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Abstract Block Asynchronous I/O (BAIO) is a
mechanism that strives to eliminate the kernel ab-
straction of a filesystem. In-kernel filesystems serve
all applications with a generic set of policies, do not
take advantage of application-level knowledge, and
consequently deliver sub-optimal performance to a
majority of applications. BAIO is a low-level disk ac-
cess mechanism that solves this problem by exporting
the filesystem component of the kernel to the appli-
cation level, thereby facilitating construction of cus-
tomized user-level filesystems. The role of the ker-
nel is restricted to regulating access to disk by mul-
tiple processes, keeping track of ownership informa-
tion, and enforcing protection boundaries. All other
policies, including physical layout of data on disk and
the caching and prefetching of data, are implemented
at application-level, in a manner that best suits the
specific requirements of the application.

1 Introduction

Generality and performance have long been at odds
in operating systems [1]. Often designed as general-
purpose facilities, operating systems must support a
wide class of potential applications, and the result is
that they offer reasonable performance for a majority
of programs, while providing truly excellent perfor-
mance for only a very few.

Recent work in application-specific operating systems
such as the Spin [3] and Vino [8] has addressed this in-
herent limitation by restructuring the operating sys-
tem to be extensible. Applications running on top
of such systems can tailor policies of the OS so as
to make better-informed decisions, and thus can im-
prove performance by orders of magnitude in certain
scenarios. However, these efforts all mandate that an
entirely new operating system structure be accepted
and widely deployed in order for such functionality
to become available, which may not be realistic [2].

Of particular importance to a large class of important
applications, including web servers, file servers, and
databases, is the performance of the file system. To
achieve optimal disk I/O performance, it is impera-
tive that applications have full control over all aspects
of the layout and management of data on disk. Ap-
plications often have a complete understanding of the
semantics of the data they manage, and hence are the
ideal candidates to dictate decisions on how the data
is to be laid out on disk, what data is to be cached,
and when prefetching should occur.

In this paper, we describe Block Asynchronous I/0
(BAIO), an in-kernel substrate that enables direct
access to disk. User-level library-based file systems
can be built on top of BAIO, and thus can de-
liver high performance to applications by exploiting
application-specific knowledge. The role of the ker-
nel is limited to regulating access to the disk by mul-
tiple processes and imposing protection boundaries.
BAIO differs from the large body of work on exten-
sible operating systems in that it only requires small
modifications to a stock Linux kernel.

There are three keys to the implementation of BAIO:
an asynchronous interface, limited but powerful con-
trol over disk placement, and a flexible caching
scheme. Asynchrony enables the construction of
highly efficient I/O-bound applications without the
overhead of threads, can be used to overlap I/0O la-
tency with other operations, and can increase the ef-
fectiveness of disk scheduling. Control over layout
allows applications to place related data items near
one another, and thus minimize disk seek and rota-
tional overheads. Flexible caching allows applications
to place data likely to be accessed by many applica-
tions or across many runs in a shared global cache,
and to turn off caching (or cache in the application
itself) data that is likely important only to a partic-
ular run of the application. In combination, these
three features combine to allow applications or user-
level filesystems built on top of BAIO to extract a



high level of performance from the underlying disk
system, by specializing their file layout and access to
best suit their needs.

The rest of this paper is organized as follows. In
Section 2, we discuss conventional disk I/O meth-
ods and their disadvantages. In Section 3, we intro-
duce BAIO and explain its advantages as compared
to conventional methods, and in Section 4, we discuss
implementation details. Finally, in Section 5, we pro-
vide a performance evaluation, discuss related work
in Section 6, and conclude in Section 7.

2 Conventional I/0

There are predominantly two ways in which disk I/0
is conventionally performed. One is through an in-
kernel filesystem, and the other is through the raw-
disk interface provided by most UNIX systems. Both
these methods suffer from major limitations. As dis-
cussed above, filesystems suffer due to their gener-
ality, as they are designed to be “reasonable” for a
majority of applications, rather than being “optimal”
for a specific one. For example, filesystems commonly
have a read-ahead scheme where they prefetch a cer-
tain number of blocks that are contiguous to the re-
quested block. This policy fails to consider the fact
that the access patterns of applications need not nec-
essarily be sequential, and in such a case, the addi-
tional prefetch that the filesystem does is unnecessary
work that only degrades performance. I/O-intensive
applications such as web servers and databases suf-
fer greatly from this generality, as these applications
have highly-specialized requirements [9].

To accommodate specialized applications like those
mentioned above, many UNIX systems provide a raw-
disk interface, allowing applications to gain direct
control over a logical disk partition. Though this
eliminates many of the problems due the general-
ity of a filesystem, it has its own set of limitations.
First, access to raw disk is limited to privileged ap-
plications, so non-privileged applications must still
use the filesystem. Second, the granularity of access
is a whole device partition, and hence multiple ap-
plications cannot co-exist within the same partition.
Third, there is no notion of ownership within a par-
tition.

Thus filesystems and the raw disk are two extremes,
one in which the kernel provides a full I/O service,
and the other in which it does not even provide the
basic OS service of multiplexing. A mechanism that
leaves policy decisions to the user level but still man-

ages ownership and protection boundaries across ap-
plications would be clearly more effective and flexible
than either of these schemes.

A limitation that both the filesystem interface and
the raw-disk interface have in common is the fact that
these interfaces are essentially synchronous, i.e., an
application that initiates an I/O request is blocked
until completion of the I/0O. Considering that disks
perform several orders of magnitude slower than the
CPU, a blocking I/O mechanism incurs a great per-
formance penalty. Though the impact of a syn-
chronous mechanism may not be drastic in a heav-
ily multiprogrammed workload where the overall
throughput of the system is more important rather
than that of individual applications, the impact is
quite significant in dedicated systems like web-servers
and database systems. For example, it is not rea-
sonable to impose that a web-server application be
blocked on I/0 to fetch a page from its disk, thereby
disabling the server from accepting or servicing sub-
sequent connections in the meantime. What would
clearly be more desirable, is a mechanism where
the disk I/O and processing could be overlapped.
Currently, this is being done by employing multi-
ple threads to service different I/O requests, but this
model of multiple threads scales very poorly and
the overhead of context-switching and management
of threads very soon becomes a performance bottle-
neck. A better solution would be an interface that
exposes the inherent asynchrony of disks to applica-
tions. With such an interface, the process issuing an
I/O request is returned control immediately and is
notified by the kernel on completion of the I/O. An
asynchronous interface will also facilitate application-
specific prefetching of data from disk.

3 Block Asynchronous I/O

3.1 Overview

Block Asynchronous I/O (BAIO) is a solution aimed
at addressing the above-mentioned limitations in
performing disk I/O through conventional methods.
BAIO is an in-kernel infrastructure that provides a di-
rect, protected interface to the disk. With this mech-
anism, applications can specify which disk blocks to
read or write, and the kernel only takes care of as-
signing capabilities to disk blocks and ensuring pro-
tected access by the applications. All other policies
with regard to organization and management of data
on disk are left to the user applications. In effect,
applications that utilize BAIO have the power and



flexibility to create their own filesystems customized
to their peculiarities and specific requirements.

With BAIO, applications also have precise control
over how data is laid out on disk. Since the BAIO
interface is at the disk-block level, applications can
place closely related data in physically contiguous
disk locations, thereby ensuring that access to such
data incurs minimal seek and rotational overhead.

The interface that BAIO provides is asynchronous,
which makes it flexible and efficient, because appli-
cations can overlap disk I/O with useful processing
without incurring the additional overhead of multi-
ple threads of control. Moreover, this enables ap-
plications to implement customized prefetching poli-
cies. Applications can decide, based on the semantic
knowledge available to them, which data blocks are
accessed together. This notion of “semantic contigu-
ity” of data is more accurate than the “physical con-
tiguity” that generic filesystems try to exploit. Be-
cause applications know the exact location of their
data, they can prefetch those blocks that contain se-
mantically contiguous data, which have a very strong
likelihood of being accessed given knowledge of appli-
cation access patterns. In doing so, the performance
degradation due to the ad hoc prefetching techniques
of the kernel is avoided. Note that the benefit of cus-
tomized prefetching is difficult to realize even with
the raw-disk interface, because of its synchronous na-
ture.

Applications can also decide the extent of caching
required and the exact disk blocks to be cached. In-
kernel filesystems utilize a global buffer cache and
treat all data blocks equally (likely caching those that
have been accessed recently), whether or not those
blocks are likely to be accessed again. With BAIO,
applications or user-level libraries can decide which
blocks to cache based on specific knowledge of ac-
cess patterns. The benefits of application controlled
caching have already been studied [2], and an exhaus-
tive discussion on the various benefits is beyond the
scope of this paper. By providing for application-
specific caching, BAIO allows applications to take
advantage of these benefits.

Though BAIO provides a direct interface to the disk
to applications, multiple applications can co-exist and
share a single logical device, as opposed to the raw-
disk interface where the unit of ownership is a whole
device. The kernel keeps track of fine-grained own-
ership and capability information for different sets of
disk blocks and ensures that protection boundaries
are not violated — applications can only access those
blocks that they are authorized to access.

3.2 Basic Operation

An important aspect of the BAIO interface is the no-
tion of a “disk segment.” We define a disk segment as
a sequence of physically contiguous disk blocks. The
application sees a disk segment as a logically separate
disk with a starting block number of zero. The logical
block numbers are not the same as the actual physical
disk block numbers, but blocks that are contiguous
with respect to logical block numbers are guaranteed
to be physically contiguous. We arrived at this inter-
face because we felt that applications are more con-
cerned with ensuring that data accessed together are
physically contiguous on disk and do not generally
need to decide or know about the exact physical po-
sition in which data is stored. Thus, regardless of
where a disk segment is mapped onto the physical
disk, blocks in a disk segment are guaranteed to be
physically contiguous, and therefore any decision that
the application makes based on logical contiguity of
disk blocks will remain valid in the physical layout
also.

An application makes a request to the kernel for a
disk segment of a specified size, upon which the ker-
nel looks for a physically contiguous set of free disk
blocks of the desired size, and subject to quota and
other limitations, creates a capability for the relevant
user to the disk segment. Subsequently, the applica-
tion can open the disk segment for use, whereupon
it is granted the capability to that disk segment by
the kernel. This capability is valid for the lifetime of
the application, and the capability allows the appli-
cation to perform I/O on the disk segment directly
by specifying the exact blocks to read or write. Each
read or write request must also include the capability
that is granted during open. A capability is akin to a
file descriptor in UNIX for normal files. As the BAIO
read/write interface is non-blocking, the process re-
gains control immediately after issuing a request, and
is notified upon completion of the I/0.

Multiple per-block read and write calls can be merged
into a single BAIO operation, which has two primary
advantages. First, the disk driver can create a better
schedule of disk requests, minimizing seeks and rota-
tional overhead. The more requests the driver has,
the better job of scheduling it is likely to do (note
that the asynchronous interface BAIO provides also
helps in this regard). Second, system call overhead
is reduced, as merging reduces the effective number
of system calls an application invokes. Thus, the ap-
plication can control the number of user-kernel cross-
ings, in a manner similar to but more flexible than
the readv() and writev() system calls.



By giving applications total control over a disk seg-
ment, BATIO creates the potential for every disk seg-
ment to have its own filesystem, tailor-made to the
specialized requirements of the application that man-
ages it. Traditional filesystems can be implemented
on top of BAIO for the large class of applications that
do not require the sophistication of an interface like
BAIO. Such applications can simply link with the
standard filesystem implementation and operate as
before. Another possible approach to support back-
wards compatibility is to deploy file-server applica-
tions each implementing one standard filesystem. Ap-
plications can connect to whichever file server they
are interested in, and read and write calls can be
transparently redirected through stubs to the appro-
priate file servers. This will permit existing appli-
cations to be easily adapted to run on top of BAIO,
since it will only involve relinking of the object binary
with the appropriate user-level filesystem implemen-
tation.

3.3 Structure of a BAIO Device

In the kernel, BAIO keeps track of information per-
taining to various disk segments, including the map-
ping of a disk segment to the physical disk, owner-
ship attributes for disk segments, and so forth. This
information is held in a per-disk-segment structure
called an inode. The inode also contains the name
of the disk segment within itself. This is in con-
trast to the UNIX style of having names and their
inode numbers in directories, and was necessitated
because we chose to have a flat namespace for nam-
ing disk segments, in-order to provide flexibility to
the user-level filesystem to implement its own naming
scheme, rather than impose a fixed hierarchical nam-
ing scheme. Inodes are hashed by the disk segment
name. The kernel also maintains global information
on the free blocks available for future allocation. The
structure of a BAIO device is shown in Figure 1.

The first block in a BAIO device contains the su-
perblock structure which maintains information on
the total number of blocks in the device, the block-
size of the device, the number of inodes on disk and
pointers to the start of free list blocks, inode blocks
and data blocks. Free lists are maintained in the form
of bitmaps, with a free list hint indicating which po-
sition in the free list to start looking for a contiguous
stream of free blocks. Considering that disk segments
are meant to be reasonably large (spanning several
megabytes), this organization of free block informa-
tion is reasonable, especially in light of the fact that

creation of new disk segments is a rare event com-
pared to regular open, read, or write operations.

In most cases, the free-block hint maintained enables
fast location of a free chunk. Again this decision on
maintenance of free block information is not as crucial
in our model as it is in normal filesystems because,
in the latter, free blocks have to be found every time
a write is made, and therefore sub-optimal tracking
of free block information will slow down all writes.
In BAIOQ, the free list is accessed only at the time of
disk segment creation and once a segment is created;
applications just read or write into pre-allocated disk
blocks and hence excessive optimization in this area
was not warranted. The number of inodes has been
fixed at 1/1000th of the total number of data blocks
in the system. Clearly, the average length of seg-
ments should be large enough to amortize this fixed
overhead.

3.4 Asynchrony and Caching

The BAIO architecture achieves asynchrony by
queueing I/0 requests at the device and returning
control to the application immediately. A BAIO ser-
vice daemon takes care of intimating completion of
I/O to the application. The service daemon enters
the kernel through a specific entry-point and never
returns. Its sole duty is to look through the request
queue to find which I/O operations have completed
and notify the processes on whose behalf the I/O was
performed.

Since this daemon is also in-charge of copying data
to the address space of the application in the event of
a read operation, it needs to have access to the vir-
tual address space of the application. There are two
methods in which this could be implemented. The
first method is to use in-kernel shared-memory ob-
jects to share a memory region between the applica-
tion and the service daemon. In this model, there
will be a single BAIO service daemon for the entire
system, managing the I/O requests of all processes.
The drawback of this model is that considerable over-
head is incurred at the service daemon in binding to
shared-memory objects and the single service dae-
mon can become a performance bottleneck. More-
over, this would require that the application allocate
a shared-memory object and attach its data buffer
to the shared-memory region prior to invoking the
BAIO system call. Since there is a system-wide limit
on the number of shared memory objects that can ex-
ist, this naturally places a limitation on the number of
BAIO requests that can be pending simultaneously.
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Figure 1: Structure of a BAIO disk partition.

However, this method does have certain advantages in
that the single service daemon has a complete view of
all pending requests and hence can potentially make
better scheduling decisions.

The other method, which we have chosen for our
model, is to have the service daemon share the ap-
plication’s virtual address space. This means that
each process has its own BAIO service thread and
this thread can directly write into the application’s
address space. This is more scalable than the first
alternative because now the service thread is only in-
charge of BAIO requests initiated by a single process
and the overhead of attaching to shared memory ob-
jects on every I/O completion is eliminated.

The overall control flow during an I/O operation
through BAIO is depicted in Figure 2. There are
two kinds of interfaces that BAIO provides to ap-
plications. In the first method, the I/O takes place
through the global buffer cache of the kernel, which
allows for sharing of caching across applications, at
the cost of generality. The advantage of this method
is that multiple applications will be able to share the
global kernel buffer cache, which may not be possi-
ble with application-level caching alone. This method
benefits a scenario in which multiple applications ac-
cess the same set of disk blocks, as otherwise, each
application will try to cache it separately, wasting
memory. However, this method has the drawback of
introducing some generality into the caching scheme
for disk blocks, and could lead to double-buffering.

In the second method, I/O operations bypass the
buffer cache of the kernel entirely. In this method, the
application directly interacts with the device driver
and does not use the buffer cache. This is similar to
the raw interface provided in UNIX systems. The op-
tion of whether or not to use the buffer cache can be
specified on a per-operation basis, thereby providing
for a fine-grained choice by the application. Blocks
which the application thinks will be shared by other
processes can be made to go through the buffer cache
while others may be read /written directly. For exam-
ple, if there is a large read to be made, the application
may wish to ensure that this read does not flush the

current contents of the buffer cache, and can therefore
use the non-buffered interface.

4 BAIO Implementation

The BAIO model has been implemented in the Linux
kernel. The interface is provided in the form of a set
of system calls. Additionally, a utility for configuring
a disk device for BATIO has been implemented. A pro-
cess using BATO keeps track of additional information
in its process control block, via a block descriptor ta-
ble, which is similar to the file descriptor table in
UNix. Each table entry keeps track of information
such as a pointer to the inode of the disk segment, a
reference count indicating number of processes that
have the disk segment open, and so forth. Addition-
ally, a process also maintains a pointer to its service
daemon. The service daemon maintains a queue of
BAIO requests issued by its master process and are
pending. Processes also maintain synchronization in-
formation for regulating access to the request queue
which is shared between the master process and the
service daemon.

When an application invokes the BAIO system call,
the process adds the request to the request queue of
its service daemon and issues the request to the buffer
cache layer or the device driver, as was required by
the application. It then returns control to the ap-
plication immediately. The disk driver, on comple-
tion of the I/O, wakes up the service daemon. On
waking up, the service daemon looks through its re-
quest queue to find out which of the requests have
completed, and accordingly notifies the application.
Notification can be done in two ways. The first is to
set a status variable in the application address space.
The second is to signal the application on completion
of I/O. A signal-based scheme would substantially
complicate the application code since it must be pre-
pared to process completion of I/O requests in signal
handlers. Moreover, signals may be lost if the appli-
cation spends too much time in handling a request.
The first scheme is simpler and more scalable than a
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Figure 2: Control flow during a BAIO operation.

signal based scheme, and therefore, has been chosen
in our implementation.

The set of system calls which constitute the BAIO
interface to the application level are:

1. create_dseg: takes a device name, segment
name and a segment size as input, allocates a
disk segment of the required size if possible

2. open_dseg: opens an existing disk segment
specified by the name and device, and returns a
descriptor to the segment

3. baio:  this is the call used to perform I/O.
Multiple read/write requests can be specified as
part of a single BAIO call; includes a block de-
scriptor as input

4. baio_service: this is the entry-point to the
service daemon. The service daemon invokes this
syscall and never returns.

5. baio_mount: this call takes a device name
as argument, and if the device is configured for
BAIO, mounts the device.

5 Performance Evaluation

The performance enhancement possible by allowing
application control over various aspects of filesystem
policies has been studied in great detail. For ex-
ample, Cao et al. show that application-level control
over file-caching can reduce execution time by around
45% [5]. In another study, Cao et al. measured that
application-controlled file caching and prefetching re-
duced the running time by 3% to 49% for single-
process workloads and by 5% to 76% for multiprocess
workloads [4]. By exporting the entire filesystem pol-
icy to the user-level, we enable applications to obtain
all these performance advantages.

The measurements we have taken mainly evaluate the
impact of exposing the asynchrony of disks to appli-
cations. We compare the performance of our model
with the UNIX raw disk implementation and another
asynchronous I/O technique developed by SGI called
Kernel Asynchronous I/0 (KAIO). Experiments were
performed with and without the effect of buffer cache.
In the first set of experiments, we compared non-
buffered BAIO, raw disk, and KAIO over raw disk.
In the next, we compared buffered BAIO, ext2 and
KAIO over ext2.

Considering that an asynchronous interface will ben-
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efit those applications that can overlap disk I/O with
useful processing, we have chosen a workload that
resembles that in a web-server. There is a contin-
uous stream of requests, and each request will in-
volve a disk I/O and some processing on the data
read/written. In the asynchronous interfaces, we
pipeline the disk I/O and processing over several
stages. Stage i will process the data corresponding to
the (i-k)th request while issuing the I/O for the ith re-
quest. This way, by the time data is required for pro-
cessing, it will already be available since I/O for that
data was initiated quite in advance. In other words,
the application does not spend any time waiting for
I/O to complete. In our studies, as expected, we
find that both BAIO and KAIO consistently outper-
form raw I/O and ext2. BAIO performs much better
than KAIO as well. The reason for this is that while
BAIO exposes the full asynchrony of the disk to ap-
plications, KAIO employs slave threads which invoke
the blocking I/O routines. Hence the asynchrony
of KAIO is limited to the number of slave threads
in operation. Having a large number of threads is
not a solution because, as the number of threads
increases, system performance degrades due to the
additional overhead of context switches and thread
management.

The performance metric we have chosen in all the
three graphs presented, is the average throughput of
the application, i.e the number of requests serviced
by the application in one second. Figures 3 and 4
show the behavior of random and sequential reads
and writes without the effect of buffer cache (each
read/write involved a 8K data transfer, from/to disk
blocks randomly chosen within the working set size).
In this case, BAIO with buffer cache disabled was
compared with KAIO running over raw disk, and
plain raw I/O. We observe that in the random ac-
cess case, BAIO performs on an average 25% better

Figure 4: Non-buffered sequential reads and
writes.

than KAIO and 54% better than raw I/O. This is
possible because BAIO allows the disk latency to be
partially hidden by enabling applications to overlap
disk I/O with processing, so that by the time the re-
sults of an I/O are required, they are most likely to
be already available, thereby eliminating the time the
application spends in waiting for I/0. In sequential
access, BAIO outperforms KAIQO, but raw I/O per-
forms marginally better than BAIO. The reason we
believe this happens is because sequential raw I1/0 is
inherently fast and not much is gained by asynchrony
—instead the overhead of an external process intimat-
ing I/O completion and additional context switch-
ing brings down the performance of the asynchronous
schemes. This has the obvious implication that ex-
posing asynchrony is of greater benefit for a random
access workload than one of sequential access.

In the next study, shown in Figure 5, we compared
BAIO with all requests going through the buffer
cache, KAIO over ext2 and plain ext2. We observe
that BAIO consistently outperforms KAIO and raw
I/0 in random reads, but in random writes, ext2 and
KAIO perform better. This is because of the delayed
write strategy of ext2, which also applies to KAIO
since the slave threads of KAIO internally use ext2
I/O calls. Since writes are fully buffered and only
flushed to disk once at the completion of the experi-
ment, many writes to the same block are absorbed by
the buffer cache. Moreover, the sync is highly opti-
mized because of the large number of blocks to write
to disk, thereby facilitating optimal disk scheduling.
In spite of all these, for very large working sets, ex-
ceeding 80 MB, BAIO outperforms ext2 and KAIO,
since at this size, the buffer cache tends to get filled up
and more writes go to disk. Thus, in all these stud-
ies, BAIO clearly achieves better performance than
the two other supposedly efficient and powerful in-
terfaces.



Random Access Performance (Buffered)

o
S
S

'
S
S

©
s
|
|
|

Throughput
N}
S
3
|

=
=]
=3

n

120MB

o

4vMB 20MB 40MB 80MB

Working Set Size

‘ MBAIO Read [ EXT2 Read @ KAIO Read B BAIO Write [ EXT2 Write B KAIO Write ‘

Figure 5: Buffered random reads and writes.

6 Related Work

The idea of minimizing or eliminating operating sys-
tem abstractions is as old as the concept of micro-
kernels are. There have been numerous contributions
that argue for a minimal operating system with poli-
cies exposed to the applications. Nucleus [7] and
Exokernel [6] are two classic examples of such mod-
els. BAIO draws inspiration from these contributions
and applies the principle in the restricted context of
a filesystem. What is different in BAIO compared
to prior works is that BAIO can fit into an exist-
ing operating system with very few modifications, as
opposed to ideas like Exokernel which warranted a
total “start from scratch” revamp. The performance
advantages of exposing certain filesystem policies like
caching and prefetching to the the application level
have been studied by Cao et al. [5, 4]. BAIO takes
this to an extreme by allowing applications to dictate
virtually every aspect of filesystem policy and opera-
tion, thereby providing applications with the highest
possible performance advantage achievable through
customization.

The idea of providing an asynchronous interface to
disk I/O is not new. The FreeBSD implementa-
tion of the ATO library is an example of an attempt
to provide asynchronous disk I/0, and is similar in
spirit to KAIO. Both of these interfaces achieve asyn-
chrony by employing slave threads, which perform the
same blocking I/0O routines of the filesystem. Though
KATO claims to use split-phase I/O to expose the full
asynchrony of disk to the application, our studies in-
dicate no significant improvement, at least in the con-
text of the IDE disk. Hence the asynchrony is limited
to the number of threads employed, which cannot
increase indefinitely since it then becomes counter-
productive due to the excessive overhead in context-
switching and thread management. BAIO, because
of its careful integration into the kernel and direct

interaction with the disk device driver, outperforms
both these models, as was shown in the performance
study (KAIO claims to outperform AIQ, so perform-
ing better than KAIO is equivalent to outperforming
both).

7 Conclusion

In an attempt to overcome the potential performance
limitations imposed by generic in-kernel filesystems,
we have proposed a mechanism known as BAIO
by which the application is given full control over
the way its data is both organized and managed.
Application-level semantic knowledge facilitates op-
timized policies and decisions that perform specifi-
cally well to the peculiarities of the application. In
implementing BAIO, we take special care to ensure
that the kernel does not determine any policy with re-
gard to the management of application data on disk,
other than enforcing protection boundaries across ap-
plications and maintaining the notion of ownership of
disk segments. One of the main features of the BAIO
model is that it integrates quite easily into an existing
operating system, in contrast to extensible systems
of the past which require that entirely new kernels
be designed, developed, and deployed. A remaining
challenge for BAIO-based systems is to build and ex-
periment with a broad range of specialized user-level
filesystems, and to understand how concurrently run-
ning user-level filesystems interact with one another.
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