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- FHostfJPCIe FlashfZfERIMEAb EH R

o HAREBEET HFlashf#fig (Ultra—capacity and
highly available Flash)

e JETE (Atomic Write)
e« Redo log 1tk (Redo log optimization)
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KA EFlashf#fig (Ultra Capacity Flash Storage)
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KA EFlashf# i (Huge Capacity Flash Storage)
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4KB writes

BB AB IR, S R ES AR
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Random writes in RAID-5
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KA EFlashf# g (Huge Capacity Flash Storage)

H+ RMW(read—modify-write), RCW(read-reconstruct—write) 5%
TG, FEEAArray FIWAF (5HCKEF) i kT2
£ RMW, RCW JEAZH IR 5 40 H o At g Fs ] 3 20052 e 250 B8 S5 AN B
i, Write Hole (i) INH/=A4, i KA — 2UMH: 1] &1
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KA EFlashf# g (Huge Capacity Flash Storage)
o [ENLEMHEREAZBEE RS IR R 2 K.

4K Random Write iﬁﬁwe,a_kﬂf@wmj

QD16

QD32 QD64 QD128 QD256 |

10PS - Thousads

~_ 8 %t (RAID-5)
e

Ry (RAID-5)

Sec 00 s00 200 1200 1500
1 DC 00 RAID 4 In DC S3700 RAID .F‘/j
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PCIe—RAID
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PCIe—RAID

«  HB:
— WAEMNHETFRREET K
— B R R (B R, 22 MR lashits i 2k, Eis a5, )
—  fRUAE G IRATDS B 41 5 4 B AR 22 1) 1] /83
— fRUESE I INAF B PR S H IR KR SR A
—  f AL G SSDAFE R A fE AT e PR AN 4 B — 25U AS 2 1Y ] &
- B BERGHFRE—NEREZE, BN BT EERNZEIRE.
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PCIe—RAID

o FURKHE R
— BHFTLE
— BW&FILZE
— JE-TPBAMIRAID
— KH24ERATD, DLk 2 e K PR3 R R
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PCIe—RAID

e Host-Based J4FTLH)SZHLMFlashfifig i 25 A2 2 EML
o Z—FTLAIRAID/Z, n] LU AL SiRATDAFAE 1) 1 25 0] il

@

FTL and RAID

Controller Controller Controller
Flash Flash Flash

Conventional RAID5 of SSDs The new RAID5 architecture
S ‘ §hanq0p Systems 11
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PCIe—RAID
o 24ERAID, FAAEHEREY
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PCIe—RAID

o  MERE (fR5F) :

e 4K RW  30W+ TOPS

e 4K RR 50W+ TOPS

e JEIR: R:80us / W:1bus

o JURIE/ P

« PCle RAID 5 R0 —APCle Flash&#&M)JE %K.
o RKH A HESCHFRAIDIO

e PCle B CFFAE¥E4%, 863945 L Frhddii, k.
o ZEHOPTH] DA 2 B E|15% AT, B KA /=3 (8]
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PCIe—RAID

AY Ay
= A e
s EHE/X

— 2U R4, w2 n]LLiE6k & EIPCI-E #k+, 0 HP DL380 Gen9
— "50TB #E =, mm40TBIIHE P n] HAE&E

— 3U R4, 2] LLiE 119Kk EIPCI-E #R1, %0 Supermicro Gen
X9DRX+-F

— 90TB #i&E =, HmmS0TBHIH P HA =
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PCIe—RAID

o L
— R#HE&E, SERe
— A JEy by 3% [l GC AN BE 45 350 47 (WL)

— JEFPBARJRAID F@Eszdl, RAIDSHI4REBUKNRETZIE/NT2, FEH
Flash FHfy

—  JEEHRMW/RCW
— WAL GERAIDS AT SR B M RERAE.
— Host-Base HJUniFTL 7] DUERFNAZIGEHIRES, #4607 SiF” (WriteHole)
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JE+5 (Atomic Write)

o JRFEE /5

« Page 1 Buffer.

e Flash Page: Flash WJJEFi2Hl, BAHRAL, 2 UIAKNE], {H2&7ED
RFlashr= i 5222 A~ 16KB/32KB.

e InnoDB Page: s&InnoDB WJH-F1HL, 5 ANHAL. —HN16KB.

e PCle Flash Write Buffer (BADirect—TO/= 5 A1) : FEHHFISRAM, 3
H, B:2H 32KB.

« InnoDB Double Write buffer: FHLHNIEFHIZNE], HFKAEEDouble
Write #(#fH, 2MB
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JH+5 (Atomic Write)

& G A AR E RFEARETRIIE
InnoDB Page 5 NiX—#1EJR
-4

InnoDBA# FHDouble writeiXM4F
PE K #E o InnoDB Page 5 AAN5E
HLP ]

Double Write @k 5 :
By 5 NEINfs (Bad For
Flash)

BN 7 5N (A2 )
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JH+5 (Atomic Write)

e InnoDB Page Size: 16KB

Flash Page Size: 32KB

SINAND Flash [AF ) TUHE AT 305 AR # 2
JR T HAE.

A nand block

Flash Page
44—

o INERIBNIHORNG B InnoDB Page — XS
AN —"Flash Page (InnoDB Page Size<=
Flash Page Size), A4 InnoDB Page B AL
e iR,

o {RiFEInnoDB Page ##E{FfE A% Flash Page.
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JE+5 (Atomic Write)

e Direct-10 F2ihHE-FE5RISZE

e InnoDB Page Size 16KB

e InnoDB Write Request Size 16KB (ZZ{[EH M)
e Flash(FE$) Write Buffer Size 32KB %3

e Flash Page Size 32KB

—

InnoDB Page
16K

S ‘ §hanqop Systems

rite Request
6K

rite Buffer
2K

flush .

6K
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JE+5 (Atomic Write)

e«  MRequest Size <= Flash Write Buffer (32KB) .
EH— Write buffer Nand page

. TFlash Write Buffer JyZsit 0 .

bio -

T By A\Write Buffer, Hii| AFlash Page.

Flush
o  TERIRWTHIK, A% E N [ Flash Write on power cut

BufferflJBI0O (block io) Request<>#%Mill ANAND PiO
IAAF- 1) L

o WATEEMWE NFlash Write Bufferf{bio(block
io) =M 57,

o {FiE/NT32KB (InnoDB Page 16K) 5 A#AE R 1
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JE+5 (Atomic Write)

« IR Flash Write Buffer sZHalf
Full E]/‘] Write buffer Nand page

e Write Request Size <= Free Space
of Flash Write Buffer bio

° IE]J: — - bio
e Write Request Size > Free Space bio
of Flash Write Buffer Flush
o BARHWrite Buffer Fl&R=[RIHLI I on powercut

BPGIETE, #Hiit—4HWrite Buffer K
AEIXN T Write Request.
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JE+5 (Atomic Write)

o HAMESFFBIERSBEEIFA—IK
BIO(Block 10) Write buffer

e Write Request > Flash Page Size
39K bio

o KIESAZLdWrite Bufferdi BHiEE b
AN—"#H Flash Page (ZEIRFHE) . ]
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JE+5 (Atomic Write)

o NMHIETERFEMN

e Write Request Size <= Write Buffer Size 32KB

« 16KB <= 32KB ¥

o  ANEAEMySQL/InnoDB/ A £ 4t/ ik 4 ) 1H, 73 #/ & HAE{TBIO
e O DIRECT, Double Write=0 <

e Flash FTL w]J#&%0 BIO HJAHR{E K., Host-Base Flash Only.

e Shannon #Y Fusion—-I10(SanDisk) +
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JE+5 (Atomic Write)

o MHRETEHRMA
— Double Write = 0
— MEREFETFTPS  T10% (Shannon Systems Lab)
— JEIRPE L T50% (Shannon Systems Lab)
— Flashf@flgr= i) A fr 200%, AJFEMEI 9.
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Shannon vs Fusion—IO

Fusion-IO N
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Redo Log 14k (Redo log optimization)

e InnoDB EELE HER. redo log VMG, A NEIEE 2,
 redo log: B ANEAIH12 Byte, JFE.

« Flash Storage (PADirect—10 7=k AH)

e Write Buffer: 32KB *3

e Direct-10 F#&: 2 Data Pipelines

o FFA Data Pipeline i 5—2H Write Buffer 32KB

o 2 Pipelines #HEfJ5—4 Write Buffer, /4, %1

o H¥E ANWrite Buffer , [n] LICHRE A5, JG&Flush Data to Nand, #EH LRI H
fif A 56 K.
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Redo Log 14k (Redo log optimization)

WATREAMAT A2

IR IRATIEE —24HPipeline 1 Write Buffer. %[ JAibFiredo log
fEDriver HiffE HEMBIO LS.

WS A MERETR T

] 7

fkiredo log MITOWIR, SHABMITONWRIEATIX 52
BT ikDriver EANRFIRZEALGT0?
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Redo Log 14k (Redo log optimization)

fA R T

ENH/FS/ZE R redo log HITOWERINARFANIFlag, HRIR A FHRFIRTIOE K.
Patch MySQL/InnoDB

Patch FS/EXT4
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Redo Log 14k (Redo log optimization)

Flag Bt
Linux RGH AW iolERAE=H summit_bio () K#HAT T &
bio(bio request) fs&fE<linux/bio. h>H & X HI L5 FI K.
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Redo Log 14k (Redo log optimization)
e bio a4ty

struct bio {

sector t bi sector; /* associated sector on disk */

struct bio *bi next; /* list of requests %/

struct block device *bi bdev; /* associated block device */

unsigned long bi_flags; /* status and command flags */

unsigned long bi rw; /* read or write? x/

unsigned short bi vent; /* number of bio vecs off */

unsigned short bi idx; /* current index in bi io vec */

unsigned short bi phys segments; /* number of segments after coalescing */
unsigned short bi hw segments; /* number of segments after remapping */
unsigned int bi size; /* 1/0 count */

unsigned int bi hw front size; /* size of the first mergeable segment */
unsigned int bi hw back size; /* size of the last mergeable segment */
unsigned int bi max vecs; /* maximum bio vecs possible */

struct bio vec *bi io vec; /* bio vec list */

bio end io t *bi end io; /* 1/0 completion method */

atomic t bi cnt; /* usage counter */

void *bi private: /* owner—private method */

bio destructor t *bi destructor: /* destructor method */

|
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Redo Log 14k (Redo log optimization)

e unsigned long bi flags; /* status and command flags
*/

o BT RER, 64bit. ZJEFHI6bit WE N1 Kiridredo log Hiio 1K

« EXT4 PRIO FL=16, MySQL/InnoDB Flag

e BIO RW PRIO=16, FS/EXT4 Flag
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Redo Log 14k (Redo log optimization)

e Patch MySQL/InnoDB

e o0s file create func

« o0s file set nocache W Hredo log X4 N0 DRIECT

o HIWTCHRAY, S N0S LOG FILE ¥ EFlag, i ioct1¥Flagit4aFs
- flags = flags | EXT4 PRIO FL;

e doctl(file, EXT2 I0C SETFLAGS, &flags):
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Redo Log 14k (Redo log optimization)

 Patch FS/EXT4

o HIWMySQL/InnoDB 4% K Hflag

e if (EXT4 I(inode)->i flags & EXT4 PRIO FL)

« WHBFlag 1£45Direct—10 Driver

e bio—>bi flags = bio—>bi flags | (1 << BIO RW PRIO) ;

8  Shannon Systems
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Redo Log 14k (Redo log optimization)

e Flash Storage Driver

o fREH— Data Pipeline fl —#HWrite Buffer (4} E)

o  HWr bio—>bi flags & (1 << bio rw prio)

o CRFFESLMIBIO L N KGR FIPipleline A1 Write Buffer.
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Redo Log 14k (Redo log optimization)

* redo log PLALNH %AF

e Patched MySQL/InnoDB v BEIA ST 2017

* Patched FS/EXT4 etc. v BB 2017

e Shannon Direct—I0 PCIe SSD

 FEnable Atomic Write Feature when Direct—IO Driver loads

* Enable redo log optimize Feature when Direct—I0 Driver loads

8  Shannon Systems
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Redo Log 14k (Redo log optimization)

« redo log PLfbAkas
MEBEFR T > 100% (In Shannon Systems Lab)

« NOTE:

o TN APatch MySQL/InnoDB FS/EXT4 #tfEDirect—10 DirverH ' J)gredo log
optimize %

* Direct-10 f=hhMERERIMSARZE, KON TIR— BT AN H i H.

* JFJEredo log optimize ¥¢{EJm, WIREH#K AR FFE.

o 2FIAEE/P)LEG| K— " Flash Page HJEHE— 0y 7] @1,

e Shannon Systems @ IWNERWMZ Jreformat Flash Storage

8  Shannon Systems
:\ = 5 B # y



.t

8  Shannon Systems
:\ = # B # y

=
3t




SR BB N W A7t 5 SR

NE =N

 KH:
e 6.4TB/12.8TB Bk % (KBHE)
e PCIle RAID B RAH &
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SR BB N W A7t 5 SR

+ PERE:

o« JHFA4PCIe Flash A& EAHK# 54 gE

. E%’%(lo%)
e redo log it (>100%)
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SR BB N W A7t 5 SR

e

JR5 (5 N\ 58 8MH)
PCIe RAID (HAi, Hi)
e H 2 s OR3P
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SR BB N W A7t 5 SR

o N RA:
e Flash Storage RAALIL =S [H]
« REE, KEAH

o VERESRTT A RIENT LRI
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FESHFEREMEERAF

Shannon Systems

NI X ORIE 5885 I ARE305E

Suite 305 Tower A Baoland Plaza 588 Dalian Road Yangpu Shanghai 200082
021-5558-0181

contact@shannon-sys.com

www.shannon-sys.com

8 Shannon Systems Thanks for your time.
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fEFlashfgfigry, 3Rl (PBA) 27 #8587 &

Al DAL T 5 S” HIPBASKAERAID

B FTLISE I F LashA7- i 72 22 =LA R RE A A T 25 T-PBARATDEE
HI IR 2.

N Shannon Systems )
:\ ‘ = # B o8 Y



ZEFTLEMBRAID R (1)
o WITHIRZS

3

— HAAERLBA

— X HALZRPBA
0 2 1 3 P=0+1 P=2+3
“SSD” Unit 0 “SSD” Unit 1 “SSD” Unit 2
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TEFTLEMERAIDE] FHE (2)

o JEERIRES
— HRUKLBA
— XERARFEKPBA

0 / 1 / P=0+1  P=2+3

4 2' 3' 5 P=4+3' P=2'+5

“SSD” Unit 0 “SSD” Unit 1 “SSD” Unit 2
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