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Abstract Enterprise storage systems that require high data reliability are applying RAID (Redundant
Array of Independent Disks) systems to recover from data loss and failure. In particular, RAID 5 ensures
space efficiency and reliability by distributing parity across multiple storage devices. However, when
storage devices have different capacities, RAID is built based on the smallest capacity storage device,
resulting in wasted storage space. Therefore, research is needed to solve this resource management
problem. In this paper, we propose a method for RAID grouping of each independent NAND flash
memory block in a RAID consisting of SSD (Solid State Disk) with external SSDs as well as internal SSDs.
This method is divided into a policy for delivering block information inside SSDs to the RAID system
and a policy for RAID grouping of physical addresses delivered from the RAID system. This method
allows us to maintain a RAID that does not waste resources when SSDs of different capacities are
grouped into RAID5. Finally, we demonstrate the effectiveness of the proposed method through

experiments.

Key Words : Nand Flash Memory, SSD, RAID, Storage, Fault Tolerance

"This paper was supported by 2024 Baekseok University Research Fund
"WAIKR} : O[3 (hyunseob@bu.ac.kr)
T 20243 038 042 MY 20243 03 20Y  MARGEY 202493 04€ 08Y



110 MEQEHNE=S==X HM10# H23, 2024

1. M2

IoT(Internet of Things) 7]&< ttFstal 1L slE
of &g UHHE AAHo|A -89 Hlo|HE A5t
= YHHE AIARZER] thofgt RofollA I 9l
o}, FZoll= TgEt [oT AHlolA $E-2 HojeE A
gote] 7149] Hlole =1 9 Ao A= A9] 7]
& S AlFokal Stk QlEjzgo]= FAoflA= o]
27 =349 =Y loleE P o R Aokl e
st7] gt A=A
o} dukEQl Q| Eto]= 3H4oAlE dlojE &4 d
o2 RE HolEE IFHoR E5t7] Yo RAID
(Redundant Array of Independent Disks)[1, 2] Al
H& F8sta ok 5] RAID 5[3-51= #H2EHE
2 AR EAF Agote] 31t aedT P88
BRI 1eu AR 9] &) AR tE B¢
7P A 859 AR 712 CE RAIDZF 55 o
AE7Ee] ezt dAYsit. whEkA olEgh ApedtE
EAIE sidsty] g A7 dasih & =Rl
RAIDOA SSD(Solid State Disk)& #4351 U&= &
H2Ql NAND 4] W22 £52 5Ue RAID ol
o]%5l= SSDY| H|=e] EE3t RAID JIF= F/35h=
W ARt o] BPH2 RAID AlAHEIC] SSD W
o] £5 HHE HgulolA, o]Rsl= SSD &2 @Y
SSD Wil E2E5S RAID IHOE F= FAS 2&
Stqitt o] WS S AR e &9 SSDE RAID
58 F= o AL dH7 PAEsHA] ¢i= RAIDE FA
o 4= Stk vpREr e 2 S Bl Ajteks WY &
s Fret

=50 AL thet 2ok 204l RAIDY] &
o B WS dolR 1 AR oE 879 AEA7t
RAID| F9& o TAYst= A & At 3%
ol 4= RAIDS] A+l FHIE st QI B A+4E
AR 4olAds =24 Adsl= SSD A&
RAID 5 W& At vpr|eto g Algdolde &
off Algtel= AARY Aedt BIkE ST

Hr

o gelE AAde H85t 9l

-

[

il

o)

2. HiE

2.1 RAID 59| EX
RAID= o3 7He] AZAE shte] =229l A%
FAZ /st HolHE AFshe oIt 121

w=2)d NS TSk whEe] whet olg) RAID]

F57} e

RAID 5
sl ] e ) [ ] [ ey |
e [ v ] [z ] [eaw | [ 2 ]
e[ ] [eaw | [ s ] [ 4 ]
o[ ey | [ 2 ] [ s ] [« ]
SSD1 Ssbe 5SD3 SSD4

[Fig. 11 RAID 5 Architecture

Fig. 12 RAID 59] 725 Hoj&1 9t} 139l +
Zo|AE 4709] SSDE ot =28 AFFRE F
o} A JFolAE 49 SSDof| Hi2lE] glolgE el
t}. B 2E0lAE 31 SSDofl mi2lgl glojelE gdstyl
t}. o|g€A RAID 5% =84 159 AZAA 5 198
ool diE]E HlolEE gt

XOR

| [ [ 3

|

Origmall [IIT| I | 11060 | I 101010 | 1| 101101 |:

H 1

: :

! i

Brokenl - | | 11060 | I 777777 | 1| torior |:

! i

XOR i !

i

H 1

: :

Hecovervl i | | 11060 | I 101010 | :l 101101 |:
|

oo

Data 1 Data?2 Data3 Parity

[Fig. 2] Step of RAID Recovery

Fig. 2= RAID9] #2]¥| ol gzt 1443]E 3}
A& HolE1 Qlrh RAIDS miglE tlo]el= XOR &
ARS Bl AgEnh 1”3 2ol dlojH 1, 2, 39 dlo]
H 111111, 111000, 1010109} m2]€]= XOR AAHS
53 101101°] "t 12|31 Data 39| HlolEHE &4
= o dlolE 1, 22k w2 ¥ Hlo]EE XORsto] Hlo|
H 3& Bt I oAolA4+& 111111, 111000,
1011012 XOR3l9] 101010 &5}t

2.2 RAID 52| X} H| 2X|

Fig. 32 A2 o2 &F°] 100GB, 150GB, 200GB,
200GB AFAAE RAIDZ F42 u dA¥shk= &4
3] EAS HolF1 9ty RAIDE SYUsH Hlolg &
7+ 39l =849l 150 = Fojof gtk wekA 1



M0 XHHE2E st SSD ME RAID A|AR! HA 111
At 2ol 1 AL 80l AFGAZ RAD TEe] 9T 7 ALL 7o) Aow PRt 191 7 Fe
A" O99 dAeME ¥ 650GBe Aol me EEEE FgHch ZF A Wiy IS 594
RAIDZ 290t 1§ ol 7F e 832l 100GB  ©2 Hakahk. weba A} 7isshn, 54 o]
DI RAIDZE TS Wb 400GBO) el A wao] ST ol Mol G FA gherh
A7 A=Al 250GBe] AL EEER] Fol= [12-15]. o3’ #2390 EAL2 EHFQl oy f9
=AIE AR ARHAE RAIDE 183 £ 129} GAlei), wet
Al EA] W2 W APEA] WRH o0& RAIDE 75
R dooceRAD T | ke 7 ER Akselet
L 100GB 1 ! 100GB L 100GB ! 100GB 1
] — J| — | — | E— " Chip0 Chip1 Chipn
: : : 5068 : : 100GB : 1| 100GB : Block 0 Block 0 Block 0
i b i n ! Block 1 Block 1 Block 1
__looGgB_ ! | 150GB ! | 200GB _! | 200GB ! Block 2 Block2 || Block 2
[Fig. 3] Problem of RAID Blockm Blockm Blockm
Channel 0 I I I
Channel 1
3 E}eﬁq? Channel k -
- [

3.1 Hybrid RAID

Fig. 4= RAIDS] A JH]E £017] Y3t Hybrid
RAID[6-8] 7¥& Hojs=ar Qiet. o] ¥ T19n &
o] RAID 9] AFZA 5 A &3 4% &=
dgote] =8 APFA DFE e, Holle &
Fg Mo RAIDE /ot oltt. 189 Ao
Ae WA 100GBH 4TS FHolA 400GB9] RAIDE +
gotolet. ks, @2 8% F A &<l 50GBE
150GBe] RAIDE +A4stqlth. miAgog, dolgle
50GB2] &3 @t 100GBY RAIDE #4353
o}, o] WP Hi= Y-S E-8oto] S FH3lRitt
=y fAaa o] wieh RAID WRelA A& o
ERQl9] RAIDE F55te] #eEol= @HS|=rt AYSt
o} mEbA] AR iRe] AHe a8408 #est
7] §1gt A++7F 85ttt

r L LLLL I ot Yoo ———- | I
n "y "y I 1
:: 10066 |} i 1o0cs ' | 10068 H i| 10068 1 400GB1
L [ L L S
! ::: 5068 |} '| 508 , 1| 5068 1 150GB!
1 " 1" Ty ! 1
\ 1 1h| 0GB [y 50GB | 100GB |
lommeo 115068 _ 1| 20068 1| 200GB_ |

[Fig. 4] Hybrid RAID

3.2 Flash Memory Chip2Ql 4

Fig. 5% SSDO| EaA] W= ] 25 HojFa
UTHO-111. IR} Zo] SSD+= k7ie] Ad= AZ =]

[Fig. 5] Structure of Flash Memory Storage

4, EYA| {22 M RAID 5
4.1 84l ofo|ciof
2 =RoAe SHA Hxee o]
25}o] RAIDE +=517] Yt FMDR (Flash Memory
Dedicated RAID) 7§ AItstet. o] 7¥He ZZto]
SSD &5 AHEE Addobs =218 AGHXE RAID
7[gto g &3t ojuf 724l RAIDE 53t &
= A2 EHA HEY =9 FH 7H9] Internal
RAIDE o]85te] F7H4Ql AXFg1to = Sgitt

B2 gu=

=271 0

1_

R}y
[e]

Block
5500

Block
58D 1

Block
38D 2

RAID Group 0

Block Information
Block
S50

Block
SS01

Block
58D 1

Block
SSD2

RAID Group 1

Page Size 292

Block
5500

B\ock Block BIOd( Block
RAID Groupm m E

Blnk H\nk @\ Blk H\nk -’__H Blk B\nk ﬁ_u

[sspo | [sso1 ] = [sson

Block Size 2?2 RAID Group 2 f'g’,{";

Block Count 77

Chip Count ?.

[Fig. 6] Key Idea

Fig. 6 AIStsl= FMDRE] 4] ofo]tjolE HojZ
I Qe I9a} Zo] n7fe] SSDERE E2 ARE A

=1 O



—
—
N
P
o
ro
m
II9£
FIEI

Al M103E M23, 2024

2 JHE o]t =2A A
AAE ARt ZVO% A= A& o SSD7F FHoiql
2 o] geld) Wt 7
SSD9] £& Aol =Y 3 A% dukdel RAID 5%
S o7 ARG U EE AYQ] #F o
€ %% RR(Round Robin) HA& £555 T35t
RAIDE /3%t

4.2 Round Robin 7[8t RAID =2 &g M=

£ Hoj|A= RAID 0] A% ke dgsr] gt
2491 716k RR AL 27051} o] Mo wA] KA 2}
29] SSDoA B8-S BT AXI% wj7k1] RAIDE 5
gt I B2 A 7Wo R o g A 71
I Y= SSDERE F7b AYS Fdotes Ao
RAIDE 53ttt

RAID Group 1 | A1 | BT | C1 | D1 RAID Group?2 | A2 | B2 | C2 | D2
o cuns (12w [ on] awoous [a [on [or [ or]

wosnes [T B woems LT B

' i
A 1
[ i i L
'.--___|_._________._ S

——————— - ——

Resource Based Hound Fkobln

WEIEIE WeEE)E] Dzl MElElElss)iTs]
SSDA ssDB SSD C SSD D

[Fig. 71 Resource Based Round Robin Policy

Fig. 7= 2+ 7]9F RR 3& Hoj5a Qlok. 199
Aol A= 4709] S 7FA AL 1= SSD A%, 6709
AHLE 7HAAL Q)& SSD B, SSD C, 8719] AHLE 714

& SSD D7F Qlek. WA, ZF SSDEEE A4S 5t
U ggsto] RAID 1% 1, 2, 3, 42 THEQIth It
< RAID 1E 594% SSD B, C, DERE A4S st
A dgstoict. 28y @FE B5, C5 D5 He=E
RAID I%5& 75 & gitt. Aldske RR A&oA=
RAID 152 FA5H] €5t Aol 25 A w714
HolSlE AHde] & 71802 77| SSDEHE A
< shby srgsith. 9] Ao 7P w2 A

<= 7HAAL Sl SSD DEHE D6E F7F a3t ©]
oF 5L WHoR RAID 1§ 6014 B6, C6, D7,
D8 Fslo] RAIDE 753140t

4.3 Internal RAID %2
EAA HEE = 7l/27] Seier A7) D97t o

23, glo|gE 27] A A Qof ok= E4o] it ol
EALS 7] el =2HQl 40 EEAR] F4

9] T2 it weba SSD Wil

oA RAID I&< ws7] 95t ®io] "asir)

z] o
=

RAID Group 1,2, 3,4 RAID Group5 | RAID Group 6

Assigned for RAID Group 1, 2, 3, 4 I [

Internal RAID Group 5 Internal RAID Group 6

[ I [

Chip 1

Chip 2 Chip 3 Chip 4 Chip 5 Chip 7 Chip 8

i
n
Chip6 i
"

[sspp |

[Fig. 8] Internal RAID Policy

Fig. 82 Internal RAID &S B33 ot 1
HolA= SSD DE 5H40 & 5& 7Fse EeA] o
mE e 8/ 7ML itk o]l &, 1, 2, 3, 4= Y
g4l RAIDE F5017] s =gl 12ia, 3
5,63 3 7, 82 ZtZF RAID 18 59 62 93 €9
=it SSD= =24 F49% 94 F47F E2=f
QUL ZHZte] 4| Tgd wRe E5S T 9

gF BE9] e Wio] ARSEAL Qich. whebA, o] FA
SSDO] E94%l 45 71 3= HZ RAIDDE &
7] A= AEE EA] W2y JE

Ei5tAL RAIDE F7] 915k 7|50l ERsit} & =&
oA AStsH= FMDRS S AEZRE %714 9] ¥

B0l SSD WH9l F FEE ASHWAY HolEE ¥

£ o oj" JOoRHE HolHE A AU gt

E
#e myt

fifo
rsh

4.4 ZA H2E =5 2 E BF AA
RAID I5& 755k 7184 ¥R 24249] SsD
ERE AL shd dgshes iolth webA A=
th2 80| SSDEYE YL o] e Y
< TYohe FHER ofyet Z17ke] SSheRY dgt
7] 9J5t AFYe] AR LZ} o]E yjHlo g =7 F Q] 7\1
PIAE F/dshke Wiiol Hasi. E3 HlolHE
o Tes] =2lFQl F4R HolHE 2e AR OM
2k SSD U2l H& AEsto] HlolgE ey 7]

g o] asieh & oAk EefA] Hmelo]
JHe} Agsy] 93t A L2l ¥ AAS HAS)
o



SEXNQI XHAZE g SSD ME RAID AlAHR HAH 113
| RAID System 2,500 Logical Capacity 2,304 2,304
[Control G al 2,000 1,920 1,920 1,92 1,92
onirol amman Page Size: 1KB — 1664 18 153
Get Block Information Block Size: 1M © 1500 128 !
. Count of Block: 2K e d
SetRAID Chl;? Chip Sizc: 2GB 5
Read RAID Chip Count of Chip: 64 - 1,000 89 89 89 89 89
Write RAID Chip Total Size: 128GB 3
500
| ssb
]

[Fig. 9] Control Command Sets

Fig. 9= SSDEHE A1e] RS HIHAL internal
RAIDE HEESH] 913k ¥Po] AAE Hoja Slrt.
AtsH= Flol= AAEL Get Block Information 8
BFolg Sofl 19 22 Fat S HRy FEE A
$Rb=c), 02 Internal RAIDZF BR3H 79 Set
RAID Chip ¥3< °l&3ste] Z17k9] SSDO] Internal
RAIDE A#3}. Internal RAID7F AAH B9,
RAIDEHRE HoJElE gAY 27| flefiA= H FEE
Z35E Read/Write RAID Chip B#& ARggIc

Ao|H= AlEdeldE B3 Ajtsk= FMDRY
EA] w29 wojA]
. B89 #o]A= 256712 St
o= 2,048702 7HY

(Table 1> RAID Test Sets

Test Set Set A Set B Set C Set D Set E
1 128 128 128 128 128
2 128 128 128 128 128
3 128 128 128 128 256
4 128 256 128 128 256
5 128 256 256 384 384
6 256 384 256 512 384
7 384 384 512 512 384
8 512 384 512 512 512

Table. 12 A fJoff sHH o2 B3k RAID HA
E Alojt}. o] AE AlojAE= RAID B 89 A3
A& 128, 256, 384, 512GBE A:sHA srgstoich

SetA SetB SetC SetD

HRAIDS5 M Hybrid RAID ®WFMDR

SetE

[Fig. 10] Total Capacity

Fig. 102 RAIDE +5% of 4 =4 ¢
28] A gFolrt. MAH o0& FMDRO] RAID 5Et}
ok 85.71 ~ 157.14% &7F0] 5715+l Hybrid RAID
9} ¥lwalo] oF 15.38 ~ 30% Z715FEk o]H3t U
2 7|22l RAIDE ¥dstl & 57+ Internal
RAIDE o|g3dto] &g oa esly| y&olct,

600 Parity Size
512 512

500
400 3z4 3z4 324
[}
g 04 04
¥ 300 56 56
a 24
>
2 200
= 12 12 12 12 12
ol NN

0

Set A SetB SetC SetD

ERAIDS ® Hybrid RAID = FMDR

SetE

[Fig. 11] Generated Parity Size

Fig. 112 4% Higee] 2715 Hoj3a ot A
A= FMDRe #=€]7} RAID 5t} oF 75 ~
137.5% Z7¥5F33, Hybrid RAIDXETh <F 20.83 ~
50% 45ttt RAID S5HET} siE]E]7l S71gt Ul
Z714]1 RAIDE +5517] wiZo|th. §Hd FMDRo] 3
@919 BE&AR1 HHEHE A5t wizol Pk
Hybrid RAID®} H]wste] sj2je do|e7} Zhadh=
7} Sich

Fig. 12= FMDRE 283 wf RAID 59 B|w5}o]
geE= XS HolFEy Qth. FMDRE 7140l
RAIDE +/gste] duld 33| |+F0] 00|12, RAID 5
9} vlwslo] AAA o g 768GBIA 1,408GBY] AL
Aoksl= AIE HojFrt

8



114 MEQIHUISSE=EX| M103H 23, 2024

Wasted Capacity

1,500 1,408 1,408
o
9 1,024 1,024
2 1,000
S 768
o
m
()
© 500
]
m
= 28 28
] 0o oo oo ]
o Ml |
Set A SetB SetC SetD SetE

ERAIDS5 M Hybrid RAID FMDR

[Fig. 12] Wasted Capacity

6. 22

£ =204 SSDE F4E RAIDAIA 4] Hl=
2] < Internal RAIDE I1E3l= BHS #F619]
ok E3h o] P T Sohe A &t A
sk= T8 Holy BE Al ]S 9l S8
t}. FZo= Internal RAIDE H2 a8&xoz 3
7] gt S AT dolth

Iy

)

o

REFERENCES

[1] T.Ma, Z.Li and N.Liu, "Log-ROC: Log Structured RAID
on Open-Channel SSD," [EEE 40th International
Conference on Computer Design, pp.332-335, 2022.

[2] Z.Gu, J.Li, Y.Peng, Y.Liu and T.Zhang, "Elastic RAID:
Implementing RAID over SSDs with Built-in Transparent
Compression," Proceedings of the 16th ACM International
Conference on Systems and Storage, pp.83-93, 2023.

[3] G.Si, W.Chen, X.Xu, Y.Sun and R.Gao, "Data Back-Up
Algorithm Based on Blockchain with Network Erasure
Codes," [EEE 11th Joint International Information
Technology and Artificial Intelligence Conference,
pp.232-235, 2023.

[4] S.Wang, Q.Cao, Hong.Jiang, Z.Lu, J.Yao, Y.Chen and
A.Pan, "Explorations and Exploitation for Parity-based
RAIDs with Ultra-fast SSDs," ACM Transactions on
Storage, Vol.20, No.6, pp.1-32, 2024.

[5] S.Pashazadeh, L.N.Tazehkand and  R.Soltani,
"RSS_RAID a Novel Replicated Storage Schema for
RAID System," Data Science: From Research to
Application, Vol.45, pp.36-43, 2020.

[6] J.H.Choi, JHPark and S].Lee, "Reassembling Linux-based
Hybrid RAID," Journal of Forensic Sciences, pp.966-973,
2019.

[71 R.Pitchumani and Y.S.Kee,
for Emerging Key-Value Storage Devices,"
Open Access Sponsored by NetApp, 2020.

[8] Y.Cao, "Future Development of Redundant Array of
Independent Disks," /nternational Conference on
Applied Physics and Computing, pp.8-10, 2022.

"Hybrid Data Reliability
FAST 20

[9] H.S.Lee, "Performance analysis and prediction through
various over-provision on NAND flash memory based
storage," Journal of Digital Convergence, Vol.20, No.3,
pp.343-348, 2022.

[10] H.S.Lee, "A Memory Mapping Technique to Reduce
Data Retrieval Cost in the Storage Consisting of Multi
Memories," Journal of Internet of Things and
Convergence, Vol.9, No.1, pp.19-24, 2023.

[11] H.S.Lee, "A Study on Characteristics and Techniques
that Affect Data Integrity for Digital Forensic on Flash
Memory-Based Storage Devices," Journal of Internet
of Things and Convergence, Vol.9, No.3, pp.7-12,
2023.

[12] H.S.Lee, "High Efficiency Life Prediction and Exception
Processing Method of NAND Flash Memory-based
Storage using Gradient Descent Method," Journal of
Convergence for Information Technology, Vol.11,
No.11, pp.44-50, 2021

[13] H.S.Lee, "A Safety IO Throttling Method Inducting
Differential End of Life to Improving the Reliability of
Big Data Maintenance in the SSD based RAID,"
Journal of Digital Convergence, Vol.20, No.5,
pp.593-598, 2022.

[14] H.S.Lee, "An Efficient SLC Transition Method for
Improving Defect Rate and Longer Lifetime on Flash
Memory," Journal of Internet of Things and
Convergence, Vol.9, No.3, pp.81-86, 2023.

[15] H.S.Lee, "An Efficient SLC Transition Method for
Improving Defect Rate and Longer Lifetime on Flash
Memory," Journal of Internet of Things and
Convergence, Vol.9, No.3, pp.81-86, 2023.

0

&1 M(Hyun—Seob Lee) =

=20134¢ 2¢ : St HHFE
Fetat (FsF BHAD

20124 3¢ ~ 202194 2¢
AR AT

=20214¢ 39 ~ @4 :

ARETE 20

RELLE

AAAE, YHHE AL





