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Arsusur Hori™ and Mitaro Namikr 2

MPI-IO provides fruitful APIs for parallel I/O in MPI programming. One
of the well-known MPI-IO libraries named ROMIO adopted several optimiza-
tion techniques such as Two-Phase I/O. Two-Phase I/O consists of I/O and
communication phases to improve performance in accessing non-contigous data
patterns in a collective manner. However, increase in the number of MPI pro-
cess in turn leads to increase in the communication times, and as a result its
performance is degraded. Furthermore, we may have a huge scale of data with
an increase in the number of CPU cores. Such situation required more mem-
ory resources for MPI applications, thus we can not utilize enough memory for
Two-Phase I/O to improve performance. Since two-phase I/O has a room to
overlap of those operations, we have implemented two schemes; multithreaded
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and asynchronous operations. We have evaluated the two schemes on PC clus-
ter systems. Through this evaluation, the former scheme outperformed the
latter one and reduced the amount of used memory size. On the other hand,
the latter one has a little performance advantage compared with the original
two-phase scheme when a buffer size for Two-Phase I/O was quite small.

1. T oI

HEWOHEMHED FEAUC k5T, HET T U= a 3 &0 R KRR E
RHATREL 75T D, — /T, 77 U —3 a v O KRBBAUIIR S 7 — 7 o9 A X&)
SELW, 1/0 MaED ) FFEERGREHE 72 5> T b,

MPI 7 # — 5 L% CldEaER 1) 1/0 720D A > ¥ 7 = — 2 Cdh 5 MPL-I0 %Ki
LTwb, 20 MPLIO Ofb LN 2FEEDV & D TH 5 ROMIOY IcBnT, &
I 1/O % %3 F47¢ 572912, Two-Phase I/O'® (LIF, TP 1/0) 2 HIh 5k
WA EN TS, TPI/OE, MEICLDT —FURBRA LTy ANVT I RAD 2D
DIEIC L > TEHEh, Elo7Ta AThEEHM0/NER 77y ANT 78 AEREF &
Folt KERT 7 ANT I RACTDHIETT 7 ANT V2D EZRKS L, midftz
KHL Tnad, LL s, TP I/O TIHMERITI 0, Tak 27— motiin
B EVIMET A NPT e MEEME T T 5. £/, TP 1/O IS LD &i(LTIE, 7—%
WAREEZ D=1 Collective Buffer (LT, CB) &MHIN 2 —Fif 7 Ny 7 7 20 H e L,
CB 0379 A X, TP I/O I EKENC A CEITSh MEEIR T 5. 2o
/=8, TP 1/O OMaER FALT 57290101%, TP I/O S —[ETCEITEE [T 50149
ATV ERE CB &L THERT 20ERH L. LrL, ITHowLFay - A=—a7uc
FY ) —RHoTa 27 -2 BIFHNL CEY, XV HEENHENT MRS 5.

t1 ILEE K A5 L TEE5eR
Kinki University
T2 SATEOE AR IR CREST
JST CREST
13 IR TR
Faculty of Engineering, Kinki University
T4 FLERRSERT SHE RIS
AICS, RIKEN
15 HAUR TR
Tokyo University of Agriculture and Technology

© 2011 Information Processing Society of Japan



LR AT R

IPSJ SIG Technical Report
Fiz, Tak AT — ¥ BOWIMIMEREY R AALT 57201 %2 CB 4 X i s &
L7z, TP 1/0 D AMAER BT 72010 0By A XD AT UMD TR T S 2 al GEM
WH 5.

KIFFETIE, TP 1/O QMBIEL 77 ANT 7 ¥ 2B WINCETTLHZ & ClfZoa b %
B L, SEHMI/0 2mdfld 2 FEEIERT 5. MMEEFECHOT, TP I1/0 &)
ICEITT B0, TP 1/0  ERENC T TEIT S RLENH 5, E-7C, AT VUME
FEZ R 72 ECHAER M LS o N 2 alBEMD S 5. REFEF LW ibo ke L
T, ZNETCOMNETHEREL 2V1)Pthread® %z~ F AL v KL 2) 77 A )L
VAT LOIEEI /O &AW ED 2 DO JETREL, ToMaE: Tl 7-.

AlallE Linux 2SE1{ES 2 PC 7 5 ZAF BRIECAN 7 7 AV S AF LD—D>TH % PVFS2Y
HEEL . LFilo 2 DO REOMHETHZ 1T -7z, ZTORE, < VF AL v RIC k5 FRET
FUYFND TP I/O LY 8L AEYHEHETA Y Y FIVoRKEREREHA S Z &%
MEaEc &z, —J57C, FEMAMBLIRC & 2T AT ) FHEL KL <HIRSh 2R BN
THRER 18] SR SN L0]gEMAYSH 5 2 & SR T & 72,

LIF, % 2 % T Two-Phae I/O IZDW TR, # 3 & Cld Two-Phase 1/0 i {Lo i
FEFRTOWTIERS, F 4 ZHTBOTEET S 2 MaEHC DWW TR S, KICH 5 &
ICBWT, BEFZEUCOWTIHRNZ1R, B 6 RSB TRR LD F L0 & S RoFHIC >N
T2,

2. Two-Phase I/0

HE7 T U= a BN, 77 ANV LOERILOT — FREEDT — & & GBI
AEL TET a2 HTL5E, —RINCET a8 207 7 AV T 72 AF ANt
borksd, N7 78 ANS =10k 5 1/01F, BHONSRT 7 ANT I RAL
75729 1/0 o EEIK T 5. TP I/0 TlX, I/O o\ ot AR TF — # 354k % 1T
HZET, ETARADT 7y ANT 7R AEREF O T, TELRV ML > AVT 2
Y AERAEZTEY, ThickV 77 AV 7 72 20 ZERKS L TEdk 1/0 HEEx
FHL T35,

TP I/O I& MPI-IO ©K%ED—>TH 5 ROMIO IZBWTHESNhTEY, EHMI/O
RUIFOHL 72BRCFATT 5 2 ensafgECdH 5. TP I/O 2O L 7« MPI 7R 20 9 &,
KBTI 7 ANT 2R AETH> IO AT 7 U — 5 LIS, 8T MPI Y at 2%
WO L 7eeToTdaw a7 7 O r—2 e bhS, 77V —=20837» AVt —F

Vol.2011-HPC-130 No.32
2011/7/28

Process 0's request

-------------- Process 1's request

File domain of process 0

el

L I L I 1
I I I I I
Collective buffer on Process 0

File domain of process 1

I I U
Collective buffer on Process 1

| ™o P |
~ ~
P
I Communication —_ |
~ ~
| —~ ~ |
v - ~a \J

T
User's buffer on Process 0 User's buffer on Process 1

X1 TP I/OIC k2 BHMEGRAARMREORL T (2 7 B2 2)

ey N2 HA 52 & TEHEARETH 5.

H1ic27vkRT&d TP I/0 1T & 2 EHMGRAALNIL DG F2 ], Tldd
To7aw 2O 7T IV —=5Thb, 77 V75 —=2IE7 7 AT 57 7 AV
AR CHY L ToND, TTHRODIS, 72707200 Y ToNT 7 A VHEB»S
Collective Buffer (CB) N7 —# & ipiAle. ZOKIC, BEICL-TTF—220&7 a0tk
ANET SN S.

FHMHESAROEZE T, ZoWoFIHTETSNG, 2L, HEALT —FIcZE
W DHEEE, 77 AN LEOZDOENDOT —F BRI N20IZ, T — 2 BN GRAIAL
R AT .

ROMIO @ FHITHENTUE CB A REAFRICRET 5 2 LSk EA, 77U r—%
WCH Y Y TENIZHHIERAY CB YA Ak k&L, —[EoD TP /O OETTIELRTHOT —4
WX BN TE T CER WA, £ ToF —FIHT 2025 735 £T TP I/O
RV IRL KiTEN s, TP I/O BEBIEFITSh 2 HGIE, 77 AVT AT =4
WARBZ OIS 5720, 77 AT 7R ALIEEDT ==~y KoM L0
REIMIN NS 5. E->T, TP I/O oMpEE R KALT 57-9121E, TP I/O W —[aIT% 1T 5
DIT TN KREED CB Y A X HEL 2T UL 6 20,

© 2011 Information Processing Society of Japan



TEARUL 2 A e
IPSJ SIG Technical Report

3. Two-Phase I/0 SIR{LDIREFE

KRETIE, TP I/O OEHELOIERT R W THET 5. Zofkic, FReMIEL /==
JVF ALy RIS L BUWFHE TP I/0 & IEREI I/0 1 L 5 W5ML TP 1/O DA% 1T 5

TP I/O WEREIFEI TSN 215G, Lo TP 1/0 %, ZoH]O TP 1/0 OFE T % ff-
THERITENDD, ThoidzhFnoT — 7 T 208 TH 2 0T, FaricF it
QEECH B, T TR 0lE, WHWHHEDIETH L4 T 54 M E fvwb 2 & ¢, TP
I/OD 77 ANT VAT —Z W2 NFLZ WHIFELTL ST st 217572

X213, &MY 7> A VG L 2 RITL 2F8C, (a)TP I/0 & (b) WwH{LL 7= TP 1/0
BT, 77 ANVEPIAR L T — ZWREFANUE SN D 2 A I TRl Tns, TP
request (TP £2K) &%, TP 1/0O Z —[EFE(TTHERTH L. TIE, TP ERKZE, 77
ANV ERPIABIUFE L 7 — Z W NFZUWFEE L TS HEE TR TRBIL T,

A1 YFID TP 1/0(a) Tld 2 DOMEEINKHIZ R S 5012 L TAHFL TP 1/0(b)
Tl 2 DOMUHENEFACFIT SN TS 2 &b, X 2(b) &b, WHLEL 72 TP 1/0
DEOFATRNE, (BAloFRAHL OF/) + (F—N—F v T DR]) + (BIRDAWAN
BA2ORW) TH2H, A—N—T v 7T LML, TP BEROBAHETZ & THnL, TP
FROBUE CBH A X% /NS THZeTHMT 5. T4abb, A TP I/O Tk CB
YA X% /NS T L2 e TRET 2RO R G INL, MaExm L322 ehvithiks 7z
W, AEVYERMRIL 7z L CHaEL M LS5 2 eMIfF T 5.

COMTIE, T—2OUNRER LT 7 AT 72 ACET LEHMNET TH 508, EFEC
FIRGERT 4 A7 7 72 ADMRE, HDHWNET7 7 2ANRF o T ak AFEOBC K 5
T, 77 ANT 2 ALT = FWRBA DB ONT v A ED L. T —F WNFR O
RIS T 7 A VB L PR KEWEETIE, - "=y 7T 3HMIcBNT,

FANBRONINE 7 7 A VERAE LSRR Sh Twa e EX26N5, {toTC, 2

ﬁm,I«éz CET LD S BbD (TP EROW — 1) / (TP EEROT) ARk S
hbeszohbd,

Tz, WIS L2 FITR o fEfEE, 7 7 A Vil & T — 7 WANBZ oF o s
1:1 OEER RO MRMNTEHEIN D L EA2 6N 5, WHF2NELE THUE, —Hour
% RO MEEL R RERIN I 20 TH B

L 72h8 6, TPEYﬁﬁmTé’a’;31774w77t1£iw?~&i&§2
DD DOWEO RIS T =0, A==~y RBWINT 5. E->7T, Bofm:

Vol.2011-HPC-130 No.32
2011/7/28

i-th TP request M

Read 0i1 ... In-1
Exchange T - .
E’ :0 1 nl
0 1 T 0 n-1n-1 i >
Overlap

(a) (b)
M2 TPI/O ONIEHY A4 15 A (a) 4 U Y F )L TP(b) HH{L TP

SR D RS D = 212 X B MERERA L2 A — N —y K o c & 2 HEREIS TAMT BIEL T
L EHufEEdN EA 6N 5,

3.1 JIFALyNRRTP I/O OFBHFE

SNVF ALy RIZkd TP I/O 0 WHHALRETE, TPI/OICBI L7 7 ANVTY I RL
F =B WNBRETNTNHRL AL v K ECFTTHZ e TUSILL Tndb. SEIFEEL
72NV F ALy RIC X5 W5MEL TP 1/0 O@iiff 2 K 3 1SR,

KFEETIE TP I/O D7 7 A NVGrHAHL 2D AL v K (Read AL v F) THEITL
F =B WRPBAOWHII A A AL v R FTEITT L. /2, AL v Ko TP #Rkox
LI, ZThZho 2L vy RISl T a— 2450856 2 L THRHL Tnwa, AEEoH
PEE, ETHDOIC, ALY AL v K250 TP BoRE KL, #h% Read AL v R o
Fa—NANDL., ZOREAALY AL v KDF a— (Exchange ¥ = —) & RTERNH L
ZTHEUIEL, 1 2Z2UIEL KA D RECHI 7212 12 TP E3Rk%E fEL T Read AL v KA A
Nad., heeTor -2 2L KA 5 £THVIEYT. Read AL v K TlidF 2 —I2 TP
FERHIEZNEZINO L T7 7 A Vin i LA % 470y, Exchange % = —~N& 7. A
FEETIE, 220 CB ZHERL, F TN Ny 75 U7 eEICAMATEHIET 5. =720
TP I/O o[alhs 1 [ & TlE, WHINCRITT 2 TP ERBEW=0, Zoéld, CB
1% 1 DU PHERL 220,

3.2 FEEHEAR TP I/0 OXBF%

T 7 AN 2T AT ko T, FEEIIH APT B s h Tn b, STk 1%, ZhiF]
L 7254 TP 1/0 o F L b 1T-7z. JEEMI/OMTHRIEY 250 CB 2 HAEL, ¥
TNNy Ty VT Lk TT —FURBR L T 7 AIVimA L A —N—=F 9y T 35,

© 2011 Information Processing Society of Japan



TR 2R
IPSJ SIG Technical Report

Main(Exchange) Thread

i-1
CreateaNew .o . -—
Request y

¢ Data xchange

Read Exchange
Queue Queue

Read Thread

i-th TP Request
i

Collective
Buffer

)

File Read

3 <N F AL v R Two-Phase I/O 033

i-th TP Requests i1
i1 [
| ). Next
Async v Iteration

call Wait
Data Exchange B
Collecnve

Buffer Asynchronous

File Readl

[ 4 JEEIHK Two-Phase 1/0 o FxEkktE

¥/, I F ALy KEEEL &, TP I/O M 1 EL »FEfrEhenig
L D REERL 22\,

X 413%, JEEIII/O &7z TP 1/O0 ofifFe RL X TH 5. JEEIIRORITIE, &
FHaDIZ TP BREERL, IR0 7 7> A ViR L 2ET73 5. Zoficy — 211
NEBAOWH AT S, 7 — F WANBREZ 4T 5 TP BRI, Ao FTITTT 7 Vil
LEENEZ TP ERTH L. F—FUNEANKED D L, JEEMT 7 A VAL o5E [ %
15, ZORITKD TP 1/O OFTICHD. ke ToF — 2T 20 %24 % &

i, CBiE1D

Vol.2011-HPC-130 No.32
2011/7/28

w1 {HLEZ&{PCIZI28 D ) =KDtk

ik 1 K 2
CPU 1 xIntel Xeon E5530 2.4 GHz 1 X Intel Pentium-D 3.2 GHz
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