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Performances of Multidisciplinary Design Optimization Methodologies in
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Abstract

Multidisciplinary design optimization methodologies play an essential role in medern engineering design
which involves many inter-related disciplines. These methodologies usually require very long computing time
and design tasks are hard to finish within a specified design cycle time. Parallel processing can be effectively
utilized to reduce the computing time. The research on the parallel computing performance of MDO
methodologies has been just begun and developing. This study investigates performances of MDF, IDF,
SAND and CO among MDO methodologies in view of parallel computing. Finally, the best out of four
methodologies is suggested for parallel processing purpose.
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Table 1 Numbers of function evaluations

Methodology Parallel Sequential
MDF 312 624
IDF 48 96
SAND 54 108

CO 2566 5086

Table 2 Accuracy of optimal design variables

Methodology Accuracy, ||x||2

MDF 3.9973 x 107
IDF 3.8884 x 107
SAND 3.8884 x 107
co 1.2763 x 103

Table 3 Robustness of design variable convergence

Methodology Number of hits for &, <107

MDF 28
IDF 37
SAND 38

CO 34




1154 S EE - A A

o] #Ae HAMGL FeigFE off e} of A dHsst Q7] Wil AR=E
7vet7] % =85S 78 W 2% dEIAE A
AAR 2] 7] A8 A e x7] AAEFE TN T
Xi Olefin Feed Rate, bpd 3 FHEL AEFY YIS Ay 1 9
X2 Isobutane Recycle Rate, bpd el HH  AAMGE (2551979, 1062.3743,
X3 Fresh Acid Addition Rate, Mbpd 568199)013’— HAA e 24:122816 o= 3o
e 2 = of i{] *éfﬂ W= (532,54, 1100, 120022 3ol F
Y fi Zﬂﬂ% 0}%5}.

1 profit, $/day N A o ol

Y, Alkylate Product Rate, bpd Table 54 A HA Ao FF=e JUs
Y; Make-Up Isobutane Rate, bpd o A AARNse 7 PYPEY Fokoq 73 F
Y, Spent Acid Strength, wt% A AAWSsY =§S 7383 th MDF, IDF, SAND
Ys Motor Octane Number HMHEEZY HA A HFEL A2 v &
Ys Extema(lilsobutane to Olefin Ratio Zix ek co WHEn gE zke 2=t} o] oA
Y, Acid Dilution factor, ADF A co HHEEY HIPTE: thE WHEC uF
Y; F-4 Performance No.@4.6cc Tel/gal £2 91}, €O PHEL olH dAAN AZH

G BAL olde 2ol WA, A% TFIIAE S9 N2de A5 9% o
AALA A crAs 2ol PR s g9l Azas) A4se) AsEst 2ol

Minimize = Y, % wuesa gox A 92 Bre a0y
Y,=(0.063Y,Y,-5.04X,-3.36Y,-0.035X,~10.0X,) Y2 B Aly)2 ALt o 7]1_4 7] AAW
Subject to 0 <Y, <5000 _g_ U}Cﬂ O %7 AAEEE kR 1 ‘l‘%-’]
0 <Y, <2000 HEE A B g}
8 <Y, <93 Table 62 50 A9 %7 AARSFE A3 o}
0 <Y, <9 PR HMA PPEL AR dds
3 sY, <12 2% @ 7 PSS B4 T A
001 <Y, =<4 Ad ezt 1078t & A9E Ad® +9 35
145 <Y, <162 =Yg
0 <X, <2000
0 <X, <16000
0 <X, <120 Table 4 Numbers of Function Evaluations
Disciplines Methodology Parallel Sequential
Y,=X,(112+13.167Y,-0.6667Y2) / 100
Y= 122Y, X, 1\141;)}:1: 8236 517466532
¥, 98000X, / (%Y, +1000X,) A fod o
Y, = 86.35+1.098Y,-0.038Y2+0.325(Y, -89) co 11888 67811
Y= (X, +Y;) /X,
Y, =35.82-0.222Y; Table 5 Accuracy of Optimal Design Variables
Y,= -133+3Y,
Methodology Accuracy, |x|,
i MDF 8.3099 x 10”
Table 4= AN TS H71817] A e IDF 7.0862 x 10°°
TE E dYste 38 AsdS 499 X SAND 6.3819 x 10
ks A2 Wrda A E5s 1o & co 1.6469 x 10!
¢ 2F & UEZ 0 3 5 3F 5
© A3 FA4dA o =¥4E T3] H% Table 6 Robustness of Design Variable Convergence
5 52 ¢= TP 39 Aese 3 . »
o0 a4 5Z S WY AY® AT F o Methodology Number of hits for €, <10
5% 47 3 2 $2 8 MDF 9
7 CRolERANAA PHES AH} B3 IDF 49
o] ¢ WX P TF FE SAND W&ol SAND 46
7 A3 co 17




¥7} A3 IDF ¢ SAND HhH 2 9]
v} A9 co ¢ MDF ¥
o wet o] HxA g A$s 2
2hAl Zgol X ¥sith. IDF 9 SAND HH9
< 39 AR A S Alx'e] ews
A A="o HAH3 HAMSE o] 457
a9 Alxdo] A9 A A"s "E @
o] A A2®le FHo] & HAog
WA, €O 9 MDF WEEL &ty A
HelA &) Wi 39 AxEe HHr A
2 YR g

T 7Y dARA 7z R EEL] A
AAZHE B3I S w IDF ¢ SAND W E
OE HHE vde U453 F A

¢
lo,
o o o).
S 4o px,
>
b &
L=

32
Zorin oz K
2L 2 o> rft 82 i

fr i &
ro
+

A, MDF 9] 24 39 A|28l9] rpRopEs,
Ao WAy YA AL B7) YaA ALge
fsolve ¢ 7% Trust-Region dogleg W8-S AF&3}4)
ol A71A e AANzRe] oGt B4,
CO B2 39 Az="e HA3 oA
SRSy Bert AA) AAAE Sl 4

. AR, IDF 9} SAND WHEEEL t}iolE s
S A3 B ANAS Bo] "o 3

£ chEobsgalael We §17] W m&Hol

At

e 7t Eopt 2 sPdvE A4 g4 5% 4=
FoluAl &8 Zlelth Wi, SAND Wige 7

o,
A%t e WS AN Asd wA A
A-g D283 E ) SAND HHEo| 73 Hol

Aog HAY AF=9 FAAY A5 ¥
ste] Z WU ES u W] Hol: SAND
o] 714 E&HQ Ao B A HYL}

o ot of

4. & &

2 dTFdAe M-S neste] thiolE
FHHAEA HHEE £ MDF, IDF, SAND, CO 5
29 45 Hrislgit. #oks A8 E nigoz
£ A= g3 rjE=e

A
Hr

[«3
9
offl
%
B
i
it
)
oft
b

A A 35t

HY AFY BYNN ok A
HES Mgl oA FAS EUS W IDF
SAND €] A% Azko] 73 A9 7
k) SF3Y) AW ANS Teshe] AR

flo Mz 10 o

o) WEAY 4% 4 1155
20 IDF W E9 AGAIZIET SAND Y2
o Aol A& ot HEE=E BW CO
UHES AT oE YHEES A= X%
o owpA e g 27] AAMSEd mE BRAS
A B IDF ¢ SAND HHE] tE HHER

o] =& 2006 U= A&AgUstn &AL
ZAgu) o] o3t A+ L

(1) YarKhan, A., Seymour, K., Sagi, K., Shi, Z.,
Dongarra, J., 2006, “Recent Developments in
GridSolve,"  International Journal of High
Performance Computing Applications  (Special
Issue: Scheduling for Large-Scale Heterogeneous
Platforms), Robert, Y eds. Sage Science Press, Vol.
20.

(2) Eres, M.H., Pound, GE., Jiao, Z., Wason, J.L., Xu,
F., Keane, AJ., Cox, S.J., 2004, “Implementation
and utilisation of a Grid-enabled problem solving
environment in Matlab,” Future Generation
Computer Systems(in Press).

(3) http://www.th-kaernten.at/mdice/.

(4) Eldred, M. S., Giunta, A. A, and Bart, G. B. W,,
2005, DAKOTA, A Multilevel Parallel Object-
Oriented Framework for Design Optimization,
Parameter Estimation, Uncertainty Quantification,
and Sensitivity Analysis, Version 3.3+ Users Manual,
Sandia National Laboratories.

(5) Roger, J. L., 1996, “DeMAID/GA an Enhanced
Design  Manager’s Aid  for  Intelligent
Decomposition,” A4IA4 paper, NASA Langley
Research Center.

(6) Park Hyung-Wook, Kim Sung-Chan, Kim Min-
Soo and Choi Dong-Hoon, 2001, “Decomposition
Based Parallel Processing Technique for Efficient
Collaborative  Optimization,” Trans. Of the
KSME(A4), Vol. 25, No. 5, pp. 883~890.

(7) Cramer, E. J., Dennis, J., Frank, P. D., Lewis, R.
M. and Shubin, G. R., 1994, “Problem Formulation
for Multidisciplinary Optimization,” SIAM Journal
on Optimization, Vol. 4, No. 4, pp. 754~776.

(8) Tedford, N. P. and Martins, J. R. R. A, 2006, “On



1156 AdEG-oAA

Optimization,” NASA TM 2000-210104.

(10)Colville, A. R., 1968, “A Comparative Study on
Nonlinear Programming Codes,” IBM New York
Science Center Report No. 320-2949, Test Problem

Philadelphia

the Common Structure of MDO Problems: A
Comparison of Architectures,” A4I44-2006-7080,
11th AIAA/ISSMO Multidisciplinary Analysis and
Optimization Conference, Portsmouth, Virginia.
(9) Alexandrov, N. M., Lewis, R. M., 2000, “Analytical #8(pg. 32), IBM Corporation,
and Computational Aspects of Collaborative Scientific Center, Philadelphia, PA.



