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Abstract As a de facto standard for information representation and exchange over the internet, XML has been used extensively in many
applications. Though keyword search method can be used easily, it possesses the inherit feature of limited expressive capability.
Structured query language has the powerful expressive ability, however, users must have a full understanding of the underneath schema
information. We propose an extension to XPath by introducing a novel related semantics, which can help user to express their query
requirements even if they are not familiar with the schema knowledge. We then propose an efficient algorithm, rTwigStack, to process a
twig query involving related axis, and an optimized algorithm, rTwigStack®, based on DTD schema, to improve the efficiency. The

experimental results show that our method can process a twig query with related axis efficiently according to different metrics.

Keywords XML database, query processing, related semantics, twig pattern
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# ¥ 1 rTwigStack(Q)

1: while (endAll(Q)) do
2: g =getNext(Q);
if g.hasSE then
if not isRoot(q) then
cleanStack(Sparent(q): Cq);
if isRoot(q) or (not empty(Sparent(q))) then
cleanStack(Sq, Cy);
pushElementsToStack(S,, Cy);
9:  Advance(C);
10: end while
11: MergeAllPathSolutions();
Function endAll(q)

1: rewmn vg, e subtreeNodes(q) : end (C,)

e S s o

Procedure cleanStack(Sg, Cp)

1: Pop all elements that are not ancestor of C, from S,
and output all related path solutions with the popped
elements

Procedure push(Sg, Cy)

1: Push C, to the Stack Sq; and if g is not the root, modify
related pointers.

Procedure pushElementsToStack(Sg, Cg)

1:if isLeaf(q)=TRUE then

2. push(Sq, Cy);

3 return;

4:for p echildren(qg) do

5. while p.start < g.start do

6 bPushLater = true;

7 r = getNext(p);
8

if r.hasSE then
9: cleanStack(Sparent(r),Cr);
10: if r = p then
11: if (not empty(Sy) or (Cp.end>Cqy.end)) then
12: cleanStack(S,,Cy);
13: pushElementsToStack(S, Cp);
14: else if (not empty(Sg)) then
15: cleanStack(S;,Cy);
16: pushElementsToStack(S,, C;);
17: Advance(C));
18:  end while
19: end for

20: push(Sq, Co);
21:if bPushLater then
22:  Modify related pointers

NTHI 24 getNext S, W g A2 S B A H.
FEARBIRIAT(EE 1 A7) WA b5 20 RN
TR pCE 2 A7) AR A getNext, ik p’ 55 p A%,
BRI p’ (5 417), 10 p’ 5 p AH5EH p" %A SE
A HBER] p* (55 5 AT) WK T BT % 78 SE
25, WER XA q Z2EA SE(T7-19 17).Nmin 5 Nimax
e kAT A-D XRMI(7-8 17),Cq B SENi%BkE]
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Cnmax E@%ﬂf’ﬁ’fﬁﬁ(g'll ﬁf).ﬁﬂ% Cnmin ﬁi Cq Zﬁﬁ,@@

Cp 1E Cq Z 1T 2R [F] p(35 14 47), Wk Co 75 Cq Z )
H S, A 5 Cqithi /& samepath 1763, 84 q.hasSE
Jy false IR 1] q(15-17 417). e LR ] g(19 4T).

04 2 getNext(q)
if isLeaf(q)=TRUE then return g;
for p echildren(q) do

p’ = getNext(p);

if p’# p then return p’;

if not p’.hasSE then return p’;
end for
Nmin=minarg,{Cp.start | q//p};
Nmax=maxarg,{Cp.start | q//p};

9:  while (Cq.end < Cypay.Start) do

10: Advance(Cy);
11:  end while
12:  if Cy.start > Cypin.Start then return N,
13:  for p echildren(g) and p~>q do

14: if Cp.end<C.start then return p;

15: if (Cp.start>Cg.end) and (not Je e Sp:e=>C,) then
16: g.hasSE = false;

17: return q;

18: end for

19:  returng;
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6 rTwigStack x4k

7t schema {5 KL AT SRE A0 AR S —Fp Al
75 v: rTwigStack™, Sk JFUR 2 ) ) related i214%
B A-D 33X AER T LAY A ) b ) related 450
6. 1 fLiLFm

e schema B —AN 1) ¥, G 3 2 TR A5 K
A M RE R I AG5E A~>B A = NHALKIN :

(1) 4 schema I A Fil B 2 0] L — 447,
i N A 2 B(3k B 3 A), 84 A~>B i m] LUk
3 AIIB(EX BIIA).

(2) WA AT B A 25 8Ae, HAZE N A 3
B(&k B 2| A),ifi Hr A &S A S B, Wl 2k A4
It A B% B FIIR B4 A~>B LR ALk AIIB(EX BIIA).

(3) i schema EH A 5 B Z [AIfELEIR, A
T EAAL S P-C 5 A-D IUHIH T4 2.

6.2 ILE %
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% 3 rTwigStack™(q)
11 Sq = optimizeQuery(q);/*FI i = A FUHEAT 4L, Sq
Ttz G A sE o/
if | So | > 1 then /*¥ Ak J5H Z A& if)*/
rTwigStack(q);
else /*"~>" i A8 K11 *1
rTwigStack(p’) //H: ' p’ € S

7 LI

7.1 EHRE

A S [ A R BE 2 Intel Core 2 AN
2.00GHz ] CPU,1G W {£F1 120GB [Mili#iL 5 AE R4t
74 Windows XP.

AT B rTwigStack #1 rTwigStack™ 8032,
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= XPath Ri&E= — Hols
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Q1 . 1 XMark
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