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This page belongs to the Logic in Action Open Course Project. The project aims at the
development of elementary courses in logic in electronic form. In addition to freely
manuscripts, texts appications have been (and wil be) developed for interactive
eductional support, Below the individual chapters of a larger manuscript which the
project membaers have worked on in &5 first year, and which has been tested in
academic courses at the Amsterdam University College (NL), and Tsinghua University
in Beijing (CN), fall 2009.

(The full manuscript can also be downlad from here.)

Chapter 1

Introduction. What s Logic? In sclence, logic means
“the study of valid reasoning®, and for centuries it has
been a phicsophical discipline. Nowadays, in the
information era, & & a subject studied and appled by
rescarchers from many other scientific backgrounds
such as mathematics, computer science, linguistics,
cognitive science and economics. In this chapter lots of
examples of vaid and Invalid reasoning are presented,
without getting too much into formal detail. On the
way, the historical background of the development of
logic, both in the western as in the eastern world, is
presented (ite).

Programs

Part 1 Classical Systems

Chapter 2

Propositional Logic. A purely sentential system. Its
origins dates back to the Stokc philkosophers. The first
complete mathematical system has been introduced
around 1850 by George Boole (picture), which he
published in his famous work The Laws of Thought',
Athough, the language of propositional logic & at first
sKht very simple, 1S expressiveness IS surprsingly
powerful. Among the wide varety of applcations, the
most impressive s dgital or binary computation which
can be modeled as propositional reasoning. This
invention (around 1950) has lked to the development of
the modern computer, from which we all benefit every
day.

Programs

......

Syllogisitics. In this chapter we go back to antiquity. A logic of
quantified expressions which was ntroduced by Aristotle (400BC).
Syllgsstics has dominated the study of logic in the western world until
the 19th century. Since the second haf of the 19th century
syllogstics is mathematically wel-understood. We will use a system
which makes use of so-called Venn-diagrams (after the British
. In addition to this, we discuss how

s 11O

mathematician John Venn
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Et toutes ces operations font fi aifées, qu'on n’a jamais
befoin de rien effayer ni deviner , comme il faut faire
dans la divifion orJ;nairc. On n’a point befoin non-plus
de rien apprendre par cceur icy , comme il faue faire dans
le calcul ordinaire, ot il faut fcavoir, par exemple , que
6 & 7 pris enfemble font 13 ; & que § multiphé par 3
donne 1y, fuivant la Table d'ane fois an ¢ff an, qu'on ap-
pelle Pythagorique. Mais icy tout cela fe trouve & fe
prouve de fource, comme I'on voit dans les exemples pre.
cedens fous les fignes D & ©.
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“... I'm not good at
mathematics, but [ don't bother.
Numbers, triangles,
functions .. 1t'’s just not my
world. But, yes, logic
[ have to be good at 1t. It's about
my own thoughts!”

Student of the Amsterdam University College.
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+Propositional Logic +Logic of Knowledge
+Syllogistics (& sets) +Logic of Action (dyn. logic)
+First Order Logic *Interaction and Games

+Validity Testing (tableaux)
I I I +Proofs and Arguments (nat. ded.)

+Automated Deduction (resolution)
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1. At least one of them is guilty.
2. Not all of them are guilty:

3. Mrs White is guilty only if Colonel
Mustard helped her (s guilty too).

4. It Miss Scarlet is innocent then so
is Colonel Mustard.
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innocent | innocent | innocent
innocent | innocent | guilty
innocent | guilty |innocent
innocent | guilty guilty
guilty |innocent |innocent
guilty |innocent| guilty
guilty guilty |innocent
guilty guilty guilty
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Validity

An inference is valid if and only if its
conclusion is true in every situation at
which all the assumptions (premises)

hold.
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Counter-example

A counter-example ot an inference is a
situation at which all the premises hold
but the conclusion does not.
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Invalidity

An inference is znvalid if and only if there
exists a counter-example of it.
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Invalidity

An inference is znvalid if and only if there
exists a counter-example of it.
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Validity

An inference is cvalid it and only if it has
no counter-examples.

¢Ir")¢7b |= 1/’
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Logical Equivalence

'Two propositions/formulas are logically
equivalent, if and only if they are true
under the same circumstances.
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Logical Equivalence

'Two propositions/formulas are logically
equivalent, if and only if they are true
under the same circumstances.
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Valid and satisfiable formulas

A formula is wvalid if it is true under all
circumstances.

A formula is satisfiable if it is true under
certain circumstances.
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A formula is wvalid if it is true under all
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Y
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Valid and satisfiable formulas

A formula is wvalid if it is true under all
circumstances. |=
Y

A formula is satisfiable if it is true under
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Logical Equivalence
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Logical Equivalence

DY =~ <) =-p <y




Logical Equivalence

@Y =-(p > p) = >y




Logical Equivalence

@Y =-(p > p) = >y
P —=>Y==0VYP==(pAr-1)




Logical Equivalence

O OY=-(p <) =g <y
b p=@ =9 A Gp—=9)
P —=P==¢VYP=-(p A1)
b AP =GV )
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Expressivity

Every boolean function can be defined by
using -, A and v only.
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INVESTIGATION OF

HE LAWS

WHICH ARE FOUNDED
HE MATHEMATICAL
JEORIES OF LOGIC

D

x)x=0 X0 =0 XI=X
Cx)+x=1 X+0=X X+I=1
XX = X Xy =7y X
X+X=X X+y=y+X
| Idempotence ' ‘ Commutativity'
x(yz) = (xy) L x(x+9)=x
x+(y+2)=(x+y)+g x+(xy)=x
‘ Associativity ' ‘ Absorption .
--X=X
‘Double negation'
“(xy) = (%) +(y) x(y+2)=(xy+(x2)
“(x+y)=(Cx) ¢y x+(yz)=(x+y) (x+2)

‘De Morgan. ‘Distribution'
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(not x) and x = false x and false = false x and true = x

(not x) or x = true x or false = x X or true = true
x and x = x x andy =y and x
X 0r X=X xXory=yorx
HE LAWS
B NATHENATICAL, xand (y and z) = (x and y) and 3, x and (x or y) = x
fEOLIES OF 100 xor(yorz)=(xory)org xor (x andy) = x
not not x = x
not (x and y) = (not x) or (not y) x and (y or 2) = (x and y) or (x and 2)
not (x ory) = (not x) and (not y) x or (y and z) = (x or y) and (x or 2)
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- @) A @=false @ A false = false O A true= ¢

PV @=true ¢ V false= ¢ @ V true = true
PAP=¢ PAY=YP AP
¢V P=¢ VY=YV
PAWYAY=@AY) Ay PApVY)=¢
pv@vy=@vy vy PV (pAry)=¢
=
AW LB Y Ow) DAY D= @AYV DAY

SOV =G Gy PV AY =@V AV
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GP)Ap=1 dALl=1 OAT =0

GPve=T ¢pvlil=¢ GV T=T
PAP=¢ PAY=YP AP
PVP=¢ PVY=y Vv
PAGp A= (@AY Ay pArlpvy)=¢
PV pv)=(@vy) vy PV pry)=¢
=
O By o) DAGVD= DAYV DAY

SOV =G Gy PV AY =@V AV
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DAY AP=p Ay




PAYEQP

(DAY AP =

WY AP A=

YA(pAg)=
YAP=
¢ AY

DAY AP=p Ay




PAYEQP

(P A A=

DAY AP=p Ay




L p—>@—P)
2. (p—=@W—=x)—=(p—=yp)—(p—y)
3.6o—=>- P —=@—¢)

1., 2. and 3. are theorems (for every

¢, 1 and y)

Every instance of a theorem is a
theorem.

If ¢ and ¢p— are theorems then so
is 1 (modus ponens).

Jan Yukasiewicz
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Part I11 chapter 9

Natural Deduction, Proofs and Arguments




(Gerhard Gentzen
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(Gerhard Gentzen
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(Gerhard Gentzen
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(Gerhard Gentzen
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+ modus ponens =
complete deduction
system for propositional
logic!

(Gerhard Gentzen
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P>y ¢
P—>Y
(4 ' 1
' %
P—>Y ' @
(4

(Gerhard Gentzen

— Intro —Elim., LE[im,
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P>y ¢
P—>Y
(4 ' 1
' %
P—>Y ' @
(4

(Gerhard Gentzen

— Intro —Elim., LE[im,
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Part 111 chapter 8

Tableaux, Testing Validity




Evert Beth
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7
pPAgvr) = (pAgIVT




pA(qVr) ¢ (PAQ)Vr
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pA(qVr) * (PAQ)VF

P.qVvr * (pAQ)Vr
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pA(qVr) * (PAQ)VF

P.qVvr ¢ (pAQ)Vr

P,qVr * PAQ, ¥
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pA(qvr) * (PAQ)VF
P.qVvr ¢ (pAQ)Vr

P,qVr * PAQ, ¥

P,qVr* p,r p,qVvreq,r
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pA(qvr) * (PAQ)VF
P.qVvr ¢ (pAQ)Vr

P,qVr * PAQ, ¥

P,qVr* p,r p,qVvrs q,r

P.qQ°q,r p,¥*qr
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pA(qVr) * (PAQ)VF

p,qvr ?
r PAQ, ¥




pA(qVr) * (PAQ)VF

p,qvr ¢

* PAQ, I




G Pq 7P

7q,p—q,P |

PGP 1 g

p!pq ap!q

Wednesday, 3 August 2011



7q,p—q = 7p
qP?q;: P

7q,p—q,P |

PGP 1 g

p!pq ap!q
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P9 Tq

“p,Pq,q ;

P99, P

q'pp aq!p
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p,p—q F 7q
p,Ppq: q

“p,Pq,q ;

P99, P

q'pp aq!p
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p,p—q F 7q
p,Ppq: q

“p,Pq,q ;

P99, P

q'pp aq!p

Both branches are open. They represent the same counter-
example, i.e., the valuation V' with V(g)=1 and V(p)=o0.
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7q,Ppq; P

PGP ;

P_’CI’PTCI

olpa qpla
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¢Ir°°)¢”~’ — 1//

if & only if

¢Ir"7¢7b 7 1/)

can be rewritten as
a closing tableau
(no counter-examples)

This property holds for propositional logic, and also for predicate logic.
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Dryeeey P, FE Y

if & only if

¢I)°°':¢m o Y

can be rewritten as
a tableau with an open branch
(repr. a counter-example)

This property holds for propositional logic, but not for predicate logic.
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Logic in Action

Johan van Benthem, Jan van Eijck and Jan Jaspars

23rd ESSLLI, Ljubljana, Aug 1-5 2011
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I 1

+Propositional Logic +Logic of Knowledge
+Syllogistics (& sets) +Logic of Action (dyn. logic)
+First Order Logic *Interaction and Games

+Validity Testing (tableaux)
I I I +Proofs and Arguments (nat. ded.)

+Automated Deduction (resolution)
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[

+Propositional Logic
+Syllogistics (& sets)
+First Order Logic

1

+Logic of Knowledge
+Logic of Action (dyn. logic)

“+Interaction and Games

[11

+Automated Deduction (resolution)
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[

+Propositional Logic

1

+Logic of Knowledge
+Logic of Action (dyn. logic)

“+Interaction and Games

[11

+Validity Testing (tableaux)
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[

+Propositional Logic

L1

+*(Wed) Logic of Knowledge
*(Thu) Logic of Action (dyn.
logic)

+(Friday) Interaction and
Games

[11

+Validity Testing (tableaux)
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is £

\I/
/I\

All ©pib are f3
{f

No

ffL is coplb
J

/
A

AN
7

No
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No

oplb are f3
o is P2

No

A4f. is oo plb

J
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No

oplb are f3
o is F2

O4f. 1is oo plb

J

Calculemus ]
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Aristotelian diagram (sem)

Universal Existential

All AB Some AB

Affirmative

S

No AB Not all AB

Negative
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Aristotelian diagram (sem)

Universal Existential

Q

>

©

Z ﬁ

Q

>

: @ @D
(@)

Q

zZ.
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Aristotle

All politicians are rich
No student is rich

No student is politician

All politicians are rich
No student is politician

No student is rich
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All politicians are rich
No student is rich

No student is politician

All politicians are rich
No student is politician




All politicians are rich
No student is rich

No student is politician

All politicians are rich
No student is politician




All politicians are rich
No student is rich

No student is politician

All politicians are rich
No student is politician




All politicians are rich
No student is rich

No student is politician

All politicians are rich
No student is politician




All politicians are rich
No student is rich

No student is politician

All politicians are rich
No student is politician




All politicians are rich
No student is rich

No student is politician

All politicians are rich
No student is politician




All politicians are rich
No student is rich

No student is politician

All politicians are rich
No student is politician




All politicians are rich
No student is rich

No student is politician

All politicians are rich
No student is politician




All politicians are rich
Some students are politician

Some students are rich

All politicians are rich
Some students are rich




All politicians are rich
Some students are politician

Some students are rich

All politicians are rich
Some students are rich




All politicians are rich
Some students are politician

Some students are rich

All politicians are rich
Some students are rich




All politicians are rich
Some students are politician

Some students are rich

All politicians are rich
Some students are rich




All politicians are rich
Some students are politician

Some students are rich

All politicians are rich
Some students are rich




All politicians are rich
Some students are politician

Some students are rich

All politicians are rich
Some students are rich
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All politicians are rich
Some students are politician

Some students are rich

All politicians are rich
Some students are rich




All politicians are rich
Some students are rich




All politicians are rich
Some students are rich




All politicians are rich
Some students are rich




All politicians are rich
Some students are rich




All politicians are rich
Some students are rich




Dryeeey P, EY

if & only if

¢Ir"7¢7b 7 1/)

can be rewritten as
a closing tableau
(no counter-examples)

This property holds for propositional logic, and also for predicate logic.
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¢Ir")¢7b ;é 1/}

if & only if

¢I)°°':¢m o Y

can be rewritten as
a tableau with an open branch
(repr. a counter-example)

This property holds for propositional logic, but not for predicate logic.
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xZ —
X+1

xZ
(x+1)
= 0




A syllog. inference is
valid if & only if its
anti-logism not.
sattisfiable.

Christine Ladd




A syllog. inference is
valid if & only if its
anti-logism. not,
sattisfiable.

Christine Ladd




All politicians are rich
No student is rich

No student is politician

75 valid

if and only if

All politicians are rich
No student is rich
Some student is politician

15 not satisfiable
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Sattisfiability tests for sets of
Aristotelean forms

Set up diagram/table
of all combinations ...
update with all the universal information
(All, No = remove objects) ...
then check whether you still can
add objects to support all the existential
forms (Some, Not-all).

J

... symbolic version can be done in
propositional logic with low complexity.
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Language of predicate logic

*Predicates PQ,R,A,B,...
*Names (constants) a,b,c,...
*Variables x,y,z,.... L exicon

eConnectives ,A,V,— >, |
eQuantifiers Vv,3
eEquality =

Logical symbols
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Basic (atomic) formulas

Mj
Vm
Hjm
Gjxm




Basic (atomic) formulas

Predicate term; ... termn

For now, term is either constant or variable




Basic (atomic) formulas

(n=1)

Predicate term,

Predicate stands for a property
(unary or monadic predicate)




Basic (atomic) formulas
(n=2)

Predicate term;| termy,

Predicate stands for a relation
(binary predicate)




Basic (atomic) formulas

(n=3)
Predicate term; term, terms

Ternary predicate




Basic (atomic) formulas

Predicate term; ... termn

n-ary Predicate




Basic (atomic) formulas

(n=0)

Predicate

0-ary Predicate = propositional variable as in
propositional logic




Basic (atomic) formulas

Ml John is a man
Wm Mary is a woman
ij John loves Mary

ijm John gives ‘something unknown’
(x) to Mary




Basic (atomic) formulas

Mi | is odd

VWm 2 is even

Ljm | is smaller than 2

Gjxm There is ‘something unknown’

(x) between | and 2




Connectives

*Mj AWm

*Mj =& Mm
*(MjAWmMmM)—Ljm
*Hmj—= (MjvLijj)
*(Lmja=Ljj) =M
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Don’t!

BFXx SjApf

x is a blue (B) bike (F)  John (j) and Peter (p) are students of
philosophy (f)
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WWrite ...

Bx A Fx Sjf A Spf

x is a blue (B) bike (F)  John (j) and Peter (p) are students of
philosophy (f)
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Don'’t

SjiApfvw

John and Peter are students of philosophy or mathematics

(Sirpf) v (Sjapm) & (Sjfvm) A (Spfvm)
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Write ...

(Sif » Spf) v (Sjw A Spw)
or
(Sif v Sjw) ~ (Spf v Spw)




Quantifiers

eJx Mx

*3Jy -Lyy
*vX (Mx<—1Vx)

*\vx3y Hxy
*vx(Hxx — 3y 7Hyx)
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Quantifiers

ovx3y Hxy ~ “everything R-s something”.

eJyvXx HXxy ~ “there’s something R-ed by everything”.
ovx3y Hyx ~ “everything is R-ed by something”.
*3yvX Hyx ~ “there’s something which R-s everything”.
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*vxdy Rxy | Everybody loves somebody
Everybody is loved by
. R
Mandbl somebody
o 2vvix R There is at least one person
/ ’ | who is loved by everybody

There is at least one person

*JyVvx Ryx

who loves everybody

Tuesday, 2 August 2011




*\vx3y Rxy

ovx3y Ryx

*JyVvx Rxy

*JyVvx Ryx
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ovx3dy Rxy

*\vx3y Ryx

*JyVvx Rxy

*JyVvx Ryx
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*\vx3y Rxy

*\vx3y Ryx

*JyVvx Rxy

*JyVvx Ryx
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Graphs

Vx3yRxy




Graphs

Vx3yRxy

JyRxy




Graphs

. x—left,y — left A

Vx3yRxy

|

JyRxy

|

_ x—right,y = left

= Rxy

O <+—@




Graphs

Vx3yRxy

|

JyRxy
g x—left,y — left l x—*left,y — right
x—oright,y = left  RXY >ri i
9 ght,y — left | X—right,y — right

O <+—@
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Graphs

Vx3yRxy

x— left l
[ X—right ]> EIYRXY

g x—left,y — left l x—*left,y — right
xorighty — lefe "X —ri i
9 ght,y — left | X—right,y — right

O <+—@
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Graphs

Vx3yRxy

x— left l
[ X—right ]> EIYRXY {]

C x—left,y — left l x—*left,y — right
xorighty — lefe "X —ri i
9 ght,y — left | X—right,y — right

O <+—@
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Graphs

vx3ayRyx




Graphs




Graphs

vx3ayRyx

|

JyRyx

e x—left,y — left A l

_ x—left,y = right

O <+—@




Graphs

e x—left,y — left A l x—right,y — left
x—left,y - right ~ RYX i i
9 ,Y = right x—right,y = right

O <+—@
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g x—left,y — left h l x—right,y — left
x—left,y = right | RYX i i
9 ,Y = right X—right,y — right

O <+—@

Tuesday, 2 August 2011



g x—left,y — left h l x—right,y — left
x—left,y = right | RYX i i
9 ,Y = right X—right,y — right

O <+—@
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Graphs

3y VXRxXy




Graphs

3y VXRxXy

VxRxy




Graphs

. x—left,y — left A

3y VXRxXy

|

VxRxy

|

_ x—right,y = left

= Rxy

O <+—@




Graphs

3y VXRxXy

[)’ - |eft} Vlexy

C x—left,y — left h l
= Rxy

_ x—right,y = left

O <+—@




Graphs

JyVXRyX







Graphs

JyVXRyX

_—

g x—left,y — left h l

_ x—left,y = right

O <+—@




Affirmative

Negative

“Arist. Tableau” diagram (lang.)

Universal Existential
———
ALL SOME
L VX ..o . Lo dAXxe ..o L.
NO NOT ALL
.o .. dxep .. .o .. VX ..
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“Arist. Tableau” diagram (1)

Universal Existential
V V' xo Axp
B
c O
.!;E n @
Z
o Axcp V xp
P
© O
Q
p
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Affirmative

Negative

“Arist. tableau” diagram (2)

Universal

Existential

V' x

Ixp

Fcp

Axcp

y
y

V' xo

'.cp

Tuesday, 2 August 2011




VX Px = vx Qx ¥ vx (Px = Qx)




Vx Px = vx Qx - ¥x (Px = Qx)
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Vx Px = vx Qx - ¥x (Px = Qx)

0

Tuesday, 2 August 2011



Vx Px = vx Qx - ¥x (Px = Qx)

vx Px — vx QX*P' — QI
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Vx Px = vx Qx - ¥x (Px = Qx)

vx Px — vx QX*P' — QI
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Vx Px = vx Qx - ¥x (Px = Qx)

vx Px — vx QX*P' — QI

vx Px = vx Qx,PI : QI
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Vx Px = vx Qx - ¥x (Px = Qx)

vx Px — vx QX*P' — QI

vx Px = vx Qx,PI i QI

‘ —
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Vx Px = vx Qx - ¥x (Px = Qx)

vx Px — vx QX*P' — QI

vx Px = vx Qx,PI i QI

—

Pl l‘v’x Px, QI
vx Qx, Pl

: QI




Vx Px = vx Qx - ¥x (Px = Qx)

vx Px — vx QX*P' — QI

vx Px = vx Qx, Pl -

Ql

-

Pl l‘v’x Px, QI

vx Qx, Pl

: QI




Vx Px = vx Qx - ¥x (Px = Qx)

vx Px — vx QX*P' — QI

vx Px = vx Qx, Pl -

Ql

—

Pl l‘v’x Px, QI

Pl : P2,QI

vx Qx, Pl

: QI




Vx Px = vx Qx - ¥x (Px = Qx)

vx Px — vx QX*P' — QI

vx Px = vx Qx, Pl -

Ql

—

Pl l‘v’x Px, QI

Pl : P2,QI

/

vx Qx, Pl

: QI




Vx Px = vx Qx - vx (Px = Qx)
v
vx Px = vx Qx ! P1 = QI

|
-

vx Px = vx Qx,PI : QI

—

Pl J;Vx Px, QI

vx Qx,Pl : QI

v
PI : P2,Ql

/

Open branch. Counter-example with two individuals |
and 2, with | being a P and not a Q,and 2 a non-P.
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vx (Px = Qx) E vx Px = vx Qx




vx (Px = Qx) - ¥x Px = vx Qx
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vx (Px = Qx) . VX Px = vx Qx

Tuesday, 2 August 2011



vx (Px = Qx) . VX Px = vx Qx

vx Px ¢ vx Qx
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vx (Px = Qx) . VX Px = vx Qx

vx Px ¢ vx Qx

i
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vx (Px = Qx) . VX Px = vx Qx

vx Px ¢ vx Qx

N

o
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vx (Px = Qx) . VX Px = vx Qx

o,
o

|
A4
I
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vx (Px = Qx) . VX Px = vx Qx

S
ol

Pll
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vx (Px = Qx) . VX Px = vx Qx

o,
o

|
\4
PI .
\4
|
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vx (Px = Qx) . VX Px = vx Qx

o,
o

|
\4
PI .
\4
|

Pl = QI
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vx (Px = Qx) . VX Px = vx Qx

o,
o

|
v
|
1
v
|

Pl

Pl = QI
|

—
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vx (Px = Qx) . VX Px = vx Qx

o,
o

|
\4
PI .
\4
|

Pl = QI :

—

| P

Ql :




vx (Px = Qx) . VX Px = vx Qx

o,
o

|
\4
PI .
\4
|

Pl = QI :

—

| P

Ql :




vx (Px = Qx) . Vx Px = vx Qx
—
vx Px : vx Qx
v

Q1

.

\
|
!
\
]

Pl = QI

—

Ql :
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ffirmative

Negative

Quantifier rules

Universal Existential
V xp . Axcp ®
ma,:l(qe. add
everything Apop
P
all some
Axcp ®
make
everything add
non- a hon--er

no

not all
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Problem |
Bl vxPx-3axPx B

20?




Solution |
o - -

VX Px - Ix Px




Solution |
o - -

VX Px . IX Px

v
|




Solution |
o - -

VX Px . IX Px
v




Solution |
o - -

VX Px . IX Px

v
Pl ! 3x Px




Solution |
o - -

vx Px - Ix Px

|
v

Pl !»EIXPX
7




Solution |
o - -

VX Px - Ix Px

|
v

Pl !»EIXPX
7




Solution |
o - -

VX Px . IX Px

v
Pl !»EIXPX
E|

JENINN




Solution |
o - -

VX Px . IX Px

v
Pl !»EIXPX
=

JENINN




Solution |
o - -

VX Px . IX Px

v
Pl !»EIXPX
3

JENINN

In every situation there is
always at least one object!




Problem 2

- AX (Tx = vyly)




Problem 2

o 3X (Tx = vyly)
3

‘TEH—=wTy H-1




Problem 2

T1 = vyly B -




Problem 2

- AX (Tx = vyly)

T1 = vyly B -

vyly

T

|
3
IO
|
—
IO
|
v
!

T2 @




Problem 2

true (valid)!




Problem 2

- AX (Tx = vyly)

=

TI-wTy W=
TI : vy ly

v

' T2 O

] has not been applied
to all objects (2)!




Solution

® Add a p-er / non-p-er, dnd

® re-activate all universals (all = v, no = 3)
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Solution 2

T1 = vyly B -




Solution 2

- AX (Tx = vyly)

T1 = vyly B -

vyly

T

|
3
IO
|

—
IO
|
v
I




Solution 2

- AX (Tx = vyly)

T1 = vyly B -

vyly

T

|
3
IO
|
—
IO
|
v
!

T2, Ix (Tx = vyly) |®




Solution 2

- AX (Tx = vyly)

T1 = vyly B -

T2, Ix (Tx = vyly) |®

3
Io
-
TI : vy ly
v
|
=
|




Solution 2

- AX (Tx = vyly)

3

T1-wly  l=-1
T vyTy

v

1 T2, 3x (Tx = vyTy) |e

3

|

T2 = wyTy 2|




Solution 2

- AX (Tx = vyly)

T1 = vyly B -

vyly

T

T2, Ix (Tx = vyly) |®

T2 = wyTy 2|

|
3
IO
|

—
IO
|
v
!
|
=
:
|

—
I




Solution 2

- AX (Tx = vyly)

3
TE-wTy =18
-

Tl : vy ly
Vv
1 T2, 3x (Tx = vyTy) |e
3
1 T2 = wyTy 2]
-

T2 vy Ty




Solution 2

- AX (Tx = vyly)

3
TE-wTy =18
-

Tl : vy ly
Vv
1 T2, 3x (Tx = vyTy) |e
3
1 T2 = wyTy 2]
-

T2 vy Ty




ffirmative

Negative

Rules for quantifiers (fin)

Universal Existential
V' xp . Ixp ®
make add
everything a (p-er +
) re-activate v & 3
all some
Ixcp P
make add
everything a non-(p-er +
non- re-activate v & 3

no

not all
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Jy Vx Rxy - ¥x 3y Rxy
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Jy Vx Rxy - ¥x 3y Rxy

=
I
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Jy Vx Rxy - ¥x 3y Rxy
3

vx RxI @ vx 3y Rxy
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Jy Vx Rxy - ¥x 3y Rxy
3

vx RxI @ vx 3y Rxy
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Jy Vx Rxy - ¥x 3y Rxy
3

vx RxI @ vx 3y Rxy

vx RxI ¢ 3y R2y




Jy Vx Rxy - ¥x 3y Rxy
3

vx RxI @ vx 3y Rxy

vx Rxl - 3y R2y

v
I




Jy Vx Rxy - ¥x 3y Rxy
3

vx RxI @ vx 3y Rxy

vx Rxl - 3y R2y
v

B RiI,R21 T3yRY2y




Jy Vx Rxy - ¥x 3y Rxy
3

vx RxI @ vx 3y Rxy

vx Rxl - 3y R2y
v

B RiI,R21 T3yRY2y




Jy Vx Rxy - ¥x 3y Rxy

=

®| vx Rxl ! vx 3y Rxy

vx Rxl - 3y R2y

v

B RiI,R21 T3yRY2y

RI11,R2I

- R21 ,R22




Jy Vx Rxy - ¥x 3y Rxy
3
®| vxRxl : vx 3y Rxy
T
vx Rxl - 3y R2y O
\

BRIl ,R21 T3yRYy

3
RIl,R21 ‘R21,R22 |




vx 3y Rxy - 3y ¥x Rxy
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I

Tuesday, 2 August 2011



vx 3y Rxy - 3y ¥x Rxy
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vx 3y Rxy - 3y ¥x Rxy

v
I
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vx 3y Rxy - 3y ¥x Rxy
v
Jy Rly !
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vx 3y Rxy - 3y ¥x Rxy

A7
B  ayRIy!
=
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vx 3y Rxy - 3y ¥x Rxy
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B  ayRIy!
=
|
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vx 3y Rxy - 3y ¥x Rxy
v

B =yRIly!
=

vx 3y Rxy ,R12 !




vx 3y Rxy - 3y ¥x Rxy
v

B =yRIly!
=

vx 3y Rxy ,R12:




vx 3y Rxy - 3y ¥x Rxy
v

B =yRIly!
=

vx 3y Rxy ,R12:




vx 3y Rxy - 3y ¥x Rxy
v

B =yRIly!
=

vx 3y Rxy ,R12:

. VX RxI , vx Rx2




vx 3y Rxy - 3y ¥x Rxy
v

B =yRIly!
=

vx 3y Rxy ,R12:

. VX RxI , vx Rx2

0




vx 3y Rxy - 3y ¥x Rxy
v

B =yRIly!
=

vx 3y Rxy ,R12:

0

. VX RxI , vx Rx2

o,




vx 3y Rxy - 3y ¥x Rxy
v

B =yRIly!
=

vx 3y Rxy ,R12:

. VX RxI , vx Rx2

*R3I s dy Vx Rxy

o,




vx 3y Rxy - 3y ¥x Rxy

A4

B =yRIly!

3
VX 3y ny,RIZ%
3

v
' R31, 3y vx Rxy

|
00

: vx Rx1 , vx Rx2

o,




right

left

Extended Rules for existentials

Univ Existential*
Axcp | | @
assign add
@ to a known a (p-er +
object re-activate Vv 3
all some
dx Vxp | | P
deny add
p for a known a non-p-er +
object re-activate v 3
no not all
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vx 3y Rxy - 3y ¥x Rxy
v
Jy Rly !
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vx 3y Rxy - 3y ¥x Rxy
\
Jy Rly :
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\v/
X
-
y R
X
B y 5 3y
| L VX
y!i Rx
3% |

|
\v/
X
-
y Rxy
R
12|




vx 3y Rxy - 3y ¥x Rxy
\
Jy Rly :
3*

RIT | VxEInyy,RIZl




A4
x 3y R
X
yo
> Jy VX
Rx
Y

-
)’Rl)’Y
R |
1! -

\v/

X

3y Rxy
R
12 |

B




vx 3y Rxy - 3y ¥x Rxy
v
Jy Rly :
=la

RIT | VxEInyy,RIZl

—VX Rx|

(@)




vx 3y Rxy - 3y ¥x Rxy

v
Jy Rly :
3*

RI1T : VxEInyy,RIZl

.
v

X Rx




vx 3y Rxy - 3y ¥x Rxy

v
Jy Rly :
3*

RIT | VxEInyy,RIZl

o

—VX Rx|

I RI




vx 3y Rxy - 3y ¥x Rxy

v

Jy Rly :

3*

RIT !

o

VX Ty ny,RIZL

—‘v’x Rx|

I RI

vx 3y Rxy | R12 , Ay VX Rxy




vx 3y Rxy - 3y ¥x Rxy

v

Jy Rly :
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RI11 ] VxEInyy,RIZl

3
L vx RxI
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LRI VxEInylel2,Ely‘v’xny




vx 3y Rxy - 3y ¥x Rxy

v

Jy Rly :

3*

RI11 ] VxEInyy,RIZl

3
L vx RxI
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LRI VxEInylel2,Ely‘v’xny
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vx 3y Rxy - 3y ¥x Rxy

A4

Jy Rly :

3*

RII ] VxEInyy,RIZL

3
L vx Rx|
&
LRI VxEInyyLRIZ,EInyny

l

There is no counter-example
with only one object!
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L Vx Rx2
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IR12 'R22
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v
LRI VxEInyy‘RZI,EJyVXny

)
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R21 ! R22! wx 3y Rxy,R23 !
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A
IR12 'R22  wx 3y Rxy ! R32, 3y vx Rxy

d

Open branch: counter-example R = {<I,1>,<2,2>}




vx Jy Rxy « Jy ¥x Rxy

vx RxI

IB*
RI11 VxEInyy,RIZ!
M
' R11 VXEInyy!iRZI,HyVXny

v
Jy R2y 1
3*
R21 I R22 ! vx 3y Rxy ,R23 I
3
¢ Vx Rx2
'
lR12 R22

/

vx Jy Rxy | R32, 3y vx Rxy

Open branch: counter-example R = {<0,0>,<1,|>}
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Open branch: counter-example R = {<0,0>,<1,|>}
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M
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v
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Open branch: counter-example R = {<0,0>,<1,|>}
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vx Jy Rxy « Jy ¥x Rxy
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vx3y Rxy, vxVyVvz((RxyARyz) = Rxz) # 3Ix3y(RxyARyx)

....but there exist only counter-examples with
infinitely many objects!




vx3y Rxy, vxVyVvz((RxyARyz)—Rxz) - I3x3y(RxyARyx)




vx3y Rxy, VxVyVvz((RxyARyz)—Rxz) - 3x3y(RxyARyx)
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