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ABSTRACT

In general communication system is composed of processor subsystems, IfO processor subsystems and data
storage device subsystems those are classified as their functions. In order to improve the data reliability, all
subsystems are redundant. Storage device keeps the operational information such as system related information
and charging information, and such informations must be stored in non-volatile memory. Flash memory and
battery backup memory are commonly used as the non-volatile storage devices. But such kind of memories are
expensive per unit capacity and data can’t be restored when lost while not being backed up.

In this paper we develop a redundant storage device to store a lot of data safely and reliably in
communication system. The device consists of micro-controller, FPGA and hard disk. It provides many functions
those are rebuilding, automatic remapping, host service and remote host service. Also it is designed to provide
host service while rebuilding is being done in order not to interrupt the communication services.

The developed device can be used instead of expensive storage device like flash memory in various
communication systems.

~

LM2 2 o8] ¥E(board) B2 FAH qlew, 4lg
Ae #Hush]| 98 Jeld(Active) L Hlulo]

QMo s EAlAAHE weAx BT, g1Ed (Standby)R =2 o|Fs}=[o] i}
Aelg Be L dlole] APg Be ¥ o sl a2h} dejunee] Aoz Qs sghlolne

* oty A ¥ 5433l rosh@mail kongju.ac kr)
=5 030286-0703, A4edxl: 2003 749 34l

403

Copyright (C) 2003 NuriMedia Co., Ltd.
www.dbpia.co.kr



FHLEAE 3] 2] 044 Vol29 No4B

2 A7} o]FA o) Agulelv i Ha) =213
FA AGe AL & F gldof 3, ol #3kd
AP F Adnt FY 28 delEe F 7Y
Aol MAEofof &lar, 2 99| Alxag]l v
+ ApEa ezl g delse S vHY
A AR o Ao dick

FARAEA v E] AR E Y o
o= AUyl o2 Za v 2z|(Flash Memory), Wl
ejelulg] o]ZekBattery Backup Memory)5-S A}
431t

it ZAEIREE A T AR)E &
7} wizrhs Ao vlsi4 DRAM Br} u)4 o
7L, BE-S A97) 8 Az F11] Apia FH,
aejz 2] 3o A Fe| s 7R ik

zelx wielE] WS 7R RAM, 91F 59
SRAMell #Ej8]E& 33 NVRAM3 728 AFS
2 Ao 43k] 4 MBell 1x]7) wiEol 53] AR
2]l Bxoil AR £ glon, 4~ MB
o olz2f £3e] HmslE FHsEY w|go] I
telA 2887 FaHtes EArl whasle] A
Hoz Agriside] Fhlsit oleidt o fE 712
9 EAPRehd wielepgiv 2el s AR vlF
WA vjEziz sledazs AHvbssich

E =FdAe vlelzzAEE (Micro-
Controllen) & ©|-83}e] &3 #7}29) v]3tA]
Hzel] 842} o)F3 7l5E B4l DFAT=
X =({onboard) Hefo] tixzm wES FHsIA
ek 2 QoA 8 Yas 2ES degr 1
=9} 2uEiple] Red 23 tjaz REL Y
& EelE S ARt it dE8 Haa wF
ol offe]7} WANg Aol FAE] SFAE]E

E L g ARl SR

2Hule} trzm nEAA AHE B 4 gle
o, =g Q2L tig ZES ARE Afd &~
Huls] Heo] tiAz BB HH delelE =
T 4 Sl= Y= (rebuilding) 7]5& 71AH,
£ gl vEA wire]lE A8l A|2sA
A" 71eEelc)

£ a7l AME vz olFd AAbgAle
RAID Alz¥le] #¥ 1 =|=(mirroring) 7}5-2
e tam mER Fste] kX AEe] A
4%t deolct. dubgeod virz vy 71FE
8 diolgE FoHe el FAlo AA[e
24 delele] AlAe Eol7] #F EZAo] gl
thi]2]

N
::'4_04

I MEEXe| 2t D&

2.1 032k XEEER|ZEe) B

fr

Y AR AR $ gl AFE

EeAelRelel 48 stev]azeld] A EEA
vleje}l slo]lageele|uEE AME 5 ik o]
¢]ol = FRAM(Ferroelectric RAM)3} 72 c}& =}
250] AT & Ao o digHer d
7HHel AR 5 g8 9 2] RFERe W
~tefo]ck.

E 16hs A87h5e AR B4e v
ssir

3 FAEe ME ulwske B4R sl o
4 olck 53] 495 NS vl g 2
A7) W7} 7% AZ thEEE e B g

A EA] vlze HAEZYA] wlrna] vpojazeelo|H | 25" slEv]am
] cias {Flash Memory) | (CompactFlash Memory) {Micro Drive) (2.5 HDD)
M Intel strataflash | Transcend CompactFlash | Hitachi Microdrive |Hitachi Travelstar
R
. memory(32MByte) 2.2Gbyte 1Gbyte 40Gbyte
T 100,000 cycle 1,000,000 program/erase
7} Z($/16Mbyte) 76 1.28 2.375 0.05
Z 44 = (Mbyte/fsec) 16.7 16.6 13.3 12.5
2 nidct
AT &5 11.41 144.54 65.7 546
(Mbyte/cm2) L
404

Copyright (C) 2003 NuriMedia Co., Ltd.

www.dbpia.co.kr



B 28 AxdelAe) o) Fat AAAA

2} g A|g By 4ot glen, ASEET ox
2 AAe} vige] AajAeld] dlejeld] Hs=
whalo] chaAl B ou|Zdlxe Hxe dolHE
A3k Aol A4z dolHE ANE AF
e Aees vlwslgo. $8p|ade A v
ol g Seixke H71R] =2 o8 B 9%
Hke Z) gloew g B H]RFoA= 2.5% Jler]s
FZE Aestue T FH Tl PR L8]
2 2L ez vlasiglon, 257 sler]is
2 =4 A8 2ds dideE gk

9] FellA AR BAEL 7 Al o't H)
ole] ¥} specificationF 7 I AEE
ZlEem 2= om[3][4)[5][6], 7S dT
AELE  HAFske 979 eyl AR|E
(http://shopper-zdnet.com.com)& 7|&2.2 2=
o,
29 Fol B 4 gl%e] dludime @9 4
o} ZAs A ekl s & S
7R Qleh e S oR= EAWI R} v)
DS v AFSEelA dobr] of 75%~80%2 A
$EEE welrk

1. 0|38t MEEAS Jis
3.1 7isoll mHEt el

Exx A slotAaag ojgdid o)Fs)
AARANE FE37] Falde 29 164 e

o

b
£ AT Zo) Ot 2L 71 Aol ik

1 dejB 3~ AN A(Active Host Access)

de|B BEofi] o]Fst A e HolelE 2
7\(write) & 734, A L dlolelE $xI57] ¢
d)x] dejpReRal oz} Adule|R e o}53]
ARz 2L dolelE: Aol sid, ¢7]
(read) Aol DB rel Zo| defHp o] A
At dlelel g ¢lech

2) ~A"nle] FAe dlM|A(Remote Access)

ZEnlo] R cojli]e] ¢)r]dl Aol A T2
HeoleE 73 glorz deunee o33 A
ARl A dlolEl & Y=k

(3) di°le g =d(Data Rebuilding)
sleinn e AR Axde olFSHE A% &

Copyright (C) 2003 NuriMedia Co., Ltd.

DE Interface

Host Access
— e —— - Remote AcCoss
«rmese==eee=  Rebuilding
=— « == « = Remapping

Active Host

olEs RAZX

23| L. o|Fs} AAgAe] 7%

Pupelu el o) TR kR AT,
ol AR zA|sle] dEjHR =9} ofFsl A
AR FAdE HoleE dElRy o] FAE
£ FABHEA 2mbleln =] o)F8} AAAkA] o
Babala F A9 AR 3 5dd delE
£ xS ko oold 288E AR 2GBYIELS
2 10% o= s} AFESEEAE si2Pck

(4) dlole] 2|9i(Data Remapping)

gler)~=29] she] AMlE{(Sector)el] & Defect)
o] WAl E HA t]x~=zE wA sl trbd, A
o] A Fgo] A golxieh A o1& &
Azl $3l] A 7)15E 2A5ke e
slet]amg Agsla, o)F3E AR Ag
o] WhA¥slH o|FE =gl AR A4
HQl HlolelE o] EoiM AFHez B7d 4
=5 gt

(5) dlelg] =g F
L e

dlele] =g Azle] oF 10#A4E £8¥E &
ok, 2A®lulo)e] FrEM Taz dHAFE FF
23 = e Alzde] ambE Zojxlth uwlelA
FH AR E)7] A 2uiule|nEl] o))

sEolREol] BAE A

405

www.dbpia.co.kr



PEEA I =] "044 Vol.29 NodB

ARG dele] 2Ud Fole oeruse
ARGAN tlamg dolfeld B Frhg
#|Qstedo} ek

Iv. o8t MEExel oA ¥ T
4.1 o|zst 2=2| 74
I 2 oMt o] o3} ne=o] THLE A

z244, FPGA, sl=rjasiz e shor]ss
2}e] QlE]so] At IDEEMA[7][8] 28 FA4d=Ich

) 0sC
8
2 ¥
cro
.5 FPGA Controllg
o |
et
b=
E ISP
ISP : in Syste!
Program

Local IDé

O3 2. o158 AAAE A

A4 vle] =7 B¢ (Micro-Controller)+ 8051
AEEe AL ZE Z2AAMOI0IE AME
dlgod, WidEEE 7w gles, ISP (In-
System Programming)7} 7Fg3te] o]%3} A4AA|
o) z@sie  mzad  gdaslol=(Progam
Upgrade)E £olsl| stk =5 FPGAE ISP7}
7VsstAl oz stede] faslel=r) rheste
Z 3}¢ich IDE(Integrated Disk Electronics) Q1]
olaE slEr|AzmE dMashy] fsld AMEE

406

Copyright (C) 2003 NuriMedia Co., Ltd.

A e]22A wlele] AEL S512byte 9jolw,
wZ dglole] A4E $is] Multiple DMAREE |
Papz ZEAM] delgd4>  PIO
(Programmed [O)Z A$Fcy =g slor)rzm
(Hard Disk Drive): IDE <UE]sjo]~ ¥41g 291
3], ]2z dlelelS 2|(write)Alel A5 29
3 7V 7t

8] 2dinje] Besl doleE Fankg o A
2lol]l o2 IDE #EE(control) A1%2] 7435 BA}
3}7] $lsle] opi3k v]u(Bidirectional Buffer)S A}
43l on, LaAx e} FPGAS] ISPHZE 3713
ek

4.2 2t g8e| M W P

a8 3 Axd EErl up|zedEge|s)
FPGAE |83l 919 7[sE5& 3P| 98 A
A EZEE vepie, 74 £59 7[5 o 2

T%l 3. ojFs M=o A Aad BEE

(1) w|az A=E
HAEZw|9] 9% Qe|¥ E(external interrupt)A S
ol4sie] QlElR]E AR iy 2 9

Al3E Wb YE Muls TR St

i

o2

www.dbpia.co.kr



) g Al 2glelA 9] o] F3} A A

(2) 24, 29 W 87y

nlo] R A EZT oA HAg7) ol B
ZA|5Arbiter)oll WMAE QA8 F7MS(bus
grant) 2 7|ce] A3E vlolaRAEZ | dHE
c}.

(3) W 2=FA]5<(Bus Arbiter)

2, 29, IEdAs AEiblo] TAE
A ~8H A3 Sojew AN H=2)
g>zredhr> 2|RE AN 2A] TR
& AAsl] TR Aol A2 AR o
=t

4) I~E oA~ Q7 (Host Access Requester)
dlE]|H HTofx]e] Read/Writeil 32 Hlo} v
ZA ol AMu|~E 233k

(5) EAtwe Ak
WAFAY BARES qJEo} gl
wee ey neel ald) A JeiEck

(6) DMA #]2]%{DMA Engine)

e, 29 A A wkE dlolg] M
< $]3le] Multiple DMA M}l o 2 Fals}e] 0w
ejdle] $34 32 AMu|ag AFI] 918
A5 A 55 999 2 e olF AHA}
7} 24 F A== st

(7) z"mlo] Yxz A AEN

JejB Rev) gl ¥eEg FAsict 2dihbje]
Rerh s AYE 2Ede] Alss oo 3}
Bg 2ghle] REl o|FH ARRA} AZSHE
S AAIsle] QIERE 7l deEct

(8) Wl=AlE] 71%%5(Bad Sector Detector)

H=AlE o] disle] 2% 29 71eg AlEdshe
sler] g =elo|BE ARESHA| =W, 27] F2l|
aixl= ellzlz) BAskA] ko, ¢7] Rl
oflef7} WA 4= 9t} ¢§7]AM+= IDE]IE] o] 29
~Je|E| R ~E12] busy bitE A|=Z3l] ol2]E 7|7
o}

9) oJE|®E 23-%{(Interrupt Requester)
HeAE A, 2uivlo] txz A 7E
A, DMA AEA] AR = JIEFES A=t

Copyright (C) 2003 NuriMedia Co., Ltd.

B 2. 71EE29] o <lEFES] A9
> e | HE - ';,’,;'.':' =

Rebuilding Interrupt
EXT_INTO

DMA Interrupt
EXT_INTI1 Remapping Interrupt

(10) 74 223 ¥{(Path Control)
MagAels Bxteeg Qo) 7 sl
2| IDE QlE]sjo| 0] HAEEAISH dlo]e|H 7]
& dAgslolze,

4.3 2=ZES 0| 74

sz Edlels oF QEHIEN} WAT g7iR|
IDLE A2 oi7leka gloml, s1¥- <lEhE 0 &
& S| QIERIE 1 o] Whsiwl IDLE AelolA
Bolu} 7k QUEjgEe] duke ake e,

S Ertomt 2uds) el glow,
uge A% S F ErewyE sz o
2 835 sl F 7 9le] Ale® DMA A
& %t wbd 2 & JRe] AEfel i
DMA A4S F33ick

Zgaele] el A o Az
Exlo] zick A WHAZ IDLE Mode® t7|Alel| 2
LHHES 7deich} AEFE 24 Alsrt
=W QlE]8] EEF{Rebuilding, Remapping)S 23]
afo] QIEFE Au|x FHS 333k F wiAe}
Al WA 2 Rebuilding Setup, Reset Mode2}
Remapping Setup, Reset Mode= Rebuilding ¥}
RemappingS- 383}7] $]5lo] IDE Registers =
718A17Ick. ¥l WA 2 Rebuilding DMA Mode 2
dejur co] tjxFefx] AgiHle]n =g Tiamg
dle|elE DMA wHAog s 3t ol
WA Z Remapping DMA Mode+= Z3glo] utAlgh
g 7He] ME]S DMA WAoo e9ls) A7lch

I 4& Held AR APrcee] 3 Alde
= v Qv

o 2 I Feoll A= ¢7] Lfi(read
error) & 29 F9| ¢7] &5 A% D MEl=
He dez2 Zsle] o o] Fxhe Al
A dert 2] Agell= ohs AlElyE 2y
3 AYstw, 2Pge] Fe Wy e TR
g} e g Fell 2] FxpellA ollzir) 3A
3 ~giuleld =9 tiazelA oz} HARE A
o2 Zsta el EEhe Alxdch ey

407

www.dbpia.co.kr



H=-EAL 3] =4 '04-4 Vol.29 No.4B

YT A = oz} s s el of

3 S sl o AEFE edds 5

Pt

@ 0
1

Seauence of Rebuilding 1

1

Sequence of Remapping o5,

SHPRETERE S

V. 78 21
5.1 Hlolef M Al

(1) 2¥g AFHDMA) A7k A9

A 2E9] wlolg] MAE Hre| vFPiA v
22]E sfer)amg oA Al 7P FAA] He A
& A$LHe FAolth. ®E 2GBE AFA 104
ollZ AFstoiof s, ey EF FTAE AH]
25 sla ghdol 2 o] AEH o] eIk
2y elo|ulxe}l Alzke] wigt AolE ¥ 59
3 304 27 BelFa gk

Trs Tis Tdt Tdd Tdt Thr Tnr

Bus_Req

/DMACK

Rebuilding |

a8 5. 24 Eeldx

Copyright (C) 2003 NuriMedia Co., Ltd.

3. 49 el A1z Ao

Define | Parameter Description _ Time
Trs Request Setup Time 24ns
Tis IDE Register Setup Time 850us
Tdt DMA Transfer(l sector) 46.3us
Tdd DMARQ Delay Time 2.8us
Thr Bus Release Time 5.75ms
Tnr Next Request Time 5.9us

dle] A5 olgale] AFsE A A

apal olelie} ek,

o
4

LIS [ TIS |eg o rv=[-LL3 +1]

DS
TTS [_TTS _TTS
DS [ ] 0 o™ RN=—pg

Ttr= RN Trs+ Tis+ DS - Tdt+(DS—1)Tdd
Tbr}+ (RN—1) Tnr

= RN{ (Trs+ Tis+ Tbr+ Tnr)+DS( Tdt+ Tdd)}
=RN(6.6ms + DS - 49.1ps)

DS(Default Sector) : §hHol| A48k Ag] =
TTS(Total Transfer Sector) : A AE] 4=
RN(Rebuilding Number) : & 21y 3l4=
Ttr(Total Transfer Sector) : & % A7k

() 3led]2z 43kl e AF Ak
E 4= el AFsh= AE £ 10022 3
< o sler]aze] Skl wlel 8= 2EA
7+ 1GBA| 4.6%, 2GBA] 7.6%-°& 103-oe]
dge] 7Feds vehdich
E 4. §e57)el mE AEAzke] Wskwke] A5 A
1004]E])

N

20x10° 240 460

364¢° B0’ 6%

4010 040 767

10G
126G
14G
16G 3240 210 613
18G
20G
256

30G 60x10° <10 Tnsi

www.dbpia.co.kr



i g A 2del|A o] F3 A AR

(3) ol AEF AE] 5 o W AFA7
%) 68 sher]aze] b 2GBE Aol
W k9] AEAEle] ol we} hewle AEARE
© 504El, 1004E], 2004le] web 247 123,
7.6%, 54802 A7ko] 7haghe viehpdick

32 6. Hele] F7lel mE A5 W)

Va8

FEA 2l AHE 5 Qe V92
WA et wieeps] deels AR 5 9l
2o} =9 8§89 Mol ®ob TRk HeleE
BE A7) feixe wd ve-S deF g
mehr] 2 dqelde EeAH e R} 7FAe] A
HE 23 3l=r23g o8] APAAE T
3iglom, sHgAolx AR Sl AuleE Al
71 18 olF3E A EkeE AAlsdck

£ dFelxe 7R o153 AAAe 954
o8 A e AMIAE AFsISdeA AlxE
o] & Foll d2=zs aAAS o 7129 dHeolH
5 WE S22 WAATE 2Ed 7% Ha=
ol s=AE7} RS o AFEAQl AlE e
WA7ls, 2EEA] Z2E Aulx 7l AR
AT A 71 5 AFshe olFst AR
A5 deidct =3 2ld =% dAR oEE
771918 el IdS sgtess dlole e
AREE FPIER sldck =3 sleramg
WA A S EAlE 2GB7|E R 1004)E]

Copyright (C) 2003 NuriMedia Co., Ltd.

A A5 o 108 ool AigSs TAAINE F
8 gelsioich £ 75 58 9A € o Re g
g9 43 tlaz RES 23] A2Ee] o B
=9 WYAAE A 7HAd dgit taz AEE
71%6& Algsl] Axsle] ®rp &go)w gHgA
Ql AulAE Algshed 7] & Zeg sl

ngs

[1] Paul Massiglia, The RAID book 6th edition :
A storage System Technology Handbook,
RAID Advisory Board, 1997.

[2] Design and implementation of disk array
controller,  Proceedings of KITE Fall
Conference 96 1996, 11 v.19, n2, ptB,
Pp.665-668.

[3] Intel StrataFlash Memory(J3) Datasheet, Intel,
Jan. 2004.

[4] CompactFlash Card Specification, Transcend
Information Inc.

[5] Hard disk drive specifications, Hitachi
Microdrive, Hitachi Global Storage
Technologies, Jan. 2003.

[6] Hitachi DK23EB-40 Disk Drive Specification,
Hitachi Ltd, Feb. 2002.

[7] Friedhelm Schmidt ” The SCSI Bus and IDE
interface Protocols, applications and
programming ” Addison-Wesley 1998.

[8] Working Draft proposed american national
standard technology-AT
Attachment with PacketInterface Extension
(ATA/ATAPI-4) document” Revisionl7 1997.

[9] Intel, "Embedded Microcontrollers and
Processors” Intel Corporation, 1995.

[10] L Scott Mackenzie “The 8051

Microcontroller” Prentice Hall.

“information

409

www.dbpia.co.kr



Ol

gl A1 83| 2= -%] "04-4 Vol.29 No.4B

T & #(Soonghwan Ro) A3
. 1987 : areodtar EEkAl
1989 : wejohaba 2ahAlA}
R 19931 : we{chsla FEhika}
TR 1997 ~ 1998y : gH=HAAL
FAla74d 2id7el
‘ 20024 ~ 20034 : °3=-
Birminghamt}} &}3
WA & B Fa} A7)
19943~31A) : T ARFAFIHY Fa
<F34] 320> Pervasive computing, °(}Hﬂl:]5 A 2~
g, wnlel 1P

N

o}-\,o

Copytight (C) 2003 NuriMedia Co., Ltd.
www.dbpia.co.kr



	교환 시스템에서의 이중화 저장장치
	요 약
	ABSTRACT
	Ⅰ. 서 론
	Ⅱ. 저장장치에 관한 고찰
	Ⅲ. 이중화 저장장치의 기능
	Ⅳ. 이중화 저장장치의 설계 및 구현
	Ⅴ. 구현 결과
	Ⅴ. 결 론
	참 고 문 헌


