctor e

_ . . . Components Data .
b Run=>active actor is in Red ! ! Create Compasite Actar

rSearch

L Expression Bvaluator

FEtantiate i AMRORE AT
Delay for Animation
', Time (in ms) to hold highlight: |200| |
SDF Direglor 2

| QK I | Cancel

initial population ®initPop: 1

growth factor er: 2.6

carrying capacity ®k: 100

number of iteratio®nsteps: 100

! or.
File: Tools Special ﬂel_p
¥10° SequenceFPlotter QE@E ::F:re"
G — Ession
the
o 8 khe
utand
5.at—! 4
osr 1 P
5.
{5 1
etas:z
I{ BT B FLor to
0oL ! ! ! ! | | | | | |} _
oo ol 02 03X 04 05 06 O0F 08 039 1.0 | I
— i e
w10

HiQul Yy STIJ1VIL <~V ViAy £Uud
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How to debug?(3)

LiSten tO File  Edit  Wiew Warkflow Window Help
° Director < _@-E@. Eg v Animateat Buntime..
. Notify the actions SDE Director : T HhleneBieete
Cnmpnhents‘n,l Data | — E—
Lreate _omposite Actar
|--5ean:h- = N =
|otter || Expression Ewaluator
! Instantiate Component
| [T search re
carrying capacity ®k: 100
SampleDel number of iteratiof®nsteps: 100

Training session 4-6 May zuus

]

Eile  Tools Help

Discrete Logistic

n*{l + r*(1 - n/k})

Jeedback SED_2.5DE Director,

Director: Called postfire.
Director: Called prefired).
Director prefire returns true.

Director: Called postfire(.
Director: Called prefired).
Director prefire returns true,

The actor feedback_SFD_2.SampleDelay was iterated.

The actor feedback_SFD_2.SequencePlotter will be iterated.
The actor feedback SFD_2.5equencePlotter was iterated.
The actor feedback SFD_2.Discrete Logistic will be iterated.
The actor feedback_SFD_2.Discrete Logistic was iterated.
The actor feedback_SFD_2.SampleDelay will be iterated.
The actor feedback SFD_2.5ampleDelay was iterated.

Theactor feedback SFD_2.SequencePlotter will be iterated.
The actor feedback _SFD_2.SequencePlotier was iterated.
The actor feedback_SFD_2.Discrete Lagistic will be iterated.
The actor feedback_SFD_2.Discrete Logistic was iterated.
The actor feedback_SFD_2Z.SampleDelay will be iterated.

The actor feedback SFD_2.SampleDelay was iterated
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How to debug?(4)

Listen to
° Actors
. Notify the actiQns SDF Director
SDF Director
juencePlomer

ehuencePlotter initial population @initPop: 1

e 2.6

initial population

growth factor

[fiscrete Logistic

n‘ll + (1 - n/k))

File  Tools

Hel

feedback SFD_2.SequencePlotter
feedback SFD_2.SampleDelay

Called iterate(l)
Called prefire()
Called fire)

Called postfire(
Called iterate(l)
Called prefire()
Called fire)

Called postfired
Called iterate(l)
Called prefire()
Called fire()

Called postfired
Called iterate(l)
Called prefire()
Called fire()

Called postfire()
Called iterate(l)
Called prefire()
Called fire()

Called postfire()

on. In this case it is

abeled "Discrete Logi
iton at step 'n'. The &
1 step. The looping ¢
quencePlotter.

smanlaMalan! actar ic W

o

[»]

sampleDel

carrying capacity

number of iteratiod

‘Configure Actar

Customize Mame

‘Configure Ports

Configure Units

Cpen Actar

Documentation

Ctrl-E

Ctrl-L

rowth factor’, r, and E\

Listen ta Actar
Suggest

Semantic Type Annotation...

Save in Library..
Export drchive {K&RL..

AR I B S EE
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How to debug?(5)

Listen to
o Ports
. Show the dat

s quencariomear

initial p Discrete Logistic

n*il + ro(l - n/k})

S Configure Port  Ctrl-E

: Documentation ]
S This is the Discr

numbe The number of iter

Listento Part

i3

QIS

Discrete/ Loaisti

: __.feedback SED_2.Discrete Logistic.output.
Eile Tools Help

ST TR LTTanmicl U Lo 0 u oS

send to channe| 0: 41 0386238205638
send to channel 0: 103.8506609818003
send 1o channe| 00 93.2731418520984
sendto channel 0: 109.5864571525915
send to channe| 0: B2.2722643766533
send to channe| 0:120.1932891287415
send to channe| 00 57 0887453222528
send to channel 0; 120. 782237255915
send to channel 0: 55.5189843711463
send to channel 0:119.7270454704334
send to channel 0: 58.3186628495003
sendto channel 0:121.5194589078052




