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Abstract—The main thrust of this paper is to design optimum cost procedure for skip lot sampling plan of type SkSP-2 and
SkSP-3 with single sampling as reference plan using GERT techniques. This favors producer as well as consumer. Simulation
has been done and tables are constructed for various iterations of parameters of SkSP-2 and SkSP-3 with single sampling plan.
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l. INTRODUCTION

Acceptance sampling has been widely gained application in
industry since the period of Dodge and Romig [4]. The
purpose for which sampling inspection is applied varies from
situation to situation. In some production processes, the
formation of discrete lots is not possible among the
successive flow of products. The inspection along this flow
is performed on individual unit is the continuous sampling
plan designated as CSP-1 by Dodge [5]. The continuous
sampling approach may be utilized to an individual lot
received in a steady stream of production is the skip-lot
sampling plan SkSP-1 introduced by Dodge [6] and then
Dodge and Perry [7] developed SkSP-2 in which the
producer’s risk and consumer’s risk has been factored into
skip-lot procedure using standard reference plan.
Soundararajan and Vijayaraghavan [24] proposed a new
system of SkSP-3 under the skip-lot sampling inspection
plan. Vijayaraghavan [25] has designed and evaluated the
SkSP-3 plan.

Ohta and Kase [14] determine the testing sequence which
minimizes the average total cost using GERT analysis.
Chakraborty and Rathie [2] studied inspection system
influenced by error through GERT and various costs
associated with CSP-1, CSP-2 and CSP-3 had been given.
Chen and Chou [3] determine the minimum total expected
cost per unit produced under Cassady et al. model for CSP-1.
Haji and Haji [10] states that either a 100% inspection or
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random inspection should be adopted on continuous
production to minimize the average unit cost.

Lin [12] determines the optimum policy of CSP-T with
return cost using GERT approach. Balamurali and Jun [1]
has given an economic design for SKSP-V in which the cost
is lower under the SkSP-V. Pradeepa Veerakumari and
Resmi [18] designed optimum plan parameters for CSP-2
through GERT analysis. Vispute and Singh [26] developed
an economic acceptance sampling plan for variables under
the method of second order auto correlation. Haji and Haji
[10] have been motivated to develop this study based on
optimum cost for the skip lot sampling plan. The present
study elaborates the structural network which has its
stochastic nature is developed for this skip-lot sampling
plan-2 (SkSP-2) and SkSP-3 with the Graphical Evaluation
Review Technique (GERT) helps in inspection reduction and
also economically optimal.

The Rest of this paper is organized as follows. In the next
Section Il the definitions and brief note are described.
Section Il contains the methodology, Expressions, some
measures and notations; Section IV contains numerical
illustration, results and discussion to obtain the optimal
solution with respect to the parameter of the plan. Section V
presents the conclusion of research work with future
directions. Further this paper is expressed in figures and
tables.
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Il.  DEerFINITIONS AND BRIEF NOTE
Graphical Evaluation Review Technique (GERT):

The GERT was introduced by Pritsker [20]. Several
contributors introduce procedures for various sampling plan
in order to obtain optimum policy. Kase and Ohta [15]
analyze the dynamics of Dodge-Romig sampling inspection
plan. Gauri Shankar and Mohapatra [22] analyzed Dodge’s
CSP-1 through GERT approach which is a visual dynamic
representation of the flow of the inspection network and it
tells the thorough characterization of the sampling plan. The
network alternates between screening inspection and fraction
of sampling. The network activity embodies with logical
nodes and directed branches. The probability of the branch, ¢
of the network is where it emanates from the node. The
moment generating function specifies distribution and the
expectation of a function of random variables cost C and i.
The cost C associated with a network is characterized by the
moment generating function of the form Mc(0)
=Y. exp(CO).f(C) =W(C)/P(transition states). The w-function
is a key factor which gives information about the sequence of
operations obtained by the relationship between these nodes.
The w-function is by multiplying the moment generating
function with the probability of the respective branch. W(C)
= ¢0.Mc(0). Also the Moment generating function is in terms
of number of lots passed. W(i) = P.M;(0)=P¢’. The variability
in the costs has been ascertained in the section 3.

I1l. METHODOLOGY AND MEASURES

Evaluation of parameters of SkSP-2with SSP using
GERT:

Perry [17] gave the operating procedure of SKSP-2 as,

i) Start with normal inspection of each lot using the
reference plan.

ii) When i consecutive lots are found conformity to
standards, then switch to skipping inspection (inspecting
only f of lots) using the reference plan.

iii) If any lots are found non conformance on skipping
inspection then a lot is rejected, switch to normal inspection.
Otherwise continue the skipping inspection using the
reference plan and accept the lot.

iv) The rejected lots are replaced by the good ones and revert
to 100% inspection under step (i). The termination of
inspection is happens, when the lot is found clear of defects.
The probability of acceptance under Poisson model for the
single sampling plan is given by

P=Xseo i x=0,1,2 .0 )
The probability P that the network branch, is realized and the
number of lots is associated with the activity performed is

represented by the branch.
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Figurel. GERT network of SkSP-2 under normal inspection (100%
inspection) and partial inspection (sampling fraction)

The Figure 1 shows the Skip-lot sampling system-2 under
screening inspection for one inspection cycle is expressed as,
_ (Pe?)
Wsw sip (©)= 1-(Qe®[1+Pef+(Peb)2+...+pi-1¢(i-1)0))

W. 0)= :
swsiep (9 1-Pe®—Qef+Pe®(Qef)"
The probability realization of 100% inspection is
PSN skp (9) = [WSN skp (0)]920 =1 (2)
Therefore Wi, skp (6) = Mg, skp 0

(Peo)i(l—Pee)

©)
and the average number of inspection as Perry [17] in
screening inspection for SkSP-2 during one inspection cycle
is

o

_ 1-pi

~ Pi(1-P) Q)
The Figure 1 depicts the SKSP-2 under sampling fraction one
inspection cycle is expressed as,

(dMsy skp(ﬂ)] _ 1-pitl_piypitl
de 9=0 PiQ

eG
Wi (6)= 1—(1—f)£§—(1—0)f99 ®)
The probability realization of sampling inspection is
Psska(g): [Wsska(g)]e=o =1 (6)
Thus, Wsska(e): Msska(e) ©)
Then differentiatinngska(H), we get
[(dMSskp T(e)] - £Qe®
a0 g0 1-(1-Pef-(a-o)re?
_fe _ 1
V=27 = fan ®)

is the average number of lots passed under sampling fraction
on one inspection cycle.
Hence the Average fraction of lots inspected over long run is
— UV _ £ )
u+v (A-f)P+f
Glossary and Notations:
So = Initial state of the sampling plan.
Sy = Start with Normal inspection.
Ssp = Switch to Skipping inspection.
T = Transition to normal inspection.
P = Probability of acceptance under reference plan, Q = 1-P
i = Number of lots to be inspected.
f = fraction of lots to be inspected in the skipping inspection.
U = Average number of lots inspected under normal
inspection.
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V = Expected number of lots passed under sampling fraction.
C = cost associated with the stochastic branch.

¢, = Inspection cost of one product.

c, = Cost of defective product returned by the customer.

cs = Reworking or replacing cost for one defective product.
E(C) = Average cost for one inspection cycle.

E(L) = Expected amount of lots in an inspection cycle.

The Possible states for SkSP-2 inspection system can be
defined as,

Sy = Start with normal inspection of i clearance number of
lots, using the single sampling plan as the reference plan.

In the case of SkSP-3 if a defective is found in f, continue
with k reduced clearance number of lots.

Sap= Transition to Skipping inspection is in effect.

T = Transition to normal inspection.

Designing of Optimum Cost Model for various Skip lot
Sampling Plans:

When the average sample number increases, the total cost
of inspection on a product also increases. In order to
inexpensively save the cost for the producer considering
both the risks the GERT technique has been employed.
Based on the work Haji [10] and Lin [12] the cost model
has been developed for Skip-lot sampling plan-2 and SkSP-
3. Here instead of considering chance of inspection error the
reference plan of single sampling plan has been initiated
with the confidence level not less than 1-a. This allow to
proceed the inspection further satisfying the condition,

Pa (p1) = 1-a (i)

Pa (p2) <P (ii)

Let z be the number of units produced and the cost involves
inspection cost of one unit, defective unit returned by the
customer, incoming defective (quality) and the rework or
replacing cost of a product. Then from the renewal process
by Ross [21] the steady state average unit cost of sampling
plan in terms of i and f can be written as

P E(z)_ E(cost during the inspection cycle)
C(I’f)_hmz_’oo z E(length of a cycle) (10)
The nature of the C(i, f? is expressed as,
8C(1,H=C(1,fM)-C(i,f?) for “fixed i and f varies according to
Haji [10].
. MW (cq+pcz)+PiP[cy (1D

SC(I,f)_f ¢ 1f?1)3—)f(1)P£+2P(i )

_ F©(cy+pe3)+PiPcy (1-£(0)]
FO_f(0piypt
(11)
The partial inspection in which each lot is inspected with
probability of acceptance P (>0.95) is optimal as 3C(i,f) >0
depends on the values of ¢,, ¢,, ¢ and p.

Average total inspection Model for SkSP-2:

The term U and V can be taken without using their actual
values applying Mason’s rule. The w-function is in terms of
number of lots at both stages for one inspection cycle as
Wy sip 7(0) = 2. ¥ = g™V (12)
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The probability of network realization is given by

Psy skp r(0) = [Wsy skp 7(0)]o-0 = (13)
w
Thus, Msy g 7(0) = ;NSkp @ = e(UW)e (14)
SN skp T

The expected length of each cycle during normal inspection
and skipping inspection is the total number of lots inspected,

am )
E(L):[is"’;g’” ]H =U+V

1
E(L)= Pl(l P) " f(1-P) (15)

Cost Model for SkSP-2:
eUle,7pe )8 1 afVic +pe )0 ell-DVpe
@ ‘KT/\ Ny 0 ’}@

Figure2. Cost Model for Skip-lot sampling plan-2 and SkSP-3

Figure 2 describes various costs associated with a skip-lot
sampling plan-2 expressed in the w-function from the start to
the end of the inspection.

The moment generating function of cost C if
Mc (0) = e (16)
where C and 0 is a real variable.

Thus various costs associated is expressed in the w-function
from the beginning to the end  of the inspection of the lot
as,

WSN skp T(e) — eU(cl+p(:3)() ) efV(cl+pc3)0 ) e(l-f)Vpczo (17)

The probability of network realization is

Psy skp7(0) = [Wsy skp 7(0)e=0=1 (18)
Wsys (6)
Thus, Msy sigp7(0) = 55 =270 = Wy 4, 26) (19)

Further, the expected total cost of each inspection cycle for
SkSP-2 is

d 0)
€(C) = [%]9 = (UH)(ertpes) + e (LDV
E(C) = Cotpe iy + ) + P (MD o (20)

and the variances V(C) of the cost C are from the start of the
inspection to the delivery of a lot.

V(©) = (@Msy gpr®)  ((@Msy g (O
azo 9=0 6=0

ao
i 2

{(C1 +pes) { Pl (1P_P) (1- P)} + P =D f(1—P)}2 i

{(Cl +pca) { Pi(1- ;) T p)} +pe(1-D f(11—P)} 21

The ASN, C(i, f) has been simulated and provided in Table 1
and Table 2 for various values of iand f.

Table.1 Optimum cost and ASN using SkSP-2 when i=4, n=20, c=1
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o [ v L] A [ow | e ]
0.00002 | 0.999 10 0.013 6 0.008 5 0.006
0.0001 | 0.999 10 0.013 6 0.008 5 0.006
0.002 0.999 10 0.019 6 0.012 5 0.010
0.003 0.998 10 0.022 6 0.014 5 0.012
0.004 0.997 10 0.025 6 0.016 5 0.014
0.005 0.995 10 0.028 6 0.019 5 0.016
0.006 0.993 10 0.03 6 0.021 5 0.019
0.010 0.983 10 0.04 6 0.03 5 0.036
0.011 0.979 10 0.047 6 0.033 5 0.029
0.012 0.975 11 0.05 6 0.035 5 0.032
0.013 0.972 11 0.053 7 0.038 6 0.034
0.015 0.963 11 0.06 7 0.043 6 0.039
0.017 0.954 11 0.07 7 0.049 6 0.044
0.018 0.949 11 0.072 7 0.051 5 0.046

Table.2 Optimum cost and ASN using SkSP-2 when i=4, n=20, c=1

0 o | ASN TCGf [ ASN TCGif
f=1/5 =1/10
000002 | 0999 | 4 |0005| 2 | 0.003
00001 | 0999 | 4 |0005| 2 | 0.003
0002 | 0999 | 4 |0009| 2 | 0005
0003 | 0998 | 4 |0010| 2 | 0007
0004 [0997 | 4 [0012| 2 | o0.008
0005 | 0995 | 4 |o0014| 2 | 0.009
0006 | 0993 | 4 |[0016| 2 |o0011
0010 | 0983 | 4 |o0024| 2 |[o0017
0011 | 0979 | 4 |0026| 2 | o018
0012 | 0975 | 4 |o0028| 2 | 0019
0013 | 0972 | 4 |0029| 2 |o0022
0015 | 0963 | 4 |0034| 2 |o0024
0017 | 0954 | 5 |0039| 2 | 0028
0018 | 0949 | 5 |0041| 2 | 0.030
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The long run minimum average unit cost subject to i and f is
given by
i
(c1+pc3)y o7+ +pcz A-D 75
E(C)_ {pt(l —p) - P)} f(l P)
Cif =5 0= T (22)

Pla-p)  TG-P)

Average total inspection Model for SKSP-3:

The term U and V can be taken applying Mason’s rule [13].
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Figure4. GERT network of SkSP-3 under normal inspection
and partial inspection

Figure 4 shows the w-function is in terms of number of lots
at each stage for one inspection cycle as,
Wsy g 7(8) = 2. ¥ = eV’

The probability of network realization is given as

Psy skp r(0) = [Wsy skp 7(0)]o=0=1 (23)
Thus,
Wsn skpT(0) -
MSN skp T(e) = p;VN k: TT (U V)0 (24)
skp

The expected length of each cycle during normal inspection

and skipping inspection is the total number of lots inspected,
am ©))

E(L) = [M]ezo =U+V

_ (=P (2=PH)
EL)= S *rern

(25)

Cost Model for SkSP-3:

Figure 2 shows various costs associated with a skip-lot
sampling plan-3 expressed in the w-function from the start to
the end of the inspection.

The moment generating function of cost C is

Mc (0) = e’

Further, the expected total cost of each inspection cycle for
SkSP-3 is

(AMsy spp 70D

E(C) = [ = (UsV)(ertpes) + pe: (1DV

_pl _pk
E(©) = Carpoa S22+ B b pe, (10 220 (26)

and the variance V(C) of the cost C is from the start of the
inspection to the delivery of a lot.

V(C) = @Msy o, 7(0) @Msy o (0N
€)= a20 90 - a0 90
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e+ pea { S+ T2 b, () (z(ff,l)}

k
{(Ci + pc3) { (1Q:i ) + Q((Zl_PPIZ)} + pc (1-90) fc(;l Ppk)} (27)
Thus the distribution of the cost C is degenerate distribution
as their variance is zero. It implies that the variability of the
cost is constant throughout the inspection under SkSP-2 and
SkSP-3. The long run minimum average unit cost subject to
i, kand f is given by

(1- pi) (2-PK) (2-PK)
NG) ““PC”{ ort Q<1-Pk>}+pcz<1‘ﬂm -
N30 M) (28)

QPt " fQ(1-Pk)

The ASN, C(i, f) has been simulated and provided in Table 3
and Table 4 for various values of f.

Table.3 Optimum cost and ASN using SkSP-2 when i=4,

k=1, n=20, c=1
p P ASN [ C(i,fh [ ASN [ C(i,f) | ASN | C(i,f
f=1/2 f=1/3 f=1/4

0.00002 | 0.999 10 0.025 6 0.025 5 0.025

0.0001 | 0.999 10 0.026 6 0.026 5 0.026

0.002 0.999 10 0.035 6 0.035 5 0.035

0.003 0.998 10 0.04 6 0.04 5 0.04

0.004 0.997 10 0.045 6 0.045 5 0.045

0.005 0.995 10 0.05 6 0.05 5 0.05

0.006 0.993 10 0.055 6 0.055 5 0.055

0.010 0.983 10 0.075 6 0.075 5 0.075

0.011 0.979 10 0.08 6 0.08 5 0.08

0.012 0.975 10 0.085 6 0.085 5 0.085

0.013 0.972 10 0.09 6 0.09 5 0.09

0.015 0.963 10 0.1 6 0.1 5 0.1

0.017 0.954 10 0.11 6 0.11 5 0.11

0.018 0.949 10 0.115 6 0.115 5 0.115

Table.4 Optimum cost and ASN using SkSP-3 when i=4,

k=1, n=20, c=1
p P ASN | C(i,f) | ASN C(i,f
f=1/5 f=1/10

0.00002 | 0.999 4 0.025 2 0.025

0.0001 | 0.999 4 0.026 2 0.026

0.002 | 0.999 4 0.035 2 0.035
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0.003 0.998 4 0.04 2 0.04

0.004 | 0.997 4 0.045 2 0.045

0.005 | 0.995 4 0.05 2 0.05

0.006 0.993 4 0.055 2 0.055

0.010 0.983 4 0.075 2 0.075

0.011 | 0.979 4 0.08 2 0.08

0.012 | 0.975 4 0.085 2 0.085

0.013 0.972 4 0.09 2 0.09

0.015 0.963 4 0.10 2 0.10

0.017 0.954 4 0.11 2 0.11

0.018 | 0.949 4 0.115 2 0.115

IV. RESULTS AND DISCUSSION

Numerical lllustration:

Let the number of units to be inspected is under SkSP-2 with
the single sampling plan as reference plan n=20, c=1, where
i=4 and f=0.25. From the Table 2, assuming that the unit cost
of inspection is ¢;=0.25, ¢,=1, ¢;=5 and p=0.01 then ASN=5
and C(i,f)=0.0304. Suppose a lot size N=1000 in which
number of units to be inspected using the single sampling
plan as the reference plan n=20, c=1, where i=4 lots and
f=0.3, then ASN= 6 and C(i,f)=0.043. The behavior of the
cost function (11) between these two plans are
3C(i,f) = 0.043-0.0304 = 0.0126.

As 8C (i, f) > 0, the partial inspection in which each lot is
inspected with probability of acceptance P is optimal. Here
C(i,f) is an increasing function of f and p. The cost remains
same and has least difference for the respective sampling
fraction of lots with the same incoming quality although the f
value changes. Considering the SkSP-2 and SkSP-3, the
distribution of the cost C is degenerate distribution as their
variance is zero. So the optimal value of clearance number i
depends on the incoming defective p and various costs
parameters includes in the inspection.
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Figure3. The cost function of SkSP-2 when i=4, n=20, c=1 for various
values of f and ASN.
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¢ 02 AsN

Figure5. The cost function of SkSP-3 when i=4, n=20, c=1 for various
values of f and ASN.

Figure 3 and 5 gives the complete picture how the plan
works for the optimum cost and it explains, as the percentage
of incoming defective increases the cost also increases. Also
shows when the average sample number and sampling
fraction increases the cost also increases. But the cost
function is economically optimal for p=0.01, the steady state
average unit cost is 0.03. However, Skip-lot sampling plan
favors the producer and also be safeguard to the customer
from accepting the unsatisfactory lot.

V. CONCLUSION

An attempt made in this paper to scheme the GERT model to
optimize costs for the Skip lot sampling plans. The
w-function helps to obtain cost information eliminates the
need for making assumptions about the distribution of cost
on inspection which exists in each stages of screening
inspection, in partial inspection and also after the delivery of
the product to the customer. Keeping i fixed and f varies, the
difference in the cost function is greater than zero suggest
that the partial inspection is optimal with reference to the
proportion defective. Thus Skip-lot sampling plan-2 and
plan-3 reduces inspection effort and also it is a cost-
effectively optimal through GERT. This skip-lot standard
provides an inducement for distributors of high quality
products to maintain excellent quality levels and helps to
reduce the cost of inspection with high quality goods. This
proposed model can be extended to other sampling plans,
switching rules based on economic design of plan-type
situation. The tables has been simulated for varies values of
clearance number and sampling fraction which would be the
tailor-made use of decision making by the producer.
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