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Child care has become an essential component of life in our society .Quality child care can
make a significant difference in child’s development .Here we consider some regulations in
favour of lower child staff ratio ,higher educational standards for care givers and smaller
group size . In this paper we present a methods for fuzzy risk analysis based on, child- staff
ratio group size and care giver ability. We obtain the expected number of children in queue

needing attention at any time by using both function principle and Graded Mean Integration

Keywords

Fuzzy risk analysis,
Generalized fuzzy numbers Function

method. Furthermore we calculate the proportion of time that a child would spend engaged
by using both function principle and Graded Mean Integration method. The model presented
in this paper can be applied to other educational services also

principle,
Graded Mean Integration
Representation.

Introduction

The increase in female labor has resulted in the increased
use of non-relative child care settings chosen namely Day care.
The parents of the child usually find it difficult to assess the
quality of child care. For many years researchers have been
examining the aspect of child care that have a positive influence
on children’s development .Research data has confirmed that the
child care provider is one of the most important element in
quality child care .

Good staffing ratios are an essential ingredient in quality
child care settings. Galinsky and__Phillips (1988) [8]
recommended a ratio of at least one child care provider for every
three to four infants and a child care provider for every four to
six children under three. The study also found that centers with
low child-staff ratios were seen as providing higher quality care.
A quality environment is well planned and invites children to
learn and grow. A key aspect of providing a good environment
for children is the safety of the settings

Quality child care programs can provide a wealth of
comprehensive services which contribute to the overall welfare
of the children and their families. It has the capability of
promoting trust, autonomy, and a true sense of happiness and
well being in children. It should be given a high priority in our
nation and be supported by all in our society.

Public intervention in day care markets might be justified
either using arguments commonly made for the public provision
or using arguments regarding imperfect information’s .State
regulators, recognizing both the informations and public good
problems have imposed various minimum quality standards on
day care providers. The proper role of government is over sight
and regulation has emerged as an important issue in the national
debate about child care . little is known about the effectiveness
of these regulations .There is little research for example ,that
provides evidence on the functional relationship between
marginal changes in child staff ratios or group size and some
measure of child care quality .Regulations may specify the
number of mandated annual inspections ,maximum group size
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limits ,training requirements for care givers ,health and safety
rules and minimum staff-child ratio.

In this paper we construct a fuzzy queuing model of the
child care environment and we will use it to find the effects of
regulations on quality of child care. Through this model we can
find a relation between the three major regulated variables
namely child -staff ratio ,group size and care giver
qualifications . The task of handling risk analysis plays an
important role . Schmucker (1984) [18] _presented a method for
fuzzy risk analysis based on fuzzy number arithmetic operations
It is obvious that many facts can affect the result of a similarity
measure —for example — the shapes of fuzzy numbers ,the
position of fuzzy numbers , the area of fuzzy numbers etc. Hsieh
and Chen (1999) [11] presented a similarity measure between
fuzzy numbers using Graded Mean Integration Representation
method .

The rest of the paper is organized as follows .In section 2
we discuss the membership function of trapezoidal fuzzy
numbers and represent the trapezoidal fuzzy number by Graded
Mean Integration Representation method . Also to calculate the
fuzzy average we define the mean of trapezoidal fuzzy numbers
. In section 3 we discuss some arithmetical operations of fuzzy
numbers by Chen’s function principle (1985)[3] for simplifying
calculations .In section 4 we will discuss a fuzzy queuing
theoretic approach to child care . In section we will provide two
numerical examples and section 6 will be conclusion
Section 2: Membership Function And Mean Of Trapezoidal
Fuzzy Numbers

The fuzzy numbers were introduced by Zadeh [23] and
arise in decision making , control theory , fuzzy system and

approximate reasoning problems .A fuzzy number M is a

convex normalized fuzzy set of M of the real line R such that
i. There exist exactly one x5 e R with Ly5 (xcj =w (X is

called the mean value of M )
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ii.,u'ff_l-;;f(l') is piecewise continuous ,where Llys (1) is the

membership function

Now a days this definition is modified very often .For the
sake of computational efficiency and ease of data acquision ,the
trapezoidal fuzzy numbers are used .

ub)

Figure 1

Fig 1 shows such a fuzzy set which could be called”
approximately 5 “ and which would normally be defined as the
quadruple { 3,4,6,7} .Strictly speakins it is a fuzzy interval
.however it is not a random variable . A random variable is
defined in terms of theory of probability ,which has evolved
from theory of measurement . A random variable is an objective
ndatum whereas a fuzzy number is a subjective datum . It is a
value not a measure .

Suppose M is a trapezoidal fuzzy number as shown in
figure 1 . Chen (1999)[4] represented a generalized trapezoidal
fuzzy number M as M = ( a,b,c,d :w ) where a,b,c,d are real
values and 0 < w < 1 . If w=1, then the generalized fuzzy
number , denoted as M =(a,b,c,d) is a normal fuzzy number as

shown in fig 1. The membership function LiyF of the fuzzy
number A satisfies the following conditions

1) Ly5 (1) is a continuous mapping from F to [0,1].
247 (x) =0;-w<x<a

3);'{{_.-;;!’ (1) = L(x) is strictly increasing on [a,b]
4);"[5_:'[,}'(1':' =w;b<x<c

5) 57 (1) = R(x) is strictly decreasinf on [c,d]

6) 447 () =05 d<x <o

Chen et al__introduced Graded Mean Integration
Representation method based on the integral value of graded
mean h-level of a generalized fuzzy number for defuzzifing
generalized fuzzy numbers . In Graded Mean Integration
Representation method L™ and R™' are the inverse functions of
L and R respectively and the graded h-level value of generalized

R[L™ (W +R™HN)]
2
the Graded Mean Integration Representation of M is P(M) with

(ab,cd;w)is as shown in fig 2 . Then

.izlL_l R Lomdn

grade w where P(M) == - hzh
1 kan

with 0< h <w

and O<w < 1.
Through out this paper only normal trapezoidal fuzzy
numbers are considered .
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For example :- let the membership function of M be

X

— ,a<x<b
o—c
;{Iﬂ(x]: 1 ,b<x<c
x—d , <x<d
c—d -
0, otherwise
L(x) = — ,a<x<b
o—c
L'(h) =a+ h(b-a) ,0<h <1
x—d
R(X) =D c<x<d
R'(M) =d+h(c—d), 0<h <1
Thus we get the graded mean representation as
P(."Lr;i') _ Jol.rz -+ d—-uza —d+cii] a+'2b+'2r:+d
[ hdh &
y 5 . . £
R(x)
Lx)
a LY b hL1(+R-1(h) . RYh) d

.
P

Figure 2
The graded k-preference h level value of a generalized
fuzzy number

M =(ab,cd 'W) is given by
[ kL (m)+(1- ~k)R™Y(h)]dh
I3 hdh

-'er } where 0 < h

<w;0<w<1and
0<k<I.
Thus the graded k-preference integration of Mis
kla+zb)+(1—-k)(2c+d)
3

Section B : The Fuzzy Arithmetical Operations Under
Function Principle

Chen proposed function principle to be as the fuzzy
arithmetical operations by membership function of fuzzy

numnbers .Here we describe some fuzzy arithmetical operations
under function principle as follows .

(i) -

Suppose X (X1, X2, X3, X4) and } = (Y1, Y2, Y3, Ys) are two
trapezoidal fuzzy numbers.

1. The addition of)? and 'Y is

X@'V=(X1+y1, XotYo, X3+ Y3, Xs+Ys) , Where Xg, X,

X3l X4 ’ yl y
Y2, Y3, Ysare real numbers .

2. The multiplication of X and Y is
N V=(t,t t;, t) where T=(Xyy1, X1Va, Xa Y1, Xa¥a)

M
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T1 = (X2 y2, X2y3, X3 y2 , X3y3) y tl = m|nT ,tz = min Tl ,t3 =
max Ty,
ta=maxT
If X1, X0, X3, X4,Y1, Y2, Y3, Ysare positive real numbers then,
XeY =(X1 Y1, Xo¥2, X3 VY3, XaYa)
3. =Y =(—y4, —ys, —y2, —y1) Then the subtraction of X and
Yis
XEY-= (X1—Ya, Xo—Y3, Xz—V¥2, Xg— Y1) Where X, Xz, Xs,
X4, Y1, Y2, Y3, Ysare real numbers .

1 ~—-1 1 1 1 1

4 . -_-’ = }; = - ¥ - ¥ _]
Y Vg V3 V2 Vi
ysare all positive real numbers .

If X1, X2, X3, X4,Y1 . Y2,VYs, Ysare all non-zero positive real

)Where!yl,yZnyEl

numbers . then the division of X and Y is
~ . xl xE XS X.l_
.X@E’T:( J_J_,_)
Ya ¥3 ¥z Vi
5. Let a R, then

iLa>0,0a® X:(axl,axz,axg,ax4)

i.a<0,a® X:(OLX4,OLX3,OLX2,OLX1)

Section 4 : A Fuzzy Queuing Approach To Child Care

Here we will discuss about a fuzzy queuing theoretic
approach to child care .A fuzzy queuing model can be presented
for examining the relationship between the key regulatory
variables and the expected portion of time that a child is engaged
"on —task " in some productive activity without waiting for the
assistance of a care giver . We also explain how the technique
may be used by child care provider to determine the effects of
altering the child staff ratio . The fuzzy queuing model can also
be used for assessing staffing needs . It also provides a direct
measure of the degree and intensity of the individual interactions
between a care giver and a child . The caregiver —child
interactions is one of the most important measure of quality to
researchers in recent years .

In child care fuzzy queuing model the arrivals are the
number of children needing assistance which is a fuzzy number ;
the service process is the time taken by the caregiver to interact
with each child who needs assistance which is also a fuzzy
number — both of which follow some probability distribution.
The arrival process and the the service process can be
characterized by Erlang Distribution .The notation used for
arrival process and service process are respectively A and p .
The exponential assumption for interarrival times and service
times is equivalent to assuming that the arrival rate and service
rate are random variables that follow a Poisson distribution .The
mean interarrival time is the reciprocal of the mean breakdown
rate while the mean service time is the reciprocal of the mean
service rate . The probability that a child who needs attention
will have to wait in a queue for assistance depends on how often
children are likely to need help ,the number of children in the
group and on the number of caregivers .

For a group consisting of C children and a single caregiver
,the expected number of children in queue needing attention (
queue length) at any point of time is

Ly = coePy)e(euan) [12] , where Py is the

probability that no child is in need of attention . The portion of
the time that a child would spent engaged or "on — task ” is

oTT =10(L 4 2C) [12]

Section 5 : Numerical Example 1

Consider a child care environment with one caregiver
and 2 infants . Let the arrival rate be ( 2¢1 ,2¢2,2¢3,2¢4 ) which
is a fuzzy number with fuzzy service rate ( 1+1, 12,1 ¢3, 14 )
and the fuzzy probability that no child is in need of attention be
(01 , 02, 03, 04 ) . Using function principle we try to
calculate the average queue length and the portion of time that a
child is "on —task ".
Here C=2 ,u=( 1e1, 12,1 3, 1+4) A =(2¢1 ,202,2¢3.2+4)

and Pg=(0:1 ,02,03,0:4)

L, coePy)e(1eun)

=20 (06 , 007, 08,00 ) ® (145833, 1+52173 ,1
*59091 , 1266667 )

= (00499997 , 0727272 , 04934789 , 1+25002)
Let L =(0:5,007,09,1)

oTT =10(L42C)

=10 (02499985, 0363636 , 024673945 , 062501 )
= (0237949 , 025326055, 0 * 636364 ,047500015)
Let OTT = (03, 05, 026 , 0+7 )
The graded k-preference value of L and OTT can be calculated
using the formula
Ela+2b)+(1—-kli2c+d)
P, (M } = 3
02 09, 1
The graded Mean Representation of L and OTT can be
calculated using the formula

Where k = 0, 01

at2b+2c+d
PM) = ———
[

The calculated values are given in the following table
| P ()] edy P, (OTT ) | pOTT)
0 | 093333 0478333 | 063333 0+53333
0-1 | 090333 0+78333 | 061333 0+53333
02 | 087333 0478333 | 059333 0+53333
0-3 | 0-84333 0-78333 | 057333 0-53333
0.4 | 0481333 0478333 | 055333 0+53333
0-5 | 0-78333 0+78333 [ 053333 0+53333
046 | 0475333 0478333 | 051333 0+53333
0+7 | 072333 0+78333 | 049333 0+53333
0-8 | 069333 0+78333 | 047333 0+53333
09 | 066333 0+78333 | 045333 0-53333
1 ]063333 0+78333 | 043333 0+53333

Numerical Example 2

Consider another child caregiver with one care giver and 4
infants . In this environment let the arrival rate and service rate
are fuzzy numbers respectively as A = (25, 2¢6 ,2¢7 , 28 ) and

w= (15, 146, 17, 1+8 ) . Let Pg= (001 , 002, 0:03 , 0+04

)be also a fuzzy number . We are trying to calculate the average
queue length and the portion of the time a child is "on — task
"using function principle .

Here C=4 ,u=( 15, 16,1 «7, 1+8 ) ,L =( 2¢5 ,2¢6,2+7,2+8) and
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Py= (001,002,003, 0:04)
Ly = coePy)e(eusn)

= 40 (096 , 0497, 0°98 , 0299 ) ® ( 05357, 025926
,006538 , 07200 )
= (392872 ,3+3593 , 344252 , 34858 )

OTT =16(L420C)

=10 (08218, 083983 , 08563 , 087145)
= (012855 021437, 0216017 , 0-1782)

The graded k-preference value of L and OTT can be calculated
using the formula

. Ela+2b)+(1-k|(2c+d)

P, (M) = 3

002, 09, 1
The graded Mean Representation of L and OTT can be
calculated using the formula

Where k = 0, 01

a+2b+2Zc+d
PAM) = —————
&
The calculated values are given in the following table
| P (L) | ed P, (OTT ) | p@TT)
0 | 34454 3+39033 | 016618 0+152415
0°1 | 344343 3:39033 | 016343 0°152415
0.2 | 3+4234 3+39033 | 016067 0+152415
0-3 | 3-4124 3239033 | 015792 0°152415
0+4 | 3+4013 3:39033 | 015517 0+152415
0°5 | 33903 3239033 | 015242 04152415
046 | 33793 3+39033 | 014966 0+152415
0+7 | 33683 3239033 | 014691 04152415
0.8 | 33573 3¢39033 | 014416 04152415
049 | 343463 3:39033 | 014140 0+152415
1| 343353 3+39033 | 013865 0-152415
Conclusion

In this paper we developed a fuzzy queuing model which
will clarify the importance of child staff ratio ; group size and
caregivers ability in child care in order to understand better
potential costs and benefits of regulating them . Here we used
function principle to simplify the calculations of fuzzy average
gueue length and fuzzy proportion of time that a child would
engaged in some activity. In the fuzzy environment, it may be
possible and reasonable to discuss these models with k-
preference fuzzy value . The model is also executable and useful
in the real world .For a special case that all variables are set as
real numbers, the result will be same as traditional non-fuzzy
model .
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