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Example Honemany ways can we distribute n identical apples
to 7 distinct people so that eachperson has at least one

apple
We save earlier in the course that the answer is

nd
if n 7 otherwise it is obviously tho
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Seven is a largenumber Let us first do the problem
of distributing n identical apples to one person The
answer is an where

an o n o
1 n 71

Let Fln be the generating functionof Canto Then
Fln O t n t t t a t se it at net I

In
Suppose an is the number of waysof distributing

n apples amongst seven persons Then
en ftp.ygIn9iz ai a ofwaysofdistributing i apples

tothe firstperson is tothesecond
is to the seventh

It follows from our formula for the product of power
series that the generating function Gin Egan is

Gaul É aunt FM in y



Our formula above them gives

Gin atm It am

If It am

IT T n set n men

It follows that

Ey
Remark If instead of insisting that every one ofthe seven
persons gets at least one apple we allowed the possibility that
people can be left empty handed then here is how we'd
approach the problem Again simplify to one person rather

than seven If an ofways of distributing n apples to one

person then underthe new rules an 1 and and the Ino
The compounding generating function is Flat and
for seven persons the corresponding generating function is

Gin a I É dax

Iz y un
s
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And so the coefficient of a is Yt and this
is the of waysto distribute n apples amongst seven
people without restrictions on the minimum number ofapples
each persongets Work out the details as in the example



Example In homemany ways can we collect 25

fruits consistingof apples oranges pear and bananas
with the following restrictions

There has to be at least one banana
Between and seven pears Tangy isection201 buthave
No more than five apples

Quicksolve with details left to you
Generating function for bananas É n In Est no

Generating function for pears i n't n't 25tab 27
m3 it at x2 n3 n 4

23 I 25

Generating fruition for oranges I anti ne Ino

Generating for apples Itn tan ok 25 I n b
L R

Let G n Élan be the generating function of Ccu noo
where ar is the number of ways of distributing n fruits
with the above conditions Then

Girl I In n3 i n
i n In

x 4 i n5 i Rb
I n 4

na l us ab ta Ey
4 na n't n's If 3 an

Thus ca I 3 3 B I 525

checkthis



Example Find the numberof solutions of
N that 23T 24 45

with m n n no Eino and such that
confining not03123 7 2579 Had 2 257 for

1 same as saying REIN 3here

The trick is to find a formula for the generating fruition
FG Éann

where an is the numberof solutions of kith thatRatkg n

with the constraints indicated above
The four generating funtions whoseproduct we

have to take are check this
F In If an I genfanof ofsolesof an neIno

Rn 2 Genfenof ofsolusofn n KEINElm EQ since

Fz n n't 24 25 26 at 23 it ntn 2 28 24
U3 I 25

genfen of of Is often nein 3 247

Faint Egan 29É d 29
I K

gunfanof ofsolusofn n nein Rza
Wetherefore have

Fln F In False Fsa Fatal

I n n3 I 25 29
i n 4

C n 8 If 5 n't Éoann

We have to find age Clearly
945 33 3 y


