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Abstract: This paper develops group chain sampling plans (GChSP) for Exponential dis-

tribution when the life test is truncated at a pre-assumed time. The performances of the

GChSP such as the number of minimum groups, g and probability of lot acceptance, L(p) are

calculated by satisfying the consumers risk, β at a certain specified design parameter. Quality

parameter is defined in terms of mean with assumptions that the test termination time, t0, the

specified constant, a, the number of allowable preceding lots, i and the number of products,

r are pre-fixed. An example is provided for illustrative purpose for the GChSP. The article

continues with performances comparison between the GChSP and the group sampling plan

(GASP). The article concludes that the GChSP has better performances compared to the

GASP in terms of the number of minimum groups, g, the probability of lot acceptance, L(p),

the cost and the inspection time.
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1. Introduction

Acceptance sampling plays an important role in statistical quality control in
order to make sure that the final products meet all the specified requirements.
Acceptance sampling started decades ago when US military applied the accep-
tance sampling to test the reliability of bullet before it was sent to the army.
Since then, major attention has been given to the acceptance sampling.

The objective of conducting acceptance sampling is to get the sample size, n
for the inspection activity. At the same time, it should have optimum probabil-
ity of lot acceptance, L(p) while keeping the producer’s risk, α and consumer’s
risk, β as low as possible. The producer’s risk, α is defined as the probabil-
ity of rejecting a good lot meanwhile the consumer’s risk, β is defined as the
probability of accepting a bad lot.

Single sampling plan (SSP) is the most fundamental plan in the acceptance
sampling. Many studies have been done on the SSP for different distributions
[1], [2], [3], [4], [5] and [6]. However, the SSP only inspects one product at a
time. Nowadays, practitioners tend to inspect multiple products simultaneously
and this is known as group sampling plan (GASP) [7]. The GASP can reduce
the cost and inspection time since the inspection is conducted simultaneously.
When the inspection is costly or destructive, the GASP with zero or one as
acceptance number, c, is used. However, the GASP itself has one drawback.
That is, the probability of lot acceptance, L(p) starts to decrease very rapidly
when the acceptance number, c is zero or one.

The group chain sampling plan (GChSP) is proposed to solve the issue in
the GASP [8], [9],[10] and [11]. By applying the GChSP, it can reduce the cost
and inspection time while keeping the probability of lot acceptance, L(p) as low
as possible. For the GChSP, it has been applied to four distributions [8], [9],[10]
and [11] and up until now, no authors have applied Exponential distribution
for the GChSP. Therefore, this article proposes the GChSP for Exponential
distribution when the lifetime is truncated at the pre-assumed time.
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2. Exponential Distribution

For Exponential distribution, the cumulative distribution function (CDF) is
given by

F (t;σ) = 1− exp

(

−t

σ

)

, t > 0 (1)

where σ is the scale parameter. The mean of the distribution is

µ = σ. (2)

The test termination time, t0 is written as

t0 = aµ0. (3)

where a and µ0 are the specified constant and specified mean life respectively.
Therefore, probability of failure, p can be written as

p = 1− exp

[

−a

(

µ0

µ

)]

. (4)

3. Design of the Group Chain Sampling Plan

The GChSP is developed with the following steps [8], [9],[10] and [11].:

I. For each lot, find the number of minimum groups, g and allocate r prod-
ucts to each group such that the sample size is given by n = gr.

II. Accept the lot when d = 0 and reject the lot if d > 1.

III. Accept the lot if d = 1 and continue the inspection if no defectives are
found in the preceding i lots.

There are two risks emerging when conducting acceptance sampling, namely
producer’s risk, α and consumer’s risk, β. The probability of rejecting a good
lot is known as producer’s risk,α, while the probability of accepting a bad lot is
known as consumer’s risk, β. When deciding the number of minimum groups, g
for the GChSP, we make use of the consumer’s risk, β. Normally, the consumer’s
risk, β is expressed by the consumer’s confidence level. Suppose the consumer’s
confidence level is p∗, then the consumer’s risk can be written as β = 1 − p∗.
The number of minimum groups, g in the GChSP is determined by using

L(p) ≤ β. (5)
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The probability of lot acceptance for the GChSP is given by

L(p) = (1− p)gr + grp(1− p)gr−1(1− p)gri. (6)

The number of minimum groups, g is calculated satisfying equation (5)
when β = 0.25, 0.10, 0.05, 0.01; a = 0.7, 0.8, 1.0, 1.2, 1.5, 2.0; r = 2(1)5 and
i = 1(1)4. These design parameters are consistent with the previous literatures
[8, 9, 10, 11] for developing the GChSP using Exponential distribution. Once
the number of minimum groups, g is calculated, then the probability of lot
acceptance, L(p) can be calculated by using different values of mean ratio,
( µ

µ0
). For a fixed number of products, r, and number of allowable preceding

lots, i, the probability of lot acceptance, L(p) as a function of the mean ratio,
( µ

µ0
) is calculated.

4. Operating Characteristic (OC) Function

The probability of lot acceptance, L(p) can be defined as a function of the devi-
ation of specified mean life, µ0 from the true mean life, µ. This function is called
operating characteristic (OC) function of the sampling plan. Once the number
of minimum groups, g is obtained, then the probability of lot acceptance, L(p)
can be calculated at different values of design parameters.

5. Illustrative Example

Table 1 shows the number of minimum groups, g for the GChSP for Exponential
distribution at different values of design parameters.

Based on Table 1, the number of minimum groups, g is inversely propor-
tional to the design parameters. That is, the number of minimum groups, g
decreases as the consumer’s risk, β, the number of products, r, the number of
allowable preceding lots, i and the specified constant, a increase. For instance,
if the consumer’s risk, β is 0.05, the number of products, r is 4, the number of
preceding lots, i is 3 and the specified constant, a is 0.7, then the number of
minimum groups, g is 2.

Table 2 illustrates the probability of lot acceptance, L(p) when the number
of products, r is 2, and the number of preceding lots, i is 1.

Based on Table 2, it shows that the probability of lot acceptance, L(p)
increases as the mean ratio, µ

µ0
increases. For example, the probability of lot

acceptance, L(p) is 0.0758 when the consumer’s risk, β is 0.25, the number of
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Table 1: Number of minimum groups, g for Exponential distribution.

a

β r i 0.7 0.8 1.0 1.2 1.5 2.0

0.01

2 1 4 3 3 2 2 2
3 2 3 2 2 2 2 1
4 3 2 2 2 1 1 1
5 4 2 2 1 1 1 1

0.05

2 1 3 2 2 2 2 1
3 2 2 2 2 1 1 1
4 3 2 1 1 1 1 1
5 4 1 1 1 1 1 1

0.10

2 1 2 2 2 2 1 1
3 2 2 1 1 1 1 1
4 3 1 1 1 1 1 1
5 4 1 1 1 1 1 1

0.25

2 1 2 2 1 1 1 1
3 2 1 1 1 1 1 1
4 3 1 1 1 1 1 1
5 4 1 1 1 1 1 1

minimum groups, g is 2, the specified constant, a is 0.7 and the mean ratio, µ

µ0

is 1.

Suppose that an experimenter is interested that the true mean life is at least
1000 hours. The experiment is designed such that it will be terminated at 700
hours with the consumer’s risk, β of 0.25. Based on the consumer’s risk, β values
and the test termination time, the number of minimum groups, g is determined
by using the GChSP based on truncated life test. Assume that the lifetime
of a product follows Exponential distribution. If the experimenter designs the
experiment based on the number of products, r = 2 and the number of preceding
lots, i = 1, then the number of minimum groups, g is 2. Therefore, the design
parameters for the GChSP are (β, a, r, i, g) = (0.25, 0.7, 2, 1, 2). This means,
the experimenter needs to select a random sample of size 4 from the submitted
lot and place 2 products to each of the 2 groups. The lot will be accepted
if not more than one defective is recorded within 700 hours and no defectives
products are found in the next 1 subsequent sample. If the experiment has the
same design parameters, the probability of lot acceptance, L(p) increases from
0.0758 to 0.9426 when the mean ratio increases from 1 to 12, as shown in Table



496 M.A.P. Teh, N. Aziz, Z. Zain

Table 2: Probability of lot acceptance, L(p) for Exponential distribu-
tion.

β g a 1 2 4 6 8 10 12

0.01

4 0.7 0.0038 0.0732 0.3396 0.5463 0.6770 0.7605 0.8161
3 0.8 0.0087 0.1150 0.4217 0.6221 0.7389 0.8101 0.8562
3 1.0 0.0025 0.0594 0.3080 0.5151 0.6506 0.7389 0.7984
2 1.2 0.0089 0.1178 0.4281 0.6281 0.7438 0.8141 0.8593
2 1.5 0.0026 0.0609 0.3137 0.5216 0.6564 0.7438 0.8025
2 2.0 0.0003 0.0206 0.1829 0.3736 0.5216 0.6281 0.7046

0.05

3 0.7 0.0164 0.1602 0.4905 0.6797 0.7835 0.8449 0.8837
2 0.8 0.0489 0.2821 0.6281 0.7830 0.8593 0.9018 0.9277
2 1.0 0.0206 0.1829 0.5216 0.7046 0.8025 0.8593 0.8950
2 1.2 0.0089 0.1178 0.4281 0.6281 0.7438 0.8141 0.8593
1 1.5 0.0670 0.3344 0.6754 0.8155 0.8821 0.9185 0.9403
1 2.0 0.0226 0.1938 0.5435 0.7220 0.8155 0.8693 0.9028

0.10

2 0.7 0.0758 0.3485 0.6852 0.8217 0.8863 0.9215 0.9426
2 0.8 0.0489 0.2821 0.6281 0.7830 0.8593 0.9018 0.9277
2 1.0 0.0206 0.1829 0.5216 0.7046 0.8025 0.8593 0.8950
2 1.2 0.0089 0.1178 0.4281 0.6281 0.7438 0.8141 0.8593
1 1.5 0.0670 0.3344 0.6754 0.8155 0.8821 0.9185 0.9403
1 2.0 0.0226 0.1938 0.5435 0.7220 0.8155 0.8693 0.9028

0.25

2 0.7 0.0758 0.3485 0.6852 0.8217 0.8863 0.9215 0.9426
2 0.8 0.0489 0.2821 0.6281 0.7830 0.8593 0.9018 0.9277
1 1.0 0.1983 0.5435 0.8155 0.9028 0.9403 0.9597 0.9710
1 1.2 0.1289 0.4504 0.7596 0.8693 0.9185 0.9444 0.9597
1 1.5 0.0670 0.3344 0.6754 0.8155 0.8821 0.9185 0.9403
1 2.0 0.0226 0.1938 0.5435 0.7220 0.8155 0.8693 0.9028

2.

6. Performances Comparison

This section compares the performances of the GChSP and the GASP for Ex-
ponential distribution. The performances are compared based on the number
of minimum groups, g and the probability of lot acceptance, L(p).
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Table 3 shows the number of minimum groups, g for the GChSP and the
GASP for Exponential distribution.

Table 3: Number of minimum groups, g for Exponential distribution
for two different sampling plans

GChSP GASP with c = 1

β r a g

0.25 2

0.7 2 3
0.8 2 3
1.0 1 2
1.2 1 2
1.5 1 1
2.0 1 1

Based on Table 3, it indicates that the GChSP requires less number of
minimum groups, g, compared to the GASP. For example, the GChSP requires
2 minimum groups meanwhile, the GASP needs 3 minimum groups when the
design parameters for both sampling plans are (β, r, i, a) = (0.25, 2, 1, 0.7).

The number of minimum groups, g is normally related to the sample size,
n. If the number of minimum groups, g is high, then the sample size, n is high,
and vice versa. For the cost and inspection time, it depends on the sample size,
n. If the sample size, n is high, then the cost and inspection time increase,
and vice versa. Since the number of minimum groups, g for the GChSP is less
than the GASP, therefore it can be deduced that the sample size, n is less too.
Therefore, the cost and inspection time for the GChSP is lesser compared to
the GASP.

Table 4 shows the probability of lot acceptance, L(p) for Exponential dis-
tribution for two different sampling plans.

Based on Table 4, the probability of lot acceptance, L(p) for the GChSP
is always lower compared to the GASP. For example, the probability of lot
acceptance, L(p) is 0.0758 for the GChSP meanwhile, 0.1062 for the GASP
when the design parameters for both plans are (β, r, a, µ

µ0
) = (0.25, 2, 0.7, 1).

The finding is common as the article focuses on minimizing the consumer’s
risk, β, therefore it is expected that the GChSP has lower probability of lot
acceptance, L(p) compared to the GASP. The operating characteristic (OC)
for both sampling plans is clearly illustrated in Figure 1.

Based on Figure 1, it shows that the probability of lot acceptance, L(p)
for the GChSP is lower compared to the GASP for all values of the mean
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Table 4: Probability of lot acceptance, L(p) for Exponential distribution
for two different sampling plans

µ

µ0
GChSP GASP with c = 1

1 0.0758 0.1062

2 0.3485 0.4304

4 0.6852 0.7515

6 0.8217 0.8653

8 0.8863 0.9161

10 0.9215 0.9429

12 0.9426 0.9587

ratio, µ
µ0
. The finding is significant as the low probability of lot acceptance,

L(p) minimizes the risk for consumers to have a defective product. Therefore,
consumer would prefer to have the GChSP as the plan minimizes the risk for
them from having a bad product.

7. Conclusion

This article extends the GChSP based on truncated life test for Exponential
distribution at different values of design parameters. The design parameters
used in this article are consumer’s risk, β, specified constant, a, number of
products, r, and number of allowable preceding lots, i.

The performances of the GChSP are measured based on two different as-
pects. The first aspect is the number of minimum groups, g and the second
aspect is the probability of lot acceptance, L(p). The first finding showed that
the number of minimum groups, g decreases as the consumers risk, β, the
specified constant, a, the number of products, r and the number of allowable
preceding lots, i, increase. The second finding showed that the probability of
lot acceptance, L(p) increases as the mean ratio, µ

µ0
increases.

The performances of the GChSP are then compared with the GASP. It can
be concluded that the GChSP has better performances compared to the GASP.
By saying that, the GChSP has lower number of minimum groups, g and lower
probability of lot acceptance, L(p), compared to the GASP.

The GChSP has shown that it has better performances compared to the
GASP in terms of the number of minimum groups, g, and the probability of
lot acceptance, L(p). Therefore, it is worthwhile to study the plan for other
distributions as there are many distributions in the literature.



GROUP CHAIN SAMPLING PLANS BASED ON TRUNCATED... 499

Figure 1: Probability of lot acceptance versus mean ratio for Exponen-
tial distribution for two different sampling plans
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