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Technology
Greek

Uy o(teatine): art, craftsmanship, skill
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Preface

In the pastcouple of decades, the globe has been encircled by the web of technology. Daviees

become obsolete so blindingly fast, that coming to grips with the pace of development has become
tougher with time. It is not uncommon to feel as if one is on a roller coaster ride, hanging on to the seat by

the tips of the fingers. From around the tif@ureshockof Alvin Toffler became popular n t he 19700
several hundreds of books have been written, talks have been arranged, conferences organized under the
theme of technology, especially about computing technology that has come to influence oso lives
penetratingly. However, the glare of new technology has grown so strong that most descriptions restrict
themselves to the past 50 years or so, as it is not worthwhile to describe and study an obsolete technology

in full working detail. Even if the earbr history is mapped out, the corresponding conceptual
development, particularly the philosophical development is not generally addressed.

Additionally, innovation has beea goal much stressed upon in recent years. In a rapidly changing
environment, it isdoubly difficult to identify what is really new, making it a tricky goal to work with.
Hence what is most needed is an analysis of the way we came to be where we are today in terms of
technology, and a clear understanding of what the effect of technislagythe human mindnly this

can show where we are headed.

These two aspectsge addressed in this wothkow the technology was created, and how it is relattue

thinking processNot only is a historical overviewprovided but the conceptualevelopments which

came into being along the waye highlighted as welllhisis seen tdead right back into the time of the
Renaissancand the Age of Enlightenmerdnd by suitably arranging the different streams of thought so
that their effect on eadbther can beseenaway is found into thenuchdistantpasi to the origin of the

ideas guiding technology today. This path can get winding at times, but is by no means random. The aim
of the processs to see if th way technology has developed wasdhty way possible, and if there are

any idea that cargive a differentorientation for it At the same time, by studying the effect of machines

on the human mind, ways to understand and compensate for these effects are suggested. It is hoped that
this heps to not only tackle technology in the right way, but also enable new ideas to enter into this field
that can prove fruitful foeveryfree thinking person.

Gopi Krishna Vijaya

May 2015.



The real question is not whether machines thimkwhether men do. The mystery which surrounds a
thinking machine already surrounds a thinking man.

- B. F. Skinner


http://www.quotehd.com/Quotes/Author/b-f-skinner-quotes

Chapter 1: The Situation Today

IN YoUuR MiND :
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(courtesy: Manu Cornet)

One of the distinguishing featurestht world todayis the sheer number of distractions one is subjected

to day in and day out. Every aisle in the supermarket has a thousand options, every street in the city has a
thousand boards and advertisemeaslevery click of the button pours out a million options for pursuit.

The sights and sounds that blare forth from all directions, especially in the midst of a big city have
reached unprecedented levels, especially if all the earphones andsamalis are ohuded. This
development is noticed not only by the experts in psychology or students of anthropology,tieit by
general publicThe sudden rise of computers, internet, smartphones and its consequences can hardly be
missed by anyone. This transition irtbk@ world of distraction is being experienced by a larger section of

the population today than ever before, and quicker than ever before.



As the things that demand our attention have proliferated, attesgiaorsappear tchave gondhe other
way. In thespan ofjust fifteen yearsijt canbe observe that it is much harder to concentrate on one topic
today, in any field of life. In order to accommodate, and to sometank with this limitation,the fields

of knowledge hav@raduallysplinteled into innumerable tiny boxe®bserve the number of specialists
that have arisen ithe various fields of knowledgeg.fi a d dscnbtdorbé found easiljput rather an

flol ogi st o, whose specialty i s one.ltshaddd 4 dcientifipart of
investigator to even understand the vocabulary of another field of science, let alone communicate the
thoughts accuratelyt i s actual | y e afsasnmalltopitian to kavefdin-tiepthgeaspp er t 0

of a wide arrg of knowledge.This appears to be one of the siféects of thelnformation Age: a
fracturing of knowledgeand attentionSo on one hand, the ability to access information has increased
enormously, and on the other hand, the ability to remember, adsienild work with that information is
getting difficult.

Noticing thischange is one thing, coming to terms witls quite anothert is clear that with time, these
effects of technology can only increase. This bringseyeral questiongiow did this echnology arise?
Where did it originate, and where is it headétt®v to distinguish the harmful dnuseful effects of
technology? Where is it possible to draw the line, if at all such a line exists?

It is possible to think about technology in simple terfos example: the knife that is in the hands of a
surgeon and the knife that is in the hands of a robber. If so, then it is not the knife that is the issue at hand,
but the person and his motives, in which case all worrying about technology becomesmritrele
However, things are not as simple as all that when comparing a knife with the effects of modern
computing technologyT he effects of a knife are clear and visible to all while the effect of technology on

the workings of the innermost aspects of thedis not easily visibleThe cooperation with the machine
remains out of sightStudying thevisible effects of technology is easier than understandingntisible

effects on something as internal as thinking and focusing. Computing technology is, as the saying goes, a
whole other animal.

It is thereforeimportant toidentify what the relationship is between thinking capacities and our current
technologyfilled life, and what can be done about ithis is a vast field, and ivould involve delving

into anobstacle coursef sortsto trace the origin of theelevantideas Sincethesechanges are not easily
visible to the eye, it requires some patience to identify the pathde.Hence, ayoodapproach would be

to consider the changes themselves in greater dealliry to get a clear image to work witthis way

the right questions can reveal themselves along the way, instead of trying tditftreesituation into
speeific questions.Since the topic is about the recent changes in thinking capacities, it is best to begin
with the present dy and work backwards, whiatill be donein the following chapter



Chapter 2: Patterns of Thought

Since the patlof approachs not easily visualized in case of internal thought proceskedirst thing to

do is to study the current scenario in a bit more déthik would help visualize the process more clearly
Theidealplace to startheenqui ri es i s with what is right Ain o1
reading this. It could be either a paper or (more likely) the computer screen. If it is being read on a paper,

then it wasprobally printed by a computeafter seeing it on thecreen leading backagaininto the
computerscreena good starting point

In general, what would the response ba persons askedtoday. AHow does this scre:q
chances are that Ahow ¢ omput@oogle 8Vikipedie or perhapsin Kk 6 wo u
i howst uf f.oMbthinkafew enmutes, everything related to the computer screen will be available,

right from the pigments on the sheetstth@ke up the screen to the wthe screen is refresheA.

YouTube video might even providelook into the cross section of the scrdewverythingappeas very
straightforward However,imaginethe situation after a week. If the same question is asked, what would

be thelikely result? Of course, a persamght rememberfigoogling it, but only vayuely remember the

det ai | s, and would probably do a quick seax ch aga
likely that the person would be halfway through an articiescreens and t hen reali ze: i
this before! Some time e c e n Hdngegtldere is a definite observable variation in both memory and
understanding.

Now, let it befurther assun#t hat a project report is rkeisplay red f o
Screens Work What would be the likely method of appro@dhwould most likelyinvolve clicking on a

lot more links, and perhaps a visit to the librafiscussion with others would occthiroughemail,

online foums and social mediaThe report would be typed up on a computer, reorganized, edited,
proofread,and submitted via email. It is possible to imagine a student completing the entire project on a
laptop without even leaving the bed. In other words, it might not even be necessary to move away from

the computer screen, in order to understand how a cemgereen works! At the end of it all, if there are

200 people completing such a project today, how many would have involved actually taking apart an old
computer screen? And how many would involve links picked from the first page of results in Google? It

is worth pondering that for a moment.



Now, consider taking a few steps back, about 30 years in the past, in order to compare it with the situation
today. Imaginghe results of the previous projess written by2 00 young st udevimot s i n |
embarkon such a projedike their moderncounterparts. To stay true to ttiéferent timeperiods, assume

thatt he st ud e nhag aprbjectttchsabmiB dh dtalevisionscreenWhen in the libraryif the
movements of the studerdse imaginedit is easy to see several different starting pofrasn different

books involving a lot of physical movement to and from booksheltestudy deskandperhapsoffee
shops.Possibly a good number of the studentsuld be in the junkyard which had spare past the
television. A typical student would have at least travelled from the house to the litwagok up
referencesin the writing processfrom one sentence to the other, theruld have beem lot of time
involved Every sentencevould havehad tobe first thought outdiscussedandthenwritten ortyped out,

with little erasing(save for typos)The sentences spent a lot more time in the mind before getting
transferred to papem addition, a considerable amount of activibygth mental angbhyscal muscular

activity, was involved in the procesk.is quite a big difference between the push of a button and
planninga bus ride to the librargetween several other chorétence, hese two aspectsan beseento
clearlydistinguish between the two erdise element afime, and the element @fffort

The next step is toonfirm this development by consideriag earlier time periadBy moving back 50
more years it the past, somewhere in the 098 & different scenani can bevisualized Consider a
slightly different project for the student of 1930: to identify how the cinema worked, for example
(keepingthe theme of screens alive.) At this point, theraewveirtually no technical aids to the thinking
processitselfec ept oneb6s own capacities, books and sl ow
only a few machines that the common student could use to help him, such as perlaqzd phiating

press and the radighe practical sidevould have likely involvedactualprotracted work with cinematic
equipmentand projectorswhich wasnot owned by a lot of peoplat the time It would have been
necessary téearn to operat¢he instruments related to projecting an image on the sdredre cinema

hall itself. The effort and scopeof the projectis magnified, ad the time taken for it isimilarly
lengthened.

Thus, time and effort involved in any mental actiafie seen tancreae for every decadeaveledinto

the past. It is a common experience for those who communicate with their grandparents to marvel at the
amount of effort even simple tasks toak their time. Of coursethis is no great revelation, because a
machine is an object that saves humaretand effort, after all. But the important point here is to have a
clear visual of the innamentalsituationwith regard to this necessary time and effort, as this is the part
that is not readily visible.

At the same time, observing other devices othantcomputing devices showsamparativey slower
evolutionary process. For example, the shape of the knife has not really changed in several centuries.
Even automobiles, airplanes, bikes and ships have all sustained their basic structure for nefany. a cen

It is mainly with the start of computing technology that the pace of change has accelerated so
tremendously. Sincall technology before the computers helped to assist bodily work, the possible reason
for this accelerated speed has to be relatetstoonnection to the human thinking process. That is the
conclusion one is led to when compagrinmates of change of technology: the speed of evolution of
technology that is related to mental activity far outstrips the evolution of other forms of technology

10



I n addition to changing much quicker than conven
has also absorbed the activity of older devices into itself. For examgt®dacomparison between the
situation befor e an dseanfinttesmpictarcne early 20006s can b

vintage social networking

LinkedIn Pinterest YouTube
foursquare

Instagram

http:llwronghandsl.wordpress.com © Tohn Atkinson, Wrong Hands

It can be observed that the working office or st
computer and the internet. This is the major difference between the tools usedniddteof the 2

century and the toolssed today:most of the tools have been absorbed into the computer. For most
projects involving mainly analytical thinking, in place of the library, the office desk, the telephone (and
perhaps even the television), there is one instrument: the compltsr.the focus would have to be on
computing technology, with other forms of technology remaining in the background.

It is important to visualize this entire process clearly: as to how a project is approached, started and
finished i nThe patessfdreught seen irdthe use of this technolegylsto the central

issue: Howexactlydoes acomputingmachine affect the human thinking process® how is this effect
different from other machines?

11



Chapter 3: Internal and External Effort

For it is unworthy of excellent men to lose hours like slaves in the labor of calculation which
could safely be relegated to anyone else if the machine were used.

1 G.W.Leibniz

Before the age of machines, it was the animals that provided the motive farcal fof markindd s
activities. Once the machines took over, the burden of generating power fell on inanimatsegtoliais

meant that what would once have taken many people months ebtesiking repetitive work could be
accomplished with the help of moving a few levers and buttons. In addipoto, about a century ago,

what the machines took over was almost abvesfated to somskeletal ormuscular movement of the

human body. The six simple machines, as most of us were taught in grade school, all replace movements
of one kind or another executed by the musebtare system of man.

Wedge (fingers)

Pulley (jointmovement)
Inclined Plane (tilting)

Lever (arm kneg

Screw (wrist)

Wheel and axle (rotating joint)

So,it can be saidhat movementsdhehands and | egs are Aoutsourcedo t
This is the origin of technology in its conventibfiorm, as it existed until the @entury.

However, manual effort is not the only kind of effort that exists in this world, as anyone who has
struggled for hours on end with a mathematics problem will gladly afteg.was also seen in the
comparisonof the T\-screen project report from decade to decéadehis case, effort belongs to the

thought process alone, which does not pass over to the limbs. It is here thap#nentdifference

between a thought process and a mechanical moverht#r@skdeton andmusclescan be observedne

isinternal, theotherexternalFor t he ti me being, the words f@Aintern

12



indicate their general natuas a matter of experiencandwhether or not the two are strictly distirvei |

be examined later in chapter I6 terms of experience, ost analytical scientific or meditative effort is
directed at thesultivation ofinternaleffort for producing resultsvhile athletic and gymnastic efforts are
directed at the cultivation ok&ernal effort

Humanity spent large periods of time when bodily effort determined daily life to a great extent. However,
skills were developed over a period of time which prepared the way for the rise of technology and the
formulation of the laws of mealmics. This indicates thatgt as the laws of mechanics were formulated
after several generations of men and women had steeped themselves in the work of building various
structures, what is external work at one point of time evolvescayacity forinternal effort at a later

point of time. It is quite possible that Galileo has never had his hand crushed by a boulder ygapent
building a tower, but that did not prevent him from observing the laws of falling bodies. This indicates the
importanttransbrmation that occurBom age to ageexternalbodily effort of oneeratransforms into the
capacity for inner efforof a later era(lt is important to note at the poirgxternal effort only develops

the capacityfor inner effort, not the effort itselflt is up to the individuals to develop thatfactwhich

will be examined in the later sectiowshi | e expanding on tJe vague term

As theexternal work got outsourced to the machiasstechnologyMathematics and Natural Science
bloomedparallel to it This period continueétom 16" centuryuntil the end of the century, whera

new idea enterethankind: Is it possible to outsource the ina#ort of thoughtto the machines as well?

Side by side, another idea was also taken seyiousiWh at i f my s o oradlidoweeisd fii nne
nothing but a mechanical effort of my own mirddther words, \Wwat if my mind is a machine?

While pursuing these questiorthe outsourcing process thinking must be analyzedin overview of

this process can be describeldirst, they were used purely as calculating machoresalculators to

supplant the rote calculation that was done before éat followedthis was the creation of calculating
machines whose rules of calculation could also be included within their operation i.e. programmable
machineor computersin addition, the programmable machine has servedtolbee finer vous sy s
all other machines, dtping to interface several of them at once. It has thus been possible to merge the
functionalities of several devices into one deyias shown in the picture about social meHiger since

then a great controversy has been raging as to whietileanmentl capacities are comparable to the
mental capacities of a machine, or rourrently, the computdeads technological revolutions, as every
process in the world is reproduced within the computer, and the computer also generates new data never
generagd kefore.

This phenomenal success of computing has also gi
conscious/selhwar ed or even coming to |ife. I n ot her wor
extremely complex mechanical interactions, aimte computers perform these calculations in a fraction

of a second, would it not be feasible to call a compalige? These, and many other related questions

have cropped up in the past few decades with increasing intensity.

Essentially, the key questiois regarding the thinking process itself. Hdaesa human being think?
Once the process is understood, it is only then that a comparison with the computer can be correctly
made

13



It is hence necessary to traiteei d e a

of

comput er s a®they Werehcalledkearliery

ma ¢ h

until a clear viewis obtainedof the thought process itselfhe route can be taken backwards in time as
follows: garting with social mediga 2 0 O, @hick inhvolves interfacing sewvarprofiles over the internet,

one can work back to the idea of the internet, which firas developedfrom the late196 0 Gosearly

1990 6 by) several computer engineers in order to connect the data between universities. Since this

interconnection duplicated the single computer, itdsessary to tradbe development bacto the ideas

inspiringthe computerP r i or t lee mileStéh@s dnghjs development carobdinedthus:

Year (approximate) Concept Pioneers
1945 Computer architecture r@gramming | John von Neumann, Grat®pper
1937 Switching Theory Claude Shannon
1936 Computability of Numbers Alan Turing
1931 Incompleteness Theorems Kurt Godel
1879 Symbolic Logic Gottlob Frege, Charles Peirce
1847 Digital Logic George Boole
1670 Mathematical LogicBinary numbers Gottfried Leibniz
1642 Calculating Machine Blaise Pascal
1641 Mechanics, Coordinate Geometry Reré Descartes
1601 Binary Codes Francis Bacon (Lord of Verulam)

There isagap of 200 years that leanigo the Enlightenment Eravhenmechanical calculatonsere first
developed In the same period, philosophy played a strong role in genethtsgidess, involvingfor

examplethe beginningof mathematical logicThis means that the Enlightenment Era is a good place to

startthe analgis

wher e

the first

seeds

for todayés

techno

one can progress back to the present, paying attention to the developments and the pioneers who

developed themA description of his path, as well as the contriimn of each pioneer wilhow be

analyzed, keeping in mind the relationship wiitethinking process throughout the analysis.
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Chapter 4: Ideas Behinddrhinking 8Machines

Example 3. Of a Bi-literary Alphabet.

Aaaaa, aaaab, aaaba, aaabb, aabaa, aabab,
A, B, c, b, E, F,
aabba, aabbb, abaaa, abaab, ababa, ababb,
G, H 1, | T I M,
abbaa, abbab, abbba, abbbb, baaaa, baaab,
N, 9 R Q, R, S;
baaba, baabb, babaa, babab, babba, babbb.
1 Vv W XN,

Bl J

For by this Art a way is opened, whereby a man may expresse and sigeifigentions of his

minde, at any distance of place, by objects which may be presented to the eye, and accommodated
to the eare: provided those objects be capable of a twofold difference onely; as by Bells, by
Trumpets, by Lights and Torches, by theaepf Muskets, and any instruments of like nature.

But to pursue our enterprise, when you addresse your selfe to write, resolve youriifolded

Letter into this Biliterarie Alphabet.

T Francis Bacon, 1623

Language is the mode used to communicate human thoughts. Hence it is essential, while studying the
development of thinking processes, to study the mode of their communication in every time period.

The foundation forthe modern daycommunication devicé the computeii is the binary code system,

which originatedin the methods for passing secrets and codes i.e. in cryptography of"tcertry.

Binary numbers as a mathematical system were explored in ancient cultureseantit@l societies

whileus ng di fferent fAbasesd for a number system, suc
of Lord Bacon of Verulam to associate aiphabetical character to a binary code, thus bringing
mathematical application into language. Base 2 was the most natural base to use, as most physical objects
can be affected in that fashion e.g. fiby trumpets

The researches @&acon into cryptography brought into culmination something hilad begun in several
old cultures like China, Mes@merica and Sumeria: the art of writind/hat was formerly transferred
only via the human voice from generation to generation (bef6ramiBlennium BC according to
historians which marks the start of Sumeériaas engraved in tabletduring this ancient periodrhis
occurred in several stages. Following the early stylus marks and hieroglypbsnfiaries mankind used
writing for keeping recal. In its earliest stage there was still iamprint of the writer ofthe particular
record the handwriting It is possible to bring out a considerable amount of variation within the way
something was written down, not in content, but in form, givingtaserious styles of writing each with
their own nuance. Beauty and art played a major role in much of the earlier writing atyiesvident

15



when calligraphy or even hieroglyphics are studidds can be calle&tage I: the transfer from voice to
script In this stage, as one writer copied down what was written down by his predecessor, individual
variations in the style of writindwhich was predominantly cursiveyere naturally present for any
particular written content.

This prevailed until the f4century AD.The next massive variation in communicatimecurredat the
beginningofthe ’Bc ent ury with the invention of the printir
frozen into the machingnd lettes were split up into blocksyhich could therbe used to produce and

infinitely reproducea particular pagerhus, in this Stage lindividual handwriting no longer mattered,

however there was still ansiderable variatiobetween book to book, languatgelanguage, ink to ink,

and paper to paper. In spite of the mass production, these aspects made it through.

It is well known that the printing press revolutionized culture, as knowledge penetrated to the masses in a
way never possiadbteobasdoaesoandl fntoheept acfeme i nto
the invention of the press wi t h t he advent of Baconbés <cipher, é
expression of writing as each <char aceeecanbeso reduc
individual variation possiblenithe transfer of this code, even if a wide variety of physical objects are

used for the transmission. One can light fires, shine mirrors, or bang on drums, and the net effect is the
transfer of the same charactcross fromonglacet o anot her. The fApaper o coul
leeway for variation in binary cod@his is Sage Ill, which developed later into various forms such as

Morse code and even Braille.

Hence, the transformation can be represeassollows:

Let dominion fish sea and
’ Q‘,’“_ ot <! aq air and every living thing that moves upon earth
@/./M’v——> “85 ey D oS oo aa Nl' £ 2 b p S
s pove W SR P U | (PIPWIL N WHAS 7 S oo, A B
e I AW Wibwwr - IENGEN pn | e |
;A»f B A ,;g‘ré..__(.‘ M& tlutats g s e ﬂ”'wigx:‘miéxti‘:‘ulwh. i & =
Lu;g A 4 u{,(m) /5> W % icmyo aic ety ﬂ.“mewulnmhit.bn . R
o =G / - J ¢ Yiouelin: j i ; Mgmmn:mliamiumi g s
s et laas L gosbhnd, venvis TO piimbeii ini oo . b g aquin. Do Gove  weeed e
> T 3 e Domi it i . puidi 38 1% i fupeig =
\b/ae_._h\:,/fé:._ oL g M o DO IR Frditi = 'i:a'gt&hﬁnhn;%‘:':n‘:&mm' _____ cas g
see QU Sl TR e et | B | -
Asa e E_j%%y%;L.! - e va-v:/[_ o Beis mnﬂmmn-nn'!m,ni?ﬁ‘mg m;‘g‘gmnfnmm:ﬂhﬂbim & il o
ﬁ_bd P  SCppum e S nulmi 4 nm aephrvs n g it bic At b0 e
Akl cpin eDnid s quanresth, ot vy, | g e e e s
Stage i Cursive Handwriting StageillPrinted Letter Stage 1lIBinary Code

Hence, mathematics and language intertwined, with a mathematical consplacing a letter of the
language. The full effect of the individual was diluted in stages: from the uniqgue human voice, to the
varied handwriting, to the standardized letter, to the universal code.

What rose up as the art of printing in thé"X®nturyin Europe happened to be a reflection of an art
developed in Chinin as early as the™3century AD.Chinese printing haddvanced considerably, but

was restricted in its use of movable type because of the immense complexity of its language, which was
entirely ursuited for developing a large scale process. It was in Greek, Latin and-@agio languages

where the phonetic script allowed the best possible applicat printing. Another idea of Ancient China

16



was however, much more amenable to a complete adaptation, which was done by the famous German
philosopher: Gottfried Wilhelm Leibniz (1646716).

Leibniz is famous today mainly for developing Calculus along with his contemporary Neaabrior
developing te binary representation of digits which he was studying for application in computing. He
had a deep interest in Ancient Chirtde studied Chinese writingsxtensivey, and is said to have
remar ked t o a f Irsha#made ta post aanoticee mytdeor: Burehuaof lofimation for

Chi nese Krrbisvfasidagoe .with China increased when he encountétedHexagram
arrangement of FXi, which closely mirroredhe binary system. Thus, he was deeply influenced by
Chinese philosophy in the iework that laid the foundation for modern binary computing.

TIT D e e e e e —— — o

o T o - = [=] -
[+] [o] -

& S o o = 2 = =
o 1 10 11 100 101 110 K1l
o 1 2 3 4 5 6 7

_Lcs_Chinois ont perdu la fignification des Cova ou
Lincations de Fohy, peut-étre depuis plus d’un mille-
naire d’année ; & ils ont fait des Commentaires la-deflvs,
ol ils ont cherché je ne fcai quels fens éloionds. De far-

(Left) Fr o m L &xplieation deél'arithmetique binair€l703)and (right) Bagua of Fu Xi

Of course, Leibniz was st interested irfully functional calculating machines and haglen consticted

one, much likeBlaise Pascal, who hatesignednesuch machinén 1642.These machines used the well
known system of interlocking gears to add, subtr a
the decimal system, Leibniz also outlined a method for a binary calculating machine:

This type of calculation could also be carried out using a machine. The following method would
certainly be very easy and without effort: a container should be provided with holes in such a way
that they can be opened and closed. They are to be opersatphsitions that correspond to a 1

and closed at those positions that correspond to a 0. The open gates permit small cubes or marbles
to fall through into a channel; the closed gates permit nothing to fall through. They are moved and
displaced from columrto column as called for by the multiplication. The channels should
represent the columns, and no ball should be able to get from one channel to another except when
the machine is put into motior{Leibniz, De Progressione Dyadi¢d.679)

While calculatiom with machines was mainly seen at the time to be an aid to repetitive mathematical
work, what is more interesting is the relation to thinking that was beginning to be formed at the time.
Leibniz was very interested in showing that all statements tha¢€xpuman thought can be represented
using a symbolic method, heBesatesths idealianfgllonsn fial phab

€ if one could find the characters or symbols to er>
arithmetics expresserimbers, or as analytic geometry expresses lines, one could do the same as

one can do with arithmetics and geometry, as much as they are subject to reasoning. This is

because all investigations that depend on reasoning would take place through theiti@msos

17



these characters, and by a kind of calculus. This would make the invention of very nice things very
easy...

And the characters which express all our thoughts would constitute a new language which might
be written or pronounced. This language Ww#l very difficult to make, but very easy to learn. This
language would be the most powerful instrument of reason. | daresay that this would be the last
effort of the human spirit, and when the project will be executed, humans will only care about
being hapy because they will have an instrument which will serve as much to amplify reason, as
much as the telescope serves to improve the vifli@ibniz, Characterica Universalis1677

The only way to rectify our reasoningsto make them as tangible as those of the Mathematicians,

so that we can find our error at a glance, and when there are disputes among persons, we can
simply say: Let us calculatedlculemug without further ado, to see who is rigkiteibniz, The

Art of DiscoveryWiener 51, 1685)

It can be observed that this is the origin of a second stream of thought, one which strives to convert the
reasoningr logical process into a mathematical procédsese ideas indicate the interest in representing
thoughts a mathematical expressions, and also indicate the ideal of a machine that enhances reasoning
ffas much as the tel esc o.pdereghinkingearsd mechanisramrexiosely e t he
interlinked as an ideal

Renré Descartes, the great French philpler, was meanwhile convinced that the world was a mechanism,
and everything in it followed the same laws that are to be found in a machine. This view szatettial
Universe as gigantic clockworkmechanism, set in motion by the Creator and continuing forever in that
fashion. The laws constituted the rules of coordinate geometry and mechathivgever, Descartes
believed the mind to be distinct and separate from matter, superior to the mathemextltahism of the

world, while Leibniz considered the processes of the mind itself (reasoning) as a mathematical process.
Here the two views of relationship of thinking tatihnematis are revealed: one which views the thinking

as distinct from mathematicand one which views them as being identical for all practical purposes.

This intersection of mechanism, thouglathguageand its representation is seen to be the determining
factor with regard to all computations of the later yedrsl s t as Bavere insiriamentaldire a
making all writing universaland mathematicalLeibniz and Descartes concerned themselves with
universal logic and universal mechanism respectively. This theme of Universality, or removal of the
expression of human thoughts from trersonakphere to one governed by mathematical laws, guided the
developmenof ideas for technologyntil the end of the 7century.

In terms of philosophyhere is a substantial gap from thgeeliminary investigatiosof Bacon, Leibniz

and Descarteto the developments of Boolean algebra and mathematical logic oftioerit@rry. While

this might give theappearancef a gap, it points once more to the aspechigrnal development hinted

at previously, where the thinking itself undergoes a gradual change. To trace this internal development
accurately, the thought process has to be understood in all its aspects i.e. thought construction has to be
studied.
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Chapter 5: Thought Construction

Un tas de pierres cesse d'étre un tas de pierres, dés qu'un seul homme le contemple avec, en lui,
limage d'une cathédraléA rock pile ceases to be a rock pile the moment a single man
contemplates it, bearing within him the imagfea cathedra).

T Antoine de Saint Exupéry

The previous chapter described the transitions that occurred at the end df ¢eatiify, which served to
combine logic and mechanisms into an intertwinedesys The question naturally arises: is thought a
form of mechanism?n the case dhe calculations necessary to geneeatiensivemathematical tableg,

is clearthat a mechanism certainly helps the thought process. Doekathissvermean that a thought
process isidentical to a mechanism? This is theentral core of the problem, and hence has to be
addressed carefully.

When considering any topic, particularly the issue of thought, it is important to realize how quickly
worldviews transform. A fact taken for granted today might not even be conceivable two centuries ago,
and this is even more so whewanceptor idea taka for granted today. Most historical overviews find it
difficult to make this transition: to not only describe events of a bygone era but also tdahie#lhs the

people thought at that point in time. This aspect has to be cleared up before tryirdgrstamd the
thinking process itself.

It is useful to begin witlsomeillustratiors. Considerthe solutionof a straight forward problem: div

musta drawing be created on a shieebrder to represent a 3D image? It is clear to anyaaywith the
slightest artistic training that it is a simple matter of drawing the farther objects proportionately smaller. It
is called tle use of perspective in drawing, where parallel lines appear to be meeting at a point on the
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horizon called thevanishing pointAnybodywho has drawn a row of houses in their childhood knows
that it is perhaps the most straightforward rule to identify and follow with respect to drawing.

However, studying the history of art reveals something astonishing, that it was not until’ tenfiy

that artists even discovered this rule, which until then had used rough approximations of sizes in order to
achieve the 3D effect. For millennihe mathematicalaws of perspective were unknawn fact, once
discovereda machine with stringsnal weights was utilized for practicing this technique as shown in the
image below:

Albrecht Durer Instruction How to Measure with Compass and Straight Ed§25)

Numerous descriptions of perspective in art and renaissance art include these techeriggiods, but

an important question is missed. How is this enornttigsrepancyp o s si bl e, i n somet hing
watching train tracks or road lines meeting at a vanishing point? Even though geometry of lines had been
known and welstudied for milennia, why did one have to wait until the"i&entury for artists to catch

on to something that even a young child, with his eyes open, can idétti§i® one question to keep in

mind, as it preventsa projecton oft oday 6s i deas b tlykmndashodsthai diffdréens c r i mi
time periods can have entirely different points of view (literally).
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What this means that just as worldviews change, thinking process also changes along with it, and it is
hence necessary to kndvow thought evolved, or how was constructed over a period of time. This
change in thought process over time can be tackled by observing how the change occurs in an everyday
situation. For example, consideseenario where a logical mathematical proof is being taught to students
that the solution to quadratic equations gives two rdé¥en with adult students, it is cleaom the

learning process that there is a big difference in solving equations before and after proving this rule.
Seeing something solved is different from sodvit oneself.Something that appears insurmountable at

one time appears easy, straightforward and logical after learning it. Similarly, mathematical rules taught
in high schoolgodayrequired in the pastthe best minds in mathematics to desigd atentify them

because they had to be formulated, or constructed, fdirshéme.

In these examples, it can be identiftbdt there is a lot more to the thinking process than mere logic, and
that is the same concept that was earlier hiated i n n ertt dhésfdéfimes the difference between
something that has been already discovered and somdthinigas to be discovered andivalso shows

that discovery is by no means a simple process of logical extension, else many of these discoveries would
have leen as straightforward as drawing two straight lines to identify where they intersect. By observing
numerous instances of the thinking and learning process in people, it can be confirmed that there is a
significant difference before and after a thoughtcdtire has been Buup. Before the construction of a

logical sequence, effort of will is paramount, while after its construction, one can simply observe the
process and find it to be logical.

We wi || identify this p,rahicheissmethihg jainadnte the aetifitfy of r t as
it hi .nd mustgbe emphasized that these concepts are not arrived at in a theoretical fashion, but
directly from the observation of the thinking process itself; something that every thinking person can
verify from experienceAn objection can be raised that this element of internal effort might not be real,

and just a figment of imagination caused due to the situation. However, the criteria being used to
determine its validity is the same as that used by l@gicnternal observation of truth and its external
verification. As long as it can be verified that there is a difference between memorizing a concept and
understanding a concept, this fact of internal effort stands on solid grousidas the builders of a

mansion must spend an enormous amount of physical effocbristructing allthe staircases and
interconnected rooms, which the occupiers can then simply walk over, in the same fashion the structures

of thought built by the great hi nker s of one ewverarbysimpiy dwactk
thinkingwas a matter of logicAhtellectualconnectios alone, then it must be as simplemtakea road as

to walk on it. Reality shows otherwise, and there is a large differencedestwhe two. This factor that

comes into play from beyond logic is the effort, or will.

However, application of effort anchkwledge of logic are necessdmyt notreally sufficient in order to

lay down the pathway from one idea to another. Continuingattedogy of construction, consider

railroad buildemwho cannot see past a mountain. In other words, he knows the laws of mechanics to dig a
tunnel, and has the necessary manpower to get the job done, however, whether the job can really be
accomplished omot cannot be determined with both these conditions, and something else more
mysterious comes into plagkill or feeling Whether gained by long experience or due to innate talent
and geniusthis realm of feeling is that from which the mysterious natdrskill manifests itself, and
actually completes the entire processthi@ aboveexample, a skilled builder would have developdeeh

for the terrain (please note that the word is used here in a sense different from that denoting emotions
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alone) thatwould indicate whether or not the task can be done in a satisfactory way. This same skill is
observed by mathematicianad engineeras well, who speak of the beauty of certain theorems and the
artful way in which proofsor even machineare constructedThus, while the thinking process might
superficially appear to be a straightforward matter of loljicabnnecting one concept to another, the
actual process is similar to the building of a cathedral. Laying one brick on another does not a cathedral
make A complete idea of the entire building (the layout), the effort necessary to build it (the manpower)
and the artistic flourishes that give each cathedral its individual stamp (skill afdtieer9 are all
necessary for the structure to stand and function.

These are hence the distinctions within the process of thinking: thinking itself, thinking colored by willing
(inner effort) and thinking colored by feeling (individual skill). Just as the strength of a building lies in its
framework, and the strength aflimb is determined by the skeletal bones, the strength of a thought
process lies in how well it stands up to scrutiny and verification i.e. how it leads to a better understanding
of the world.When there are inconsistencies within a structure, it hasaime effect as that of a broken
pillar, which cannot support the building any marais was why it was necessary for the most vigorous
efforts to be applied bymany individuals in order to create a theory or a philosophy, as the thought
framework had tdbe built. An individual who works on developing this internally consistémught
structure can be calletde Philosopher

YES, | DESIGNED
IT MYSELF ;

This differentiation of the thinking process aldteds light ora different approach in the development of
civilization. Just ast was observed that thinking involved a feeling or nuance, and alsoeafeffort or

willing, the same can be observed in the domain of actual physicahwitlomain of willing Someone

who spends the entire day working at a construction wdbkying the orders of an architect, can be
described as living in the action or willing alone. However, when the construction worker not only piles
stone upon stone, but also has a say in the design underlying the construction, the element of thinking
entas into the physical actions, which ultimately leads to theeld@ment of skill. This person
transforms things by starting wittctual building experiengénstead of starting with the concept or idea,

and can be referred to as thaaftsman

The Philospher and the Craftsman, are thus the essential actors on the world stage, with the Artisan or
Artist serving as a mediator between themPhilosopher begins with thinking, and merges the other
aspects into it. The Craftsman begins with something tangath, the actual building process, and
merges the other aspects into this activity. They both utilize skillaréistic Philosopher sculpts one
thought with another with the same skill tlaat artistic Craftsman brinde the buildingsThe Artisan is

herce active in both the approach@$us, thinking, feeling and willing are observed to be concepts
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which intermingle with one another, and whichever is domiganerates thmodeof activity. These two
parallel streams, one which took the route of philbgopnd development of thought structures
(Philosopher)and the other which dealt with the buildingdafvices cathedrals and templé&raftsman)
ran parallel for sevatl centurieswith some mediation due to a@ne culminated in the knowledge of

mathenatics, while the other in practical expertiseaothitecture ath technology The threefold nature
can be represented thus:

Philosophy

Thinki ﬁ .
ﬁ
-

Cathedrals/

s ol  Craftsmanship

After the Renaissance, the two streaofsPhilosopher and Craftsmastarted mergingfrom whichthe
resul t ant is dbtaindd Natural Bcpricéhysicsiechnology.Thinking and willing merged
togethergradually creatingnew machines.Now, thethree divisions expressed above are not airtight
boxes, but indicate the biases within the activity of man. There is hermesdap of each quality with

the other two, i.e. thinking has aspects of feeling and willing, willing has aspects of thinking and feeling,
etc. Since it is the element ghysical toil i.e. theexternal effortor physical will that gets ousourced to

the machines, a similar process is to be expected for the thinking proceghdadoternal effort of

thought(the will-element of thoughtis likely to be outsourced to the calculating machines. This @n b
indicatedlike this:

ﬁ

Thinking
Process

» Machines

be—)p  \[achines

The aspect of feelingontributes to both extremes, and for the purpose of understanding the extremes
better, it is kept aside for the time beingitBan aspect ofhought and physical action have the potential

of getting outsourcedlust as various tools and devices help witernal construction by multiplying the
physical effort of man, there is an element of inner effort that machines, when suitably desigyed,
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multiply as well. This was the situation at the end of th® déhturyEnlightenment eravhen the first
faitdbs t hought 6 were being constructed

While the differentiations of thought into the willing and feeling element were perhaps not addressed
clearly, thought was still not restricted to a mechanical processis time period Other aspects of
thought life were still seen, and in fact, the ethigabtivation for will powerwas still very clearly
emphasized. For example:

| found it appropriate to insist a bit on these considerations of final causes, incorporeal natures,
and an intelligent cause with respectlodies, in order to show their use even in physics and
mathematics: on the one hand, to purge the mechanical philosophy of the impiety with which it is
charged and, on the other hand, to elevate the minds of our philosophers from material
considerationalone to nobler meditations. (LeibnRiscourse on Metaphysic$686)

It is easily observed that the lives of many philosophers and mathematicians of this era were also steeped
in a life of arts,devotion and religious workfeeling and willing) which are generally discounted as
irrelevant or mistaken by modern scientific researchesexample, Bwton considered his Theological

works to be of more importance than his scientific ones. Leonhard Euler, one of the most prolific
mathematicians oéll time, wrote tie Defense of the Divine Revelation against the Objections of the
Freethinkers Blaise Pascaldiscoverer of projective geometry arthild prodigy in mathematics,
underwent a religious conversion when he was 31 and produced works ongyhéelonardo & Vinci

was the epitome of therfist-Craftsman, whose feats are perhaps unparalleled by any individual today.

Modern research has great difficulty in accepting that there is more to the thinking pwoeds
commonly believed today, anid especially confused with the firing of inner effort by religiomeT
following passage shows this clearly:

This combination of fanatical devotion and original scientific thinking was not uncommon during
the period. And such obsessive faith was no-pelfective affectations of genius either. Van
Helmont, Pascal, Spinoza and Newton all considered that their religious thought was their major
contributon A cur i ous ab8tmatheemMead él € P apgld?al, 2000)e a m

It is neithera curious aberrationnor a weird obsessionbut a necessary component of the complete
thinking process. It istraightforward evidence of the fact that the inspiration for inner effatwill

e | e mesma major role to play in the production of mathematicalpaildsophical works. The feeling
element as well athe inner effort enhanand help comple the thought procesa. study of the lives of
scientists reveals this working together of the Philosopher and the Craftsman to various degrees. It also
reveals mstakes in thought processes clearly through their life experiences. For example, Francis Bacon
has had an enormous influence on the experimental method followed in the past two centuries, and his
methods of coming tgeneralities by way of individual ingtees has become famous as the Inductive
Method in science. His writings orhe New Atlantisind his descriptions of Solomon House inspired the
foundation of the Royal Society. Yet, in spite of all the descriptions of experimental methods to be
followed, the only experiment that Bacon ever personally carried out had unexpected results: Wondering
if flesh can be preserved by refrigeration, he got out of his carriage in the snow, borroweken ahd

stuffed it with snowa feat that led to an infection of gmmonia and death barely two weeks later. It is
ironic indeed that the only experiment conducted by the person who taught the entire world about the
fexperi ment al met hodo | ead only to his death. On
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negleds the thinking capacity of the human being and emphasizes the repetitive experimentation
exclusively The willing element of thinkirigespeciallythat related toonly to repetitiori dominates
everything else, and hence leads to a dead end.

However, with he entrance of the first calculatotisis inner effort ofrepetitivethinking was outsourced

to a mechanical device. Just as huge engines multiplied the efforts of men in industry, the possibility of
multiplying calculating capacities also arose. Henhe, thinking process does contain an element that
involves effort, and all repetitive effort can be outsourced to a madHowever, thisdoes not exhaust

all that thinking can accomplish in the world. This is how the question posed at the begihttiig

chapter can be answered: Thinking is not identical to a mechanism, but does contain elements which can
be mechanized. That is the crucial idea.

As the streams of the Philosopher and the Craftsman started intersecting one another, several
philosophicalissues regarding the free will of man, thoughts and his relationship to machines heose.
first time the streams intersected, it gave rise to the works of Leibniz and Pascal in thedinie&iog
machine§ and the work of Newton in the area of natwscience After this era of Enlightenment, the
streamsdiverged slightlyagain for another two hundred yeavshen both the Philosopher and the
Craftsman workedmore in their own domainsThe 200 year gap was filled with the discovery of
numerous technogical devices, and philosophy took the center stage in most of Europe of the time.
When the two strearistermixed againin the second half of the &entury,it gave rise to thdield of
mathematical logic for the Philosopher, and that of numerousilatditg machines for the Craftsman.
These subjects need to ladied further, to determine the transformation of the thopgocess over the

next two centuries
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Chapter 6: The Laws of Thought
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THE LAWS OF THOUGHT,

OX WHICH ARE FOUNDED

THE MATHEMATICAL THEORIES OF LOGIC -
~ AND PROBABILITIES. '

No matter how correct a mathematical theorem may appear to be, one ought never to be satisfied
that there was not something imperfect about it until it also gives the impression of being
beautiful.

1 George Boole

The dawn of the century saw a rapid defepment of natural science, leading to the rise of new ideas

in physics and mathematidadustries were in full swingalvs of electricityand magnetisrbegan to be
investigatedby the likes Faraday, Volta and Amperaphd norEuclidean geometry was developed by

many mathematicians, including the APrincef of Ma
buildings was now transferregither to technology, dio a study of the architecture of the human body,

leading to largetsides in anatomy and physiology. Cell theory took shape, and the possibility of different
functions of the body being localized in different parts of the brain began to be investigated.

It was precisely in the midst of this environment that George Bd@&51864) lived, and his life shows

the indications of the struggle between the different aspects of the thinking process. Deeply religious by
nature,Boole had a mystical exgence in 1833which was later described by his wife Mary Everest
Boole:

My husband told me that when he was a lad of seventeen a thought struck him suddenly, which
became the foundation of all his future discoveries. It was a flash of psychological insight into the
conditions under which a mind most readily accumulates kng&ldd.] For a few years he
supposed himself to be convinced of the truth of "the Bible" as a whole, and even intended to take
orders as a clergyman of the English Church. But by the help of a learned Jew in Lincoln he found
out the true nature of the dmeery which had dawned on him. This was that man's mind works by
means of some mechanism which functions normally towards Monism. (M E Baodien
Thought and Western Science in the Nineteenth Cerit@gi)

The inspiration for inner effort is once maseen to aginatein the sphere of religion, as borne out by
Bool eds deep interest in all rel i gi on Studgimgdhis hi s de
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life and conceptual development must hence necessarily include the logical preloesimesthetic sense,
as well as religious devotion simultaneously, as it existélde individual This is not usually done today,
and there is a recurring tendencypick and choose. @y one part of the storis valuedandthe rest
discaradasbeingirrelevant (quite against the spirit of scientific investigation):

The father of pure mathematics, as Bertrand Russell would later refer to Boole, had not been

purely interested i n mat hemati cs, nor wa s his mé
extradiscipinary concerns, in particular, religious onélshe symbolic logic tht is now the

essential tool for secular philosophers and that forms the basis for dispassionate computers began

in the mind of a warrblooded, religiously concerned ideali&an CohenEquations from God

Ch. 3, 2007)

I n ot her words, the assumption i s made t hat ma t
necessarily a separate boxr an MiThigpassumption is one of the primary reasamy this

aspect of Bool eds khowroe evenradlized todakmaking it a iaat walthyyof

mertion.

As alreadydescrited, Bacon pioneered the use of binary to represent letters and language. Leibniz
developed the use of binary numbers in reathtics and suggested their use in calculating machiees.

also suggested that logic might be represented mathematBabie took the first steps tmccomplish

that bytrying to represent thought and logic itself in a binary form. Language, Mathenaatictogic:

these were thdomains that could now be represented in a binary,fagra work of the Philosophets.

is clear that there are a finite number of letters in the alphabet, and a finite representation of numbers,
Thus, letters and numbers cadé kepresented in binary, a feat which does not alter the very content of
thought itself. For instance, | can express a number in any base, and | can also write a certain word in any
script. The form of the letter is not crucial to understanding the meahthg communication. However,

with Boole,t he not i on olégicd thirkiagqitseif ig éxpressed in the form of binary algebra,
which has to be analyzéddrther.

Boole considered his work a natural extension of the works of Ariskriier toB 0 o4 amabysesogic
was developed as an interrelatiopsiof conceptsor propositions, which were then differentiated

Qualifiers sydloane AllecdlBjoe @aing A n eubjectyiywhdecheis 0 wer e
gual i ti es éehigt. e oi r eotupnedicages Tde verh forime the link aropula The copula

was seen as a logical connecting Jiakd it is normally a verdn other words, the bridge between the

subject and predicate involved either an existers®( lack of exstence ic no.

Together different kinds ofpropositiors were created, such:as
All diamondsaresolid.

Some stonearesoft

Somepebbles arenotblack

No rocksareliquid.

Logical propositions were studied, discussed, debated and elaborated by the Greeks of the same period,
the Arabs of th@™-10" century, and the Scholastics of thé"t@ntury.Thus, the works of Aristotle on
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logic have had an immense role in the dewalept of further thought for nearly two millennia.
Nevertheless, théevelopmenof alogical train of thoughttself was not altered, and everything wékl s
expressible in terms dfasicfisyllogism® | i ke: t hi s one

All diamondsaresolid.
Kohinooris adiamond
E Kohinooris solid.

This is essentially the crux of the development of logia) isalso calleda syllogism ordeduction.A

logical deduction was therefore at the root of all philosophy for many centuries, as workers in this field
strove to buildhought itself and alsthe relationship between man and the world. Rules deniged for
theselogical deductions and for determininglidity andinvalidity of propositionsThe laws of thought
according to this systeare

AisA (Law of Identityi A concept is equal to itsglf
A is not(not A) (Law of noncontradictioni A concept is not the same as its oppdsite
All' A is either Aor not A (Law of excluded middle A concept is either true or false

These were followed quite stricthy mediewal logicians For example, Avicenna ({&entury) is said to
have dec lAayone whotddniasthe laW of n@ontradiction should be beaten and burned until

he admits that to be beaten is not the same as not to be beaten, and to be burnedsametahaot to

be burned A dry sense of humor indeed, but it is hard to imagine today how central these debates were
to the irtellectual life of the time, when the ideas one held to behtaddife-or-deathrepercussions

It can be seem theform of thecopula thathe laws of logic denotstatic situations, i.e. either something

is oris not There is no other possibilitit. is interesting to probe the origins of these statements in logic
and ask why the Greeks posed a statement in thacyar fashion.Since the experience of one era
determines the concepts woven out in the following period, the natural question tovdbktisnotivated

the laws of thought®hat was the experience on which these laws were based?

A study of thehought Ife and pursuit of Trutlof the ancient Greekshows that gometry wasevered as

was music larmony of the Sphereslt was understood that in geomeman could really grasp the
structure of t he wor | dThis iginditatean byntideBlatopid saacye nwwi tihd ond
g e 0 me t whichamasssaid to be written at the entrance of his sctothensIn fact, Aristotle was a

student of this school itself, and geometry formed the soil for the seeds of logic to be sown. For example,

a shape is eithex triangle or not a triangle: the same spatial experience could not take two separate forms

at the same timeA triangleas a concept remained something static and did not change with time, giving

an assurance of a firm foundation to thinkais clarity of thought in geometry guided the early
development of logic as well, resulting in a twofold copidaor is not The origin of the copula can be
indicated as:

School of Athens => Geometry opulais/ is not
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Similarly, it can be observed that there guantifiersin the statementsll, some andnone Here, it is a

matter of encompassing the element through number, which is necessarily what our notions of quantity
are tied to. Whether or not an actual casmierformedall is necessarily more encompassing tekame

and some is more encompassing thane. The origin of these relationshipan be traced tthe domain

of arithmetic, or the positive real lin€his was the development that had its roots in musical ratios and
numberslt is important to keep in mind that it is the form of the quantifier itself that is of interest here,
and not the concept that it is referring to. For example, consider:

All ideasarewonderful

It is not important whether or not tlideasare quanties but that the notion dll itself is derived from

the notion of a quantityQuantitiesowe their origin to arithmetidrigin of the lavs of arithmeticcan be
traced back to a muacearlier School: The Pythagoredie Pythagoreans revered numbers above all as
the guidingprinciples of the Univise, and their ideas had tak&mnong root by the time of Plato and the
School of AthensGeometry was also seen as being derifrech arithmetic, paralleling their natural
developments in the Schools of Pythagoras and Plato. Hence, the derivation of logical terms is:

School of Pythagoras => Arithmetic => Quantifier All / some/ none
School of Athens => Geometry => Copulais/is not

It is well known that the Greeks were quite skilled in the development of both, and it comes as no surprise
that logic owes its origins and internal structure to ideas from geometry and arithfinetie. is yet
another aspect dhis logicthat has to be addressdthis isthe subjectandpredicate which can be called

ficlasd |1 n @enveatiormlinderstandingimplytakes ¢ i aasfEadllectionof obj ect sd or
goods, plainly speaking. However, meanings for the same wordseaguite different in different periods

(refer to earlier example of perspective drawidence, his does not take into account that in the Greek

era, even ideawere treated azali o b j. datde e d , Pl atods philosophical
true reality consists of ideas. In stark opposition to Plato, the Stoics of a later era considered the entire
world including ideasas being corporeal, or physicdlhis also mirrored the different motivations of
Platonists and Stoics: Platonists werencerned withconcepts fromthe ideal world(metaphysical
realities) while the Stoics focused on actual application within a determirpstysical world. These

polar opposites must be taken into account, as they are central to thtoogeof logic tht developed

later. If the name of a classf @bject or ideass calledii ¢ o n,@tleegummary ofAristotelian logical
formscan be written as

Quantifiers:  Arithmetic
Copulas Geometry
Clas: Concepts (objects/ideas)

The Stoicavere more interested the utility of the laws of thought to livingraoral life than in deriving
implications of the laws themselveEhis meant that thejocused on the class alone, and developed
conseqguences. Naturally, Aristotelian logic involvedstdderivatiors of consequences, but they were not
studied exclusively as done by the Stoitss thereforefrom the Stoicghat sentences of this forrare
derived
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If Athen B
Not both A and B

This is perfectly suited not only to develop consequences, but to deteantioss. A and B can thus
denoteactions in addition to ideas or objects.alsoe st s on a , @hich deparates the truefi i f
from the false, t Biace A and B cafh depote adtidng thdifollswing siatement is
also possible.

If AthendoB.

This then adds to the list of copulas, in a different fomot only can Bexistor not exist be true or false,
but it can also bdone It is particularly well suited to applicationshe updated summary becosne

Quantifiers:  Arithmetic
Copulas Geometry(is / is not) Actions (do)
Class: Concepts (physical/metaphysical)

This brings the discussion from the realm of the Philosopaekto the realm of the Craftsman, and it is
worthwhile to see that the logic of the Greeks had tiegiaissance only in the "l@entury: the age of the
Engineer/Scientistin this era, Boole develep a logic which expressed only oparticular form of the
four Aristotelian copula viz. equality, represented bgquations The four statements of the Gkseare
reduced to one expression relating to concepts.

All diamondsaresolid. 1
Somestonesaresoft. 2 => Coal = Black
Somepebble arenotblack 3
No rocksareliquid. 4

Since equations with variables are nothing but the formulatioalgebra for the first time logic is
expressedhroughalgebra a branch of mathematics o gi ¢ get s Omat hemarthis zed6é f
conversion of logical copulas to equalityshtzeen addressed in recent works

Where Aristotle saw predications Boole sawaipns. Boole realised that his theory of logical

form was in radical opposition to Aristotlebs, but
not gone deep enough, not that Aristotiisie, was fundan
Subjectisi Predicate, or S=P, Subject equals Predicate. (Corcokpl, 24 p 261, 2003)

This conversion of four possible expressions into the single expression of equality had its consequences:

What was immediate for Aristotle required mediation for Boole. AgAiistotelian simplicity

becomes Boolean complexity. For exampl e, Aristotl e
square is a rectangleo and fAEwWeanmropne stepiwtthengl e i s a
conclusion AEver y®8owlghreke ts daws inta eight debigugiyonmeticulous

equational steps. The first step is going from the
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to an intermediate conclusion gotten by something analogous to multiplying equals by equals,
namel y A Ev e isyredaggleasrasquarehithattis a polygbhmul t i pl yi ngo both sid
the equat i.of@orcoran,ididgquar e

In other words, conversion of all the copulas into a single isnar equaly made the representation of
statementg€umbersomelf only equalityis included as a copula, there is naturally no inequality that can
be expressed, leading to the complications just quoted. If Boole wantdetallogic, a natural way
forward would have been to study different copulas, which do not sslge in Aristotelian formulation.
For examplecompare these two sets of statements

All men are mortal. All childrenlike candy
Socrates is a man. The catlikes children
=> Socrates is mortal => The catlikes candy

The second dndhe frights gat neaessarilyalid in real life, and it indicates that a different
domain opens up when a different copula is used. Hence, a new form of logic can be deternilmed for
anddoes not likgust as it was built ufor is andis not Instead, the set of copulas is reduced toifusy
Boole.

This alteratiorhad other effects as weWith the nature of the copula altered, the subjects, predicates and
guantifiers changedoole reduced the quantifieal, someandnoneto just two:all (1) andnone (0).

Also the quantity, which stood by itself in the traditional system, was now inseitedhe class This

means, that one no longer hatl diamondsbut instead just a singlell -diamondswhich became the

same as jusdiamondsbecaus@ll =1.Si mi | ar | y, i Nosdtarecadd @fn es ahyalidn g ofi s a
diamonds The quantifier gets attached to the class itself. Hemstag the ancients had to create a

number to represent zero, for the first timeeavclassor objectalsohad to be created for the purpose of

sayingf n o t. hdilothigg becomes a class of objects! For example, the standard logical statement
transforms like this

NoA isB

E (NoA)is(B)

E (Al A)and @ll B)is (nothing

E AB=0

This is a phenomenalr ansf or mati on, as the variabl e dzer oo

nihilo to fill in the function ofis not Since the copula is no longer available, the object itself must have
Anot.hdi ng

These laws developed by Boole were complemented and enlarged by Gottlob FregeogE48ike

the Stoics before him, Frege concentrated on creating a system whéegical statements can be
expressed symbolically, and also applied. He hence elabguadedsitional logic in a mathematical
form, making it possible not only to express equations mathematically, but also to include the application
usingpr oposi tional st ategnméisnenabledlagit té betexpessed amsaméchanism,
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asanaction What Boole did for Aristotle, Frege accomplished for the Staicd,the works of these two
thinkers and their contemporariésuch as C. S. Peircéyrm the basis of what is known as Boolean
algebra today.

If all the quantifies of traditionalogic had beeincluded, it wouldhavenever benpossible to indicate it
by a machine, because of the quantiffdtl . As hinted earlier, these quantifiers bear a direct
resemblancéo arithmeticrepresented like this:

NONE SOME ALL
0 1 b
@ >

No mechanism can generate infinigp that had to be removed. The meaningldf i s shi fté@d ont
giving:

NONE ALL

0 1

The quantifietlSOME is no longer required: it is simply absorbed in the class name itself. Therefore, both
the names of classes (subject/predicate) as well as the cispotd pecomeguantified This conversion

of all logical statements into algebraic form is thus seeartwve everything that could not be quantified

or mechanized and retain only that which colilis not an extension, as Boole believed, but a reduction,
or afiltration.

Reductions of logical statements into mathematical expressions makevtibsuitel to include both
calculations as well as the rules of calculations into the mechanism of a deuieeenough, this
generated the possibility ofpladng the will element of thinking, and butsource it to the machines:

With earlier sorts of logic, tdetermine whether the validity of an argument had been proved, we

still needed to understand the meanings of wordsleastsomeof the words and this meant we

still need tothink With symbolic | ogic, by conhtherthes t |, we donbiéd
only thing we need to think about is whether the symbols appear in the order specified by the rules

that govern them. In consequence, so long as the proof is sufficiently spelled out in a symbolic

language, the task of verifying it is strictly dteal. What we look at is simply a matter of foim

andpurelyf or mé I n this respect, t hen, determining whet
proved within the system is strictly mechanical, and in our age, it can certainly be done by

machines. (Shenefadihd White If A then B, How Logic Shaped the Wond252 2013)

Thus, i f o semed Itooredlice the necessity for thought, and to increase the mechanization of
concepts.
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At this point, it isworth asking: Wa thisi ma t h e ma necegsary?ilnmthay words, wipaior reason

could one have in order to insist that logic has to be mathematchmore specifically, algebr&i®What

is the reasoninghat motivaked this logical development2 st udy of Bvesoal serfd@rising wo r k s
answetto this

Whence it is that the ultimate laws of Logic are mathematical in their form; why they are, except
in a single point, identical with the general laws of Number; and why in that particular point they
differ;i are questions upon which it mighot be very remote from presumption to endeavour to
pronounce a positive judgment. Probably they lie beyond the reach of our limited faculties.
(Boole,Laws of ThoughtCh.1)

Thus, there is no specific reason for insisting that logical rules have topmrdeto mathematics, other
than the generdkeling of confidence that thinkers have in the methods of mathem(@ickaps due to

the great success of the Industrial Revolutasexempliied by Boolelt is aclaim andnot a deduction

from previous ciramstances, nor a solution to a specific probl€his fact is important to highlight as it
shows that the factors motivating ttreationof mathematical logic weneeither mathematics ndogic.

Boolean algebra connected logic to algebra, in the pregsficantly altering the form of logic as it was

practiced for centuries. Several features of logic were exterimgdonlyin terms of their algebraic
representationglogical gates such as AND, OR, NOT etéf) the same time, quantifiers are reduced

from three to two, copulas are reduced from two
Ainothingo (0) are introduced as <cl asses. Languag
replaced by abeict symbols. Thus, while the theory itself was generated due teelig@ous will -

temperament of its creator, the effect of it was to creaéehanical (will) equivalents of logical
statementsRkeligious will inspired mechanical will

Traditional logic was guided by geometry and arithmetawhich were in turn guided by experience.
Repl aci ng t hidos ol yremaesitioselregtectionsaof experience, giving it a free reign in
terms of equations and combinatiohtence, Boolean algebm@ppearsto show an extension of logic,
even though it is reduction of it to include only subset ofmathematical concepts.

Mathematics is logical. But nowgjnce logic and algebra were combined as symbolic logic, this form of
logic had an effect in turn on niematics itself.Hence mathematics itself ihanged, andseen
differently. Since mathematics is at the core of science, this impacted all of natural sthiadeature

will be elaborated in the next chapter.
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