14.381 Solutions Problem Set 0 (Set Theory)
Statistics Fall, 2004

TA: José Tessada
(tessada@mit.edu)
A longer explanation is provided for the first exercise, showing more about the structure of these proofs;
but, very detailed explanations are not necessary in general.

1. The proof provided here deals with each implication statement separately. If both are correct, then
the double implication is done.

ACB = (A°UB)=X

ACB = xz€A=z€eB
by definition r¢ A=z e A°
= (A°UB)=X

and we know that Vo € X, either z € A or © ¢ A. Given that, we have proved that any = belongs to
at least one of the sets (B or A¢), then their union is equal to the universal set.

(A°UB) = X=ACB

= Vz € X, either z € A° or x € B or both
ifreAd = 2¢A°=2€B

=

ACB.

2. For each of these equalities, you must show containment in both directions.

(a)ze A Bz Aande ¢ B arxec Aandae ¢ ANB & x € A\(ANB). Also, x € A and
r¢ BeaxeAand x€ B < x € AN BC.

(b) Suppose & € B. Then either x € A or x € A°. If © € A, then x € BN A, and, hence z €
(BNA)U(BNA®). Thus B C (BNA)U (BN A®). Now suppose x € (BN A)U (BN A°). then
either z € (BNA)orx € (BNA®).If x € (BNA), then z € B. If z € (BN A°), then x € B.
Thus (BN A)U (BN A°) C B. Notice that if M C N and N C M, then M = N, so we proved
that B = (BN A)U (BN A°). Another way to proceed is to use the Distributive Law to solve the
parenthesis in the statement.

(¢) Very similar to part a)
reB\AsreBandae ¢ AsreBanda e A< x e AN BC.

(d) We can use the result from part b) to write:

AUB = AU[(BNA)U (BN A%)] = AU(BN A)UAU(B N A°) = AU[AU (BN A°)] = AU(B N A°).

3. () z€eAUBewrzcAorzeBsxeBUA
rceANB&ersecAande e Berxe BNA
by ze AUBUC)szceAorze BUCes e AUBorzeCeaxe(AUB)UC.
(The proof for AU (BUC) = (AU C) U B can be done using the same structure.)
reAN(BNC)erxecAandze Bando e Ceaxe (ANB)NC.
(c)rec(AUB) ' eard¢Aorx ¢ Berec A°andx € BS & o € A°N B¢

re(ANB) w2 ¢ ANB & x¢ Aand z ¢ B (if it belongs to one but not to the other we are
still ok!) @z € A°orz € B < x € A°U B°.



