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Semantic Process Retrieval with Similarity Algorithms

Hong Joo Lee, Mark Klein

One of the roles of the Semantic Web services is to execute dynamic infra-organizational services including
the integrafion and inferoperation of business processes. Since different organizations design their processes
differently, the retrieval of similar semantic business processes is necessary in order to support inter-organiza-
tional collaborations. Most approaches for finding services that have certain features and support certain
business processes have relied on some type of logical reasoning and exact matching.

This paper presents our approach of using imprecise matching for expanding results from an exact match-
ing engine to query the OWL(Web Onfology Language) MIT Process Handbook. MIT Process Handbook
is an electronic repository of best-practice business processes. The Handbook is infended to help people:
(1) redesigning organizational processes, (2) inventing new processes, and (3) sharing ideas about organiza-
tional practices.

In order to use the MIT Process Handbook for process refrieval experiments, we had fo export it info
an OWL-based format. We model the Process Handbook meta-model in OWL and export the processes
in the Handbook as instances of the meta-model. Next, we need 1o find a sizable number of queries and
their coresponding correct answers in the Process Handbook. Many previous studies devised artificial dataset
composed of randomly generafed numbers without real meaning and used subjective ratfings for correct
answers and similarity values between processes. To generate a semantic-preserving fest data set, we create
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20 variants for each target process that are syntactically different but semantically equivalent using mutation
operators. These variants represent the correct answers of the farget process.

We devise diverse similarity algorithms based on values of process atfributes and structures of business
processes. We use simple similarity algorithms for text retrieval such as TF-IDF and Levenshtein edit distance
fo devise our approaches, and utilize tree edit distance measure because semantic processes are appeared
fo have a graph structure. Also, we design similarity algorithms considering similarity of process structure
such as part process, goal, and exception. Since we can identify relationships between semantic process
and its subcomponents, this information can be utilized for calculating similarities between processes. Dice’s
coefficient and Jaccard similarity measures are utiized 1o calculate portion of overlaps between processes
in diverse ways.

We perform retrieval experiments to compare the performance of the devised similarity algorithms. We
measure the retfrieval performance in ferms of precision, recall and F measure? the harmonic mean of
precision and recall. The tree edit distance shows the poorest performance in terms of all measures. TF-IDF
and the method incorporating TF-IDF measure and Levenshtein edit distance show better performances
than other devised methods. These two measures are focused on similarity between name and descriptions
of process.

In addition, we calculate rank correlation coefficient, Kendall's tau b, between the number of process
mutations and ranking of similarity values among the mutation sets. In this experiment, similarity measures
based on process structure, such as Dice’s, Jaccard, and derivatives of these measures, show greater co-
efficient than measures based on values of process aftributes. However, the Lev-TFHDF-JaccardAll measure
considering process structure and attributes” values together shows reasonably better performances in these
two experiments. For refrieving semantic process, we can think that it's better to consider diverse aspects
of process similarity such as process structure and values of process attributes.

We generate semantic process data and ifs dafaset for retrieval experiment from MIT Process Handlbook
repository. We suggest imprecise query algorithms that expand retrieval results from exact matching engine
such as SPARQL, and compare the retfrieval performances of the similarity algorithms. For the limitations
and future work, we need 1o perform experiments with other dataset from other domain. And, since there
are many similarity values from diverse measures, we may find better ways to identify relevant processes
by applying these values simultaneously.

Keywords : Semantic Business Process, Process Retrieval, Similarity, Semantic Web
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(/processHandbook: Process)
(/rdf:RDF)

<38 5> OWLE EHE H|=HA Z2 M2 offA|

A E] ZR2A| 27 FALEE AlLFEE7] 918t
o] iSPARQL Z# ) ¥ = [Kiefer et al., 2007]2 &
239t} iSPARQLS SPARQLY HlEHS F
AR GagEs s gdARE 44 &
JEE LHEH AMdRo|t) iSPARQLAE
SlmPack[Bernsten et al., 2005]91A F&E FAF

= was = T guEEs 7 28 F dth 43 volH
BASE LUAE FARLF ORI A E g g g gumos 388 5 9E AR
ZAAE vHluste 2Foz ©dd sfdolth
sz gHsed oo En A FuE 49 dolEe 542 17
e, ERASS EUAEH VAT By g4 gae g gaee 49 A% @
== al A~ A O~
j o omaa w;; o #ezl a9 getgom, < 2>0] B4 FuAEL 42
2ER X <19 5> OWLE % o
g8 Hzyx :}i/‘ﬂ* B, age AT TS dREEAN FAEE L=
e v RAY e meAzel ogd Aye]
g Frocessilapdbooks TasEceplom® 2 gl AIS(IFIDE, Lewysh Z2AZ) 3L
7 = 2 =53} (processHandbook: has 3 Q= A (Dices} Jaccard HE)o|Th MAE
AmE A x7F 23 P EAES w
4) http:/ /www.ifi.unizh.ch/ddis/ph-owl.htmlo] <& ]_ b A ﬂE F ! stat e = J
24 AR OWL 91 dolHAd = #a An Wt FANES AT, $ak= AldY =
S0 FFE] Ak ZM27F 28ta e AV v S5 5
86 ZIYEHAT H182 M1z



oF
2
-
A | 1
mo
i

k.
&8st F Z2AXZEe] TFIDF e

ERA ARl g =
So] Hlzo] g PRE g3tk TFDFE A
&

skl
Aiketct, wg Adtd 7} 7]
FHo% Bt 2
Ribeiro-Neto, 1999].

2 Lev

ZZA|29] o]&& 7}X|1 Levenshtein edit distanceE g3l FAIEES AXlak
o. o fAl=E sl BAEA tE EAERE sy f8] 2ad 4,
b g)a WEksl9le] 312 71 AArEtHLevenshtein, 1966].

N

Dice-Parts

g
v
2
[65)

m2Azd EgE BES wwele] T x=A27te] Dice $AEES ANHT
Dice fAFEE £U3 BES] A5 T 7jo) ZaAs nEe] AFE Lhrol 7
RS

4 | Jaccard-Parts

kvl T Z2A|27HY Jaccard FALES AAFECL
Jaccard fFAFEE FAR] HEe} o] ¥y 37 2l 7|¥k& F31 9tk Jaccard
A== Dice Ax¢} Hud wf FFH FE] AF7t & Bl v 32 f
1 X, Y9 Jaccard FAHEE olgio} o] AXtE
oY) /(IX] Y [-XY)), (XY)= 7 HE ) WelH, [X]| = (X*X) /29It

5 TreeEdit

Z2 Az XFE FEEo] EF FHE Hi 7] "ol o]F o] &3l Z=A
2E7ke] Eg] W7 Ae|(Tree edit distance)[Valiente, 2002]E Al4teitl. Eg] ¥
A A7t Fs £E A Z2A22 ddd 4 ok

6 Lev-TFIDF

A7)

Z2A|2 o]FS FE3 Levenshtein Level 2 FAKE AAMIOH} Z2Alx HHS
83k TRDFAE ARt A3s 236l #HE HAIRE Alkle Wl
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= TYS Dot "ot wEbA Semantics$} of & AMSlshe ANtz FYT &
o2 W= 4 9t} o] A9 Levenshtein edit distance= 20]a1, Hete] A% 47}
2]

o waa fALEE 05(=1-2/4)%k0] Bk

|

o

C

7 JaccardAll

S

H Wkl Jaccard-Parts= ZZA|27) 7HA A e IE T2 A2t w8t §
=5 Axtsls Aolghd, JaccardAllS Z2A 2o X3 ZE AFE, o9,
53, A4, JAFEF o}2H)E &83Y Jaccard FAIEE Atete Wtoltt. ol
Z A AR E W AAE TERE SYsit

>~
V)

Weighted
8 Jaccard All
(except goal)

zZ2A 2 23E BE RAE 83 Jaccard FARE AlRE WetelH, 2+ ARAf
o] geoll whe} v o) Uit JeAE Rt HE FARRE Alkteth 9
o] 7eiHRRlA AAE JHEXE FHE, o9, 2, Q1% okE 05, 02, 01,
0.1, 018 H3t4t).

Lev-TFIDE-
Jaccard All

ZE2A 2 o]E2S 83 Levenshtein Level 2 FAME Al4HEQE Z A2 Awls
243 TRIDFFANE Albidets, Z24)2 Ao e Jaccard fAKE Al4HESH
9] AH4E st HF FARRE Atse Wdolth HF MAE 2319 7kE
A= Al ZFAEREe] T s et

pul
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SELECT ?process2 ?name2 ?similarity
WHERE {
?process 2 ph: name ?name?2 .
?strategy ispargl: name “TFIDF”.

JORDER BY DESC (?similarity)

PREFIX ph: <http://www.ifi.unizh.ch/ddis/ph/2006/08/ProcessHandbook.owl #>
PREFIX isparql: <java:ch.unizh.ifi.isparql.query.property.>

?strategy ispargl: arguments (ph: E16056 ?process2).
?strategy isparql: similarity ?similarity.

<% 6> iSPARQL &AM Ao

<I¥E 3> ZZAMA HEdlot
i Sl olF O
STEPSPLIT SHEOREES F )9 A sER WY
STEPCHILD U gES R /2] BE BAE WY
ZZA 2 (BE) STEPMERGESIB dolz e 7 Y FA JEE R
STEPMERGEPARENT shte] BHEZ o)9 Ry utE) W
STEPDELETE sh}e] mE 27
P NAMEDELETE ZZA2 ol2 Z e wo] 2H4)
DESCRIPTIONDELETE ZTEAH2 A F s wof kA

fr 2 iSPARQL Z#d¢=
of Fd= o 1*‘% 6>} 7 A
9] (Query)=o] F ZZA|27Ee] FALE
3ty <19 6> TFIDF HWeto] o9& F Z 24
27t AR E F8he ool

42 &

0%

42.1 &8 Ho[H K g et

O -

32404 AP ZEAA HolHE 7FA 1

TAFE e

= ZaAE AERAM 5
T3 dwksl AAVE FAH e Z2AS

5 oA 807 ZEAIEE AAsIAA o]E
B35 (target set) &2 Atk HRF S &
g Z2AL g FRHCRE oSN 9
] % (semantic) ©. 2= FYT 20719 =<0l
ZeAAE AASAT. o] EdWolEo] H1A
ol 48 T2ALS FAE T2ALE 24

88 Ay s

Jok

e
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—+ 1y o 12 %
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L = orr Ho ot
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S
N

=3} 7414013}— ogu|E BT Xl
STEPMERGESIB7} 91¢] 7% 3|gst=
Heteln] W= STEPSPLITO] shle wE=
T 709 FEZ Ure Wiugtett 22 99
HE ko] st 01«](random)ﬁ/\7]- 285}
Atk ARl SJs)A] oJmle] 7|9hE Fof I}
E7F Yo AAY FAZ Ao OMJ_ 2
o 93 4oz AHE FEEC] Yro] XA
FAA L GF AgEEo] AAHN] W
Wb, B3R Z2 A0 SE] &5
2 AFEEO] 9ud uks Fal A
Holeh= Zpo|7} Qs & Aok 2y
gulotSo] & FR9 A4 HRYX
7HA 1 Bl 2E HolHE AAdst=]
1

¢
O

%0
g

T
o

:IOIklioimh’l&Ln% m}:I
F?‘Jmmr

oo i W ok 2 L

>O W 3 A2 (E3694)9} o] ZHE
3 2 4 2(E-T]78H4-1)7F A )
71 & Aotk APE EdWe]
2 B3 T2 A 2~ (E3694) 9}
3 JAE Z2te Aoz Eddo] A4RH
AAET Ao R ol Jfe] WFtE

do [ rlr b

53X ZZAX

<?xml version = “1.07?>

<processHandbook: Process rdf: ID = “E3694">
<processHandbook: name xml: lang = “en”>
Buy</processHandbook: name>

<processHandbook: hasException rdf: resource="&ph;
E17159.0wl#E17159”/>

<processHandbook: hasPart rdf: resource = “&ph;
E2232.0wl#E2232"/>

<processHandbook: hasPart rdf: resource = “&ph;
E5934.0WI#E5934“/>

<processHandbook: hasPart rdf: resource = “&phE606.
owl#E606“/>

<processHandbook: hasPart rdf: resource = “&ph;
E2751.0wl#E2751"/>

<processHandbook: hasPart rdf: resource = “&ph;
E4723.0wl#E4723"/>

<processHandbook: hasPart rdf: resource = “&ph;
E2641.0wl#E2641"/>

<processHandbook: hasPart rdf: resource = “&ph;
E1212.0wl#E12127/>

<processHandbook: hasBundle rdf: resource = “&ph;
E6291.0wlI#E6291"/>
<processHandbook: hasBundle
E14573.0wl#E14573"/>
<processHandbook: hasBundle
E14568.0wl#E14568"/>
<processHandbook: hasBundle
E16163.0wl#E16163"/>
<processHandbook: hasBundle
E4835.0wl#E4835"/>
<processHandbook: hasBundle
E4834.0wl#E4834"/>
<processHandbook: hasBundle rdf: resource = “&ph;
E1434.0wl#E1434"/>

<processHandbook: hasGeneralization rdf: resource =
“&ph; E8219.0wlI#E8219”/>

<processHandbook: hasGeneralization rdf: resource =
“&ph; E8114.0wl#E8114”/>

</processHandbook: Process>

</rdf: RDF>
Edvol #3

applying STEPMERGESIB to E-TJ78H4-lapplying
STEPDELETE to E2232applying
STEPMERGEPARENT to E16170applying
STEPCHILD to E606applying STEPDELETE to
E16172applying STEPMERGEPARENT to
E-TJ78H4-2applying STEPSPLIT to E-TJ78H4-3apply-
ing DESCRIPTIONDELETE to E-TJ78H4-7applying
STEPSPLIT to E2751applying STEPDELETE to

=

df: resource = “&ph;

=

df: resource = “&ph;

=

df: resource = “&ph;

=

df: resource = “&ph;

=

df: resource = “&ph;
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E-TJ78H4-7applying STEPDELETE to E-TJ78H4-6ap-
plying DESCRIPTIONDELETE to
E-TJ78H4-10applying STEPSPLIT to E-TJ78H4-9apply-
ing DESCRIPTIONDELETE to E-TJ78H4-10==> mu-
tant E-TJ78H4-1 of process E3694

Eduo] TEA 2

<?xml version = 1.0“?>

<processHandbook: Process rdf: ID="E-TJ78H4-1”>
<processHandbook: name xml: lang="en“>Buy Place
order Manage suppliers Evaluate suppliers
</processHandbook:name>

<processHandbook: hasPart rdf: resource = “&ph;
E-TJ78H4-12.0wl#E-TJ78H4-12“/>
<processHandbook: hasPart rdf: resource = “&ph;
E-TJ78H4-11.0wl#E-TJ78H4-11"/>
<processHandbook: hasPart rdf: resource = “&ph;
E-TJ78H4-8.0wlI#E-TJ78H4-8"/>
<processHandbook: hasPart rdf: resource = “&ph;
E-TJ78H4-5.0wl#E-TJ78H4-5%/>
<processHandbook: hasPart rdf: resource = “&ph;
E16168.0wl#E16168"/>

<processHandbook: hasPart rdf: resource = “&ph;
E-TJ78H4-10.0wI#E-TJ78H4-10"/>
<processHandbook: hasException rdf: resource =
“&ph; E17159.0wl#E17159"/>
<processHandbook: hasGeneralization rdf: resource =
“&ph; E3694.0WI#E3694”/>
</processHandbook: Process>
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o] A=AE FotstArt

A SA7IFo2 e X (precision),
S (recall), 238}t (Harmonic mean)d =&
&t 7 Hx ¥R S50 dgee (d
9 Holy & #d ey /349 vy
2 AEY, Arles (dAE Holy F #d
tole 4/AA & dHoly )= ALtk
vho] H3E R A2l gk HA B ol E
= EQWo] ZRA29 FQ1 207 o]t} LR
oz Rz o} Prlee A=rt Tk
Nt sk, Aok 2k AaE
stetshs g9 BAll A7) W&o, 7 X]E:E: x
gste] el AR E A7 U Baeza-
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</rdf: RDF> e AW 0o BE EAy} AR go A
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El EEAﬂﬁ 7D4AHt||-o|-

1o

Pearson

Kendall’s
tau b

0.439*

0.325*

0.343*

0.273*

3-Dice-Parts

0.653*

0.562*

4-Jaccard-Parts

0.659*

0.524*

5-TreeEdit

0.389*

0.351*

6-Lev-TFIDF

0.427%

0.317*

7-Jaccard All

0.680*

0.568*

8-Weighted]accard All

0.674*

0.563*

9-Lev-TFIDF-JaccardAll

0.568*

0.438*

* FroaE 0.010004] #9.
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FALE AT2|ES 23 AlHE] Z2 A ZAutol
71 913 dlolE R3S 8] $1ste] on A2 AAY BlzY 2 222 fEoa] A
BES Az 728 'S HolA7l= W WUE Z2A| 25 BHsty Fxetey &84
S Edlo] Bg z2A|A0 EAWES A 4= 9JtHKlein and Petti, 2006].
ot ol & Bl Eiﬂl*ﬂ oge an A9 AZE st dolE IS td
o
o
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?l_
g
2AlA Fxo A¥e BT dske AR o8 AR g ﬂ%g BAHE HlasG 7] w
=5 &8ss Aol v 7k ZEA 29 ol ATAFHE dutglslrldl = ool wa
TE VM ZEASE A8 93 78 H, & Tokd HolH Ade 2835t A=
g FAE A 2 g Qe S Btk = daelFo AFHE Hlastejor & Fart Sl
2AZ A ARl SlofM e Fewu) 4] = 3 AE A9 dolEE 7HAAL AdE Rl
71RbS & A M(retrieval) 7]¥F Aol FALE & ste AR 712 TS HE ZEAXE
9 FABAE s AFS T8 gFet Hop BRzaAse Sdwolse] SRI=A
wHAAM FAEE BHE = AES Stk 28 7H FARse e Aol ARt Z2A)
olf g ATAd= 7IdE0] HIEYE ZTEA|X 2o WM BE ZEZALSO Hs fAME
& &&= ¢ AMPI&E FArK(matchmaking), T on, Edwo] Hrd webA %ﬂ‘ﬂo]
7149l Hizys Z2A| A0 dAE F e A EAL o B3F Z2A L HS FARE 22
HIAE o= vlof 282 4 1S Zlolt ¥l A&7 EAQE & Aok b Z2AAES 1Y
z2U2x 22 A7 Ay g ddojg id" 7 & F o A2 A9 oy 4ol dasit
Fol= ol T3hE AP RERo] ofyz} T g AT WFoEZE g FAE HEOA
ZARE fFAIRE Brbsked T2% A9ES DojAlE FALE 2oES E8st= Aol
sz, AAE Hzys IZAXE Fe A5 o A A= F&ete WtEY ¥ F2 4
of AWAgRs} FEHRE L5 &&= Ao A QTS 2E T US Aotk wEkA o &
Zasith o5 Tl 71zt B2y ZEAlA nEFol A3 FAtE AFHE FA 1HE F
A Asstl 71d = 9lon, Hz2YXs I8 A= At digk A5 Basith
<H 3 F o>
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