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A Reusable Adaptation Strategy Extraction System for Developing
Self-Adaptive Systems

Jungsik Nam' - Sukhoon Lee™ - Doo-Kwon Baik'™

ABSTRACT

Recently, self-adaptive system researches have been done to solve the problems occurred in the dynamic environment. Designing
requirement in the self-adaptive system is necessary to recognize and solve the problem for the system, and if a developer reuses
existing adaptation strategy to design the requirement, the designing time and cost would be reduced. Therefore, this paper proposes
the system which extracts reusable adaptation strategy from the existing self-adaptive system. For the proposal, this paper
conceptualizes the self-adaptation elements, defines the adaptation strategy ontology and target system ontology, and presents the
process of extracting reusable strategy. This paper also implements proposed system and evaluates the reuse rate of the extracted
strategy. As a result, the adaptation strategies extracted by proposed system are exactly operated, and the extraction method of
proposed system shows higher reuse rate than a previous method.
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Fig. 1. An adaptation strategy extraction system architecture

3.1 X|A{Ho]2

o AdAE A AzGA Aol AX o]zl ol
ARt Aol st A3 AFES A % B
detol olgHrh &9 At A AZHAN AHgHT

R A AT R AFS FWAE ) 5L AR

Aol 2=0 A3 de EEZAE Rainbowd] 48 &
& 7% <lofQl Stitchell 7]wkgheh Stitche 2§ =, A
&, 2o, A& M FPxd T AS dvol o
BE Q4E e @A Besta Ao w A9
or], o2l@ fagd Y AL I At 4 A

atit}
=
k1
ol
off

2
o

N
do

?{_v‘

Stitchs AA+&< 93 A
at7)el A st

?r%\?]E (Utility) & 7”\]5] Alzgle] dAl FEEA, oF 5
W Hi SHEAZHUR, Average Response Time), it el
E°] H(uF, Average Fidelity), ¥+ A 8]-8(uC, Average
Server Cost) 5°] algdrt. FLejd= 48 dzf 28 7}
SRS et HEE 7 fFEHd g A5AQ0 A
S Al2®lo] X2 H(Probe)ell <J3] FaAHTE L.HHolE
(Operator)i= Al=Ele] AEHIE WHA7| = WHOZA v
= e ey Jgs dngith 99 eHeHolE 1 A4
2 s wdE 5 9lov ‘tiggerOp’ $ACE ¥ ®
e eHoHE sF 7les FIL F

A& (Tactic) & Alz=dd #A7F TA3S
& dAstr] A WHE et dEs A
ZA(TCondition) F&elElo] dg Az
74],5}& ARG @A A" ghAl A *“33}74] E]“:]

el AAE Al ukd A9 g %

°] T, oHgolHE T3 AidES %ﬂ"]ﬂgi”q
TAE Azttt

A2 (Strategy) > Al AEHS] BAE FAs7]) 98 q
o JgorA, v daer 99 defs
%A(SCondition) & AT Aekoln E2H= A&S
= 205 g dAge R gddr A9
AAGS ANRS A AT M| FPEm,
A&S &= 27 (TTCondition)S oldit},
Sl

A des 73 Fl= A7 f2HA B

rir e

Ruigy N

o do AL o
[0t = X g
o >

o 2
Jo =
Ruippe)

[UO

St M4 MI3=(2015. 3)

Reusable
Strategy List

Strategy 1

32 B2l Al2g

of AeAE AL AFAN e B Az e
WA B Asde A A Andeld 2am A
371 A% O s A k] AAZ FYstol
weld @70 Aga7] A% Bxolth of WAL B
AzRe Adssel B Axg eERAE oS,
B Aad eERAE Alad el 4ug vheh)
t 2E2ARA, op|EA 7]% dojel ACMEY 7wk,
ACMEE A|2ele] 74 @i &4 4 51 = }\]/KFJ]

& HE AT 2EZA 9 FUA A~
w2 tﬂ?ﬂr/‘]ﬂ‘c R R b e e R et e e el
ezl frEEEE 7t edelHe dUR FaHo
Age 4 9lom ‘triggerOp’ $/40% d4d T e 0w
dolHE sEste] 715 s £ + Ak 2L V5e Y
sz eFdlolHE gt wet 247] tgE o]Fom A9
sof R5E Ad o Stk Alxse] ZEgd el E
gt olgo® Ao F sirh olHd S ddsr] 9§
d g ool fEEEHE AWshe viEEolHE

‘comment’ £A4oZ FFeT}E HETE(Component)= 3T
Alz=glo] AdE Falety] fsf sk QARA, HolHH)
ol AW, ZtoldE Fol FFErt &4 T (Property)
=3 5}71 /\])\EHJ,} 5}7] /\]/REﬂO TA }—, Q)= 744&15
1 o #olEd ARdel] HdAH g o “ldﬂr T3k HAxd
£2 AA7](Connector)oll A= o] 2t BEi=g

Jm

d

L

{m Pl
m[o
O::‘

comment

triggerOp

Legend : O class [ ] dataTaype Value —> owl:Property

Fig. 2. Adaptation Strategy Ontology

comment
triggerOp

hasOperator.

TargetSystem

hasConnector

comment

hasProperty

hasComponent

Legend : Q class [_____] dataTaype Value —> property

hasPValue

connect hasProperty

Fig. 3. Target System Ontology



P
~

2!

0
>
I
i
10
=
I
njo
10
o
=
=
00
~
or
o
1A
0o
Iz
Ju
1
I
>
>
i
&

33 Hg Mek FE7 & AR, EAE vlal WA 332404 AHAlE] ]
of AolNE AAMo|ARTE Ae Ae Zzer] ¢ U BAL vuE Fo 4AE Ao 4E Byl A
& Ag AL FZ7)o gaf At He AL 27 o freelE o] Ao~ fdey 55 xS
Ao A LEZA9} B A|xE LEZA ] D £ A5 A des AXE THeAdel e AoE addt
Bl A zElo| A AAE Ve AT 2EehE RERA, 2ol Bl AlaEe]l dee] 3 o5 ddets
Fig. 49} 7o) 694 2 wro] 4¢ Agke 2Z&t) HEE 7ML e A Y dES A sl
7] WEelth, AFAOR ANE Aol b AEe &

Zoto] Wd = A
Extracting TS Operator L Extracting KB Tactic s A AW o] 29 ¥ FolE F& : AA o] XA AAL
vy & baliy & 7FsAel i AeR FEE dEol AUx g oF
| dolelg FEUT fdE vag g4 239 A& %
Extracting Possible KB . . /\E]Xﬂi ZH*]’%‘O] 7}%“@' 3‘\]’% 9—31 ﬂol E'] H]ETE: %;H ‘7}‘%
Tactic & Operator “ Comparing Utility =) olz] =3 i 2 0]y =
P sb7] 98l FRE= SAlolth o5 f1d old dAdA F
! 9 AN Aol ol Aol Mge Qw4
Comparing KB & Target Extracting Reusable AHE 7ol e HEo]l AYX e LHHIHE F&

System Operator — Strategy ko] w2 A3

ool HA ¢ Bl Al A o] 2] 9

dolel S nlauste] AAHE Thed Hes FEIH olE
sl 1A F25 B2l Aladle] e ooy wdt, 4

Fig. 4. Process of Extracting Adaptation Strategy

o = P I = 0
A5 Y T AT S BN MAT HINE FE ol 228 4260l 20 osldon wels Yeve
AT SAE a8, el SR SRR A g g asa esdern gua Aoz o4
FHoR A2Elg MapdoR BAS RABL 5 & T Do e e aan
Gejelsh ostelolel Qaol o) Agol wEolAM, e o oo Tl W EAE, feomment A S DA
_ ’ A eveols Aol @ £AL, #F esdolEs}
o Aduel elel derel PAAT wEAA B Andel A page g e oweoy = e 2492 Mud
Ha e fEEE, esjEelHE vl A sl o} #2449 ®¥uwE 93 Levenshtein, SecondString 7198 -&
Arplelzel qo A= EmA) FEHY, LAANH  yeqm pae vm wae 3324604 A8 FlEt
gf Mg st AALE Thed dE 9 AHs FEIh B HwE Ed S Aoz #AE Byl A~
PR Aad FEEE R eAHE 22 fHE o mge)y guol A4uelze onldoly FES ZHY
Eo} eHgolE v HAES TS A 9EA, A2 Ao T ALS AL 2 Q= Ao sl 1 A
o]0 Ag A LE2A 99| HWE $8] B4l AlH] 3 A TFe AeS 2Esle] WdE A}
o FeeE % eHYolHE FEATh ol st A= AL JHs AT 22 0 Qo] 2o A QA TS
Adetug e Asdel AnE B AW LERAR g ano Asss d2e F2Edc. evdeld a3
Belstal o2 YW L A% SPARQL #HS € g0 £y 2z AAg s A% A YEwed
oD EA Asdel AUE HEAE R SAATHE FEF qg qee A 9@ A2 WEQ ol Qe T
e gt Aelgl7] Wl 1% e Akge] T 49 Fol
AdWele de R FEAEH TS A ARy e 92 bsw Aem anee dY A A4
A FEE GEAES FEAE MRS B AN bl D T L L e
of i AEE FES) A Afdlael g adw O T T T ) c
A Aol AU Qe fRAEE FER ol A T T . e e
AAuolzo] AelHel el = He A% LEA Ve AF TE71% Td ASHOZ ANE Jhed AR
& YEUET. 48 4% LERAY Sumegy Fasq O TENN WA ASAE WY ATE AREHA 2E
AYE AeEs FEta T de9 FEEHE FE359 quHEHATjA]-E;EE;Q;OJ_:;?];;]Z;\T;I;};?ALEXH_ZH;
Az WA= Aga. o v Cr e o s A e A
cHEFE HE el AaEs Aol se] fee =EE F 5l
HE uaste] AAE b5l b HEe FEE. o
g 98l old wAolA FEH B A= £ ) D A& Az % de 35 <95
Q, Aol o] FEE WAL Aurrh 7l A X Table 1& 3289 osfdlole i, e 745 A
o fgelE G55} Auolse G FE ool ¥ FF WA APHE FudFonA, ALE HsE A%
# A 291 A% f2eEo] ‘comment S0 @ @ AL FEAvh f9e8 vnE Fo AdH A4S
28 fPEd dd dgd dd BAde wadt B Aol dE A% el 74 A%l AYn 9 2
A4 vl E 93] Levenshtein[16], Second String[20] 719 HolHE SPARQL Z & &3 FE3 o2 244



116 EMES=2X/2ZER0 & OI0IH &3 M43 M3=(2015. 3)

Table 1. Algorithm for Extracting Reusable Tactic and Strategy
[Algorithm] Extracting reusable tactic and strategy

1: Input : TSOI] // Target system operator list
2 availableTactic[] //Tactic list which has probability
3 //to be reused.

4: Output : possibleStrategyList[] //Strategy list which can
5 //to be used

6: Initialize : i=0, j=0, k=0, u=0

7: TSOIl < Query(queryString_op) //get operator list of

8: //target system

9: avaiableTactic[] < extractAvailable Tactic(TSO[])

10: //save available tactic of the target system to the array
11: FOR Va&sCount DO

12: //while T is below the number of strategy

130 kbt_queryResults < Query(kbt_queryStringList[i])
14:  //get tactic list of the KB

15: IF kbt_queryResults.hasNext THEN

16: tacticList[k] < kbt_queryResults.nextSolution()
17: //save the tactic to the string array[KB]
18: k < k+1

19: ENDIF

20: FOR Vieq DO

21 FOR Vjek DO

22: IF availableTacticli] = tacticList[j] THEN
23: //compare tactic list

24: count < count+1

25: ENDIF

26: INCREMENT k

27 ENDFOR

28 INCREMENT q

29: ENDFOR

30: IF count!=0 THEN

31: possibleStrategyList[u]l < KBSLIi]

32: //save possible strategy to the array
33 u < utl

34: ENDIF

35: INCREMENT 1

36: ENDFOR

37: RETURN possibleStrategyList[]
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Table 2. Operator, Tactic, Strategy, Utility of Znn.com

Type Name Functional Description
Operator
avtivateServer Activate Server instance
deactivateServer Deactivate Server instance
o Set the server content fidelity to the
setFidelity n Y

level identified by the input parameter

setPermission

Set client permission to the level
identified by the input parameter

warnUser Warn the client about violation
Tactic
enlistServers Enlist n free servers into server pool

dischargeServers

Deactivate n servers from server pool
into free pool

Lowers fidelity by integral steps for

lowerFidelit;
v percent of requests
raiseFidelity Raise fidelity by integral steps for
percent of requests
. B i li h
banAbusiveUser an abuswe client to access the
web-site
Set abusive client permission to some
warnAbusiveUser degree, and warn the client about
violation
Strategy
While it encounters high experienced
SimpleReduce response time, this simple strategy
ResponseTime first enlists one server, then lowers
fidelity one step, then quits
This strategy looks for a percentage
of clients with anomalous experienced
SmarterReduce response time, in which case it
ResponseTime enlists a few servers in sequence,

then lowers fidelity a few step, then
starts delaying clients

SophisticatedReduce
ResponseTime

This experimental strategy has the
sophistication of reducing fidelity for
a percentage of requests depending
on percentage of unhappy clients

ReduceOverallCost

Triggered by total server costs above
threshold, it reduce number of active
servers

ImproveOverall
Fidelity

Triggered by overall fidelity below
threshold, it raises server fidelity

DealWithAbusive
Users

This strategy looks for access rate of
each clients, if the bandwidth exceed
some degree, it ban the abusive
client, then lowers permission and
warn the client about violation

Utility

uR

Average Response Time, client
experienced response time(ms), float
arch property

uF

Average Fidelity, server content
fidelity level, int arch property

uC

Average Server Cost, server cost in
unit/hr, average of float arch property

2F =5 AILE 117
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Table 3. Similarity of Adaptation Strategy with CORE and
Proposed System

Similarity
Strategy
CORE Proposed System

SimpleReduce 0.63365 0.88499
ResponseTime

SmarterReduce 063365 0.88499
ReponseTime

Sophlstlcatngeduce 063365 0.88499
ResponseTime

ReduceOveallCost 0.87500 0.82249
ImproveOverallFidelity 0.59038 0.00142
DealWithAbusiveUsers 0.44285 0.00133
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Available Tactic list
# Tactic Definition
1 ||dischargeServers Deactivate n servers from service pool into free pool.
2 |[enlistServers Enlist n free servers into service pool.

Available Strategy list

# Strategy Definition

[This experimental strategy has the sophistication of reducing fidelity for a
percentage of requests depending on percentage of unhappy clients

[This strategy looks for a percentage of clients with anomalous experienced
response time, in which case it enlists a few servers in sequence, then lowers
[ficelity a few steps, then starts delaying Clients.

While it encounters high experienced response time, this simple strategy first
lenlists one new server, then lowers fidelity one step, then quits.

[Triggered by total server costs above threshold, it reduces a number of active
servers.

1 |[SophisticatedReduceResponseTime

2 [SmarterReduceResponseTime

3 [SimpleReduceResponseTime

4 [ReduceOverallCost

Fig. 7. List of the Reusable Tactic and Strategy
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