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(Design and Implementation of iSCSI Protocol Based Virtual
USB Drive for Mobile Devices)

=D VI TR I T
(Jae—Hyun Choi, Young Jin Nam, JongWan Kim)

Abstract : This paper designs a virtual USB drive for mobile devices which gives an illusion of a
traditional USB flash memory drive and provides capacity—free storage space over IP network.
The virtual USB drive operating with a S3C2410 hardware platform and embedded linux consists
of USB device driver, an iSCSI-enabled network stack, and a seamless USB/iSCSI tunneling
module. For performance enhancement, it additionally provides a kernel-level seamless USB/iSCSI
tunneling module and data sharing with symbol references among kernel modules. Experiments
reveal that the kernel-level implementation can improve the [/O performance up to 8 percentage,
as compared with the user-level implementation.

Keywords : Virtual USB drive, Capacity—free, Network storage system
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Fig. 2. Architecture of iSCSI-based remote
storage systems for mobile devices

.' 2EpY B (0P 2E2|%] 0|LA|ofolE])

scsl

2 BN

P AE2|E HH(EEJ

[sc5| 1nma.|- Protocollf coc rarger |
iscst
| scst.m.ml- Fretecol -|-5c5| Target | [Pick Device -
pe— [
[ TCP - o TCP = N
| o | e
pr— — -
WLAN [ Network Card :H@LTLBQ wow
l—i P Network 1P 2E2E| 48

a7 3. iSCSI 71Hke] 2nld [P 2& 8" % [11]
Fig. 3. Architecture of iSCSI-based mobile IP

storage

3. ZHted P AEE[X] [11,12]

2t [P 2EZAE wiHy 53 22 A4
AleFAdo] ml-§- 2 PDA ¥ AvlEE o=z o
A P 2EZAE onjgt). ®2utd [P ~2EFA
e 7ER o7 UG o] &, WiBroot 7+
o] olFAol B UEI FAHAME 7|E IP

sEAS AR 224 958 AuxE A
% F ok mokel P 2EIAE doly 4%
& A9 e olgs) rﬂHOﬂ A A
o AY Aol @ wEA Aozt ANk
W Fad wA ol oMom. iSCSI 7w 97
2EYA Az® Fxe|Ash go] wuiel P AR
A wrk FAe A SCSI oA ol8 7}
A5t wrtd Ao §§ Zzade s Ax

9e 5o delgel 4% 2 9718 ¥Ph

A 2EL iSCSI o|UAldolH 2 WHS Adsia
iISCSI oJu Ao o] B = W2 WS iSCSI ZREF
o wel PEsEn VEND 4N B P AE
2A Awz degde P 2EA% iSCSI BAlE
3 we gEe sdstn P 2EA A A

=



178 2HE ¥XE

AN Aol doleE AgsAL mow o
2 A9 iSCSI el AelelEE ARl
wubel A ApgetE 295 ia}z]% A

H o %Z%PU% &% SAHo| &olaty] miel, mul
A

2] x] ¢ 371L FEietal stol i Aol
)]

AR, AT [11,12]00A419F #o] ®Euld X A}
Aol i{SCSI ZZEZFS FAt 98 HA¢= &
vl G el AW sfEde], FAW A tE
7], TCP/IP Z2EZ 2" iSCSI o|YAldlUE =
R2EFS FAR b AN HE Bukd Ao

1}

Foddlel Aab wgEe ha gle FAleldl 8
gxd Fhelel s 22 obA e Bukd

A addle] AREe A guh Wb, iSCSI
TREIS EX‘WM s dagh shesel B
AIZEOS shie] BE JHR FEste] iy
o] mukel AFA oA Alwsh= USB SIE#H o~ g
B2 Agshs Aol dasithil & ¢ A A2

=S A7} %iﬂﬂ QA G TG i
WEYIZE &3 dolg &89S A3ty HsiA
SD7F= el Eiﬂﬂ o]~2 ATaHAA EAUe]

Al
A3 (Eye-fi  Memory

1ok [18].

s dH=E &

zZE A
card)7} EA|E o] FujE

o

;O

4. USB/IP Project [13]

USB/IPZR2AEE [P UEYA
o] USB ¢E#o]lxz AA" FWAX2 353}
el FeeldE S8 7}*L USB &2E au

iHE EEPol‘ﬂgr ?ﬂ@ﬂ”ﬁ VHCI=
= 1P HR ok FHAX QT
request command)S <7< 3}Hencapsulating) 3 A
UEYAE &3 dFsta ddo] dnww AW
USB A5l tgt Alei7t 7bs38tt. USB/IPE &
|3to], AMEAE RERS Fdte d4¢ s A
FH 9 CD-ROME& T-5A1A HelHE ¢o 27
297G A E T2 71T

Aol =2

@ (peripheral

. ek 7|

1. 2ot ZX|E 9|5 iSCSI =2EE 7|¢t 7t
A USB E2fol2 7=

Aetst= 7MY FERE ofdl IHeA] HF
I vk ®Eekd A E Qe iSCSI ZE2EF 7Nk

It ISCSI Z2ES JI8te Jtah USB Ect0lE A 2 +

ra!

7 USB =gholH &= }&X}Ol]ﬂl 7]1¥ USB =9

Al MEElel Fd3 Aol AE AFeH, A

wz2e] fale] 1P LﬂE%ﬂ(WLAN ) 4 iSCSI =

Z3 AbEAOlA QAo EAsE 3

a719 A% FH& AFdTh 7d USB =ihol B
S

= VR ow HASAME Heo] AdE=) o
HO = 528 SJAAZ o] &3t Atk Y
=N

© kg ZX)(USB 32E)ste] 2l
EHio]2E wdsl= USB fulo]lx =glolH,
TCP/IP Z2EZ 29& o]&3dto] iSCSI o]yA]d
ol TREZFS AddtE iSCSIHAY UEHT 2
gl(iSCSI-enabled network stack), ZL2]i USB
tupol2 ol E FalA =Ad WE/dHolEE
iISCSIAY HESA ~¥loz FHAHOT A
A8 ~(seamless) USB/iSCSI ®5o] &A%t} 7}

o] &
2 USBEgFe| B USB e Ho]A~E F3dle] REult
A A (FHE, PMP, =E5)e} AAdAT gig
o] wutd Ax9 0SE USB tufo]lx Zalo]w &
AYstel  wm  ZzaWe] Fasx gkomn
Plug&play7]s< Adsle] A 3A USB mass

-storage® 1450} ALE- 7He sttt

USB Device Driver | W58 | ycpqq | [350 iSCSI-

H

_ 1

CBW iSCSI Network | |
Queue | DATA Module | DATA .\ gyack |
—| )

i 1
1 . 1
:. H/W Wireless LAN |1
1

Storage

server

@‘/ TCPAP
I Partition

Mobile device

a9 4. Euld

Fig. 4. Architecture of iSCSI protocol based
virtual USB drive for mobile devices

a9 59k ¥ 6914 7Y USB =&helHe} 7]
= USB Z#A Wme H374AS vwsigict. 1
g 5ol M9l o] 7 USB =glolBE 7]E USB
ZYA w22 283 2E 9A(enumeration) 2}
Aol A iSCSI ZEEZFS o]g38le] iSCSI o] YA el
OJHE EaA 2EA AMud H&slo] 9Fo]
graFojort tnlo]lx ARE mutd FA= {3l
o} 3, ¢l7)/227] WEe| disidE iSCSI Z2E

il



OEsrAHICI =388l =2

22 Bool 074 2xedA AN 3L WY =
EA Aol A HoleE gAY AFent
S| S (USB Hosy

7h USB =2jo|s ~ B R A

2 _Port Enabls & Raset msg,

L
4 Read the device descriptag
5 Send
& Assign unigue address

m 7. Read the device dascriptor|

8. Login
8. Request ID
10. Send ID
11. Allow Access authori
|12 Send device descriptor |
H
M 1. Read/Write Cmd. N 5 Access
READYWrite 2. Read /Write Cmd.
B Dheely ) remme ph

N
4.Data [ M

a9 5. 7H USB =gholH 52t
Fig. 5. Operations of virtual USB drive

2UfQ CHE(USB Host)  USB Z2fA] Dj=2| A5 e S Hee|
1. USB Plug-in
2. PortEnable & Reset msg,

2 Reply(Ack)

4. Read the device descrintor

Enumeration

le——3. Send descriptor |
6. Assign unigue address
7. Read the device descriptoy,

5. Send device descri
1.ReadWrite Cmd. & 5 pocass
USB Protocol) flash memory address
3.Data

% 6. USB ZA W=
Fig. 6. Operations of USB flash memory stick

o see) §5

7Hd USB EgtolH= zflo] I7FEHW w2 A
01“5101 AHE 3§ Qe AETE Hojofsty] wiE

, Bl A FAE AL e dudE gl Ad
9] mh fgo] FgHolrt, wE REE 934 A
ds tid ez KFI(Kernel Function Instrumen-
tation)[14]¢} IP(Instrumented Printks) £& o]&
to] FHA AAdeiEs

i

ol

BX3}al loops_per_jiffy

# 173, Uncompressed Kernel Image A}-&°] u}
2 4% 4] A7 @5, RootFilesystem A= 3]
9, A9 WA A (printk) vEHE T3] FE =
£ 16.522004 7.97=2 @%33id) [15,16].

744 USB EfolH el HE Alo]<]

ZE HoFrh Auglx~ USB-iSCSI &
USB tjute]~ =egtolw e} iSCSIA Y UESA
g AlolojA]  SCSI

[ rlo off

CDB(Command Descriptor

M 53 M 45 20104 123 179

Block) % dlo]E 9]
USB &l wlmele] 25 Aelolr
2E F%38ta SCSI CDBE A g3t =
71/~71 & steh, a8y 71 USB =glelHe
ZA WEZErt obd iSCSIAY MEYRH 2~
53k SCSI CDB7| A g|s]ojoF 322 USB
Eo|x we CDBZ iSCSI ZREZ® tﬂ%s}
AE AA 2=EZA A dgdd 5 glojof

olg]& 7I%5& Ael2: USB/ISCSI ZE oA |

. dxH R VsAESs A AAE *‘El
USB/iSCSI 252 7} USB =gto]H7} t7)

gt ® & THEFOM ZY3sHA USB tulo]

)
g
o
2 ot
oft
= o
v
e
)
o,

c
0]
&

Lﬂr“

9, -
fol T o i)
&>t Ho e o

01 rO{' rir

ox ¥ &

2 =goluel FgE CBWZF leA #elgit.
CBW7ZF 3l Zlo] #els™ CBWollA A3 W
& SQlskar 27] gHEolehd USB Huo]s =

ol el dlolE ol HolEHE ojet WH I
Al iSCSIAY UES A ~¥loz Hdadid), HolH
A7) HEoH ~EHA] AWMEEE ¢jo]2 to|E
£ HlE USB tjute]lx =gpolH &2 dggtt. USB
tulo]~ =gtelu]E USB SAEdA wAlsts <
HYEES A3l USB tufol~ dA #4& A
g8t USB &% ~Egx WHES CBW ol
AFstn 27 WEAlde doly ol A b

olE]& yolFth USB ZejA wxel ~Ee] USB
tnfolx talolulel WwEP S A ZeA w

g AEE RFEUS At 4% 48 I
Steh, iSCSIAY WES A ~¥e AEA] AR
dolBeE F587] A vEYA z"gom
iSCSI - olUAelEl  7%g  Fr. Aex

USB/iSCSI &2 3-E W& SCSI CDBe} Hloly]
& HERAE oo 2EHA AHE ddsta
AW ERE FAE dold % B uF $He
el2 USB/SCSI HE=R A

Fead Command
USER § Seamless USB/iSCSI

MODE Polling | S
| & cos H‘m " -

e,
tes 051008
o———— = 06 LW Wil Cond) — H — B — =toe- - 3= DATA - - -
Does it Then Bead €08 ThemResd DaTA 1| =" N

Write Command

USB Devige Driver _?:1‘5/ ISCSI-
 “caw W
Queue Stack

oy 7. 74 USB =glel B 9 BE3 AsE3t
Fig. 7. Interactions among the modules within
virtual USB drive

2.1/0 85 & 7Y



180 24t

o

Aapdem AAE 7H USB Seolut 7
JAol A A2q 2 Fato] ulol2E Alofshs
ez BRad dolg olFo] @i, F52s AY
oA AFHE A2W F5E B Ao io] @
o} 10 45 ZWAH AAS} ol FolAA Ea

t}. o]& 9lsle] 7HA} USB =ato]H o] dlolE A
Al Aol st} o] g A A& ‘%Xl?‘s}ﬂ Skl
of MA@ USB/SCSI HY"# BEI AE Iz
o og dloly Ff 7IH& Fohe] I/o 59 A
432 AgPset. 28 8 A F WS 4
4 & 714 USB =gholB Fzo|t}, USB tiujo
2 sgolw 9} iSCSIX Y HEYT 28E 7)5H
SWAME A Gzl Zel gtk Ayx
USB/iSCSI BE0] A% & 7|He AxHA g
Z¥lo] USB-to-SCSI, SCSI-to-USB ZREZ&
WwE vl 2 w/dely #1e9S ©@Esla USB
tjufel 2 AojAl A o
AP H o7 USB tiupelx~ =gtolw YR o5
33 F=dolE Ao}

\:1 }\]/\Eﬂ b‘]»_,_.__ 74;2];<] ok
=
=

Sharing Data

r \}
! USE Device Driver«2221e5 — g SCSl- |
KERN eamless Enable

! GE USB/iSCSl Netwark |

Queue. Function call | DATA Stack 1

= |

~ s
————————— e gty = = = = = = = = = = = = = —uT— DTN ~

TZ
Fig. 8. Architecture of virtual USB drive with

the performance enhancement technique

Agx U
s 4lEls U

23l s WA skl a]%i Ali%‘ 5 AHEEHA
or31 USB tulolx E=alo]w e}l iSCSIAY HES]
A =8 AlelE Aojske WHelth. Mg
USB/iSCSI =52 USB SlE#H o] AZ Eslo] 97
of fxaR delg MuE He HAAAM 19 9
oF o] wiyl A|~El F& & HAME dlof 3§t
= HESH FAZE AT F, WA Ade]
USB 32EdA 2gste= W &= dolHE
of AG-AHEAF 2+ AAE do] Alg2 USB/SCSI
EEo] HAgt)h o]F Alel2 USB/ISCSI EE2
e WE £ dolHE  iSCSIKY WEYa =~
Hyo] ¥ W7 98] oAl AG-AHEA 1 A
Hol Ad=z o] Wit Axdoz A
USB/iSCSI REL USB S2EdA] BWd Z& q

oﬂll

1

TR ¥

fIXIE ?I8t iISCSI Z2&EZ JIgtel Jtat USB =2kl EH & 7

ra!

°oJE & 7FAHTI7l iSCSIAY WEHZ 28 wH=Z

a7 HIE AR SRR Aot

User context | i User context | E
Kernel context Kernel context
_Gontext switchin 1
— |
CPU copy
____________ !
1
ceamlessIUSE |
User space — i
¥
Kernel space [ Kernel buffer | ICPU copy | iSCS1 Enable...
{Us8 Interface | [nic |

0 1 2 3 4
Steps

9 9. 4% 3 71 A8 W 74 USB Edeln
dlolel b A
Fig. 9. Data copying method of virtual USB
drive without the performance Enhancement

technique

W 2719] CPU Copye AA 3

& F A Ao Ay~

USB/iSCSI &2 1 S w= golHE

Al BT BEE Bl B ool dE x| ke

o At HAE s 59 AYAE 294
)

E
234 wEE

(context switching)¥go] 3¥Ho|y} Loy}, o] 7
3} E=z}o) o] o-]x]‘* ol A AAoA tin}p

AT

Before read Data copy

System call write

DMAlcepy DMA cop!
De 0 m
Kernelspace 1| ot e | [ eamiess usayiscst| [(SCST Enable_.
DMA copy IUSB Interface L [T p— I Nzc_j

0 1 ) 2 3 a
Steps

a9 10, AR dolE B A

Fig. 10. Improved data copying method

User space

EE AE Fxdd o3 delH & 7IWe
g TE3A 2UHE T T4 A9S Fokd



OEsrAHICI =388l =2

6. Data
Seamless lis%iéﬁs_&g (Copy
ta
USB Device Dr| isCsl-
4. Data ‘t&r OPY| Enable
Network
(Copy) Stack

1. Rehd E'=_!__1.:Sq=_2a%Iess USB/l%;%ita pt
[ |

LSB Device isil-

Driver Enable
Z/Data Pt Network

Stack

-

(b) Mg dole dg LA

Y 1L A B 71 A% A% 48 F b
USB =gtelH &2 Hlal
Fig. 11. Comparisons of virtual USB drive
operations with and/or without the performance

enhancement technique

o3

W A Ao A% deld ¢l 2
W 2 Fatel delEHE glof &t v
AT At g A8 F
Aol USBASCSI 258 USB tulel ~ =efol
vel #4843 sEe gRew e d
olge] FaE EAHZ Wolth dHolH A
g gt a¥ 128 ANE J1ES $3)
HelHE ¢ils o dehds ez Fxolnh. A4
AQl HelEl Haks FEdoldA delEE ¢
AW sEslold] A4 wWE Asdsn WA

6rO o ®W =
5 5 & Ak

=9

M 53 M 45 20104 123 181

Resd Function call Data addrss pointer i

1 }
Device Driver | [t
| buffer [5“""“‘ usanscsl iSCSI Enable...
T +
USE Interface Data addjess pointer | NIC} |

Kernel space

1] 1 2 3 4
Steps
¥ 12 BE AR Fxd o7 doly T 1A

Fig. 12. Data sharing method with symbolic

references among modules

Iv. ds "7t

1. 45497t #4 75

[

ZZEES FH2 dE 7B USB =gholr
o H/W 2 S/W &74& 7 3o 2<3qitt st=9)
oje] A4 USB S2E/futol 2~ 1.1MAS A
4319, YEYIE USB 52 o FAdax
10Mbps °Jtidl& A3ty FHA: AFEA] =9
olo] FzE USB T2EQ We mdoz <lsly
10Mbpse] ol UlE dial ARgssith (USB tut
o] 7} USB E=gbolH s2Egte] AZAS 9
3 Zdj® o] &3 iSCSI olUAely ZES <
X AeEHE dHdx =S AL

X 3. 7} USB =gle]H. H/W 373
Table 3. H/W environment of virtual USB drive

CPU S3C2410(ARM 920T)
H/W USB USB tjufe]~ 1.1
Lﬂ = cq El O]H Lj\] 10Mbps
T IEEE802.11g/n
=9 AA A= 252 2.6.18

Intel-iscsi-2.0.17

S/W
[Ometer 2006.07.27,

A% =4 =7 | HDparm v9.12,

fileop 1.53

Tk iSCSI 2E8 A AW s x40 aof
sl AN @RS Bel Yol wE A PO
o U528 FASGOm, iSCSI AL Tehol=
2% Qele] @z HEE o] galeirk



182 24t

4. 2EYA AH &7

Table 4. Storage server environment

CPU el AE Y 4 3.0GHz
H/W o) g SDRAM 1GB
HES A o]t1¥l 100Mbps

CentOS 5.2(#4 2.6.18.8)

QA A

S/W | 1p ~E2]%] | iSCSI Enterprise Target 0.4.17

E}A Intel-iscsi-2.0.17

fAH USB Ez2jol=

7
5 24

x ™~

13 132 I0Ometer [17] A=A Wxnlg =
& |83t 7 USB EgfolB e 599 ¢
=8 Adess 49T A 1 A8 A
g Fo Aes 44 HHsglen, dutdoe=
s Al=glel A wol WSk 4KB AR ¢7]
sk 271E 50:50 HEER  AIYS Al

)

IOPS(Input/Output Operations Per Second), B+
S AzE g HYy Sy AE A5
2 5} ]m Ae&s ‘3}01 IOPSE 120914 130.4
2 F7tela, Ha &9 A 8.6us, Hdl &H
AlZFe 2. 1psE A E ).

m

1320 Sl - us 9500
1300 OPS
L o " + 9000
1280 I Hat SEAIZE
TS EAIZE
126.0 8500
1240 ~
- 8000
1220 ~.,
1200 7500
1180
F 7000
116.0
120.1 130.4
1140 6500
M7 M2 M  HOHZ|H EHE2

9 13. 7} USB =gleolB &9
B/Ad & A
Fig. 13. I/O performance of virtual USB
drive(IOPS, avg/max response times)

35 (I0PS,

7} USB =gtolHo] tisix XM=
g A2 (A9 ¢ 2 2] AHS 8

g 14=
A&
7A9-ol, 1IKB ¥ #Hd S AHS YER

]

t}
W<

ol U

HXE fIg iSCSI ZZ2EZ J|EHe

o Ao e TREZ oHFER QA
dEH A7t AdsE 1IKB 7 Fit SHARE
°of FolEi ed & 5 Atk A FH W A
& ool wEhA, gi7le]l A 2 Aols HelA
AN 2719 Aol s FE 1Y A8 ¥

Fig. 14. Average response time (per 1KB) of
virtual USB drive with different I/O sizes

3. 74t USB =ajole mtel Sz o
M5 24
Y 15 GAwsld 98 4% e

Fileop(I0zone) WlXn}g E& o]&3te] 714 USB
=dtolH o] Y &= A Aol AT F
AS $8iA 7 USB Z=ghol

H
A Az=ge A skl o] gateirh

60.0 ¢
50.0

40.0

30.0

20.0

10.0 +—
12.8 48.1 23.1 3.4

0.0

i 0|
=

H

[i}]

4 mYuY mYmMI mued

a9 15 A% WA W A8F B A, AP
71, 27 Hx9 IS (%)
Fig. 15. Speed improvement rate (%) of file
creates, deletes, reads, writes with the

performance improvement technique



()]
—
[\]
>~
W
o,
By
o,
oX,
_?l‘,
rie
a
)
fm
i)
o
fe sl
—
(o))
a1
)
)
v
oX,

ol oo

22us2 P4 EAT E
356usel A 240psE Aty
Aell&= 837usoll A 680us® 3F

0_
jf_l,
1.
it
x
>
s

i
30 5
o~
24
e
%
N

av)
He
32 T
4
1.
%o,
N
>~
> >
=2
rlr
=
=
o
(=]
=
w
=2
B
—
o
(o))
>
=
w

oX ox il ox X2 % ox A o
|
tlo
oHr i

ol off

=

o
0,
dlo
lo
.
o

o

0

USB Sajole gi&a 7w

0z &
or
glis
>

H
1z

19 162 HDparm Wlx|vtd &5& o] &3l 7}
A USB =gto]lB (s &4 7ol 289 4-9)7t
IMBE dl°|lHE H$E wd F7bd dlojg A%
AeE A3 Aol

1200 &S EkB/s) 1Mbyte 82 A|ZHSech

1000 2“5.’?“ 25
~
800 \\\\ 2
.
600 \&Q’*‘% 15
400 ) 099 1
200 05
392.3 633.0 1035.8

J14 USB £210|2 HM  USB QIE{E0A  isCSI|g YEHA
29 16. 7H¥ USB =etolH e 7714 &4 A
4 (IMB Helg HEA 23

olr

Fig. 16. Analysis of per-region I/O
performance within virtual USB drive (required
time for 1MB data transfer)

USB E=gtolr el dolg Al A
USB (t]ule]x) QlEjso]x A Azt
o] 29} iSCSIZ|HF M EY A Abo] AE X
iISCSI7IF VIEAAA A Algte] Fo=z
th. AEA3 7 USB =glolr HA
392KB/s 4= Z4=em, USB Q&
2T 633KB/s, 123l iSCSI UWEY A
% 1IMB/s A== A= USB 1.1 tuf
AEHo] =0 A5 offe] FelA o] A&
ZYA mx2e Asel A ES USB 1.1 3+l

G
e g
N >
= o
SIS

[ off ox
y ff Lo o o

P O ox

o

Jud

¥ 5. USB 2.0%

USB 1.1

SEERES
Table 5. Measured interface speeds considering
USB 2.0 and USB 1.1 standard speeds

, iSCSI ]

A AAEE oAl AdEe] oF 41% AR
= |

b g

O x]l=

183

it

EfA]

tlo ox 1

ST [ee]

e |

I~
==

2 EEAE
5 3 )

iSCSI Z2EZS

ok AR §

o A€} FA4 99

@ deld ¥
3

[¢)
USB/iSCSI €4
2~ USB/iSCSI =
=% wAs
9

45 Askg A4

w

il %
HolE FH 7I¥M2 USB tulo]lx =g}
I iSCSIAIY HIES A 2E7he] F4 ¥
tol Holy wWHE TRk .
TH] s e 2
71 A8 A AgTel st 8%

Q.

ol

P e

oX oX o

<]

= o o
oo

N
=

2w 10Mbps 54Mbps 100Mbps
- Ethernet | (802.11g) | Ethernet
iSCSI MEY =
= 1,035 1,523 2,969
235 (KB/s)
74 USB =gto]H
A5 (KB/s) 642 944 1,840
(USB2.0 ¥4 9%)
V. g8

7} USB =go]lH st 1 J/O A

7wk

A
Eds

x2
2
Sk 2w
©
>
[T
n

HAgk AA mZnrt i v
H/W Z#g3Zo] USB tjulo]2 1.1

°]
QT2 FEoH BE At el A%
A

o
oA BE 7]
2

E 2913ow <

HE AP 7 USB =] Bi=

He&F 2EHAE A

O
—_
=

U
ol
1,
o
2

A7h FEEA dEA @ Aew

52 Aoje)

mhﬂﬁrz

i)
il

c
w

oo Wy e
2SI O (T A A O

=

o .




184 2ot BXE S8 iSCSI Z=EZ DBt Jta USB Ect0lE &H & 2

S

2t

[1] ¥23 & 234, HId2EHA 7«9 5F &
A AAFTATEFEA #1214, A6E, 200619,

[2]1 E. Grochowski, "Average price of storage,
Hitachi Global Storage Technologies”, San
Jose Research Center, 2003.

[381 238 9, 249 U&7 EZutd FA, ETRI,
2006.

[4] J. Axelson, USB Mass Storage, Manning,
2006.

[5] J. Axelson, USB Complete: Everything You
Need to Develop Custom USB Peripherals 3rd
edition. Lakeview Research, 2005.

[6] USB, Universal Serial Bus Mass Storage
Class Bulk-Only Transport
www.ush.org/ developers/devclass_docs/.

[71 J. Hufferd, iSCSI: The Universal Storage
Connection. Addison-Wesley, 2002.

[8] K. Math, J. Satra, “Design of the iSCSI
protocol”, Proceedings of the Mass Storage
Systems &  Technologies/20th IEEE/11th
NASA Goddard Conference, 2003.

[9] T. Clark, IP SANS-A Guide to iSCSI, iFCP,
and FCIP Protocols for Storage Area
Networks. Addison-Wesley, 2002.

[10] g2t &, “®=Hld 7]71E 1§ iSCSI 7169
2F 2EA Alz" 44 2 77, dGHE
Aty AnAGALRAATE EASEd 3
=F4, 20033 7€.

[11] Y. Nam, "Prototyping object-based ubiquitous
multimedia
device”, Lecture Notes in Computer Science,
Vol.4159, pp. 93-102, 2006.

[12] F47, #A9A, “mutd [P 2EHA A
dEvtoe] Az P& AT §&FY FA
A R AEGAA W, A BAEE] =
A4, 20003 4€.

[13] T. Hirofuchi et al, "USB/IP: A Transparent
Device

revision 1.0,

contents storage for mobile

Sharing  Technology over IP
Network”, IPS] Transactions on Advanced
Computing Systems, Vol.46 No.SIG.1, 2005.

[14] Kernel
http://elinux.org/Kernel_Function_Instrumentat
ion/.

[15] LinuxTiny, http://www.selenic.com/linux-tiny/.

Function Instrumentation,

ra!

[16] M. Mackall, "Linux-tiny and directions for
small systems”, Proc. of the
Symposium, Jul. 2004.

[17] http://www.iometer.org/

[18] http://www.eye.fi/

Linux

Ao~ A

20084 @ oo gkl
AFEIT F83 5},
2010 : oSt
AFE AR5 A},

YA EoF gt EAAE, BEduEAT.

Email : jhchoi@mmctech.com

T4

AA, d7dsta AFE TS P
Aok duH = Al E, 2ehE A
Email : yjnam@daegu.ac.kr
19879 : A-&dsha
AFEFE} 8.
19894 : A& ot
AFEF eI} A4
1994 A& ot

AHFE B3 AL,

2006~2007d w]= U. of Oregon HH&Enl<=.
A, st AFE TS A,
Aok 1 AFAF, dolEutold, ITH3 .

Email : jwkim@daegu.ac.kr



