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Parallelization and Performance Evaluation of Fragment
Molecular Orbital Method Program ABINIT-MP

TOSHIYUKI SATO,t! YUTAKA AKIYAMA,2% TATSUYA NAKANO,13
MasaMI UEBAYASIH and IKAZUO KITAURAtS

We have developed a new parallelized molecular orbital program called ABINIT-MP. In
order to achieve ab initio MO calculation of biological macromolecules like proteins. ABINIT-
MP combines a new fast calculation method and a large-scale parallelization technique. The
program employs Kitaura’s fragment molecular orbital method (1999). With the pair approx-
imation, calculation is reduced from O(N4) to O(N?2) where N is bases sizes at. the problem.
Efficient parallelization of the method has been done on ABINIT-MP. With ABINIT-MP we
can calculate the total energy and charge density of an actin binding protein (PDB 1VII. 36
amino acids) within only 6120 seconds (on Hitachi SR2201 150 MHz) using 193 processors in
parallel. A water cluster with 995 HoO molecules is calculated using 249 processors. showing
very high parallel efficiency of 78%. The research results of ABINIT-MP are available on the
WWW server (http://hse.nihs.go.jp/abinitmp/).
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Fig.1 Flowchart of fragment molecular orbital method.
We obtain fragment charge density and use it to
calculate fragment pair process.
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Fig.2 Simple parallelization of fragment loops. It is possi-
ble to parallelize fragment loops (do i=1, nf) where
nf is number of fragments, for integration and SCF

calculations.
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Table 1 Elapsed time and speedup ratio for calculation
of Poly Gly (N = 8) with each number of pro-
cessors. It is effective to use until 9 processors
to calculate for fragment loops and 36 processors
to calculate for fragment pair loops. respectively,
because of number of this target model’s frag-

ments and fragment pairs.

PU # 1 3 9 36
Elapsed time (#) 2239.1  924.7 4277 2126
Speedup ratio (1.0) 2.4 5.2 10.5

7z, SR2201 IFBELIN T M VAL o - 8L A
BVBRIZASHHFHEEKTHD, KLOTOkvHd
7 vty Y REEEEE 300 MB/s D 3 Xt NA237 0
ANy FT—=2IC XD EREN TS, RICET 3
4 DO L THFIHEE T T2,

o 70X ND_EFHENIHE

o 755 X+ SCF &

o IS5 AU MAT D_EFHENIHE

o 75U AV AT D SCF &

TS5 A2 MIV—TEDOFEER LR 970y &
TT. ZNLLEEBEEIEN IRV, —FF, TIT7 A
FRT =T HEOEER LW 36 T Oy Y ETT
H5.

B ATBVFHHEBEOZS O _EF7—a B hofEk
RIEFET BT —XMERE, 757 X s DOEERF nao,
TI3T AV EE nf £T5L,

HERAEY (Byte) = 4nao’(nao + 1)*
xnf(nf —1)/2 (6)
L%, BRSO 4nao’(nao+ 1) B 1DDTS
T AV EANT OFHEICHEZ AEVBTHY, HBAE
BD nf(nf—1)20 755 A "XTHTHB. 7
T A NORERE 30, ISV AR OLT


研究会Temp
テキストボックス


Vol. 41 No. SIG 5(HPS 1)

&, R(6) S _EFI/—OVESOEERETD
T —ZEEIE 120 MB HEICR D, IO T— 2%
OS & AT VEEBRTZILHDS, TOHRETIRHRD
DREKD SR2201 Z{EHAL TH 8 ED Poly Gly ©
SHEMNERTHHT.

4.2 WHHEORGES

TS AV RIV—THEL T ST A X7 )V—T

STER BMICIYEL 2720 0B EIE, LIRICHZE

T EMESHIFEET 5.

(1) BFF—2oav—%27notydhEoc
& AT VU EHBNZRNEL B 5 TICBUNT
L (F—2E5EINCREFI UL, HIEEE
HECIx Bh . KIFEREIC IISATRE) .

(2) 737 A2 bORERERDETVHIRECINT
TRy HHBRZEANHD, KRET O
OEMFAN KT NZNT &,

(3) REBRTIVAVIZFHETRLEIC, Toky
FHEODOLBAEUNSKEL KB L.

(4) BT ST A2 FOFEREDOENCKD, &
TN B RB L.

LTS, INbEBRT D281 ABINIT-MP I

WTHRAL AR RRB L LB, TANEERT

WIS S LOMEER FHET B

4.3 IX1:EBHIF—20B7 01y HADOHR)
TI7 A2 hDZEFENCHEREINFT —ZD X

TUEHRIE, 797 A MOEEROATRLETSY

A2 RNBUCEERIT . Fh2, TST AV IRTDOE

FREDNCLEZEYNT —20 XE U EHEE, 757

AU NOHEERD AFEE TS5Y A b TEIHAIT

5. INLDAETVFEHEOKEZAREYT—2 28T

oty pBL, (1) ByF—20av—%427

Oty PhEEDOC L3 A€V EHENZRUEE ZTh

5FICBNC & | OREICHIGL 2. LUFD 2 DD

EIZDWTT AN T 7.

o HiE1l (F—29%%) :

ATV EHEBORE R _EFREDYT—2 &7 0
Lo HET . BERIIETENT M, (F
EALHEEERE T L EIBIcRERFE
ETIVIEHIGTES.

e 5% 2 (Semi-direct SCF %) :
ZETFERT 20—k LB DL HEEDE
9 semi-direct SCFEZ1THC LI K-> T, fHH
AE Y B2 KBRS 2. stERIEINT 31,
BT — 2 & T 0t v I HET R L %L
WILERD BEIICITA, Tk vy Y ROBERL

DT,

Ab anitio N7 WAL X BN D FELEFEY 055 L ABINIT-MP 107

" Semi-direct SCF ——
Data division ----+----

10404 K

.

1.0e+03

Elapsed time (sec)

1.0e+02 " » " .
1 2 4 8 16 32 64 128
Number of PUs

B3 KkIFRZ— (N = 103) OFERHOGHDE. HiEhd
Joty U RENIGTEREZERT. ERIT semi-direct
SCF Ik ZETERE, pfILT— 2 58 iTo e L EDat
BREETRY. To208R{ToeER T oLy
HTIEELD, 16 BRETHMT 5. Semi-direct SCF
B3 7oty TEA S X > TE AT RA B .

Fig.3 Elapsed times for calculation of water cluster (N =
103) with each number of processors. It is ineffec-
tive to calculate using data division method with
more than 16 processors, although it is effective
to calculate using semi-direct SCF method if many
processors were used.
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Fig.4 Elapsed times for calculation of water clusters (N =
995.471.103,48) using semi-direct SCF method
with each number of processors.
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Fig.5 Speedup ratios for calculation of water clusters us-
ing semi-direct SCF method with each number of
processors. Every lines are distributed near the

ideal straight line.
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Table 2 Elapsed times (sec) for calculation of Poly Gly
(N = 20). np shows the number of parallelization
of inner fragment calculation and PUs shows the
number of total used processors. Then PUs/np
means number of parallelization of fragment and
fragment pair loops. The bold numbers indicate
the calculation times that used large memory (see
text for details). x indicates that calculation can-

not perform because of memory shortage.

PUs/np : 1 3 7 21

np=1 | X 10417 4590 1751
np=2 | 15470 5266 2340 912

np=4 | 8130 2810 1262 527

np=8 | 4628 1625 784 303

np =16 | 2802 1130 648 -

&3 Poly Ala (N = 20) OFERR (#). np & PUsid& 2
LEKTHS. FTEBEDN Poly Gly DF— AL H KEW i
%, np =2, PUs/np = 1 (2 70ty YFER) OFr—Rikx

R AEVTRDOSOFHETE Ah o k.
Table 3 Elapsed times (sec) for calculation of Poly Ala
(N = 20). np and PUs are identical with Table
2. It cannot perform the case that np = 2 and
PUs/np = 1. etc. because this calculation model

" PUs/np | 1 3 7 21
np = 1 x 24563 10905 4115
np=2 | » 13316 5828 2226
np=4 | 21037 - 3208 1290
np=28& | 11615 4066 1898 878
np =16 | 7244 2656 1415 -

Poly Gly (FT 143) DO ERE%ZX 21, Poly
Ala (FF#203) OFERBEE 3 ITRYT. 8HE
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BTEyy T L1 TS A REAT Y FLT WA
b, 757 A MUE 21 THD. ZEFOnpld 757
AV FAEOREETHD, PUs BFHEICHEHL TV
270y YEEERT. LA >TPUs/npld 757
A2 FBAOTEEZERL TWa. PUs/np A 21 T
np N 8D —ATIX 168 T It v Y2 BEICHERHL
TWaZI kidizd. EFORKXFOME, SR2201 D
256 7R ygt 87 oty Yo AE Y& 256 MB H
51GBICHRLTELIZEZDEDTHS. AED
DEFEERTLIC K> TRERT ST AV F DG
BICHISTE AL LI, FEEOATURTOLY
YEISU I M EITH T N TES. BLDE
TIVOFERME HEA EOBHEIREZR 6, K7 IC


研究会Temp
テキストボックス


Vol. 41 No. SIG 5(HPS 1)

1.0e+06 T
Poly Ala Semi-direct SCF)
Poly GIBa emi-direct SCF) -
Poly Ala(Data division np=8) -+~
— Poly Gly(Data division.np=: B)
1.0e+05 ..
°
Q
@
L
E 1oev0a |
o
3
aQ
©
w o
1.0e+03 o
1.0e+02 " . ) L A L )
1 2 4 8 16 32 64 128 256

Number of PUs
E6 20KREDKR)NTFF OHERHOSENR. SEIT oLy
T, I AERER XY, D7 ® semi-direct SCF
EOFERHERL TS, 757 AV AR EREL
7 — 2 3 EEOFEN BV ATIMEL L TV 3.
Fig.6 Elapsed times for calculation of poly peptides (N =
Results of

semi-direct SCF method are shown for reference

20) with each number of processors.

data. Data division method with parallelization of

inner procedures shows better performances.
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Fig.7 Speedup ratios for calculation of poly peptides
(N = 20) with each number of processors. They
show speedup ratios relative to PUs/np = 1 in the
case of np = 4 and np = 8. respectively.
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end do
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Fig.8 Load balancing for fragment pair loops. To avoid

load unbalancing dependent on fragment size, we
use master worker model for fragment pair loops
including SCF calculation that occupy more than

half of all calculation time.
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Table 4 Protein structure data used.
PDB ID it BEE | 755 AV b pEE
3AL19M A8 | designed polypeptide ALPHA-1 13 7
i ® actin binding protein 36 18
—— ALZRATA LICK-T, ESICEFLHHFT
3ALTA o 5. [ARICITRONAV—F > ORNERESIbZ #
. AHFTHS.
T 1.0e+04 \ 75 A2 b N7 O SCF HEOBINE 7 BULE
g HHTH 1T LMD, 755 A2 DT H SCF
3 HEOBME D BIIEE T 5 C L1 & - THEI
5 HETES.
36 FREDZ R BN 6120 W THERRETH - -
728, ab initio N7 ELEDFHEENROKEX D 2
1003, ¢ 32 o 128 256 RICLBITHEHhD, 500 RED X 87 BIXH 2

Number of PUs
K9 3AL1DA#E 1VII OHEREOSHME. #imt 7oty
V. RENIATERRZ KT, ERE 1VIL B 3AL1O
A HOMERRZRL TV 3.

Fig.9 A solid line indicates elapsed time for calculation

of 1VII. A broken line indicates elapsed time for
calculation of A chain of 3AL1.

DEB ap =16 DEXIF 11370k vy (7x 16+
TYAR) ETHEINERARETDH .

5 # =

WML REBL TEEDICIE, 8T AU E
=T LTS5 A b X7 ) —T BAITAFUEE TS
eH, TobyYROBEROETRENTHS.
LAhL7at gD XEYRENS, 1 755 Ak
WCET Oy YR ED YT EZRENETS. CORE
TIT A2 FAETHINEE N TWHARWLERSH 2 &
KigICAEF{Esh®R%E FIFTL £5. SCFHETES
ROEEHGELZT->TED, BEEHEFAEDERR
F2FD 1~2 BREEE HDTHWD. ThI3AERILS)
fEL TOIRWBBDOFRTRARL > TS, 757 X
Y MBI TRELAICHIHLT ATV BED, 755 X
~ NELOEET & MFIL T 2 B H S, 17510 3 &
A % Householder IETITV, 3 ERATHNS
QLZEIC K-> TEBEHEEEENY MV ERD TV D
Householder i3 RN EZ D, T2 Tl
WS 1THIY A XH 30~ 100 F2ED -8, MFLEIRE
HY 2038 . EEHEAEONIIETIEE 1T Al
W& 1VII OFHERRIE 193 7 0t v Y EREIC 6345
HTHo7/-h, BEEMHEAEDOARERLETNIC L >T 6120
MICEBET 2 e TER. A ERE 7L Y

BRITEHETEA LICKD. T2 LIRY AT LTO
AER AT VRERN TS A hXTHEICHABIL T
EIOTEHLVD, ZETHEDT 2 EE-1LRF
LB EADE BEWED ET (full-)direct SCF 1%
ZTERAL, NENEFIESEETE LICK ST, X
T VU EHAEOMBEIIMRIRTTRETH 5. Direct SCF &
ZHEALIBE, 1 DDT I35 A bXT O EFHE
PT—ZADHEIRER ATV A HBETENS, E
DY A R KELTBT LICKBER ATV OIS
INEWIEE, FEEICKE Y A XORIBEI B RTREIC
KA. 1 TIT A M 2BRERED YT, 738
BENIXT Tyr ThHBERELIZBEE, BEXAT
V3K 2.3GB Tdh 5. SEFIFAL 7z SR2201 DFA,
NEDER np = 15 BERIEET A LICEL->T. A
TVHETOMBERFRT S, DIV 2 —2D5E
WL RBRIEEEZ D L, KX TN FERL
DFEAIIC KD, 5005ED ab initio D FHLEZTENT
bNEHEEL R RVWEEDNS.

6. b Y I

Ab inatio N7 SELLEIC K BAF ab initio 0 FEE
FAET 175 L ABINIT-MP OfERR & HERESHEZE 175
To. ZOBICRDK 5% THREEAL /2.

o ITX1:BIF—2DET Ly I \D7HE.
- A1 TR0
— J3i£ 2 ¢ Semi-direct SCF .

o ITX2: 757 A2 FHEOREMEDITI{LE .
NAFEFROKREZT 57 A2 b DG

o TX3:JIUV A MDOREEIHEERBZETFILD
I=Veipan:veUBLiN
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ABINIT-MP OMEE%Z FHlid 2728, EEE £EM
RBOREA FVWT HF/STO-3C BEEKL LD
7 A b §tE% Hitachi SR2201 ETT, @V EFL
WMREWZRELU . 7557 XA NBOFHke 755
A2 ROABEOAFNIC K> T, 1937 1t v {EH
FTHILICKD, 36 REDA /NIHEIVIICHL T
6120 W TR2IXINF - R TFOEMREELZTETS
TENTEE. £, BROWREEET DL EICE
B BIKT 5 AZ— 995 3 FDET, semi-direct
SCF HIC & ©T 249 7 1t v YR T EA=R
T8AEIERT BT ENTE.
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