S

pxX[E)~N(p,Z) X BEp ®m, YRM. WRUHEAXMURMEITTA
»=1 2y (@ — ) (2 — )t EBHRAT R

1) UFHREREZERC Aa = tr[Aaa’], X BEERERTtr[AR S n x nEEEANT AL TEZH, a
A=A HE.

2) EBSATR T LA L R,

PO, s X B) = b [ 2eap [~ tr [0 T4 (e — 1) s — 1)1}

E: BEESIMNp(x|X) = (qu}df%|g|1ﬁe$p [—5 {(xi — ) S (x; — p) }]

ol
© Copyright RMEC 2009-2019



3) WA=X"S , A, Ay NARIEREE, ERHRETE
Z(2) /) Hr R =

1 . 1 L
p(Xl,...,xn 2): |Z 1 | . e)Cp|:_Elr|:Z 1Z(Xk —,Ll)(xk _/u)t:|i|
k=1

(272_)nd/2
5N
1 n/2 _n
p(X,...X, |2)= P |i 7 (A4...4,) exp[ 5 (4, +...+/1d)}
HETIN:
[ AFZ 2]

r(A)=Y (4,)=) (%)

4=]14
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SRR A

Bt T
\_\ . \ yaoyuan(@shu.edu.cn

\ L\ bEAsnas
AR 2020/10/11

SE
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"HURTFIE
SR FALIE
SR
SR DT



EUREAIRIE

OZ0E-ESCiHRRNFRA
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SHERIZRIE

OFIAF =

BHAREHE
[ ]
ti=s [E 560% 5KE (tensor)

OBfiik= 1BhiskE 2fiikE K101 ==

© Copyright RMEC 2009-2019



SEIFRIE
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“5ERRIEE




SERIRIE
Ok

" RANZ5HE)

© Copyright RMEC 2009-2019



S

SHRRIAHIER

kANEe [

1365
'ﬁé!ﬂlt ok fock
«

il
I
=

=" XXXKFF’

\.Lmromi

2 @ cocror]

Tl OFFICES Iots
ax i g b ONLINE
pharmac;

I A=
it T

e P B
EO GUTEED S’
I

[ 9 8 ERAY|

Ads -

e ]

REE HOSTING i

qu sums_“,

* Make money
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KMEETH—ERXBENER



» IEXT R AVFFIE (Characteristics)
a5 (feature)

[ -

3
HF
Nmir
AT
I>

BlEEE
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WIERRTE

= KB R

Nominal Data

airport town mine capital

Point x ° 5{‘ *

Line river road boundary | pipeline

orchard desert forest water

Area R

© Copyright RMEC 2009-2019



“BIERE

» EFERIEMN
Hottest

Hotter

7 A

The " Hot" Scale




R e

BEREM

L |

Sepallength |SepalWidth  |Petallength |PetalWidth  |Species -
5.1 3.5 1.4 0.2 setosa -
4.9 3.0 1.4 0.2 setosa ﬁ
4.7 3.2 1.3 0.2 setosa

4.6 3.1 1.5 0.2 seftosa

5.0 3.6 1.4 0.2 setosa

5.4 3.9 1.7 0.4 setosa

4.6 3.4 1.4 0.3 seftosa

5.0 3.4 1.5 0.2 seftosa

4.4 2.9 1.4 0.2 seftosa

4.9 3.1 1.5 0.1 setosa

5.4 3.7 1.5 0.2 setosa

4.8 3.4 1.6 0.2 setosa

4.8 3.0 1.4 0.1 seftosa

4.3 3.0 1.1 0.1 setosa

5.8 4.0 1.2 0.2 seftosa

5.7 4.4 1.5 0.4 setosa

5.4 3.9 1.3 0.4 seftosa

5.1 3.5 1.4 0.3 seftosa

5.7 3.8 1.7 0.3 setosa

5.1 3.8 1.5 0.3 sefosa L
5.4 3.4 1.7 0.2 setasa 2
51 3.7 L5 0.4 sefnsa %

© Copyright RMEC 2009-2019



HiEEMH

= EENBRIFESRY
ﬁxt) ¥ y(&)
i
" = "
rk) e(&) u(&)
- . e o o -
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HIRRIE

= B AR REW X BIR AR FFATIFN
" FHIMEREX SERIUEAE X
= TR BU{E—HR% 79[0-1]




. FILHR . )
— 111
d(i, j) =
P

PAFMRENFRIEAINE, MmAFEIRIIRE EAEFAIN L.

» (ZERFNBIHEE) JaccardRE:

. r_l_ ¢ A\B ANB B\A
d(i, 1) =
q —I_ J —I_ S AUB

qARFFRUMVEAR—ENNE; rAmSENpuEE, F—19
FIhRA1, BENFTRABINE, sSriR.




RalBERRVIEE
» (KEHEFHNFREHNBIHKHE) Hamming tEE

“‘RapidManufacture” and " RapooManufacture" = 2

2173896 and 2233796 =3

" (KEANFHFHLNBRIE) BE?

Smith—Waterman algorithm

© Copyright RMEC 2009-2019



PR 1L FNFH 5+ B 2B R

" RiEEXRNES
" ARAER VT NBUEZRERER

0
d2,1) 0
d3,1) d@3,2)

_d(é,l) d(n, 2)

0

“FH 7 B B
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FERRMEEES: FARXH

"ERECEER (12) dEuc=\/i|B—Qi

i=1

d
BREESR (LD dy,=)|P-0,|
i=1

BRI RErEREE (LP) dM,C=§/

|2

EZEEEE
ATIT

d

i=1

Z|P: _Qi |p



— LR BER T
EESS LK ), BE— LA

-1
05

R R =)
T T T 1
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EARGiHEIR

«1)M{E

m ] j%f&

5 o =1 _x1+x2+---+xN
el N .
Tyt if n is odd.
Q%(TJ={1 AR T
5(1’% +$§+1)-‘ if n 1s even.
I N 1 L
My - P 2) _ =2
B k)
1= =
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BEAXRGIHER: hRE

i1 5ZE (Covariance)  EERPMLEEMBIFRE
A A S ARV v R S A 2% o(x,z) o(zy)
R 2= la(y-. z) oy, y)]

WG ERTE

Nij = cov(Xi, Xj) = E[(Xi — i) (X — )]

n

1
= Y (Xik = i) (Xe = 1)
k=1

© Copyright RMEC 2009-2019



BEAXRGIHER: hRE

211 5% (Covariance) HERIPTTEENEMRE

S I > ["(*’”) "(Ify)]

o(y.z) o(y.y)

w~d

“XIFRAEPE

cov(X, X) = var(X),
cov(X,Y) = cov(Y, X) ,
cov(aX,bY) = ab cov(X,Y)

© Copyright RMEC 2009-2019



BEAXRGIHER: hRE

pr—— — 577 245 IR B T

- 7 8] B
I N S — VB 2 422 A O T
T i i i o _-('_‘._._'_-E._;.. ......... dpmccccccapena :..-"-._-ir_l'-' """""""""""
S S IS 1 A
] Lt .-\..i"?{-;:_- . ::‘- f': B
R . DR > 07 el

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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HERRMEERES: SKES

= Mahalanobis d(X,Y)=(X-Y) (X -Y)
> SN BEEXH P 5 256 RS

1 n
= D (X = ) (Xjk — 115)
=1

T 22 55 2 B RN
d(X,Y)=E T BRI E 2

=] Fl TR BB RIS R

5. d(A,C)>d(A,B)?

Yij = cov(Xy, Xj) = E[(Xi — i) (X — p5)]

© Copyright RMEC 2009-2019



{2

URMEBERER:

GRS

d(X,Y)=A(X-Y) 2 (X-Y) "

1
1.5

T 5 R
0.3 0.2
> —
0.2 0.3
=A: (0.5, 0.5)
«B: (0, 1)

«C: (1.5, 1.5)

*Mahal(A,B) =5
*Mahal(A,C) =4
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HIREENES: SHMZXES

* Hausdorff =max(h(A,B), h(B,A))

HATEER MRS [ REE
h{(A,B) = max { min { d{a,b) } }

a1 ach beB
. o D) TURREIILRIIER
O by ST
- h(AB)=Forj=1:N Find mmin(d(az,b;))
b o For j=1:N Find  1in(d(b1, a;))

- HYmax(h(A,B), h(B,A))

© Copyright RMEC 2009-2019



HIEEENES: SHhERES

= Hausdorff =max(h(A,B), h(B,A)) AW ERMER

IR FofE. SEYPRIIE



it B RIER S

" WIERIGTHFE— AT A=K
- SPEBEE ((E)
9B . R R
- BTEBEE (SHEE)
RE. ITEE. TRAY. MO

S\

- RSN (RSHILES)




" RIENEHIEERTREXRH A B R HE R 2
" R ERIERMETITNERERS
" i ARIARE BIR X BRI B RAIR




AN

HUERYZRIA
"HURTFIE

SR FE
SR DT



SIS

- VB REE
- BEAREM
- KEIRE

- FREA %

- FFEN BT K
- BRKME

- BIREK

Maximum * T - .
; : :
‘ i i
| H = H
=
Quartile i N . :
e)
b c d
Median = = ,) ) , . ) Sample Size &
Visual Modifications | confidence Intervals

Lower -
Quartile

Minimum

a) The abbreviated box plot
(with anatomy)

f) g h)y i

Density Additions

)

Skew
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arbage in, garbage out.
&

RIGHIRBEE S AR

| VLR ENERRIT LT N T Y )
0l i \ :
IO aon ) 1 i I L TR R Y UL DO b LY

||r|u||||.'|.||.'||||'||-
LU T
SRR AR TN Y
|.'JulIrlli!.l.-.'u:I||-|-|-|_-- R REETT '|'!
| L1 (AR A Y]
R OTert LoToi o0 s BRTOTHOn
1 ; I )
FERLLOCHMATE0) 18000 :|||||'-lu-.|
1

.&tﬂ IO R0 | 100 107 i
i HREEAR RS

[ 11000
RN EARAAL!
IR L]

OO
TOI0TET 10T
FOT1I01111 I

BB 88 i

() I'ﬂ-"-r;- " I

1110 A R TATATT IR T




gl

9&:1' uﬁ\

HERE: HIERES > X

- 5@ (Accuracy)

- S2EZM (Completeness)
- —2'% (Consistency)

- &R (Timeliness)

- A[{51% (Believability)

- Al EEFEM (Interpretability)

N

Kt
it



HiEEIE

HHEFIE: WNABRBEETHERMA—E, LUR

E:)E J\%
| =Datal |

-EHEEREHREE -MAERNE. 7RXFLRNERER
-ERRMEFEET -ATER

il
o




.

AN V==
E_WI'I%'; 1a7/B81

ER AT TEHEITHIREL

E 1

:
. . -

A = s,




HIRR AT |
- (1) BF KRB I BIERHIE

- Q) EAPRHE—DN R TXEH
BEIER B N BUREIRB R

<
S

331
\

=SR2
I ——

43 ——

EHVG— L

B HE




%‘775551:1' 71%

75858 (structural conflicts) :
A EIRIHET (schema) F

#HIEHZE (data conflicts)

= ERYICR, MEHIEE,



HEESL251(2)

ME—F/ILX, KETELRTHIEERNS
REFEANE

BAAXMEGE—HEI

o R. Agrawal, R. Srikant. Fast algorithms for mining
association rules in large databases. In VLDB-94,
1994,

e Hakesh Apgrawal and Ramakrishnan Srikant. Fast
Algorithms for Mining Association Rules In Proc. of
the 20th Int’l Conference on Very Large Databases,
Santiago, Chile, September 1994,

I



\d: :
2~
ws
Y

EEE S SLBI(1)

| Cno | LastName FirstName | Gender | Address | Phone/Fax |

-g)il 5l3R1 22 |Smith Christoph ‘M 23 Harlcy St, Chicago | 333-222-6542/ |
_ IL, 60633-2394 | 333222-6599

1493 |sn:'.i'th Kris L. ‘F 2 Hurley Place, South | 444-555-6666 |
| Fork MN, 48503-5998

'CID | Name  Street | City Sex
] | ' 11 | Kristen Smith | 2 Hurley P1 | South Fork, MN 48503 | 0
g)ﬂyjiz | 24 | Christian Smith | Hurley St 2 | S Fork MN 1
P
nEL (=] gﬁ%
No_| LName | FName ___ Gender _ Street ___ City __|State | ZIP | Phone Fax  |CID  Cno |
1 Smith Kristen L. F 2 Hurley South ' MN 48503- | 444-555- 11 493
| Place Fork 5998 | 6666
'2 | Smith Christian M 2 Hurley | South |MN 48503- 24
I | | | Place |Fork | 15998 | I _
3 Smith Christoph M 23 Harley | Chicago |IL 60633- | 333-222- 333-222- 24
Street | 2394 6542 6599




F—HHREEBEES LN : EUL

HIEIE g
A i

— REG—ER
B B HY
R

SRR ., HR
C a



PrAER A HIR R G AR

G H IR
/
KRR v .

=ETL
»3hEY (Extract)




ML o : EREZRIEITRIES
SRR FRATEIRIR B R B AR IR

EXBHTEERTAERMEEHAN : /B ITIERA
ANFEMIRIN (schema) HL/ERNGE R

TAEREIE: WIET/ERPHNTELSE EMH
HiEsgik: HRRIE

1
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1 RERE: CSVXH

‘_

y=R=

SPFR{E (comma—separated values)

0o Sho List

Order ,Name ,Emai | ,Product WeDSIte,,,,,,,,. ¢ N '

1081 ,Mike Bush,ambush@ush.net,pen,http:/ www.ebay. com,,,.,,,, ‘n
1682 ,Peter Kent ,kent@peter.com,book ,http://uww.ebay.com,,,yyyss

10683 ,Maria Lopez, lopez@gmail .com,shoes,http:/ www.ebay .CoM, ,yy4544

1664 ,Pedro Gonzalez,pedrohotmail .com,disk http:/Juww.mystore.net,,,, 44,
1665 ,Robert Shepard,rob@sheppard.com,box,http://www.ebay .Com,,yyyyy,

16686 ,Tommy Rif ler,tommy@rif ler.net,pen,http://www.mystore.net,,,,,,,,

1667 ,Jack Lewis, lewis@gmail .com,pencil,http://www.ebay.com,,,ysys,

1668 ,Nancy Green,nancy@green.com,book ,http:/ www.ebay.com,,, sy,
1669,Richard Hill,rich@gmail.com,audic book,http:/fwww.mystore.net,,,sy.4s
1618,Linda Carter,swon@carter.com,clock http://www.mystore.net,,,,,,4,
1611 ,Jeff Martinez,formal@martinez.com,TV,http:/ www.ebay .CoM, 4 yyyyy,

1612 ,Ronald Taylor,rol@taylor.net ,keyboard,http://www.ebay .com,,,yysys
1613,Patricia Lee,patricia@lee.net ,computer ,http://www.ebay.com,,,,,,,,
1614 ,Kevin Collins,col lins@yahoo.com,shredder ,http:/ www.mystore.net,,,, .44, ‘L

1615 ,Barbara Young,barbara@young.net ,modem http://wew.mystore.net,,, 4,5,
1616 ,Kimber ly Anderson,kim@ber ly.anderson.nu,aquarium,http://

www . mystore.net, , y 544,

1017,Betty Harris,bitesy@arris.com,bulb,http:/Auww.mystore.net,,,, 0,
1618,Carol Brown,carol@rown.com,table,http:/ www.ebay .CoOm,,yy5454sy
1619,Jason Johnson, jeason@johnson.com,chair http:/fwww.mystore.net,,,,y,4,
1628,Michael Clark,michael@clark.com, lamp,http://www.ebay.COM, yyyyyyy -
1621 ,Christopher Campbell,christofer@campbel.com,desk,http://wuw.ebay.Com,,,yyyyy 4
1622 ,Tony Parker ,rony@oarker .com,printer http://www.ebay.com,, s,y v
1623,Mark Evans,mark@evans.net,scanner ,http://www.mystore.net,,,, 4,




LER LSBT

BAKI: XML (AIY BfRiICIES,
eXtensible Markup Language)

= <employer> .
. <23/ i-m

Alice
. <name>Al ice{/name>
. Coity>CAcity> o Bob W 2
- <dptid>1</dptid>

= </employer>



XMLEYY &

IVOA VOTable: F-TAZ#RIFEMEFTIRE
FEEIXMLY &




Keyhole Markup Language (KML) : #EXFweb
B —#E oy = 4 b [F]_E FRIA IR AR S B

D

i<?xml version="1.0" encoding="UTF-8"?>
HODOKSN —_

L s<kml xmlns="http://www.opengis.net/kml/2.2">

Sresfvwich T8
Wilage

& *<Document>
5

e 70 N s<Placemark>

Py g& 4 * <name>New York City</name>
New York * <description>New York City</description>
f? = <Point>
=il %@ . <coordinates>-74.006393,40.714172,0</coordinates>
% = </Point>
»</Placemark>
s</Document>
*</kml>



¥R FHIE BT

HDF (Hierarchical Data Format) : 2HZRF175
BAENHERHE, FrERFEITEHE




%k&:l' E

“A database is a collection of data,//////————~\\\\\\
typically describing the activities ~

of one or more related

. . 3
organizations.

(BREERHENES, BERARMES
MEXRERGHIRER. )
»--Raghu Ramakrishnan and

Johannes Gehrke, “Database
Management System”

"N SRR




HEN X RREEMK BB ER G IRE—
MM RERFSHSERRENBEEE

SRBBEIBES: BIEENIES (Data Definition
Language) , ZFfILEIHIBES (Structured Query
Language)




RERRE

* (RXR)

Employee Dept
y |J ( E'I‘gi) Name Empld DeptName DeptName Manager
Harry 3415 Finance Finance  George
? j_' (iai) Sally 2241 Sales Sales Harriet
George 3401  Finance Production Charles

g’\]gﬁ Harriet 2202 Sales

" X8R, SMET (EASHEEERIESSQL (Structured
Query Language)
&=l

Select * from Employee where Name = ‘Harry’



“When people use the word database, fundamentally
what they say is that the data should be self-
describing and it should have a schema. That’ s
really all the word database means.”

(SHERABBEZMAEN, AMEBNERREEERBEE
ik, FERBEREN. X “BUEE" A X. )

—Jim Gray, “The Fourth Paradigm”



REH:

LAY

2T

ii;ii;

it

AL

ITR:

University of Washington

Mark Gross

Computationally-Enhanced Construction Ki

Michael Eisenberg

|University of Colorado at Boulder |

University of Pennsylvania
Wayne Ward Laura Michaelis
Martha Palmer
ITR: Domain-independent Semantic Interpretation
Daniel Jurafsky Daniel Gildea
Stanford University University of Rochester

=S

Charles Fillmore

E B ARAESH:

Columbia University

Julia Hirschberg

Bryan Peliom

Jennifer Venditti-Ramprashad

ITR: Recognizing and Understanding Emotion in

Elizabeth Shriberg

SRl International

University of California-Berkeley

Z. Liu, S. B. Navathe, and J. T. Stasko, Network-based visual analysis of tabular data,

Science and Technology (VAST), pp.

41 -50, 2011.

& PE R LI

|EEE Conference on Visual Analytics
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“Not Only SQL”

g

BEEAME

EEERC

(AN ZSAL)

& (FFEH

B BRERRIKE

:.|J )

&g, HEA{ERASOLIHT

£if)



NoSQLZ#E = 251

X 77{E - CouchDB
El551977 6% - Neod
BE-{E7FE - Redis (NEHIEEE) , MongoDB (FAEEM
EEE)
=& #HE - Apache HBase (FTFHadoop)

nﬂ §19):

CouichDB ‘mongoDB redls H-BASE




A data warehouse is a subject—-oriented, integrated,
time—varient, and nonvolatile collection of data in

support of management’ s decision making process.

(%I:Eﬁ‘ cHEIHH ., 2SN, NEARENEIESE
Fﬁ*i%ﬁ"'i“ﬂﬁ&% *Eo

—W. H. Inmon, “Building the Data Warehouse” . 1996.

—
EAMSE

k/
“RIME e SREARST
[H ¥R EEE—

SRR



%k&:}' /B\E

Loosely Speaking, a data warehouse refers to a data
repository that is maintained separately from an
organization’ s operational databases.

(EEEhH, BUREER STt iRE S B4R
Mm A%, )

--H. Jiawei and M. Kamber, “Data Mining: Concepts and
Techniques ” , 3rd ed., 2011.



HIREMBERECENRFE]

HEE HECE

el R IBEIEIRIE IBHIEFRER

IR 4 =% R

A i BR, IEEE | MR ITES: K12, 5%,
IE5 (DBA) PITE

ThEE H&ER1E KHIR RO

i Z A B FTAY R [ASE#E, BIEEEE

Yo/ =t 155 1 (FE) %

B G = B/MiRHH

BEERE 16B ~ <1TB >=TB
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W

BRRIT DR

S EIT

—fRisg iy

The
Normal
Distribution

Probability

980,
Values /
2580

% ofjvalues

'
7 99%
Probability of Cases ! ' 9
in portions of the curve 0.0013_~ 00214 01359 03413
' ! '
L

Standard Deviations

ofjvalues

'
03413 0.1359

From The Mean o -30 20 i +40
Cumulative % 0.1% 2.3% 15.9¢ 50 84,1 97.7% 99.9%
+ + + t + t
2 Scores -4.0 -3.0 -20 -1.0 0 +1.0 +20 +3.0 +4.0
L + + t t + g
T Scores 20 30 40 50 60 70 80

(BEF L) Gt th2IABERE S Rl



BB ST

BEFRITHHEIRRTE

- AREE R

-KHTRREANASHMR, ZitHENERREE, UES
HEESNAKE

GritRETASER 9 B, RSEEILFHIERIT IERH



MR RS %

AR T ERE R
HEESZENREMMIEMERE N LB
BEKAAC TR

ERTEBAF




MEERLIMEIR (FEX)
BiEsESTN,. BEoth. <ESTFLE
EATBEHE




HIRIZIRTP IR

;f G 7%
| - EEs; sHE

" BHFEIFEE
" (BLRAREL,; DU HrpLE)

Hl2FF
= CRIRR; HEMLE)

» (K-means, K-&if4R)

BERE ]




BURTZ I 73 7R =5

K-means

- KBRS AR R
BRI

{Ejiﬁﬁ —HEE, FED /3

=

BCAHIMERSIFL, ]
K=3



BRI YR 75555

K-means
% . N FETR, oilhitE
70 e 53155 aVEE S
. ° °° e sl SRS ==l
S . 5
30 - ’ o
00 0 20 30 S0 6 70




WIRIZ IR 77 7551

K-means

L

= BRSSO AR

DA R=S RSB AT LT Ry



BHRIZ I 73 7R =5

K-means

[=]
(e}
o O
* .
...
o]
0
o o
[e]
° (o]
e}
..
® o

=1

—

x

o



WIRIZ IR 77 7551

K-means

"B BRSSO AR

RETEH, EERE



" EE%RJE

ERBIRER T AESRE?




K-means
- EEE’%RJ@

ERBIRER 7T AIEERE?

* '.$ ‘el
5 3...1.*:'?:.< e o
i : - ° o0 o .‘ ~
4 : ; ® 1 : :O.r .o~"::. s



K-means
- EE%RJ@

ERBIRER 7T AIEERE?

(o]

5




" EE%RJ

5

ERBIRER 7T AIEERE?

&
o'.. =
s, °3
I
..‘. :.o
., o .’:

00 05 1.0 15 20

"BRTVIEE?

1.00

0.5 00 05 10 1.5 20
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20

1.5

1.0

05

00

05

-1.0

iR EEE R — R = 2R
SREK-means/5iEERZ, K=2

STRERREIAIN, BIRA
matlab/octave/c++/python

523K P S MG TREE &/ BT IR/ S
RIEEERIEE TN AE

Zﬁttﬁ*ﬁ%ﬁ%&&%, 28 BN

Hlo
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