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Thank you for �ying Industry Airlines.
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To be continued.
Lecture Gap

Let’s have a meal!
LUNCH

Let’s breathe deeply!
BREAK

Fasten your seatbelts, please.
Lecture Start
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Engineering

Science Art

Craftsmanship

Architecture

Requirements
Process
Estimation
Calculation
Automation
...

Coding
Debugging

Tooling
Assembling

Deploying
Testing

...

User Experience
Interface Usability

Interface Accessibility
Graphics Design

Coding Style
....

Algorithms
Data Structures
Network Protocols
Formal Languages
Design Patterns
...

prescriptive creative

Structural Scienti�c De�nition of Architecture:
Architecture of a system is the set of fundamental
concepts and properties of the system in its environment,
embodied in its elements[, interfaces], relationships[ and
behaviours] and the principles of its design and evolution.
(based on industry standard ISO/IEC 42010)

Holistic Artistic De�nition of Architecture:
Great architecture is achieved harmony

and accord of all parts, where you
no longer can add, modify or remove

anything without impairing the whole.
(based on a quote by Leon Battista Alberti on beauty)

“�rmitas,
  utilitas     et
                       venustas”
                      — Vitruvius

structural   stability, 
operative   usefulness, 
attractive   appearance

Marcus Vitruvius Pollio
80-70 B.C.
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Perception, how
simple, elegant, natural,
securing and evident  (SENSE)
something is,
from the evolutionary and cultural
perspective of a person.

BEAUTY

Measure, how suitable
something,
in its environment,
ful!lls
its imposed functional and qualitative 
requirements (!tness for purpose),
from the individual and subjective
perspective of a person.

ADEQUACY

1

2

3

1

4

5

+ functional: FunctionalRequirement[]
+ qualitative: QualitativeRequirement[]

Requirements 4

+ form: Any
+ properties: Property[]

Object 2

+ invariantProperties: Property[]
+ a"ectedProperties: Property[]

Environment 3

+ aspects: LikertPair[]

Judgment 1

+ name: String

Person 5

are imposed
on

chooses and
examines

forms

surrounds

free from unnecessary complexity, 
easy enough to comprehend.

Simple S

broadly applicable, allows 
combinatorial use-cases.

Elegant E

consistent, symmetric,
free of anomalies.

Natural N

allows feeling safe by captured 
experiences or omnipresence.

Securing S

obvious, clear and
traceable representation.

Evident E

Adequacy is a relative and highly subjective measure that de!es
scienti!c objecti!cation. Nevertheless, it is an essential concept, as the three 
in!uencing aspects allow persons in practice to at least better structure
their perception and judgment and measure the di"erences over time.

Beauty is a relative and highly subjective perception that de!es
scienti!c objecti!cation. Nevertheless, it is an essential concept, as the SENSE 
aspects seem to be universal across persons and allow them to communicate 
their perception and judgment and observe the di"erences over time.

Beauty
does imply
Adequacy

Adequacy
does not imply
Beauty

in#uences

a"ects

No Adequacy
does imply
No Beauty

No Beauty
does not imply
No Adequacy
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IDEATE

UN
DE

RS
TA

ND

SPECIFY

EXPLO
RE

DESIGN

IM
PL

EM
ENT

BUILD

VERIFY

DEPLOY

OPERATE

INTEGRATE

M
ONITOR

ADAPT

BIZ

DEV OPS

BUSINESS

DEVELOPMENT OPERATIONS

ITERATIVE APPROACH:
The three main and two
auxiliary work!ow cycles
express a fully iterative
engineering approach.

INTERLINKED CYCLES:
The three main cycles are
inter-linked and can cycle

through their steps at
di"erent speeds S(x):

S(BIZ) ≥ S(DEV) ≥ S(OPS)

EMPHASIS AND SEQUENCING:
The work!ow step colors

represent the usual work!ow
emphasis. Work!ow steps are

executed in sequence but
may be skipped if dispensable.

DISCIPLINE RESPONSIBILITY:
Each work!ow step has
one or more disciplines

which are responsible for
continuously performing

the step in practice.

INITIATE

ST
EE

R

PLAN

DEFINE

PRJ
PROJECT

MANAGEMENT

DOMAIN
FOCUS

TECHNOLOGY
FOCUS

PRD

RO
LL

O
UT

RELEASE

CONFIGURE

PRODUCT
MANAGEMENT

PRODUCT
FOCUS

ENVISION

Business &
Deliverables

Communication &
Orchestration

Problem &
Solution

Software &
Systems

WHAT ?

WHY ? WHEN ?

HOW ? WHERE ?

A

A

A

A

A

A Automatable

ENTRY
ENTRY

ENTRY

EN
TR

Y

ENTRY

PROJECT
FOCUS

PEOPLE INCLINATIONS:
The $ve work!ow cycles
intentionally loosely align
with the usual inclinations,
which express the di"erent
types of involved people.

FULL-CYCLE SCOPE:
The scope of the full
main-cycle work!ow
usually is based on
business-value-adding
user scenarios.

(m
eta)
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Software Engineering Work!owENGINEERING

focus &
 steps

Many speci!c Domains

Domain

One (or few) generic Architectures

Architecture

Many speci!c Technologies

Technology

Architecture
Design

Construction

conceptual
constructional

generic

Domain
Analytics
Business

domain-speci!c
usage-oriented
speci!c

Technology
Development

Realisation

technological
programmatic

speci!c

ANALYSIS

Identify Needs:
We understand which 
outcomes of the solution 
are most valuable to 
users.

Software Requirements REQ

Determine Solution: 
We model and specify 
the solution through 
involved functional and 
non-functional aspects.

Domain Modeling DOM

ARCHITECTURE

Design Software:
We design an 
orthogonal, well-
balanced and well-
considered solution.

Software Architecture SWA

Design Systems: 
We ensure that the 
solution !ts optimally 
into its environment.

System Architecture SYA

CONFIGURATION

Version Artifacts:
We place every artifact 
of the solution under 
strict version control.

Software Versioning VER

Assemble Artifacts: 
We build and package
the solution through an 
automated and
repeatable mechanism.

Software Assembly ASM

ANALYTICS

Review Code:
We regularly and 
semantically peer-review 
the source code of the 
solution.

Software Reviewing REV

Test Solution: 
We adequately test the 
functional and non-
functional aspects of
the solution.

Software Testing TST

MANAGEMENT

Steer Process:
We rigorously balance 
time, cost and scope to 
react on changes and 
reach the goals.

Project Management PRJ

Push Product: 
We continuously push 
the development and 
release of the solution
to the users.

Product Management PRD

DEVELOPMENT

Implement Code:
We develop the solution 
outside-in, from coarse 
to !ne aspects.

Software Development DEV

Refactor Code: 
We regularly and 
holistically refactor the 
solution to ensure long-
term quality.

Software Refactoring REF

DELIVERY

Deploy Artifacts:
We ship and deploy
the solution through an 
automated and 
repeatable mechanism.

Software Deployment DPL

Operate Solution: 
We ensure that our infra-
structures and the solution 
can be operated in a 
resilient and secure way.

System Operations OPS

COMPREHENSION

Document Solution:
We adequately 
document the usage 
and operation of the 
solution.

Usage Documentation DOC

Train Users: 
We adequately train
the users and operators 
of the solution.

User Training TRN

EXPERIENCE

Optimize Work!ows:
We align the solution to 
the perspective of the
target audience.

User Experience UXP

Design User Interfaces: 
We design a useful, 
intuitive, and beautiful 
user interface for the 
solution.

User Interface UID

ADJUSTMENT

Support Members:
We ensure that project 
members use state-of-
the-art methodology, 
technology, and tools.

Project Coaching COA

Involve Stakeholders: 
We ensure that all 
stakeholders of the 
solution are
suitably involved.

Change Management CHG

AN

EX

AR

DV

CF

DL

AC

CP

MG

AD

business-oriented & domain-speci!c constructive & technological infrastructural & technological analytical & domain-speci!c people-oriented & process-oriented

!
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X scalability layer (from 4/most to 1/least dispensable)

"

Requirements Engineer /
Business Analyst

Business Analyst /
Business Architect

User Experience Expert

User Interface Designer /
Graphics Designer

Software Architect

System Architect /
Enterprise Architect

Software Engineer /
Software Developer

Software Engineer /
Software Developer

Con!guration Manager

Build Manager /
Build Engineer

System Engineer /
System Developer

System Administrator /
System Operator

Software Tester

Software Tester

Technical Writer

Technical Writer /
Product Trainer

Product Manager /
Product Owner

Project Manager

Project Coach /
Methodology Master

Change Manager
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Software Engineering DisciplinesENGINEERING

inclination &
 know

ledge

N 1 M

Software Engineering Disciplines Software Engineering Work!ow
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Continuously Raising the Bar

Entitlement

Mission

Values

Manifesto for
IT Architecture

We continuously strive to raise the bar of professional IT architecture
by practicing it and helping others to learn our craft.
We achieve maximum value for our clients through our work.

Through this work we have come to value aspects of our craft.
While we acknowledge the beneficial values in the items on the right,
we appreciate the stronger values in the items on the left even more.

Sustainable Concepts
Pragmatic Making
Constructive Craftsmanship
Accredited Creativity
Proactive Improvement  
Inherent Quality
Operational Delight

over
over
over
over
over
over
over

Latest Technologies
Theoretical Consideration
Analytical Engineering
Achieved Industrialization
Reactive Correction
Tested Robustness
Useful Functionality

As IT Architects we guide the design,
implementation and evolution of IT solutions.
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RATIONALE

CHALLENGE

INSIGHT

FOCUS
refers to the extrinsic and higher- or 
macro-level di!culty of a system,

because the system involves many 
di"erent and connected parts

which take time to comprehend
and master in total,

and which nevertheless
are easy to explain.

complex

refers to the intrinsic and lower- or 
micro-level di!culty of a system,

because the system involves many 
di"erent and di!cult aspects

which take time to understand
and learn in detail,

and which usually
are hard to explain.

complicated

Simple (non-complicated) systems
can be complex.

Clear (non-complex) systems
can be complicated.

Architecture primarily has to master 
the complex aspects of a system.

Development primarily has to master
the complicated aspects of a system.

NOTICENOTICE

RECOGNIZE RECOGNIZE

Licensed to Technische U
niversität M

ünchen (TU
M

) for reproduction in Com
puter Science lecture contexts only.

Intellectual Content:  Version 1.0.0 (2019-10-12), Authored 2019 by D
r. Ralf S. Engelschall

G
raphical Illustration: Version 1.0.0 (2019-10-12), Copyright ©

 2019 D
r. Ralf S. Engelschall <http://engelschall.com

>, All Rights Reserved.
U

nauthorized Reproduction Prohibited.
A

F
01.5

Complex vs. Complicated



Ar
tif

ac
t A

bs
tr

ac
tn

es
s

Architecture Zoom

Maxims

Principles

Tactics Paradigms Patterns

Business

Business Service

Application

Infrastructure Service

Infrastructure

Largest
(Landscape)
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 /
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(Singleton)

Infrastructure Service
Setup

Infrastructure Service
Landscape

Infrastructure Service
Component

Application
Landscape Application

Application
Component

Infrastructure
Setup

Infrastructure
Landscape

Infrastructure
Component

Business
Service

Business Service
Orchestration

Business Service
Activity

Business
Process

Business
Domain

Business
Activity

Strategies

Reference
Architectures

TemplatesTools

SamplesSolutions

Technology
Standards

Walking
Skeletons

fo
llo

w
s /

 co
nf

or
m

s t
o 

/ i
s b

as
ed

 o
n

conceptual artifacts
practical artifacts

(li
tt

le
)

(m
uc

h)

=  Abstractness
x  Scope
x  Zoom

Space

Architecture Scope & ZoomArtifact Abstractness

Enterprise
Architecture

Business
Architecture

Software
Architecture

System
Architecture

Architecture
Fundamentals
Scope
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Subject

View

Viewpoint

Aspect

Perspective

Principle Pattern

Scope Zoom

*

documented by

*

exhibits

+

has

+ +

de!ned by de!ned by

addresses

+

has

belongs to

+
targets

follows

*

**

based on based on

viewable at

+

belongs to

Element

Relationship

2+
+

*

Language:
Formal, semi-formal or 
even prose language to 
describe an Insight, so it 
optimally addresses the 
Concerns of 
Stakeholders. 

Subject:
Any type of business 
process, business service, 
software application, 
infrastructure service or 
infrastructure setup.

Stakeholder:
Person, group or entity
with an interest in or 
Concerns about the 
Architecture.

Concern:
Requirement, objective, 
intention, or aspiration a 
Stakeholder has on an 
Architecture.

Viewpoint:
Collection of templates 
and conventions for 
constructing one type of 
View. It addresses 
Concerns and contains 
guidelines for 
constructing a View.

Perspective:
Collection of decisions, 
guidelines and rules that 
ensure a Subject exhibits 
a set of non-functional 
Requirements, 
considered across a 
number of Views.

Insight:
Superordinate 
abstract concept to 
address particular 
Concerns through 
Viewpoints and 
Perspectives.

Scope:
Primary area of the 
Architecture space an 
Insight addresses: either 
Business, Business 
Service, Application, 
Infrastructure Service or 
Infrastructure.

Zoom:
Level of view distance to 
the Architecture an 
Insight has. Also known 
as the Insight detail level, 
ranging from smallest 
atoms, over singletons to 
the largest landscape.

Architecture:
Inherent static and 
dynamic structure of a 
Subject which comprise 
Elements, the visible 
Behaviour of Elements 
and Relationships 
between Elements.

Element:
Fundamental part from 
which a Subject can be 
considered to be 
constructed.

Relationship:
Static or dynamic 
relationship between 
Elements of an 
Architecture of the 
Subject.

Architecture 
Description:
Set of artifacts that 
document an Archi-
tecture in a way 
Stakeholders can 
understand and ensures 
their Concerns are met.

View:
Representation of one or 
more structural aspects 
of an Architecture that 
illustrates how the 
Architecture addresses 
one or more Concerns.

Aspect:
Representation of one or 
more non-functional 
aspects of an 
Architecture that 
illustrate how the 
Architecture addresses 
one or more Concerns.

Rationale:
Fundamental reasons for 
a particular chosen 
Architecture, usually 
strongly based on non-
functional 
Requirements.

Principle:
Fundamental truth, rule, 
tenet or policy an 
Architecture follows.

Pattern:
Proven recurring theme, 
structure, approach or 
behavior an Architecture  
and its Elements can 
follow.

Languageuses

+

comprises

comprises

provides

comprisescomprises

M
et

ho
do

lo
gy

D
oc

um
en

ta
tio

n
Im

pl
em

en
ta

tio
n

Co
nt

ex
t

Behaviour

+
comprises +

of

between

ful!lls

+
supports

*

1 (as-is or to-be) ..
2 (as-is and to-be)

Requirement:
A functional or non-
functional demand or 
imposed obligation on 
the Subject.

Behaviour:
Run-time characteristic of 
Architecture Elements 
of the Subject.

regarding

Maxim

follows

Reference
Architecturefollows

*

Strategy Tactic
followsaligned

to

*
based on

Strategy:
Long-term situation-
independent plan of 
approaches to achieve a 
particular goal (think: 
war). Aligned and not in 
con!ict with any 
Maxims.

Maxim:
Fundamental, generally 
valid set of values and 
rules to guide the 
architecture discipline 
(think: law).

Tactic:
Short-term situation-
dependent plan of 
actions to achieve a 
particular goal (think: 
battle). Following and 
supporting a Strategy.

Reference 
Architecture:
Reusable proven 
Architecture template, 
based on a set of 
Patterns and following 
one or more Tactics and 
Strategies.

follows follows* *

re!nes

*

back-references

M
et

ho
do

lo
gy

Rationale

Requirement

Architecture

Stakeholder

Concern Insight

Architecture
Description

*

*
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BDBusiness
Drives

Trigger and support the business
with technological feasibilities,
but always understand the business
domain and its demands and align
your architecture accordingly. 

UCUse-Case
Driven Design

Design is how it works and runs,
so support your customers in their
daily work by directly designing
your architecture along their 
domain-speci�c use-cases.
   

PBProven
Basis

Never start an architecture from
scratch. Instead start from proven
reference architectures, patterns
and templates. Even if, after some
iterations, no initial content is left.

SBNo
Silver Bullet

There is no “one-size-�ts-all” 
architecture, so accept that
although you should reuse proven
architecture aspects as much as
possible, you will always need to
individualize your designs.

SRStepwise
Re�nement

Start with the ”big picture” and
perform a stepwise top-down
re�nement of your architecture
by going from coarse to �ne
aspects. 

ACAnalytical and
Creative Act

Recognize that every good
architecture is based on both
analytical engineering and 
creative artistic aspects.

TCDon’t Be
Too Clever

Don‘t be too clever or tricky, both
in your higher-level architecture
and lower-level design aspects.

STSimplicity
Trumps

Create solution parts as simple as
possible and only as complex
as necessary. And remember:
simplicity before generality,
use before reuse!

GEPerfect is the Enemy
of Good Enough

Beware of the perfection pitfall
and design your architecture only
as good as necessary and not as
good as ultimately possible.

COComponent
Orientation

Master complexity in your
architecture through stringent
bottom-up use of components
on all scopes and zoom-levels,
loose coupling between and strong
cohesion within components.

PRBalance Principles
Against Requirements

By weighing them against one
another, �nd a reasonable balance
between fundamental architecture
principles and your particular
non-functional requirements.

DFDesign for
Failure Case

Murphy was an architect:
everything which can fail will 
sometime ultimatively fail.
Hence, already design for the
failure case (think: “pessimistic”).

DCDesign to
Change

Time changes everything, so
your solution is already legacy 
at the �rst day of release. 
Hence, already design for
its change (think: “agile”).

EDExplicit
Decisions

Record your major architecture
decisions and rationales by taking
into account and back-referencing
the non-functional requirements.

BTSeparation of
Business and Technology

Strictly separate the business, i.e.,
domain-speci�c, aspects from the
technological, i.e., infrastructural,
aspects. Furthermore, ensure
the explicit visibility of domain
concepts.

VAInsights through
Views & Aspects

Give insights into your architecture
through carefully selected 
stakeholder-directed separate
views and aspects. Express each
with the most suitable graphical
or textual language.

CCContinuous
Compliance

Continuously check through
qualitative inspections and
quantitative measurements
whether your architecture and
the non-functional requirements
are followed and do not drift apart.

IFIntegration-Figure
Architect

Recognize that you, the architect,
are the central integrating �gure,
having to bridge between the
business and technology spheres
of people.

OFEat Your Own
Dog-Food

Theory and practice usually di�er.
Hence it is vital that every architect
has good hands-on experience
and must both be able to craft the
solution and is willing to hypo-
thetically intensively use it himself.

ADAdequate
Description

Provide as much stakeholder-
directed architecture description
as necessary, and as little as
possible.
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