“":9.@" UNIVERSITAT @ ’m
T “" DES g m
u u u " %";!Uah’.1$”.\ (,;aféi‘_?_—:”"':%]iv

SAARLANDES

Domain-Driven Design (DDD)

Architectural Thinking for Intelligent Systems
Winter 2019/2020

Prof. Dr. habil.Jana Koehler

© DFKI - JK



UMIVERSITAT
DES
SAARLAMDES

Agenda
= Build an understanding the business domain
= Capture business understanding in models
= Separate business and application layer
= Domain elements and bounded contexts

— Entities

— Value objects

— Domain events

— Services

= DDD context maps and the big ball of Mud
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Tutorial Assignment 7:

= We analyze the business domain in more detail and identify
the essential elements of the domain.

= We decide which
— entities,
— domain events, and
— services

will be in the focus of our attention and begin to model
these elements.
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From Business Case to System Structure

= Understand the business domain
and reflect it In the architecture

= Speak the language of the
business

= Find out about potential conflicts in
the understanding of what needs
to be done among different
stakeholders

Foreword by Martin Fowler

= Address risks & find compromises
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Understanding the Business Language

Adopt the business language and use it in architecture,
design, and code

— Business languages are always spoken in a context
— Clarify the meaning of specific terms in this context

Create models to capture key concepts of the application
domain at an adequate level of abstraction

Code implements the model
— «express the model through the code»

Continuous Integration means above all ensuring a common
understanding of the business language among the team!
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4 StudyValues

Example

= «Case"
= «Study variables"
= «Variable values"

"Tightly relating the code to an
underlying model gives the
code meaning and makes the

model relevant."

Angaben zur fallbearbeitenden Person

Anzahl der

G C¥
o C#
a C¥
o C*
o ¥
G C¥
o C#
o C¥
G C¥
o C#
a C¥
o C*
o ¥

G C¥

L S A =

AlterHaupttaeterIn,cs
Alterkind.cs
AnzahlTaeter.cs
BerugHaupttaeterInZukind . cs
FormDerGefaehrdung.cs
Geschlecht.cs
Haeufigkeit.cs
Language.cs
Lebenssituation.cs
Profession.cs
QuelleDerMeldung. cs
TrioWert.cs
Wohnkanton, cs
Zeitpunkt.cs

4 StudyVariables

a C¥
G C¥
o C#
a C¥
o C*
o ¥
G C¥
o C#
a C¥

o C*

Angaben zur Meldung der Kindeswohlgefahrdung Angaben zur primaren Kindeswohlgefahrdung

AngabenZumBetroffenkind.cs
AngabenZurTaeterschaft. cs

Fall.cs

Fallbearbeiter.cs

InterventionLeistung.cs

Meldung.cs

Organisation. cs
Primaerekindeswohlgefashrung.cs
VermitlungUeberweisung. cs
WeitereFormenDerKindeswohlgefashrduna. cs

Weitere Formen der Kindeswohlgefahrdung

Fall Alter Geschlec Profession Jahre im Anzah! Jar?re in Datum frihere Meldung F?rm der _ Beginn Haufigkeit psychische kérperliche Vemachigssigu sexuelle Gewalt
ht QOrganisation Erstmeldung Kindeswohlgefahrdung Gewalt Gewalt ng
Berufsfeld

1 1& weiblich Sozizle Arbeit 4 1 Gesundheitswasen 13.11.201& nein Muonchhausen Stellvertretersy in diesem Monat mehrmals regelmassig nein nain nein i=

2 15 weiblich PSdagogik 3 2 Eltern(teil) 17.10.2018 ja kgrperliche Gewalt in diesem halben jat mehrmals [unspezifisch) nein nein nein ia

3 75 mannlich  Padagogik 4 3 Verwandte und soziales Um 13.08.2016 nein sexuelle Gewalt wor mehr als ginem | mehrmals unregelmassig JEl nein JEl nein
4 15 mannlich  Medizin E 4 Pflegeeltern, Heim, Kindert: 15.08.201& nain Gewslt zw. Bezugspersonen wor mehr als ginem t mehrmals unregelm3ssig JEl nain i= nein
5 16 weiblich PSdagogik 0 ) Schule und schulische Dien: 20.11.2016 nein sexuelle Gewalt indieser Woche mehrmals regelmassig JEl nein nein nein
& 55 weiblich P3dagogik 35 & KESB 5.11.201& nein sexuelle Gewalt in dieser Woche einmal JEl nein nein nein
7 19 mannlich  Medizin 3 1 Sozizlbersich 30.11 2016 nein Gewslt zw. Bezugspersonen indiszem Monat mehrmals unregelmassiz nein nein nein nein
] 20 mannlich  Polizei 20 2 Gesundheitswesen 5.1 16 nein WernachlSssigung in diesem halben jat mehrmals regelmassig nein i= nein nein
£l 25 mannlich _ Feuerwehr 3 3 Strafverfolgung 13.10.201& nein psychische Gewalt vor mehr als einem t mehrmals [unspezifisch) nein nein nein nein
10 35 mannlich PSdagogik 5 4 anonyme Meldung 17.10.2016 ja Gewsalt zw. Bezugspersonen wor mehr als einem t einmal nein nein JEl JE
11 45 weiblich Psychiatrie 7 5 andere Organisation, Fachp 17.09.2016 nein sexuelle Gewalt indieser Woche einmal nein nein JEl ia
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Same Language Everywhere ...

= The stronger the agreement on the meaning of business
concepts, the more viable the system!

(Business) Language

Architecture - Design

Code \JZJ Model
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Interleaving of Understanding — Modeling — Implementing

Documenting and understanding important
concepts of the business domain

"Sophisticated domain
models seldom turn out
useful except when
developed through an
iterative process of
refactoring, including
close involvement of the
domain experts with
developers interested In
learning about the

'\ domain."

Designing a part of the software to reflect the
understanding of the business domain
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Essential Elements of any Application Domain

User

= Entities Interface
= Value Objects Application
= Domain Events

Doamain
= Services

Infrastructure |

Domain and application exist independently of IT TECHNOLOGY!
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Divide and Conquer — Build Layers and Components

10

B 808 0

Presentation
Layer

Application
Layer

Domain
Layer

Infrastructure
Layer

B 80 0

= Each layer provides clearly

defined interfaces and uses
services from underlying
layers

Each component
Implements a specific
business or technical
function

Understanding the
business domain is
crucial for architecture
viability!
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How to Proceed?

= Design the domain

= Do not establish dependencies on
— Infrastructure
— User interfaces
— Application logic

= Split complex domains into subdomains
— «Bounded Contexts»

= Domain objects have no application logic, but only logic that
emerges directly from the business domain

» ISOLATION
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Entities

= Things, people who have an identity = business objects

= Clearly defined (longer) life cycle

— States relevant in the business domain
e remember BPMN events

— Rules control state transition

= Attributes may vary
— Need for discussion and clarification

= One of the entities plays a particularly important role

— Examples
« Restaurant: bill
* Bank: account
« Social work (case management). case
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Value Objects

= Things that describe the state of entities

= No own identity, never composed of entities, no life cycle
that would be meaningful and necessary from a business
point of view

] StudyValues

i C* AlterHaupttaeterIn.cs

a C* AlterKind.cs

o ¥ AnzahlTaeter.cs

i C* BezugHaupttaeterInZukind.cs
i C* FormDerGefaehrdung.cs

o CF Geschlecht.cs

i C* Haeufigkeit.cs

i C* Language.cs

public class PrimaereKindeswohlgefaehrung

{

public FormbDerGefaehrdung FormDerGefashrdung { get; set; }

: ) Y o ©F | ebenssituation.cs
public Zeitpunkt Beginn { get; set; } 5 C* Profession.cs
i C* QuelleDerMeldung.cs
o & TrioWert.cs

i & \Wohnkanton.cs

i C* Feitpunkt.cs

public Haeufigkeit Haeufigkeit { get; set; }

R A A = = A A = A =
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Domain Events

= Which events of the domain determine the life cycle of
entities?

= Which events cause state changes?
— who/what triggers the event?
— when does the trigger occur?

— which properties characterize the event?

= |mportant. Separate business events from application-
specific (architecture-specific) events

— a case of child abuse Is suspected

— a case of child abuse has been edited in the data base
by an agency
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Services

= Procedures and processes, which change the state (values
of properties) of entities

= Understanding business processes: business
services/business capabilities

= Service contract
— Who can use the service when and how?
— What does the service guarantee?

= Examples:
— Restaurant ...
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Derive Services from the Lifecycle of Entities

“A car from another branch
? may be allocated, if there is
a suitable car available and

~ Acquired o .
Sale O there is time to transfer it to
on the pick-up branch.”
Available
[ A||OCQN “If a car is three days overdue
| : and the customer has not
\v In Service arranged an extension,
on Rent Insurance cover lapses and the
}\ police must be informed.”
/ Overdue ]
Returned ]*/
\ Rules ensure the integrity of data and regulate
Damaged the behavior of actors

» and are a source for acceptance tests!!!
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Further Elements of Domain-Driven Design

Phase 1 search
with
[ Services } Entities [Repositories}
) i ‘ Phase 2
i describe generate manage and
d%SoCég)le model J with validate with
with with sea{ﬁh
Model- \ Wi
Driven
Design :
isolate | [ Seeioes generate
domain describe with Aggregates
with model f
with gene_rﬁte
Layered il
Architecture
Evolution of DDD
encapsulate

With proceeds along with
Value clarification/definition
Objects of requirements
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Using DDD in Large Project

Maintaining Model Integrity

keep model unifed by,

CoNTINUOUS
INTEGRATION

BouNDED
Context

nemes SUPPLIER
anter overlap allied contexts through TEAMS
335883 0VErIEw {f’ relate alied contexts as
relafionships with |  CONTEXT Map s 7
overap unizterally 25
support muftinle
Usigumous sagragate the

LANGUAGE conceptual messes

18

%

clients through
free teams fo go o  OPEN HosT
translzte and insulate SERVICE
unilterally with
Big BALL OF .
MuD SEPARATE
Wars
ANTICORRUPTION
LAYER

SHARED
KERNEL

CusToMER/

formalize as

PUBLISHED
' LANGUAGE

© DFKI-JK



UMIVERSITAT
DES
SAARLAMDES

Where are we in Architectural Thinking?

OF ¥ 7

Goal hierarchies, Requirements
Scenarios, system vision Constraints
Context view

Architectural Draft Design
System Idea

Models of the Business Domain
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System Idea

20

Hierarchies/ | Domain

Acceptance |
Criteria

Goal |/ Business |

Scenarios |

/

Vision
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DDD for Elevator Destination Control

Jobmanager

- _‘ P_ﬁer requestsforders N
izla J b o, | | broker
lalzla - offers
Zlslz ._
2= Lz - world modkel passenger status ‘ observer ]
[ e | N L
L ]| EEE -y

’ 2ER MiEls

@—{ failure recovery }7

door commands door state
= doors |

drive commands drive lift state

passenger data f building layout

configuration manager
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Al System for Cable Wiring

= > 1200 commits 2012-2016, test coverage 65%

10 Code Contributors
= Lines of C# Code: 4500 core system, 5300 GUI, 1800 tests

= Yearly major refactoring, maintainability index > 85%

22

GUI
Facade
Model Constraint
XML f—> InputReader —> Builder Computation IBM Cplex
| | | Gurobi, Z3

v

Modelwriter
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Google OR Tools
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(CP,MIP)
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Understanding a Business Domain
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Summary

= Adequate understanding of the business domain is crucial for
architectural thinking

= Capture business understanding in models — create views for
communication

= Separate business domain from application domain

= Clarification of business terms is critical and time-consuming to build a
uniform understanding among stakeholders

= Undetected ambiguities or different semantic understandings are a
source of major risks

= DDD focuses on business objects (entities) and their life cycle
— clear separation of entities - value objects - events - services

= Business model should never be influenced by the infrastructure or
technology used

= Large domains are broken into bounded contexts and linked via a
context map
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Working Questions

1. What do we understand by Domain-Driven Design (DDD)?
2. What Is the most important goal of DDD?

3. Why should one strictly separate Domain Layer and
Application Layer?

4. What role does Continuous Integration play in DDD?
5. What is a context in DDD?

6. Give examples of entities, value objects, domain events,
and services in a domain of your choice.

/7. What role does the context map play and how do contexts
relate to the Big Ball of Mud?

8. Why do we discuss DDD although our topic is software
architecture?
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