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Disruption in Al will not come only from

faster chips or larger datasets,

but from mathematics itself.



The Question We Must Ask

What if Africa’s competitive advantage in Al
isn't infrastructure catch-up,

but mathematical sovereignty?

Technology comes and goes. Chips get faster, architectures change.
But mathematics is eternal. Master it, and we create foundations.
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Cast of Characters

Thandiwe Prof. Khumalo The Machine
“Thandi” Seasoned engineer Mathematician and The Al itself
Curious graduate from Cape Town teacher at UCT A velias of il
student at Wits Sceptical e.md Blends ;Igohur with Reminds us of its
Asks the simple but pragmatic metaphor mathematical limits

profound questions Grounded in the Guides the journey
frustrations of practice

“Each chapter is a landscape, a cathedral, a city, or a garden.”
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Eight Mathematical Landscapes

From Wits to UCT. From floating-point fragility to quantum computing.

This is our story.
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The Original Sin of Computer Arithmetic

The Myth of Perfect Arithmetic:

In real mathematics: (a+b) +c=a+(b+c) The Machine Speaks

“l am not inconsistent.

But computers live in a “cramped, rented . e .
P P | am consistent with imperfection.

apartment version” of the reals.

Floating-Point Reality: Like minibus taxi routes:
(0.1 +10%°) — 10%° = 0.0 They don't stop everywhere—only at
0.1+ (1020 — 1020) =0.1 certain points. Between those stops,

you're stuck.
Same math, different answers. Associativity breaks.
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The Shisa Nyama of Batching

Prof. Khumalo’s Metaphor:

“Imagine you order boerewors at a shisa Key Insight

nyama. The chef could grill it alone. Or he Even at temperature zero, outputs can
could grill ten orders together. vary.

Your boerewors will cook slightly differently Zero temperature means picking the most
depending on its neighbours.” probable token—but if probabilities shift

by a hair, ties break differently.
Inside Al Servers:

» Your question is batched with others The Machine Speaks

» Different batch = different operation order “Shadows are real
» Different order = different rounding if you are made of light.”
» After 100 tokens = different word
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The Garden of Slopes: Optimisation

The Problems:

The Loss Landscape: » Saddle points—slopes vanish

» Local minima—shallow, misleading
“Training Al is like walking through the

Drakensberg. Each point is a configuration.
Each height is the error.”

» Exploding/vanishing gradients

The Machine Speaks

Gradient Descent: »
| converge, but not always.

Orr1 = 0: —nVL(0:) I learn, but not optimally.”

Like hiking down Table Mountain blindfolded, only . . )

feeling the steepness under your feet. Disruption: New math could remove this
bottleneck. SA startups compete with Silicon
Valley.
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The Mirror of Correlation vs Causality

The Machine Reflects, Not Understands:
“It's like a clever mynah bird. It repeats

patterns, but doesn’t reason.”

The Critical Difference:
P(Y|X) # P(Y|do(X))

Observation is not intervention.
More ambulances don’t cause more accidents.

The Machine Speaks

“I predict. | do not intervene.”

Why This Matters for SA:
» Water allocation during drought
» Energy mix for load shedding

# Healthcare in rural areas

These are causal questions. Correlation-based
Al fails here.
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The Library of Compression

Information Theory:

H(X) = —>_ p(x) log p(x)

The Machine Speaks

Entropy measures surprise. Learning reduces it.

The MDL Principle:

The best explanation is the shortest one.

“Instead of carrying a huge backpack up Lion’s

Head, we keep only the essence.”

Edzai Zvobwo

Mathematics of Disruption

“Compression is intelligence.
Prediction is compression.
To know is to compress.”

For South Africa:
» Models on R1000 phones
» Works offline, 10MB storage
# Zulu tutor, crop disease ID

That’s democratisation. That's
dignity.
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The Conventional Narrative

Sipho’s Realisation

“Silicon Valley builds Al for stable grids and reliable infrastructure.
We build Al that works when the power goes out. That’s the Al the world needs."”
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South Africa’s Strategic Advantages

Our Strengths:

World-class universities: Wits, UCT,
Stellenbosch, UP

SKA infrastructure: Quantum-level
computation in the Karoo

11 official languages: Natural NLP
laboratories

Complex challenges: Load shedding,
water scarcity, healthcare gaps

Young population: Demographic
dividend

Ubuntu philosophy: Communal values
for ethical Al

Edzai Zvobwo

Reframing Challenges:

Challenge Advantage

Load shedding
Data scarcity
Connectivity gaps
Multilingual
Resource limits

Resilient edge Al
Efficient models
Offline-first design
NLP innovation
Compression focus

Mathematics of Disruption

Our chaos becomes our laboratory.
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The Roadmap: Eight Pillars for South African Al

1. Robust Computation 5. Geometric Al for Science
Posit arithmetic, edge Al, energy-efficient systems  TB/HIV drug discovery, protein structures

2. Efficient Optimisation 6. Multi-Agent Coordination
Second-order methods, convex reformulations Taxi routes, municipal planning, JSE
3. Causal Al for Policy 7. Categorical Foundations

Water, energy, healthcare interventions SA Institute for Al Mathematics

4. Compressed, Accessible Al 8. Quantum Readiness

Models on phones, offline, minimal data SKA partnership, quantum algorithms

+ The Ninth Pillar: Ubuntu Al
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Ubuntu Al: The Foundation Beneath All Others

Ubuntu: “l Am Because We Are”

The Competitive Edge

“This isn't just ethics—it's a
» Transparency: Communities deserve to competitive advantage.
understand decisions

» Collective benefit over individual profit

While others build Al for extraction,

» Inclusivity: All 11 languages, all income levels, v il A0 oy Meorfelifnm

all regions

» Dignity: Technology that empowers, not

African Al:
replaces

Mathematically rigorous.

» Sustainability: Al within environmental Culturally grounded

constraints
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The Call to Action

For Students & Researchers: For Government:

» Study mathematics deeply » Invest in mathematical education

» Work on problems that matter to SA » Fund foundational research

» Collaborate across disciplines » Create incentives to stay in SA

» Publish, but also implement » Regulate with Ubuntu principles
For Industry: For Civil Society:

» Partner with universities » Demand transparency

» Invest in SA talent » Participate in Al governance

» Build products for Africa » Hold institutions accountable
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Somewhere in Soweto, a child is learning algebra.
In Khayelitsha, a student writes her first Python script.

In the Karoo, SKA telescopes gather data for quantum computing.

The seeds are planted.

Now we must tend the garden.

The future of Al need not be written elsewhere.

We can write it here.



The Machine’s Final Words

“You have walked through my gardens and cathedrals.

You have seen my fragility and my potential.

Now you must choose:

Will you build me with wisdom,
or will you let others build me for you?”



Get the Book

Mathematics of Disruption (— WHERE MATHEMATICS )
A South African Story About Al, Fragility, MEETS IMAGINATION
and the Power of Math MATHEMATICS
OF
% 8 mathematical landscapes + path forward DISRUPTION

A South African Story
About Al, Fragility,
and the Power of Math

@ Thandi, Sipho, Prof. Khumalo, The Machine
% For entrepreneurs, students, policy makers

< Both technical rigour and storytelling Edzai C. Zvob
zal . £LVODWO

ISBN: 978-1-326-08561-2
Price: R150 ZAR 1= acalytica.com/
mathematics-of-disruption
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Siyabonga. Re a leboga. Ngiyabonga.

Edzai Conilias Zvobwo

=<1 edzai@acalytica.com
¢ acalytica.com

w |inkedin.com/in/edzai-zvobwo-b6573a33
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Appendix: The Eight Landscapes (Detail)

Foundations: Core: Advanced:
® Floating-Point Fragility #® Library of Compression # Cathedral of Categories
® Garden of Slopes ® City of Shapes (Geometry) ® Quantum Garden
{OptiteEien) ® Arena of Agents (Game ® The Path Forward
® Mirror of Correlation Theory)

(Causality)

Each landscape reveals why Al behaves the way it does—and where entrepreneurs can intervene.
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Appendix: Resources

From the Author:
» Nigeria Computer Society Presentation (Nov 2025)
» Brawlers Al Mixer: Power of Choice (Jan 2026)
» Causal Inference in Action: Understanding Impact with R —
acalytica.com/causal-inference-in-action

African Al Communities:
» Deep Learning Indaba — deeplearningindaba.com
» Masakhane — masakhane.io
» Data Science Africa — datascienceafrica.org
» South African Al Association — saaiassociation.co.za

Connect:
» Acalytica — acalytica.com (digital growth platform)
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Appendix: Key Mathematical Foundations

Floating-Point: Category Theory:
Finite precision breaks associativity AfB & ¢

Gradient Descent: Campesiions go i

Orr1 =0 —nVL(6:) Nash Equilibrium:
No agent benefits by unilateral change

Causality:
P(Y]do(X)) # P(YIX) Quantum:

ility = ; 2
Entropy: Probability = |amplitude|

Superposition, entanglement, interference
H(X) = — X p(x) log p(x) PerP &
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