Mr. Chew Shin Thiong
Mrs., Chia Kim Lien
Mr. Chong ¥im *'enq
Mr. Chong Xim Sing
Miss Xan Sch Tin

i My, Ywong Tup Peng
Mrs. Carmee TLim
Mr. Ling Chew Sing
Mr. S. Puhaindran
Mr. Tan Chek Sian

Mrs. May Tsao

000000000000000000000000000000000

"The special valus of mathematics to hioloav lies not
~in its use as a (computaﬁional) tool »ut in its nower to
abstract and thus lay bare fundamental prohlems and the
relationslfetween‘supérfiéially;aistinct entities and
processes" -~ Fdward F. Moore
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IN-OUT TARLE OF.- SET THEORY
AND TRUTH TARLE OF SYMROLIC LOGIC
M N EhG
Raffles Institution

“n symbolic logic, let p, g he two provositions which
mav be tfue cr false. The Truth Tahle for the propositions
9, g, rorqg (PVYOa), pand a (p A @). not (v p) is
constructed as follows:

Table 1 :

P q Py Q pAa vD
1 1 1 h ¥ 0
4 ) 1 5] 0
0 3 1 0 1
0 0 0 0 |

1 denotes 'the provosition is true' and 0 Aenotes 'the
proposition is false!'.

Ir set theory, let 2, B be two sets and a certai
is either in a set or not in a set. An In-Out Table
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sets A, B, A uniow» B (AUB), 2 intersection R (ANB),
complement of B (A') is shown below:

makle 2
2 B AVB ANB Al
1 1 1 1 0
1 0 1 0 N
0 | i 0 1
0 0 0 0 3

1 denotes”a certain ohiject is in the set' and O denotes '‘'a
certain object is not in the set’.

"ne method of proving idertities in set theorv without
using Venn diagrams is by the construction of an In-Nut Tahle.
For examrle, given 3 sets A, B and C, to brove

A v(BNC) = (AyYB) 1 (AuUC),
we construct the following in—Out Table:

Table 3
A B c BAC Av (BAC) AUB AUC  (AUB)N(2UC)
21 Eg ! it : 1 1 ; 1
{2 1 0 0 k! 1 1 1
B2 i : 0 1 0 1 1 1 1
a8y % ) 0 o} 1 1 1 1
(5) -6 1 1 1 1 3 1
(6)--" O 1 0 o o 1. 0 0
S ¢ s 0 0 0 1 0
(8) 0 > iagge ¢ 0 o] o 0 8]

We see that the 5th and 8th columns of the arove table are
identical and hence the result follows.
Usnally this method is internreted b»v the use of a Venn diagran.
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The universal éet " ig divided into eicht regions, the numbers
in the diagram corresponding to the rows of the In-Out Tahle.
e have justified that both the sets Av(BAC) and (AuRB) A} (AuC)
consist of regions 1, 2, 3, 4 and 5, and thus they are ecual.

Similarly, the following In-Out Tahle proves that
(AvB)'=2p'Nn R'

Table 4
A B AvuB (AuB) ’ Al B! A'nB'
1 1 1 0 0 o 0
1 0 1 0 0 | o
0 1 1 8 1 0 0
0 ¢} 0 ;3 1 1 1

We mayv also give a formal proof for the identities agiven
abhove. By definitions,

X€ AR <L==> xeg¢hA or xXeB,

X e AMnB L= X ek and x € B,

and

X ge A’ <==g» not X €A <= x¢A.

in tﬁe first example, we need to prove
Xx € Av(BNAC) <= x g (AvR)AN (AuLC).
We may oroceed as follows§ |
x'é A V(RN C)
S O e e . Jiie
<= x
<’~@> (x

<=2 X € AuUB and ¥ € 2UC

e A or {x B and-x_¢ C)

eEA . orxeB) and (xe P or xceC)

(‘—% x € (AvR) N (AuC) .

The step (§ in the proof can he justified if we let the
propositions

p B BY; G20 e B, x D e
and verify that

pv(a Ar)  (pva) A (ovr) .

To verify this we construct the followino Truth Table:
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Table 5

o VY (pya) A(pvr)

© a r aAT ov(a Ar) Dy

1 1 1 1 1 1 1 1
o | o 0 1 1 1 1
1 ¢ 1 o 1 1 1 1
1 ¢ 0 0 1 35 1 1
e 1 1 1 1 1 1 1
§] i 0 0 0 X C 0
0 0 1 o 0 0 1 0
0 0 o 0 0 0 o o

T™he 5th and 8th columns of the abcve table show that the
rronositions py(oAr) and (pvao) A(pvrx) ars eonivalent and
hence the result follows.

"It is not difficult to ohserve that Tahle 3 is an alter-
native form of Table 5. This provides a logic~theoretic
interoretation of the In-Out Tahle of set theorv.

The second example can bhe resolved as follows:

x € (RuR)'

L= X ¢ AuUB
L= ‘not ¥ € AuB
< = not (xe 2. or x'E'R)
%ij%;. (not x €-2) and (not "% € B)
<=2 x £ A and x;(B
.4%=§>. X €A and "2 e7B"
<= % A T T .
1764 x & (PUB) —=> > S ol B ¢ e

The step & ® is justified bv verifving that

vipva) = (vw) A ()

from the following Truth Tahle.

Tahle 6
P a bva v (p v o na (vp) A ()
1 1 1 ' 0o - MY 0 o)
1 0 1 0 0 1 0
0 1 1 a 1 n )
0 0 o 1 1 1 3
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Rgain, it can be cbserved that Table 4 is an alternative
form of Table 6.

The readers mav try to prove the dualsof the ahove two
examnles, namely,

AN (BuC) = (AnB) v(ANC)

and
(A AR =apty BY,

which are ohtained hy interchanginc v ard N\ .
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When G.M, Hardvy visitéd S. Pamanujan he told him that the
number of the taxi in which he came, 1729, loocked rather umattr-
active. Ramanuijan immediatelv denied this, saying that it was
the least number which could he exnressed as the sum of two
cubas in two:different wavs ; that is, 1720 = 12% + 13=10%4 o?
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EQUAL LIKELIHOOD AND INDEPENDENCE

Touis H. Y. Chen
Devnartment of Mathematics
Universitv of Singapnore

1. Introduction. The notion of equai likelihood is, in some

sense, closelv tied with that of independence in the Theorv of
Probability. Often this fact is aither overlooked or insuffic-
ientlv emphasized in the teaching of elementarv conrses. Thie

is perhars due to the diffiéulty in making the relation hetween
the two notions rrecise at the level concerned. PFowever, a dood
understandinag of the relation is necessarv in order to exnlain the
ecquivalence of two methods which are often emoloyed in the
solutions of a larce number of elementary n»nroblems.

To illustrate the last point, consider the followina simnle
example: 2 fair coin is tossed, a fair die is rolled and a kall
is drawn at random from an urnr containing ? black and 8 white
halls, What is the probabilitv of the event that the coin falls
heads, an even number appears on the die and a white kall is
drawn? One method of solution is as follows: Cince the samnle
space consists of 2x6x10 = 120 ecquallv likelv ocutcomes (each of
which can he represented by a trinle such as (Head,5,black hall))
and the event consists of 1x3x8 = 24 outcomzs, it follows that
the probahility is 24/120 = 1/5., 2lternatively, one could first
calculate the prokabilitiecs of the coin falling heads, of an
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