) 1 !

wuuIaeensUsEliuAuAMEMTULUUSUNTRRNLUUITINg oY 581 INenSimuN

Y

YIBBIUUNT HNToLIUUN

unAngauasuitudoyaatuiinveineinusaauntnsfing 2554 Aliusnisluadetdyaig (CUIR)
\uuitudoyavestidndwoivendnus Ndsnunadudningidy
The abstract and full text of theses from the academic year 2011 in Chulalongkormn University Intellectual Repository (CUIR)

are the thesis authors' files submitted through the University Graduate School.

'31/|mﬁwuéﬁtﬂud'swﬁwmmiﬁﬂmmwé’ﬂqmﬂ%wmﬁwmmammmﬁmeﬁm
FNUNVNIAINTINYBNAUIS NPTV IAINTINABNNILADS
ARIEIAINTIUAIANST JRIAINTAUIUNTINE Y
UnsAne 2559

SvaAvzveIAINTAlUN NSy



Quality Assessment Model for Object-Oriented Design Patterns Under Development

Mr. Charnon Pattiyanon

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Science Program in Software Engineering
Department of Computer Engineering
Faculty of Engineering
Chulalongkorn University
Academic Year 2016

Copyright of Chulalongkorn University



Wtengnfinug wuudtaesnisusyiliuaanindniuuuugunis
ponLUULBsIngogseninansiam

oy WLYIUUNg AnsSeruun

GREMRY APINTTUYONAUIT

919156NUSNYIIMENTNUSUSN  509eNaNTI13E AT, VIRE Latiaed ol aysen

AMYIMINTIUANERS Paansaluviviendy eyliRliivinednusatuilidudi

nilavean1sAnwimunangnsuTyy i Undia

AMUAAMLAAINTSUAIENT

(599A187513758 A5, ANl WYIsFUENT)

AMENISUNTERUINTNUS

UY5¢51UNIIUNIS

(599A1dM5197158 5. WAs nilulveed)
a‘r-:ll =1 a a I3 v
_____________________________________________________________________ 219158NUTNWINYIUNUTNAN

s

WA 0 8Y5YN)

a
®
Zo
o}
)
2N
=3
an
i)
=]
i)
an
Ca
ho)
o
=
)
3D
®a
N
=D

AIIUNTT

(599A180513758 A5, 515MNE FITTUANENT)
N3TUNINBUBNUNTING Y

(§978an 313158 A5, WU N93N)



s @

YIUUNS ANTTEWUI : LuuTaeinsuseliuaunmdmMTuLUUIUNTRONLUUL

] 1

R0y ni19n15 WU (Quality Assessment Model for Object-Oriented

9 Y

Design Patterns Under Development) 8. 1USN®13Ng10WUSHAN: 5A. AT. NIAE

w@taed o ogsen, 216 wih.

v [
v a = 1 [

wuuguniseanwuuleinggnianidatvayunisunlydyminiaiuvesassly

N39UIUNTOBNRUULDNARITLTITRG AINdFIVBIUUUFUNITONLULTITRTINA1I

Pfudumgliinideldauaulovazinanswuuiynisesnuuudsinguuulvia

9

lmngiazatluudazAuIndy n1sUszidiuauInYeIkuUIUNTeRNLUUNMATTRUIT
[ Y Y o a ! g

Junundrdgveiauiwuugunisesnuuulunisiansanduuuunisesnuuuiudy
Usgleviuaganunsaldaulaasmseld Snninsusuliudagleimuiuuugunisesnuuuly
n1siarsandlalulenansAesutswuugUtuduannunnsas 13eReen1INIsUTUYT

wilvRuLRLe1ls

[
v U Aa a s

setudnerinusaduiidaiiaueuvudnaeinisusziiuguaindmsuwuusung

PRNUWUULTITANTIBY TENTeNITRAILIINNITUTELuLEna1sA1aTuIeluUsU Tneauls

[ a

AENYIBAMAII 2 A1 Tk AndnwasTInmA A ueIRAN TR eluluusy wae

q

[ a 1%

aanvaznunauAwnldesuiewuusy Fdduinerdnusiazwenlosnadinuusiis

2D

AN miuAMENTRvesieS UKL IUTEsioutanun nvauugy 4 Usensiaun aanud
Uszlewd Anuasuiiu ANudesiy wazn1seulade wasladnauediinlvg 4 snensnld

wa o 14 = 1 1% < a I v v = o £
wansnuaudRnaseuitnun nidazauduasiuudclsina nedrinmanilagnialuly
lunsneaesivinsuszendlduuudiasnisuseliuiuiuusunisesnk uuiegseninenis
Wl wazdinanisusziiuunlduiuusamuud mnnsuseiivgndnasaimainisuiulss
WuILUUsUIAA NARTY uanantinsnaaesdndruniledinuiuuudiaenisuseiiiug
dnawedausalszandldlunisussluwuuguniduizdnegud nelddedninuisdsenis

1

gavnednerdnusddaladaueiniedieatuayunisussiliunmeuuuitassdusvuuy

Wsunsuuszgnauwiu weligldnuihuuuiaeduldnuldiedne

=Y

AR AFINITUABURUNDS aneilevalan

A3 AMINTTULINALIS a1eilade 9.MUSNwMan

Un1sfinwn 2559



# # 5870924521 : MAJOR SOFTWARE ENGINEERING

KEYWORDS: ASSESSMENT MODEL / DESIGN PATTERN / OBJECT-ORIENTED DESIGN /

PATTERN DEVELOPMENT
CHARNON PATTIYANON: Quality Assessment Model for Object-Oriented Design
Patterns Under Development. ADVISOR: ASSOC. PROF. DR. TWITTIE
SENIVONGSE, 216 pp.

Object-oriented design patterns are used to solve recurring problems in the
design of object-oriented software. The success of existing design patterns encourages
researchers and practitioners to propose new design patterns especially for solving
recurring design problems in specific domains. Assessing the quality of the design
patterns being developed is an important task for a design pattern developer to
determine whether the design patterns under development are useful and practical
to use or not. The assessment also helps a design pattern developer to determine

which parts of the pattern description need improvement.

To that end, this thesis proposes a quality assessment model for object-
oriented design patterns under development which assesses on a pattern description
manuscript. The model focuses on two quality attributes, i.e. Embedded Knowledge
and Pattern Language quality attributes. The model also relates the two quality
attributes to four quality-carrying properties of the design pattern description, i.e.
usefulness, completeness, consistency, and readability, which can be assessed by four
newly proposed metrics. This thesis conducts an experiment to apply the proposed
assessment model to a design pattern under development and use the assessment
result to revise the design pattern. The post assessment after pattern revision shows
that the quality of the pattern is improved accordingly. Another experiment shows that
the proposed assessment model can also be applied to a well-known design pattemn
but with some limitations. Lastly, this thesis proposes a support tool for the assessment

model as a web application for facilitating the model users.
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ﬂﬂﬁ;ﬁ’uﬁmuié’sLLazmmgmﬁﬂ"mu@LLUUﬁWﬁ@@@MﬂwwﬁuuwLﬁaﬁmu@mmwmamma 7 A
gNAIBE1RYU LuLTIaesnmunIMvadlasl [11] wasuuuitassnuninauiinsgulewedle

9126 (ISO 9126) [12]

(% o L3

wuudassRnImvadlasiinegun 2.1 iaduauladuauninveanisiindndoud

L3

ganAwdsUldaruliiAnna (Implementation) N9gsjeiuludinmuaudfvesnind e

FNALIS 4 AU A

1) AI7ugnsiad (Correctness) visngis mMsinednsuswenaws iUl uazdasldau

Ipggndewmnunimunly viselinadnsignieuasidediola

Y

2) paaudn 181U (Internal) vidnedls wandasivenduiinisinnands vie

swazdeanelundaau ligdeu ivelimhluldliasnin uaziinussavningagn

3) Auau NN UUTUNNITITIIUL (Contextual) Msnetia WanfusgaNALITILAD
atdvayunsidaulunanraiguiun wu msguasne nsdinduanlylvg vienisinluly

Tuan nndeuiiupnanaly

4) padauviindsa5UI8AI14 (Descriptive) nineiia wansusigeniulIsaziisnsly
1 visedwaiuayunsldeunansassugligldnudilalaig uasdaaulunn 9 usun

Aslgau

wanNAMaNURlukiazi UL Luudiaosguninvedlasidalamrunnudnuue
WenaunmaelunsazauaudRdnsig 1wy aeluamuaudiiuanugnieasinudnueid
AuAIWSNUALANNIALTsTlaAdY (Functionality) uaganandedeld (Reliability) 1udy
TnsandnuuzidsnunmazduniedesfiannsoiunlddeiioUssidunie ianunmls

YALAUTUDNAEY
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Software Product Implementation
I
[ I I ]
| | | |
| | | |
Product Properties Correctness Internal Contextual Descriptive
| | | |
| | | |
| | I |
Maintainability, Maintainability,
i Maintainability, . A . -
. . Functionality, eusability, eusability,
Quality Attributes Y Efficiency, N
Reliability Portability, Portability,
Reliability
Reliability Usability

U7 2.1 D5 aulpsea i auuua 19Ut uvesuuuIaeInan myealnsi [11]

Snuilshensasiuuastaunwludimnssusendunsduie sasgiuleweale
9126 Aléformuuvitassnunindmiunansuivendursauduiensulusedvaina
wuurassnuanlusinsgiuleteale 9126 dlvaruaulafeganinatelu (nternal
Quality) wazAaAMAEUEN (External Quality) uazdinsidorlsaulassadauuudifudu

Wiy flaguin 2.2

External and

Internal Quality

Functionality Reliability Usability Efficiency Maintainability Portability
Suitability, Maturity, Understandability, Time Behavior Analyzability, Adaptability,
Accuracy, Fault Tolerance, Leamnability, Changeability, Installability,

Interoperability, Recoverability Operability, Resource Stability, Co-existence

Security Attractiveness Utilization Testability Replaceability

Functionality Reliability Usability Efficiency Maintainability Portability

Compliance Compliance Compliance Compliance Compliance Compliance

UM 2.2 nmsaulaseasauuva 1 uiuYesuuydIaesnan w1 m sy uleeale 9126 [12]

ngUTaduLanliiiug wuuiiassgunmauuinsgiulowals 9126 duldli
anuaulanuandfinunmusmdndadivenduasiuueendu 3 adutu lneddudunsnla
aulaniauandinuamiianglunazateuanvamdniugiveniuws deunltudidutuiasy

wuudnaeslanuanuaudinunnverdndusigendulsty 6 918013 louA ANauise
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Waileidu anudedield avwansatunislden Ussdvsaim anuannsalunsingssnw

WATAINNANLNTALUNISIENENY

anvelugiduduilanuresuuuiassnmnmeunsgiuleteale 9126 Salduts
Qmamﬁ’ﬁaaﬂLﬁuamauﬁaﬂaaﬁﬂéwﬁu%gwﬁq 6?505’1ﬁu%’uﬁmmgmlé’ﬁwﬁﬁmmmwmaum’
avaauantRdoslidnie endregradu aeldnaanifnnuaunsadeilaidy lowlsdosdu
AL E AN (Suitability) A211LLUUEY (Accuracy) AIINEINITALUAITRIIUTIUAY
(Interoperability) A71usfuA (Security) wagn1sUfURaIuAIINaIu1satdaleidy
(Functionality Compliance) udu siineniinudisuiizdsinauonuusannisdssdy
AunmdmiuLuusUNseenuuudsingiiiflassairsuuuddutuduty Welfamisauiiu

9

Amnvasnunluisazafutula
2.1.4 A15ASIVFBUAINUADINUVDILUUINADIVDNA KIS

'3 ¢ a o @ ada ~ A Ly} = o

nseenwUUTENALI e Ing 1WuTsn1seenuuuniengnldlutagdu davtununim
I 2 ) < Y o ~ a = & @ ) =
#1199 puderivuavesn wgduLeainliiluuuudiaes essueisilandunsvianumie
dUUsENDUANY 9 VOIRARAUNTaNALS ured19lsARIN LHUATNAEEINNTaFDEITLAY
25UN89819TUSLANSAMNMI B LUUN FUAUITMEUAINAETUTAIUFDARADIRBINU UINLUDY
~ v & fce YU v Y | Ay v v a
Wiesla JeoniuugondwIsIweInTIaaeuaUodiusEnIR U nLYE niny Tnedeny
P93a110ds uAe sraualundafelty auluuinsgiu vsen1sUsiAIINAY
TALGIAUTENINUONEIT NIDAIUAE 9 U9958UU [1] AIHUAIIUABIAUVDILUUINADY
aNALITI U8 DIAINNADAAA DT U UNTNTULRHIAUTENINIMEUN 1N Nalundaliensal

(Syntactic) wagl¥aAunIY (Semantic)

mewinll UnITeTIUINnlalMauokiINIINITNTIERUANABINUTDILUUTIADY
goNAwIsIBRNUNWluN W OuLea TI9T M. Usman wazanz [13] ladsavuwinianis
ATIVFOUAINABINUIINGIUITEDU 9 1ALTNAINNITUUIUTZLANVDIAIIUADIAUTZNINY

wuUIaaswandwIseanidu 5 Useunn lown

1) AUADINUTTIINUUUTIAY NIDAMUABINULUIAY (Inter-model Consistency
or Vertical Consistency) AaA1UABIAUTERINULNUATNASUelusEAun1IITATUA
arszdrAgyNunnsneiu (Level of Abstraction) ¥39zsunsarunesiuassliensallas

AINUNUY
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2) AnuRestun1gluLuuIIaes seauRRiulLINel (Intra-model Consistency
or Horizontal Consistency) ABAIINABIAUTENRINIUNUAINADTUIETLAUNITAINUA

ansedAyLneniu

3) AINNABINUAINATTITAIUINTT (Evolution Consistency) ADAIUADIAUTENIG

WHUATWAEA LA TN s U st LA

4) AUADITUIDIAIINNUNE (Semantic Consistency) ABAIUABDIAUTE NI
ATUMINEVDIHUN B UAUAIUMIN8VREINUTENOUANE 9 Yadwaunnigniieuly wwu
AUFUNUSLUU Aggregation UadAaalulNUAINARNE WARITIAUFURUSLUY whole-

part Tuaaduass

5) AudeIiuvedlignsal (Syntactic Consistency) ABAIUADINUIENINIUHUATN
TusgAudafinunnsiliou Wi n13aliuns (Operation) Y93RANATULNUAINAATE WAAIDS

Joa11u (Message) Tununmanu Hudu

Naﬂ’]iﬁﬂi’ﬁ]LLﬁﬁﬂﬁLﬁujﬂ ﬁﬂ’]iﬁﬁﬂl"ﬂﬂ@Uﬂ’NMﬁ@ﬁﬁUFLUWﬁWﬂﬁaﬁﬁlEULLUU LU N5

4 1Y) 1 a Y a & a
ATIABUAIINADIAUTDINGURNUA NG ANTIY Lasn1sudaslilunansilnd (Colored
Petri-Nets) [14] ‘M%’e)ﬂﬁ‘ﬂ’mﬁa‘uﬁiaﬂgﬂﬂﬂwﬁﬂﬁa “Systems Analysis and Design: An
Object-Oriented Approach with UML — 5th Edition” Mt@8ulag A. Dennis LagAaly [15]

[y

Fangaenandunisfiarsandidiulsenouvesiruninglanisizaonadesuazfaiy

[y

YNFIDYINTU AANATULNUNINAANIFILADIAUNUS AL ADAAADINUDDULINA LULNUNINEFU

o/ v 6 ¥

NIDAAINTIN/A1nI58NN (Activity/Action) nelULNUAINAINTTUAITITFUNUSLAYEDAAA DY

AurensandiunisvesaaalubiunIneatd waztannululiunInaInudnale Neing

Pefulignihundeslesenuduiusielilinadnsidudsgui 2.3

AN TINUSANLTNFNUILUIAANITNTINABUAUADIAUVBILUUTIADY
waAwITYae A. Dennis wagany [15] unldinaunimaiuanudesiuasaunmluienans
A3 UIBMUUIY 1899 INATOURARULHUNIMATEUMIEN 11 0NLeaNNNEY Wagd18ronTT

ﬁ?ﬂ’]ﬁi’)‘ﬂﬁ@UIﬂEJﬁ:JjﬂizLﬁu
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2.2 MUI8NNYIVD9

¥
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\Wendngrinusiauifenisiiausuudaensussiiuaun e uUIUNIs

Va o = = ¥ ¥

PONLULLTING AUFIToTUToNAUAIINUIFLDUY 9 NinddaRunIn Lazidn1suseduy
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ANNINVBILUUFUNTERNLUUIRgL S sUWsUA UL UL IasTiendnusauiiaue
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2.2.1 Evaluating a Pattern Approach as an Aid for the Development of

Organizational Knowledge: An Empirical Study

11U398999 C. Rolland wagAaay [7] U@ uen 15Ul ULaTNTIFDUAINY

AUVMAANHAYBILUUFUNNTBONLUUNTEUIUNTIANITANNAB uLUasdmTUasAnHaAR Ll

'
o w a

Mauonelalasinstinindianndt (ELEKTRA) lnglieudrdgiuanvusddgyuanais

AN (Quality-Indicating Feature) Maviun 3 yuuasliun dnwazd1Ayueinisleosn

<

'
o w = ]

Auslunuugd Snvugdidgvesnivnldeluiguuugd uazdnvusdidguedisnisiam

v
a v 4 =

WUy wenntunwideddladnauesienisuaninusi (Criteria) Nagvioudiananinluug

9

o w A

azdnwuzdIAYdnaIY Aulanslun1Ien 2.2

MISNT 2.2 vaninasinagviouinanImvesuuusuneluunazanvaea gy [7]

Feature 1: ESI Knowledge Embedded in Patterns
Global Hypothesis: “The ESI knowledge base is potentially useful for solving organizational

problem with the Distribution and HRM domain in the context of deregulation”

Criteria Hypothesis

Usefulness H1: Usage of the pattern provides a substantial contribution in the context of a

real problem-solving application.

Relevance H2: The pattern addresses a significant problem in the ESI sector.

Usability H3: The pattern can be used in the context of a real application.

Adaptability Hd: The solution advocated by the pattern can be modified to reflect a particular
situation.

Adoptability H5: Domain experts are likely to use the pattern for resolving a particular problem
of interest.

Completeness H6: The pattern offers a comprehensive and complete view of the problem under

consideration and of the proposed solution.

Coherence H7: The pattern constitutes a coherent unit including correct relationships with

other patterns.
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M15799] 2.2 vaninasinazvieudenainmvesuuuyungluunazanvasaay (7] (9e)

Criteria

Hypothesis

Consistency

H8: The pattern conforms to existing knowledge and vocabulary used in the ESI sector.

Prescriptiveness

H9: The pattern offers a concrete and tangible proposal for solving a problem, in
particular with respect to the steps necessary for its implementation as described in the

guideline.

Granularity

H10: The pattern addresses the given problem at an appropriate level of detail.

Feature 2: The Pattern Language

Global Hypothesis:

“The pattern language permits an effective knowledge capture and

transfer”
Criteria Hypothesis

Usefulness H11: The language captures and conveys the relevant knowledge for describing patterns.

Comprehensiveness | H12: The different elements of the pattern (formal signature, informal signature, and
body) are adequate for understanding its purpose.

Richness H13: The language is able to describe the different aspects of a pattern one is expecting
in such a description.

Ease of Use H14: The language eases knowledge capture in patterns.

Relevance H15: The conceptual primitives chosen are appropriate for expressing the respective parts
of pattern knowledge.

ELEKTRA patterns”

Feature 3: The Method to Develop Patterns

Global Hypothesis: “The method is an adequate means for guiding the development of the

Criteria

Hypothesis

Completeness

H16: The method offers a comprehensive and complete view of the activities to be

performed for developing patterns.

Coherence

H17: The method is described in a coherent way.

Prescriptiveness

H18: The method offers a concrete and tangible proposal for developing patterns, in

particular with respect to the steps necessary for its implementation.

Relevance H19: The method helps in organizing and guiding pattern development.
Usability H20: The method can be used in the context of a real application.
Usefulness H21: The method offers an adequate means for understanding how patterns shall be

developed.

9INANT9 2.2 wansliiiiud nuideillaseyauuigiu (Hypothesis)

Aa

A& ey

UstlomaSurganuvunevasudazuaninadt delagnihluldlunmmesesiidayinneidestu

aeAnsuanlihnlafnwinuugunmseenuuunszuIuMsIanIsNslasuLUas nlvinzwuy

AMAINGIUE 0 D9 5 ATLUUAUVSNLNUTILAL ALNAFIY
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NRINNAAN191UITET I ENUIHUUTI809N5UTBEINAMAINYBILUUIUNS

|

panuuulisingiausluinednusiauilanunsauss endlddnuagdfny saudamaninne

11991 FIUAULNNIRUNINTULATERY o 1iDarTIDURIAMAINYBMUUITUNTOBNKUULTY
Tagla
2.2.2 Constructing Pattern Verification Criteria based on Quality Attributes:

Web Security Context Patterns Case Study

4338904 P. Singpant Uag N. Prompoon [4] YauamnanineuainIsnIuasukuuiy
g.J/ (% s

N191989AUTNYULITIRUAINTINLA 5 NN Faudagnaninaugiazdanuduiusiu

ANANBAULLTIAMUNIN AIanIlumITI9N 2.3

MISNT 2.3 NANNAIINITNIUFOULUUFUTTE NEIDINAANWAIITIAQNIN [4]

nanInaIiNIsNIUEaULUUSY ANENYNZITIRUAWItAETa
1. s mangveanuuiy (Goal) ANuusIadmng (Achievement)
2. MULMEIRUNIVDIDIARIINS ANEALNTOGITNTY (Functionality)
(Source)
3. fuNISIEUBRUUIY Asdlale (Understandability)

(Representation)

4. gunTHUaDIAAINS ANUATUIULAEABINU (Completeness and

(Transformation) Consistency)

5. inumstuwuugUluld (Application) | anudaauwagldanuld  (Clarification  and

Application)

Al mdninaeimartuinaiialusenisnsiaaeusuudisadin (Heuristic
Checklist) NUsznoumeyaan1d wazlaiiluvinisnaassiuuuuiunsaldnwide wuy
sUn1seenLUULiiauTUNAIUIUAIYBAIY (Web Security Patterns) Inglyinitgnaaes

Uszlluuazl s iuuane 1 89 5 AZLUUAIURSNLNE

a

o & v & ' a = v i
\TTU'J"ﬂ‘EJULLﬁGNEL‘WL‘Viu’)?ﬁ']ll']iﬂﬂigLﬂJuﬂﬁ.Jﬂ']WGUENLLUUEUIUHN@J@Q@U ‘]1@ LB

v
av

(Y < = a LY < a a
waninaeitusddeiliduiissnisusaduiuuguleesiumind uazidunmsussiiudenunin
neferudniursonsinaulavesfusailinduddny demall ndnnaueuazudnue
WenunmvetkuUUIgnidentunldinssiiiioaianuuinaesenisuseiliunmunniiies

WINTIU
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2.2.3 A quantitative approach for evaluating the quality of design patterns

NUIFYVes N. Hsueh uagaug [6] YnauauudIAnnN1sUsEliuAMAINYBILUUIUNNS

[
[

99NUUY FMeAFnaidaiina sAdeiidunidumadesuuliunadunsussdiu
AMATNKUULTIUSINUUULENENTA183 UBUUUFY Tnoenidoi fsaunfgruitlunindeu
enansfesuneiuuzy arlinsuseudesnstadsilaidusasdigunime ool
Tuhdoqaganang Seanudesnisvaniazdosannsonuuagmuasulfainuuusiaes
gavdwsildesursnuimauidgmnisesnuuuiiauls Wewanssiifiuldiuuugunis

ganuuUmAIIugnaBnLUUINlngNdas

ay A& o I = aa a a a lo & v
Q’]u’ﬁ]EJULUU@'Q@S’N%UQV]@GU@QﬂqﬁﬂﬁgLNu@mﬂ’]WLL‘UULGEN‘UiﬂJ']m LLazian\]’lL‘Uumaa

[ (%
U =

TuivanuAniurionsinaulavesiusediu uiegslsinuumAnainanuidelaulaiies

[
U =

uA 2 vadevedenad1sAiasuIskuUURe vdegnymune wagadelassaing winlu Jedsly

aseuaguienatsAesurewuuUluidedu q

2.2.4 How have we evaluated software pattern application? A systematic

mapping study of research design practices

'
a1 =

3ves M. Riaz uazaniz [16] laviin15d153931 Tuaddefruaniinsyseidiy
AuAMYBILUUIUREIBNslAthe sauisinaguifledanuaemjesnstaiau Famanisdiea
wansdliituindeuifertsitiausuuusulvdfsiiduneunisssduegidudi unis uas
iAfeigadumsussdiuwuuifissesnaier uoniniudmuinuidomaniuiisns
Uszifiuwagsiafiunnssiuoonly duauideres M. Riaz waganeddldasuuasiuiouly

AIR1519N 2.4

Nan138159989 AL n15UsTTIuAUN MY IMUUIUTINTANTUN STV
YSunaumazi@anunin uazandunisly 4 usunee 1) lagassuuionaisA1esuigiuusy

2) Wngnsannuunandagendwisniuuuululy 3) lngdeuanenaisnandnvedlasanis

[y

v 6 s ' v v gj a ‘&Jd
NAUGDNAWIST way 4) Iﬂﬂ@@ll‘iﬂﬂﬂi%U'JUﬂWiW@JuqLL‘U‘UEU G‘IQUUNﬁﬁE‘U‘iﬂﬂQ’]U’J gUINN

Y

o < = = Y1 U a L4 2
Lﬂll’]i?lllLLﬁ%LLa{NLUUGI’]?’NLU?EJ‘UL‘VIEJUI@’J’]EN%’]G]?]’]?U?%L&JUIUEULLU‘UI@‘U’N falanaly

AN597 2.5
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397 2.5 wandbiiiuinnisdssfiununinveanuusUunisesnuuugeniuaslaense
vuenasAesuiekuusUdiiiiesdiutesiiasounqunisussliuwuuideusunn wazl

Jndudesldaufniiuvesfuseiliu Ingrinusiauiiaaiunioeiauinuudnasinis

a a

UsziliununmidauSinaitinlagnsauuienansA1asuIgwuu UIeLu U Un150niuuLde

[

MTRETENINNN TR

MW 2.4 HAaaNEN15815993501 53U a3 9 uasdiniing1ve9 [16]

Quantitative Measure Qualitative Measure
Artifact Completeness «  Requirement fulfillment  Quality o Subject matter expert
Measure ] evaluation (6)
Precision/Recall (1) «  Perceived by participants (1)
Quantity of results (1) « Adherence  to  design
principles (1)
Atomic design features (1)
Correctness «  Number of errors (3) Correctness «  Useful’/Working solution (7)
Number of failing tests (1)
Complexity . Cyclomatic Complexity (1)  Complexity . Ease of understanding the
solution (1)
Modularity . Coupling (1) Modularity . Architecture decomposition
Cohesion (1) (1)
Weighted method per
class (1)
Size «  Line of code (1) Creativity « Subject matter  expert
Number of classes (1) evaluation (1)
Number of operations (1)
Number of attributes (1)
Process Efficiency «  Time to complete (15) Efficiency . Learning efficiency/Ease of
Measure Pattern selection ratio (1) understanding (9)
Complexity «  Eye focus (1) Complexity . Cognitive Load (3)

Eye focus (1)
Communicability «  Oral communication (3)

Written documentation (2)
Usability . Pattern selection (4)

Pattern application (6)

Task satisfaction measure (1)
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M15799] 2.5 MIAgULaLUSEUTIEUNINTINNITUSSEINAMN NYIUUUTY

Context Dimension
Direct Evaluation Indirect Evaluation
DPs-Applied
Pattern DPs-Applied Method to
l Software l
Descripti Soluti D
Quality Properties escription olution Artifact evelop
o ) ) o
2 2 2 2 : 2 : 2
- © += © - © - ©
= c = c = c = c
5 g 5 g 5 g 5 g
o o} °© o} °© o} o o}
Efficiency in problem solving V4 Ve V4
Quality of solution v/ v
Correctness of solution v v v
Completeness of solution v v
Complexity of application v v
Usability of patterns v
Communicability of pattern
v v
knowledge
Creativity of solution v
Modularity of solution v
Size of solution v
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% =

Tumeuiliunisadiediinnunntuinlndlaedwunuauianiazioutinunnein
JUADUNDUNLIAIBITNITAUATINILUINIIINATIALUIUITEDU 9 UToUIAITADY 9 U1
Uszendld loefidnungdn drinagdesanunsadsiouns iy nauanauURnaeItes

= ° a = v v v v v 53 1Y a < v a
sonludniudalsinald uasdrinagdedldnulalaglinaserdearufniuresiussiiiu
auilenuvesnaanAninvualy dnluduneuiiFslinadnsiluiinnunmiiomn 4 s1ens

Lo
1) finaunmilasvioudsnuautRsunruasuday
2) irinnunmitagvieufsnnandisunisauldie
3) iR milagiiounuanifduaiudaiy
4) rinannmiiasvieufsnuantRuarmdysslovd

s

aglsinny manwwdiamliaunsarildnainnaeuuanig wilwineinusil
Wenuummenmagaungadmivatvayuligiauinuusvaunsadmansinluinse
WeusuussnlasuusUludmndunnseld Tudiudaluasuansmadnsnisasrairinamunin

= 1 v U ! d‘l
warsvazldunvesLaarainaenalul
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1) fvinAunIniasiouienauURnuAINATUNIY

SHEAIN: M-1

Pattern)
Adde: DKT
AuENdR: AUATUNIY

vafain: ATLUUAIINATUSIUVBIRIAAINS Nl lunsasiITevasuuugy

(Completeness Score of the Desired Knowledge in Topics of the

WQUszash:  ialansaziuui v iauwuugunsuladtenaiseesuisuuugUly

' Y% & A ay v Y v =
LLG]'ﬁg‘WTUE]LLﬁ@\‘iLUQWWWWQNVL@ﬂiUQ'JUlI'mu@EJLW?‘JQI@

Arinnunntlgnasisuaniiuvesaiuasuiiulutunsunsuni laedrdeuly

Anwuiudnlulszau “aznsuldegnlsinllemndeuluwuusunioenalsmesuisiuy

SUATUOIUAINNABINIT YIBNTEE” BaNanNAsANYINWITERY o nud dntldentnaus

wuusunseenuuulsinguiaadlalvauugdtin luusasidevesenansiesuiguuusy

asdeuileniulssnulatng wiedesanuiniisdilatne ngesianuiivarilagnsiusay

wazgasUinanutisde 3 1w AevilsdenuusUnseentuuBeingues E. Gamma wavang [9]

wilafiauuusUAINTuAIYeY M. Schumacher Laganiy [18] uayntisde Head First Design

Patterns U4 E. Freeman wazAne [19] Aanstum1sIen 3.9

77159991 3.9 $18M1509AAINFINeITIgnUI Y

Wadavaawuugy | AuUs

ANDSUNELNEUN

1. Youagnuianyves | aia

wuugy

delledunefs¥evenuuuddnenenuiuvenuuguliegiensydu
(This topic describes the name of the pattern which conveys the

essence of the pattern succinctly.) [9, 18]

ai2

wideilszynsdavnanyrealuuzudadunmsdnnguuuugiindiends
Ault19a8du (This topic identifies the classification of the pattern

which groups up similar patterns together.) [9]

2. ALY az1

delledurggnsavingvesuuusu (This topic describes the intent of

the pattern.) [9]

az

o v X a & = o = N
M’J‘l]i]u@ﬁU']EJﬂ’J’]llLUUNW%@QLLUUEUW?BU?SLﬁuﬂ’]SEJEJﬂLLU'U‘VﬁEJ{]iLm’W]
LLUU’gﬂﬁmﬂﬁLﬁl‘U (This topic describes the rationale behind the
pattern or the design issue or problem that the pattern intends to

solve.) [9]

azs

Waitellafursusanseduineliiindgyniniseenuuy (This topic

discusses the associated forces that cause the problem.) [18]
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U

WIVDVDILUUFU

AUs

AN9SUNBLNL

3. JodU 9

asi

o v a o

Widefiuanidedu o MUunifdnvesuuusgy (This topic provides other

well-known names for the pattern.) [9, 18]

4. wngala

dsa1

Widellefurgantunisaliuansdtegralyminisesnuuuiuuugy
foansuiluegneties 1 @a1unisal (This topic describes at least one

scenario that illustrates the design problem.) [9]

£
C RN |

a ¢ o P v o s a 4
delleSurwanumsailymnidususssumiedydnualnsviin v3e
UILduaAI8uNUAIW (This topic describes the concrete problem

scenario with graphical notation or diagrammatic representation.) [9]

ideileduieinrata Seuland wiednydnvalinsmiAinlunuuuaunse
uiladaymniseenuuuliagnsls (This topic describes how the class,

object, or graphical notation in the pattern solve the problem.) [9]

ﬁ’aﬂﬁ'aﬁa%maﬁaa&hwaqmmﬁfjiymaﬂwLﬂugﬂﬁﬁmé’mﬁmé’ﬂwaﬁ
nyiln vioaueMsLNunIn drusuntsinluvilinAawalunisldany
939 (This topic describes at least one concrete example of the
solution with graphical notation or diagrammatic representation in

implementation aspect of the real application. [18]

5. Mg lJlg

ds 1

vhielesurefvaaumsaiiannsaduuugUlldnuld  (This  topic
describes the situation in which the design pattern can be applied.)

[9, 18]

as?

e

WidelloSursfisiedsvesmsesnuuuitldannelfintymnufinuy
Uz Yy (This topic describes the example of poor design that the

pattern can address.) [9]

ads 3

ideiledueindlénunuusvausesldeddls Tnfnanunisalidu
Yoy Feanunsauuugululdudlodeymle (This topic describes
how the pattern user can recognize the situation for using patterns.)

(9]

6. TA59a519

ds,1

idetluansdydnualnsmiinvesranaluwuuguienwigduuea (This
topic provides a graphical notation of classes in the pattern using

UML) [9, 18]

ds2

raaiuandlumidedignesuslussduuusssy Aailussdugs wiealild
taniztangastudalaiuula 9 (The class provided in this topic is
described in an abstract level - High-level/Non-specific to domain.)

(9]

ds 3

Whidetledursddunisieswe warnsihnunniuresdeulandvosrand
Tunuusumedydnuains1miin (This topic describes the sequence of
requests and collaboration of objects of the classes in the pattern

using a graphical notation.) [9, 18, 19]
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CE
WIVDVDILUUFU

AUs

AN9SUNBLNL

7. fildusiy

ari

wideileSureinfiranaviedouandvesnanalaiiedosiuuuugunig
DONLUY TINNIEIUUTENOUTDIAAALMAIUIUAE (This topic describes
the classes and/or objects participating in the design pattern along

with its elements.) [9]

ar2

o v & a v o v a ' o o ¢ .
WIVDUDFTUNYNUIVIANUTUNATEUVDILADEARIENT BRI DBULANG (This
topic describes the responsibilities of each class and/or each

object.) [9]

8. N1VIN9IUTIUAY

ds;1

Wtetlesuridnidiusluidensunt finnsiausuiuiien
pumusuiinveulaednels (This topic describes how participants

collaborate to carry out their responsibilities.) [9]

9. NARNSNHIULN

dg;1

hidellesuieiuwvugUatvayuliussqingusvasdldegnsls (This topic

describes how the pattern supports its objectives.) [9]

dg

tetloSureddeuanidotuuuulule (This topics describes the

trade-offs of using the pattern.) [9]

dg3

idellesurenadnsilaainnisldemuuugy (This topic describes the

results of using the pattern.) [9]

9. NaANSARULNN (510)

do4

Widellofurgyunedlasiadisvesszuuitlinisldnunuugudes
J5uitudesuly (This topic describes the aspects of the system

structure that make the use of the pattern vary independently.) [9]

10. NMSYNANANE

aio,1

o v

hdeilszytomsseds Auuz vSewelangldnuwuuguamsnsenin
5\‘1Lﬁaﬂmwugﬂhﬂ%\i’m (This topic identifies pitfalls, hints, or
techniques that the pattern user should be aware of when

implementing the pattern.) [9]

aio,2

o v & a " < A4 o = N
Widellosunendusziiulgminineiuamnadeulsunsuniold Tu
ﬂ’liﬁ’lLLUUgUiiﬂ%’ (This  topic describes whether there are

programming-language-specific issues or not.) [9]

aio,3

Wdeiluanstuneunisldnuniemuuzihdmiunsiuuugdluldnu
( This topic provides a guideline or recommended steps to

implement the pattern.) [18]

dio4

hdeiletungiimnuvainvany viensaliivewveawuugy (This topic

describes the variants or specialization of the pattern.) [9, 18]

11. f0819lAn

aii1

o
v

Wdeilszyudmvedliniuansisnsngldnuiuuugdluldmenim
n1s@sulusunsun@eaTngMduiifdn (This topic provides code

fragments that illustrate how the pattern user might implement the

pattern in a well-known object-oriented programming language.) [9]
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) o/ [J a (4
‘Iﬂ’?l‘UE]‘UENLL‘UUEU ALUT ANBIUTYLNEUN

11. shegrelda (7o) a1 vdeilosureneaziBuninursdivesldniiseyliiAsadesiunaaly
huugy ad141s (This topic describes the code fragment in detail

where it relates to the classes in the pattern.) [19]

12. a5l aruidud | apy | hielesuvisiedunmislinuuugulussuatsedinos 1 dod

o (This topic describes at least one example of the pattern found in
il

Calle

real systems.) [9]

13, LUUSUTILRET 04 a3 1 siateiiosureirinuugudulatieiiieatestuuuuguil (This topic
3 ;

describes which other patterns are closely related to this pattern.)

[9]

o v X a > oA oe o = . . .
a132 MVBUBSUBVBLANA NI IINLUUFUBY 9 (This topic describes

the important differences from the other patterns.) [9]

Aizz | Whietesuehaunsaldnuuuugiiuwuugldu 9 ldedls (This

topic describes how to use this pattern with others.) [9]

LY 1 1% s IS

sawgll aunsiwadmsulddudiinaasuuunnuasuiiuvetesiaru i

[
v a

Jagnadrannewuiinlum et laded

1 1 oK
DKT = — t=1(E¢ X X; k=1 At k) (1)

log?i  DKT  AaA1azhuuA1uATUIIuYe09Anuiniellluiiazindevesionans
ﬁﬁa%mat,wugﬂﬁﬁmmimﬁu oz duavneadoulugig [0,1]

(%
o

T AodwITTeNINIMUAlwenasAesUBLUUIY (T = 13)
Ke  Aednuiuesdanuinieiinnudwugi luiideq t vasenaisAesuiguuy

U (9198991UM15797 3.9)

E:  Aernsusinguesiiden t luwenarsieduirswuugy Feeediandu 1 win

enasAesusluuIUivhded t Using uwidiiaided t luusing ssfidndu 0 wawe

ak  AeAINNTUIINgURIRIAAINIBuaiiven k luiden t veuenarsAeduiy

wuu3U Tnesuustiaeliandu 1 deesdaiuin k Usingluiiden t vesenaisAresuie

i a1 & I3 v & ' 2 o a ¢ o v & ¢
WUy uiaedialu 0 mnesrausty 9 ldusing demesuigeshaiuinaglddunns

(%

AMSUMBUTHASWEAIIUANTIN 3.9 WULReINU
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v v o v & o o 1 Kt I3 1
MnaunsieRy ilAiuindunsAuiana s ?Zk=1 Ay g Bun1smen
t

[
[ 1

dnduvesasdminiiunngrednussiruiamanahdeveaonasmesuisuuyg
ylimsuidaiosdanuiuiamelusiilaluidely 4 fufletwivmidiadsauadn
(Arithmetic Mean) 9190 4 Wadis assilinsuisazunuadovesiauuguls uenainidal
msldan B iletelifussiiulisniudesdnananuesdanudluideilivsnglély
lenansAesugLUUgY

i fnannmAaruuLAuAsUiuetesdaiuifsiluurazidoasda
azuuuduaumaioudou 0 81 1 azuuu TnsmnAaziuuresiaiaddann mngna
lenanssesutsLuuUTulinuasuiuvessdnudiifiadiun Tnsazuuurfiaamisde
1 Azuuy uddsnaazuuurosiaiagunmiiing 1 {Rmuinuugtaimisofinnsan
Nt (ank) winzdaliindnnesdauianlaludasiate wastldudluusulswalule
iall msvliasnuuresirinnuamilu 1 dusnaazsilden ﬁqﬁ?uﬁﬁwwwugﬂmmm
TN FUAIALUUUANNAUTUTBINULEY Y30RLTTBUNIIATUANAMAINYDIBIANS

19wy gausunmnAzuLLINnIT 0.8 Azwuuduly Wudu

o | o v ¢ Yol 2 o ' v v
NI819N 3.1 ﬂ"l'iﬂ']u’)iuﬂzLLuuﬂ'J"ISJﬂ'iUﬂ'Ju’UENE]\iﬂﬂ')']ﬁJEVIW\‘iiﬂuLLﬂagﬁ'J%a

[ a 1

nfsguuuIUNITeenLuULlLIngiagseninanisiaundadunsdinvives
egrfinusiaud (luaranwan n.) gIdeddirinaunnillydsziiuiuuiunises nuuuniy
windadninn1siiusiusiudeya (Collection Limitation Pattern) 13059u 1.0 waglananis

UszilluAdrinamunin DKT fen151991 3.10

775999] 3.10 A0 19KANITALUUUAIINATUHINYBIOIAAINF T UUAALTIT0

IIUIUDIA . .
Velih M| anwudnaualy mmjaaﬂm'mg nasaluiade
Et . v nusng
%3V
1. Fouazmnomy] 1 2 1+1=2 2/2=1
2. YAslanng 1 3 140+0=1 1/3=0.33
3. Godu 9 0 - - -
4. wngdla 1 4 140+0+0=1 1/4 = 0.25
5. mahluld 1 3 1+0+1=2 2/3 = 0.67
6. lassasna 1 3 1+1+1=3 3/3=1
7. Jildnsan 1 2 1+1=2 2/2=1
8. Mgy 1 1 1 /1=1
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7597 3.10 FI08NNANITAZUULAINATUGINYEIBIAN 1IN NI WA ITE (FB)

IIUIUDIA . .
" N g MUIUBIAAINS v .
%290 AUINvaATY p NasIuluIIYe
E: . v nusng
91U

9. HafinmN 1 4 1+40+140=2 2/4 = 0.50
10. M3y liang 1 q 140+1+1=3 3/4 = 0.75
11. fedelan 1 2 141=2 2/2 =1
12. msldnuiiduiizn 1 1 1 v1=1
13. uuugUTiiAeIdes 1 3 1+0+0=1 1/3 = 0.33

AT AIAZUUUYDIATIR DKT vasuusunsdifiny aglanadnsae

(1%1)+ (1%0.33)+ 0+ (1%0.25) + (1 %0.67) + (1 * 1) + -+ (1 % 0.33)

DKT =
13

DKT = 883 =0.6792
T 13

d‘ o ¥ Y o 4 1 =2 ¥ v v dy
naAzwUUNAIuIMlueAY “Vl'ﬂ,‘Vi‘W‘U’J’1LLUUEUﬂimﬂﬂHWiﬂﬂzLL‘LJ'L!(F]']’J@ﬂleﬂ’]‘W‘Ll

)
Wiy 0.6792 AzLUWYIBIREAE 67.92 NHNEANUIIMULTUAINA 1SRN TiailAn
Jufosaz 32.08 lngUszuna detudlodiauisuuglannsadilugsenisesdauiiieg
deunluwuugUiiasudiuld endvegratu Tuiidegnsjmunglinzuuuiies 0.33 Azuuy
< o A = v
INNINUA 1 AZLUY LagnUIIInn1sseunanilureslyminisesnuuuihuusuienis

wiluly fIdeFeanunsatiesdauifnanivunluiuisluenaisaesuisuuusdla

2) svinamunniiasvisuisnaandisunisenladng

a2 M-2

Hasaia: %LLuUﬂ’liéﬂulé’d’lwadLﬁammﬂmaﬂmiﬁwa%maLL‘U‘UE‘U (Content
Reading-Ease Score of the Pattern Description)

fda: CRE

Aaauth:  niseulaie

Faquszaed:  ileuansnzuuuivilimuwuUsUnsuldinenatsesunsuuuuly

[y

wiazteiinisWsumesuieneulaneieda wazwunziugeuseauln

o
1 Y A

nflenuveaniseulaienssylineunthl drianunimezwuuniseulaiieves

9
¥

Wemnelulenansaesuneuuuiuiilagnainau lagldisnsnyiiiuiualedediniud

“enuldegndlsintiemvemuusienulaig wasmnsauiunguidmnedldnuveawuy
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A o

PauakuInIenIsUseiiuniseuladngvas

19U a8wUINIY WAAIUSUINEITNUSTLALADNLEINIINITUTLEUIIN I8V

5U” wansAnwiisanyilanudn 93y

R. Flesch wagaeg [17] Aladiausiiinnzuuunisenuladiievsunas (Flesch Reading-
Fase Score - FRES) unlda1u iilpsanndudriniiinanisnaasdlduas igauudrinlonadnsy

A3 uANLTURSe FdanisenuladngveaasaIuITafIwIaIneI Tl uTaA s

aumsaeluil
FRES = 206,835 — 1.015 (—22%) — 6.4 (M) o)
sentence word

Toe@l  FRES ferazuuumIsuldneveunay Faaediarlugag (oo, 100]
Nword fosuumilunvdnguimueluiomiiauls
Nsentence fosuuuseloalunundinguiomsluiomiiala
Nsyllable fosrurunersdluntvisinguianualuiieniiiaule (Juaan

monuwsaszlunwdingululnazAniinisesnides U Entertainment Jasy 5 @7 wsioan

Aeeana 4 §1 Adandsiaady 4 én)

el Hapzuuwrainnseuldteveayidausailuiisuiieudussdv
nsfnwvesaumvanzauiuilenidy 9 wewanlduusihngudmunevegeulasn

A28 AILARIlUA1S19N 3.11

MI507 3.11 Msiguagkuunselaienusssuvesge [17]

. seiunsAnwIva il . -
YI9ATUUY AasuTe
Wanzau
100.00 - 90.00 g futinGeudy dlemeeutveuldinenn  wanauthiSeuid
Usvoufinund 6 JulU | engieust 11 BFulY
90.00 - 80.00 g futinGeudy dlemenldie  Wumwsinquaudsangien
Sovufnw®i 1 3uly | dwsudeutily
80.00 ~ 70.00 e uiniseuty ilomenlgieneaunas
Toeudnwdi 2 duly
70.00 - 60.00 g futinSeudu Lﬁawnﬂumwé’qﬂqwﬁ"ﬂﬂ winziuantndey
fsuufnwdii 3 - 4 fulu | o1g 13 - 15 U wiFeannniu
60.00 - 50.00 e futniseuty ilomenildenneaunas
Toeudnwdil 5 - 6 Fuly
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m1597 3.11 Maiguagiuunsanlaienusyauvesge [17] (ve)

. sgRun1sAnwvesdEun . .
Y9AZUUY AN93U"Y
Wanzay
50.00 - 30.00 winngAuilde dnfinwr | dewanulaein
szRugauAny Fuly
30.00 - 0.00 wangdugnaunsiine | Wevneuldeininn mngdmsugiaunisinuily
SEAURANANYIVTRNINATY | SEAURANANY LD

\esmenaansnliandrinazuuuniseulaievesnaviy azvisunuauRnnass

'
% =

muieu n1seruladneg vesuusunisesnuuulisingimvualiludunsunount 3

v o 1

anunsaduldiduiiinnunimazuuuniseuladeresilemnigluwenaisiesuiswuugy

q

1o uidhednguszasAvasiuudnaensuseiiugunny Adesnisasviouligimuiiuugy
n31uladnarsazuilumesutediula sinlinsiidiinazuuuniseulaievewavanly

Tnenssdslinaulandmuinguszasdaninailaogiamunzay dnuidndudesUszandlay

L 4 o

nsAMIINAzkuuNMseuladeveaatluyn q FdevesenarsAreiureuuuIiuny

VY v

Winlimsuiepziuunisenuladelusiemidals g mauILUUSUaINISaNSIVEIUNAS

Y

e

£%

wille Fsaunisdmsuiwnmazuuuresirinnunmilivssynaudndudisil

1
CRE = ——Y1_, FRES 3
T 100 26=1 t ©
w39
CRE = — {=1(206.835 —1.015 (L) —g6.4 (N”ﬂ” (a)
T X100 Nsentence/ ¢ Nwora /¢
lnefi CRE Forazuuunseuldieveniomnisluenarsdeduisuuuy

= Y & < a '
"?I\“Iﬂ'?ﬂ%LLUU“U@\W]'J'J@V’]QJJWWU"USLUUL@GUVMUEJNSLUGU'N (-00,1]

FRES: ADANALLUUNTTBULAIE VD UNATNAIUIUAINIITDN t VOIBNENT
Aesuteuuugy

T AadurwideluenaisAiesuieuuusuninisesuieilony
AIDNYT

Nuword ARYIIUIUAT I UN I INguNINUAlUTITeT t YadloNaTITA1ESUNY

Luusy
Y



a2

Nsentence Aodurulszlualun wIsInguisnualuiited t vesenans
masuewuuy (Analeemsduiasemuneaulsylen @esenausie full-stop, question

mark wag exclamation mark)

o L

Nsyliable ADIIUIUNYALUN TN TINUATURITON tVBILONEANT
Aresurekuuy (TuanndidnusassluniwidingulundazdAniinnseonides 19y

Fntertainment fa5g 5 67 wieanidsuiea 4 § Ardnusiaadu 4 69)

aun1stefusandliiiudn dardnquainiiidinniseulditeveararuildlay
o & & v v ! % ° a ¥ & o v
Aanileminduiidnuslundaziideveaenarsamesutsuuugy nieunavilmduy
U39¥ng1u (Normalize) Insnsmissned uaudu 100 wielimzuuuggausuidu 1 azuuu

wasihundnaedsiavedinainyn 9 Mdefieaguidupzuuuaifen

AvaivinnunmaviuunseulaheveniiomnsluenaisresuiewuugUasd
Armzwuuluaunatonluyiesiaus oo 89 1 AziuY MUY NAZLULTIMINZdUYDIeNaNs
o a =2 ° i v e{' a A Y
AesureuuusUIgnimuanngulmineggldnuvesiuusuiagannsnnguiiieliv
wuugUnIseenkuudeingisugnnaiis viseldasulusedvanudnul nguidimanegldanu

v a o =2 @ aa o =2 v = =
wanvaswuusUnseaniuudeingIaluildn dnfinwisedvaaudnuiduly

Fefudiothazuuuanmaemaiisuasuuunssildiefussdunsinyveadsu
(Fa5197t 3.11) wudteulasmsnssng 100 delvdigiuazuuudniiiu 1 wud dreasuun
funngavdoazuuulugasoud 0.3 8¢ 0.5 JulU mzariuisnzuuuiiniantesdin
Aunmisgnimualidutag (0.3, 0.5] udegdlsfia nidevnuesenatsieiunsiuugy

a1

a v v 2 & a & val
a']ll']iﬂL?J'EJUFLM@']UI@Q']EJGUUWJ']UU QSSQLUuNa@W@I}‘\JW
5,

o

wuusunseeniuuii 9 lldenu

v oA

AIUUTIVINNTINT AL UUNIBTUNTasEaUAD [0.5, 0.6] W lulut19azhuuNAIAnIadNn

0.
g YRRz ULAIAn e Innun A [0.3, 0.6]

Tuiheian mnnanzuuuresiinnuamazuuunseuldisveaioninigly
enansiesutsuuugUilieglutag (0.3, 0.6] fianuuuugUannsafiansauiluguuuunis
Fouldenudnetu ondhegranu msannsifeulssleadeiiesfisnawiuly nsdenldmi
srudladne wislkrzuuuvessnausudsululd sauvanunsafiansanudluainaansuus
s1evhdeldsnaas uieghslsinny Yrervuuuresainnseuldievewlastidisutusysu

Y9Nl Awluluewian ansaiwwdiinauamarLuunseulag



a3

Y

vaallevluenansAiesuilvaseunauiidn dnAnwinluseRuiagaivivissunminzay

fun1seruenansAtesuIBkuuUsalUla
Aa9E1eW 3.2 NsAuInAzkuunTauldvsveaiiannagluendisAesutswuusy

91NAI981MVUFUNITORNLULLTINg Iagseninan siau Ml unsdlfinyives
eninusiauil (uaianwan n.) aunis (3) ludrinnauamigninluuszdiuilenivesiuy
sUn1seenRUUAINandedinnIsiAvsiusIuteya (Collection Limitation Pattern)

Vet 1.0 wagldnansussiduAiinnunminansen 3.12

91599 3.12 fegaan15AuIAzuYnITa1dlngvasdoningluenarsaiasule

huugy
” o »
Waavasuuugy PRI A1 FRES
Nword Nsentence Nsyllable
1. %auawmwy" - - - -
2. 989NN 31 1 a7 44
3. oy 9 - . - -
a. m@ﬂ,c\] 103 3 161 37
5. Mg lule 66 2 122 14
RGERGERN - - - -
7. Jildusi 199 13 365 33
8. N1IYINUTIUAU 195 13 399 15
9. Naﬁmmm 26 1 36 61
10. M3y liAnna 576 21 1001 29
11. feg1alan 288 10 512 24
12. msldondiduiizan 95 4 158 39
13. LLUUEUﬁLﬁ'm%q - - - -

(% [
0 1

ftuArzkuui InguamarLuuniseuldigveilonniglulenaisAieiuiguuusy

nSANE AL lANATINAIT

44 +37+14+33+15+ 61+ 29+ 24+ 39
CRE =
9 x100

CRE = 296 =0.3288
T 9x100



aq

ety wuusunsdifnwasliavuuuniseulaigveuionineluenans
AesuewuUFUNIalAnwlaeTIneg? 0.3288 Faaglugag [0.3, 0.6] Mlutnfinanisdmsy
LUUFUNITRNRUULEIRg wiag1elsfnu JmuILuugUena9siansuuaaziiteves

LNANTANRSUIELUUIY kazeaun buiitenavuuulieglugas [0.3, 0.6] Wy Itenns

U1 wsaddanisyiausiuiu Traiunsaanulaeddule

3) fvinAuN g ieusRaNURMUANNRRIY

INFANIIN: M-3

Hasaia: %LLuum’méfaﬂﬁJusdeLLNuﬂWWIULaﬂaﬁiﬁﬂa%UWaLL‘U‘UE‘U (Consistency
Score Between Diagrams in the Pattern Description)

Aga: CSD

Aaaudn:  Adudeaiu

gussasn:  auansarkuuvi v TauLuusUnswladununmvsenuuiaes

gonALITEg 9 Ngnianldiinnudenndesiaaiuiieds

'
% =

mefignuvasnuaudinnudesivreskuuguniseensuudsingimvualian sl

q

Wi llamvewuujUusasdiunsensazteniseziinudenndotsoiy uin suseiliy

o

' & 14 v [y =) & < £ ¥ a 3 ¥ a a O o 14
31LuamaamﬂaaqmamumaimuumLﬂumaﬂ%mmmmuﬁumaﬂimu ’e]ﬂVNEJW]i’J‘\]ﬁE]‘UI@

1%
1 ¥

Aoutnsen daduirinnuamifajudulunmannageuanudosturesnisldauununm
#1499 TwenansAmesuiewuuguilunan laeainn1sd13938n1snsiadeunseUseliuaiiy
Fesfuresuuuiaawendwsfaiinaliluun nquiiieites uandifiuindisnisvane
3 wiluiverdnudiauiazimuaisnismseaeuanudestulasdninngmsnsaaeuaii
AauYee A. Dennis kazAng [15] wirtu iesannanunsansiadeuldlaenss 9100

RsaNdINUTENEUTDILKNUAMNANS ) Fanunzdwsuasraduiindalsunala

wanaNll ArinAunnidiimuaveulsliaunsaldiuienaismesuiguuusund
mﬂ#’fmuumumwgJJLSaJLLaaasJNﬁaa 2 WRUATNAMNTIVUA 5 LHUAIWANUY TAWA HUATW
gALAE LHUAINAINTTY WHUAMASTIE WHUAITNEIAU WATLHUNTNLATEIANULLTINGANTTY

AYINAMAINAZLUUAIINABINUTENIUNUA I ILLENANSANBBUBLUUFUTRAYaNLTAAI I

Talng

1 _Ri
=1 Rysed

CSD =



a5

lagdl  CSD ABAAZLULANUABINUTENIuNUA LB N1 SANBT UBWUUSY

2 o o =1 & a |
G?Nﬂ']ﬂgLLuumaﬂ@ﬁU@@mﬂqwuﬁlgLﬂuLaﬂWﬂuﬁlﬂﬂusﬁjq [0,1]

I ADTIUIUNHNITATITFOUAIINADIAUVBILUUTIADIDDNALIS
(1=12)
A o gj

Rused ABIIUIUNGNITATIVADUAIINA DN UVBIUUUT DD BB NALITNINUA

'
[ a o w

enusaranldlatuiuugunisesniuudsingimaayssiiu

Ri ADAIAZLUUAIUABIAUAINNYNITATIVADUAIIUADIA UV
wuuiaswonliuiien i lnedrsdengueiazdefined 3.13 dmiungeilianansaldau
16 (ifumuamwilungdety 9 vsngluenansfeiunenuugl) avwuudmiungdetuasu
0 Azuuuane uagmndungiianunsaldauldudununmussuugulifiduuszneves
wnunmitszylilungdotu q Unngey adlrsuuuveangdetiudu 1 asuuwaue esan

Juldldddndsenautiu 9 lidnduseddeduigluuunvesiuuguanan

MI5N7 3.13 N{NI3ATINTOUAINADINUYIUUTIIYNEU TN T2 TRAMN NI

Sid T adwuun1n ANa5u1e [15]

R1 CD. UCD NYN1TATIVFBUANNABINUVDILUUTIaBITaNALISNEILTI “Every class
)
on a CD must be associated with at least one use case.” AIUUAILITA

AuIAzwuueIngaillaain

#Classes Associated With Any Use Case in UCD
R, = (5.1)

#Classes in CD

Tagfl Ry fio Aezuuuvesngiied 1

#Classes Associated with Any Use Case in UCD fia s1u7u
aanaluununmaaaiianusaseyldduiuiugainala q egrelies 1 ga
waluununngaiag

#Classes in CD @8 s1u7uaa@iaius MbRuUAnAaIE

R2 AD. CD NYNIINTIVEBUANIUFDITUTBIUUTIATONAWISNAILTIN “Every object
)
node on an activity diagram must be associated with an instance of a

class on a class diagram.” fistiuanunsadanzkuuveIngdeilldan

#0bject Nodes in AD Associated with Any Class in CD
R, = (5.2)

#0bject Nodes in AD

ool R, Al azuuuveangded 2

#Object Nodes in AD Associated with Any Class in CD @o
Sruulmuadeutandneluinunmionssuiiannsassyldiduiusiunana
1o 9 1 panalunkunineana

#Object Nodes in AD e $1usulnundoutandnanuanisly

UWNUATNAINTTU
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Rs3

AD, CD

NHNINTINFBUANLFBIT VDUV A aNALISNE3LII “Every activity

or action contained in an activity diagram should be related to one or
more operations in a class on a class diagram.” A4UUATNITOATUIY
AziuuraIngaillaain

R #Activities or Actions in AD Associated with Any Operation in CD (5.3)
3= .

#Activities or Actions in AD

Tag@l  Rs o Aasuuuvesngied 3
#Activities or Actions in AD Associated with Any Operation
in CD fe S1wiufanssunianisnsyiiluukunmianssufianunsaseylain

Fuiusiunsaniiunisle 9 eg1etes 1 nsaudunisvesraraluwkunin
ARG
#Activities or Actions in AD fe s1uiufianssunianisnsgyi

PaUA LUK YN INAINTTY

R4

SD, UCD

NHNINTINABUANINRBITUTBIUUT a0 ONAWISNEILTI “Every actor
on sequence diagrams must be associated with an actor in the use case

diagram.” AutiuaunsafInAzLULYeIngdeilldan
__ #Actors in SD Associated with Any Actor in UCD

R, = (5.4)
#Actors in SD

Tagfl Ry Ao Arpzuuuveangdodi 4

#Actors in SD Associated with Any Actor in UCD #s 91uau
gnszsilunsunmarfuiiannsassyldhduiusiugnssila q 1 au/szuu
TN aLAE

#Actors in SD fe Iurudnszyiviaunluukunwa ey

Rs

SD, AD

NHN13ATIVABUAUABITUVBILUUT 1A sgaNARIsNa1a1d91 “Every
message on sequence diagrams must be related to any activity and
action on an activity diagram.” fetuaIN1IAAIINAZILULYEINYTaULA

1A
__ #Messages in SD Associated with Any Activity and Action in AD

Rs = (5.5)

#Messages in SD

Tofl  Rs Ao Arazuuuveangdod 5
#Messages in SD Associated with Any Activity and Action
in AD #a S1unudemnuluununindiduiianunsessylainduiusiuianssy

wsan1snseyila q egetes 1 srenslusnunInAangsy

#Messages in SD fioiuiutanuyianualuNunIWa 19U
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Re

BSM, AD

NHN1TATIVABUAIUABIAUVBILVUT AR IBNARISNE11T91 “Every
transition on behavioral state machines must be related to any activity
and action on an activity diagram.” AeliuEINNTIATLINAZLULYDING Bl

191

#Transitions in BSM Associated with Any Acitivity and Action in AD
Rg = (5.6)

#Transitions in BSM

Tagfl  Re fio mazuuuvesngied 6
#Transitions in BSM Associated with Any Activity and

=

Action in AD fe $1uaunisildsuaaiurlunnuninindesaaiuzil
woAnssufiannsaseyldhdniusiuiansamianisnsevinla q egiaiios 1
18NS TULHUANANTTN

#Transitions in BSM #esuaunisiasuaausimusluuuunin

LASIEDULLTING AN

R7

AD, BSM

NHN13ATIVFBUAINABITUVBILUUT 1A sgaNARIsna1alddn “Every
complex object represented by an object node in an activity diagram
must have a behavioral state machine that represents the object’s

lifecycle.” dsluannsamuimpzuuurengtotlaan
#Complex Object Nodes in AD Having BSM

R; = (5.7)

#Complex Object Nodes in AD

Tasfi Ry Ao Arazuuuvesngdodi 7
#Complex Object Nodes in AD Having BSM fe a1uiuluun
Soulandfidudouluununmianssufiannsassyldindnndsuununin
\n3esan sl BamgANTTL 1 WHUATW Lﬁaa%mai’gﬁm%ﬁmaaﬁauwaﬁﬁu
#Complex Object Nodes in AD #ia s1urulnundauiandi

FugdounasalukELAINAINTTY

Rs

BSM, CD

NHN15ATIVABUAIUABITUVBILUUT 1A sgaNARIsna1a1d91 “Every
behavioral state machine must be associated with any instance (object)

of a class on a class diagram.” fetiugTAAUINATLULVBINGTBTLFAN
#BSMs Associated with Any Class in CD

Rg = #BSMs 68

Taefi  Rg flo AAzwunvaIng e 8
#BSMs Associated with Any Class in CD fg $1uiuuEunIw
wIpsanUzIBImgRnssuTansaseylanduiusiuaana vseduauaudves
I3 <.
Aand (Bouand) Ta 9 1 Tensluluunwaaa

#BSMSs fio d1uruuNunInLAIoddn 1 usLiangAnssuisnua sy

lenasAesuLuUzy
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Ro

SD, CD

NYNINTINFUANINADITUTDIUUTRDIWRNAWISNA1ILTI1 “Every object
contained on a sequence diagram must be an instantiation of a class
that is located on a class diagram.” FatuaNsaAINAZLLLTBINGToTl

191

#0bjects in SD Associated with Any Class in CD
Rqg = (5.9)
#0bjects in SD

Tagil  Ro fio AAzuuuvesngiafi 9

#Objects in SD Associated with Any Class in CD f#»
$rurudeutandlunnunindrfuiiarunsassyldinduiusiunisadis
Suaunudrasnana (Bauand) Ia 9 1 Temsluununweand

#Objects in SD e S1uiudeulanAnavualULNUA WU

R1o

SD, CD

NHN15ATIVABUAIUABITUVBILUUT a0 sgaNARITNa1a1T91 “Every
message contained on sequence diagrams must be associated with one
operation in a class and one association connecting classes on a class
diagram.” Fetfuansafmunmazuuuresngdeiildan

__ #Messages in SD Associated with Any Operation and Association in CD

Ry = (5.10)

#Messages in SD

Taefl Rio fie AiAzuwuwvasngded 10

#Messages in SD Associated with Any Operation or
Association in CD #a d1uiudeanuluwnuninaiduiiaiuisassyladn

dususiunisaiunisiuaatd 1 519015 wavidudenleemnuduRus senIng
AAELA 9 1 S19NITIULNUATWARE

#Messages in SD faduiudeanunaiua lULHUAWEIAU

R11

BSM, CD

NHN1SATINABUAIIUABITUTBILVUT AR IBNARISNE121T91 “Every
Transition on behavioral state machines must be associated with an
operation in a class and an association connecting classes on a class

diagram.” futiuanunsafuInAzLuLYaIngdailldan

#Transitions in BSM Associated with Any Operation and Association in CD
R 11 = (5 1 1)

#Transitions in BSM

lagfi  Ru fie Aiazuuwvesngdedn 11

#Transitions in BSM Associated with Any Operation or
Association in CD fa s1uiunisiasuaniugluliun nasesanuzids

ngnssufamsaseyduiusiunisanliunisluaana 1 518015 wazidu
Wwenlearuduiudszwinseandle 9 1 T1enstulauAIwAaE

#Transitions in BSM fas1uiunisilasuaniugnanunly

UNUATNLATOIANIUZLTING AN TTY
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R BSM, CD NHNINTINFBUANNFBITUVDILUUTIABIWENAWISNAILIIN “Every state i
a behavioral state machine must be associated with a value of an
attribute or a set of attributes that describes an object (of a class).” ﬁ'ﬂﬁgu
ansoRINAzLLLYDINg TotlFN

Ry =

#States in BSM Associated with Any Attribute Value or a Set of Attributes in CD

(5.12)

#States in BSM
Taefl  Riz fie AiAgwuwvasng e 12

#States in BSM Associated with Any Attribute Value or a
Set of Attributes in CD feo d1uiuaatuslunuun1naIosan uyLis

ngRnssuianansaszyldnduiusivavesnudnvue vsewnvainuanyy
1n 9 TuranavesuNunIWAATE
#States in BSM fa S1u3Ua0 1 usMaMUa LULNUATINLASDIEN WY

WWangAnssu

nulgLne UCD ﬁiJ’]EJﬁQLLNuﬂWWEJﬂLﬂﬁ, AD VﬂJ’]EJﬁQLLNUﬂWWﬁﬁ]ﬂiiiJ, CD RUIUDILHUAN
T Y

ARNE, SD MUNTIMNUNINAIFU Az BSM 11809 WNUATNLATOIENTUSLTINGANTTY

aun1stdusansliiiudn ddnguamiiliinngnisasisaeuanudesiuves
wuudnaoswendwasuasaduaunisgen (5.1) - (5.12) weldlun1siulpgnsainueunin
i o Aldesuigluenarsfeduieuuusy nadnsvesaunistosudazaunisasiludndu
o A v (%) | o & =< a1 IJ a | & r-:ll
Junuidanudesiunednuiunmue sianduaanatdeulugig [0,1] euue Inefinziuy
govrosdndruaziliiuinddiuyse nouAdunlisesiu wu Jifles 2 Aanaain 5 panai

fAaafiu IntuIldRzuunYesEINTERsT AN IMARAsEUANNAINYN 9 NN

(%
LYY {

ATUAIATUUUYBIAITAAUAINAZUUUAIUADINUTENINUHUN N ULENATS
AesuswuuUdziluaunadonsening 0 89 1 azuuwuiu vldmnaasuunvesdin
ANAMHBATIING 1 AU 8BMUNEAINTT WU RINaNnlglwenansAtesule
wuugUaenndesdasiuunn usdmnazuuuresininnunmildesndn 1 azuuuiy azdy

dqj Y YV v ! ‘:{I o Y a v ! 1 4 % 1 gj /-é’ o 4
N RRINTIUI wnun it ldesuedliaenadesdesiuludiula el n1svile
AzuuuroIiaTanun iy 1 dueiavsvildenn delugiauisuuvainnsoiansan
aNSUAIATLUUAINAIIUANYEIRLEY anussidounsmuaNANNINYeIBIAnT LA oy

PaUSUMNAZLULNINATN 0.8 AzuuuTuld udy
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A798191 3.3 ASAUIUATIUNANARNIUSERISNUAWIUBNEsART UL UL

Mndeg1suuUgUMseanuUUITeTRgegseniteansfmudidunsdinvives
Inegndnusiand uniauuan n) wuirdinisldumunm 3 1013 Foununiwianssy
LHUATNARE LagUHUAINATU Fea1an3aldanungn1snivaeuaudediuredluuinges
gordwastef 2, 3, 5, 9 uar 10 1§ inaunniFagniludssiduenarssiesuisuuugy

Tunestu 1.0 aunsenabanani1sUseiuAInzwuudin CSD Aatl

- ﬂgsﬁaﬁ 1,4,6,7,8 11 waz 12 19 0 AzwUY LﬁaamﬂlajﬁLLNumwﬁssuﬁmmg
Forhu o

- ngdieft 218 1 azuuy esndfununmAonssy wasununmeaa udlaidingg
Tdulnundeuandluukuninianssuay Jeliaunsafuunuaunisld usaslaazuuu
i flesanivuadouiandordlidnusiodslunisesusuuusuil warldilduansfenalsl
Aoy

- nnden 314 0.33 Azuyu ifleaanilifios 3 Aenssuvidenisnsgsitluikuninaaa
Wiy fanunsaszyldihduiustunisidunsnielunaiavesununimaana anvianun

9 AINTTUNIBNNITNTZYIN

Y v = a A 1% o w & A
- NV 5 19\ 0.78 AZLUY LUBDIINIULWEY 7 SIJE]ﬂ’J’]QJIULLNUQ']Wﬁ’]@ULV]r]uu‘Vlﬁ’]lI’ﬁﬁ

seyldinduiusiuianssuvsenisnssihluiaunmAanssuls niaue 9 Jaadny

[ '
v a

-ng e 9 18 0.75 azwuy Lle9ndifivs 3 doulandluwnunINaIR UL

anusaszylainduiudiueanaluununimeandld anvisuun 4 deuland

-nOUeN 10 16 0.375 Azwuu e ndliiies 3 TomuluMHUNINEIAULYINTUT
aunsaszylaiduiusiunisatiunisasluraansodudeulesnuduiusseninenand

YDINUNINARATEALS NNUA 4 VoA

ﬁqﬁfuﬁi’mgLLuué’ﬁmzLLuummﬁadﬁ’uiwdwLLmuqumLngiJﬂizﬁﬁﬂm NAMIN
NI 5 Ueazlanasiuaall

1+0.33+0.78+0.75+0.375  3.235
CSD = c =5 = 0.647

a8ty HaazluuANABIiuTEnIHuAluenasAeSUIEIUUIY

vouuusUnsdiAnw agldnzuuulaesiudy 0.647 nunsarudnuauninluwuugydaly
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donndesuazfaiuAnduiosay 35.30 FeauluuUannsafiansamnanzwuuwaziden

anguiazdenldlinzuuuiy 1 azwuu wWoiluuilownuninluenaisdresuisnuuguld

| Y o

) I al' Y & 1 a a v & v al'
YNNIBDYINLYU NyvVan 5 VlLLﬁﬂﬂMLMMWLWEN 7 UDAIUINAYINUUA 9 UBAINY V]a']ll']ﬁﬂig‘q

loduiusiufanssunsenisnseyi gimuuuuglanansaunly 8n 2 Yennulvduiusiag

AAARBINUAINTIUNITBNNTNTEYIN LS

4) svinaunniiazvisuinuaudinuiiusslovd

WaRIn: M4

Fosaia: AziuuauivsEleviandadiunisiiwuusululdan (Usefulness
Score from the Pattern Application Proportion)

fda: PAP

AMENUR: ANuTUsE el

q

o/

I3 i Ao g Yy o v A a
’WIQU‘JSmﬂ: LW@LLa@QﬂgLLUUWWqIWE}lWGNuqLL‘U“UEUV]T]‘UVL@’J']LLNUJY]WV]aﬁ‘U’]EJELULaﬂa']i

mesuneiiuselovidmiudunldlugunesesldanunield

luenansAresurguuugudndnisldununineng 9 lun1sesuie fAdargunnids
asemethvangdn “ununmeng o luenansaesuisuuugdaunsailuldnulaasamnug
19 P 1y 08 ¥a a P v 2 ° ]
Aldauaianimseld” MliAalukuifadt Wedldauuwuuguideniiununineig o Ty
enansmesugkuusUvlden ladnsidusenauing q fignesnuuuegluusuninluly
ageATUIUMSTo L FauiAndenagniunldaiisirianunmdadiunisiuuugululy

‘NI o 27 1 ‘:’{I
Nuneulaeeaunisaalul

1op
PAP = ;Zp=1 PAPd’p (6)
logfi  PAP AaArAzuudndIun s uuIUlUTdwaigannn 9 1asanisi
U lUnnasald
P AedwulasansndusunnlukuusUluneaeddeaniuy (mnds

'
a

lunmassltluratslaseaniswinle agdainlinani1sUseutaaudaduvinty)

PAPq, p AerAzkuudndIun s UUIUMNUA W d IUlduveddasansi p

'
= o

Fesudsianansathluldaulatuuaunin 5 unuamgudeiiuiinauamazLuuaY
aesiu lnensAwiaainzkuuiiwlsiasuand1eiueenluauwnunniinueas iy

a a aa [J v ! dy
I18azidenisnsAuIM IR Ul
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) LNUNINAAE

° [ < v A 2/ s ¢ a
dmfuununinaata Wuununmvanngnldluniseenuuulaseasisgendugs o
d7UUENOUATN 9 MINTDAINUATDINIYILDNLDA LTU ABE ANANYUYVOIAANE N1
ANTAUNITVDIAAE LATANUALNUSTENINNARELUUAS 9 Vinbianansamudadiunisii

wuugUllgnudmsusnunmeanalansaunisdeluil

CPp+ APp+ OPp+ AscPp+ GenPp+ AgrPp+ComPy

PAPqssp = (7)

Nelement
el PAPeassp  AoA1Azkuudadiunisiiununinaataveshuugululdanlu

Tasans? p Jsmpzuuwvesiyinnunmiaziduaweadoulugg [0,1]

CPp AerAzuuudndiunisiinataiegluLiunInAaIaveLenans
FosusuuugUllfeenuuunraiavesinsenisit p sesturunanaiamsluenaisiedue
wuugy (Aanelufitisausia Abstract Class, Concrete Class g Interface) nadnsazifuias
nefeslugaa [0,1] Aazdunaldan

#Classes Applied in Project p
Ch, = (7.1)

#Classes in the Pattern Description

A 1

APy ABAAZLUNARAIUNTUIANAN YU YRIARNETIDY LUK LA INARTE
vodenasresuewuuiUlvldosnuuuaataredlasenisi p sediuiuaudnuvasuanaId
VaiualuenansAesutenuugl madnsasduaanadenlugag [0,1] NazAmuanldain

#Attributes Applied in Project p
AP, = (7.2)

#Attributes in the Pattern Description

OP, AarAzLULdRdIUNTUINSALUNNTYRIAaTg LUl U AR E
yaaanansmesuiewuusUlivldesnuuunatavedasenisi p Aeduaun AU TNvLn
”Lmaﬂmiﬁ’]a%mmwugﬂ azifudavnatoulutig [0,1] AazAwinlaain

#O0perations Applied in Project p
OP, = (7.3)

#Operations in the Pattern Description

AscP, ADAIAZLUUERNAIUNITUNIAMNFURUSLUU Association S¥nIAand
‘ﬁlangIuLLNUﬂWWﬂa’Iﬁ‘U@QL@ﬂﬁ’]iﬁ?@%‘U’]EJLLUUEUI‘UI%J@’EJ?]LLUUﬂaWﬁ‘Uaﬂiﬂiflﬂﬁ‘ﬁl P 79U
mmé’mﬁuﬁ‘méﬂﬁuﬁmumimaﬂmiﬁﬂa%maLL‘U‘U;“LJ sz fuiawnadonlugaa [0,1] Nz
Aalaann

#Association Relationships Applied in Project p

Asch =

#Association Relationships in the Pattern Description
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GenP, ADANATLUUFAAIUNTITUIAIIUFUNUSWUY Generalization SE1#319
AaNa 13ANNANTLSILUY Realization 531314 Interface Auaaafiogluusun mAataves
onansdesusuuusUlulfeanuuunaravedlasinisil p deduruanuduiudivantu
ﬁy’wmiul,aﬂmiﬁwaﬁmmmugﬂ avfuaanadenluag [0,1] fiazFuallaain

#Generalization/Realization Relationships Applied in Project p

Gean = (7.5)

#Generalization/Realization Relationships in the Pattern Description
AgrP, ADAIAZLULARAIUNNTUNIAUENNUSWUU Aggregation S¥WINNAANE
ﬁ’t’]&ﬂuLLNUﬂWWﬂaWﬁGU'@QL@ﬂﬁ?iﬁT@%‘UWEJLL‘U‘UE‘UI‘UI%@@?]LLUUﬂaWﬂsﬂaﬂiﬂiﬂﬂqﬁﬁ p HOIUIUY

ANFuRusSInaTuNmualulenalsAesulekuuy dziTuavneadoulusig [0,1] Ay

AIlAIN
#Aggregation Relationships Applied in Project p
Agrb, = (7.6)
#Aggregation Relationships in the Pattern Description
ComP, AoAIAZLUUEAdIUN1TIIAIUFURUSLUY Composition SE1I19

Aaranegluunun nAataveenasAesuskuusUildeenuuuaataveslaseinisi p se

o v o 6 R o a < a 1 a
mmummauwuammuumwmimaﬂmsmaﬁmagﬂ Q%LUUL@‘UW?TUEI@JIU‘U’N [0,1] Nag

Aualaan
#Composition Relationships Applied in Project p
ComP, = (7.7)
#Composition Relationships in the Pattern Description
Nelement At uIudIuUsEnauTInuaignldesutvegluununInaa1aves

lonasAetutgluusy endiegiatu luununmaatauseneunig Aata n1sALung

v o 6 . . v o 6 A . 1 Y} éj I
AUEUNUSILUU Association WagAINUANNUSWLUY Generalization A1vaIRkUsiazidy 4
) LHUANY LA

dwsuuwnunmgaiag luuieasagnianldesuieflandunisvitauvesiuugy &

4

duUsEnausne q MUdeAUANISTEULHLAIN 6 dIUAD InTey yawnd ARNAuTUSLUY
Association AMUAUNUSUUU Generalization ANMUFUAUSLUU include WarAIUFURUS
WUU extend %ﬂawmmﬁwmmﬂ"mzLLuuﬁmﬁaumsﬁﬂﬂ%’mmmLLmumWs_gamalﬁé’fqammi
seluil

Acth+ UCPp+Asch+ Gean+ Inch+ Exth

PAP, casep — (8)

Nelement

108 PAPusecasep ABANAZLUUARAIUNITUILHUA Mg aAdvRswuUsULUTg Ty

1p59n1391 p Fempzuuuresiinnunmilaziluaunadonluga [0,1]
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(% L3

ActP, AoArRzluudadIunIsidgyanvaldnszvitneglunnuninlule

1
v Y Y
9/

9ONKUUITEUUYBIIATINTY p saduiudydnualgnserivianualuienaisAiesuigiuugy
waansazuawnatenlugia [0,1] favAwinilaann

#Actors Applied in Project p

Acth = (8.1)

#Actors in the Pattern Description

UCP, fAefrazuuudndiunsidydnvalganaiogluununinllle
99NLUUTEUUYRlATINTTT p Giaai’ﬂmué'zgé’ﬂwaigaLﬂaﬁu’wmimaﬂmiﬁwa%maLLU‘UEU
nadnsaziduawmnaionlutiag [0,1] Hazduanldain

#Use Cases Applied in Project p

UCP, = 8.2)

#Use Cases in the Pattern Description
AscPp ABAIALLUUAAAIUNITUIAIUFUNUSILUY Association 581314

Ansyihivgananegluununnluldeonwuuszuuvedlasinisi p sediuiuanuduiug

] [J

AR o a < a ! v
mmuum‘wumimarwmamaamaLLU‘U;U ﬁ]%LUULa“UVIﬂUEJMIu“U’N [0,1] % 8?1’]1!']@1‘!1@‘\]’]?]

#Association Relationships Applied in Project p

Asch = (8.3)

#Association Relationships in the Pattern Description
GenP, AoA1AZUUdAdIUNITUIANUENNUSLUY Generalization 581314
Ansginarsenitgananeglunnuninluldeanuuussuuvedasinisi p dediuiu

AuFuRusinatunualuenaisAeiulekuuy dziduavnedoulusig [0,1] Ay

AIlAN
#Generalization Relationships Applied in Project p
Genb, = (8.4)
#Generalization Relationships in the Pattern Description
IncPy AaFAzRUUdRdIUN1TIANNFUTUSIUY Include Seninsgaiaad

aglunnunnluldoanuuussuuredlasenisi p dednuiuanuduiusmvaiiununly
wnansAesutewuuy ssiluaunaiionluie [0,1] Nzduwinlian

#Include Relationships Applied in Project p

Inch = (8.5)

#Include Relationships in the Pattern Description

ExtPp AoArAzluudndIuN1TUIAIUFURUSIUU Extend iwdwqamaﬁ
ogluununwluldoanuuuszuureslasesnsd p dedruauanuduiusimaiuiomualy
enansAesuIekuuy asiluaunationlugis [0,1] fiazmuanildann

#Extend Relationships Applied in Project p

ExtP, = (8.6)

#Extend Relationships in the Pattern Description
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Nelement ARTwINAINUTEN U IMNATIgnIFaT U o lukkUN N g aLAA YRS
naENsAesUIeLUUIY endleg 10ty TuununmgainaUsenauiy dydnvalgnseyin
doydnualgaiaa AUENRTUSIUY Association wagANUFUTUSKUY Include A1vaIiILUTll

iy 4

A) LAUAINAINTTY

LHuNMARTIUBATngniu g s ueaSu18AaNTTUNTENTEUIUNITIINIUY DY
WuUsU Jdudsenaudie 9 audefmuansieulkunn 8 diufe Aanssu/nsnseyi 1éu
A Yy A & ¢ U a L.
WRUNTIMaveIN1IAIVAN W UTaNNISInaveddaulang Iuadndula (Decision Node)
Tunana1u (Merge Node) Tuannauen (Fork Node) luusidon (Join Node) wagluundou
\anel (Object Node) vilanansamuwinidndiunisiuuusuludeudmsuwsuninianssy
lansaunsaa Uil

ACtP,+ CtrlFP,+0bjFPy+ DPy+ MPy+ FPp+ JPp+0bjPy

PAPyctivityp = 9)

Nelement
108 PAPactiviy,p  AaA1Aviuudndiun1sdisrun nianssuveswuugululdauly

l59n1391 p Femezuuuvasiinnunmiaziluavnadonlutia [0,1]

ActPp AOAAZLUUAAAIUNITUN ﬁﬁ]mim/msmzﬁwﬁ'agﬂuumumwﬁﬁ] QPP
ldeenuuusyuuvestasenisit p (FoadudenssuiiaggnardumuiiesuieliTuuuugude)
G]Ia’ai’m’mﬁ%ﬂiim/ﬂﬁﬂﬁ%ﬁﬁﬁgﬂﬁmﬂmaﬂﬁﬁﬁ?@%‘uwLL‘U‘UE‘U nasnsaziJuaunadonludag
[0,1] flvzdnuandléann

#Activities/Actions Applied in Project p

ActP, = 9.1)

#Activities/Actions in the Pattern Description

CtrIFPp AerAzuuudndiunisinduiiennisinavesnisaruauiieglu
wuunmdanssululdesnuuussuvveslasenisit p Gavdfenssunisnssidunie uae
z/m&l%NﬁazyZ&;”d’imim‘"vﬁaﬁuwmmwugﬂﬁw) sesuududoumaniuiimaluenas
Aesuewuugy naansasduauvadenlugag [0,1] fazauanilaan

#Control Flow Edges Applied in Project p

CtriFP, = 9.2)

#Control Flow Edgea in the Pattern Description
ObjFP, Aedrazuuudadiunisindwfounisinavesdeuiansfiogluy
wwunmnanssululgoaniuussuueelaseinisit p WesdAenssu/n1snseviiielvun

SOUBNIINAUNN kagUaren e ylansinuiiesurel duuuuuhig) dednuiuduioy
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wiantuisnualuenasmesuiewuugy naansanduawnaienluga [0,1] NazAuals

1A
. #Object Flow Edges Applied in Project p
ObjFP, = (9.3)
#0bject Flow Edges in the Pattern Description
DP, Aarmzkuudndiun s lnuadndulanegluununimianssululy

sanuuusTULYedlasn1si p (WoediSenlynmsdndulaiseylarmsiduiiesureliluuuugy)

9

sodnuulnuadndulavianusluenalsiesuiswuugy nadnsssluawneafionluyas [0,1]

= ° o
Nazaulaan
#Decision Nodes Applied in Project p
DP, = (9.9)
#Decision Nodes in the Pattern Description
= 1 £ 1 -] Q" | a v
MP;, AeArAvLuudndIun1si lnuanaueglulrua mAanssulyly

20NKUVTTULYRlATINIGT p AodnuiulnuaRa Ut luleNa15ANa5UIBLUUIY Naans
asifuaunationluaig [0,1] Nzeulnlaain

#Merge Nodes Applied in Project p
MP, = (9.5)

#Merge Nodes in the Pattern Description

FPp AeAAziuudndIun1 s nuanawenieglunnuninianssululy
20NKUUITUUVRILATINGT p AadiurulvnuanisLennmualuenasAesulgwuuiy
naansaziJuaanaiouludag [0,1] NagArnalaain

#Fork Nodes Applied in Project p
F Pp — (9.6)
#Fork Nodes in the Pattern Description

I 1

JPp AaA1Azkuudndiun s lruaeunagluununnAanssululy
2ONKUUITULVRALATINAGA p Aednwiulnua@ounmunluenaIsAesugluusy Haansae

Juwawnedeulugie [0,1] Aageunnlsain

IR, =

ObjP, Aormzuuudndrunisininundeuandfioglusnunmianssululy

#Join Nodes Applied in Project p

(9.6)

#Join Nodes in the Pattern Description

20NKUUITUUDALATINITT p soduiulnundoulandvianualulonalsAieSulgnuugy
nadnSazduawnatoulugag [0,1] Hazauialaain

#0bject Nodes Applied in Project p

ObjP, = (9.6)

#0bject Nodes in the Pattern Description
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Nelement AduINdINUTENRUT LA gnidas U agluLHUnINAINTTUVRS
LONASA195UIEKUUIY 8NAE 1YY TUUNUAINAINTTUUTENBUMIY AANTTU/N1TNTEI

dueumslwaniseu Inuedaduls wazlnuaraiu Awesdudstazdu 4
1) WNUAINEANY

wHunmasugnianldesuenginssunisinnusiuiuresdeundvenana My

HAGNEYDINITEBNRUUANIUUIU BILHUNINEAUIZUTENBUMEEINUTZNBUAIY 9 AU

¥ o Y Aa <

YDMNAUANITLTYULHUNIN 6 @IUAD LINTLN LEUTINDBULAINAVBIAANE (Life Line) vdu

[

U9AU (Message) LdUnaUaUDY (Response) d@unaidon (Alternative Fragment) wagdiu
153U (Loop Fragment) vivbvianunsadiuindndiunisiivugulvldnudwiuununm
Aanssulansaunisaalull

ActPp+ LLPy+MsgPy+ ResPy+ AltFragPy+ LoopFragP,

PAPsequencep = (10)

Nelement

1087 PAPsequence,p  ABAIAZMUNARAIUNITUIMKNUNING R UvDIUUFULUTT 1l

Tasans? p Jspzuuwvesiyinnunmiaziduaweadeuluga [0,1]

[ o o

ActP, AerAzkuudndIun s dyanvalinseviiegluununmadululy
20NLUUTTUURIlATINTTY p dodutudydnvalinsevivianualutenatsdresuieuuugy
naansaziduaanaiiouludag [0,1] NagAnalaain

#Actors Applied in Project p

Acth = (10.1)

#Actors in the Pattern Description

LLP, feAazuuudadiumniiduiindoulandvesaanaiiogluununmn
sululdoenuuusyuuvedassnsi p desuiuduiinseumnsvesnaaraasluenans
Aesuewuugy naansasduauvadenlugag [0,1] fazauanilaan

#0bject Life Lines Applied in Project p

LLP, = (10.2)

#0bject Life Lines in the Pattern Description

MsgPy ferazuuudndiunisindutennuieglununinddululd
oonuuuszULYaslasansil p (oadududonimidisdumuazvaremmsaiviszylily
sy sanisegludrduingedu) dedriududornuimusluonasdedusuuugy
nadnsaziduawmaionlutig [0,1] Hazduanddan

#Messages Applied in Project p

Msgh, = (10.3)

#Messages in the Pattern Description
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ResPp AA1AzkuudndIun1TdNdunauauasoglunuawaaulUly

ganuuUIEUUTedlasen1sN p (oududunavauesidviedunisuay Uaten g sinuiiseyld

luwvugy sasegluainuingiy) dednuiuduneuaussivualuenaisAesuieuuugy
naswsaz duanatodluaig [0,1] Nazeuinlaain

#Responses Applied in Project p

Rest = (10.4)

#Responses in the Pattern Description

AltFragP,  Aemiaziuudndiunisiidrunadeniegluwkuninaiaululy
ganuuusTULYedlasinsh p (Fesdivoulyniudeniiszyla95eiu) seduiudiuniuien
& o a v ¢ [ a 1 d' o 14
anualuenatsmesuienuuiy naansasduawnalionluyis [0,1] Maguinlaain

#Alternate Fragments Applied in Project p

AltFragP, = (10.5)

#Alternate Fragments in the Pattern Description

LoopFragP, ferazuuudndiunisiidiunisiuginegluinuninaidulyly
ganuuUsEUUYedlAsensn p WoediTouluntsaue sy yladimsandu) dednuiudiunisiug,
& [ a v [ a 1 d' o 14
anualuenatsAesuienuuiy naansasduawnationluyis [0,1] Magmuinlaain

#Loop Fragments Applied in Project p

LoopFragP, = (10.6)

#Loop Fragments in the Pattern Description
Netement AeduIudiulsEnouanuangnldesurgegluununindrfuves
NEIAaSUIEWULU endag1adu Uk maWuUTENaUMIY §nseih ldudeninu wag

Y aa & ¢ | ) & &
LAUINDDULINAVRIAAE ANUDIRILUSUILLTU 3

9) WNUNINLATOIADTUSLTINGANTTY

uHuAMLATesEa LT INg Anssuanunsagnihuildesutsnisidsuutasanius
vosdoulnafidudeutesrana TnsununinazUsenausiediuusznauna 9 audermu
MATEUUNUATN 2 dufle dnuy (State) warn1sidsuaniug (Transition) Vildanunse
AuandadiunsiuuusululdnudmivununinedesaniuzidmgAnssu lfdsannis
sigluil

StatePp + Transt

PAPstatep = (11)

Nelement

e PAPstate, p ADAIATLUUFAAIUNITUILNUNINLATIANTIULLTINGANTTUVDY

wuugUluldanululasinisi p Ssmnziuuvesdrinnunmilasiduauedenlugog [0,1]

= 1 L4 ! o dl 1 d‘ a
StatePp ﬂ@?‘ﬂﬂ%LLHUﬁﬂﬁ’]‘Uﬂqiuqaﬂ'IMSVIQQIULLNUﬂ']WLﬂi@\‘iﬁﬂﬁuzmjfl

woAnssululdesnuuuszuuvetlasainish p (Fesddevesaniueiszylaimsinuwuusy) ve
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Juudauzianualuenasiesutewuuil naansaziluiaanadenluyag [0,1] Nag

Aulaan
#States Applied in Project p
Stateb, = (11.1)
#States in the Pattern Description
= 1 U 1 o dl dl L} ﬁl
Transt ADANAZLLUUANAIUNTITUN ﬂ?ﬁL‘UaEJ‘Uﬁﬂ']qul@QIULLNUﬂ’]‘W LATBY

anuidangAnssululdesnuuuszuuvedlasinsi p (Hesdivoulumsivaeuiiseylaiinss
Aukuygy) seduiunisiasuaniugnaualuienalsiieduiewuuy nadnsaziluiay
nefouluaig [0,1] NazAwialaain

#Transitions Applied in Project p

Transt = (11.2)

#Transitions in the Pattern Description
Netement AedwIudUsENRUNIMUATgnltesungaglukNun AT o san UL
INGANTTUYDLBNAITAITUIBLUUTY BnFIag 1l TUIHUAINIATEENUELTINGANTTY

Usznaudey annue wazn1swasuaniuy Avesinusiasdy 2

lumedan Arziuuvesiiindadiunisdiwuuululdauil lddasdlldiu

& a 7 ' =2 = o oA =
wnunlaaziluaunaiondud 0 89 1 avhuy mafiaanisfoununnlunuusunisasd
Usgleviuasyinligldanuiluldanuldnaue vilild 1 azuuwiu uinsildazuuudoy

Yy v

191 1 agsuu ndunsilimuiuuugunsiuin Suiddseneuiiligninluldanulunis

Y Y

£ L4

aanluuA1NlATINITYeeldy giauiLuugUansafiansanladtdiusenouuy 9
o & v = ! = v 1 & g & o b4 v
Pulusesndhilunuusunieli visemsdndiudsenauiu o ean il mvhlviazuuuleswn
Taaunmiilu 1 duenvagyilienn dulugiauiiuuvaunsafiansangousuainzwu
AuANITILTRINULDY vienusuidunsAIuANAMA NYRIBIAnsld 1l sanSUMNATILLL

11NN 0.8 Avwuuuly WWusiu
Ad9e197 3.4 MmsauauaziuudadiunsinuuUluldnu

31NAI9g1MUUIUNITERNLULLTNIng agseninsn simunidunsdanwives

entinusiauil (uniaswin n) warauudliiinaiununmeanaluenaisiesuieuuusy
e o v a4 o o PV

nsalfnwldldoanuuumuanudenis 1 1asenis wasdisiununmaatamdunadngns

ONLUVANNLATINITHINGTY UIANUIUALARZAILUS IO NATNSHINITIN 3.14
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MI57 3.14 98N IAINMAzIIEAF N T v sUlUTTa

fauUsting
. . . IuIUdIUNYTZNY o e .
AuUs uIudlsENa . - NaAWSHAdIY
4 e s luanansdaiune
ngninluly
wuuzy
ARG 8 10 8/10 = 0.80
AMANYUZVDIAAA - - -
msafiunisvesrand 14 16 14/16 = 0.875
AMUFUNUSIUU Association 4 8 4/8 = 0.50
ANMUFUNUSIUU Generalization 0 1 0/1=0
AUENRUSILUU Aggregation S - -
AUENRUSIUU Composition - - -

[y

satumaziuuiyindadiunaihuuusululdnuremuusunsdifing azlanasiudedl

080+ 0875+05+0 2175
7 =

HaansreIRITnAuAINArkuUAuiiUsElevindadun1siwuusUlul g

PAP, = = 0.5435

¥ k4 o Y = Y1 % ] o v a gj ! A
P1asu iiiulainaasuuudadiunisiuusululdnugnanainviavan ¢ diudsenaud

Usnglunnuninaaavedienansateduieuuusy wagldnzuuunasiudu 0.5435 Azuuy

=

Fenneauindesar 45.65 vasdiuusenauvasiunnaaaluenaismesuigiuugulyl
gniunld M Wawinvusvatunsadinanzuuuluiintsanladn diudsenaulaves
uunmaanadilignideniluldusslod M‘%@Q‘lﬁﬁmumLsﬁﬂﬁ]mﬂ%’muﬁ’guﬂizﬂauﬁu 9
BnFogaTL R1saniishuls CPp ld 0.8 Avwuw WUIIAaNa ConcreteOnBahalfManager
wazdumesile OnBahalfManager lignidentluld usiilefiansauniiaiudesnisves

o
2 1 [ 4

lAsanNstu q wdanudnlideanisldauaaianingn daugiauiwuugainsaiatsanle

dd‘d ¥

MATAzAIRaNALar U asINeTaRd A lunsanlauAsIn1sNAgTawar s ud gy
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[

Tupeuilinadnsgainadusenisiiinnuninianun 4 s1en1sNaunsoazviey
! wa o g ! 2/ Y o [ = v
AzLuuRuAMYBtiazAuau AN Tey b lutuneunountile Awguiluanuwenlealany
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m15799] 3.15 ayUFIIRRaN M NG BLAL AaU AT IB USRI INTINE 1781

9

v o ausulAniaziioy | audnwande
AINAMAIN .
DIAMUNN AN

M-1: frinRaunmazLLLANLATUR U IAALET ANUATUEIY FuesAEH
failluwsiagideveaenansaesueuuugy - DKT nelunuugl
M-2: f¥aaun nazLuun1se1ulddevenian nseuladeg Funwily
neluenansiesuiewuugy - CRE BEVREIRNTEY
M-3: A7 IAAMATNAZLUUAIINABINUTENTUNUA N ANUABIN
TuenansAeBunewuugy - CSD suesARILTl
M-a: frinaunInaziuuauivselosiaindadiu AudiUselevl nelunuugy
msthuuugdluldnu - PAP

3.1.5 szydluUsenauvesLuuUN1TaanLuULGedng

wdniaseirinnunmlutuneuneuntdiseudesuds Junsuiidunisszy
druUsznoureuuIUNTTRRNUUULGLIng (Vuenansmesuiewuuiy) Faglddminildaain
TUROUNKAILUNTINAMA N

[ [

MnMsAnwIRauATins nilede uaznuideitausuuugunisesnuuuiBaing
UseNaunienwiae [2, 3, 5, 9, 18-21] wuiudazuildiulsznouvesuuIUnITeBnkuY
Fe¥mgiunndraty wazannsndnngudintsznaumandudidetuldidu 2 ndu fe aau
goudoniiiutenan (Textual Content) wasarunIsunauiTusaLn (Diagrammatic

Representation) 3N Uu31ATIg%AITnAun AL Lauelunouniildninisiauy
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i
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AN
M-1: DKT SGRNGRM! 13n DKT dauumn 9 ﬁqsﬁaﬁaaﬂumﬂmsﬁwa%ma

wuusy Fesrumaiilufienndeninuuazns
UnauemgurunInifissdauiasuiunielyl

RasuIrinviaesdu
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+get_pattern_description(String pattem_id, float version) : PatternDescription

+delete pattern description(String pattern _id, float version) : boolean
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Metric
-Metric_ID : int MetricVariable
-Metric_Name : String Variable 1D : int
-Metric_Abbreviation : String Variable Name - String
-Metric_Description : String ¥ ~Variable_Description : String
-Metric_Associated QA : String
O— +create_variable(MetricVariable v) : void

-Metric_Associated QCP : String 1

+get_variable(int id) : MetricVariable
-Metric_Variable_List : List<MetricVariable>

+get variable_all(int metric_id) : List<MetricVariable>
+create_metric(Metric m) : void +update_variable(MetricVariable v) : boolean
+get_metric(int id) : Metric +delete variable(int id) : boolean

+get_metric_all() : List<Metric>
+update_metric(Metric m) : boolean

+delete_metric() : boolean
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Report

-Report_ID : int
-Report_Date : Date
-Report_Pattern : Pattern
-Report_Version : float

-Report_Result : List<AssessmentResult>

+generate_report(Pattern p, float version) : void

+export_to PDF(Report 1) : void

JU7 5.12 panaine1niusigendsyiansussdunainm



99

PUEIALNELUCHNMUERUIAME LI LLEULCRIRBIAEALE €1°G UNE

<jeoY “aujAW>AIRUOIDIQ | (JIIEISP JLIBW YIM 1)Nsal 198+
120)) © ()2100S 2RINDJED+
PIOA © (21025 1ROY ‘Pl JUIJRI0DS S)gBLURA 135+

<Je0)) ‘JuI=AIRUONDI] | (J2I00S 3jqeleA 188+

<jeOy ‘13 >A1eUoNq ¢ (]

19p JU1SW YIM Jnsas 198+
1e0Y : ()21035 3JRINIRI+
PIOA © (24005 JeOY ‘Pl JUI)210DS I|qeleA 135+

<1eoy uI>Aleuondlq | (J2I0ds S\qeLeA 138+

<jeOY “JUBW>AIRUOIDIA © (JIIISP JLIBW UIM 1)Nsal 198+

14 1 (21005 23e)NDjeD+

PIOA © (21025 JEOY ‘DI JUIJSI0DS S)gBURA 135+

<jeo)) ‘WuI=AIRUONDI] | (JI00S 3)qeleA 188+

<3)GRUBADLIB>ISIT £ 15IT 21005 3)qRLRA-

180} 1 21025 |10 -

<3|GRUBADILNSN>1SIT : 1517 24005 S)CRLEA-

1e0)) © 2I035 |10 -

Suug : awepn dido) -
<3\0RUBADLIBW>1SIT : 35T 21005 3|qeLIeA-

180} 1 21005 |10 -

<je0y “JaW>AIeuonDIg | ())IBISp JUISW YUM Jnsa) 198+
1R0)) © ()2U00S 31RINDJED+

PIOA : (21005 120y ‘Pl

1)31008 J|qelen 135+

<]eoy uI>AleuonDI] | (JRI0dS S\qeUeA 128+

<3)GRUBADINSN>1SIT : 1517 24005 S|0RLEA-

180)) : 31035 |@10L-

NNsaddvd

NNsayasd

NNs3Y3IYO

nnsayLNa

<je0) “JINBW>AIBUOIIIQ : ())IEI9P DUIBUI UM J)Nsal a8+

1RO} @ ()2I00S B1BINDJED+

1e0)) : 3105 €01~

JNSBYIUBWISSISSY

<<@OBHBJU|>>




100

5.2.4 WHUATMNAINU

naINNMualATIEiveItayamgLnuaInAaalawad n1seanwuulagly

U =)

LHUAMNAIRUINBYE18AIUTURBUNNTYINIUTINYBIAAaTIBoNKUL Fagniuly SIums

£

ANdNTUSAURNTeY ({lEnu) veuasesiislasnme lnun1seaniuutunaunITyineIume

Y

wrunmaduludulazuiannuyaveranauiiediu Jalsieazidenlulsasyndssialuil
1) wnuawasunneItugldnuy

dmFuurun s ungIiUglduTuIzlanIdunauNsYius i uYenaialy
o Y g v 4 vy % =i &

nsadasidnldan uaznisasdaidildainy dwanddusun 5.14 IngunoulsNUBILNUAIN
o w oy o v v ] s = & W
aRukansd gnsedin ({ldanw) awnsadiinasiedeuand User Fadusunuvesraia User
lalaenisdsdoninuiien (Call Message) titaldeunisaniiunis create_user() haznsan
Poyamuwuulasy nieuiaduiiniinggiudeya Mnduilistuiiniseusegavinisnouaues
Tugagldaudemnudnialunstuiinnisadasdndae uwazdleainsieuiesuds §ldau
eRITaRguaATTUUINEnTIRaBuNsadaswasimundvanisldeumgnsdionnasennis
ALHUNTT set user status() kag grant user permission() Y84AaNd Administrator #&397n
ulfnuizaunsaasweidildnuniadonisnisdsdonnusennsaniiunis login()
voemand User wioidnldaunuundld sunssiisfldanudesmnisadadunsldom fldnuis

dadaAnusenn1saiiung logout() vespana User Liteaanainszuuldegeauysel

Tool
% anAdmin : %
Administrator

User T Administrator

| ___ __'__> aUser : User

create_user() :

successful applied response

set_user_sfatus()

grant_user_germission()

login() |

-

[User intends to logout]

logout()
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sd Tool)

% aPattern : aPatternDesc : PatternDescription aPatternList : PatternList
Pattern

Pattern Developer T
<<Create>>

aDeveloper :

PatternDeveloper

I
add_a_pattem() |
’J.

create_pattern()

create_pattern_description()

add a_pattern(aPattern)

succgssful response
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PatternAssessor aadUaA11LT8NN15A1LTUNTT calculate score() vosAad CREResult
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| _ _<_ r_a_e-:)_ > anAssessor : PatternAssessor I | | |
| | | |
| | | |
| I \ | \
| | | | |
assess_a_pattem() | | | | |
| | | |
| | | |
T T T T
att | | I [
| | | |
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[Assess using CRE] calculate_scorel) 1 | ] |
| | |
successful assessment response | | |
************* | | |
- F=== f f 1
[Assess using DKT) : sel_variable_scorel) } } }
T | |
| calculate_scarel) | |
4 | |
successful assessment response : } }
______________ [ | |
L __ I s ; ;
1 r ! H K
| | | |
[Assess using CSD] | | sel_variable_scorel) | |
.
T I |
| | calculate_score() |
T f |
successful assessment response | | |
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T | | |
- | I | ]
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I I i -
: } } caleulate_scorel)
successful assessment response | | |
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| | |
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| | | |
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M | | | | |
generate_report() | | | | |
M get_result with metric_detail) | | | |
| | |
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gegrese.n\tﬁwmhimetrlcideta.il() | } }
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QAM-OODP Support Tool
example@abc.com

Password

Create an account or forgot password

FUT 5.20 dauslatseaugldanminenisasteitlea

QAM -~ — 1 Tool

Enter an email address
e

[ admin

Password

Create an account or forgot password

U7 5.21 mhaemsasteiililasinatednnainnsaliiogdiualiignguuuy

2) dwsiedsvanugldaumiaenisadasnldan

druseuszarugldnuniivenisaseidinldnuasiidaidmsvaiieatydgldlng

(Create an account) Tgldanundaluifidaydaansadumioweadasidnldiuniasiols ¥

a ¢ v v A
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d‘ o a Q‘ 1
A5I9daULNanuAanNsaa b
3) dwseUszanudldauniivenisiusianiu

lunsangldauausianu gldnuaunsanadinfsiausiasiu (Forgot Password)
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Account Registration

Name, e.g. John Henry
Email, e.g. example@abc.com
Password

Confirm Password

Go back

U1 5.22 daumevssaruglisrumhaenisadanidldeunieile

Forgot Password

example@abc.com

Send an email

U 5.23 daumoUsea gl 99rumiaeausianii

4) dwsieusvauglianuniaounyuesa

wasndldauainsaasedldladnisauds insesloazuansninvaunvuesn
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MUNINA LA Lﬂuﬂéaaaq%uuwamﬁwa Ingdiudeusyaugldanuntasunyussa
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Harildnuazunnsiuesnluauunuinvesldnuvuyiu laun

. dwsugguaszuvazanunsadiuteyariaonun Suiarannsadnduasldaulaluyn
Handuany @yaudreasunmun) wazddiuynisdnnsdgddldaunaunsaldaula

RN EHALATUUBNEY (RagUT 5.24)
o [ .Y < ' £ £ < o A v [
. dmiudimuwuuguazsiiiundesteyanuuuiudnuwuuguiifeitesiunuies

WY LLazmmm‘L%muwlﬁLﬁmLugﬁﬂsmiuwgﬂ WAZLIYI I8N (é’fqgﬂﬁ 5.25)

. dmSuusziunuuguasiiusen1suuuguisen1suseiliu NaesiuuuITLan
FuruwuugUavae (Widrdawdwuuslvesdldnuaulaaumis) wazasiiuysienisseidiu

An i saldnulduanInFiRuILUUIY (RagU 5.26)

@ Dashboard conolpanel

Summary -

PATTERNS PENDING ASSESSED COMPLETED
(] . 0/0 o/0 0/0

No. of Patterns 0% are pending 0% are assessed 0% completed

Pending-for-Assessing Pattern List +
Assessed Pattern List +
Your Pattern List +

U 5.24 dusioUssanugl9aumineunsuesad MU gua Ty UY

ﬁ Dashboard control Panel

Summary -

PATTERNS
1

PENDING ASSESSED COMPLETED
0/1 1/1 0/1

No. of Patterns 0% are pending 100% are assessed 0% completed

Your Pattern List -

Pattern ID Name Creator Name Assess on Status
Version

P-01 Collection Limitation Pattern Theeraporn Suphakul 1.0

U 5.25 gaumevssanugliarumiveunvuesad msughinuuugy
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@ Dashboard controlpare

Summary -

ASSESSED COMPLETED
1/1 0/1

PATTERNS PENDING
1 " o/1

No. of Patterns 0% are pending 100% are assessed 0% completed

Pending-for-Assessing Pattern List -

Pattern ID Pattern Name Pattern Version

P-01 Collection Limitation Pattern 1.0

Assessed Pattern List -

Pattern ID Pattern Name Pattern Version
U1 5.26 drumessaruglierumiseunvuesad mivgUssdiuuuugy

vV

5) dwuseUszanudldauniniesiens wassigasidenda B lve
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ALy Fegguaszuuainsadeniidy “Edit” Autievesuias U dgldiierdluuiladoya
veaUyBiu 9 19 wenanidouaszuudiarunsaiudydildlvddienisnandy “Add a

user” muuuladneie daanslugui 5.27

* User management
No. Username Email Address Role Status
1 admin admin@qam com [rcuve

U 5.27 dumeUssaruglvauminesign)sUy it

¥ A

Ingilladauaseuuidoniily “Add a user” vsaidenyidy “Edit” Yol Bgldanu

Y

a9 wseaiieazuansniieesisazsBon Udgldnu Judusuunesudmiunsandeya

v

1 a (% & v o/ 4 (% PN = 14
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(Dropdown) Tidenunumminfveslday uazanuzverldnu (@nuzvesiydgldnu

Y

o
Y

11 2 anurhie Waldau uarlaldaw) Ndguaszuvavlavsimuadeyadiuivintgy

w User petail

Add/Edit User Details

Full Name Email address
Password Confirm Password

Status Role

Disable - Select Role =

571 5.28 Aausovszarglsanumheessasiden vy lsau
nianiifguaszuunsendeyaiiioadsaddldaulnl wioudlateyatadildny
WWuSeuTosuda fouaszuusioenaiity “Submit” fua lelriaTesiliovhnstuiindoya
dgudeya uasadosionsuanmihaenenstyddldnu wieutuwansonuuduiion

msudluasaseuiosdne Awandlugun 5.29

* User management
Saved! A user (developerl@gam.com) has been added successfully!
No. Username Email Address Role Status
! admin admin@gam.com i B G [ m0ae
2 Theeraporn Suphakul developerl@gam.com m m

JUT 5.29 mhees1em sy Bgl9au vasomiiuvseunluiseusos duanitonauuduiou
6) dusaUszanudldauninrenisiudeusiadi
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Fofliuvesnuewnuuurvemiiiee ududoniity “Change Password” 33Ul 5.30
Mniunthrovzuansuuuefunsdsustaiuigldeuasdosnsonsaiuiy uas

siasulv 2 A3Y Feaganunsadeusviaiile dwansdugui 5.31
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QAM-OODP Tool @) <cnin

@ Dashboard corol ranel

Summary

PATTERNS ASSESSED

1 . Qg 1/1

No. of Patterns 100% are pending 100% are asses. .

@ Change Password @ Sign out

JU 5.30 mhawiusingvainaileneudosl 59 umuuLyII9edniiee

a% Cha Nge Ppassword

Enter Details

Old Password

New Password

Confirm New Password

U 5.31 dmoUssaruglaanuniniensiuaeusianu
7) dwseUszanudltaumingesents waseazideauuugy
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1o Tngnsnanidy “Add a pattern” duinuy wsey “Edit” audrsuugundesuily
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& Pattern
Pattern 1D Name Creator Name Assess on Status
Version
P-01 Collection Limitation Pattern Theeraporn Suphakul 1.0 |7|
U7 5.32 dausiatseauglvaminesignisuvugy
& Pattern oc:

Add/Edit Pattern Details

Pattern ID

Pattern Name

Creator

>

1- admin (System Administrator)

Status Disable N Assess on Version 1.0 a

Assess Limit Count

Enter 0" if you want to "Unlimit' the number of assessment

U9 5.33 daumevssaruglierumhaengazidsnvesuvygy

o X d vo = oA a = o
VN‘LJLlIEJQWWU']LL‘U‘UE‘Uﬂi@ﬂT]EJﬁ%L@EJ@GUENLL‘U'UE‘UFL‘VilI Mi@LLmﬂJiqﬂagL@UWLiﬂUi@U
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Aanaridndgiuteys wasnduludmihaesenisuuusudnas
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naInfausaivuasgastunveswuusUlauailunthasneunin uiseaziden
veeA1suIgLuUIUazAonuldludiudeUsearuniineesienis uazsigazidenves
masuewuusilndnlaenaly “Description” Tusnenisuuuguunu auugdle 9 awnsa
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fifesureuuuguiuandeiueenlulavasesduieansaldlunisiesizginisiauw
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& Pattern Description L

Pattern Description for Pattern: P-01 - Collection Limitation Pattern + Add a pattern description
Ver. Ver.
1.0 2.0

U 5.34 dusioUssanugl99umineesenIsaesuIeuusy

£%
v =

Tunsdifluandliiiiugn wuuguniseenwuuaiunandadifinnisdaivdeya &

Y

AR UBMUUIUNIA 2 BT Fafiauuuuidaunsadenidilgieazideniisnisng

Y

'
L4

My “Detail” Tastundesiu viaiumesuiswuuUlndmenisnandy “Add a pattern
description” lasneae

Ingnasaniinaiiia vsendluAasuiswuuiuudd wisleasianmiinlevasidyun
vosArasuIenuusy Fasluwuuresulvinsenuanaiuiitesine q vedenaisAieiuie

dl o ¥ gj Y k4 s a ¥ U
wuugUgnuuziinly wananlugiauiuuuivazaesseyluwuunesudndigdn wuusy
Y A v b 44 A 1 A A o v =
aendinsldnuununinladie lngmsideniindesdivasy duanimtivesgaziden

AesunenuusUlugun 5.35

& Pattern Description oei

Add/Edit Pattern Description Details

Description Form Example Design Image Upload Image Upload
Description Version No. 10
Pattern Name Collection Limitation Pattern
Pattern Classification
Also Known As
Intent
B I & | L. i= = ] Styles ~  Format 2
& FER E = Q ¥ ®sSource
A
Motivation
B I 5 e = = 1 3 ” Slyles = Format -

U1 5.35 dumeUssaruglvauninnesgasidenaiesuiguuugy
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19 9 luusiagiitaveaonasdnae auluieliaiunsaldsuludesureudagiitelatu
N PR DR Y £ i acs s A A a s
\Avesiledseygnbigimuinuusudnlnangunmdugidsninesveniedile uazuansdd
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dmivihluldlunesusvavidenmesuisuuugulaondie duuansdiog1amasndnlvan

sUnmasaseuTosudilugun 5.36

& Pattern Description o-:

Add/Edit Pattern Description Details

Description Form Example Design Image Upload Image Upload
Choose File No file selected
ID Preview File Name File Path
1 ) P-011 1png http://localhost:8888/Thesis-Tool/images/Patternimg ¥} *
a P-01_1_10.png http://localhost:8888/Thesis-Tool/images/Patternimg = € *
3 P-01_1_11png http://localhost:8888/Thesis-Tool/images/Patternimg ] *

U1 5.36 mhaenisenlvangunimiielsluaesuiguuugy wieuNasiamsuanaen

IWlalusigaziven

9) drusiaUszauyldauninaeTenisuuusUseyseiu warsen1sainingIves

'
v

dwsudiudeuszanugldnuntnaesen1skuuiuseuseliiu kagsuainfa
Hendesil andunihveniifuszdiuiuugdldudldnundn Tnededussliuwuugunadnuni
Y “Assessment List” #1999 and318n15bUUUNTON5UTEIEY Wazasluy “Assess”

Iidenidesmsussidiunuugdle daanslugui 5.37

& Assessment L«

Pending-for-Assessing Pattern List
Pattern ID Pattern Name Pattern Version

P-01 Collection Limitation Pattern 10

Assessed Pattern List
Pattern Version

Pattern ID Pattern Name

No Pattern Data are provided.

U 5.37 dausavseaug[gauminesignIsuuuguisenIsuseidiu
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wazkilowuusUNgNUssliuasuAuTIuIUNIAnliuds wuugudenanaggndeun
wandlusen1suuusUnUssiiuasaussuiosudd (Assessed Pattern List) wazagliaiunsn

Uszdlusalulean

naINAUTziukuugUidendnavUseiuuugdle waznadendy “Assess” 1N
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1o Qunsalilfie 4 MTagauainauuuudiass) Wgussiuidonussidunuifenis de
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wanalugui 5.38 F9518A1561INRINA1ITLARITRYAAMAN YULITIAMAIN AaNTRT
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agvieudanann MigtesiuimindainaninuiuudtaensuseliununIng dnede faty
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Wenuszilludandminauninidesnisussiiiutssuiesudn au1sanafidy “Assess
AUt Innaensla

& Quality Attributes choices

Pattern 1D: P-01 - Collection Limitation Pattern on version: 1.0

Quality-
Carrying
Quality Attribute Property Metric Name Status Score

Embedded Knowledge  Completeness Desired Knowledge in Topics (DKT) [ unassessed |
Quality Attribute

Embedded Knowledge Consistency ConSistency between Diagrams m
Quality Attribute (CsD)

Embedded Knowledge Usefulness Pattern Application Proportion (PAP) m
Quality Attribute

Pattern Language Readability Content Reading-Ease (CRE) m

Quality Attribute

U7 5.38 daumeusyanugltarumiieesignisarinamnimilsels

10) dusiauszauyldaunineyussdiuaanmanudyinganm
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MAssessment petsils

Pattern ID: P-01 - Collection Limitation Pattern on version: 1.0
Desired Knowledge in Topics (DKT)

The Desired Knowledge in Topics - DKT

The DKT metric reflects whether each topic in the OODP description contains the desired knowledge. The metric considers 13
commaon topics found in pattern templates in the Design Pattern books, i.e. Pattern Name and Classification, Intent, Also Known
As, Motivation, Applicability, Structure, Participants, Collaborations, Consequences, Implementation, Sample Code, Known Uses,
and Related Patterns. We extract knowledge about design patterns from those books and define a set of desired knowledge
elements that should be embedded in each of the 13 topics. Altogether there are 33 knowledge elements for all 13 topics. The DKT
score can be computed by

AN 1 vKe
DKT = _ Xit=1(E¢ X K k=1 Ar 1)

Where T =number of topics expected in pattern description = 13.

E; =existence value of topic ¢ in the pattern description, i.e. 1if t exists and 0 otherwise.

Kt  =number of desired knowledge elements in topic .

!
v o A

U 5.39 dwmeUssaruglanuniniesigasidenn)susuiduaiediniiaen

AUl UAUA19YRINTLN9518aLLDEANTSUSELIUY FEWENISIEALLDUAAIDSUNEUDY
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wuusUNMaUsslulunseusudne wagazluuunesusien1InaninuginIed ks
a Y v v v & = Vv a ° ' o 1% 1 o
Weatasiudaiaidu o el sziiiuiuuguvinisnsenaziuuluusagiiudslinsudiud

wanglugui 5.40 ntugUseiiiufeanaiiiy “Save/Update” AMuaevesiuunesanis

NIONAZLUUNAIIINNTONATLULLTEUT0BLANNASY LilalmasasloTurinnanisusiiung

Y

Futayaseuy waziemwIMATLuUTINYRiaty o Tilaednludd

Pattern Description Assessment Criteria

Please enter the scores and scroll down until reach the add/save button.

Pattern Name: Collection Limitation Pattern Criteria 1:
Clasnf?catlon: ) ) Name: a; 3
Collection Limitation Principle Description:

Pattern Name describes the name of the pattern which conveys the

Also Known As: essence of the pattern succinctly.

Score:
Intent:
This pattern assures that the personal data that the system of the data
controller will collect should be limited and are collected with the Criteria 2:
knowledge or consent of the data subject. Name: a; ;
Description:

Pattern Classification identifies the classification of the pattern
which groups up similar patterns together.
Score:

Motivation:

When a data subject (or user) is about to use a service of a data controller
on the Internet, the service may need to collect certain personal data of the
data subject for the processing of the service, and he/she should be aware

JUT 5.40 gauslatseauglvaiminesgasdennisussdugnuuunasunisnsennzuy
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ek Uszidiuwuusunatuiinuan1sussidussusosuwaily 1ATeilaaenaulILana
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ArinAuNNENAIY Aalandluun 5.41

& Quality Attributes chorces

Pattern ID: P-01 - Collection Limitation Pattern on version: 1.0

Quality-Carrying

Quality Attribute Property Metric Name Status Score

Embedded Knowledge Completeness Desired Knowledge in Topics (DKT) @ 67.95%
Quality Attribute

Embedded Knowledge Consistency ConSistency between Diagrams @ 67.33%
Quality Attribute (CsD)

Embedded Knowledge Usefulness Pattern Application Proportion (PAP) @ 54.38%
Quality Attribute

Pattern Language Readability Content Reading-Ease (CRE) @ -

Quality Attribute

o

U 5.41 miwe518n130230Aan MALTa A uanIpeu LT Yo Un AL 170
11) dustouszanugldnuninvesenuuseiinisusediy
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(Report Generation Form) fiaianslugun 5.42 glduansaieoniuuiuinneinsgsnenuy

Lay/visaiionianizianzaleituvetenaIsAmesuIBLuUTUIdeINsgseuld

[sihl Assessment repor

Assessment Report Generator

Pattern: Version:

P-01: Collection Limitation Pattern v

Leave the version blank to select all version
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Assessment Timeline for Pattern ID: P-01

Assessment History for Pattern ID: P-01

Q admin are assessed on version 1

Desired Knowledge in Topics (DKT): 67.95%

a1 Pattern Name describes the name of the pattern which conveys the essence of the pattern succinctly
a3  Pattern Classification identifies the classification of the pattern which groups up similar patterns together.
az; Intent describes the intent of the pattern.

a2 Intent describes the rationale behind the pattern or the design issue or problem that the pattern intends to solve.

U7 5.43 dausaysearug[tminneseautse3in1sUsdu vasasisienIuuad

a o

nRINNITEsanLUULArRaWd i o UsTa U ais s uTeauds Tudiu

Y
soludiduasnaniimsnaaeuinIaloniau

5.4 NINaFaULATaNaaTUaYY

va o o

dmSuNIINAaULATEIle {I38EAluN1slY 2 YuNed ABNITNIUADUAIY

&

ASUNIUMINANNABINIITVBLLATBIHE LLasmmaaummgﬂG’fawaawaé’wéuazmsv‘mmﬁuaa

[

w3edlle lnelisieaziBunveinisnadounseslislulsasyuued el
5.4.1 NINIUFBUAMNATUIIUATUAIUADINITURILATONID

Tutunsunisnageuluyuuesd Wunsihsienisaudesnisiadaflaidunazida
AMAININATTIN 5.1 113ATIerdnnseiunadnsinsesianiauiladiule deianinis

NATILIALUAITIN 5.2

915N 5.2 NITIATIEVNANISTHRIUNAS DT UNUSIEAITAIING DI

Swd S18aLLBEAANUABINIG UNIATIZARANITWAIUILATDED

N4 o Q‘ L4 LY
RQ-1 | WanduaumsinvuadnsnisldauuaznisannisUsydgldau

RQ-1.1 | dldeulndanunsaadinsidnly | wdhve: nmsadasdnldau
A = A o v a ¢ = A~ 'y | g v
NULATRNLBLALNNSEUANSBIUD | HANTITALATILH: LATDILaTNISWAUNAIU LA
(Request) 180150500 | Hldnuadasiveduiuuresusesvenisinly
I o v ~ v
wuunesuadaslyganu sl | 9u

“LL653UUW5’JQHQULL68ﬁﬂﬁu®

s
a

A15N15ITUNDY F99TEUNT

D X

4‘ v v dl = v
astanlgmIagiiale




121

97519 5.2 N5 IATIEHANITHRILILAS a9l UAUTIENI1TAINT29NIT (918)
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UNIATIEARANITNRAIUILATDID

RQ-1.2

A 124

Aldaruanuisaasyordnly

\ASeslenludeneddiua
(Email Address) LagSAHatH1U

(Password)
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RQ-1.3
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Pattern Name Collection Limitation Pattern
Pattern Principle Collection Limitation Principle
Intent This pattern assures that the personal data that the system of the data

controller will collect should be limited and are collected with the

knowledge or consent of the data subject.

Motivation When a data subject (or user) is about to use a service of a data
controller on the Internet, the service may need to collect certain
personal data of the data subject for the processing of the service, and
he/she should be aware of what, when, and how personal data are
collected. Thus, the system of the data controller should collect only
the personal data that are necessary for use, and let the data subject
know about personal data collection and give consent. Sometimes it
may be the case that consent is given by a representative on behalf of

the data subject.

Applicability Use the Collection Limitation pattern whenever the system is about to
collect personal data, i.e. any information relating to an identified or
identifiable individual (data subject) [1]. According to [11], the system
should use the Collection Limitation pattern when collecting any of the

following categories of personal data:

® Preference data i.e. Preferences on books, music, cities, friends,

wish list, and so forth.

® Communication record i.e. SMS text, phone records, address

book, and so forth.

® \Web footprint i.e. Visited websites, search keywords, social

comment logs and social graph, and so forth

® Personal profile ie. Height, weight, published papers,

education/career experiences, exam performance, and so forth.

® (Consumption service record i.e. Bank account and transaction
records, flight and hotel orders, car rental orders, supermarket
records, e-commerce transaction record, and so forth.
Public service record Personal salary records, household energy

record, personal credit, and so forth.
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Applicability (Cont.)

Also, the system should use the Collection Limitation pattern no matter

where such personal data are collected from [11]:

Personal device i.e. PC, smart phones, mobile devices, tablet,

and so forth.

Services i.e. Web applications, and so forth.

Social network i.e. Facebook, Twitter, blogs, and so forth.

Sensors i.e. GPS, thermometer, wearable devices, and so forth.

The data subject itself i.e. Email, work schedule, documents,

pictures, video, audio.

Behavior and Structure

Activity Diagram

Collection Limitation Pattern

Data Subject

System

External Agent

Use The System

Respond to Consent
Request

[Refuse Consent] [Give

Consent]

[ Reject Request j [Send Pers:

onal Dataj

[Collect from Data Subject]

4‘ Request for Consent

Request to Collect

Personal Data

[Collect from External Agent]

Connect to Request for

Personal Data Collection

[Receive [Not Receive

Personal Data] Personal Data]

]

-

Collect Personal Data

Check Consent from
User

[Refuse Consent]

[Give Consent]

Send Personal Data

Phase
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Class Diagram

<<Interface>>

Agent

+ connectToExternalAgent()

ConcreteAgent

+ connectToExternalAgent()

<<Interface>>

PersonalData

L

<<Interface>>

DataManager

+ recordDataSource()

+ recordRetention()

i)
]

ConcretePersonalData

<<Interface>>

ConsentManager

<<Interface>>

OnBehalfManager

+ collectData()

+ insertData()

+ checkConsent()

+ recordRepresentative()

B

ConcreteDataManager

A
‘

B

ConcreteConsentManager

+ getPersonalData
+ setPersonalData()

+ recordDataSource()

+ recordRetention()

ConcreteOnBehalfManager

+ collectData()
+ insertData()

+ checkConsent()

+ recordRepresentative()

Participations

Interface Name/Class Name

Detail

Interface DataManager

An interface that has the responsibilities to coordinate
checking of consent and collection of personal data from
the data subject. It inserts the collected data into the system

if the data subject gives consent.

Class ConcreteDataManager

A concrete class that implements the interface

DataManager. Other responsibilities related to managing
personal data can be added, i.e. coordinating update of

personal data when there are changes etc.

Interface ConsentManager

An interface that has the responsibilities to inform the data
subject that the system needs to collect personal data and

check whether the data subject gives or refuses consent.

Class ConcreteConsentManager | A concrete class that implements the interface
ConsentManager.
Interface OnBehalfManager An interface that inherits from the interface

ConsentManager. It has the responsibility to record the

information about who, on behalf of the data subject, has

given the consent to collect the personal data.
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Participants (Cont.)

Interface Name/Class Name Detail

Class ConcreteOnBehalfManager | A concrete class that implements the interface

OnBehalfManager.

Interface Agent An interface that has the responsibilities to connect to an

external agent to collect personal data of the data subject
on behalf of the system, and obtain personal data via the

external agent if consent is given.

Class ConcreteAgent A concrete class that implements the interface Agent.
Interface PersonalData An interface that represents the collected personal data.
Class ConcretePersonalData A concrete class with the data attributes that are necessary

for the purpose of the system.

Collaborations

When the data subject requests to use a system function, the system creates a

ConcreteDataManager object to collect personal data. The data source where personal data

will be collected (i.e. data subject or external agent) and data retention detail (e.g. retention

time, format) should be determined by the data controller.

If personal data will be collected directly from the data subject,

2.1. The ConcreteDataManager object creates a ConcreteConsentManager object to check
whether the data subject gives or refuse consent to personal data collection.

2.2. The ConcreteDataManager object notifies the system of the consent checking result.

2.3, If consent is given, the system creates a ConcretePersonalData object and calls the
ConcreteDataManager to insert the ConcretePersonalData object into a data store.

If personal data will be collected via an external agent,

3.1. The ConcreteDataManager object creates a ConcreteAgent object to connect to an
external agent.

3.2. If the external agent is given the consent to collect personal data, the ConcreteAgent
object creates a ConcretePersonalData object and calls the ConcreteDataManager to
insert the ConcretePersonalData object into a data store.

In the case that consent is given by a representative on behalf of the data subject and the

system needs to record such a fact, the ConcreteDataManager can create an

OnBehalfManager object, instead of a ConcreteConsentManager object, to check consent

and also record the representative information.




139

15197 n.1 Megawuugunisesniuudmsunandadidnnisiiusiusiuesdu 1 [22] (o)

Collaborations (Cont.)

Sequence Diagram (When collecting personal data directly from Data Subject.)

sd Collection Limitation Pattern (When collecting personal data directly from Data Subject.)J

o

W

‘ :System ‘

‘ Data Subject
T

use the system

<<create>>
cdm:ConcreteDataManager
collectData(dataSource) _
opt J <<create>>
[dataSdufce = user] c:ConcreteConsentManager
checkConsent() |
»
message to check consent
<
response
,,,,,,,,,,,,,,,,,,,, 0 s ot S o W B e S|
response
response !
S e 77772 | |
|
7
alt J !
|
[Giye|Consent]
submit personal data 1
|
|
<< te>>
I ‘crea < d:ConcretePersonalData
setPersonalData(personalData) |
»
recordDataSource(dataSource)
»
recordDataRetention(dataRetention)
»
insertData(d)
g getPersonalData()
»
personal data
. [Eome==-fag — === =—===--—— T mm oo
message to inform k- [nffia,ggf?lrl@irﬁ,d,afa, Lnffr,t?q - i
T
data inserted 1 |
< 7777777777777777777 I }
: | ;
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|
[Refuge Consent] ! !
| |
|
message to inform that system i |
function cannot be used ! |
T mn I I !
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Collaborations (Cont.)

Sequence Diagram (When collecting personal data via External Agent.)

sd Collection Limitation Pattern (When collecting personal data via External Agent. )J

0]

u

Data Subject ‘ External Agent
T

‘ :System ‘
T

use the system

<<create>>

collectData(dataSource)

ccdm:ConcreteDataManager
i
i

opt J

[dataSp

rce = External Agent]

<<create>>

c:ConcreteAgent
i
i

connectToExternalAgent()

connect to external agent

response

response

response

alt J

[Give

onsent]

message to inform data inserted

<<create>>

>{ d:ConcretePersonalData
i

»

setPersonalData(personalData)

recordDataSource(dataSource) o

recordDataRetention(dataRetention)

insertData(d)

i
getPersonalData()

personal data

message to inform data inserted

[Reflise Consent]

message to inform that system

function cannot be used

Consequences

Data subject can be assured that the personal data that will be used by

the system are collected with the knowledge or consent of his/hers.

Implementation

Issues regarding the implementation of the Collection Limitation pattern
are as follows.

1. The collected personal data should be of high quality so that they can
be used to derive other sufficiently high quality information without having
to collect such information directly. Such a limit imposed on personal data
collection entails a data quality requirement and the data controller who
implements the system should refer to the Data Quality pattern also.

2. Since data collection should be restricted to the minimum necessary to
fulfil the specified purpose [1], the data controller who implements the
system should decide on which personal data are really needed.
Therefore, the class ConcretePersonalData should be implemented to
have only the data attributes that are necessary for the purpose of the

system.
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Implementation

(Cont.)

3. Even though OECD defines that there should be limits to the
collection of personal data, the detail about which data are prohibited
from collection are left out because it depends on the traditions and
attitudes in each country where the system operates. For example [1],
personal data such as race, religious beliefs, criminal records, health, sex
life, and so forth are sensitive and the collection of which should be
restricted or even prohibited by European legislation. On the other
hand, for the United States privacy legislation, no data are specified as
being more private or sensitive than others as sensitivity may depend
on the context and use of the data.

Therefore, the data controller who implements the system should
decide on which personal data attributes should be included in the
class ConcretePersonalData while not violating the privacy legislation
and traditions that apply to the system.

4. OECD defines that there should be limits to data collection activities
of the data controller. For example [1], hidden devices should not be
used and the data subject should not be deceived to provide personal
information. However, the control of such limits cannot be captured
completely by the structural model of this design pattern. To help
address this issue, the data controller should record the source of the
data collection, i.e. whether the data are collected from the data
subject directly or an external agent. The class ConcretePersonalData
should be implemented to record the source of the collected personal
data. This could help to deal with data collection misconduct if such a
case arises. In addition, the data controller should be open with the
data subject about what data are collected and for what purposes. The
data controller should refer to the Openness pattern also.

5. OECD defines that there should be limits to the collection of personal
data in such a way that the civil rights of the data subject should be of
concern and the data collection should not violate civil rights of the
data subject. Since the data subject should be entitled to his/her civil
rights including the right to his/her collected personal data, the data

controller should also refer to the Individual Participation pattern.
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Implementation 6. It is possible that the data subject may be represented by another
(Cont.) party who gives consent to the collection of the data subject’s personal
data, e.g. in the case of minors, mentally disabled person etc. If the data
controller needs to record this fact, e.g. for legal purpose, the interface
OnBehalfManager that inherits from the interface ConsentManager can
be implemented (i.e. class ConcreteOnBehalfManager) to also record the
information about who, on behalf of the data subject, has given the

consent to collect the personal data.

Sample Design and Code

An example of a user registration system that applies the Collection Limitation pattern is shown
below. The system collects personal data of any user who requests to use the system and the

collection can be done either by the system or via Facebook.

<<Interface>> FacebookAgent

Agent

+ connectToExternalAgent()

+ getFBGraph(accessToken)

+ connectToExternalAgent()

+ getGraphData(fbGraph)
<<Interface>> <<Interface>>
<<Interface>> <<Interface>>
PersonalData DataManager
ConsentManager OnBehalfManager
I I N [— L
+ recordDataSource(dataSource) + collectData(dataSource)
+ checkConsent() + recordRepresentative()
+ recordRetention(dataRetention) + insertData(data) 7y iy
) 8 | |
i ' !
I H i i
| : ' '
‘ | | |
| | |
RegistrationPersonalData L | |
RegistrationDataManager A | . X
RegistrationConsentManager RegistrationConsentOnBehalf
+ getPersonalData —
+ setPersonalData() + collectData(dataSource)
+ checkConsent() + recordRepresentative()
+ recordDataSource(dataSource) + insertData(data)
+ recordRetention(dataRetention) ‘ ‘

When a user (data subject) is required to register with the system to use its service, the system
uses the class RegistrationDataManager that implements the interface DataManager to collect
personal data (name, email, tel) as shown in the sample code below. If the data source of
collection is “User”, the data are collected directly from the user. Otherwise they are collected

via Facebook.

interface DataManager({
public Map<String, String> ceollectData(String dataSource);
public void insertData(RegistrationPersonalData pd):
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Sample Design and Code (Cont.)

public class RegistrationDataManager implements DataManager{

@Override
public Map<String, String> collectData(String dataSource) {
Map<String, String> data = new HashMap<String, String>()

i

if (dataSource.equalsIgnoreCase ("User")) {
RegistrationConsentManager rcm = new RegistrationConsentManager():
if (rcm.checkConsent () ) {
data.put ("consent", "accept"):
lelse{

data.put ("consent", "refuse"):
}
lelse{
FacebookAgent fa = new FacebookAgent();
data.putAll (fa.connectToExternalAgent () )
}

return data;

}

@Override

public void insertData(RegistrationPersonalData data) {
System.out.println("Name :: "+data.getName()):
System.out.println("Email :: "+data.getEmail()):
System.out.println("Tel. :: "+data.getTel()):
System.out.println("Data Source :: "+data.getDataSource()):
System.out.println("Data Retention :: "+data.getDataRetention()):
System.out.println("Data inserted!!");

}
If personal data are collected directly from the user, the class RegistrationConsentManager that

implements the interface ConsentManager is used to check whether the user gives or refuse

consent to personal data collection as shown in the sample code below.

public interface ConsentManager ({
public boolean checkConsent () ;
}

public class RegistrationConsentManager implements ConsentManager{
private Scanner scan;

@Override
public boolean checkConsent () {
scan = new Scanner (System.in);
System.out.println("Give Consent Please Enter 'Y'
+ "and Refuse Consent Please Enter 'N'");
String accept = scan.next():;
if (accept.equalsIgnoreCase ("Y"))
return true;
else
return false;

}
The class RegistrationPersonalData that implements the interface PersonalData is implemented

to have only the data attributes that are necessary for the purpose of the system as shown in
the sample code below. The system requires only the attributes name, email, and telephone
number to use its service. In addition, it records the source of collection of these data as well
as the end of the retention period which varies by different types of data that the system

collects during the use of its service, i.e. registration data, location data, and others.
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Sample Design and Code (Cont.)

public interface PersonalData {
public String recordDatasource (String dataSource):
public String recordRetention(String dataRetention):
}
public class RegistrationPersonalData implements PersonalDataf{
private String name;
private String email;
private String tel:
private String dataSource;
private String dataRetention;

public String getName () {
return name;

}

public void setName (String name) {
this.name = name;

}

public String getEmail() {
return email;

}

public void setEmail (String email) {
this.email = email;

}

public String getTel() {
return tel;

}

public void setTel (String tel) {
this.tel = tel;

}

public String getDataSource() {
return dataSource;

}

public String getDataRetention() {
return dataRetention;

}

@Override

public String recordDatasource (String dSource) {
dataSource = dSource;
return dataSource;

}

@override
public String recordRetention(String dRetention) {
if (dRetention.equalsIgnoreCase ("Registration”))

dataRetention = "When deleting account";
else if (dRetention.equalsIgnoreCase("Location"))
dataRetention = "When ending program";
else

dataRetention = "When deleting data";
return dataRetention:;

}

In the case that the user registers via Facebook, the class FacebookAgent that implements the

interface Agent is used to collect personal data as shown in the sample code below.

public interface Agent {
public Map<String, String> connectToExternalAgent():
}
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Sample Design and Code (Cont.)

public class FacebookAgent implements Agent{

@Override
public Map<String, String> connectToExternalAgent() {
String accessToken = "";
/* TODO Add your code to connect to external agent,
* i.e. Facebook, to cobtain an access token here #*/
String graph = getFBGraph (accessToken);
Map<String, String> fbProfileData = getGraphData(graph):
return fbProfileData;

}

public String getFBGraph (String accessToken) {
String graph = null:
try {

String g = "https://graph.facebook.com/me?" + accessToken;
URL u = new URL(g);
URLConnection c = u.openConnection();
BufferedReader in = new BufferedReader (new InputStreamReader (
c.getInputStream()));
String inputLine;
StringBuffer b = new StringBuffer():
while ((inputline = in.readLine()) != null)
b.append (inputLine + "\n");:
in.close()r
graph = b.toString():
System.out.println(graph):
} catch (Exception e) {
e.printStackTrace();

throw new RuntimeException ("ERROR in getting FB graph data. " + e);
}
return graph;
}
public Map<String, String> getGraphData(String fbGraph) {
Map<String, String> fbProfile = new HashMap<String, String>():
try {
JSONObject json = new JSONObject (fbGraph):
fbProfile.put ("id", json.getString("id")):
fhProfile.put ("name", json.getString("name")):
if (json.has("email"))
fhProfile.put ("email", json.getString("email")):
if (json.has ("gender"))
fbProfile.put ("gender", json.getString("gender")):;
} catch (JSONException ) {
e.printStackTrace() s
throw new RuntimeException ("ERROR in parsing FB graph data. " + e);

}
return fbProfile;

}
In the case that that the system needs to record, e.g. for legal purpose, who gives consent on

behalf of the user, the class RegistrationConsentOnBehalf that implements the interface
OnBehalfManager as shown in the sample code below would be called by the class

RegistrationDataManager instead of the class RegistrationConsentManager.

public interface OnBehalfManager extends ConsentManager {
public String recordRepresentative ()
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Sample Design and Code (Cont.)

public eclass RegistrationConsentOnBehalf implements OnBehalfManager{

private Scanner scan;

@Override

publie boolean checkConsent () {
scan = new Scanner (System.in);
System.out.println("Give Consent Please Enter 'Y' "
+ "and Refuse Consent Please Enter 'N'");
String accept = scan.next();
if (accept.equalsIgnoreCase("Y"))

return true;
else
return false;

}

@Override

public String recordRepresentative() {
scan = new Scanner (System.in);
System.out.println ("Enter name of representative");
String representative = scan.next():
return representative;

Known Uses

Examples of existing systems that take the Collection Limitation

principle into account include:

® AliExpress (Website): When a user creates an account, the
system will collect personal data. If the user gives consent to
the system to collect and use personal data, the user should

check the agreement checkbox.

Express

Create a New Account Aready a Member? Sign in

©Or sign up for an account using your email address.

Email address.

This will be your sign in email address

onfirm your password

(21 agree to the AliExpress.com Free Membership Agreement. View Agreemen! I

JetStar (Website): While a user is using a web service on a mobile
phone, the system requires further access to the user location and will
ask for user consent. The user can then give or refuse consent to the

collection of his/her location data.
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Known Use (Cont.)

Jetstart

Allow location access?

https://m.jetstar.com/ wants to
know your location.

Remember choice

Deny

extras

g o

About Jetstar Contact us

Related Patterns

Data Quality, Openness, Individual Participation
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Pattern Name Collection Limitation Pattern

Pattern Principle | Collection Limitation Principle

Intent This pattern assures that the personal data that the system of the data
controller will collect should be limited and are collected with the
knowledge or consent of the data subject. As personal data are attributes
of the data subject, it is necessary to assure that he/she is still in control
of the personal data and the collection does not violate his/her civil right

as the owner of the collected data.

Motivation When a data subject (or user) is about to use a service of a data controller
on the Internet, the service may need to collect certain personal data of
the data subject for the processing of the service. For example, a cosmetic
online shopping web site needs to collect a customer’s personal data at
registration time. Among the collected personal data (such as name, email,
and phone number), the web site also collects national ID and does not
ask the customer to give consent to the collection. In this scenario,
sensitive information (i.e. national ID) that is not used in the processing of
the online shop is unnecessarily disclosed. If the online shop neither asks
the customer to give consent to the collection nor handles data privacy
well, the customer’s sensitive information may leak and be misused in a
way that causes harm to the customer. Thus, the data subject should be
aware of what, when, and how personal data are collected. The system of
the data controller should collect only the personal data that are
necessary for use, and let the data subject know about personal data
collection and give consent. Sometimes it may be the case that consent is

given by a representative on behalf of the data subject.

Applicability Use the Collection Limitation pattern whenever the system is about to
collect personal data, i.e. any information relating to an identified or
identifiable individual (data subject) [1]. According to [11], the system
should use the Collection Limitation pattern when collecting any of the
following categories of personal data:

® Preference data i.e. Preferences on books, music, cities, friends,

wish list, and so forth.
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Applicability (Cont.)

Also, the system should use the Collection Limitation pattern no matter

where such personal data are collected from [11]:

Communication record i.e. SMS text, phone records, address

book, and so forth.

Web footprint i.e. Visited websites, search keywords, social

comment logs and social graph, and so forth.

Personal profile i.e. Height, weight, published papers,

education/career experiences, exam performance, and so forth.

Consumption service record i.e. Bank account and transaction
records, flight and hotel orders, car rental orders, supermarket

records, e-commerce transaction record, and so forth.

Public service record Personal salary records, household energy

record, personal credit, and so forth.

Personal device i.e. PC, smart phones, mobile devices, tablet,

and so forth.

Services i.e. Web applications, and so forth.

Social network i.e. Facebook, Twitter, blogs, and so forth.
Sensors i.e. GPS, thermometer, wearable devices, and so forth.

The data subject itself i.e. Email, work schedule, documents,

pictures, video, audio.
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Behavior and Structure

Activity Diagram

Collection Limitation Pattern

Data Subject or Representative

System

External Agent

Use The System

[Refuse Consent]

Respond to Consent
Request

Submit Personal Data

[Give Consent]

[Collect from Data Subject]

Collect Personal Data

[Collect from External Agent]

4[ Check Consent } [Comnect to External Agent}

[Give Consent] [Refuse Consent]

Record Data Source

Record Retention Period

Insert Personal Data

Phase

Check Consent

[Refuse Consent]

Notify Refusal of
Consent

[Give Consent]

Submit Personal
Data
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Behavior and Structure (Cont.)

Class Diagram

<<Interface>>

Agent

+ connectToExternalAgent()

.

<<Interface>>

PersonalData

ConcreteAgent

+ connectToExternalAgent()

+ recordDataSource()

+ recordRetentionPeriod()

¥

<<Interface>>
<<Interface>> <<Interface>>
DataManager
ConsentManager OnBehalfManager
I NS [e— -
+ collectData()
. + checkConsent() + recordRepresentative()

+ insertData()

ConcretePersonalData

R

E 8

ConcreteDataManager

ConcreteConsentManager

+ getPersonalData
+ setPersonalData()
+ recordDataSource()

+ recordRetentionPeriod()

ConcreteOnBehalfManager

+ collectData()

+ insertData()

+ checkConsent()

+ recordRepresentative()

Participants

Interface Name/Class Name

Detail

Interface DataManager

An interface that has the responsibilities to coordinate
checking of consent and collection of personal data from the
data subject. It inserts the collected data into the system if

the data subject gives consent.

Class ConcreteDataManager

A concrete class that implements the interface DataManager.
Other responsibilities related to managing personal data can
be added, i.e. coordinating update of personal data when

there are changes etc.

Interface ConsentManager

An interface that has the responsibilities to inform the data
subject that the system needs to collect personal data and

check whether the data subject gives or refuses consent.

Class ConcreteConsentManager

A concrete class that implements the interface

ConsentManager.

Interface OnBehalfManager

An interface that inherits from the interface ConsentManager.
It has the responsibility to record the information about who,
on behalf of the data subject, has given the consent to

collect the personal data.
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Participants (Cont.)

Interface Name/Class Name Detail

Class ConcreteOnBehalfManager | A concrete class that implements the interface

OnBehalfManager.

Interface Agent An interface that has the responsibilities to connect to an

external agent to collect personal data of the data subject
on behalf of the system, and obtain personal data via the

external agent if consent is given.

Class ConcreteAgent A concrete class that implements the interface Agent.
Interface PersonalData An interface that represents the collected personal data.
Class ConcretePersonalData A concrete class with the data attributes that are necessary

for the purpose of the system.

Collaborations

When the data subject requests to use a system function, the system creates a

ConcreteDataManager object to collect personal data. The data source where personal data

will be collected (i.e. data subject or external agent) and data retention detail (e.g. retention

time, format) should be determined by the data controller.

If personal data will be collected directly from the data subject,

2.1. The ConcreteDataManager object creates a ConcreteConsentManager object to check
whether the data subject gives or refuse consent to personal data collection.

2.2. The ConcreteDataManager object notifies the system of the consent checking result.

2.3, If consent is given, the system creates a ConcretePersonalData object and calls the
ConcreteDataManager to insert the ConcretePersonalData object into a data store.

If personal data will be collected via an external agent,

3.1. The ConcreteDataManager object creates a ConcreteAgent object to connect to an
external agent.

3.2. If the external agent is given the consent to collect personal data, the ConcreteAgent
object creates a ConcretePersonalData object and calls the ConcreteDataManager to
insert the ConcretePersonalData object into a data store.

In the case that consent is given by a representative on behalf of the data subject and the

system needs to record such a fact, the ConcreteDataManager can create an

OnBehalfManager object, instead of a ConcreteConsentManager object, to check consent

and also record the representative information.
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Collaborations (Cont.)

Sequence Diagram (When collecting personal data directly from Data Subject.)

sd Collection Limitation Pattern (When collecting personal data directly from Data Subject.)J

Data Subject

use the system

System

»
<<create>>
cdm:ConcreteDataManager
T
|
collectData(dataSource) !
>
opt
T <<create>>
[dataSpurce = user] c:ConcreteConsentManager
T
checkConsent() |
»
P message to check consent
<
response
,,,,,,,,,,,,,,,,,, I PRS- iyl iyt Syigs W ,,,,,,,,,,,,,,,,,,,,,,,,,,>
response
o _reporse ]
response '
,,,,,,,,,,,,,,,,,,,,,,, !
I
i
al J !
|
[Give Consent] !
i
submit personal data 1
» I
|
<<create>> |
I i % d:ConcretePersonalData
|
| T
setPersonalData(personalData) | '
T >
recordDataSource(dataSource) i
T »
recordRetentionPeriod(dataRetention) |
T >
insertData(d) i
» |
getPersonalData() !
T >
personal data |
,,,,,,,,,,,,,,,,,,,,,,,,,,, [
message to inform message to inform data inserted ! !
——————————————————————— o | |
data inserted ! ! |
77777777777777777 | | |
| | |
I ] |
T (T Nttt R T
[Reflise Consent] ! ! |
| | 3
message to inform that systel ! ! !
function cannot be used i i !
***************** e | | !
1 | | | !
| | | I |
} } ; ; 1
| | | | !
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Collaborations (Cont.)

Sequence Diagram (When collecting personal data via External Agent.)

sd Collection Limitation Pattern (When collecting personal data via External Agent)J

o

W

‘ Data Subject ‘ External Agent ‘ ‘ System ‘

T T
1 use the system |

T
I

| <<create>>

! cdm:ConcreteDataManager
i

T
collectData(dataSource) |

opt J i
[databource = External Agent]
<<create>>
| c:ConcreteAgent

connectToExternalAgent() 1
>

connect to external agent

<
response
A i | .

N [ . response |
i response }
P T BSOS TN I
i i
|
alt J
<<create>>
d:ConcretePersonalData
[Give |[Consent] 1
setPersonalData(personalData) ' 1
>
recordDataSource(dataSource) N
1 recordRetentionPeriod(dataRetention)
T >
insertData(d) |
getPersonalData()
I ‘ »
V| AN SRS | personal data |
i message to inform data inserted i 7777777 }
77777777777777777777777 I i
message to inform data inserted ! 1 1
”””””””” b Sufadedadetededetabebate - £ | I I I
O 4: ,,,,,,,,,,,,,,,,, S T s J: ,,,,,,,,,,,,, [
i I
[Reffuse Consent] ! | | |
‘ I | I
message to inform that system | | |
I I I
function cannot be used 1 ' !
I Y T i i |
1 1 1 1 |
I I I I ! L
Consequences 1. Using this pattern, the system of the data controller can handle

collection of personal data as recommended by OECD. The system
can handle important tasks that are addressed by the Collection
Limitation principle. That is, the personal data management, consent
and on-behalf consent management, and connection to external
agents tasks are specifically accommodated by corresponding
interfaces (and their concrete classes). Thus, cohesion of each

individual class in the design pattern structure can be enhanced.
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Consequences

(Cont.)

2. The data subject can be assured that the personal data that will be
used by the system are collected with the knowledge or consent of
his/hers. The data subject can be informed of what data are about to
be collected and can decide whether such data are necessary for the
processing of the system. The data subject has the right to reject the
collection and, as a result, the service, if he/she does not want to

disclose such requested personal information.

Implementation

Issues regarding the implementation of the Collection Limitation
pattern are as follows.

1. The collected personal data should be of high quality so that they
can be used to derive other sufficiently high quality information
without having to collect such information directly. Such a limit
imposed on personal data collection entails a data quality
requirement and the data controller who implements the system
should refer to the Data Quality pattern also.

2. Since data collection should be restricted to the minimum
necessary to fulfill the specified purpose [1], the data controller who
implements the system should decide on which personal data are
really needed. Therefore, the class ConcretePersonalData should be
implemented to have only the data attributes that are necessary for
the purpose of the system.

3. Even though OECD defines that there should be limits to the
collection of personal data, the detail about which data are prohibited
from collection are left out because it depends on the traditions and
attitudes in each country where the system operates. For example [1],
personal data such as race, religious beliefs, criminal records, health,
sex life, and so forth are sensitive and the collection of which should
be restricted or even prohibited by European legislation. On the other
hand, for the United States privacy legislation, no data are specified as
being more private or sensitive than others as sensitivity may depend

on the context and use of the data.
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Implementation

(Cont.)

Therefore, the data controller who implements the system should
decide on which personal data attributes should be included in the
class ConcretePersonalData while not violating the privacy legislation
and traditions that apply to the system.

4. OECD defines that there should be limits to data collection activities
of the data controller. For example [1], hidden devices should not be
used and the data subject should not be deceived to provide personal
information. However, the control of such limits cannot be captured
completely by the structural model of this design pattern. To help
address this issue, the data controller should record the source of the
data collection, i.e. whether the data are collected from the data
subject directly or an external agent. The class ConcretePersonalData
should be implemented to record the source of the collected
personal data. This could help to deal with data collection misconduct
if such a case arises. In addition, the data controller should be open
with the data subject about what data are collected and for what
purposes. The data controller should refer to the Openness pattemn
also.

5. OECD defines that there should be limits to the collection of
personal data in such a way that the civil rights of the data subject
should be of concern and the data collection should not violate civil
rights of the data subject. Since the data subject should be entitled to
his/her civil rights including the right to his/her collected personal data,
the data controller should also refer to the Individual Participation

pattern.
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Implementation 6. It is possible that the data subject may be represented by another
(Cont.) party who gives consent to the collection of the data subject’s
personal data, e.¢. in the case of minors, mentally disabled person etc.
If the data controller needs to record this fact, e.g. for legal purpose,
the interface OnBehalfManager that inherits from the interface
ConsentManager can be implemented (i.e. class
ConcreteOnBehalfManager) to also record the information about who,
on behalf of the data subject, has given the consent to collect the

personal data.

Sample Design and Code

An example of a user registration system that applies the Collection Limitation pattern is shown
below. The system collects personal data of any user who requests to use the system and the

collection can be done either by the system or via Facebook.

<<Interface>> FacebookAgent

Agent

+ connectToExternalAgent()

+ getFBGraph(accessToken)
+ connectToExternalAgent()

+ getGraphData(fbGraph)

<<Interface>> <<Interface>>
<<Interface>>
PersonalData DataManager
ConsentManager
L N [ —
+ recordDataSource(dataSource) + collectData(dataSource)
) ) . M| + checkConsent()

+ recordRetentionPeriod(dataRetention) + insertData(data) K

B 4

RegistrationPersonalData

RegistrationDataManager
RegistrationConsentManager

+ getPersonalData() ] T
+ setPersonalData(data) + collectData(dataSource)
+ checkConsent()
+ recordDataSource(dataSource) + insertData(data)
+ recordRetentionPeriod(dataRetention) —‘

<<Interface>>
RegistrationConsentOnBehalf

OnBehalfManager

+ recordRepresentative()

+ recordRepresentative()

When a user (data subject) is required to register with the system to use its service, the system
uses the class RegistrationDataManager that implements the interface DataManager to collect
personal data (name, email, tel) as shown in the sample code below. If the data source of
collection is “User”, the data are collected directly from the user. Otherwise they are collected

via Facebook.
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Sample Design and Code (Cont.)

interface DataManager({
public Map<String, String> collectData(String dataSource):
public void insertData (RegistrationPersonalData pd):

}

public class RegistrationDataManager implements DataManager{

@Override
public Map<String, String> collectData(String dataSource) {
Map<String,String> data = new HashMap<String, String>():
if (dataSource.equalsIgnoreCase ("User")) {
RegistrationConsentManager rcm = new RegistrationConsentManager():
if (rcm.checkConsent()) {

data.put ("consent", "accept"):
telse(
data.put ("consent"”, "refuse"):

}
lelse(
FacebookAgent fa = new FacebookAgent();
data.putAll (fa.connectToExternalAgent ()) s
}
return data;
}
@Override
public void insertData(RegistrationPersonalData data) {
//TODO Add your code to insert personal data into data store.
DatabaseConnection dbConnection = new DatabaseConnection();
Connection connection = dbConnection.getDBConnection ()7
try {
String insert = "INSERT INTO personaldata "
+ "(name, email, tel, dataSource, dataRetention)
+ "VALUES (2, 2, 2, 2, 2)" i
PreparedStatement stmt = connection.prepareStatement (insert) .
int parameterIndex = 1;

stmt.setString (parameterIndex++, data.getName()):
stmt.setString (parameterIndex++, data.getEmail()):
stmt.setString (parameterIndex++, data.getTel());
stmt.setString (parameterIndex++, data.getDataSource()):
stmt.setString (parameterIndex++, data.getDataRetention()):

stmt.execute () ;
stmt.close ()

} eatch (SQLException e) {e.printStackTrace():}

}

If personal data are collected directly from the user, the class RegistrationConsentManager that
implements the interface ConsentManager is used to check whether the user gives or refuse

consent to personal data collection as shown in the sample code below.

public interface ConsentManager {
public boolean checkConsent();
}

public class RegistrationConsentManager implements ConsentManager(
private Scanner scan;

@Override
public boolean checkConsent () {
scan = new Scanner (System.in);
System.out.println("Give Consent Please Enter 'Y' "
+ "and Refuse Consent Please Enter 'N'");:
String accept = scan.next():
if (accept.equalsIgnoreCase ("Y")
return true;
else
return false;




159

1N 1.2 FI081UVUTUNITOONUUYT NS UNaNTaT AN TAUTIVTINISTTY 2 [22] (FB)

Sample Design and Code (Cont.)

The class RegistrationPersonalData that implements the interface PersonalData is implemented
to have only the data attributes that are necessary for the purpose of the system as shown in
the sample code below. The system requires only the attributes name, email, and telephone
number to use its service. In addition, it records the source of collection of these data as well
as the end of the retention period which varies by different types of data that the system

collects during the use of its service, i.e. registration data, location data, and others.

public interface PersonalData {
public String recordDatascurce(String dataSource):

public String recordRetentionPeriod(String dataRetention);

}
public class RegistrationPersonalData implements PersonalData{
private 5tring name:;
private String email;
private String tel;
private String dataSource;
private String dataRetention;

public String getName () {
return name;

}

public void setName (String name) {
this.name = name;

}

public String getEmail() {
return email;

}

public void setEmail (String email) {
this.email = email;

}

public String getTel() {
return tel;

}

public void setTel (String tel) {
this.tel = tel;

}

public String getDataSource() {
return dataSource;

}

public String getDataRetention() {
return dataRetention:

}

@0verride
public String recordDatasource (String dSource) {
dataSource = dSource;

return dataSource:

}

@Override

public String recordRetentionPeriod(String dRetention)
if (dRetention.equalsIgnoreCase ("Registration™))

dataRetention = "When deleting account";
else if (dRetention.equalsIgnoreCase ("Location")

dataRetention = "When ending program";
else

dataRetention = "When deleting data":

return dataRetention;




160

1N 1.2 FI081UVUTUNITOONUUYT NS UNaNTaT AN TAUTIVTINISTTY 2 [22] (FB)

Sample Design and Code (Cont.)

In the case that the user registers via Facebook, the class FacebookAgent that implements the

interface Agent is used to collect personal data as shown in the sample code below.

public interface Agent {
public Map<S5tring, String> connectToExternalAgent():

}

public class FacebookAgent implements Agent{

@override
public Map<String, String> connectToExternalBAgent () {
String accessToken = "";
/* TODO Add your code to connect to external agent,
* i.e. Facebook, to obtain an access token here */
String graph = getFBGraph (accessToken);
Map<String, String> fbProfileData = getGraphData(graph):
return fbProfileData;

}

public String getFBGraph (String accessToken) {
String graph = null;
try |

String g = "https://graph.facebook.com/me?" + accessToken;

URL u = new URL(g) s

URLConnection ¢ = u.openConnection();

BufferedReader in = new BufferedReader (new InputStreamReader (
c.getInputStream())) s

String inputLine;

StringBuffer b = new StringBuffer():

while ((inputlLine = in.readLine()) != null)
b.append (inputLine 4+ "\n");
in.close();

graph = b.toString():

System.out.println(graph) ;
} catch (Exception e) {

e.printStackTrace() s

throw new RuntimeException ("ERROR in getting FB graph data. " + e):
}
return graph;

}
public Map<String, String> getGraphData(String fbGraph) {

Map<String, String> fbProfile = new HashMap<String, String>():;
try {

JS0NObject json = new JSONCbject (fbGraph):

fbProfile.put ("id", json.getString("id")):

fbProfile.put ("name", json.getString("name"));

if (json.has("email"))

fbProfile.put ("email", json.getString("email")):;
if (json.has("gender"))
fbProfile.put ("gender", json.getString("gender")):

} catch (JSONException e) {

e.printStackTrace ()

throw new RuntimeException("ERROR in parsing FB graph data. " + e);
}

return fbProfile;
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Sample Design and Code (Cont.)

In the case that that the system needs to record, e.s. for legal purpose, who gives consent on
behalf of the user, the class RegistrationConsentOnBehalf that implements the interface

OnBehalfManager as shown in the sample code below would be called by the class

RegistrationDataManager instead of the class RegistrationConsentManager.

public interface OnBehalfManager extends ConsentManager {
public String recordRepresentative();

}

public class RegistrationConsentOnBehalf implements OnBehalfManager{

private Scanner scan;

@Override
public bocolean checkConsent() {
scan = new Scanner (System.in);

System.out.println("Give Consent Please Enter 'Y' "
+ "and Refuse Consent Please Enter 'N'");
String accept = scan.next();
if (accept.equalsIgnoreCase ("Y")
return true;
else
return false;

}

@Override

public String recordRepresentative() {
scan = new Scanner (System.in);
System.out.println("Enter name of representative");
String representative = scan.next():
return representative;

Known Uses Examples of existing systems that take the Collection Limitation

principle into account include:

® AliExpress (Website): When a user creates an account, the
system will collect personal data. If the user gives consent to
the system to collect and use personal data, the user should

check the agreement checkbox.

Express

Create a New Account Arready a Member? Sign in

O sign up for an account using your email address.

Email address

his will be your sign in email address
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Known Uses (Cont.)

®  JetStar (Website): While a user is using a web service on a
mobile phone, the system requires further access to the user
location and will ask for user consent. The user can then give

or refuse consent to the collection of his/her location data.

Jetstart (sionve | [EZEN

Allow location access?

https://m.jetstar.com/ wants to
know your location.

Remember choice

Deny

extras

i

About Jetstar Contact us

Related Patterns Data Quality
The Data Quality pattern can be used with the Collection Limitation
pattern to ensure that the personal data that are collected are

accurate, complete, and up-to-date for the processing of the system.

Openness

The Openness pattern can be used with the Collection Limitation
pattern to ensure that the collection of personal data is for the real
benefit of the data subject in the use of the system service. The data
subject should be informed of what personal data are collected and

for what purposes.

Individual Participation

In addition to the Collection Limitation pattern, the Individual
Participation pattern can be used so that the data subject remains
entitled to the right to participate in the use of the collected personal
data by the system and be informed of the issues related to the

collected personal data.
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E, | Pattern Name and | tana15fA195utguuusuiidauseiiiuty dviadeil
Classification sl [ 8 = 1, Lidl = 0]
ap, This topic describes the name of the pattern which

conveys the essence of the pattern succinctly.

[AgLuY 1 %38 0]

ay This topic identifies the classification of the
pattern which groups up similar patterns together.

[AzLuu 1 %38 0]
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E, |Intent lenansfeiuIsuuUIUTihEssdutu Shdetuielsl
[§ =1, Lifl = 0]

ay, This topic describes the intent of the pattern.
[AzLUY 1 %39 0]

ayy This topic describes the rationale behind the
pattern or the design issue or problem that the
pattern intends to solve. [AZHUY 1 %38 0]

ays This topic discusses the associated forces that
cause the problem. [AZHuU 1 %38 0]

E; | Also Known As lenansfesuIsLUUIUTihEsdudu Shdetuielsl
[&=1, % = 0]

as, This topic provides other well-known names for
the pattern. [AzWUY 1 %38 0]

E, | Motivation lenansmesuIsLUUIUTTEsdudy Shdetuiels)
[§ =1, Lif = 0]

ag, This topic describes at least one scenario that
illustrates the design problem. [AzHUY 1 %38 O]

ag, This topic describes the concrete problem scenario
with graphical or diagrammatical notation. [AzuUY
1 %9 0]

ags This topic describes how the class, object, graphical
representation in the pattern solve the problem.
[AzLUY 1 %39 0]

Ay This topic describes at least one concrete example

of the solution (with graphical or diagrammatical
notation) in implementation aspect of the real
application.

[Azwuy 1 %38 0]
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Es | Applicability Laﬂﬁ']iﬁ']@%maLLuugUﬁﬁwé’wszLﬁuﬁuﬁﬁﬁaﬂfﬁahi
[§ =1, Lifl = 0]

as, This topic describes the situation in which the design
pattern can be applied. [Azuu 1 %38 0]

as This topic describes the example of poor design that
the pattern can address. [AzWUY 1 %38 0]

s This topic describes how the pattern user can
recognize the situation for using patterns. [AzUUU 1
%39 0]

Es | Structure lenansfesuIsLUUIUTihEsdudu Shdetuielsl
[&=1, % = 0]

ag This topic provides a graphical representation of
classes in the pattern using UML. [Agluu 1 %38 0]

Ag2 The class representation provided in this topic is
described in an abstract level (Not concrete class
structure). [AZWUW 1 %39 0]

A3 This topic describes the sequence of requests and
the collaboration of objects of the classes in the
pattern using a graphical representation. [AzuUY 1
%38 0]

E; | Participants Laﬂﬁﬁﬁ’m%‘mEJLLUU‘giJﬁﬁWéJﬂﬂizLﬁulﬂju fivhteiiniel
[&=1, % = 0]

ar, This topic describes the classes and/or objects
participating in the design pattern along with its
attributes. [AzHUW 1 %38 0]

azy This topic describes the responsibilities of each class
and/or each object. [AzUUY 1 %30 0]

Es | Collaborations enansmosuBLUUsUTTEsediuiiy Srhdetiugela
[&=1, % = 0]

ag, This topic describes how participants collaborate to

carry out their responsibilities. [AzWUY 1 %38 0]
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E; | Consequences lenansfeiuIsuuUIUTihEssdutu Shdetuielsl
[§ =1, Lifl = 0]

agy This topic describes how the pattern supports its
objectives.

[AzwUY 1 %38 0]

agy This topic describes the trade-offs of using the
pattern.

[AzWUY 1 %38 0]

ags This topic describes the results of using the pattern.
[AZLUY 1 %39 0]

Agy This topic describes the aspects of the system
structure that make the use of the pattern vary
independently.

[AzWUY 1 %38 0]

Eio | Implementation L@ﬂﬁﬁﬁ’l@%’mEJLLUU‘EiJﬁIﬁWé’ﬂU%Lﬁuﬁ?uﬁﬁ?%@ﬁﬂ%ahj
[&=1, % = 0]

01 This topic identifies pitfall(s), hint(s), or technique(s)
that the patten user should be aware of when
implementing the pattern. [AZWUW 1 %38 0]

A0, This  topic  describes  whether there are
programming-language- specific issues or not.
[AzLUY 1 %39 0]

Ai03 This topic provides a guideline or recommended
steps to implement the pattern. [AZLWY 1 %38 0]

A4 This topic describes the variants or specialization of

the pattern. [AzWUY 1 %38 0]
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[§ =1, % = 0]

f il ArasuTY ALY
E,; | Sample Code NasAMesUILKULIUNMaUsHIulY Sideinielyl

Ang This topic provides code fragments that illustrate
how the pattern user might implement the pattern
in a well-known object-oriented programming

language. [AZHUY 1 %38 0]

Ay This topic describes the code fragment in detail
where it relates to the classes in the pattern.

[AzLuu 1 %38 0]

E;, | Known Uses NaNsAMBsUILKULIUNMaUssuliy Iideiviely
[& =1, lidl = 0]
Ay This topic describes at least one example of the

pattern found in real systems. [AZLWY 1 %38 0]

E;s | Related Patterns | tonansAasuienuusuiimasUssiiiuiu ddetinsol
[&=1,%id = 0]

A3 This topic describes which other patterns are closely

related to this pattern. [AzWUY 1 %38 0]

asy This topic describes the important differences from

other patterns. [AZUY 1 %38 0]

A133 This topic describes how to use this pattern with

other patterns. [AzZUUY 1 %38 0]

1 1 oK
DKT = F ’11;=1(Et X thktzlat,k)

et DKT  Aedpzuuuanuasufiuvesesdnnuiifisdluusasideveaenaisdeiuie
wuugUhnUsediu tneezdanduawneadedlugag [0,1]
T Aodmnudeniinmunluenaisiesuisuuugy (luaunisife 13)
A o I3 valo o o o o v A o a
Kt fAaduiuesdnnuiniisdmuruugih luiden t vesenansieiusuuusy
Et AeAn1susnguesiided t lulenaisdeluieuuuiy Feeefidndu 1 win

wnansmesuenuuguiivaded t Using uidwihded tliusing sxlidndu o waue
Atk fAernisusingueesdmnuiduiiafided K luhided t wsuenarsmesue

wuugy Teesuvstiaefidndu 1 deesdanudil K usinglumded t vewenansiesuisuuusy us

ediAnu 0 winesdaudiu 9 ldusing
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'
=1

o Y
N NIUVD

ANasu1e

ASLUU

Aufivselevid (Usefulness) Wunaaud@iasiiouinesinnuinieluenaisieduieuuugudl

Usglollunisthanlduidamnseylile

59 / YoUBIAITINAAIN

M-2: dnaunsdnuuugUluldau (Pattern Application Proportion)

QUIZAIAVIAIIN

iieuansngwuuivhlifiawnuugunsuldindeununwaata Jadu
nseenuuuitdunlatymnisesnuuuiinuuguidiaue Tusslevduag

gnidendnldlaedldnurield auusunvedasinisvesldauy

]
o A

A1Tuas TinsonAzuuuLAasuaNINMe way/M3e fauusang 9 Tuudazdoniuanuiduassinulu

lenansAesuIEwUUFY

Auus

ANasu1e

ASLLUU

#Classes Applied in
Project p

Juuparangnirluldesnwuuaaialulasinisi p
waranansassyliinsaiuamalulN U AR ARG

witgmin1seenuuuTeIwuUgy

#Classes in the Pattern
Description

Juueaaiauaiusnglutenalsaiesuigwuuiy
(571919 Abstract Class, Concrete Class wag Interface

Class)

CPy

ﬂ"mzLLuué’maiaumiﬁmmaﬁasﬂuuwumwmmamm
nansaesuekuuiUluldesnuuuaataredlasinis

7 p awluwawaioulugas [0,1] AvzAuwialaan
CPp _ #Classes Applied in Project p

#Classes in the Pattern Description
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Auds

ANasu1e

ASLUU

#Attributes Applied in
Project p

IuIuuEnyurveRaangnihunldesnuuuaaaly
1A5aN15% p wazanuisassyldimsaiuamdnyusves

AanawwInwiledaymnisesniuuveanuugy

#Attributes in the
Pattern Description

uIuAMENYUEvRIAaIaNImNaNUIINg lulenans

Aesuteuuugy

AP,

ARzLuUdndIun1siIAMdnYMYeIAaanagly
wnunmAa1avesenasAtasuiskuuiUlUldeanuuy
Aaa@vedlasin1sh p asiluanaienlutag [0,1] N1ag

mMuadlaann

#Attributes Applied in Project p

AP, =

#Attributes in the Pattern Description

#Operations Applied in
Project p

wumsaniiunsvesaarangnihluldeenuuunaa
Tulpsanis? p wavanunsaseyladnseiunisaniunis
vaspatalubnuaInaatawuIntuiladgninis

@@ﬂLL‘UUGUENLL'U‘UEU

#Operations in the
Pattern Description

JuMIALduNsYeInaanuanusIngluenans

AesuIEuUUFY

OPp

Arnzuuudndiunisdinisaiunisvesnaiaegly
wHuAINAaTavesenansAtesuekuusUluldesnuuu
Aanaveslasanisi p azdudianailovlutag [0,1] 9

azawalaan
#0perations Applied in Project p

OB, =
v #0perations in the Pattern Description

#Association
Relationships Applied in
Project p

FUIUANUFNIUTUUU Association sEnIeAaTIENgN
ululdeenuuuaaialulasinisi p uazaiunsassyle
FnseiuaNNFuRUSwUY Association seninaaanalu

LLNUﬂ']‘WﬂaWﬁLL‘H’J‘V]’NLLﬁ‘lﬂjQJM’]ﬂ'ﬁaaﬂLL‘U‘U‘U’eNLL‘U‘UE‘U

#Association
Relationships in the
Pattern Description

FIUIUANUFUAUSUUU Association Nanuausinglu

lenansAesuIEuUUFY

AscP,

ANATLUUARAIUNSUIAUAURNUSWUY Association
seninaananegluwnunInAaIavedenNaITANas Y
wuugUluldeanuuunaiavadlasinish p asiduay

neadeulugie [0,1] AazAruialaain

#Association Relationships Applied in Project p

Asch =

#Association Relationships in the Pattern Description
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Auds

ANasu1e

ASLUU

#Generalization
Relationships Applied in
Project p

SruIuAMUEUTUSUUU Generalization s¥inaaanad
gnihluldeenuuunanalulasenisi p uazanansnsey
1a319 59 UAMUFURUSWUU Generalization 5114
AANALULNUAINABIELUINILA T NIN1T90 AL UUDS

wuugy

#Generalization
Relationships in the
Pattern Description

IUIUANUFNTUSUUY Generalization HavuaUsINg

TuenansAeSuieuuusy

GenPy

AAzluUdndIuNThAudIUsLUY Generalization
seninaananegluliunMAaIaYedeNd13A85 Y
wuugUluldeenuuuraiavediasinisd p aziduias

nedouluaig [0,1] Nagmuialaann

#Generalization Relationships Applied in Project p

Gean = g 5 g g 5 P
#Generalization Relationships in the Pattern Description

#Aggregation
Relationships Applied in
Project p

FUIUANUFURUTUUU Aggregation TenneAaIaligN
iluldeanuuuaaialulasinisi p uazaiunsassyle
MATIAUANNFUNUSUUU Aggregation seninsaaialu

LLNHﬂW‘Wﬂa’]ﬁLL‘LJ’J‘VI'NLLﬁ‘lﬂji‘gW’]ﬂ’]iaaﬂLL‘UU‘Ua\‘ILL‘U‘UE‘U

#Aggregation
Relationships in the
Pattern Description

F1UANNFUNUSIUU Aggregation NvuanusIngluy

\eNEsAIDBUNEMUUSY

AgrP,

ATATLUUEREIUN1TUIANEURUSLUU Aggregation
seninaananegluwnunInAaIaveLenaITAIas Y
wuugUluldeenuuuraiavediassnisd p aziduias

nedoulugie [0,1] Nagmuialaann
#Aggregation Relationships Applied in Project p

AgrF, = . ——— —
#Aggregation Relationships in the Pattern Description
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Auds AasuIe

AZUUL
#Composition | §rujueruduiusuuu Composition szninsaanadign
Relationships Applied in | N 1l r r
Project p illdeonuuunanalulasanisi p uazaunsaszyls

1ATIAUANNENRUSIUYU Composition sznINgAaal
unAALUI ATy mn1sesnuULTsILUUIY
#Composition druauAudNTUSWUY Composition sisnuafiusing

Relationships in the

Pattern Description luenansAesuieuuugy

ComP, AAzuuudndunsihaNuduiusiuu Composition
sewineaaneglunnunmaaiavestenaIsAiosule
wuugUluldeenuuuaaiavedlasanisi p asiduas
nedeulutag [0,1] Hazdunaldann

#Composition Relationships Applied in Project p
Comb, =

#Composition Relationships in the Pattern Description

CPp+ APp+ OPp+ AscPp+ GenPp+ AgrPp+ComPy

PAP1qs5sp =
P Nelement
gt PAPp AeArpzuuudndiunisiiuuusyluldauvedasinisi p Feen
v o Loz a \
Azunuresiinnunmilaziduaumatioiluag [0,1]
CPp AeArAzuuudndIunsiIAaanedluukuA NG AYRLENATT

mesursuuugululdeenuuunanaveslasinsit p aduamadenlugas [0,1]

APp feAazuuudadiunisihnudnuuzvesaataiiegluununInaaia
“ZJ’ENL?Jﬂﬁﬁiﬁ?@%u’]&nwugﬂlﬂsﬁaaﬂLLUUﬂaWﬁ’UaﬂIﬂﬁﬁﬂ’]i‘ﬁl p azfuavadeulugia [0,1]

OPy ﬁaﬂ"lﬂzLLuué’mé'sumsﬁwmiﬁﬂLﬁumsfuammaﬁaQ”luLLNumWﬂma
maﬂLaﬂﬁﬁﬁm%mmmugﬂlﬂiﬁaaﬂLLUUﬂmaﬂuaﬂﬂﬁmiﬁ p azdusaunadeonluas [0,1]

AscP, FoAaziuudnaiunisiinuALNUSILUU Association ¥nINeAANE
fogluununmaaavesienarsmesuisuuuglluldesnuuunanavestasenisii p azsdulumedon
Tusia9 [0,1]

GenP, ForazuuudnauNIsUIAMUFIRUSWUU Generalization 531319
amafieglunnunimpanaveenansmesunsuvusUluldesnuuuaaaveddasinisi p awduas
nadeulusie [0,1]

AgrP, fomazuuudndIunsinANNEIRUSWUU Aggregation S¥uinamand
fegluununmaaavestenansiesuienuugdluldeenuuunanavestasenisi p asduaumedeon
Tuaia9 [0,1]

ComPp FoArAzuudadiunisiiauduiusuuy Composition 531319
amafieglunnunmaanavesienansmesunsuuusUlulfeenuuuaaiaveddasinisi p asfua
yadeulugae [0,1]

Nelement fosrurudiusznausianuadignldesuisegluununiwaaiaves
nansAesuenuusy endiegraty TuksunmeanaUseneuiie Aa1E N1sALduNs AuANTUS

WUU Association bagAuduiusiuu Generalization AvassnuUsiasidu 4
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matueuuuy dnnudenndesuazdesiuinNdeelfivdn

Audasfiu (Consistency) \unmauiffiasviouinesdanuinegludnuazununinga 4 luenans

59 / YoURIAIINAMAIN

M-3: aziuuAILfesiuTEnIrun1nlulenatsAesuisLuusy

(Consistency Score Between Diagrams in the Pattern Description)

QUIZAIAVIAIIN

Astaaule

o

WauansAz ULy TRukuU Ui uun mvTeuuudaes
waNAwIs1e 9 Ngniiunldeursuuimisityninisesnuuuly
nansAasuekuUIUiauaannfeIwazAeiuLiesla mnwRunImN

aeafu avdrelvmdnidedenanyiligldaunuusuiiannuduauly

Wongansmaidenvaninasiiansnsaltnuls wazUssliumumaninaeinldanule

Aduas lrguszidudeniusunimignldlunisesuieidesag o vesenaisAeduiguuugy niy

1.
2.

w

[
[

] wNunwgELAz
] WHUAIWARNTIY
1 WRUANAANE

] WRUAINERU

lsadanununwingnihanldaiuieindanig 9 vasendrsmaiuisuuugy

(Use Case Diagram) ucD

(Activity Diagram)
(Class Diagram)

(Sequence Diagram)

] WNUATWLATBIANTUELTINGANTIY  (Behavioral State Machine)

AD
CcDh
SD
BSM

- 9 ¢ 1% v
ﬂﬂiﬂ\iﬂqiLaﬂﬂ‘WaﬂLﬂm‘m‘mﬂ']u'ﬁﬂﬂhﬁflu‘lﬂ

ununngniunldesuie

o ¢l & [
wanunaugintgaula

Turunnegnalaag1aniaintu

Tdanunsaltaudrindle

1 UCD way CD

THunanineust R, 1o

P

4 UCD wag SD

Tdnunanino R, 1a

3 AD way CD

THunannaal Ry, R, 91

1 AD wa SD

Tgaumaninuet Ry 19

=

4 CD wag SD

THaumaninuet Ry, Ry b9

P

i BSM wag AD

THnunaninat Ry, R, 191

3 BSM way CD

THUmaNNUI Rg, Rygy Ryp b9

WsaAnsans18n1syantnauann kgauls :
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o & v a A a o cav v N vy v i &
ANYLLAY SLVQﬂﬁngluLaaﬂUi%Lllu@]’]llﬂaﬂLﬂmsl/]m‘lﬂl,a@ﬂ‘ljmqﬂmu mumiwm@lﬂu

SWa AN95U"Y fiauus ATIUY
ngMsAsIRERUmINRsTureuuaeweniwsnan | #Classes Associated
. with Any Use Case in
¥4 “Every class on a CD must be associated with at yUCD
R1 least one use case.” AIUUAINITOATUINALLUUVDING #Classes in CD
Joillsann
R _ #Classes Associated With Any Use Case in UCD ATLUU Rl
1~ #Classes in CD
R2 ngnsTIRdeUmINdeiuvelLuudaesendwisna | #Object Nodes in AD
.. Associated with Any
1991 “Every object node on an activity diagram must ]
Yoo y s Classin CD
be associated with an instance of a class on a class #Object Nodes in AD
diagram.” dsliuannsaduimpzwuuveingdeiilaain
R, = #0bject Nodes in AD Associated with Any Class in CD AU R2
2= #0bject Nodes in AD
R3 ngNsRsIvEeUMINRBsTuYeILUUTIanwenswisnas | #Classes Associated
Y - : B IR o with Any Use Case in
1491 “Every activity or action contained in an activity yUCD
diagram should be related to one or more operations #Classes in CD
in a class on a class diagram.” AIUUAINITAATUIY
AzLULTaINgUaillaan AzuU R3
R _ #Activities or Actions in AD Associated with Any Operation in CD
3™ #Activities or Actions in AD
Ra NNINTIVABUANIUFDANUVDIUUTIBIBONFWITNET? #Actors in SD
1431 “Every actor on sequence diagrams must be Associated with Any
Y g = Actor in UCD
associated with an actor in the use case diagram.” #Actors in SD
ftugsamwInAziuLYDIngaillian
R __ #Actors in SD Associated with Any Actor in UCD ASUY R4
4+ #Actors in SD .
Rs npMIAsIRERUMINGBITUTBILUUTaewenAwIsnan | #Messages in SD
1491 “Every message on sequence diagrams must be Associated with Any
v 8 9 8 Activity and Action in
related to any activity and action on an activity AD
diagram.” slsduasnsafwmezLuLvengdedliain #Message in SD
Rs _ #Messages in SD Associated with Any Activity and Action in AD ALY R5
#Messages in SD
Re NHNNINTIVFBUANILFBIN VDI UL ABsTENRISNaTs | #Transitions in BSM

1541 “Every transition on behavioral state machines
must be related to any activity and action on an
activity diagram.” o’w’aﬁummmﬁwmmmLLuuﬂJaaﬂQ*’ﬁa
flgan

#Transitions in BSM Associated with Any Acitivity and Action in AD

R
#Transitions in BSM

Associated with Any
Activity and Action in
AD

#Transitions in BSM

AzLUY R
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Wl ANas U fawls AZHUL
Rz NYNIINTIVABUANUFDITUVDILUUTIAD LD NARITNET? #Complex Object
v _ . Nodes in AD Havin
¥ “Every complex object represented by an object 9
P P BSM
node in an activity diagram must have a behavioral #Complex Object
state machine that represents the object’s lifecycle.” Nodes
AatuAINSaAWINAZLULTEINgTaillaen cuy R
R _ #Complex Object Nodes in AD Having BSM ABLUN R7
77 #Complex Object Nodes in AD
Rs NHNINTIEBUANINFBIT YD UUTIARTENGWISNaTd | #BSMSs Associated
1431 “Every behavioral state machine must be with Any Class in CD
associated with any instance (object) of a class on a #BSMs
class diagram.” AHUAINNTOAIUIUATLULYRING VT
@ AU Rg
R. = #BSMs Associated with Any Class in CD
8 — #BSMs
Ro NNINTIVABUANIUFBINUVDILUUTIAD 1T NARITNET? #Objects in SD
o Associated with Any
1431 “Every object contained on a sequence diagram .
Yoo ¢ s Classin CD
must be an instantiation of a class that is located on . .
, oz 4 . #Objects in SD
a class diagram.” AIUUFINITOATUIUASLUUVDIN VDU
1827
R #0bjects in SD Associated with Any Class in CD Azlul Ro
97 #0bjects in SD
Rio NNITNTIVABUANUABITUVDILUUTIADITBNARITNET? #Message in SD
v . Associated with An
14491 “Every message contained on sequence . y
Operation and
diagrams must be associated with one operation in a Association in CD
class and one association connecting classes on a .
X 3 . #Message in SD
class diagram.” AHUAINNTOAIUIUATLUUYRING VT
Taan
AzuU Rip
R — #Messages in SD Associated with Any Operation and Association in CD
10 #Messages in SD
R11 ngNIsRTINdRUAINFBITUYRLUUTIaeweNdwIsnas | #Transitions in BSM

1391 “Every Transition on behavioral state machines
must be associated with an operation in a class and
an association connecting classes on a class diagram.”
Fefuanansosnanswuuengteilian

Ry =

#Transitions in BSM Associated with Any Operation and Association in CD

#Transitions in BSM

Associated with Any
Operation and
Association in CD

#Transitions in BSM

Az Rip
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Swd ANasUNY fauds

ASLLUU

Ri12 NYNIINTIVABUANUFDITUVDILUUTIAD LD NARITNET? #States in BSM

¥ “Every state in a behavioral state machine must Associated with Any

be associated with a value of an attribute or a set Attribute Value or a

of attributes that describes an object (of a class).” Set of Attributes in

fatugnsamwIneAziuvaIngaiildan

#States in BSM Associated with Any Attribute Value or a Set of Attributes in CD

ch

Rlz = #States in BSM
#States in BSM
AvwUY Rig
CSD = i, ——
= Yhuy (5)
Rysed
g CSD AaAAzkuLANNRBIiUsERIIUNUA Wl weNa SANe UEKULFU B

: v o =~ N ,
Aazuuuvesiinannwidagituawatenluyie [0,1]

I ADTUIUNYNITNIUABULAZATIVABUAINYNABILUUTIADITENAWIS
(luaunsiifie 12)

A o

Rused ADTUIUNYNITNIUABULAZATIVADUANYNFBILUUT BB NARIS
namuaiaansalgldtusuusunmsesnuuudaingiiaa sy
Ri ADATAZULNAINABITUAINNYNITVIUADULAZATITABUAIINY DN
YoIuwuuTIaesrenawIsTen i dmsunglenluaunsaldauls (aifumunmlungdetu 9 Ysinglu
o o o w D7) & & = > o
enansiesutsuuuzl) Azuuudmiungletuasilu 0 azunuate uwasmnilunganansaldaula
wakrunmvesuusUlifiduysgnevvesuunmiiszylilungdelu 4 Unngey sxlvazuuuveny

v &
VOUUUU 1 AZLUULEALD

QA-2: ARENBAZITIAUAINAIUA1YTILIEaSUNBUUUFU (Pattern Language Quality Attribute)
= @ a % o v a 1% 1Y) = o v oa
duaudnvugidsaunmiunwinldesuisuuuglaglinnuauladuuwinimseniwnildideu

wnasAesUIEKULIUIERMA INNTesiedla visesuwaudladeieds Useneuderuandii

azviaufanaunn laun

n1sguléidne (Readability) upnantfnasviowinnmwildluenaisiesuisuuusvusiagiidony

ansasulanenieldl wasmngdugldnuiiuuugdlvldviely

598 / YoVRIANIAAMN | M-4: aviuunisaladeveaileviluenaismesuiswuusy (Content

Reading-Ease Score in the Pattern Description)

o 3 v W - o S o0 vyaw P & S & v
TngUszasAvasiain Wiowanspzuuuivilidiauiuuugunsulddn demiiludeninuvesuugy

ansaguliiedieds wasmuzauiussauveanguilmmnedldnuwuuguvseld
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o
=

¥

evnduganwsuas

Aduas TiuseiliunsenazuuunuiuUsing o lnsnenauide tnefiteulydn idelu 4 deed

An213e12l31Taen37 10 A2

fauds

A1a5U1Y

ASLLUU

ﬁ"a%'aﬁ 1 Pattern Nam

Nuword Sruudilunmndinguiiansauldanidednd
Nisentence Fruulsglealunwdinguiianansaifuldanidedngn tne
wisUstlonden () vidoisesvanedu 9 wu 2 1 1 Jusu
Nsyiable Frauneediieanides Tuniwdangu (Fuanddnusaselu
mundinguluudaziidnisoonides)
CRE:

(206.835-1.015( Nword ) 86 4( syllable))
semence WOVd

CRE, = 100

$i3%8% 2 Intent

Nuword Srnudlunwndinguiiaansauldanidednd

Nisentence Srunulsglealunwdinguiianansaifuldanidedndn tne
wisusgloasega () videiaTeanedu q wu 2 1 1Hudu

Nsyliable Frunersdfioanides Tunudsnge uanddnusasylu
mundainguluudaziidnisoonides)

CRE2 (206.835—1.015( Nyord ) ) 64( Ngyliable ))
C RE; s senterlz(c)g Nyord

#atadl 3 Also Known As

Nword Fruudlunndinguitannsefuldanidednd
Nisentence Srunulselealunundainguilanansatuldannidedingn Tng
wisusgloasnega () videinTeanedu q wu 2 1 1Hudu
Nsyltable Fraunenediteanides Tuntwidingy (uanddnvsasslu
mwndinguluudaziidnisoonides)
CREs

(206.835-1.015( Nword ) %6 4( syllable))
Nsentence Nyword

CRE, = 100
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fauds

A1asU1Y

ASLLUU

#2989 4 Motivation

Nword Sruudlunmndinguiiaansaiuldanidednd
Nisentence Fruulsglealunwndinguiiannsaifuldannidedngn Tne
wisUstlendegn () vidoin3esvanedu 9 wu 2 11 fudu
Nsyiable Frauneediteanides Tuniwdangu (Fuanddnusasslu
muwdanguluisiazdidnnsesnide)
CRE4 Nyword

(206.835 - 1.015( ) (
Nientence

CRE, = 100

syllable ) )
Nyord

Wadadl 5 Applicability

Nuord Srnudlunundinguiianseiuldanidednd
Nisentence Fruulsglealunundinguiiannsafuldannidedngn Tne
wisUselendegn () vidoin3esvanedu 9 wu 2 1 1 Hudu
Nsyiable $rauneediieanides Tuniwdangu (Tuanddnusasely
muwdanguluisazdidnnsesnide)
CREs Nyword

(206.835 - 1.015( ) (
Nientence

CRE, = 100

Nyyllable ))
Nyord

#2989 6 Structure

Nuword Srunudlummdinguiiaansatuldanidedngn
Nisentence Fruulsglealunwdinguiiaansafuldanidedngn Tne
wisusgloasneqa () videinTeanedu q wu 2 1 1Hudu
Nsyliape Fruruwensdieanides Tuntundingy (Fuandidnusasylu
muwdanguluusazdiidnnsesnide)
CREs Nyword

(206.835 - 1.015( ) (
Nsentence

CRE, = 100

syllable ))
Nyord

wadaf 7 Participants

Nuword Srunudlummdinguiiaansatuldandedngn
Nisentence Fruulsglealunwndinguiianansaifuldannidedngn Tne
wisusgloasneqa () videinTeamnedu q wu 2 1 1Hudu
Nsyliable Fnnuneedieanides Tuniwsangy (uanddnysasslu
mundinguluusazdiidnisoonides)
CRE~ Nyord

(206.835 - 1‘015( ) (
Nigentence

CRE, = 100

sylluble ))
Nyord
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fauds

A1asU1Y

ASLLUU

ﬁ":%'a‘ﬁ 8 Collaboratio

ns

Nword Sruudlunmndinguiiaansaiuldanidednd

Nisentence Fruulsglealunwndinguiiannsaifuldannidedngn Tne
wisUstlendegn () vidoin3esvanedu 9 wu 2 11 fudu

Nsyiable Frauneediteanides Tuniwdangu (Fuanddnusasslu
muwdanguluisiazdidnnsesnide)

CREs (206.835 _1.015( Nyord ) ( syllable ))
C REt _ senteila(c)g Nword

#adad 9 Consequences

Nuord Srnudlunundinguiianseiuldanidednd
Nisentence Fruulsglealunundinguiiannsafuldannidedngn Tne
wisUselendegn () vidoin3esvanedu 9 wu 2 1 1 Hudu
Nsyiable $rauneediieanides Tuniwdangu (Tuanddnusaselu
muwdanguluisazdidnnsesnide)
CREs ( he s 1.015( Nyord ) ( Nyyllable ))
C REt _ senteili(c)g Nword

#2dafl 10 Implementation

Nuword Srunudlummdinguiiaansatuldanidedngn
Nisentence Fruulsglealunwdinguiiaansafuldanidedngn Tne
wisusgloasneqa () videinTeanedu q wu 2 1 1Hudu
Nsyliape Fruruwensdieanides Tuntundingy (Fuandidnusasylu
muwdanguluusazdiidnnsesnide)
CRE1o (206.835 ) 1.015( Nyord ) ( syllable ))
C REt — senteili(c)g Nword

Wiadad 11 Sample Code

Nuword Srunudlummdinguiiaansatuldandedngn
Nisentence Fruulsglealunwndinguiianansaifuldannidedngn Tne
wisusgloasneqa () videinTeamnedu q wu 2 1 1Hudu
Nsyliable Fnnuneedieanides Tuniwisingy (uanddnysasslu
mundinguluusazdiidnisoonides)
CREu _Nword

sylluble
206.835-1.015
Nsentence Nyord

CRE, = 100
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#2989 12 Known Uses

Nword IunuAlunwsingeiausatulaainiivesiingin

Nsentence IuulsElealuniwndinguiaunsatulanniitaninan lag

wUsUselemdiegn () wieweSeanunedy 4 wu ? 1 Jusu

Nsyiable TuuneAsandes lun1wdangy (Tuandisnusasylu

o

muwdanguluisiazdidnnsesnide)

d llable
CRE1 (206.835-1.015( Noor ) ( e ‘))
Nsentence Nyword

CRE, = 100

ﬁ’aﬂaﬁ 13 Related Patterns

Nuord IunuAlunwsingeiausatulaainiivesiingin

Nsentence IuulsElealunwdinguiansatulaaniitaninan lae

wUeUsslemimegn () wieweSeanunedy 9 wu ? | Jusiu

Nsyiable TUNeINATEandes Tun1wsengy (Tuaindisnusasylu

°

muwdanguluisazdidnnsesnide)

d llabl.
CRE1 (206.835-1.015( Noor ) ( Sy7d E))
Nsentence Nyord

CRE = 100

Nsyiiabie
CRE = —Z 206.835 — 1.015 (M) — 864 (Sy—)
T X 100 ( N Nwora /,

sentence’ ¢

et CRE ﬂamﬂwLLuummmumwa&Lu@mmﬂiumnﬁﬁﬁmém&LL‘UUEU 9
v v - a ,
AzuuuvawiinAumilaziduaunationlugi (-eo,1]
T Aedwumdeluenansiesuisuuuguiinisedueileniduiidns
Nuword Fatdrwrualunwsinguimualuiaded t assenaisaeduiswuy
U
Y
Nsentence Fagnunulszlualumusinge (Fwalesnisduesesmneaulszlen

Feusznaumie full-stop, question mark wagz exclamation mark) Misvualuiide @ t vewenans
Aedunsuuugy
Nsyllable Farurunesflun1wdingy (Huaindsnesassluniwoinguluue

azA1niinseanides Wy Entertainment flase 5 61 uisanideaiiowa 4 1 ardwdsisadu 4 6)

aunluiideit t veaenatsiesuisuuugy
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a151985UAzuuUTuLAA A1

. - AuauURnazioy | "
AMENULLTIAANIN - anwIgafI AN AZUUUTIUNLA
DeAMAIN
AMANYULLTIAUAINAIY | Completeness DKT
23RN ETUMUUTY | Usefulness PAP
Embedded Knowledge .
( s Consistency CSD
Quality Attribute)
AMANYULLTIAUAINAY | Readability CRE
Mwildesueuuusy
(Pattern Language Quality
Attribute)

AUAALAULNLAL:
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AMARNUIN A

WUUABUATUAIINANMILABLUUTIAINSUSIUAMAING LATHAANS

Tudnliidelihuuunesuveanuuasuniumnuaaiuildlunisussfiveuuinaes
nsUsziuaunne Miauellewiu lnedideavgauwuusunsesniuuii Ussaunisal
agntioy 2 TIUlY Fauumamsaiiuwuuaeunulananliuadluuni 4 diudaluazuans

LuvaeUnN Ui asUradnsianuafiusuTulasely
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15N 7.1 UUFOUOINAIINANTUAL ITURUUTIAINITUTATUANN TN

wuudauanAANANLUsaLUUTIaaN1UsHIuAMAINT TithiEue

ABuae wuvgeuatuigniavinieldussifiunuudtassnisusailuauaimduludiunives
Wenlinusizes “wuuiasnisussiiuaunmdniuiuusunsesniuudeing ey seninansiaun ”

ey ainzd1 99U Aniurellien ey 1ieagun NTINANN N UBLUUTIaDIN1TUTETLANAIN

v
a Ya o o

Minauadndanugnaes AR avauwnaunavseldl Mellfideazirdeiausiug luiasanuily

Y

wuudnaesUszdiununmy feld grauluudeunINaINTaLAnIANALAINTIEN T TeAA

AUNAINT AU U Y 4 Seau Fatl

AU 4 (Wiufeee198) Ausziliuiuieiudofioiniu 9 9819383 wuudiaeinisuszdu

A mdnunnaudeiniuty 9 wazlidndudowilule o

5TAU 3 (ADUTNaiURIE) AussdiuAeuthaiuieiutefaiutu q Tuuudiasinisusadiu
AN MIAnAINANTR101N LAdIlitaay B1avsdpNsIIwALY

a a a & a a
LWHLAU (I‘UﬁfﬂLLﬁfﬂJﬂ'}qﬂﬂ@LWULWNLWQJ)

szau 2 (oudnaliviusne) | dussfiureuddliviudieiuderanutu o Iuvudiasinisussiu
AunmdaunmaLde1nn §Idealsaeauilunudediniuty 9

QUsARARIAMUAALTALLRLILAL)

2 0
o ' a

szau 1 (lWiunleedeBe) Auszdfiuliviuseiutomauiiu 4 ag1983 Tuvuiasinisussiiu

o &

Aun i naNdedn fIdedntudsauilumudemaiuiu 9

2819639071 JUTALARIAIUAALTIULNLILAL)

szav 0 (ldeanAudaiy) | dusadiuliniu viielivessnanudniiunudediay

0. dayanaly

Awas lusansenasosmunegn (V) adlutesing [ ] inssnudeyavesnamueauiluass

LWl [ 1w [ 1w
218 [ 1An 20 [ 121-257 Uszaunnsalifeaiu [ 12-37
[ 126-30TU [ Junnd1 30T | wuugumsesnwuy | [ Junand 3T
1Waing
fiuszaunsaiifieanu [ ] nsfnwilulseSow/aminerde/au
UUUFUN15R0NLUULTY [ 1vheAdeiieafuluugunsesnuuuideing
9N [ 1 vhelussdnisifimsiuuugunisesnuuudeingluld
[ 18U QUIATZY) oo
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1. 5789n1508A0"Y

YBIPUARIULALLANNE5I8A1STAND Y

lUsafnwA1e5Uy wagsgasidenvesdamaiuudazde 3nudnseninIamunegn (V) aslu

FoII9AIUVI AUsTAUTIIIUAATIY Mnfianudeaduiudunsannsenlufiinaiiiuly wiensenlu

AN9SUN8YaANAY

AMUAALIAY

3

2

1

[

1. AuAnIIAMANYULIBIRMAIN (Quality Attribute) UBlLUY

sunseanuuudeingsvylukuudtaenisuseiliunaning &
ANUMIEa wagvilanansanswismanmyeswuugule

LT T 1207 1

2. ANAnIIAMANBALITIAMAIN (Quality Attribute) vBauuy
sun1seanuuuldeingszyluwuuitaeinisussiliuamuaIne
Asutuuazfisanewds Lisnludefiufuani

P12 10 7Y S

3. auAniAuaudAiasoufeguain (Quality-Carrying
Properties) waauuusunseenuuudsingfiszylunuudassns
Uszilugmuniny danamanean uagvilianunsansiuianmunn
vosuwuugula

P12 10T oo

4. AufindauaudANaziaudeamnIw (Quality-Carrying
Properties) vaduuusun1seeniuulieingnssyluiuudiasinis

Uszifiuaanine asuiiuwaziiisanauds lddndudoafisiiivain

v
=1

U

ANANYAULITIAUAIN TANUMUIZAULALYNABIL

q U

LTI 1o 107 Y S
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AN9SUNeYaA1IAU

ANAALIAY

3

2

1

6. AuANIIEITARANIN (Quality Metrics) Nszuliluiuuinasinis
Usziluamning 113 4 dvin iesmasenisagvisunuaudinayiouts
AN INgITosiulUTINulA

P LC 1o 10 7Y S

7. AuAnIeadananIN (Quality Metrics) Nssuliluiuuinasinis
Ussiliunaun e M3 4 fanunsaldeuld wasiinadinislinguuui
FaLau

A VHRARTA oo

a = v g v W - °
8. anAniAzuuuNlunadwsvasiadnamnmiszyliluluuinaes
NsUsEiuAMAIN 919 4 73R aunsadefianmuninanuiaiavila

A VHRAET oo

9. ANANTIAUTUNUSTENTNFVINAUNINAUAINUTENOUVBILUY
sUn1seenuuuliiingiiseylilunuudtaesnisuseiiiunmuaine
wingauuaraunsainlandiuyseneuiuldasa

A VHRART oo

10. AAndwuUTIaeINIsUTHIUANAINY NdIaue arenandaya
FWldau Wnshinunaans wazdu q Narwsadhluldauasals

P To Y7V o
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HAAWSNISVIKUUFBUaINAAAATIUAINULUUTIABINISUTZTIUAMA TN

975199 £.2 BAANENITIMUUFDUNINTIEYD

vy suuusede
gidnsauaun — - - - ~ ) - - - -
o1 | d02 | 03 | do4 | o5 | doe6 | a7 | dos | 409 | 4210
1 3 3 3 2 2 3 3 3 3 3
2 4 4 4 3 4 4 4 4 3 3
3 4 3 4 4 4 3 4 3 4 3
4 4 3 4 3 4 4 3 4 4 3
5 3 3 2 2 1 3 3 2 2 3
6 4 3 3 2 3 3 3 2 3 3
ﬂ%;‘LLuuLQ’S.EI 3.667 | 3.167 | 3.333 | 2.667 | 3.000 | 3.333 | 3.333 | 3.000 | 3.167 | 3.000

#7379 A.3 APAATUAIALYeiT T wluusazTaseun Iy

4o | fidnsau L. a L
P Py AUAALAULNULAY
N | aun
2 3 Usziudsuvesiidelunuugy uas Notation flagianldluuuugy
i 2 ﬂfsil,ﬁm@u’jwmmawﬁmmﬁ use ability is1guginseliaiuselovinsu wela
ansaelUldldnse viadedestunediasiluldld Alufusslovd
4 Readability should be added to Pattern Language Quality Attribute because
eventually human should read and understand it easily.
5 5 vt usefulness msawdsdolidefrihnmaludszendldlfiasunn
6 3 mnfinnsaniFesnndila smsueduuuemensdasdifuiadederield
8 3 TULUU91899ATUAIUAILNTOUIIUTDS Thesis ﬁgaﬁmﬂﬁf\mmﬂugmmawmé’ﬁu
Widauaznisld Notation sing o wiiuiin szsilenuhaulaty uwieneasfumsiiiv
nsEUNUTY
9 5 vdulszneuonalidndusenisinluldauass
10 2 wireudsendonsldu nsgieiidn dmnnauiiiauissuy fuddiadesded
atfuayumsld pattern warlifilonansvide pattern flazidununnme e1vazviliiald
g1n wazfvilinanzuuuotaazifouuuls
3 dulyiluldeonldni uienmasdesddunouiifldasfonihnsfinsunfiumiy Ty
Uszifuiiuuudrassnsdsifiudilinsouagu
4 Future work, we should add more quality factors to create more evaluation
model. For example Security, Maintainability
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15N 7.4 AIIUAMTUTANYIEIMUUFTOUD TN

Y 1

WS AUAUN ANAALAULNLAY

e

2 o390 input W 2 uag text o199zvhlininludwosnaunmlalureuiunniutiu

wrosnlwne1813 concern 8971 auRagldaunisiiundn wdresnluuenladn
24’ v Y a .. 4 a =3 1 Y 1

pattern wuuiltonluldaulaase) usability) A28 1WS1EAMUARLTAUAIUAILDIIN

pattern aodldulaass lalaua anu prop. wAlu

6 fifluAi3os usefulness Fovdaiiguiioudn pattem fnunUspidiuddvsslonilm
9939 9 udhiinniniitesnyinde pattern Bunluldasaldiaslvy Feuderlsieunie
Wan uddfuanuvineegisilleiaurgndes uddiudifiand1azind1 usefulness
939 9 ﬁﬁﬂéfusLLsiﬂaimeWﬂamﬂssaqﬁﬁaammmwuﬁ?u 9 99NUININNIT BNAIDE
W J2EE pattern lewasiusenuuuaniiuseleviuziiiondu suideline Tunistlosiiu
Homilindesaeuniiilailifivneshs )lass, object, relationmuiindlzusinszsiu
i library fluflailymiliegudasiulassaiaifazivdsulutns fademdsmes

L4 v &

library ®199zinileunsounnd19ile wagavinediuiuiladaynif pattern fediu

v '
o a

concern liagf AetuNlasiauedn pattern WU usefulness a¢ wifouNALAWN

v '

Wguisutumsinisusulimdniu dnwauzay, waluladnuiunls, Jed1invea

syuULdgnau JemeenuUSeuisulas Al usefulness
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AMARNUIN

A2DE1HAANSNITRINUUUANNIANGAUADINTS

A va o a

lun1snaaesigideesnwuu fdwunueuninglimiienaastesnwuuszuunulang
AufeINTlngdssendlduuusunisesnwuuldeingniinimaass Ingludiudaluiiavuans
Aa9819N1588NkUUARNAYBIlATINISAUILUUIUNITRRnLuUd T Undnn 15 Uawmey U

Uszgynaldau I5easdendisil
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M5 9.1 Fee19manITeanuuLYeNkUUIUN TeankuUaImTunanmilawmelusaun 1

1590757 1

Tond Wosnuuuusunmaaa susigazBenaudesnisdsil

“UStmmendwas 1odd d1im Iisuiannszuuvesgningussfivetes (SME) 1ouils lag
anffesnissruvanevesesulatl Welidmiurnendnsuriomsuruds gnirdesnisssuuiiiianua
3 du Iduf dunanssensaud damundidens dunnsdiseiu uardruuurtihaud Saiuiaunld
MR IANsEUUAesslauituuuelad (Agile Development) Sslutiausn aeimunandanis
dudrewdududunsn nduladudiumsdisedu uavdruuusin Aud sudidu uidmiugn o
druvasszuy Sududedigldaudrgssuuioasnsadudiusny wazmaiinssumie Feyagniiun
THuugihauiisanzauiugndn

nsamzidoumndnvesglianu flénuazdeansende uwana oy wa fieg fegiads Sud
v3orlinu annsa¥eswediud do wazuwananndiuieuszauveaiuluddodsausoulad laun
Facebook I uenanilszuu aedesuansulauenrundudiud ouladodsdu wagngniininsld

Nulilgldanuaunsadifsla

ANTKIY DBNLUUTTUUMIYLHUNINARIEAIUAIIUADINITVDITETUUVI9AY TUAIWIBINTAINEL DY

aunTnvegldanuly Ndeiuans

ATYUIY DONUUUITUUVI JTWW a1 1rmrres o
i \

v Biv:
AUAN \ b




190

MI3NT] 9.2 FIegNmanITeeniuuveskuysUnIseankuudmsunannsilawmelusaun 1
1590799 2

Tond Wosnuuuusunmaaa susigazBenaudesnisdsil

“UStmmendwas 1odd d1im Iisuiannszuuvesgningussfivetes (SME) 1ouils lag
anffesnissruvanevesesulatl Welidmiurnendnsuriomsuruds gnirdesnisssuuiiiianua
3 du IduA daunanssiensaudn damundidans dunnsdiseiu uardruuurtihaud faiuiaunld
MR IANsEUUAesslauituuuelad (Agile Development) Sslutiausn aeimunandanis
dudrewdududunsn nduladudiumsdisedu uavdruuusin Aud sudidu uidmiugn o
druvasszuy Sududedigldaudrgssuuioasnsadudiusny wazmaiinssumie Feyagniiun
THuugahauiimnzauiugnin

msamzdeumndnvesilinu flénuazdeinsende uwana o1y e fieg fleginds Sud
viegldau aunsadosedud o wazunmananndiudeUszanuvesiuluddedsnuooulat laun

Facebook ¢ uanaintiszuu azdsuansulauisanuJudiud teuledotdu wazngniininisly
Nulilgldanuaunsadifsla

ANTUAY DBNLUUTEUUMIYLAUNINAAIFAIUAINUADINITVDITLUUTI9A Y dudIuYeIn1sametdeu
aunTnvegldanuly Ndeiuans

|
P\WFCscpe(\foN| Dara

T 3 ol Natiky
Po\iLj!\]Gv‘GT‘J‘J 1 j v’ o RIS
'+ Poli e O S L
ose () setPoliy L, S
+ gofporp N recurdxerw\a\da%gk) ISR i ] -‘G€\/C"'°j 0
+ Jetpurpose ) . record Residemcy ) Enwwf’o}mj(\' | evofi€ 3 il
agex | 45,_71 — T

Per sova (Data : 2l I ComSent Manager |
Ry et

B

f 1 check Covsemt ()

[
|
]
1 CV“L’L‘D“1G() !

o | e p—————E
[ + TnsertDats () |

. Se# Perspvol Data()
- et Pecsove! Dato)

e
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M3 9.3 g NmanITeenuuvesLusUnIseankuudmsunannsilamelusaun 1

1590757 3

Tand Wosnuuuununmaaa susigazBenaudesnisdsil

“5uA15iAAT Fean1sdnvihszuuganssuesulalvalusuuuuueundiaduuuiiofe iels
annsalvuinsunvssvvuldinfiouiusuniasdu q lneszvuasdileitunundnlunsigsnssy
yan13du (Madin/noulew/drszAruingg fdusuiaaiaad Jai1dausem 1odd $ai Tuns
DONUUULAYTAIUNTTUY

duusnflaziaunie sruunsamadoudiedildnuszuy Aesliildnu @ni) nsendeya
daudaing 9 ldun Fe urmana o1y e fog uaztydsuians Feszuvazdeuiaulovisanuiu
g uazsuidsunsldauissyiis mafvinndeyauasnisideyalulieu welvigldemdig
amzdousganunsadidsld veninisruuasdenduioudldnunneuiefimadsuutasnlove

anududusuaz/mioszdounisldnunneds isunmensudasiouraueundindu wion1adug”

¥
a (%

ANTUDY DONLUUTEUUMBUAUNINARNENINAMNABINITUDITEUUD19AU Tudiuvesnisameidou

SUOITY TR R DRAMED TLUL WS 1y v
1NSYDITEUUT NP 37U N

o “WE R
STUUMILUNUNTNARTE

O AU N
ATTUDY BONUUUTEUUNT

NINATUAN
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MI5N9] 9.4 FregmaniseeniuuveskuysUnIseankuudmsunannsilawmelusaun 2

1590757 1

Tand Wosnuuuununmaaa susigazBenauiesnisdsil

“UStmmendwas 1odd d1im Iisuiannszuuvesgningussfivetes (SME) 1ouils lag
anffesnissruvanevesesulatl Welidmiurnendnsuriomsuruds gnirdesnisssuuiiiianua
3 du IduA daunanssiensaudn damundidans dunnsdiseiu uardruuurtihaud faiuiaunld
MR IANsEUUAesslauituuuelad (Agile Development) Sslutiausn aeimunandanis
dudrewdududunsn nduladudiumsdisedu uavdruuusin Aud sudidu uidmiugn o
druvasszuy Sududedigldaudrgssuuioasnsadudiusny wazmaiinssumie Feyagniiun
THuugahauiimnzauiugnin

msamzdeumndnvesilinu flénuazdeinsende uwana o1y e fieg fleginds Sud
v3orlinu annsa¥eswediud do wazuwananndiuieuszauveaiuluddodsausoulad laun
Facebook I uananilszuu adesuansulaueniuniudiud teulutedadu wazngnininsld

Nulilgldanuaunsadifsla

ANTWIY DBNLUUTTUUMIYLHUNINARNEAIUAIIUADINITVDITTUUT19HU TUAIUYINTaI L Tau

aunTnvegldanuly Ndeiuans

@?W’*?JM

don“e@'d. wi ": S
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Comerehe Pecsansl Dorte e |
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719997 4.5 FI98198ANI50ONKUVYEIUUFUNITBNUUUAIMTUNANN 5 TnmeluToUT] 2

lasans9 2

[

Tand Ieenuutununmeana suseazidonmiudasnisiel

“Uismeending 1808 $1dn dsuitannszuuvesgniingussiasegos (SME) s1euil lng
anfndesmsssuuieveseeulay Welddmivnendnsasiomududs gnidesnisssuuiiiviome
3 dau Ifun dhunanasnensaud siuuafifinne dunstsedu werdiuuustihaud Seiuiuld
MRLNIIALNSEUUAesedeuituuuelad (Agile Development) Fslutiausn sgimuraiudnnis
aureudududuusn nduiadudiunistssiu uazduuuzh du auge usiduiunn 9
druvesszuy Sndusedlvildnudrgssuuioaunsodudusinu uasthwainssumie doyagnéun
THuugihauiisanzauiugndn
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Nubiligldnuanunsaddale”
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MITNT 9.6 FIegmanITeenuuuveskuysUnIseankuudmsunannsilawmelusaun 2
1590799 3

Tang 1eankUULNUAINARE ANUSIUaZLDYAANUABINITHIL
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