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Intelligence Amplification in Software Engineering
Artificial Intelligence vs. Intelligence Amplification
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IA has been and is (nearly) everywhere

2300 BC 1620 AD 1837 1951 1989

2001 20041990s 2010s



BLEKINGE INSTITUTE OF TECHNOLOGY

IA in Software Engineering
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The missing links: examples of IA in SE
1. Do we test enough or too much?
2. Are our requirements good enough?
3. Do engineers understand the problem domain?
4. … [your questions here]

For each example we look at:
- WHY is this a problem/challenge
- HOW does the solution work
- WHAT is (could be) the future

Future IA in Software Engineering focuses on 
human-human interaction, with support from the 
computer.
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Example 1: Specmate

In collaboration with:
Maximilian Junker, Technical University Munich
Sebastian Eder, Technical University Munich

Problem: How many test cases do I need to test this requirement?
• Effort estimation 
• Time management and resource allocation
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Example 1: Specmate
Problem: How many test cases do I need to test this requirement?

A person is allowed to drive a vehicle if the person is 
older than 18 years and possesses a driving license. 3

Effect

Cause

Cause
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Example 1: Specmate
Problem: How many test cases do I need to test this requirement? 5A person is allowed to drive a vehicle if the person is older than 18 years and possesses a 

driving license. In addition, the person is allowed to drive even he/she is not yet 18 years old, if 
the person is accompanied  by another person that is older than 18 years and that possesses a 
driving license.
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Summary: Specmate

 Problem: How many test cases do I need to test this requirement?
– Effort estimation 
– Time management and resource allocation

 Solution: model the requirements (light weight) and let the computer 
generate the optimal number of test cases

 Positive side-effect: if requirement cannot be modeled, it is likely that 
it is not properly understood  quick feedback to RE

 Maturity level: pre-production
 Current investigation: Do test professionals accept the modeling 

technique?
 Future: Improve efficiency. To what extent…

– … can we generate models from textual requirements?
– … can we reuse existing models?

 Tool available at: https://github.com/junkerm/specmate
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Example 2: Requirements quality

In collaboration with:
Henning Femmer, Technical University Munich
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Example 2: Requirements quality

 Problem: Natural language requirements are very common, but have 
issues: imprecise, ambiguous, compound, not testable, redundant, etc.
– Thousands of requirements statements, often written by domain 

experts, but not requirements analysts
 Traditional solution: manual reviews using checklists and rules that 

are applied by requirements editors
 Downsides:

– Much effort spent on trivial issues (proper referencing, consistent 
naming, ambiguous terminology, structure and tense of 
sentences)…

– … leaving less time for hard issues: contradictions (internal and 
external), correctness, testability, etc.

 Our approach:
– Studied ~150 requirements writing rules
– Implemented 15 generic rules using Natural Language Processing 

technologies
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Requirements writing rules examples
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Real-time check of rule violations
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Summary: Requirements quality
 Problem: Natural language requirements are very common, 

but have problems: imprecise, ambiguous, compound, not 
testable, imprecise, etc.

 Our solution: “spell-checker on steroids”: let the machine find 
the “easy” problems and let humans work on the “hard” issues.

 Positive side effects:
– formally specify what quality means, hence it is conveyable 

and learnable
– similar quality across projects; quality defined and managed 

centrally 
 Maturity level: proof-of-concept
 Current investigation: How effective is the technique (false 

positive rate)?
 Future: Tap into quality aspects that are “hard” to automate: 

e.g. contradictive, compound, testable requirements 
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Example 3: Domain-specific synonyms

In collaboration with:
Andrew Yates, Max Planck Institute for Informatics
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Example 3: Domain-specific synonyms

 Problem: different people call the same thing by 
different names: these are synonyms.
– Domain-experts talking with software developers
– Finding information (searching), e.g. in 

requirements, contracts, laws, policies
– Inconsistencies in documentation -> NOT an 

issue if synonyms are known
 Challenge: find synonyms efficiently (work intensive 

if domain-specific, general thesauri are of no use)
 Solution: use (big)data-mining to identify a short-list 

of synonym candidates, let human expert decide 
which ones are actual synonyms
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Example 3: Domain-specific synonyms

Apparatskåp (appliance cabinet)

Already known synonyms NEWLY identified synonyms

elskåp elkapsling

mätarskåp utomhusskåp

plåtskåp

Barriär (barrier)

Already known synonyms NEWLY identified synonyms

viltstängsel säkerhetsbarriär

stängsel krockskydd

staket mitträcke

skyddsräcke

sidomur

trafikhinder

Domain: Construction and building business
CoClass classification system to identify and manage building components
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Summary: Domain-specific synonyms

 Problem: different people call the same thing by different 
names: these are synonyms. 

 Solution: exploit co-occurrence/similarity of terms to 
deduce meaning
– Still challenging to construct a relevant corpus
– Improve precision, i.e. the number of synonym 

candidates one has to look at
 Maturity-level: research experimentation and evaluation
 Current investigation: How many new synonyms does 

the technique identify?
 Future: Exploit learned associations between terms for 

other purposes
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Summary of IA in Software Engineering
 Common traits of examples: 

– Human is always involved, machine does what it does best 
– Problems are narrow, so are the solutions
– Tasks need to be known and defined very well (to a 

reasonable degree) in order to be able to provide IA
– Benefit is effort reduction which translates into giving human 

more time to THINK. 
• Potential consequence: build a better product

 Differences of examples:
– At varying research maturity levels
– At varying technological maturity levels
– Required support to use the technology 
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Q&A
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SP6: Verification of Software Requirements in 
Dynamic, Complex and Regulated Markets


	Slide Number 1
	Michael Unterkalmsteiner
	Intelligence Amplification in Software Engineering
	IA has been and is (nearly) everywhere
	IA in Software Engineering
	The missing links: examples of IA in SE
	Example 1: Specmate
	Example 1: Specmate
	Example 1: Specmate
	Summary: Specmate
	Example 2: Requirements quality
	Example 2: Requirements quality
	Requirements writing rules examples
	Real-time check of rule violations
	Summary: Requirements quality
	Example 3: Domain-specific synonyms
	Example 3: Domain-specific synonyms
	Example 3: Domain-specific synonyms
	Summary: Domain-specific synonyms
	Summary of IA in Software Engineering
	You were there when it started…
	Q&A
	SP6: Verification of Software Requirements in Dynamic, Complex and Regulated Markets

