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development cycle
A

r . . ™
iteration phase
A

I ™

/ F
inc. elaborafon corjstrudgion trangifion
milestone release increment final produciion
release

An iteration end-
point when some
significant decision

A stable executable
subset of the final
product. The end of

The difference
(delta) between the
releases of 2

At this point, the
system is released

subsequent
iterations.

each iteration is a for production use.

minor release.

or evaluation
QCCUrs.
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A four-week iteration (for example).

A mini-project that includes work in most Mote that
disciplines, ending in a stable executable. although an
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s / work in most
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Design literal.
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Implementation " -\\
Test il
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Management
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Environment
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i Al incep-| - o ianoration construction e
UP Disciplines fion tion
) The relative effort in

Business disciplines shifts
Modeling P o S across the phases.
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) ] suggestive, not literal.
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Implementation
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When Where
, Once during inception. Short; do not try to At a reguirements workshop.
,f define or polish all requirements.

Several times during elaboration iterations.

[

// /
LY ]
f
\ January Fepetiary '/
e / /
| A
= o
[— /’ T L] t 1
o - ‘wo adjacent projections.
{
Use Cage! Caplure 2 Sale Usge Case. Handle Retums
Main Sussess Scenario! Main Success Scenaric
A 1.
2. 2.
3. 3.
Extensions: Exlbensions:
LR L. M AL
a i

L F
System "
Analyst Customer
End User Developer iﬂmrﬁ E]
. y
) e
Who How: Tools

{
Many, including, end users and developers, will play ! Software:
the role of requirements specifier, helping to write | For use case text, use a web-enabled requirements tool
USE Cases. h‘ that integrates with a popular word processor.

} Foruse case diagrams, a UML CASE tool.
Led by sysfem analyst, who is responsible for 1 Hyperlink the use cases; present them on the project
requirements definition. “\ website.

Hardware: Use two projectors attached te dual video cards
and set the display width double, to improve the
spaciousness of the drawing area or display 2 adjacenct
word processor windows .
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When
, Once during inception. Short; do not try to
{ define or polish all requirements.

Where
Started in a requirements

! workshop, but usually written
{ ) ) N afterwards.
i Several timeas during elaboration Iteratlons f!
i‘t / / /
3 .
\ January Fe ar}r/{l
i
L
=+ ’/ Two adjacent 1
—
a1 - wo adjacent projections.
i
1
1
Problem Siaternent Wision Features
The prablem of. .. The system shall recond sales
} ; “7\. aflfects: . The sysbem shall process.
the Impact of which is: - paymerits.
& sucossful solution is. . .

. Q B e W
Software System ﬁbustomer E
Architect Analyst
End User ® Developer

Who
Utlimately written by the system analyst, who is

How: Tools
Soﬂware. A web-enabled requirements management

\.
\
responsible for requirements definition. ]Li tool integrated with a popular word processor. ]|
1 ST :
The software architect is experienced in considering + Other: Mind-maps, fishbone diagrams, and so forth fl
quality requirements, such as reliability or on whiteboards, for idea generation and clarification.
performance. Use a digital camera to easily capture the results. ,f
/
) ) . f
Collaboration on high-level reguirements from end Hardware: Use two projectors aitached to dual video
users, developers and the paying or responsible cards and set the display width double .

customer. Minimize intermediaries.
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system as black box

=

the name could be "NextGenPOS" but "System” keef

the ™" and underlineg imply an instance, and are explajine
later chapter on sequence diagram notation in the UN

external actor to Frocess Sale Scenario
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. Cashier System
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_ ) makeNewSale() >
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T

1. Customer arrives at a POS checlout enterltemiitemID, quantity) !

with goods and/or services to purchpse. HI

2. Cashier starts a new sale. |

3. Cashier enters item identifier. deseription, tatal Jl
4. System records sale line temang | I T T T T T T T T

presents item description, price, an * [more items]

running total.
Cashier repeats steps 3-4 until indigate
done.

5. System presents total with taxes
calculated.
6. Cashiar tells Customer the total, find
asks for payment.

7. Customer pays and System handles
payment.
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>
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1. Customer arrives at a POS checkout Systermn

with goods and/or services to purchase-<ashier

2. Cashier starts a new sale. I makeNewSale(} 'J
1 1
1 1
1 1
1 |
3. Cashier enters item identifier. i enterlitemiitem|D. guantityv) HI
4. System records sale line item and : :
presents item description, price, and 1 o |
running total. P description. total _________ 1
: * [more items] :
1 ]
| |
Cashier repeats steps 3-4 until indicates | endSala() |
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1 1
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asks for payment. 1 makePayment{amount) H
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2: msg3i) —
3: msgd() —
: Register Sale
= 3.1: msg5i)

all messages flow on the same link

%

B 157 ~ LFEL
Jpl TELEp B Tthis | PURHEL

PO U 2y (2 B 15,8+ ) 25 PRIt |12t A
M LR -
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‘he creation.

create message, with aptional initializing parameters. This will
narmally be interpreted as a constructor call.
. '_,..--""‘”"F
D‘_'_____...--""
1. createicashier) —m
—Begister =gle {new}
wcreates
1. make{cashier)
~Hedgister q& wSale {new}
A
Y

if an unobvious creation message name is used, the
message may be stereotyped for clarity
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fourth 5 fifth
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messagel() ¢ /
—-

1[color=red ] : calculate()
~Eog

i 15.12 (I FFEL
PR N PR Y

[ 1513 SR FODBRFO BT 7 O e

.
B T

200



unconditional after
either msg2 or ms 5
a g4 ClassE 1a anq 1b are leLuaIIy
exclusive conditional paths
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© 2. msgG() T O/
—- 1a [test1] : msg2() —
_msgll) | .classa ‘ClassB
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17 [=1.N]: num := nextint()

runSimulation(}

: Simulator : Random

iteration clause following the sequence numb

iteration is indicated with a * and an optional W
er

Figure 15.14 Iteration.
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static method call
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nat underlined, -
therefore a class
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objects are placed at their

: Register - Sale note that newly created _ j

creation "height"

makePayment{cashTendered) "

create(cashTendered) >

. Payment

authorize()

T

an object lifeline shows the extent of
the life of the object in the diagram
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message o class, or a
static method call
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E therefore a class
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!
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UP Domain Maodal

Stakeholder's view of the noteworthy concepts in the domain.
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UP Design Model

The object developer has taken inspiration from the real-world domain in

creating softwars classes. Thersfors, the representational gap between h
stakeholders conceive the domain, and its representation in s oftware, has
bean lowered.
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[ urelerstand this 1o meaan an instance of SaksUnaltem.
public vold gel Talak) Likewke wkh the expression aSL . prodSpes. prica.

It fob =a; The point is That tha constrainl language can ks Informa

lor each SaksLnaltem, sl o suppor quick and es=y witing, IF dasinad.

tob =tot + =) get Sublolak);

return 1ol

H
]

'

18l = aSLL quantky * aSLI.prodSpes. price |

-.ll
-". _l-l'
—:I nl' —
tot o= galTala saE 1% sl = get Sublalak) | .= I

jr 1.4: pr = gelPice)

‘ProductSpecilicallon

Al 17.12 BT O ] -
& 4 — Z7 Payment

A0 e e s
W &% Payment - [WE 7] p CHFIFVE T -
= O = JWIF'EJ’A%?(’E”J GRASP?FT “Hiﬁﬁf?”F Sl
(PSR R R R W Payment L7 25 PGS 65 f“’%iH[H' RUERE
6| Ll Reg,-s;er FIF A Payment 19> PR 2 il ’rﬂf%ﬁ%% el
R L35 (1 Register i B AT ] (S P2t l@ﬂ&#@%
BRIV E TS e P94 > Sale ﬁf)\’ﬁﬂﬂui L [IEI 1 frsEE KA - ﬂtrﬂ»%“"—ﬁljlﬁl“ Payment -
b= FEFSEE 2 H R ﬁﬁ“i’@” E}g‘f‘ﬂ#‘\ﬁik 5 lﬁéﬁ?iﬂ’[lhg}#lﬂﬂg}?ﬁf
S — B TR EPRLL S 4 - Register RLYZ| it
makePayment FELISL 1% > FTl'] Register — [ F’imﬁﬁﬂiﬁf[ﬁ‘ MRS HE - NP
Register F | 5% {aZ 5p|| -

B I e [ PRoE K -
B Register
B Sale

Fie o F5 - l[“%% AT

5 T R s 7 T o R PO R
J) ’ I b?]&ijil}[&ﬁﬂ{* l:[ H EZF{]H@FIJ’E{)J o #ELIII’ JH‘S/ JJ‘&:’ﬂ#JF[ J‘]ﬁt[—k[l ,j:%f\
e eRE ] > BAREPVET R

ST T GRASP B SRR TR TR 1O

%JiylF'ﬂf_E?—JEl Sale EZ’FF * Payment > H[iE Register [V [ (Fl‘/?ﬁ =) Hipdgh e
lﬁ—f‘ f' I[P RTHTEY Register 3 o =9t » Register T%j:’ﬁ;liﬂ‘w

Payment WIS > NEVSRLEE Sale Acl# Payment [N — j‘HF I [ =353
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Register Elfi%‘i}ﬁ‘li ° I%?ﬁiﬁﬁu/[[[ﬁ[ 17.13 Fa. o

by Controller | by Creator and Low Coupling H

L)
ant® bt ] an

PP it -] 0“‘-'.'. v "

makePayment{cashTendersde—e- Fsai 1: makePaymenticashTendered) =

1.1: create{cas hTendersd )

Eavment

q*aﬂ 17.13 Register—makePayment [~ ‘*Jq\%ﬂ °
=il 15@%1[¥F'x]ﬁi'\m4ﬂ[F[ VH (K - & 2 Payment ~ 214 L Sale EJ%%" e IR
F%E amountTendered [N i o

Aul&— 2T Sale
~ LIS g F%;l/ % %T’ﬁ*f,%?? 1154 £ WI%’E'%H o LI AR 18

S B RERS o 5 ¥ IR G L) > ) HIS P o vy
SR I R

Zale Sale
* *
Lags-completed= Logs-completed=
1 1
Stora SalesLedger

addSaleis . Sala) addSaleis ;. Sala)

h

SaleslLedger is responsible
for knowing and adding
completed Sales.

Store is responsible for
knowing and adding
complated Sales.

Acceptable in early
development cycles if the
Store has few
responsibilitios.

Suitable when the design
grows and the Store
bacomes uncohesive.

[ﬁ[ 17.14 ﬁaz F/F [_:ﬁ i[[aﬁr’?E mclé@'\ﬁl—«kgfﬁﬁjé ) T B ;%F:,%E[%&Lj [F:?
B o[ | %ﬁf&ﬁﬂ%ﬂ[@%ﬂﬁf’:ﬁ 20 (PSS M JLE[J@L'@ F') [y =l F%FEIE[%&
P ’FFEW,J 4% '] Store RLFNRFTE B mcl%aﬁﬁj £ fiY ﬁ,%f ERN] o bl [
|*ﬁfjlﬁifﬂcﬂ"*’JEJrlﬁ“M§T s R SalesLedger o ’él%ﬂrgﬁf‘?? A~ Store B
43?7\— }Fﬁf SalesLedger Wt Fil ¢ | i F (ﬁ%‘ifﬁl[ﬁl 17.14 - )
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ST [ IR 1321 Sale B Store= IS [ 1] SalesLedger
pp@,@gu#ﬁwwmkﬁmﬁjifwmmLf%ﬁﬂfﬂ” P 1 T R
Sc?l.esLedger > T I{EFHFEJIR T H A< ﬁ@’ﬂ”&'ﬁ nJﬂ,F]A Store o YIHN = i fitT rle
FBRAOYRE » BP BRI - BRI SalesLedger 17 FEISIEIF 1 2 PET S
L HOH] U O, €78 - R IR (o R SR L
gF_J 15 o

féa@mlﬂwfmmﬁ%ﬁﬂgﬁﬁﬁﬁﬁ¢%%W%@&weGﬁgﬂﬁ'”J5°>

note that the Zale instance is namead
's' sothat it can be referenced as a
parameter in messages 2 and 2.1

g
—-
mak ePayment {cashT enderad—s Begister 1: makePaymeant{cashTendarad) s Sl
2: addSaIeis; 1‘ 1.1: createdcashTenderad)
by Expert 5 ':'_. i
T ~Pavmant
:Staorg
2.1: addis) l

[
completedSales: Sale J

q*;aﬂ 17.15 FelEi=t S ot Fé' o

_ETL[ rﬁg%

fz“é?f’fﬁffféflﬁlg'Jil’TJF[Iﬁaﬁﬂﬁ?’%‘&—@%?’ Rl N T R H EpVesiE -
PUBGETRIE] — B STEERU - 25 (T Fff;i < ERFERLYNI B E S IHIC Ry T
J‘&ﬁgﬁl EERL A HIEEAE - %?1 Ao FU e MR TpaRgE > B )2 [rﬁg[%ﬁ,f
iﬁﬂyf%ﬁ$ﬁM?*%?W
EU - R R R IR AR TR - IS
ﬁﬂiﬂﬁé‘}?f@ﬁ%@“ ° iﬁ?ﬂfmgﬁﬁ E’ﬁgﬁ:i’(ﬁﬁﬁit@ :
ST R

B BT EREE 2 [Fﬁ%ﬁ,li[lﬁgﬁﬁj '“]349%“5”%'9 (R & e (NP Sale =® Payment
ﬁi%&*WFEwﬁﬁ%i

[I%J FolRLEN Payment § I—iﬁ iﬁlﬁﬁé"%ﬂp jﬁ:F ) 1i|'§ﬁf'—ﬂ» §=%|}* it gzj— Sale F[j]:[ AR

" RIEA Sale Gl '“F’"Q%ﬁ [NELE ] Payment E,j FlL Sale » BT }lﬁﬁl[éﬁiﬁ
fgﬂ['%%ﬁ”%ﬁ gk lﬁ;ﬁi _1‘3‘#7 |‘J |IEE%EF BRI SR
Ph= hpre YN BIRL Sale (I ;DA&%%E'F'LJ? ’ ﬂﬂ’ﬁiﬂ"%f@%ﬂéﬁ Payment
AU L% > T RIESL Payment ﬁjEUFHEJ ]’\—J FZ R o [NEL Sale =13E4EE | 35 Payment P
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Ei‘I‘ik — Sale }L Payment {317 il 357 I’éﬁikj\ﬁ{-g J['ﬂ“ FR R (-
PSR MEFEBRIFOPE "
[ﬁi 17.16 [lpJ 5@;@_,1:1 éﬁgaﬁggﬁzﬁﬁﬁi

Mote the use of "self” inthe constraint. The formal OCL uses tha special variable "s
for "this" {in Java and C++). "salf’ in this constraint implies the instance of the Sale.

Although official ©CL is not being wsed, this style is borrowing from it.

A constraint can be in any formal or informal language.

®
{ bal = prt.amount - self.total }

=) —-
bal ;= getBalance() 1: amt = getAmounti)
—~

2t = gdTotall) T

q*aﬂ 17.16 Sale—getBalance ' E*Jﬁ'éﬁl 0

5 PR ¢ startUp

IRl %paS = startUp F%‘;;P

IR PR CE R TR D T ) E'/g g %ﬂ%’?m%
J*E”“F“Wpl“#ﬁ'ﬁ%él‘p HETR: startUp LI b I 7 s 7 S5 1
U RIS 0 F B R P T
A BIEEY ] SRS Ef i ﬁﬁé,t@hjﬁmﬁu By (ﬁﬁ% :
;%r%afgiy PIRE) - IR PRI INE 2 i 4625 P51 i
e @?“‘%%"“?ﬁ“’p S RS T FAL R 1R B (e - i
[T =R D

‘TF?IT* ﬂ;[I’:[ lué}‘]]leﬁ J%‘:[-j ]ﬁi‘b"ﬁiﬁ I&I,ﬁo

i [ L R

(g e % startUp ]’ﬁ%I'LE]'*\%’JT%E'JIE?CW?'TEL*J%ZE%#EEI%JT’JJ@F] (IR o £
IR G L TR (Y T = I'F'Eng’Elj LRI R TRV B R
FH W'F‘E#Sr F‘}J@?ﬁji’pl (15 P R A M Ry -

o TE Y ??ﬁ}ﬁ\ ﬁ L AR PO 1 A X?ﬂﬁbif? &3 ?J#’[Lﬁiﬁﬁ?l]f[?( initial domain
object) » U RLTEH [ 15T— ﬁ@ifkﬁﬁ”ﬁwﬁg F%I@U fr'ﬂlilr
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”rf? gh *‘TF%EI PES (TR I AT U T?f e = R %55 et e A m e |
A PSR BRI« R 5T AR o UL (5
EPUL YRR g RN ) = Tl et (SRR ipu g RN - ) A7
F@ﬁﬁ%ljﬂ@@@p U BERRIE A SYDRLE AR R e 2 lfﬁﬁfiﬁﬁ
3Bt H YRR AR R
~ PR ‘k’jt[fi%@quﬁr’l/ %0 2 I'F'Ejﬁjtrﬁ: P g e 2 g %7 (% [direct child]
Fﬁmﬂ# (& ﬁ:t T b i Md*i"r‘ir‘:lﬁ?»‘%'ﬁiﬂﬂ‘ﬁf % 2 W IPVHTE R -
e T g T fL‘ ik %]%[z [generahzatlon] iL iﬁ'l*liﬁlﬁl’
[dependency] - ) ZR[FHF » JIHNZY [FZEH Store =] ?J;’Flﬁﬁﬁ‘?}# gy
“IHEITF Register PAfFvE & 7 (B
Eg: 33 T‘jjt["i%@?WI’fFFm%iJE[IJ (PR Epl = P P 657 [Rl O B o IO Java i
J%Eah H[ , J:y [FEJH H F rj main ﬁiﬂ;{f “Ef[: 44, E&ﬂ#‘llﬁ_l[—i ]tPK*ﬂF[factory fF’J
[F e

public class Main

{
public static void main( String[] args )
{

// Store fLZ§ ['FEJEIUT?JKIF'HJ{J@?#”J E3

// Store IF'T F‘fl?ﬁ b - g ﬂ*’ﬁﬁf@‘??’”’q‘ °

Store store = new Store();

Register register = store.getRegister();

ProcessSaleJFrame frame = new ProcessSaleJFrame( register );
}
}

startUp =ik [ epy- ﬂ*“z y

FEVTIRORIR 25 FIF R starup <t [’%@*?ﬁﬁ—“‘ FA s, -

G By e T e TRy et s R
VRO I < YRR E) GUL i i - RS T v
PRI > <SS v B9 -

#[F7 startUp RS0 PRV < FUIRE i b % p i 1
Pt o YRR s RN TVIRLLIG - D S3 GULH R S Vi
AT F[le’fl’ﬁiﬁgﬁj (ij[lﬁ'\[ "EJF[U‘H:"L‘FI ° )

PRI Z5 TR startUp i SRRy
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1. 74— 3= ‘*Jﬁ%ﬂﬂl » =M create FHEL % & T’fjilﬂfgl*ﬁfﬂ?ilﬁf
2. GEFTERY) I e JqufJJzni‘%E’:’ 1L RS Jﬁfl My Y 9=
*Jﬁ%ﬁ[l = run EHFLJ (fl‘/ﬁL};«ﬁ'q HUFVEL) A T“YQFFPJFF

POS J[EE [Rd=] 1Y startUp # (=

ﬁ}‘%’ifﬁ'F'EJ?VPOS FRRPUER Iﬁ“:ﬁaﬁi startUp Frf e o lgFElﬁﬁ
EPUEEPE A RCRTING ST S PR
iy ali_ljé\*}’“& Ul gt = (90 Java JFrame o ) [P startUp =il (B *Jﬁ{aﬂ i
J~J§I§9?EJ§¥E¥”’?‘} F HIRGEHY create 7 Eﬁ:i?ﬂ? P e

%%W%%ﬁ%#

?ﬁjﬁfiﬁ#{iﬁﬁ?J I %#ﬁ_ﬂﬂf[ﬂﬁ]’yj“pﬂ ?

F"‘??lf'ﬁ?‘ifa"gf“ﬂpﬁiﬁwiﬁf [ o2 £ s 1 F*é‘é ¢ (containment

hierarchy ) F&HXF’\ "¢+ (aggregation hlerarchy) g T FK/'*V\TE# IR - —Iﬁ

EHUP “i_%j%*ﬁf‘ﬂﬂﬂ:”:ﬁ (f7TY[Y Register ) F5 5 IW@‘;’J"E T8 5 Affﬁk/ ff
SE Pk puPa it (I Store )

O S PR S DR ST T

375 rilﬂlﬁ%ﬂ EER I i&lfﬁ 25 Store [FEL ¥ FIHJHL‘

P2 (% - ProductSpecification

ProductSpecification €¢ ”ﬂ!ﬁlﬁn T ﬁ%?ﬂfll 7var7;glg:k ﬁ?{vl’ﬁl;l‘/f{ﬂ ES
SR e HEES e startUp FARIRER] - UG RPOPIr p e - e ST
T&'ﬁ'#lwﬁﬂ&‘ %F”@l}%q‘[ VI e SRy - D B TpE T if/ SRR EE
gL 4 ﬂ[?ﬁﬁh«w AR — H I R
— E‘Uiﬂ?%@':%' ’E‘,WIF’?&:@IFHUW IR =1 (Y q3'[ ST

PPN =S (] ?"thf““ TR ﬂﬂ’*’f@%@'ﬁf‘?gzﬁl iz «PE**I?IHIE& ?JFFF”%“
A U SRTHT > T U RL FT;JJETF“ E”H'F’IF”*[ g %!‘[7“@@ =y IFEJIFIT‘:E#
T RGEMIRE » 2 = i (i '*ﬁlilﬁé? i&lFEJp' eI T R
HIE % 57E) ProductSpecification T{F

334%H$ﬁE$TEWWﬁW%"% 2 AR - 75

Store—create()ﬁ%?ﬁ;ﬁﬂ

S PO [ R i LR (O - B
enterltem [N tﬁﬁ‘ﬁ%anwﬁ”ﬂﬁ'ﬂﬁ[[‘ﬂ*@@w%r
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e

ProductCatalog %%[LL ProductSpecification I fti|g FTJ ff'ﬁ

Store %%I&LProductCatalog R EFEF?{ °

Store 55:’%)[ Pl Register I/ [ii] gt =t Efﬁ’f °
u Regzster ﬁEI’QLReglster el l%]%ﬁ °
I 17.17 'iﬂl[“%ﬁ A o AESE T B S MTE R Store i A 2
ProductCatalogE‘f Reglster ° [ﬂ Ry i& 2 N ProductCatalog F,‘TI:F“J &4
ProductSpecification - ﬁ%'f} , SEFE'E}E % ProductSpecification [N =V | LRL— [[E‘?’T
E\JJ“ (E3525 T T}ﬁ[’%’g?ﬁ*ﬁéﬁ.%‘ flT> rF’ﬁlT}%’TEIE?J“ “J/F&F%Ef“ ProductSpecification (§-
PRI 1 -
UML Z-7 2% 2 Gz i 23R P prigisio- | pe 79 Bt
ProductSpecification 81 fyfrdk &= 7 ”’F'}’%SEL*J =R IF;H[—{ *J[":”J’:f 5!7':.*’]_}’ o =
%5 o
LIS Y GGV R~ (9 25 BRL ¢ J Store P11 LI % — i
Register ¥1{t - 3 AR AT 50 0540 E U POS £S48 - 2
0+ 25 PR L RL AR - 1 TRLBV B 86 47 o T el - 25 e
P Store | PllE,IPE FYi P Register (7]

NN

’“El’rﬁ&ﬁﬂfll SO ERHILY [ERY 2 E [iﬁ%ﬁﬁﬂﬂl%ﬁﬁﬁﬁﬂ Py 2ENE T~ A
IFil

Register, so that it has

pase a referance to the
ProductCatalog to the
parmanent visibility to it

-
craate]]—w 5 2: createipo—m Beai
.l"u
e create an empty multickject (.., a
" N Map), nat @ ProductSpecification
1: ereate() o
1.1: createl] —

o 1.2.2* add(ps)—® ~Freduet
T Srecificali

1.2.1%: tedid, price, d iption)

1.2 badPr-:-dS;:Ics-n:] a _-:E-a ={d, price, dascription)
|2 P Spesificali

the * in sequence numbsr -

indicates the message coours in

arepeating section

il 1707 FIRGRRIPI o 2 K P -
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3] AR e E e

iylf"j I/FIJ ol *E‘T}E —‘]‘_FUIH TR RS T RLRE s B [ 5T V?ﬁﬁ | 75 B
AP [FL 2 BN BIP UL (f UL HErs i Nag ) =2 Tl Eﬂ
(?’“ﬁﬁiﬂ?%\_@%piﬂﬁ E N
HE B UL RO B SR R O LI - {BLIOTRRE =13
Wl FRRIG RIS (I Java main i) IR E % UL E=qaiss s -
0 2 IR [ U -
W UL P~ e (g lEﬁ &4 "E@?JHEEJ factory $4(F ) ﬁ%}%ﬁfﬂ@‘a}'ﬂ
FF :
lgﬁxﬁﬁﬁ“fﬂ,mmﬁ&mﬁrk kUL g%’”ﬁ,@‘@ s ur% Ijg - 15 Ul
g‘f}ﬂ#ﬂﬁ %lﬁ@ﬁ HE-R55 (directory service ) p& [1/7 ¥ (broker) ﬁv@’]ﬁfl@@
PoiFpumes .Jf}’JFFﬁ‘hm il [©1 (remote interface ) » ”ZEIH ,r.'ﬁfjii]] ‘I (remote
method 1nv0cat10n) [E‘ll_.?* EL e
N PrRLEY- FEHHCY VA A A R

public class Main

{
public static void main ( String[] args )
{
Store store = new Store();
Register register = store.getRegister();
ProcessSaleJFrame frame = new ProcessSaleJFrame( register );
3
3

~ LV UL P21 g 5 L Register 81 (510 [Ifvsg1 55 (%“Hﬂ PP /7 B il
H) o AR TR P FEL ﬂ;E:ll_qﬂ Register » I’ﬂDD enterltem =2 endSale 7=
= (L 1718 )
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[S] 7he FOD Stoee [ 1 O ]

femid |
Ouamiity
presses button |
- e e | Endor Bem Ared smon .
Cashier
actionPerformed actionEvent )
TR g
Ul Erame
Layer
1: enterltem(id, 'Ilt}"jll‘ Qe=uenf SYstEM event H
Df;‘;aelr“ :Register

q{éﬁ[ 17.18 «;1$ﬂ Ul E“AL]E@FQ AL IJIEP_}?}

T+ enterltem %Eiﬁ[[—‘[ﬂ 1o 50 hﬁE‘ i Fﬁ} CHEE )fFin?‘%E,l; TS

FE o F lﬂéﬁqfﬁﬁﬁzfm’ljﬁ?’%ﬂji

u JF"‘ Register J[I - getTotal 1% o Ul 3= getTotal 1 ?ﬁ Register » SR Register

5255 Sale » SEHRLMFOTRRIALASR] UL el oy I (58 4 UL '

fl P'J%Ii{l”ﬁ Register P1{F = T %@59 ([~ 1790 Register PA{F [~ /7 =1 j‘F;* =
o (S B

m Ul %’TE,W\"IV@ ETF| Sale Pr{Fpuse® Iﬂ»%ﬁ,lﬁﬁj £ LS A Eﬁ (ﬁ\/?{l— fif £
ang E;Lﬁﬁjg £ {ﬁﬁjgﬁk) g‘jtﬁ[}z;gl_né{@ f Sale o lﬂﬁzﬂ Jr%ﬁij:h? J[[ Ul
A RO ) - ) - BEGR D GRASP LS ofics i
SR R ST RN 5 AR » S R
AP e GERE T?‘%%{l%ﬁ’uﬁj%%%lbdﬂ@) e
AR E o ) iE;F%Sale FIAE Pt ﬂ»‘%ﬁ#%?p%&?@g Y- Iﬁﬂﬁ} — lﬁ
)f;%iplj[@r%?[f*ﬁr” Rl o ﬂﬂ’f_ﬁf » ISl Sale Eéfjﬁi@# Jﬂkj‘ﬁ if%

IIE 17.19 ’?E'[EIEJF%ET‘{‘L_ (7~ PR

T T ava W RS UL 167 2 e

BE o dofel T I"Eﬁ%j* (FARE () F2E1 Register T2 ’TEIJ@E i L Y

R

(wﬁyﬁ) /’/?/E#E,ﬁj};/ﬁ g#f//f/
ULt T &0 7 M GRS £« IV LI P /o e 15 R
Fop il 7 fF e
UL et A e e sl p o~ I%‘Hﬁﬁ gt o I xﬁi‘@”&%‘l‘
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% presses button
— - +-

Cashier

Ul
Layer

Domain
Layer

—

F2§ The OO SHas o x]
meen |
Cuarsy
El.i..nrlm Pl 50 @
actionPerformed( actionEvent )
LrocessSale 3:t o= getTotal)
JErame

¢ 1: enterltem(id, qty)

l‘ 2 [no sale] ¢ s ;= getSalel ; Sale
g

sodale

nate the LIML notation for a conditional message‘l

il 17.19 S UL geqpiiet

51 EUP [IIF9E] % 18R

({02 1% UL UP [ R H505 - 4 fhie SR - PO T

A LS [P BRI AR R e 5T 19 Fh e e -

TERIED | D ESN | FEREEE | SRR | giEEE | R
M~ | 1 El..En Cl..Cn T1..T2

L]
ﬁi* R s R

FE](SSD )

eSS e R

HEWs | s R

7

3@?* S R
gt | s r
e P S

Y

TR L] s r

watﬁiﬂﬁ S r r
eSS R r r r

264



=il
I R s :
) B E "

Fe AT LR =R EIFY UP 2SS E 2 HPROERIRes — ¥4 50 — 51
e

FiF] 5 PR

FIERETES S (PR 7 S SRR B e ST P 1R A e
d?%&ﬁ%ﬁﬁ@ﬁﬁﬁﬁf1d1@?w

R AR — AT » 5 (P4 15 S0 B2 SR Y ¢ B e e
AEESGEETES SRR SN E R VI T (A TS
APYIARY SEROAEAL  SIRISEL X AL U -
B > 2 SRR LR SR B 2 BRI
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UP gy =y pi=e

Sample UP Artifact Relationships for Use-Case Realization

LR

Damain Model

Sale 1 1 Sales
Lineltem
date
quantity
the domain objacts, atirbwes and
domain 0-?9&3/ \ associations that wdergo state changes
/P / Use-Case Madel \ \
) : System -
Process Sais % Operation: makeMewSala
- make

1. Customer Mew Salal) Post-conditions:

arrives ... -

2. Cashier system system

makes new avents I _enterltem oparations

sale. _ (id, quantity} ’ -
conceptual 3. Cashier Operation: enterltem
classes in enters item N
the identifier. endSala() Post-conditions:
damain -AS lesLinelteminstance
nspire the shiwas created
names of makePay ment .
some (amount)
software
classes in Use Cases System Sequence Diagrams Contracts
the design

.

some ideas and inspiration for the post-
condifions denve from the use cases

must be salisfied by the
design of the soft n-e.'aj)

in addition to the use
cases, requirements that

'/r use-case

realization

AN
SN

Design Model

antarltem

makeMewSalal) =|_|_!

{itern1D, quantity) o o

createl)

F

end3ala()

spec = getSpecificationd iteml D )
addLinaltem( spec, quantity

B
-
]

»

[

\.

bl )

/

Q&aﬂ 17.20 UP 12 e U 1 R it 5 % FOAF 2 285 -

l:[‘: UP HI ’ [EIFI
ST e R

_FF[ J@ =

[7“E"'$'F“J”%‘!l"ﬁ (R R AR « [ 1721 $H S P
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When Where
Near the beginning of =ach iteration, for a In a preject room with kots of support

“shaort” pericd before pregramming. 4 far drawing and viswing drawings.
e £ ]
Janusry Egtlma;f.f
- il
N A 'l' Ld

La 7

',uT 'l T ad]am nt projedions
7
whitaboards ¥ ]

O

Softwars 5 m

Architect Develcper

) -

- Developear F

1 ¥ )

f ¥ 7

F ] . "
Who I How: Tools

Perhaps developsrs will do some design work in V  Softwar: A UML CASE tool that can also reverse engnesr
pairs. The software amchitezt will collaborate, mentor, 1 dizgrams from code.

and visit with different design groups. -
ardwars:
- Use two projectors attached to dual video cards.
- For whiteboard drawings, perhaps a digital camera.
- T print noteworthy diagrams for the entire team, a ploter
for large-szdle drawings 1o hang on walls.
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class Register

i
|.:\.r.i'-.'a|.e- ProductCatalog catakd;

enterltem
{itemn 1D, quantity)

public void enterltem( item D), gty )

d
spe-: = catalsg.getSpecification(itarnl D)

=
h
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Pl |l S R SN Et'lfk PEVHT A B L R Eilﬁfﬂr’ 1T o Tk
‘#Jh%gim AR I]E—{jl—_ ;ﬁjﬁigup FLIETZE o
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fE | T EE] ProductCatalog T L% » PNEY ProductCatalog k1. Register fi— ffi
Bt ( Java B )

public class Register

{

private ProductCatalog catalog;

h
[ﬁ[ 18.2 HI VREIET U, [NEVT: enterltem ﬂ%ﬁll » Register %T{%I@
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class Register

{
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i:;r.h.-'atg ProductCatalog cataloge yas fassssssnnanes

public void entarltemiitemI D, qgty)

i
pec s u:EtaIcug.ggtS pecificationiitem|D)

enterltem
(itemID, quantity) o

l
il 182 TR BLIE <

S LI

spec := getSpecification( itemID ) o

?l, B ¥ F Ry SEEE] A pUTE Eﬁ » [E-A F| B RS T 2B fLI% (parameter
visibility ) iﬁ[’[ﬁ'ﬁ Ei‘[‘ikﬂfhﬁ?fﬁf[‘ikfmﬁ i » PERS PV’ pLESRIF T ik
] o SRLER R LD It P R AR 15 ﬁfJ’EiEUF’J JANEE
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{

.
H

m akelinsltem (ProductSpecification spec, int qty)
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183 g fLIE -
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!
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YT FE ke %FJ S INI= S IEY #l[aﬁ[ﬂlﬁu?qiﬁ E%ﬁ]}a@‘;@g}@,ﬁ,@,%pf
Uy o SR s I T -

/I P=PL getFoo *‘Jiifl’?d[fll—k]ill foo PiiF >

11 SR E R S L%, o

anObject.getFoo().doBar();

T L

DDA B SSEA AL S SIS MR A B B 2 I8 S global visibility )-
SpRL PR RV pLIE  PERHT A 22 B S g LIS e
P E AR >ft§§fzj\ﬁ[glpjp FLIERSE o
A 2 I PR ER L = RS o = R S T T e
(= (g C++) » B E![Jp\[ ([ Java = )

Y 2 I JUERUE T SORL Y - PofF RSN (Singleton) [GHIV95] > 5
rﬁ?} f%ZE‘IF[Uﬁﬁ Al [%‘]‘F‘% o
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enterltemiid, qty)

{

:".;'.Icucal visibility via assignment of retuming object
Product s pecification spec = catalog. getSpecification(id);
}
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: wraductl alalog

anterltem | ProductCatal |
¥y

{itemn1 D), quantit:

spac = getSpacificationd item|D ) .:
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time
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Reqister ProductCatalog ProductSpecification Payment
- description - amount
- prica
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- date SalesLinaltem
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Reqister ProductCatalog ProductSpecification

description ; Text
price  Monay
item| D : ItemID

andSale) getSpecification(id: temlD) : ProductSpecificatio
entertemiid ; Itam|D, qty . Integer)
makeMewSale()
makePayment{cashTendered : Money)

=

Stare Sale SalesLineltam
address . Address date : Date quantity : Integer
name : Text isComplete : Boolean

time : Timea getSubtotali) @ Money
addSala(s : Sala)

becomeComplatal)
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makePayment{cashTenderad : Mme\;]q - -
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Register class will Mavigability arrow indicates
have an attribute pointing to a Reqgister objects are

Sale object, connected uni-directionally to
Sale objects.

—‘ H .'._ Sale
Reqistar ", ¢

the currentSale % ;aéenm plete
attribute is often purrentSale : Sale 1 Captures B ime
excluded, as itis | =* - e
implied by the ~ ¢* endSalef) G 1 | becomeCom plete()
navigable enteritemt...) " makeLineltem(...)
association from makeNe.f\-, Sala: ) M, makePayment(...)
Reqister to Sale, makePaymenti...) - getTotal()

Absence of navigability
arrow indicates no
connection from Sale to
Feqister.
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RIS ProductSpecification %y %} ProductSpecification & | % " fL1% -
PRI FLEEN DESERORHER AAT IR (i BL 19.11 ) it
A R R SIS - LRLES ™ 3 e

Store

Uses
1| address : Address 1 1
LSS 3 P mductSpecification
ProductCatalog
addSala(...) Contains des cription ; Test
P =2 prica : Monay
! Locks-in 1 1 1.%| itemID: ItemID
*1 getSpecification. .5
Hious es - >
Dascribes
L1 1 Sala - .
—— *
Register . L
date : Date SalesLinel
r isComplete : Boolean akesLineltem
: E Capturss time : Time 1 Contains 1 3 quantity : Integsr
anldS?Llal:'l. , R 1 becomeCompleted) v \Subtatalf
?nna;'eNBer'.n-:és.l':al"l makeLineltami...} getSubtatalf)
;" makePaymeant(...}
maksPaymenti...) getTetal]
Logs-com pleted® . * T f Paymeant
= Paid-by
¥ amourt : Monsy
& dependency of Register knowing about 1
ProductSpecification.

Recommendsd when thers is parameter,
glabal ar locally declared visibility .

qﬁ[ 19.11 [A‘%“J'EFET El [Jﬁllﬂ&[iﬁ%ll °
TTH ER P RS ISR 1
UML iR ELETa s PR i )I=s /7 fisb £ ELJ?FT[% [ G Lt~ ¥
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B IR 19.12

SampleClass jeva.awt.Font winterfacex
Runnable

LlgssAftrbyts I { frozen }
+ public &t tribute Eeld : Inhager = 1{ frozen } run()
- privataéttribute nams : String
attributeWithWisibility U repecified style : Integar =0 ﬂ
attribute : type I
burgers : List of VeggisBurgar
attribute? : type = initial value 4 getFontiname : String) : Font
finalConstantAttribute : int = § { frozen } +getMame() : String I
fderivedattribute Alam Clock
Zlazehiathodl) ; - runf)
+ sconstructors SampleClass(int) Ia"""-a“;r- Toalkt o
methodW ithWisibilitylns pecified)
rneth-:dReturnsSu:-n:athinpgljju . Foo java.awt. Todkit { abstract }
abstrectiethod] — -
abetractMethod2() { abstract } /f alternate -» {fthere are attributes, but not shown
*;‘:ﬁi‘fﬁ’;\“ﬂi‘mﬂ{l # createButton(targst : Button) : ButtonPser | | an smpty
- protectedMatl';;:udlj] + get ColorModel() : ColoriModel compartment
~ packageVis ibleM ethody) without ellipsis
finalMathad() { leaf } Mljmesne)heralis
methodW ithout 3 ideE ffects () { query } FinalClass { leaf} - definitely L)
synchronized Methed() { guarded } members {in
methed1WithParms{in parm1: String, incut parm2:int o “"'? case, no
method2With Parmsi parm 1:String, parm2:float) = attributes)
methed3WithParms{parm 1, parm2) -~ il there ars methods, but not shown
methodd With Parms(String, int)
methcdW ithParmsAndRstumiparm1: String) : Foo
methodW ithParmsB utUnspscified|...) : Foo
methedW ithParms&ndRetumBoth U ns pecifisd()

q?q\ 19.12 UML Z%l[’rjjq%ﬂ oA B ENAF AR
UML p\ﬁfllq FBLIEEL(E 2

QU TR E P PR LIRS iy ,agl%@tgl’ﬁ ’FAH( ;jg-gjf’:]r%

fifr e Yppyee J’ AL E'[*Eﬁ T UML FIERL P12 235 e ) 38T > 5L

’ﬁ'l@%‘i%? 7[@!1 REE ’E-’ﬂ&k}c%q“‘ EJ ) ﬂtjji\ft ~E IEEJ o

NestGen POS ™ TV ==t R ll(%*ﬂﬁlqal 19.13) M jat LSt [®
7 PR - HE ’Eﬁ’[*ff‘i’?"‘ i %i?if e -

Register ProductCatalog ProductSpecification Paym ent
- description - amount
- price
+ endSalsl) +getSpecificationy...) - itemID
+ enterltam...}
+ makelewSala()
+ mekePaymenti...} Sd=
- date SalesLinglizm
Store - isCom plete
- time - quartity
- address
- nama + becom eCom platel) + getSublatak )
+ makeLinasltami...)
+ addSals..) +makePayment{...)
+getTatak)

[ 19.13 POS K| 155 FAfrosp ey -
BEFHIE CE2 D {4 e
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ESERERE

25 (P P 1914 0 DCD T ] 254 A

UML notation
A& mathod body implemeantation may be shown in a UML note box. 1t should be placed within braces, w

signifies it is semantic influance (it is more than just a comment).

The synax may be pseudo-code, or any language.

It iz common to exclude tha method signature (public void ..., but it is lagal to include it.

L]
'™

[ o A

ProductSpecification spec = catalog.getSpecification{id);

Raglster | =ale.makelinzltemispec, gty);

= |}
end3ale() = |
enterltem{id, gty) o Lt . .
makeMawSala(} '-.‘ public: woid enterltemi id, qty )
makuPaymE-ntncashTE-ndarud',l . {

ProductSpecification spec = catalog.getSpecification{id);
sale.makelineltemispac, qty);

1
H

[l 19.14 "R AUy Ik o

Sy 'ﬁﬁl%?f@ww - FEETSN|E= CASE ~

b

s

CASE 7 &' '} Uﬁl’ﬂ% wﬁ ([ Fi% % DCDse 7t 33 35 Fifl Q&Tﬁ@ﬁw
S T S DCDs AY— BSOS -

5} " GTUP Hlﬂﬂ%‘ﬁ‘ﬁﬁjﬂﬁ%ﬂ'

DCDs fLfi ™ | % [IHRf0— #1557 = fL UP (B FHE - #157 -

TERIED | D ESN | FEREEE | SRR | giEEE | iR
~ T — | 11 El..En Cl..Cn T1..T2
L]
ﬁﬂ* R s R
FE](SSD )
B2 | s R
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Domain Model

Register 1 1 Sale

date

M

inspiras suggests G"m-‘.‘e.‘n\ Use-Case Model
imn il -
the names concepis

Ero
and = ﬁ \rgq';.'.‘ms UCRs

aftnbutes
of some 1]
??f;f\;ﬂ‘ (/— Design Model  # \
g w
- ] uUsg-case
makeMewSale) - maizations
anterltem I iICRs)
spec = getSpecificationi item|D ) .._I
— »> I the design classas
discovered whils
. . designing UCRs are
swnmarnzed in DCDs
Register ProductCatalog
b
makeMewSale() = 1 — )
T getSpecification...) design
enterltemi...) - class
diagrams
¢ {DCOs)
L
Sala
date

. Y
B! 19.15 UP (177 [BA5 N 1 [ =58 & foAp 2 sy -
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Iterative Cycles
of Development

—— L
L - ik TN -

- -
Requirements Requiraments Requirmeants
Analysis . Analysis ™ Analysis

il |
Dasign | Design —o] Design
il il
Implementation [| | Implementatian Im plem antation
and Taesting and Tasting and Testing
Time .
2

A1 20.1 51l T Es (g i ﬂ%’ﬁ

B [ Tl RS rf— I IS RRRREE I 8 (f 5 ~ Bf Nk

fg UF“H%\“A@%NE‘:@E “ﬁ?i,miiﬁ'ﬁu PRI 3 e TR R
R H - e

@?%EEQJ@EI’L - CASE — i'&ER [f[j FH

#5 MU AL EEIRG 14 P10 RO 1o R SRR - PR
W SR CASE S RUFFRAEL | IR BRI 1 -
H”gz = qﬁ[ JE;UZ' rf' 7 (reverse-engineering ) ( fF/RUJF |ﬁF§F % q‘alﬂjr é@?ijﬂ)
s

BV A R T
59I'F'ﬁ5'i?"’il'$§i[f:lj%ﬁf“amp rf“Eh]‘Eﬂfl% LN SRR
L I~ E=F NSRS

B OhERUER
T A RN 2] Java s 7 % S

1= ORI & R
A NES ’JN’T} DCDs F KR €725 /7 £78 ~ BRI~ Tk R ks

e ST RS (P P R 7 7% R A
FWﬁW?%ﬁ”Pﬁﬁnﬁ*%<ﬁ'Fm*ﬁaﬁﬁa
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SLUHEHIRY = T

'} SalesLineltem £5 7] =5 ' I'J 7| ELEI?E U EDCD [l ] Java Y
Bt B (T Java BFRTIHREE ) 22 aRpuR ik > = flA 20.2 -

public class Sakslinellem h

privale int guantity;

publiz SEI;sLirEHm[Pru:-:IueISpeciri:'ali:n spec, inl gyl § ..}
public r-EE'I'E‘,' getSubtoal] { .. }

} o

b :
SaksLineltemy

ProductSpecifization

J s . desciption | Text
quantity : Integed o Dascribed by » piice : Money
W 1 | temlID : temlD

gelBublotal() : Money | o

[ 20.2 #] Java £:F1 SalesLineltem

%ﬁ— A M EL?‘}FF[ P Y Java ;Li?ﬁﬁi SalesLineltem(...)> “ }LF I enterltem
;U[ﬁ‘ (el F[ SalesLineltem [IV create(spec,qty)7* FLEAGA[N | Y o @\IFE[ > Java [lIfig
;ﬁﬁ*—J 3=g| 1 spec ~ qty = TV ﬁﬂﬁ j i 'iziF'HU[ﬁl II;ELI»:'[ create HiE > [KIET,
JI[";%F‘HI H‘fﬂ“b{ lﬁpl[_Hﬂi = B “FE’;E, & 'f[j ffl YT R AR 2

R 153

:E"Ej’l‘ﬂi (reference attribute ) [J“%lﬂ[[—”:z‘j’[fﬁﬁ" e B SRR Y ERE T
bl e A -

@WﬁWw%%@ﬁ%?wPlﬁﬁ»ﬁ@wm%%wew%eﬁo

P4 FE > SalesLineltem HIKA IH:_TU ProductSpecification i Jfﬁ%q?f ’ q?ﬁ*flaﬁgﬁ—
i AR i&[Fﬁ:ﬂF{ rﬁ#l ﬁgﬂﬁﬁ%%&fﬂ?&’?‘/ﬁjw SalesLineltem | 1[5 5§
% phid s ProductSpeciﬁcation B (%%Ei[ﬁ[ 20.3 )

it Java f[1 iﬁ[’*?ﬁf Y I'F'ﬁﬁéj“ it 2 ¥ Z|| ProductSpecification P81 iR -
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public class Sakeslineltem
Simple attribute h‘...,.__ {
O . .

private int quantity;

o| private ProductSpecification productSpec;

Reference allribula“-" public SalesLinaltem| ProductSpacification spec, int qty) {... [

public Monsy getSubtotak) { .. }".‘
} -

ProductSpecification
SalesLinaltem

. “ deseription : Text
Diascribed-by b) price : Manay
* 1

itemID : ltemID

quantity : Integer

getSubtotal() - Money

uﬁl 20.3 prt =T o

%i A K v SR HRLPR 2 T P P -

ﬂi/[['ﬁ EIREY 117t SalesLineltem |1V Java -Zf[ 11 F,[ﬂj ProductSpecification fNH{
(A 5 RIS RS 4153 T R S < g e
B R pUE S — F'Jrﬁ%q’ﬁ“@ﬁ AR ﬁ\ 19[FEJ¢A o FIARS “TJFF”F?? R [ETFE
oI PR

YR )

# ¥ WIFW%#?”“%F@%‘ FlE e EFapafeg. - Fﬁ%q"'ﬁulﬁ# IHORL - R
€ o ETEFI'???’U F’??" FYE T £ (role name ) kLM RG] = 1pv > hy r"“&ﬁﬂﬁ
FETPRE e B PR A TR Fﬁgjgu _Tt—‘a\ f%ﬁ

YN =51 riifﬁfdﬂ[ﬁ%lli;w‘ & [ﬁ" ﬂﬂ”ﬁﬁtﬁ RS “Eﬂj » B lFH[ 1€ T i
YR £ - I 20.4 B

ll
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public class Saleslineltem

{
private int quantity;

private FroductSpecification productSpec;
}

: Product=pecification
SalesLineltem .
oy 1| description © Text
quantity : Integer Described-by & 3 price : Money
* productSpec | itemID : ltemID
getsubtotal() @ Money p

Fole name used in
attribute name.

204 7)1 ¢RI RS e o8 4 AR 7 <

CP AP TR EY) BEAE
(EH 20.5 i F)EL

Sale ;FIHHIi%):f‘EﬂJ%/ﬁ JELJF i[—_- , —éﬁg LHL’I?:]?EL[_'\ %J:F;/[:%ﬁ
] [ﬁJ%E?“uéﬁFz[ FUSHE o 205 | “ﬂglﬁgﬂ@

it i
public class Sak —
{ date : Dats
privats Date dateTime = new Dabs(jp == f==smamimnm- isComplets : Bookan
} time : Tima
becomeaCompletal)
makeLinsltami)
maksPaymeant])
LTtk ali)
In Java, the java.util. Date class combines both date and i -
timestam p information. Therefors, the separate
atiributes in the design can be collapsed when mappi
to Jawa.

Q%ﬂ 20.5 H] Java LIS EJJ:F BE

IR TS

= B

PSP PRI » [V 0 PP it UL S e o

EUR I fvighnt — IE-F VTR OSSP [J o ;jq%)' 20.6 fl1 > enterltem ‘f;{ﬂﬁ%}'ﬂkﬁ
H— EE,FHEJ?*,F@@?FJ Java FpY enter]tem Ak o
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A T ZS I Register S < [ 20.7 RL4FY Java T -

enterttemiid, qty) —p

. 2: makeLinsltem(spec, gtyr—=
:Renister :Sale

1:spec = gelSpecifi:ali\:\n[id]l 2.1: create{spec, gty

: Product l
Lalalog
sl Saleslineltam
1.1: spec :=fin-:|-:id:-J'
2.2 add:sl:l
| —  —
Specification
q*[‘qﬂ 20.6 enterltem ~ E*quéq[ °
public class Reqgister h
{
private ProductCatalog catalog;
private Sale sale,
public RegisterProductCatalog pe) {...} e L
public void end3ala) {...} Looks-in i
public void enterltemilteml D id, int qty) {...} > getSpecifization. ..)
public void makeNewSale() {.. .}
public void makePayment{Money cashTendarad) {...}
]
= 1 Sale
: Register date : Date
C 1 1 isComplete : Boolean
& Capturas .| time : Tima
endSalai) _ _ -
entertem{id: ItemID, qty : Integer) EHE;}?QT;EII:EEI?[%""
makaMeaw3alal) makaPaym E_m;.“' i
e = 5 - =]
makePay menticashTendered © Money) getTotal)

q*[‘qﬂ 20.7 Register &f|| -
Register — enterltem #)*

enterltem FVE| FTF& [Ela\ Register By 3 [NIF=> %i}]|| Register [l %’7 HA enterltem
ke

public void enterItem(ItemID itemID, int qty)

FAEL 1 [Hi5= getSpecification ?‘L}ﬂ{ﬁ ProductCatalog I' | F52V ProductSpecification
productSpecification spec = catalog.getSpecification( itemID );

FEL 2 1 {32 makeLineltem F\EIAG S Sale o

sale.makeLineltem(spec, qty);

%E’iﬁlj% o T BRI AR Jg-LEfl'f i RS H | Java ik RS VIR B o
q%ﬂ 20.8 [l EZEJ enterltem 1k | OIS ER T ‘*Jq{aﬂ o
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FroductSpecification spee = catakg.getSpecificationiid);
gale.makelinaltarnispss, qty);

E'
enterltemniid, qty}—a 2: makelineltam(spec, gty
:Register “Sals

1: spec (= gelSpecification(id)

¢

:Product
Lataleg

[ﬁ‘ 20.8 enterltem 3 -

SV PR, BRI P a

YR B U L B AN ST
%1%??;&“ lﬁmu%@a& IS PR TR 20.9 (1T Sale S0F %
—~ ¥E SalesLineltem 8¢ ['ﬂ

PR 115 [lplﬂﬁﬁ%hﬁﬂmf w117 RS SRR

H o ST R LRI RS 1 ORI ER e ".’ka -SRI R 2
PIFFEiE] - R bl %El (EZ %I'[E'FW?}%‘HI
B 0 Java #r[*“\?fl [17E]~ &2 g Il 10 ArrayList =2 HashMap 53 ]

FTEH (= List =* Map /71 - ﬂJ“JArmyLzst » Sale Wipp' '] & [l > HIFREE
¥ b~ 1% SalesLineltem 8 [TIIVE | PEH 1l

SRR *ugﬂﬁl R 12 PR I
Map - [l 1 T F“E f /uﬁﬁ%ﬁl“ I List %

AR S R BT

T”E, IJt VI TS S Ejzii%ﬂjiﬂj ﬁlHHE'F [— E[ Zup glr{l %j[}dﬁu prg IR TG

[RIERS 1 - @lwmmmﬁIﬁﬁmfrl%%ﬁuﬁmr}@F SR - e
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F[JE,ﬁi
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publiz class Sake
!

Lr]

private List linelbems = new ArrayList();

Sak

date : Date
izComplete : Boolean
time : Time

becomeCompleted) 1
makelingl temi)
makePayment])

SaasLineltam

&}- quantity : [mtesger

getSubtotal]

. getTtotak)

a
A& callection class is necessary to™ Is
" maintain atiritute visitility to gl the
SalesLineltems.

B 20.9 i SEPIE
51+ &yt Sale H[i% makeLineltem 3%
S I SRR Sale i makeLineltem fité'nq'rﬁ I’%' > IRECE R R

@?ﬂwﬁ%ﬂ 20.10 A5 ElfJilgf[ﬁf enterltem = EI*JQ%%[EIUE Fli- ?‘}ﬂﬁ? VRIS Java
RPN

{

lingltams. gddi pew Saleslineltemispac, gty] |

o s
] 2. makeLineltemispge, gy [,

entarltamid, qty) —p

2.2 audjl'sl'l )
o 2.1: create(spec, gty

gl Saleslinsltem

]

q*;‘qﬂ 20.10 Sale—makeLineltem #}F o
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Slore o Uses
1| acdress - Addess L -
name : Texl E ProductSpeciiicat
Product Catalog

alsas. . ) e description © Text
I =0nES_ wf nice © Money

] )
Looks-In 1, 1 1.7 tlemiD : Hemin
7 getspacication...)

Houses =
1
1 1 Descibes
k o Sale N
Rapistar date : Dale o
IsComplete : Bookan e —
Caplures lime : Time 1 Conlairs 1 sl quantily © Integer
Brdsas) L 1 | becomecom peteq - :
enl:rlllm[.s:é_: . makeLinstem; .} gelSublaotE)
makehewSale
. makePayment...)
makePayment... getTetaly
1
Loxjs-completed ® JLT Payment o

Pald-ty

h

amaount : Money
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= [RG5S~ REET ~ BaYEY Java HEWEIEVAES © JUnit (www.junit.org ) - IEF%
Z5 ] JUnit == A FRRIEA AU SR SR Sale || o 7 H Sale pURHZE VE 0 F
Iy e SaleTest 1 it 1% W60 43
1. gt - ET%%}F% o
2. #Iﬁij |F¢EIT‘E|EI*JD‘* ﬁij [H[
3. B Iﬁgj AR T 'H ST (R -
FAL

public class SaleTest extends TestCase §

P

public wvold testTotali) {
/¢ Bet up the test
Money total - new Momey{ 7 .5 s
Mocney price - new Money( 2.5 J;
ItemID 1d = new ItemIDi 1 )y
ProductSpecification spsc;
gpec = new ProductSpecificaticmi 1d, price, *product 1" );
Sale sale = new Saled;
J4 add tha items
sale.makeLinelterni spec, 1 );
sale.makelLinelterni spsc, 2 )5

4F werlfy the total 18 7.5

assertEquals sale.petTotal()., total): |}

Fﬁﬁw“wkkwﬁw*%ﬂiMﬁ?ﬁ%ﬂﬁiﬁyFﬁﬂwkﬁwhﬁﬁwam

TFI NI F;ﬂ,yu[:ﬂflf[pj@' BIZEE |3k o IR © F A F;;LL[; lﬁﬁfﬁiﬂﬂ?ﬁg'ﬁj

B A R W@W%*f’% b R R
AR R M e 1

771 DCDs 7@sy #ijj[ E5% ~ = Eﬂﬁﬁ%ﬁ’?ﬁj VR PO AR L TR o BEIR PR
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Class Payment

I

public class Payment |
private HMoney amount;
public Payment| Money cashTendered ){ amount - cashTendered; }

public Momey getAmount() { return amount; } }

Class ProductCatalog

public class ProductCatalog {
private Map productipecifications - new HashMap();

public ProductCatalog() |
// Bample data
ItemID 1dl = new ItemID( 1440 ) ;
ItemID 142 = new ItemID{ Z0D };
Money price - new Monsy! 2 ] ;

ProductSpecificaticn ps;
PE = new ProductSpecification( 141, price, "product 1" ) ;
productspecifications.put( 141, ps )
PE = new ProductSpecificaticn( 142, prics, "product 2" ) ;
FroductSpecifications.puty 142, ps ); |

public ProductSpecification getSpecification( ItamID 1a ) |
return (ProductSpecification)productEpecificaticons.get( 1d };
h

'

Class Register

public class Register |
private ProductCatalog catalog;
private =ale =zale;

public Register{ ProductCataleg catalog ) |
this.catalog - catalog; |}

public void endSalad |
sale.bacomeComplatea () ;

'

public wvold enterltem! ItemID id, int guantity ) |
FProductSpecification spec = catalog.getSpecificaticon( 14 ) ;

zale.makellneItem{ spec, quantity ] ; ]

public void makeNewSala() |
sale = new Sale(l; |

public void makePayment({ Mcney cashTendered ) |
sale.makePayment | cashTendered }; }
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Class ProductSpecification

public class ProductSpecificaticn |
private ItemID id;
private Money price;
private sString description;

public ProductSpecificaticn
{ ItemID id. Money price. String descripticn ) {
this.id - 1d;
this.price - price;
this.descripticn - deacription; }
public ItemID getltemlDo | return 1d;}
public Money getPrice{] { return price; }

public String getDescription() { return descripticm; }

Clazss Sale

pubklic class sale
private List lineltems = new ArrayListo;
private Date date = new Datel(];
private boolean iscomplete - false;
private Payment paymsnt;

public Money getBalanced |
return payment .getAmount (] .minus( getTotal() 1; }

public void becomecomplete() | isComplete - true; }
public boolean iscompleted] | return iscomplets; }

public wolid makeLineltem

[ ProductsSpecification spec, int guantity § 1
lineltems.add( new SalesLineltem{ spec, gquantity § b; }

public Mconey getTotall)
Money total = new Monsyo;
Iterator 1 = lineltems.iterator( ] ;
while [ 1.hasWexto )

SalezLineltem sli = [(SalesLineltem) 1i.nextd;
total.add( =1i.getsSubtotali] 1;

return total; |}

public vold makePayment [ Monsy cashTendered )

[

payment - new Payment( cashTendersd 1; ) |

Class SalesLineltem

public class SalesLineltam |
private int guantity;
private Productspecificaticn productsSpec;

public Saleslineltem [ProductSpescificaticn spec, int guantity )

this.productsSpec = spec;
this.guantity = guantity; }

public Money getSubtotal() {
return productEpec.getPrice() .times( guantity ) ;
bl

Class Store

public class Store

privats ProductCatalog catalog - new ProductCatalagl) ;
privats Registsr register - new Register( catalog };

public Register getRegister() | return register; } ]
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