fortiss



lhr Ansprechpartner

Dr. Jannik Fischbach

Postdoctoral Researcher

fortiss GmbH
Guerickestr. 25
80805 Minchen

fischbach@fortiss.org

Competence Field Requirements Engineering




Agenda

Kritikalitat und Grundlagen des Requirements Engineering
Modellierung von Anforderungen
EinfUhrung in effektives Prompt Engineering

A\

Offene Fragerunde

Competence Field Requirements Engineering



Competence Field Requirements Engineering

Our typical activities for requirements engineering approaches and tools

Research

Problem-oriented,
empirically informed

research and benchmarks

Disclosing open data sets
on evidence-based

research

Competence Field Requirements Engineering

Application

Artefact-based RE
approaches as engineering
guidelines

Tool support for
automated compliance
checks

Impact

Knowledge transfer
workshops and conferences
on selected domains and
topics

Application of

different education and
training formats

(for professionals and in
Higher Education)




Relevance of Requirements Engineering

For a software system, RE (and the outcomes of the RE process) influences
» The system’s functionality and quality

» The system’s cost

» The system’s usefulness

» The system’s complexity

But: RE is often underestimated and not taken seriously. Often, engineers are not even in
sufficient command of the RE process...



RE as a success factor
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» The earlier an error is introduced
(e.g., in RE) and the later the error =0 1

is detected, the more expensive it
is to fix it
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3%

... of errors happen in RE.




6%

... of errors in RE lead to project failure.




An initial categorisation of requirements

Functional Requirements
» Behaviour of a system (general)
» Behaviour from the perspective of the user

. . e e e e e e e Often called
Quality requirements “Non-functional
» Quality characteristics and properties of a system ,,/" requirements”
» (Ideally) quantified properties regarding the behaviour ,/’/

Process requirements (project-specific)
» Requirements towards the development process (scheduling, milestones, budget, etc.)
» Definitions/rules for the implementation (constraints, components to (re-)use etc.)



An initial categorisation of requirements

Requirement

(Non-Functional
Requirements )

/\

: : : : System

Functional Requirements Quality Requirements Constraints

“When the user clicks on the
login button, the system

v
r “The system shall only
€  shall verify the e-mail and

©

X

w

contain libraries that are
compatible with the Apache
Software License.”

“The verification within the
database shall take less
password combination in the than 300ms.”

user database.”

Example
Example



Definition: Requirements Engineering (RE)

Requirements Engineering (RE) is the systematic, iterative, and
disciplined approach to develop an explicit requirements and system
specification that all stakeholders agree upon.

Elementary tasks include, but are not limited to:

» Requirements elicitation (identifying all relevant requirements)

» Requirements analysis (understanding requirements and achieving consensus)
» Requirements specification (structuring, modelling, documenting requirements)

» Requirements validation and verification (ensuring validity and quality)




RE typically concerned with “problem space”

Requirements engineering aims at the problem space...

» at framing the problem for a development task as comprehensively and as precisely as possible:
Why is something necessary?

» To derive appropriate requirements towards the desired solution and agreement between
stakeholders: What (capabilities, properties) is necessary?

Design and implementation, in contrast, aims at the solution space,
i.e. development and evolution of of possible solutions of: How will the solution* be realised?

Differentiating the problem space from the solution space is essential!



Definition: Requirements Management (RM)

Requirements Management (RM) aims at efficiently and effectively
managing and using requirements along the whole system lifecycle.

Elementary tasks include, but are not limited to:

 Archiving and baselining requirements

« Modifying requirements due to new knowledge/insights

» Tracing and verifying requirements (impact analysis,
support of change processes)




RE and RM build a key interface to several activities in
the development life cycle

Supplier Management

:

Portfolio Management <—| Architecture/System Design
Product Management —
. . . Implementation, Integration,
Requirements Engineering > and Test
Project Management —>

Operation, Maintenance, and
Quality Management —> Evolution

:

Configuration- and Change
Management
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Requirement Documentation Techniques

Advantages Disadvantages

Natural language « Able to express any kind of * Increase the likelihood of
requirement perspective ambiguous requirements
* No training required * Increase the likelihood of

mixing up requirements types
and perspectives
+ Sometimes hard to keep an

overview
Models « Easy to understand by a trained user + Require training.
« Lowers the degree of ambiguity * One model cannot be used to
« Offers different levels of abstraction express all requirements
based on intended purpose perspectives

* More difficult to trace

Combination of natural Disadvantages of the other exploits Increase the likelihood of
language and models advantages of both. E.g. Models are mixing up requirements types
complemented by the use of natural and perspectives
language and vise versa. » Risk of inconsistencies
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Requirement Documentation Techniques

=  System Activity Types:
= Autonomous System Activity

= User Interaction

» |nterface The RSP system SHALL

_ validate
* [nform the requirement template type

<process verb>

Should _ .
provide <whom?> e
The System with the ability to '
<process verb>

Will

The RSP system shall provide a
e user with the ability to search.

The RSP system will be
be able to <process |FTEE B able to parse

R verb>




Requirement Documentation Techniques

Constraints under which processes take place
= Logical conditions use logical conjunction ‘if
= Temporal conditions use Temporal conjunction ‘As soon as’ (Event) or ‘As long as’ (Time Period)

» Why NOT ‘When’ ? (-> to prevent ambiguity)

<process verb>
IF <condition>

Should -
AS SOON AS provide <whom?> <additional
<condition> with the ability to <object> information about
<process verb> object>

AS LONG AS

<condition>
be able to <process

verb>




Model-Based Requirements Documentation

Technique Advantages Disadvantages

Natural language » Able to express any kind of requirement ¢ Increase the likelihood of
perspective ambiguous requirements
* No training required * Increase the likelihood of mixing
up requirements types and
perspectives

« Sometimes hard to keep an

Models Easy to understand by a trained user Require training.
Lowers the degree of ambiguity One model cannot be used to
Offers different levels of abstraction express all requirements
based on intended purpose perspectives
Combination of natural « Disadvantages of the other exploits * Increase the likelihood of mixing
language and models advantages of both. E.g. Models are up requirements types and
complemented by the use of natural perspectives

language and vise versa. « Risk of inconsistencies 107




Model-Based Requirements Documentation

m p Garching-Forschengszentrum
p Garching .
‘5 ottt Try to describe this map in natural language ©
p Fréttmaning
ff&ﬁ p Koeterngarten
m Harthol p Fremann

Am Hart

Frankfurter Ring

The reduction in information is rather high (no
distance or actual location) But still we can extract
the information we want.

The language is simple:

- Colored lines repetend the metro track
- A station is a name

-The end stations are in bold

Brudermifistrabe

fﬁfﬁfﬁ J —




Model-Based Requirements Documentation

The language is called “Transit Map”

Everywhere in the World you can extract the same
information

Munich (Germany)

Vancouver (Canada)

New York (USA)




Model-Based Requirements Documentation

Model
Modelling Language
A model is an abstract representation of an existing entity or an
entity to be created, : _ A Ianguage for expressmg models of a certaln kind. May be
set of elements or phenomena, including other models.
[Klaus Pohl, Chris Rupp: Requirements Engineering Fundamentals]
[Klaus Pohl, Chris Rupp: Requirements Engineering Fundamentals]
Syntax deﬁnes Semantics defines the
modelling elements meaning of modelling
Types of requirements documented during to be used and their elements, thus aid the
model-based documentation combination interpretation of models
= Goals

= Use case and scenarios
= System requirements




Model-Based Requirements Documentation

Use Case Overview Diagram Modeling Elements: Extend. Include and extension point
Objects and relationships: ’
g e o . « Extend -> Adds *optional* behavior to the use case, the
(Person) (System) [Name] extended use case can exists without the extending use
[Name] <<System>> Case
[Name]
Altemative actor This optional behavior is knowns as an extension point
notation L
e within the extended use case.
<<Actor>>
PN [Name] ;
e * Include -> Adds necessary behavior to the use case, use

case cannot exist without the included behavior.

Communication between
actor & use case

[Name] Example:

- Extends -> Get Help, Report application for illegal activity
I,<<:Xtend»

’

iiz«im.ude» * Include -> Enter data, verify user, ...

118




Model-Based Requirements Documentation

Search for Recruiter
application o

<
~=D¢ludess AN

Retrieve o
application

View
application
Extension point:

<<Actor>>

Update P Query status
Record management '——— ¥
system status Update own S
profile

<>~ Employee

a

Make L
e Generalisation
<<Actor>> decision
Mailing system
&>
AT

Send email <<include>> Notify Reviewer
notification applicant
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“Prompt Engineering is the art of communicating
with a generative large language model.”
N

27 Competence Field Requirements Engineering

fortiss



Prompt Engineering — Grundlagen (1/2)

Was sind LLMs? Outpu Warum Prompts?

Probabilities

*  Transformer-basierte
neuronale Netzwerke

* Bricke zwischen menschlicher Intention und KiI-
Verstandnis

Linear

. . Feed . . . .
e Trainiert auf enormen Forward * Textuelle Eingabe zur Kommunikation mit LLMs
Textmengen (Add & Nom 7~ . -
& T Nt FHead e Bestimmt Qualitat und Relevanz der Ausgabe
. ee Attention
* Kontext-Verstandnis Forward 7 7 Nx
und koharente e
Antworten e Wil eed
ention ttention
At At Basic LLM
v J L — ) Prompt Cycle
Positional D @ Positional
Encoding Encoding
- He
Embedding Embedding Prompt e Output
! f X '
Inputs Outputs

(shifted right)

Figure 1: The Transformer - model architecture.



Prompt Engineering — Grundlagen (2/2)

Was ist Prompt-Engineering? Warum ist es wichtig?

= die Disziplin der Gestaltung und Optimierung von * Verbessert die Genauigkeit und Relevanz der Outputs
Eingabeaufforderungen (Prompts),

um Sprachmodelle (LLMs) effizient fir eine Vielzahl von
Aufgaben zu nutzen.

* Ermoglicht die Steuerung des Modellverhaltens

e Erschlief8t das volle Potenzial von LLMs

Ziel: Verbesserung der Modellleistung bei Aufgaben wie
Fragebeantwortung, Textgenerierung und
Codegenerierung.

30.09.25 fortiss GmbH




Grundlagen des Prompts

Zwei Hauptansatze

Zero-Shot Prompting Few-Shot Prompting

Dem Modell werden einige Beispiele (Shots) zur Verfligung
gestellt, um den Kontext und das gewtlinschte Ausgabeformat
zu demonstrieren.

Das Modell erhalt eine Anweisung ohne jegliche
Beispiele.

Beispiel-Prompt:
Ubersetze den folgenden Satz ins Englische: ,Ich liebe
Prompt Engineering.”

Beispiel-Prompt:

"Deutsch: 'Hallo', Englisch: 'Hello".

Deutsch: 'Wie geht es Thnen?', Englisch: '"How are you?’.
Deutsch: 'Was ist ein Apfel?', Englisch: ,,

-> Geeignet fiir einfache und direkte Aufgaben P 8

-> Verbessert die Leistung bei komplexeren oder
spezifischeren Aufgaben

30.09.25 fortiss GmbH




Chain-of-Thought Prompting

Standard Prompting Chain-of-Thought Prompting
Q: Roger has 5 tennis balls. He buys 2 more cans of Q: Roger has 5 tennis balls. He buys 2 more cans of
tennis balls. Each can has 3 tennis balls. How many tennis balls. Each can has 3 tennis balls. How many
tennis balls does he have now? tennis balls does he have now?

A: The answer is 11.

=11, The answer s 11.

Q: The cafeteria had 23 apples. If they used 20 to
make lunch and bought 6 more, how many apples Q: The cafeteria had 23 apples. If they used 20 to
do they have? make lunch and bought 6 more, how many apples

J Co they have? j

A: The answer is 27. x

answeris 9. 4/

30.09.25 fortiss GmbH




Retrieval-Augmented Generation (RAG)

Externe Daten als Schliissel zum Erfolg
Retrieve - Augment - Generate

Wissensliicken von LLMs: Wo RAG unverzichtbar ist:
o _ Retrieval Augmented Generation
e Zeitliche Begrenzung *  "Aktuellen Projektstatus abrufen"
* Unternehmensspezifisch * "Letzte Quartalszahlen analysieren"
*  Personalisiert e "Kundenspezifische Lésungen vorschlagen" prompt | ———> [CHGIAON > | Response
anguage Mode
*  Dynamisch *  "Nach neuesten Gesetzen bewerten" l T

€

Document store Retrieved Documents

Warum RAG notwendig ist

* LLMs haben einen festen Knowledge Cutoff und kénnen nicht auf aktuelle oder spezifische Informationen zugreifen

* RAG ermoglicht es, die Fahigkeiten von LLMs mit externen, aktuellen Datenquellen zu erweitern

30.09.25 fortiss GmbH




Komponenten eines effektiven Prompts

Komponenten fir maximale Modellleistung

Generelle Tipps:

Anweisung: klare Aufgabe oder Auftrag. , _ _ _
* Start Simple: Iterative Verbesserung durch Experimentieren

Kontext: Hintergrundinformationen zur « Klare Instruktionen: Prizise Befehle mit strukturierter Formatierung
Steuerung der Antwort. * Spezifisch sein: Je detaillierter, desto besser die Ergebnisse

. ) . * Ungenauigkeiten vermeiden: Direkte und konkrete Kommunikation
Eingabedaten: das konkrete Objekt oder die

* Positiv formulieren: Sagen was zu tun ist, nicht was zu vermeiden ist
Frage.
Ausgabeindikator: Format oder Stil der

Antwort.

30.09.25 fortiss GmbH




Optimierung der Interaktion mit KI-Modellen durch
effektives Prompting

Kontext und Beispiele Strukturierte Prompts
bereitstellen

Klare und prazise Effektives Prompt Vermeidung von

Anweisungen Engineering Halluzinationen

Iterative Nutzung von Rollen
Optimierung und Perspektiven




Strukturierte Outputs — Warum sie wichtig sind:

@ Returning structured output
Problem mit unstrukturiertem Text:

° .e . . , . . ~— ) : IIL n
Unzuve rlaSSngelt I'm Lonce and I like to bike. . . int{enraemset: | ;inkcieng“}
[

Schwierige Validierung
* Hoher Entwicklungsaufwand Schema definition T@

Formate: JSON, XML, YAML, ... {name: "Person's name"

interest: "Person's interest"}

Schema definieren (Felder + Datentypen)
Schema im API-Aufruf Gbergeben

Sonderfille / Edge Cases behandeln

> w Npoe

Typische Daten und Beispiele verwenden




A/B-Testing von Prompts
A/B Testing

Ziel: Bessere Prompt-Variante identifizieren
. . . . f
(hohere Relevanz/Genauigkeit/Zufriedenheit)

Kontrolle (A): Basis-Prompt |

Variante (B): Optimierter Prompt

Metriken: Testkriterien:
= Relevanz = |nhaltliche Tiefe
= \ollstandigkeit = Klarheit der Antwort
= Verstandlichkeit = Struktur & Format
= Stiltreue = Zielgruppengerechtigkeit
=  Wiederverwendbarkeit = Nutzwert & Originalitat
= Effizienz

30.09.25 fortiss GmbH



Prompt-Engineering-Tools

Management flr grofSere Projekte oder in einem Team verwenden mit effizienter Verwaltung:

Il PromptHub * PromptLayer D Zenbase

Tools fur die Prompt-Entwicklung und -Optimierung:

<]l agenta @ nerve ChatGPT-prompt-generator ©




‘A prompt pattern is a structured template designed
to guide and optimize user interactions with Al

language models.”
N

38 Competence Field Requirements Engineering fortiss



Flipped Interaction Pattern

Purpose and Relevance Structure and Key Ideas

* Especially effective in areas with little knowledge | would like you to ask me questions to

* Efficient Information Gathering achieve X

* Inverts User-ChatGPT Interaction

* ChatGPT drives conversation by asking goal-oriented You should ask questions until this condition
questions is met or to achieve this goal (alternatively

e ChatGPT may utilize knowledge absence to the user forever).

(Optional) ask me the questions one at a
time, two at a time, etc..

Seite 39



(Iterative) Instruction Pattern

Structure and Key Ideas

Purpose and Relevance
To create X, follow these steps:

Step 1: (Do Y). Ask me for Z.
» Useful for repeatable processes | will provide A.

e Describes processes step-by-step to ChatGPT
* ChatGPT executes steps as instructed

* Each step can build upon input from previous steps (Optional) Ask me if | want to revise
your output (then go to Step C) or if |
want to start again (then go to step
1).

Step 2: etc.

Now let's start with step 1.

Seite 42
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