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Figure 4: 1/0 wait time has a significant influence on overall boot performance. With both an SSD (top) and HDD (bottom), the lower red graph
shows a large amount of disk activity with low throughput (the green line).

which used HAL to support hot-plugga-
ble input devices.

With these patches all in place (some
of them written by Ubuntu engineers
and others by upstream contributors),
the HAL daemon could be removed.
Eliminating HAL removed a chunk of
boot time, since the system no longer
has to probe all hardware twice.

ureadahead

As I mentioned at the beginning of this
article, the reference platform included
an SSD disk. This choice was deliberate
because solid-state disks perform better
than traditional rotational hard disk
drives. Engineers measure disk perfor-
mance in two ways: the time it takes to
read a contiguous chunk of data from
the disk, and the time it takes to move
the disk head to that data in the first
place (the seek time).

Seek time is where rotational hard
disk drives perform extremely poorly; a
significant amount of time is lost simply
waiting for the disk head to move to the
next piece of data. This loss only gets
worse once files begin to fragment and
are split across different parts of the
disk.

This lost time is called I/O Wait - liter-
ally, the time waiting for input or output
that could be better spent doing other
things.

It shows up nicely on the boot chart
software as red space in the otherwise
blue CPU graph (see Figure 4). The
lower (predominantly red) of the two
graphs illustrates the utilization of the
disk, and the green line indicates
throughput.

In a comparison of an solid-state and a
hard disk drive on otherwise identical
hardware, you can see that much more

Figure 5: The ureadahead program reads boot-related files into memory in a single pass, thus
speeding up the boot process by reducing I/0 wait time. Compared with Figure 4, there is
much less disk activity with much higher throughput.
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time is spent waiting for the rotational
disk than the solid-state disk (indeed,
solid state is almost fast enough to not
show any wait time), and throughput of
the rotational disk is substantially lower
as well.

The ureadahead tool was developed to
combat this problem, especially for rota-
tional hard disk drives. ureadahead
works by recording the chunks of files
that are read during boot, it then reads
those files into memory in a single pass
the next time according to the on-disk
location of the individual chunk. By
doing this single location-ordered pass, a
lot of the seek time is eliminated, and
the use of the disk becomes much more
efficient.

The rest of the boot proceeds signifi-
cantly faster since the necessary files are
already in memory. A comparison of
SSD and HDD on the exact same hard-
ware and software image as before
shows the difference (Figure 5).

As you can see, this makes an im-
mense difference for the rotational hard
drive and brings it much closer to the
boot time of the solid-state disk-based
system, although this gap obviously wid-
ens again as the disk becomes more frag-
mented. More efficient disk usage im-
proves SSD as well.

Conclusion

More work is needed to decrease Ubuntu
boot time; future plans involve feeding
the ureadahead analysis into a defrag-
mentation tool, so that the chunks of
files needed to boot are all contiguous
on disk, thus further minimizing seek
time. M




