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MZE 5 F e B R SR 2R

DBMSHy X BRI R, ERERSTHINESFL
# (Online Transaction Processing, OLTP) W U 5235 Fn

FERRW,

¥ R TEFCoddR M X RE RN HIFET A, WK
‘EIRTEDUARBHER (Entity) , FFRAX R
(Relationship) ¥ ix 6 524K 40 41 )k — N A P AR,
I Hoi B T OLTPHY 5 5 Ko

HEEEWETEESRE, TFETONEHE, BlheR

BT BAWKEFR. EH Mk CRFREND K
R, HFRABRUFMREMRSRES D HHANE R
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5T 5B B R K R ADSS

(Decmon Support System) B4t [&
0 WHBEAFALZURBAR AT, BUR
=N RS

FHRNBNENETHELFRE B EEN, H
WHEHRE ERTRMAURN T, WELZHR
R —J& I, &7 FE®EF AR RET Ko

o B, FRAFEA WA WED, EREEAT
GEA m, WEREEBHDA "F° , NDss
AT B o] R 3 e B
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2T 25538 B WP K X5 R 4DSS
(Decision Support System) Bt 4

RETHNEFAEOLTP)N X R REFEZH T
BT T AT M 247 8

OLTPERFEERAA AL P, HEER
Gz —NMHEHRA,

—ADSSAM G HETRFEHRD RF KA, EZ
EKWHE, mREEXATHHEEETENEN, 27
B SR QAT B9 R AR KR T

AR LB RTEERRENBETREREXHH
¥, XZHARRAE— T ERE.

ECUST--Jing Zhang




DSSFﬁ, g \ﬁé/‘]::: ;\\\%k%ﬁ

BEB AL —

ZEEEFTR—FANEEFEBRXAR ML
FARXER. AA—ZWeLa AN, —HHXEHR
fr, —BRNEDEMT— RN FEHRE,

8

ZEEFESESREERBIR, AWXHH AW
HEER. FHEEELAEREE M H LW E N
MEWEEELEE, WOSSHM IR ZXN AR KT
WA HRBERE, EAFELERKEEFHEE,
TN 2B eDSSH AT, B ke TDSST
e MREENEKEE
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SRT F—EAFTH B EKE
38 R PR B B By SR BT R O Y BRI
AR — AN FE DT T

FEDSS A7 H 18 A8 7 A8 €
ZHEEFE—EHFANBEE, —HERTERKHARY,
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TR T AR E BN RS, AR
X -AHEARANEE. BEERNEEXRES,
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DSS Fir #1 & Wy 3 4% k Ilzri%f(%@‘ (Data
Warehouse, DW)

B AT AL ZE IR T I BBy — R B4 A A 4
HHAKo

;o Gy
Y& G

t— A1
% 4
B % 5 B4 A«

L B AL 4 AT L

o BIEEN T%iii‘zﬁ%&

BB RE, TUEEZRELRE
EERAES R,

2 (OLAP) TR, AT&MA
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BAEAE & —/ T | £ (Subject Oriented).
£ & B (Integrated). B % # (Time-Variant) .« 3E

% % (Nonvolatile) H#EL S, AT X3

o
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WMIIBCTHERRK

EUERFELETLANERM, UKL E
(OLAP) Fu#i4E3%# (Data Mining) F T HNF
BHTEELSNTREN—BERRT o

RERKECERLEUNRECENEA, AREH
TRMAMTHE, TR ESWRRK, %/ Pt
TEEFRIRNBHTENR R
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REREESHFELEN.

BIFEEE
B AHLE %542 FHOLTP (on-line transaction

processing)

B
B AL Hr L ZEOLAP (on-line analytical

processing)

OLTPF:OLAP R H K F By HE L B F

<1
.
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OLTP vs. OLAP

BX .2 %4 ZEOLTP (on-line transaction processing)

oW X ADBMSHy £ £ 4
NEEEHFABENE, 2 —HREELE

REEXBELHER, EESNALBRHEEERR
B, AMMIEERQHZHAEFE. KFELeEMTE
B

ﬁ-
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OLTP vs. OLAP

BEx AL 24T 4 ZZOLAP (on-line analytical processing)

KEEERGTHNEELS

DA% 4 2 At Tk SRy B AR
REHEAET S CREMTHEERE, 2TH
BREAR, TEREEANRWIEIHN

ARLE eAMRESE, WEATRAAEALERE
BWRY, XFHEINMPREK.
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OLTP vs. OLAP

Ji P 0 R SR TH 1 P

OLTPEH W B EW, ATAER. ZEFMEEmAT L
ARWESFEWAIE; OLAPZH MWW, A TH B
2. TEMPNTARFHRTREL

BN A

OLTP R A EHE UM KW XM JTE—MA A=, U
ATHK. OLAPRGEEAEH E ftE, WL EMXK
SAH, AETEANKELANFEMEERE.

B it
OLTP % 4t 3 % X A SL4R-Bk R (ERVR B fuh 1 o A oy ¥

EX, MOLAPRABERAEN RELEEANE I EA
R
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OLTP vs. OLAP

A
OLTP AL £ R E — M R H W 27 KRE,
MAY R R ERA R AR N EKYE; OLAPRZ N &
FERBEERANSAIBA, LABERXEFFALLNE

ERENREFHEEKNE S Wi, BTHEEE K,
OLAP¥# — i e S N Fr th /M Lo

W AR
OLTP R 4t ty 1 9] £ & i W R ¥ 44 K. TOLAP R

GHTE SRR RRELAR, AETRAREARNE
A

ECUST--Jing Zhang



OLTP vs. OLAP

o OLTP OLAP

FHE B e 15 B Ab3E

T[] 5% G

AR HER. DBA. HIEEEWAR ARTA (g, £%. HMTR)
Thee B4 KYEEHTR, RELHF
DB 1t #TE-R. M B/Fi. HHFEE

£ € LHIH, BORERH Fis, BERTIRI 45
LR R, REVEA CEK. 4—/0

P A, —RR CREE. Z4H
AL K, MRES BREN

FFE w5 RE AR

BHITR FETTRME EETIR

BIE ERBFRT /BT REAH

Vi e R R B+ BET

iDak i BT ¥a

DB#IAE 100MBEI|GB 100GBZE|TB

s mrERE, B A% HWHFLE, wRE A
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ZTERECERAANEM, RENMRAWEKERR. BE
B3 R B AN R

NEEEEEFRTEVREFEREET(RBEFRE
RDBMS /) iy & Wb 4k % Fu 7 A B 3 . (OA) R 2 &L 2
BY 4826 A B o
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BECENEREN

RN B RTEMSFRERREREE, HERHXH X,
HAENREFEIXRBRAFRAER, BERAEELE
BREMBERALZTESREE. 5. HE. &£,
RERBEELEFE.

RECEFHREATERGRNEFABERART S
R, B M B BT LR R #EAT, B S thEERAE
PATHHRE WEHWEF REAEESETREEWA
RENEXEE,




BECENEREN

EEALHEORRG0E, BRSIE RN B
EAA AL S RENER b, AHBEFTHI HE,
FEBER, SHEERAFEFAR, BAAEKES
WA A, T B R K T HCHE (L
ALK R JE R T TR X KA
AU SCHE SRR LR AU 25 &)

ERBENBEEEE, RELEFET Uy FHK
BOEMBIIREEECEEERY "ZEET ™ (Data

Mart),

KECENERCEREN L L. FH. &0 &9
KREFTH. Zzhe 5 H R HDBMSE A —F .
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BECENEREN

MANFENREER S ERFERBRTHEREL, U
XHRAPEAE. FEREN, RAKELS

H BRI L4 K : ROLAP. MOLAPFHOLAP,

ROLAP A 7 4% % f1 B & $ 4% ¥ 77 # #£ RDBMS . H ;
MOLAPE A F{EHMREABKBEAFTK T S ERFEEF;
i HOLAP X ROLAP 5 MOLAP iy &2 &, EAKEALE KT
RDBMS# , REHFEFKTLZEZEE T
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BECENEREN

CHMRAR P, i TAEERELAMEHEST T,
BRIA. EUITHE. ZREEHETAURSHETHE
CERBERTIF R M

A RE LT THEEEHOLAPR S5, HRITH.
REEBIERA T EELE, R HLAXOLAPR S
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BETATEANTAREL, BRENMAR
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BebbEEEEN—ITR, ATRHRIWAFZTAN,
ERERTHEWEA, 0 HHHEEETITEREH
FEABE. BREFAHE,

B 5L B KU R T AR B K R

BIHBERT, ZEXRE —ANBSNIRERRISHESRE
F, REREE MW B RN ERE

KAWHEET, JELEREDUKELE.
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R ALE fu iy K
RETHKE

BEHELSE (BEKENTEMATENEREFI) , BKER
#® (£, HENRFAN) , URENEE (GREERLIT,
ERME, FITRE)

IR oy Bk
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TG 3 45 77 B

B 1E IR B J 3y B A

AFEREEFEMUNEAL. WAEERFHR. ZELE K#E
RE FHE, HEANFnE . ZEMFRTRAN. 22 (AF
BERMFREH) .

KT RAME K
R\~ B An &4 B A ey v R R AL
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Y8 3L K

RECERLESERERE L, SEHERE

LEGEF R R X

—ANRFALTE, HKsales, RFU S EXRREREE

T

% %R, PlivitemWEREERE

4 (item_name,

brand, type), iimeé@éﬁ%@@@'

month, quarter, year)

4 (day, week,

FHE: EEXLR, BLEFELWNARMEE(H W
dollars_sold) A RGN KX XN KRBT
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Y8 3L K

Py L 7B L EnZE i

ZNTUEER-DERFELFTERET K (n-1) -

D % 3 5L 7 1 7 5
Gy
—An-D RE TR FEAFT K. &)
DI tk, FRwEENILE,
PR B 5 A 4 R T B L K o

1

BEXF

7 /& 1y 0-
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TR — AN R

all 0-D(I7i ) F7 1k

supplier
) 1-D Jj 1k
fe catinu,supplier
Q) #D & 2-D Jifk
) 3-D Jr ik
em.location,supplier
4-D(FEA) S5 A

time, item, location, supplier
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WHOR) , HEEA%ER, BE 1
?%ﬁﬁm&%ﬁﬁ%&ﬁ L K S 4
REACAE, BETWLEKEHR— B 2 2L o 2
xY, EWEHBRNTERNHR
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72 % M: 0K/ s

item?fE ¢

. item_key
SalesJi ’;Q £ item_name

e R
L] "“‘ type
item key %’ supplier_type

. branch key ——
branchfE 4 ot _ | location?fi:

ot locatlon_keyn.“' location ke
branch key |g* gl =
oo I a2
branch type city

— province or_street
country




e A% R B T

i

item&E £

Sales Ji 5.4 item_key Sllpplieféﬁﬁ
;[emaname l supplier key
ran supplier type
.0"' type .
R . .
item key supplier_key*/
N branch key oni %
I RS _ ' location?
branch.ﬁ% o location key e, -
R — s, | location key
branch key |# A -
branch name _ 4 St_l“eet
branch s T | Lo key | ety
*s, | city key
city
province or_siree
country




item#E ¢ Shlpplng K
item_key
Sales 5L 4 item_name
"'t.. brand .
" A e - « item_key
supplier_type shipper key wumm
item key | —
ek e .~ from location
.t | & E
-t . o 1 .
branch?ff % ".t" | location_key ., locationZf a to_location
‘. - E
branch key “A Jocation_key _
branch name s E
branch_fype - s shipped
province or_street ;
country shipper#ft % f

¥

shipper key
shipper name
locat:mn _key
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MAR) FE, eV EE®.

BEFEHRELEEEK, BN S ERARE.
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& CYS I

B LT RRE N S % Q HE-EXYEX
Bl : <time=“Q1”, location=*Vancouver”,

item="‘‘computer’’>

KELTREE

fj%t%/l\é&ﬁ B3, BT AT B L R — A R

BRGNS E-EXRERE, THZRNEEE.
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FEW=MaX (REXER %K)

o B (distributive): R BBHEA T REERINER,
EXBERATHANEFERENER

%41, count(), sum(), min(), max().
K #H (algebraic) AR C B EH - NMEAMNMSHHREE HK
E (AEMZ—NMERES) WENSEMBE UR — Mo R
R

%l 2n,avg() ] LA B sum()/count()1T4, Hsum()Facount()ERE 4~

HEREEH. FE, min_N(), standard_deviation().
EARE (holistic) : MRBRACHNIRENFTHNFHER —INE
¥ 7. BAFRE—NEAMNSHARE B H#ITX—1TE (H
FMEEH) o

%41, median(), mode(), rank().




48 3L 7 A Bl F

. Date !U.SA%@E‘JTV%E@
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BT 3L 7 B O g

all
0-D(Ii 53) J7 1A
roduct .
' 1-DJy &
product,date ate, country
2-DJ7 A
3-D(HEA) Ji ik

product, date, country
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HOLAPHE1E

KA UpfL: ¥

% (Rollup) :iC % 3 3E i) oy
RUALHRANEHLE <
R F BT L TA KL (IE

Rl downy A S LU\ ) S

(z

F B CAf: Ji%n)

1995 4
/‘A%E%]E AN EIJ/I&E v/E N 'i:'ZI:(I“J é}g zéﬁ 3@@ 4§§
H#r11 20 20 35 15
Ekﬁélﬂ%(%, E‘E%‘ 3] )\%? H#iI 2 25 5 15 15
é‘] éﬁﬂe;% H#r 3 20 15 18 27
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L 7 ) OLAP 3R 1F

#uh (Pivot)

M ENEE, CRFRFENNA, REZFEHER

R o
®A (PN J33£T0)

1995 4 1996 4=

0T\ 1R | 2FF | 3FE | AFR | 1R | 2FE | 3FFE | 4FE

#1771 20 20 35 15 12 20 25 14

HI 2 25 5 15 15 20 18 23 12

#r1 3 20 15 27 27 18 20 17 25
*B (1. JigEin) z§

125 2 ZEf 3FEH 4 ZEfE

BRI | 1995 4F | 1996 4F | 1995 4F | 1996 4 | 1995 4FE | 1996 4F | 1995 4 | 1996 4
i1 20 12 20 20 35 25 15 14
2 25 20 5 18 15 23 15 12
#h171 3 20 18 15 20 27 17 27 25
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L ) iy OLAPHE 1F

KAt By 38 1F
ghxt (drill across): W X $ NE LR W E 1

£5% (drill through) BB\ BF L F AN KE,
2| Ja 3wk R 3% (£ A sQL)
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&° Sl
Q\o Toronto 5= o USA
,&o Vangouver °\°Canad 2000~
- £ q1leo 2°
g Q S O ¥ Qi 1000
=3 az g a2
computer % Q3
home E
entertainment = Qa
item (types) | oomputerl security
home phone
dice for entertainment
(location = OTorontocO or OVancouverO) item (t
and (time = 0Q1O or ©Q29) and ftom (types)
(item = Ohome entertainmentO or Ocompu )
roll-up
on location
(from cities
to countries
~
6&09 Chi
\& lcage 4a0 >
; é.\o“ - Nev: Yor|5§55/39/
oronto
TyplCal OLAP \°° Vancouver <=3
Operatlons ? Q1| 605 825| 14 | 400
£
s Q2
=
o Q3
E
= Q4

| computerl security

home phone
entertainment

item (types)

for time = OQ PP

drill-down
on time

—_ A (from quarters
&8 Chicago to months)

=

£ New York

=

52- Toronto

3

K-}

Vancouver 605| 825| 14 | 400

~
- @&D@ Chicago
compute security ‘&o"‘ T NeV\tl York
home phone oronto
entertainment © Vancouver
item (types) January 150
February 100
March 150
- April
£ May
=
E June
home @ July
§ entertainment] 605 E August
September
£ computer 825 Oc‘:ober
E phone 14 Novembet
security 400 Decembey
computer| security
| New York| Vancouver home phone
Chicago Toronto

entertainment

location (cities) item (types)
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U B BT

B8 R T I A
H T T A
AFLRERFETENTRNEAREL, ZUERESH
REMMARB S ER
¥ 35 7L A
ETRBREREERATR. FRAEFENFEL. Xk
BRI RUFEWFERERFRERM, FHEHN
BERIRRABTFERRT
Bw ENE
HELRMERMK, REFRERELCENHNER.
B E A E
M AF P WA EZNETESENRSE




E RN T TR

R BT Tk BRE EFRR-FLENRET %
#it
HUU Tk w AR (L SRR BB, &
A7 ok A )

B K| 07 s DS R BT 56 (B - BEAR AR TT & 09 2 3 B
B, XMTEERHMW)

Ba ik —ANERBE AR B T T o7 5 o7 T R B9 B e oy A4
R, XBRFERE KR L7 E—fbE LA BN A

MR TREW I K

B AT ERATT—FW, F—FHAATEMUTRREN A

B R T YR AW R AWM BRI, A4k B JH [H]
&R
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Bl B B

AW TS ERITRE
HEAFREWE H A E

WR—ANHHFIABRZENARN, FPRENEREXE,
Mz RS EARR, wRAEZBIN, FREX—X
HHAHE, NMEEREET.

IR SR E R
B THEANFLRIDTHE
BRELRTHFLLRNWEE
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P9E L 7 PR R T

P9 3L 7 VT AR BT 7 RS
R R B 7 R AT
wELEFE (MRTH) REES—IT
B — A EALE Wn e 3L 7 R & DA e

n

T=1] (L,+1)
i=1
Lz % (REEMWTEall, EHBABaERTEE %) WEAEK
B 3L 7 oy A
FHRK P NA =R BT
ABAEUEEM “EER Tk (1)
WEITH AT (241)
EENTRWTREFTHHREMNC—NELINTE (Fowt)
i
FHNAEEIBREETHITERRNSERE, TRRE.
F_MAEETRFEREFHZE, FHRAARLITHES T &,
% = Fh e B o X IR Anvg B B JB) — o 2 R BE T RIF I



3L 77 R AE

o AL FRZEDMQL B B X it E

define cube sales[item, city, year]: sum(sales_in_dollars)

compute cube sales
= ERBKSQLIET

SELECT item, city, year, SUM (amount) 0

FROM SALES

CUBE BY item, city, year

» WERIHUTHRSA
(date, product, customer), (city, item)
(date product), (date, customer), (product,
(date), (product), (customer) |
() (city, item, year)

ECUST--Jing Zhang



% 5| OLAP $x4E: fiL [ & 7

A LR
R—ELWE-MEHITET—MMEE
ﬁﬁ%é@&ﬁ‘ %Zlii%“lﬂfl%iff‘)% L&Lﬁé‘?/\é&

g*.'

E‘?TT, %Tﬁﬁé‘?ﬁﬁl, “»? E‘Jﬁ bﬁi@ﬁo

A

A 2 BB AW BRAE S
FEACK Region & 5| Type LHIZE 5]
Cust[Region |Type |RecldAsia|Europe|Americal |RecID|Retail|Dealer
C1 |Asia Retail 1 1 0 0 1 1 0
C2 |Europe |Dealer]| 2 0 1 0 2 0 1
C3 |Asia Dealer| 3 1 0 0 3 0 1
C4 |America|Retalil 4 0 0 1 4 1 0
C5 |Europe |Dealerl| 5 0 1 0 5 0 1




X 5| OLAP % #: 3%

HFEERY: wREWENXARRID A)F
S(B,SID )Z& B MAfB E&#, W&
Z5e x4 (RIDSID)AT, H #HRID
FaSIDA 5 K B RFuSH IR FAR R A -
R R EL s EHEBR A
HZEWFI kL, TEERIRIEX
B X ZEEENTHEEAT
EHBELEST, EERIITLERER
WEBEZEIELRPHNAIT, FLE
N ERNEERREREFLRW
S RBEFIERNEREF
EERITUERS %, WRAEGESE
%5

% 5l

lecalion

sles

an

Wan Stted |
|

Sany- T

\ LY
Vo

T+

Thet




OLAPZ 18 By 77 R AL 2

o7 AR A OLAP R 5| S5 A By B 1y
bk B 4 L 07 Ao 2R AL
LEMCHIE, BHAENENT I RIAAT

95 TR AR B 37 A 87 b AT

WEWHEW T, E5FRKE RN HSQL fu/H OLAPE 1, 4
P, B L7 R B B4 A YT3R T RE B F A F iR b W 2 B A
R RE

P AT R AR AE AL S FF AP 84y 1 By 07 A

PERBTHATEEE AW AT &, 687K
XE” BKARR, WExEEE, fIHEAMKI T RN KRN,
H 2 E R KB 7
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OLAP /i %% 45 14

< ZOLAP (ROLAP)
ﬁ)ﬂ KFY Tk RDBMSTF B BB W& &, OLAPH A fF 5 H & ¥

ﬁ%@ADBMSFﬁ%ﬁ‘J%% REFMEZBWLI, Fulffmiy TE M R5
E.MOLAPH A EA B A My ¥ f# 4 1
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HFBEERIHZ (Attribute-Oriented

Induction)

Proposed in 1989 (KDD ‘89 workshop)
Not confined to categorical data nor particular measures
How it is done?

Collect the task-relevant data (initial relation) using o

relational database query

Perform generalization by attribute removal or attribute

generalization

Apply aggregation by merging identical, generalized tuples
and accumulating their respective counts (& FEAHEIHIT X
TCH UL S EATTRI O

Interaction with users for knowledge presentation



Attribute-Oriented Induction: An
Example

Example: Describe general characteristics of graduate
students in the University database

Step 1. Fetch relevant set of data using an SQL
statement, e.qg.,

Select * (I.e., name, gender, major, birth_place,
birth_date, residence, phone#, gpa)

from student
where student_status in {"Msc”, “MBA”, “PhD" }

Step 2. Perform attribute-oriented induction

Step 3. Present results in generalized relation, cross-tab,
or rule forms



Class Characterization: An Example

Name Gender | Major | Birth-Place Birth_date| Residence Phone# | GPA
Initial Jim M CS Vancouver,BC,| 8-12-76 3511 Main St., | 687-4598 | 3.67
Relation Woodman Canada Richmond
Scott M CS Montreal, Que,| 28-7-75 345 1st Ave., 253-9106 | 3.70
Lachance Canada Richmond
Lauralee | F Physics| Seattle, WA, USA| 25-8-70 125 Austin Ave.,, | 420-5232 | 3.83
Burnaby
Removed Retained | Sci,Eng, | Country Age range | City Removed| Excl,
Bus VG, .
Gender | Major | Birth_region | Age range | Residence | GPA Count
Prime _ M | Science| Canada 20-25 Richmond | Very-good 16
Generalized F Science|  Foreign 25-30 Burnaby | Excellent 22
Relation
Birth_Region
Canada Foreign Total
Gender
M 16 14 30
F 10 22 32
Total 26 36 62




Basic Principles of Attribute-Oriented Induction

: task-relevant dataq, including dimensions, and the

result is the initial relation

: remove attribute A if there is a large set of
distinct values for A but (1) there is no generalization operator on
A, or (2) A’s higher level concepts are expressed in terms of other

attributes

: If there is a large set of distinct values
for A, and there exists a set of generalization operators on A,

then select an operator and generalize A
: specified /default

: control the final

relation /rule size



Mining Class Comparisons

Comparison: Comparing two or more classes

Method:

Partition the set of relevant data into the target class and the contrasting

class(es)
Generalize both classes to the same high level concepts
Compare tuples with the same high level descriptions
Present for every tuple its description and two measures
support - distribution within single class
comparison - distribution between classes

Highlight the tuples with strong discriminant features

Relevance Analysis:

Find attributes (features) which best distinguish different classes
Data Mining: Concepts and Techniques  April 1, 2020



Concept Description vs. Cube-Based

OLAP

Similarity:
Data generalization

Presentation of data summarization at multiple levels of
abstraction

Interactive drilling, pivoting, slicing and dicing

Differences:

OLAP has systematic preprocessing, query independent, and can
drill down to rather low level

AOI has automated desired level allocation, and may perform
dimension relevance analysis/ranking when there are many
relevant dimensions

AQOI works on the data which are not in relational forms
Data Mining: Concepts and Techniques  April 1, 2020
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