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Algorithm 3.1 GENERIC QUERY PROC

Input: query graph ¢, data graph g
Output: all subgraph isomorphisms of q in g
1: M :=0;
2: for each u € V(q) do
3:  C(u) := FiLTERCANDIDATES (q, g, U, ...);
[V € Cu)((v € V(9)) A (L(w) C L@)]
4:  if C(u) = 0 then

5: return;
6: end if
7: end for

8: SUBGRAPHSEARCH (¢,g, M, ...)
Subroutine SUBGRAPHSEARCH (g, g, M, ...)
1: if |M| = |V (q)| then

2: report M;
3: else
4:  u:= NEXTQUERYVERTEX (...);

[[u € V(g) A¥(u',v) € M(u' + w)]
5:  Cpr := REFINECANDIDATES (M, u, C(u), ...);

[(Cr C C)]
6: for each v € Ci such that v is not yet matched do
7: if IsJoiNaBLE (q,9, M, u,v,...) then
8: [V(w',v") € M((u,u') € E(q) ==> (V,V') € E(g) A
L(u,u’) = L(v,v"))]]
9: UPDATESTATE (M, u,v,...);
[l(u,v) € M]]
10: SUBGRAPHSEARCH (g, g, M, ...);
11: RESTORESTATE (M, u, v, ...);
[[(u,v) ¢ M]]
12: end if

13: end for
14: end if
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Algorithm 3.2 SATISFIABILITY DECISION
Input: query graph ¢, schema graph g
Output: FZEAEENE D 9

1: M :=0;

2: for each u € V(q) do

3:  C(u) := FiLTERCANDIDATES (¢, g, U, ...);
(Ve € C)(v € V(9)) A (L(w) € L()))]

4: B := BRANCHEXTRACTION (u,...);

5. if C(u) = 0 then

6

return;
7:  end if
8: end for

9: SUBGRAPHSEARCH (q, g, M, ...)
Subroutine SUBGRAPHSEARCH (g, g, M, ...)
1: if |M| = |V(q)| then
2:  report 7 /¢ AHE;
3: else
4:  w:= NEXTQUERYVERTEX (...);
[[u € V(g) A¥(u',v) € M(u' + w)]
5.  Cpg = REFINECANDIDATES (M, u, C'(u),...);
[[Cr € C(w)]]
6: for each v € Cr such that v is not yet matched do

7: if IsJoNaBLE (g, 9, M, u,v,...) then
5 V(! v') € M((u,u') € E(q) ==> (V,V") € E(g) A
L(u,w') = L(v,"))]
9: if IsSBRANCHFORMER (g, g, M, u, v, ...) then
10: if IsSBRANCHDESTINATION (q, g, M, u,v) then
11: UPDATESTATE (M, u,v,...);
[l(u,v) € M]]
12: SUBGRAPHSEARCH (g, g, M, ...);
13: RESTORESTATE (M, u, v, ...);
[[(u,v) & M]]
14: end if
15: end if
16: end if

17: end for
18:  report AREAHE;
19: end if
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Z i3, http://localhost/publications/journals/Journall /1940
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doitle

"< “Joumal T (19a0y- /oumar

“JohnDue~ |

. Caro
foaf.Person
"“d@b’—.

“Frank Ness®
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attribute mapped to prop. refers to
address swrc:address xsdistring
author dc:creator foaf:Person
booktitle bench:booktitle xsdistring
cdrom bench:cdrom xsd:string
chapter swrc:chapter xsd:integer
cite dcterms:references foaf:Document
crossref dcterms:partOf foaf:Document
editor swra:editor foaf:Person
ee rdfs:seeAlso xsdistring
isbn swrc:isbn xsd:string
journal swrc: journal bench:Journal
month swrc:month xsd:integer
note bench:note xsdistring
number swrc:number xsd:integer
page swrcipages xsdistring
publisher dc:publisher xsd:string
school dc :publisher xsd:string
series swrc:series xsd:integer
title de:title xsd:string
url foaf :homepage xsd:string
volume swre:volume xsd:integer
year determs:issued xsd:integer

X 8 DBLP & SP2Bench @ J ~X)VOMIGHR

@prefix dc: <http://purl.org/dc/elements/1.1/> .

@prefix dcterms: <http://purl.org/dc/terms/> .

@prefix rdf:  <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> .

@prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema#> .

@prefix swrc: <http://swrc.ontoware.org/ontology#> .

@prefix foaf: <http://xmins.com/foaf/0.1/> .

@prefix bench: <http://localhost/vocabulary/bench/> .

@prefix xsd: <http://www.w3.0rg/2001/XMLSchema#> .

@prefix person: <http://localhost/persons/> .

bench:Journal rdfs:subClassOf foaf: Document.

bench:Proceedings rdfs:subClassOf foaf:Document.

bench:Inproceedings rdfs:subClassOf foaf:Document.

bench:Article rdfs:subClassOf foaf:Document.

bench:Www rdfs:subClassOf foaf:Document.

bench:MastersThesis rdfs:subClassOf foaf:Document.

bench:PhDThesis rdfs:subClassOf foaf:Document.

bench:Incollection rdfs:subClassOf foaf:Document.

bench:Book rdfs:subClassOf foaf:Document.

<http://localhost/persons/Paul_Erdoes> rdf:type foaf:Person.
<http://localhost/persons/Paul_Erdoes> foaf:name "Paul Erdoes"”~xsd:string.
<http://localhost/misc/UnknownDocument> rdf:type foaf:Document.
<http://localhost/publications/journals/Journal1/1940> rdf:type bench:Journal.
<http://localhost/publications/journals/Journal1l/1940> swrc:number "1"~~xsd:integer.
<http://localhost/publications/journals/Journall/1940> dc:title "Journal 1 (1940)"~"xsd:string.
<http://localhost/publications/journals/Journal1/1940> swrc:volume "1"~~xsd:integer.
<http://localhost/publications/journals/Journall/1940> dcterms:issued "1940"~~xsd:integer.
<http://localhost/publications/articles/Journal1/1940/Article1> rdf:type bench:Article.
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5(tt) = €

8(tg) = e

6(t1) = rdf : type :: tol||swrc : isbn :: ti||dc : publisher ::
te||de : title :: ti||(foaf : homepage :: t¢)?||dcterms :
issued :: t¢]|(swre : series :: ti||swrc : volume ::
t:)|((de creator tg) || (swre editor
tg)*||(dcterms : references :: tg)?)

6(t2) = rdf type : tol|bench booktitle :: t¢||rdfs
seeAlso :: ti||swrc : pages :: t¢]|dc : title :: t¢]|(foaf :
homepage :: t1)?||dcterms : issued :: ti||(dcterms :
partOf = t1)?||(dc : creator :: tg)T||(dcterms :
references :: tg)?

6(ts) = rdf : type :: tollswre : number :: ti|dc : title ::
te||swre : volume :: t¢||dcterms : issued :: t¢||(swre :
editor :: tg)*

6(ta) = rdf : type :: tol|(bench : abstract :: t)?||(bench :
cdrom :: t)?||rdfs : seeAlso :: ti||(swrc : month ::
t:)?]|(swre : note :: t¢)?||swre : pages :: t¢||dc : title ::
te||(foaf : homepage :: t;)?||swrc : journal :: t3||(dc :
creator :: t8)T||(dcterms : references :: t9)?

O(ts) = rdf : type = tolldc : publisher :: t||dc : title :
te||(foaf : homepage :: ti)?||dcterms : issued ::
ti||(dc : creator :: tg)t

6(te) = rdf : type :: to||(rdfs : seeAlso :: t4)?||dc : publisher ::
te||de : title :: ti||(foaf : homepage :: t¢)?||dcterms :
issued :: t¢||(dc : creator :: tg)t

d(t7) = rdf : type :: to||bench : booktitle :: t||swrc : pages ::
te||dc : title = t||(foaf : homepage :: t¢)?||dcterms ::
issued :: ti||(dc : creator :: tg)T||(rdfs : seeAlso ::
te)?

6(tg) = rdf : type :: to||foaf : name :: t;

0(tg) = rdf : type :: tol||rdf ::: (t2|ts|talts|tr|ts)*
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WMz ZFMAT 57720, B 10, 11, K12, 13D 425D
KON E =V ERERLT.

Ny nz

dcterms:partOf bench:booktitle
swreivolume
ny ny ns ng
dc:creat‘y w‘vrc:isbn
Ny Ns

lfoaf:name

\ swrc:number

Ne

10 FBREARZRASAZ—21

Ny
dc:creat‘y w‘vrc:series
ny n;

11 ARARERNAZ—V 2

No
swrc:cr?o( Yite rms:references
n n,

Jfoaf:name lfoaf:name

ns ng

12 FRREFEERNRIZ—2 3
no

Jdc:creator

ny
foaf:nam7 &‘af:homepage
n, n3

B 13 FRARERSAZ -4
I EERDBESE XA T DD TH 5.
Zux v ¥ Intel(R) Core(TM) m3-7Y30 CPU @ 1.00GHz
1.60GHz
FFMRE  4.00 GB (3.88 GB {HHTA#E)
OS Windows 10 Home
ffHZEE ruby 2.5.1

4.2 2

Hiffi Tt _7z RDF ¥— %, ShEx, /8&—YZMHWTHER
BN R — V&R 2TV, TNENDT T 7IZHT 5MEE
A B 5 & FHI U IR A 4T o 72, AL O FHAlIE Ruby
® Benchmark XYV Y RZ2HHLUTEHIIL =728, HIEREED
BALIRTH S, EEEE LIIRT. SHERLTWE DI
CPU Wi TH 5. /XX —> 4 ® DNF &, 12 KFRILAAN I LB
PRRT URhozZ &% RT. RHFEHIEAAX—-V 1053 %
AWTHEELTWS.

K1 KTHER
NE—=V 1| RR=V 2| &=V 3| N&Z—2 4| F
REFIE 0.0000 0.0000 0.0000 0.0000 | 0.0000
$&—>/10000 | 0.0940 0.0630 0.0620 DNF 0.0730
X% —> 50000 | 0.1090 0.0470 0.0780 DNF 0.0780

4.3 & =z

RSy

FIiDfEREZ R, ZBETIL TV XLIZE > TH A XD/
X7 ShEx 27l U720 7 72 RIEEH LT, "X—V[]
AEVRERETH - 25E, "X —VHAETICET 2RH%
KIEIZIEHET 5 Z e AR L 72 5.

Ero, W77 VAMMEEFEE vy FrIETD -
DNEIZ &> CTETREMIZENHE D Z EAWHPHL 72, v F v
TREEIR ) — WP~ F ¥ 7 247D EO IR T X W»
EEILARTBETH D LHHT 2 ETCORBIZES RS,




52, YYFUIRRRI EHHAL, BBy FU TS
)= RERUZBEOBEMESHRKEITNIEREVIEY, BHE
R0 Z B HBIL . Xy FUIHEDLDONED
NIEHETTREIZ AR B AREMEL D B LGS h, KT HEHD
D, WThOEAELARRAATLINEINDE I EBNPELT
WBeEZOND., RX—=2D ) — REDRWEGEE, v FT
ZHHEMEDRENE DNL L FIET 57280, ZOLEDFETRM
3z 5. HlZE, K13 08X — 2 THREY 2T 5E,
no SECreAtor, o AR AEETH D, RDF F— & 25 7HIz#
WL BEHNEL BHBEN, n EIVFUITEAEERDH B
J = NREFEHEL RV, BRFHPEL BR->TWwWEEEZS
nas.

5 © 3 U

AFTlE, £9 ShEx 227 7T 5 FHEERL, Thuck
DWT ShEx O RTOAX— VHEE DA AREENIE 2175
TUTY ALEREL. BEKIZIE, #E 1) 2HV2% RBE
ZMiHT 5 ShEx 12T 28—V GE2AHEIZT 572002
B T s E e, £z, FHEFERE LT, RDF 7—X
22 7 & ShEx %JGI/ER U722 F 712 LT, Ruby 53
FAWTEREUAZBET LT XL %2 HWTETRBE 2L,
AT 572, TR, HROARATRER AR —VEEE
ZBWT, RDF 7—X 77 7 %2#%T 5 L 0 H ShEx 24K
THEMPESHED Z L 2R L. 5277 7 ABRE L [H
Bk, BRI 2277 7DBKEL 25 L TR R o 1Y
s 25, RRAEMEOHEEITS 2 TRE—VIIAEDE
TR IZIFE 2 S AT I AR TREMHE 2T A2 Z L Bk
U7,

SHOMEE LT, AR TIX single type semantics T®D &
Mat U 72728, multi type semansics (ZHXfadE2 2 &, #H
—DNRR—=V T T TDOITNNVPIZEHIEEEEZ L, TLT
D ALDWELPEITSENG, TILITY XLORBOEMAEL L
T, 977 7AMEEIZE D DD, mEAPHRIEEH
5. SRk, ThOoOPEERLZED IWT LIV X L%
ERTETHD.

X [}

[1] World Wide Web Consortium (W3C). "RDF Schema 1.17.
https://www.w3.org/TR/rdf-schema/. (accessed 2018-12-
02).

[2] World Wide Web Consortium (W3C). ”Shape Expres-
sions (ShEx) Primer”. http://shex.io/shex-primer/. (ac-
cessed 2018-12-02).

[3] ] J. R. Ullmann. An algorithm for subgraph isomorphism.
J.ACM, 23:3142, January 1976.

[4] Jinsoo Lee, Romans Kasperovics, Wook-Shin Han, Jeong-
Hoon Lee. ” An In-depth Comparison of Subgraph Isomor-
phism Algorithms in Graph Databases”. Proceedings of the
VLDB Endowment. 2012, 6, 2, 133-144.

[5] Michael Schmidt, Thomas Hornung, Georg Lausen, and
Christoph Pinkel, ”SP2Bench: a SPARQL Performance
Benchmark,” Proc. ICDE, 2009, pp. 371-393.



