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XTRACTIS

The Reasoning Al for Trusted Decisions — by design

Why XTRACTIS is Revolutionizing R&D

10 Documented Use Cases | Healthcare & Pharma | May 2026 V1.3

This document presents the XTRACTIS use cases published to date by IDAGRAI LABS in the life
sciences, preceded by an analysis of what makes this technology unique and the revolution it brings to
pharma, biotech, and R&D organizations.

Each use case describes the application context, what XTRACTIS discovered, and how the result
surpasses all conventional Al approaches.

I. What Makes XTRACTIS Unique — What No Other Al Does

In an Al market saturated with large language models (LLMs), XTRACTIS occupies a radically distinct
position. Founded on the theory of Fuzzy Relations of order N developed by Prof. Zyed Zalila as early as
1993, it represents more than 270 scientific person-years of R&D in fuzzy mathematics and automated
reasoning. It is not a variant of existing open-source tools; it is an entirely different cognitive
architecture.

1.1. Intelligibility vs Explainability — a Fundamental Distinction

All high-performing Al systems on the market (neural networks, boosted trees, random forests) produce
opaque non-linear models: their decisions can only be approximately justified after the fact using
techniques such as LIME or SHAP. These approaches provide a local, linear explanation of a decision
made by the opaque model, but can never reveal its internal logic. Often, these explanations are wrong:
they differ from the decision made by the opaque model.

XTRACTIS does exactly the opposite: its non-linear models are natively intelligible. They consist of a

finite set of IF..THEN rules based on continuous (non-binary) logic, which fully expose their decision-
making reasoning for all possible cases, not just a particular one.

An intelligible model is necessarily explainable. The reverse is not true. XTRACTIS produces transparent
decisions by design, not by approximation.
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1.2. Five Pillars that Define its Uniqueness

XTRACTIS"

Pillar What XTRACTIS Does What Other Als Do
Extends the 3 modes of human reasoning: - .
Reasoning Al | Induction (REVEAL), Deduction (PREDICT), g:;’opnri‘;d”ce SIERIGHonE, WUl STTE e
Abduction (OPTIMIZE). 9
IF..THEN rules known BEFORE any decision; | Partial post-hoc explainability (LIME/SHAP),
Ex-ante . - . . .
Intelligibility fully auditable and certifiable prior to without knowledge of the complete decision

deployment.

logic.

Formal Stability

Any variation in input produces a graduated
and bounded output variation; mathematically
proven.

No formal stability guarantee: models can be
unstable.

Data Frugality

Performs equally well on small and large
datasets, without missing value imputation.

Deep Learning requires massive data volumes
to perform and requires missing value
imputation.

Sovereignty &
Compliance

100% French, ITAR-free, independent of open-
source Al licenses, GPU-independent, EU Al
Act compliant.

Dependent on open-source Al codes (PyTorch,
TensorFlow) and GPUs, subject to the US
CLOUD Act and PATRIOT Act.

1.3. A Beginning of Global Recognition
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DARPA (Defense Advanced Research Projects Agency, USA) is qualifying XTRACTIS after failing to
develop an equivalent Al under the XAl, Al NEXT and Al Forward programs, which mobilized more
than 1,000 scientists and more than $2.5 billion over 9 years.

Clients Reference: ATOS/Eviden/Bull, Thales/Thales Alenia Space, Naval Group, Orano/Areva,
Technip, Stellantis/PSA, Renault, Arkema, Essity (Lotus, Okay, Moltonel, Nana, Demak’up, Peau
douce, Tena, Tork, Radiante...), Mars Food, Mars Petcare, Crédit Logement, Crédit Foncier de France
(BPCE)...

Institutional recognition in the USA: Assessed very positively by DARPA, NSIN, ODNI & US AIRLAB.

Tier-1 Scientific Publication: Research results applied to the diagnosis of the porosity of hydrogen
tanks made of composite materials, published in NATURE SCIENTIFIC REPORTS, the 3™ most cited
Tier-1 journal in the world.
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Il. The Major Problems XTRACTIS Solves

Pharmaceutical and biotech R&D faces three major categories of problems that conventional Al cannot
solve satisfactorily. XTRACTIS was designed to address them structurally.

Problem #1 — The Black Box is Incompatible with Scientific Research

A researcher using a neural network to predict molecular toxicity or identify a biomarker gets a result...
but without understanding why. This opacity is scientifically unacceptable: it generates no new
knowledge, allows no expert validation, cannot be submitted for regulatory certification, and entails a
liability without the possibility of traceability and reproducibility.

XTRACTIS REVEAL produces causal rules readable by a researcher or regulator. This is not a prediction: it
is knowledge automatically generated from data. Once audited, this knowledge then allows for the
calculation of very high frequency predictions (PREDICT) or discover optimal solutions satisfying a multi-
objective request under flexible constraints (OPTIMIZE).

Problem #2 — Multivariate Complexity Exceeds Human Cognitive Capabilities

The human brain can consciously process a maximum of about ten variables simultaneously. Yet an
epigenetic profile contains more than 27,000 variables, a mass spectrum more than 15,000, and a gene
expression profile more than 26,000. No R&D team can manually explore these spaces exhaustively.

XTRACTIS acts as an exobrain: REVEAL robots automatically explore the entire modeling space, identify
the few truly significant variables, and reveal their nonlinear interactions in the form of comprehensible
rules.

Among 15,154 spectrometric parameters characterizing blood serum, XTRACTIS isolated 3 proteins
sufficient for a perfect diagnosis of ovarian cancer. This type of radical dimensionality reduction is
inaccessible to manual Cartesian approaches.

Problem #3 — Transparency is Mandatory for High-Risk Applications

The European Al regulation (EU Al Act, February 2025) classifies medical, diagnostic, and molecular
screening applications as high-risk systems. Providers and users of these systems are legally
responsible for their decisions. An opaque model can be neither audited, nor certified, nor legally
defensible.

XTRACTIS is the only Al in the world that inherently meets the Al Act requirements for critical applications by
design. Its transparent models are auditable, certifiable, verifiable, and reproducible, without additional effort,
because transparency is native, not added as an afterthought.

XTRACTIS is not just complying with the Al Act: it is already defining the state of the art, with intelligibility

requirements that exceed those imposed by regulations, but comply with what the laws require:
understanding the entire internal decision-making logic of the automated system.
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lll. The Revolution XTRACTIS Brings

3.1. Intelligible Model vs Opaque Model

Conventional non-linear Als produce opaque predictive models; whereas XTRACTIS produces
transparent, knowledge-based predictive models: the IF.. THEN rules, with continuous logic, it generates
are mathematical causal relationships between variables (not simple linear correlations), which
researchers can read, validate, enrich, and publish. Every XTRACTIS project is a genuine scientific
knowledge discovery exercise.

3.2. Radical Acceleration of R&D Cycles

XTRACTIS does not merely model what already exists. Its OPTIMIZE robots (abductive reasoning) invert
the models to automatically discover optimal process conditions or optimal formulations never seen in
the training data. In the pharma sector, this means: discovery of new candidate molecules, formulation
optimization, identification of biomarker combinations, without having to experimentally test thousands
of combinations, or selection of patients who will respond positively to a new therapeutic treatment.

UC18 — Drug Design: XTRACTIS OPTIMIZE generated a new non-ecotoxic herbicide molecule with an
overall request satisfaction score of 0.995, vs 0.063 for the best-known compound. This process is directly
transposable to the discovery of new drug candidates (active ingredients, excipients).

3.3. An Army of Virtual Scientific Assistants, Available 24/7

XTRACTIS is a collective Al that operates without human supervision, in competitive then cooperative
mode: its REVEAL (resp. OPTIMIZE) robots continuously refine their induction (resp. abduction)
strategies, 24/7. An R&D team can launch an exploration on Friday evening and find the key rules of a
complex process or phenomenon by Monday morning; a task that would have taken months or years
for a human team.

3.4. Energy Efficiency and Data Sovereignty

XTRACTIS runs exclusively on standard CPUs (no GPU), consuming thousands of times less energy
than LLMs for training, and millions of times less for computing predictions. Data never leaves the
client's infrastructure (private PaaS hosted in Europe, or on-premises). The intellectual property of the
induced models belongs entirely to the licensee.

3.5. A Lasting Competitive and Strategic Advantage

Every XTRACTIS model becomes a proprietary strategic asset: the discovered rules constitute
knowledge that can be registered, patented, and monetized. For a pharmaceutical company, an
XTRACTIS model that identifies 3 protein biomarkers sufficient for a perfect diagnosis of ovarian cancer
represents a potential intellectual property value of several million euros, in addition to accelerating
time-to-market.

According to IDAGRAI LABS, each XTRACTIS use case represents a potential start-up valued at several
(tens of) millions of euros from the Series A stage.
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IV. The 10 Documented Use Cases — Healthcare & Pharma

All use cases below are published on xtractis.ai with their complete benchmarks against Logistic Regression, Random
Forest, Boosted Tree, and Neural Network. PDF documents are downloadable.

4.1. Precision Medicine & Clinical Diagnosis

UC 31 — Opportunistic Diabetes Diagnosis via Blood Analysis

DIABETOLOGY

Where is XTRACTIS Applied?
On a patient's medical biology data; 8 biological parameters, no fasting required.

What XTRACTIS Discovered and Achieved

A 12-rule system, combining the 8 predictors to diagnose diabetes (2.4 predictors per rule, on average).
Real-time diagnosis, explainable to the physician, reducing unnecessary additional tests, and frugal: up
to 7.6 million predictions/second on an 8-core CPU at 2.5GHz. Deployable in any hospital system or
blood transfusion center.

» Good predictive performance on unknown test cases (F,-Score = 80.41%), with a model fully
understandable by the clinician, far superior in intelligibility to all conventional Al systems tested.
Equals human performance (maximum 70-80%).

UC 28 — Epileptic Seizure Detection via EEG Signal Analysis

NEUROLOGY

Where is XTRACTIS Applied?
On a patient's EEG signals: 24 potential electroencephalographic parameters derived from intelligible

EEG preprocessing.

What XTRACTIS Discovered and Achieved

A 15-rule system combining 14 automatically selected predictors, to diagnose epileptic seizure (4.4
predictors per rule, on average). Automatic and rapid diagnosis, with significant reduction of false
alarms. Each decision is explained to the neurologist in the form of readable rules with their degrees of
triggering. Potential for developing a portable system to anticipate epileptic seizures.

» Very good predictive performance on unknown test cases (F-Score = 92.86%). Surpasses human
performance (maximum 70-80%). Causal relationships between EEG parameters and epileptic
seizure states are made readable for the neurologist; something no neural network, boosted tree,
or random forest can offer.
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UC 17 — Parkinson's Disease Detection via Voice Analysis

NEUROLOGY

Where is XTRACTIS Applied?
On simple voice recordings of a patient: 753 potential parameters derived from intelligible acoustic
signal preprocessing.

What XTRACTIS Discovered and Achieved
A 26-rule system, combining 92 automatically selected voice predictors, to diagnose Parkinson's
disease. Because the process is very complex, the rules are also complex: an average of 9.3 predictors
per rule. Non-invasive, rapid diagnosis, applicable via telemedicine without cumbersome medical
protocols or costly examinations.

» Good predictive performance on unknown test cases (F:-Score = 88.46%). Surpasses human
performance (maximum 70-80%). Identification of vocal parameters causally linked to Parkinson's
disease: opens the path for acoustic biomarkers and remote patient monitoring.

UC 14 — Serological Diagnosis of Chronic Kidney Disease

NEPHROLOGY

Where is XTRACTIS Applied?
On a patient's file and blood tests: 24 available parameters.

What XTRACTIS Discovered and Achieved

A parsimonious 4-rule system, combining 8 automatically selected predictors to diagnose CKD (3.0
predictors per rule, on average). The system limits the number of measurements required, thus reducing
diagnostic costs. Every decision is explained and auditable.

» Perfect predictive performance on unknown test cases (F:-Score = 100.00%), directly usable in
large-scale clinical or hospital screening, with a cost of biomarker measurement reduced to a
minimum. Surpasses human performance (maximum 70-80%).

UC 12 — Genetic Identification of Lung Cancer

ONCOLOGY - PULMONOLOGY - GENOMICS

Where is XTRACTIS Applied?

On genetic sequencing data from lung tissue: 12,533 gene expression levels per patient, XTRACTIS
automatically identifies the 2 discriminating genes to differentiate malignant mesothelioma from
adenocarcinoma (ADCA).

What XTRACTIS Discovered and Achieved

A minimal 2-rule system —despite the extreme theoretical complexity of the problem— and 2
automatically selected genes, to differentiate malignant mesothelioma from adenocarcinoma (ADCA).
The causal rules are explicitly defined (1.5 predictors per rule, on average) and directly interpretable by
the clinician.

» Among 12,533 genes, XTRACTIS isolates 2 markers sufficient for a perfect predictive performance
on unknown test cases (Fi-Score = 100.00%): this radical dimensionality reduction has direct
therapeutic implications for lung oncology research. Surpasses human performance (maximum 70-
80%).
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UC 08 — Genetic Diagnosis of Prostate Cancer

ONCOLOGY - UROLOGY - GENOMICS

Where is XTRACTIS Applied?
On 12,600 levels of gene expression in the patient's prostate tissue.

What XTRACTIS Discovered and Achieved

A parsimonious 4-rule system, combining 7 automatically selected genes, to diagnose the presence or
absence of prostate cancer (3.0 predictors per rule, on average). Gene combinations and their causal
interactions are made readable for urologists and oncologists in the form of IF..THEN rules.

» Perfect predictive performance on unknown test cases (F-Score = 100.00%) + identification of
gene interactions. Surpasses human performance (maximum 70-80%). This knowledge is directly
exploitable in biopharmaceutical R&D and in the design of genomic tests or identification of
therapeutic targets.

UC 05 — Spectrometric Diagnosis of Ovarian Cancer

ONCOLOGY - GYNECOLOGY - PROTEOMICS

Where is XTRACTIS Applied?
On a serum sample analyzed by mass spectrometry: 15,154 mass/charge parameters describing each
patient.

What XTRACTIS Discovered and Achieved

A minimal 2-rule system, combining 3 automatically selected proteins, for diagnosing ovarian cancer
(2.0 predictors per rule, on average). Despite more than 15,000 potential parameters, the model is
remarkably simple and immediately interpretable by the biologist or clinician.

» 3 protein biomarkers isolated from 15,154 candidates, with perfect predictive performance on
unknown test cases (Fi;-Score = 100.00%). Surpasses human performance (maximum 70-80%). The
rules are directly exploitable for developing diagnostic tests, biomarker panels, or new therapeutic
targets.

UC 04 — Anatomopathological Diagnosis of Breast Cancer

ANATOMOPATHOLOGY - GYNECOLOGY - IMAGING

Where is XTRACTIS Applied?
On images of breast tumor cells: 30 characteristics of tumor cell shape, obtained through intelligible
image preprocessing.

What XTRACTIS Discovered and Achieved

A 7-rule system, combining 13 automatically selected predictors, for diagnosing breast cancer (3.1
predictors per rule, on average). This model can be deployed to support pathology in any laboratory,
with explained and auditable decisions.

» Excellent predictive performance on unknown test cases (F1-Score = 98.46%). Surpasses human

performance (maximum 70-80%). Fully intelligible and auditable model, deployable in any
anatomopathological laboratory.
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UC 03 — Cardiotocographic Identification of a Fetal Heart Conditions

ANATOMOPATHOLOGY - GYNECOLOGY - IMAGING

Where is XTRACTIS Applied?
On cardiotocograms: 21 parameters, obtained through intelligible preprocessing of the CTG signal.

What XTRACTIS Discovered and Achieved
A system of 55 rules, combining 16 automatically selected predictors, to identify one of the 10 fetal
cardiac conditions (4.2 predictors per rule, on average).

» Excellent predictive performance in unknown test cases (Average F1-Score = 89.40%). Surpasses
human performance (maximum 70-80%). Reduces prenatal mortality and fetal neurological sequelae.

Helps medical staff easily perform pregnancy monitoring, with systematic justifications for decisions,
even in areas with limited medical access.

4.2. Pharma / Chemistry — Molecular Discovery & Drug Design

UC 18 — Molecular Toxicity Prediction

& Discovery of New Non-Toxic Functional Molecules
FORMULATION - GREEN CHEMISTRY - DRUG DISCOVERY

Where is XTRACTIS Applied?
On 99 physicochemical characteristics of chemical molecules.
Phase 1: XTRACTIS REVEAL discovers predictive toxicity models for 5 different animal species and a predictive

model of the targeted function (herbicide, solvent, fungicide, pesticide, preservative...).
Phase 2: XTRACTIS OPTIMIZE discovers new functional molecules with minimal ecotoxicity.

What XTRACTIS Discovered and Achieved

Phase 1: 5 intelligible toxicity models (1 per species), exposing the molecular descriptor combinations
determining toxicity, and 1 model predicting the herbicide function.

Phase 2: XTRACTIS OPTIMIZE discovers in a matter of minutes a new non-toxic herbicide molecule
achieving an overall satisfaction score of 0.995, versus only 0.063 for the best-known molecule in the
training database.

» XTRACTIS not only discovers knowledge, it also discovers, through abductive reasoning, new
optimal formulations never seen before. Multi-objective request satisfaction score of 0.995 vs
0.063: discovery performance directly applicable to the design of APls, excipients, bioactive
compounds, or drug candidates.
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V. Summary — The 10 Use Cases at a Glance

Application Input Data XTRACTIS Result
UC31 | Diabetes — blood analysis 8 param. — 8 retained 12 rules - low cost- real-time opportunistic diagnosis -
good performance: equal to that of diabetologists
uC28 | Epilepsy — EEG signal 24 param. —> 14 retained 15 rules - portable system anticipating eplleptlc.selzures
- very good performance: outperforms neurologists
UC17 | Parkinson — voice analysis 753 param. — 92 retained 26 rules - non-invasive - applicable in telemedicine - good
performance: surpasses neurologists
UC14 | Chronic kidney disease 24 param. — 8 retained e onv Gl [E (e L P S SIS O
nephrologists
UC12 | Lung cancer — genomics 12,533 genes — 2 retained 2rules - Iowvcost - perfect pe_rformance: outperforms
pulmonologists and oncologists
UCO08 | Prostate cancer — genomics 12,600 genes — 7 retained N rules_ o @i - perfgct PR UEE: ST B
urologists and oncologists
UCO05 | Ovarian cancer — proteomics | 15,154 param. — 3 retained 2 rules - IOW cost - perfect performance: outperforms
gynecologists and oncologists
UC04 | Breast cancer — imaging 30 param. — 13 retained 7 rules - onv cost - exce.llent performance.: outperforms
gynecologists, oncologists, and pathologists
Uco3 Eetal heart conditions — CTG 21 param. — 16 retained 55 rules - non.—lnvaswe - applicable in telemedlcw!e : ggod
signal performance: surpasses gynecologists and cardiologists
Af : : Multi-objective request satisfaction score 0.995 vs 0.063
Molecular toxicity 99 physicochemical - I .
ucis ) o - discovery, within minutes, of a new functional and non-
+ Drug Design characteristics .
ecotoxic molecular profile
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VI. Benchmarks: INTELLIGIBILITY x PERFORMANCE scores

Aggregated results from 9 use cases (UC) in the Healthcare & Pharma sector and the 27 UCs across various

sectors, comparing XTRACTIS to neural networks, boosted trees, and random forests, on exactly the same data
partitions, based on two criteria: performance —or robustness (the model's ability to provide accurate
predictions for unknown cases)— and intelligibility (the model’s ability to be understood by a professional or

domain expert).
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Color Code of the Al approaches
@ XTRACTIS (XTS) ©® Boosted Tree (BT)
@ Neural Network (NN) @ Random Forest (RFo)

The Chart

Combined reading: position within the plane matters more
than each score taken in isolation.

Calculation of scores is explained in detail in the published
UCs (Appendix 1).

-> X Axis: Intelligibility Score (IS)
From 0 (opaque) to 5 (fully transparent).

1 Y Axis: Performance Score (PS)
Compared to the best model of the UC (highest score).
Negative = difference between the real performance
criteria of the best model obtained by the Al in question
and the best model across all Als.

® Bubble size
Identical for all — contains no additional information.

Target zone: top-right (1S=5.00 ; PS=0.00)
The Holy Grail of decisional & scientific Al:
Highest Performance AND Highest Intelligibility.

Two Scores per Bubble

Top=1S
Value from 0 to 5

Bottom = PS 4.22
Aperf. vs best model of the UC  .(),33
0.00 = best performance
-P = P percentage points of performance behind

The XTRACTIS reasoning Al consistently ranks in the top-right quadrant of the chart: in terms of intelligibility, it
outperforms its closest competitor by 2.68 points (first every time), while in terms of performance, it ranks first

23 times and second 4 times:

Intelligibility — Rankings (27 UC)
18t 2nd 3rd 4th

% XTS 27 0 0 0
¥ RFo 0 27 0 0
¥ BT 0o 15 12 0
4 NN 0 15 9 3

Contact : marie.monnier@xtractis.ai - +336 73 81 04 61
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'Ist 2nd 3rd Ath

23 4 0 0
4 14 6 3
1 7 5 14
0 1 17 9
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