Software Engineering

KEARREE

‘ Shanghai Jiao Tong University

PRI —

BT

Software Engineering

b AR S A LR e

&% it

F ¥ AZ 8 R 2 3 AR L Bl %

[ E MIEEESIE AT A EXK  IEEE CSDP
[ bR TAR AR AR RSWEBOK 553fR BE 4 34w
H BRAIIE R R 22 (1ISTOB) Mg K ALK 7
E R BAERI RS 5

SEHRETRERER

FRRAEA T TR PR AR R
LigHRA R EINEE X R R 2R R
FEHHRARTEFRENELXZRARRR

FET: http://cse.sjtu.edu.cn/~bjshen

Email: bjshen@sjtu.edu.cn

fr‘ﬁfr)d%lsos%i

L R R R R N R R 2R 2

Software E BT

YHIH

A RFEH

RS2 1

LA K2 TR

*

¢ ETI: http://reins.se.sjtu.edu.cn/~chenhp
¢ Email: Chen-hp@sijtu.edu.cn
BAFREL111 %

*

Software Engineering 3 T

A/GERITTT TN

Software Engineering 4 HEE

LEPN

& AR

BLE MRS
Eive S iEr
3% FHoR LA
AT H o TR
4.1 5k o it
4.2 TH A R 5B
H5E Wil L
H6wE MR BT EA
6.1 Zikfu it
6.2 [ A% R B
B ek iy sty
8T Y i AN RA
O AN
10 AL ALES
H1LE gL

Software Engineering s L%

o BT MR, YER RTINS
o BT MAT N, R RS
g I N B K P € TN U [T
o FER AR, WOk —Fraris.

— — BB SE U

Software Engineering s i




Software Engineering

KT AL
M MOOC#F2
o ARHRIE
= MIT “Software Engineering for Web Applications” ,
Prof. Harold Abelson, Fall 2003, http://ocw.mit.edu
= Vanderbilt, “Pattern-Oriented Software Architectures
for Concurrent and Networked Software”, Prof. Douglas
C. Schmidt, March 2013,
https://www.coursera.org/#course/posa
= &7 PEELR, CRMTIRE”, 2014,
- http://www.icourse163.org/course/ustc-89008#/info
e =K, AR, TR SR SRR, 2014,
http://www.topu.com/mooc/3823
=n B bt A ) o
SRS f = MIT “Software Engineering Concepts” , Prof. Nancy
o ISBN: 978-7-04-036906-9 » ... _Leveson, Fall 2005, http://ocw.mit.edu o
%7 Bh#
* P B 40%
= fEll 804>

» SLIERE 2043

= BREI— K3 4 5

= R B FE K3 19
* WK% 60%

P&, ik 1004

Software Engineering

i

1PEFKFE 13917115283 459309661@163.com
2VFJEIE 13817193543 328353736@qq.com
3PLH A2 13817128140 254091182@qq.com
AYTEEHITH 18667047886  bakercxy@163.com

Software Engineering

i




Software Engineering

B TR

‘ Shanghai Jiao Tong University

W4T
Module: # 4 T2 5118

b A R 2 A LR e

AT

o oAt
O ERPEIIER . RE. E SURIRRIE
= B SE LA
s fr AT
o AP AP TR
= P RIS AR
= P TR 6 = A
= AT R R 21k

= A AR K TR
@B 3% H A
THENERAE E A BN —Fh RS 7 A XL
o BEAT R IE B I 5] 2 W2

o PUACRL =T FUF0 LR ) R e ¥ B il
o X3 B AR 55 (1 R B PR 3K
* PSP B

IV ERRE
A, R EI. FFEL BRIR.
Ty HZ F3

%4 Dell, Amazon, ¥ =&, CtripZs il ) Z 451

o REfESE L TIUE DhRERMERE I AT AT HIHE & GIHEL
=) ;

o [ETSFEF RENDE LR B EE 45445

o SEIRTET IR E RV A SR

IULE, BB 52 AR 2 S

* B (software) & i H ML R G H S 1EF (hardware) A
HARER A —85, EERER (program). #H%
i (data) S H 368 S04 (document).

“%J ﬁéi&}*n ﬁ@.
BATRAE AT )
o AT RS R T B 35y ;

= SEEFRETALL, BOFEROBT IR RIS =T B, UK
NAHS SRS, RIS, B AR s 55
AN b AR K — /NG, TTERAR T o7 AN i RS (KR 7 o

o BAFEPAN R TG
= EAFBEUE S USRS, St R — AN kA,
DS PTRESI N IR RN TR ™ it 2 S, Fei i R A S48
DU E o B ARG il A it T

o AR A A TR RS
= WHPFAEIZAT VT R (s e, AEBRIEAZ IE J5 10— B )
i S R — ANEARANARE IR b BEATIN s, b
T, R RONREE 2 RIS HIE , RS RS
RAEERE . ALZMATTARYEL, BANSERMEN, (H
TEAE I RE P e 0 LR A R AR 2o SRR BRI I 56 R
LOARSI A%, AEGED I R AP I W] e R R R

Software Engineering s i

0000

B Bk

it

Ak

it A EV R . i

Software Engineering s i




Software Engineering

B TR

FEAF Bt R T 2 (IR LA 2D

AR A 1) A 26 it 4 gt v )

S R 2 A 2 (st ) A T M D BT B
o AR R3S N
* BRI AN TR
» BAFAETIA AL

* A R4 (Legacy System) {4 Al ]
o BRI R 1) v o R A e R
* SrEUIFE R A B P [F)

i &ﬂﬁﬂ@i’x#;ﬁ:éﬁﬁ%ﬁiﬁﬁiﬁi& o [R5 R
20007547, WA= R AN AN ME A
I (A M E
2000 \4EI TAE & o ZERIERS
* Windows2000 JF &I\ b | | ¢ ZRmIEES
BRMBIN, #AFB5E354 N, 45 =S R
Software En gineering ] 9 LEE jar E‘E;Z%JMﬁHTEﬂ——&/{;J-LO : Eﬂjz—ﬁﬂq%ﬁﬁ/‘}tﬁm
AN A fENL R
o fhae A o XPERAETT R AR R FE B4 TR AN R . TR R

BAFRPER . AR s SCRMERTE
AR SEHUA ]
Mo TrE
o AR TRE
= BRPF AR A AR TR
= P AR 6 = A
= R AT R I R b

A TS, SEBRIERE LEHUE TR — FHEE I 5
FHAF U

o P CEERT REMHRRE T KA.

o BRI R ESFEAME . Bug— KHE, Patch
—AEA

o BRAFI AT YES R BE AR Z AR

o BRI R BT I A SO SR

o B W

 RPFREBLR i .
o BRPETFRA P SRR RO R RN
REBK .




Software Engineering

B TR

BRAE T H R

2 BB S 1 ]

NERERRRERRE

O Failed

I Late / Over

Percentage

Budget
/@ On Time / Ony
Budget

1994

1996 1998 2000 2002

Source: Standish Group Chaos Report, 1994, 1996, 1998, 2000, 2002, 2004

Software Engineering

I

o PR ELEIMNAAT OO0 20 TR BLACHE AR . B, K
TR
- BRI AT TAE
o T R i
o LE G FEEAT BT
o USRI A T KRG
« LN 0 TR TAE7-1047 (SRS — /5
o TR R G ER BT A
« SCHEGA (1K 2 L BUEIA R
B F— 5 BT R 1]
o HEKZH0 T 77 RS R 3045 —H — —“code-fix”

Software Engineering BT

B

Hh ] A R ML IR

o 19814, HHSHURE A SR T S U6 7 MIm MW 2E, (i
KM ERSAEHFHNRGER DS ZIT. EIAMEHESS TR
TKHLE G R

¢ 19864F, 15 Therac25hlasil iz B FI=ImSS, BUEM &
EBHRASCT . R — AL T 8, SR AL
2T BRI .

o AREARAT AN B N10Z IR b, AR T
KZ1150077 K T HIAF3K . TR — AN A1 1R B ATMIY
TS EE I RFIK.

SEHIE RS iEE D

RELARAEERARS?

Software Engineering T

o NG TSN FENLU LR AEABEIN BT HOE 1

o BAREDT vs. BAE T

o BR/b R GALRITE AL I B
o BB, KRZHAESONBLT
o EPERAK

¢ JREZE

AN B AR RN N2

Software Engineering T

o f LA o L .
o — TR PR B R X o fF 2Rl

o Jr e AT R ANLE A TR
EHL HEAM AN IERA X

Software Engineering

BAFRPER . AR R SCRMERTE
= B SE LA
Mo Tr
o AT
= B AR A A R
R LR = A
= R AT R I R 3 b
= BRI R T i

Software Engineering s




Software Engineering

B TR

PR A

HoFE TRE?

B3R Truth(3)

* BT R
S ETTER?
- R TTRRE

o TREEMEAR (Bitte) sKikmar. Wit
G WU B
o TR —MAAL R, FR™E . FRANGR

RITTR? EE S HeE e TR 2R
o EHA LU R
= DUy F AR
- P (I
TR T T N * ZRERING S
R I S B
i sk Benefit(3%) & skBeauty(3£)
WA CRE ? KA
o AN TRESB AL DL R VUM IR o P2 RESE ‘
PRRER . RIE. R SR
= PR R . FERE TR, B R w B AL 1)
BRI PRI TR, SR s 2 RTHE

= SR o AR TREAUR, A A
= BAIESS RIAERVE . FERIF TR, w2
A ORAIE -

o AP AP TR
= BRPE T RE O AR TR
= Pt TR = A
= PR AEIT R AR
= BRPR AR T

BT TR A e

Pt TR 22 i e Y (Cont.)

+ “The establishment and use of sound
engineering principles in order to obtain
economically software that is reliable and
works on real machines.” [Fritz Bauer]
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+ “The application of a systematic,
disciplined, quantifiable approach to the
development, operation, and maintenance
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+ “Software engineering is that form of
engineering that applies the principles of
computer science and mathematics to
achieving cost-effective solutions to
software problems.” [CMU/SEI-90-TR-003]
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= LIGIR (Unit testing)
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= A complete delivery package should be
assembled and tested

= A support regime should be established

= [nstructional materials must be provided to end-
users

= Buggy software should be fixed first, delivered
later
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/é:#/ Independent
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Platform- "
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Software Engineering & s




Software Engineering

B TR

TSR ] ) e ke WA A 1) 7 Vs
g * T4k 77 (Formal Method)

S
HHEXEE AR AT ! |:|
ciM PIM PSM e , —
g Srbibn BB A [+ ]

g s 2

*» GERJAL 7325 (Structured Method)

o THi [/ %} % )75 (Object Oriented Method)

o LT BT K 7% (Component
Based Software Development)

* [ M AR %% 777 ( Service Oriented Method)

» WAV 1T & 1% (Model-Driven
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+ Multiple views

+ Precise syntax and semantics Static

Diagrams
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Diagrams

Use-Case
Sequence Diagrams Object
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Communication Component
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Diagrams Activity 9
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+ Defines Who is doing What, When to do it,
and How to reach a certain goal.
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ncepton| K I |
Business Modeling s
Requirements

Analysis & Design

Implementation - - - ———

Test
Deployment e i
Configuration H
& Change Mgmt
Project I RS - * i

] e e [

Iterations

RUPR— RIS HTFUMLAMAERE IR LT RLERE .

Software Engineering £ T

Inception | Elaboration | Construction Transition

time

Product
Release

Lifecycle
Objective
Milestone

Lifecycle
Architecture
Milestone

Initial Operational
Capability
Milestone

B Inception - Define the scope of project

W Elaboration - Plan project, specify features, baseline architecture
B Construction - Build the product

W Transition - Transition the product into end user community

FAMBRR RA-ANRGLER

Software Engineering £ BT

B B A

—ANIEAEI . AN AT LAY

| Inception Elaboration Construction Transition
Preliminary | Architect.|Architect.| Devel. Devel. Devel. | Transition Transition|
Iteration Iteration | Iteration | Iteration | Iteration | Iteration | Iteration| Iteration

Minor Milestones: Releases

An iteration is a distinct sequence of activities with an
established plan and evaluation criteria, resulting in
an executable release (internal or external)

Software Engineering 27 T

 Results of previous iterations
— » Up-to-date risk assessment
« Controlled libraries of models,
code, and tests

Selected scenarios

Iteration Planning

Requirements Capture
Analysis & Design
Implementation

Prepare Release B

Release description
Updated risk assessment
Controlled libraries

Software Engineering s T
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o BRI FENEIR
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o PR
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* BIREEREGHEMNBNIREME BERIAE, &
R ENRRT, LIS EM R AR,

o BEREERAERIERAEFRERIIT=HNIRT, R
BT RSB RESIAG &, Just enough

* 20014E2H, F7EmM—Eai6 A7EEE AL AR
SAgile Bk (www. agilealliance. org)

XP SCRUM ASD dx
Crystal
MSE EDD DSDM Lean Development
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Martin Fowlerih : #7775 AN & 2 4L AT & F 1)
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® TRAE . HIER
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Scrum — S (I H B

Scrum R % o |

+ 19944 fKen Schwaberfl Jeff Sutherland #
o Scrum—iaRIE TR ERIZ 3, BONHAIFFI 45k
* Scrumid FE % :

o AR BUIN/NBAK, 4 A 1 BA 6t 5% SR 3R ) i o

= [IBABR RGeS AT M A P b LE Q3 PRI PR BT N A

Software Engineering

+ Iterative Development i%E/CH &
= The project deliverables are built over several iterative
development cycles, each adding additional features,
and each resulting in demonstratable results: working
code, written documentation, viewable designs, etc.

+ Team Empowerment & #
= The project team is divided into self-managing multi-
function units called Sprint Teams consisting of up to six
or seven people. The team is empowered to use
whatever development methods or tools they think best
to prepare their deliverables

Software Engineering 34

Scrum Players

N =
Scrumid FEAE 42
Sprint
JEIN30K
AR
Daily Scrum
Meeting Backlog
FrIp TR
Backlog tasks 30 days (Ijjﬁléﬁ[]j'iljj
ded SR NEN
Sprint Backiog eb?f;:‘ ﬁa % Ekﬂj%z $ )
—) = ‘ ] .
% Demonstrable Dally Scrum
} Product Backlog evs fonclcnelty El 15%%‘?
As prioritized by Product Owner TE.L]_%
e
Software Engineering s i

* Scrum i H 4
« Product Owner
« Adds items to product backlog list
* Set priorities
* Team
« Determines sprint list (determine what can be done )
» Develops software
* ScrumMaster 24 TfL Gt (1351 H £ 5 £y 4)
« Responsible for Scrum process
* Removes impediments
¢ Other interested parties
« Stakeholder
« Funded project, will use it, affected by it
» Requests enhancements
« IT Management
« Manpower allocation
« Budgets & Billing
« Senior Business Management
« Best use of corporate resources

Software Engineering s
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& X Reliability 75>

T DI RER K

Trending information will be
charted with a line graph
showing time on the x axis,
and number of defects
found on the y axis.

O\%

Print Status

EZETHRER R

Feat 63 - the defect tracking
system will provide trending
information to help the project
manager assess project status

Operator Report Project
EEREEEmaEEaEmES Manager
R
1T NN NN
FEEEE A b
R AN
AP
Software Engineering HEEPEHE .

+ “reliability” ] FE %
= The ability for the software to behave
consistently in a user-acceptable manner

o AEEPEFR R
= Availability (xx.xx%)
= Accuracy
= Mean time between failures (xx hrs)
= Max. bugs per/KLOC (0-x)
= Bugs by class - critical, significant, minor

Software Engineering BT

5& X Supportability 7

€ X Performance 7>

+ “supportability” 7 £
= The ability of the software to be easily modified to
accommodate enhancements and repairs
o SCHMERROR
= Languages, DBMS, tools, etc.
= Programming standards
= Error handling and reporting standards
o HEEMELLE X
= If not measurable or observable, it is not a requirement
= |s it a design constraint?
= |s it an intent or goal?

Software Engineering o

+ “performance™ % fig

= A measure of speed or efficiency of the running
system

* MERETR K
= Capacity
= Throughput
= Response time
= Memory
= Degradation modes
= Efficient use of scarce resources
* Processor, memory, disk, network bandwidth

Davis Workshop, 1993

Software Engineering 10

5E X Usability 75>

FURPS +

* “ysability" 7] FH 1t
= The ease with which software can be learned and
operated by the intended users
o AT K
= Training time requirements, measurable task times
= User abilities (beginner/advanced)
= Comparison to other systems that users know and like
= Online help systems, tool tips, documentation needs
= Conformity with standards
« Examples: Windows, style guides, GUI Standards

Software Engineering

o B2 (design constraints) : HUEBZIHR T &
GBI K

* SEHLFE SR (implementation requirements) : #E
AN T RE M A BATEE, WFTFRRE. s
T B SRR . BRI PR AR BR T

o #OFER (interface requirements) : E T R4
WINE 2 2 B AR ST A B, DL X A
2 EHARAE AT A A a0, IR B A R 2R R 4

o ¥R (physical requirements.) : H5E T &%
AR ERAFAE, TTHSRARMEAZESR,
PR LB E TR .
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WA TR /PR
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Stakeholder Needs JRaR T R
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Vision MR R
PR RIZ) o
Software Requirement Spec VEAF R
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Verified by
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KIURRY

Software Engineering

£ ?

Client

Users
TFRAA
v
E§ F
{ Project

Tester Requirements  Technical Manager

Designer Specifier Writer
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“AshalldoBto C”
Requirement A
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Mary had a little lamb
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The sweet spot
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Understandability et N
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4 N
AY
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Ambiguity
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TSR

i R H B D e A

o TRATIAER, iR
= A AN T b8 5 2R 7 A2 75 2 7 5K

-/

- The system supports up to 1,000 simultaneous users

- The system shall respond to an arbitrary query in 500 msec.

- The color shall be a pleasing shade of green

- The system shall be available 24 x 7

- The system shall export view data in comma-separated format

X R AT IR TES ?
WRR, WTEFHRE?

IEEE 830

The 1-10-100 Rule

Stage
A Requirements Time

/ 25 \ Design

/ 5 \ Coding

Unit Test

Acceptance Test

Maintenance

Software Engineering

B

Software Engineering

“All together, the
results show as much
as a 200:1 cost ratio
between finding errors
in the requirements and
maintenance stages of
the software lifecycle.”

HEE

R TR R TR
e ECL T s NIy T e 2 o BOPETR R
l Rifk . iﬁ:;ké';(gy .
" —  mREX e o WOREHE
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HI5CCRS (Vision)

1. fa@j4 Introduction

_.I R I. I H B SCR WEFRARR 5 £ Positioning
l [ Awz ] 2.1 FHL 2.2 FUEBEI 2.3 7= dhse L
3. WiHTRAFMHFH#iid Stakeholder and User
o FRIT ﬁﬁ&ﬁ‘ﬁ Descriptions
R . e .
o 4. PR Product Overview
2| Bk Y e | RIS 5. P54 Product Features
l 6. #J3 Constraints
— BRBIE _—r i 7. FiETiHE Quality Ranges
7 8. ft4:4 Precedence and Priority
9. Hegr= iR Other Product Requirements
— } e mlowyjéu%'%;k Documentation Requirements e
1) 43Il @ S AR Y5 VNS S
o Ao R AR o HTIL S TR
o B AR U A LA RS
. AR ML 15 B NG EISFE NG

o 12 BRI A2
o SRR, RAIELS
+ BEYes.. Buthl %, 84T

%
3

* SRFERRE LML 55 7 R (g T 5
\BEEIRRE R SIS
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BT FL: Course Registration System

2400 R PR ARG IR R IR @Vision SCAY

+ Review the problem statement

=N

Course Registration
Requirements Document

Software Engineering 2 %

The problem of The outdated and largely manual student

registration process at Wylie College

affects Students, professors, and College
administration.

The impact of whichis | Aslow and costly process combined

with dissatisfied students and

professors.
A successful solution Improve the image of the College,
would attract more students, and streamline

administrative registration functions.

Software Engineering £ s
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2) HATHTARAN

24). iR R Y1 Stakeholder @ Vision S

* Wi HT &N (Stakeholder) , XFRAPEAR-
FlE RN, RRES5IH, S K
T B9S2 it 5556 BT 52 B FRUR B 78 B 52 i )
A NG, A TR 253 T H 0 H bR fngh R
AR

= PREQITH AR H T R A2

Software Engineering el BT

Name Represents Role
IT Executive IT Department and ?esgonsm'e for :":/ilect_
f unding approval. Monitors
Wylie College as project progress.
whole.
Registrar The office of the Ensures that the system will
- meet the needs of the registrar,
reQIS_tr_ar’ . who has to manage the course
administrative and registration data, including
data entry personnel. professor and student
databases.
Student Students Ensures that the system will
meet the needs of students.
Professor Professors Represents the interests of the
faculty (professors).
Software Engineering 32 W

3) PUITH LR

2. EIRAR G LR AT @Vision S

&

EZ%:
R
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HEE

+ Assumptions and Dependencies
The existing Billing and Course Catalog Database Systems which reside
on the College DEC VAX Mainframe will continue to be supported until at
least 2005.
The external interfaces of the Billing and Course Catalog Database
Systems are as defined in [2] and [3] and will not be altered.
It is assumed that the College will continue to operate and support the
existing UNIX Server and the DEC VAX Mainframe until at least 2005.
It is assumed that additional funding will be available by 2005 to replace
the legacy Billing and Course Catalog Database Systems.
Implementation of the new registration system in time for the January
2000 school term is dependent upon funding approval by March 1st,
1999.
+ Constraints
= The system shall not require any hardware development or procurement.
= The course information available is limited to the type of data supported
by the existing Course Catalog Database.

Software Engineering £ T

4) SRICHE RS

240 SRR ARG HI AR @Glossary A%

o € T H B AR
o 17 BT S iR
T RS ARG R S

RKEUE FIARIE
- REFFH
« U H R PR EEEAT
RiBg
Glossary

Software Engineering = i

+ Course
= A class offered by the university.
+ Course Offering
L] ?specific offering for a course, including days of the week and
Imes.
¢ Course Catalog
= Unabridged catalog of all courses offered by the university.
¢ Grade
= The grade for the student in a course.
+ Report Card

= All the grades for all courses taken by a student in a given
semester.

+ Roster
= All the students enrolled in a particular course offering.
+ Transcript
= The history of the grades for all courses for a particular student.

Software Engineering £ R
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7) PR ENL

8) BEE R

2hl. RRAGKMHEL @Vision3UH

For Wylie College students, professors, and the
course registrar
Who Attend, teach, or administer college courses

The Course Registration System | Is a tool

That Enables online course registration and access
to course and grade information

Unlike The existing outdated mainframe registration
system

Provides up-to-date information on all
courses, registrations, teachers, and grades to
all users from any PC connected via the
College LAN or internet.

Our product

Software Engineering a %

2BH): EBRAGH M QVision 0

+ Logon

+ Register for Courses

+ Course Cancellations

+ Student Billings

+ Enter, Update, and View Professor Information
+ View Student Grades

+ Select Courses to Teach

+ Enter, Update, and View Student Information
+ Record Student Grades

+ View Course Catalog Information

+ View Course Schedule

+ Monitor for Course Full

Software Engineering B PR
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260 ERAGKREEEQVision3H

+ Availability:
= The System shall be available 24 hours a day, 7 days a week.
* Usability:
= The System shall be easy-to-use and shall be appropriate for the target
market of computer-literate students and professors.
= The System shall include online help for the user. Student and Professor
users should not require the use of a hardcopy Manual to use the System.
+ Maintainability:
= The System shall be designed for ease of maintenance. All college-specific
data should be table-driven and modifiable without recompilation of the
System.
+ Performance Requirements
= The system shall support up to 2000 simultaneous users against the
central database at any given time, and up to 500 simultaneous users
against the local servers at any one time.
= The system shall provide access to the legacy Course Catalog Database
with no more than a 10 second latency.
= The system shall complete 80% of all transactions within 2 minutes.
Software Engineering a3 W

2. BRAGKCEFER @Vision3CH

+ User Manual

+ On-line Help

¢ Installation Guides, Configuration, Read Me
File

¢ Labeling and Packaging

Software Engineering w BT

11) g2 H

i FH 7 SR & PEHRSV R A Fe

Feature 1: The system mustHow do we know what the needs are?

*
+ Feature 2: The system must... How do we determine pnonty’)
¢ Feature 3: The system must... where do we set the baseline?
+ Feature 4: The system must...
¢ Feature n: The system must... 9

Q
Vf Q
eature i $$3
Reqt. 10 Approved Low High @@@
0)
Feature | proposed| Med. Low $$
Reqt. 13

Feature |Approved| High

a.q
Mandatory. @@@ $

A A Time Reqt. 40
Project Target
Start Date Release
Date HitgaERet. BARES
12) Rttt desk i K A2
20 BRRGMRER LR @Vision RS o BT SR
+ Release 1: * T REREL
= Logon e TR MY RN
= Register for Courses o TR E A
. Intgﬁage to Course Catalqg Database o ESRAG T
» Maintain Student Information
» Maintain Professor Information
+ Release 2 :
= Submit Student Grades
= View Grades
= Select Courses to Teach
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Software Engineering

+ Represent the information domain

+ Represent software functions

+ Represent software behavior

+ Partition these representations

+ Move from essence toward implementation

Software Engineering 5 BT
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SRS Package
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Use-Case &

BT RMYL (SRS) & X T REMSMET IR .

Software Engineering s BT

* SLIRET R
= SN HTRR
o AT AE R K

o ALLIRRAT

T DI RER K

Trending information will be
charted with a line graph

showing time on the x axis,
and number of defects
found on the y axis.

O\%

Print Status
Report

EZETHRER R

Feat 63 - the defect tracking
system will provide trending
information to help the project
manager assess project status

Project
Manager
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+ Feature 1: The system must...
+ Feature 2: The system must...
+ Feature 3: The system must...
+ Feature 4: The system must...
*

How do we know what the needs are?

How do we determine priority?
Where do we set the baseline?

VR T A R
VR R

TR R

Feature n: The system must... I8
|
AN A Time
Project Target
Start Date Release
Date
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Case 1 (No Bounced—Checks in Customer Record):
Werite Exemplary—Customer—Citation to Annual—Summary.
Case 2 (One Bounced—check):
If Yearly—Average—Balance exceeds $ 1000.
Remove Bounced—Check from Customer—Record.
Otherwise.
Recuce Credit—Limit by 10%.
Case 3 (Multiple Bounced—Checks):
For each Bounced—Check.
Recuce Credit—Limit by 15%.
Set Credit—Rating to Deadbeat.
Werite Scathing—Comment to Annual—Summary.
Werite Customer—Name—and—Address to IRS—Enemies—List.
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What Is Object Technology?

The Strengths of Object Technology

+ A set of principles
(abstraction,
encapsulation,
polymorphism) guiding

software construction,
together with languages,

databases, and other

tools that support those C.')\B@
principles. (Object

Technology - A

Manager's Guide, Taylor,

1997.)

Software Engineering 3 T

+ Reflects a single paradigm

+ Facilitates architectural and code reuse
+ Reflects real world models more closely
+ Encourages stability

+ |s adaptive to change

Software Engineering 4 B

The History of Object Technology

Where Is Object Technology Used?

+ Major object technology milestones

Simula C ++ UML

Future
1967 Late 1980s 1996

1972 1991 2003 292

Smalltalk Java MDA

Software Engineering s B

+ Client/Server Systems
and Web Development

+ Real-time Systems

+ Embedded System

+ Multimedia System

+ Middleware

Software Engineering [ %
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Differences Between OO and Structured Method

History of the UML

+ Object-orientation (O0)
= Melds the data and data flow process together
early in the lifecycle
= Has a high level of encapsulation
= Promotes reuse of code differently
= Permits more software extensibility

o UML 2.3 L+
l (2010)

UML 2.0
(2003)
UML
Partners’
Expertise

UML 1.0
(Jan. 97)

UML 0.9 and UML 0.91

(June '96) (Oct. '96)

Public

Unified Method 0.8 Feedback
(OOPSLA '95)

Booch '93 OMT -2

Other

T [0 RITER = A 5R T [0 %) R o3 Hr
* [ 1A R A * [ A0 RITIEAEA
= Object Oriented Analysis, OOA o [ [F) 0 G ) SR AR
o TR o ABIE
= Object Oriented Design, OOD * RIS B
o T R * IR

= Object Oriented Programming, OOP

Software Engineering LS

Software Engineering LS

What Is an Object?

A More Formal Definition

+ Informally, an object represents an entity,
either physical, conceptual, or software.

= Physical entity (00l "o
Truck

= Conceptual entity j

Chemical Process

N3]

= Software entity Linked List

Software Engineering

Attributes

+ An object is an entity
with a well-defined
boundary and identity
that encapsulates state
and behavior.

= State is represented by
attributes and
relationships.

= Behavior is represented Object
by operations, methods,  ,cations
and state machines.

Software Engineering
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Representing Objects in the UML

Basic Principles of Object Orientation

+ An object is represented as a rectangle
with an underlined name.

JClark :
Professor

Named Object

: Professor

Professor J Clark

Anonymous Object

Software Engineering 13

e

Object Orientation

S

= =
s = 2 z
S > < IS
s g =] IS
g g g 2
= T

< &

Software Engineering 1 e

What Is Abstraction?

Example: Abstraction

+ The essential characteristics

of an entity that distinguishes ﬂ
it from all other kinds of
entities.
+ Defines a boundary relative to
the perspective of the viewer.
+ |s not a concrete
manifestation, denotes the
ideal essence of something.

Software Engineering

LEE

¢
u‘\

Professor

“ X
P &

Course (e.g. Algebra)

Student

Course Offering (9:00 a.m.,
Monday-Wednesday-Friday)

Software Engineering 1 T

What Is Encapsulation?

Encapsulation lllustrated

+ Hides implementation from clients. iE[i

= Clients depend on interface.

Improves Resiliency

Software Engineering

LEE

+ Professor Clark
needs to be able
to teach four oy,
classes in the
next semester.

Profesg&r Clark
Ly

Employee ID: 567138

HireDate: 07/25/1991
/ Statws: Tenured

Discipline: Finance

MaxLoad:4

SetMaxLoad(4)

TakeSabbatical()

Software Engineering 18 %
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What Is Modularity?

Example: Modularity

+ Breaks up something complex
into manageable pieces.

+ Helps people understand
complex systems.

il

Software Engineering 19 WEF

+ For example, break
complex systems into

Billi
smaller modules. yotor

System

g

Course
* Catalog
System

Course Registration
System Student
Management

System

Software Engineering B WEF

What Is Hierarchy?

What Is a Class?

Increasing Asset
abstraction L L

BankAccount Secunty RealEstate

MR

Decreasing Savings Checking Stock Bond
abstraction
Elements at the same level of the hierarchy
should be at the same level of abstraction.

Software Engineering 21 LS

+ A class is a description of a set of objects
that share the same attributes, operations,
relationships, and semantics.

= An object is an instance of a class.

+ A class is an abstraction in that it

= Emphasizes relevant characteristics.
= Suppresses other characteristics.

Software Engineering 2 LS

Representing Classes in the UML

The Relationship between Classes and Objects

+ A class is represented using a rectangle
with three compartments:

Professor

= The class name - name )
- employeelD : Uniqueld
- hireDate
. - status
= The structure (attributes) - discipline
- maxLoad

+ submitFinalGrade()

+ acceptCourseOffering()
+ setMaxLoad()

+ takeSabbatical()

+ teachClass()

= The behavior (operations)

Software Engineering 2 LS

+ A class is an abstract definition of an object.
= |t defines the structure and behavior of each
object in the class.
= |t serves as a template for creating objects.

+ Classes are not collections of objects.

,z\ Professor

Professor Torpie #

A

Professor Meijer Professor Allen

Software Engineering 2 LS
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What Is a Package?

Package 75~ 7]

Modularity
+ A general purpose mechanism for
organizing elements into groups.

+ A model element that can contain other

+ The package, University Artifacts, contains
one package and five classes.

1.1iH%actorfluse case, HUse-Casel
1.2 %45 Use-Case Spec.
1.3 itk Use-Case 45 4

2. ST HE SR

3. HB 3 Hr

Software Engineering 2 LS

o
model elements. Student Professor
+ A package can be used: [
= To organize the model under development. Uni\/_*f%rsity
= As a unit of configuration management. Artfacts < Course Schedule
[ ]
University Student CourseOffering
Artifacts L ‘ ‘ \ |
T [ % 2 0 Bt T [/ 6 R 73 A )20 3R
o TH [0 R 75 20k 1. A
o THI [0 R HE A 2 2. SRR
* P A 3. 53 #r
o SRR
* 53 #r
T [0 %5 R 93 By #4203 Use Casefi &
(1. Bt ) S AN

* BN IIRETE R
o (RREFMEAI i
" Mt AFERG?
= JEFI R H (actors)?
= A R4 (use cases)?
" RGEREA M ABED?

Use-Case %]

Software Engineering 30 LS
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Use-Case F5 704 {1t 2H 1%

T 172 % R0 7 25 3R

ARG =y
(1. il )
2 1—’ e T — % 1.1 %]actorfluse case, ifijUse-Casel]
T —T 1.2 w5 Use-Case Spec.
I/’ // Use Case 2 1.3 ﬁl‘:%Use-Casel’é‘]E’Jé%M
| PO 2. B HES AR
pe 3. F 43
Use-Case 1 1% Use-Case 2 #iZ) Use-Case 3 #1£)
- A - 2k - T
- Bt - bR - B0
Actor 1 Use Case Qrfe] 51 Actor
o YEFREAERGNH Y T8 E SRS ?
Actor o TEWEEPAT RAMIZ L IIEE?

X

Actor

MAGZZ LRGSR A
e SEF N
o AP

o T EWER ST A G N BN LEY ?
* RGUE T BRSO BOR M R ST

. SRR R RH?
o bR R A
O Use case
Use Case Actorffii Fl R4t L $
AT iR 51 Use Case it T RE o il
o 4gANactor () F AR AN R A4 2 AR AL

= actorfy B R Gt iR A ThRE?
= actor WG B FFE. AESCRIMIBR s 2
= actors& i ZEUF RGN EAH?

= use case K/h
= use cases K%
= Uses casei& A ME [E135

= FHRE R LT
<N AR ERIEA R
g

T b £ N = iy 4 DMK JZ IR A = iLE SR  AE
= actor 7 E 5 R G I R A E A2 « “Operation” + “object” “H AR B A
« “Function” + “data” “IXAN use case fEiH &
« Example: “Insert Card” HE E k27
= JR e R AR A AR “iX4 use case AEWIE
a2
“ix4 use case /5 H
HahE?”
—ANHBIE LT FlactorZ Al — IR SE RN

4.2 -6
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JE (-5 Communicates-Association

Course Registration System ] FH 51| [

+ Actorflluse case [A] [
BERE

* H—%&FnR

o Tk RN B BhIBE

2

Actor 1

-

Use Case

}
X

Actor 2

Software Engineering El

for Courses Course Catalog

System
Request Course
Catalog

o>
_
/ Register {
f
A

Student \

B||I|ng
View Grades Alter Course System
Selections
i Professor
—
Registrar Close Registration - &
o Submit
Grades .
Select Courses Get Class List
to Teach

for a Course

Software Engineering £ WEF

T 171 % R 0 7 ) 25 3R

Use-Case Specifications

(1. Bt )
1.1iR%lactorfluse case,
1.2 %45 Use-Case Spec.
1.3 itk Use-Case B i 4514
2. L_L*E%mﬁ%ﬂ
3. F#i 53t

HUse-Case

Software Engineering

LEE

Use-Case Model

Name

Brief description

Flow of Events

Relationships

Activity diagrams

Use-Case diagrams

+ Special
requirements

+ Pre-conditions

+ Post-conditions

+ Other diagrams

* & 6 0 o o

Software Engineering B

FAFR AP & L 3D

FHAI 2441 Get Quote

o — R
= Happy day scenario
= Successful scenario from start to finish

¢ ZADBRILR
= Regular variant [C

= Odd cases
= Exceptional (error) flows

Software Engineering

LEE

F A Basic Flow
Customer logs on
Customer selects ‘Get Quote’ function
Customer selects stock trading symbol
Get desired quote from Quote System
Display quote
Customer gets other quotes
Customer logs off
%1% Alternative Flows

Al. Unidentified Trading Customer

A2. Quote System Unavailable

A3. Quit

\‘.@.U":b@!"!‘

What are
other
alternatives?

Software Engineering B
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Scenario #&Use-Case (1152451

AT AS A

£ (O %

Student ) Course
Register for Catalog
Courses System Scenario 2
Log on to system
Scenario 1 Approve log on

Log on to system Enter subject in search
Approve log on Invalid subject

Enter subject in search Re-enter subject

Get course list Get course list

Display course list Display course list
Select courses Select courses
Confirm availability Confirm availability
Display final schedule Display final schedule

Software Engineering k) e

Get Quote
Basic Flow RSB
(‘ 1. Customer Logs On
The use case starts when the Trading Customer logs on. The system
validates the customer id and password. ... —
2. Customer Selects “Get Qu(?te" Function BERRARS
The Trading Customer chooses to “Get Quote.” The system displays mEF
the list of securities on which it has quotes.
3. Customer Gets Quote
The Trading Customer selects from the list of securities or enters the #HREGH
trading symbol for a security. The system sends the trading symbol (1-3 ﬁ[)
to the Quote System, and receives the Quote System Response.

4. Customer Gets Other Quotes
If the Trading Customer wishes to get additional quotes, the use case FER—AR
resumes at Step 3. [E):ak-2id

k 5. Customer Logs Off
The Trading Customer logs off the system. The use case ends.

Software Engineering “ e

A58 FH e i

AL IR A I I

Identify Customer

Alternative Flows

Al. Unidentified Trading Customer
In Step 1 of the Basic Flow, if the system determines that the customer
password is not valid, the system displays a “Sorry, not a valid
customer....” message. The use case ends.

A2. Wrong Password
In Step 1 of the Basic Flow, if the system determines that the customer
password id is not valid, the system displays a “Sorry, not...."

A3. Suspect Theft
In step 1 of the Basic Flow, if the customer id is on the system’s list of
stolen identification, the system displays a “Sorry, not ...” message.
The system also records the date, time. And computer address...

A4, Quit TEALA A

The RU e-st System allows the Trading Customer to quit at any time

Get Quote
Alternative Flows Ny
Al Unidentified Trading Customer }ﬁﬁji,i
In Step 1, Customer Logs On, in the Basic flow, if the system T4
determines that the customer id and/or password are not valid,...
A2 Quote System Unavailable
In Step 3, Customer Gets Quote, in the basic flow, if the system is FFiG
unable to communicate with the Quote System, the system... H
A3 Quit
The RU e-st System allows the Trading Customer to quit at any time 2k
during the use case. The use case ends.
A4 Unknown Trading Symbol -
In Step 3, Customer Gets Quote, in the Basic Flow, if the system ik
cannot recognize the trading symbol. the system notifies the Trading
Customer that the trading symbol is not recognizable. The use case

i Vi if 2 continues at the beginning of Step 3... | A
A5dl,1\,rm%thi U,S:e CaSS' The use case ends. gg:p AR A5 Quote System Cannot Locate Information
- NO Reply From User ) ) In Step 3, Customer Gets Quote, in the Basic Flow, if the Quote
Atany fime during the use case, f the system asks for input from the System responds that it does not have the requested information...
Trading Customer....
Software Engineering a5 & Software Engineering 5 LEE

G A PO v M1 P B L R WA RS

What Is an Activity Diagram?

FAR Basic Flow

SR SR LEATT G B g S e R O T

G R NBERI R . 28 TR B IR AR 9E A B 4

K R g, MIERAME IR CRAESEL. 2:8) HREE NIE.

R RAERNTA B EAS RS, A7 IR R

LRGP R, SECRIERS, BE IR IR T OURE N RIRAS

1
2
3
4
5

6. R B AZ I B
7. RGBLERIGRS A AT , ERRIGLE L R

%1 Alternative Flows
1-3a 1B HH:
1) RGHRH PR AT
2) P EBAGAT, RGMGFIRER, BIWRREASE.
da. WG RAE BAEE:
RGRARERAT, HFBIRI,

Software Engineering a1 B

+ An activity diagram in the Use-Case Model can be used to
capture the activities in a use case.

+ ltis essentially a flow chart, showing flow of control from
activity to activity.

Flow of Events

“This use case starts when the Registrar requests that the
system close registration,

Activity2
1. The system checks to see i regisiration s in progress. Ifit
is then a message isdisplayed o the Registrar and the use
case terminates. The Close Regisiration processing cannot
be performed i registraton s in progress.
Activityl <> Activity3

2. For each course offering, the system checks ifa professor
has signed up to teach the course offering and at least tree
students have registered. If so, the system commits the
course offering for each schedule that contains it.

Software Engineering 8 B
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Example: Activity Diagram Partitions
o . anwan P . xmaa - whan
Decision Activity ®
Concurrent swre ===
Threads [ delete course | ) B
[@mse]—)( Delete Course )
Synchronization
Bar (Fork) TR
Conditi
ond |0n Synchronization
Bar (Join)
[ checks completed ] [ checks failed ]
( ANE LEEIDED
Cey  (&m)  |—— mansiion
© g
Software Engineering EE Software Eng
il B 25 B&M

+ Use-case Ji Bl LR 44
o Rk Use-case Ky Fit:
o AR AN TR A

N GIE
. JZ@J%ETEE’J%E%#, ATM RGEA e Eb:
DAAREHEN ATM 2%,
= ATM DZA T HER B2 38 B IR A
* ATM L2 H — Ll E ] it HH D
= ATM U2 L0 I ARTKTT EP A /D — IR 38 5 BN

Software Engineering B

* Huse cases I, JG B4 —ENE

o FHF BRI B SR 1 2 2 I B sk
o O] FH R BRI A F B 45 RIS RGEHAT MBI 1E
o WM AU TR BN H

* A

= ATM 76 1 45 R A 2 om
Y EICSRAE S B AR

= HUERL, i ATM 7E QR UG R 1 F 451 45 SR 2
SAFIEE A Gy, MIAE FARR AT, KX FrE il
SRR E B %A

“CXRMER” EE, AR

Software Engineering B

H'&Use Case )& 1

T 171 % R 0 A7 ) 25 3R

o AT

= 4 % AKuse-casefJURPS+
o kS

= TEPAT SRR, AP B0 S S5 U Sl B
o R

= use-casen] Ll t 75 —use-caseilt T4 &
¢ KA

= Flactors use-caseft] X
+ Use-case [

= W Je A use-case 1155 R K AT AL Y
+ Other diagrams or enclosures

= ZH, ESBILEE

= P REAEE

Software Engineering B

(1. F Bl At )
1.1 % actorflluse case,
1.2 %i 5 Use-Case Spec.
1.3 fiifkUse-Case B 4514
2. TR
3. HB 3 #r

HUse-Case

Software Engineering B
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Use Casela] 5% %

H-2 ZInclude ¢ %2

* Include 1.2
+ Extend ¥ /&

» Generalization iz it

Software Engineering

-

/7 .
L <<include>>

~
AY
\ <<extend>>
Y
N

-

e

o AR B E St E B
o A B E SCRIAT ks 5 Ul N R A I 71

a
7

7 .
0 <<include>>
d

Base

Software Engineering 5

Include 7% F 711 AT Include
/*~~<sxnclude» o SN ST 8
RREN
% . <<inc|ude>; ‘
Trading \ -7 FpISEH HAaRH
Customer -
<<include>>
Identify Customer Use Case
Get Quote Use Case 1. Log on
1. Include “Identify Customer” 2. Validate logon
to verify customer’s identity 3. Enter password
2. Display options. Customer 4. Verify password
selects “Get Quote” Al: Not valid logon
3. A2: Wrong password
A3 .. asAm
Software Engineering 57 s Software Engineering s
2 2Extend K R ? Extend ¢ R 7~
o EEA H 9 2119 e A ) ke
R AT Rl N A
PR 497 J 1 PR A AT A %
T 44 IR S IR L
Trading Customer P *
<<extend>’>,’ \<\<extend>>

Base

~
A

7
L, <<extend>>
d

Software Engineering 50 LS

News System

Software Engineering

7’ AY
Get Expert
/ Predictions

X

Expert Quote
System

HET
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Extend 5% & 7~ H1(45)

. 4TExtend

Get News Use Case
This use case extends the Get Quote

Get Quote Use Case
Basic Flow:

o HENEY R RO HY R ORI ST

1. Include “Identify Customer” Use Case, at extension point
to verify customer’s identity. “Optional Services.”
2. Display options. Basic Flow: A
3. Custtonler selects *Get 1. If Customer selects “Get News,” the ):: L]
Quote. system asks customer for time
4. Customer gets quote. period and number of news items.
5. Customer lgets o}?er quotes. 2. Customer enters time period and
6. Customer logs off. number of items. The system
Al. Quote System unavailable sends stock trading symbol to
- News System, receives reply, and
. . displays the news to the customer. TEA
Exten5|0r_1 Points: . 3. The Get Quote Use Case continues.
The “Optional Services”
extension point occurs at Step 3 Al: News System Unavailable
in the Basic Flow. A2: No News About This Stock \
TR
Software Engineering 61 L% Software Engineering 62 L%

4,5 Use-Case Generalization?

Generalization7= 71

o T FHBI RSB 0 5% &
= ARSI P A B 3R AT
= A5 5 B R R R AT
= SR H AR

N\

/4
Comer > Cemaz D

Software Engineering

6 B

Execute Trade

Execute Execute
Real Estate Trade Securities Trade

Software Engineering 6 T

Generalization J¢ £ 711

4, 3 Actor Generalization?

Execute Trade Use Case
Basic Flow:
1. Customer Logs On
Include “Identify Customer”
to verify customer identity ...
2. Customer Selects “Trade.”
Customer chooses trade ...

Execute Securities Trade Use Case
This use case is a child of the Execute
Trade Use Case.

Basic Flow:
1. Customer Logs On

2. Customer Selects “Trade”

+ Actors AIREH A FLH R M
* ZAactors flUse-Casess . 7] fE A ALK f o
8% H 1

3. Customer Selects Account
Customer selects account. 3. Customer Selects Account
System displays account ...
4. Perform Trade 4. Perform Trade parent
5. Customer Begins New Trade If customer selects trade order type. The
. system performs...Limit Sell, Limit Buy, ...
If customer wants other The system sends
trades, repeat from Step 3 ... S
6. Display Summary 5. Customer Begins New Trade
System displays summary ... 6. Display Summary Child 1 Child 2
Al. Account Not Operational... Al: Limit Sell Order ...
Software Engineering 65 T Software Engineering 66 & E
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Actor Generalization =15 TH A% G oA
+ Parent: Medical Worker o T ) 6 52 77 R A
= Medical Worker can read
charts o T ) X B SEARME &
% + Children: Doctor, Nurse, o 5 A
Doctor \ Aide o T A R A
= Doctor, Nurse, and Aide 7
% % can read charts ¢ }ﬂ 15“ ]j\ )Fﬁ
dical T BHWF: UMLEICH+IW
Nurse Worker UML?IJJ;/;E"JM%#
% /V UMLEIVB (1 e 5
Aide
THI [0 G40 #ir () 20 3R MRS 2 B A

1. B AR

(2ot ]
2.1 %] Conceptual Class
2.2 #3rConceptual Classz [l &
2.3 )i Conceptual Classf /&t

+ When modeling the static view of a system,
class diagrams are typically used in one of
three ways, to model:

= The vocabulary of a system
= Collaborations

3. A4 = A logical database schema
THI [F) % G0 #1022 B dentify Conceptual Class

1. B AR

(2ot ]
2.1 %] Conceptual Class
2.2 #37Conceptual Classz [l &
2.3 )i Conceptual Classf /&

3. B M

Software Engineering s LS

+ Strategies to Identify Conceptual Classes
= Use a conceptual class category list
= Finding conceptual classes with Noun Phrase
= Use analysis patterns, which are existing
conceptual models created by experts

« using published resources such as Analysis
Patterns [Fowler96] and Data Model Patterns
[Hay96].

Software Engineering 72 LS
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Use a conceptual class category list

Finding conceptual classes with Noun Phrase

Category Conceptual Classes

physical or tangible Student

objects Professor
FulltimeStudent
ParttimeStudent

form or abstract noun Course

concepts Course Offering
Schedule

organizations Dept

Software Engineering ) EE

+ Use use-case flow of events as input

+ Underline noun clauses in the use-case
flow of events

+ Remove redundant candidates

+ Remove vague candidates

+ Remove actors (out of scope)

+ Remove implementation constructs
+ Remove attributes (save for later)

+ Remove operations

Software Engineering i e

Example: Candidate Conceptual Classes

A Common Mistake in Identifying Conceptual Classes

+ Register for Courses (Create Schedule)

CourseOffering Schedule

Student

Software Engineering i S

+ Perhaps the most common mistake when creating
a domain model is to represent something as an
attribute when it should have been a concept.

+ A rule of thumb to help prevent this mistake:
= |f we do not think of some conceptual class X as a
number or text in the real world, X is probably a
conceptual class, not an attribute.
+ Example
= Should store be an attribute of Sale, or a separate
conceptual class Store?
= |n the real world, a store is not considered a number or
text - the term suggests a legal entity, an organization,
and something occupies space.
. Wherefore, Store should be a concept.

Software Engineeri LS

TG i X5t G 03 i )20 3R

Class relationships

1. B AR

(2ot ]
2.1 %] Conceptual Class
2.2 #37Conceptual Classz [l &
2.3 )i Conceptual Classf /&

3. B M

Software Engineering L LS

+ Association

= Aggregation

= Composition
+ Generalization
+ Dependency

Software Engineering i LS
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Relationships: Association

What Is Multiplicity?

+ The semantic relationship between two or
more classifiers that specifies connections
among their instances.

+ A structural relationship specifying that
objects of one thing are connected to objects
of another thing.

Student Schedule Course

+ Multiplicity is the number of instances one class
relates to ONE instance of another class.

+ For each association, there are two multiplicity
decisions to make, one for each end of the
association.

= For each instance of Professor, many Course Offerings
may be taught.

= For each instance of Course Offering, there may be
either one or zero Professor as the instructor.

Software Engineering 81 LS

T Professor instructor CourseOffering
0.1 0.
Software Engineering 7 L Software Engineering 80 L%
Multiplicity Indicators
i A %8B %A %8B ES *B
Unspecified
b al b1! al g;
| ] a2l b2 a2 ]
Exactly One | 1 — Y ] o
a4, b4, a b4,
Zero or More | o.» 1, (52 ] 0 [ o], (2
Zero or More |+ - o3| o7
One or More | 1.» EON
al, b1’
Zero or One (optional value) | 0.1 2 >> 02
. a AbA
Specified Range | 2.4
. s s L0l ¥ P&
Multiple, Disjoint Ranges | 2,4.6 o]

Software Engineering o

HET

Example: Multiplicity

What Are Roles?

RegisterForCoursesForm

RegistrationController

0.1

0.1

1 0
Student Schedule

CourseOffering

Software Engineering 5

&%

+ The “face” that a class plays in the

associlation
<<entity>> <<entity>> <<entity>>
CourseOffering Instructor  professor

Department

| Department Head

Role Name

<<entity>>
Course

Prerequisites | \
w

Software Engineering

HET
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What Is Navigability?

PSR 8] SCHR [ AT AR 2 2%

+ Indicates that it is possible to navigate from a
associating class to the target class using the
association

<<Control>>
RegistrationController

<<Entity>> <<Entity>>
Schedule CourseOffering

Software Engineering 3 e

BE
O.n
RI [+ #7% it
11 0.
& 0.n

Software Engineering 8 WEF

What Is an Aggregation?

Example: Aggregation

+ A special form of association that models a
whole-part relationship between the
aggregate (the whole) and its parts.

= An aggregation is an “is a part-of” relationship.

+ Multiplicity is represented like other

associations.

Whole 1 Part

0.1

Software Engineering i b

RegisterForCoursesForm RegistrationController

0.1

0.1

1
Student | K>——— Schedule - CourseOffering

Software Engineering & T

What Is Composition?

Aggregation Vs. Composition

+ A form of aggregation with strong
ownership and coincident lifetimes
= The parts cannot survive the whole/aggregate

Whole Part
Whole Part
<
Composition

Software Engineering & b

_—
BIER B

xE HE

. ABFRES Bl: ITRIITRIR

A0

Software Engineering 0 %
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%521

P

« JETHR

* BEINE

» BN

Software Engineering

o FEMBEIR AR, KE . bRA
o SURMFETRREL. KE. LRHAR?

Software Engineering %2

Relationships: Generalization

Example: Single Inheritance

+ A relationship among classes where one
class shares the structure and/or behavior
of one or more classes.

+ Defines a hierarchy of abstractions where a
subclass inherits from one or more
superclasses.

= Single inheritance
= Multiple inheritance
+ |s an “is a kind of” relationship.

Software Engineering 9 LS

+ One class inherits from another.
Ancestor
Account

- balance
Superclass - name
(parent) - number

+ withdraw()
+ createStatement()

Generalization

.— Relationship

Subclasses N -
(children) @ Checking

Descendents

Software Engineering 9 LS

Example: Multiple Inheritance

What Is Inherited?

+ A class can inherit from several other

classes.
FlyingThing Animal
; Multiple Inheritance ;
Airplane Helicopter Bird Wolf Horse

Use multiple inheritance only when needed and
always with caution!

Software Engineering 95 LS

+ A subclass inherits its parent’s attributes,
operations, and relationships.
+ A subclass may:

= Add additional attributes, operations,
relationships.

= Redefine inherited operations. (Use caution!)
+ Common attributes, operations, and/or

relationships are shown at the highest

applicable level in the hierarchy.

Inheritance leverages the similarities among classes.

Software Engineering

HET
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Example: What Gets Inherited Generalization vs. Aggregation
+ Generalization and aggregation are often
GroundVehicle +owner| Person Confused
S;f:r’g:ﬁ)ss - o 1 = Generalization represents an ‘“is a” or “kind-of”
relationship
/generalizaﬁon = Aggregation represents a “part-of” relationship
| Window | I Scrollbar|
Car Truck Trailer ; 1 : 1
I <
Subclass —
(Child)
Is this correct?
Software Engineering 97 EE Software Engineering 98 L
Generalization vs. Aggregation Liskov £ #t J5 )| — — LSP
Win libar
+ Liskov Substitution Principle
TR %R B e Bk
ndowWithScroll
----Barbara Liskov
A WindowWithScrollbar “is a” Window
E————3 A WindowWithScrollbar “contains a” Scrollbar
WindowWithScrollbar . Scrollbar
i—
Software Engineering LEE Software Engineering LEE

X ? TRAE R R ?

== = |
—&
= =A% s [
[ xZHF it —_— =- YAERR :int
- YARER :int + ZE() it
+ B3 () :int

=AME REAL L = A ?

n T [ = ]
- ¥#& cint = *-"l - XAAER -int
[ R, =E VAR it
+ #E() int
B2 — P AT AT I R SRR e S AT P I
Software Engineering 101 LEE Software Engineering 102 LEE
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Relationships: Dependency

Dependencies vs. Associations

+ A relationship between two classes where a
change in one may cause a change in the other

+ Associations are structural
relationships

+ Non-structural, “using” relationship + Dependencies are non- SeonierZ
structural relationships
+ In order for objects to “know A
each other” they must be visible il
Dependency = Local variable reference Client
relationship
Class — . ______[ __________ = Parameter reference Dependency
—— —
= Global reference
= Field reference } Association Supplierl
Software Engineering 103 EE Software Engineering 104 L

Local Variable Visibility

Parameter Visibility

+ The opl() operation contains a local
variable of type ClassB

ClassA

+opl()

P I—

ClassB

+ The ClassB instance is passed to the
ClassA instance

ClassA

+opl ( [in] aParam : ClassB )
T

P

ClassB

Software Engineering &% Software Engineering HET
Global Visibility Example: Conceptual Model
+ The ClassUtility instance is visible because i
it i [Professor| o : [ CourseOffering | o..- |course
itis g|oba| , B sstveter] ‘ ‘ B
- It eshat sCour e manouraes
ClassA . Jl/ pitempered e raryCous
| Dept
: "i @ :::udu&:,m :cha;.;i:, ri
' [Student| | Schedule
| S
v
ClassB
+ utlityop () F:|""‘imes“idem
Software Engineering &% Software Engineering 108 LEE
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T 172 % R0 7 25 3R

o LU SR RAFARR?

1. M

o CTFEE” I UL RAAKR? (2. g rtgakin |
( Metamorphosis ) 2.1 #H%Conceptual Class
2.2 #37.Conceptual Class [k &
2.3 )i Conceptual ClassJ& %
3. B #T
144N Conceptual Classf) )& P THI [ R A
o TH 0 R I 2R
 professo o THI )0 SR BE A 2
Cgmoloyeed UNSIS |y ) SEJRAE, DA LR, * MR
e TEIREEI AT S o, SRR £ 4 4 o BT HESEA
-maxdoad I T DL IR e A S5 * B3 Hr

+ submitFinalGrade! " e e
+ acceptCourseOffe(r)lng() Emﬁ*ﬁﬂ [T' ’ 9'5 E’]E 'ﬁ: ke }%ﬂ‘ E/‘Jif o
+ setMaxLoad()

+ takeSabbatical()
+ teachClass()

ILEZE T IL 3 (ST B R 1 AT 0 2

T 171 % R 0 A7 ) 25 3R

T 171 % R 0 A7 ) 25 3R

1. s A
2. SRS
BN ]
3.1 iR s B
3.2 BS54 FH B S«
— iR B
— A FE, AERGaER
— W HEE S B K, BTN R
PRI

1.
2. SRS
BN ]
3.1 iR s B
3.2 BS54 FH B S«
— iR B
— A FE, AERGaER
—WHEGE S B K, BTN R
PRI
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What is a Use-Case Realization?

T 172 % R0 7 25 3R

Use-Case Model Analysis Model

U Communication |
Sequence Diagrams ]

i 7
\ Diagrams ,
N
~ /,
~ ,
~ -
~o _-

Software Engineering 1s e

1. Fifs e
2. FEST MR
(3. B )
3.1 RS ) s
3.2 E A F 5 SE 3
— BB
— @i R, AR EGEE R
— X IRGEAE R SR, BN ONIERN)E
P R
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= FPAnalysis Class

Find Analysis Classes

LiE EE

<<entity>> <<control>> <<boundary>>
k% =hl%K b 5%

+ The complete behavior of a use case has to
be distributed to analysis classes

System <boundary> —
boundary J B

ZES

<<entity>> |System
information

g <boundary> system
. - B Usﬁ case <<control>> boundary
* AFHHT Y (stereotype) AR AN [ SRR, tA] o i
ﬂ% ﬂé%“ << >> H%IX%IJ o <<entity>>
System
information
Software Engineering 17 hEE Software Engineering 18 Pre:

What Is an Entity Class?

The Role of an Entity Class

+ Key abstractions of the system

N Analysis class
stereotype

[

% <<control>>
<boundary> "~ <boundary>

Actor 1 Actor 2
Business-Domain
Use Case Model <<entity>>
E =N / \
E E T ! <<entity>> <<entity>> !
— I - 1
Conceptual Model |\ ,n
Glossary 1 Yy S TTTTTTTTTToSsoosmsommee-
Environment independent. Store and manage information in the system.
Software Engineering 19 it % Software Engineering 120 e
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Example: Candidate Entity Classes

What Is a Boundary Class?

+ Register for Courses (Create Schedule)

<<entity>> <<entity>>
CourseOffering Schedule

<<entity>>
Student

e

+ Intermediates between the interface and
something outside the system
+ Several Types
= User interface classes
= System interface classes
= Device interface classes
+ One boundary class per actor/use-case pair

<boundary>

Analysis class stereotype

Environment dependent.

Software Engineering 22 e

Software Engineering 121

The Role of a Boundary Class Example: Finding Boundary Classes
+ One boundary class per actor/use case pair
% I” _______ Y [e<contob>| 7777777 N b
—_— I— - [ N———
! k<boundary>> 1 I k<boundary>> ! )
Actor 1 : : : : Actor 2 Student Register for Courses Course Catalog
'\ i / '\ )
<boundary>: <boundary>
<<entity>> <<entity>>
RegisterForCoursesForm CourseCatalogSystem
Model interaction between the system and its environment.
Software Engineering 123 T Software Engineering 124 s
What Is a Control Class? The Role of a Control Class
+ Use-case behavior coordinator
= More complex use cases generally require one [t N
or more control cases %_ | <cconro> ]} _
<boundary>: 1 I k<boundary>>
O Actor 1 '\ e A ,' Actor 2
=N <<control>>
Use Case A‘r>ysis class <<entity>> <<entity>>
stereotype
Use-case dependent. Environment independent. Coordinate the use-case behavior.
Software Engineering 125 L Software Engineering 126 W%
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Example: Finding Control Classes

Example: Summary: Analysis Classes

+ In general, identify one control class per
use case.

= As analysis continues, a complex use case’s control
class may evolve into more than one class

Student Register for Courses Course Catalog
System

<<control>>

RegistrationController

Software Engineering 127

e

VR
N
Student Register for Courses Course Catalog

System

Use-Case Model

Analysis Model

<boundary> <boundary> <<control>>

RegisterForCoursesForm  CourseCatalogSystem  RegistrationController

<<entity>> <<entity>> <<entity>>
CourseOffering Student Schedule
Software Engineering 128 L%

TG ) X5 G 03 #r )20 3R

Objects Need to Collaborate

1. s A
2. SRS
BN ]
3.1 1R s B
3.2 B FH B S«
— iR B
—Fr FE, AERGRER
— IS SR, 5
PRI

Software Engineering

BRI TR

&%

+ Objects are useless unless they can
collaborate to solve a problem.
= Each object is responsible for its own behavior
and status.
= No one object can carry out every responsibility
on its own.
+ How do objects interact with each other?
» They interact through messages.

Software Engineering 130 A

Objects Interact with Messages

What is an Interaction Diagram?

+ A message shows how one object asks
another object to perform some activity.

Message

|

getCourseOfferings(forSemester)
—>

:RegistrationController :CourseCatalogSystem

Software Engineering

&%

+ Generic term that applies to several
diagrams that emphasize object interactions
= Sequence Diagram
* Time oriented view of object interaction
= Communication Diagram
« Structural view of messaging objects

X 2=
I VAl
1 1 N Y
1
b
[ =
Sequence Diagrams Communication
Diagrams
Software Engineering =2 %
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Create Sequence Diagrams

The Anatomy of Sequence Diagrams

+ A sequence diagram is an interaction

diagram that emphasizes the time ordering

of messages.

+ The diagram shows:
= The objects participating in the interaction.
» The sequence of messages exchanged.

Client Object

Supplier Object

Object Lifeline —|

! 1: PerformResponsibility

Event Occurrence—/

If Reflexive Message

1.1: PerformAnother

Execution Responsibility
% Occurrence
T T T
: : 1 Hierarchical Message
h 1 ! Numbering
I 1
1
1 T - T
I . ' I 1 Interaction Occurrence 1 |
Sequence Diagram
Software Engineering 133 L% Software Engineering 134 L%

Example: Sequence Diagram AL, HE! Generate Communication Diagrams
% :RegisterForCoursesForm | | :RegistrationController | | SWTSU Catalog : . A Communlcatlon dlagram emphaSIZeS the

CourseCatalogSystem

: Student

: Course Catalog

1: create schedule(|)

2: get course offerings( )

6: display blank schedul

3: get course offerings(fgr Semester) |
4: get course Dﬂeringl( )
5: display course offeringq( )

organization of the objects that participate
in an interaction.
¢ The communication diagram shows:
= The objects participating in the interaction.
= Links between the objects.
= Messages passed between the objects.
-

T 1 1
Select Offerings
Communication Diagrams
Software Engineering 135 s Software Engineering 136 &%
The Anatomy of Communication Diagrams Example: Communication Diagram
. . . . X 5: display course offerings()
Client Object Link Supplier Object 6: display blank schedule()
\ \ g
1: create schedule() : Course Cataloy
— R
| Client :Supplier ~Registerf
> /N
PerformResponsibility Student
<Student 2: get coursd offerings( )
4: get coursd offerings()
3: get course offerings(forSemester)
—
Message ntroller [coursec
Software Engineering 137 s Software Engineering 138 &%
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Finding Relationships and Operations

1. P g
2. L_Lﬂ%mﬁ%ﬂ
(3. 5 #7 ]
3.1 iR 5 s B
3.2 EFXFREAS 51 S«
—HAH A Hr
— @i, AR EGEE R
— XA AL 2R, EEN TR
AR

Software Engineering 139 e

Communication Diagram ..
PerformResponsibility

. —> "
| :Client ] :Supplier
| Link ]

Client : Supplier
Class Diagram 1 j
Client 0.* 0.% Supplier

PerformResponsibility()

Association

Relationship for every link!

Software Engineering 10 e

Example: VOPC: Finding Relationships

SEH B

<<boundary>> <<control>>
RegisterForCoursesForm RegistrationController

3 /CDG% --------------

Use-Case Model Use-Case realization

0.1
: Z]' - i’ |:||:||:|
Use Cases
currentSchedule
<<entity>> <<entity>> 0.1 primaryCourses <<entity>> REREN l’ s . Communication
Student Schedule CourseOffering o \ Dequence Diagrams /
1 0.. 0.* 0.. -- \ iagrams ,
N
Use-Case N e

A .

realization Sl .- -

~ -Class Diagrams - -

Software Engineering 1 i Software Engineering w s
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Change our viewpoint

Do the right things |:> Do the things right

What
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Desktop PC
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Desktop PC

StudentApplication
<<Campys LAN>>

Registration
Server
<<Campi N>> CourseCatalogSystemAccess

<<Cai
CourseRegistrationProcess

StudentApplication

S LAN>>
_ BillingSystemAccess
<<legacy>>

Course

1 =il
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| 1
i : 1 T
AJAX( Extj ! I
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s Nw\ et | MVCHR : BC ] : AN Application Layer must
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2 <<layer>> N ded with X
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| 1
i | feaous | e PN | i g
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| H | f Iy T <<layer>>
i 1 Middleware
! . AR
BRRATRS ERBRITRE BRERTRE
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Characteristics of a Good Architecture

Architecture Constrains Design and Implementation

+ Resilient

+ Simple

+ Approachable

+ Clear separation of concerns

+ Balanced distribution of responsibilities

+ Balances economic and technology
constraints

Software Engineering 2 T

+ Architecture involves a set of strategic
design decisions, rules or patterns that
constrain design and construction.

PN
AN\
Implementation

Design

N

[ Architecture |

Architecture decisions are the most fundamental
decisions, and changing them will have significant effects.

Software Engineering 2 T
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454 % Data Abstraction

1o FE 4 % Procedural Abstraction

(" door h

manufacturer
model number
type
swing direction
—l inserts
T lights
type
number
weight
opening mechanism

- J

implemented as a data structure

details of enter
algorithm

1 1[| implemented with a "knowledge" of the
object that is associated with enter

IR LA

AT RRAL 47 A

* 5f# (decomposition) s&3aHl & 2 PEN 5 — R AL
Jiid, AR A ik SEEAE AL

* L (modularity) , BPE—ANE 2400 R 48 E i

TR A TR (module) , FEAMEBE R —
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B RS ER R
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1. dEEHEHE  no direct coupling 1
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3. BHiE#84  stamp coupling HRES P
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ihE A Design Reuse

2 & A5 X (Pattern)

+ Pattern
= Architectural style
= Design pattern
= |diom

+ Framework

T

Software Engineering

+ Christopher Alexander iitid: “&—/ i
TR 1 — ANETRATJE AN W 8 52 AR ) 1) R
DA B Z 0] BRI R TT R R0 o 1K, AR
e — I S AT R %07 S AN i B 2 55
7, 19774,

. ;X LE—AN T SO — ] ) A R T
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IR RS

+ An architectural pattern (architectural style) expresses a
fundamental structural organization schema for software
systems. It provides a set of predefined subsystems,
specifies their responsibilities, and includes rules and
guidelines for organizing the relationships between them.

+ A design pattern provides a scheme for refining the
subsystems or components of a software system, or the
relationships between them. It describes a commonly-
recurring structure of communicating components that
solves a general design problem within a particular context.

+ Anidiom is a low-level pattern specific to a programming
language. An idiom describes how to implement particular
aspects of components or the relationships between them
using the features of the given language.
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+ From Mud to Structure: Organize components.
= Layers: Organize components into layers where layer's
services are only used by layer i+1.
= Pipes and Filters: Divide the task into several sequential
processing steps -- the output of task i is the input of
task i+1.
= Blackboard: Several independent programs work
cooperatively on a common data structure.
+ Distributed Systems :Handle distributed
computation.
= Broker: Introduce a broker component to achieve better
decoupling of clients and servers -- brokers accept
requests from clients and forward the requests to
servers, then return the results back to the clients.
= Client/Server
= 3 Tiers

Software Engineering 5 T

LB WA (50

MVC

+ Interactive Systems: Keep a program'’s functional core
independent of the user interface
= Model - View - Controller: Divides the application into processing,
output, and input. View and controller parts are usually observers of
the model via the observer pattern
= Presentation - Abstract - Control: Divides the application up to
heirarchies or MVC-like components. Each component is
dependent upon and provides functionality for the a higher-level
component. There is only one top-level component
¢ Adaptable Systems : Design for change
= Microkernel Encapsulate the fundamental services of the
application
= Reflection Divide the application into a meta-level and a base level
to make the application "self-aware". The meta level encapsulates
knowledge of the system; the base level encapsulates knowledge
about the problem domain
¢ Others

Software Engineering st

tR&Model: & H ARG AFf ERAL SR, AT
-5

MEView: R ERSRHELE AP M E S, AR
Pl r LAKE A 1R ) s 7 AR AN R ) S I

¥EHIZEControl: FEWCH AN, I A BURRAG AL, JF
SEHL B REAT F P 5 ) SR

AP fepl
User Action+ Controller B
Update
il
Notify
ik
) Update ki)
View Model

EIEAITIESS (Pipes and Filters) X%

P TE AL A A 24

+ In this style, each component has a set of inputs
and a set of outputs.

+ A component reads streams of data on its inputs
and produces streams of data on its output.

Software Engineering e

* LinuxfShellf& il LI 2 S5 i) 8 5 D8 25 4244 1) 1
?

o 0 R I ¥ Shell A
= $cat TestResults | sort | grep Good

¥4 TestResults S SCABHTHE T, SREHRH AP
KA Good4T, HEHMAERFH . Shellfiy4cat. sortfl
grepiKIRIAT, AR T —ANEIE - e AR A .

TestResults |

TestResults [
cat ‘
"

sort

| sorted TestResulls Rows have Good
[ gl grep
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Software Engineering Wit TR
= Y in ( i ) =0 ARSI
J= IR 48K (layered architecture) X = AR IR S
Specific
functionality
Distinct application subsystems that make
P up an application — contains the value P
Application Subsystems adding software developed by the . T AR
organization. SR — o J
‘ ‘ . ‘ ‘ #lgg ‘
Business specific — contains a number of
Business-Specific reusable subsystems specific to the type of o - - — e —
P business. Fese g B4 ‘ | [T ‘ R | AT P ‘

Middleware — offers subsystems for utility

" classes and platform-independent services

Middleware for distributed object computing in — o
I ; HP ORB Plus
eterogeneous environments and so on. i)
System software — contains the software
for the actual infrastructure such as
System Software operating systems, interfaces to specific Pyl -
hardware, device drivers, and so on. RYHA Tepip
. ! Workstation
General
functionality
F—BEKB T —2
Sottware Engincering s s Sottware Engincering s

I

3 Tiers

it 42 Design Patterns

NI4 b4
m # % A ——
%%5¢$ | | B &ﬁiﬁ&@‘ﬁi
)= % ]
B =

o FoRE: ST BB, IR PSR K
beS N IE S LA IR

o MR ST LS IR AR LR B K,
I8 FH B 5 ) 2 5 (1 B R A A

o BUEVTIRZ: SOSTAT B R AR A .

Software Engineering £l

+ A design pattern is a solution to a common
design problem.
= Describes a common design problem
= Describes the solution to the problem
= Discusses the results and trade-offs of applying the
pattern
+ Design patterns provide the capability to reuse
successful designs.

""" <. I

_____ . 1 1 .
Parameterized Structural Aspect Behavioral Aspect
Collaboration

r
Template |

_ === Parameters |
- L

Y
{ Pattern Name
N P
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2445 Facadefs =

o QIR
= ABSTRACT FACTORY (iR T.) ) : BUILDER (EM#)
FACTORY METHOD (L) J5i%) : PROTOTYPE (Ji#) :
SINGLETON (#44)
o GBI
= ADAPTER Ci&ft#%) : BRIDGE (#i#%) :
DECORATOR CHffi) ;
J6) 5 PROXY (fR#)
o frmat
= CHAIN OF RESPONSIBILITY (I 37%); COMMAND (#14) ;

FACADE (4F) : FLYWEIGHT (%

COMPOSITE (HA)

E 2ok

INTERPRETER (f####:) : ITERATOR (%{t#) : MEDIATOR FRIER
(*hA#) ; *MEMENTO (#%53%) ; OBSERVER (M%#) :
STATE (k%) ; STRATERY (3§8%) ; TEMPLATE METHOD (#
W75 ¢ VISITOR (Vi)
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%4 :  Bridgefsi =,

o IEBERBENHRE
o AT EAE A B, A LK S A
o FRAHEE
o NIRRT GHAGE BT, 28401 R TR ek
*« NEMEE CEOEE)
= 36 -4
o JHE TR b 4I3BENE, —F126, —IL36HNE

$E

KB EWE K Ko FEL T A EREAE

Software ... e

o BEEMBERRE (B
= RAIBFHEISABEG?

SRR, 12FZk, AFMBEMEHA R K50

£g i
EELESE
——f “
KEBE hEEg SRR | £ 3 "4
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Bridget#

o BB AX?
= BN R EARE I
o BB ER SREH D GRIER R T I
o B4 3X12=36
¢ B%: 3+12=15

o =ZH:
R R S STIUARRN, SN TR DAL AR AL
* EUR:

« 5 Client
» LR EEHSHBE SN
o SEURERU G R I 0 R P R4 2 -
= BRI RS -
= HHR: iR (abstraction) 5SZIL (implementation) J&: 75 A5 4y 55 hiraction | implenscator Implementer
o JATAT LIRS EEHBRHED . S peratonimp0
o BURME B IR LA R A IR AT, BRI RS a
o W R ATEERRIE AR, BT m A LS FRT, € frplementor Operaiontmp): ’—A—l
D BT (RetuThie) A Reim; Hficlient (B HiAR
DA B IR o] e (R IXRE R AN, R B LR 4 RefinedAbstraction Conerctelmpl A [Concretelmpl B
T R
+Operation( ) =Operation|mp() H+Operationlmp( )
Software Engineering 63 L Software E
Design Pattern ] 5 A 455 HEZE (Framework)

+ Erich Gamma, Richard Helm, Ralph Johns , John Vlissides, “Design patterns: elements
of reusable object-oriented software”, Prentice-Hall, 1994.
+ Eric Freeman, Elisabeth Freeman, et al., “Head First Design Patterns ", O'Reilly Media

Inc., 2005.
o bran o oo e |
Head First

D§§ign Patte

LOOK INSIDE!™

Design Patterns
Elements of Reusable,
Object-Oriented Software

Lo vy pmerinng
oo P b st Py

Software Engineering &

o HESER — MU E 2, AT UE A i ik )
TV AR RE 2R B e SRR 78 X AU 42,
fi 2 il o

Selectable
Plug-ins

Frameworks with Plug-ins
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HEZRZE ]

Web MVCHESE (Java)s {3l

1. MVCHEZE + JSP Model Il
= J2EE
= Struts * JZEE
2. ORM #HEZE * Struts
= EJB
= Hibernate * JSF
3 ﬁﬁ*ﬁfﬁw * Spring Web MVC
= Java [£2¢: AWT, Swing, SWT, SwingWT, Java 2D, Java 3D,
JSF - + WebWork
= AJAXFLTHESL: DWR, DOJO oT
) r
4. 5L HERE apestry
= Springfl&Web MVC, 10C, ...
= Java EE 4% JSF. EJB . JAX-WS . 10C, ...
Software Engineering 7 wLET Software Engineering 68 L

JSP Model Il

J2EE

Client J2EE Server
Machine
Web EJB DB
Container Container
1 (?EQI]I%?) Browser &
/ < Applet
/ Container JSPs ]
2 / Session Entity
& Fums A \ Application BJBs EJBs ElS
2F 3 Container Serviets
5 JsP JavaBean | _;
GRE)D
Web #2% -
= View Control Model
Software Engineering 69 L Software Engineering i P X
Struts 2 SSH  (Struts + Spring + Hibernate )
Controller Model
N s Ul Tier Business Tier Persistence Tier
o
= ” -
w S Seiiﬁl.o_:arjm Spring /Dh’ﬁﬁgs\ Hibemate
J B o eciiel) Stuts-MVC [N NV
5 8 A Transactions : DataSource!
g £ Struts Action, Hibemate Session Connection Pool
a8 ActionForm, JSP, Management Query Language
struts-config xml, BUSINess Semce Support and other
L Classes Hibemate senvices

'@ Action
: View = gelXux()

JSP J
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( omain Mogdel Business Ubjecls
N
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» U RS AN B AR ART U AL ) SRR A A
6) FALEEE (Needless Repetition)
IS R E T A, X LRSS AR AT DL
IR — R R AT S —
« f# Fl Cut/Copy/Paste S it Y5 A5 2 1 #1452
K5 X — 0]
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‘ Shanghai Jiao Tong University

B IR

Module: #4215 1115

L AEE R

BAF TR

R

o Bt TR I B EA Y
o BOHRARLR S B R

* F7F How

o PP AR 1) 7V
LRl Ay
= T | X BB

Software Engineering

@32 IHET = ikt

ST VS, B Y

Analysis Model

Design Model

= Focus on understanding
the problem

= |dealized design

= Behavior

= System structure

= Functional requirements

= A small model

= Focus on understanding
the solution

= Operations and attributes

= Performance

= Close to real code

= Object lifecycles

= Nonfunctional
requirements

= Alarge model
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TR
Module: Z5#J4L %1t
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o GBS
o Gl — R it
o MR — VA

e AR BB

o R

@3.27% bt
= M Wark Tl e : oo
#E ¥ BT (Structured Design, SD) ZER AL (1 A 28
o GRBLBETT R K G543 Wi 580 i R v P o SR R
B R 4 ) — T Bt 7 - 4 F(Structure Char)
. ¥ 1]
o SRUBBIUL. T R B R (R N vl .
2 P TR A v ) MR BT — TR
e - B
* N-S¥, PAD, PDL%
A et SR T — — S5
o SERIE TR » F 45 M (Structure Chart) Kk ik 241

R R G5 K
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f—HREFIER, SRR TRRF.
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SR IR EE ) R D) fig
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* YA (call): A — MR 1A 55— AR )
SRon, W& SGRarH MM 7 RH
N T, R AR K, B, RO T EIROH
YA BT 77
* Hdfi (data): AR I i 108 1) 2 80T i 7
VB P 2k 55 BRI — A/ Sk AN 4 R R

[+ N
AN NS 1 2 L xy] 2
2 z,W w

N [ ] [& ] [c]

(a) (b) (c)
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2) [ i SCIEHEZE

55 LG

FH— PR BUEZ I RESX

Data flow model ; @f,
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= 5y il 2) m 4
/\’Tﬁﬂ: (D) jZ'J]JDFD AWl 2) = SC £2
omm:
produce yre setting process
error msg operator
commands
command determine
input type
controller
e T
read validate produce fixture report send
command || command error status generation | control
message controller controller value

startistop *,
4
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/ each of the action paths must be expanded further

6.1-4




Software Engineering

gttt

Rl 3) 4iikSCH]

process
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commands
command determine
input type
controller ,fjﬁ/f : é:l: 1;@ @
=T T =K
read validate produce fixture report send
command || command error status generation || control
message controller controller value
read determine format read C:IL;UL::E format
fixture sefting setting record P report
status values
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+ PROCEDURE spelicheck IS
BEGIN
split document into single words
look up words in dictionary
display words which are not in dictionary
create a new dictionary
END spellcheck
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Agenda

¢ OO Design Overview

* The Principles of Object-Oriented Design
+ Architectural Design

¢+ Component Design

¢ Class Design

¢ From Design to Implementation

@EEREIEY)
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Introduction to Software Engineering

OO DESIGN OVERVIEW
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Understanding Design

* A process that the products of analysis to
a for a
system.
* A of how a system will work.
* Emphasizes a (in software

and hardware) that fulfills the requirements,

* “do the right thing (analysis), and do the thing
right (design)”.

Software Engineering

&%



Analysis Versus Design

Analysis

+ Focus on understanding
the problem

|dealized design
Behavior

System structure
Functional requirements
A small model

*® & ¢ o o

Software Engineering

Design

*

* 6 6 o o

Focus on understanding
the solution

Operations and attributes
Performance

Close to real code
Object lifecycles

Nonfunctional
requirements

A large model

LE%E



Object Oriented Design

+ The specification of a logical software solution in

terms of ,
= such as their : ; , and

+ During object-oriented design (or simply, object
design) there is an emphasis on software
objects and how they to fulfill the
requirements.

LE%E

Software Engineering
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Introduction to Software Engineering

THE PRINCIPLES OF OBJECT-
ORIENTED DESIGN



The Principles of Object-Oriented Design

o BL—HA57 SR
= SRP, Single Responsibility Principle

o HLECE i i )
» LSP, Liskov Substitution Principle

e =Rl

* DIP, Dependence Inversion Principle
o L TRE TR

* ISP, The Interface Segregation Principle
o JH-FA R

= OCP, Open-Closed Principle

Software Engineering 8
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SRP: The Single — Responsibility Principle

¢ A Class should have reason to change
— In the context of the SRP, we define a to be “
+ Example:

Graphical
Application

+ The rectangle class has two responsibilities
— This design the SRP.

Software Engineering 9 R



SRP: The Single — Responsibility Principle

+ Separating Coupled Responsibilities

Graphical
Application

Geometnc Rectangle | Rectangle
®area() : double Sdraw()

Software Engineering 10 R



SRP: The Single — Responsibility Principle

+ Separating Coupled Responsibilities

SalesReport

salesReport

Software Engineering 11 R



LSP: The Liskov Substitution Principle

+ The Liskov Substitution Principle
» subtypes must be substitutable for their base types

= |f for each there is an
such that for all programs I defined in terms of T, the behavior

of P is unchanged when o1 is substituted for 02 then S is a
subtype of T [Liskov88].
 If using implementation of T or subclass of T to instead of
T, Software P which is associated with type T(interface or
abstract class) can work well.

= Essential :
+ Example:
* In real world , penguin and bird is a “is-a” relationship. If we
design penguin is a subclass of bird class ,we LSP

principle .because bird can fly( ) while penguin can not fly. So
how to change this design? .

Software Engineering



LSP: The Liskov Substitution Principle

Statisties

SalesStatistices Servicestatistices

Software Engineering 13 R



DIP: The Dependency Inversion Principle

+ The Dependency Inversion Principle
= High-level modules should depend on low-level modules.
 Both should depend on abstractions

= Abstraction should depend on details
* Details should depend on abstractions
+ Example

Folicy Layer

"o~ | Mechanism

Layer

Utilty Layer

Software Engineering 14 R



DIP: The Dependency Inversion Principle

+ Depend on Abstractions
— Naive model of a Button and a Lamp

= STumOn ()

STumOff)

= | rlt =] rfa Ca==
- E'IJt tI:IrIEE!rI'.IIE!r
i 'Vt urnon | }

“tumn off()

&%
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DIP: The Dependency Inversion Principle

+ Example

{<interface>>
Statistics

Report

SalesStatistics ServiceStatistics

Software Engineering 16 R



ISP: The Interface Segregation Principle

+ The Interface Segregation Principle

— Clients should forced to depend on methods
that they do not use

+ Example

~'**"l ock()

~'~a'u nlock()
*¥sDoorOpen()

&%
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ISP: The Interface Segregation Principle

* Example

=<|nterface>=>
<<Interface=> Door
Timer Client ¥lock()

Sunlock()

®|sDoorOpen()

_|  TimedDoor
“| ®doorTimeo ut( )

<=rcreate==
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ISP: The Interface Segregation Principle

* Example

<<Interface>>
~{ Timer Client ¥lock()
Sunlock()
*|sDoorOpen()

TimedDoor

*timeout()

Software Engineering 19 R



ISP: The Interface Segregation Principle

* Example

<{interface>> <{interface>>

{{interface>> <{interface>>

Statistics

Statistics Report

Software Engineering 20 R



OCP: The Open-Closed Principle

+ The Open-Closed Principle (OCP), described by Bertrand
Meyer in [Meyer88]

+ A definition of OCP is:

— Modules should be both (for extension; adaptable) and

(the module is closed to modification in ways that
affect clients).

 In OCP, " " includes all discrete software elements,
including methods, classes, subsystems, applications, and
so forth
+ Example:

— client is open and closed
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OCP: The Open-Closed Principle

+ The Design conforms to the OCP
= Strategy pattern: Client is open and closed

* Another example
* Template Method pattern:
. Is open and closed

|Implementation
&P SeniceFunction()
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OCP: The Open-Closed Principle

+ Example

{<interface>>
Statistics

Report

SalesStatistics ServiceStatistics
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Design Model Overview
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Architectural Design and UML Package Diagram

UML Package Diagram

Principles of Package Design
Architectural Patterns

Resolution of Architectural Factors
ldentify Design Elements

¢ Organizing the design model packages

* & ¢ o o
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Review: What |s a Package?

+ A package is a general purpose mechanism for

+ |t is a model element that can contain other model

elements.
I
Artifacts
+ A package can be used

* To organize the model under development.
= As a unit of configuration management.
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Package Relationships: Dependency

+ Packages can be related to one another using a
relationship

Client Ll <upPplier
Package Package

¢ Dependency Implications

= Changes to the package may affect the
package
* The Client package be reused independently

because it depends on the Supplier package
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Package Organization Guidelines

¢ Package Functionally Cohesive Vertical and
Horizontal Slices

+ Package a Family of Interfaces

+ Package by Work and by Clusters of Unstable
Classes

+ Most Responsible Are Most Stable
+ Factor out Independent Types

+ Use Factories to Reduce Dependency on
Concrete Packages

+ No Cycles in Packages
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Packaging Tips: Functionally Related Classes

+ Criteria for determining if classes are functionally related

L in one class' behavior and/or structure necessitate
changes in another class

L of one class impacts the other class

: a large number of messages or have a

complex intercommunication

A boundary class can be functionally related to a particular entity
class if the function of the boundary class is to the entity
class

Two classes interact with, or are affected

Two classes have between each other
One class instances of another class
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Packaging Tips: Functionally Related Classes

¢ Criteria for determining when two classes should be
placed in the same package
= Two classes that are related to should not be
placed in the same package
- should not be placed in the

same package
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Package Dependencies: Package Element Visibility
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Principles of Package Design

¢ Granularity: The Principles of Package Cohesion
* REP: The Release-Reuse Equivalency Principle
* CRP: The Common Reuse Principle
* CCP: The Common Closure Principle

+ Stability: The Principles of Package Coupling
= ADP: The Acyclic Dependencies Principle
= SDP: The Stable Dependencies Principle
= SAP: The Stable Abstractions Principle
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REP: The Release-Reuse Equivalency Principle

* The Release-Reuse Equivalency Principle

* The IS the
= The granularity of reuse is the granularity of release
= packages are usually the of development work and
of release
* In order to provide the guarantees that reusers need, authors
must organize their software into and then

the granule of reuse (i.e.,a package) can be
granule of release.
* Anything that we reuse must also be released and tracked.
all of the classes in a package are reusable or none of
them are.

 If a package contains software that should be reused, then
it should not also contain software that is not designed for
reuse.
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CRP: The Common Reuse Principle

¢+ The Common Reuse Principle
* The classes in a package are

 If you reuse one of the classes in a package, you reuse
them all.

¢+ CRP helps us to decide which classes should be placed
Into a package

= classes that tend to be belong in the same
package.
¢+ CRP tell us more about what classes be
together.
= classes which are with class

relationships should be in the same package.
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CRP: The Common Reuse Principle

¢ Guideline: Factor out Independent Types

* Organize types that can be used independently or in
different contexts into separate packages.

+ Example
WOrse L heller k

com.foo.service, persistence com.foo.service.persistence

DBFacade DBFacade

Schema "- Schema

Mapping Mapping

JOBCUtiies SALCommand
com.foo. ulil.jdbe

JOBCUties SALCommand
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CCP: The Common Closure Principle

¢+ The Common Closure Principle
* The classes in a package should be closed together

* A change that affects a package affects all the classes in
that package and no other package

= maintainability is more important

+ Guideline: Package by Work and by Clusters of Unstable

Classes
» Reduce widespread dependency on unstable packages
= Example:
* 1) there is an existing large package P 1 with thirty classes,
and

» 2) there is a work trend that a particular subset of ten

classes is regularly modified and re-released.
+ refactor P1 into and , Where P1-b contains the ten frequently worked on
classes.

37 L E

Software Engineering



ADP: The Acyclic Dependencies Principle

+ The Acyclic Dependencies Principle
= Allow in the package-dependency graph.

¢ There are two solutions:
= Factor out the types participating in the cycle into

= Break the cycle with

e

ainterfaces
B

worse better h
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ADP: The Acyclic Dependencies Principle

* Example

 |=<Interface=>| <=
X i
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SDP: The Stable Dependencies Principle

+ The Stable Dependencies Principle
= Depend in the

¢ Guideline: Most Responsible Are Most Stable

com. foo.nextgen.
wi.swing Less Stable:
| -more dependent
_ |} -concrete, detailed
com.foo.nexigen.
domain.sales

com.foo.nextgen. . .
domain.payments "~

.
T=——
n

.

-

\ - com.foo.nextgen. ' More Stable: A
N __—- domain.posruleengine Jless dependent

iy g
¥,

A

_ ;e . -concrete, detailed code is stabilized
com.foo.util ~=~ - due to refinement or mandate.
= ' -abstract classes &
interfaces & facades

The more depended-on pack.agé.;s should be the most stable, L '
because when they do change, they could have the largest
impact
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SDP: The Stable Dependencies Principle

¢ Example
— Violation of SDP

— Fixing the stability violation using DIP
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SAP: The Stable Abstractions Principle

+ The Stable Abstractions Principle
= A package should be

+ lts stability does not prevent it from being extended

+ Its instability allows the concrete code within it to be easily changed

* The SAP and SDP combined amount to the DIP for packages.

¢ Guideline:

» Place a family of functionally related interfaces in a separate
package separate from implementation classes.

 The Java technologies EJB package javax.ejb is an
example
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SAP: The Stable Abstractions Principle

+ Guideline: Use to Reduce Dependency

on Concrete Packages

= One way to increase package stability is to reduce
its dependency on concrete classes in other
packages

Sales Payments

Register : CreditPayment

¥
I
|
|
|
1

Persistence

/! in some methods of Register and PaymentMapper |  Payment
CreditPayment pmt = new CreditPayment(); [  Mapper
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SAP: The Stable Abstractions Principle

+ Reduce coupling to a concrete package by using

a factory object

l in some methods of Register and PaymentMapper

A

|CreditPayment pmt = DomainObjectFactory.getinstance().getNewCreditPayment();

Sales

Register

DomainObjectCreation

DomainObjectFactory «interface»
ICreditPayment
getNewCreditPayment() : ICreditPayment

getNewProductCatalog() : setCreditAccounty...

IProductCatalog )

' Payments

|’ i

CreditPayment

Software Engineering 44

Persistence

| Payment
Mapper

winterface»
IProductCatalog

getProductSpecification(...)

Products _
!
Product
Catalog
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Review: What Is Architecture?

¢ Software architecture encompasses a set of significant
decisions about the

= Selection of the structural elements and their interfaces by
which a system is composed

= Behavior as specified in collaborations among those elements

7 of these and elements into
larger subsystems

= Architectural style that guides this organization
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Software Architecture: The “4+1 View” Model
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Logic View

Software Engineering

<<Global>>
Base Reuse

{{layer>>
Application

Klayer>>
Business Services

{layer>>
Middleware

47

Necessary because the
Application Layer must
have access to the core
distribution mechanisms
provided with Java RMI
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Process View

Software Engineering

{<process>>
StudentApplication

{<process>>

CourseRegistratio
nProcess

{process>>

CourseCatalogSyst

emAccess

{{process,>

CloseRegistration
Process

{<{process>>
RegistrarApplication

{{thread>>
OfferingCache

{<thread>>
CourseCache

{{process>>
BillingSystemAcce
SS

&%



Implementation View (Development View)

Client Component E ServerCampeiEll E
=>
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Deployment View

Desktop PC

clientComponent

{Llegacy,>>

CourseCatalog System

Software Engineering

RegistrationServer

serverComponent

50

Desktop PC

clientComponent

<Llegacy>>
BillingSystem
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Usecase View
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What is An Architectural Pattern?

+ An architectural pattern expresses a fundamental
structural organization schema for software systems. It

., and

. — Buschman et al, “Pattern-Oriented Software
architecture — A System of Patterns”

¢ Architectural patterns - Common Architectural Styles
Layers

Model-view-controller (M-V-C)

Pipes and filters

Blackboard

Software Engineering 52 R



Typical Layering Approach
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Examples of Architectural Patterns - Layers

+ Pattern Name
= Layers
¢ Context
= A large system that requires

* Problem
= A system which must handle issues at

= For example: hardware control issues, common services
issues and domain-specific issues. It would be
to write
. The same issue would have to be handled (possibly
inconsistently) multiple times in different components.
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Examples of Architectural Patterns - Layers

+ Forces
» Parts of the system should be
= Changes in components should
= Similar responsibilities should be
= Size of components — complex components may have to be

¢ Solution
= Structure the systems into groups of components that form

= Make upper layers use services of the layers below (never
above).
= Try to use services
(don’t skip layers unless intermediate layers would only
add pass through components).
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Examples of Architectural Patterns - Layers

Equipment and
Customer
specific Code

Application
Processes and
other application
code

Major
ab stractions,
classes, efc.

Application
2 O Framework

Mechanisms,

Service
evices Infrastructiire

HW spedcific code,

0O/S specific code

general-purpose

code (ex. ORB,

MOQS,...)
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Modeling Architectural Layers

+ Architectural layers can be modeled using

L
<<layer>>
Package Name
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Layer — Reuse driving

Software Engineering

<<layer>>
Application

<<layer>>
Business-Specific

Middleware

58
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Example

Application Layer Business Specific Layer

—- 5 <layer: » Business Entities
+-88 Buziness Object Model

—|- (28 """l:'Fﬂ':l"' +-{88 D ata Mapping
+ |_| C I|n-r|f Fages b ain

3 Sezociations

Azzociations - £<layers

""'r'II'EIHI'Ir'IEr'lgir'lE! +-88 Buzsiness ‘A

+ Securty
METY

Azzociations

zoclations

sy ||r||‘r| il

b s snclatons
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Key Layers

Layer Name
|:F' rese nt.ltiﬂ-n:]
I Application |

Services
Domain

[ Persistence |

Software Engineering

Responsibilities
Lsar Intarfaca

Usa-case LI workflow, syntactic

vallidation, Interactlon with servces

Controlling txns, business/
wiorkflow logle, acting as facade
The domaln madel, domalind
l2usiness loglc, semantlc valldation

Parsistent storage of domaln

obect state

60

Implementation Technoloc

I5P/HTIL Javascrpt,
|.:'|'-.-'.:'|..Z|'-.'.-'t.'Z:l:l|'|'||:ll:l|'|E'|'|t subclasses 1 ul

‘ Layers

Sarvlets, <usebean: targets,

|ava.awt. Panel subclasses J

E|E Sesslon Beans
EIE Entity Beans, Flain Old
|ava Ob|ects,

C/Rmappers, QO DEMS, E|B
Entity Bean BEWP/CWMP
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Upward Collaboration with Observer

+ When the lower Application or Domain layer needs to
with the Presentation layer, it is

usually via the pattern
= Ul objects in the Presentation layer implement an
interface such as or , and are

subscribers or listeners to events (such as property or alarm
events) coming from objects in the lower layers.
= The layer objects are directly sending messages to the
upper layer Ul objects, but the coupling is only to the objects
viewed as things that implement an interface such as
: viewed as specific
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Comments on typical coupling between layers

. have dependencies on the
and
= For example, in Java all layers depend on package
elements
¢ [t is primarily the that has dependency on
the layer
. makes calls on the :

which makes service calls on the :

» the Presentation layer does not call on the Domain, unless
there is no Application layer.
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Comments on typical coupling between layers

+ |fitis a single-process "desktop" application

= software objects in the Domain layer are directly visible to, or

passed between, Presentation, Application, and to a lesser
extent, Technical Services.

¢ |fitis a distributed system

= then (also known as data holder or
value objects) of objects in the Domain layer are usually
passed to a Presentation layer.

* In this case, the Domain layer is deployed on a server
computer, and client nodes get copies of server data.
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Mixing views of the architecture

Waorse
: : : : Better
mixes logical and implementation : :
) a logical view

y | =V

a logical reyu‘esentatimh
of the need for data or

Domain(s)

—

—1 —

services related to these
Irventary +

Domain(s - ) :
(s) POS wanmss eyt subdomains, abstracting

implementation
decisions such as a
database.

——
Technical
Services

Technical Servic?g.-*'

I — fa ) ——
L™ I
LE
LI
+

—

=4 . S n
MNaming and Web
Directory Services AppFramework

Foundation Persistence

—

MNowvell
LDAP

Foundation

UML notation A UML component, or physical part of the 5}-‘5teer

UML notation A physical database in the UNL. H
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Terminology: Tiers, Layers, and Partitions

¢ The original notion of a tier in architecture was a
, hot a physical node, but the word has become
widely used to mean a (or
cluster of nodes)
» such as the "client tier"” (the client computer).

+ The /ayers of an architecture are said to represent the

* The partitions represent a of relatively
parallel subsystems of a layer.
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Layers and partitions

Dlomain

Vertical Layers

H——Horizontal Partitions————
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N-Tier (C/S)

Client A

Client N

Server

Software Engineering
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N-Tier (3 tier)
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N-Tier (n-tier)

Client/Browser

Web Server

~

Application Server

N

HTML, Script Languages, ...

JSP, Serviets, CGI, ...

EJB, CORBA, COM+

Database Legend
Server System

Software Engineering 69
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Architectural Pattern - MVC

+ Name
= MVC (Model-View-Controller)

¢ Context and forces
= we have and
 We want to modularize the system
- Data representation must be kept up to date

¢ Problem
* how to modularize the system

¢ Solution

» the holds the data (and does data modification), the
represents the data, the handles user input
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Model-View-Controller Architecture

* The model-view-controller architecture (MVC) separates
application data (contained in the model) from graphical

presentation components (the view) and input-processing
logic (the controller).

Controller

roddifies
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Examples of Architectural Patterns - Blackboard

+ Pattern Name
= Blackboard

¢ Context

= A domain in which ( ) to solving
a problem is known or feasible. Examples are Al systems,
voice recognition, and surveillance systems.

* Problem

o (knowledge agents) must
to solve a problem that
. The results of the work of the individual
agents must be accessible to all the other agents so they can
evaluate whether they can contribute to finding a solution and
post results of their work.
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Examples of Architectural Patterns - Blackboard

* Forces

i in which knowledge agents can
contribute to solving the problem is
and may depend on problem solving

strategies.
* Input from agents (results or partial
solutions) may have representations.
= Agents do know of each other's existence

directly but can evaluate each other's posted
contributions
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Examples of Architectural Patterns - Blackboard

¢ Solution
= A number of Knowledge Agents have access to a
called the :
= The blackboard provides an interface to and its
content.

= The Control module/object activates the agents following

= Upon activation an agent inspects that blackboard to see if it
can contribute to solving the problem.
= |f the agent determines that it can contribute, the control

object can allow the agents to put its partial (or final) solution
on the board.
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Examples of Architectural Patterns - Blackboard

Control

+activ _"J[E'E
|-.|'| 0 '|.|'|.l'| (=] Ij I;I =] ﬂ,g g rlt .-i—-
% updateBlackboard() [=

% execCondition()
% execAction()

Ve

<<|nterface>> = <<Interfacess>
Update Inspect
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Resolution of Architectural Factors

¢ Recording Architectural Alternatives,
Decisions, and Motivation - technical
memos

+ Example of
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Design Model Overview
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Technical Memo

+ All architectural methods recommend keeping a record of
] . iInfluential factors, and
for the noteworthy issues and decisions.
¢ Such records have been called ,
, and , with varying
degrees of formality and sophistication.

* In some methods, these memos are the basis for yet another
step of review and refinement.

+ |n the UP, the memos should be recorded in the SAD.

+ An important aspect of the technical memo is the
or

¢ Explaining the rationale of rejecting the alternatives is
important.
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Example of Technical Memo

Technical Memo Issue:
Reliability—Recovery from Remote Service Failure

Solution Summary: Location transparency using service lookup, failover from remote
to local, and local service partial replication.

Factors

wntahilit

¥

Unresolved Issues
none

Alternatives Considered

Software Engineering A "gold level” quality of serv cemen redit authi 0 y o impp &%



Architectural Information in the UP Artifacts

+ The architectural decisions are recorded in the
SAD(Software Architecture Document).

* This includes the technical memos and descriptions
of the architectural views.
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Sample Structure of a SAD

+ Architectural Representation

i of how the architecture will be described in this document,
such as using by technical memos and the architectural views. This is
useful for someone unfamiliar with the idea of technical memos or views.
Note that not all views are necessary.

+ Architectural Factors and Decisions

5 to the Supplementary Specification to view the Factor Table.
Also, the set of technical memos the summarize the decisions.

+ Logical View
= UML package diagrams, and class diagrams of major elements.

Commentary on the large scale structure and functionality of major
components.

¢ Process View

= UML class and interaction diagrams illustrating the processes and
threads of the system. Group this by threads and processes that
interact. Comment on how the interprocess communication works
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Sample Structure of a SAD

¢ Use-Case View

» Brief summary of the most architecturally significant use cases. UML
interaction diagrams for some architectural significant use-case
realizations, or scenarios, with commentary on the diagrams
explaining how they illustrate the major architectural elements.

¢ Deployment View
= UML deployment diagrams showing the nodes and allocation of
processes and components. Commentary on the networking.
¢+ Data View
= Overview of the persistent data schema, the schema mapping from

objects to persistent data (usually in a relational database), the

mechanism of mapping from objects to a database, database stored
procedures and triggers.

= A view onto the UP Data Model, visualized with UML class diagrams
used to describe a data model.
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ldentify Design Elements

¢ Purpose:
— To analyze interactions of analysis classes to
identify design model elements

1.1dentify , and
2.ldentify

3.ldentify and Specify

4.ldentify and Specify

83 L%
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ldentify Design Elements

¢ |n design,

= analysis classes represent conceptual things which can
perform behavior

» classes
* to represent a set of ;
" subsystems

* to represent a set of
perhaps composed of a further set of subsystems, but
ultimately a set of classes;

= active classes

» to represent ;
» interfaces

e to represent
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ldentify Design Elements

+ |n addition, in design we shall also identify

= events

« which are specifications of

that usually (if they are noteworthy)
: and

» signals

* to represent used to

communicate certain types of events within the system.

¢ Events and the Signals that are used to communicate
them, allow us to describe the asynchronous triggers of
behavior to which the system must respond.
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Introduction to Software Engineering

SUBSYSTEM DESIGN
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Subsystem Design Overview

= =

Design Subsystems and Interfaces

Design Subsystems and Interfaces (updated)

=\\

-

! Y
“ 7

- - ™

Use-Case Realization

-

! Y
“ 7’

-y = ™

Use-Case Realization
(updated)

L%

Design Classes
Guidelines
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Subsystem Design - Purpose

+ To define the behaviors specified in the subsystem'’s
in terms of collaborations of contained classes

¢+ To document the of the subsystem

+ To define between the subsystem's interfaces
and contained classes

¢ To determine the upon other subsystems
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Packages versus Subsystems

Subsystems

* Provide behavior

+ Completely encapsulate
their contents

+ Are easily replaced

Software Engineering

<<subsystem>>
Subsystem A

Encapsulation is the key!

89

)
r
W

>

Packages

¢ Don’t provide behavior

¢ Don’'t completely
encapsulate their
contents

May not be easily
replaced

ackage B
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Subsystem example

asubsystem»

Persistence
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ldentifying Subsystems
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Example: Design Subsystems and Interfaces

Analysis

<<boundary>>
BillingSystem

/Isubmit bill()

<<boundary>>
CourseCatalogSystem

[lget course offerings()

Software Engineering

Design
-

<<subsystem>>
Billing System

:]|> \/
IBillingSystem

submitBill{forTuition : Double, forStudent : Student)

<<subsystem>>
Course Catalog
System
ICourseCatalogSystem

getCourseOfferings(forSemester : Semester, forStudent : Student) : CourseOfferingList

initialize()
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Modeling Convention: Subsystems and Interfaces

] <<subsystem>> package
<<subsystem>>

S CourseCatalogSystem

ICourseCatalogSystem

<< > <<subsystem proxy>> class
y: proxy>
Interfaces start with an “I”

<<subsystem proxy>>
|ICourseCatalogSystem CnurseCatangSystem
|

getCourseOfferings(forSemester : Semester, forStudent : Student) : CourseOfferingList

initialize() getCourseOfferings()
initialize()
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Subsystem Guidelines

+ Goals
» Loose coupling
» Portability, plug-and-play compatibility
* Insulation from change
* Independent evolution

¢ Strong Suggestions
= Don’t expose details, only interfaces
= Only depend on other interfaces <<subsystem>>

[ ]
<<subsystem>>
A
I
I

Software Engineering 94 &%



Subsystem Design Steps

* Distribute subsystem behavior to
subsystem elements

¢+ Document subsystem elements
+ Describe subsystem dependencies
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Subsystem Responsibilities

+ Subsystem responsibilities defined by
= Model interface realizations

+ |nterface operations may be realized by
* Internal class operations
* Internal subsystem operations

<<interface>>

|CourseCatalogSystem University
________ Artifacts
getCourseOfferings()

T

subsystem responsibility
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Distributing Subsystem Responsibilities

* , or , design elements (e.qg.,
classes and/or subsystems)

+ Allocate subsystem responsibilities to design elements

¢ |ncorporate (e.qg., persistence,
distribution, etc.)

. design element collaborations in *

= One or more interaction diagrams per interface operation

» Class diagram(s) containing the required design element
relationships

+ Reuvisit “ldentify Design Elements”

= Adjust subsystem boundaries and/or dependencies, as
needed
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Subsystem Dependencies: Guidelines

¢ Subsystem dependency on a
]

[ ]
<<subsystem>> [N _>'
Client Support <<subsystem>>
Server Support

Flexible, Preferred

+ Subsystem dependency on a
] ]

<<subsystem>> > Supporting
Client Support Types

Use with care
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Introduction to Software Engineering

COMPONENT DESIGN

Software Engineering 99 R



Component Design and UML CD & CSD

+ Components
¢+ UML Component Diagram (CD)

* UML Composite Structure Diagram (CSD)
¢ Subsystem Design
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Component

¢+ Definition of a (Software) Component

= A , , and of a
system that fulfills a clear function in the context of a well-
defined architecture.

= A component conforms to and provides the

of a set of interfaces.

= A of a system that packages
implementation and conforms to and provides the realization
of a set of interfaces.

= A component represents

, including software code (source, binary or
executable) or equivalents such as scripts or command files.
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Sun Java EE

Applet Container Web Container

Applet

Application Client
Container

Spplication

™ s
!.-:I

[ MewinJIEE 14
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Microsoft NET
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Java EE vs .NET

Aunass

-
u k]
=
L
k]
]
=*
]
o |

DCOM ‘ COM+ ‘

ASP NET ‘
MNET Components JZEE Components

Windows Multi OS5
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Java EE vs .NET
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Java EE vs .NET
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Components in UML

* Modular unit with well-defined interfaces that is
replaceable within its environment

¢ Autonomous unit within a system
= Has one or more provided and required
= |ts are hidden and inaccessible
= A component is

* Its dependencies are designed such that it can be
treated as as possible
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Components in UML

¢ One of the most important amendments in UML is to
enhance the support of CBSD

= In UML
« components can used for the entire life-cycle modeling, and
L ELLY in the deployment or run-time
environment.
* The of component can be described using

composite structure diagram.

= component conforms to and provides the realization of a set
of interfaces,

- , component encapsulates
the behavior and states of its internal elements

= Components can be

- and connected the interfaces between collaborating
components to provide system functionality
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UML Component Diagram

¢+ shows
consisting of nested components and
connectors.
¢ address the static design implementation view of a
system.

Studernt EI ﬂ

riCourseF orStud SecuntyForStudent

. ‘ rSecForStud
D) (-~ _zdelegates
7 N — __-

" TiDBAF orStud

. _._[_'_,.-r ' delegates A1
MGl

r||:rE|_|'l'|F-|;|rE:|u|;| pSiud2

Software Engineering 109 R



UML Component Notation

+ A component is shown as a rectangle with
= A keyword
= Optionally, in the right hand corner a component icon can be
displayed
A component icon is a rectangle with two smaller
rectangles jutting out from the left-hand side

« This symbol is a visual stereotype

» The component nhame

¢+ Components can be labeled with a there are a

number of standard stereotypes
= ex: ,

<<camponent: »

I:: ar=so | E; :.'
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UML Component Diagram - Component

¢+ Component

= areplaceable part of a system that
the realization of a set of interfaces

and

¢+ Component and Interface
Interface

= Component

= Component

Software Engineering

acomponents
Name

«COMponents
Name

=l

=1

Interface

111

wcomponants
Order

aprovided interfacess»

OrderEntry
AccountPayable

arequired interfacas»
Ferson
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External view of a component

+ A component have an
and an
= An (or black box view) tou FH
shows publicly visible properties

and Opel"ations piCourseForShdan

= An external view of a component is
by means of interface symbols
sticking out of the component box
= The interface can be listed in the
of a component box

Software Engineering 112
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Internal view of a component

* An , Oor of a component is where the
realizing classes/components are within the
component shape

+ Realization is a relationship between two set of model
elements
= One represents a specification
* The other represent an implementation of the latter

Software Engineering 113
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UML Component Diagram - Interface

¢ a collection of operations that specify a service that is provided by or
requested from a class or component
0 interface

« Characterize services that the component offers to its
environment

0 interface

» Characterize services that the component expects from its
environment
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UML Component Diagram - Port

+ Port
= a specific into an encapsulated component
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Dependencies

¢+ Components can be connected by dependencies

+ Usage Dependency

= A usage dependency is relationship which one element
requires another element for its

» |s a dependency in which the client requires the presence of
the supplier

» |s shown as dashed arrow with a <<use>> keyword

= The arrowhead point from the dependent component to the
one of which it is dependent
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UML Component Diagram - Internal Structure

+ |nternal structure

» the implementation of a component by means of a set of parts
that are
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UML Component Diagram - Part

+ Part

= a unit of the implementation of a component
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UML Component Diagram - Connector

* a between two parts or ports

within the context of a component
= Two kinds of Connectors: and
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Assembly Connector

+ A connector between two components defines that one

component the services that another component
requires
* It must only be defined a required interface 1o a provided
interface

= An assembly connector is notated by a —

* This notation allows for succinct graphical wiring of
components

Software Engineering 120 R



Delegation Connector

* Links the of a component to the

= Represents the of signals
» [t must only be defined between used interfaces or ports of the
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UML Component Diagram -Example
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UML Composite Structure Diagram

¢ a diagram that shows the of a classifier,
including its interaction points to other parts of the system.

+ |t shows the configuration and relationship of parts, that
together, perform the behavior of the containing classifier.

Software Engineering
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Part and Property

+ two possible views of the Car class

= Car is shown as having a composition association with role name
rear to a class Wheel and an association with role name e to a class
Engine
» it is specified that rear and e belong to the internal structure of the
class Car. This allows specification of detail that holds only for
instances of the Wheel and Engine classes
, but which will hold for wheels and engines

rear : Wheel [2]
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UML Composite Structure Diagram

+ Port
= a point for
between the internals of the classifier
and its environment.

+ Delegate

= A delegate connector is used for
defining the internal workings of a
component's external ports and

interfaces.

= |t connects of a
component as shown by its ports to
the of the behavior

of the component's part.

Software Engineering 125
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Composite Structure Diagram - Collaboration

+ defines a set of co-operating roles used collectively to illustrate a
specific functionality.

¢ Collaborations have two aspects:
— a
» specifies the classes, interfaces, and other elements that work
together to carry out the named collaboration;
— a
» specifies the of how
those elements interact.
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Composite Structure Diagram - Collaboration

+ Role Binding

= A role binding connector is
drawn from a collaboration to

class Role Binding

."'. .- Collabaoration E .

+ Represents

= A represents connector may
be drawn from a collaboration
to a classifier to show that

cd Reprasents

cd Ococurrence

* Occurrence
= An occurrence connector may Collaboration
be drawn from a collaboration "

to a classifier to show that
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Composite Structure Diagram - Collaboration
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Class Design and UML State Machine Diagram

¢ Class Design
* Create Initial Design Classes
= Define Operations
* Define Methods
» Define States
= Define Attributes
* Define Dependencies
= Define Associations

+ UML State Machine Diagram
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Class Design Considerations

+ Class stereotype
* Boundary
= Entity
= Control
+ Applicable design patterns

+ Architectural mechanisms
» Persistence
= Distribution
= etc.

Software Engineering
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How Many Classes Are Needed?

* , means that each class
= Encapsulates of the overall system intelligence
" |Is reusable
" Is to implement
* A , means that each class
= Encapsulates a portion of the overall system intelligence
= Is likely to be reusable
" |s to implement

A class should have a single well focused
purpose. A class should do one thing and
do it well!
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Strategies for Designing Boundary Classes

+ User interface (Ul) boundary classes
= What user interface development tools will be used?

= How much of the interface can be created by the
development tool?

¢ External system interface boundary classes
* Usually model as subsystem

= TOTT

Drap DownList
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Strategies for Designing Entity Classes

+ Entity objects are often passive and persistent

¢ Performance requirements may force some refactoring
+ See ldentify Persistent Classes step

Analysis

<< entity >>
FatClass

Design

FatClass

- transientBookeeping

- transientBookeeping

- commonlyUsedAtt1 + getCommonlyUsedAtt1()
- commonlyUsedAtt2 + getCommonlyUsedAtt2()
- rarelyUsedAtt3 + getRarelyUsedAtt3()

FatClassDataHelper FatClassLazyDataHelper

- commonlyUsedAtt1 - rarelyUsedAtt3
- commonlyUsedAtt2 - rarelyUsedAtt4

i
i
i
i
i
-rarelyUsedAtt4 | + getRarelyUsedAtt4()
i
!
:
!
:
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Strategies for Designing Control Classes

+ \What happens to Control Classes?

= Are they really needed?
= Should they be split?

+ How do you decide?
= Complexity
= Change probability
= Distribution and performance
* Transaction management
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Operations: Where Do You Find Them?

+* Messages displayed in interaction diagrams

:ClassA :ClassB

:ClassA

I |

I I

I I

i [l Perform responsilbility >
: il

|

:ClassB

performResponsibility():result

¢ Other implementation dependent functionality

= Manager functions
= Need for class copies
* Need to test for equality

Software Engineering
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Name and Describe the Operations

* Appropriate operation names
* I[ndicate the outcome
* Use client perspective
= Consistent across classes

+ Define operation signatures

* Provide short description, including meaning of all
parameters
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Guidelines: Designing Operation Signatures

+ \When designing operation signatures, consider if

dlre.
= Passed or ?
= Changed by the operation?
= Optional?

» Set to default values?
* In valid parameter ranges?

* The the parameters, the
+ Pass instead of *

b
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Operation Visibility

+ Visibility is used to enforce encapsulation
+ May be , , or

Private
operations

Public
operations

Protected
operations

Software Engineering 139
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How Is Visibility Noted?

* The following symbols are used to specify
export control:
» + Public access

- # Protected access

» - Private access - privateAttribute
# protectedAttribute

+publicOp()

# protectedOp()
- privateOp()
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Scope

¢ Determines of the

L : one instance for each class instance
L : one instance for all class instances

+ Classifier scope is denoted by the
attribute/operation name

- classifierScopeAttribute
- instanceScopeAttribute

classifierScopeOperation()
instanceScopeOperation()
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Example: Scope

Student

- name
- address

- studentID
- nextAvaillD : int

+ addSchedule(theSchedule : Schedule, forSemester : Semester)
+ getSchedule(forSemester : Semester) : Schedule

+ hasPrerequisites(forCourseOffering : CourseOffering) : boolean
# passed(theCourseOffering : CourseOffering) : boolean

+ getNextAvaillD() : int
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Example: Define Operations
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Define Methods

+ \What is a method?
= Describes

¢ Purpose
* Define special aspects of operation implementation

* Things to consider:
= Special
= Other objects and operations to be used

* How attributes and parameters are to be
implemented and used

* How relationships are to be implemented and used
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Define States

¢ Purpose
= Design
= Develop to model this behavior
* Things to consider :
= Which objects have significant state?
* How to determine an object’s possible states?
= How do statecharts map to the rest of the model?
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What is a Statechart?

+ A directed graph of states (nodes)
connected by transitions(directed arcs)

* Describes the life history of a reactive
object
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Special States

+ Initial state
— The state entered when an object is created
— Mandatory Initial state

— Can only have one initial state .—v-

+ Final state
— Indicates the object‘s end of lii Final state

— Optional -_..©

— May have more than one Final
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|dentify and Define the States

¢ Significant, dynamic attributes

numStudents < 10 numStudents >= 10

m

¢ Existence and non-existence of certain links

Professor
Link to Professor Link to Professor

0.1

Exists Doesn’t Exist
g
CourseOffering
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|dentify the Events

* | ook at the class interface operations

<<entity>> .
CourseOffering 0.. 0..1 <<entity>>
+ addProfessor() sinstructor Professor

+ removeProfessor()
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|dentify the Transitions

+ For each state, determine what events cause transitions to
what states, including guard conditions, when needed

+ Transitions describe what happens in response to the
receipt of an event
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Add Activities and Actions

+ Activities
= Associated with a state
= Start when the state is entered
» Take time to complete
" Interruptible

+ Actions

= Associated with a transition

» Take an insignificant amount of time to
complete

* Non-interruptible
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Example: Statechart
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Example: Statechart With Nested States and History
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Which Objects Have Significant State?

* Objects whose role is clarified by state
transitions

¢+ Complex use cases that are

*|tis necessary to model all objects

* Objects with straightforward mapping to
implementation

* Objects that are not state-controlled
* Objects with computational state
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How Do Statecharts Map to the Rest of the Model?

+ Events may map to operations
+ Methods should be updated with state specific information

¢ States are often represented using attributes
» This serves as input into the “Define Attributes” step

‘ | CourseOffering

add student /
numStudents = numStudents + 1

[-numStudents

+ addStudent()

(Stay tuned for derived attributes)
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Attributes: How Do You Find Them?

+ Examine method descriptions
* Examine states

+ Any information the class itself needs to
maintain
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Attribute Representations

+ Specify name, type, and optional default value
+ Follow naming conventions of implementation language
and project
+ Type should be an elementary data type in implementation
language
= Built-in data type, user-defined data type, or user-defined
class

* Specify visibility
= Public: ‘+’
= Private: ‘-’
= Protected: ‘#

Software Engineering 157 &%



Derived Attributes

+ \What is a derived attribute?

= An attribute whose value may be calculated based
on the value of other attribute(s)

+ \WWhen do you use them?

= When there is
it is needed

* Trade-off runtime performance vs. memory required
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Example: Define Attributes
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Define Dependency

+ What Is a Dependency?
* A relationship between two objects

Client Supplier
>

¢ Purpose

* Determine where structural relationships are
required

+ Things to look for :
* What causes the supplier to be visible to the client
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Dependencies vs. Associations

+ Associations are
+ Dependencies are
¢ |n order for objects to * " they must be visible

Local variable reference —
Parameter reference Supplier2
Global reference T Dependency
Field reference

—

Association

Supplier1 \
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Associations vs. Dependencies in Collaborations

+ An instance of an association is a link

= All links become associations unless they have global, local or
parameter visibility

= Context dependent relationship

+ Dependencies are links
= Have a limited duration
= Context independent relationship
= Summary relationship
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ldentifying Dependencies: Considerations

. relationships - (field visibility)
. relationships -
= Multiple objects share the same instance
« Pass instance as a parameter (parameter visibility)
 Make instance a managed global (global visibility)
= Multiple objects don’t share the same instance (local visibility)
+ How long does it take to create/destroy?

= Expensive? Use field, parameter, or global visibility
= Strive for the lightest relationships possible
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Example: Define Dependencies (before)

<<|nterface=>
ICourseCatalogSystem

rom e rn SlEm shilm

<<entity>>
Schedule

AIversi

Il submit schedule{)

Il save schedule()

Il ereate schedule with offerings|)

Il getCourseOfferings(forSemester) : CourseOfferingList

0.1
+ i savel)
# any conflicts?()
+ /I ereate with offerings()

<<entity=>>
<<entity>> CourseOffering
Student (from University Arif;

[ nive ifacts - number : String = "100"
-name - startTime : Time
- address -endTime : Time
= StudentlD : int -days : Enum

+addSchedule(theSchedule : Schedule, forSemester : Semester) + addStudent(studentSchedule : Schedule)

t getSchedule{forSemester : Semester] : Schedule + removeStudent{studentSchedule : Schedule)
+ hasPrerequisites(forCourseOffering : CourseOffering) : boolean + new)

# passed(theCourseOffering : CourseQOffering) : boolean + setDIﬁtal:]
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Example: Define Dependencies (after)

<<|nterfaces>=
ICourseCatalogSystem

Global visibility s

<<gontrol>>
RegistrationController

+// submit schedule{)

+// save schedule()

+// ereate schedule with offerings() _ JR - - g g

+ /I getCourseOfferings(forSemester) : CourseOfferingList . Field W'S.fblhfy

0.1
Field visibility

1

<<entity>>
<<gntity>> CourseOffering
Student i iversity Arti
niversity Artifacts) =number: String = "100
-name - startTime : Time
- address -endTime : Time
- StudentlD : int -days : Enum

+ addSchedule{theSchedule : Schedule, forSemester : Semester) + addStudent|{studentSchedule : Schedule)

+ getSchedule(forSemester : Semester) : Schedule + removeStudent(studentSchedule : Schedule)
+ hasPrerequisites(forCourseOffering : CourseQffering) : boolean +new() '
# passed(theCourseOffering : CourseOffering) : boolean +s etD:_'ata[ )
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Define Associations

¢ Purpose
* Refine remaining associations

¢ Things to look for :
= Association vs. Aggregation
= Aggregation vs. Composition
= Attribute vs. Association
= Navigability
= Association class design
= Multiplicity design

Software Engineering 166
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What is Composition?

+ A form of aggregation with strong ownership and
coincident lifetimes
* The parts survive the whole/aggregate

Whole Part
) I

Composition
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Aggregation: Shared Vs. Non-shared

¢ Shared Aggregation

Multiplicity> 1

Multiplicity= 1 Multiplicity= 1

L ]
I

Composition
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Aggregation or Composition?

¢ Consideration
= Lifetimes of Class1 and Class2

%

Aggregation
.

Composition
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Example: Composition

Student 0..* Schedule

RegqisterForCoursesForm 1 RegistrationController
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Attributes Vs Composition

+ Use when
* Properties need independent identities
= Multiple classes have the same properties

* Properties have a complex structure and properties
of their own

* Properties have complex behavior of their own
* Properties have relationships of their own

¢ Otherwise use
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Example: Attributes Vs Composition
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Navigability: Which Directions Are Really Needed?

+ Explore interaction diagrams

+ Even when both directions seem required, one may work
= Navigability in one direction is infrequent
= Number of instances of one class is small

Schedule WUELEGTT Y CourseOffering
0.* 0.4

Schedule (ERGITEEY CourseOffering
E— 0.4

|
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Association Class

+ A class “attached” to an association
+ Contains properties of a relationship
¢ One instance per link <centity>>

ScheduleOfferinginfo

[ mark as selected|)
[ mark as cancelled()
Ilis selected?()

<<entity>>

Schedule <centity>>

CourseOffering

<<entity>>
PrimaryScheduleOfferinglnfob

Ilis enrolled in?()
I mark as enrolled in()
Il mark as committed()
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Example: Association Class Design

alternateCourses

primawﬂnurses CDUFEEUffEI’ing

PrimaryScheduleOfferinginfo

- grade: char =1

Design Decisions @

rimaryCourseOfferinginfo PrimaryScheduleOfferinglnfo

1 0__4: grade: char =1
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Multiplicity Design

+ Multiplicity = 1, or Multiplicity = 0..1
= May be implemented directly as a simple value or pointer
*= No further “design” is required

Professor |[Efeeanene CourseOffering
0.1 0.*

+ Multiplicity > 1
= Cannot use a simple value or pointer
* Further “design” may be required

instructor CourseOffering
E— - 0.

Software Engineering 176 R
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Multiplicity Design Options

+ EXxplicit modeling of a container class

: . CourseOfferingList
Professor  FNNTatRtall CourseOffering _> <<entity>> JRGLE LTIV

+ add|)
10
|

) _*\/

¢ NOte <<entity>>

%

instructor ‘"‘.1 CourseOffering
E— O 0.
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What is a Parameterized Class (template)?

+ A class definition which defines other classes

¢ Often used for container classes
= Some common container classes:
» Sets, lists, dictionaries, stacks, queues, ...

Formal
arguments
-

Parameterized
Class
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Instantiating a Parameterized Class

Explicit binding

Formal

| argu ments
L

Parameterized

Class

OR

<<bind>> <actual arguments>

Instantiated Class

Software Engineering 179
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Example: Instantiating a Parameterized Class

Before

CourseOfferingList <> 5 C::resr;ttljtfh;:ing
1 0.*

After

List <CourseOffering> CourseOfferin
OR _-

[
:-:-r.bind:a-:a- <CourseOffering>
|

CourseOfferingList CourseOffering
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Multiplicity Design: Optionality

¢ |f a link is optional, make sure to include an
operation to test for the existence of the link

Professor CourseOffering

isTeaching() : Boolean B (L hasinstructor() : Boolean
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UML State machine diagram

+ A state machine diagram illustrates the
and the of an object in
to an event

| initial state L

ﬁii':'-v:f Active

on hook

transition k ‘event L
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State machine

+ A state machine is a graph of

= State machines can be used to model the of a class,
subsystem, or entire application

+ UML has two types of state machines:

Software Engineering

state machines
Show the behavior of model elements such as objects.

A behavioral state machine represents a specific
implementation of an element.

state machines
Show the behavior of a protocol.

Protocol state machines show how participants may trigger
changes in a protocol's state and the corresponding
changes in the system.

Protocol state machines aren’t typically tied to a particular
implementation, and they show the required protocol
behavior.
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Protocol state machine

* protocol state machines are a of behavioral

state machines

= protocol state machines are tied to an implementation and
have restrictions on their transitions

* Protocol state machines capture the ,
such as HTTP or a challenge-response speakeasy door.
* They tied to a particular implementation of a protocol;

rather, they specify the state changes and events
associated with a protocol-based communication.

Door {protocol}

opened closed

/ [doorway-=isEmpty(]] close/
unlock!
lock!

lock

&%
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Definitions: Events

+ An event is a significant or noteworthy occurrence

+ Kinds of Events

Event Type Description

call event Receipt of an explicit synchronous call
request by an object

change event A change in value of a Boolean expression

signal event Receipt of an explicit, named, asynchro-
nous communication among objects

time event The arrival of an absolute time or the pas-
sage of a relative amount of time

Software Engineering 185
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op (a:T)

when (exp)

shame (a:T)
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Definitions: States

+ A state is the condition of an object at a moment between
events

+ Kinds of States

State Kind Description Notation

simple state A state with no substructure

orthogonal state A state that is divided into two or
more regions. One direct substate
from each region is concurrently
active when the composite state is
active.

nonorthogonal A composite state that contains one

state or more direct substates, exactly one
of which is active at one time when
the composite state is active
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Kinds of States

Software Engineering

initial state

final state

terminate

junction

history state

A pseudostate that indicates the
starting state when the enclosing

state is invoked

A special state whose activation indi-

cates the enclosing state has com-
pleted activity

A special state whose activation ter-
minates execution of the object own-
ing the state machine

pseudostate that chains transition
segments into a single run-to-
completion transition

A pseudostate that performs a
dynamic branch within a single run-
to-completion transition

A pseudostate whose activation
restores the previously active state
within a composite state

187
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Kinds of States

State Kind Description Notation

submachine state | A state that references a state
machine definition, which conceptu-

ally replaces the submachine state

entry point A externally visible pseudostate
within a state machine that identifies
an internal state as a target

exit point A externally visible pseudostate
within a state machine that identifies
an internal state as a source
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Definitions: Transitions

+ A transition is a relationship between that
iIndicates that when an event occurs, the object moves
from the prior state to the subsequent state

Transition Kind Description Syntax

L 2 K| N d S Of Tra nsS |t| ons entry transition hv \pmltlx ation of an entry entry/ activity

v that is meuﬁed when a
exit transition e specification of an exit exit/ activity

external transition | A response to : efa:T)[quard)/activity

state name Enter Password

entry and exit activities I: entry / set echo to star; reset password
@niry and exit activities i echo to normal

C r1l“E‘[|"Idr.:l~..t!"r
internal transitions I: clear/ ' Wor
help / dis play hr-lp

internal transition | A response to an event that efa:T)[guard]/activity
Thv execution of an PTreLT

entry activities
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Transition Actions and Guards

transition action k

off hook / play dial tone

|valid subscnber] _
Aclive

on hook

guard condition L
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Nested States

Software Engineering

off hook / play dial tone
[valid subscriber] Active

PlayingDialTone Talking

O hﬂw‘r

digit digit connected

complete

Dialing Connecting

191
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A sample state machine

Process Sale

WatingForSale makeMNewSale

Enteringltems
I _I_

entaritem
endSale

1

authorized makeCashPayment

WaitingForPayment

makeCraditPayment

—

AuthorizingPayment makeCheckPayment

Software Engineering 192
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Implementation Model and UML Deployment Diagram

¢ The Deployment View

¢+ UML Deployment Diagram
* What is Node?

= What Is Connection?
= What Is Artifact ?
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Key Concepts: The Deployment View

The Deployment View is an “architecturally significant”
slice of the Deployment Model.
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UML Deployment Diagram

+ A deployment diagram is a diagram that shows the

configuration of processing nodes and the
components that live on them.
¢ Captures the of a system’s hardware
+ Built as part of architectural specification
= Purpose
= Specify the distribution of components
= |[dentify

+ Developed by architects, networking engineers, and
system engineers
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UML Deployment Diagram

+ Models the run-time architecture of a system

+ A diagram that shows the configuration of run time
processing nodes and the artifacts that live on them.

Database Server

Application Server

]
== Com ponent:= :@
J2EE Server

Client

167 %



What is Node?

¢ Anodeis a element that exists at run time and
represents a computational resource, generally having at
least some and, often,

+ A set of components may reside on a node and may also
migrate from node to node.

¢ Graphically, a node is rendered as a cube, usually
iIncluding only its name.
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Deployment Diagram - Node

dd Node Instance ___.-"'.

* Node Instance

+ Node Stereotypes
= A number of standard stereotypes are provided for nodes,
= hamely

¢ Association

* In the context of a deployment diagram, an association
represents a
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What Is a Connection?

+ A connection represents a:
= Communication mechanism
* Physical medium
« Software protocol
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Deployment Diagram - Artifact

+ Artifact

= A of a system that exists at

= Graphically, an artifact is rendered as a rectangle with the
keyword

» tif artifact
simple names qualified names «artifact»

//

fraudagent.dil ®
«artifact» «artifact» «artifact»

agent.java fraudagent.dll system::dialog.dll

«manifest» .”° "~ _«manifest»
manifests \
FraudAgent
FraudPolicy

PatternSearch

\\.

AN
\

T «manifest» -
FraudAgent PatternSearch
FraudPolicy

N I‘
N

W \

~— classes —
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Deployment Diagram - Artifact Diagram

¢+ Artifact Diagram
= A variety of deployment
diagram
= shows

path.dil collision.dll

= commonly contain
- artifacts

« dependency, = —[
generalization, Lk ]
association, and e
realization T oon 122
relationships
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Forward, Reverse, and Round-Trip Engineering

¢ Forward Engineering
+ Reverse Engineering
+ Round-Trip Engineering
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Forward Engineering

¢+ Forward engineering means

¢+ Many of the tools can only do the models:

= They can generate class diagrams from code, but can't generate
interaction diagrams.

* For forward engineering, they can generate the basic (e.g., Java)

class definition from a class diagram, but the method bodies from
interaction diagrams.

¢ Demo
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Reverse Engineering

+ Reverse engineering means

¢ Demo
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Round-Trip Engineering

+ Round-trip engineering closes the loop

= the tool supports
, ideally
automatically and immediately as either is changed.

¢ Demo
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CODE AND TEST
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Code and Test

¢ Creating Class Definitions from Class
Diagram

¢ Creating Methods from Interaction
Diagrams

¢ Collection Classes in Code

¢ Test-Driven Development

+ Refactoring
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Creating Class Definitions from Class Diagram

+ Defining a Class with Method Signatures and Attributes

pubilc class Salkeslineliem

privats Int quaniity;

pubiic SalgsLnsitem|FroductSpacification spec, Int gty) { ..

pubilc r-tnf-rag.- getSubtatal) { ...

gescription - Text
> price : Kloney
f=mih - ftemib
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Creating Methods from Interaction Diagrams

1: BpeC
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Collection Classes in Code

putllc class Sale

date : Date —
EComplete SaksLingltem

time : Tima

becomeCamplkte])
makeLllneltem]
rl'IEI‘ZEF'E:.TﬂEFt
geiThotak]

maintain altrbute visbiity to 3l the
Ealeslimetems
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Test-Driven Development

+ An excellent practice promoted by the and
method, and applicable to the UP, is
(TDD).
» It is also known as
¢ |n OO unit testing TDD-style, test code is written
the class to be tested and the developer writes unit testing
code for nearly all production code.

¢ Unit testing framework

* The most popular unit testing framework is the xUnit family
(for many languages)

* For Java, the popular version is
* There's also an for .NET

Software Engineering 213 R



Refactoring

+ Refactoring is to
existing code

= applying small transformation steps combined with
re-executing tests each step.

* Is another XP
practice and applicable to all iterative methods

+ Code that's been well-refactored is short, tight,
clear, and without duplication it looks like the work
of a master programmer.

= Code that doesn’'t have these qualities smells bad or
has code smells.
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= BT R XSLT ... = ORI R

o A (imperative) &S
=0, RS C, Ada, Fortran ...
« A Perl, Python, PHP...
=T X% Smalltalk, Eiffel, C++, Java ...

Software Engineering

Software Engineering s
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G i AT B A PR

B S R Y AN R A R
o WRGS AR IR, SURTHE R AR R, o
A RRETS, LB BN, * RFELib i
o IR FEER SCETTZ I RRE, ik java. m
o WIRGE KRR, TTAEMILIE Fpython, 47 T i ffljava * Gl e AL
Fic. DAJgpythoniti ke | 247 /. o BAFRRAE B
o WG CARRMERE R Fperl. 7Elinux T, SO ERTHRIES o PR AR R

feperl, A BRI DXRIARED 1 S -
ﬁ?kmﬁﬂ’lkfﬁifhﬂiprolog

PSR RN, AT Hlisp.

4 5 officeF2 /7 Fvba.

9’5 IR 55 s e/, Flphp. perl. python. asp.
Y 'S Bl PE AR T B R L YIS 5 & vbaldelphi

W e RN R T HIES, pythonflruby & 5 4 (1%
P, AT aBNEL, NABEREZ. Hpython
BHIE A NS, KA. rubyu;Xﬂ‘pythonZWﬁ
J‘El’]%' ik, b?mﬁiTﬁ%éJﬁ%E’JIjJ

Software Engineering BT

isp-

* & 4 0+ 0+ o

Software Engineering s BT

YA HEN] —1

S HEN —2

+ Preparation. Before you write one line of

code, be sure you:

= Understand of the problem you're trying to solve

= Understand basic design principles and
concepts.

= Pick an appropriate programming language.

= Select an appropriate programming
environment and tools.

= Create unit tests for each component you plan
to create.

Software Engineering L] T

+ Coding. As you begin writing code, be sure you:

= Follow structured programming practice.

= Select data structures that will meet the needs of the
design.

= Create interfaces consistent with the software
architecture.

= Keep conditional logic as simple as possible.

= Create nested loops in a way that makes them easily
testable.

= Select meaningful variable names and follow other local
coding standards.

= Write code that is self-documenting.

= Create a visual layout that aids understanding.

Software Engineering 10 T

Yt 1N —3

I 1% P KUK

+ Validation. After you've completed the first
pass, be sure you:
= Conduct a code walkthrough when appropriate.
= Perform unit tests and correct errors you've
uncovered.
= Refactor the code.

Software Engineering u %

o R BB ORI RIS —s AR R
iFD 113 E% 2”
o {8 P AR AE PR 42 ) 45 4
o THEMT RIS T SRR
= Make it right before you make it faster.
= Make it clear before you make it faster.
= Keep it right when you make it faster.
CRIRA S RAFAE P IE D
= Keep it simple to make it faster.
CERAFTE ] B AR RO
= Don't sacrifice clarity for “efficiency”.
ChEHE, TE#] R WIS D

Software Engineering i
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G i AT B A PR

GOTOEH) & A FH 1 (Edai!
* R RERE S HIGOTOMR A if (A <B) goto 120;
o [FRESHRNT . &5, EESEHRME if (B <C)goto 110;
ety AP e ik 100 write (C);
{5l: 4TEDA, B, CEHU RN HEFF goto 140;
110 write (B);
goto 140;
120 if (A< C) goto 130;
goto 100;
‘ 130 write (A);
ECDET T 140 end

72 JRAE P SCRSME  (code documentation)
PN A = s
if (A<B)and (A<C)then :Eiéi%ig%
poerite (A) B SR
. = 5 24030 B BoR iR BT R IR
if(A2B)and(B<C)then < AEVERBL SRR, R AR B A
write (B) s
el\s/\?rite (C) = (AT A — 215
. '%%zﬂ%lﬁfﬂf I& A8 A% BRI 5 S ERR
endif %
endif . .
4F 69 B AL & A K 3 A fm Rt XA )
ImhFILE X T
s
WY C++/Java (114 i K3 Ga [ o0 LT
C

Collaboration Diagram

i
(Forward Engineering)
W T

(Reverse Engineering)
%
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G i AT B A PR

Fff PR AR AR AT 1) — 3K ERA 0%
+ ACM ICPC
= http://icpc.baylor.edulicpc/
Bt 5 + topcoder
5 x = http://www.topcoder.com/
SR * ICSE#f T #5548 SCORE
- pal E . = http://score.elet.polimi.it
F TR + ACMIF 7 7% 3¢ SRC: Student Research
Competition
= http://www.acm.org/src/
» DLEARIRSOR SN 7 7%
IR SR RAE S W PR B & b
G B R i A A B BRI
* BFFRIHES o PR AR B ) R AR S22 TR AP L
o S B ) FER TG (Software Configuration Item, SCI).
o PR RRAE B o —ANBRA I R AE A A A R A
* AR, A5 FH R — > AR 7 i B — 2 50 1) LA 77
, BFEAAS . SO, B, HREAE.
Sy ﬁﬁ \ ?Bﬁ%’ RS
sCXI
FiAS version H: 28 baseline

* Jic B TE AT R R P AW, FERR
Z AN A (Version).

o BN B 0P AR AR s T LT St 3R
AL R4 (Version Tree).

\ 20— @
\\
AN
AN
\\
\
R

Software Engineering = %

o FRLRIGE A7 B R G B IURAS LR A2 IR IR — A
“PREE”, B AN IEABRAE, RS I TARIE T IARAE,
I B RAE LB A AL I AR

» WEHER AT IR — AR AT (Release)
A ERTT R P B2 AR — AR (Build) .

7 L2
betali
alphaliz

AL

AR T
== | ic Ll

Software Engineering HiE%




Software Engineering i f AN B A P
FRA T ] Fic. & £ CM Repository
o IRAEFIR AR B TR, % o TF Ak AR TR R A B T O R A
i 2 1 A b -0
« Hi:
I

= T AT L e e B ) %A R A B A )
IBERTBL ORUEAERS Z0 AT Bl B H RS, 855
PFF AR L7 i s

w E 0T AR P )75 T 32 B e AR 282 AR 5 Tl A

B, T8 B RO B B MR B H 5

s IR TIF R . SRR R AR

HE TS
Check-inf1Check-out HAT IR
o BRPETR B DUE T A (Check-in), AL E
E7 ﬂ:ﬁﬁ‘ « ‘{/ij?é?:? ” Release 1.0 Release 1.1
o TR HEEREAE, WE P \ _
(Check-out) & i Rel2 Rell fixbug

 check inflicheck outiii i i Wi 22 FH -
(8

+ £f{kcheck initf, 7ERCE ZE EAS A BUHT)
FiAS

RS 42 8l F) e e S B

A 1) T B

o SEALIH &I H g5

* B4 % A\ Check-Out

o HEE PR

* B K AN Check-in L & A~Get Last
Version

o B R AT 8 R Check-Out i 48 s SC 14 1)
Read-Only/g& %

* FWACES Check-in2 /i 758 i # oo s

o RERBE JAS 10 BT B 5

+ Merant PVCS

+ IBM Rational Clearcase

+ Microsoft Visual Source Safe
+ CVS (Freeware)

+ SVN (Freeware)

* Gitlab(Freeware) —— .
* Google Code (=F5)

* GitHub (=¥ ) e §

. G ST
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G i AT B A PR

G B9 AT Wi A 3

o BRI
© SRR
o RPN R

o BRI

I

» RRELEE AR — MR TT R SRR, BDRIBATT R
BRZFERBREMNNITE, EEEMRRAE
REDER K, HWHBEREGRAESK
A% IR o

» FIRERAEN ASIHIE (BERE,
KA, BHUIR) REAE, MR RIE
B IR

I

FFELEE IS

eeeeeeeeeeeeeeeeee

_
o i
e .8

P ]

LT NR
- 1. AUF MR
Q 2. HRWL .
— v AN

\ lime
e N\ i

1. 185 W EE'

2. mEn

T PMD
NE=2=R7102

maven J

3. A##E (mvn|gclean:install)

jenkins J

2. wnilln

eeeeeeeeeeeeeeee ing u

- RABRR
[ = e ||
P X
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BRI

Shanghai Jiao Tong University

B 1A
Module: x4 13ak

L ASE R A LR L

AT

B o TABER
* MKEA
* TSRS
o WXL RE
* B3

@8 Ht

Mk Ctesting) I H K

A REAT AR AL

o Wik C(testing) HIH
o IV BRI, NI PRIE R AR R &
o IR
o I T A I R R
* 5k (debugging) HIAS[EIZEME?
o SEALFIZY IE4E R
» (RUERE 7 B ] SEIE AT

AR T IEIRE A2 RN, BN
BEABUREFF A BT AR IR 7 o FHSE EIGRAS
FTREMY . B BURE o R B i ik
» BT AP AT RE R N K

SFF—MRANZ ML F R ERKIRNIERF
, MABIERAESHERLE2® ~ 310, MR
R—PHIEFIms, WEME—FI5R—R24/NTR
i, wEENHE.

I

FH—PNEGSERFNETIRENEF, TR
BEMBTREERIHF. Hun— N NMEFHRIZEE
, BEFET—MUT0RMER, HBEHEERENSD
T XMEFHARRMITERHIA5205, MRTE
—RKBERFITMAEE1ZR, BABRE—FITIEI65
X24:BF, EIBMEFABAEMNRTE, KAF17045E,

o PR IR AE DI ML ) 21 FH P 1) 75 5K

* FIEEMA R AT RER

o AR IR AR, XA AR 1R Y
Ry BN AT B P

o JSELHBATAN BT I HEAT B AR K

o BSIRE DR

B e ot
¥ s o BRI, MR B b
S 5 L o WRBLZMANEIR
=
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BT

RERZE DN AT
* WXL /MR * MR
o K TR 3 e WRBAR
= W TFR TR * g
= YU TR o ML

TR TR %@

HIFRRERIS

WA LA ﬁ%

DR CRRITANIT A AR 64 RE 7 2R AN AR 2 BR AR

Software Engineering 7 BT

* BN

Software Engineering s BT

F

il
ik
£33

ERMEEA

( BPETFRIFRE )

Software Engineering

Rz

» AENBHIEHEIN AT - DNERN A& T,
I ONARIEY S i (2 U A TR
AT A B AR AT It

o EIEIIR PR 3 I

Software Engineering

AR OB B &ENED

D A ik

D 1ER)E L

2) HEESR (530
3 FKMES

4) FE/ A E S
5) &M EER
6) EAEES

Software Engineering n e

o MR P R AR — AR R 2 Dl ) — K
o 284 XA RE AT IR

procedure example(y, z:real;var x:real);
begin

if (y>1) and (z=0) then x:=x/y;

if (y=2) or (x>1) then x:=x+1;
end;

Software Engineering 2 e
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BRI

2) FlEES (950

R P
o WA B
A=2, B=0, X=3

Software Engineering BT

o WRRRT R —A 0> 2P P —Ik
* J3aX FH 451 j
1. A=2, B=0, X=1
(JBAE ace)
2. A=1, B=0, X=0
(R ftabd)

Software Engineering BT

3 XMES

4) FEIEAE

o AN FE I A R SRIL S Fh
Al HE 45 R
o fEafi A>1, A<I, B=0, B#0
o TEbA A=2, A2, X1, X<I
o A
1. A=2, B=0, X=4
B frace)
2. A=1, B=l,
(g 1%abd)

X=1

Software Engineering

o M43 R IR SRR LTS
BRI RERIME, JETS
BN A e B - Fho] g
[y 1

* 38 F 451

1. A=2, B=0, X=4
(B 4tace)

2. A=1, B=1, X=1
(VR f2abd)

Software Engineering

5 FMAGES

6) PHAITHE

* FEAREEAFIE AT S A T REAL A AT D B — K
* R

1. A>1, B=0 . A=2, X1

2. A1, B#0

3. A<,

B=0
B#0

5
6.
7
8

4. A<1,
* MK HI
1.A=2, B0,
2.A=2, B=l,
3.A=1, B=0,
4.A=1, B=1,

Software Engineering

X=4
X=1
X=2
X=1

A=2, X=<1

. AF2, X1
. AF2,

X<l

» B FEy T A AT RER 4R
o AR PR, WEREZHEDSL
g :

I 1
A B X B i AT
2 0 3 ace L,
101 abd L,
2 11 abe L,
301 acd L,
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BRI

FEABAENE U883 &NED

P2 2 AL 1

o FEXPRAEE, —ADMAREROTET, FlRas
TR IRE R, LB AREOT R K. DI
AE UM R S 2 P I P kAR, vk, AT E
TR FRIAR e 42 K 2 21— 5 IV L A

o FERBEAZMSETom McCabed H H)—Fh A £l i1
A, XF TR SRR L T BRI R I 4
W (flow graph) , FFFEILX L, REHE
— M RE P PTG (RANEARRRE , &E
NGB AR AT N

Software Engineering 19 BT

o PRI E d S5 AL, AR A LR . R
NSRS EAE O TR AP RIBFFAE A)) P2 —A>
FIEME Of BT REF PSR AR HIE DD W sl 7 B vh
AN, AR PREL G R T R R T R R D
WS A A P ) — 250, X TR AR B e 2 AR A
TR AT AU efz R (K — AN (SR o

o ¢ @y ody

B EBRN— M, RE-RSATALRPOLENRERR

Software Engineering B BT

EIRmU R TSR R PP R E A S A 0%
o WRFERAE TRE KM, IABBSR I
B A 10 1 AR AF IR PR I

a) FHEKM
HIRE AR

Software Engineering

b) AT N
PR © AR

HEE

o FRATIE G A 2 SRR A R A
RN —AN X, (region) , it
SR, ERANERE - AN —
X B, A E TR R E R X
A3,

* WAL TRTE T R R g — AN
A AT A 7 B B — A 2% A AT —
e, fEREF, Mmergaebas
— AR LR AR 2 T A B B
. EEAREZNEAR, MBS
HH R i ) XA

Software Engineering 2 T

B, x—/NPDLAEFFREAT I A BR AR IR, %A P Y
DhReRt: REZMMANME (LA-999 M4 N\ 45 AR &)
s THEALT 20 VE RN AR (RO R A ED
T SME, LA AR A BOR R A

HXIHCN6, BA TR HAR T

o B84%21: 1-2-10-11-13
* B84%22: 1-2-10-12-13
* B84%3: 1-2-3-10-11-13

¢ Bf84: 1-2-3-4-5-8-9-2-10-12-13
* #%485: 1-2-3-4-5-6-8-9-2-10-12-13
* #%456: 1-2-3-4-5-6-7-8-9-2-10-11-13
R ST AR B A 1

fii%: n = 5; minimum = 0; maximum = 100.
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BRI

PAR1:  1-2-10-11-13

o MAREAE: value = [ 90, -999, 0, 0, 0]

o TAHIZE R . Average = 90, total.input = 1,
total.valid = 1

BE2:  1-2-10-12-13

o R EHE: value = [ 999 , 0, 0, 0, 0]

o FiHALE R Average = -999, total.input = 0,
total.valid = 0

B3 1-2-3-10-11-13

o R EHE: value = [ -1, 90, 70, -1, 80]

o TSR Average = 80, total.input = 5,
total.valid = 3

#124:  1-2-3-4-5-8-9-2-10-12-13

o MRFHE: value = [-1, -2, -3, —4, —999]

o TRHAZE . Average = -999, total. input = 4,
total.valid = 0

#4#5:  1-2-3-4-5-6-8-9-2-10-12-13

o MARFHE: value = [ 120, 110, 101, -999, 0]

o TRHAZE . Average = -999, total. input = 3,
total.valid = 0

PA£6:  1-2-3-4-5-6-7-8-9-2-10-11-13

o MRBAE: value = [ 95, 90, 70, 65, —999]

* TALE R Average = 80, total.input = 4,
total.valid = 4

£

JUR B G IR

¢ RENWIEREFER - NEET, Ta2i%
JEREF? P AR F A AL B AR

o BEMBRARF O, R
BRI BT R IEH .

o BEMBOFRI M AT, AR AT
TR G AT

] O li >

Software Engineering

DR SIS FiRrS
2) AR
3) FEIRAEDE
4 PR K

Software Engineering s T

1) 254243 (equivalence partitioning)

i 52 S SR

o AW
= X3 A A A\ B A AN AT e
= SR R 3 1) A SRR P 1A i A Sl 7 B T
oy, ARJE MR O) i U BRI R =

B
= AR R 0 A BN B AA S HLEN R
* 55

» ENBE: A AT DUR BT =3 TIRAE N
SRS IERIB1ESTIRE
s AR SRS URAE LRG3 TR AR

Software Engineering 2 R

(1) IR A\ A E 1 RV el Bl A
B WATHARE — T REE AT SE

frk.
o L e TTE AT LA 30999047

= HREEM N “1< i< 999”

" BREM A “TE<LT Ko “Ti%999”
o 12 AR AVR21 ] E41]7

- BRSNS W54

. RN Hide— TR A % R

G4

Software Engineering




Software Engineering A
e SEAN R (80 B A )

(2) HNFMHE THNMERES, BoEM (D) Wih—MI A, ST §E 2 Hh
JE T Cabaitnger” %A, WT%E*Aﬁ mAMENSE, EEX B, RAMARNE

BEEN B — TN K AN RIIWE .

Sl “BBMRR G AR T A 2 Bt =AY, A B & — 0
o K ) S RTES e MEEMIE, EERX L, ﬁ%ﬁ%%ﬁ%ﬁ
RS DT S R
SRR DAREREIT B oot

(3 G TR 2 T 2 * i 3T AT EI999
Hon Al Al JUA T MK 1< TS 9997 — 777

R AL BT SR A, U RCRE S5
Kigk—B R

sssssss ngineering el BT

" LR
. “Iﬁﬁ<1” o 0
o “IH%999” ——— 1200

sssssss ngineering B BT

2) 141 7 X4 (boundary value analysis)

SLAE o B AR A S

o JEARE S
= 3 FHE RN A3 AR 3 A6 10 SHE K L s AT
» AT BEAG R 208 B A 7 v TS PR %
» ANUARIERI AR, AR 4 AR B R
F 1
* 55
= SN Sk E-1. 0F1. 0
» U3E$E-1.0, 1.0, —1.001F01. 001%%

OmRMMAFAIE 7 HUETEE, B0RME TEFRA 5
o LAV (932 7 P9 B A MG e e 320 5 A A B
» BRHIXTECR BN BN T RN KT
BRABAE I 1 -

o fil1: “EELEIONTELONJTIEE AN RIMELE, Hmp 2k
THEAR A ”
» BE10 /%50, &MEL10.01, 49.99, 9.99, 50.01%%
o B2 “HREAN AR 12 255ME5%, e ”
= ATHL1AN255, BN HLO F 256%%

Software Engineering £ T

LAE 3 MR Y SR U (582D

LA MR Y SR U] (582D

@B R REAN i 1 28 AT R 2 O %%
JE.

o BT TS R A RS IIBREUN0 R
1165. 2575”

= I[HY0. 00J21165.2. #&ATHL —0. 01/ 1165. 2655

o 2 IR RGEREIX “BRE BRI~
AZFAE ARG
= AT, B REORI5SE

Software Engineering 3 %

O hn R Fr R 158 B e 5 B A A\ B H s
MRS CGUBYSCE. R85, it
NV R DUR PP AR R — MR R — TR
(USHIEOEER

Software Engineering £ R
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BRI

3) HE RN (error guessing)

4) KK (Cause - Effect Graphics)

o JEAHE S
o S DN R R AE R L Ty 7% 5 Hh A
= X T B AT 55 A 1 SRR A )
o FlF1: X—NEFRRT, nlbR:
= HINE R
AN RE AT
= ST TR AR A AR E
= ENRCERHF
o BlF2: WRZHERRTRET, THE:
s RPRE AR
= ZKA2n
= XK HN2n-1
K0

Software BT

+ When
o KB SIS P A
» TR RNy T iE RN FAE T iR R RN 2%
RIS R A, HAKMRZE, At

HEMHE MK
* How
 HTRESRIZ), R CGRAZL AR
AR RS FE S0
= jHi| H R SR P

= I AR BT RE B W el — sk E R, AR
F 5 R B A — il BT 451

Software Engineering BT

Blan, A — B ERAN A5 MR UORE A B L
B, HARMAaT

AR HTFSRMRZ, S R A,

JEH cL: AL LA
N oy ) - C2: ¥ N2JCHH M
A URER A L TES S 0 S ORI 1 3 1 5 Ca g I
Ut BBESREET, &K AR, A T B
T B LA AL, AR ORHE ok o5 “4I” il
LN RRP AT, EE YOk R 1B 185 £ CA| 11: O
il Ny 12: S
ZEHL al:iBiR5 A,
a2k AR okl
ald:ikt “HE” KK
a4kl “aFt” okl;
IR = AR DR R B i R e R
1 2 3 4 5 6 7 8 9 10 11
cl:¥ANIT5H®ER 1 1 1 1 0 0 0 0 0 0 0
c2: B2 T o 0 0 0 1 1 1 1 0 0 0
@ e 3R “AIL” M 1 0 0O 0 1 0 O 0 1 0 0
- A “EH”HM o L 0 0 0 1 0 0 0 1 0
(@t o i CaR”HM o 0o 1 0 0 0 1 0 0 0 1
11: G 1 1 1 1 1 1 1 1 0 0 0
12: B 1 1 1 0 1 1 1 o0 1 1 1
e @ al: JBE5HBE T VARV
v a2:3%H “WIR” B v v
@) a3kl ‘T A Y v
@ @ ad: M “OR” W v v
(c) = @ 5
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BRI

A RIY MR ) 5 BT 1
HRE R IR B FIBETE— A 61

L ia 2 BRI 0 491 B T S

* NEWEOUERE, AR E D TS
o AN R B A% B ATAS SRS A2

HHIRE T B Wi Wk, MERHNT
L BTSN, BCART AR AR oK o BRI R S N, (AR R
2 BT/, & “S&E”  #EH “FSR” K B FF 44 -
3. BALGA, & “AR” A 4R R JEDR: N S BN S L e
do B ommE ok EL TR G IR S
e e e PRSEL IR E J )  4 RL P
AR PR OEA o BEF ORI HeTT, Bn— L
Wit = AR AT
o B PRSI, XS AR RS o Mk AEA
T =K. 5, s E, Dl o SR A
WA =GRS, S — R =M, b o SRS WG

HANRER I = AT -

* R M RGN B 1

o ML AR
* B3

DA S M= X

* FEMRZE R R
= SITIR. SRR RGN

o AR RS
 DREPEISA, ATEEPEIAA, PEREIINA. 5 A TR
W, TSR, AT

o JLAt I SR
S WK B R, A
i

o ANFZ IR I
= HTIR (Unit testing)
s E SR (Integration testing)
» KGR (System testing)

[ == |

£
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BRI

LeRILE%Y

LRILE%Y

Software Engineering 5 BT

o BITIHR (unit testing) , NARONEHUNK, 24
WA RS A B T (e, i fE, 20
HEAT B .

AR5

Cmmsa || mese |

Software Engineering 51 BT

BT — — A4 ?

FA TN A — — AT 00 A 2

o PICIKRA RN IEARIT, B RES N5 T -

= LU
 RE N HE A TE 15 L R IE A6 B\ A
= Ja e 45 1
RIS 17 G 0 SR PE ST O ST S 7 o R S e M
REUE
» TEFVEI T 0 IR B2 BRAL R O 7 O REIE AT
o VA | E

o PRAT ) G A ) BT ST B AT DU PRI A S e o (K P T )
ZBPAT K
= FRRAC B PR AT
o A R R AL B ER AR EAT I
BRI O EWREA

Software Engineering

+ When
e, IZEEAS ST 1 YR T e RE AT DU H AT S T
ik

= WATLARAT, RPIRIKEN A & ( test driven
development ) , TEVEAN T B SR S MG, 94
S5 TG 5 R A SRl Tk e s 41

* Who

= TR (E R LIRS,
BUGHE RO, RR, B 65 . ek
THEIRIRTA RO ERORT, Segh

FRATT i ARSIt 2 R ) B AR
4o
= PR/ AT BAK U AR — B R L R A

Software Engineering

SRR RESIWIIIE, WRBERIITR (TDD) JUnItHE 22
o AEHAREHSHKIUT, AREWEDI, 4fEEIEY junit.fram ework
295k KT TR 1] e
o DA MRISES OUT A3 B Ek, A etk Ren —
PETF R (AT B8 0 e B, 7 28 P ki B AT el )

(IFREER L E A, REAR SR s | | — | |
iR, 1RSI RIOEWIIC A . 3 i
o BB IRAT (08 A T B R XUNItRFURESE, Tewttenlt | Testcuse TestSuite
FIARIEE S AN 2> JUnit (java) , CppUnit ( s i
C++) , DUnit (Delphi) , NUnit (.net) , ey

PhpUnit (Php ) %%,

Software Engineering

junit.textui. TestRunner ‘ [ Jjunit.swingui. TestRunner

Software Engineering L%
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BRI

JUnit A FIHI (Test Case)

30 EnN

public class TestPerson extends TestCase {
/** A unit test to verify the name is formatted correctly.  */
public void testGetFullName( ) {
Person p = new Person("Aidan”, "Burke");
assertEquals("Aidan Burke", p.getFullName( ));
}

/** A unit test to verify that nulls are handled properly.  */
public void testNullsinName( ) {
Person p = new Person(null, “Burke");
assertEquals("? Burke", p.getFullName( ));
/I this code is only executed if the previous assertEquals
p = new Person("Tanner", null);
assertEquals("Tanner ?", p.getFullName( ));

}
}

Test case ¥ J& [ TestCase, 4> J7 i 1 S5 AP G 0 MK
MR ZE R Mtruelfalse

Software Engineering

I

3D EEN

BRAF SR A

o MR (integration testing) , MHRZHIEMINR,
TR ST R 2 sk, TR R, IS
W, IR B R A .

o BRI
=GR S5

o BRI B TR = HUE A EAR K
- EIE AP TIERROR BE, 57R T  HH FERVEN
BRTBEER o  XPRRAER EJR AR B T N R R ARE R
- A TE A S 05— A ST RS e LR
A AR, o e
- BT AR, (ETEEIBUNTE R MNEE -
o LR AR G R T A R B BRI, R UE L R
PR TR BB, ST A, WTTEE s AT BAIEAFI AR R AT S T
AR T
R H &R B ERR A

B R s 1

B BN X — — AT B 000 A e 2

o B RSN T
Miv Mov Mo Mgs Mos Myw Moo M

o AT R AR ST

Miv Mav Mas Mis Mss Mos Mow Mg

o BRI AR
Mgy M5y Mg M7y Moy M3y My My

Software Engineering

* When
 FR A A AR SR, AN B eI AT B R AT .

+ Who
» — A EH I H 28 B2 2R3 A AR ER el s Y
WARER T THEAT

SR A R

Software Engineering




Software Engineering

BRI

EXWURE X RLEES
+ When R BEIAEAR

Software Engineering

I

o R S AR R TE BT s AN R R GUEAT I — R 5
ik, BMNRGMIR (system testing) .
+ Why
= RGN H &8 T RAIE R G0 Bl L TR AL
+ What
= WA A AR T ARG AR D B, H AR Th R
FRGEMRME s, Blan: arEEdEIES. HEREINR. B MR
ATYEP IR A RS R PR
o ORI R — A KA LRGN — AN S, e R
B SRR G AL TR ERGEEK, KR ERE SR
LR G H Al e H Wi AR
+* Who
= RGN — R 5 T R T B DT R RIS 51 58, il
H AR TR DT =07 WL A

Software Engineeting BT

AT o A s

eI

* hRe el
o AR
* PEREIA

o Sy R
o AR PRI
o AT YESEN A

Software Engineering 2

o DMK (functionality testing) , AR A IERATEMNAEL
— IR, HH 2 DA SR TE B S A R Al A
A SR R AT B R K T RE Y B
EAMERLR, R et e MRS R B ARt —

HEERI TR RE

= AR, MR AL R BT RS B I IR B F
M4 RBKRIRE DT o

= EERAEMNR, WS —ANEOE 2 e REHETE

i
- SAPERR, WG BRSNS, DLER
BEBLI N D5 565 D oS S 5 LRVER 7

AHELIZRN B BLRGR A5 .
= DIRBARAHEIINR, DAL b BT i S e M SE R, i
R TER

Software Engineering T

CIETYERVIR%N

o Bilhn, A4S ARG AR GTI A
= LGB RLEAT Dh AR AR, B2 2 R P
) 25 FEAS LR 8 18 375
= fE ARG L AVENART, T P — M ey
ARG, SRR AZGE R 4L
- WAL PRAS RGE MO P 44 RIS S F SR A
WS R
- “HIR ARG, MBI SRS R RS
iR, W RGNS R R
< HERUARRE R, bR EE A4S R A HIRL
5%,

Software Engineering

o BARTTEEMEINR Creliability testing) FH BAISRLE i
W LR, AR PR R R E (O SR R e
BT, A S G FR A T S B0k K

it g

= ZRABMENINR, WS B I A e i R R e e
BRI R S A R A e g T

= SAREHENNR, MRTE R BT, R T R
SE HIPERE SR IR0 L 52 B R B0 0

= FTERME AR IR, U (00 L5 T 2 AR O ) L
2y, bRk g

Software Engineering




Software Engineering

BRI

PEREN X

* i, ASRGH ARG,
s ELLEATASRGI00/NY, HHERGIEH BT
(] o A T A LS, DL R R b S A1 24 F I
ARG RGEE . RNLERF TR, R4S R
GUREHE, RE IS RGR B IE R RIZAT,
R RE SN MR A2 AT, Kl e v e A 75 1A
BT T “HE” BdEsE.

Software Engineering BT

o MEAENNR (performance testing) AR F - 7E & 614 T
, AT SR SR, RS M RE AR
= BRI AR MSRTERUE S0, AT I Th BRI, 42
L3 224 f i 7 R AL B ) DA % 5 T R ) i
= WIRRI IR WRERE & E N, BT Tl RER,
i A S A M BRI RE S X SRR JRALFECPU, A7
. s,
'iégﬁﬁi%ﬁfﬂﬂﬁi TR A B IE T REAR SRR LT bR By
I RE ST o
o JESMAR (stress testing) , XARGREEMIR, &Pl w50
TNRIMEREIR . BB R R BRI 77 2R AT
ARG, VB RGHIEIEEREL T kB EmmA. L5
gt , KRB HIRZRE,
o HELHITEERE/E SR : HPILoadrunner, FFJEMIJmeterds.

Software Engineering BT

Sy I K

o il 4SHRGH RS,
= X HLoadrunner#t 17 B Zh4b M AR,  ARLIUAS[H
HEMIFRHF, EARMEHERENT, W
FA G 1) M) ] s ) A e P AR O

LA BT T
[ S

o SAPEIR Cusability testing) FH LLEPA 245
AR (BB WA SRE. SCRFH
FARS A RARE . WA AR R E Rk
» BEEARMEPLA, WA S R AR R R A IS L
U] B BRAE TR 1 A 55 RS FH S 1R

= BRI P R 2 S R AR

» BRI, KA P B R AR E R

= TR SRR, R 5] A R

» SRR, ARG 25 FTAHOG I RIL) . FRitE
AR R BE R B

o Gy B ERT AR FASAEL 7 10 5 ST, T A
I FH HERAEAT FoRIIAT

Software Engineering T

Software Engineering

AR AE I

o Blhn, 4SHRGEH) S PRI,
= U5 P it R I S
'@%%%Aﬁ%&Fﬂ$%E%¥w%E§¢ﬁ
%
= PR S T ) XURS A 75— X
= {5 R A S 7 AR
= R TR LR L SRR R B A4

Software Engineering

o ABHIEMIR (portability testing) JH LA R4t

M—FhIREEIERS 3 55 4h— PP EE I RE

= ERLHEPINR, TR U T R A ME shak T B vl
& M ASF 4R € BN fE T

= B RBEMEINR, MR A P e 2R I R

o SRR, MR A LIRS [F) 5 H A AL B
T AR A LA e ST o

= GEBMETR, WRRERFERSET, BRI
I F e P48 s A= T R RE T

= FTRSARLPE A AT AR, 0 A AT T R A A G 1Y
L ARAEEER R

Software Engineering




Software Engineering

BRI

A AESPED

o N, ASRGIP) AT FEAE P,
= ZESTHFHIMS WindowHILinux P Mgl R G E
WA b, W LA AT AS R G 2
» HHIE. FirefoxZ5 2 ANRRA K Ui 25 #1 Ae 1E 5 Ui
ET8
" BEFI L2235 IOMS OF fice 28 iR 3E7E
= [ A BT AS ARG 19 22 2 SCRY AT 4R L 0% o

o 4PN (maintainability testing) A LU %K
BB HIRE S, AR IE. Solt B IR
SR IE N
= SRR, MRS W iR B R AR R 8RB AR B

AT IIREST

» GEEEERLR, DR E RS T LA SR 7T
= FaE LA, A S R TG SO I R b R
fit 1.

= SUARMERER, MR CE SR RE RN RE T

o HEP AR AEERIR, DR ARG AT 4R AR DG L . bRt
BIEHIRE ST o

JHC Al 00 R g
o R BT AEY R T 2 R i R R R * SN

7V
R YES PR R A R, T
RITE. REEREMATRIE . JEMAID A SREG AT
PIER A ASH TS SEL A A
n PR R MUBGEOR, AT MRS R
BAE . PYSRBZEN  FERRACRDAT RO i L
v SRR TS AE S AS B T A1 35 S B A
s AR AT G R

o a PR B P
* AP
* [A[EI

S

ol 1A Bl X

o EFXF R BB

o FHBIWCR (acceptance testing) , fE#fiE— Mk
FER I RGRBRE HIBEN, /&P B
2 A S AR R A 28 A TS 4 2 ML R G 11 I A

o BRI ECR DU P R IS, B I AR
FPEHEAT, (B AnZE AP A AR T DATE FF AR HLA P A5 4L
P EREL T AT

o T H 2820 971 57 20 20 S ZH AT B L USSR B
AP AR HRER TH H S A . S0
P E. (TR 5 CHRBCERTERDY XA B
HEAT R

Software Engineering ® R

o EFXHEH T

o a PR AE B AARVERREEM . ETT R
W, WP RE BT TEATHRI GEXHD . T
J R TTIS R B AR A RSB, Rl a
TR — A SZAE IR T HEAT o

o BB B P AE— B A AP R R HEAT IO,
R LA T R A BB —HA AR
JAIH B A S AR AR 2 T MR U,
ACR T I AR A DL ) R A ] A 2B St R, iR
BT R -

o BINRE a MARAFIRIAZ, B BNy T % 3 d 7 AN E D
W, B R, RO DT R E A GRS 1

conmeciodit T “TEET” WA, e




Software Engineering

BRI

22 I

[ 93X Cregression testing)

o 3, (installation testing) FH PA#f
TRAZAAE &M, SRRV
CHRNGOLT, AR 2
» FARLEE TR B E XL

o BR T A, ORI P R L
KMAIEAE YR, XL EAE TR TR .

* 4T PRIERATIR T B 51 HERT IR, B4l
P8 73 1y 2 52 DA R e it

o FESRBG . BRI IE S I EDI . IS ATT A
Ja BIRACI AR 3 H 2 [0

o [EHINKAT BLF AT, ] DURE AT B s A el )5
DA TH CORIIBEMIK TR o B TR AR
TP TREITRENS R B PAT L M, SRR AT
) gl sz

o[BI BUR FE T AT T PAT R, B X 52
SN B AT AR AT SR AR RIS AUOORHE B
BB 2y HEAT BRI NS

vvvvv

Software Engineering

SR VS5 A 2
* HPHJQTP o
* FFEAselenium i Uﬂﬂlﬂ‘ﬁﬁﬁ

& absin - Selervum IDE1.3.0" = e S * ‘{I}_\[”‘Lﬁ*ij(
-| * Mg
_ bie o PRI

* BRI

Software Engineering 8 T

AL 2

D alat-d

MR FG SR HE

KTt
RO BEELMR)
WRTF R
Y

ST 4=
RIS, ERER, Aew O ADUT

N

MR Bt

PR GRITRIA, HEFIRENRRE)

* T H 1)

o MAX R

* MAvE

* SRR G

o TSR mE AR
o M 72

» B

‘5 i gﬁ BT \‘ > \\ ‘ YK:/\
ool T R i
BT BRI R AL B R e T * WATFAG SR
SRRFH] . TR TR R AR T R 52 T 47 NN
o BT R AEE 8PP 5 U AT o MRS AT e %
Software Engineering 8 P Software Engineering 85 P




Software Engineering

BRI

THAE IR b

2) PR Bt

o LEDK TR AR T A6 0 b
* JHhR I & bt
= i B AR

o (55 Wit H 41
* MRHB (test case) 4% —EIFHATH
5k B ARAH G — RN . HFEHNE
(kT
s {iE %M (Pre—conditions) Optional
iR FI N (Test input)

» W S (Observation Points) Optional
= Pt (Control Points) Optional

s HEHZER (Bxpected Results)
5B %M (Post-conditions) Optional

sssssss ngineering 4 BT

Al BRI SRR

3) MERTF &

XX XX A XX XI5 H W 6] XA ek 18345 . YDDZ2000-SYDAS2000TPO2
TiH %% : SYDAS2000 WH AR XXX EHae /G MRMTERRA S : 2.0

TERGATIN: xx TR FLRY WA B BT BT ). 2001-03-01

1-1 FpEE

1 i
il=il

¢ (155 FFRMARIIA . HEFI IR B H

o MEEA (test seript) RRA EFRIEEM
B ES, EMRHAT B3 LA
R, 8% DLSCHE R RAT

Software Engineering 8 i

4) PR AT

BRI

o 4155 PATIAA B
o Xt F
= DR e S v A A 6 T TR AR TI,  J
FRNEER . WG R R I .
o X T E SR
= AR A K TR, IR VR TR ST
WL
o OB HRICTE . BRIEIRE

Software Engineering % %

s NAESE: SRR, 238, B9 KIN
], RIN, BT S e, IR
* BRBESEL
"5 KA RS B BIR
=A% AR E I HR IR
=34 RHEP-HRHEARRIZT, TIEEN
=24 PEEIR-RREARRIZAT, AT
= 150 USRS IR, REAEFY)
=0%%: BMM-—RINLKEIR, PFEHSE
* GRIETR T I8 ORAFAE BRBE ERER R 5t

Software Engineering o s




Software Engineering

BRI

P R R R 5) PMAPFA
o o SEE PRI P B BRI AT, LUk
AN [ BB AEIAP IBE R, DU rBe

(v -0~ - € - €D

. - P

| HTL

|

Biln: IR FbugzillafMantis 14

FZ I RIPAT I SR

o P  BE s R s DL DU 41 3
R WRAESIR SN H s — 8k, ok
PRI Rk, e R 7 7 Z AN TS
AN I B [ V03

* I AT PR e ) A RTR A 11 A 1
UL, A&t SR A B

2 b It

o LR TR A oRE 28 1E 0B A
o Z B I R bRt

* BeIMERAF 0 2 AR AR IR
* WA

« BRI EA T, FAMSE > T o T 5
0.01% Sl
= 100% X7 i B »@@@ga%
« BRI T L WA
o ki 72
*» MG R
* GRPGIE
e
UIRENES e et SNV R =]

o WERAMEUE SR, e R R, B AR
BRI REA LA HE PR A
* JER A A
= BRI AR
= BRI (KLOC, THAEAD
o ARA ., AT AR &
= D 1]

Software Engineering % R

o DU AR AT R 4 S BRI K
o BRI A R R K
o WREEAS DA Ak
= JUrh R B T ERIER IR R ILI 4
M K 25 R L S e 0
o BREEHERR A Ak
-Mg*&E%é%%@ﬁHWﬁ¢ﬁ%%é%ﬂ
ek
o ML B Bt ek
= e K B A S R B/ AE AT A K 1

Software Engineering o7 R




Software Engineering

BRI

TR EZ B SRR (82

I S

o BREAEETE = BRBAEL/ AT
S TE
o R TR
ST 7
o T
- PR %
- DHETE R
o BRBE AT
o BRI (B3
o B — ]
- FERRIETFRAL
- el
- Felk A

Software Engineering BT

o Wikt - R RIE B

o MAKABISCRE - R BT B

o g MElicst - ERSIATE B
o Wik - ARG

Software Engineering BT

TR ) B

AN

ﬁﬂﬁg 4R BRI
1 3

HiE P
Wikg R
|

5N EpEA

TRt -
TR Bk

—

AR

* LR

¢ MIAHA

* DTS

o ML AR
e EFHLIRA

. &
AR fH AT T A B R

o THRM
= LI TR, R AT A
= PEREN BT A
= DyReik TR, BEEAIR T A
= GFEERER TR
= DR A R TR
= WEE R T A

u AT

2k
o TH™5

= HP Mercury:
= [BM Rational
= Compuware: QA Run, QA Load, QA Director --*

= Freeware: JUnit, selenium, Jmeter, Bugzilla -

WinRunner, LoadRunner ---

o P RITH

o SRR RS H

» BERG B EhG . HB AT RS

* [

o ZREEKIPUIESITE, ik Redlut
* it BRI AT IR

* REIGUI AL 55 e At D B s AL

Software Engineering




Software Engineering

BRI

HatEil T AE A B3

H A I Bl iR X

o SERIRITH - RPERD
* T H JE SR JE 0 T H
bS5 R 2% (X B

« EM. AEE HHTENR
o MR D izty

* BAEAFE

o WRYEAZE,

o WIEE 3 A4 I R T 9K
= e HAEE H AR AR T T,
R R BN T
o HAEE H i R B0 K & I e
s HYNEITS G ZE, B SR I LR
K R IR 2 [RB I e 8 1% 2 T Tk 5 22
Hi. WAL S James Bachm 47 85% [ H G S
FILRB, 1mESINR R 58RI 15 % G .
H 34k e 8 IR AT 1 R I 2 BRI

Mk E

H eI X (8

s TEAGARARERT)
s THETDRETH, mBl—S@muEds., fk, 5
TSR M, B S TR RN )
o PR, AL AR
= AL INKIOHEST, ARZ M), HmALE R
B, RERSLXFERINREIBN, 2SI
HIHARACT, 3 TR 45 TAE R B R
(K, A A AL 2555 [ UL 5 JE




Software Engineering

BAT A GED

‘ Shanghai Jiao Tong University

H
i

®R A 152

o BRAEAL B R R A A i ?

o AT A D ?

o BRAFLAEY RV S OT A AN B BBk 2

o AT R RBEBOAR R4 7 W ORIEE R

Ih?
Module: XA FI 4t i
A8 R TR
A AL A 4 AL P PR R S A 1
o RAEE A o AL RBLSCH FOKIER @, RA B
o RAEYES ARERFE.
¢ Lehmanil Ay, Bt A R 505 4B 15
KB INE, BAHFTREARELA
A0 LI N IR B AR
o B N B St e ) 8 2 1) 5 A 2 1) ) L
R, B WEYR— M i, Bisz 5
EAWEAR), R, AR A
@ 9= M B
BAFE AL AT K SigiT itk

o 2R AFE L (Software Evolution)
o AR R T T R RE R — R AT N, B R
Az Ay B A iR AR A R LTS BT
o A AR B, A A T 2
KAk
o O —ANHTR AR, BRI B — AR AR
TMEKRIFURSEHE, SR 30%
" BT
o NHREYES (Software Maintenance) , ¥t %
GEASAHEF UG, AT B RS B A2 B 1 7 B 12
SURPERIE RS, SRR A IR I R BRI 5R
S, S BAEEAGI70%,

Software Engineering s b

o FEAEGIAET, B TR R R R A

o ERZEIEET, TP SBITEAC 2O AR
Pl IFAEFERIIES, BT IR SRR R
s BAFRRAS AN 2

ERPEM BpALE

7 L Fraiwie - - E{TRIL ~
i FERE g < EIR R
\ am%/ \‘ scﬂum/

Software Engineering [ %

11-1




Software Engineering

BAT A GED

Lehman )8 5% B A1 Ak 76 )

* (L97A)FFELAC TR o AT AR Skt , 753 Uk
DA EA S NI

* (1974) S IR LG VEN] . BRI SR A EREE AL A
WG, B AR RISt i 2R 496 DR BB S 2 M

* (1974) HHTTEN . BRAFROIEAL AR W] LA E Zh i 1Y
PR AR AR, AR IERR A

* (1978)AHAE I . FERAF A= A, 40
BT HIT AR E W -

Software Engineering 7 e

o (1978)IEIRIEM . B PAFRIRIL, PraMRAs (i
TERNGL BN P A R 24 SAR AR A
BT A, DMEEREREREAROR . SR B K
SHI S0 L A AT RIS R R 1)
[LibE =

* (1991)DhRERF S AN o FERAE A dr i e, Bt
THREAL RSN, 75 0 FH P Bt i P P I

* (1996) 5 TEIRIE N o IR BA T B GRS A S
A B NS AT IR, A TR SR R

* (1996) B ALEM . FAFEMLER DL RN, 296
. ZRARMRBRGAR T B EAREARA & BRI
i b3 B B SO O B UK A BEAT AL

Software Engineering 8 s

AT A AN GG

AT vkl

* BAFEAL
» BAEgE

« HRIMELERKN, W4T 284 TS
BYHFET RGBS, IR 23 A A R4
PRI TR B 7B A A7 B B U
140%%170%, H 1A% T 90%.

* B RGEAT RAUL IS 1k, K2 E M
TERTHIT 3% A 5 RE RN R B e in) T, 5
AT RN RARZNANE . SO TEL .
S IR KA ) R, X B ] S S 4 P
TE BN ] 518 2 AN Wi

Yy

YE IR 7] 7L

204
BURE) | BEgE | Sk
ety [2UHEEgED EREYE

o A4EPEZ4EY (Corrective maintenance)
o TR A R T R B
o SEHEPEYEYT (Perfective maintenance)
w AR FH A G R R R v ) — e g i v LT
BEAT I 45 B)
o EMNELEYT (Adaptive maintenance)
w SRYIE N IR (1) AR T 8 DR A 35 B0
o TP LS (Preventive maintenance)
=N T R EGEAY R G RAT GED AN AT SR
o I UL A A B A

ngineeri B

o

ooooooo

o AR (Limited understanding) , Xl AJF &
AT 4R, anfal OE B AR AR T IR B A
B R T 2

o ERF4E I FE P KRR EENR, FerfFEST.

o R AR OB DAEUR BRAS LI, AT dE AT fE 2R 4k
P AN e A 8 4T ?

. fﬁﬂﬁéﬁﬁy L) o B XA A7 BE BT HEAT 1 A T

0

o UALFE FF R H BRI A A FA T 4 b

= G4 irtE (Analyzability) « 5t (Changeability)
FasEtk (Stability) F15Mt1E (Testability)

11-2




Software Engineering

BAT A GED

HEY A

FOMAYES A A 3R

 YEPR AR AT 5p
o PRI S, AHTRO. B, HS RS
*CARAEFEEES) 0, R IIREIAR . BORAERERE,
VR AR RE SR IR 53 472

o YE3 TARRABI

M=p+Ke™

ISR (G

s R TR

" K: R

= e AR

SRR

= d: YEN GO B AR

Ll ==
200 XTZ

o BRAEIREE: AR
= PR REEOR . SRR R SRRSO, B
RE TG, B i A A A BB K
» BRI RO RN RS, RIS
AGRRETE FRPUERE L, AR AR A
REFEB R . REIRGE, 7 Sh AT SE PR 22 AV R
A, PRSP R A AN AR R A

Software Engineering e

Software Engineering

YEy iz

o FESZHE (Process Implementation) o 37 4Ed i A A
REHAT THRIRAR, AR TR, AR AR
P NS D ¥ T N 2t 7 N =R = 22 A

o [HEAES S HT (Problem and Modification Analysis) .
TEAB SR, B HTE SO R R, DA B JEx 20
2 BUT RGAEE D RGN, SRR R UOHE
FROCRY, I AT B AR R T R

o &Sz (Modification Implementation) . ¥ T+ &IA1 7
i%%ﬂﬁﬁjﬂ’ﬂﬁ%iﬁ\ PR, AT ISR A B0 E T

LEE

Software Engineering

Software Engineering

BAFYE R

o YEPTE HE (Maintenance Review/Acceptance) o Xf
LIRS AT IR, AR R A S MU IER R, JEE
T A S A P AR B P 7 e A oA P B SR 8 A o

¢ iTF (Migration) o TEHCHFINAAE A IR, a0 %24
TIER B —SHEAEE, MNHETIER R, @ A P IR,
PRAGERITI. TR EHAEL. W 8 i
VEA TS IR FREAT IHER A R (A . (EIE A S
R, IHFRERETIR L 0] LLIRATHET AR, DAMEPROER F
BT

+ JBf% (Retirement) . #fF—BAERMALEZAY, SIAUR
1o IBARET, ZEHDERATHR @R R, IRAHB RS
Y SR BB SE ARG AT IR A AEE 1
VAR, FEREIRA T RIN, BEAHHRZ M BAR, YeE
SRR AR TS AR AR AR B B A R

LEE

o FEFrHR g
+ i[5 T2 (Reverse Engineering)
+ T/ (Reengineering)

Software Engineering T

Software Engineering

11-3




Software Engineering

BAT A GED

e B

i) TR

o B IR TR R RS — LN BT L.
o P BRI 1L SR O o3 AR 48 o S 2 TR 9%
A, RRAGHARGAMZ R EHRER, SE
T BE AT S FH AT IR o
s B BRI, Wi R E =N
B— I TR IS, BEHRAY, 1B TR
R B
o FEFPELRE TR
o SETRT AL TR, BRI A4, S
Jorp RS, A AR R IS e S A AT L D (5 R
T CAELOLHE g SRR R R R L 15
o FBNAED PAU AT, YR ARSI A 46
/AN B AR

o U TRER TR, RS0 R R 2 s B A
HERFR, DEENHISRZEVCRZIE SR A g,
HABE A AL, WAF= AR

o Wi TREEES AT
» EHOCRL (redocumentation) : AMHTERAE, HodEEIR AL

BAFHII SRS .

= %t S (design recovery) : MACHE il & R HHE R
= ML E (specification recovery) : Hrtt, SR
MG R

= Hf4 (refactoring, restructuring) : fE[R—JhR % 5%k
AR, A SUR A AR D) hE

= FEi A TR (data reverse engineering) : M A4 #L
PP REGE AR, sk R A

Software Engineering 10 e E Software Engineering Pr:
I:[ A j‘ A /\
BT e

o PRLFERAE A TREHTIRAG Bl BB O EE M 2 1K
iy PEAEABRAR R R, e TR SRR T
TR EER, FEF RS E PG A HIE X,

wR ®it LB
-— <
BTH YA Rt

Lf i}
Cfﬂﬁ @l‘&‘.‘ CW, @H‘.‘ S XH.

g ]

o —ANRBEE - ANRBEHHENLARS, H TN
EHTHFARBIR TIER. ZR4%: CO4#H
T 254, ‘&K HCobolgs bR T it HARIT &,
HERAEEEEE; CisfrfE—&IBMENLL;
HB0Z Vi TG, ZRGCA#TEZ B, B
B ERIBo, WA REEN, AT g
AN . IR BT XL ), KA R T [k
REFERMSA, ERAENRE, PRGN
90%LA LM THRZHN, FEABE RGHISLI.

o U] J5?

Software Engineering 2 T




Software Engineering

Appendix1 UML C++ Map

Center for Software Engineering “—
Shanghai Jiao Tong University il A

Mapping Representation: Notes

B TR
Appendix: UML to C++ Mapping

P A8 RS TR0 httpi/fese.sjtu.edu.cn

/I Notes will be used in the L°
1l rest of the presentation
/I to contain C++ code for
/I the attached UML elements

class Course
Course

{

public:
Course();
~Course();

‘Software Engineering 2 BT

B WEER RS IEM

Visibility for Attributes and Operations

Class Scope Attributes and Operations

Student

- name : char*

f+ ile (1 lle: Schedule, : Semester)
[+ hasPrerequisites(forCourseOffering: CourseOffering) : int
# passed(theCourseOffering: CourseOffering) : int

class Student

public:
void addSchedule (theSchedule: Schedule, forSemester: Semester);
int hasPrerequisites(forCourseOffering: CourseOffering);

protected:
int passed(theCourseOffering: CourseOffering);

private:
char* name;

I

Software Engineering 3 s

class Student

Student

- nextAvaillD : int = 1 public: )
static int getNextAvaillD();

+ getNextAvaillD() : int

private:
static int nextAvaillD = 1;

‘Software Engineering 4 BT

Utility Class

Nested Class

* A grouping of “free” attributes and

operations
<<utility>> (class MathPack L
MathPack public:

K _ static double sin(double angle);
-rgr}domSee_d ilong =0 static double cos(double angle);
-pi : double = 3.14159265358979 |----4 static double random();
private:
static long randomSeed = 0;
static double pi = 3.14159265358979;

+sin (angle : double) : double
+cos (angle : double) : double
+random() : double 13

void main(void)

o myCos = MathPack::cos(90.0);

Software Engineering s HET

+ Hide a class that is relevant only for
implementation

class Outer

Outer public:

class Inner

/ public:
Ve Inner();
s ~Inner();

Outer::Inner Outer();
~Outer();
h

Software Engineering ] T




Software Engineering

Associations

+ Bi-directional associations

class Student;

class Schedule
,,,,,,,,,,,, {
Schedule public:

Schedule();

~ Schedule();
private

Student* theStudent;
h

#include “Schedule.h” N

class Student
Student [F===="T- E,ub‘.c;
Student();

~Student();
private:

Schedule* theSchedule;
¥

Software Engineering 7

Appendix1 UML C++ Map

Association Navigability

+ Uni-directional associations

class Schedule

Schedule

{
public:
Schedule();

~ Schedule();
¥

#include “Schedule.h”
class Student

-
public:

Student

‘Software Engineering

Student();

~Student();
private:

Schedule * theSchedule;

Association Multiplicity

CourseOffering

0.4 primaryCourses

Schedule

class CourseOffering

public:
CourseOffering();
~ CourseOffering();

‘Software Engineering

#include “CourseOffering.h”
class Schedule

public:
Schedule();
~ Schedule();
private:
CourseOffering* primaryCourses([4];

Reflexive Associations

LT
#include "Company.h"
class Professor
Professor public:
Professor();
instruct ~ Professor ();
instructor private:
CourseOffering* theCourseOffering;
class Professor;
class CourseOffering
) {
CourseOffering ---- public:
CourseOffering();
~ CourseOffering ();
private:
Professor* instructor;
Software Engineering T T
alternateCourses class CourseOffering; L\‘
0. N class PrimaryScheduleOfferinginfo
{
Schedule primaryCourses | CourseOffering | | public: )
o 0.4f 1|~ Offeringlnfo ();
- - const CourseOffering * get_the_CourseOffering() const;
void set_the_CourseOffering(CourseOffering *const toValue);
private:
const char get_Grade() const;
fo void set_Grade(const char toValue);
—1imar char value = I';
- grade: char = | CourseOffering *theCourseOffering;
Design Decisions //
Y
/
7 altEmaeCgurses
0.* /.
Schedule primaryCourseOf rimar 1leOf
1 0..4| - grade: char = |
Software Engineering 1 T

prerequisites
0..*

Course ko

class Course

1.

public:
Course();
~Course();

private:

b

UnboundedSetByReference<Course> prerequisites;

Software Engineering




Software Engineering Appendix1 UML C++ Map

Aggregation Composition
class Schedule class Schedule
{ {
Schedule public: Schedule public:
Schedule(); Schedule();
0.* ~ Schedule(); 0.* ~ Schedule();
b b
#include “Schedule.h” #include “Schedule.h”
1 class Student 1 class Student
77777 public: public:
Student Student(); Student Student();
~Student(); ~Student();
private private
UnboundedSetByReference<Schedule> the_Schedule; UnboundedSetByValue<Schedule> the_Schedule;
Software Engineering n s Software Engineering u s
Generalization Multiple Inheritance
#include “Vehicle.h”
GroundVehicle class GroundVehicle

class WaterVehicle :

+licenseNumber: int virtual public Vehicle

{overlapping}

public:
int licenseNumber;
void register();

+register()

rtual>> <<virtua

Land
Vehicle

#include “LandVehicle.h”

Truck class Truck : public GroundVehicle #include "WaterVehicle.h"
+tonnage: float public: class AmphibiousVehicle :
N . public LandVehicle,
+getTax() float tonnage;

private WaterVehicle

void getTax();
%

Software Engineering i

T Software Engineering © T
Abstract Class Parameterized Class
Animal class Animal
{abstract} public: . | -
i i -0 emplate <class T, int n>
+alk() {abstract} ;vmual void talk() = 0; cIast) Sot
{
. public:
- - insert(T) void insert (T anElement);
#include "Animal.h" remove(T) void remove (T anElement);
T ]
Lion Tiger class Tiger : public Animal ¥
{ <<bind>>
+talk() +talk() public: | <float, 100>

Tiger();

~Tiger();

void talk();
¥

#include “Set.h”

typedef Set<float, 100> mySetOfFloats;

Software Engineering o AT Software Engineering 1
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Interfaces and Realizes Relationships Subsystems
<<Interface>>
Serializable
o—] <
Z} <<subsystem>>
! ICourseCatalog CourseCatalog
|
<<entity>>
Schedule

Software Engineering 1 T ‘Software Engineering 2 P
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Mapping Representation: Notes
Il Notes will be used in the L
Il rest of the presentation
/I to contain Java code for
/I the attached UML elements
Course public class Course
Course() { }
protected void finalize()
throws Throwable {
super finalize();
h
Software Engineering 2 s
Visibility for Attributes and Operations
Student
- name : String
H Schedule, forSemester: Semester)
i+ hasPrerequisites(forCourseOffering: CourseOffering) : int
i# passed(theCourseOffering: CourseOffering) : int
public class Student N
private String name;
public void addSchedule lle; Semester ){
}
public boolean
hasPrerequisites(CourseOffering forCourseOffering) {
protected boolean
passed(CourseOffering theCourseOffering) {
}
}
Software Engineering s e

Appendix2 UML Java Mapping

Class Scope Attributes and Operations

class Student
Student {

private static int nextAvaillD = 1;
- nextAvaillD : int = 1

public static int getNextAvaillD() {

+ getNextAvaillD() : int }
}
Software Engineering 4 AET

Utility Class

+ A grouping of global attributes and

A

Operaﬂons import java.lang.Math;
import java.util. Random;
<<utility>> class MathPack
MathPack

private static randomSeed long = 0;

private final static double pi =
3.14159265358979;

public static double sin(double angle) {

-randomSeed : long = 0
-pi : double = 3.14159265358979

+sin (angle : double) : double return Math.sin(angle);

+cos (angle : double) : double

L.
+random() : double static double cos(double angle) {

return Math.cos(angle);

}
= static double random() {
return new
Random(seed).nextDouble();

void somefunction() {

o myCos = MathPack.cos(90.0); }

‘Software Engineering

A2 -1

Nested Class

+ Hide a class that is relevant only for
implementation

class Outer
Outer public outer() { }
class Inner {
/ public Inner() { }
///
%
%
Outer::Inner

Software Engineering
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Associations
+ Bi-directional associations
/I no need to import if in same package —
class Schedule
Schedule public Schedule() { }
private Student theStudent ;
}
class Student
public Student() {}
private Schedule theSchedule;
Student }
Software Engineering 7 LT
Association Navigability
+ Uni-directional associations
class Schedule
Schedule public Schedule() { }
}
class Student
public Student() {}
private Schedule theSchedule;
Student
Software Engineering 8 T
Association Roles
class Professor
{
public Professor() {}
private CourseOffering theCourseOffering;
Professor }
instructor
class CourseOffering
public CourseOffering() {}
CourseOffering private Professor instructor;
Software Engineering 9 T
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Association Multiplicity

class CourseOffering

CourseOffering

{
public CourseOffering() {}
}

0.4 primaryCourses

class Schedule

public Schedule() {}
private CourseOffering[] primaryCourses =
Schedule new CourseOffering[4]
Software Engineering © s

Association Class

alternateCourses 1 No need to import if in the same package

class PrimaryScheduleOfferinginfo

Schedule

public PrimaryScheduleOfferinginfo() (}

public CourseOffering get_theCourseOffering(){
return theCourseOffering;

public void set_theCourseOffering(CourseOffering tovalue){
theCourseOffering = toValue;

Primarn 1leO

}

private char get_Grade () return grade; }

private void set_Grade(char tovalue) { grade = toValue; }
private char grade = I’

private CourseOffering theCourseOffering;

}
Design Decisions @

I grade: char = |

— AErateCyurses
0. et
Schedule | primaryCourseO! Primar
1 0.4] - grade: char = |
Software Engineering u [
Reflexive Associations
prerequisites
0.* import java.util.Vector;
Course class Course
”””” {
public Course() {}
/I The unbounded multiple association
Il is stored in a vector
private Vector prerequisites;
}
Software Engineering 12 W%




Software Engineering

Aggregation

class Schedule
{
Schedule public Schedule() { }
private Student theStudent;
0.
1 import java.util.Vector;
class Student
Student -—--
public Student() { }
private Vector theSchedule;
Software Engineering 13 LT
Composition
class Schedule
Schedule public Schedule() {}
private Student theStudent;
0.* }
import java.util.Vector;
1 class Student
{
77777 public Student() { }
Student private Vector theSchedule = new Vector();
}
Software Engineering 4 LT

Interfaces and Realizes Relationships

<<Interface>>

Serializable interface Serializable {

}

|

|
<<entity>>
Schedule }

class Schedule implements Serializable {

Software Engineering 15 HET

A2 -3
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Generalization

GroundVehicle class GroundVehicle

+licenseNumber: int public int licenseNumber;

public void register() { }

+register() }

Truck

class Truck extends GroundVehicle
+tonnage: float {

public float tonnage;
public void getTax() { }

+getTax()

i

‘Software Engineering 1 i

Multiple Inheritance

In Java, a class can only inherit from one
superclass. It can, however implement
multiple interfaces

<<Interface>>
IVehicle
<
NN -
Land
Vehicle

_|interface IWaterVebhicle :
- implements IVehicle

- {

class AmphibiousVehicle
extends LandVehicle
implements WaterVebhicl

‘Software Engineering B s

Multiple Inheritance (continued)

<<Interface>> <<Interface>>
ILandVehicle IWaterVehicle
I | I |
L ] L ]

A
|
|
|

LandVehicle
I |

<<Interface>>

In Java, a class can inherit

from one superclass.

It can, however implement
multiple interfaces

Software Engineering 1 T
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abstract class Animal

Abstract Class

{
public abstract void talk();

Animal

{abstract}

+alk() {abstract} }
f Zi class Tiger extends Animal™|

(public Tiger() {}
public void talk() { }

Lion

Tiger
+talk()

}

+talk()

Software Engineering

Parameterized Class
Java does not support parameterized classes
Set -
insert(T)
remove(T)
T
| <<bind>>
| <float, 100>
Software Engineering 20 WEE

Subsystems
o— <
<<subsystem>>
CourseCatalog

ICourseCatalog
!

/
|
i
/
/
/
/
]
i

package CourseCatalog;

public interface ICourseCatalog {

public CourseOfferingList
getCourseOfferings();

}

Appendix2 UML Java Mapping

Software Engineering
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gbl Should this note be deleted along with the related code (getCourseOfferings()

CourseOfferinglList)?
ghastoky, 2004-6-18
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Class Scope Attributes and Operations

B TR
Appendix: UML to VB Mapping
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‘ Visual Basic does not support the

Student .
semantics
- nextAvaillD : Integer = 1 "~.| ‘of attributes or operations with class
" scope

+ getNextAvaillD() : Integer ‘ (i.e. static)

‘Software Engineering

B WEER RS IEM

Mapping Representation: Notes

‘ Notes will be used in the rest of the
‘ presentation to contain Visual Basic
‘ code for the attached UML

‘ elements

“ Course.cls - class module filename

Course |-
Private Sub Class_Initial ize()

End Sub
Private Sub Class_Terminate()

End Sub

Software Engineering 2 s
Student
- name : String
m Schedule, forSemester: Semester)
i+ hasPrerequisites(forCourseOffering: CourseOffering) : Integer
# passed(theCourseOffering: CourseOffering) : Integer
\
\
\| *studentcls - class module filename
\
Private name as String
Public Sub as Schedule, as Semester )
End Sub
Public Function has? urseOffering as CourseOffering) as Integer
End Function
Private Function passed( theCourseOffering as CourseOffering ) as Integer
End Function
Software Engineering s e

Utility Class

+ A grouping of global attributes and
operations N

Classes with the <<Utility>>
stereotype have no corresponding
semantics in Visual Basic.

<<utility>>
MathPack

-randomSeed : long = 0
-pi : double = 3.14159265358979 |-—--4

+sin (angle : double) : double
+cos (angle : double) : double
+random() : double

‘Software Engineering

Nested Class

+ Hide a class that is relevant only for
implementation

Outer

Visual Basic does not
support nested classes.

Outer::Inner

Software Engineering

A3-1
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Associations

+ Bi-directional associations

‘ Schedule.cls &
Schedule Public theStudent as Student
1
1 ‘ Student.cls B
Student Public theSchedule as Schedule

Software Engineering

WET
Association Navigability
+ Uni-directional associations

* Schedule.cls

Schedule
* Student.cls ]
Public theSchedule as Schedule

Student

Software Engineering 8 T

Association Roles

* Professor.cls

Public theCourseOffering as CourseOffering
Professor

+instructor

‘CourseOffering.cls

Public instructor as Professor

CourseOffering

Software Engineering

A3 -2

Appendix3 UML VB Mapping

Association Multiplicity
‘ CourseOffering.cls
CourseOffering
0.4 +primaryCourses
* Schedule.cls
Public primaryCourses(4) As CourseOffering
Schedule
Software Engineering © s

Association Class

alternateCourses

*PrimaryScheduleOfferinginfo.cls

Private grade as String

Public theCourseOffering as CourseOffering

*no variable is generated to relate the Schedule to the

* PrimaryScheduleOfferinginfo because the navigation is
* from Schedule to PrimaryScheduleOfferinginfo NOT

* from PrimaryScheduleOfferinglnfo to Schedule
Primar
- grade: String = | 4
L
%
L
Design Decisions @ e
;
e alternateCourses
7z

0.* s X

Schedule primaryCourseO! Latl} CourseOffering
——>|

4]~ grade: String = |

—

)

‘Software Engineering

Reflexive Associations

+prerequisites
0.% ‘ Course.cls

Public prerequisites as Collection
Course

Software Engineering
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Aggregation

‘ Schedule.cls

Schedule

0.*

1

Student -—--

Public theStudent as Student

‘ Student.cls

Public theSchedule as Collection

Software Engineering 13 LT
Composition
‘ Schedule.cls
Schedule Public theStudent as Student
0.
‘ Student.cls
1 Public theSchedule as Collection
‘ composition means the class instances
Student ---- ‘ have dependent lifetimes. Class_|Initialize and

‘ Class_Terminate procedures may need to be
* coded so the semantics of composition are
* enforced.

Software Engineering

Generalization

Visual Basic does NOT support generalization (like COM).
It simulates generalization using Delegation.

G : “ GroundVehicle.cls =
+licenseNumber : Intege Public licenseNumber as Integer
N Public Sub register()
+register() B e
Truck “ Truck.cls
+tonnage:Integer [___| mplements GroundVehicle
Public Tonnage as Integer
+getTax()

Software Engineering

Private mGroundvehicle

as New GroundVehicle

Private Sub GroundVehicle_register()
mGroundvehicle. register
End Sub

Public Sub getTax()
End Sub

15 BT
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Appendix3 UML VB Mapping

Multiple Inheritance

‘Software Engineering

* AmphibiousVehicle.cls

Implements WaterVehicle
Implements LandVehicle

Abstract Class

Animal
{abstract}

+talk() {abstra

ct}

Lion

Tiger

+talk()

+talk()

‘Software Engineering

Visual Basic does not B
support abstract classes.

All classes can be instantiated.

Making a class Abstract may be

useful for communicating a

design decision that instances should
not be created.

However, Visual Basic will not enforce it.

Visual Basic does not directly support
abstract operations.

Parameterized Class

Set -

insert(T)
remove(T)

1

| <<bind>>
| <float, 100>

Software Engineering

Visual Basic does not support
parameterized classes.
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Interfaces and Realizes Relationships

»

<<Interface>>
Serializable © Serializable.cls

|

|
<<entity>>
Schedule

“ Schedule.cls

implements Serializable

Software Engineering

Subsystems

Visual Basic does NOT directly support subsystems

Oi

ICourseCatalog

& |

<<subsystem>>
CourseCatalog

Software Engineering
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