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MDO Architectures Benchmarking Challenges
- DLR

RICE
GEERiMIDIAIC)

K Monolithic Distributed j
MDO Architectures HYBRI D

PLATFORM
1. Distributed architectures are seldom considered.

/1\

2. MDO results strongly depend on the implementation.
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MDO Architectures Benchmarking Challenges #7
DLR

-

Large
Scale

I Problem

[ OAD workflow \

(Analytical Problem

\ Sellar Problem

min x?4xy, +y; +e72
with
Y1 = X3 + X1 + X0 — 0,2y,
Y2 = /Y1 + Xo1 + Xo2

\_
3. Often, low dimensional (analytical) use case.
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OUTLINE 4#7
DLR

| |
= The Sellar Problem :- The OAD_Problem : = The HYBRID
e SAND I e MDF Gauss-Seidel I PLATFORM
. MDF Monolithic | * MDF Jacobi Monolithic
« IDF I - IDF I
. I . co _]Distributed I m[gﬁ
. BLISS j Distributed :_ Results : Deﬂmmm@
* Architectures Comparison | :
= Platforms Comparison | |
| |
| |
I |
1 1
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THE SELLAR PROBLEM #
DLR

= The Sellar Problem

e SAND

- MDF Monolithic
« IDF

. BLISS j Distributed

= Architectures Comparison
= Platforms Comparison
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THE SELLAR PROBLEM

One of the most used benchmark problem DLR
Objective Constraints Disciplinary eq.
o ) 1-v,/316<0
min xi+xg, +y; +e772 y,/24—1<0

xozl + xl + xOZ - 0,2y2

-10 < <1
respect to 0 < xo < 10 = V1 + Xo1 + Xo2
0< X092 <10
X01,X02, X1 0< . <
<x, <10

= Design variables: shared x4, xg

= State variables: y1, V2 ; no local design variables

oy MDO architectures: a comparison study of MDO platforms
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THE SELLAR PROBLEM
Simultaneous Analysis aNd Design - SAND

Objective Constraints Disciplinary eq.
1-v,/3,16<0
. 2 —_
min xZ+xg, +y; + €72 24-1<0
_y;g < Xo1 <_10 y1 — (x¢h + X1 + %02 — 0,2y,) = 0
respect to 0<x 2°<_10 Vs — (V71 + Xo1 + Xg2) = 0
= X1 =

Residual form of the disciplingry

equations.

Optimizer controls local and shared

state variables.

The optimization algorithm is free to

explore discipline unfeasible regions.

AGILE

1:
f=ai+ap+y +et

1:
c(x1, zo1, oz, Y1, ¥2)

Shared Design var Xo1, Xo2
Local Design var X1
Shared State var Y1, Y2

1: 21,02, Y1, yo fomm 1: 21, @01, 02, Y1, Yo frmmmmm/ 1 : 24, w01, 702, 41, 92 |

1.

Ry =y — (23 + =1 + g2 — 0.23)
Ry = yo — (U1 + o1 + To2)

MDO architectures: a comparison study of MDO platforms
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THE SELLAR PROBLEM
Multi Discipline Feasible - MDF DLR

Obijective Constraints Shared Design var | x4, %02

1 —y1(X01,%02,%1)/3,16 < 0 Local Design var X
V2(X01,X02,%1)/24 =1 <0
-10 < X01 <10
0 <10

min x12+x02 + ¥ (x01' xOerl) + e‘)’z(xo1,xoz.x1)

Shared State var Y. Y2

respect to

Xo1,X02, X

)\

Optimizer controls only design
variables

Disciplinary feasibility guaranteed by
MDA loop.

Initial guess needed for MDA loop

) : 3:
Convergence loop nested in : ¥2 = VI + 701 + T2

optimization loop.
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THE SELLAR PROBLEM

Individual Discipline Feasible - IDF

Objective

Constraints

Consistency

. 2 A~
min xi + Xz + )’1(x01»x02,251')’2)
+ e V2(X01,%02,¥1)

respect to
Xo01, X02, X{, Y1, V2

1- yl(xOII x021x1;5;2)/3;16 < 0

V2 (%01, %02, 91)/24—1<0

Discipline analyses in parallel

Optimizer controls also copies of
shared state variables.

Consistency constraints guarantee the
disciplines feasibility only after
reaching the optimum.

AGILE

~10 < xg; < 10
Osxoz 0
Ole

Shared Design var Xo1, Xo2
Local Design var X1
Shared State var V1, V2

1: xo1, T, 1,72

Iz
1B = a3 + 1 + T00 — 0200

\.

1=
=
Y2 = /11 + Ty + To2

MDO architectures: a comparison study of MDO platforms
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THE SELLAR PROBLEM A#'
Distributed Architectures DLR
DISTRIBUTED MDO ARCHITECTURES

-

Network of distributed competences

SAGILE

~

System Optimization Subproblem

— Discipline 1

\

Discipline Optimization Subproblems

—

oy MDO architectures: a comparison study of MDO platforms
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THE SELLAR PROBLEM
Collgborative Optimization - CO DLR

[0 500

[ =  Extension of IDF

B = Discipline subproblems guarantee
disciplinary feasibility

F\
=

s \. J/ 71.031._3“41.1: . B N N
)= = System subproblem minimizes
I, the original objective function
p
[z} {1311 ol = Discipline subproblems nested in
TR System subproblem
/I‘:_'" 2 L1 :d Q‘imaH 1.2 : 12, Fo22
@nﬁzaﬁiuﬂ . . i .
= Null derivative of consistency
’ constraints at the optimum
i C L3 local ahj 5
» J1 =1%o 1 = xoall* + 2021 = xoall” + llxs = 21112 + |91 = ¥1 (Ro1_1, 2oz 1,20, 92)|° Low convergence rate
J2 = ”9?01_2 - xo1||2 + ”9?02_2 - x02||2 + ||}7z - yz(fo1_2,9?oz_z.371)||2

—
oy MDO architectures: a comparison study of MDO platforms
ng'AG I L E F. Torrigiani, P.D. Ciampa / DLR - October 12, 2017 11



THE SELLAR PROBLEM
Bi-Level Integrated System Synthesis - BLISS DLR

P [5]
rrm-ram -y Path of linear approximations
points
Ay ey (T = Discipline subproblem
J a ] ‘ | I controls local design
N | FR—— ] variables
fa— e
1 ae \o = System subproblem controls
[ el — i O shared design variables
B2 ot 5:fc
T | = MDA guarantees disciplinary
ALY s feasibility at each step

4
[5: af o, bcox, Discpline 1 Variables

Derivatives

7

= MDA loop, system and discipline
subproblems all in series with each other = High convergence rate

= Thrust-region like behavior =P Poor robusteness

\,
oy N MDO architectures: a comparison study of MDO platforms
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THE SELLAR PROBLEM
Architectures Comparison

DLR

AAO SAND IDF MDF CO BLISS _ _
Optimal obj.value  3.1834  3.1834 3.1834 3.1834 3.233 3.1834 | * High number of function
Iterations 9 8 8 5 18 52 calls for distributed
Obj.fun calls 80 72 2 48 176243 architectures.
Disc. 1 calls 0 0 [(72\ 152  /~ 2642 348
Disc. 2 calls 0 0 \72) 152 N\ 797 348 = MDF has the steepest

. . el oo descent.
_ Objective Function 2 thlmlgathn Path =m0
P Ll A~ b = IDF has the lowest

—=—\Dr || i

25

AGILE

g

number of function calls.

= Almost straight path for
MDF.

path for CO architecture.

= Heavily curvy optimization

1.5 1

o2

MDO architectures: a comparison study of MDO platforms
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THE SELLAR PROBLEM
Platforms Comparison

RICIE|

i DLR

Objective Function

4

AAO SAND IDF MDF [e) BLISS | | 1
Optimal obj.value 3.1834 3.1834 3.1834 3.1836 3.2191 3.1834
Iterations 169 72 118 113 118 61
Obj.fun calls 169 72 148 113 P — Y
Disc. 1 calls 0 0 (118\ 361 /4720 408 N ity
Disc. 2 calls 0 0 \118/ 361 \_ 1896 408 _A 5 = 3 9
SN
=RMIDIAIO
AAO SAND IDF MDF [6)
Optimal obj.value 3.1626 3.1834 3.1834 3.1834 3.1834
Iterations 9 8 9 7 138 P - B
Obj.fun calls 9 9 S\ 8 AB8
Disc. 1 calls 0 0 9 26 {2071\ 60 — EGE
Disc. 2 calls 0 0 \ 9 26 \ 624/ a0t
A N’
20+ - 1
Trends are confirmed by all the % 10 20 30 40 50 e 70 8 9
1 1 A AQ
three implementations. = ¢ -sip
e \[DF

AGILE

MDO architectures: a comparison study of MDO platforms
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THE OAD PROBLEM

DLR
= ‘The OAD_Problem
* MDF Gauss-Seidel
« MDF Jacobi Monolithic
* IDF
. co _] Distributed
= |Results

- _— —_— _— —_— —_— —_— _— —_— _— _— _— —_— —_— —_—
- —_— _— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_—
-
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THE OAD PROBLEM #
Framework: AGILE - Collaborative Process DLR

Preliminary Aircraft Design

Aircraft design

b

oy MDO architectures: a comparison study of MDO platforms
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THE OAD PROBLEM

Definition

Objective Constraints Disciplinary eq.

min Fuel span(q) — span,g, < 0 [OEM, Fuel,,qy] = Dstryuce(q, Fuel)
respect to q| | Fuel — Fuelyqx(q, Fuel) <0 Fuel = Dpission(q, OEM)

Shared design variables: q = wing parameters

No local design variables

Coupling state variables: Fuel, OEM
Objective: minimize the Fuel

Coupled disciplines: Structure & Mission

r

Reference Aircraft
Large Regional Jet
Pax:90
Range: 3500 km

Design variables

DLR

Cr

b/2

oy MDO architectures: a comparison study of MDO platforms
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THE OAD PROBLEM
Physics Based Tools DLR

= AERODYNAMICS

S

W « panel method mp Aircraft polars

* viscous correction

= STRUCTURE

 flight envelops
* FEM
* secondary mass

mp Mass Breakdown

Y —
ol |- MISSION I» Fuel

oy MDO architectures: a comparison study of MDO platforms
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THE OAD PROBLEM

Results — MDFgs
~ MDFj
MDFgs MDFj IDF (6{0) _____IDF
(interrupted) ~___Co
Optimal obj.value 5141 (-9.4%) 5260 (-7.3%) 5144 (-9.4%) 5068 (-10.7%) __ baseline
AR 11.10 11.10 11.10 7.82
S [m?] 69.66 69.66 69.66 91.56
T 0.93 0.61 0.94 1.13
Aout 0.25 0.27 0.26 0.31
Ok [°] -0.0010 -0.0002 0.0005 0.0001 - . .
0, ] -1.10 20.92 -0.97 -1.02 0. ODjective Function ,
Iterations 38 42 50 15 | | | —
Obj.fun calls 76 84 50 15 BB vssmmaifinan swvimzanindl aveirsseson sufonavisms =iclg i
Struct. tool calls 76 84 7~ < 7 418 < ; ; ; E

Miss. tool calls 76 84 \50/ N423 S ool ff

5800

Trends found for Sellar are
confirmed also by the OAD problem.

5600

5200 hh

consistency constraints equals 107? — 0 ; ;
5000 10 20 30 40 50
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THE HYBRID PLATFORM #
DLR

= The HYBRID
PLATFORM

RICIE
\_==RMIDIAJO
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THE HYBRID PLATFORM 4#7 I
Motivations DLR

=T = 25 RCERE )
tE = R c==nMIDIAIO
N | Sy HYBRID PLATFORM
e [ JF =
#“ Storage the MDO problems in a neutral format. = REDUCTION Of\
SETUP TIME
EIGE Integration of remotely located tools. = INCREASE of
ERIMIDIAIO RELIABILITY
Implementation of MDO architectures. for LARGE SCALE
« Calculation of automatic analytic multidisciplinary derivatives _ MDO PROBLEM |
» Parallel programming feature.

oy MDO architectures: a comparison study of MDO platforms
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THE HYBRID PLATFORM
Motivations

ERIMIDIAIO

DLR

SELLAR PROBLEM
Objective Function

Problem()
Group(Q)
Component()
solve_nonlinear()

setup(Q)
run()

MDO DEFINTION

* Architecture
* Obj. fun.

e Cons. fun.

e Des. var.
 Stat. var.

* Tools input
* Tools output

PARSER
CMDOWS xml

V

python Class()

y

openMDAO
Problem()

AGILE

Optimization Path

—&- IDF
—=— MOF

(HYBRID PLATFORM)

*OPTIMIZATION: openMDAO
*DISCIPLINARY ANALYSIS: RCE

MDO architectures: a comparison study of MDO platforms
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i DLR

Thanks for the attention!

Francesco Torrigiani
Systems Architectures in Aeronautics - DLR Hamburg
francesco.torrigiani@dlr.de
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