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ABSTRACT :

In this paper, Fuzzy model of extended hausdroff distance for intuitonistic fuzzy sets and interval-valued fuzzy sets based on
the hausdroff metric (four inputs—one output and two inputs—one output) were developed to test the hypothesis that high job
demands and low job control (job strain) are associated with elevated free cortisol levels early in the working day and with
reduced variability across the day and to evaluate the contribution of anger expression to this pattern. The quality of the
model was determined by comparing predicted and actual fuzzy classification and defuzzification of the predicted outputs to
get crisp values for correlating estimates with published values. A modified form of the Hamming distance and Euclidian
distance measure is proposed to compare predicted and actual fuzzy classification. An entropy measure is used to describe
the ambiguity associated with the predicted fuzzy outputs. The two inputs (high and low) predicted over 40% of the test data
within one-half of a fuzzy class of the published data. Comparison of the model (men and women) shows that the hausdroff
hamming distances exhibited less entropy than the hausdroff Euclidian distance.

Key words: job strain, cortisol, anger, work stress, teaching, Intuitionistic fuzzy set, Mamdani fuzzy modeling, Hamming
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1. INTRODUCTION

Fuzzy set was proposed by Zadeh in 1965 as a frame work to encounter uncertainty, vagueness and partial truth. It
represents a degree of membership for each member of the universe of discourse to a subset of it. Intuitionistic
fuzzy set was proposed by Attanassov, [2] in 1986 which looks more accurate to uncertainty gquantification and
provides the opportunity to precisely model the problem based on the existing knowledge and observations. The
Intuitionistic fuzzy set theory has been applied in different areas.

Fuzzy model has proved valuable in understanding the work characteristics associated with coronary heart disease
risk, hypertension, mental health, quality of life, and other outcomes. This model proposes that people working in
highly demanding jobs who also have low control and limited opportunities to use skills will experience high job
strain. The HPA axis is one of the principal pathways activated as part of the physiological stress response. Using
the concept of an intuitionistic fuzzy set that makes it possible to express many new aspects of imperfect
information. For instance, in many cases information obtained cannot be classified due to lack of knowledge,
discriminating power of measuring tools, etc. In such a case the use of a degree of membership and non-
membership can be an adequate knowledge representation solution.

The hausdroff distances play an important role in practical application, notably in image matching, image analysis,
motion tracking, visual navigation of robots, computer-assisted surgery and so on. We therefore, obtained measures

of salivary cortisol throughout the working day, evening, assessed differences between day and evening as well as
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early morning levels. We hypothesized that job strain would be associated with elevated cortisol early in the
morning together with heightened cortisol later in the day. Such a pattern might lead to reduced variability in
cortisol output over the working day. An additional aim of this study was to investigate possible interactions
between Job Strain and Anger Expression.

2. MAMDANI-TYPE FUZZY MODELING

This paper presents a Mamdani fuzzy modeling scheme where rules are derived from multiple
knowledge sources such as previously published databases and models, existing literature, intuition and
solicitation of expert opinion to verify the gathered information. The output or consequence of a
Mamdani-type model is represented by a fuzzy set. To assess model performance, a crisp estimate of the
consequence is usually made by defuzzification methods such as the centroid, weighted average,
maximum membership principle and mean membership principle [3]. Depending on the shape of the
output fuzzy set, defuzzification methods do not effectively characterize the output with the
corresponding ambiguity associated with the prediction. An alternative strategy could be implemented
such that the actual values of the output infer an ordinal set representing a three point fuzzy
classification (low and high) that could be compared to the actual fuzzy classification using distance
measures. In addition, the ambiguity associated with the predicted fuzzy sets can be quantified by
calculating entropy [4].

A stochastic model for psychological effect of Compassion & Anger was explored by [11]. The
purpose of this study was to develop generalized rule based fuzzy models from multiple knowledge
sources to test the hypothesis that high job demands and low job control (job strain) are associated with
elevated free cortisol levels early in the working day and with reduced variability across the day and to
evaluate the contribution of Anger Expression to this pattern and subsequently test its performance by
comparing defuzzified outputs to actual values from test data and comparing predicted and actual fuzzy
classifications. The overall approach followed in this study is illustrated in Figure 1. The process begins
with knowledge acquisition, continues to model building and then finally testing the model
performance. In the context of fuzzy modeling, the proposed approach of converting the predicted fuzzy
output and the actual crisp value into fuzzy classification sets is not well defined in literature.

Each row of membership functions constitutes an IF- THEN rule, also defined by the user. Depending
on the values used, the input membership functions are activated to a certain degree. The contributed
output from each rule reflects this degree of activation. The final output is a fuzzy set created by the
superposition of individual rule actions (Figure 1).

INPUT A INPUT B OUTPUT
RULE 1 o, AL
RULE 2 / \ /N
S S SR f—
DEFUZZIFIED

Figurel: Examples of a Mamdani type fuzzy inference system
-232-



Fuzzy modeling of cortisol secretion of job strain Due to stress using extended hausdroff distances For intuitionistic fuzzy sets

2.1 DEFUZZIFICATION METHODS
The fuzzy output is obtained from aggregating the outputs from the firing of the rules. Subsequent
defuzzification methods on the fuzzy output produce a crisp value. Two common techniques for
defuzzification are the maxima methods and area-based methods, which are briefly explained. Several
such methods are explained by Ross (1995).

3. DISTANCE MEASURES BETWEEN FUZZY SETS
For two fuzzy sets A and B in the same universe, the Hamming distance (HD) [5] is an ordinal measure
of dissimilarity and is defined as:

HD(A, B) = im(xi) — i (%)

where n is the number of points that define the fuzzy sets A and B, pa(xi) the membership of point x; in
A and pg(x) is the membership of point x; in B. The Hamming distance is smaller for fuzzy sets that are
more alike than those that are less similar.

3.1 ENTROPY OF AFUZZY SET

Entropy is a measure of fuzziness associated with a fuzzy set. The degree of fuzziness can be described
in terms of a lack of distinction between a fuzzy set and its complement. For a fuzzy set A, entropy [6]
is calculated as:

1. 1< _
E(A)—l-HZ|Z,UA(xi) 1 (1)

where n is the number of points that define A, and pa(x;) is the membership of point x; in A. In this
study, the concept of entropy was used to quantify the ambiguity associated with the predicted fuzzy
outputs. In the absence of actual values, entropy values are essentially a measure of confidence in
outputs predicted by a fuzzy model.

3.2 PROPOSED DISTANCE MEASURE

As indicated in the theory section, a modified form of the Hamming distance is proposed which enables
better distinction between different levels of classification (see Tablel and 2).

The proposed distance measure D(A, P) is defined as:

D(AB) =, (3 s 5) = 1) + ; (22 = K| = D (%) (%) -2

7k)

where A is the actual fuzzy classification, P the predicted fuzzy classification, n the number of classes
that define A and P, pa(xi) is the membership of point x; in A and pp(Xx) is the membership of point Xy
inP.

3.3 COMPARING FUZZY CLASSIFICATIONS

The two output membership functions created in both models are categorized as low and high. The
actual value from the test data was evaluated using the parameters of these membership functions to
produce a fuzzy set represented by two points (high and low). This fuzzy set represents the degree of
belongingness (u) to each of the two categories (low and high). The predicted output from the Mamdani
model is a fuzzy set represented by the given points. Based on the relative contributions from each
output membership function, the predicted fuzzy set of given points was reduced to a fuzzy set of three
points. The relative contributions from each output membership function were estimated by integrating
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the predicted fuzzy set over the range of the membership function. Equations (3) were used to develop
the predicted fuzzy classification:

f(x).4 (x)dx

Mo (X) = I ............. ()

[ 1 (x)ex
For each test case, an actual fuzzy classification and a predicted fuzzy classification were obtained. The
modified Hamming distance measure (3) was used to determine the similarity between the two fuzzy
sets. Apart from a comparison to actual values, the ambiguity associated with each predicted value was
quantified using an entropy measure (1) as defined in the theory section.

3.4 DEFUZZIFYING THE PREDICTED OUTPUT

The centroid method was used to defuzzify the output of the Mamdani models. The crisp predictions
were compared to the actual values from the test data and entropy value was calculated. This is a
common form of comparison utilized for most modeling strategies. However, defuzzifying the output
results in a loss of information regarding the ambiguity of the prediction. In the absence of actual
values, the confidence in the prediction can be determined based on the degree of ambiguity.

3.5 INTUITIONISTIC FUZZY SETS
Intuitionistic fuzzy set was introduced first time by Atanassov, which is a generalization of an ordinary Zadeh
fuzzy set. Let X be a fixed set. An intuitionistic fuzzy set A in X is an object having the form

, , | X where the functions , 0,1 are the degree of membership and
the degree of non-membership of the element X to , respectively; moreover, O 1 must
hold.

Obviously, each fuzzy set may be represented by the following intuitionistic fuzzy set
, 1 | X

3.6 DISTANCE BETWEEN INTUITIONISTIC FUZZY SET

In Szmidt and Kacprzyk [7], [8], it is shown why in the calculation of distances between the intuitionistic fuzzy sets one should
use all three terms describing them. Let A and B be two intuitionistic fuzzy set in L e . Then the distance
between A and B while using the three term representation (Szmidt and Kacprzyk) may be as follows.

The Hamming distance:

, -> | | | I
The Euclidean distance:

, -2
The normalized Hamming distance:

=2 |1

The normalized Euclidean distance:

: —2

3.7 THE HAUSDROFF DISTANCE
Given two intervals , and , of Intuitionistic fuzzy set, the hausdroff metric is defined [9],
: max | ] | . The hausdroff metric applied to two intuitionistic fuzzy sets,
1 and 1 , given the following:
, max | [ I

-234-



Fuzzy modeling of cortisol secretion of job strain Due to stress using extended hausdroff distances For intuitionistic fuzzy sets

The following two term representation hausdroff distances between intuitionistic fuzzy sets have been proposed [9]:
The Hamming distance:

. > max | || I
The normalized Hamming distance:
, -2 max | ||

The Euclidean distance:

, > :
The normalized Euclidean distance:

) - z )
The Extended haudroff - normalised Hamming distance:

: -2
In comparing an actual fuzzy set to the predicted fuzzy set, a small Hamming distance is ideal. In our study, the model-testing
phase involved comparison of predicted and actual fuzzy classifications (low and high). From the results in Table 1, the
proposed distance measure is better than the Hamming distance at distinguishing between different levels of classification. In
cases e and f, the Hamming distance(HD) gave the same value for different predicted fuzzy classifications[10]. The extended
Hausdroff distance gave different values that effectively distinguish between these cases.

4, EXAMPLE

Data were collected at the 12-month follow-up phase of a study of job strain and cardiovascular risk, details of
which have been published previously [10]. Participants in the original sample were 162 junior and high school
teachers, selected on the basis of scores on a work stress measure (37) as having high (28 men and 52 women) or
low (32 men and 50 women) job strain scores. Eighty-five (52.5%) were classroom teachers, and 77 (47.5%) had
additional administrative roles. One hundred thirty-seven teachers took part in the 12-month phase (84.6%), which
consisted of ambulatory blood pressure monitoring and a psychiatric interview (to be reported elsewhere) in
addition to cortisol measurements. Of the 25 who did not participate at 12 months, 10 had left teaching or retired,
7 were seriously ill or pregnant, 1 experienced equipment failure, and 7 did not respond to our invitation.
Comparisons between the 137 participants and 25 who dropped out of the study revealed no significant differences
in gender, job strain scores, age, grade of employment, or scores on negative affect or anger expression. An
additional 15 of the 137 individuals refused to sample saliva during the working day, mainly because they
envisaged that data collection might be embarrassing or inconvenient at school. Statistical comparisons of these
individuals with the remainder again identified no differences on demographic or psychological variables.
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Figure 2. Mean concentration of saliva free cortisol in high
and low job strain groups across the day and evening.
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Figure 3. Mean concentration of saliva free cortisol in men and women across the day and evening.

Fuzzy function of the given figure 2 and 3 is defined as
-5x+1.5x [0,0.2]

f(x)= 0.5x [0.2,0.4]
-x+0.9,x [0.4,0.7]

6.67x,x [0,0.15]

1,x [0.15,0.25]
-6.67x+2.67,x [0.25,0.4]
0, otherwise

5x-1,x [0.2,0.4]

1,x [0.4,0.5]

-5x+3.5,x [0.50.7]

0, otherwise

A(X) =

A (x) =

Corresponding Fuzzy diagram are given in figure 4.
1.2

1
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Figure 4. Fuzzy Mean concentration of saliva free cortisol in high and low job strain groups across the day and

evening and Fuzzy Mean concentration of saliva free cortisol in men and women across the day and evening.

Saliva sampling was conducted on a working day at schools. Participants were asked to take eight saliva
samples at 2-hour intervals, and a 30-minute time window was allowed for each sample. Participants
were asked to not consume any caffeine, citrus drinks, or food for at least 60 minutes before the saliva
sample was taken. The schedule sampling sequence was therefore 8:00 to 8:30, 10:00 to 10:30, 12:00 to

-236-



Fuzzy modeling of cortisol secretion of job strain Due to stress using extended hausdroff distances For intuitionistic fuzzy sets

12:30, 14:00 to 14:30, 16:00 to 16:30, 18:00 to 18:30, 20:00 to 20:30, and 22:00 to 22:30 hours. The
first sample of the day was always obtained at schools after explanation of the procedure by the
investigators. Saliva samples were collected in Salivettes, which were stored at —30°C until analysis.
After defrosting, samples were spun at 3000 rpm for 5 minutes, and 100 pl of supernatant was used for
duplicate analysis involving a time-resolved immunoassay with fluorescence detection.

Case Actual fuzzy classification Predicted fuzzy classification HD Predicted

Time High Low High Low Distance
Ha(%) Ha(X;) s (%) Hg (%)

a 8-8.30 (1,0) (0.83,0.17) (0.9,0.1) (0.8,0.2) 0.13 0.43

b 10-10.30 (0.45, 0.55) (0.45, 0.55) (0.8,0.2) (0.8,0.2) 0.4 0.34

c 12-12.30 (0.39, 0.61) (0.39, 0.61) (0.5,0.5) (0.5,0.5) 0.16 0.13

d 14-14.30 (0.44, 0.54) (0.44,0.54) (0.4, 0.6) (0.4,0.6) 0.16 0.11

e 16 - 16.30 (0.31, 0.69) (0.31, 0.69) (0.5,0.5) (0.5,0.5) 0.4 0.18

f 18 -18.30 (0.24, 0.76) (0.27,0.73) (0.4, 0.6) (0.5,0.5) 0.4 0.16

g 20-22.30 (0.17, 0.83) (0.21,0.79) (0.4, 0.6) (0.5,0.5) 0.51 0.18

Entropy Value (0.57, 0.43) (0.64, 0.36) (0.64, 0.36) (0.8,0.2)

Various Distance Between Intuitionistic fuzzy set Women | Men

Hamming Distance 0.54 0.55

Euclidean Distance 0.39 0.49

Normalized Hamming Distance 0.15 0.16

Normalized Euclidean Distance 0.15 0.19

Hausdorff Hamming Distance 0.53 0.54

Hausdorff Euclidean Distance 0.39 0.49

Hausdorff Normalized Hamming Distance 0.15 0.16

Hausdorff Normalized Euclidean Distance 0.15 0.19

Table 1: Comparison of the various distances of Fuzzy Mean concentration of saliva free cortisol in
high and low job strain groups across the day and evening

Case Actual fuzzy classification Predicted fuzzy classification HD Predicted

Time Women Men Women Men Distance
Ha(%;) Ha(%;) Hg (%) Hs (%)

a 8-8.30 (1,0 (0.83,0.17) (0.9,0.0) (0.8,0.2) 0.13 0.43

b 10-10.30 (0.6,0.4) (0.6,0.4) (0.8,0.2) (0.8,0.2) 0.7 0.35

c 12-12.30 (0.34, 0.66) (0.5,0.5) (0.5,0.5) (0.5,0.5) 0.22 0.15

d 14-14.30 (0.37,0.63) (0.53,0.47) (0.4,0.6) (0.4, 0.6) 0.08 0.11

e 16 - 16.30 (0.27,0.73) (0.33,0.67) | (0.5,0.5) (0.5,0.5) 0.38 0.17

f 18 -18.30 (0.25, 0.75) (0.25, 0.75) (0.4,0.6) (0.5, 0.5) 0.39 0.16

g 20-22.30 (0.2,0.8) (0.19,0.81) (0.4,0.6) (0.5,0.5) 0.52 0.17

Entropy Value (0.52,0.48) (0.66, 0.36) (0.71, 0.29) (0.8,0.2)

Various Distance Between Intuitionistic fuzzy set Women | Men

Hamming Distance 0.59 0.62

Euclidean Distance 0.51 0.56

Normalized Hamming Distance 0.17 0.18

Normalized Euclidean Distance 0.19 0.21

Hausdorff Hamming Distance 0.58 0.61

Hausdorff Euclidean Distance 0.51 0.56

Hausdorff Normalized Hamming Distance 0.18 0.17

Hausdorff Normalized Euclidean Distance 0.19 0.21

Table 2: Comparison of the Hamming various distances of Fuzzy Mean concentration
of saliva free cortisol in men and women across the day and evening.

Extended Hausdroff Distance
High and Low 0.152 and 0.154
Women and Men 0.16 and 0.168
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CONCLUSION

There were significant differences between groups in job strain and in its components job demands, job
control, and skill utilization. The high job strain group reported greater demands, lower control, and less
skill utilization than the low job strain group as inputs. Negative affect was significantly higher among
high job strain individuals, and anger-in scores were also greater. There were no differences in anger-
out ratings between groups. Using multiple knowledge sources, membership functions and rules were
developed to provide generalized models not optimized for a specific data set. Apart from correlation
estimates of actual and defuzzified predictions, an alternative analysis was performed involving
comparison of actual and predicted fuzzy classifications. Various distances measure were used to
compare actual and fuzzy classifications. The extended hausdroff distance often used to compare
distances between fuzzy sets.
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ABSTRACT :

The present study investigates the reliability and profit analysis of a cement grinding system with failure in the nine
important components namely; Belt Conveyor, Bucket Elevator, Separator, Roller Press, Diverting Gate, Process Fan,
Cyclone, Ball Mill and Fly Ash System. Only one type of failure has been considered in each of these components except
that in the Diverting Gate. In Diverting Gate, two types of failure- minor and major has been taken into consideration. Also
in case of Fly Ash System, occurrence of failure does not always results to the failure of the complete system. Data on
failure times and cost of repairs have been collected from Shree Cement Ltd., Khushkhera, Rajasthan, India. The system
has been analysed by using semi — Markov processes and regenerative point technique. Mean Time to System Failure
(MTSF) and various other measures of system effectiveness have been obtained. Profit is also evaluated and graphical study
is made to draw various important conclusions.

Keywords: Reliability, Cement Grinding System, Measures of System Effectiveness, Profit Analysis.

1. INTRODUCTION

Researchers’ both from academia and industries have developed a number of reliability models and analysed
various measures of system effectiveness. Mokaddis et al. [1997] discussed cost analysis of two dissimilar unit cold
standby redundant system subject to inspection and two types of repair. Parashar and Taneja [2007] discussed the
reliability and profit evaluation of a PLC hot standby system based on master-slave concept and two types of repair
facilities. Goyal et al. [2009] developed a model for a 2-unit cold standby system working in a sugar mill with
operating and rest periods. Mathew et al. [2009] discussed profit evaluation of a single unit CC plant with
scheduled maintenance. Padmavathi el al. [2012] discussed reliability analysis of an evaporator of a desalination
plant with online repair and emergency shutdown. Sharma and Gupta [2012] discussed cost benefit analysis of three
unit redundant system model with correlated failures and repairs. Hashim et al. [2013] discussed reliability analysis
of phased mission system considering the concept of sensitivity, uncertainty and common cause failure using the
GO-FLOW methodology. Jain et al. [2013] analysed a two unit automatic power factor controller system with
inspection and four types of failure. Taneja G and Singh Dalip [2013] discussed reliability analysis of a power
generating system through gas and steam turbines with scheduled inspection.

The review of the academic literature revels that the models have been developed for a number of situations arising
in industries but still many situations have been left unattended. One of the situations that has left unattended is the
reliability modelling on cement grinding system with failure in its nine important components. Bridging this gap,
the present study, therefore, develops a reliability model on cement grinding system.
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Cement is an important constituent of concrete which is an essential material for construction in modern
infrastructure. The grinding of cement clinker is an intermediate step in cement manufacturing process. On the
basis of data/information gathered from Shree Cement Limited, India, the study investigates the reliability and cost-
benefit analysis of the cement grinding process. The cement grinding system comprises mainly the following nine
components namely:

(1) Belt Conveyor  (2) Bucket Elevator (3) Separator
(4)Roller Press (5) Diverting Gate (6) Process Fan
(7) Cyclone (8) Ball Mill (9) Fly Ash System

Diverting gate is the component for which two types of failure — minor and major have been observed and hence
considered. Minor failure leads to partial failure due to which system does not become inoperable i.e. it still works
whereas a major failure leads to complete failure of the system. On occurrence of the failure in fly ash system, it
does not go to failed state immediately and may remain operable for some stipulated time period during which the
efforts may be made to remove or repair the faults. However, if the faults are not removed within the stipulated
time period, the system becomes inoperable i.e. goes to failed state. Various measures of the system effectiveness
and reliability characteristics such as mean time to system failure (MTSF), availability, expected number of
replacements or repairs of the nine components, expected number of visits by the repairman and profit function are
evaluated in steady state using semi-Markov processes and regenerative point technique. Various important
conclusions have been drawn from the graphs plotted for the model

NOTATIONS

@) . cement grinding system is operative

Ai - constant failure rate of i*" component of the system; i=1,2,............. 9
Gi(t), gi(t) : cdf and pdf of repair time of i component; i =1,2,3,4,6,7,8,9

P1, Q1 . probability of minor and major leakage in diverting gate

Gsi(t), gsi(t) :  cdf and pdf of repair time for minor leakage in diverting gate.
Gsa(t), gs2(t) @ cdf and pdf of repair time for major leakage in diverting gate.

P2 . probability that failure in fly ash system is repaired before the fly ash in the bin is consumed
completely

02 . probability that fly ash in the bin is consumed completely but the component is not repaired

1(t), i(t) . pdf and cdf of allowable time during which dry fly ash is there in the bin.

Fri - completely failed i component under repair; i = 1,2,................. 9

pfis . partially failed 5™ component under repair

Oir . online repair is going on after the failure of fly ash system but within the stipulated time

gi(t), Qi(t) : probability density function (p.d.f.), cumulative distribution function (c.d.f.) of first passage time
from a regenerative state i to a regenerative state j without visiting any other regenerative state in
0.

Ai(t) . probability that the system is in up state at the instant t given that the system entered regenerative
state i at t=0
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ERJ(t) :expected number of replacements/repairs in ] component at instant t given that the system started
from the regenerative state i at t=0; j= L 1I,........ X
Vi(t) . expected number of visits of the repairman in (0,t] given that the system entered regenerative state i
att=0

Transition Probabilities and Mean Sojourn Times:
A transition diagram showing the various states of the system is shown in Fig.1. The epochs of entry into states 0 to

11 are regeneration points and hence these states are regenerative states. States 0, 5 and 10 are up states. States 1 to
4,610 9 and 11 are failed states. The non zero elements p;=lim  ¢; *(s) are given below:

A
= 9 j=1,2,3,4
Poj Z A (] )
_PA
Pos= 9
24
oA
_ 9
p06 - Ai
A.

P10,0=P2

P10,11=02

P10 =1 10

By these transition probabilities, it can be verified that Z Poj = 1 Pioo t Puon = 1
and  Puo=1 P, =1(=12,....9) a
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Blt)

00

Oir

operative

&slt) Bsalt)

O Up State
- . Fe [ ] Failed State

® Regenerative Point
The mean so!ourn time (&) in state i is given by:

@ = Sat
Ho = J’e % dt=91
0

2/

He=-9,*(0),(k =1,2,34)

Hs = =95,™'(0), 14 = =95, (0)

by ==95*(0), kg = =9, (0), s = —g5*'(0),

L = =1*'(0), t4; = =09,*'(0)

The unconditional mean time taken by the system to transit for any regenerative state j when the time is counted
from epoch of entrance into state i is given as:

m; = Itqij (t)dt

Thus, 0 _0 o B B
Z mO,j - /'/0’ mi,O - ILII(I _1’2"""9)’m10,0 + mlO,ll - IL/lO’mll,O - IL/ll
J:

MEASURES OF SYSTEM EFFECTIVENESS

Various measures of system effectiveness obtained in steady state using the arguments of the theory of regenerative
process are:

(1) The Mean Time to System Failure (MTSF) = N/D

(2) The Availability of the System (Ag) = N1/D;
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(3) Expected Number of Replacements/Repairs of parts in Belt Conveyor:

ERo' =N,/ D,
(4) Expected Number of Replacements/Repairs of parts in Bucket Elevator:
ERo"= N3/ D,
(5)  Expected Number of Replacements/Repairs of parts in Separator:
ERo"' =N,/ D,
(6) Expected Number of Replacements/Repairs of parts in Roller Press:
ER,"=Ns/ D,
(7) Expected Number of Replacements/Repairs of parts in Diverting Gate on Minor Failure:
ERo"=Ng/ Dy
(8) Expected Number of Replacements/Repairs of parts in Diverting Gate on Major Failure:
ER,"'=N;/ D,
(9) Expected Number of Replacements/Repairs of parts in Process Fan:
ERo""'=Ng/ Dy
(10) Expected Number of Replacements/Repairs of parts in Cyclone:
ER,""'=Ng/D
0 — No 1

(11) Expected Number of Replacements/Repairs of parts in Ball Mill:
ER¢™ = Nio/ Dy

(12) Expected Number of Replacements/Repairs of parts in Fly Ash System:
ERo*=Ny;/ Dy

(13) Expected Number of Visits by the Repairman (Vg) = N1o/Dy

where

N = Ly + Posts + Porokho
N, =4y + PosMs + Poaotho

N2 = Po1, N3 = Po2 , Na = Poz, N5 = Poa , N6 = Pos , N7 = Pos , Ng = Po7, Ng = Pog, Nig = Pog ,

10
Ni; = Poio.N,, = Z Py =1

D =1- Py = PooPioo
Di=Ho+2 + M11 Po.10P1011

PROFIT ANALYSIS

Expected profit incurred to the system is given as:

P=CoAy- CiERy' - CiERy" - CiER," - C4ERy'"Y - CsERy” - C4ERy”' - C/ERy”" - CiERy™" -
CoERo™ -C10ER)* - C11Vy

where

Co = revenue per unit up time of the system

C; = cost per replacement/repair of parts in Belt Conveyor

C, = cost per replacement/repair of parts in Bucket Elevator

C3 = cost per replacement/repair of parts in Separator
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C, = cost per replacement/repair of parts in Roller Press

Cs = cost per replacement/repair of parts in Diverting Gate on minor failure
Ce = cost per replacement/repair of parts in Diverting Gate on major failure
C; = cost per replacement/repair of parts in Process Fan

Cs = cost per replacement/repair of parts in Cyclone

Cy = cost per replacement/repair of parts in Ball Mill

C1o = cost per replacement/repair of parts in Fly Ash System

Cy1 = cost per visit of the repairman

RESULTS AND DISSCUSSION
The following particular case is considered for graphical study:
g =ae ™ i=12,... 9,i%5

—at -t

gs1 (1) = 0= T2 i = g

The following values have been estimated from the gathered data/information:

A;=0.0004235, A,=0.0005802 , A3=0.0003948 , A,=0.0008738 , As=0.0008158 ,A:=0.0002789, A;=0.0004236 ,
As=0.0003778 , Ag=0.0002783 , 0,=0.1892333 , ,=0.0871105,03=0.0666667, 0,=0.0993984 , 05,=0.2692308 ,
05,=0.1165049, 0=0.097643 , 0,=0.0862069, 05=0.0453258 0,=0.1164902 , =3, p;=0.5392 , q;=0.4608 , p,=0.1,
0.=0.9, C,=1540, C,=55495.69 , C,=105689.43 , C3=15161.76 , C,=1442167.1 , Cs=339.29 , Cc=1075,
C;=11020.69 , Cg=25280 , C4=211525 , C1,=17536.36 ,C1,;=20000

Using the above estimated values, the following measures of system effectiveness are obtained:

a,e

Table 1
Measure Value
MTSF 251.7539484
Ay 0.9569234
ER,' 0.0004046
ER" 0.0005543
ER," 0.0003771
ER,"Y 0.0008347
ER," 0.0004202
ER," 0.0003591
ERy"" 0.0002664
ER,"™ 0.0004047
ER,™ 0.0003609
ERy* 0.0002659
Vo 0.0042478
P 3.4579974

Various graphs have also been plotted using the above particular case. All of these graphs cannot be shown here but
some of the graphs are shown in Figs 2 to 5 as a sample.
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MTSF VERSUS FAILURE RATE 1) FOR DIFFERENT
VALUES OF FAILURE RATE P,)

?,20.0004235,?,=0.0005802,7,20.0003948,
?,20.0008738,2,=0.0002789,7,=0.0004236,
?4=0.0003778,2,=0.18923332,=0.0871105,

270

AVAILABILITY VERSUS FAILURE RATE 1;) FOR DIFFERENT
VALUES OF FAILURE RATE @)

?2,=0.0004235,2,=0.0005802, ?;=0.0003948,? ,=0.0008738,
?,=0.0002789,7,=0.0004236,2,=0.0003778,a ,=0.1892333,
a,=0.0871105,2,=0.0666667,a,=0.0993984 a,,=0.2692308

a;=0.0666667,=0.0993984 a,=0.2692308 0.959 a,,=0.1165049,a,=0.097643,a,0.0862069,a,=0.0453258,
260 a5~ 01165049,2,=0,097643,2~0.0862063, a,=0.1164902 8=3,p,=0.5392,4,=0.4608, p ,=0.1,,=0.9
a=0.0453258a,=0.1164902 8=3,p,=0.5392, 0.958
q;=0.4608,p,=0.1,0~0.9
250 4 0957
™ E 0956 1
240 X . —e— 79=0.0002054
: —— 79=0,0002783
230 4 —— 79=0.0002054 0.954 4 —&— 79=0.0004315
—@— 79=0.0002783
450 0.953
e 29200004315
0.000512 0.001012 0.001512 0.002012 B e
2 %
Fig. 2 Fig.3
PROFIT VERSUS g FOR DIFFERENT VALUES OF FAILURE PROFIT VERSUS REVENUE PER UNIT UP TIMEQZFOR
RATE () DIFFERENT VALUES OF COST PER VISIT OF THE
REPAIRMAN&SB}
7,=0.0004235,7,=0.0005802,?,=0.0003948,?,=0.0008738, 2,=0.0004235,7,=0.0005807,?,=0.0003948, ?,=0.0008738,
?,=0.0002789,2,=0.0004236,2,=0.0003778,2,=0.0002783, 2.=0.0008158,2.=0.0002789,7,=0.0004236,7,;=0.0003778,
a,=0.1892333,2,=0.0871105,2,=0.0666667,a,=0.0993984, 2,=0.0002783,a,=0.18923332,=0.0871105, ,=0.0666667,
5 o 85,=0.2692308,a,,=0.1165049,3,=0.097643,a,=0.0862069, a,=0.0993984,a,,=0.2692308,3,,=0.1165049,2 =0.097643,
a,=0.0453258,2,=0.11649028=3,p,=0.1,q,=0.9,C =1540, go0 -  27°0.0862069,24-0.04532582=0.1164902,8=3,0,=0.5392
4 (;=55495.69,C,=105689.43 C;=15161.76,C,=1442167.1, 0,=0.4608,p,=0.1, q,=0.9, C;=55495.69,C,=105689.43,
(,=339.29,C,=1075, €,=11020.69,G;=25280,C;=211525, 500 { GF15161.76, C,=1442167.1,C:=339.29,C,=1075,
3 4 €,=17536.36, C,;=20000 a0 | GF1102069, C4=25280,C,=211525,C,,=17536.36
2 300 1
% 200
1
E 100 4
0 et 75=0.0009158 o : : :
—&— 75=0.0009558
-1 11 -100 17 1800 2100 2400  —#— C11=10000
75=
, ~——d— 75=0.0010057 -200 + = €11=20000
-300 ——a— C11=30000
-3 -400
Py (=%
Fig. 4 Fig. 5

CONCLUSION

Following conclusions are drawn on the basis of the graphs, irrespective of the fact whether they are being shown
here or not:

. The MTSF and Availability gets decreased as the failure rate (As) increases and also gets lowered for higher
values of failure rate (Ag).

Other interpretations are given in Table 2. The values of those parameters which have not been mentioned in each
case in the table are the same as mentioned in the beginning of “RESULTS AND DISSCUSSION".
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S.No. Graph Other fixed parameters Profit For Profit2 0
If
Increases Decreases
1 Profit p=3.p;=0.5392,C,=1540, - With increase in | A =10.0002054 A< 0.0011749
versus &5 | C=55495.69, C;;=20000 hsand A o =0.0002783 As< 0.0010216
he=10.0003154 ks < 0.0009435
2 Profit 2=0.0002783,p=3, C;=1540, | With increase in With increase in 4;=0.0009158 i20.1840283
versus p; | C=55495.69, C,;=20000 P As As=0.0009558 p:20.3276139
1s=0.0010057 pi20.4907336
3 Profit %s=0.0008158,4=0.0002783, | With increase in | With increase in C;=10000 Cy=1491.9959828
Versus Co B:3p1=05392.(.1=5549569 Co C[] C]|=20000 C021 536.3863382
C1=30000 Cy21580.7766936
4 Profit 2:=0.0008158 35=0.0002783, | With increase in | With increase in C=26354.42 C,21524.0662824
versus Cy | p=3,p=0.5392, C;,=20000 Co G C=55495.69 Cy21536.3863384
C=84636.96 C,21548.7063944
5 Profit 15=0.0008158,p,=0.5392, - With increase in p=1 %,<0.0003868
versus &y | C=1540,C,=55495.69, doand p p=3 25<0.0003761
C,;=20000 =5 19=0.0003740
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ABSTRACT :

A double ended queue model is a system where customer demanding and resource supply arrive to a work
station in poisson process. When there is a pair of customer and resource in a system, they immediately transact
the required system and leave the system. Thus, there cannot be non-zero numbers of customers and resources
simultaneously in the system.

The double ended queue system can be applied to model various social and economic situations in real world
scenario. We analyzed the various queue parameters like mean queue length, waiting time and the cost functions
etc. due to imbalance of customer demand and resources. The analysis has been made analytically. The queuing
behavior in different situations has been examined and a comparative study has been made with the work
already done through simulation. The main objective of the paper is to explore the situation when the stochastic
system becomes unstable due to excess customers. The effect of customer's reduction factor and resource
expansion factor has been examined graphically. The limitations of the model has also been given and
extensions are suggested.

Key Words: Double ended, Poisson process, customer reduction factor, resource expansion factor.

1.  INTRODUCTION

Stochastic model provides the basic frame work for analyzing the natural as well as socio-economic phenomenon in
real world context. The analysis of double ended queue system has attracted the attention of several investigators.
Kendall [1951] was the first who discussed the double ended queue problem in which the passengers and taxis
arrive at a taxi stand in Poisson’s stream with constant mean rate A and / . No limit was placed on the numbers of
passengers or taxis that can form a queue at the stand. Kashyap [1966] considered the double ended queue with
limiting waiting space for both passengers and taxis with Poisson arrival. Perry and Staje [1999] explored an
inventory system for perishable commodities with finite shelf size and finite waiting room, for demand units.
Conolly and Parthasarathy[2002] studied the effect of impatient behavior of customers in the context of double
ended queue. Mendoza, Sedaghat and Yon [2009] developed an optimization model for the double ended gqueue due
to imbalance of supply. Kim et al [2010] developed a simulation design for extended double ended queue model
and studied sensitive analysis on performance measures by changing parameters and impact factors such as batch
size, processing time, probability of paring failure etc.Arti and Singh T.P. [2014] through his case study showed
that how queuing theory satisfies the stochastic model when applied in real time scenario.

We recall that a good paper dealing approximation with the problem of balancing queue system with demand and
supply is due to, Mendoza, Sedaghatand Yon [2009, 2014] who studied a double ended queue model for
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demand/supply system where demand and supply queues both have finite maximum possible lengths. These authors
generated a number of scenarios using Monte Carlo’s technique and the results obtained in these scenarios are used
to find regression equations that express the policy factor.

Along with the research line traced by above mentioned researchers, we present the double ended stochastic queue
model in general form with excess customers may be considered as excess demand queue in the sense of Mendoza
et al [2014]. An effort has been explored to find an optimal policy in these situations. The analysis has been made
mathematically rather than simulation. The model parameters affecting the optimal value of policy factors have
been analyzed mathematically & graphically. The effect of changing the reduction factor on mean queue length
with excess customer demand queue and excess resources supply queue has been presented in tabular form and the
comparative study with discouraged customers or excess resources has been made. A graphical analysis has been
made and is compared with the simulation study done by Mendoza et al [2014].We present numerical results for the
model at the resource level and customer level. We address four questions (i). What is the general behavior of these
matrices? (ii) What are the sensitivities on changing the parametric value? (iii) How do the system level matrices
compared with the results given by simulation study? (iv) How do the customer level matrices compared with those
given by simulation? Limitations of the model and further scope of the research has also been highlighted in this

paper.

Following, the introductory part and the literature survey, the remainder of the paper proceeds as follows. In section
2, we present the social and economic situations where the model can be applied. In section 3, the model has been
framed with relevant notations.Section 4 derived the steady state equations for the model and its stability conditions
and provides formulae for system expected performance. Various queue characteristics for both customers and
resources have been derived along with reduction factor in section 5. Some of these results are known while some
are new. In section 6, we derive matrix on the performance of the system for excess customer demand queue and
makes an analytic study of cost parameter due to excess customers. The results for model have been compared with
the simulation study already made by Mandoza etal [2014] in Section 7. We discuss our results in section 8 and
present further scope in research direction.

2.  APPLICATION OF THE MODEL IN SOCIAL AND ECONOMIC SITUATION

Practically, the model can be used for a variety of social or economic situations where the system is demanding and
providing services in bothways. In an orderly taxi rank at an airport or taxi stand, on one side a queue is formed by
the arrival of stream of passengers who wait for taxi while on the other side a queue of taxis wait for the passengers.
At freight ports, on one side a queue of cargo containers to be shipped, while the other queue consist of waiting
ships in their berths. In business organizations balancing the demand of goods and supply of services are very
common. A similar situation exists at a stock exchange, on one side there is a queue of stock waiting for sale, while
the other queue consists of potential buyers of these stocks. It has been observed in many crossing networks, both
market orders (an order to buy and sell stocks at the prevailing market price) and limit orders (an order to buy or
sell a stock at a specific prize or better) are expected, which means that at any point in time there may be an excess
of orders that wish to buy or sell a stock.
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We also find that in research funding cases which are obtained through a competitive process, the excess research
scholars can be supposed in form of demanding unit for fellowships or funds. The potential research proposals are
evaluated in R&D department and only some of the most promising proposals receive funding. The researchers
request to a granting agency may be UGC/CSIR for financially support their proposals. We can assume proposals
request for sponsorship or fellowship or funding, follow a Poisson process.

We find a very practical situation of double ended queue system in ware housing. Automatic storage and retrieval
systems (AS/RS) are widely used in ware houses. AS/RS using a queue model with two linked queues, one for the
items waiting for storage and other of finite capacity for the request for an item to be removed from storage based
on the size of storage racked can be supposed as an example of a double ended queue. Queue 1 is considered to be
arrival queue, where items wait to be placed into storage, queue 2 is considered to be the queue in which the request
for retrieval is arrived. Queue 2 is depended on the numbers of racks.

3.  THE MODEL

We present a general double ended stochastic queue model in which the customers and commodity (resources)
gueue have maximum possible length K; and K, respectively with the state of system one dimensional index.
Customers arriving in a group may be taken as one unit assuming that a group does not consist of more customers
than the capacity of resources. Excess resource results in a positive index while excess customers result in negative
index i.e,

n > 0 Indicates numbers of resources are waiting.

n = 0 Indicates neither resources nor customers are waiting.

n < 0 Indicates — n customers are waiting. The numerical value gives the customers waiting.

Poisson i Poisson ),
Demand Queue Supply Queue

(customers) Capacity (resources)
= K, Capacity = K,

N

(Customers being
served)

Pairing

The queue can be either positive or negative but not both at the same time. Whenever, there is a need of one unit, it
will be satisfied by resource in stock and if there is no item in the stock it forms the queue and will wait until the
resource is available and vice versa. We find various queue characteristics when there is excess of customers and
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also find the effect of reduction factor causes due to customer demand queue on expected queue length. The cost
analysis due to imbalance of excess customer demands queue and resources have been discussed mathematically in
detail.

Notations

A- Average rate of resources

p-Average rate of customers

a - Customers reduction factor

ap/— New customer reduction factor in which 0 < a <1

A A
© - Utilization factor= — (due to excess customers)
ay
[ — Resource expansion factor
A — New resource expansion factor in which 8 >1

AB

L - Utilization factor = —— (due to excess resources)

C, — Cost per unit time of one unit of excess customers in the queue

C, — Cost per unit time of one unit of excess resources in the queue

C,— Cost incurred per time unit in reducing the customer rate by one unit
K, — Mean length of customers queue.

K, —Mean length of resources queue.

4. STEADY STATE EQUATIONS OF THE MODEL DUE TO EXCESS CUSTOMERS

The transient analysis of queuing system is not always easy to be performed and it leads very often to non-
manageable mathematical formulae. Hence it is feasible to study the system under consideration in steady state.

Let P, be the steady state probability that the system is in state n here,

n=-k,=K +1.ccconnnr. 0,1,2.....,k, =1 k,.The differential difference balance equation for steady state with
customer reduction factor o due to excess customers can be summarized as follows:

AP, =auP, , 1)
(A+au)P, =AP_ +auP,,, 2)
/‘sz 4 =ak, 3)

Solution Methodology
From equation (1)

A
e = P
1+1 ay 1
P = PPy Where,0=i

ay

P2 = PPy = P’ Py
p

— 3
Ls — P P—k1 andso ON.......coeeevvvnnnnnn,
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—_ n
F)—k1+n =P P—k1
— Lk
In general, P, = 0 1 P-k1

On applying the normalized condition

k2

2,
n=-%x
P Pt +P +P.... +P =1
P_kl 1+ 10+ pZ + . pkl+k2 =1
Which on simplification

_ (-0
P_kl - m
-p

From (4) we get,

-

(1_ ) ky+n .
%: ifp#1
F:::< 1
PR — fp =1
|kt k] /e

5. QUEUE CHARACTERISTICS/PERFORMANCE MEASURES:

(4)

)

(6)

()

Obtaining performance measures is essential in order to utilize our queue model in redesign of the system. Further
these performance measures allow us to determine how system is behaving on applying the reduction factor with

excess customer demand queue.

Comparison on these performance measures for various value of the reduction factor will provide insight into what
changes would be appropriate for the given conditions. The model can also be applied to determine the behavior of

system and ultimately helps in deciding best optimal policy for the system.

5.1 Probability that waiting space is empty

1-pp" .

1(_’% tp#l
p=" "

ke 0T
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5.2 Probability that there is queue of resources

(1_pk2)pk1+l

K, T if p#£1
Pr = =
2 o
% fp=1
k +k, +1

5.3 Probability that there is queue of customers

—_ kl
(_1—'0) if p#£1

-1 kg +ky +1
Q:Zazl P
s K, if p=1
k +k, +1

5.4 The mean queue length of resources

IOK1+1 1_(k2 +1) Iokz + kzpk2+l

— if p#£1
R
kz(k2+1) |f,0:1
2(k, +k, +1)

5.5 The mean queue length of customers

k,-(k +1)p+ 0"
2 (1-p)(1-p"*) o
= Z—nPn =
K u (k +1) if p=1
2(k, +k,+1) -

5.6 Probability that resources are lost due to limiting waiting space = sz
5.7 Probability that customer sare lost due to limiting waiting space = P—k1
5.8 Mean number of resources lost per unit time = /]sz

5.9 Mean number of customers lost per unit time = ,UF’_k1

_LI'

5.10 Mean waiting time for resources VVy A
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L

C

5.11  Mean waiting time for customerch = /\

6. ANALYTICAL STUDY OF QUEUE PARAMETERS

When customers demand become higher than the resource parameter we have only two possibilities (i) either
discourage the excess customers demand (ii) or increase the resource. In either the cases the mean queue length and
other queue parameter will be affected and a cost will be associated in balancing and optimum decision depending
upon the total cost selecting any one of these options.

Case 1: Balancing the system by reducing excess demands

(A):Mean queue length due to excess customers.

Let L, be the mean queue length due to excess customer. @ is considered as customer reduction factor so that the
new customer rate in terms of demand rate become ay/ (0 <a <1).

From parameter 5.5, we find the following values of mean queue length due to excess customers, on applying a
customer reduction factor & (0 <@ <1). The different values are calculated mathematically and are presented in
the following table for two different sets.

Table 1: Between mean queue length of customers L, and reduction factor & Let

A=3,u=>5 =3, u=6 N=3i=5
k=10, k, =15 k =10, k, =10 k =15, k=10
v} L o L o L,
0.1 0 0.1 0 0.1 0
0.2 0 02 0 0.2 0
0.3 0 03 0.008 0.3 0.0009
0.4 0.004 0.4 029 0.4 0.034
0.5 0.18 0.5 261 0.5 0.62
0.6 211 0.6 5.03 0.6 4.61
0.7 5.38 0.7 759 0.7 9.77
0.8 7.17 08 834 0.8 12.04
0.9 8.03 0.9 8.75 0.9 13.00
1.0 8.50 1.0 900 1.0 13.5

CQueue Length Vs Reduction Factor
14 T T T T T T T T

Mean Queue Length of Customers —————3n

I I 1 1 L
B‘I 0.2 03 04 05 06 07 08 09 1

Customer Reduction Factor — 3,
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GRAPHICAL ANALYSIS

The mean queue length in the system, for customer queue and resource queue has been presented graphically. The
graph shows that as, the customer reduction factor is greater than 1, the queue length grows higher and almost
becomes constant. In this case, the asymptotes of the curve shifted to left indicating that the system gets unstable
faster, since the resource rate is lesser. When the reduction factor is less than 1, the mean queue length is
comparatively lesser but grows highly. At a reduction factor about 0.6, the queue length is minimum. It is because
of high utilization of the service pattern depending upon the excess customer arrival rate and the resource rate. Low
utilization would indicate that there is a room for increasing the use of storage facility. Hence, a smaller reduction
factor would be more efficient. High utilization would indicate the system is being used efficiently. However, there
is a little scope for increasing utilization. It creates instability in the system therefore reduction factor can’t be taken
greater than 1.

(B):Cost parameters due to excess customer
In this study, we focus our attention mainly on practical and social situations where customers or demand factor is

higher than the resources or supply factors i.e., 1/ > A
Let C, be the cost per time unit of one unit of excess customer or demand for service in the queue. C, be the cost

per time unit of one unit of excess resources or supply in the queue. & is considered as customer reduction factor
so that the new customer rate in terms of demand rate become ay/ (0 <a <1) and C_be the cost incurred per time

unit in reducing the customer rate by one unit. Let P, be the steady state probability that the system is in state n
where N ==K, =K +1,...cccconnnn. 012...k,.

The expected total cost when a customer reduction factor is taken into consideration is given by
-1 k2
C(a)=C, Z -nP, +CZZnPn +C,u(l-a) ®)
n=-k; n=

First summation indicates expected under resource cost, second summation represents over resource cost and third

term is expected cost of reducing the customers (either by increasing the fare price or redesigning the queue
system) rate from (/ to a/in order to balance the system.

Substitute the value of P, from (4) in (8), we get
ck, (k, +1) +c,k, (k, +1)

1- h =1
2(k, +k, +1) +C, u(l-a) when  p
Cla)= —c(-k+prkp-p"t)+rc, phrt-(1k,) Pl +k,ptme? €)
(1_p)(1_pk1+k2+l)
+C ul-a) when p#1
f.(p)
= +Ca/,/(l—0') 10
f, (o) (10)

Where, f,(0) = =¢, =k, + p+ ko= 087 ) ¢, P = (Lk,) Pt +k, pl 2
f,(0) = (1- ) (1- p4"")
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OPTIMAL ANALYSIS

We find the following values that minimize the expected total cost on applying a customer reduction factor & (0 <
a <1). The different values are calculated mathematically and are presented in the following table for two different
sets.

Table 2: Between expected costC(a) and reduction factor & Let

=1, n=2 =12, p=22
k=15 k=25 k=25, k,=25
¢g=1l,¢=11.¢ =125 ¢ =1, ¢,=125 ¢ =125
o Clw) Clo)
0.1 20.47 = =
0.2 28.76 : -
0.2 32.72
0.3 27.60 03 3164
0.4 24.63 0.4 20.46
0.5 12.89 - -
0.5 21.48
0.7 13.28 0.7 31
0.8 13.83 : :
0.8 23.40
0.9 14.00 0.9 3373
1.0 14.00 1.0 23.80

The above tabular values has been presented in graphs between a’'and C(a)

Discouraging Customers
35 T I I ] T I T ]

i

=]

Total Expected Cost

o
T
L

1 1 1 1 1 1 1 1 1
?I 1 02 03 04 05 06 07 08 09 1
Customer Reduction Factor >

GRAPHICAL ANALYSIS
The graph shows the typical shapes of the relation-ship between minimum expected total cost C(a) and customer

reduction factor &. We find in most cases that C (&) has two inflection points when & lies between 0 and 1. When
ais 1 or more the value of C(1)is higher than the minimum. When a >1either the customer demand should be
discouraged otherwise many customers, after waiting for service leave the system. In order to balance the system
we should apply the customer reduction factor between 0 and 1. With the above said data, 0.6 gives approximate
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the least cost model for both cases i.e., case of expected mean queue length of customers as well as in expected
total cost, as this value attains the high utilization of the system.

The formula can be used numerically to find the policy factor that would minimize the total expected cost in order
to balance the queuing system. By comparing the minimum total expected cost, with the help of graph either by
discouraging customers or by increasing resources is the best policy.

Case ii: Balancing the system by increasing resources

(A):Mean queue length on increasing the resources
In this the rate of customer demand remains unchanged and we introduce the resource expansion factor £(f5 >1)

AB

so that the utilization factor p = —.

L, be the mean queue length on increasing the resources.

Steady state differential equations can be expressed as

ABP, = P, (11)
(AIB + IU) Pn = /\IBPn—l + lUPn+1 (12)
ABR, 4 = LR, (13)

On solving, we get the similar results as already given in section 4 and queue characteristic will also be the same as

given in section 5. From parameter 5.4, we find the following values of mean queue length on increasing the
resources, on applying a resource expansion factor B (8 >1). The different values are calculated mathematically

and are presented in the following table for two different sets.

Table 3: Between mean queue length of resources L, and expansion factor S Let

A=2, p=3 A=2, n=3

k]=15,/c,_= 25 k,=20, /c,_=20
B L p L
.1 0.026 .1 0.005
1.2 0.13 1.2 0.043
1.3 0.66 1.3 0.29
1.4 2.77 1.4 1.54
1.5 7.92 1.5 5.00
1.6 13.97 1.6 9.82
1.7 17.93 1.7 13.19
1.8 20.06 1.8 15.13
1.9 21.26 1.9 16.28
2.0 22.00 50 17.00

Mean queue length of resources and resource expansion factor has been presented graphically.
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Queue Length Vs Expansion Factor
]

]

=) [ 5]
T T T

(i)
T

Mean Queue Length of Resources ——————>

11 12 13 14 15 16 17 18 19 2
Resource Expansion Factor >

In case, if resource expansion factor is increased, the curve increases exponentially and the system become unstable
faster.

(B): Cost parameters on increasing the resources

C  be the cost incurred per time unit in increasing the resource rate by one unit. Here the expected cost becomes:

-1

k;
C(B)=C, }y -nR,+C, ; NP, +C,A(B-1) w

n=-k
First summation indicates expected under resource cost, second summation represents over resource cost and third
term is expected cost of increasing the resource rate from £ to AS

After putting P, from equation (7) in equation (14) the expected total cost to the system, when resource expansion
factor is applied, is given by
ck, (k, +1)+c,k, (k, +1)
2(k, +k, +1)
C(a)= (kK +pt+kp-p"")+c, Pt =(1+k,) k" +k ol
(1_p)(1_pk1+kz+l)
+C A(B-1) when p#1

+C,A(B-)) when p=1

_fi(p) +C,A(B-1) (15)

f,(p)

Where, f,(p) = —c, (—kl +p+kpo- p"l*l) +c, P =(1+k,) plret +k, 0

f,(0) = (1- p)(1- p*"")
We find the following values that minimize the expected total cost on applying a resource expansion factor £
(£ >1). The different values are calculated mathematically and are presented in the following table for two

different sets.
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Table 4: Between expected costC () and expansion factor [ Let

A=, p=2 A=12, u=22

k =10, k,=25 k =15, k, =25

a=1 ¢=11, ¢ =125 a=1, ¢;=1.25, ¢y =125
B C(Pp) p C(p)
1.1 8.90 1.1 13.65
1.2 8.76 152 13.41
1.3 8.57 1.3 13.04
1.4 8.30 1.4 12.49
1.5 7.97 1.3 11.74
1.6 7.64 1.6 10.92
1.7 7.46 17 10.79
1.8 7.87 1.8 12.81
1.9 9.53 1.9 17.15
2.0 12.70 2.0 21.61

Expected Total Cost vs Resource Expansion Factor
] T T T T T T T

Expected Total Cost

B L 1 L 1 1
11 12 13 14 15 16 17 18 19 2

Resource Expansion Factor ——————»

GRAPHICAL ANALYSIS
The minimum value of C () occurs for £ >1 and has been presented graphically. We have shown the parametric

value for some fix value and it has found that in most of the cases the minimum cost C (/) occurs at S >1 and
C(1) is higher than the minimum.

In a nut shell, the formula can be used to find numerically the policy factor that would be minimized the total
expected cost to balance the unbalancing queue system either by increasing the resources or decreasing the
customer demand. The best policy is one which leads to the smallest expected unitary cost

7.  CUSTOMER LEVEL COMPARISON TO A SIMULATED MODEL

We now consider how the cost parameters in our model derived mathematically can be compared with the
performance of an individual customer in simulated system recently given by Mandoza etal [2014]. Through its
simulation study and randomly generated numbers studied in three different experiments, 929 scenarios in one

experiment, 1440 in second and 337 in third experiment and find out that approximatelyin 93 % instances where
C(a) has two inflection point and minimum occurs at a between 0 and 1. In third scenario, he illustrated that

C(a) has one inflection point and minimum occurs at a value of & closed to one. When the demand is
discouraged while in case of increasing the supply the min occurs at a value § greater than one and in scenario 337
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the cost has a minimum at a value S slightly greater than one. In our analytical study we point out that agreement

between the mathematical result and simulation result is approximately confirmed by the comparison of cost
analysis in both cases that is on discouraging the customers and increasing the resources in general.

8. LIMITATION OF THE MODEL AND FURTHER EXTENSION

In our model, it is assumed that the inter arrival time follows an exponential distribution with batch size 1,
processing time t =0 and there is no pairing failure. This indicates that n exponential arrived customer demand
require only one resource and pairing occurs instantaneously with no possible matching failure but in real world
situation there are various instances where these assumptions are not fit. The pairing and batch size can be a
random variable (> 1) . The inter arrival time may follow general or Poisson distribution rather than the exponential
distribution.

We end this paper with suggestions for

i) In this paper we have assumed that the patience time customers queue and resources are exponentially
distributed. It would be interested to study the situation when the distributions are general and to establish relation
for x(t):t > 0 under similar parameter regime.

ii)  In this work we assume that the arrival pattern of customer and resources are independent of the state of the
system. It would be interested to consider an extension where the arrivals process are counting process whose
intensity parameters depend on the state of double ended queue.

iii)  Even a simple change in one of these conditions, can make the mathematical formulation very complicated.
The analytical approach presents a tremendous computational burden. In this case, simulation or experimentation
on the system is far better to apply.

CONCLUDING REMARKS

To summarize our results, we find that the measures we derive above are good in the sense that they provide insight
into the system behavior while comparing favorably with the simulation model results. We show that due to excess
of customer demand, a high service level is achieved. A balance service level is achieved either on increasing the
resources with resource expansion factor S (£ >1) (about 1.7 from the said data) or by discouraging the
customers with reduction factor a (a < 1) (about 0.6)

Secondly, we have found that the measures are more sensitive to changes in customer demand rate and less
sensitive to change in resource rate. For both the system level matrices and customer level matrices there is a close
correspondence between the mathematical model and simulated system. We conclude, our model is quite attractive
because of its simplicity, tractability and its accuracy in approximating the performance in the simulated system.
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ABSTRACT :

In a wide range of analysis, decision trees and neural networks are used for predictive analysis. There are researchers who
compared the performance of decision trees and Neural networks, however very few with Classification and Regression
Tree (CART) and Neural networks (NNs). Here we performed a three way comparison of CART, Random Forest (RF) and
NNs models using a continuous and categorical dependent variable for prediction. A web usage sales data set is used to run
these models. Measurement of different predictive accuracy methods are used to compare the performance of the models.
Experimental results of test data of the model is used here to predict the accuracy.

Keywords: Decision Trees, Neural Networks, Classification and Regression Tree (CART), Random Forest, Data Mining.

INTRODUCTION

Statistical methods like regression analysis, multivariate analysis and pattern recognition models have been applied
to a wide range of decisions in many disciplines. These models are used to make decisions with the traditional
statistical methodology. Neural networks share the advantages with the many other data mining tools. It has many
advantage over classical models used to analyze data. Regression analysis, is that they can fit data where the
relation between independent and dependent variables is non-linear and where the specific form of the nonlinear
relationship is unknown. Also, decision trees, a method of splitting data into homogeneous clusters with similar
expected values for the dependent variable, is often less effective when the predictor variables are continuous than
when they are nominal (or categorical). Neural networks work well with both nominal and continuous variables.
They do not require that the relationships between predictor and dependent variables be linear whether or not the
variables are transformed. The neural network method is more robust and has better predictive accuracy than
classical methods. Classification and Regression Tree (CART) models use tree-building algorithms, which are a set
of if-then (split) conditions that permit prediction or classification of cases. A CART model that predicts the value
of continuous variables from a set of continuous or categorical predictor variables is referred as in this model. For
the prediction of the value of categorical variable from a set of continuous and/or categorical predictor variables, a
set of data on classification-type CART model is used. The most advantageous of decision tree based models is
CART, this tree based models are scalable to large problems and can handle smaller data set than NNs models [1].

In data mining decision trees methods are widely accepted though it also has some weak points like data
fragmentation. Sometimes decision trees have relatively poor accuracy compared to other knowledge models like
neural networks. In order to overcome this problem, a large number of decision trees are generated randomly for
the same data set, and used simultaneously for prediction. Random Forest is one of the method. The idea of
building multiple trees arose early on with the development of the multiple inductive learning (MIL) algorithm
Williams [5]. In building a single decision tree, it was noted that often there was very little difference in choosing

between alternative variables. For example, two or more variables might not be distinguishable in terms of their
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ability to partition the data into more homogeneous datasets. The MIL algorithm builds all equally good models and
then combines them into one model, resulting in a better overall model. It is a statistical method for classification
and was first introduced by Leo Breiman in 2013. It is a decision —tree based supervised learning algorithm. The
algorithm is an ensemble classification which is unsurpassable inaccuracy among current data mining algorithms. It
also can handle a very large number of attributes and can learn fast. It has been widely used in many classification
problems and has produced a high classification accuracy. Random forest models are generally very competitive
with nonlinear classifiers such as artificial neural nets and support vectormachines. It is known to be robust for
irrelevant features with very good performance. Decision Trees and Neural Networks are widely used for
classification in data mining or machine learning. Each model has its own characteristics and finding appropriate
model with smallest error rate for the given data sets is crucial for the success of data mining.

Our research objective was to compare the predictive ability of CART, RF and NNs methods using sales web usage
data. Comparison of predictive abilities of statistical and NNs models are plentiful in the literature. So, random
forest algorithm is also applied to data sets to compare with CART and Neural networks.

It is also widely recognized that the effectiveness of any model is largely dependent on the characteristics of data
used to fit the model. In our research, a three-way comparison involving CART, RF and NNs models are
performed. The prediction errors of these three models are compared where the independent variables are
continuous and predictive variables is categorical.

RELATED WORKS:

We have a lot of difference in learning time between neural networks and decision trees. Generally, it takes far
longer time to train neural networks than decision trees. But the two knowledge models are used widely, because of
their own good points. There are two kinds of networks based on how the networks are interconnected — feed-
forward neural networks and recurrent neural networks. RBF networks are one of the most popular feed- forward
networks. The training time of RBF networks is relatively shorter than other neural network algorithms. A good
point of RBF networks is their good prediction accuracy with small-sized data sets, which is also true for other
neural networks. When we have very large data sets for training, we may use decision tree algorithms to save
training time. There have been a lot of efforts to build better decision trees with respect to accuracy.[1][2] Early
decision tree algorithmis a fast and dirty type algorithm that was developed in early 90’s, and is often referred in
literaturebecause of its wide availability. Random forest uses many decision trees simultaneously for prediction so
that it can avoid the negative effect of irrelevant features. A good point of decision tree algorithms is their
scalability so that they are also good for very large data sets. The bagging decision trees or random forest is the best
predictors in experiment. But some omitted the possible performance comparison with neural networks. Numerous
applications of NNs models in Marketing and data mining are available in the literature. It has been observed that
NNs provides better prediction than discriminant analysis and logistic regression in brand choicedecision.

So we want to see some comparative analysis to generate better prediction accuracy for the data sets empirically.

ORGANIZATION OF DATA:

In this study we have used a set of three data sets with account details with different type of variables and the web
data is based on two different CRM(Customer Relationship Management) sources. Because of the change in
technology we have two marketing data with different sets of variables and profile data set. The three data set
contained total of 35 variables and almost 1000 records. Among 35 available variables, initially we choose 22

variables considered to be most intuitively related to leads outcome, and ran a correlation analysis. Based on the
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results of correlation analysis of the three data set, the 18 variables considered to be significant contributor towards
the prediction of the dependent variable of the data set. (Sales leads Yes/No), are selected.

RESEARCH MODELS AND PREDICTIVE ACCURACY PROCEDURES

CLASSIFICATION AND REGRESSION TREE (CART) MODEL

Regression-type CART model isa non-parametric procedure for predicting continuous dependent variable with
categorical and/or continuous predictor variables where the data is partitioned into nodeson the basis of conditional
binary responses to questions involving the predictor variable, Sales. “‘CART models use abinary tree to recursively
partition the predictor space into subsets in which the distribution of sales y is successively more homogenous’. For
example, CART procedure derives conditional distribution of sales y given x independent variables.[1] The
partitioning procedure searches through all values of predictor variables to find the independent variablethat
provides best partition into child nodes. The best partition is the one that minimizes the weighted variance. The
distribution f(y| @i) of lynx represents the situation that x lies in the region corresponding to the ith terminal node.
Although numerous articles have compared NNs models with linear,non-linear and hybrid Regression models, very
few havecompared the predictive ability of CART model with NNsand/or regression models.Razi and Athappilly
(2005) compared NNswith CART model. Since CART is a non-parametricprocedure for predicting continuous
dependent variable with categorical predictor variables, we find this model anatural fit for prediction with the
variable set chosen for this study. In R programming rpart is the package which is used to run CART tree.

A random subset of 70% of the observations is chosen and will be used to identify a training dataset. The random
number seed is set, using set. seed(), so that we will always obtain the same random sample for illustrative purposes
and repeatability. Choosing different random sample seeds is also useful, providing empirically an indication of
how stable the models are
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Fig 1. CART Tree for Marketing Data.
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The above figure represents the CART decision tree rules for the used marketing data set. We have specified the
minimum splits as 20 and it is nothing but the minimum number of observation exist in a node resulting from a split
before a split will be performed. The complexity parameter (CP) set is 0.010. This is used to control the size of the
decision tree and to select the optimal tree size. The tree construction does not continue unless it would decrease the
overall lack of fit by a factor of CP. Setting CP to zero is the maximum depth of the tree.

Neural Networks:

We choose to use NNs method because it handlesnonlinearity associated with the data well. NNs methodsimitate
the structure of biological neural network. Processingelements (PEs) are the neurons in a Neural Network.

Each neuron receives one or more inputs, processes those inputs, and generates a single or more output. Main

components of information processing in the Neural Networks are: Inputs,Weights, Summation Function (weighted
average of all input data going into a processing element (PE), Transformation function and Outputs (Fig. 2).

X1 W)

2| I

1'2 Wa

Fig 2. Neural Network.
RANDOM FOREST:
A random forest is a classifier consisting of a collection of tree structured classifiers {h(x, k), k 1, ...} where
the{ k} are independent identically distributed random vectors and each tree casts a unit vote for the most popular
class at input x .Given an ensemble of classifiers h1(x),h2(x), ... ,hK (x), and with the training set drawn at random
from the distribution of the random vector Y, X, define the margin function as

mg(X,Y) avk I(hk (X) Y)maxj Y avk I(hk (X) j).

Where I(:) is the indicator function. The margin measures the extent to which the average number of votes at X,Y
for the right class exceeds the average vote for any other class.

In random forests, hk (X) h(X, k) . For a large number of trees, it follows from the Strong Law of Large
Numbers and the tree structures used. The random forest algorithm tends to produce quite accurate models because
the ensemble reduces the instability that we can observe when we build single decision trees.

The random forest algorithms will often build from 100 to 500 trees. In deploying the model, the decisions made by
each of the trees are combined by treating all trees as equals. The final decision of the ensemble will be the decision
of the majority of the constituent trees. The randomness used by a random forest algorithm is in the selection of
both observations and variables. It is this randomness that delivers considerable robustness to noise, outliers, and
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over fitting, when compared with a single-tree classifier. The performance of the random forest model is indicated
using the OOB(Out Of Bag) error estimate.

REV Wadurstry
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- Regon
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Fig 3. Relative Importance of variable for Profile data using random forest.

Random Forest has the difficulties in understanding the discovered knowledge. With the help of variable
imporatnce we can get the idea of the knowledge discovery of building 500 decision trees. The Variable
Importance is a piece of information about the accuracy measures.

In the above figure 3, the mean decrease measure is the importance measure which is a scaled average of the
prediction accuracy of each variable. The calculation is based on a process of randomly permuting the values of a
variable across the observations and measuring the impact on the predictive accuracy of the resulting tree. The
larger the impact then the more important the variable is. Thus this measure reports the mean decrease in the
accuracy of the model. The actual magnitude of the measure is not as relevant as the relative positioning of
variables by the measure. The mean decrease Gini is the measure of importance is the total decrease in a decision
tree node's impurity (the splitting criterion) when splitting on a variable. The splitting criterion used is the Gini
index. This is measured for a variable over all trees giving a measure of the mean decrease in the Gini index of
diversity relating to the variable.

EVALUATION METHODS:

CONFUSION MATRIX:

It is a specific table layout that allows visualization of the performance of an algorithm, typically a supervised
learning one. Each column of the matrix represents the instances in a predicted class, while each row represents the
instances in an actual class. The name stems from the fact that it makes it easy to see if the system is confusing two
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classes. Let us define an experiment from Y positive instances and N negative instances. The four outcomes can be
formulated in a 2x2 contingency table or confusion matrix, as follows:

Actual Value

Prediction
¥ N
TRUE FALSE
Y Positive Positive
FALSE True
N Negative Negative
Confusion Matrix Error Rate in %
Data File CART RF NN
Old Market data 30% 8% 19%
New Market data 22% 3% 0%
Profile data 39% 20% 24%

From the above table we can see the comparison result of the three models. Here random forest model showed the
lower error rate.

RECEIVER OPERATING CHARACTERISTIC (ROC) ANALYSIS:

The sensitivity and specificity of a diagnostic test depends on more than just the "quality” of the test--they also
depend on the definition of what constitutes an abnormal test. The position of the cutpoint will determine the
number of true positive, true negatives, false positives and false negatives. We may wish to use different cutpoints
for different clinical situations if we wish to minimize one of the erroneous types of test results. ROC Curve is a
plot of the true positive rate against the false positive rate for the different possible cutpoints of test data for the
model. The area under the curve (AUC) is a measure of model accuracy.lt is related to the gini coefficient( &) by
the formula &1 = 244¢ -1 where:

G=1- Y (Xe— Xema)(¥i 4 Yios)

&=l

In order to establish statistical significance, we carry out statistical tests to comparatively evaluate prediction
accuracy between CART, Random Forest and NNs methods based on sales data set which contains two Marketing
and one profile dataset.

ROC Area in %

Data File CART RF NN
Old Market data 73% 95% 88%
New Market data 82% 100% 100%

Profile data 61% 85% 86%
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Fig 4. ROC area for CART, RF and NN.

RESULTS AND ANALYSIS:

The data here we use contains the result of Neural Networks , Random Forest and CART using the Sales lead data.
Random Forest gives us good result due to their bagging procedure.

A confusion matrix is appropriate whenpredicting a categorical target. The confusion matrix displays the predicted
versus the actual results in a table. From the above two tables we can see that the Random Forest showed a very
good result. The ROC is probably the most popular, but each can provide some different insights based essentially
on the same performance data.The ROC has a form and interpretation similar to the risk chart, though it plots
different measures on the axes. ROCR is used by Rattle togenerate these charts. We can differentiate each chart by
the measures used on the two axes.An ROC chart plots the true positive rate against the false positive rate. The
sensitivity/specificity chart plots the true positive rate against thetrue negative rate. The lift chart plots the relative
increase in predictiveperformance against the rate of positive predictions. The precision/recallchart plots the
proportion of true positives out of the positive predictionsagainst the true positive rate.

Table 3. Confusion Matrix of Test data using Random Forest Method.

Marketing +Profile Using Random Forest
Predicted ER=11%
Actual N Y Total
N 137 6 143
Y 20 78 98
Total 157 84 241

Based on the comparison of three methods the ROC area of Random forest method gives good result. We can see
the test result of the modeling based on random forest in Table 3.Here the false negative and false positive rate is
low compared to the other methods.
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CONCLUSION:

We can see that the Random forests is an effective tool in prediction compared to CART and Neural Networks.
Because of the Law of LargeNumbers they do not over fit. Injecting the right kind of randomness makesthem
accurate classifiers and regressors. Furthermore, the framework in termsof strength of the individual predictors and
their correlations gives insight intothe ability of the random forest to predict. Using out-of-bag estimation makes
concrete otherwise theoretical values of strength and correlation.
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ABSTRACT :

Schedule is the key factor for success of any software project. To maintain the scheduling of software project is very
difficult task because it is very hard to estimate the project completion time. For analyzing the schedule risk in software
project. Monte-Carlo Simulation is mainly used to calculate the activity times of a project network many numbers of times
e.g. 1000 times, each time choosing the activity time randomly using probability distribution. The Monte Carlo simulation
technique is also used in research work to provide greater flexibility in estimating risk index and project completion time.
The main objective of work is to analyze the schedule risk in software project by calculating the risk index of each activity in
the network of software project.

Keywords : Schedule Risk, Monte-Carlo Simulation, SASR, Risk Index

1.  INTRODUCTION

Today in every aspect of life, Software systems are used and have made an impact on human life, but the
development of these software systems is not an easy task. No. of software projects are cancelled due to many
unknown problems i.e. risk which is a combination of the probability of a negative event and its impacts on the
software project. Risks are those events or conditions that may occur and whose occurrence if it does take place
gives negative outcome of the project. Risk arises because of lack of software risk management. The lack of risk
management results in schedule slippage, budget overrun etc. The essential factors of the project success are the
quality, the time and the budget [1].So, software risk management is essential to diminish the possibilities of risk in
software projects.

A. Software risk management

Risk analysis and management is a series of steps that help a software team to understand and manage uncertainty.
“Software risk management can be defined as a way to manage risks”. In other words, it concerns all activities that
are performed to reduce the uncertainties associated with certain tasks. In the context of projects, risk management
reduces the impacts of undesirable events on a project. Risk management in any project requires undertaking
decision-making activities [2]. Risk management in software projects has number of uses. It helps to save projects
from failing due to non-completion of projects within the specified schedule, budget constraints etc.

B. Role of simulation in Risk Management

Simulation is powerful tool used for risk management in any software project [6]. Simulation is a process of
designing a model of a real system and conducting experiments with this model for the purpose of understanding
the behavior of the system and/or evaluating various strategies for the operation of the system. Risks in a software
project take many forms such as cost, schedule, quality etc. The key to manage risks in any software project is to
identify them on the early stages of development of the project and develop a suitable risk mitigation plan.
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2. DESIGNING OF SIMULATOR FOR ANALYZING SCHEDULE RISK (SASR)

Simulator is a software tool resulting from application of modeling and simulation to real life projects. It involves
modeling of project or system under the study and represents the system in the form of network model.

The project network of the process of designing of system card on which the simulator is applied for analyzing the
schedule risk is given in figure 1.

Finish

Figure 1. N\w representation of System Card design process

With respect to each activity of the project three parameters optimistic time X[n], pessimistic time Y[n] and most
likely time Z[n] is generated given in the Table 1.

The Table 1 represents the start of an activity S[n], Finish of an activity F[n], Optimistic time, Pessimistic time and
most likely time estimates with activity number.

Table 1. Estimated time duration of each activity

Activity no. S[n| F[n] X|n) Zn] Y[n| Mean(p,) Sigma(o,)
1 | 2 1 2 3 3.0 0.3
2 2 3 2 2 5 4.2 0.2
3 3 4 3 4 6 4.0 0.3
4 3 5 2 5 6 5.0 0.3
5 3 7 2 5 7 53 0.3
6 4 6 1 3 5 3.2 0.2
7 5 10 2 3 4 5.0 0.3
8 6 7 2 3 5 4.0 0.7
9 7 8 3 4 5 4.0 0.3
10 7 9 3 3 4 4.8 0.5
11 8 12 4 5 7 3.2 0.5
12 9 12 2 2 4 3.8 0.5
13 10 11 1 2 3 4.0 0.3
14 11 12 2 2 3 2.2 0.5

Once the activities time duration ranges have been established, the schedule risk analysis simulator can determine
the risk during the project schedule.

Table 1 also shows the three time estimates for each activity and their corresponding mean time and standard
deviations. The data given in this table is input to the simulator to compute risk index and project completion time.
The whole procedure of designing a simulator for analyzing schedule risk is described in the algorithm_1. In this
algorithm N represent the total no. of activities, M represent the total number of nodes, n represent the activity
number, X[n] represent the optimistic time for activity no. n, Z[n] represent the most likely time of activity number
n, and Y[n] represent the pessimistic time of an activity.
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Algorithm_1: SASR
Step 1: Read the input data for the project network which involves no. of activities (N), no. of nodes (M),start of an
activity(S[n]),finish of an activity(F[n]),simulation run (how many time to run, SRUN) and a counter variable
(count).
Step 2: Assign three time estimates to each activity based on probability distribution i.e. X[n], Z [n] and Y[n].
Step 4: Calculate the mean and sigma for each activity using following formulas:
Mean= pu.=(X[n] +Z[n] +Y[n])/6
Standard deviation (Sigma) = o,= (Y[n]-X[n])/6
Step 5: Initialize the run counter
Step 6: Apply Box Muller transformation to compute the activity duration using following two equations:
Th= 0 +S+ Wy
S= (-2loger1)“?cos (2nr2)

Step 7: Calculate project completion times and risky activities of the project network using following steps:

1. Perform the forward pass computation on the network.

2. Perform the backward pass computation on the network.
Step 8: Increment the run counter by 1.
Step 9: Run it for SRUN times.
Step 10: Compute and print all the risk indexes, activity durations and project completion times.

3. RESULTS OF SIMULATOR

After running the project on the simulator for 1000 no. of times, the results of simulator are given in the form of
tables and graphs. The main aim of this simulator is to calculate the risk index of each and every activity of the
software project. The activity duration are said to be normally distributed given in table 2.

Table 2. Generated activity durations

Activity Generated activity durations for 1000 runs
]"l 2'“] 3"" 4lh ___________________ 1000“]
no.
1 4.2 44 4.9 4.4 4.5
2 4.3 37 4.2 F R .7
3 4.8 5.3 5.2 T ———— 50
4 6.1 6.0 5.8 B.0 | seecmsesemesases 5.7
5 3.2 3.1 33 32 | el 3.0
6 5.5 5.1 4.8 r o 48
7 4.6 2.5 34 30 | e 2.8
Activity Generated activity durations for 1000 runs
no. j s 2'“] 3"" 4“1 ___________________ 1000“]
8 4.5 38 33 43 | 39
D 3.5 2.8 3.2 e 29
10 5.7 5.5 5.6 56 | e 5.8
1 5.1 4.1 5.5 I S —— 5.7
12 3.3 4.5 3.8 43 | sesereeeaeae 38
13 4.0 4.2 4.6 A 43
14 1.1 1.8 2.8 O 2.1

After calculating the activity durations, project completion times are calculated. Table 3 shows the project
completion times (PCT) calculated for 1000 simulation runs. Using this frequency of project completion time is
determined which is presented in the graph 5.2
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Table 3. Project completion time (PCT)

Generated project completion time (in weeks) for 1000 runs
Running order PCT Running order PCT Running order PCT
1 26.0 11 250 | ssssamsuessess 991 233
2 234 12 233 992 26.2
3 24.6 13 260 | secesmesenrese 993 25.0
4 24.0 14 25.1 994 24.1
5 26.2 15 23.3 995 25.1
6 24.6 16 25.5 996 25.1
i 26.0 17 26.5 | s 997 25.0
8 25.3 18 253 | sosmesises 998 23.6
9 24.0 19 246 | s 999 26.2
9 24.0 19 7 T e 999 26.2
10 25.4 20 /0| ] [ e e 1000 23.5

Graph 1 show the frequency distribution of project completion time among the 1000 simulations runs within the
specified intervals as given in table 3.

Here the duration of 24 weeks occurs for the maximum times during simulation runs that mean most of the times
the Process of designing the card will be completed in 24 weeks.

Table 4 shows the activities with their respective risk index; in this table the bolded activities are much more risky
as compare to others.

Frequency Distrtibution

45 -
40 -
35 |
30 -
25 4
20

i,

Frequency

(=]

1357 9111315171921232527293133353739414345474951535557

Project Completion Time(PCT)

Graph 1 Probability distribution of project completion time
. Activity no. 1, 2, 5 and 7 has the risk index of 1 that means these activities are risky 100%.
. Activity no. 8 and 10 has risk index of 0.97 that means these activities are 97% risky in this process of
designing System card.
Table 4. Risk Index

Activity no. Risk Index
1 1
2 1
3 0
4 0
5 1
6 0
7 1
8 0.97
9 0.68
10 0.97
11 0.68
12 0
13 0
14 0
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Graph 2 shows the plotted form of table 5 that is it shows the critical activities with their respective risk (critical)
indexes.

Risk Index

1.2

1
0.8
0.6
04 I I ¥ Risk Index
0.2
0

7 8 9 10 11 12 13 14

Risk index

Activityno.

Graph 2. Activities V\s Risk index
From the graph one can easily identify the critical or risky activities to deal with. The activities with risk index lies
in the range of 0.8 to 1.0 are considered to be more risky as compare to others. Hence the activities 1, 2, 5, 7, 8 and
10 needs to be taken care very carefully to reduce the chances of risk occurrence in project.

4. CONCLUSION

The research concludes that now a day’s software systems are used in every aspect of human life, but the
development of these software systems is not an easy task. Number of software projects are cancelled due to many
unknown problems which arises because of lack of software risk management. There are risks in every projects can
be of any type, but avoiding it does not make any sense.

Simulation helps in identifying the areas of higher risks where more concentration is required to get desired results.
It is also concluded that higher the Risk (criticality) index of an activity, higher is the risk involved. Computing
Risk index of activities help in making decisions during project development and planning schedules for projects.

5. FUTURE SCOPE

Further scope of simulator includes analyzing the other risk factors like cost, performance etc. The no. of
improvement elements can be added for risk management in future work, various software risk analysis techniques
can be combined with the tools like simulation. Future plan for simulator also include the implementation of other
related real life projects on the simulator. One more thing can be added to simulator is to set the range for risk index
e.g. 0.5to 1 and if activities’ risk index lies in this range then the activity is not acceptable that means it is risky to
continue with.
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ABSTRACT :

In this paper, an inventory model has been developed for deteriorating items under the assumptions of trade credit and time
discounting. The deterioration rate has been considered as linear function of time, i.e. & .The demand rate has been
considered as linear function of time. Shortages are not allowed.

Key-words: Ordering policy, deterioration, trade credit and discount.

1.  INTRODUCTION
In the classical EOQ model, it is assumed that the retailer must be paid for the items at the time of delivery.
However, in real life situation, the supplier may offer the retailer a delay period, which is called the trade credit
period, for the payment of purchasing cost to stimulate his products. During the trade credit period, the retailer can
sell the products and can earn the interest on the revenue thus obtained. It is beneficial for the retailer to delay the
settlement of the replenishment account up to the last moment of the permissible delay allowed by the supplier.
Several researchers discussed the inventory problems under the permissible delay in payment condition. Goyal
(1985) discussed a single item inventory model under permissible delay in payment. Agrawal & Jaggi (1995)
discussed the inventory model with an exponential deterioration rate under permissible delay in payment. Chang
et. al. (2002) extended this work for variable deterioration rate. Liao, et al. (2000) discussed the topic with
inflation. Jamal, et. al. (1997) and Chang & Dye (2001) extended this work with shortages. Huang & Shinn
(1997) studied an inventory system for retailer’s pricing and lot sizing policy for exponentially deteriorating
products under the condition of permissible delay in payment. Jamal, et. al. (2000) and Sarkar, et. al. (2000)
obtained the optimal time of payment under permissible delay in payment. Teng (2002) considered the selling price
not equal to the purchasing price to modify the model under permissible delay in payment. Shinn & Huang (2003)
obtained the optimal price and order size simultaneously under the condition of order-size dependent delay in
payments. They assumed the length of the credit period as a function of retailer’s order size and the demand rate to
be the function of selling price. Chung & Huang (2003) extended this work within the EPQ framework and
obtained the retailer’s optimal ordering policy. Huang (2003) extended this work under two level of trade credit.
Huang (2005) modified the Goyal’s model. Megha Rani, Hari Kishan and Shiv Raj Singh (2011) discussed the
inventory model of deteriorating products under supplier’s partial trade credit policy.
While determining the optimal ordering policy, the effect of inflation and time value of money cannot be ignored.
Buzacott (1975) developed an EOQ model with inflation subject to different types of pricing policies. Madhu
Jain, etal. (2010) and Hari Kishan etal. (2012) developed multi items inventory model of deteriorating products
with declined demand and premises delay payment. Futher Sarkar etal (2000), Teng etal (2002) and Hari Kishan
etal (2014) also worked in this direction. Huang (2005) developed an ordering policy for deteriorating items under
trade credit and time discounting.
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In this paper, an inventory model has been developed for deteriorating items under the assumptions of trade
credit and time discounting. The deterioration rate has been considered as linear function of time, i.e. & . The work
has been extended for the case of variable deterioration and variable demand rate.

2. ASSUMPTIONS AND NOTATIONS:

Assumptions: The following assumptions are considered in this paper:

(i)  The demand rate is linear function of time which is given by at+b.

(i)  Time horizon is finite given by H.

(iii) Shortages are not allowed.

(iv) The deteriorating rate is deterministic and linearly varying with time.

(v) During the time the account is not settled, the generated sales revenue is deposited in an interest bearing
account. WhenT = M |, the account is settled at T=M and we start paying for the interest charges on items in
stock. WhenT < M , the account is settled at T=M and we need not to pay any interest charge.

Notations: The following notations have been used in this chapter:

Q) The demand rate=at+b where a and b are positive constants.

(i) A = the ordering cost per order.

(iii)  c=the unit purchasing price.

(iv) h=unit holding cost per unit time excluding interest charges.

(v) M= the trade credit period.

(vi) H= length of planning horizon.

(vii)  T=the replenishment cycle time in years.

(viii)  n=number of replenishment during the planning horizon.

(ix) & =the deterioration rate of the on hand inventory.

) I, = interest earned per Re per year.

(xi) |, = interest charged per Re per year.

(xii) | (t) = stock level at any time t.

(xiii) Q= maximum stock level.

(xiv)  TVC(T)= the annual total relevant cost, which is a function of T.
(xv) T =the optimal cycle time of TVC(T).

(xvi)  Q =the optimal order quantity.

3. MATHEMATICAL MODEL:

The total time horizon H has been divided in n equal parts of length T so thatT = H  Therefore the reorder times
n

over the planning horizon H are given by T, =T, (j =012...,n —1). This model is given by fig. 1.
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Let I(t) be the inventory level during the first replenishment cycle. This inventory level is depleted due to demand

and deterioration. The governing differential equation of the stock status during the period 0 <t <T s given by

%:—(aﬁb)—&tq,OStsT. (1)

The boundary conditions are
1(0)=0Q, ..(2)
and q(T)=0 ..(3)

4. ANALYSIS
Solving equation (1) and using boundary condition (3), we get

2

o
1t)= %(T2 —t?)+b(T —t)+%9(T4 —t4)+%(T3 “t*)e 2. (@)
Consequently, the initial inventory after replenishment becomes
I(O):Q:%T2+bT+%HT4+%T3, ...(5)

Since there are n replenishments in the entire time horizon H, the present value of the total replenishment cost is
given by

C = Anz_ie“'RT
J:

:AM. .(6)
1-e

RH
n

and the present value of the total purchasing cost is given by
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n-1

C, ZCZ 1)
£

_ ,-RH
=¢ ET +bT +%‘9T4b69 o o) RH). (D)

The present value of the holding cost during the first replenishment cycle is given by
T a’

h,=h[] (tle""e 2 dt

0

:hjg(v_tz)m( )+ 20 ) e p) e 120

_a 2Te™™ 2R T 2 e T 1
=h = + +——-— + + -
2 R? R? R R?® R? R R?
_ad 8T % ™" +16Te‘RT +16e‘RT _E+ 4T _24
8 R? R* R® R R*® R°
_be 6Te ™" +12e‘RT _T3 6T 12
6 R3 R* R R® R*

ag® 4T°e™™  28T%e™™ 120T°e™™ 360T’e™  720Te”™  720e™™ 27° 720

16  R? R® R* R® R® R’ R® R’
b 3T'e™  18T°e™  60T’°e™  120Te™  120e™  2T° 120

- 2 st 4 + — st 05 T 5e ..-(8)
12 R R R R R R® R

The present value of the total holding cost over the time horizon H is given by

C,=h Ze IRT
o RT

. a 277 T2 2 e ™ T 1
=h = + +—-— + R e —
2 R2 R® R R° R* R R?
_ag 8% 16Te™ 16e™ T 4T* 24
8 R® R* R® R R* R°
_bo 6Te™ 127 T° 6T 12
6 R® R* R R® R*

_af® AT%e ™" + 28T e~ F +120T3 R 360T2 T 720Te'RT N 720e™7" N 2T 720
16 R® R® R* R® R® R’ R® R’
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bg? 3T%™™ 187%™ 60T% ™ 120Te™™ 1206 2T° 120 _ f1-e®™)

- P R it 5 T i A : --(9)
12 R R R R R R® R R
1-¢ °

Since the inventory model considers the effect of delay in payments there are two distinct types of cases in the

inventory system.

Casel: M <T :%:

In this case, the interest payable is given by

;
I, = clcy (t)e™dt

. a oTe RT . 2 RT . (-I-z Y Z)e—RM ) oMeRM ) 0 RM b o RT . (T ~M )e—RM ) o RM
¢ 2 R? R? R R? R? R? R R?
,ae 473%™ . 12T %e™"" . 24Te N . 247
8 R’ R® R* R®
oM™ amle™  1ome™  24Me™  24e
R R? R? R* R®
. be 3T%F . 6Te . 6e™""
6 R? R? R*
(Ts -M S)e—RM IM2e ™  gMe RV  geRM
+ LA L L ...(10)
R R R R

The present value of the total interest payable over the time horizon H is given by

n-1
H _ 1 o-jRT
Iy = lele

J:

a 2Te ® 2R (-I-z -M 2)e—RM OMe ™M pe-RM o RT (T M )e—RM o RM
- + + - - +b + -
2 R? R? R R? R? R? R R?

a@d 473%™ R 12T2%eRT  24Te™ R 2477
+— + + +

=cl

8 R? R® R* R®
. (T -M*f™ aM%™ 12M% ™ 24Me™ 240
R R? R? R* R®
+b_€ 3r% " . 6Te T . 6e T
6 R? R? R*
. (-I-s -M 3)e—RM _3M 20RM ) 6Me "M ) 6o~ "M (1_e—RH )
. ~ = ~ i (1)
l-e "

The present value of the total interest earned during the first replenishment cycle is given by
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.
15 = cIeI(at +blte Mdt
0

T2e—RT 2-|-e—RT Ze—RT
=cl, a - R - +—

e

-RT -RT
+b TeR —eRz +% . (12

Hence the present value of the total interest earned over the time horizon H is given by

n-1
H _ 1 . -jRT
Iel - Z’Iele

J:

T2 R 2Te™® 27T 2

=cl, a - - - +—
" R R R R
-RT -RT _ a-RH
" TeR _eRZ +% 11—ee'R”/n | -

Therefore the total present value of the costs over the time horizon H is given by
TVC,(n)=C, +C, +C, + 1%, - 1.

...(14)
Casell: M >T :i:
n
In this case, the present value of the total interest earned during the first replenishment cycle is given by
T T
1L =cl, J'(at+b)te'mdt +(M —T)e‘RTJ’(aHb)dt
0 0
T2 2Te™™ 2% 2 Te ™™ e ® 1
=cl, -a * 7t "5 b My
R R R R R R R
2
+(M-T)e ™ ar ot ...(15)
Hence the present value of the total interest earned over the time horizon H is given by
n-1 )
Iel_; = Z Iele_JRT
J:
_ T2 R 2Te™® 27T 2 Te ™™ e 1
=cl, -a + 7t —Fps " os b YRy
R R R R R R R
r arT’? 1-e™
+(M-T)e™ +hT 1o ...(16)
Therefore the total present value of the costs over the time horizon H is given by
TVC,(n)=Cg +C, +C, - 11;. .(17)
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AtM=T = i we have TVCl(n)zTVC2 (n) Thus we have

n
TVC, ()T = Hom
TvC(n)= N
TVC,(n).T = <M

5. ALGORITHM
The following algorithm is used to derive the optimal values of n, T, Q and TVC (n):

Step 1. Start by choosing a discrete value of n equal or greater than 1.

H
Step 2. If T=—2=M for different integral values of n then TVCl(n) is derived from expression (14). If
n

T= H < M for different integral values of n then TVC, (n) is derived from expression (17).
n

. . H . -
Step 3. Step 1 and 2 are repeated for all possible values of n with T =— > M until the minimum value of
n
TVCl(n) is found from expression (7.14). Let n = nf be such value of n. For all possible values of n with
H . - . . *
T =—< M until the minimum value of TVCZ(n) is found from expression (7.17). Let n = n, be such value of
n

n. The values n;,n,, TVC, (n*) and TVC,(n*) constitute the optimal solution.
Step 4. The optimal number of replenishment n* is selected such that
TVC,(n),T = i* >M
TVC(n*)= v
TVC,(n)T = LM

The optimal value of ordered quantity Q* is derived by substituting n* in the expression (5) and optimal cycle time

T*isgivenby T = i

n*

6. NUMERICAL EXAMPLE:

The demand rate a=10, b=1000, replenishment cost A=$ 60 per order, the holding cost h=$ 2 per unit per year, per
unit item cost c=$ 8 per unit, deterioration parameter & = 0.15, net discount rate of inflation R=$ 0.1 per $ per year,
the interest earned per $ per year by supplier I, =0.15/$, the interest charged per $ per year by supplier

I, =0.12/$, planning horizon H=5 years, 1/ =50 days(=0.139 years) and M=60 days(=0.167 years) by assuming

360 days per year.
By the application of computational procedure, the results are shown in the following table:
No. of replenishment Cycle time Order quantity Total present value
n T Q of costs
Casel M <T 26 0.192 192.016 42251.47
27 0.185 185.029 42249.53
28 0.179 178.940 42250.38
Casel: M >T 37 0.135 135.009 4214531
38 0.132 132.013* 42144.46*
39 0.128 128.018 42147.12

*quantities are the optimal quantities.
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7.

CONCLUSIONS:

In this paper, an inventory model has been developed for deteriorating items under the assumptions of trade credit
and time discounting. The deterioration rate has been considered as linear function of time, i.e. & . The demand

rate has been taken linear function of time. This model can further be extended for other forms of demand rate and
deterioration rate. Shortage case can also be included in future study.
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ABSTRACT :

Today numerous appliances like digital camera, laser printers, mobile phones and microwave ovens etc are powered by
something beneath the sheath that makes them to do what they do. These tiny microcontrollers, working on basic assembly
languages and high level languages are the heart of the appliances called Embedded Systems. An RTOS is responsible for
managing the resources and hosting the applications that run on the embedded system but is designed specially to run with
very precise timing and a high degree of reliability. The objective of this study is to design a simulator for real time
embedded system software in stochastic environment. A comparative study is then made in terms of waiting and turnaround
times for a number of processes based on two cases of priority scheduling policies used to design the simulator. The policy
with minimum of these two parameters is considered the better one.

Keywords : Embedded System, RTOS, Priority Scheduling, Waiting time, Turnaround time.

1. INTRODUCTION

An embedded system is a combination of hardware, software and other mechanical parts designed to perform a
specific function. The RTOS embedded in a system is operating system software used for real time programming
and scheduling. Real-time system’s performance is specified in terms of ability to make decisions in a timely
manner. These important calculations have deadline for completion and a missed deadline causes an accident. The
damage caused by this miss will depend on the application. Thus it becomes necessary to have the knowledge of
the embedded system prior to its hardware designing.

Simulation is used to observe the dynamic behavior of model of a real or imaginary system. By simulating a
complex system, we are able to understand its behavior at a low cost. In embedded systems, simulation has
potential use in the following: Exploring various designs alternatives, functional simulations, high-level
performance and power estimations. Various researchers have done a lot of work in the field of real time embedded
system software through designing different types of simulators. Liu and Leyland [1973] for the first time study
priority driven algorithm. Yashuwanth et.al [2010] developed a modified round robin algorithm. Scheduling
decision for embedded software plays an important role in system performance. The designer should keep in mind
how to select the right scheduling algorithm in order to save him from error prone and time consuming tasks at the
final stage of system design. Garg and Vikram Singh [2010] developed a simulator for performance evaluation of
CPU scheduling policies for RTOS in crisp set under stochastic environment. Mehdi and Neshat et.al [2012]
proposed an algorithm which optimizes the average waiting and response time for system process and compared the
performance of this algorithm with the classical scheduling algorithm under non-fuzzy environment. Singh T.P et.al
[2013] developed a heuristic algorithm for general priority scheduling in fuzzy environment and obtained optimal
solution to the general machine scheduling problem. Recently, Silky, Sachin and Singh T.P [2014] made a
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comparative study of CPU scheduling algorithms for RTOS in which CPU burst time has been considered fuzzy in
nature. In our study we have designed a simulator for real time embedded system software and the comparative
study has been made in terms of waiting and turnaround times for various processes.

2. DESIGNING OF SIMULATOR FOR REAL TIME EMBEDDED SYSTEM
The simulator for real time embedded system software has been developed in C++ language under windows
operating system on an INTEL compatible machine to execute preemptive and non-preemptive priority scheduling
algorithm. The total number of processes is entered by the user and the scheduling algorithm is implemented by
calling the respective function. The final results are then displayed to the user.
Algorithm 1: Simulation Design Main
Step-1: Input the total no. processes from user.
Read Number of Processes in variable PROCESS
Step-2: Simulate preemptive scheduling.
Call Preemptive_Sch (PROCESS,CAT[],Burst[],Priority[])
Step-3: Simulate non-preemptive scheduling.
Call Non_Preemptive_Sch(PROCESS,CAT[],Burst[],Priority[])
Step-4: Display the output.

Algorithm 2: Preemptive_Sch (PROCESS, CAT [], Burst [], Priority [])
Step-1: [Initialization]

Total Waiting Time =0

Avg Waiting Time =0

Total Turn around Time =0

Avg Turn around Time =0

Count=20

BtSum=0

Time=20
Step-2: [Read the process workload on the system from disk file(s) in integer variable PROCESS]
Step-3: Repeat for count =0 to Process-1

BtSum = BtSum + Burst (count)
[end of step (3) loop]
Step-4: [Initialize the variable inCPU to the current value of count variable that hold the total number of
processes] inCPU = count

Step-5: Repeat for time = 0 to BtSum
Step-6: Repeat for i =0 to PROCESS-1

IF CAT(i) <= time AND Priority(i)< Priority(inCPU) THEN

SetinCPU =i

[end of IF]

[end of step (6) loop]
Step-7:[Decrement TimeRemaining array by 1 for inCPU counter, TimeRemaining is the array that holds the
service time left for the processes]

TimeRemaining(inCPU)= TimeRemaining(inCPU)-1
Step-8: IF TimeRemaining(inCPU) = 0 THEN
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Set FinishTime(inCPU) = time+1
inCPU = inCPU-1
[end of IF]
[end of step(5) loop]
Step-9: Repeat for i = 0 to PROCESS-1
Set WaitingTime(i) = FnishTime() — Burst(i) — CAT(i)
TurnaroundTime(i) = WaitingTime(i) + Burst(i)
[end of step(9) loop]

Step-10:[Compute the total waiting time and turnaround times of the all the processes]

Repeat for i = 0 to PROCESS-1
CumulativeWaitingTime=CumulativeWaitingTime+WaitingTime()
CumulativeTurnaroundTime=CumulativeTurnaroundTime+
TurnaroundTime(i)

[end of step(10) loop]

Step-11: [Compute the Average waiting time and average turnaround time]
AvgWaitingTime = CumulativeWaitingTime/PROCESS
AvgTurnaroundTime = CumulativeTurnaroundTime/PROCESS

Step-12: End.

Algorithm 3: Non-Preemptive_Sch (PROCESS, CAT]], Burst[], Priority[])

Step-1: [Initialization]
TotalWaitingTime = 0,
AvgWaitingTime =0,
TotalTurnaroundTime = 0,
AvgTurnaroundTime = 0,

Count =0,
BtSum = 0,
Time=0

Step-2: [Read the process workload on the system from disk file(s) in integer variable PROCESS]
Step-3: Repeat for count =0 to Process-1
BtSum = BtSum+Burst(count)
[end of step(3) loop]
Step-4: [Initialize the variable inCPU to the current value of count variable that hold the total number of

processes]
inCPU = count
Step-5: Repeat for time = 0 to BtSum
IF time = 0 THEN
Set isldle = true [isldle is a Boolean variable]
[end of IF]

IF inCPU#-1 AND time=StartTime(inCPU)+Burst(inCPU) THEN
Set Isldle = true;
FinishTime(inCPU)= Time;
[end of IF]
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[StartTime and FinishTime are the arrays that hold the starting time and finishing time of all processes that

process takes]

Step-6: Repeat for count =0 to Process-1

IF Priority(count)<Priority(inCPU) AND CAT(count)<=Time THEN
Set StartTime(count) = time
isldle = false
inCPU = count
[end of step(6) loop]
[end of step(5) loop]

Step-7: Repeat for i = 0 to PROCESS-1
Set WaitingTime(i) = StartTime() — CAT(i)

TurnAroundTime(i) = WaitingTime(i) + Burst(i)

[end of step(7) loop]

Step-8: [Compute the total waiting time and turnaround time of the all the processes]

Repeat for i = 0 to PROCESS-1
CumulativeWaitingTime = CumulativeWaitingTime + WaitingTime(i)
CumulativeTurnaroundTime= CumulativeTurnaroundTime + TurnaroundTime(i)
[end of step(8) loop]

Step-9: [Compute the Average waiting time and average turnaround time]
AvgWaitingTime = CumulativeWaitingTime/PROCESS
AvgTurnaroundTime = CumulativeTurnaroundTime/PROCESS

Step-10: End.

3.  RESULT DISCUSSION
Table 3.1 gives the process information for 100 processes and table 3.2 shows the process information for 500

processes.
Table 3.1: Process information of 100 processes Table3.2: Process information of 500 processes
Process Burst Arrival Priority Process Burst Arrival Priority
Time Time time time
1 6 13 4 1 1 4 395
2 12 13 92 2 3 7 198
3 2 15 96 3 13 8 200
4 ] 18 48 4 5 12 437
5 21 36 5 3 14 303
6 6 21 58 6 7 24 128
7 32 25 15 7 18 41 219
8 3 34 75 3 7 42 10
9 ' 45 82 9 2 6 155
10 2 45 0 10 7 46 61
-
%8 ! 352 il 498 5 3342 390
9 4 i 8 499 2 2363 293
100 4 359 45 500 2 2366 492
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Table 3.3 gives the average waiting time and turnaround time for 100 and 500 processes. In preemptive scheduling,
for 100 processes, the average waiting time is 163.71 and average turnaround time is 170.25 and in non-preemptive
scheduling, the average waiting time is 165.96 and average turnaround time is 172.
In preemptive scheduling, for 500 processes, the average waiting time is 490.504 and average turnaround time is
497.206 and in non-preemptive scheduling, the average waiting time is 494.054 and average turnaround time is
500.756.

Table 3.3: Waiting time and Turnaround time for 100 and 500 Processes

For 100 Preemptive Priority Non- Preemptive Priority For 500 Preemptive Priority Non-Preemptive
Process Scheduling Scheduling Process Scheduling Priority Scheduling
Process Waiting Turn- Waiting Turn- Process Waiting Turn- Waiting Turn-
No. Time around Time around No. Time around Time around
Time Time Time Time
1 0 6 0 6 1 0 1 0 1
& 623 635 7 19 2 0 3 0 3
3 636 638 636 638 3 2 15 2 15
4 1 2 1 ) 4 21 26 21 26
6 218 224 237 243 . 0 T 2 g
7 2 34 7 39 7 68 86 0 18
8 481 484 492 495 8 0 7 19 26
2 528 529 539 540 4 25 28 gl 49
10 0 5 19 21 10 16 23 37 44
98 281 282 292 203 498 379 384 382 387
! 273 277 284 288 e 2 £ : c
Average 163.71 170.25 165.96 172.5 Average  {90.504 497.206 494.054 500.756

4. CONCLUSION
The output of the designed simulator for 100 processes and 500 processes in terms of waiting time and turnaround

time are shown in table 4.1
Table 4.1: Comparative outputs from two scheduling policy simulators

Processes No 100 500
Parameters Waiting  [Turnaround Time | Waiting [Turnaround Time
Time Time
Preemptive 163.71 170.25 490.504 497.206
Non-preemptive 165.96 172.50 494054 500.756

Graph 4.1 represents the bar diagram showing the average waiting times for 100 and 500 processes.
Graph 4.2 represents the bar diagram showing the average turnaround times for 100 and 500 processes.

600 490504 494054
=163.71

u 490.504
165:96 ®165.96

® 494.054
Preemptive Non-Preemptive

Graph 4.1: Average waiting time
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600
W170.25
400
m 497.206
R0 m172.5
0 m 500.756
Preemptive Non-Preemptive

Graph 4.2: Average turnaround time
Preemptive scheduled simulator has shown well response as compared to non-preemptive one. But when the
processes with short burst time have to preempt and wait for a long whether due to some 1/0O request or preemptive
nature of scheduler in that case the non-preemptive scheduled simulator gives better results than preemptive one.
Thus on the whole preemptive scheduled simulator is considered as best among the two but starvation may be
possible for the lowest priority processes.

5. FUTURE SCOPE

Preemptive priority scheduling can cause problems known as ‘indefinite blocking’ or ‘starvation’ when two
processes share same data. Because one process may get interrupted in the middle of updating shared data
structures. In this a low priority task can wait forever because there are always some other tasks around that have
high priority. One solution to this problem is “priority swapping’, in which priorities of tasks get swapped after
once they executed using a time slice. Under this scheme a low priority process will eventually get its priority
raised high enough to get run. Thus the proposed work can be modified using this concept.
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ABSTRACT :

The paper studies the effects of a cognitive-behavioral stress management (CBSM) intervention in order to examine
intervention related changes in serum cortisol among breast cancer patients over a 12- month period in women who were
undergoing treatment for non metastatic breast cancer. The most widely used traditional reliability growth tracking model
and reliability growth projection model are both included as International Standard and National Standard models. These
traditional models address reliability growth based on failure modes surfaced during the test. This paper presents an
Extended Model that addresses this practical situation and allows for preemptive corrective actions.

Keywords: Cortisol; Breast cancer; relaxation; stress management; extended reliability growth model;
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1. INTRODUCTION

Women diagnosed with breast cancer encounter a number of burdens, including anxiety about treatment and
prognosis adjuvant therapy, and disruptions in daily living. Evidence suggests cancer-related stress has a negative
impact on health, possibly through neuroendocrine pathways [1], Cortisol, a steroid hormone secreted by the
adrenal cortex [2,11], is used to assess hypothalamic-pituitary-adrenal (HPA) axis function and is a reliable
measure of physiological stress, Cortisol affects multiple physiological processes, including metabolic and immune
responses in [10, 12]. Women living with breast cancer have higher cortisol levels compared with healthy women,
and higher cortisol levels are associated with greater disease severity in women with breast cancer [4].
Neuroendocrine regulation of cortisol and other adrenal hormones may contribute to cancer progression and health
outcomes through multiple mechanisms.

In today’s environment of compressed schedules and limited testing, every opportunity to identify the correct
reliability deficiencies in a new design is one of the prime objective. A metric for tracking system reliability before
development testing based on preemptive corrective actions for potential problem modes is discussed [7]. In the
test-fix-test strategy problem modes are found during testing and corrective actions for these problems are
incorporated during the test. For the test-find-test strategy problem modes are found during testing but all
corrective actions for these problems are delayed and incorporated after the completion of the test.

2. NOTATION
A Scale parameter for model
[ Shape parameter for model

tTest time

T Total test time
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MTBF Mean time between failures
X;i" successive failure time

N Total number failures
A, Projected failure intensity

M, Projected MTBF
Aca Achieved failure intensity

Ay Extended model failure intensity
M, Extended model MTBF

3. BACKGROUND ON THE WIDELY USED TEST-FIX-TEST AND TEST-FIND-TEST MODELS
To lay the groundwork for the Extended Model we first give some background on the two widely used basic
models. For reliability growth during test-fix-test development testing states that the instantaneous system MTBF

at cumulative test time t is
-1

M(t) = ABt" (1)
Where 0 <A and 0 <3 are parameters. The Non-homogeneous Poisson process (NHPP) with intensity in [8] is
defined by

r(t) = At )

Thus allowing for statistical procedures based on this process for reliability growth analyses. This model is

applicable to text-fix-test data not test-fix-find-test. Estimation procedures, confidence intervals, etc, in[9]. The
parameter A is referred to as the scale parameter and B is the shape parameter. For [ = 1, there is no reliability

growth. For [ <1, there is positive reliability growth. That is, the system reliability is improving due to corrective
actions. For [ >1, there is negative reliability growth. The basic model the achieved or demonstrated failure

intensity at time T, the end of the test is given by r (T). We denote the achieved failure intensity by

Aa=1(T) 3)
Suppose a development testing program begins at time 0 and is conducted until time T and stopped. Let N be the
total number of failures recorded and let 0 < X;< Xo< ....... Xn< T denote the N successive failure times on a

cumulative time scale. We assume that the NHPP assumption applies to this set of data in [3]. Under the basic
model the maximum likelihood estimates for A and £ (Numerator of MLE for [ adjusted from N to N-1 to

obtain unbiased estimate) are

jszﬂ,ﬁ:% @
ZIOQY
N
dA - = 5
an 75 5)
p=—"1 ©)

=
JZlogx—j

If it is assumed that no corrective actions are incorporated into the system during £ < 1 the test and then this is
equivalent to assuming that for A., and A ., is estimated in [5,6]. The estimated projected failure intensity

-290-



The Impact by Reliability Growth in Stress Intervention for Non-Metastatic Breast Cancer Through Stochastic Model

N ~
A=Ay +Z(l— E,)+ Eh(T / AT) (7)
N ~
)Ip:)IAG+z(1—Ei)+Eh(T/AG) (8)
The extended model projected failure intensity is
N ~
/]EM =/]CA_/‘AT +Z(1_ Ei)%"'Eh(T/AT) 9
N N . .
A=A a4 AT+z(1—Ej)?’+Eh(T/AG) (10)
J
The extended model projected MTBT is
1 1
M., =——andM = : 11
EM AEM EM /\ . ( )
4, EXAMPLE

The first hypothesis — that women in the intervention group would have decreases in cortisol levels across time
compared with women in the control condition was supported. Women who received the intervention
demonstrated decreases in cortisol across 12 months. The second hypothesis — that women in the intervention
group would report increased ability to relax across time compared with women in the control condition was also
supported. Those who received cognitive behavioral stress management (CBSM) increased confidence in their
ability to relax across time to a greater degree than control in [4]. Figure (1) shows mean values and 95%
confidence intervals for log-transformed serum cortisol values at time points 1,2 and 3 for women assigned to the
cortisol and intervention group.

Serum Cortisol
1.05 4
1
095 H
09 ; £ S— e
085 ——— _'\\ - - interverton
os H
075 y y .
1 2 3
Time
Fig(1)
1.5
I |
: —a— Control
0.5
== Intervention
0 4
1 2 3
Fig(2)

5. CONCLUSION:
These calculations can be updated continuously throughout the entire reliability growth test and across the test
phases, the model can be implemented using data over the test phases. Women who participate in a 10 — week
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Cognitive behavioral stress management intervention during treatment for breast cancer show decreases in
physiological stress in parallel with increases in perceived relaxation skills. This is the first study demonstrating
well-maintained reductions in cortisol after a Cognitive behavioral stress management intervention in cancer
patients during and just after treatment in fig (1). At the completion of the reliability growth test, it concludes that
from fig (2), the results coincide with the medical findings.
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ABSTRACT :

In this paper the new Technical method to solve interval linear Assignment Problem have been discussed which gives
optimal solution directly within few steps. In a ground reality the entries of the cost matrix is not always crisp. In many
application this parameters are uncertain and these uncertain parameters are represented by interval. Interval analysis
concept for solving interval linear assignment problems seem to be easiest as compare to methods of assignment problem.
The method of solving interval linear assignment problem is appropriate for both minimization and maximization cases.
Keywords : Assignment Problems, Hungarian method, and Interval Analysis,

MSc code: 90B80

1. INTRODUCTION

The assignment problem is one of the fundamental combinatorial optimization problems in the branch of
Operations Research in Mathematics. In such problem, it is required to perform all tasks by assigning exactly one
agent to each task in such a way that the overall cost of the assignment is minimized, if the numbers of agents and
tasks are equal. The assignment for all tasks is equal to the sum of the costs for each agent then the problem is
called linear assignment problem. In practical field we are sometime faced with type of problem which consists of
jobs to machines, drivers to trucks, men to offices etc. in which the assignees possess varying degree of efficiency,
called as cost or effectiveness .The basic assumption of this type of problem is that one person can perform one job
at a time. An assignment plan is optimal if it minimizes the total cost or maximizes the profit.

This type of linear assignment problems can be solved by the very well-known Hungarian method which was
derived by the two mathematician D. Ksnig and E.Egervary. Authors have proposed different methods to handle
different types of assignment problems. In this paper a general interval linear assignment problem is taken into
consideration with basis assumption that one person can perform one job at a time. In this study, the new method
has been proposed to handle such type of problem. We solved one example problem using this proposed method.
Corresponding results are computed and has been reported.

In this paper, we have developed new Technical method for solving an interval linear assignment problem to
achieve the optimal solution. It has been found that the optimal solution obtained in this method is same as that of
Hungarian method.

2. DEFINITION
2.1 ARITHMETIC OPERATIONS
The interval form of the parameters may be written as where is the left value [ ] and is the right value [ 7] of the

interval respectively. We define the centreism=——= and w="_ is the width of the interval [, ]
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Let[~, _Jand [, ] be two elements then the following arithmetic are well known

OITIH S =0+ _+ ]

G)[=_1-0[7 1=["-_ ,_1 Provideif[~, 1#0,0],
3.  ALGORITHM FOR MINIMIZATION CASE IN INTERVAL ASSIGNMENT PROBLEM
Let A, B, C ...Z denote resources and I, Il, I, IV... denote the activities. To solve the interval linear assignment
problems

Step 1: Find out the mid values of each interval in the cost matrix. Consider row as a worker and column as a job
Step 2: Under columnl write the resource say A,B,C,......... Z. Next find minimum Unit cost for each row
whichever minimum value is available in the respecting column, select it and write it in term of activities under
column 2 continue this process for all the Z rows and write the term of L1I......

Step 3: If there is unique activity then assign that activity for the corresponding resource hence we achieved our
optimal solution. If there is no unique activity for corresponding resource then the assignment can be made using
following given steps.

Step 4: If any one resource has unique activity, then assign that activity for the corresponding resource. Next delete
that row and its corresponding column for which resource has already been assigned.

Step 5: Again find the minimum unit cost for the remaining rows. Check if it satisfies step 4 otherwise, check
which rows have only one same activity. Next find difference b/w minimum and next minimum unit cost for all
those rows which have same activity. Assign that activity which has maximum difference. Delete those rows and
corresponding columns for which those resource have been assigned

Step 6: Repeat steps 4 to 5 till all jobs are assigned uniquely to the corresponding activity.

4. BALANCED INTERVAL ASSIGNMENT PROBLEM

41 EXAMPLE

The centre needs four application programs to be developed. The head of the computer centre, after studying
carefully the programs to be developed. Estimate the computer time in minutes required by the experts for the

application programs.

Programs
Programmers
1 11 111 1V
A 5 7 11 6
B 8 5 9 6
G 4 7 10 7
D 10 4 8 3

Assign the programmers to the programs in such a way that the total computer time is minimum.
Solution:
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a Programs
Programmers 0 0 I v
A [4,6] [6.8] (10,12 [5,7]
B [7.9] [4.6] [8,10] [5.7]
C [3.5] [6,8] [9,11] [6,8]
D [9,11] (3.5] [7.9] [2.4]
(7.9] | [4.6] | [8.10] | [5.7] s L
[3.5] [[6.8] | [9.11] | [6.8] C 1
[9.11] [ [3.5]] [7.9] | [2.4] = et
[4,6] | [6.8] | [5.7] Resource Activity
[7,9] [[4.6] | [5.7] A I
[9,11] | [3,5] | [2.4] B |
D v
[4,6] [5,7] Resource Activity
[3.5] | [24] B 11
D v
Result:
We are applying the proposed interval Hungarian method and solve this problem. We get an minimum assignment
cost is [19,27] and optimal assignment as A ,B,C,D machines are assign to 1,11, 111 ,I\V operators respectively This

answer is to be same as that of Hungarian method. Hence we can say that the minimum time as 23 in both the
methods.

5. ALGORITHM FOR MAXIMIZATION CASE IN INTERVAL ASSIGNMENT PROBLEM

LetA, B, C, ... Z denote resources and LILIII............ denote the activities.

Step 1: Find out the mid values of each interval in the cost matrix. Consider row as a worker (resource) and column
as a job (activity)

Step 2: Find the maximum unit cost for each row which ever maximum unit cost is available. in the respecting
column. Select it and write it in term of activities under column 2 Continue this process for all the Z rows and write
intermof I, 1l.........

Step 3: If there is Unique activity then assigned that activity for the corresponding resource, hence we achieved our
optimal solutions. If there is no unique activity for corresponding resources then the assignment can be made using
following given steps.

Step 4: If any one resource has unique activity then assign that activity for the corresponding resource. Next delete
that row and its corresponding column for which resource has already been assigned.

Step 5: Again, find the maximum unit cost for the remaining rows. Check if it satisfies step 4 Otherwise, check
which rows have only one same activity. Find difference between maximum and next maximum Unit cost for all
those rows which have same activity. Assign that activity which has maximum difference. Delete these rows and
corresponding columns for which those resources have been assigned.

Step 6: Repeat steps 4 to 5 till all jobs are assigned uniquely to the corresponding activity.
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51 EXAMPLE:

A marketing manager has five salesman and five districts. The marketing manager estimates that sales per month
(in hundred rupees)for each district would be as follows.

A B C D E

| 32 38 40 28 40

g 2 40 27 33 30 37
g 3 41 38 41 36 36
. 4 2 33 40 35 39
5 29 33 40 35 39

Find the assignment of salesman to districts that will result in maximum sales.

Solution:
A B C D E
g 1 [31,33] | [37.39] | [39.41] | [27.29] | [39.41]
z 2 [[39.41] | [26,28] | [32,34] | [29.31] | [36.38]
;E 3 [40,42] | [37,39] | [40.42] | [35.37] | [35.37]
o) 4 | [21,23] | [32,34] | [39.41] | [34,36] | [38.,40]
5 [28,30] | [32,34] | [39.41] | [34,36] | [38.40]
[37.39] | [39.41] | [27.29] | [39.41] Col | Col ,
[26,28] | [32,34] | [29,31] | [36,38] 1 C,E
[37,39] | [40,42] | [35,37] | [35.,37] 2 E
[32,34] | [39.41] | [34,36] | [38.40] ;_1 g
[37,39] | [39.41] | [27,29]
[37,39] | [40.42] | [35,37] Col Col »
[32,34] | [39,41] | [34,36] 1 C
4 ¢
5 C
[37.39] | [27.,29] Col | Col
[37.39] | [35.,37] I B
4 B
Result:

We are applying the proposed interval Hungarian method and solve this problem. We get a maximum assignment
cost is [186,196] and optimal assignment as 1, 2,3,4,5 machines are assign to B, A, E, D, C operators respectively.
This answer is to be same as that of Hungarian method. Hence we can say that the maximum time as 191 in both
the methods.

6. UNBALANCED INTERVAL ASSIGNMENT PROBLEM

Find out the mid values of each interval in the cost matrix. Consider row as a worker (resource) and column as a job
(activity).The number of columns and rows in the assignment matrix be equal. However when the given cost matrix
is not a square matrix, the assignment problem is called an unbalanced problem. Once the unbalanced assignment
problem is converted into balanced assignment problem then we can follow usual algorithm to solve the assignment
problem. In such cases a dummy row(s) (or) column(s) are added in the matrix with zero as the cost elements to
make it a square matrix,
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6.1 EXAMPLE PROBLEMS:
The corporation has floated tenders and five contractors have sent in their bids. In order to expedite work, one road
will be awarded to only one contractor.

Cost of repairs (Rs. Lakh)
C, 9 14 19 15
G 7 17 20 19
Contactors [, 9 18 B 18
Cs 10 12 18 19
Cs 10 15 21 16
Find the best way of assigning the repair work to the contractors and the costs.
Solution:
The given cost matrix is not balanced. Hence we add one dummy column (Road R5) with a zero cost in that column
R, R R3 R4 Rs
C [8,10] | [13,15] [ [18,20] | [14,16] | [0,0]
C [6,8] |[16,18] |[19,21] | [18,20] | [0,0]
Cs [8,10] | [17.19] |[20.22][17.19]][0.0]
Cy [9,11] | [11,13] |[17,19] | [18.,20] | [0,0]
Cs [9,11] |[14.16] | [20,22] [ [15.17]][0.0]
[13,15] | [18.,20] | [14,16] | [0,0] Col 1 Col2 diff
[17,19] [ [20,22] | [17,19] | [0,0] C R (5, 5]
[11,13] [ [17,19] | [18,20] | [0,0] G R, [10, 10]
[14,16] | [20,22] | [15.17] | [0,0] G R, [9, 9]
Cy R, [2, 2]
Cs R, (5, 5]
[18,20] | [14,16] | [0,0] Col 1 Col2 diff
[20.22] [ [17.19] | [0,0] G Ry [4, 4]
[20,22] | [15,17] [ 10.0] G Ry (3. 3]
Cj R4 [53 5]
[18,20] | [0,0] Col 1 Col2 diff
[20,22] | [0,0] Ci Rs [18,20]
G Ry [20, 22]
Result:

We have applied the proposed interval Hungarian method to solve problem. We get minimum assignment cost is
[50,58] and optimal assignment Cy, C,, Cs, C4, Cs road are assigned to R3,R1,Rs,R2,R4 operators respectively This
answer is same as that of Hungarian method. i.e. the minimum time as 54 in both the methods.

CONCLUSION:

Hungarian method is used to obtain optimal solution for an assignment problem. In this paper a new Technical
method of interval linear Assignment Problem is proposed where it is shown that this method also gives optimal
solution. The optimal solution obtained using this method is same as that of optimal solution obtained by Hungarian
method. However the technique for solving an assignment problem using our method is more simpler and easy as it
takes few steps for the optimal solution.
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ABSTRACT :

In this paper the availability analysis of a banking industry with two unit redundant system having imperfect switch using
Regenerative point Graphical Technique (RPGT) is discussed. Initially two non identical units are operative and one unit if
kept as standby. The standby put online with the help of an imperfect switch. The failure and repair rates are taken as
exponential and system is discussed with the help of tables.

Keywords: - Availability, Reliability, Primary Circuits, Secondary Circuits, Tertiary Circuits, Base-State, Regenerative
Point Graphical Technique (RPGT), MTSF, Busy Period of the Server, Expected No. of Server's Visits, Cold Stand-by,
Imperfect Switch.

1.  INTRODUCTION

In this paper we have discussed the availability analysis of a banking industry which has two units of different

efficiency. There is a third unit also which can be used as a standby to any of the two main units. The main units are

christened as A and B and the standby unit as C. The system fails if any two units fail. The failure rates for three

units are taken as A;, A, and Az respectively and the repair rates are taken as wy,wW,, Wy respectively. The failure and

repair rates are taken exponentially distributed. Priority in repairisas A>B > Ci. e. A is repaired first, then B and

then C. single repairman facility is available. The availability and behavior analysis has been discussed assuming

that the system is under steady conditions. The system is in good state if any two of the units are working and fails

if more than two units fail. The standby unit C is switched in with the help of a switch which is imperfect i.e. it may

fail even when it is not in use due to damage or aging or wearing out or any other reason. As per the hypothesis of

the work four parameters i.e. MTSF. Availability, No. Of Server’s Visits and the Busy Period of the sever are

evaluated. Particular cases are discussed taking all the repair rates and failure rates equal followed by tables.

2. Assumptions : - The following assumptions and notations / symbols are used: -

1.  The system consists of three non-identical units. Initially, two units are operative and other unit is kept in
cold standby.

2. Switching over is imperfect.

There is a single repairman for repair of failed units, and switch over device.

The failure rates and repair rates are exponentially distributed and are independent and are different for

different operative units i.e. main unit, standby and switch over device.

Repairs are perfect i.e. the repair facility never does any damage to the units.

Repaired unit is as good as new.

The order of priority of repair is: unit ‘A’, unit ‘B’, standby unit.

The system is discussed under steady state conditions.

Steady unit ‘C’ is steady to both nits ‘A’ & ‘B’.

Transition Diagram of the System: - Following the above assumptions and notations, the transition diagram

of the system is as shown in Figure 1.

P w

WOoN O
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The system can be in any of the following states with respect to the above symbol.
So = AB(C)S = aBCS S; = ADbCS
S; = ABcS = abCSsS Ss = aB(C)s
Ss = Ab(C)s = aBcS S = AbcS

3. Analysis of System:
They key parameters (under steady state conditions) are evaluated by determining a base-state and applying RPGT.
From the analysis of the diagram 1 it is concluded that the base state for the transition diagram 1 of the model is ‘0’

state.

3.1 Transition Probabilities: - The mean time to system failure and all the key parameters of the system (under
steady state conditions) are evaluated by using Regenerative Point Graphical Technique (RPGT) and using ‘0’ as

the base state of the system as under: -

Table 1

qii(H)

P; = q*;(0)

Qui= p‘llé(Pﬁl +PpA+pAz Pzt

A+t
(A4 +A2)t

=phe
Q2= pAze
Gos=pA,&tatAa)e
Qos= p)tzé(‘h”zh

Po.1 = phi/(hit+Az)

Po2= P;‘L:J'r k)
Pos= PAi/(Mi+h2)
Pos= ﬁllf'{ (Ll"'kz)

Qo= pwlé(11w1+lz+ﬂ.3}t
qua= A, @PWithztAalt
Q7= }[15(:‘3“’1 +Ax+43)t

Pro= pwWi/(pwitAat+As)
P1a= A/ (pwithatds)
p17= A/(pwitAatAs)

@ [J:pw2§(11w2+11+33)€
Qoa= Alé(i‘-’wz*ﬁx*ia)f
Qus= Asé‘(PW'z*M*‘Jst

p2.6= pWo/(pwath+As)
p24= M/ (pWatA+As)
P2s— As/ ([JW1+}\|+13)

Q== wsé{wadlﬂz]c
Q= 218 Wwstdi Azt

Q@ =)2 E(w3 +A1 4450t

P30= Wi/ (Aot ws)
p37= M/(AitAatws)
Pas= A/ (Mthatws)

Q2= pw, &Pt psa=1
gs.1=ae” ps.=1
Qo= e~ % Pe2=1

Qr.a= pw, @PWDt pry= 1

Qs 3= ;[Jl»‘)’zé("""'z)t Ps3=1
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Table 2 : Mean Sojourn Times

Ri(t) ui=R*(0)
Ry = g ha=1/(hrths)
R,"= glpwitdz+s)t wi=1/(pwithatis)
R,= gPWatAi 25t 1= 1/(pwrth+s)
R,V= gwa+d1+4:)t wy=1/(hthatws)
R““:’:J E;}wll 114: l."rpW1
Rs=¢e™ = 1/a
Rj'”= i ﬁ:= /o
R, "= gpPW1it U= |.pr1
Rg= gPvzt ps= 1/pws

The steady state equations of the system can be depited as :
Vo0 = (PW1HA+HA)A A (PW1HA+A3) (A1 +A2) (PW1HA+A3) = 1
Vo1 =(0,1)+(0,5,1)
Vo1 = Po1tPosPs.1
= PA/(A+A)+ A/(At+A2) = Ml (Agty)
Vo2 = Aa(pW1HA1+A+AG) (PW2 A1 +A3)] (PW2tAz) (Ar+A2) (PW1+A2+As)
Voz = As(A+AatW3)/Wa(Ar+A2) (PW1H+A2+As) [P AWotAiAs+p AW+ AaAat+Aa+AaAsl (PWotAs)]
Voa = MA2(PW1+pWoH+ A1+ Ao +2A3)/ (A1+A2) (DW2+A3) (PW1+Ao+A3)
Vos = A/(M+Ar)
Vos = Af(AtAr)
Vo7 = MASPAWHA A PWoW3+AWa+PA W FA A A A A) W3 (A +A2) (WA +A3)
(pw2tAs)
Vog = L[1-Aaf( A+A2+W3)-Ar/(Ar+Ao+W3) [PAL(A1+A2) Ag/ (PW1+A2+A3) Ao/ (A +Ao+W3)
+ A/(Ar+A2) Asl (PW1HA2+A3) Ao/ (A + Ao+ W3)+1-Ap (A1 + A0+ W3)/[1-Aa/ (PW1+A+As3).
1-A/ A+ Ao+ W3)-Aof (A1 +A2+W3) [PAL(A1+A2) Ao/ (PW1+A2+A3). A/ (PW2+ A1 +A3)
+ A/(A+A2) Aof (PW1H+A+A3) Asl (PWo+ A1 +A3) +PA2(A1+A2) Asl (Wt A +A3)+ Ao/
(AtA2). Al (pWatAs+As)

() MTSF(To): The regenerative un-failed states to which the system can transit(from initial state ‘0”), before
entering any failed state are: 0,1,2. For *¢ * = “0°, MTSF is given by

{ ( sr(srr) )} { ( sr(ssr) )}
pri & i) prl &%
MTFS(To) = | Xis, \v— 1o (| = |1~ Zs,

[, {1V} M, . (1=Vimzm;)

= [(0,0)ko+(0,1)p1+(0,2)1 J/[1-(0,1,0)+(0,2,0)]
= [(pwatA2+Az) (PWotAr+As)+pAs(A+As + pwa) + P Az (PW1HA2+Az)]
IT(MFA2) (PW1HA+As ) (PWatAs+As) - pPWa A (PWatAs+As) — pPWs A,
(PW1+A2+A3) |
(b) Availability of the system (Ag): The regenerative states at which the system is available are j = 0,2,3,5 and the
regenerative states are ‘i’ = 0 to 3. for «§ » =0’ the total fraction of time for which the system is available is given
A {ore 0}
- Jwr€@ =Nl | s Jwer@r g
O | e |
An :[Zj VE_,aj ’f,l’p'j—l T LZ:l Véaf ’ IJ'II]
= Vo ofobo+ Vo ifiki+ Vo fapa+ Vo sfaptal Voolo™+Voiti '+ Voo ... ... ... +Vo gHls"
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Takingfo=f,=f,=f;=1and u'=p
Ao= [{T/A+A)F + L M(A+A) Y {U(pwitAa+As)} +{ As(Ar+A+wa)/ws (A +A,)
(PW1HA+A3) [P AWo+AAzHD AW +A1 A0+ Ao+ AoAs/ (PWotAs) [ H L/ (A1 +A+ws) }
{Ao(pwWitAs+Az+As) (PWortAs+As)/ (PW2t+As)(A+A) (PWitAo+As)} {1/ (pwo+As+As)}] /
{L/(Aa+A) 3+ A/ (M+A2) 3 {1/ (pwitA+As)} +{ As(ArtAz+Ws)/Wa(As+A2) (PW1itA2+As)
[P AWt A As+p AWi+A Ao+ Ao+ AoAa/ (PWo+A3) [ H 1/ (A i+ Ao+ W3) H Ao(pwi+A+Ao+As)
(PW2+A+As)/ (PW2+A3)(A+A2) (PWitAz+As) HL/(pwW2+Ar+As) }
H{A A (PW1HPWot A1 +A+2A3)] (A +As) (PWotAs)(PWitA+As)} {1/pwi}
H{ M+ A) HLa3+{ Ao/ (Ar+A2) HU0G+{ A A/ pA W+ A Ag+PWoW3+A3Wa+
PAIW1 A AL+ A+ AA) W3 (A1 +A2) (PW1+A+A3) (PWo+Az) H{1/pw, }
H{L/[1-Aof ( A+t W3)- A/ (Ar+A2+W3) [PA1 (A1 +A2) Asl (PW1+A2+A3). Aol (A +A2+W3)
+ A/(AHAL) A/ (PW1HAZ+Az). A/ (A + A0+ W) +1-Ap(Ar+ Ao+ W3)/[1-Ay/ (pWi1+A+A).
1-A/ (A A2+ W3)-Aof (A1 + Ao+ W3) [PAL(A1+A2). Aol (PW1+A2+A3) Agl (PWot A1 +A5)+ Ay/
(A1 +A2) Aof (PW1H+AL+AZ) A/ (PWot A +A3) F A2 (A +A2) A/ (PWot A +Az)+ Aol (A1 +A,).
As/(pwatAs+As)} {1/pw.}]
(c) Busy period of server (Boy): - The regenerative states where the server is busy while doing repairs are j =

1,2,3,4,5, 6 7 8; the regenerative states are i = 0,1,2,3,4,5,6,7, 8 for “§ * = ‘0, the total fraction of time the server
remains busy is

o [EefE ] ey

nmz:&ﬁ_{] i lem }
B, =[Z, %, M;] + [Zi Ve i

= (VoiN1+Vo2N2+Vo N3+ Vo aNatVosnstVoeNet Vo N7+ Voghs)/ (Vo,oH01+V0,1H11+
Vo2 +Vo 3Hs'+Vo apla +Vo sts +Vo els +Vo 717 + Vo ghls™)
= [{A/ A+ } {U(pWit Ao+ A3)} +{ As(Ar+Ao+W3)/Wa(Ar+A2) (PW1H+A+A3)
[P AWt A1Ag+p AWt A Ao+t Ao+ A As (PWot Ag) [H L/ (A1 A+ wW3) } { A(pWitAi+Ax+As)
(PW2rA+AG) (PW2+A3)(Art+A2) (PWatAz+As) 1/ (pw2+As+Ag) }
+{ MA2(PW1HPpWot A +A2+2A3) [(Ar+A2) (PW2HAz) (PWi+A+As) } {1/pwi} +
{ M) Y {Ua Y+ { A (A+A2)} {1/a F{AA/PAIW A A3 +HPWoW3+A3W3
+p)\2W1 +)\1)\2+)\2+)\2)\3) /W3()\1+)\2)(pW1+)\2+)\3)(pW2+)\3)} {1/pW1}
H{L/[1-Aof ( Ag+Ao+W3)-Ag/ (A + A2+ W3) [PAL(A1+A2) A/ (PW1HA2+A3) Ao/ (A +Ao+W3)
+ A/ (Ar+A2) A/ (PW1H+A2+Az) Aol (A1 + Ao+ W3)+1-Ao(Ar+A2+W3)/ [1-A/(PW1+A2+As).
1-Aa/ A+ Ao+ W3)-Ao/ A+ Ao+ W3) [PAL (A1 +A2) Ao/ (PW1+A2+A3) A/ (PW2+ A1 +A3)
+ AM/(Ar+A2) Aol (PW1+A2+A3). Agl (PWo+A1+A3) +PA2(A1+A2) A/ (PW2+A 1 +A3)
+ Ao/ (M+A2). Al (PWartA+As) } {1/pwo}] / [{L/(Ai+ M)} + { A/(M+A2)}
{1/ (pw1+A2+A3) } +{ As(Ar+Aa+Wa)/Wa(A1+A2) (PW1+A:+Az) [P AWo+AAs+p
AW+ A A+ A0+ AN (PWo+A3) 1} {1/ (A s+ Ao+ W)} { Aa(PWitA+Ao+A3)
(PW2t A +A3)/ (PW2HAs) Aat+A2) (PW1+A+As) } {1/(PWotAi+As)} + { Ao
(PW1HPWo A1+ A+ 223) (A +A2) (PWaHA) (PWa A+ A HLpwi H { A/ (A+A2)}
{Va} +{ Af(A+A2)} {1/a } + {AAs/pAIWo+A Az +HPWo W3+ AsWs+PAWa+ALA,
FA2HAA) W3 (A +A2) (PW1HA+A3) (PW2+A3) H L pwi {1/ 1-Ao/ ( Ap+Ao+W3)
= M/ W) [PAL(ALHAL) Aal (PW1H+A2+A3) Ao/ A+ Ao+ Ws) + A/ (A1 +A2). As/
(PW1HAL+AZ) Ao/ (A + A0+ W3) +1-Ap(Ar+ Ao+ W3 ) [ 1-Ag/ (PW1H+A2+A3). 1-A/ (A + A2+ Ws)
Aol (AN W3) [PAL(A1+A2) A (PW1HA+A3) A/ (PWot A1 +A3) + A/ (A1+A2). Ao/
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(PW1HA+A3) Al (PWoHA1+HA3)+PA(A1+HA2) Asl (PWot A +As)+ Ao/ (Ar+Ay).
A/ (pwWotAs+A3) } {1/pw,}]
(d) Expected number of server’s visits (Vo): - The regenerative states where the server visits afresh for repair of
the system are j = 1,2,5,6 the regenerative states are i = 0 to 8 for § = ‘0’, the expected number of server’s visits
per unit time are given by
_ i) ], frr(c™ )
VU_ ZLST H"]:{{l _Vki,h] T ELST nk2¢5(1_vk2'k2)
Vo=[ZiVe;] + [ZiVei-ui]
= Vo,1+Vo2+Vo5+Voe/Vo Mo +Vo 1 M1+ Vo olz +Vo sHs'+Vo sy + Vo sis'+
Voells +Vo 7tz '+Voglls" Taking Wi = py
= A/ At A2) A (PWrt A H A+ W) (PWat A +A)+ M/ (M+A2)+ Aol (At AR)] [{1/(A+A2)}
H{ M/(AtA2)} {1/ (pwatA2+Ag)} +{ Ag(Ar+A+Wa)/wa(Ar+A2) (W1 +A2+As)
[P AWt AsAz+p AgWi+A Ao+ Ao+ AAs/ (PW2+Ag) IH 1/ (Ar+Aa+W3) HA(PWa+A1 A2 +As)
(PW2t A +A3)] (PWotAs)(Ar+A2) (PW1Az+As) L/ (PWot A +As) } {AA,
(PW1H+PW2HA1+A+2M3) [(A1+A2) (PW2+A) (PWitA+A0)} {1/pwit+{ A/(Ai+A2)}
{Ua}+{ A (A+A) HUa}+{AAs/ pAWo+A Az +HPWoW3+AW3+PA W1 A Ao+ A HALA3)
IW3(A+A2) (PW1HA2+A3) (PW2+Ag) HL/pW1 t+{1/[1-Ao/ ( A+AztWs)-Aa/(Ar+A2+W3)
[PAL(A1+A2) As/(PW1HA2+A3). A (A +A+W3) + Aaf (Ar+A2). As/(PWitA+As). Ao/
(A A2+ W3)+1-Ap (A + Ao+ W3)/[1-As/(PW1+A+A3). 1-As/ (A +Ao+W3)-
Aol A+ A2+ W3) [PAL (A1 +A2) A (PW1H+A2+A3) Agl (PW2+ A1 +A3) + Ao/
(Ar+A2) A (PW1+A+A3) Asl (PW2tAr+A3)+PA2 (A1 +A2). As/ (PW2+A1+A3)
+ Aol (A+A2). Ag(PWotAs+A3)} {1/pw,}]
4.  Particular cases :
If weputA;= A= Az A andw; =w, =wz =w, o =1, then we get,
MTFS(To) = [1/2A+(p/2)(1/pw+2N)+(p/2)(1/pw+2N)]/
[1-(p/2)(pw/pw+2A) (p/2) (pw/pw+2A)]
= [1/22+(plpw+2N) J/[1-(p°W/pw+2M)]
= [(pW+2A+4Ap)/2A(pw+2N) 1/ [(pw+2A-p?W)/(pw+2A)]
= [(pwW+2A+4Ap)/ 2N [(pw+2A-p°W)]
Availability ( Ag) = pw[w(pw+2A)(pw+3A)+[2\°(pw+2N)]/ [pwW?(pw+A) (pw+2)\)+
[2pAW?(pw+2N) ]+ [2A2Wp(pw+2A)]+[2A2W(pw+2A)]+[2Aw’p
(PWHA) (pW+2N) ]+ [2N% (pW+2Aw+2pAw+4A%)]
Busy period of server (Bo) = [pw*(p+1)+pw?(p+3)+2Aw(p+1)(p+2)+2p Aw’(p+1)
(p+2)+pAw(2wp+4pA+4w+5A)/pw?(p+3) (p+2)+2Aw(p+1)
(p+2)+2p AW’(p+1)(p+2)+pAW(2wp+4pA+4w+5))]
Expected number of server’s visits (Vo)= [pAW?(p+2)(2p+4+ (p+1)]/pw?(p+1)(p+3)
+pW?(p+3)+2pAw(p+2)+2p Aw?(p+1)(p+2+
PAW(2pw+4pA+4w+5A)]
MTFS (T,) : for different values of failure rates and repair rates.
MTFS (To) = [(pW+2A+4Ap)/2M[(pw+2A-p°W)]
The MTFS of the system is calculated for different values of failure rates by taking failure rates A = 0.06, .08, .009
and .010 and for different values of repair rate by taking w = 0.80,0.85, 0.90, 0.95, and 1.0. The data so obtained is
given in table 3.
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Table 3 : MTSF of the System

A | w=080| w=085| w=090| w=095| w=1.00
0.06 76.38 79.86 83.33 86.80 90.27
0.08 46.87 48.82 50.78 52.73 54.68
0.09 38.58 40.12 41.66 43.20 44,75
0.10 32.50 33.75 35.00 36.25 37.50

The table 3 shows that behavior of MTFS Vs repair rate of the unit of the system for different values of failure rate
A. From the above table we can conclude that MTFS is increasing as the failure rates decrease and repair rates

increase which should be so.

Availability Vs repair rate (w) and failure rate (A) : The availability of the system is calculated for different
values of of the failure rate A by taking A = 0.06, 0.08, 0.09 and 0.010 for different values of repair rate w by taking

w =0.80, 0.85, 0.90, 0.95, and 1.0 . The data so obtained is given in the table 3.
Table 4 : Availability of the System

A w=080 w=085| w=090| w=095| w=1.00
0.06 | 0.9808 0.9828 0.9845 0.9860 0.9873
0.08| 0.9677 0.9710 0.9738 0.9762 0.9784
0.09| 0.9603 0.9643 0.9677 0.9707 0.9732
0.10| 0.9549 0.9571 0.9611 0.9646 0.9677

Conclusion:- from the above discussion it is clear that mean time to system failure increases with increase in

repair rates and decreases with increase in failure rate. Similarly availability increases with increase in repair rates

which is in agreement with the expectations.
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ABSTRACT :
The incretins glucagon like peptide -1 (GLP-1) is one of the gastrointestinal peptide hormones regulating
postprandial insulin release secreted from pancreatic - cells. GLP-1 agonism is a treatment strategy in Type 2
diabetes and is estimated in Non- alcoholic fatty liver disease NAFLD. Since GLP1 can stimulate insulin
Secretion from the pancreas and alleviate type 2 diabetes. In this paper we determine the secretion of incretins
after oral glucose administration in Non- diabetic NAFLD patients.
In risk management and in the rating practice it is desirable to grasp the essential statistical features of a time
series representing a risk factor to begin a detailed technical analysis of the product or the entity under scrutiny.
This paper introduces a number of risk management applications. The model developed here suffice for the first
step in Quantitative analysis.
The broad qualitatives features here is mean reversion under the mean reverting processes the Vasicek model is
one of the earliest stochastic models of the short term interest rate.

S,=b+aS,+ce(t)
Keywords : Stochastic processes, mean reversion vasicek model, glucagon like peptide-1, Non alcoholic fatty
liver disease.
2000 Mathematics subject Classification: 60H10, 60H05

INTRODUCTION

Non alcoholic fatty liver disease (NAFLD) has become the most frequent chronic liver disease. The incretin
glucagon like peptide-1 is gastrointestinal peptide hormone regulating postprandial insulin released from pancreatic
- cells. GLP-1 is released postprandially form endocrine L- cells into the splanchnic and portal circulation. It
lowers plasma glucose and improves insulin sensitivity by increasing postprandial insulin release, decreasing
glucagon secretion and delaying gastric emptying [9,7]. The important criteria of the study was to determined
incretin secretion in patients with NAFLD.

Notations:

S - Stochastic process

W, - Standard wiener process

B - long term mean reversion level

a - Long term mean reversion speed

o - Long term mean reversion volatility.
u - Drift parameter

THE GEOMETRIC BROWNIAN MOTION
The Stochastic process S; is said to follow a Geometric Brownian motion describes the Random behavior of the

asset price level S; over time. The GBM satisfies the stochastic differential equation,
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dS;=uS; dt+ oS;dW; oo Q)
Here W, is a standard Brownian motion, a Wiener process that is characterized by independent identically
distributed (11D) increments that are normally (or Gaussian) distributed with Zero mean and a standard deviation
equal to the square root of the time step. Independence in the increments implies that the model is a Markov
Process, which is a particular type of process for which only the current asset price is relevant for computing
probabilities of events involving future asset prices. In other terms, to compute probabilities involving future asset
prices, knowledge of the whole past does not add anything to knowledge of the present[1][6].

The d terms indicate that the equation is given in its continuous time stochastic process is one where the value
of the price can change at any point in time. The property of independent identically distributed increments is very
important and will be exploited in the calibration as well as in the simulation of the random behavior of asset prices.
By techniques of the separation of variables, then the equation (1) becomes.

ds
Lzudt+0dW, 2)
t
The take the integration of both sides
ds,
— = [(udt+aodW,)dt ... 3
[ =] ) ©)
. ds, —
Since — relates to derivative of In (Sy)
t
By involving Ito calculus
ds
In S‘ = U-Z0° t+OW, i, (4)
t

Taking the exponential of both side and plugging the initial condition S,
then the analytical solution of this geometric Brownian motion[1] is given by,

Si=Spexp U —%02 t+oW,)

This equation shows that the asset price in the GBM follows a log-normal distribution, while the logarithmic
returns log (Swac /St) are normally distributed.
THE MEAN REVERTING BEHAVIOUR

One can define mean reversion as the property to always revert to a certain constant or time varying level
with limited variance around it. This property is true for an autoregressive process if the absolute value of the auto
regression coefficient is less than one (Jaj<l1). To be precise, the formulation of the first order autoregressive
process is:

u
Xwi=utox;+0 w1 OX,,(1- Q) ﬁ =X tO0 e (6)

All the mean reverting behaviour in the processes that are introduced in this section is due to an
autoregressive process feature in the discretised version of the relevant SDE [4],[6].

In general, before thinking about fitting a specific mean reverting process to available data, it is important to
check the validity of the mean reversion assumption. A simple way to do this is test for stationarity. Since for the
autoregressive process |o] <1 is also a necessary and sufficient condition for stationarity, testing for mean reversion
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is equivalent to testing for stationarity. Note that in the special case where a =1, the process behaves like a pure
random walk with constant drift, Ax,, =u+o .,

MEAN REVERSION : THE VASICEK MODEL
Mean Reversion is included in many finance models for the interest rate one of the earliest models is the Vasicek
Model, which describes the evolution of an unspecified short-term interest rate in a SDE, [3],[8].

dsi=  O(B-SYAt+adWy ...vevee v @)
with a , B and o are non — negative constants, s; is the current level of interest rate and dw, a standard Wiener
process. Under the risk neutral measure used for valuation and pricing one may assume a similar parametrisation
for the same same process but with one more parameter in the drift modeling the market price of risk.

This model assumes a mean- reverting stochastic behaviour of interest rates. The Vasicek model applies to
the evolution of the short-term interest rate. The Vasicek model has a major shortcoming that is the non null
probability of negative rates. This is an unreaslistic property for the modeling of positive entities like interest rates
or credit spreads. The explicit solution to the SDE between any two instants s and t, with 0 <s <t, can be
easily obtained form the solution to the Ornstein — Uhletnbeck SDE, namely;

au
s=B(1-e ) +s,e ) +ge ,[ efaw, (8)
S
The discrete time version of this equation, on atime grid 0 =to, t;, to ......... With (assume constant for simplicity)
time step At =t -ty (0 =t-5) is
ssb+as;+c (t) L )
Where the coefficients are:
a=e®™ (10)
b=p(1-e* (11)

And (t) is a Gaussian white noise ( ~N(0,1)). The Volatility of the innovations can be deduced by the Ito
isometry [5][6]
1 _ e—ZD’J
C=0"Q®=_— . 12
oq (12)
Whereas if one used the Euler Scheme to discretise the equation this would simply be o+/At which is the same

(first order in A t) as the exact one above.

8
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3 / =~ Patients n=52
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Figure 1.
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Example

Here 52 non- diabetic patients with biopsy proven NAFLD including patients with simple steatosis (n=16) or
NASH (n=36) and 50 healthy controls. Standardized oral glucose tolerance test was performed in all subjects after
an overnight fast according to a standardized protocol using 75g of glucose in 300ml tap water. Blood samples were
drawn before and [9] sequentially at 15,30,60,90 and 120 minutes after glucose administration. Plasma samples
were stored at — 70°C. The GLP-1 levels are measured sequentially for 120 minutes after glucose administration.
Glucose induced GLP-1 secretion was significantly decreased in patients compared to controls is in fig 2.

A & Controls n=50

% -=- Patients n=52

\
-

35—
-—

GLP-1 (pmol)

g‘

S

0 30 60 90 120
Time (min.)

-h b wh b
N0 O =N
h i il oS o -

Figure 2
CONCLUSION :
The Mathematical model also stresses the same cumulative effects of patients V, controls which are beautifully
fitted with Vasicek model as shown in figure 1 and 2. The Results of these analyses indicates that the Glucagon like
peptide-1 secretion was significantly decreased in patients compared to controls after oral glucose. The results of
the Mathematical and medical reports are beautifully coincide.
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ABSTRACT :

The paper deals the cost analysis of M/M/1/N queuing system with impatient customers. We assume that the
arriving customers balk with some probability and reneging follow negative exponential distribution. The
Markov process techniques have been applied to develop the steady state probability. Matrix form solution is
given along with some performance measures. A cost model has been developed to find the optimal service rate.
To demonstrate the use of the model, different parametric values have been specified and lucid illustration has
been presented with the help of table and graphs.

Key words: Balking, Reneging, Cost analysis, Exponential distribution, Steady state probability.

INTRODUCTION

For any Queuing system, Cost Analysis constitutes a very important aspect of its investigation. A study of queue
system seems to be adequate unless comprises of economic analysis. In practical situation, it is nothing but a cost
factor which enables to survive a queuing system. Various Researchers discussed the Equilibrium level queue
decision model (cost model). Under the analysis of the cost model, they have discussed the two conflicting costs
offering the service i.e. the cost of providing the service with the cost of delay in offering the services (waiting
time cost) and computed the expected total cost per unit time for the system.

Many researchers find insignificant place for impatient customers with random service. But in modern society & in
many real life problems the impatient customers play a meaningful role in a service system and can’t be ignored.
Such situations involving impatient telephone switch board customers, hospital emergency room which handles
critical patient, the inventory system with storage of valuable goods etc.. In this paper, we discussed the
performance analysis & the cost model of M/M/1/ N queue system taking the human behavior balking and reneging
in account.

Haight (1957, 1959) first of all considered the effect of balking and reneging phenomenon in queuing problem.
Ancker & Gafarin (1963) and Abou & Hariri (1992) studied the balking and reneging effect on some queuing
problems. Singh T.P (1985) made an attempt to incorporate the reneging concept (reluctant a customer remains in
line after joining & waiting) in serial queue network. Man Singh & Umed Singh (1994) studied the steady state
behavior for impatient customers. Ashok & Taneja (1983) studied the cost analysis of Multi channel Queue system
wherein both the arrival & service intensities are subject to alterations. Neetu Gupta (2009) etal. made an effort of
the balking and reneging effect on the performance of a queue system under certain constraints. Recently, Singh
T.P & Arti etal. (2014) discussed transient as well as steady state behavior of a serial queue system with reneging.
This work is further, an extended work of Singh T.P. etal. (2014) and it combines the work done by Haight &
Neetu Gupta in the sense that both concepts balking and reneging have been included and in addition the cost
analysis for the system has been explored with impatient customers through numerically example as well as
graphically to demonstrate how the various parameters of the model influence the behavior of the system.
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Activating and Deactivating the server may involve power charges equipment or man power charges. The cost can
be contributed as a fixed cost which we are not going to consider in our model. When the server is running or busy,
fuel and other costs may be charged called running cost or operating cost but these cost do not represent the entire
picture of an operation. Consider the case of an air craft repair. The air planes are not productive during they stay in
the repair depot and this loss time represents a cost to the owner i.e. we may consider a penalty for delaying the
customer in the system, the penalty may be termed as a waiting cost. If the customer balks or renege from the
system it is again a loss.

MODEL DESCRIPTION:

Model for impatient customers i.e. for balking & reneging stage can be depicted as follow

ASSUMPTIONS:

1.  Customers arrive at the system one by one in a Poisson stream with mean arrival rate A. On arrival a customer
either decides to join the queue with probability g, or balk with probability 1-g, when n customers are ahead

(n=1,234......... N-1) where N is maximum number of customers in the system. i.e.
0<gnisgn<l 1<n<N-1
On = 0 n= N

2. After joining queue each customer has to wait a certain time period T for service to start. If the service is not
started, he feels irritated and gets impatient and reneges from queue without being served. The time T is a random
variable follow exponential distribution and its probability density function is given by, d(t) = a ,t20,0=0
Here, a is the rate of waiting time T. as the arrival and departure of impatient customers without service are
independent, the function of customer’s average reneging rate is given by

0, 1I=0,1,23. ..

3. Queue discipline is FIFO, once service starts, it is without interruption i.e. it precedes till its completion.
4. We assume service times to be distributed as per exponential distribution whose density function are given by
St)=p , 120, u>0 Where [ is service rate
Steady state differential difference equations:
Define, P,= probability that there are n customers in the system,
gn = probability that on arrival a customer decides to join the queue or Balk with probability 1-g, when n customers
are ahead.
On Appling the Markov process techniques and elementary probability reasoning the following set of steady state
equations has been observed,
MP(1) = P(0) for n=0
gn1P(n-1) + (u+na)P(n+1) = [ gy+p+(n-1)a)]P(n) for n=1,2,3, ..... , N-1.
On-1P(N-1) = [u+(N-1)o)]P(N), forn=N
Now, we discuss the cost analysis of our system For N=4
The following equations are obtained:

MP(1) = P(0) for n=0 @
P (0) + (n+a)P(2) = [( gqu+p)]P(1) forn=1 2)
q:P(1) + (W+20)P(3) = [( q+pt+a)]P(2)  forn=2 ©)
92P(2) + (U+30)P(4) = [ gstp+2a)]P(3)  forn=3 (4)
qsP(3) = [u+3a)]P(4), forn=4 5)
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Solution methodology:

Writing the above equations in matrix form:
A M
A A oo
Aq A Mo« B 20
Aq A U 20 VRt
Aq Ho 3a

By solving as usual method, we get,
P(0) =k
P(1) =k

PQ = ——
PG3)=
P@) =

Applying initial conditions

> =1

i.e. P(0) +P(1) + P(2) +P(3)+P(4) =1
Putting the values we get,

K=1+-+ + +

Which is the value of P(0)
Cost Analysis and Performance measures:
Expected number of customers in queue i.e. waiting customer

E(Ng) =2 1

E(N) =3

Balking (B.R.) = > 1
Reneging (R.R.) =3 1

L.R.=B.R. +R.R.
Where L.R. is cost incurred due to customers loss.
p= control variable,

[eNeololoNe)

Obiject is to control the service rate to minimize system’s total average cost per unit.

C, = cost per unit time when server is busy.

C, = cost per unit time when a customer joins in the queue and waits for service.

C; = cost per unit time when a customer balks or reneges
F(u")= expected functional cost of the system per unit time
Total expected functional cost of the system per unit time
TF(W) = C1P(B) + C,E(N) +CsL.R.

P(B) = busy probability of server.

NUMERICAL ILLUSTRATION:

Consider maximum number of customer in system N =4,
The probability q,=1/n+1 & cost elements C,=16, C, =10, C;= 20
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Table-1 fora=.1

A= 4 5 6 7 8
E(Ng 0.06114 0.091609 0.125640 0.16526 0.207158
E(N) 0.3860 0.47839 0.56904 0.65800 0.7452126
LR. 0.07542 0.114223 0.158101 0.211769 0.27639
TF(u') 8.09076 10.6553 13.3549 16.2949 19.460916
W 0.93458 0.88577 0.8418 0.78834 0.72361

Table-2for =5

o= u| 2 3 i )

E(NY) 0.091609 0.0813 0.073405 0.0667 0.0661

E(N) 0.47839 0.46308 0.45102 0.4412 0.43297

L.R. 0.114223 0.118914 0.1228 0.1260 0.131157

TF() 11.20055 11.19128 11.19005 11.1817 11.28

u 885777 0.8810 0.8772 0.874 0.8638

Analysis of the Table:

1.  We select the fix rate of waiting time a =.1 & change value of arrival rate of customers , result can be
summarized in table-1.

2. We take fix value of =.5 & change the value of a, the numerical results are shown in table-2.

Table -1 shows that the total expected cost F(1") increase with increase of .The expected number of customers in

system as well as expected number of waiting customers and average rate of customer loss all increase with

increase of

Table -2 shows that the total expected cost increases with the increase of a. The expected number of waiting

customers in system and average number of customer loss as well as the optimal service rate all decreases with

increase in the value of a.

CONCLUSION

We have discussed the simple queue system with impatient customers and developed the steady state probability

equations. The Matrix form of the solution has been derived. We formulate a cost model to determine the optimal

service rate and total expected cost of the system per unit time. Although this function is too complicated to derive

the explicit expression for optimal service rate, even than we have made an attempt to evaluate numerically the

performance measures & the optimal service rate for the system. We have also presented how the various

parameters of the model influence the behavior of the system.
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