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Distributed Structural Optimization Using Massive Parallel Computer

—Distributed Computation of Optimization and Structural Analysis—

by Katsuyuki Suzuki, Member

Hideomi Ohtsubo, Member

Masashi Naito

Summary

The new computational algorithm for structural optimization that is suitable for massive parallel
computers is proposed. Both analysis algorithm and optimization algorithm are paralleled simultane-
ously, which make it possible to use much more processors than the subdivision number of the structure.
The 3 dimensional truss problems were solved as examples. For the parallel computation of analysis,
it was shown that when the granularity of the computation for each processing element is small, the
efficiency of parallel computation is low, but as the granularity increase, the efficiency also increase.
For the parallel computation of the optimization, it was shown that not only the algorithm gives high
efficiency, but also it often gives better solution which is closer to global optimal point. Finally both
optimization and analysis are computed in parallel, and it was shown that quite high speed up rate can

be obtained.

L. i C & (<

BEREREHE, EERAY VR COBBIZ X D AR

KERFTDOBRBIER L2253, LHl, BEEB S,
TIAWSNTWBDIRIZL A EEEBD 2 W id/NERE
BEPBEMEL Y AT LA0BBELTH 3, —BI, AE
BTEETEEYR Y AT A L TR ERT 2R84 238
B, REER, REEHOBSEALEKCZ 3 L v»5 BEE
03B %, TNz, 1 IO LE L ERM ORI b
B5A, BBELIKBOTIZZ ORI 2EE LY BTSN
BB Y ZOREEROEINC X > THEREIZEAR LD
ER B, iz, —RCEERERFOMBEIIEEN I IZIE
GEFETH Y, REAEROEIM RO S ST
Y, LELEEDER COREETH S S a— i
BB IZRES BRI 0 — AN REERCIELTL %

¥ REREAE TR T g
**  HAIBM

FhZE VR oETH10H
KEBERC B THE FRIFE1H 14, 158

WL THB,

Zhicxl, EEoBRATER, BHEEMEEZ VL O»
DTN —7DORAERCHEL, 2D NV—7HTEEL
ETo L bR IN—THOTFE 2T 2EDOBHL 2T
3 ) SESELFE D 13, FERMY KBCEHET
&5 L, EROBRHEBENFNOTS OB EFTS
ERIBFICEVWORERTI L3, KBy X7 A8
LEBOBRBECHS LI-EETH 3,
FEXTIE, FEHEICH L OBFHEH, REEE -1 K
RELEE T 3 Balfbich U TABS#Eb 2 #EAEL,
Z D & 3 2OEERELEIEACTS o DOBAF <> >
KBI2HETNVTY XARZREL, #OFEMHESET
T3, 361, IOREDGBERERTICL-T, 2% —
BECRELEZTI LY, 79— A REEEIGENED &
WIENRE SN A EROD 3EETT,

2. BIFIEEHE

RE, BB~ A 707 vy yOHBEICLY,
ENERBEHEIBZL>TREDRA -/ —a > P a—
FRREBAAI Y C2—FicERIZ 2 »ICEMT, 2L

NI -Electronic Library Service



The Society of Naval Architects of Japan

590 HASHERmCE FI82 =

T D mtERE LI B EE 2D Tn s, UL,
KB Z W EIZEESESUHER TV B IE LW 3K &
RTomw, Thid, BFEESERC38ICIEH 2B
RYYDN=FT 27, V772 TIZ0T 30158 L R
BRBELEINDZZENRA Y 7 ITh>TWw5, Tbb,
KORBFTHEMTIE, 2R 0=y > CHETITERNY
WK2fEDNR7 4 =<V ANEBSNI, N7 FPEw Y >
KBTI, TOMEEFHCRET -0 cia—F 4
YT BHIEBEOTRBLETH 575, GERDY —R T
—FEEHICZOEEAWTY, HIBREOMEEALNE
Shize LvL, BEMTFEREMES X, ConmEs
E® PE (Processing Element) 250 24T 2 5% A7
77 ANTIRT 2 HENHD, V—Ra— FOLEEZR
THRTH %, HlZ1X HPF (High Performance Fortran)
DEIC, TVITVXLAZDODOEER LIZT L4
R TRERICETHE 21T FEZE LS TV 328,
WHEFEREZCECHES v iz 2 hicE L 2~fE0
DEEBEHET VT RABLETHE, LhL, HR
BREZ ETHY S 3 B SERORBOIESeHEE
ARSI RBELFER, —FHOErSEEES
S50, TERUFIFHEEITAETD 5, KFLETI,
BERBRECBWTEAS, &L, BFD 2 >0fE
N L THFIHE RS, @R 2 EATIEHEE TS
DICHELIFHET VT Y XA BRET 2,

N=FT 27 UTRERKEARBHEM Y 5 —1oH
AS N7 B BERT OBA TS EH SR 2201 2 H v 3,
SR2201 BAEAEVEI-s > THY 1 {HHI D OEER
€ #3 0.3 GFLOPS @ PE (Processing Element) %
32~2048 fl RIEKRHED b DX 1024 @) #£H L T v %5, %
72, 3RTWZQANAY NT—Z 12k D BOF O % v 4
BERRIE2HBAITHS, '

WHMEBETHBWSONE S5 I v FEFAICIRER
Data Parallel & Message Passing @ 2 E#8653% %, Data
Parallel RV RU XA L ORI CHEES2REL 27— o0t
LTETa &y 4 TITIHEIC, Message Passing 1387
QY TRRBEY s 72ETL, Yarlcr—y iz
TELZBSHERTIBECHAONE, BRI 25%
XDSET VT Y X bk, Data Parallel @ & 3 i Btz i
DRLXEHITUET B L3 70 TY XATIREZVDT,
CITRTUSF I TEFNE LT Message Passing
THVS, REO707 5 3 v 7B L T ik Massage
Passing D70/ 5 AR FN Y R— 4 258EL > 5 —
7 x4 RXELTMPI (Message Passing Interface) % ff
Wizo MPL 3% < OAFIFHEM~R S & —ssiEs bz S L
TWwEY, FRAENEVL,

3. WIIBT LT X L

3.1 mELREDALTNIE

29, REEH WHORGEELCCEFEOBELLDES
LI @ERITS5, ORI TR, XE ) L ESIcESY %
HOMEICTRL, ZRENOWSESCEEL - REHTE
BEHRHHIRBED I N —-F BT B ST Fa—F% &
5o o, ZRBOBECHL CRZNZhOMBED o —
ANIREEER, FINRED TSN —-F BT EEZ S
N5, BrEEMOTEIC T, ©FVHEEY 2HVw23, &
AERE, VAT ALALRZEDLS S a— AV RBHER Y
EQ—ANBYTYRT LI CDHBED 2 x: CHET 5,
BryBa%u

F=fiy)+ 2 flxe )
DL, yOAREKET ZHEHE, y L 2, COHMEET S

HOMELTRBETE G/ EEL 2, $5i12, Hel
by DHITKRET 3 HlKERE

ga(y)§0
&, YL ICDOMMEETZHD

g:(x:, y)=0
CHMETEZ LT 5, BEERE, WROF TS R7 Az
BRL CL 3 BSIERR ST/ a— A R R L E 2
5, ZDESTNE, Y TYRTF AL OMER, oy
YAT LADBREEE, HIRRMEEER I AT IR
{ZenTE 3, '

WXL T, 2F0RE{t% Fig.lDk>x7a—izk
2TITI. 23, HBLIEEY 7Y RAF AR ZNTIES
£33, 2L T, ZORFERBFRETVT, Fo—is
NVERFARBIH L TRBLETI. 8V 7Y RF AN
BoB(tFEEE L Tia DOTY i2 & 3 ETREA MR Az, &

-

Sk BEEEE Sk ---F.
| : 1
I |sub system sub system sub system I
: optimization| |optimization| |optimization !
I

N - e - l: __________ '_ [

@obal design variable optimizatioﬂ

Fig.1 Distributed Computation of Optimization
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Fig. 2 Distributed Computation of Structural Analysis
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Fig.3 Distributed Computation of Optimization and
Structural Analysis (Model 1)
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Fig. 4 Distributed Computation of Optimization and
Structural Analysis (Model 2)
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Fig.5 Example Problem of the Parallel Analysis

Table 1 Results of Parallel Computation of Analysis

Case | Degree of Freedom Time (sec) S E
Total | Sub-system| | PE | 5PE
1 72 24  0.02] 0.02 1.00) 0.20
2 312 721 0.290 0.17 1.71 0.33
3 1512 312{ 26.12] 7.40 3.53 0.70)
4 3012 612 172.37] 44.78 3.85 0.78
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Fig.6 Efficiency of the Parallel Computation of
Analysis
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Table 2 Results of Parallel Computation of

Optimization
Weight Time (min) Iteration
Case 1 { No Division 21.50 248 130
25 Division 18.52 39 67
Case 2 | No Division 18.44 251 98
25 Division 18.52 40 60
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