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(57) Abstract: A controller for a host system includes an interface and a buffer. The interface receives a plurality of data units iso-
chronously received from a connected device, and the buffer stores the data units and then output a data block upon the occurrence
of at least one condition. Each data unit stores data of a first size and the data block includes data of a second size greater than the
first size. The connected device may be a Universal Serial Bus (USB) device or another type of device.
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SYSTEM AND METHOD FOR PERFORMIING ISOCHRONOUS
DATA BUFFERING

FIELD

One or more embodiments described herein relate to data flow control.

BACKGROUND
Power management continues to be a goal of system designers. One principle source of
power consumption involves processing the transfer of data from a connected device based on the
transfer rate of the device. This causes the system processor and/or memory receiving the data to
operate on a frequent (or near-constant) basis. As a result, excessive power is consumed which

reduces efficiency and depletes battery power.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows one embodiment of a data buffering system.
Fig. 2 shows an example of a host system for isochronous USB data buffering.
Fig. 3 shows an embodiment of a method for isochronous USB data buffering.

Fig. 4 shows another example of a host system for isochronous USB data buffering.

DETAILED DESCRIPTION

Fig. 1 shows one embodiment of a data buffering system which includes a device 1
connected to a host system 3 through an interface 2. The connected device may be any one of a
variety of peripheral or data-transfer devices. According to one embodiment, the connected
device is an isochronous device, which, for example, may be one which transfers data at regular
intervals or specific/discrete periods of time. Isochronous devices include but are not limited to
music and audio devices, media players, digital cameras, and web cams. In other embodiments,
the connected device may be one that is not isochronous. Examples include a compact disk-
recordable (CD-R) or other forms of data and external disk drives, mice and other types of input
devices, printers, keyboards and flash memory devices as well as others.

The interface 2 may be a wired or wireless link. If wireless, the interface may be a
Bluetooth or wireless fidelity (WiFi) links. If wired, the interface may be one compatible with a

version of the Universal Serial Bus (USB) standard (e.g., USB 2.0 or 3.0), the Firewire standard,
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or a Wide or other Local Area Network or wired Ethernet. Of course, different wired or wireless
links may be used in other embodiments.

The host system 3 may be a notebook or desktop computer, a handheld computing device
such as a personal digital assistant or iPod/iPhone, a smart phone, or any other device that has,
for example, a Firewire or USB connection for receiving data.

As shown in Figure 1, the host system includes a processor 5 and a buffer 6. The buffer
has a capacity sufficient to store a predetermined amount of data received from the connected
device. The predetermined amount of data may correspond, for example, to an amount of data the
device can transfer over a predetermined period of time, which is to exceed the flow rate of the
device. The data stored in the buffer is transferred to the processor and/or an associated memory
upon the occurrence of one or more conditions.

In terms of data transfer from the buffer, in accordance with one embodiment the
buffer may be flushed isochronously based on, for example, an isochronous flush threshold
that is much higher than the threshold in the device. Doing so exploits a disconnect between
the isochronous expectation from system SW (mostly with higher threshold due to software
evolving faster) versus input/output (I/O) devices, which may provide isochronous transfers
at lower granularity to bting power savings in the platform.

In view of the foregoing, the buffer may therefore be labeled an ISO buffer to indicate a
particular application for buffering data transferred on an isochronous (ISO) basis. The buffer 5
may be a different type of buffer in other embodiments.

In some instances, because of its capacity, the buffer may serve to create a time delay
between when the data is received from the connected device and when the data is received
by the system processor and/or associated memory. This may happen because of system
software that requires the handling of data at bigger time chunks. However, when the system
software is paited (or more compatible) with devices based on standards such as USB 2.0
(where data gets transferred mote frequently), one embodiment of the invention may bridge
this gap in time to prevent a delay from occutting.

During this time delay, the buffer serves to control the amount of data transferred to the
processor and/or memory, e.g., because of the buffer, greater amounts of data are transferred at a
time to the processor and memory than would be transferred in a flow-through application in

which data is transferred to the processor and memory at the flow rate of the device.
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Although the time the data reaches the CPU is delayed by the buffering operation, the
buffer may not cause any decrease in overall data transfer time because of the larger-sized data
transfers taking place. In fact, the transfer of larger amounts of data may actually result in
improved efficiency and speed of the transfer process.

As aresult, power is only selectively used and on a less frequent basis to control the data
transfer to the processor and memory, and at a rate much less than would be required if power
were used to control the processor and memory at a data transfer rate which corresponds to the
connected device and/or interface. Put differently, as a result of the buffer, power is applied to the
processor and/or memory independently from a data rate of the connected device and/or the
interface used to transfer the data to the host system.

Figure 2 shows an example of a host system 3 for receiving data from a connected device
over a USB or USB-compatible interface. This system includes a USB connector 30, a platform
controller hub (PCH) 40, a central processing unit (CPU) 50, and a random access memory
(RAM) or other type of memory 60. The connector 30 may be, for example, one adapted to
receive data according to a USB 2.0 or USB 3.0 standard. The data flow from the connected
device is shown as discrete packets 20, each packet including a predetermined amount of data.

The platform controller hub 40 includes a USB host controller (xHC) 45 that includes a
device interface (IFC) 41, a buffer 42, and a host controller interface (xHCI) 43. The device
interface receives data transmitted over a USB cable at the data rate of this device. This rate may
be, for example, one data or control packet every 128 microseconds (psec) or 1 millisecond (ms).
The packets may hold the same amount of data and/or may have the same maximum data holding
capacity. The USB cable may have connectors at both ends that conform to a USB standard, or
just one of the connectors may conform to a USB standard and the other connector being
different for coupling to a corresponding one of the device or host system.

The device interface 41 transfers the data isochronously received through the USB
connector to the ISO buffer 42. As indicated, the buffer has a storage capacity that exceeds the
maximum data capacity of each packet. According to one example, if the data transfer rate of
each packet is 1 ms, the buffer may have a storage capacity sufficient to store 16 ms of data. In
other embodiments, the buffer may have a smaller or larger capacity and/or the data transfer rate
of the connected device may have a smaller or larger data rate.

Also, in accordance with one embodiment, the data through the interface may be received

in data packets or data units, each having a data payload portion of a predetermined size. The
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payload data may be stored in the buffer. At the time of output, the stored data may be
reformatted into a frame or otherwise formatted into a single group to be transmitted as a unit to
other parts of the host system.

The buffer will be controlled, by the host controller interface 43, to output its data to the
CPU 50 based on the occurrence of one or more predetermined conditions. According to one
embodiment, a first condition is the buffer storing a predetermined amount of data from the
packets transferred through the interface 41. The predetermined amount of data may be less than
the data storage capacity of the buffer.

A second condition is the host controller interface receiving an interrupt or request signal
from the CPU, indicating that the data should be transferred. In this latter condition, the amount
of data in the buffer may transferred even through the buffer is not filled to capacity. In another
embodiment, a combination of these or other conditions may be used as the basis for initiating
data transfers from the buffer.

In Fig. 2, the host controller interface 43 is shown transferring multiple blocks 100 of data
from the buffer. One of the blocks 100, of data may be output when the first condition occurs,
e.g., when the buffer reaches a maximum or predetermined capacity as determined, for example,
by a capacity detector. In the example previously discussed, data block 100, may transfer an
amount of packet data that the USB cable carried during 16 ms of time. The data blocks may be
transferred as one group of data or one data unit. The data may be transferred serially as one
group or in parallel. When the data received from the connected device is in packets, the stored
data payload portion of the packets are stored in the buffer and may then be reformatted as a
frame or other type of single data group for processing.

Another one of the blocks 100, of data may be output when an interrupt or request signal
is received from the CPU. This may occur, for example, an application run by the CPU requests
data, for example, in response to a user-initiated function or request. In this case, data block 100,
may have the same capacity as block 100, or less. The interrupt or request signal may be received
by the host controller interface, which then will initiate the data transfer of block 100, in
response. The data blocks output from the buffer may be sent directly to the RAM 60, directly to
the CPU for processing, or to the RAM through the CPU.

By buffering data and then transferring Iargé sized blocks to the CPU and/or memory,
data transfer operations are performed less frequently. This translates into a reduction in power

consumption and potentially longer operation in battery mode. The size of the data blocks may be
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different from a payload size of data packets that correspond to a USB standard. For example, the
size of the data block may be greater than any USB or other interface standard that corresponds to
the connected device.

This transfer of large-sized buffered blocks may improve device and/or host system
efficiency because it may reduce the use of the processor and/or frees the processor to perform
other functions within the system.

Fig. 3 shows one embodiment of a method for controlling transfer of data from a
connected device to a processor and/or memory of a host system. This method may be performed
by the systems of Figs. 1 or 2 and therefore the connected device is not necessarily a USB device.

In an initial operation, data is received by a host system at a first rate from a connected
device. (Block 210). The data may be received in packets having a predetermined data-carrying
(payload) capacity, and the packets may be received by the host system over a wired or wireless
link. As previously indicated, in the case of a USB data transfer, the first rate may be one data
packet every 1 ms or every 128 ps, depending on, for example, the USB standard used.

In another operation, the data in the received packets are stored in a buffer having a size
greater than the payload size of each data packet transferred from the connected device. (Block
220). The data may continue to be stored in the buffer until one of more predetermined
conditions occur.

Thus, in a next operation, a check is performed to determine whether a condition has
occurred for transferring data from the buffer. (Block 230). The check may be performed, for
example, by the host controller interface or another circuit element. If the check indicates that no
condition has occurred, data packets may continue to be stored in the buffer until a condition
occurs.

As indicated, a first condition may correspond to the buffer storing a predetermined
amount of data from the packets transferred through the interface 41. The predetermined amount
of data may be less than the data storage capacity of the buffer or less than this capacity.

A second condition is the host controller interface receiving an interrupt or request signal
from the CPU, indicatiﬁg that the data should be transferred. The amount of data in the buffer
may transferred even through the buffer is not filled to capacity. In another embodiment, a
combination of these or other conditions may be used as the basis for initiating data transfers

from the buffer.
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If a condition has occurred, the host controller interface may control the buffer to output a
data block of a predetermined size larger than the payload capacity of each received data packet.
(Block 240). Because of the larger size of the data block, the data from the buffer may be output
at a burst transmission different from a burst transmission from the connected device. In
accordance with one embodiment, the burst transmission from the buffer may be faster than the
burst transmission from the connected device. The output data may be transferred to a host
system CPU, memory, or both, or to even another circuit in the host system. (Block 250).

Fig. 4 shows another embodiment of a host system equipped with multiple [SO buffers
420. In this system, the payload portion of received data packets may be stored in the buffers until
one of the aforementioned conditions occur. When such a condition occurs, data blocks 400 may
be output from the buffers for brocessing by the CPU 50 and/or storage in memory 60. The data
block transfer operations may be managed by the host controller interface or another circuit
and/or software program.

The ISO buffers may all have a same storage capacity (e.g., each buffer may store
received data over a 10 ms period) or their capacities may be different. When one buffer is filled,
anothef or succeeding buffer may be filled with received data until a data block transfer condition
occurs. Additionally, or alternatively, each data buffer may be used to store a different kind of
data. In this case, data from the blocks may be selectively output based on the occurrence of
different conditions. Even in the case where all of the buffers store data irrespective of data type,
the data in the blocks may be selectively output based on the occurrence of different conditions,
as managed by the host controller interface.

In the event that the host system includes multiple data (e.g., USB) connectors, different
one or an array of ISO data buffers may be assigned to store the data transferred through each
connector. Also, instead of storing an amount of data over a period of time (e.g., isochronous
flow period of time is equal to or based on amount of data), the buffers according to any of the
embodiments described herein may instead store the data in a predetermined number of packets.

For example, consider the case where audio data is received by the host system. The host
controller or device driver circuits may include multiple ISO buffers to store the audio data
packets. For example, such a situation may occur for different endpoints that each bring or
otherwise provide data. In this case, each buffer may store data received over 10 ms time periods
or may store the data in 10 received data packets. The buffer may output this data (upon the

occurrence of a condition, for example, as indicated above) to the host memory. The use of these
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buffers may reduce the number of wakes from a CPU low-power state by as much as 90% in
some applications.

In accordance with any of the aforementioned embodiments, an ISO buffer may be used
to store data in a reverse data path. For example, in the embodiment of Figure 2, data output from
CPU 50 and/or memory 60 may be stored in ISO buffer 42 over a predetermined period of time,
or from a predetermined number of packets. According to one example, if the data from the CPU
or memory are not in packet form, the data may be divided into discrete blocks or segments prior
to buffering. When a condition occurs (e.g., buffer full status or interrupt or request signal), the
data may be transferred out of the buffer and sent to the connected device.

This case may apply, for example, when the buffered data are audio data packets from a
host system media player or inserted disc and the connected device is a set of USB headphones or
earbuds, when the buffered data are audio packets from a voice-over-Internet Protocol (VoIP) call
or video chat or video conferencing application. The buffered data may be output to the
connected device in a data frame of a predetermined size. For example, where each block stores
10 ms of data, the data output from the buffer may be divided into 10 one millisecond blocks,
incorporated into respective data packets, and then sent to the device over the USB interface.
Transfer of data to the connected device may take place every 1 ms, every 128 ps, or according to
another type of USB or other interface standard.

In accordance with another embodiment, a computer-readable medium stores a program
for controlling transfer of data from a connected device to a host system. The connected device
and host system may be any of the devices or systems previously mentioned. The program may
be stored in a system memory which, for example, may be internal or external to the CPU or host
controller interface. In one embodiment, the program may be part of a control algorithm for
controlling the operation of the host controller interface.

The program may include code to perform any of the operations or functions performed in
the embodiments previously discussed herein. According to one non-limiting example, the
program may include first code to control storing a plurality of data units in a buffer and second
code to transfer a block of data from the buffer upon the occurrence of at least one condition. The
data units may be isochronously received through a Universal Serial Bus (USB) or other type of
interface, and each data unit méy include data of a first size and the data block may include data

of a second size greater than the first size. The second size of the data block corresponds to data
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stored in a predetermined number of data units received through the USB interface or to an
amount of data received through the USB interface over a predetermined period of time.

In this disclosure, a data unit may correspond to all or a portion of a data packet and the
data carried by that unit may correspond to the payload portion of that packet. Alternatively, a
data unit may correspond to a predetermined amount of data that may be carried or processes in
non-packet form.

Any reference in this specification to an "embodiment" means that a particular feature,
structure, or characteristic described in connection with the embodiment is included in at least
one embodiment of the invention. The appearances of such phrases in various places in the
specification are not necessarily all referring to the same embodiment. Further, when a particular
feature, structure, or characteristic is described in connection with any embodiment, it is
submitted that it is within the purview of one skilled in the art to effect such feature, structure, or
characteristic in connection with other ones of the embodiments. The features of any one
embodiment may be combined with the features of one or more other embodiments to form new
embodiments.

Furthermore, for ease of understanding, certain functional blocks may have been
delineated as separate blocks; however, these separately delineated blocks should not necessarily
be construed as being in the order in which they are discussed or otherwise presented herein. For
example, some blocks may be able to be performed in an alternative ordering, simultaneously,
etc.

Although the present invention has been described herein with reference to a number of
illustrative embodiments, it should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that will fall within the spirit and scope of
the principles of this invention. More particularly, reasonable variations and modifications are
possible in the component parts and/or arrangements of the subject combination arrangement
within the scope of the foregoing disclosure, the drawings and the appended claims without
departing from the spirit of the invention. In addition to variations and modifications in the
component parts and/or arrangements, alternative uses will also be apparent to those skilled in the

art.
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We claim:

1. An apparatus comprising:
an interface; and
a buffer to store a plurality of data units isochronously received through the
interface, and to output a data block upon the occurrence of at least one condition, wherein two or
more data units are to include data of a first size and the data block is to include data of a second
size greater than the first size and wherein the interface is a Universal Serial Bus (USB)-

compatible interface.

2. The apparatus of claim 1, wherein the first data size corresponds to a payload size
of packet data corresponding to a predetermined USB standard and the second data size of the
data block does not correspond to a payload size corresponding to the predetermined USB

standard.

3. The apparatus of claim 1, wherein the buffer is to output the data block when an

amount of data stored in the buffer equals a predetermined amount.

4. The apparatus of claim 1, wherein the buffer is to output the data block in

response to an interrupt signal.

5. The apparatus of claim 1, wherein the buffer is to output the data block in

response to a request signal to be generated from an application running on a host system.

6. The apparatus of claim 1, wherein the second size of the data block corresponds to

data stored in a predetermined number of data units.

7. The apparatus of claim 1, wherein the second size of the data block corresponds to
an amount of data to be received through the USB-compatible interface over a predetermined

period of time.
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8. The apparatus of claim 1, wherein the buffer is to store additional data to be
received from a processor of a host system, the additional buffered data to be output through the

USB-compatible interface to a connected device.

9. The apparatus of claim 1, further comprising:
one or more additional buffers to isochronously store data received through the
USB-compatible interface, and to output the stored data based on the at least one condition or

another condition.

10. The apparatus of claim 9, wherein at least two of the buffers are to have a same

data storage capacity.

11.  The apparatus of claim 9, wherein at least two of the buffers are to output the

stored data based on different conditions.

12. A method comprising:
receiving a plurality of data units isochronously through an interface;
storing the data units in a buffer; and
transferring a block of data from the buffer upon the occurrence of at least one
condition, wherein two or more data unit include data of a first size and the data block includes
data of a second size greater than the first size and wherein the interface is a Universal Serial Bus

(USB) -compatible interface.
13.  The method of claim 12, wherein the first data size corresponds to a payload size
of packet data corresponding to a predetermined USB standard and the second data size of the

data block does not correspond to a payload size of the predetermined USB standard.

14. The method of claim 12, wherein the at least one condition is when an amount of

data stored in the buffer equals at least a predetermined amount.

15.  The method of claim 12, wherein the at least one condition is when an interrupt or

data request signal is received.

10



10

15

20

WO 2012/177877 PCT/US2012/043549

16. The method of claim 12, wherein the second size of the data block corresponds to

data stored in a predetermined number of data units.

17. The method of claim 12, wherein the second size of the data block corresponds to
an amount of data received through the USB-compatible interface over a predetermined period of

time.

18. A computer-readable medium storing a program for controlling transfer of data,
the program comprising:
first code to control storing a plurality of data units in a buffer; and
second code to transfer a block of data from the buffer upon the occurrence of at
least one condition, wherein the data units are to be isochronously received through a Universal
Serial Bus (USB)-compatible interface and wherein two or more data units include data of a first

size and the data block includes data of a second size greater than the first size.

19.  The computer-readable medium of claim 18, wherein the second size of the data
block corresponds to data stored in a predetermined number of data units received through the

USB-compatible interface.
20.  The computer-readable medium of claim 18, wherein the second size of the data

block corresponds to an amount of data received through the USB-compatible interface over a

predetermined period of time.

11



WO 2012/177877 PCT/US2012/043549

1/4

3
/
HOST SYSTEM

/1 | 5\

2
CONNECTED
UF
DEVICE *///\\<;\\_//w BUFFER /°

A 4

PROCESSOR




WO 2012/177877 PCT/US2012/043549

\

BUFFERING

2/4
3
e Y
|
! % 50
: 60
| CPU RAM
| P>
|
I
i
i
I
| A4
: / 1001
| DATA
! BLOCK
: : DATA FLOW T0O/
! I : FROM DRAM
! 100,
I
! DATA 40
: BLOCK /
| . PLATFORM CONTROLLER HUB
K PCH
| N\ XHC (PCH)
|
1
41 42
' 4 /
20 ! HOST
! DEVICE | | IS0 | .| CONTROLLER
! IFC "| BUFFER |~ "| INTERFACE
I
(xHCI)
20/ | ’\
|
! 43 /|
|
| \
|
i
|
|
1
|
i




WO 2012/177877

3/4

210
RECEIVING DATA /
PACKETS AT A FIRST

RATE FROM A
CONNECTED DEVICE

A 4 v 220
STORING THE RECEIVED
DATA IN A BUFFER OF A
SIZE GREATER THAN
PACKET PAYLOAD SIZE

230

HAS A

BUFFER DATA NO

TRANSFER CONDITION
OCCURRED?

BUFFER OUPUTS A DATA

BLOCK LARGER THAN |~ 240

PACKET PAYLOAD SIZE
AT A SECOND RATE

A 4

TRANSFER DATA BLOCK 250
TO A CIRCUIT OF THE /
HOST SYSTEM

PCT/US2012/043549



PCT/US2012/043549

WO 2012/177877

4/4

v i

00v
\

xu0|—m --------
vLva
A4
a7 AYOWIW
0 00

00t
\

Y2019
vivda
02t N L/ 874
H344ng 4
> 0sl |
=
o =
2 R
A
> yiddng (¢ |
/ os!
34 YAy

0¢

DIAA
@3123NNOD

S




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - claims
	Page 11 - claims
	Page 12 - claims
	Page 13 - drawings
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings

