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Who am I? 

¥Ard Biesheuvel (ard.biesheuvel@philips.com)

¥ Involved in OSS since 2000

¥Employed by Philips Research since 2005, 
working on PVR systems
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What is a PVR?

¥TV feed (analog/digital broadcast, network)

¥Metadata (EPG)

¥Autonomy (user proÞle, recommendation)  

¥Lots of storage space!



Why bother?

¥Unlike PCs, CE devices are dimensioned to Þt 
their intended purpose

¥Therefore, we try to quantify the worst case

¥Upper/lower bounds need to be supported 
by theory

¥Power-saving frameworks like ABISS may also 
beneÞt 



The ABISS framework

Acti ve Bloc k I/O Sc heduling Sy stem

¥ Based on Real-Time File System research effort

¥ Provides syscalls to allocate I/O bandwidth

¥ Decides which fraction of the time the HD is 
actually in use

¥ ... and powers off the HD for the remainder

! ABISS BOFS room D 6pm by Werner 
Almesberger



The theory

¥Fragmentation is usually expressed as a 
percentage

¥Relation between percentage and impact on 
performance is obscure

¥A useful metric is relative speed



Anatomy of a hard disk

¥ The drive can read 
all blocks on a 
track in a single 
rotation

¥ The layout of 
blocks on the next 
track takes into 
account the time it 
takes to shift the 
head
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Fragments and gaps

¥A gap is the space between two segments of 
a Þle, not belonging to that Þle

¥ If a gap is small, the hard disk keeps on track 
until it encounters the next segment

¥ If a gap is large, the hard disk seeks to the 
track of the next segment



Relative speed

¥In the ideal case, reading a Þle takes a single 
seek and a rotation for each track belonging 
to the Þle

¥ In the real case, reading a Þle takes one seek 
for each large gap and a rotation for each 
track containing parts of the Þle or any of the 
small gaps in between.

¥Relative speed is the ratio between them



Relative speed applied

¥By inspecting how Þles have been laid out on 
the disk, we can calculate the relative speed 
for each Þle, using:

¥seek time

¥ rotation time

¥ track size



First experiment
¥Created a tool called pvrsim to simulate a typical 

PVR scenario

" File size uniformly distributed between 500 MB 
and 5 GB on a 100 GB Þlesystem

" Up to 2 simultaneous recordings

" Normally-distributed popularity rating

" Keep a preset percentage of free space

" File with lowest weighted popularity is deleted if 
space needs to be recovered

" Experiments were run on Linux and WinXP



First experiment

¥Output of pvrsim is a set of extent maps, one for 
each Þle it has created

¥Created a tool called hddfrgchk to calculate the 
average relative speed, and to produce animations of 
the layout of the Þlesystem during its lifetime

¥Tools were developed and carried out on Linux, and 
then ported to Windows XP

! ... therefore, only the simulation itself and not the 
reporting tools have been ported



First experiment: XFS



First experiment: NTFS



First experiment: results



First experiment: results

¥Relative speed turns out to be highly 
Þlesystem dependent

¥All Þlesystems deteriorate over time

¥Poor performance of NTFS is caused by its 
inability to deal with concurrent streams

¥Key to lasting performance is a good allocation 
strategy 



FS design principles

¥Keep chunks of blocks together, i.e., use 
extents

¥When writing multiple streams, allocate from 
a different extent for each stream

These two simple rules have been incorporated 
into the LIME  experimental Þlesystem



Theory of fragmentation

¥How to determine if (when) the 
fragmentation level is bounded?

" Derive the average number of fragments in 
a Þle (given some parameters)

" Derive the conditions for fragmentation 
equilibrium



Theory of fragmentation

¥DeÞne quantities m and s as follows,

where 

L is the number of allocated fragments, 

M is the number of free fragments,

N is the total number of fragments

m=
M
N

s=
L
N



Fragmentation equilibrium

¥Equilibrium exists if, on average, deleting a Þle 
merges as many fragments as were created by 
the Þle



Fragmentation equilibrium

¥For Þles of sufÞcient size, using the allocation 
principles stated before, the decrease of free fragments 
(f) equals 1

¥As is shown in the paper, for a value f of 1, the 
following holds

L =
1

2m! s



Fragmentation equilibrium

¥According to the previous result, the number 
of fragments that make up a Þle depends on 
the free space

¥So by keeping a certain percentage of free 
space, we can inßuence the fragmentation of 
the Þles on the Þlesystem



Second experiment

¥The Large-Þle In-Memory-metadata Extent-based File 
System was implemented for this purpose

¥The Linux kernel was patched to ignore writes of 
blocks with only zero-bytes, speeding up the 
simulation signiÞcantly

¥Simulation consists of writing 10000 Þles of about 
2750 MB to a 250 GB Þlesystem, with the percentage 
of space kept free as a parameter.



Second experiment: results



Second experiment: results

¥There appears to be a sweet spot at 5% free 
space

¥Result matches our prediction:

m= 0.05

s=
L
N

=
2.75
250

= 0.01

L =
1

2m! s
=

1
2" 0.05! 0.01

# 11



First experiment (reprise)



Conclusions

¥Relative speed is a useful measure for 
Þlesystem fragmentation

¥ Impact is limited: even the worst performer 
did not drop below 60%

¥For large Þles, good results can be obtained 
by:

¥using our suggested simple allocation 
strategy

¥keeping some free space on the Þlesystem
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Questions?


