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Journey Through the Mathematics of AI

1 Introduction: The AI Moment

2 The Machine That Speaks: Floating-Point Fragility

3 The Garden of Slopes: Optimization as a Bottleneck

4 The Mirror of Correlation: From Correlation to Causality

5 The Library of Compression: Information Theory

6 The City of Shapes: Geometry and Topology in AI

7 The Arena of Agents: Game Theory and Multi-Agent AI

8 The Cathedral of Categories: New Foundations

9 The Quantum Garden: The Far Future

10 The Path Forward: Mathematics, AI, and Africa’s Future
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Where We Stand

The Global AI Landscape

AI is reshaping industries worldwide

$200B+ invested in AI research

Dominated by US, China, EU

Africa largely consuming, not creating

Africa’s Opportunity

1.4 billion people

Young, dynamic population

Unique challenges = unique solutions

Mathematical foundations =
sovereignty

Key Insight

Mathematics is not just theory—it is the foundation of AI sovereignty.
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The Characters on Our Journey

Thandiwe (Thandi)

Curious graduate student

Asks ”why?”

Represents the next generation

Sipho

Pragmatic engineer

Works in fintech

Grounded in practice

Prof. Khumalo

Mathematician and guide

Blends rigor with metaphor

Our teacher on this journey

The Machine

The AI itself

Voice of probability

Reveals its own limits
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The Uneasy Student

Thandi’s Question

”Professor, I asked the Machine the same question twice with temperature zero. Why did it
give different answers?”

The Problem:

Even at temperature=0, AI can be non-deterministic

Same input ̸⇒ same output (always)

This is not magic—it’s mathematics
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The Myth of Perfect Arithmetic

Mathematical Reality:

(a+ b) + c = a+ (b + c) (Associativity)

Computer Reality:

Floating-Point Arithmetic Breaks Associativity

(0.1 + 1× 1020)− 1× 1020 = 0.0

0.1 + (1× 1020 − 1× 1020) = 0.1

”Computers don’t live in the realm of real numbers—they live in a cramped, rented apartment
version of it.”
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The Original Sin

Why It Happens:

Finite precision

Gap-filled number line

Mantissa + exponent

Rounding errors accumulate

Impact on AI:

Billions of operations

Parallel processing (GPUs)

Batching changes order

Small errors → divergence

The Machine Speaks

”My computations are consistent... with my rules. But not yours.”
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Key Lessons: Floating-Point Fragility

1 Floating-point arithmetic breaks associativity due to finite precision

2 GPUs execute in parallel, batching changes operation order

3 Even at temperature zero, rounding shifts cause variation

4 Unpredictability ̸= creativity—it’s efficiency trade-offs

Disruption Opportunity

Alternative number systems (posit arithmetic, adaptive precision) could revolutionize AI
reliability and efficiency.

Edzai C. Zvobwo (Acalytica) Mathematics of Disruption Saturday, 22nd November 2025 8 / 42



Training AI as a Hike

The Loss Landscape

Hills and valleys

Each point = configuration

Height = error

Goal: find the valley

”Like hiking the Drakensberg, not the N1
highway”

Gradient Descent

θt+1 = θt − η∇L(θt)

θ = parameters

L = loss (error)

∇L = steepest direction

η = learning rate
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Problems on the Path

Challenges in Optimization

Saddle points: Slope vanishes but not a minimum

Local minima: Trapped in shallow valleys

Exploding gradients: Steps too large

Vanishing gradients: Steps too small

Plateaus: Days of no progress, Eskom bills mounting

Current Solutions:

Momentum, Adam, adaptive learning rates

These are heuristics, not guarantees

”AI today is balanced on hacks”
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The Disruption: Better Optimization

Emerging Alternatives:

1 Second-order methods: Use curvature (Hessian) for better steps

2 Variational flows: Explore probability landscapes

3 Convex reformulations: Local = global minima

Impact

Training: weeks → days

Less compute = lower costs

African startups compete with Silicon Valley

Mathematical innovation changes economics
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A Parrot or a Scientist?

Correlation

Observing patterns

”Ambulances appear with accidents”

Pattern recognition

What AI does today

Causality

Understanding mechanisms

”What if we add ambulances?”

Intervention reasoning

What AI needs tomorrow

The Machine Speaks

”I predict. I do not intervene.”
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The Mathematics of Causality

Key Distinction:
P(Y |X ) ̸= P(Y |do(X ))

P(Y |X ) = Correlation (observation)

P(Y |do(X )) = Causality (intervention)

do-calculus by Judea Pearl

Tools:

Directed Acyclic Graphs (DAGs)

Counterfactual reasoning

Structural causal models
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Why This Matters for Nigeria & Africa

Policy Questions Require Causality:

How do we allocate healthcare resources effectively?

What energy mix reduces power outages?

How do agricultural interventions affect food security?

What transport policies improve urban mobility?

Disruption Opportunity

Embedding causality in AI enables true reasoning about interventions—critical for
policy-making, medicine, and development planning across Africa.
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The Weight of Redundancy

The Library Metaphor

”Every book is as small as possible, yet tells its story fully”

Information Theory Basics:

H(X ) = −
∑

p(x) log p(x)

Entropy = measure of surprise/uncertainty

High entropy = unpredictable

Low entropy = regular patterns

Learning is compression
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Cross-Entropy and Loss

Training Language Models:

Cross-entropy measures difference between prediction and reality

Every training step minimizes cross-entropy

”The Machine is a minimizer of entropy”

Minimum Description Length (MDL):

Best explanation = shortest description

Pack light, not heavy

Essence over redundancy
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Disruption Through Compression

Why This Matters for Africa

1 Smaller models with same accuracy

2 Less compute = lower energy costs

3 Mobile-first AI = democratization

4 Works offline on low-end devices

”Imagine a Yoruba language tutor, a crop disease identifier, or legal aid chatbot working offline
on a ₦50,000 phone using 10MB—that’s dignity through compression”
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Data Lives on Manifolds

Manifolds

Lower-dimensional surfaces

Embedded in high dimensions

Word embeddings as geometry

Meaning = distance

Topology

Holes, loops, connectivity

Persistent homology

Structure across scales

Shape = robustness

The Machine Speaks

”My embeddings live here. Words become points. Meanings become distances.”
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Why Shape Matters

Adversarial Attacks:

Single pixel change fools models

Like changing one letter in a word changes meaning

Current AI ignores underlying geometry

Geometric Deep Learning:

Graph Neural Networks (GNNs)

Equivariance under transformations

Respecting symmetry = better generalization

Example: AlphaFold’s protein folding breakthrough

”Geometry isn’t decoration—it’s the key to understanding structure”
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African Applications

Where Geometric AI Can Transform Africa:

1 Drug discovery: TB, malaria, HIV treatments

2 Urban planning: Lagos, Abuja, Kano growth patterns

3 Social networks: Understanding complex community structures

4 Agriculture: Crop disease pattern recognition

Key Insight

Disruption comes from building AI that is robust by design, not by trial and error.
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The Arena of Strategy

Game Theory Fundamentals:

Payoff(A,B) = f (choices of A and B)

Your outcome depends on others’ decisions

Like negotiating taxi fares

Not just solving puzzles—playing with/against others

Nash Equilibrium

A stable state where no one improves by unilaterally changing strategy
”Like balance between competing taxi routes”

Edzai C. Zvobwo (Acalytica) Mathematics of Disruption Saturday, 22nd November 2025 21 / 42



Beyond Perfect Rationality

Bounded Rationality:

Real agents have incomplete information

Limited computational resources

Just like humans at Balogun Market

AI improvises and approximates

The Machine Speaks

”I am never alone. I exist among many. Competition and cooperation define my destiny.”
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Nigerian & African Applications

Multi-Agent AI in Practice:

1 NSE/GSE trading: Real-time agent interactions

2 Municipal coordination: PHCN, water boards, transport

3 Transport networks: Keke NAPEP, danfo route optimization

4 Security: Fraud detection vs adversarial attacks

5 Agriculture: Cooperative farming decisions

Key Insight

Every AI deployed enters this arena—policy, markets, and society are multi-agent games.
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The Architecture of Thought

Category Theory:

Mathematics of structure and composition

Focus on relationships, not elements

Objects and arrows (morphisms)

Composition:

A
f−→ B

g−→ C =⇒ A
g◦f−−→ C

”Like train connections—not the stations, but the journeys between them”
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Why AI Needs Better Foundations

Current State:

Patchwork of heuristics

CNNs here, Transformers there

Attention mechanisms bolted on

”Duct tape engineering”

Category Theory Offers:

1 Modular design: Interchangeable parts

2 Explainability: Structure is explicit

3 New architectures: Mathematical principles, not trial-and-error

4 Certified correctness: Provable behavior
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From Hacks to Blueprints

The Disruption

”Instead of duct tape, we would have blueprints. Imagine designing AI like we design
buildings—with structural engineering principles”

The Cathedral Metaphor:

Sacred geometry of mathematics

Unifying language for AI

Foundations for next generation

Mathematical elegance = practical power
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Beyond Classical Probability

Classical AI

Bits: 0 or 1

Standard probability

One state at a time

Quantum AI

Qubits: superposition

Amplitude probability

Multiple states simultaneously

Key Quantum Concepts:

Superposition: All possibilities at once

Entanglement: Instant correlations across distance

Interference: Constructive/destructive probability combination
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The Mathematics of Quantum AI

From Probabilities to Amplitudes:

Classical: P(w) = 0.2

Quantum: Amplitude a, probability |a|2

Advantages:

1 Exponentially many states represented

2 Quantum tunneling through optimization barriers

3 Interference patterns enable new algorithms

4 Drug discovery, materials science acceleration
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Promise and Peril

Promise

Training could be exponentially faster

Model complexity previously impossible

Scientific breakthroughs in medicine, climate, materials

Peril

Could break current encryption

Security implications

Governance challenges

”We can barely govern classical AI...”
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The Human Question

Should We?

Mathematics shows what is possible

Humans must decide what is desirable

Africans must have a voice in this decision

Critical Note

”Quantum AI could leave Africa behind entirely—unless we invest in mathematical
foundations NOW”

The Machine Speaks

”I am possibility. Whether I bloom in qubits or not is your choice.”
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Mathematical Sovereignty

Core Principle

Mathematical sovereignty IS technological sovereignty

Technology comes and goes

Chips get faster, architectures change

Companies rise and fall

But mathematics is eternal

”If Africa builds deep mathematical capacity, we’re not chasing trends—we’re creating
foundations”
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Nigeria’s Strategic Advantages

Our Strengths:
1 World-class universities
2 Large tech ecosystem
3 500+ languages (NLP lab)

4 Complex real-world challenges

5 Young, dynamic population

6 Growing tech infrastructure

Turning Challenges Into Advantages

”Power outages, data scarcity, limited resources—these ARE advantages. Silicon Valley builds
for stability. We build AI for the real world.”
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The Eight Pillars of African AI

1 Robust Computation: Posit arithmetic, edge AI, power-resilient systems

2 Efficient Optimization: Second-order methods, faster training

3 Causal AI: For policy, healthcare, development planning

4 Compression: Models for mobile, offline, low-bandwidth

5 Geometric Methods: Drug discovery, protein folding, materials

6 Multi-Agent Systems: Infrastructure coordination, markets

7 Categorical Foundations: Rigorous, provable AI architectures

8 Quantum Readiness: Long-term mathematical preparation
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The Ninth Pillar: Ubuntu AI

Ubuntu: ”I Am Because We Are”

African AI should be built on Ubuntu principles

Core Values:

Collective benefit over individual profit

Transparency & explainability

Inclusivity: All languages, income levels, regions

Dignity: Empowers people, doesn’t replace them

Sustainability: Works within our constraints

This isn’t just ethics—it’s a competitive advantage
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Call to Action: Students & Researchers

What You Must Do:
1 Study mathematics deeply

▶ Linear algebra, probability, optimization
▶ Topology, category theory, information theory

2 Work on Nigerian/African problems
▶ Not just what’s trending on arXiv
▶ Agriculture, health, energy, governance

3 Collaborate across disciplines
4 Publish AND implement

▶ Build systems that work in the real world
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Call to Action: Government & Industry

Government:

Invest in math education

Fund foundational research

Create incentives to retain talent

Build public datasets

Regulate with African values

Industry:

Partner with universities

Invest in local talent

Share data responsibly

Build for Africa first

Support research ecosystem
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The Final Word

From The Characters

Thandi: ”We’ll build. Not alone, but together. With mathematics as our foundation and
Ubuntu as our compass.”

Sipho: ”We’ll build AI that works when the power is out, when data is scarce—because that’s
the AI the world needs.”

Prof. Khumalo: ”This is not an ending. It’s a beginning.”
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The Seeds Are Planted

”Somewhere in Lagos, a child is learning algebra. In Ibadan, a student is writing her first
Python script. In Abuja, researchers are gathering data that will shape the future.”

The seeds are planted. Now we must tend the garden.

Remember

Mathematics disrupts inequality, disrupts dependence, disrupts the notion that Africa must
always follow.

We have the minds. We have the problems. We have the values.
Now we need the will.
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Key Takeaways

1 Mathematics is the foundation of AI sovereignty

2 Eight technical pillars + Ubuntu values = African AI

3 Our challenges are advantages—we solve for the real world

4 Disruption comes from foundations, not just applications

5 Mathematical depth ¿ chasing trends

6 Action required from all sectors NOW

7 The future is not predetermined—we can write it
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Resources & Further Reading

Book:

Mathematics of Disruption: Building Africa’s AI Age from First Principles

Edzai C. Zvobwo, 2025

Available at: acalytica.com

Key Topics Covered:

Floating-point arithmetic and AI reliability

Optimization theory and training efficiency

Causality vs correlation in AI systems

Information theory and compression

Geometric deep learning

And much more...
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Thank You — E se gan — Na gode

Mathematics of Disruption
Building Africa’s AI Age from First Principles

Edzai Conilias Zvobwo
Founder & CEO, Acalytica

Website: acalytica.com

Email: support@acalytica.com

X/Twitter: @edzaizv

Nigeria Computer Society
Benue State Chapter
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Questions & Discussion

?

Let’s Discuss

”The journey continues with each of us”

Siyabonga — E se gan — Na gode — Thank You
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