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entity to a second entity. The data is transmitted using a format that is
selected to accommodate available bandwidth in a communication cou-
pling that connects the first entity and the second entity. The first entity
or the second entity can comprise a terminal service (TS) client device
and a terminal service (T'S) server device, respectively, or vice versa. The
strategy can compute the bandwidth by recording timing information as-
sociated with the transmission of a short message followed by a longer
message from the first entity to the second entity. The short message is
used to remove the effects of latency in the computation of bandwidth.
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STRATEGIES FOR SELECTING A FORMAT FOR DATA
TRANSMISSION BASED ON MEASURED BANDWIDTH
BACKGROUND
[0001] A terminal service (TS) system allows a TS client device to interact with
an application being run on a remote TS server device. A user who interacts with
the application receives generally the same user experience that would be provided
if the application were implemented locally by the TS client device. Implementing
the application on the TS server device affords a number of benefits. For instance,
it may be easier to administer an application that is maintained at a central location.
[0002] A TS session may involve sending data from the TS client device to the
TS server device, or vice versa. It is generally desirable to transmit this data with
high quality and low latency. Many network environments (such as the Internet),
however, exhibit variable amounts of available bandwidth. In view of this
complication, it is a challenging task to determine how best to send data within a

TS system.

SUMMARY

[0003] A strategy is described for transmitting data between a first entity and a
second entity via a network. The first entity can comprise a terminal service (TS)
client device and the second entity can comprise a TS server device, or vice versa.
According to one exemplary implementation, the strategy determines available
bandwidth on the network by extracting timing information from the transmission
of a short message followed by a larger message having size S. The strategy uses
information extracted from the transmission of the short message to remove latency
considerations from the determination of bandwidth. The strategy uses the
determined bandwidth to select a data compression/decompression format, and uses
the selected format, in turn, in transmitting data from the TS client device to the TS
server device, or vice versa. The strategy can select a format that accommodates
relatively high quality when a relatively large amount of bandwidth is available.
The strategy can select a format that accommodates a lower quality when less

bandwidth 1s available. In this manner, the strategy can dynamically and
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seamlessly adjust the format used during the transmission of the data to
accommodate prevailing network conditions.
[0004] In one exemplary implementation, the data may comprise audio data or
video data. In the case of audio data, for example, the strategy can be used to
transmit audio data that is captured by the TS client device to the TS server device.
The TS server device can record the captured audio data or perform some other
processing on the captured audio data. Or the strategy can be used to transmit
audio data from the TS server device to the TS client device for playback at the TS
client device.
[0005]  Additional exemplary implementations and attendant benefits are
described in the following.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006] Fig. 1 shows an exemplary system for transmitting data from a terminal
service (TS) client device to a terminal service (TS) server device, or vice versa.
[0007]  Fig. 2 is a flowchart that shows an exemplary manner of operation of the
system of Fig. 1.
[0008] Fig. 3 shows exemplary processing functionality for implementing any
aspect of the system of Fig. 1.
[0009]  Fig. 4 shows an application of the system of Fig. 1 to the transmission of
captured audio data from the TS client device to the TS server device.
[0010] Figs. 5-7 are timing diagrams which explain an exemplary manner of
operation of the system of Fig. 4.
[0011] The same numbers are used throughout the disclosure and figures to
reference like components and features. Series 100 numbers refer to features
originally found in Fig. 1, series 200 numbers refer to features originally found in
Fig. 2, series 300 numbers refer to features originally found in Fig. 3, and so on.

DETAILED DESCRIPTION

[0012]  This disclosure sets forth a strategy for sending data between a first
entity and a second entity using a compression/decompression format that is

dynamically selected based on a determination of available bandwidth. The
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strategy can be manifested in various systems, apparatuses, modules, procedures,
storage mediums, data structures, and other forms.
[0013] This disclosure includes the following sections. Section A sets forth an
overview of the strategy for transmitting data between a first entity and a second
entity. Section B describes the exemplary application of the strategy to different
scenarios, including audio capture and audio playback.

A. Overview of Strategy

A.1. Exemplary System
[0014]  As a preliminary note, any of the functions described with reference to
the figures can be implemented using software, firmware, hardware (e.g., fixed

logic circuitry), manual processing, or a combination of these implementations.

99 ¢ 9 ¢

The term “logic, “module,” “component,” “system” or “functionality” as used
herein generally represents software, firmware, hardware, or a combination of these

elements. For instance, in the case of a software implementation, the term “logic,”

99 <6 99 <6

“module,” “component,” “system,” or “functionality” represents program code that
performs specified tasks when executed on a processing device or devices (e.g.,
CPU or CPUs). The program code can be stored in one or more computer readable
memory devices.

[0015]  More generally, the illustrated separation of logic, modules, components,
systems, and functionality into distinct units may reflect an actual physical
grouping and allocation of software, firmware, and/or hardware, or can correspond
to a conceptual allocation of different tasks performed by a single software
program, firmware program, and/or hardware unit. The illustrated logic, modules,
components, systems, and functionality can be located at a single site (e.g., as
implemented by a processing device), or can be distributed over plural locations.
[0016] The terms “machine-readable media” or the like refers to any kind of
medium for retaining information in any form, including various kinds of storage
devices (magnetic, optical, static, etc.). The term machine-readable media also
encompasses transitory forms for representing information, including various

hardwired and/or wireless links for transmitting the information from one point to

another.
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[0017]  Fig. 1 shows a system 100 in which data is transmitted from a first entity
to a second entity via a communication coupling. Or data can be transmitted from
the second entity to the first entity. In one example, the first entity can comprise a
terminal service (TS) client device 102, while the second entity can comprise a
terminal service (TS) server device 104. In another example, the first entity can
comprise the TS server device 104 and the second entity can comprise the TS client
device 102. The TS client device 102 and the TS server device 104 communicate
with each other via a network 106.

[0018] In terminal service technology, the TS client device 102 can interact with
one or more applications that are implemented by the TS server device 104. The
user at the TS client device 102 receives generally the same user experience as if
the applications were being run on the TS client device 102. TS technology confers
various benefits (compared to local execution of applications by client devices).
According to one exemplary benefit, TS technology allows applications to be
administered in a more efficient manner compared to the conventional case in
which applications are implemented locally by client devices.

[0019] To facilitate explanation, the system 100 is described in the specific
context of the interaction between the TS client device 102 and the TS server
device 104, rather than the more generic first entity and second entity. It should be
kept in mind, however, that the principles described here can be applied to any
system in which data is being transmitted over a communication coupling from any
first entity to any second entity. To be more specific, the principles also find use in
environments that do not employ terminal service technology.

[0020] The network 106 can be implemented in different ways to suit different
technical and commercial environments. For instance, the network 106 can include
any kind of digital network (or combination of digital networks), such as a wide
area network (e.g., the Internet), an intranet, Digital Subscriber Line (DSL) network
infrastructure, point-to-point coupling infrastructure, and so on. Although not
shown, the network 106 can include various hardwired and/or wireless links,
routers, gateways, name servers, and so on. The network 106 can be governed by

any protocol or combination of protocols.
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[0021] In one scenario of TS technology, the TS client device 102 is used to
transmit data to the TS server device 104. For example, the TS client device 102
device can redirect audio data or video data (or any other data) that is captured by
an input device at the TS client device 102 to the TS server device 104. In this
case, the TS server device 104 can be used to remotely record the data or perform
any other action on the data. In another scenario, the TS server device 104 is used
to forward data to the TS client device 102 for playback at the TS client device 102.
For instance, the user at the TS client device 102 can interact with an audio player
application that is implemented at the TS server device 104. That audio player
application can direct prerecorded audio content over the network 106 to the TS
client device 102 for playback at the TS client device 102. Still other applications
of TS technology are possible. In general, the arrows (108°, 108”’) illustrate that
the system 100 can forward (or “redirect”) data both from the TS client device 102
to the TS server device 104 and from the TS server device 104 to the TS client
device 102.

[0022] The system 100 transmits data from the TS client device 102 to the TS
server device 104 (or vice versa) using a selected format. The format may, in part,
control what technique 1s used to compress the data prior to transfer over the
network 106 and what technique is used to decompress the data upon receipt at the
destination device (102 or 104). Different formats can offer varying degrees of
compression and quality. On one end of the spectrum, a format may offer a
relatively low degree of compression and a relatively high quality. On the other
end of the spectrum, another format may offer a relatively high degree of
compression but with a lower degree of quality. The high quality formats generally
consume more bandwidth than the low quality formats.

[0023] In general, it may be desirable to transmit the data using the highest
degree of quality permitted by the available bandwidth. However, the bandwidth of
the network 106 may vary in a dynamic manner over the course of a data
communication session. To address this situation, the system 100 repeatedly
measures the bandwidth that is available over the course of the session. Based on

the bandwidth measurements, the system 100 repeatedly reevaluates whether it is
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using the most appropriate format to transmit data. For instance, if the amount of
available bandwidth decreases above a prescribed threshold increment (e.g., 10
percent), the system 100 may select another format that offers higher compression
(and thus consumes less bandwidth), but provides lower quality. If the amount of
available bandwidth increases above a threshold increment (e.g., 10 percent), then
the system 10 may select another format that offers lower compression (and thus
consumes more bandwidth), but provides higher quality.

[0024] To function in the above-described manner, one or more of the TS client
device 102 and the TS server device 104 include functionality for evaluating
bandwidth and selecting an appropriate format based on the bandwidth.

[0025]  First consider the functionality provided by the TS server device 104.
The TS server device 104 includes a server format handling module 110. The
purpose of the server format handling module 110 is to measure the prevailing
bandwidth in the network 106 and to select a format that is best suited for the
measured bandwidth. To function in this manner, the server format handling
module 110 includes a server bandwidth calculation module 112, a server format
selection module 114, and a server format store 116 that provides information
regarding available formats. The server bandwidth calculation module 112 is used
to calculate the bandwidth that is available to transmit data between the TS client
device 102 and the TS server device 104. The server format selection module 114
is used to select one of the formats identified in the server format store 116 based
on the measured bandwidth. Additional details regarding the manner in which the
server bandwidth calculation module 112 computes the available bandwidth are
provided below in the context of the discussion of Fig. 2.

[0026] The TS server device 104 also includes a server data converter module
118. The purpose of the server data converter module 118 is to use the selected
format (identified by the server format handling module 110) to convert the data to
be transmitted (or received) over the network 106. For example, the server data
converter module 118 can use a selected format to decompress audio data that is
captured by the TS client device 102 and sent to the TS server device 104 by the TS

client device 102. Also, the server data converter module 118 can use a selected
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format to compress audio data that is to be transmitted over the network 106 to the
TS client device 102 for playback.

[0027]  The TS server device 104 also includes a data engine 120. The purpose
of this module 132 is to perform various data processing operations on the data.
For example, in the case of audio data, the data engine 120 can perform mixing
operations and other transformative operations on the audio data.

[0028] The TS server device 104 also includes one or more applications 122.
The applications 122 can comprise any high-level functionality with which the user
at the TS client device 102 may interact. For example, in the audio playback
scenario, one of the applications 122 may comprise an audio player application.
The audio player application may present a user interface with which the user may
interact to select and play back songs and other audio files via the TS client device
102. The user can adjust the playback characteristics using various user interface
controls (e.g., sliders to control volume, etc.).

[0029] Now turning to the TS client device 102, this device 102 includes a client
format handling module 124. The client format handling module 124 generally
serves the same function as the server format handling module 110. More precisely
stated, the client format handling module 124 performs a function which
complements the operation of the server format handling module 110. For
example, where the server format handling module 110 selects an identified
decompression format, the client format handling module 124 selects a
complementary compression format. On the other hand, where the server format
handling module 110 selects an identified compression format, the client format
handling module 124 selects a complementary decompression format.

[0030] To function in the manner described above, the client format handling
module 124 includes an optional bandwidth calculation module 126, a client format
selection module 128, and a format store 130 that provides information regarding
available formats. These components generally operate in the same (e.g.,
complementary) manner to that described above with respect to the server format
handling module 110. The client bandwidth calculation module 126 is optional in

the sense that, alternatively, the server format handling module 110 can compute
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the bandwidth and select an appropriate format and then convey the selected format
to the client format handling module 124, thereby avoiding the need for the client
bandwidth calculation module 126 to make a bandwidth determination itself. The
explanation to follow provides more details on the exchange of formatting
messages between the server format handling module 110 and the client format
handling module 124.
[0031] The TS client device 102 also includes a client data converter module
132. The purpose of this module 132 is to convert data that is sent to or received
by the TS server device 104 using the format selected by the client server format
handling module 124. For example, in the case of audio capture, the client data
converter module 132 uses a selected compression format to compress input audio
data for transmission over the network 106 to the TS server device 104.
[0032] The TS client device 102 also includes an input/output data processing
module 134. As the name suggests, the input/output data processing module 134
can comprise various devices for inputting data or outputting data. The input
devices can include audio capture devices (e.g., microphones, etc.), video capture
devices (e.g., CCD capture mechanisms, etc.), and so forth. The output devices can
include audio output devices (e.g., speakers, etc.), display devices, and so forth.
A.2. Exemplary Manner of Operation
[0033]  Fig. 2 shows a procedure 200 which illustrates how the system 100 of
Fig. 1 can measure bandwidth and select a format based on the measured
bandwidth. This procedure 200 can take place in the context of transmitting data
from the TS client device 102 to the TS sever device 104, or vice versa. In view of
this generality, the procedure 200 will be described in the context of a first entity
and a second entity, keeping in mind that the first entity can comprise either the TS
client device 102 or the TS server device 104, and the second entity can likewise
comprise either the TS client device 102 or the TS server device 104. Section B
will render the procedure 200 more concrete by describing the procedure 200 in the
context of specific scenarios.
[0034] To facilitate discussion, certain operations are described as constituting

distinct blocks performed in a certain order. Such implementations are exemplary
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and non-limiting. Certain blocks described herein can be grouped together and
performed in a single operation, and certain blocks can be performed in an order
that differs from the order employed in the examples set forth in this disclosure.
The blocks shown in the flowcharts can be implemented by software, firmware,
hardware, manual processing, any combination of these implementations, and so
on.

[0035] In block 202, the first entity transmits a first message that has a
negligible size. The size is negligible in the sense that the time to transmit this
message depends primarily on the latency within the network 106, rather than the
size of the message.

[0036] In block 204, the second entity receives the first message and records the
time at which the message is received (e.g., as reflected by a time stamp).

[0037]  In block 206, the first entity sends a larger message of size S immediately
after the small message (sent in block 202). The larger message of size S may
comprise one or more packets that contain part of the data that is to be transmitted.
For example, when transmitting audio data, the larger message of size S may
comprise one or more packets of audio data. Alternatively, the larger message of
size § may comprise one or more packets that contain data that is supplemental to
the main flow of data to be exchanged. For example, this other data may provide
setup (configuration) information. Or the other data may comprise arbitrary
information that has no meaningful use beyond the measurement of bandwidth.
[0038] In block 208, the second entity receives the second message and records
the time at which the message is received (e.g., as reflected by a time stamp).

[0039] In block 210, the system 100 uses the information collected in operations
204 and 208 to compute the bandwidth of data transmission. In one case, the
bandwidth can be computed by subtracting the time of receipt of the first message
from the time of receipt of the second message, and dividing the size S of the
second message by this difference. The subtraction operation is useful to remove
the effects of latency in the computation of bandwidth.

[0040] Block 210 also involves selecting an appropriate format based on the

measured bandwidth. For example, the system 100 selects a relatively high quality
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format (with low compression) when there is ample bandwidth in the network 106.
The system 100 selects a relatively low quality format (with high compression)
when there is less ample bandwidth in the network 106.
[0041] In block 212, the system 100 communicates its format selections to
appropriate entities within the system 100. For example, assume that the second
entity is the agent which actually calculates the bandwidth and selects an
appropriate format based on the bandwidth. The second entity can send a message
to the first entity, which notifies the first entity of the selected format.
[0042] In block 214, the system 100 can formally make the format changes
selected in operation 212. For example, in an audio capture scenario, the client
format handling module 124 can select an appropriate compression format and the
server format handling module 110 can select an appropriate complementary
decompression format. In an audio playback scenario, the client format handling
module 124 can select an appropriate decompression format and the server format
handling module 110 can select an appropriate compression format.
[0043] The arrow which loops around and points back to the top of the
procedure 200 indicates that the procedure 200 is repeated a plurality of times
throughout a data transmission session. By virtue of this procedure 200, the system
100 can dynamically vary the compression/decompression format in use to mirror
the prevailing bandwidth available in the network 106. This allows the system 100
to transmit data using the best possible quality that the network 106 will
accommodate at any given moment.

A.3. Exemplary Processing Functionality
[0044]  Fig. 3 sets forth exemplary processing functionality 302 that can be used
to implement any aspect of system 100 shown in Fig. 1. In one non-limiting case,
for instance, the processing functionality 302 may represent any computer machine
used to implement the TS client device 102 or any computer machine used to
implement the TS server device 104.
[0045]  The processing functionality 302 can include various volatile and non-
volatile memory, such as RAM 304 and ROM 306, as well as one or more central

processing units (CPUs) 308. The processing functionality 302 can perform
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various operations identified above when the CPU 308 executes instructions that
are maintained by memory (e.g., 304, 306, or elsewhere). The processing
functionality 302 also optionally includes various media devices 310, such as a
hard disk module, an optical disk module, and so forth.
[0046] The processing functionality 302 also includes an input/output module
312 for receiving various inputs from the user (via input devices 314), and for
providing various outputs to the user (via output devices 316). The input devices
314 can include a keyboard, mouse-type device, microphone, etc. One particular
output device may include a display apparatus and an associated graphical user
interface (GUI) 318. Another output device may include a speaker for presenting
audio data. The processing functionality 302 can also include one or more network
interfaces 320 for exchanging data with other devices via one or more
communication couplings 322. The communication couplings 322 may comprise
the above-described network 106. One or more communication buses 324
communicatively couple the above-described components together.

B. Examples
[0047] Two examples will help render the above explanation more concrete.
The first example involves audio capture. In this case, the TS client device 102
captures audio data (e.g., with a microphone) and transmits the audio data to the TS
server device 104 via the network 106. In doing so, the TS client device 102
compresses the audio data using a selected format and the TS server device 104
decompresses the audio data using a complementary selected format. A second
example involves audio playback. In this case, the TS server device 104 sends
audio data to the TS client device 102 for playback to the user at the TS client
device 102. In doing so, the TS server device 104 compresses the audio data using
a selected format and the TS client device 102 decompresses the audio data using a
complementary selected format.

B.1. Audio Capture
[0048]  Fig. 4 is a system 400 which illustrates the audio capture scenario in
greater detail. The system 400 includes the same main components introduced in

the context of Fig. 1, namely, a TS client device 402, a TS server device 404, and a
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network 406 which couples together the TS client device 402 and the TS server
device 404.

[0049] Beginning with the TS server device 404, this device includes a server
format handling module 408 and a server audio converter module 410. These
modules perform the same function described above in the context of Fig. 1,
namely measuring bandwidth, selecting a format that is best suited to the measured
bandwidth, and converting audio data using the selected format.

[0050] The TS server device 404 also includes a dynamic virtual channel 412.
This module 412 refers to functionality which implements a method of transport for
audio data to the TS client device 402.

[0051] The TS server device 404 also includes an input handling module 414.
This module 414 manages the server format handling module 408 and the server
audio converter module 410. This module 414 also maintains a buffer that stores
received audio data for higher level components of the TS server device 404.

[0052] The TS server device 404 also includes an endpoint module 416. This
module 416 retrieves audio data from the input handling module 414 and passes it
to higher level components of the TS server device 404.

[0053] The TS server device 404 also includes an audio engine 418, which
performs the same role as the same-named module of Fig. 1. That is, this engine
418 performs various data processing operations on the audio data, such as mixing.
The endpoint module 416 acts as a data, control, and status interface to streams of
data coming in or going out of the audio engine 418.

[0054] The TS server device 404 also includes various applications 420. The
applications 420 perform any high-level operation pertaining to audio data (e.g.,
audio data received from the TS client device 402). The audio engine 418 forwards
processed audio data to the applications 420.

[0055] Turning now to the TS client device 402, this component includes a
client process module 422. The client process module 422 represents any operation
performed by the TS client device 402.

[0056] The TS client device 402 also includes a client input module 424. This
module 424 records audio data captured by the TS client device 402.

12
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[0057] The TS client device 402 also includes a dynamic virtual channel 426.
This module 426 refers to functionality which implements a method of transport for
audio data. Data sent on the TS client device’s 402 virtual channel 426 is received
on the TS server device’s 404 virtual channel 412, and vice versa.

[0058] The TS client device 402 also includes a client format handling module
428 and a client audio converter module 430. These modules perform the same
function identified above with respect to Fig. 1. For instance, the client audio
converter module 430 can convert audio data in uncompressed PCM format to a
selected format that is identified by the client format handling module 428.

[0059]  Figs. 5-7 illustrate one exemplary manner of operation of the system 400
of Fig. 4. By way of overview, in the audio capture scenario: 1) the TS client
device 402 records audio data in an uncompressed format; 2) the TS client device
402 compresses audio data using a selected format and sends the compressed audio
data to the TS server device 404; 3) the TS server device 404 decompresses the
received audio data; and 4) the TS server device 404 passes the uncompressed
audio data to the audio engine 428.

[0060] The protocol is set forth in more detail below. Fig. 5 shows an overview
of the protocol. Fig. 6 shows the data converting aspects of the protocol. And Fig.
7 shows the bandwidth measurement and format selection aspects of the protocol.
[0061] Starting with Fig. 5, at the start of an audio capture operation, an audio
service makes a call to the endpoint module 416 to commence a recording
operation. This is performed by calling a Start() method. To start recording, the
endpoint module 416 begins information exchange with the TS client device 402.
More specifically, the TS server device 404 opens a dynamic virtual channel (412,
426) to the TS client device 402 and exchanges version information and format
information with the TS client device 402. In one exemplary case, network
performance information can be extracted in the course of exchanging this format
information, and this performance information can be used to estimate bandwidth,
which, in turn, can be used to select an initial format for use in compressing and
decompressing data. At this point, the TS server device 404 requests the TS client

device 402 to begin capturing audio data.
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[0062]  The TS client device 402 begins transmitting audio data to the TS server
device 404. Fig. 6 illustrates this operation in greater detail. First, the TS client
device 402 captures audio data from a microphone. Then, the TS client device 402
compresses the captured audio data using the selected compression format. The TS
client device 402 transmits the compressed audio data to the TS server device 404,
upon which the TS server device 404 receives this data and decompresses it using
the selected format. The TS server device 404 places the decompressed audio data
into a buffer associated with the endpoint module 416. The audio engine 418
retrieves the audio data from the endpoint module 416.

[0063] Returning to Fig. 5, at the termination of audio recording, the audio
engine 418 makes a call to the endpoint module 416 to stop recording. The virtual
channel (412, 426) is closed, upon which data recording is stopped on the TS client
device 402.

[0064]  Finally, Fig. 7 illustrates one protocol for measuring bandwidth during
data transmission and for adjusting the format to best suite the available bandwidth.
As indicated there, the TS client device 402 sends a short notification message to
the TS server device 404, followed by a larger data message. The short message
has a negligible size, while the larger message has a size S. The larger message
may comprise a transmission of one or more packets of actual audio data.
Alternatively, the larger message can comprise non-audio data.

[0065] The TS server device 404 records time stamps associated with the receipt
of the short message and the longer data message. Based on this time stamp
information (and the size S of the larger data message), the TS server device 404
measures the bandwidth in the manner described above, and then selects a format
that is best suited for the measured bandwidth.

[0066] The TS server device 404 next sends a format selection message to the
TS client device 402. (In one case, the TS server device 404 only sends a format
selection message upon a change in format). In one case, the TS server device 404
may receive plural pairs of short and larger messages from the TS client device 402
before the format change message reaches the TS client device 402. Upon

receiving the format change message from the TS server device 404, the TS client
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device 402 formally changes the format that is using to compress audio data. Then,
the TS client device 402 sends a change-completed notification message back to the
TS server device 404, upon which the TS server device 404 makes a corresponding
change to the decompression format that is used to decompress the audio data that
it receives from the TS client device 402.
[0067] The above-described process is repeated periodically during the
transmission of audio data from the TS client device 402 to the TS server device
404.

B.2. Audio Playback
[0068]  The case of audio playback is similar to the case of audio capture. Both
solutions implement audio endpoint modules 416 that are instantiated by the audio
engine 418. The endpoint modules 416 open a virtual channel (412, 426) to the TS
client device 402 to redirect audio data.
[0069] In operation, the TS server device 404 enumerates its available formats
and sends this list to the TS client device 402. The TS client device 402 probes this
list and returns a list of its own supported formats (along with its supported audio
capabilities). Then, the TS server device 404 caches these formats for later use in
the manner described above. The TS server device 404 can also use various setup
or configuration messages to form an initial estimate of available bandwidth.
[0070]  The system 400 computes bandwidth in the case of audio playback in a
manner that is similar to that described above for audio capture. Namely, the TS
server device 404 sends a small message to the TS client device 402, followed by a
larger message. The larger message may comprise audio data for playback or some
other type of data. The TS client device 402 can record the timing at which these
two messages are received. The TS client device 402 can communicate this timing
information to the TS server device 404 in one or more confirmation messages.
For example, in one implementation, the TS client device 402 can send a
confirmation message to indicate receipt of the larger data message. Upon receipt
of the timing information, the TS server device 404 can compute the bandwidth in

the same manner described above.
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[0071]  The TS server device 404 can then select an appropriate format that is
best suited for the measured bandwidth. The TS server device 404 can
communicate and implement its format selections in a manner similar to that
described above for the case of audio capture. After this point, the system 400 can
compress and decompress audio data using the selected format (until a new format
is selected, upon a significant change in available bandwidth).

[0072] In closing, a number of features were described herein by first
identifying exemplary problems that these features can address. This manner of
explication does not constitute an admission that others have appreciated and/or
articulated the problems in the manner specified herein. Appreciation and
articulation of the problems present in the relevant art(s) is to be understood as part
of the present invention.

[0073]  More generally, although the invention has been described in language
specific to structural features and/or methodological acts, it is to be understood that
the invention defined in the appended claims is not necessarily limited to the
specific features or acts described. Rather, the specific features and acts are

disclosed as exemplary forms of implementing the claimed invention.
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CLAIMS
What is claimed is:

1. A computerized method for sending data over a communication
coupling from a first entity to a second entity, comprising:

sending a small message from the first entity to the second entity;

sending a larger message from the first entity to the second entity;

determining a bandwidth of the network coupling based on respective times
at which the second entity receives the small message and the larger message;

selecting a format based on the determined bandwidth; and

sending subsequent data from the first entity to the second entity using the
selected format.

2. The computerized method of claim 1, wherein the first entity is a
terminal service (TS) client device and the second entity is terminal service (TS)
server device, wherein the TS client device interacts with an application that runs
on the TS server device using a remote interaction protocol.

3. The computerized method of claim 2, wherein the subsequent data is
sent from the TS client device to the TS server device for recordation by the TS
server device.

4. The computerized method of claim 1, wherein the second entity is a
terminal service (TS) client device and the first entity is a terminal service (TS)
server device, wherein the TS client device interacts with an application that runs
on the TS server device using a remote interaction protocol.

S. The computerized method of claim 4, wherein the subsequent data is
sent from the TS server device to the TS client device for playback at the TS client
device.

6. The computerized method of claim 1, wherein the subsequent data
that is sent from the first entity to the second entity is audio data.

7. The computerized method of claim 1, wherein the subsequent data

that is sent from the first entity to the second entity is video data.
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8. The computerized method of claim 1, wherein the short message is
sent to account for latency involved in transmitting messages between the first
entity and the second entity.

0. The computerized method of claim 8, wherein the bandwidth is
determined based on the amount of time it takes to transmit the larger message
having a size S, as corrected for the effects of latency.

10.  The computerized method of claim 1, further comprising repeating
the sending of the small message, sending of the larger message, determining a
bandwidth, and selecting a format a plurality of times throughout the transmission
of data from the first entity to the second entity.

11.  The computerized method of claim 1, wherein one available format
has a relatively high quality and a relatively low degree of compression.

12.  The computerized method of claim 1, wherein one available format
has a relatively low quality and a relatively high degree of compression.

13.  One or more machine-readable media containing machine-readable
instructions for implementing the computerized method of claim 1.

14.  One or more computing devices, comprising:

one or more processors; and

memory to store computer-executable instructions that, when executed by
the one or more processors, perform the computerized method of claim 1.

15. A computerized method for sending data over a communication
coupling between a terminal service (TS) client device to a terminal service (TS)
server device, wherein the TS client device interacts with an application that runs
on the TS server device using a remote interaction protocol, comprising:

sending a small message of negligible size from the TS client device to the
TS server device or from the TS server device to the TS client device;

sending a larger message of size S from the TS client device to the TS server
device or from the TS server device to the TS client device;

determining a bandwidth of the communication coupling based on
respective times at which the TS client device or the TS server device receives the

small message and the larger message, wherein the short message is sent to account
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for latency involved in transmitting messages between the TS client device and the
TS server device, and wherein the bandwidth is determined based on the amount of
time it takes to transmit the larger message having a size S, as corrected for the
effects of latency;

selecting a format based on the determined bandwidth, wherein a relatively
low quality format is selected for relatively low available bandwidth, and a
relatively high quality format is selected for relatively high available bandwidth;
and

sending subsequent data between the TS client device and the TS server
device using the selected format.

16. The computerized method of claim 15, wherein the subsequent data
that 1s sent between the TS client device and the TS server device is audio data or
video data.

17. One or more machine-readable media containing machine-readable
instructions for implementing the computerized method of claim 15.

18.  One or more computing devices, comprising:

one or more processors; and

memory to store computer-executable instructions that, when executed by
the one or more processors, perform the computerized method of claim 15.

19. A format handling module configured to select a format for
transmission of data from a first entity to a second entity, the first entity and the
second entity being coupled together by a communicative coupling, comprising:

a bandwidth determination module configured to determine a bandwidth of
the communicative coupling based on respective times at which the second entity
receives a small message and a larger message;

a format store that stores information regarding a plurality of different
formats; and

a format selection module configured to select a format identified in the
format store based on the determined bandwidth,

wherein data is sent from the first entity to the second entity via the

communicative coupling using the selected format.

19



WO 2008/106294 PCT/US2008/053505

20.  The computerized method of claim 19, wherein the first entity is a
terminal service (TS) client device and the second entity is a terminal service (TS)
server device or wherein the first entity is the TS server device and the second
entity is the TS client device, wherein the TS client device interacts with an

application that runs on the TS server device using a remote interaction protocol.
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