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Abstract A self-adaptive system adapts its architecture at runtime to the changes of require-
ments and contexts, which assures the performance of multi-tier cloud applications deployed in
virtualized server clusters according to system complexity and dynamic workloads. However,

determining how to map from requirements in problem space to the architectural elements in
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solution space is a critical research problem. There existed several approaches: requirements-
driven model, architecture-based model and model which combine them. However, the performance
of those approaches is limited, which ignored the impact of temporal variation and did not support
requirements evolution crosscutting multiple layers of system fully. This paper proposes a SAPC
(Self-adaptation Approach based on Predictive Control) approach which combines requirements
and architectural model. This approach acquires QoS values via history logs of state information
produced by runtime monitoring, which are utilized to learn a wavelet-transform-based model to
predict the QoS of services, and induce requirements evolution or conduct architecture-based model
transformations at runtime to realize self-adaptability. Furthermore, optimal design decisions were
made according to current and goal QoS: we can identify which policy is needed between require-
ments or architectures adjustment; if we can seek feasible architectural model via predictive control
based optimizer according to context changes, an aspect-oriented script are automatically generated,
which can be executed to reconfigure plugin-based architecture models and build plugin instances for
model transformation at runtime, as a result, those instances generate a set of tasks, which will be
transmitted to the parallel computation system such as MapReduce, Yarn or Spark; Otherwise, the
specific improvement points are identified and synthesized into target requirement specification with
initial requirement model specification, which are utilized to induce requirements evolution. To
validate our approach, large-scale experiments are conducted based on an online SaaS benchmark
named as CloudCRM, which is built by transforming an open source software SuperCRM into
service-oriented one based on a RGPS framework and supports multi-tenant. In order to observe
the performance of different driven models, this paper constructed the platform driven by four
different models, including Static, Req, Arch and SAPC, through clipping in CloudCRM. The
results show that our proposed approach achieves higher performance than other approaches,
where the SPAC is decreased by 54 %, 26% and 21% respectively on Response time, is increased
by 313%,288% and 12% respectively on Throughput, and is increased by 0.40%, 0.26% and
0. 42% respectively on Reliability, compared with the other three models when the number of
users is 20; The SPAC is decreased by 99.5%, 99.2% and 20.7% respectively on Response
time, is increased by 320%, 298% and 10% respectively on Throughput, and is increased by
500%, 495% and 1. 5% respectively on Reliability, compared with the other three models when
the number of users is 200. Furthermore, Wavelet transform could achieve higher performance
compared with Fourier transform, where the SPAC is decreased by 7. 2% on Response time, is
increased by 2.4% on Throughput, and is increased by 0.08% on Reliability. Finally, the
response-time and throughput increases, however, the reliability drops when the size of goals and

extension points is increased.
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ik iE T OWL-S* Sk F OWL-S* iy, H R H
YI A -8 1 B Y (pointcut-advice model). Ho i1, A
Fe7RJ5 W (Aspect) s HAR R 1Y J2& 146 19 75 5K FLA%
TR — A 24U A -l H 4 (pointeut-advice
pairs). OWL-S* iy ST LR 4N [&] 4 PR,
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2 1 fig
Advice
i Lo
1. .%
1..1 L..1 1.1
1..1
Process
EvolutionOrder
0..%
1..1
y
1 Aspect PointCut 1.1
- - -
1 1..%

P4 AT 1) 7 T A 36 AL o B

DI - R o (8 U0 R il 3 T8 AL 1 2
B HAE AR,

(1) o) ] 5 DA R B Jat i P A5 8 v g
SEL B i . HLRER T U

//process ; CompositeProcess[ @ rdf; ID= “CP1”]//process:
perform[ @rdf:ID="Stepl”].

C2) B 5 VI s BP9 2o o el A
SR BRI » At B4, BT
ﬂn‘F:

//process : CompositeProcess[ @ rdf; ID=“CP1”]//process:
hasInput] @rdf; ID="*T1"].

YA F 38 16T Hh iy 38 60 FH T il e AR P 2
HALHE I B A A N B R0 e AR L s AR
Job R G T A B D 2 B T LT 2 H A
45 M Perform fi % .

WA PIA S Z 8 1 5 & advice B — A& 7
evolutionOrder K%/, H{HA 4 fif . Before(Fim) -
after (J5 1)) \parallel To(F5:47) 1 Around (GF#).

BIE 119 R 5 B b B 1 408 B T IS
THIR T B, 525 R 75 3 Bk A 9 S V4G 2 s
L 55 TR TR . T R AL A Q5] 5 .

(Aspect name="“FraudChecking”)
{pointcut name= “CreditChecking”)

(/pointcut)
(advice evolutionOrder= “after”)

(hasDataFrom)
(InputBinding)

(ValueSource)
(ValueOf)

(/VauleOf)
(/ValueSource)
(/InputBinding)
(/hasDataFrom)
(Produce)
(ProducedBinding)
(OutputBinding)

(valueSource)

(ValueOf)

(/ValueOf)
(/valueSource)
(/OutputBinding)
(/ProducedBinding)
(/Produce)
(/Perform)
(/advice)
(/Aspect)

process: CompositeProcess[ @ rdf ; ID=“OrderVerificationProcess” ]
process: perform[ @ rdf ; ID="“CreditChecking”]

(Perform rdf:ID="“FraudCheckingPerformed”)
(process rdf:resource=“&.aux; # FraudChecking” />

(theParam rdf:resource=“&.aux, # Order”/)

(theVar rdf;resource="* # Order”/)
(fromProcess “rdf:resource=# http://www. daml. org/
services/owl-s/1. 1/Process. owl # TheParentPerform” )

(theParam rdf:resource=" # VerificationResults”/)

(theVar rdf:resource="* # VerificationResults”/)
(fromProcess rdf:resource="“rdf:resource=# http://www. daml. org/services/
owl-s/1. 1/Process. owl # TheParentPerform”)

B 5 ki A

7 RMRBENBIEN

MR 5.2 1 B BT PSR B i (R fik & 1938 47

I R e 46 ) R GE AT LA A S A T R A A
B YL BT 1 5 i 51 ek R B S B Tk
K 728 TS L 1 37 1 B R G L AT 52 o A A
RUHY A 1 D
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7.1 ETHAREHTRE
Z G0 1 SR AL i D) A R R R

SEAFAN R TSR R A 36 1 >f 58 Y. HETH RS R

AT MIFAT.
RSO A A T SR A Rl AR R 2 — A
2R Mg T ST RO AA B O Y anfAT 6 BT,

*
interface>> ExtensionPoint Extension
Pluggable [ ®
1
1
1
*
PluginDescriptor * Plugin * 1 PluginRepository
— ® ee—

RuntimeLibrary

Pl 6 T R A A B TR Y

HoAr, P S 2 0 (Pluggable) F T8 X3 A

P 15 (Extension point) J& & 4t H 7] DL g B Ik
PR O, R DU AR AT 1 B AR AR AT 4 AL AT LA
B PR S e i 1

P (Extension) @& X 47 Jf s 19 S 3 B9
JEHR W LI A & WA & 1T RLIX 23 6] — A~ 97
=W NG e

i (Plugin) 403 1 4 AR HC R L ds 17 I )%
A PF 1R 4

¥ F 45 3R £F (PluginDescriptor) £, & T i 14 #Y
PR id JRAAE(E R

ffiF L) (PluginRepository) F ™ A= 4 {52 4.

T2 H A T A 2R A B S Cn TR 7.

(plugin id= “order-verification-basic” version="1. 0. 0”
provider-name= “CloudCRM. org”)

{runtime)

(library name= “order-verification. jar”)
(export name=" % "/)
(/library)

{/runtime)

(requires)

(import plugin=“order-extensionpoints”/)

(/requires)

(extension id=“org. CloudCRM., order. verification. basic”
name= “CloudCRM Basic order verification”
point=“org. CloudCRM. order. verification. basic”)

(implementation id= “BasicOrderVerification”
class=“org. CloudCRM. order. verification. basic. parallel” /)
{/extension)
(/plugin)

Bl7 TR A 1 S 1

7.2 i XIBZABY & L
R TE T OWL-SN A AL R I T 4 R i Ak

A RERE T BN IZ AT I (9 45 B 5% e b AR L™ 52 A
SEAGAS SRR 0 s R AR 4R R s B
R ORI PR R S AR R A R A AR
4.2 BT SR B0 B R b K 1) 38 AT I A AR
) o 22 40 o PR 4 AR 4R A < (T Xpath SR € {2
SCR FR A 3 PR T R A A SCHER AR R s AT
AT TR AR

B 11 s A b, REREN A S R0t
R A Can e 8).

(Aspect name= “FraudChecking”)
{pointcut name=“CreditChecking”)
process : CompositeProcess| (@ rdf ; ID=“OrderVerificationProcess” ]
process: perform[ @ rdf ; ID=*“CreditChecking” ]
process ; ExtensionPoint[ @rdf ; ID="“CreditCheckingArchitecture” ]
(/pointcut)
(advice evolutionOrder=“after”)
(Perform rdf:ID=“FraudCheckingPerformed”)
(process rdf:resource=“&.aux; # FraudChecking”/)
(Extension point rdf:ID=“FraudCheckingPerformed”)
(Architecture Model)
(theVar rdf:resource="* # parallel”/)
(/Architecture Model)
(/Extension point)
(/Perform)
(/Aspect)

B8 Az Ay Rl B A

A B AT VAT D) ARG R R
(1 S FEAS ) T S AR TR 1 4
7.3 FRIBE AR BT

PAT 558 o BT TR AR BT S B AT R S
K SPGB AT B B AL e A RN F

R R HBRA WA C L bia bl s 1T
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A JSOR SR 47 1 S 91 < T I AR PR 1 1d R 3 9 35 G R
JIE A R RO 14 3 P i 3 AT I8 IO I 8 S S AL
) A S A 55 B

B TATT A A A 52 98 58 B SRR A TRl 3
SRR J7 s s (R T A R — AT 55 04 AL 2147
R RS LT

THREA (9 AT AR AP 9 TR

public class parallel extends verification. basic{

Configuration conf=null;

PluginRepository repo=null;

PluginDescriptor d=null;

ClassLoader cl=null;

Static Class clazz=null;

Static Method m=null;

public parallel () {

conf= Configration. create() ;

repo=new PluginRepository(conf) ;

d=repo. getPluginDescriptor(“BasicOrderVerification”) ;

cl=d. getClassLoader;

try{

clazz=Class. forName(“org. CloudCRM. order. verification. basic.
parallel”, true,cD) ;

}catch(Exception e) {

System. err. println (“can not load the class ‘ parallel”” + e. get-
Message()) ;

return; }

}
try{

m = clazz. getMethod (“ verify”, new Class[ ]{Class. forName
(“org. CloudCRM. order. verification. basic. parallel”)}) ;
}catch(Exception e) {

System. err. println (“can not load the class ‘ parallel”” + e. get-
Message()) ;

return; }

}
try{

result=m. invoke(clazz. newlnstance()) ;

} catch(Exception e) {

System., err. println (“can not load the class ‘ parallel”” + e. get-
Message()) ;

return; )

}
}

B9 Tl A B AT AR

8 XINIFf

8.1 LIEi%it

A T 25 il SRS B SR AL AR () B B
B PR TS A AR SaaS F- & (CloudCRM %
PFRAREH MG FEE). % F 63T RGPS Jif#

TUAESE 58 1 X IR K /F SuperCRM 347 Al 45 1k 2k
T A, SRR 2 R BB IR T

(D ZERALHE 18 N1 s BT S 64 i
8 #CPU fil 16 GB RAM.

(2) r A5 5 R CentOS 6. 2, Java 1. 6. 022.

(3) %5 % A mongodb?2. 0. 8.

R WLEE - 5 6 A [l A5 78 9K 2 5 3 1 PR RE R PR
RSO TR G AT T BT A 1 T 4 B el A [ A
RUIK B R 40 AR DL 8. 2 5.

HEL - e A TR B Y 2 BE % B, A S
A DA SR R AN SR B R P R ECH (W
KBRS B K/ (goal size) Y B S I H
(extension points size). Y FiER S BT 4
IR P8 H & E S 20 3200, HAREARIKR
IR 21, SRR S B R E N 8.

8.2 WL®AZE

AR T AR 4 FfAS TR A5 78 3R B %

(1) AN HE | 36 B 1 J7 35 Static.

(2) BT /7 KLY B 35 0 )5 7 Req.

(3) JEF A BRI ) A 38 W J5 % Arch,

(4) ZEA T SRR LAY Y B 36 1 )7 7% SAPC.
8.3 ILWERHM

R T S 25 A BE AL L FRAT] E AR IR SR
50 Y X ARG I PERE SR bR R S M. SLHR A R & 1,
v BB Ao B 455 42 R i) B 15 ] (Response-time) |
F ki (Throughput) F1 0] FE % (Reliability). 1 4f
SR

(1) ZE A al 0, AT J7 2 5 Ay 95 A E
AT AT R MERE.

(2) MBLHLIE K A P B 8CE M 20 3 m E) 200
i, AR 5 i Ry B ) AR K, 2 ek e o, T A D B
fiKr.

(3) A4 IF & FH P ECE M 20 1 ) 200
I A [ 4 05 36 2 A R TR i 2 B 90 4n , Static Jy 35
{4 ) 97 B 1) MR 1473, 92 ms ZE L %] 157 644. 33 ms, Ifij
SAPC J7 3 (¥ W 7 B [6] B JL 676. 35 ms 4% 4k %
731. 43 ms. XKWL L5 G T il K M2 B 3E B 1 J7
PR TR 8 B0 A P R

R 1 FREEBIESNFEMERELLE

. i P =20 1 P =200

‘ W32 0 /s # k% /Mbps AT/ % W36 Tl /s 70k %/ Mbps ATt/ %
Static 1473. 92 8.32 89. 95 157644. 33 844 13. 95
Req 925. 66 8. 86 90. 07 91183.71 891 14.07
Arch 857. 64 30.72 89.93 922.51 3213 82.55
SAPC 676. 35 34. 44 90. 31 731.43 3551 83.76
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8.4 H—Hitie Z B8 T W] A A, AT U vk S HAb 2F A W

IR 5] 7 2] FT 00 SRe FH AN (] 22 48 %of % G2 P RE 1Y)
A

TEX AR SRy BT & P A
H¥E S 200, Hoftu[a] 8. 1 %5, A& 2 W] %0, i T/
e (Wavelet) 78 # 73 AT AH 888 F 8 B 0 (Fourier) 78
A B TIORS B2 L A AR G2 R /DN D 48 3 A AR
7B PERE.

8.4.1

®2 TETHAMERELLE
B —200
Trik - - U Py
Wi )37 1R (] /s ik /Mbps BE3:94
Fourier 788. 25 3465 83. 69
Wavelet 731.43 3551 83. 76
8. 4.2 LG SROMN SR M A Y AN [) 9K Bl 5k 1 1 g

3

H A 7E 255 75 KR 22 A 52 780 Jy 1 B A AR SR MY
BERY AL F5 Kramer 28 AU i #8570 | Sykes [ f52 Y
MBP"*) [ Tajalli 25 A" [ B PLASMA. F 1 3%
A3 o 52 56 K 30 0 [6] 3R JLA 7 ik A b, FRATT Y T
1 SAPC WA R k.

TEX A Z RS N AR I R AP
BOHBE A 200, HAlIE 8.1 5. AFR 3 AT AL H T

SRR 2R R A T B Bl T ik A B AR AR T B b
TERE.

K3 EEERNMEMNERRFRIIFEEREILE
] F P8 = 200
ik WS ms ZUEE Mbps AT GEEE/ %
Kramer’s model 920. 66 3204 81. 95
MBP 897. 37 3216 82.07
PLASMA 821. 23 3375 82. 54
SAPC 731.43 3551 83.76

8. 4.3 HAIREA BYK/NXT 1 HE B 5 R

FEX A S5 v, FRATT B A AR H R AR A B RN
M3 F 24, B0 3. A S H O B O AT kA
FURIECE B E N 20 B8 200, 3 4R R S 0 BCH B3R
8.

10 (a) ~ (o) WY & 24 3 & F P 0 280 ie
20 A2 LT 10(d) ~ (D) R B A 2 24 3 & L P
B & 200 B S2 IR, 8] 10 B ZE AN TR K/ )
HAn 8 A T SAPC Jy i #0AF A wie i i (8] F 75 it
Homm A SEE T R, MO R P B EH Y
B X A [ Pk R 48 B 52 1) g 8 AN () CF ok i s 2
$ie KT AT P S 2 /M)
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FH P $e=2000 SR [7]

(b) Y& A% H
FH P B =200% %

(o) WMy R A% R
JH P $e=2007T 521
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(d) HhfFY R st%cH (e) HofHY & % H ) Hiy S E
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8.4.4  HFGIFY R AT BB H X RE YR
FERX A SR A TE A SO F R R % H
M3 EN 12,828 3. HA S B B o I A T

9% H B 20 B 200, HARSE G IO R/NBEE D 21.
I W1/ PO ¢ A N 1 R B /A SN D G E i
SAPC Ji ik 3 THERERI R WA [H] 8. 4. 3 Y.
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Background

In software engineering, requirement engineering pursues
to describe the problem accurately and determine how to
speed up from the requirements modeling to the system
implementation process. After an application is deployed,
requirement changes to the issue lead to a time-consuming
development activity during the evolution of software require-
ments. However, software systems are required to respond
quickly to requirements and contexts using self-adaptation
according to the perception of customers’ satisfaction.

Requirements-driven approaches usually simplify the
mapping between the requirements elements (e. g. , goals or
features) and the architectural elements (e. g. , components) ,
which neglect the complexity of architectural design. Archi-
tecture-based approaches assume that requirements are well-
understood at design time and unchanged at runtime. Thus.
they are unable to support dynamic adaptations to changing
requirements specifications. Since these two kinds of self-
adaptation approaches may have a role to play, they should
be combined.

This paper proposes a SAPC approach which combines
requirements and architectural model. It can learn a wavelet-
transform-based model to predict the QoS via the history logs
of state information produced by runtime monitoring. Optimal
design decisions were made to reconfigure plugin-based archi-

tecture models using self-adaptation of model transformations

at runtime via predictive control based optimizer or analyze

characteristics and directions//Proceedings of the 4th Inter-
national Conference Web Information Systems Engineering.
Rome, Italy, 2003; 3-12
[20] Kephart J O, Chess D M. The vision of autonomic computing.
IEEE Computer, 2003, 36(1): 41-50
[21] Milidiu R L, Machado R J, Renteria R P. Time series
forecasting through wavelets transformation and a mixture of
expert models. Neurocomputing, 1999, 28(1): 145-156
[22] Joachims T. Making large scale SVM learning practical.
Universitdat Dortmund, DE, Report: 24, 1999
[23] Wang H, Payne T, Gibbins N, et al. Formal specification of
OWL-S with Object-Z: The dynamic aspect//Proceedings of
the Web Information Systems Engineering (WISE 2007).
Nancy, France, 2007 237-248

Li Bing. born in 1969, Ph. D. ., professor. His research
interests include cloud computing, service computing and
software engineering.

CHEN Jun, born in 1967, Ph.D., professor. His research
interests include multimedia network communications, security
emergency information processing and software engineering.

ZHOU Hua-Yu, undergraduate student. His research
interests include cloud computing, data mining and software

engineering.

the specific improvement points, which are utilized to induce
requirements evolution.

To validate our approach. large-scale experiments are
conducted based on an SaaS benchmark named as Cloud-
CRM. We built it by transforming an open source software
named as SuperCRM into a service-oriented one and clipped
it by four different models to observe the performance of
them. The results show that our proposed approach achieves
higher performance than other approaches. Furthermore.

higher

compared with Fourier transform, and the response-time and

Wavelet transform could achieve performance
throughput increases, however, the reliability drops when
the size of goals and extension points is increased.
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