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Executive summary

Problem: Unnecessary writebacks of cache files negatively impact performance and lifetime
Most cache files in flash storage will not be read again before they are deleted
Cache files are different at application-level, file-level, and read pattern-level
Improve the performance and lifetime of mobile devices
Key idea
FCFM: Fine-grain cache file management framework

A: Burn-After-Reading (BAR)

B: Transient
C: Long-living

Total writes of cache files into flash storage in FCFM is 66% and

93% less than that of the fully-in-memory and fully-in-storage, respectively.
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Mobile apps usually downloads cache files

» Most mobile apps download cache files from network, such as news and videos.

4G LTE: Between 0.652
and 1.5 MB/s

Applications
| Request 25.6 GB/s

Main memory

:: /0 Random read:39.3 MB/s
Flash storage Sequential read: 272.2 MB/s

How do these cache files affect mobile devices?




Cache files impact performance and lifetime

» Cache files, such as news and videos
* Writes of cache files -> degrade performance
* Write and delete of cache files -> reduce lifetime

5 Ways to Speed Up Your Android Phone in %
i 6 Everyday Tips to Speed Up Your Computer

By Sean Riley April 27,2017 And — Get A Faster PC!

Do you find yourself booting up your computer each day, only to wait

endless minutes for it to get up and running? Worse still, do you

launch programs and constantly deal with them freezing or crashing?

These aren't just annoyances — they're signs from your PC, telling you £

it's time to speed up your system. And, if you're like many, you might ot

be wondering how to speed up your computer Windows, 7, 8 and 10

operating systems.

The good news is that there are many subtle things that you can do to G a r ba e CO I I ect i O n of fl a S h Sto ra e
simply speed up your operating system. Taking the time to do these & g g
simple tasks will help in speeding up computer programs, preventing

crashes and keeping your entire PC running smoothly: M M
’ copying + erasing

1. Clear caches

How to speed up your iPhone by
L% clearing your cache?

By Matthieu A ® 154 (

e, give of Applications on your iPho

1 5 minutes, your phone could be back up to

en lead to a frozen screen.

d How-Tos for Nougat and Marshmallow

Clear your Cached Data (30 seconds)



Cache files impact performance and lifetime

» Cache files, such as news and videos
* Writes of cache files -> degrade performance
* Write and delete of cache files -> reduce lifetime

5 Ways to Speed Up Your Android Phone in 6 Everyday Tips to Speed Up Your Computer

Under 5 Minutes
By se April 27,2017 — Get A Faster PC!

How to speed up your iPhone by
L% clearing your cache?

Clear your Cached Data (30 seconds)



Cache Files are Important for Mobile Apps

» The percentage of cache file writebacks in total I/0.
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Cache Files are Important for Mobile Apps

» The percentage of cache file writebacks in total I/0.
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Cache File Analysis

* Experimental setup

— Huawei P9 smartphone equipped with an ARM Cortex-A72 CPU, 32GB internal flash memory
and 3GB RAM. The smartphone runs Android 7.0 with Linux kernel version 4.1.18.

Social Facebook View news: (a) drag the screen to load news; (b) load the news for displaying; (c) repeat (a) and (b).
e Twitter
Map Map Search address: (a) type key words; (b) load the news for displaying; (c) drag the screen, zoom in and zoom

out the map; (d) repeat (a) (b) and (c).
Earth Scan satellite maps: (a) drag the screen, zoom in and zoom out the map; (b) repeat (a).

Game CandyCrush Load and play CandyCrush.

Zombie Load and play Plants vs. Zombies.
Video Youtube Play series: (a) type key words; (b) load the news for displaying; (c) auto-play long series.
TikTok Play videos: (a) drag the screen to load news; (b) play short video; (c) repeat (a) and (b).
Browser  Chrome Search news: (a) type key words; (b) load the news for displaying; (c) repeat (a) and (b).
FireFox

8



Cache File Analysis

* Experimental setup

— Huawei P9 smartphone equipped with an ARM Cortex-A72 CPU, 32GB internal flash memory
and 3GB RAM. The smartphone runs Android 7.0 with Linux kernel version 4.1.18.

Social Facebook View news: (a) drag the screen to load news; (b) load the news for displaying; (c) repeat (a) and (b).
e Twitter
Map Map Search address: (a) type key words; (b) load the news for displaying; (c) drag the screen, zoom in and zoom

out the map; (d) repeat (a) (b) and (c).

Earth Scan satellite maps: (a) drag the screen, zoom in and zoom out the map; (b) repeat (a).

We analyze cache files under one of common scenarios.

TikTok Play videos: (a) drag the screen to load news; (b) play short video; (c) repeat (a) and (b).
Browser  Chrome Search news: (a) type key words; (b) load the news for displaying; (c) repeat (a) and (b).
FireFox
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Cache File Analysis at Application-level

* Read and write amount of cache files in flash storage
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* Observation 1: Cache file accesses of apps vary in terms of data amount.

* Observation 2: On average, write amount is 100X more than read amount.
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Cache File Analysis at Application-level

* Read and write amount of cache files in flash storage
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Most of cache files do not need to be written back to flash storage.

Map Game Video Browser

* Observation 1: Cache file accesses of apps vary in terms of data amount.

* Observation 2: On average, write amount is 100X more than read amount.
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Cache File Analysis at File-level

* CDF of read/write amount ratio of cache files.
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* Observation 3: Most of the read amounts of the applications are
concentrated on few cache files.



Cache File Analysis at File-level

* CDF of read/write amount ratio of cache files.
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Only storing this small set of cache files may improve the user experience.

Index of ordered files Index of ordered files

CDF of read amount ratio of cache files. CDF of write amount ratio of cache files.

* Observation 3: Most of the read amounts of the applications are
concentrated on few cache files.



Cache File Analysis at File-level

* Cache file features of applications
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Cache file features of YouTube

* Observation 4: Most of the reads are conducted on long-lifetime cache files.
* The size of these files is more than 50% of the total size of all cache files.
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Cache File Analysis at File-level

* Cache file features of applications
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* Observation 4: Most of the reads are conducted on long-lifetime cache files.
* The size of these files is more than 50% of the total size of all cache files.
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Cache File Analysis at Read Pattern-level

* Read pattern of the ten most read cache files for each application.
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Observation 5: From the temporal perspective,
two types of read patterns:
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Cache File Analysis at Read Pattern-level

* Read pattern of the ten most read cache files for each application.
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Fine-grain cache file management (FCFM)

 FCFM manages different cache files according to their characteristics.

applications
cache files

kernel

> Three classes:
filer

. . Long-lwlng * Burn-After-Reading (BAR): large write amount
but a tiny read amount.

/memory
[ in- memory flle J [ ] * Transient: large write amount and a large read
page cache ) .
\ system _ ) amount as well as a short active period.
$
d|scard [ flash file system * Long-living: large read amount and long active
3 / period.
[ flash storage

Framework of FCFM
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Fine-grain cache file management (FCFM)

 FCFM manages different cache files according to their characteristics.

applications
cache files

kernel

> Three classes:
filer

. . Long-lwlng * Burn-After-Reading (BAR): large write amount
but a tiny read amount.

/memory
M page cache ]

S

* Transient: large write amount and a large read
amount as well as a short active period.

[ in- memory flle
(L system

Treat different cache files separately.

flash storage

Framework of FCFM
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Preliminary evaluation and analysis

» Preliminary evaluation results: video cache of YouTube

Baseline (in flash) 345MB 5000 60KB from flash
In memory 71MB 5757 60KB from memory
FCFM 24MB 1736 60KB from network

FCFM can improve the performance and lifetime of mobile devices.

» Penalty Analysis

* 2% video cache data need to be downloaded again

* latency, energy, and money
20



Preliminary evaluation and analysis

» Preliminary evaluation results: video cache of YouTube

Write numbkers | Cache/exo read

Write ainount

Baseline (in flash) 345MB 5000 60KB from flash
In memory 71MB 5757 60KB from memory
FCFM 24MB 1736 60KB from network

FCFM can improve the performance and lifetime of mobile devices.

» Penalty Analysis

* 2% video cache data need to be downloaded again

* latency, energy, and money
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Discussion Topics

* Topic 1: How to systematically categorize cache files.
— Challenge: When a cache file is downloaded, the system does not know its exact characteristics.

* Topic 2: How much RAM should be used for in-memory file system.

— There is a trade-off.
* Too small: not enough space to take advantage of FCFM.
* Too large: negatively impact other files.

* Topic 3: Cache file eviction scheme.

— Problem: page-based evict scheme such as LRU is not suitable.
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Conclusion

Problem: Unnecessary writebacks of cache files negatively impact performance and lifetime
Cache files are different at application-level, file-level, and read pattern-level

Improve the performance and lifetime of mobile devices

Key idea
FCFM: Fine-grain cache file management framework

A: Burn-After-Reading (BAR)

B: Transient
C: Long-living

Total writes of cache files into flash storage in FCFM is 66% and

93% less than that of the fully-in-memory and fully-in-storage, respectively.
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