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Abstract Data warehouses are usually dedicated to the processing of queries issued by decision
support system (DSS). The response time of DSS queries is typically several orders of magnitude
higher than the one of OLTP queries. Since DSS queries are often submitted interactively, techniques
for reducing their response time are important. The caching of query results is one such technique
particularly well suited to the DSS environment. In this paper, we present a cache manager for such
an environment. Specifically, we define a canonical form of query. The cache manager looks up a
query based on the exact query match or using a suggested query split process if the query is found
in non-canonical form or in canonical form, respectively. It dynamically maintains the cache content
by employing a profit function which reflects in an integrated manner the query execution cost, the
size of query result, the reference rate, the maintenance cost of each result due to updates of their base
tables, and the frequency of such updates. We performed the experimental evaluation and it positively
shows the performance benefit of our cache manager.

Key words : data warehouse, dynamic caching, data cube, decision support system query

T3 89 RAAnHm FuR a5 M 28l= 7]&2] OLTP(OnLine Transaction Process-

jshime@ sookmyung.ac.kr ing)gl- %E] 9]*]—@232\]3:_%0]\% EﬂO]E]—U}OI‘a]O]]HQI )

=S ¢ 20029 11¥ 209

dsgm 0 20039 39 299 Sl(query)E2 2 A7t v E3sin o)k



EDEESEEENE ¥

Aol A vleojete] AFRES HAzsokgt &=
2 2 AE)&=rt OLTP Y A" £Xxo vighd &
A Hjol A =3 wi(several orders of magnitude) A%
H ZHejA Aok AT gAEAFAI LY deje fo] 1
2 oAl Ao Hest ARE AT F& A 2
EHolng g@e o o] F9 Ayl AE3A ol
FojAorA] UvF =gA o|FoFthE 1 Fgo| FA
Fo{ XA AcH1.2]

mekA] dlojEbs a0l X He M £EE ¥
o]7] A% AA A3} o]FAH gtedl, 1 T F
wio] #AA AYANE  AlM(caching)dld JFe]
e Ao ol&ste FIHoltH34] doletlojah-s-2
8749 o237 2 A A 54 Aodns el A
A Aeddel 2o 2 £ Qe F2 BA4E A
1,51

1) OLTP Alz¥ls} Za] dlojedojaeats Ai
o= ujolEr} EA F HINSA Lot
t)olE}sf| 013l 920 M 9] Add4= oabaAAelE 1
Ay A7E 8 AW Ax ghe ANF T
a8 Bel A Peth
dlejetsoldle-2o o]  oJAlAA TS Al
‘= (drill-down)"/“ &G (roll-up)” 4 F9
HEE m20 a3 A EARAAEL FIF
AP Fez FEEAARND

StAgk A9 AAxrst vele] Ao Aeld &g
Hog o|gd F U7l YA Bojok & H FA
o] gled, e EAE XY 838 REEAM o
+9 F /IXE § & Ao
D288 AYd AT Fdere

(cache replacement)

2) B&3 Ax3#Al(query subsumption) =

2 A7 8 F 7 EAS usE geldelm &
€2 (reasonably efficient) W& AA] gloj= dlolet
gofshe-2 4ol AqF@AA Yol 0 EgA AL
derg o £ AL A8 Free Y sz
AFH451E MR B =dMe 718y A7E 3
e 538 4oz A F4S I

ol 93 B =RoAME wA 44 HduE Iy
E YAEAAAY FeE ol 1 HYE F73FH
{canonical form)ZE Aslal, A3y Aol a§
A AAxFAAE A J=FHquery split) &
aelEH HeFL 7T query attachment graph)E
At ArsdeE n2x) ge dose A9z
e 2EywA L

)

no

n![o

3

=

4

A I A g

=

el 3 (exact matching) S

A el A2 A% P AP AN BIA 409

Ahg-sick
48 B ANIN N2E AYFHE AT T3]
RS B Anz Aoase A8 71E Aoz

I} 7}—rfﬂ A o]5o] & Holg THHE A
T replace)d= T AAAANARY 7ML A4
gk ArE 7PEe Ao Faiu g, Fo)Ane) A7)
Aol Azte] )¢ 24n] S (reference rate)F HWo]x |
olgeo] guolEng YololEd wE FAEH #x
-85S oS profit)elgte E3HE oz AlE &
Ao dite} MY ARE nEsiAl gcoh JHe ARE
Aod3 AE vlE) AH3}e A (static) W4o] o}
d, Aojgeidsl 5o dojsts~ 87 Wl Heg
F Q€ FFH(dynamic) HAott. AAAAMAuE 7
He Adoz&idEy FHEE ZJIIJAAS Hhy
AEE o5 AS P

AANE duEs old3 MY Ve 4¥E F3)
AEHE7HE stsien, HF dAdge E =FolA A
= WA FA) Aol Hel 45g FAAAS Holu

ojFd B = FxE thgd 2ok ¥A 2-dxe

| g Holx, 3™l 2o AEY JF I
% HEE} 48N F7 ZA AN A

2 IS 28T 5eME B =RAA AAx
el dEE T Holz, viAe R 63
&l

AAl B A ofd AR 7S 2R
of me} 43s) gEtd £ Aok mErA B =it )
7F He 27 d7e F2 Aodze g843 A
g gl JFshAod] A 71y
Zglolu} dlojeluolx W Fof Soa Ax A
AFHACH6] di7f 7H/‘hﬂ~?} 1M 78 w2 49

& g9 A

Ux WNES Hole HolAE Ashs, ol2u} 7 o)
£(hit ratio)® Fuigahen FRAUC AT (4164
A, dolelslolsh s BRANE 2 AsjAne 2

7], Aele] FF Hoyxn g, Ao FYPuE 5L 1
2 o) (profi)ell w2 o] AN ExAYo] L
A Aek

A9 ;gg]gure M E mefe] Hof S8
MYEHE ol 8sle 71H-& (789] TolA AF=At
IEBolg fajAle]Maggregation)o] fle A
dejeo] FgZTHFAA = [78]dA ATHYE HE ol &
T T Aleld dojo] HiF |4t ZiHe [9,10]4A



410 R 283 =7
A=A, PlME 7 Aeol7k 2o AHeolel Y3}
EAE 7H7] 9% Aol FE wE JPHS Avsta
. [0l e 24" =27]9 FA(chunk)E A8
Ao QAarg AxdleH, I A7) 5 o9
A7t ol2ldt M7 AF —‘?’% ZatA "t
dlojelitE el ddAQ) AL [311] FelA d7H
Ak (3] B4, =FgLTo] AF AHEHE OLAP
#7elA SQL group by 4He] A 718k,
cube by ARG LA B dlolekREA ARE =
kst ofzelAlolE F4ES JtHngelR e A
. o]lE dFE Z‘AT%‘AI?P #H438ts ZH¥E benefit
olghe gkl olfa TElthgreedy) Mo Y
2 dlojelRE HFS T A9e BT HROF o
2ol Aot AdeE FEHEY JFPe e Heo] ¥
of mel MAHA gerl B =§9 AN 2
2873 Azt wE 537 iAol Wela FRAT [3)
B =Fo] Arste dxelEy AFHzie diael

.

ol 8] ¥

TAE

[451ste] BAE Thest Roh WA (44 F2 B
" A4 A% FnolNe) A LeH 49 9
@ AgAWARARE e ANE Atk BleME
dolelslolste 2ol Aeizke] £F BAE A
=qsigeh & =¥ owt 09 Aue gz
X AN A5 o1SHS Fo| B XFH W
AE wAse 9HA1E§MWE olgAl 3 AgE &

Q3:
Select region. category, year, sum{wonegion
From sales, store, item, time
Where sales.store_id=store.store_id
and sales.time_id=time.time_id

and sales.item_id=item.item_id
Group by region, category, year:
Q2:

Select region, year, sum{won)
From sales, store, time

Where sales.store_id=store.store_id
and sales.time_id=time.time_id NE
Group by region, year:

Qt:

Select year, sum{won) /
From sales, store, time

Where sales.store_id=store.store_id
and sales.time_id=time.time_id

and region= A2 and year>=1995
Group by region, year:
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Q3:

Select year, sum{won)

From Result(Q3)

Where region= A2 and
year>=1995

1995 year Group by vear:

Q2:

Select year. sum({won)

From Result{Q2)

Where region= K& and
year>=1995

Group by year:

1995 year
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select-list: year, aggregate-list: sum{won)

t1: sales, t2: store, t3: time

join—condition:  sales.store_id=store.store_id  AND

sales.time_id=time.time_id

select-condition: region="M&" and year>=1995

group—by-list: region, year
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o] /158, A= R ZoZAAY HIClE Foip], = 42004 AR o)5FFY Fo] & @MU T
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g ¥ dnds | dulole Aol tigh| ol Fe
Aepg | B el YrE g2E | saug | Anar] | ZdE id g32g A& H2E
== (type) | (canonic | (reference | (update {cost) (size) | (pointer to | (id of base | (id lists of childeren)
al form) list) list) RS) query)
1: Check whether the query Q is a canonical form.
2: If Q is not a canonical form then
3: Do exact string matching for subsumption test, and if RS(Q) is found at the cache,
4. return RS(Q) from the cache. Else Q is executed on raw database.
5: Else if Q is a canonical form then
6: call split algorithm for Q, i.e., Q => (Ql, Q2)
7: If Q1 € Vg, then Q2 is slice query.
8: Search for RS(q') which has a link - to Q1 and subsumes Q2.
9: If a subsuming query q' is found in Vc
10: Execute Q2 on the subsuming RS(q").
11 Else
12: Execute Q2 on RS(QI1), add Q2 into Vnc, and Add Q2- Q1 into the graph.
13: End if

14: Else // QI has not been materialized

17: Search for a RS(q') which has a link

26: If space is not enough then
27:  For i=l to K do

31:  C=minimal prefix of RS such that Xgy

33 :End if

15: Let Q11 be IA and Q2' be slice query .

16: Add Q1, Q2 into Vnc, and Add Q1 »Q2 into the graph.

> to Q11 and subsumes Q2.
18: If a subsuming query q is found in V¢

19: Execute Q2' on the subsuming RS(q".

20: Else

21: Execute Q2' on RS(Q11), add Q2' into Vnc.
22: Add Q2<-Q2, Q2' >Ql1 into the graph.

23: End if

24: End if

25: End if

list of RSs with exactly i references in decreasing profit order

28: RSi =
29:  End for
30: RS = list of RSs in order RS,>RS,.;>..>RS,

37' Keep RSj < C and kick any RSi C RS-C out of the cache.

¢S5 =

space of the cache

13 7 olgkA AXAER} 2
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