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Application I Infrastructure Gartner Growth == Morningstar Growth
$1.400 16
Bn %
1,050 / 12
700 i}
350 4
i} 0

20 2022 2023 2024 2025 2026 2027

Source: Gartner, Morningstar for growth estimates for core software coverage including ADBE, AZPN, BLKB, CRM, DOCU, DSGX, GWRE, HUBS,
MANH, MSFT, NOW, PEGA, RNG, SHOP, TEAM, TWLO, TYL, and ZM. Data as of Dec. 15, 2023

https://www.morningstar.com/business/insights/research/software-landscape-report
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Database and Customer Experience Remain the Largest Software Categories... And They Are Also Growing the Fastest
75 — Other
51,400 16 m Other ag Infrastructure
Bn %  Infrastructure — Other Applications
Other Applications — Database (Infra)
20 Customer
Database (Infra) Experience (App)
1,050 12 Customer = Security {Infra)
Experience (App) — Application
. —_ Infrastructure
W Security (Infra) 15 t:-ln;?;] ructure
S— Application — Enterprise
700 8 Infrastructure Resource Planning
|Infra) o (App)
E . 10 --- Gartner Growth
nterprise _
Resource Planning - EHWEQSW
— —_— arowt
350 a (Appl
Gartner Growth g
0 0
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2022 2023 2024 2025 2026 2027
Source: Gartner and Morningstar for growth estimates for core software coverage. Data as of June 29, 2023 Source: Gartner and Marningstar for growth estimates for core software coverage. Data as of June 29, 2023
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Computer Systems Analysts

Percent change im employment, projected 2023-33

Computer occupations 120

Computer systems analysts 1%

Computer Programmers

Percent change in employment, projected 2023-33

Computer accupations 12%

Total, all accupations 4

—

Computer Drogrammars —

Database Administrators and Architects

Percent change in employment, projected 2023-33

cuwmr mcup&ﬁm - =

Database architects 11%

Database administrators and

architscts e

Datebase administrators 8%

Software Developers, Quality Assurance
Analysts, and Testers

Fercent change in employment, projected 2023-33

Software developers 18%

Software developers, quality
assurance analysts, and 1786
testers

Software quality assurance
anahysts and testers

12%

Note: All Occupations includes all occupations in the U.S. Economy.
Source: U.S. Bureau of Labor Statistics, Employment Projections program

Occupational Outlook Handbook.

https://www.bls.gov/ooh/computer-and-information-technology/home.htm
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Fraction of current workforce Fraction of current workforce
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New jobs and lost jobs, 2023-202

| obs created = Jobs displaced

O Met growth or decling

https://www.weforum.org/publications/the-
future-of-jobs-report-2023/

o NEBFRFEHERY R
BT DNEN DD

Al and Machine Learning Specialists
Sustainability Specialists

Business Inteligence Analysts
Information Security Analysts
FinTech Engineers

Data Analysts and Scientists
Robotics Engineers

Big Data Specialists

Agricultural Equipment Operators
Digltal Transformation Specialists
Blockchain Developers
E-commerce Specialists
Digital Marketing and Strategy Specialists
Data Engineers

Commercial and Industrial Designers

Business Development Professionals

Davops Engineer
Database Architects
Process Automation Specialists
Software and Applications Developers
Risk Management Specialists
Buiding Frame and Related Trades Workers

Technical Specialists

Database and Network Protessionals
Application Developers
Project Managers

Full Stack Engineers

Architacts and Surveyors

Advertising and Public Relations Professionals

Industrial and Production Engineers

Business Services and Administration Managers
Aszzembly and Factory Workers

Sales and Purchasing Agents and Brokers
Primary School and Early Childhood Teachers
Paralegals and Legal Assistants

Social Work and Counselling Professionals
Compliance Officers

Accountants and Auditors

Telemarketers

Client Information and Customer Service Workers
Social Media Strategist

Insurance Underwriters

Building Caretakers and Housekeepers

Shop Salespersons

Relationship Managers

Software testers

Claims Adjusters, Examiners, and Investigators
Credit and Loans Officers

Security Guards

Door-To-Door Sales Workers, News and Street...
Statistical, Finance and Insurance Clerks
Legislators and Officials

Home Appliance Installers and Repairers
Accounting, Bookkeeping and Payroll Clerks
Material-Recording and Stock-Keeping Clerks
Administrative and Executive Secretaries

Data Entry Clerks

Cashiers and Ticket Clerks

Postal Service Clerks

Bark Tellers and Related Clerks
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IEEE STC 2023 STC 2023

Virtual Event = 25-27 September

1. Coding for:

a. Quantum Computing
b. Low Code/No Code platform
c. Metaverse - Entertainment or Industrial
d. Blockchain — NFT, contracts, medicine, GPU, or Consensus
e. Green Computing and carbon reduction via software
f. IoT, cloud or edge computing
g
h
|
]
k
I

4. Trends in App Development Methodology

a. Scrum

b. Agile

c. Verification and Validation (Testing)
5. Computer Science Education related to coding
Necessary reforms
Teaching discipline Specific applications
Teaching cross-Disciplinary applications
Impact of technology on teaching coding,
ChatGPT/GPT4, Low Code/No Code

e. Learning Management Systems
6. Autonomy/Robotics

a. Cyberbiological

. Machine Learning (ML) - Training, Algorithms,
Combinatorics

. Artificial Intelligence (AI), Generative or Otherwise
Digital Twins
NoSql tools and techniques
Cybersecurity

. Big data Analytics .

2. Al applications and society b.- Cyberphysical

a. Explainable AI c. Sensor Fusion
b. Al pEthics 7. Software for Architectures

a. Ontology
b. Entity Relationship Diagram

Q00w

3. The Graph Invasion

a. Algorithms _
b. Graph Data Bases c. Data Mapping

c. Knowledge Bases

d. ML

e. Netcentric apps https://ieee-stc.github.io/ ‘
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Software Engineering Institute |PA

¢ CMU-SEI(Z. tAZFEREWIELTUL T O16{AZZEF TS,

1. 7>v1() 9. I A—TJFA X YURIKUINIIRA NATA b
2. AII>>Z7)) 10. 1> 5145 —BR

3. J3URIE1-FT1>Y 11.28F 154>

4. SAN\—tF1U71 AAGEF 12. 3017 DO DUN-RA IS =7
5. BAN\—tF1V71t>5—-FHF 13. F17FHFE

6. BAN-tF1UT(I>>=Z7)>F 14.F1)571DRESEE

7. DevSecOps 15. IRITER 6k

8. Iv>aka1—F4>74 16.YIRNII 77 —F50Fv

X Thttps://www.sei.cmu.edu/our-work/all-topics/index.cfm ‘



Carnegie Mellon Univ.

Software Engineering Institute IPA
CMU-SEIN2021F(GRURRYVINIIZ IS Z 7V ORZEEFEO— RYyT

Al-enabled systom

Theory of composability for specification methods

model-integrated computing
and quality attributes

Documented patterns and tools
for composition notations,
rules, & relationships

Design and analysis methods
for Al-enabled systems

Tost| s for
Th f red i’
% m,‘:,%'&,?&‘é}’w.d,m *Smart composition” Al-onabled systoms New eguaht*,' attributes %
Q technologies based on human (
Modifiable Assurance Data management in behavior at scale o)
@ assurance argument Integrated tool Ch“? SUPP“;‘:; Sys V.
= plates 10 assure compose Al-eng ems tem instrumentation to
@) i - behaviors at scale o monitor effects of system ’p
= Automatic detection If 3 before & during Uncertalnty on social behavior ‘70
system change Invalidates TLENRN managemant ~
§- aN assurance argument methods Automated detection & O
) Intelligent protection against misuse of
Q Automatic system update Interacting Continuous sodio-technical platforms ;
< Re-envisioned software R formalisms & mo:‘li!oﬂngn:- N
sustainme

development bifecycle Platiorms for

- uantum algorithms
MRS Tol chansfor s, :
Al-augmented paradlg(ms combining evidence z & ing tools
to re-assure osystem & tachniques
New forms of Standardized
. - Scaled auto-code g .
evidence of quality generation & repair g:«::n-specnﬁc ::tex::::sm 3
Automated design,
; Evidence of ; :
evolution, and analysis tools oot developer Profiling tools mg?ﬁﬁl o

Research Research Research Research
Focus Topics Topics Focus
Areas Aroas

https://www.sei.cmu.edu/
Software Engineering Research Roadmap with Focus Areas and Research Objectives (10-15 Year Horizon)
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v FEDRFE/INSH1 L
1. AlZERURYINI IV HFE

(AI-Augmented Software Development)
2. HREERICEIL I DY INITI VS AT LADLREE
(Assuring Continuously Evolving Software Systems)

3. BWAKOIELIICLDYITNITTIEER

(Software Construction through Compositional Correctness)
¢ FREDT-FTIFvINGHA L
1. AIVINIITPSATLADIOSZTI)
 (Engineering Al-Enabled Software Systems)
2. HAESRMISATLAOI =TI
 (Engineering Socio-Technical Systems)
3. EF10E1-FT4>T -YINIITIRATLDISZTI))
(Engineering Quantum Computing Software Systems)
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¢ 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. ‘
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(Fraunhofer-Gesellschaft)

¢ I3IIR=TJ7—tRITTHEAB DI E
o RAYRHBIC76DIATTFIZIEZ D BIZERAMT D EFCH T DR ER AR DI
THFTHERS . HARICHAREINEZEINTH. HIFRIBEENEITOTUD,
« VIRNIITIDSZTPUTDDEFTIE. T3 M—J7—tRTHABARDEERY
IRNII7 IS =7 AT (Institute for Experimental Software Engineering,

IESEYY2Y I NDITY - S AT LIS Z 7Y RS (Institute for Software and
Systems Engineering, ISST)DNFULER D TIAFEZITOTUL\B,

2 =
~ Fraunhofer # Fraunhofer
IESE ISS5T
Fraunhofer Institute for Experimental Software Fraunhofer Institute for Software and Systems
Engineering IESE Engineering X ET

https://www.fraunhofer.jp/ja/aboutus/FhG.html

https://www.iese.fraunhofer.de/en.html ‘

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

o IESEZYVINITITESATLADIOSZ7I)#EFIELTHD. VI
IFVISZTI DA TN AR Z2HIN-LTWD,

¢ IESETIIATD 4 DDELRYI(CEDFEA TS,
@ FTTZAINIIZRT
(Digital Ecosystems)
@ FTARVATIVAL
(Dependable AI)
Q@ T

(Digital Twin (VE))

@ :/7\7_'1—\:5/9“7’( t—23> s S oo R & oo
(System Modernization) St Gty & Smact Sogion)| <D - Autonomous Systems
X ET

https://www.iese.fraunhofer.de/en/services.html
IESEIRMHER ‘
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o FIT. IESEFZERE FAATFHELUTZID

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

Architecture-Centric Engineering (ACE)

Research and focus topics

Software Architecture

Engineering & Development

Data Spaces & Platform
Technologies

Engineering and
Transformation of
Digital Systems

Data Spaces & Platforms

Information Systems

Software Architecture
Construction & Evaluation

Innovative Technology
Prototyping

System Transformation &
Modernization

Training in Software
Architecture

IPA

R, [ Architecture-Centric

Agriculture & Food

Automotive

Smart City &
Srnart Region

Digital Business
*Domain-Agnostic
Application

X BT
IESEfRMHtER
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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 Flo. EOMOENDLTOBREYIEUTIELU T ZEITTVD,

.« A-T2Y-2
* DevSecOps
® 7§‘\7’()I/Fﬂa% ﬁ'lcc:jaig/j}jwww.isst.fraunhofer.de/en/expertise/software—enqineerinq.htm

ISSTiRMHtER

|#1 !


https://www.isst.fraunhofer.de/en/expertise/software-engineering.html#1

Fraunhofer ISST®D 3 DDER FEYS IPA

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

https://www.isst.fraunhofer.de/en.html
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o VIRII7EEEDOAFTELTE. EICINRIAOTOZ T M —LTH
21> 7V 0O DIVERSE |EFAFTH.ODI EVREF ID2D
DF—LHEDFHA TS,

Quantum algorithms and computing
High performance computing

Digital education

Artificial intelligence

. 5: -
Internet of things . “ lreeia—
Software ., Programming language _— —
Modeling and simulation Open source gy DIVERSE . 202 EVR
D|g|ta| and enV|ronment SOftwa re - Diversity-centric Software Engineering — 1 Reflective Evolution of Ever running Software Systems
Robotics |
Digital health

Data sciences
Digital security




Inria DIVERSE IPA

o EFBRBIELT >SS J% e LTz, DIVERSED 3 DDA FTERDHELZX

/ N
- - r Axis 2: Spatio-tem orag
Axis 1: Software U8 & ol P
i ; Source code Variability in Software and
Language Engineering Search analysis Syst
based SE \ ys ems
GUI
Security — R —\‘.\\
(/f Model-Driven ' ML
PL ~ Engineering >__/
=
e
Generative Statistical
Approach analysis
Cloud Distributed
Systems

\

Axis 3: DevSecOps and
resilience engineering for
g Software and Systems

~ .

X B thttps://radar.inria.fr/report/2023/diverse/index.html#DIVERSE-RA-2023-uid28

/7
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DoD Software Modernization Strategy IPA

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

TECHNICAL ENABLERS PROCESS TRANFORMATION DUTCOMES

L3-8
£53%

squ-umy

~ Must adapt to the Must automate Must integrate
uniqueneedsand  Cyber authorizaton  tesing and approval
~ faster pace of to keep pace with processes n
development Must stay to the lof Must address
Must establish a of threats and software
shared risk and incidents by performance in
requirements and common platform continuously mesting operasional
model between DoD monitoring cyder test and evaluation

medem software and industry operatons criteria
Workforce
Must evolve the workforca to address changes in process and techrology triggered by
modem software development

Must drive toward a technology-iiterale workiorce and acvance relevant competencies.

Data & AU/ML
Digital
Engineering

Blockchain
1oT Sensors

ECH FORCE MULTIPLIERS Software Modernization Framework
https //medla 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
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estimation
unrealistic
expectations

lack of clearly
defined deliverables

lack of well-defined
success criteria

requirements
priaritization

ever changing
landscape

failurs to coordinate
with outside teams

lack of budget

lack of team
experience

other

lack of management
commitment and experience

team turnover
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skills on team

poor tooling
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what is the #1cause of delivery
problems for your team? (2021, top
vs. average performing developer
teams)

—— [ top

B average
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+ Estimation

+ Unrealistic expectations

+ Lack of clearly defined
deliverable

+ Lack of well-defined success
criteria

+ Requirements prioritization
+ Ever changing landscape

+ Failure to coordinate with
outside teams

Software Development Trends 2021



https://codingsans.com/blog/software-development-trends

Software Trend 2024 1PA

¢ Al programming/Testing
¢ Agile <:: EBOYINITP LS I=7)>Y
v NO /LOW code DL > REEENSEEE

¢ 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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« J5JDBOMIS
» Global Market Inaght@.ﬂa(at 20238 — 20324 TCAGR18% B LDk LTI,
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'Lj%% EI’\] (L_iE Z% (in Zettabytes)
. EETRAVISEIET — SN -

1 billion terabytes
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v INFZERIZ. T-ADNZXRNRIERDSD. Linked DataziiE

« https://joinup.ec.europa.eu/collection/semic-support-centre/linked-data-event-streams-ldes

Linked Data Event Streams
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Fast- and slow-moving Building blocks — Combine,
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Scalable
applications

Changeable datasets Minimal API Transform, republish Stay up-to-date
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Current state: translation gap in policy production and consumption

Varastro sl wm— = — L)
Policy analysts and Rules analysts and Software developers E& ; % t % J % 0) E 0) # 'V\\
dnm:rs write la‘:vyers translate translate rules spo;k ’ \ 7|< I - 100N >< J

legis/ation legislation into rules into code
speak \
Directions from 0) D ﬂ¥
Human readabla Legislation imempreted ‘businass” nterpreted
documents & webpages according to crganisational or into programmatic tems
Inconsistent defirdticns personal priorities for business systems.

Hard to interpret & maded Accountsble only to thalr N /= 3-/‘- I 1 - \ ER - \ B
Hard to detec! changes Translate Oraanisation Translate @ } 1 == ﬁ E’ * 4\ 3
— N L_ \ P B :

Change A Change A? Charnge A2 Change AJ \
/ $9 50T, BEDFry T £OHE
Structured languags @ Structured language @ Structured language g ]:7-_'1 5 (—- t N 70N >< J D 1
7
Standards @ Standards ﬂ Standards ﬂ
sm.amw@ sm&mmﬂ mem&moausi Future state: no translation gap in policy production and consumption
. / Drafters, rules angg;;.«;a:iﬁ d’e;:’zlsoﬁzsczdwek together to write Ve e
Manuals & guides Manuals & guides Manuals & guides 4 anyone can read and
J understand the rules
Human and machine consumable rules are consistent, traceable, have and policy in:n
— R o I 7jo equivalent raliance and are easy lo manage
EEREE  MERRE  7IUMRS
: ' Publicly avallable rules
| Struclured languags Structured language Structured tanguage (Web and APls)
== oy <R
1%\ 0)4:—\7\J { { ’( Machine
| Standards - Standards . _consumable rules |
| Some frameworks & models are common and shared across the policy fifecycle Change A
oo
/£ fa—
| Shared knowledge asset manuals & guides ﬂ i
pa S -:EL
I Shared knovdedge assel: artefacts related 1o policy lifecyde ﬂ Artiticial

inteligence
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