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(AI-Augmented Software Development)

BB (OEIE I DY I NI TS AT LDLREE

(Assuring Continuously Evolving Software Systems)
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(Software Construction through Compositional Correctness)
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(Engineering Al-Enabled Software Systems)
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(Engineering Socio-Technical Systems)
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(Engineering Quantum Computing Software Systems)
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Al-enabled system

Theory of composability for specification methods

model-integrated computing
and quality attributes

Design and analysis methods

Documented patterns and tools for Al-enabled systems

for compoesition notations,
rules, & relationships

Testing practices for

Theory for assured Al-enabled systems

composition of evidence

“Smart compasition”

New quality attributes
technologies

based on human

Modifiable Assurance , Data management in behavior at scale
assurance argument Integrated tool chains support of . ]
arguments templates to assure composed Al-enabled systems System instrumentation to

behaviors at scale
before & during
runtime

monitor effects of system
on social behavior

Automatic detection if a
system change invalidates
an assurance argument

Uncertainty
management
methods

Automated detection &
protection against misuse of
socio-technical platforms

Intelligent
interacting
formalisms &
assurance

(& capabilities

Automatic system update
recommendations based
on operational data

Continuous
monitoring &
sustainment

Re-envisioned software
development lifecycle

Expanded set of

Platforms for quantum algorithms

continuously evolving
socio-technical
ecosystems

Tool chains for
combining evidence
fo re-assure
a system

Data & data models for
Al-augmented paradigms

Debugging tools
& technigues

N?‘g'“”"f""f i Scaled auto-code Damai ifi g‘g?’tw:'fgggk
evidence of quality generation & repair i interfaces

languages

Automated design, ] f
evolution, and analysis tools Evidence of developer
acceptance

Hybrid classical
quantum algorithms

Profiling tools
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Research Research Research Research
Focus Topics Topics Focus
Areas Areas
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¢+ Research Recommendations

Enable AI as a Reliable System Capability Enhancer.

Develop a Theory and Practice for Software Evolution and Re-Assurance at Scale.
Develop Formal Semantics for Composition Technology.

Mature the Engineering of Societal-Scale Socio-Technical Systems.

Catalyze Increased Attention on Engineering for New Computational Models, with a
Focus on Quantum-enabled Software Systems.

+ Enactment Recommendations

Ensure investment priority reflects the importance of software engineering as a
critical national capability.

Institutionalize ongoing advancement of software engineering research.

Develop a strategy for ensuring an effective workforce for the future of software
engineering.
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Diversity-centric Software Engineering

i Reflective Evolution of Ever-running Software Systems
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(Software Language Engineering)

@

o Modularity, composability « |anguage protocol s Web-based |DI e |ntegrate the domain feedback * Immediate feedback and

= MoCC, REPL * Microservice architecture = Lsability & interactivity loop in language definition direct manipulation

o Animation, debugging, ¢ |DE as Code s Collaborative platforms o Approx, language semantics ® Program (state) co-evalution
monitoring, (co-<jsimulation # Reconfigurable |DE # Design-Space Exploration ® Smart Language/IDE #» Socio-technical coordination
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(Spatio-temporal Variability in Software and Systems)

Q@ VI

NDIVES AT LDIESHDDevSecOpse L IUIVATI> S

N\

(DevSecOps and Resilience Engineering for Software and Systems)
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@

& Cross-layer -'nl*‘igul';'fcl"

= Configuration as
® Program spe

stance
11

M QO
'S "))"

® Language/software co-evalution » Vulnerability detection in MBSA & Supply chain analysis
& Software/test/APls co-evolution e Autonomic computing a C|/CD Assistant

e Software debloating

¢ Software/dependencies and o Data-centric applications
& Scalahle CI/CD

deployment descriptors co-evalution

7S\

* Secure-hy-design
. I: adel vulnerahility analysis
o Dep nrJ IC a leployment

Ec*!;r:riph 5 S@CUM T': analysis
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Axis 1: Software G Fo
Language Engineering Source code Variability in Software and
bS:j:;EgE analysis S}I’Stemﬂ
Gl
Security —{_'v"’ et
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<\ Model-Driven -, ML
PL Engineering )
Generative Statistical
Approach analysis
Cloud Distributed
Systems
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¢ EVREF(Z2023FE(CTFADYVINII7FITEADBerger-
Levraultt B TR ELETOZII N — LA,

¢ EV R E F O) 3 j @ﬁﬂ 4wy $m Evolution of ever-running systems New generation tools for daily tasks
j_l.J Moose |

H % [ Evolution | B%SL:F;SS I}‘%’;E#Z:.IUE?EL__. | Reverse Englneerlng R2 | | AOT Comp |
%? [ Migration | Pharo |
@ I% * E)J /ZT'ZAO) 1t * [ Maps | [ Mul11 focused Profillers | —Green ]
(Evolution of Ever-running Systems) [Testing | [ Update ] [ Took ] | [ g toapuggers | oo |
— — N 2\ __ LAl LW loT
@ HBEIAITI2RERY - _ -
) ) Berger-Levrault = Productlon Virtual
(New Generation Tools for Daily Tasks) g Machine 4
/_ . — g, | C transpiler e Benchmpalrk f/ Evaluation
<:> EE =\ atform
4&”_;\7///\0) - E’\J} jD_} § VM Distil ! | energylll space
= istiller
(A Gengratlye Approac_h to Modular and £ Alammic
Versatl le VI rtual MaChIHES) A Generative Approach to Modular and Versatile Virtual Machines
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SRR . BRICERFREINEREINTHD., ERRIEEIEITOTUVD,

« VINIITIDZZTUTDFEF T, I3 M—J7—tRITHAERN DEERY
IRII7I> =7 )RS (Institute for Experimental Software Engineering,
IESEYOVIRNIIY - AT LIS =PI FRAFEF (Institute for Software and
Systems Engineering, ISST)DNFULERDTIAFEZITOTUL\B,

—— =
~ Fraunhofer  Fraunhofer
IESE ISS5T
Fraunhofer Institute for Experimental Software Fraunhofer Institute for Software and Systems
Engineering IESE Engineering X H BT

https://www.fraunhofer.jp/ja/aboutus/FhG.html
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¢ IESET(IATOD 4 DDOELNEYIICEDHEA TS,
@ FZHNIASATA
(Digital Ecosystems) Data Platforms and

. . “ . Data Spaces
TARAHTIVAL
(Dependable AI)

@
@ FTIIIWIAL>
@

Digital Ecosystems Dependable Al Digital Twin (VE)

(Digital Twin (VE))

Business Areas Research Programs
y Z — ! : g\\j— ,{ -E“ g > Automotive & Mobility Production Agriculture & Food
~ I . . ucti - Agricultu
/ j :E / 3 / - Digital Business - Healthcare - Digital Healthcare

- Smart City & Smart Region - Defense + Autonomous Systems

(System Modernization)
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o EfT. IESE(FZERE RXA I(THFHEUT G ARBATOAR. [ Architecture-Centric
Engineering (ACE) J((CBERZEWTLS,

Architecture-Centric Engineering (ACE)
Research and focus topics

Software Architecture Engineering and
Software Architecture Transformation of
Digital Systems
Engineering & Development
Data Spaces & Platforms

Data Spaces & Platform Information Systems

Agriculture & Food

Software Architecture
Construction & Evaluation

Automotive

Innovative Technology

Prototyping
= Smart City &

: Smart Region
System Transformation & 9
Modernization

Digital Business

Training in Software
Architecture

*Domain-Agnostic

Technologies
g Application

X HE T
IESERMHAER
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O IEMINRBIRE Y —FFTIFvRIF

(Technical conception and architecture development)

@ JATLOVIN—FD MORFE

(Development of system components)

@ VINII7REFEIOCACHFZITINT>IT—-ER

(Consulting services in the software development process)

o oL ZOMDFEHDLTOB REYIEUTIFL T ZEITTLS,
« A=TV-2X
* DevSecOps
o VIVvAILHFE E?T%zjggg.sstfraunhofer.de/en/expertSe/softwareenqneernqhtm#l‘
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o RAVICEWTIE, 7Sv 1)L, DevSecOps. OSSHEZETIAFO>TETLS,
o VYINIIVHAFEAODADERIEERT—NI(CRBEZZATVD, A-OYINICBWTEH. AID/E
FRICRA I 2iZsmhiEaF Thdo
ZOAMMIAXT B
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https://www.ipa.go.jp/digital/chousa/software-engineering/result software-engineering2023.html !
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