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1. Coding for:
a. Quantum Computing 4. Trends in App Development Methodology
b. Low Code/No Code platform a. Scrum
C. Metaverse - Entertainment or Industrial b. Agll_e. _ o _
d. Blockchain - NFT, contracts, medicine, GPU, or Consensus c. Verification and Validation (Testing)
e. Green Computing and carbon reduction via software 5. Computer Science Education related to coding
f. IoT, cloud or edge computing a. Necessary reforms N o
g. Machine Learning (ML) - Training, Algorithms, b. Teaching discipline Specific applications
Combinatorics c. Teaching cross-Disciplinary applications
h. Artificial Intelligence (AI), Generative or Otherwise d. Impact of technology on teaching coding,
i. Digital Twins ChatGPT/GPT4, Low Code/No Code
j. NoSql tools and techniques e. Learning Management Systems
k. Cybersecurity 6. Autonomy/Robotics
|. Big data Analytics a. Cyberbiological
2. Al applications and society b. Cyberphysical
a. Explainable Al Cc. Sensor Fusion
b. AI Ethics 7. Software for Architectures
3. The Graph Invasion a. Ontology
a. Algorithms b. Entity Relationship Diagram
b. Graph Data Bases c. Data Mapping
c. Knowledge Bases
d. ML
e. Netcentric apps H B8 : STC 2023 (IEEE)



https://ieee-stc.github.io/
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H B8 : All Topics (CMU-SEI) ‘


https://www.sei.cmu.edu/our-work/all-topics/index.cfm
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Al-onabled system
specification methods

Thoo?: of composability for
model-integrated computing
and quality attributes

Design and analysis methods
for Al-enabled systems

Testmi rﬁcbcns for
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Documented pattemns and tools
for composition notations,
rules, & relationships
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Research Research Research Research
Focus Topics Topics Focus
Areas Aroas

Software Engineering Research Roadmap with Focus Areas and Research Objectives (10-15 Year Horizon)

H# : Architecting the Future of Software Engineering: A National Agenda for Software Engineering Research & Development (CMU-SEI)



https://insights.sei.cmu.edu/library/architecting-the-future-of-software-engineering-a-national-agenda-for-software-engineering-research-development/
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¢ STEEDRF/(S51 L
1. AI=/&RURYINII7RHFE
. (AI-Augmented Software Development)
2. HREEVSEE I DY INITIV S AT LADAREE
. (Assuring Continuously Evolving Software Systems)

3. BODIELS(CLDYTNITTHEEE

. (Software Construction through Compositional Correctness)
¢ FEDQT—FFTIFVINGHA L
1. AVINIITSRTLDIZSZTISI
. (Engineering AI-Enabled Software Systems)
2. #HESFEMIZATLOI =PI
. (Engineering Socio-Technical Systems)
3. EF1E1-FT1>7-VYINIIVIATLDISZTI)>)
. (Engineering Quantum Computing Software Systems)

HH : Architecting the Future of Software Engineering: A National Agenda for Software Engineering Research & Development (CMU-SEI)



https://insights.sei.cmu.edu/library/architecting-the-future-of-software-engineering-a-national-agenda-for-software-engineering-research-development/

IPA

FILEILIN=RTE SROT7IZIVEVTUTZIESE.

¢ Research Recommendations
« Enable Al 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.

H# : Architecting the Future of Software Engineering: A National Agenda for Software Engineering Research & Development (CMU-SEI)



https://insights.sei.cmu.edu/library/architecting-the-future-of-software-engineering-a-national-agenda-for-software-engineering-research-development/
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(Fraunhofer-Gesellschaft)
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IESEYY2YINDITY - S AT LIS Z 7T RS (Institute for Software and
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2 =
~ Fraunhofer # Fraunhofer
IESE ISS5T
Fraunhofer Institute for Experimental Software Fraunhofer Institute for Software and Systems
Engineering IESE Engineering

e I35 h—J7—HARKESES (Fraunhofer)
Fraunhofer IESE Kaiserslautern (Fraunhofer)
Fraunhofer ISST - Fraunhofer ISST (Fraunhofer)



https://www.fraunhofer.jp/
https://www.iese.fraunhofer.de/en.html
https://www.isst.fraunhofer.de/en/institute.html
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(Fraunhofer-Gesellschaft)

o IESEZYVINITITESATLADIOSZ7I)#EFIELTHD. VI
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¢ IESETIIATD 4 DDELRYI(CEDFEA TS,
@ FTTZAINIIZRT
(Digital Ecosystems)
@ FTARVATILAL
(Dependable AI)
Q@ T

(Digital Twin (VE))

Business Areas Research Programs
W\ W
Py Z ! \ :E 9 j— ,r t Sy 3 S - Automotive & Mobility - Production - Agriculture & Food
/ j / / . Digital Business - Healthca re - Digital Healthcare
+ Smart City & Smart Region  Defense + Autonomous Systems

(System Modernization)

H 88 : Fraunhofer IESE Kaiserslautern (Fraunhofer)
IESEIRHEER



https://www.iese.fraunhofer.de/en.html
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o FIo. IESE(FZERE RAA S LU TAtaOAtE, [ Architecture-Centric

Engineering (ACE)J(:BEEJ#_\%IEL\_C-L\éo

Architecture-Centric Engineering (ACE)
Research and focus topics

Engineering and
Transformation of
Digital Systems

Software Architecture

Engineering & Development

Data Spaces & Platforms

Data Spaces & Platform Information Systems
Technologies

Software Architecture
Construction & Evaluation

Innovative Technology
Prototyping

System Transformation &
Modernization

Training in Software
Architecture

Agriculture & Food

Automotive

Smart City &
Srnart Region

Digital Business

*Domain-Agnostic
Application

M IESEIRELER ‘
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(Fraunhofer-Gesellschaft)
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1. SMIRRMEREE Y —FFOFvEIF

(Technical conception and architecture development)

2. SATLODIN=FRD NOREFE

(Development of system components)

3. VINII7RAEIOCACBIFRZIAYINT12TH—-EX

(Consulting services in the software development process)

o FIT. ZOMMODENLTVDNEYIELTFEL T ZEIT TV,
. A-T2Y-2
* DevSecOps
. 7§_\7/() l/ﬁﬁ% i IFggL'll'?;E'Ehﬁﬁf%*IﬂSST - Fraunhofer ISST (Fraunhofer)



https://www.isst.fraunhofer.de/en/institute.html

Fraunhofer ISST®D 3 DDEm MEYY IPA

1. Technical conception and architecture development

* Development of technical concepts for specific applications

* Platform and software architecture development/system design

* Elaboration of standards and specifications

* Training in software architecture and methodical software development
2. Development of system components:

* Realization of prototypes as a feasibility study (like rapid prototyping)

* Integration of (IDS) interfaces and software components

* Conception and implementation of software infrastructures

* Research-based concept implementation
3. Consulting services in the software development process

* Technology consulting/Tec-Stack templates

* Architectural reviews

* Conformity assessment of infrastructures in the medical field

* Modernization and migration consulting (e.g., in the direction of the cloud)

* Vulnerability and opportunity analysis
H B8 : Fraunhofer ISST - Fraunhofer ISST (Fraunhofer)‘



https://www.isst.fraunhofer.de/en/institute.html
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Quantum algorithms and computing
High performance computing

Digital education

Artificial intelligence

. Lreeda - .
Internet of things . lrria—
Ty ., Programming language - i
Modeling and simulation Open source g DIVERSE . 22 EVR
Digital and environment software Diversity-centric Software Engineering =17 ReRective Evolutian of Ever-running Software Systems
Robotics
Digital health

D_at_a science_s H88 : Accueil | Inria (Inria)
Digital security


https://www.inria.fr/en

Inria DIVERSE IPA

o EFUBRBIELT S J% LT, DIVERSED 3 DDA FTERDHELZX

/a >
' ' r Axis 2: Spatio-tem orag
Axis 1: Software Gt P
Language Engineering D Source cods Variability in Software and
| based SE e Systems
GuI
Security p— T _\‘.-\\
(/f Model-Driven /’> ML
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Generative Statistical
Approach analysis
Cloud Distributed
Systems
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Axis 3: DevSecOps and
resilience engineering for
Software and Systems

- —

HH - DIVERSE - 2023 - Annual activity report (inria.fr) (Inria)
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https://radar.inria.fr/report/2023/diverse/index.html#DIVERSE-RA-2023-uid28
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https://radar.inria.fr/report/2023/diverse/index.html#DIVERSE-RA-2023-uid28

Goal 1: Accelerate the DoD Enterprise Cloud Environment
Goal 2: Establish Department-wide Software Factory Ecosystem
Goal 3: Transform Processes to Enable Resilience and Speed

LERS

TECHNICAL ENABLERS

1oT Sensors
Data & A/ML

TECH FORCE MULTIPLIERS

aglity indeveloping  shared risk and incidens by pedormance in
requirements and common platform continuously meeting operatonal

Digital

Engineering

}J‘_SJ.CJ_,_JJ IJL/-..).J"_J)...JJ A rJJJJ QUTCO

(524
£533
Acquisition Testing

Cyber

Survivability

 Must adapt to the Must automate Must integrate
uniqueneedsand = Cyber authorization  testing and approval

~ faster pace of to keep pace with processes in
modem software software delivery software pipelnes
development Muststay tothelof  Must address
Must establish a of threats and software

model between DoD  monitoring Cyder test and evaluation

and industry operatons criteria
Workforce
Must evoive he workforce to address changes in process and technology triggered by
modem software development

Must drive toward a technology-literate workiorce and advance relevant competencies.

Software Modernization Framework

H# : Department of Defense Software Modernization Strategy (DoD)



https://media.defense.gov/2022/Feb/03/2002932833/-1/-1/1/DEPARTMENT-OF-DEFENSE-SOFTWARE-MODERNIZATION-STRATEGY.PDF

DoD
Software Modernization Implementation Plan |PA

¢ Goal 1: Accelerate the DoD Enterprise Cloud Environment
« G1.1 Increase adoption of enterprise-approved clouds
« (1.2 Provide cloud edge capabilities
« G1.3 Modernize cloud environment for security and networking

+ Goal 2: Establish Department-wide Software Factory Ecosystem
« G2.1 Optimize and increase adoption of software factory ecosystem
« (2.2 Enable trust and sharing across DevSecOps organizations
« (2.3 Advance access to and interoperability of software capabilities and data
« G2.4 Drive software development innovation

+ Goal 3: Transform Processes to Enable Resilience and Speed
« G3.1 Implement continuous authorization
« 3.2 Increase agility in acquisition implementation

« G3.3 Develop and expand the digital workforce
88 : DIVERSE - 2023 - Annual activity report (inria.fr) (Inria)



https://radar.inria.fr/report/2023/diverse/index.html#DIVERSE-RA-2023-uid28
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https://www.slideshare.net/slideshows/swebok-guide4/266465974
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estimation

unrealistic
expectations

lack of clearly
defined deliverables

lack of well-defined 10.42%
| + Unrealistic expectations
requirements N ¢
prioritization |
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ever changing
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lack of budget

what is the #1 cause of delivery criteria

tackof team | - | problems for your team? (2021, top : C ey .
orpsriznce | vs. average performing developer ¢ Requirements prioritization
other NN : 7 teams) _
" N + Ever changing landscape
. lack of management _ $.47% . . .
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H 8 : Software Development Trends
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https://codingsans.com/blog/software-development-trends
https://codingsans.com/blog/software-development-trends

Software Trend 2024 1PA

¢ Al programming/Testing
¢ Agile <:: EEOYINITP LY I=7)>Y
v NO /LOW code DL > REEENSERIE

¢ Microservices

¢+ DevOps/DevSecOps Continuous Integration/Development
¢ Data engineering

¢+ Cloud, Edge-cloud

+ AR/VR

+ PIM (Platform Independent Model) /Platform engineering
¢ Security, Blockchain

¢ UX
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8 : Digital Homepage (Europe Commission)



https://www.fiware.org/marketplace/
https://ec.europa.eu/digital-building-blocks/sites/display/DIGITAL/Digital+Homepage
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H B8 : Black Duck [2024 A—T>Y—-X-tF1U51 & YRI5 HLR—N]

https://www.blackduck.com/ja-jp/resources/analyst-reports/open-source-security-risk-analysis.html
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 Global Market InsightDi& (&, 2023%F — 2032 CCAGR18% Bl EDRkFEFH,
« MARKETS and MARKETSORE (. 2023F—2028FTCAGR20.2% DA =L FH|
- Grand View Research®ii&(L. 20235F—-2030FTCAGR21.9%DpkEL A,

H# : Graph Database Market Size & Share, Industry Report 2032 (Global Market Insight)

Graph Database Market Size, Industry Share, Emerging Trends & Opportunities (MARKETS and MARKETS)
Graph Database Market Size, Share & Growth Report, 2030 (Grand View Research)

v THELE. VD |\Ij 17 D\‘j:&—sgl‘_ 9 b\‘ Actual & Forecast Amount of Data S5k

Created Worldwide 2010-2035

IRFEM(IB XD (in Zettabytes)
) E ET(iEb\*zE}JEI:J;\_QD\\iEEE}JD 1 zettabyte is equal to V
7 1 billion terabytes '
175
2 12 33 47 -

2010 2015 2018 2020 2025 2030 2035

{88 : 2023 Edge AI Technology Report (Wevolver)



https://www.gminsights.com/industry-analysis/graph-database-market?gclid=CjwKCAjwodC2BhAHEiwAE67hJETM6MePxfrSjSG3fc-acEJb2UPiQFaEn6OkFyZocTAv0WcRcmCbyBoCwTwQAvD_BwE
https://www.marketsandmarkets.com/Market-Reports/graph-database-market-126230231.html
https://www.grandviewresearch.com/industry-analysis/graph-database-market-report
https://www.wevolver.com/article/2023-edge-ai-technology-report
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¢ BRMNEBERE. T—IDRIZRARIERADIZS. Linked DatazitEE
Linked Data Event Streams

.
. . Data service D
Data owner ﬁ Data publisher w Data intermedia _ ata users
ﬁ P Y providers
Slreaming
o Nl /
e m e — CE | Vi (el
= { Stseming s (e s L. /
. '. .‘ = IS too0ls
— I - —
. -
Event MastiGIS
= (Varsion objeot) E l-;\-.. {_}rq\l ﬁ L D
o MR ."‘. e I
t‘;‘;:ﬁl?::m '| TlT r: w* "'. 9 Apps
t Graph DB
———3 LDES dient ) :
& ] i S
E ‘l‘ H I“ £
. wr ——
— o« » .
B - L Data Science
Fast- and slow-moving Building bocks — Combing,
data: loT, ransactions, aggregale, filtar, LDES 2 Service — Services
contextual data, user dala refragmentate decoupled from the saurce
Changeable datasets Minimal API Transform, republish Stay up-to-date Scalable

applications

H# ;. Linked Data Event Streams (LDES) | Joinup (Europe Commission)


https://joinup.ec.europa.eu/collection/semic-support-centre/linked-data-event-streams-ldes
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Current state: translation gap in policy production and consumption

Policy analysts and Rules analysts and Software developers ¢ E&%j ;% t* IJ % % O) %\ . O):F‘V \J 730) IE' l_ °

drafters write lawyers translate translate rules speak
legis/ation legislation into rules Into code
= N2 E
speak AN
- - o EEFRERFC, F'aeﬂﬁ%b (BT BT,
:uman rasc;ab'eb Legislation imempreted I'btusnass' mter?'re'.ed
ocuments & webpages according to crganisational or nto pregrammatic tems \\ j
Inconsistent defirdticns pets-:nalgpnom?es for business systems. /%\ E O) # ‘\7“] % E l— (o]
Hard to interpre? & madad Accountable only to thalr
Hard to deted changes Translate OT3anisation Translate
Change A Change A7 Charge A2 Change AJ
p
Siructursd fanguage Structured languags Structured inguage Future state: no translation gap in policy production and consumption
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