THE SYADVADA SYSTEM OF PREDICATION
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Tho search for truth by the ecientific method oes not lead to complete certainty.
Still loas does it lead to complete uncertainty. Henco any logical system which allows of
conclusions intermediate between certainty and uncertainly shoulil interest acientists, The
eaclicst auch system known to me is the Syidwida system of the Jaina philosopher Bhadra-
bahu (1433-357 B.C.). Mahalanobis (1954) has lon it. A central feature of thin
syatem is the saplabkanginaya or list of seven types of predieation, These are aa fallows.

(1) syadasti. May Do it is.

(2) mypitndati. May be it is not,

(3) ayddaati nisli ca, May be it is and is not.

(4) syidavaklavynh. May be it is indeterminate.

(5) syidasti ca avakiavyakea, May be it is and is indoterminate,

{6) aydindati ca avakiavyadea.
(7) ayidaati nasti ca avaltavyndea.

May be it is not and is indeterminate.

May be it is, is not, and is indeterminate,

Mahalanobia illustrated this from the throw of a coin, and held that it could serve
as & foundation for statistics. Howover I wish to show that it arises naturally in simpler
cases, including simple casea where the afirmativo prodication aati would be “This is hot”,
or “This is & man",

In any such case an uncertain judg t is usunlly Juantitative, as in
“I think this is 8 man, though it may be a statue.” T thereforo begin with a very abstract
fleld, that of algebra. Here we may bo cortain of owr answer. ({242 =13, thenz =1,
But if 21—3c+42=0, then z = 1 or 2, Wo cannot aay that tho probability that z =1 is
greater than, less than, or oqual to the probability that z = 2. Further data may lead to
cither of theso judgemonts. Five hmuired years ago one might perhiaps have spoken of
indcterminato solutiona of equations, Thus if P—r*+z—1=0,2=1 or :};\/:T. The

Inat two solutions were arakia {incapablo of being spoken) until the invention of complex
numbers.  Today we ean find better examples in the ficld of finite arithmetic,

Considor the finite arithmetic modulo m. Tie only almiraible valuea of o vari.
ablo are tho m reaiducs 0,1,2, ... m—2, m—1, that is to say the possiblo remainders after
division by m. For examplo module 5, 443 = 7 = 5+2, ro wo write 443 = 2. And 4x3
=12 = 2x5/+2, s0 wo write 4x3 = 2. Lot us connider tho theory of functions modulo
m. Wo can define any function f(x) by a tablo of the values which it assumes for
the difforent admissible values of z. Thus the function 3z (med5) ean ho dofined
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hy the table 0,3, 1,4, 2. For examplo if z =4, 3z = 2, Of conrse many other functions
aro klentical with it.  For examplo 32% = 2%+2r% = 3r. A function which nssumes all
the admissillo values nnequivocally in calleel hiunivoeal', and it is easy to show that there
are m! biunivocal functions, 1lowever some functions aro univoeal, hut their inverses aro
not. In this case some resicluca do nut oceur in tho table, while others occur moro than once,
For example the table of 32241 (med.5) i 1,4,3,3,4.  The number of univocal functions
is m™, ninco cach placo in the table can bo filled in w wnys,

If a function ix not univocal, but its inverse i univoeal, wo obtain a table auch ns
that for 23, namely 0, 1 or 4, %, %, 1 or 4. Hero I'introduce the symbol &, for avakia, for an
wielefined number. There is no number whose square (mod. 5) is 2 or 3. @ may nceur in
a table as an alternativo to a number.  For oxamplo the function e* js never integral when
z is & residue other than zero.  Nor is it integral fur most values of 2 which nre avakia, such
29 /3. Butit is integral for such numbers ns log 2, Henco tho tableof e is1; a.m; ';
w; and 0, 1,2,3, 4, or & The last placo in.tho tallo corresponds to z =%, Similarly
if wo consider the function y defined by y*—y? = 23, then wo find the table i

OQorl,m,20ra, 20r %, &, Jor4ora.

For when z =2 0r 3, j?—y—4 = 0, 20 y = 2 or 24 /7, tho latter two roots being con.
gruent with H=1£V 7). Theso quantitics are inoxpressible (mwkia) modulo 5. And
whenz=9,22=2,3, or &, 30 y may be 3 or 4, as well a3 |,

Thus for a full enumeration of functions modnlo m wo need a tahle with m+1 places
comresponding to the residues 0,1,2 ..., m—1, and &, TIn each place wo can set one, or any
numtber, of these symbols, but we munt sct at least one.  So each placo ean be filled in 2**1—.1
ways, for each of the 1 symbola can be present or absent, except that all cannot be absent.
Thus the total number of functions modulo m is (2™ —1)"*, for example 62, 523, 502, 200
if m = 5, a8 compared with only 120 biunivocal functions, and 3125 univocal.

Now consider the simplest of tho finits arithmetics, namely arithmetio modulo 2,
Thero are only two elements, 0 and ). Electronic caleulators are based on this arithmetie,
These mochines sre 8o deaigned that cach unit, as the result of any [nstruction, will bo active
(1) or inactive (0) at any given moment. And it is possiblo, in principle, to predict whether
it will be active or jnactive, That is to ray ambiguity is avoided, and the machine is designed
to operate in terms of univocal functions. Nevertheless it is possible ta provide such a
machine with an instruction to which it cannot give a definite anewer. It i said that some
such ruachines, when given an instruction equivalent to one of the paradoxes of Principia
Mathematica, conte to no lusion, but print 101010...indefinitely. Clearly a machine
could bo designed to print & in such a cnso. It is obviously possiblo to ilesign 8 machine
which woulil print “0 or 1" in reaponse 1o the inatruction 28—z = 0. A machino with the
further refinement suggested above would renpond 0, 1, 0r B to the instruction “(r?—1)
cos z = 0 (mod 2)”. Such a machine coukl give any of 7 roxpunses, namely :

0,1,%,00r1,00r®, ! or %, 00rlors.

These nro the saplubhanghinayn with the irsion of the ayllablo ayad.

11 Jmve deliborntely choaen n word with the mme raot (Latin rox = Sankeit wab) na‘arvekta,

L)
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1 now pass to an example where the seplabhangh inactually applied in acienti-
fie researvh, and which T suspeet v not far from what was in Bhadrabahu's »
of the physiolugy of the sense organs it in

I the study
rtant to determine a threshold,  For example
a light cannot be scen below a certain intel v, o7 wolution of a xulmtance which is tasted
as bitter when con | cannnt be lis 1 from water when it is diluted,  Somo
experintentens order their subjocts ta anawer *yea™ or “no™ 10 the question “Is this illumi-
pated 17, or “[3 this bitter? ™. If the experimenter is intereted in the payehology of per-
ception ho will permit the subject alzo Lo answer “It is uncertain®, or sonio equivalent phrase,
Tho objectiun to this is that somo subjects may do 20 over a wide rngo of intensitics,

Now consiler a subject who ix shown a rerien of illuminated patches, somo above
his theeshuld of pereeption, somo below it, and othem very closo ta it, in a randomised nerics.
Wo will suppuro that he ix in a atendy state of sensory adaptation, that he replics in Sanskrit,
and that he is aware that his answers will sometinies be incorrect. At any given trinl he will
anawer “oyldaati”, Vayptdarakineyak™, or “ayitndali”,  After the second trinl of & light of an
intensity near the thresholhl ho may have piven two of theae answers, for examplo “apit-
wiali ca avaktaryabea”™.  After thoe thind he may have given all three, though this is not very
probable. Tho poesibilitics may be schomatised as followa:

Pirst Second Third Fourth
trisl’ trial trial trial
(1)s 5(1) (1), 3(1)

6)

=
\><\
X( ~
wa\ -~
~ ‘e
¢ 3

(2 > (2 3(2) 3(2)
ke,
Diagenm aliawing e (xrmblo acqiencea ol precdications, Aller the 1hird trinl no now powdbilitics arise,

It is clear that the seven poasibilitics are exhnustive. My only possible criticim
of Bhadrabnliu is this. If the rubject has given two different answers he may bo aware
that thero is & possibility that ho will later givo the third.  Once ho has given all threo, no
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further poesibility is open.  Jt might therefore be argued thiat the seventh type of predication
should Le “asti wilali en acakturyndea™.

On tho hypothesis that the subject is in & ateady physiological*and paychologica)
state, the probabilitica of each of the threo answers to any given stimulus are constant. Let
the probabilities of anawcring apidusti, aydduvakiarynh and ayilniali be p, q, and r, whery
p4q+r= 1. If afier » trinls, the probalilities of the 7 typos of preddication aro Py, P,
cte. whero Py, In the probability of ayidasti, ete., then the veetor [Py Pyyi Py Py
Py Pyt Py s transfurmed into the veetor [Prayi Prayi.. ete] by multiplication
by tho matrix

cp 0 0 0 0 0 o0

r 0 0 o0 o [1}

/ r p p+r 0 0 0 4]

0 0 0o q 0 o 0

g ¢ 0 ppig O 0

0 ¢ 0 r 0 gir O
0 0 ¢ 0 r p 1/

Evidently this could be mado a little more aymmetrical hy transpasing row and column
(3} and (4).
The latent roots of thir matrix are :

L p+q. g4r ptrp g v
So Pyy=p®
Py = t”
Py = (ptr)=p—r"
Py =q"
Py = (p+g)"—p"—1"
Py = lg+7)—¢"~
Py, = 1= (40" =(r+ )" — (740" + P + 0"+ "

Thus unless ono of 2,9, or ¥ is zero tho final predication will be ayidnati wisti ca
araklaryakea. Tn many cascs when the stimulus is far from the threxhold, p or r will be unity,
The subject will always, or never, say “this is bitter”, or “this is illuminated™. Tt is un.
likely that g will ever bo unity. So in thia case ayddaenlinoyah will almoat always be at best
a provisional predication. Tt ia fowever possiblo that p or 7 (kay r} should be smiall, but ot
2er0.  If 80 Py, will reach a maximnm for sonc valuo of » and then decline.  For examplo
ifp=.0,g=.23 7= ], P renchea its maximum valuo of 5184 when n = 4.

T have dealt with a caxe which arisex when the quostion axkeed ia s simple as possible.
Human judgements aro generally moro complicaterd.  We may attend to the dnta of several
difforent senscs, and of our memories.  Thuw wo arrive at ono conchuion from one sct of data,
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aixd another rom another sct.  Wo say that woud is hurd when compared with clay, soft
when compared with iron, indeterminate when compared with similar wood.

Tho closo analysis of vision with & durk adapted oyo shows that in this caso at last,
Mahalunobis was correet in regarding the saptablanyt as foreshadowing modern statistical
theory. It appears that when dark adaptation i complete, about five quanta of radintion
munt arrive within a short tinw in & amall avea of the retina before light is reported.  Whether
they will do so with & given intensity of illumination can only be stated as a Probability,
It is probable, though not Ly auy means certain, that nmore complieated judgements depend
on wimitnr probabilities of events within the centesl nervou system.

Whatever philosophens of other schooly may think, a Jaina can hardly ubject to re-
garding human predication a3 a apecial kind of animal behaviour. In this he agrees with
followers of Darwin, such as myself.  Attempts at a logical clnswification of animnl behaviours
frequently Jead to a scpuration of 2%—1 types, where however n may exceed 3. Thus Haklane
(1933) classificd the possiblo results of learning in au animal as fullows. [n any situation an
animal will, or will not, give a cortain rewponse R, say eating a particular typo of food within
& mimute of ita presentation, or lifting its leg within ten scconds after an auditory signal is
given,

1f we compare the set of possible situations in which an animal may be placed Lefore
and after an experience B, they fall into four categorics, r7, rR, Rr, and RR. A situation
r v is one in which tho response is not given before or alter tho experience. A situation r &
is one which it is given nfier £, but not beforo £, and so on. AU situntions may borr, Yor
cxamplo no-one hes taught a dog to write. Sume may be rr and some rk,  For example
a dog which did not previously bring objects from tho water to his master can learn to do so
ou command. In Paviov's experiments a dog which presiously only salivated (R) when
given food will do so when certain auditory or other stimuli are given.  Thus for such a dog
all siluations fall into the classes rr, RR, and rR. It cun casily be yeen that the effect of any
experience on an animal can bo clasified necording ay the situations in whivh it can be placed
full into one, two, three, or all four of theso clusses.  There are thus 2'—1, or 13 quulitatively
differcnt results of an experiment in which an attempt is made (o alter an animol’s behaviours,
la this cInssification the animal is wsswned never to give an indeterminate response,  If it
can do so, both before and after, there ure, ns I pointed out, 2°—1, or 511 possible results.
The samo principles nmy bo applicd to tho comparixon of the hchuviour of two different
wnimals, or two different races or epecica.

1t is foolish to protend tht ancienl philosophers anticipated all modern intellectunl
develupments, Al T belicvo that we, today, e do moro honour to their memories by
thinking for oupwdves, na they did, than Ly devoling vur tives to commentaries on them,
But if wo do v it is our duty to point unt cases whero it turns ont that oir awn thought T
run parullel to theins, X was of Bhadrabaln's exiat when I wrole the paper
to which I refer.  Tho fart that I reached a concluxion so like his own suggests thug we may
both hava secn the samu facot of wany-splendoured truth.

Nu doubt we rearhed it by very dilferent mothods, Bhadrabahu by meditation, |
Ly thinking about thy realts of conervte oxperiments on animals.  Such methods will often
lema) o different conclusions.  Thia waa the view of Warren Hustings in his introduction to
Wilking' transtation of the Dhagavad Gita.
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“But if we aro tok] that there have heen men who were succeasively, for ages past,
in the dnily habit of abstracted contemplation, begun in the carliest period of youth, and
continued innany to the maturity of nge, cach mlding some portion of knowledgo to the store
aeeumulinted by his precee , it is not ing lus much to conelnde, that as the mind
ever gathers strength, like the bady, with exercise, 30 i auch exercise it may in ench have
acyuired the faculty to which they aspired, and that their collective studies have Jed them
to the discovery of new trackn and combinations of sentiment, totally different from the
doetrites with which the lewrned of other nations aro acquainted: ductrines, which however
speculative and rubitle, utill, as they posaess the advantage of heing derived from a souree
80 free from every adventitivus mixture, may ho cqually fuunded on troth with the most
simple of onr own™,

If, on the other hand, the contemplation of one’s own mind, and that of the minds
of animals, lead to wimilar reaults, such results are, perhaps, worthy of aerious consideration,
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