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(57) ABSTRACT 

A system is provided having a group of processors which 
performs coordinated processing, wherein data is transferred 
to the group of processors or from the group of processors. 
When data is transferred from an input queue, a ring buffer, to 
the group of processors, an identifier adding unit adds an 
identifier to the data as a tag, the identifier indicating a block 
that contains this data in the input queue. When data pro­
cessed by any one of the processors included in the group of 
processors is transferred to an output queue, a block selecting 
unit selects one of blocks of the output queue as a block for 
storing the data, the one corresponding to the tag added to this 
data. 
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FIG. 1 
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FIG. 3 

L-----------
2OD 20C 208 20A 

4 3 2 1 

25A 25B 
! 
~-···---------·-----········------------------··-·····~---~-------~--·~----

20 -
FIG. 4 

: ...... , ___________ ..... ··- ............................. ····· -·-- ------f----·~~--------, . ' • I . ' 
• I : • 

1 1 1 1 --N-2sa 
I ' I 
I l l 
I I I 

I I I 
I I i 

I I I 
I I I 

0 I 0 I 
I I 
t I 

' I 
I ' 
1 I 

L ... 
2OD 200 

4 3 

l 
I 
I 
I 
I 
1 
I 

0 I 
I 
I 
I 

I 

I 

20B 

2 

25A 

0 i--. 

20A 

1 

25B 

: . . . 
! 
l 

i't-2ab . 

• I 
20 

: . 
i 
: 
! . ··- ··--·-----··--· , .. .,"'""""" ..... ···--···-·····-· ....... ,.,. ···-·· ---------·----" .. ., _____ ,.. ____ : 

Advanced Micro Devices, Inc., Pensando Systems, Inc. - Ex. 1010, Page 000004



U.S. Patent Sep.27,2011 Sheet 4 of 17 US 8,028,284 B2 

FIG. 5 
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DATA PROCESSING SYSTEM AND 
PROGRAM FOR TRANSFERRING DATA 

BACKGROUND OF THE INVENTION 

2 
This data processing system may further include: a storage 

control unit which controls storage of data in the input queue; 
an output counter which counts the total number of times data 
is output from the output queue; and an output number noti-

1. Field of the Invention 
The present invention relates to a technology for transfer­

ring data to a group of processors or transferring data from the 
group of processors in a system where the individual proces­
sors included in the group of processors perform coordinated 

5 fication unit which notifies the storage control unit of the total 
number of times acquired by the output counter. The storage 
control unit includes an input counter which counts the total 
number of times data is stored in the input queue. The storage 
control unit permits the storing of data in the input queue if a 

10 difference between the total number of times acquired by the 
input counter and the total number of times acquired by the 
output counter is smaller than the number of blocks of the 
input queue. 

processing. 
2. Description of the Related Art 
A multiprocessor system, or a system that implements a 

plurality of processors, can perform processing in parallel or 15 
in a coordinated fashion to achieve speedup of the entire 
processing. The coordinated processing by a plurality of pro­
cessors is applied to part of the processing of the system. Such 
a system requires a process of transferring data generated by, 
for example, a processor that lies upstream of a plurality of 20 

processors in charge of the coordinated processing (herein­
after, referred to as a group of processors), to this group of 
processors, and a process of transferring data from this group 
of processors to a processor that lies downstream of this group 
of processors. The processing efficiency of the system 25 

depends on how these transfers are devised. 

SUMMARY OF THE INVENTION 

Another embodiment of the present invention also relates 
to a data processing system. This data processing system 
includes: a plurality of processing units; an upstream process­
ing unit which generates data and transfers the generated data 
to any one of the plurality of processing units; and a down­
stream processing unit which receives data processed by any 
one of the plurality of processing units. 

The upstream processing unit includes: an input queue 
which is divided into a plurality of blocks, the blocks each 
being used as a location for storing data to be transferred to 
any one of the plurality of processing units temporarily before 
transfer; a transfer target assignment unit which assigns pro-
cessing units for data to be transferred from the input queue 
to, from among the plurality of processing units in succession 
in accordance with a predetermined assignment rule; and a 

The present invention has been developed in view of the 
foregoing circumstances, and a general purpose thereof is to 
provide a data processing technology that is capable of trans­
ferring data to a group of processors or transferring data from 

30 transfer unit which transfers the data to the processing units 
assigned by the transfer target assignment unit. 

The plurality of processing units each have a transfer target 
location information transmitting unit which transmits trans-the group of processors efficiently in a system where the 

individual processors included in the group of processors 
perform coordinated processing. 

One embodiment of the present invention relates to a data 
processing system. This data processing system include a 
plurality of processors, an input queue, an output queue, an 
identifier adding unit, and a block selecting unit. 

35 
fer target location information when transferring processed 
data to the downstream processing unit, the transfer target 
location information indicating a location for this data to be 
transferred to in the downstream processing unit. 

The downstream processing unit includes an output queue, 
40 transfer target location information holding units, a storing 

condition information acquisition unit, and a reference target 
assignment unit. 

The input queue is divided into a plurality of blocks 
arranged in a predetermined order of arrangement. These 
blocks are each used as a location for storing data to be 
transferred to any one of the plurality of processors tempo­
rarily before transfer. The data is stored in the order of 45 

arrangement of the blocks, and transferred in the order stored. 
The output queue is divided into a plurality ofblocks, being 

as many as the number ofblocks of the input queue, and being 
arranged in the same order of arrangement as the order of 
arrangement of the blocks in the input queue. The blocks are 50 

each used as a location for storing data processed by any one 
of the plurality of processors temporarily before output. The 
data is output in the order of arrangement of the blocks. 

The output queue is divided into a plurality of blocks. The 
blocks are each used as a location for data to be transferred to 
by any one of the plurality of processing units, and store this 
data temporarily before being read. 

The transfer target location information holding units are 
provided for the plurality of processing units, respectively, 
and hold transfer target location information transmitted from 
the respective processing units. 

The storing condition information acquisition unit refers to 
the transfer target location information holding units and this 
acquires information that is necessary for reading data from 
the output queue, the information indicating the storing con­
dition of the data in the output queue. 

The identifier adding unit adds an identifier to data to be 
transferred from the input queue, the identifier corresponding 55 

to the order of arrangement of the block that contains this 
data. The reference target assignment unit assigns which of the 

transfer target location information holding units for the stor­
ing condition information acquisition unit to refer to in accor-

60 dance with a predetermined assignment rule. 

The block selecting unit selects one of the blocks of the 
output queue as a block for storing data processed by a pro­
cessor, the block having the order of arrangement correspond­
ing to the identifier added to this data. 

The block selecting unit may delete the identifier added to 
the data after the block selection. 

The input queue and the output queue may be configured as 
ring buffers. 

The identifier adding unit and/or the block selecting unit 
may be configured as a library. 

65 

The input queue and the output queue may be configured as 
ring buffers. 

The transfer target assignment unit and the reference target 
assignment unit may be configured as a library. 

It should be appreciated that arbitrary combinations of the 
aforementioned constituting elements, and expressions of the 
present invention in the form of apparatuses, systems, pro-

Advanced Micro Devices, Inc., Pensando Systems, Inc. - Ex. 1010, Page 000019
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3 

grams, and recording media containing programs may also be 
practiced as applicable embodiments of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments will now be described, by way of example 
only, with reference to the accompanying drawings which are 
meant to be exemplary, not limiting, and wherein like ele­
ments are numbered alike in several Figures, in which: 

4 
FIG. 24 is a diagram showing another system to which the 

technology of the data processing system shown in FIG. 15 is 
applied. 

5 DETAILED DESCRIPTION OF THE INVENTION 

The invention will now be described by reference to the 
preferred embodiments. This does not intend to limit the 
scope of the present invention, but to exemplify the invention. 

FIG. 1 is a diagram showing an example of a system to be 10 

compared with the system according to an embodiment of the 

Initially, such a system as shown in FIG. 1 will be dis-
cussed. This system is composed of an upstream processing 
unit, a plurality (two, in the shown case) of processing units 
which perform coordinated processing, and a downstream 
unit. An input queue is interposed between the upstream 

present invention; 
FIG. 2 is a diagram showing the data processing system 

according to a first embodiment of the present invention; 
FIG. 3 is a diagram showing an input queue in the data 

processing system shown in FIG. 2; 
FIG. 4 is a diagram showing a bit map to be used for writing 

and reading to/from the input queue shown in FIG. 3; 
FIG. 5 is a diagram showing the relationship between the 

bit values of the bit map shown in FIG. 4 and the states of the 
blocks in the input queue; 

FIG. 6 is a diagram showing the structure of data to be 
transferred from the input queue in the data processing sys­
tem shown in FIG. 2; 

FIG. 7 is a diagram showing an output queue in the data 
processing system shown in FIG. 2; 

FIG. 8 is a diagram showing a bit map to be used for reading 
from the output queue shown in FIG. 7; 

FIG. 9 is a diagram showing the relationship between the 
bit values of the bit map shown in FIG. 8 and the states of the 
blocks in the output queue; 

FIG. 10 is a flowchart showing a process when the 
upstream processor writes to the input queue in the data 
processing system shown in FIG. 2; 

FIG. 11 is a flowchart showing a process from a data read 
from the input queue to a data write to the output queue in the 
data processing system shown in FIG. 2; 

FIG. 12 is a flowchart showing a process for reading data 
from the output queue in the data processing system shown in 
FIG. 2; 

FIG. 13 is a diagram for explaining loss of data; 
FIG.14 is a diagram showing another system to which the 

technology of the data processing system shown in FIG. 2 is 
applied; 

FIG. 15 is a diagram showing the data processing system 
according to a second embodiment of the present invention; 

FIG. 16 is a diagram showing an upstream processing unit 
in the data processing system shown in FIG. 15; 

FIG.17 is a diagram showing a processing unit included in 
a group of processing units in the data processing system 
shown in FIG. 15; 

FIG. 18 is a diagram showing a downstream processing 
unit in the data processing system shown in FIG. 15; 

FIG.19 is a diagram showing a local memory of the down­
stream processing unit shown in FIG. 18; 

FIG. 20 is a diagram showing an output queue which is 
included in the local memory shown in FIG. 19; 

FIG. 21 is a diagram showing a bit map to be used for 
reading from the output queue shown in FIG. 20; 

FIG. 22 is a diagram showing a flag reception buffer which 
is included in the local memory shown in FIG. 19; 

FIG. 23 is a diagram showing the correspondence between 

15 processing unit and the plurality of processing units. An out­
put queue is interposed between the plurality of processing 
units and the downstream processing unit. 

The upstream processing unit stores generated data tem­
porarily in the input queue. The input queue is configured as 

20 a ring buffer, having blocks which are arranged in order along 
the L direction shown in the diagram. The upstream process­
ing unit writes data to the input queue in the order of arrange­
ment of the blocks. The data stored in the input queue is 
transferred to the processing units such that it is transmitted 

25 from the upstream processing unit to any one of the process­
ing units, or is read from any of the processing units in the 
order stored. In the shown example, pieces of data A, B, C, 
and D are written to the input queue in the order of arrange­
ment of the blocks. These pieces of data are transferred to any 

30 of the processing units in the order stored. 
The processing units process data transferred thereto, and 

transfer the processed data to the output queue. The output 
queue has the same configuration as that of the input queue. 

Note that the processing units cannot always perform pro-
35 cessing at the same speed. Then, pieces of data processed first 

are written to the output queue first. Since data is written to the 
output queue in the order of arrangement of the blocks, the 
order of the pieces of data in the output queue may sometimes 
differ from the order in which these pieces of data are stored 

40 in the input queue. 
The data stored in the output queue is read in the order 

stored, i.e., in the order of arrangement of the blocks. A 
change in the order of data is thus inconvenient to the system. 

A data processing system 100 shown in FIG. 2 is one 
45 embodiment of the technology proposed by the inventor, and 

is capable of solving this problem. The data processing sys­
tem 100 includes an upstream processor 10, an input queue 
20, an identifier adding unit 30, a group of processors 40, a 
block selecting unit 50, an output queue 60, and a downstream 

50 processor 70. The upstream processor 10 and the downstream 
processor 70 are connected with a shared memory 80. 

In FIG. 2 and the like, the individual elements shown as 
functional blocks for performing various types of processing 
can be constituted, in terms of hardware, by CPUs, memories, 

55 and other LS Is. In terms of software, they can be achieved by 
a program and the like that are loaded on a memory and have 
a data transfer function. It will thus be understood by those 
skilled in the art that these functional blocks may be achieved 
by various forms, including hardware alone, software alone, 

60 and combinations of these, and therefore not be limited to any 
one of them. 

the bit values of the register included in the processor inter­
face 166 of the downstream processing unit shown in FIG. 18 65 

and the flag data stored in the flag reception buffer shown in 
FIG. 22; and 

The upstream processor 10 is capable of executing multi­
threads. Each thread generates data to be processed by any 
one of the processors included in the group of processors 40, 
and writes it to the input queue 20. The upstream processor 10 
also includes a storage control unit 12 which controls data­
writing to the input queue 20. The storage control unit 12 has 
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an input counter 14 which counts the number of times the 
upstream processor 10 writes data to the input queue 20 
(hereinafter, referred to as total write number). 

The input queue 20 stores the data written by the upstream 
processor 10 temporarily before this data is read by the group 5 

of processors. 
The group of processors 40 includes a plurality of proces­

sors, or two processors (processors 40A and 40B) in this case. 
These processors read data from the input queue 20, process 
the same, and write the processed data to the output queue 60. 10 

The output queue 60 stores the data processed by the group 
of processors 40 temporarily before this data is read by the 
downstream processor 70. 

The downstream processor 70 reads data from the output 
queue 60 for processing. The downstream processor 70 15 

includes an output counter 72 and a number notification unit 
74. The output counter 72 counts the number of times data is 
read from the output queue 60 (hereinafter, referred to as total 
read number). The number notification unit 74 transmits the 
total read number acquired by the output counter 72 to the 20 

shared memory 80. 
The shared memory 80 updates and retains the total read 

number transmitted from the number notification unit 74. 

6 
pointer 25B. When reading, the processor needs to check 
whether this block is in a readable state or in an unreadable 
state. The "readable state" refers to situations where new data 
is already written to this block and is yet to be read. The 
"unreadable state" refers to situations where no data is written 
to this block, or some data is presently being written thereto. 

The data processing system 100 ascertains the states of the 
respective blocks of the input queue 20 by using the following 
mechanism. 

Block state information for indicating the states of the 
respective blocks of the input queue 20 is updated and held in 
accordance with the progress of writing and reading. For 
example, a bit map 28 shown to the top of FIG. 4 is used for 
this block state information. The bit map 28 includes two bit 
strings 28a and 28b. 

The bit strings 28a and 28b both have the same bit width as 
the number of blocks of the input queue 20, or 4 bits in this 
case. The bits included in the two bits strings correspond to 
the respective blocks of the input queue 20. 

The bit string 28a is a bit string for writing. In an initial 
state, the individual bits have a value of 1, which shows that 
the respective blocks are in the writable state. The values of 
these bits are reset to O at the beginning of a write, and set to The identifier adding unit 80 and the block selecting unit 50 

will be described later. 25 1 at the end of a read. 
The bit string 28b is a bit string for reading. In an initial 

state, the individual bits have a value of 0, which shows that 
the respective blocks are in the unreadable state. The values of 
these bits are set to 1 at the end of a write, and reset to O at the 

FIG. 3 shows the configuration of the input queue 20. The 
input queue 20 is configured as a ring buffer, which is divided 
into a plurality of blocks, or four blocks in this case. These 
blocks are arranged in order of20A, 20B, 20C, and 20D. The 
input queue 20 is provided with a write pointer 25A and a read 
pointer 25B. The write pointer 25A indicates a block that 
contains the latest piece of written data among those stored in 

30 beginning of a read. 

the input queue 20, i.e., the piece of data that is written last by 

FIG. 5 shows a relationship between a set of the bit value of 
the bit string 28a and that of the bit string 28b and the block 
state corresponding to the set of the bit values. 

the upstream processor 10 (more specifically, the individual 
threads run on the upstream thread 10; the same holds for the 
following). The read pointer 25B indicates a block that con­
tains the earliest piece of written data among those stored in 

It should be appreciated that in an initial state, as shown to 
35 the bottom in FIG. 4, the write pointer 25A and the read 

pointer 25B are located at the top block 20A of the input 
queue 20. 

When writing to the input queue 20 in the initial state, the 
upstream processor 10 initially searches for the write pointer 

the input queue 20. The write pointer 25A and the read pointer 
258 advance in the direction along the order of arrangement 
of the blocks (in the shown example, in the direction L) by 
writing and reading under the constraint that they do not pass 
each other. The write pointer 25A is advanced by the 
upstream processor 10. The read pointer 25B is advanced by 
a processor that reads data among the group of processors 40. 

40 25A and refers to the bit string 28a to check the state of the 
block designated by the write pointer 25A. Here, the write 
pointer 25A designates the block 20A, and the bit of the bit 
string 28a corresponding to the block 20A has a value of 1 
(block 20A: writable). The upstream processor 10 then starts 

The progression of the write pointer 25A and the read 
pointer 25B will now be described. The write pointer 25A is 
intended to instruct the upstream processor 10 which block to 
write next. The upstream processor 10 writes data to the block 
designated by the write pointer 25A. 

45 writing to the block 20A and advances the write pointer 25A 
to the next block 20B. Moreover, when it starts writing, the 
upstream processor 10 resets the bit of the bit string 28a 
corresponding to the block 20A from a value of 1 to a value of 
0. 

Consider now that the block designated by the write pointer 50 

25A contains data yet to be transferred to the group of pro­
cessors 40, or that the data stored in this block is currently 
being transferred to the group of processors 40. In such cases, 
the previous data may disappear if the upstream processor 10 
makes a write thereto. The upstream processor 10, when 55 

writing data, must therefore check whether the block desig­
nated by the write pointer 25A is in a writable state or in an 
unwritable state. Here, the "writable state" refers to situations 
where the data stored in this block is already transferred. The 
"unwritable state" refers to situations where the stored data is 60 

yet to be transferred, or the data stored in the block is currently 
under transfer. 

The same holds for the read pointer 25B. The read point 
25B is intended to instruct a processor that reads data from the 
input queue 20 (that is, any one of the processors included in 65 

the group of processors 40) which block to read next. This 
processor reads data from the block designated by the read 

When the write to the block 20A ends, the upstream pro­
cessor 10 sets the bit of the bit string 28b corresponding to the 
block 20A from a value of O to a value of 1. 

In this state, if any one of the processors in the group of 
processors 40 reads data from the input queue 20, it initially 
searches for the read pointer 25B and refers to the bit string 
28b to check the state of the block designated by the read 
pointer 25B. Here, the read pointer 25B designates the block 
20A, and the bit of the bit string 28b corresponding to the 
block 20A is set to the value of 1 by the writing upstream 
processor 10. The processor that tries to read therefore starts 
reading the block 20A and advances the read pointer 259 to 
the next block. Moreover, when it starts reading, this proces­
sor resets the bit of the bit string 29b corresponding to the 
block 20A from a value of 1 to a value of 0. 

When the read from the block 20A ends, this processor sets 
the bit of the bit string 28a corresponding to the block 20A 
from a value of O to a value of 1. 
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It should be appreciated that the write pointer 25A and the 
read pointer 25B are advanced in the same direction under the 
constraint that they do not pass each other. 

In this way, the write pointer 25A and the read pointer 25B 
are advanced in accordance with the writing and reading of 5 

the input queue, and the bits of the bit strings 28a and 28b are 
set and reset in value repeatedly. 

The bit map 28 may be provided, for example, in an atomic 
area of a shared memory that is accessible from the upstream 
processorl0 and the group of processors 40 so that the bits are 10 

updated by atomic instructions. The bit map 28 and its updat­
ing process may otherwise be implemented as a library. 

When data is read from the input queue 20, the identifier 
adding unit 30 adds thereto an identifier corresponding to the 
block that contains the data. For example, assuming that 15 

identifiers corresponding to, the blocks 20A to 20D are 1 to 4, 
respectively, the identifier of 1 is added to the data that is read 
from the block 20A. 

FIG. 6 shows the structure of data, to which an identifier is 
added by the identifier adding unit 30. In the example shown, 20 

the identifier is added to the data as a tag. 
It should be appreciated that while the identifier adding 

unit 30 adds an identifier when data is read from the input 

8 
FIG. 9 shows a relationship between a set of the bit value of 

the bit string 68a and that of the bit string 68b and the block 
state corresponding to the set of the bit values. 

Each of the threads of the downstream processor 70 reads 
a block designated by the read pointer 65 only if the block is 
in the readable state, and advances the read pointer 65 to the 
next block when reading. As shown in FIG. 9, when a block is 
in the readable state, the bit of the bit string 68a correspond­
ing to the block has a value of 1 and the bit of the bit string 68b 
corresponding to that block has a value of 0. 

As with the bit map 28 intended for the input queue 20, this 
bit map 68 may also be provided in an atomic area of a shared 
memory that is accessible from the group of processors 40 
and the downstream processor 70 so that it is updated by 
atomic instructions. The bit map 68 and its updating process 
may otherwise be implemented as a library. 

A description will be provided of the block selecting unit 
50. When any one of the processors included in the group of 
processors 40 writes data to the output queue 60, the block 
selecting unit 50 refers to the identifier added to this data and 
selects which of the blocks to write to. Specifically, if the 
identifier is 1, the block 60A corresponding to this identifier is 
selected as the block to write the data to. After the block 

queue 20, it may add the identifier to data when the data is selection, the block selecting unit 50 deletes the identifier 
written to the input queue 20. In that case, the data stored in 25 added to the data to be written to this block. 
the input queue 20 has the structure shown in FIG. 6. 

The processors included in the group of processors 40 
process data read from the input queue 20, and write the 
processed data to the output queue 60. Writing locations are 
selected by the block selecting unit 50. Here, the output queue 30 

60 will first be described before the block selecting unit 50. 
FIG. 7 shows the configuration of the output queue 60. Like 

the input queue 20, the output queue 60 is configured as a ring 
buffer. It is divided into blocks as many as the number of 
blocks of the input queue 20, or four blocks. These blocks are 35 

arranged in order of 60A, 60B, 60C, and 60D, which is the 
same as the order of arrangement of the blocks in the input 
queue 20. The output queue 60 is provided with a read pointer 
65. The read pointer 65 is located at the block 60A in an initial 
state, and is advanced in the direction along the order of 40 

arrangement of the blocks (the direction Lin the diagram) in 
accordance with reading. The read pointer 65 is advanced by 
the downstream processor 70. 

The downstream processor 70 reads data from a block 
designated by the read pointer 65 for processing. When read- 45 

ing, the downstream processor 70 advances the read pointer 
65 from the current location to a location that designates the 
next block. 

A processor in the group of processors 40 writes data to the 
block selected by the block selecting unit 50. 

When writing data to the input queue 20, the storage con­
trol unit 12 refers to the total read number retained in the 
shared memory 80 and exercises control. Specifically, the 
storage control unit 12 permits a data write to the input queue 
20 only if the difference between the total write number 
acquired by the input counter 14 and the total read number 
obtained from the shared memory 80 is smaller than the 
number of blocks of the input queue 20 (four, in this case). 

FIG. 10 is a flowchart showing the process when the 
upstream processor 10 writes to the input queue 20. When 
writing to the input queue 20, the upstream processor 10 
initially acquires the total read number of the downstream 
processor 70 from the shared memory 80 using the storage 
control unit 12 (Sl0). The storage control unit 12 subtracts 
this total read number from the total write number counted by 
its own input counter 14, and checks whether or not the result 
is smaller than 4 (S14). If step S14 is positive (S14: Yes), the 
storage control unit 12 permits the upstream processor 10 to 
write. Data is thus written to the block that is designated by 
the write pointer 25A in the input queue 20. When writing the 
data, the input counter 14 of the storage control unit 12 adds 
1 to the total write number for updating the total write number The downstream processor 70 is also capable of executing 

multi-threads, and the output queue 60 is read by each indi­
vidual thread. When reading, each thread needs to identify if 
the block designated by the read pointer 65 is in a readable 
state. Here, the "readable state" refers to a state where a write 
is already finished and a read is yet to be performed. In other 
words, it refers to the state that does not correspond to any of 

50 accordingly (S18, S20). 

"writing", "reading", and "read completed" states. 
The information for indicating these states can also be 

expressed using a bit map as with the state information on the 
input queue 20. 

FIG. 8 shows the initial state of a bit map 68, which indi­
cates the states of the respective blocks of the output queue 
60. The bit map 68 also includes two bit strings 68a and 68b. 
The values of the bits of the bit string 68a are reset from 1 to 
0 when a write to the respective blocks is started, and set from 
0 to 1 when a read ends. The values of the bits of the bit string 
68b are set from Oto 1 when a write ends, and reset from 1 to 
0 when a read starts. 

On the other hand, if step S14 is negative (S14: No), the 
storage control unit 12 inhibits write to the input queue 20 
(S30). 

FIG. 11 is a flowchart showing the process from a data read 
55 from the input queue 20 to a data write to the output queue 60. 

When any one of the processors included in the group of 
processors 40 reads data from the input queue 20, the identi­
fier adding unit 30 adds an identifier corresponding to the 
block that contains this data, or the block that is designated by 

60 the read pointer 25B, to the data (S50). 
Then, the identifier-added data is read and processed by the 

processor in the group of processors 40 (S54, S58). 
When the processor in the group of processors 40 tries to 

write the processed data to the output queue 60, the block to 
65 write to is selected by the block selecting unit 50 (S60). 

Specifically, the block selecting unit 50 refers to the identifier 
added to the data, and selects the block corresponding to the 
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identifier from among the four blocks of the output queue 60. 
After this selection, the block selecting unit 50 deletes the 
identifier added to the data (S64), and the processor in the 
group of processors 40 writes this data to the selected block 
(S70). 

FIG. 12 is a flowchart showing the process when the down­
stream processor 70 reads data from the output queue 60. The 
downstream processor 70 reads data from the block that is 
designated by the read pointer 65 (S80). When reading the 
data, the output counter 72 of the downstream processor 70 10 

adds 1 to the total read number to obtain a new total read 
number (S84). The number notification unit 74 transmits the 
new total read number to the shared memory 80 (S88). 

As described above, according to the data processing sys­
tem 100, the input queue 20 and the output queue 60 have the 15 

same numbers of blocks, which are arranged in the same 
order. Data transferred from the input queue 20 is given an 
identifierofthe block that contains this data in the input queue 
20. After the data is processed by any one of the processors in 
the group of processors 40, it is stored in a block that corre- 20 

sponds to the identifier added to this data in the output queue 

10 
data between an input queue 1 and an output queue 1, and 
between an input queue 2 and an output queue 2, can be 
guaranteed by providing tags of a nested structure as 
described below. 

When data is transferred from the input queue 1 to process­
ing units 1 and 2, the identifiers of the blocks that contain the 
data are added as first tags. When data processed by the 
processing unit 2 is transferred to the output queue 1, the data 
is written to blocks corresponding to the first tags. Data pro­
cessed by the processing unit 1 is transferred to the input 
queue 2. When the data is transferred from the input queue 2 
to processing units 4 and 5, the identifiers of the blocks that 
contain the data in the input queue 2 are further added as 
second tags to the data which has the first tags. When data is 
transferred from the processing unit 4 or 5 to the output queue 
2, the second tags are referred to and the data is written to the 
blocks corresponding to the second tags. The data is trans­
ferred from the output queue 2 to a processing unit 3, pro­
cessed by the processing unit 3, and then transferred to the 
output queue 1. At this time, the first tags are referred to and 
the data is written to the blocks corresponding to the first tags. 

60. This prevents the data order from being altered as shown 
in FIG. 1. 

The control exercised by the storage control unit 12 of the 
data processing system 100 provides an additional advantage 
to the data processing system 100. The storage control unit 12 
permits the storing of data to the input queue 20 only if the 
number of pieces of data flowing between the input queue 20 
and the output queue 60 is smaller than the number of blocks 
of the input queue 20. A description will now be given of the 
advantage that is provided by the storage control unit 12. 

In the foregoing systems, the input queue( s) and the output 
queue( s) may be implemented so that they are included in the 
upstream processing unit and the downstream processing 

25 unit, respectively. 
A second embodiment of the present invention will now be 

described. FIG. 15 shows a data processing system 200. The 
data processing system 200 includes an upstream processing 
unit 110, a group of processing units 140, and a downstream 

FIG. 13 shows a possible situation where the storage con-

30 processing unit 160. The upstream processing unit 110 and 
the downstream processing unit 160 are connected with a 
shared memory 190. 

trol unit 12 is disabled in the data processing system 100 
shown in FIG. 2. Consider that the four blocks of the input 
queue 20 contain data A, B, C, and D, respectively, and the 
earliest-written data A is transferred to the processor 40A. 
When the upstream processor 10 generates new data E in this 
state, it wraps around and writes this data to the free block ( the 
block that has contained the data A) since the input queue 20 

The upstream processing unit 110 generates data and trans­
mits it to any of the processing units in the group of processing 

35 units 140. 

is a ring buffer. Here, if the processor 40B has a processing 40 

speed higher than that of the processor 40A, it is possible for 
the four pieces of data stored in the input queue 20 to be 
transferred to the processor 40B in the order ofB, C, D, and 
E. When the processor 40B processes and transfers these four 
pieces of data to the output queue 60, these pieces of data are 45 

stored to the four blocks of the output queue 60, respectively, 
in the same order as when stored in the input queue 20. 
Subsequently, the processor 40A finishes processing the data 

The group of processing units 140 includes a plurality of 
processing units, or two processing units (processing units 
140A and 140B) in this case. These processing units process 
data transmitted from the upstream processing unit 110, and 
transmit the processed data to the downstream processing unit 
160. 

FIG. 16 shows the configuration of the upstream process­
ing unit 110. The upstream processing unit 110 has a proces­
sor core 112, a local memory 114, a processor interface 120, 
a storage control unit 134, a transfer target assignment unit 
136, and an identifier adding unit 138. The local memory 114 
includes an input queue 118 which is configured by means of 
software. 

A, and writes the processed data A to the block that contains 
the data E. The data E will be lost in this case. 

The processor core 112 is capable of executing multi-
50 threads. Each thread writes generated data to the input queue 

118. The storage control unit 12, in consequence, controls the 
number of pieces of data flowing between the input queue 20 
and the output queue 60 so that the number of blocks of the 
output queue is smaller than the number ofblocks of the input 
queue 20. This control guarantees the order of the data, and 55 

can avoid the loss of data such as that shown in FIG. 13. 
The identifier adding unit 30 and the block selecting unit 50 

may be implemented as libraries. This makes it possible even 
for the system shown in FIG. 1 to guarantee the order of data, 
simply by reading the libraries corresponding to the identifier 60 

adding unit 30 and the block selecting unit 50 when transfer­
ring data from the input queue 20 and when transferring data 
to the output queue 60, respectively. 

The input queue 118 has the same configuration as that of 
the input queue 20 of the data processing system 100 shown 
in FIG. 2. A detailed description thereof will therefore be 
omitted here. 

The storage control unit 134 and the identifier adding unit 
138 also have the same configurations as those of the storage 
control unit 12 and the identifier adding unit 30 in the data 
processing system 100 shown in FIG. 2, respectively. 

The transfer target assignment unit 136 assigns which of 
the processing units in the group of processing units 140 for 
the upstream processing unit 110 to transmit data to in accor­
dance with a predetermined assignment rule. The assignment 
rule determines the order, the number of times, and the like of This technology proposed by the inventor may also be 

applied to a system where a plurality of processors perform 
coordinated processing using a hierarchical configuration. 
FIG. 14 shows an example thereof. In this system, the orderof 

65 transmissions to be made to the individual processing units in 
the group of processing units 140. For example, a rule such as 
"two transmissions to the processing unit 140A, followed by 
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one transmission to the processing unit 140B" is applied 
repeatedly. The data processing system 200 uses, for 
example, the assignment rule that transmissions are made to 
the two processing units alternately. 

12 
the command for transmission notification will be never 
executed until the put command for data transmission is 
executed. This makes it possible to avoid handshake errors. 

The processor interface 120 transmits data stored in the 5 

input queue 118 to a processing unit that is assigned by the 
transfer target assignment unit 136. The processor interface 
120 will be detailed later. 

In this way, the processor interface 120 writes the data 
stored in the input queue 118 to the reception queues 146 of 
the processing units in the group of processing units 140 in the 
order stored. 

The processing units 140A and 140B included in the group 
of processing units 140 process the data written in the recep-It should be appreciated that when data is transmitted from 

the input queue 118, an identifier corresponding to the block 
that contains the data is added thereto by the identifier adding 
unit 138. 

FIG. 17 shows the configuration of a processing unit 
included in the group of processing units 140, or the process­
ing unit 140A in this case. The processing unit 140A has a 
processor core 142, a local memory 144, a processor interface 
150, and a block selecting unit 154. The local memory 144 
includes a reception queue 146 and a transmission queue 148 
which are configured by means of software. 

The processor core 142 processes data transmitted from the 
upstream processing unit 110. 

The reception queue 146 stores the data transmitted from 

10 tion queues 146 and write the processed data to the transmis­
sion queues 148 using their respective processor cores 142 (in 
terms of multi-threads, the respective threads running on the 
processor cores 142). 

The processor interface 150 transmits data stored in the 
15 transmission queue 148 to the downstream processing unit 

160. The processor interface 150 will now be described in 
detail along with the description of the downstream process­
ing unit 160. 

FIG. 18 shows the configuration of the downstream pro-
20 cessing unit 160. The downstream processing unit 160 has a 

processor core 162, a reference target assignment unit 164, a 
processor interface 166, a local memory 170, an output 
counter 182, and a number notification unit 184. The proces-the upstream processing unit 110 temporarily before process­

ing. The transmission queue 148 stores processed data tem­
porarily before transmitting it to the downstream processing 25 

unit 160. These two queues are each configured as a ring 
buffer. 

sor interface 166 includes a register 168. 
FIG. 19 shows the local memory 170. The local memory 

170 includes flag reception buffers 172A and 172B, and an 
output queue 178. These components are configured by 
means of software. The processor interface 150 transmits data stored in the 

transmission queue 148 to the downstream processing unit 
160. The block selecting unit 154 has the same function as 
that of the block processing unit 50 in the data processing 
system 100 shown in FIG. 2. 

FIG. 20 shows the output queue 178. The output queue 178 
30 has the same configuration as that of the output queue 60 in 

the data processing system 100 shown in FIG. 2. The output 
queue 178 is divided into four blocks 178A to 178D in order 
of arrangement, with respective corresponding identifiers 1 to The processor interface 120 of the upstream processing 

unit 110 will now be described in detail. The processor inter­
face 120 transmits data stored in the input queue 118 using a 35 

DMA (Direct Memory Access) transfer method, for example. 
When transmitting a single piece of data, the processor inter­
face 120 performs two processes, or "data transmission" and 
"transmission notification" in succession. 

4. The output queue 178 is provided with a read pointer 179. 
The flag reception buffers 172A and 172B correspond to 

the processing units 140Aand 1408which transmit data to the 
downstream processing unit 160. It should be appreciated that 
the number of flag reception buffers is the same as the number 
of processing units which transmit data to the downstream 

The data transmission is a process for transmitting the data 
stored in the input queue 118. For example, a put command is 
used to perform this process.Using this data transmission, the 
data is transferred to the reception queue 146 that is provided 
in the local memory of the target processing unit. 

The transmission notification is a process for transmitting 
a signal for notifying the target processing unit that data has 
been transmitted. For example, a sendsig command is used. 

The commands for performing these two processes are 
issued by the processor interface 120, and are stored in a 
DMA queue (not shown) of the processor interface 120 
before execution. 

When the target processing unit receives the signal that has 
been transmitted by the transmission notification process, it is 
permitted to read the data from its own reception queue 146 
since the data has already been transmitted to the reception 
queue 146. 

It should be noted that the commands for instructing these 
two processes, stored in the DMA queue of the processor 
interface 120, may possibly be executed in reverse order. If 
the commands are executed in reverse order, a handshake 
error occurs where the notification signal for notifying that 
data has been transmitted is transmitted to the target process-
ing unit before the transmission of the data. 

In order to guarantee the order of execution of commands, 
the processor interface 120 uses a sendsigf command. The 
sendsigf command is one for executing transmission notifi­
cation, accompanied by a fence attribute. Due to this attribute, 

40 processing unit 160, or two in this case. The flag reception 
buffers 172A and 172E have the same configuration. A 
description will thus be given with the flag reception buffer 
172A as an example. 

FIG. 22 shows the flag reception buffer 172A. The flag 
45 reception buffer 172A is a FIFO ring buffer, and is divided 

into a plurality of blocks. The flag reception buffer 172A is 
provided with a write pointer 174 for writing and a read 
pointer 175 for reading. The writing and reading of the flag 
reception buffer 172A will be detailed later. Since the flag 

50 reception buffer 172A is a FIFO ring buffer, the transmitting 
side which writes to the flag reception buffer 172 can continue 
subsequent writes without waiting for a read by the receiving 
side which reads the flag reception buffer 172A. 

A description will now be given of the processor interface 
55 150 of the processing unit 140A which is included in the 

group of processing units 140. The processor interface 150 
transmits data to the downstream processing unit 160 using a 
DMA transfer method, for example. When transmitting a 
single piece of data, the processor interface 150 performs 

60 three processes, or "data transmission", "flag data transmis­
sion" and "transmission notification" in succession. 

The data transmission is a process for transmitting the data 
stored in the transmission queue 148. For example, a put 
command is used to perform this process. Using this data 

65 transmission, the data is transferred to the output queue 178 
which is provided in the local memory 170 of the downstream 
processing unit 160. 
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During this data transmission, the block selecting unit 154 
of the processing unit 140A refers to the identifier added to 
the data, and selects a block to write data to from among the 
four blocks of the output queue 178 in the downstream pro­
cessing unit 160. Specifically, if the identifier is 1, the block 
178A corresponding to this identifier is selected as the block 

14 
Processing pertaining to a data read from the output queue 

178 will now be described for the sake of explaining the 
purposes of the transmission of flag data to the flag reception 
buffer 172A and the transmission of mask values to the reg-

5 ister 168. 

to write the data to. It should be appreciated that after the 
block selection, the block selecting unit 154 deletes the iden­
tifier added to the data to be written to this block. The pro­
cessor interface 150 transmits the data to the block that is 10 

selected by the block selecting unit 154. 

The processor core 162 is capable of executing multi­
threads. These threads read data from the output queue 178 
for processing. When reading data from the output queue 178, 
each thread reads data from a block that is designated by the 
read pointer 179, and advances the read pointer 179 to the 
next block when it starts reading. If data is yet to be written to 
the block at the current position of the read pointer 179, then 
the thread comes to read null data or invalid data. To avoid 
this, the processor core 162 retains data that indicates the 
states of the respective blocks of the output queue 178, such as 
a bit map 176 shown in FIG. 21. The individual bits of this bit 

The flag data transmission is a process for transmitting flag 
data, which indicates the block for the data transmitted by the 
data transmission to be stored in, or the block selected by the 15 
block selecting unit 154. A put command may be used for this 
process. Since the output queue 178 has four blocks, this flag 
data is 4-bit data. For example, flag data "0010" means that 
data is transmitted to the third block of the output queue 178 

map correspond to the respective blocks of the output queue 
178. In an initial state, all the bit values are 0. 

When the register 168 receives a mask value, the processor 
core 162 is notified of it as an event. The processor core 162 
makes reference to the register 168 in response. Between the 
two bits of the register 168, the bit set to a value of 1 indicates 
that data is transmitted from the processing unit correspond­
ing to that bit. For example, in FIG. 23, the bit corresponding 

as seen in the order of arrangement of the blocks, i.e., the 20 

block 178C. 
It should be appreciated that the flag data is transmitted to 

the flag reception buffer that is provided corresponding to the 
originating processing unit. Here, the processor interface 150 
of the processing unit 140A transmits the flag data to the flag 
reception buffer 172A. 

The processor interface 150 also retains the value of the 
write pointer 17 4 on the flag reception buffer 172A. When 
transmitting flag data, the processor interface 150 writes the 
flag data to the block designated by the write pointer 175, and 
advances the write pointer 174 by one along the direction of 
arrangement of the blocks (in the direction Lin the diagram). 

The transmission notification is a process for notifying the 
downstream processing unit 160 that data has been transmit­
ted. A sendsigf command, accompanied with a fence 
attribute, is again used for the sake of avoiding a handshake 
error. 

For the signal data for notifying that data has been trans­
mitted, the processor interface 150 transmits a mask value 
that represents the processing unit 140A to which it belongs. 
This mask value makes it possible for the downstream pro­
cessing unit 160 to identify which of the processing units the 
data is transmitted from. For example, the processing units 
140A and 140B may have mask values of "10" and "01" 
respectively. 

This mask value is transmitted to the register 168, which is 
provided in the processor interface 166 of the downstream 
processing unit 160. 

The register 168 has a bit size as much as the number of 
processing units included in the group of processing units 
140, or two bits in this case. When the register 168 receives a 
mask value from any of the processing units, it sets the bit 
corresponding to this mask value to 1. 

The processor interfaces 150 of the processing units 
included in the group of processing units 140 transmit their 
respective mask values in a logical OR mode. As a result, even 
if the register 168 has a bit that has been already set to 1, and 
the mask value is transmitted from the corresponding pro­
cessing unit continuously ( or equivalently, this processing 
unit continues transmitting data to the downstream process­
ing unit 160), the bit corresponding to this processing unit 
will be maintained to be 1. 

25 to the processing unit 140A is set to 1 and the bit correspond­
ing to the processing unit 140B is reset to 0. In this case, the 
processor core 162 refers to the flag reception buffer 172A 
corresponding to the processing unit 140A. 

The processor core 162 refers to the flag data stored in the 
30 block that is designated by the read pointer 175 out of the 

blocks of the flag reception buffer 172A, and thereby identi­
fies which of the blocks of the output queue 178 the data is 
newly written to. The processor core 162 then sets the bit that 
corresponds to this block in the bit map 176 to a value of 1. 

35 The processor core 162 also deletes the flag data stored in the 
referred block of the flag reception buffer 172A, and advances 
the read pointer 175 by one. The processor core 162 performs 
these operations including referring to the flag data, updating 
the bit map, deleting the flag data, and advancing the read 

40 pointer 175 on each of the blocks in succession up to the write 
pointer 17 4. When the processor core 162 has made reference 
to all the blocks that contain flag data in the flag reception 
buffer 172A, it resets the bit value of the register 168 corre­
sponding to the flag reception buffer 172A to 0. It should be 

45 appreciated that the processor core 162 will not change the bit 
value of the register 168 when any of the blocks that contain 
flag data remains yet to be referred to. 

Now, if both the two bits of the register 168 are set to 1, it 
is impossible for the processor core 162 to determine which of 

50 the flag reception buffers to refer to. In such cases, the refer­
ence target assignment unit 164 of the downstream process­
ing unit 160 instructs the processor core 162 which of the flag 
reception buffers to refer to. 

The reference target assignment unit 164 assigns the flag 
55 reception buffer for the processor core 162 to refer to from 

either of the two flag reception buffers in accordance with a 
predetermined assignment rule. This assignment rule may be 
determined by system designers. In this example, the refer­
ence target assignment unit 164 makes assignments in a 

60 round-robin manner. 

Moreover, since the mask values are subject to the OR 
operation, it is possible to avoid loss of the mask values 
ascribable to a conflict even when the mask values are trans- 65 

mitted from the two processing units 140A and 140B at the 

The processor core 162 refers to the flag reception buffer 
that is assigned by the reference target assignment unit 164. 
This reference is made as if only one of the two bits of the 
register 168 is set to a value of 1. 

In this way, the processor core 162 updates the bit map 
pertaining to the output queue 178 by referring to the register 
168 and the flag reception buffers. same time. 
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Subsequently, when reading data from the output queue 
178, the thread running on the processor core 162 refers to the 
bit map 176 shown in FIG. 21 to check the state of the block 
that is designated by the read pointer 179. Specifically, a read 
is performed only if the bit value corresponding to the block 5 

designated by the read pointer 179 is 1. It should be appreci­
ated that when reading starts, the thread resets the bit of the bit 
map 176 corresponding to this block to a value of 0, while the 
thread advances the read pointer 179 to the next block. 

Since the bit map 176 is updated and retained thus, the 10 

threads running on the processor core 162 can perform a read 
safely, precluding the reading of null data or invalid data. 

The output counter 182 of the downstream processing unit 
160 counts up the total read number each time data is read 15 
from the output queue 178. The number notification unit 184 
transmits the total read number acquired by the output 
counter 182 to the shared memory 190. 

The shared memory 190 updates and retains the total read 
number, and supplies it to the storage control unit 134 which 20 

is included in the upstream processing unit 110. 
The storage control unit 134 has an input counter (not 

shown) which counts up the total write number each time data 
is written to the input queue 118. The storage control unit 134 
then exercises control based on the total write number 25 

acquired by the input counter and the total read number 
retained in the shared memory 190. Specifically, it permits a 
data write to the input queue 118 only if the difference 
between the total write number and the total read number is 
smaller than the number of blocks of the input queue 118 30 

( four, in this case). 
In this data processing system 200, data is transferred from 

the input queue and transferred to the output queue using a 
so-called signal notification method, which includes trans­
mitting data and transmitting a signal for notifying the 35 

completion of the data transmission. This transfer method is 
an excellent technique for achieving a transfer of small 
latency, whereas it is applicable only when the transmitting 
side and the receiving side are in a one-on-one relationship. In 
the present embodiment, the upstream processing unit 110 on 40 

the transmitting side is provided with the transfer target 
assignment unit 136, and the downstream processing unit 160 
on the receiving side is provided with the reference target 
assignment unit 164, whereby this technique is practiced on 
"one-to-many" and "many-to-one" transfers. This allows the 45 

efficiency of the entire system to be improved. 
In addition to this, the technique for guaranteeing the order 

of data and the technique for avoiding the loss of data, used in 
the data processing system 100 shown in FIG. 2, are applied 
to achieve an even more advantageous system. 50 

Furthermore, in the data processing system 200, the input 
queue 118, the reception queues 146 and transmission queues 
148, and the output queue 178 are implemented on the local 
memories of the upstream processing unit 110, the processing 
units of the group of processing units 140, and the down- 55 

stream processing unit 160, respectively. This makes it pos­
sible to transfer data directly between the local memories by 
DMA, providing a further improvement to the efficiency of 
the system. 

16 
This makes it possible to synchronize the queues on the 
different lines using a single notification signal. 

In the data processing systems 100 and 200, the shared 
memories are used to make notification of the total read 
number. However, as long as the downstream processing unit 
or processor can notify the upstream processing unit or pro­
cessor of the total read number, any method may be used 
including direct transmission that is based on signal notifica­
tion. 

Moreover, the method of using signal notification and flag 
data may also be applied to the management of the input 
queue 20 pertaining to the transmission and reception of data 
between the upstream processor 10 and the group of proces­
sors 40, and the management of the output queue 60 pertain­
ing to the transmission and reception between the group of 
processors 40 and the downstream processor 70, in the data 
processing system 100. 

Up to this point, the present invention has been described in 
conjunction with the embodiments thereof. The foregoing 
embodiments have been given solely by way of illustration. It 
will be understood by those skilled in the art that various 
modifications may be made to combinations of the foregoing 
components and processes without departing from the gist of 
the present invention, and all such modifications are also 
intended to fall within the scope of the present invention. 

What is claimed is: 
1. A data processing system comprising: 
a plurality of processors; 
an input queue which is divided into two or more number of 

blocks arranged in a predetermined order of arrange­
ment, each of the blocks being used as a location for 
storing data to be transferred to any one of the plurality 
of processors temporarily before transfer, the data being 
stored in the order of arrangement of the blocks, and 
transferred in the order stored; 

an output queue which is divided into blocks as many as the 
number of blocks of the input queue arranged in the 
predetermined order of arrangement, each of the blocks 
being used as a location for storing data processed by 
any one of the plurality of processors temporarily before 
output, the data being output in the order of arrangement 
of the blocks; 

an identifier adding unit which adds an identifier to data to 
be transferred from the input queue, the identifier corre­
sponding to the order of arrangement of the block that 
contains this data; and 

a block selecting unit which selects one of the blocks of the 
output queue as a block for storing data processed by a 
processor, the block having the order of arrangement 
corresponding to the identifier added to the data. 

2. The data processing system according to claim 1, 
wherein the block selecting unit deletes the identifier added to 
the data after the block selection. 

3. The data processing system according to claim 1, 
wherein the input queue and the output queue are configured 
as ring buffers. 

4. The data processing system according to claim 3, further 
The data processing system 200 has a single input queue 

118, a single output queue 178, and a single data transfer line. 
However, the numbers of queues may be increased to provide 

60 comprising: 

a plurality of transfer lines. For example, two transfer lines 
may be formed as in the system shown in FIG. 24. In such a 
system with a plurality of transfer lines, flag data to be trans- 65 

ferred between the input queue and the output queue on each 
identical line may be tagged with the ID of that transfer line. 

a storage control unit which controls storage of data in the 
input queue; 

an output counter which counts the total number of times 
data is output from the output queue; and 

an output number notification unit which notifies the stor­
age control unit of the total number of times acquired by 
the output counter, and wherein 
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the storage control unit includes an input counter which 
counts the total number of times data is stored in the 
input queue, and 

the storage control unit permits the storing of data in the 
input queue if a difference between the total number of 5 

times acquired by the input counter and the total number 
of times acquired by the output counter is smaller than 
the number of blocks of the input queue. 

5. A data processing system comprising: 
a plurality of hardware processing units; 10 

an upstream hardware processing unit which generates 
data and transfers the generated data to any one of the 
plurality of hardware processing units; and 

a downstream hardware processing unit which receives 
data processed by any one of the plurality of hardware 15 

processing units, wherein 
the upstream hardware processing unit includes: 

an input queue which is divided into a plurality of 
blocks, each of the blocks being used as a location for 
storing data to be transferred to any one of the plural- 20 

ity of hardware processing units temporarily before 
transfer; 

a transfer target assignment unit which assigns hardware 
processing units for data to be transferred from the 
input queue to, from among the plurality of hardware 25 

processing units in succession in accordance with a 
predetermined assignment rule; and 

a transfer unit which transfers the data to the hardware 
processing units assigned by the transfer target 
assignment unit, and wherein 30 

the plurality of hardware processing units each have a 
transfer target location information transmitting unit 
which transmits transfer target location information 
when transferring processed data to the downstream 
hardware processing unit, the transfer target location 35 

information indicating a location for the data to be trans­
ferred to in the downstream hardware processing unit, 
and wherein 

the downstream hardware processing unit includes: 
an output queue which is divided into a plurality of 40 

blocks, each of the blocks being used as a location for 
data to be transferred to by any one of the plurality of 
hardware processing units, and storing the data tem­
porarily before being read; 

transfer target location information holding units which 45 

are provided for the plurality of hardware processing 
units, respectively, and which hold transfer target 
location information transmitted from the respective 
hardware processing units; 

a storing condition information acquisition unit which 50 

refers to the transfer target location information hold-
ing units and acquires information that is necessary 
for reading data from the output queue, the informa­
tion indicating the storing condition of the data in the 
output queue; and 55 

a reference target assignment unit which assigns which 
of the transfer target location information holding 
units for the storing condition information acquisition 
unit to refer to in accordance with a predetermined 
assignment rule. 60 

6. The data processing system according to claim 5, 
wherein: 

the upstream hardware processing unit, the plurality of 
hardware processing units, and the downstream hard-
ware processing unit have a local memory each; 65 

the input queue is configured on the local memory of the 
upstream hardware processing unit; 

18 
a reception queue which stores data transferred from the 

upstream hardware processing unit temporarily and a 
transmission queue which stores data to be transferred to 
the downstream hardware processing unit temporarily 
are configured on the local memory of each of the plu­
rality of hardware processing units; 

the output queue is configured on the local memory of the 
downstream hardware processing unit; and 

data is transferred between the upstream hardware process­
ing unit and the plurality of hardware processing units 
and between the plurality of hardware processing units 
and the downstream hardware processing unit using a 
direct access memory method. 

7. The data processing system according to claim 5, 
wherein: 

the respective blocks of the input queue are arranged in a 
predetermined order of arrangement, and data is stored 
in the blocks in the order of arrangement and transferred 
in the order stored; 

the output queue is divided into blocks as many as the 
number of blocks of the input queue, the blocks are 
arranged in the predetermined order of arrangement, and 
data is output in the order of arrangement of the blocks; 

the upstream hardware processing unit has an identifier 
adding unit which adds an identifier to data to be trans­
ferred from the input queue, the identifier corresponding 
to the order of arrangement of a block that contains the 
data; and 

the plurality of hardware processing units each have a 
block selecting unit which selects one of the blocks of 
the output queue as a block for storing data processed by 
a hardware processing unit, the block having the order of 
arrangement corresponding to the identifier added to the 
data. 

8. The data processing system according to claim 6, 
wherein: 

the respective blocks of the input queue are arranged in a 
predetermined order of arrangement, and data is stored 
in the blocks in the order of arrangement and transferred 
in the order stored; 

the output queue is divided into blocks as many as the 
number of blocks of the input queue, the blocks are 
arranged in the predetermined order of arrangement, and 
data is output in the order of arrangement of the blocks; 

the upstream hardware processing unit has an identifier 
adding unit which adds an identifier to data to be trans­
ferred from the input queue, the identifier corresponding 
to the order of arrangement of a block that contains the 
data; and 

the plurality of hardware processing units each have a 
block selecting unit which selects one of the blocks of 
the output queue as a block for storing data processed by 
a hardware processing unit, the block having the order of 
arrangement corresponding to the identifier added to the 
data. 

9. The data processing system according to claim 5, 
wherein the input queue and the output queue are configured 
as ring buffers. 

10. The data processing system according to claim 9, 
wherein: 

the upstream hardware processing unit includes a storage 
control unit which controls storage of data in the input 
queue; 

the downstream hardware processing unit includes an out­
put counter which counts the total number of times data 
is read from the output queue, and an output number 
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notification unit which notifies the storage control unit 
of the total number of times acquired by the output 
counter; 

the storage control unit includes an input counter which 
counts the total number of times data is stored in the 5 

input queue; and 
the storage control unit permits storing of data in the input 

queue if a difference between the total number of times 
acquired by the input counter and the total number of 
times acquired by the output counter is smaller than the 10 

number of blocks of the input queue. 
11. A non-transitory computer readable medium having 

recorded thereon a program for use with a data processing 
system, wherein the data processing system comprising: 

a plurality of processors; 
15 

an input queue which is divided into two or more number of 
blocks arranged in a predetermined order of arrange­
ment, each of the blocks being used as a location for 
storing data to be transferred to any one of the plurality 20 

of processors temporarily before transfer, the data being 
stored in the order of arrangement of the blocks and 
transferred in the order stored; and 

an output queue which is divided into blocks as many as the 
number of blocks of the input queue arranged in the 25 

predetermined order of arrangement, each of the blocks 
being used as a location for storing data processed by 
any one of the plurality of processors temporarily before 
output, the data being output in the order of arrangement 
of the blocks, 

the program causing the data processing system to execute: 
a procedure for adding an identifier to data to be trans­

ferred from the input queue, the identifier correspond-
ing to the order of arrangement of a block that con­
tains the data; and 

a procedure for selecting one of the blocks of the output 
queue as a block for storing data processed by a pro­
cessor, the one having the order of arrangement cor­
responding to the identifier added to the data. 

30 

35 

12. The medium according to claim 11, wherein the input 40 

queue and the output queue are configured as ring buffers. 
13. A non-transitory computer readable medium having 

recorded thereon a program for use with a data processing 
system, wherein the data processing system comprising: 

a plurality of processing units; 
an upstream processing unit which generates data and 

transfers the generated data to any one of the plurality of 
processing units; and 

45 

20 
a downstream processing unit which receives the data pro­

cesse~ by any one of the plurality of processing units, 
wherem 

the upstream processing unit includes: 
an input queue which is divided into a plurality of 

blocks, each of the blocks being used as a location for 
~taring data to _be transferred to any one of the plural­
ity of processmg units temporarily before transfer; 
and 

a transfer unit which transfers the data to any one of the 
plurality of processing units, and wherein 

the plurality of processing units each have a transfer target 
location information transmitting unit which transmits 
transfer target location information when transferring 
processed data to the downstream processing unit, the 
transfer target location information indicating a location 
for the data to be transferred to in the downstream pro­
cessing unit, and wherein 

the downstream processing unit includes: 
an output queue which is divided into a plurality of 

blocks, each of the blocks being used as a location for 
data to be transferred from any one of the plurality of 
processing units to and storing the data temporarily 
before read; 

transfer target location information holding units which 
are provided for the plurality of processing units, 
respectively, and hold the transfer target location 
information transmitted from the respective process­
ing units; and 

a storing condition information acquisition unit which 
refers to the transfer target location information hold­
ing units and acquires information that is necessary 
for reading data from the output queue, the informa­
tion indicating the storing condition of the data in the 
output queue, 

the program causing the data processing system to execute: 
a procedure for assigning processing units for data to be 

transferred from the input queue to, from among the 
plurality of processing units in succession according 
to a predetermined assignment rule; and 

a procedure for assigning which of the transfer target 
location information holding units for the storing con­
dition information acquisition unit of the downstream 
processing unit to refer to according to a predeter­
mined assignment rule. 

14. The medium according to claim 13, wherein the input 
queue and the output queue are configured as ring buffers. 

* * * * * 
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