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Let T,, be the number of ways to arrange n books on two bookshelves so that each shelf receives
at least one book. 4

;

a) The exponential generating functlon (EGF) T(e)(m) of T, is obtained as follows. Let A,

-and B, denote the ways of placing n books on the first and second shelves respectively. As

the shelves are identical,-and the problem for one shelf reduces to permutatlons we can write
A, = B, =n! for n > 1 while 4y = -By=0. The respective EGEs are:

3

_Ae) — Rie — |__. |_ 1= —
A (z) = B (:1:) 1 +22|+33'+ 1+:c»+:13+ ll—w

TE(2) is glven by the product:

. T(e)(m) A(e)(:v)B(e)(x) (1 f x) ) 562

J

b) To find Ty, recall that T (:L') Zn>0 T, - (n’,‘), S0 We rewrite theg’éXpresSion in pért a).

TO@) =a* (Tf_x) =i+ 1) " T e ~Zn*(n—1)——

>0 n>2 n>2

Yielding T = n'(n - 1) for 1 >2,and Ty = Ty = 0

c) Let Cp and D, be the number of ways of arranging the books if the shelves are circular
and the arrangements are cyclical. For each shelf, we place an arbitrary book first, and the
total number of arrangements is the same as the number of ways of arranging the n — 1 books
remaining. This gives C,, = D, = (n — 1)' for n > 1 and exponentlal generating functions

C(e (:r:) D(e)(:z;) Z(n f 1 log (1 ! x)

n>1

In this case, the new préduct is given by the formal power series product definition:

 1O(g) = ¢ D@(:c) 108(1 lm) *Z(Z(Z)“@"1.)!('”_%'_»1)!)g'

n>l \i=0
The coefficients 7T, are then given by To=Tg=0and forn>2: .
n—1 n—1
n(z—l)I —z—»l)‘
T, = D —i—1) =
=% (e mem im0 “hT
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Problem 9 E& ﬁ? .

We use the following lattice L to show the distributivity axiom is not true for
lattices: ' :

"It is obvious that each pair of elements in the lattice has an infimum and a
supremuni.
We assume that for each elements z,y,2 € L : T A (y Vz)=(z /\ y) V(z A z).
We choose z =a,y =d,z=¢. : .
Lets determine the LHS of the equatlon
aA{dVec)=aAl
Lets determine the RHS of the equation:
(and)V(aAc)=0V(aAc)
=0Vc=c
Since the RHS and the LHS are not equal thls leads us to a contradiction.
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