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ABSTRACT

average sample number (ASN).

Modified Sequential probability ratio test (MSPRT) technique helps to increase the reliability and speed of stabilization detection on the Non homogenous
poison process (NHPP) with the maximum number of software faults to reduce error between the consumer risk and producer risk, with the time cumulative
system of hours. Modified sequential probability ratio test can be used to reduce the average sample size required to perform statistical hypothesis tests
at specified levels of significance and power. The proposed result suggests MSPRT along with maximum number of faults contained in software would be
useful in speeding up decision making while dealings error in a software reliability weekly index, we show the graphical performance of the MSPRT and
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Introduction

Acceptance sampling plans is an inspection procedures and
decision making used to determine whether to accept or reject
a lots this involves both the producer (supplier) of product and
the consumers (buyers). Consumers need acceptance sampling to
limit the risk for rejecting a good quality material or accepting
bad quality product. Consequently, the consumers, sometimes in
conjunction with the producers through contractual agreements,
specified the parameter of the plan, any company can be both
a producer of product purchased by another company and a
consumer of a products or raw material supplied by another
Montgomery [1].

The Modified Sequential Probability Ratio Test (MSPRT) was
developed by Abraham Wald more than a half century ago. It is
widely used in quality control in manufacturing and detection
of anomalies in medical trials. In this article, we will explain
the theory behind this method and illustrate its use Wald [2]. In
particular they stated that a sequential test procedure might be
constructed that would control error to the same extent as the
best current procedure based on a predetermined number of trials.
In probability theory and statistics, a probability distribution
is a mathematical function that gives the probabilities of the
occurrence of different possible outcomes in experiment which
described all the possible values and likelihood that a random
variable can take a range. This range can be bounded between the
minimum and maximum possible values Madison [3].

First idea of a sequential sampling plan test procedure goes back
to Dodge who constructed a double sampling procedure [4].

According to this scheme, the decision whether or not a second
sample should be drawn depends on the observations of the first
sample.

An Enhanced Evaluation Method of Sequential Probability
Ratio Test on Accurate event detection has high priority in many
technical applications. Events in acquired data series, their
duration, and statistical parameters provide useful information
about the observed system and about its current state.

Steland derive new acceptance sampling plans that control the
overall operating characteristics, the acceptance sampling in
particular a modified sampling and the case on the accuracy for
spatial batch sampling on the accuracy of the estimation [5].
Lens and Wilrich propose a simple and easy to design, special
case of sequential sampling plans by attribute, name cseq-1
sampling plans having acceptance numbers not greater than one,
and analyzed the properties of these plans compare them to the
properties of the widely used of sampling procedures [6]. Aslam
and Ali propose the acceptance sampling plans as an important
field of Statistical Quality Control (SQC) to inspect the final
product before it can be realized for consumer’s use, the testing of
items including computers, mobile phones, and automobiles need
the acceptance sampling plans schemes to solve the life testing
problems [7]. Other procedures and the consumers need efficient
acceptance sampling plans schemes. Singh, et al. considered
repetitive acceptance sampling for truncated life test in which the
life time of the product follows the generalized Pareto distribution
in which the plan requires less sample size than the acceptance
sampling plans [8]. Zoramawa, et al. comes up with a procedure
for computing double acceptance sampling based on truncated
life tests on inverse Rayleigh distribution operation characteristic
curve and Average Sample Number (ASN) which was best fit than
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the single acceptance sampling plan in which the decision of the
first and second is combined in order to reach a decision whether
to accept or reject the lot, Zoramawa and Gulumbe proposed a
sequential sampling plan for a truncated life test using a Rayleigh
distribution from a designed double sampling plans and specified
the consumer and producer confident level [9-10].

MSPRT Theory

MSPRT was originally developed as an inspection tool to determine
whether a given lot meets the production requirements or needs.
Basically, a sequential test is a method by which items are tested
in sequence (one after another). The test results are reviewed
after each test. Two tests of significance are applied to the data
accumulated up to that time for the average fault time modulel
and 2 in Mengmeng & Hoang software reliability measure base
on failure intensity.

Methodology

Concept of SPRT

Assuming two suppliers of product provide the same component

to a company. Although the components from the two companies

look exactly the same, their lifetime distributions are different.

Components from first supplier M have a mean life of ul = 15,

and components made by supplier N have a mean life of u2 = 20.

We want to determine if the components are from supplier M or

from supplier N by conducting a test. The test should meet the

following requirements

*  Ifthe module is indeed from supplier M, the chance of making
a wrong claim that it is from supplier N should be less than

*  Ifthe module is indeed from supplier N, the chance of making
a wrong claim that it is from supplier M should be less than

Therefore, we need to conduct two statistical hypothesis tests.
Since we know , the two tests are one-sided tests. The first test
is for supplier M

H :ry=
V=W at significance level of o,
H,:y =y,
The second one is for vendor N:
H w=y,
H, 'y =y,

When we take samples for the life test, the resulting sample mean
has one of the following values

When we take samples for the life test, the resulting sample mean
has one of the following values

With more and more samples, the sample mean will be closer
to the true population mean. The test will end with a conclusion
either from supplier M or from supplier N. This is the principal
behind a sequential test. A sequential probability ratio test is
based on this idea.

Calculation of SPRT

Now assume the lifetime t of the component follows an exponential

d1str1but10n Let @ =y, forsupplier M and @, =y, for supplier
N. The probablllty density function (pdf) of the exponential

dlstrlbutlon is

1.1

For an observed failure time ¢, if it is from supplier M, then the
“probability” of observing it is

Y
2 =f¢|3‘,A}’ =—e” Ay
‘ @,

1.2

Where Ay is a very small-time duration around y.

If the observation is from supplier M, then the “probability” of
observing it is

1.3

1 s
2= fqb[;'}dy =—e Ay
' @,

Ar

The likelihood ratio of the above two probabilities are given by

e_a Ay

[[42,
i=1 — In N

[[22,| | L
i=1

M

@D,
aas, o]
@‘Pu = D,

When designing an item-by-item sequential sampling plan, four
parameter of the AQL, the producer’s risk a (the probability of
rejecting a lot with AQL quality), LTDP and the consumer’s risk
B (the probability of accepting a lot with LTDP quality) must be
determined prior to determining the acceptance and rejection line.
Both the acceptance and rejection number must be integer, the
acceptance number is the next integer less or equal to, and the
rejection number is the next integer greater than or equal to Y2 .

R=In —
QT" Ay

Consider the ratios for SPRT the constant M and N are
approximated by

A;(I_B) B= B 1.5

Combining all the above equations, we get the decision formula
for SPRT as the follows

Q| @a-9% ,

nhn| =L |- 223 x?

"LDJ aq %"

In(i} e % P"%m[kﬁj 1.6
1-& CDMCD pry D, o

Which 1s:

In[ s }+?’L[??|:ﬂ} ”Z <In( ’B]Jrnfn{%} 1.7
l-a @, @u@\ =1 o @,

SPRT for Exponential Distribution

Assuming the lifetime of a product is described by a exponential

distribution. We will use SPRT to determine if the product meets

the following reliability requirements

» A target reliability of 92% at 2492 average hours of the 14
observation. If the component meets or exceeds the target
reliability, the chance of rejecting it (i.e., Type I error or o
error) should be less than 0.05. This is comparable to a2 in
the previous section.
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* A minimum reliability of 95% at 2492 average hours of the 14 observation. If the component’s reliability is 92% or less, the
probability of accepting it (i.e., Type II error or B error) should be less than 0.2.

Our objectives are to

*  Compute the acceptance and rejection line for the SPRT test.

*  Determine whether to accept or reject the component based on a series of observed failure times.
*  Obtainer the average sample number ASN

Solution using Manual Calculations
Calculate @, @, based on the reliability requirements. The reliability function for a exponential distribution is given by

)
R()=—-e
N
(2402

Therefore,®, givenas ) 95 =¢ * a) 4 @ =127.8229:

s A
2492 |

and @, equals 092 =¢ " %)= @, =207.786

We therefore obtained the regression coefficient, higher proportion and lower proportion for the given equation below

il In[ij-knﬁ{g} <Zn:xf < R+ % [ﬂ]mﬁ{ﬂ}
QD l-a @ = QD o Q,

Rejection region

Continuation Region of test and the sample

Cumulative Time Failure

Acceptance Region

Number of observation

Figure 1: Representation of SPRT to Horizontal Regions
y,=h + sn (Acceptance line), y =h,+ sn (Rejection line)

Vertical axis is the total number of observed non-conforming items, and then the operation procedure is given in the following
a) If the plotted point falls within the limit lines the process continues by drawing another sample

b) When the plotted points fall on or above the upper line, the lot is rejected

¢) When the plotted points fall on or below the lower line, the lot is accepted

Average Sample Number (ASN)
The function plots the average sample size required before the null hypothesis is either is accepted or rejected as the function of the
true value parameter being tested.

The ASN can be plotted from the following fixed points
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hy
ASN = ?,forp =0
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ASN=—————— forp =
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ASN = hy =1
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Result and Discussion
We consider week index for PHASE1 of system test data for exposure time cumulative system test hours from the software reliability
model with time dependent fault detection and fault removal Mengmeng & Hoang. We are going to consider the sample of 14week
index out of 21week index and take the average life truncated hours of 2492 [11-18].

Table 1: Number of Observations from Phasel of System Test Hours

Index 1 2 3 4 5 6 7 8 9 10 11 12 13 14

week

ETSTH 356 712 1068 1424 1780 | 2136 2492 | 2848 3204 3560 | 3916 | 4272 | 4628 | 4984

Table 2: Exponetial Function Representation of SPRT Template Result
Result Lower Higher Alpha Beta
Proportion Proportion Error Error
v, =h +sn=401.3732 + 70.356n>y> —225.57+70.356n = h, +sn 92% 92% 0.05% 0.2%
@, =207.786 @, =127.8229
Table 3: r, = h, + sn =401.3732 + 70.356n> y > —225.57+70.356n = h, +sn
Stage n.s h, h, Reject Accept Decision

1 70.3567 401.3732 -225.57 -155.213 471.7299 Reject
2 140.7134 401.3732 -225.57 -84.8566 542.0866 Reject
3 211.0701 401.3732 -225.57 -14.4999 612.4433 Reject
4 281.4268 401.3732 -225.57 55.8568 682.8 Continue
5 351.7835 401.3732 -225.57 126.2135 753.1567 Continue
6 422.1402 401.3732 -225.57 196.5702 823.5134 Continue
7 492.4969 401.3732 -225.57 266.9269 893.8701 Continue
8 562.8536 401.3732 -225.57 337.2836 964.2268 Continue
9 633.2103 401.3732 -225.57 407.6403 1034.584 Continue
10 703.567 401.3732 -225.57 477.997 1104.94 Continue
11 773.9237 401.3732 -225.57 548.3537 1175.297 Continue
12 844.2804 401.3732 -225.57 618.7104 1245.654 Continue
13 914.6371 401.3732 -225.57 689.0671 1316.01 Continue
14 984.9938 401.3732 -225.57 759.4238 1386.367 Continue
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SPRT REGION FOR EXPONENTIAL FUNCTION AT PHASE1
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Figure 2: Region of SPRT for Exponential Tetstch Phasel at
P=095P=092n=14
B=0.2,0=0.050,=207.786, &, = 127.78

At 14 trials observation test for exponential distribution function
with SPRT for phasel of system fault time less than 759.4238
and 1386.367 are Positive, more than continue are positive. But
it shows Rejection, at stage one, two and three terminate stage
accept no difference.

Table 4: Average Sample Number (ASN) Week Index for
Phasel System Test Exposure Time Cumulative Test

P Week Index for Phasel System Test Exposure Time
Cumulative Test Hours
ASN | ASNP=0 h
s
P=0 5.705
ASN | AsN Pzpli(lfa)(h‘ —ah)
S-A
P=P | 5.648
ASN | _hh
S(1-5)
P=S 18.55
ASN | A=A —Bh)
B-S
P=p, |3.53
ASN | p=1 o
1-8
P=1 3.252
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Figure 2: Region of SPRT ASN for Exponential Tetstch Phasel
atP=0.95,P=092n=14

Conclusion

Sequential stage sampling plans test (SPRT) can have substantial
time and resources which provide an alternative to fixed sample
plans that can help to reduce the producer and the consumer risk
for reaching a wrong decision. The proposed plan is useful in
minimizing both the producer’s and consumer’ risk, however we
consider exponential families function and fit the model with the
sequential function and we show the graphical performance of
SPRT with exponential function, average sample number where
also computed and plot. The proposed plan yields the minimum
efficient until a decision is made on the lot or process sampled,
after each item is taken, a decision is made to accept, reject or
continue sampling.
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