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Software Component Search Using Component-pattern Descriptions

RyoTAa HIRANO' and YUZURU TANAKAT® it

In our previous research, we introduced a component—pattern description method, based
on IntelligentPad architecture, to describe the interface and the abstract behavior of each
component. In this paper, we apply component—pattern descriptions to the search for desired
components within a component library. The characteristics of component—pattern descrip-
tion method are the establishment of methods for composition and decomposition of patterns,
and the use of the same form both for individual components and composites. Consequently,
we can decompose a pattern into subpatterns, and later assemble the components that match
those subpatterns to form composite results. For managing patterns, we propose a lattice
structure representing the partial order over the patterns. We also introduce a coding method
for pattern descriptions, and a hashing method for improving the efficiency of pattern search.
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Fig.1 Dependencies for an example composite
component, and its pattern graph.

000000 #b00000A[#a: B 00000
0000000000000000 AB|OOOOB
000000000 B[#b: AJ0000O B[A]OO
000 100000000000000000000
2.2 000000O0OODOOOOOO
0000 p=(S,D)00000000000000
000000000000 00000000000
000000 G(p)0000000000000000
(1) 00000000 O0000000000000
000000-00000000000000
00000000000000000 DOO
00000000000000000000O0
000000000000
(2) 00O0000O0O0O0O00O0O0O00O0O0000(1)
000000000000000000000
000000000000 000000000
0D00000000000000000000
0000000000-0000000000
000000000000 #x — #y (R1)
#x — #y (Rz2), -, #x — #y (R,) 0000
O0000000 1000000 #x — #y
(RRURyU ---UR,)00O000ODOODOO
oooo
(3) O0DO0OOO SO00(2)00000000
00000000000000000000O0
000000 OoO0000
01000000000000000G(p) 0000
0000000000000000000000G(p)
00 2000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000000
000000000000000 (1)3(3)000
000000000000 G(p)000000000
0000 00000000000

June 2001

T level 0

” / \ )
level 1
" ji {#a—#e ({#b})}
{#e—#d ({#d.#1})} {#d—te ({#c})}

G oh level2 ©p
{#d—te ({#o}), ©_O)ifta—tc ({#b}),
Of He—#d ({#d#f})} #d—te ({#c})}
P # ta

(O] ®){#a—te ({#b}),
7 #d—te ({#c)),
#e—#d ({#d.4)))

02 0000000

Fig.2 A generalization hierarchy for a pattern.
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Fig.4 An overview of the Pattern Lattice.

00F0 PLOODOOOOOOOOOOOOOO pef
0ood0o0od pO0000obobObOOODObObOOoObOOoOn
goo0obobOooOooboobooooo

1l eplD0O0O0DOD0 wOOOO wC L O
0oo0o00o0oDoDoDOo00d0 pe pOOoooon
00o00ooooooooooooooooo (3)0
(6)0000 B(p)0 FOOD0DODOOOOOO
OODOPLOOOp e S0000A(p) D0O0DOD
000000 ancestors(p,) CAO000p ¢ g 0O
000pO00000D000000 children(p, B) = ¢0
descendants(p,8) = ¢ 0000

p € B 00 ancestors(p,3) O descendants(p, 3)
Oo000o0oooOooOOobopObOOODOOODOO
O000Op00d0b0O0d0o0OobDOoOobOOoOooboon
goooooooood

3.2 JODOOOOOd

00b000obD gODODDOPLODOODO gqOOO
pgooooobooobobooooobbbobono
Oqg¢ pMPLOO descendants(q,3) =¢ 00000
O00OPLOOOOOO ¢qOOO0OO ancestors(q, B)
0000O00000o0 Bg) o000 ¢gOoOoooo
O0o0oobOooobooooobon goobbooo
00 IA0 Immediate Ancestors00 000

00 1)02)000000000000000 PLO
000 TOODOOODOOOODOOoOoOoOoOoooo
JooooO0oobOooOOoOooOoboOoOoOooooool
goooobbobbobooooobooboboboo
PLOODOODOOODODODDODOOODOOOOODOD
00000¢00 B(q)0D000DD000DDNO ¢
dbdobo0oooooooobobooboobgbog
0ooooooo0o 7A000oooooooooo
0000 B(g) D000 |B(g) D00D0DO00OPL
0000 |plcoooooooo

0000000 ¢0000D0D00oo00 1A000
00000000000 B50000B(q)00DOODO



1688 goooooooo

function getIA(q)
Q.create(); Q.enqueue(q);
TA:={};
while not Q.empty() do
v 1= Q.dequeue();
if 000000 » 000000 then
if {w|welA AN vCw}=¢then
TA = IA +v;
end;
else // 00000
foreach w € parents(v, 3(q)) do
Q.enqueue(w);
end;
end;
end;
return [ A;
end;

05 O00O0O0DOOOOOOOOOOO
Fig.5 Searching algorithm for a query pattern.
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Fig.6 Searching for an example query pattern q.
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procedure regist(q)
Q.create(); Q.enqueue(q);
while not Q.empty() do
v := Q.dequeue();
if 000000 »000000 then
00 o0 PLOOO;
end;
foreach w € children(v, 3(q)) do
if 000 (v,w)D PLOOOOOO then
000 (v,w)0 PLOODO;
end;
end;
foreach w € parents(v, 3(q)) do
Q.enqueuve(w);
end;
end;
end;

07 0OO00oO0OOOO0OOOoOoOooOooo
Fig.7 An algorithm for inserting a query pattern.
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Fig.12 Identifiers for a single dependency.
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Fig. 13 An example pattern code.
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Table 1 Average overlap ratios in coding patterns by
different methods.

|P| [Csc Qsc |Crc| Quc
27 27 1.000 27 1.000

114 114 1.000 114 1.000
477 453 1.053 477 1.000
2108 1809 1.165 2103 1.002
9590 7131 1.345 9528 1.007
45003 27771 1.621 44487 1.012
215733 106653 2.023 212019 1.018
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Fig.14 An example generalization hierarchy for a

pattern, and its decomposition into subpatterns.

June 2001

0000000000000O0¢ 000000000
Jooo0oOo0o0o0oooooOobOOoO0oo pPLOODOO
ancestors(q’,3) O descendants(q’,3) D0 DO OO
goooooooobooobooobooooono
gooooooooooooooboooboooon
JooddbOO0o0obOoooooboboooboooog
0000000000 0¢ 00000oooooon
goobobooboobooooooa

7. 0000

OO0O00OlIntelligentPad D000 0O0O0O0O0O0O
gbooobooocooooboobooocooboboooo
gboboooobOooooooocoooboooboobooo
goboooooooooboooooobOooooo
gbooooooooOooOoooooboooobOoboon
gooooooooooobobobooo

goooooboooboobDOobOoo0oboOo x0Oo
gobobooooooooboooobooooooon
ooooooooo0obD X0 xooooooo
00000 Y = X[Z|0o0oooooooooo
ptrn(X) C ptrn(Y) OO O0ODOOOOOOOODOO
PLOO ptrn(X) 0O pern(Y) OOOOODOODOO
ptrn(X) O 0 O descendants(ptrn(X),5) D000 O
ooooOooooOoO yvyooooooxoooooo
0o0ooooooooo zooOooooooooooo
0O7o8)0o0dooooooooooooooo
goooboooobooobooooboboOobobo
gooboooooooooooobooooooooboo
goooooooooooooooogoooooo
ooooooOoO00oo00o0o0ooo0oo0oo000 xXxo
gobooboobooooooobobooocooooboon
gooobooooooooooboobooobooboobooo

sgboooboooooooobobooooobooooo
gobooooooooooooooooooboobooon
gooooooooooooboooooboooooo
oboooooooooDo

g o o o

1) Ellis, G.: Compiling Conceptual Graphs,
IEEFE Trans. Knowledge and Data Engineering,
Vol.7, No.1 (1995).

2) Ellis, G. and Lehmann, F.: Exploiting the In-
duced Order on Type-Labeled Graphs for Fast
Knowledge Retrieval, Proc. 2nd International
Conference on Conceptual Structures, pp.293—
310 (1994).

3) Falouts, C. and Christodoulakis, S.: Signature



Vol. 42 No. 6

Files: An Access Method for Documents and
Its Analytical Performance Evaluation, ACM
Trans. Office Information Systems, Vol.2, No.4
(1984).

4) Isakowitz, T. and Kauffman, R.J.: Supporting
Search for Reusable Software Objects, IEEE
Trans. SE., Vol.22, No.6, pp.407-423 (1996).

5) Jeng, J.-J. and Cheng, B.H.: Specification
Matching for Software Reuse: A Foundation,
Proc. ACM Symposium on Software Reuse,
pp.97-105 (1995).

6) Sowa, J.F.: Conceptual Structures: Infor-
mation Processing in Mind and Machine,
Addison-Wesley (1984).

7) Michail, A.: Data Mining Library Reuse Pat-
terns in User-Selected Applications, 14th IEEE
International Conference on Automated Soft-
ware Engineering (1999).

8) Michail, A. and Notkin, D.: Assessing Soft-
ware Libraries by Browsing Similar Classes,
Functions, and Relationships, 21st Interna-
tional Conference on Software FEngineering
(1999).

9) Prieto-Diaz, R. and Freeman, P.: Classifying
Software for Reusability, IEEE Software, Vol.4,
No.1, pp.6-16 (1987).

10) Rivest, R.: The MD5 message Digest Algo-
rithm, RFC 1321, MIT and RSA Data Security,
Inc. (1992).

11) Udell, J.: Componentware, Byte, Vol.19, No.5,
pp-46-56 (1994).

12) Zaremski, A.M. and Wing, J.M.: Signature
Matching, a Tool for Using Software Libraries,
ACM Trans. Software Engineering and Meth-
odology, Vol.4, No.2 (1995).

13) Zaremski, A.M. and Wing, J.M.: Specifica-
tion Matching of Software Components, ACM
Trans. Software Engineering and Methodology,
Vol.6, No.4, pp.333-369 (1997).

14) 000000000000 000O0D00O00OD0O
J0000D0O0O0OD0ODODbODOODDDODOVol.37,
No.1, pp.71-79 (1996).

oo

goooooooooOoooooooooDoboo 1693

15) 00 00000000000000000Intel-
ligentPad 00 000000000000 Vol.38,
No.3, pp.222-231 (1997).

16) 00 D000 00000000000000
00000 IntelligentPad0 000000000
0000 Vol.11, No.1, pp.36-48 (1994).

17) 0000000 OO IntelligentPad 00000
0000000000000000000000
00000 Vol.40, No.6, pp.2799-2809 (1999).

(00120 110 13000)
(00130 30 9000)

o0 ooodoooo

19710001994 0000000
oboobooooooo19ge 00O
goooooooooooooaon
oboooooooooooooon
goooooooooooooono

gboooooooooooooooooooobooon
obooo

oo oooooo

972000000000000
obooo194 000000000
oooooooooooooogr4
gooobDoOoooooolgrron
e poo1ess00O000000o199
goooooooooomeobobooooooooo
goooooooooooboiegst 1oooo 1000

IBMO T.J.O0O0O00O0000O000O000O00C0O

0000oo00o0ooooooOOoOoIEEEODOOOOOO
gooooooooooboooooooooooooo
ooooooooboobooboobooooooooogno

ooooobooooooooomoooooooo

O000000C0D000D0199400 IntelligentPad O
oobooooooBpOOOOOOOO




