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VAT LG
mSystem Analysis (2 X7 L3HT)

BERB KU A BER) ODETIVICEDE, HeExsE>Y
ATLELTRIBETSD ICETAHVRTLETIVEZERT S
Bl LHRANGAREICE L, RRFMITEITESHTLD
mRobustness Analysis (E/\VX ;& X 59%)

B A7 LA ORENGZFE

BEKR, FICA—AT—ADRIBFZZEZ ST LT,

FNODZYMRREEIT, ONZ L+ (BE

BINDSDEREADE—SEEDIEIHZTRT
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ONX PXRAD  A—RAT5—X T 298504 (1)

BiZEZFTICRE T 5 3

BEUMLO=Za2=Z49—<3
RNIVEFEDOITWNS

| — A — A TOM
VEICHWNT, HINA FRADED3FE >

sd Communcation Diagram for Reserve Se

"y

Awt—2

1 select seat() - void
X ;

“User
7T

(=T 2V RESTE)

O

- SeatRese

INT A
T b

J> hAa—Jb
AT b

erve seat() - void 2 1: decrease nu

—>
: SeatReservationProcessor

2.3 get price()

—»

mber of available se

—

2 res ats()

Q)

: SeatClass

4

2 4: show price() : void

rvationUl

ITV7474
7TV b

TOR—ATITU M
(A YV RRVRG T TR
WS IR (SEIEA > REZ 2 ALATER)

f-ishikawa@UTokyolS




O/NA PR A : HEFIE

ESVHREICEEHTNDS

RO ZIVIERERDOERGEESICLTLEL
(enfRAl, RS 72 7 bERDTHTES)

BT —2EIIBELTLEL

EREHEEZADETA—TBEDEH S
R SETOF : ATV 1Y FREBRAMICFUE LED TS
- REI— FTIRTOBEEKRFEIFEE L <L,
HICRVBEEZOMBE LTREIAE




VAT LG L 2FEN\DFRE

B1—RT—AZEDANA MRADH TN ZATE

REHO

BONRA MRADHTIREONCEA v E—IUb b, ThERITHS

72 ADRMT HEE (BfF) DERDIESNS

B1—RAT—ABTHBEBDT TR E

=]

BDY7 2 ADD%

BRAA VDI TEONIEERIE, ToT4T7414EGO2TWVWARE
B AR ZE 1—¢ LTRWS DY PT 0

B1— R — A ICEHRO G WIHR LIRS £ 13 2 0

B S ARBDOBEICHIT BIEFEABAITFRRE

nn




ONRX PXRAD  A—RAT5—X T 2098504 (2)

BT o1 MEER

sd Communication Diagram for Register Flight )

2.9: get all flights() : void

2.8: add flighi) : void

—p
2.2 create destination()
1: input flight info() : void
2: register flight() - void 2.1: create oiigin()
HO : O )
I _ rt

- Administrator : FlightManagementUl q * FlightMianagementProcessor

2.3 create departure date() - void
2 4. create arrival date() - void

\A\h

Q

:Date
2.5 create() - void

N

2.10: show all flights() : void

- EconomyClass

\ 2.6: create() : void

: BusiessClass

2.7 create() - void

- Flight

f-ishikawa@UTokyolS



ONRX PXRAD  A—RAT5—X T 298504 (3)

B ZE SRR

sd Communcation Diagram for Search Seats )

7)) A LELTE

2 2: check availability() : void

S
1. input seat search conditions() : void 2: search seats() : void ’

§ _— O

cUser : SeatReservationUl SeatResewatlonProcessor
2 4: [# of available seats > 0] show list of available seats() : void
4—

2.5: [# of available seats = 0] show warning() : void

Btz bO—)bEFIAH
(754 MER)

- FlightManagementProcessor

f-ishikawa@UTokyolS

$ 2 1: get all flights() : void

2.2 .6 [# of available seats = 0] get arrival date() : void

—>

\Y
7:')\ 7”' (') j— /]/ — 7 2.2 5 Bt of available seats > 0] get departure date() : void

= 2.3: make list of available seats() : void
(FIEETLTLEW) N =

22 4: [# of available seats = 0] get destiination airport() : void

—>
2.2 3 # of available seats = 0] get origin airport() : void

—N

221:gets ats(}:@

- Flight

\"ﬂ 2.2 2: get number of available seats()

. SeatClass

L

O

:Date

10
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pkg3-System Analysis)

SeatReservationUl

<<boundary=>

+Input seat search conditions() : void
+ select seat() : void

+show list of available seats() : void
+show price() - void

+ show warning() : void

1

1

FlightManagementUI

<<poundary>>

+input flight info() : void
+ show all flights() : void

1

FlightManagementProcessor

==control==>

+ add flight() : void
+get all flights() - void
+ register flight() : void

<<=control>>
SeatReservationProcessor
I
+ search seats() : void 1 1
+ check availability() : void
+ make list of available seats() - void B
+ reserve seat() : void <<create>>
<<create>>,” 1 L’ ‘
L . L ’
<<entity>> <<gntity>>
Reservation SeatClass
+date —] R
+ numberOfAvailableSeats
+ create() : void + price

+ get number of available seats() : void
+get price() : void

+ decrease number of available seats() : void

<<entity>>
BusiessClass

<<entity>>
EconomyClass

+ create() - void

+ create() - void

774 bEEx
MMZEZFRER
MZEZ5 T

EWD3T1—RT—XI|i
O/\R X ADHER

=<create=>

<<entity=>
Flight

+ create() : void

+ get departure date() : void
+ get amival date() : void

+ get origin airport() : void

+ get seats() : void

+ get destiination airport() : void

1

<<gntity>=>
Airport

+ location

.t destinatﬂon + create

origin() - void

+ create destination() : void

=

+ departure date

+ arrval date

1

<<entity>>
Date

+ create departure date() : void
+ create arrival date() - void

f-ishikawa@UTokyolS
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AT
aX A

mEZET (Design)
BEDEKSITERZSEIBT 5D (How) DAREZESH T
mEFICIEREREESK  (Non-Functional Requirements) *&BRY %
—+ 572 F+ (Architecture) LNJVDEEETHE
ZRem (Component) LANJLDEEE
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(FRR TR - IMRE|

CHWT)

mH 7)1t (Encapsulation)
m|5¥FEHk (Information Hiding)
mR{t (Abstraction)

T2 1—)l{t (Modu

B EHES  (Divide-anc

arization)
-Conquer)

mRE - BB DERE (Cohesion and Coupling)

BRI \E

=D EE (Separation of Concerns)

[ Buschmann et al., Pattern-Oriented Software Architecture, Wiley, 1996 ] Z&% (X



H 7 IVt - 1BFERERK
m5H 7tk (Encapsulation)

BEE - IRAFWEVIV—TIL L THRNGERELT
TECRDHDA VR —T T —RA%KETT %

nEHEH, WmRt, TESZE, E

B

m|5¥fEHk (Information Hiding)

I ICEFE

nRROELEHE, TDV STV FOSEKT 3

77472 MEIREZH S TX

moO/N1M Rk, 7547 MCEE

HIEEDTES
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HER1L
mif%1t (Abstraction)

b HER
“An abstraction denotes the essential characteristics of an object
that distinguish it from all other kinds of object and thus provide

crisply defined conceptual boundaries, relative to the perspective of
the viewer.”

[ Booch, 1991 ]
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miESE (Coupling)
BXTlE, EOANIEY 21— IVEOKERRLIE L,
ZTHhFBWC EfCEEZEZASNS

Content

A module uses and alters data in another

Control

A modules communicate with another by passing a
control flag to affect the behavior

Common

Two modules communicate through global data

Stamp

Two modules communicate by passing a shared
structure (including redundancy)

Data

Two modules communicate by passing the minimum
required data

f-ishikawa@UTokyolS

17



R

A

E

mEEE (Cohesion)
RETH, FOBEEEEHNOEERMES, ZRSH
BICEY2—IVICHBADIFENCEEEEZBENS

Coincidental Elements are unrelated

Logical Elements have similar activities (e.q., all I/0 actions)
Temporal Elements perform in similar timing (e.q., initialization)
Procedural Elements work sequentially (on different data)

(e.g., a part split from a flow chart)

Communicational

Elements work on the same input

Informational

Elements cover all the functions on one data structure

Functional

Elements are related with each other to perform one function

f-ishikawa@UTokyolS

18



paL:
mESOEDONEE (Separation of Concerns)
RS, BWIHEBARGERIL, EESERICEYFToNSE
ENEHENBINETDHS
B2 —T 1 —REREDHE
mELD

pfERDETA, RIEISEBDHHAINET L,
T L EEROZEZRNCELEDHD T EDE

IILUII\
R

f-ishikawa@UTokyolS 19



BHR

B AT LA
nxn'l'}?\ I
I —F%¥ T F Vs
C n——ﬁ"lﬂ S
BT A 2 I\N2—"

f-ishikawa@UTokyolS 20



—F¥7TI7F¥

—3+ 77 F+ (Architecture) :
B ENDEE, WERAIFONEEFYE, BREDOREGREED
RN,
BRAT7—7URIVA—BOAZT 15— 3> %{Ek
BEL—FFTHRBE5TTA DRSS J%E (Design Decision) ™D
WCEHRE, LR
m') R =Rt
mI7—F7758 £EWVD Y T DEFEEDE H B
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F—%F9F v INg—

B —F 77 F+v/\Z2—> (Architecture Patterns)
WA T SN OHAINEEESE LTD
NN —FT7 7 F v
m {3

BEZE7—F77F v (HLERR)
BMVCT—F 77 F v (NEMBBEERT 5V AT LDTD)
B0O0—AH—7—F770Fv (B RATLDD)
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ZRB7—F TV FvI\A—

BEZE)7—+ 77 F+v/\Z—> (Layer Architecture Pattern)

(Layers, LayeredD &EEEHH V)

B AT L=ZEBEDL AV —IC0fE

BELAV—IE, ERGHRE - REMZFOA TV FTHER

BRMul A VY—I&, BICDOGEHAEEDLA VIS LTH—ER%
e
BEWVRZ 5L, BLAV—IFETD LA V—0ORECIT
FEEWD (BERZE - BFAMN)

B RMUllHBH LA VT—DADNEZELTWANETH S
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B —F T F v INZ—>0EAM

User Interface (Presentation)

HO) HO)

Boundary 1 Boundary 2

7N
g Event
Application ' %

O

ContﬁoI\]\ (/ZorntroI% Con}rol 3
7

Domain Y \ /

S0 Q)

Entity 1 Entity 2 Entity 3

Data Source (Persistenge)

e.qg.,, DBMS 'ﬁ




MVCT7 —F T FvINZ—>

BMVC —F T 0 F v INZ—>
BALMEERT SV AT LDSD T —F 70 F v INZ—>
BEAREGIREINIBIC K AEERZ M
EModel l& F XA VDT —R2BRXUCZDINIE%
mView (1 —H 1 Z2—T 1 —ANDOHE %
mController |1 —H 1>V 2Z—T 1 —AHLDA %

updates

sees

View \

Model User

\

. Controller uses
manipulates
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sd Communcation Diagram for Reserve Seat (Design Level) )

B{EL DN avalb— ) VERLIC

3: showPrice 2.3: getPrice
—» —p
1: selectSeat 2 reserveSeat 2.1: decrementVacancy
X ; ) O > QO
cUser - SeatReservationU| s - SeatReservationProcessor - SeatClass
I
,.n'
)
r
.’f
. \ 2 2: Reservatjon
The "show price" operation was invoked

by SeatReservationProcessor in the

system model version. Mow the trigger is

just "retumn” from the "reserve seat"

operation and the dependency between

the Ul and the Processor is one-way. Q

- Reservation

O LEERO R AMIC
(RUMEICL 2P &V TRIF)

f-ishikawa@UTokyolS
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DAl

\S N
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I A L N L N
(F— - - — | LN o~ L =— =y J =~
pkgd-Architectural Design Kktl-’b / — j ( a':) y) : U)/‘ /4 7 AD\ b
- d~ 7
] ANY — AN — —
T Z=HE8 NANE \
— 2T C
SeatReservationUl <<boundary>>
hConditi
+mput€y?al5earc (Conditions() : void T inpulFlightinfol) -void
+ selactSaal) - void +showAllFlights{flights - Flight[)) - void
+ showLisiOfAvailableSeals(sealStrings - Stringl])  void sl ghisi(ligl ighil])  voi
- showPrice(price - int) - void 1
+showWarming() : void ﬁ $ E/J — 7]
\ ~ [
. e C A =7\ 71N
1
a A
<<control>> <<control>>
SeatReservationProcessor FlightManagementProcessor
+ searchSeats{onginAirportLocaiton - String, destinationAiportLocation : String, departureDay * String, amvateDay - Sting) * Stringll [~ . addFuightifight - Flight) - void
+ chackAvailability() - SeatClass(] 11 | +getAlFlights() : Flight]
+makeListOfAvailableSeats(seatClasses : SeatClass]]) - String[] + registerFlight(originAirpontLocation : String, deslmatlurnAerorll.o{allon.Snmg.depenu\eDale%tnng String, amivalDateString : String, economyPrice : int, economyVacancy : int, businessPrice | int, businessVacancy - int) : void
+ reserveSeat(sealClasshumber - int) int — 0
T - i
7 — T
v - v
e et - !
s <<create>> __--"" N
: i =] = |
,‘ . ‘l - Domain \
‘ =T | <<croate>>
u:rearp‘% ey~ UL .
i SeatClass S '
L, + numberDiAvallableSeals [ o
P + price. ) ; v
o + getVacancy() - int \_@ v
K + getPrice() - int <<entity>> '
4 / + decrementVacancy() : void Flight |
L + Flight{originAirport - Airport, destinationAirport - Airport, departureDate - Dale, amivalDate - Date, sealClasses - SealClass[]) : Flight it <<enlity>>
<<gntity>> +getDepartureDate() : Date e Airport
Reservation +gatAmivalDate() - Date 3
pr + getOriginAirport() - Airport . + location
+ getDestinationAirport()  void . +destination | 00 aimportLocation - String) - Airport
+ lass - SeatClass) +getSeats() - SealClass]]
+departure date
<<enlity>> ity>> 1/ +anival date
BusiessClass EconomyClass 1
<<enlity>>
+ BusinessClass(price  int, vacancy : int) - BusiessClass + EconomyClass(price * int, vacancy : int) - EconomyClass Date
+ Date(date - Siring) - Date

28
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BmaREt

B —F T 7 FvEeTg, BEPmDEEETN
REFITIRREBEONEMT 7 T X
minside-outside Principle : ZEMHHNE<EELDWETA (H
RZE) HSEICEERIL LTV

<<boundary>>
FlightManagementul

SeatReservationProcessor

String, departureDay - Sting, armivalDay - String) : Sting] A I D
G depatiNORY Sty eniveiDey SSURIES Kk inationAirporiocation - String, departureDate : String, amvalDate : Sting, economyPrice : Sting, economyVacancy: Sting, businessPrice - String, businessVacancy : Sting) - void

<<@nbty>:
Flight

: <<entity>>
SeatClass
<<enity>>
Reservation * -
- date sfionAirport - Airport, departureTime ' Date, armivalTime | Date, seats - SeatClass[) | Flight 3
+Resarvation{seatClass : SeatClass)  Reservation s mortiocation: St 3

| [
I {
| + Bus B I E lass(p int) EconomyCl I

f-ishikawa@UTokyolS 30
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BUMLODAT7— MR/

BZIHLREAYV Y FORSEFEVEE LENIFKL

stm State Machine Diagram for SeatClass )

Bl A=

decrementVacancy() [vacancy = 1]/ vacancy ;= vacancy - 1

H—REHE -7 72arhbiEd

K= 7 )L—T1t

O Available
[initvacancy = 0]/ vacancy = initVacancyl

BREDDAEDESDHT

decrementVacancy() [vacancy = 1]/ vacancy = vacancy - 1

| Unavam;—'decremenwacancy()

YRIEE 0 D& FE decrement HY
MRS (ald LY WD {Esk&BBEE

f-ishikawa@UTokyolS
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THAINZ—

B >/\2Z2—2 (Design Patterns)

mIANT BHaxsT DL Z NRL LEBF]

(BAENTEHRETDELDTIEEWN )

Wk

B 7FAbM
B[ .

Y DR T

+H

BFEnsZE&nz0

SEHS DIRIT
HREHW, N2—2BERZRET 74+—X

X

L

BDRD

lﬁﬁ'ﬁﬁ%mﬁﬁétﬁw Stsst - JL—Ib
AT MERIOET 523D/ N2 —

mGang of Four: E. Gamma, R. Helm, R. Johnson, J. Vlissides

BGoF/\Z—
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5 : Singleton Pattern

B AT LRICEWNT, BBV TADA VAZVANDLL
W ExEREEL T
BEREIRHR, BEBERHALTE,

A AR AERMBEREDH T IV

Singleton

- singleton: Singleton

- Singleton () BEODIAVA NI ZIE private IC9 %

+ getInstance(): Singleton

M—DA VA2V A%FEL, BAXY Y FCHIEETES
CDAVY K&, A VAZVADT TlchbNiETnZiRT

TRl Static (VT RAZEE « 7T AAY Y K) « +/-1% public/private
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5 : Singleton Pattern

import java.util.HashMap;

public class Airport extends Object ({
private String location = null;
private static HashMap<String, Airport>
airportMap = new HashMap () ;

private Airport(String locate) {
location = locate;

public static Airport getInstance (String location) {
Airport result = airportMap.get(location);
if (result == null) {
result = new Airport(location) ;
airportMap.put (locate, result);

}

return result;



5 : Strategy Pattern

mET7IVT) LD
7= ANIEBEDIAF T

EIRED B HD, Tho%z, T
C7EL

PIRBENDHTEIVILERUET 4 X s

.%ﬁ®7 7X75\T“ S

KRITA—/\—\v KV

FAEIZ = X Context H' Strategy Z18REER S L CFrE

Context <> Strategy ﬁilleitﬂﬂﬂ%%? 7 A
contextInterface () algorithmInterface () ¢ ?Hﬂ%%\/‘y '\
/\
I
ConcreteStrategyA ConcreteStrategyB
algorithmInterface () algorithmInterface()

RixB7IVT) ALDREZ=YT 75X E L TR
HMARAFZND SR - 5ZE L THIA
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5 : Strategy Pattern

g\ Z—> (DM

—

S &7

21T A —/\—\ Y

7

) EINZ—ER%

my7)L3) X LEMEDEE KL ?

class Mathematic {
public Data sort (Data data) {
switch (settings) {
case QUICK:
return quickSort (data) ;
case BUBBLE:
return bubbleSort (data);

default:
}
public void doSettings(...) {
settings = ...;

class Mathematic {
Sorter sorter;
public Data sort (Data data) {
return sorter.sort (data);

}

public void setSorter (Sorter s) {
sorter = s;

}

abstract class Sorter {
public abstract Data sort (Data);

class QuickSorter extends Sorter {
public Data sort(Data) { ... }

class BubbleSorter extends Sorter {
public Data sort(Data) { ... }

f-ishikawa@UTokyolS
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5] . Strategy Pattern

O

m/\

22— LT DER

Context <::>

v

Strategy

contextInterface ( algorithmInterface ()
/\
[
ConcreteStrategyA ConcreteStrategyB

algorithmInterface()

algorithmInterface()

Mathematic <

sort (Data)

\ 4

Sorter

sort (Data)

/\

QuickSorter

BubbleSorter

sort (Data)

sort (Data)
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mRococo Architecture g; @ . @ b

| lil-li

[ https://en.wikipedia.org/wiki/Rococo#/media/
File:Kaisersaal W%C3%BCrzburg.jpqg ]

[VVA ST 7— 7L 72— (&), FHR, /%
PR \\_:/\\ % DXD-|-0)$§|, E:EE%H:IIH& 1984]
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SEIDSEXE (2)

A7) MEEICBITASBHABEDIESDTH A 2\ 32—
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