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Querying Power of a Graphical Query Language : DUO
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This paper describes that the expressive power of DUO is more or equal to that of another
graphical query language GraphLog, and that the querying characteristics of DUO is similar
to that of GraphLog. A query graph is a fundamental unit in querying on a database, which is
a collection of labeled directed graphs. The regular expressions on sets of element label strings
can be graphically described in it by using braces. These expressions make the query declara-
tive. Negation, complement, set comparisons, and set operations are also graphically specified.
A query result can be a derived data graph.This enables users to make a complex query easily
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by decomposing it into subqueries.
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Fig.1 Examples of (2a) target, (b) schema graph and (c¢) data

representation graph.
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Table 1 Classification and examples of queries.
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Fig.2 Primitives in DUO.
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(a) aliteral. sp(MIN(L) )
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3 GraphLog DA,
Fig.3 Primitives in GraphLog.
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C.
(3) s PAGG(X3) 7 5 1T, soix p(Xy, X,
AGG(Xa)).
(4) s HD(AGG(AGG,(D))) 72 5 1F, 8otk (X,
Xo, AGG(AGG(D)))[X:; X, 72721, Xy,
X i3, BOBD, I e DIfH EKSITT 3
TI2T7 4 ANEERR, TTT7 4 NG R
BT 2E2OMEE7 2 72 EBOE D YT wnE
LCE#L7-Datalog7u 73 ADEEHh tEE L
5.
4.2 RBEEN
Z Z T, GraphLog TRIRTX 34823 DUO
TRETES I E%ERT, ZDHIZ, GraphLog D
AR KRB DUO TREFRETH 5 2 L 21T,
GraphLog OMI&E 75 7 23 {eo, €1, -+, ew}(eg i
R TERERENTWRET5, ko X H i, &
e DI~ YvE s, REE N, BEEn L, D, NI
NI BEH R, BOBD, X1, X, £33, GraphLog
OM&EE 72 756 DUO DHER TS 7ADEH %
PIFwrRY,

(A)

(1)
(a)

(b)

(2)

(3)

(4)

(5)

(6)

777 4 #IVEEEEFE DUO ORI ¥EE 965
e(1<i<k) KL TLUTFT %175,

s 2 p(Xs) DIFE,
HEO A (unary #EE) OBA, (4, all,
‘DY, {Xo)y) RBERET S,
LA DEE, BEFKY seq = elm,elm,
elms 35, 22T, elm,, elm,, elms it
RDEIBBERTH 5,
elm = (5, all,in(p),, {X4},),
elm,= (¥, all, “p",, {X.},),
elms= (5, all, tn(p), , {Xa},).
22T, in(p) X7V p ORDOBED S
~Ub, ta(p) T L p DR DK ED TN
NVERT,
s =(#, <, >, <, 2) DHEE, X;=X(X,
FXo, X1 <Xp, X1 >Xo, Xu<X,, X1 2X,) &1
DRI L, TRAE 3SR OmEBRLH
eIz B, 2L, = OBE, reAX =X,
£33,
s B —p(Xs) DIFE, BHT— %275 7 (gn,,
ag,) £¥ 5. 22T, g N EH T —
572 7%, ag k&R 7 7 ¢({seq,,
seqz}, {seqz}), seq, iX elmielmyelm, 7 2 &
=5,
elm=(4&, all, in(p),, {X4},),
elm,=(¥i, all, “p”,, {X.},),
elm,=(, all, tn(p),, {XJ},).
seq: 1& elmielmqelms % 2 B T,
elm,=(f, all,“-p”,, {Xs},).
722U, in(—p)=tn(p), tn(—p)=in(p).
s3 (p(Xo)la(Xs)) DIFE, FEIl({seq,, seqs),
U AKX { },) &9 3, seq, itelmelm,elm,
HERIT,
elm; = (5%, all, in(p),, {Xi},),
elm,=(#%, all,*p”,, {X4},),
elms=(s3, all, tn(p),, {Xz},).
seq. i elmelmyelms % 3 B#F| T,
elm,=(f%, all, “q”,, {Xs},).
72721, in(p)=in(q), tn(p)=tn(q) ¢ %.
s 3 p(Xo)t D&, Il ({sea), +,{ },{ },)
&9 %, seq id elmelmeelm, 75 2 BRI T,
elm =(g, all, in(p),, {Xi},),
elm,=(f%, all, “p”,, {Xs},),
elms=(s, all, tn(p),, {X},).
s M p(ﬁ)*<X3> DEFE, eo DT _NVIZNT
A(AGG(AGG(Xa)) DIETH %, % ZC, FEI
({seq}, +,{ }, (X 2= AGGAX:)),) ¥ ¥ 2.
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seq 1X(5) LA, Xa 13 AGGAXs) ZA&HT
B —RE AT, BBRDq(AGGI(AGG(Xs
N) 2B T OV OEEHEF AT 5.

(7) s»ptL]loH A, ({seq), +,{ },{L =
count(Xs)},) w2 #EM & 45, seqid(5) &
EC.

(8) S5 Pexp (272U, Dewr Z LED (1)~
(7)DFER) O¥E, 23— (exp, not)
LT B, 7L, exp i3 EERO(1)~(7) %
HWHT 5.

(B) e lcxfLTATRITS, 7272L, 22T, B
KWW T BEH (X, Xy, Xg) B e(1<i<k) it BT
EREINTWREWLWEEETRT, X, X, s BNEHES
TWEBERE, UTRBWIERLZERT 26 >HD
ROEEESE ) 2. Blz21E, (1) (a)DBE,
(&, all,“p",,{ },Xo) L% 3,

(1) s8p(Xs) DEHE,

(a) HAEDH (unary IRFE) DG, (&, all, “p”,,
{Xz}, X)) 2 HEERL TS,

(b) _EFEERUIOEE, seq = elmelmeelms 7 2 B
FYT,

elm,=(&, all, in(p),, (X}, Xy),
elm,=(#, all, “p”,, {Xs}, Xs),
elms=(s4, all, tn(p),, {Xa}, Xo).

(2) s#ip(X,, AGG(X,), Xs) DG, seq = elmy
elmyelm; 7t % BRI T,

elm, =5, all in(p),, {Xi}, X)),

elm,=(f%, all, “p”,, {Xs}, Xs),

elms=(;%, all, tn(p),,{ }, AGG(Xy,)).
X i3 e(1<i<K) WBWTEEI N TR
niFe 570,

(3) s»p(AGG(Xs) D&, seq =elm;elm,

elms 7 % BRI T,
elm=(&, all, in(p),, {X.}, X1),
elm,=(#, all, “p”,,{ }, AGG(Xs)),
elm;=(&, all, tn(p), , {Xz}, Xa).

Xt e(l<i<k) WBWTERES N TR

ER 570,

(4) s p(AGGL(AGGA(XS))) DBA, e(l<i<
k) IZ p(_)+<X3> 75 e DULTIFET 5. (A)
(6)TELIEEIIIE, 20 e DI VTR
({seq), +,{ }, (Xa=AGC(X)},) KEHE
5., #IT, RD > 7% elmy, elm,, elm; T
R S W 2 BRFs1=elmelmeelm; &3 5,

elm,=(/, all,in(p),, {X.}, Xy),
elm,=(f%, all, “p”,,{ }, AGG(XA)),

LEEE Apr. 1995

elms=(;4, all, tn{p),, {X.}, X.).

PIE®D & 912, GraphLog Of&Y S I 7 OfEKE
F0%3.2 BTk 7z DUO D& DERHBHKICZ
TE5DT, ZEFER % AT GraphLog D& 2
7% DUO DRIER ET BRI LENTE S,

GraphLog ®27' 7 7 4 AVEIE¥EBER S 70
EEVTHD, Lo T, 7774 ANVEEE LK
B3 5L OEEE 7S5 7% DUO Ofav o7 &
L, ERLI:HER ST 7 2ETIEFICHE > T3
ZETDUO DGR EERTE %,

Pk Y,GraphLog @27 7 4 V&4 1: DUO
DORIGRIERT 2 2N TE 5,

4.3 H&EREEsE

ZITRE, MEYHARLPEEN»LERSHLERT
HEE R LFMEs 2. 9, FHEORE L T3
FREFE W DOWTEHEIAT 5, X, FEHEERL,
BAlil T X aan i

4.3.1 FHMmAE  Fx&EE

Welty & Stemple I & - THRE S LT ED
BERBORT Y INART v 7ERRTHETSH 3,
FHREEPMEITRTRDONS,

N, N,
PMwa+N@ (1)

22T, No BEBERBOB, Noo 13 S W2 EHORHE
TEFF D%, No lZHEEDE, Noo BT AN 2HEEIEFD
BThs, FFahsEFLEFHMianNs X TRENT
JEFF & 72 I3 EEOH LB L OB EFHMlisn s &
FUCEaBZENIEFTHS. UTOFLE 2612
PM 2RDTH5,

x—new node N ;

y=sgselect M ;

copy value y to x ;
ZOBE, HEBEREIx Ly ThL, B x Ly DIE
FEEZLIEETERVDTNL,IZ1THE, 3D
DEED B 2 O TEEH (No) 133 TH 5. new node
X & select XOIERFIZERICEZE L WO T Noo 13 2
THB, Lo T, PM=2/1+3/2=35Th 5,

4.3.2 FE Ml 5 &

#£ 1 of&¥F% DUO & GraphLog TE#iL, F
MEEZEET S L THET 2. DIETE, R10
SRS x OM&EHl%E ‘e x” LR, &/,
GraphLog TIZ &€ 62 ERTE T WD T,
GROGY ODRELETHRT 22 L &7 5, &R,
1(a)WWRTAF - ZHEIWTT), FESEDOHE
WH7zv, DUO % & N2 GraphLog @ 1 &% 7 o
7R 1IEEET S, B 55007 0 OZEEILR
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Fig.4 Query representations in DUO.
(e) Query5. (f) Query 6.
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(c) Query 3.
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5 GraphLog & Z DR TORE ¢ REEER
Fig.5 Query representations in GraphLog and its
extension.
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& 2 DUO & GraphLog TOME&EITBOFR S E
(* : GraphLog ¥R L T{EF)
Table 2 Values of Procedure Metrics for describing queries
in DUO and GrophLog.
(* . Extended GraphLog is used.)
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Fig. A1 Syntax rules.

<query graph> ::= <gpath>

<gpath> { <node> | <reg path> } [ <path ext> ]
<node> <nfig> $§ <elm label>
<nfig> R N
nfig: i )
<elm label> ::= STRING
<reg path> <cpath> | <upath> | <lpath>
<cpath> <gpath> @ <iic path>
<tic path> @ <gpath>
<gpath> @ <itic path> @ <gpath>
<upath> <gpath> @ <plist> @ <gpath>
<plist> <ibrace> <itic path list> <tbrace>
<lpath> <gpath> @ <ibrace> <iic path> <tbrace>
<ibrace> <tic path> <tbrace> @ <gpath>
<iic path> <edge> @ <qpath> { <path ext> ]
<tic path> <gpath> @ <edge> [ <path ext> ]

<itic path> ::=

<itic path list> :: = <itic path> [, <itic path list> ]

<edge> <efig> $§ <elm label>

<efig> LI

<ibrace> <ibfig>

<ibfig> w(w

<tbrace> <tbfig> $§ <csign> $§ <brace label>
<tbfig> <ibfig> + <<rotation>>

<csign> sz omkn | oy

<brace labe1> := STRING

<path ext> ;= [ © <scope> ] [ <get val> |
<scope> <pos> | <neg>

<pos> <dot sq@>

<dot sq> S v

<neg> <dot sq> + <n_hatching>
<n_hatching> ::= <<hatching>>

<get val> := + <<bold>>

<query exp> ::= "Query Start" <query seg> "Display*
<query seg> <eqg> | “Evaluate" <query seq> ]
<eqg> <dqg> | <set op> | <set comp>
<dqg> <dqg bogy> $ <dg label>

<dg label> *:* § STRING

<dqg body> <gag> © <sq> [ <complement> ]
<gqg> <query graph> | <dqg>
<complement> ::= + <m_hatching>

<m_hatching> ::= <<hatching>>

<set op> <union> | <intersection> | <difference>
<union> <dqg> <uop> <dqg>

<uop> <inop> * "|*

<inop> | =

<mtersect10n> ::= <dqgg> <iop> <«dqg>

<iop> 11= <inop> * “&"

<difference> ::= <dqg> <dop> <dgg>

<dop> pi= D[ K wen )

<set comp> <set equal> | <set inclusion>
<set equal> <gqg> <seop> <gqg>

<seop> <crop> * <scie>

<crop> X | >

<scie> { <sci> ] *=*

<sci> 1:= "ABS" | "VAL* | “STR* | “MAP"
<set inclusion> ::= <gqg> <siop> <gqg>

<siop> ti= 2 * [ <sci> ]

4 2 DUO DX
Fig. A2 Syntax of DUO.
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DUO DRf&¥§EN

9) loannidis, Y.E. (eds.): Special Issue:
Advanced User Interface for Database Systems,
SIGMOD RECORD, Vol. 21, No.1 (1992).

10) Batini, C., Catarci, T., Costabile, M. F. and
Levialdi, S.: Visual Query Systems: A Taxon-
omy, Proc. IFIP WG 2.6 2nd Working Confer-
ence on Visual Database Systems, pp.159-173
(1991).

11) Welty, C. and Stemple, D. W.: Human Factors
Comparison of a Procedural and a Non-
procedural Query Language, ACM Trans.
Database Syst., Vol. 6, No. 4, pp. 626-649 (1981).

12) Reisner, P.: Use of Psychological Experimen-
tation as an Aid to Development of a Query
Language, IEEE Trans. Softw. Eng., Vol. SE-3,

969

No. 3, pp. 218-229 (1977).

13) Ullman, J. D.: Principles of Database and
Knowledge Base Systems (Volume I), Com-
puter Science Press (1988).

{+8% DUO & GraphLog ML

DUO & GraphLog DX %/xRY. WMEEL DS T
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<query graph> ::= <qggraph>

<qggraph> <ext node> [ 6 <ggelm> ]
<ext node> <node> [ <unary edge> ]
<node> <nlabel> © <nfig>
<nlabel> STRING

<nfig>

.O..
<upred edge> | <udist edge> | <uneg edge>
<upfig> $ <pname>

»—On

<unary edge> :
<upred edge> :

<upfig>
<pname> STRING
<udist edge> <upfig> + <<bold>> § <dist exp>
<dist exp> <literal> | <pname> [ "(* <aggr exp> *)* ]
<literal> STRING
<aggr exp> <aggr func> “(* <dist exp> ")
<aggr func> “count* | “product* | *sum*
"max" | *min*

<uneg edge> <upred edge> © <negfig>
<negfig> X
<ggelm> <pred edge> @ <ext node> [ 8 <ggelm> ]
<pred edge> <pos edge> | <neg edge> | <dist edge>
<pos edge> <prim edge> | <clos edge>
<prim edge> <oefig> § <ext path exp>
<oefig> —_—D
<ext path exp> ::= <path exp> | <arith exp>
<path exp> ::= <pname> | “_"

| w-» “(* <path exp> *)*

| "(* <path exp> *|" <path exp> *)*
<arith exp> :1:= "= | "<* | #>n | ve=v | =
<clos edge> <cef1g> $ <path rexp>
<cefig> = veeees
<path rexp> :: <path exp>

| "(* <path rexp> <path rexp> ")*"

| “(* <path rexp> *)* "+*

| w—® *(* <path rexp> *)*
<neg edge> ::= <pos edge> © <negfig>

<dist edge> <oefig> + <<bold>> § <dist exp>

<query graph> [ <graphical query>

11X 3 GraphLog D#EX
Fig. A3 Syntax of GraphLog.

<graphical query> ::=
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