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Abstract

With the increasein available network bandwidth and reduction in network latency, more emphasishas
beenplaced on end-host QoSto provide qualit y of serviceguaranteesfor distributed real-time applications,
such as video streaming servers, video conferencing applications, and VoIP applications. End-host QoS
requires support from the underlying operating system (OS) in the form of network schedulers and tra±c
controllers. GNU/Lin ux supports a variety of network schedulers for the provision of end-host QoS,
but no easy-to-useAPI is provided between applications and system-level tra±c controllers. Moreover,
existing APIs lack the abilit y to link QoS attributes with stream or datagram sockets and to associate
QoS information with individual packets allowing sophisticated network schedulers to make scheduling
decisions based on such information or to link di®erent streams such that their QoS management is
coordinated. We proposean extension to the standard Berkeley socket interface that enablesapplications
to easily create and manage connections with QoS requirements. This new API { called QSockets {
includes per-socket tra±c classi¯cation that allows the application developer to link a socket connection
with a scheduler so that all data going out on this socket is scheduled accordingly. We further allow
an application to passpacket-speci¯c parameters to the scheduler for ¯ne-grained scheduler control. We
evaluate our approach with a multimedia application using QSockets and a real-time packet scheduler.

1 In tro duction

1.1 Background

There are a considerablenumber of applications to-
day that require some form of guarantee from the
Network Subsystemwith regards to Qualit y of Ser-
vice (QoS) parameters for reliable operation. Such
applications are usually continuous media applica-
tions for soft real-time video and audio streaming,
video-conferencingand Internet telephony. There
hasbeena consistent push toward creating an Inter-
networking infrastructure that can provide seamless
guaranteesto such applications. The two most com-
monly acceptedproposalsare Integrated Servicesand
Di®erentiated Services [2].
These proposals, however, require substantial mod-
i¯cations to the underlying network model for pro-
viding end-to-end guarantees. With high speed in-

tranets available today, it is possible to obtain rea-
sonable guarantees for delay and bandwidth using
only end-system QoS. While these guarantees are
not absolute they do provide a good approximation
without requiring any major changesto the physical
network.
In [3] the authors show that even in the presenceof
network level QoS support, it is often necessaryfor
the end-systemto provide not only servicedi®erenti-
ation but also tra±c shaping. Moreover this shaping
has to be provided on a per-application basisto pro-
vide maximum functionalit y for the application and
system developers.
Despitehaving comprehensive scheduling functional-
it y in GNU/Lin ux [7], there is no support (in terms
of either API or classi¯ers) for exposing this func-
tionalit y to the application. Instead the tra±c con-
troller functionalit y is designedfor useas a node on
a Di®Serv network. The lack of application level



di®erentiation as well as a comprehensive API for
addressing the shaping of application tra±c forces
the developer to resort to application level rate con-
trol. Such rate control is ine±cient but highly °exi-
ble. Each stream and even individual messagescan
be shaped according to the needsof the application.
While °exible, using such methods can be ine±cient
and does not scale well for high system loads, es-
pecially when each stream and individual messages
have to be shaped (eg. scheduled) according to the
application's needs[9].

1.2 Con tributions

We provided a comprehensive API for creating and
attaching socket streams to end-system QoS at-
tributes. The API called QSockets is basedon the
BSD socket API and follows the same semantics.
We argue that using this API for end-system QoS
doesnot imposeany substantial overheadin terms of
socket creation, destruction, or usage.We alsoargue
that there is no substantial programmatic overhead
associated with using our API. In fact we provide
functionalit y for using the API with minimum mod-
i¯cations to the core application.
An interesting characteristic of QSockets is its pro-
vision of functionalit y for dynamically retrieving
scheduling and transmission information for use by
adaptive multimedia applications. For instance,
QSockets-based network feedback can be used to
throttle or speed up an application's rate of packet
transmission. Similarly, using a socket basedclassi-
¯er for the GNU/Lin ux tra±c controller, we demon-
strate how outgoing tra±c may be classi¯ed on
a per-socket basis, thereby allowing us to provide
per-stream QoS attributes for scheduling network
streams (using the socket-to-socket connection ab-
straction). Moreover, by associating per-packet QoS
attributes, stream scheduling can be made`smarter',
by re-ordering a packet stream according to packet
priorit y, reliabilit y, or deadlines. With this func-
tionalit y, QSockets approaches the functionalit y of
application-level rate control, but o®ersthe e±ciency
of system-level packet scheduling.
Interesting aspects of the GNU/Lin ux QSockets im-
plementation include the following. First, our experi-
enceis that kernel-level packet scheduling performs
at levels of granularit y and predictabilit y that far
outpacesprevious user-level approaches [9]. This is
particularly important for interactive media applica-
tions that have smaller packet sizes,like VOIP. Sec-
ond, it turned out to be awkward to usethe existing
GNU/Lin ux QoS infrastructure for the application-
level tra±c scheduling required by our multimedia
codes. This is becausethe Linux infrastructure was
intended for Di®Serv networking and was therefore,

placed`under' Linux TCP and UDP protocol stacks.
This makesit di±cult to implement the application-
level framing necessaryfor `lossy' media scheduling,
where frames that are likely to miss their dead-
lines upon arrival are discarded at the source in-
stead of the sink, thereby reducing network band-
width needs. Finally, expanding the selective lossi-
nessimplemented by our kernel-level packet sched-
uler [9], an extensionof QSockets being implemented
now permits end users to place application-speci¯c
packet ¯lters and manipulations into the network
path, using safe `kernel plugins'. Our future work
will useQSockets with a variety of applications and
in the context of a broader research e®ortaddressing
kernel-level support for QoS management for stan-
dard Linux kernels,called Q-fabric [4].

1.3 Related work

An e®ort similar to QSockets can be found in [5].
However this approach was tailored to work only
with CBQ. Moreover, this approach did not allow
applications to createa socket connectionthat could
be scheduled. In [3] and other papers, researchers
have shown that it is useful to have a tra±c con-
troller in the kernel, however no signi¯cant API has
beenprovided for using this functionalit y to the ap-
plication developer. Furthermore, the concentration
of such e®orts is on tra±c controller for nodes in a
Di®Servnetwork. Migrating Sockets [10] describesa
similar mechanismsto ours, but for end-to-endQoS.
However migrating sockets usescustom scheduling in
Solaris,whereaswe concentrate on using an available
scheduling infrastructure in GNU/Lin ux. Another
approach to the same problem is presented in [6],
which uses an extension to the existing socket in-
terface for addressingQoS support for multimedia
applications. However this approach was designed
to work only on Integrated Servicenetworks, which
already provide QoS support. The new socket API
was only usedfor packet marking.

1.4 Overview

The remainder of this paper is structured as follows.
In Section2 we give an architectural overview of the
current GNU/Lin ux tra±c controller interface, an
architectural overview of the QSockets infrastructure
and an overview of the QSockets API. In Section 3
we describe how to usethe QSockets API for modify-
ing both existing and new applications. Evaluation
of the work, including micro-benchmarks and appli-
cation benchmarks are presented in Section 4. Fi-
nally we present our conclusionsand discussfuture
research directions in Section 5.



2 Tra±c controller

The GNU/Lin ux tra±c controller was designed to
provide Di®erentiated Servicesin a GNU/Lin ux net-
work. The tra±c controller handlespackets that are
being queued for transmission on a network device
(Figure 1)
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FIGURE 1: Flow of data packets through
the tra±c controller

Once the IP layer has processedthe packet it hands
the packet over to the device for output queuing.
At this point the packet is processedby the tra±c
controller. The tra±c controller classi¯es the pack-
ets and queuesthem according to rules established
previously. The output queuing processcan be used
to rate limit network tra±c, to re-order the output
queue and to provide delay/bandwidth guarantees
for the network link (Figure 2).

The tra±c controller consistsof three major compo-
nents:

² Queuing Disciplines

² Classes

² Filters

For each network device in a system that supports
output queuing, there exists a queuing discipline,
Qdisc , attached to this device. It is this queue to
which all packets to be sent on this deviceare queued
for transmission. The Qdiscs supports methods for
enqueuingand dequeueinga packet. The Qdisc may
be associated with a set of classes and ¯lters (also
called classi¯ers). The ¯lters are used as a classi¯-
cation mechanism for assigning an outgoing packet
to a speci¯c class and each class contains a Qdisc
also. In this way a hierarchical set of Qdiscs,classes
and ¯lters can be created for maximum °exibilit y in
scheduling of outgoing tra±c. A more thorough de-
scription of the tra±c controller can be found in [1].
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FIGURE 2: Tra±c controller overview

2.1 Arc hitectural overview

The QSockets architecture works on top of the tra±c
controller infrastructure. A newsystemcall is added,
sys qsocketcall which works as a multiplexer (sim-
ilar to sys socketcall). The QSockets architecture
(Figure 3) is divided into three functional parts:
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FIGURE 3: QSockets structure

1. QSockets manager . The QSockets manager
is the controller module for QSockets opera-
tions. It provides the actual QSockets interface
to applications. The managermodule provides
scheduler independent setup functionalit y. The
bulk of the work however is done in the sched-
uler modules.

2. Scheduler mo dule . The manager mod-
ule provides a registration functionalit y for
scheduler modules. The scheduler module ex-
poses functionalit y to the manager module
for adding, removing, and changing scheduled
streams. Use of the scheduler modules allows
QSockets to provide equivalent functionalit y



for many di®erent scheduler types. This func-
tionalit y can be further extended to support
multiple typesof schedulerssimultaneously, al-
though currently QSockets is limited to provid-
ing support for a singlescheduling discipline in
a system. Each scheduler module de¯nes a set
interface for adding a stream, for removing a
stream, for changing a stream, and for initial-
izing itself as the root Qdisc.

3. Socket classi¯er . We have provided a socket
classi¯er which allows us to classify outgoing
tra±c using the associated socket as a clas-
si¯cation attribute. The socket classi¯er al-
lows an application to use the already avail-
able socket abstraction for identifying a data
°ow. The classi¯er works on the inode num-
ber of the socket descriptor (although this is
hidden from the application). Using the nat-
ural socket abstraction allows an application
developer to add advancedfeaturesinto the ap-
plication for di®erentiating °ows and smarter
scheduling. For examplea video streaming ap-
plication can stream multiple °ows to the same
client at di®erent rates. In the presenceof an
overloaded network the application can adapt
by reducing the frame rate of a low priorit y
°ow. Although, as stated earlier, QSockets
doesnot necessarilyallow end-to-endQoSsup-
port, it can be used for service di®erentiation
at the end-host, resulting in similar e®ects.

2.2 API overview

The QSockets API follows the BSD Socket API
closely, following the samefunctional semantics, but
new functionalit y is added through further exten-
sions.

2.2.1 Socket creation

Sockets are created using the qsocket call. Apart
from the domain, type and protocol an additional
parameter is speci¯ed in struct qos params . The
structure contains information about which device
to attach the classi¯er to, the scheduler type and the
scheduling attributes. At socket creation a socket
classi¯er is also created which classi¯es outgoing
packets according to the associated socket inode.

2.2.2 Changing scheduler attributes

One of the advantages of using a simple API for
specifying QoSparametersis that the scheduling at-
tributes can be modi¯ed with changing application
requirements. In QSockets the parametersare mod-
i¯ed with the qchange call. The qchangecall takes

the ¯le descriptor of the socket and the new QoS
parameters in a qos params structure.

2.2.3 Passing message speci¯c parameters to
the scheduler

One of the major contributions of this work is the
abilit y to let the application specify per-message
scheduling information. This scheduling information
can be used for making smart scheduling decisions.
For example,a video streaming application can spec-
ify a frame boundary for transmitted video frames.
The scheduler can use this information to schedule
the entire frame as a group. In the caseof a lossy
packet scheduler, the scheduler can usethis informa-
tion to drop entire framesinsteadof piecesof a frame.
An application can also associate more information
with each bu®er. A drop priorit y can inform a sched-
uler not to drop certain messages(for instance the
I-frames in an MPEG video stream). Also a dead-
line attribute can be used for creating per-message
deadlines.
The calls qsend and qsendto are used for passing
packet speci¯c °ags to the scheduler. The calls mir-
ror the socket API send and sendto calls, but an
additional parameter is passedcontaining a set of
packet °ags.

2.2.4 Retrieving scheduling information

A schedulercanprovide the application with very de-
tailed information about the transmission rate, the
queuing delays, the packet drop rates as well as var-
ious other scheduler speci¯c information. These at-
tributes can be retrieved with the qinfo call. Apart
from scheduler information, information from the
network stack can also be retrieved for even more
°exible adaptation. Such information includesbu®er
sizes,receive windows, etc.

3 API usage

In this section we describe common usage scenar-
ios for QSockets with code excerpts. For the pur-
pose of our examples we use the DWCS queueing
discipline [8], ported to Linux kernel version 2.4.17.
DWCS provides soft real time guaranteesfor contin-
uousmedia streams,and alsoallows the developer to
specify a loss tolerance in the presenceof transient
overload situations. DWCS supports three parame-
ters, ipg, oln and old. The stream rate is de¯ned by
ipg and the loss tolerance by old and oln. A lossy
stream is allowed to loseoln packets out of every old
packets queued. DWCS also supports non-deadline
constrained streamsby providing a best-e®ortFIF O



queue. Wealsoaddedfunctionalit y to DWCSto sup-
port per-packet attributes such as frame boundaries,
packet deadlines,and drop priorities. Using theseat-
tributes we can useDWCS as an EDF scheduler by
specifying packet deadlines. Although DWCS is the
only scheduler currently supported we plan to add
support for more schedulers(such asSFQ and CBQ)
in the future.

3.1 New application

When developing a new application, QSockets can
be used for providing additional functionalit y such
as adaptation and rate control without the overhead
of building a new scheduling discipline.

3.1.1 Initialization

The application developer must use the qsockinit
call to initialize the root queueing discipline on a
device. This is required becauseof the current limi-
tation within the QSockets architecture which allows
the systemto useonly a singletypeof queueingdisci-
pline systemwide. Sinceit e®ectsthe entire system,
qsockinit is a privileged call and requires root ac-
cess.

struct qos_params params;
int err = 0;

strncpy(params.dev, "eth0", IFNAMSIZ);
strncpy(params.name, "dwcs", IFNAMSIZ);

params.attributes = NULL;

err = qsockinit(&params);

This needsonly be done once for all subsequent us-
agesof QSockets. An error code indicating the con-
dition is returned to indicate successor failure. An
application must check the return value to deter-
mine whether the root queueingdiscipline has been
installed successfully. If an incompatible queueing
discipline is already instantiated, an error code is re-
turned.

3.1.2 Socket creation

The following code snippet describes the creation of
a scheduled socket end point.

struct qos_params params;
struct q_dwcs_attr attrs;
int fd;

/*set device name*/
strncpy(params.dev, "eth0", IFNAMSIZ);

/*set scheduler name*/
strncpy(params.name, "dwcs", IFNAMSIZ);

/*set scheduling attributes*/
attrs.oln = 0;
attrs.old = 10;
attrs.ipg = 10;
attrs.stream_flags = DWCS_NON_DROPPABLE;

params.attributes = &attrs;

/*create scheduled socket*/
fd=qsocket(domain,type,protocol,&params);

On successa new socket identi¯er is returned to the
application that can be used like another socket de-
scriptor. Additional functionalit y can be exploited
by the application, however, by using the qsend and
qsendto calls for sending data on this socket end
point. The qinfo call can also be usedfor retrieving
information from the scheduler. The qchange call
canalsobeusedto modify the scheduling parameters
of an existing application.

3.1.3 Passing message speci¯c parameters

To add this functionalit y to an application the
qsendto call must be used instead of the normal
sendto socket call. We passa packet °ags struc-
ture in with the qsendto call. In the examplebelow
we specify a non-droppable °ag for the messageas
well as a packet speci¯c deadline.

struct packet_flags pflags;
/*mark the packet as non-droppable*/
pflags.drop_flag = DWCS_NON_DROPPABLE;
/*attach a packet deadline to this message*/
pflags.deadline = deadline

/*call qsendto and send the
packet information down to the scheduler*/
if(qsendto(sockfd, &next_frame,
sizeof(next_frame), 0,
(struct sockaddr*)&name,
size, &pflags)< 0)
perror("qsendto");

3.2 Adding to an existing application

An existing application can be easily modi¯ed to use
QSockets without the addition of many new lines of
code. Instead of creating a new socket and associ-
ating a scheduler with it, an existing socket can be
associated with a new scheduler using the qattac h
call. Messagespeci¯c parameterscan also be passed
down to the scheduler using qsendto in the way de-
scribed above. When qattac h is called it does not



createa newsocket to associate with a scheduler, but
rather it usesand already existing socket. This al-
lows the application developer to separatethe socket
creation functionalit y from the QSockets functional-
it y.

struct qos_params params;
struct q_dwcs_attr attrs;
/*fd is the socket descriptor*/

/*set device name*/
strncpy(params.dev, "eth0", IFNAMSIZ);
/*set scheduler name*/
strncpy(params.name, "dwcs", IFNAMSIZ);

/*set scheduling attributes*/
attrs.oln = 0;
attrs.old = 10;
attrs.ipg = 10;
attrs.stream_flags = DWCS_NON_DROPPABLE;

params.attributes = &attrs;

/*create scheduled socket*/
qattach(fd, &params);

4 Evaluation

Evaluation of an API requires consideration of two
things. The API should be able to provide its func-
tionalit y without signi¯cant overhead. And secondly
the API's additional functionalit y should be useful
for applications.

4.1 Micro Benchmarks

QSockets adds the following new calls: qsockinit ,
qsocket , qchange , qinfo , qsendto , qclose and
qattac h. Wecomparethe executiontime of each call
with the executiontime of the equivalent socket calls.
In the caseof qsockinit, qinfo, qchangeand qattach
there are no equivalent socket calls, but we show that
the time taken for these calls is minuscule. The re-
sults displayed are the averageof 10 runs. All times
are in seconds.The experiments were performed on
a dual P2-400with a 10Mbps network interface.

Call Sockets QSockets

qsockinit N/A 0.046406
qsocket 0.000871 0.000944
qattach N/A 0.000085
qchange N/A 0.000097
qinfo N/A 0.000020
qsendto 0.001272 0.001475
qattach N/A 0.000049
qclose 0.000063 0.000089

TABLE 1: Execution time of API calls

As can be seenfrom table 1 the QSockets call over-
head is very small. The only call which has a sig-
ni¯can t execution overhead is qsockinit but this is
called only once to initialize the QSockets interface.
Sincethis is a privileged call it should not be placed
in an application, but rather called by the systemat
startup. The call qsocket which is the replacement
for the socket creation call hasa very small overhead.
The most frequently usedcall (qsendto ) only hasan
overheadof 8.3%higher than the regular sendtocall.
Wecanalsoseethat the newcalls qinfo, qchangeand
qattach have very low execution times.
The reasonfor the high overheadof qsockinit is the
creation of a scheduling discipline. However the over-
headfor qsendto is harder to explain. Comparedto
a normal sendto call, there is additional work that
happens during the execution of the qsendto call.
The additional work includesprocessingof the socket
classi¯er, the copying of the packet speci¯c °ags, as
well the enqueueingof the packet into the DWCS
queues.We feel that the 15.9%overhead is justi¯ed
by additional functionalit y provided by the new call.

4.2 Application benchmarks

We use two separateclassesof applications that re-
quire delay guarantees from the end-host. A video
server needsto transmit generatedframeswith a cer-
tain rate (a rate baseddeadline). The server must
transmit the data in a timely manner or the client
receivesa low frame rate and high levelsof jitter. We
show that by using a rate basedscheduler (DWCS)
in a video application we can achieve a more consis-
tent frame rate and lower jitter. We also considera
data acquisition application examplewhere a sensor
provides data to a remote client. The sensordata is
deadline constrained, i.e if the data is outdated it is



useless.We demonstratethat by attaching the dead-
line to the data we can obtain signi¯cantly higher
number of valid data frames. The applications used
simulated tra±c which we generatedrandom data..
The video server generateda frame with a random
type and transmitted that over the network. The
data acquisition application generatedboth the data
and the deadlinerandomly and transmitted it to the
client. In both casesthe client recorded values at 5
secondintervals.

4.2.1 Streaming video server

A video server must be able to preserve its guaran-
teed QoS level to the clients at all times, even in the
presenceof signi¯cant network perturbation. At the
level of the end-host it requires being able to trans-
mit data at a speci¯c rate with low variations. To
test this we developed a simulated server which gen-
erated frames randomly.
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FIGURE 4: Performance of QoS managed
stream compared to unmanaged stream

In Figure 4 we ran the video server twice, using the
QSocket API and without the QSocket API, trans-
mitting a 20fpsstream. We alsocreatedtwo network
perturbations (at times 15 and 30). The perturba-
tion wascreatedby started a large ftp transfer on the
host machines. As can be seenthe QSocket enabled
video server was able to maintain a frame rate close
to the ideal frame-rate of 20fps (frames per second).
Without QSocket the frame-rate dropped consider-
ably when the perturbation started. The small de-
creasein the frame rate occurs becausesomeframes
are being dropped by DWCS. In such a situation
we preferred that only P and B type frames are
dropped, sincethey have a lower impact on the qual-
it y of the MPEG video stream. We achieved this by
marking the I frames as non-droppable.
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FIGURE 5: Jitter in a QoS managed
stream compared to jitter in an unmanaged
stream

Comparing the jitter in the two streamswe seethat
the QSocket enabled video server is able to provide
a much lower jitter rate. As can be seenin Figure 5
the time betweenconsecutive framesnever increases
signi¯cantly even when the perturbations start.
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FIGURE 6: Running video streams at dif-
ferent rate over QSocket

Finally we show that when the network is overloaded
multiple video streamscan be sent with the required
QoSlevel, but unmanagedstreamssu®erasa result.
In Figure 6 we seethat two managedvideo streams
at 20fpsand 15fpsrespectively achieve their required
QoS but an unmanagedstream at 20fps is transmit-
ted at a much lower rate. However it should be noted
that there is no starvation of the best e®ort stream
sincemost video streamsare not work conserving.

4.2.2 Remote data acquisition application

The remotedata acquisition application is comprised
of a remote sensorand a client which acquiresdata



from this client. The sensorsendsout data to the
client aperiodically and hencea rate basedscheduler
cannot be used. Instead we use an earliest deadline
¯rst scheduler (EDF). The deadlines for each mes-
sageare indicated by the messageparameters. We
record the number of misseddeadlinesat the client
side(where the data is too late to beuseful) aswell as
the number of framesdropped. We usetwo versions
of the EDF scheduler (which is basedon DWCS), viz.
a lossy version and a losslessversion. The lossless
version tries to preferentially sendout data over the
network. In the caseof a late packet, the data will
still be sent, but best e®ort °ows cannot causesig-
ni¯can t delays in the deadline constrained streams.
The lossy version of the scheduler drops late pack-
ets, since it is assumedthat the late data is useless.
However by dropping late packets the systemis able
to send packets with achievable deadlines in time.
To create the e®ectof network tra±c a perturbation
was started at time 30. Similar to the earlier exper-
iments this perturbation was created by a starting a
large FTP transfer on the host machine.
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FIGURE 7: Missed deadlines for every 5
second interval in a remote data acquisition
application

In Figure 7 weseethat the number of late or lost data
framesaremuch lower whenusingQSocket. Further-
more by dropping late frames we achieve very good
results. Looking at the breakdown of late or lost
frame per-interval we seethat after the perturbation
is started the non-lossy and the non-QSocket °ows
both have signi¯cant increasesin the number of late
packets. However the lossy °ow su®ersfrom no late
packets and is able to drop fewer data frames then
the other two °ows. This is a signi¯cant reduction
in the number of deadlinesmissedby the scheduler.

4.3 Results discussion

As can be seen from the experiments QSockets is
a useful API for developing scheduled applications

on top of the standard Linux tra±c controller in-
terface. Using some of the additional functionalit y
within QSockets we can develop applications that
are better able to achieve their desiredlevelsof QoS.
From the results in Figure 7 and 6 we seethat it is
possibleto obtain even better levels of QoSby using
a scheme for packet dropping. This gives the ap-
plication developer more °exibilit y in dealing with
situations where the network cannot handle the gen-
erated tra±c at the desired level of QoS.

5 Conclusion and future work

We presented QSockets, an API for end-host QoS
support in GNU/Lin ux, using the existing function-
alit y of the tra±c controller, instead of creating our
own. QSockets also extends the functionalit y of the
tra±c controller by allowing the developer to passin
a per-packet attribute with each messageto be used
in making a smarter scheduling decision. We showed
that QSocketsprovidessigni¯cant advantagesto con-
tinuous media and remote sensordata applications,
and providestheseadvantagesat a low overheadcost.
In the future we would like to add additional sched-
ulers to the QSockets framework, including CBQ and
SFQ. This will allow QSockets to be used for more
general purpose applications which require band-
width guarantees. We would also like to add further
functionalit y into the tra±c controller infrastructure
for ¯ner grained tra±c classi¯cation using applica-
tion speci¯ed, dynamically compiled ¯lters.
Wealsohaveplans to comparethe performanceover-
heads of positioning the scheduler at a level above
the protocol stack, whereadditional application spe-
ci¯c information can be provided to the scheduler.
During the deployment of QSockets we realized that
becauseof the positioning of the scheduler below
the protocol stack, the tra±c controller cannot make
tra±c shaping decisionson the basisof the message
content. Wewant to comparethe costsand the bene-
¯ts of usingan alternate implementation of the tra±c
controller.
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