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MINI: An Ontology Evolution Algorithm for Reducing Impact Ranges
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Abstract  Ontology evolution is apt to impact on dependent services and cause them to be rede-
veloped and redeployed. However, different realizing methods for the same change requirements
may result in very big different impact ranges. Today. researches of ontology evolution mainly
focus on how to satisfy the change requirements and maintain the consistency of an evolving on-
tology. Unfortunately, few of them care about how to reduce impact ranges of ontology evolu-
tion. This paper proposes an ontology evolution algorithm called MINI, which can effectively re-
duce impact ranges for an evolution process. Firstly, through deeply analyzing dependent rela-
tions among ontology entities and services, the MINI algorithm establishes a math formula to
quantify impact ranges. Based on this formula, the MINI algorithm transforms an ontology evo-
lution process into a heuristic graph searching process. Through searching an ontology change
path which has minimal impact value, the impact range of an evolution process is greatly reduced.
The experiment results show that the average impact ranges caused by the MINI algorithm is
greatly less than those of other evolution algorithms. In the context of some practical applica-

tions, MINI algorithm has been tested and evaluated.
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J78 8 RemoveConcept(e).

HK, R OntCh j2& RemoveConcept 7% ¥,
BRIGBESH . ISR S R super (D TR 4
Bl Dl =AM nAs o v € super(c/)AddSubC(m*
cept(e ).

g, W AR S e AR — DM A 4k KOG &R
EEPITEE OnCh J5 i [ 7 3R 1 B ik 198 & gk
HRAR R AL AS 8 M 29 3, A 2 10 e 19 08 SCHURE &
M SR AR TGRS C. i, /TR
AN A B AR B 5 A S

5T AT AP R S — B AR AR R OC &R
B2 Az B 28 88 RemowveSubConcept (domain (e)
range(e)).

HR, R OntCh 2 RemoveConcept 75 B, i

BRIHES R . I R A R super () TR
L EEA R sub(c)).

A range Ce) @ C, W 7= /L [ Jn 22 36 V" €
super(¢’YAddSubConcept(domain(e) ¢”).

¥ domain (e) & C, W P2 A M A8 8 V7 €
sub(c")YAddSubConcept (" srange(e)).

FXfR L rid iR — B A R4 MINT &
e T —4LH UL B B A SR
T o A I8 G AT LRI S B i B S A E SRS B
JIAE T A SR RS 1, U S AE T E B
78 B P A S I T DAY P R A B R A A
P, MINT 55 32 0 AR 41 72 B 52 i 3 1 1% SR R 3
SR BRI SRS o AT 3 58t — 2% 52 i 1 Bl g /N /Y
A PRATERAR. T LA 1 O i) Ok fi & MINT 552
APRAT A AR 2SR I A AR T B R 5 - MIINT 5%
) EE AT L BN w1 R,

ik 1L /MU R AT R MINTCO,
ChgReqs).

A : (O,ChgReqs) , IR HE A 1K O FRf AT A 16 AR

Fil ey
i 1L < B /0N R e I N g/ B B PRAT AR
AR5 (minValue,minPath) , € 248 R 3 19 i /N
Wi {5 ¥ S5 /N A8 B PRAT B AR
CcurValuescurPath) s X4 7 2 LAY 5 0 {E A
IEAEAE R 1 728 T8 BT BR AR
SHL
function MINI(O.ChgRegs) {
minValue=MAX_VALUE ; minPath 8% ;
curValue=0;curPath H%5;
for YOntChe& ChgReqgs do
executeOneChange(O,OntCh) ;
/WU AT A — A A2 B 3R
end
return (minValue,minPath) ;
}
function executeOneChange(O,0OntCh) {
if # & K RIES then return;
value=11872 ¥ OntCh 5 W 1H ;
if curValue+value >minValue then return;
curValue = curValue—+ value; curPath= curPath
OntCh;
O' =X A4k O P72 B OneChi
if isConsistent(O") then{
minValue=curValue;minPath= curPath;
[/ F-HRBH Y /NS B PAT B AR
}

else{

E=i A -8R b Ea
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for Ye€ E do
XS IR e 7 e B A B R AE S S OneChs 5
for YOntCh €& OntChs do
executeOneChange (O’ ,OntCh) ;
end
end
}

curValue=curValue— value ; curPath=curPath— och

}

(1 B B P A0 B i AN — B0 A 1 52 14 4R
A He CE N8B 87 D He (BRE 2SR B A
SNFIED - He CIEL R 8 I, [ N 888 D » Domain ([
Z B NANE D }Loax 4 DS R TR 1T gl
R ABE 2 A AR R PN ZE PR X T aX 4 AN SRR AR
i b TP 3k B B 0 A 7 AR SR, R LA H A A B
EEAE R A D B RemoveSubConcept F1 AddSubCon-
cept #EAE. MINT B354 18 48 R g F . JF B e #%
Forp i — > 722 S AE I DUSRAT. N, i o ik
RemoveSubConcept (B} 8] , [ PN 41557 18D Jim DLk
7. MR E 8, X A28 YR WA (ELA 2.

(2) AN—Z ) SRS R R B . e e TR 1
Hh R A R A PR AL S AR PR AR X T X A SR
AR A b 1T B A B o 28 B 5 A SR 7 AR Y BRSn AE
HEAE K RemoveConcept (BF 7 2 [5]) Ml AddSub-
Concept (RFHECEE 5] B 18D . AR5 43 il 15303 W5 4> 22
SR A 15 e (B, MINT 5335 1 JE 2 8% RemoveCon-
cept OB} 47 BE /) A8 3 i LY $14T. RemoweConce pt (Bt
FBE ) 23 B — A QB 4% LA O P R R EO
PR B R S WA (E R 1. i R WA (R 3.

(3) AN — 2 i) SE AR A g B2 1) A P A5 i T
Bz 8] A SCIOE 2R e BN B X A E SCIEOE R
SREWEA 5. BEIS A — B0 S8 148 O J8 M
UOB. EFEMN R X AN Jm M5 DAL & ) 4 2 1) O AR 45
F TR S A AE R — B O B, MINT 35
PR 4R IR L BRI AT 5 He CEEL A A1 58T L 58 D)
1 He (R, [P 0357 1)) A5G ) 7228 B8 # 4. 3h
1158 UG 515 21— 2% AT DR B A 1 — B 1 78 B 3K
118842 ¥ HARAE B minPath 5] .

(4 VE R BITE BB 3R MINT 53k 3 H k4%
A>T REAY B0 A BE 48 4 i LA IRAT . B, MINT
SR 1) L [ 9] 3] A A T B o S B R A ) B O
SR B R REA ) 1 22 BE #R A i AT O R AR
SRS A O WR AT B 5y — A — B AR
14 72 B PIAT A LB A B W BB N R 208 X A%
FEAR R minPath 2 Z0 Y o MIAT 1.

(5) M BT 4 1 BE M A8 B AT 3% 40 1 Bl 38 R
J&i » MINT 583 85 00, 3R (o] e 20 45 28

6 W M
6.1 BEEZXEESH

MINT 5595 02 4 T P i 48 3 030k . T g 28 5 1k
Je— A NP Sg el Xf F— 4> E R 8 ok Ul . 5
AT I AE 2 I ) 2 IO T LA T AR

(D BE M RIRE level. & FmZH LR

A7 FITFE 3% 19 I [) 0, 8 22

Q) WHMA X b ERRENBN T ARS
PR Z DA R B R A B A
B 22 SR AT T RE O Y () o R £

2 Level O AW E JT - FHE R 0 ) [A] &2 %
JERT I S O, 3% F MINT 80 5 . B o A2
77 A SR AU — A . e Ul TE R R
BF s B AT A A B R B — L R,
TEAN 25 6 B Fir & 1 I A T isE MIINT 558 3% 1) o
2EWF (A A2 A% i F 2 TE T R 250

1B 1 51 AT Dl MINT 5303 1 o 25 B i) &2
B B R A8 1 1 e KA R R AT L
N maxLevel. T i I - MINT 55 ¥k (1) £ 22 i) 8] &2 %
BEAS SR O™ty 1 F maxLevel J2& 105 E X —
MEBCIERZHE LT B/ T %2R Rk
R R T MINT &k iy i Z oLt 7

PRAIE.
6.2 R RiTH
6.2.1 LI

ASCLAG]E BT A 48 1 SE PR I H O S8 3 5ok
Kok MINT 53k 49 0 RCR . 50 H i 1 2l 245 5
A5 307 BB T BB £ 8 B IR 52 B v SR % i
TGRSR A A proy Ay o 2 52 B 8 DR SR ) — A X
AR 55 MOBA A LS 5 AT LA LGE— #8905 SO 3R A B
URAR M SR BE A I e Al AR R GE T DL o A% S A T
Ml 55 . MINT 323 5 51 A V- & R ARk B A 7R 22 £k
JI R Wi 1) 65 B 55 B0k /b, R TR 1 B R B B
T GEIEA A T 9 BB 18] R 18 O S 58 R de . % A
LW K 10 MR T IR BT IR L R 5 0k 4B B TR G 1Y
AL R AL 100 A4S 55

HRIES i 2 b MINT Bk 3 2 b 7
il /INEE A 2o i R 32 B 5 W TG 2 A B IR 55 A K
DRI R 55 78 B 30— 45 B 3 Hh DA R Bk 1 A
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JRAE : MINT———Fft A i, /N 22 B 52 1) 91 ] ) A A 386 A0 5 7 719

RO AR AT

a = AL G T EE R I IR 55 A B IR 55 BB (6)

K Hl Protege, KAON i f) 745 B R 4T B Al
MINT 553 3 53 % 12 A 1A S A7 18 AL B4 O 030 1
bS5 e 55 1 7 B %l N R 45 4 X6 Ao 1 1 5 i
oK PRI S0 9 2 32 B DA PR 1 A ARE S I B
FEh F. T L s N A RS N3 3 s, 3k 3 h
A LLE Y MINT 8395 % i 45 i 75 o8 /% B B /)
HE R Rk,

ek Protége KAON MINI
M) 3% o o) A 0. 88 0.53 0.16
M BR Al B 3 A HE & 0.45 0.59 0.28
T R S A A S 0.13 0.13 0.13
B b BB S A A S 0.15 0.15 0.15
T 153 5 0 9% AR A& 0.16 0.16 0.16
T L PN 0 T A A 0. 49 0. 35 0.22
I 5 i R 0. 26 0. 37 0.26
I3 T s e A 0.11 0.27 0.11
0153 A B AR 0.17 0.17 0.17
W B & A (AR 0.14 0.14 0.14
S 0.327 0.318 0.198

6.2.2 SLHRERIIHT

3 R MINT 553k 0 A 250 3 2R SR %)
FAR Y SR SO B AR Y R )E OB L
A e B 22 MINT B30 3k 19 010 48 o il b 9 . X
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R, X2 RO MINT 53 5 00 578 20 B A A 5
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PR E AT Z 8] 9 AR R .

DA B < [l PA &b 7 e 7 A8 28 O o) 2 47 152 B A
Protéege w1, “ [5 PN A1 1874828 1 N Bk 22 5 BOH 71
A R P T B DR OB L
SR I 55 A0 B AR UK L BRI BT 0. 49 X — 1L
50 e 4 A 5578 B R TN T MINT B8 ok 33t » 25 M B3
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TEAE fe I8 o e 1195 0 22 ) 1R Al & A BE R MINT
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TR« — D ARIELE 2 A IR 55 AR .
ARG B 2 08 Ak 55 07 A LR B B2 WL AN [R] B A
AR A 52 B 7 3k X R 55 i 3 ) 2 ) IS 1R 22 S AR
K. AL GE A AT AL BT 5 3 8 3 AR T oy 52 B Ak
it 2RI 24P A T R A AR — Pk % T A [ AR
TP 52 W) 9 TR G 3 L /. AR SR BTRRAE T IR A3 M
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ices. Therefore, the proposed MINI algorithm is applied to re-
duce impact ranges when the global ontology evolved.
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is represented as ontology editors. which are tools that sup-
port the ontology development and maintenance task. The
second category is called as "user-driven" strategy. The typi-
cal work is KAON. Different from ontology editors, in this
strategy, users will direct the generation of change paths.
The third category regards the ontology evolution as a recon-
figuration-design problem and adapts the graph searching
method to this problem. The benefits of this approach is that
it allows the user to specify declaratively what she wants to
do and not how to do that. This approach is implemented in
the new version of the KAON system. All these researches
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the consistency of evolving ontology. Few of them care about
the impact ranges of ontology evolution. However, decrea-
sing impact ranges can remarkably alleviate the burden of
services development and maintains.

To reach this goal, the paper proposes an algorithm
called MINI. The main contributions of the paper are:
(1) deeply analyze the dependent relations among ontology
entities and services. The paper points out that if an entity is
changed, then services depending on it will also be impacted.
Furthermore, the more entities which have dependent serv-
ices changed the greater the ranges of an ontology change.
Based on these analyses, a math formula is established to
quantify the value of impact ranges. (2) Transforms the
problem of ontology evolution as a graph searching problem,
which aims to searching an ontology change path that has
minimal impact range value. A heuristic strategy is proposed
and applied to accelerate the searching process. By applying
this strategy, the MINI algorithm will accumulate the value
of a searching path and decide whether it is less than the al-
ready found minimal value. If not, the MINI algorithm will try
on another searching path to find best solutions. (3) Finally,
through experiments, we find that the average impact ranges
caused by the MINI algorithm is only 60% of the other cur-
rent evolution algorithms. It proves that the MINI algorithm
can be more effective to reduce impact ranges than other

algorithms.



