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Institute of Technology, Ladkrabang (KMITL). Function Hierarchy and Data Flow Diagram are
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suuinnYes files 1611455UUYDN file system FdUA0Y object f1921 inherent identity UBIAINY
s 2 a . o a 1w & Y a . & o g
194 N3PAN1HITS 1D 2 objects FaATANUUANANAUDUEI LN attributes IMNBUNUNAY
lumnniiuede uds fanedl Object 8 TueutnnTulsunsy object wxidadansiidu
o U4 ar u’: y Y] o [}
endnvel mssamsuenneziinmg® Wiiudaeulunats amedaoiu 1w address, array

index M 30AMN unique Y04 attribute U object reference fio gﬂuuuﬂ?a uniform ﬁli‘]uﬁﬁi:’,

B.

. o . o & v .
994 object Mmooy 1Miin13TINAU (Wer)uss object Juia¥y 15U file system directory
sensudae file uag directory
2. Classification Mw8sn1s7i object &l Tnseadndoyamilousuuaziingdnssunde
o 1y 1 A & g A o v d a wad o o
q fuldgniunguniegnsannalu class 49 class RemsTanguiteTueRuaNTANEIAYAS

. . f ' - A ' 2 XY . .
u application tiag liauleluadiufindie class A9 9 95WUBYNY application
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] o “® o . ] ' . o .

luuday class 9205 UWINRNHUZUDY object  WIUAAL object szfioduiu instance

YouUARE class  luLAng instance Y04 class siAvaviuLId M UNARE attribute  UADY
, , } .
attribute NEMIUTTUAL operation fL instance Y81 class B 9] AW
. dA . @ A a o o A P wad 1 s

3. Polymorphism Nf® operation 6WIAYI (¥BIALINU) AUNVSUAUANUANLANANY

U class N9
a . a . {1 W & '
ANueTadn Operation fifio abstraction YDA NEANTITUUDY object NN9NU Bz
1 0 1 . o/ [ -3
object sziezdnaiiegnalslu  operation vowiUILY uang1a lsfamlunymams
Tusunsuves object-oriented 13BN method 1948619YNABY LAY implement WIN operation
T & .3’ To A . - A o o o = ar [}
@19 9 F9YUBYTUADYDA operation LAY class YD object Fefdaiinsautiums viotansey
Taw class Iyl 9 aunsagaiianda 118 Taghidesdimsnlaou code Aniiiioy
o - @ . . ' ' P ,3
4. Inheritance ADN15 share AUYDA attribute LIAS operation NINNAN class AN ] FIYU
Vo o o 5 X P v
DYAUANVANNUBLVY hierarchical class Y 9 %zgﬂumrﬂu subclass M subclass A19 g
v o d o 4 3 a a wva
sxduiug nielasunsdiones AaITuIAYNMYAYDY subclass  HASIWNIANAUTUUAIRNIY
v

18 auauliAusausng subclass  $niudesfimadniu dedusu scrolling window uag
fixed window A1D subclass Y94 window class AMMAMNIelumshgaauian lilvemais
class 221 superclass 13 911} 1AZN13610M0A (inherit) AMTUUAAN 9 990 subclass TNITD

o 4 4 4 4
aamidnuesdoyaluniseeniuy wazmsTlsunsld  Feddedludefeditadoniisves

21U object-oriented

3.3 Object-oriented Themes
fina1y themes 91 1) unique uﬁiﬂﬁ'uwuizuu object-oriented 1AIueensd
Abstraction
. Y o . ' ) wad J
Abstraction Uszneulufiasgidnuaives inberent uazes limulodenmauiiaiidn
Sy uasdamnuiamaniesendlai object feesls sheslsnoufieziimah e msld
abstraction  JEMINMIINNTIZY MUIINITAAABALIAWIZNANNITUDY application domain
1 g 2 9 1 =3 o ' P 3 ) 9
mniu dlildnisesnuuy niematies lsneuiszidile nieudilem
Encapsulation
. o A & o a P o
Encapsulation 923109/} program vnmsfifimsfamifumnaifiu i file vuiadn
a¢il ripple effect implementation ANaNafwYSunldonld Tashifinansznula 4 ms

Wasunlasdis q Alemsusudgalsz@niam msudludefianmia (bug) ,consolidate code
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- < ' . ' . S .. . . 1
wiemswAouilasdie @ encapsulation 9210 unique d1MFUAY object-oriented LA
aransa lumssTnseadedeyauas woAnssudhdaedu uazfeild  encapsulation

1o 9 s ) 3 J .

Tisudeunay uﬂszﬁmmwwummﬂ%’ conventional language
MITIUNMUYBITOYAUATNYANTIN ( Combining data & behavior)
1 4 v
Object-oriented program 9211558998 draw operation TuuAazgyl TuneuAN 9 vy
@& - 1 g/ a v =t . -} J Y ! é L)) o
gndaAudnldezgnitersaied1902i86a9n object FIUUDYAUUADE class e lufinnusuiiu

’ v ¥ [

fazdoaidnn 9 TunDUYDY operation fiSun application program m3igeine
a0 1 g3y o o a
(maintenance) Ad10ntmnmste lumsBon code Alisududesgaudluliudgalumsiiy
F
olass T3 9 191100 object-oriented system In3ea31adoyauuY hierarchy Wuszlidnyaie

wilouny operation inheritance hierarchy @ gﬂmw 1.3)

conventional

procedural approach

object-orient
\ ed approach

data structure
ngnuwu'ﬁ'[mu

hierarchy

class

procedure

hierarchy

y [ 4
A 3.1 UEANTUABYYBN object-oriented [ unified hierarchy

Sharing

Object-oriented 9% promote M3 share finlunaty < szdURANANAY inheritance
vesTInssafrdoya uazngAngsu seooulilnsaadioiy q Tufims share vwnane
subclass AnfloumuTaglifinsd1 M3 share Y89 code 711¥3 inheritance Aifthumilalu
15z TomivdnyeanIu object-oriented fiddniimstsznda code fiv conceptual clarity 910

117 reorganize operation fanenu
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Object-oriented 9ztpN 1A HBYAM 9 411130 share 141U application 1AL TH prospect
yosmsoonuuumsiinn 1 uag code mndnumznisilosiuciig q (protect)

uaﬂmnﬁy object-oriented fl’\ifﬂﬂ?mﬁﬂﬁw 9 191 abstraction, encapsulation,
inheritance, N334 libraries voadnszneuseiithindun1§lmila

Emphasis on object structure, not procedure structure

ma Ty Ta8404 Object-oriented 1Aifuteiee l5o object 1A object 9zqndodng
"lsuaﬂmﬂﬁﬁ'ﬁuagﬁuﬂuaztﬁumha 9 W8l application wnztipsnseRimsAsunlag

syimia  Tasdnuaizdg q Aimsaiuayun object Aiflmnuausnmnn #9

U software g 19910 Tnsaardae object Avziierdosamannndil long-run

AISWAILY object-oriented 92INUBUINANAYO information modeling #14umsesn

UDUE mw’faga faudnmsnmun object-oriented vwwldndnms class-dependent behavior

Synergy
91NA1NE1204 Thomas TDdnvaenme q streiadrens lsunsuiuansregl

@ [ - Y 4 a’ 4 . A 3
uuuiusenld wag Cox §4na190071 encapsulation ABWHFIUVUDY object-oriented MNUU
A3 packaging 1uvRizh inheritance @§1911 encapsulation MBe19NTTUIUAT reuse VYOI

code Tumarliiaf2]

3.4 nfFauifiy object-oriented model 11 model éu 9
Semantic Data Model

Semantic data model 1¥iloUiY entity-relationship model (1a¢ function model DAPLEX
Furannnuneewlunssa (capture) rANIY ARTAUAURUSUUY  semantic Y89
entities 939 9 (W real world) Aiifu1/14 aggregation uaz instance ammwﬁuﬁ'uﬁﬁd‘lugﬂ
WURsszanEnm ludauvea expressive power object-oriented data model 3¢ ifinEAIN
Jovnt semantic data model (iipsmnviandnasluiimg dmfumguanndlizdng
AW (performance)  tazaNudwlunislFunundnues object-oriented model foalimsveny
(A9521d2UYBe function I¥U version Y94 composite object 1§111/#28

fifimsyaiaia q ﬂ'nmmmimmqi'":ujm (Fundamental) 3$Y319 data model 2
¥ilailae semantic model ina'lndMTY “Structure abstraction” waz TavAIWEdnudae:
milousuamudiilfueasgluuy lumeasafiudiu 35ndn q ves object-oriented data model

Y . . P o ¥ -]
siinalndmdy “behavioral abstraction” Faunieunun1ulysunsy a9 lsAmudounn
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[] [}
@ A ~

[ A } 4
¥ 1~ Y% g3 =1 Y
aeilufigluuy  uag object-oriented model Fuganiina lnnNssanTamiaivayu

L4
abstraction 119@99¥iin lAvE19NBIRLS

Network (tay Hierarchical Data Model

5211914 Network model fi1) object-oriented model Zisghstios 2 siiaviniufimdousy
Ao Vawee model avfuayuLegtiuuvesdeyaUULAY (data nesting) Tawisrweniuh
object 92511581989 object 81 < 1¥U M1 attributes YOIWINTY uSugLAdeRY MITa
hierarchy 11 database schema @1N30UsZNBUAW cycle 1A lumemssiudn gluuuves
cyclic object 11 network data model adudeems Tnseaduiudrle e e l14
schema

Aefmitoutuetnficesie wdeslniudilesening Object identifiers fumsld
pointer Tuz1liuuYeUATEUY (network model) Object identifier fi® logical pointer wazlu
PMuBuRTInY Imaw q 32U identifier WM 191mai (reuse) §1 object gnomianlu
ezl pointer Y04 record (111 physical pointer oz hiaunsagnldiienisasieaeunign
doalumsdradiala

U ANUUANAITENIN 2 model FAIIU nnfindaumionuadhedunnipnes

a’

fififinenmvoaii uazmasausetoyauuudy

Extensible Database

msvauuuuvinlueudsouy OODBMS — waly 9 objects  1UAIIWAIN
extensible DBMS lduszaunnududeluilegiiv leismﬁ'mu?«ﬁ'uﬁﬁeLﬁiﬂﬁ'munmﬁﬂ
lumsadie DBMS feunsaveviemuiuitomivayumsiem (function) Tni q 14dw
vloteate DBMS lRunmssaueasdsenevufiningay 110 Library 484 modules %':ujm

&1 pBMs gnirh1daueSs (implement) Tatld A1 object-oriented Iuﬂmﬁu
win dowfeudivutums Iauesaluamdu q Selundniy anummnselumsveonie
iy DBMS Suiludnuazfirrvesanilaonssy ANUUANANTENIN extensible DBMS
unz OODBMS aunsosfuwlddnit Tasndnieguvuiiidnums  “physical (3o
architectural) extensible” Tuvaizfiogandafidnuaie « logical extensibility” nuensaie

fnuaiialna o vesdoyn 1ag operations YoiU)
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Relational Data Model

AULANAIITEN I object-oriented data model 1Y relational data model RATRELTAN
Faunndenthinedy od1lsinmusennsanaiigs 4 14848 relational model (ARG
910 object model  nsfimmdudeuvesszuyhicunsaldlagass Safums ¥
attributes 11 object $eesalflRudaiiody (primitive) Wity ozl object laifinam

o

AaRuifunsdunen Gnhertnce) 13 WifinalndmiunsiiAmssanduiiimunlaog
18iAgarruiionuues data object 1y database schema UAZNOANTTUYOL object ﬁﬂszmuag'"lu
Tosunsumsiauene q  wazdaqame relational data model Weniuayundnmsiien
U identity 484 object MiloUNFAMITAUINTAINE (state) VB3 Object

relational model ANns YUIRIAY (extension) ﬁa “nested-relational model” Y

o o o o o o d
ﬂigq[ﬂ‘lfuh‘lﬂ'liﬁﬂ‘ﬁ'ﬂ%'mﬁtﬁﬂ uaz‘lumsm‘nuﬂmmﬁuwuﬂu non-first form (~1NF)[4]

3.5 41211 Object Orientation
Real-World Domain and Objects

fusfinsandeans  fegrondaus Wdialsziiiu nlinsdadedudaan q un

i ' g . - ¥ JN. . .

Y 13075021 “Domain” domain ‘lmy fII¥Y computer science, telecommunication industrial
ﬂ 9 A i‘_] L4 ' dy v ) N f ﬂ 9/ A
WudY vi5991911Y domain NILAVANUIYY operating system, signal processing IVUAN Tunsal
w2 9 1 udaz domain MNFARIITAUMLNNINAIUYBIIANAINNGA (real-world) 18 wsoee
ad2 185l Tanfiueneonun Taudl entities yoatfuegniely Sund « object” UAAY domain

- . :i =y ar - L .5’ s v [] .
as0il object MTfudaszAunanI oot IURIANULANAINB LADS objects

L4 ' d o & v a
Object ApUsIngNsainTeunedinluTaniidmuatiu feginmzlunnusis nielu
1 4

anuddn (mawsAn) ynedreziiiusieludniues faiumamnsenan léd “ynednsey

&137 fi® object UAZUARE object 938y 1M domain M3 1AUTY”

Abstract Objects

Abstraction  fenszuaumsfisudnle  uazldTaseadrennudifalsingmssity
TanA21u953(Objects) Sudsiisraulslu problem domain

Abstraction  tHunszuauamearddn wyudezairennudililasmsadgl
uuumqmmi'ﬁn‘luéqgu stluuumenauddn (Mental model) ithiyuunaing 4 i dadna q

E 4
wametiels datugaidaudileiuld
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. a&' ' o 9 o o A
asad Abstract objects sziimugmagiuanudilolundams  Taondnmishe
AuAaRa 1UBaMI T objects @19 q AmANUIvBMANTAYINAYDY object sy
o act M
sau ndnmymusaszy 1A 3 35he
. . y_ 2 & Y o P
- designation ﬂ‘Nmﬂ‘Iii’J‘Ui'JiJ‘U@\i‘lfﬂmtJ‘lﬂﬂﬁﬂmi (concept) NNI1Y
A w q’/’
- extension $1999M13 7703 WUT NGNSl Indnmsiunasungqy
e 1 { o o
. specification $1984MITWIMWVOMuANTAAN 9 Tudasdalsingasallundn

13 extension

Abstract object ﬂzgﬂﬁ%’l\ﬂﬂﬂ abstraction Tunszuaunsveemsadng abstract objects
TuseiivseTonilunsssy AszUUNITEBY 3 NTZUIUNITVDI Abstraction flo classification,
aggregation L0 generalization

. Classification 14ifiousmun object TuTanaamede fignuvaslay abstract
object

2. Aggregation fin nizuaumsvesndnmsittuvy JaseFunonaiauiiaves
object 1uTana1w93e TauANUNILYBIMANNTS (concept) U q

3. Generalization ﬁanszmumsalm14a“'ﬂm5‘luzﬂtmuﬁuﬂms‘hmwmnﬁnmﬁ
fuenfil$inaainaudoyesdnmaiien

¥ v
wenvIniiv19nsusdald class NU abstract object @3¢

Object-Oriented Analysis and Design
N N R A ac a Aa ¢ A - ar
Object orientation Ain I5lumshia Ninsenludeiisauly uazWauszuuves
- i 4
software W3 Adwuazazain Tasldeenilssnauinme (Objects)
fRenssaman q 2 Aenssn lupssrumsWanssuuidudeuds MIAnTIEH
(Analysis) tagoanNUY (design)
Object-oriented analysis (OOA) fiD application ¥BINYAN < (principle) , wms
4 . o a
(method) 1aziA304iTD (tools) YOS objects orientation TuasTnszHilymfiaulelulanau
939
00A ilufenssuiildsey entities Aidigyluilgmlnlananuiuazivei
9/ -~ ' 1 .. e a 1 o 1
audhle, aBunoiuAag entities Imsaadeiuldodnls

a 4 &
Tﬂﬂﬂﬂﬂiiuulmﬂlﬂu 3UunoU
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] [y .

¥ 1 4

1. Information Model Whminsyestuiifie eszynann1sves entities N3 objects
v W LY 1 v o o 4 . o 1
Sudnyuzveuy (attributes) AIUANNFURUTIENI entities sxgnihIdeglugivasniu
v o o £ i
St (relationship) Fadhulummulome, ng uag ngm1enuaIm (physical laws) MiAu
TuTananuesa

o’: { a ¢ A o a

2 . State Model YUNTADIVDINIIUATIZHINYIAUNGANTTIUYBY objects HATATIN
v o LY 3 . v o ¢ Ao o . 4 o o dydl
AUWUSVOIIY LANT object UAZANUTUNUTIZUININT (life cycle) FIIINTUABYAVYDI

U4 A A
AL (states) HATINGNISEL (events) 1ATADIUE (states) szuaAIRNUIMINE AT oo 1y
] { o 1 o
84 object 31314 physical laws , N wazu loweNFAlRUTIUMANITEL (events) ITUARIUNY
o Y . P & o a & a '
msaiiiuing 19 objects niavuaamuznindamuzniia li@naniugniis foudas domses
- P Y
inmayeudonulay event
14 ¥y
3. Process Model Judunouiludag Aonssa (action) 92gnszylugduesnszuIums
i d
(processes) uazﬁmui’ogaum objects (objects data stores) Tasnszuaums (process) fio
1 Af 1awa . ad 5 4' (9 .

wieNuguvesmsUiang (operation) uaziinudeya object fnsefudoyn (attributes)

YD object 14 information model

Tvaizfinsins1zy (Analysis) szforssnaaudiullf1d | Jawr wazmsIdiden

v ¥

9 v z P ° < v o 9/
YDINNUABINITAN ] (Requirement) LASHYIYIUNTSADUAININ “ez"lsmzummmlnﬂuw

9 o

‘ly”’ 3 ﬂ 4 ° e 9y o Aa dy (] vl
%" A5ooNUUU(Design) SIUUNITNISHUIWINADURAIDIY TEUUADINTIAIUDYN iiﬂﬂ‘u

19

eDe &

Object-oriented Design (OOD) fio application YD object-oriented software engineering
paradiagram IABMINAUITZUL software TAg 00D szaudannfivnssuiidanadnion 00A

o ' Py ° a . .
alfis M3 program @19 9 11 computer 3159141331111/ 19914959 (implementation)

3.6 Object-Oriented Analysis
3.6,1 Information model
Identifying entity (objects)
. =Y -~ ar .. A a P [} o
Objects 923y TABAITRNTANTINENMS entities MTOTIAN 9 Hogluilgmiin
auls 119 objects fansoueaiiusudeald uduns objects AAUTUNINETTY (abstract)

L d
Tasisrenansauonlseinnuea object oAl
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W $ngfifudesd (Tangible objects) (Hupminssuvesdedn q Alegedelulan
AN
i 4 i o
B vt Roles) unnussiuvesgatlszass wisnuildiuneumnovesynnaa,
2 ¢ A ¢
Fudauginiol, nioodnns
g . A A A a 3 v |\ a9 o
B (vgn50i (ncident) ADUWTITNYBIUNTUAAYL 15U MIANAUM, QUAINS,
1 4
A3RBNAY
B 1J§j561 (Interactions) D objects fiinau191An153WAUTENIE objects DU
Wy MIFouds : MITENAUIENINYIDNDING
4 %
B Specification objects %zqﬂ'l%'tﬁauamwmm, NN n?ﬂﬂmmwummmm

3 ] d 4 ¥ 3 o’ a
AN 9 15U AU TLNBUNUAAITIUAN UBIIAYAL

Attributes
a a w a Y ] A o 1 9y
Sadne 9 vu TanesTidnuasfimmusifues Wy anugy, ¥e, s Wudu Tae
} 4 ' v
uaasdamusy hudnyaenalifidiuly1fvequnas instance ¥4 class B3 object
7| 4 :
attribute 19 WINFTTVVYDIANHAUSYTI 9D objects

4
TuseAUYDY  abstraction WUUARE attributes 93QNIZYIAY data type TTIUVBIA

v
=~

atteibute 71511118 Sn ‘scope’ 30 ‘domain’ §AYBN attribute 1 attribute ¥3vWNAT A

¥ ar ¥ - 1 5 & o y . o
i unique sufuduwauday object Tuudag class ¥ lagm o 11/egi58n71 “identifier’

¥HAY04 attribute

B Descriptive attributes S RN aMUAYDIARE instance T class

M Naming attributes 21815 dadoves instance U1enTaldmilouiiy  identifier
ua ldsuin

M Referential attributes 151un1s@ndeny object U g

nNQV8A attributes

. 2 o . & o = v 'Y
Information model 9EAURY relational model vosdoyn Fulifangdn a3 dodd

L4
=y

i
; . . ' ' e @ v . P
ngdlefi 1 1 instance ¥BY object 91 1A 1 MdmIvudas attribute Tuvaznile

1 4
UMY
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ngdiei 2 1 attribute Ao luifi Tassadumely
ngdefi 3 M0 attribute 1 1ild identifier vzdfinmaszy (Fun) object uds  Ine

identifier (key attribute)

d
ANHUAUNUS (Relationship)
o o o ] H o @ dao U
ANUABNUD (relationship) f‘llil u'lllﬁﬁﬁJ‘IlFN‘]jﬂ‘l]ﬂ»iﬂ'c]ilﬁﬁﬂ'l'luﬂuwuﬁﬂuEJU'Nl‘ﬂu

TTUVTENINAS 2 Fanuanarenuyla lananuess

ANNTUWUE 211919 object 1AB7 9 ( Relationship between single objects)
4 v
finnuduWusnugu 3 ¥iiasendng object Ava 9 1u Tapanueds
. o a J A \ & a v o do A P .
B 1 : 1 (one-to-one relationship) IAVUIND object NUINAIINAUNUTNVBNTUN object
a J 4 [ 2 o o o R
1 : M (one-to-many relationship) AatuLile object HU4 finnuduiusiy object 1
] : o 3 v o dw ) .
object ¥303nNT1 1AL object SudpanziinamduWUSL object 1HEY object
=)
Che)
. . a 'g y % R v v do .
B M : M (many-to-many relationship) (AAYULIID object 1 object TUNUTAY object on

F 4 T
1 object nTomnA Iuviiaai

anuduiusuna objects Tn32uY (Relationship among objects in a system)

qﬂﬂszmﬁuaqﬁuf‘fﬁa MIRSIEMITOTSYAD UL object  NFUWUBTY objects
Buq 39939 9 ué”;ﬁmﬂﬁ"?:ugmummsmﬂ'nnﬁ'uﬁuﬁhuﬂmq objects TuszuU wazwai
1¥Aemsfmuaduilsznoves objects ¥893U (part and product) 939 9 182 objects AN 9
wigiuag:ﬁn existing 1103/M3DM30DALULAMNFURUTINAI objects armduusmai

218 TRoNs TR MUYEA referential attribute 114 object Amanzeulu model ifoviuda

ATUFUWLT (relationship) 92N formalized asludoyn Arudwiugan q szdunannd
19 amd  Aearuda objects uazmadeafezansoduselimadhle 188 Tasiu doyn
ﬁ%‘ﬂﬁﬂﬁﬂﬂd@’]”l the data bearers of knowledge data

gﬂuuwmmmﬁ'uﬁ'uﬁ 1: 194 referential attribute ©1953gY object 1@ object
nite1 ualildieaos objects ‘

1uAPUFURUT 1:M 11U referential atiribute ©1992n5 1A% object T&lumany

y
& mieliuiusnezdevhmungde 1
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ASH9E formalized AMUFUNUT M:M i Taowa q 14 ezfimsad1e  Associative
object ﬁuc‘*ﬁw?q 9 uduiufle separate object ﬁi 2 reference 1M identifier YBUIADE objects
ﬁlﬁﬂ’l‘l’l’ﬂﬂﬁu ﬁ'ufu associative object seiimousiiiu object associative object 9193
attribute (AN waze19vrsameg luanuduRuivewaas object (ufe interaction

object)
a @ o & R & 1 v q a
NE!JLL‘]J‘UIJ'WIT]ﬂ'Iu 3 ;ﬂnmwmmmauwuﬁmuﬂau ob_]ects WQLLﬁﬁSSUﬂﬂ&’N‘ﬁlﬂ
1 4
HANAI9YBATULD AT
1. Generalization relationships
v o . A dy v A 1 . P A o a ﬂ
ANUTUNUDIUUY generalization u‘lmwauﬁmnqwm object MHUDUNU  NUILU

o o o 4 ' t . . e
ﬂ']'lllﬁilﬂﬂﬁﬁuj'luﬂlﬂQﬂ"ﬁﬁ?'N class AN 9 1¥U gﬂuuu‘um relationship inherent A7

o w d o o y z .
TUNUBLUUY generalization i’%nﬂu‘lu%mm “ is a”, “a kind of” , “ category” 50
v o o 1
“specialization” AYINFURUTIUUY generalization vwoglugiuuuvesgrudoyalu semantics
data mode! u# 1331e3 11 commercial relational database management system
Tunane q gminsrvemdnuuziuana19ues objects MInil  certain attribute 4
y T v
lunsdlilinamnsofiveuaastsdnuasniinis 14318 Tasld  original specialized object
. v d’ A d' @ o = > - . . é
objects mmmzmuﬂm, INYINUND generalization (M50 subtype-supertype) relationship %

(SRR WAINEITY subclass 112 superclass IAAAIRY generalization AWNTAB I IAR

t 4
o4

i

<subclass> is a (kind of) <superclass>

<superclass> is (can be) a <subclass1> or <subclass2>........

Generalization/Substantiation relation fianuduiusidussanniuiuinnufaves
inheritance c“ﬁui‘luﬁﬁa‘lui’:’aﬁwa object-oriented systems Tumsii 1y danuess (implement)

Inheritance Aons19doynsninly class A 9 Fetuegfuamdniuuuidy
1‘1’;14 (hierarchical relationship)

Inheritance  9z1@3ouna Inmusssumadmiumsiaszuudoyansomuisasans
Y1IMITUARS subclass uazuﬁmqmﬁuﬁﬁv‘fwuﬂm subclass uazozMuANgUATAYE LT
peadluiny Feguauivosuday subclass shlisuiuiiesdeefdniunsas subelass

gt generalization L0 inheritance ABN15 abstract findm3ums shared 1 class

1 P - o’ a 9 3 o 1 -}
AN 9 wmuaunu’luvmsw ﬂ')’lﬂJL‘ll'll‘ilLlﬂﬂﬁ'l\iﬂu ludauvo4 ancestor 40 descendent GEL)
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class T level A1 9 @9uINUNALE1N) eiinsdredeniuly natw o level ¥BY generalization
U class 419 9
. . . . . =2 o o J. !
Inheritance, Generalization U0 specification 9¢819fegUmsel (3Udnwal) vousay
anufn uazszinnldumsuannldouiudas 939 q udd generalization lagnidlums
v o ] 1 P {
SradannuduRussen I class 19 9 Feluanizil inheritance szyadianalnveamslddeya
$fuAlY ANUFURUSUUL generalization  generalization A specification N9ANLANAIS
o 4 4 'Y A -a ' ..
AUTDIYA vty lden superclass Y139 subclass Aoluudves generalization 019
generalization 22 18T uIneInANT I superclass generalizes subclass Tuvaizh
spécialization ﬁxﬂﬂﬁﬂﬂ’fl‘mﬁﬁﬁ’h subclass 1 b (U5 ‘Uﬂjﬂ) %38 specialize superclass
2. Aggregation relationship
. 9! < Y . | &
aggregation %z‘l‘ﬂumsuﬂmmmssmﬂquﬂuvm objects LOTUBDNYOVIUIIN “part-
whole” 150 “a part of” relationships ﬁmzﬂsmgiuimi’fagamﬁauﬁ'u “a bill-of-material
A T 1
structures” H9DUAAI0DIINNTY 9 14 network data model uaglu hierarchical 1A% relational
database aggregation Usnave hignauleluniui object-oriented (1A923iN13 implement 8819
fou 9
. @ a o A a
14 aggregation iU 1 class wuﬂg‘lumss U (rule of assembly) LATDUDU ] ITUNY
'4 v 1
v9983n52NoL objects (rule of component object) 1¥U u assembly class Y9459 sweiidau
At A P . ] o
Usznouves 1szg unzernezlidauilszneuvesiniouiniss @9 objects AN YDIDIA
g e’: o a o P : LY
152neuUs class HUBWINIANNAVNUSUUY 1:1, 1M, M:M BIYUDYNU  real-world
domain
b 4
T . o 1 v d
fin attribute Y94 assembly class HUD199TYAUNS (propagate) uUARE BeRUsTADY
s o @ . . i da .
¥09 class 189U luMeAs Ut Ay inheritance  MiUsEgnARUNA 9 attribute Y89
superclass
4

3. Association relationship
.. P} wwiéﬁ%ﬂﬁo & v @ do a a
association f1® ﬂ'J'IiJﬁiJ‘W‘N‘ﬁ'YIPj IUURNTUA HIANUTUNUSUUUANUNIAY , UN

d'll (3 A v v o 1 .
mnm’l‘i’s’ﬂmuﬂmanwuﬁnmmaz associate class
o v @ o 1 R
associationilzﬂi’lﬂ;]ﬂ‘lﬂﬁﬂ'ﬂmjm‘fl’ﬂgﬁmﬁﬂuﬂ‘Uﬂ’Jm’duwu‘ﬁiz‘H’JN record (inter-

record relationship) AT WU foreign key “lug ma’fagasmu relational
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3.6.2 Objects and States. Dynamic Behavior of Objects
a ] » o Jd U
14 information model lAoFuneedoyarin q lu object uazANUTURUTTIIDY
¥unan object Tasanuidnudusiamnsoyalddn information model UaAITIWAZDYAT
Wuuuy static uTannnuess
[ o 1 a Ay a a P . . &
stlsiiany  ynesraluTananueiell niedesingAnssuiidiuuuy dynamic &
v ¥
Taota q 1t senunedangAnssuvea object W 9
resaswunanan q 14 3 s NNOITUNGANTTULLY dynamic YO objects
1. FAYBIADIUL (states)
' " . 4 £
state i 715591 (combination) YDA attribute YD object NUBUZIIA AN
2. ‘szmmqmmf (events)

A /et o .3‘ A o a £y . ci
event Ao mgmssininatunIodggnaluTananuedsiidiueung 1 object wldou
1ueglu state 1nu

o a 1 A o A o 9 4 v
mgmssimsgnasiuiumeudygramuguiidannsminedoyandn ddeya
d o a 4 a2 ay a o o U4
flvzanfuayuiens s state Mands doya 2 oila Aowsoun ldfumgmisel
Al
fio
M identifier data 18 §AYBA atiribute 1 attribute  W5oNINNNAUTY identifier V04

objects Ya1an14

v y
W supplemental data (5UgAY0Y attributes 7114 identify doya unzdeyaiiannsald
v
attribute Y84 objects A4 9 A28 L3 lMmAoaun object Yaromammiu
v o

3. YAVBINAANT (output)
output D MITINFUVBIA attributes 13BAIVDY attribute Nerule MTodayanaiiey,

32y state taeiiii1a140 output sxgldmilondiu event

3.6.3 Process Model (function dependencies in a system)
) a - g H Y

function dependencies luauesezgaRnsauniloudiuszuy  Feluduasuiies

lun13erde process model voeszuy  lagonaziimsuaasdaneiiindn q Tavld flow
] Y a . e
chart, design language Hudy uazlinisiaag action Henua
& L -] . o o . P =]
action 9 NINITU Y70 operation ngnmiﬂu objects fdalu state

TRy action
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B vnissnald

B Fouunzey attributes 1@
B 499 object U1
B 404 object DU 9
[ ﬁﬂﬁ’lﬁﬂ event
B ¢ objects DU 9
9 (] a T A = L'
B foansodefiogusniilennuevaveensins s

B il lumsarugueasanm @ulehnavguldnaeanal)

D
Qt
o

|

W y§annudauduns objects
@ o o d
B suleluanudunusg

B v3aanudaidavns subtype 1Y supertype
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INFORMATION MODEL
* ENTITIES
* ATTRRBURES
* RELATIONSHIPS

A 4

STATE MODEL
* BEHAVIOR
* RELATIONSHIPS OVER
TIME

A 4

PROCESS MODEL
* ACTION(S) OF EACH
STATE

Z O~ 14 Q » A 4 »nn © »

A 3.2 1aAN Object-Oriented Analysis

3.7 Object-Oriented System Design
HANNITVDINTOBNUVV ISV
a 'S a = 1 4 vy .
nnmsanseiisseinsandennudiy 18 Jyvinazaaudosnisrequirement)
& v - ) ° o @ & 1 ) ° ' a A
°1N15'Iﬂ3ﬁu1ﬂ'ﬂﬂ$nli1’lﬁWlﬂﬂﬂ'l'i'fl'l Tﬂtmz“lumumﬂwzm)qmamavls FIINYAUNITIDN
2 . . . a ¢
U1 (design) 221¥ dofmuaveinnudosms (requirement specification) 31NN1TUATIEHUN
1Numsaadulehezudilgmodnls suduusannsyduguduiusiwazidaasliizos o
4 4 :
Fmavinmseenuuuez 18y hard software tagisam1sFaziiw141un1s implement o
9 o w a A Aa a 9 o dy
1'1] 111ﬂ']iﬂﬂﬂuﬂﬂﬁﬂﬁﬂ']ﬂ'ﬁﬂﬂﬁui% HIUNVNT TUVUNYIVOIAIU

o §amsuiie szsuunnszuulng q dussuudes

® 3%1) concurrency inherent Tuilgym
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® allocate subsystem AT processors L0 tasks

® (H9n351unN159AN1S data store
o 9 £ o Q’l‘

o JaMIMIINNMINYINTINUA

® ({HoAM3 implement ¥89N15AILAY U software
o A y

o Jamsveuwavedoulumie g

® 1MUA priority

saAsznoLVRITZLY

5814 0o dlumsAadeiundnnisves objects lulananuese daundnmslu
00D aunsneiiy1ads 4 eamilszneundng dail
- problem domain component (PDC)
- human interface component (HIC)

- task management component (TMC)

- data management component (DMC)

1. Problem domain component
1 v 1 vn,: Y a L] :& a = a
Tavdmlnajua hivanuaudaneassuluniseonuuueziissdemaiay - nldou

4 o’l’ a ' 4
urlas ufly LY (model) e lvduneumslinsizd garseasAvea PCD Ao

e gouliiimsdsulgamiimsiienly 00A model e lviassmuany
doamsuoefld
A @1 v Vet ° o Y A [ ¥ ' ' ad

o inngnaeiane q  suldimstinduinls, TUsulimsoenenay 9 avy,
o a a a a ' 2 {l M
Ysuilgailse@ninn, (s 1woidoaveIual q 1My ey

2. Human interaction component
a [V | 'é y ' Y
HIC vzifisadoaiuduues human interface  Twessisznouiisziiudn  Jldesds

e

I

svvetelsuas szuvszuaasdoyasennetn’ls lugluuuladedld msAadedudldil
L 4
% a 4
doamsswazdea minaseuluisimsinsiziuasmsesntyy
v o ¥ Y ﬁ ' A yeq Y a Y o
fariuszdealfinanlunmsfamdlasfedldssuy  Nanwdesnswadniae q

Tuaaoonnetiels uasimdesilelafigaesannsaldadiflédensld
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3. Task management component
a < 9 et A | o A A
TMC 9ZHTUINIANIUADINITVDIV NIZUBVNUNTITARADAUITEUUBUNYUBN UTD

¢ - Aot 3g 9 o & 49 0
ginsalde q  wieszuuiiiglinden q Auldadiaznme 9 au Adeamsmadhnuves
Tsunsw niearunate q aundeon q A I9UILUY multitasking (FEUVNIINUNAY 991U

o o o & a g a Ay ' o A
pudlszuianadifey)  FNNTINURY TMC  HIZlAuRgIveees 1NN LT DD
concurrency

a 4 a q a o
Tuzthwyyemsinsizd luanuiueis unzlunTesnouiuaes 10 objects 9l

o o é . T y o N

msvemlnden q Su @9 dynamic model Fhumamslumsissmsiamuy

concurrency

4. Data management component
o ° a o .
DMC vesawsoulasadadmsumsiiy, msdae uazasudly objects Tuszuums

o’ a o S a a v o d o w o’:
famsdoyn  5lunstamsdeyaeaiiuuvudady, wuud@mnudniug, tuddudy
waz wuuiBaing (object-oriented) 33 lumsdamsdoyadeslimsszynouniesznitems
! 9 9 v A Y 9 1 Aad o g/
ponuuy  luszviumsssnuuudeenuuudesiaduleldedieeniilumsdanmsdeys

4
withiwuyuszuy IWdvsessuvgudeyals]
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From O0OA To OOD & 1

OOA
METHODOLOGY

PDC HIC DMC T™C

OO0I
METHODOLOGY

AN 3.3 uams 004, 00D uag 001

3.8 INFORMIX
3.8.1 uuzshaailnens3uye INFORMIX-Universal Saver
1&tnsvens wuduma luTadinen relational database Y89 INFORMIX-Universal
4'! LY =) 9/ Aa (Y 4 : 1 an aa A
Saver mﬂﬂuumgu%umawau”aﬂummmumeumnw YUY gﬂmw 2 Ua ay 3 ue, 1oey,
ot ad a s/ = @ .
3 Te, tonasdiin Insiin, HIML pages , Toyaifoafiuoynsuam uag spatial data 19Y
a J N . «
INFORMIX-Universal Saver {ia%191099AU52N0UAN 9 Y89 INFORMIX-Online Dynamic
Server (AIVHIUANUAINITOVDY relational database management system Tt object -
E 4
relational database management system Tuduiinena1In9n NS WD database management

'3 3
system 1Az 1N15v0e0IAUIZNBUAIN U89 INFORMIX-Universal Server
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-

3.8.2 7N TIUY09 Database Management System

ammandwveunalulad 4 Sundn q fieunsesansdeyald : szuy file (file
system), relational database management system (RDBMS),  object-oriented database
management system (OODBMS), uag object-relational database management system
(ORDBMS) Tﬂuuﬁazé"uwﬁqﬂm'uumﬁ'ume"v’i'v'h‘lﬁ'ﬁﬂ'nummzﬁuf?m%”u classes A4 9]
vostlymlunsdanisdeyaies g1 1-1 uaAs database management system Y 4 wila

A

Relational Database |Object-relational Databas

o

Queries management system management system
(RDBMS) (ORDBMS)
Dbject-oriented Database
File system,
No Queries Vid management system
ideo server (OODBMS)
>
Simple data Complex data

i 1/ 3.4 Ut database management system 4 vun

Tay file system, video server database management system, I8iZ object-oriented
database management system ﬁz"lﬁ'ﬁmanﬁqm’{muﬁ applications ‘YlNIjiﬁil ﬁ‘lﬁﬁ’mﬂ‘li
arwanansaluneduAy (queries) éq‘hi‘lﬁ’fmumiﬂllﬁumuf: Tasluhdeiiisezauls
relational database management system (%4 INFORMIX-Online Dynamic Server) ilag Object-

relational database management system (1%} INFORMIX-Universal Server)

3.8.3 Relational Database Management System

Relational database management system ﬂzlﬁmﬁmﬁummﬁaqa 9,Mm3 ﬁuﬁuﬁh’f
ratles 9 uae transaction UudeYAdY 4 (simple data) Yoyauvudie q lAunyiiavesdeyn
dwolud

B 17w (Integer)

| ﬁm’mﬁti‘luqmﬁﬁuu (Floating-point number)

W fsnysiitimusitauas 13i$18a (character string, fixed H30 variable length)

B Sufiuagom, 929198 (Date and time, time interval)

M 3147 (Numeric and decimal)
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UM relational database management system (57499 INFORMIX-Online Dynamic
Server)  iidoidalumsmivmyudeyaiifinaududoudegnifuluzives  binary large
objects (blobs) 8671415AA1Y blobs ﬁ‘lﬂmmmgn%’ (indexed) , Auv, visodausinielu
database server 'ldn13viannmamnselumsmivayudeyaiifinnududouly RDBMS i
ANy hindrance MAnIUMINAU classes 13 9 U89 application AIBHNFUITIANT
RDBMS #ilsilavesdoyaiifinnududounazuandreiumnn q 1hednls Fafinuluilogsu
flo World Wide Web  faiszamsonisiiavesdoynlddinaueme relational database

management systern

3.8.4 Object-Relational Database Management System

Object-relational database management system mmsaé’ﬂnﬁi’:’agaﬁﬁmmcﬁucﬁau
269 objects 18 TasfdafiuszAnsnmlumsAudu oy ransaction Audeyaiidudougs
woeiteidanaiiu 1 @szauaudidy)  gadssinmuaunsalumsdmualns
atrudeyali q uag fanctions fivzandan1siiudry Informix 3414ve16 INFORMIX-Online

Dynamic Server y1ily INFORMIX-Universal Server

3.8.5 Architectural Element of Universal Server
Uszneuday
B client/server
B scalability
M high performance
B fault tolerance and high availability
M distributed database
B ANSI-compliant database support

M database server security

Client/Server
TunszuIUN15509U0 (request) Universal Server 935U403a91n Client application
o ' v o o
Taosuszinsidhdedeyonngudeya uasdewadwsnduan mudiegudeyarzsauda

AonTsuAI q UM oIUBINNAIY 9 clients NToON q U



. a . aya 9o A v ¥ .
client A® application program N§14711M15 run WedBavedeynang udeya client
application 14 Structure Query Language (SQL) oaensSesuelUda Universal Server Tay

. < oqe o a
client program 923409 DB-access utility waz ldsuns UNHUIYYY

Scalability
. 9t o v ¥ £
Universal Server ﬁ%ﬂﬂﬂiﬂlﬂﬂ'li‘llﬂ']ﬂ‘ﬂu'lﬂ‘ll ENVI?WU'Iﬂivlﬂﬁ'liJﬂ’J'lllWUQﬂ'li “]Nf]ﬂl

vad 2 a
autiatienusn 1418 uIMaIy processor A processor 1AY7

High Performance
] y
Universal Server Sinalnfivhldmsvandifss@nsnmge q Tassiwnalamari

B Raw disk management

B Memory management

B Dynamic thread allocation
M Parallelization

Fault Tolerance and High Availability
Universal Server 1im319na'ln logging-and-recovery ifiofosiunnugndosvesde

gmmsﬂ1mﬂﬂﬂﬂﬁ'aa°1unsa‘iﬁﬁﬂ'nuﬁﬂﬂﬁMﬂﬂﬁ:ﬂUﬂﬁﬁﬁﬂﬁ {tazdonm (media)
B Dbspace and logical-log backups of transaction records
B Fast recovery
B Mirroring
M Data replication

M Point-in-time restore

Distributed Database ’
Universal Server touIfimsdudu wazudly) nnndion 1 gudeya Tasannse

wlunme q grudoyadiu server 18 nulu transaction 14
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Database Server Security
aunsald GRANT waz REVOKE SQL (eifiuanudasaduvesgiudeya uasan

314 (table) AN §aRuLs]
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o a a a o .
Anyn eoauuY tazRaszULOULIMsBu-Audeinivesiesayn Tasld object-

oriented model 1AYITUY
1. awsonsiy i hmndnauladumiisde T wunmy, ¥eeslsths, fvuaiun
1 A o 1 ) A o ( a a 1 9
danu nagmsauilsudisinisdedaiunaid

4
LY

2. awsansvidhmisdesgluaaiuzamle oty niesgfivunisde)

° A a o — .
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swuinTanin
wacBIENn

1.1 1.2 1.3
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|
L |

1.2.1 1.2.2
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111 1.1.2
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4.2.1 Information Model
3% classes LA objects
A1M1505%Y classes lussuudu-Audeinivestemyalddsd
1) A0 member
2) AN library
3) AQ9 circulation
4) AN student
5) A9 staff
6) f1Q1¢ book
7) A91¢d magazine
8) AR book _title

9) ANY magazine title

¢y} attributes ¥BIUADL class

Class Member

Member

apply_date
ID_mem
name
last_name
status
organize
division
address
phone
flag

—
AR 4.11 AR attribute Y04 Class Member

Class Student



Class Staff

Class Library

Student

apply_date
ID_mem
name
last_name
status
organize
division
address
phone
flag
expire_date
class
major

N )

NN 4.12 AN attribute Y03 Class Student

S ———
Staff
apply_date
ID_mem
name
last_name
status
organize
division
address
phone

flag |
\ St
AT 4.13 AN attribute Y04 Class Staff

Library
Serial
flag

AT 4.14 4AAN attribute Y84 Class Library

56



Class Book

Class Book_Title

Class 'Magazine

WA 4.15 UAAN attribute Y64 Class Book

Book _title
ISBN
Call_no
Name
Authro
Edition
Publish
received date

N {4

AN 4.16 AR attribute Y03 Class Book_title

Magazine

Serial
flag
Name
Year
Vol
No

| ev—

AINA 4.17 4R attribute Y84 Class Magazine

57



Class Magazine_Title

e —
Magazine_title
ISSN

Name

Year
Year_pub

Vol

No

Publish

—

AN 4.18 UaAN attribute Y84 Class Magazine_title

Class Circulation

P awra
Circulation
ID_mem
Serial
Borrow_date
Due_date
Status
hold
ID_mem_hold

Csie i W6

A
NN 4.19 AR attribute Y04 Class Circulation

IR NUEUNUS (relationship)

ANUTUTUE I objects 1RE3 q

—N
Staff
apply_date Circulation
ID_mem ID_mem
name Serial 1
last_name Borrow_date
status 1 m || Due_date
organize Status
division hold
address ID_mem_hold
phone .
flag | Nomee—
—

AT 4.20 UAAIANUTURUSTENIN Class Staff U Class Circulation
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Student
apply_date
IDTnn;em Circulation
na
last_name fs?e_rgle "
1
iat::ize Borrow_date
rgar 1 m || Due_date
division Status
address hold
phone \ ||§ mem _hold
flag N
expire_date
| —
class
major
\ >

AT 4.21 LAANATINENRUESENTN Class Student f1U Class Circulation

Book_title
ISBN
Call_no Book
Name Call_no
Authro
Edition
- Publish
received_date

e —

AT 4.22 UAAIANNTURNESENIN Class Book iU Class Book _title

Magazine_title ) P m——

ISSN Magazine

Name Name

Year Year

Year_pub Vol

Vol 1 m | No

No

Publish \ J
—_——

AT 4.23 uamaNNANRUSIENIN Class Magazine AU Class Magazine_title



Circulation

Book ID_mem

Serial
flag

Serial
Borrow_date
Due_date
Status

hold

ID mem_hold

Call_no

e el
| S——

AT 4.24 HAAIANNANRUTSEHIN Class Book U Class Circulation

(" — Circulation
Magazine D mem
Serial Se—nal
flag Borrow_date
Name Due_date
Year Status
Vol hold
No ID_mem_hold

\ =/ Lam l—— I

AT 4.25 UAMNANUAURUTEHIN Class Magazinef 1Y) Class Circulation
o @ ¢
STYANUTNUSTNNADN objects Tuszuy

Generalization relations

Member

apply_date
ID_mem
name
last_name
status
organize
division
address
phone

flag

A

Student

expire_date

class
major

AN 4.26 uamANNFRUSIYY generalization 483 Class Member
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213NN 2uVDLI S VU=

Library

Serial
flag

Book

Call_no

Jgpe— m—
Magazine
Name
Year
Vo
No

=)

A 4.27 uﬂmmmr‘fuﬁmﬁmu generalization YO\ Class Library

-

A a o d:‘lv
AUAINWUWAIY

o

Member

apply_date
ID_mem
name

last name
status
organize
division
address
phone
flag

X4

()
(o]

Staff

Student

expire_date

class
major

irculation Library
ID_mem Serial
Serial 1—1_' flag
Borrow_date
Due_date
Status A
hold £ ]
ID_mem_hold Book Magazine
Call_no Name
S Year
Vol
m No
1
f m
Book_title
ISBN 1
Call_no
Name (s )
Authro Magazne_fitle
Edition ISSN
Publish Name
received date Year
Year_pub
Vol
No
Publish
\

I 4.28 naaenmsanvesaNNdiusAN 9 luszuviy-Auvesdesaya
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4.2.2 State Model

L4
TYAYADIUL (states) LDSIMANITA VDY objects

Class Book

uflvdioya,dedon i

fin
AT 4.29 iaavan 1 veN Class Book
Class Magazine
utﬂuﬁﬁém(ﬁu
ﬁu:
M 4.30 HAANTOIZYON Class Magazine

Class Student

L4 A
autayadnNBn nun Y ‘(uﬁ'luuaga

/

@iasansn

MW 4.31 UAANTOIUSYON Class Student



Class Staff )

auﬁagaamin‘ :—mmmq

'/uﬁ'luﬁaga

Fuasdndn

AT 4.32 UAANADINZYDN Class Staff

Class Circulation

- o o
geashiindumisinfines

/

a
U N

AN 4.33 UBANEDIUSYON Class Circulation

4.2.3Process Model

910 state model mmsaﬁmnﬁﬂmi‘lu process
Class Student

Sudu¥n deelgaanin

<Precondition : State = wlﬂ‘uﬂmﬁﬂ>

¥
model 1?’1‘ hail

< asnsaueadinandoviali
I

yes

l
gaag@ininlasmsunly

Junuaaig

no

Sudngnlvnu

Tesmsiiufindayadandnival

Sets State = HudanBdn

AT 4.34 UAANATSUIUMS SUAITA AoaIFn
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ud ludeyadu¥n

< Precondition : State = (ugin3n >

) \d v ar
suayatayiusaindnm

unlydoayaasnsdn

il 4.35 uaaensgyumsus lydeyadmnsn

AUFNYUADIY

( Precondition : State = u‘Juami‘Q

NivuaTUMNADg
msiiusinBnyatindnm

Sets State = Lilludndn

NN 4.36 UAAINSSUIUMSTNTANUADIY



65

audoyadin¥n
@ondiﬁon : State = 1u'tﬂuamifn>
< asnasurhwuamwindny >
audayadnBnm
Al 4.37 uamenszyaumsaydeyaaingn
Class Staff

Juminsausn

<Precondition : State = ‘lu'tf]uam@

(- 7
< aagautu arasd 1151EMs >
anyNsEhnedau

SUdNASTNIEN
Tasvunngpyedandn .

Sets State = LUudnin

AT 4.38 HAMIASZUIUMTSUANASANITN



udludoyaduidn

audeyamandn

Gecondition : State = (UusdanBn >

dusyadantnitlaguiu

unludayadandn

Al 4.39 naaanszyauud lvfoyamngn

< Precondition : State = ({udngn >

wuaFAIWMSIUMIENS/

ananlse

Sets State = Litludansn

autipyadanBaum

2l 4.40 uaranssyauaudoyamuidn
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Class Book

audoyamisde

misded1za

< Precondition : State = fule >

fimndah

= Py o
wanuwagu/uine nida

Sets State = #3lila

L4 o
autayaniega

o )
AMi 4.41 uapnszyINAUdeyamiaie
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< Precondition : State = Gule >

nidaise

Sets State = dulile

< asndauhmidanite

ﬁamwu}ﬁﬁa’lﬂ

yes

no

-

daNuUBU

Fmheaan

Sets  State = fule

k4 o
surpyanida

d' A o ]
NN 4.42 llﬂ'ﬂ\‘lﬂi’&’ll?uﬂ"lilllﬂﬂuvﬁa?ﬂiﬂ

ufladoyamisde

< Precondition : State = fule

\J ¥V o/
sudayamisde

unledayanivda

M 4.43 llﬂﬂ\?ﬂf&’ﬂ’)”ﬂ']ﬂlﬂ‘lfﬂﬁ\]ﬁﬂ
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Class Magazine

N5A1IF5A

( Precondition : State = fule >

Nssannmatvliniiin

Sets State = sulile

<9maaam'1mmsnﬁauuw'lﬁ'vﬁa’lﬂ
l

|

no

yes
v y
AOUUHN FInhgasn
Sets State = fulad audayansas

AT 4.44 HEAINSSUIUMTNITTITHIA

) o/ =t
i’JiJl’ﬂiJ’J'liﬂ'liﬂ]J'Ul’ﬂﬂ

( Precondition : State = Balé >

- o v '
PN INANTINLANNTAT

AUENNITET

Sets State = Auldle

AMi 4.45 HAAINTZUIUMTTINANTITAIF
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Class Circulation

-
vy

"%

< Precondition : State = initial >
< aTadaudnimstuyasdinin >
< ATRFBUFUMWNINED >

fuminda

Set State = Nl

ATl 4.46 Uﬂ'ﬂ\lﬂﬁfﬂ?”ﬂ?igﬂ

( Precondition : State = gﬂﬁu )
A4

< ATINABUENUTAIWAINEN )

IDIMNTD

=

Sets State = QAHMUATYNIB

AN 4.47 UAAINTSUIUMTIBY
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I!)h
=

( Precondition : State = gnEM >

o o JA
Sumidanau

L 4" L} - o M
<mﬂaaamu°nnu"nmun’muw%a'lu

I
yes
v
Annaadsu no
Sufumiada <«

k] o & - v
Qﬂaaamwmﬁatauugna sansalil |

| no

v v

Sets State = NI Sets State = initial

NINT 4.48 UAAINTSUINMITAU

v0adsntuniade
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( Precondition : State = I8 >
1 J
< arndavhdusindnauiines >

meaauaw'ﬁn'ﬁﬁwmauﬁm >
(Lisiviladagads)

- o J
fumndenasy

(=3

ngy

Sets State =

e

= 4 v o ) @ =
NN 4.49 llZWNﬂf&’ll’)Nﬂ‘lﬁ'mﬂﬂ00\1””\1301!701!11”\1?78‘m)tN

Y ] = o o
Ao LianBunisdemunimua,

( Precondition : State = 99 )

¥
asummuaTuInSuminees

[ 4 [} o
uggeaslaiiniy

Sets State = initial

) 4 ¥ Y - @ o
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Member

apply_date
ID_mem
name
last_name
status
organize
division
address
phone
flag

Insert
Delete
Update

A~

Circulation

ID_mem
Serial
Borrow_date
Due_date
Status

hold
ID_mem_hold

Renew
Check-in
Check-Out
Resene
Retire

Staff

[ Student

major

expire_date
class

Re-Entry

| ——

(" Book tite )
Book_tite

Library

Serial
flag

Insert
Delete
Update

Repair

A

73

)

Book

Cali_no

m
1

ISBN

Call_no
Name

Authro

Edition
Publish
received_date

e
\ T or—e

Insert
Delete
Update

4.3 3EMIvenuuITIINg ( Object-Oriented Design )

Mgazine

Name
Year
Vol
No

| —

m

1

(e
Magazne_title

ISSN
Name
Year
Year_pub
Vol

No
Publish

Insert
Delete
Update

27 4.51 uaas vamsaanERszIVYSMsvesiesaya
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mﬂwammmmmswnm’lﬂqwmaumiaammu HFIYUADUNITBONLUULY

9
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Design Problem Domain Component ( PDC) :
¥ y ' v
MnszuvuInstu-fu ludusouilfivisan1dhdilden 0oA assugay

faneralunini 5.40)

Design Human Interactive Component (HIC):
fnuadiuvesmsasdesen e idduszuy Tasuaasnmanuan v

Design Task Management Component ( TMC ) :

Sanrudesnsdlfuaziiann q Tlasudu Sehlddauves ppc ludannun/founlas (
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WBesnszuuuSnmstu-au Tunsdn bifimsmeuuuusym ( Parallel or
Multitasking ) 3l wadws udauil

Design Data Management Component ( DMC ) :

wiesflofildmunszuuninstu-Auvestesayafie Informix 9.1 miyayu
| m't’fey,aﬁ'nymz ORDBMS ( Object-Relational Database Management System ) il

a o
szuuiinrsredoyadail



A15199 4-1 UAAIAI51S Member

75

Field Name

Description

Fiel Type

Field Length

apply_date

Junadasauiyn

Date

ID_mem

sHaau¥n

Integer

Name

4 -
FOAUIYN

Character

15

last_name

wana

Character

20

Status

AN NN
AinfinulSgygn3
AinfinymfSygIn
2infnymlSgyguen
019158

-0 19158
-h31wms

gndnalsedn

Character

15

Organize

miwandidnda
Amnssumend
-aonilaunssumans
-Agenaas
Anneaas
-naluTadnsinuns
-naluTagasaume
-dnineinisud
~dninived
-dnipveayanaid

4
-aU 9

Character

15

Division

MAIndia

Character

15

Address

Negaundn

Character

30

Phone

o LY 4
wes Insevn

Character

flag

oMzt
auFn
4t 1)

- -l (0)

Character




A15197 4-2 HAAIATI1 Student

76

Field Name Description Field Type Field Length
apply_date Sufiniasaundn Date -
ID_mem sytaNIEn Integer -
Name ‘T}eam‘?m Character 15
last_name wana Character 20
Status TOIUSANOUIEN Character 15

AlndnunlSyanas

<TndtnulTggnin

infnunfSyguen
Organize wihwsadidnda Character 15

Aenssuenans

-aoilnunssumand

-AgeheAy

Anenmaasd

annTulatmainuns

-maTuTagmsoume
Division madndidate Character 15
Address ﬁﬁlﬂﬂm%ﬂ Character 30
Phone wesIns fwn Character 9
Expire_date Funuaoyan date -
Class T Character 1
Major AN major 15




M15199 4-3 UTAINTTIS Staff

77

Field Name Description Field Type Field Length
apply_date :J'uﬁﬂ UATANITN Date -
ID_mem SHaMINFN Integer -
Name i'}afrmi‘m Character 15
last_name ana Character 20
Status TOMUSANETUTN Character 15

o110

-0

-heons

-gn¥nylsed
Organize miwandidnda Character 15

Aeanssurnoas

-amilasnssuenand

-AgraAs

Annmand

-wn luTagmsinyas

-naTuTagasoumer

-dnineBn1sud

-d1in3dea

-dninnemyana

Buq
Division mdnfidsfa Character 15
Address ﬁﬂ{jﬁm%ﬂ Character 30
Phone L‘LIEJ{ Tns ﬁwﬁ Character 9

A1319f 44 oA Library

Field Name Description Field Type JField Length

Serial nvndiouvesdaiiund Integer .
AOMTAMVRIRIRUN Character 1

Flag




15197 4-5 HTAINI319 Book

78

Field Name Description Field Type Field Length
Serial avnzidouvesdefiud Integer -
Call_no m’tmy’wﬁ'\iaﬂ character 13

GI'IS'N‘?; 4-6 uaA9IA1T1 Book Title

Field Name Description Field Type Field Length
Call_no aymyjmiade Character 13
ISBN Character 13
Name %am‘i’qﬁ 9 Character 13
Authro #o ﬁ'l.wh Character 20
Edition ﬁuﬁﬂ% \1"7; Character 2
Publish dninfiut Character 15
Received_date ‘51:?;"15%"11 date -

ﬂﬁN‘ﬁ 4-7 HaAIAN1913 Magazine

Field Name Description Field Type Field Length
Name ?;E)'J'Ii s Character 20
Year ?lﬁﬁuﬁ Character 4
Vol Volume Character 2
No nﬁu‘fi Character 3

ﬂ'lﬂ»i‘l"‘; 4-8 AANMN1919 Magazine_Title

Field Name Description Field Type Field Length
Name %a:nsmi Character 20
Year ?J’?'lﬁﬂﬁ Character 4
Vol Volume Character 2
No ﬁﬁuﬁ Character 3
ISSN Character 9
Year_pub Fnndiisamuiinuga Character 3
Publish ﬂ‘!ﬁ'ﬂﬁuﬁ Character 15




M519N 4-9 BAAINI1 Circulation

79

Field Name Description Field Type Field Length
ID_mem saau%n Integer -
Serial unafisumiie Integer -
Borrow_date %u«?iﬁuﬁ A Date -
Duc_date fmuaSududefind Date .
Status A0 USAHMITON-AU Character 1

1 (1)
-Au (0)
Hold ANIMUSAINNITID Character 1
-Qneee (1)
-lignees (0)
ID_mem_hold 3 ﬁ’aﬁm%ﬂﬁﬂawﬁaﬁ 2] Integer -
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NMANUIN N

\
Qs

e SQL

mdalumIadiamang

CREATE row type member_t

(
apply date  date,
ID_mem integer,
Name varchar(15),
Last_name varchar(20),
Status varchar(15),
Organize character(15),
Division varchar(15),
Address varchar(30),
Phone char(9),
Flag char(1)

)

CREATE TABLE member of TYPE member _t;

CREATE row type student t

(
expire_date  date,
class char(1),
major varchar(15)

JUNDER member_t;



CREATE TABLE student OF TYPE student_t
UNDER member;

CREATE row type staff_t
UNDER member t;

CREATE row type library_t
(

serial integer,
flag char(1)
);

CREATE TABLE library OF TYPE library_t;

CREATE row type book_t

(
call no varchar(15)

JUNDER library t;

CREATE TABLE book OF TYPE book_t
UNDER library;

CREATE row type magazine t
(

name varchar(20),
year varchar(4),
vol char(2),

no varchar(3)

JUNDER library _t;
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CREATE TABLE magazine OF TYPE magazine t

UNDER library;

CREATE TABLE book _title

(

call no
ISBN
Name
Authro
Edition
Publish

Receive_date

varchar(15),
varchar(13),
varchar(15),
varchar(20),
varchar(2),
varchar(15),
date

CREATE TABLE magazine _title

( Name varchar(20),
Year char(4),
Vol varchar(2),
No varchar(3),
ISSN varchar(9),
Year pub varchar(3),
Publish varchar(15)

);

CREATE TABLE circulation

(
ID _mem integer,
Serial integer,
Borrow_date date,
Due_date date,
Status char(1),
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Hold char(1),

ID _mem_hold integer

)

1. Class Student

Susinsaurgn vy

CREATE PROCEDURE apply (s date, i integer, n varchar(15), o varchar(15),

a varchar(30), p char(9), e date, ¢ char(1), m varchar(15))

INSERT INTO student (apply_date, ID_mem, last_name, status, organize,
division, address, phone, expire_date, class, major)
VALUE (s,i,n,1,s,0,d, a, p, €, ¢, m);

MNedeyamndnadlugmdoya

INSERT INTO student (flag) VALUE (‘1°)

WHERE ID_mem =1i;
/1 fmuamaaiuzduduandn

END PROCEDURE;

AUIFANUADIY
CREATE PROCEDURE expire ()

DEFINE i integer;
DEFINE n integer;

LET i=1,

SELECT count(*) INTO n FROM student; // uSwauauyn
WHILE i<= n

SELECT expire_date INTO ¢ FROM student;

IF e < DATE(CURRENT) THEN

/1 Wisuieuimuaeigaundnnied

UPDATE student SET flag = ‘0’;
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/i muan flag Wunuaanmaungn
END IF;
LET 1= i+l
END WHILE;
END PROCEDURE;

uf ludoyamundn
CREATE PROCEDURE update (s date, i integer, n varchar(15), o varchar(15),

varchar(30), p char(9), e date, ¢ char(1), m varchar(15))
UPDATE student SET (apply date, ID_mem, last_riame, status, organize,
division, addréss, phone, expire_date, class, major) = (s, 1i,n,
1,s,0,d,a,p,e,c, m);
mdludeyamndnaslugndoyn

END PROCEDURE;

9 LY 9/
audeyarinAnmeennngiudoya
CREATE PROCEDURE delete ()

DEFINE i integer;
DEFINE n integer;

LET I = 1

SELECT COUNT (*) INTO n FROM student; / HUSWIUANITN
WHILE i <= n;
DELETE * FROM student
WHERE DATE(CURRENT) - (expire_date) > 45;
LET i = i+l;
END WHILE;
END PROCEDURE;
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ADBIYAFN
CREATE PROCEDURE reapply (i integer, ex new date)

UPDATE student SET expire_date = ex_new
WHERE ID_mem = i
END PROCEDURE;

3. Class Book

o

Sumntisfieln

CREATE PROCEDURE book new (s varchar(13), i varchar(13), n varchar(13),
o varchar(15), a varchar(20, e char(2), p varchar(15), r date)
INSERT INTO student (Call_no, ISBN, Name, Authro,
Edition, Publish, Receive date)
VALUE (s, 1,1, 0,a,¢€,p,1);

/MNadomisdeaslugrudeya
END PROCEDURE;

4. Class Circulation

-~

vy
CREATE PROCEDURE check out (i integer,s integer)
DEFINE mem char(1);
DEFINE ser char(1);
DEFINE type char(1);
DEFINE pri char(1);

EXECUTE FUNCTION check_mem (i) INTO mem;/@539aaugaiauiiaaisn
EXECUTE FUNCTION check lib (s) INTO sery/@329a@suaaiunmnisio

IF ser = '0' THEN
IF mem = '0' THEN
EXECUTE FUNCTION check student (i) INTO type;



IF type = '0' THEN
EXECUTE FUNCTION check_prio (i,3) INTO pri;

IF pri ='y' THEN
EXECUTE PROCEDURE borrow (i,s,7);
END IF
ELIF type ='1' THEN
EXECUTE FUNCTION check_prio (i,5) INTO pri;/A3 naaUaninsty
IFpri = 'y THEN
EXECUTE PROCEDURE borrow (is,14);/1ufinmst
END IF;
END IF;
ELIF mem="'1' THEN
EXECUTE FUNCTION check staff (i) INTO type;
IF type = '0' THEN
EXECUTE FUNCTION check prio (i,5) INTO pri;
IF pri='y' THEN
EXECUTE PROCEDURE borrow(i,s,30);
END IF;
ELIF type='1'" THEN
EXECUTE FUNCTION check_prio (i,5) INTO pri;
IF pri ="'y’ THEN
EXECUTE PROCEDURE borrow(i,s,14);
END IF;
END IF;
END IF;
ELIF ser = '1' THEN
EXECUTE FUNCTION check_prio (i,3) INTO pri;
IF pri = 'y’ THEN
EXECUTE PROCEDURE borrow (i,s,3);



END IF;
END IF;
END PROCEDURE;

CREATE FUNCTION check mem (i integer)
RETURNING char(1);

DEFINE x integer;

DEFINE vy integer;

SELECT COUNT(*) INTO x FROM student
WHERE ID_mem =i

SELECT COUNT(*) INTO y FROM member
WHERE ID_mem =i;

IF x >= 1 THEN RETURN '0';

ELIF y >=1 THEN RETURN 'I';

ELSE RETURN '2';

END IF;

END FUNCTION;

CREATE FUNCTION check lib (s integer)
RETURNING char(1);

DEFINE x integer;

DEFINE y integer;

SELECT COUNT(*) INTO x FROM book
WHERE serial = s;

SELECT COUNT(*) INTO y FROM magazine
WHERE serial =s;

IF x >= 1 THEN RETURN '0";
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ELIF Y >= 1 THEN RETURN '1;
ELSE RETURN '2';
END IF;

END FUNCTION;

CREATE FUNCTION check student (ID integer)
RETURNING char(1);
DEFINE t varchar(15);

SELECT status INTO t FROM student
WHERE ID mem = ID;

IF t ='Bachelor’ THEN
RETURN '0';

ELSE
RETURN 'l';

END IF;

END FUNCTION;

CREATE FUNCTION check_staff (ID integer)/asnarouinuiluemisaniogniieysed

RETURNING char(1);
DEFINE type varchar(15);

SELECT status INTO type FROM staff
WHERE ID_mem = ID;

IF type = 'Teacher' THEN
RETURN '0';

ELSE
RETURN '1';

END IF;

END FUNCTION;
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CREATE FUNCTION check prio (ID integer, n integer)
RETURNING char(1);
DEFINE x integer;

SELECT COUNT(*) INTO x FROM circulation
WHERE ID_mem =ID AND status ="'1";

IF x <n THEN
RETURN 'y";

ELSE
RETURN 'n';

END IF;

END FUNCTION;

CREATE PROCEDURE borrow (ID integer ,s integer, day integer)
DEFINE x date;

INSERT INTO circulation (ID_mem, serial, borrow_date)
VALUES (ID,s,TODAY);
LET x = TODAY + day;
UPDATE circulation SET due_date = x, status ='1', hold = '0'
WHERE ID mem = ID AND serial =s;
END PROCEDURE;
fumisdefiees
CREATE PROCEDURE borrow_hold (ID integer, s integer)
DEFINE h char(1);
DEFINE t char(1);



SELECT hold,status INTO h,t FROM circulation
WHERE ID_mem hold =ID AND serial =s;

IFh="1'THEN
IF t ='0' THEN
DELETE from circulation

where ID_mem_hold = ID AND serial = s;
EXECUTE PROCEDURE check out (ID,s);

END IF;
END IF;
END PROCEDURE;

99Muade
CREATE PROCEDURE reserve (i integer, s integer)
DEFINE h char;

SELECT hold INTO h FROM circulation
WHERE serial = s;
IF ¥="'0' THEN
UPDATE circulation SET hold ="'l
WHERE serial = s;
UPDATE circulation SET ID_MEM_HOLD =1i
WHERE serial = s;
END IF;
END PROCEDURE;

N o

flumisdle

CREATE FUNCTION check_in (s integer )
RETURNING integer;
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DEFINE fee integer;
DEFINEz  char(1);
DEFINEx  date;

SELECT due_date INTO x FROM circulation
WHERE serial = s;
LET fee =(TODAY - x)*1;
UPDATE circulation SET status =0’
WHERE serial =s;
SELECT hold INTO z FROM circulation
WHERE serial =s;
IF z='0'THEN
DELETE FROM circulation
WHERE serial =s;
END IF;
IF fee <= 0 THEN
RETURN 0;
ELSE
RETURN fee;
END IF;

END FUNCTION;
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ﬁ'@ﬁﬂuﬁ Service Chart

<

MANHIN A

g

Foydnuel

Condition (if;precondition;trigger;terminate)
Text block

Loop (while;do;repeate;trigger/terminate)

Connector (connect to the top of the next symbol)
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