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Abstract Service-oriented computing, the effective paradigm for developing service applications
by using reusable services, becomes popular. In service-oriented computing, service consumer has no
responsibility for managing services, just invokes services what service providers are producing. On
the other hand, service providers should manage any resources and data for service consumers can
use the service anytime and anywhere. However, it is hard service providers manage the quality of
the services because an unspecified number of service consumers. Therefore, service scalability for
providing services with higher quality of services specified in a service level agreement becomes a
potential problem in service-oriented computing. There have been many researches for scalability in
network, database, and distributed computing area. But a research about a definition of service
scalability and metrics of measuring service scalability is still not mature in service engineering area.
In this paper, we construct a service network which connects multiple service nodes, and integrate all
the resources to manage it. And we also present a service scalability framework for managing service
scalability by using a mechanism of service migration or replication. In section 3, we, firstly, present
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the structure of the scalability management framework and basic functionalities. In section 4, we
propose scalability enhancement mechanism which is needed to release functionality of the framework.

In section 5, we design and implement the framework by using proposed mechanism. In section 6, we
demonstrate the result of our case study which dynamically manages services in multi-nodes environ-
ment by applying our framework. Through the case study, we show the applicability of our scalability

management framework and mechanism.
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Management
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1 Algorithm PlanActuation

2 Input: Service SVC

3 Output: Scalability Enhancing Method

4: Set Scalability Enhancing Method to null

5: AnalyzeFault(SVC)

6: Retrieve Total AvailableNumberofRequests and NumberOfServiceRequest of the problematic service SVC
7 if TotalAvailableNumberofReq > NumberOfServiceRequest then
8 for each node n; from NodesList of SVC

9: Retrieve AvailableNumberOfReq NumberOfDistributedRequests from n;
10: if AvailableNumberOfReqeusts < NumberOfDistributedRequests then
11: Set FaultType to 1

12: Add n, into ProblematicNodesList with FaultType

13: end if

14: end for

15:  else

16: for each node n; from NodesList

17: Retrieve AvailableNumberOfReqeusts, NumberOfDistributedRequests from n;
18: if AvailableNumberOfRegeusts < NumberOfDistributedRequests then
19: Set FaultType to 2

20: Add n; into ProblematicNodesList with FaultType

21: end if

22: end for

23:  endif

24:  if ProblematicNodesList is not null then

25: Set FaultType to 3

26: Add NodesList into ProblematicNodesList with FaultType

27:  endif

28:  return ProblematicNodesL.ist

29: PlanActuation(FaultTipe)

30:  switch FaultType

31 case 1: Scalability Enhancing Method is Update Load Balancing Table
32: break

33: case 2: Scalability Enhancing Method is Service Replication

34: break

3s: case 3: Scalability Enhancing Method is Service Migration

36: break

37.  return Scalability Enhancing Method
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i: Algorithm ServiceReplication

2:  Input: Service Status

Output: null

4 FindCandxdateNodes{Required]hroughput)

5 # RER AAFE VELR AH2E BAY NZE w29 F8 E5S 983
6: Retrieve NodesList

7 while RequiredThroughput is greater than §

8

Retrieve AvailableNumberOfRequests of services in »; from NodesList

9: if AvailableNumberOfRequests is greater than RequiredThroughput then
10: Add n; to CandidateNodes

il else

12 Add 1 to CandidateNodes

13 Subtract AvailableNumberOfRequests from Required Throughput

14: end if

15:  end while

16:  return CandidateNodes

17: NotifyCandidateNodes{CandidareNodes)

18:// BA 7} AT o] CandidateNodes® Mg &t}

19: TransmitService(CandidateNodes)

20:  Retrieve SVCPackage

21:  for each node n; from CandidateNodes

22: SendSOAPMessage(n;, SVCPackage)

23: / AElz FEVEE FEF S0AP WAXNE xE 5,9 RSMOE AEdc)

24:  endfor

25 return

26: HotDeployService(SVCPackage)

27:/ RBRe Auls AEXHEES k=9 Hua vEsold] %4 s, AHE ReplicationResults) A3t
28: NotifyReplicationResult(ReplicationResult, NodeAddress)

29: 4/ Mulx BA) B ReplicationResulth % 58 4 Nodedddress® GSM2E dAggtc],
30: UpdateLoadBalancingTable(ReplicationResult, NodeAddress)

31:  if ReplicationResult is true

32: Retrieve NodesList, Total AvailableResources

33: Set TotalAvailableResources to 0

34: Add node n with same NodeAddress into Nodel.ist

35: for each node n; from NodeList

36: Add available resources amount on n, into JTotaldvailableResources

37 end for

38: for each node »; from NodeList

39: Aol diE] Wi E A Aol de F xme AP vES 7IELR HHH FI EBTE 49
40: end for

41: endif

42:  return
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10:  for each node n; from NodelList

i: Algorithm ServiceMigration

2:  Input: System Status

3:  Qutput: null

4: NotifyProblemStatus(CurrentStatus, SVCPackage)

5:

6: RemoveNodeFromList(NodeAddress)

T Retrieve NodeList, TotalAvailableNumberOfReq

8: Set TotaldvailableNumberOfReqs to 0

9: Remove node n with same NodeAddress from NodeList

: Add AvailableNumberOfRequests of »; into TotalAvailableN

berOfRequest

12:  endfor

13:  return

15: FindCandidateNodes(ReguiredThroughtput)
17: HotDeployService(SVCPackage)

19: NotifyResult(Result, NodeAddress)

21: Updatel.oadBalancingTable(Result, NodeAddress)

16:// BE5F ALFE 7|E02 ANU2E o|FE 2L =29 Fu EEL Mgt}
18:// AEEe MulA HITAEE w0 Auja ulEgoje] £ wxlsty, 2H}E ReplicationResults) A8t}
20: /1 el BA AT Resultst MG =E9 FA& NodedddressE GSME A3t
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LoadDistirbutor

H receive();
H send();

i
NodeManager

~accumulateData(}:
+ getLoad():

+ addNode();

+ addService():

Scalability
Inter Planner

+ removeNode();
+ retrieveAvailableNodes():

b aDianf)
lan{);

+ receiveNodelnfo(): H UO!TWCrfsis():
+ setLoad(); H- aetQ|stnbuqonPlan();
+ getDistributionNode(); k receiveService{);

+ checkNodeCondition

Service
Transmitter

+ sendService();
+ recelveService():

Broadcaster

+ broadcastNodeinfo()
+ checkExistence(}

Resource
Monitor

'+ accumulateData();
+ checkNodeCondition()

GSM

RSM

a4 8 YA Fd2roloay
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notifyCrisis()

e

list =: ret:rigwA’ wailableNodes{)
— detenni:nel’lan( list);
send‘Servion;

addNode();

I8 9 AElE BA] A]gE& thololay

risis();

sendService( ),',

receiveService();
rémoveNode(); :

retrieveAvaiIgEel Nodes(;

[ result == true |

addSevvigSE‘

result =: receiveService(); .
»

¥ 10 MHl& o] AP tholoj1y

Aul2 AXVEE FA8d wixstn, ¥3l& EET
=x7} gk

g 102 Mulz o)FE 3 AlEZ folojays
Ueldth, Node, &= FA7F @48 =8 Yehid,
Nodex & GSMol TEo] Ho| Sle ol Al
Holg 93] 2RE ALE BF ;. e AMular)
o]F& AMHlAREo|t} ™A retrieveAvailable-
Nodes()& ¥l Noder 7} AAREHTE AHl2 olF& A
w2 EBAg 2@ RSMZE Muls: HIWEES £/54
BHx] @3, GSMo} AMHl: HEXJIEE A8t A
LA & ARE xTA Agsiy] Wi, SIPs
Noder &) ST7} Avl& AXIE A$L 93 4324
g}, AMulxe] wjx)e} Ao wal SIPE NMel AH]
2 ARE APNSFAY F== A ek
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[true ] result =: receiveNodelnfo();
[ result != null ]

¢ checkExistence(;
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001: public void notifyCrisis(ServiceNodeVO serviceNode}{

Qo2

©03:

004 availableNode = nodeManagerService,retrieveAvailableNodes ()

008

006

007: this.detrerminePlan (availableNode) ;

oes

009 ClientFactory factory = new ClientFactory(}:

o10

0111 factory.setClass (ServiceTransmitterImpl.class);

012: st = (ServiceTransmitterImpl) factory.getClient();

Di3: st.sendService(availableBode, “Servicei™}; |}
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FEY2E & SIP9 receiveService() WAZE U}
Btk Mula AFXVEE 448 SIP7L o|FxEE
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801: public void receiveService (ServicePackageaV0O servicePackage |

002; aa

003 i, revoveNode (nodeVo ¢

004:

205: svcNode = this.getCandidateNode( nm.retrieveAvailableNodes() )i
006:

007 ClientFactory factory = pew ClientFactory();

oo8: ServiceTransmitter servicelransmitter;

009: serviceTransmitter = {ServiceTransmitter} factory.getClient();
010:

211:

g12: if( servicelransmitter.receiveServicei{servicePackage} }{

813: nm.updateNode (svclode) ;
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001: goverride
002: public long exchangeRateToWon {MyService,COUNTRY CODE countryCode, int input) {
003: long result = Ol;

o0t switch (countrycode) {
905+ case TSA:
908: result = (long¥yService.COUNTRY_CODE.USA.getRate(j *
807: (long) input.
break;

009: eras}
0301 Teturn result;}
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