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Incremental Maintenance of Horizontal Views Using a PIVOT Operation

and a Differential File in Relational DBMSs
Sung-Hyun Shin® - Jinho Kim™ - Yang-Sae Moon™ - Sang-Wook Kim™"

ABSTRACT

To analyze multidimensional data conveniently and efficiently, OLAP (On-Line Analytical Processing) systems or e-business are widely
using views in a horizontal form to represent measurement values over multiple dimensions. These views can be stored as materialized
views derived from several sources in order to support accesses to the integrated data. The horzontal views can provide effective
accesses to complex queries of OLAP or e-business. However, we have a problem of occurring maintenance of the horizontal views since
data sources are distributed over remote sites. We need a method that propagates the changes of source tables to the corresponding
horizontal views. In this paper, we address incremental maintenance of horizontal views that makes it possible to reflect the changes of
source tables efficiently, We first propose an overall framework that pricesses queries over horizontal views transformed from source
tables in a vertical form. Under the proposed framework, we propagate the change of vertical tables to the corresponding horizontal views.
In order to execute this view maintenance process efficiently, we keep every change of vertical tables in a differential file and then maoify
the horizontal views with the differential file. Because the differential file is represented as a vertical form, its tuples should be converted
to those in a horizontal form to apply them to the out-of-date horizontal view, With this mechanism, horizontal views can be efficiently
refreshed with the changes in a differential file without accessing source tables. Experimental results show that the proposed method
improves average performance by 1.2~50 times over the existing methods.

Keywords : OLAP, Data Warehouse, Multidimensional Data, PIVOT, Ditferential File
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2 BNE 4 QES HE o ¥d2 gdsAgt A3
12l oleidt dely A3 2 FH 4y F9] sz} oped
g 2o dis F3ae fAsE 8 H(horizontal view)
(1, 3lelt}. o] &t 49 Hi vlo]az4ZE o 4e] PIVOT
Holzolyy, FA dlele FEde AHEHE wa golE
(cross table)zt f-ALSH B TFZ2A, JEYRESY &
goj&e] ja} He] Mgl goz zH= o]Aq HolEE o
v g7, 12 (2@ La)e o3 AF dojzke ZA3 59
wel & veliick 29 3 H2 B, 7 ojghd B
< AEE AE BEE A gebd £ Qo] 9 Rt
chakg BAo] A HE AFTEe 4 F Aok 2y,
7|# #7413 DBMSIAE l2d £ H& axxerg
f&x 2@} 1 o]fE 7|& RDBMSAE (2 1(b)%
2ol &49 JEHREMEIN tre FEREIZR FAHE
T3& Ho|B(vertical table)& 2 TFH[1, 3, 5], diF£2
RDBMSE Hol&e] 714 F gle JERE /M¢E A
g3 ot oS o, SQLServer 20069 2.222] Oracle 9
52 HolEo 712 £ 9 JEIJHE AFES Hd 104
M2 Agstn gk ofo] wz}, 48 RDBMSe A3H
4 Hol&e 3 HE Wisle dise oo Has)
t}. Agrawal 5 [1]2 5% Fol th$ ZgF +37 Hol&
2 s $ye Aosidck 22z, £4 RE A A
Fata, Ao Hgde WyEo £3 HelEg AHAsn
Ao HAshe A7 45 FHANPE 1Y olgdx
#3 Fol g o A7 AAHAH3, 5, 7). 220, o
g dA7E F3 HelBdAM ANE FRE L5, 5
Holl Aalg FRE udsr] 8 A7t v e

F2 do|EolA PIVOT @4kl o3 ¥gg 3 He
AL Zolo] diE WE SHE ATy HHA Al 7
(materialized view)2 AFETH6) ol 24 Re AF
£75EE deojd AAsE FEFEe] 8949 FHE A4 A
g "Holgor =¥, A3 Fe 53 HelgdA F£9
Aits WER ARsn Jderg AFd F£37 ol
HAEE ol& wrddly] fl& 2 elelEe WA Agd
FdsA WA= oo @t o] F elfe F W9 dHoly
7} of @] do]Ew|o] o] EAbEe] HFH O 7] wfiEe] B
& Azte] 28575 &9, MENZ 43 g2} deolH

Aol i H2o] Brhs¥ Fx o] & #aF MoH
o2 Hasi

olg|g fr& #elshy] S Ve A2 7 ¥ (view
redefinition)®} A3 ¥ el 7' (incremental view main-
tenance)o] ATE At A 7IHLE deoly 422 WA
Atgto] HHAIAl H-o Ao we}l 47 HolERREH HE
AL WoltH4l ey, | AR NHe 34 ¥
ol&e] HIoZ Qs B& A4t vlge] La8rtE do]
ek, olell wld], HAH §H 2] /¥ F37 HolZe Wl
A AYdere 72 A 9 (differential file)S ©)-8-3he]
e #eElste wfolth AF HAL AMEseE e 4
2 dio|E 9] AN, A, Aol ] deolg Ao
A2 dlolx Fol ¥ AERE wedsts B AAE u©e
71¥elcHy, 8 10 ol @ H2l A= Has @R AF
Fro g3t 37 gHeolEe WA AETE A BHE A
glgict. wheba] Aalg dolE Azd] tiF A FHZo
27l wiel Ao diF WE FHY 2 of AL
AFen i) REL #elsts o ul$ g8

B =gdMe At RYE o]fdle AnlHon 97
ol A FE #Helste WyE Akl o2 &, 48
RDBMSell A 2l #3k= PIVOT Q4H2 ol&dle 43 HE
AAEa, olF A FE A 2gx, £4 Heldel
i3 873 AlES A5 Fd2 FAF Fo o £ 2
Aashs BHE AAIRY o] A, A HYE gL
ool dloje] WHe] WAEA HE2 #HWAY HF Y
e fAEE daEFe AAgc =3 W] Al £
B oHel oz HEd F gleng £ Ho FHLd
s Mg Hez st AHlshs Wi ol & 4%
A dnFE Aot

B =89 74 gad g A2gdAe B d7e
HEg 71E AFE AF A3 E B =EdA A
shebes 9 HE dFHoz feEr] 1 dAH] M
}3e 2, AaFdAs A5 RYe ol gt 3
Holl dlole WA Sl dA4te] Aojek H owe 7|
& AJEa old] dig LuaEFe A A5FAAHE
AME FH Heo FRH #Fe g o uE AE
AAER sA Lo 2 AeHelA AEL P

ShoplD | Preduct Sales
1 vV 280
1 Computer 220
1 Camera 150
2 vV 120
ShoplD TV Radio |Computer | Camera 2 Radio 145
1 280 L 220 150 2 Camera 110
2 120 145 L 110 3 v 240
3 240 i 125 1 3 Computer 125
(a) A Horizontal Table (SalesH) (b) A Vertical Table (SalesV)

(2 1) ¥ Hlo|E(SalesH)2t 3 E|0|E(SalesV)2| o,
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W AbgRbel Al 3 HE oAFstn, A4 A 2
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2% 78 FE AdFse o9y A7 A EAT $4,
Witkowsk 5 [13, 14]= ©hahg dlo|g & AZTHEAE §
gel =4 H2 Aoty z#HEe dTE FHE%. o
E 539 OLAP #4 71%& HYsA AT 5+ A==
gtk 1222 Cunningham % [5]& 43 Heol&L +
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Aaske HHE Atetdr). 2, ol d+E £4 H
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€ BMe A5 Hde o8F ZHYNAZ, £ Ho|
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AH A2 HHE Ayt
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AEE o 5 Utk TRl 2 2HE ARo 73‘.‘.‘%’. L]
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2HE A9 geld, M JdEIRFE M2 Ftelth e
2, 74 "HolEdA fFEHI, OLAPNA HdHEe +3
- "ol & Vm.:_‘ (Oid Ap,Az,.., A0Sl 27108 7FAY, Vi

of #85 = FEL (OM, M, M)2Z EHEC]
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Ayt +4 Helg RTE
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ks Yo PIVOT Q48 ol 84¥ + ok vlejaz
AXE SQL Server 2005 57 2 44 RDBMSIM X
AFstz PIVOT g4k dlojguo]2e] Agd 42 Ho

-+ Horizontal views

i apply source T
| data changes |

f)riffeEntialifiVlé' '-

record source
| data changes \

Vertical tables
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S EAo] £o]3 £Y H2 HEsE= 715 S Ft) Chen
[3]12 PIVOT «4He o 4] (D3 22 #4 dis4
2 Ao g Aot

B
=
=
-
-

Vir = PIVOT&";;'::‘ "Mi(RT:) =[ < -1 Toun (G a4, (RT, N ()

74 (D€ 249, 4 HolE RTE HERHE A9 @
[ALA;. Aol i8] PIVOTSHE, 38 / Vep2 W@d 2
S ¢ & Uk o] HHL WA JEIRE A o] A
FE (O AM)ES 7381, o|58 &4 ¥ Z2A(a0)
o2 Agso 9 HE g T =3 449 £9 He
AF asEs deofd g wE S9g fld, dA W
(materialize view)® 33 & itk oz g HA Hi=
F a7EHe Hed #AEHE FESo 4% %EHE*“L
AA 2 dojeuo] Ao HAE HolEE v} (29 3)
£ oEd #% Fel U@ AA Fe & Jehdc

ogog 4 Holde ¥ AYwRe 7HXNE 5 T
del] ois] dygct 25 Hde 3 sHlolEe uF WA
AEE MER {8, ol & oj&dte] F37 HolE9 F
2gle] B2 AN £ gl o|H# A5 H3Le dRTHOid,
A,M,optype,time)2] ~7|vbg 7HAt o7|4, optyped F
Z 7o) HEg A4S JebdY, insert®t delete F2 8t
= 742 update®l A5, insert9l delete?] ZHOo.2 1
A} 53, inserts 74 (2)9 2], AIZ 7|3, F
% HolE RTS HFZ(0idAM %87 Fowr 2%
el dRTel &38ts FE(0idAME <vgc, 223,
delete’= 54 (33} o], vDZ #7380, Apajstnzl 8
= BE0idAMe] 53 Hol&d £3HA 25
%8s FE(OIAAME &v|@c), time 54 o] &olA
FEo] WHEE AZHtime-stamp)g YEbdch o) E
dagz g Algdld doleE o] 98 £4F ot
& 9lz, 2 g delHE {7 # + A0, 111

Al = |(Oid, A, M)| (Oid, A, M) £ 70, o (RT) A (Oid, A, M) & 7, , o (dRT)} (2)
VD ={(0id, A, M)| (Oid, A, M) & 7, , o (RT)) A (Oid, A, M) € 7, (dRT)} (3)

oprigto 2 42 gl £3 fFo AdE @& A
g MAAHA M FHE 4Pk (3 DE & =8
q A5 BYg ol &¢ Wi A #HL vehdo 1¥
g Ry, 3 gol¥ RTE PIVOT A& HEso 9
B Vir2 448 ¢ 5 Ak 24 A3 4 (D& ol
St agolA EWHL Mo FAUE WA ARE F
At 4% BY dRTE Jvehis, A5 #d& +3 Hol
Zol W7 Alge] wAlE FEo FRE AFH) oG

CREATE VIEW "'d.lm(Ofd. .4[. :'1'-_'.
SELECT Oid. Ay, Az =, A,

FROM RT;

PIVOT (SUM(M) FOR A IN(Oid, A, Az, -, Ax)) AS PVT

(08 3) 78 RE Yss 78

Ay AS

StopID| TV | Radio | DVD
101 50 25 30
102 null 20 null

Transforms Insert & delete
103 45 25 null Al= (103, Radio, 25)
Horizontal view (Var) vD=(102, DVD, null)
ﬂ PIVOT operation
EPEI) Product | Sales ShoplD | Product | Sales |optype| times
101 TV 50 101 Rﬂd-'lo 25 ins 13:10
101 DVD 20 102 DVD | null | del |13:40
Differential Files (dRT)
102 Radio 20
102 DVD 30
103 ™ 45
- Store
103 | Radio 25 Related Tuples

Vertical table (RT)

(38 4) XS mee 0|28 TAHEF H2| 2ty

A #AL 7R, & dydME A5 dYE o8
of A 3 HE Aoz At Wy Ak

4. AS WAE 0|28 +H R 2

2 goldE £4 Holde WA Ayl we 59 He
40 Auz $R8] AT PEE A, A1
3 BE 98 A5 HUe Belsks PEN dnAEe
AN, 203, AMZIANE A5 4o FEE 9
ol ANY 5 AES AAe W} olo] g ANHQ
I FE At

41 X5 mle| m2|

B AHoME 37 dHoldo WA AgE 7F5F dd9
AEel 2% Bdd da 4"dch (2Y HE B9, AT
e 43 dHelgnith sy EAsiy, 2 £33 HolE
o] WA AMES fRFr), ol F AF Y e WA A}
o BE AAE AREH o AAHE AR F34
el dek, Bob AalEw A5 skd el #A AR 4
AE 3, AN Fele ohal 71E%c (¥ S@)e o
A5 sae] o E vehich g, £34 HeolBd H&
®H FE (J0l, Radio, 25)& ¥73E A3t timeo] 13100 4
glE|glon, & B (J02, TV, nul)e HAE At time
o] 13:400] A=A ¢ F AUk o714, D& &
o] Ata g2 EAHo2 ekt

Oad | Proxit duct \ Sales | optype .-J”L

1n1" Radio | 25 | e | 1310

102 ™ 40 ins 13:13 fa i) p,.xm: 7‘:[“ optype | times
] ™ [ o [ de [132 101 | Radio | 25 s | 1310
13 | DVD 30 ins 13:25 102 v 40 ins 1313
102 ™ 35 ins 13:34 103 DVD 30 ins 1325
103 | Radio null del 13:37 103 | Radio null del 1337
102 ™ null del 13:40 102 ™ null del 1340

(a) Before eliminating duplicated data (b} After eliminating duplicated data

(2% 5) XS w2 of
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F2 doj&e dolEEe] d&Ho2 WRAGE, AT
#d Yol 5YE JERHE Oidot A Ze FEY @
£ o] EAY F Uk AF #Y WY FR F F
A oERES Fge = FESo d&Hoz ¥HE
gg, 35 Adds A&} dFe dA ARtg A<
3 F #Ae] v Algke & 3] diE U8 E A
o& EAsA gk & 5ol FYT NEAREY @&
e FZo| A£H02 insddeldinsdydel BHA, A A
wel A& inss wtAY del o9, T HHL £LR3}
A gk g, ol @ AL FTH AA (duplicate elimi-
nation)el2} 8ol A4F B el A T2 FES] o A
I yFe ARwE @7, dnAe 2% AA#G (29
Sa))e FE FES s olde AT #UdE ved
o 97M, FEURZ TV, ) AL ey #@ds 94
FI 132289 del?t 133489 ins FEF2 A€ (29
sb)e F5 AHAE Fo AF #Yde oF wolxm 3o
olg]d #HHoR el AEHE FE v F5 AASE
Bl o whel B2 Fo] FAdHA Hrh

gez (0% 62 AF A Bdad FEe F5
AAE AT 2ngFE dehdch 22 1eM = A5 =5
dRT& AEstx, 29l 2-5004% select ¥& o] g3t 3
T B4 FE Oid A M, optype, times 743}, o
£ HolHE W At g 6elME AT FHUA
FEE @ HAEE CheckOpCount® AHg-dh 29l
7T-159ME o]d FEY 7% B4 FES M2 v}
THYE FEL AAs D, 2719 FEF HF FEL B
&3t S Yt o714, @A 81244 HAA
o3 FEL HMse FHS ¥ Tool AFst, o)A
FEe 719 A FEY 71§ vustd ME FUsW
CheckOPCount 3+ F7kA1Z1ch o714, ChedkOPCount
7b F7HE9, $5€ FEoIER A FES AAFT @
A 13 = 71E% dA {FEY 717 M2 tE24 He
2 € REL AF FEE oA Ha 84 FELS
Algorithm DuplicateElimination (Table dRT:)

01 Sorting the tuples stored in the dRT;;

02 Declare Cursor for

03 Select Oid, A, M, optype, time from dRT;

04 Open Cursor;

05 Fetch from Cursor T ={Oid, A, M. optype, time};
06 CheckOpCount=1;

07 While Cursor is not null

08 Fetch from Cursor Tcur = {Oidcur, Acur, Mcur, oplypecus, timecur);
09  if(Oid = Oidcur AA = Acur) |

10 CheckOpCount = ++i;
11 if(CheckOpCount > 2) delete a tuple T;
12 }

13 else CheckOpCount=1;
14 replace T by Tcur;

15 close Cursor;

(32! 6) DuplicateElimination ¥102|Z

M2E HZ FFo gt 89 4alX e A FF Tats
71E FE& T2 AQujAgc. s toz &9l 15d4Me BE
ol ButA Hloz, gt AME FaU

42 +8 ge| w2

g AN E A5 HUL olg3ed 74 HolERIE ¥
gg 44 BE BYaE ol da AR £A el
gol WA AL 715 AT B W 83 AFE Hel
FrMew ANL s Bk Teu, A5 A ue) WA
AgHe PIVOT @ate] 349 +3%u #2 44 48
¢ 4 glomg, oF Hgar] AN WA due 79
Wol et Welz WPl Buh, olo] wel, B =gl
WA A4 A4, A aelm A duezA, olF
@ B By ANED (27 De A5 HUL ol
S ol old AAES g WHE e,
A,

fir o

ol

&
ahof

o

o

—

8 Hol o Aq] Al dis] A 44
12 A% 3 dRTS A4 AR optyped] oJste] 43
W Venel @@ste 48 + ok o4& e 1& 8@
dYAtel] i BE F3& Jepdc

["el 1] 4 dHeolg RT7F vgd 8 J& Vit
@ o, Vppol @ ¢ AL od& 44 6 93 z
% 0d dRT S 8 ¥ Vpps 298 F §3¢es 3
&% F sk ©, Oide 009, 4, delth
Vi = Vgn + AIdRT;)
= VarU[UTL Van<C )

”Gdnu(do]xw)e ="ins'nA="A/ (dRI: ))]

T 2

StoplD| TV | Radio | DVD

101 50 25 30 ShoplD | Product | Sales loptype| times
102 | nall | 20 | nun 104 | Radio | 25 | ins [13:10
w5 5| » Differential Files (dRT)

| 104 null 25 | null insert

Horizontal view (Vkr)

(a)insert 3+ 24

StopID| TV | Radio | DVD

0m 50 25 30 ShoplD | Product | Sales loptype| times
102 | null 20 | null 103 | DVD | null | del [14:25
Differential Files (dRT:)

103 45 25 null Telete

104 | null 25 null
Horizontal view (Van)

(b) delete A 3 744

StopID| TV | Radio | DVD El

101 50 30 update

102 | null | 20 1 ShoplD | Product |Sales joptype u‘mes-!

< 101 | v |30 | ins [1530]

| 6 | 5 | put — -
104 null 25 null el Bl (AR T,

Horizontal view (Vir)
() update & 4+ 743
(33 7) TH HollM xS TS 0|28 HAH Alste] N2
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[gg] "?‘ﬁ, an‘% VE, ”OH-M(o'myprfim‘u-:‘ﬂ,'(dRT:))Ea,—
RZ ®7|8ca 71438 o714, (0idM,,..M,) = V4

&ala, (0id,M,)= Rol £@0d, Ve RE g3} 2
o] #71% 4 sith

Vi<C R
={(0id,M,,... M, ,M,)|(0id, M,,...M,) e V A(Oid,M,) e R}
+{(0id, 1,..., L1, M,)| (Oid, M,) € R A (L= null)} (5)

={(0id,M,,... M, ,M,)|((Oid, M,,...M,) eV
v(M, =L A..AM, =L))A(0id,M,) € R}

F4 B VR A%, ®F (0d M. M9
(Oid M)A tgEE 7 Oide Afe FE5e dds
(Oid M. . MiMoolth e Vel BEg FEE0] gled
M2 FESC] AAEE ez FEES AdE (0dL,
el MOSE 2ol 4 @3 A AAdEc a8 F oA4e
% 23 RES 71EY Vo #¥IF 494 Vzulv
XC RS H4s8hd, A dae 4 @2 vl 5 gle
ng Fyo] gkrEch o

A 1% B9, A% 349 dRTAA NEIRE optype
o] gkol inselth. WA, dRTelA olERIFE A9 g A
FEOAM)ES F&31, o8 F2% 2948 +9 § Vin
o} 922 g8 Zol(nm)oZ AT F o2 A V%
ey, MAE FE § VG E e o gdoh
(28 7@)e 25 39 dRTi9) 87 Axd o8 £33 &
Virel M2F FEF& A3 o2 vepdc

o2 3 Ho i 24 dibe] s Aol
2 Hol& RT® 8 ¥ Vint A% B9 A4t 3w
optype?] ol deld 75 AHAl dig ¥ AEE A8
F glch ol @ At d4ke Az 22 Jepd £ ik

(Hal 2] 4 Hol& RT7} W@ 4 HF Vyuth
@& o, Vppol thd Al 442 o £4 6)] ¥ A
5 0 JdRT,E o148 8 § Vol 53 FES
AtAaha, dol T3 ME2E FES Efss oz F
3% £ glch o, dRT A M9 @& nullo]th

Vit = Vo, + VD(dRT,)
=Vir _[VRﬁ a1 o (UWW'M'.\J:'A,‘(dRI-I ))] 6)
+[UT~| VRTE DC' ”r).d,nuar(o'mw='.um.4='a, ‘(dRT; )}]

(BE] 54 O)1H 4, Vppe Ve §ia,

7o Oiperinsea, [ART)) 2 Rola} 8k&}, o714, (OidMi,..,
MYE Vol £33, Oids Rol 899, VaRE g3}
2ol w71 + AUtk

VAR
={(0id, M, ,..,M,,M,)|(Oid, M,,..,M,) eV A(Oid)eR} (7)

E}%gi’ Trad.nuﬂ(aaptype:'V"\A='AJ'(dRT;'))% R‘e'} 3t
EOg +4 ®0] 4980, 4usE olfE 4
2 W Vepne 4 DA o8 5F Oid7t T3 FE

of HAHI, £4 G)e] ot o] XYY YR FER
HAgozA & 90 ¢rdc

Ve
={(0id, M, ,..,M,,M,)| (Oid, M, ... M,,M,) e V}
~{(0id, M,,..,M,,M,)|(0id, M,,..,M,) €V A(Oid,M,) € R} (8)
+(0id,M,,...M,,1)|(Oid,M,,..,M,) e V
A((0id, L) & R'A L= null) o

el 28 29, 7Y Fe g g2 Ao WP A
g ek 1) 78 F Vin%t A% 3 dRTi9) e
2% E optypest A9 gke] 72t7} delit A% RESS 3%
o] ZAEQ® F, VirdlA 89 FES AAgc 29
¥ 2 78 7 Verst A% #3Y dRTidAN AJEHE
optypedt A9 el Z+Zt delmt AR FE (O.M)E 8%
o 2oz Agste vix|goz 1)3} 2)9] 2434
Aol A AFHAEE Vipol HE3HH 71E glol nullz 97
& o F Uk (2¥ 7)) FH F Verdl AFE dlo]
B 4tAl& a5 3d dRTiol AgE 873 AFre 9¢)
AAE o & el

vpRlgte 2 3 Hel td A ditel ofs] A Ech
AN QA AbAeh Ag date 2Foz FE F UA
g FE7F g8 9 Fo d#A s d24 ngdjef
oo upeh, HA ML FH Rl AT FEY fe] &
A o e WAS7] A% didez HEdc g A
32 A4 gitel] g AE F3HE Jepd

[Hal 3] 3 Heol& RT7L Wdte 8 K& Vinel 8
o, Vepol tigt 784 ke of& 52 9)d o8 5 #
d dRT:$F 29359 F4H H Verdlld 54 53¢ 2hals
T, A gho]l EEF MEE FEZ AFss ez 3
3 £ gk &, 0id=0°|" dRToIA M=nulle]|t}.

Vir = Viy +AI(dRT,)
= Vin =[Vir: D Zou (Topngeninsnn—-a, (ART))] 9)
+[UT1 Vir < Toum (o-lplypra'lmﬁ‘nA#A, (dRT))]

(BY] 4 (5)% @) AHgstd d @ oA AT @
o2 Algste AL Aestns AL 20 Wi FYd) 54
@ HRog =Wy 4= glomg 4 Q7 AYE. O

4 3% 2 AN i) #Ae WA, £ F Vst
A5 39 dRTOIA SJERRE ophypedt Al gho]l Zz
ins9t A%l FEEL 2% F 4 H Vet E2Q0)dt
o #Y FESL FEFA At Ogo®Z Ven%
dRToM FE (OM)E F&d9 8% 94 2A(=0)
o2 AFF A AAXE ViR FEY 71E @5 ¥AE



DA CIOIEHOIAA PIVOT SIAMTH A HIYE 0188 =L Fo HEXQ el 469

e #A Abglete HAAS & & Aok (2Y TeNs &
5 9 dRTio| A Ag W7 HEE o &8t 3 7 Vip
o AZE delHE A& oz ¥WATE Ykt

ola], (1 8)2 % Y dRTiE ol&dd 3 &
Vs #eldts gu2F5g¢ vehdnh 41, 22 164+
A% B9 dRTiS AEdstn, 2k9l 2-30M = select TEE
o] &3to] & FEH(0id A, M, optype, time)S 7tel7]le A
A Cursorg Mogch cigoz 29l 4-6dH e a5 Y
dRTi¢] F& shlE F&8le] dlo]g WHgee] A4} o
Soz ¢l 7dME AF #Y dRTiAM SERRFE
optype?] S Wt optyped] kol inselwW 2h9l 8-12
oA F#En, B2 del & 7AW, gl 13-1591M F
ok Abgl datel disl, 29l 8-9M = 3 F Vs
grol dlnuiDel At &l Oid7F EA8HA &L o, 4 (6)
& olkely 2% Y dRTIY FE Oid9d ME HHs o
T8 B Var @2 A9 A4 dakel dis), g9l
10-120 M & 8§ Vaeroll A 71E $& AHstn Q28
grog WA o7\N, dRTiYl ARE FEL 79 7
Vaerl H4817] 918 gb& waskr] flgk 4 (9% H8d
o}, 2ba] datel ofs, €k9l 13-1590 = FH R Vol
E4 FEL AN F, 74 8% ol&sd 7E9 gE
Aot A, ol AR F7 Holge WA AEE
e dE T3 78 HE ANE 7 At

Aoz aorstd 4 F HeolE WS HA Y
g2 F287] gl 52 Holge AHAS W W
HeolEx FYU3Al Balslojof gt oluf 32 o] &M
AaE dHeolHE A5 HAUE HFPstn, AF HAS olE
gt 4 F HelER2 HRs= #He| Has 53|, #
T B 43 A delgEe] R oo w FHHH
u, 2g8ad AF 3ol F7hd & stk ek, A5 5
o] 734l HolHE 4 HE HES7] ", o] dlolH
58 AAse ¢n2lF DuplicateEliminationd o] &3t

Algorithm ViewManagemen! (View V;, Differential File dRT:)
01 Sorting the tuplesin the dRT:;

02 Declare Cursor For

03 Select Oid, A, M, optupe, time From dRT;

04 Open Cursor;

05 While Cursor is not null

06  Fetch Cursorinto Qid, A, M, optype, and time;

07 If {ophype="ins")

08 If(avaluein Vi is null ora Oid in Vi is no values)

09 Insertinto VivaluesdRT..Oid and dRT.. Musing formula (4);

10 Else

1 Find suitable values in Vi to update ones in dRT;;

12 Update valuesin Vi with identical values in dRT: using formula (9);

13 Else// (optype="del’)

14 Find a suitable value to delete in Vi;

15 Then, delete valuesin Vi with identical valuesin dRT; using formula(6);
16 Close Cursor;

(22! 8) ViewManagement ¥12|&

A5 gy el #Had dolHE AA#G 28 F, Al
g A5 HYde olgste] 9 F dolE uiel 4, 4,
B4 Aag dAEr] 9, ¢nelF ViewManagement
olg3te] 5 dlojEE At ojA# £ & HolE
& 74 HolEoA & Aol ¢ FAE

5. 45 ¥t

B Aol d e Aleheh i 7)Ee] s oiF 452
Hrtgch A51EdME A5 S48 A% 4E dely
o} A% #Ae] dis] 7&stm, A524dAE AY ANRE
A A] ghel,

51 48 834

A8 dde 3 dHolEdA s FUAE HEsE P
(Source), A5 #3& o] 8385 T HoEE AAA &
£ A HE4¢ %Y (Dup-Method), 2], At ¥
H(DF-Method) #W oz 4%& F48dq = o0& 2
o] A 7}A] WY& AYstch

o Source: ™7 AMEE 2 HolLo A3 el [4]8
i, o] & thA] 9 112 ¥ 1318 wlelr

* Dup-Method: 5 Y& of &3t WYoR, +4
HolZol HEF WA AtFe] AT HAdd HE
(101113t z, o] 25 Hde F5 A A4 8
ol #¥ Foll H&d= Wit

e DF-Method: ¥ =&olA g Pfozr, 52
HolEol RAH AN dolHE FH A4 A&
3 AT #HYE KA, olE 74 Fol s}
€ Yol

49& 78¢ s=9o] ZAEL Intel Core2 1.86GHz
CPU, 1GB RAMZ #3a5t PColn], Ax24o ZPZ o
vfo] ARAZESL] Window -+, SQL Server 2005
DBMSo|tl. w7l W42 Agrawal 5 [1]2] 2 gle) A s}
#ol, dlolg A, @ @kel & 52 o) &3t AFsr)
dele A2 54 78 71Fos do 59 89| F(#colsx
#rows)ql 200x100K2 FAstd e, @ g vl&S 9%, $%
E ARSI z22la A9kg WelA o] &% A5
UL HAA /FE F 5 dolele] v]&S 20%, 40%, 80%E
gejshH A dasd.

52 d8 &t

£ AdMe Al 7H] W g 4y AoE A9gd
WA, 248 DelMe A4 dite] 788 H 9o £33 Az
& SAsa, A9 2elMs A Aate] F£HE 7o
T ANGE 2YIAUC =, AY M A L A
dabol] e wlw H4YE Fsigo.
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AE 1) A el o 58 A

(2 9= diolg Ade A5 AU FE +F Z7)
web Al 7EA] el el Ad ARE Jehid, (29
9a)e= 9 gho] 90%<9 Ao Ag ZAAE (29 9b)E=
B%e 59 A¥ FNE 2z Jedg 7 AfdMe
AT Hdel FEE FE 5o v WA A5 2 A
A Qatel i@ Al FYARE A (2Y] 998 &2
W, dAYHo2 DF-Method7} Source 33 Dup-Method
Hr}p Aeg Azl ez depdich 4 Source 9
Dup-Method?} DF-Method® .t} A% AdtE ofe
Source WHE 3 Ho|go| e 44 dHelHE FH
g F, 8 RE AZTE7] A8 dA 37 HolEA
oAl =8 JE A3E] gfeld, o] A 3 Fz
WEE o 53 golge] HA FEEEL dM2sH HEz
T8 AlZte)l o¢f ZRrh 2E]:, Dup-Method: 7841 )
ol & AT A5 HUEL ol&E7|= sl FE dolH
£ A= fAo] glenz £Had doleE ¥ 7}
F4el sitk o2 Q& AF Zde A Feo| 2y, o
22 53 Ho HesE A EF S8 A7) o7 AL

(29 99 Z#E acoksld, DF-Method: 25 ol
M FEgE dojE v&E 20%2 43T 4F, Source W
ol wld HF L7, Ho 29974A Asg A,
Dup-Methodoll ¥]3] B3 124, Ho) 1581712 5L &
A7, A5 dYe M F5 delee] v &L 40%2 HA
g A, Source Wil vlE WA 194, Hol 30wiE,
Dup-Methodell ¥]a] S 139, A 1602 H%5s 4
A7 Aoz Jepdr) =3 A% fdelA FEE delH
o] HgE 80%E HAY AF, Source WHlel vlE HF
294, Hd 42¥12, Dup-Methodoll ®]3} H 218], Hdj

252 A% 4N Aoz ged, AdHoz Ao
WS AR Aatel dis] FEE diolge vge] & £
5 Source™ £& Dup-Methodoll H|&) 52 =LA 8444
e ¢ F Aok

AHE 2) A kel i =8 A7k

(2" 1002 25 g o] &3 A 1A whde] AbA 2
g ANE JeERICh (29 10(a)E 93t vl 90%e] 2,
(29 10b)e 9% A5 48 AsE 7z Jepdc)
7} Agol A, 25 Hde] F5 diojH H &S WHIHUA
AR A e A (29 108 B9, Source W
w3t as  BdeA F5 AAE HEsx 9gE
Dup-Method?} %5l A2EL Bolx Ut} Source W
& AAlEE FEo AR HLHI oF g +H
T2 UEsty] dife] 3 Azke] o Hucg v,
DF-Method$} Dup- Method= 25 #9& o] &3ta] 4hA]
ARE 717 FEL olv AME 3 HE 43 Hgao
2 8 AlZke] Source HHET $4Ec Anyor
DF-Method= #t5 #dol4 FEE dolge H| o] ¥&
% Source ¥ Dup- Methode] H|3) A%< 423
S5 vebdch Ao dig A9 dzEg gk, 35 i
o] FHE dolg  d"lgo] 20%Y AHF, Alerg
DF-Method= Sources] Y|3te] Hy+ 32u), o 33w,
Dup-Methodell ¥]2} 7 1.2u), Hdf 13v]2 45L& &4
Azl Ao veldn aF U FE dolEel ulg
o] 40%Y A%, Sourced| vl H#E 36u), o) 39ul=,
Dup-Methodell ®]&] 3 14u], Hol 1582 A|¢Hg
DF-Method®] A58 #4A17 72122 ey} E3H 3
T Hde] F5¢ dlojE H]go] 80%Y A%, Sourced W

I —4#—Source —8— Dup-Method —#— DF-Method I

100
5
= 80 / //' //-v
o '
< = 7('/'""”- s %L
E = " i —
£®] A T
S o .
E S00 1000 1500 2000 2500 500 1000 1500 2000 2500 500 1000 1500 2000 2500
L #of tuplesand #of tuplesand #of tuplesand
ratio of duplicated tuples = 20% ratio of duplicated tuples = 40% ratio of duplicated tuples = 80%
(a) Data set = 200 x 100K and ratio of null values = 90%
g 80
g o — —
E w% %
f." 20 e e —"
% ° so0 1000 1500 2000 2500 500 1000 1500 2000 2500 500 1000 1500 2000 2500
= #of tuplesand #of tuplesand #of tuplesand
ratio of duplicated tuples = 20% ratio of duplicated tuples = 40% ratio of duplicated tuples = 80%

(b) Data set = 200 x 100K and ratio of null values = 95%
(O3 9) del Aol oist 58 AIZF B



ratio of duplicated tuples = 20%

ratio of duplicated tuples = 40%

T3 CIOIE{HIOIACIM PIVOT gaAtTE AIS HIYE 0|88 21 Hol FHEXL
|—0—Smm:e —8— Dup-Method —%— DP-M:tbdl
= 80 ——— —
§ 50 1 -— o=t
=
NEs - | .
— | —

-= — | B R e
ol i —— (= e m—
% 0 T — - v
X 500 1000 1500 2000 2500 5o 1000 1500 2000 2500 500 1000 1500 200 2500
o #of tuples and #of tuplesand #of tuplesand

ratio of duplicated tuples = 20% ratio of duplicated tuples = 40% ratio of duplicated tuples = 80%

(a) Data set = 200 x 100K and ratio of null values = 90%
3 80
=1
2
2 / :,-J' :"
=
ué E ./
g% -—
4:-3- . - ————"
E“I 500 1000 1500 2000 2500 500 1000 1500 2000 2500 S00 1000 1500 2000 2500
#of tuplesand #of tuplesand #of tuplesand

ratio of duplicated tuples = 80%
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(b) Data set = 200 x100K and ratio of null values = 95%
(8 10) A HAdtoll chEt =3 AlZh B[

& gt 508, Ao 5692, Dup-Method®] 79- #H# 20
uf, Hof 2212 Aol A Aoz debydch AR
o2 Atst DF-Method W& AHA] dadel st
Source W& & Dup-Methodel Hl3 4%& ZA &4
A7l A2 vebk

Ag 3) A 2 AAlel g 3 Al

(2" 1D 34 ARE A9 2 A Fuz FAsHd
Al 7EA gRle ¥ A3E F34E Adeld. (29 11(a)
d HE gho] 90%0l L, (2 11(b)e B% A4 Ao
Zhzh e, 2+ d¥elA, AF HUe] HA v F

=
-
=

=

| —#—Source —8#— Dup-Method —+— DF-Method |

¥ w0
§ ) / ‘/. /.
2
E 20 /j - / _-a
5 [« - gt
£ 20 . - = .
3-: —'7"'?—" - ::—l__*_‘—t_“
z 0 — - — ' — - - . J
%
= 50 1000 1500 2000 2500  sp0 1000 1500 2000 2500 500 1000 1500 2000 2500
#0f tuplesand #of tuples and #of tuples and
ratio of duplicated tuples = 20% ratio of duplicated tuples = 40% ratio of duplicated tuples = 50%
(a) Data set = 200 x100K and ratio of null values = 90%

380
g - - | — et
[~}
o -4
gzo e —
g 500 1000 1500 2000 2500 500 1000 1500 2000 2500 500 1000 1500 2000 2500
o #of tuplesand #of tuplesand #of tuples and

ratio of duplicated tuples= 20% ratio of duplicated tuples = 40% ratio of duplicated tuples = 50%

(a) Data set = 200 x 100K and ratio of null values = 95%
(3 1) Mt A kol cHet 8 A7t Bl
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A AEe A4 ARE 47 0% dAste AYs A
olct. a¥g ®HW, ALY DF-Method?t Source Wiz
Dup-Methodsl Hlaﬂ AsE 3A NS ¢ F Atk
ol A Aglal Aol A¥ Aol go] Aot
DF-Method?} 7b F& A%< B4l7] gfoict (29 11)
o] Y A3E asid, A5 AU FH dlojele v
fo] 20%%Y 4%, A9 DF-Method:= Source HHEell H|
& w229, Aol 32902, Dup-Methods] ®l& HiF 12
v, #Hdf 142 Agol FAAAL, 335 Fdoy FE
dlolele] v]&o] 40%Y 7, AF DF-Methodi= Source
welel wls] HaE 24, FHo) 32802, Dup-Methodell Y] 3
Hat 14w, Hodl L5WIE Agol B Aoz et
w3 2 gdolM F5 dlojgle] ulgo] 80%Y AS, Algt
% DF-Method= Source WHol ula HF 3604, Hdl 46
W2, Dup- Methoddl )& H3t 214, o) 23w A%
o 4l Aoz et #= A9 DF-Method:
Aat At date] EfrE FFIME Source WS EE
Dup-Methodell ®l&] A%& ZA 4 AZctn 2@
sl

o4 Al¢tgt HMA(DF-Method)®t 7)Fe] gt why
(Souce)®] 8 Ak BHLE vwd B o8 93 o
W 2 B71YHE AHEEI2 @ik 4 dHolge FE
FE LRT, 9 79 NERES FE n_Vy, 7%
7o FEY FE Vi 281 AT Y FE
t_ dRT,2 Ztzt BH@ch 54, 279 2 Hol& RT el
A FE F Vpps A4S uEE A Bah F4 (1)
S 2 Y & £4 Holg& ndl oF 235 4&
= ook ghof o =1S A P Z<U(sort merge join)
S AMgSdn AAgEE, 27 ¢33 BE AASE v4L
2 Heold RT,E ¢ HEH F (O(t_RTlogt_RT) =
8) o8 n—1% FHO(n_Vym—1*2_RT)) 28)8
A g 5 gk webA " 3 A7 B3 ol
2tk

8 F

Ot_RT)ogt_RT, +n_Vun*t_RT,) (10)

o] 7] ol t_dRT, 79 FEol BAHE B, @&
& Wy(Source W) 49 F HAME oA Aldske A
ojt}. 7Algl 2 HolEe FF F7b t_RT+t_ dRToﬂ
vz, o] Wye] £ ARt X3}mE ol Erk

O((t_RT, +t_dRT)log(t_RT,+t_dRT,)
log(t_RT,+t_dRT,) +n_V,, *(t_RT,+t_dRT})) (11)

stx|gk, A|StEl DF-Method: (1) B4 2% #dd 2=
735 LH% £330l Hele] FEE HES F (2 o
5 7Y FEES 79 "HelEd Witk dA (DS 27
FHHolE BEE AN FUYFH AHFE AINEE O(t_dRT,

logt_dRT.+n_ VRm*t_dRT,)!’-] EREE Zed @4 (29
A%, olR BH(EE A)E Agde £9 Holde @
&g Aase ol o(ogt_Vi)ozz, % 0O
(t_dRT, *logt_Vy;,) ot} @ek DF-Methods] 3 A
G BYEE o F g §A ok F4 (129 Bk

o(t_dRT, logt_dRT, +"-Vis, «t _dRT, +f_dRT, «logt_V,, ) (12)

AR o2 DF-Method (54 (12))2 Souce (54
(1D)e] v]g Aol F 8 u|golA 2AF FYUe FE
F t_RT 7} 43 do|g9 {F&9 4 t_dRT ¥y} Honm
2, DF-Method?| 3 v]ge] 581, 45 /M49 A=
= 74 Helge FE 9 79 Hol&o FE Fo iy
ste] ZF AU [FE o ulgol o ZAHL %9
A% A3, DF-Method?} Source Mt} ¢8|k o
32 A BFEee thi Ael7t Aok 2 olfi=, A
ol = AAl A4 A& e dojeuo] A AlAge]l FA
g 9 Aol A ewd=rt EHEUY7 Wi 3 %
ot 4% A gt Aol BY £ A

6.8 8

e-H|AUx 7oL} OLAP §&&olAM = chatel dlojE 2]
EHQ B4 A8 £9 e Fob de AHEHT 9L
th. Wk, RDBMSelA & 424 42 Hol&E A3t
3 Qlh ofe] mal, HT AFeME £ HolEdN 49
2 Wgsto st A7Eo AYHAUSG. 2L ol
ATolME 8 F2 ABF Foll= 53 HolBolAq ¥
¥ Hie Fug godste A7t viEsith & dFelA
£ 48 RDBMSAA Al Fsh= HHstd PIVOT 448 4
&3t3, A AN ZRE HEd7] 98 AT YL o
dted 52 ElojEe] WA A FUsA AT A
THE AtsAct olE 9, ¥ A7 L e 2
ok A, 2 HolEe A w2} 3 FE HU A
B2 §A87] g AAH LYY E ALt &
A, A A FRE FAE 93 s AL di@ g
2|5 Atstd ’9!*%. s #AL ol &7 Heol

Eo A€ lﬂ% FollM = Fdsd Hgstr] AR
A Qs 21]*151-9&5} i, a5 fdE o &¢ WA

el H ?}EI dneFE AdSch vpAgeR, dPE
F3 A Wo] b V& Wi vlad 45& T
A&e HAsch
ol2{g AxtE ¥ uf, AAF WYL 4 HolEy AN
of Wt £ H& HAA PuI FAsE FIHY Bl
o £&3< Wgelet Almdch & A7 FF AT
5% FE @AY, 29 ddelu A ddd e
3= W Bolt Aot

1

o e rl
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