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(57) Abstract: Examples relate to techniques for Software Defined Networking (SDN) based big data transfer. In an example, a
SDN controller receives an API request for big data transfer from an application, wherein the API request contains an amount of
data to be transferred and an identity of each node of a plurality of nodes to which the data is to be transferred. Upon receiving the
API request for data transfer, the SDN controller performs discovery of the network topology to identify QoS parameters. Next, the
SDN controller activates a network template on the network topology based on the identified QoS parameters to generate a changed
network topology. Then, the SDN controller enables the data to be transferred over the changed network topology.
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BIG BATA TRANSFER

BACKGROUND

{80801] Cloud bas become the natural choice for big data processing becaunse any
number of Virtual Machines can be created and destroyed on demand. By natare of the use
case, big data processing requires large amount of computing power, storage and network
bandwidth which can be provided by a cloud environment. An important aspect to take into

consideration in big data processing 1s the network bandwidth for the transmission of the data.

BRIEF DESCRIPTION OF THE DRAWINGS

[8802] The present application may be more fully appreciated in connection with
the following detailed description taken in conjunction with the accompanying drawings, in
which like reference characters refer to hike parts throughout, and in which:

[8063] FIG. 1 illustrates a network architecture of the Software Defined Networking
(SDN) based routing for big data transfer in accordance with various examples of the
disclosure;

[8804] FIG. 2 illustrates a protocol diagram describing the SDN based routing for
big data transfer in accordance with various examples of the disclosure.

[98065) FIG. 3 dlustrates an example method for SDN based big dats transfor in
accordance with varigus examples of the disclosure;

{8606] FIG. 4A-C illustrate the change of network topology when applying different
network teraplates in accordance with various exaraples of the disclosure;

{8087] FIG. 5 ilustrates & SDN based big data transmission svstem in accordance
with various exampies of the disclosure; and

16808] FIG. 6 dlustrates a network compounent for implementing various cxampies

of the disclosure.

DETAILED DESCRIPTION
[8809]  In the following detailed description of examples of the disclosure, mmmerous
specific details are set forth i order to provide a more thoroogh understanding of the
disciosure. However, it will be apparent io one of ordinary skill in the art that the disclosure
may be practiced without these specific details, Tn other instances, well-known features have

not been described in detail to avoid unnecessarily complicating the description.
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[8818] The need to transfer and process the data cfficiently is one of the critical
aspect for big data processing. There is a lot of time consumed by the big data deployment
engine to transfer the data to the nodes for computation. The time consumed fo fransfer the
data to the distributed set of nodes is directly related to QoS (Quality of Service} factors of
the netwosk infrastructore. Since the big data transfer is required only at a specific peried in
time (before data processing), the Rol (Return on Investment) for such network imfrastructure
is not justified. There is a need for on-demand network infrastructure which can adapt with
the daia requirement before the big data is transmitted. In accordance with various examples
of the disclosure, a dyvamic network topology that flex-up and flex-down based on the data
transfer requirement is realized.

{8011 SDN (Seftware Defined Networking): SDN is an emerging architecture

purporting to be dynamic, manageable, cost-cffective, and adaptable, secking to be suitable
for the high-bandwidth, dynamic nature of today's applications. SDN architectures decouple
network control and forwarding functions, enabling network control to become directly
progranunable and the underlying infrastracture to be abstracted from applications and
network services,

[8812] Netwerk Quality Of Service: In packet-switched networks, guality of

service is affected by various factors, which can be divided into “buman” and “technical”
factors. Human factors include: stability of service, availability of service, delays, user
mformation. Techuical factors include: reliability, scalability, effectiveness, maintainability,
cte. Low throughput duc to varying load from disparate users sharing the same network
resources and the bit rate (the maximum throughput) that can be provided to the big data to
enable maxinum efficiency are particularly concerned about here.

18013] Virtual Routers: Virtual Routers (Software Networking devices) can be

created as a part of cloud infrastructure on a need basis. This allows the network traffic to be
segregated and the Network QoS can be improved. These Virtual Routers can be created and
destroyed on demand.

18014] Network Templates: Network tomplates can be created for the network

topology according to the data transmission requirement. These templates are configured by
the network administrator which has the following characteristies:
[8815] 1. Network templates consists of various routers and routing configuration

(such as QoS) for the nodes to be used by the big data processing.
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[8816] 2. The ecxisting network infrastructure QoS can be changed with the
configuration mentioned in the templates.

{B017] 3. New virual Routers mentioned in the network template can be created on
demand to provide efficient networking,

18018] Referring now to FIG. 1, a network architecture of the SDN based routing for
big data transfer m accordance with various examples of the disclosure 1 deseribed.

As shown i FIG. 1, a SDN controller 100 is located between the big data deployment engine
102 {which is an examplc of an application) and the network topology 104. The big data
deployment engine 102 scuds an APl request for big data transfer to the SDN coutroller 100
which in tum performs discovery of the network topology 104 to identify various QoS
parameters, activaies a network template on the network topology based on the identified
QoS parameters to generate a changed network topology. Once the network template is
activated on the network topology, the big data transter is enabled from the big data
deployment engine 102 1o the changed network topology 104, Alternatively, the SDN
coniroller 100 and the big data deployment engine 102 commumicates with the network
topology 104 via a SDN router 108,

[8619] In an example, after the big date transfer is completed, the SDN controller
100 may restore the network topology 104 into its original form. Alternatively, the SDN
controller 100 may ot change the network topology 104 after the big date transfer is
completed antil it receives another APT request for big data transfer and activates another
network template on the network topology 104,

18026] Reoforring now te FIG. 2, a protocel diagram describing the SDN based
routing for big data transfer in the network architecture of F1G. 1 s described. At 201, the big
data deployment cogine 102 identifies cach node of a plurality of nodes to which data needs
10 be transferred and the amount of data that needs to be transferred, and at 202, i sends an
APY request for big data transfer to the SDN controller 100, in an example, the APT request
may contain amount of data that needs to be transferred and an identity of cach node of a
plurality of nodes to which the dats is to be transforred such as 1P address and/or hostname.
At 203, upon receiving the API request from the data deployment engine 102, the SDN
controller 100 performs discovery of the network topology 104 to identify various (oS
parameters, and the network topology 104 returns discovery results i.e. (o5 parameters to the
SN controlier 100, At 204, the SDN controller 100 activates a network template on the

network topology based on the identified QoS paramecters o generate a changed network



WO 2016/164061 PCT/US2015/037802

topology. Then at 205, once the selected network template is activated on the network
topology, the big daia transfer is cnabled from the big data deployment engine 102 to the
changed network topology 104, After the big data transfer is completed, at 206, the SDN
controller 100 restores the network topology 104 into its original form. Allernatively, the
SDN coniroller 100 may not change the network topology 104 afier the big data transfer is
completed ontil it receives another API request for big data transfer and activates another
network template on the network topology 104,

8621 To an cxample, the network templatc may comprise routers and routing
configuration for the nodes to which the data is to be transferred. In another cxample, the
network templates may further comprise virtual routers which can be created as a part of
network topology and can be destroyed on demand.

190221  In another example, the API request sent by the big data deployment engine
102 may comprise at least one Qob parameter vequirement which should be satisfied for the
big data transfer, and accordingly the selection of a network template by the SDN controller
100 at 204 may be based partly on the at least one (305 paramcter requirement. In an example,
the Qo3 parameter may be throughput. Alternatively, the QoS parameter may be selected
from a group of QoS parameters comprising human factors which include stability of service,
availabiiity of service, delays, user information and technical factors which include reliability,
scalability, effoctivencss, maintainabihity, etc.

[8823] Referring now to FIG. 3, an example method 300 for SDPN based big data
transfer in accordance with various examples of the disclosure is described. At block 301, a
SDN controller receives an API request for big data transfor from an application, whercin the
AP reguest contains amount of data that needs to be transferred and an identity of each node
of a plurality of nodes to which the data is to be transferred such as IP address and/or
hostoare thereof. At block 302, the SDN controller performs discovery of the network
topology to identify current QoS parameters. At block 303, based on the identificd QoS
parameters, the SDN controller activates a network template on the network topology to
generate a changed network topology. At block 304, the SDN controller cnables the data to
be transferred over the changed network topology.

[8824] In an example, the method 300 may forther comprise block 305 at which the
SDN controller restores the network topology ito its original form afier dats transfer is

completed. Alternatively, the SDN controller may not change the network fopoelogy afier the
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date transfer is completed ontil it receives another AP request for data transfer and activates
another network templaie on the network topology.

[8825] In another example, the network template may comprise routers and routing
configuration for the nodes to which the data is to be transferred. In ancther example, the
network template may further comprise virtual routers which can be created as a part of
network topelogy and can be destroyed on demand, such as the SDN router 108 shown in
FIG. L.

18626] In another example, the AP] request sent by the application may comprise at
least one QoS parameter requirement which should be satisfied for the data transfer, | and the
network ternplate is created based on the at lcast one QoS parameter requirement. In an
example, the QoS paramcter may be throughput. Alternatively, the QoS parameter may be
selected from a group of QoS parameters corprising human factors which inchude stability of
service, availability of service, delays, user information and techmical factors which inchude
reHability, scalability, effoctiveness, maintainability, etc.

18627] Referring now to FIG. 4A-C, the change of network topology when applying
different nerwork templates in accordance with various examples of the disclosure s
described. The original network topology 400 as shown in FIG. 4A may comprise a phurality
of big data nodes A, B and C as well as a plurality of routers R1, RZ and R3.

{90281 In an example, for big data which needs to be transferred to a set of
distribuited big data nodes A, B and C, different network templates can be created based on
the amount of the big data that nceds to be transferred and the QoS requircments. In this
example, two changed network topologies when applying two different network templates 1o
the network topology are shown in FIG. 4B and 4C respectively.

18029]  As shown in FIG. 4B, the router R3, which is labeled by the dashed circle, is
omitted when compared to the original network topology. The network template applied in
Fig. 4B 1s suitable for big data transfer which does not require high bandwidth.

[8038] As shown in FIG. 4C, virtual router R4, which is labeled by the thick circle,
is added when compared to the original network topology. The network template applied in
Fig. 4C 1s suitable for big data transfer which requires high bandwidth,

[8831] In the above examples of the network templates, only network bandwidth
which reflects throughput is contemaplated, however, those skilled in the art may also take

human factors which include stability of service, availability of service, delays, user
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mformation and technical factors which include reliability, scalability, effectivengss,
maintainability, otc into account when creating network templates,

[B8832] It can be seen from above that by means of applying different network
templates, different QoS can be provided by a same network infrastracture through realizing
g dynamic nctwork topology that fiex-up and flex-down based on the big data transfor
requirement.

{8033] Reforring now to FIG. 5, a SDN based data transmission system 500 in
accordance with various cxamples of the disclosure is deseribed. The SDN based data
transmission system 300 may comprise a detection module 501, a discovery module 502, an
activation module 503, and a transmussion enable module 504,

{8034] The dotection module 501 detects whether an APE request for data
transmission is arrived from an application, wherein the AP request contains amount of data
that needs 1o be transnutted and an identity of each node of a plarality of nodes to which the
data is to be transmitted.

18035} The discovery module 502 carries out discovery of the network topology to
determine current QoS parameters upon detecting by the detection module 501 that an API
request for data transmission is arrived from an application.

18036] The activation medule 503 sctivaies a network template on the network
topology according to the determined QoS perameters to generate a changed network
topology.

[8637]) The transmission cnable module 504 cnables the data transmission from the
application 1o the changed network topelogy when the network template is activated on the
network topology.

{8038] In an cxample, the SDN based data transmission systeny 500 may further
comprise a recovery module 505 which recovers the network topology after data transmission
is completed.

[883%] In another example, the network templates may comprise rocters and routing
configuration for the nodes to which the data is to be transmitted. In another example, the
network templates may further comprise virtual routers which can be created as a part of
network topelogy and can be destroyed on demand, such as the SDN router 108 shown in
F1G. L.

18848  In another example, the ammived AP request may comprise at least one QoS

parameter requirement which should be satisfied for the data transmission, and |, and the
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network template is created based on the at least one QoS parameter requirement. In an
example, the QoS parameier may be throughput. Aliernatively, the QoS parameter may be
sclected from a group comprising homan facters which include stability of service,
availability of service, delays, user information and technical factors which include reliability,
scalability, effectivencss, maintainability, otc.

[8041] At least some of the features/methods described in the disclosure may be
nplemented in a general computing device and/or a network apparatus or component, such
as a compuier or network component with sufficicnt processing power, memory resources,
and network throughput capability to bandle the necessary worklead placed upon . For
mstance, the features/methods of the disclosure may be implemented using hardware,
firmmware, and/or software installed to run on hardware. FIG. 6 illustrates a network
component 600 suitable for implementing various examples of the disclosure. The network
component 600 includes 8 processor 601 (which may be referred to as a central processor unit
or CPU}, an asscciated memory 602 (e.g., random access memory {RAM), cache memory,
flash memory, ¢ic.), a storage device 603, FO devices 604 such as a keyboard, 2 mouse, a
microphone (not shown} or a monitor and network connectivity devices 605, which couple
with cach other with a bus 606.

[8842] The processor 601 may be implemented as 3 CPU chip, or may be part of an
application specific integrated circuit (ASIC) and/or digital signal processor (DSP). The
storage device 603 is typically a hard disk, an optical drive such as a compact disk drive or
digital video disk (BVD) drive, a flash memory stick, ete and is used for non-volatile storage
of data. The storage device 603 may be used to store programs that are loaded futo memory
602 when such programs are selected for exccution. The memory 602 is used to store
instructions and perhaps data that are read during program execution,

[9843]  The memory 602 inclades, among others, a data transfer moduic 607 storing
machine readable instructions which, when executed by the processor 601, cause the
processor to perform the following operations. In an example, the operations mchude
performing the method as explained with respect to Fig. 3. In another exanmple, the data
transmission system 500 as shown in FIG. 3 may be implemented as the data transfer module
607, Another gxample of the data transfer module 607 includes instructions that cause the
processor 601 to vealize the data transmission system 500 in FIG. § and the method thustrated

in Fig. 3.
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[8044] Thanks to the SDIN based data transfer solution described above, a dynamic
network topology that flex-up and flex-down based on the data transfer requirement is
realized. Due to such dynamic network topology, the following technical effects can be
achioved: 1. Time involved to transmit the data is reduced. 2. The big data transmission
docsn’t cause any congestion on the network. 3. Data processing is performed efficiently. 4.
On demand change n the network topology for effective Rol. 5. Packet loss s reduced. 6.
Dynamic network topology 1s realized to handle varying network load.

18045] While the disclosure has been described with respect to a Hmited nomber of
examples, those skilled in the art, having benetit of this disclosure, will appreciate that other
example embodiments can be devised which do not depart from the scope of the disclosure as
disclosed herein. Accordingly, the scope of the disclosure should be limited only by the

attached claims,
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I%We Claim:

1. A method for Sotftware Defined Networking (SDN) based big data transfer, comprising:
receiving, at a SDN controller in a network, an API request for big data transfer from an
application, wherein the API request contains an amount of data that needs to be transferred
and an identity of each node of a phuality of nodes to which the data is to be transferred;
performing discovery of a network topology of the network to identify QoS parameters;
based on the identified QoS parameters, activating a vetwork template on the network
topology to generate a changed network topology; and

enabling the data to be transferred over the changed network topelogy.

2. The method according to claim 1, further comprising restoring the network topology afier

the big data transfer is completed.

3. The method according to claim 1, wherein the network template comprises routers and

routing configuration for the nodes to which the data 1s to be transferred.

4. The method according to claim 3, wherein the network template further comprises virtual
routers which can be created as a part of the network topelogy and can be destroyed on

demand.

5. The method according to claim 1, wherein the API request comprises at least one QoS
6 ~
parameter requirement, and the network template is created based on the at least one QoS

parameter requirement.

6. A SDN based data transmission system, comprising:

a detection module to detect whether an APT request for big data transmission is arrived
from an application, wherein the API request contains an amount of data to be tfransmitted
and an identity of each node of a plurality of nodes to which the data is to be transmitted;

a discovery module to carry out discovery of a network topology to determine QoS
parameiers;

an activation module to activate 2 network template on the network topolegy according

to the determined QoS parameters to generate a changed network topology; and
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a transmission enable module to cnable data transmission from the application to the
changed network topology when the network template is activated on the network topology.
7. The system according to claim 6, further comprising:

a recovery module to recover the network topology afier the big data transmission is

completed.

8. The system according to claim 6, wherein the network template comprises rouiers and

routing configuration for the nodes to which the data is to be fransmiited.

9. The system according to claim 8, wherein the network template further comprises virtual
routers which can be created as a part of the network topology and can be destroyed on

demand.

10. The system according to claim 6, whercin the API request comprises at least one QoS
o o 2
parameter requirement, and the network template 1s created based on the at least one QoS

parameter requirement.

11. An apparatus in a network comprising:
a processor; and
a memory storing compuier readable instructions executable by the processor to:
receive an AP request for big data transfer from an application, wherein the AP request
contains an amount of data to be transferred and an identity of cach node of a phuality of
nodes to which the data is o be transferred;
perform discovery of a network topology of the network to identify QoS parameters;
based on the identified Qod parameters, activate a network template on the network
topology to generate a changed network topology; andenable the data to be transferred over

the changed network topology.

12. The apparatus according to claim 11, wherein the memory further stores instructions
which, when execuied by the processor, cause the processor to restore the network fopology

after big data tramnsfer is completed.
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13. The apparatus according to claim 11, wherein the network template comprises routers and

routing configuration for the nodes to which the data is to be transforred.

14. The apparatus according to claim 13, wherein the network template further comprises
virtual routers which can be created as a part of network topology and can be destroyed on

demand.

18, The apparatus according to claim 11, wherein the API request comprises at least one QoS
p= s
parameter requirernent, and the network tenplate is created based on the at least one QoS

parameter requirement.



PCT/US2015/037802

1/8

RN
S ERRRORSS TN

WO 2016/164061

17004

e

\\um\ LE ,m e,

4 - N - suug
el & ™. ﬁm \V § v | uswhordag
B e s ”

i M ~, 801 smpsuRsy verr | mwm\«mm g

e e

, 01
; \/xx s il ‘

/ 1aanng iy

o
w i \w N.sfgi

W \N .»}e& \\ et o
L 2 B 4 A BB )

- fmmw odo | _ \maxm
POT yiomiaN

Sorvresrrierrrrsnrrondd .

_Am@wwm@&@@w

POEIVIVETS:

NSRS

Sy

R

ARSI R RS

§§
-

3 -:\‘0'»"'&\:-2@\\\\:5"'3\3\
\Y\VN\\\Q\V&\\W\\N\ z

ORI

3




114

WO 2016/164061

2/8

PCT/US2015/037802

i3

2

244
206

102
Big Dala

Deployment Enging

202

205

i, 2



WO 2016/164061 PCT/US2015/037802
3/8

RECEING, 3 a SN Crnbrofier, are AR requeel
for data tansfer frootan upp‘a; ation, whereln
the APY request contalng amoont of dieg that
geady to be transiored smi arddentity of eacke

rode of & pharality of dodee to which the data is

to be vansterrad

3¢

¢f

ey o the netwark topalogy
i weneiers

Activating
ti};m} :
paranons e peonerals a ohan
topalagy

3513

ormpiabs s

the tder

Fuabil

FIG. 3



WO 2016/164061 PCT/US2015/037802
4/8

_SDN

A

FiG. 44



WO 2016/164061 PCT/US2015/037802
5/8

spN

“ Router

FIG, 48



WO 2016/164061 PCT/US2015/037802
6/8

SDN”
L Router

¥I1G. 4C



WO 2016/164061 PCT/US2015/037802
7/8

Prafa Transmisgton Syste SO0

§ Dowution
5431
Modide W

P Wetwork Tapology

Recovery \\‘f j
! 3 i

8ol A ¥ ¢
503 “{ ]

FiG. 5



WO 2016/164061 PCT/US2015/037802
8/8

Metwork Conponed §G0

.

Frovessor O
& &04

Data Toansier Mebwork
Noduls e8]
&7

Siowmge H43

BayHis

FiG. 6



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US2015/037802

A. CLASSIFICATION OF SUBJECT MATTER
HO04L 29/06(2006.01)i, HO4L 12/851(2013.01)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)
HO04L 29/06; HO4L 12/24; HO4L 12/701; HO4L 12/26, HO4L 12/56, HO4L 12/851

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

Electromnic data base consulted during the international search (name of data base and, where practicable, search terms used)
¢KOMPASS(KIPO internal) & keywords. Software Defined Networking (SDN), QoS, network topology, virtual router, recover

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2014-0376406 Al 1,5-6,10-11,15
(ELECTRONICS & TELECOMMUNICATIONS RESEARCH INSTITUTE) 25 December 2014
See paragraphs [0070]-[0085] and figures 1-3.
Y 2-4,7-9,12-14
Y US 2014-0078936 Al 2,7,12
(ELECTRONICS & TELECOMMUNICATIONS RESEARCH INSTITUTE) 20 March 2014
See claim 1.
Y WO 2015-040624 Al 3-4,8-9,13-14
(HEWLETT-PACKARD DEVELOPMENT COMPANY, L.P. et al.) 26 March 2015
See paragraph [0017] and figure 1.
A KR 10-2014-0050460 A (SK TELECOM CO., LTD.) 29 April 2014 1-15
See paragraphs [0020]-[0054] and figures 1-3.
A EP 2009848 A1l (ALCATEL LUCENT) 31 December 2008 1-15
See paragraphs [0009]-[0031] and figures 1-2.

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categorics of cited documents:
"A" document defining the general state of the art which is not considered
to be of particular relevance

"E"  earlier application or patent but published on or after the international
filing date

"L"  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"0" document referring to an oral disclosure, use, exhibition or other
means

"P"  document published prior to the international filing date but later

than the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory undetlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one ot more other such documents,such combination
being obvious to a person skilled in the art

document member of the same patent family

e

myn

ng"

Date of the actual completion of the international search
24 December 2015 (24.12.2015)

Date of mailing of the international search report

18 February 2016 (18.02.2016)

Name and mailing address of the ISA/KR

Intemnational Application Division

Korean I[ntellectual Property Office

189 Cheongsa-to, Seo-gu, Dagjeon Metropolitan City, 35208,
Republic of Korea

Faé;ifnile No. +82-42-472-7140

K

Authorized officer

KIM, Seong Woo

Telephone No. +82-42-481-3348

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2015/037802

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2014-0376406 Al 25/12/2014 KR 10-2015-0000152 A 02/01/2015

US 2014-0078936 Al 20/03/2014 KR 10-2014-0036542 A 26/03/2014

WO 2015-040624 Al 26/03/2015 None

KR 10-2014-0050460 A 29/04/2014 None

EP 2009848 Al 31/12/2008 AT 448619 T 15/11/2009
DE 602007003208 D1 24/12/2009
EP 2009848 B1 11/11/2009
JP 2010-531596 A 24/09/2010
KR 10-1050681 B1 21/07/2011
KR 10-2010-0024442 A 05/03/2010
WO 2009-013085 Al 29/01/2009

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



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

