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Write Stress Management in Mobile Devices

€ Modern apps are becoming

€ Advanced NAND flash:
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Background: F2FS & inode Inline Space

& F2FS - Flash Friendly (Log-Structured) File System

: Zone 5 Zone :
: Section i Section i Section i Section : Space format
Logical Main Area * Zone
Bee. * Section/Segment
 Block
Node Segments Data Segments
inode
File inode structure 3.69KB out of 4KB (>90% inode space)
* Inline area - 3.69KB Metad Inline Area Direct/indire
etadata Data offset ct node area
* Metadata . .
* Direct/indirect node info _addr[0] .. i addr[n]
° Node footer .................................... >

Often under-utilized!!



Limitation of Previous Techniques

Small file (<3.69KB) File inode

& Inline files
—p [ 0

Only ~25% files can be embedded

€ Regular data compression: FPC [Ji FAST 21]

Write file blocks

174 Disk block

—p

Conventional compression method
* 5 blocks to 1 at most
* High compress/decompress overhead

Less effective on write traffic reduction



Empirical Study on Mobile I/O Workload
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77-1% writes are updating .

Receive 100 character

€ 13.8% content diff on updating (!)

Delta compression is a good way to go



Empirical Study on Mobile I/O Workload

I/O Writes
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0 SQLite files 54.4% G 94% inode inline space is
unused - store deltas

; 0
e Temp files 14.5% e Inodes cache well (60~80% hits) =2
e They update with tiny deltas multiple deltas until being flushed

Delta-inlining is feasible!




MedFS: Metadata-Enabled Delta Compression for LFS

vfs_write@® ;

[ Virtual File System ]

€ Delta-Chunk Inlining(DCI)

« Storing deltas in inodes
« Reducing block write count

€ Delta-Chunk Maintenance(DCM)

« Overflowing deltas to data blocks
Flash Device « Going beyond the inline size limit

B10 B1l1 B12 |inode

W Delta Cpage @ Base

E.g., D10 is the delta of B10



Delta-Chunk Inlining (DCI)

Updating@‘
— ~ e Cache Delta = compressed XOR
o ef, ° 000011100000011110
T 3 © . ' 000010000000000000
SR Compressor @ 000001100000000000
\— J Run-length coding or LZO
B sase " Delta
A base block can have only
inode 1 delta (no delta on delta)

Inline Area
Metadata B S N R

[ -

0 v .
. - -
.......
'''''
iiii

i_addr[0] ... i_addr[n]




Delta-Chunk Inlining (DCI) inode inline space

omters < Deltas

I Evicted
delta

DCM

® Delta is replaced when inline space is full

G Adding a new pointer (file appending): FIFO replacement

e Updating w/o an existing delta; Benefit = % x B (write reduction)

Overhead = HR X A+ (1 — HR) X § + € + [ (decompress cost)

Replace a delta if benefit>overhead

e Updating w/ an existing delta: if new delta < old delta, replace

® FEvicted delta is forwarded to DCM
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Consistency / Recovery

€ MedFS enforces two write orderings

€ Base < delta blocks <inodes
............................. ...) Flush time . )
« Abase is always flushed before its
associated delta
« To avoid dangling delta

time

€ Decompressed block <

updated inode
« To avoid lost update

Base Delta

Delta evict
time

€ Recovery is based on F2FS

Flush Evict



Experimental Setup

* Implementation on Oneplus 8T |
. Snapdragon 865, 8GB RAM, and 128GB of UFS3.1 Vi
« Android14 with Linux kernel 4.19
* File System: F2FS

» SiX related methods are evaluated
« Original F2FS (F2FS-NODC), F2FS with conventional compression
(F2FS-DC), FPC [FAST21], DCIl-only (DCI), DCM-only (DCM),
DCI+DCM (MedFS)

* The evaluation is based on popular mobile apps
« Apps: Gmalil, Polish, Spotify, Telegram, Twitter, Wechat, Zoom
» Metrics: write Stress, user perceived latency, 1/0 latency, etc.
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€ User Perceived Latency
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Conclusion

€ Mobile apps make tiny changes to SQLite/temp files through
synchronous writing

« Amplifying write & reducing flash lifespan

€ Delta compression works great in handling tiny changes
 Embedding tiny deltas to inode for free writing (DCI)
* Evicting deltas to delta blocks (DCM)

€ \We focus on change, conventional compression is on data pattern
* More effective than compression




Thank You!!
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