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~ ~he sp9~5 . al valu~ of matheMatics to hioloqy liAs not 

. in its use as a ( corouut·ational) tool '-'nt in its noT·rer to 

abstract and thus lay bare fundamP.nta.l 1Jro:hloms cmd tl.:e 

relations b e tween su~hrfici. ally ~istinct entiti8s and 

orocesse s" - - ~dward F. Moore 

********************************* 

IU-OTJ'J' '!'l\BLE n:p SE'I' "rHEORY 
A.ND ':::'RUTH TABLE OF SY'":-'OLI~ '(,Qr..rc 

m F. Kho 

~affles Institution 

~n sy~bolic logic, let p, a be two propositions which 

rr.av b e truP. cr fals e . The "'ruth Tahle for the l:)roposi tions 

-r;>, q , '9 or q (p V a), p and a (p A q). not p("-' p) is 

constructed as follov.rs ~ 

':'ahle 1 
, , 

p q p v a n 1\ ('f 'VO 

1 , 
1 1 0 .L 

l 0 1 (' () 

0 
, 

1 () 1 J_ 

0 0 0 0 1 

l denotes 1 the ?rO'?Osi tion is tnfe ' ::md 0 flP.nOt8s 'the 

n ropo s ition is false'. 

I!' set theory, let l . , R be h·ro s Rts and a c e rtain ohj e ct 

is eithe r i n a set or not in a s e t. An In-Out Table for th0 

{7) 
· ... . 



sets 'A, B, A union'''! B (AUB) , ;n intersection B (~. (\B) ' 

compZement of A (A I) is sho~·m belm..r: 

':':'able 2 

'A B AVB An R ,'t:-., ' 

1 1 1 1 0 

1 0 1 0 0 

0 l 1 0 1 

0 0 0 0 1 

1 d~notes~a certain object is in the set' and n denotes 'a 

certain object is not in the set'. 

0ne method of proving i~entities in set theorv without 

using Venn diagrams is by the construction of an In-Out Tahle. 

For example, giveh 3 sets A., ~ and C:, to orov0. 

A_ \) (BilC) ..., (11.\JB) A (AUC) I 

\•'e construct the following In-Out '.l:'able ~ 

Table 3 

!\ B c BAC J\U (Bflf') J."U::I AUC (l,UB)() (.AUC) 

(1) 1 1 1 1 l 1 1 1 

P) 1 1 () () 1 1 1 1 

(3} l f) 1 0 l 1 1 1 

( 4) 1 () () 0 1 1 1 1 

( 5) () 1 1 1 1 1 1 1 

( 6) 0 
, 

0 (' 0 1 
. , 

0 0 ...l 

( 7) 0 0 1 (' 0 0 1 ('\ 

(B) 0 0 (\ 0 0 0 0 f) 

t'Je see that the 5th and 8th columns of tr.e a':'>ov~ tablA are 

identical and hence the result follows. 

US11ally this method is interryreted by the use of a Venn diagram. 

,-'---
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The universal set F is divided into eic:rht regions, th~ nu.rnbers 

in the diagram correspondinq to the rm<Js of the In-Out ':'!:'ahle. 

~a have justified that both the sets Au(BOC) and (Au~) A (AuC) 

consist of regions 1, 2, 3, 4 and 5, and thus they are egual. 

Similatlyr the following In-Out ~ahle proves that 
(A u B > I == 1\_' n B I 

Table 4 

A B AuB (AU:S) G A' B' A. 1(\B I 

1 1 1 0 0 0 0 

1 0 1 () 0 1 (' 

(') 1 1 0 1 () 0 

0 0 0 1 1 1 1 

We may also giv~ a formal proof for the i~entities c:riven 

ahovc. By definitions, 

X £ A.U:E\ .c..:::=;!> X £ A. or X £ B , 

X £ ~liB <:--=;;> X £ l'· and X e: B , 

c.nd 
!\. I <~ < ? ¢ X £€: not X £ A X A . 

•:.' 

In the first exam"9le, \-.re need to prove 

X £ A U (Bf) C) L..~ X £ (AU~)() (AUC). 

'liTe may proce8d as follm•'S: 

X £ A u(BAC) 

<.:.~ X ~ lA o.r X e: ·B {) C 

<:::.. :::p X £ A or (X £ B and X e: (') 

<'~ (X e: A. . 01.' X e: B) and (x £ P.. or X e: C) 

<.~ X c AuB and Y. E: l\UC 

< / X e: (J'>.UB) n (AUC) • 

'!'be step @ in the proof can b~ justi~ief if \r>'e let th.P. 
propositions 

p = I X e: A! , 

and w~rify that 

pv(q Ar) 

q - •x e: B' , r - ''x e: C' 

(pvo)A(pVr). 

To verify this we construct the follo\'Ting Truth 'T'able ~ 

(?) 



Table 5 

'0 a r CJI\r pv(q Ar) 1?Y0 r-vr (oya) /1 (r.wr) 

1 1 1 1 1 1 1 
1 1 0 0 1 1 ]_ 

1 r • 
! ; 

'·' 1 0 1 1 1 

1 ~~ 0 0 1 1 1 
r '1 1 1 1 1 1 ··'-

0 0 () 0 l -, .... l J 

~ 0 1 () () 0 1 
() 0 0 0 () 0 0 

T:--e 5th and 8th columns of the at-cvP. tabl.o. shm·.r that thA 
:cro-oosi tions pv(a 1\ r) and (p V a} A (n v r) are eonivalent ann 

hF.:m.ce the resu1 t folloNs. 

1 

1 

1 

1 

1 

0 

0 

0 

· It is not difficult to observe that Ta~le ~ j.s an alter­

native forM of Table 5. This Drovi~es a logic-theoretic 

inter~retation of the In-Out Tahle of set theory. 

The second exarnnle can be resolved as follows: 

..:::=+ 
~· (jf;) 
<~ 

i.e. 

X £ (JI..UB) I 

X 1. 1\UB 

not X £ AuB .. 

not (X £ ]I., or 

(not X e:: ~) and (not 

X I A and X 1 
X £ ]\ ' and X £ 

X £ A I (\ ,· ·-s l 

X £ R) 

., 
£ B) "" 

B 

F.' 

X £ /1. I(') B I 

The step ® @ is :iustified l:Jy vPrifvin.q that 

rv ( p V n ) = ( rvp ) 1\ ( rvq ) - . . .. ~ ... 

from the ~ollowing Truth ~ahlo. 

':"ahle 6 

p Ci PV q rv(p va) rvn 'Vq 

]_ 1 1 0 0 0 

1 0 1 0 0 1 

0 1 1 0 1 f) 

0 () (\ 1 1 1 

( 1.0) 

( rvp ) A ( rvq ) 

0 

0 

0 

1 



!--.. gain, it can be observed that '\'able 4 is an alternative 

form of Table fi. 

The readers rnav try to prove the duatsof thP- ahove b1o 

exam9les, namely, 

A i\ (BVC) = (l'J\ B) 1J (1\J \ C) 

and 
(l' (\B) I = A. i lj B I I 

~·.rhich are 0 1')ta.incft hy interchangincr v and 1\ • 

****************************** 

f.•Jhen G.!-~. Farav visited s. Pamanuj an he told !".i.m that the 

numbt~r of the taxi in ~·rhich he caMe, 17 29, lookec. rather uaattr­
active. 'RaManujan imm~~diatelv denied this, saving that it '·•?:."' 

the least number \'!hid;. coul(1 he exnress0Cl as the RU1"'1 of t\vo 
~ ' ~·f~ ' 17?0 ~3 + 13:1A3+ ~ .. 3 CU .. en J.n t\vO' O.L: ;.erent ways ; that l.S r ·~. = J..e '· 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

EQUAL LIKELIHOOD AND INDEPENDENCE 

Louis R. Y. Chen 
Department of ~~athematics 
University of Singapore 

1. In traduction. r,;he notion of caual liJrelihoo<'1. is, in some 

seP..se, closely tierl ~"i th that of independenc!~ in th8 mheorv of 

Probability. Often this fact is Aither overlooks~ or insuf£ic · 

iently emnhasized in the teachiP.g of elementary con.rses. Thi 9 
... 

is perhaps :'lue to the difficulty .tn making the relation bet'I.\Teen 

the two notions nrecise at the level concernAd. ~ror.:rever, a qooc. 

understandinq of the relation is necAssarv in order to explain the 

equivalence of b~ro m8thods ~~rhich are often em?loye0 in the 

solutions of. a larsre number of ele!l'lentary oroblems. 

To illustratG the last point, consirer the :follor-'lina simPle 

example~ !'; fair coin is tossed, 21. fair ftie is rolle0. and a ball 

is dra~·m at rando!Yl from c>.n urn containing ? black ann 8 ,.•hite 

balls. h'hat is the probability of the event t!:at the coin falls 

heads, an even number a1:mears on the c1ie a.nr'l, a white hall is 

dra~·rn( 0ne mE;thocl. of solution is as folloNs ~ Since the sarnnle 
' 

soace consists of 2x6xlo = 120 equallv likelv outcomes (each of 

which can be represented by a trinle such as (Heac,S,hlack ball)) 

and the event consists of 1><3x8 = 24 outcon~s, it follows that 

the Probability is 24/120 = 1/5. Alternatively, one could first 

calculate the rrobabilities of the coin falling heads, of an 

( J.J ) 


