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PROF. TWITTIE SENIVONGSE, Ph.D., 139 pp.

Service-based systems consist of software units called services which provide
software functionalities over the Internet to other parts of the systems. The systems
may experience failure due to problems associated with the services such as
communication problems and faults within the services themselves. In this research,
we emphasize the importance of fault tolerance mindset during the design of
service-based systems and propose a UML profile for fault tolerance patterns which
can be used to build a desien model for any fault tolerant service-based systems.
The profile covers fault tolerance patterns at the architecture level and the patterns
for error detection and recovery. We present how to use the UML profile to design a
fault tolerant version of the supply chain management application, a sample
application of the Web Services Interoperability Organization. The research reports
the consistency checking between the design of UML profile and the corresponding
fault tolerance patterns definition. Also an evaluation shows that fault tolerance
design has a positive impact on a number of service quality attributes of the design
model, except for understandability as a result of higher complexity. Nevertheless, it
gives the ability to tolerate faults to the implementation of the case study

application.
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guduuea (Unified Modeling Language: UML) [3, 10, 11] gnimuilnelewdud
(Object Management Group: OMG) flanwildlunisaduwuusiasveinisimiziuas
oonuuuszuy Tnedagtugiduueaiu 2.4 Wusuitlmiage giduueaduunldidu 3 diy
wdne fe (1) dwveslassaiie (Structure) Wudivinnsesuieidassadiasiivesszuy
U WUUTIaRIRA1avededNLea (UML Class Diagram) (2) @3uveing@nssu (Behavior)
Juduiesurslassaiimgfinssuvesszuy 1wy wuudiasueaiiifvssgidutea (UML
Activity Diagram) (3) @usfiunfin (Supplement) a5uten1sase Auxiliary waz TUSIWET
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zsterectypes H
Requirement
[Class]

-Text : String [1] =

e String [1] =

-Derived : Requirement [*]
-DerivedFrom : Reguirement [*]
-SatisfiecdBy : MamedElement [*]
-IRefinedBy ;. MamedElemeant [*]
-TracedTo . MamedElement [*]
-MerifiecBy : MamecdElement [*]
-Master : Reqguirement

e

‘ estereotypes 4|

extendedRequirement
[Class]
|-source : String
|-risk : RiskKind = Medium
|-verifyMethod ; ‘VerificationhethodHingd = Test

N Ry AT A [\ (% T_._._.._

asterectypes | zsterectypes [}
designConstraint functionalRequirement
[Class] [Class]

zsterectypes [aa) zsterectypes [}
physicalRequirement performanceRequirement
[Class] [Class]
—

=r=rrremT

L

L

esterectypes |
imerfaceRequirement

| [Class]
|

businessRequirement ;usahilityRequirement
[Class] | [Class]
e [

=l

zsterectypes [} | ! esterectypes A i
]

<
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Software)
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Hash G93un9n “Modeling and Analysis of Real-Time and Embedded Systems” #3®
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Toudu3 (OMG) Mnausdesmuaiidodn “UML Profile for Modeling Quality of
Service and Fault Tolerance Characteristics and Mechanisms” [2] Iﬂaﬁdau‘;ﬂaﬂmwu
somnuiiamsadldinauslusidofitedn “FT Mitigation Solutions” Gadunsinausydy
woaluslnddmsunmsnusionnuiianses Tudermuaiindnienisnsammauiansos uas
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_ ServerObjectGroup Aediuvasszuuiigosnsvilimusionnuinnses wiausa
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- FaultDetectionDeploymentPolicy L?;Jumiizquiamsﬁummimwmmmﬂm
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namfenauantand ndulunsindiu uasUsennesnsvindnuLuUsige

Y o v ! o Y o =3 (K] v
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wealuslnaNATaUAGULUUIUTDIAURANTOIINTY

naITeiiedediuten 2.4.1 wag 2.4.2 Falnauegiduuwealustiddmiuwuy
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M15791 2.1 MsiIsuifiguiuugunismuseanuiansesdmiuusiaznuidy
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5'1&lazLﬁamwugﬂmwu@iaﬂmEmws'ae

Bernedi W&y Merseguer

(13]

KUUFUNI9M3231T 2 luugU: Error Detection, Watchdog
wuugunsfszuvanderianain 2 wuusy: Error Recovery,

Repair

Shim wagAny [4]

KUUFUN9M3291T 9 HuUgU: Fault Correlation, System
Monitor, Ping/Echo, Heartbeat, Watchdog, Routine
Maintenance, Realistic Threshold, Riding Over Transients,
Leaky bucket counter

wuugumsiszuuanderanain 8 wuusy: Rollback, Roll-
Forward, Restart, Failover, Data Reset, N-Version, Limit

Retries, Checkpoint

Tucci-Piergiovanni U @ ¢

Ay [14]

wuuguigsanrtdnenssu 3 wuugd: ActiveReplica,

PassiveReplica, SemiActiveReplica

OMG [2]

wuugUideanrlnenssu 5 uwuugy: StatelessReplicationStyle,
WarmPassiveReplicationStyle, ColdPassiveReplicationStyle,
ActiveReplicationStyle, ActiveWithVotingReplicationStyle
KUUFUN19M3231T 6 luugy: PullMonitoringStyle,
PushMonitoringStyle, ApplicationMonitoringStyle,
IndividualMonitoringStyle, LocationMonitoring,

LocationAndTypeMonitoring

N

=D

WY

wuugUideanrtnenssu 6 wuugy: Units of Mitigation,
Redundancy, Recovery Blocks, Someone in Charge,
Escalation, Fault Observer

KUUFUN19M3231T 5 uugu: System Monitor, Heartbeat,
Acknowledgement, Watchdog, Voting
wuugunsfszuvandeiianain 11 wuugy: Error Handler,
Restart, Rollback, Roll-Forward, Return to Reference Point,
Limit Retries, Failover, Checkpoint, What to Save, Remote

Storage, Individuals Decide Timing
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2.4.3  uRgingNunsLuziLuuUNMussANURANIasEIuTTULaY

Usnis

Zheng Wy Lyu [15] 11’1Lauaﬂszmmamwgﬂmsﬁw%‘;ﬁ (Redundancy) laeil 2
Uszian 18 wuugUnisvherdiuna (Time Redundancy) wagiuugunisvindnduiiud
(Space Redundancy) uutgumsvdndunandunuugtftarlfianduiulunsyieiiols
nuseAUAaNTos 1wy arlumsduuvienalunisfndedeans LLazLngﬂmiﬁwsgw
Fuiuidusuusuitesldfuiifisduiodudiufialun svhes e linusenufianses
fefuflagtuagfuninensiiflidanduy erdous wiowenduad lnefinisvhaduiiud

UsENauUme WUU Active Uagluy Passive 34Uy Active dnazgnisenldaunsauiuiuy

YUY Uazlu Passive dnunaggnisenldauiiagiiniuaisiu

NI ULALUITED U N INUAITW UL UUTUNTNURBAURANT DY
dmfuszuuBauinns gadelddinuuivannauifemdiduniiiniduiveuugunisnuse
a ' - o o < s 0 [ !

ALAANTBIYRY Hanmer [5] et anaduayuniseanuuugidunealysinadmiunisnuse

ANURANTBIFMTUTEUUBIUTNNS
2.4.4 UIRENYTEENALTNULUUTUNINURDAMURANTDS

Thawee Thaisongsuwan Wag Twittie Senivongse [16] ﬁ%auamiﬂizqﬂﬂ%mu
sUN UM NEANTEIUed Hanmer wnusuldiunisesnuuunseuiunsiaumeniy
fuidagiea-Tina (WS-BPEL) SafunwinasgruililumsimunnszuasuvesnsiFenly
uweiarngg aunszuaunsvnagsne Wuseanuiianies Tnsazuendslassairatinadi

TgvTaUUINIINTWRLIMURUUFUA 9



unii 3
= a ¢
NIANYILASIATIZRRUUFU

Tunsfnwuarinsziuuuiiieildesnuuugduuealusing lnefiansanuuugy

o o

dusugenduasTivusioauianges [5] ianue 63 wuugd Fawvtesnidu 5 ngu laun wuy

sUBaanUnenssu wuugunIInsIavn kuuguUNTNsEUUAINTBRANATIN LUUSUNITUTTIN

Y

&

[

VORANAIA UAZLUUFUNITINIAUHANTDS

nuiATeisinsanuuusUlu 3 nduusniiiiy TunsfnwnagsinisinensieasBen
wuvugUludinyes Ny Aaantd wazfiansanfemuduiudvesuuugy  Jsanunsa
finnsanleanunuamanudusiusvesuuugulu 3 nguusndaninil 3.1 nHusiing
Anseiinuuguiuansadinaiiiusindldviely Tneasdinninauegiduuealusing

dusunuugumavusienuinnsengg Lidsuanduuni 4 sely
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3.1 LLUUgUL‘?Nam{]ﬂEJniisJ (Architectural Patterns)

Junguueswuuglegnausniildlunisesnuuussuulisessunisnuseanuianses
= & - o [ & ° LY A !
Fadunsuesn nsinvesssuuieaztilloanuuy wasidunugiudmsusuusudu 9 dely
lAgazkanInUnIIY N1Fiduveuugy Anuduiusiukuusudu lngfiansanianie
AuduiuselukuusUdeannenssudsanslunng 3.2 waveSuiginanunsatihuugy

[y

Tnluoenuuugduuealusiudlatng wansednulunim) sieazideanisfiansaniiaed

Units of Mitigation

Correcting Audits

Someonein Charge

Redundancy

Recovery Block Escalation
1y Minimize Human

Intervention
Fault Observer Maximize Human
Software Update o
—_— Participation

L S
‘_‘-\—"-.___* "_.__—
Maintenance
Interface

AT 3.2 ununmianemdiusaeluluuUdaanenssy (5]
3.1.1 Units of Mitigation

Ja s v o ] v A a ] a X =
wuusUildgadssasAielvissuvanunsaviuseluldidiedanuiiansesintu 39

Arseanuuusruulillaumiiedes WellnuAanseauinduazaiuisadnnisiuainuin

wsnstulanelumhegesnheneaintu uagaiudugdeaunsaiaulanuung

& o £ = o ! ' ] !
wuugUilansatldldeenuuuiliosainanansaivuadiusinaglussuulndumiag

doula
3.1.2 Correcting Audits

Joyanilveranainaziilugnisvirnuidanainlusuian uagusunvesteya
Yy o= a 1 ¥ A [ a = U v d' I a
AoeinsiaIsan W 1974 anaggneieaiisagluuTunvest uiligndsaiioagluuiun

199918 AItUTIRelin1InTIvEeUIIveyaivaiananaintuvsell veenatinsdudin
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Y a

Feranatnfinvuliietlunsiaaeulusuian nnsiaaeuteianainenavzliveya

dulustiglunsnsiaaeu Mednnisnsivaeudeiianainvesdaya laun

- msvaaeuAnanUAlAsade (Check Structural Properties) - 1un1snsavgey

4

AUgNFesasoyaludd auin wse Al Ideyawmaliugniosmiulasiasng

Y

1 a

Yosloya wu miwudeyaludsiizdenluduuvestoyaniogaidlude

Y

o P

- nsuiiAuduiusvesteya (Known Correlation) - Yeyaiiviloufiunied
anisadostugnifvegluiiunnsistu fufuisfesnsuisnisuasioya
sEineendeyasiee wu msuvasgaumgiainmhsssaewadealuiluniieh
wsulad

- A3I9EeUVBULIATRITEYa (Sanity  Checks) — Andoyaazdasaglurauiund
Duldla

- maisuiisuteyalaenss (Direct Comparison) - finsiiudeyatieniulily

a8 LB ldnSUIUIMSIde UTI UaE Y

wuugUilinaafien1snsisaeuagniesvestayalusuuuusigg Wesainns
AsIvEaUAINgNRadlagilUinTNIIRsIaaeuluNsEUIUNITINIU YR e IO WAIT

hithuuugutinesnwuulugiduuealdsing
3.1.3 Redundancy

A15YNTIABNITNTLUULNITIALMIUUAIFITOINDVNTULNULLBTEUULNA TORANAA

Wiariuanmwsauldauliknszuu
nsthfdsewUszgnaled 3 Ussiam laun

L% o a ‘g{ ‘NI . a o o o L% d! o

- AENTRIBINUN (Spatial Redundancy) 5eUUUNITNINIEITDINAIYAT YIFUUT
TIAuazan1un Wielrid1589919UEN ULl NAdSaIntWAATRANANR §7
A58 vaNtaziin1svinauilauny

wuujyU  Active Replication azvluviianlsvesdidisendaiui lnafinne s

d1sevinunseuiu uaziinislduuugd Voting  wtglunisiienAneun

WAy wazwuusudnUssiannilvesindiseadaiud As  wuusu Passive

£ v
S a o

Replication %38 Recovery Blocks #auuujUilagiinennaudivesiid1seads

q
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NuNLazFd15098a1  (Temporal Redundancy) 978 L19931nAd15099%
PMUNAIINNFIAITDIDUVNITULAAAAVBRANAG

- fd1999%9181 (Temporal Redundancy) $2UUAEHNITVINUTBIAIEITO97

Aa o

[ o v ' P LY v o a A . .
WuaInumeLliaenu LLUUE‘UV]&J@ﬂHiUBGUBQWJﬁ’ﬁ@QLGUQL’J’ﬁ'W Ao LL‘U‘UE‘U Limit

Retries

(%

- fd19lsensawna (Informational Redundancy) s¥uUUEiNITINELUIVS
Toyananeneitu lnenduudeyasziivluiiiviwnnssiuiielddmsunis

ATIvARUT ULARY FIBEevaLuUURR wuugy Correcting audits

NUUUIU Redundancy agdninfinnsaun@memdiseudeiuiuazidseads
LAty Wesndidisedlu 2 suuuutivaunsadiunesnwuulugduuealys

Inlduazihluuszendldliagnstnau
3.1.4 Recovery Blocks

A = v o o v a ° & vy
Wesruulinsldaudidsesuas wuusunanusatdiuiyssenaldlafsuuugy

a a

Recovery Blocks Inguuuguiiazusenaumediuusugil (Primary Block) uagdiuyieni

Y

(Secondary Block) @3diulguniiazisauvinnuneu waziledveianainintulussuuazies

Wasuluvhanudsdwmiend dwnnmsiauluduniegldilidnsaagividsdumond

U

drwdudnly lnevsfinslduuugy Checkpoint waslunisiudeyaiiielianunsaluviau

LY

fadunenillalugniugiiy

nwuusU Recovery Blocks awnsatilusenwuugiduuaaldsiudle iieanunsn

=) a

luvssgndldiuniseenwuuinidulavihnududulgugiivienfoginudiau

9 Y

3.1.5 Minimize Human Intervention

TORANAIALUDIILAATUIIN 815ALIT FoWALITUTD NTTUIUNTIINUVBINYLE

o a L4 [ Ya ' ¢ [ [ & [ v &
nsvihnuresreNiiineTazihaulaanIuysddlisldunsinuiiluiuuysedn dauads
1% = % Y wa A ¢ a 1%
sanwuulviszuuiimavszaianauazuidyminuudnlulid Wesinuyudasinisnavaussld

FININABUNADSLALLAATDRANAIALAINE

91nwUUgU Minimize  Human  Intervention  1Jun1suniaued1uuzi1uednis

panwuUszuY Astlianunsatlusenuuuilugunealusingld
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3.1.6 Maximize Human Participation

DauddnsEuLazeRNLUUANLUUIU Minimize Human Intervention W#isgUUaNNT0
Aannuiansesduls ﬁqﬁmﬁmiaaﬂLLUUisUUW@L%’JmiymmsaL%’ﬂlﬂLLﬁﬂﬁgWizwlﬁ
Lﬁmmﬂ@L%mmigﬁmmmmmhmiLLﬁﬂiymlﬁﬁﬂdw szuvdsmsiiniseantuulidnigiéh
Junnanuiiansesiinlfnauuusy Fault  Observer w3openuuulvidiveansdmiuls

Wermgaunsaalludludeianaialanuwuugy Maintenance Interface

e

91nUUU3U Maximize  Human  Participation  1Jun1stilauemluzinuednis
2OALUUTEUU Lszj'uLamﬁ’ULmugﬂ Minimize Human Intervention fauulianunsauinlyd

sonuuudugdunealusindle
3.1.7 Maintenance Interface

5EUUAB90aNLUUTIRAIUIIINTUNITI5 NN T2 UULENDBNAINEIUNISYINIUNAN VB
szuu Walunsaadgmiinsgninenisingssnwissuu wu Jymvesniszauiuiag
' a 1% MY o 1 1% K Y & o )
Hgansvezanszuuldaulils degrswesnisldnunuwuuslife wenninivdmsu

Y [

Aldnueenannuiivdmsulguasnessuy

NUUU3U Maintenance Interface ladn1swugtliiion1seaniuuduui3esny
WENDBNAINAIUNENVBITEUY T UNISNLUUNLENA1NINaDNLT WlYn1svinaundnves

szuu Feldilueenuuudugiduwealysiia
3.1.8 Someone in Charge

dloszuueenwuuauuuugl Units of Mitigation \aeiiszuuasiinisuusenidu
P RERE G’Tmﬁmuwﬁmﬂ’wéamﬁaL“ﬂu@%’uﬂm&uauLﬁsnﬁ’u%’aﬂmwamﬁﬁ@%ﬂmzw Tng
a | ' v v o Y Al o = | | A I Ay a
imhggegiuazaesivintunisuhdunavsea uaumiegegauglussuuinddoianain
WNnunsalil MnIvaRANa1ANATUMNegD8TUILABIINNITIANISAUYIRANAIANIBVINNNS

senulldmilegesdunfenisiu muuuugd Fault Observer

Uy Someone in Charge awnsatilaiadugiduuealyslug wieinly

Uszenddniudinvesssuuivhwihndugsuiinseudeianarniiintulusyuy
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3.1.9 Escalation

ad

oI UUNTORANAIALANTL T2UUABNINNUNNIANISAUTORANAIATUY WAA1IDNT
Yanisiutenanandilivssaumnudisanazdrvninisnenetuvingianaay il enairuLiu

[
LYY L =

UAIINITIANITAVTDRANAIAMITUTULTOU ) AI08191%U N15IANISAUTIRANAA LY

aauusnladinisvinuwuugy Limit Retries faidunsviraugiiviiegestu lngaziinny

IuueFnlaimualinuwuugy dmndadideiianatafintudnivdeslisuluianisiu

' [
a v = A

Torana1niulussAuAduduiilainiseanuuuld Faimiuuuugy Rollback  Fenduly
udensuntinaziiadeianain nindeliauisadanisiudefianainladn Aay

A o o N v = 44' o U Y a v N D
Waguulasludansdanmsnidunniuliizesq nMsdnnisiudeianainaishiviieniinisld

wuugyd Someone in Charge Jugdnnng

Y

[
o

nwuugy  Escalation g1unsatiluasigduuealusinaniinisssytunounis
dansivtenanain wavausadiluuseussenaldiumiiendeensiidtunaunisdnnis

AUTDRANAG

3.1.10 Fault Observer

'
=

syuumIsHneNiuindunaauRansowmeg inntulusyuy F95un11 Fault

a

Observer #3oNUNgAULNAAINURANT D Lﬁa‘vm'asJé'fammmmﬂmwiaq%’uiﬁmmmﬂmwiaq

Anduluszuy awvinismenuteyavesanuinnsesludsdunaulavioduniuiaeu lag

Tmhedanaanuiansesaansadulanamheniglulaznneuensyuy

nwuugy Fault  Observer aunsatnluasradugiduuealysindiieily
Uszgnabdiiiunmihenaivimihiiduniiefigndaneg wasmiiedunaanuianges uay

ANU150MNNUAFIUNAU VS BEAIUNS URATOUADAIURANT I
3.1.11 Software Update

v o a & o a = Yo o Y a A
szuuiiladundadawasldnuase geuiilenalasunisinisudledetinnaianied
ASNANLEINNT0895EUY Felutiavesnisusulssssuudnludesihlidisanssuuly
arunsaldauldidudisduiign lngeravsdndunisauwuugd  Failover w3auuugy

Recovery Blocks
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nuuugd Software Update lianunsahunasadugiduuealysiudiieldlunis

sonuuuszuuly esnndununsdesihlaeuywdrselinisinudaludfogudy

Mnsgaziduavetiuuillunguueauugudeannenssy anansaunasluuugy

sl dugiduwealusiid wagszyfsgausvasivaanuugd dannsnei 3.1

13197 3.1 Msihwuugdidsandnenssulvesnuuugiduuealusiig

wuugy aUsTaATasiUUIY U lUasnegidu
waaluslva
TER] Y

Units of Mitigation wiaszuuseniuntlsges s evinlimiae v
gooqiuiinsnusenuRanies

Correcting Audits A890anwUUIVEN1T1TIADUAIUYNADIVD X
Toya NIINNUTORANAINABIVIINITATIAOU | (ATI9d0UTRYA)
foyafifondowe

Redundancy sonwuusyuulidisdsesiianunsariauuny v
dleindeRanan

Recovery Blocks finssnuasadisesfiasinuwnuilosngn v
WindeRianain lngagivumdudiduveanis
Mauunuly

Minimize Human poAuuUTzUUIRINTYIuLuusaludiRuin x

Intervention fan Wetostumiuaduazdofiananluns | (Fuuzii)
RS RIR RG]

Maximize Human P9NLUUTEUUlRTITUNISLATU Y1970 x

Participation fi8evgy 1esannluviamgnisaluyed | (Fuush)
annsouidamldfninnisuilamaeaaias

Maintenance ponuuUszuulvidiuneuszarudiuiunis X

Interface U1395n 158U (Llleduman)

Someone in Charge | szuvagdeaiiviievimihiinuauuazdnns v
svuudlefifeinnanainty

Fscalation dlenisdnnisfuauiansedlidnia arsee v

Wasuluynasmauau
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A3197 3.1 nMsiwuugdidsantnenssulieanuuugiduuealusivg (o)

wuugy aUsTaATaSIUUIY U lUasnegidu
uwaaluslia
3ol
Fault Observer Jefinnufiansonintu azdediniaoiii v

dunauazsenuludeiaulannuianiosiy

Software Update sonuwuulszuuinisusulsauasunlyssuuli x

Jutlagtuaue (inlneuywe)

911915297 3.1 TwazBeamguaveanshddwuuuiug Washadugidunealls
Ing Teadl

1 )

® asavaaudoya - wuusulazligninlyesanuuuilugidukealysivg

H999nIN13NA1TIN1IATIIAUAABIYDITRLA FeAITYINlUNTEUINNIS

ausnAnIduneUnITeRALUY

o Az - wuugUilazliignilueenwuuilugdunealuslg esnndu
= ° ° ° = v o
Wesnsdiauemuuzitlunisesnuuutsuy Jagesnuuuaziiluldlunis

=] eV ¥

gonkuuvisalinle

o lilgdumean - wuuguiazlignirldesnuuuilugdunealusiug 1esain
Dunsdnauemsesnwuuiilidlinisyhnumdnaesssuy

o yilasuywd - wuusuilazghigninluesnuuudugidunealusing 1lesnin
mstuenuugUfnadunszuun sy uidewinlneuywdusoliinig

SV TTLEITHG
3.2 wuu3zun1In393nn (Detection Patterns)

Huuvugulunguusnvestunaunisnuseanuiionies dudunduusauuusuiivily
ssuufianunusienruiandes lnsfinsmnandganavestoianainiiaziiatu daazuans
Ay nsldauvesuugy mwduiusfuluuguay Tnofinnsanemizanudusiug
aglunvugunsesamfaandlunind 3.3 wageSureiramnsatuvugulelusenuuy

grouuoalUsiidlatng wansiednunlunin) sieazdunnisiiansaniiaei
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Fault Correlation

Error Containment

‘___________,_._.—-—-—-— Barrier

Complete Parameter

Routine Audits

Checking

System Monitor Checksum

Acknowledgement Existing Metrics

Riding Over

Transients i
Routine Heartbeat

Maintenance
Routine Watchdog

Leaky Bucket Exercise

Counter ————__
—‘_\-‘_‘_‘-‘_"‘“ﬂq_

K\\“* Realistic Threshold

A 3.3 urunmLansmadiusngluluugun1sngIam (5]

3.2.1 Fault Correlation

a

WensianuindveRananiintuluseuy Asiinsiatsandnuazueatoianaln
wazamaviiiAnterana1ntiuIninanANLRanTassanta wazitn1sdwunyUsenm

Y94ANUHANTBY o lUdnIsiden BN ST sTvINzaNAUANLRANT DI

nwuugyU Fault Correlation laianunsathunesndugiduuealusindle fiesan
AewinN1siIsanfsteranatafiindunowiesvtlugmsideniuusuiminzauunldly

“EJJ‘IJG]EJUﬂﬂiﬁJEJﬂLLUU
3.2.2 Error Containment Barrier

WIDATIANUINLTIRANAALARTUNE UM LIS EDEVBITEUU TORANAIATNLAATUILABI

andndalulidswansenuludmuisgesdu aunsldanuveswuusd Units of Mitigation &9

Y Y

lauusszuvesnunegesy s3uviauusy Quarantine FaaziuldlideRanainnszangly

v 1 I A

FIEIUgDEDUVRITEUY WIBNITIANISHUTBRANA D LU

AAwuugyU  Error Containment  Barrier NANNINGANTIUNITINNAVBULIAVD S

Jolanan Jafodmilegesdilaeanuuunuuuuiy  Units of Mitigation wagluusy
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(%
=]

Quarantine zlun1sdninveuiunvestoinnainbiognelumiegesiu Felivuuuud

TWeanuuuidugiduuealuslng
3.2.3 Complete Parameter Checking

g 4 o Y a P

wuugUiunuugunienldlunmsnsimmdeRanain lnensivaeuaindeyalunnnig
ANTIUINUYDITEUU MIBE0U LUUFU Redundancy wila active v3efd15eiin1svinanu
wiouiu dnsnsivaeuteyaludunaunsanidunmsyniuneu 1wy Yayaniiundnluginis
AMRUIIUNTD A5IVFDUNAANSALAINAITANAUIY aztUSouiiauiusenIwdg1ses 4
N13R53d0UTRYARaATURDUNTTALTINMIUAIEAIINANIN AgvilrintaTuntsiiaiy
A A ) 1 lo & v ) a a a & a P \
WodolaunTu waadudaswaniuuszansnainianas wWesanazinisiannaluludiuves
N13R5I9E0U MILTINNIATINEDUTDYA WEINTzUINNTALduNuLuuUnNg 91937 lin

ANAUEY AHINUAISINITHENFIUNYININNSASIVEDUBBNANNNTANTUIIUBLUUUNR

nwuugU Complete Parameter Checking aglivnunasnuuugidunealusing
= 1< a v ) 1 o
Wasnniluwvuguildlunisamsaeudeyaluszuy Aisirludiuvesnszuiunisviney

1INAINITOBAUUY
3.2.4 System Monitor

LUUUNIATIIMItBRanaInil Ixivuleivtnsiagaun1svinaIuYeIniey
1 L2 o oA 1 r.:l' 1 r.:gl" ] 6 6 a o &

melussuuhduinuegvisli lnenmheliavegnigluainuisiferfussuunisuenaan
n32UUAl widfBIN1INTIVERUIBITALITVRITEULEIIUegrIall Arisazhin e
®UILNIN15753388 UL IUENDNANNTEUY FINUIBNTNNUINATIIFBUAINITANINT
AsIvaaUBheRg s enaevisnglussuuile Wensianuinindelanainduazyi
nsyeulldamiieninimsuiiaveu msdwwuugy  System  Monitor u1lgReaiing
AmuaLIawaga Weldiinisneusuainuiiefignesiaaey aznanlainideianain
a dn( P £ o a @ a . .
AnTunarianinuaazfesimuanunaliiduasdussuu muuwuusy  Realistic

Threshold

nwuugy System  Monitor awnsatinanesnuuugdukealusiudlilay fviue

[ ¢ 0 v o oo Y A & 1
giouunealuslddmiudinvimihnduniensiaasy
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3.2.5 Heartbeat

mamwm%’aaﬂwmmmmLngﬂﬁﬁfﬂéﬁ@auﬁwﬁgmﬂmwﬁwmﬁa’a Foyeunauanves
auLes uieuansiauesdwinuey uazvilsmheiiihgnituiviedidsgnidigd
vinauey Fansasdyananzdminszeznandinmualy Tnefinnsfvunszeznanfivhnisas
doyaatndeuilviaenndeiunsviuessyuy 9193genfunuuiy Realistic Threshold
Frglunisimunai wu drszuuiinisdedeaulunssninsiuveseguds Anaslduuugy
Acknowledgement Ws1z\flaaainiuusy Heartbeat fesiinisifiunisdadoninufivay 3

D19LAINANTENUR DTV TURANVDITEUU

nwuugy  Heartbeat anunsainlueenuuugiduuealusiudiiieussyndldidniv

N NrABInTEd QTN
3.2.6 Acknowledgement

o a I ! 2/ 1 = (7 1 = = IS5
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3.2.10 Voting
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3.2.16 Leaky Bucket Counter
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4.1.1.1 wuugy Units of Mitigation
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wissruueenidumiiedess Lﬁaﬁﬂﬁwmaﬂaaqﬁ'uﬁmwwiammﬂmws’aq
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- UnitsinService fM®uUAS18NISNUILLD8NINUAVDULDIIV IAUILADITINUIUY
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Collaborations
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Implementation
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«UnitsOfiitigations
SortingDomain
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«Unit=
HeapSort

+sort()

«Units gUnits
BubbleSort InsertionSort

+sort() +sort()

Al 4.4 fregnamsldnuiuugy Units of Mitigation
Related Patterns

Redundancy, Escalation
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Collaborations
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Implementation
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Structure
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ResponseSelection
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«ActiveReplications
SortingDomain

{ResponseSelection = ResponseSelection,
UnitsinActiveReplication = HeapSort (1), HeapSort (2), HeapSort (3)}

zUnits zUnits gUnit=
HeapSort (1) HeapSort (2) HeapSort (3)
+sort() +sort() +sort()
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ResponseSelection

«Response Selection»
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Al 4.6 Fegransldanuiuugy Active Replication
Related Patterns
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Applicability
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‘ Client | | Recovery Blocks Service ‘ | Primary Unit | | Secondary Unit (1) | | Secondary Unit (2) |
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M 4.7 UNUAIMBAIUTNTYINTURLUUTU Recovery Blocks

Consequences
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Implementation
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dnuidu PrimaryUnit @9 HeapSort wava U du SecondaryUnit @® InsertionSort wag
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zRecoveryBlocks»
SortingDomain
{PrimaryBlock = HeapSor,
SecondaryBlocks = InsertionSort, BubhleSort}

«PrimaryBlock=s
HeapSort
{SecondaryBlocks = InsertionSort, BubbleSort}

+sort()

«SecondaryBlock» «SecondaryBlocks
InsertionSort BubbleSort
{PrimaryBlock = HeapSort} {PrimaryBlock= HeapSort}

+sort() +sort()

AT 4.8 M9g19n15M¥UkUUSU Recovery Blocks
Related Patterns
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Usznausiy SomeoneUnit ivmthilduniteSufinveuderfunsianistefinnain was
HeapSort wlag  InsertionSort ﬁmiﬂisqﬂﬂ%’al,maﬁ@imﬁ SomeonelnCharge e
wiledosdivinauluszuulaefindisSuinveud miuntiedestunoudnnisiieafu

YDRANANG LAAIAININS 4.9
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SortingDomain

«SomeonelnCharges «SomeoneinCharges
HeapSort InsertionSort
«SomeoneInCharges «SomeoneinCharges

Responselnits = E2SomeoneUnit ResponseUnits = E2SomeoneUnit

+sort() +sort()

| zResponseUnit=
SomeoneUnit

Al 4.9 Meg1en15LdaukuUFU Someone in Charge
Related Patterns
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Applicability
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|
2. Call operation :
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4: [Call operation fails]Recovery action step 1
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Consequences
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SortingDomain

¢Escalations
HeapSort
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RecoveryAction = s3Recovery Plan A

+sort()

V

AN 4.11 fMegransldaumuusy Escalation
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AT 4.12 UWNUAINLDATIREIUSU Recovery Plan A
Related Patterns
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Motivation
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TaRanarnwuudnluiAnguiieaiy dedidiunaulafediuanuiansesiiintuias

a ] Y Aw
ANuRanTosazlstndeLily
wuusU Fault Observer Aadinsmmuadanvimifidunnaniugremieignduns
wazsenuludmiieniindindans Wemhedunalasunisseauimuleigndunaly
sruufiantugildouly azvinisseauludaaulasenisifeuwdasiug Alavinns

amzdeuld
Applicability

wuusU Fault Observer azgnldidiadasnisivuaniisdunnauransosiiniy

Tusyuy warsenuludeineives ivemsunluanuransetudely

Structure

(%

lassaravesuuguihiausluai 6) anami 4.3
Participants

® Stereotype FaultObserver anunsauszandiinfiummiluga Classifier
- Observers MwuasienMsvilsnaulasieanueiiuasunladluseuu e
seuuianugiliufguulas gdunm v3e  FaultObserver ag51891ulUes
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Y

® Stereotype FaultObservable anunsaussgndwiniuailuing Classifier

- FaultObservers fvuasiemaniedauns MNduddunaseniiei deiinis

dl o U 1 L3 gj tﬂl
WasulUasaniurazyinissienuludasenisniiedunanaun laegh

ALADILNTANNUANUILAINDENUDY 1 UL
Collaborations

N199191UvBIwUUY Fault Observer Lilalitaianaiainduludiuvesszuy agvi
nssreuludamhefivhnihndunbedunavie Fault Observer Unit 9ntuniigdaing
yenunsludmulsaulanaauRangesluguie Interested Unit 1iiadnn15AUAILRR

NIBI WAAIAININN 4.13

|Clien‘t | |Fault Observer Service | |Fault ObservableUnit (1) Fault Observer Unit | |Interes‘led Unit
T T T T

1: Call service operation

|
I
2 call operation :

.

3 Call operation

/]

[Call operation fails]Report to Fault Obser\Lel

=

5| Report to Interested Unit

AN 4.13 LLmumW%Lmu%miﬁNmmuLL‘U‘UE‘U Fault Observer

Consequences

a v

nsldaunuusy Fault Observer ildaffeszuUagsniuitiivernnaniintuly
szuU LitetludnisdamsiudeRanainitusiely uienadwmansenuviliaussousvesseuy

WIALLDIINTEUVILIANUTUTBURLLNTUTUNNTYINU
Implementation

n1sUsegndlduuugy  Fault Observer 1W1UF79819  Sorting  Domain 115

£

Uszgnaldamo3lalni FaultObserver 1Wiuniiegos  FaultObserver tiiavimdnfiviug

Y

danm wazszy InterestedObject avinthiiiluniieaula e FaultObserver lasunsiu

dl dl a dy 1 dl U o U 1 &
ﬂ?iL‘U@EJ‘LlLL‘UﬁQ‘VlLﬂm%ﬂiUizUUﬁﬂﬂ‘MU’JﬁJV}Qﬂﬁﬂmm gyinnnssreuludmiivaulanse
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InterestedObject Fav1nsegstimefiviminmdumiefigndune vientenussandld

Ameslalnil FaultObservable Aa HeapSort Way InsertionSort Fannd 4.14

7
SortingDomain
«FaultObservables «FaultObservables
HeapSort InsertionSort
«FaultObservables «FaultObservables
FaultObservers = EJFaultObserver FaultObservers = EJFaultOhserver
+sort() +sort()
| |
W W
«FaultObservers
«Fault Observers InterestedObject
Observers = ElinterestedObject L
/4

AW 4.14 Megen15tdaumuuU Fault Observer
Related Patterns

Laidl

4.1.2 gduwealuslndlunguuasuuugunisasiamdaianaie

I1NN1TIATIFNRVUIUNITATIIMToRANAIA Fe91uIuLUUFUNaIwITadINn

sonuwuudugduwealusivg Ao 5 wuugd Tnsuuuguvioiunuansfanini 4.15

asterectypes asterectypes =
SomeonelnCharge ResponseUnit DetectionPatterns = Voting
[Classifier] [Classifier] B—— -VotingAlgorithm : String
-ResponseUnits | ResponseUnit [1..1]

1 [ T |

asterectype=

z 1) asterectypes 1 asterectypes 3) asterectypes
Mnr(l:rlton?:Task SystemMonitor Watchdog Acknowledgement
[Classifier] [Classifier] [Element] [Dependency]
T e Har [+
SERISTNERE Sy atemManior [T MonitoredTasks : MonitoredTask [1.%] | |-MonitoredTasks : MonitoredTask [2.*] | |-Requestor : Unit
1|1 -TimeBeforeAlarm : TimeExpression -Recoveryhction : Behavior -ManttoredTask : MontoredTask
asterectypes T
HeartbeatMonitoredTask 3] ssterectypes
[Classifier] Heartbeat
-Heartheatinterval : TimeExpression [Classifier]

-MonitoredTasks : HeartheatMonitoredTask [1..%]
-HeartbeatTimeout : TimeExpression
-Recoveryiction : Behavior

A 4.15 giduuealuslddmsuwuuulunguveanuugunisnsiamdenianain
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4.1.2.1 wuugd System Monitor

Intent
ponuuuszuUliTimmuUAuLienTaaeUNgANT IV TEUY
Motivation

Tunrsesnwuuszuulianunsaltanulaegnanaiias AseriedeAnuauallussuy
Feo139ziinTuLa i lidladiunivesssuuneavinnululagldidygraladsven 39

ndudoslinisfumuazdnnisfaiuiueg1asaiu 8199ein1sviuauuugy Fault

1%
=

oA U O vy | = & W ¢ | Aa a
Observer #508u¢ fatudsmisosnuuulillidiuniaduimamunuirsnsaimvainin
WUU3U System Monitor 39MIAMUANUIEATINEDU LieYINNITATIINITORANAR
MAnTunelunuea1eesssuy Tngdmuiesieglifinisneusuunlunainnuaaziion

UL RANAIANATU
Applicability

wuusy  System  Monitor 3¥gntdlilafaenIsAIMuUANLIgNIIAE0U LNENTIANT

JORANANAMANTULUNUIENABDINITASIVEDU

Structure

(%

lassaavesuuguihiiausluaai 1) ana1nmi 4.15

Participants

® Stereotype SystemMonitor a’lmiaﬂizqﬂﬁvﬁ’ﬁuLm]’ﬂ:mma Classifier
- MonitoredTasks ﬁ’mumwmimhaﬁgﬂmaﬁlaauhwﬂwmmaau Faay
Hufladu MonitoredTask
- TimeBeforeAlarm mwnunsyegiiardmsulignsirasunsivitmiaelu
syuuiideRananaiemy 5mmﬂﬁgﬂmaﬁ]aa‘ulaiﬁmimauaummﬂunmﬁ
AU
® Stereotype MonitoredTask
- SystemMonitor fnuaTenTsiiensRdey Aludnsaaeudmiuniaei

1AgNABINSANAUANUILNTIVADUBENLOY 1 7Y
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Collaborations

v =

N1599uveIkuUFY System Monitor Muuanlgfivimtiniuaums System

9

Monitor #1azAaensIvdeutenanaInfiinduluniieNgnaluaumse  Monitored Task

WEAAIAININT 4.16

| Monitored Task (1) | | Monitored task (2) | | System Monitor
T T T
] ] ]
| 1: I'-.ﬂur!'rtm' :
]
2. Respbnse
R - ... 2 B e =
]
! 3 Monitor

M 4.16 UWNUAMBAUGNITIINUALLUUTU System Monitor

Consequences

1

nsldukuugy System Monitor #i7effeaInnsansIvdRULAENIULATIUTIN
YBRANAALANTUNEIULAVDITzUU 1o liADIABEaUNINLTUDRANAIALAATULAIR
AFIFDU LFADIFINANTENUMN LAFUTTOULVDITEUUBEALLDIINNILHBIVNNITATIIEDU

fAaBALIAN
Implementation

nsUszenAlduuugy System Monitor 11us9E1e SortingDomain laeiing
Uszgndldamoslelyil  SystemMonitor 1irfumiiegesiitevimihidusiauasluszsuy
uazsinsivuaviefignauaudsssyndlvaneslolni  MonitoredTask Ao HeapSort
L% InsertionSort WAz SystemMonitor SnsiuananfiazusnussiiifoRanaininiy

dl I a 1 1 dl dl o o dl
dieldanunsafadenthengnatuaulaluiaifidmvun dsnng 4.17
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SortingDomain

«MonitoredTasks «MonitoredTasks
HeapSort InsertionSort

ahvionitoredTasks oivlonitoredTasks
SystemMonitor = E2SystemMonitor SystemMonitor = E3SystemMonitor

+sort() +sort()
| |
N 0

«SystemMonitors

SystemMonitor

«Systemhonitors
MonitoredTasks =

ElHeapSort
ElinsertionSort
TimeBeforeAlarm = {260 s

Al 4.17 Aegen1sldauusy System Monitor
Related Patterns

Acknowledgement, Heartbeat, Watchdog

4.1.2.2 wuugU Heartbeat
Intent
sankuuszuulviimsdsanugvesiuedly ieuddlinsiuindmiesdviaueg

Motivation

o [

HnudumanTiintu liidyanalagrieruduman et uasiidy s
Uan 9191 11aINTUNITATIINT FIAITUUTTEZIATUNITATIVITIRANAA

wuUgU Heartbeat 3ainsimunmiiensiaaey lnefiviiiefignasivaeuaziinisds
ey U UTNUDIAILDILN LﬁaLLamdﬂﬁaLaQé’qﬁwmuag wailonsranuivilenie luszuud

YORANAIANAVY NUILHTIVFDUILABIIANTAUTDRANAN LU
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Applicability

wuusyU  Heartbeat avgnldillofesnisivinuivdevdsaniugvesivesludmiag

nyvaaeuiimthiniuaney Wnefmhenvimihiauauillidsdeninuuavaniue
Structure
lassasiwasuuguiiiaweluani 2) 91na i 4.15

Participants

® Stereotype Heartbeat am’liaﬂizqﬂﬁlﬁﬁuLJJGY]I@JL% Classifier
- MonitoredTasks MMuATIENTNILNYNATIEBULALMIIEATIVADY B9y

ftiadu HeartbeatMonitoredTask

[ '
= v

- HeartbeatTimeout  ANMUALINIANILTBHANAIAAATU DnIefign
avvaeuliddyaradnanneludiaai

- RecoveryAction finua3snisdnnistutenanain ensranuinszuudl
FoRnnanuinty

® Stereotype HeartbeatMonitoredTask a’lmia‘dizqﬂﬁlﬁﬁuLJJG]’]I@JL% Classifier

- SystemMonitor favuaTBNITMERTIRFeU AlunTaaeudmiuniaei
Tnefidastmuanthonnasuetiatios 1 wihe  auauiidduneaunain
awo3lalni MonitoredTask

- Heartbeatinterval fwuntasnarfimieiiasinisdsduafnvesiaies

TUFas19n19utem5I980 Y
Collaborations

N199191uveUUsU  Heartbeat fvuamiigviviiatuaunisdeaniugfe

Heartbeat Monitor #99¢AYASIAAUNITAANIUEVRINUNSTUSEUU hARIRININTD 4.18
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Heartbeat Monitored Task (1) | | Heartbeat monitored Task (2) | | Heartbeat Monitor
T

i 1; Report task status

{HeLr beat Interval}

T

I ]
1 1
] ._
: Z: Report task status

3 Report task status

i FAeartbeat terval]

4; Report task status

AN 4.18 LLNuﬂ’]W%Lﬂ'ﬂUSgﬂ’]ﬁﬁ’]\“ﬂumﬂﬂLL“U‘UE‘U Heartbeat

Consequences

Y]

n1sldaunuugy  Heartbeat  HvedAsaunsansivaaukasnstubaviuiiing
taRanatnindundulavesszuu lngldnatlunisdetaninudesniiuuugy  System
Monitor e nludesdetoniuliaiuaniugnou use1vdwansenuinlaussausves

i%‘U‘ULLEJIENL‘Ijax‘i‘i]’mﬂ]gﬁ@ﬂﬁﬂﬂ’ﬁ@i’Jﬁ]ﬁaUﬂﬂﬁugﬁﬁﬂuﬁma@(ﬂL’Ja’l
Implementation

nsUssenAlduuusy Heartbeat 1 MUMIBE19 SortingDomain lagiin1sussenalda

= 4 ) I Ao Y oo YY) = = ° T
woslolni Heartbeat WihAumheivimthndanisivdyaiadn waziinisivuanyieiign
913 FardletuaziedinmUssandldamneslolnil HeartbeatMonitoredTask logfiviied

gNInN1THUILABIMMUAY IRV S edy TN lUmiiednnts fan1ni 4.19 uaz

AT 4.20



SortingDomain

<HeartbeatMonitoredTask»
HeapSort

«HeartheatMonitoredTasks
InsertionSort

ahvonitored Tasks
SystemMonitor = ElHeartheat
«Heartbeathlonitored Task»
Heartheatinterval = 260 s

ohMonitoredTasks
SystemMonitor = EJHeartheat
cHeartbeathlonitoredTasks»
Heartbeatinterval = (260 s
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+sort() +sort()
| |
W N
«Heartheats
Heartbeat
«Heartbeats
HeartheatTimeout= {270 s
MonitoredTasks =
ElHeapSort
ElinsertionSort
RecoveryAction = €3Heartheat Recovery Action

A9 4.19 freg1eamsldanuuwuusy Heartbeat

| «Restarts 71'| —
| Restart a process = ';)‘
A A

L ——

AN 4.20 WNUATNULBATIIAFINSU Heartbeat Recovery Action

Related Patterns

4.1.2.3 wuugd Acknowledgement
Intent

val Y v v av v =~ % v I @ o |
EJEJﬂLL‘U‘UI‘M%Jﬂ’ﬁaflsﬂEJ@’J']EJG]EJUiUﬂJEJﬂ'J’]ﬂJVIl@N’] LWEJLL"\NI‘VIEJﬂN’WEJ‘I/Ii’WU’J’]ENVl’N’]UEJEﬂJ
Motivation
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wiheneueniiiedold Meagrauwuusy Fault Observer Tuprsdeasmniinsdsdaniny
LﬁuLaumﬂ%’aﬂamﬁgﬂdﬂumsﬁwmﬂﬂasuawuf';EJQﬂmuamzLflumst,ﬁml,uuﬁ%ﬂu
szuukazfiornvzrilinisdetonnuddgluszuuinnuadn wiidosnnisiienudnd
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K'Y o

moundunieludinle duluminimualinisdsdeninu finsneuiuiaue nMsneuiuazdu
Fyanaivavenliindgniesedwinuey

wuusU Acknowledgement Fsiinisimunaliidesiinisdideniuneuiuteninuios
vondulusaiosannads uifinsademuiometiuasdoamssnounduvielaifnm iile
Hunisvsuanimiheiudinsiheued Taefidesinisifiunszuiunislunisussanana

A

JaA1u anlufivamnunausuLnluna i runIzdeNlvaRANAMLANTUY
Applicability

Wuu3U Acknowledgement aggnldilasiasnisnsiaaeuaniuzvesmilsgeslagly
v A a1 oAy ' Y A a v 9 Vo Ly oA
soansiisinduaudlUlussuuwildiiisansiiunsneusuliiunisdetonnuiludl

ANSMBUNAUINTIY
Structure
lassasvesiuugtihiigusluavi 3) 3naIwi 4.15

Participants

® Stereotype Acknowledgement mmaaﬂizqﬂﬁﬁ’]ﬁ%mﬂmLma Dependency

Y a

- Requestor finuaniieivintidugfewe Jaazlinszuiunisiinis
Uszananadenuillasuinaindgniods
<

- MonitoredTask iviuambenvimiudgnieswe Feagdeinszuiuns

lumsdstennuneuiuluduSose

Collaborations

} % 1 ¥

n1991191ueuUsU  Acknowledgement  Muualidgn3esveditaniny

acknowledge ndusngagiasve faudiinnissemetumuunfazininisnisneundunselan

Y

AN WAASHININA 4.21
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Monitored Task

T
| |
! 1. Reguest !

AN 4.21 WHUAMBAIUENITYINUALLUUIU Acknowledgement

Consequences

a

nsldaunuusy  Acknowledgement fitafifian1snyivaeudeianaintusyuuly
o & v A a a v o = A v v !
Tududesiuudiuiaviludiszun esisiiudeau  acknowledge 1lY umvna

dananseNUfeaNITaULLlasInADIiNATEUINNTSIUNISUSENadeA Y acknowledge
Implementation

n1susvendlduuusl  Acknowledgement W1iufiieg1e  SortingDomain 1013
Uizqﬂﬂﬁgamaﬁa%ﬁ Acknowledgement 1W1AU Dependency 5¢%318 HeapSort Way
SortProcess +#19353Y31NIEITBAINNUTENINAUADILNITAIVIANUABU TUNNATI FINING

4.22

SortingDomain

Units zMonitoredTasks
HapSort [ capwiengenents SortProcess
{MonitoredTask = SortProcess, +sortData( data : Object [D..*], algorithm : String )
+sort() R &
equestor= HeapSort}

Al 4.22 Mogransldanuwuusy Acnowledgement
Related Patterns

Laidl
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4.1.2.4 wuugd Watchdog
Intent
a%wmhwﬁﬁum%ﬁa ARELENLBINISYINUYBISTUUIY IARE19UNR
Motivation

WAnElAUYRITTULEREABINITNITORNLUUNITATIIM B ANaTIA Iagldwuuua
wanANanueanty wuaIuIsaNNsAITaANNRAwIN Y dsannuiiuiuly funisseave
Nfowineduad nsoiuntleiiawdiluieriminnsiaaey win1snsiamtudnyue
Ly [l o Y Y [ a [y o Y A a dy '3 4 [~
aanandenavihligesnuuuinafgiiuanududeuiiiatulugendwisingze19azidunis
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anANLULIBNBve95EUULA

wuusl  Watchdog 3eiinsiviungnialisvsesendunds tnevimviiiidiuednis
auunfluseuu lnendieignidnesdlidnludendlelagas violudeafiunisds

oA uiiewlne
Applicability

wuusy  Watchdog 9gnsiaapudeiianainluszuulaglifainisiiunisaetaniny

MAyluszuy saaiuthodmeadly eihueinsdeasseninemueses lussuy
Structure
lassaavesuusuihiiausluaai 4) anani 4.15

Participants

® Stereotype Watchdog anunsaussgndiiniuiuniluma Element
- MonitoredTask ﬁmumwmwﬂ’aUﬁﬁmﬁﬁﬁgﬂmw%ﬂmEJ Watchdog
Tneiifestinsimusmisefignasiaaeusgistios 2 miseduld
- RecovenyAction fmuaiinisdanisfudefinnatn Wensianuitssuudl

YDRANANALAAVU
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Collaborations

nMsuesuugy Watchdog vualvidniiewiueswss Watchdog Unit 1

o a U lﬂl
UBINITYNUBLUUUNFVBITEUU LLEAIPNNINN 4.23

| Monitored Task {1) | | Monitored Task (2) |

: 1. Call operation |

Watched by Watchdog U%

Watched by Watchdog Unit |

AN 4.23 UNUAMBAIUGNITIURLLUUTU Watchdog
Consequences

mslduuuugy Watchdog fideffenisnyivaeudeiinnainvesszuulidndusios
wWasunlasnsiaulaglussuu issusiivdiuiuesdulusyuu udenadwansenuse

A150ULLIRNFBL AN IUARELE LB 81y ST UUTANUTUTaUNNNTY
Implementation

nsUsEenAldLuUU WatchDog 11fiusiagne SortingDomain laeiinsuszendlda
Wo3lelni Watchdog 1Aumidieivimiiiues el uesn15vi19uves HeapSort wag
SortProcess @4iin13Uszendldanailolni MonitoredTask wagagyiNIsTANIsAUTEUUAIY

Watchdog Recovery Action fimuualilu Watchdog iefideRanatnindu 4en1wi 4.24

SortingDomain

«MonitoredTask» «MonitoredTask»
HeapSort | _ _ _ SortProcess
+sort() +sortData( data : Object [0..*], parameter : String )
g T
| |
«Watchdogs
Watchdog
«Watchdogs
MonitoredTasks =
ElHeapSort
ElSortProcess
RecoveryAction = €3Watchdog Recovery Action

Al 4.24 fhegrsmsldanunuugy Watchdog
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Related Patterns

Taidl

4.1.2.5 wuugy Voting
Intent

vy ° P A A Y ! °
2ONLUUIINTLUIUNS NI TINAAR B UL AN LBINaaNsUINNI1 1 ARaU
Motivation

ileoszuuiimsvszendlduuusy Redundancy U193ULULYBINTYINILRETRIE1T04
Mhanundoutuwuurunu ilnlidmeulanaernau Jsseaiinisidendineuimungauain
AMBUNLANINIMLR
wuusy Voting Wumsimuaisildlunisidennadns neiignisuiinveulunisiden
v & ° a & \ Yaa v & A o
nadnsgnimualagawmeslalnil ResponseSelection warldifidenuadnsaunivualy

class Voting
Applicability

wuusU  Voting Avstluldiussuuniinisussendlduuugy Redundancy uagidl

ANRMBUNASULININATT 1 AIRBU
Structure
lassafavesuusuihiiausluaai 5) ananmi 4.15

Participants

® (lass Voting
- VotingAlgorithm fvusisildlunisidenuadnsfimuzay
® Stereotype ResponseSelection aunsaussyndniunilung Classifier
- FirstResponse fnun3snisidennadns lneld3sidennadndusndild 3

LLﬁﬂQ’j’lgleNﬂﬁﬁ’maUIﬂﬂL%’Jﬁ?j@f\ﬂﬂﬂ’ﬁﬁ’]ﬁu
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- Voting fmuaislunisidennadns lneflvdadunana  Voting Fuansin

ADININTIRABUNAANTNLG LileLdanAnauiignfeaInNsvinaIu
Collaborations

M3viauvetuUgU Voting § Response Selection vimthildugiadandmneud

wingauilgann Unit (1), Unit (2) wag Unit (3) LERRInNT 4.23

|Unit (1) | |Unit(2} | |I.lnit (3 | |Rﬂspunse Selection
T T T
] ] ]
| Respnﬂi’se %-—:—
I I
I 2. Response
e AVRTLS o

T
3 Response

4. Select answer

E—

AN 4.25 LLmumW%Lmu%msﬁ’mummLLU‘U;U Voting
Consequences

mslduuuugd Voting fidedfeinieiviminhidugidondneulaeansuasd
A15ANMUAITASENARa UL aE19TRAN UBNAINTTIAINITAUIUBNTIANURANTDITLAA

L v o o PR v o - Yo P | o o & 9
Juiusdsean Al naunsaliAnauiwANAN9aINAId1 SRR Ul
Implementation

n15UsEnalduuusy Voting Wiudaeee SortingDomain agiinsivunaingsle
Ini ResponseSelection iifuntaefivnifilunisidendinauainnisiiaiuee
HeapSort (1), HeapSort (2) wag HeapSort (3) lagfinsimuainaglidondnouiineuan
fneuusndufmeuiiuizay wiagvhnsdenmaeunuiinisiimualiluaaa Voting
fsnwd 4.26 <1435 Majority Voting Gsuvaindimeuiiiudssdiulngjazgnidenidy

AMBUVDINITVINIU
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SortingDomain
HeapSort (1) HeapSort (2) HeapSort (3)
+sort() +sort() +sort()
N M T
e - _I_—l _____ -
«ResponseSelections
ResponseSelection Voting : Voting
FirstRespones o faise || VotingAlgorithm = "Majority Voting”
Voting = Voting

Al 4.26 Frogrsmsldamnuugy Voting
Related Patterns

Taidl

4.1.3  gduwealuslnalunguuasuuugunisiszuvandaionain

INNTIATIFNRVUFUNITNIFUUIINTRHANAIN FaT1uIURUUFUT@R5aLINY

sonuuudugiduwealusivid Ao 11 wuugy Ineuuuguvianuauanifisnng 4.27

L i M e
Restart ErrorRecoveryPatterns N Err orHa::Ier
[CallBehaviorAction]
[Element]
-ShouldStopTheProcess : Boolean ’
3) ‘s';‘;‘::l‘:(e’ 5) estereotypes
LimitRetries
[CallBehaviorAction] g) «stereotypes SaveDatal 8) estereotypes ‘ 2
E 3 B s g Classifi
WhatToSave = cl eckpo ‘ [Clas: |.|er]
[Elemet] - [CallBehaviorAction, Class] -NumberOfRetry : Integer
4) astereotypes»
Roll-Forward s} estereotypes
[CallBehaviorAction] I asteraat Failover «sterectypes
ypes= L) 3 &
10I%emote$torage _SaveRlace 11) (s1ereot\/_;?.e>T_ § [Classifier] Respon§eUnn
[Classifier] T e S (':'I“'"g -RedundantUnits : Unit [2.] [Classifier]
5 estereotypes [CallBehavior Action, Class]
ReturnToReferencePoint —— -Interval : TimeExpression
[CallBehaviorAction]

Al 4.27 gvuuealuslnddmiunuusUlunguuasiuugumsissuuandeianain
4.1.3.1 wuugd Error Handler
Intent

ONLUUSTL VUL EIUNYINNNSIANISAUTDRANAS
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Motivation

SEUUALINITNTIINVBRANANN MUVULATNITIINIU LAz TDRANAIATMLDATUILYINLA
syuulianunsavirauselule dldinnsdanisiudetinnalnwaniiu
wuugy Error Handler 3adunisivuadiufivihwinndanisiudeRanainlneuen

20NANNTVINNUMENTBITLUY eAuazaInlumsUssshevseunlussuulusuan
Applicability

wuu3y Error Handler asinluldiussuuidesnislillduninnisiudetinnaini

a d’(
\Anduluszuy
Structure
lassaaveswuuguihibiawsluaai 1) anaini 4.27

Participants

® Stereotype ErrorHandler mmsmﬂﬁzqﬂﬁvﬁﬁumﬂmLma Element
- ShouldStopTheProcess MMnuAlATin1s7gn191UnUI8dUNTe LU
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4.1.3.5 wuugU Return to Reference Point
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Implementation

n1sUszendlduuugy  LimitRetries 101iUf10819  SortingDomain  lagding
Uszynaldameslolni LimitRetries 11U HeapSort wagseyinuiuasilun1siaugiiled

YORANANALANTY FININT 4.43

SortingDomain

zLimtRetriess
HeapSort
cLimitRetriesxs
NumberOfRetry= 3

+sort()
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Someone in Charge
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Related Patterns

Someone in Charge, Voting
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|+sort() +sort()
T~ T
= e s J
«ResponlseSeIecﬁonx
ResponseSelection Voting : Voting
«Response Selections — = VotingAlgorithm = "Majority Vote"
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Voting = Vioting
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3U Voting
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!
|
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Observers = EErrorHandler {ShouldStopTheProcess}
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Waalgguniu Fanavelae autdagioale (WS:  Web  Services  Interoperability
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(Manufacturing System) fauansluninil 4.46
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" alimitRetriess
H Retry a Process O
|{NumheerRetrg.r 5}

AT 4.48 UNUATWLDATIIREINTU Recovery Plan A

o

«Checkpoints
Create checkpoint/

=
! E— Y

l «Restart» ] ‘ Report Fault to Fault
Restart the Service JI¥ Observer

= =]

\

: sFautObserver> 5]
N

Momtormg System

AT 4.49 UNUATNLDATIREIMTU Recovery Plan B

f «Restarts N
Restart a Process | : @

s, . F

AT 4.50 BHUAINLBATIIAAIMTU Watchdog Recovery Action

I ’ «Restarts
Restart a Process 5"@

AT 4.51 UWNUAINLDATIIREIMSU Heartbeat Recovery Action
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Blocks @99¥Us¥Naumenuligd@Isadanuiu 2 U8 NUILLsn Ao Retailer Unit (1) @991

winfduniieUgugd (PrimaryBlock) wagiinisuszendlduuusy Limit Retries lnafmun
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Ig5ududneuiimunzay (FirstResponse) sl Disk Warehouse Service T@Surmau
Taifludnouisnain Disk Warehouse Unit ¥is 3 miiae asirdmeuiiunouludioseld
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Wwosiwd1miuszuulnasdunUsslanuuiea1udnvse  Memory  Warehouse
Service fimsUszgndlduuugy Units of Mitigation @sUsznauseviiiedisessnnu 2
Y A Memory Warehouse Unit (1) uwaz Memory Warehouse Unit (2) wihodsaci
2 wireledinisuseyndlduuusy Escalation wazamaslalni FaultObservable pnuwuusy
Fault Observer iafin15¥839e318s Memory Warehouse Service ns¥evevgnasluds
wihedrsosmhelamhenis lunsafiddefanainintulumiiedisos RecoveryAction 7
AU UUIY Escalation aggnisenyuvinau taeiinisnsevinde nsdansiuderanain
anufifmualy Recovery Plan A snun il 4.48 %Qm‘%ﬂﬁﬁumﬁwmdau laun n13danns
AuLUU3yU Limit Retries uagdn15dnnishidnse msdnnsfudefinnainmudidvualy
Recovery Plan B anunwii 4.49 %Qm,%'aﬂ%umﬁwm lawA N1IRNIsAIULUUTY
Checkpoint Tnetfuaauzvessyuuiietluldlumined1sesuas  Restart mireodisasiiy
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mhpdunninisussendlduuugy Fault Observer 3101 Monitoring System ¢844
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WosigdnsusruulnfsduAUsELANILUDIANSe Mainboard Warehouse Service
finsuszyndlduuusy  Units of Mitigation deutseenifumizegos e Mainboard
Warehouse Unit lagdl Transaction Monitor ﬁﬂizqﬂﬁ“é’ﬁwugﬂ Watchdog WiVt
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Uszenalduuugu Units of Mitigation @utsesniuniiieges fe Disk Manufacturing Unit
Tnil Heartbeat Monitoring System MiUszenelduuugy Heartbeat evihsiiidumie
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#1999 9911N15 Restart AUNINLOSITALVINUANS
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WaSITE M UTTUUNSNARFUAIUTELNNIUIEAIINTINSE Memory Manufacturing
Service In13Uszyndlduuusy Recovery Blocks BeUsznaunieviigd1sesdnuiu 2 vie
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Memory Manufacturing Unit (1) 9zgnyinarunieu sdveianaiainduazilaeuluinaud

Memory Manufacturing Unit (2) auansu srdsvhauladnsaasiioinwesioiaulddisa
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Recovery Reference Point nstuiinld
Pattern LimitRetries $1fann59ien mnlaifnnsudludsundasssuudiuiiiin | <<LimitRetries>> e6.1
UoHANAN
fsrunduIuASIvDINITYE iiolalltszuuineglunisdnnis | anast® NumberOfRetry ¥01 | e6.2
FoRananntusns <<LimitRetries>>
Failover dansnisadululdaudmiedises <<Failover>> e?.1
SlofifeRananaintunielumiaevis iaefidiudunluszuy | auaud® RedundantUnit we | 7.2
awhmsgauszuulnensaduludamhedisesiidimunli <<Failover>>
Checkpoint Fnsiivdaugvesszuuiielissuuaunsasudurieulng <<Checkpoint>> e8.1
PA LY
What to Save ﬁmum%'mﬂaﬁéfaamiﬁuﬁﬂ MUwUUU Checkpoint <<WhatToSave>> 9.1
Remote Storage | Mvunanuindosnstiufindeya sauuugy Checkpoint <<RemoteStorage>> e10.1
Individuals Decide | ¥hmsifivaauzvesszuvagrafusmus® augrsarfidinug | <<individualsDecideTiming>> | e11.1
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5.2 M3UszliuAAuEITANIIN1ToRNLUULALAMAN YL TIAMA N

N15UsEIluAIAUaNTRN19N1T0DNLULLAL ANAN BULITIAMAN LTDHANTENUT

£
a =

56 ¥ [ (K] (Y ' a ! Y v
Anduainnisussyndldgiduuealusiiddmiuuuugunisnuseninuianseudfu
nstlAnwluden 4.3 Wewssuilsuiussuunsalinwnliliussandldeduuaaldsing lae

HTUAUAN YULITIAUNNYDINIITEUY 6191

= ¥

e Uszdvidwa (Effectiveness) AseAuUANUABINITNNGINAT @ IoWRE lUNTBRNKUY

o anuaNTalun1syinautila  (Understandability) Aosgauminuainsalunig
Seuivseianudilaniseaniuy

e Anugangu (Flexibility) Aesziummanisnvesszuvlunsdsuudasnig
oonuuuLiesasiumMsvhnulyinvyiiaidun

o anuanansalunsuinauinlalne (Reusability) AsEAUAINNEINITOIUAITODNLUY

syuuintnauintglvdlalusuian

ANy IR INAINE T RsuTuRad U losnnAwnsinAuandRnIang

(%
v

ONLUUAINSULDELaLeTULEUD LAY Shim wavAe [19] A9l
® nsiaUsznU (Coupling) ABIZAUNTTUADAUTITNINYOTITLRADYINTEUY  @1U1T0
AuIlANgns Awialull

Coupling =

Number of Directly Connected Producer Services + Number of Directly Connected Consumer Services

System Size in Number of Services

[ v v 6

® NSWRuLUY (Cohesion) ABsEAUAMNALNUSTEUINalaaLsTuUN8lULYeTIULRAE

958UV a@unsamunlaanass saselul

Y

. System Size in Number of Service
Cohesion =

Total Number of Message Used

® audutou (Complexity) ARTzAUAIILINIUNITVINIAULTNTaAUAUNUS TZINY

woRlglusyuu anunsaAalangns Aweludl

Complexity = Number of Synchronous Operations + Number of Asynchronous Operation X 1.5
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®  YUINYDINITOBNLLUU (Design Size) D YUINVBINTODAUUUTEUY anunsamuils

Ngns fasialuil

Design Size = System Size in Number of Services

a

® UIRVRULRIIY (Service Granularity) ABTEAUAINMUUNNEANVBIIUIALLDI IR
953U LAgfiansanINANaNY TLasUS U MY UWeTI9n FeTuagiu
Furulaarstuluwasionasinuiudanuildausiuiy - aunsaswlIadlaann

g3 fasialull

Number of Synchronous Operations + Number of Asynchronous Operaltion)2
System Size in Number of Services

( Total Number of Message Used )2
System Size in Number of Services

Service Granularity =

=

® YUINVDINIIMES  (Parameter Granularity) ABSEAUAIULULNZAUVDIVUIA

Qe

W1sfimesveslatalstureweigiaieneszuy lnefiansanaindsuiudeyad

AsaUARUlAENITTIWET daunsaduInliaInans AUl

Parameter Granularity
_ Number of Asynchronous Operation + Number of Synchronous Operations — Number of Fine — Grained Parameter Operations

Number of Asynchronous Operation + Number of Synchronous Operations

e anuanIalumIgnAunuLagldau (Consumability) Aeauansaveswesivly
nsgnAunULazsEntdUlngkBuREENITE U TaginnTanaInNTIuILTUe LRSI

waglowaistundeauving aunsadwinlaangns dwieludl

Consumability
_ System Size in Number of Service — Number of Inadequately Named Services

System Size in Number of Service X 2
+ Number of Synchronous Operations + Number of Asynchronous Operation — Number of Inadequately Named Operations

(Number of Synchronous Operations + Number of Asynchronous Operation) X 2

TunsUssendldyidusealysindidndunsddnuluten 4.3 miedrseauazmie
AIVANYTONTITARU Tufiafudnandeluge Sleiindulussuuiigneenuwuulinuse
ANURANTDY NANITUTBUWIEUAIAMaNURNIIN1TOBNLULYBISEUUNTAANYINDULAT Y

msUszandldgdunealsing dan1wil 4.46 uazn il 4.47 aua1au wandlumsnad 5.2
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M1319% 5.2 M3UTEULgUAAMANTRNIIN1T0BNKUUYDITFUUNTUANYINBULAENEINTT

Uszgnalduuugunisnusiaanuianges

Value Normalized Value
Design Property
Before After Before After
Coupling 1.75 2.17 1 1.11
Cohesion 0.75 2 1 2
Complexity 6.5 27.5 1 4.23
Design Size 8 24 1 3
Service Granularity 0.56 4.68 1 8.36
Parameter Granularity 1 1 1 1
Consumability 1 1 1 1

1NA1N9 5.2 Hnsuannansatuiuaigaaniinianisesnuuy aauauds

WAL IHANTENUADAMAN BALTIAMNINYBITTUUBIUINIT FIMLINITUANFNTY wang

AIP15199 5.3

M1319% 5.3 AiAvnavesmansenuiinaautanienIseeniuuiidonnanyldrnanIn [19]

Quality Attribute

Design Property

Effectiveness | Understandability Flexibility | Reusability
Coupling l l l
Cohesion 1 1 1
Complexity l
Design Size l
Service 1 1 1 )
Granularity
Parameter ) T T
Granularity
Consumability 1 1

INENTNIN 5.3 UansiAvaINansenunnuaulRnIn1sesnuuUlne AMaN vaET

AN LazanunsainAauRnnIsesnwuuluAmamAuanvasBR M nlanugns

PP EUalag Shim wazaue [19] WnelisngazdunwanIndn1s1en 5.4
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M13199 5.4 @NINITAILIUAMNEN YULITIAMAN [19]

Quality Attribute

Formula

Effectiveness 0.33 x Cohesion + 0.33 x Service Granularity + 0.33 x Parameter
Granularity

Understandability -0.66 x Coupling + 0.25 x Cohesion -0.66 x Complexity - 0.66 x
Design Size + 0.25 x Service Granularity + 0.25 x Parameter
Granularity + 0.25 x Consumability

Flexibility -0.22 x Coupling + 0.61 x Service Granularity + 0.61 Xx
Parameter Granularity

Reusability -0.5 x Coupling + 0.5 x Cohesion + 0.5 x Service Granularity +

0.5 x Consumability

NFATNITAUIUAUANYULLTIAUA NN

M151991 5.4 @1unsnidiunUssiliupaauaneuzl TN INIINAMENTRNIINNS

PONLUY  VBsszUUNIalAnwIneuwaznaInIsUsEgndlduuusunmsnuienuiansaslng

AuInARaEaltAnnITeenkuuBignuesialadial Fan1sUsslunalanaiani e

55

M151991 5.5 NMSUTEUTEUAIANE N BATINMININYDITEUUNTAUANINBULALNAINTT

Uszgnalduuugunisnusonnuianses

Value Normalized Value
Quality Attribute
Before After Before After
Effectiveness 0.99 397 1 4.01
Understandability -0.98 -2.25 -1 -2.30
Flexibility 1 5.47 1 5.47
Reusability 1 5.46 1 5.46

910152199 5.5 aziiulainaAtnudnyaslisnun mdsdinaunanauaniAniinig

sonwuuansaduldlunsuinuaslunisay Fwsiuldinauaudfniniseenwuuynead

a

HansenulunisulnsegudnyMIguAIN gnliuAdINa1N1salun1siiaudnla

(Understandability) 1lia331na1nissausenusazaiaududeuiliinduainnisussandly

wuugUdsmaunludausienisvianudila
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5.3 N15USLIUNAANEINTITA MINISNUADAINUNANTDIVDITZTUUNNAIUIDTA

N15UTEEIUNAANNAILNTO TUNTISNUADANURANT 99U ITSUUNWAILIS UL T

J A

2 NANABNITUIZIUNAAIUAIULTDDD LS WASAIUANTTOUS L USHULABUTEUINITE U

q

nsafnuiluliuszgndldgduealusinduazssuunsdfnuiiuszyndldgduealusing
Taefansan1sUszilunavoieszuy TaelduuwinislunismaasulrulAediuauideves

Zheng Way Lyu [15]
53.1 nsUssifiunadiuanudenald

nsUszifiunadiuauidedield iinnsmeasuainnisimuITEUUIS Mung
2ONWUUMIUATNT 4.46 uwasa il 4.47 Tagldnrwaniumalusunsy Eclipse 4.2.0 Tu
ML Ssmswannluguuuuveaweivendolaund JAX-WS 1839121 Tdguteya H2
1.2.167 MsAnsegIuteyayviniiulausns Hibemate 4.2.0 uagld Apache Tomcat 7.0.39

I~ <@ Aacfs I3 a a a Y ) [ dy
WuUEsWie3s nenseuuaviisneaydenlaossduhasnisyinaIy fddl

U
[

o gasiudroudisy (E-Commerce Service) viuthilugdswedud Usenaumens
a1 2 Tupeu il
=] a PR, fa ¥ a ! 4
- BungensAuAmMIvERINgeivueUandumslawelsdy getCatalog

fa VY a O & v a v a a ¢
YRUYDIIVNAIUAN T19N15AI9DATUTLNDUAINAUAT 3 UTSLAN A AdAN

Y

AU kazluuuaa wiazUselnnazusenaunigdual 10 Ju 59y

a

dueynussundl 30 Ju

a ¥ I a

- AwedAumrIunelaaLsTy submitOrder YaawasIwEA1UAN tngasyinnns

Y
¥

dUidonduA1 10 JUANAUAWIMLA 30 TU TRIUIUNTAITRANTUFUA LG

1 [

azgULINISAUTENIN 0 D9 dpainvesdIuINTuALrasluAGIELA

q

® wasiuyA1UAn (Retailer Service) Vimthnumsisengsiensdumviavanuas sy

(% '
a v Y

N5EIRAUAANNLAITeAUAT TnelisieazidunlaaLstu fel

Y

(%
v 0y o

lowasdu getCatalog vin1seudeyaduAmmvualugIudaya N

Y

ﬂﬁﬁ@ﬁi@lﬁd@%’%ﬂﬁﬁayjaLﬁ'avﬁmiaauamaﬁ’mau?{umwﬁagﬂuﬂé’aﬁuﬁw
AINUSELANYDIAUAT Lnenisdaun NN ulolyalstu
getProductQuantityFromID %’lqv‘hmiamiaLﬁuﬁﬁuauﬂ%muﬁwmuﬁmaa
Audvianun Mnnsiunsdanuniasinsowe RuadsdudynUszam

Wusnuwu 30 As
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¥ o
A a v o

- loweistu  submitOrder  YImTNNFUNSHITOAUAIINAF T UavLen

Usennuasdunivedsnaludusasivnasduan

® gpsIYARIAUAT  (Warehouse Service) YU AUSNNSABUAINTIWIUFUAT b

AdAUAaE SUNTATRRAUAMINWRTITHAUEN InelinvasiBunlalUaLstu fall

o 1

- Teweisdu getProductQuantityFromID TusnsaeunudnuIugduanilos

Y

¥

TuadaduA NTHEAUAT INNNITHAILINTUANYIRLBLUBLSTURIzaN S an L

Y

NuswiMuduIIIUL 30 ST dusuausTiviun 3 Uselan

a

- Tewelsdu shipGoods Tusn1ssunsdsduaainwesigdaiuan laevinnis

Y

Y o

AFIABUITUIUAUAINAITD A191UIUNTAIY DT UBYNINNIBLYINAUIIUIU

U
o A o

MEERe uagyinisdguan1ugaIng

v a [ I a

Aualumdsdua agvinnisasdu

De

Y ' Y
IS o/ o A a o o A

u Id1fin15d930d1159 Tunsainduunisdsdeduaidl

D)

oall_
=
Zee

g o v
J9DdUA

11NNI1UILAUANLUAGIAUAT LwBIITAIAUAIALABIRRMB bUT WD I

a 14 1

NAMAUAT HUNILaLUBLSTUY submitPO BYNNNSEINSHANGUAN Tnailu

e

' [
1 [ [

NIFIFUA AR TUILEIASIAT 144 TU LagyinNSIUAsUENIULTRINTTH I

a Y 1 & Y1 oA & <§AJ 1o & [ IS b= gy a v
auasuliy idnsdsgeliddnsa anmsiawinsafnwildnsnissenld
loweisdu shipGoods laglawaisdu submitOrder YaugeiivgrUanae
Wunildluauvesdnuiuguresdumnd@esnunsiuiy 10 Ju Matusns

nsisenlrnulaeisti shipGoods UespdiduA LAz UTEIAMINAY 10/3

® woTlvENanduA1 (Manufacturing Service) MMnThSUAMAINSHARAUAINILRTIY

AU laedlsivazdenloioLstu nall

o [

- TowaLstu submitPO LHBlAsUAIAINISHANAUAT ALVNNISHANFUAINI B

Y a a

ASLAPIHNAYDAINUDINNINLNDD Tunsal bl TdaRana1nAATULIN5aY

antuznavludinseavatiiouaniinisuanduaidiisa walunsalag

Y

a a

FoRANANLANT UNS DI IUIUNTHINBATUAYARY 0 9e¥insdsanius
naulugFeveinnisnandumlidusa INNTRAUINSEANYE SPINS
Senlalawaistu submitPO Taglaiaistu shipGoods V8ILEBIIBARIAUA
ssfundmiliweinsdeniewesti shipGoods lUnddufunazUsznn

HuAelawaisdu submitPO vewunandumusazUssinnazdansinisisenly
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N80 8AYRILaLUBLSTUA NS ULABLLYDIITINNAU F1UITOUILILAAILNUN NG

a ;Y

ieuddmunssengduinvimunatarn1IasTedumlananIni 5.4 uagn1nil 5.5

| E-commerce Service | | Retailer Service | | Disk Warehouse Service | | Memory Warehose Service | | Mainboard Warehose Service

1: Call getCatalog

T T
I I
I I
I I
] ]
I I
I |
I I
loo \ : :
[call time = 10] | |2 Call getProductQuantityFromiD_ ! : :
I I
3: Response ju | |
P e e | |
Il ] I
1 1 I
by o I
loo| 4: Call getProduatQuantityFromiD L |
i I
[call time = 10] | |
I I
e 5. Response !
———————— e . | w— | p— . I
1 1 I
I I I
& A
loo LI T 6: Call getProductQuam'rt\,rFromlDT i
L [call time = 10] | ;
| ... S L i A
I
| | |
I
: . Response

AWM 5.4 LHUANTRIUTAMTUNISITENQAUAMNIVLA
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mstsdunadiuandedoldaginnimeaeumunmsinuimunvesssuunud
Inanluuda Tnsflaginsusefiunalasmsdmuaymgs fiasvaaeunisvineyes
sruuTS dmsussuunsdfnuisnounaendnisszgndlfuuusumanusionufianses
Taefinsuszidiumusazguuuuazinsimundasnsihnuduiadmivusias leweisdu

(Success rate of each service) lusnsarepdudiuiu 10 Afwananeiu loun {0.9, 0.91,

v
v A

0.92.... 0.99} Fe58azidomdussdl

o msUszdiuAdnsinisiaudiiamaguivesszuunsdifinwinaunisussynsly
wuusUnInusienuRnnTed lnewdnifinag1an1sAuinensnsinudnsadied
v o o @ o [ ! ] o < o &
snsmshnudisadmivudazlewaistudu 0.9 msiwnutudsil
- TURBUMIEENAIIENITAUAITILA: dnsINsviaudnsadmsulaweisdu

getCatalog X @ns1n1svinaudniadinsulotvetsdu

o = o o s v o
Fuunsisenldnuleileisturesdufiunazuszian x IUuUsELAN

getProductQuantityFromID)

Fue 10x3

=0.9x(0.90 "~ =0.0382

(%
o

- FURBUNISTIRRAUAT: 9MIINITYIIUA SIS ulaUaLsTY submitOrder

o o o/l ke Somr v o . gnsnsiienldaulaleostuves
x (@nTnsiuaiadmsuleusisdu shipGoods)

guAuAazUszian  x  91uUUTEINNEUAN o o o & o o o
X (amiﬂﬂﬂim’]ﬂﬁuﬂ?Liﬁ]ﬁ’]ﬂiUI@LU@Lisﬁu

dnsinssenldeuleasturesduaunazuseinyn  x  $1uduUssLANUAT

submitPO) = 09 x
( 0.9)(10/3)><3 (10/3)/2)x3

(
x (0.9) =0.1853
mtugnsmsinudisanunguivesszuunsdifnwineunisussgndlduuy

FUNTNUABALRANTDYINY 0.0382 x 0.1853 = 0.7078%

o msUszifiuAmdnsinisinudnsanmguivesssuunsdiinwindenisussgnald
wuugUnsnusienuianses lnewanifinagan1sAuinensnsinudnsadied
gnsnsvinudnsedmivwnaslowosdulu 0.9 Mifuinashemennuuiaz
woTigiasnnusazigeTiginisussendlyuuusunuandaiu Ineliseasidennis
o < o &

AU UANU
- weTlaRueUanlduuusy Limit Retries uaguugy Recovery Blocks: 1 -

= PUIUATIVBINTG

(BNFINIFVNUIUMAIE NS ULA AL Lo BLSTUVBINUILE DU

ekl o o ) o w ' o | P oA U
X DMIINITHUALLIANE NS ULAaL Lo UaL ST UTBIUNgg D e NdD

ﬂiwmmimm) _1- (0.13 X 0.13) = (0.999999
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6 =

- welwAdedusd mIuduAUseianaan Jansuszendliuuugy  Active
Replication Tnefledses 3 mheuaziinmstvusliidendneuiinouun
mnauwsnidummouiinunzay Tnafinisduiaasnsinisiieaudnia
dvsuresiendsduidmSuausussavaan wanssimsed 5.6

A15197 5.6 NSAIUIUAISATINITV LA NS IE T U IAIAUAIF NS URLAIUIZAN

fan
AU T UYDINITADUNAUNVBNYDIIT | IRTIN1ITNIIUENSINUINNAR
U U 2
MOUNAU 1 A7 3(0.9*0.1") = 0.027
% U 2
NAUNAU 2 617 3(0.9° *0.1) = 0.243
% U 3
ABUNAU 3 617 0.9" = 0.729

NPT 5.6 8r5INISTIUA SIS U TIgASIdUAd S UAUMUSTLANAAR

WINAU 0.027 + 0.243 + 0.729 = 0.999

- ERITARIAUAIANNSUAUAIUSLANNUNEAIMUTILALLUUUDTA ALY

v o a &

HanFuAdmSuauAUsEnAan dnsussendldiuugunmnuseninuie

ey

wiowuuuugU Restart ilefifofianarmintuluszuy wasdinsdaesds
nsvimuLuUgU Restart anasavildusrauauduianads inszazidy
szuvagiimehauaudiialasaeundumndaiosme duiudasnsrha
diSaveaneiivia 3 wesie axdawinty 1 aue

Y a a 1% ] U a 1%

- weilggnanduadmsudunUsvinnmiieoaiudilduuusly  Recovery
Blocks: 1 - (Sasinsvhauduimatdmsuusazlowestuvesmiiugend
wils x Sarnseudumardmsuusaslewosturemihugesfides) = 1
-(0.1x0.1)=0.99

- weTlgnandumdmIuAuAUssanuuuesaliluuy Limit Retries: 1 -

$1unundivesnisig

BMNFINTYINNUAUMAIE NS ULA AL oL UBLSTUYRINUNYEBY =

1-01° = 0.99999

AINAITANUIUTATINITVNIUANTAVDILAALLDIIY LD UUIAIUIUNSNIINIT

Maudiavostunaunee) aglanan
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- dasnsvihudiiavestuneunisisengsensauiviaomn: §nsin1vi

Pumnssenldaulesisdu &

duSadmSulaiUaisdu getCatalog X 9NTINITYIANTD

a v

d1msulotlalstu getProductQuantityFromiD @195 UL03I9ARIEUA

~  suaunisisenldaulodeosdu o o o & o w o
UszLnnaan x  onsimsidniadmivleiaisdu
getProductQuantityFromID @195 ULY0SI9ARIEUAIUTELANNUIBAIILAN
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