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Current uery languages operate on instances
only utignore valua le conceptual level information t atis wurie in
si e comple Sc ema ocuments or e ample, at  ueries are
evaluate against ocuments ase on tags an
t eir , ignoring t e an ot er
conceptual level information t at is eclare in separate Sc emas
e propose an e tension to uery languages for
of , ase on an un erlying a stract mo el of Sc ema
S es o t att is approac o erst e user ne an often more
a e uate ig level uery capa ilities eyon t e tra itional purely syn
tactic approac of uerying trees
L chema is replacin L cument ype e niti ns s rm del
in the structure and ¢ ntents L data asesand isemer in asthe standard
L schema lan ua e ithitsr tsin hyperte t d cuments and G L the
m delin capa ilities L s ere erylimited r m a data ase perspec
ti e ssentially a can e ie ed as an e tended ¢ nte t ree rammar
ia ra 1 cal re ular tree rammar L that simply speci es a set
ta s rtypin thetreen des t ether ith their p ssi
le iare ulare pressi ns In particular therearen uilt in
r user de ned data types class r type hierarchies etc
In ¢ ntrast L chema L  includes a lar e num er uilt in data

types user de ned ¢ mple datatypes su typin thr u he tensi n and restric
ti n mechanisms rdered and un rdered c llecti n types and ari us inte rity

¢ nstraints r speci yin multiplicity ¢ nstraints At the same time L
chema retains the ersatility L S r representin
ia e i lec ntent m dels Indeed L chemacan e ie edasa p r
man s ect riented data m del that all s a data ase desi ner t empl y
esearc supporte y D SetD CSD D C , CC
S, S C C suppl , S SD TUC
Su a ar S , S

it a ric mans e i ility for e ningt e slot structure of o ects using D Ds



ect riented m delin techni uest e press additi nal semantics ey nd the

purely syntactic in rmati n ¢ ntained in L data ase instances
hein rmati nc ntainedin a relati nal ect riented r L data ase
schema can e used in many ays as a ¢ nceptual m del durin data ase

desi n t help rmulate meanin ul ueries erthel ical data ase schema t
alidate instances t determine and ptimi ethest ra em delandlay ut rt

acilitate semantic uery ptimi ati n e er current L wuerylan ua es
such as  ath a and uery u perate nly n the
the i en L instance the part L chema that deals

ith ta names element rder and nestin nly and ith ut e tensi ns like
the nes pr p sed in this paper these lan ua es cann t make use alua le

in rmati n i enthr u han L schema
nsider a ¢ nceptual schema ¢ mprisin classes and here the
latter is a su class the rmer re ample ects may ha e an
additi nal attri ute t represent the ¢ urses r hichatet kis
rec mmended sin L chema e can declare the t ea
su type and declare that and are

the respecti e types In rdert e en ade uately rmulate ueries such as

L chemain rmati n hast e taken int acc unt simply retrie in
and ¢ untin elements and ¢ mputin their a era e price ill result in
an inc rrect ans er ere a idin t the art d m delin and schema de
si n the data ase en ineer may ha e deli erately speci ed in the L chema
that ects are a special kind ects ith certain addi
ti nal eatures e er thisin rmati nis r m the data ase instance

hich nly ¢ ntains element names ut n t type names here re purely syn
tactic uery lan ua es rkin n L instances nly cann t kn that
elements are als elements here re the pr rammer has

t ¢ nsult and understand a separate L chema d cument like the ne
in Appendi A carry the urden ¢ min up ith a standard syntactic

L wuery that returns the desired result Instead the pr rammer sh uld

ea let de neane ui alent ¢ nceptual uery er an a stract ¢ nceptual
m del the L chemain rmati n

e ar ue that it is desira le rtheusert ea let wuery th the syn

tactic element structure L instances as ell as the acc mpanyin
induced y type declarati ns and ther ¢ nceptual le el in r
mati n hidden in L chemas he pr rammer sh uld e relie ed r m the

urden re ritin type ena led c nceptual ueries int syntactic nes say

or rea a ility, e use t e convention t at user e ne en it ,
say , e tags are enclose in pointy rac ets ,
See Section for concrete e amples of  an



in  ath that achie e the desired e ect this end e pr p set make the
¢ nceptual le el in rmati n uried in L schemas accessi le t the user in
an intuiti e and seamless ay similar t the ayshecann wusec n enti nal
path e pressi ns a ainst L d cuments ith ut schema in rmati n te
that hile L chema d cuments are themsel es L d cuments and thus
can e ueried directly usin ath and uery d in s d es
pr ide the user ith a reas na le mechanism r ¢ nceptual le el ueries
see hy c nsider the a stract L chema in rmati n depicted in i ure
its ¢ ncrete L chemarepresentati nissh nin Appendi A Itis ery hard
t see the rest r the trees r e ample tryt speciy an L uery that
ill nd all p ssi le element names and types that can e ass ciated directly
r indirectly ith ia element type ass ciati ns su type
relati nships e tensi n r restricti n r su stituti n r ups In ¢ ntrast this
uery is easily rmulated and e aluated er the c nceptual le el in rmati n
in i ure
he r ani ati nand main ¢ ntri uti ns thepaperareas 11 s he a

sic idea ur appr achist rst distill ade uate ¢ nceptual le el in rmati n

an L chema and represent it in an a stract m del thisend ede el p
the a stract in ecti n Based n thism del
ecti n de el ps the rame rk r ¢ nceptual ueryin L a standard

L instance m del ecti n is au mented ith schema in rmati n ec
ti n In ecti n e use illustrati e e amples t sh  that ¢ nceptual

L wueries are ten pre era let syntactic nes ecti n de nes an e ten
sint ath called ath ith types andsh sh ane ecuta le

1 icspeci cati n r ath can e tained inally ecti n summari es
and ¢ ncludes

In terms L L chema in rmati n
has eenlyin all wuntiln and t the est ur kn led e this is
the rst appr ach that empl ys L chema in rmati n r ¢ nceptual le el
ueryin L
heneed ra rmaland intuiti ea stracti n the ¢ mple L chema

standard L  has een identi ed and addressed in B aB

ur pr t typical implementati n ath empl yssuch a rmal a stracti n
called ecti n asthe asis thec nceptual ueryin rame rk ur
asic appr ach can als e used ith ther L schema lan ua es see

ralist the many ¢ mpetin appr aches L ra c mparis n ased
n rmallan ua ethe ry and L a rastudy datam delin capa il
ities L schema lan ua es includin a ¢ mparis n ith traditi nal
m dels L s are wuite imp erished in terms  data m delin capa
ilities there is n su typin mechanism L An ther area
here L schemas are rele ant r L wueryin is in type checkin and
type in erence ueries ia pr idesan er ie n the pr lems in type



checkin L wueries A typical type checkin pr lemist ¢ mpute as accu
rately as p ssi le the utput type a wuery i en the wuery e pressi n and

the type  the input d cument L chemain rmati ncanals ewused r

type checkin uery e pressi ns hen translatin  perat r trees t uery
re e pressi ns P learly these appr aches are ery di erent r m
urs since they d n t aim at inc rp ratin L schemain rmati n r wuery
rmulati n and the actual uery pr cessin at runtime hile epr p set use

a stract L schemas as rst class uerya le  ects these rks use schemas
r ¢ mpile time analysis ueries

he e tensi n r m syntactic t ¢ nceptual wueries is ased n an underlyin
a stract he L chema standard L
has een critici ed ritsc mple ity and attempts at a simpler and m re rmal
descripti n are under ay B B a As it turns ut much the
¢ mple ity is due t intricacies h ¢ schema in rmati n and
caused y the actual underlyin schema metam del the ect riented
m delin ¢ nstructs hich the schema desi ner can use hich is rather simple
and strai ht r ard In the se uel e present hich is ur rmal m del
and appr imati n  the L chema standard ed n t aim at a ¢ mplete

rmali ati n  all details L chema ut rather at capturin its essential
m delin eatures as re uired r c nceptual ueryin L te that ur
appr ach type a are wueryin isn t limited t L chema utc uldals

e ased n ther L schema lan ua es such as LA G

An schema ¢ mprises pair ise dis int sets
and respecti ely

e ten simply say and hen re errin t and
r e ample r the schemas in i ures e ha e types
auth elements auth and attri utes
c e tle cut th

ach type is either r and either r
leadin t t partiti ns and

r e ample ec al i ure is a simple and ¢ ncrete type hence in
n the ther hand u 1 cat s this is a ¢ mple and
a stract type

is a inary su typin relati n

stan s for non a stract, , concrete types



hile isa inary su typin relati n

Gi en and the is
ere uirethat is and that each su typeisderi ed r masin le parent
type nly he induced rest is called the r
er the i en schema he transiti e cl sure is den ted y
Let e a type and a su type In ecti n e use predicates
and t den tethesu typin relati ns
and respecti ely estricti n asimple rc mple type yields the same
kind type hereas e tensi n asimple rc mple type al ays yields a
¢ mple type he reas n is that in L chema a type means
t sl ts elements rattri utes t the L ects hichal aysresults
in a ¢ mple type In c ntrast a type keeps the i en sl t structure
ut adds c¢ nstraints n the e istin sl ts nceptually  th restricti n and
e tensi n are su typin mechanisms L chemad esn tall the user

t use th eaturesin asin lestep h e er

Assume e antt de nea su type
callede et re pensi ete t ks ec uld deri e the su

type r m its supertype y i re uirin an additi nal eld ec e ded- that
lists the tar et audience a tet k and ii ¢ nstrainin the pricet e
m re than ince in L chema the su typin mechanisms restricti n
and e tensi ncann t e used t ether in a sin le step ne must rk ar und
this limitati n and intr duce intermediate types te t
and te t e et assh nin 1 ure he ¢ rresp ndin

declarati nsaresh nin i ure

L chema als lacks kn n rm ect riented
m delin
e cann t de ne the type cen
tury te t k as the ¢c mm n su type th te t and c
century k Instead e can either restrict the rmer y c nstrainin the
u ea element t e type ¢ ea a restricti n L chemas
year type sd ea t the century r y e tendin c ith a
ec e ded- element  his results in the t ut
n t name e ui alent types te tc and ¢ te t sh nin i ure
and i ure
r m a user s m delin perspecti e an L chema type hierarchy can

e ie ed as a class hierarchy that can e empl yed r simpli yin syntactic

t is re uirement can e lifte , ut mirrorst e fact t at Sc ema oes not ave
multiple in eritance, ,t 0 1 erent types cannot ave a common su type
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ype ierarc ies it lle an an ou le or
er are epicte as ellipses o0 es enotes

ueries and r rmulatin m re ade uate ¢ nceptual le el ueries In the

rame rk thisincludesna i ati nsin the transiti e class hierarchy hich
a stracts r m the limitati ns h typesha et e declared syntactically
A

elements and attri utes t types is a inary relati n

that maps element names t simple r c mple types and attri ute names t
simple types isre uired t e uncti nal each element attri ute maps
t nly ne type

r e ample in i ure is und t the type and t t
type te t see In L chema these are called
indin s In ¢ ntrast there are se eral indin s auth t an

auth r type ithin the ¢ mple type de niti n the auth
element is und t the type auth hus hen syntactically ueryin an
L instance r auth elements say usin auth e may retrie e
di erent types auth rs auth auth late uth ith ut ein a le
t directly uery the types classes t hichthedi erentl cal auth  elements
el n emay still ea let mine thisin rmati n r m the instance y

rst analy in the L chema in Appendi A r etter its a stract

ersi nin i ure and then ¢ min up ith syntactic ueries that all wust
identi y check that c u t th check r
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lements of a e agons an associate comple types

USBookT ’

O es

death ea and all ith schema a are c nceptual ueryin
L the user is relie ed r m this urden

i ure sh sthea stract type u 1 cat and its ¢ n
crete su types As usual in ect riented m delin a stract types may n t
ha e direct instances ut their ¢ ncrete su types may r e ample i an ele

ment say u l cat is undt u1l cat i ure  then instances
that element ill nly e indirectly type u 1 cat he direct type has
t e ne the c ncrete su types u 1l cat r u al In
the L instance this is indicated y intr ducin a special attri ute s t e
h se alueis any ¢ ncrete su type the a stract type ¢ the wu 1 cat
su elements u s in the L instance in Appendi A he use the
s t eattri utet discern hich the ¢ ncrete su type an a stract type
is ein used is an e cepti nt the rule that L chemain rmati nisn t
part L instances

An element name such as

ul cat hichis undt ana stract type like u 1 cat can ccurin
an L instance ut hast e su typedt a c ncrete type L

chema als intr duces the n ti n such as a in i
ure An a stract element may ccur in the instance Instead a

ith ¢ ncrete elements is de ned and any the mem ers this r up
can e used in place the a stract element re ample i ure depicts the
su stituti n r up the a stract a element declared in i ure ince
the ¢ ncrete elements asu stituti n r up can replace their ¢ rresp ndin a
stract element in an instance the mem ers thesu stituti n r upsh uld ha e
asu type the a stract element s type assh mnin i ure Asane ample
¢ nsider the children us in Appendi B inplace the a stract element
a the instance ¢ ntains elements the su stituti n r up In ¢ ntrastt



the pre i ussituati n ith a stract n the indicates h
an a stract element is instantiated e ertheless the instance 1 ses ¢ nceptual
le el in rmati n since the types elements rey esin iure arent
kn n in the instance A ain the user has t c¢ nsult the schema t disc er
the types elements and h  elements r types can e su stituted r ne
an ther

he last imp rtant m delin eature L chema is

the de niti n r in ect riented parlance the sl t
structure a class ssentially c¢ ntent de niti ns can e seen as the ell
kn n part L chema s e mit the details here he main
di erence t ¢ ntent m dels is that L ¢ ntent m dels als de ne the
type their ¢ ntent

stc ntentm delsin i ure include den ted simply y r
e ample the ¢ ntent ulcat s isthese uence us u s An
ther re uent ¢ nstruct is re ample auth auth
speci es a se uence rm re auth  elements each type auth his
c rresp ndst atyped ersi n the auth declarati n in s  here are
a e ther eatures L chema such as un rdered all rn ne
r ups su elements h se additi n t is strai ht r ard ut ey nd
the sc pe  this paper

In the se uel ede el pa rame rk rmiin ¢ n enti nal syntactic L
ueries ith hichreert thea stractm del
a ien L chema irst e present a simple relati nal representati n
the schemaless Linstance m del ecti n e t a schema a are e
tensi n called ispr p sed hichaddst the rmer separate
¢ nceptualle elin rmati n r m the m del ectin his ¢ nceptual
in rmati n pr idesthe user ith ne meanst uery L instances Instead
relyin nly n the syntactic tree structure t  rmulate L ueries the
user can empl y the induced y the type de niti nsin the
m del In this ay the user can de ne access and retrie al Lin rmati n
in ne ten m re ade uate and ¢ n enient ays ecti n

r uni uely descri in L instances e c nsider the 1l in sets
r and
character strin s Based n these an L d cument can e ¢ mpletely
characteri ed usin the 11 in uncti ns

returns the uni ue n de thed cument



returns the rdered list an de r the
empty list in case alea n de

returns the set an de
returns the uni ue aka an de and
nally

returns the alea nde r unde ned r

n nlea n des
learly a ¢ mplete tra ersal and e pl rati n  an L d cument can e
per rmed usin these uncti ns nly startin ith successi ely applyin
r interi r n des rlea n des and and al n the ay
t markup n des ith element names and attri ute alue pairs respecti ely
Additi nalna i ati n uncti nscan ederi ed easily t m e r mchildren
n des ack t the t ump t r acr ss se eral
leels rt m eamn he ari usna i ati n uncti ns are at the

c re e aluatin path wueries and can e represented usin simple relati nal
structures

Let den te the p siti e inte ers he uncti n can em d
eled as a relati n here h 1dsi the child

n de is
he an L d cument

is a relati nal structure in 1 in the 11 in predicates ith their ius
semantics

In rdert wuery the c nceptual in rmati n ¢ ntained in an L chema e
need a representati n  its m del descri ed in ecti n
Let e the syntactic instance
an L d cument he is tained y addin t
the 11 in relati nal representati ns the ass ciated L chema
here these relati ns satis y the re uirements r and  respecti ely
ecti n
he ¢ nceptual instance is in the sense that it keeps the relati ns
pertainin t the L chema distinct r m the relati ns
the actual L instance hich are typically st red in a
separate L data ase e ertheless can e c mpletely typed usin the

11 in rules

a set of attri ute value pairs is a function mapping attri ute names to
attri ute values

for e cient implementation, a itional ata structuressuc as as in e esmay e
useful



he rst rule de nes hen an element n de ith element name ta has

type usin the relati ns r m similarly r the sec nd rule hich is used
t type the attri utes an de

L chema re uires the su typin relati n t e acyclic and that each

type hasat m st ne direct parent there yrulin ut multiple inheritance  hen

¢ nsiderin  ther underlyin schema lan ua es r c nceptual L wueries e
may rela these and ther re uirements ith ut chan in ur rame rk n
sider ample and its type hierarchy in i ure e can remedy the pr lem
the structurally e ui alent ut n t name e ui alent types te tc and

c tet y i rem in ne thetypes sayc te t and ii addin
c ,te tc s that elements und t te tc are

kn nt esu types th te t c hile this ill chan e

acc rdin t the rela ed schema m del ur asic appr ach discussed el
remains unchan ed

he a stractm del an L chema ¢ i ure
¢ nstitutes a ¢ nceptual m del h se type hierarchy ¢ i ure is de ned
y the type declarati ns the i en L chema L chema distin uishes
et een su typin ia restricti n and su typin ia e tensi n since
th mechanisms re ne the sl t structure in di erent ays r m a c nceptual
m delin perspecti e their uni n c rresp nds t the erall type
hierarchy As illustrated el e ar ue that the type hierarchy an L
chema can ee ecti ely used as a there y acilitatin ¢ ncep
tual ueries a ainst Linstances hus e ten use the terms
and syn nym usly By ie in types as classes a user may de
li eratelych set i n re c mpletely r partially the part an L
chema the syntactic tree structure imp sed y the nestin elements and
empl y the class structure as an alternati e and r m a m delin perspecti e
ten m re ade uate access structure

Assume the user antst issuethe 1 in wuery n ks

a ainst instances that c n rmt the class hierarchy and m delin i ure
and i ure

In the 11 in e discuss h  the user can rmulate this wuery in the
presence r a sence certain schema in rmati n



It is irtually imp ssi le r the user

t  rmulate the uery y nlyl kin at L instances see Appendi B
ence let us rst assume that the user is i en an L r e ample
the part can e tained r m an a stract m del y relacin the

ri ht hand sides  element declarati ns ith the ¢ rresp ndin ¢ ntent m dels
¢ mple type de niti ns  hilei n rin all remainin type in rmati n

e ample r t in i ure e e tract the 11 in c¢ ntent m del in
simpli ed like synta
t c e t le
t tle , u ea , auth . ce , ec e ded_

ther pieces  the include the ¢ ntent m dels r ul cat

c etc  his hether i en directly r mined r m an Lin
stance d es pr idein rmati n h  elements are ¢ nceptually related
hus ecane press nly i the user has say as part

the d cumentati n r y c rrectly speculatin that ¢ t
etc all reer t a c nceptual class nder the assumpti n that the user

s meh  understands all the unstated and thus r wueryin purp ses inac
cessi le classin rmati n she may end up ith the 1 in alm st c rrect
ath uery

t e Cc ce
he wuery returns all su elements that satis y the su se uent
¢ nditi ns the element name hast e ne t and the ce
su element hast ha e a alue less than
learly ¢ min up itha uery like isadi cult and err r pr ne task
r e ample the act that certain u 1 cat elements are als ects
is ar r m ius henl kin at the and instance in rmati n Indeed
the lar e disuncti n erall p ssi letas r k ects in must in
clude nem recase ul cat s t e since th se u 1 cat
elements hich ha e an attri ute alue pair s t e ha et e taken

int acc unt as ell

he pre i us e ample illustrates that

the current state the art  purely syntactic ueryin L lea es ample

r m rimpr ements In particular the ¢ nceptual le el in rmati n that is

usually uried in L schemas like the ne in Appendi A can e putt d

use r uery rmulati n and e aluati n  ith the ¢ nceptual instance m del

e niti n  and the wuery translati n descri ed el in place can e
simply e pressed as 1l s

ts ce

See a for an e cellent intro uction to at ueries, an t e su tleties an
pitfalls of t eir semantics



ere the ne c nstruct ts re ers t the type hierarchy ien y

the relati n in the ¢ nceptual instance the wuali er ts
re uires that any su element the d cument makes it t thesu se uent
uery step here the uali er ce i and nlyi it has direct type

see el

An ther sh rtc min that ent unn ticed

in and that can ee pl ited r ¢ ncerns a alue restricti n ass ciated
ith the ¢ mple typee e t t  hich the e element has een
und
r m the m del e kn  that the ce su element
e elements is  type e ce hich has een restricted t alues
a e Gi en thisin rmati n e can per rm a
that deli erately e cludes e elements and re rites as 1l s
ts ts e et ce
ser e that the let ass ciati e se uence uali ers
ts ts e et ce

c rresp ndst al icalc nuncti n A urther ptimi ati nc uld c¢ mpile the
cnuncti n the rstt uali ers ts tse et int an
additi nal inde structure that a ids iteratin ere pensi ete t ks

In rder t implement the ¢ nceptual style ueryin L e rsthaet
e tenda ien L wuerylan ua esuchas ath r ueryt all the user
t reert thein rmati nin the ¢ nceptual instance thisend ee tend
a ersi n ath ueriesas 1 s

ath ueriesin 1 e and e pressi ns ad ersim
pli yin sli htly the a stract synta ath includes the ¢ nstructs sh n
in iure Intuiti ely patterns are usually used t aset n des
reacha le r m the current hile wuali ers are used t a
ienset n des

r e ample rst applies the pattern resultin in a set  selected
n des then keeps nly th se n des hich satis y the wuali er te that a
pattern can als e used as a wuali er hen used as a uali er is satis ed

i it returns a n n empty result hen used as a pattern

e tain a typeul e tensi n ath rcn
ceptual ueryin L yaddin additi nal patterns

e S t te ts



aet a cest

at patternsan uali ers an enote element an attri ute
names, respectively

here is a type name
hen e aluatin a pattern ne m es r m pre i usly selected n des t
the ne ly selected n des hus patternscan e ie ed as inary predicates er
an underlyin d main In ath nly the syntactic instance e niti n
m stn ta ly the relati n is used naiatinin 1 esn des element
and attri ute names and data In ¢ ntrast in ath e can als
empl y the underlyin type d main the ¢ nceptual instance t na i ate
al n the class hierarchy ia the predicate
iure sh saset atal rules hich ser e as an e ecuta le speci
cati n  the semantics ath  patterns he i en ase predicates the
¢ nceptual instance nly ccurinthe dy rules hile the semantics
patterns is speci ed ia the predicates in the head the rules re
ample therule r pr per s 1 statesthatt n des and aresi lin s
i they are children the same parent and imilarly the seman
tics  a pattern like ts used a e as part the wuali er ts
can eunderst d r m thespeci cati n the c rresp ndin rulesin i ure
r e ample the rules speciy the inary predicate ts , asthere eie
transiti e cl sure the relati n  hich itsel is de ned as the
uni n and

ath  ueries can e translated
int wuery plans in a similar ay as  ath ueries nsider r e ample the
uery

t ts ts e et ce

ere e ha e added the special pattern hich selects the uni ue r t
n de the ien d cument he translati n results in a relati nal
uery plan h se predicates are speci ed y rules like the nes in i ure
startin  ith ther tn de all descendant n des includin ther ¢
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