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Figure 2. XML document and tree representation.
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02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21

If (&gt &g ~%0){
If (s Baaiei){

If (&2 % ﬁ,,é; FeEm- BAE){
#-42Ei: ~ Stack, ¥ ; County ++;
If(ags: aatabkis-B3){

EL S SR
getResuItsg ~% 0l & 24p%) 1}
Else {/*% &% - B ~%*
If (Countiy 1=0) {/*X & g8L13 & &35 5%*/
If (satisfyPathRelationship(&- gk, ~ % i)){
#-& 2Lits »~ Stack; ¥ ; Count; ++;
& 2 4y #4p @ Stacki 5078 5
If (85 At endets- B ~%){
Hepb g b R RS
getResuItsg ~F L EgdiR); )
113}

Else {/* &2k 5 % d 5 */

If (Count; !=0) {/* s+ &Lt & A28 5% */
Count;-- » #-%- 2L j% Stacki# ; }
11}

Function satisfyPathRelationship(& gk, ~ % i)

//ﬁ%
01
02
03
04
05
06
07
08

Procedure getResults (~

//ﬂis?] »
01.
02.
03.
04.
05.

06.

07.
08.
09.

10.

11.
12.

If(~% iz

CR GRS R Bg Ak i g
f(~2ig~%2i-1Mas){
@ w true; }
Else {
f(~Ziv=~FilMaso){
If (& 2L22Stack; ¥ B 78 =5 & Bhleveldic £ 1) {
@ w true; }
Else & v false;

13}
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ﬂ}J;; 4h ﬂ—ﬂu 3TN w Stack; s & gL 7 (%
getl%esults( ~% -l @24 iR) 1}

Else{/* 5 %-B~%*

If(~ % ig =~k i+l manm i 5 {
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L

5

Else {
Stack; # 4y Hedp T| B2 K PN B 12 A g
s %1}

Figure 3. Algorithm PATH.
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(a) Streaming data
<A><B><A><A></A><IA><IB></A>

(b) Query
AllBIA
(c) Processing tags

1. Read <A;> Count; =1, Count, =0, Count; =0

Al L] L]

" Stack; Stack, Stacks
2. Read <B;> Count; =1, Count, =1, Count; =0

O Afe— B |
Stack; Stack, Stacks
3. Read <A,> Count; =2, Count, =1, Count; =1

AZ <
H A1 Bl - AZ

Stack; Stack, Stacks

Output answer: A;B;A,

"ﬁlﬂﬁ;llﬂ;{p" ) _Iﬂ gg;a;\mx— 1[§;|_.—% , Té;’k‘—"
EREF-BAFZOTHEKIELiEE o 4o Figure
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4. Read <Az> Count; =3, Count, =1, Count; =1

Az
A
A le B | ¢ A
Stack; Stack, Stacks
5. Read </Az;> Count; =2, Count, =1, Count; = 1
A
Al P Bl < A2
Stack; Stack, Stacks

6. Read </A,> Count; =1, Count, =1, Count; =0

oA e % ]

Stack; Stack, Stacks
7. Read </B;> Count; =1, Count, =0, Countz =0

i M I R B I

Stack; Stack, Stacks
8. Read </A;> Count; =0, Count, =0, Count; =0

Stack; Stack, Stacks

Figure 4. An example for algorithm PATH.
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(a) Twig query.

A
I B F |
: | b
C D E A

ﬁ '_|k. iy .:
(‘start_pt, end‘_l_pt, end:2_pt, end:3_pt, next' pt, level )

(c) Pointer structures for the B element.

GL0%0

(b) Pointer structures of the twig query.

Start pointer
e End pointer
---» Next pointer

,4 Stacks

[ <, [ ]

Stacks e Stack,

I N =N
Stack; Stack, Stacks

(d) Stack relationship for the B element.

Figure 5. Pointer structures and stack relationship for the twig query.
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05. Else /* & 8E 5 4 &4t */

06. processEndTag( & 2k, =~ 2 i); } }

Procedure processStartTag(&" g, ~ % i)

//31;—] D AR EROSEZ A lrﬁ%l E
01. If (525 EFa}\rﬂ%—llﬁm%){

02. County++; #-p+ & 873 » Stack, ® ;

03. i * start_pt #F} %}

04. Else {/*& gzt dgens - B &>/

05. If (Countyarent !=0) {/* < =~ % chcount? 5 0*/
06. If (5 8t 2 3575

07. pushNodeIntoStack(éﬁ B, E )

08. Else{ 1*& E‘L [N r’ﬁ—’(/{;_*/

09. If (3 next_ptii = % % 4p &t & 8)

10. pushNodelntoStack(#- 2k, ~% i);} } }

Procedure pushNodelntoStack( & gk, ~ % i)
I »~ o 5 BB Sk i W &
01. If (satisfyPathRelationship(#- 2, =~ % 1)) {

02. Countj++; #-pt é%,;r; » Stack; ¥ ;

03. If(._ﬁpémmﬁ uwtérqh EAE)
04. i = start_pt 45+ child stack;

05. Else {

06. If (=% P& A% i-1H %57

07. AFEHE R G Bhastart_ptdpik; }}

Procedure processEndTag (& 2k, ~ % i)
R AN i T et AR E R
01. For (%35 ¢ % ¢ & gkeStack;) {

02. Count;--;

03. If(sg2bh@ss- Bof){

04. fF(dienl- g pdgs F854){

05. If (st aes Ly i)

06. £ > next_pt a‘ﬂfma‘ﬂ % % % % i Stack; }

07. Else { /* & g2t ~ % */

08. If (4p % #74p children stacks =% % % 7){

09. LR R R S

10. i = end_n_pt 45 #4p # children stacks;

11. If(fBt bty 5+ u'n%)

12. & 2 next_ptdp #kdp # + % % 0 Stack; }

13. Else /* 2 & & #2358 */

14, # % Stack; b F = & B B B L

start_pt; } }

15. Else{/* &85 2558 % - B~3E *

16. If (45 #%#74p children stacks i~ % 7 3 3) {

17. L I e Pl o

18. & 2 end_n_pt 45 #4p # children stacks;

19. If Count; = 0, getTwigResults (=~ % i, null, null,
0); }

20. Else /* # 4 & %2558 */

21. # ’ﬁ—: Stackiix  #4 & 2L 2 At & ghstart_pt; }}

Figure 6. Algorithm TWIG.




(a) Streaming data tree

(b) Twig query tree.
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(c) Algorithm TWIG example.
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Count; = 1,Count, = 2,Count; = 1,Count, = 0,Count; = 0

Stacks Stack,
B, |
| Al B: — B,
Stack; Stack, Stacks

Read </B,> ~ <D;> ~ </D;>

Count; = 1,Count, = 1,Count; = 0,Count, = 0,Count; = 0

Dy
Stacks Stack,
| ,A1 > Bl » B2
Stack; Stack, Stacks
Read </B;>
Count; = 1,Count, = 0,Countz = 0,Count, = 0,Counts = 0
D,
<- —:,-' D,
Stacks /li Stack,
S
.’I, ,4:7 Bs
| A |—p| B |22 | B
Stack; Stack, Stacks

Get answers:
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D,

J E: |<--/| D
.,'I Stacks _/’i Stack,

’ o

/ ;o B

B I/ Ly B3

| Al L. t| 1 - 2
Stack; Stack, Stacks
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('-l:
|
|
|
|
|

1
1
1
I
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[}
-1
I
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< -
N

N
N
N
N
N
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|

Figure 7. An example for algorithm TWIG.
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Table 1. Execution time (seconds).

Dataset XPath Queries PATH TWIG XSQ XMLTK
site/people/person/name 11.69 11.71 27.56 21.84
) site/people/person[@id]/name 11.66 11.79 27.24 24.04
(?flclt\l/log) open_auctions/open_auction/bidder/increase 10.85 11.06 30.80 25.85
person[address]/profile[interest]/business N/A 10.81 29.55 N/A
person[@id][address]/profile[@income][interest]/business N/A 10.72 N/A N/A
dataset//reference//holding 2.73 2.78 11.74 6.59
dataset//reference[@type]//holding[@role] 2.68 2.74 11.69 N/A
(’;3/’6\!\%\) dataset[title]/descriptions[abstract]/details N/A 341 11.13 N/A
dataset[descriptions/abstract]/history/ingest/creator/lastName N/A 412 N/A N/A
dataset[title]/descriptions[ @xml:lang][abstract]/details N/A 3.34 N/A N/A
issue//articles//author 0.17 0.18 0.49 0.43
) issuesTuple//articleTuple/title 0.15 0.17 0.44 0.39
Slg(rggg:'\(’téc)ord Issues//articles//author[@AuthorPosition] 0.17 0.18 0.51 N/A
issuesTuple[volume]//articlesTuple[title]//author N/A 0.25 1.12 N/A
issues//articles[//title]//authors/author N/A 0.34 N/A N/A
;Ztr:]opr:/;;c;:/r;ter%/;;ny//company//manager//department//pIace 16.28 16.68 105.98 2291
?i’l”ékﬂeg‘j countries/city[@citylD}/place//countries/country 11.19 1155 43.93 24.46
company//countries[//city[@cityl|D]//department//name]//place N/A 33.39 N/A N/A
countries[place]//country//place N/A 12.41 61.48 N/A
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Figure 8. Memory utility for synthetic data.
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