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Abstract In this paper, we propose a database language based on the Correspondence Data Model for semi-structured data,
which we had proposed, and also discuss the requirements of the database language. The Correspondence Data Model makes
schema flexible, therefore the proposed data model has good compatibility with the semi-structured data. In the proposed data
model, data were represented with the labeled correspondence which consisted of the set of triple (a label, an initial vertex,
and a terminal vertex), and data was operated with the correspondence algebra which was designed as the data manipulation
language such as the relational one in the relational data model.
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VES LZEL, SN)VI(e L) BIcBRH0 f{I} LT
WABEIC LI DETNIFEREEESR. chEzR 10
KOICEKHAT 5.

f{L}: A= B %))

KR1CHBFIB L, A, BRENFNTNINEERTSTD
FANNFERDES, HEDHES, BRUKREDERLLELZ
BTENTE, SNIUFEHRIETNIVTEERT S 7 L&
Th5.

%, DBREBRILT B edic, ARETIE SNV
DT 2 L, “GNVFEERT ST DT ek “T5T7”
ERET AT LICT . '

2.2 Wblc & ZiEEd

iR L7k Sic, ssdzheSMiaamss 7 & LTER
TE3. FIZER 1, K2 BHEOEAENEFICES. chb
DOEMS, (1) /—FEIHADSNIVEEE DT ENTES,
Q) &/ — FRFA—BDTNNVEEERE DT LN TE, Tk
EED ./ — RicEh S F—F\NVDS5N)VEDMEBIFET 3 T
LLEHEND, Q) VT U EMSERZTOE T ICHELT
X%, TENABIKDONMB. RDFFI7ICBVTERICES &
DD LWZ DD, WMET—R2EFMCBNTIE, Z0F]
HEWD S AMIZEROEEN %L, £/ — RiciZBHic4H]
ERIZCTENTESLLSTE>TVBEDNEES. HiHT—
ZETFNDTDX D SR RECHID—BUERRQSB T
LICEB DT, HMBREROEMIMET ST Lickdh, £
HO 3 DflZEEICEMLTWL TENTEBIEFICTRRMED
BVETINVTHB.

2.3 F—RIPMESE

KIET—ZN—ZTi&, MiEEBVTREMROEREET
Me/ZBBEIEL, FEICEDIAL. CDF—EZN—XITHL
RO, /— RERZESNIVERODH LD, #iRT—4%
DiBHN, H25VIEARBICIE S 27— X DHIREITS fedic, »t
INCRT BT — XIRMESENRE L 5B, TOTF—XIRFEEE
EUTHISREEEZ LTz, SREIC BV TIE, £ 1I10R
THIGEREZE Uz, &d, WS f{L}: A= B%ZS\)
leLliimac ABXUKEbe BOHDERLEZ, K2
DEICEHTS. Tz, WSICHBT 3 1EOMHRE, &8, 5



(D (s e () 20,
>
o

Vﬁ
P
e == o (D

= —= ) =n
R 1 xS “K @D H 5 EREDR K

Fig.1 A correspondence on “the family of a K high school student”.
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Fig.2 A correspondence on “The club activity of K high school students
and T high school students”.
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f{L}:A>B=
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2.3.1 HEHRINGTHHHEE

(1) SbfEE
MG fF{L1} & g{L2} O f{L1} U g{L2} &3, f{L1} &
g{L2} ICBENDWRERE ML L OMIEEERT B EETH
D, X3DXSITEHT 5.

f{L1}u f{L2} = {(l,a,b)
[ (1;a,0) € f{L1} v (I,a,b) € g{L2}} (©)]
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Table 1 The correspondence operations.

BEEL | 8 | RS B
RS
RS | I | RSAIEER s (EHE) ofEazRD s
BEEL | SIS BHE HG (EH) DREAERDD
S HE A FHS (EFR) DHiEaZRDS
Y1 | domain BHRHH | ORI 2RIz b2 RD B
BHE | range BHRIEN | BEORIERTZ TSR RD B
label BRGEE | SN)VORMAZWIZTIIGERD B
AR domain {5 XD BIR DIRAZ UG B
HWH | - | range HH X bR DI B2 ST B
label 5L HIED D ZF VDR EINEGT B
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B, range FHE OWHERE RIS DA F 72 3R EDER B R
L, SNZVEROHEBEHREISNIVOESZET. (3)domain
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MISHIRE LS. BT 57 DREATEZ S L, WEHICES
NIVRZHIRT BEEL D, ST — XTIV TIRIEZD
& DT Tl SHSOMREHR Th B IRDES, KEDE
&, TNVOERITHUTEA, %, HEEaOEAHER
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BEFDIIS D{L} 535 Del{Laer} ZHIRT 2 LT3 L, 3
ISDHIBRERD K S ICFLRTE .
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(2) WROKA, BRADEADEROYIR
BIFEOMIS D{L} (A A, #4ED B) hOisa, KRED
ZHBRTAL9BE, ThENRDI S ICRRTE 3.

A+ A-{a} (20)
B+ B — {b} 21

(3)  FNIVEADEROHIR
BIEOMIS D{L} (HEAE A, ER B) MBIV ZHER
THLTRE, ROXSICERTES.

L+ L-{l} 22)

WSEE SEOMEDES, RADES, T VOELDE
BOBEDMERMOMAEET S T L BMBIEE LR, A
IS TDRETEZDE, /—RELLETNVOMEEEY
BEEICHINST 5. ISHE CRIBEOEADEEDES, 5
NIVDEEDERE WM THEIETE ZWEAEV b, TOMH
TERAT S 1o I OB R B DY B REABS. Eik
M IS E RS R B ORICINA, & BICHIETE S ER D
<. COBEN DS & S ICHISIEE & & R & xS
HIROEAREDE TREITE 3. BEOMEE DL}, 208
DHISTH BHIEEIINRE Mod{Lmoa), EEEHHIEE
M{Ln} £33 EHBOBERR 23 05 ICibCE 5.

D{L} + D{L}UM{Lm} — Mod{Lmoa} (23)
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IR, CTTR, HLSRE LIZHIET — 2= 2D 7D
7—Z~\—Z =il GRQL (GRaph Query Language) & D\ T
BB, GRQL BT —RZR—RICHL, FEDTS TR
J—RERRZSNVZERDHLED, BINH 3 VEIRE L DR
V&35 T—2N—AEETH5. TTTREEERNOVT
AT, ISSEREICDWTEHBET 5. 7z, GRQL D
TH 5 select ICDWTEGEFIZRLANSFL S BHAT 5.
WHIC, SPARQL L DM#&EL T, GRQL DHXITDOWTH
Mg B.
3.2 SEREH
MIGT—ZN—RE T 57 DESTHY, GRQLICIFF—Z
N—RAEFBOHEABEEICINZ T, TS 7 e EE i
TEHTENERENG. TOTeHhORANZEIEL LT,
UL TS TRERT BHEER TS T RBIRT B8, BHFED
J5 7 kG A UL E T HIHEE, VY (SN, 1A,
¥R 3 DA ZEINHIRT 2L ENRETHS. £
fo, BBOMBEEN TS 7 LTHINCT 72 X d BIBED
HEBRZERTZ 0y 7 /7oy g, BXUTSST70
—HER TR EVRBICE D, E1205 T RRIET B HkRE
LT, JST7ZEETIHEE /— FRINIERIEE LM
BAE, /— FRIEDHEEREDPBETHS. Rit L7z GRQL
XEZDOBRE—BZRE 2 I0RT. NSO ZFNFNIMT
ICRR/EITENIAR Y RO XS LiRBBVET S, £/, 1
L—oa 7 —EN—ZADRESFEL LT SQL HEL BRK
LTWwa b, FIAZOFENEZ%RE L T GRQL DX
& SQL ICHMI L 7=4881c L7z, GRQL DKESCERRAIDZEMIC D
WTITER 1. 1R9. GRQL DFBEERFIZIICRT. T
TIEHL < newgraphl, newgraph2 @ 2 DD 7 2ERK LT,
newgraphl I ["Taro”®D”age” 20" TH % | L\ 5 F— 27258
IMLTW3. RIC select X% VW2 BBEIERE set X&FANT
newgraph2 IZfRA LT 5.
GRQL DS BEERE
CREATE newgraphl;
CREATE newgraph2;
ADD ["Taro","age","20"] TO newgraphl ;
SET
SELECT GRAPH FROM newgraphl
WHERE LABEL = "age" TO newgraph2 ;
3.3 xSseiEtE
F—EZN—ZAEBEIRGHER TN TRRTELEA, C
NZMIGTEME ST LICT S, select XDILBFID B & HH
531, from ATHEEO TS T %2EET S L TR 3 DN
ISFIEBE OBEENHIWENTWS. %72, where T LABEL,
SOURCE, #7zid DESTICH L T&MHEMETRT LT, Fh
zhx 8, X6, R7OBREEISHEIN TV, Thiahn
Z T select A3\ SOURCE, DEST % 7zi3 LABEL 2#5E7 %

ceT, ThEh, X9, K10, X 11 BXUR 12 DHEENE
HENTWwa. %7z, CRORAGIIEIET % H0EHEER
delete XZ2EAT2 L THETES. TOLIICE 1 DG
HEEIE GRQL TINRTEARTE, GRQL IMISEMTHS &
WZ%.

3.4 selet X

FBICEM U TINEE U 7 b AM PIRIS OB E IS RO — 8%
B 31c/Rd. T graphl, graph2 35 X U graph3 5 7% % 5
BT —ZN—ZADFITH%. TORTIZNTFNDYS 7138
WU I 7o TVBN, MIET—2N—RBITB TS5 713,
I, 1R, BRUKREI DHDEATHZC ehDEKES
ST ThBZBBEFEN. TTTR, TOF—ZEITIC select X
Z2ffio T RRb IR Lia 6 Z D#BEZ B T L. K 4D select
S B U T SURAIDIEE T H B

F£7, select XOMABEEMFTZ. &P, HPOH/H
fbDzdic, K4 I1HBF 3 <selectS> DFLHIF D FROM
<graphNameList> D&% & WHERE <expression> D% 7%
SQL IZfiWZNZ N from £), where AJ &R LI 5.

select X, 7— X DBER%ITIXTH D, SELECT ICHilF
THISTAHRZIBET 5. K4 OESGRAIZ =82 L bh %
KSIE, TTTRFHETHS GRAPH (5 7), SOURCE
CE#BEES) , DEST (HEER), 7213 LABEL (5N
B) ZIEETES. from A TRBENRLTET 5 725ET
%. from A CIBE L 72480 75 713 UNION HATRHATN
BT LicLD, FITDMELVIFIEDMEENMEONS. &
2R I5E1E where A1 TIERET 3. where AIIC BT select
XDANTFERNMAIR TELATHETH D EMAMARRIT T L
WNTES.
Queryl: B—45'5 71cnd 2 8ipiGRIEE

SELECT GRAPH FROM graph2;

T select XIC B B/ E BMARIAEDOHITHY, from A
THEE L7z graph2 5 LABEL BEZEUS T3 EDTH 5. #5

#2 GRQL XD
Table 2 The list of GRQL statements and their functions.
X BEhE
757 DIERK
757 DR
757 %0DERE
open | FITTF—RDT 4 AV hEDFHAHR
close |75 T7F—RZDT 4 A7\DEEHL
list 757 D—HFoR
lock A - 3=
unlock | 57T BT 0wy
add 757 B XUSSEREDEM
delete | 757 & X UMEELEDHIR
replace | INVEBLUT ./ — R4 EEE
temp | VE3EM TS T DIERR
set T57DRA
fix TIXIWEDT S5 THDRE
J57 72 DB

create

remove

rename

select
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Fig.3 Example graphs on the sightseeing information in Mojiko.

<selectSH::=

SELECT <elementConstatnt1> FROM <graphNameList>

[WHERE <expression>]

<graphNameList> ::= <{graphName> [, <graphName>]*
<expression> ::= <term>[{+|-|UNION| OR}<term>]*
<term> ::= <Ffactor>[{*|/| INTERSECT|AND} <factor>]*
<factor>::=<element> [ [>|<|>=|<=|=| IN}<element>]
<element>: :={constant>|<elemetConstant2> [<set>|

(KselectS>) | (Kexpression>) [NOT<element>|
<functionName> (Kexpression>[, expression>]* )
<set> ::="{"[<constant>[, <constant> J* ] “}”
<{constant>: :=[-]<unsignedNumber>|<string>
<elementConstant1> ::= GRAPH|SOURCE |DEST | LABEL
<elementConstant2> ::= SOURCE |DEST|LABEL |NODE
<tripleList> ::= <triple> [,<triple> ]*

X 4 select XBIEDKEHI (i BNF)
Fig.4 A part of the GRQL syntax related to the select statement in ex-
tended BNF.

RELUTI graph2 ZDEDHEENS.
Query2: 875 7Icn T 2 BmARAE

SELECT GRAPH

FROM graphl, graph3;
CNREBOWER LT F 75 MAEEITSHITHD, from
) THERE U 7z graphl,graph2 33 & UF graph3 Z#EA L1757
(R®5) /n5, GRAPH BEZHUST2ED0TH5B. HRELT
BE5DTST7ZDEDHELNS.
Query3: &% I5 LI BHEMEE

SELECT GRAPH

graph2,

@raphd

K5 FIRBOBLLHMD Y 7hEa LIS
Fig.5 Union join of graphs on the example graphs on the sightseeing in-
formation in Mojiko.

FROM graph2
WHERE SOURCE = "Mojiko Station" AND
LABEL= "nearby sightseeing spot";

TN, FEDOFRMHZRLTHEEEITIHTHY, where f]
T SOURCE= “Mojiko Station” Td D, »D LABEL= “nearby
sightseeing spot” &5 &% 3R LT graph2 55 GRAPH B
ZEIELTVS. COMAEOREIRIR 6 DYFT7I1ck%.
Query4: select XDANFICLBREE

SELECT GRAPH



Mojika

nearby sightseeing spot Mojiko
Hotel Station

nearby sightseeing spot

2

hu Ralbway
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6 Query3 DiAEHER
Fig.6 The result of Query3.

X7 Query4 DRIEEHER
Fig.7 The result of Query4.

Kyushu Railway.
History Museum.

B8 Querys DRIAEHER
Fig.8 The result of Query5.

FROM graphl, graph2, graph3
WHERE SOURCE IN (
SELECT DEST
FROM graphl, graph2, graph3
WHERE LABEL = "image") ;
TN, select XDANTFEIRIC X ZMEROHITHS. INH
BFRHEGDBERICEENZIDNES M RHET HHEFTH
D, IN LIRED select X T LABEL 7' image T&%% DEST E##%
S UT, INHEZMVTZ0 DEST E#% SOURCE L9 %
GRAPH ZH{89 5. #8& LT, graphl, graph2, graph3 »
SHHET—2%ZED “image” T— 2 DS T 2EUST BHC i
5. MAavORRIERT DTS 7I1ck%.
Query5: BBER LI-RIa R
SELECT GRAPH
FROM graphl, graph2, graph3
WHERE DEST = MINELM (SELECT DEST
FROM graphl, graph2, graph3
WHERE LABEL = "entrance fee");
TN, BBzfE- M8 0lITh D, RIMEOEREZEIS
9% MINELM B8#Uz (> T, “entrance fee” W & 22\ VED i
L TDASRE GRAPH & LCHUIST 5. BEE OMERIIK 8
DTS 75 %.
3.5 SPARQL & DL
HIET—ZN—=RC BT BB TR, BROYS TiexL
THREL RN Z2MWITHY T 57, /=K, INVERET

BRMEDEARLTHD, FED/—FRSNVCEBRLT, &
Z 7 RNEFH S BVIEHH M E B A A—Y TRERITS T
Licis. £9, Bk Query4 ZBiC SPARQL % VT itk
U, GRQL DFtid & Lhigd 5.

B3R Query4 i, graphl, graph2, graph3 » SHET— &
26D “image” T—2 DTS5 T #EUGT BHITHBN, T T
i& foaf:Image % % & D graphl.rdf, graph2.rdf, graph3.rdf %{X
EdB. CcOLE, TOMERRRDOXIICIGRTES. /2
L, % RDF 757 & LTHGE LIz i54E1E, CONSTRUCT
ZERY 5.

SPARQL | & % Query4 D35
PRIFIX foaf: <http://xmlns.com/foaf/0.1/>
SELECT ?domain ?label ?range
FROM NAMED <graphl.rdfs>
FROM NAMED <graph2.rdfs>
FROM NAMED <graph3.rdfs>
WHERE {?tmpdom foaf:Image ?domain .
?domain ?label ?range}

SPARQL Tl&, BHEMEVEZHNS WHERE A TYV—X, 7
ORT 1 L ZDMED 3 DO R TR ZEERT 5. Tk
T THENEMTETVT, BB DT 28ELE
NORBEZITI L5 &HEE, 72V EERT S LETEHE
ENEZTHBH, YWHRACEFRERE-T2D, COfIDLS
T RNRT 1 BEPRENRICE S LS RMEbRICKB L,
GRQL D & 3 FHi & WIRMAE OFDER LT,

I U T, GRQLICHBV T select XDANF% L
5T LT, 72 SPARQL ICBW\TIFEM KB MY TV aHE
*®L7zD OPTIONAL *®° FILTER F+—"7— F%Z{EET S L T
HHARIE R ZIRTE SN, RDF /57 Lo THEAVHE
IEHFIDDDSHENE 545557 s e 5515 E1F GRQL A
MRHNHEET DL EZBNS.

4. BbYi

AT, M/ T7BEDT— 22 EBLIEMNIGT—%
N=RAY AT LDHDT—ZN—AEEE GRQL DREZ1T
WEDERFNZHEOMEEERL LI L GRQL DAMMES
HEMMC LTz, e, ARRTRMNTOEWVDY, TokiA7
VAT LRFEKLTED, FFEOBEMELNS T EHRERT
ETWVS.

SHOPEL LT, BENRNT S IMERE DT END
F—ZOAPULHFRARTH D, $RM% GUI DBIFEASEIC
%5 [18]~[20]. Fiz, RF—<DFRPMIC LD F—2~N—2
LDOHFIIE L S BBEENBE DD, ELZTF— X DRER
BHFT — 2 OB D AR ERERT L, HOEVIREDEE
BAF—ITY EV T [21] DY R— b D & 5 A TIEMEEE HE
TH%. Fle, AXTREMMNTVEVD XQuery KL ICH 5 &
SIENARBEORBEREEZ 5NED, WET—2N—XicH
Wk, BHRRBENRET 2757 DMENBERTHSC &,
TS5 7 %1 L BBICIRIES 1A & W5 MO 2 E BT B2
EhDBZT LD, BN AKRRTRIHTE 0HRISETE
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DRPUEDPRBICR S DHNDOLAZEELTWS. Fic, /h
FROBEANDFAZRE LIZISHY AT LERERTH 5.

BETEECHIRNEZ 558,

, H5HUBHHRE - ZIHE

RITEL, EHOFHLVRERZZDEET—XN—Z{LTE
BTENEELL, AVAT LR TOEREWZT. iz, B
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(5] &%
GRQL D#EX 7RI (i5R BNF)
<GROLstatement> ::= [{statement>] :
<statement> ::=

{<createS>|<removeS>|<renameS>|<openS>|<closeS>|
<1istS>[<lockS> [<unlockS> | <tempS> [<setS> |<FixS>|
<replaceS>|<addS>|<deleteS>|<selectS>}

<createS> ::= CREATE <graphNameList>

<removeS> ::= DELETE <graphNameList>

<renameS> ::= RENAME <graphName> TO <graphName>
<openS> ::= OPEN <graphNameList>

<closeS> ::= CLOSE <graphNameList>

<listS> ::= LIST [ALL]

<lockS> ::= LOCK <graphNameList>

<unlockS> ::= UNLOCK <graphNameList>

<tempS> ::= TEMP <graphNameList>

<setS> ::= SET{<selectS>|<graphName>} T0<graphName>

<fixS$> ::= FIX <graphName>
<replaceS>: :=REPLACE [LABEL< | abe IName>W1TH<|abe IName>
|NODE<nodeName> WITH <nodeName>) [IN <grahName>]
<addS> ::= ADD { <tripleList> | <graphNameList> }
[T0 <graphName>]
<deleteS> ::= DELETE { LABEL <labelNameList> |
NODE <nodeNameList> |
<tripleS> | <graphNameList> } [ FROM <graphName> ]
<selectS>::=
SELECT <elementConstatnt1> FROM <graphNameList>
[WHERE <expression>]
<graphNameList> ::= <graphName> [, <graphName>]*
<expression> ::= <term>[{+|-|UNION] OR}<term>]*
<term> ::= <factor>[ [*|/| INTERSECT|AND} <factor>]*
<factor>: :=<element> [ {>|<|>=|<=|=| IN}<element>]
<element>: :=¢constant> |<elemetConstant2> |<set>|
(KselectS>) | (<expressiond) [NOT<element>|
<functionName> (<expression>[, expression>]* )
<set> ::="{"[<constant>[, <constant> ]* ] "}”
<constant>: :=[-]<unsignedNumber> |<string>
<elementConstant1> ::= GRAPH|SOURCE | DEST [LABEL
<elementConstant2> ::= SOURCE|DEST|LABEL |NODE
<tripleList> ::= <triple> [, <triple> I*
<triple>::="["<nodeName>, <|abe|Name>, <nodeName> “]”
<graphNameList> ::= <graphName> [ , <GraphName> ]*
<labelNameList> ::= <lableName> [ , <lableName> ]*
<nodeNameList> ::= <nodeName> [ , <nodeName> J*
<graphName>, <functionName> ::= <{string>
<nodeName>, <|abe IName>: :=<string>| [-]<unsignedConstant>






