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RAID IIBARFER. BEIRELZMHERE, ALUREELE, EMN— XS MELEKIENERIP, HE
MR EFNAREEE, RAID SR FEMH David A. Patterson. Garth Gibson #1 Randy H. Katz F 1988
7 SIGMOD £ LA RB—ETEA (A Case for Redundant Arrays of Inexpensive Disks (RAID)) £Y
X HRE, EZIEXERE, BEEENETSELIAESH 1 MB, ERAFMUKZENSR, RAID RIRIEARE
RAMEEM A MR TN T A,

=+ZEFENSR, B NVMe BBMNETEEXH GB/s, TREFENER (FEFEZERAT 10 A1),
REYOLL, RAID BZDERMKARE : ILHEMT M BEAIEEM THENE RS,

M, I RAID iR A EEIGHAEEHAL:
1.10 MEERE KRET R FERITER BT BRE,
2.7EHURHL, IERERAXEEEESNF, LHEIEEER (Read Tail Latency),

AR RAID MRET BAIPkEL, SupremeRAID™ SR-1000 KA 7T SHZEH, BFitBZERHN RAID BEEH
5 GPU £5EMl. GPU MBRAHITIHHEEENIEEESRAAIEARE 10 121EM RAID REEIRITE, XFAE
HHEERBBE RS XL, EEANF, BITEERKRITERME, HARM@ET Graid Technology
HfRRFRREEERIER,

19 SupremeRAID™ SR-1000 5 ScaleFlux® CSD3000 %% NVMe SSD £& A8, CSD3000 &5
HIBRRARPRBAERAEEZR, ZFEARBRMETS 10 33 NAND N EEMH, MIBBNBRELIEEZH%
10, BEEIR, XTIZAS RAID fERARIEREE, HSEINERIES RAID 5| 5AME1RE (IKRKE
A BE) SamEF.
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2 IRREESHER (SSD) BYIER

—> SSD H—MZHISRM L MRIZLAY NAND IAFSH BARK. EH23MEEIHEER XL NAND RESH
BEAN—IFE—NFENR. £ NVMe REF, XNEFENFRBE— 1 HLEZ R =TE (namespace)
IRIA TN, RTERMH— N ESRSERMIE (LBA) SEE, SSD #5423 61 TGS 1B R Ut Bh S PRET R
B eIt X— 3 @B BB IR ANERKIRE (Flash Translation Layer, FTL) R5ER.

B NAND AESHEARABEE—1THSZNRAEFELH (die). &1 NAND AESHHKISAETFE

(plane), BEHN 2 E 8 M FEH. NAND IEN—IXBRMER, FERRZ, — M FERERT—E
2. RENEIRMRIE(E. Eit, SSD FEER NAND AFESHHE (HEBEEWHMY, FTENSH) RETEE
BRIMARA 10 H1TE, FIW, ZE—1HHE 8 1 NAND RFESHEH SSD, STMEANEE 4 1 NAND J
FohR, 8NORE 4 M FE

| NANDO || NAND1 || NAND2 || NAND3 || NAND4 || NAnDS || NAND6E || NAND7 |

[ tie | sl rfr ]l o ) ] e e
[ oies o] s ] i o ] ] ] e
oie2_ e el ] ] . o i ) o ] ] ] ] e
LﬂgJm@@@@@ﬂﬁ@@mmmmmmwwmmmnmmmwmmmmw@

Only a single program, read, or erase operation can be ongoing in a plane at any given time, thus the
maximum quantity of parallel operations for this SSD is 128 (8 x 4 x 4).

N8R iR SSD 12T 3.84TB AT HAE, 81N FEALNEH 30GB, #HH LBA TE)BEMME IR T 128
INR (silo)o AT I SSD MBRAHITIE, #iEiAE (LBA 121F) NiZRAIRENHEFRETEL; AMm, &
FEENTENEENMIEN LBA BTN FE,. UEEiHRE—FERNRERSEINE, TR EK,
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FTHRA SSD ERAFE, FATNET 3.84TB CSD3000 EELH A G RENIER TRIERAN, TER
T T BEE 4KB BEHLIE IOPS 10, FIIFERM 99.9% BAUEENTE N, FLNAF, KEHLANENTE
Eo

4kB Random Read kIOPS vs. Latency
1400
| —e—10PS vs. 99.9% Latency |
1200 +—|OPS vs, Avg. Latency

1268
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] ] D ] ] o
SO S I S I Ky .\'@Q .(15’0 .(5@ \090
Random Read kIOPS

FEEXRF, AILARMHARVERE KR!

o ZMHIEKXI[E]: 7E£ 800k-900k IOPS Z 8], REIRS IOPS IBANRLLMEX R, TERIGKIRAFIR.
o JRAMHEKXIE: 2 IOPS M 800k-900k H#E1NEI 1.33M B, FEIRLAEREIRAYIFLMETS T K,
XRBT I/0 EREEFE—F@EE, BFiARRS, BIEREM.

BE, RRESTIRERHITHITHN., SiEREEL, SRERATE 10 EHNHNERTER. REFZITHSE
KATEREE (program suspend) FRAREMBRIZELEENALE, SAMRINRERREZEERS
AR EEN R, XHIMRWIEAEIRTFH (write-to-read interference), CSD3000 FHYEBAELEH:
AREBTFRLGIETIL, T@idEBRBIETRFRL NAND AEFEFHNENIEE. TERRT HEHAEERAR
R F EMEIEH LML 21 [E4ELLBTHIRE R
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4kB Random Read kIOPS vs. 99.9%-ile Tail Latency
(Concurrent 1GB/s of Write 10)
4500

Lower is Better

4000

—s—With Data Reduction

3500 z -
—e—\Without Data Reduction
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(1711 J SRR [ PRS PSp——— e VR

——r i 225 kIOPS of added read I10s at
1
1

500 .
;ﬂ:_ 1ms 99.9%-ile tail latency SLA.
I

o & = » o o & AP & &

Random Read kIOPS

EREBEANKBE+NEE, BT LBTIEFH, —1 16B/s WENRET LUEIE IOPS M 300k 123
525k, [EIBYfR¥FIERIRIEZFLER,

BT SSD FERAF LR EFT B NAND (EFE S HHRERRE], —FEMS LAY =R A MIEIMN NAND

NEDHBRE, S, XBIEM SSD MEE, EXM'ERYT REAMRHIN. BIEROREHREES
FMUMBIESE (REE), SFBEEESZD NAND JESHHE, SIMHESRSZREEZE D

NAND AfF S F. MRBEEZ R, ATLUEMEENE, EXRIEMBENESME, FMEEWRX

B, BRI SSD HERS (W0 E1.S) F, @NHRHEENTEAEER. BMEEESHN NANDIH?&"’-@)—#,

MEEHATERRTEESA. ERSATHENEOTEALE, Hit, FRLEERT, ATHRS SSD 4

B, FBEXRIKFY R, BMEMESZH SSD KB AR TIERH,

EFESTHERIFTEARNINED, KOG —MEREEMIBEES M HERN S H, X LUBE 2
FREW: BNENEEER (W VM), 3% RAID (130 mdadm). MARFEAS (140 Aerospike
HIREE) REHRRAR (FII0E4% RAD £), SMAZHEERRS, —LREMRAZR, W0 mdadm,
SZIRF CPU 14he; MEREHMASRUEIEESINBSHMI, TR RAID 1£628 SoC R, ERBEEM
PCle 35 SSD W Z BN LE A H,
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SupremeRAID REB—MEIFTEIZEHE, EESIOMIFEZ TS NVMe SSD REGER, ©EIEAFHEESE
NeREME CPURMABXR, RNERRE PCle EZME SSD SNAREFZE~EMIF. £ Graid
Technology B1EZRH, IHEZEIMKIEITE (BD RAID &R5) 2&EIEMHTEMH, #IRT SR-1000 RAID
IR A RE SSD MM AERF Z EBIREREHRRRZ T No XEF SSD BIMERE/LFRIFIRE NVMe KF, 1
HEMEMERSHE. B SupremeRAID ft THEHERIFNAEEE (GIURES M EESS— M EES
RUATS), BERBEATIMEREENERT, #ERESER. X—87®1F SupremeRAID A E™
FRIER SLA ZRAVIEARESE, SupremeRAID BE RS NVMe i85, HRFXLIGEMNMIERIFYE, EBR
HOKFIEREY R, DUANSIIHRIERHNFTE R, XEEFHIES AT REEESBRN AT BEK.

3 iFf{d Graid B ARBIEREEE

ZMRERT B 3.84TB ZEHI CSD3000 NVMe SSD, EEHEMEI— RAID 5t (SHIXEHEE4AH) . 7%
S N SupremeRAID RENEFAZHI, XLEERIGENBEWYT BE 7.68TB, I EEEREBIMERTER
FEIREEFEAN—MFYE, X BREEE NVMe FBEECE (thin provisioning) I, MMEE ANHE
BRI R AEIMY ENEETE, EARNIRF, BIVERT BMNAEXREUR RAID 5 FATRIEHIEN
=Fial, BFARIMTEFR:

3.84TB 3.84TB 3.84TB
Virtual Virtual Virtual 19.27TB Total

Drive Drive Drive Capacity Exposed
to Host

Raid 5 Drive Group
30.727TB Total Capacity

7.68TB Logical
Capacity

7.68TB Logical
Capacity

7.68TB Logical
Capacity

= ] & &

3.84TB Physical 3.84TB Physical 3.B4TB Physical 3.84TB Physical 3.84TB Physical
Capacity Capacity Capacity Capacity Capacity

eowe
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FEIENE, RHGHPHE SR CSD3000, 8RB EEN 3.84TB, At 5 MEhBRNSIEFHEER
5x3.84TB = 19.2TB, & KohsM A SR FEAES YT EE 7.68TB, HIth, SupremeRAID RAFIHE
BER 5x7.68TB, Bl 38.4TB, HF RAID 5 RfEA— MRS HN B ERFHERLEE, KaFAHANTRERE
LT —1, TH 30.72TB. £ RAID 5 5% £, 5 NEMIRENES WElE. SMEIMRIBHKRNA
3.84TB, Eitt, BHHE 19.2TB HEMEFEMHETEIREL M.

AT IMERIGEIE S N8, S50F5 CSD3000 SSD HAUARIRIE 1.2:1 WEIRESEE (B ANEBIER
D 20%) . WIRBIERIUSH—H[ESE, EAILESIRE S EMIKRN2E KT AEIMIBE. SupremeRAID 1t
MNREMESEREIEEEBRMRE, B EREECUEIERIMFfE=IE, AT EMA T EIEE S E MK
BT BEFMEM, graidci TRRETEENCEER:

$ sudo graidctl list drive_group

JList drive group successfully.
| | | | | | | |-STATE |

| DG ID | MODE | VD NUM | CAPACITY | FREE | USED | CONTROLLER

|oBTIMAL | [RAIDS | 5 | 28 TiB | 1@ TiB | 18 TiB | running: @ prefer: @
| | | | | | | | |
EEIEME, graidcli IRENBEHME TIB (1kB = 1024 F¥5), I TB (1kB = 1000 F¥5),
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Graid Technology + ScaleFlux

3.1 3.84 TB HEHITFiEi FRIMEEERIN

B 3.84TB EEIAIRTHER AT AR AE RAID MBVFER, EEMEIRS TRR— 1R, TERT T EMIK
2R 5 RN IRENERAY 4kB FEALIRENMERENT L |

4kB Random Read kIOPS vs. Latency

1400
------ 10PS vs. 99.9% Latency (Single Physical Drive)
1200 :++::+ |OPS ws. Avg. Latency (Single Physical Drive)
¢ —e—OPS vs. Avg. Latency (RAID Virtual Drive)

1000 —e—|OPS vs. 99.9% Tail Latency (RAID Virtual Drive)
= 800 4
= -
o i
c :
g h
w 600 3
- H

200 P
0

S R R I B SR R

Random Read kIOPS
BANIREHERMIER A IOPS A 1.3M, TMEIIKEHESRY IOPS RERSY BEIEEE 6M, FMEHEHET 1 EWHIZET
IR, XERT SupremeRAID PEFIBETZTE RAID FE5IFRRIFRE IRTHES Z [BIK Y R I BE,
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4kB Random Read kIOPS vs. 99.9%-ile Tail Latency

(Concurrent 5GB/s of Write 10)
3000

«—|0PS vs. Average Tall Latency

2500
——|OPS vs. 99.9% Tail Latency I

2000 —

- —

1500

Latency (us)

1000

500

° < & & S > 5 & C

Random Read kIOPS

HLAEINIRTHERIE I 5GB/s IR B NLHE, REAHIFES, KEHIRE I0PS RIERMN KA RET TR, H
) 3.5M I0OPS 18F1A9 Lk,

4 55ig

¥ 8 4~ 3.84TB CSD3000 IX &) 28 5 SupremeRAID 3.84TB MR shas #H T T X tb. LR *KMHA,
SupremeRAID PEFIEI MLFTE SSD WHIR, F1SE1 SSD WHRRFIUKBEMEEERDFA, MRS
M,

B S NVMe SSD HEIRZEEFT D FBIREFMEHITIERIZIEE, SupremeRAID it T —MXHENT

BREMEEREINTER, XM TEAERTEERE!

o SIRENSE: XEENENIEERBUAEMYIES, EBERET I0PS BERKF TRE BRI
AREIBIRZ

o BIRREE SSD 1%8E: WIS NEMNEHECE, B FEITAEMSIRHIIEEERE, Mmeisk ssD
MRERIREE, XMALRRREERAMIERE, FAEXMERT, BNEMRR[EIUEERS
ER LIRMERE T 10PS FRIER.,

5/ 3.84TB CSD3000 BN RAEMRE, RE N RuBNEESEN BE 7.68TB, X/ SupremeRAID
REhag MR T — N EANBREM, ATUMPEIEEZHENIREIZS, Rt s St ERERERZY
BREN, AILFNEZSYIERNES; HE LY CSD3000 MBAERREREEBEINELREMNR, TLUNIEES
MUREINIR RS, X MFMESFEEENR RIEYT BRI,
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X F Graid
Technology

BIMNERZENBZTRPEHT—K

NVMe #1 NVMeoF SSD 7= fi# E fiti i%

o, BB ARAEHE TR FE B M RE,

SupremeRAID™ B —RE N E

T GPU B9 RAID AR, BEFZ NS 4AE

TEGEBRRIEETIZFAFER B S ,

M. ORE. SR, REEFLAE @ Graid Technology Inc.

pXZAs (TCO)o

@ www graidtech com

*F ScaleFlux

ScaleFluxii it B AMEHEITEE
ENMSE, EEBMEZPH AN
BEREREANRZZNE, REEWRT
SEHECORBEREGSE, HEMFTEN
E5|ERAMLIL T NVMe SSD, ##F
TEFENEES . BRUINENBEFH
A ETEF O, EWMBSMERIE
MR IR, L& P ELETIERE.
St YIEXMASCHE TIEREHATIRG
BARIEFNE,

Q ScaleFlux | Bi4F
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