
Opleiding Informatica

From Logic to Code:

How Philosophy Shaped the Birth of Computer Science

Mostafa Said

Supervisors:
(1) Bas Haring and (2) Jaap van den Herik

BACHELOR THESIS

Leiden Institute of Advanced Computer Science (LIACS)
www.liacs.leidenuniv.nl 01/07/2025



Contents

1 Introduction 1
1.1 Foreword . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
1.2 Preliminary Findings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

2 Antiquity: Foundations of Logic and Reason 4
2.1 Aristotle (384–322 BCE) – The First Logician . . . . . . . . . . . . . . . . . . . . . 4
2.2 Al-Farabi (c. 872–950) – The Second Teacher of Logic . . . . . . . . . . . . . . . . . 6

3 Middle Ages: Scholasticism and Logical Tools 7
3.1 William of Ockham (c. 1287–1347) – Logic and Simplicity in Scholasticism . . . . . 7

4 Enlightenment to Early Modern Period: Visionaries of Rationality 10
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1 Introduction

At first, it might seem like computer science was born in the 20th century from engineering and
mathematics. But its roots go much deeper. In this thesis I will tell the story of how ideas from
philosophy, especially about logic, reasoning, and knowledge, laid the foundation for what we now
call computer science. Over thousands of years, from Ancient Greece to modern times, thinkers
across di!erent periods developed key concepts that would later help create computers. Philosophers
were not just asking abstract questions, they were building the first tools for understanding how we
think, solve problems, and process information.

Philosophy and computer science might seem like very di!erent fields. Philosophy asks deep
questions about truth, thought, and knowledge. Computer science focuses on machines and coding.
But these two areas are more connected than they appear. Before real computers even existed,
philosophers were already exploring how to represent thinking in logical and systematic ways. Their
work became the “blueprint” for how computers work today. It is surprising that a field like logic,
once thought to be purely theoretical, ended up becoming the very heart of computer science.
Computers are physical tools, but the real science behind them is all about ideas: how to represent
knowledge, follow rules, and solve problems.

My thesis follows a historical timeline, showing how each era contributed to the creation of
computer science. I begin with Aristotle, who developed formal logic. Then I move to medieval
thinkers like Al-Farabi and Ockham, who preserved and expanded logical thought. During the
Enlightenment, Descartes and Leibniz imagined reasoning as something that could be made me-
chanical. In the 19th century, Boole and Frege transformed logic into mathematical language. In the
early 20th century, thinkers like Russell, Hilbert, Gödel, Church, and Turing connected philosophy
and mathematics in ways that led directly to modern computing. I will also examine the work of
Edsger Dijkstra, a pioneer in programming, who believed that computer science is fundamentally
about clear thinking. Not just machines.

Step by step, I will show how today’s computers emerged from a long chain of human ideas,
and how philosophy helped make it all possible.
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1.1 Foreword

My interest in this topic goes back to my school days, when I first discovered philosophy. I was
fascinated by the way philosophers tried to make sense of truth, reasoning, and knowledge. Later,
when I came into contact with computer science, it felt natural to me because it seemed like
philosophy put into practice through a machine. Writing code and designing algorithms always felt
like continuing the same search for clarity and logic that philosophers had started centuries ago.

This thesis grew out of that personal connection between philosophy and computing. At first, I
thought of computers as purely modern inventions, but the deeper I looked, the more I realized
how old their roots are. Philosophers, mathematicians, and thinkers of many di!erent times all
added something to the way we now understand logic and problem solving. Following their ideas
gave me a way to trace the history of computer science.

I did not approach this project only as a technical study. For me, it was also a personal journey of
discovery. Each thinker I studied reminded me that the questions we face in computing are part of
a much longer conversation. How can we know that something is true? How can we break problems
into smaller steps? How can symbols represent thought? These questions link Aristotle to Boole,
Leibniz to Turing, and ultimately philosophy to the computers we use every day.

1.2 Preliminary Findings

1. Antiquity and the Middle Ages: My research suggests that computer science did not appear
out of nowhere in the 20th century. It grew from a long history of philosophical thinking, where
each historical period added something essential. In Antiquity, Aristotle introduced the first formal
system of logic, showing that correct reasoning follows clear rules. Later, during the Middle Ages,
philosophers such as Al-Farabi and William of Ockham preserved and expanded this logic. They
treated logic as a universal “grammar of thought,” a way to ensure that reasoning stayed consistent
– just like a ruler helps us draw straight lines. Ockham’s famous idea of simplicity in explanations
(Ockham’s Razor) also helped shape modern approaches to formal reasoning.

2. The Enlightenment: In the Enlightenment, philosophers started connecting logical thinking
with step-by-step methods for solving problems. René Descartes promoted breaking problems into
smaller parts, much like how modern algorithms work. Gottfried Wilhelm Leibniz imagined a
symbolic language that could express all human knowledge and even be used by machines to reason.
His famous suggestion, “Calculemus” (Latin for “Let us calculate”), implied that logical disputes
could someday be solved through computation rather than argument. These visions planted the
seed for programming languages and mechanical computation, long before any real computers
existed.

3. The 19th Century: In the 19th century, the ideas of earlier philosophers were finally formalized
into a true mathematical logic. George Boole created an algebra of logic, treating logical statements
like equations. Gottlob Frege built a symbolic logical system with precise notation for concepts
like “and,” “or,” and “not,” along with quantifiers (like “for all” or “there exists”). Many of these
notations and ideas appear in modern programming. The work of Boole and Frege proved that
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reasoning could be expressed using unambiguous rules and symbols, making it possible to process
information in the same systematic way that computers do today.

4. Early 20th Century: In the early 20th century, philosophers and mathematicians pushed
logic to its limits and laid the groundwork for actual computers. Bertrand Russell and Alfred
North Whitehead tried to derive all of mathematics from logical principles, highlighting both the
power and the complexity of formal systems. David Hilbert championed the e!ort to formalize
mathematics and posed the Entscheidungsproblem, asking for a general procedure to decide the
truth of any logical statement. Kurt Gödel then shocked the academic world by proving inherent
limits in any formal system (his Incompleteness Theorems), showing that some truths can never
be proven by any set of rules. Around the same time, Alonzo Church developed the ω-calculus
and proved that no single algorithm could decide all mathematical questions, and Alan Turing
introduced the concept of a universal computing machine and the unsolvable “Halting Problem.”
Together, these thinkers connected philosophy, logic, and mathematics in ways that directly led to
the invention of modern computers.

5. Late 20th Century: Finally, my study suggests that even as computer science became
an independent field in the late 20th century, its philosophical roots remained vital. A figure like
Edsger Dijkstra, a pioneer in structured programming and software engineering, stressed that
computer science is not about machines alone but about reasoning and clarity of thought. He
insisted on rigorous methods for writing programs, treating programs almost like mathematical
proofs. This demonstrates that the influence of philosophical thinking (precise logic, clarity, and
even ethics) continues in modern computing practice. In short, the journey from logic to code spans
many centuries, and understanding that journey helps us see computer science not as a sudden
invention, but as the cumulative result of very human thinking across time.
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2 Antiquity: Foundations of Logic and Reason

2.1 Aristotle (384–322 BCE) – The First Logician

When I began my journey, I naturally started with Aristotle. Aristotle was an ancient Greek
philosopher born in Stagira in 384 BCE. He studied under Plato and later became the tutor of
Alexander the Great. Aristotle made major contributions across many fields, including biology,
physics, ethics, and politics. Most relevant for this thesis, he is often called the “Father of Logic” for
being the first to systematically study and write about the principles of reasoning. He founded the
Lyceum, a school in Athens where he and his students explored the natural world and developed
logical theory. His writings on logic were compiled into six texts known as the Organon, which
shaped the definition of logic for many centuries

Over two thousand years ago, Aristotle built the first known system of formal logic, and this
system became the bedrock for so much that followed. Aristotle’s most important contribution to
computer science is his development of a formal logical system. Before him, there was no clear
theory of how conclusions logically follow from premises. He introduced the idea that reasoning has
a structure that can be analyzed and checked. His most famous example is the syllogism, a basic
form of deductive argument:

All men are mortal.
Socrates is a man.
Therefore, Socrates is mortal.

The truth of the conclusion here doesn’t depend on the particular words or the content about
Socrates, it depends on the structure of the argument. This was a key insight: reasoning can be
understood in an abstract, rule-based way, separate from the specific subject matter. Aristotle went
on to categorize many patterns of syllogistic reasoning and determined which forms were valid. He
also stated fundamental laws of thought, including the Law of Non-Contradiction (a statement
and its negation cannot both be true at the same time) and the Law of the Excluded Middle (every
statement is either true or false, with no middle ground). For example, a thing either exists or it
does not exist. You can’t have something both exist and not exist simultaneously, and there isn’t a
“half-exists” state. These laws might seem obvious, but by articulating them, Aristotle set the stage
for all logical reasoning to come.

After these preliminary considerations we may now start. Aristotle was the first to make a clear
distinction between how people do think versus how they should think if they want to be perfectly
logical. In other words, logic for Aristotle was not just a description of everyday thought; it was a
prescription for correct reasoning. Just as mathematics provides rules for correct calculation, Aristo-
tle’s logic provides rules for correct argumentation. He believed that by following logical principles,
one could derive reliable knowledge from true premises. This method of building knowledge from
first principles (axioms) through deduction influenced the entire structure of science and rational
inquiry after him.

It’s hard to overstate how influential Aristotle’s logical framework was. In fact, for more than two
millennia, his system of logic was considered complete and unimprovable. The philosopher Immanuel
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Kant even remarked that since Aristotle, logic had not advanced at all, and appeared “finished
and complete”. It wasn’t until the 19th century that new forms of logic, like Boolean algebra and
symbolic logic, were developed to expand Aristotle’s original framework. This endurance shows just
how foundational Aristotle’s system was to the very idea of reasoning.

Today’s computer programs and digital circuits operate by making logical decisions, which is
a direct extension of Aristotle’s insight that reasoning follows formal rules. Every time a computer
executes an instruction like “if this condition, then do that,” it’s relying on a logical structure
Aristotle would recognize. In fact, the basic logic gates in computer hardware (AND, OR, NOT
gates) obey the same logical laws that Aristotle described so long ago. For example, the Law of
Non-Contradiction underlies the fact that a binary bit in a computer is either 0 or 1 (false or true)
and cannot be both.

The influence from Aristotle to modern computing can be traced explicitly. The 19th-century
mathematician George Boole, in the introduction to his 1854 book The Laws of Thought, credited
Aristotle as the originator of logical theory and sought to modernize that logic using algebra. And
in 1937, Claude Shannon showed that you could design electrical circuits using Boole’s algebra of
logic – e!ectively treating true and false as 1 and 0 in circuitry. This discovery made it practical
to implement logical reasoning with switches and wires, translating Aristotle’s abstract rules into
physical machine operations. To illustrate with a bit of pseudocode:

IF (all men are mortal) AND (Socrates is a man) THEN
Socrates is mortal.

This little code fragment mirrors the structure of the syllogism about Socrates. A computer can
evaluate the two conditions (“all men are mortal” and “Socrates is a man”) and, if both are true,
produce the conclusion “Socrates is mortal.” In essence, a computer is performing the kind of
logical reasoning that Aristotle anticipated, just at incredible speed and scale.

Aristotle’s passion for classifying and categorizing knowledge also has echoes in computer sci-
ence. In works like the Categories, he tried to systematically classify all types of things and their
properties. This is analogous to how we define data types and data structures in programming to
organize information. For example, when a programmer defines categories of data (integers, strings,
lists, etc.), they are following the same instinct to organize and give structure to knowledge that
Aristotle had in his philosophical taxonomy.

Without Aristotle’s initial “toolkit” for logical thinking, the later developments that led to comput-
ers might never have happened. By laying the groundwork of formal logic, Aristotle enabled all
the later philosophers and mathematicians in this story to push those ideas forward. If Aristotle
provided the first blueprint of rational thought, the next challenge was to preserve and extend that
blueprint over the centuries. This is where the medieval scholars came in. Aristotle’s work was so
complete that further progress in logic was slow for a long time; yet, the continuity of his ideas was
crucial. In the next era, we’ll see how thinkers like Al-Farabi ensured that Aristotle’s logic was not
lost and even added their own insights, keeping the path from logic to modern computing on track.
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2.2 Al-Farabi (c. 872–950) – The Second Teacher of Logic

After Aristotle, a great deal of logical knowledge might have been lost during the turbulent centuries
that followed, had it not been for philosophers like Abū Nasr al-Fārāb̄ı. Al-Farabi was a Persian
polymath of the Islamic Golden Age, and he is often called “The Second Teacher” of logic (with
Aristotle honored as the first). This title alone shows the high regard in which his contributions
were held. He was born around 872 in Farab (in present-day Kazakhstan) and later worked in
Baghdad, which was then a major center of learning. Al-Farabi was a true polymath: he wrote not
only about logic and philosophy, but also music, political theory, and more.

Al-Farabi lived in a time and place where much of the ancient Greek knowledge was being
translated, studied, and expanded upon by Islamic scholars. In the 9th and 10th centuries, under
the Abbasid Caliphate, scholars in the Muslim world translated many Greek texts (including
Aristotle’s works) into Arabic. Al-Farabi became one of the foremost interpreters and developers of
Aristotle’s logical ideas. He e!ectively preserved Aristotle’s work at a time when much of Europe
was in the Dark Ages and had largely forgotten about Aristotle. But Al-Farabi did more than just
preserve, he expanded logic with his own insights and made it more teachable and applicable.

One of Al-Farabi’s key ideas was emphasizing the connection between logic and language.
He believed that logic is to thought what grammar is to language. In other words, just as grammar
provides rules for structuring sentences correctly, logic provides rules for structuring thinking
correctly. He even wrote that “logic is to the intellect what a tool like a ruler is to the carpenter.”
Just as a ruler helps a carpenter draw a straight line, logic helps the mind stay on a straight path of
reasoning without going astray. This vivid analogy shows how Al-Farabi viewed logic as a practical
tool for clear thinking.

To make Aristotle’s logic easier to teach and apply, Al-Farabi divided logic into two parts: con-
cepts (which deal with simple ideas or terms) and proof (which deals with how those ideas
can be connected to demonstrate truth). This division mirrored Aristotle’s own structure of logic
(categories for simple terms and syllogisms for arguments), but Al-Farabi articulated it in a way
that helped educators of his time explain logic systematically. He also stressed the importance
of understanding how language structure relates to logic. He explored how the same logical idea
can be expressed in di!erent grammatical forms, a remarkable insight that anticipated modern
ideas in computer science, such as the design of formal languages and programming language syntax.

A second important contribution of Al-Farabi’s work was his e!ort to organize human knowledge.
In a book called Enumeration of the Sciences, he attempted to list and categorize all fields of study
and explain how logic underpins them. For Al-Farabi, logic was the foundation of all knowledge,
the starting point that every science needs in order to develop sound ideas. This notion is correct
reasoning for all possible subjects necessary and underscores why his contemporaries considered
logic such an important discipline.

Al-Farabi didn’t work in isolation. He was part of a rich tradition of Islamic philosophers (including
ones like Avicenna a few decades later) who not only kept Aristotle’s ideas alive but also extended
them. They examined new forms of reasoning such as conditional logic (if-then statements)
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and inductive reasoning, which were not fully developed by Aristotle. They sometimes critiqued
Aristotle’s conclusions and tried to improve on them. Thanks to their work, the knowledge of logic
remained a living and growing subject through the medieval period.

The contributions of scholars like Al-Farabi were crucial for the later development of computer
science, even though computers were centuries away. By preserving Greek logic and enriching it,
they maintained the continuity of the “idea chain” that would eventually lead to computing. Europe
actually relearned much of Aristotle’s logic in the High Middle Ages by reading Latin translations of
Arabic texts of people like Al-Farabi. In essence, Al-Farabi and his peers acted as a bridge carrying
logical knowledge from the ancient world to the modern.

Al-Farabi’s idea that logic is like grammar for thought is very relevant in computer science.
Designing a programming language, for instance, involves creating a strict grammar (syntax) and a
meaning (semantics) so that instructions are unambiguous. We can see Al-Farabi’s influence here: he
highlighted that a logical proposition has a form (structure of the statement) and content (meaning),
which parallels how compilers today parse code (checking syntax) and then execute it (based on its
semantics). Whenever I write a program and the compiler points out a syntax error, I’m reminded
that clear rules for structure are essential. A concept philosophers like Al-Farabi emphasized long ago.

Furthermore, the idea of organizing knowledge into a hierarchy (as Al-Farabi attempted) is mir-
rored in how computer scientists think about ontologies and knowledge representation in artificial
intelligence. Even the concept of a formal language in computing (like the languages we use
to program or to query databases) has roots in the realization that language can be studied and
designed in a logical way. Al-Farabi’s linking of logic and language foreshadows the development of
things like formal grammars and syntax rules which are fundamental in computer science theory.

In short, without the work of Al-Farabi and his successors, Aristotle’s logical insights might
have been lost or stunted. Instead, they were transmitted and transformed, eventually reaching
scholars in medieval Europe (including the next person I discuss, William of Ockham). The chain of
logic was unbroken. Al-Farabi shows that the history of computer science isn’t just about Western
thinkers or modern inventors of machines, but it’s also about medieval scholars in places like
Baghdad, who treasured logic as the “ruler” for the mind and ensured that future generations
would inherit that ruler.

3 Middle Ages: Scholasticism and Logical Tools

3.1 William of Ockham (c. 1287–1347) – Logic and Simplicity in Scholas-
ticism

Moving forward in time, I arrived in the later Middle Ages where I started exploring the work of
William of Ockham. After Aristotle’s foundation and Al-Farabi’s preservation of logic, Ockham
represents a medieval European revival and refinement of logical thought. William of Ockham
lived during the late medieval period and was an English philosopher and Franciscan friar, born
around 1287. Educated at Oxford, Ockham became famous for his sharp mind and clear thinking.
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He is best known today for “Occam’s Razor” and for his ideas about how we should understand
concepts. Although he spent part of his life in exile due to conflicts with the Church, his writings
on logic and philosophy were very influential in shaping late medieval thought. By Ockham’s
time, universities in Europe had access once again to Aristotle’s works (thanks in part to trans-
lations of those Arabic texts). Ockham became one of the sharpest logicians of that Scholastic period.

What immediately strikes me about Ockham is his commitment to clarity and simplicity
in reasoning. As mentioned earlier, he is best known for a principle now called Occam’s Razor.
This principle says that when you are faced with multiple explanations for something, the simplest
explanation – the one that assumes the least – is usually the best. Ockham himself phrased it in
Latin as “Entia non sunt multiplicanda praeter necessitatem,” which translates to “Entities should
not be multiplied beyond necessity.” In plainer terms: do not complicate things more than you have
to. If two theories explain the facts, choose the simpler one.

Originally, Ockham used this principle largely in theological and philosophical debates (for example,
discussing the nature of God or universals in metaphysics). It is clear how Occam’s Razor became
very important later in science and computing. Today, we prize simplicity in software design: a
simpler algorithm is typically faster and less prone to bugs. Programmers even have a saying, “Keep
it simple, stupid” (the KISS principle), which is essentially a modern echo of Occam’s Razor. When
I write code, if I can achieve the same functionality with fewer moving parts, I will do so – because
simpler code is easier to understand and maintain. This mindset can be traced back to Ockham’s
insistence on not multiplying assumptions needlessly.

Another major contribution from Ockham was his defense of nominalism. Nominalism is the
idea that only individual, concrete things exist in reality, while general categories or “universals”
(like the concept of “tree” or “beauty”) are just names we use. For Ockham, when we use a word
like “tree,” we’re not pointing to some mystical Tree-ness that exists apart from all trees. We’re
simply referring collectively to individual trees. There is no additional entity called “Tree-ness”
floating around; the general concept is just a construct of our mind or language. By thinking this
way, Ockham aimed to simplify our ontology (our inventory of what exists) and avoid making
unnecessary assumptions about abstract entities.

This might sound philosophical, but consider how it mirrors ideas in computer science: A computer
ultimately deals with specific pieces of data – particular numbers, particular memory addresses.
Any categories or abstractions we create in software (like a class of objects in object-oriented
programming) are constructs that we, the programmers, impose. The machine itself is nominalist
in the extreme: it only processes individual bits and bytes. For instance, if I define a class “Tree”
in a program, the computer doesn’t have a concept of Tree-ness; it just has a bunch of individual
instances and memory references. In a way, programming reflects a nominalist view: that general
types are not real things, just convenient labels for many individual things. Ockham’s medieval
debate about universals versus particulars foreshadows the careful thinking computer scientists
must do when designing data structures and type systems.

Ockham also contributed to the refinement of logical theory itself during the Scholastic pe-
riod. Medieval logicians like Ockham developed an area of logic called supposition theory, which
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deals with how words stand for things in di!erent contexts. It’s a bit technical, but essentially it was
an early attempt to figure out how language relates to reality in a logical way, like understanding
when a term refers to an actual thing versus when it’s just part of an expression. This is important
for avoiding confusion and fallacies. While supposition theory isn’t directly used in computer science,
the underlying problem (how symbols relate to what they stand for) is absolutely central in areas
like programming language semantics and even artificial intelligence (consider how an AI program
might represent “trees” or “beauty” internally).

Moreover, Ockham expanded earlier logical traditions by looking at new kinds of logic. For
example, he explored aspects of modal logic (reasoning about possibility and necessity) and other
forms of argument beyond the classical syllogism. This showed that logic was not a dead subject
after Aristotle; it was still growing and adapting. In fact, later historians like Kant might have
overlooked the achievements of medieval logic, but progress was happening. Ockham’s work is a
reminder that even after Aristotle, thinkers continued to push the boundaries of what logic could do.

Look at Ockham’s ideas, it is clear that there are several clear connections to modern com-
puter science:

• Simplicity in design: Ockham’s Razor is reflected every time a programmer chooses a cleaner,
simpler approach over a convoluted one. Whether it’s writing a simpler algorithm or choosing a
simpler data structure, the principle holds that unnecessary complexity is a flaw. For example,
if I can solve a problem with a simple loop instead of a deeply nested set of conditions, I will,
because it’s less error-prone. In software engineering, simpler systems are easier to verify and
maintain. This directly channels Ockham’s attitude.

• Representation of data (Nominalism): Ockham’s nominalism mirrors how computers handle
data. A computer doesn’t have innate concepts; it has bits that we interpret as numbers,
strings, etc. Higher-level groupings (like a data type “Tree” or an object “Car”) are artificial
structures. Understanding this helps programmers realize that at the machine level, everything
is ultimately particular. It encourages us to be precise about how our abstractions are
implemented. In fact, when designing software, I have to decide how general concepts (like
“user” or “enemy in a game”) will be represented by specific data structures. That design
process is about creating useful fictions (general classes) out of particulars (memory and code)
– very much in line with acknowledging that universals are in the mind and the code rather
than in the hardware reality.

• Avoiding paradox and self-reference: Interestingly, the later development of type theory in
programming (preventing, say, a data structure from containing itself in a problematic way)
also relates to the desire to avoid paradoxes, something that Ockham dealt with philosophically
(and with which Russell and others would deal with much later formally). Ockham’s insistence
on clear categories and no unnecessary entities can be seen as a way to keep systems consistent
and paradox-free. In programming, types and careful scoping of variables serve a similar
purpose: to prevent meaningless or paradoxical operations (like treating a “number” as if it
were a “tree” without conversion, or avoiding infinite loops of reference).
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To sum up, William of Ockham helped carry the torch of logic through the medieval period and did
so in a way that emphasized economy of thought and precision. He stands as an example of how a
philosophical mindset can directly influence practical problem-solving: I often think of Ockham
when I have to trim a complex idea down to size or double-check that I’m not overcomplicating
a solution. As we leave the Middle Ages and head into the Enlightenment, the focus shifts from
preserving logic to using it in bold new ways. The next thinkers, like René Descartes, will take
the logical toolkit and ask: how can we systematically solve problems and maybe even mechanize
reasoning? In a sense, they inherit the clarity of an Ockham and the foundation of an Aristotle,
and then they imagine entirely new possibilities.

4 Enlightenment to Early Modern Period: Visionaries of
Rationality

4.1 René Descartes (1596–1650) – Methodical Doubt and Problem
Solving

As I moved from the medieval world into the age of the Enlightenment, I started to explore the ideas
of René Descartes, a French philosopher and mathematician often called the “Father of Modern Phi-
losophy. Descartes was educated at Jesuit schools and later served in military campaigns, where he
spent much time thinking about philosophical problems. Later, he moved to the Netherlands, where
he produced most of his major works, including Discourse on the Method (1637) and Meditations
on First Philosophy (1641). Besides philosophy, he also made key contributions to mathematics,
inventing analytic geometry, which links algebra and geometry. Descartes died in Stockholm after
being invited to teach Queen Christina of Sweden. For me, Descartes represents a shift: he broke
away from many medieval traditions and tried to start philosophy fresh on a foundation of certainty.
While Descartes is famous for the statement “Cogito, ergo sum” (“I think, therefore I am”) as a
fundamental truth, what really interests me for the story of computer science is his approach to
problem solving and methodical reasoning.

Altough Descartes was educated in the late Scholastic tradition he became dissatisfied with
the old ways of thinking. In his work Discourse on the Method (1637), Descartes proposed a set
of four rules for reasoning that he believed would lead to truth if followed carefully. The rules
(paraphrased for simplicity) were: (1) Accept as true only what is absolutely clear and beyond
doubt, (2) Break every problem into the smallest parts possible, (3) Start with the simplest
elements and then progress step by step to the more complex, and (4) Review thoroughly to ensure
nothing is missed. These might seem straightforward, but they were extremely powerful.

When I read these, I immediately recognize a version of them in modern problem-solving techniques
in computer science. For example, rule (2), dividing problems into smaller parts, is exactly the
strategy we use in programming and algorithm design (often called “divide and conquer”). When
faced with a complex software project, we break it down into modules or functions. We solve the
sub-problems, then integrate them. Descartes intuitively grasped that approach long before words
like “modular design” existed. Rule (3), starting with the simple and building up, is akin to making
sure your basic functions or components work before assembling them into a big system. And
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rule (4), the careful review, is reminiscent of testing and debugging – verifying that your solution
handles all cases and that no mistakes slipped through.

Descartes also revolutionized mathematics by inventing analytic geometry (the Cartesian co-
ordinate system). By linking algebra and geometry, he showed that you could solve geometric
problems with equations. This was another form of uniting di!erent representations: geometric
shapes could be “encoded” as algebraic formulas. For me, this highlights the importance of choosing
a good representation for a problem, a lesson that is central to computer science. Whether I
represent data as a list, a tree, or a graph can make a huge di!erence in how easily I can solve
a problem with a program. Descartes’ insight that a curve can be represented by an equation is
like a forerunner of encoding information in di!erent forms – an idea that recurs in computing
all the time. It’s also essentially the birth of what we now call data structures: di!erent ways of
representing the same underlying information (points on a curve as an equation vs as a plot). This
taught us that some problems become much easier when you find the right way to represent them.

A second characteristic of Descartes’ influence is his insistence on certainty and rigor. He
famously began by doubting everything that could possibly be doubted, to see what indubitable
knowledge remained. In doing so, he set a tone for intellectual rigor that influenced scientific and
mathematical thought. This quest for certainty carried into the work of later mathematicians
who formalized logic (like Frege, whom we will discuss soon) and those who attempted to prove
things about mathematics and computation. In a way, Descartes’ emphasis on certainty is philo-
sophically connected to what computer scientists do when they formally verify that an algorithm
is correct or that a program meets its specification. We want guarantees, not just heuristic assurances.

To connect Descartes more directly to computing: consider any complex software, like an op-
erating system or a large application. How do engineers approach building it? They more or less use
Cartesian principles. They ensure the specifications of small components are absolutely clear (clarity
and certainty of rule (1)). They modularize the system (divide and conquer of rule (2)). They
often prototype core functionalities first (simple to complex of rule (3)). And they test repeatedly
(thorough review of rule (4)). Seeing this parallel was exciting to me – it’s as if Descartes provided
a manifesto for rational problem-solving that presaged how we instruct computers to solve problems.

Descartes did not build a machine or a computer, but he arguably helped shape the mindset
that would later make such things possible. He demonstrated that thinking in a structured, almost
mechanical way could yield great results (like his geometry and many advances in physics and
philosophy). Indeed, some of his contemporaries and those who followed, like Leibniz, directly took
inspiration in trying to create a mechanical or symbolic method for all reasoning.

In conclusion for Descartes: he marked a turning point where problems began to be seen as
solvable by systematic methods. He believed reason could be organized like an algorithm, and in
many respects he was right. That legacy is clearly visible in computer science. After Descartes laid
down these general principles, it wasn’t long before Leibniz would dream of an actual universal
logical language and even a machine that could carry out reasoning. Descartes’ era planted the idea
that perhaps reasoning itself could be automated or at least systematically improved – a critical
stepping stone on the road from logic to code.
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4.2 Gottfried Wilhelm Leibniz (1646–1716) – The Dream of a Universal
Logical Machine

Gottfried Wilhelm Leibniz is a towering figure who came just a few decades after Descartes, and
interacting with his ideas felt like peering directly into the dreams that eventually gave rise to
computers. Leibniz was a philosopher, mathematician, diplomat, linguist, and more. He lived in
the late 17th and early 18th centuries, a time when scientific thinking was rapidly expanding. It’s
worth noting that alongside Isaac Newton, Leibniz co-invented calculus – which shows you how
deep his mathematical genius ran. But among his many achievements, the ones that stand out to
me are those most closely tied to logic and computation.

What fascinates me most about Leibniz is how directly his vision seems to prefigure modern
computer science. Leibniz imagined something truly bold: a universal logical language (which he
called the characteristica universalis) that could express all human knowledge in a precise, symbolic
form. Accompanying this, he imagined a method of reasoning he termed the calculus ratiocinator,
essentially a way to calculate the truth of statements mechanically by manipulating symbols. In
one famous quote, Leibniz wrote (and I paraphrase): ”if philosophers could agree on a universal
language of logic, then whenever they disagreed on something, they could simply sit down together,
take up their pens (or chalk, or calculators), and say “Calculemus!” – “Let us calculate.” Instead of
arguing endlessly, they would compute who was right.”

This idea – that arguments could be settled by calculation – is a powerful precursor to algo-
rithmic thinking. In Leibniz’s mind, reasoning was not just an art; it could be a science and even
a mechanical procedure. I see this as a turning point in the journey from logic to code: Leibniz
was essentially suggesting that one day we might have machines that reason. Indeed, he went
beyond just imagination. Leibniz actually built a mechanical calculator called the Stepped Reckoner,
which could perform addition, subtraction, multiplication, and division. This was an early piece
of hardware that hints at computers (though it was purely a calculator for numbers, not general
reasoning). It had its flaws and would often jam, but the very attempt shows how Leibniz was
combining his theoretical ideas with practical inventions.

A second breakthrough idea from Leibniz was his exploration of the binary number system. In
1703, Leibniz published a paper on binary arithmetic, demonstrating how any number could be
represented using just ones and zeros. He was even excited by the philosophical interpretation of
binary, noting how 1 and 0 could be seen as something (creation) and nothing – a nod to the idea
of God creating the world out of nothing, as he mused. Philosophical musings aside, the fact is that
binary arithmetic is the foundation of all modern digital computers. Data, images, text, programs –
in a computer, they’re all ultimately encoded in binary digits (bits). Leibniz’s interest in a 1s-and-0s
system long predates actual computers by over two centuries. It’s staggering to realize that when I
look at the most advanced computer chips today, crunching billions of 1/0 operations per second,
I’m seeing Leibniz’s binary dream in action.

Leibniz believed that using a symbolic language and binary arithmetic could simplify reason-
ing the same way using Arabic numerals simplified arithmetic. (He pointed out how much easier
math became when Europe adopted the Arabic numeral system instead of clunky Roman numerals
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– an analogy for how much easier thinking would be if we used a good logical symbolic system.) To
some extent, he was right: think of how powerful algebra is compared to doing everything in words.
Now extend that to logic: having logical notation (like → for “for all”, ↑ for “there exists”, ↓ for
“and”, etc.) indeed made it much easier to work with complex logical statements, which eventually
is what Frege did. Leibniz anticipated that.

Furthermore, Leibniz’s designs for machines didn’t stop at arithmetic. He mused about machines
that could manipulate symbols in general, not just numbers. His philosophy that it was “unworthy
of excellent men to lose hours like slaves in computation” conveys a very modern idea: let the
machine do the boring calculations so that human minds can be freed for creative thought. That’s
essentially the rationale for automating computation. When I write a program to automate a
tedious task, I’m following Leibniz’s injunction. He clearly would have loved modern computers –
they are the embodiment of his dream to mechanize the routine parts of thinking.

Leibniz also made attempts to explore combinations of concepts, which is a primitive version
of what we now call truth tables or logical computation. He didn’t fully develop a formal logic
(Frege would do that later), but he laid many conceptual cornerstones. In some sense, many subse-
quent developments in logic and computing were footnotes to Leibniz’s grand vision. Boole’s algebra,
Frege’s logic, and even Turing’s theoretical computer all happen in the conceptual space Leibniz
outlined: a formal symbolic system that can represent statements and a method to manipulate
those statements automatically.

Below we mention four important ideas:

• Binary arithmetic: Every digital circuit in every computer is based on binary. Leibniz’s
binary system (1 and 0) is literally the language of computers. The fact that I can store this
document’s text in a computer is because each character has a binary code. When Leibniz
showed how to represent numbers in binary, he was essentially showing how to represent
information in a form a machine can handle. Modern computers store not just numbers but
also images, sounds, and videos as sequences of bits. This concept is fundamental.

• Logic as calculation: The entire field of computer algorithms is about solving problems
through step-by-step symbol manipulation. This traces back to Leibniz’s calculus ratiocinator.
For example, a logical reasoning engine (like those used in AI or theorem-proving software)
literally calculates conclusions from premises. When two computers (or algorithms) play chess,
they are doing what Leibniz imagined: calculating the best move rather than pondering it
vaguely. Even something as everyday as a search engine deciding which websites match your
query involves logical calculations (Boolean logic for search terms, etc.).

• Software and hardware separation: Leibniz didn’t use these terms, but by envisioning a
“logical calculus” and building a “calculator machine,” he essentially separated the idea of a
program (the rules of calculus, the algorithm) from the machine (the physical calculator).
This is akin to the software/hardware distinction. He didn’t fully articulate that concept,
but he practiced it: he wrote about logic and he built a machine. Modern computing rests
on this separation; we write software (logic) that can run on any hardware given the right
translation.
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• Universal language and data encoding: In some ways, Leibniz’s characteristica universalis
anticipated e!orts in computer science to create common formats or languages for data and
knowledge. For instance, in the field of knowledge representation and the semantic web, people
strive to encode knowledge in standardized forms so machines can process it. Whenever we
come up with a data interchange format (like XML or JSON or markup languages), we’re
acting in the spirit of Leibniz – trying to make information universal and machine-readable.

Leibniz stands out to me as one of the clearest intellectual ancestors of computer science. He
essentially dreamed of something like a modern programming language (a formal system of symbols
and rules) and a computer (a machine to carry out the rules). He lacked the technology to fully
realize this, but he provided a road map. In fact, later logicians and computer scientists, from
Boole to Turing, can be seen as fulfilling Leibniz’s dream step by step. Boole algebraized logic
(making it calculable), Frege built a formal logical language, and Turing provided a formal model
of computation. Each of these can be seen as delivering on aspects of Leibniz’s vision.

On a personal note, every time I write a bit of code that uses a boolean variable or a binary flag, I
am using concepts Leibniz championed. When I think about the fact that a computer’s CPU is
shu”ing 1s and 0s to present me with this text, I’m reminded that Leibniz saw that coming in a
philosophical light. He really embodies the transition from pure philosophy to the idea of actual
machines of thought.

Leibniz’s enthusiasm for calculation and his optimism about human reason being enhanced by
machines is infectious. He famously said “Let us calculate!” as the answer to disputes. That refrain,
to me, echoes every time I run a program to get an answer. The next step in the story will be to
see how these ideas were formalized into a true mathematical logic in the 19th century by Boole
and Frege, which will bring us even closer to the computer age. Leibniz gave us the dream; Boole
and Frege will start giving us the tools to fulfill it.

4.3 George Boole (1815–1864) – The Algebra of Logic

With George Boole, we arrive in the 19th century, and it feels like we’re finally seeing Leibniz’s
dreams being turned into a concrete mathematical toolset. Boole was an English mathematician
from a modest background (largely self-taught, impressively) who made his living as a school
teacher and later as a professor in Ireland. While he worked on various areas of mathematics (like
di!erential equations), his groundbreaking contribution was in treating logic in a completely new
way: as a branch of algebra.

In 1847 Boole published a small work titled The Mathematical Analysis of Logic, and in 1854 his
major treatise An Investigation of the Laws of Thought came out. In these, Boole set out to formalize
the rules of logical reasoning using symbols and equations, much as one would formalize laws of
arithmetic. Essentially, Boole asked: what if true and false could be represented by symbols (like
1 and 0), and logical operations like AND, OR, NOT could be treated like arithmetic operations?
This was a revolutionary shift. Until Boole, logic was usually discussed in terms of words and
ordinary language or perhaps simple diagrams (like Venn-type diagrams). Boole instead created an
algebra of logic, now fittingly called Boolean algebra.
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For example, Boole used addition to represent the OR operation (either condition can make
the result true) and multiplication to represent the AND operation (both conditions must be true
to make the result true). He used a bar or other notation to represent NOT (negation). In modern
notation, we often use + for OR, · for AND, and an overline for NOT. So we might write x+ y to
mean x OR y, x · y to mean x AND y, and x̄ to mean NOT x. Under this system, Boole derived
rules that mirror normal algebra but with a logical twist. For instance, one of Boole’s identities is
x(1↔ x) = 0. If we interpret x as a truth value (1 for true, 0 for false), this equation says: x AND
(NOT x) equals false. In logical terms, that’s the law of non-contradiction (something cannot be
both true and false at the same time). This is a perfect example of how Boole translated logical
laws into algebraic ones. Another one: x+ x̄ = 1, meaning x OR (NOT x) is always true (the law
of excluded middle).

By doing this, Boole unified logic with mathematics. This was something Leibniz had already
envisioned more than a century earlier, but Boole was the first to actually build it into a working
symbolic system. He took what Leibniz had imagined (logic as a calculus) and actually built the
calculus. Boole himself viewed this as investigating “the fundamental laws of those operations of
the mind by which reasoning is performed, and to give expression to them in the symbolic language
of a calculus”. In other words, he wanted to find the laws of thought and express them in sym-
bols. He succeeded in laying the foundation of what we now call propositional logic in symbolic form.

The immediate significance of Boole’s work might not have been obvious to everyone at the
time, but from our perspective we see it clearly: Every digital circuit and every computer
program relies on Boolean logic. The condition checks in code (if-statements, while-loops)
and the logic gates in hardware all operate on Boolean values (true/false, 1/0) and follow Boolean
algebra. For example, when a program checks ‘if (x > 5 && y == 0) ... ‘, behind the scenes
the computer is treating the truth of those comparisons as 1s and 0s, then using an AND gate (or
its software equivalent) to combine them. That’s pure Boolean algebra. Claude Shannon, in his
1937 master’s thesis, explicitly showed how Boolean algebra could be used to analyze and design
electrical circuits switches, e!ectively marrying Boole’s algebra with engineering. Shannon cited
Boole’s work as the foundation of his method, which allowed engineers to systematically design
circuits for performing logical decisions (this is how we design computer chips).

So Boole turned logic into something calculable by giving it a mathematical form. This is crucial
because once you have a mathematical form, you can in principle implement it on a machine or
have an algorithm work on it. Boolean algebra gave later computer pioneers the tool they needed
to implement logic in physical hardware and in software.

On a more conceptual level, Boole’s work changed our view of logic from a philosophical dis-
cipline to a mathematical one. That is analogous to how we moved many fields into the realm of
computation. For example, once electricity was understood mathematically, we could engineer it;
similarly, by understanding logic mathematically, we could engineer reasoning machines.

Let me highlight a few specific things from Boole’s influence on computer science:
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• Binary representation of truth: Boole e!ectively solidified the idea that truth values can be
binary (and indeed, that’s enough). This binary truth idea meshes perfectly with binary
numbers in computing. True becomes 1, false becomes 0, and everything else follows. The fact
that modern programming languages have a “boolean” data type (often named after Boole)
is a direct legacy of his work. You declare ‘bool flag = true;‘ in C++ or ‘boolean flag = false;‘
in Java, etc. That’s Boole’s influence manifested in code.

• Logical operations in programming and querying: Whenever a programmer writes a complex
condition like (A && (B || C)), they are essentially writing a Boolean algebra expression.
Similarly, database queries often use logical combinations (“find records where X is true AND
(Y is true OR Z is false)”), and search engines use Boolean queries (Google search had an
“advanced search” with AND, OR for a long time). This is all everyday use of Boolean logic.

• Circuit design and computer architecture: As mentioned, the design of circuits that perform
arithmetic or storage or decision making is done through logic gates (AND, OR, NOT, NAND,
etc.), all of which obey Boolean algebra. For instance, the half-adder and full-adder circuits
(basic building blocks of arithmetic logic units in CPUs) are derived using Boolean logic for
combining bits. The entire field of digital logic design is basically applied Boolean algebra.

• Simplification and optimization: Boolean algebra comes with algebraic techniques to simplify
expressions (just like you simplify an equation). This is very important in both software
(to optimize conditions) and hardware (to minimize the number of gates, which Shannon’s
paper delves into). When a compiler optimizes code, part of what it might do is simplify
logical expressions (‘if (!(A ’&&’ B))‘ might get turned into ‘if (!A || !B)‘ based on
De Morgan’s laws, for example). Those laws (like De Morgan’s laws: A ↓B = Ā ↗ B̄) are
part of Boolean algebra’s legacy.

I see Boole as the person who finally “nailed it” that logic could be treated as a form of mathematics.
In doing so, he provided the DNA for computer science. If we say that modern computers run on
binary and use logic circuits and that programming involves logic, we are basically saying they run
on Boole’s ideas. It’s no wonder that when we talk about the simplest data type in programming,
we call it “boolean.” That’s a tribute to George Boole.

One interesting note: Boole’s own motivation was somewhat philosophical: he wanted to un-
derstand the laws of thought. But the outcome of his work became immensely practical. It’s a
great example of how a theoretical pursuit can yield something with huge engineering consequences.
Boole likely did not imagine electronic computers (he died in 1864, long before that concept), but
by giving us Boolean algebra, he indirectly enabled them. Within 80 years of his death, there were
machines (like early electronic computers) literally “thinking” in Boole’s terms of 1s and 0s.

After Boole, the stage was set for someone to expand logic even further. Boole’s algebra handled
what we call propositional logic (dealing with whole statements that can be true or false). The
next big step was to create a logic that could handle more complex statements involving things
like “all” and “some” – essentially, the inner structure of statements (predicates and quantifiers).
That’s where Gottlob Frege comes in, taking logic to a level Aristotle hadn’t and Boole hadn’t.
Frege’s work would pave the way for the even more expressive logical systems needed for advanced
mathematics and, eventually, computer algorithms that manipulate logical formulas.
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4.4 Gottlob Frege (1848–1925) – The Birth of Modern Logic

If Boole provided an algebra for simple true/false statements, Gottlob Frege provided the grammar
and vocabulary for complex statements. Frege was a German mathematician, logician, and philoso-
pher, and he is often regarded as the father of modern formal logic (at least in terms of depth and
structure). In 1879, Frege published a book called Begri!sschrift (meaning “concept-script”), which
was a formal system that for the first time looked very much like what logicians (and computer
scientists) use today. Frege basically invented what we now call predicate logic or first-order logic.

What did predicate logic add that Boole’s logic didn’t have? Predicate logic allows statements
to contain variables that can stand for objects, and it introduces quantifiers like “for all” (→)
and “there exists” (↑). Aristotle’s syllogisms and Boole’s algebra dealt with whole propositions,
but they couldn’t easily express, say, “There exists someone who loves everyone.” Frege’s logic
can express that. For example, “There exists someone who loves everyone” can be written as
↑x →y L(x, y) (where L(x, y) might represent “x loves y”). Classical logic before Frege had trouble
with such statements, but Frege handled them by introducing a clear separation between objects
and functions/predicates that apply to objects.

Frege created a whole set of logical symbols. He introduced symbols for logical connectives (like
a special symbol for “if...then”, another for “and”, etc.). He introduced quantifiers in a rigorous
way. He essentially built a formal language for logic. One can think of this as the invention of a
programming language for logic. It had a syntax (rules on how symbols can be strung together to
form meaningful statements) and a semantics (rules for what those statements mean in terms of
truth). This was a radical transformation: logic now had a fully precise language. It was no longer
tied to ambiguities of natural language. Frege’s syntax-semantics distinction is something every
computer science student learns when studying compilers: the syntax of a programming language
vs. its semantics (what the program actually does). Frege was doing that for logical expressions.

A second ambition of Frege was logicism. The idea that mathematics could be reduced to
logic. He believed (at least early on) that all of arithmetic could be derived from purely logical
axioms. To pursue that, he developed a formal proof system. He defined axioms and rules of inference
in his logical system and tried to derive basic truths of arithmetic. In doing so, Frege essentially set
the stage for formal proof systems and what later would become theoretical computer science
topics like proof verification and automated theorem proving.

Frege’s attempt at logicism famously encountered a problem: Russell’s Paradox (Bertrand Russell
discovered a contradiction in Frege’s system related to the set of all sets that do not contain
themselves). This upset Frege’s program because it showed that his basic assumptions led to
inconsistency. However, even though his specific system had a flaw, the general framework he
established was sound and was soon refined by others. But importantly, Frege’s work influenced all
the key figures of early 20th-century logic (Russell, Wittgenstein, etc.), who in turn influenced the
development of computers.

One example of how Frege’s concepts relate to computer science: Think about a database query. If
I have a database of people and relationships, a query like “Find all people x such that for every
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person y, x loves y” is essentially asking for x such that →y L(x, y). That’s a logical statement with
a quantifier, directly in Frege’s territory. SQL and other query languages are, under the hood,
doing predicate logic (SQL is based on relational algebra, which is equivalent to a certain subset of
first-order logic for finite sets). So whenever I use a database or even do a complex search with
conditions, I’m relying on structures that Frege helped formalize.

Also the connection between Programming languages and compilers themselves was a topic to
investigate more deeply. Frege’s clear separation of syntax (structure of expressions) and semantics
(meaning) is very much what happens when we design a programming language. We define a
grammar (syntax) and then we define how each construct behaves (semantics). For instance, in a
programming language you might define something like: a valid expression can be “E1 AND E2”
if E1 and E2 are boolean expressions (syntax rule), and the semantics is that this expression is
true if and only if both E1 and E2 are true. That’s just like Frege defining how a complex logical
statement’s truth is determined by its parts.

Frege’s introduction of variables and quantifiers also parallels the introduction of variables in
programming. Before variables, you could only state specific facts. With variables, you can express
general rules or loops. For example, consider a simple programmatic idea: a loop that says “for
each item y in list, do X.” That has a flavor of →y (for all y do X). Or a function definition “there
exists an x such that condition holds” is akin to searching for some item (like an existence check).

Frege also distinguished between the formal structure of a statement and its meaning, which
hints at the concept of building abstract representations of logic in a machine. For example,
today’s symbolic logic solvers or Prolog (a programming language based on logic) rely on the
machinery Frege built. Prolog allows statements with variables and tries to find values for them
that satisfy the statements (an existence search). That’s directly working with the apparatus of
predicate logic.

Frege’s work extended logic to be powerful enough to carry mathematics, and ironically, that
same power made logical systems complicated enough to run into computability issues (which
we’ll see with Gödel, Church, Turing later). But before that, an entire generation (Russell, Peano,
Hilbert, etc.) took Frege’s logical language and ran with it to formalize mathematics. Hilbert’s
formalist program, for instance, and Russell-Whitehead’s Principia Mathematica, all depend on
Frege’s notation and ideas.

In terms of direct influences: Frege’s logic influenced Alan Turing’s thinking about what could
be computed. When Turing was struggling with the Entscheidungsproblem (decision problem)
in 1936, he was dealing with logic statements expressed in a formal system. Church in the same
year formulated a logic-based notion of computability (the lambda calculus and first-order logic
problems). These things are all descendants of Frege’s conceptual framework.

To sum up, Frege gave us the first fully-fledged logical language. In doing so, he laid the groundwork
for theoretical computer science (which often deals with formal languages and their properties) and
for practical computing tasks like programming languages and database queries. Every time I see a
program verifying a property (like a static analyzer checking if “for all inputs something holds” or
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a model checker verifying if “there exists a state where something bad happens”), it’s using Frege’s
quantifiers in spirit.

Frege’s influence on computation is profound yet sometimes indirect. He didn’t talk about machines
at all; he was dealing with pure logic and math. But by making logic more powerful and general,
he unknowingly provided the tools that would later allow mathematicians to talk about the limits
of computation (Gödel’s incompleteness deals with formal systems like Frege’s; Turing’s work
deals with logic formalisms; etc.). And, practically, logic became something one could think about
automating.

However, before we jump to Gödel and Turing, there’s one more immediate piece of the his-
torical puzzle in logic: figures like Bertrand Russell and David Hilbert, who further shaped the
course by applying logic to the foundations of math and asking questions that would lead directly
to Gödel and Turing. But Frege’s “concept-script” is the common language they all used, so I see
him as the pivotal link connecting the 19th-century algebraic logic of Boole to the 20th-century
developments in logic, mathematics, and early computer science.

Frege’s predicate logic underpins:

• The design of programming language syntax/semantics.

• The formulation of database query languages and algorithms (first-order logic is basically the
theory behind SQL and other query systems).

• Knowledge representation in AI (using logical predicates to represent facts).

• Automated theorem proving and formal verification (writing program properties in logic and
checking them).

• The theoretical understanding of computation limits (as it provides the formal language for
problems like Entscheidungsproblem which Turing tackled).

Frege turned logic into a tool that could describe not just specific situations, but whole infinite
domains of discourse clearly. This expressiveness is both the power and, as we’ll see, the source of
certain limitations (because with it, Gödel could craft self-referential statements and Turing could
talk about the halting of any program). Frege’s invention of modern logic is thus a cornerstone on
which the entire building of theoretical computer science rests.

5 Early 20th Century: Foundations, Computation, and the
First Computers

5.1 Bertrand Russell (1872–1970) – Logic’s Champion and Paradox

Bertrand Russell was a British philosopher and logician who straddled the turn of the 20th century.
I encountered Russell’s work as a kind of bridge between the pure logic of Frege and the concrete
questions that would lead to computing. Russell deeply believed in the power of logic to clarify
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thought and solve problems. His early 20th-century e!orts show both the heights of optimism about
logic and some inherent pitfalls (like the paradox named after him).

One of Russell’s most ambitious projects was the co-authorship (with Alfred North Whitehead) of
Principia Mathematica (published 1910–1913). The goal of this monumental work was nothing
less than to derive all of mathematics from logical principles using a formal axiomatic system.
In essence, Russell and Whitehead set out to show that math was just a very elaborate part of
logic, aligning with the logicist philosophy that Frege championed. They did this in an extremely
formal way: reading Principia, you see pages of logical symbols and derivations. Famously, they
took hundreds of pages to prove 1 + 1 = 2. This might seem comical, but the point was rigor: they
wanted to be absolutely certain that even the simplest arithmetic truth was correctly derived from
fundamental logical axioms.

While Principia Mathematica was a landmark, what’s more directly interesting to me is what led
Russell to it and what sprang from it. Before writing Principia, Russell discovered a problem in
Frege’s logical system: Russell’s Paradox. It arises when considering “the set of all sets that
do not contain themselves.” Does this set contain itself or not? If it does, then by definition it
shouldn’t; if it doesn’t, then by definition it should. This paradox was a big blow to Frege (who
had to append a note about it in the second volume of his Grundgesetze admitting his system’s
inconsistency). Russell worked to resolve this paradox by introducing type theory. The idea of
type theory was to avoid self-referential sets by structuring objects into a hierarchy of types: a set
of type 0 contains “individuals”, a set of type 1 contains sets of type 0, a set of type 2 contains sets
of type 1, and so on. By doing so, one prevents a set from containing itself because it would require
it to be of a higher type than itself.

This type theory solution to the paradox might sound abstract, but it actually resonates with
something very familiar in programming: type systems. In programming languages, a type system
prevents certain bad operations. For example, a language won’t let you treat a whole number as if
it were a memory address, or it won’t let a function return itself unless it’s carefully controlled (like
higher-order functions still have type constraints). When Russell says a set cannot contain itself
because it’s not of the right type, I see a parallel in how a programming language might say, “You
can’t put a container object into itself because that would violate type consistency.” Actually, one
of the reasons we have types in programming is to prevent paradoxical or nonsensical operations
(like treating data as code or vice versa in unsafe ways). Russell’s type theory was an early attempt
to impose a disciplined framework to avoid logical nonsense. Modern type theory in computer
science (as used in functional programming languages and proof assistants) is a direct descendant
of Russell’s idea.

Besides the paradox and type theory, Russell contributed to logic in other ways. He developed the
theory of descriptions to deal with phrases like “the current King of France is bald” (when there
is no current King of France). His analysis showed how to break down such sentences logically to
avoid presuppositions about existence. The clarity he brought to language and reference influences
areas like database query languages or knowledge representation: we need to handle when things
that are mentioned don’t actually exist in the data. Russell’s work on analyzing language logically
helped pave the way for fields like semantics in natural language processing (where representing
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meaning formally is key).

Russell, through Principia, also strongly influenced the formalist movement in mathematics (like
Hilbert’s program) and in turn the development of formal proof systems. Principia was like a
prototype for what a fully formalized body of knowledge could look like. It inspired many to think
that if only we formalize and axiomatize everything, we can solve all disputes. This idealism is
very relevant to computer science: it’s the reason people thought of designing algorithms to prove
theorems (which is a branch of AI and automated reasoning). It also foreshadowed the fact that you
could use mechanical procedures to explore mathematics – in a sense, Principia is “hand-operated
logic computation.” They had inference rules and followed them rigorously, akin to how a com-
puter might. It’s just that they did it manually because computers as we know them didn’t exist yet.

One of the direct outcomes of Principia was that it set the stage for Kurt Gödel. Gödel, in
1931, proved his incompleteness theorems partly in response to the e!orts of people like Russell (and
Hilbert) who tried to make mathematics complete and consistent with a mechanical procedure to
decide truth. Gödel showed limits to that. But without Principia (and Hilbert’s related work), Gödel
might not have had a clear target for his theorems. Principia was sort of a concrete embodiment
of the idea of a formal axiomatic system for math, so Gödel could formally reason about such systems.

From a computing perspective, Russell’s influence goes even further: one of the most funda-
mental concepts in computer architecture, the stored-program concept, has a philosophical
underpinning somewhat in line with Russell’s thinking about symbols and data. Russell showed
that data and logic can be the same stu! (in Principia, mathematics becomes logic symbols). In
computing, John von Neumann later showed that instructions (code) and data can be stored in the
same memory. Russell’s idea that you can treat “rules” and “facts” in the same symbolic system
is analogous to how a computer stores programs and data in memory indistinguishably as bytes.
Russell didn’t create computers, but his notion that content and rule can be uniformly treated
symbolically is conceptually similar to the universality of representation in computing.

Also, Russell educated and influenced people who directly contributed to computing. For in-
stance, Alan Turing studied at Cambridge in an environment influenced by Russell’s legacy (though
Russell had left by then, his presence was still felt in the mathematical logic culture). Turing was
certainly aware of Principia and Russell’s work, as it was foundational in mathematical logic courses.

Another interesting connection: Russell confronted self-reference and paradox in logic, which
is exactly what Turing confronted in computation when he formulated the halting problem. The
halting problem essentially asks if a program could analyze itself (or another program) and decide
something (will it halt?), and Turing proved a paradox arises if you assume such a decider program
exists. The structure of Turing’s argument is very much like Russell’s paradox form – it uses
self-reference to get a contradiction (Turing’s machine H that predicts halting is fed a version of
itself to create a contradiction). I can’t help but see that Turing’s proof is almost a computational
analog of Russell’s paradox. It’s like Turing said, “Let’s create a program that does the opposite of
what the prediction says, similar to how Russell constructed a set that should contradict its own
definition.” This is a beautiful case of ideas echoing across domains: Russell’s paradox in logic and
Turing’s paradox in computation.
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To sum up, Bertrand Russell’s contributions connect to computer science in these ways: - He
pushed the use of formal logic to its limits (Principia), which influenced the theoretical frameworks
in which computing problems (like decidability) were posed. - He introduced type theory to avoid
paradoxes, which is the ancestor of type systems in programming languages that keep computations
safe and consistent. - He clarified how language and logic relate (theory of descriptions), influencing
how we might structure queries or data representations to avoid referring to non-existent entities
improperly. - He influenced the generation (like Turing, Church, etc.) that directly built the theory
of computation, both through his work and through the general high regard for logic he instilled.
- Philosophically, he exemplified the belief that with enough logical clarity, we can mechanize
reasoning – a belief that underlies the very pursuit of artificial intelligence and automated reasoning
tools.

Russell was one of the last great thinkers to believe that most of human knowledge, like math
and science, could be reduced to logical operations. That dream faced a serious blow when Gödel
proved it couldn’t fully work. After that, Russell shifted his focus and later even received the Nobel
Prize for literature. Something which I find both surprising and fitting. Still, as computers emerged,
he saw machines doing the kind of symbolic reasoning he had once imagined. In that sense, part of
his vision lived on.

With Russell, we see both the power of formal logic and the warning that paradox lurks if
we’re not careful. That perfectly sets up the next key figures: David Hilbert, who tried to secure
mathematics with logic and computation (Entscheidungsproblem), and Kurt Gödel, who delivered
the jarring news of inherent limitations. Both of them, in di!erent ways, took inspiration from
where Russell left o!.

5.2 David Hilbert (1862–1943) – Axioms, Consistency, and the Entschei-
dungsproblem

After reading about Russell’s dream of reducing knowledge to logic, I found myself looking at the
people who tried to actually make that dream come true. One of them was David Hilbert. He
wasn’t a philosopher in the usual sense, but his ideas shaped the logical foundations of mathematics.
His work would later become essential for how we think about formal systems, algorithms, and
even computers. That’s why I believe his place in this story matters.In 1900, Hilbert presented a
list of 23 unsolved problems in mathematics. Several of them dealt with the foundations of math.
One important question he asked was whether all of mathematics could be made both consistent
and complete. This idea became known as Hilbert’s Program. His goal was to build all of math on
clear rules (axioms) and to prove that those rules would never lead to contradictions (consistency),
and that every true statement could be proven (completeness).
This ambition connected closely to the work of people like Russell, who also tried to build logical
systems for math. Hilbert’s dream wasn’t just about understanding math better, but also about
finding a method that could, in theory, decide whether any math statement was true or false. In
1928, he and Wilhelm Ackermann proposed the Entscheidungsproblem, or “decision problem.”
It asked whether there could be a general procedure (an algorithm) that could determine the truth
of any logical statement. This was one of the first times someone clearly asked for an algorithm to
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solve a general problem in logic.

From today’s perspective, that question sounds like a classic computer science problem. We
now know the answer: no such general algorithm exists. This was proven by Church and Turing in
1936. But Hilbert didn’t know that yet. He was hopeful and famously said, “We must know, we
will know,” showing his belief that every problem has a solution, and that we could find it.

Hilbert’s work also helped create proof theory, which looks at proofs as formal objects that follow
specific rules. This way of thinking is very close to how computers operate. When we use automated
theorem provers or formal verification tools, we’re following Hilbert’s idea that logical rules can be
processed in a mechanical way.

One of Hilbert’s main concerns was consistency. If a system has even one contradiction, any-
thing can be proven, and the whole system breaks down. Hilbert wanted a proof that mathematics
was free of contradictions, using only basic and concrete steps (”finitary” methods). This led to
deep investigations into the limits of formal systems.

In 1931, Gödel proved that any system powerful enough to include arithmetic cannot prove
its own consistency. This was a major blow to Hilbert’s Program. It meant that there are true
statements that can’t be proven within the system, and that the dream of a fully complete and
secure math was unreachable.

Still, Hilbert’s ideas had a major impact on computer science:

• His Entscheidungsproblem inspired the definitions of algorithms by Church and Turing.

• His focus on decision procedures helped shape the idea of computability: which problems
can be solved by an algorithm, and which cannot.

• His belief in formal systems led to developments in automated reasoning, like SAT solvers
and formal verification tools used in software and hardware today.

• His insistence on consistency continues to influence how we build reliable systems.

Even the idea of a ”Hilbert space,” from his work in mathematics, became central in quantum
mechanics. Today, it plays a key role in quantum computing, showing that Hilbert’s influence
reaches beyond classical logic.
To me, Hilbert set the agenda. He didn’t build computers or write code, but he asked the big
questions that made theoretical computer science possible. Thanks to thinkers like Turing and
Gödel, who answered those questions, we now understand the power and limits of algorithms.
Hilbert believed that logic could guide us, and in many ways, it still does.

5.3 Kurt Gödel (1906–1978) – Incompleteness and the Limits of Formal
Systems

Hilbert’s ambition to build a complete and solid foundation for all of mathematics didn’t go
unchallenged. That challenge came from Kurt Gödel. Like Hilbert, he wasn’t a philosopher, but the
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impact of his work on logic was impossible to ignore. His discoveries about the limits of formal
systems changed the way we think about proof, knowledge, and even what machines can or can’t
know. That’s why Gödel, too, has a place in this history.

To put it simply, Gödel’s First Incompleteness Theorem states that in any consistent formal
system that is powerful enough to describe basic arithmetic, there exist true statements that cannot
be proven within that system. The Second Incompleteness Theorem says that such a system cannot
prove its own consistency. These were shocking results: they meant Hilbert’s dream of a complete,
consistent, decidable formalization of all mathematics was impossible to fully achieve.

How did Gödel do it? This is where the method is as fascinating as the result. Gödel essen-
tially figured out how to make formal logic talk about itself. He invented what’s now called
Gödel numbering: a way to encode every symbol, formula, and proof as a number. By doing this,
Gödel was able to create a statement in arithmetic that says “I am not provable in this system.”
This self-referential statement is constructed using arithmetic about those Gödel numbers. If the
system could prove that statement, it would be a contradiction; if it can’t, then the statement is
true (assuming the system is consistent). This is essentially a very clever logical analogue of the
liar paradox (“This statement is false”), but done in a rigorous way through code numbers.

The reason this links to computer science is multi-fold:

• Gödel showed that formulas can be treated like numbers, just like computers treat code and
data as numbers. This idea helped shape how computers work.

• Turing built on Gödel’s ideas to describe machines as numbers, leading to the Universal
Turing Machine—one machine that can simulate any other.

• Gödel’s proof showed some truths can’t be proven. Church and Turing used this to show that
some problems (like the halting problem) can’t be solved by any program.

• Gödel’s work means that no AI or algorithm can prove all mathematical truths. There’s a
built-in limit to what machines can figure out.

• Gödel’s ideas helped start computability theory, which studies which problems can or can’t
be solved by algorithms. His method of encoding problems is still used today.

• Gödel’s second theorem says a system can’t prove its own consistency. That’s like software
being unable to fully check itself for errors without outside help.

• Gödel reminded us that there are limits to what machines and algorithms can do: Some
problems are simply unsolvable, no matter how smart our technology gets.

It’s also important to note that Gödel was intimately aware of the nascent computer science. He
was at Princeton in the 1930s when Church and Turing were doing their work on computability. He
actually attended lectures by John von Neumann on the new electronic computers in the 1940s.
There’s an anecdote that Gödel considered whether the human mind could surpass mechanistic
logic, which in later debates on AI people cite: Gödel’s theorem is sometimes used (controversially)
by people like philosopher John Lucas or Roger Penrose to argue that human thought is not purely
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mechanical, because a human can “see” the truth of the Gödel sentence while the machine can’t.
Whether that’s a valid argument is debated, but it shows Gödel’s work injecting itself into computer
science and cognitive science debates.

In summary, Kurt Gödel’s impact on computing is profound:

• He established key limits of computation (through analogy of limits of formal systems).

• He introduced the technique of self-reference via encoding, which is a key idea in the theory
of computation.

• He influenced Turing’s idea of a universal machine and hence the theoretical model of
computers.

• He indirectly influenced programming language theory and verification by highlighting the
fundamental limitations (no complete static analysis for all bugs, etc.).

• His work bridges logic and computer science by formalizing how systems can represent and
reason about themselves.

Gödel often humbly said he stood on the shoulders of giants like Hilbert and Russell, but in truth, he
became a giant himself, showing where those shoulders could no longer carry one further. In doing
so, he helped define the frontier for computer science: understanding not just what computers can
do, but what they cannot do. As a computer science student, when I learned about NP-completeness
or undecidability, I realized it’s part of this same quest that Gödel started: mapping the limits. It’s
fascinating that a logical result from 1931 still underpins how we think about the power and limits
of the software we write today.

5.4 Alan Turing (1912–1954) – Machines That Think

Alan Turing is often celebrated as the father of computer science and artificial intelligence. He was
a British mathematician and logician whose work in the 1930s and 1940s had immense practical
and theoretical impact on computing.

In 1936, Turing wrote On Computable Numbers, with an Application to the Entscheidungsprob-
lem, which introduced the abstract computing machine now known as the Turing machine.
Turing’s model was very simple: a machine that reads and writes symbols on an infinite tape
according to a finite set of rules. But with this model, Turing was able to capture the essence
of computation. Importantly, he described a Universal Turing Machine – a single machine
that can simulate any other Turing machine if fed with a description (program) for that machine.
This is essentially the theoretical blueprint for the modern stored-program computer: just as a
universal Turing machine reads a tape of instructions and executes them, a modern computer
stores a program in memory and executes it. Turing’s concept demonstrated the power of soft-
ware: the same hardware can do completely di!erent tasks based on what program (tape) you feed it.

By providing this model, Turing solved Hilbert’s Entscheidungsproblem in the negative, much like
Church did. But Turing’s argument was very intuitive and is often considered more accessible than
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Church’s lambda calculus approach. Turing used the notion of a “machine that can determine if
another machine will halt on a given input” and showed that if such a machine existed, one could
construct a paradoxical machine that halts if and only if it doesn’t halt (diagonalization). This
is basically the Halting Problem, which he proved unsolvable. That result in computer science
textbooks is like the sibling of Gödel’s incompleteness in mathematics and Church’s result in logic.
It tells us: no program can perfectly debug all other programs or determine all their behaviors. We
still deal with that reality in software development (you can never have a tool that tells you for
every program whether it will hang or finish, for example).

Turing’s model was crucial not just for showing limits but for giving a positive definition: com-
putable = “there is a Turing machine that does it.” This definition allows us to talk mathematically
about algorithms. Every algorithm you write in C or Java is, in theory, translatable into a Turing
machine. When we prove a function is computable, we often conceptually outline a Turing machine
or equivalent. This is why the Church-Turing thesis is so important; it tells us that when we use
pseudocode or high-level languages, they are not giving us any extra power beyond Turing machines,
they’re just more convenient for humans.

Moving beyond theory, Turing also played a legendary role in World War II, working at Bletchley
Park to break the German Enigma cipher. This is a direct application of computation and logic to
a real-world problem. Turing and his colleagues designed electro-mechanical devices (the bombe
machines) which systematically searched for Enigma settings that would decrypt intercepted mes-
sages. In essence, he was applying algorithmic thinking to cryptanalysis, and it worked brilliantly –
historians estimate that breaking Enigma helped shorten the war. This work remained secret for
a long time, but now we see it as an early example of computing machines being built to solve
complex logical problems (finding the key that satisfies certain cryptographic constraints).

After the war, Turing was involved in the design of some of the first electronic computers, such as the
ACE (Automatic Computing Engine) in the UK. He wrote detailed reports on how such a machine
should be organized – including using a stored program, memory, etc., very much like Von Neumann
did independently in the US. In fact, many credit Von Neumann’s report as founding modern ar-
chitecture, but Turing had very similar ideas around the same time and influenced projects in Britain.

One of the things Turing is famously known for in the broader culture is the Turing Test.
In 1950, he wrote a paper “Computing Machinery and Intelligence” which asked, “Can machines
think?” He proposed to replace that question with an operational one: if a machine can converse in
a way indistinguishable from a human, then we might as well say it’s thinking. This test defined
the goal of much of AI for decades: to create a machine that can use language as convincingly
as a person. The Turing Test remains a landmark concept in AI and interestingly, it’s a philo-
sophical criterion. I find it telling that Turing, having built codebreaking machines and formalized
computation, was by 1950 already pondering the possibility of AI with an almost philosophical
lens. He even discussed objections (like the argument from consciousness or God’s hand, etc.)
in that paper. That places Turing also as a contributor to the philosophy of AI and cognitive science.

In terms of technical contribution to computer science practice:
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• Turing machines gave us the concept of algorithmic complexity implicitly (not the formal
P vs NP stu!, but the notion that some tasks might take a fantastically large number of
steps). Turing’s original paper doesn’t deeply discuss complexity classes, but once you have
the model, you can ask, “How many steps does it take?” and that launches complexity theory
later (by people like Hartmanis and Stearns in the 1960s).

• Universality: The idea that one machine can do all computations if programmed appropri-
ately is fundamental. It’s why we don’t need a di!erent physical computer for each application;
we have general-purpose computers. Turing formalized that before any physical computer
existed.

• The concept of conditional logic and loops in code can be directly mapped to Turing’s
state transitions and tape moves. So when we write an ‘if‘ or a ‘while‘ in a program, we can
see a corresponding Turing machine process. Turing basically gave an executable semantics
to logic, which is the heart of all programming languages (they allow logical conditions and
actions).

• Turing was also involved in early programming. There’s a story that Turing wrote one of the
first programs (to generate the sequence of prime numbers) before any computer existed, by
writing it on paper for the hypothetical ACE machine.

Another subtlety: Turing’s 1938 work introduced the notion of oracle machines (Turing machines
that have access to an “oracle” for solving an otherwise unsolvable problem). This concept prefigures
things in complexity theory like the polynomial hierarchy and relative computability. Today’s
complexity theorists consider “what if we had an oracle for NP problems, what could we solve
then?” – that’s basically Turing’s oracle idea. So he sowed seeds for future theoretical CS.

A personal connection: I remember manually simulating Turing machines on homework in my
theory of computation course, moving a little head across cells of a tape and updating a state. It
felt tedious, but it was magical that this simple model could in principle do anything any computer
program could do. That exercise is something nearly every CS student does, a testament to how
fundamental Turing’s model is to our education. And when we write a program in any modern
language, or design a new algorithm, we are e!ectively working within Turing’s framework – trying
to get a Turing machine (or equivalent) to do something in a finite number of steps.

Moreover, the ethical and visionary side of Turing also resonates: from the Turing Test to his
musings on machine learning (he speculated about machines learning like children), he anticipated
a lot. The very name of the top AI conference (the Turing Award) is named after him, which is like
the “Nobel Prize of Computing”. That shows the esteem the community has for him.

In summary, Alan Turing’s influence on computer science includes:

• The formal definition of computation and algorithm (Turing machine).

• The proof of the existence of unsolvable problems (halting problem).

• The concept of a general-purpose computer (universal machine).
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• Practical contributions to building real computers and early programming.

• Foundational ideas in AI (Turing Test) and even early thoughts on machine learning.

• A lasting legacy in the form of the Turing Award (which highlights his central role in the
field).

• Inspiration: many people in computing cite Turing’s life and work (including his war heroism
and tragic persecution) as inspirational.

The arc from Turing’s theoretical paper in 1936 to the actual stored-program computers by the late
1940s is very short – just over a decade. He lived to see the dawn of actual electronic computing
and contributed to it. His ideas, seeded in a purely logical analysis, became metal and electricity
performing tasks – a journey from philosophy to engineering in essentially one generation. If I
ever doubt the practical relevance of philosophical ideas, Turing’s story abolishes that doubt: a
philosophical question (“what is a method?”) led to the machines that define our era.

With Turing, we kind of conclude the historical narrative from philosophy to code: Aristotle
to Turing is a clear line of increasingly mechanized logic. After Turing, computer science blossoms
as its own discipline. But it’s fascinating that up until Turing, most of these pioneers considered
themselves mathematicians or philosophers or logicians. They were not “computer scientists” be-
cause that term didn’t exist. Yet, collectively, they built the intellectual foundations of what would
become computer science.

6 Late 20th Century: Philosophy in Practice

6.1 Edsger Dijkstra (1930–2002) – Structured Thinking in Software

After the foundational breakthroughs of Turing and his contemporaries, computers moved from
theoretical objects to physical realities. By the mid-20th century, the focus shifted to how to
e!ectively use these machines, especially as software (the instructions given to computers) became
more complex. Here enters Edsger Dijkstra, a Dutch computer scientist who was a pioneer in the
art and philosophy of programming. Dijkstra began his academic life in theoretical physics, but
it was in computing that he made his mark, quickly becoming one of the most influential figures
in the development of software methodology. He worked in the 1950s and 1960s on foundational
aspects of operating systems and algorithm design, producing work that is still cited and taught
today. His shortest path algorithm (now called Dijkstra’s Algorithm), invented in 1956, became a
classic. He was both a very practical programmer and also a deeply philosophically-minded thinker
about what programming is. Reading Dijkstra’s writings.

One of Dijkstra’s famous quotes is “Program testing can be used to show the presence of bugs,
but never to show their absence!”. This might as well be a logical statement: it’s pointing out a
fundamental limitation of inductive reasoning in software – no matter how many tests you run, you
can’t be sure there isn’t some corner-case that fails. This had a huge impact on the approach to
writing programs: Dijkstra promoted proving programs correct instead of just testing, whenever
possible. He treated programs almost like mathematical proofs themselves, something to be derived
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with certainty.

Dijkstra was a key figure in the development of structured programming. In the late 1960s,
programming was often done with a lot of “goto” statements that could jump around in code
arbitrarily, making programs hard to follow and reason about. Dijkstra’s famous letter “Go To
Statement Considered Harmful” (1968) argued that we should control the flow of programs with
cleaner constructs like loops and conditionals rather than chaotic jumps. This was not just a nitpick
about style; it was a stance deeply rooted in logic: with structured programming, one can more
readily apply reasoning to understand what a program does. Essentially, he was trying to bring
logical structure to the practice of coding. Today, nearly all programming languages encourage
structured programming (and many don’t even have a goto at all). That is directly attributable to
Dijkstra’s influence.

A second major contribution by Dijkstra is in concurrency (multi-threaded or multi-process
programs). He was one of the first to frame the synchronization problem abstractly – with
concepts like semaphores and the “mutual exclusion” problem. For example, he introduced the
notion of a semaphore as a simple integer that could control access to shared resources between
concurrent processes. This invention is now fundamental in operating systems and concurrent
algorithms: whenever we use a lock or a mutex in a program to ensure two threads don’t step on
each other’s toes, we’re using Dijkstra’s idea. It’s a direct solution to a logical problem: how do we
ensure a certain property (at most one process in a critical section at a time) given asynchronous
concurrent execution? Dijkstra reasoned about this and gave a solution, essentially birthing the
field of concurrent algorithmic reasoning.

Dijkstra’s work on shortest path algorithms (1956) also is very much alive – every time you
use a mapping app to get directions, it’s quite likely using Dijkstra’s algorithm or some variant if
the data is modeled as a graph with weighted edges. That’s a very tangible algorithmic contribution.

But beyond specific algorithms, Dijkstra’s passion was in teaching programmers to think
clearly. He often wrote in a personal, sometimes blunt style, urging programmers to consider the
elegance and correctness of their programs. He treated programming as a branch of applied logic –
a view that aligns with the theme of how philosophy (logic, clarity, reasoning) underlies computer
science. One of his manuscripts was titled “A Discipline of Programming.” In it, he tries to show
how one can systematically derive correct programs from specifications, essentially turning program
construction into a quasi-formal process.

It’s interesting: early philosophers like Aristotle gave us formal logic to check arguments; Di-
jkstra tried to give programmers formal methods to check code. Occam’s Razor from Ockham
(choose the simplest hypothesis) becomes in Dijkstra’s parlance the drive to find the simplest
program that accomplishes a task (because simpler programs are easier to get right and understand).
He was known for insisting that simplicity and clarity were not luxuries, but absolute requirements
for good software.

Dijkstra often used the term “elegant” to describe solutions, which in his context meant not
just pretty, but logically minimal and e#cient. This reminds me of how a mathematician might
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speak about an elegant proof. He elevated programming to an intellectual activity on par with
mathematical problem-solving. This was a shift from the early days when programming was seen as
just hacking or fiddling with machine codes; Dijkstra and others turned it into “computer science”
– with emphasis on the science, meaning underlying principles and rigor, not just ad-hoc practice.

His influence on education in computer science was also significant. Many curricula in the 1970s-
1990s around the world started emphasizing structured programming, data structures, algorithmic
thinking, largely thanks to the advocacy of people like Dijkstra. He also deliberately eschewed some
of the conveniences of computing to sharpen his reasoning: for example, he famously didn’t use
a debugger much, preferring to reason out the code logically rather than rely on trial and error.
That might be extreme, but it underscores his philosophy that program logic should be sound by
construction, not just patched by testing.

An interesting anecdote: Dijkstra won the 1972 Turing Award (basically the highest award in CS)
and his acceptance speech was titled “The Humble Programmer.” In it, he stresses that because
programming is so di#cult for our limited minds (it’s easy to make mistakes we can’t foresee), we
have to be humble and use all the tools at our disposal (like structured programming, proofs of
correctness, etc.) to ensure our programs work. He basically echoed a theme that resonates through
philosophy of science – know the limits of your mind and build methodologies to mitigate them.
This reminds me of philosophers urging structured methods to avoid fallacies in reasoning; Dijkstra
urges structured programming to avoid bugs in coding.

To achieve this behaviour, Dijkstra and his contemporaries (like Hoare, Floyd) developed early
program verification techniques. For instance, the idea of using preconditions and postconditions
to specify what a piece of code expects and ensures (Hoare logic) was in the same spirit as Dijkstra’s
weakest precondition calculus. These are clearly logic applications: they treat program statements
akin to logical inferences that transform assertions about state. Modern software engineering is
seeing a resurgence of these ideas with tools for design-by-contract and formal verification (like in
some languages you can specify preconditions that get checked at runtime, or use static analyzers
to verify properties). This trend is the direct descendant of Dijkstra’s belief that programs should
be reasoned about with the same rigor as mathematical theorems.

That was not all. In concurrency, beyond semaphores, Dijkstra also discussed many original
problems like the Dining Philosophers (a conceptual puzzle about resource sharing). That problem
not only has a fun philosophical name, but it’s a canonical example in OS courses of issues like
deadlock and starvation – very practical, yet conceptually rich.

All in all, Edsger Dijkstra’s contributions and philosophy can be summed up as:

• Emphasizing the importance of clarity, simplicity, and correctness in programs, reflecting
philosophical principles of good reasoning.

• Introducing and popularizing structured programming, which today is a fundamental
baseline for writing code.

• Contributing key concepts to operating systems and concurrency (like semaphores and
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mutual exclusion), which are foundational for multi-threaded computing.

• Pioneering methods of formal verification and program derivation.

• Writing influential, thought-provoking essays that shaped the culture of programming (the
fact that many programmers know the phrase “goto considered harmful” shows his reach).

• Inventing algorithms (such as the shortest path algorithm) that are staples in computer
science.

• Instilling the notion that programming is not just getting machines to work, but an intel-
lectually rich discipline – a scientific endeavor of designing algorithms and reasoning about
them.

We can see Dijkstra as a representative of the maturation of computer science: the point when
computing moved from being just an engineering craft or a novelty to being a rigorous academic
discipline with underlying principles such as AI. He, along with others, brought the mindset of a
logician and mathematician to everyday programming tasks. It’s a great example of philosophy (in
the sense of disciplined thinking) shaping the actual practice of an entire industry.

Even today, reading Dijkstra’s notes can be challenging (he wrote them very tersely, often by
hand), but they often contain timeless wisdom. Many modern software methodologies, like agile or
devops, might seem far removed from Dijkstra’s formalism, but even they emphasize simplicity
and continuous reasoning (like “keep it simple” or “refactor mercilessly” are agile mantras that
align with Dijkstra’s ethos of simplicity and clarity).

To conclude this section and e!ectively the historical narrative: Dijkstra shows that the chain from
logic to code is unbroken – Aristotle’s logic helped birth computer algorithms, and in turn, the
necessity to manage those algorithms in real systems gave rise to a new kind of logical discipline
(programming methodology). By the late 20th century, we see that the philosophical ideas of
precision and structured thought are not just abstract; they are guiding principles for the people
who build the software that runs the world.

7 Conclusion: From Philosopher’s Logic to Computer Code

Looking back over this journey, I’m struck by how seamlessly the story of computer science weaves
into the story of philosophy. What began as abstract questions about reason, knowledge, and how
to formalize thinking eventually led to the creation of machines that execute billions of logical
operations per second. The narrative isn’t a simple one of “philosophers dreamed it, engineers built
it” – it’s more intertwined. At each step, philosophical ideas provided the blueprint and motivation
for technical advancements, and those technical advancements in turn raised new philosophical
questions.

Starting with Aristotle, we saw the blueprint of logic itself being laid out. He turned reason-
ing into something that could be analyzed, giving us the notion that thinking follows rules. This
was the seed of the idea that perhaps those rules could one day be mechanized. Indeed, when
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we design a new algorithm, we’re often encoding some logical inference or decision process (like
sorting is basically ordering logic applied repeatedly). Aristotle couldn’t have imagined silicon chips,
but he imagined the essential truth that reasoning can be systematic, and that system can be studied.

The chain of preservation and expansion through Al-Farabi and Ockham ensured those logi-
cal tools were refined and kept alive. It reminds me of a relay race: the torch of logic passed
through di!erent cultures and times, each adding something. Al-Farabi connecting logic to language
anticipates the fact that to program computers, we had to invent programming languages – artificial
languages with defined syntax and semantics (something he conceptually foresaw by saying logic is
like grammar for thoughts). Ockham’s Razor – choose simplicity – is practically a motto in software
design (“Keep it simple, stupid”). I have often seen overly complex programs fail where simple ones
succeed; that’s Occam’s lesson in action.

Descartes, Leibniz, Boole, and Frege collectively transformed logic from a philosophical curiosity
into a mathematical and symbolic toolset. Leibniz dreaming of a universal logical language and a
machine to compute truth is perhaps the single most prophetic vision in this story – he practically
imagined computers in the 1600s. And by inventing binary and advocating for calculation (Cal-
culemus!), he gave later innovators the keys to the kingdom. Boole then algebraized that vision,
making it concrete enough that engineers like Shannon could directly use it to wire up circuits.
Frege’s predicate logic extended our reach to make even more sophisticated reasoning computable,
at least in principle, and set the stage for the kind of complex software logic we deal with today
(where programs handle objects, relationships, etc., essentially needing first-order logic to describe
their behavior).

Russell and Hilbert epitomized the optimism that all of thought could be tamed by logic and,
implicitly or explicitly, by computation. Russell’s type theory is mirrored in every strongly-typed
programming language that prevents us from, say, adding a number to a string without conversion
– it’s all about avoiding meaningless operations, a direct line from his e!ort to avoid paradoxes.
Hilbert’s call for decision procedures was answered by Turing and Church – not in the way he
hoped, but in a way that profoundly shaped our understanding of computation’s limits. Knowing
that some problems are undecidable has kept computer scientists grounded; for instance, it’s why
we know there will never be a perfect all-purpose optimizer or verifier for every program – we must
target specific domains or live with uncertainty for some things.

Gödel, Church, and Turing are the triumvirate that turned those philosophical questions into the
formal definition of computation and its limits. Gödel showed us that even with the best logic,
some truths elude proof; Turing showed us that even with the best computer, some problems
elude solution. These aren’t just pessimistic limits; they also gave us constructive definitions of
what computation is (Turing machine, lambda calculus). They basically handed humanity the user
manual for the digital age just as it was dawning. When I code, I’m e!ectively using Turing’s
model, whether I think about it or not. And when I hit an intractable problem, I’m often butting
up against constraints that Gödel and Turing explained the existence of.

Finally, Dijkstra and his contemporaries brought it full circle to practice: reminding us that
just because we have computers, our responsibility to think clearly hasn’t been lifted – in fact, it’s
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amplified. I might have an incredibly fast computer and a high-level language, but if my reasoning
about the problem is flawed, the computer will faithfully execute my flawed logic and produce
flawed outcomes. Dijkstra understood that and worked to educate a generation of programmers to
value correctness and clarity as much as speed and feature-set. Therefore, Dijkstra disliked Artificial
Intelligence, he stated as his opinion; the only scientific branch of AI is computer chess.

In the late 20th century and now the 21st, we see philosophy continuing to interact with computer
science. Questions about AI and consciousness, ethics of algorithms, the nature of computation
in a quantum world – these are new philosophical frontiers raised by the technology. And we tackle
them using the framework built through the ages: clear definitions, logical reasoning, sometimes
even formal proofs.

Even fields like software engineering methodologies have philosophical underpinnings – think
of the debate between top-down design (rationalist approach) vs. evolutionary design (empiricist
approach). The interplay of theory and practice in agile methods or formal methods can be seen as
echoes of long-standing philosophical dichotomies.

The tale from logic to code is not just a feel-good historical connection; it has practical im-
plications. Understanding this lineage makes me a better computer scientist. When debugging, I’m
aware that I’m engaging in an Aristotelian check of syllogisms (does this flow of logic actually hold,
or did I assume something false?). When optimizing or simplifying code, I hear Ockham’s whisper.
When ensuring my program handles all cases, I recall Frege’s insistence on explicit quantification
(did I cover “for all” inputs?). If I find I cannot solve a problem with an algorithm, I consider
whether it might be undecidable or NP-hard, invoking Church/Turing/Gödel’s insights. And when
I structure a concurrent system, I apply Dijkstra’s lessons to avoid logical deadlocks and ensure
coherent reasoning across threads.

It’s also a human story. Philosophers often toiled in abstraction without knowing what con-
crete outcomes their ideas would have. Many of them – Leibniz, Boole, Frege, even Gödel and
Turing in some respects – didn’t get to see how wildly their ideas would flourish in computing.
But each was driven by a desire to understand or improve the way we reason and solve problems.
Computer science is, in a way, the collective toolkit enabling us to reason and solve problems with
machines. It’s a toolkit philosophy helped design.

As I finish this thesis, one thing stands out to me: the boundaries between disciplines are ar-
tificial. Philosophy, mathematics, logic, engineering, computer science – in the grand quest for
understanding and capability, they form one continuous spectrum. The computer on my desk is not
just a product of engineering ingenuity; it’s the embodiment of philosophical ideas made metal. It
runs on logic, quite literally. And the programs I write are only as good as the reasoning I put into
them.

In conclusion, philosophy shaped the birth of computer science by providing its foundational
ideas, its modes of thought, and its aspirations. From the first attempts to codify correct reasoning
to the latest algorithms running our world, the imprint of philosophical logic is present at every
step. As we advance, perhaps developing AI further or exploring quantum computing, staying
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grounded in clear thinking (the gift of philosophy) will be ever more crucial. Just as those early
philosophers lit the way to our modern capabilities, the best computer scientists of the future may
well be those who, in addition to technical skill, carry the torch of philosophical clarity – ensuring
that as our machines get smarter and faster, our understanding and wisdom keep pace.
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[16] Bahman Mehri. “From Al-Khwārizmı̄ to Algorithm.” *Olympiads in Informatics*, Special
Issue 2017.

[17] Deborah L. Black. Logic and Aristotle’s Rhetoric and Poetics in Medieval Arabic Philosophy:
Al-Farabi, Avicenna, and Averroes. Brill, 2007.

[18] William of Ockham. Ockham’s Theory of Terms: Part I of the Summa Logicae. Trans. Michael
J. Loux. University of Notre Dame Press, 1972.

35



[19] Marilyn McCord Adams. William Ockham. University of Notre Dame Press, 1985.

[20] Paul Vincent Spade. Thought, Language, and Ontology in Ockham. Ashgate, 2004.
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