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For cloud computing, co mputer in frastructures n eed to pr ovide co mputing resources
adaptively, in accord with the resource utilization. Resources in clude, ho wever, lo cal
memories that cannot exceed the amount loaded to each computer. We present a method
for adaptively attaching a PCI-Express-based solid state disk (SSD) to a computer and
expand its local memory using virtual memory system. We use PCI Express (PCle) over
Ethernet technology “ExpEther”, to interconnect a computer and an SSD via a standard
Ethernet. The data transfer between the local memory of the computer and the SSD is
performed wi th direct memory access (DM A). Assigning an SSD to a ¢ omputer as a

swap device allows the local memory of a computer to be expanded without any change
to current software or h ardware. With our proposed method, we are able to ach ieve a
database benchmark output maintaining its performance even when 10-GB database size
is loaded to a 2-GB local memory system.
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A—H%x> b 10GbE

SSD 160GB Fusion 10 [16]. Write PEBE[M] E— (& & 50%).

ZHWTISCSI TA =v = —F &2 —7y Mtk Lz, #Ml@@)id, 2 Ea—%0
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DI DIZHE Lz, #BREOBLOWIE, A FL—VBEEA Ry N —27 TIET O
ko7a han b LTHEET 572DICHlIE LT,
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FEERTH 2 10GDE AA v F DL AT 13 092us 727, 4lal, ExpEther 7V »
o7 NH AT XILINX #£D Vertex V. ¥ U — X @ FPGA(Field Programmable Gate
Array) & W THEE L,

41 FOvH 10 48

SSD ®» 7' 1 v 7 /O HEREDHIEIL, iometer Z VT - 72[20], K4 (2R L7z 4
DRI L CHIE L 7= TOPS (1/0 per second) % X 5 (28T, 77T 7 O ME S OWE
BEIX 100 THD, 22T, AV THETHEAIND 4KB 77 B ADMHREEZE 2

50000
—&— Direct Insertion
B\\gk\ —A— iSCSI with TOE
30000 —<—iSCSI
2
~N
20000
10000
0 R
512 4K 16K 32K 64K 256K 1M 4M
Access Size
(a) Random Read IOPS
60000
S —o— Direct Insertion
50000 o EE —
B —A—iSCSI with TOE
40000 —*—iSCSI
<2 30000
20000
10000
0

512 4K 16K 32K 64K 256K 1M 4M
Access Size

(b) Random Write IOPS

X 5 7w 2 1/OMERE (a) 7 >4 A Read IOPS (b)7 > & 2 Write IOPS
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2T, Write EREICB W THIE SN2 A — =~y REMITT 2720, a0 a2 —
ZL SSD DB TPCle hT7 7 4 v/ %2F=FL7(X6EMR), TOME, Write 77 &
ATIESSDODMA 22> b —F R4 2FETAEIV VIR MERITL, KOV 7
A RFATIERIE O Y 7 =22 MK T DINEEZET DI ETHL2 I EhbhroTe, T2
T, INB 420U 7 XA MIWATLTHEITINDN, 22 Ea—F & SSD ORDIE
FENERKTDHE, V7oA NETHELIFRINEAET 5, ZORMEIX, DMA 22> km
— TN ECRITTE) 7 A MR AN UL 2 S+ 2 & COffikcE p LB
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Direct Insertion | EE iSCSI w/ TOE iSCSI

Ran. Read 100 92 50 14

Ran. Write 100 74 42 14

Ran. Read w/ Switch 100 91 46 14

Ran. Write w/ Switch | 100 68 39 14
Computer SSD

Memory Read Requests

w/ Data

X 6 aZ2Ea2—XESSDREIOPCle T 7 4 v
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FEERTIZ.RDB 7 7 A L% AE Y RICRBEIICER LIZT 4 A7 THDHT LT 4 A
JIZEE L, 77 ANV A XERNS Tz, 20L&, Z7 A0 AN Ea—
2O —HNVAEYDOYARXEBIDLE, TO—EHBAT v TTNRA RZAT v T T
T REND, BRRIZ, K 4ICR LT 4 DOBEICK L CTITo 72, 2 2 Te)DER(TOE
& ISCSHTIX, Y7 MU =T ORI DDA T v THERENBELIED D LV AT A
NAR—=L L, WIEEIT) ZLNTERhotz, £72. K4 D4 >R E TR,
PEEZ RIS 2720 _X—ATF A L LT, avEa—423NET 5 HDD 2 AU v
TFNRA XL LTHWESEAEOMRESHIE LT,

MO, BBFIEICL a0V a—FDAEVIEELHIBOREEZRE L, K 7
X, 7T —F_X—=ZADB)7 7 A VOREEEN ST L EOREFILELX—RT 4D
PRECTH D, T2 CRETECHTIMETIE, arEa—Foa—TNLAE) OV
A X% 4GB & 2GBIZHEL, A —V Ry N THEHR LT SSD Z ATV v T FNA AL L
THEH L, —H, X=X T7 A4 T 2METIE, AEYH A X%8,4,2GB & L,
I a—ZPNET D HDD 2 AT v 7534 2L LTRHWE,

# 3 RDBARUF =TV — L LT A —%
RDB post
Benchmark pgbench
#Clients 100
Transaction per Clients 1000

gresql 8.1
(TPC-B-like)
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——4G Mem + EE
—©—2G Mem + EE
—5-8G Mem
—— 4G Mem
—*—2G mem

Total Size of DB Files [GB]

7 pgbench YEfE. DB (37 — & X— %,

EBROFER, X—R2F A TIZHDD OF 7 & ZAHERE W=, HDD ~D AT v
TT U RNV ED EERABHITIET L, —HRETFIETIX, 2GB & 4GB Ol
TSSD ~DAY » 77U MBI THHERIKRTA/NE o572, 10GB ® DB 7 7
ANDFERICHERTEHE, R—=Z2 TV TIEETOBRBICBOTHREMET LTV
i, BEFETIE, 77V 5 —ar RN — b A AEVRBEEB2 D AT 2 4E
LA THOMRENHMETETCWA I b Mnd, £72. 6GB @ DB 7 7 A /LD &
WWERTAHL, BEFIEIT. 2TOT =208 a—I N AEFY) EIZH 5 8GB AE Y DX
— AT A LB LT, MRS 4GB D u—H L AEY T 13%. 2GB D —H )L
AFY T2I%ICMA bz, THUHORRIL, EFEEHVWLIZ LTr =L AE
VICBERENDIEED 1/3 ZEED 13%D A — "=~y RT,2/3 B 27%D 4 — 3 —
~y RCHNET&E A Z L &2/RLTW5H,

F BEFECIDATVIEORIZ B a—% O CPUMHENS R T
X7 M8 N7 OFMEICBTIa L Ea—XO CPUMBHARTHD, = 2 C 10GB
DDB 77 ANDFRICERTDHE, 8GBDAEY ZRETHR—R T 4 T KED
CPU R[] Z AU » 7WBIZ L 2 1O FFBHICHE L TWD, —FH, EFEIIT TV 7
=g VOMENRHERFTETWD I ENRN DD, £7-.6GB D DB 7 7 A L DOFERIL,
BEFHEICIarEa—20u—aN A€ VHBOARIZ, 1/3 Oa—hLAE]Y
T31%., 23D —HLAEY T30%THDHZ EERLTWVWD,

WIZ, |MEFELFY NU—F7 TANL—VEREEFET KO T2 harlo
MREZ LR Lz, K 91X, IBREFIEL, 6k 7 han b LTIiSCSI # Wiz ga 0
MR TH D, 10GB D DB 7 7 AL Tk, BETFIEMNISCSI LY 4GB D u—H )L A F
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@ software irq
B hardware irq
O wait
90 1 Onice

CPU Util. [%]
o
o

N\\\\\\\777/775]|
\\\N\\\\\7/77/777 5l
|
|

bw&aawxa/-w

L

Mem

Mem
8G

Mem Mem | Mem | Mem

8G

Mem
2G + 8G 4G+ | 2G + 2G + 8G 4G+ | 2G +
EE EE EE EE EE EE
1G 3G 6G 10G
Total Size of DB Files [GB]

Mem | Mem | Mem

IS
Y
+ 3

[X] 8 pgbench F1TH; > CPU fiti %

——Mem 4G + EE
3000 —©—Mem 2G + EE

— Mem 4G + iSCSI
2500 WG +isCSI
2000

o
[
w
5
o
5 1500
2
& 1000 S
©
=

500

0
0 2 4 6 8 10 12

Total Size of DB Files [GB]
B9 HREFIELIOKRFIED pgbench MERE D L

U T 110%, 2GB T 139%MERENEN TV =, IS DML, T —XBEDOHFRD

BEWIEZ2b0ThDILEEZLND, THDL, #EFHEIL. A —Y % v b O DMA

TERREICT—#@E%E1T9, —JiSCSI TiE., Y7 b =72k b7 1 b2 )LALHR
AEYabt—%fEH, ZoEMEBEICHWZEEDbND, £/-. KREBRTEFIR LA
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X DI TOE {1 & iSCSI DAER L Z LM TERN TN KSR LT v v 7 1/0
PEREN S TR R TIEIT TOE T & iSCSIICH L CHMERENR TWHD Z LN THENS,
4.3 SSD EHEOEEN & TR
4.1 HiL 42 FHTHE LEERIL, 1 o0 Fa—& & 1 D0 SSD &8 L TIT
S, UL, BEFEIFEED A —Y 3y FE2HAWT, 222 —# (2 SSD % JLiE
PEE MR TR T2 ENARTHL, K101E, Z2NnE a3 Ea—HF O PCle
YU —%7RF linux @ Ispci I~ RO THEIDT-HLDOTHD, ZOara—%
Wi, EFEZHNT3I DO SSD 38kt LIREETHHFENR RSN TV D, SSD
DAV 2a—H~DEFIE, A=V Xy P EOVRAT AvFx =Yy —Z AWV THIBRD
=" ID 2K VESICITO) 2N TE D, Z Z TUnknown d evice.” & L TH )
ENTZDIE, TAA AMEFED OS ITEFEIN TV ARWED TREZ 7T HLO TR,
E{%&%&]ﬁ%?ﬁejvémpomﬁon 82X38/X48 Express DRAM Controller 32MSSD
+-01.0-[0000:01-05}---00.0-[0000:02-05]++-00.0-{0000:03]--—00.0 Unknown device 1aed:1005

| +-01.0-[0000:04]-—--00.0 Unknown device 1aed:1005
¥-02.0-[0000:05]--00.0 Unknown device 1aed:1003

|
+-06.0-[0000:06]—
+-19.0 Intel Corporation 82566DM-2 Gigabit Network Connection
+-1a.0 Intel Corporation 828011 (ICH9 Family) USB UHCI Controller #4
+-1a.1 Intel Corporation 828011 (ICH9 Family) USB UHCI Controller #5
+-1a.2 Intel Corporation 828011 (ICH9 Family) USB UHCI Controller #6

X 10 325D SSDZ#fGLizarEa—XDPCle Y ) —

5. ¥&oH

AT A=V Xy FEHAWVWTSSD a2 Ea—Z IlHERETHZLicky, 2
Ba—2DAE) ZPERT 5 HRERE L, BETEITKRD 3 >ORME R, (a)
n—H N AEY L SSD O TDMA AWV CEIRICT —Z@E421T95, )Ry b 77
TEELOY A—THAEEZ VT SSD BIRZILEMN & MM L2 o Ta v Ba—# |2
Bt 5, ()OS ICTHEETEEINTVAEIR=V AT v 7HEZA VTS —) 3% v b
THESNT- SSD #EH L, v—Hh L AFY & SSD OF — X EiE & b+ 5, =
NOOFEIZEY, BEFXKZHWDLZLTT AU r— a UHERERMEI L., L=
VIR—RX U PEHWTC U Ea—XDRAEVIEREEITHI ZENTE S,

ERCTHOLNTZTa vy 7 /O HEREOKERIT., #EBTFENLRXY NU—FZ TA L —V
BREZIET MO T e ha L Ly @GEe AT vy T TR, AT L 2R L
oo Flo. T XR—2AF AWV AT AERFFMBOKRIT, RETFIEOA -V 3 v
FMERESSDICE DA VIET, 77V r—varRharta—Foua—aNLAEY
EHZHDATIVREBEEHE LZELETH, 77V r—va UHEREN R T3 2 & &
RLTz, E5IC, BETFHEFaVEa— X I EBH T -2 D 1/3 ZHIE L
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TH 87%DT 7V r—3a UhfEa, 2/3 ZHIE L TH 73%DOMRELHMEFETE 52 &
EaRLTZ, TNOLOERBEENDS, WERIINFETH -7 AT U ILENTHFEICFEB ATEE
Th b P& ERICTHEIE LT,

BIfE AFERICEL, Z<OARRI AL PEVWEREWEERMEERK, BARE
K, L — BRI, N HEE ZHRETE < KRB E 7 IK, I K %213 U NEC B
BB LET, . ERT — BRI L CTEWZ R~ 1 32 KK
HLET,

AW O—HIE, BEE ORFEHE TR Ny 7 R— BT 281505 7'm
Tl FPORETH D,
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