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a) I) l)This relation is not reflexive, since it does not include, for instance (1, 1). It is
not symmetric, since it includes, for instance, (2,4) but not ( 4,2)'It is not
antisymmetric since it includes both (2, 3) and (3,2),bttt 2 f- 3.It is transitive.
To see this we have to check that whenever it includes (a,b) and (b,c), then it also

includes (a, c). We can ignore the element 1 since it never appears. If (a, b) is in
this relation, then by inspection we see that a must be either 2 or 3. But (2, c) and

(3, c) are in the relation for all c -:l:- 1; thus (a, c) has to be in this relation

whenever (a, b) and (b, c) are. This proves that the relation is transitive. Note

that it is very tedious to prove transitivity for an arbitrary list ofordered pairs.

2)This relation is reflexive, since all the pairs (1, l), (2,2), (3, 3), and (4,4) are in
it. It is clearly symmetric, the only nontrivial case to note being that both (1, 2)

and(2,1) are in the relation. It is not antisymmetric because both (1, 2) and(2,
i) are in the relation. It is transitive; the only nontrivial cases to note are that

since both (i. 2) and (2, 1) are in the relation. we need to have (and do have) both
(1, l) and (2, 2) inciucied as well.

l) This is not a lattice. Elements b and c have f, B, and h as upper bounds, but
none of them is a l.u.b.

2) This is a lattice. By considering all the pairs of elements, we can veriff that
every pair of them has a i.u.b.
and a g.l.b. For example, b and e have g and a filling these roles, respectively.

1) One way to determine whether a function is a bijection is to try to construct its
inverse. This function is a bijection, since its inverse (obtained by solving y = 2x
+ I for x) is the function g(y) = (y - l) 12. Alternalively, we can argue directly. To
show that the function is one-to-one, note that if 2x + I : 2x' + l,then x = x'. To
show that the function is onto, note that 2( (V - l) 12) + I : y, so every number is
in the range.
2) This function is not a bijection, since its range is the set of real numbers
greater than or equal to I (which is sometimes written [1, oo)), not all of R. (It is
not injective either.)
3) This function is a bijection, since it has an inverse function, namely the
function (y) =y 1 1 3 (obtainedby solvingy =x 3 forx).
4) This function is not a bijection. It is easy to see that it is not injective, since x
and -x have the same
image, for all real numbers x. A little work shows that the range is only { y I 0.5
:S:y<1):[0.5, 1)
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