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Abstract Application response time is critical to end-user response time in Android smartphones.

Due to

the plentiful resources of recent smartphones, storage I/O response time becomes a major key

factor in application response time. However, existing storage I/O trace tools for Android and Linux
give limited information only for a specific I/O layer which makes it difficult to combine I/O
information from different I/O layers, because not helpful for application developer and researchers. In
this paper, we propose a novel storage I/O trace tool for Android, called AIOPro (Android I/O profiler).
It traces storage I/O from application - Android platform - system call - virtual file system - native
file system - page cache - block layer - SCSI layer and device driver. It then combines the storage
1/0 information from I/O layers by linking them with file information and physical address. Our
evaluations of real smartphone usage scenarios and benchmarks show that AIOPro can track storage
1/O information from all I/O layers without any data loss under 0.1% system overheads.
Keywords: I/O trace tool, Android platform I/O tracer, kernel I/O tracer, I/O visualizer
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Table 1 Analyzable Storage 1/O Information for each
storage I/O layers

1/0 Information | Application | File System | Block Layer
1/0 Type o] e] 6]
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Table 2 AIOPro’s function lists of each 1/O layers

/O Layer Read Write

Application |SYSCALL_DEFINE3| SYSCALL_DEFINE3
Virtual F/S | generic_file_aio_read | generic_file_aio_write
Block Layer submit_bio / blk_done_softirq

SCSI Layer scsi_request_fn / scsi_softirq_done

Device Driver ufshed_queuecommand / ufshed_intr
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Table 3 Predefined symbols of AIOPro and strace for

read/write system call

1/0 event strace AIOPro
Read System Call read 400
Write System Call write 410
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Table 4 Predefined symbols of AIOPro and blktrace for
read/write system call
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Table 6 A comparison between strace and AIOPro

. . strace | AIOPro | strace | AIOPro
Scenario . .
read read write write
Internal File Copy | 16048 16048 16032 16032
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Table 7 A comparison between blktrace and AIOPro

I/O event blktrace AIOPro

Block I/O Queue Q 700

Block I/O Complete C 710
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Table 5 Scenarios used for AIOPro verification

Scenario Name

Scenario Explanation

Application Launch

Launching 3D game application

Web Browser

Loading multiple web pages

Camera

Camera burst shot (30 photos)

Download

Downloading 1 GB file

Internal File Copy

1 GB file internal copy

USB File Copy

1 GB file USB copy

. . blktrace | AIOPro | blktrace | AIOPro
Scenario
queue queue | complete | complete
Application | oos166 | 95166 | 219658 | 219658
Launch
Web Browser 5108 5108 4795 4795
Camera 19374 19374 18759 18759
Download 15774 15774 10124 10124
Internal File Copy| 6567 6567 6434 6434
USB File Copy 4083 4083 3597 3597
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