[R\/\/ SCHOOL 91 2024, 04,09

FOUNDATIONS of GRAPH AATH QUER) LANEUACES

j)ieso Fiﬂueira
CNRS, Univ. Bordeaus, La BRI

France

E /DK(MMER l T C-fi” assume Somwme, ‘pavm’ia(i'l)r b '/L

4

.

Aomats  ~oSFpoTO

JQZ QeguLN (anﬁaages <

fegu/ar exrreS‘s.'our alba)* bl
I Basic a:w/ex:'l/ classes

NL € P ¢ NP ¢ Pffare < EX(gface



GRAPH MTABASES

éra(lq ala'lal:ulll art Uf?(! '(‘o (‘e@‘esen'(' Semi-S"ruc‘Lrt’J o(a o
1" dolmaiv\l tul'lez'e. Jle ‘1‘0(0(09 i as ihn(or‘lo.d‘l )y oll( a(aa i‘lﬂ?/fp.

gehnan'lic mt,
Afrli(a'lioms in % Sm;a/ Ne+uor}: ana//wf-'s

eiolo%fc»/ Ne ovs(ks
On‘lolo%fes

i DATA MO‘DEL<

PFO(QIJ7 Sra(qus: \”‘& Pws‘l 6&%(&( Aa'{a WOJG‘

> USQJ i COIMMﬂerCiaI &fd(ln b6 wg;&s.
> Al 4 “P"Wl "‘la(ol"y" + "y ecties”

o8l ey adsint
ree('= IHIDL role= b((;(nl"

i el TMDbL
(17 + Movie)
#”e: Umc»iivem




Def A P(Ofer‘(/ &me 5 a up'e %=(\/, £, Cfl )\) G) A,lqerc

> Vi o Pinide s of pode ids
B> E i aluik cef of edqe id’s
> ?’ E— ViV si. C((€)= (v, v,) means ! V,— v,
> A'-(VuE)ﬁLaL , tohere LaL iS a se'( of "{aLe/s'"
> G- (Vu E) x Pra( — S s a Par'{ial \Ocmc'(ion, wLere
@) Prn(: Se" 0.{’ proeonlie}
o U S‘e-( oe() Swlrimsg

))

ﬂr "Leore'li(*a/ 9*((9(‘0“50‘0, we consder ”e s:u,plzr moJel o'e

e ——

L\rf—’i”\a" c-o
6| ‘
G
4
€]
6
6
]

| EVGE - LABELLED |

GRAPHS

-

Qe

C

G

G

G

¢

¢

Cj...-..“‘. -~ ~
\\L/f' C O S & &~




De'e A ga(L Ja a‘oate over /4 is a "u(/@ @=(Vl E) ;./’nere
>V ia Puide set of  nodes
B> E <sVxAxV a set of eJKeS labeled L), A

5\36 (}rau “u a_) vw'(’o dem'le (u/alv) E E




LREGULAK PATH QUEIQ!ESMZ

@\ Am eSsm".a’ ceea"ure LmJ pm({wa( gwrl« Y8 |aw&w 66.(
"H@ aLi Hy "navi &ale '“\e dota.

RPQ + ke 'ansuase allogei n&"‘a fave s the Qrop L a,“
C'LQCL'IS L«Le‘“wr a CowJ'IOm LDUS‘

Def A Faﬂl & (VE S a Sequeace

a, ds Q¢ an a.,
P = \/—»V—-ovz—ﬂ\/,—v. ._ov '—"V

st (Vé.,,ag,vé)ég 'gr al 15ésn
The Lkl o p 5 1b(p) - a, -0, ¢ A
<F=v W a (a'}L cvi'“w ,aL(F)= ﬁ)

E. s. ‘crewJ cavthoc

= @ A poth il [oke

- -(?re.aa( —aeml Suprcvi ife '




Def A “"&“IW fd“" CLUer (IQP@) over A il an exfresjion
Q("/P‘) = X -

A/l”ef ¢ L iS a regu'ar exPNSSiow over /4 .

>/

Def |V~?n a gra ln LY (V E) 1L|ne eva :om OQ QR 9.
gep
(aemkc; Q@)) wgi R

{(’U'V)G-VXV aapmlL ‘P(O!MM‘(O’U' !V\ﬁ S‘(
,al)(P)G'L }

Es Qb - X—szﬁy

TL!S i Cal/eo( »lLe "arLi'lrar;r 'oa'alla s'elmam‘fics "



@) ArLi'(‘rar7 Pa’IL fewmadticS am/ fa\dfn
@) Si,,.,. e PGJL femamIiCS: 0m‘7 g-;w(le \pavl'l/lf, ie) No refaor(ins ﬂoj(-’]'
OTra{l Selmaw'ltcs: \oa'“'d wi'”« o r‘€|0¢a ‘/'ecl ea(,&ej

Obs. I ﬁemeratl- (v,~) € QR) vnder sswupQ ‘Daﬂr Qeu«avn[ic;
yA >
() € Q(%) vnder +ra.'l Qewam'/ic;
b A
( "1,‘“') € Q(%) Uwoler athlrar/ .oarlL Qelmam'lic;

i lNVEKSéSi

Def. A finile aI‘DLa Le'l
//\i= A V] {a" : aé,A}

A 2€PQ over A s an ex preSsion

L
Qlxy) = x—> ¥
chere L s a Pe&u{ar @xpreffion over /A-“.

Es Q(x/)’) = X ﬂﬂefvise.wervue:’ 7 (&—S‘vperv;sor (“Qla'li!)w)




& -Su'd &7’}&)
su(erv ise
su(efv ise

%
}gﬂmurlcsz
(,&lvem g (Vt-) gver/I

Ie+ C&" = (V/ E*) over /Ai @[«rc

Ei=Eg i[/u-a—-—)f\r) : (Mf-knr\r)éEl

Def @iv&n o 2RPQ G?(K,7)= X—L—D/ , e JQ-PMG
(SZ(%) as Q(@i) Geem a§ an PPQ over //‘t)

CONVUNCTIVE RP@Q Z

@ CRPQ C®

RPQ tea“lmnaI a'{'ow §
USQ Con\'xu.nc‘{'ion o-e ﬁPQ CMA Frc&ec”!' onlo Sowe vdaria L(ej.



CM'&’"“"“’C Q"‘-’?’ A ﬁfS“-orJQf query of the foru.

324)...,3,,, Qaﬂ(x,,y,,) Ao A Ea..["‘"'/v") )

“emma [Cl’iav\o(m, Meclia 33 ] ‘
%}: @) .f-e 3 h hown %aiﬂma«(&) *L'—)ﬂ

E-S- Q = 3,(),% R, (%,5) a [(‘L[x,w)/\ﬁa(e,))

Naw"oﬂlowsu are RPQ...

Def A Condwc“ive 200 (careR) & aa expression

Q(20r2) = (ko) n o n (xS 0)

chre @ TLE Xi'& ad /5’1 are variaues
O 24,-,24 S a '|‘uple_ o*Q “free” variaL(eI N {Xf,,., X, Ya) .-I}‘w.'l]

@ Eac‘n L,; it a regular ex{fes5ion Over /AI



A LomaMar?L;‘Sw ‘QfOW a "‘O ‘(V E) is ) ‘(}nmm
’ N a Wmf(l
the veciabls of @ 40 V. Cg s

A hawov/marehis»u eilisfies @ +f 6\1\()‘;),/%(}’5)) € (xiﬁg)’c) (ﬁ)

'Qor a” ‘.
Fma”),, ']-l:@ evalua"ho.n &C(&) ) ']’l& 82'/'

{9/\(24),..}/4(2,,)) "/A a ra“tl \07\'/;3 waolworpL:Sw.
‘Prow QR 4o %}

Esq

B Q)= x s./perwse*/ A x Liead * »

“EQLrieve a” ,aerSDwJ Le.’m(g fr;e.«Jf M'”n Some J€SC€mJaw'/

)

&7

v 4Le Svferwsar %emeao

S‘./per vife +
_)

> Q()=x
" Tl«e«e i$a c),cle v 4Le Sv(erw.Sor %emea[ov ”



Il» A)_Len 62() iS 600(6&/\ (: Vlo'e‘ee variaL(eI)
/e Jurile {#Q .‘nnlead of () e Q(ﬂ)

Hle“euply fuple”

MAAA41424% a2 N4d4a 22 AAS

DECISION PRo BLEMS |

<{)Z q’ue7 eva/(/a lon: LS (vn,,..)vlt) € Q(%) ?

JL)K S'('“‘(ic AW’;S‘fS : Y)o@s R (/rave a cer'loin Prafe.—‘/‘/v 7

2% Emplivess
ﬁk &-ﬂ“a;nme’\‘(

& Ecioiva(ente
JLX 60./40‘&!;«(5'



E EVALUATION of CRPAR Z

ﬁ‘ol;lew\; Cva l- &
éivem Qe @, aga(l/l JL q&; a’(uple X
&)Le'”lerf X € Q(%}

C‘amlﬁneo( £ow‘0(€l<i'l7: ‘90\“4 Q' ﬁ als iv'pof(—

9 Llovens <
Ad‘la Qm([éxi‘(/: & i§ Cohf;dereol 'lo LQ QiXed

T him.
eval—(Z)KPQ 18 NL'c;ow/le‘lle

( both in difa avel cotwbined c:wf/oxf(; )
and i linear fivme O(/Cg" “—/)

ﬂ’oo'p idea. Z.!'P"_" f (Uz"), X"A“))’, %—'(V, E)
We tvam" "o c['IQCL % wl'lerc Ay - Ay e'L

@ "’urm Z_ M'{o an dl;‘OIMd 01 /4/ (‘in ,oqua(g /I{near '(u'Me)



@ ngec"’ @ as aw du’(olma O Ag c:,“n -i:i.‘!.'a/ ) fna/ ﬁla‘lejl U/V
@ "aLe '1(L¢ i«\"erxec“‘iom o'() l)o'/L (in Igc&gfa(e / lineor 4'”‘6)
@ CLecL ‘(?or' emf','muj (in NL)

T hm.

&m‘-—CQ)ﬁP& is NP- Comp’@'le wn Combined com(/eml;
NL- COIM‘VIC'I[Q M o(a a Colmplexh[;

ﬂ"""p iJea 'Qw NP (;p(er l)owv(l

0 %UUJ o l’mhamarf['-is» s W,,[Q) — \/
i e b 1o b A e

O Chck = eyl fme At (10 7)) € Gi=) @)
'pw every “< . L o'”wr &voroll, JLa‘( /M i S“a-(n-g,;,,s.

NL  vpper bowd :  Samwe ay befuce , nO'hCMg -”'ua+ sace Q iy Yixed
/4/\ Caw \oe Cvrl'“en in [ngface,

NP [ow(r La«ma( : 'QrO\M ?Val-CQlech '$ NP—[am{/e'lle
[CLav\olm, Mer'in ’:H]

OLS‘. C ~ CRfQ A/Lou la4gva¢xej are op@ru 261} :



ns) WLa'I alaw% oJLnr §emayr/ics %

Thm. [ Mendelron, Woed 145 ]

eval- EPQ Uwo(er sw‘ple Fa'“ﬂ SZlmam‘(FC! is
NP—CDM(Ie ¢, I»‘!L " Ja"a de Covawd

com .olQX i’l‘/r,

0 aa)F
Flet Gonsider dle RPQ Q(x y)= x < )4:‘)._

On a-’aLJIool c&raf)lar, i'l cl«ech ;ﬁ Jlm i & Cg®%@

S(lmFle pa‘”» )Je‘(&/ee.n ’{'wo %}ve,, venl—\'ca, p L/Lo'c'n
iS NP~Cowplewle . [[a(ﬁa&l«, paPGJilmi"h‘ou "84 ]

Tl‘len -Nle 6[067 X-Ca—a)f))« 1) Lao( (NP-C)
'@r Qmpé ‘Da‘lll %Mam'/ic_s‘ l:w'l' X——a'i“>)' is 3000( CNL'C)

W

Ca-n we ‘IF” afar)l bao( ano( 5000( oLuerieJ?
Ar\o( CJLd.l ﬁl)ov" ‘Ifbi/ sewmanlics 7

—

V4




T\n\m [Ba&aw, Boni-ea";, C&-og 'ZO,‘ Mar"ews; NiCWer+L/7;‘au"n?r ’ZO]

for every RPQ Q»- XAV eva,-fo undec
Silmr/e Fa‘lL or 'I'ro.'/ S'ebman‘lid' ($

B> NP- cou-(le'lc ,

> NL- caw.p[e'lc, or

B> in L (even AC°)

ClﬂaraC‘l‘e(i?:a'l;tMS are eﬁfec"ivé C‘m PS(ace).

VESElSL ECes e Cc <




& STATIC ANALYSi1S OF CRP@ |

LamcL Oeo reafom'-n& vlasl’S

(Rf quecies
n J—L( OLRMCQ_ ovp o(a"a

( S'l‘aﬁ(?f— Amalym -(

y —

=) o-p iw.?o:lame, -l-b op \Ll'hn,"z‘a‘liOn or £r cl\ecLin
Cortec"’(wﬁ (ro(erJ\'GS.



’E,Simlac AnaLw's oo blcs z

>

So‘() sl)‘.aL;/f‘ér :

wa'(‘aiw Wlem":

E ctuiva I(-’Mce :

eb (MJZO‘ ress :

ISJLue:owefgsv/ ﬁ#Q?
s AFQ, 2 KX FQ, ‘P“ONC& 7
I QFQE R beallg 7

Can ‘ule €éx pres&iows o-f \a'le quecy Lc g.'w,oli-p;ed?

Cam tve avm‘o( bdQ MZO‘C CecursSion 7

Ts dhee some Q' willod Kleeng sdor o
Q:=Q'/

D Sewquc A?C'l‘ﬁ‘l‘/ : Cav\ "”»e SLG(C Oja 1U€f/ .Le Sc'mplfoe‘?J 7

Can C7cleS Le aVoiO(GO( 7
IS cu@re Same Q! a,.'ﬂwl nM-‘I[rivia/ c}céi
# @@ 7



SAT|SFIABILITYy

Roblew : 30+‘Q
éiven: Qe @
Chelher: Hhere 15 some graph b & 2. Q(K) ¥

E's‘ o) Soﬂl- FO uno(ecio(aLQ [Fal‘l"'&"'l’“ﬂl '50]

@) Sa‘l- PROP s NP-Cow(lewle
@) Sa‘l"CQ 'S Qﬂf-’-ﬂn'?l ‘I'IMe (0/[‘/0/5 -‘-rqe'/)

Oks. G any QECKPQ ove /4-2a',..,a,,$ TFAE

(@) @ So'l'fsja)‘aL(C
@ G F Q
(/25) L%ﬁ \Qreve,7 /048. Z i Q



Lemme y

Sa‘LCKP& is dn polynow.;a' fime . T Hact -
> i L in(\ Iangua%eS Aiven L)« regexp
B> i~ NL i lam&uaaes Kiven '07 NFA/DFA

(Sewe & era, wc2ete ..)

@) EMF{)’MQSS ‘Por bFA/NFA is NL’Cowf[C‘Le

Q Ebv-r“ineﬁ ‘por rQ&dLr (’X"fe!’&‘oh] IS n L

'VTV"VTVVW






CONTAIN MENTzZ

P(‘OUQIM: 50”'{"‘@
Given: Q.,, Q, € @
Cobedher: Q4 (%3 < Qt(g) ch(‘afl'l JL %

AL |n7 do ce care
aboot contaimend?

V4

The most base reasoning Jaslf. Usedol o

OF"M;%NL?M Con I Saopel7 re p‘a(e Q cill Q'?
Ve frca 04 Can I obtain Qgeeret -crokn R7
In"? r.47 cLeCLin& s Q lae\'-ween @w,jt and LQM,?



RPQ CONTAINMENT |

La L?.

gve«, Q= K—=y a~d Qo= x— 5,
5 Qq(&) < @z(ﬂ) Evr eue7 Ka(lq a/Lf?

[emma

sby ¢ x5, B0 Liel,

ﬂ'oo'p <_;) Ip L1 c L?' ano( (Vq, Vz) &€ ()( '—éﬁ 7) (%)

(,
WQ label (p) €Ly € L, =D Cu,w) € (x> )(a)

3




—_;))]:9— }(iby c xéo)) leJ' welq)ﬁifw:a,,...a,\eﬁt*.

[/\’C SLOW v € Zz,
Gy Q= v 2SS, The, y)e (x297)(@),
anJ \”nvS (Vo,vn € (X —él")') (g) . S.'Me J’ler'l Ovn(/ 0~e fall.

g(o.\ v, Jv v,, J—L’S weLaq) Q9y--a, € ZZ.

Coro ”ar; = Cotaiment FL- (/.
S-RPa 1 Plence - ‘°‘“f’(ewte. requbr luags. 15 Plpece-c.



CRPMQ CoNTAINM ENTIZZ

TL.m, [Ca/l/awese glal. kR'00, F/oresc‘uglal PoDS "’lg]
The Qg Condivmed prol:/em i$ a(ec:JaU()

Exp Space - complete.
(et (Al e uc2rea)

> 6( S%IM(:Iic; / , /e‘l's *E»c./s On eaolean 1ven'e1,

Qe @ @€ oa, Y § %SM?

D ViSUa, (Q(r!&en'(‘a"’iOn :

@b)* % " (@+b)*
Q4= gx'xz)(} Xa""xz AN Xq ‘-d—'b)(g I\X?"C—VX?_I\ Xq_——*)g

ee ?9

NI
X4 L/C;C )(a-l—‘:)*
2 X,

a¥



> CQ % CKPQ wLyk ever/ Io«u& il a SCA&LQLV\ s/hbr/ faf,

@ cepa. = UCq

by* b o b oa
E’S' (ﬁa’l)o = o Uo;‘\"mo UDN‘,N’M,/‘L;O U °

Def. Q W an e’ws«;on OI-) Q' ;I il» ') Hz, r(u/ot 9ﬁ
rerba.s eachh L a.:”. ' dor sove wel

Exp(&) = SQ“ opa” €xpon 5o of Q (av. o0 sef in 5:./)

E.so \:f X, a L a L e
¢ A, e, 7S, > -
PVt s x4, o T = Q,
Q:x <L) Sl
(e L Exr(Q,)
/ MX'L
g ()
k’k;
Ols. R = U E -por every R € CRPQ

Eesxp(8)



Lemma -
emma F;r Cvery &4 , QZ_ € CKPQ Boolean

é
Q.ca, dp % )
BE€ Exp (Q) st. Q5™ QF

Al lermiive’; :

Q. i
20, il 3 Qe Eyla) Vo e ty(a,) S Qs
])e:E biln(ss vPar noa- Cﬂv\"'dﬁnmeu‘l | N

=D Roweimber:

ee
AR







E CRPQ CONTAINMENT ~+ UPPER BOUND Z

(E\ @Aﬂ_ o CI’IECI(MK R, € R, n EpSpace

STATIC ANALYSIS

["_L‘r> CONTAINMENT

'Q) CRP@

(& ueree Bouwd

D &"!?\O(Qr Ql'l‘e 8"4044/& 0\0 €x pan Sions ,‘/ﬂlo A/or(/s

e (@)= (Ri 18] v Wes(@))*



bfﬁ:m'l’ﬂn 5 exavfé:

E.s.k ¥ » X a b a b
M 2 . . . _ e
P Qe Zilierr —» T - O
1 a}"xz » M
L EX(’(Qq)
\ a .= X
-e x/) Do_
1a\,‘\’c
[\ '\,k

CmCCQ.,e) = $ b & “LGL Xq * Xa X i X, Cce X, i X Lx’) $
Le(' Lemc J;#’{ €~c CQC) Q€ EX((Q!) f gds(Au 4’ vt VM(Q”)*,

.‘”’: 7

W ledod Low & fee@): @ i b adoer ]
\/V\/ -
pal/NFA exp- geed NEA

_— -

EK( Spoce

x “« N0 exgaF0A mp Q,, ifa k;‘lv'(ﬁ 'Rwr V0,1 —Con dimh?m'l”

2 Y EieExp(@y) JE, ¢ Exp(@y) st €, E7

cer eac(\ &C(af), we MCJ L L’J u‘ﬁ EJ(?S‘(?AQ Oﬁ a Low'norflﬂ'ﬂzm

Ee(Q) 3 8; — QF
















CRPQ CONTAINMENT ~e LOWER Bo Z
E UND

(E\ @Aﬂ_ o C-CRPQ is ExpStace -hard

STATIC ANALySIS

[we are G)CONTAINMENT
here
\\[i ﬁ{> CRPQ

&') LowER BOunD

Z'@: QQJ‘KL;M ‘Pf 0w ExpSpace- Golmple"[@
ceEXFOQO‘I}a‘ Grrd or T,‘ ImS me/ew. 77



Def Exfo.nen'lla‘ Grrd or T.‘ IMS (muew.;

> wau'l: O n¢ IN (in wary)
oOT: £‘m|‘1[e S(,VL OP uile;"
o H, ¢ TxT
O t,tp eT
> Queston: T I wmx?” —H;,& 9 1 mix{t. 2" =T
27 veni’;-.K tonsheands H V' 7

m 4 e N

_—

k T

» Enmc‘«'a& oﬂ, J»'IM.S gglu-l.'o.,, (es n= ({)

#OOOO .é4,4 0001 'LL,,'?_ O%lo '6",’ - il il 'LLJ’zq $
00V 0 ’62'4 ‘61’2(4 $
. toyre § .
fm,z" # € @T/{Q’,t,#j)
\/\;\_/
/
@\4\ < Q’L & no S'VCCCS$PVI J‘\'IMS
6 boolean / & no e pX i e e coding of &:&e.ui)vloli/fmj
# AT # — ,
® ®» ¢ &, A= A\

\_/-\,\/ \—v\/
& Q.



L-pv'q U[‘)H v l"l?m‘l v L‘l'pin v l"fﬂc

«____+  Oo

L-.V'n U[q” v l-:im'-l v L‘l-fia v lvenc

DIB we #AH i nod an eaaaoh.sof s«ccessj!u| 4i|.‘m$=> gQieExf(Qz)

haw.

st Qi — x-c‘—'—o)r.

DI@ (7 '#://—\' # S a succwpul PnCaJ.'AS La'l' Jlefe el v QSG Eo‘ﬂ(az)
Jl‘ﬂl’ ew\l)eo(S 'mJ":) x\wd,),) c'o( A/oalo( M-‘-MSS an “error".é

VEE Sl ECes et



CRCA CONTAINMENT ~bd SuBCLASS Esuz

TWO Via"ur‘a( Ways 'LO c‘eﬁme SULCIaSseS 0—0 CRPQ:

@ RQ“‘(\C“’ J'LQ USLafe," o:p cL(/er;es /T\Lo }1_'.
, ‘g NS,

@ Ees*ric" “’\Q regular eanesg_;g,,,j ./:I\L”/é:.



@ ﬁejl‘(\c"’ “\e “S'Lof(," oﬁ CL(/erieS‘

Deg Tl')e (Mdefl)u'n\g Md’l;cg‘afl’) o'p a CKPQ

TLQ ove oL‘La}neo( L/ d«‘!reﬁarolu'ns P@?SQ(('L

Es (b)Y

v w )

Uwo{eré,;ng vw”{ &fd(l'l O\E CZ

Def 6( a C[aIS z oﬂ m\,%i&ﬂ\ﬁl«]‘)

'/ fa [’0
= {Qecrpq : underls Qrap
cRPa (T): { e ,;S;m (E}






/:De‘P A L(lolﬁe, m A leu'lara(“\ iS aham;wa,wl oap eo{%ef wLoJ‘c
: rewlaVa, mcréases “we nuwloer OVQ Conhec"leo( Cblm.ooweﬂls

Tlﬂe Lo‘&(&o{ﬂn of % éla‘{"ed Lu(ﬁ)) max. Size of Mgc ;,.g
TL'- bﬂdgcwdvu\ of a CIaSI fof Lu(‘Zf) Svp Lk(&)

AT
Esq
ST
0 o)
tl———c* tl*’ﬁ*
A Lrio(ge of s-ze { Not a LrJ e
Cﬂd" a Sefaf'a'(‘ar)

N
\/l~fc \»L'd

Not o \malge o{' Lrno{ 4
(nd“‘ w;mima‘) (m+ Mmlho.l)




k
Oks. J”“(@) > K tondaing oéjﬁo as minor.

Heace : & ckPa(e) 1 Place J Lu(%) <k
k

Omj‘(ﬂ Oﬂer ['\anJ, iﬁ Vl— e Can val/m’ aﬁ;a & a

a mnor Oﬂ&n—c @G Z/b, lLi« ne Cawv refrocl./ce L‘Q ex‘oSpaCe /aw Low.o(,

T‘!\iS 7{3“(2
T bwm. [F'S“eim '2°1

ﬁ;f an/ Class Z ol’ W!Ju'i-?ra‘dﬂ Uv.der IM»'U a.(‘Squ'l:'MJ,
He CRPQE) codvinmed prblen. i

> Pgeuce-am([e"e i bo(?) < o0 , or
> Expg()ace- cabv?'ewle Ooll\zrmse :




@ Ees‘*ric“ J-LQ ( e&u(ar CXpressions

= Ver7 oﬂen CePRs are ved aith s-;vm(je regQ ,w expressions .
L; ,<€ <DZ A 'pvr a€ ﬂl 1;

It - +a, L a,, ..., a, €A T4
<DZ a-” ‘)(')Dr aAE /A ‘I}g
% (04 +--- +an)* 'per A, ...,a, € A ’I’A*

”'; One can JLeq o(e\oo‘vq vaclasses Jd CrPa
baed on e a”owed’ 47‘325 090 expressions.

Es  crea(T) = cq

> every QeCRPQ (7}) i eq,u’.vfalen‘” to a UCQ

> ceea () € ke (Tv Tox)



T\n\m [F!gue':fa g aI'ZO]

F FCF F C CRPQ CRPQ C F
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TA 1% (4.3) JNES PSPACE (4.5)
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Table 2: Complexity of Containment of different fragments F of
CRPQs. All results are complete for the class given. We provide
references in round brackets. When there is no bracket, the result
follows directly from another cell in the table. (f): (Chandra and
Merlin 1977), (): (Deutsch and Tannen 2002, fragment (™)), (*):
(Calvanese et al. 2000)
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