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Abstract XQuery is a functional query language for XML. We propose a relative XQuery cost model that is able

to estimate the performance gain during source level transformation. This research facilitates the evaluation of

various rewriting techniques without introducing real engines. The cost model consists of simple recursive functions

based on functional language constructs. They are determined using formal semantics and other known efficient

algorithms. Analytic comparison of costs between expressions before and after transformation is possible in an

engine-independent manner. The relativity of the model allows uninterpreted components within, which do not

affect the mathematical proof of the comparison. Moreover, it can be tailored to reflect engine specific evaluation

strategies such as the order of evaluation of operands.
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XQ := literal
| (xQ)
| XQ.XQ
| for $QName in XQ (where XQ)?
(order by XQ)? return X@Q
| let $QName := XQ (where XQ)?
return XQ
| some $QName in XQ satisfies XQ
| every $QName in XQ satisfies XQ
| (@Name){XQ}(/QName)
| element QName {XQ}
| XQ/QName | XQ//QName
| XQxq)
|
|
|
|
|
I

/* parenthesized expr. */

/* sequence */

/* for expr. */

/* let expr. */
/* existential */
/* universal */
/* direct elem. constructor */
/* computed elem. const. */
/* relative path expr. */
/* predicate expr. */
$QName
if (XQ) then XQ else XQ
XQor XQ| XQ and XQ
/QName | //QName
QName(XQ,XQ,...,XQ)
on(XQ,XQ,... ,XQ)

/* variable reference */

/* conditional expr */

/* logical expr. */

/* absolute path expr. */

/* function call */

/* other uninterpreted functions

and n-ary operators */
01 000000 XQueryOOOOO
Fig.1 Abstract syntax of the XQuery subset discussed in this
paper.
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Table 1 Summary of cost functions for language constructs in Fig. 1.

expression cost label size label
for $z in s return e c(s) +s(s) - c(e) CFOR SFOR
for $z in s order by g return e | c(s) +s(s) - (c(g) + k" - log(s(s)) + c(e)) COFOR s(s) -s(e) SOFOR
for $z in s where p return e c(s) +s(s) - (c(p) + p(p) - c(e)) CwroR | s(s) - p(p) - s(e) SWFOR
for $z1 in s1, $x2 in sz return e | c(s1) + s(s1) - c(s2) + s(s1) - s(s2) - c(e) s(s1) - s(s2) - p(p) - s(e)

for $x1 .1n:sl, 2]\;1 (1)

.$zn in sy =N

where p —i(_ig)i:l s(si)) CFWOR (va ,5(s:)) - p(p) - s(e) SFWOR

order bv'9 o) - (elg) + k- 0 Tog(s(s0)) + c(e))
literal constant (uninterpreted)
(QName){e}(/ QName) CDEC SDEC
element QName {e} o(e) (1 +s(e) +s(e//x)) - G CcEc ! ScEC
e/QName c(e) +s(e)c -k CesTEP | k- p(nodename == QName) - s(e) SCSTEP
e/qi/q2/ ... /an c(e) +s(e) - N4k CasTEP | s(e) -k HN , P(nodename == ¢;) | SGSTEP
e//QName c(e) + k" - s(e//x) CDSTEP | s(e//*) - p(nodename == QName) | SDSTEP
e1, €3 cler) + c(e2) CSEQ s(e1) + s(e2) SSEQ
let $z := s return e c(s) +c(e) CLET s(e) SLET
Sz Cor CVR s(dereference($z)) SVR
(e) c(e) CPAREN | s(e) SPAREN
if (e1) then ez else e3 c(e1) +pler) - c(e2) + (1 —p(e1)) - c(es) CIr ple1) - s(e2) + (1 — p(e1)) - s(e3) SIF
e1 or ez cle1) + (1 —p(e1)) - c(e2) Cor 1 SOR
e1 and es c(er) +pler) - c(e2) CAND 1 SAND

c(s) +s(s) - c(p) CNSOME
some $z in s satisfies p —(1—)° - 1 SSOME
c(s) + ——mr —<@) (0 < p(p)) | Csomr
every $z in s satisfies p c(s) + 2 1“;’3; ) c(p) (p(p) < 1) | CEVERY | 1 SEVERY
e1[e2] c(er) + s(er) - c(e2) CPRED | p(e2) - s(e1) SPRED
cler) +cle2) +--- +clen)

$QName(e1,e2,...,enN) ~+c(function_body ($ QName)) CrCALL | s(function_body($ QName)) SFCALL
expression probability label
some $z in s satisfies p — (1 —p(p))® PSOME
every $z in s satisfies p p(p)S<S PEVERY
e; and es p(e1) - p(e2) PAND
e1 or ez 1—(1—p(e1))- (1 —p(e2)) Por

ooDoOooo0:

e,g: 00 s: 000000 Op: D0D00O0DOD0OC,,Corye,d, k, k', k", E":

O000O0«z: 0000000DDOOdereference($z): $2 00000000

nodename: 0000000000000COSOO0 POOOOOOOOOOOODOOO0OOO0O0DOOO0OOOOOO

for 000000 0ODOODODO0ODOO0ODOODO eXistOODO
0000000o0oooooooooooooooooooo
00oooogooooOoCoOoOoOoOoOoUUoooooooooo
0000D00000000Core000 XQueryOOOODOO
00000doooooooooooooooooooooo
000 $fs:dot 00D OO0O00O XQueryOOOOOOOO
ooo0dpoooo0oooodoOoooUoogooooooo
00000000 CoredD0DO0ODOOO0O child::@QName OO
ooodoo0ooU0o0ooOooooooooogoooo
000000000000 00 Core0OODOODOODOO
0 0O 00O Odirect element constructor 0 0 O O O O computed
element constructor 0 0 0000000000 0OOOOOO
000000o0oUooooooooooooooooooooo
0000000000000 O0whereO O if0000 return
0000000000 oooooooooooooooooon
00000doooooooooooooooooooooo
O0o0ooooooooooon

000000000
Gottlob 0 [16) 000 00000000000000000
00 (000000000 (P|000000D00000 |Q|O
00000000)0000000000000000000
0000 Core XPath(DOODOOOOODOODOOODOO
00000000D00XPathOOODO00)00000000
0000000000000000
0000000000000 Galaf®* (130000000
000000 eXisf?*[14) 000000000000000
000000|QD00D00 (16000000

:a/b/ ..
Q-1
O000|p|OD00O0OD 2000000000000O

030 eXist 0000000 |QUODOODOO |D|OO
000000000000000000000

//a/b/ parent: .parent::a/b

00 3 http://www.galaxquery.org/
00 40 http://exist.sourceforge.net/
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02 GottlobOOODODODODOOOOOO
Fig.2 Data structure used for Gottlob test.
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10
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1
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Fig.4 Gottlob test. (Galax 0.4.0)
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(0 49)0GalaxOD0O0OOOO0OOODOOUOOOOOOUOOO
000000000000 o000 (0 500ooUooooU
000 eXist 00O (CasTeEP)0 Galax 0O (CcsTEP) 0O 00O
0ooo0o0ooooooo 0040000000

0000000000000

00000000000000000000°°"00000
000000000000000D0000000000000
0000000000000000000000000000
0000000000

000000000000000000000000000
000000000 [17]00000000000000000
000000 Galax 00000000000D000000OO
0000000000000000000000000000
000000000 (17]00000000000000000
00000000000000 (Coec)00 (Ceec) 0000
00000 s(e//x) 0 e00000000000000°°%0
afufalulufslaln

3. Jooooboobooobobooboooooo
gboooboobo

3.1 0000000000
000000000000000000000000000
000000000000000D0000000000000
0000000000000000000000000000
000000000000000D0000000000000
0000000000000000000000000000
000000000000000D0000000000000
0000000000000 (1000000000000000
0000000000000000000 1. 0000

3.2 00000000
000000000000000000000000000
0000000000000000000000000000
000000000000000D0000000000000
0000000 e1 =, 00000000000000D000
000000(Tr)0000000000000000000
000000000000 0000000000000000
0000000000000000000000000000
0000000000000000000000000000
00 TOOODOOOOO0O0D000000000000

3.3 0000000000
00000000000 (Trl)0 (TF2)0 (TF3)0 (TF5) O
0 (Trrl) 0000000 [10)000000000000004.
0000000000 XMarkO0ODOOOODOOO0OO0OD000OO
00000000000000

(00 1] (000 left unit O (for 0)[18]) OO

is_singleton(s)

(TFLU)
for $x in s return e

=let $x := s return e

0000000000000 D00000 ss-singleton(s) 000

005M 0000 “deep-copy” 0000000 O00O0DOOO fs:item-sequence-
to-node-sequence() 0000000000000 0OOO “0000” 00 [2]
oooooooooooo

O06@Me00000 childOOOOOOOOOODOOO oOOOO
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0s0000000000°°"000000000000000 [00 4 (000000 (for0)[18]) OO

for 000000 0ODOO0DOOODODOOOOOOOOODOONO let for $z in for $y in ¢ for $y in ¢
ubooooooooooooooon return g = return for $zing (TFA)
00) return e return e

oobooooooooooboo

«(00) «(00) 0000000000000in0000 for0000000
= (Cror) = (Cuem) (return 00 g 000)0000left unit 0 (9000000
c(s) +5(s) - c(e) c(s) + ¢(e) 00000)0000 (00000)0000 (for0000) 0
000 Oids_singleton(s) 000 s(s)=1000000000
0oooooooo
0Ooo0o0ooooo O
(o)
00 2] (000 left wnit 0 (DO D0)) OO
is_singleton(s) «(00)
. . (TsLu) = (CroRr)
some $x m s SatlSﬁeS e
= let $x := s return e c(for $y in g return g)
for $y i t .
0000000000000 ts(for §y in g return g) - c(e)
= (CFOR),(SFOR)
0000000(Try) D000000000000000
00000000000000 some00000 s00000 o(a) +5(q) - c(g) +5(9) - 5(a) - ()
e00000000D000000O000D000O00ONOO c(00)
00000000000 e000000000O0O0OO0O = (Cror)
oooo c(q) + s(q) - c(for $z in g return e)
= CFOR
c(q) +s(q) - (c(g) +5(9) - c(e))
c(0o) c(0O) =
= (CnsoME) DODODOO = (CsoMmE) DO OODO
c(s) + s(s) - c(e) o(s) + 17(1;%?))5(«9) - e(e) c(q) +s(q) - c(g9) +s(g) - s(q) - c(e)
0000000000000 O
c(00O)
- (Cuen) [0O0 5] (whereDODODO for 0000) OO
c(s) +c(e)

for $z in for $y in ¢ for 3y in ¢
OO0oO0oooUooO0ooo s(s) = 1oooooooao

where h where h
(NsoME),(CsoME) 000000 ODO0O00O0OO0ODOOOOO return g = return for $z in g
for000O0OOOOOODOOO (every) where ¢ where e
is_singleton(s) (TELU) return f return f

every $z in s satisfies e (Twra)

=let $x := s return e

ooboooooo

gobooboooooooooo

(@o)
(00 3] (000 right unit O (for 0)[18]) OO
for $z in s return $z = s (TFRU) c(0Od)
oooooooooo = (CWFOR)
o) c(for $y in ¢ where h return g)
«(00) «(00) +s(for $y in ¢ where h return g)
= (CFOR) = “(c(e) +p(e) - ()
c(s) + s(s) - c(8x) c(s) = (CWFOR),(SWFOR)
bO00c@O0)>c00)0 O c(q) +s(q) - c(h) +s(q) - p(h) - c(g)
000000000000000000000000000 +s(q) -p(h) - s(g) - c(e)
oDooooo +s(q) - p(h) - s(g) - p(e) - <(f)
0070 XQuery 0000000000000000000000 c(0O)



(CwFoOR)

c(q) +s(q) - (c(h) +p(h)

-c(for $z in g where e return f)

= (CWFOR)
c(q) +s(q) - (c(h) +p(h)
(c(g) +s(g) - (c(e) +p(e) - c(£))))

c(q) +s(q) - c(h)

+s(q) - p(h) - (c(9) + s(9) - (c(e) +p(e) - c(£)))

c(q) +s(q) - c(h) +s(q) - p(h) - c(g)
+s(a) -p(h) - s(g) - c(e)

+s(q) -p(h) - s(g) - p(e) - c(f)
00O00000000000oo

[0D 6 (D0O0D000O0) OO0

some $z in (for $y in ¢ return g)

satisfies f

some $y in ¢
satisfies some $z in g

satisfies f
gbooboboobobooobobobooon

every $z in (for $y in ¢ return g)

satisfies f

every $y in ¢
satisfies every $z in g

satisfies f
goboboobooboo
a) OO0 (CnsoMeE)OOOOO
(@o)
c(0O)
= (CNSOME)
c(for $y in g return g)
+s(for $y in ¢ return g) - c(f)
= (CFOR),(SFOR)
c(q) +s(q) - c(9) +s(9) - s(q) - <(f)
c(0O)
= (CNSOME)
c(q) +s(q)-
c(some $z in g satisfies f)
= (CNSOME)

c(q) +s(q) - (c(9) +s(9) - <(f))

c(q) +s(q) - c(9) +s(g) - s(q) - <(f)
0000000000000

goboodoooobocoobooooo

(TsA)

(TEA)

b) OO0 (CsoME)DOOOO

c(0O)
= (CsSOME)

c(for $y in ¢ return g)
c(f)-(l—(l—p(f))s(for $y in g return g))

* 6

= (CFOR),(SFOR)

o(q) + s(q) - clg) + UL p)
c(0O)

= (CsoME)

c(some $z in g satisfies f)
c(q) + p(some $z in g satisfies f)

-(1 — (1 — p(some $z in g satisfies f))*(?)

= (CsoME),(PSOME)
1-(—p(£)*(@)
(@) + o(g)+ 0D o)
1=(1—p(/))*®

(1= (1= (1= (1= p(N)I )

—(1—p(£)39)
o(g)+ IR o)

(@) + — o
(1= (1= p()y ")

1—(1— s(g)-s(a) 1—(1— s(g)-s(q)
oq) + SERLSG  olo) + R ~e(f)

O0O0for000000O0OO0UOODgOOOO/0000OO
O000OsomeO000000O0OOOO fOOOCDOODOOOO
O0000o0o0ooOoooodp(f)0D 00000000 some
goboooooooobooobooooobooooooooo
o0o0o0ooof0000OOO0OO0O0O0OOOOOOODOOO
gooooooooooobooobobobObOoODOOOoOoDo
goboodgo 20

c(00)—c(0D)
— 1-(1—p($))*9)+(0)
= (S(Q)—W -c(g)
OUo0ooOooUoooUoUoOp(fH)DoODOODOOC(g)
00000000 200 s(qpOOOOO

1-p(f)*@ 0 s(g)0 fODDO0O0OODOOOOODOOO
2000

s(q)—1
( >« —p<f>>s<9>>’“> - <(g)

k=0
O0000Osomel00000$y00O0O0OOOOOOO fOO
00000 ¢g000000DO0ODODOODOOOOODO $yO
0000000000000 o0oooo0ooUodUce(g)
O000o0o0o00ooo0 s(qpooooooooooog
goboooobobooooooooooon O

[00 7] (000 for0 where D0O0ODO00O0000O) OO



some $y in (for $z in ¢ ubobodoboboboobobobobobooooooooo

where & 00000some 00 in0000000000000000
return g) 00000000000 0000for00000000 ¢O0
satisfies f (Twsa) 0000000000000000000000000000

goboobooboodoobooooboooobooooooooo
goooooooo0oooUoooO0oooUooO (oo
0)0000D00000O0D0OO0O00DO0oDOOULODOUDOO
goboobooboooobooooboooobooooooooo
ooo

some $z in ¢
satisfies (h and (some $y in g
satisfies f))

000000000000°°* o

@) » " ) and (some $y in g satisfies f)0e L'or $2 in OO0 8 (DO (for0)[18)) OO
q where hreturng 00000 for $z in (q, ¢) _ (for $z in ¢ return f), (Trp)
p(p) return f (for $z in ¢’ return f)

(PAND) 0000000000000

h) - p(some $y in g satisfies
p(h) - p( yme H 000000000000 0imDO0OD00O000O0DOO0OO0

= (PsoME)
p(h) - (1= (1 = p(f))*®) oo)
c(00) @ 0)
) ceone) = (CFoR)
jr(cezf) : % c(g, ¢)+slq, ¢)-c(f)

= (CsEQ),(SSEQ)

= (CWFOR)’(SWFOR) C(q) + C(q,) + (S(q) + S(q,)) . C(f)

c(q) +s(q) - (c(h) +p(h) - c(g))
1—(1—p(f))s(0)p(h)-s(9) =

+e(f) p(f) / ’

_ c(q) +c(d') +s(q) - c(f) +s(q) - c(f)
c(q) +s(q) - (c(h) +p(h) - c(g)) c(0D)
+;g; (1= (1 = p(f))z(@p(h)s(9)) _ (CsBQ)

c(for $z in g return f)
c(a) +s(a) - c(h) +p(h) - s(q) - c(9)

(1—p( )@ P(R)5(9) +c(for $z in ¢’ return f)
RSO

" = (Cror)
= C(TcmsiME) c(q) +s(q) - c(f) + c(q) +s(q) - c(f)
o(@) + 2B - (1 - (1 - p@)*®) D00D0c(@0)=c(@D) .
oo 0D 9 (00O (0D0O)) OO0

c()Fp(h)-c( Zme i)

satisfies f

c(q) + (some $z in g satisfies f)

p(p) $a i ’
(1= (1 —p(p)*(@) some $zin (¢, ¢) _ ' me $zin g (Tsp)
satisfies f
= (CsoME),(PAND) satisfies f)

c(h)+p(h)-(c(9)+ S - (1— (1—p(£))*(9)))

c(g) + RO 0000000 ((CNsoME)OOO) 0000 ODO
(1= (1=p(h) - (1 — (1 —p(f))=®)))=@) ((CsoMe)0ODO) OO0
c(q) (0D0) (CnsoMmE)O OO
+(e(h) +p(h) - e(g) + BEERE - (1= (1= p(/)*)))
A= (p(h) (1= (1—p(£))*(9)))*(@) (D)
p(h)-(1—(1—p(f))3(9))
= = (CNSOME)
—(1— (1—(1— s(9) yys(a)
ela) + =1 p?;i?<ii<iip§ff§§2<g>>” ~e(h) c(q, ¢') +s(q, ¢) - <(f)
+17(17p(f1>_-<(11—_<pl(;§>)<5f&>; I g - (CsEQ),(SSEQ)
+1—(1—p(h>-<1—P<(1f;p<f>>s<g>>>S<q> () c(q) +c(¢") + (s(q) + s(q")) - <(f)
~c¢(00)>c¢(00)000000000000000000 -
0o L c(q) +¢(d') +s(q) - c(f) +s(q') - e(f)

gosmOiooOoOooo0o0bO00 1.0000000000000000D0
oooooo



c(0O)
(Cor)

c(some $z in g satisfies f)

+c(some $z in ¢ satisfies f)

(CNSOME)

c(q) +s(q) - c(f) +cld) +s(¢) - c(f)

goboooooooobooboooo O

ooo

. (every $z in ¢ satisfies f)
every $z in (g, ¢’) .
= and (every $z in ¢’

satisfies
f satisfies f)

(TED)

ooooooo

(0O0) (Csome) OO0
c(0O)
= (CsoME)
cl(a,4/)) + LT ()
= (CsEQ),(SsEQ)
c(q) +c(d) + 1—(17p<f3();s)<q>+s<qq> ()

c(0O)
= (Cor),(CsoME)
C(1—p( )@
c(q) + % —c(f)
+(1 — p(some $y in g satisfies f))-
(1—p(£))5(a)
(c(¢) + % c(f))
= (PsoME)
c(q) + (1 = p(f)*? - c(q)
1-(1-p(f) @ +2(')

+ =6l) ~e(f)

000000000000 ¢(¢) 000000000 <
(1-p(f) £10000000000 100000000
000000 ¢O00000000000000000000
0000000 p(f)0s(q) 00000000000 O

[00 10] (childOOOODOO) OO
(QName){e}(/QName)/child:: x = ¢
gbodboboogoogo
000000000000 00 childdO directe DOOO0O
gbobooboobobobuobouoboobdstepgbog
gbobobooboobooboboobooobooooouoboboooo
gboooboobobbobuobobuobbebobbOobOO
obobobooboobouobDuobo egooboob

(Tc)

(0o)

c(0DO)
= (CcsTEP)
c({QName){e}(/ QName)) +
K x s((QName){e}{/ QName))*

(CpEC),(SDEC)

cle)+ (1+s(e)+s(e//x)) x Ce +k x1°

cle)+ (1 +s(e)+s(e//*)) x Ce+ k

c(00) =c(e)
D00D0c¢(00)>c@O) O

0000000 IDOD00D000D00D000000000
000000000 IDO000000000000000MO19
0000000000 IDO000D0000O00000000
000D0D0000000000000 (000 [1],[20)000
000000000000000000

ooooooo

oooooo

((qni){er}(/anq), (ana){e2}(/ any))lself::qn,]
=(qny){e1}(/an)
0000000000000000000000000000
0000000000000000000000000000
oooo O
BO0 (lesDODDD)

$20 eo0000ODOOOOODO

(let $z := e1 return ez2) = ez2fe1/$z]
O00Ue, 000000 $2z0 e, 000000OO00OODOODO
e 000 $2z0200000000000000O0O0O0O0OO
gboboboboboboboooogboooobooooo
coooooo0O00000U0e,00000O0oO0o0oboOoOooOoOOn
gbobgoboboboboboooooboooobooooo
gboboboooo11ooooooooooooboboooo
gooogo O
00 11] (00000 (filker/1)°°*%) 0O

(TLET)

for $z in for $y in ¢

where g for $z in ¢

return $y = where g and f (TF1)
where f return $z
return $z

0000000D00D0oOoOo
@)

c(0O)
= (CwroOR),(CVR)

c(q) +s(q) - (Cor +c(9) +p(9) - <(By)
+s(for $y in ¢ where g return $y)

00oMmooDo0o00O000000000000DoOD [21]00000000
0 XQuery 0000000000O000OO0O0O0DOOOOOODOOODOOO
00000 XQuery 0000000000 0O0O0O00O00DO0XQuery 000
000000000000000D000D0D000D00000000 setmap/4
gooooooboOoooobo
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(e(f) +p(f) - c(82))

= (SwWFOR),(CVR)
c(q) +5(q) - (Cor + c(g)) +5(q) - p(g) - Cor
+s(q) - p(9) - s(8y) - (c(f) +p(f) - Cur)

= (Svr)
c(q) +s(q) - Cor +s(q) - c(g) +s(q) - p(g) - Cr
+s(q) - p(g) - <(f)
+s(q) - p(9) - p(f) - Cur

c(0D)

= (CWFOR)
c(q) +s(q) - (c(g and f)
+p(g and f) - c($z))

=  (PaND),(PAND),(CVR)

c(q) +s(q) - ((Cor + c(g) +p(9)
(Cur +¢(f))) +p(9) - p(f) - Cor)

c(q) +s(q) - Cor +5(q) - c(g) +s(q) - p(g) - Cor
+s(q) - p(9) - <(f) +s(q) - p(g) - p(f) - Cor

gooooooboooooboobooo O

0000 return 0000000000000000000
000000000000 000D0000000000000
0000000000000000000000000000
00000000000000000
00 12] (00000 (filter/2)) OO

for $z in for $y in ¢
for $z in ¢

where g

= where g (TF2)

return $y
return f
return f

gobooboooooooooo

(@o)
c(0O)
= (CwFOR),(CFOR)
c(q) +s(q) - (c(g) +p(g) - c($y))
+s(for $y in ¢ where g return $y) - c(f)
= (SWFOR)
c(q) +s(q) - (c(g) +p(9)) +s(q) - p(g) - s(8y) - <(f)
= (SVR)
c(q) +s(q) - c(g9) +s(q) - p(g) - <(f)
c(0O)
= (CwFoOR)

c(q) +s(q) - (c(9) +prlg) - <(f))

c(q) +s(q) - c(g) +s(q) - p(g) - c(f)

oboooooooooboocooooooooo O

0000000000000000000000
[0O0 13] (filter/3) OO

for $z in for $y in ¢ f:;jfnln 1
return f .
where g T DS
return $z roturn Sz
gboobooooobogoog
(@o)
c(0DO)
= (CwroOR),(CFoOR)
c(q) +s(q) - (/)
+s(for $y in ¢ return f)) - c(g)
= (SFoOR)
c(q) +s(q) - <(f) +s(q) - s(f) - c(9)
c(0O)
= (CroRr)
c(q) +s(q)
-c(for $y in f where g return $y)
= (CwFoOR)
c(q) + s(q)
(e(f) +s(f) - (c(g) +p(g) - <(3y)))
c(q) +s(q) - (c(8z) +<(f))
+s(f) - (c(3y) +<(9))
c(q) +s(q) - c(f) +s(a) - s(f) - e(9)
0000c@D)=c@D) O

0000000000000000000000000
0D 14] (0000000 (filter/5)) 00O

for $z in for $y in ¢ for $z in for $y in ¢

where g where f
return $y = return $y
where f where g
return $z return $z

(TF5)
goboooboocoooooooooon

c(00)=c(@D) =s(a)-((1=p(f))-c(9) = (1=p(g))-<(/))
000000

(@o)

c(0DO)
= (CWFOR),(SWFOR)
c(q) +s(q) - (c(9) +p(g) - c(3y))
+(s(9) - p(9) - s(8y)) - (c(f) + p(f) - c(82))

— 10 —



= (Svr)
c(q) +s(q) - c(g) +s(q) - p(g) - c(f)

c(q) +s(q) - p(9) - c(f) +s(q) - c(9)

c(0O)
= 0000 fOg¢0O000O00
c(q) +s(q) - p(f) - c(g) +s(q) - c(f)

c(00)—c(00)=s(a) (1-p(f)) c(g) —(1—p(g9))-c(f))
000000000000000000000000000
oooooo

0000p(f) 0000 ¢(g) 0000000 p(g) 0000
¢(f)00000000D0000000000000 O

[0 15] c(g)=c(f)0000p(g) >p(f) 00000000
0000000000000000000000000000
00000000000

(00)
c(0)—c(0D)
= s(@) - {Q—=p(f) —1+p(9)}-c(f)

s(q) - (p(9) = p(f)) - e(f)
0

a

[0 16] p(g)=p(f)0000c(g) >c(f) 00000000
0000000000000000000000000000
0000000000

(0o)
c(00) —c(@ D) =s(g) - (1 =p(f))(c(g) —<(f)) U

0O 17] (if/1) OO

if (e1)

then if (ez) if (e; and e3)
then es = then e3 (T1r1)
else es else es

else ey

00000000000000
@)

c(00)
= (Cir)
c(e1) +ple) - c(if (e2) then e else es)
+(1 —p(e1)) - c(es)
= (Cir)
c(e1) +p(er) - (c(e2) + p(ez2) - c(es)
+(1 —p(e2)) - c(ea)) + (1 — p(e1)) - c(ea)

c(e1) +p(e1) - c(e2) +ple1) - plez) - c(es)
+p(e1) - (1 —p(e2)) - c(ea) + (1 —p(er)) - c(ea)

c(e1) +p(e1) - c(e2) +ple1) - plez) - c(es)
+(1 —p(e1) - p(e2)) - c(ea)

c(0O)
(CrF)

c(e1 and e2) + p(er and e2) - c(es)
+(1 — p(e1 and e2)) - c(es)
(CanND),(PAND)

c(e1) +p(er) - c(e2) +ple1) - plez) - c(es)
+(1 —p(e1) - p(e2)) - c(ea)

00000O0c¢(00)=c(00) O

[0O 18] (if/4) OO
f(@f (e1) then e; else e3)
= if (e1) then f(e2) else f(e3)
gobooboooooooooo

(T1r4)

@)
c(0O)
= (CFrcALL)
c(if (e1) then ez else e3) + c(f)
= (CrF)
c(er) +p(e1) - c(e2) + (1 —p(er)) - cles) + c(f)
c(0O)
= (CrF)
c(er) +pler) - e(f(e2)) + (1 = pler)) - e(f(es))
= (CFcALL)
c(er) +pler) - (c(e2) +<(f))
+(1 —p(e1)) - (c(es) +c(f))

c(e1) +p(e1) - c(ez) + (1 —p(er)) - c(es) + c(f)
00000O0c¢(00)=c(00) O

3.4 J0O0OO0OO0O0OOOOOOOOOODOD

00000000000 (Twsa) O Galax 0.3.5 00 eXist
snapshot-20041119°°°°" 00000000000 70000
goboooooooobooobooooobooooooooo
oobodgo:

00 100 http://prdownloads.sourceforge.net/exist/eXist-snapshot-
20041119. jar



for $a in distinct-values(doc(’vl.xml’)/bib/book/author)

where some $t in (for $b in doc(’vl.xml’)/bib/book
where some $ba in fn:data($b/author)

satisfies deep-equal($ba,$a)
return $b/title)
satisfies contains(string($t),"abcdef")

return $a

gooo:

for $a in distinct-values(doc(’vl.xml’)/bib/book/author)

where some $b in doc(’vl.xml’)/bib/book

satisfies
((some $ba in fn:data($b/author)
satisfies deep-equal($ba,$a))
and
(some $t in b/title
satisfies contains(string($t),"abcdef")))

return $a

O0Galax 0 9000eXist 0 200 (00O 00000 23KB)
gobooooooooboooboooobooooooooo
goboodooouooboooboooobodooooobooooo
Oo000O0O0O0O0O000000000C0andO000O0Q0OCOCOO
goboodooboooobobooobodoooooooooooboo
000000 (Galax 0.4.000000000000000OO
goooO0ooo0oUoOoUooOoOo)boooOooooooooa
goboooooboooobooobooooooooooooboo
coooooooobOooooboobooobob0b0 andOnOn
uobodoooooooooboooobooooboooooo

data(doc(”andtest.xml”)/num) = 1 and
((x){N, N}{/x) = (for $x in (1 to N)
for $y in (1 to N)
return (x){$x,8y}(/x)))

XML O O andtest.xml 0O 0O O O 0 <num>0</num> [
OO0O00Db0D0OCOCO0O0O0and OOOOO0DODO data
(doc(”andtest.xml”)/num) = 1 000 00 O 00O OO short-
crcut O OO00DO0OO0O0OO0OOO0OO0OCDOOOOO0OO
odoooooooooOoOoOoOooooOoOooooooogoon
0000000 NOOOOODOOOODODO OO short-circuit
gooooooooooooooopoobooooobooooOoo
000000000000000000 Saxon-BO Qizx/opend
eXist-1.1.1-newcore 0 0 OO0 OO ODO O short-circuit O 0 O
ooo0oooooooooooo
oooboo0O00d00andO00D0OO0OO0OOOOOODOOO
0000 (c(er and e2) =c(er) +c(e2)) DODODOODODOO
gooooobooooooboooooobobbooooDo
oooooooooooogo

pdéfhand (some $y in g satisfies f), U0 O0OOOOO

c(p)
= c(h) + c(some $y in g satisfies f)
(1= p(£)*

1—
c(h) + ¢ + —
(h) + <(9) ") ()

oooo

c(0D)

= (CsoME)

(1 — s(q)
o(q) + LA —P@)TT
p(p)

= 00 pOOO0OO0 (PaND)

1—(1—p(h) - (1= (1—p(f)9))=@
c(q) + _
p(R) - (1 — (1 —p(£))3(9)
1—(1—p()*@
<(c(h c RN S L —
(e(R) + c(g) + T )
Bl G OB el Gt E0) ) N

p(h) - (1= (1= p(/)())
1— (1 —p(h) - (1= (1 —p(£)>@))*@
p(h) - (1= (1= p(f)*®)

1— (1 —p(h) - (1= (1 = p()*@)))*@
" 21 p(7) =)

c(¢)J00D0000 whereJOOOOOOOOOOOOODO
000000000000 ooUoUOp(h)0OO0DOOOOOO
oooooooooooooooooo o

and 00000000000 OOCOOOOOOOOOOIfO
0000 (Tsar) DO0O0OO0O0OO0O0ODO0OODOUODUOOOOO
ocoooooooooboOoooooobobbbOb0 andOdOooOonO
OO0000000andO0OOODOOOCDOOODODOOOOOO

- c(g)

some $z in ¢
satisfies if (h)
= then some $y in g
satisfies f

else fn:false()

some $y in (for $z in ¢
where h
return g)
satisfies f

(TsAIF)

3.5 O 0O O
goboooooboooboooooooooobooooo
goboodoobooooooboooooooobooooo
goooooooooboooboooobooooboooooo
ubooboooboobooobooooooboooooooo
ooo

4. DOO00OOO0OOO

goboooboboooboooooooooobooooo
gobooooboooooboooobodooobooooooooo
gooboooooooobooobooooobooooooooo
gobooboooboooobooooboooobooooooooo
gobooooooooboooboOooooboooooooonoo
goboodooboooooobooooooobobooooo
gobooooooooboooboooobooooooooo
000000000000000000 4.100XQuery00O
0000000000 FLwWorROOoooooOOoOOOODODO
O0o0oooooOoooOoooeuoouo40oooog
goboooooooobooobooooobooooooooo
uooboboodoooodoo 4.200000000000000
gobooooooooboooobooooobooooooooo
goboooooooobooobooooobooooooooo
gobooooboooobooooboooobOoooooooo
oobooooooboooobooooboooobooooooo

gobooobobooobooooooooooboooooo
gbooooOooooboooboob4200000000000
goboodooboooooobboooooooobooooo
gooboooooooobooobooooobooooooooo



Execution time [sec] (Q23)

Execution time (excl. Q23) [sec]

06 0D000D0ODOO0OOO (Galax 0.4.000000)
Fig.6 Microbenchmark. (Galax 0.4.0 main memory)

Execution time(excl.Q26) [sec]
Execution time [sec] (Q26)

07 0D0000ODO0O0ODO0O (eXist 1.1.1 newcore)
Fig.7 Microbenchmark. (eXist 1.1.1 newcore)

tbobodobdoboboooboobooboboobobobooboon
000000000000 00000000000001.5GHz
Xeon 4CPU SMP 000 (0S80 Linux(0 000 2.4.20))0 0
O0000oooooonoooooon XistOOOooooo
gobooooooooobooboooooooboooo

4.1 00d0O0O0OOO0OOO0OOOOOoOoOOOOOoOooOn

og

Manolescu U [22] D OXQuery 0 6 D OO OO0OOOOO
gooooobobooooooooobooboooooooobooo
000000000000 400000 (Galax,eXist,Saxon-
B [23],Qizx/open [24)) 00 0000000000000000
gobooooboodoobobooobodoooboOoooooooboo
gboooooooooboooboo eorog8OoOonoOonOO
goobooooooooboooboooobooooooooboo
000000000000000000 900 Q230000
0000000000000 000O00OUD 22000000
goboodoooboooobooobodoooboooooooboo
ooboooooo

goboodoooooo

goobOo0oooooooboboooooboooobobooD 180
XMLOOOOOoOooooooooD dooooooooo

15

SV A

14 1523 .

13

12

11

10

e | s
1 10
0

Execution time(excl. Q23) [sec]
Execution time [sec] (Q23)

08 DO00D0DOO0DO (Saxon-B 8.6.1)
Fig.8 Microbenchmark. (Saxon-B 8.6.1)

Execution time [sec] (Q23)

Execution time (excl. Q23) [sec]

09 0000000000 (Qizx/open 1.0)
Fig.9 Microbenchmark. (Qizx/open 1.0)

(00010000 +100326800000 t20000000
goooobooboob obooboobboobooboboo
Ot30ti200000000000000000 300 180
gbobobobobobobobooboo 1voooooboo
oo t13gbogn

000000 (Q21(n)0Q2.6(r) 00000000000
Q2.1(n)

for $x in /t1/t2

return <res>{for $y in $x/*/*.../*

return fn:data($y/@id)}

</res>

Q2.2(n)
for $x in /t1/t2

return <res>{$x/*/*.../*}</res>

Q2.3(n)

for $x in /t1/t2

return <res>{$x//t3, $x//t4, ...,
$x//t(n+2)}</res>

Q2.4(n)
for $x in /t1/t2
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return <res>{$x/*[position()< n|}</res>

Q2.5(n)
for $x in /t1/t2

return $x/*[position()< n]

Q2.6(n)
for $x in /t1/t2 return
<res>{for $x; in $x/* return

<res>{for $x, in $x;/* return

<res>{for $x,+1 in $x,/* return
<res>{$xn41//t13}</res>

}</res>

}</res>

}</res>

Q2.1(n) 0 Q22(n) 0000 $x/x/*---/+0000 w000
(n=0000 $xOn=1000 $x/«0---)000n000O0
0000000000 o0oUoOoO0o0o0o0ooDOoUQ2.1(n)
gooodooboboboo nO0OODbbOOOODDDDOOOO
O00o00U0ooo00oooUoooooooQ22n)ddn
gboboobooboboobooboooooooooobobooobo
00Q23(n)0 Q24(n)0 n000000D0000DOO0
000000000000000Q23(n)000000DO0O0
O00o00o0ooo0oooouoUoQ24(n) 00ooooO
0000D000000000Q25(n) 0 Q24(n) 00000
gboboboobobooboobooooooooouobobooobo
D00000D00Q24(n) 000000000 000Q2.6(n)
0dO0np00000DODOODODOOOODODODODOOD
D00000D0Q26(n) 000 [22)00000000°°M 00
gboboboobooboobooooboboooooooob

gboboooboobooboobooooooooooon

gboboooobooboooooboobooboob

e [JUUODOODOODOOOLDODOUOOLDOOODLOLOD
00000000000 (Q2.1(n),Q.2.2(n),Q2.3(n),Q2.4(n))0
O00Qe0000000000000000ODOO0ODOO
goobogoogoooo

e JOOOOOLOOOOLODODUODODODODOD
(Q2.3(n),Q2.4(n))0

e JOODDOOOODOOO (Q25(n))D

Q2.1(n)

for $x in /t1/t2

return <res>{for $y in $x/*/*.../*

return fn:data($y/@id)}

</res>

gobobobodnO000000DOOOOOODOOOOODOOO

00 11000 http://www-rocq. inria.fr/ manolesc/microbenchmarks.tml

Ud0OOresO000000O0O0OOCOOOOOOODOOOO
gobooooobooooooobooobooooooon

eg:=/t1/t2

e1:= for 3y in $x/*/*.../* return fn:data(3y/eid)
ei= $x/*/*../*

e3:=fn:data(3y/eid)

gooao

c(Q2.1(n))
= (CroR)
c(eog)+s(eg)-c(<res>{e1 }</res>)
= (CbEc)
c(eo)+s(eo)-(c(e1)
+Ce-(s(e1)+s(e1//*)+1))
(CFOR),(SFOR)
c(eo)+s(eo)-(c(e2)+s(ez)-c(e3)
+Ce-(s(e2)-s(es) +s(e1//*)+1))
(CasTEP),(SGSTEP)
c(eo)+s(eo)-(c($x)+s($x)° - n - k' +s($x)-k™ - c(e3)
+Ce-(s(8x)-k™ - s(e3) +s(e1//*)+1))
(s(8x)==1), (s(e3)==1)
c(eo)+s(en)-(c($x)+nd - k' +k™ - c(e3)
+Ce-(k"+s(e1//*)+1))

O000e0000O0O0OO0O0OAOOOOOARDO childO
gobooooboodooboooobodooobooooooooo

gbooobobooboooobooooboob
def

s(e//*) = s(e/*) +s(e/*/*)+ - +s(e/*/x - /%)
00000000 00Q21l(n) 000000000000
000 h—nmdooooao

s(e1//x)

S(e1/%) + sex/x/x) + -+ + s(er/x/x - /%)

= (SGSTEP)
s(er) - k+s(ep) - K24+ s(ey) - Ehn
= s(el) == k"
h4l_pn+l
kn+l+kn+2+~"+kh: % (k:*:]'DDD)
h—n (k=1000)
O00k4+1000
c(Q2.1(n))
= c(eo)+s(eo)-(c(8x)+n +k™ - c(e3)
Ehtl_pnt1

+Ce(kn+ k—1
= c(eo)+s(eo)-(c($x)+nd +k™ - c(e3)
+Ce- (MR 1))

= (cle3) = 325) - (O0) - k" +(00)-d" +(00)

+1))

0000, 000000000000000s(ex//+)0 00
0000D000D0000000DOO (Sestep) 000000
000000 (000000)00000000000000
00000000 1000000000000000 000
DD00eXist 000000000000 0000000000
000000 k=10000000000000000000



ooooooooOoooooo (k"UoUoo)onOoUOOO
0000000000 000000D0O0O0RY 00000000
gogoboobobboobbooobboobboooboa
JdobOoooDoOooooDobooobboooboooooooo
gooboooo

Q2.2(n)

for $x in /t1/t2

return <res>{$x/*/*.../*}</res>

goboood-n000000DOOO0O0O0ODOOOODOO
UbO0O0Oresdbboo0ooboobOoOoboOoOooboboOonoonoo
oobooooooooo

c(Q2-2(n))
= (CroR)
c(ep)+s(ep)-c(<res>{ez }</res>)
= (CbEkc)
c(eo)+s(eo)-(c(e2)
+Ce-(s(e2)+s(e2//*)+1))
(CasTEP), (SGSTEP)
cleo)+s(en)-(c($x)+s($x)¢ - n? - K’
+Ce(s(8x)-k™ + s(e2//*)+1))
(s(8x)==1)
c(ep)+s(eo)-(c($x)+n? - Kk’
+Ce- (k" 4 s(e2//*)+1))

0000Q22(r)00000e 0000000000 A—n
goooo

S(ea//*) = s(ea/*) + s(ea/x/%) + -+ s(ea/s/*...[)

= (SGSTEP)
s(eQ) k4 5(62) k244 5(62) . kh—n
= (s(e2) ==k")
h+1_pn+1
gl p g2 4o gk = % (k+1000)
h—n (k=1000)
O0O0k4+1000
c(Q2:2(n))
= c(eo)+s(eo)-(c($x)+nd - K’

n | Ehtl_gnl
O (b + =
c(eo)+s(eo)-(c($x)+n? - K’
h+1_n
+Ce (P +1)

= -Zesleo) pn L (mO).nd. K +(O0)

+1))

00000 k"0000D0000000000er0DOO0ODO
Ogo0oo0o0oboooOoOo0o0dd00o0ooooooooDoD
000 k=10000000

c(Q22(n)) =—(00)-n4+(0O0)-n* kK +(@Q0O)
ddddddoooo n0dooooooooobobooboono
0000000000000 0000oUooOO0 (D 20)0n
00000000 bOO000DbO00bDbOoOo0ODD eXistdd
00000000DO0000oo0oooonoogooLnL900
0o0ooobooboboooooooooooooooooooo
Jdddddd0doboooodobooobo0ooooooooo

Q2.3(n)

for $x in /t1/t2

return <res>{$x//t3, $x//t4, ...,
$x//t(n+2)}</res>

gobobooo-n000000DOOOOO0DOOOOODODOO
bobooboobooobooobooooooobobobooooo
oobooooboooooooobooooon

eq:=8x//t3, $x//t4, ..., $x//t(n+2)
e5:=9%x//t(n+2)

oooo

<(Q2.3(n))
= (CFoOR)
c(eo) + s(eg) - c(<res>eq</res>)
= (CbEkc)
c(eo) +s(eo) - (c(ea)
+Ce - (14 s(ea) +s(ea//*)))
(CsEQ), (SsEQ), (c(es),s(es) 0 nOODODOOOOODO)
c(eo) +s(eo) - (c(es) -
+Ce - (1+ s(es) - n+ s(es/ /) - )
(n000D0000)
S(c0) - (c(es) + Ce - (s(es) + s(es//#))) - m +(eo0)+s(e0)-Ce

gobobooob nODQ0DOOODODOOODLOOOObDDOODO
gooboooooooooooooo

Q2.4(n)

for $x in /t1/t2

return <res>{$x/*[position()< n|}</res>
gbobooo

e6:=$x/*[position() < 7]
gooo

<(Q2.4(n))
= (CFoR)
c(eo) + s(ep) - c(<res>eg</res>)
(CpEQ)
c(eo) +s(eo) - (c(es)
+Ce - (1+s(es)
+s(es//*))

(CPRED),(SPRED)
c(eo) + s(eo) - (c($x/*) + s(8x/*) - c(position() < n)
+Ce - (1 4 p(position() < n) - s($x/x)
+s($x/*[position() < n]//*)))

= (p(position() £ n) == S($)n(/*))

c(eo) + s(eo) - (c($x/*) + s(8x/*) - c(position() < n)
+Ce-(1+n+n-C))
= (»0000000D0)
s(eg) - Ce-(14+C)-n+(00)

0 O s($x/*[position() < n]//x) ==n-C (OO0ODCOODO
00)0000000~,00000 $x/*[position() < n] 00
ooboooooooo

ooobooOnnO00000 XistODOOOOOODODOODOO
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J0ob0Db000b00 XistDOOOoooooooooo </res>
goooo
Q2.5(n)
for $x in /t1/t2

eg:=for $x2 in $x1/* return <res>{$x2//t13}</res>

eg:=for $x1 in $x/* return <res>eg</res>

return $x/*[position()< n] oooo
c(Q2.6(1))
c(Q2.5(n = (Cror)
( ( )) c(eg) + s(eg) - c(<res>eg</res>)
= (Cror) = (CpEc),(Co = c(e0)).(C = s(eo))
) L. Co + C1 - (c(e9)
c(eo) + s(eo) - c($x/*[position() < n]) Oy (1s(es)
= (CPRED) +s(eg//*)))
. = C ,(S
c(eo) +s(eo) - (c(8x/*) + s($x/x) - c(position() £ n)) Co(:?f'((:((g:g/*) 4 5($x/%) - c(<res>eg</res>)
+Ce - (14s(8x/x) - s(<res>eg</res>)
nO00000000000DO0O000000O00DOODOODOO +s(ea//*)))
= (CpEC),(SDEC),(C2 := c($x/%)),(C3 := s($x/%))
000000000 XsitOOODODOOODOoOOoDOOoDOD Co + C1 - (C2 + C3 - (c(es)
+Ce - (1+4s(eg)
doobooooooooooooooooooooooooon +s(eZ//*)))
+Ce - (14C3 - 1
oooooooooooo +s(eg//*)))
= (CFoRr),(SFOR)
Q2'6(n) Cop+ Cq - (Cq 4 Cs - (c($x1/x) + s($x1 /%) - c(<res>{$x2//t13}</res>)
0000000n00000000000 return 0000 +Ce (1ff"%*g)')S““”W"?//m}</res>>
s(eg//*
00000000 [22000n0000000O0OOOOOO0O +Cﬁ~(1+c;3 Lo
+s(eg//*
00n=0,,200000000000000000n0O0OO = (CpEc),(SpEC),(Cy := c(8x1/%)),(Cs := s(8x1/%))
Co+ C1-(C2+ C3 - (Cq + Cs - (c(8x2//t13)
goboooooogoo +Ce - (14s($x2//t13)
Ts(3x2//t13/ /%)
+Ce - (14C
Q2.6(0) Fe(es/ /o)
: +Ce - (14C3
for $x in /t1/t2 return T e(o/ /)

<res>{for $x1 in $x/* return

<res>{$x1//t13}</res>} Q2.6(2)

</res> for $x in /t1/t2 return

<res>{for $x1 in $x/* return

— i *
er:=for $x1 in $x/* return <res>{$x1//t13}</res> <res>{for $x2 in $x1/* return

oooag <res>{for $x3 in $x2/* return
c(Q2.6(0)) <res>{$x3//t13}</res>}
= (CroR) </res>}
c(eo) + s(eo) - c(<res>er</res>) </res>}
= (CpEC),(Co := c(eon)),(C1 := s(eo)) </res>

Co + C1 - (c(er)
+Ce - (1“1‘5(67)
+s(e7//%)))

e1p:=for $x3 in $x2/* return <res>{$x3//t13}</res>
er1:=for $x2 in $x1/* return <res>ejg</res>

e12:=for $x1 in $x/* return <res>eji</res>
= (CFOR),(SFOR) 12 / 1

Co + C1 - (c(= mboxSz/*) + s($x/*) - c(<res>{$x1//t13}</res>)

+Ce - (1+s(8$x/*) - s(<res>{$x1//t13}</res>) oood
+s(e7//*))) <(Q2.6(2))
_ L o =  (CFror)
= (CDEC),(SDEC),(Cs := c($x/%)),(C3 := s($x/%)) c(e0) 1 8(c0) - e(<ras>era</res>)
Co + Cy - (C2 + Cs - (c($x1//t13) = (CpEC),(Co := c(e0)),(C1 := s(eo))
Co + Cq - (c(e12)
+C. - (14s($x1//t13) O 0l (Lhs(ers)
+s($x1//t13//%))) +s(e12//%)))
= (Cror),(SFOR)
+Ce - (14C5 - 1 Co + C1 - (c(8x/%) + s($x/%) - c(<res>eq </res>)
+Ce - (14s(8$x/*) - s(<res>e11</res>)
+s(e7//*))) +s(e12//%)))
= (CbEC),(SDEC),(C3 := c($x/%)),(C3 := s(8x/%))
Q2.6(1) Co +C1-(C2 + C3 - (c(e11)
. +Ce - (1+s(e11)
for $x in /t1/t2 return +s(e11//*)))
+Ce - (14+C3 - 1
<res>{for $x1 in $x/* return ( +s(3512//*)))
. = (Cror),(SFOR)
<res>{for $x2 in $x1/* return Co + C1 - (Ca + Csg - (c($x1/%) + s(Sx1/) - c(<res>e1g</res>)
< N < > +Ce - (14s($x1 /%) - s(<res>ejg</res>)
res>{$x2//t13}</res>} +s(e11//%)))
</res>} +Ce - (14+Cs
+s(e12//%)))
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(CDEC),(SDEC),(C4 := c($x1/%)),(C5 := s($x1 /%))
Co+C1-(C2+C3-(Ca+ Cs - (c(ero)
+Ce - (14s(e10)

+s(e10//*)
+Ce - (14C5
+s(e11//%)))
+Ce - (14C3
+s(e12//%)))

(CFoOR),(SFOR)
Co+C1-(C2+C3-(Ca+Cs-(c(8x2/%)
+s($x2/%) - c(<res>{$x3//t13}</res>)
+Ce- (14s($x2 /%) -s(<res>{$x3//t13}</res>)

+s(e1o//*)
+Ce - (14+C5
+s(e11//%)))
+Ce - (1+C3
+s(e12//%)))

(CDEC),(SDEC),(Ce := c($x2/%)),(C7 := s($x2/%))
Co+C1-(C2+C3-(Cs+Cs5-(Co+ Cr - (c($x3//t13)
+Ce - (14s($x3//t13)

+s($x3//t13/ /%)
+Ce - (14+C7
+s(e10//*)
+Ce - (14C5
+s(e11//%)))
+Ce - (14C3
+s(e12//%)))

goboooooooooOnO0oOobOoO0oOOoOoOoOoOoooo

O000oO00ooo0ooOoUoOUs$sxn//tlI3 000000
goobooooooooboooboooobooooooooo
goboooobooooooooobodoooooboooooo
0000000000000000000 (Dooooo)oo
uobodooooooboooobooooooooooooo

4.2 JO000O0O0OOO0OOOODOOOOOOOODOOOO
ooboooooooo
0000 XMark[25]0 Q0000000000 OOOOO

ooooo ooo0000O0bODOOoOOObOOOOOOooobooO
oobooooooo

gooo:

(: Q10: Grouping :)
(: Q10: List all persons according to their interest; use French markup in the
result. :)
let $view := (
for $i in distinct-values($auction/site/people/person/profile/interest/@category)
let $p := for $t in $auction/site/people/person
where $t/profile/interest/@category = $i
return
<personne>
<statistiques>
<sexe> { $t/profile/gender/text() } </sexe>
<age> { $t/profile/age/text() } </age>
<education> { $t/profile/education/text() } </education>
<revenu> { fn:data($t/profile/@income) } </revenu>
</statistiques>
<coordonnees>
<nom> { $t/name/text() } </nom>
<rue> { $t/address/street/text() } </rue>
<ville> { $t/address/city/text() } </ville>
<pays> { $t/address/country/text() } </pays>
<reseau>
<courrier> { $t/emailaddress/text() } </courrier>
<pagePerso> { $t/homepage/text() } </pagePerso>
</reseau>
</coordonnees>
<cartePaiement> { $t/creditcard/text() } </cartePaiement>
</personne>
return <categorie>
<id> { $i } </id>
{$p}
</categorie>
)
for $p1 in $view/personne
where $pl1/statistiques/revenu > 10000

return $pl/coordonnees/ville

gooo:

for $i in distinct-values($auction/site/people/person/profile/interest/@category)
for $t in $auction/site/people/person
where ($t/profile/interest/@category = $i) and
(<revenu> { fn:data($t/profile/@income) } </revenu> > 10000)
return <ville> { $t/address/city/text() } </ville>

00000000000 (Twra)O (TrLu)d where O O if O
Oooo (Twir) Dif00 and 00000 OOOODOOOOO
oboooboO0ooboobboooooobOOoobOooOOooDoOoo
00000(Cror)0(Cwror)0 (CanD)O (PAND)O (CrcaLL)Od
(CLET) 00 D00ODOO

el = distinct-values(
$auction/site/people/person/profile/interest/@category)

e2 = $auction/site/people/person

e3 = ($t/profile/interest/Qcategory = $i)

e4 = <revenu> { fn:data($t/profile/@income) } </revenu>

eb = <ville> { $t/address/city/text() } </ville>

gooo
¢ oooo
c(el)
+s(e1)*(c(e2)
+s(e2)
*(c(e3)+p(e3)*c(<personne>
ed
eb
</personne>))
+c(<categorie><id>{$i}</id>{$p}</categorie>))
+c($view/personne)

+s ($view/personne) *(c($p1/statistiques/revenu)+c(10000) +c (>)
+p(e4 > 10000)*c($p1/coordonnees/ville))
¢ oooo
c(el)
+s(e1)*(c(e2)
+s(e2)
*(c(e3)+p(e3)*(c(e4)+c(10000)+c(>))
+p(e3)*p(ed > 10000)*c(e5)))

ooboo -0o0o00d =

s(distinct-values(
$auction/site/people/person/profile/interest/@category))
-(s($auction/site/people/person)
-p($t/profile/interest/Qcategory = $i)
-(c(<personne>
<revenu>{fn:data($t/profile/@income) } </revenu> (: 1 :)
<ville>{ $t/address/city/text() } </ville> (: 2 :)
</personne>)

—c(<revenu>{fn:data($t/profile/Q@income) }</revenu>) (: 1’ :)

—p(<revenu>{fn:data($t/profile/Qincome)}</revenu> > 10000)
-c(<ville>{$t/address/city/text )}</ville>) (: 2’ :)

+(c($p1/statistiques/revenu)

+p($p1/statistiques/revenu > 10000)
-c($p1/coordonnees/ville))

)

+c(<categorie><id>{$i}</id>{$p}</categorie>)

)
+c($view/personne )

:1:)00 (2:)000000000 (:1:)00 (:23)
ooooooo0ooo (0 1000oOoUoooo)yooo
gobooooooooboooobooooboobooooooooo
O0o0oooO0ooUooooUoOoooOoooUoa (s)u
gobooooooboooooo sbobooooboo10000
20000000%uction0 000000000 0OOOOOO
goboooobooooboooooboooobOo sgooo
000000000000 00000000000000

0 0 1200 $auction/site/people/person 1000 00000000000O0O
goooooboobO0o0O0OO0bDO0OO0OO0ODOOO0O0DOO000D
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document size[MB]

010 XMark Q100000000 (Galax 0.4.000000)
Fig. 10 Query for Q10 of XMark. (Galax 0.4.0 main memory)

1000 T

normal —+—
opt -
% 100 X
= 10 s
c
o ,
E "//
=] g
S 1 f
o X
> L
ﬂé 0.1 +/;<|‘
. NG
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0.1 1 10 100

document size[MB]

011 XMark Q100000000 (eXist 1.1.1 newcore)
Fig. 11 Query for Q10 of XMark. (eXist 1.1.1 newcore)

00 10011012013 0000
00000 1.5GHz Xeon 4CPU SMP 00000 (OSO
Linux(0 000 2.4.20))0

Galax 00000000000000 (T)00 100 opt D
00 normal 000000000 (D0 diff) 00000000
0000 T=027s"?(00 model) 00 D0DOODOOOOO
00 (0000)00000000000000000000
(00000000 RPO0ODO0)0 1.000000
0000000000000 00000000000000
0000000000000000

000000000000 000000000

Galax 0000000000000 00O0O0O0DOO00
0000000000000000000000000000
eXist? 00 s00000000000000000000
000000000000000000000eXist 0000
0000000000000000000000000000
0000000000000000000personne 00000
00000000000000000000000OvilledOO

00BMOoOooOOooO0DO0o0O0oO00O000DO0O0oO0oDO0oOOoDOoDooDO
000000000000 eXist 1.1.1 newcore DO OO0

100

=)
ki)
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c
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3
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o
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document size[MB]
0 12 XMark Q100000000 (Saxon-B 8.6.1)
Fig.12 Query for Q10 of XMark. (Saxon-B 8.6.1)
100
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c
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0 13 XMark Q100000000 (Qizx/open 1.0)
Fig. 13 Query for Q10 of XMark. (Qizx/open 1.0)

U0l retuern 00000000000 0O0OOOOOO0OOO
gooboooboobobbooobobuooobobuoooboboo
Ocategory OO DOO0OODOOODODOOODOOOODOODO
gooboobobboobbooobboobboooboo
0000000000000 forOOODO category DO OO
OO person U0 OOO0OOOOOOOODOOOOOOOOO
Jdobo0oDobOooobbo0ooboooboooooboo
00000000000 Saxon-B 00O Qizx/open 0O OO0
Jdooobo0o0oobobOooobObOooobobooooboo
gdboboobobboobbooobboobboooboo
gooo

00000000 XistdODOOooboOoOooODbooobooo
00000000000 (Do0DoOoOUoUoDUoUoOooooo
000000)00000000o00o0DoUoUoUooUooOU
gooboooo

Jdobooobooo0onbD ODoobbooobooooboo
gdoboobobboobbooobbooboboooboo
0o00obo0o0oDooOooboboooooboo
gdoboobobboobbooobboobboooboo
doooooooooooooooosooooooooon
goboboobobboobbooobboobboooboda
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uobodoooooooooboooooooooooonoo
5. D ODOODO

000000000000000000000000000
00000000000000000000000000
[26) 0 XQuery 000D D0D00000000000000
0000000000000000000000000000
00000D0000000000D0000000000000
NR5O00000D0000000000D0000000000
0000000000000

0000000000 XQueryDOODOOODOODO [27]0
000000000000000D0000000000000
() 0000000000000(2) XQueryDOOODOOOO
00D000000D0000000000(3) XQueryJOOO
00000000000000000SQLODNOONN0NONO
000000000000 () 00000000000000
0000000000000000000000000000
00000000(1) 0000000000 (0000000
0000000)00000000000000000000
00000000 000000000000000000
00000D00000000000000000000000
00000@3)000000000000000000000
00000D0(4) 0000 (3.400000000)00000
0000000000000000000000000000
ooo

XMLOOOO RDBOODOOOOXQueryd SQLOOOD
000D00000000000SQLODOO0O0ONDNOOn
00000D0000D0008)0 RDBOOOODOO XMLOO
000000000000 000D0000000000000
0000000000000000ORDBOOOOODON [28)
000000000 [28)00000000000000000
00000D00000XQuery D FLWORODOOOODOOO
0000 XML-QLOOOOOOO0OO0O00000000000
00000000000000000

TIMBER [3] 0 XQuery 0000000000 tree algebra
000000000000 000D0000000000000
0000000000000000000000000000
000000000000 000D0000000000000
000000000000 (29000000 [30)000000
0D0030] 0 XQuery 000000 twigDODOOOODOOOO
00000000000DOjin00000000000000
0oooo

IBM DB2 XML OO D0 [4] 0 XQuery 00000000
00000000000000XQuery 0000000000
000000000000000D0000000000000
0000000000000000000000000000
000000000

0000 FLWORODODOOOOODO XQuery DO OO ODO
000000000000000D0000000000000
0000000000000000000000000000

oo0oo0ooO0o0oUL (DoooooUoUoooo)oooog
gobooooooooboooobooooboobooooooooo
obodooboooobooobooooboooooooo
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