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Digital Tools You Wish You Implemented Earlier
Strategic Tech Enablers for CapEx

Cedric Berger, PhD, MBA

Innovations in Capex |/ »
Project Delivery in Pharma
& Biotech' .11/
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The Age of Digital Complexity



The Explosion of Digital Complexity

11
10

Business “primary use” data

Analysis, reporting and exploratory “secondary use” data



The proliferation of IT Systems...

https://mattturck.com
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Depending on definitions of “big” and “IT system”,
big pharma organizations *

e operate anywhere from
* handling

100 petabytes = 25 million DVDs
1 exabyte = 1000 petabytes = 250 million DVDs

* Estimated from multiple sources: hitps://www.pharma-ig.com/manufacturing/articles/navigating-ai-
integration-in-pharmas-legacy-systems; https://www?2.deloitte.com/us/en/insights/industry/life-

https://market.us/report/life-sciences-software-market/

sciences/biopharma-digital-transformation.html; https:/moldstud.com/articles/p-exploring-systems-
engineering-practices-in-the-pharmaceutical-industry; https://www.pharmalex.com/thought-

|leadership/blogs/key-considerations-for-data-strategies-in-the-pharmaceutical-industry/
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Lost in Digital Complexity

Business Expert Knowledge Expert

It is likely that nobody understands end-to-end business anymore




More about Digital Complexity —

https://www.biomedima.org

https://www.biomedima.org/project/acknowledging-and-understanding-digital-complexity/
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Need #1: “Know thyself”

* What is your organization unique added value?

» In which current project are you using it and how? = — R

- How do you quantitatively measure value? e e I

«  Who are the key contributing people using what skills? == el

 What are the key data sets supporting them? s % = [I=erha

»  Where and how do you capture, manage and report on b Qb T | e Sl
the above items? ) \ - -

Need: Diagnostic tools to capture a realistic, trustful,
granular-enough and regular health snapshots of your
company.

Risk of not doing it: Digital complexity will prevent you to
have a good understanding of your organization which will

prevent optimal decision-making.




Chasing Al Value



Promises Only Bind People Believing in Them

My Watchlist | Sign In

TaE Economic TivEs  Panache

English Edition v | Today's ePaper

Avail Free Trial of ETPrime

— Home ﬂ ETPrime Markets (/] Market Data Masterclass v News Industry SME Politics Wealth MF Tech Al Careers Opinion NRI Panache E

Luxury Panache v ET Magazine

ws » Magazines » Panache » MIT study shatters Al hype: 95% of generative Al projects are failing, sparking tech bubble jitters

MIT study shatters Al hype: 95% of generative Al
projects are failing, sparking tech bubble jitters

By Paurush Omar, ET Online « Last Updated: Sep 09, 2025, 06:23:00 PM |IST




Not Everyone will Benefit from Al

THE LAST WORD Problem

Al: great expectations

A i 1

Harmonic oscillator

Context:

Any metadata
relevant to one
Knowledge specific
domain/use case
Neural network

Training step: 30

Information

Data

Physics-informed neural network
Training step: 450

Garbage-in Garbage-out

Technology-centric mindset
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“An IT system is as smart as the
data available to it”




“Garbage In, Garbage Out”

Who wants Who wants to N

~ clean data? - - fCLEAN the data?
_—=

-

”)@’ |
ml” | r'@‘i

—

Facts Common executive reaction:

 Models trained on inconsistent data (poor “Let’s buy a new tool !”
features preventing to identify patterns) = wrong
predictions. Digital data/knowledge expert:

 Dataissues discovered late multiply cost 10x “This is not about technology.
(unplanned, single-shot, siloed, ungoverned) This is about 1) people/mindset, 2) processes

* Reliable data shortens Al cycle time by 30-50 %. and 3) (meta)data”

Image from LinkedIn; unknow author



Before any Al Strategy

More important is the data...

 Raw data - Features - Model - Deployment - Decisions
e Data quality affects every step

 Poor data = bias, drift, wasted spend

 60-80 % of Al projects time spent cleaning data

Data_without an\N {
- Strategy

I N

...and metadata measuring its value/ROI

* No unified value-measurement framework

* Duplicate KPIs and conflicting over-complex dashboards
* Compliance and trust issues from unclear lineage.

“a 4

No need to clean all legacy data !
* Legacy data: clean/integrate only what you need but

with a consistent methodology (repeated iteratively)
New data: apply the methodology systematically
embedded in the business processes




Need #2: Context = Connections

 How do you connect value measurement to projects? to ) Multi-hop inference is core

contributors? to data sets? to data set quality? 7\ Ryeuricasoning tasks
* How do you connect structured (tabular) data with unstructured 7

[ f) ‘

(text) data |.e..docur.nents. . | | - o / \ ‘KMCTED P

 How do you disambiguate and reconcile similar or identical entities
I?

across data _Sets ' . You're hitting the relational
* How do you integrate all the above to feed Al so that it brings complexity threshold

value?

&\ Your agents must handle
temporal reasoning and
contradictory perspectives

Need: A data management tool that integrates/connects
data and metadata (across systems and across data
formats) to provide reliable context to Al

% Entity resolution across
y fragmented systems
is blocking coherence

Risk of not doing it: Not getting (full) value out of ML/AI,
especially generative Al that mostly relies on context.

Image from LinkedIn; unknow author




DaaA

(Data as an Asset)



From OpEx to CapEx Thinking

e One-off data cleaning for individual projects A framework for measuring return on data investment (RODI)
* Siloed (no share and reuse)
 End-of-process, quick and dirty fix
 QOut of data governance scope
 Optional standards

Debarag Banerjee' Kamlesh Kumar? Anik Paul’

I'he return of data investment on data asset 7 Is

 Durable data assets (catalogs, master data, lineage)
 Enables long-term productivity

 Curated training sets are intellectual capital
 Shared, governed data enables reuse across Al products
 Governance = faster Al iteration and safer deployment




Al Agents Relies on Semantic Connections

Impact Radar for
Forbes

INNOVATION Conversion to gra ph

Semantic Layer and Al: The Future of 1
Unders pata Querying with Natural Language

Semantically rich and
structured data as a

SELECT category, SUM(quantity_sold)
How many productswere ~ oou cles _data
sold in each category WHERE date >= '2024-12-09'
AND date <= '2024-12-15'

last week? ‘

se"lantic GROUP BY category;

LLLLL

G I

++
Electronics Electronics 5,400
Clothing Clothing 3,200
Home Home 2,800
Toys Toys 1,500

Value




Semantic Layer

This presentation showcases how Knowledge
Graphs, Artificial Intelligence (Al), and Graph RAG Specific
can significantly improve operational efficiency across use-case
the clinical trial lifecycle. By semantically structuring ’
and linking biomedical concepts, protocol elements, needs’
site capabilities, patient characteristics, operational domain

qata 1 . data

f ) improve

g Se
\ \ @ i 3
and logistical inputs, these technologies enable more S P \
Junit
< o /l ,/‘/ / \
We xvl \ - ‘ \ /
A\l /
{ \
| / @ approval \ X .
IS X | qucoa
\Y (f ‘ //. capability : \ fi
) A | i\ i clinical “ \ /
" \ | /

>

informed decision-making and intelligent automation
(document writing/checking and structured data improve \\; o
transformation). Practical use cases span site S =~
feasibility assessments, staff readi
procedural fit; modeling sample handling
supply forecasting; and data-enabled d
trial strategies to boost patient recru
retention. Protocol authoring and study desigii uerici
from intelligent tools that leverage historical endpoint

approvals and optimize data collection frameworks. /

Budget management is streamlined through //

automated RFP generation and dynamic tracking [ @ mpas o i
aligned with trial assumptions and performance

metrics. Lastly, sustainability is addressed by il

incorporating environmental impact analysis into trial
method selection, in line with cross-industry
standards. Together, these capabilities accelerate
trial execution while improving accuracy, consistency,
and strategic foresight.

Semantlc Data Layer E——
® 9 9 @9

Contains Enables

 Models: schemas for internal and external data  Data Management incl integration

* Data  Data Governance incl.
 Master: low-frequency changing IDs * Traceability supports model explainability
 Reference: terminologies  Data lineage for audits and regulatory readiness




Adopters

@) RDFOX Product Solutions Resources v Company v Q
N&™ " oxtors semantic Tecmoiogies

< RDFox Blog

Samsung Electronics Announces
Acquisition of Oxford Semantic

Technologies, UK-Based Knowledge
Graph Startup

& Philip Foster
< Chief Operating Officer

1 min read July 16,2024

SAMMOBILE NEWS  REVIEWS  MOBILE  TV&AUDIO  APPLIANCES  SW&

HOME > NEWS > YOU ARE HERE

Samsung acquires UK-based firm to

improve on-device Al

Asif Igbal Shaik
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Netflix TechBlog

Model Once, Represent
Everywhere: UDA (Unified Data
Architecture) at Netflix

Nang, Haoyuan He, Kishore

Iceberg GraPL\QL
Representations Representations

MGPP‘;:?/

Domain Models

Moappings

7

Data Mesh
Representations

The same domain model can be connected to semantically equivalent
data containers in the UDA knowledge graph.

ServiceNow Knowledge Graph - The
Secret to Al That Actually Understands
Your Business

Neeraj Sharma Q) ()
Al

Harnessing ServiceNow Magic

July 28, 2025
Why Does Enterprise Al Still Feel... Dumb?
We've all been there.

* Employees ask, "How much PTO can | take?" and get the wrong policy.

» Field engineers search for the latest firmware and find a 3-year-old
document.

* Procurement managers spend hours figuring out which suppliers are
compliant in a specific region.

The reason? Al is often context-blind. Traditional search engines and chatbots
don't understand relationships like which policy applies to which region or which
asset belongs to which customer.

What will be the first Life Science solution adopting graph?

Produkte Branchen  Transformation und Support  Aus-und Weiterbildung ~ Community ~ Partner  Uber SAP

Produkte v dsungen v reise Partner  Ress

SAP Knowledge Graph

Optimieren Sie |hre leistungsstarken Geschéftsprozesse mit Kl, die den
gesamten Kontext [hrer Daten versteht.

Demotermin vereinbaren

SAP TechEd

Ihr Unternehmen mit Joule, Agenten und dem KI-i

VIRTUAL

Was ist SAP Knowledge Graph?

SAP Knowledge Graph ist eine Lésung, die das Data Fabric Ihres Unternehmens mit der Kl verknipft, um
prazise Antworten fiir den jeweiligen Kontext liefern zu kénnen.



Need #3: Semantic Layer

* How do you feed Al with a machine-readable version of AN\ KNOWLEDGE GRAPHS
your core business/IP? \. / BECOME NON-NEGOTIABLE
 How do you provide specific business context = " FOR AGENTIC SYSTEMS

connections between your value proposition/IP and

externalities?
 How do you un-silo and integrate your knowledge?

Need: A framework (people, process, (meta)data and tools)

to implement, manage and leverage a semantic layer:

* One or more knowledge graphs (containing
models/ontologies and data)

* Pipeline to feed and retrieve graph data
* Feeding Al with it

Risk of not doing it: Not being Al-ready

Image from LinkedIn; unknow author




More about Knowledge Graphs  =z:=.-
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https://www.biomedima.org/project/introduction-to-knowledge-graphs/
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Making the Data CapEx case



What Success Looks Like

Relying on one single, multi-faceted, semantically
annotated model

) Ana Sayfa




What Data-Centric Al Player are you?

Motivation/
ability to change

High

Medium

Low

Acceleration 10%

Fast-growing biotechs eager to modernize
but still early-stage

Standardization 25%

Organizations starting digitalization but
lacking structure

\,

Maturity Assessment

Industrialization 10%

Scaling companies investing heavily in
automation and integration

7

Expansion 20%

Most mid-cap pharma/biotech companies
actively developing data capabilities

Awareness 15%

Small biotechs, CROs, or growing firms with
limited digital push

N

Stabilization 10%

Mid-sized firms with decent tools but low
adoption

Transformation 2%

Digital leaders pushing Al/ML, real-time data,
and next-gen architectures

Innovation 5%

Top-tier firms enhancing Al readiness and
advanced analytics

Optimization Sl

Large enterprises with strong foundations
but low appetite for change

Silver — 40%

Gold - 10%



Recommendations

Based on a data/digital/Al maturity assessment:

e Simple cloud storage, lightweight
ETL, and basic Bl tools start
improving decision-making,
traceability, and early ROI

e Failures often result from
adopting tools too complex for
immature data foundations

e Success requires selecting low-
complexity, managed tools
aligned with early-stage
organizational readiness

Silver

* Data catalogs, lake-, warehouses,
automated pipelines, and
governed Bl enhance traceability,
deliver clearer ROI

* Implementations fail when
integration effort or governance
needs are underestimated

* Align tool complexity with
maturing processes (especially
DataOps and domain ownership)
to scale effectively

Need more information about maturity assessment and/or recommendations?

Gold

* Data streaming, ML Ops, vector
DBs, enterprise gov. transform
decisions and create Al-driven ROI

* Risks occur when cutting-edge
tech outpaces business readiness,
talent, or governance capacity

* Value is maximized when
advanced tools match a culture
prepared for continuous change
and high data literacy.


mailto:cedric@biomedima.org

Break . :

Y Cap

Cedric Berger, PhD, MBA Project Delivery in Pharma
2025-12-02 & Biotech' . ||l|

Innovations in



--- ROUND TABLE ---

DIGITIZING CAPEX GOVERNANCE *

WHERE TO START, WHAT TO SKIP

e \What to digitize first (and why)
e Governance templates vs bespoke processes
e How to scale from pilots to full rollout

Innovatlons |n

Cedric Berger, PhD, MBA Project Dellvery i (
& Biotech'_ maanpl | ||




“You can only govern
what you know”

* |syour organization having a consistent, coherent, unique process/framework
to measure (project) business value delivery?

* Do you know this process/framework?

Success definition
KPls

* How do you think this is going to evolve when using Al?

© 2025 MIGx All rights reserved.



Key Concepts Alighment

Purpose: create a shared mental model before scoring our organizations

* “Isit about process compliance? Portfolio decisions? Accountability? Risk . “Are we aligned on how we define expected value?
management?” — financial? strategic? compliance? sustainability? operational ?”
 “Where does governance start and stop? Intake - approval - execution - . “How consistently do we capture assumptions and link them to value?”

benefits?”
* “Which parts are currently consistent vs. variable?”

 “Are we digitalizing documents? Workflows? Data? Decision logic? . “Which systems must talk to each other to reduce manual work?”
Assumptions?” . “Is integration about technical links or consistent metadata?”
* “Isthe goal automation, transparency, auditability, or simplification?” . “Where does the flow break today (documents, spreadsheets, approvals)?”

* “Are tools supporting processes, or are processes being reshaped for tools?”

“Which data must be standardized to make CapEx decisions (cost categories, . “What decisions could Al support if the foundations were in place?”
risks, assumptions, KPIs)?” . “What quality and structure of data would be needed?”
“Who defines these standards?” . “What is out of scope for now?”

“What makes data trustworthy? Traceable? Complete? Contextual?”



Diagnostic Questionnaire

Questions any business should be answering without any hesitation

10.

What core problem(s) does the organization exist to solve, and

for whom? (customers)

What is the organization's mission, vision, and long-term ambition?
What values and principles guide decision-making and behavior?

What products, services, or solutions does the organization offer?
Who are its target customers or stakeholders?

How does the organization generate revenue (primary and
secondary revenue streams)?

What differentiates the organization from competitors (unique
selling proposition or competitive advantage)?

What core capabilities and processes enable the organization to
deliver its value?

What key technologies, systems, intellectual property, or data assets
does the organization rely on?

What partnerships, suppliers, or ecosystems are essential to its
operations?

11.

12.

13.

14.

15.

What are the organization’s most valuable assets (people, data, IP,
platforms, physical assets, brand)?

How is the organization structured (governance, teams, geographic
presence)?

What metrics define success for the organization (KPls, OKRs, financial
drivers)?

What major risks, constraints, or dependencies affect its ability to
deliver value?

What strategic priorities, investments, or transformation initiatives are
currently shaping its future?

All of this is knowledge, knowledge about your

organization, your assets, your IP

All of this is about knowledge managment



Start

Values & Principles

«Principle»
O i t i
Market & Stakeholder Needs Core P issi isi
: ore mblerr!(sj Addressed Mission & Vision
«Driver» «Driver» «Goal»

Core Blocks

Health check-up question are answered using the fundamental G T S ( Strategic Priorities & itatives )
business architecture blocks that | «Value» ; «Course of Action> J
( Revenue Model & Streams ] ( Success Metrics (KPls [ OKRs)

«Resource» «hssessment»

il i
Organizational Structure & Locations Core Capabilities Products & Services Risks, Constraints & Dependencies
«Business Role» «Capability» «Product» _ «Constraint»
. e .

Target Customers [ Stakeholders

Key Partners & Ecosystem Key Value-Delivering Processes «Business Actor»
«Business Collaboration» «Business Process»

Technology & Systems People & Expertise Data, IP & Knowledge Assets . Physical Assets & Brand
«Resource» «Resource» «Resource» «Resource»




What Data-Centric Al Player are you?

Motivation/
ability to change

High

Medium

Low

Acceleration 10%

Fast-growing biotechs eager to
modernize but still early-stage

Standardization 25%

Organizations starting digitalization but
lacking structure

Awareness 15%

Small biotechs, CROs, or growing firms
with limited digital push

Industrialization 10%

Scaling companies investing heavily in
automation and integration

Expansion 20%

Most mid-cap pharma/biotech companies
actively developing data capabilities

Stabilization 10%

Mid-sized firms with decent tools but low
adoption

Transformation 2%

Digital leaders pushing Al/ML, real-time data,
and next-gen architectures

Innovation 5%

Top-tier firms enhancing Al readiness and
advanced analytics

Optimization S

Large enterprises with strong foundations
but low appetite for change

Silver — 40%

Gold - 10%



A Strategic Roadmap to Data-Centric Al

Phase 1 (Foundation):

Inventory data assets,
define ownership

Phase 2 (Enablement):

Deploy quality & master
data tools

Phase 3 (Acceleration):
Integrate with Al/ML
ops & data products.

Year 1: data catalog live,

critical domains certified

Year 2: data quality KPIs

operational,
stewardship active

Year 3: Al models

sourcing from certified
datasets

Governance tools,
metadata guidelines,
knowledge graph = capital
assets

One-time build enabling
many future projects

Accounting alignment:

capitalize implementation,
expense operation



Bronze (mainstream)

Bronze + Low Motivation

Recommendations:

. People
Create awareness sessions on “Why data matters”
Assign a minimal part-time data steward in each domain

. Processes & Pipelines

Document basic data flows for 1-2 critical processes
Introduce simple data-quality checks (completeness,
duplicates)

. Data Sets

Identify top 5 data sets that are business-critical (e.g.,
customer, product, trial metadata)

Create a small shared repository using existing tools
(SharePoint, Confluence, etc.)

. Technology
Invest in starter tooling:
* A lightweight cloud storage
* A basic ETL/ELT builder
* Begin experimenting with Bl tools using shared
dashboards
Prefer OpEx-oriented managed services to reduce
maintenance burden

Bronze + Medium Motivation

Recommendations:

4.

. People

Designate part-time Data Champions in each function
Start basic training in data literacy + dashboards

. Processes & Pipelines

Standardize naming conventions and introduce a “single
source of truth”

Establish a mini Data Governance Board meeting
quarterly

. Data Sets

Start profiling key data sets for quality and lineage
Launch a project to centralize at least one domain (e.g.,
HR, Sales, Clinical Operations)

Technology

Investin:

A data catalog
A centralized data warehouse or lakehouse
Begin implementing CI/CD for data pipelines

Bronze + High Motivation

Recommendations:

4.

. People

Create an official Data Office (even if small)
Train business teams in self-service analytics and low-
code automation

. Processes & Pipelines

Define and enforce data policies (quality, access,
retention)

Build automated ingestion pipelines for critical systems
(ERP, CRM, LIMS, etc.)

. Data Sets

Prioritize harmonization of master data domains
Begin mapping data lineage across workflows

Technology

Invest aggressively:

* Deploy a modern ELT architecture

* Adopt a cloud-native lakehouse with scalable
compute

* Introduce ML-powered data quality tools

* Set up centralized identity & access management



Silver (mainstream)

Silver + Low Motivation

Recommendations:

1. People

* Encourage better usage through recognition/reward
programs

* Involve data-savvy talent to act as internal ambassadors

2. Processes & Pipelines

» Simplify existing data pipelines to reduce complexity

* Improve monitoring and alerting to reduce pipeline
failures

3. Data Sets

* Focus on data cleanup and reducing redundancy

* Build initial KPI dashboards linked to validated data
sources

4. Technology
Invest in:
* Automation-first pipeline orchestration
* Metadata harvesting tools to simplify discovery
* Improved data visualization tools with a governed
semantic layer

Silver + Medium Motivation

Recommendations:

1. People
* Expand the Data Office with a dedicated Data Architect
* Regular training programs across functions

2. Processes & Pipelines
* Fully adopt DataOps practices
 Establish data product ownership per domain

3. Data Sets

* Accelerate consolidation of operational and analytical
data sets

* Implement versioning for critical data

4. Technology
Investin:
* A scalable lakehouse + warehouse hybrid
» Strong data governance extensibility (e.g., lineage
graphs, policy APIs)
* Real-time streaming for operational use cases

Silver + High Motivation

Recommendations:

4.

. People

Launch a data competency center
Hire or develop machine learning engineers

. Processes & Pipelines

Migrate toward fully automated ingestion + standardized
transformations

Build domain-based data products aligned with Data
Mesh principles

. Data Sets

Expand enriched, curated data sets ready for analytics and
Al

Introduce synthetic data and active metadata
management

Technology

Invest heavily:

* Implement real-time event streaming at scale

* Adopt MLOps platform

* Deploy enterprise-wide data catalog + governance
suite

* Introduce API-driven data access for decentralized
teams



Gold (mainstream)

Gold + Low Motivation

Recommendations:

1. People

* Empower teams through incentives to maintain
excellence

* Provide “innovation sabbaticals” for data teams

2. Processes & Pipelines

* Fine-tune operational efficiency; reduce reprocessing
costs

* Audit pipelines for simplification opportunities

3. Data Sets
* Retire unused data products and optimize storage layers
* Improve accessibility without adding more tools

4. Technology
Invest in:
* Cost-optimization tooling (FinOps for data)
* Intelligent caching and data virtualization
* Next-gen performance accelerators (vectorized
compute, query optimizers)

Gold + Medium Motivation

Recommendations:

4,

. People

Train employees on advanced Al literacy and data ethics
Expand cross-functional innovation squads

. Processes & Pipelines

Adopt continuous metadata feedback loops (e.g., ranking,
usage patterns)
Expand federated governance models

. Data Sets

Create advanced domain-specific ontologies
Enable data marketplaces inside the organization

Technology

Investin:

* Vector databases for semantic search and RAG/AI
applications

* Streaming analytics platforms

* Edge-to-cloud integration modules

Gold + High Motivation

Recommendations:

4.

. People

Establish a Chief Data & Al Office with enterprise mandate
Create Al Guilds bringing together engineering, science,
and business

. Processes & Pipelines

Adopt Data Mesh 2.0 with fully automated governance,
observability, and lineage

Create closed-loop ML systems integrated directly into
operations

. Data Sets

Develop rich, labeled corpora for Al, incl. multimodal data
Implement enterprise-wide knowledge graphs

Technology

Invest strategically in:

* Enterprise-wide Al platform integrated with
lakehouse

* Vector-native and graph-native architectures.

* Automated ML ecosystem (auto-feature
engineering, auto-quality, auto-governance)

* High-performance GPU clusters or managed GPU
compute

* Synthetic data generation frameworks for scenario
testing



Thanks for your Attention


https://www.linkedin.com/in/cedricberg/

	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5: The proliferation of IT Systems…
	Slide 6: Lost in Digital Complexity
	Slide 7: More about Digital Complexity
	Slide 8: Need #1: “Know thyself”
	Slide 9
	Slide 10: Promises Only Bind People Believing in Them
	Slide 11: Not Everyone will Benefit from AI
	Slide 12
	Slide 13
	Slide 14
	Slide 15: Need #2: Context = Connections
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21: Need #3: Semantic Layer
	Slide 22: More about Knowledge Graphs
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38

