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(57) Abstract: A method (200) for synchronizing a first processor and multiple second processors is presented. In the method
& (200), each of the second processors waits (202) at a second synchronization point after reaching a first synchronization point. The
& last of the second processors to reach the first synchronization point sends (204) a signal to the first processor. The first processor
X yaits (206) at the first synchronization point until it receives the signal. After receiving the signal, the first processor initiates (208)

a launch of the second processors by launching at least one of the second processors. At least one of the second processors launched
by the first processor launches another of the second processors in response to being launched by the first processor. Each of the

second processors continues (210) execution from the second synchronization point in response to being launched.
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SYNCHRONIZATION OF PROCESSORS IN A MULTIPROCESSOR
SYSTEM

BACKGROUND

[0001] Designers of computer systems consistently strive for increased

processing capacity with each product generation. Many different approaches have
been adopted to achieve the computing speeds currently enjoyed by users of such
systems. Increased system clock speeds, integrated circuit design advances, wider
data paths, and various other technological developments have all contributed to

increasing the processing throughput of a single processor.

[0002] To further enhance computer capability, pipelined and parallel
arrangements of multiple processing units have been pursued successfully. Parallel
processing generally began with the use of “single instruction stream, multiple data
stream” (SIMD) architectures, in which multiple processors perform identical
operations on different data. In such a system, a single program line, or “thread,” of
instructions is executed. More advanced “multiple instruction stream, multiple data
stream” (MIMD) systems allow each processor to execute a completely diverse set of

instructions, or a separate copy of the same set of instructions.

[0003] However, even in an MIMD system, some communication or
cooperation between the various processors is typically required. One type of
communication involves synchronizing two or more of the processors by requiring
each of the processors to halt execution at a predetermined point in its execution
thread (called “rendezvous”), and then begin execution again at the same or another
predetermined location (termed “launch). One or more such synchronization points

may be employed depending on the general nature and specific requirements of the

overall task to be performed.
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[0004]

[0005] Typically, a multiprocessing computer system supports the use of
synchronization points by way of complicated, specialized and nonstandard hardware
functions. For exémple, a dedicated hardware implementation of a specialized
broadcast interrupt may be supplied to support the use of launch points so that a single
processor may inform all other processors of a launch quickly and efficiently.
However, other multiprocessor systems may not provide such hardware due to the
design and implementation expense involved in supporting such a specialized

hardware construct.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Fig. 1 is a block diagram of a multiprocessor system according to an

embodiment of the invention.

[0007] Fig. 2 is flow diagram of a method for synchronizing the processors of

Fig. 1 according to an embodiment of the invention.

[0008] Fig. 3 is a graphic representation of execution of the processors in the

multiprocessor of Fig. 1 according to another embodiment of the invention.

[0009] Fig. 4 is a diagram of a rendezvous table employed in the processor

execution of Fig. 3 according to an embodiment of the invention.

[0010] Fig. 5 is a diagram of a launch table employed in the processor

execution of Fig. 3 according to an embodiment of the invention.

DETAILED DESCRIPTION
[0011] Fig. 1 provides a simplified block diagram of a multiprocessor system

100 including a first processor 102 and multiple second processors 104. In other
embodiments, as few as two second processors 104, or many more than that depicted
in Fig. 1, may be included. The multiprocessor system 100 may employ any type of
multiprocessor architecture in which synchronization of two or more of the processors
is desired. One possible architecture for the multiprocessor system may be a

symmetric multiprocessing (SMP) system, although any of a plethora of other
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[0012]
[0013] multiprocessor architectures may benefit from the inventive concepts
described below.
[0014] While the first processor 102 is distinguished from the second

processors 104, the first processor 102 and the second processors 104 may all be
equivalent in terms of physical and electronic construction. The first processor 102 is
instead distinguished in terms of its role in the synchronization of the processors 102,
104 from that of the second processors 104, as described in greater detail below.
Further, each of the second processors 104 serve a similar synchronization function.
However, the second processors 104 may or may not be similar in design and
construction to each other. Only the functionality of the processors 102, 104 as

described below is relevant to the embodiments presented herein.

[0015] Fig. 2 presents by way of a flow diagram a method 200 of
synchronizing the processors 102, 104 of Fig. 1. In the method 200, each of the
second processors 104 waits at a second synchronization point after reaching a first
synchronization point (operation 202). The last of the second processors 104 to reach
the first synchronization point sends a signal to the first processor 102 (operation
204). The first processor 102 waits at the first synchronization point until receiving
the signal (operation 206), and initiates a launch of the second processors 104 after
receiving the signal (operation 208). More specifically, the first processor initiates the
launch by launching at least one of the second processors 104, wherein the second
processor 104 being launched launches another one of the second processors 104 in
response to being launched. Each of the second processors 104, in response to being

launched, continues execution from the second synchronization point (operation 210).

[0016] Fig. 3 graphically characterizes the execution of the first processor 102
and four separate second processors 104 according to a more detailed embodiment of
the invention. While four separate second processors 104 are employed in this
particular example, any number of second processors 104 greater than one may be
utilized in other embodiments. For identification purposes, the first processor 102 is
identified as Processor 0, while the second processors 104 are labeled Processors 1-4.

Execution of each of the processors 102, 104 is depicted as progressing from top to
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[0017]

[0018] bottom in relation to a first synchronization point 302 and a second
synchronization point 304. In one embodiment, the first synchronization point 302 is
a rendezvous or gathering point for the processors 102, 104, while the second
synchronization point 304 is a launching point from which the processors 102, 104
continue execution. Although the synchronization points 302, 304 are represented in
Fig. 3 as being located in completely separate areas of the execution stream of each of
the processors 102, 104, the first synchronization point 302 and the second
synchronization point 304 may represent approximately the same point in the

execution thread of any or all of the processors 102, 104 in another example.

[0019] In Fig. 3, the first processor 102 executes until reaching the first
synchronization point 302, whereupon the first processor 102 waits for a signal 312
from one of the second processors 104. Meanwhile, each of the second processors
104 executes through the first synchronization point 302 to the second
synchronization point 304. Each of the second processors 104 accesses a rendezvous
table 3 iO at the first synchronization point 302 to indicate that the accessing second
processor 104 has reached the first synchronization point 302. The second processor
104 that is last to reach the first synchronization point 302 issues the signal 312 to the

first processor 102 so that it may continue execution.

[0020] Fig. 4 illustrates one specific example of the rendezvous table 310 that '
each of the second processors 104 accesses to indicate its arrival at the first
synchronization point 302. The rendezvous table 310 includes several entries,

wherein each entry is depicted in Fig. 3 as a row. Further, each entry is associated
with an address 402, and includes three fields: a processor count field 404, a processor
threshold field 406, and a next address field 408. Also shown in Fig. 4 is the entry of
the rendezvous table 310 that is associated with each of the processors 102, 104,

identified by the address 402 of the entry.

[0021] As each second processor 104 reaches the first synchronization point
302, that second processor 104 accesses the entry of the rendezvous table 310 to
which it is assigned. The second processor 104 then performs an atomic read-modify-

write operation of the processor count field 404 of that entry and compares the value
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[0022]

[0023] read from the processor count field 404 to the processor threshold field
406. If the values are equal, the second processor 104 then accesses the rendezvous
table 310 entry indicated in the next address field 408 in the same fashion as the
previous entry. This process continues for each of the second processors 104 until an
accessed processor count field 404 is found to be less than its associated processor

threshold field 406.

[0024] Using the scenario depicted in Figs. 3 and 4 as an example, Processors
1-3 are each assigned the rendezvous table 310 entry located at address 7066200.
Each of these second processors 104 reads the processor count field 404 of that entry
and compares it to the processor threshold field 406. Thus, the first of Processors 1-3
that reaches the first synchronization point 302 and accesses the rendezvous table 310
entry at 7066200 reads a value of zero from the processor count field 404 and writes
the incremented value of one back to the processor count field 404. That processor
also compares the value of zero read from the processor count field 404 to the
processor threshold 406 of two, and ceases this particular access of the rendezvous
table 310 as a result. Similarly, the second of the Processors 1-3 to reach the first
synchronization point 302 accesses the same entry of the rendezvous table 310,
resulting in a value of two being stored for the processor count field 404 at address

7066200.

[0025] Continuing in this manner, the third of the Processors 1-3 to pass
through the first synchronization point 302 accesses the same entry. However, after
reading a value of two from the processor count field 404 and writing back a three
thereto, that particular second processor 104 compares the two to the processor
threshold 406 of two, and after finding that they are equal, accesses the next address
field 408, which stores an address of 7066100. The last of the Processors 1-3
reaching the first synchronization point 302 then accesses the entry of the rendezvous
table 310 at the address of 7066100 and repeats the process. Assuming this processor
104 reaches the first synchronization point 302 before Processor 4 (the operation of
which is addressed below), the processor count field 404 of zero is read, a one is

written back thereto, and the zero is compared to the processor threshold field 406 of
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[0026]

[0027] one. As aresult, the last of these second processors 104 (i.e.,

Processors 1-3) ceases its access of the rendezvous table 310.

[0028] Proceeding with the example of Figs. 3 and 4, the second processor 104
referred to as Processor 4 also accesses the entry of the rendezvous table 310 at
address 7066100 when it reaches the first synchronization point 302. In this case,
Processor 4 is the last second processor 104 to reach the first synchronization point
302. After reading the value of one from the processor count field 404 (written
therein by the last of Processors 1-3, as described above), Processor 4 compares the
one to the value of one written in the processor threshold field 406. With these two
values being equal, Processor 4 reads the next address field 408 that holds the value of
7066000. Processor 4 then reads the rendezvous table 310 entry at that address, reads
the processor count field 404 of zero, stores the incremented value of one thereto, and
compares the zero to the zero stored in the processor threshold field 406 of that entry.
With the compared values being equal, Processor 4 then reads the next address field
408 of that entry, which holds the value 0000000. In this embodiment, reading all
zeros indicates to Processor 4 that it is the last of the second processors 104 to reach

the first synchronization point 302.

[0029] In response to being the last of the second processors 104, Processor 4
sends a signal 312 to Processor O (i.e., the first processor 102 of Fig. 3). The signal
312 may be issued in a number of ways. In one embodiment, the act of Processor 4
writing a one to the processor count field 404 of the rendezvous table 310 entry at
address 7066000 may serve as the signal 312. In that case, Processor 0 may poll the
processor count field 404 for a one to be written thereto, interpreting the one as the
signal 312. In another implementation, Processor 4 writes a separate memory
location, sends a message to Processor 0, or performs some other operation to
implement the signal 312 to Processor 0. In addition, Processor O or Processor 4 may
clear the processor count field 404 of each entry of the rendezvous table 310 to
initialize the table 310 for the next time the first synchronization point 302 or other

similar rendezvous point is employed.
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[0030] Write operations to the processor count fields 404 as described above
specifically employ an atomic read-modify-write operation often used in
multiprocessor systems for processor intercommunication so that conflicts in
accessing the field 404 will not arise between two or more of tﬁe second processors
104. For example, use of an atomic operation eliminates the possibility that two of
the second processors will read the same value from the same processor count field
404. Other memory accesses that prevent such conflicts, such as standard

“semaphore” or “mailbox’ operations, could be utilized in other embodiments.

[0031] By employing multiple rendezvous table 310 entries, a hierarchical
structure of memory locations is formed by which the second processors 104 indicate
reaching the first synchronization point 302. Thus, by spreading the access to the
rendezvous table 310 by each of the second processors 104 across multiple memory
locations, access contention for those locations, which potentially is exacerbated by
the atomic memory operations, is greatly decreased, resulting in faster signaling of the
first processor 102. In addition, the particular embodiment of Fig. 4 allows generation
of the signal 312 by way of a single access of the processor count field 404 of address
7066000, which the first processor 102 may be polling, as described above. In
contrast to a single counter being updated by each of the second processors 104 while
the first processor 102 polls the same memory location, the hierarchical model of Fig.

4 provides a more efficient method for processor synchronization.

[0032] A similar hierarchical model employing interrupts is utilized in Fig. 3 in
launching the second processors 104 from the second synchronization point 304.
More specifically, after the first processor 102 (i.e., Processor 0) receives the signal
312, the first processor 102 resumes execution to the second synchronization point
304, at which time it initiates a launch of each of the second processors 104 (i.e.,
Processors 1-4) by sending a first interrupt 322 to one of the second processors 104,
which is Processor 1 in the embodiment of Fig. 3. In this specific example, Processor
0 also issues a second interrupt 324 to Processor 4. In turn, after receiving the first
interrupt 322, Processor 1 issues a third interrupt 326 to Processor 2, and a fourth
interrupt 328 to Processor 3. In response to receiving one of the interrupts 322-328,

each of the second processors 104 then continues execution from the second
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[0033]

[0034] synchronization point 304, along with the first processor 102. Thus, the
first synchronization point 302 and the second synchronization point 304 are

employed together to rendezvous and subsequently launch the processors 102, 104.

[0035] Fig. 5 graphically shows an embodiment of a launch table 330 accessed
by each of the Processors 0-4 to perform the hierarchically-structured launch. As with
the rendezvous table 310, the launch table 330 includes a number of entries, each of
which is accessible via an address 502. Within each entry reside one or more
interrupt indicators 504, wherein each indicator 504 is associated with a particular
launch interrupt. In one embodiment, each interrupt indicator 504 is an interrupt
mask and enable value that specifies an interrupt associated with a particular second
processor 104. Thus, the processor 102, 104 issuing the interrupt may merely write
the data stored at the interrupt indicator 504 to a location that causes the processor
102, 104 to generate the interrupt. Other indicators, such as a simple binary value
indicating the specific second processor 104 to be launched, may be used in other
examples. Fig. 5 also indicates the launch table 330 entry address and interrupt

associated with each of the processors 102, 104.

[0036] In the particular example of Fig. 5, Processor 0 (i.e., the first processor
102) accesses its assigned launch table 330 address 7066700 after reaching the second
synchronization point 304. The entry at address 7066700 indicates that interrupts are
to be issued to Processor 1 (by way of interrupt 322) and Processor 4 (via interrupt
324), as shown in the interrupt indicators 504 of that entry. Further according to the
embodiment of Fig. 5, an interrupt indicator 504 of zero denotes the end of the list of
interrupts to be issued by the processor accessing the associated entry of the launch

table 330.

[0037] After receiving its launch interrupt 322, Processor 1 accesses its
assigned launch table entry 330 at address 7066800, which indicates that Processor 1
is to issue launch interrupts 326 and 328 for Processors 2 and 3, respectively.
Similarly, Processor 4 accesses its assigned entry at address 7066900 in response to
receiving interrupt 324 from Processor 0. However, the entry at address 706900 lists

no further launch interrupts to be issued. Similarly, Processors 2 and 3 access the
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[0038]

[0039] same entry in response to receiving interrupts 326, 328, and find that
they are not responsible for issuing any launch interrupts, either. As a result, each of
the second processors 104 has received a launch interrupt, even though the first
processor 102 has only issued two launch interrupts directly. As a result, the work
required to issue the interrupts has been distributed among the processors 102, 104 in

a hierarchical fashion, thus hastening the launch process.

[0040] In one embodiment, the rendezvous table 310, the launch table 330, and
the assigned table addresses for each of the processors 102, 104 are initialized by one
or more of the processors 102, 104. According to another implementation, a separate
processor not discussed above may perform this function. Once the tables 310, 330
are initialized, further setup of the tables 310, 330 may not be required during the use

of multiple synchronizations of the processors 102, 104.

[0041] The use of the two synchronization points 302, 304 may be
advantageous in a number of processing contexts. In one example, each of the
processors 102, 104 may act as a producer of service requests before the first
synchronization point 302 and after the second synchronization point 304. In
response, the first processor 102 may then process or consume the service requests
after the first synchronization point 302 and before the second synchronization point
304 while the second processors 104 remain idle at the second synchronization point
304. The service requests may constitute requests for any service that may be
provided by the first processor 102, including but not limited to generating billing

records, or searching and retrieving items in a database.

[0042] In another example, the first synchronization point 302 may be used to
implement a “join” operation employed in a MIMD multiprocessing system, while the
second synchronization point 304 may be utilized as part of a “fork” operation. In
such an environment, the first processor 102 may execute a single thread after the first
synchronization point 302 while the second processors 104 wait to be called on at
their second synchronization point 304. The first processor 104 may then execute a
fork operation to spawn the second processors 104 by way of the launch process from

the second synchronization point 304, as described above. As each of the second



WO 2009/023076 PCT/US2008/008625

-10 -
[0043]

[0044] processors 104 then finishes the work to which it was assigned,
execution in that second processor 104 reaches the next first synchronization point
302. The last of the second processors 104 to reach the first synchronization point
302 then issues the signal 312 to the first processor 102, thus joining the execution of
the processors back together. The first processor 102 may then operate as a lone
thread until another fork operation is undertaken at another second synchronization

point 304.

[0045] Various embodiments of a multiprocessor system and method as
discussed above may provide significant benefits. Since a combination of simple
shared memory communication and individual interrupts is employed to effectuate the
rendezvous and léunch processes, the embodiments may be implemented on most
multiprocessing systems. In addition, the use of a logical processor hierarchy among
the second processors 104, with the first processor 102 residing at the top of the
hierarchy, facilitates quick execution of both the rendezvous and launch phases of the

synchronization.

[0046] While several embodiments of the invention have been discussed
herein, other embodiments encompassed by the scope of the invention are possible.
For example, while many embodiments as described above specifically involve the
use of a handful of processors within a multiprocessor system, other embodiments
employing many more processors coupled together within a single system may
exhibit even greater advantages over more serially oriented solutions due to the
hierarchical nature of the synchronization mechanisms distributing the required work
among many more processors. Further, aspects of one embodiment may be combined
with those of alternative embodiments to create further implementations of the present
invention. Thus, while the present invention has béen described in the context of
specific embodiments, such descriptions are provided for illustration and not
limitation. Accordingly, the proper scope of the present invention is delimited only

by the following claims and their equivalents.

[0047]
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CLAIMS
What is claimed is: .

1. A method (200) for synchronizing a first processor and second processors, the
method (200) comprising:

in each of the second processors, waiting (202) at a second synchronization
point after reaching a first synchronization point;

in the last of the second processors to reach the first synchronization point,
sending (204) the first processor a signal; '

in the first processor, waiting (206) at the first synchronization point until
receiving the signal, and initiating (208) a launch of the second processors after
receiving the signal by launching one of the second processors, wherein the one of the
second processors launches another one of the second processors in response to being
launched; and

in each of the second processors, continuing (210) execution from the second

synchronization point in response to being launched.

2. The method (200) of claim 1, wherein:

initiating (208) the launch of the second processors comprises initiating a
plurality of interrupts;

launching the one of the second processors comprises sending a first of the
interrupts to the one of the second processors; and

launching the other one of the second processors comprises sending one of the
remaining interrupts to the other one of the second processors in response to receiving

the first interrupt.

3. The method (200) of claim 2, further comprising:

in each of the second processors, after receiving one of the interrupts, sending
another one of the interrupts to another one of the second processors if indicated in a
memory location assigned to the second processor sending the other one of the

interrupts.
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4, The method (200) of claim 3, wherein sending another one of the interrupts
comprises writing to a memory-mapped address indicated in the memory location

assigned to the second processor sending the other one of the interrupts.

5. The method (200) of claim 1, further comprising:

in each of the second processors, after reaching the first synchronization point,
updating at least one of a plurality of memory locations, wherein the memory
locations indicate whether all of the second processors have reached the first

synchronization point.

6. The method (200) of claim 1, further comprising:
in the first processor, continuing execution from the first synchronization point
to the second synchronization point in response to receiving the signal, and initiating

the plurality of interrupts after reaching the second synchronization point.

7. The method (200) of claim 6, further comprising:

in the processors, generating service requests for the first processor during
execution before the first synchronization point and after the second synchronization
point; |

wherein continuing execution in the first processor from the first
synchronization point to the second synchronization point in response to receiving the

signal comprises processing the service requests.

8. The method (200) of claim 1, wherein the first synchronization point

comprises the second synchronization point.

9. A computer-readable storage medium comprising instructions executable on a
first processor and second processors for employing a method (200) for synchronizing
the processors, the method (200) comprising:

in each of the second processors, waiting (202) at a second synchronization
point after reaching a first synchronization point;

in the last of the second processors to reach the first synchronization point,
sending (204) the first processor a signal;

in the first processor, waiting (206) at the first synchronization point until

receiving the signal, and initiating (208) a launch of the second processors after
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receiving the signal by launching one of the second processors, wherein the
one of the second processors launches another one of the second processors in
response to being launched; and

in each of the second processors, continuing ‘(210) execution from the second

synchronization point in response to being launched.

10. A multiprocessor system (100), comprising:

a first processor (102) configured to wait at a first synchronization point (302)
until receiving a signal (312); and

second processors (104), wherein each of the second processors (104) is
configured to wait at a second synchronization point (304) after reaching the first
synchronization point (302), and to send the signal (312) to the first processor (102) if
last of the second processors (104) to reach the first synchronization point (302);

wherein the first processor (102) is configured to initiate a launch of the
second processors (104) after receiving the signal (312) by launching one of the
second processors (104);

wherein the one of the second processors (104) is configured to launch another
one of the second processors (104) in response to being launched; and

wherein each of the second processors (104) is configured to continue

execution from the second synchronization point (304) in response to being launched.



PCT/US2008/008625

WO 2009/023076

115

| "OId

o1
H¥0SS300dd
aNOO3Ss

001 W3LSAS ¥OSSIO0HdILTINN

j71
H40SS300ud
aNoO3s

701
H40SS300ud
aNOQ3S

<01
¥0OSS300¥d
1syid




PCT/US2008/008625

WO 2009/023076

2/5

00¢

¢ 'Old

@3HONNVYT ONIFE OL ISNOJS3Y NI INIOd NOILYZINOYHINAS
aNO93S IHL WOH4 NOILNDAX3 INNILNOD ‘SHOSSIO0Hd ANOOJ3S 3HL 4O HOVA NI

L ~012

Q3HONNY1 ONIZG 01 ISNOJS3YH NI SHOSS3008d ANOJ3IS IHL 40 INO H3IHLONY S3HONNV'1
Q3HONNYT ONIZE HOSS3I00dd ANODIS IHL NIHIHM ANV ‘'SHOSSII0¥d ANOO3S
3HL 40 INO ONIHONNY1 AS A3LVILINI SI HONNYT IHL NIFHIHM TTYNOIS 3HL ONIAIFOTH
Y314V SHOSSID0Hd ANOD3S FHL 40 HONNY YV ALVILINI HOSSIO0Hd 1SHId FHL NI

) 802
IVNOIS
v ONIAIZOTY TILNN LNIOd NOILVZINOYHONAS LS¥id SHL 1V LIVM "HOSS300¥d 1Suid IHL NI
\ ~~—902

HOSS300¥d LS¥HI4 V OL TYNOIS V ON3S
‘ LNIOd NOILYZINOYHONAS LS¥I4 3HL HOVIY OL SHOSSIO0™d ANOJ3S 3HL 40 LSVI3HL NI

A N—y02

INIOd NOILVZINOYHONAS 1Sdld ¥ ONIHOV3Y
Y314V INIOd NOILVZINOYHONAS ANOD3S V LY LIVM ‘SHOSS300dd ANOJ3S 40 HOVA NI

~—202




PCT/US2008/008625

3/5

WO 2009/023076

(HONNY) LdNYYILNI YO LIVM € "Old
A (oee
b g2 9ze A 3719VLHONNVT
N N Hz._A y NI A 1 u\ SS300V)
™ I S T T S
N - 7 - P (HONNYD
TTr—-_Tr " - INIOd
lllll ~—m—=—— """ ONAS ANOO3S
¥2€ LNI (LdNYH3LNI
3NO LSV
LV ONION3S
A8 SO0ud
aNoo3s
40 HONNVY'
JLVILIND
(zog LN1Od
ONAS 1S¥id4
e (SNOAZIANZY) (oL navl
\ 8 qanss WNOIS SNOAZIAN3Y
404 LIVM $S300V)
4 wNoIs) 2
e ettt e FpFr-—m—— e — t++- i
2 Ay zo¢g
~—~_ -7 (SNOAZIAN3Y)
. - e - INIOd
\1 \1 \1 \1 YNSIS \‘ ONAS 18414
(¥ 00ud) (€ 00¥d) (z20ud) (1 00¥d) A (0 00¥d)
¥0lL SHOSSIO0Nd Z0lL ¥0OSS300Nd
AaNOD3S 40 NOILND3X3 1S¥I4 40 NOILND3X3



PCT/US2008/008625

WO 2009/023076

4/5

[

oLe
Iavl
SNOAZAANTY

¥ "Old

0019902 (01 HOSS3D0Hd ANOD3S) ¢
002990/ (v01 4OSS3a00d ANOD3S) €
002990/ (01 HOSS300Ud ANOD3S)
002990/ (¥01L HOSS3D0Ud ANOD3S) I
0009902 (201 HOSS3D0¥d 1S¥14) 0
$S3¥AAVY AYLINT 0L 31GVL H0OSS300dd
SNOAZ3AN3IH A3NOISSY
004990/ Z 0 002990,
000990/ I 0 20019902
0000000 0 0 10009902
~_ 80V _ a0y | Yoy h_ A4
SS44Aav LX3IN QTOHSIHHL 1NNOD SS3dAaayv
H0SS3I00Hd H0SS300¥d



PCT/US2008/008625

WO 2009/023076

5/5

G "Old
¥2€ LN 0069902 (Y01 HOSS300™d ANOD3S) ¥
82¢ INI 006990/ (01 ¥OSS3D0Ud ANOD3S) €
92¢ INI 006990/ (701 HOSS3D0Hd ANOD3S) 2
22 INI 008990/ (Y01 HOSS3O0Yd ANOD3S) |
VIN 0029902 (201 HOSS3D0¥Ud 1SHId) 0
Q3AI303y SS3HAAV AYLINI OE€ ¥0SS300dd
L1dNY¥3LNI 379v.L HONNV1 Q3NDISSY
0 '0069902
82¢ LNI 92¢ LNI '0089902
¥2€ LN z2e NI 10029902
N - & _zos
ﬂ 0S ss3daav
SHOLVOIANI
0ge LdNYYILNI
379v.L HONNVT



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2008/008625

A. CLASSIFICATION OF SUBJECT MATTER

GOGF 9/46(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC : GOGF

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models since 1975
Japanese utility models and applications for utility models since 1975

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKIPASS(Kipo Internal), NDSL, Google
keywords: multi*, parallel, processor*, synchronization, point

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US2005/0193148 A1 (CHEN, C.J. etal.) 01 SEPTEMBER 2005 1-10
See tigure 3; paragraphs [5][19][20][23].

A US06032173 A (REINMUTH, A.) 29 FEBRARY 2000 1-10
See Summary.

A JP2708172 B2 (TOKYO SHIBAURA ELECTRIC CO.) 17 OCTOPBER 1997 1-10
See Claim 1.
A JOHNSON, T.A. and HOARE, R.R. 'Cyclical Cascade Chains: A Dynamic Barrier 1-10

Synchronization Mechanism for Multiprocessor Systems' In Parallel and Distributed Processing
Symposium, 15th International Conference, APRIL 2001.
See page 1, right colum 1st paragraph, page 5, left column 2nd paragraph.

PA US2007/0240158 A1 (CHAUDHRY, S. et al.) 11 OCTOBER 2007 1-10
See tigure 11 and its description.

|:| Further documents are listed in the continuation of Box C. IE See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority

"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art

"P"  document published prior to the international filing date but later "&" document member of the same patent family

than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
22 JANUARY 2009 (22.01.2009) 22 JANUARY 2009 (22.01.2009)
Name and mailing address of the ISA/KR Authorized officer
' Korean Intellectual Property Office
Government Complex-Daejeon, 139 Seonsa-ro, Seo- YOON, Hye Sook
. gu, Daejeon 302-701, Republic of Korea
Facsimile No. 82-42-472-7140 Telephone No.  82-42-481-8370

Form PCT/ISA/210 (second sheet) (July 2008)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2008/008625

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2005-0193148 A1 01.09.2005 NONE

US 6032173 A 29.02.2000 AT 143154 T 15.10.1996
DE 4219005 At 16.12.1993
EP 0645034 A1 29.03.1995
JP 7503565 T 13.04.1995
WO 93-25966 At 23.12.1993

JP 2708172 B2 17.10.1997 NONE

US 2007-0240158 A1 11.10.2007 NONE

Form PCT/ISA/210 (patent family annex) (July 2008)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - wo-search-report
	Page 22 - wo-search-report

