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Purpose

tTo bring to the MDO practitioners attention a new
framework (CJOpt) based on the CORBA consisting of
distributed Java objects for rapid multidisciplinary
analysis.

t To present the services provided by the framework for
the MDA of a typical High Speed Civil Transport Flight
Vehicle.
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Motivation

Continuing interest in multidisciplinary aeroScience
applications on high performance computers.

t Distribute legacy codes to the platforms most suitable for
their resource needs on a heterogeneous network of
computers.

t Reduce the vehicle design time by implementing
revolutionary new approaches to improve the design by
introducing more accurate information earlier in the process,
and ultimately better vehicles.
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Framework Definition

A framework for multidisciplinary design optimization
is defined as a hardware and software architecture that
enables integration, execution, and communication
among diverse disciplinary processes.
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Distributed Object Framework
Background

5Suitable general purpose framework for MDO
applications

5Communication constructs between the disciplines
complex

5Framework tools and analysis tools must be kept
separate

5Emerging internet web/client server technologies
(CORBA and Java (object oriented) )
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CORBA Highlights

5Object oriented, client-server environment (peer-to-
peer).

5Client needs to only know the interface for requesting
services of an object.

5Client does not know how the service is provided;
language the service is implemented in; what platform
the service resides.

5Server does the work of linking up with the services.
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Object Request Broker (ORB)

Function 
Call

Client Host Server Host

ORBORB
InterfaceInterface

Client Object

Object Request BrokerObject Request Broker

IDLIDL
StubsStubs

IDLIDL
SkeletonSkeleton

OrbixWeb 3.0
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Java Object Content

Client,  Server,  Interface,
Implementation Methods
    (with JNI Interface)
     (with sharable object interface)

C-Wrapper
   (with JNI Interface)

Invoke Application
Program

Application Program /
Legacy Code
 • C Language, (Text)/
 • FORTRAN, (Text)/
 • Executable, (Binary)

 

Native Method
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Java Object Programming Steps

5Write an interface method for the object (IDL/Java).

5Write server method to register  service (ORB/RMI)

5Write client method to invoke services (Java).

5Write a native method, part of a sharable object.

5Write implementation method, which invokes a native
method and/or child Object
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Data Management

•  Central relational database.

•  Commercial SQL-compliant.

•  Objects use Java’s Data Base Connectivity (JDBC).

•  User-specific tables for transient data.

•  File management information stored in database.

 

Java Object
with JDBC

Relational 
Database

 Manager 
Database Tables
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CJOpt/HSCT Multidisciplinary Analysis ImplementationCJOpt/HSCT Multidisciplinary Analysis Implementation
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Aerodynamic Surface GridAerodynamic Surface Grid

hIndependent variables    = 271

hConstraints                     = 31,868

hAnalysis processes        = 70 without loops ; 1000 with loops

hData Volume                  = GBytes

hMajor analysis disciplines: Aerodynamics/ Structures/ Performance
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 Parent Objects for HSCT Analysis

Geom

WeightsCalc

NlCorrections

CruiseTrim

CruiseDisp

LoadsConv

ResponseCalc

BuildPolar

PerfFlops

GroundScrape

p

p

p

p

p

p

p

p

p

p

Analysis
Response

Initial
Values
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Object Hierarchy and Reusability

Child l
InitGeom

(RMI)

Child l
femUpdate

(RMI)

Child l
struResp

(RMI)

Parent
Geom
(ORB)

 Child l
pgenesis

(RMI)

Parent
WeightsCalc

(ORB)

Child ll
Stru2wdd

(RMI)

Child lll
Wd2Usa

(RMI)

Child ll
Ussaero

(RMI)

Child ll
Cscmdo

(RMI)

Child ll
Cfl3d
(RMI)

Child l
Nlaero
(RMI)

Child l
L2Nl
(RMI)

Child l
Laero
(RMI)

Parent
NlCorrections

(RMI)

Child l
Stru2Wdd

(RMI)

Child lll
Wd2Usa

(RMI)

Child ll
Ussaero

(RMI)

Child l
TrimNlc
(ORB)

Parent
CruiseTrim

(ORB)

Child l
A2Sg

(CORBA)

Child l
pgenesis

(RMI)

Parent
CruiseDisp

(ORB)

Child l
Stru2Wdd

(RMI)

Child lll
Wd2Usa

(RMI)

Child ll
Ussaero

(RMI)

Child l
TrimNlc
(ORB)

Child ll
A2Sg

(CORBA)

Child ll
pgenesis

(RMI)

Child l
DispCalc

(ORB)

Parent
LoadsConv

(ORB)

Child l
A2Sg
(ORB)

Child l
Auglds
(ORB)

Child l
pgenesis

(RMI)

Child l
buckle
(RMI)

Parent
ResponseCalc

(ORB)

Child l
Awave
(ORB)

Child l
Cdf1

(ORB)

Child ll
Wd2Usa

(RMI)

Child l
Ussaero

(RMI)

Parent
BuildPolar

(ORB)

Parent
PerfFlops

(ORB)

Child ll
Wd2Usa

(RMI)

Child l
Ussaero

(RMI)

Parent
GroundScrape

(ORB)

Full Analysis
Validate

(Java Class)
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Loads Convergence Process

Provides:

• Consistent aeroelastic structural displacements
with the aerodynamic surface loads

Convergence criteria based on a convergence
tolerance or maximum number of iterations

LoadsConv
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Legend:
lc: load condition
$$: 42, 43, 45, 52, 55, 56
  *: 2, 3, 4, 5, 6, 7

i = 1

disp<cycleNo>.<iterNo>,  dispCruise<cycleNo>

deltaDisp_lc*
deltaDisp_EAL_lc*

(disp<cycle>.<iterNo> - dispCruise<cycleNo>)
p r e-S 2 W

i = i + 1

R I G I D  T R I M trimmed loads trimloads_LX$$.

D I S P. C A L C

trimloads_ LX$$

disp<cycleNo>.<iterNo>

modified wavedrag deck
S 2 W

wave_LX$$
dispNodes
deltaDisp_EAL_lc*

wavemod_lc*

wavemod_lc*
wave.in

No All 
Load Conditions?

Yes

have all load conditions
EXCEPT Taxi been run?

lc=2lc = lc + 1

error normE N O R M P

prev_trimloads_LX$$ 
trimloads_ LX$$

[eNormP]i > 1 ?
yes

no

yes
eNormP < Tol?
 i <= max_iter CONTINUE

no

Loads Convergence
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wavemod_lc*
wave.in

Yes

U S S A E R O

case_lc*.δussaero input file

case_lc*.δ

linear pressures for α,  δ
aero_lc*.δ

3δ ?

ussaero must be executed for 
3 wing angles of attack times
3 tail angles of incidenceNo

W D 2 U S A

Concat. aero_α δ  s
pressures for all α,  δ

aerocat_lc*

 δ = δ + 1

update bracketing α s & δ s
based on earlier experience

T R I M

aerocat_lc* (linear pressures)
mass_m*# (masses)
nlcor_c*$ (nonlinear corrections)

trimloads_LX$$
trim loads

aero_lc*.δ

Legend:
 *: 1, 2, 3, 4, 5, 6, 7
 δ : 1, 2, 3
*#: 03, 05
*$: 01, 02, 03, 04, 05, 06, 07
$$: 79, 42, 43, 45, 52, 55, 56

TrimNlc
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 TrimNlc(ORB) Java Multi-Threading Operations

Plateform 1

Child II

 Ussaero

(RMI)

Child II

 Ussaero

 (RMI)

Child II

 Ussaero

  (RMI)

SGI 1 SGI   2 SGI 3
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RESULTSRESULTS
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  Analysis Clock Times  Analysis Clock Times

Sequential vs Multi-Threaded Time 
(5 Aeroelastic Iterations)
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           ClockTime  (min.)

Total Analysis Time for top branch operations                             14.16

Total Analysis Time for left branch operations                            62.00

Total Analysis Time for right branch operations                    138.24

Grand Total Analysis Time                                             (5hr 52min)
for sequential  operations

Grand Total Analysis Time                                               2hrs 32min
for multi-threaded operations

  Analysis Clock Times ( 5 Aeroelastic Iterations )  Analysis Clock Times ( 5 Aeroelastic Iterations )
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  Performance Metrics  Performance Metrics
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Effect of Outboard Wing SweepEffect of Outboard Wing Sweep
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Conclusions

5HSCT analysis implemented into a new framework (CJOpt) using the Java
programming language and is CORBA compliant.

5Framework built up using independent, reusable objects within a
heterogeneous computing environment.

5Java’s multi-threading used to speed up analysis operations over 50%.

5Uses high fidelity aerodynamic and structural analysis. Performance uses
medium fidelity analysis coupled with classic empirical methods

5Parametric study used to verify uncoupled disciplinary analysis trends.

5Mission and performance metrics used to verify interdisciplinary trends.


