
Delivering High-Speed Supercomputer Services

Case Study

Intel® Xeon® Processor E5 Family, Intel® Cluster Studio XE

High-Performance Computing

Kyoto University builds a 1,202-socket cluster supercomputer to deliver advanced information services 

to research institutes throughout Japan using the Intel® Xeon® processor E5 family

Challenges
�� �'HOLYHU\�RI�KLJK�VSHHG�VXSHUFRPSXWHU�VHUYLFHV�WR�UHVHDUFKHUV�DQG�UHVHDUFK�LQVWLWXWLRQV�

inside and outside academia

�� �,QVWDOODWLRQ�RI�FOXVWHU�VXSHUFRPSXWHU�ZLWK�VXSHULRU�QRGH�DQG�QHWZRUN�SHUIRUPDQFH

�� �/RZHU�KHDW�JHQHUDWLRQ�DQG�LPSURYHG�SRZHU�HIILFLHQF\

Solutions
�� �&OXVWHU�VXSHUFRPSXWHU�XVLQJ�,QWHO��;HRQ��SURFHVVRU�(��IDPLO\

�� �,QWHO��&OXVWHU�6WXGLR�;(�VXLWH�RI�WRROV�IRU�03,�GHYHORSHUV

Highly Versatile Supercomputer for 
Wide Variety of Research Applications

The Academic Center for Computing and 

0HGLD�6WXGLHV�DW�.\RWR�8QLYHUVLW\��$&&06��

undertakes research and development 

aimed at advanced applications of IT 

platforms and media. It feeds the results of 

this research back into enhancements to the 

educational environment. As one of Japan’s 

national centers for shared access to IT 

infrastructure, it also provides sophisticated 

computing services to researchers and other 

users at other universities and research 

institutions throughout Japan. Director of 

$&&06��3URIHVVRU�+LURVKL�1DNDVKLPD��3K'��

GHVFULEHG�WKH�FHQWHU�E\�VD\LQJ��´2XU�WZR�NH\�

roles are to provide IT infrastructure across 

Kyoto University and to conduct academic 

research into the building of advanced IT 

platforms for the future. In terms of joint 

UHVHDUFK��ZH�KDYH�DQ�LPSRUWDQW�PLVVLRQ�DV�

SDUW�RI�D�QHWZRUN�RI�HLJKW�FRPSXWLQJ�FHQWHUV�

DW�PDMRU�QDWLRQDO�XQLYHUVLWLHV�µ�$&&06�LV�

actively involved in joint research and other 

FROODERUDWLRQV�ZLWK�ERWK�SULYDWH�VHFWRU�

FRPSDQLHV�DQG�UHVHDUFK�LQVWLWXWLRQV��ZLWK�

research and development organized into 

five departments. Besides the existing 

'HSDUWPHQW�RI�1HWZRUN�5HVHDUFK��

'HSDUWPHQW�RI�&RPSXWLQJ�5HVHDUFK��

Department of Educational Support, and 

'HSDUWPHQW�RI�'LJLWDO�&RQWHQW�5HVHDUFK��

WKH�FHQWHU�KDV�DOVR�DGGHG�D�QHZ�GHSDUWPHQW�

FDOOHG�WKH�&ROODERUDWLYH�5HVHDUFK�

/DERUDWRULHV�WR�ZRUN�RQ�FUHDWLQJ�QHZ�,7�

platforms and services.

$W�WKH�'HSDUWPHQW�RI�&RPSXWLQJ�5HVHDUFK��

WR�ZKLFK�3URIHVVRU�1DNDVKLPD�EHORQJV��

ZRUN�RQ�VXSHUFRPSXWHUV�H[WHQGV�EH\RQG�

UHVHDUFK�DQG�GHYHORSPHQW�RI�KDUGZDUH�DQG�

VRIWZDUH��DQG�LQFOXGHV�V\VWHP�RSHUDWLRQ�

and user support by technical staff in the IT 

Infrastructure Group of the IT Section. The 

shared access service supplies computing 

services, not only to researchers at Kyoto 

University, but also to academic researchers, 

private-sector businesses, and other users 

Figure 1.  Computed image from simulation of major 

earthquake

Academic Center for Computing and 
Media Studies, Kyoto University

Yoshida-Honmachi, Sakyo-ku, Kyoto

Established April 1964

Activities:

5HVHDUFK�DQG�GHYHORSPHQW�DLPHG�DW�

advanced applications of IT platforms and 

media and providing, operating, 

and administering IT infrastructure 

ZLWKLQ�WKH�XQLYHUVLW\

KWWS���ZZZ�PHGLD�N\RWR�X�DF�MS�



throughout Japan. Applications include 

large scientific and technical computations, 

computational chemistry, structural analysis, 

statistical processing, and visualization. 

3URIHVVRU�1DNDVKLPD�FRPPHQWHG�WKDW��´7KH�

VXSHUFRPSXWHUV�PDGH�DYDLODEOH�E\�$&&06�

can be used by all sorts of different research 

institutions in a variety of fields and 

disciplines. This means, rather than being 

mission-oriented, our service must maintain 

a highly versatile approach. The majority 

of use comes from science and engineering 

UHVHDUFK��ZLWK�H[DPSOHV�RI�ODUJH�VLPXODWLRQV�

RQ�ZKLFK�WKH�FHQWHU�KDV�FROODERUDWHG�

including simulations of the cycle of major 

HDUWKTXDNH�HYHQWV��)LJXUH�����DQG�SDUWLFOH�

simulations of plasma environments in space 

�)LJXUH����µ

$&&06�LQVWDOOHG�LWV�ILUVW�VXSHUFRPSXWHU�LQ�

������:KLOH�WKH�HDUO\�PDFKLQHV�ZHUH�YHFWRU�

VXSHUFRPSXWHUV��WKH\�KDYH�VZLWFKHG�WR�

more versatile scalar machines since 2004. 

Discussing their policies for supercomputer 

installation and operation, Professor 

1DNDVKLPD�VDLG��´7R�NHHS�XS�ZLWK�RWKHU�

DFDGHPLF�LQVWLWXWLRQV�DURXQG�WKH�ZRUOG��LW�

LV�LPSRUWDQW�WKDW�ZH�SURJUHVV�LQ�OLQH�ZLWK�

the latest developments. In order to do this, 

ZH�FRQILJXUH�V\VWHPV�DV�/LQX[�FOXVWHUV��

DQ�DUFKLWHFWXUH�WKDW�LV�LQ�ZLGHVSUHDG�XVH�

LQWHUQDWLRQDOO\��$ORQJ�ZLWK�LWV�YHUVDWLOLW\��

other major advantages of this approach 

include performance, cost, and application 

development efficiency.”

Evaluation of High-Speed I/O Bus Using 
PCI Express* 3.0 and Adoption of Intel® 
Xeon® Processor E5 Family,  
and Implementation of Compilers and 
Other Developer Tools

To provide its university and other users 

ZLWK�DQ�DGYDQFHG�FRPSXWLQJ�HQYLURQPHQW��

$&&06�KDV�UHJXODUO\�XSGDWHG�LWV�

VXSHUFRPSXWHUV�HYHU\�IHZ�\HDUV��,Q�������

ZLWK�WKH�+3&�VHUYHU�LQVWDOOHG�LQ������FRPLQJ�

up for replacement, the center undertook 

HYDOXDWLRQ�ZRUN�WR�VHOHFW�LWV�ODWHVW�

supercomputer system. After comparing 

and testing machines from a number of 

vendors, they configured a large cluster 

V\VWHP�XVLQJ�DQ�+3&�VHUYHU�ILWWHG�ZLWK�WKH�

Intel Xeon processor E5 family. Explaining 

their reasons for choosing Intel processor-

EDVHG�&38V��3URIHVVRU�1DNDVKLPD�VDLG��´$Q�

HVVHQWLDO�UHTXLUHPHQW�ZKHQ�VHOHFWLQJ�WKH�

SURFHVVRU�ZDV�WKDW�LW�XVH�WKH�KLJKO\�YHUVDWLOH�

x86 64-bit architecture. This led us to the 

,QWHO�;HRQ�SURFHVVRU�(��IDPLO\��ZKLFK�DOORZV�

KLJK�VSHHG�H[FKDQJH�RI�GDWD�EHWZHHQ�QRGHV�

XVLQJ�D�QHWZRUN�,�2�EXV�WKDW�VXSSRUWV�3&,�

Express 3.0.”

PCI Express 3.0 is a high-speed bus 

transmission standard able to achieve 

WUDQVIHU�VSHHGV�XS�WR��*7�V��JLJD�WUDQVIHUV�

SHU�VHFRQG��SHU�ODQH��$W�WKH�WLPH�RI�ZULWLQJ��

WKH�,QWHO�;HRQ�SURFHVVRU�(��IDPLO\�ZDV�WKH�

only processor that supported PCI Express 3.0. 

6LQFH�LW�DOORZV�IDVWHU�QHWZRUN�DFFHVV�WKDQ�

the PCI Express 2.1 standard that currently 

LV�WKH�PDLQVWUHDP��PD[LPXP�WUDQVIHU�VSHHG��

�*7�V���WKH�DGYDQWDJHV�RI�3&,�([SUHVV�����

cannot be overestimated.

This system upgrade also included the 

installation of the Intel Cluster Studio XE 

suite of tools for message-passing interface 

�03,��GHYHORSHUV��,QWHO�&OXVWHU�6WXGLR�;(�

is a package of tools for HPC clusters, 

LQFOXGLQJ�&�&���DQG�)RUWUDQ�FRPSLOHUV��

SHUIRUPDQFH�DQDO\VLV�WRROV��DQ�03,�OLEUDU\��

DQG�03,�DSSOLFDWLRQ�SHUIRUPDQFH�DQDO\VLV�

WRROV��3URIHVVRU�1DNDVKLPD�H[SODLQHG�WKH�

reasons for selecting Intel Cluster Studio 

;(�E\�VD\LQJ��´:H�ZHUH�LPSUHVVHG�E\�WKH�

VRIWZDUH·V�KLJK�GHJUHH�RI�DIILQLW\�ZLWK�,QWHO�

SURFHVVRUV�DQG�LWV�FRPSDWLELOLW\�ZLWK�RWKHU�

x86 processors. Benchmark testing of the 

various tools also gave favorable results 

WKDW�ZHUH�DW�D�OHYHO�ZH�IRXQG�VDWLVIDFWRU\��

7KH�XVDELOLW\�RI�WKH�WRROV�ZDV�DOVR�DWWUDFWLYH��

DV�ZDV�WKH�H[WHQVLYH�UDQJH�RI�VRIWZDUH�

included in the suite.”

Extracting Maximum Performance  
from Large Cluster Supercomputers
Intel Xeon Processor Family

“Adoption of the Intel Xeon 

processor family provides users 

ZLWK�D�KLJK�VSHHG�FRPSXWLQJ�

HQYLURQPHQW��ZLWK�QHWZRUN�

performance that improves in 

SURSRUWLRQ�ZLWK�QRGH�SHUIRUPDQFH��

,W�DOVR�UHGXFHV�SRZHU�FRQVXPSWLRQ�

and dramatically enhances IT 

service quality.”

3URIHVVRU�+LURVKL�1DNDVKLPD��3K�'
Director of Academic Center for 

&RPSXWLQJ�DQG�0HGLD�6WXGLHV� 
Kyoto University

Figure 2.��/DUJH�VFDOH�SDUWLFOH�VLPXODWLRQ�RI�LQWHUDFWLRQ�
EHWZHHQ�LRQ�HQJLQH�DQG�SODVPD

3URIHVVRU�+LURVKL�1DNDVKLPD��3K�'
Director of Academic Center for 

&RPSXWLQJ�DQG�0HGLD�6WXGLHV��.\RWR�
University



1,202-Socket Subsystem and High-
Memory-Capacity Subsystem with 1.5TB 
per Node

7KH�QHZ�VXSHUFRPSXWHU�V\VWHP�HQWHUHG�IXOO�

RSHUDWLRQ���7KH�V\VWHP�ZDV�PDGH�XS�RI�RQH�

PDVVLYHO\�SDUDOOHO�SURFHVVRU��033��V\VWHP�

DQG�WZR�FOXVWHU�V\VWHPV��HDFK�FRPSULVLQJ�DQ�

,QILQL%DQG�QHWZRUN�DQG�+3&�VHUYHU�ILWWHG�

ZLWK�WKH�,QWHO�;HRQ�SURFHVVRU�(��IDPLO\��

The peak computational performance of the 

RYHUDOO�V\VWHP�ZDV�������7)ORSV��

7KH�/DXUHO�VXEV\VWHP�KDV�D�KLJK�GHJUHH�RI�

FRPSDWLELOLW\�ZLWK�3&�FOXVWHUV��FRPSULVLQJ�

����QRGHV�ZLWK����*%�RI�PHPRU\�DQG����

cores per node. It has a peak computational 

SHUIRUPDQFH�RI�������7)ORSV�DQG�WRWDO�

PHPRU\�FDSDFLW\�RI����7%��)LJXUH�����7KH�

&LQQDPRQ�VXEV\VWHP�KDV����QRGHV�ZLWK�

1.5 TB of memory and 32 cores per node. 

Despite the small number of nodes, the large 

DPRXQW�RI�PHPRU\�SHU�QRGH�PHDQV�LW�ZLOO�EH�

used for applications that demand a large 

memory capacity. It has a theoretical peak 

FRPSXWDWLRQDO�SHUIRUPDQFH�RI������7)ORSV�

DQG�WRWDO�PHPRU\�FDSDFLW\�RI����7%��)LJXUH����

Improvements in Node Performance 
and Power Efficiency Deliver High-
Speed Analysis at Low Cost

With 7.9 times the computational 

performance, 6.1 times the memory capacity, 

and 5.7 times the overall physical capacity of 

LWV�SUHGHFHVVRU��WKH�QHZ�V\VWHP�UHSUHVHQWV�

Intel Cluster Studio XE
 

 

 

Intel Cluster Studio XE is a suite of 

GHYHORSPHQW�WRROV�IRU�03,�DSSOLFDWLRQV��

Combining a number of highly reliable 

WRROV��LQFOXGLQJ�,QWHO·V�FOXVWHU�VRIWZDUH��

advanced threading/memory consistency 

detection, and performance profiling.

7KH�VRIWZDUH�GHOLYHUV�VLJQLILFDQW�

improvements in the performance and 

scalability of cluster applications.

Products Included in Intel Cluster 
Studio XE

�� ,QWHO��&RPSRVHU�;( 
,QFOXGHV�&�&���DQG�)RUWUDQ�FRPSLOHUV��

SHUIRUPDQFH�OLEUDULHV��IRU�QXPHULFDO�

FDOFXODWLRQ�>,QWHO��0./@��JUDSKLFV�

SURFHVVLQJ�>,QWHO��,33@��DQG�D�

PXOWLWKUHDGLQJ�OLEUDU\�>,QWHO��7%%@��

��,QWHO��97XQH��$PSOLILHU�;( 
An analysis tool for the rapid diagnosis 

of performance bottlenecks. Use 

of templates lets you retrieve the 

LQIRUPDWLRQ�\RX�QHHG�ZLWK�D�IHZ�PRXVH�

clicks. The intuitive user interface keeps 

operation simple.

��,QWHO��,QVSHFWRU�;( 
$�XWLOLW\�ZLWK�DGYDQFHG�IXQFWLRQV�IRU�

detecting memory and threading errors. 

Supports the dynamic detection of 

memory problems such as memory leaks 

or corruption, and multithreading errors 

such as data conflicts or deadlocks.

��,QWHO��03,�/LEUDU\ 
$Q�03,�OLEUDU\�ZLWK�WKH�VFDODELOLW\�WR�

handle more than 90,000 processes. 

Enhances the execution of applications 

on Intel® platform clusters.

��,QWHO��7UDFH�$QDO\]HU�&ROOHFWRU 
$�SHUIRUPDQFH�DQDO\VLV�WRRO�IRU�03,�

applications. Supports event-based 

tracing of applications executing 

in parallel. Collected trace data are 

displayed graphically to simplify 

the identification of performance 

bottlenecks.

Figure 3.��&RQILJXUDWLRQ�RI�/DXUHO�6XEV\VWHP�ZLWK�����QRGHV

Figure 4.��&RQILJXUDWLRQ�RI�&LQQDPRQ�6XEV\VWHP�ZLWK����QRGHV��HDFK�ZLWK�����7%�RI�PHPRU\
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D�PDMRU�VWHS�XS�LQ�VFDOH��7KH�WZR�FOXVWHUV�

ILWWHG�ZLWK�WKH�,QWHO�;HRQ�SURFHVVRU�(��

family also deliver significant improvements 

LQ�SHUIRUPDQFH�DQG�SRZHU�FRQVXPSWLRQ��

7KH�����QRGH�/DXUHO�VXEV\VWHP�PRUH�

WKDQ�GRXEOHV�QRGH�SHUIRUPDQFH�ZKLOH�

UHGXFLQJ�SRZHU�FRQVXPSWLRQ�E\�PRUH�WKDQ�

half. This corresponds to a roughly six-fold 

LPSURYHPHQW�LQ�SRZHU�HIILFLHQF\��5HIHUULQJ�

to another major success, Professor 

1DNDVKLPD�VDLG��´2I�SDUWLFXODU�VLJQLILFDQFH�

LV�KRZ�WKH�EHQHILWV�RI�XVLQJ�3&,�([SUHVV�

����KDYH�VHHQ�QHWZRUN�SHUIRUPDQFH�

LPSURYH�URXJKO\�LQ�SURSRUWLRQ�ZLWK�QRGH�

performance.”

:KLOH�WKH�&LQQDPRQ�VXEV\VWHP��ZLWK�LWV�

large memory capacity, has only improved 

node performance by about 20 to 30 

SHUFHQW��SRZHU�FRQVXPSWLRQ�KDV�EHHQ�FXW�WR�

one-tenth that of the system it is replacing. 

Also, the ability of the entire system to fit 

into a single rack means it takes up only one-

tenth as much space as the previous system. 

This cut installation costs significantly.

7KH�QHZ�VXSHUFRPSXWHU�V\VWHP�DOVR�EULQJV�

benefits for research. The improvement in 

underlying performance means users can 

obtain the results of even large and complex 

calculations quickly and cost-efficiently. In 

DQ�DFDGHPLF�FRQWH[W��WKH�IDVWHU�VSHHG�ZLOO�

SURYH�YDOXDEOH�EHFDXVH�LW�DOORZV�FDOFXODWLRQV�

to be executed for more parameters than 

ZRXOG�RWKHUZLVH�EH�SRVVLEOH�LQ�WKH�OLPLWHG�

WLPH�DYDLODEOH��7KH�QHZ�V\VWHP�DOVR�KDV�

EHQHILWV�IRU�$&&06�LQ�LWV�UROH�DV�D�VHUYLFH�

SURYLGHU��,Q�SDUWLFXODU��3URIHVVRU�1DNDVKLPD�

notes that, “Under current operating 

SUDFWLFHV�LQ�ZKLFK�XVDJH�IHHV�DUH�FDOFXODWHG�

EDVHG�RQ�WKH�DPRXQW�RI�SRZHU�WKDW�XVHUV�

consume, a major benefit is the near six-

IROG�LPSURYHPHQW�LQ�SRZHU�HIILFLHQF\��

ZKLFK�PHDQV�WKDW�ZH�FDQ�SURYLGH�XVHUV�

ZLWK�URXJKO\�VL[�WLPHV�DV�PXFK�FRPSXWLQJ�

FDSDFLW\�ZLWKLQ�WKH�DOORFDWHG�EXGJHW�µ

5HJDUGLQJ�WKHLU�IXWXUH�SODQV��$&&06�KDV�

already decided to install an additional 

QHZ�VXSHUFRPSXWHU�ILWWHG�ZLWK�WKH�QH[W�

generation of Intel Xeon processors in 

������7KH�QHZ�VXEV\VWHP�LV�H[SHFWHG�WR�

)LQG�WKH�VROXWLRQ�WKDW·V�ULJKW�IRU�\RXU�RUJDQL]DWLRQ��&RQWDFW�\RXU�,QWHO�UHSUHVHQWDWLYH� 
YLVLW�,QWHO·V�%XVLQHVV�6XFFHVV�6WRULHV�IRU�,7�0DQDJHUV��ZZZ�LQWHO�FRP�LWFDVHVWXGLHV�� 
RU�H[SORUH�WKH�,QWHO�FRP�,7�&HQWHU��ZZZ�LQWHO�FRP�LWFHQWHU��

For more information on the Intel Xeon processor, visit 
http://www.intel.co.jp/xeonE5/

have a peak computational performance 

RI�����7)ORSV��&RPELQHG�ZLWK�WKH�H[LVWLQJ�

V\VWHP��WKLV�ZLOO�UHVXOW�LQ�D�VXSHUFRPSXWHU�

ZLWK�SHUIRUPDQFH�DSSURDFKLQJ�WKH���

3)ORSV�UDQJH��/RRNLQJ�WR�WKH�IXWXUH��WKH�

center is currently at the stage of testing 

WKH�QH[W�JHQHUDWLRQ�RI�WHFKQRORJ\��ZLWK�D�

SUHVXPSWLRQ�WKDW�WKH�SURFHVVRUV�XVHG�ZLOO�EH�

made by Intel. “I have been entirely satisfied 

ZLWK�WKH�,QWHO�;HRQ�SURFHVVRU�(��IDPLO\�DQG�

Intel Cluster Studio XE products used in our 

QHZ�V\VWHP�µ�VDLG�3URIHVVRU�1DNDVKLPD��´,�

ORRN�IRUZDUG�WR�,QWHO·V�RQJRLQJ�WHFKQRORJLFDO�

innovation and its development of 

fascinating products.”

)RU�LWV�SDUW��WKURXJK�RQJRLQJ�WHFKQRORJLFDO�

innovations in its development tools and 

the Intel Xeon processor, Intel intends to 

contribute to further enhancements to the 

,7�LQIUDVWUXFWXUH�WKDW�$&&06�LV�VHHNLQJ�WR�

build.

� �3HUIRUPDQFH�WHVWV�DQG�UDWLQJV�FRQWDLQHG�ZLWKLQ�WKLV�GRFXPHQW�DUH�PHDVXUHG�XVLQJ�VSHFLILF�FRPSXWHU�V\VWHPV�DQG�RU�FRPSRQHQWV�DQG�UHIOHFW�WKH�DSSUR[LPDWH�SHUIRUPDQFH�RI�,QWHO�SURGXFWV�DV�PHDVXUHG�
E\�WKRVH�WHVWV��$Q\�GLIIHUHQFH�LQ�V\VWHP�KDUGZDUH�RU�VRIWZDUH�GHVLJQ�RU�FRQILJXUDWLRQ�PD\�DIIHFW�DFWXDO�SHUIRUPDQFH��%X\HUV�VKRXOG�FRQVXOW�RWKHU�VRXUFHV�RI�LQIRUPDWLRQ�WR�HYDOXDWH�WKH�SHUIRUPDQFH�
RI�V\VWHPV�RU�FRPSRQHQWV�WKH\�DUH�FRQVLGHULQJ�SXUFKDVLQJ��)RU�PRUH�LQIRUPDWLRQ�RQ�SHUIRUPDQFH�WHVWV�DQG�RQ�WKH�SHUIRUPDQFH�RI�,QWHO�SURGXFWV��YLVLW�,QWHO�3HUIRUPDQFH�%HQFKPDUN�/LPLWDWLRQV��,QWHO�
does not control or audit the design or implementation of third party benchmarks or Web sites referenced in this document. Intel encourages all of its customers to visit the referenced Web sites or others 
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� �:KHQ�XVHG�RQ�FRPSDWLEOH�PLFURSURFHVVRUV��,QWHO��FRPSLOHUV�ZLOO�QRW�QHFHVVDULO\�DFKLHYH�WKH�VDPH�OHYHO�RI�RSWLPL]DWLRQ�DV�DFKLHYHG�RQ�,QWHO�PLFURSURFHVVRUV��7KLV�LQFOXGHV�RSWLPL]DWLRQ�IRU�WKH�,QWHO��
6WUHDPLQJ�6,0'�([WHQVLRQV����,QWHO��66(����,QWHO��6WUHDPLQJ�6,0'�([WHQVLRQV����,QWHO��66(����DQG�,QWHO��6XSSOHPHQWDO�6WUHDPLQJ�6,0'�([WHQVLRQV����666(���LQVWUXFWLRQ�VHWV��DV�ZHOO�RWKHU�RSWLPL]DWLRQ��
Intel assumes no responsibility for the provision, functions, or effects of optimization on microprocessors not made by Intel. The microprocessor-specific optimization performed by this product is 

LQWHQGHG�VROHO\�IRU�,QWHO�PLFURSURFHVVRUV��&HUWDLQ�RSWLPL]DWLRQ�WKDW�LV�QRW�VSHFLILF�WR�WKH�,QWHO��PLFURDUFKLWHFWXUH�LV�UHVHUYHG�IRU�XVH�ZLWK�,QWHO�PLFURSURFHVVRUV��)RU�PRUH�LQIRUPDWLRQ�DERXW�WKH�VSHFLILF�
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