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Abstract  The efficiency of an XML management system depends mainly on its storage schema.
Designing storage schema based on users’ queries can improve its performance significantly. This
paper introduces the technique of XML storage schema adaptation in the VXMLR system. Based
on history queries, the VXMLR system automatically adjusts its storage schema for speeding up
query processing. First, some appropriate mapping rules are derived from the history queries,
and then initial storage schema is generated by using these mapping rules. Second, under given
space constraint and with the history queries, some relational tables are selected for vertical parti-
tioning or redundant storage so that these tables can be accessed as fast as possible. Four kinds of
schema adaptation strategies are presented, in which two are used for automatic schema adapta-

tion. Experimental results validate the practicability and effectiveness of our proposed approach.

Keywords XML data management; storage schema; schema adaptation

E’Jﬁ‘(‘@ﬁﬁ?é%%ﬂﬁiﬁﬁﬁ% XML % fhs & — i Ho A%

AEL L SE AL L D DR S A (R AT LA T 2 2 AR A
?ﬂﬂﬁ%%ﬁﬁﬁﬁﬂi(ﬂﬂé‘ﬁﬁt% I Rz 2 L ik
XML B2 88 Web EBUE RN RS AT LT XML Ui 5 7% 58 19 5¢ 2 80 347 T 16— iz

1 5

T

Wik F O :2003-02-17 5 & SR W 21 F I 2003-12-09. A BRUBIAT 1 [ 52 11 S8 B 27 2 4 (60228006, 60003008) Fl 5\ 7S =7 H AR BT 52
JE ML H HE 4 (2002 AA116020) B2 BY. BIBISE. 5 .1965 4R A 1 b Bz B b A WL W5 7 100 D9 XML/ WEB 045 45 3  WEB i 55
B 5 8RR Z 8 \P2P i1 8. E-mail: ayzhou@fudan. edu. en. HIEJI, 5B ,1973 44 i+, YR, BF 98 5 18 S XML 045 & #  3LF WEB
MR B RS, SBREM, 53, 1078 AR A WL 098 4 LR SR 5 0 2 XML 2038 45 3 WEB it 55 R A4 A8 8. B/KER, B3, 1966 4R 4, 11, &
B2 F5E 05 100 o 0 B R AN SCASZ L2 ) Bcdis P AN st A L R 48 L P2P A

@ W3C. Extensible Markup Language (XML) 1. 0. October 2000. http://www. w3. org/ TR/REC-xml



434 it "

Bl

2 2004 4

Mz X R ik B e B E R NS T
ZINE

H AT 5& 2 8008 A7 i XML B00E K 350h w2
D5 ik BTG Iy i NS T A Y i E
[ %2 1) OC AL SAE i T AT XML SCRS 19 25 4,
Florescu %5 $ H 14 a7 5 W5 2 A AT TR Hi XML
SRS DOM KSR DOM KL b g 35 5 5 30 1 56
FRWUF oG R 5 N XML 254 i 3 1 ¢ R
B, 40 Deutsch 4557 48 (9 FH B9 42 4 169 77 15 A
XML 3C#Y B 5¢ & £ 20. Shanmugasundaram
IR T PR XML SCRY Y DTD BRSSOk ¢ R
A58 1) 485 4 R S 5 3k L 43 SRR O HYBRID 5 Al
SHARED J5 &, BT 0 ME— 22 5178 T X5 DTD &l
AJERT 1 W AT SHARED 7 kB i 2815 &
WS R A 57 56 R 3L T HYBRID J i WD %2645 45
PR B & AT RUITFE I 6 R R v, A LT 2 T A
(07 1 L B T 5 0 0 WS O 1 7 A i SR R B b
T 3 T3 [ 778 BN 5 8 1Y) 3% FEE B A A 2D TR ot A 0 0%
O T3 TR R )7 6. Tian 25057 X% & R R 6] (14 77 1%
JrEAE T BE L ER L 15 4598 . M AF7E DTD i, 8
DTD B8 2 5¢ FR AR R B 4 1 A2 7 7

B2, SHARED #l HYBRID 75 i £ 7£ % 4> 7]
LRSS R BE T 1 B A A B SR DU 3o T i B
b, 52 M ] A R R0% s IR AR OC R o T A
SH A R T ) £ 6 FR 2% P T DG B 2k 2 ) A 0 Ak
R AL, T EGK e ) W IR R T EiR ik R
FZ & T XML SCHY i 450 15 8, i A 2% 8 3 /E
T B A E B QR R A i O B
ATR A L ) AT LA HE XML SRS 25 4 Fi P A i)
Rt XML B P 2R 40 0 A7 AR =X, DA T i ik
F G0 A v b B AR AR R Zipl RIS, — S K
ER G W B @ DA R AR E 1/
U, FRATT AT LA FR D sl A 3 G S K EOHE I R Ok T i &
A B AR O FE I LAl B XML SCRY 4 B R 40
RER

RN VXMLR R G5 A7 B X 1 [ &
PHEEHLH] . VXMLR 2R ATHE 6] 0 — A JE F ¢ R 5K
e T AL XML CR R R LR GER
FBE DTD Wit by 06 22 5 20 0 A B AR A Sy FE A A7
(R o T e 1D O € 1 S e Wl = Pl A
PERE LI SR AR JR R v AT TR R M U AR AR At A DG B
FCEARE B

(1) XF T DTD B ABERT 1 875, M4l
oA ) Y R LA SR SR IR B R R

PR AN 7 v A A% L B BB DTD 2] O¢
FRAE 21 I S

(2) KT R TP ICE R, it —4
XML 7 b A i 5 4o HUBR B4 56 R A 219 SQL
TR T AT Z 8] 0 % A L AR 5 AR ik 2k A
X2 A R ERIAT A G R TR S T &
V) ) A OGBS s A R DG R 3R AT A 4 H L AR
£ FAT WU ] 1 6 R LA RE/N.

(3) THE b A R 2 X A 1) R 5 ) K HL A A
PR S FE 25 58 25 [A) 29 o8 25 A T R SR i 75 A T A8 e
R A 110 0 B 9 3 3 OC R SR A i — 2 R B L AT 5
R A B = [ 3 R 2

W B R R — APk B PR A — S A
SF VAT P A s B i XML A7 g5 X L
i XML 5 19 40 B A%, Bohannon 45 2 1Y T
—ANEE X 45 8 N BT A AR XY R G A
Zheng FFUUABEGY T A8 45 F P A B ST
] 36 F A5 A0 B 8 XML SCRYAE 56 2 5080 12 b i1
AEA A 2, 3 T T A B 22 0] 3 B B S A
P 5 IR ST L A SC T AR B R R

(1) BRI FAEEB R TS5 HEAR T &
LB FRATH XML O R 4% VXMLR .

(2) ARCHFFE B & s AR %, VXMLR &
GEAR I P A 90 0 A8 A [ 38 R O 4 A A AR X T
T P8 79 00 T A 0 2 o 4 e o7 ) ) P A R R A
R 2

(3) ALY I 5 3 Fe VR TUAS A B B0 L T4 itk
AT Dk — 20 st A 1 805 TR TR P I AR R
F I8 TCRATAE.

ARSCE 2 TR EA 4 VXMLR & G f1E (1017
T3k B A7 A o B B R A il 55 3 i T
XML & A A, 78 th 3 hlf Bl T3 —41
I3 5B A ) 6 AR A AT R R BN L B 4 Y
25 W IR AT A A R A DO PSR M 5 5 5 T R AH R
SEER AR5 6 1 AR

2 VXMLR ZEREFEFE

2.1 VXMLR RZ& &

VXMLR £ 4¢3 1 O¢ 7 8048 228 21 XML S0,
A AR S ALHE

(1)K N BE AR K XML Bds w5 21 56 R 4%,
el O 3 B4R P 2 G R AT B

(2) BT Py LA v, At AT 3 R



43 Jal 3 4E . VXMLR £ GeAe it i B Id N i 4 435

(3) HA7 AT Ak A ) S v L BRI T 5 IR A A
SETE 6 B P i XML B3 . XML B4 (4 45 #)
Bl s e B b R P n] DU s o B b A B
2% T A A 1R 2% 1 ok A A L T A R L B
o ik M B 4B

(4) R 2 ) 5 5 H AR B 2 R ik i XML
AL SQL 1B AL il S8 E JSORUHT 4%
H sk g 2> SQL A B RGE B E B H L
FiE T ARG tERe.

£ VXMLR R4 H, XML 3CRY 3 B — & 1 17
i B S 0 D7 A A DG )2 G 32 808 I v oh DG R B HR
R R G AEY . G A B XML SCRY A AT A
DOM #. [6] i}, & e i B & 1) DTD. & f5 . DOM
RS 4 W SR G 7R 2% I kA7 At E O R O R b
i o v AL BT DVQ(DTD-driven Visual Query)
PREAZ AT U] 3 LA I 4 4 R SQL 1 AT TR AE R IR
R RBIRE S ARG, N TN T A RILKX
(A 08 04 % SQL 1A, VXMLR 4941t 15 B
M— 42 H 5% (path directory). &5 B M2
H S 7E 2 i) 8 5 3 &2 b AR B> SQL B AT 2 H
I8 Ak 3% e 45 A AR 25 2 N DBMS 3R [0 - 55 44 A%
XML CHY 4R )5 38 53 XSL e B4 H .

VXMLR F 4t H i 5% 2 8 8 B He 56 T Py o 4 i)
053 W2 1 6 R AR AT S N, B
FEaF A

(D id s i) K P $E38  E il id 5 F ok L &
0 LS AT U O ) L A OR) 2 2R A B TR DL B R AT IR
51 10 B )R AL 3 8 A A A A A7 i A 2 2 11
A5

(2) M 5 W 5 B0 D). 2 A e 5 S ke S5 R D 4
SE L BIARSE A BE R F 1 /977 80 H AT A 1 e AR
JEE i LB B 0L Y S AT A SR R AR
JE OB, TR 3224 N Ik 1) HL A A5 B 7 Y 6 &R
Ferb, B LK IZ T IS R ST YOG R R

(3) J3 e A ). V2SR 58 KT A 96 1Y) 43 i L R
LS Y XML 2 50— R 51 H IR B
FFEM KN T A A 2 18] 5 % .

CAO A R 2 AR A B, B 45 Bl 77 A
BNk QISR = R 62 AW WA e = N NG
% S L.

(5) B 6 Z AR, B e 58 OGS A At A =X 1)
B RRAE 45 R 2R A A Y 25 S AR AN LU AR AE AR A5 1)
LRI T 2 I A R Bk A 38 19 A7 i
2L 78 A 20 [ 3 R 1 4

il b i R B AL VXMLR & 58 58 1K
Xof A i R X ) O R L T A 3 N A A i R
RO T AR GTRB S 3 0 P A R R R AL R R
14 A 16 4b B AR
2.2 VXMLR R&EHBFMHT *

VXMLR Z ¢ i A i 5 125 02 25 40 W53 7
2L EK XML SCRY B9 DTD B 5 ok 56 2 5088 4 4
2, PR L ER S AT A7 . XML SCRY A 25 4 2 3 ik
HDTD $EWI A9, DTD A b 5 AT WA 2%
SR R RBIUR S L R RBUP AR
FVFH BUAE S 4R A 09 R M AR B ik B Y s M, T
XML SCRY Hh sk S5 T 2 UL Y. 45 4G S D7 12 38 ik
B 7T N IR B ALY S R R AR — A 22 R
HE R £ 5 1 0 2 R L [R)A ik B OC 3R 1 T 3R i
ST R PR A 22 e AR B | B
XML X #§f) DTD fi 46 % — 4> DTD . & )5 #%
DTD [ i B IR =28 755 s g s i G R 3%
JE AR B AE %% XML SCR Y ¢ R

(D) ABE R Z 1749 5, RIVAR Y ORI IS 5 A5

(DH —ZR BT R« THYT A XY SR
BT XML JC R B4R G R

(DAFEN 1 HABERER T &, R Z
— W KRR,

XPABERT 1 85 s (R A B 2 A AT
(95 450, S5 B Th i SHARED 75 2245 1% 26715 5
B ) R Al 57 56 &R HY BRID J7 5 WUKE 122 28 7 o 9 Bk
BB ALY ST AE B9 OC F& . At B 7 0 B K 3
H G 3 A 2 79 A LA N7 06 FR e

Bl 1. &1 45— DTD e R DTD .
e B b #0035 & PurchaseOrder, ItemsBought,
Payments K 9% WSS B 57 56 22 36, 10719 45 age, price,
credit W43 8% N K A G & 3R PurchaseOrder, Items-
Bought Fl Payments H'. % DTD Kl H, H A7 15 A%
name Fl SerialNum M) ABE K T 1. HI& A5 H
“x P AIL. SHARED J5 v H4 3X S6795 g WL Ipt g 2t 57
fC A 2, 19 1L name BB SS  & R K name, T 1
SerialNum # B8} k& &2 3£ SerialNum , 15 3] 1Y & &
BN 2 R, HYBRID J5 i 4T 3 2645 5 P 3¢ 5
BT SRR K R R, T A name BN B F]
% R % PurchaseOrder Ml ItemsBought H', 1Mij Seria-
INum W8 PR A 5¢ & 58 TtemsBought #1 Payments
WA B O RN A 3 s T A AL R
P AR B AR A — R U G R R P BN A R
R4~ J& ¢ 41 1D il PARENTID.



436 it "

2004 4

{'ELEMENT PurchaseOrder (Buyer, ItemsBought®, Payments®))

{'ELEMENT Buyer (age, name))

('ELEMENT age (#PCDATA))

('ELEMENT name (§PCDATA))

('ELEMENT ItemsBought (name, price, SerialNum))
('ELEMENT price (8PCDATA))

('ELEMENT SerialNum (8PCDATA))

('ELEMENT Payments (SerialNum, credit))
('ELEMENT credit (§8PCDATA))

PurchaseOrder

Buyer Ttemsl}

J/

age name price SerialNum credit

Payments

B 1 s~ DTD # DTD &

XX ABER T 1 070 50y Ak 31 5 T a7 B, %)
FRIB VT RNZ S S5 BTN S A R
BR 7 TR A% 28T o Lo T AN vk g TR O e B
PIERIZ T R Z A i) LT Ui ) — A e R 3L AR
FHANER 7 B AFA ST i, X A 6 &R 3R AE %
BERRAE. X T U N A R L A A i R
MG TT 1 TG, TR Ay O A A AR 32T L B A 20 A 1A
CRTA S STE R G R 2 ARG VR IR B4R, TR
AN TR U7 IR0 2T A BT AR B O R e T LA 58
%A ).

AT VXMLR £ 489 57 s 45 i 5 Bk 8
ABERT 1B 8 0 A7 8 12, i 2 A6 G 32 3096 T
TG XML SCRYS A9 RS2, AR SCE8 10 A I 331 R
AEAB B A A N R 48 0 AL B SR 5 56T Dy S A )
TR T A A ) 2 S BR A5 4R 3 A 3 A
HHS 3 06 R AR BITAR A7t 40 B dle L i — A0 A
AR, 325 VXMLR & 4809 SR 4 i koK.

3 FHEXHBENEE

HE—HEAEN{Q | 1<i<n. |, QMIHE
N w, CRIZ A B AT B[] AR Sy f, CRIiZ A
KA RIS AT A A5 ) o ML TE X SR E T
AT AR X T IR 2, DL & VXMLR R4
A I A0 F KA, FRATT A A 2P RS B X A H b
(D E AN BER T 1 1975 a5 00 A7 i e S5 B8 00 5 (2) 9
O AFTE M R R AP
3.1 ANEXT1WTARNEREAR

T BT 34, 0 SR AS X3 i P BB B AR IBR A BE R
T 1 R AE RS O R 2 BRAR 3R G R 15
U, 2 M 7 purchase order F B3 A BT A Serial
number. #F SerialNum #§ P K 2] & 4 5% Fr 78 1 X &
FhCan & 3y, W% 2 ) 2 A 1] TtemsBought Al
Payments X W > ¢ & &, IF 0 B AT 45 R AE JF #

P BN SR AT 4 SerialNum CAn &l 2) , ) 3% 2% 1)
AN 75 )5 ) 2 SerialNum, I LA B B 1% AP B Se-
rialNum. X} 55 — & & i H buyer ) name [ 25 f],
A WY A name, W% A8 i) L7 U7 0] ¢ R £ Pur-
chaseOrder; # #MERIZ Y 0, W% 25 0] 20 250 15 [) G >
K Z# PurchaseOrder fil name, 3 X} © 11 1E & £ 45
P B LA E K name A BR BB AC R BT ATE I 6 &R
Frp kBT, RATT AR DB AE
it =, A 4.

PurchaseOrder (ID, Buyer-age, PARENTID)
ItemsBought (ID, price, PARENTID)
Payments (ID, credit, PARENTID)

name (ID, name, PARENTID)

SerialNum (ID, SerialNum, PARENTID)

Bl 2 KM SHARED J5 372 4 1 56 Z AR 28

PurchaseOrder (ID, Buyer-age, Buyer-name, PARENTID)
ItemsBought (ID, name, price, SerialNum, PARENTID)
Payments (ID, SerialNum, Credit, PARENTID)

3 RA HYBRID k7= A4 1 26 R

PurchaseOrder (ID, Buyer-age, Buyer name, PARENTID)
ItemsBought (ID, Item-name, price, PARENTID)
Payments (ID, credit, PARENTID)

SerialNum (ID, SerialNum, PARENTID)

B4 B AR

R LS T A BE KT 1 B9 8, AR SR B 78 i
oA I R 5 A AR G I B L e R N Ik Bk Ah
R 7 VR AR 0.

EX VCREAD. WAEKRKT 1M n 4
FEAT I g o RN — AN AT AR I L AR g A
n [ IR A 1) 75 DR Ay JE DG Ik A ).

BN 2R, ANERT 1M a5 H AT
SR B B S B BT A R BB A 1R A 5 0 e
R AN BT Al 5 3k A 1) A AN R 55 0 B R R Y
FRL AR by Al CHR

M ABERT 1R 55 AT S IR B
R T 855 TR JCI BE B B % 1 R ER BB AT A




43 Jal 3 4E . VXMLR £ GeAe it i B Id N i 4 437

FRAEI G ZR Fe b, 35 SR AR 7 i A7 A %10 05 1%
AERT 1T HAMES RN 1< <t —
2l 7 A AN TR L B 5 A T AR R A9 EE laT
AN LA A R T 1 BT 5 A7 it e S 0
W, H 52 4 I DTD 310G 2 A5 2 ity ke 5590 0]

#: . GenMap
BACAERT 1A EES (N | 15 ntnodes ) FI— I

FEWQ | 1<iZ s ) » Qi TIALE N w,; HER [
i N; AR R

PO
for each N;
Wm = 03 Wl,m =0
for each Q;
if Q J& N; 1YRB A )
Wi+ = wi + fi
else Wou +=w; * f;
end for
if Wi >Wou

FHAIR D7 0 75 88 N EAT A7 4%
else JHAMBC 7 B X045 5L N, HEAT #7-fik

end for

P57 e e S LU i B vk

3.2 BRSHE

FEAT X XML SCHS A 48 R AR AT L3R o — 2kl
i B g% A e 1 2 O ) % 42 2 3K 50 A 9, i A I
) et A 2 10k ) A 7 T ARG 48 0 L 2% T PR AR 3R
B AL FF XML SORAF 6 7 5% 2 5080 7 P s
SR FH A 160 5 0 D0 AT LUK A BT o g A 3 ik X 0 A i)
WAL H) SQL AL I, A S (Q | 1<
I ) R B — 2R AR AR AT LURE 0 — R 556 &
F LW TAEMME N Z B B %R, BSR4
WHI —ARRR N TRETE, L 14T
B Z BN ARG 5 8RR b R R R K.

1 HSREEGX

%5 7Y
R RO o 10 77 B2 ol /1
IRl R i e 415
(AtrR) RWEME, 1< b < col(R),
s

col(R)N R Wy @Y%
BAAS Arer R T T 25 0]

R T 545 BT 5 =5 1),
Bl (size(ID) +size(PARENTID)) « || R ||

size(Attrf)

IR I HAE B |

WAM QUIMIKRZKR,, -, R.o. ¥ Q¥
BNTEW QL. . Qo » MENTZ 8] Y I 2 #
B Hb Q) R G R R R, AU R B M
EARFREGLETFEMN. W FEN Q= (Aur .
Horh Aver QL VI R, P (¥ JE M. T LA R,
T 5% T A A R B B GE o [ Q) D T LAE
Wnr AR

| Q/,', | = Zsize(Attrfu ) .
&

| R, || +| R, BEREEE | (D
BE QLRI A w, SN £ WA
fo= 1 2

, | R |
ij = s wW; 3
e <‘ R; ‘+ +‘ R ‘ ) “ Rk

X5 AR Q| 1=Ci i, ) Y B S5 A TR AR
R AT B — DA RE S (Q 1<</<
i s 1 j<n(D}. R ZEAFPTEMANFE
WL GG A AL E S TR T 1 T A 2
P ORCER 1) Fe KA 99 RE 55 T 0T A - A 0 AR =2
AR FAEMNES. BT N XRGR M I, IR
ZEAIENIQ I 1i<n, ) FEEXEY QM L
QA —HE 1. FeATAR I X 20 + £ ify , i — 2D
R R R WA WA A
3.3 &EalEEEHERN

AR SCHY A 2 8 B A7 A A 2 LR A RO
KU 1 S AN TR A7 A AR 2 A 0 AR A 19 AR X R /DN X
A AN B HE (T A &0, X — AN L ) B4~ 56
REW AW, AWM R IR ERRRKN
PO B pE B X XML SCRYS Y A i) T LAFE ALl —
FRHIXFERAS O FR 3R 0 A0 RV B AT 2 R Y A
JIT L XML 259 5 AN 30 55 T 45 5 20000 9 AR AN R A7
BT Z A S A i AR AN 2 A

T BN XML A g A A B2 A R, it
BAH AN A ) T U7 ) ) I OC B S AT RE 2, T
AT IEW R R R 5 I — A A DG I B A7 A
A DG R R P 0K R KR & i A
BRSSO T 7 325 R A ST AF A% T A . T A 0
(R b ST A7 it A T X, — O TR A ST AE A T
—DRARE IR R 5% T A A OG0 B
S EH OC R T o — PR AR TR ST A4 R %
-2 VR B AE DB A B DG R 3R v 4 Ok AR AR AE
B ZR Feh BT T G 3R 3R VR 1 B 4 .

WF AW QI E & w, SHEIE £, ST A7 i
ZTF AWM A RIS RR N bf1 Q) FEMER M
TR cost(Q). QR 56 RFE R, HT )
KERNRL IR FHFT Q. AWMU 2% T A
FRVGIR B S R BRI 22 (BRI IR, | 5 | R | 1 22) & LA
ZTFAEWACGE 55, KL o fe(QHO W Fit5,

bft(Q) = (IR, |—1Q ) ew « fi (1
AEAE A W02 ik ST AE A % AR T o5 Y A Ak



438 it "

Bl

2 2004 4

). X T ICAR ML AAAE LA AN SR BT i O R R
RN,
o5t (Q) =1 Qi | (5)
T AE TCA IS A7 i B AR R 445 B BT 5 H 23 [
RN
COSt o (Q;) :| R; E@ﬁ*ﬁﬁ?% ‘
3.4 MFHEAXMIERE

AR AA I 25 18] 45 77 18 2% 08, AR TC AR Bl ST A7
SEOL T TCARN ST A it R L A0 SR (] 9 5 25 00 22 1
[ e [] F) R R P L AR TUAR ST A7 B e — F A iR AT e 23
SR H At A 1 B R BN, F AR Q= (A, .
Attr, s Attry ) B Q= { Attry s Attry s Attrs ) 35 53 51
Hfrs fo HAEFHIA w w, s How, >w,  ETERHR
Vil X R # R, A IETCRM S AEAE Q. W R 43 ZE AL
AR R, Y AT Q, I w5 ) 3xX W 4~ % L JFAE
AR AR BTG K.

U L 26 % A W VR R TOR A ST A B L T 2%
EeSHeraEnaoaLEmrE. AL Em ek, T
PLAR TUAR M ST A4 s 5 AR LRV AEAE 2 SR8 A L # e A
G E AR TUR M A B I R A . QM Q. 1Y)
BIFEERE Q = {Attr, . Attry s Attrs s Attr, s Attrs ).
QMR f'= fi+ fo s AR w, >, . T L QAL
Fow' =w. AAR W .0(Q) =(IRI—1Q ) -
w' o AR A S AR TUAR ST AR QY S T K
/N ,C()stmn(Q/) =|R G B . s Q’@Eﬁﬁ%ﬁ
KAZAERE.Q M Q R vih kR E R MA Vi
B JFOCHR R R P2 T AR,

WEG(Q [ 1"i<n., ) ol EAHZ B T2 3
BT AMES G MEMZEA AL E MW T
ETMES H . EES H LETFEM SRR R A
T ) S — S 5] i 3R B A IR 4 e TP E SR
WRAGIZFM X R LA RES H LRI p, ). 8
X E T p,  RATR B OHEESIF p, PS>
A A58 QL IR BT N Bk © k& 3 i A i, 1 oK
GBI FAERMESTIRICH p,. XHEMBE T Q =
GU{Q U lp ) HARS i ILIA 6.

W Qi TR A s 5 A0, ]
REIENT4 A 0 AR gs A, T R 1yl
U R AR S (B BRI MRS B0 el Hk 3 — 3 43
AP IST AR, KR — AR 0/1 B AR A,
AR AE e X 0 heE —4& i g 0
RO LA A g e GUAQy ) AR TT A
SEAEE gs A g€ (py ) S WITUR ST AR A g.

(6)

B9 : MergeQueries
A {P,z }

ik (Qrh . {p;)
for each p;

Q' =GreedyMerge(p;)
end for

B3k . GreedyMerge
WA 1P
it Q
mq=
while p#=
mqt1 =&
for each gt p
mqt, = (mqU qt)
t=0bft(mqts) /costuon (mqts)
if (t=>bftCmqtr) /costuonCmat) and 1> f1(qt) /costrea (qt)
and costyon (mqty) <costrea(qt))
mqty =mgqts; g=qt
end for
if Gnqty )
mq=mq U maqt,
r=r—{a
else exit while
end while
return mq

B 6 FT AR
4 TFHEREERE

B TE TR A8 T AF AR 3 3 A AL X
— T PRI A AR R R R A S D e R R
W, b B — i SR W P A P e R A AT R A
H 5 R OR WG R G R M A S AT AR R
BF =L WU O R i T P A 9 A AR R A O R DR
X AE AR AT PR 2, R I S 3 7 ) ) 4 R
VXMLR # 4t 52 8 1 i PO Ff 5K w2 J5 7 Fh 2
VXMLR & 46 % HI Y 3 B8 5% SR m

P it B . RG0S B 5L B P T E ] B AT
TR B PR . 2 B B B P A A b B
FTAFAg A 2 0 R 2L 1, e BhaX — T Bk

Jei) J A 8 e Rk o 8 SR L R ] A
PEAT A A S T 2. 72 VXMLR R G H, X F
ST R G VR AT 0 < 35 T S ) (9 D S0 e R R 3
A U 4 SR O R R B B — B ] R A
A ST AR R S R R G A B S —
I P AR A ST AR

BT A RCR I [ I R L AR B R
4t B A I A 3 — B ) 9 A i Ak B S SRR 5
T — RS S B e 4 A 1 [ A5 ) i) B B A ot Ak B
SRR B AR A I B W B AT B SOR RS T,
LRI ) 2 3 1 2 s 1) D B AL, T U 3 A it A5 X

BT A TR P A B R R 55 = R R g R
I P9 2 30K o 80 4 SR s AR i A% 30 P 2 1 AR A ok e e
SR AT R R P AR B R A T A LA



43 Jal 3 4E . VXMLR £ GeAe it i B Id N i 4 439

BT FE - DEEEE RN w, BRI
Tl N AL S B AN B BT W B AR
£ {(Iik+l sqirt+29""" s Girtw } Qﬁﬁ*ﬁ\lﬁfgﬁﬁﬁ Y
W Xt LA R {qr v oo oo g ) I ZESHREE IE N
diff (W, W), HeT 2 i) N 25 I A A =X 3 3 1z
BRI KRBT .

E— AN 22 3 B BUE Diff o A diff (W,
WO >Diff o JBATE W HINERGE—DER g Z
Ja ARG Gt s urre s s g JA BT — R AFAE B
JA | PR TR R BRI, i (W W) B BT T v
ANIUAE BETE R,

5 SLIGHR

T RGBS AR SCO I A AUk L AT X VXMLR
RGN A AR A B ALE AT T — R AL 5 56
UE I X5 3 G0 A7 it A% =X 08 8 W S 1 M B E AT L B
Shanmugasundaram % A i X — ¢ () DTD 1 7 ,
HYBRID #il SHARED J7 i iy X ] A~ K. Tian 4§
TE L3 Fh A4 7 1 i PE BE IS SR T SHARED fE A
SER WSS 7 ik AR RS, B AT SHARED
T3 1% W S A5 380 1 A At A A Ay 9 R A D6 R
AEAE 25 [B) 1R 249 55 S B I 1) 5 2 (1IN 1 )8 B8 i BT
di 25 [ 110 %, HHET . TI0H XML £0s v R iy
—ANHFH FEAE I AE N XMark®, B AT R XMark
AR 133M B9 XML SCARY AR S 55 55 204 . A 18] H 4
TR EE XML A5 9] P BE 14 38 0 3 A i) 42 © o
17 25480, K R 481817 7F Windows 2000 5%
T Ab 3 28 4 PIIT 500MHz, 128M N £, ik J2 B
R SQL Server 2000.

2 oy — 2 A v A AT S R TS Y A 3 A
[i]. Ho i, Shared 3 Tk Hl SHARED J7 i 7 i
XML SCAY CEP IR 2 ) YA BT ] 2,000 5 10 Adapted
X IO P S A7 it 55 X R 5 A AR T[] 2, BT 7 2R

1.0

L L= L L " L LI
Q] Q‘] Q‘g Q QB Qli Q7 QS Qv QH] QH Q\Z Qli le Q\', QM QH

B 7 BT ECR R R T

AT I BT ORI e A R R
Eff =ttt ] g oL I A0 9 R AT I

Lshared
151 S 85l A 7 R el B RN W R R L Y e 7
5 ARG T 41 %.

x2 —HABTHBMHUTHE

Q Shared Adapted Q Shared Adapted
uery (ms) (ms) uery (ms) (ms)
Qi 1603 811 Qo 861 641
Q2 480 326 Qu 125240 111370
Qs 2364 2333 Q2 441 160
Q, 841 371 Qi3 1182 650
Qs 170 170 Qu 721 721
Qs 932 321 Q15 1101 351
Q7 421 301 Qs 892 681
Qs 22292 1593 Q7 701 682
Qo 53287 5107
500000
400000 [
2
g
= 300000
=
£ 200000}
=
100000 |
0
Shared Adapted
8 A Y B AT B [
300
250}
=
=~ 200
&
= 150F
=
£ 100
Pic]
T S50
0
Shared Adapted
(NI Sy R W R (DR Ry vy
100000
. 80000}
£
= 60000}
&
< 40000
=
5
20000
0 N | |

Shared Adapted
Pl 10 16 2% Ji s i i B P AT I ) O3 Qo)

@ Schmidt A. ,Waas F. .Kersten M. et al.. The XML Bench-
mark Project. CWI, Amsterdam, The Netherlands, Tech-
nical Report: INS-R0103, 2001. http://monetdb. cwi. nl/
xml/



440 it "

Bl

2 2004 4

M 2 FIIE 7 A LUE B A R A 5 LR
ZRAT TR ) I AT B TR ER AT P ek b (R AR QY
PUATHOREA K200, X2 Q) AT i ]
2B T AR L A SO Y Bk S A R K
I v A O R R VT 1) ORI 4R e L X A 0 %
PEAEVEBE 10 08 AN K. T LLFE A 2 S5 XTIt
R FARAE L 2 10 A i) 52 T A K, M 8 ol 3% i R%
AR . &9 S A7 5 X IR B 1 5 R S A AR
B0 L E L, T LA 30 I8 B A7 A A X S T AL 19 £E
AR LB 3T 5 181 10 45 R BR 25 Qi 5 10 8 A 1) 1
ATEFE], B A ROR B & T 82, 820, IX R B A LI
FIEE LT AR S MRS T, B FRE T
ARG A HROR.

R T B E B A VR A AR A S ROR L FR AT s
By 17 AW WA . Q ~Q K —4l,
Quo~Qur N5 AL Je AR 55— 21 4 o VA A A7 i 5
LMK 17 Z5 40 10 1 A8 1) 850, AR 4R 58 — 4l 4 i)
VAR AT S, AR5 T T A A A A A A Pk REL
11 iR s g B, Horp, First R iRIG 5 — 41 &
T A AR SR L BRAT 17 A% A I Y I ) T B
Second F&7m MR 55 41 A5 1) A A7 A U L AT
R ST < e Mol L1 < TR = S B B BT R PR e e o
(Q ~ Q) TE First M iy & ) 2 L #E Second
it £ r A 2 3 RECR T AR A A ) (Qu ~ Qi)
15 LA A AR B, AT THE Second Hh 2% v 1 4 1) R 1L
7E First M2k i iy £ %08 &L X 3R IR 48 5 51 /Y
2 ) AR R A R P R T USSR
TCREAE I 50 A R 0TS T SR AE A AR AN 3 Y
HUAS A AT R G VERE VT RE & T I L ILI R G801 LA
R4 B A5 21 1) 77 s A 1) B 0 48 A7 A A XL Bl R
G5 (1 A5 11 B

£1000000
= 10000
jd
S 1000
= 100
] Q Q Q Q Q Qy Q Q5 Q
11
Bl 11 Dy s 2 VR S R R A A A R R O R L
6 % it

ARINHT VXMLR R G A7 ) H ol
PR AL, S A T R AE OC R B R
Al XML SCR B 535 38 B T eI 3R 5 4

T VXMLR 2T Py s A0 i) 48 XML A7 A =X
(7 3 L B S AR B D7 s A 05 8L 8 DTD Bl A
FERT 1 0719 sl iy B S5 B0, 45 31 VXMLR H (9 55
AAEAERL 20 SR 5 L 7 40 B XML 28 30 48 #1956 il
b K VXMLR A if) i s o iy Dy s 2 if) e 4k
5 BAAS 36 ZR A S 10 25 1 e AT] =2 T A 3
VE s FEAR 5 3 4 45 1 98 6 R R IAEAE TR 704
2 R R OCEE Sz 6 R RAERE T 05
T TR ST A i i AL A I A I U3 S AR A AR
IR R SR ES P S C O N 87 £ 5 Sy = Brg VA
@A 0/1 T AL L A SCIE 25 Y 1 Y
P8 VXMLR R AFEB I K mg , Kb P A/
TE IV R B WS X R G A R R — 4
A A A SO AR 2 B 38 1 R B R S L R4
SR A RS B 0 R s TR T A A
ffifh VXMLR RS 7E R G0 A i & A 3 KA 5 AT
LA R B B A A 2K DA DR R 0 1Y) A ) A AR

& £ X #

1 Yoshikawa M., Amagasa T., Shimura T. ez al.. XRel: A
path-based approach to storage and retrieval of XML docu-
ments using relational databases. ACM Transactions on Inter-
net Technology, 2001, 1(1): 110~141

2 Florescu D. , Kossmann D. . Storing and querying XML data u-
sing an RDMBS. IEEE Data Engineering Bulletin, 1999, 22
(3): 27~34

3 Deutsch A., Fernandez M. , Suciu D.. Storing semistructured
data with stored. In: Proceedings of SIGMOD, Philadelphia,
Pennsylvania, USA, 1999, 431~442

4 Shanmugasundaram J. , Tufte K., Zhang C. et al.. Relational
databases for querying XML documents: Limitations and op-
portunities. In: Proceedings of VLDB, Edinburgh, Scotland,
1999, 302~314

5 Tian F., DeWitt D. J., Chen J. er al.. The design and per-
formance evaluation of alternative XML storage strategies.
SIGMOD Record, 2002, 31(1): 5~10

6 Breslau L., Cao P., Fan L. et al.. Web caching and zipf-like
distributions: Evidence and implications. In: Proceedings of In-
focom, New York, 1999, 126~134

7  Zhou A., Lu H. ., Zheng S. etal.. VXMLR: A visual XML-
relational database system. In: Proceedings of VLDB, Rome,
Ttaly, 2001, 719~720

8 Zhang L., Zheng S., Zhou A. et al.. DVQ: A DTD-driven
visual query interface for XML database systems. In: Proceed-
ings of VDB, Bisbane, Australia, 2002, 385~399

9 Liang Y., Zhou A., Zheng S. et al.. Enhancing XML data

processing in relational system with indices. In: Proceedings of



43 Jal 3 4E . VXMLR £ GeAe it i B Id N i 4 441

WAIM, Xi'an, China, 2001, 168~178

10 Bohannon P., Freire J. , Roy P. etal.. From XML schema to
relations: A cost-based approach to XML storage. In: Proceed-
ings of ICDE, San Jose, California, USA, 2002, 64~75

11 Zheng S., Wen J., Lu H.. Cost-driven storage schema selec-

ZHOU Ao-Ying. received his B. S
and M. S. degree in computer science
from Sichuan University, Chengdu, in
1985 and 1988 respectively, and his Ph.
D. degree in computer software from

Fudan University in 1993. He is cur-

rently a professor at the Department of
Computer Science and Engineering of Fudan University. His
main research interests include XML/Web data manage-
ment, Web services, data stream and data mining, and peer-
to-peer computing.

XU Zheng-Chuan, received his Bachelor degree and
Master degree, both in Electrical Engineering, from Univer-
sity of Science and Technology of China in 1995 and Chinese
Academy of Sciences in 2000 respectively, and his PhD in
Computer Science from Fudan University in 2003, and is
currently a faculty member at the School of Management.
His research interests include XML data management, Web-

based information systems.

Background

This paper is supported by National Natural Science
Foundation of China under projects titled “Publishing, Ex-
change and Integration of Data on the WEB Based on XML”
and “XML Documents Management Systems”.

This projects are focusing on the edging field in database
and information process, including, 1) Storage and Query of
XML documents; 2) Transformation between XML data and
traditional data; 3) Publishing of XML documents; 4) Data
Integration and exchange based on XML.

In pursuit of the goal, methods and techniques for effi-
ciently storing, retrieving and normalizing XML data has be-
ing developed in our research group. For example, we have

get some achievements on efficient and effective methods on

tion for XML. In: Proceedings of DASFAA, Kyoto, Japan,
2003, 337~344

12 Selinger P. , Astrahan M., Chamberlin D.. Access path selec-
tion in a relational Database Management System. In Proceed-

ings of SIGMOD, New York, USA, 1979, 23~34

GUO Zhi-Mao, received his Bachelor degree in computer
science from Shanghai Jiaotong University in 2000, and is
currently a Ph. D. candidate at the Department of Computer
Science and Engineering of Fudan University. His specialty
is Web database and P2P computing. His research interests
include XML data management, Web services and related da-
ta management.

ZHOU Shui-Geng, received his B. E and M. E degree
both in electromagnetic theory and microwave technology,
from Huazhong University of Science & Technology, Wu-
han, in 1988 and University of Electronic Science &. Tech-
nology of China, Chengdu, in 1991 respectively, and his Ph.
D. degree in computer software from Fudan University in
2000. He is currently an professor at the Department of
Computer Science and Engineering of Fudan University. His
research interest lies in information retrieval and text min-
ing, spatial database and geographic information systems,

and peer-to-peer computing.

XML data storage and querying, transformations between
XML data and relational databases, publishing of relational
data in XML style, and etc. .

As for XML storage and querying, We take relational
databases as the underlying storage bases, and transform us-
ers’ queries on XML into SQL statements, then the SQL
statements are executed by RDBMS and the result XML doc-
ument can be achieved by reconstructing the record set re-
turned. Further, we studied the transformation process from
XML queries to SQL, and implemented a novel XMIL-Rela-
tion management system, VXMLR. This paper presents
some techniques which could adjust automatically the storage

schema of VXMLR system based on historical queries.



