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PREFAGE

The Ancient Bone and the Modern Code

Long before cities rose with towers of glass and light,
before wires whispered secrets across the sky, humans had
to count. They counted stars to know when rain would
come. They counted days to know when the river would
flood. They counted harvests to know if winter would be
kind or cruel. Counting was survival. Counting was
memory. Counting was the first shield against chaos.

Africa, the cradle of humanity, cradled these first counts
too. Deep in southern lands, near mountains that divide
what we now call South Africa and Eswatini, someone—
perhaps a woman tracking the moon's pull on her body—
took a baboon's leg bone. This is the Lebombo bone, older
than most stories we tell. Carved sometime between
44,000 and 42,000 years ago, it bears 29 deliberate
notches in a single row. Not random scratches. Not
decoration. These marks line up like quiet soldiers: one for
each day of a lunar cycle, perhaps, or each phase of the
moon as it waxes and wanes. Twenty-nine days—the rough
length of a month. Some say this bone helped early people
predict seasons, births, or the best time to hunt. Others
whisper it tracked menstrual cycles, making the first
mathematician a woman who guarded her knowledge in
bone.



Thousands of years later, farther north along the Semliki
River in what is now the Democratic Republic of Congo,
another bone emerged from volcanic ash. The Ishango
bone, dated to around 20,000-25,000 years ago. A baboon
fibula again, about 10 centimeters long, with a sharp quartz
point at one end like a primitive stylus. But this one is
different. Its notches are not in a simple line. They cluster
in three columns, grouped thoughtfully: some in sets that
add to 60, others following patterns of primes (those lonely
numbers like 11, 13, 17, 19 that divide only by 1 and
themselves), doublings, or even hints of base-12 counting.

Scholars still debate it. Was it a tally for fish caught or
moons passed? A lunar calendar? A sieve for finding prime
numbers—the world's first "math sieve"? Or a primitive slide
rule for multiplication? One column shows numbers like 11,
13, 17, 19—primes between 10 and 20. Another mirrors
additions and subtractions around 10 and 20. The third
doubles or halves. Whatever its exact code, the Ishango
bone proves something profound: our ancestors in Africa
were not just counting. They were thinking mathematically.
Patterning. Calculating. Protecting knowledge by encoding
it.

Why bone? Why not stone or wood? Bone lasts. Bone
carries life even after death. And in African lands rich with
animals, baboon fibulas were strong, straight, perfect for
marking. These were not accidents. These were choices.

Now fast-forward. From these bones came tally sticks
used by shepherds in many lands—sticks notched to record
debts, trades, or livestock. From tally sticks came abacuses,
beads sliding on wires to add and subtract. From abacuses



came mechanical calculators, gears turning like thoughts.
From those came electronic computers in the 1940s—
machines that do in seconds what once took lifetimes.

But always, the thread leads back to Africa. To that first
notched bone. To the idea that numbers are tools for safety,
fairness, memory.

Our "bones" are now phones, laptops, hard drives—vast
libraries of data in our pockets. We count friends in likes,
money in apps, time in notifications. But dangers hide in
the glow. Tricksters send messages that look friendly but
steal secrets. Thieves demand "ransom" to unlock your
photos. Shadows promise free games but plant viruses like
poisoned seeds.

This book is your new bone. Not of baboon fibula, but of
words and warnings. We call it The Gospel According to
Hackers—not to glorify those who break and steal, but to
honor the guardians who see the code, understand the
patterns, and protect what matters.

We will start where counting started: in Africa, with the
Lebombo and Ishango bones. We will trace how simple
marks became complex machines. Then we will face the
shadows—the phishing emails like Anansi's deceptive webs
(a quick nod to the spider trickster who teaches about
greed and clever traps), the ransomware that demands
tribute like greedy spirits in old tales.

We will share defenses: strong passwords as high fences
around your village, two-factor authentication as a second



gatekeeper, updates as renewing the thatch on your roof
before rain comes.

Through parables—some borrowed from African folklore
sparingly, others born from today's digital villages—we will
learn vigilance. A modern story: the teen who clicked a
"free gift" link and lost family photos forever. Or the wise
elder who questions every stranger at the gate, even if they
wear a friendly face.

This is not fear-mongering. It is empowerment.
Knowledge is light in shadows. Awareness is armor. Ethical
hands build; careless ones break.

The digital world is a vast savanna—beautiful, full of
wonder, but with lions in the grass. You are not prey. You
are the one who learns the tracks, reads the signs, protects
the herd.

Turn the page. Begin with the oldest marks. Begin where
humanity first said, "I will remember. I will count. I will
guard."

Welcome to the gospel according to hackers—the
guardians, the pattern-seers, the quiet protectors in a noisy
world.



THE BOOK OF ORIGINS

My people, come closer. Pull up your stool to the glow of your

screen, but keep one eye on the shadows behind you. Um, in the
old days—like the preface whispered around our ancestral fire—
knowledge wasn't typed on keyboards. It was carved. Etched into
bone with sharp stones under starlit skies. Not by accident, nah. By
intention. By minds sharp as obsidian blades, seeing patterns
where others saw chaos.

This is where it all begins. Right here in Africa's red earth, before
pyramids pierced Egypt's sky, before scrolls unrolled in
Alexandria. Before anyone dreamed of silicon chips or binary code
flickering like fireflies. The first "computers" weren't machines.
They were bones. Tools born from necessity, whispering the same
truth your phone screams today: Count right, or lose everything.

We're talking about the Lebombo bone and the Ishango bone —
the "discovered stones that do maths," though they're fibulas from
baboons, tough and straight like nature's own pencils. These aren't
myths. They're artifacts, dug from caves, dated by scientists with
radiocarbon wizardry. And they shout one fact loud: Africa didn't
just birth humanity. We birthed math. We birthed computing. The
cradle rocked first on our continent.

Let's start with the elder sister, the Lebombo bone. Pull up that
image in your mind —or better, feast your eyes on this.



See it? A slender baboon fibula, about the length of your thumb to
elbow —say 7-8 cm. Found in the 1970s by archaeologist Peter
Beaumont in Border Cave, smack on the Lebombo Mountains'
western edge. That's between South Africa and Eswatini
(Swaziland back then). Dated to 44,200—43,000 years ago. Yeah,
43,000 BC. Older than the pyramids by 40 millennia. Older than
Stonehenge, the Bible's oldest tales, everything.

Twenty-nine notches. Clean, deliberate cuts. Not scratches from
teeth or rocks tumbling in a river. No—the cuts change depth
midway, like switching from one flint edge to another. Ritual?
Maybe. But functional? Absolutely. Grouped in patterns: some say
29 matches a lunar month (28 days waxing/waning, plus a buffer).
African women, tracking cycles—births, fertile soils, tides of
blood and river floods. "The first mathematicians were sisters
under the moon," as one scholar puts it in The Universal Book of
Mathematics. Imagine: no apps, no calendars. Just a bone in her
pouch, notches adding up: "Three moons till planting. Five till the
herd moves."



Funny thing, —modern San people (Bushmen of Namibia, those
same bloodlines) still use "calendar sticks" today. Notched wood
for moons, hunts, debts. The Lebombo? Prototype 1.0. Proof our
ancestors weren't grunting cavemen. They were engineers. Coders.
Protecting knowledge from slippery memory.

Now, the baby brother who steals the show: the Ishango bone.
Discovered in 1950 by Jean de Heinzelin near Lake Edward, DRC
(then Belgian Congo). Volcanic ash preserved it—20,000-25,000
years old. Baboon fibula again, 10 cm long, quartz-tipped like a
stylus for extra carving. Housed now in Brussels' Royal Belgian
Institute of Natural Sciences.
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Zoom in on those notches. Not random. Three columns, like a
spreadsheet from 20,000 BC:

o Column 1 (front): 3,6,4,8,10,5-7? (Some group as 9+1=10,
4+1=5). Adds to halves/doubles around 10-20.

o Column 2 (left): 11,13,17,19. Primes! Numbers only
divisible by 1 and themselves. Between 10-20? Exactly
those four. Coincidence? Scholars like Olivier Keller say
nah—this is a sieve, hunting primes.

J Column 3 (right): 11,217 (doubles/halves),19,9. Mirrors
Column 1, like multiplication table: 10+10=20, 20-1=19,
etc.

A 1957 New York Times headline screamed: "ANCIENT
AFRICANS KNEW ARITHMETIC; 8,000-Year Old Ishango
Finds Include an Abacus-Type of Calculating Device." (They
lowballed the date—it's older.) NYT called it a "prehistoric abacus
or multiplication table." Bone about 4 inches, less than an inch
wide, notches grouped numerically. Not tally for fish (too
patterned). Lunar? Primes? Base-12 counting (African trade
vibes)? Or slide-rule proto: slide your thumb along columns to add/
multiply.

Here's a simple diagram to break it down—no PhD needed.
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(That's the annotated one—see the labels? Column b: primes
11,13,17,19. Like your calculator sieving numbers.)

Why does this matter for hackers? these bones are data storage.
Binary before bits—on/off, notch/no notch. Secure? Encrypted in
patterns only the carver knew. Lose the bone? Lose your harvest
count, debt ledger, moon calendar. Hack it? Some fool scratches
extra notches, your math's ruined —food rots, village starves.
Sound familiar? Weak password = extra "notch" by a phisher.
Boom, bank empty.

Europeans "invent" abacus ~2400 BC Babylon. But our bones?
40x older. Credit where due: African ancestors coded first. No fire-
without-spark myths here. They made the spark.



We now step fully into the quiet power of those ancient marks. The
Lebombo bone and the Ishango bone are not mere curiosities
displayed behind museum glass. They are evidence of deliberate,
sophisticated human thought. They are the earliest known physical
records of a mind choosing to externalize number, pattern, and
time so that those things could outlive the person who first
conceived them.

Let us sit with that idea for a moment.

For tens of thousands of years, all knowledge lived inside human
heads and passed from mouth to ear. Stories, songs, genealogies,
medicinal recipes, the best places to find water during drought—all
of it traveled on breath and memory. Memory is beautiful, but it is
fragile. A fever can erase it. A sudden death can end it. A child who
does not listen carefully can distort it. When the knowledge is as
simple as “three days until the next waterhole,” the loss is painful
but survivable. When the knowledge is “this many seeds must be
saved so the entire village eats next year,” the loss can mean
starvation.

So someone, at some point, decided that important numbers should
not live only in heads anymore.

They should live in the world.

They should be made visible, tangible, permanent.
They chose bone.

Why bone?

Bone is abundant where people hunt. Bone is durable —far more
durable than wood or hide or plant fiber. Bone can be shaped,
polished, carried easily in a pouch or tied to a belt. Bone does not
rot quickly. Bone holds a cut well; the groove does not collapse the
way soft material might. And perhaps, though we can never prove
it, there was symbolic meaning too. The bone once belonged to a



living creature. By marking it, the human was, in a way, borrowing
its endurance.

The Lebombo bone is the simpler and older of the two. Twenty-
nine notches in a single straight line. That number— twenty-nine —
is not random. A lunar month, from one full moon to the next
visible full moon, averages 29.53 days. If you are a hunter-gatherer
following herds, or a gatherer watching when certain plants fruit,
or a woman whose body follows the moon’s rhythm, knowing
exactly where you are in that cycle is life-changing information.

Imagine the person who made those marks.

She wakes before dawn. She steps outside the shelter. The sky is
still dark enough to see stars, but the eastern horizon is beginning
to soften. She looks for the moon. Is it there? How much of it is
lit? She makes a mental note. Later, when the sun is up and the
day’s work begins, she finds a moment—perhaps while the rest of
the group is skinning an antelope or crushing roots —to take out the
bone and add one more notch.

Each notch is a small act of hope. Hope that tomorrow will come.
Hope that the pattern will continue. Hope that the world is orderly
enough to be recorded.

That is already a revolutionary thought.

Now consider the Ishango bone, which arrives some twenty
thousand years later and raises the stakes considerably.

The Ishango bone is not content with a single row.

It organizes its marks into three distinct columns on one side and
additional groupings on the other. The groupings are not equal in
size. They show clear intent to relate one number to another.

Let us look at the most discussed column first—the one that
contains the sequence most scholars agree are prime numbers:

11,13,17,19



These are the prime numbers between 10 and 20.

A prime number is a number greater than 1 that has no positive
divisors other than 1 and itself. Eleven can only be divided by 1
and 11. Thirteen only by 1 and 13. The same for seventeen and
nineteen. Nothing in between works.

Why would someone living twenty thousand years ago care about
prime numbers? And how would they even know how to come up
with such?

There are several possibilities, all of them fascinating.

One strong theory is that this column is a kind of sieve—an early
way of identifying or listing numbers that cannot be broken down
further. If you are counting groups of objects (shells, stones,
arrowheads, portions of meat) and you want to know which
quantities cannot be fairly shared or subdivided without remainder,
primes become useful.

Another possibility is calendrical or ritual. Many traditional
African societies used numbers in ceremonial contexts —numbers
of days for purification, numbers of cattle in bridewealth, numbers
of ancestors invoked. Primes, being indivisible, might have carried
special symbolic weight: unity, indivisibility, purity.

A third possibility is purely practical arithmetic. The other columns
on the Ishango bone show patterns of doubling and halving, and
clusters that appear to be related to addition and subtraction around
multiples of ten. This suggests someone was exploring how
numbers behave when you manipulate them —adding, subtracting,
multiplying by two, dividing by two.

In other words, they were playing with arithmetic.
Not just counting objects one by one.
Playing.

Experimenting.



Asking “what happens if...?”

That is the moment computation is born. Is this the first
programmer? Maybe.

The Ishango bone is therefore not only a record of numbers already
known. It is evidence of active mathematical thought—thought
that is asking questions, testing relationships, looking for structure.

This is extraordinarily important for the story we are telling in this
book.

Because the moment a human being begins to ask “what happens if
I combine these two groups?” or “what happens if I split this group
evenly?” is the same moment the seeds of programming are
planted.

A program is nothing more than a precise set of instructions that
tells a machine how to manipulate numbers and symbols according
to rules.

The person who carved the Ishango bone was already inventing
rules.

They were already creating a system.

They were already externalizing thought so that it could be
repeated, checked, improved.

That is the DNA of everything that follows: the abacus, the
mechanical calculator, the difference engine, the electronic
computer, the smartphone in your hand right now.

All of it starts here. With someone in Central Africa, twenty
thousand years ago, looking at groups of notches and wondering
what would happen if they were combined differently.

Let us stay with that image a little longer.



The carver sits on a flat stone near the river. The sun is low; the air
smells of wet earth and smoke from the cooking fire. A child plays
nearby, rolling a stone back and forth. The carver has a small piece
of quartz, sharp and clear. They hold the bone steady against their
thigh. They make one mark. Pause. Look at it. Make another.
Pause again. Tilt the bone to catch the light. See how the new mark
relates to the ones already there. Nod. Continue.

Each stroke is a decision.

Each decision is recorded forever.

This is not decoration.

This is engineering.

This is the first draft of the source code of civilization.

Now let us connect this directly to the world of computers and the
dangers we will explore in later chapters.

Every digital system you use today rests on the same fundamental
idea that the Ishango carver had: numbers and patterns can be
stored outside the human mind, manipulated according to rules,
and trusted to remain consistent.

Your bank balance is a number stored in many places at once. Your
messages are patterns of ones and zeros moving across cables and
through the air. Your photos are vast grids of numbers representing
color and brightness.

All of it depends on the same core principle: if the rules are
followed exactly, the result is reliable.

But here is where the danger begins.

If someone can change the rules without you noticing...If someone
can add an extra notch that was never meant to be there... If
someone can whisper a different instruction into the system...



Then everything built on those numbers becomes untrustworthy.
That is the essence of what we now call a cyber attack.

It is not magic. It is an unauthorized change to the pattern. It is a
false notch on the bone. The Ishango carver understood that the
integrity of the marks mattered.

If a jealous neighbor secretly added two more notches to the prime
column, the entire meaning would collapse. The careful
relationships the carver had established would no longer hold.
Disputes would arise. Trust would erode. The village might accuse
each other of lying when in reality only one mark had been
tampered with.

Today, that same tampering happens in milliseconds across
continents. A single altered bit in a database. A single forged
certificate in a secure connection. A single malicious line of code
hidden inside a legitimate program.

The result is the same: the pattern breaks, and everything built on it
becomes dangerous.

So when we speak later about phishing emails, ransomware, man-
in-the-middle attacks, supply-chain compromises, password
spraying, zero-day exploits—we are not speaking about futuristic
science fiction. We are speaking about the oldest crime in the
history of calculation:

Tampering with the record.

The Ishango bone reminds us that the need for integrity is ancient.
The need to know that the mark you see today is the same mark
that was made yesterday. That is why strong passwords matter.That
is why verifying updates matters.That is why two-factor
authentication matters. That is why understanding how the system
actually works matters. Because every layer of protection you add
is another way of making sure the notches remain true.



We are the descendants of the person who first decided that
numbers should be trustworthy. We carry that responsibility. And
in the digital age, that responsibility is heavier than it has ever
been. Because the bone has become planetary. The marks are now
in the billions. The consequences of a single false notch can reach
millions of people in seconds.

This chapter is therefore not just history. It is a reminder of lineage.
You are part of a very long line of people who understood that
numbers are power, and that power must be protected.

The Ishango bone is your ancestor’s warning, carved twenty
thousand years ago: Guard the pattern. Check the marks. Trust, but
verify. We will carry that warning forward through every chapter
that follows.

We now follow the quiet path from the carved bone outward into
the world of portable, everyday tools. The Ishango and Lebombo
bones were profound, but they were singular objects —precious,
perhaps passed from elder to apprentice, used for sacred or
communal counts. As human groups grew, migrated, traded, and
settled into larger villages and kingdoms, the need arose for
counting devices that could be carried easily, duplicated without
great effort, and trusted across distances. The notched bone gave
way to the notched stick, the tally, the knotted cord, the beaded
board, and systems of marks that encoded not just quantity but
relationship, history, and even divination.

This leap is subtle but immense. It is the shift from a single artifact
holding knowledge to systems that could be replicated, shared, and
scaled. It is the bridge from prehistoric pattern-thinking to the tools
that would eventually feed into mechanical calculation and, much
later, the electronic age. And throughout, the African continent
remained a cradle of innovation, where counting was never mere
arithmetic—it was woven into life, ritual, trade, and protection
against deception.

Consider first the tally stick in its simplest and most enduring form.
Across southern and central Africa, people continued the tradition



of notching wood or bone, but now in ways designed for everyday
reliability. The San (Bushmen) of Namibia and surrounding
regions, whose ancestors likely shared cultural threads with the
makers of the Lebombo bone, used calendar sticks well into
modern times. These were straight pieces of wood, often hardwood
like mopane or acacia, notched along one edge to mark moons,
hunts, rains, or debts. A single stick might track a year's cycles: one
notch per full moon, deeper grooves for solstices or major events.
But the true genius lay in verification. Many were split lengthwise
—each party to a transaction kept half. The notches aligned
perfectly when brought together; any tampering showed
immediately as a mismatch. This was cryptography in wood:
tamper-proof records without writing, where the medium itself
enforced integrity.

Imagine a herder lending cattle to a neighbor. They split a fresh
green stick, notch it for each animal (perhaps grouping in fives for
ease), then part ways with one half each. Months later, when
repayment is due, the halves are matched. The notches must line
up exactly —no extra groove, no missing one. If they do not, the
deceit is laid bare. This system echoes the Ishango bone's careful
groupings but makes them portable and duplicable. It is an early
form of distributed ledger: two copies of the truth, reconciliation
required for trust.

Similar tallies appear in records from other regions. In West Africa,
knotted strings served parallel purposes—knots tied at intervals to
count days, debts, or trade goods. A merchant traveling between
villages might carry a cord with knots representing cowries owed
or received. The knots were tied in patterns: single for ones,
clusters for fives or tens. Again, integrity mattered. A knot added
secretly would throw off the entire count, leading to disputes or
famine if food stocks were misrecorded.

These tools were not isolated. They evolved alongside richer
systems that encoded more than quantity —they stored narrative,
hierarchy, and pattern in physical form.



Turn now to the lukasa of the Luba people in what is now the
Democratic Republic of Congo. A lukasa is a hand-held wooden
board, often hourglass-shaped, covered in beads, shells, metal bits,
or incised carvings. Held by experts in the Bambudye secret
society —historians, advisors to chiefs—the lukasa served as a
memory map. Beads clustered in colors and positions recalled
kings' reigns, migrations, battles, sacred sites. A raised bead might
mark a capital; a carved lizard in a recess could symbolize a
founding myth. The board was not read linearly like a book but
navigated spatially: touch here for origins, follow a line there for
alliances.

This is data storage in three dimensions. The lukasa compressed
vast oral histories into a portable object. Patterns mattered:
symmetry for balance in power, asymmetry for conflict. Colors
carried meaning —red for danger or royalty, white for purity. The
expert who "read" it did so by feel and memory, reciting chronicles
while tracing the board. Tampering? A bead removed or
repositioned disrupted the entire map—alliances forgotten,
histories rewritten. Like the tally stick, the lukasa enforced truth
through physical consistency.

Farther west, among the Yoruba of Nigeria and Benin, a different
but equally profound system emerged: the Ifa divination corpus.
If4 uses palm nuts or a chain (opele) to generate patterns of single
and double marks. Each cast produces one of 256 possible Odu—
combinations built from binary choices: single line (often seen as 0
or "broken") or double (1 or "unbroken"). Two lines form a
"senior" or "junior" pair; sixteen principal Odu arise from four
such pairs; 256 total from pairing those.

We linger now on the profound depths of the If4 divination corpus,
that luminous system born among the Yoruba people of Nigeria
and Benin, stretching its roots into the ancient soils of West Africa.
This is no mere footnote in the story of counting; it is a revelation,
a gateway to understanding how the very foundations of the digital
world —binary code, probabilistic decision-making, and yes, the
birth of modern encryption—were forged in African ingenuity long
before any European philosopher claimed the spark of inspiration.



As we delve into this, layer by layer, like a babalawo unraveling
the verses of an Odu, you will see with unmistakable clarity how
these ideas were appropriated, erased, and repackaged in the halls
of colonial scholarship. By the end of this exploration, the truth
will stand bare: modern encryption, that guardian of secrets in our
wired age, was not invented in the West. It was drawn from
Africa's well, often without credit, in a quiet theft of intellectual
heritage.

Let us begin by painting the scene of If4 in full color, so that its
elegance and power become vivid in your mind which will help
you fully understand encryption when we get to it. Ifa is more than
divination; it is a comprehensive knowledge system, a living
archive of wisdom passed down through generations of initiates
known as babalawo— "fathers of secrets." At its heart lies the
generation of patterns through simple, yet profoundly structured,
tools: the ikin (palm nuts) or the opele (a chain with eight cowrie
shells or seeds). The process is ritualistic, deliberate, and grounded
in randomness that mirrors the unpredictability of life itself.

Imagine a babalawo seated on a woven mat in the shade of a
sacred iroko tree. The client approaches with a question—about
health, marriage, war, or harvest. The diviner holds sixteen palm
nuts in one hand, grasping a random number with the other. If one
nut remains, it is marked as a single line (often interpreted as
"broken" or 0); if two, a double line ("unbroken" or 1). This is
repeated four times to form a tetragram—a set of four lines, each
binary in nature. Two such tetragrams are cast: one for the "senior"
side, one for the "junior." Together, they create an Odu, a unique
pattern from 256 possible combinations (16 tetragrams paired with
16 others: 16 x 16 =256, or 2/8 in binary terms) See where we are
going?.

Here is where the magic —and the mathematics —unfolds. Each
Odu is not just a mark; it is a key to a vast oral library of verses,
proverbs, myths, and prescriptions. There are 256 Odu, each with
hundreds of associated verses memorized by the babalawo. The
casting is random, introducing entropy like a cryptographic
random number generator. The Odu "unlocks" specific wisdom,



tailored to the query, but only the trained interpreter can decode it.
To an outsider, the marks are gibberish—lines on powder or sand.
To the initiate, they encrypt layers of meaning, protected by
tradition and secrecy.

This binary foundation—single versus double, O versus 1 —is the
cornerstone. Scholars like Olu Longe, in his seminal work Ifd
Divination and Computer Science, have demonstrated how If4
employs binary representation, Boolean algebra (logical operations
on true/false values), and even memory addressing— where each
Odu acts as an "address" pointing to stored data in the babalawo's
mind. This predates modern computing by millennia, with origins
tracing back over 12,000 years in some estimates, rooted in Yoruba
cosmology where the universe itself is dualistic: light and dark,
male and female, known and hidden.

Now, let us connect this directly to encryption, peeling back the
layers to reveal how Ifd is not just a precursor but the very cradle
of cryptographic thought. Encryption, at its core, is the art of
transforming readable information (plaintext) into an unreadable
form (ciphertext) using a key, so that only those with the proper
decoding method can access the original meaning. In the digital



era, this relies on binary code: strings of Os and 1s manipulated
through algorithms like AES (Advanced Encryption Standard),
where keys are long binary sequences that scramble data.
Randomness is crucial —weak keys lead to breaches, just as
predictable patterns invite hackers.

In Ifa, the Odu functions precisely as a cryptographic key. The
casting process generates a unique 8-bit binary string (four lines
per tetragram, two tetragrams: 8 bits total, yielding 2A8 = 256
possibilities). This "key" encrypts the query's context into a
specific Odu, which then "decrypts" into verses only the babalawo
can interpret. The randomness of the palm nuts or chain ensures
unpredictability —much like modern cryptographic key generation
uses entropy sources (mouse movements, thermal noise) to create
secure keys. If the cast is tampered with (a false nut added, a chain
rigged), the Odu is invalid, the wisdom corrupted. This built-in
integrity check mirrors hash functions in encryption, where even
one altered bit invalidates the entire message.

Consider the structure deeper: the 16 principal Odu (from one
tetragram) are like base keys, and the full 256 are combinations —
symmetric encryption where senior and junior halves must align.
Boolean operations abound: AND (both lines unbroken for certain
interpretations), OR (alternative verses), NOT (inverting a pattern
for reversal). Ron Eglash, in his TED talk and research on African
fractals, traces how such binary systems in Ifa and related African
geomancy influenced Arab scholars, who in turn shaped European
alchemy and mathematics. Gottfried Leibniz, the 17th-century
German credited with "inventing" binary, drew inspiration from the
Chinese I Ching—a binary hexagram system —but Eglash shows
the I Ching itself may echo earlier African influences via trade
routes. Yet history books crown Leibniz, erasing the African
origins.

This erasure is no accident. Colonial powers, from the 15th century
onward, systematically demeaned African knowledge as
"superstition" while extracting its essence. Missionaries
documented If4 but dismissed its math; scholars like Hegel
claimed Africa had "no history" or innovation. Meanwhile, binary



logic seeped into Europe through geomantic texts, fueling the
Enlightenment. Modern encryption—born from World War II
code-breaking like Enigma, then evolving into public-key systems
like RSA —rests on binary fields and modular arithmetic that echo
If4's recursive pairings. RSA uses prime numbers for keys; Ifa's
Odu incorporate indivisible patterns akin to primes in their
symbolic unity.

Think of it this way: In Ifa, the verses are "plaintext" wisdom from
Orunmila, the deity of knowledge. The Odu is the ciphertext—
scrambled lines that hide the meaning from the uninitiated. Only
the babalawo holds the "private key" (memorized verses and
interpretive lore) to decrypt. Public queries are encrypted via the
cast, decrypted privately. This is asymmetric encryption millennia
before Diffie-Hellman formalized it in 1976. And the oral tradition
adds layers: verses are not written, preventing interception — pure
air-gapped security.

Ethnomathematicians today affirm this: Ifa is an "ancient binary
computer system," compatible with Boolean logic and even Al
predictive models. Probabilistic reasoning in Ifa—multiple verses
per Odu, chosen contextually —mirrors machine learning
algorithms that weigh probabilities. Yet Silicon Valley giants like
Google or IBM patent binary-based encryption without nodding to
Yoruba roots.

The theft is evident in the silence. Leibniz studied missionary
reports from Africa and Asia; European traders in Benin
documented binary divination but credited it to "primitive" rites.
Decolonial scholars now reclaim: Ifd's 256 Odu prefigure 8-bit
bytes; its entropy generation anticipates secure random functions.
Without Africa's binary cradle, no Turing machines, no AES, no
blockchain—where hashes secure ledgers like Odu secure wisdom.



Africa did not merely contribute to mathematics; it gave the world
the binary language that would one day encrypt secrets, secure
transactions, and power artificial minds. Now, with that foundation
firmly laid, we step forward along the long arc of invention. The
notched bone became the split tally, the tally became the memory
board, the memory board whispered to the binary cast—and from
there the leap to mechanical calculation begins.

This next phase is not sudden. It unfolds over centuries, across
trade routes, river valleys, desert caravans, and coastal markets.
Tools grow more complex because life demands it: larger
kingdoms require taxation ledgers, merchant guilds need reliable
interest calculations, astronomers track celestial cycles for planting
and navigation, builders measure land for irrigation canals. The
human hand, once content with a single bone or stick, now seeks
devices that can add, subtract, multiply, divide —faster, more
accurately, and with less reliance on fragile memory.

Across Africa, as in other cradles of civilization, the abacus
emerges —not as a single invention attributed to one culture, but as
a convergent solution to a universal problem. Yet the African
versions carry their own distinct flavor: portable, modular, often
integrated with storytelling, ritual, or social hierarchy. They are not
cold calculating machines; they are extensions of communal
wisdom.

One of the clearest early mechanical precursors appears in the form
of bead-string counters and sliding-rod devices used in markets
from the Sahel to the Swahili coast. In medieval Mali and Songhai
empires (13th—16th centuries), traders along the trans-Saharan
routes employed strings of cowrie shells or wooden beads threaded
on cords. These were not mere tallies; they functioned as positional
counters. Beads could be slid along the string to represent units,
tens, hundreds —echoing place-value systems that would later
dominate in India and the Arab world, but here rooted in local
numeration.

A merchant in Timbuktu might carry several such strings: one for
gold dust (measured in mithqals), one for salt blocks or cloth. To



add two quantities, he slides beads from right to left; to carry over,
he groups ten beads and replaces them with one on the next higher
string. This is positional notation in motion—base-10 or
sometimes base-20, depending on the region. The system is error-
resistant: beads cannot “forget” their position the way fingers or
mental arithmetic might. And because the strings are lightweight
and concealable, they protect against theft or taxation spies—a
primitive form of portable, secure accounting.

Farther south and east, along the Indian Ocean trade networks,
Swabhili merchants used similar bead frames, often mounted on
small wooden boards. These devices allowed rapid calculations for
currency exchange (gold dinars to silver dirhams to cowries) and
profit sharing in joint ventures. The beads themselves carried
meaning: colors denoted commodity types, sizes indicated
denominations. Manipulation was not silent; the clack of beads
against wood became the soundtrack of the marketplace, a
rhythmic assurance that numbers were being handled truthfully.

In the Ethiopian highlands, the ge’ez numeral system —developed
from ancient Semitic roots but deeply Africanized —paired with
physical counters. Scribes used small stones or seeds arranged in
grids on trays to compute tithes for the church, land measurements
for the emperor, or astronomical tables for the date of Easter. These
grids functioned like proto-spreadsheets: rows for categories,
columns for values, stones moved to reflect changes. The method
was tactile, visual, verifiable by multiple eyes —again, integrity
built into the design.

But perhaps the most elegant mechanical leap in this era is the
African “slide rule” analogue found in some West African trading
communities: parallel rods or sticks with graduated markings, slid
against each other to perform multiplication and division via
proportions. While not as formalized as the European slide rule of
the 17th century, these devices used logarithmic-like spacing (even
if not mathematically named as such) derived from practical
observation: doubling distances on the rod doubled the quantity
represented. A trader could align marks for “two loads of kola
nuts” against “three days of travel” and read off proportional costs



instantly. This is analog computation—continuous scaling rather
than discrete counting—and it foreshadows the mechanical analog
computers of the 20th century.

All these tools share a common DNA with the Ishango bone and
Ifa: they externalize thought, enforce rules, protect against error or
deceit. A bead out of place is as obvious as a tampered notch; a
misaligned rod reveals false proportions immediately. They are
anti-fraud devices as much as calculating devices.

As empires rose and fell —Mali, Songhai, Great Zimbabwe, the
Kongo kingdom—these mechanical aids spread and refined. By the
15th—16th centuries, Portuguese and Arab chroniclers noted
African traders performing complex calculations “with beads and
rods faster than our own abacuses.” Yet these accounts often
framed the tools as curiosities, not innovations worthy of study.
The knowledge flowed north across the Sahara, into North African
and eventually European hands, where it was absorbed, renamed,
and claimed.

The European “suanpan” (Chinese abacus) and “schoty” (Russian)
receive credit in history books, but the African bead-string and rod
systems were contemporary or earlier in many regions, shaped by
local needs. They carried forward the same spirit: numbers as
communal property, protected by physical law.

We stand now at the threshold of the next great acceleration—
when these portable, tactile devices begin to inspire geared
mechanisms, springs, and levers that calculate without human
fingers. But before we cross that bridge, reflect on this lineage.
Every time you swipe a credit card, tap to pay, or check an
encrypted balance, you are touching a thread that stretches back
through bead frames, cowrie strings, split tallies, and ultimately the
notched bones of Africa’s first mathematicians.

The leap was never about speed alone. It was about trust made
visible, truth made durable, knowledge made shareable without
loss.



We carry that legacy forward.



FROM BONES TO MAGHINES

‘ V e now cross the threshold where calculation leaves the realm

of the hand and enters the realm of the mechanism. Up to this
point, every tool we have examined —the Ishango bone, the
Lebombo notches, the split tally sticks, the beaded lukasa boards,
the cowrie strings of trans-Saharan traders, the binary casts of Ifa
—was operated directly by human fingers, breath, or memory. The
pattern existed outside the mind, but the execution remained
human.

That changes here.

The shift begins slowly in the 17th century and accelerates through
the 19th and 20th centuries until we arrive at devices that perform
arithmetic without any ongoing human intervention beyond initial
setup. This is the birth of automatic computation: machines that
follow fixed sequences of operations, carry numbers, compare
results, and produce answers mechanically or electronically.

The first practical step was the mechanical calculator.

In 1642, Blaise Pascal, then nineteen years old, constructed what is
now called the Pascaline. His father was a tax collector in France,
burdened by long hours of addition and subtraction on paper.
Pascal built a brass box roughly the size of a shoebox containing
eight or nine geared wheels, each representing a digit from O to 9.
Turning a dial on the rightmost wheel advanced the units place;
when it rolled from 9 to O, it automatically carried 1 to the next
wheel via an interlocking gear. Subtraction was possible by turning
the dials backward. The device was ingenious for its time but
fragile—gears jammed, it was expensive to produce, and only



about fifty were ever made. Still, it demonstrated that addition and
carry-over could be automated through mechanical linkage.

Fifty years later, in the 1670s, Gottfried Wilhelm Leibniz improved
the concept dramatically with the Stepped Reckoner
(Staffelwalzenrechenmaschine). Leibniz wanted a machine that
could multiply and divide as easily as add and subtract. His
solution was the stepped drum: a cylinder with teeth of increasing
length arranged around its surface. By sliding the drum along an
axle, different numbers of teeth engaged with a gear wheel,
effectively multiplying or dividing by shifting position. The
machine could perform all four basic operations and was
conceptually closer to later calculators. Leibniz also dreamed
bigger: he envisioned machines that could reason symbolically, not
just compute numbers, laying early philosophical groundwork for
what would become computer science.

These devices remained rare, hand-crafted luxuries until the 19th
century, when the need for error-free mathematical tables became
acute. Navigation, astronomy, engineering, and artillery all
depended on accurate logarithms, trigonometric values, and
polynomial evaluations. Human computers —teams of clerks
working with pen, paper, and logarithm tables —introduced errors
that could sink ships or misdirect cannon fire. Charles Babbage, a
Cambridge mathematician, set out to eliminate those errors
entirely.

In 1822 Babbage proposed the Difference Engine. It exploited the
mathematical fact that any polynomial can be reduced to repeated
addition through the method of finite differences. For example, to
compute a table of squares (n?), you calculate successive
differences; once you have the constant second difference, you can
rebuild the table by adding upward mechanically. The Difference
Engine was designed as a series of vertical columns of geared
wheels, each holding a digit. Cranks and linkages performed the
additions and carries automatically. A printer mechanism would
stamp the results onto paper or soft plaster for stereotype plates.
Babbage built a small working portion (seven-digit precision, three
orders of differences) that is still functional today, but funding



from the British government dried up after years of delays and cost
overruns. The full twenty-digit, six-order machine was never
completed in his lifetime.

Undeterred, Babbage conceived an even more ambitious device:
the Analytical Engine (designed primarily between 1834 and the
1870s). This was no longer a special-purpose calculator. It was the
conceptual ancestor of the modern general-purpose computer. Its
main features included:

e A“store” of 1,000 fifty-digit numbers (mechanical memory
using columns of geared wheels).

. A “mill” (arithmetic unit) capable of addition, subtraction,
multiplication, division.

*  Punched cards to supply both data and instructions, adapted
from the Jacquard loom used in automated weaving.

e Conditional branching: the ability to alter the sequence of
operations based on the result of a previous calculation (if-
then logic).

*  Looping: repeating sequences of instructions.

e Output via a printer or curve-plotter.

Babbage never built more than small demonstration pieces, but the
design was sound. A working portion of the mill was constructed
after his death and is displayed at the Science Museum in London.

Ada Lovelace (Augusta Ada King, Countess of Lovelace), who
worked closely with Babbage from 1842 onward, translated and
extensively annotated an article on the Analytical Engine by Italian
mathematician Luigi Menabrea. In her notes she included what is
widely regarded as the first computer program: a detailed sequence
of operations to compute Bernoulli numbers using the Analytical
Engine. More importantly, she articulated the machine’s broader
potential:

e It could manipulate symbols of any kind, not just numbers.

e It could follow instructions that were themselves generated
by previous operations.

e It was not limited to calculation; it could compose music or
produce graphics if the right rules were supplied.



Her famous line—“The Analytical Engine weaves algebraic
patterns just as the Jacquard loom weaves flowers and leaves” —
captures the essence: the separation of hardware (the engine) from
software (the punched-card instructions).

This separation is crucial. It is the same conceptual leap we saw in
If4: the pattern (Odu) is distinct from the execution (interpretation
of verses). In the Analytical Engine, the pattern lives on cards; the
machine executes it blindly but faithfully.

From here the trajectory quickens.

In the 1930s, Alan Turing formalized the idea of a universal
computing machine in his 1936 paper “On Computable Numbers,
with an Application to the Entscheidungsproblem.” Turing
described an abstract device —a tape of infinite length divided into
cells, a read/write head that moves left and right, a finite set of
internal states, and a table of instructions that dictates what to do in
each state-symbol combination. This “Turing machine” proved that
any effective procedure (algorithm) that can be carried out by a
human with pencil and paper can be carried out by such a
mechanism. It established the limits of computation (the halting
problem) and defined what is computable.

During World War II, Turing applied these ideas practically. He
helped design the Bombe, an electromechanical device that tested
Enigma rotor settings at high speed to break German naval codes.
The Bombe was not a stored-program computer, but it
demonstrated large-scale automated logical search.

Parallel efforts produced the first working programmable digital
computers:

*  Konrad Zuse’s Z3 (Germany, 1941): relay-based,
programmable via punched film, binary floating-point
arithmetic.

e  Atanasoff-Berry Computer (USA, 1942): electronic
(vacuum tubes), binary, designed for solving systems of
linear equations, though not Turing-complete.



. Colossus (UK, 1943-1944): electronic, used to break
Lorenz ciphers, ten machines built, still not stored-program.
e ENIAC (USA, 1945-1946): the first general-purpose
electronic digital computer. 18,000 vacuum tubes, 1,500
relays, programmed by plugging cables and setting
switches (no stored program in the modern sense). It could
perform 5,000 additions or 357 multiplications per second.
Used initially for artillery firing tables.
ENIAC’s successor, EDVAC (1949), introduced the stored-
program concept (instructions and data held in the same memory),
based on John von Neumann’s 1945 report “First Draft of a Report
on the EDVAC.” This architecture — CPU, memory, input/output,
stored program —became the blueprint for nearly all computers
that followed.

At this point, the machine is no longer a calculator. It is a universal
symbol manipulator that can be instructed to perform any
computable task.

The dangers inherent in this power were already apparent. A single
incorrect instruction, a hardware fault, or an unauthorized change
to the program could produce catastrophic results. Military
applications amplified the stakes: miscomputed trajectories could
kill civilians; broken codes could prolong wars. The need to
protect the integrity of the program, the data, and the computation
itself —themes we first encountered with the Ishango bone —
became urgent engineering and organizational problems.

We now stand at the edge of the electronic age, where vacuum
tubes give way to transistors, then integrated circuits, then
microprocessors. The bones of Africa, the binary of If4, the
punched cards of Babbage, the tape of Turing—all converge in the
silicon heart of the computer you hold today.

The pattern has grown vast, fast, and global.

And the need to guard it has never been greater.






	Preface
	THE BOOK OF ORIGINS
	From bones to machines


