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Context

The following guidelines for a future-proof software-systems

engineer/architect have been developed and proven in:

• Companies which strongly depend on their (long-lived)

software

• Companies developing significant amounts of software (for

their own use or for customers)  In-house SW-development

• Fairly large companies (SW development staff > 500 people,

organization structure)

… but the material is important for your personal skill set !
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Repetition: Importance and impact of software

… etc.
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Software is one of the most important key success factors
for today‘s and tomorrow‘s products and services

Software determines (to a large extent):

 Functionality

 Quality Properties, such as safety, security,
availability, integrity, performance etc.

 Competitiveness

 Revenue generation

 Innovation capacity

 Intellectual Property Rights ( IPR protection)
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http://www.0lll.com/architecture-exhibitions/?gal=24 http://www.asisbiz.com/index.html

Which structure is easier to expand and evolve?
Which structure has the better properties, e.g. quality of life?

Which structure is future-proof?

What is the foundation of good software ?

 The underlying architecture !
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What is a good software-architecture ?

How do we develop and maintain good software-architecture ?

A good software architecture

generates a structure that enables

the management of complexity, change and uncertainty

with the least effort, with acceptable risk

and with specified quality properties

By consistently applying and enforcing proven

architecture principles

Agility Resilience

Foundation



Future-Proof Software-Systems: Software Importance

Prof. Frank J. Furrer - WS 2015/2016 10

Business
Value

Resilience

Agility

Future-Proof Software-Systems: Managed Evolution Trajectory

A sequence of

projects builds a

transformation

trajectory of the IT

system (= the

evolution trajectory)

10
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Who is responsible for a good software-architecture ?

The future-proof software-system architect !

 YOU !
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Business
Value

Resilience

Agility

Future-Proof
Software-System

Structure
enables

Architecture
forms

The software-architecture
determines to a large extent the
agility, resilience (and other
quality properties)

 Key role of the
architect!

Future-Proof Software-Systems: Software Architecture
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The Way to Future-Proof Software-Systems: Basic needs
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Future-Proof Software-Systems: Context
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Future-Proof Software-Systems: Context

Engineering
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Architecture
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IT Standards
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Portfolio
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…

Result: Structure („Architecture“)

Architecture Enforcement

Architecture Development
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How do you become

a valuable and successful

future-proof software-systems engineer ?

Future-Proof Software-Systems: Context
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Future-Proof Software-Systems:

The Responsibility and Role

of the Future-Proof

Software-Systems Engineer

Responsibility



Future-Proof Software-Systems: Responsibility and Role

20Prof. Frank J. Furrer - WS 2015/2016
Business
Value

Resilience

Agility

Responsibility:

Develop, maintain and enforce an adequate IT-architecture

to guarantee the required quality properties of the system,

especially the continuous increase in agility and resilience
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• Budget & Time compliance

• „Shortest“ path to solution

• Minimum external intervention

• Least constraints

Architecture wants:

• Good fit into the existing system

• Refactoring to improve

architectural quality

• Limit growth in complexity

• Use proven technologies
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Future-Proof Software-System

Responsibility:

Develop, maintain and enforce an adequate IT-architecture

to guarantee the required quality properties of the system,

especially the continuous increase in agility and resilience

Conflicting interests:

Build it !
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Future-Proof Software-Systems:

The Responsibility and Role

of the Future-Proof

Software-Systems Engineer

Role
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Responsibility:

Develop, maintain and enforce an adequate IT-architecture

How ?
Challenges ?
Help ?
Risks ?

Decisive:
Knowledge, personal &

social skills of the
architect
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Future-Proof Software-Systems Engineer: Role („4-in-1“)

Missionary:

Untiringly preach

the value and

necessity of good

IT-architecture
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Consistently develop
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adequate, powerful

set of IT-architecture
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Consultant:

Be a competent, useful and fair

consulting partner to all projects


Enforcer:

Insist on the consequent,

complete and correct

implementation of the

IT-architecture principles

and standards
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Architecture Topic Map

Architecture-Greatness:
• Simplicity
• Elegance

Functionality

Architecture-Quality:
• Agility
• Resilience
• Resources
• Operation cost
• Performance
• …

Future-Proof Software-Systems Engineer: „5th Role“
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„Magician“
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?
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Future-Proof Software-Systems
Engineer: Position
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Future-Proof Software-Systems
Engineer: Position

?

Lawmaker

Software
Architec-

ture

Missionary

Consultant

Enforcer

A true, believable, reliable and
consistent positioning is the key

to an IT architect’s success
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How can you successfully play all these roles?
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Lawmaker
(Architecture Principles)

Software
Architec-

ture

Missionary Consultant
Enforcer

Knowledge,

Experience,

Authority,

Communi-
cation skills

Knowledge,

Precision,

Farsighted-
ness,

Restriction

Fairness,

Engagement,

Teamspirit,

Committment

Transparency,

Fairness,

Reliability,

Consequence
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Architecture Principles and Standards Enforcement:

consult, convince, negotiate

force, constrain, repress

Strategy of
a successful

architect
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Architecture Principles and Standards Enforcement
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Architecture Principles and Standards Enforcement

consult, convince, negotiate

force, constrain, repress

Strategy of
a successful
IT-architect

But: Manage the
technical debt!

http://www.allisonbraun.ca

compromise
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Example 1: Quality Properties Tradeoffs

Financial On-Line Transaction System

Usability

Securityhigh

user-friendly

annoying

low

Quality Properties Tradeoff



Future-Proof Software-Systems: Responsibility and Role

35Prof. Frank J. Furrer - WS 2015/2016

Example 2: Time-to-Market Shortcuts

Violation of
architecture

principles

5

2

Time-to-Market

10 months6 months

„Compromise“

Technical
debt!
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Business
Value

Agility

Loss of
Agility

Gain of Business
Value

Accumulation of
technical debt
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future-proof
software-systems

engineer

Role:

New Business
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Implementation
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Software
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The responsibility of the future-proof software-systems
engineer is to design, maintain and evolve an adequate IT-
architecture which guarantees the required quality properties
for a specific application area

The future-proof software-systems engineer has „4+1 roles“:
Missionary, Lawmaker, Consultant, Enforcer + „Magician“

The future-proof software-systems engineer must demonstrate
a careful and consequent balance between the „4+1 roles“

Whenever the future-proof software-systems engineer agrees to
an architectural compromise, technical debt is generated

The future-proof software-systems engineer must carefully
keep track of technical debt and enforce its
reduction/elimination

Summary
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Future-Proof Software-Systems:

The Skills and Personality of the

Future-Proof Software-Systems

Engineer

Skills
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Skill:

The ability to do something well

[The New Oxford Dictionary of English]

http://www.inman.com
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Skills Coordinate System

Technical Skills

Competence

Social Skills
high

low

low

low

high

high

z

y

x
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z
Social Skills

y

Technical Skills

x

Competence

(Professional) Competence

• IT (architecture) knowledge

• IT (practical) experience

• State-of-the-Art knowledge (broad,
hardware, software, processes)

• Technology mastering (HW & SW)

• Business knowledge

• Innovation capability

• Vision

Skills: Competence
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z
Social Skills

y

Technical Skills

x

Competence

Skills: Technical Skills

Technical Skills

• Communication skills (speech & writing)

• Presentation skills (oral, graphical & writing)

• Logical reasoning capability

• Efficiency & effectiveness

• Languages

• „Architecture Feel“ (Simplicity & beauty)

Efficiency:

Doing the things right

Effectiveness:

Doing the right things
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z
Social Skills

y

Technical Skills

x

Competence

Skills: Social Skills

Social Skills

• Negotiation skills

• Persuasion capability

• People interaction capability

• Enthusiasm

• Leadership

• Life-long learning

• Socializing/Networking

• Team Work

• Honesty (Ethics)

• Work-life balance
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Skills Coordinate System

Technical Skills

Competence

Social Skills
high

low

low

low

high

high

z

y

x

Soft Skills

Hard Skills
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Personal
Financial
Success

85 %

15 %

Dale Carnegie, 1937
ISBN 978-1-4391-9919-0

Personal
Impact

Hard Skills  Soft Skills: Which are more important?

Technical
Lead

Software
Engineer

Test
Engineer

Team
Manager

Project
Manager

Executive
VP

Architect

Chief
Architect

Executive
CTO

D
a
v
e

H
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k
s
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n

,
2
0
1
2
,
IS

B
N

9
7
8
-0

-3
2
1
-7

1
7
2
9
-0

Technical Glass Ceiling („Missing Soft Skills“)
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„Hard skills help us qualify for a job;

Soft skills dictate our career growth“

[Wushow Chou, 2013, ISBN 978-1-118-52178-6]

The „future-proof software-systems engineer“:

Hard Skills  Soft Skills: Which are more important?
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How can we learn Soft Skills?

Information
Source

Apply & Train

Active feedback
(ask, discuss)

Passive
feedback
(observe)

Understand,
Interpret
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Life-Long Learning:
„Half-Life of IT-Engineering Knowledge“

h
tt

p
:/

/
w

w
w

c
h

e
m

.c
s
u

s
ta

n
.e

d
u

/
c
h

e
m

3
0
7
0
/
3
0
7
0
m

0
4
.h

tm

Which is the half-life of IT-engineering
knowledge ?

Def: The time-span after which half
of your current IT-knowledge has
become obsolete

Field Half-life
(in years)

Physics 13

Mathematics 9

Economics 9

Computer Science 6
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Future-Proof Software-Systems:

The Skills and Personality of the

Future-Proof Software-Systems

Engineer

Personality
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Personality:

The combination of characteristics or qualities

that form an individual‘s distinctive character

[The New Oxford Dictionary of English]

Personality



Future-Proof Software-Systems: Skills and Personality

54Prof. Frank J. Furrer - WS 2015/2016

„The fundamental principle behind any soft skill

is to cultivate the perception in other people‘s minds

that they can gain and benefit by engaging with us“
[Wushow Chou 2013, ISBN 978-1-118-52178-6]
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Personality
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… and – most important:

Behaviour:

Your behaviour must be

truthful, fair and human in

all situations

(Professional) Competence:

Your professional advice

must be (provably) correct

and believable, as well as

realistic

Honesty
(Ehrlichkeit)

http://warrencampdesign.com
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Praising and Reprimanding

Praise:

- honest

- precise

- no „…, but …“

- (can be) personal
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Reprimand:

- true

- precise

- fair

- constructive

- never personal
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„You did not take
into consideration
that a suitable
data structure is
already existing“

„Your design of
the module ABC
is clear and
elegant.
I like it“
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1. PUBLIC - Software engineers shall act consistently with the public interest.

2. CLIENT AND EMPLOYER - Software engineers shall act in a manner that is in the best interests of their
client and employer consistent with the public interest.

3. PRODUCT - Software engineers shall ensure that their products and related modifications meet the highest
professional standards possible.

4. JUDGMENT - Software engineers shall maintain integrity and independence in their professional judgment.

5. MANAGEMENT - Software engineering managers and leaders shall subscribe to and promote an ethical
approach to the management of software development and maintenance.

6. PROFESSION - Software engineers shall advance the integrity and reputation of the profession consistent with
the public interest.

7. COLLEAGUES - Software engineers shall be fair to and supportive of their colleagues.

8. SELF - Software engineers shall participate in lifelong learning regarding the practice of their profession and
shall promote an ethical approach to the practice of the profession.

http://www.acm.org/about/se-code
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h

ttp
:/

/
c
o
u

rs
e
s
.p

la
n

e
tize

n
.c

o
m

/
c
o
u

rs
e
/
p
la

n
n

in
g
-e

th
ic

s

ACM/IEEE: Software Engineering Code of
Ethics and Professional Practice ( 1999)
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The succesfull future-proof software-systems engineer has
excellent (professional) competence and highly developped soft
skills

Missing (or insufficient) soft skills greatly limit (or inhibit) both
the effectiveness and also the career chances of the future-
proof software-systems engineer

The future-proof software-systems engineer do life-long learning
(half-time of computer science knowledge  6 years!)

The personality of the succesfull future-proof software-systems
engineer features courage, wisdom, fighting spirit and mediation
capability

Unconditional honesty and adherence to ethics is a
fundamental characteristic

Summary
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Future-Proof Software-Systems:

The Working Context of the

successfull Future-Proof

Software-Systems Engineer
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Responsibility:

Develop, maintain and enforce an adequate IT-architecture

to guarantee the required quality properties of the system,

especially the continuous increase in agility and resilience

… only possible with an adequate working context
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Context: Impact

Architecture
Principle A11:

A11

Architecture
Principle A11:

A11

Architecture
Principle A11:

A11

http://sgs-uae.com
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„The three devils of systems engineering:

 Complexity,

 Change,

 Uncertainty”
Anonymous
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Successfull Working Context: Elements
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Adequate, complete and comprehensive ProcessesReqs SW
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Successfull Working Context: Process

Design
Doc

Review 1

Implementation
Proposal

Review 2 Review 3

Implementation

Adequate, complete and comprehensive ProcessesReqs SW

ok
nok

ok + …

ok
nok

ok + … ok
nok

ok + …
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management
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Successfull Working Context: Review Procedure

Implementation
Proposal

Review 2

Adequate, complete and comprehensive ProcessesReqs SW
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Review Subprocess

Review
Report

Review
Subprocess:

- transparent
- known
- fair
- consequent
- fast
- reliable
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Your Relationships:
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IT ManagementPeer Architects

Review Subprocess
Review
Report
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Example: Financial Institution – Review Report (1/2)

IT Architecture Project Review Board of the 27.05.2009

O
K

O
K

A

N
O

T
O

K

Reasons for NOK

Evaluation Architecture X

Architecture Reviewers Date Findings Condition Deadline

Hans Muster
Peter Beispiel
Jürg Modell

19.05.2009 The proposed data
migration concept leads
to unmanaged data
redundancy

Propose a new data
migration concept which
completely eliminates data
redundancy

PO

Exceptions, accepted deviation from standards

none

Conditions of Previous Reviews Y N I Comment / Statement

Have the conditions of the previous review(s) been met?

If conditions have not been met, discuss further actions with KSCD

X No open conditions



Future-Proof Software-Systems: Working Context

69Prof. Frank J. Furrer - WS 2015/2016

Example: Financial Institution – Review Report (2/2)

Part 2: General setup, integration/delineation

Nr. PC PO RO Legend: Y = Yes / N = No / I = Irrelevant Y N I Comment / Statement

G02 X X (X) Integration into the overall system/ avoidance of
redundancies

 Are the boundaries/interactions with other
projects, processes, domains, applications
and infrastructures clear and appropriate?

 Are potential redundancies, overlaps e.g.
concerning infrastructures, services
reasonable? Justified? Accepted?

 Is there a mix of old and new architecture?
Reasonable? Justified?

G03 X X Migration to standard architecture / phase out of
obsolete architecture/standards:

 Are the necessary actions for a migration to
standard architecture planned, described
and appropriate?

 Is it documented how/when old architecture
will be phased out?

G04 (X) X (X) Options:

 Are the proposed options appropriate and
complete?

 Is the proposed option reasonable?
G05 (X) X X Risks:

 Have all risks relevant for architecture been
identified?

 Have they been mitigated accordingly?

etc.
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Context for successful architecture work:

 An architecture-aware company culture

 A supporting (top) management

 Adequate processes with good governance

 Accepted managed evolution strategy

 Principles, standards and guidelines
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The (positive) impact of the future-proof software-systems

engineer relies on good relationships with project teams,

business partners, peer architects and IT management
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Academic
Knowledge

Company Procedures,
Tools, Principles,

Guidelines, People
Behaviour, …

Company Procedures,
Tools, Principles,

Guidelines, People
Behaviour, …

Company Procedures,
Tools, Principles,

Guidelines, People
Behaviour, …

Company Procedures,
Tools, Principles,

Guidelines, People
Behaviour, …

?

Transition to Industry

influence



Future-Proof Software-Systems: Working Context

73Prof. Frank J. Furrer - WS 2015/2016

The context of the future-proof software-systems engineer
is a tension field between architecture knowledge,
management expectations, legacy systems restrictions
and the 3 devils of systems engineering (complexity,
change and uncertainty)

The context enabling the success of the future-proof
software-systems engineer includes: (1) Collaborative
business partners, (2) a supportive, decisive management,
and (3) adequate, complete and comprehensive processes

The (positive) impact of the future-proof software-systems
engineer relies on good relationships with project teams,
business, peer architects and IT management

Summary
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Future-Proof Software-Systems:

Finally:

Do We now have a Future-

Proof Software-System?

(… are we there?)
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Definition:

A future-proof software-system is a structure

that enables the management

of complexity, change and uncertainty

with the least effort, with acceptable risk and with specified quality properties

Reminder: What do we really want?

Durable, evolvable structure

Adequate processes, people & management

Competitive Requirements Application-specific Requirements
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Future-Proof
Software-Systems

Engineer

Business Pressure:
• Short Time-to-Market
• Low Development Cost

Architecture Quality

Business Value

Architecture Quality

Business Value

Architecture-
Quality:
• Agility
• Availability
• Security
• Safety
• …
• Simplicity
• Elegance

• Functionality
Reminder:

What do we really want?
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How do we decide if we are there ?

metrics assessment

Carefully and truthfully
capture metrics data and

present it over time

Periodically assess the
conformance of your
application landscape

with respect to the
architecture principles
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Business Value Metric: NPV (Net Present Value)

(1 + i)n

Benefityear-n
NPV = - I

n


TtMi DevCi

(Sizei)
2

Unit: #UCP2/(days*k€)

Agility Metric:

… & other quality metrics

Resilience Metric:
 Damage potential/impact assessment
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Business
Value

Resilience

Agility

Future-Proof Software-Systems: Managed Evolution Trajectory
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Assessment: Future-Proof Software-System?

Applications
Landscape

Single application Application Landscape

Application #ABC

Architecture Principle Compliance Metric

A1 0.71

A2 0.32

A3 0.89

etc. -

aggregate & average
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Assessment: Future-Proof Software-System?

Applications
Landscape

Single application Application Landscape

Architecture Quality Functional (Business) „Fit-for-Future“)
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Development
Assessment &
Rectification

Technical Debt

… avoid technical debt
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… find and eliminate technical debt
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… we are never really there
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Future-Proof Software-Systems:

The Engineer of 2020
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2014 2020?

7 – Economy and Social Requirements

1 – Globalization

5 – Worldwide Engineering/Development Teams

4 – Systems Assembly, Contract-based Engineering

3 – Systems-of-Systems (SoS‘s) and
Cyber-Physical Systems (CPS‘s)

2 – Technology Progress

6 – Threats and Risks

8 – Regulations & Liability
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Future-Proof Software-Systems

Parting Notes
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„Usually, any reasonable architecture will

support the desired functionality, but only a

carefully chosen architecture will enable the

desired quality properties“

George Fairbanks: Just Enough Software Architecture, 2010,
ISBN 978-0-9846181-0-1
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„The force of entropy means that disorder is

the only thing that happens automatically and

by itself. If you want to create a completely

ad-hoc IT architecture, you do not have to

lift a finger. It will happen automatically as a

result of day-to-day IT activity“

Richard Hubert: Convergent Architecture, 2002. ISBN 978-0-

471-10560-2 http://larvalsubjects.wordpress.com/2013/02/18/
against-holism-the-argument-from-entropy/
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