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Operating Characteristic Properties of Two
Types of Multi-Level Skip-Lot Sampling Plansl

Byoung-Chul Choi?

Abstract

This paper presents another system of multi-level skip-lot sampling plan, which
can directly return to normal inspection from any skipping inspection level when a
sudden shift for the worse in the process mean occurs. All the other properties of the
proposed sampling plan are similar to those of the Choi’s(1993) plan. The formula of

the operating characteristic function for the proposed n-level skip-lot sampling plan

is derived. Some operating characteristic properties for the proposed plan are
graphically compared with those of the Choi’s plan.

1. Introduction

Choi(1993) proposed a multi-level skip-lot sampling plan(MLSkSP1), which has merits that
we can freely choose not only the number, i, of consecutive lots to be inspected and accepted

but also the fraction, f, of lots to be inspected. It has seen that the plan MLSKSP1 are
desirable in the aspect that it can reduce the cost of inspection when the level of submitted
quality is high. The plan MLSKSP1, however, has a shortcoming that it may take long time
for it to return to normal inspection from higher-level skipping inspections when the quality
of submitted lots suddenly grows worse.

In this paper, to overcome that demerit, another system of multi-level skip-lot sampling
plan(MLSkSP2) is developed. The plan MLSKSP2 immediately swich to the normal inspection
when a lot is rejected on any skipping inspection level. That is the only difference between
the plan MLSkSP1 and the plan MLSKSP2. All the notations and symbols defined in Choi,
therefore, are used if there is no difference.

The procedure of the plan MLSKSP2 is the following.

(1) Start with normal inspection which inspects every lot, using the refrence sampling plan
that is a given lot-inspection plan by the method of attributes (single sampling, double
sampling, etc.).
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(2) When i1 consecutive lots are accepted on normal inspection, swich to the first skipping
inspection at rate fi.

(3) During the k™ k =1, 2, ..., n-1, skipping inspection:
When i«1 consecutively inspected lots are accepted, swich to the (k+1)” skipping
inspection at rate fi+1.

(4) During the n™ skipping inspection at rate f;:

Unless a lot is rejected, continue that skipping inspection.
(5) When a lot is rejected on any skipping inspection, swich to the normal inspection.

2. Formula of Operating Characteristic Function

The Markov chain approach taken in Choi is applied to obtain the probability of acceptance
for the plan MLSkSP2. The state space of the Markov chain for the plan MLSkKSP2 is
exactly the same as that of the plan MLSKSPI], that is,

{ NeNLN2,~ N i,S 141, ~,S 14i,,S 18, S 70,5 18y, .S Ninyy, ™, **, S (n-14l,

0 S (1-DAimS (1-DRS (1-N,S (-1, S (= DNG 1)yS 14, S nr,S nv ).

All the elements of the state space are defined in terms of Choi as follows:

Npg = lot rejected on normal inspection.

Nj = number of consecutively accepted lots during normal inspection is j, j =1, 2, =, 1.

Skaj = number of consecutively inspected and accepted lots during the k™ k =1, 2, -,
n-1, skipping inspection at rate fc is j, j =1, 2, -, ik-1.

Sun; = lot skipped during the k™ k =1, 2, -, n-1, skipping inspection at rate fk, and

previous number of inspected and accepted lots on the Kk skipping inspection at rate fk

iS j) j= 1, 2y '"y ik*l—lu
S xr= lot rejected during the k" k=1, 2, -+, n, skipping inspection at rate fk.
Snra = lot inspected and accepted during n** skipping inspection at rate f.

S av = lot skipped during n th skipping inspection at rate f,.
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The one-step transition probability matrix M for the plan MLSkSP2, which is different
from that of the plan MLSKSP1, is given by

M= § ,

0 P (a-1in-1)
P

where the diagonal submatrices of M are the same as those of the plan MLSKSP1, which
have been defined by

NRNlNz"' Nil
Nr QP
e Mol
N1 \@ P
and for kK =1,2, -, n-1,
SrarSkaz = SkaiSkr Sivo S kNGea-D
S (k-vaic (fiP fi@ 1-fi
S ka1 &P i@
S kAl ca-1 [P fiQ 1-f
P = S kr ,
S ko P fQ 1-fi
S fiP fQ
S kNG en-D P fiQ 1-f
where S (k-vaie = Ni; when k& = 1.
Sna Snr San

S tn-vain (P 1-fn i@

P, = S na RP 1-fi @
S e

S P 1-fi i@
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Note that all the values of elements in the submatrices Pw, Pi's and the following

submatrix P; that have no entry equal to zeros. The submatrix P, is newly defined by
Ngr N1 N2 - Nj
Sk |Q P

P, = S |QP

Sawp |Q P

Since the Markov chain of the plan MLSkSP2 has the same properties as those of the plan
MLSKSP1, we can uniquely obtain the long-run or stationary probabilities, 7;’s, of all the

given states by using the same mathod in Choi. The key probabilities of fn, Nsk, Mse, =

Rs, are derived from the system of equations after some tedious calculations, and the

solutions are given by

1-p"
TNg = %‘P———
_Q_1-p"
Rsy = B Piz”‘y...,"" ,
1-pP"
TSue = % Pi" s
where
1 1 l_Pin 1 ]__Pi2 l_Pix
B = f;, + ﬁl-l Pi" +  eee 4 “f:‘ Piz‘ia"""in + P‘.l*iz*"'*in .

Thus the general formula of the operating characteristic(OC) function for the plan MLSkSP2
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is explicitly given by

Pa ( ﬁv.."ﬁl;ily."’in) = 1—(7[NR+7[5,R+7[52R+ +nsnk))

_ 1.9
=1 B A,
where
a=1+ 2L, P R
P n P n n P n
3. Comparisons and Conclusions
All the acceptance probabilities of the plan MLSkKSP2 for n =1, 2, -~ can be derived

from the general formula of Pa( fi.-, fusi1,-+-,in) by suitably adjusting fi's and ix's for
k=1, 2, -, n. In the same manner as the plan MLSkSP], therefore, if we let i = o = -
= fi1=1 fi= fand i1 =1i2 = = = in1 =0, in =1, then Palf, - faiir,in) is
reduced to

Pa(]‘;l) f+(1_ﬂP, s

which is exactly Perry’s(1973a) formula for the single-level skip-lot sampling plans SkSP-2.
Also by letting fi= fp= = = fai2=l, fir1 = fi, fi=f and i1 =iz = = = in2 =0,
in-1 = {1, in = i2, we can obtain the probabilites of acceptance of the two-level skip-lot
sampling plan as follows:

AP+ f(P-P)+(fi-f)P™"
fZ[P“""f]_(].—P“)]*'( fl_fZ)Pl]’lz ’

Pa(fi, fzin,iz) =

which goes to Perry’s(1973b) formula PE2(fifp + 1) for the plan Plan 2L.2 when i1 = iz .

In order to obtain the OC functions for more higher-level MLSkSPZ2 plans than the
two-level, it is sufficient to similarly adjust the inspection parameters fi's and ix's to the

cases of the single- and two-level plans.
Figure 1 and Figure 2 show the OC curves of 3-level MLSkSP2 plans of the reference plan
for n = 20, and ¢ = 1. Those of Figure 1 are Pa(1/2,1/5,1/10; 4,44), P«(1/2,1/51/10;

4, 8, 12), Px(1/2,15,1/10;8, 8, 8) and Pw(1/2,1/51/10;12, 12, 12) in turn from above,
and those of Figure 2 are Px(1/2,1/51/10;4, 8, 12), Px(1/2,1/51/10;8, 8, 8) and
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P2(1/2,1/51/10; 12, 8, 4) in turn from above. Note that P »( ¢ ) represents the OC curve of

the plan MLSKSP2.
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FIGURE 1. OC Curves for 8 —Level MLSKSPZ Plans
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From Figure 1, we can see that the acceptance probabilities of the plan MLSKSP2 all but
P(1/2,1/51/10; 8, 8, 8) decrease for the given defective rate p as the sum of the

parameters i«'s increases. From Figure 2, we can see that the acceptance probability of the
plan MLSKSP2 in the case i1 2 iz 2 i3 is lowest among others considered when the sums
of the parameters i«’'s are equal. From Figure 1 and Figure 2, therefore, the larger the
parameter i1 on the normal inspection is, the lower the acceptance probability of the plan
MLSKSP?2 is. That is, the parameter (i highly affects the acceptance probability of the plan

MLSKSP2.
Figure 3 compares the OC curves between 3-level MLSkSP1 and MLSKSPZ plans of the
reference  plan for n =20, and c=1, they are Pa(1/2,1/6,1/10 ; 4,44),

Pa(1/21/5,1/10 5 444), Pa(1/2,1/5,1/10:4, 8, 12) and Px(1/2,1/5,1/10:4, 8 12) in tum
from above. Also note that P a( *) represents the OC curve of the plan MLSKSPI.
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FIGURE 8. Comparison of OC Curves for 3 — Level MLLSKSP1 and MLSKSPZ Plans

From Figure 3, we can see that, in the case that the parameters ix's are equal, the

acceptance probability of the plan MLSkKSPI1 is higher than that of the plan MLSkSP2 for all
given p, which is true for the case that the parametersix’s are all different. In order to

select higher quality lots as far as possible, therefore, the consummer might not like to choose
the plan MLSkSP1, for the submitted lots are more easily accepted on the plan MLSkSP1
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than the plan MLSkSP2. That comes from the fact that when a lot is rejected on any
skipping inspection on the plan MLSkSP2, the inspection is swiched to the normal inspection,
but on the plan MLSKSP1, the inspection is swiched to the only one level lower skipping
inspection

Now we come to a conclusion that, in general, the acceptance probabilities of the proposed
plans MLSKSP2 are lower than those of the plans MLSkSP1 under the given conditions as
we expected. For the consummer, therefore, the plan MLSKSP2 is more desirable than the
plan MLSKSP1 paticularly when the defective rate is not low and not high.

References

(11 Choi, B. (1993). Multi-Level Skip-Lot Sampling Plan, The Koren Journal of Applied
Statistics, Vol. 6, 277-287.

(2] Perry, R. L. (1973a). Skip-Lot Sampling Plans, Journal of Quality Technology, Vol. 5,
123-130.

[3] Perry, R. L. (1973b). Two-Level Skip-Lot Sampling Plans -—--- Operating Characteristic
Properties, Journal of Quality Technology, Vol. 5, 160-166.



