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S U R F H V V R U V

‡ 3 U R Y LG H V � I D U � U H D F K LQ J � E H Q H I LWV � WR � V R F LH W\ � � H � J � � Q H Z � G U X J V � �

V D I H U � D Q G � I X H O� H I I LF LH Q W� Y H K LF OH V � � H Q Y LU R Q P H Q WD O�

P R G H OLQ J � � Q X F OH D U � V WR F N S LOH � V D I H W\ � � V F LH Q WLI LF � G LV F R Y H U LH V �

LQ � D � E U R D G � U D Q J H � R I � G LV F LS OLQ H V

‡ ( V V H Q WLD O� WR � V F LH Q F H � D Q G � H Q J LQ H H U LQ J � U H V H D U F K

‡ ( Q D E OLQ J � H OH P H Q W� R I � WK H � 8 Q LWH G � 6 WD WH V � Q D WLR Q D O� V H F X U LW\ �

S U R J U D P

‡ 1 H Z � D S S OLF D WLR Q V � R I � K LJ K � H Q G � F R P S X WLQ J � D U H � U LS H � I R U �

H [ S OR U D WLR Q � � H � J � � LQ WH OOLJ H Q W� V \ V WH P V � � G H V LJ Q � �

WU D Q V S R U WD WLR Q � � F U LV LV � P D Q D J H P H Q W

+ LJ K � ( Q G � & R P S X WLQ J � D Q G � , WV � % H Q H I LWV



�

‡ & R Y H U � WK H � H Q WLU H � U D Q J H � � I U R P � WK H � $ S S OLF D WLR Q V � OH Y H O� �

WK U R X J K � WK H � 6 \ V WH P V � 6 R I WZ D U H � OH Y H O� � WR � WK H � 1 H WZ R U N LQ J �

D Q G � & R P P X Q LF D WLR Q V � OH Y H O� � LQ � G H Y H OR S LQ J � K LJ K � H Q G � V \ V WH P V �

D Q G � H Q D E OLQ J � WK H LU � X V H � LQ � D S S OLF D WLR Q � D U H D V �

² ' D WD � , Q WH Q V LY H � & R P S X WLQ J

² ' D WD P LQ LQ J � D Q G � ' D WD E D V H � 6 \ V WH P V

² + LJ K � 3 H U I R U P D Q F H � 6 F LH Q WLI LF � & R P S X WLQ J

² 0 LG G OH Z D U H � D Q G � & R P S LOH U V

² 1 H WZ R U N � % D V H G � & R P S X WLQ J
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& R OOD E R U D WLR Q

‡ , Q G X V WU \

² , % 0 � 7 - � : D WV R Q � � , Q WH O� � + 3

‡ 1 D WLR Q D O� / D E R U D WR U LH V � D Q G � & R Q V R U WLD

² 6 D Q G LD � � / R V � $ OD P R V � � 3 D F LI LF � 1 R U WK Z H V W� / D E V � � $ U J R Q Q H � �

2 D N � 5 LG J H � � 1 3 $ & , � � : U LJ K W� 3 D WWH U V R Q � � D Q G � $ U P \ � 5 H V H D U F K �

/ D E

‡ 6 H Y H U D O� G H S D U WP H Q WV � D W� 2 6 8

² & R OOH J H � R I � ( Q J LQ H H U LQ J � � 0 D WK V � D Q G � 3 K \ V LF D O� 6 F LH Q F H � � / LI H �

6 F LH Q F H V � � % LR P H G LF D O� , Q I R U P D WLF V � � D Q G � 2 K LR �

6 X S H U F R P S X WH U � & H Q WH U � � 2 6 & �

² , Q WH U Q H W� � � 7 H F K Q R OR J \ � ( Y D OX D WLR Q � & H Q WH U � � , 7 ( & � 2 K LR � �

5 H V H D U F K � ) X Q G LQ J

‡ 1 D WLR Q D O� 6 F LH Q F H � ) R X Q G D WLR Q

‡ ' H S D U WP H Q W� R I � ( Q H U J \

‡ ' H S D U WP H Q W� R I � ' H I H Q V H

‡ 1 D WLR Q D O� / LE U D U \ � R I � 0 H G LF LQ H �

‡ 2 K LR � % R D U G � R I � 5 H J H Q WV

‡ , % 0

‡ 6 D Q G LD � 1 D WLR Q D O� / D E

‡ 3 D F LI LF � 1 R U WK Z H V W� 1 D WLR Q D O� / D E

‡ / R V � $ OD P R V � 1 D WLR Q D O� / D E

‡ $ P H U LWH F K
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7 K H � 5 H V H D U F K � & K D OOH Q J H

‡ 7 K H � F R V W� S H U I R U P D Q F H � U D WLR � R I � F R P S X WLQ J � � Q H WZ R U N LQ J � �

D Q G � V WR U D J H � F R P S R Q H Q WV � K D V � LP S U R Y H G � G U D P D WLF D OO\ � �

P D N LQ J � WK H � D J J U H J D WH � D Y D LOD E OH � ´ U D Z µ � F R P S X WLQ J � S R Z H U �

Y H U \ � K LJ K

‡ + R Z H Y H U � � WK H � I U D F WLR Q � R I � WK H � S R WH Q WLD O� S R Z H U � WK D W� LV �

D F WX D OO\ � X WLOL] H G � LV � J H WWLQ J � V P D OOH U � H Y H U \ � \ H D U

‡ 7 Z R � E U R D G � F K D OOH Q J H V �

² 0 D N H � WK H � OD U J H � D J J U H J D WH � S R Z H U � R I � G LV WU LE X WH G �

F R P S X WLQ J � U H V R X U F H V � D Y D LOD E OH � LQ � D � WU D Q V S D U H Q W� P D Q Q H U �

WR � K LJ K � H Q G � D S S OLF D WLR Q V

² & U H D WH � K LJ K � OH Y H O� D S S U R D F K H V � WR � H D V H � WK H � G H Y H OR S P H Q W�

R I � K LJ K � H Q G � D S S OLF D WLR Q V

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

5 H V H D U F K � $ U H D V � & R Y H U H G
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‡ ' H Y H OR S LQ J � OR Z � OD WH Q F \ � S R LQ W� WR � S R LQ W�

F R P P X Q LF D WLR Q � LQ � F OX V WH U V � Z LWK � P R G H U Q �

LQ WH U F R Q Q H F WV

² * LJ D E LW� ( WK H U Q H W� � 0 \ U LQ H W� � 9 , $ � � 4 X D G U LF V � � D Q G � , Q I LQ L% D Q G

‡ 7 D N LQ J � D G Y D Q WD J H � R I � $ F WLY H � 1 , & � I R U

² & R OOH F WLY H � F R P P X Q LF D WLR Q � � E U R D G F D V W� � P X OWLF D V W� �

U H G X F WLR Q �

² 4 R 6 � � E D Q G Z LG WK � D OOR F D WLR Q � � S R OLF LQ J � � P R Q LWR U LQ J �

‡ ( I I LF LH Q W� , P S OH P H Q WD WLR Q � R I � 3 U R J U D P P LQ J � 0 R G H O�

/ D \ H U V � Z LWK � E H WWH U � F R P P X Q LF D WLR Q � V X S S R U W

² 0 H V V D J H � 3 D V V LQ J � , Q WH U I D F H � � 0 3 , � � � ' LV WU LE X WH G � 6 K D U H G �

0 H P R U \ � � ' 6 0 � � � * H W� 3 X W� � 6 R F N H WV

‡ ' H V LJ Q � R I � V F D OD E OH � G D WD � F H Q WH U V
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3 U R MH F WV � � 0 D U LR �

: K R OH � 6 K R WJ X Q � $ V V H P E O\ �

D � F D V H � V WX G \ � LQ � G D WD � LQ WH Q V LY H � F R P S X WLQ J

& OX V WH U � D U F K LWH F WX U H � D Q G � G D WD �

LQ WH Q V LY H � F R P S X WLQ J

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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3 U R MH F WV � � $ J U D Z D O� �

‡ 2 Y H U D OO� I R F X V � � � 6 \ V WH P � 6 X S S R U W� I R U �

& R P P H U F LD O� D Q G � 6 F LH Q WLI LF � ' D WD � , Q WH Q V LY H �

$ S S OLF D WLR Q V �

‡ , Q F OX G H V � �

² 6 X S S R U W� D W� 0 LG G OH Z D U H � � � 5 X Q WLP H � D Q G � & R P S LOH U �

OH Y H O�

² 6 X S S R U W� I R U � 6 F LH Q WLI LF � ' D WD � , Q WH Q V LY H �

$ S S OLF D WLR Q V � � D Q D O\ V LV � R I � G D WD � I U R P � V LP X OD WLR Q V �

D Q G � V H Q V R U V � � D Q G � F R P P H U F LD O� G D WD � LQ WH Q V LY H �

D S S OLF D WLR Q V � � G D WD � P LQ LQ J � � 2 / $ 3 � �

² 7 D U J H W� 3 D U D OOH O� ( Q Y LU R Q P H Q WV � � & OX V WH U V � � 3 D U D OOH O�

0 D F K LQ H V � � D Q G � ' LV WU LE X WH G � � � * U LG � ( Q Y LU R Q P H Q W�

$ Q � ( [ D P S OH � 3 U R MH F W�
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2 WK H U � 3 U R MH F WV

‡ & R P S LOLQ J � I R U � D � * U LG � ( Q Y LU R Q P H Q W�

‡ & R P S LOLQ J � V F LH Q WLI LF � G D WD � LQ WH Q V LY H �

D S S OLF D WLR Q V � �

‡ 3 H U I R U P D Q F H � P R G H OLQ J � D Q G � S U H G LF WLR Q �

‡ $ OJ R U LWK P V � � I R U � V H T X H Q WLD O� D Q G � S D U D OOH O�

G D WD � F X E H � F R Q V WU X F WLR Q �

5 H V H D U F K � , Q WH U H V WV �

� 6 D G D \ D S S D Q �

‡ 1 H WZ R U N � % D V H G � & R P S X WLQ J � � Z LWK �

3 D Q G D �

² 5 H V R X U F H � 2 S WLP L] D WLR Q � D Q G � 6 F K H G X OLQ J

‡ + LJ K � 3 H U I � � 6 F LH Q WLI LF � & R P S X WLQ J �

� Z LWK � % D X P J D U WQ H U � �

² $ X WR P D WLF � V \ Q WK H V LV � D Q G � R S WLP L] D WLR Q �

R I � S D U D OOH O� S U R J U D P V � I R U � D � F OD V V � R I �

T X D Q WX P � F K H P LV WU \ � F R P S X WD WLR Q V
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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) Imper fectly-nested loops after  fusion

Imper fectly-nested tiled loops

Efficient (parallel) program for  target computer  system

Synthesis 
System

3 U R MH F WV � � 6 U LQ L�

+ LJ K � 3 H U I R U P D Q F H � ' D WD � 0 LQ LQ J

Knowledge Discovery Process

Data Cleaning

Data Integration

Databases

Preprocessed 
Data

Task-relevant
Data transformations

Selection

Data Mining

Knowledge Interpretation
High Performance Computing

‡ . ' ' � S U R F H V V

² , Q WH U D F WLY H

² , WH U D WLY H

² & R P S X WH � D Q G � , � 2 �

, Q WH Q V LY H

‡ 5 H V H D U F K

² 1 R Y H O� ' 0 � D OJ R U LWK P V

² 3 D U D OOH O� D OJ R U LWK P V

² , Q F U H P H Q WD O� D OJ R U LWK P V

² 6 \ V WH P V � V X S S R U W

² $ S S OLF D WLR Q V

‡ , Q WU X V LR Q � ' H WH F WLR Q

‡ % LR LQ I R U P D WLF V

‡ : H E � 7 H [ W� 0 LQ LQ J
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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, OracleUniversal 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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‡ ´ ' LP H Q V LR Q D OLW\ µ

² + LJ K � G LP H Q V LR Q D O� V WR U D J H � D Q G � U H WU LH Y D O

² 9 H F WR U � V S D F H � D Q G � V WU LQ J � G D WD

‡ ´ 6 F D OD E LOLW\ µ � Z � U � W� � V L] H � 	 � S H U I R U P D Q F H �

² 0 X OWL� G LV N � S U R F H V V R U � D U F K LWH F WX U H V

² 3 D U D OOH O� , � 2

² , Q WH U Q H W� � J OR E D O� F R P S X WLQ J

‡ ´ 4 X H U \ � 3 U R F H V V LQ J µ

² 6 X S S R U W� D � Z LG H � U D Q J H � R I � T X H U LH V

² ' H I LQ H � Q H Z � N LQ G V � R I � X V H I X O� T X H U LH V � D Q G � WH F K Q LT X H V �

I R U � WK H P

2 X U � $ S S U R D F K

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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‡ 6 F D OD E OH � & R P P X Q LF D WLR Q � 6 X S S R U W� Z LWK � 0 R G H U Q �

1 H WZ R U N LQ J � 7 H F K Q R OR J LH V � I R U � / D U J H � & OX V WH U V � � 3 D Q G D � � ' 2 ( �
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