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STORING METADATA

BACKGROUND
[0001]  In order to store metadata for a cluster system, updates to the metadata are

synced to a slow storage disk before notifying a user about the success of the accepted
changes. The process of retaining and storing the metadata may result in a delay of

several seconds on a heavily loaded clustered system. Moreover, in the event that the
cluster system fails before the metadata can be retained and stored, the integrity of the

metadata may be compromised and lost during transmission.

DESCRIPTION OF THE DRAWINGS
2] The advantages of the present techniques are better understood by referring

to the following detailed description and the attached drawings, in which:

00031 Fig. 1is a schematic of a computing system that stores updated metadata in
a circular buffer within a fast storage medium, when a memory location is available in
the circular buffer;

[0004]  Fig. 2 is a schematic of a computing system that stores a checkpoint image
within a checkpoint area of a slow storage medium, when a memory location is not
available within a fast storage medium;

[0005]  Fig. 8is a block diagram of a computing system configured for storing
metadata;

[0006]  Fig. 4 is a method of storing metadata; and

00071 Fig. 5is a flow diagram including procedural steps to store metadata.

DETAILED DESCRIPTION OF SPECIFIC EXAMPLES
[0008] Metadata may be defined as data that describes other data, e.g., which

provides underlying definitions or descriptions of the other data. By describing the
contents and context of the other data, relevant information related to the other data is
readily available to a user. For example, an image file may include metadata that

describes date of creation, ownership, access permissions, among other information.
1
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To be useful, a file system should record and store the updates related to the metadata
in a fast and reliable manner while maintaining the integrity of the updated metadata in
the event of an unpredictable system failure, e.g., power failure.

100097 Afile system, including a number of external sources (e.g. a plurality of
nodes), may communicate with a slow, non-volatile storage to request storage of
updated metadata. The slow, non-volatile storage may store and protect the updates by
sequencing disk writes. With this approach, each individual on-disk metadata must be
atomic, thus, forcing the updates to be fully contained by a single disk. However, before
the file system can initiate a reply of a successful update, all updates must be
successfully synced to the single disk. Further, if the single disk is selected from among
several disks, a time consuming process of examining all of the disks may be initiated to
manually select the single disk. As a result, a delay, which may be as long as several
seconds on a heavily loaded cluster system, may create a latency issue.

30141  Examples described herein describe a method of storing metadata that
includes storing updated metadata to a fast storage medium before storing to a slow
storage medium. This method may overcome latency issues associated with the slow
storage medium by initially storing metadata to the fast storage medium, while
protecting the metadata against system failure events.

G011] Fig. 1is a schematic of a computing system 100 that siores updated
metadata in a circular buffer within a fast storage medium, when a memory location is
availabie in the circular buffer. The computing system 100 may include an update
thread 102, fast storage medium 104, a flush thread 106, and slow storage medium
108. The update thread 102 may be configured to communicate with an external
source by receiving updates, determining the status of the updates, and storing the
updates to the fast storage medium 104. The fast storage medium 104 may include
random access memory (RAM), including dynamic random access memory (DRAM)
and static random access memory (SRAM), and fast central processing unit (CPU)
cache memory, among other volatile memory types. For example, updates related to
the metadata may provide relevant information to a user by describing how, when, and

by whom a particular set of data was collected, and how the data is formatted.
2
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i3012]  In examples described herein, the fast storage medium 104 may act as a
holding place for the updated metadata 110, with little to no latency issues, before
moving and storing it to the slow storage medium 108. The fast storage medium 104
includes memory that may need power to preserve the stored updated metadata 110.
For example, if a device is switched to a powered-off position, the updated metadata
110 stored in the fast storage medium 104 may be lost.

i3013] The update thread 102 may initially determine if a memory location is
available in the fast storage medium 104 to record the updates before generating and
storing updated metadata 110 to that memory location. For example, if all memory
locations in the circular buffer in the fast storage medium are currently filled with
metadata that is waiting to be transferred to the slow storage medium, the update
thread 102 may be blocked from storing the updates. This is discussed with respect to
Fig. 2.

160141  If a memory location exists, the update thread 102 may build up a log header,
a log update header, and data for log updates to generate and to store the updated
metadata 110. The log header may include a generation number of a log update, total
size of a disk as used by the log update, and checkpoint generation numbers. The log
update header may include a length of the log update and an offset as to the log update
applied to the checkpoint generation numbers. A generation number may be defined as
an increasing integer that updates by one each time the metadata is updated.

1315]  After the buildup of the updated metadata 110, it may be stored in the log
area 112. In particular, the updated metadata 110 may be stored in a memory mirror of
the log area 112. The log area 112 may be treated as a circular buffer so that existing
metadata stored in the fast storage medium 104 may be overwritten by the updated
metadata 110 when the log area 112 is full, assuming that the overwritten areas have
been processed for storage.

[0018]  Since the update thread 102 and the flush thread 106 may both attempt to
access the updated metadata 110 simultaneously, a mutex may be utilized to protect
against simultaneous access to the updated metadata 110. The mutex is a system

object that allows multiple threads, e.g., update thread 102 and flush thread 106, to
3
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share the same resource, such as file access to the locations being used for the storage
of the updated metadata 110, without allowing simultaneous access. For example,
once the update thread 102 begins to store the updated metadata 110 to the fast
storage medium 104, a mutex may be created and used by the update thread 102. The
mutex may prevent the flush thread 106 from accessing the updated metadata 110
during processing. Thus, the update thread 102 may have exclusive use of the mutex
until the updated metadata 110 is fully stored to the fast storage medium 104.
Thereafter, the update thread 102 may release the mutex, allowing the flush thread 106
to have access to the updated metadata 110.

iG017]  After storing the updated metadata 110 to the fast storage medium 104, the
update thread 102 may provide a signal to the flush thread 106 indicating that more
metadata is available. In some examples, the flush thread may determine the updated
metadata 110 is available by noting that a flag is set in a register corresponding to the
updated metadata 110. The flush thread 106 may be configured to receive, store, and
write the updated metadata 110 to the slow storage medium 108. The slow storage
medium 108 includes memory that is saved regardless of the status of the power
source, e.g., power on or power off. Examples of slow storage mediums 108 include a
hard disk drive, flash memory, magnetic disk, magnetic tape, among other non-volatile
storage types.

00187  As shown in Fig. 1, the slow storage medium 108 may include a log area 114
and a checkpoint area 116. Upon receiving the signal that the updated metadata 110 is
available, the flush thread 106 may acquire the mutex and may determine the capacity
of the log area 114 for storage of the updated metadata 110.

i3018]  In the event that a memory location is available, the flush thread 106 may
copy a region of the log area 114 into a temporary memory buffer in an effort to ensure
that the updated metadata 110 does not overwrite existing metadata. The copied log
area may include the updated metadata 110 starting at a generation immediately after
the updated metadata 110 currently present on the slow storage medium 108 and
ending with the latest update. The flush thread 106 may dropped the mutex before
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writing the temporary memory buffer to a location in the log area 114 of the slow storage
medium 108.

130207 Both the fast storage medium 104 and the slow storage medium 108 may
require two different areas, a header area and the log area 112, 114, which is previously
discussed. The updated metadata 110 may be written to the header area and the log
area 112, 114 in alternation such that the most recently written area is not overwritten.
Thus, writing to the areas may not be synced since there may be multiple updates to the
fast storage medium104 in between multiple updates to the slow storage medium 108.
100211 A latency issue for a read/write command may occur based on the time to
initially log updates to the slow storage medium 108 and to receive an acknowledgment
that the updated metadata has been written to the log area 114 of the slow storage
medium 108. As discussed with respect to Fig. 1, the updated metadata 110 may be
received and stored to the fast storage medium 104 before it is stored to the slow
storage medium 108. Thus, a write command may be performed under a substantially
reduced latency by utilizing the fast storage medium 104 to initially process and store
the updated metadata.

[0022]  Fig. 2 is a schematic of a computing system 100 that stores a checkpoint
image within a checkpoint area of a slow storage medium, when a memory location is
not available within a fast storage medium. Like numbers are as described with respect
to Fig. 1.

23] When the update thread 102 receives a pending update for metadata, it may
determine if an available memory location exists in a log area 112 of a fast storage
medium 104 to record the updated metadata 110. If the update thread 102 determines
that a memory location is not available in the log area 112, the update thread 102 may
release a mutex, which prevents access to the updated metadata 110. The flush thread
106 may acquire the mutex and may store the current set of updated metadata 110, as
a single image block, into a checkpoint area 116 located in a slow storage medium 108.
130247  The checkpoint area 116 may include a header that describes a checkpoint,
e.g., description of the updated metadata written to the checkpoint area and the actual

updated metadata stored in the checkpoint area. The header may contain a generation
5
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number of the checkpoint, the size used on a disk by the checkpoint, and the size of an
uncompressed checkpoint.

125]  Before actually storing the updated metadata 102 in the checkpoint area 116,
the data may be compacted. The compaction includes scanning the checkpoint area
116 for areas marked to be skipped in order to remove data from that particular area
and moving any data following the areas to be skipped back to eliminate empty regions.
This process may remove any fragmentation within the updated metadata 110 and
allow the flush thread 106 to keep track of both old and new positions of the updated
metadata 110. The aforementioned checkpoint header and the compressed updated
metadata 110 may be moved into a separate buffer. At that time, the mutex held by the
flush thread 106 may be released and the flush thread 106 may write the separate
buffer, which includes the updated metadata 110, to the checkpoint area 116 on the
slow storage medium 108 to complete the process.

100267 During the write to the checkpoint area 116, the update thread 102 may
receive new updated metadata that may include an offset to be applied against an old
checkpoint and an offset to be applied against a new checkpoint. The offset may be
defined as the total size of the metadata and may be represented by a number ranging
from zero to length-1, where the length refers to the total size of the metadata. This
option allows for the log update to be reapplied against either checkpoint. If no new
updated metadata is received during the write to the checkpoint area 116, a new log
update may be automatically created that does not change the stored updated
metadata. The new log update may simply reflect that the old checkpoint is not needed.
100271 After storing the updated metadata to the checkpoint area 116 in the slow
storage medium 108, a re-read may occur in order to move the updated metadata back
into the fast storage medium 104. There may be two re-read processes, i.e., first
process and second process, that may be used to re-read the updated metadata 110
back into either the log area 112 of the fast storage medium 104 or the log area 114 of
the slow storage medium 108.

[0028]  Since the second process may only be free of data loss if a clean shutdown

occurs with all data flushed, it may be only used when an entire cluster is cleanly
6
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rebooted or if the fast storage medium 104 is lost on all nodes. In all other cases, the
first process may be utilized. The first process may include using the log area 112 from
the fast storage medium 104 and the checkpoint area 116 from the slow storage 108.
The second process may include using the log area 114 and the checkpoint area 116
from the slow storage 108.

[0028] Regardless of the process used, the re-read process may begin by reading
the updated metadata 110 related to the most recent update from either the fast storage
medium 104 or slow storage medium108. This may depend on whether the log area
112 of the fast storage medium 104 or the log area 114 of the slow storage medium 108
was previously used. The updated metadata 110 from the checkpoint area 116 may be
uncompressed and a compression algorithm may be used to verify whether the write to
the checkpoint 116 was completed and non-corrupted. If a checkpoint of a particular
drive is not valid, the compression algorithm may continue to check until a valid
checkpoint is found. Once a valid checkpoint is in a storage medium, the log area from
the storage medium may be read into a buffer, where a first log header may be parsed
in the buffer using a recorded start offset. If the generation of the log header is greater
than the generation of the checkpoint, the log updates described by the log header may
be applied using the offsets from the log update headers.

1303807  The re-read process may then proceed to a second log header where the
aforementioned steps may be repeated. The re-read process may be considered
complete when the log header for the generation recorded at the most recent updated is
replayed. Upon completion, there may be uncertainty as to the state of the slow storage
medium 108. To ensure a consistent slow storage medium 108, the re-read process
may begin an immediate checkpoint of the updated metadata 110 until the re-read
process proceeds until completion of the checkpoint.

[0031]  Fig. 3is a block diagram of a computing system 300 configured for storing
metadata. The computing system 300 may include, for example, a server computer or
a desktop computer, among others. In some embodiments, the computing system 300
may include a cluster system made up of a number of such devices, where each device

may leave or rejoin the cluster system.
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100327  The computing system 300 may include a processor 302 that is adapted to
execute stored instructions. The processor 302 can be a single core processor, a multi-
core processor, a computing cluster, or any number of other appropriate configurations.
(00331 The processor 302 may be connected through a system bus 304, e.g.,
AMBA®, PCI®, PCIl Express®, Hyper Transport®, Serial ATA, among others, to an
input/output (I/0O) device interface 306 adapted to connect the computing system 300 to
one or more 1/O devices 308. The I/O devices 308 may include, for example, a
keyboard and a pointing device, wherein the pointing device may include a touchpad or
a touchscreen, among others. The I/O devices 308 may be built-in components of the
computing system 300, or may be devices that are externally connected to the
computing system 300.

1334}  The processor 302 may be linked through the system bus 304 to a display
device interface 310 adapted to connect the computing system 300 to display devices
312. The display devices 312 may include a display screen that is a built-in component
of the computing system 300. The display devices 312 may also include computer
monitors, televisions, or projectors, among others, that are externally connected to the
computing system 300.

(00357 The processor 302 may be linked through the system bus 304 to a network
interface controller (NIC) 314 adapted to connect the computing system 300 to a
computer network including external nodes 316. The external nodes 316 may include
computers, storage devices, servers, switches, routers, among others, that are
externally connected to the computing system 300.

(00387 The processor 302 may also be linked through the system bus 304 to a
memory device, e.g., fast storage medium 318. In some examples, the fast storage
medium 318 can include random access memory, e.g., SRAM, DRAM, eDRAM, EDO
RAM, DDR RAM, RRAM®, PRAM, among others. The fast storage medium 318 may
contain an update thread 320, a flush thread 322, and a log area 324. The update
thread 318 may embody software configured to communication with the external nodes
316 to receive an update request related to metadata and to implement storage of the
updated metadata.
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13037] The log area 324 may be treated as a circular buffer for storing the updated
metadata processed by the update thread 320. In particular, the log area 324 may
include a fixed size of allocated memory that can be used to store the updated
metadata. Thus, instead of allocating more memory, new metadata may overwrite
existing metadata so that the fast storage medium 318 may be able to handle numerous
updates within a particular time-frame, e.g., 50 to 100 nanoseconds (ns). Thus, storing
the updated metadata to the fast storage medium 318 may result in little to no latency
issues. The flush thread 322 may include software configured to move the updated
metadata from the log area 324 to a slow storage medium 326.

100387 The processor 302 may be linked through the system bus 304 to the slow
storage medium 326. The slow storage medium 326 may be configured to receive the
updated metadata from the flush thread 322 and to read and store the metadata for
long-term persistent storage. The slow storage medium 326 may store the updated
metadata in a checkpoint area 328 or a log area 330.

130381 The checkpoint area 328 may contain a full description of all of the data at a
given point in time. The log area 330 may describe the modifications made to the
checkpoint area 328. To retrieve the most recent updated metadata, a user may
access the checkpoint area 328. Thereafter, the user may retrieve updated metadata
from either the log area 324 of the fast storage medium 318 or the log area 330 of the
slow storage medium 326.

14407 Fig. 4 is a method 400 of storing metadata. The method 400 provides a low
latency storage process by initially storing metadata to a fast, volatile storage and
subsequently storing and writing the metadata to a slow, non-volatile storage. At block
402, a request for an update to metadata from an external source is received by an
update thread, which may result in the generation of updated metadata.

[0041]  Atblock 404, the updated metadata is stored to a fast storage medium using
the update thread. The fast storage medium may include volatile memory with little to
no latency issues as the updated metadata can be quickly stored, for example, within 50
to 100 nanoseconds. The updated metadata to be stored can be treated as an arbitrary

section of data where several operations may be conducted on the updated metadata.
9
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For example, new updated metadata may be added to the end of the existing metadata,
an existing segment of the existing metadata may be modified, and a segment of the
existing metadata may be removed by modifying it such that it will be skipped during
parsing of the metadata. At block 406, a flush thread moves the updated metadata from
the fast storage medium to the slow storage medium for permanent storage.

[0042]  Fig. 5is a flow diagram 500 including process steps to store metadata. At
block 502, updates may be sent to an update thread, which may generate updated
metadata. The update thread may choose to store the updated metadata in a memory
location of a buffer in a fast storage medium. At block 504, before storing the updated
metadata, the update thread may determine if a memory location of a buffer is available
in the fast storage medium. If a memory location of the buffer is available, at block 506,
the update thread may store the updated metadata to the memory location of the buffer
in the fast storage medium. The storage of the updated metadata initially to the fast
storage medium may facilitate an efficient process, with little to no latency issues, since
volatile memory is initially used for storage, as oppose to non-volatile memory.

133431 Once the update thread stores the updated metadata to the fast storage
medium, it may signal a flush thread as to the availability of the updated metadata. At
block 508, the flush thread moves the updated metadata to a slow storage medium.
Thereafter, at block 510, the flush thread may release the memory location of the buffer
of the fast storage medium and await additional updated metadata from the update
thread. When the update thread receives additional updates, the process steps may
restart, i.e., at block 502.

100441  If an unused memory location of the buffer is not available in the fast storage
medium (i.e., at block 504), the flush thread may obtain the updated metadata to create
a checkpoint image and to store the checkpoint image in the slow storage medium, at
block 512. Accordingly, at block 514, the flush thread may process the checkpoint
image from the slow storage medium to generate the log files. At block 516, the
process determines if there are any unprocessed memory locations remaining in a
checkpoint file. If unprocessed memory locations are available, the process returns to

block 514. If there are no unprocessed memory locations remaining in the checkpoint
10
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file, the process returns to block 502 where the update thread may generate updated
metadata.

133457 The method 500 described above may include additional steps not shown.
For example, if a checkpoint has been stored in slow storage, the flush thread may copy
the checkpoint data back to fast storage before processing the updates from fast
storage. In some examples, not all of the steps shown may be needed. For example,
the process shown in blocks 514 and 516 may not be used if the checkpoint data is
moved from slow storage back to fast storage and processed from the fast storage.
100481  While the present techniques may be susceptible to various modifications and
alternative forms, the embodiments discussed above have been shown only by way of
example. However, it should again be understood that the techniques is not intended to
be limited to the particular embodiments disclosed herein. Indeed, the present
techniques include all alternatives, modifications, and equivalents falling within the true

spirit and scope of the appended claims.

11
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CLAIMS
1. A method of storing metadata, comprising:
requesting an update of metadata from an external source;
storing updated metadata to a fast storage medium using an update
thread; and
moving the updated metadata from the fast storage medium to a slow
storage medium using a flush thread.

2. The method of claim 1, comprising determining if a memory location in a
circular buffer is available to store updated metadata to the fast storage medium.

3. The method of claim 1, comprising storing the updated metadata in a
circular buffer of the fast storage medium upon an indication of an available memory

location in a circular buffer.

4. The method of claim 1, comprising signaling the availability of the updated
metadata to the flush thread upon the completion of storing the updated metadata to the
fast storage medium.

5. The method of claim 1, comprising storing the updated metadata to a
temporary memory buffer within the slow storage medium using the flush thread.

6. The method of claim 1, comprising storing the updated metadata to a
checkpoint within the slow storage medium using the flush thread upon determining a
lack of an available memory location in a circular buffer of the fast storage medium.

7. A storage system for metadata, comprising
a processor;
a fast storage medium;

a slow storage medium; and
12
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a computer-readable medium comprising:
an update thread configured to direct the processor to obtain
metadata from a node and store the metadata in the fast
storage medium; and
a flush thread configured to direct the processor to move the
metadata from the fast storage medium to the slow storage

medium.

8. The storage system of claim 7, wherein the slow storage medium
comprises a header section, a checkpoint section, and a log section.

9. The storage system of claim 8, wherein the header section includes a
generation number of a log update, total size of a disk used by the log update, and a
checkpoint generation number.

10.  The storage system of claim 8, wherein the checkpoint section comprises
a header and compressed data.

11.  The storage system of claim 8, wherein the log section is a circular buffer
comprising a log header, a log update header, and data.

12.  The storage system of claim 7, wherein the update thread determines if a
memory location is available in a circular buffer of the fast storage medium to store the
metadata.

13.  The storage system of claim 7, comprising a temporary memory buffer in

the slow storage medium to accept the metadata from the fast storage.

14. A non-transitory, computer readable medium comprising code configured

to direct a processor to:
13
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obtain metadata from a node and store the metadata in fast storage
medium; and

move the metadata from the fast storage medium to a slow storage

medium.
5
15.  The non-transitory, computer readable medium of claim 14, comprising
code configured to direct the processor to determine if a memory location is available to
store the metadata in a circular buffer of the fast storage medium.
10

14



PCT/US2014/048001

WO 2016/014061

1/5

9L

14253

Julodxoay9

l "Old

607 <

peaiy|
ysni4

<

abelois mo|S

oLl

//wo_\

00l \

K@O_\

¢l
|

607

<

pealyl

abelo1g 1se4

oLl

fﬁo_\

slepdn

/ /(NE
oLl




PCT/US2014/048001

WO 2016/014061

2/5

9Ll

174 S

¢ 9Old

Julodyosyn |«

607

abeiojg mo|S

rwo_\

00l

peaiy|
ysni4

4%

<€

oLl

/@O_\

607 <

abelo1g 1se4

oLl

rﬁo_\

peaiyl
slepdn

FNO_\
oLl



WO 2016/014061

PCT/US2014/048001

3/5
302 Processor
304
a 306
318 — Fast Storage /O Device /O Devices “
Interface
320 Update _/
Thread 308
f 310
322 Flush Display Device Display H
Thread Interface Devices
324 312 J
Log / 314
External
NIC ||
Nod
326 — Slow Storage 363
r 316
328 Checkpoint ||}
330 Metadata

FIG. 3



WO 2016/014061 PCT/US2014/048001

4/5

Request an Updated of Metadata from an L-402
External Source

v
Store the Updated Metadata to a Fast Storage | -404
Using an Update Thread

v

Move the Updated Metadata from the Fast
Storage to a Slow Storage Using a
Flush Thread

406

FIG. 4



WO 2016/014061

v

PCT/US2014/048001

5/5

Update Thread Generates
Updated Metadata

Is an
Unused Memory
Location Available in
Buffer of Fast
Storage?

/512

Flush Thread Stores
Checkpoint Image in
Slow Storage

Update Thread Stores Updated
Metadata to Memory Location
in Fast Storage

Y

Flush Thread Stores Updated
Metadata to Slow Storage

Y

Flush Thread Releases
Memory Location in
First Storage

—— 506
—— 508
l 1
L — 510 Flush Thread Processes

Checkpoint Image
in Slow Storage

514/

Are
There Any
Unprocessed Memory

Locations
Remaining in
Checkpoint?

516

FIG. 5



ATIONAL SEARC 0) International application No.
INTERNATIONAL SEARCH REPORT PCT/US2014/048001

A. CLASSIFICATION OF SUBJECT MATTER
GOG6F 12/08(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)
GO6F 12/08; GO6F 12/02; GO6F 17/30; GO6F 7/00; HO4L 9/00; GO6F 13/28

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
Japanese utility models and applications for utility models

Electromic data base consulted during the international search (name of data base and, where practicable, search terms used)
¢KOMPASS(KIPO internal) & Keywords: metadata, storing, moving, fast, slow, medium, thread, flush

C. DOCUMENTS CONSIDERED TO BE RELEVANT

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

X US 6732124 B1 (MICHIHIKO KOSEKI et al.) 04 May 2004 1-7,12-15
See column 1, lines 52-61; column 6, lines 47-50; column 9, lines 19-21;
column 14, lines 58-59; column 25, lines 3-5; column 30, lines 9-53;
column 33, lines 59-60; column 35, line 67; column 36 lines 1-2; column 37,
lines 31-3; column 39, lines 51-52; claims 1-2, 4; and figures 1, 4.

Y 8-11

Y US 2009-0222596 A1 (DAVID FLYNN et al.) 03 September 2009 8-11
See paragraphs [0020], [0076], [0095], [0125]; and figures 1, 3.

A US 2012-0254120 A1 (RU FANG et al.) 04 October 2012 1-15
See paragraphs [0027]-[0028]; and figure 1.

A US 2004-0015724 A1 (DUC PHAM et al.) 22 January 2004 1-15
See paragraphs [0014], [0016]; and figure 1.

A EP 1840769 Al (SUN MICROSYSTEMS, INC.) 03 October 2007 1-15
See paragraphs [0013], [0015]; and figure 1.

. . . . N7 .
|:| Further documents are listed in the continuation of Box C. 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 applicationbut 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 ¢laimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priotity claim(s) or which is step when the document is taken alone
cited to establish the publication date of another 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
26 Februaty 2015 (26.02.2015) 26 February 2015 (26.02.2015)
Name and mailing address of the ISA/KR Authorized officer

International Application Division
& Korean [ntellectual Property Office
189 Cheongsa-1o, Seo-gu, Dagjeon Metropolitan City, 302-701,
Republic of Korea

Féc;irhile No. ++8242472 3473 Telephone No. +82-42-481-8262
Form PCT/ISA/210 (second sheet) (January 2015)

BYUN, Sung Cheal




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2014/048001

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 6732124 Bl 04/05/2004 JP 2000-284995 A 13/10/2000
JP 3763992 B2 05/04/2006

US 2009-0222596 Al 03/09/2009 CN 102084331 A 01/06/2011
EP 2286327 Al 23/02/2011
JP 2011-521315 A 21/07/2011
KR 10-2011-0048486 A 11/05/2011
US 2008-0183882 Al 31/07/2008
US 2011-0029496 Al 03/02/2011
US 2012-005443 Al 05/01/2012
US 2012-210021 Al 16/08/2012
US 7836226 B2 16/11/2010
US 8046500 B2 25/10/2011
US 8205015 B2 19/06/2012
WO 2009-126557 Al 15/10/2009

US 2012-0254120 Al 04/10/2012 None

US 2004-0015724 Al 22/01/2004 AU 2003-281565 Al 09/02/2004
US 7334124 B2 19/02/2008
WO 2004-010630 A2 29/01/2004
WO 2004-010630 A3 25/11/2004

EP 1840769 Al 03/10/2007 US 2007-0239797 Al 11/10/2007

Form PCT/ISA/210 (patent family annex) (January 2015)




	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 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - wo-search-report
	Page 23 - wo-search-report

