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+LJK�(QG�&RPSXWLQJ�6\VWHPV�*URXS�

'HSDUWPHQW�RI�&RPSXWHU�DQG�,QIR��6FLHQFH

7KH�2KLR�6WDWH�8QLYHUVLW\

KWWS���QRZODE�FLV�RKLR�VWDWH�HGX�V\VWHPV�

� &RPSXWDWLRQ�VSUHDGHG�RYHU�KXQGUHGV�DQG�WKRXVDQGV�RI�
SURFHVVRUV

� 3URYLGHV�IDU�UHDFKLQJ�EHQHILWV�WR�VRFLHW\��H�J��QHZ�GUXJV��
VDIHU�DQG�IXHO�HIILFLHQW�YHKLFOHV��HQYLURQPHQWDO�
PRGHOLQJ��QXFOHDU�VWRFNSLOH�VDIHW\��VFLHQWLILF�GLVFRYHULHV�
LQ�D�EURDG�UDQJH�RI�GLVFLSOLQHV

� (VVHQWLDO�WR�VFLHQFH�DQG�HQJLQHHULQJ�UHVHDUFK
� (QDEOLQJ�HOHPHQW�RI�WKH�8QLWHG�6WDWHV�QDWLRQDO�VHFXULW\�
SURJUDP

� 1HZ�DSSOLFDWLRQV�RI�KLJK�HQG�FRPSXWLQJ�DUH�ULSH�IRU�
H[SORUDWLRQ��H�J��LQWHOOLJHQW�V\VWHPV��GHVLJQ��
WUDQVSRUWDWLRQ��FULVLV�PDQDJHPHQW

+LJK�(QG�&RPSXWLQJ�DQG�,WV�%HQHILWV
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� &RYHU�WKH�HQWLUH�UDQJH��IURP�WKH�$SSOLFDWLRQV�OHYHO��
WKURXJK�WKH�6\VWHPV�6RIWZDUH�OHYHO��WR�WKH�1HWZRUNLQJ�
DQG�&RPPXQLFDWLRQV�OHYHO��LQ�GHYHORSLQJ�KLJK�HQG�V\VWHPV�
DQG�HQDEOLQJ�WKHLU�XVH�LQ�DSSOLFDWLRQ�DUHDV�
² 'DWD�,QWHQVLYH�&RPSXWLQJ
² 'DWDPLQLQJ�DQG�'DWDEDVH�6\VWHPV
² +LJK�3HUIRUPDQFH�6FLHQWLILF�&RPSXWLQJ
² 0LGGOHZDUH�DQG�&RPSLOHUV
² 1HWZRUN�%DVHG�&RPSXWLQJ

� &DUU\�RXW�UHVHDUFK�LQ�DQ�LQWHJUDWHG�PDQQHU��V\VWHPV��
QHWZRUNLQJ��DQG�DSSOLFDWLRQV�

2XU�9LVLRQ

&ROODERUDWLRQ�ZLWKLQ�'HSDUWPHQW�� $Q�
,QWHJUDWHG�7HDP�
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&ROODERUDWLRQ

� ,QGXVWU\

² ,%0�7-�:DWVRQ��,QWHO��+3

� 1DWLRQDO�/DERUDWRULHV�DQG�&RQVRUWLD

² 6DQGLD��/RV�$ODPRV��3DFLILF�1RUWKZHVW�/DEV��$UJRQQH��

2DN�5LGJH��13$&,��:ULJKW�3DWWHUVRQ��DQG�$UP\�5HVHDUFK�

/DE

� 6HYHUDO�GHSDUWPHQWV�DW�268

² &ROOHJH�RI�(QJLQHHULQJ��0DWKV�DQG�3K\VLFDO�6FLHQFH��/LIH�

6FLHQFHV��%LRPHGLFDO�,QIRUPDWLFV��DQG�2KLR�

6XSHUFRPSXWHU�&HQWHU��26&�

² ,QWHUQHW���7HFKQRORJ\�(YDOXDWLRQ�&HQWHU��,7(&�2KLR��

5HVHDUFK�)XQGLQJ

� 1DWLRQDO�6FLHQFH�)RXQGDWLRQ
� 'HSDUWPHQW�RI�(QHUJ\
� 'HSDUWPHQW�RI�'HIHQVH
� 1DWLRQDO�/LEUDU\�RI�0HGLFLQH�
� 2KLR�%RDUG�RI�5HJHQWV
� ,%0
� 6DQGLD�1DWLRQDO�/DE
� 3DFLILF�1RUWKZHVW�1DWLRQDO�/DE
� /RV�$ODPRV�1DWLRQDO�/DE
� $PHULWHFK
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7KH�5HVHDUFK�&KDOOHQJH
� 7KH�FRVW�SHUIRUPDQFH�UDWLR�RI�FRPSXWLQJ��QHWZRUNLQJ��

DQG�VWRUDJH�FRPSRQHQWV�KDV�LPSURYHG�GUDPDWLFDOO\��
PDNLQJ�WKH�DJJUHJDWH�DYDLODEOH�´UDZµ�FRPSXWLQJ�SRZHU�
YHU\�KLJK

� +RZHYHU��WKH�IUDFWLRQ�RI�WKH�SRWHQWLDO�SRZHU�WKDW�LV�
DFWXDOO\�XWLOL]HG�LV�JHWWLQJ�VPDOOHU�HYHU\�\HDU

� 7ZR�EURDG�FKDOOHQJHV�

² 0DNH�WKH�ODUJH�DJJUHJDWH�SRZHU�RI�GLVWULEXWHG�
FRPSXWLQJ�UHVRXUFHV�DYDLODEOH�LQ�D�WUDQVSDUHQW�PDQQHU�
WR�KLJK�HQG�DSSOLFDWLRQV

² &UHDWH�KLJK�OHYHO�DSSURDFKHV�WR�HDVH�WKH�GHYHORSPHQW�
RI�KLJK�HQG�DSSOLFDWLRQV

Parallel Applications

Systems Software

Networking & Storage

Middleware & Compilers
Scheduling

Bio-Informatics
Databases and Datamining
Scientific Computing

Panda
Lauria

Agrawal
Sadayappan
Saltz

Ferhatosmanoglu
Lauria 
Parthasarathy

Communication Protocols
Active Network Interfaces
Storage Request Brokers

5HVHDUFK�$UHDV�&RYHUHG
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2YHUYLHZ�RI�5HVHDUFK�3URMHFWV�
�3DQGD�

6FDODEOH�DQG�+LJK�
3HUIRUPDQFH�

&RPPXQLFDWLRQ�DQG�,�2�/D\HU���������
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3URJUDPPLQJ�0RGHOV
�0HVVDJH�3DVVLQJ��'60�Z�R�FRKHUHQF\�

$SSOLFDWLRQV

1HWZRUNLQJ�7HFKQRORJLHV
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V Q�M-M�P�K�C AODBS�C Q�K
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3URMHFWV
� 'HYHORSLQJ�ORZ�ODWHQF\�SRLQW�WR�SRLQW�

FRPPXQLFDWLRQ�LQ�FOXVWHUV�ZLWK�PRGHUQ�
LQWHUFRQQHFWV
² *LJDELW�(WKHUQHW��0\ULQHW��9,$��4XDGULFV��DQG�,QILQL%DQG

� 7DNLQJ�DGYDQWDJH�RI�$FWLYH�1,&�IRU
² &ROOHFWLYH�FRPPXQLFDWLRQ��EURDGFDVW��PXOWLFDVW��

UHGXFWLRQ�
² 4R6��EDQGZLGWK�DOORFDWLRQ��SROLFLQJ��PRQLWRULQJ�

� (IILFLHQW�,PSOHPHQWDWLRQ�RI�3URJUDPPLQJ�0RGHO�
/D\HUV�ZLWK�EHWWHU�FRPPXQLFDWLRQ�VXSSRUW
² 0HVVDJH�3DVVLQJ�,QWHUIDFH��03,���'LVWULEXWHG�6KDUHG�

0HPRU\��'60���*HW�3XW��6RFNHWV

� 'HVLJQ�RI�VFDODEOH�GDWD�FHQWHUV
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3URMHFWV��0DULR�
:KROH�6KRWJXQ�$VVHPEO\�
D�FDVH�VWXG\�LQ�GDWD�LQWHQVLYH�FRPSXWLQJ

&OXVWHU�DUFKLWHFWXUH�DQG�GDWD�
LQWHQVLYH�FRPSXWLQJ

Research topic #1 – high perf I/O 
inside the cluster
• 1 TB of disk @ 1K$ possible using IDE disks
• 1 GB/s aggregate bandwidth on small cluster
• Research topics: 

• File System vs. Parallel Library 
• how to deliver this perf to the apps?

Research topic #2 – high perf data transfer 
between clusters over the GRID
• 1 Gb/s WAN it’s here – we are doing it on campus 
• 1 Gb/s cheap& easy – just use Gb Ethernet
• Research topics: 

• how to move data fast in/out of the cluster? 
• 1 Gb/s on the wire  => ? to the application    

WAN, Internet2, Grid
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3URMHFWV��$JUDZDO��
� 2YHUDOO�IRFXV���6\VWHP�6XSSRUW�IRU�
&RPPHUFLDO�DQG�6FLHQWLILF�'DWD�,QWHQVLYH�
$SSOLFDWLRQV�

� ,QFOXGHV��
² 6XSSRUW�DW�0LGGOHZDUH���5XQWLPH�DQG�&RPSLOHU�
OHYHO�

² 6XSSRUW�IRU�6FLHQWLILF�'DWD�,QWHQVLYH�
$SSOLFDWLRQV��DQDO\VLV�RI�GDWD�IURP�VLPXODWLRQV�
DQG�VHQVRUV��DQG�FRPPHUFLDO�GDWD�LQWHQVLYH�
DSSOLFDWLRQV��GDWD�PLQLQJ��2/$3��

² 7DUJHW�3DUDOOHO�(QYLURQPHQWV��&OXVWHUV��3DUDOOHO�
0DFKLQHV��DQG�'LVWULEXWHG���*ULG�(QYLURQPHQW�

$Q�([DPSOH�3URMHFW�
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2WKHU�3URMHFWV

� &RPSLOLQJ�IRU�D�*ULG�(QYLURQPHQW�

� &RPSLOLQJ�VFLHQWLILF�GDWD�LQWHQVLYH�
DSSOLFDWLRQV��

� 3HUIRUPDQFH�PRGHOLQJ�DQG�SUHGLFWLRQ�

� $OJRULWKPV��IRU�VHTXHQWLDO�DQG�SDUDOOHO�
GDWD�FXEH�FRQVWUXFWLRQ�

5HVHDUFK�,QWHUHVWV�
�6DGD\DSSDQ�

� 1HWZRUN�%DVHG�&RPSXWLQJ��ZLWK�
3DQGD�
² 5HVRXUFH�2SWLPL]DWLRQ�DQG�6FKHGXOLQJ

� +LJK�3HUI��6FLHQWLILF�&RPSXWLQJ�
�ZLWK�%DXPJDUWQHU��
² $XWRPDWLF�V\QWKHVLV�DQG�RSWLPL]DWLRQ�
RI�SDUDOOHO�SURJUDPV�IRU�D�FODVV�RI�
TXDQWXP�FKHPLVWU\�FRPSXWDWLRQV
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Algebraic Transformations

Memory Minimization

Space-Time Trade-Off

Data Locality Optimization

Communication Minimization

High-level spec. of computation

Sequence of nested loops

(Storage rqmts within limits)
(Storage rqmts exceed limits)

(Storage rqmts within limits) Imperfectly-nested loops after fusion

Imperfectly-nested tiled loops

Efficient (parallel) program for target computer system

Synthesis 
System

3URMHFWV��6ULQL�
+LJK�3HUIRUPDQFH�'DWD�0LQLQJ

Knowledge Discovery Process

Data Cleaning

Data Integration

Databases

Preprocessed 
Data

Task-relevant
Data transformations

Selection

Data Mining

Knowledge Interpretation
High Performance Computing

� .''�SURFHVV
² ,QWHUDFWLYH
² ,WHUDWLYH
² &RPSXWH�DQG�,�2�
,QWHQVLYH

� 5HVHDUFK
² 1RYHO�'0�DOJRULWKPV
² 3DUDOOHO�DOJRULWKPV
² ,QFUHPHQWDO�DOJRULWKPV
² 6\VWHPV�VXSSRUW
² $SSOLFDWLRQV

� ,QWUXVLRQ�'HWHFWLRQ
� %LRLQIRUPDWLFV
� :HE�7H[W�0LQLQJ



��

� 6DPSOH�3URMHFW��
$FWLYH�0LQLQJ�RQ�
6WUHDPLQJ�'DWD
� #"����� � ��Q�C
>�>��	� � �:�����C�
�^&Q ���X<�� ���X9��"���
���&>

� ��$
�	�&>�>�� 
	/@<�� ���
� +�� 8�!<
 ��6 .�8�� ��� 6��"	

����� ��� ���-
 ��:�:�
 � ������� 8����
� ���T ��)()����� 8��
	
�-����������� 8���� ����������� 8���1

� 6DPSOH�3URMHFW��
/RRNLQJ�IRU�6WUXFWXUH�
LQ�6FLHQWLILF�'DWD��
� � ��$ ���"� 
51Z���������	� �G�

�Y�&��������� $�

� �-6 :�8���������� .�8��

:�� 8����%� �9.���������� 8��
������
 � ��� �

� �'� � ��������� !-������0
�����������������
����:������������������ 8��

��
 ������������� � !-������0
:������������
� 0-������� .�� ������� 8��

��� 
 :�&����'�-
 � � 	�����
 ������0����!-� �����������������
� .��  �������1

Original proteinAlpha-helix-related substructures

• Multimedia databases (image, audio, video, document)
• IBM QBIC, Muscle Fish, CNN video server

• Spatial databases (GIS): 
• ESRI Spatial Data Engine, Oracle Universal Server with Spatial Data, 

Informix Spatial Datablades

• Time-series DBs (stock market): IBM Quest

• Biomedical and String DBs (genetics, networking data)

• Problem: Massive amount of Multi-dimensional data

• Goal: Scalable systems for Efficient queries

Projects (Hakan)
Database Support for Modern Applications
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� ´'LPHQVLRQDOLW\µ
² +LJK�GLPHQVLRQDO�VWRUDJH�DQG�UHWULHYDO
² 9HFWRU�VSDFH�DQG�VWULQJ�GDWD

� ´6FDODELOLW\µ �Z�U�W��VL]H�	�SHUIRUPDQFH�
² 0XOWL�GLVN�SURFHVVRU�DUFKLWHFWXUHV
² 3DUDOOHO�,�2
² ,QWHUQHW��JOREDO�FRPSXWLQJ

� ´4XHU\�3URFHVVLQJµ
² 6XSSRUW�D�ZLGH�UDQJH�RI�TXHULHV
² 'HILQH�QHZ�NLQGV�RI�XVHIXO�TXHULHV�DQG�WHFKQLTXHV�
IRU�WKHP

2XU�$SSURDFK

Large Database

Pa
ra

lle
l I

/O

Retrieval

High Dimensional Data

Data

Query
Processing

Multi-dimensional 
Index

Query Processing

Storage

Dimension
Reduction

Performance Prediction
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� $FWLYH�'DWD�5HSRVLWRU\�DQG�'DWDFXWWHU��6DOW]��$JUDZDO��
'$53$��'2(��16)���6\VWHPV�VRIWZDUH�IRU�HIILFLHQW�
UHSUHVHQWDWLRQ��0DQLSXODWLRQ�DQG�TXHU\LQJ�RI�PXOWL�
GLPHQVLRQDO�PXOWL�UHVROXWLRQ�GDWD

� 6FDODEOH�&RPPXQLFDWLRQ�6XSSRUW�ZLWK�0RGHUQ�
1HWZRUNLQJ�7HFKQRORJLHV�IRU�/DUJH�&OXVWHUV��3DQGD��'2(�
6FL'$&���

� 6\QWKHVLV�RI�+LJK�3HUIRUPDQFH�$OJRULWKPV�IRU�4XDQWXP�
&KHPLVWU\��6DGD\DSSDQ��%DXPJDUWQHU��16)�,75�

([DPSOHV�RI�/DUJH�6FDOH�3URMHFWV�
LQ�WKH�*URXS

16-Quad 
Pentium 

700 MHz 16-Dual 
Pentium  
1.0 GHz

Compute
Server

Visualization
Server

Video
Wall

9-Dual 
Pentium 1.0 

GHz + 
Terabytes of 

storage

16-Dual 
Pentium 
300 MHz

Data
ServerOhio 

Supercomputer
Center

Gigabit
Ethernet

Myrinet
GigaNet

'LVWULEXWHG�&OXVWHU�(QYLURQPHQW

Myrinet
Gigabit Ether

GigaNet
InfiniBand
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6WXGHQWV�DQG�$FFRPSOLVKPHQWV

� ���JUDGXDWH�VWXGHQWV
� )LUVW�HPSOR\PHQW�RI�JUDGXDWHG�VWXGHQWV

² ,%0�7-�:DWVRQ��,%0�5HVHDUFK��6*,��&RPSDT�7DQGHP��
3DFLILF�1RUWKZHVW�1DWLRQDO�/DE��)RUH�6\VWHPV��
0LFURVRIW��/XFHQW��&LWUL[��«��

� 6HYHUDO�RI�WKH�SDVW�DQG�FXUUHQW�VWXGHQWV
² 268�*UDGXDWH�)HOORZVKLS
² 268�3UHVLGHQWLDO�)HOORZVKLS
² ,%0�&R�RSHUDWLYH�)HOORZVKLS
² &,6�DQQXDO�UHVHDUFK�DZDUG�
² %HVW�3DSHUV�DW�FRQIHUHQFHV

� %LJ�GHPDQG�IRU�VXPPHU�LQWHUQVKLSV�HYHU\�\HDU
² ,%0�7-�:DWVRQ��,%0�$OPDGHQ��$UJRQQH��6DQGLD��/RV�

$ODPRV��3DFLILF�1RUWKZHVW�1DWLRQDO�/DE��,QWHO��'HOO����

� +HOG�HYHU\�)ULGD\�DIWHUQRRQ�IROORZHG�E\�D�
SL]]D�SDUW\

� ([WHUQDO�DQG�,QWHUQDO��IDFXOW\�DQG�VWXGHQWV��
VSHDNHUV�

� $WWHQGHG�E\�DOO�V\VWHPV�IDFXOW\�DQG�VWXGHQWV

� 3URYLGHV�DQ�HQYLURQPHQW�IRU�H[FKDQJH�RI�
LQIRUPDWLRQ��WHFKQLFDO�DQG�VRFLDO��

6\VWHPV�6HPLQDU�6HULHV
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6XPPDU\

� $GGUHVVLQJ�FXWWLQJ�HGJH�UHVHDUFK�FKDOOHQJHV�
ZLWK�IRFXV�RQ�PXOWL�GLVFLSOLQDU\�DSSOLFDWLRQV�

� 6LJQLILFDQW�UHVHDUFK�IXQGLQJ�IURP�IHGHUDO��
LQGXVWULDO�DQG�VWDWH�VRXUFHV�

� 6\QHUJLVWLF�JURXS�ZLWK�VLJQLILFDQW�JURZWK�LQ�WKH�
ODVW�IHZ�\HDUV�

� 3ODQV�IRU�FRQWLQXH�WR�JURZ�GXULQJ�WKH�QH[W�IHZ�
\HDUV�

:HE�(�PDLO�3RLQWHUV

KWWS���QRZODE�FLV�RKLR�VWDWH�HGX�V\VWHPV

(�PDLOV��
^SDQGD�VDGD\�DJUDZDO�ODXULD�VULQL�KDNDQ�VDOW]`

#FLV�RKLR�VWDWH�HGX


