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APPLYING UML ;
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technical / )

clesign agility P;gﬁ\

“Oh my gocl, | hope i don’t
have to touch that code!”

low technical agilitg =
low business agilitg (and low Velocitg)




Overview

¢ Hands-on TDD with Legacg Code

relatecl. -

Q Agile Mocleling & Advanced Object Design with

Patterns

Q Agile Architecture Documentation Workshop




o lLean& Agﬂe Mocleling

o Lean & Agile Requirements
. User-Centered Design

.« Story MaPPing

. Te”ing Stories

. SPlitting Features

. Learnwith Sgstem-Sequence
Diagrams

. Learnwith a Domain Model

« Learnwith SPeciﬁcation bﬂ Example
. Acceptance TDD

« BAD vs GOOD Automated Tests

« Designing with Layers

e« Create Algorithms with Activity
Diagrams

. GRASPing Object Design PrinciPles

ToPics
Create Object Design with

Communication Diagrams

Create Object Design with Design
Class Diagrams

Continuous lntegration

Create Code Driven bg Unit Tests
(Unit TDD)

Lean Thinking

Lean Software DeveloPment
Agile Values & PrinciPIes
SOLID Principles
Generalization

Polgmorphism & Class Hierarchg
Design

Feature Toggle Patterns

Simple Patterns (SimPle l:actorg,
Null Object, g
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| ean & Agile

Princil:)|es




WeE Wil exl:)lore these concePtual

«

Knowing” tol:)ics later. .

after first some dags of “doing”

| ean & Agile

Modeling




requirements workshops (e.g, for Scrum PBR)

13 Ciroig Lorman

olesign workshops

14 Croig Lorman




Week 1

Week 2

N

optional
Design
Workshops

Sprint
Planning
Meeting

/

Sprint Review
required PB P

Refine_ment Sprint
(Requirements &  Retrospective
Estimation

Workshop)

5-10% guideline in
Scrum

for future Sprints

-~
(L

rogrammin
gOOClg

modeling/bad




simple tools for communication and collaboration

for low~ﬁcle|it3 Ul modeling, too




agile modelingguidclines

o Modelin groups, not alone

Multiple modeling teams, or team reFresentatives,

in a “Joint Design Workshol:)” it sca ing

Multiple models in Para”el

¢ e.g, class and interaction diagrams (static and
dgnamic views) on different walls, created in
Para”el

Curoig Lorman

architectural documentation

Chapter

e 5ua”9 , most useful DOCUMENTING ARCHITECTURE:
y UML & THE N+1 VIEW MODEL

AFTER the code is

written and tested!

¢ Createinan agile
documentation
workshol:) with many
Participants

APPLYING UML

1 1P AND PATTERNS
o Store in wiki? AND PATTERN
- [




agile documentation worksho[:):
N+ View Model + Technical Memos

APPLYING UML
AND PATTERNS

An ntroduction to Object-Oriented Analyss and Design
and lerative Development

Chapter 59:
Documents ng
Archltecture

21 Cuig Lom

improving |egacg code

= improving Iegacg clesign

WORKING

EFFECTIVELY
WITH

= more agilitg LEGACY CODE

Michael C. Feathers

22 Craig Larman




models

Models are not documentation!

sssssssssssss

o We moclel to have a conversation — to
group roblem solve — and to cle\/elop

share unclerstancling

L arman’s Law of Mocleling

We model to ha\/e a

conversation
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Every model is “wrong”
— and that’s OK

Craig Larman
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we will be sketching in the UML ...

TPl Scemayio of
parametey manade mesct for gkNC

L% Just a diagramming
—entipr (Mromeray) notation standard
(common language is
useful)

Trivial and relatively
unimportant.

Not a method, process,
or design guide.




what’s imPortant? Aiagramming notation?

¢ The Point of the UML is often obscured in
notational details and CASE tool sales Pitches

e It's rea”g very simple. -
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Form

Color.

Lateral geniculate body

Optic nerve

Crc\'g Lurmcn




EXERCISE

1. set up the a”skjr agoi modeling

| ean & Agile

Requi rements?




“we are doing traditional rec]uirements,
and need consulting help to do agile...”

1 1

Feature “! Use Case “! Scenario




“with Agile Consultant advice,

NOW we are cloing agilel

| Feature | - Epic

»

“{ User Story |

the analﬂsis group writes use

Cascs an

5encls tlﬂem

to the Programming team,

“theg are not agile”




the analgsis group writes
stories and sends them to
the Programming team,

“now, theg are agile!”

writing “el:)ics” &
“stories” has

NOTHING
to do with Dc—:ing/ agile




changinggour

terminologg or tool has
NOTHING
to do with Deing agile

agjlity =
loweri ng, the cost of
chang&:J to compete on
the abilitg to change
quicklg and cheap%g




lean tlﬂinking b
(many, inclucling...)

INcrease leaming, “out-~
learn the competition”, build
P
qualitg in, eliminate waste

lean & agile
rec]uirements 1S a

behaviorj

not a Format or

Change OF Names




The 12 Agile Principles — & Agiie Analgsis

1. Our highest Priority Is to satis% the customer through ear|9 and
continuous deliverg of valuable software.

2. Welcome changing requirements, even late in &evelol:)ment. Agile
processes harness change for the customer’s competitive
acﬂvantage.

3. Deliver working software fre uentlg, froma couple of weeks to a
couple of months) with a Pre?erence to the shorter time scale.

4. Business People and clevelopers must work together clailg
throughout the Project.

5. Build Projects around motivated individuals. Give them the
environment and suPPort theg neecl) and trust them to get thejob
done.

6. The most effective method of conveying information to and within
a Aevelopment team is face-to-face conversation.

43 Curoig Lorman

The 12 Agile Principles — & Agile Analgsis

7 Working software is the Primarg measure of progress.

8. Agile processes Promote sustainable clevelopment. The
Sponsors, clevelopers, and users should be able to maintain
a constant pace incleﬁ’nitelg.

9. Continuous attention to technical excellence and goocl
clesign enhances agilitg.

10. Simplicitg-Jcl‘ie art of maximizing, the amount of work not
done—is essential.

1. The best architectures, requirements) and clesigns emerge
from selic~organizing (sel1c~managing) teams.

12. At regular intervals, the team reflects on how to become
more effective, then tunes and acﬁus’cs its behavior
accordinglg.

M Sy [l




cloing lean & agile

requirements iml:)
1

ICS

working 18 ways t

nat

support agilitg, INcreases
eamin’g and reduce the
e

an wastes

lean & agile requirements

—+

no rec]uirements

or

“5|0PP9” requirements
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lean & agile rec]uirements

—+

user stories

48

doing lean & agile requirements

no separate analgsis group (BAs, Procluct mgrs) writing rec]uirements
no separate UXor Ul clesign group

no hand-off (no one outside the Team writes requirements)
increased face-2-face (e. g, Via video)

multi~sl<i”ing (a person does analgsis, Programming, testing, -

low WIP, especial|9 for lower Prioritg requircments

simple, fast tools and representations

less information and knowledge scatter/loss

Increase Iearning

less “over~Processing” and information loss 139 less transformations
(e.g., english requirements -> english test cases -> automated test
cases)




EXERCISE

i standingwith x‘/" ng Par’mer”:
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Forming a Vision




the details and Practice
are begoncl the scope of
this course, but there are

leaming resources for
Jean & agilc visioning,..”

“agile” techniques for visioning

¢ Product Box ¢ Me & M9 Shadow

Q Bug a Feature ¢ Prune Product Tree

¢ Speed Boat ¢ Give Them a Hot Tub

¢ Spider Web ¢ 20/20 Vision

¢ Show & Tell ¢ The APPrentice

¢ Start Your D39 ¢ Remember the
ﬁ}%{ Future

innovationgames.com




Problem Solution Unique Value |Unfair Customer L

Proposition |Advantage Segments (
Top 3 problems | Top 3 features P ; 9 9 Ca n a nva S

Single, clear, Can't be easily | Target customers

compelling copied or bought

3 message that
states why you 7
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(after this section, which frames
a moderate bod9 of ideas &
Practicesj we will getinto the

“real work”)




User-Centered Design

¢ user-centered design is a keg culture &
Practice, for useful & usable Proclucts

o but...is a medium-sized boclg of concepts
& teclﬂniques, largelg begon our scope

o therefore... we will on19 highlight & doa

few keg elements

beware cloing user-centered design
(UCD) and user experience (UX) design
Focusing on seconcﬁarg minor techniques
(Personas, mockups, »

... rather than Primarg UCD elements

Ciaig Lorman




if you dor’t first focus on Primarg Ucp
elements, cloing seconclarg techniques is
|arge|g a waste, and can give theialse
iml:)ression that there is UCD

Fake UCD

I8 lnow many names de ’ N of ’che real hands~on

uscers OF HOUF SO‘F names?

e

" e o R o A . 2]

- how many hours per month ar

- A WAL w1 4 ST (i .
e prreE Ry A ST :

Ty, - 8 o T TR,

A »n,ﬁ!&\:gﬁr.ﬁj-;—};w. 2 S N
vl v




the heart of it...

4

Developers regularlg face to face

with REAL USERS

IS more imPortant than

UX and Ul modeling techniques




F‘unclamental Attribution Crror

the inclination to explain
People’s behavior bg the way
they are rather than the
situation theg are in




Develo!:)ers need to rca”9 know
the user situation, so
Developers do...

field studies (real users)




Developers exploring
requirements & Uls with
hands-on users

(not Proxies, not business analgsts, )

Developers Aiscovering, In
face-2-face conversations
with hands~on users, the
*real® Problems theg are trging
to solve




a bias to action rather than
analgsis — implement and
deliver software in short
cgcles, to get feedback from
real users

feedback to Developers
about the running sotrtware
with hands-on users




Developers seek earlg &
honest criticism from hands-
on users & others about the

user &esign

(be open to criticism & don’t
clelag it)

usabi iity test ng with

haﬂClS*-Oﬂ USCIrs

CC5 o)




Perhaps one could identhcg other
“major” UCD ideas & Practices, but i
the Prior basic keg elements are not in

Place, most else is “rearranging the
deck chairs on the Titanic’

seconclarilg?




user task analgsis

iy

current ancl Jor Future state

how might it clﬂange when
there is software?

75 Craig Lorman

(and more, later)

76 Croig Lorman




EXERCISE

. stanclingwithl “talking rtner”: without referring

O notes, xlaln

e
IS ..’.

lcienthcging Users,

Goals, & Tasks with

a Use Case Diagram




(notice that this model is very

user-centric)

use-case diagramming

@ a3 technique in user-centered clesign for
user-task analgsis

¢ what actors (especia” : *human* users)

use the sgs’cem, and what are their goals &
tasks?




8l

EXAMPLE: use case &iagram

Crc\'g Lurmcn
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agile mocleling—~ of course, ata wall with USERs
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DEFINITION: actors

o the sgstem is used bg Primarg actors (users)
e e.g, Recondiliation Clerk

Q External agents (human ofF comPuter)

©

Use suPPor‘cing actors
Q Cre&itAuthorizationSgstem

Ciroig Lorman

GUIDELINE: testing for good use cases

Q elementarg bUSiﬂCSS PFOCCSS?

@ relativelg big, many steps’?

@ ausecaseis NOT (usua”g} one step; itisa
complete set of end-to-end stePs




©

©

©

GUIDELINE: identifying & naming use cases

many systems have Start UP, Shut Down, Recover,
and Administer System use cases

If small CRUD operations, group into one use case...
Manage Network Addresses

it large CRUD operations, separate into different
use cases ... Create Network Adciresses,

starts with verb... Print Job
“keep the Ul out” of the name

Q Delete Job versus “Press Delete Keg to Delete
Print Job” ... Consider the 100 Year Guideline

Ciroig Lorman

GUIDELINE: names should reflect goals

goocl use case names usua”9 reflect user goals...
¢ Manage Network Addresses

¢ Predict Subsurface Well Flow

¢ Print PDF document with variable data
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L
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88

a use~-case diagram is a model!
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Goals,
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a Storg MaPPing
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(notice that this model is very

user-centric)

storg mapping backbone

@ a3 technique in user-centered clesign for
user-task analgsis

¢ what actors (especia” : *human* users)

use the sgs’cem, and what are their goals &
tasks?




storg map backbone

93 Ciroig Lorman

94 Croig Lorman




some or all of the major
user tasks should be
identifiable from a Prior
use-case cliagram

backbone

—~

task analysis

step 1: user task analysis

backbone by...

(1) actors (users), (2) composite task groupings, (3) tasks

| | m B m N []
=ll0-- =ll0ll =ll0ll
4 4 4

——

=

left to right: typical time sequence

vertical -> optionality v Vvertical -> variations




in some domains, noteworthy “tasks” are not initiated by
humans, but by external “robots” (e.g., an external trading system)
or time events (scheduled report generation)

in addition to human-task analysis, consider adding robot & time-driven “tasks”
to the backbone (since many features may be mapped to these)

98

do storg maPPing with users and
Developers







Story Map Concepts

Use simple maps tc
about your software

ualize the stories you tell

User Tasks Goal-Level

order
gor gods havoa

map. sk o goalleve
catr oty rn g User baravior

‘Summary: ot oftass dons i

o suportof a igger goal

aspond 0 message
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e i o 3
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S e o
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e, o v vions

Yy dowh oo herbs

O course any specic use

i e ot and v
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Release Slice

Usa atapa n o denty ses of ke tht users might use your sofvra Ser

Details, Details...

Braak down igh goal ol tasks it

of the s

Map Now & Later

s today. nject pas, foys and rovarc,
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Map the Whole System

Irougn a numoer 3 types of isere

s oy

et users o have i the e,

Bofore mapping, create a short product or
feature briet to Farme and consran what you
map. THink of i a5 the b sory:

Story Map Process

The story map evolves with your understanding of
your users and your product solution

. @ Frame

prodict
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worsion nlmepvmml “As you finsn “Opang

Workshop stories vith developers and testers

geme.
This development strateqy wil help you reease

Senokers. Bagialiing petomance
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Plan dovelopment and testing.
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Feature = subsgstem or

component or algorithm steP

~

Feature = customer-centric

“vertical” end-2-end Functionalitg

Do features in SPrints...

Includes all cross-component and
cross-functional work: systems
engjneering, analgsis) architecture,
interaction cﬂesign) engjneering,

testing. documenting...
S S




vertical slices, not horizontal ComPonents/

?rameworks/ algorithm steps/ ...

AKA: use-case driven, feature-driven

e
N
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vertical slices, not “Par‘cs”

iterative & evolutionarg, not “build components”

, AGILE & ITERATIVE
i ey 1 A J 4, ~ | 3 DEVELOPMENT

(ormen
Pie e
A AN \2 SN

example from: Jeff Patton

lclenthcging & Mapping

Feature Solutions with

a Storg MaPPing
Skeleton




(notice that this model is very

user-centric)

(we are taking our first steP at

Proposi ng feature solutions)




a complete storg map includes a “skeleton” below the
“backbone” t]‘xa’c maps somctware Features to user tas|<5

[ W ] e — )
BACKBONE / &

users &
their tasks

\.
(

SKELETON

feature
“stories”
mapped to
user tasks

step 2: design of hypothesized solutions

backbone
(UX analysis)
H

]
[
[
N
H
|
|
|
HE
|
H
O
O
|
N
v Vertical -> variations

skeleton
(stories)

|

i

|

i

|

!

|

i

|

|

vertical -> optionality




EXERCISE

SCC ang




Release Planning

with a Storg MaP

we can ancl shoulcl use the stor map as
arelease Ianningtoo




g o, s

- Email ] Contacts
Search  File Compose Read Delete View Create Update  View Create Update Delete
Email Emails Email Email Email Calendar  Appt Appt Appt Contact Contact Contact

Searcl™ Move ¢C1rr;§afe "‘"I Open 5= Delete  View lisi ~ Create Update  View ES |Create=s Upda'"—’

- . : basic
by Emails  pasic :nas\aﬁ email of appts  basic contents  Appt con;'a o contact

Keyword oo - 3N email A% s fec o dW & A5 oot 3% focation) G B e B info. 55
Create™™ Send Open View 2 Create Accept/
sub RTFe- RTFe- Monthly  RTF appt Reject/T
folders  mail mail formats entative
Sl Seaetell Senetl N—— — Release 1
Limit Send Open Cmpty View Create  Propose add Update Delete
Search HTMLe- HTMLe- Del€ted  pgily  HTML  newtime addressy | Addressj (COMIOCE
;‘i’ Lo mail mail Format  appt aa Info
Limit Open
Search CS:L" Attachm Mx;nda;o
to 1+ = ents ryIOp e
fields POV G N L 1 Release 2
Search Get Get View Import
attachm ¢f1dd"€$$ a‘:kly gddness Attachm  Contacts
ents rom rom ents
e 4 confacts. Formats  contacts e N e 4
Search Send s Add Export
sub Attachm Cal efg‘ar Attachm Contacts
folders ents ents
e Pl lbee 83 ~___ Release 3

(notice that this way of Planning IS
very user-centric, because it
focuses on the question: What
cohesive set of features will we
cleliver, that are minima”g usable in
an end-2~end solution to help users

cohesivelg in their tasks?)

118




minimal usable

Featu re set

¢ team do: Plan t[ | ery of feature

’

stories across releases, using the storg




EXERCISE

Te”ing Stories




stories

@ a technique forlean & agile analgsis

¢ a behavior to refine rcquirements

fact: (their creator)
Kent Beck named these
only “stories” (not
“user stories”)

Whg did Kent call them
“stories”?




te”ing stories

125 Craig Lorman

EXAMPLE: storg

Q storg: “conﬁgure a media gatewag”

@ Or...

126 Craig Lorman




there is a wiclespreacl

misunderstands ng about stories

what is it7? ...

contrarg to common misunderstanding “stories”
do NOT mean to write requirements in this

templa’ce stgle:

as a Financial Analgst, I w

anage our CXPOSUFC rs




“doing stories” is a BEHAVIOR, summarized bg the ...

5 C’s
Card

Conversation

Confirmation

storg =
Card +
Conversation +

Confirmation




(notice that we have
alreac@ been “doing
stories” since there is

card and conversation via

story mal:)l:)ing)

the keg idea of stories is NOT a special

format of writing rec]uirements

the key idea is REQUIREMENTS BY
COLLABORATION & CONVERSATION
between Product Owner, SMEs, and Team,
rather than hancling off documents from
PO or “analgsis groul:)”




a separate ana!gsis grouP or Proclud:
Owner that “writes stories” and hands
them off to the Team for implementation

has COMPLETELY misunderstood the

Poi nt of stories

Card...




storg =
Card +

Conversation +

Contirmation

Q |itera”3, we start with a card

Q whg?




Card...

“Connextra template”...

as a <customer role>

i want <feature/function> so that <benefit>
or...reordered (better!)

to <achieve benefit>

as a <customer role> f want <¥eature/ function>

137

or.. leave the solution flexible and creative for

the team ; sometimes this is best!

to <achieve benefit>

as a <customer role> i want some solution

138




example...

to manage our exposure risk, as a

Financial Analgs‘c, i want some solution

to increase bandwidth, as a Network

Planner) | want to conﬁgure a Viper card

1Cor sgstemJeveI vectoring

s an architect/devel

Ster iwant ...

2 Product Owner i want




~Twant module CIZ>

..1want a de sign spec ...

.iwant analgsis :

4l sto ry ?




a storg 1S
NOT

a task

Splitting

Features




We want to spli’c ?eatures sma” enough to do we”~

within the scope of one team and one Sprint
e.g.,1/4orl/? of a Sprint

(reduction in Variabilitg, deliver something “done”
with low WIP, ...)

storg =
Card +

Conversation +

Confirmation




we want “smaller” cards and

smaller stories — though
thcg should still be end-2-

end *features®
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Practices for

Scaling Lean & Agile
Development -
Large, Multisite, and Offshore Product Development 4
with Large-Scale Scrum
5
Craig Larman

Bas Vodde 6

Introduction 1
Large-Scale Scrum 9

Test 23

Product Management 99
Planning 155
Coordination 189

Requirements & PBls 215)

Design & Architecture 281
Legacy Code 333
Continuous Integration 351

Inspect & Adapt 373
Multisite 413

Offshore 445
Contracts 492
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use casc scenarios

split’cing

- features can be split; for example, to separate

use case Trade a Simple Option:

@ main success scenario,

¢ scenariol,

¢ scenario, ...

)

©

GUIDELINE: split features 139

use Ccases

¢ CRUD use cases

scenarios of a use case
clata Parts

“tHPC” specialization (e.g.,
?PCS 'e) tracles, workﬂows)
ata,jobs, assets, ...)

scenario steps (not
internal algorit]*xm stcps)

integration with external
elements

150

Q
&

©

©

conﬁgurations

1/O channels (e.g.J via
GUI, non-GUI, CLI, API,...)

data Formats
customer role or persona

“non-functional”
requirements

oPcration (e.g., HTTP
GET, PUT)

with stubs




trade derivatives on exchanges
... trade futures on Globex...
trade Futures on othc—:r exc:hanges...

... trade other derivatives on exchanges...

151




dhcp DHCP server suPPor’c

dlﬁcp.request. recluest an IP address so that I can easilg get aviable
IP address and then use the network

dlﬁcp.renew. renew an IP address so that | can easilg keep using my

current IP address when its lease exPires

dlﬁcp.{:ulLsuPPort. RlpHcp suppor‘c

153

dhcp.recluest. rec:]uest anlP acidress SO that | can easilg get a viable
IP address and then use the network

dhcp.rsquest.success.main. ...request an IP address and free ones

are available. ..
...request any IP address and free ones are available. ..
-..request spcciﬁc IP address, X, and X is available

cp.request.tail.none tree. ... error message when requesting an
dl’] P q t1c l 1[ < I’] q t 4

IP address and none are free. ..

dlﬁcp.reques‘c.o‘cher. Evcrgtlﬁing else.

154




Discussion

What to do with parent features
that have been split into children?
Should the “Parent” remain in the

Product E’)acklog’?...




what to do with ancestors?

example Parent = “decrgption services for network traffic”

Item

detect encrypted traffic

decrypt BitTorrent-encrypted traffic

decrypt Blowfish-encrypted traffic

Item (any meaningful) Ancestor
detect encrypted traffic
decrypt BitTorrent... decryption services for network traffic
decrypt Blowfish... decryption services for network traffic

157

PrePari ng, for

lteration |




(some miscellaneous small but

useful toPics & activities we
need, before the first iteration)

Q (OPtiOﬂab CIBSS dO: C coursce coacl‘n




S R e R e
I,_.w;‘_. et ‘is" et a A L%

2 class do: reorea i e~P|an) your story
map so that the ;F,, eration (release)

\if
|

“Readg” & “Done” ...




“Rcaclg” or “definition of reaclg”
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FURPST ...

166
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a feature is not rea”g “Readg” for

implementation until both functional
and non-functional requirements are

“confi rmecr. ”

Remember FURPS+ to hell:) you...

168

[Grady92], a useful mnemonic with the following meaning:!

The “+” in FURPS+ indicates ancillary and sub-factors, such as:

remember FURPS+

WHAT ARE THE TYPES AND CATEGORIES OF REQUIREMENTS?

Functional—features, capabilities, security.
Usability—human factors, help, documentation.
Reliability—frequency of failure, recoverability, predictability.

Performance—response times, throughput, accuracy, availability, resource
usage.

Supportability—adaptability, maintainability, internationalization, con-
figurability.

Implementation—resource limitations, languages and tools, hardware, ...
Interface—constraints imposed by interfacing with external systems.
Operations—system management in its operational setting.

Packaging—for example, a physical box.

Legal—licensing and so forth.

Croig Lorman







User-Centered
Desi Zn

5

Y,

2’ \ /)
/

»

beware cloing user-centered clesign
(UCD) and user experience (UX) clesign
Focusing on seconc!:;rg minor tecl'miclues
(Personas, moc|<ul:>s, »

... rather than Primarg UCD elements




the heart of it...




and. .. Developers regular!g face to
face with REAL USERS in a sgstem
of feedback Iool:)s

IS more imPortant than

UX and Ul modeling techniques

secondarily?




user task analgsis

current ancl Jor Future state

how might it clﬂange when
there is software?

177 Craig Lorman

su FVCgS

" SurveyMonkeye

Home HowltWorks Examples ~+ Survey Services + Plans & Pricing

Create Surveys. Get Answers.

Customer Satisfaction Market Research
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A/B testing

Some see
this version...

Headline

=)

..others see
this version.

Only the headlines
are different.

dnibbble

Shots

Popular Everyone

33

@

[} Michael Flarup

180

steal Ul ideas

What are you working on? Dribbble is show and tell for designers.

Debuts

Teams

Playoffs

) Bill Labus

@ Derrick Thoe... Yesterdsy

U e didlile

+. Jorgen Grotdal

fis Sean McCabe

Croig Lorman




storgboarclmg

= | =1_
l. LOGIN 2. VIEW 3. LK
PROFILE qr:mmu

~Viow dugs
-so%.:-n- nwe? S %3
- rabwode sm"\‘Co!lC?“.ﬂ ‘“

181

!.u.wm
@ ONLINE WORT <\ ®(,,a, b

.;, l
:“ﬁ: @W

low—-ﬁclelltg Paper/ whiteboard mockup

For lmcormatxon content & layout
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higher~ﬁdelit9 software Prototgpes with

stgles that are clearlg “rough” (“Pencil
sty e”), so users feel theg can Freelg criticize

C' | [) iphonemockup.lkmc.ch/?id=AGcNcBgEKXBeHYdcGaQcdMKCFMaOKTCTZXLEmBCTD&style=pencil

Drag & Drop

> o
fca] o
—

Select PNG
Upload

Lobel Two
v Labe\ Three
Labe\ Four
Label Five

\_ { change text labels.
.

Tips & Tricks

Share this Mockup with others
by sharing the URL.

Everyone who knows the URL
can make changes. Changes
will be synchronized live. To test
this, open the URL in two
different browser windows.

Double-click widgets to add or

Ciroig Lorman

]

E U] 5t9|e guicle

C' [ patternprimer.adactio.com

] 4 d

This text is quoted. A block of quoted text like this is particularly useful when
presented as a pull-quote within an article of text.

<blockquote>

<p>This text is quoted. A block of quoted text like
this is particularly useful when presented as a
pull-quote within an article of text.</p>

</blockquote>

blockquote.html

184

This is an error feedback message.

<div class="feedback error">

<p>This is an error feedback message.</p>

</div>

Croig Lorman
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Proximitg

Know Ul Design PrinciPles

visibilitg, visual Feec”:)ack, visual Prominence

i’iierarcng

mental models & metaPhors
Progressive disclosure
consistency

affordance & constraints
confirmation

hick’s law

fitt’s law

The details and
appiication are outside
the scope of this course,
but these are basic &
important for every

Developer creating adl




(the course won’t usua”g Point to Iearning
resources, but Developers often are not

aware of UCD and UX resources, so...)

187

188

Leaming Resources

A Developer’s Guide to Building User-Friendly Applications Copyrighted Material

Jeff Gothelf with Josh Seiden

LEAN
UX

Applying Lean Principles to
Improve User Experience

User-Centered

O’REILLY* Travis Lowdermilk O’REILLY" commmennens_ EFIC RiesS, Series Editor




o boxesandarrows.com
Q netmagazine.com
Q smashingmagazine.com

¢ uxmatters.com

Learni ng Resources

| earn with
a Low~f"icle|it9 U]

Mockul:)




|ow~ﬁcle|it9 Paper/ whiteboard mockul:)

for information content & lagout

191 Craig Lorman




a low-f U moc|<ul:> is a model!

Models to Have

Conversations

and Learn? ...




categories & CXBH’IPI@S O]C models

analysis design
story map
static use case dgm design class dgm

domain object model

story map
use case dgm
Stent activity dgm of
low-fidelity Ul mockups algorithm
dynamic .
system sequence diagrams
activity dgm of process Sl B G
specification by example

state machine dgm of domain object

195 Craig Laman

(L

rogrammin
goocl;

modeling/bad




| earn with

Sgstem Sequence

Diagrams

SSDs show sgstem V@ for a scenario

1 P“"‘ Scenayio of




one scenario of Rent
Videos use case

NOTATION: SSD

: Clerk :System
startNewRental(customerID) >
customer info
-
loop J recordRental(videolD) >
[ more items ]
video info
<«
finshedRentalEntry()
>
total
-
pay(amountTendered) >
etRentalReport
g port() >
tal t
< rental repor
199 Craig Laman
DEFINITION: System OPeration
one scenario of Rent
Videos use case
: Clerk :System
(startNewRentaI(customerlDh
LG >4 -
customer info
¢
loop ) ( recordRental(videolD) )
\ >4
[ more items ]
< video info
finshedRentalEntr
( w )
< total
( pay(amountTendered) w
\ > 4 |
( getRentalReport() ) >
- rental report
Sy e

200




GUIDELINES: SSD

¢ atleast for the Main Success Scenario of one or
more use cases

¢ showing EXAMPLES
¢ name system operations starting with verb
Q Pagﬁnes(...) authorize ()

¢ name s%,stem operations at the level of intention.
“keep the Ul out.”

¢ Worse: scan(videolD)

¢ Detter: recorclRental(vicleolD)

201 Craig Lorman
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20  Mapping Designs to Code 369
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| earn with a

Domain Model




¢ sometimes it is useful to...
¢ learn the notewortlﬂg concepts in a domain

e es‘cablish a common Vocabular9

¢ understand the relationships between concepts

205 Craig Lorman

EXAMPLE: Domain Model

a visual dictionary
a context for a conversation to learn noteworthy
concepts and to create shared vocabulary

206 Craig Lorman




NOTATION: Domain Model

Rents

0.1 \
Customer VideoStore i
Video
address Rents-from address Stocks
name * 11 hame 1 *|ID
phoneNumber phoneNumber

a visual dictionary

a context for a conversation to learn noteworthy
concepts and to create shared vocabulary

207 Craig Lorman

GUIDELINE: diagram at wall to sketch domain model

208 Craig Lorman




warning! NOT a software model

this is a
“philosophical”
conceptual model

it is a picture of
people’s mental model
of a domain

it is NOT a picture
of software design,
Java, C++, or data
bases, or logical data
models

209 Craig Lorman

GUIDELINE: evolutionary domain modeling

¢ doNOT create a big domain model for the complete scope of
the final sgstem

¢ In general, modeling begond the current Sprint is OK, but that
‘evergthi ng’

doesn’t mean mocleling ‘

¢ each Sl:)rint, evolve the model (if use{:ul), as new scope is added

I a . a
Sprint-2

Sprint-1

Sprint-3

Croig Lorman




EXERCISE

1. With your tea the whiteboard,

et e ——— -

PART Il ELABORATION |TERATION 1 — BasIcs
Iteration 1—Basics 123
Domain Models 131 )
ystem Sequence Diagrams
11 Operation Contracts 181
12 Requirements to Design—Iteratively 195

13 Logical Architecture and UML Package Diagrams 197
1¢  On to Object Design 213

15 UML Interaction Diagrams 221

16  UML Class Diagrams 249

17 GRASP: Designing Objects with Responsibilities 271

18 Object Design Examples with GRASP 321

19 Designing for Visibility 363

20  Mapping Designs to Code 369

21 Test-Driven Development and Refactoring 385

22 UML Tools and UML as Blueprint 395

PART IV ELABORATION ITERATION 2 — MORE PATTERNS

23 Iteration 2—More Patterns 401

24  Quick Analysis Update 407

25  GRASP: More Objects with Responsibilities 413

26  Applying GoF Design Patterns 435

PART V ELABORATION ITERATION 3 — INTERMEDIATE TOPICS
27  Iteration 3—Intermediate Topics 475

28 UML Activity Diagrams and Modeling 477

UML State Machme Dlagrams and Modeling 485

APPLYING UML
AND PATTERNS

An Introduction to Object-Oriented Analysis and Design
and lterative Development

~Marsin Fomler, ahor of UL Distled sed Relctorng

CRAIG LARMAN




. earn
with Activitg

Diagrams

214

? ( l'”\*‘_&"'

rvl's kot ‘?“"j

<t

EXAMPLE: activity cliagram

B >

Sublreg

&




activitg diagrams

o useful both for...
Q analgsis of business or domain processes (what)

Q design of algorithms Chow)

Ciroig Lorman

activity cliagrams

()
&/

¢ in this course, we will defer ap lginﬁ
activity diagrams in analgsis, thoug
this can be useful

¢ we will applg them durin clesign (for
algori’chms}, and you will see how theg
could also applg In analgsis




| earn with

SPeciﬁcation bg

E'_xample

Q examples are a surPrisingly Poweﬁcul
} s
way to unclerstancl ancl Probe into
requirements

Q@S eci{ying’ & Ieaming bﬂ examples
illustrates inductive reasoning - a way

of learning natural for childrgn... until
theg are “de-educated” ;)




storg =
Card +

Conversation +

(>

Connrmation

SPE(IFI(ATION
BY [XAMPLE

essful teams deliver the right softw




confirm bg sPeciﬁcation bﬂ exam!:)le

videoconferencing system example
$5Y P

[ (e

hic mte
Neo]  LED

R e




videocomcerencing sgstem example

223 Craig Lorman

vicleocomcerencing sgs’cem example

224 Craig Lorman




financial trading example

auto settlement tracking positions

A B (o] D E F G H 1 J K L
auto settlement tracking positions
contractual 2 - contractual  actual contractual  actual S~
trade amt trade id start date security Settlement Message Now position position position position comment application log
(nov 28
(tradelD=A-RE-AAA- 2011,
28 (nov 28 .
1234-1, settied=y, {nov (nov 28 1,000,000) Dbinary status
1,000,000 A-RE-AAA-1234-1 11/28/2011 | BTP3.5 Dec 2012 | oo i ta=Ngy | 1 1/28/2011 %%1;0 o0} 2011, 0) ?%130 o0} (nov 29, — settied add success
28 2011, leg=S) inint O 2011,
1,000,000)
(nov 28
1,000,000 A-RE-AAA-1234-1 | 11/28/2011 BTP3.5 Dec 2012 1112872011 ("3 28 2011, (mov 28 2011, (nov 28 no settiement
1,000,000) 2011, 0) 1000000 2011.0)
(tradelD=A-RE-AAA-
- (nov 28 (nov 28 .
RE-AAA. . 1234-1, settled=n, (nov 28 (nov 28 binary status ;
1,000,000 A-RE-AAA-1234-1 11/28/2011 | BTP3.5 Dec 2012 | Cipe i ta=Ngy | 1 1/28/2011 %001;0 o0} 2011.0) 12%1010 000} 2011, 0) ~ failed add failure msg
28 2011,leg=S) o e

225 Ciraig Lorman

1Cor what to create examples?

o stories/features, any level of granularitg

Q sPeCiﬁcation 133 examl:)le on coarse~
rained items helps later splitting into
’ne-grainecl items

¢ each sgstem ol:)eration inan SSD

226 Craig Lorman




Post~conclitions or “exl:)ectations” in exam[:)les

o existence/state of observable outPut
@ messages, signals, Parameters) data elements,
¢ existence/state of Persistent things
g B ﬁles, Iogs,
¢ existence/state of non-Persistent in~memor9 things
¢ software objec‘cs) alarms, timers, ...
¢ “URPS+” tests

¢ duration, capacitg,

227 Craig Lorman

GUIDELINE: inspiration from Prior models

¢ can Prior moclels heIP us create the examples?

SSD domain model

228 Craig Lorman




GUIDELINE: insPiration from the SSDs

Q the SSDs (sgstem oPerations or output
messages) may inspire us to think of useful

exl:)ectations in the examples...
s wina LenhORL EXPECTS EXPECTS
Test
s Ack message ?
I yes ?
2 no ?

229 Craig Lorman

GUIDELINE: insl:)iration from domain model

Q although the domain model is a Purelg concePtual
(hon-software) model, it may inspire us to think
of useful exPectations in the examples...

EXPECTS EXPECTS
Test

Case :
Alarm.status | Portal.isOpen

I signaling TRUE

2 silent FALSE

230 Craig Lorman




231

GUIDELINE: remember FURPS+ in examples

WHAT ARE THE TYPES AND CATEGORIES OF REQUIREMENTS?

[Grady92], a useful mnemonic with the following meaning:!

Functional—features, capabilities, security.
Usability—human factors, help, documentation.
Reliability—frequency of failure, recoverability, predictability.

Performance—response times, throughput, accuracy, availability, resource
usage.

Supportability—adaptability, maintainability, internationalization, con-
figurability.

The “+” in FURPS+ indicates ancillary and sub-factors, such as:

Implementation—resource limitations, languages and tools, hardware, ...
Interface—constraints imposed by interfacing with external systems.
Operations—system management in its operational setting.
Packaging—for example, a physical box.

Legal—licensing and so forth.




Models to Have

Conversations

and Learn? ...

234

categories & examl:)les O‘F moclels

analysis design
story map
static use case dgm design class dgm

domain object model

story map
use case dgm

stories -
activity dgm of
low-fidelity Ul mockups algorithm
dynamic .
system sequence diagrams

activity dgm of process Coliiiicasionle=iy

specification by example

state machine dgm of domain object




Acceptance TDD

how to build cluality N7

how to recluce some OF
the wastes’”
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make the requirement

|anguage and the test
|anguage almost (or
exactlg) the same...

Robot Framework

: SPeciﬁcation = Rec]uirement R
Automated Acceptanc

has cleel:) imPlications

A B C D E
1 admin of aggregations — disable aggregate computation M
2 aqgld adaptation entry isLeaf B adaptation entry
3 call_drop_hour (..., isEnabled=true) TRUE M (isEnabled=true)
4 call_succ _hour (..., isEnabled=true) FALSE M (isEnabled=false)

Robot Framework Automated Tests

In: adaptation Post-condition:
entry - In: adaptation adaptation entry —
Test Case Action In: aggregationID isEnabled node: isLeaf isEnabled
disable aggregate
leaf node computation call_drop_hour TRUE TRUE TRUE
disable aggregate

non-leaf node computation call_succ_hour TRUE FALSE FALSE

238 Croig Lorman




ancl, test FIRST...

239 Craig Lorman

translate the examples Finish the Sprint with full set of
into RobotFW automated running, tested features
acceptance tests Daily

Scrum

(15 min)

Sprint Sprint

Planning Planning
Part 1 Part 2 ..+@

Sprint
Sprint  Retro-
Review spective
(2-4 h) (1.5-3h)

2-4 week
Sprint

m4m (2-4 h)

Scrum
@ H_) Feature . .
Team
Product Product Backlog i
Owner ScrumMaster Refinement Potentially

(5-10% of Sprinty  Shippable
a Product
Increment
Product Sprint

Backlog \ Backlog writing specifications by example

specifications by examples linked to
items




all that suPPorts
reclucing...

241 Craig Laman

A Lean List of Wastes (remove these)

I. Inventory; overProduction of 6. Task switchingy motion between
Features, or of elements ahead tasks, interru[:)t~<:lriven
of the next step multitasking
7. Defects, testing/ insPection
2. Waiting, delag and correction at the end

8. Not usin People’s full
3. Hanclog) Conveyance otential: “WOF‘(iﬂ to 'Ob
title,” no multi-skill, no'multi-

learning, no kai
4 Extra Processing (includes extra & =<,

Processes)’ relearning 9. Knowle&ge and information
scatter or loss

5. Work in progress (WIP); Partia”g 10.Wishful thinkiﬂg (eg, Plans

done work, (speciﬁcations not and speciﬁ'cations are correct,
implemente&, code not that estimates can’t increase)
integrated or tested) 1. blamin “

242 Craig Larman




to distill the examples to automated acceptance tests

G 0 () g le robotframework[g

Code A keyword-driven test automation framework(7)

Project Home Downloads Wiki Issues(i1] Source [12]
Summary i3] | Updates[i4]

Robot Framework

8 00 Mozilla Firefox

+}-ErrorLogs
+'FitNesse
+!-FrontPage

FitNesse Pages fNes, .
— @ FrontPage wuwag

+} PageFooter EditE) WELCOME TO FITNESSER!
+-PageHead

coemencer Search(@ THE FULLY INTEGRATED STANDALONE WIKI, AND ACCEPTANCE TESTING FRAMEWORK.
+-RecentChanges

243 Craig Lorman

distilling

not every example needs to map to an

executable test

not every column in an examl:)le is relevant

so, distill into a smaller rePresentative set

244 Craig Lorman




SPECIFICATION
BY EXAMPLE

BAD vs GOOD

Automated Tests




what is the business rec]uirement or goal here? ...

if (selenium.isTextPresent("Log in"))

{
selenium.click("link=Log in");
selenium.waitForPageToLoad(WellSphere.timeout);
selenium.type("email", WellSphere.username);

selenium.type("password", WellSphere.password);

System.out.println("User is logged in successfully");

}
Cuig Lom
contrast the Previous with the claritg of goal here...
shares
# of per
units to ETF fund NAV per counter party  creation op. settlement settlement
create CUSIP unit info unit type qty amt

1 00S000001 1234567.12 (0001, DTCYID) 50000 g S 50000 1234567.12

248 Craig Lorman




how robust is the biz~goal test, if UI changes?

if (selenium.isTextPresent("Log in"))

{
selenium.click("link=Log in");
selenium.waitForPageToLoad(WellSphere.timeout);
selenium.type("email", WellSphere.username);

selenium.type("password", WellSphere.password);

System.out.println("User is logged in successfully");

contrast the Previous with the Ul~independence here...

shares
# of per
units to ETF fund NAV per counter party  creation op. settlement settlement
create CUSIP unit info unit type qty amt

1 00S000001 1234567.12 (0001, DTCYID) 50000 g S 50000 1234567.12

250 Craig Lorman




can business People understand this? biz language?

if (selenium.isTextPresent("Log in"))

{
selenium.click("link=Log in");
selenium.waitForPageToLoad(WellSphere.timeout);
selenium.type("email", WellSphere.username);

selenium.type("password", WellSphere.password);

System.out.println("User is logged in successfully");

}
Cuig Lom
contrast the Prcvious with business unclerstancling...
shares
# of per
units to ETF fund NAV per counter party  creation op. settlement settlement
create CUSIP unit info unit type qty amt

1 00S000001 1234567.12 (0001, DTCYID) 50000 g S 50000 1234567.12

252 Craig Lorman




look/ readjust like the business rec]uirement?

if (selenium.isTextPresent("Log in"))

{
selenium.click("link=Log in");
selenium.waitForPageToLoad(WellSphere.timeout);
selenium.type("email", WellSphere.username);

selenium.type("password", WellSphere.password);

System.out.println("User is logged in successfully");

contrast Previous with connection to biz requirement..

shares
# of per
units to ETF fund NAV per counter party  creation op. settlement settlement
create CUSIP unit info unit type qty amt

1 00S000001 1234567.12 (0001, DTCYID) 50000 g S 50000 1234567.12
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can we write this test *before* the Ul exists?

if (selenium.isTextPresent("Log in"))

{

selenium.click("link=Log in");

selenium.waitForPageToLoad(WellSphere.timeout);

selenium.type("email", WellSphere.username);

selenium.type("password", WellSphere.password);

System.out.println("User is logged in successfully");

# of
units to ETF fund
create CUSIP

1 00S000001
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can we write this test *before* the Ul exists?

NAV per counter party
unit info

1234567.12 (0001, DTCYID)

shares
per
creation op. settlement settlement
unit type qty amt
50000 B S 50000 1234567.12




DECLARATIVE automated tests

test SCRIPTS -

lmPerative tests

declarative - what - intentional - biz rule

Test Case Action IN: IN: EXPECTS: EXPECTS: EXPECTS:
operation unit info rest channel state unit state channel to CACU
?:;z‘éf a Sr?::'r?;re remove SP-CACU open TE-TEX removed
Add a chanel CC::;E;'E add SP-CACUn open TE-TEX open
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I-line declarative

“what” accePtance tests

shares
# of per
units to ETF fund NAV per counter party  creation op. settlement settlement
create CUSIP unit info unit type gty amt

1 00S000001 1234567.12 (0001, DTCYID) 50000 g S 50000 1234567.12
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we want the rec]uirement and test almost EQUAL

sPeciﬁcation bg example

A B C D E
1 admin of aggregations — disable aggregate computation
2 aqgld adaptation entry isLeaf I adaptation entry
3 call_drop_hour (..., isEnabled=true) TRUE B (isEnabled=true)
4 call_succ_hour (..., isEnabled=true) FALSE M (isEnabled=false)

automatecl acceptance test

Robot Framework Automated Tests

In: adaptation Post-condition:
entry - In: adaptation adaptation entry —
Test Case Action In: aggregationID isEnabled node: isLeaf isEnabled
disable aggregate
leaf node computation call_drop_hour TRUE TRUE TRUE
disable aggregate
non-leaf node computation call_succ_hour TRUE FALSE FALSE
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avoid clescribing or testing
business,/domain rules or logic

througlﬂ user interfaces
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applg as much “software engineering’
skill in the clesign and maintenance of
the automated tests, as to the
Procluction code, to minimize all the
“code smells” (cluplication, hard-

coded constants, ...)

Fithesse




TN R Y

The fully integrated standalone wiki and acceptance testing framework

Be-monster not thy feature, wer't my fitnesse"
- Shakespeare, King Lear

It's a Collaboration tool It's a Test tool It's a Open
Since FitNesse is a wiki web server, it has a very low entry and The wiki pages created in FitNesse are run as tests. The FitNesse is an open source project. The code base is not owned by
learning curve, which makes it an excellent tool to collaborate with, specifications can be tested against the application itself, resulting any company. A lot of information is shared by the FitNesse
for example, business stakeholders. in a roundtrip between specifications and implementation. It'se y and is used in areas ranging
Read more... Read more... from Web/GUI tests to testing electronic components.

ccccccccc
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GUIDELINE: embed text and Pictures

Q living documentation, executable rec]uirements

@ imPortant! ... Fitnesse can (ancl should) contain
text and Pictures for humans to read, in addition
to the executable table-tests

¢ Fitnesse page = elaboration of requirement for
humans + the Precise tests

Q recluce need For other clocuments

©
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GUIDELINE: embed text and pictures. LIVING DOCUMENTATION

EitNesse > UserGuide Failure Navigator
TwoMinuteExample < of1 >
L) Tests Executed OK Test Tools

£3 Assertions: 5 right, 1 wrong, 0 ig| d, 0 pti (0.003 ds)
» Precompiled Libraries Expand All Il All

A One-Minute Description
An Example FitNesse Test
If you were testing the division function of a calculator application, you might like to see some examples working. You might want to see what you get back if you ask

it to divide 10 by 2. (You might be hoping for a 5!)
In FitNesse, tests are expressed as tables of input data and expected output data. Here is one way to specify a few division tests in FitNesse:

eg.Division

‘ numerator | denominator = quotient?

‘10 [2 5.0

‘ 12.6 ’ 3 4.2

‘ 22 7 3.142857142857143~=3.14
‘o [3 3.0<5

‘ 11 ‘ 2 4<5.5<6

| 100 4 [25.0] expected [33]

This style of FitNesse test table is called a Decision Table, each row represents a complete scenario of example inputs and outputs. Here, the "numerator" and
"denominator" columns are for inputs, and the question mark in the "quotient?" column tells FitNesse that this is our column of expected outputs. Notice our "10/2 =
5.0" scenario. Try reading it as a question: "If I give you a numerator of 10 and denominator of 2, do I get back a 52"

Running our test table: Click the Test button

Before we do another thing, let's run this test table. See the little blue and white Test button in the upper-left, just below the FitNesse logo? Click it and see what
happens.
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a Fitnesse test

via SLIM via FIT

adapters adapters

direct API
(usual approach)

Seleniunium command any other
(a browser GUI line testing
testing FW) interface FW ...

e

system under test (SuT)




after installation. .

(first, rename fitnesse-standalone. jar)

>java -jar fitnesse.jar -p 8080
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fixtures (adal:)ters) to connect to the SUT

Q@ {kﬂ‘CXEHﬂFJC."

28 G e
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example SLIM decision table

FoolTest

Tests Executed OK Test Edit

£3 Assertions: 1 right, 1 wrong, 0 ignored, 0 exceptions (0.001 seconds)
P Precompiled Libraries

variable defined: TEST_SYSTEM=slim
classpath: /Users/dcl/Documents/workspace/temp1/bin

com.craiglarman.dicegame.domain.DiceGameFixture
inl in2 expected1?

1 2 [3] expected [4]

2 3 3

examl:)le SLIM decision table

!define TEST SYSTEM {slim}
!path /Users/dcl/Documents/workspace/templ/bin

com.craiglarman.dicegame.domain.DiceGameFixture |
inl [in2| expectedl?

1 2 4

2 3 3

Croig Lorman
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example SLIM fixture — shows “connec‘cing the dots”

package com.craiglarman.dicegame.domain;
public class DiceGameFixture {

private int inl;

private int in2;

public void setInl(int inl) {

this.inl = inl;

}

public void setIn2(int in2) {
this.in2 = in2;

}

public int expectedl() {
return 3;

}

}
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SIIM Fixture Elements — use the EXECUTE method

public class SomeFixture {

public void setAttributel(..) {
e
}

// automatically called by SLIM runner

public void execute() {

// 1. main call to do the system work

// 2. (optional) collect data for “expectations”

}

public int expectedl() {
return ??7?;

}

}
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via ATTD, deﬁning the API for your SuT!

public class SomeFixture {

public void setAttributel(..) {
Ll
}

public void execute() {
reconciliationSystem.reconcile(attributel, ..);

}

public int countOfFailures() {
return reconciliationSystem.getCountOfFailures();
}

}
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immediatelg define & call the API for your SURE

Discover & write the calls
to the system under test
immediately. Do not defer

public class SomeFixture { making these calls. At first,
: _ _ since the bodies of these
public void setAttributel(..) { methods will be empty, it

. e should cause the

Fithesse test to fail —
/ which is what we want!
public void execute() {

reconciliationSystem.reconcilef(attributel, ..);

}

public int countOfFailures() {
return reconciliationSystem.getCountOfFailures();
}

}




thgdocumen&ﬁtml

FoolTest

Test Edit

variable defined: TEST_SYSTEM=slim
classpath: /Users/dcl/Documents/workspace/templ/bin

com.craiglarman.dicegame.domain.DiceGameFixture
inl in2 expected1?

1 2 4

2 3 3

This is the wonderful dice game!
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gzgig e/aethaje/f (/7 SE’eC;/ZLZ/S/E oSCZJ/ rSnTei/\Zsi/ii/or:kspa ce/templ/bin Sl P l =
com.craiglarman.dicegame.domain.DiceGameFixture
inl in2 expectedl1?
1 2 [3] expected [4]
2 3 3
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package com.craiglarman.dicegame.domain;

public class DiceGameFixture {
private int
private int

public void
this.inl

}

public void
this.in2

}

inl;
in2;

setInl(int inl) {

= 1inl;

setIn2(int in2) {

= in2;

public int expectedl() {

}
}

return

3;

Croig Lorman




ATDD Exercise

EXERCISE

1. With your team, creat “fa ing” acceptance tests

speciﬁcation !:)9 example, and -

. \ 41

]
A
[}
i




Transition to

Desi Zn

now we make a major shift from

exploring requirements
ploring req

to exPloring clesign




the story until now. ..

281

Lean & Agile Modeling
Lean & Agile Rec]uirements
User-Centered Design
Story MaPPing

Te”ing Stories

Splitting Features

Learn with Sgstem-Sec]uence
Diagrams

Learn with a Domain Model

Learn with SPeciﬁcation bg Example
Acccptance TDD

BAD vs GOOD Automated Tests
Designing with Layers

Create Algorithms with Activity
Diagrams

GRASPing O}:jcct Design Principlcs

282

Create Object Design with
Communication Diagrams

ToPics

Create Object Design with Dcsign

Class Diagrams

Continuous lntegration

Create Code Driven [39 Unit Tests

Unit TDD)

Lean Thinking

Lean Software Development
Agile Values & Princi[:)les
SOLID Princil:)les

Generalization

Polgmorphism & Class Hierarchg

Desigrl
Feature Toggle Patterns

Simple Patterns (Simple I:actorg,

Null Object, g

Ciaig Lorman




analgsis & clesign) iterativelg

& concurrent|9 each iteration...hour...minute

goal:“all at
once”

concurrent

engineering

Ciraig Lorman
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People & team Changes ha’cs, iteratively




Designi ng, with

Layers

Presentation l a3 9 EFS)

(AKA Interface, Ul, View)

- GUI windows

- reports

- speech interface

- HTML, XML, XSLT, JSP, Javascript, ...

“—

more
X app
- handles presentation layer requests specific
- workflow
- session state
- window/page transitions
- consolidation/transformation of disparate data

for presentation

Application
(AKA Workflow, Process,
Mediation, App Controller)

dependency

- handles application layer requests

- implementation of domain rules

- domain services (- POS- , - Inventory- )
- services may be used by just one
application, but there is also the possibility
of multi-application services

Domain(s)
(AKA Business,
Business Services, Model)

w_/w_)

- very general low-level business services used
in many business domains
- CurrencyConverter

Business Infrastructure
(AKA Low-level Business Services)

s

Technical Services
(AKA Integration, Technical Infrastructure,
High-level Technical Services)

- (relatively) high-level technical services -
- and frameworks
- Persistence- , - Security

- low-level technical services, utilities, -
- and frameworks

- data structures, threads, math, -
- file, DB, and network I/O

Foundation
(AKA Core Services, Base Services,
Low-level Technical Services/Infrastructure)

N

width implies range of applicability

Ciroig Lorman




GUIDELINES

ciesign with lagers

maintain a seiaration of
concerns (hig cohesion)

Create & Collaborate

Via

Agile Design Modeling




creative clesign via mocleling...

activity diagrams for algorithms

acceptance r :
communication diagrams
tests

design class diagrams

Create Al gorithms
with Activity

Diagrams




EXAMPLE: activitg &iagram

291 Craig Laman

EXAMPLE: activitg cliagram

e i
Bt

? (r V\("_S"“ y y v

[va ket ‘f“l'j

SCombined 4 7 1
diqital prin "y
k_ —_—

e —

i
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activit9 cliagrams

Q useful both ‘For...
Q analgsis of business or domain processes (wha’c)

Q design of algorithms Chow)

Ciraig Lorman
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GUIDELINE: consider for each system operation

SSDs identify each system
Ty ol semanic o} operation for which we
need to design a solution

(I "

?
L v b
beleet TDFin
hetfelder
b ==
Readd extracr IDF |
ST oAy

cad JDF




EXERCISE

1. With your grou s etch an activitg

Object-Oriented Analysis and Design 3
Iterative, Evolutionary, and Agile 17
3 Case Studies 41
PART Il INCEPTION
4 Inception is Not the Requirements Phase 47
5 Evolutionary Requirements 53
6 Use Cases 61
7 Other Requirements 101
PART lll ELABORATION ITERATION 1 — BASICS
8 Iteration 1—Basics 123
9 Domain Models 131
10  System Sequence Diagrams 173
11 Operation Contracts 181
12 Requirements to Design—Iteratively 195
13 Logical Architecture and UML Package Diagrams 197
14 On to Object Design 213
15 UML Interaction Diagrams 221
16  UML Class Diagrams 249
17 GRASP: Designing Objects with Responsibilities 271
18 Object Design Examples with GRASP 321
19 Designing for Visibility 363
20  Mapping Designs to Code 369
21 Test-Driven Development and Refactoring 385
UML Tools and UML as Blueprint 395
PART IV ELABORATION ITERATION 2 — MORE PATTERNS
23 Iteration 2—More Patterns 401
24 Quick Analysis Update 407
25  GRASP: More Objects with Responsibilities 413
26  Applying GoF Design Patterns 435
PART \'J ELABORATION |TERATION 3 — INTERMEDIATE TOPICS

APPLYING UML
AND PATTERNS

An Introduction to Object-Oriented Analysis and Design
and Iterative Development

Relatmg Use Cases 493
Domain Model Refinement 501

More SSDs and Contracts 535

Architectural Analysis 541

Logical Architecture Refinement 559

Package Design 579

More Object Design with GoF Patterns 587

Designing a Persistence Framework with Patterns 621
UML Deployment and Component Diagrams 651
Documenting Architecture: UML & the N+1 View Model 655

"Peopie often ask me which 15 the best book 1o mirodece them 10 the world of DO design.
Ever since | came across R Aoplying UML and Potferns has been my uareserved choke.”
~Martin Fowder, suthor of Ll Distiied and Redoctoring

C R\I(. LARMAN

reword by Philippe Kruchten

BEYBERBRLEYR




where arewe’”...
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Outside-In

Development

Ciroig Lorman




categories & examples O‘F moclels

analysis design
story map
static use case dgm design class dgm

domain object model

story map

use case dgm

stories o
activity dgm of
' low-fidelity Ul mockups algorithm
dynamic )
system sequence diagrams
activity dgm of process Sl B G
specification by example
state machine dgm of domain object
299 Craig Larman

GRASPing Object

Design Principles




©
&/

©
-/
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skillful object design

knowing cliagrams I= knowing good clesign
we need ‘@9 Princip[es for agile object &esign
then we can sketch -- crea’cinga skillful design

what are some omc these Principles?

Craig Larman

—
.

[
S
S3

oo L 0

the GRASP core object-design Principles

Information Expert
Creator

Controller

. Low Coupling applying these is

useful for good and

High Cohesi
&h-enesion agile object design

Polgmorphism
Pure Fabrication
Indirection

Protected Variations




1. Information Expert

¢ Most basic, general Principle of

object design?

¢ “put services with data” (... needed

for the services)

¢ variation: “tell, don’t ask”

o find the “information exper » that has

this data

o “classic” abstract data tgpe clesign

303

|.Information Expert
2.Creator
3.Controller

4.Low Coupling
5.High Cohesion
6.Polymorphism
7.Pure Fabrication
8.Indirection
9.Protected Variations

Craig Larman

1. Information Exper’c and “te”, dort ask”

¢ varnation: te”, dor’t ask - and tell in ONE call

avoid queries; use “commands”

©

Q decisions/ actions based entirelg upon the state of object X

should be made ‘inside’ objec’c X

avoid better
class Message ({ class Message {
Header header; Header header;
Body body; Body body;
String toString() { String toString() {

if ( body.isEncrypted() )
body.decrypt () ;
return
header. toString() + }
body. toString() ;

return

header.toString() +
body.toString() ;




305

1. Information Exper’t and “te”, dor’t ask”

¢ tell, dortaskis a goocl heuristic, but there are times

that a query (ask) is still needed

Q queries may be OK_if theg don’t violate “decisions/
actions based upon state of X should be made ‘inside’ x”

OK Even Better?
class Message { dete
Header header; void send () {
Body body; // alternatives:
body.compress ( header );
void send () { body . compressDependingOn (
if ( header.isVerbose() ) header ) ;
body.compress () ; body.compress () ;
header.compress( body ) ;
}
}

Crig Laman
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1. Information Exper‘c and “te”) dor’t ask”

¢ variation: tell, don’t ask

¢ sinceit implies avoid queries on an obiject, if

followed “dogmatica”lg”, it would create
artiﬁcia”g“strange” low-cohesion un-reusable
objects; itis a guideline, not a rule

%
i

myList.get(3) ; // not allowed??

x = die.getFaceValue();// not allowed??
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@

Q

Most basic objec‘c creation guicieline?

Choose an object C (the Creator) to create
X, when:

¢ C contains or aggregates X

e C closelg uses X

¢ Chasthe initializing data for X
The more, the better.

2. Creator

|.Information Expert
2.Creator
3.Controller

4.Low Coupling
5.High Cohesion
6.Polymorphism
7.Pure Fabrication
8.Indirection
9.Protected Variations

Q

©

5 Controller (AKA Domain Controller or Domain ‘Facade”)

At the “toP” of the “domain” lager) €,
add a front-end “facade object” that
receives system operation messages from
the interface lager, and (2) consider a
naming convention such as...

the overall “system” or “root object”
Q Rentangstem, Game

the device (if embedded software)

¢ Phone, Printer

the use case name

¢ <UsecaseName>Handler

Q ManageNetworkAclclressesHanc”er

|.Information Expert
2.Creator
3.Controller

4.Low Coupling
5.High Cohesion
6.Polymorphism
7.Pure Fabrication
8.Indirection
9.Protected Variations




one scenario of Rent
Videos use case

3. (Domain) Controller -- example

the Controller of the
system operation receives
the message from the
interface layer

: Cl‘erk :Sys‘tem interface layer startNeTJRental\ / -
(__startNewRental(customerID)) - (e.g., GUI ...) (customeriD) ‘RentalSystem 1: 272 v Video
‘ ~_ customerinfo ‘ | ‘
| ( recordRental(videolD) 3 > interface layer recordﬁiental —
| ‘ (e.9., GUI ..) (videoID){ :RentalSystem 1:222 v Video ‘
B s s L |
| ( finshedRentalEntry() 3 |
\ =
ot the Domain Controller name suggests...
L b SN
l ( pay(amountTendered) ) =}
| ( getRentalReport() N ~ Overa” S)’Stem, or
\ . = l . :
—— e physical device, or
use case
SSD with system communication diagrams
operations for system operations
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one scenario of Rent
Videos use case

3. (Domain) Controller -~ example

the Controller of the
system operation receives
the message from the
interface layer

:System = /
interface laye startNewRental .
(_startNewRental(customerID)) J . (e.g,, GUI, ...) (customerlD) U ‘RentalSystem 1:22? v Video ‘
v 4 o

: Clerk

| |
‘ customer info ‘
| ( recordRental(videolD) 3 o
\ "

‘ video info

finshedRentalEnt
} ( o ) %
P S
\ ( pay(amountTendered) \ |
I A 4 >
| ( getRentalReport() \ ~
| T 4 V‘

rental report

310

SSD with system
operations

interface Iayer‘ recordRental i .
(eg. GUI, .. (videolD) J‘}:RentaISystem }—{1:??? v :Video ‘

the system operations identified in the
SDDs define the public API into the domain
layer




architecture metaphor: hcxagon} adaptcrs & Ports

receive from (mostly)

—
CLI
Sensor/ Adapter
. Local
Device GUI
Adapter
Remote
Person GUI
Adapter
Test
App Adapter
Remote API
dapter
Automated
Tests

|

domain
logic

Local API
Adapter

send to (mostly)

—
Person

SQL DB
Adapter SQL DB
File w/ XML
Adapter
Files
App with XML
Adapter
Sensor/
Device APP
Adapter
Sensor/
Device
Craig Lo

a Domain Controller is a port to the domain logic

receive from (mostly)

send to (mostly)

’ —
Person
Sensor/ Adapter SQL DB
Devi Local Adapter
evice GuUI
ey rile w x| QL DB
Remote I" ) Adapter
Person GUl o |
Adapter > logic Files
! AP | with XML
Test v - Adapter
App Adapter
Sensor/
Remote API e APP
dapter
Adapter
Local API
Automated Adapter Sensor/
Tests Device
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9. Controller (AKA Domain Controller or Domain ‘Facade’)

o aclassic “Facade” objec’c does not
contain meaninggul aPPIication |o%1ic (it
just forwards and/or choreograp s). But
a Domain Controller ‘Facade’ *may*
contain application logic. c alte
“PokerGame” class could be Controller
on to the Domain layer, and contain
behavior related to ?)cing a Poker Game.

|.Information Expert
2.Creator
3.Controller

4.Low Coupling
5.High Cohesion
6.Polymorphism
7.Pure Fabrication
8.Indirection
9.Protected Variations

Craig Larman
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4. Low Coupling

¢ Low Couplin§; does not mean NO
coupling and is most relevant when
the depenclent element IS unstable

@ aPPhes at many levels

Q keg ques’cion: Is the del:)enclent
unstable?

|.Information Expert
2.Creator
3.Controller

4.Low Coupling
5.High Cohesion
6.Polymorphism
7.Pure Fabrication
8.Indirection
9.Protected Variations




¢ How do Information Exper‘c and
Creator suppor’t Low Coupling?

315

|.Information Expert
2.Creator
3.Controller

4.Low Coupling
5.High Cohesion
6.Polymorphism
7.Pure Fabrication
8.Indirection
9.Protected Variations

Q 8PP|I€S at many Ievels...

Q methocl

Q class
@ Package
@ lager

Q subsgstem

9 service

316

5 High Cohesion

|.Information Expert
2.Creator
3.Controller

4.Low Coupling
5.High Cohesion
6.Polymorphism
7.Pure Fabrication
8.Indirection
9.Protected Variations
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5 High Cohesion

Q example specializations of High Cohesion:

“Single Responsibilitg Principle”

“separation of concerns”

/

g “lagers”

©

“commancl/ query seParation Principle”

Craig Larman
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Command/ Quer9 Separation (suPPorts High Cohesion)

violation:

public int roll() {
faceValue = Math.random(1,MAX); // command
return faceValue; // query

support: asking a question should not change the answer

public void roll() {
facevValue = Math.random(1l,MAX); // command

}

public int getFaceValue() {
return faceValue; // query

}




Commancl/ Querg SCParation (supports High Cohesion)

g tgpica”g acceptable violations:

(o
-

o remote calls (Pemcormance motivation)

-4

fuent interface” (commancls return this)

©

«©

o status return codes in C

319 Crig Laman

lagers (sul:)Por’cs High Cohesion)

- GUI windows

- reports

- speech interface

- HTML, XML, XSLT, JSP, Javascript, ...

Presentation
(AKA Interface, Ul, View)

“—

more
. app
- handles presentation layer requests specific
- workflow

- session state

- window/page transitions
- consolidation/transformation of disparate data

for presentation

Application
(AKA Workflow, Process,
Mediation, App Controller)

dependency

- handles application layer requests

- implementation of domain rules

- domain services (- POS- , - Inventory- )
- services may be used by just one
application, but there is also the possibility
of multi-application services

Domain(s)
(AKA Business,
Business Services, Model)

%/—J%/—J

- very general low-level business services used
in many business domains
- CurrencyConverter

Business Infrastructure
(AKA Low-level Business Services)

Y

Technical Services
(AKA Integration, Technical Infrastructure,
High-level Technical Services)

- (relatively) high-level technical services -
- and frameworks
- Persistence- , - Security

- low-level technical services, utilities, -
- and frameworks

- data structures, threads, math, -
- file, DB, and network I/O

Foundation
(AKA Core Services, Base Services,
Low-level Technical Services/Infrastructure)

-

width implies range of applicability

320 @y o




EXERCISE

o With your team, on a ﬂiP chart on the wall,
without notes, write definitions of 5 GRASP

Principles.

Craig Lorman

GUIDELINES

Fact: When we applg Creator or
Information Exper’cj we may need to
choose names of software classes

Question: How to choose name? ...




GUIDELINE: low representational gap

¢ create software classes WhOSC names & data reﬂccts

domain model

VideoStore

address : Address
name : Text

323

the domain model -~ low re!:)rescntational gap

design model

VideoStore

address : Address
name : Text

addRental

the software classes may be
inspired by the domain model

reduced representational gap

Craig Larman

APPLYING UML
AND PATTERNS

An Introduction to Object-Oriented Analysis and Design
and lterative Development

"Peopie often ask me which is the best book 1o mirocdece them %o the world of DO design.
Ever since | came across i, Applying UML end Potferns has been my uareserved dhoice.”
~Martin Fowler, suthor of Uil Distiied and Redoctonng

CRAIG LARMAN

1 Object-Oriented Analysis and Design 3

2 Iterative, Evolutionary, and Agile 17

3 Case Studies 41

PART Il INCEPTION

4 Inception is Not the Requirements Phase 47

5 Evolutionary Requirements 53

6 Use Cases 61

7 Other Requirements 101

PART Il ELABORATION ITERATION 1 — BASICS

8 Iteration 1—Basics 123

9 Domain Models 131

10 System Sequence Diagrams 173

11 Operation Contracts 181

12 Requirements to Design—Iteratively 195

13 Logical Architecture and UML Package Diagrams 197

14 On to Object Design 213

15 UML Interaction Diagrams 221
- Niagram 040

ening
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Create Object Des; Zn

with Communication

Diagrams
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f = getQverdueFine l

vr :VideoRental

NOTATION: communication cliagram

— 1.1.1:
— 1.1.2:

d = getDueDate
r = getRenter

1: f = getOverdueFine( vr ) l

s

1.1: f = getOverdueFine( vr, v )

v :Video

:LoanPolicy

328

GUIDELINE: consider for each sgstem operation

SSDs identify each system
operation for which we
need to design a solution




EXAMPLE: consider for each system oPeratlon
. the Controller of the
one scenario of Rent system operation receives
Videos use case the message from the
interface layer
: Clerk :System efeec i startNewRental / .
| (__startNewRental(customerID)) | * (e.g., GULI, ...) (customeriD) | ‘RentalSystem }1—""7{ v :Video ‘
T A 7 L]
-
| ( recordRental(videolD) 3 > * interface layer recordRental —
‘ | (eg. GUL, ..) (pricello]) | ‘RentalSystem }1—”7{ v :Video
| C finshedRentalEntry() ) |
\ o b
total
Lﬁ s = S ‘ e o o
\ (_ pay(amountTendered) ) |
| N 4 V‘
| ( getRentalReport() \ |
B =
“ ___ ___ rentalreport SRS ‘
SSD with system communication diagrams
operations for system operations
129 Craig Laman
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GUIDELINE: lﬂSPll’athﬂ from actxvutg cllagrams
. i ool taiy 2
activity diagram ‘

(algorithm) for

detailed object

system design for system
operations operations of SSD
of SSD

— nvap

grinEse

R N T it

€ wa e <
behet TDFin

b e
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e
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Outside-In

Developmeﬂt
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GUIDELINE: low represcntational gap

@ create software classes whose names & data reﬂects
the domain model -~ low representational gap

domain model design model
VideoStore VideoStore
. address : Address
ﬁgg::s.s_réﬁ\tddress name : Text
addRental
the software classes may be
inspired by the domain model
. reduced representational gap Gty e

334

o With your team at the whiteboar&, create an

object clesign for the sgstem oPerations
indicated bg the coach.

Q
&

sketch with communication diagrams

consider insPiration or constraints from Prior

models: domain model, activitg cliagrams,

applg the GRASP Principles




Create Object Des; Zn

with Design Class

Diagrams

EXAMPLE: clesign class cliagram (i)

336 Craig Laman




SANMIZLIE clesign class diagram (Do)

VideoStore
address : Address
name : Text
addRental
1
activeTxn VideoRental
RentalTransaction *| dueDate
rentals| . .
date {list}
+ getDueDate : Date
- privateMethod
337 Craig Lamen

1. With your team ai

the design class clia ram corresponding




/—\gile Mocleliﬂg
for Shared

Dcsign Discoverg

visual mocleling on whiteboards

IS a great leaming aid to learn
how to “think in objects”

it has another value...




there is an imPortant
context here that is not
aPPreciatecJ by *single*
solo workers...

agile modelin easilg encourages a ) "
*team* to co”a%)orate and learn from
each other, and develop shared
un&erstancling of the design, for the
*common* feature theg will be worl(ing
together on, over the Fo”owing c{ags.

(o
1 4

if you dor’t have real teams, but
OTOH have *individual® People
worki ngon different features at the
same time, the value of this *team®
alignment via agile modeling will not be
aPPreciatecl




now we make a major shitt from
exploring clesign

to *real* Aesign — in code!

the stoxy until now. ..




Lean & Agile Mocleling
Lean & Agile Rec]uirements
User-Centered Design
Story MaPPing
Te”ingStories

SPliﬁ:in g Features

Learn with Sgstem-Sec]uence
Diagrams

Learn with a Domain Model

Learn with Speciﬁcation }:)H Example
Acceptance TDD

BAD vs GOOD Automated Tests
Designing with Layers

Create Algorithms with Activity
Diagrams

GRASPing Object Design PrinciPles

345

TEwﬁcs
Create Object Design with

Communication Diagrams

Create Objec’c Design with Design
Class Diagrams

Continuous Integration

Create Code Driven bg Unit Tests
(Unit TDD)

Lean Thinking

Lean Software Deve|oPment
Agile Values & Principles
SOLID Principles
Generalization

Polgmorl:)hism & Class Hierarchg
Design

Feature Toggle Patterns

Simple Patterns (SimPle Factory,
Null Object, g

Ciraig Larman

Continuous

lntegration




we will now reveal the surprising

meaﬂing of “continuous

integration”. it s ...

... to integrate continuouslu
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real continuous integration has little to nothing
to do with build servers or Jenkins/ etc

i

(@ jenkins-de’ian-glue | log out

Jenkins ENABLE AONQ REFRESH
= New Job = = H H H
= jenkins-debian-glue Contiffuous Integration labs
People
9 [#edit descriptid
= Build History Al
— +
O‘ Project Relationshi S w Name | Last Success Last Failure Last Duration
4= Check File Fingerprint 0 jenkins-deb; glue-binaries 8 min 6 sec (#1) N/A 2 min 49 sec @
&', Manage Jenkins
) debian-ql t: 5 min 12 sec (#1) N/A 3 min 59 sec @
a My Views -
Build Queue 0 8 min 21 sec (#1) N/A 9.9 sec @
No builds in the queu 1caf®s M L
- a RSS for all RSS for failur: RSS for just | il
e ————— Legend [ RSS for all [JRSS for failures [J RSS for just latest build
# Status
1 Idl
2 | 1dl
Help lize this Page generated: Feb 5, 2013 3:19:16 PM REST AP enkins ver. 1.480.2

real continuous integration

means to...

inteerate continuouslu

350




are you checking back in every 5 minutes?

if not, you are delaging integration

are you all on the head of the trunk?
(avoiding branching)

if not, you are delaging integration

Clisa programmer behavior

351

Continuous Integration (@)
Clisa Aeveloper Practice (belﬁavior)
with the goal to alwags have a working system
bg small changes, slowlg growing the sgstem
and integrating them many times dailg
on the mainline (trunk)
tgPicaug suPPortecl bg adl system

with lo’cs of automated tests

—Increases transparencg
—Increases cool:)eration and communication

- Enables PCOP]C to WOF!( on same COCIC




EXERCISE

IF 9OU Wl” !Z)C ClCVC

doi Ng COl tmu

,Q :; —A\.""— ‘r : vif ‘a&

Create Code Driven
bg Unit Tests

(Unit TDD)




the essence of unit TDD

only write code to fix a
Failing test

clevelopment is driven }39 tests...

tes’c~clriven clevelopment

= test-ﬁ’rst clevelol:)ment

RED GREEN REFACTOR

I. Red — First, write one test and then a “I second”
do~no’ching “solution” (which compiles but fails
test)

2. Green — Write a Passing solution

) Refactor — refactor the code (ancl test that
you're still green)

e DRY, ...
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TDD and Continuous lntegration

1. Red <2 min
2. Green <2 min
3. Refactor < 2 min

4. Integrate with *all* product code

CI -> Check-in early. Check-in often. v’

Ciraig Lorman
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©

clean COCIC: reFactoring & COCJC sme”s

duplicate code or data
long method

unclear names

magjc constants

high coupling (e.g, “data envg”)

low cohesion
case |ogic rather than Polgmorphism
data objec’c (record objec’c, data transfer object}

comments that explain m code does (rather than whg)

Ciroig Lorman




GUIDELINES

o avoid unit tests for trivial getters/ setters

o use a standard variable name for your instance
under test; e.g,, testObj

o start with a testinitialize, that checks construction
Post~conditions

clemo

o the coach will demonstrate unit TDD (which
includes regactoring




GUIDELINE: low coupling @ objec’cs not under test

Provicle depenc]eﬂcg injection or control via. ..

©

objec’t seams (Polgmorphism) or link seams

©

constructor Parameters
o setters

o factories

©
&/

dependencg~irjection framework (e.g, SPring); it
uses factories, etc.

clemo

o (the coach may defer this until a later iteration)

o the coach will demonstrate unit TDD and
dependencg injection or control
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F - fast (<5 milliseconds)

| - in&ependent

GUIDELINE: test FIRST...

¢ do not have to talk to file system, database, network,

¢ tests clo not del:)encl on other tests

R - repeatable

Q do not Permanentlg change state (O{: shared objects,

files, database, ...)

o se|F~va|idating (no outPut to view & Verhcg)

g - timelg (before the solution)

Ciraig Larman
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GUIDELINE: solutions insl:)ired bg agile models




REFERENCE: JUnit 4

import static org.junit.Assert.*;
import org.junit.*;
public class FooTest {

@Before public void setUp() { }

@After public void tearDown() { }

@Test public void testl() {

assertEquals(1l, 1);

365

| mplementation

FPatterns




if there is a Ul in the feature, spli’c it into 3 chilclren, and
implement in this order:

1. feature with an API to drive it
2. feature with a command-line interface (CLD driving the AP
3. feature with the intended Ul technologg

this will force a goocl architecture with no application logic
in the U lager, and the CLI will sometimes be useful for
cluick exploration or conﬁguration

367 Craig Lorman

: f
ﬁ Clamshe”_cll CLI frameworks

A framework to build command-line console applications in Java

CLI toolkit

Natural CLI home | Downloads | Examples | Changelog | Javadocs | Contact

Natural CLI

Natural Cllis a Java library providing to developers command line interfaces with human readable sentences. It means, your
software can understand easily command lines like the following:

.d8888b. 838 .d8888b. 838 888 888
d88P Y88b 888 d88P Y88b 888 888 888

888 838 888 Y88b. 888 888 888

- 888 888 8888b. 88888b.d88b. :Y888b. 88888b.  .d88b. 888 888

C' [ jline.sourceforge.net 888 888  :88b 888 :888 :88b  :Y88b. 888 :88b d8P Y8b 888 888
888 838 883 .d888888 883 888 888 :888 888 888 88888888 888 888

Y8gb d88P 838 838 888 888 888 888 Ys8h B8P 838 888 YBb. 888 888

:Y8888P: 883 :Y888888 888 888 888 :YB8888P: 888 888 :YB8888 838 888
Command-Line Interpreter
Java version: 1.6.0_22

Java Home: /usr/lib/jvm/java-6-openjdk/jre
0S: Linux, Version: 2.6.38-10-generic

prompt> _

368 Craig Lorman




Exercise

before the exercise sPeciﬁcs) some
details/ Practices you need to

consider. ..




the IDE kegboarcl cha”engel

(great programmers use short cuts)

it Pair Programming. .

1. personl: ‘red’
DErsonz: ‘green’
)

bersont: ‘rencac’tor

. personz: ‘recl’

NSRS




it Pair Programming. .

Promiscuous Pairing

continuous integration behavior. ..

ChCC‘( out

SN
¢

create & run tests
*ul:)clate*
it merging) re-run tests

commit

NSRS




continuous integration behavior. ..

I *uPclate* (into each local
comPuter) from the *entire*

Procluct codebase) *e\/ery*
TDD cgcle

“test double” or “mocking”
frameworks are use?ul, but in this

course we will keep it simple and
use hancl—-cra?tecl test doubles




where wi” you Place tests ancl test

cloubles?

test doubles: keep it simple ancljust
subclass a regular class for the
test clouble; dor’t introduce
interfaces unless it is needed for

the “regular” clesign goals




are you usinga test coverage “color

cocling” tool such as EclEmma?

might be useful... and then

everyone should use it

before your team starts, spencl a
few minutes at your clesign class
Aiagram, and discuss coordination

and division of tasks




AS you g0 along and discover the need for
cocling conventions & standards (Pattem
for naming tests, ...), talk about and agree

on these — it is important fora Proclud:
group with internal open source to follow
common standards. You don’t need to
decide these up front, but do incrementa”g
discuss & decide them.

R e

o take inspiratio fron prior”
. implement with %%

e do continuous integr on




EXERCISE

1. Bind the solu

tests, and ensure the pass.

accepta nce

now that you have the visceral experience, notice that in real
*team* based de\/elopment, with the whole team working
together on 1 feature at a time (the Scrum & Lean
guicﬂelines to keep WIP low, and “scrum together”) the

crltlcal 1mportance o1C the *entire* team togetlﬁer llterang at

the same table — as your work environment
- |




Jest Doubles, F‘akes,

& Mocks

many ncophgtes use the term

“mock” incorrectlg. .




WeTIN FouLEe

Intro Design Agile Refactoring NoSQL DSL

Mocks Aren't Stubs
Test
Double
Z\
N | | I
‘Dummy | [ Test Test Mock || Fake

| Object | | Stub Spy Object || Object




what are *real* mocks for?

state~basecl versus
interaction-based (behavior)

testin g




which suPPorts better
encaPsulation (the vision of
objecta-orientation and ADTs)?

case stuclg:

an aPProPriate use of both state-
based testing, and interaction-

based testing with mocks. ..




case stuclg:

Plager.takeTum O
Versus

MonopolgGame.Plag Round O

393

summarg:

When testing MonopolgGame.PlagRouncl O, we dor’t
want to interact with the real Plager.takeTurn O —
that would be an unnecessary integration test. We

alreacl9 know that Plager.ta‘«ﬂ'um O works correc’tlg
independentlg, via normal state-based testing. For
the MonopolgGame.PlagRouncl O test of “a_” Plagers

are told to takeTurn” the onlg test we need now to

make is hca_” MockPlagers are being called.




Model-View-Presenter example

similarlg, once we have tested the
Functionalitg of ‘P’ and ‘M’ lagers
(but not the Vv’ lager} , We can

connect the vV’ lager to a mock of the

‘P’ layer to simplg ensure the

“connections are correct”

a current favorite

@ Jmockit

A developer testing toolkit for Java




Internal Open Source

(Collective Code
Ownershi P)

with discussion with the coach)
choose one of the Procluct
groul:)s’ code base, and have all
other groups use that code base,

rather than their Prior “own” code




that might feel uncomfortable or scary,
but notice that i we have clean code,
with great unit test coverage and
acceptance tests, you will find it
relativelg Painless to use this open

source cocle, rather than “9our” code




where arewe’”...

clone the ﬁrst
iteration!
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Outside-In

Development

models from outside-in

Automated
AccePta nce
Tests

Outside-In

Develol:)ment

automated tests from outside-in

r

—|

Public
A=

\_

System Under Test/Dev

| Unit Tests |
Front-End Object
(e.g. Domain Controller)
| Unit Tests |/ | Unit Tests |
Object Object
S




agile cleliverg:

build a thin end-2-end solution, then
“thicken it” incrementa”y

-> ear19 intigration) ear19 feedback, carly
delivery of smaller units of value, earlg

confidence in completing something

AGILE & ITERATIVE
DEVELOPMENT
A Manager’s Guide




the story until now. ..

Lean & Agile Modeling
Lean & Agile Rec]uirements
User-Centered Design
Story MaPPing

Te”ing Stories

Splitting Features

Learn with Sgstem-Sec]uence
Diagrams

Learn with a Domain Model

Learn with SPeciﬁcation bg Example
Acccptance TDD

BAD vs GOOD Automated Tests
Designing with Layers

Create Algorithms with Activity
Diagrams

GRASPing O}:jcct Design Principlcs

Create Object Design with
Communication Diagrams

ToPics

Create Object Design with Dcsign

Class Diagrams

Continuous lntegration

Create Code Driven [39 Unit Tests

Unit TDD)

Lean Thinking

Lean Software Development
Agile Values & Princi[:)les
SOLID Princil:)les

Generalization

Polgmorphism & Class Hierarchg

Desigrl
Feature Toggle Patterns

Simple Patterns (Simple I:actorg,

Null Object, g

Ciaig Lorman




olels Shariﬂg

o (we Probablg did lots of code
review during the first iteration,
but if not...) let us look at some
of each other’s code (and test
code), to learn and make
suggestions




| ean Thinking

back to concel:)ts. ..




[} leanprimer.com |
N

home new books articles/videos lean/agile consulting lean/agile courses about/contact

Lean Thinking ... Welcome! Enjoy the 45+ page free Lean Primer...

% &
LEAN PRIMER I A \1
%
by Craig Larman and Bas Vodde 'd t |
F"H i Yrry \VG
James P. Womack

and Daniel T. Jones

By Al A e "

413

Japanese: “genchigenbutsu”




\/alue stream

Pemcection goal:

value flow to customer without

pause or impediment




| ocal OPtimization

Low value-throughput hal:)l:)ens because:

e We are oPtimizing all the Parts
e everyone IS cloing their “best” and is “busg”

o thinking mistake: “we oPtimize the whole ]33

ol:)timizing the Parts”
that be?
@

EXERCISE
¢ class disc amples of
when People wved organizecl thinking

“this is best” or “t}




lncreasing feedback & visibilitg bg “Iowering the waters”... lower the

waters to see the waste and weakness (rocks) , and deal with it, not
because of need to shiP in short cgcles

cycle time
WIP or inventory

#Qs and #items in Qs

Scrum "undone" size

inefficient
integration

inefficient
testing

over-analysis on
things that won't

be done or are
unclear low priority
coo%?r?;tion business
case

EXERCISE




[ ean Principle: Stop and Fix
(this is not a Principle for broken bui!cls;

this is for *e\/erg* weakness)

421

L ean Principle: Zero Qualit9 Control
(...via Shingo. AKA Zero Defects via Crosbg)

build c]ualitg N

»o«

sgstem verification Phase”,

testin g




A Lean List of Wastes (remove these)

I. Inventory; overproduction of 6. Task swi’cching, motion between
Fea’cures, or of elements ahead tasks) interrupt~driven
of the next steP multitasking

7. Defects, testing/ inspection
2. Warting, delag and correction at the end

8. Not usin% People’s full
3. Handoff, conveyance otential: “working to job
title,” no multi-skil , No multi-

) ) learning, no kaizen)
4. Extra processing (mcludes extra

Processes), relearning 9. Knowleclge and information
scatter or loss

5. Work in progress (WIP); Partia”g 10.Wishful thiﬂkiﬂg (ng Plans

done work, (sPcciﬁcations not and speciﬁcations are correct,
imPlemented, code not that estimates can’t increase)
integratecl or tested) 1. blaming
423 Craig Larman
e
Z MUSINGS FROM A LEAN THINKER lean.org/leanpost

~

WHY IS THE GLASS
® TWICEAS BIG AS
ITSHOULD BE?

%
A\

THE GLASS
IS HALF EMPTY.

The Optimist The Pessimist The Lean Thinker

424




EXERCISE o

| lnclividua”g review the ategories of

waste.

pure waste

temporarg necessary waste

426




EXERCISE

. team discuss and write:

1. 5 concrete examples of inventorg ancl/

or WIP in your Procluct de\/elopment?
Z.Whﬂ are inventor9 and WIP wastes?

e What business Problems do inventorg/

WIP (in the general cases) cause?

427 Cuaig Lorman

Business Problems of lnventorg/WlP

0 slelog clelagecl RO

. lost market oPPor’cunity -> lower or no RO
. hidden defects -> ...

.« fcare& gecc{ing” costs

reduction/stop of investment as a consequence of lack of visible
progress ->no RO

oPPortunitg cost
. scattered, loss of “focus”

« reduction in morale -> increase in attrition > more costs; reduction in
confidence in mgmt -> frictions -=> more costs

« reductionin gooclwi” value
« increased capi’cal carrging costs

. time value of money

428 Craig Loman




EXERCISE

o class discuss:

2 Howdo sing|e~1cunction groups that can
do one step “eFﬁcientlg” and “fast” lead

to more WIFP/ inventorg?

| ean Practices: Visual Management

(with Phgsical tokens)




Lean Practices: “Big Team Room” (Obega)

(fy Where there is Visual Management)

%) e | ‘
o N OBD® ® o C/) E
e 2-._,,- %

! | : gi it

team
members

face each
other

EXERCISE

I. team discuss: Without remcerring to notes,
“round robin”, each person in the team

share one of the laig ideas in lean thinking




EXERCISE

I. class discuss:

A /
nsider the concepts &

tCChﬂquCS we h@;&l’ﬂé(ﬁl ancl BPPIICC]

(aglle modelmg, story mapping,
N catxon ]25 cxamp|e ATDD )

| ean Software

Development




Lean

Software Development
An Agile Toolkit

Forewords by
Jim Highsmith
and Ken Schwaber

Mary Poppendieck
Tom Poppendieck

435

LeanSD: 7 Principles

Eliminate waste

Aml:)lhcg |earning

Decide as late as Possible

Deliver as fast as Possible

E‘mpower the team

Build integrity in (= Zero Qualitg Control)
See the whole

436 Craig Lorman




EXERCISE

1. lncliviclua”g, revie h Principles

< T

eanSD Tools

. Eliminate waste
. knowing & seeing the wastes
. value-stream maPPing

. From when customer rec]uest enters &

exits your company — not your silo

438 Ciroig Lorman




| eanSD Tools

: Amplhcg Iearning
. increase feedback and feedback |ooP5
. cle\/elop in short iterations, to “done”
. sgnchronization

. set~basecl development

Cuaig Lorman

| eanSD Tools

. Decide as late as Possible
. oPtions thinking
) identhcg the last resPonsible moment

e Jearn decisiommaking c:oncel:)ts &
Practices




| eanSD Tools

. Deliver as fast as Possible

. Pu” rather than Pusln wor|<, with visual
management

. applg the insights of queuing theorg:
small equaLsizecl work Packages

low WIP

steaclg rate of service

slack for each person & team

Cuaig Lorman

| eanSD Tools

. Empower the team

self-determination (selF~management)

understand motivation

. respectecl Ieaclers, not managers

. culture of |ong~livecl and Valuecl master
clevelopers (not, “become a manager”)

. foster expertise (in Programming)




| eanSD Tools

. Build integrity in

. Perceived integrity via:
. customer-written Accep‘cance TDD
. shortiterations of “done” + feedback from users
: modeling (?or feedback & alignment)

. concep’tual (architectural) integrity via:
. user-centered design
. clesign patterns
. earlg & often architectural testing

. constant refactorin 4

. constant (automated )testing

443 Croig Larmon

| eanSD Tools

e See the whole
learn & Practic:e sgstems thinking

bCWBFC bacl measurements

. local optimizing, meeting targets, ...

. measuring “Peﬁcormance” of People

value-stream mapping

know when a customer recluest enters &

exits your company — not your silo
1 T4

444 Craig Larman




EXERCISE

2. With your tlking/writi Artr '

¥ 3 2 2
WA 0
ad |

EXERCISE

e

I lnclividua”g rev

3 ® o RS
L A AR s




EXERCISE

I. class discuss:

A /
nsider the concepts &

tCChﬂquCS we h@;&l’ﬂé(ﬁl ancl BPPIICC]

(aglle modelmg, story mapping,
)

catxon ]29 cxamp|e ATDD

Agile Values &

Principles




ClO He

“acJoPt/ do” Scrum
be Agile

“Agile”
- values & Principles
not

Practices

but many Practices suPPor’c these




Manifesto for Agile Software Development

We are uncovering better ways of developing
software by doing it and helping others do it.
Through this work we have come to value:

Individuals and interactions over processes and tools
Working software over comprehensive documentation
Customer collaboration over contract negotiation
Responding to change over following a plan

That 1s, while there 1s value in the items on
the night, we value the items on the left more.

451

What does a typical old-
generation PROCESS

ENGINEER, MANAGER,

or AUDITOR look for?

Manifesto for Agile Software Development

O Processes and tools over

individuals and interactions

We are uncovering better ways of developing
software by doing it and helping others do it.
Through this work we have come to value: .
= . : O Comprehensive
Individuals and interactions over processes and tools .
Working software over comprehensive documentation d ocumen ta tl on over
Customer collaboration over contract negotiation WO rkl N g SOftwa re
Responding to change over following a plan

That is, while there is value in the items on

the right, we value the items on the left more. O Contract negotiation over

customer collaboration

O Following a plan over
responding to change

452




the 4 agjle values then
expand into the 12 agile

Principles...

453

The 12 Agile Principles

1. Our highest Prioritg Is to satis@ the customer through earlg and
continuous c‘eliverg of valuable software.

2. Welcome changing requirements) even late in development. Agile
processes harness change for the customer’s com]:)etitive
a&vantage.

3. Deliver working software fre ucntlg, froma couple of weeks to a
couple of months) with a Prejcrence to the shorter time scale.

4. Business People and clevelopers must work together daily
throughout the Project.

9 Build Projects around motivated individuals. Give them the
environment and suPPor’c theg neecﬂ, and trust them to get thejob
done.

6. The most effective method of conveging information to and within
a development team is face-to-face conversation.

454 Craig Loman




The 12 Agile Principles

7. Working software is the Primarg measure of progress.

8. Agile processes promote sustainable clevelopment. The
SPONsors, developers, and users should be able to maintain
a constant pace incleﬁnitelg.

9. Continuous attention to technical excellence and goocl
clesign enhances agilitg.

10. Simplicitg——vthe art of maximizing, the amount of work not
done—is essential.

11. The best architectures, rec]uirements, and designs emerge
from selﬁorganizing (selF~managing} teams.

12. At regular intervals, the team reflects on how to become
more effective, then tunes and acljusts its behavior
accorclinglg.

455 Craig Lorman

agile aPProaches are
value-based

not Practice-based

456




say “agile values’

avoid saging “agjle Practices”

Business /—\gilitg
enabled through

Organizational Agility




EXERCISE \ /

. lncl:vxdua”g, review values & Prmaples

- 2.With 3our talkmg ; partner while Sta”d‘”g

¢ 4-‘ g | i;{rﬁ

T “ gether, tell th e 4 vaqlugg @,md any 4 {o?“*é
12 ‘frmcipl thhout reFerrlng to note’s?

Agile & Lean

Thinking Review




EXERCISE

|, lndividua”g, o

section.




"~

<l
T Ve
&0 )

e ”

back to cocle and the next

iteration ...

464




SOLID Principles

we have alreaclg imcorma”g visited some
of the “«sOLID” Principles) and are
introducing them Forma”g because

theg are relativelg well known and you

may see or hear regercnce to them. ..




the SOLID Principles (Uncle Bob Martin)

S- Single responsibilitg Principle

. a class (and method) should have onlg a single responsibility.
@ Opcn/closed Principle

. classes: open for extension, but closed for modification.
L - Liskov substitution Principle

. objects should be replaceable with instances omc subtgpes
without altering program correctness

| - Interface segregation Principle

. many client~speciﬁc interfaces; not | general interface.
D - Depenclencg inversion Princil:)le

. Depend upon abstractions) not on concretions.

. e.g., via clepenclencg injection

467 Cuaig Lorman

EXERCISE

468

. team do: on a HIP chart on the wall, without
notes, write the definition of SOLID.




Generalization

DEFINITION: generalization

) Pagment IS a generalization
Q CashPagment IS a sPecialization

¢ AVenn diagram of sets:

Payment

CashPayment CreditPayment CheckPayment
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these are conceptual
classes, not software
classes

generalization in the domain model

Payment

N

Cash
Payment

Credit
Payment

Check
Payment

Payment

CashPayment CreditPayment CheckPayment

Cuaig Lorman

472

Statements about the
superclass are true of
the subclasses

generalization in the domain model

Pays-for

0..1

Payment

[

Sale

Cash
Payment

Credit
Payment

Check
Payment

Ciaig Lorman




Polgmorphism &

Class Hierarchy
Design

Polgmorphism as a clesign Principle

ffffffff




475

the GRASP core object~design Principles

I. Information Expert
2. Creator

2. Controller

4. Low CouPling

9 High Cohesion

6. Polgmorphism

7. Pure Fabrication

8. Indirection

9. Protected Variations

476

6. Polgmorl:)hism

I Information Expert
2.Creator

¢ Howto Aesign for varging, but

similar behaviors, that vary bg 3.Controller
4.Low Coupling

t\(jPC? 5.High Cohesion
6.Polymorphism

7.Pure Fabrication
8.Indirection
9.Protected Variations

¢ Solution: Assign responsibilities for
the similar behaviors using
Polgmorphic oPerations in each
tgpe for which the behavior varies.

«interface»
Shape

draw

o for example... &

Circle Square

draw draw




anti~Patternl

¢ Coro”arg: Do not test the tgpe (class) of an
object, and use case logic to handle the cases.

it (obj.class = Sc]uare) i

it (obj.class = ) then drawCircle O

477 Crig Laman

anti~Pat’cerﬂl

Q “testing the tgpe of the object” also (more subtlg}
happens with variations of “tﬂPC codes”

i (obj. getCategory O

478 Craig Larman
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UML for Polgmorphism: interfaces

«interface»
Shape

draw

Circle

draw

draw

Cuaig Lorman

480

UML for Polymorphism: abstract elements

Italics can indicated abstract
elements. Alternatively, a

Shape

constraint may be used. draw()
o | anotherDraw() { abstract }
Rectangle Circle
draw() draw()
anotherDraw() anotherDraw()

Ciaig Lorman




UML for Polgmorphism

Clc\'g L uuuuu

1482

UML for Polgmorphism




class hierarchg design

100% rule

class hierarchg design

onlg leamcs are
concrete




Simple l:actorg

FPattern

Pattern: Simple Fac’corg

¢ Problem: duplication of object setup code in many tests:
P ) P Y

¢ Solution: Define a “Factorg” helper class for creation and to
eliminate duplication

TestObjectFactory

createDefaultPlayer(): Player
createPlayer(...) : Player
createDefaultGame() : Game




Feature Toggle

FPatterns

Feature Toggle Patterns

. imPortant in incremental agile clcliverg
. iml:)ortant when avoicling branching (@)

. e requires hicling Ul elements

. AKA
e feature conﬁguration
. feature/code switches/fli ppers /bits

. “atent code” or “latent code Pattcms”

Ciroig Lorman
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Feature Toggle Solutions

e therearea gazi”ion ways to skin this cat

« there are also FOSS frameworks. ..

[) www.togglzorg - - S - AQiﬂﬁ

Feature Flags for the Java plattform

! & GitHub, Inc. [US]|https://github.com/tacitknowledge/flip

GitHUb This repository ~  Search or type a

suc || tacitknowledge / flip

Spring profiles and feature toggle Il iy




Exercise

EXERCISE

8 With your team S Wl‘l ioard C e .as okject
clesign for the sgste 1 indicated bg the coach.
o sketch with communi‘ i j grams and clesign class

diagrams in Para”el




EXERCISE

GRASF’iﬂg the rest




the GRASP core object{lesign Principles

I. Information Expert
2. Creator

2. Controller

4. Low Coupling

9 High Cohesion

6. Polgmorphism

7. Pure Fabrication

8. Indirection

Protected Variations

By

495 Crig Laman

Ve Fabrication

¢ sometimes, Information ExPer’c (“Put

services with data”) leads to desxgn
with cohesion or coul:)ling Problems

|.Information Expert
2.Creator
3.Controller

4.Low Coupling
5.High Cohesion
6.Polymorphism

¢ e.g, Put’cin database Persistence 7Pure Fabrication
R ol i ) ’ 8.Indirection ..
res ons:bl ities msxcle “domam RHCtect el
ol;jects” is consistent with
Information Exper’c, but are there

cohesion/coupling Problems?
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7. Pure Fabrication

SO, We “make something uP” -~apure
fabrication of our imagynation to
collect related responsibilities,
usua”g supl:)orting High Cohesion

the class name will NOT be found in
the Domain Model

€8 class DataAccessObject

|.Information Expert
2.Creator
3.Controller

4.Low Coupling
5.High Cohesion
6.Polymorphism
7.Pure Fabrication
8.Indirection
9.Protected Variations

Craig Larman

when direct couPiing IS a Problem
(usua”g due to a variation Point) ,
consider a level of indirection

Oracle

8. Indirection

|.Information Expert
2.Creator
3.Controller

4.Low Coupling
5.High Cohesion
6.Polymorphism
7.Pure Fabrication
8.Indirection
9.Protected Variations




CXBIT\PIC

note that these «interface»
Accounting
classes are also Adapter

(13 . . »
Pure fabrlcatlons postTransaction(...)

‘7 adviin el o
|
| |
SAPAccounting OracleAccounting
Adapter Adapter
postTransaction(...) postTransaction(...)

Oracle

Adapter

499

8. Indirection

Q “Ang Problem In comPuter science can
be solved with another |ager of
indirection.” — David Wheeler

|.Information Expert

It’s an extremelg common mechanism: e e

3.Controller

©

. . p p p 4.Low Coupling
Q Operatmg Sgstem IS an mcl:rectxon R ot et
6.Polymorphism
” , , 5 5 , 7.Pure Fabrication
Q \/lrtual Machme IS an mcllrectlon 8.Indirection

9.Protected Variations

500 Craig Laman
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¢ many People don’t I<now the 2nd
sentence in Wheeler’s quo‘ce...

o “An Problem n comPuter science
canﬁiae solved with another lager of
indirection. But that usua”g creates
another Problem.”

8. Indirection

|.Information Expert
2.Creator
3.Controller

4.Low Coupling
5.High Cohesion
6.Polymorphism
7.Pure Fabrication
8.Indirection
9.Protected Variations

Craig Larman
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9. Protected Variations

o Problem: How to &esign components
so that the variation or evolution
Points do not have undesirable
impact on other components?

o Solution: lclenti?g Points of Preclictecl
variation and create a stable
“interface” around them.

Q keg ‘architectural’ clesign Pattem

|.Information Expert
2.Creator
3.Controller

4.Low Coupling
5.High Cohesion
6.Polymorphism
7.Pure Fabrication
8.Indirection
9.Protected Variations




9. Protected Variations

these classes are «interface»
i . ) . Accounting
pure fabrications”, Adapter
“indirections”, and postTransaction(...)
“provide protection at a

variation point”

‘7 S | I
|
| |
SAPAccounting OracleAccounting
Adapter Adapter
postTransaction(...) postTransaction(...)

Oracle

Adapter

503

9. Protected Variations

¢ 1t’s an extremelg common meclﬂanism:

¢ most forms of indirection exist to
PrOtCCt a’t a Varia‘tion Point I.Information Expert

2.Creator
3.Controller
; i 4.Low Coupling
Q low level: Pri\/ate attributes Sl (e
6.Polymorphism
7.Pure Fabrication
8.Indirection

o medium: interfaces & Polgmorphism 9.Protected Variations
Q high: virtual machines

Q global: standards

504 Craig Larman
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law of demeter (a Protectccl variation)

|.Information Expert

o “law of demeter” is a guideline that o

3.Controller

- -, 4L C lin
Fxow&espnﬁﬁcbonw/enthe 5 High Cohesion
p p , > bl b, 6.Polymorphism
vaﬂatmwwponﬁns unsta ecnject ROl iz dor
J1ndairection

structure”. ..

9.Protected Variations

Craig Larman
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class Foo {

law of demeter (a Protected variation)

private Bar bar;

public void addGrep() {

bar.getX().getY¥().getZ() .doFoo();

}
B c
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law of demeter (a Protectccl variation)

// ARA “don’t talk to strangers”
class Foo {

private Bar bar;

public void addGrep() {

bar.doFoo();

L oc

Craig Larman
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law of demeter (a Protected variation)

o Within a method, messages should be sent onlg to
the Fo”owing objects:

o receiver object (e.g.J “this”, “self)
Q Parameter of method
¢ attribute of receiver

¢ anelement of a collection, which is an attribute
of receiver

Q object created within method

o These are “familiars” of the receiver object.




1 Object-Oriented Analysis and Design 3
2 Iterative, Evolutionary, and Agile 17
3 Case Studies 41
PART Il INCEPTION
4 Inception is Not the Requirements Phase 47
5 Evolutionary Requirements 53
6 Use Cases 61
7 Other Requirements 101
PART lll ELABORATION ITERATION 1 — BAsICS
8 Iteration 1—Basics 123
9 Domain Models 131
10  System Sequence Diagrams 173
11 Operation Contracts 181
12 Requirements to Design—Iteratively 195
13 Logical Architecture and UML Package Diagrams 197
14 On to Object Design 213
15 UML Interaction Diagrams 221
16  UML Class Diagrams 249
17 GRASP: Designing Objects with Responsibilities 271
18 Object Design Examples with GRASP 321
19 Designing for Visibility 363
20  Mapping Designs to Code 369
21 Test-Driven Development and Refactoring 385
22 UML Tools and UML as Blueprint 395
PART IV ELABORATION ITERATION 2 — MORE PATTERNS
23 Iteration 2—More Patterns 401
011 A 1 atp

APPLYING UML
AND PATTERNS

An Introduction to Object-Oriented Analysis and Design
and Iterative Development

4 Al K_Ano 814 40
25  GRASP: More Objects with Responsibilities 413

PART V ELABORATION ITERATION 3 — INTERMEDIATE TOPICS
Iteration 3—Intermediate Topics 475

UML Activity Diagrams and Modeling 477

UML State Machine Diagrams and Modeling 485
Relating Use Cases 493

Domain Model Refinement 501

More SSDs and Contracts 535

Architectural Analysis 541

Logical Architecture Refinement 559

Package Design 579

More Object Design with GoF Patterns 587

Designing a Persistence Framework with Patterns 621
UML Deployment and Component Diagrams 651
Documenting Architecture: UML & the N+1 View Model 655

“Peopie often ask me which 15 the best book 1o mirodece them 1o the world of DO design.
Ever since | came across &, Applying UML and Potierns has been my wareserved dhoice.”
~Martin Fowder, suthor of LU Drstilled and Refactoring

CRAIG LARMAN
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Pattems’?

Pattern: Simple I"actorg

¢ Problem: Who should be resPonsible for creating objects
when special considerations, such as:

@ complex or duplicated creation logic
¢ creation of one instance from a related class hicrarchg

Q Pooling,

o Solution: Define a “Factorg” class for creation.

TestObjectFactory

AccountingAdapterFactory

createDefaultPlayer(): Player

createAccountingAdapter(): AccountingAdapter createPlayer(...) : Player

512

createDefaultGame() : Game
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«interface»
Compression

compress( Message )

Pattern:Nu” Objec‘c

s - 1

| |
NullCompression LZWCompression

compress compress

Craig Larman
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©

@

~

Q

“Gang of Four” design Patterns

25 Patterns
10-15 are wiclely used
We will applgjust a few

The Agile Modeling &
Advanced Object Design
with Patterns workshop
explores in detail

Design Patterns

Elements of Reusable
Object-Oriented Software

Erich Gamma
Richard Helm
Ralph Johnson
John Vlissides

APPLYING UML
AND PATTERNS

An Introducion to Object-Oriented Analysis and Design
and lterative Development




PATTERN: Aclaptcr

«interface»
Accounting
Adapter

postTransaction(...)

‘7 EREa e L
|
| |
SAPAccounting OracleAccounting
Adapter Adapter
postTransaction(...) postTransaction(...)
515 Ciaig Loman

Exercise







Closing

the storg until now. ..




Lean & Agile Modeling

Lean & Agilc chuirements
User-Centered Design

Story MaPPing

Te”ing Stories

SPlitting Features

Learn with Sgstem~56c:]uence
Diagrams

Learn with a Domain Model
Learn with Speciﬁcation bg Example
Accepta nce TDD

BAD vs GOOD Automated Tests
Designing with Layers

Create Algorithms with Activity
Diagrams

GRASPing Objec’c Design Principles

521

Tol:)ics
Create Objcc’c Desigri with

Communication Diagrams

Create Object Design with Design
Class Diagrams

Continuous lntegratiori

Create Code Driven bg Unit Tests
(Unit TDD)

Lean Tl’iinking

Lean Software Development
Agilc Values & PrinciPics
SOLID Principles
Generalization

Polymorphism & Class Hierarchg
Design

Feature Toggle Patterns

5imple Patterns (Simple l:actory,
Null Okﬂ'ec’c, g

Cuaig Lorman
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