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Example: a multidisciplinary analysis (MDA)



What is reconfigurability?

Computational component-based approach to 
MDO problem synthesis that allows for 
straightforward transformation among problem 
formulations within optimization algorithms

Assumption: MDO-based NLP ⊂⊂⊂⊂ design problem 
Outline 

Effect of problem formulation on tractability 
Origins of reconfigurability
Illustration for 3 formulations and barrier-SQP 
Long-term plans

≠



Influence of formulation on performance

Example: HPCCP formulation study, Alexandrov & Kodiyalam, AIAA 1998-4884 

System Optimization
minimize f(x)
s.t. design constraints

Analysis1 AnalysisN
…

Multidisciplinary Analysis (MDA)

Fully Integrated Optimization (FIO)

state variables
objective

constraints

design variables

System Optimization
minimize f(x)
s.t. design constraints

interdisciplinary consistency constraints

Analysis1 AnalysisN…

Distributed Analysis Optimization 
(DAO) System Optimization

minimize f(x)
s.t. interdisciplinary consistency constraints

Subsystem Optimization
minimize inconsistency
s.t. disc. constraints

Subsystem Optimization
minimize inconsistency
s.t. disc. constraints

Analysis1 AnalysisN…

Collaborative Optimization



Influence of formulation on performance, cont.

Test problems from MDO Test Suite (small, simple)
Several performance metrics
Dramatic differences in performance

Computational and analytical studies (see paper for refs.): 
analytical features of formulations, e.g., the degree of 
disciplinary autonomy, directly affects the ability of numerical
algorithms to solve the problem reliably and efficiently
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(CO not included here; will consider FIO, DAO, SAND)



MDA:
A1
…
AN

(fixed-point procedure)

MDO Problem Synthesis / Implementation

MDA
sensitivities

OPTIMIZER

Analysis i

Problem: 
design for objective f with

li

s

i = 1, …, N

ai Successful MDO-NLP usually in academic 
environments (simulation codes open to 
modification) or via ad hoc approaches
Realistic MDO

Heroic software integration for MDA
MDA = (usually) fixed-point iteration; too 
rigid
May leave no resources for computing 
derivatives or experimenting with 
optimization
Difficult to get MDA-based objectives and 
constraints automatically
To reformulate the problem, need to 
“unscramble” codes

∴One-of-a-kind, monolithic implementations
Want flexible and/or hybrid re-formulations 



Algorithmic perspective

Formulation vs. algorithm
Start with the abilities of available algorithms; 
devise formulations amenable to algorithms

May not satisfy all organizational needs

Develop reconfigurable approach to synthesis
All MDO formulations are related and share the 
same basic computational components
Appropriate implementation enables re-use of 
components in a straightforward way 

Tools for formulation analysis and matching 
with algorithms can be included in future 
computational frameworks



Origins of reconfigurability

The capacity for reconfigurability stems from the 
relationship among formulations
Two-discipline model problem: e.g., loads

e.g., shape



Origins of reconfigurability: SAND

disciplinary constraints

analysis constraints

consistency constraints

(AKA All-at-Once, SAD, etc.)



Origins of reconfigurability, cont.

All other formulations may be viewed as derived 
from the SAND formulation by eliminating a 
particular set of independent variables from the 
optimization problem via closing a particular set 
of constraints or solving optimization problems.



Origins of reconfigurability: DAO

Distributed Analysis Optimization

disciplinary constraints

consistency constraints

(AKA Individual Discipline Feasible, In-Between, etc.)



Origins of reconfigurability: FIO
Fully Integrated Optimization (straightforward approach)



Origins of reconfigurability, cont.

Other formulations further eliminate local 
design variables by solving disciplinary 
optimization subproblems

Need more work to derive reconfigurable relations
Computational components remain unchanged

Standard results on reduced derivatives will tell 
us that the sensitivities in DAO and FIO are 
related to those in SAND via variable reduction
Therefore, computational components of one 
formulation can be reconfigured to yield those 
of another



Reduced derivatives



Reduced derivatives

Reduced gradient

Reduced Hessian of the Lagrangian



Barrier-SQP approach to SAND

Now illustrate reconfigurability in the context of a specific 
class of algorithms: barrier-SQP methods



Barrier-SQP approach to DAO



Relationship among SAND, DAO, FIO Sensitivities



Solving barrier-SQP subproblem



Reduced-basis approach to barrier-SQP subproblem

For a specific choice of algorithm for solving the 
barrier-SQP subproblem, can say even more 
about the relationship among the computational 
elements needed to solve the three 
formulations
The relationship among the sensitivities means 
that it is possible to implement an optimization 
algorithm for SAND so that with a single 
modification we obtain an algorithm for DAO or 
FIO



Reduced-basis barrier-SQP for SAND



Reduced-basis SQP for FIO and DAO



Other algorithms

Outlined reconfigurable scheme should work for 
other methods that handle inequalities via a 
penalty function (e.g., augmented Lagrangian)
Active set methods are likely to take more work



Concluding remarks

MDO problem formulation directly affects the 
tractability of the problem
There are many formulations with a spectrum of 
benefits
Regardless of the formulation or even the 
paradigm, there is a clear need for flexible 
problem synthesis and easy reconfiguration
Basic computational components combined 
with transformations within specific algorithms 
form a promising approach
Plan: develop tools for analysis of problems in 
terms of formulation and algorithm matching



MDA:
A1
…
AN

(fixed-point procedure)

MDO Problem Synthesis / Implementation
Future

Now

MDA
sensitivities

OPTIMIZER

Laborious, expensive, one-time
integration, difficult to transform/
expand
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Expend the effort at the outset to implement appropriate 
function and derivative components; straightforward to 
transform and expand: an opportunity for a general 
framework
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