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Abstract

The top—down method for SOA delivery is recommended as a best way to take advantage of
SOA. The core step of SOA delivery is the step of service modeling including service analysis and
design based on ontology. Most enterprises know that the top—down approach is the best but they
are hesitant to employ it because it requires them to invest a great deal of time and money without
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it showing any immediate results, particularly because they use well-defined component based

systems. In this paper,

we propose a service identification method to use a well-defined

components maximally as a bottom—up approach. We assume that user’s inputs generates events

on a GUI and the approximate business process can be obtained from concatenating the event
paths. We first find the core GUIs which have many outgoing event calls and form event paths by
concatenating the event calls between the GUIs. Next, we adapt sequential pattern mining
algorithms to find the maximal frequent event paths. As an experiment, we obtained business

services with various granularity by applying a cohesion metric to extracted frequent event paths.

» Keyword : AMH|A-X|&F F=x(Service-Oriented Architecture), =X} Ii&(Sequential Patterns),
MH|A AlH(Service Identification), AH|A 2EE(Service Modeling)
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procedure SelectingCore (Ri ,: GUIs, Tgh™ :

calling events of R)
returns Core: set of core GUIs

begin
for (i=1: i{(=nii++) do
begin
if R; has no calling then
if R; has no called event then
@ discard R // R; is a dangling GUI
else push(i, TG): // TG is a set of terminal GUI
else
{ push (i, RG): // save the candidate of core GUI at RG stack
@ for G=1:j(=m: j++) do
if T/ is an calling event of R; then
increment CE;:} //count the number of calling events of R;
end

// as the ratio of the number of output event
@ delta = (max(CE;..CE,) + min(CE,..CE,)) x a: // a is user-defined ratio
while (lis_empty(RG)) do

begin
k := popup(RG): // R%
@ if CEy ) delta then
push(k, Core): // selecting GUI over the threshold as Core
end
end

T2 4. S GUI et MY LTS
Fig. 4. Algorithm for Selecting a Set of Core GUIs
o|Fa o] SFPAHE A~ TV E gt v 28
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procedure FindCommonGUI (Core: core GUIs, Ry ,: GUIs, Tg"™

. events)
returns L,®9 : all large

1-paths between GUIs, Path; ! all event path expressions

begin
for (i=1: i (= length(Core); i++) do
begin
MakeCluster (Cores, i, Rin, Te>™):
@® [L push(event paths generated from Cluster;, Path;): // event paths generated from the Core;
end
for (i=1; i (= length(Core): i++) do
—begin
PEg; = Path;: // event  paths according to each cluster i
for (k=1: k (= length(Core) : k++) do // find alll argel-paths L%
begin

if i # k) then
{ PEQk := Pathy;

// event path expressions of another cluster to be compared
@ foreach R in PEg do // R is a GUI
if (R € PEg) then // minimum support 100%
insert R into L,®%; } // 1-large itemset between PEg; and PEgx (commonGUI)
end
end

lend

procedure MakeCluster (InitCore, Cindex, Ry, Tg"™ )

returns Clustercingex:

begin

InitGUI := InitCore:

@ rfor (=1:j<(=m:j++) do

if exists(initGUL Tiu™ Re) and (Rg € initGUI) then // exists an event from i GUI to K" GUI
push (Ry, Clustercinge) // clustering k™ QUI with i core GUI
end

T2 5. U ABIA S AMS 95 wmals

=== TI

Fig. B. Algorithm for Transformation and Identification of Service Candidates
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q,_ T 4= 3 Cﬂ]i’ﬂ u}ok 0114 }\]/\EﬂA aﬂJA] GUI7}
5702 AR, 574e] 2287t dAdE . 22
7} E¥eke GUI MisE AL Aoltt.

H 4. of: 579 E2{AEe| 7 GUI HE
Table. 4. Example: 5 Clusters and their GUIs

GUI atH
Corel |1234567891011 1213141516 17 1819 20 21 22 23 24

252728 29 30 31 32 33 34 35 36 43 46 47 48 50 51 52 56 57 58
59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74

Core2 |16 17 24 25 35 36 46 47 48 50 51 52 63 64 66 68 74
Core3 |15 16 17 24 25 35 36 46 47 48 50 51 52 53 63 64 66 67 76

Core4 |9 10 16 24 25 26 27 28 35 36 37 38 40 41 45 46 47 48 49 50 51
52 53 b4 55 63 64 66 67 74 75

Coreb |16 24 25 26 27 28 35 36 37 38 40 42 43 44 45 46 A7 48 49 50 51
52 63 64 66 67 75

A WA FelzEE 158 747K 62719 GUIZF WX
Hol de A2 ¢ F vk teoE, SezE AeE
HhESte] 7 FE| ~Eue] A siRle] o[ilE 25l i
A 715 B2 (PEg) o] H ol i = k 2 dele] ki
A e 2E 9] o|HE AZ(PEq) 9 Bl PEgE 74
3= g9l GUIZE 715 A2 PRy A&l == GUI
2 T oHE AR LT o Addth (2™ 59 Q).
oju T,M% = Zo] 19] Hld GJEo M 7FE FEAH i
o} vl Fel2H k 7] T GUI aE ofv|gict ot
a8 62 3 WA FY~Ee PEy# F WA F22H
PEQZQ}Q] 9 QUI zh‘sLo LlBl-QZ_E; ?_3],‘:_ 1};@9_ EOZ]
T ] 19FE 5We FEE o] Mol 7k
HSE S & AAH(EDR 4 7 28 2H 13 2(CH,
€2)¢] F+f GUIE |t

I [ s ][ .
~ aresees

—— a7

O 6. of: F 2AHC 37 GUI
Fig. 6. Example: Common GUIs between Two Clusters

olglgt Zgo= (C1, C3), (C1, C4), (Cl, C5),
(C2, C1), (C2, C3)... 3 22 WHgo 2 7} Fe|~E|7t
o T ARE T Bt F, nlle] FY2EE A
o, nn-1D709 3% QUL Meo] wHsold Aol

n(n-1)/27} obd ol 71% Z21287} 9I7] wEelrt.

2.3. 4% b cHl: S7
E 5(5:

L] dagEe HAAAE % ke gEE WY
= (large itemset) o2k % ol
A% 1R (L) o2, ?%LQL
AlAePE AZE RO Ao mhet 2-REE (L), 3R]

OHE Zz YA

L =X |

W YB(L)ow WHT B dnelFe 1NNy
2 7Pew 0|5 Fel Wi Aol 0 ARE 2ed

7104 for ¥HEEo] F 7] EA3H O(n) = B
T ¥e AAT Holu, 7|EY duFie €
W §HERo] F7E7] wiiEel], A4
BES O(n)oz Axkdg)
< 2] Yo B, dols &
A A= ?ﬂ AR CE AYTHQD). dE Bt
I e Ly 42F BEUE dols 8 Ui L +
e HYL Bl T i)

AZ(Ly,... L)< AUl 2H A2E ke g
(
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Table 5. Finding 2-Shared Event Paths

L1 C2 L2

2,3),(2,12),€2,13),€2,14),
(2,16)42,17),(2,18) (2,19),
2,21)42,22) (2,23) (3,2),
(3,12).(3,13).(3,14).(3,16),
(317).£3,18).€3,19).€3,21),
(3,22),(3,23) (12,2 {12,3),
{12,13),{12,14) 12,16 {12,17),
12,18),12,19) 12,21) 12,22,
12,23,(13,2),(13,3),(13,12),
(13,14),(13,16) (13,17) 13,18),
13,19),(13,21),(13,22),(13,23), 14,2),

> (14,3, (18,125 14,13), <1132>,
2 (14,169 (14,175, 14.18) < 14.19), B
& (14,215 (14,223 <14,23) (16,2, 2
"z (16.3) (16,12).(16,13) (16,14, v
P <16,17),(16,185 (16,19).(16.21), o
e (16,22).(16,23 (17,2,.(17.3), R
0 (17,129417,13).417,14.¢17.16), i
o 1718) 17.19.417,215.17,22), e
oS (17.23).(18,2),(18'3),(18,12), e
o {18.12,.(18,14).(18,16), o
2 (1817)(18,19) (18,21, o
2 (18,22).418,23),18,2) (19,3, &

(19.12),(19,13).(19,14), 22

19,16),(19,17).(19,18),
(19,21 ,19,22) (19,23),(21,2),
(21,3),(21,12)€21,13),(21,14),
21,16),(21,17).(21,18),
(21,19),€21,22) (21,23) (22,2),
22,3),(22,12),€22,13) (22,14),
(22,16)22,17),(22,18),
(22,19),(22,21),{22,23) (23,2),
(23,3),(23,12),(23,13),(23,14),
23,16,(23,17).(23,18),
23,19),(23,21),(23,22)
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procedure FindMaximalPaths (L,®? : all large 1-path expressions between clusters,
Path; :eventpathexpressionsaccordingtoeachcluster)
returns ML ®9 ;  // all maximal frequent paths between PEp and PEq
begin
for (i=1: i (= the number of clusters: i++) do
begin
PEg;: =Path;;
for =1:j (= the number of clusters: j++) do
begin
if i #J) then
{ PEg := Path(j):
for (k=2: LB9 = @: k++) do
—begin // same as apriori-generate function of sequential patterns (12]
Cr=New candidate-paths generated from L "'%:
foreach event path expressions in PEg; and PEy do //pruning
@® if (Cx € PEg and Cx € PEgy) then //exists on the both
LY = ¢
end
length = k: // longest length of large paths L;'®
end
—for (m = length: m )= 1: m—) do // maximal phase
foreach m-large paths, L,>'¥ do
@) delete all sub-paths of L,*9;
end
TMLPQ = { remained large paths in LBV }
}
end
end
end
J2 7. 37 OMIE Z2 Y 2} S7 4= UHs ff du2lE
Fig. 7. Algorithm for Finding Common GUIs and Maximal Shared Event Paths
WA W AR & EYE o] shvE ggste] ¢A U & 72 7ol BE Fh AR, L1 oM Al 37 7
He THE CpF T8 5 Uk BE AP Lol AE Y 20E wER BAS,
S FeR gtk AA7loA T T Sel2E ] EAlE
L AR BAE d=)olw Yry)a a2x] god A H 6. 2032 37 oHIE ZH= 37|
_ Table 6. Finding 3-Shared Event Paths
A(pruning) 3, 2 AZE L7t ©dt
oo, ¥ 62 43 e IS HAAFED 1,2 2 Lo Cs Ls
oA 2e] A4 2 vl AFE Y F sldhe A (12.13)(1214),
_ (16,17),(16,18),
ot 2= 9t} AprioriAll @uEELS Edle] o] 29 & 718 19,215, (16, 17, 18 (16, 17, 18 )
AREEE L9 vRE GUIY Al GUIZE 548 A= (22,23)
”&—% ] 2 Bt wEbd F 6ol [LE G2 BEE
deHEE (16, 17) 223 (17, 18)% #Ls o5 & E 7. 3} 37 oMlE Z= 30|
A3 ]"?ﬂ (16, 17, 18) o] ©t} Tgl3 o] AZy} = Zel~ Table 7. Finding Maximal Shared Event Paths
Eol] EAGE Ly7t d}. ofA] Ly B =27} shustel] glof L L Ls
1 | $E ZRE e F flene IRERE e F2e 12,13
FehEn ohe ) BH ARE B WA dolti) @.@ 209,00, | 1212
9 7] @sk 7L°1 BE T ARE WA 2 AR A (16,18 | (16, 17.18)
7} HE 34 ARE AATeA A BH AZE 7T 5 o055 17, 18)
Jr}. & L;—Iow "#t) (maximal)'¢] vl the Ao gg g;;

A 5 vt & Eo] paths = {1.2.3.4,
1.2, 24, 1.3.4) 74 3iopd At A== {1.2.3.4)7} Aot
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Table. 8. Maximal Shared Event Paths of 1st Cluster

Core?2 Cored Cored Core5

58, (1517 (15,16} (52,50 (28,27) (9,74) (8.35) | 43, (28,27) (27,35)

(15,35) (24,16) (24,25) | (109 (27.75) (27.16) (46,24,50) (96,2467)
(46,24,16) (24,45,35)
(24,46, 36) (24,46,63)

Corel | 68 17, 7, (52,50),
(24,46,35) (24,45,
(24,86,63) (25,24,16) | (24,67) (25,28) (46,24 | (46,47,48) (24,46,35)
(46,24,16) (24,46,25) {52,50) (24,46, 35) 46,1 5,24,
(45,24,35) (a746,45) | {24,25,35) {24,48,63) | (47,4645 (3,10,64) (24,45,47) (25,24,45)
(48,06,24) (24,45,47) (28,5051) | (27,28,75) (27,5052 (25,24,35) (25,24,67)
(24,45,4769) (24.50,52) (4647,48) | (27.46,24,35) (252450,51) | (2524,16) (64,66.63)
(24,6, o 48) (45.36.50) (46.63.66) | (25,24)5052) (10,6466,63) | (47,46,46) (27.28,75)
24,50, (46,47.25) (46.4764) | (27,46,24,25) (2746,2,35) | (27,45,24,35) (25,24, 50,51)
(45,47.48) (36.5051) | (27,46,24,67) (27,4624,15) | (25,24,50,52) (27,46,24,25)]
(36,50.52) (6366,64) | (27,46,3650) (27,4647,25) | (45,47,485051)
(47.25.24) (47.48.46) | (24.463650,51) 1850
(47,64.66.63) (24,46,35,50,52)
3 ik {47,48,50,51) {27,46,63,66,54)
(47,48,50,52) {47.48.5052) (24,46,47,98,50)
(47,64,56,63) (27.46,47,98,50)

,36,4764,66)
(27,86,47,,25,24)

(45,47,25,24,57)
(46,47,25,24,16)

9. Zci 37 OMIE = 37|
Table 9. Finding Maximal Shared Event Paths

Cored4 |Coreb
54.3% |62.7%
44 7% | 49.3%

90.2%
Cored 83% 82.7%
Coreb 73.3% |90.2%
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