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ABSTRACT

In this paper, we obtain some explicit and recurrence formulas in counting the number

restricted one-to-one functions f|s : N»w —> N, S C N, under certain conditions.
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1 Introduction

The study of counting functions was first considered by Cantor (Zehna and Johnson,
1972) when he attempted to give meaning to power of cardinal numbers. Cantor obtained
that the number of possible functions from an m-set to an n-set is equal to n” in which
(n)m =n(n—1)(n—2)...(n —m+ 1) of these are one-to-one functions. We can further
obtained that, by making use of the classical Stirling numbers of the second kind S(n, k),
the number of onto functions is n!S(m,n), see Chen and Kho (1992). Corcino et al. (2005)
obtained that the number of restricted functions f|s : N, — N, for all S C N,,, where
Ny, ={1,2,...,m} is equal to (n + 1)". These restricted functions are the same as the
restricted functions f|s : Ny, — N such that f(a) <n Va € S.

Recently, Corcino et al. (2005) established some formulas in counting restricted func-

tions fls : Ny — N, S C N,,, under each of the following conditions:
(1) f(a) < g(a), Ya € S where g is any nonnegative real-valued continuous
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function.
(i) gi1(a) < f(a) < g2(a), Ya € S where g1 and g2 are any two nonnegative
real-valued continuous functions.

Under condition (i), with 9, = U s,cN,, 1f1s; }, the following formulas were obtained.

im| = > [179Gi (1)

1<j1<g2<...<jis<m =1

Gimrrl = Diml + [9(m+ 1)Ti—1,m] (2)
[l =TI+ T9(@)), b = U Pim- 3)
i=1 1=0

While under condition (ii), with t;,, = Us,cn,, 1f1s;}, the following formulas were ob-
tained,

i
[Yim| = > 113Gy,
1<j1<j2<...<ji<m I=1
m

[oml =TI +3(0)).

i=1

where §(5;) = [92(j1)] — |91(j1)] + 1. Note that [¢); .| and [; | count the total number of
restricted functions under conditions (i) and (i7), respectively.

In this paper, we count the number of restricted one-to-one functions under conditions
(7) and (i7), however, the functions g and g; must be increasing while go must be decreasing.

2  One-to-One Functions Under (i)

Let Vi, = Us,cn,, 1fls;} where f is a one-to-one function from Ny, to N such that
m < n and f(a) < g(a), Ya € N,, for some nonnegative real-valued continuous function
g which is increasing on the closed interval [1,m]. If S; = {j1,J2...J;} where j; < ja <
... < Ji, then

[{£1s:3 = TT(Tg()1 =1 +1

where [g(j;)] is the greatest integer that is less than or equal to a real number g(j;). Thus,

we have A
7

Viim| = > [1(TgGo) —1+1)

1</1<g2<...<ji<m =1

which is parallel to formula (1). To state this result formally, we have the following propo-
sition.
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Proposition 1. Let f be a one-to-one function from Ny, to N such that f(a) < g(a)
Ya € N,, for some nonnegative real-valued continuous function g which is increasing or
constant on the closed interval [1,m|. Then the number |Yz,m| of restricted one-to-one
functions flg, over all S; C Ny, such that |S;| =i is given by

i
Yiml| = > [I(TaGin1 —1+1)
1<1 <fo <o i< I=1
where |Yo,m| =1, |Y;,m| = 0 when i > m.

Remarks. (1) When g(a) = n, Ya € N,,,, we have

Vi = > [I(Tn—1+1).

1<j1<j2<...<g; <m =1

Since the number of terms of the sum is (),

]ﬁﬂz(Wymhom:nM—MM—m”(n—HJ)

7

This is the number of restricted one-to-one functions f|g, from Ny, to N,, such that |S;| = i.
(2) When g(a) = a, Ya € N,,, we have
R i
Yiml = > I+

1</1<g2<...<ji<m =1

Parallel to (2), we have the following recurrence relation which is useful in computing the
first values of |Y; .

Proposition 2. The number |1A/Z,m| satisfies the following recurrence relation
Vimt1] = Vil + (Tg(m + 1)1 =i + 1)[Vie1,m|
with initial condition |Yoo| =1, |Yim| = 0 for i >m ori < 0.

Proof. We know that |Vi,,.1| counts the number of restricted one-to-one functions f]s,
over all S; C Ny,11. This can be done by considering the following cases:

1. Case 1. m+1¢ S;.
Under this case, the number of such restricted one-to-one functions f|g, over all

S; € Ny is |Y/z,m|
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2. Case 2. m+1€5;.
In this case, we consider the following sequence of events:

(a) counting restricted functions f|s, over all S;_; C N,,, which is equal to |¥;,,].

(b) insert m + 1 to every S;—1 and map m + 1 to any of the natural number
1,2,...,[g(m+1)] —i+1. Since m~+1 is the ith element of S; = S;_1U{m+1},
by Multiplication Principle (MP), the number of such restricted functions f|g;
with S; = S;_1 U {m + 1} is equal to ([g(m + 1)] — i + 1)|Yi_1.m|-

Thus, by Addition Principle (AP), we prove the proposition. O
If we let Yy, = U™, |Yim| then Vool = 37, |}Aflm| Using Proposition 2.2, we have
Vol = 3 { Wil + ([gm)] =i+ 1)|Vimymoal}
=0
m—1 m—1
= ‘ i,m— 1’"1' Z| i,m— 1|_ZZ‘Y;m 1|
=0 =0 i=0
= ’Ym 1|(1+ ZZ| i,m— 1|
When m =1,
o o
V1| = [Yol(1 + [g(1)]) =D ilYiol = (1 + [g(D)]) = > _ilVio
=0 1=0
When m = 2
1
Y2l = Ml +Tg@D - D ilVia
=0
o 1
= 1+ [gMDA+[92)]) = A+ [9(W)) Y ilYiol =D ilVia
=0 =0
2 1 1 i
= [Ia+TeOD =D TT A+ Te@+D1) ¢ > ilYiy
=1 =0 \l=j+1 =0
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When m = 3,
2
V5] = [Ya|(1+[g(3)]) =D ilVia
i=0
0
= 1+ gD+ Tg@DA+TgB3)]) — 1+ Tg2) DA+ [9(3)T) D il Vil
=0
1 2
—(1+TgM) D ilYin D ilVia
i=0 i=0
3 2 2 i
= I+ Te@D) —Z{ IT +Tg(+ 1)1)} {lei’w}
i=1 =0 \I=j+1 =0
A A mil A
|Ym| = |Ym—1‘(1 + [g(mﬂ) - Z i|1/i,m—1|

=0
= [0+ a6 - Y { I+ o+ m)} {zim,j}

1=0

where [ 1(1 4 [g(l + 1)]) = 1. Note that Y, is the set of all restricted one-to-one
functions f|g. Thus, |Y,,| is the total number of restricted one-to-one functions f|g.

Proposition 3. The total number \)A/m] of one-to-one restricted functions f from Ny, to N
such that f(a) < g(a), Va € Ny, where g is any nonnegative real-valued continuous function
which is increasing on [1,m] is given by

R m m—1 7 m—1
Vol = [T(1+ YoilVigl T 0+ g+
i=1 1=0 2=0 l=j+1

As a direct consequence of this proposition, we have the following corollary.

Corollary 1. The total number |YT‘EL| of restricted functions f from N, to N which are
not one-to-one such that f(a) < g(a), Va € N,, where g is any nonnegative real-valued
continuous function which is increasing on [1,m] is given by

1

[ve| :m Zz] ni_[ [g(l+1)]).

=0 =0 =5
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Proof. Note that from (3) the total number |t,,| of restricted functions is given by

m

[l = [T+ T9()).

i=1

Hence, the total number DA/;J of restricted functions which are not one-to-one is

m
Vil =TI+ 9] — ¥l
i=0
Applying Proposition 3, we prove the corollary. O

3 One-to-One Functions Under (i)

In this section, we count the number of restricted one-to-one functions f|g : N,, — N,
S C N,, under condition (i7). The following proposition gives an explicit formula for this
number.

Proposition 4. Let f be a one-to-one function from Ny, to N such that gi(a) < f(a) <
g2(a),Ya € Ny, where g1 and go are decreasing and, respectively, increasing nonnegative
real-valued continuous functions on [0,m]. Then the number |Y; | of restricted one-to-one
functions flg, over all S; C Ny, such that |S;| =i is given by

%

|Yiml| = > [1GG) —1+1)

1<j1<ge<...<jis<m =1
where §(ji1) = [g2(j1)] — Lg1(G)] + 1.

Proof. Tt can easily be seen that if S; = {j1,J2,...,Ji} where j1 < jo < ... < j;, then to
form a one-to-one function, j; can be mapped to any of the [g2(j1)] — [91(j1)] + 1 natural
numbers and jo can be mapped to any of the [g2(j2)]| — [ g1(j2) | natural numbers, and so on
until j; can be mapped to any of the [g2(j;)]—|g1(ji) | —i+1 natural numbers where | g1 (j;) |
is the least integer greater than or equal to g1 (j;). Hence, the number of possible one-to-one
functions that can be formed from S; to N such that g;(a) < f(a) < ga(a),Va € N, is
i

119201 = L1 (o)) — 1+ 1)

1=1
Thus, with Vi = Ug,cn,, {f]Si}, we have

i

|Yion| = > [1(Tg2001 = L1 ()] — 1 +1).

1<1<ge<.<ji<m =1
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Now, using the same argument as in the proof of Proposition 2.2, we can easily derive
the following recurrence relation for Y; ,,.

Proposition 5. The number |}~/Zm| satisfies the following recurrence relation
Vimri] = Vil + (G(m +1) — i+ 1) Yie1ml
with initial condition |Yoo| =1, |Yim| = 0 fori>m ori < 0.

By making use of Proposition 5 and following the same argument in the proof of Propo-
sition 3, we obtain

m m—1 J m—1
Yool = JJ (1 + S iVl [T @ +g(+1))
i=1 =0 =0 l—]+1

where |Y;,| is the total number of restricted one-to-one functions from N, to N such that
gi(a) < f(a) < ga(a),Ya € N,,. Thus, the total number of restricted functions which are
not one-to-one is given by

m—1 J m—1
Vil =" > ilViyl TT (1 +3g(+1)).
=0 =0 l=j+1
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