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Valid Arguments and Heyting Algebra using Multi

Vaued Logic

R. Malathi, T. Venugopal

Abstract: Over last three decades, multi valued logic (MVL) has
been recelving considerable attention. So, we focus our
concentration upon multi valued logic using some of the rules of
mathematical logic, which can be used in developing artificial
intelligence. Since Aristotle’s logic there were only two propositions.
Later it was extended to n-valued logical proposition which is greater
than 2, that is popularly known as multi valued logic proposition —
they are true, false and unknowns. In this paper we will discuss
about multi valued logic with 27- possible using Jaina logic and some
of the rules as it gives the best results. In Jaina Logic, indeterminant
means something which cannot describe more than one aspect at a
time. So, we are going to consider each aspect separately and assign
True or False. Then according to the given condition we can either
apply min or max condition to get a precise solution.

Keywords: Abducible Predicates, Jaina Logic, Mathematical
Logic, Truth Table, Multi-Valued Logic, Primitives.

l. INTRODUCTION

Jains form less than 1% of the Indian population. For
centuries, Jains are famous as community of traders and
merchants. The states of Gujarat and Rgjasthan have the
highest concentration of Jain population in India. Mahavira
isthe 24™ and last of the Jain Tirthankars.

Due to the limitations of the human mind, it isimpossible
to consider all aspect of human reality. However, we can
consider each aspect at a time. Since, it is a relative
approach, each prediction can be confirmed or rejected
using three different possibilities.

1. MULTI VALUED LOGIC

Multi valued logic is a propositional calculus where there
are more than two values. Jan Lukasiewicz is a polish
logician who has introduced mathematical logic and the
history of logic. He is regarded as one of the most important
historians of logic. In 20th century the idea of multi value
logic has been introduced successfully.

Jan Lukasiewicz has been created a system of multi
valued logic which is “true”, “false” and other than this he
used third valued logic that is “possible” (unknowns).
Severa n-valued logic was developed in 1930 which is n >

2.

The formulafor n-valued logic is defined as

To= Jo- 0 1 ’ Z ’n—2,n—1:l
n-1n-1n-1 n-1n-1
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Hence, 3- valued logic is defined as
T3:{0: 1112:1}
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BASIC FORMULAS

In this section we use some of the rules of Jaina logic to
Lukasiewicz Logic which is given below:
= aab=min(ab); ifmn(ab)=0o0r 12
thenmin (g b) =0
= avb=max(a b); if max (ab) =1/2o0r 1;
thenmax (a, b) =1
» a=l-a
a=>b=min(1,1+b-3a)

acb=1-|a-b)|

To define ~, v, A, — , <[13]. Here we taken totaly
3%=27 possible of combinations in the truth table given
below:

Table- 1.3.1;
p q| r p@—=>{ p—>pvq (pA | ~p | ~q |C|~p
| r r q —C
q
0 0 0|1 1 1 0 0 1 1 0 0
0 0| 12| 1 1 1 0 0 1 1 0 0
0 0 111 1 1 0 0 1 1 0 0
12 |0 0|12 1 1/2 1/2 0 1/2 1 0| 1/2
12 | 0| 12|12 1 1 1/2 0 1/2 1 o 12
172 | 0 11121 1 1/2 0 1/2 1 0| 12
1 0 0|01 0 1 0 0 1 0 1
1 0| 12/ 0] 1 1/2 1 0 0 1 0 1
1 0 1|0 1 1 1 0 0 1 0 1
Tablel.3.2:
q |p N
p pv | pA | _ N p
p a |5 ? —r> q q p ajc|
q c
0 172/ 0| 1 1|12 0 12 |10| O
0 12| 1/2| 1 1|12 0 12 |10| O
0 172 1| 1 11| 12 0 /2 (0] O
1/2 12 O 1 |w2) 12| 12| 12 12 | 172 |0 ]21
1/2 12| 1/2| 1 11| 12| 12 /2 | 1/2 |0 ]21
1/2 172 1| 1 11| 12| 12 /2 | 172 |0 :g
12| 0 |12 0| O 1/2 172 (0] 1
1 12| V2| 12| 12| 1/2 1/2 172 0] 1
1 1721|121 1 1 1/2 0 172 0] 1
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p p ~
v N ~ ~

el Bl e
0|1 0 1 0 1 1 0 1|0 0 0
0|1 V2| 1 |12 1 1 0 1|0 0 0
0|1 1 1 1 1 1 0 1|0 0 0
12| 1 0 1 0 12| 1 2 | 12| 0O 0 1/2
2 1| v2| 1 |12 1] 1 2 [ 12| 0 0 12
12| 1 1 1 1 1(1 2 | 12| 0O 0 1/2
1)1 0 1 0 0| 1 1 0| O 0 1
1|11 72| 1 12 12 1 1 0| 0 0 1
1)1 1 1 1 1 1 1 o0 0 1

V. BASIC DEFINITIONS

A. ARGUMENT FORM AND THEIR VALIDITY

An argument in propositional logic is a sequence of
propositions. The final proposition is called premises and
conclusion. An argument is a valid form where it starts with
premises, analyses, the syntax and finally, conclusion. Most
probably if the argument is valid then the premises are true
and then it implies that the conclusion is aso true.

Moreover an argument form with premises ‘p’ and the
conclusion ‘q’ is valid if and only if when p — q is
tautology.

B. STANDARD FORM

Rules of inference are in the standard form of:
Premise#tl
Premiset#t2

Premisefn
Conclusion.

These expression states that the given premises have been
obtained and then it analyses its syntax and then fina
specified conclusion can be obtained as well. By knowing
on the actual content of the derivatives we can describe the
exact language that is used to describe both the premises and
conclusiong[1].

Here we had taken 27 possible of combinations in the
truth table. These combinations are satisfied by some valid
form of arguments like the main 9 rules of inference they are
modus ponens, modus tollens, disunctive addition,
conjunctive  simplifications,  digunctive  syllogism,
hypothetical syllogism, dilemma, conjunctive addition, rules
of contradiction are also satisfies these conditions.

The list of these valid forms of arguments is given below
with its proof viatruth table:

* Modusponens. p—q, p, .. q
(asseenintable-2.2.1)

* Modustollens: p—>q, ~q, ..~p
(asseenintable-2.2.2)

» Digunctive addition: a) p, ..pVv Q.
(asseenin table:-2.2.3)

b)qg, . .pva.

= Conjunctive smplification: a)pAq, ..p.

(asseenintable-2.2.4)
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b)pag, ..q
Digunctive syllogism: a)pv q,~q, ..p.
(asseenintable:-2.2.5)

b)pvqg,~p, ..q
Hypothetical syllogism:p—>q,q—r,

(asseenintable:-2.2.6)

Dilemma pvq,p—>q,q—r, ..I.
(asseenintable:-2.2.7)
Conjunctive addition: p,q, .. pA Q.
(asseenintable:-2.2.8)
Rules of contradiction: ~p—>c, .. p.
(asseenintable:-2.2.9)

The proof viatruth table:
TABLE: 2.2.1

Modusponens: p—>q, p, ..(
Here 1/2 is true
P olo|o|w|lw|wv| 1|11
Var
q olo|lo]|] o]l oo o|lo|o]o
pre |P2al 1| 1|1 |v2|y2|[12]0]|0]|0
p olo|o|w|lw|wv| 1|11
con | Y 0o oo o o o o lo o
var P o|lof|o|w|w|ly|1]|1]|1
q |2 |1w2|w2|v2|v2|w2|w2| 2|12
P> g a2 2| 2| 2 w|w|w
Pre q
p V2|2 |w2| 1| 1|1
Con V2| w2 | 2| w2 | v2| 1
p o|lo|o|w2|w|y2| 1 1 1
Var
q 11|11 1 1 1 1 1
11|11 1 1 1 1 1
Pre p—=>9
p olo|lo|w2|w|w| 1 1 1
TABLE: 222
Modustollens: p—=q, ~q, ..~p
Here 1/2 istrue
p olojo|w|w|v2| 1 |1]| 1
q o|lolo|lo|oOo|]oOo| oO0O]O]|] O
Var
~p 1 |1|1|w2|w2|w2| 0 |0| O
pogq | 1 |11 |v2|1ww2|w2] 0]0] O
Pre | ~q 1|11 2|1 1]| 12|12
Con | ~p 1 |11 |w2|2|vw2| 00| 0
p olo|o|ww|ww|w|1|1]|1
q V2|2 |w2|w|w|v2|w2| w2y
Var
~p | 1|11 |wv2|lw2|{u2| 0| 0] O
pog | L[ 11|11 ] 1 w212
Pre | ~a | V2| V2| W2 | V2| U2| V2| 1U2| 12|12
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p OJoJo[ae[awe[aw] 1] 1]1 Var p o lolo w2 |12 |12 |1]1]2
111|111 |1]|1]|1
var | A pre |pag |0 |0 |0 |12 |12 |12 |1 |11
~p | 1|11 ]V¥2]VY2)U2) 0|0 0 Con |p o l[o]o]o Jo Jo 11 |1
poq| 1]ttt 1]1)1 Var q 1 [1]1]1 1 1 1011
~q ololol o o o o o o Pre paq |0 |0 |0 |12 |12 |12 |1]1]1
Pre Ccon q 0 0 0 0 0 0 1 1 1
Con| ~p J]oJoJolo]J]o]J]o|lo]o]o
TABLE: 223 TABLE: 2.25
Disunctive addition:  a) p e pvq Digunctivesyllogism: a) pvq,~q , ..p
' L by pva, Op, Oq
b)g, .pvq . . ' '
. . ’ Inor function 1/2 is true.
Inor function 1/2 is true
p olo|lo| w2 | w2 |w2|1|1]|1
Var p oo |o |2 ||| 1 |1]1
YEETEETRERERE Var q olo|lo| o 0 o|lo|lofo
0o
Pre [PVA 0 pvg |0|O0| 0| U2 | 2| U2 | 1] 1]1
Con pvg |o |o |o |Y2 |w2 |12 |1 |11 bre ~q |1l1l1] 1 1 P P P
Var q 0 ]0]0]0 |O |O |O0]O con |p ololo| 1 | 1|1 [1[1]1
Pre pvg [0 |0 |0 [1/2 |12 |12 |1 |1 |1 p o|of|oO|12|v2|1w2|1|1]|1
Con pvg |0 |0 |0 |0 0 0 0 |o]o Var q 0joj0| O 0 0O |O0O|lO]O
pvg |0|O0|O0| w2 | w2 | w2 |1|1]|1
var | P 0 |0 |O |22 |Vv2]1 |1 |1 Pre ~p 1l1|1|ww2|v2|1w2|0]|0]|O0
pre pva |12 |12 |v2 |2 |v2 |21 |1 |1 Con q 0/0J0] O 0 0 jojJojo
v
Con g o |lo |o |Y2 V2 121 |1 |1 p o|lo|o|w|wva|w|1]|1]1
var | @ v2 | y2 | w2 | w2 | y2|y2|y2|u2| 12 Var | 4 V2 y2 V2| y2 | V2| y2| 12| y2| 12
pre |pva |12 |12 |12 |12 2|21 |1 |1 0 vz w22 uz 22| 1|11
Con |pva | V2 |12 |v2|v2 |12 |v2|1 |1 |1 pre | ~q |12 |2 |v2|v2|v2|v2|w2| u2| 12
Con | P 0| 0] o0 |w2|12|1
Var p o|lo|o 2 |12 |2 |1 |1 |1 p 0| 0] 0 |12|12]|12
22| w2 | w2l
ore ova |11 |1 1 1 1 11 |1 l1 var | 9 RV IV IV R OV B OV B V7 S V7 R RV
pvq | V2 | V2 | Y2 | 12| 12|12
Con PvYGlo|o |0 1 1 1 |1 1|1 pre | ~p 1| 1|1 |w|u2|a
Var q 1|1 1 1 1 |1 |11 con | a 1] 1|1 |||
pe |Pva |1 )%t |1 |t 2 J1 jt 1 P ololo w2l w|[1] 11
Con pvg (1|1 |1 1 1 1 |1 111 VAR q 1111 1 1 1 | 1] 11
TABLE: 2.2.4 pva tj 111 1]l
Conjunctive simplification:a)p Aq, .. p PRE_ |~ |0]0]0 0jo0jo
b)p Aq, ..q CON p 0|00 0 0|0
In and function 1/2 is false p ojlof|o|w2 |22 w2 |1]| 1|1
Var p 0 0|0 |12 |12 |1w2]1 |1]1 VAR |4 S I T A I S O I I
1)1
pe  |pPra |0 o]0 |0 [0 |0 [0 ]o]o0 pva ol B T T N
PRE ~p 1|1 |1|v2|1v2| 12 |0| 0[O0
Con 1p 0 10 1010 con | a 112l 12| 2] 12 ]ofo]o
Var q o o |0 |o
0 o o lo TABLE: 2.2.6
Pre | PAA Hypothetical syllogism: p—q, q—=r, ..p— T
Con 149 0 [0 [0 0 Here 1/2 is true
Ve | o o 1o lo lwlwlwzl: 11 11 v p ol o |o|a2|w|w|1|1 |1
ol oo o|o0o|o]olo
be |paglo |0 [0 |w2|w|w2|w| w2 a
r 0| w21 12 0121
con |p o |o |[o |O |O |O JO JO |O psgq |11 1wl w]w]o]lo]o
var |9 |12 |w2|wv2|we|we|v2| || Pre Jgor |11 1|1 ]2 |1 ]1]1]1
bre | Paa|0 |0 o [wm2|w2|w2|w2|u2] o R N - I I e R
Con p-r 1 1 1 (12|12 |12|0 0 0
Con | q 0 0 0 0 0 0 0 0 0
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p o |o o |w|w|w|1 |1 |1 p o] oo |Y2|Y2|12 | 1|
var | g wlw|w|u|w| |||y q
Var V2 |12 |2 |y |2 | Y2 | 2| y2| 2
r o |w2|1 |0 |w2|1 |0 |12]|1
Pre | pag | O 0 O |2 |12 |2 | w2| 2| 12
posg |1 |1 |1 |1 |1 1 |v2|u2|12
pre |gor |1 |1 |1 |w2|1 |1 |o |w2]|1 Conlprd| gl oglol OO0 0| 0|0
p>r |1 |1 |1 w21 |1 |0 |w2]|1
o|lofo|5|5]5| 1|1 1
con |P2r |1 |1 |1 |[Y2]1 |1 |o |V2]12 P
Var | o A T T O T R O T T I
p ol o | o |w2|ww|w|1|1]|1
prq |0 O0O|O0O| 5|55 1| 1|1
var | g 1] 1 1 1 1 1 1] 1 1 Pre
r o|wv2| 1|0 |v2| 1 |0|12]1 con [Pr@ | O] OjOJOj0O 0 1 1 1
pe g ||t r ]| r]] TABLE: 2.2.9
aorlo|we] 1| o]l 1ol 1 Ruleof contradiction: ~p—c¢c .. p
var [ p |o|lo|OoO| w2 12| w2 |1|1]1
po>r |1 1 1 12 1 1 0 | 12 1
Pre | ~p>c |O|O0O|O0O| VY2 |2 22 |1]|1]|1
Con | Por |0 |12 1 0 |12 1 0 | 12 1
Com| p Jo|lo|oO|w2|1w2| w2 |1|1]1
TABLE: 2.2.7
Dilemma: pvq,g-or, .~ r 2.3HEYTING ALGEBRA
p o lo lolwlwlirl1l1 |1 An heyting algebrais a bounded lattices with an operation
‘A’ and ‘v’ with least and greatest element 0’s ans 1’s
g 0 |0 |0]0 JO |O JO]O |9 equippedwithan operation A — B impliesthat C A A <B
var r 0 |w2|1]0 |w2|1 |o|w2|1| isequivalentto C< A — B. Like Boolean algebra, heyting
o lo lolwlwlwzls i |1 algebra form a variety axiomatizable with finitely many
pvd equations and it was introduced by Arend Heyting in 1930
Pre g-»r |1 |1 (2|1 |12 |1 |11 |1 to formalize intuitionistic logic[10].
The list of these valid forms of arguments is given below
Con r 0 [0 o ]O |1 |1 Jo |1 |1 | withitsproofviatruthtable:
e pop=1
p o o o w2 12 |2 g 3 (asseenintable2.3.1, 2.3.2, 2.3.3in row 4)
Var q 2 |y2 |y2 (y2 (y2 |(v2 |(y2 |(v2 (12 e po@AnN=((P— g (p—r) (asseenin table
0o |v2 |1 0 2 1 0 12 1 :2.3.1,2.3.2,2.3.3inrow 17 and 18)
w e e e e e h 1 1 e (g<p-—g(asseenintable:2.3.1, 23.2, 2.33in
pvq row 2 and 5)
e 1 <(p—oqiff par <q(asseen in table :2.3.1,
SRR I N N N R 2.3.2,2.33inrow 2,3,5,10)
con |+ 0 1 1 o 1 1 o 1 1 e p> q<p—>(qgvr) (as seen in table
:2.3.1,2.3.2,2.3.3inrow 1,5,12,19)
0 0olo lolw w2l |1 e (pvr)—>q=<(p—>q) (asseenintable:-2.3.1,
2.3.2,2.3.3inrow 2, 5, 20)
q 141 141 1 71 141 1 e (pvq)<—-p(asseenintable:2.3.1,2.3.2, 233
var r olw2|1|o |w2|1 |0 |11 inrow 11 and14)
e p <——p(asseenintable:2.3.1, 232 233 in
pvq 101 |1 ]1 {12 |12 [2]21 |1 row 1 and 15)
Pre g 0 172 | 1 0 172 | 1 0 172 | 1 ° ——P==p (asseen in table 231,232,233 in
row 14 and 15)
Con r 0J]1 10 |1 |1 JoJ1 |1 e —0=1(asseenacrossthetable)
TABLE: 2.2.8 e —1=0(asseen acrossthetable)

e (pvQg==paAr= (g (as seen in table
:2.3.1,2.3.2,2.3.3inrow 11,14,21)
p o|jo0|O0 |12 |12 |w2|1|1]|1 e ——=(pVv p)=1l(asseenintable
Var q ololol o 0 0 ololo :2.3.1,2.3.2,2.3.3 inrow 1,14,22,23)
:2.3.1,2.3.2,2.3.3 inrow 1,14,22,23)

Conjuctive addition: p, q, .. pAq

pe | PAG|OfO0|O0] 00| o0]o0]0]oO

con | prg|Ooflo|0ol 0] 0] 0 |0o]|O0]|oO
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TABLE: 2.3.1 V2 |12 | 12| 12| 12| 12
p ol o|olw|lw|w|1] 1|1 qvr vl 1wl %21 [l
q ol ofolo|o]o]o|o]o pvr 0o |w |1 [w |1 |1 |1 |1
r olw2|1] o |w| 1|o0o]|w]|1 ~P 1 |1 |1 |we|lw|lw|o |o |o
pop SR O O O N A P O 19 1% lwlw|w
~Pva) |y e w2 w2 | w2 1w2]o o o
poq 1| 1 l1|w|w|lw|lo]lo]o =
qor 1] 1 |11 1 11|11 (gaT) 1 |1 |1 [Y2|1 |21 |o |[V2]12
p>r 1] 1 |1|w2] 1|1 ]|o0oflw|1 (P> QA
por |1 |1 |1 |wl1 |1 o |w|w
PAg ol ololo|lo|o|o]o]lo p—>
@vr) 1 01 |1 |1 |1 |1 |V2]y2]|,
gqar 0 0 0 0 0 0 0 0 0 (pvr) 12
ol ool o 0ol1w2]1 = L2 ALl
pAr 2 | 12 DA
PA~a a2 |2 | w2 |12 |® |© |O
pvq 0 0 | 0] 12 1 1 1
2 | w2 v-p) |1 |1 |1 |12 ]|t |2 |12
gvr Ol |1 O fap| P |0|12]1 o) |1 (1 [T |l ap |t |2 |0
r 0 1 1111
Y V2 12 | 112 TABLE: 2.3.3
-p 11 (1|22 0] 00 p lo]oJolw] v2[12] 1] 1
122 22| 2] 1
—p ol o lol®@2v| [, ], q
r o lw|1lo|w|1|o0o]|w|1
~ 11 |1 ol oo
(pva) 12 | 12 | 12 pop | 1| 11|21 1 |1|1| ;|1
p—>(qnar) v2 | 12 | u2 p>q | 1 | 1 ]1]1 1 1 1 1 1
1] 101 0olo o gor | o jwl1lo|w|1]o]| Y]
(P — a)A( 172 1/2
111 1 |1]o0 1
Dot 1 1 1 2 | v2 | 12 0 0 0 por . - -
2 12 | 12
A olo]o 1] 1|1
p->(qvr) 12 12 P~q
(pvr)—>q 12 2 | 12 pAr
1 0 olololo 0l o o | Y2 |12 12
pvg | 1| 11|21 1 |1] 1] 1
~p A~ 1] 1 |1 ol oo
pa=d vz | vz | w2 avr | g | 111 1 1] 1] 1] 1
pvr 2 2| 12
0 1 1 1] 1|1
(p v~ p) 1|1 |1|w|w|lw|1]1]1 - TAETRE
p 1|11 0| o 0
~pv~p) | 2| 1 |2|w2|w2|we|1]| 1|1 ~~p o |o|V2| V2 |V2| 1 | 1 | 1
~(pv
0 0] o
_ qQ) 0 0 ol ol o] o
TABLE: 2.3.2 = 7 s
p 0 |0 |0 |v2| lp|t |2 |2 @nrr) | 1|11 1 1] o0 1
(P>
g AR AR AR AR AR AR AR AR ?)A v2 v2
P—
r o |w2|1 o |w2|1 |o |w2]|1 0 11l il o 1
pop 1|1 (1|1 |1 1|1 |, |1 p—> 1
(qvr) | 1 | 1|1 1 |1l 1] 1|1
1 (1 |1 |1 |1 |12 pvr)
P> Yz | V2 | V2 54 1222 2 2] 2] 1] 1
1 (1 |1 1 |1 |o 1 o An
ar 12 12 qu olololo] olo|lo]| oo
p—o>r 1 1 1 U2 1 1 0 U2 1 (p v~
) 111yl g |22 2] 1|1
prd 0 10 10 tuplp|lw|w|we| e
ant O lplwlo |w2|lwlo ||
pAar 0o lo o o |wm|w|o |¥2]1 &
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V. CONCLUSION

In this paper, we showed that the multi valued logic using
Jaina logic setisfy all the conditions of Valid arguments and
Heyting algebra of mathematical logic. Problem solving is
very effective by driving hypotheses on these abducible
predicates as a solution to be solved. A proof is an argument
from hypotheses to a conclusion where it follows the rules
of logic. Whereas, writing a proof is difficult and there is no
procedure which can guarantee success. Moreover, most of
the rules which we have solved come from tautologies and it
satisfies the conditions which is “true” and it makes sense in
drawing the conclusion. It can be used to solve problemsin
diagnosis, planning, natural language, machine learning and
it is mainly useful in artificia intelligence [1]. Jaina logic
appears to be sufficient and Jaina logic will be very useful to
arrive at correct decisions for the logical agent in any kind
of n x n or m x n situation and to check the validity of
logical conclusion in any deductive story. These works can
be taken up in future aong with applying Jaina logic in
various other Artificial Intelligence / Machine Learning
concepts.
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