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Abstract

This paper describes the formal semantics of XPath language. A unifying Objected-Oriented semantic view

has been used to model all language constructs of XPath. The presentation of semantics uses formal specification

language Object-Z notation. This highly structured semantic model is concise, composable and extensible.
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2 XML Schema ¥{iF3HE
XML Schema*"'H 7£ B 2% W3C HE¥/E MR, AT

eXtensible Markup Language (XML), XPath, XML schema, Object-Z, Formal semantics

AR E XML ST A E. XML Schema B4 12 A 1E
XML A£1E T B LR RS . XML Schema LRI RGRMET o7
YRR EHE B FAIRESHE N R IFERMEKRE
R H W FRIEAE.

EATERBHIE LT Datatype Hy T LR PRI RIS B
B FEFEYN HERTEHPIREELR HEGSSH
FREMNWIRIZEFEREFT RS EIELRBNE
BE—IHETBIERBENIFE.

Datatype 2atomicTypel) listType ) unionType

XML Schema H B8 3EH19MEF AR . n. FRELR
String, £ /R 26 &Y Bool, & i 25 &Y QName , B H £ A Integer
%.

atomicType= =String |QName | Bool | Integer | --

AR ERRO AT RIER B baseType X KR T
BYE B val; R & constrain R {H I 1% A9 R H) & .
Blim B String £ XML R FKRFH S HAREFHFKE
HF RS P B R B AREH : 81 B Uength) , A&
/N4 B (minLength,maxLength) , 8 R, (pattern) %,
consFacets = = {length, minLength, maxLength, pattern, enumerat-

whiteSpace ,maxInclusive ,maxExclusive ,minExclusive,
minInclusive, totalDigits,fractionDigits }

#l in: maxExclusive IR B EHF ™ H H LR
maxinclusive [RFIEBEER EIER IR K LR ; pattern BRHIEL
EEL AR EHER .

KR Value REFIHENESE.

Value

B has_type FI TR B S ENHBIAER,

|has_type . Value—> Datatype
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FM satisfy BRI EH. BIREMBREIZHE RER
DHIEEWEE N REI&RME.
| satisfy : P Value X consFacets—~B

— baseType

val: P Value
cons: P consFacets

3t: Datatype
Y v: value + v Eval= has_type(v) =t
satisfy(val, cons)

PR AR listType G iR 3 baseType, B M1 F % L8 BT
HEAN. B TR FIRTFS items, LIERI LB
FFEAEHES LR HEARFFKEN (WTREAZIHE
REFF,

istType

baseType

items: seq atomicType U unionType

val = ran items
An: Nat = #items <n

WS R umonType B 3 baseType, BINE BT B
BREE members AP EM A LR BB FHE.

unionType
baseType

members: P DataType

val = U{V m: members » mval)

3 XML S

AWEME XML XA B ZERET XML F8
£0H XML CEHEHERY, XML X HIEER 3 XML
Schema HR & 4,3 22 B F XPath? XSLTP, XQuery!
MEES5ZE518 XML {RHE.

AR Node REREXNER, —~MEETREETHE
EtHERE S22 — X4 & (document), T & & &
(element) | J& ¥E 4 & (attribute) \ AL & (text) . R E 5
(comment) , &b 4§ 4 £ & (processing instruction) | 44 F 2 [A]
#% & (namespace). TH E X & S KR nodeType B Z Bl
B,

nodeType. : =document |element | attribute
[text |comment | processing-instruction [namespace

— A RS E A type & R name, 45 S AH value,
AL3E parent B F 4% S [E 3 children . B4 S JE) attribute,
B F N4 5 JF 5 namespace., I 4ME 6135 S B B ¥ . SOAS4E
& doc, F I ¥ 5 descend M55 4 S JF ) ancestor 44 &
PRI, H KR ID RARTA & SRR ES empty BoR
EFHE A —EMNATFRS LR xHERRE
B XAEFEURTRGSHBRESFER S R G
SHMEEGESTTUARTE S ARG 5. X&EER &
BEAHOHEESEETTUEARTE S RETEGAT
DHB RN RHEFEERES.

B ID RRFEESRANES,
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1D
— Node

type: nodeType

name.: QName

value: String

parent: Node

children, attribute, namespace: seq Node
id: ID

A

doc:Node

descend, ancestor: seq Node

Vxy: Node -
xtype € [docType, textType, commType] =» x.name = empty
y Eran x.children = y.rype € {emType,textType,commType,piType]
y = x.parent = y.rype € [elemType,docType)
y € ran x.atiribute = y.rype = attrType N\ x.Type = elemType
y € ran x.namespace = y.rype = nmType N\ x.Type = elemType
y=xdoc = y.Type = docType
y € ran xdescend =y € ran x.children \V
3 z:Node » 7 € ranxdescend /Ny € ranzdescend
y €ran x.ancestor = y = x.parent \V/
3 z: Node * z € ran x.ancestor /\ y € ran r.ancesior

4 XPath FikR

X ER XParh FEXENEXL XPath FEAFEH
Fiffa XML SO 2, R IEA AL TR 3 R 2 XML X489
SREBEEH. ZEHEEFITHEER P/ . XParh P&
EEMHERARRER, ~IMREATVTURESRER . BBE
ERFNRERX BEREERA KBERER BEEER &
HERER BEARER JFN LRI RALE for RER.

FeiE A 2% Exp E X AHBES 2 (class union),

Exp 2 primExpJ pathExp UseqExp U arithExp U compExp U logicExp
U condExpU quanExp U seqtypeExp U forExp

FREXBER 1 FHE (sequence) , K P HE— T Z—
TRFERERE SR itemType EXNEFRBUKE L

HKRY KR seqType X HTEMFI.

ItemType. . =atomicType| Node
seqgType==seq ttemType

RIER W LERE LARE EAR scalType,

scalType:: =itemType|seqType

WL B BNTHKER—-FINREXHN . ATEFE
Eoid, WAV e EXFERER.

FEXMRBEE NN Z 8 BAEREAE Sfree-value
construct) .

scalVal.: = atomicVal{atomicType ) | nodeVal{Node ) |
seqVal{seqType)

FH typeof BB SHEB LR,

type_of : scalVal — scalType

v a: atomicType: n: Node; s: seqType *
type_oflatomicVal(a)) = atomicType N\
type_ofinodeVal(n)) = Node N\
type_of (seqVal(s)) = seqType

AR EAMAREER A basecExp RERXBH LT

X context & —TEH AR,

—baseExp

— outVal

type: scalType val!:scalVal
JAN -
context: Node val! = val

val : scalVal

type_ofival) = type
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4.1 BEFFEX

A EARBRTURE— D F Uitera) . F B R 5|
(variable reference) 5% & & ¥ 8 A (function call). 2¢
primExp SE X MHES 2 (class union) .

PrimExp2 Literal \J VaRef U callFunc

—AFRR—NEFE. THEEZLE Literal 193 L.

Literal
baseExp

content: atomicVal
[val'= content

—AERRE-NER . REHPET M ERRS|E
VaRef FEENTREMMEBER VarLoc . — 1M ERBFHMNE
Xt G 8 R AR B A (eype) FIZE B P (cont) , LA X IRE
BE assign. — MR RIIXNEZEET -MEEL m)fFI—1
&G (v]), ¥ VaRef 1y & L4k % baseExp . FEAE OutLoc
ReLoc IEXRATETRERFAAFHRAERSISHY
.

— VarLoc — Varef
baseExp
0378’:. scal[7";vl[7 ¢ nm: QName
cont scatva vi: VarLoc
type_oficont) = type type = vl.type \ val = vi.cont
—Inr R —ReLoc
type = atomicType=
. Al
cont = atomicVal(0)
vi?: VarLoc
type = Node =
cont = nodeVal(nil) vl'=vi?
type = seqType =>cont =<>
—OutLoc
—Assign vi!: VarLoc
A(cont) vi! = vl

vall: scalVal

— T~ -
cont’ = val? Assign = vl.Assign

—— Module

vdecs: QName >+ VarLoc®©
lvars: seq VaRef )
A
vscope: QName >+ VarLoc
context: Node
# (v:(VaRef N scontain) = v.nmj} = # (VaRef N scontain) [predl]
{vr: (VaRef N scontain) « vr.nm v vrvl] C vscope [pred2]

Hep “O"REFARERMYIGE, nil"RE N LR T
BHIIAE.

RMBRHE funcCal FEE LWL BB E LK
SfuncDef MR E S| funcRef .

B, & R Module, ZAXBERE. TEFEY
vdecs. REREREGIFIR lvars, U RHH B TEEHTE
vscope 1 T 3 context,

FS ' ORAEITERNPBEREE.FS ‘C £5
HEGSHUHENER.

BYE vdecs RIFNT BB T BEMN ——wit. HBRE
¥ vscope RAERHBEMERTEH. XL BAEH T LK
TR ZEEHE B E Module F RAEBE A
(signature) AW pred il B B B EFRAMARAEO LT E
FHARN LT REN pred2it ] . TR EEBEEHIER
HEA.
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% funcDef 9 5E iE T HRMEIIE Module, ShIMZ KT
R EHE nm JERRSIBHINE frol, LLBGREIH KR
return,

—— funcDef
Module

nm: QName
frpl: seq VeRef
return: scalType
A

val: scalVul

has_type(val) = return
vscope = vdecs U [vr: ranfrpl + vrnm v vrvl]
# (vr: ran(lvars frpl) « vr.nm ] = # lvars + #frpl

[pred1]
[pred2]

B pred WX . RPN ENMMEEARERRKERERR
EESHAEHNEE.GE pred2iliR (AWM AFE N RHES
MEERERENIRIRSE.

~AEBRSINREETREE: BEYE mm BB E X
Sfunc,

funcRef

nm: QName

func: funcDef

— funcCall
baseExp

fr: funcRef
arpl: seq VeRef

val = frfunc.val
#arpl = # fr.func frpl [predl]
Y j: dom arpl < ap(j).type = fr.func.frpl(j).type [pred2]

RefSubs 2 A i: dom arp! « arpl(i).OutLoc Ilfr.ﬁmc.frpl(i).ReLoc

R E funcCall BFRBYE . RYES| /r.ERERSI
SHINEK arpl RETREYE predl iR . — M EBERF LS
FIROKEETHRAERTESNXROKE. A EH
pred2W R L EMABNERY VLS A . EHIERER
WESI BBOMERF RefSubs R KRS BHUBEVONE
1 E L (relocation) , B EE F 5«

4.2 BE2(Path)FTikz

HERAXAFTEMIFDE XML SCHER % . —
TERREXBIE A step FH . GHERAEFCE/DGTF.
BEWERE - TE8FV BREREXANERRBYRIG
— IR E &

— K step RERXBE : — Ml (axis) , KRR Y HIEE X
ML TR R Z BB KR 5 Al (nodetest) , i — 5 ik
BB 4 5 518 (predicates) i Tl i 4 SR K R &

BEREXAB M MBATEARESZEBER. AN
anr PERGRARE SRUME SO BES S KH Axis
EXHRZ BHLER,

Axis ) = child | desc | attr | self | desOrself | followSib | follow |
nmsp | parent|ance| preSib| preced |ancOrsel f

— A SN TT AR 4 o 2 T AR
Bl pi RERGE N HERHESRAHIESF S 4R
Test EX N7 HAH,

Test: . =text|comm | pilnd |gnm{QName)
KA Pred & X RHFEAKR Exp.
Pred==Exp
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PRI evalStep iHH — step FKXR.,
|evalStep : Node X Axis X Test X Pred—seq Node
B evalPath XF 4B EF XS HH - RBRRE
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.
|evalPath : Node X seq Step—seq Node
THRE Step ) pathExp BT X .

type = seqType
val = evalStep(context, ax, te, pr)

BREER (path) P E £ Gep) NIt EREREHEH
ETXH s (context)  HHBE— I BBRRERAN . %%
BNEREEFEIT-IHLETXESA . BR—FHEEA L
TXEHRAMMKAEN L FXE S HBZEREIR KGR
BFENEHERZSHERE.

4.3 FF%)(Sequence)FEiEk

XPath X FFEFHHENGIHERE~PFIRERT
LR E S 3% &R (comma expression), 73 B 3% & R (range
expression) , 454 321 R (combine expression) . seqExp E
XA BE4 2 (class union),

seqExpcommaExpUrangeExpUcombExp

ESRERK commaExp A5 B RARFF exps.

—commaFExp:
baseExp

exps: seq Exp

type = seqType
val = catExpVal(exps)

rangeExp
baseExp
left: Exp
right: Exp

left.type = Integer
right.type = Integer
vn € ranval = n € Integer
N n2leftval A n<rightval

Step athExp
baseExp baseExp
ax: Axis steps: seq Step
te: Test |
pr: Pred type = seqType

val = evalPath(context, steps)

— M ESREANTERNEMRERRERITEE AB
EESIMERFIEIENF.

¥ rangeExp L B  Z R IEEL left RO BRVEE righe,
GREFFEEH M REREHLZ MG AER.

— A 854 (combine) AR AT LU - R IA K 893 (union) |
3% (intersect) F1ER (except) . ¥ combExp & WM E KIFH)
BB left D right IR BARER op BEREFER
combop EXWMTF :

combOp:: =union |intersect |except
H¥ catExpVal F FHERFAXFIIOME LR ENFFIE.

|catExpVal;seq Exp—seqType

—— combExp
baseExp
left: Exp
op: combOp
right: Exp

left.type = seqType
right.type = seqType
op = union =
val = left.val  right.val
op = intersect = vn: Node *
n € ranval =
n € (ran left.val O\ ran right.val)
op = except = Vn:Node *
n € ranval=
n eranleftval \ n ¢ ranrightval

4.4 A (Arithmetic) FiEH

XPath X #F ¥ AW EARENS, —, « .div fl mod. &
RBEEEXERF LR numType b ERBELR arithOp
EXHZ BhRER,

numType. .= Integer|Real | -+

arithOp . =add |sub|mul \mod | div

KarithExp GEBNBER left 70 right LU X EREHE
¥ op.
g
left: Exp

op: arithOp
right: Exp

left.type = numType
right.type = left.type
op = add =val = left.val + right.val N\ type = lefi.type
op = sub =val = left.val - right.val A type = left.type
op =mul =val = left.val * rightval N\ type = left.type
op =mod =>val = left.val mod right.val N\ type = left.type
op =div = val = left.val div rightval A type = Real

4.5 ¥ (Comparison) Azt
Hod R A B I E 4T 42 . XPath X MR
B B F AR {H (value) o ,—‘ﬂﬁ(general) . &5
- 178 +

FFF (order) L iR R AKX &5 RREA RHE.
2K compExp E N S F (class union),
compExp2LvalExp | genExp Unode Exp ) order Exp
FARBEREAM AT REBRE AN K baseCompExp . H
ERTES R IZERE L.

baseCompExp
baseExp

left: Exp
right: Exp

left.type = right.type
type = Bool

valExp
baseCompExp

op: valOp

left.type = itemType

op = eq = val = (left.val = right.val)
op =ne = val = (leftval # right.val)
op =t = val = (left.val _ right.val)
op = le = val = (left.val <right.val)
op =gt = val = (left.val _right.val)
op = ge = val = (left.val > right.val)
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{8 (value) WEHREF E X A Z Bl KE,
—genExp-
baseCompExp

op: genOp

left.type = seqType
op = eq'= val = (3x, y: itemType *
x eranleftval A y € ranrightval A leftval = right.val)
op = ne’= val = (3x, y: itemType *
x eranleftval A y € ranrightval A leftval ¥ right.val)
op = lt'= val = (3x, y: itemType *
x e€ranleftval A\ y € ranrightval A leftval <right.val)
op =le’'= val = (Jx, y: itemType °
x eranleftval N\ y € ranrightval A left.val<right.val)
op =gt'=> val = (Ix, y: itemType *
x e€ranleftval A y € ranrightval A left.val> right.val)
op =ge'= val = (Ix, y: itemType -
x eranleftval N\ y € ranrightval A left.val> right.val)
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valOp.. =eq|nellt|le| gt ge

—RRHBRERE N Z B,

genOp..=eq’ |ne'|It’ |1’ | gt’ | g€’

HEHBREIAREETHMRERL SFARNE S
170 JF Corder) R R B X A BRER << > R EBREAT
gEHNE. AN, < BRENENEENREXHF
(documentorder) FE— M REH L KER - MRERE S
BB .

ndOp: . =islisnot
orderOp .. =less| great

K ¥ docOrder & X 4 & 1€ ¥ F 9 JF (document
order) ,
|docOrder : Node—numval

4.6 FH(Logic)FiAR

left.type = Node
op=is=val =
(left.val.id = right.val.id)
op = isnot=val =
(left.val.id # right.val.id)

—nodeExp __orderExp
baseCompExp baseCompExp
op: ndOp op: orderOp

left.type = Node

op =less= val =

(docOrder(left.val) < docOrder(right.val))
op = great= val =

(docOrder(left.val) > docOrder(right.val))

BHRBEXNULR: 5@nd) REX Fon)FRBX . BH

PR R A logicOp EXH
logicOp:: =and|or
B RAA K logicExp EXMT :
— logicExp
baseExp
left: Exp
op: logicOp
right: Exp
left.type = Bool N\ right.type = Bool
type = Bool
op = and= val = (leftval A right.val)
op =or = val =(leftval \/ rightval)

4.7 #% {4 (Conditional ) k5%

— A EUREXCQEEZNFREARX WAL ER test,
then BEX else REX EZH XXXV ERBAEXMT 0
RUAREXNELE MNEREHARER then E. TN,
EREHRERX else B9{E .2 condExp EXMT .

— condExp
baseExp
test: Exp

then: Exp
else: Exp

test.type = Bool /\ type = Bool
lest.val => type = then.type N\ val = then.val
—lestval = type = else.rype Aval = else.val

4.8 Eif(Quantified) FiAR

XPath X FFFTE (existential ) 14 B (universal) &7 .

BT84 %R quanOp E X

quanOp. . =some |all

— N RIEAREACERMUE BIET op . XRE mm K&
Rep WHRER 6s. WM T OIFHB R R RS ref,

MEXN—LEEREH . WAREIANEIR . NEER
AREAREEE MAEXNFH RS EMA, WAL ENE
AE B ERBEREREEE.

4.9 FRFIRI (Sequence Type) RIFAR

BB FEEIXEIE . LH instanceOf RiE X cast Fik
K \treat ¥k . K seqtypeExp T X NS F (class union),

seqtypeExp2instExp\JcastExpUtreatExp

— quanExp
baseExp

op: quanOp
nm: String
ep: Exp

ts: Exp

A

ref: VaRef

type = Bool A ts.type = Bool A ep.type
= seqType Aref.nm = nm
op=all = val= v i: l.#ep.val
= ep(i).val A ts.val = true
op = some=> val =3 i: | .#ep.val + refval
= ep(i)val N\ ts.val =true

* refval

— A LB instanceOf REXB TR - RER ep KR
tp P RER ep WABIECAR 1p, WZKZXBERKE, &
38 B R .

N cast REXBERE-BARER ep, BEHRFE T
Bl ZEZIXETARTNEVNBRA EXRMOHE.

F B castable EXRT—TRALBHET K HBE
EX ERER,

|castable : scal T'ype X scalType—Bool

— M treat REXCERYE:RBEX ep . K- p . FFTF
cast TIER streat FERXRBERKBERM I LTMME.

B subType EXRBTR— M SHEBER M SR
IR A,

| subtype : scalType X scalType—Bool

4.10 For FEix=

XPath 24t for RERXKRREF . — T BRER for RiX
XBEREHETESE nm. A FF (sequence) XA K
input R B RIEX return. WA QS BB T RRTI
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ref .
for #AXN T E  STEAF Y inpur F I, 1T HIE M
FKER rerwrn; HEKTEFGNERFISHTER,ELN
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BAFIWEAREXAERE.

E¥ evalFor HFHHBAR for RiEXHE.
levalFor:VaRef X seqType X Exp—>seqType

instExp castExp treatExp
baseExp baseExp baseExp
ep: Exp ep: Exp ep: Exp

tp: scalType

type = Bool
val = (ep.type=ip) Dpe = ip

val = ep.val

tp: aromicType

castable(ep.type, tp}

tp: scalType

subtype(ep.type, 1p)
type = ep.tp
val = ep.val
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