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1. Introduction

What is Generative Al?

Fondamental Models (FM) Prompts & Instructions
A large pre-trained model (like GPT, Claude, Gemini, etc.) that has been The input provided by the user or another system, which guides
trained on vast amounts of data to understand and generate human-like the model to perform a specific task (e.g., "Write a summary,”
content (text, code, images, etc.). “Generate code,” “"Explain this concept,” etc.).

GEN Al

Generative Al (GenAl) refers to a type of artificial intelligence that can create new content, such as text, images, audio, code, or video by learning
patterns from existing data.

¢ Models + Prompts = New content



1. Introduction
Retrival Augented Generation (RAG) model

Retrieval-Augmented Generation (RAG) is a method that allows customizing a base model without Fine-tuning by relying on updated or
specialized data, rather than solely on the internal knowledge of the base model.

Numerical representations that encode the

semantic properties of the documents
prop A special database designed for fast

comparison of embeddings

S

7. Output
I o o [ The RAG generated output will be
O000000 assembled from the matching
TN O00O0O000 o source material but is still just as
DDDDDDD prone to hallucination and
I | | | | | @ inaccuracies.

For most relevant matches and
return best matching documents

4. Calculate Vector

Embeddings of query 6. RAG Prompt

Original query is Augmented with
HEENN the Retrieved documents in order to
Generate more relevant output.

3. User Query

Source : Referential architecture



https://capgemini.sharepoint.com/:p:/r/sites/TuringBET/_layouts/15/Doc.aspx?sourcedoc=%7B2E2BD775-65E8-4196-BEC9-3949DC89A756%7D&file=HybridAIReferential-v00.pptx&action=edit&mobileredirect=true

1. Introduction *
Paper

Time Spent by Engineers on Work Activities

(Source: Crabtree et al., 1993) Engineers' Time Distribution Across Non-Core Activities
(Source: Crabtree et al., 1993)
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‘ ‘ Multiple recent studies has shown 60 — 70% of engineering time is Report 1 GleanReport2024
consumed by documentation - adjacent work: writing Report 2 IDCReport2024

requirements, generating reports, or just simply searching for
information. , ,

This project targets exactly this slice with Al assistance.


https://cdn.aaai.org/Workshops/1993/WS-93-07/WS93-07-018.pdf
https://www.z2data.com/insights/how-much-time-component-engineers-losing-searching-for-data?
https://www.infoworld.com/article/3831759/developers-spend-most-of-their-time-not-coding-idc-report.html?
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2. Al as an enabler For systems engineers & architects

Objective, method & constraints

@ Objectives

Design and develop artificial intelligence models to meet the operational needs of engineers and system architects
(based on INCOSE /1SO15288 ).

1. Develop a structured iknowledge base :from 1. Ensure thei security and confidentiality : of
engineers’ insights. customer dafa, """ TTTTTTTTTTTT T '

2. Conduct aicomprehensive review of existing Al 2. Ensure theireliability of results iproduced by Al
 applications inside & outside Capgemini models (limiting hallucinations)
“Engineering. Ly

——————————————————————————————————————————————————————

3. ! Practical Integrationi of Al in systems (token limitation, fundamental models' legacy,...)

engineering activities.
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2. Al as an enabler for systems engineers & architects

Systems Engineers & Architects’ insight

Large datasets are slow to

Excessive documentation manage

Legacy Tools Inefficiencies[iz Data overload : multiple formats

Traceability matrix maintenance

Communication gap between
[11(2]

multiple stakeholders*

Compliance checklist validation

(11[2]

Difficult to measure & Justify

&

[1] https://www.iese.fraunhofer.de/content/dam/iese/publication/systems-engineering-challanges-and-best-practies-fraunhofer-iese.pdf

[2] P. Méder, P. L. Jones, Y. Zhang and J. Cleland-Huang, "Strategic Traceability for Safety-Critical Projects,” in IEEE Software, vol. 30,
no. 3, pp. 58-66, May-June 2013, doi: 10.1109/MS.2013.60.

[3] John, Alan & Oosthuizen, Rudolph & Fanta, Getnet. (2024). Artificial Intelligence Integration in Systems Engineering: Navigating
Opportunities and Risks Across The System Lifecycle. 10.52202/078172-0039.
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2. Al as an enabler for systems engineers & architects @

S.A.M: (Systems engineering Assistant for Methods)

« Based on the Capgemini Generative Engine
 LLM > anthropic.claude-3-5-sonnets

 RAG (~1000 documents)
« Knowledge management assistant

International Norms & Standards Training materials

INCOSE

(International Misc IREB
Council On INCOSE PPI

Systems French Chapter (Project

4 : NASA SE International .
Engineering) Handbook, g?equirement (in French) Performance

Capgemini
internal
training MIT Open
materials Sources
CESAM pocket Engineering International)
SE Handbook, SE guide, OMG- Board)

training

SE, Funct Archi, materials
SysML, MBSE,

Syst Thinking, ...

ISO15288, etc. SysML. Acadi practical guides,

BoK, Several ysML, Acadia

books, INSIGHT method, PhD SE Handbook, ... newsletters
magazines, Thesis... Handbook

Newsletters

More Info: SAM & Knowledge Base
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https://capgemini.sharepoint.com/:p:/r/sites/TuringBET/Shared%20Documents/TURING%20BET%202024%20(Archive)/Practice%20-%20Product%20and%20System%20Engineering/Usecases/Usecase_Sam_%20SEPD%20Knowledge%20Management%20Assistant/Working%20files/SEPD_SystemsEngineering_KM_Assistant.pptx?d=w6b46f53bcb4443e29bcb5bf7fffe8c81&csf=1&web=1&e=kx3z9T

2. Al as an enabler for systems engineers & architects

Requirement COPILOT

Python Based development
Can be deployed for client
project

On- Going - Got funding to
expand

NN L
IS

File Upload and

Preprocessing

( : File selectio\]:\ and upload ;—
I
I
v

( : Format validation )

1

IF Invalid
Format

I
|
4

[: File conversion [if necessary])

i
( : Text extraction )

|
I
/4
C: Initial parsing of requirements)

®

Requirements Analysis

( :Framework selection [REVEAL, EARS] )
\
v
( : Al-driven analysis initiation )‘
\
v

( :Compliance check against selected framework )

\
v

( : Conflict detection )
\
v

( :Quality assessment )
l
\
v

( :Generation of im provement suggestions )

®

IFNOT
Approved

More Info: Requirement Copilot

Output Generation and
Download

S

( :Compllation of analysis results )

\
( :Form atting of the output report )

(: Generation of enhanced requirements)

\
V2

:Review and approval process )

\
V2

( : File preparation for download )
\
v

( : Secure download initiation )

®



https://capgemini.sharepoint.com/:p:/r/sites/ProductSystemsEngineeringUnit50/Shared%20Documents/General/Innovation%20Innitiatives/Augmented%20Requirements%20Engineering/Documentation/Augmented%20Requirements%20Engineering%20%5B4%20REVIEW%5D.pptx?d=w31ffb20e0c9143578b6e318269f153d3&csf=1&web=1&e=rFkZeC
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3.1 - Our new paradigm proposal

A glimpse at our operating Framework

Af‘Ql’\i’t@,C’tS Methods & Tools

hﬁ o converiont work using ?{mg y rted by

environment to deliver used to run
\ / Architect Thmkmg Toolbox

undl o( a
Architecting Studio / groundedt on an
o N focil ev\r‘ iches Operm‘t ng Frameuopk
offers a Facility to

run
\Af‘chntec’tmg Lob Present o
provides a convenient Tis the place to
nine environewent to exercise Ae,ve,lop
; E r}ul‘?nﬂ &r )

</

Architectural Pr\oﬁhng S‘tor‘y tel h"?

N

"

Concepts crawdin
Capal:?h‘ty plomn?ng ep awng



3.2 - How to enhance our approach with Al?

Agentic Al

P e, Stories writer {Creativity assistant |
| Research assistant } Arclm‘tectural proF?[imj Vi ! :
: ass.stant Story writing based Capability Concept
v on profiling 9 identification and T crawling
Researcker \ L : roadmap :
Developmen‘t of an v :

architectural profiling
based on resemrcl«

Illustration of
the stories

End of the
S‘toh/ Writing

Master
coordinator

: '

I“ustmt\or\ of the
ProF?l‘mg ‘tlnrougk a
giga map

: Coordinator
: § Y, :
4 I

Hybrid AT :
U J
; - N '
Generative AL _
: \ J :

4 D?c\gram & ) .
imc\ge

\_ genero\tion )

Ideas
clus‘tering into
concepts

=/

Architecture
builahng with
concepts

[~

composition

i | Drivers choice

Geeglee model /
: nitiation

Architecture(s)
choice with

justT‘Fica‘t'lon

S

-

Detailing architectur.
for SE activities

).

rap upeverything in a
architecture dossier

)




3.2 - How to enhance our approach with Al?
Agentic Al - Architectural profiling

:

Master

coordinator

D
[ Researcher \

_J

s N
5—9[ Researcher :

J

Objective: Build a sourced,

reliable and verified
database

Need: Complex
ecosystems, difficult for
humans to understand.

Computational, hybrid Al

Example: Wolfram Alpha
X Chat GPT

Status: Lack of hybrid Al,
handmade research

S



3.2 - How to enhance our approach with Al?
Agentic Al - architectural profiling

e . Example: Copilot with an
g/ircl_ﬂ‘fceczum' profiling '; Objective: To build an enriched RAG with the
messton 5 architectural profiling documents grouped together
during the search phase

\ Deve[opment of an
architectural pro{: [“"“3

based on researcln

Need: Complex ecosystems,

I“ustmtaon e difficult for humans to Status: First example on the
[pro{: [mg tl«rougln a\] : Mmderstaﬂd. I’\ydrogel’\ ecosystem
gigo map Generative Al to synthesize Lack of data

e g and. (llustrate

S



3.2 - How to enhance our approach with Al?

Agentic Al - architectural profiling

RISKS AND CONSTRAINTS )

Reduction of Carbon Bmissions.

) ! e o e i s o s rtien a‘,--c.c,,.cl?‘».:f \
' ; B iyt o i g
: | ! u-sh,«,.l-m, Fotid fuals vk = el Sary 3 amirgy feds 5 | CHALLENGES AND OPPORTUNITIES
Regulatery Constraints : Renuired Investments : ! dreals coryy somes T ':;lvwﬂv- ‘:;:g:;ntﬂ::: i T srethars \
Debvitins Rudes, ane stavelarsc inpece by the mutoartics P [ - : H regonel aneray systen ! B -
Tras govprm The proshicTion, stormge, dstrintion, amd use of H fragtructure, fuch o proection unts, refuging Stations, and H | H L -
Froke i et ; ' ) s -
Esmegle: Oktaiing emirenmental peraits for the : :y-—m Irvestoert of severnl ~fien eurss remived To ' ! — ' ; H %,
STAKEHOLDERS MAP S : modeing o wplrogen preduction plost in Besslras, Occrtans ! H ! ! CHALLENGES : OPPORTUNITIES \
e, i ! i —, ™ ' I : \
Oy N : ; (Fromstion of Eanmiation and Enpiopncl: Devalopmert of Grean abity | / i ‘
: ' | e ki 10 Pk O oF thi. meof i 4. £ promot griin ] | = ey o i
: | ! bty by encouraging the uss of kydrogen ] ! Rgulations. complenes et Svolutives leaer Sources i
' ! o8, 0w nargy comrier For tramsgortotion, Thi ' ' omplors ith, Startesnh, svel Logel Remrarerts e ey Dx e Ragone] Famomy I
] . ' artere e o T e e el el e £0 aisgions ; | .
| ] 1 . rragort sector sed supparts  Ganstion ' : !
‘ : ; el ek s et o 2 e Satbainatle monet oF el ' ! =y ) e 1
' i . ] | . ' ! ' i et & coaly Dhrastncices iy Tact '
' Emerging Techaologies Potential Markets to Explore ' ! . v, ] ' Mebilzation o dsmuste Fuscdng jr- el g g |
: ] 1 . - H : '
: Defuctan: o setion and tesmclogical ovation waed = f | beRton Sertars and regios hgre pkosgn ann b il ma ! | ' i ]
' The produetion tKernge, and e oF Pysboren L | o ereryy sounce, omivig an rdepth seakyie ta ety ! 1 ! i — H
] opportunties, | ' ! F—— [ '
! : | 1 Renewoble energies optinization H ! Comiots B tngrs deentic, -d-hth iy st '
H Brnegles Trstalltion o ngri-gangrution P el n wplogen i Brnmples Eoploradtion of t blromgn mobiliy markst = the H ' H | Creation o Stable Demand '
H verdin i Todoe, remieg elakity are tabcty aoteiict: § | st Gramepert socter n Skt Oustar romdring = sarket |} ' s the i H !
1 N e \ ' x o ' ! '
h . i ' iy J !
) " ' ' Clectricity inta bydragen, # becnmes possible f '
H Engg'mjzmmzl @ T [ H \ e o veiceics s, amargy i o Aasible J H e e s i des e sonn H
: ' \ , i S v gy OO Pocleg oF Bgsources. amd Horndesye |
\ | ' \ , i i
\ H . E '
\ /! ' S R \ B
\ S : ) A o Py G c,..ug.,e, ared selaing These opporTuriion, K
~ e - " Occitane can betrse a poncering terrtory ,-
R e - \ = e ekl o bydrogen and cortobedte K
. o The erersy transition. -

: Callaborn e Resenrch and \ 4 \

! Developmert ] i Y
. ' / \
| i I \
I} \ J ' : PRODUCTION STORAGE |
| . ' I
' ! | water electrelpin Metmane Reforming [Er— 1
; ' i i - Reforcing Tedroboger) Compressin Tesseol - S Tk 1
. ; : : ! - Rangunble snarsy aptre e - Lo Tamparatce .
- S T T e BesspEtes ! ' \
H ! i
H ' | H
' H ' 1
' ' i P
! <. ' H H
- H |
H - ' | i
' N i '
| ' | 1
' 1 ' 1
H | H DISTRIBUTION use :
' ' H J i
1 | r i

| ! [EE—— Fud cellc e Apphentions

‘. : : el e il B == :
l B 1 - Refualiy Soations e Ragdtorg ty I
' | \ - Mobitty and Stationary - Resulertial \
3 ' ' H
. ! ! "
N ! ] i
. L il i
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3.2 - How to enhance our approach with Al?

Agentic Al - Story telling

 Stories writer

S‘tor‘c}z wr‘?ting based
;ﬁ on Pr‘o{:‘lfing _:’

v

Tllustration of
the stories
\

End of the
story writing

....................................

Objective: To build several stories in
the ecosystem, embodied by
characters. Finish writing the stories
according to the chosen architecture

Need: To convey value, identify use
cases and capabilities, need to write
stories

Example: Copilot with an enriched
RAG with the documents grouped
during the search phase

Status: First example carvied out on
the hydrogen ecosystem, quite
successful
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3.2 - How to enhance our approach with Al?

Agentic Al - Story telling

The Te,chnolos,?co\l Cha“e,nge, of Hydrogen

1. Exposi‘t?on

In the Occitanie region of
southern France, Emma, a
dedicated 30-year-old engineer,
and her colleague Paul, a seasoned
35-year-old technician, are working
togetlner on an innovative project
to o(eploy a new L\t/o(rogen
proo(uction tecknoloay n
Carcassonne.

Their mission:

To promote green Lu/o(rogen as a
sustainable energy alternative for
the region.

JTIIA-1S| Laure BUSSY & Yannis LAVIGNE | 26/11/2025

2 Compl?ca‘tion

As work progresses on the project;,
Ewmma and Paul face a major obstacle: an
unexpecteo( malfunction in the
electrolyzer, the key equipment used for
L\ydrogen Proo{uc‘tion.

This unforeseen technical issue
compromises the Facili‘ty’s ability to
Proo(uce L\L/olrogen eﬂ:iciently and relial—:lt/.
In oddition, environmental cb\a”enges
related to the mo\no«gement of waste and
by-products from the electrolyzer are
emerging, tl«rea‘ten?ng the overall
sustainability of the initiative.

As the commissioning date of the Facil?ty
aPProo.cL\es, Emma and Paul Find themselves
Facing a crucial decision.

The persistent malfunction of the e_lectrolt/zer
threatens the viabih'ty of the project and raises
concerns about its sca\lability.

Moreover, unresolved environmental
issues—(oarticularly those related to waste and
BL/-Product management—are causing growing
unease within the local community, ca“lng into
question the social acceptance of Lu/o(rogen
tecl«nology.

Emma and Paul must now devise innovative
solutions to overcome these technical and
environmental challenges and ensure the success
of their initiative.

Company Confidential © Capgemini 2025. All rights reserved. 20
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3.2 - How to enhance our approach with Al?

Agentic Al - Concept crawling

=

Ca{aabﬂitlf
identification and

FGG\AMG\P

-----------------------------

Cre_atmty aSSnStant

Concept
: > c:rawling

Ideas
dugteﬁngintc

concep‘ts /
v 5

[ Architecture )
Euilding with

5 ccncepts
. \_ composition _)

-----------------------------

Objective: Based on the stories, identify the
capabilities to be developed.
For each capacity, explore the concepts that can
make it possible, cluster these ideas into
architectural bricks

Need: Use Al to improve creativity in the search
for concepts

Example: Copilot with an enriched RAG with

the documents grouped during the search phase
and the Al-generated stories

Status: Capabilities and concepts are too generic
and do not necessarily include technical
solutions.

A database with sets of concepts must be
created (e.g. biomimicry pattern)



3.2 - How to enhance our approach with Al?

Agentic Al - Concept Crawling

'T'e,clrmological Innovation Ca[aoncity n Green Hyo(roge,n

1. Process Op‘timiz'.od:ion

Artificial In‘te"iéence for Processes

IoT Sensors for Monitoring
_I)ig-‘td Modelhg
New Green Hydrogen Processes

4. Transport and Distribution

Industrial Applications

Urban Mobility

Troansport Solutions

. Te_chno|osrico\l De_velopme_n‘l:

5. Collaboration

New Co:ta.'t{sts
Research Center Partnerships

Homo'tec}w\olofes

| Clean Te.chnolow Startups

Research Centers

3. Renewable Energies

Elec.‘trolys:s lay Renewable Energies

JTIIA-1S| Laure BUSSY & Yannis LAVIGNE | 26/11/2025
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3.2 - How to enhance our approach with Al?

Agentic Al - Architectures exploration

=9

[brivers choice

!

Geeglee model
nitiation

/

Architecture(s)
choice with —_
_jus‘ti{:h:.a'ticm

-

Objective: To build a
Geeglee model to use
combinatorics to
explore architectures

Need: Use Al to
initiate a Geeglee
model from different
architectures and
from a concept map

Example: Copilot with

a rich RAG with the

Geeglee framework, a

sample concept map
and architectures

Status: Geeglee model
is well initiated

S



3.2 - How to enhance our approach with Al?

Constraints

Agentic Al — Architecture exploration

Narbonne Wind Farm
:)— Renewable Energy Production in Occitanie
Toulouse Solar Farm

Integration of renewable energy into the power

—— Electric Grid in Occitanie
arid

Environment

Company ABC (hydrogen use) —— Local Industries and Businesses in Occitanie

Company DEF
] External Hydrogen Production Companies in

Occitanie
Company GHI

Incompatibilities

Iron-Man v2 Geeglee

Hydrogen Use in IndustryH2 Consumption
(ka/year) + Hydrogen Use in TransportationH2
Consumption (kg/year)

Quantity Green h2 (kg/year)

26100000000 Quantity of energy (kWh/year)
Quantity Green h2 (kg/year) * 33.33 [ Quantity Share of green hydrogen in the regional energy
of energy (kWh/year) * 100 mix (%)

Hydrogen Use in Industry.Carbon footprint
saved (kgCO2efyear) + Hydrogen Use in
Transportation.Carbon footprint saved
(kgCO2e/year)

Carbon footprint saved (kgCO2e/year)

Hydrogen Storage.Cost (€/year) + Hydrogen
Transportation.Cost (€/year) + Green Hydrogen
Production.Price (€/kgH2) * H2 quantity needed
(kgH2/year)

H2 cost (£/year)
Patterns/Rules

Green Hydrogen Production.Cost (€/kgH2) Production cost (€/kgH2)
Hydrogen Use in Transportation.Conversion
Cost (€) + Hydrogen Use in Industry.Conversion
Cost (€) + Green Hydrogen
Production.Investment Cost (€)

Investment (€)

Hydrogen Use in Transportation.H2
Consumption (kgH2/year) + Hydrogen Use in
IndustryH2 Consumption (kgH2/year)

H2 quantity needed (kgH2/year)

Hydrogen Use in Transportation.incidents
(number/year) + Hydrogen Use in
Industry.incidents (number/year) + Green
Hydrogen Production.incidents (number/year) +
Hydrogen Storage.incidents (number/year) +
Hydrogen Transportation.incidents
(number/year)

Security incidents (number/year)

Objectives

PBS

Share of green hydrogen in the regional energy

mix (%) — Maximize

Carbon footprint saved (kgCO2e/year) —— Maximize

H2 cost (€/year) —— Minimize

Security incidents (number) —— Minimize

Buying external hydrogen

Green Hydrogen Production Electrolysis

Reforming CO2 Capture

Standalone hydrogen stations
Hydrogen Distribution Station

Integrated hydrogen production and

distribution hubs

Truck
Hydrogen Transportation
Pipeline

Fuel cell electric cars
Hydrogen Use in Transportation
Hydrogen-powered buses and trains

Chemical manufacturing
Hydrogen Use in Industry
Steel production

Large-scale storage tanks
Hydrogen Storage
Distributed on-site storage units
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3.2 - How to enhance our approach with Al?

Agentic Al — Architecture exploration

Electric Grid in Occitanie External Hydrogen Production C... |Local Industrie... [Renewable Energy Production i...

Current energy mix  Future energy mix with. .. Future energy mix with___ Company DEF Company GHI Company ABC (hydrog... Narbonne Wind Farm Toulouse Solar Farm
Carbon footprint saved ... ‘ 99 ‘ 99 ‘ 30 ‘
H2 Consumption (kgH... 500 000
Investment Cost (€) 1 500 000 1300000
Part of renewable ener. . 80 100 0
Price (E/kgH2) 10 12

Production capacity ( k... 2000000 10 000 000



3.2 - How to enhance our approach with Al?

Agentic Al - Decisions taking

7

Architecture(s)
choice with
justi":ic.ation

-

Detailing architectur
for SE activities

)

rop upevery‘tking n a
architecture dossier

;

S

Objective: To take
decisions to build an
architecture

Need: Use Al to synthesis
work about architecture

Example: Copilot with a
rich RAG with the
Geeglee framework,
ecosystem data, and
architectures.

Status: Not completed for
the moment
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4 Perspectives and feedbacks
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Make it real.
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