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(LR Tl k% HHEMERE, LR 100124)

m B NET-MHATIRESR XML BEERRANH XML i3 XQA U R FEHR XQuery i 5 HP
FIEH FXQL, EMRH T —FETF XQA RBAY B0 ¥EJ7 ¥ (de-correlation) , B EHME T IAEREH
Bk, ERAMNETHRESHAHREENERFTERRBEANE. £ R T XREHWH XDM HEH
Rggah b, XAHENEEEL FXQLIBEWEFERFERER, HTFE5EHRRABT MIFMALIARHE
ga. TRERERTEFENTRE.

XiE: Y BIRICET; EWES; SRAY; ZBEXE
FEs%F: TP 311 XEk#FHE: A XRABE ; 0254~ 0037(2009)08 — 1108 — 07

BT EIREE RN EZR, XML B85 2R A F L LB RMBRELERE, Fh WICHE
RN XML BEEHIES XQuery thBRI W RAE. ¥ T XML 24 BIEM R E L K& XQuery
BEE R ERRIFE, 58 XQuery BEMRAETHAE R HHR. Bk, FRARRE T HHEHNR
BRI ER. ATRE T RAREDEER S XATP R %4 TAXPIR ¥, RAT LR
TR F MR A AR 01 R o w2 My (L BB B9 B IR 3 SAL BT SAL W EMES AN T4 7®
73 BizQuery AZ W A TR TFREEWERNES MR ; Natix G A T %4 XPath iy
TEMERARE), BB H XPath #9E WAEK; XAR[10]48 1 T —F NAL HERARHFE T NAL # ¢t %t
W EE FE R B ; OrientX 2% R A2 TR ITALHY OrientXA Z A1,

BT RE XQuery BEEHIMITHE, EERBT —F XML EHH XQA(XML query algebra) LA &
—Fh R 1T H & B RE S FXQL(functional XML query language), Fi F X #H 2 XML FUEE MK
. ASCERE T —MET XQA A B M X457 B (de-correlation), 13T XML BELEFHIKREE
HiER, B HENBESSIAEEESH, FHANATRAHREREHERFERRSERRE.

1 FXQLiEE5 XQA iK%

1.1 FXQLiEE

£F XQuery BER—HEHRES, ¥ TAHREBRENHE LRASHEARML, EHENHR
A ERE B — M S0 BB EE S, A TR XQuery 1B F #IE X, BRI ZHMANY
BEAHER. FXQL EFHHMRIBEN

exp—*const FREH

exp—id ERTEA

exp—>if exp then exp else exp RRFGERER

exp—>id (exp, ***, exp) FRRBEEM, Id FEEA.

exp—~exp where id=exp, -, id = exp, id(id, -+, id) = exp, ***, id(id, -*-, id) = exp

Weks H A 2008-01-14.
HEWH . LT H KBRS W5 H (4082003).
fEH B BHIAE954—), B, I'KAWA, BEE.
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FRWHEMN FXQL RERX. H, “id=exp"M“id(id, -+, id) =exp" B FIHRE BB EMBHE L.

¥ XQuery FERE XM XQuery BB A &, XDM BRI iy J7 F {8 (10 double. boolean FH I HL)
XML ¥ AR FHEIEFIAM. XQuery iBE BEMNFTEEHHMERT XML BEHEBEF, K T2
HRESESHFIZER. HTEE XQuery FHIZEFH FHRMAIN S, FXQLEFTRA X R(ist)ER
BOEHR, KT R TURFEFEM XML ¥ E(TEV R BN SF), HEW=EXKR

list - [] =8

list — [elem,elem, -, elem] FHEPMILEMHT XK
elem —  Atom LENEFE

elem — Node TEN XML ¥ &
elem — list TLENXFK

X PR R ER b, & XQuery FFIBHARA AT XREZEMRTFHLEHENAS, FHA
MNEZAREFETRE 2 HERSBEELREFRAS, AMEREARFORL. £ LREER
BZ b, MR CREEE + + BRE hd(s) KRB () FZH, TTURFEF XML EifliHHH. R,
FXQL B & H A H#H X5 XDM MR FFI8 MRS H, L E R R Z k.

1.2 XQA TiIR%

ATHBGO MR EFHERRATE, FE R T —FHE IR XQA, RS XERRH XDM F5
BREM®T —HAEAET. XEEAFTFRTLUE XN FXQL ESRHERE, TRPNTURMEHE
MUHE. UTH XQA EHRBTHEEEAHT.

Flat:List — List BB LIRS R

Flat(s) = if empty(s) then[]

else if list(hd(s)) then hd(s) + + Flat(tl(s))
else [hd(s). Flat(tl(s))]
HA, Flat YEF, ATFERT XROBFIEZER ;s B XK, empty(s) R s REHNZR; list(s) AR s B
BRIXE; [h.t)JRRHFEL hIERR T XE.
Foreach: List—~(Elem—>Elem)—List
Foreach(s, f) = if empty(s) then [ ]
else [f(hd(s)). Foreach(tl(s),f)]
Het, Foreach AT, ERT—AMT" XERM—1BY, BAMLEN XE; ZRBEWBARTXRTE,
WY RT” XRITE. Foreach(s, )X XK s PRI ZME TNV { #1E. W Foreach([1,2,3],
f) where f($i) = $i+1 MRELRH([2,3,4].
Filter: List—>( Elem—>Bool)—List
Filter(s,f) =if empty(s) then (1
else if f(hd(s)) then  [hd(s). Filter(tl(s), f)]
else Filter(s[2..]1,1)
R, Filter AHF, BT ZREBEER, BRBSH  HEMNRME, ¥ LR T RHETHIES, BE
BT REHTELARMS K.

BT XS REREH, XQA PRETEEH T Join.

Join; List—~List— ( Elem—Elem—>Boolean)—List

Join(sl, s2, )R] (5% s1.s2 WY IHE R /R, BB ZvHM { KR, WERGF HRE.
. Join([1,3,51,[2,4,61,1) where f( $x, $y)=$x< $yMIREERRZE[[1,2],[1,4],[1,6],(3,
4],(3,61,[5,611. THPFTLUE X Join B H KRR ERHIEL.

RT ﬁk’)‘f“)‘(%ﬂ’]ﬂfﬁﬁliﬁy XQA & Foreach ®H+5 Join ﬁ??ﬁ%, BBIHF ForJoin:

ForJoin: List—List~—>(Elem—> Elem—Boolean) = ( Elem—>Elem—>Elem ) —List
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2 ¥ ForJoin(sl, s2, f1, £2) ZM T Foreach( Join(sl, s2, f1), £2), HAURHE R HILEELIR. ForGloin
B FA91ER M ForJoin BT

ForGJoin: List—>List—> ( Elem—>Elem—Boolean) —( Elem—>Elem—>Elem)—List
BRERESHERER sl PHE—THETHH, AR TFE, Al RiEX

ForGJoin([1,3,51,{2,4,6],11,12)

where f1(x,y) =x<y,

f2(x,y)=xx*y

BT EAE R R [1%2,1%4,1%6],[3%4,3%6],[5%6]],B0[[2,4,6],[12,18],(30]].

XML LERALE, XQA 5IAT BF MForeach, I T4 B ANRPMENTEER EHLE.

MForeach; List—>List— ( Elem—Elem—Elem)—List
MForeach(s1, s2, {) X3 B A )™ 38 o # Xt B &9 79 4 £ $% 4%, B 40 : MForeach([1,2,3], [4,5, 6], f) where {
(x, y)=x*yBREZRR4,10,18].

T XQuery & Fl i # /E, 5 —iC K Step (QName, e) , Step & — 1 £ & # B # /E, 0 Child,
Descendant %, QName H ¥ E &, e H—PT"XETE, TR XML W&, LT LLET L&,

Step: String—Elem—>List

BF Y MM E S — 0 M Constructor (QName, e), Constructor b B & #) # & 25 8, I Element.
Attribute %, QName HEWHEH T HELHF, e BT XETK.

Constructor : String—>Elem—>Node

2 BT XQA My EBRHEXMES &

2.1 WEAEKRLRL

EREEEARLEAR D, B8 RAZBRHERENRA T E, CRERAEEZERERELEATE
EEFHE, AT KT BRCERREW Y AEE. X108 E T —FHERIRERIFH Ik, TR
REFGRUBGEREMBEBHEMEI. A0 RBRA R B3 B8R0 (8 R A PR

XQuery 1B 5 4% [ ] FLWOR RAR KA XML ¥ S FFIHETLE. M TREEEA G .E
B2 MEAEIRE FLWOR AR, T HESER N TERH FXQL RizX

Flat(Foreach(sl, f1))

where f1(a) = Foreach(Filter(s2, f2), f3)

where 2(b) = p(a, b),
f3(b) =g(a, b)
Heb, B¥ p WEBEELAG . BR g ATERREITE. MBFESXARK BT, TTUAH Join H
Fit ik, AEERERESERF, ORREET SR BRFER, ¥ EREXNREXUEHR
Flat(Foreach(Join(sl, s2, f2), f1)
where 2(a, b) =p(a, b),
f1(ab) =g(nth(ab, 1), nth(ab,2))
HP nth(s, n) HB XK s PHE n W, BiS, #—2 & F Foreach M Join FHF, 18
Flat(ForJoin(sl, s2, f1,12))
where f1(a, b) =p(a, b),
f2(a,b) =g(a,b)
M, EBXT 2 4~ Foreach BT Filter B-F&/R A B EIE I UL S #5128 51, 2 1 4 v] RE R 3 80 i 4%
HILEBIMITRE.
AEF N BENEIFH IR AT AR 1.
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2.2 BRANERBXEREE

EHARHBRE RO ENITEN, FLWOR FEARL ¥ TEMREMA,; MHIFZEL T, AF FLWOR
WHEZREESERMEZEE, B2 558 FLWOR 28 . X XQuery BF#iEM FXQLEF A,
=RH

Foreach(sl, f1)

where f1(a) =func(a, Flat(Foreach(Filter(s2, £2), £3))

where  f2(b) =p(a, b),
3(b) =g(a, b)
H, sl HIMRIEIFA T L& ;2 NN ERIEIF LS XK EATEH P, AR p MIEE RS U
g HEEMIHEH func YALANBBERITHER S 5HRERNEEITR.

ITRuGBHHEZEHE, B — @A RN, LREEN S EFEFTRAENGEERE
B, T AR 1, ¥ 2 BIFFERBEEZH, 5SIAHF MForeach ¥ ERBEXWBRFUEH

MForeach(sl, s, f1)

where s= Foreach(sl, f4)

where f4(a) = Foreach(Filter(s2, 2), {3)
where 2(b) = p(a, b),
£3(b) =g(a, b),
f1(a, ab) = func(a, Flat(ab))
WJ5, FIH ForGloin EBZHA T, REZERAFEHZH, BNy
MForeach(sl, s, f1))
where f1(a, ab) = func(a, Flat(ab)),
s=ForGJoin(sl, s2, 12, {3)
where f2(a, b) =p(a, b),
f3(a, b) =g(a, b)

HER, Xt ForGJoin B ZHE R#ITHASS, BB 5 MForeach R MBS ZH, N H 7B A
BRMEREEREAEARENES. B TEE func RETHRBEFFALNRBERHBERNEIER
BOXM T EERATFT XERRHPEEEZ AN EEREH.

AN AR R A R BT RIE AR 2.

3 TORBHIAEEERLIIEA

3.1 #0 XQuery HER¥

HREMEREXRENFEELERE D XQuery BEEMFIED. ERFEERAD, XQuery
F&id BHMT B AR EZE, BEIFRE O XQuery B F MIREX M), B8R FXQL #HHF
ERTHEMRLY, EATARLERE. AEARCLES, HTEZRERRAF &, RRE LHT
BEMT REFA RS EFFEKANBR TSR, &8 LR RN HTRF TSR NMERTET
XQA R A NET, LB T HXH.

2 3CALA B L XQuery BIE RE XQA B9 % A BIEA I Hoh XQA REUR H FXQL B F #,
XQA HFEN FXQL MR, MRS R RAAXEEAR FREMESEH.

W T XQExp—~Exp ¥ XQuery FZiAAHMIERN FXQL RiXX
BRI

T[ const] —*>  const HH
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T[ $ var] —  $var T
Tlexp0,expl] — Tlexp0] + + T[expi] R ERE
T[if (exp0) then expl else exp2] — if T[exp0] then T[expllelse Texp2] HH=R
T[let $ x:=exp0 return exp] —> T[exp] where $ x = T[exp0] JRRHE
T[f(exp0, +--, expn)] —  f{( Tlexp0], ***, Tlexpn]) o ¥E A
T for $ x in exp0 return exp] FLWOR &

—  Flat(Foreach (T{exp0],f)) where f( $ x) = T[exp]
T[for $ x in exp0 where expl return exp]
—  Flat(Foreach (Filter(T[exp0], f),g)) where f( $ x) =T[expl],g( $ x) =Tlexp]
Tlfor $ x in exp0, $y in explwhere exp2 return exp]
—  Flat(Foreach(T[exp0],f))
where g( $ x) = Foreach(Filter(T[expl], g), h) where g( $ y) =Tlexp2], h( $ y) = T[exp]
R R SEAI, XQuery BE PR B HEMIEN FXQL FRIREREIAA, et THAFHER
KRB ERREBF PG E, MO/ FLWOR Rix X W EM Flat.Foreach fil Filter $HFHA S
R, THESREMRELT 2 FAMMER. HRELIA %, XQuery HE FH BT LE B HHHF
X FXQLIETHH & R

3.2 RBH%6

BERAFA XML 4 Sampl. xml # Samp2. xml.
BT XQuery BIFR 4L
for $ a in doc(“Sampl.xml”)/a,
$ b in doc(“Samp2. xml”)/b
where $a> $b
return $a* $b

REF BRI, R F 8N FXQL i85 #R B AR
Flat(Foreach(Descendant-or-self( “a”, doc (“Sampl.xml”)),f1))
where

f1( $ a) = Foreach( Filter(Descendant-or-self( “b”, doc(“Samp2.xml”)), f2), {3)
where 2( $b)=$a> $ b,
. f3(§b)=$%ax $b
BRAXF SR 1, B8N
Flat(ForJoin(Descendant-or-self(“a”, doc (“Sampl.xml”)),
Descendant-or-self(“b”, doc (“Samp2.xml”)), f1, 2))
where f1( $a, $b)= $a> $b,
f2($a, $b)=$a* $b

B H—A XQuery BFH
for $ a in doc(“Sampl.xml”)/descendant-or-self: :a
return func( $ a, for $ b in doc(“Samp2.xml”)/descendant-or-self: :b

where $a>$b
return $a* $b)

HA, func HAPE XA RS A EREFAN, 8% 0 FXQL £RAEHRE
Flat(Foreach(Descendant-or-self(“a”, doc (“Sampl.xml”), 1))
where f1( $ a) = func ( $ a,

Flat(Foreach(Filter(
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Descendant-or-self(“b”, doc(“Samp2. xml”)), £2), {3))
where f2($b)= $a> $ b,
f3($b)=8%a* $b
R, B2 Flar EFR ST &8 A ZBRARRE R RN, Rk
Flat(MForeach(Descendant-or-self(“a”, doc (“Sampl.xml”), $s, f1))
where $ s= ForGJoin(Descendant-or-self(“a”, doc (“Sampl.xml”),
Descendant-or-self(“b”, doc(“Samp2.xml”)), £2, {3)
where 2($a, $b)=$a>$b,
f3($a, $b)=$a* $b),
f1( $a, $ab)="func($a, Flat( $ab))

3.3 ZRER

YE#AE XQuery S RPERT EREAMAM—4E A K EREE, FRT\EA W3C 89 XQuery
Use Case PILBEMNT T WA FE, SEit T 24701, 3 AR AR S RATEITHE, SRWE 1.

¥1 TRER
Table 1 Testing Results
HEHRKS Ak 5 R AT A /ms AL S5 AT B A] /ms AR/ %
1 1 485 390 19.6
2 1 641 563 12.2
3 1 797 750 5.9
4 1 266 234 12.0
5 1 220 203 7.7
6 2 572125 371187 35.1
7 2 359 . 281 21.7
8 2 578 516 10.7

B ARLR = GRABLIATES ) — AR5 B0AT R 8] )/ SR ARAL AT I [B] X 100 %

BERTUE H, B4 AR EKD, BB T 2 RABR. MRENTIIETEEIELEK
1, 53 BIR F E B O, A R AT, it R B E MR

4 SEERiIE

B TEF XML HEHREMEARABER, ABT —HEF LREERBM XML EioRK
XQA MI—FEF AHENPEES. fRET —HATEREXENEGREITE, FENMBTETEE
XQuery 155 Z 51 %P By SCBUSRME A I SR B1 . 07 R T AT SCRIE R 60 B A, YRR, T L
R FXQL ¥ B RFERMERER, AHTFEARBRA T EZMBHXETHINCTENEGS
M.

XQuery FFHERFERY K XML BEE AR EHAEFTHRCLAEAR, FEM A BIEER
RPRRAMEARAER, 3 AR XML BUEE AN A REBA TR R FK, £F XQuery BT
R—#BEHRES, KNAMT RELHMIKER & CREORM B L5 ER HEFHRALEALTESS
RERESTEALARGER.



1114 * X T b k ¥ % # 2009 £

£

[1] SCOTTB, DON C, FERNANDEZ M, et al. XQuery 1.0: An XML Query Language[ EB/OL]. MIT/CSAIL, USA:
W3C, [2008-01-14]. http: / www. w3.org/ TR/ xquery/.

[2] &g, £, E/#. XML ZBRIFRII]. KA, 2005, 17(10): 2069-2086.

MENG Xiao-Feng, WANG Yu, WANG Xiao-Feng. Research on XML query optimization[J]. Journal of Software, 2005,
17(10): 2069-2086. (in Chinese)

[3] ZHANG X, RUNDENSTEINER E. XAT: XML algebra for rainbow system [R/OL]. Worcester, USA: Worcester
Polytechnic Institute, [2008-01-14]. http: // davis. wpi. edu/dsrg/ Old/ TECH-REPS/ tech-wpi-cs-02-24-xat. ps.

[4] WANG S, RUNDENSTEINER E, MANI M. Optimization of nested xquery expressions with orderby clauses[C] //
Proceedings of the 21st international Conference on Data Engineering Workshops. Amsterdam, Netherlands; Elsevier Science
Publishers B. V., 2007: 303-325.

[5] JAGADISH H, LAKSHMANAN L, SRIVASTAVA D, et al. TAX: a tree algebra for XML[C] // Revised Papers From the
8th international Workshop on Database Programming Languages, Lecture Notes In Computer Science. London, UK:
Springer-Verlag, 2001: 149-164.

[6] FERNANDEZ M, SIMEON J, SUCIU Dan, et al. A data model and algebra for XML query[R/OL]. NJ, USA: AT&T
Labs, [2008-01-14]. http: / homepages. inf. ed. ac. uk/wadler/ papers/ xquery-algebra/ xquery-algebra. html.

[7] BEERI C, TZABAN Y. SAL: an algebra for semistructured data and XML[C] // Proceeding of the 2nd ACM SIGMOD
Workshop on the Web and Databases. Philadelphia, Pennsylvania, USA: ACM Press, 1999; 37-42.

[8] GRINEV M, KUZNETSOV S. Towards an exhaustive set of rewriting rules for XQuery optimization: BizQuery experience
[ C1// Proceedings of the 6th East European Conference on Advances in Databases and information Systems, Lecture Notes In
Computer Science. London, UK: Springer-Verlag, 2002: 340-345.

[9] BRANTNER P, HELMER P, KANNE C, et al. Full-fledged algebraic XPath processing in natix[C] // Proceedings of the
21st International Conference on Data Engineering. Washington, DC, USA: IEEE Computer Society, 2005: 705-716.
[10] MAY N, HELMER S, MOERKOTTE G. Nested queries and quantifiers in an ordered context[C] // Proceedings of the

20th International Conference on Data Engineering. Washington, DC, USA: IEEE Computer Society, 2004: 239-250.

[11) &g, Bildk, #H, F. OreintXA: —HHE KM XQuery ZMMRB(I]. B/, 2004, 15(10): 1648-1660.

MENG Xiao-feng, LUO Dao-feng, JIANG Yu, et al. OrientXA: an effective xquery algebra[J]. Journal of Software,
2004, 15(10): 1648-1660. (in Chinese)

A Decorrelation Method Based on XQA Query Algebra

LIAO Hu-sheng, TANG Lin
(College of Computer Science and Technology, Beijing University of Technology, Beijing 100124, China)

Abstract: XQA (an XML Query Algebra), as well as a intermediate functional language named FXQL (a
Functional XML Query Language) for implementation of XQuery language, is introduced to support
optimizing for complex XML query. Furthermore, a decorrelation method base on XQA is put forward,
which helps to use efficient Join algorithms to speed up query execution by rewriting the nested XML query
with Join operator. Based on an extended XDM model with list structure, the query rewriting is implemented
by a program transformation on FXQL. program and easy to be combined with the various optimizations for

functional language. Results of experiments demonstrate the effect of this optimization.

Key words: XML ; query language; auery algebra; decorrelation
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