
���������	
	���������	
	
����
��
����������
�
�������
��
����������
�
���

�������
��������������
�������

������������� ��



!� 
�
�����
��!� 
�
�����
��



������������� ��
��������������� ��
��

Edward J. Wegman

155 Science-Technology 2

Office Hours: 3:30 – 4:30 pm on 
Mondays and by appointment

Phone: (703) 993-1691  (good luck)

Email: ewegman@gmu.edu (best bet)
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Lecture Notes from Fall 96

http://www.galaxy.gmu.edu/stats/syllabi/inft979.wegman.html

Short Course Lecture Notes from Spring 2000

ftp://www.galaxy.gmu.edu/pub/PowerPoint/StatisticalDataMining.ppt

Lecture Notes from Spring 2001

http://www.galaxy.gmu.edu/stats/syllabi/INFT979.spring2001.html
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Descriptor  Data Set Size in Bytes Storage Mode

Tiny    102 Piece of Paper

Small    104 A Few Pieces of Paper

Medium    106 A Floppy Disk

Large    108 Hard Disk

Huge    1010 Multiple Hard Disks

e.g. RAID Storage

Massive 1012 Robotic Magnetic Tape 

Storage Silos

The Huber Taxonomy of Data Set Sizes
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O(r),O(n 1/2)     Plot a scatterplot

O(n) Calculate means, variances, kernel density 

estimates

O(n log(n)) Calculate fast Fourier transforms

O(nc) Calculate singular value decomposition of an
rc matrix; solve a multiple linear regression

O(n2) Solve most clustering algorithms.

Algorithmic Complexity
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Table 2: Number of Operations for Algorithms of Various
Computational Complexities and Various Data Set Sizes

n n1/2 n n log(n) n3/2 n2

tiny 10 102 2x102 103 104

small 102 104 4x104 106 108

medium 103 106 6x106 109 1012

large 104 108 8x108 1012 1016

huge 105 1010 1011 1015 1020
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Table 4:  Computational Feasibility on a Pentium PC
10 megaflop performance assumed

n n1/2 n n log(n) n3/2 n2

tiny 10-6

seconds
10-5

seconds
2x10-5

seconds
.0001

seconds
.001

seconds

small 10-5

seconds
.001

seconds
.004

seconds
.1

seconds
10

seconds

medium .0001
seconds

.1
seconds

.6
seconds

1.67
minutes

1.16
days

large .001
seconds

10
seconds

1.3
minutes

1.16
days

31.7
years

huge .01
seconds

16.7
minutes

2.78
hours

3.17
years

317,000
 years
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Table 5: Computational Feasibility on a Silicon Graphics Onyx Workstation
300 megaflop performance assumed

n n1/2 n n log(n) n3/2 n2

tiny 3.3x10-8

seconds
3.3x10-7

seconds
6.7x10-7

seconds
3.3x10-6

seconds
3.3x10-5

seconds

small 3.3x10-7

seconds
3.3x10-5

seconds
1.3x10-4

seconds
3.3x10-3

seconds
.33

seconds

medium 3.3x10-6

seconds
3.3x10-3

seconds
.02

seconds
3.3

seconds
55

minutes

large 3.3x10-5

seconds
.33

seconds
2.7

seconds
55

minutes
1.04
years

huge 3.3x10-4

seconds
33

seconds
5.5

minutes
38.2
days

10,464
years
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Table 6: Computational Feasibility on an Intel Paragon XP/S A4
4.2 gigaflop performance assumed

n n1/2 n n log(n) n3/2 n2

tiny 2.4x10-9

seconds
2.4x10-8

seconds
4.8x10-8

seconds
2.4x10-7

seconds
2.4x10-6

seconds

small 2.4x10-8

seconds
2.4x10-6

seconds
9.5x10-6

seconds
2.4x10-4

seconds
.024

seconds

medium 2.4x10-7

seconds
2.4x10-4

seconds
.0014

seconds
.24

seconds
4.0

minutes

large 2.4x10-6

seconds
.024

seconds
.19

seconds
4.0

minutes
27.8
days

huge 2.4x10-5

seconds
2.4

seconds
24

seconds
66.7

hours
761

years
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Table 7: Computational Feasibility on a Teraflop Grand Challenge Computer
1000 gigaflop performance assumed

n n1/2 n n log(n) n3/2 n2

tiny 10-11

seconds
10-10

seconds
2x10-10

seconds
10-9

seconds
10-8

seconds

small 10-10

seconds
10-8

seconds
4x10-8

seconds
10-6

seconds
10-4

seconds

medium 10-9

seconds
10-6

seconds
6x10-6

seconds
.001

seconds
1

second

large 10-8

seconds
10-4

seconds
8x10-4

seconds
1

second
2.8

hours

huge 10-7

seconds
.01

seconds
.1

seconds
16.7

minutes
3.2

years
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Table 8: Types of Computers for Interactive Feasibility
Response Time < 1 second

n n1/2 n n log(n) n3/2 n2

tiny Personal
Computer

Personal
Computer

Personal
Computer

Personal
Computer

Personal
Computer

small Personal
Computer

Personal
Computer

Personal
Computer

Personal
Computer

Super
Computer

medium Personal
Computer

Personal
Computer

Personal
Computer

Super Computer Teraflop
Computer

large Personal
Computer

Workstation Super Computer Teraflop
Computer

---

huge Personal
Computer

Super
Computer

Teraflop
Computer

--- ---
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Table 9: Types of Computers for Feasibility
Response Time < 1 week

n n1/2 n n log(n) n3/2 n2

tiny Personal
Computer

Personal
Computer

Personal
Computer

Personal
Computer

Personal
Computer

small Personal
Computer

Personal
Computer

Personal
Computer

Personal
Computer

Personal
Computer

medium Personal
Computer

Personal
Computer

Personal
Computer

Personal
Computer

Personal
Computer

large Personal
Computer

Personal
Computer

Personal
Computer

Personal
Computer

Teraflop
Computer

huge Personal
Computer

Personal
Computer

Personal
Computer

Super Computer ---
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Table 10: Transfer Rates for a Variety of Data Transfer Regimes

n standard
ethernet
10 mega-
bits/sec

fast
ethernet

100 mega-
bits/sec

hard disk
transfer

2027 kilo-
bytes/sec

cache
transfer @ 200

megahertz

1.25x106

bytes/sec
1.25x107

bytes/sec
2.027x106

bytes/sec
2x108

bytes/sec

tiny 8x10-5

seconds
8x10-6

seconds
4.9x10-5

seconds
5x10-6

seconds

small 8x10-3

seconds
8x10-4

seconds
4.9x10-3

seconds
5x10-5

seconds

medium .8
seconds

.08
seconds

.49
seconds

5x10-3

seconds

large 1.3
minutes

8
seconds

49
seconds

.5
seconds

huge 2.2
hours

13.3
minutes

1.36
hours

50
seconds
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T able  11: R esolvable  N um ber of P ixels A cross
Screen for  Several V iew ing Scenarios

19  in ch
m onitor  @
24  in ches

25  in ch
T V  @
12 feet

15  foot
screen  @

20  feet

im m ersion

A n gle 39 .005o 9.922o 41 .112o 140o

5 secon ds of arc
resolution
(V alyus)

28 ,084 7,144 29 ,601 100,800

1 m inu te of arc
resolution

2,340 595 2,467 8,400

3.6 m in ute of arc
resolution
(W egm an)

650 165 685 2,333

4.38 m inutes
of arc resolution

(M aar 1)

534 136 563 1,918

.486 m inutes of
arc/foveal con e

(M aar 2)

4,815 1,225 5,076 17 ,284
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Scenarios
Typical high resolution workstations, 

1280x1024 = 1.31x106 pixels
Realistic using Wegman, immersion, 4:5 aspect ratio,

2333x1866 = 4.35x106 pixels
Very optimistic using 1 minute arc, immersion, 4:5 aspect 
ratio,

8400x6720 = 5.65x107 pixels
Wildly optimistic using Maar(2), immersion, 4:5 aspect ratio,

17,284x13,828 = 2.39x108 pixels
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DM ≠ MD
DM ≠ DA

Even DM + MD ≠ DA

1. Computationally Feasible Algorithms
2. Little or No Human Intervention
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1$6$ KDV FUHDWHG D 'LOEHUW�W\SH FRQFHSW WR GHDO ZLWK WKH PDVVLYH

GDWD VHWV DQWLFLSDWHG IURP WKH (DUWK 2EVHUYLQJ 6\VWHP �(26��

&DOOHG WKH '$$&� 'LVWULEXWHG $FWLYH $UFKLYH &HQWHUV� 1$6$

PDQDJHV WR HQFRGH WZR R[\PRURQV LQ D VLQJOH QDPH �GLVWULEXWHG

FHQWHUV DQG DFWLYH DUFKLYHV�� 7KH '$$&V DUH LQWHQGHG DV FHQWUDO

UHSRVLWRULHV IRU WKH PDVVLYH DPRXQWV RI GDWD H[SHFWHG IURP (26�

2QH SURSRVDO FXUUHQWO\ XQGHU GHYHORSPHQW IRU DFFHVV GDWD LQ WKH

'$$&V LV WKH 9LUWXDO 'RPDLQ $SSOLFDWLRQ 'DWD &HQWHU

�9'$'&�� 7KH 9'$'& LV GHVLJQHG WR DFFRPPRGDWH ODUJH GDWD VHWV

LQ WKH VHQVH WKDW D ODUJH QXPEHU RI GHVFULSWRUV �PHWDGDWD�

FKDUDFWHUL]H WKH GDWD� DV RSSRVHG WR D ODUJH TXDQWLW\ RI GDWD ZLWK

UHODWLYHO\ IHZ FKDUDFWHUL]LQJ SDUDPHWHUV�
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$XWRPDWHG *HQHUDWLRQ RI 0HWDGDWD

❚ 0HWDGDWD WKDW GHVFULEH ILOH DQG YDULDEOH W\SH DQG RUJDQL]DWLRQ EXW

KDV PLQLPDO LQIRUPDWLRQ RQ VFLHQWLILF FRQWHQW RI WKH GDWD

❚ ,Q WKH UDZ IRUP� D GDWD VHW DQG LWV PHWDGDWD KDV PLQLPDO XVDELOLW\

❚ /LQN WKH GDWD VHW WR GLJLWDO REMHFWV WKDW DUH XVHG WR LQGH[ WKH GDWD

VHW�

❚ 7KH GLJLWDO REMHFWV EHFRPH SDUW RI WKH VHDUFKDEOH PHWDGDWD

DVVRFLDWHG ZLWK WKH GDWD VHW

❚ 7KH FRQFHSW LV WR KDYH D EDFNJURXQG SURFHVV� ODXQFKHG HLWKHU E\

WKH GDWDEDVH RZQHU RU YLD DSSOHW FUHDWHG E\ WKH YLUWXDO GDWD FHQWHU

H[DPLQLQJ GDWDEDVHV DYDLODEOH RQ WKH GDWDZHE DQG GRLQJ

DXWRQRPRXV GDWD PLQLQJ
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$XWRPDWHG *HQHUDWLRQ RI 0HWDGDWD �FRQWLQXHG�

❚ :KHQ D SDWWHUQ LV IRXQG LQ D SDUWLFXODU GDWD VHW� WKH GLJLWDO REMHFW

FRUUHVSRQGLQJ WR WKDW SDWWHUQ LV PDGH SDUW RI WKH PHWDGDWD

DVVRFLDWHG ZLWK WKDW GDWD VHW

❚ 3RLQWHUV ZRXOG EH DGGHG WR WKDW PHWDGDWD SRLQWLQJ WR RWKHU

GLVWULEXWHG GDWDEDVHV FRQWDLQLQJ WKH VDPH SDWWHUQ

❚ 0HWDGDWD ZLOO EH ORFDWHG LQ WKH YLUWXDO GDWD FHQWHU DQG WKURXJK WKLV

PHWDGDWD� GLVWULEXWHG GDWDEDVHV ZLOO EH OLQNHG

❚ /LQNLQJ LV WR EH GRQH RQ WKH IO\ DV GDWD LV DFFXPXODWHG LQ WKH

GDWDEDVH

❚ 2Q H[LVWLQJ GDWDEDVHV� WKH EDFNJURXQG SURFHVV ZRXOG UXQ DV

FRPSXWH F\FOHV DUH DYDLODEOH�
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❚ 7KH LGHD RI WKH DXWRPDWHG FUHDWLRQ RI PHWDGDWD LV WR GHYHORS

PHWDGDWD WKDW UHIOHFWV WKH VFLHQWLILF FRQWHQW RI WKH GDWD VHWV ZLWKLQ

WKH GDWDEDVH UDWKHU MXVW GDWD VWUXFWXUH LQIRUPDWLRQ

❚ 7KH ORFXV RI WKH PHWDGDWD LV WKH YLUWXDO GDWD FHQWHU� 7KH HQG XVHU

ZRXOG VHH RQO\ WKH YLUWXDO GDWD FHQWHU

❚ 7KH RULJLQDO PHWDGDWD� UHVLGHQW LQ WKH DFWXDO GDWD FHQWHUV� ZRXOG EH

UHSURGXFHG LQ WKH YLUWXDO FHQWHU�

❚ 7KH RULJLQDO PHWDGDWD ZRXOG EH DXJPHQWHG E\ PHWDGDWD FROOHFWHG

E\ WKH DXWRPDWHG FUHDWLRQ SURFHGXUHV� E\ SRLQWHUV XVHG WR OLQN

UHODWHG GDWD VHWV LQ GLVWULEXWHG GDWDEDVHV� DQG E\ PHWDGDWD

FROOHFWHG LQ WKH SURFHVV RI LQWHUDFWLQJ ZLWK V\VWHP XVHUV#
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([SHUW 6\VWHP IRU 4XHU\ 5HILQHPHQW

❚ 7ZR EDVLF VFHQDULRV �� WKH VFLHQWLVW NQRZV SUHFLVHO\ WKH ORFDWLRQ
DQG W\SH RI GDWD KH GHVLUHV� �� WKH VFLHQWLVW NQRZV JHQHUDOO\ WKH
W\SH RI TXHVWLRQ KH OLNHG WR DVN� EXW KDV OLWWOH LQIRUPDWLRQ DERXW WKH
QDWXUH RI WKH GDWDEDVHV ZLWK ZKLFK KH KRSHV WR LQWHUDFW

❚ 7KH DSSURDFK LV WR PDWFK D YDJXH TXHU\ IRUPXODWHG E\ WKH VFLHQWLVW
WR RQH RU PRUH RI WKH GLJLWDO REMHFWV GLVFRYHUHG LQ WKH DXWRPDWHG�
JHQHUDWLRQ�RI�PHWDGDWD SKDVH

❚ 7KH H[SHUW V\VWHP ZRXOG LQLWLDOO\ EH JLYHQ UXOHV GHYLVHG E\
GLVFLSOLQH H[SHUWV IRU SHUIRUPLQJ WKLV PDWFK DQG ZRXOG DWWHPSW WR
PDWFK WKH TXHU\ WR RQH RU PRUH GLJLWDO REMHFWV �SDWWHUQV�

❚ 7KH H[SHUW V\VWHP ZRXOG WKHQ HQJDJH WKH VHDUFK HQJLQH LQ RUGHU WR
V\QWKHVL]H WKH DSSURSULDWH GDWD VHWV
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([SHUW 6\VWHP IRU 4XHU\ 5HILQHPHQW

❚ 7KH H[SHUW V\VWHP ZRXOG DOVR WDNH DGYDQWDJH RI WKH LQWHUDFWLRQ

ZLWK WKH VFLHQWLVW WR IRUP D QHZ UXOH IRU PDWFKLQJ WKH RULJLQDO TXHU\

WR WKH GLJLWDO REMHFWV GHYHORSHG LQ WKH UHILQHPHQW SURFHVV

❚ 7KH VFLHQWLVW ZRXOG EH LQIRUPHG KRZ KLV SDUWLFXODU TXHU\ ZDV

UHVROYHG� WKLV DOORZV KLP WR UHIRUPXODWH WKH TXHU\ HIILFLHQWO\

❚ /RJ ILOHV RI WKHVH LWHUDWLYH TXHULHV ZRXOG EH SURFHVVHG DXWRPDWLFDOO\

WR LQVSHFW WKH TXHU\ WUHHV DQG SRVVLEO\� LPSURYH WKHLU VWUXFWXUH

❚ 2WKHU H[SHUWV QRW QHFHVVDULO\ DVVRFLDWHG ZLWK WKH GDWD UHSRVLWRU\

LWVHOI PD\ KDYH H[DPLQHG FHUWDLQ GDWD VHWV DQG KDYH FRPPHQWDU\ LQ

HLWKHU LQIRUPDO DQQRWDWLRQV RU LQ WKH UHIHUHHG VFLHQWLILF OLWHUDWXUH

❚ 3URYLGH D PHFKDQLVP IRU LQGLFDWLQJ UHOLDELOLW\ RI GDWD
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6HDUFK (QJLQH

❚ /DUJH VFDOH VFLHQWLILF LQIRUPDWLRQ V\VWHPV ZLOO EH GLVWULEXWHG DQG

FRQWDLQ QRW RQO\ WKH EDVLF GDWD EXW ERWK VWUXFWXUHG PHWDGDWD

❚ *LYHQ WKH YROXPH RI WKH GDWD� KLJK SHUIRUPDQFH HQJLQHV WKDW

LQWHJUDWH WKH SURFHVVLQJ RI WKH VWUXFWXUHG DQG XQVWUXFWXUHG GDWD

ZRXOG EH UHTXLUHG

❚ %RWK '%06 DQG LQIRUPDWLRQ UHWULHYDO V\VWHPV SURYLGH VRPH

IXQFWLRQDOLW\ WR PDLQWDLQ GDWD

❚ '%06 DOORZ XVHUV WR VWRUH XQVWUXFWXUHG GDWD DV ELQDU\ ODUJH REMHFWV

�%/2%�

❚ ,QIRUPDWLRQ UHWULHYDO V\VWHPV DOORZ XVHUV WR HQWHU VWUXFWXUHG GDWD

LQ ]RQHG ILHOGV
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5HSRUWLQJ 0HFKDQLVP

❚ 7KH EDVLF LGHD LV QRW RQO\ WR UHWULHYH GDWD VHWV DSSURSULDWH WR WKH
QHHGV RI WKH VFLHQWLVW� EXW DOVR WR VFDOH GRZQ WKH SRWHQWLDOO\ ODUJH
GDWDEDVHV WKH VFLHQWLVW PXVW FRQVLGHU

❚ 7KH VFLHQWLVW ZRXOG FRQVLGHU PHJDE\WHV LQVWHDG RI WHUDE\WHV RI
GDWD� 7KH VHDUFK DQG UHWULHYDO SURFHVV PD\ VWLOO UHVXOW LQ D PDVVLYH
DPRXQW RI GDWD

❚ 7KH UHSRUWLQJ PHFKDQLVP ZRXOG WKXV LQLWLDOO\ UHSRUW WKH QDWXUH DQG
PDJQLWXGH RI WKH GDWD VHWV WR EH UHWULHYHG

❚ ,I WKH VFLHQWLVW DJUHHV WKDW WKH VFDOH LV DSSURSULDWH WR KLV QHHGV� WKH
GDWD ZLOO EH GHOLYHUHG E\ DQ )73 RU VLPLODU PHFKDQLVP WR KLV ORFDO
FOLHQW PDFKLQH RU WR DQRWKHU VHUYHU ZKHUH KH ZDQWV WKH V\QWKHVL]HG

GDWD WR EH VWRUHG


