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ENFRIZE T HIEFERT > L v )LD Chain-Increment ;5[ K A ERFETE

WIS —HE, fapk fihse
RBRRE REEGEHEEGE T ERTER (b5 T main

1. [XCBIC
FFIHRE BB R X —RAICKRE WO
FRWIRIC L IRET 2, IREABTRLF—IT
BET DWEMOIBGAIRO(LFERT ¥y LT
HY, ZOREZFMTHIETRY =T L RO
F ) oy FEAM B O ATREME 2 D 2 & 3T
& D, fLFART Vv IR S LV D5 1N Gy
TR EAE NS 223, BIRFA ClE@m L 2
& DJFA A —/V A BT L — 553N e 2 R
Lleo T D, ZHUE, WA THIFEICELENA
8 E AR 2R T2 DI Rk 2 TR B A D Z &
MTETLEI ZLICERLTWS, 2oL 2mE
AT R T v VEHEL O LR - FEHI R ZEME
DL sy HEE O RHEE e M 2 R L 72 hid e
AHRAR— LB T D2 ERBEL SRTND,
AT, BFAZr—LOETLVTHLERTE
TIRIZBNTED T OILERT 2 v Va5t
AE & 9% chain increment EIZ DWW THFERT 5 [1].
ZOFEF, AL TV D@ F L AMOSF L O
SFHMAEERZ, soFEHERTsE/ ~— (&
LWEET AN LD TR EER O L
LTRHL, Oto0E /) ~— L HEOY TR A
EHEZEATLIBOBEHT X LX —E{%E
incremental free energy & & L CHIKEE R D FHHH 2
THHETLHHLDOTH S, RHFJETIL, polyethylene
(PE)D /KA. PE. polypropylene (PP), poly(methyl
methacrylate) (PMMA),
(PVDF)#% #2238 T chain increment %% H T

and polyvinylidene difluoride

incremental free energy D FtH 17> 72,
WRHGRIC S A= R VX —3HRIETIE, &
SFHFOIERE ) ~—% [WE], Z D0
GFa RS 11 L 2ded, TR & 5 Bi&
X, 2o TEE) & TR 7 OMOMEER %2
FUnd 22 & &EHRTDH, S0 EEME R

NF—] & THE] — TR FREAEREIMS A S
HETZ LY -2 LTEHRT D, @ HI3IER
IR TH D7D, = F /b F —KIRIE (energy
representation, ER)D X 9 [ZIRE /0 DREEN 7 L &%
VTNV IRRT b A FTRE R AR B RR AL E T H D
[2-7], ER ¥E IR % D% FL I BIBEERR I S\ T
0. WE — RIS AR EAEF = kL X — D4y #i B
B OB B B = koL X — I LB E & E kT
b0 THD, WH—EEAREAEHORWIRRRE &
T TV LTIZ RO RO I 2 L— 3
IR DR X— MBI D RO B %
NF—ZEPRNEE T 5, PREREDOY I 2 b—
Vv ENATLHZETHEI X MBEBENS B
UPLBE S & W2 2 LI K BRI R E X
DRELS BRI ENRRESINTNS [8], £z,
ER IEIE@E 70 X BV IREMD L 5 AR ¥)—TH
SN G D &G ATEIEFIILE 2R Z B E -
FICFHEFBETHD LW D RN & 5, Bl 21X KRk~
IRBAIRE 3 -~ DK DR %A ER 15 TR L7/ R
NG SR TS [9,10],

2. B
ARETIEE I ) P O A2 31T D incremental
free energy D ERALZFEINTT 5, AR TILET) PR
BT CHIE S NPT T v v T VERBET 5. I
AT DLFERT Y AulI(D)RD L 51272 5,
u = kgTlog(pA) + Gs° + Ay )
kg L plE ANy~ UEBMEFER L TWS 1 OYY
BE AT 7oA BgERERLTVD, BEFT X
HHZ R — O EE /R OITEE 3HE OAuT
HY ., ZHTEEO ST & ORI AEERN GO
FHHEERLTCND, ATIER S % THRE . B
D R T & Bl LTEBR ORI B =L ¥
— LR TE D28 TH D, AuDHEH 1 FHIRBLZ R
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LEDRQRTH S,
exp(—pAw)
[ dvdydx exp[-B(¥ @) + UG + Z(w, X) +PV)]

[ dvdipdX exp[—B W W) + UX) + Z(X) + PV)]
(2)
I TYIFE RS FOMEREOES . VIROKE, B
TRE AR, Y)ITE B FORE= 1L F —
ThV ., ZOMOFDREEILE L DT X TRL,
ZORFOHBEET 51N - o FEMEAEENZ
UX)TRT, Z(, X)TERD T & Z DM 0
Mo FHMEAEERTHY . QXD ROHIZEN
5, QL0 BEAMAB= VX —Aul X, EH
Gy D5y F- 05y R EMEMZ (Y, X) AT
HEOHHTRALX L TH D,

QFUTBE T2, WENE T T DX D Ie KRERSy
T DA, Aud straightforward 72 55 IXFEEMICAR
ARETH D, ZHUE@mo KRS N EBES
b, 2z 7o SADOMERZEREIZE LAtz
DELZER] Lo TV TR ERERSTLED
FICERT D, ZOMBEERRT 572012, EoT
AT ) ~— O K UIEE» SRS D & v
D HEELZE LI EFEERET D,

BB < o TR EAERA N E AR T 5 E
J =@ < FHMEER O TR Z LN TE
HEMREL XS (HEAEHOMMM., pairwise
additive) , E FH D i FHDE ) ~—DEIE A, &
EFETHE, BAE N OES TREOEEY Ty =
W1, Yy, s Yy) TR D, TORE ETITEL< 5
TR AR X

2w, X)= ), Wb X) ®

L%, XTI T IRAOE ) v — 2B DML
F1 A = kL % —(incremental free energy of solvation)
Aulrr 2 (@R TEET D,

exp(—BAu"")

_ JavapdxX exp[-B(P W) + UG + Xi, W(yp;, X)+PV)]

[ dvdpdX exp[-B(¥ ) + UK + S W(y;, X) +PV)]

(4)
i=1 0%, 2O LW, X)OHIF 0 &
Do A, AUPLIFHOE ) v — L EFHDy

T ORMNE < B EAEH Z R ICHIINT 2 B0 B =%
NE—BNTHDZ ENbND, ZOWEOYIHR
el L OREEDR Z N EN @R D3R & 47 ioxt
JIELTW5, HHLTWDES T O TN AEER
Y IEhh - FEIREDO E L L THHMENT=EETH
HEWHRICHEETS, @ TE, i FHEVHED
DE ) v—NEDL L OREER T b A7 LA
EHLnWZ L BEOL iFEH L VATOE v —1F
RREICBR e < TR B OEEBZZ T 5, &
BTOREEMBBHT X LY — Al Z 0

incremental free energy of solvation Aul"®T % T

Ap = Z A" ®)

LEIZENTED, ONUT. BOTDOAUIED T
AT D 45E /) ~— Doy TR BAE R 2 38R I
FIMLTWS ZETRHASh D2 Z 2R L TWD T
B, ApPT i B O / ~— incremental free energy
of solvation & FE[XAL %,

B OEGE NP+ RKEWVK, &5 O
5y (Rt / ~—) IfFEZBR<T~TOE /) ~—iF
FEMEMTHD EBZBND, T OIRGED LS
TEHEE, ATIEE ) —DA T v AB IO
HAENIEFE Le< 20 O)RIKD L HIcEX
ZHZEMWTED,

Ap = NAp™" + Z (Aprer —

i € end parts
ZIZTC, ApPTIIERE D I E RSN D E Y
F-INEBER 2 DAUNTTH 5, (6)F &V N4y k&
WEZXAUTINITHBITHZ Enbnd, E->T, &
53T ORI E B = R L F —3H RIS TIX, Apihr o
HAENEEL 2D,

BT, TEIRELRRIC X > TAp T & 359 5 U0
FEOEAIZHOWTHAT 5, HEHTLES T
DIFHDE ) ~—% FEI, TSN D T % T8
By LBt d, Q)VRDOE ) v ——FES T AR
AW (;, X)73 pairwise additive Tdh % = & & ET
e, Wy, X)IEROXHICESETZ ENTE
Do

A#incr) (6)

W X)= ) v x) @

k
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x % k B OBRBES T OEETH 5D, WY 113K
D XTI T B DNIETTD XD IR KRE 25T
DELLTHEHVGD, BEWER~OILRIIARS
ROT, I ZTIIHRSEER TOERLDHZH
NT 5, ATIILLTFOLHICEL ZENTE D,
exp(—BAu™)

_ JavdypdX exp[-p(Ti(y, X)+W(pi, X)+PV)]
[ avdypdX exp[-B(T;(y, X)+PV)]

(®)
ZZT
_ i-1
m@,@:wm+mm+zlwwpﬂ 9
j=1

X i FEEHDOE ) ~— L DR O 51 RIFHBAEH O
AR DOMIREE (0RE) LHRRE (1) Omids
ZBTLT Y T NVERICEEG T ORT v v
BI¥CTH D, AuPTIX incremental ZRIALEFNH H = %
NE—=THY , (L SN 72) WM ORIHE - T,
LRIRAE & ORIEZ 2 BN TS IR ER ) [VAIRGR
EMESFIZT D, TNHDOROT TR E
ENEN( )& (- )TET &, ZThbHiT

ZHWMWWHMPMEWJQ+WWV@+HN

[ avayadx exp[-p(U, (v, X)+w(y, X)+PV)]|
(W%ZH”MWWMWP%E@'@+HN
[ avapax exp[-p(T,(y. X)+ PV)]

TEREIND, QA THET R, AHT 2%
FTHOTRTOE /) v—ITE /) ~—[FLTHEHWITH
AERT2—)TiHFA LV HBOE ) ~—LEHED
o (W) CHEEERLARVWRTH D, (5K
TR 4172 incremental 2 TlX, & H 0+ OFE
AERIZE AN EE @S T LB T oM O
AAEM 2 BRINCHINS Y2 Z L1272 5,

BB, TR X —RREIR IR O PRI 2
DA DORBUZONWTIHRAR D, U FO—#HOAT
X, ook AT i (ER&DTO
incremented &/ ~—0DA VT v 7 A) BELET,
B REES T HEERv@, x) DO DB 725y
Mp(e)FB LONTMEAEE ERT D,

pE) = > (v, x)—e) (12)

k

p(e) = (p(e)) (13)

(11)

(10

po() = (N (14)
INHOEEHAWS & I*/Dﬂ?»—?@ﬁ—;?f@A”incr&i

aurr = [ deep(e) = kT [ de(o(@) = po(@)

—kgT f de [p@) log (%) ~ B(p(e) = po(£)) (&) | (15)

EEPND, Q()ITIE — B B AEH OF A
D TR — TR BE D BB K 5 T 5% sl 3 5 Bk
Thbd, 15XNOE - HITEE —EHMHAEH T
X =D TH Y | VLSO B T A7)
DEREFR L TV D, BUTO = RV F—FIRETIE,
Q(e)IF Percus-Yevick (PY) & hypernetted-chain (HNC)
EREMAEDE TR SN TWD, EOFETIE
I PUIEBEN RO AS>TEY P TRIND
FERHEDFORTHTIRXLX—ITHMETH D,
incremented & / ~—I%, & H&7» FHROMOE /) ~
=D OB EFREG A8 L CIFEFITRIZIT D
L7120, ER IERYWICOWTEHE TH D &V ok
HiIAHTH D,

3. EtHEFIR

AWFFE T 9 R I1X PE— /KRB L PE, PP,
PMMA, PVDF OHEDERATH D, 57101k
FHEEZ IR, ROPEE I IA—T Y —
AYT7 R U =T THD OpenMM % =431 )
Fyalb—va (MDY TAR LTz, S IRELIC
JEAMIBER R E L. A A=V & O EAEH
{Z1% minimum image convention Z£¢fH L T\ %, PE
— KR TIXZK 10000 431 Tl 7= ST RIZDE DD
PE 73 (A 50) BA-> TV D, & FERRIC
BLTE SR TR FOERGEN Lo 1TE%
F1IZELDHTWD, PP & PMMA O tacticity (37
RBAE) X7 A4 Y27 F v 7ICEREL TV D, &
BT BIOKGTFOHFN - 551 EAEH T
General Amber force field (GAFF) 3 2 OY TIP3P €7 /L
EENENEHLTERY ., SoF OS2 ERIT
CHelpG #E&# W2, MD ¥R 2 L—3 3 2B 5
KT v v VBT )RDOT,@, X)Th %, £FHDH
RPNEZE 2, 31TRT,

PE— /KA TIX i=1,5,10, -, 45 50 (29T %
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polyethylene (PE) polypropylene (PP)

H«ECHZ—CHZEII»H H‘ECHZ _ClH jLH
N CH; N

poly(methyl methacrylate) (PMMA)  poly(vinylidene difluoride) (PVDF)

CH, |
| H~|E CH, — CF, }H
H——CH, —C—H .
|
o=c
o}
|
CH,

- - N

B 1: ARBFZETRW &S F Ol

incremental free energy of solvation Au"T O F+H %17
D72e FIITONT, PG 2 48 X 72 50 flH DOFRSZ
BMMD YR alb—valraEbET YUY
b BHZ L THE 50 ns pOVHRENT V=T b
UMD HHTR VX =3 HEZ{To7, 61T, =%
VX —RREOEBREE 2D D201
incremental Widom insertion method TAuI" % #5i L
72, incremental Widom insertion method & 1%, (7)=UT
G2 57 KIZET 220 F o F—FHAEEH
EHEL, TORNVY <V RFOT TR
mE KIEMID) e ApnT 2155 FETH D,

moT | BEE | oTE | o7 | RE K
PE 25 703.3 400 423
PE 50 14047 | 200 423
PE 100 2807.3 | 100 423
PP 100 42100 | 100 423
PMMA | 25 25049 | 400 453
PMMA | 50 5007.8 | 200 453
PMMA | 100 10013.6 | 100 453
PVDF | 100 64054 | 100 453

K1 BRAOESE, 4R, 47K BE

o FIRRR TIE, EAE N = 100 O HASRIC
BT, i=1,5,10, -, 95,100 {22\ T, N=25
DFRTIEi=1,5, -, 20,25, N=50 DFZTliXi=1,5,
e, 45, 50 IZOWTAUPTHE AT o T2, BT D
fEFH L 53 F 8. MD OBALEAHFOSFH, RO
BAEREIZE 1, P22l —arFIHTE 3 ICEL

D ThHDH, BHFOD T I3 PE, PP, PMMA, PVDF C
ZIEI 423, 423, 453, 453K TH Y| Thigh 137 =
— U U 7RETEIEIL 483, 483, 523, 523 K ITF%
E LTz, £3 04 AT v 7 BITES TIR[E OV
L 2 BT 272007 =— U V J#HfETH Y |
J£ ) & REE DA IR FRRE R OO BLHE O 72 O 1 =i VML
BELTHD, 7V 7 HRITEER T 025 ps,
SIRIEBEART O ps ICZENENHEL TH D, KE
J)—=A T w7 A IZOWTEKRT 100 8, &
HRVAIEESR C 500 {18 ORRSZ 72 F NG 15 7> & %8 LT
b KO 7V VTR E AT o, WIRR, B
ISR B A2 7Y v ZREIEA § 1i2DW0
TENZEN S0 B LN 250ns & 725,

Step | ensemble | F¢fH (ps) | L (K) | E7) (bar)
1 Minimization
2 NVT 100 298
3 NPT 2000 298 1
4 NPT 1000 298 1
# 2: PE— KR OFEFIE
Step | ensemble | FEfH (ps) | I (K) | [EJ7 (bar)
1 Minimization
2 NVT 100 Ttarget
3 NPT 5000 | Tiarger 1
4 NPT 2000 Thiigh 1000
5 NPT 1000 Ttarget 1
6 NPT 500 Target 1
K3 WO FEBROMEFIH
4. WREER

F7T. PE—KROFR LT %, incremental free
energy of solvation Aul""|Z PE H D i FHHDE /) ~—
&R 53 F DRI ORI AN %2 RN 2 g o
HEHZAXLX—2ZTbhHD, 2 IWELETHD
incremental Widom insertion method & ¥TEliETH % —
FNF—FoRIEE W CEHE LA™ % PEE / ~
—DA LTI A ZONTT Ry hLELDOTH
B, H2 X0, ApPTIEREE ) v — i=1 RV T
0.2 keal/mol DHIFANT—ETH D Z LR bNr5d,

_6_




4.0 .
+ energy-representation method Hl
—_ [ incremental Widom method Hll ]
g 30 a4 ]
3 | '
P
]
N
o L
g 10¢r __
= r m g™ | u m ]
F u l u | m
05F m m B E p
: (I
0 L1 1 1 1 1 1

monomer index i

X 2: PE(ESE 50) —/KRIZEBITS incremental free
energy AP DE ) v —A UF v 7 ZMEFEME. ApiheTi
i= 1’ 55 109 159 R 50 VC“%I‘%

ApieT A K A PR 0 = 5, 10, -, 45 THH LIE
X =RV F—FKRET 0.6 keal/mol,  incremental
Widom insertion method T 0.8 kcal/mol Tdh 5 Z & 5>
B EEHETH D =R F—FRIEIC K D ApT I
i 15T 5 incremental Widom insertion method &
I<—FH LTS,

KIZE S FERROMERIZOVTHERD, Zhb
DRIFHEEDERFZTHY , HAH LTV D @A FIE
IRy T EREO L O TH S, X 312 PE, PP,
PMMA, PVDF OAu"r %754, T3 LX —FKoRikg
HAWTEHERE LR EZ i i L T ry RL7ZH O
THD, MAPTREFD H O % T 0.5 keal/mol 2%
DHEPFANT - EDEEZ L D E VI RERN AL,
AuPT O EFEMEOHPHIZX 2 O PE— KR TR SN2
bOLFEREDOLDTHY | WD T OREITKS
¥ chain increment ZEN AW THD Z LR LTV D,
(ASHRUTH DY | AunT I IIAE — IR BER YR AR
M F—(u) b T OB M OHN LR 5,
BUEDOT ) T, ()13 i FHOE ) = — Lo
mD THOEOH A= R —D VM TH S,
(w1, HAESER O SIZOWTOREIENI TN D
RTWRETH Y, MR Z RO TR IR
ARER I CH B D, i ITRT DI (u) 12DV T
HAUPTIZONWT G [RI U & 9 Zezg@h 2R3, (u) 135

DERGY 2 BRNTZF T D i \ZxF LT 1 keal/mol LAF
DHEPFAT—ETH Y i=1IZBVWTARICKEL 25,
%72, incremental free energy Au"T? i=5,10, -, 90,

PPA

PMMA [

PE O PVDF Y7

- 000Qee000 E
: -ggﬂggﬁggﬁAAggggggMAg

v
- BB o BEDEDED-EDDE—ETD-_:

(kcal/mol)

incr

Ay

1

' ' 1 '
[ S

_D _;

0 20 40 60 80 100

s :-eggggggmgez@@m%

WVVvVvvaWvV‘VVV‘V V -
v :
r - EHEEEEEE B EHE R ENS B EHE N

-10 |

<u>; (kcal/mol)

O ]
-20_| 1 1 1 1 ]

0 20 40 60 80 100

monomer index i

X 3: ®yFERRICEIT D incremental free energy
ApPT B X ORE - B BT XX —(u),DE /
> —A VT v I AMRFEME, £hEhi=1,5,10,15,--,100
WOWTHELTEY , BIL, mOE /) v —&R\W=E
¥E Ry

95 I DWW\ T O-fEIL PE, PP, PMMA, PVDF T%
NEH-1.0, -1.6, -3.7, -2.2 keal/mol T %, 1EHE(F 7=
IXZNZ40.1,0.1, 0.2, 0.1 keal/mol TH 1 | F KR
7413 0.1,0.2,0.3,0.2 keal/mol & 72 ~7=, L7=A3 > T,
S S T2 AueT 335 X% 0.1 keal/mol F&E O
ERD, ZHUT@Ea A KB D 0I5 iR
Lo TS, & 51T, Aul" X PMMA>PVDF > PP
> PE DJEIZAICKEREZ > TS, PMMA <
PVDF DA™ & (u); 73 PP <° PE (Z LR TAICKE N
DIXHNE &1 53 1 D 7 DIFERNE & 43 I TR D ol
SHEFERLTWSZ &2 L, PP>PE &72%
DX PP DFMNPEIZLEARTE /) v —H A ANRKE W
LIS LTV D,
. (OXUTESWT, HEE NS 25,50, 100
D & EDESG T ORI B B RV X — Ak R
i L7z (6)RDAUT L, Apin % i=5, 10, -, (N-
10), (NSHIZHOWTHEE LIZfEE L, KimEho o
APz i=1 BELO N TOEEAWE, PE &
PMMA OEEEERE BT RV F—Audd N IZKT 5
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PE PMMA
0 \ 0 x— T
AN ] SN ]
= 1 L @ 1
3 LN | -100 | O ]
= .50 | N g L N\ ]
g &« | -200 [- L .
< AN L \ ]
3 SO AN
1 -300 7
-100 |- \.( r e
! ! L1 400 C | | .\\A
25 50 100 25 50 100
degree of polymerization N

4: chain increment %% AW TREY o 72 PE & PMMA
DEFHEFBH T RN —AuDEESEIKTENE

e E | 41287, Aud NIZxHT 2T R
<V ZHUTREGER T IUT D AT D AP B O
N EEHR > 7= EEENOE S IV TR T
HZEERLTND, (6)NTENZEBY | R
o3 OV H B = /L ¥ —|Z chain increment 75 C
FHE SN DAUNTIZ X > TR E DD, AUPTREAE
BHUELREDOSS FORKTFIIalb—a s
LA TE S Z LK 4ITRL TS,

5. E&HYIC

2R AET NV E W@ FROTRVF —
JEBH % 72 912 chain increment {E D BT 21T - 72,
ZOFETIHAEBY L OMBEERZ &S FHOE
J = LIZERINZEIN L T & Zhuicsbic s
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Accelerating In-Transit Co-Processing for Scientific Simulations Using
Region-Based Data-Driven Adaptive Compression

Marcus Wallden

Graduate School of Information Science and Technology, Osaka University

1. Introduction

Processing capabilities of supercomputers are improving
at a rapid pace. However, I/O bandwidth is advancing at a
much slower rate. This is one of the most pressing matters
facing large-scale scientific simulations. Simulations can
generate many tera- or petabytes of data, meaning that it
is difficult to save all important data to permanent storage
as a result of limited storage capacity or time-consuming
I/O operations [1-3]. In-transit co-processing can instead
be used to analyze and visualize data for each time step

while it is generated.

In-transit co-processing is typically performed on a
separate group of nodes, which we call transit nodes.
Utilizing a separate node group means that co-processing
can be performed asynchronously during the simulation
stage, resulting in a less strict time limitation compared to
other solutions.

The data transfers required to perform

in-transit co-processing can be accelerated by
compressing the simulation data. However, using a lossy
compression method could lower the accuracy and detail
of regions of interest in the data. It could instead be
preferable to selectively compress regions based on their
contribution to the simulated phenomenon. Reducing
regions which are not of interest would result in less time-
consuming data transfers, without any significant loss in
data quality.

We have developed an approach, called ATCO, to
accelerate in-transit co-processing for large-scale
simulations which utilize multivariate and temporal data
sets in the form of structured rectilinear grids. In these
grids, lightweight computations are adaptively performed
in-situ to accelerate the simulation, data reduction, data

transfers and co-processing. The importance of blocks,

convex and contiguous data regions which make up the
simulation data, are determined by utilizing various
importance metrics and filters. Such information can then
be used to identify important regions, down-sample,
reduce, compress or simply remove parts of the data based
on user-defined constraints. By this approach, we strive to
reduce the data size and the in-transit data transfer time by
utilizing multiple reduction and compression methods
based on the entropy of the data. The loss of detail in

regions of interest can thus be kept at a minimum.

2. Related Work

Determining and analyzing regions of interest in three-
dimensional (3D) data sets has been an important topic in
many different fields of research, and has as such been
explored in many related works [4-8]. However, such
research has generally been limited in scope or in its
ability to perform multiple analyses to determine block
importance. Our approach improves upon this related
work by being able to efficiently handle multiple
importance analyses and by adaptively utilizing multiple

different compression and reduction strategies.

Close to our work is a paper by Dorier et al. [4], in which
various importance metrics were used to dynamically
reduce unimportant data. Their approach specifically
targeted in-situ visualization and supported elementary
data reduction. In addition, they utilized load balancing
based on a random distribution to balance the load among
the available compute nodes. However, their approach

only supported the use of a single reduction method.

3. Adaptive In—-Transit Co—Processing

Our approach consists of three stages: the in-situ stage,



where importance is calculated and which compression
method to use is determined for each block, the
distribution stage, where generated simulation data is
compressed, load balanced and transferred to transit nodes,
and the in-transit stage, where data is decompressed and

restructured on the transit nodes.

A key issue when calculating the importance of individual
blocks is data locality. The simulation region is typically
allocated in contiguous memory space. However, a block
makes up a 3D subset of the simulated region, which leads
to low cache hit rates, especially when using small block
sizes. Utilizing multiple importance metrics or advanced
data access patterns further complicate this issue. Our
solution is to dynamically allocate a separate buffer for a
block when it is analyzed. Relevant filters, which
calculate importance metrics and determine which
compression methods to use based on user-defined
conditions, can then be applied in sequence for each block,
leading to low memory overhead and high cache hit rates.
This approach also ensures that the generated simulation
data of each block only needs to be allocated and copied
once, minimizing the overhead introduced by this step.
Operating on data allocated on a per-block basis leads to
a much higher data locality, meaning that multiple
importance calculations can be performed at a lower

computational cost.

Which importance metrics and filters to use depends on
the used simulation. Similarly, which compression
methods to use for which importance values depends on
the needs of the researcher. We consider four compression
and reduction methods: run-length encoding (RLE), LZ77
[9], Homogeneous (a block’s data is reduced to a single
value) and Skip (the block is not transferred to any transit

node).

The generated simulation data varies throughout the
simulation, meaning that the compressed data size is

constantly changing. It follows that the need for

compression and data reduction also changes throughout
the simulation. It could be preferable to adaptively change
filter parameters and the used compression methods based
on some criteria. The criteria could be based on the
memory usage, execution time or the remaining allocated
time on a compute cluster. Rudimentary use of an adaptive
condition has been explored in some related work [4].
However, only one condition was used, which limits its

application.

We support the use of multiple filters and importance
metrics, and a key issue is how to adaptively modify the
conditions without affecting the intended flow of analysis.
Our solution is to utilize an adaptive condition window, by
which filter conditions can vary. The value of the
condition window can slide one interval of 0.05 between
0.0 and 1.0 between each time step, based on input to the
program. Filter conditions can have a defined lower and
upper bound. Let ¢; and ¢, be the lower and upper bounds,
respectively, and w be the current value of the condition
window. The current value of the filter condition can then
be calculated using the equation

e+ (= c)) - wm (1)
This method ensures that the filter condition values
adaptively can be changes in a controlled manner, thus

retaining the intended flow of the analysis.

4, Double—Planar Richtmyer—Meshkov Instability

To evaluate the proposed approach we devised a double-
planar case of the Richtmyer-Meshkov Instability using
the simulation program CNS3D.

Initially, all fluids are at rest, other than the shocked
incoming air. The shock wave passes from left to right,
causing the membranes separating the two fluids to
rupture. The membranes are supported on a fine wire
mesh with a grid spacing of 0.4 cm. The initial boundary
conditions and initial setup are illustrated in Fig. 1.
Small initial perturbations increase greatly in size, leading
to high Reynolds number turbulent mixing of the two

gases. The simulation ran for 15,653 time steps on 32



compute nodes at a resolution of 2401 x 601 x 1201, for a
total of 3,228 node hours. Out of all time steps, 80 were
analyzed and used for testing purposes. In total, four
transit nodes were used for co-processing. A visualization
of three time steps of the mass fraction are shown in Fig.

2.

5. Results and Discussion

For testing purposes we devised a filter pipeline,
consisting of three filters. Blocks which had a range of 0
were set to use Homogeneous compression. The
Homogeneous compression method is lossy. However,
since the range of the affected blocks was zero, all
information could be retained. Blocks which consisted
of more than 90% distinct values were set to use no
compression, since lossless compression methods would
not be able to compress such data as effectively. All other
blocks were set to use RLE compression. The average

execution times are displayed in Fig. 3. Using the lossless

/A A/ 74
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Fig. 1: Initial and boundary condition of the double-planar
problem.

i

Fig. 2: Visualization of the mass fraction of the
Richtmyer-Meshkov Instability simulation at recorded
time steps 1, 40 and 80.

RLE method reduced the data transfer time by 35.2% as
compared to using no compression. However, the
decompression process significantly increased the co-
processing time on the transit nodes. Compared to the
RLE method, ATCO sped up the decompression process
by a factor of 2.0. The speedup compared to using no
compression was measured at 1.05. As for the data
distribution stage, ATCO achieved a speedup of 1.14
compared to using the RLE method, and a factor of 1.77
compared to using no compression. Interestingly, ATCO
was able to achieve better performance in all aspects
(compressed data size, compression, transfer and
decompression times) compared to the other lossless
compression methods used for comparison. This is a result
of the fact that ATCO scales with the compression
methods which are used in its pipeline; in this case RLE

and Homogeneous. This behavior should extend to other

compression methods as well.

6. Conclusion

We devised and evaluated a novel approach to perform in-
transit co-processing in which the simulation data is
analyzed to determine the importance of all regions of data.
Such information is then used to simultaneously utilize
multiple compression and reduction methods to accelerate
the in-transit co-processing while minimizing loss of
detail in regions of interest. The approach was able to
calculate the importance of regions of data expediently,
even in cases where multiple importance metrics were in
use. Our approach was able to achieve better performance
in all aspects (compressed data size as well as
compression, data transfer and decompression times) in
all evaluated tests than the methods used for comparison.
Compared to a run length encoding compression, our
approach achieved speedups of 1.14 and 2 when
performing data transfers and data decompression,
respectively. The excellent scalability and performance
make the approach suitable to be used in tandem with
many large-scale simulations which utilize in-transit co-

processing to analyze the generated data. In future work



we plan to extend the approach to work better with in-situ

workflows.
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# Data Distribution
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o
m
m

Time (s)

Fig. 3: Average execution times of the three main stages.
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FREWWSGMELE LT, BTOEFHEEF R L
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FREEX

WIT Ce R—7 &N 72 YAG fEf DNy &% R
THFET, K1 OAEBZENTT, N KRR
TRLIZTZ Ty heXv R3H Y . Zhit Ce 4f )
BN ETT, KFEBITINEHITHLE, 2
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D% R Thnd Lo, BETREZ BT )50
fs (151X 105 sec) 2T Af HEML BB L Z 05eV k
ALTWAZ b £9, 20 4 MO 757
& RBRTHAE STV D Stokes shift OAFE[111EUTEL
ATV E VR ET DT, ABFZETIT Stokes shift D
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[F CAEZLLT D Web X— Y THREW7ZT £7,
http://www.hpc.cmc.osaka-u.ac.jp/faq/

o

o

o

o

FERPCTHREERSA FL—VABOBEIMIFETLL O 0 ?
TV, FRETY, EHFEMOHFEIZ & E L TiE, UTNOFHHEEEH WEB ¥ A7 L0 b HFEHVWTE
D \i—a—()

FIHAEZR 2T & (BEFEGE)
https://manage.hpc.cmc.osaka-u.ac.jp/saibed/

HEEFIEICSEE L TUL, UTFTOX=VIZE LD TEY T 0T, ZZHITEI,

—AH (A BB RS

http://www.hpc.cme.osaka-u.ac.jp/service/basic_resourceadd/

FERTTHHAHRGOIINWE B XL VRH 2 LR TE T ?
WEB VA7 ANHIFAHETEEHADOT, FrrE TIEMKIZ S0,
KBRS (F AR MHFER s A7 L BE
Mail: system@cmc.osaka-u.ac.jp
TEL: 06-6879-8808

TARAIEREBEEZEM LSS, FIAHRIIWVOETTTN?

FEERTICHLULAENTZGETH, FIAMIRITFEERE LRV T, BEEICT A A REZBMNL
RWEESIX, T2 OEEE 3 APICBEWWELET, RUEERWEFAD LEEe. e b
WA, TERE S E W, FAIE LT, FRNERELICZL L TTF— 22U 52 213H 0 £ A,

2—PFHETT 7 A NVEEET DI LIIFRETLE I A ?

secp A~ REFHEHTSZ L TRHETT,

BZIX, BV b T4 L7 FBUTF® abe 74 L2 BUDHFDT7 7 A )L samplec %, b61234 DFE— LT
4 L7 FUICEET258IFUTO LS a~vr ReE ) 9,

[ scp ./abce/sample.c b61234@localhost: }
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Va7 PN EXTIREBTILEESTLED

A. Va7 EXTIREETIHILT 2N OL X, 7+ A7 HHEOBEAFKNTT, Zohe, FikLzy
a3 7 OERET T —H 7)1 [Disk quota exceeded) & HIJJSALE T, usage view 2~ RETHH DT «
27 ENEE L TOARVDHER L TS0,

OCTOPUS O, T 4 A 7 fEIE )Y home FHIK & work fHIKIZ /2> TH Y | home FEHIKIZ (T 222 — —
T 10GB OHfilfRZHZE L TCWET, D LRERT =X 2WH T CHRBEICEE LETO T, KR~
177 ADOFEITIE work fHIkZ ZFIH L 72 X0,

o

%3 : SX-ACE/NCC D7 7 A )V AT KON T
http://www.hpc.cmc.osaka-u.ac.jp/system/manual/use_filesystem/
%% : OCTOPUS D7 7 A )L AT KZOWNT

http://www.hpc.cme.osaka-u.ac.jp/system/manual/octopus-use/filesystem/

Q. OCTOPUS T MPI 71 75 1% FEFT L72FEIZ""No PBS nodefile found" & W5 =5 —NHA1EN S
A. MPI 7'u 77 LFATREIZS{NQSIL MPIOPTS} Zf5E L CW o oiga, LFD X S =T —n
Hhshx4,

4 I
[mpiexec@oct-***] HYDT bscd pbs_query node list (../../tools/bootstrap/external/pbs_query node
list.c:23): No PBS nodefile found

[mpiexec@oct-***] HYDT bsci_query node list (../../tools/bootstrap/src/bsci_query node list.c:19):

RMK returned error while querying node list

[mpiexec@oct-***] main (../../ui/mpich/mpiexec.c:621): unable to query the RMK for a node list
- J

T —Avt—YHEEIL, MPL 712 2 F AdD"nodefile" (4T 55E ) — FEIEET HREY
7TAN) WIFELRWT &L TWEd, OCTOPUS Tik, ${NQSII MPIOPTS} %5 E\ 7=
7T, HEMICRESNE T,

%% : OCTOPUS intelMPI OF|f 7z >\ T

http://www.hpc.cme.osaka-u.ac.jp/system/manual/octopus-use/intelmpi/
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—BIZREDOVaTE2BAL, Pa T TERANT 7 AN/ BT 77 ANVEERELTZV

77 ANHITHEGE LT BEAEENTOWDEA, NI A Y v 7 Va7 ) EAFIET, —EICK

DY a T EFEATEET,

RIAN) 7 Pa7 T, Ya7 A7 U7 hNO"$PBS SUBREQNO"ERBE AT, -t THRE L7240 E
(FREOBITIZ 1 D 5 FTOHAE) BN SINET, qsub 5 LFRIRFZ S ADOY 3 TRHEASI, a

out (Zxt L TENENRLRD AN T 740 (FREOBITIX inputl 725 inputs) ARE I ET,

fein

¥ a 7 A7 Y7 Mil(jobscript.sh)

#PBS -q OCTOPUS

#PBS -l elapstim_req=0:30:00,cpunum_job=24
cd $PBS_ O WORKDIR

Ja.out input$PBS SUBREQNO

BATTIE

gsub -t 1-5 jobscript.sh

gstat DRRGI/NT A MY w7 a TOE, 1EO qub IZ2OE 1 3 0ORRERV ET

RequestID ReqName UserName Queue Pri STT S Memory CPU Elapse R H M Jobs

123456[].oct ngs username OCIC 0 QUE - - - - YYYI1

sstat DFRG:-t THE LBE S 2T FoR S ET

RequestID ReqName UserName Queue Pri STT PlannedStartTime \
123456[1].oct  ngs username  OCI1C 0.5002/ 0.5002 QUE -
123456[2].oct  ngs username  OCI1C 0.5002/ 0.5002 QUE -
123456[3].oct  ngs username  OCI1C 0.5002/ 0.5002 QUE -
123456[4].oct  ngs username  OCI1C 0.5002/ 0.5002 QUE -
k123456[5].0(:‘( ngs username  OCI1C 0.5002/ 0.5002 QUE - j
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(LT [JHWEGE R AT ) Lo, ) OFIHIZES L EE7s
FIEETEDDH LD ET D,

H2d KBWGEIRRS AT 23, IR UEEEOTD
(HIT 22 LN TELHDET S,

B35 NIAEGHEM S AT 2&FIHT 5 2 LD TEDLHIL,

DS DT NTFEL T 5 15,

(1) KE, FHIREE, @SRRI AR %
B OEFEEEZ &L, ) KO UCHET 55

Q) KREBEOFAR N IUHET BH

(3) “FRHIFSE I OIS H ) & 3~ E U IO AL A
g 2R L, BEOMciedid 54

(4) AT R QYR 2 H ) & 3 288 (R B12i% i 45
PRI FRS, )T, BV H—DRUIT rg—FK] Ln
Do ) DRDTHEBNTIR L. HOMIUNEF T 2FH

(5) BHFICEAHBN ORI 252 T TR AT 2

6) 15, &35 UIE 4 5OENIET HHEEE & O IEE
ZEIZHI LT D B ZEEE TR L, B BRI
TLE

(1) AARENICENE AT 0 BRESESICTET 58 s
W4T AEEBRS, ) T, BICEDAFEICH S EL#
—RSROI-H

(8) BiIGEDIFN, FHI L #—ENNEY LD

FAS KEEERS 2T 2RI L LD L9583, FiE
DOHFEEATV., B ¥ —ROAGRBZZ T2 UL 7e B2,
72721, BIGRES 6 S:0FL, ZORY TRUN,

2 RPEOHEEL, KBUGH RS A 7 LFIAORRE AT
XHHLOTRITFIUTR S0,

H5% BUH—RIE, BISEE 1 EICKDHREEZEIL, Y
LR L EIR, IhAEARL, FIREESES5250b08
T5,

2 BEEOFAEERSOAIMIEL, 1HEURNET D, 72720,
WM BB A D Z 1T TERR,

65k KEMERHS 2T AOFRMIC > E AR SN =E (UL
T TRIHET &vvo, )id, BREEORENARICEE 2 £E U7
A, HEONITEDOFHEX ZATh7ei uZe 670,

TS FREIL BO5E 1 HEICHET AMTES A 4%
FHICARD HRILMCBE I L, A S8 T3 s
AJAN

8k AL, UEHEHAROMM A T3UTIE Lz &
TN, WONTEDEE R A—RIJBTHD L L bl £

ORFHOFER IR A FTEOMEEIC LY o X —RITH
B LT IUT R S0,

2 HHEEOEICH DD BT, B —RNE LD
1L, WEEORNARDD Z LN TE D,

3 fEH ST, FHIE LCTAE L, B ¥ —DIR
WEORIMT 5 enTEL LD ET D, 72720, FIHFE
BHOLNAUOH U & X3, - WP CARD
HEHAZRD D Z LB D,

FoSg FIHEIL, WMEORIERSCEFIC LV NETH & X1,
M U R R s AT 2 AT LB a2 L
FAUZ7Z2 5780,

105 FIHEL YEFBIRLEEO—E 2 i L
HUFZR B 780,

115 AIROMARREOEHRENT, ENIRAHEARBS:
BRI ED 5 & ZAHIZE D,

125 HIROBEIIH DT, ROFHATIT HHHAI
DOWTIE, FIHBEOEHAZE L0,
() B X —ORIFT_REFGFE DD o7 L X,
Q) X —HEE LT DRSO, B ¥ — RV
ITHGR LTz & &,

H1 3% FIREEROAIE, ROSFTBTHHELD D

DEF D,
(1) PPt BEERFE BB & 2 bR <, ) DBHBITH > T
LT HROIR LD

@) AIFEFLSANOEEIZH > T, AT DikREOREET
HEATAFEA~OIRHAIZ L 5,

14k vrF—iE, FFED KBRS 27 5% F
L7= 2 &1 L 0 o - EZ OO KEIE S 27 AT
BERE LT~ 78TOV, U0 ER O A A7
AN

1565 bry—id KEWGEIGES X T AOEEZOMR
DALV HERDH D & E1E, FIHFE~OTER LSBT
AR AT DEARIETH ZLNTE D,

F165% X —REiE ZORENIIORBRIZESED
VD LT3 OB RS S A 7 AOifE | ZER S
[E2AE L SET-ENHD L XL, FHOHEGEEZRDEL, X
1L EHIIREE RS AT AR A EIE ST 5 Z L3
HD,

B17% ZORRIED D HLODIED, KGR 27
LA LB FIH Y, B ¥ —RNED D,

a Ll

1 ZOHFNE. k1 24£4 A 1 BB T2,

2 KRRCRZFATUEHS 2 — ORI R A e E 2
WAHRREWEM4 3429 A 1 8 Hifll®) 1%, BIET 5,

3 Z OB TR RIS R Fif 7 o & — ORI B
THEEHE T DR IS E . Wk 1 24EEORFA
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REZF TR H>TEL, ZOFRBRICES SR O
WHoT=bD BT,

BRI
ZOUEE, Pk 1 341 A 6 AT D,
(ol
ZOWIEIL, A1 34E4 A 1 B BT 5,
PRI
YL, Phk1 44E4 7 1 AT 5,
PRI

ZOUEE, k1 446 A1 9 B BRETL,

Wk 1 454 1 1 B biEid 5,
(ol

ZOWEL, PR 1544 A 1 B06HHT9 5,
BRI

ZOWEE, Pk 1 64E4 H 1 BB T35,
(ol

ZOWIEIL, k1 842 H 1 5 D19 %,
(ol

ZOWIEE, k1 949 A 2 8 H D19 %,
BRI

ZOWIEE, %2 04E4 H 1 6 HDlitTd %,
B Al

ZOWIEE, Wk 2 344 A 1 AT 5,
B Al

ZOWIEE, k2 44E5 H 1 0 HDliatTd %,
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KBRRZHAN—AT 4TV —KREHER AT LAAREE -

FEISERZFE N RBORSERERHE R IS 17
RIEREFS A N=RAT ¢ 7o 2 — REBGEHRE S 2 7 SRR 11 ZOBUEIHES < A

(1) A—s3—2 2 2—%(SX-ACE)D & HH%H

A HF
FEARRHE A — KK

92,500 1,76 » A 1 /—K

(B) A
AEARAHA FIHATRE ) — KRR
10 5H 5,700 / — RFEfH
50 17 28,500 / — REEfH]
100 751 59,700 / — R[]
- 150 J5 1 89,500 / — KIEfH
200 J7 1 125,100 / — R[]
250 75 156,300 / — RHFR
300 J7 1 196,100 / — K[
400 77 M 272,800 / — KHI§fH]
500 7 [ 369,400 / — RHEH]

i

1 AL ERRAMETHE N Lo aEEIc. HERB (10%) 2Nz CTHE-fEsET5,

7272 L, PEEFABREIEARB OAHEIL, FRRAHATEN L-AGFHBEICS 2R,
HEBL (10%) 2Nz CHEEEET 5,

RERFEOF AR F 7 134FEE 22 TRIHIZTE 22,

F 4 A7 RKEIT 1 HEEHEALT 500GB 2E 0 Y TAH, 2 LOT 4 A7 BFREAETE R,
ANXER / — FEE BT 255 0RETHFEEZ T4 5,

(A)D 2 /) — RLLEOREAAMEIL, 1|/ — RE2EECHHTI2D L5,

BUIEEDBRT Ta—ADEF X TEX RV, Hoil a— 22BN 2583 HEE2Z T 5,

o O ok w N

(2) A—=N—zm3 ' a2—% (SX-ACE) T 4 A7 5x5EBINOAHEE
JEARBFHEH FEHLENT
5,000 .76 » H 1TB

i
1 AT FRRABHBETHE B L-AFEEIC, MEB (10%) 2Nz CHR-EET D,
2L, PEEFAMRIEARBOAMEIT, FRRAREATHEH LEGFFEICS 2R T,
HEBL (10%) 2Nz CTHEZEET D,
2 BERFOFAMIR E 72 ITFEA B TRHRHIETE 220,
3 FEORFITEMPFEOLZTHIT 5,
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OCTOPUS O£ #H%8

(A) A
ARG A — R
191,000 [ /4 LA CPU /—KREE 1 7 — R
793,000 [,/ 4 GPU /— Kt 1 /— R
154,000 [ /4 XeonPhi / — KEE 1 /— K
(B) A
ARG OCTOPUS KA > b
10 77 H 1,000 KA > k
N 50 7MY 5250 KA > b
100 /5 4 11,000 RA > k
300 /71 34,500 RA >k
500 77 M 60,000 A >k
(C) F 4 A7 BB
ARG TEfLHAL
3,000 [,/ 4 ITB

e

[©)INN) IETSNEVO I )

~

9

AT FRRAHECRE M L2 AR, HWEB (10%) ZI THRIEEE T 5,

772U, PEEFRAMRFIEARMOAMEL, FRRAHBETHEN LEGRBEICS 2R T,
HEBL (10%) 2Nz CTHEREEET 5,

BERFOR AR E 2 IFFEL B TRHHIZTE 220,

TAATREIT I FFEHEMNTITB 2E0 Y ChH, L, thoT 4 A7 FEEAETE R,
ATEA/ — FEEBINT 256 DAEERFEZZ T 5,

A)D 2 7 — RUEOARGHEE L, 1 /— RERBIHBTIEDOET D,
(ANTEFFEARIIC LY 10 7 — RLLE 3 A B O 2 Z AT 2 8A 0 H 5,
ZOHADOAEOAMEEIL, 1| /) — FEOIEARGMED 1/10 95,

BIIFEDRP TCa—ADELITEX W, FHizlila—RAZBMT 558 1EREE =TT 5,
FHHE ) — RORHIFEH D OCTOPUS KA > b, M L=/ — FEFREICRE L TLLF O E
8l KOFHIREEZ R Lo b D L35, FEREUIATFEORARNEZE~, 0 #8225 1 L4
TOEEFET D,

J— Rt THEAREL FHIREK
LA CPU /—FRE 0.0520
GPU /—F#¢ 0.2173 KRB S 2T A
XeonPhi /—R7# 0.0418 WEB ~— V2 F#
RE & TRLEEHE — R 0.3703

(ONTFEEDORPIXIBIEFEOLZIT T 5,

10 (OX 1 >OHFEI L—TFI2o&E, 250TB OEMNE ERET 5,
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O E
KEEHE#ORATL FRAM—E

P4 FRA N4
a7 A % —s3 (SX-ACE) login.hpc.cme.osaka-u.ac.jp
7 /A % —,N (OCTOPUS) octopus.hpc.cmc.osaka-u.ac.jp

HKA—NR—a L Ba—Z R EDOWE AT LANT, a7 A o — "B ToEgs ) £9°,
(FRA P —EFRIIIAZL L TWOEEAL)

A—=N—aAVEa1—4 X-AMEDT3aTHSR—8

IR a7 | FIATE FIFRTEE FIFAFTRE ELEZ31033]
7 A | FRiBRHE B K core % BARAEY A[HE/ — R
1024 core 15TB .
ACE 24 &H (4 core x 256 / — ) (60 GB x 256 / — ) 256 /= F
32 core 480 GB
1 N RS
F*AFA DBG 205 (4corex8 /—F) (60GB x8 /—K) 87—k
INT 60 47 4 core 60 GB 1 /—FK
SAFA | myACE I PR 4 core x i1/ — MK 60 GBx 5/ — K HAE/ — N

SKECHT O IEHITLL T O WEB ~2— ¥ 2 1% < 72 &)1 http://www.hpc.cmce.osaka-u.ac.jp/system/jobclass/
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LA CPU / — F#f

OCTOPUS DT 3TV S5 X—%K

. - _ FIATHE FI T EE FI T EE Elisa005E
RRzE | V37772 | mren Sk Core 3 BAATY | A — KK
3,072 Core 24,576 GB
OCTOPUS | 120 K[ ’ ’ 128 /— K
24Corex128 / — K 192GBx128 / — R
AR (24Core ) ( )
DBG 10 4y 24 Core 192 GB 1/—F
SAFIHE | myOCTOPUS | #EHIR 24Corex 57 / — N 192GBx 56/ — R | 5F/— &
GPU / — R
s = FFH FTRE FIFH AR - Gl
FIRHFE | VaTdrI A fligtan £k Core 3 FIHFTREAE Y R ) — 1
768 Core 6,144 GB e
OCTOPUS | 120 151 (24Corex32 / — ) (192GBx32 / — ) 27k
EEFA
DBG 10 4y 24 Core 192 GB 1 /—F
SAEFIE | myOCTOPUS | IR 24Corex (5F / — Nk 192GBx5H 7 — ¥ | 5B/ — K&
Xeon Phi / — R
v | s _ # "I RE FI v BE ] B A
FIAFE | VadrT R B Sk Core 30 FIAFEEAEY T ) — 1%
2,048 Core 6,144 GB T
EHEFA OCTPHI 120 FERE (64Corex32 / — ) (192GBx32 7 — ) 32 /— KR
SAAMMA | myOCTPHI piLHINUE 24Corex 5 H / — R 192GBx 54/ — F¥& | 5F/ — Nk
REEBEFREER  — Vit
o - FIFFTRE FIFHFIRE - Gl
MBAE | ¥a727 72 | e Bk Core $ MRTEATY | g — 1%
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BRI

2019 FERBRRETEH S X T LER@IR

(HLAT : IR

o N 5 6 7 8 9 10 11 12 1 2 3 a3 | ATy
;}i%ﬁ*f—t‘xﬁ%ﬁ (AD)| 682:45| 744:00| 720:00( 744:00 744:00| 720:00| 744:00| 720:00| 744:00 733:15| 672:00| 730:00 8698:00 724:50
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BEhR (A/(A+B+C+D)%)|  94.86| 100.00| 100.00| 100.00| 100.00| 100.00| 100.00| 100.00| 100.00| 98.59| 100.00| 98.12| ——— 99.30
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