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Discovery of Computer 

Computer is arguably one of the most important invention ever made by human and its presence has 

shaped the way human live their life. The invention of this caliber is naturally did not come in instantly or 

in easy way. The path to computer discovery has been quite a long and challenging road, which span 

several hundred years in time and generation of thinker and scientists which devote their life pursuing 

this lofty goal. The outset of this grand journey is started, arguably, by the conception of universal thinking 

machine, the calculus ratiocinator, which is conceptualized by Leibniz in 17th century. This idea is then in 

the end evolved further until Alan Turing come up with the Universal Turing Machine, the hypothetical 

device which is the idealization of a working computer as we know today. This machine is then realized in 

the physical form by John von Neumann and his colleagues into becoming machine called Electronic 

Discrete Variable Automatic Computer (EDVAC). 

Surely the computer cannot born into fruition without countless contribution from countless scientists, 

each contribute to the development of the computer either by laying the mathematical foundation or 

working in technical detail on how to actually build the machine. It is interesting to learn how the 

computer really evolves and then learn from this very process to guide us into performing better in 

another different scientific journey in the future. 

In this essay, the scientific discovery of computer invention are going to be discussed. A brief history, 

pinpointing pivotal moments and seminal works are going to be highlighted and explained. The similarity 

and difference of scientific endeavor conducted in the past with today will also be explored. Lastly, a 

future direction of computer progression will be summarized. 

It is arguable whether the completion of a computer is inevitable or not. In order to be able to give sound 

judgment, one must follow the series of event and the chronology of computer discovery, starting from 

the conception of the very idea of computer until its actualization into the physical form. 

The starting idea, arguably, can be credited to Leibniz based on books from Martin Davis titled “Universal 

Computer”. Gottfried Wilhelm Leibniz, which is famously credited as the inventor of calculus alongside 

Newton, conceived a universal thinking machine which he called calculus ratiocinator. There are three 

major components that is needed to be fulfilled in order to realize the thinking machine. First, a 

compendium or encyclopedia which encompassed the full scope of human knowledge is needed to be 

created at the beginning. Then, after that the key underlying notions of those knowledge can be 

discovered and turned into appropriate symbols for each of them. Finally, the rules of deduction of the 

knowledge can be performed by just using manipulation of those symbols. We can interpret this as the 

universe as we know it can be reduced to just single symbolic calculus. 

The way this thinking machine works is on the same page with the modern computer in which only a 

handful of symbols are being manipulated. This clearly shows Leibniz’s prophetic vision about computer. 

He was also a fervent proponent of using binary notation which is used in the modern computer. It is 

unfortunate that Leibniz, despite his burning passion about this grand dream, was unable to devote more 

of his time to work on it due to his work as family historian to a noble family. The thinking machine remains 

to be a mere dream in his time. 



Fast forward several hundred years into the future after the passing of Leibniz, George Boole proposed 

logic algebra although presumably unaware of Leibniz’s efforts. For this contribution, the name of logic 

algebra is christened as Boolean algebra. Boolean algebra manipulates set of symbol which represents 

class or concept. One notable difference from regular algebra is the value for this variable can be either 

‘0’ or ‘1’, true or false. Using a set of symbol, one can defines a logic sentence and then deduces the 

conclusion from a set of instruction or rule. 

However, there are some things that is cannot be tackled by using Boolean algebra alone. Gottlob Frege 

extended this work into becoming first order logic. He also added several symbols to that is still being 

used until today like for ‘or’ and  for universal quantifier. He also worked on a lofty goal, to reduce the 

whole arithmetic field into pure logic. However, in the end his work is invalidated by Bertrand Russell. 

Other giants figure in mathematical field continue the work after that. Georg Cantor formalized the set 

theory and proved that there is a different size of infinity with his diagonalization method. David Hilbert 

formulated the field of metamathematics and posed the Entscheidungsproblem, later solved by Turing 

which make him interested in this field. Kurt Gödel with his incompleteness theorem proved that there is 

mathematical statement that is cannot be proven whether it is true or not. All of them lay a mathematical 

foundation used later to create the first computer. 

The next major leap in computer development then can be attributed to Turing when he devised the 

Universal Turing Machine after he solved the Entscheidungsproblem, inspired by Cantor diagonalization 

techniques. This universal machine is capable of carrying out any computation (given that it is something 

computable) just by using a simple rule of moving scanning/writing head and writing/reading a finite 

number of symbols in an infinite length of tape. The physical incarnation of Turing machine is then realized 

by the work of John von Neumann and colleagues from the Moore School of Electrical Engineering at 

Philadelphia. After that, computer continues to evolve into the computer that we know and use today. 

Looking into this short history, it is obvious now that the invention of computer cannot be credited into a 

single person or entity. Even von Neumann which outlined the architecture of EDVAC, then forever 

christened as von Neumann architecture, could not realize the machine without brilliant engineering 

technique possessed by his colleague, John Presper Eckert Jr.,  which also the chief engineer for the ENIAC 

project, the forefather of modern computer. Nor Turing could devised the Turing Machine without first 

getting exposure of Gödel’s theorem. The things that they built is assembled using the result of their 

predecessor’s efforts. 

It is also rather arguable whether the creation of computer is inevitable or not. If, for example, Turing did 

not devised his Universal Turing Machine, then would von Neumann used the same architecture for the 

machine being built (storing the program and data in the same place)? Would computer stays the same 

or not? In my opinion, I think in the end computer will still be built, given sufficient time, by other persons. 

This is in spirit of how the science works, by building on other people’s works. If there is any void in the 

body of knowledge, then surely other peoples will try to fill them, although maybe a bit late that what the 

history dictates. If, for example, Turing did not attend the Newman lecture about foundation of 

mathematics and learned about Entscheidungsproblem, then another Turing might showed up later to fill 

his shoes. That is what I believe. 

It goes without saying that scientists, as other humans, need money, not only for performing the necessary 

experiments, but also to preserve their wellbeing and provide for their families. Each era has different 

way of earning income. In Leibniz time, it is by working to a wealthy noble patron. In a more recent time, 



working as professor on a university or education institution, giving lecture while performing research, is 

the norm. 

However, some of the works might, regrettably, interfere with their own main research. For example, 

Leibniz first spent his time working to update the legal system for a Baron in Mainz and then later to 

complete family tree for Duke of Hanover. It is arguable whether he can complete his dream thinking 

machine if he had unlimited funding and time. Other example is George Boole who had to give lecture 

and then had to grade for the entire class, which took almost all of his time. By doing so, neither Boole 

nor Leibniz had enough spare time to perform the research. 

In the era of Turing and von Neumann, since the world was in war times, most of the funding came from 

government and military which was usually geared towards gaining upper hands in the war. The work 

ranging from deciphering enemy’s encrypted code or working on computational machine needed to build 

the atomic bomb. Even though the motivation might not be too noble, the advancement it brought to 

science was enormous. The scientist had also full time to perform the research and usually did not need 

to think about the money too much. 

Time travel to today, most of the funding for research comes from the government or government 

organization like National Institute of Health (NIH) and National Science Foundation (NSF) in America.  The 

funding is usually packages into several grants with different topics depends on the donor. Some giant 

corporations usually perform their research in-house and then convert the result into customer ready 

products. Funding from military sector is also still going strong. For example, Defense Advanced Research 

Projects Agency (DARPA) which sponsors annual challenge, with product such as (soon-to-be) self-driving 

cars.  

The scientists are usually work as full-time professor in a university or college. In performing their 

research, they are usually assisted by several young assistant professor and doctoral students. This is 

surely helpful because the scope of current research can be mind-bogglingly bigger than what was in the 

past. Comparing both eras, I am leaning to say that, it is arguably better to perform research today than 

in the past. 

Publication is one way a scientist can promote his/her work which in the end can be used by another 

scientist which is working on different things. One advantage of our current publication scheme is the 

speed and availability of research text or paper. It is reachable from any place in the earth, given that one 

have decent connection to the internet. There are also sites and services, like Scopus, Google scholar, and 

IEEExplore, which index peer-reviewed paper that makes it easier for people to look paper for certain 

topics, ready to be explored with just the tip of the finger.  

Imagine if Leibniz had access to the work of Newton and any other scientists before moving in to Paris, in 

which he got exposed to several prominent figure in mathematics and science like Huygens. He could stay 

in his city, Leipzig, and still achieved tremendous progress. And whenever he published his research, some 

scientist in a faraway land would also had access to his result. If this was the case, then his thinking 

machine might not be a too far-fetched dream for his time. 

Science is social enterprise, which involves how to convince people that our discovered phenomenon or 

invention is correct. This result is then added to the current body of knowledge. The future science will be 

built based on the current body of knowledge. This has been demonstrated by Gödel with his 

incompleteness theorem which is developed on the basis of Cantor diagonalization method and Turing 



proof of ‘halting problem’, also based on the same principle. It is social enterprise also in the sense that 

the one who performs the science is human who tend to follow their ego instead of objectively. Notable 

example is Kronecker which dismissed Cantor works because he thought of it as futile attempt to dealing 

with infinity. 

Despite the difficulty in its development, the computer did not stop grow and mature since the beginning 

of its invention. Other great discovery which also changed the face of computer in its era to bring it closer 

to today is undeniably the development of transistor by John Bardeen, Walter Brattain, and William 

Shockley. Transistor is a key component in practically all modern electronics, computer included. 

Transistor substitute vacuum tube as the building block of logic operation performed inside the computer. 

Transistor advantages lies in its small size, low power which makes it possible to pack million of them 

inside an integrated chip. This invention opened up many possibilities. Today’s transistor is fabricated as 

small as 20 nanometer and a personal computer processor can contains up to 1.4 billion transistors. 

There are also many field that is growing with regards to computer. Programming, networking, is a 

subfield which extensively used a computer and have their own depth. Artificial intelligence is also one of 

the field that is flourished since the computer exist. Today’s AI is one of the heavily researched field. There 

are some spectacular feats that has been performed by AI in computer, like beating a grandmaster in 

chess. This advance of computer ability have been prophesized by Turing in one of his essay “Computing 

machinery and intelligence”. 

Nowadays, human life cannot be separated from a computer or automated device. Computer has 

permeated almost every aspects of human life. The shape and usability has evolved even further than 

originally anticipated. Personal Computer (PC), laptop, smartphone, console, are computer with different 

form, tailor to suit different needs of users. Today’s many scientific endeavor also rely on computer in 

order to conduct their activities. This include physics, chemistry, and biology. This is caused by the colossal 

amount of data. An automation process using computer is then much needed. 

The research performed surrounding the computer also has been evolved. The chip manufactured which 

produced processor, the brain of the computer, continue to make smaller chips and packing more 

transistor than ever every year, strictly following the Moore Law. The physical limitation of the fabrication 

technique might barrier the law to continue. However, different form of computation like DNA computing 

or quantum computing, currently being researched heavily in many research centers and universities are 

ready to take the torch from traditional transistor based to make ever faster computer. 

It is quite a mesmerizing journey, starting from just an idea to become human most important invention. 

One thing for certain, computer will become even more powerful. That much is needed to tackle even 

harder problem the world is facing today. 
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