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(54) Data processing apparatus, data processing method, and computer-readable storage medium

(57) A data processing apparatus includes a receiv-
ing means (106) for receiving a packet, a determining
means (111) for determining whether to process the
packet data by a self-module, based on first information
contained in the packet and indicating a processing or-
der, a processing means (103) for processing the data if
the data should be processed by the self-module, a gen-
erating means (105) for generating a packet containing
the first information, and one of the processed data, and

second information indicating that the data to be proc-
essed is stalled, and a transmitting means (110) for trans-
mitting, according to the first information, the packet to a
module expected to process the packet next. The trans-
mitting means (110) performs the transmission at a trans-
mission interval longer than a predetermined time, if the
first and second information indicate that the packet con-
tains data which should be processed by a module next
to the self-module in processing order and is stalled.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a data process-
ing apparatus, data processing method, and computer-
readable storage medium.

Description of the Related Art

[0002] Conventionally, there is a data processing ap-
paratus for performing data processing by connecting a
plurality of modules by a unidirectional ring bus. For ex-
ample, an apparatus in which each module includes one
or more buffer or memory stages, and packets equal in
number to the modules are allowed to exist in a ring bus
and transferred in parallel between the modules has been
proposed (Japanese Patent Laid-Open No. 10-167560) .
[0003] Also, to improve the overall processing per-
formance of the apparatus, a method in which priority is
given to a packet containing data processed by a self-
module and data to be processed by another module,
each module determines the priority, and a packet that
has a high priority is given preference for transfer has
been proposed (Japanese Patent Laid-Open Nos.
10-167560 and 2007-316699).
[0004] For the above-mentioned priority, Japanese
Patent Laid-Open No. 10-167560 has proposed a meth-
od to implement transfer corresponding to the priority by
central control. However, implementing transfer corre-
sponding to the priority by central control poses a problem
in that a control circuit becomes proportionally compli-
cated in according to the increase in the number of mod-
ules.
[0005] Japanese Patent Laid-Open No. 2007-316699
has proposed a packet transfer method using priority dis-
persed to each module. More specifically, modules are
connected by two ring buses, that is, a data transfer bus
and response transfer bus. If a certain module deter-
mines that a packet already transferred by the ring bus
has priority lower than that of a packet to be transmitted
by the module, the module discards the transferred pack-
et, and sends, to the ring bus, the high-priority packet to
be transmitted. Since the transferred packet is discarded,
the module notifies another module of the loss of the
packet by using the response transfer bus. The module
notified of the loss retransmits the packet to the trans-
mission source. In this manner, packet transfer corre-
sponding to the priority is implemented.
[0006] Unfortunately, each of all the modules must
hold the copy of a transmitted packet until it is confirmed
that the packet is not discarded by another module. This
poses the problem that the capacity of a buffer to hold
the copies of transmitted packets increases in proportion
to the increase in the number of modules. In addition,
when using the two ring buses, that is, the data transfer

bus and response transfer bus, packets unavoidably col-
lide against each other in the response transfer bus in
principle. Accordingly, each module must include a buffer
capable of holding the copy of a transmitted packet, in
addition to a buffer for a response packet that cannot be
transmitted, by taking account of a delay before this re-
sponse packet arrives at the transmission source. Even
when using only one ring bus, a buffer having a capacity
that does not break down even if a retransmission request
for discarded data is delayed. That is, the packet transfer
efficiency decreases accordingly.
[0007] When a packet is transferred according to its
priority, data processing in each module is expected to
operate based on the priority. However, when a data
processing apparatus in which a plurality of modules are
connected by a ring bus performs various kinds of
processing by freely changing the number and order of
modules to be used, packet transfer corresponding to
the processing capability of each module is necessary
to increase the overall efficiency of data processing.
[0008] The present invention has been made in con-
sideration of the above situation, and provides a data
processing to increase the packet transfer efficiency of
a data processing apparatus by determining the priority
of data by a simple mechanism.

SUMMARY OF THE INVENTION

[0009] According to one aspect of the present inven-
tion, there is provided a data processing apparatus as
specified in claims 1 to 3.
[0010] In a second aspect of the present invention,
there is provided a method as specified in claim 4.
[0011] In a third aspect of the present invention, there
is provided a computer-executable program as specified
in claim 5.
[0012] Further features of the present invention will be
apparent from the following description of exemplary em-
bodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Fig. 1 is a functional block diagram of a data
processing apparatus;
[0014] Fig. 2 is a view showing the configuration of a
packet;
[0015] Figs. 3A and 3B are views showing the config-
urations of transmission source IDs; and
[0016] Fig. 4 is a functional block diagram of a trans-
mission controller.

DESCRIPTION OF THE EMBODIMENTS

[0017] An exemplary embodiment(s) of the present in-
vention will now be described in detail with reference to
the drawings. It should be noted that the relative arrange-
ment of the components, the numerical expressions and
numerical values set forth in these embodiments do not
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limit the scope of the present invention unless it is spe-
cifically stated otherwise.
[0018] A data processing apparatus according to an
embodiment will be explained below with reference to
Fig. 1. The data processing apparatus according to this
embodiment includes a plurality of modules and a ring
bus connecting the modules.
[0019] A module 101 is a module for processing data.
The module 101 includes a data processor 103, trans-
mission source ID register 104, packet generator 105,
packet receiver 106, waiting ID register 107, reception
controller 108, transmission controller 109, packet trans-
mitter 110, and ID determination unit 111. A CPU (not
shown) controls these units. A ring bus 102 connects the
modules 101 in the form of a ring. The data processor
103 performs predetermined data processing. The trans-
mission source ID register 104 is a register in which a
transmission source ID (first information) to be added to
a packet is set. The packet generator 105 generates a
packet to be transferred by the ring bus 102, from data
processed by the data processor 103. The packet receiv-
er 106 receives a packet via the ring bus 102. The waiting
ID register 107 is a register in which the ID of a packet
to be processed by the data processor 103 can be set.
The reception controller 108 performs control to send a
packet received by the packet receiver 106 to the data
processor 103 if data of the packet is processable by the
self-module, or transfer the packet to the transmission
controller 109 if not. The transmission controller 109 per-
forms control to transmit, to the ring bus 102, a packet
holding data processed by the data processor 103 and
a packet transferred from the reception controller 108.
The packet transmitter 110 transmits a packet to the ring
bus 102. The ID determination unit 111 determines the
ID of a packet received by the packet receiver 106, the
ID of the transmission source ID register 104, and the ID
of the waiting ID register 107, and generates control in-
formation for the reception controller 108 and transmis-
sion controller 109 from these ID values. Note that the
ID of a received packet is an ID set by the transmission
source ID register 104 of a module earlier than this mod-
ule in processing order.
[0020] The data processing apparatus according to
this embodiment has a ring structure in which the mod-
ules 101 are connected to the ring bus 102, and the
number of modules is not particularly limited. Also, the
transmission controller 109 includes a buffer, and the out-
put of the buffer is the input of the next module. One
packet is transferred to the next module 101 in one cycle.
Each module 101 transfers one packet to the next module
101 in one cycle, so the entire apparatus can transfer
data in parallel.
[0021] A packet for use in data transfer between the
modules 101 in the data processing apparatus according
to this embodiment will be explained below with reference
to Fig. 2. The packet includes a valid flag 201, transmis-
sion source ID 202 (first information), data 203, and stall
flag 204 (second information). The valid flag 201 indi-

cates whether the packet is valid. The transmission
source ID 202 is the identifier of the transmission source
of the packet, and holds the priority of held data. The
data 203 is data held by the packet. The stall flag 204
(second information) indicates that the reception of the
data held by the packet is stalled in the transfer destina-
tion. A value by which the order relationship between the
transmission source module of the packet and a module
to be used in processing can be identified is allocated to
the transmission source ID 202. This makes it possible
to determine the priority of processing of data held by
each packet by a simple operation.
[0022] The transmission source ID 202 will be ex-
plained in detail below with reference to Fig. 3A. An as-
cending-order value or descending-order value is added
to an order 302 forming the transmission source ID 202,
in accordance with the processing order. The value to be
added can be any value as long as the order relationship
can be determined. To increase the overall processing
efficiency of the data processing apparatus, it is favorable
to transfer data later in processing order. Therefore, a
value by which it is determined that a packet later in
processing order has a higher priority is added. However,
if it is desirable to add a high priority, regardless of the
processing order, to a packet of a module including a
processor whose processing performance is a bottle
neck among modules to be used, an ID is set by using
the field of a mode 301. When an ID is added in this way,
the processing order has a value that does not repeat in
a series of data processing steps, so the ID can also be
used as the identifier of each module. A plurality of data
processing steps can be performed in parallel in the data
processing apparatus by identifying the paths of the plu-
rality of data processing steps as a path 303 as shown
in Fig. 3B. Note that the packet configurations shown in
Figs. 2, 3A, and 3B are merely examples, and the order
of the fields is not limited. Also, another field may exist.
In particular, the transmission source ID 202 need only
have a value by which the order relationship between the
transmission source module of the packet and a module
to be used in processing can be identified. If the mode
301 is unnecessary, the transmission source ID 202 may
include only the order 302.
[0023] An operation of transferring packets between
the modules of the data processing apparatus will be
explained below. First, a packet receiving operation will
be explained. The ID determination unit 111 determines
whether a packet received by the packet receiver 106
holds data to be processed by the data processor 103 of
the self-module 101, or data to be processed by another
module. The ID determination unit 111 performs this de-
termination by performing an operation on the ID value
of the transmission source ID 202 of the received packet,
and the ID value of the waiting ID register 107. For ex-
ample, the ID determination unit 111 allocates the ID val-
ue of the received packet to be processed to that of the
waiting ID register, and performs processing if the two
IDs match. Note that it is possible to check the match of
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the whole IDs or only portions of the IDs. The ID deter-
mination unit 111 outputs the data to the data processor
103 if the two IDs match, and transfers the packet to the
transmission controller 109 if not. However, even when
the ID determination unit 111 holds data to be processed
by the data processor 103, if the data processor 103 can-
not process the data, the ID determination unit 111 de-
termines that the processing is stalled, sets the stall flag
204, and transfers the packet to the transmission con-
troller 109.
[0024] An operation by which the data processed by
the data processor 103 is transmitted by the packet
shown in Fig. 2 to a module expected to process the data
next will be explained. The data processed by the data
processor 103 is stored in the data 203. The ID value of
the transmission source ID register 104 is stored in the
field of the transmission source ID 202. The valid flag
201 is validated, and the packet generator 105 generates
a packet. The transmission controller 109 controls wheth-
er to transmit this packet to the ring bus 102 through the
buffer.
[0025] The arrangement of the transmission controller
109 according to this embodiment will be explained below
with reference to Fig. 4. A buffer 401 holds a packet from
the reception controller 108. A buffer 402 holds a packet
generated by the packet generator 105. A transmission
interval controller 403 controls the transmission interval
of packets from the buffer 402. A selector 404 selects a
packet to be transmitted.
[0026] The buffer 401 stores a packet transferred from
the reception controller 108, or a packet that holds data
to be processed by the self-node but cannot be proc-
essed by the data processor 103. Whether a packet can-
not be processed by the data processor 103 can be iden-
tified by the stall flag 204. Also, the buffer 402 stores a
packet generated by the packet generator 105 as de-
scribed above. The selector 404 selects a packet to be
transmitted from the packets stored in these two buffers.
The transmission interval controller 403 determines
whether the packet stored in the buffer 402 can be trans-
mitted. The transmission interval controller 403 includes
an internal timer, and resets the timer to a predetermined
value whenever a packet is transmitted, thereby ensuring
a minimum packet transmission interval. This transmis-
sion interval can be set by a register or the like, and a
value corresponding to the processing capability of the
module 101 later in processing order is set.
[0027] In the present invention, the processing order
relationship between the transmission source module of
the received packet and the self-module can be deter-
mined by the transmission source ID 202. It is also pos-
sible to detect, by the processing order, which module is
in a processing stall state, by checking the stall flag 204
of the received packet. The transmission interval control-
ler 403 can dynamically control the transmission interval
from the buffer 402 in accordance with the detection re-
sult, thereby increasing the packet transfer efficiency.
[0028] An example of the transmission interval control

performed by the transmission interval controller 403 will
be explained below. First, the transmission interval is set
at a predetermined value as an initial state. If the self-
module detects that a packet transmitted by a module
next to the self-module in processing order is in the stall
state, the transmission interval controller 403 sets the
transmission interval to a value larger than the time re-
quired to go round the ring bus 102 once. This is so be-
cause the possibility that the module next to the self-
module in order cannot receive a new packet transmitted
by the self-module is very high. When the transmission
interval is set to a value larger than the time required for
a packet to go round the ring bus 102 once, no stall packet
of the self-module presumably exists any longer in the
ring bus 102 and the next packet is transmitted after that.
Note that the time required for a packet to go round the
ring bus 102 once is predetermined in accordance with
the number of modules connected to the ring bus 102.
The time can also be measured by the internal timer of
the transmission interval controller 403. (It is also possi-
ble to achieve an effect to some extent by using, for ex-
ample, a time during which a packet passes through a
predetermined number of modules, or a predetermined
number of clocks, instead of the time required to go round
the ring bus 102 once.)
[0029] On the other hand, if the self-module detects
the stall state in a module later in processing order than
the transmission destination (a module next to the self-
module in processing order) of the self-module, the pos-
sibility that the module next to the self-module in process-
ing order can receive a packet is relatively high. There-
fore, the packet is transmitted at a transmission interval
smaller than the time required to go round the ring bus
102 once. The transmission interval can also be set equal
to or larger than the value set as the initial state. This
setting can decrease the number of stall packets of the
self-module, which occupy the ring bus 102. Further-
more, packets can be supplied as long as a module later
in processing order than the module next to the self-mod-
ule can receive the packets. If the self-module detects
the stall state in a module earlier in processing order than
the self-module, the transmission interval need not be
changed because processing is not stalled in a module
later in processing order.
[0030] As described above, the packet transfer effi-
ciency can be increased by dynamically controlling the
transmission interval of a packet from the self-module in
accordance with the processing states of other modules.
That is, the packet transfer efficiency is increased as a
whole by suppressing the generation of a packet that
goes round the ring bus 102 as a stall packet and inter-
feres with data transmission from each module. Since
the packet transfer amount is dynamically controlled in
accordance with the data processing capability and
processing priority of each module, packet transfer can
be controlled even when the data processing capability
of a module is not constant but dynamically changes.
[0031] In the present invention, the processing order
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relationship can be determined from the transmission
source ID 202, so priority corresponding to the process-
ing order can be added. If a stall packet is detected, there-
fore, whether a module having transmitted the packet is
later in processing order can be determined by a simple
operation. In addition, new packets to be transmitted are
suppressed. Consequently, a band for a module having
a high priority is secured, so the module can transmit
packets. This makes it possible to reduce the number of
cycles before predetermined data processing is com-
plete, and effectively increase the overall processing ef-
ficiency of the data processing apparatus. The feature of
this embodiment is that a single ID and the stall flag alone
make it possible to transfer packets in accordance with
the order for performing the predetermined data process-
ing, and secure the packet transfer band by taking ac-
count of the priority of data.
[0032] Since only a single ID is necessary, each mod-
ule having received a packet can determine whether to
process the packet by the data processor and determine
the priority of the data, by performing an operation on the
ID of the received packet and on the set value of the
register of the self-module. This not only simplifies the
determination mechanism, but also obviates the need to
hold the priority of data in a packet in addition to the ID.
Alternatively, this obviates the need for a memory re-
quired to associate the ID and priority with each module.
[0033] The present invention can increase the packet
transfer efficiency of a data processing apparatus by de-
termining the priority of data by a simple mechanism.

(Other Embodiments)

[0034] Aspects of the present invention can also be
realized by a computer of a system or apparatus (or de-
vices such as a CPU or MPU) that reads out and executes
a program recorded on a memory device to perform the
functions of the above-described embodiment(s), and by
a method, the steps of which are performed by a com-
puter of a system or apparatus by, for example, reading
out and executing a program recorded on a memory de-
vice to perform the functions of the above-described em-
bodiment(s). For this purpose, the program is provided
to the computer for example via a network or from a re-
cording medium of various types serving as the memory
device (for example, computer-readable storage medi-
um).
[0035] While the present invention has been described
with reference to exemplary embodiments, it is to be un-
derstood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following
claims is to be accorded the broadest interpretation so
as to encompass all such modifications and equivalent
structures and functions.
A data processing apparatus includes a receiving means
(106) for receiving a packet, a determining means (111)
for determining whether to process the packet data by a
self-module, based on first information contained in the

packet and indicating a processing order, a processing
means (103) for processing the data if the data should
be processed by the self-module, a generating means
(105) for generating a packet containing the first infor-
mation, and one of the processed data, and second in-
formation indicating that the data to be processed is
stalled, and a transmitting means (110) for transmitting,
according to the first information, the packet to a module
expected to process the packet next. The transmitting
means (110) performs the transmission at a transmission
interval longer than a predetermined time, if the first and
second information indicate that the packet contains data
which should be processed by a module next to the self-
module in processing order and is stalled.

Claims

1. A data processing apparatus for processing data in
a preset order by using a plurality of modules con-
nected to a ring bus,
said module comprising:

a receiving means (106) for receiving a packet
from another module;
a determining means (111) for determining
whether to process, by a self-module, data held
in the packet received by said receiving means,
based on first information contained in the pack-
et and indicating the order;
a processing means (103) for processing the da-
ta if said determining means determines that the
data should be processed by the self-module;
a generating means (105) for generating a pack-
et containing the first information, and one of the
data processed by said processing means, and
second information indicating that the data to be
processed by said processing means (103) is
not processed but stalled; and
a transmitting means (110) for transmitting, in
accordance with the first information, the packet
generated by said generating means (105) to a
module expected to process the packet next,
wherein said transmitting means (110) performs
the transmission at a transmission interval long-
er than a predetermined time, if the first infor-
mation and the second information indicate that
the packet received by said receiving means
(106) contains data which should be processed
by a module next to the self-module in process-
ing order and is not processed but stalled.

2. The apparatus according to claim 1, wherein said
transmitting means (110) performs the transmission
at a transmission interval shorter than the predeter-
mined time, if the packet received by said receiving
means (111) contains data which should be proc-
essed by a module later in processing order than a
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transmission destination module of the self-module
and is not processed but stalled.

3. The apparatus according to claim 1, wherein said
receiving means (106) transfers the received packet
to said transmitting means (110), if said determining
means (111) determines that the data should not be
processed by the self-module.

4. A data processing method for processing data in a
predetermined order by using a plurality of modules
connected to a ring bus,
the module comprising:

receiving a packet from another module;
determining whether to process, by a self-mod-
ule, data held in the packet received in the re-
ceiving, based on first information contained in
the packet and indicating the order;
processing the data if it is determined in the de-
termining that the data should be processed by
the self-module;
generating a packet containing the first informa-
tion, and one of the data processed in the
processing, and second information indicating
that the data to be processed in the processing
is not processed but stalled; and
transmitting, in accordance with the first infor-
mation, the packet generated in the generating
to a module expected to process the packet
next, and
wherein the transmission is performed in the
transmitting at a transmission interval longer
than a predetermined time, if the first information
and the second information indicate that the
packet received in the receiving contains data
which should be processed by a module next to
the self-module in processing order and is not
processed but stalled.

5. A computer-readable storage medium storing a
computer program for causing a computer to execute
steps of a data processing method cited in claim 4.
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