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Abstract As XML has become an emerging standard for information exchange on the World Wide
Web, it has gained attention in database communities to extract information from XML seen as a
database model. XML queries are based on regular path queries, which find objects reachable by given
regular expressions. To answer many kinds of user queries, it is necessary to evaluate queries that
have multiple regular path expressions. However, previous work such as query rewriting and query
optimization in the frame work of semistructured data has dealt with a single regular expression. For
queries that have multiple regular expressions we suggest a two phase optimizing technique: 1. query
rewriting using views by finding the mappings from the view’s body to the query’s body and 2. for
rewritten queries, evaluating each query conjunct and combining them. We show that our rewriting
algorithm is sound and our query evaluation technique is more efficient than the previous work on
optimizing semistructured queries.
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1: A 2= G, Gy

2 &9 $1 vy

3 Procedure find-candidate-mappings(Gq, Gv)

4: T QE HlddE HH=E 7|8k

5: rq < G¢% —‘?—_E_;

6: v «— Gy9 FE;

7 s 7HAA rqE WESL rqE WE BALrgES Qoll A
8 while Q7} Blo]UA] &< do

9 X «— QgetFront();

10: for xol S1Hsly WE ¥FA] ¢td Z == w do
11: if w’'s depth < rv’s depth then

12: continue;

13: else if wo| A2 =& 4< rve A2 == 4= then
14: wE WE EAIS Qoll AT

15: else

16: wE T BAIBET Qo AF%

17 FE =7t 33" NMEL WE & A4
18: find-sub-mappings(w,rv,c);

19: endif

20: end for

21: end while

22:

23: dE: == q, v, W ¢

24: &9 TH ¥

25: Procedure find-sub-mappings(q,v,c)

26: if v7F #A44e] ¢lS then

27 return;

28: endif

29: nq < q9 A == &

30: nv < v A2 =& &

31: for Z} Permutation(ng,nv)7§e] #2] vjs4 do
32 if v} =7 v then

33: cZ z2713td N2 vl dE A

34: A viFE dell H7k

35: if d YA then

36: dE $1 vjge] H7K

37: else

38: for ZF A2 w13 (gc,ve) do

39: find-sub-mappings(qc,ve,d);

40: end for

41: end if

42: end if

43: end for

g F 2 o7d F8 vg 3]

1 98 289= G2, G2y, X w3 ¢

2 &Y od7" FE WF

3 A7E R vigS 2 278k

4 for Z} TX w3 do

5 for G2y Fe] 7+ oA e

6 if e9] HolES G2,9 H L Evlely) wolEo]X] 23} then
7 =

8

9

a2 ugEs Giﬂr TR wjgo) A AkA;
break;
end if
10 end for
11 end for
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3
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H
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m[o
flo
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aga =E=9 7 A FA
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215 RSt
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A9l 9 2-indexE 2(DB)Ex 3 2(DB)= ot
=3 Zo] FAEMh MA =&=E o B3 T2 29
Z(equivalent class)® FAEHIL FE ==& [(x,x)]
gejeo] xx=olt} ox= DB Z4 =& v} 7 ofR
u—% 49 Wt [(vyw] -4 [(vu)]E 8 Eh

o, LwuwDB)=Livu( 12(DB)7} HE=Z4H ZH9
select x,y from *x r y& AH3}7] sl 120 r
vE A & =29 J2HE 9 FFS Fshd drk
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o] EA3h= Aojolt}. dlE Eo AT FE4] person.
_*name? ¥& HoE Hgtha sHE _x7t dole]
A2 ujA HEZ name dolES 27| 95t A9

oS gAslelel @tk 2-index WA

dAite] Ao 23Ho] gloew j I A

9 *-index 7|8 XML® DTDERE 7+ 24-g%
B fAE A2 Fate] x A Al AEe=
2| ghsl= Wolth WA DTDE (k, n, po L=
FAsgth A7IA ke 84 52 NEZREE YEH
i, LE 84 o]F9 FFolztx s w, neLe|a,
e &, 24Yd o pe Lol tigt A v FAES

W& PCDATA®)A, k=a =, JEZRHEY o p=
HNEZRE o]Felth 28]a tha3 o] DTD 8=
G 2 A3t &, N& DTDe &A5s 249} of
EZRE o] Hifolth

A9 10 DTD ZHE Gp=(V.E)x= ==9} W34 o
AE HAE aAYgZEZ VENeZ 7} 942 Tz A
o FHAT Jehta, ojEZHEE DTDo| vehte
Z yehdt) dl®x] EcV x V& ZF (k, n, p)oll o

)

/ P“{\
age ni‘m/ p&‘cmpan}v

/N /N

firstname lastname name address
3% 4 DTD 2= oA

d A 5 DTD={(e,person,(name,position?,company)),
(e,company, (name,address,person+)), (e,name,(firstname?,
lastname)), (e,position,PCDATA), (e,address,PCDATA),
(a,person, age), (a,company, name)}Zti aHA o]l th3k
DTD 2= Gpe 19 49 Zth

FoX AYE Gpo} _x Azke EFS Hort FoIA

< o GaEF 32 _x Akl fle HE ulprolFETh

dqA 6 <A 39 DTDe| thsted 29| person._x*.
namee €g]E& 30| 9J5le]  (person.namelperson.
company.name)2] Fo|Z WHEFEC}

d3FYZ 3 '+ Xk AA
1 AY: 2W=Z Gp, A r=ri._*12
2 &9 _x A2o] gle e
3 Procedure Star-Flattening(Gp, q)
4 if r1= ¢ then
5 for DTDAF] Z+ @ 4-(element) e do
6 Star-Flattening(Gp,e._*.12);
7 end for
8 else
9 head < 119} WX o8
10 tail < 29 AA ol
11 F QE vlodE Az %73k
12 headoll & EAISIL Qoll A,
13 while Q7} oA &5 do
14 x<—GetFront(Q);
15 for xo QUH3 WE XA oE =& Alo]EFS WEXA g= WMEH == w do
16 if w=tail then
17 headol| A tail7}A]9] AZE &9,
18 woll W& %Al
19 else
20 wE W EAISAL Qoll A,
21 end if
22 end for
23 end while
24 end if

ate] k=edw|, == n oA poll EAdtE 7 24 ol
mel diste] nomel IA7h EATL, k=ad HE =
£ nold pol NEHE ol ael oA n—art 24
k.

5.3 2-index-join Y12
2"-index-join WHL T2z & FuH FIE A
23t 7|Holth
q'(w:- wxy), cly,z) (3)
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A7 wxy)e A 27 F /FE XIFHE S
eI c(yz)= F=2 XA 2 do =278
Ehdth, ¢4 w3 (complete rewriting)[4]0] EAs=
BAEE cy,2)= 0% Aotk wxy)=0<l A+E Hd
A Fel2e] wigo] §le Afelth olu, wixy)el
7Fete HE o i v iIE]'J_l ki, g3t dd ol
s Wy,..,Welgt 3k

2l c(y,z)=yo'ro’'zo’, ..yk1' Te1'zir’ol2h B
7t Ao 274 2'-index WHOZE ol wiAEH= AA|
o] Aoz o]Rofe " olHAE Q.. Q1°1EF M4
2"-index-join LAY ZL 1 (WiX... XWXQy ..X
Qe 1)E 9 Sk

5.4 "7}

BN AT TE AT A2Ae AL 3
SN wHeE AAW + AE A AN WY F
63:

8 AR AA EY FE A}
|3 guksha wAFE doje mdoxe AR
Alz=dle] wlg] AT 4 gl7] W

olth. &, g A gAo] g HolA] Ao tjg-Hrt
I 7 g

vl o] QAAE
Ak

e Fanout(x]): W4 xd #loI= AA S gl
A Eels 12 EgEE B A & 14. dE E9,
a9 1A A 2,30] W zoll vRIG H ATk 7Hg 35}
W, Fanout(z,b)=1°]t}.,

[20]7} 2249 OIDJoin®] 37}

e [x|: xo BRRIEEE AA| Folth. 99 A
|zI=20]c}.

e cost(x,ly): xoll HIRRIEE]= A9 H3eA Fo
£ 12 =g9FE 244 yo JES 47 |8 AA %”‘—‘.‘
F2 [x[+Fanout(x,)Z AXFETE 99 oA, @ H

Z A (simple path expression)®) z b w& 74]1‘1'0]'7] 4
3} B8-S cost(z,b,w)=|z|*Fanout(z,b)=2%1=20]t}.

e OIDJoin: 2"-index-join WA 2z x7z+e] Az
Aol gk %<1 H]goltt.

o714 QA wxy)=07°]1 cly,z)7t 2(2)

to]ebH] 01’\-4 AR R whe} 239] W] ¢+ 5 AA
W ubEel A9 123 WHE MR 45S Adta 7Hg
b‘h:}

) [1319] 9] 31914 Fojd FAOZ dvlojepuo]zeA T

ol
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) o=ek gl w3k 2"-index—joine] HI
&2 WmAT 293 rma olT nebekn PR
S0 =ubek Bl wkeial 2'-index—join ®H e HlE
AR Aol A7IA | p s 29 Eﬂ°lE‘rHﬂ°li
(source database)ollA] W= pioll HIJAGE A F=0]11,
| p2le I 2ezol viigd s AA Soln) vlairiA]
2 Fanout'( p,;, 1)< <Y vloJepwo] oA WHF
o vRIgE AAZRE ol 12 =EEe Hd A4
O3, Fanout( p;, 1)< I a@)=|Ae] azelth
Costews ga wy
=1p Fanouz‘l( po.a)+pll Fanout'( p,,b)
=1p Y Fanout'( py,a)
+1p Y| Fanout'( py,a ) Fanout'( p,,b)
Cost 2 -index-join
=193 Fanout®( py,a )+|p 3l Fanout®( p,,b)
+ OIDJoin

P Az |p3=|p2eli, olRe FEI N5
P agzax 2E ==& [(xx)] e T4 Fg=
(equivalent class)©]t}. o E’««] AS o] FE AF

= " Z} 53], Ato]Fo]
e e vd FEZ 7T
TS Fanout'( p;,1)> Fanout?( p,,1)°Itk 18
3 OIDJoin®] HI-8-2 A 2EA7ke] £¢1 Hlgol=g
e #Ze zholth wEbAd Cost(eeF &4 W) >
Cost (2"-index—join)°]t}.
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=k tﬂow} U%l stoll A thE AAE 7HAE
xaa 71Hs Atttk g9 g
SA9} 2. He] A GAR o]F
AoE F2 EAl(body)ol X &
olo] FAze 4 e Folo FEIHA HRE o]
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