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A design of I/0O Library on the Light-weight OS
for a Multi/Many-core Parallel Computer

Abstract: The Multi/Many-core Parallel Computer has the structure of a hybrid computer architecture with
multi-core and many-core processors for Exa-scale computing. In this computer, resources at a lightweight
operating system (LWOS) on a many-core processor are managed by a host operating system (Host OS)
on a multi-core processor. This paper describes the design of the I/O library and the I/O processing unit
to delegate I/O environment such as filesystems and device drivers on the LWOS to the Host OS. In this
study, the I/O processing unit on the Host OS performs a direct I/O access to the many-core memory and
introduce a parallel processing for a I/O access to reduce the I/O wait time. In the reults, the evaluation is
shown that a bandwidth of the 16MB read access is equal to the Linux I/O access. For the future, we will
continue to improve the multiple I/O access performance.
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Fig. 1 The system architecture for a Multi/Many-core Parallel

Computer.
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®1 BEEAMNTIATTZVICEDERT7 741 1/0O APL
Table 1 The file I/O API of the standard I/O library.
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Table 2 The POSIX.1 file I/O APIL
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Fig. 2 The process for remote file I/O.
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Table 3 Inter-OS communication item for remote I/O access.
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Fig. 3 A memory mapping of the LW-process memory region.
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WD Z ET, BEOSICRBIT 57 7 A4V 1/0 it %
FEHRI 5. MEOERETIEARL, Linux OBEEEIAT S
LT, BEOENTT AN AT AOERER, BER
TNARARTAROREEZ T, 77 401/0 Bitgs %
Bl9H5Z LN TE5S.

Linux D7 7 AV AT AL, TabAa TR b
6@@&5&6’&%%%’%%éh1wétb 0S 4

WEZIPLNY R TRETHARFEH T, FVIAR
AUTHXRARINSLTOEAILTHR A FA~OY Y R
WFEE T D, AWFETIE, HE OS hb&sta i 7 A
NV 1/0 %R 572D Delegatee 7' 7 A ZEH OS L
WART 52L& T, Linuk D7 7 A VY 2T L &2FH L=
7740 1/0 #EBlT 5. Delegatee 7’1 ANTIE, #
BDO7 74010 FFERZRIFICUET 5720, U—
N—A Ly FEBEMEERT D, £ ——ALy FiZ
77 AN1/O FFEERDOZAF MM A, I —F NV ZERN T
FOS2Hd OS MiBELAfFET 5. ERE2ZE LA
X, H—FNVZERINTEBIZT 7 A VY AT AR

LT, AREBIEIC /O TV AEBIMT A LN TES.
AHFICBITHHEAE OS T, HEZow R L

T ANTO BREEHDSHTHHEHE LTnD. ThvaE
B3 5729, ARHFSTIL Delegatee 7B RX & HE vtk
AT EIZERL, 4 Delegatee 7t AT LIZFD 77—
NEFRTHIETEFD #E# T 5. Delegatee 71 & &
HERZT v AOMIGEBELTHI LT, Rp2HET 0
BADT 7 ANVT/O BRICKT 27 78 A% L, ¥ A
TLADEF2 VT 4 B,

53 BEHOSICEHEERI/OTIERADEHRARK
BHOSIZBITD 7 74 1/0 Bt <y, BH 0S Lo
Ty ANV AT AL OSHO 1/0 Ny 7 7 ~HEEE
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TIRETD.
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ET D, X=U T =TI T RV AZYET KL A~
B D120 T TN Thbizh, EEZ ' AONE
7 RV AE—HPYET R A~ L= BT, Delegatee
T ZAOWET RVANEWS 52 L1225, £z, W
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B, WHOR—IT — T NARROWIETIT ) LERH D
72, ZRIBIEREFE ORAENRIAEND. HELT R
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R=UTF—=TNVEHAETHIZ LT, BEMNREEHET S Z
ENTEDR, 2200V F =T NVERERT D FIEICE
ke l/NEC/NAN
(2) EROR—CT—TILERWT7 FLRZE#
AFATIE, HR T 2 ADEAET FLAZE[ &, Delega-
tee 7R EADIIRT N L A2 & BHEREO21T 5 Shadow
R=UTF—TNVEEHOS RITHEEL, HHE T 72 24
WO\ TH 7 - 2ADEET RL2ADxT 2 Y &8
mMT5. REKIZBITET RLAEHRTIE, 1 20—
T—TNVERBTHOHRTT NUVAEBNRTE T T H720
2O0DN—=U T =T NERRTHLEND DGR (1) LY
HIRBIEIZY LA E T TE 5.

ARFFETI, ARBIER T R L A ZE AP 4 EBLTREZR 53X
(2) ZAWT, EEZ 22 ADOHEMET KL A5 Delegatee
TaE AORBT KL A~OEHE FEiT 5. B OS
TT RUAEHSI A K $ 5 Z & T, A0S Lo I/0
FA 77 V1L, 7 FUAEHE—TATHOTITI/O 7 78 A
TOREFBITTHIENTED., kY, HEOS Lo
I[)O 7477V %iElT 5.

5.4 OS BEiEFBENEERAR
AFHEHTIIA =—a THIOEHREFDO—EH A2 S OS
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4 T7ANI/OKBEREDA— = R
Table 4 The overhead of file I/O request.

HH P | BIE
OS [#@fE 2.24us 46%
U—H—Z Ly FIFOH LYEE | 1.09us 22%
U—H—A Ly RO L 0.76us 16%
Shadow ~— 7 —7 /LD | 0.34us 7%

Z D 0.45us 9%
at 4.88us 100%

TRATT D720, A=—a7 L TEEO e 2B LA
Uy FRRERECEIEL725E, OS MlmER EnE L, &
a7 kT TV r—va NIRELIENEET RN H
5. IO, RHETIE, EEO AT b OEE % [FR
[ZALBRRTRR NGBS IS A L L, BRIk DA MERE
mEEFEBTD.

AFEEICBIT D OS MiBfEKIX, A=—=27 CPU &
~NF a7 CPU NG EET 72 AERIEHAEY kiC
MELI Ny b a—L, CPUMHBIVIAALTH S IPI
(Inter-Processor Interrupt) THEKT 5. BIET — & DAL
BUcF A Y %, WEOMLEE IPI TR+ 528 T, H
HAEVEBOALTEEREMET DL HEL KL, A—
V7 PEBRIC K B CPU BRI Z 2B CT& 5. £/, 3
HAEY bn¥a—%Hlkd22 6T, #H Ay Fo—
FEEZE LAy OB ZIFE LAREFEET 5.

WHEER A EETHICHTZ, 1 OO 7y hEa—
BN OWIE TR L7258, 2 — OBERFIZHE
HIEBMNE L 72D WBEOWHIERE RIS TD, K
HTIHENT Yy bxa—%Z8ElTD. £, Fa—T¢IC
HHADIPI R 2/ o2&V HTHZ LT, IPLICLVil
KL= OS fiEfE o v v — %, O(1) TReAm b o3
Ty b X2 —ERETDHILENTES.

6. &

6.1 FHEIRXTL

AT, Intel Xeon X5690 (6 =7, 3.47GHz) 7'=
v Y& 2 EEH L2 NUMA BEHRKEY, <L F a7 - A
=— o TR BRI RS C TR BREE AR L. —
FoTatytEwLFarsay e LT, FHOS
Ths Linx 8 L. bo—FHFormnkyPzA=—
ayZaty$ e LT, MAERETOEE OS 7 —x/L
“Future” Z F24 L7z, ARBRELICR LT, A OS MiJ I/0
TA T 7Y EEHEOS D I/O RATHEZE L -

6.2 &Ml & B

I/O fRATHROMEREZ I 5729, XU ®IZ, HE OS
PHEHOS ~7 7 ANV 1/0 HARET LD A — /8=~y
RZHE L. WEERER 4187, 7744 1/0 {KiE
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Fig. 4 The band width of read/write access.
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DONFRIZ, K¥o0 OS FIEEIC & b7 o BAER, %Y
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fITITY—H—A Ly FOFOM Ui IR 22 LT
BN, BEOHT T —H—RA Ly ROWEN LT AU L 72
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7.

wIZ, HHEOS L7 7Y r—i a2k T POSIX. 1
A API @ read/write BIE(ZFFOMH L, & OS THERL
L7 RAM 7 4 A7 ~1/O 7 7 & A %34T LT-BEO AT ERE
MARE LTz, 1/O 7 7 '8 A% A X X5 EIE~ DL
ZAHET 5728, 4KB 75 256MB £ T 9 HHHO P A X
WZOWTENETNREEI T2, £z, kR E LT,
BT OS THD Linux LOT 7Y r— g b HEEED
MEEITo7z. THHOREMREZRE 4 1277,

A OS 225 @ read/write TIi%, I[/O 77 &A% 4 X
DI & B AR WHIRIR AN LTV 5 A3, ikt g o
Linux TiX, I/O 7 7 & A% A X8 64KB 726 256KB D
[ CHIRIE A B A R LT b, RRfEY A7 LD L3
Yy v at A ATH5 16MB 2827 1/0 7 7€ 2T
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AEVICL DM ETHDLEZ2LND. HE OS D
@ read/write T Linux & [REROMERER L3 FEA LR WEE
KX, NUMABRRICL D2 AEY TV EAQR MDETHD
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A OHIIEZ MR T D Z ENTEEN, write 77 A%
Linux O 0.82 512K L7z, 4%, o 1/0 734 X2
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7. BAEMR
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BEEITRo> TN, Fe, HAEOSHITI/OTA4T7 T
%/ —FRHI/O ~xhit &5 Z & C, Rithihs s 7 24
fbL, WHEREEO X L% m Ex BT,
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