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Abstract Prefetching is an effective method to minimize the number of roundtrips between the
client and the server in database management systems. In this paper, we propose new notions of the
type-level access pattern and the type-level access locality and develop an efficient prefetching policy
based on these notions. The type-level access pattern is a sequence of attributes that are referenced
in accessing the objects; the type-level access locality a phenomenon that regular and repetitive
type-level access patterns exist. Existing prefetching methods are based on object-level or page-level
access patterns, which consist of object-ids or page-ids of the objects accessed. However, the
drawback of these methods is that they work only when exactly the same objects or pages are
accessed repeatedly. In contrast, even though the same objects are not accessed repeatedly, our
technique effectively prefetches objects if the same attributes are referenced repeatedly, i.e., if there
is type-level access locality. Many navigational applications in Object-Relational Database
Management Systems(ORDBMSs) have type-level access locality. Therefore, our technique can be
employed in ORDBMSs to effectively reduce the number of roundtrips thereby significantly enhancing
the performance. We have conducted extensive experiments in a prototype ORDBMS to show the
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effectiveness of our algorithm. Experimental results using the OO7 benchmark and a real GIS
application show that our technique provides orders of magnitude improvements in the roundtrips and
several factors of improvements in overall performance over on-demand fetching and context-based

prefetching, which is a state-of~the-art prefetching method. These results indicate that our approach
provides a new paradigm in prefetching that improves performance of navigational applications

significantly and is a practical method that can be implemented in commercial ORDBMSs.
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aH AEARES TAGE, BUSE A4 AHE
AT A7 Aol P B 2438 Yeb}
Ao ol Eol, 1d 68 7 H2o) HeHRe 73}
C 9 S84 AASIE AAES HiZw Uch

3ol AL8F has_prerequisites HEIHHEE AHYH
ERjlelng s Ha 2EHAAME ¥HE mi"ol
el has_prerequisites JEZHExE AlojE2g F
A3z A gEe] vepdol weha, ol @ g
A4E AAM2 HEg Fdse A A3 2 Q)
Zo] whE #Hed A #HEHo] A uvehde ¥
ot

Ao~ (a0, a®AY)’

Ay — {has_prerequisites, has_prerequisites ©A)" t (8)

e

|(has_prerequisites)”

Ag7A A AAe & Ao AlolEwtg e
T A9l o]2Ho g o] Y AlolEg I ¥
23% dejo AFA7 sHssich aeu, CAD9
232U GISY F A 2991 Folxet 2
2 AA g8 ALHe AHe vinE 19 gy
o AAolEE B EiAME § /MY Ale|E& AMES}
© AANE FEEE 3tk B33 FuY AR HEHY
A Zae &% A7 EYoF vlErh

has_prerequisites
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ag
ORORORO,
o

(@) AH2E HAE (b)) AHM2E AAE

CEBES

a9 6 wkE sjE A deo] A vEde o

o) B

4. EllF YM A mEQ] XXa}
4.1 7L

At HMAE dnEFL 7 HAE
o #g AAe BAFE
g el #2859 g2EQ] CTLPY

HolE

F2Y oo}
HA(TLP)E Zeh7hA] 24
AR 3k,

dojeldlol A A 28 A A 4 Z(201.12)

CTLPY ERIFE H2EE AHE3te vhE Hf8la 27
HE g EEsiy, Titg i‘ﬂ?ﬂl ol HAEE T
o £ M o] W Ade dwsta, A 42380
e S-S AARoh da, A 43 -ME Aot
g 422 7IHe ORDBMSOl F&37] 93 H4g
F e 74 olfrol UiEAM Mg

g, B4 JEHRE o3 HAsc HE ¥

o] T A% EHEH A g} sl g8olA HE

FEES A2 aa.§ wet FH3AT, a7t 94
HJEZREZ 34 131 3, NEZRE a9t FHE u
B e 73 1, 201 98 (ap.a. a0.aiOA)' 2
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a.a®A) & BY94E d2 SAEZRE ZAFG
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ZAD HEZHRE oJF HHAl vHEolxE omt
H2E5g et FsP=AE AR, FHA FHE
Me ¥HE siRlo] EEtEo] ¥HE siged o3 WA
F e BYFE #2ES gy AAESE H0E
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ag 78 ¥ 49 iR i vkE e ¥
Zit ARAE #HFE BHAETh 128 7 (@~ AA
o~0s ML= 7 5’—}782—°— Vel 2zt g6l M
4% BRe Ju2g AAES vehll, 8% B&
< 7 A(YNA g EH’J FE g9 B2ER]
CTLPE 2= ¥z XA g6d5F A& 22§
yebdth. 2 A AEA dMAElE e T8
A7t e 4o BAEIPLH, AA gdrE H2 a
€ o GAlE Aol CTLP Al AeE 7Hgfich
HA, 34 (@M AdF 02 B15FE 92 a
has_sections7} CTLPol F7tgch o|o} FARHAL, 33
(b)s} (c)olMe A 039} 0.8 Ed5FE 22 aohas
_sections.is_taught_by$} an.has_sections.has_TA>} 2t
Zh CTLPel F7Feoh 18]3, 34 (delAe AA o
9 e}d4F #H2 avhas_sections7t CTLPe] o]#]
EA2Z 3 19 93 (ay, (aphas_section, anhas_
sections.is_taught_by, ac.has_sectionhas_TA)"), F
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has_sections( l*

Sections

CTLP = |ay, ag.has_sections]

CTLP = |ay. ay.has_sections , ay.has_sections.is_taught_by}

CTLP

A~ AAE R
o(0)
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has_sections{1 i

Sections

is_laughl;b}lz)/

() AA o8] FH2 77

(b) AA oy9] Y2 A

AgzE AAE

{
‘@ Courses|
/ hus_sectinns(l)*

CTLP
(0)

Sections

is_taught_by(27rhay TA(3
Professars TAs

CTLP = [ ay, ap.has_sections ,
a.has_sections.is_taught_by,
ay.has_sections.has_TA]

(o
\.

o¢

HA 2 AAE

delgsle ARE

Sections

N

Q ° @ frfoe

CTLP = a, ay.has_sections ,
ap.has_sections.is_taught_by,
ag.has_sections.has_TA}

(c) A 049 AH2 T

(d) A o059 HAE 73

a9 7 wE AElg vHAe g8 $49 A9E #A

(ao,(ay®(has_section, has_sections ©(is_taught_by,
has_TAN))9} 2L 8 deg x5 183, o
e gigde] o8 AAY + AE BYSFE H2EE
o o5l A o7tA S AAEE A&

AH Hele] ¥ o]F o83 HRIEE ¥HE ¥
I frALgE oz olfojch A HHL AHiH
= AANEY BYFE dl2 ol Alo]Eo] wAEEA
E Ao 2 248 4 ok §8oAM ClEZRE
9 #l2 w.a.aE Gt FHBAL, aa7t AlelES
TR A ™, 3 FFoNAM apa,
ao.(ai.a;), ac.(ai.aj.a, - a0.(ai.aj)", a()..(ai..aj)z-ai,

o EIISE B2Eo) dehg Jolth Agkshe 2ae)

2) AR FdgME BYFE #2 adx qAF AlE &
Mtz merin 2o g JEQFE go] e
ANEE AAd&ded, ol BHYAFE JAHx #iee) mfe}
A& A FUsick

ol E BYE d2 alaig)7t SRS o, a8
B3t AM2% A} oF B3 JM2F HA 9
Elgle]l FAstERE Alo)EE FAShe #& avart U
Ebgg A%k maka, 3 3o 98 Al < k <
D7 {Ak—(ar, ax@Aka) if 1 < k € j - 1, Ax—lay,
aOANaw if k = 12 HBEE A WY (a.ac1©
Apol ZTaEY thgeg ¥I3Y A e o3 A
Ad 4 Ae BHYFE H2E5L ey AL A
HE L=

aY 88 19 59 Fal &&o) i A Hee 2
% 4% B3-S vehig a¥eMe A 09 B
J#F 2 apnext’} CTLPo F7bdth 183, next
o of& AM2E o9 EBFYel 08 BT T,
nextoll 9j3] Alo]go] FAHE AAF} wEA, A7}
{A—(next, next©A)(next)}2 FGHe AR AEH (a
©AZF TRAED. g EdMe o] A Aoz g
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B 4 9E BYSE HESE gt AA oo,
& YD oM ne MAZY AMe Aol
sa) ARIEH, o Afol e A 428NN 2
A3 4R

\Dbjecls to prefetch

L CTLP = [ag, ap.next}

a step of accessing object o,

Iy 8 AR A e e S8 dAE: HF

BleE dAlx AYe A332-oNA HHE uie)
Zol Wi ey AH Hee] A dehde B3
eyt € 4 ok o9} e BT el dEix ¢
A dwE JhE glels) A siele] A g HAE ¥
He A FHEsto A" = Utk AE S0, 29 6
o] AL 0:F QM AT W) has_prerequisites &2 218}
AbolEo] Yehdg A48t Aot Aol {Ag—(ag, an®
A1), A;—(has_prerequisites, has_prerequisites®A;) |
(has_prerequisites)} 2 " EH+e AANE (A)E X3
Bl op~0sF HQUEINT. 283, 5 JH2T o
has_prerequisites7} ¥FE8|A Vel ¥HE s
QA 43kd {Ag—{as, a0®A), Ai—(has_prerequisites,
has_prerequisites @AD" | (has_prerequisites)’ Y2 7} %
He A9 (ANE XA, olol wet AA os~oE
A &3t

4.2 EfQIE HMA THE |4 Molg AaE

B =RdAe 8 713 dab 35 A 2=z
NEHHES o] 7lE7le A T HIM JEEg
HE9 94E0] sl AME vH@dse T2 3
olsl=d], 71& ORDBMS oME o9} {5 3Ej9
s 7lE AN F4E AFTFOHI3, 19). &8 ZEa
Hole olgt e s V1B A4 F5E AMSSY 7
& 7Ise FEI B AAME AdlHAA AHSH
MQlE Wy s 718 G el daelEel og
A wrgsteAlel dsj MEgth olF s, ¢4 A

o rff

A2 7iso] v 3 7 A T FnYFE
MHg F AdE /%S LRSS g J8 A
el daeEs FAP

a3 9 AdE 7wl fie 3 1R A
Basic-Navigate?] ¥38]&g 4Jebdth &4 Basic-
Navigatex ©]ul HM2F HA ot AA2sE22}
s JEHE aE PHoE d, ouna’t 7HEIE
A openE WP GaEMe ¢4 g 2ET
A e A one® AH ABAR] next_oidE fEE]
HE a9 ggol wat th2A FEekER] 1~4). JE
HHE a7l 2AA EYURERJ] Fole HIYM A4
9 wtEAQ A2E 98 FASNE AME AIREH
o next_oid® Tt draiEe Q) 204 AMgH
nextElement() ¥4v &FE o vl AME o]F5AA
7t AX7ZE Ml 94 HEe §5E, o] S
7} Ax2 3FE o Ay Qdckn AT jEE
HE a7t 94 dEYREY} obd 29, F Ix JE
YREQ Afee= 29 4904 #Zol oera ®E
next_oid2 Al=th 322 next_oidE T3 Fo=
next_oid7} 7H&lvle A7 siAe d=AE AT
F, e FE o AAE AMBEE ¢ L& JeE
FHFTHER) 5~6). AR R o WEIIE V)%
& FPFeHE] 7).

Basic-Navigate
Input:

Ocurr & ©J0] HM| 27 A3

a o Axstax e JEHE ol§
Output:

Onewt - BHEREFE A

begin

if a is of collection type then
next_oid = nextElement(owr.a’s cursor);

else
next_oid = ocurd;

if Onew, Whose oid is next_oid, is not in cache then
fetch Onen from server;

return Onexd

e R ReAL ey

a

a3y 9 AQE 7)%e) g B8 NE 9% ¥4 Basic-
Navigate®] €12]&

1Y 102 ¥4 Basic-Navigateo] ElFE M
Heg A= 75H o)F A3 HAE 7Fe)
Z715 g 7)E A4k 34 Prefetch-Navigate®] €3
#Z&& Jehdc} Prefetch-Navigateol A A opea
A AR next_oidE T3l AFE] 1~4)
Basic-Navigate$t FY3stth 284y next_oidE %
HAE gpenE AU AAZEE o] 9838 Basic-
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Navigate$} €%, Prefetch-NavigatedlXde €EQl+ZE
H2g AFsta vk @ AH geey A v)ed
2ig dEg g83ld HAEE FY3e VFE F
7tE Sy, gl vehds TLP(own) & 7
shes WS A 43.280M AAE ddgic

Prefetch-Navigate

Input:

Owrr © ©]7] FAM2F A

a  dH2Enz e JEZRE olF
Output:

Onext © BHEHSE A
begin

/% obtaining the next oid */

1. if ais of collection type then

2 next_oid = nextElement(owr.a’s cursor);

3 else

4 next_oid = owra

/* capturing the pattern */

5 if TLP(0w).a is not in CTLP then

6. begin

7 insert TLP(ows).a into CTLP:

8 if subpath p in TLP(0un).a makes a cycle then

9 capture the recursive pattern using the cycle;

10: end

11: else /* TLP(ocurr).a is in CTLP */

12 capture the iterative pattern consisting of paths in
CTLP starting with TLP(Ocwr).a:

/% fetching or prefetching the objects */

13 if Onew, whose oid is next_oid, is not in cache then

14:  begin

15 if there is a captured pattem used for prefetching
then

16: prefetch objects connected from o according to
the captured pattern;

17 else

18 fetch opex from server;

19 end

200 return Onpexts

end

38 10 BYeE dA2 A" o Mo 7Fe ¥
e &) 71 A4 4 Prefetch-Navigate

BPREE

ERQlrE g Asta wE 2 A7 HEe 3
e 715 # 5~1200A FAF. HA, qH2E T
2 e o BHFE 2 TLP(orex)(=TLP
(0curr.))7} CTLPO EA8}A] ethd(Ee) 5), M

ERJE 2% TLP(onew) & CTLPO F7l8ta(eg)
7), o] M2E ARSI Alo|Eo] EgE BLde A
Helo] BARSS ujsieg A7 el EIHHcH
Q1 8~9). ¥, e)5E 2 TLP(owex)7F CTLP
olu] EAFIA(EY 11), wHE HiElo] BAHE-E 9y
B EE TLP(Onex)® TLP(onex) ©150 wAE el
Z HEEE A8 e g TRFCHE 12).

2l 13~200 M E2g dge AgEd A9

FYBIL openE WS VTS AP ‘ﬂi*“"b’h—
2k B onexZt AAAIGL 1A e BRERD 1)
Ored EFT AAELS MBREE AFd ot T} o
u, kA9] gl 5~12014 EEE H®o] U= A
A 15)elE o] HEo] W}t oned EFEA ot F
Z2E HAES HUSIHER] 16). Y Z3Y b
Hol fle A(ER] 179e oW AETeHEQ
18). iAoz g9l 2091 M e A opeE WHERITH

o] 1: Prefetch-Navigate §<olA W& s #§&
g A% B9 de 2y 7E A8t dEdd o
49 Z+ 343 (a)~(dMe ZtZt Prefetch~Navigate
47t 5290 F 28 7Y (a)®  Prefetch-
Navigate(o1, has_sections), (b)¥ Prefetch-Navigate
(0p, is_taught_by), (c)¥ Prefetch-Navigate(oz, has_
TA), 28l3 (d)¥ Prefetch-Navigate(o, has_sections)
E 32§ A%t (a), (b), ©NME o 03 049 E}
U4FE W 2Qlapghas_sections, achas_sections.is_taught_
by} ao.has_sections.has_TA7} CTLPd] &A1 o
22(R] 5), °]EE CTLPE F7HckEel 7). 28
o 28 7 (@Me A oY BFE 929
has_sections?} CTLPdl olu] &Ajstuz(a}el 11), 7
2 19 o3 BYH JEZHE has_sectionsdl] <%
4 (6)9] W H® (ap, (a®(has_section, has_sections
®(is_taught_by. has_TA)) )& Eastch(Ekel 12). L
g1, o7} A Ye A EAF NE sige) st
gl o0& 2SI AA os~onES MASITHE
14~19). [

o] 2: Prefetch-Navigate @<olA QA AL g8
@ HJAE B9 o 1Y 8& A3t dEdic 1
%} 8& Prefetch-Navigate(o;, next)& T &% 7350
o 23 8AME 029 BY4E M2 agnext’t CTLP
o EAA gomg(Eel 5), oJE CTLPd F713ckz}
Q7. adx, FUME Bl4E H29 nextrt Alolg
& FE3EE, 73 39 2 A7} {A—(next, next®
A) | (next)}2 vigEE AA HE (an.A)7t EEEG
(81 8~9). 283, w7} 7HA) Qe A4S, TAF A
A dEel st AAH o~0. 88 4UEF T
14~19).

Prefetch-Navigateoi A AlM-3le ElRl4E J2Ee
fg2EQ CTLPE ¥HFEIPEE {90 F
CTLPE ¥HREJYE Filv D7) 4398 o 44
Hi, YHFEIFOZREY Pt © o) FYHA
%g W AAg 283, CTLPY =l vy =

LD
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441 FePolAE/AH HAE o7 EH
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2 7R 4 U g, d42 miwe] 23
AAE 7)5S FoldEY Mu9 o= Fo E A
717}t sl el "k
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ol EA Fs 72 di g5E 2EFoEH
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HEZ Agsls 7150 A,

442 BYFE H2 /A4 Uy

£ HiMe gd4FE A2 g2EQ CTLPY 7@
WY dHaEe 7 AHY] gl daE Faks

T D

Yl (Prefetch-Navigate $4olA] TLP(0wm) & F&HE
Wyel oisia At

HA, AHEY BUAFE HAEY 22EQA CTLPE
HESHA #FA8H7] 98] ¢ae]EF Prefetch-Navigate©ll
M 2HZ F2E ARSI dElE JEYRE ol
oa] MZ AZFE AAES gErle RAolmz, dsjol
A AA2E AAHE EYFE H2EL EYE =S
Z 33, QEAREE ARZ 3te 1T 722 HH
& 4 Aok wE CTLPE 3= Fx2 F3#3}7
#3), Prefetch-NavigatedlAd+= M2& HA  TLP
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sht A TLP(ows)ol ti&HE Hx=zHE
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q& Eo, 1Y 7 (a)9A+E Sectionsolghs BY =&
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a#al, ¢318]% Prefetch-Navigatedl A &z A
2388 A4 ownd EBHUFE H& TLP(0wr)E 73t
7] M e A& EAEE o83 Wye AMEE
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2 Aot one)7t oFE} Ao oI A& ¥
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1 Aok oels, A& EAE] AH ] el
28 AFY 5 AxE 1 F2E PP A&
4 EEF ORDBMS ZFetoldEolM AxE 7hel)
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I 112 28 7 (b9 A-$9lA Prefetch-Navigate
(r, is_taught_by)7} &€ o}, X&A ZAHE AME3)
o BYT5E #25 FA%E 9HS veERdoh 1y
A ore ool S AEAE ZIUEERA EYSE
has_sections& A&Asty Qo). s kg F3se
Prefetch-Navigate $ollAe ro ElY4F 2 has_
sections®} YHog Be JEIHE olF is_taught_
byE dZAst ¥gElE A o] A&A EJE 9
el 4 wi2mo] AAF) ol9} T Walozm &4
EAHE 58 HM2dhs 2E AHo) diE ellsE
H2=E AT + Ak Bl5FE H28 FA5] A
Wgog MAl FHEoMe Y 11049 o] A&4A
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