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Introduction
Workflows

=7 Today, many problems require complex numerical simulations.
Examples:

7 Re-entry simulation of space vehicles

=7 Aero dynamical and aeroelastical analysis of flight maneuvers
=7 Performing such simulations is software technologically complex

7 Invocation of many different codes in correct order

7 Usage of high performance computers

7 Transfer of data between the different codes

=7 Collaboration with colleagues

=7 Complex simulations are Workflows of many codes:

v -J{o-.

VR, Lo

I o L f o
& '-5-54’3%1_'.._ oA

# Deutsches Zentrum
DLR fiir Luft- und Raumfahrt eV Folie 2 > Software Integration and Workflow Management > A. Schreiber

in der Helmholtz-Gemeinschaft

May 4, 2006



£ ;?,;,

v -J{.-.
PR, LG
S b S

& 54’?%5.'_ oA

What is TENT?
Answer for Users

TENT is an integration and simulation environment for engineering
applications.

Essential features: . Simuetion

7 Easy setup and configuration of
simulation workflows with
integrated applications

7 Usage of distributed computing
resources

Online steering and visualization

Project-based data management
with support for cooperative working

7 Multidisciplinary coupled
simulations
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What is TENT?
Answer for Computer Scientists

S

TENT is an open and extensible framework for tool integration and

workflow management.

Essential characteristics:
=7 Component based
7 CORBA Peer-to-peer model
7 Extensible Java-GUI
Distributed computing (Grids)
7 Flexible integration of existing tools
7 Large development library
—7 Data management
7 Open solution (WebDAV & XML)

J

Development based only on accepted standards
—7 CORBA, LDAP, FTP, HTTP, WebDAV, XML, ...
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B Create a Simulation

This page will help familiarize you with the TENT system.
To get started, read the sections below and click on the related links.

Help, Logging, GUI plug-ins

To start, first connect to 8 project. MNext create a Sirnulation within that
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Example GUI Plug-In
2D-Plot
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Monitoring Graphics
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TENT-Factory:
(CORBA-)Server
for starting
programs

Workstation / PC
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Integration of Applications
Wrapper

Application

Control,
Properties

Control

< >
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Integration of Applications
Wrapper Library (SDK)

=7 Wrapper development in Java or Python
7 Some features
7 Generation of input files

7 Templating (replacement of
parameters)

=7 Parsing of result files

7 Extraction of values

7 General filter mechanism
7 Execution

7 Remote execution

7 Application control via pipes,
TCP/IP sockets, CORBA, ...

=7 Wrapper code can be generated...
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Integration of Applications
Automatic Generation of Wrapper Code

7
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To reduce the effort and minimize coding errors
TENT specific Eclipse plug-ins for:
=7 Generating new wrapper code
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Communication

=7 Control flow
=7 Events and method invocations through CORBA

7 Data flow

7 Small data set as parameter through CORBA
=7 Massive data through GASS, FTP, GridFTP, Socket, ...

Data flow
(FTP, GASS, ...

Control flow
(method invocation, properties)

< CORBA

>
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Data Management
Project and Workflow Structure -
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Data Management
XML & WebDAV

=7 Concept

7 Storage of project data in XML format on a server
7 Access to data using the standard protocol WebDAV

...........

Other applications
# Deutsches Zentrum
DLR fiir Luft- und Raumfahrt eV

in der Helmholtz-Gemeinschaft

WebDAV: Web Distributed Authoring & Versioning
Extension of the HTTP protocol
(locking, meta data, versioning, search,
and access control)
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Data Management
Data Provenance

=7 Provenance is information in addition to the standard logging which
helps answer questions about origins of data

=7 Typical such questions are
7 Given some data item, what was the simulation case?
7 Given some parameter, in what simulation(s) has it been used?

=7 What data has been recorded in a simulation with a specific
parameter?

=7 What simulations have been run using a given model (aircraft
design)?

7 Given two/more simulations with the same setup, what is the result
and the difference in provenance?

=7 TENT has integrated a provenance storing and querying service
(developed in the EU GRID PROVENANCE project)
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Scripting
Integration, Control and Automation

Applications do not have everything, so scripting is needed.
7 Usage of scripting in TENT
7 Integration of applications

7 Workflow control (loop constructs, conditional constructs,
coupling control)

7 Test scripts for quality assurance automation
=7 Debugging
=7 Command journaling
7 Technique
7 Embedded Python interpreter P pgthon
=7 Script interpreter in the GUI
7 Script console in the GUI
7 Scripting block in workflows (control and code integration)
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Application Systems

Space reentry
vehicles

Automobile
Flight maneuvers design
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Example Application 1
Flight Maneuver Simulation

7 Interactive simulation environment
for the simulation of a freely flying,
fully configured, elastic warplane

=7 Project SikMa: X-31
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Flight Maneuver Simulation
Model

=7 Simplified model for wind tunnel experiments
=7 Simulation for validation of experiments

PSP Measurement: N Tau Rechnung:
Re=2.07 y Re=2.07

A\ o=18° c .
| cpl]

1

I 0.5
0

-0.8

-1

l 15
. >
. 2.5

# Deutsches Zentrum
DLR fiir Luft- und Raumfahrt eV Folie 22 > Software Integration and Workflow Management > A. Schreiber
May 4, 2006

in der Helmholtz-Gemeinschaft



Flight Maneuver Simulation
Results

=7 Coupled simulation: Aerodynamic — flight mechanics — aeroelasticity
=7 Computing times: ~ 7 days on large computing cluster (> 64 procs.)
=7 Important: Online monitoring and restart capability

- 0 Rechnung — Experiment]
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Flight Maneuver Simulation Filetranster
. . <> Data
Integration In TENT —
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Flight Maneuver Simulation - Deployment

Desktop machine

£

""" » Programmstart

» Filetransfer

<==p TENT-Daten/Monitoring
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Wrapper Coupling Wrapper |-
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Server

Cluster
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Flight Maneuver Simulation
Online Monitoring of Results
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Example Application 2
Space Re-Entry Simulation

=7 Simulation of thermal heavily loaded parts of the X-38 space re-entry
vehicle

7 Fluid-Structure-Thermal coupling

L e
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Space Re-Entry Simulation

Model

=7 Simplified model for wind tunnel experiments
=7 Simulation for validation of experiments

=7 Focus on flaps and gap
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Max 3.71+05 @Nd 37
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Space Re-Entry Simulation
Results

7 Coupled simulation
7 DLR-TAU code for aerodynamics

7 ANSYS and MSC/NASTRAN for heat transport and deformation in
the structure
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~ 3 \\\ \ TAU-ANSYS Coupled Simulation
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S5 R ety 1200
______ o | = 1100
& 1000
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900
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TAU Radiation Equilibrium Wall
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Coupling Wl_th T_ENT <=—> CORBA
Use of coupling library MpCCI —=p Filetransfer
/\ TENT Resource selection <==)> MpCdl
d start
— Coupling = - 1 IPC
Configuration ¥ Host/Filesystem
_T_E_NT GUIE " MpCCI/MPI
=) Wrapper -
N—/ Co-P ‘Files Structure
y ) o-Process .
AR CS?c Pr(:cess Structure <_> solver
A ructure — — '
o) 3
= a
g Wrapper Cojpﬁlg
V. I. . /l_ =
isualization (— cg:nrllrlglg : control
= ~ i = O~
P - ) ; g
? E \87
B ) pa M T Co-Process Files CFD
A Co-;:::,ess Flow H solver
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M TENT - [IMENS_PLUS-SISTECDem

/ reserved]

Project Simulation Workflow Component Tools Yiew Scripting Help

=101

| Projects [ Components |

CouplingControl |

http:/ [imens.sistecdir.de/fdan/ -
@ O 1dan UserName: ffdlan
©= o IMENS_PLUS-ASDermn-2 HostName: |Iuts.sistec.bs.d|r.de

& Fo IMENS_PLUS-ASDemo-BAK,

% oo IMENS_PLUS-SISTECDEmO-2 StanOptions: |ifIsC0ntrnICOde.pv
@ g8l Action
@ 8] AnsysCoProcess StepsPerEvent |

@ g€l CouplingControl

Executable:
@ 28] MpCCICantral

|cc|p\.fth0n Jhameffdan/Devel jTENT _HEAD

@ g8l TayCoProcess
D layout. clat

4
WorkingDirectory: |thome;/idan,/Devel/TENT_HEAD/TENT _prg | |

& o IMEMNS_PLUS-SISTECDemo-BAK

[ TENT - [IMENS_PLUS-SISTECDemo-2/ reserved] |
= om % &% 8 g Bw B2 e

— T____._____
|
‘Meta Data_| File Attributes | i F
Mame “alue ITauCoPrncess'
AMSYS_host thar sistec kp.dirde Jllf ::::cccic it IIIIIIIIiE il L e e
Coupling_Scenario N
MpCCl_version @ % 5
T.ALl_host luts. sistec. bs. dir. de : e ;
TENT _wersion Actian HEER ) \l@\msw@copmm
..\l
P
o
| add | | Ean | | Delete | CouplingCo...
[ Logger [ Python |
Global
OAo/E rier| & [&
_\j:ﬁ Component | D [ Tirme [ Message |
Gl AWT-BEventQueue-0 24 .05 2005 - 11:01:28 Adding component contral =
0 Gl AWT-BEventQueue-0 24.05 2005 - 11:01:28 adding component contral
o cu AWT-BEventQueue-0 24.05 2005 - 11:01:29 adding component caontral
@ MpCCiControl  RequestProcessar(2] 24.05.2005 - 11:01:46 MpCCI-Control: starting CCI -
"Actiun
Iguestl (154 |?
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New Technologies
Technology Upgrade for TENT

=7 TENT used modern technologies of the past 10 years
=7 Technology upgrade for the next 10+ years in project SESIS

RCE (Project SESIS)

TENT

e

=7 GUI with Plug-Ins
(proprietary development)

aEh
/

=7 GUI Plug-Ins Framework

(Eclipse)

\

Single role for all users

\

Single communication
protocol (CORBA)

7 Authentication with user
name & password

7 File-based data
management

SIs3s 108loud

\

Multiple user roles

Various protocols (Web Services,

Java RMI, CORBA, ...)

\

\/
\

Authentifizierung with certificates

(single-sign-on)

|
\
\

Data management with complex

data structure (and files)

=7 Modularity in sub systems

\

\

Everything is modular

# Deutsches Zentrum
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Project SESIS
Goals

Schiffsentwurfs- und

Design in 7 Days in a virtual organization

=7 Early ship design for creation of offers
7 Reduction of design times
=7 Distributed design und simulation

7 Shlpyards Organ|2|ng Shlp bUIIdIng Quelle: Flensburger Schiffbau-Gesellschaft mbH & Co. KG
process

7 Integration of supplier in design process

# Deutsches Zentrum
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Project SESIS

System Design
=7 System designed with a Plug-In architecture based Plug-in _
on the OSGi platform Fleeem  'Uo
- RCE (Reconfigurable Computing Environment) P,:;_'ii""mug_inp"l;,?:;_in

7 Advantages
7 Consistent modularization D OSGl
7 Good extensibility und scalability erosavers ot e
7 Specificity by configuration
7 Use of many existing Plug-Ins (see Eclipse!)

# Deutsches Zentrum
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Project SESIS

Base-System Layer Ll i
— Usage of databases and Grid UNICE#RE @5"“”“““‘“
middleware solutions

=7 SESIS supports |
—~ Communication %ﬂ: < 2 0OSGa
7 Updates s
7 Privilege management
=7 Services discovery

Installation of identical base
system on every machine
Specificity by loading : :
additional plug-ins Grid Middleware
Hardware

# Deutsches Zentrum
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Usage Scenario
Virtual Organization

Schiffsentwurfs- und
Simulationssystem

# Deutsches Zentrum
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SESIS Graphical User Interface

Eclipse RCE w/Plug-Ins

IFila Preferences  Help

7

[ | ] Defaul Per=pactive

Reg Welcome 33 I = 0 |7 simpiorer 221 =5
- — 1 = Start SIMAUN | Netzspannung(Mittshvert) label v
START SIMSTEP | Motorstom(Mitts ert) labal A
Prpelir]
- — PPEENL Siop SIMSTER | Max Motormoment labal khim
Ziel SESIS - Integriertes St entwurls- und Sh Weiter SIMSTEP | Min Motormoment labs| KNm
Zellplan
Ziel des Projektes SESIS istes, ein schiffbauliches Entwurls- und Simulationssystem als Ends SIMSTEP | Max Propallermament Bbel Khim
Presse integrierte und flexibel sinsetzbars Arbeitsumgsbung fir den frihen Entwur zu sntwickeln Motorlufispatdrehmoment - -
Das Projekt verknipft und erweitert Erfahrungen und Funktionalitaten aus Simulations- und
Partner Entwurfssystemen unterschiedlicher Anwendungsbereiche: Schiffbay, Flugzeugbau und Votordrehzahl abel b
Kontakt Automobilentwicklung. Es setzt dabei auf aktuellen und zukunftssicheren Propellerdrehmoment label kNm
Softwaretechnalogien auf, darunter =| || Auswahl Motor Sets Auswahl Propslier Sats Max Zait 300 meec
Intern = Web Services und Grid Services,
= Erweiterbare GUI-Frameworks MaotarSet2 hd IPropeIlﬁlSeE Schrittweite max 200 usec.
® Code Generierung zur Integration von Applikationen.
aktive Sets Schrittweite: min 50 usec
Das System wird in verteilten Rechnerumgebungen einsetzbar sein, in denen Unix-, Linux-
und Windowssysteme mitsinander vemetzt sind. Existisrends schiffbauspezifische abel kbel \bemahme Zeit
Anwendungssoftware wird mittels Wrapper-Technologie eingebunden und bleibtin vollem
Umfang nutzbar. Die Zusammenarbeit von Werft und Zulieferunternehmen auf Basis von Loy frete bew (o
SESIS wird in einem speziellen Arbeitspaket demonstriert werden. U gen 4700 len 5
Mit SESIS entsteht ein offenes System fur den schiffbaulichen Entwurf. Uber klar definierte fgen 50 e A
Schnittstellen kbnnen neue Methodenentwicklungen (z B. aus den Bereichen xdsub_ 0.0865 dim 2
Hydrodynamik, Festigkeit, Akustik, Vibration, Visualisierung und ¥R-Anwendungen u.v.m.)
sowie kemmerzlelle Simulationspakete in das System eingebunden und miteinander in
einer Workflowkette genutzt werden 5 sample Wappar 3 } =0
SESIS lauft von Mai 2005 bis April 2008 und gliedert sich in drei Projektschalen, die zeitlich Fotrmn Wmppsr Example  Call
verzahnt angegangen werden: J
= Erstellung des Kernsystems - Softwarstechnische Entwicklung inkl
o st st st st Inte Ints,
Anfordern alyse, Software- rerung, Workflow- und Datenmanagement i) | 20 i i) peE e fiea S
Benutzer-Interfaces, Wrapper-Technologie; =schreibgeschust Typa Type Typ h Typz Typi
® Entwicklung von Anwendungsmodulen Inkl. Produktions planung, Schiffssimulator, Ty P P T 15 51
Schnittstellen zu Simulationspaketen, neue Datenstrukturen, Koo peration 2ep a2 pepa Pepd 58 =
= = 235p 1 z3sp2 235p3 z3spd 35 63
5 pata exphrer E@} 8 rivilege brawsar X [} = sp = sp
108 108
lmamml e | y— | e | 7 [ 1.2.840.113540.1.8.1=#1613746 8606a7 3226657473636 84064 prem pes
- 4 teg0 1 fog de:999/E4-1.0 g 4 A
b (= HMS Ottmar B fog01.fog.de i | ol
start [l >
P = HVS Bea ﬂi —I
B2 HVS Jo ead
rgen I =
= (£ simplorer.tesi02.sam de 1234/Simplorer-1.2 [ Dataediarview &5 =
I 2 HMS Thomas @
start
b HMS Johannes = STRING INTEGER FLOAT [ BOOLEAN |
sto
b [ HMS Ulich ] 1 item 1 1 10 fabe yes
[&] mad 2 itam 2 2 20 trus no
5] wrie 3 ftem 3 a 30 faks yes
4 itam 4 4 40 true no
5 itam 5 5 50 faka yes
item & 5 6.0 trus no
-
4 | Al [
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Schiffsentwurfs- und
Simulationssystem
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