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Michael Unterkalmsteiner

= Researcher - Engineer, PhD (Tekn. Dr.) Software
Engineering, M.Sc. SE, B.Sc. Applied CS

= Senior lecturer at BTH (fulltime)

= Consultant at Qualicen GmbH (funtime ©)

®  Specialization on Requirements Engineering and
Testing/Verification

— Information flow / Communication in large companies
— Assessments and problem identification

— Solutions based on process changes and/or technical
Innovations

=  Experience and published in
— Process Assessment
— Natural Language Processing
— Data Mining and Machine Learning
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Intelligence Amplification in Software Engineering

Artificial Intelligence VS. Intelligence Amplification

Philip H Dick
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|A has been and is (nearly) everywhere
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|A In Software Engineering
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The missing links: examples of A In SE

Do we test enough or too much?

Are our requirements good enough?

Do engineers understand the problem domain?
... [your gquestions here]

> whe

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.

BLEKINGE INSTITUTE OF TECHNOLOGY
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Example 1: Specmate

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

Problem: How many test cases do | need to test this requirement?

Driving

is allowed

Effect

Drivers license
Cause is present
Test Case Test Procedure
TestCase-1 E #+ Create test procedure
TestCase-2 E + Create test procedure
TestCase-3 E + Create test procedure

not >=18

>=18

Drivers license

not is present

is present

is present

o] [+]

Output

Driving

not is allowed

not is allowed

is allowed




Example 1: Specmate

Test Case

TestCase-1

TestCase-2

TestCase-3

TestCase-4

TestCase-5

Problem: How many test cases do | 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. 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.

Partner age
»e1g T

Test Procedure

‘ 4+ Create test procedure ‘
‘ + Create test procedure ‘
‘ + Create test procedure ‘
‘ + Create test procedure ‘
‘ 4 Create test procedure ‘

T T
Drivers license

Permission a...

is present

TS

is present
Input

Age
not >=18

==18

>=18

not >= 18

not>=18

Permission w...

is present

Drivers license

is present

not is present

is present

is present

is present

Partner age

>=18
==18
not>=18
>=18

not >=18

Driving

is allowed

Partner drivers licens

is present
is present
not is present
not is present

is present

Output

Driving

is allowed

not is allowed

is allowed

not is allowed

not is allowed



Summary: Specmate

= Problem: How many test cases do | 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

BLEKINGE INSTITUTE OF TECHNOLOGY



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

BLEKINGE INSTITUTE OF TECHNOLOGY



Requirements writing rules examples

Kategori: Kravuppbyggnad Kategori: Nyckelord

Regel: Subjektet ska komma tidigt i kravet Regel: Skrivningar liknande "det ska vara mojligt" ska
Makes it easier to identify the imporant aspect in the requirement. undvikas
L e L L e E L L L e L L E L OV RCLEER P L LR R TLIFRELLCRREELIFRELLIERE Reduces amblguty and the probablhty of misunderstandings
. . . Exempel (rétt / fel)
Utrymningsskyltar med belysning ska vara placerade ovan dorrar. I o . .
, . . N . . Systemet ska mojliggora aktivering av sektioner av PA-system i form
Vid stérre differens &n 0,3 m ska beslut om atgard, aterplacering av hégtalargrupper
eller omkonnektering ske i samrad med Trafikverkets forvaltare av L . . .
kspérgeometrier i GAD. y Df:t ska vara mgjligt att aktivera sektioner av PA-system i form av
hogtalargrupper.
\. J
Kategori: Kravuppbyggnad Kategori: Nyckelord
Regel: Forsta gangen av forkortning® Regel: "I" ska anvandas i betydelse "eller", inte "och"
The first time an abbreviation is used, it should also be defined. Reduces ambiguty and the probability of misunderstandings
Exempel

Att uppfylla frekvensband 900/1800/2100/2600 MHz, innebar att
Entreprendr kan uppfylla 900 eller 1800 eller 2100 eller 2600 MHz,
\ vilket inte var avsikten. y

Kategori: Referens Kategori: Dokumentuppbyggnad
Regel: Dokumentnummer ska fortecknas under rubrik Regel: Alla figurer/tabeller ska férses med beskrivning”

"Aberopade dokument"t Improves the understandability of the overall specification.
Reduces the probability of incorrect or not existing references.

BLEKINGE INSTITUTE OF TECHNOLOGY



Real-time check of rule violations

Krav 4.

Kravs.

Krav 6.

Krav 7.

Krav 8.
Kravg.

Krav 10.

6.1.3

Krav 11.

514

Krav 12.

515

Krav 13.

Krav 14.

Bamtliga kemiska produkter, dven brénslen (uppdelat pa respektive drivmedelsslag),
smérjmedel, hydrauloljor, som anvinds|i leveransen (férutom rengéringsmedel och
forbrukningsvaror pa kontor) ska finnas| fértecknade och pa begiran redovisas|till
Bestillaren.|

Farteckning Gver kemiska produkter ska omfatta:

a) Produkt- eller varunamn, kemiskt namn samt i firekommande fall CAS-
NUmimer.

b) Klassning enligt Trafikverkets kemikaliegranskningsfunktion (A-C).
¢) Forbrukad mingd eller volym fiir leveransen.

d) Aktuellt 16-punkters sikerhetsdatablad (pad svenska) enligt REACH-
férordningen.

Firteckningar med tillhérande sikerhetsdatablad ska finnas tillgdngliga pa
arbetsplatsen.

Kemiska produkter ska férvaras och hanteras pa sadant satt att spill och lickage tas
om hand och inte orsakar skada eller oldgenhet fir manniskors hilsa eller miljin.

Kemikaliespill ska saneras och hanteras som farligt avfall.

Kemiska produkter ska forvaras inlasta, oatkomligt for tredje man, nir arbete inte sker
pa arbetsomradet.

Absorberande medel ska féirvaras littillgingligt dir kemikalier hanteras.

MILJOLEDNING

Leverantoren fka halett miljcledningssystem som foljer ptandard {SS-EN IS0 14001

Miljéledningssystem - Krav och vigledning}|eller likvirdigt.

LEVERANTORENS MILJOPLAN

Leverantdrens miljoplan, vilken kan vara integrerad i projektplanen, ska uppfyvlla
kraven i dokument {TDOK 2016:0032 Kvalitetsstyrning 1 upphandlad verksamhet —
Entreprenad och Projekieringstjanster}.

LEVERANTORENS MILJOREVISION

Miljéronder fér kontroll av Bestillarens krav och lagkrav ska genomféras minst var
14:e dag.
Bestillarens representant ska kallas till miljéronder.

smelk Subjektet ska komma tidigt i kravet. (Re
Exempel:

Erav 12; Utrymmningsbelysning i utrymningsvigar ska
alltid vara tind.

Erav 13: Utrvmmningzskyitar med belyening ska vara
placerade ovan ddrrar.

Smell: Passiv voice (Regd 13)
Eravspecifikationens krav ska normalt skrivas sa att de
kravstaller funktioner i den fardiga anldgeningen eller
hur den firdiga anldggningen ska vara nticrd (tidsform
Futorum exactum), dvs. kravet galler inte bara vid
Gvertagande utan dven under garantitiden.

smelk: Passiv voice (Regel 13)
Kravspecifikationens krav ska normalt skrivas =a att de
kravstaller funktioner i den fardiga anldggningen eller
hur den firdiza anlagrningen ska vara utford (tidsform
Futurum exactom), dvs, kravet géller inte bara vid
dvertagande utan dven under garantitiden,

Smell Passiv voice (Rege 13)
Eravspecifikationens krav ska normalt skrivas =4 att de
kravstiller funktioner i den firdiza anligeningen eller
hur den firdiga anligeningen ska vara uticrd (tidsform
Futorum exactom), dvs, kravet giller inte bara vid
dvertagande utan dven under garantitiden,

Smell: Undvik skrivmingar innehdllande "ska ha"
Fel: Krav 71. Tappvarmvattenberedare ska ha volvm 40
L

Ritt: Krav 71. Tappvarmvattenberedare ska vara
dimensionerad for en volym om 40 L
Stromningsskydd ska uppfilla skyddsklass
vitskekategori 3. (ska ha)

Smell: Referenser ska bli gulmarkeras (Regel 3
Under utarbetande av dokument ska alla referenzer
gulmarkeras di dokumentnummer och namn &r under
férdndring. ({35-EN IS0 14001 Miljéledningssystem -
Erav och vigledning})

Smell Krav avseende att ndgot ska uppfylla en
Ritt: Krav 72. Pendlar ska vara enligt standard {SBF
12007 §i7.2.3}

Fel: Krav 72. Pendlar ska Klara kraven i standard {SEF
12007 §17.2.3)

Fel: Krav 72. Pendlar ska uppfylla standard {SBF 120:7
§17.2.3}. (standard {33-EN IS0 14001
Miljdledningzsvstem - Erav och vigledning})




Summary: Requirements quality

= Problem: Natural language requirements are very common,
but have problems: imprecise, ambiguous, compound, not
testable, imprecise, etc.

= Qur 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

BLEKINGE INSTITUTE OF TECHNOLOGY



Example 3: Domain-specific synonyms

Synonym

(noun)

A word used 1n
place of the one
you can't spell.

you should probably go to TheMetaPicture.com

In collaboration with:
Andrew Yates, Max Planck Institute for Informatics

BLEKINGE INSTITUTE OF TECHNOLOGY



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

BLEKINGE INSTITUTE OF TECHNOLOGY



Example 3: Domain-specific synonyms

Domain: Construction and building business
CoClass classification system to identify and manage building components

L1 .
Domain-specific synonyms: Ba r rl a r ( ba r rl e r) view synonym candidates:
Classification systems, glossaries, main expert selects new synonyms

n a candidate list

defmtons Already known synonyms NEWLY identified synonyms

viltstangsel sakerhetsbarriar Noulytden{led synoryms

Name | Description | Synonyms Sté ngsel kroc ks kydd Name DeSG‘F‘pl\\IﬂQ Synonyms
n] — — — —
EED g — ——— . o0 g %\ CIIIIIIIIS
L BI==1 staket mittracke S| =\=
oo /| O— | ¢ i — | N
ooo — —— fIIIIIIIIa . — ————1
e |2 | = | =2 skyddsracke = | =

e
Missing synonyrnS/// S i d O m U r

of a manageable amout of candidates
: process: can be applied to any domain

. . e
t rafl kh I n d e r ?jgﬁn\g} list of synonyms
T— W7 6 544 24[3a . sufficiently encugh documents with the target lems exist
‘ ‘ T &7 65555 43  MinkdeDistance:3
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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

BLEKINGE INSTITUTE OF TECHNOLOGY



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 661 future 1s already

_ here - 1t’s just not
Required support to use the technology evenly Lﬁstﬂ[_]utﬁ]? ?

William Gibson

BLEKINGE INSTITUTE OF TECHNOLOGY
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Q&A
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SP6: Verification of Software Requirements in
Dynamic, Complex and Regulated Markets
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