1/22/2010

History oflogic
Steven Lindell

Haverford College
USA

1/22/2010 SLA 2010 1

The original liberal arts

mechanicalln later use, of
condition, pursuits, occupations:
Pertalnlng to or suitable to
persgns of superior social station; 3
YoSO2YAy3 |®LE|)G)/Uf \
Directedto general intellectual
enlargement and refinement; not
narrowly restricted to the
requirements of technical or
Professmnal training. Freq. in
beral arts. ¢ O.E.D.
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Subjects of study

The origin of BA, bachelor Logicwas originally part of
of arts,and MA, mastepf the language arts and not

arts: the mathematical
sciences

Trivium Further study led to Ph.D.,

doctor of philosophy,

originally only in law,

medicine, and theology.

Logic; Grammar; Rhetoric

Quadrivium

Arithmetic; Geometry;
Music;Astronomy
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Trivium
Thethree arts oflanguage

A arslogica(logic)c the art of
correct reasoning (thinking

A arsgrammatica(grammar)c the
correct use of combining symbols
to expresghought

A arsrhetorica(rhetoric) ¢ the art
of communication (as in
instruction and persuasign

Quadrivium
The scientific study ofumbers

Arithmetic
pure number

Music
number in
time

Geometry Astronomy
number in number in
space space and

time

Algebra

A22NR O02YSa TiNEEY IYNH o/
ANBaU2NIUGAZ2Yy € 2N adNB

A Technique originates in India as described by
Brahma Gupta

A Defined as a system for computation using
letters or other symbols to represent
numbers with rules for manipulating these
symbols

A What are the advantages to using symbols?

1/2212010 SLA 2010




1/22/2010

Solvingp W 0

Solution in words Cubeone-third the coefficient ofx; add to it

the square of onéhalf the constant of the equation; and take the
square root of the whole. You will duplicate this, and to one of
the two you add onéhalf of the number you have already
squared and from the other you subtract chelf the same. You
will then have @inomiumand itsapotome Then, subtracting

the cube root of theapotomefrom the binomium the

remainder is the value of

Equation in algebra

w\/ulc Gj¢ 0Ojc¢ \/(110 G6j¢ 0Ojg¢

Precise and Imprecise Statement;

Indian food is better than American food VS.
Indian food is less fattening than American food
A Precise statements can be false, e.g.
I'Nh o200t sQa: [Fga 27
1. Heavier things all faster, the speed being
proportional to the weight.
2. The speed of fall of a given object depends
inversely on the density of the medium it is
falling through

Inclined Plane Experiment

Galileoobservedhat with no friction (rolling):

\/

Inductive reasoning

DI t Arhethadedposteriorireasoning
Leads to an empirical conclusion

A Abody moving on a level surface will
continue in the same direction at a constant
speed unless disturbed.

DIt Af S2Iaedtia[ I ¢ 2F
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Deductive reasoning

DI f ArheSh@dadpriorireasoning
Viareductioad absurdum

A Allbodies, regardless of weight, fall to the
earth at the same rate in the absence of
resistance.

DIt Af S2Qa Hodies 2F CI f f

Falling Bodies

Galileotheorizedthat without air resistance:
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Confirmation

APOLLO 15 (TR

MULTIMEDIA

What is logi®@

A (now formal)anguage of formal expressions
(now logical formulae) whicbxpress the truth
or falsity of a given situatiofNowstudied in
symbolic notation as a part of mathematigs

reasoning description

A notion of deduction A concept of evaluation
A proof theory

A 20" centuryc purely  |A 20" centuryq execution
symbolic manipulation of analgorithm

A model theory

Termlogic

Aterm can be a thing, concept, or class
Uassedefined by properties (e.gnan) in

extension (e.gmen). gl¢ ¢ 2 @
3 2
?\_d @@

combinations- intersection;union; complement

e & G

Propositions in
subjectpredicateform

Quantity |Mood|Quantifier| Subject copula| Predicate
Quality

Universal | A All S are P
affirmative

Universal | E No S are P
negative

Particular | | Some S is P
affirmative

Particular| O Some S is not P
negative
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Syntax Diagram for Term Logic

Statement

T

Subject Predicate

N

quantifier subject copula predicate

O "kQ U term oT® v term

Square obpposition
A

Universal
affirmative
EverySisaP

Particular Universal
Contradictories negative [
Some Sisa P NoSisaP

Particular
negative
Some S is not P

O
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Logical Argument

Is any chain of valid reasoning. Basic components:
Equivalence

! T EverySis @[T
9 71 |[NoSisaP|7
Implication:

! I If |Every Ss aP|then|Some S ia P
9 TIIf|INoSisaP |[then|Some S is not
Butthe most studiedback then) washe syllogism

Some Sia P
NoSisaP

J

J
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Syllogism

Syllogistic forms have mood afidure:

Structure example form [mood
Major premise |All men are mortal. [M-P [A
Minor premise |All Greeks are men. [SM
Conclusion All Greeks are mortal SP

>

>

S is alwaythe subjectof the conclusion.
Themiddleterm M appearsin both premises.
P is alwayshe predicateof the conclusion.
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Syllogistic Forms

Figure I1st |2nd [3rd |4th |ways
Major premise [M¢P [PcM [McP [PcM |2
Minor premise [SXM |SKM [M¢S |[MgS |2
Conclusion P [P [P [P (1

Examplg(3rd figure)

AllMis P A premise |with P
Some MisnotS |O Minor M appears

Some SisnotP |O premise |with S

Major  |M appears

Enthymemes

A An enthymeme is an abbreviated syllogism. It
contains a conclusion and one of the premises,
the other premise being implied.

Exampley W2Ky @gAff FIAf K
studied.

Explicit premisé W2 Ky Kl ay Qi ai
A2KIGQa YArAaaAry3akK
Implicitpremis¢ ! y&2y S K2 R2S
exams

Sorities

A A chain of syllogisms in which the conclusion
of each is the major or minor premise of the
YSEG® CNE Yordg€K Sr SOr NGSAS/13

Example The soul is a thinking agent; A thinking
agentcannotbe severed into parts; That which
can not be severedannotbe destroyed,;
Therefore the soutannotbe destroyed.

[ dzfAfsNegna (Great Art)

11t centuryspanishmonk, pseudescientist,

poet, Ramon Lull. Thought that truth of religion
could be deduced by reason alone, and that all
knowledge is formed by composite terms of a
few basic principles.

His diagrams use symbols to stand for
words and phrases. Concentric circles /. \-
contain two or more sets of terms, an :

inner circles are rotated to obtain all
possible combinations.
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[ dzt £ Qa4 S5Al 3

Ly CA3Id nz
God, and R R stand
for various attributes
of God. Each of the
240 permutations of
the two letter
combinations tell us a
new truth about God

[ SAYyAGT Qa al GK

Wantedto analyze all types of logical inferences,
not just syllogisms, by extending Aristotelian logic
to a symbolicalculus, called aniversal
characteristic which would be greciselanguage
governed byformal, algebraic rules of reasoning.
GLF O2y iNROSNBASA 6SNB (G2
of disputation between two philosophers than between two
accountants. For it would suffice to take their pencils in their

hands, to sit down to their slates, and to say to each other:
Let us calculate

2 2 N¥ RQa ¥F A NX 6Stanhoped
Demonstrator

18" century British statesman and scientist
Charles Stanhope created a device for solving
aefftz23arayao | Bolo® 2 & ¥ 8l
YARRE S GSNY 2F L+ aetf
YARRES USNY Ay 0UKS TFA
the non-middle term in the second premise. His
RSY2YyaidNY 2N RSGSNYAY

i2 afz2aé OFy 0SS RSRdzO
U K Bolog Y I RR aK2¢ (G2 a
cholog &

Operation of Demonstrator

¢ K Solo¢  OA S halogEK §i K& INJ &
NBLJNBéSVué GKS aK2és |y
UKS afz2a¢o 2 KSy | LINBY
a middle term, push the slide for that term over the

entire holon. When a premise relates a term tg

a{2YS¢ 2F | YARRE S SN
term over part of theholon, When a premise
NBfIGSa  GSNY (2 abeys

withdraw the slide. If there is an overlap in the
holon, then an identity is established between the |
g2 GSNXE& o00GKS oo

Demonstrator Operation Example

1. AllMis some neA (No M DEMONS
is A)

2. AllBissome M (AllBis V|
Holos¢ M,

Ho (gray slideYd & 2 Y & ¢y *
Los (red slideya I £ £ . é
Push the ho over all of M anc |
the los partially covering M.
The red and gray overlap, so |~
you obtain All B is some nét |
(NoBis A) ‘

WS @ dogic@ldystem

19" century British economist and logician,
William Stanley Jevons. (Like Venn diagrams.)

Premises Combinations Conclusions
AllAis B
NoBisC Abc Some A
from All A i from No B is C
Notes
A lower case is negation aBc SomeAisC
A juxtaposition is consistenc abC SomeAis C

abc SomeAisC
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WS @ 2ogitaiiano

Face of piano has 16

combinations of four terms in

four rows and columns.

Keyboard has 21 keys: eights

keys on the left for the four

terms and their negations, and

a mirror image of those eight

on the right, and five

operation keys.Copulakey

corresponds to = in logical

equation,finiskey for reset,

full stopkey for end of .
Slidz- GUA2ys Gg¢2 Tpi 1Sea F2N &
relation.

WS @ 2ogithiiPiano Operation

Equation is entered by ~ ~/§ A o §Z (]E*§ s
pressing keys, and the machine with sufficient

face of the piano removes power to solve a
inconsistent propositions complicated problem
Example A =AH.e. faster than the problem
AllAis A&B, or lisB could be solved without

Keystrokes A on left, $Z u Z]v k_ ]

copula, A on right, B on

right, full stop -- Gardner [p. 91]

al NJjdzZt yRQa [ 23

19" century American
logician, professor of art and
archaeology, Allan
Marquand. His machine is
similar toWS @ 2 bituses
ten keys instead of 21: four
terms and their negations,
plus two operation keys, 0
and 1. The face of the
machine has 16 pointers
representing the truth or
falsity of each combination
of terms.

a | NJj dzMgcRre@peration

Example AE B can be Operation. Machine
restated negatively as true starts with all pointers at
1Qa OFyy2i o tue@aixootd)y SR
gAGK TItas . PranmisedaBrieied {inK
and b keys and 0, which  negative form) by pressing
causes the pointers for all the letter keys
combinations withAbto simultaneously and then
fall. the 0 key, which causes
the pointers with that
letter combination to drop
(vertical position

Limitations of categoricakasoning

A Didnot treat complex statements formed by
Boolean combinations of simple statements.
(Latertreated byMegariansand Stoics.)

A Norelationships: comparisorsuch asrderings

A No functions: 19ttcentury logician Augustus
DeMorgannoted that the inferenceall horses
are animalstherefore the head of a horse is the
head of an animak beyond the reach of
Aristotelianlogic

Symbolic logic

A The most serious problem was not
conceptual, but rather notational

A A lackof variables: without an algebra,
symbolic reasoning was neaiiypossible

A GeorgeBoole(19" century English
mathematician angbhilosopher)developed
an Algebra of Logic (Boolean algebra)




