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) Review : SUEEIZ{4HEHI

 echo hello > ffile3
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) Flash Translation Layer (FTL)
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direction
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Band 0 ~ 30 MiB Band 1 ~ 30 MiB Band 266,666 ~ 30 MiB
| 8 TB |
Logical view of an 8 TB statically mapped drive-managed SMR disk
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) BandAFEHSEAD ?

« BandX/)\ (30MB ) > tRiEFEEMNE ( 4KB )
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Logical view of an 8 TB statically mapped drive-managed SMR disk
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) BHiE— : BixiEM

« {B{Band XFPHJ4KBZY:

1. #EI=SRHBand Y
2. MBand XpU&E#Z U ZE|Band Y , £ UATIE4KBIEE N

3. ¥Band YHRIEFESZ I [E]Band X
. 4KBFEV.E — 120MBiA|A]

IH

Sector 15,625,000,000

Sector0 Sector1 Sector 79,999 Sector 80,000

Band 0 ~ 30 MiB Band 1 ~ 30 MiB

Band 266,666 ~ 30 MiB

| 8B
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Logical view of an 8 TB statically mapped drive-managed SMR disk
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- (EEDN
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ext4 for shingled disks. In FAST '17.
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AT : Ext4BY7cEiRAFE 6N

- Ext4{ERREA (flex_bg ) HFIGFRF TR XIE
- EMRERT16MBRRIFTTANE | HAMRIFEUR

o BIREUREMTTE SN TTEURRIEN
- 8TBX_EH4,000MR4E |, JoEdEmDEE4,000 Band !
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Ext4 partition laid on top of an 8 TB SMR disk
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) [OFERR : Ext4 ERYTTERSER

- (EHHEMRBTERNRIZHEX4
— AJIBAS. #riEBug. BIARBINEE......
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) fBRAE : LLFSTERIEIN—/N iR EE

» LILFSHZ4EIF10GBHEIBWE TSR ET
1. JBD2E5SETEEE NBEXEJ , BroidEiricHclean ( TESIM )
2. JBD2TEAAFEHHYmapHii5 SIRETEJ
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) SCIR - NIEXt4RI(EMT

IEMA~401T1CHD © FBiEKEEL8jbd2

- submit bh(READ | REQ META | REQ PRIO, bh);

+ Jjbd2_submit bh(journal, READ | REQ META | REQ PRIO, bh, _ func );

FESY : jmap.c ( 4EFjmap )

+void jbd2 submit bh(journal t *journal, int rw, struct buffer head *bh,

FEEExt4XIblockHiEsk

+ const char *func)

+{

+ sector t fsblk = bh->b blocknr; ..

H L - e Eikjmap

+ je = jbd2 jmap lookup(journal, fsblk, func);

+ if (!je) {

+ submit bh(rw, bh); ) N

+ return; Z:E]maqu , BRI Nblock
+ }

+ o oo

+ logblk = je->mapping.logblk; . . sk
+ read block from log(journal, rw, bh, logblk); *E}E jmaptlﬂlaiﬂ’ﬂilﬂijt ! EE"L"‘EF'BkEfyblOCk
+}
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) SCIR - NIEXt4RI(EMT

HHES{H - cleaner.c ( 4EP10GBHEZE )

+static void do clean batch(struct work struct *work)| 1§10GBHEENTHIES R EEExt4sPHNRANE

+{
T struct cleaner ctx *ctx;
T handle t *handle = NULL;
+ int nr live, err;
+ o e
+ nr live = find live blocks(ctx);
s if (nr_live == 0) — 2 et
N goto done; HEBEEREIUR , FHIOActxFIERREF
+ o e
+ read live blocks(ctx, nr live); A0 TBD2 R F BT
N / - N o
T handle = jbd2 journal start(ctx->journal, nr live);
+
+
oo & NV =T4 = 3z
+ attach live blocks(ctx, handle, nr live); } FetxFRIBMIRINAZITBD 2[R F E
+
+ err = jbd2 journal stop(handle); «— "
+done ’ ZERIBD2[RFEHT
+
+}
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MRAFEENSIEERREE  EAERE?
BE—T | SBWRLETLL ?
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) NVDIMM

ERTFEE LN EFlashfIBRES

— SPRIEHEEDRAMAF ; WiEB/EH B EIFlashiFA R

=
— —
oram Pt | pram | ‘ Controller lL NAND || | NAND Supercaps

Transfer data upon power failure

Density

Normal Operation

BERERRH

1985 1990 1995
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“SLC NAND

2000 2005 2010 2015 2020
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) Intel Optane DC Persistent Memory

v RO

v FHIUE

v BAREFENRE
v BEE (512GB/DIMM)

v EEERIYE , (BMEELLNANDIF104E
v' LEDRAMIEHZELLA , EENANDR100015
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) AEBKMERFERAIFhAE

""""""""""" Memory bus _m

HURERNE WE  CPUER
[ DR”{ NVM J S g I e

--------------------- PCI/IDE bus

HD / Flash

EERBERFHITERHARAHARAT (IPADS@SITU )
Some figures and slides from https://research.cs.wisc.edu/sonar/tutorial/



) AESAIRR

« Writebackt2zLHICPU%ETE

- {RFHRE
- SFTELRFEANIF
STORE A -
CPU
STORE B E n Write-back
Cache
CPU

FEREBREAFITSHAEFSHARAT (IPADS@SJTU )

DRAM
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) IEBKIERES AR

.+ FEIFAE  BAIFREE

STORE data[@] =
STORE data[l] =
STORE valid =1

< Jiviollo

CPU

OxFOOD
OxXBEEF

Write-back
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) IEBKIERES AR

ESIFALE  BAIFREE

STORE data[e]
STORE data[1]
STORE valid =

OxFOOD
OXBEEF

NVM
data GARBAGE
Write-back
- Cache valid
CPU

RIS NIRFFAER R B3R B TR 8 EE |
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BEQ . BMEEREIE?

« XIFICPULERE?
o {FEFWrite-throught&(AY4ETE ?
« BIXENGRRENER?



) {EAICLFLUSH{RIEIGRR

- {EACLFLUSHIESREUEZRHET | LMRIEIR

STORE data[@] = ©xFOOD
STORE data[1] = OXBEEF
CLFLUSH data[@]
CLFLUSH data[1]
STORE valid = 1

- {BECLFLUSH
— ImE#R1T , BEZECPURKZ:
— £2¥%Fcacheline 753344,

datalo]
datal1)

. stall (""200ns)
lid ST
vatt & time.




Intel x86 IREISSEE

CLFLUSHOPT
— AJF T THICLFLUSH
— EFEsfencefRitllaF

STORE data[@] @xFOOD .
STORE data[1] = OXBEEFB Implicit

CLFLUSHOPT data[Q] orderings
CLFLUSHOPT data[1]

SFENCE // explicit ordering point
STORE valid = 1

CLWB

datalo)

data[1]

valid

data[e] time
data[1]
valid

time:

— CLFLUSHOPTHYEM L , ~&&cacheline 53814



) 4 : NVM SIS

-




) 4 : NVM SIS

STORE Y’
STORE Z°
CLWB Y’
CLwB Z°
SFENCE

STORE R’
CLWB R’




) 4 : NVM SIS

STORE Y’
STORE Z°
CLWB Y’
CLWB 2’
SFENCE
STORE R’
CLWB R’
SFENCE
STORE X’
STORE Z°°
CLWB X’
CLWB Z°°
SFENCE
STORE R’
CLWB R’




Non-volatile Memory File System

) IERKEREXHRSR
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) IEBKEAFREF
o W e

AR
VFS
MRS
BRRE
/0 JAERS

IREEIXT]

/0 Bk
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) HE%#&IEWT‘ESI FiEte

AAEAH AAEH
VFS VFS
NGESR NVM GRS
ERRE s o
/10 EEES  ——— s
RIS S 5.2\ 1 E—
/10 K&k NE=RZ
Mg @ ESEE .. NVM
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) —HHERARSIERZKEREERTR

- JRF1E< C ALL

. ERTE4%] : BPFSISOSP 091 PMESIEuroSys 14 NOVAIFAST '16]
- H&E (Journaling): PMFS, NOVA

e Log-structured: NOVA

« Soft updates: SoupF SIUSENIXATC *17]
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) PMFS

< PM (in physical address space;
i PMFS-Log ... PMEFES Data Pages ...

¢ ?g NVM*I:”ZIK/ \é:éﬂ:@{jfﬂ't - [l;] File System Root -
~ SMIRFEFHON i

- IFNFABREHEINVM
— DAX mmap

o Wild writes{&$F

B-Tree
Pointers

Inode
_____________________ Pageg
I
\ »

\ ]
Directory ! :
Inode New File File

1

Inode Table B-Tree

Inode Inode

————— 7Z \\.‘ ‘: ¥ : ~
~}-

|
|
|
I -
: Directory Entry
~— for New File
T

|
Directory File Data File
Figure 3: PMFES data layout

N— _

Many slides from the PMFS talk




) PMFSHIRY—EIE(RIE

. MESE % AT S SR ]

- EitEH (Shadow Paging)

_ E,_—L!I:\ Ve
L T T&uEEFT , Winode J

— Log-structured updates

- NVMEERITTIE

- EFESE )
~_=\\\\\“‘*1 AT MR ]




) ERIRFIESHH

« 8FLEH
— CPUIRARFF8F IR FEHT
— EFrinodefSiAIa)ATE]
« 16FEH
— {5 cmpxchg16b 155
— [EIRYEFTinode RIS A/ INFIIE BB E]

« BAFTEHT
— [FEREEFESAEFE (HTM)
— BE#inodePRIZ MR




) LR AEIEBIEINVM

« DAX ( direct access )
— {mmaphY
— BTN U FRBREY
— BEUETIRETLE N A

read/write mmap

P
AV EZN
NVMEFS MMU (DAX)

IEBRERF
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) BSLENVM_EfJwild writes

« FERFBugrmERIwild writesSAEIANVM _ERIZEE

« Supervisor Mode Access Protection (SMAP)
- BElERZSERME SRR NF

«  Write windows (PMFS1EH)
— HEEAT , NVMBRST R RiE

- 5B, CRO.WPIRETIRE A0 , RZATLUSSURIEIRGT

User Kernel
User | Process Isolation SMAP
Kernel | Privilege Levels | Write windows

Table 2:

Overview of PM Write Protection




