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DEPARTMENTAL INFORMATION SYSTEM FOR CURRICULUM AND COURSE
OFFERINGS MANAGEMENT. THESIS ADVISOR : NAKORNTHIP PROMPOON,
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This research aims io analyze, design and develop departmental information
system for curriculum and eourse offerings management in accordance with software
engineering principles and processes. The system will be used for administration in the
Department of Computer Engineering, Faculty of Engineering at Chulalongkorn University.

In carrying out this research, international standards for small-size software
development are applied. UML diagrams are also used lo analyze an as-is system, while
an object-oriented concept is used to analyze and design a to-be system. The system is
developed according to the requirements specification as a web-based application.
Finally, the system is tested.

The system will facilitate departmental personnel and students, in accomplishing
tasks related to curniculum and course offerings management. The designed system is
divided into five subsystems. The first one is a curriculum subsystem, which covers
processes to open, close, and modify curriculum. The second subsystem is a course
offerings subsystem, which covers processes to open, close and modify course offerings.
The third and fourth components are database management for curriculum and course
offerings. - Finally, ~the" last ‘corhponent is 'a  supporting’ stubsystem enabling user
authorization and report generation.  Analysis and design guidelines obtained from this

research can be applied to other educational information system developmen.
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daulnsfurzuuansaumadiui 7 1asmaias 16 1dun ssuuarraumadiuian
AMUYARINT UazTELLtatANATINITUA NI (FEULTANNTIANTINAEUE ANTNRBL LAY
NHGTIEABY WAZTEULAANITIWISE)

3) FATET LAZBBNULLITLLATTAUMATENIAN IV ngasuaznziieusede

FanTENgENuea



4) WRIUITSUUAINNTSUIUNIT 199 AN susavAuLas
5) Wmunszuudten1eann Tasdidowssdszauiudldidudnwasiusunsn
UszgnAliuwa

6) Uszgnaldumsgiuainalunisimungesuwafounatden

1.4 TunauUAFIEMTANTUNTIAE

1) Anmanaasgiuainagenisimurseddfua uszdayasie 4 A4uilude
NITWANLNTEU

2) Anmasnisantiueuluikaiy lealduunwganueauaninisaniiuam

3) susanANsEInIsredIfusztuYuTa AT uasaqUne

4) Garsiuaraaniuuszuu a1 uutAaliimg

5) YimwrsruusasdananNABINTg IRENAGBLITLIY

6) Usziunanartlszendlduuanaiiduaus

7) syuanisiae

1.5 tsrlaminaadnaslasy

1) sstuarsaummdienisdanisndngasua vz dauseden Jeldatuayy
nEANINININAIUIBINFUTIWAN G ATUREI LT

2) douldfaysnisdiusiunininamdngasuassiedneeiniaiey gndaiiu
atatluszuuszdioy awnsndungdeyalinthsdsanuazgnies inliauduaulienia
HusvAnsnan

3) ewrrnisTutasaumaianisdantsdngaruasnzdoueien Wy
Fusuiverszgnalitueluniafensng 4 16

4) saanzalfiduiuanisnasdssgndlfuinsgunanalunisWmunganduaf

YUIRLIBY

: Y s o [ 4
1.6 UNATIHITINITALATUN S ANH
oy -5 T | e ' s fac s o - -
Wn193deil fduiinsadameianiuanedids Wuunanydsinisssius
WALSEALNIWNTA 293 2 unaonu (wamalunieeuan n.) 1w
1) unAIIEIEInITTee wuanmnlunisuivasuasnasiRu s uLae e
ANUNITANE IUTEAUNIATTY (Guidelines  for Management and Development of
Departmental-level Educational ERP System)” [3] TalaFunsARRBNINANIAUBUAS

oy - s ay o= - .-J
ARaTlua "nsdssgaianasssdugnddadnuanisaeniiameiuasinanssy AfaN 9



(The 9" National Computer Science and Engineering Conference: NCSEC 2005)"
sendneduil 27 - 28 ARIAN 2548 (4 HWAINEIRENBNTTAT NG NTINNY

2) wmAruRtINsies “UszaunsainmnlszgndendladuiiowmunsuBon
9aaanMIuNFANEN {Experience from Applying RIM to Educational ERF Development)” [4]
Faldrunsdndentiietiiauauasifaflusmy “NFUTEgNATINITIEALUIUN IR ATY
Amanssurewiuaf ﬂ%-:'f‘] 28 (The 28" International Conference on Software Engineering:

ICSE 2006)" stwinefufl 20 - 28 WamnIAN 2549 04 AuElss g RGN tezinafy
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unside e lidnsrmgejussamAsoninoadesd miunisse lnangejuas

- i -‘I ar ] -x
aiidsng q NAduAne Hdasallil

ol =
2.1 nuiningadas
luitinsdureansido duldAnudonudrfiaudniudesFoufuunda wez

al g -:‘ - - e :ﬁ'
nqudjsag q Wethaneegndldluniseeauuuuasimun sy datl

2.1.1 dAanssuganauwad (Software Engineering)
- . . - ™
AranssuTesiugg (51 Ae nsiiuuAsmeadanssdaiiussusadiou s ni g
fumsirRm Meadiunag Lasnsingdneaaniuad lagdmanssusewsiuaissnauludae

r" ] el J
Fudausing q fagii 2.1

e >
I

qa8ns

1L
( nsEuaums 00

< tegnimimfuamumwiesesing o

=i &
17 2.1 Fudanvesininssusaniuad

L -4 - Ly Ly -3 (L T at =i s

uuaAanisdmanssile o sasieAmInssuaevisingg axvegnudeynlanIN
AMINTNTBIBIANT (Organization Commitment to Quality) %m:nﬂuﬁ’qﬁwumi’ﬂqﬂizmﬁ
re98AnT A A TINgIRa Winguauss asanisronudinanisungnd tnedeundainaiy
AunmassssAnsFauafiouunundnasswnAamivinanssuiiasyininssuaunissing 4
= o ol ' |
REA T PRV EANE GHRR BITGE

neuaunIsnIIAInssNsaniaf (Software Engineering Process) ﬁmﬂuﬂnj‘m

Ed r d o i e e L)
naAanssRgar LN AMUATE LT84 (Framework) WazuuINIINsUgURRS 7
l.. LN J L3 L& i Bl i

(Practices) el ldurdetarduainilsz@ninan lanlundardunausasnisimiun

- a T il J i E T Ll )
gavduafasdasiinsnmuadsnimametia 3aGanldd1dulds (Method) na9dmansen



ey faaEnsi i luduneusssmiwmsianiufieanis mssanuuy MR wazng
naasusavlsuad

Falumstlrzgnaldnszuaunis uaziseng o du axfliideaile (Tools) eawnsold
dadasmdaluniainau wu nslilusunsuasufinimneflunisfiususandeyanany
meaneag i sy Tnenlsrlomfvesnisldidtestlamaniiie azdaninisinauiiagna
madr wanflurzuussdisuuiniu saufserainWannsndeuteciayaing 7 ¥y

faenu danalidaanisdszanuniluasdng

2.1.2 llﬂﬂ’i'lﬁﬂﬂ?ﬁﬂ’\‘l:ﬁ‘ﬂﬂﬂﬂ“’ﬁﬂﬂuﬂuimﬂI"I'"I‘i' {Capahi!ity Maturity Model
Integration: CMMI)

WUUSNAB9RINTIEATINAMSILLILYEIANT YTe Suddnla (6] uuwuudtaes
dwfunisdssdiuqiinsatudrursolunisimisasuag faodiranssuserduaf
(Software Engineering Institute: SEI) 1ﬂu§4’ﬂﬁﬁu imﬂMﬂqﬂi-:ﬂaﬁtﬁaﬁ*umu-mmqmﬂu
nasUfulganszuaunagniag 1 aranasasolunisiaiun nasdanisesanislaun
(Acquisition) warnsthgsinsrdndnehifeiniesnteluesdine Sediduduleiindnnnsin
winarusolfulgansrusunsdnfivemlifllss@niaon Aazdanaliuadnivie
ranAAIEann N (Work product) AN

Fuiusulaldisusanesdannd 4 saudasaniu Ae

1) AAanTINTEUL (Systems engineering)

2) Arangzusawdinf (Software engineering)

3) MINRIANTZUAUNITRASHARNIMNIALIN (Integrated product and process
development)

4) dwwanueed 983aT4 (Supplier sourcing)

ned @ dladiudiidas siidaddlsimuianadinia 2.2 Usznaudaangs
nszLAUNS (Process areas) MENAVA 25 NF¥LAUNIS Bausiaznszuaunnsaxiifeyasing
dun

- dmQuszmadaeanszuaunis (Purpose statement) dawnTuin (Introductory
notes) fefunufeuurAaudnanInszuTuNs uAznszUIUN SR dea (Related process
areas)

- dhwneiianizianzas (Specific goals) Tnefudsstimsneaslsenaudanis
AR (Specific practices) fiiinnes L HRAWEF0E1 (Typical work products) ua¥as

Unjiiatian (Subpractices)
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- s laeialy (Generic  goals) Fausazitivnnasidresunefiad

; . il g . e
(Generic practice elaboration) Awuzideanumen e

- y

Purpose Introductary Related
Statement MNotes rocess Are

Specific
ractices

Typical Work Subpractices eneric Practice
Products laboration

-d o -9
517 2.2 29Als2nauLaduLIIaRIAINIEANNENNTITALULYSUINTS

Aidsdnlatinnsamuawanilumainhe 2 wu Ae

1) nssadiunsudlsedlss (Contiftous representation) AFruaulafussiy
ANAINNTA (Capability levels) 48uARTAGHNNTIIIUNIT

2) nMsARunA UL (Staged representation) ﬂlﬁﬁq1uﬂu1ﬁﬁu5:ﬁuq@nwux
(Maturity levels) 18993ANS

lnuasAnsatnnsodenldpluuunisantiuniseesdidudn lanupnumsnzas

ATTUNTON LATATINABINITIB484ANT

213 nsnmunwmigﬁ (Rational Unified Process: RUP)
. | - r ré =l | ol J

AszuaunIsarfyi (7] Wunssuounismnadaonssuganiuad fealizzidlaudniie
Awian1shia urgaoanfLAntauAag 7 natlussdnsiiinnndeniund Inelidngulszaad
-!.J L I‘ .
Wl lFrawiwamiianunmas ravausirmfainireedfld usrdanewiunigluag,

-:‘. i ﬂl a - : = -

wassudrsurufiintanisalild saanuasautvannisulihiluwuanaslunasanfiunas

apnuuLLaTRRIzI Tasaortinunsssgaanssuaumsandgiiuanaldsaguii 2.3



1

Disciplines

Business Modeling
Requirements

Analysis & Design

Implementation
Test
Deployment

Configuration
& Change Mgmt

Project Management
Environment

31l 2.3 anrilnenssuranszuaunsanfyi

angiil 2.3 annilatnssuaesnssuqunsandyfilsznaydasunes 2 TR W
1) e luusIuey
b e i " J [
wasslfiiutanasmsvimun e iluusssdssreanszusunisendyi Taui
L B
panih 4 9 [8] Aall
!.- -l\.. B — s L i -. L =
(1) TuiFNe (Inception phase) UFEnauAItNTEUIUNITH 1 NAITAIUUNIT
- ° ) = F w
Ae nhsitmuarenleneedlazinas N13979UNNN nass i sianudulyideeslasanag
UAENAATENANTWUIARERATTE RTINS
(2) ‘i’umﬁmﬂuﬁ:lﬁun (Elaboration phassa) Wunignmusgnilaanssueas
F B . » . ¥
sruy el ldundefuuuuresssuy uasansnsain W idu@situgueeanieimnnluiy
dalll TatazarauAaNNAINIINAN A AR nnsUiudsaseuineuazanuieents a0zl
nsNVMUALATATISAILATIRENTTHIBTELIL mn]?uuwmmmﬁumﬁm’ﬂ’m uazng
»
PURTAPL R LG IR GF ST BEE SEERATIT
s w N g = ¥
(3) 9un17a@Ta7sUU (Construction phase) W UARUMA LT UFINATINABINTS
Wiaruduanysal wazhanlnunssuessszuuildainduasunisimuunsuasi@un un
sinnnseaulifuszunfiauysal
-, o -l 2 - =l . i -
(4) Tun1sUfunlaeu (Transition phase) Wudureunuiladaunniassinag bRl
fuwuaannimmaaauinefld nesssuindeszuuliiuesdns dainenaslssnaunisly

L3
u wazwsedausung g dnuluesdnaiu
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2) quum'luumﬁtq
wansWiiulanguianssuiid sithy Feazgnurianguesnaniinisviednene
48aMeRIuasAansTIiy 1 lneanunsowdenguianssuaaniilu 9 ngu Frastalail
(1) mMenmusdanlszaIAngInaeeTzul (Business modeling)
(2) AIEIMIAFINABINIFTBITEUL (Requirements)
(3) NFlATIEMLASRaNILULTELY (Analysis and Design)
(4) neiRTEUL (Implementation)
(5) MamAsBUITUL (Test)
(6) NSNS AARITE (Deployment)
(7) n1sdAnaslAsIATTLaznT sul@ouuilas (Configuration and Change
management)
(8) nsdmAn 7lAganas (Project management)
(9) nsdmissaifatasden (Environment)
Totluudaziansssnssuauntseadyitiinisianunisilazdeain (Adifact) Ihun
Faridn (Input) uasRagdnan (Qutput) Teausa=fianssa faarfifatunn wivu (Template)
uazating fifhalsstg dramsAiiunig

2.1.4 mmglﬁu waa (Unified Modeling Language: UML)

Ay duuea [9] Wunasndagdnan 'T'il.i'lu'q ANATEIUTBINATANN AT
UHUNINETD ] Tmﬂﬁaﬁrgﬁ'nmmmmﬂ?equmﬂﬁLﬂuﬂﬁn wazdraranimitanudtlann
Wlunsairawminai Jaguasaisn ldenlunszuny n1tAriuazeBNULLIL ASBAIY
NIPNEUNTELLTN TR

nsguenues Ustraulddatmatianizafaaununingay 9 ununn [10] Fadl
T L

1) WHUAMARTA (Class diagram) tfluuuun'mﬁ!.mm'lﬁl.ﬁuﬁﬂguumnwﬂﬂnuuu
daatmmasszuy stnaulilaggauataain dnenisdizan (Atribute] wardousauszaiu
WATAVTHANRUSTENTARIARN 1

2) WHMNIWEBUWRNE (Object diagram) Dhussunniiuasslidiufiansdisating
(Instance) TEIMHUNINARIR NI THLHUAINASUAAITATBIBBLLANG UALAINANNUS

sEUIIBaLENG
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3) UHUNINYALIAG (Use case diagram) Lﬂuumumwﬁﬂﬁmﬁuﬂm'lﬁtﬁuﬁq
WoRNsINIRITELY Nd1aRBssuansfiapnndiussEudnyaraviefafdunininam
a8rsAL wasdidausausiaszI (Actor)

4) uaunmdiaaud (Sequence diagram) s M UT T BN T LAAINTS
Tiney (Interaction diagram) AiaesuLnadR veandrdunisineiueessuy Tnsaziiu
TudiuredaNALTTELIIAINNTRIANT (Message) FewinagauanaiuaAty

5) weuNMARARILAITEU (Collaboration diagram) Lﬂuﬂﬁmwﬂnmmuﬂ'\mmm
nsldinay HufulugaursanssalassaiasSauandisinisfugdansszudnaiu

6) WAUNWALANTIIR (Statechart diagram) HIuuauUNMTILAALNBILLLINATR
WARIANTUEFNG 7] 19955UU ilalaRanssuviamgnisaine 7 Audndu

7) UHMAINNANTTU (Aclivity diagram) gl s dnenusadefunen
aumnin usiidnenisiiasfia azuandiiiuisanganussndnanianssusing 7 ez

8) wuunWABLINLULA (Component diagram)  luusunandiuansliiuda
pamlsEney warnsidnitiszndn e i

9) WHUNIWAWRRHLMNLE (Deployment diagram) luuaunwiuanslfisiu

Tasaafseadssuy

2.1.5 anmsguleaniililad (IEEE Standard)
lavidadlanwuanassulunisdaiuanarmmaieaiin w¥esaiuaeuiuwy
gaaianans mlsznaukaaiade (Contents) #ing 1 ﬁﬂq:‘ﬂﬂﬂg'lmﬂnm'r lntnnasguraz
wmsgRsiangUsadlunisit sy ndlduansinaiy v
- wuavnasaslaviildlasdmiunmisundadmuaaiudieiniseessyun (IEEE
Std. 1223a-1998: IEEE Guide for-Developing System Requirements Specifications) [11]
Euuannadaviumsdmindadiuinai s desnnsessiuy Aaduenansiituiinieys
AdiaannsTasrEuLiasinsiRMet s dussubsioy
dausinlwnu fifeeslaviUdledsviunasesunpansae nuuugeviduad
(IEEE Std. 1016-1998: IEEE Recommended Practice for Software Design Descriptions)
(12] duteuuzinlunisdaindenivuanisaanuuugansuad fafluanansficudt ndaya
nspanuuLaiasiaiTasrevfun S ldRan1seenuuL 1y
wnsgleviUidaBdmiunisdainianatsnimmaasutensiued (IEEE Std.

820-1983: |FEE Standard for Software Test Documentation) [13] émﬂﬁﬂﬂm“t?ﬂﬁﬂﬁu
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gadwa il azfhuenansituiinifoafuwunimmagey fanuuanisasnuuunmagey
UAZHANITNAGDL

- wmsgpwlaviddladdmiumsdaienatsfiedlisersiuag (EEE std. 1063-
2001: |EEE Standard for Software User Documentation) [14] ﬁﬁammgwﬁl.ﬂummg’tu

diFunsdminenans fawnsodnhilssgndifunisdaingflantsldandmiud g

oo ol al L
2.2 STUIRENLNEITES

S o ; il o
amAseiReadaaasiulsslunidensdui i 5 :iids Tailuasduadil

2.2.1 PMSDBNUULUASHAINFEUUASEUALT AN AN¥ISEALANE RWIRINTII-
uminende Toeldisiadiagenian Tna Waen s93lnym [15]

o e o ] ‘ r
ThanAdeinasedlditwaionefidy (Stuctured Systems Analysis and Design
Method: SSADM) lum AT EiLassanuILIEIUS TAUM AT U R AR NI T AL AL TR
FRIRINTOINUIIN LAY agia s ssuuarssumasuannilsunsylulasaeviv-
: 4 . X g
wenuig (Microsoft Access) Waldunuszuiinwanatsiidey Maliafisdscdninn
Wnnsinau Tneasiissutesdanisiaeiueuningasuazuilovdngms sanfiadeys
ﬁﬂﬁwﬁ-.tjﬂﬂauluuﬂnﬁmun:ﬂuwwﬁ']n.ﬁ*au'luu.siﬂ:.n'mmfﬁnm amAduiiagUlFdn
sl b= - g al = ool al =i = :-
EnIFAMsikaresnuulTTUNvIsRaedlan it hasilinarmivuaduneu
5 i ot > » x e .4
nsanfiunig wmatlafild wasnadndluniumewn vensintenansila ludunsudoulvaiil
puszpsrtaeu weslifinenissauacnsgnsiasiudldam
nnsAnEInAdE dsngddansaiadasstiiundAnm Wednwifianas
" e e o -3 LY. | - -
WannrsuuffidnwasindlAssiunisfdel aunesmivisnslunisiesmsiuaseanuuy

sruuulueiddemiszgnelldiunsidale

.J Lo e =l L
299 pAFINslUA AL aNRIUA T U LR FALIMALRa N SA AN s e T auT nAN WY
uazsednn lng asang AUAUIIA [16]

HnanAdalunnseeruntssinissauivAse s neifouifsitdzsoden W
- (-3 ) o -EJ -J l-d [] -; d i &
nsdadiudeyadugudeysfiamisodeniasfurzundu 1 hdw wazazaanau Falinn
I = " . Y - -h' [
munelilasinisszuuansaumAiantninisrespiainsniuwinends 1asuillam
nseanuuyiaglduuudnassdeysiillanrusiubsaduuiudiassdieans (EAR Model)
Usznausagaudndty 3 daw ldun wuid anuduiudrsuinaeuiin uasdneuzlszan

L 1] : =1 =l ne aZs.
mseanuuuszasauAgideyafafulszdfvediin nramailiow vangms uazseian
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#na  wensaniuldiinisirunduiuuunssuudanisgruteyauuiiedula ald
naaaumsileu uile uasRedayasiig  nudlinanmmesaaiiufiuinels
st lsfimuainnisd@insandss wodnanunsotinauinldaanaideludou
o - Y o me oue - v
weddeyaniinndeniasrzudnsdayaiidn fundngmeuazsredansing ) muialudouees
nisaanuissiuarsaumAliinsdniudeys dugudeysiiamisodouloaiuszuy

2y 1 e wlszgnaldiunisisela

= - £ =l ar =4 o s
2.2.3 n5ATIERLAYUsEAUN SN B NUSEL LU S NITWAINISEUUANS A UNA

(Analysis and Experience with an Information System Development Methodology) Tna
Manmahesh Kantipudi Wwaz Joseph E [17]

HusnAdeiitauesn i ARdmiunsianas s saumna uazmaliasng 1 7
2 W lunsiau e NasaesnsilaTeanuuLTIIRY (Object-oriented  analysis
and design) uaznistinndUxa vl (Reuse) iy TausidnqUssasdfialilidarmun
Amfipanisidaay aapruthaathifissfanouduunlasroniaanis uazatuns
ynmssanuuussuuidiipanaidsienasiarantsUfun fouluntends nvedandrats
inaila (Tools) #a | faansainanldiledondinndnnm (Productivity) TunasWaun
saansuiefiodo uavaaannsindeaiaun ilumsiamn  uanantdeldnannia
:dﬂmaﬁmﬂr.‘umLﬁmﬁ’umnwmmfﬂﬁuwumﬁmm: (Management support) 813 848A
WS HRIITEUUA T AUNAR KNG

aannasAnEnaAsei EIRHWUIIAINITININLIA AR NTEITIBUAFAINAIMN
Usegy nildlun sAEAATELLANTANNATEINIATTYY Taakans i Re nldiadasila uas

UnlgauunAnunadouliuuns fUN RIS SULA TAUIAIBIN AT

22 4 adpursanud s ingedmiudansn: nisAnsaatidauinaanlu
AnMIunsANMNY8INIATS (ERP Critical Success Factors: an exploration of the
contextual factors in public sector Institutinnsﬂﬁﬁ David Allen, Thomas Kern Wwas Mark
Havenhand [18]

WuanddpnAnsunoaiunisindsdouianudniaiaangm (Criical success
factor) WiFlunsWmunszuuBenfivesanidiugaudnem warnudniladasiag q 8
- = p e X " .
ArndAAantsRunntetfiala Taaeddeillidnasimiuissuudanifeny
anniuganAnet 4 wiathunsdidnm Jeanniudanarasiafiaoudeanisiazifia
= & ey 1- A | D L3
Uszansnmlunisaniivan uazaaannutdeulunislininensaaiesdng sannisdnem

i - ] - = = 4 J
@adnnudanaintfaduwisatindniaddngaiuiuEeasnayns (Strategic)  1unas
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- . a P

AUREY WAENAIT (Tactical)  Tunawmwiuds AasliAa et laldluiFereanisdnm

Tnsea¥ra Tansssn uazulounoresaniiiy sansdesrasnisindedearsssudnangs

G - aal - R | - R i

i wasnisdanisauasuwlaaminauisgy WewinanniunisAnmiilasaing

- ,.|

Samasy wasulvunaiduday
nnsAnERdEnudamisaiwuarRaauiidtwis g FuTingn 7
o g L 3 []

Wrnndr Ay funagnilun1sanaunu uaenads unisimun fuivdamueunedng q un

Uszgnald lunisaauuam i luniednliuauue s AR LT84 AT

= = s a & as W s
225 inTasianazuuanisaiuayudaniunisannisausudnedavmun
e AW INUUUS1ABAINIIEANNATNITA (Tool and  Guidelines Support for

Capability Maturity Model's Software Subcontract Management) Tm® Jutawan Saemu
Wax Nakornthip Prompoaon [19]

Fluadduitneuatinisndnnisesnisianisidudndanizunaeniuag
(Software Subcontract _Management) 'Lun.mUfi'ﬂﬂﬂqqmﬁmn:mmmmm (Capability
Maturity Model: CMM) 25U 2 sn14lunTsdaiansaunssununis uuaniunislsegnald
wannasaAanssuseviata i A wuaiiuwunl iR Wauu Upan1sdmnasauiudnadog
Himvrgansiuaf

anmsAnnfadumudienmniaufenalunsinesganaundsegndld
daluwnAn AL U R NS0 RUULAS TRSTULIT8INATTY F1aziin

W ldanuafianunamanndsdu



=
unn 3
N15ATIZRAMHUADINTG

fauntraaniuuuasRRuITzUL gAsuldian1Tnsiaudaanslunniaun
T T.ﬂﬂﬁ"uﬁumnm?ﬁnmnuumuﬂﬁjﬁu (As-Is system) AMNTUANINNeILsINAYNL
Faansangiiidauiendas udduirdayauazaudainiasing 4 uiaiased dauun uaz
uamaglugluuuaarsdasnsaumiil (Functional requirements) uazAcMfiaINSH

Lildwtinn (Non-functional requirements) 893211

3.1 madnssinieafiunueasssuuifagin

fhduiusniuaudanisfnmssuiuiagiuiundngasuasnzioumeian
aeanAf ey TandRduliiinasfing wasdiasiziiena s (Document analysis) fifgndeq
AunneAntiuaueing 1 laun

1) giledunetinafdiiunsiaumdngasuaslssfiundngas [20) vesnnz
AranssNATaRT SaanTIiMAINENAY Fan sanARLMsAIEuI e s manlsuiiv
NANGATIBINIATEINM ﬁ_’:a'lmfsﬁ’uﬂ?m andasinuasinsnane

2) Al puAauUAN AN NN 2 ANGATUATTIETT [21] 193AME
Fronssumnans ainansalivanendt JenseungEntseiln Ta Uiulsmdngasuas
M1 sraulF gy ninfnussinfnAnEI83n AT

3) afledriuazineiiRIgIussULTEAUANMIBITaInsinuA N At
(22) Fndugilaiiuenis Findnan 34 fatAnuasinmed AN FraTaeng 1 ivens
asaalsmiiuaunaaluaespinaansaliwdnendy

4) dayaatin uazuuuvafuNsANTIvY 1L wuEueTalavANgRT LUULEYS
tadfulpmdngis suneuerellavdangns suwauerelinseds) wuduateliaseio
wazwuauatauilosdesBuneds i

Fagiletummunnssivanulude 1) uacde 2) dnsae gnimuatulaodniney
Usefugounin ANEHINMUTTIBRNTINENTY sanAdediuANHRaINITIasMlaLaueI
fifndes uastinmetminduneunsafiuauetihsasudaudiuszuy faludsaaninm
Adesang 1 daduatnisodrlafaninsaneesszuu tiﬁifﬁiué’umﬂuLLﬁzglhmu n1s
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Abstract

Many organizations have realized the importance af
performance improvement in resource planning and
management, which is eritical to organization’s success
nowadeays. Enterprise Resource Planning (ERF) system
plays an important role in supporting the execulion of
these tasks. This paper proposes guidelines for managing
and developing a departmental ERP system for an
educational institution by applying software engineeting
principles.  Interested organizations can wiilize the
proposed methodology and the lessons learned from this
research in their ERP development projecis.
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Development, Software Engineering, Educational ERP
System
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ABSTRACT

Developing a complex system requires partitioning the larget
system into several subsystems, It is generally difficult to define
each subsystem’s scope and functional requiremenis as well as
data dependencies among subsystems. Requirements Integration
Model (RIM), which consists of a workflow model and a wark
procedure, can provide specific guidelines amd techniques to
increase quality of requirements obtamed under o lime constrainl.
We have applied the technique to the implementation of the
educational system for the Department of Computer Engineering
at Chulalongkorn University, Thailand, Experiences from this
case study have shown that the model can assist developers o
clearly specify functional requirements for each subsystem and to
ideniify data dependencics among subsysiems.

Categories and Subject Descriptors
2.1 [Software Engincering]: RequiementafSpecifications —
Eficitation methods, Methodologies.

General Terms
Documentation, Management, Standardization,

Keywords

Requirements Integration Model, Standard Warkflow, Detailed
Functional Requirements, Multiparty Development, Requirements
Engineering, Enterprise Resource Planning, ERP,

I. INTRODUCTION

For complex systems, requiremenis engineering (RE) and design
are micrlaced activitics. Some system architeclural designs are
necessary Lo identify  subsysiems and  their  relationships.
Requirements for these subsystems may then be specified. In
addition, subsystem identification also benefits in decreasing
development time and system complexity as well as increasing
testabiliny  and  mainainability of the &ystem. Monegtheless,
development  teams  still  face  problems  with. réquirements
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ineonsistency, incompleteness and unceriainty [4, 10]. As a result,
the system may be delivered late, or changes arc continuously
requested.  Consequently, the system oflen costs more than
originally expected or may be unreliable in use [8],

We propose applying Requirements Integration Madel (RIM)
[11], &5 the focus of RE process improvement, to a large system
that may be responsible by multiple partics. RIM incorporates RE
process and utilizes software process standards which arc
Capability Maturity Model Integration (CMMTI), Rational Unified
Process (RUP), and IEEE [5-7]. Details of RIM can be found in
[

This paper hriefly summaries RIM and explores its application in
a case sudy, which is the development of an educational system
for the Department of Computer Engineering at Chulalongkamn
University, Thailand, Experiences from this case sudy are
presented ws @ guideline  for  further complex  system
developments.

The paper 15 orgamized as follows: Section 2 presents software
process standards whilized in RIM and RE process. Section 3
outlines the concepl of RIM. Section 4 presents an application of
RIM i 2 case study. Section 5 discusses experiences from the case
study, and Section & provides concluding remarks,

2. BACKGROUND

2.1 Software Process Standards

CMMI 1= a process improvement approach that consisis of hest
practices that address development and maintenance of products
und services covering the product life cyele from conception
through- delivery and maintenance [2-3). It integrates software
engineering and system-engineering into product engineering that
becames a valuable tool for many organizations. It also allows
users o select a model representation that best suits their business
objectives [3].

RUP is~a sofiware engineering methodology, which defines
disciplines and divides software development into phases. This
model specifies who, when, and whar of the software development
process [1]. The mamm benefit of RUP arizex from artifacts
provided in each phase, It also gencrates templates, explanabions,
and examples of the input and outpul wiilects,

IEEE Document Standard describes contents of documents and
provides puidelines for managing them. The standard is widely
accepied in many orgamizations. The IEEE documents relevant to
our study wre [5-7].



1,2 Requirements Engineering Process
RE process is a structured set of activities to derive, validate and
gaintain system requirements documents. RE process aims to
ohiain requirements that are correct, complete, and consistent.
pecause the quality of requirements directly affects the system
glity, RE process plays an important role in system
Jevelopment. The activities in RE process are requirements
clicitation, requirements analysis and negotiation, requirements
Jocumentation, requirements  validation, and  requirements
qanagement [8].

3, REQUIREMENTS INTEGRATION

MODEL (RIM)

Requirements Integration Model (RIM) employed in this paper is
a practical model to specify and integratc the requirements of
absvstems into an overall system, The model can be divided into
wo parts: 8 workflow model and a work procedure as shown in
Figure 1. The fallowing subsections briefly describe RIM.

| Rugjulrements Integration Model [RIN)

- : e T e a7 |
[ peseEse e e i etidion Madel s
BHEAAN . [
o senirn | “Toenamna | P s Fungimra A g
pyrinrmy Crosser pmsitcancn Cioctien
| = T
e e Hame Cooveren | GHBE Tooh Ervismnnt

Figure 1. Requirements Integration Model

11 Workflow Model

The five core activities, which are standard document analysis,
siakeholder  identification, business process model  creation,
detailed functional specification, and system integration model
ereation, are proposed and integrated into RE process, The details
of core aclivities are described in the following:

+ Standard Document Analysis

During the first stage of requirements pathering, developers use
document analysis technigues to undersiand current work process
and duta flows. Developers then analyze strengths and weaknesses
of the current system and attempt to identify improvement
epporunitics.

* Stakeholder Identification and Requiremenis Gathering
Once developers understand work process.of the current system,
they must identify stakeholders, determine people that can provide
information and advice about the current work process and system
fequirements, and prepare an interview, A summary of an
nterview is documented for future use and referenec,

* Business Process Model Creation

A business process madel of the to-be System is created by
Slapting the Swimlane activity diagram of UML 1o illustrate an
Oerview of the system functionality. The husiness process
bisgram contuins columns for each stakeholder and the system
fmctions responsible by each stakeholder. It also shows the
difference between activities that actors interact with the system
ind that actors perform manually as well as activities performed
¥ the computer system. These helps developer to identify
“ftware functional requirements.
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=  Detailed Functional Specification

From the business process model, the system functions can be
specified and summarized. Detailed functional requirements of
each subsystem are filled in a tabular form in order to determine
subsystem boundaries and data needs among subsystems.

+ System Integration Model Creation

After concluding data requirements from other subsystems. the
development leam must generate an overall view of the system
and summarize data dependencics among subsystems. A system
integration model of the to-be system is created by extending the
UML package disgram. In order to maintain a clear picture of the
system integration model, the diagram only shows the data
dependency among subsystems and does not display any details
ahout these relations. Additional details, such as descriptions,
parameters, and objectives of functions, are delegated to the table
called System Integration Model Descriptions. An example of the
system integration model is shown in seetion 4.

3.2 Work Procedure

To ensure quality of development by multiple parties, RIM
emphasizes work procedure of five main components: work
standard, documentation standard [5-7], name convention
standard, CASE tools, and environmenl. These elements need Lo
be defined so that all developers conform to the same standard
and procedure. The proposed work procedure allows developers
to work together efficiently through common processes.
Moreover, standards and CASE Tools facilitate the work process
itself and help improve produet guality.

4. THE CASE STUDY
RIM is applied in the design and development of educational ERP
system al Chulalongkorn University. Experiences from using RIM

are analyzed.

4.1 System Context

The Depariment of Computer Engineering at Chulalongkom
University sets out to develop an ERP system as configurable
information systems packages thal integrate information and
information-based processes within and across functional arcas in
an organization [9]. This system is implemented in order to help
day-to-day, administrative work and to support the quality
assurange-process. It also helps reducing data redundancy and
assistzexeeutives intheir decision making.

4.2 System Design
The system is separated into four major subsystems. The details
are a3 follow:

+ Student Information System (SIS)

The system supports student data collection and management. The
system functions include monitoring student status and verifying
their registration and grades. This sysiem is useful for students to
track their current status and thus facilitates on-time graduation.
Morcover, it assisls in planning of new students’ selection
process.

+ Human Resource Information System (HRIS)

The system supporis personnel data collection and maintenance,
Departmental personnel is divided into three groups depending on
an individual's responsibility: lecturer, executive, and general



officer. The system functions include staff work load caleulation,
personal information collection and performance evaluation.

o Materials and Aszets Information System (MAIS)

The system supports management of departmental materials and
psels, which include expenditure management of materials and
assets purchasing and materials maintenance.

« Academic and Research Information System (ARIS)
The system supports academic and research data collection and
analysis. This system is separated into three subsystems as follow:

Curriculum and Course Information System (CCIS)
The system functions include curriculum and course list
management (e.g adding, closing, or modifying a course) and
academic and research information management.
. Class Schedule and Teaching Assistaniship  Information
System (CSTAIS)
The system functions include class and examination scheduling
and teaching assistantship information management.

- Research Information System (RIS)

The system functions include thesis, master projeet, and senior
project information management. [t also includes detailed rescarch
information management, such as research funding information,
publication information, and laboratory information.

4.3 System Integration Model

To facilitate the creation of a system integraion model, detailed
functional requirements of each subsystem are filled in a tabular
form. Table 1 shows an excerpt of detailed functional
requirements of the class schedule and teaching assistantship
system. The elements in the table are functional requirements,
input/ouiput data of the function (required data from other
sibsystems are shown in bold-faced font), subsystem that is the
dta source (specified by marking a cross symbol), and additional
comments,

Each developer discusses hisfher detailed functional requirements
especially data requirements from others and-atempts to-reach
mutiial agreement. Developers then finalize the subsystem's scope
ind create a system structural modeling uging a class diagram for
cach subsystem. If functional requirements are not clear,
developers must return to review them with stakeholders again.
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After concluding data requiremenis from other subsystems, a
system integration model is created. In deciding data ownership,
the software engineering principles of coupling and cohesion are
applied. Each subsystem should have high cohesion and low
coupling. That is, a subsystem should contain a set of methods
that support ils intent and should be associated with only

necessary external subsystems.,

Figure 2 shows the system integration model displaying
relationship among  four subsystems, where only data
requirements of academic and research syslem are shown. Each
package represents a system that consists of related classes. The
links display function and data association between systems, and
the arrow points from the client system to the provider system.
The clicnt system requires data from the provider system to
perfiorm its function, and the provider system serves the requested
data 1o the client system. From our experience, we have found that
the link code should start with a short name of the client system so
that ather participants can easily recognize.

An excerpt of the system integration model deseriptions is shown
in table 2. We have also discovered that specifying the functional
requirements related to the link in the comment helps ensure
traceahility.

5. LESSON LEARNED

In implementing the system described in the previous section, we

have experienced difficultics in identifying data dependencies

amang subsystems. By applying RIM, especially the system

integration model, we have discovered RIM (o effectively

facilitate requircments engineering process and ohserved the

following benefits:

s Beller understanding of boundaries and data requirements of
suhsyetems.

= Discovery of additional omitted supporting functions for other
subsystems.

» Clearer overall view of the system is depicted.

» [Facilitation of subsequence reviews with stakeholders.

o Reduction in the ambiguity about required data among
subsystems.

Moreover, whileapplying RIM, we have found that team meeting

is essential in achieving a conclusion on subsystem boundaries

and data requirements within the development team,

Table 1. Detailed Functional Reguirements of Class Schedule and Teaching Assistantship Information System
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Figure 2. System Integration Hﬂlfl‘:]» with Focus ﬁu;.Dal:u Requirements of Academic and Research System

Table 2. System Integration Model Descriptions

Code Caller Callee escrip J = rirameicr % "% Objective Coaoeal

sl (] Human Search for instructor’s code 4 To ercate list of instroctor’s nnmes for user | FR16, 1.7
. and rame j 4 selection
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6. CONCLUSION [2] Camegie Mellon, Software Engineering Institute, 29 Nov

This paper presents an application of a concrete and practical
methodology, Requirement  Integration Model (RIM),  for
requirements management of a large system, which may be an
integration of many subsystems. ’

By applying RIM, especially the system integration model, we
have experienced an improvement in the requirements engineering
process, Specifically, we are able to specify the subsystem
boundaries and identify detailed functional requirements of the
sbsystems more  completely. Moreover, we can  reduce
inconsistency among requirements. The model also facilitates
subsystems integration.
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CC_ CuComPos_Position A UMY VARCHAR | 50
1= #ifinw

2 = Usegunsrunag
3 = NITUMT

4 = MITUNTLAZIAYIYNTT
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anunzilsEdn Aafiung wiin LTTRT
CC CuDe CuDelD maruasBuaudngns INT
CC_CuDe_CulD THANANGAT INT
CC_CuDe_CuType ﬁ::mnu'ﬁnqm VARCHAR 10
CC_CuDe_lnsYear Hrsineidilagey CHAR 4
CC_CuDe_InsType Usznmstlnaouwdngms VARCHAR | 10
CC_CuDe_lnsTerm TEUUNFEANTTANE VARCHAR | 10
CC_CuDe_Period FEUEIRIMTANE IR THUNG INT
CC_CuDe_DLoc dnuusilifutanaasuingns TEXT
Ased .27 Tnﬂﬁ%"]ﬂnﬂﬂa#ﬁgﬁ CurriculumDetailDataStatus
Anwowdssan A'ZY’ L Awdue wilm e
CC CuDeDtStatus CyDelD | M uasiBeanangms INT
CC_CuDeDiStatus_CuPDel | sias BasiBiunmuusuIaamingms INT
CC_CuDeDtStatus_Status’ anusmaiiindeyaruatun INT
wingms
0 = daldEnaunndeyanangniin o
1 =vhuiindayaal ipaudngnsudn
2 = Tufindey@nHuHTE AN gATUED
3 = tudinusumefundndAnsnly
WANGRIUNG
4 = ufinlasairueandngnsudn
5 = TUANTIEI I IBMANGATUG
6 = 1TufinununsAnsunmdngnruda
7= Rgrnanhiindayasninite
wdngms
meait 2,28 TAseairemisedaya CuriculumEvaluation
anszlsean Arasune nlim aum
CC CuEval EID ianrlssdiumdngns INT
CC_CuEval_CulD sﬁ'ﬂuﬁnamﬁ’ﬂizlﬁu INT
CC_CuEval_Date fuiinnnnlssiuudngms DATE
CC_CuEval_Note LIV TEXT
CC_CuEval_DLoc fruviaiiuenansanluaninlaniiu | TEXT




m1519 9.29 Taseasnanisnadaya CurriculumPlanDetail

162

anuuzilszan A18EUE wiim YU
CC CuPDe CuPDelD AT ILAIBUAUHUTBIVAN AT INT
CC_CuPDe_CuDelD iarnuazBaaudngng INT
CC_CuPDe_CulD THAVANGAT INT
CC_CuPDe_FlaniD iaumangns INT
CC_CuPDe_AppPropDeg qﬁimi‘ﬁnm%w";"l'nmﬁﬁﬁnm VARCHAR | 40
CC_CuPDe_AppPropExp Uszaunisainasinau @) 'E’uu'iwﬂqq INT

vinAnmn

CC_CuPDe_AppPropOth arsasRrasdidiofnuansdliu TEXT
CC_CuPDe_ProjectType Uszuminzaau VARCHAR | 20
CC_CuPDe_FindTopic sseznatwviadie (@) INT
A15199 .30 TAsaaTIsnngrsdiaya CurriculumProcess

anwaslszdn O[T -«;"‘ Aadune wia | wum
CC CuPro CuPID FanTIANRUEMANG AT INT
CC_CuPro_CuProlype Usziwvinisdn Buanundngms VARCHAR | 10
CC_CuPro_CulD SAuANg AR INT
CC_CuPro_BeEffYear Drsfnsrfindngmaiienld CHAR 4
CC_CuPro_Reason AT AT TEXT
CC_CuPro_Objective Aagussasdnasdntunu TEXT
CC_CuPro_Note VRTEILAS] TEXT
CC_CuPro_CuProSID piaanmEnsdnlvi INT
CC._CuPro_AppDala Ao DATE
ms1an 2.31 Iassasiensnediaya CurriculumProcessCommittee

dnwnsiszdy | C 0 AeBue ~ iin UG
CC-CuPraCom. GuPID mianasanluanuuangng INT
CC CuProCom [asiD TiaEIRaTe CHAR 6
CC_CuProCom_PosID saAILMLA INT
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aneuslizan A18EUe Hiin YUIN
CC CuProDoc CuPDID WLLRIENATT INT
CC_CuProDoc_CuPID iansAduuudngme INT
CC_CuProDoc_Type Uszumesuanang VARCHAR | 5
CC_CuProDoc_Dno \nionas VARCHAR | 30
CC_CuProDoc_Date G dUFenang DATE
CC_CuProDoc_Name datanans VARGHAR | 100
CC_CuProDoc_Place WMEST AT AT deFuienans VARCHAR | 100
CC_CuProDoc_Reply Hmamsnnenaundy CHAR 3
CC_CuProDoc_Note VAEIWA TEXT
CC_CuProDoc_DLoc _p'mleiﬁtﬁumnmim:iﬂzﬁumu TEXT
mﬁﬂ‘fl .33 Tﬁ?aﬁ%"lqw'lﬂﬂrﬁﬁﬁ CurriculumProcessStatus
ﬁ’nufuzﬂiﬁf V4 T Ay @iim WuIn
CC CuProS CuProType tezinigdalivanudngns (e tla | VARCHAR
vidaalfinlga) 10
RANTUEMIAITNY INT
CC_CuProS_CuProStatus | apruzmesufiuau VARCHAR | 50
s1adl 2,34 Taseas19m131408%a CurriculumStandard
i numﬂ”éh ' e e R Hin TUIR
CC CuStd SID sianminegu INT
CC_CuStd_Title Founnsnmrg VARCHAR | 50
CC_CuStd_Date Guinvuald DATE
CC_CuStd_Note U TEXT
CC_CuStd_DLoc nﬁmmwla'?itﬂULﬂnm.'rmmr;ﬂu TEXT
A31ai 2,35 TageaTammateya CurmculumStructure
ansuslizen Aragune %iin TUA
CC CuStruct CuPDelD arwasBuauatomdngns INT
CC_CuStruct TypelD Uszumaedn INT
CC_CuStruct_Cre winfinsefien INT
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anwuzilszdn A1atuin Tim AUR
CC CuStuPlan CuPDelD niamuarBnaumuramdngns INT
CC CuStuPlan Year Unsdine CHAR 4
CC_CuStuPlan_Accept duniAnfirnadiasiudindne INT
CC_CuStuPlan_Graduate drunARaTAATREAEREANE INT
m919#t 2.37 TAgamsnems19taya CurriculumStudyCondition
Anwnuzilszdn - /AmEne Tin U
CC CuSCon_CuPDelD iaeasdunimemgngns INT
CC_CuSCon_Condition Releniraesiiouden TEXT
A5 .38 Tasesdhsnrsadaya CurriculumStudyPlan
anwpdszdh O 00 L deue wiin TUA
lan 10, fﬁ'ﬁumumﬁnm INT
CC_CuSPlan_CuPDelD siarLAsBEAuLLIDANgnT INT
CC_CuSPlan_Year liFen CHAR 1
CC_CuSPlan_Term ARRANEATI T CHAR 1
CC_CuSPlan_ColD | afgredn CHAR 7
CC_CuSPlan_Type Uszumieinm VARCHAR | 20
CC_CuSPlan_Cre wlosfinsei INT
FNT1aA 2,39 Taseds1am1s191@a@ CurriculumSubProcess
ansmuzlsEan Alanune atlm YU
CC CuSubPro-CuSPID VHABATAZA I INT
CC_CuSubPro_CuPID sfan s ndunuudngms INT
CC_CuSubPro_Stage BB AT VARCHAR | 100
CC_CuSubPro_Date Fuidauiluam DATE
CC_CuSubPro_Result HANTIANTHUY TEXT
CC_CuSubPro_Note WU TEXT
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Anwuzilsedn Arafung aiim R TRT
CC Degree DegreelD miassdunisdine INT
CC_Degree_Degree TEAUNTIANS VARCHAR | 50
A91af 9.41 TAgaaFIams1aTayam DegreeName
anwuzlssan ATRELY Tiin YU
CC DName DNamelD ﬁﬁﬂﬂﬁmmwawﬁ‘nqm INT
CC_DName_DegreelD sedunisdnem VARCHAR | 50
CC_DName_DThName FenFiryoynsatng VARCHAR | 50
CC_DName_DThAbbName- | SatmfBnnnmsing VARCHAR | 20
CC_DName_DEnName %m.rﬂumwnmﬁ'qnqt VARCHAR | 50
CC_DName_DEnAbbMame %mﬂﬂﬂ?mtyﬁmmﬁqnq& VARCHAR | 20
5197l 2.42 Tassasaenisstaya GraduateCondition
ﬁnﬁmﬂwﬁv y 4 I (1 ddetue aiim 1un
CC GradCon CuPDell sinseanBuauLIBuANgns INT
CC GradCon Type Gauly VARCHAR | 10
paper = NIFANMNHEAI
compre1 = mMsgaLszuIaAMUfRL
Wnian
compre2 = MEAsuLIzuIRRIMiAIt
foduy
qualify = mmﬂui'ﬂﬂmﬂmﬁ
language = NsABUNEAINsEMA
M5199 .43 TAgsasramasrediaga Instructor
oy ofmestlazdy o of o g jqfeRit g0 @ln | e
BN Ins InsiD MREIATIY CHAR 6
PN_Ins_InsName Faananstd VARCHAR | 50
PN_Ins_SurName WINANRENTY VARCHAR | 50




=l e wr
M990 2.44 TATads1ImN51908YA Plan

166

Ansmzlszan AtRDUE wiin YU
CC Plan PlanlD ALEMMANgRT INT
CC_Plan_Plan uHUuANg AT VARCHAR |5
CC_Plan_DegreelD iRsZAUNTTANN INT
CC_Plan_ProjectType Uszimiasaiu VARCHAR | 30
m5199 2.45 Taseadransradaya StudentNumber
Anunuzlsyd W7 /}ﬁ}g'ﬂ}nﬁ i AUIA
St_Sthum_CuPDalD iantasBunueIamangms INT
St StNum Year Dnsne CHAR 4
St Sthum_StudentlD AR AN CHAR 2
St_StNum_StudentNum SyuniRniindad et INT
St_StNum_StudentGrad qunlBsidadanisinm INT
mﬂa'l'r'l .46 Tni-aﬁﬁ"\qmi‘mi'ﬂﬁﬁ StudentRemain
ﬂ"ﬂumﬁﬂ?ﬂif_f_ﬁ :f_f/; Aefune aiim AUIA
in_Cul ninuangns INT
St_StRemain_Remain gntarnsililfenanAnalunangns (ves | VARCHAR | 3
W3 no)
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