CHAPTER VIT

GRAPHI CAL PROCEDURE FOR THE EASY

EXECUTION OF SAMPLING PLANS BY ATTRIBUTES

7.1 In this chapter we give a graphical procedure for the
eagy execution of two class and three class attributes
sampling plans -~ uncurtailed as well as curtailed. The

procedure is illustrated with numerical examples.

7.2 Por complicated sampling schemer quite often an

inspector experiences difficulty in -its execution. The

level of inconvenience in the execution depends upon the

type and form of the sampling plan.For example, multiple
sampling plans are more complicated than single sampling
plans. Similarly, three class attributes sampling plans are
more complicated than two class attributes seampling plans and
curtailed sampling plans are more complicated than uncurtailed
sampling plans. Hence there is a need for some special

de;;rices which can reduce the complexity;and make the execution
of a sampling scheme simpler. One such device is to use a

grid or the so called storage board [13 ,pp.423]. This

device can be used for the easy execution of any multiple
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two class or three class attributes sampling plans-curtailed

or uncurtailed.

In case of a two class attributes sampling plan this
device is useful not only for the easy execution of a plan
but is also useful in determining the ASN, the probability
of acceptance ete. ILloyd and Lipow [31] have used this
device for finding the ASN of é curtalled single two class
attributes sambling plan and its execution. They have also
used this device for the executlion of a truncated seguential
ratio test. Using the device, we have illustrated the
execution of a fully~curtailled triple two class attributes
sampling plan and obtained the ASN and the probability of

acceptance.

We have extended the use of this device for the execution
of three class attributes sampling plan - curtailed as well
as uncurtailed. However, it is found that this device does
not help in evaluating the ASN, the probability of
acceptance etc. We have illustrated the use of this device
in executing a fully-curtailed single sampling plan and a

?

semi~curtaliled double sampling plan.
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7.3 Easy Execution of Two Class Attributes Sampling Plean :

Te3 1 Execution Procedure :

The device which reduces the complexity in the
execution is the usual graph (grid) in the.two dimensional
space whose ordinates denote defectives and the abscissa
denote the number of units inspected. A point with co—
ordinates (Y, D) represents the occurrence of D defectives

in the inspection of y units.

For a given sampling plan firstly one plots the boundary
points of the region in accordance with the statement of a
given sampling plan. These boundary points are identified
into two mutually exclusive groups, boundary points of the
acceptance region and boundary points of the rejection region.
As the sampling inspection of units of a lot proceeds,
starting from the origin one plots a point one unit
horizontally to the right when a nondefective occurs and one
unit horizontally to the right and one unit vertically up
(i've. one unit diagonally up) if a defective occurs. The
process of plotting the points on the graph (and thereby the
process of inspection) is continued +ill the path joining
the points plotted reaches one of the boundary points of the

rejection and acceptance regions. When a path reaches to the
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boundary pbint of the acceptance region, the sampling is
terminated with the decision of the acceptance of a l1ot.When
a path hits a boundary point of the rejection region, the
sampling is terminated with the decisioﬂ of the rejection

of a lot.

T7.3.2 Probability of Acceptance and the ASN :

Having prepéred the graph with the boundary points
marked on it one can determine the number of paths for
reaching to every boundary point from the origin (0,0). Once
this is obtained, the expressions for the probability of
acceptance and the ASN can be evaluated which are as given

below:

Probability of Acceptance = Pa

EPX(m ) e (7.%.1)

Probability of accessing to boundary

i}

il

where (i) P&( < )
’ ‘ point 4 with coordinates (y,ﬁ)

N( ) pig¥ P e (7.%.2)

H

(ii) N( = ) = The number of paths from the origin
to point « .,
(iii) ¥ denotes the summation over the boundary points

=4
of acceptance region.

= A, o ue « D
ASNﬁ Yny( ) (7.3.5)
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where ‘§ denoetes the summation over all the boundary points.

7.3.% A Numerical Illustration :

AN

We illustrate the procedure described in the previous
sections in executing the following fully-curtailed triple

saupling plan 3

N =150

i

Ty =3, 1
%1"3952:61g3310

5, Ty = 6

The execution of the sampling plan follows in accordance
with the statement of the sampling plan which can be had
from the statement of a multiple sampling plan, given in
Section 2.2.3 of Chapter II, for k=3%. Figure 7.1 is self-
explanatory. It is the grid or thé storage board described
in Section 7.3.1. Boundary pcints of the rejection regiom
are shown by the symbol X and those of the acceptance region
are shown by the symbol O. Numeric figure at a boundary
point is the number of paths required to reach that boundary
point from origin (0,0). Por example the point with co-
ordinates Y=9,D=5 represents a boundary point of the rejection

region which is accessible from (0,9) by 36 different paths.
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The probability of accepsing this point is, then, 36p5q9"5.
The ASN of the plan is the summation of the following six

terms @
3(p°g°) + 4(3p°q),

7(60°9%) + 8(18p5q3) + 9(36p°q%),

11(60p6q5)+12(120p6q6)+13(180p6q7)+14(240p6q8)+15(500p6q9>,

5(p%q°) + 4(3pa°),

8(6p%4°) + 9(24p°9%),

14(600%q" %) + 15(300%4" ). e (7.344)

The probapility of rejection of a 1ot\is the sum of the
guantities involved in brackets in first three terms of the
above display (7.3.4) whereas the probability of acceptance
of a lot is the sum éf the quantities involved in brackets

in the last three terms of the same display.

7.4 Easy Execution of Three Class Attributes Flan

7.4 .1 Execution Procedure

The graphicel procedure developed for executing the
two class attributes acceptance sampling plan can be modified

in executing the three class attributes sampling plan-



curtailed as well as uncurtailed. The graphical procedure
in this case consists of plotting points simultaneously on

two graphs, Graph-1 and Graph-2.

In case of a single three class attributes sampling
plan points (Y,D) are plotted on Graph-1 whereas points
(Y,D1+D2) are plotted on Graph-2. Thus a point (Y,DQ) on
Graph-1 fepresents the occurrence of D, bad units in the
inspection of ¥ units and a point (Y, D1+@2) on Graph-2
represents the occurrence of D;+D, nangood‘ﬁnits in the

inspection of Y units.

In case of a multiple three class attributes sampling

plan the plotted points are (Y, Z D2 ) on Graph -1 and

(Y, Z Daf Z D, ) on Graph-2. The point (Y, T_ DZJ) on
= . j=1
i
Graph—1 represents the occurrence of 2 D bad units in the

j=1
iuspection of first i samples when the total number of
units inspected is Y. Similarly the point (Y, 2: D,.+ Z Das)
i i §=17 21 ;1
represents the occurrence of 2 D23+ 2 D‘Ij nongood units in
j::‘] J:"‘
the inspection of first i sémples and the total number of

units inspected is Y.

Next, for a given plan one plots the boundary peints (X)

of the rejection region and the boundary points (0) of the
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acceptance region on both the graphs in accordance with the
statement of a given sampling plan. For instance, the
boundary points (0) of the acceptance region on Graph-2 for

the fully-curtailed single sampling plan are given below :

(n—k2+1,0), (n—k2+1,1),...,(n—k241,k1—k2),

(n—k2+2,1), (n-k2+2,2),...,(n—k2+2,k1—k2+1),

s e . e o s

(n’K2_1), (n,k2>, e 4 (n,k1-1)¢

Then during the execution of the given sampling plan,
as the inspection of units of & lot progresses, starting
from \0,0) one plots a point, simultaneously on both the
graphs, either one unit horizontally to the right or one
unit diagonally up (i.e. one unit horizontally to the right
and one unit vertically up) depending upon the classifica-~
tion of the unit. On Gfaph-?, a puint is plotted one unit
horizontally to the right if the unit inspected is nonbad
and one unit diagonally up if the unit inspected is bad. On
Graph-2, a point is plotted one unit horizomtalkﬂto the
right if the unit inspected is good and one unit diagonally
up if the unit inspected is nongood. It is clear then that

at the end of each inspection of a unit 2 new point is
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plotted on both the graphs. The process of plotting the
points on the graphs (and thereby the process of inspection)

is continued till the path joining the points plotted hits

(a) one of the boundary points (X) of the rejection
region on either of the Graph-1 and 2, or

(b) the boundary points (0) of the acceptance regions
of both the Graphs-1 and 2. In the former case the lot is

rejected and in the latter the lot is accepted.

Te4.2 A Numerical Example for Fully-Curtalled Single

Three Class Attributes Sampling Plen :

In this section we illustrate the execution of a
fully-curtailed single three class attributes sampling plan.
The Figures 7.2 and 7.3 give the skeleton of Graphs 1 and 2
respectively with the boundary points marked for the following

fully-curtailed three class attributes sampling plan :

n=10, k1=7, k2=4, n—k1+1=4, n—k2+1=7,

Haﬂ
in accordance with the statement of the samplinghgiven in

Section 5.5.1 of Chapter V. Consider the fbllowing sequence

of inspections :
£ &8 b g g b n g

where g indicates good unif, b indicates bad unit and m
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indicates marginal unit. A path for this sequence meets the
boundary points of the acceptance region of Graph-2 but does
not meet any of the boundary points of Graph-1. Hence, at

this stage one cannot stop the inspection. However, for the

following sequence of inspections

b g b g g g m g m

one can conclude to stop the inspection with a decision to
accept the lot since the paths hit the boundary points (9,2)
and (9,4) of the Graph-1 and Graph~-2 respectively. Just for
information we state that this sequence of inspections
implies the occurrence of the event (e1) of Section 5.5.1 of

Chapter V.

7.4.7% A Numerical Example for Semi-Curtailed Double

Three Class At{ributes Sampling Plan :

To illustrate the execution in case of a multiple
three class attributes sampling plan, consider.the following

semi-curtailed double three class attributes sampling plan.
n1=5, n2=5, a1=4, a21=0, a22:2.

The execution of the sampling plan follows according to the
statement of the sampling plan which cin be had from the
statement of MTCAP, given in Section 6.3.2 of Chapter VI,

for k=2.
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Figures 7.4 and 7.9 give the Graphs 1 and 2 respectively
with the boundary points marked. Comsider the following

sequences of inspection for two different lots :

(i) bgggeguonmegmg

(ii) g gggbbgh

It is clear that the path for the sequence (1) nhits the
boundary points (10,1) and (10,4) of the acceptance regions
on both the graphs. Hence one stops the inspection with a
decision to accept the lot.The path for the sequénce (ii)
hits the boundary point (8,3) of the rejection region on
Graph-1. Hence one stops the inspection to reject the lot.
The curtailment in the inspection is resulted when the
second sample was being inspected. Both the sequences
illustrate that the decision of acceptance or rejection
cem... not be made at the completion of the inspection of the

first sample. Sequence (i) is shown on the Graphs.



180

=g vaidge 'e=llC

~3=f3 ‘e=T¢ ‘e='%

-

'3=fu ‘s=u -t e uﬂ:wﬁ

TG DNTIdAYG ) o
- (A M ol 3 9 A ¥ g !
.wf:.\
. =5
Fao, ¥
.md:u\
s 4
e fo FZy
=59
ooe®- - s oK

aoeX 8&* omaw.m Qﬁw& cw*

-ggé:

1y



4 .
(X9 .
V4

o
e 4

é 3 QP
8 2 S5
: &——0

o C ¢ » b o )

5 q 2 3 4 5 6 ¥ 8 - 3 i

Y e

©

FIGQURE - 72 .

7 - > Sk

€ Q.

> D)
i 4 : SO
&
;..( 3 G )
l 2 S —tP

] H—=

o e n) b .

c 4 2 3 4. 5 e 7 & s

SAMPLING PLAN.

ae:««—ﬂ\(*-’"”"
n;"’@, 5“\‘3:?

FIGURE - 7-3.
FIGURE = 799 meig+i =4,

’ %:4._

N-RKth =7,

181



L

»
L

W,}:__D

e

i

rese——

~— ZD;

]

e

)3
3=

3t

2

J=I

e % %
@
T e S it B Bl R Sl sEa
N4
)
1 2 3 4 ¥ 3 b4 8 3 1o
e O et
FIGURE - 74
£ 3 > > H—%
O ol
g
Vi
: & — ~D
N //
4
S @
e
/
B N s nliamd ol oo f"—w{" 4y
7
v
e
o
{ 2 3 4 5 3 g 8 9 o
oY SAMPLING  PLAN,

N, =5, M,=5.
FIGURE ~ 75 e TR

qo! 3’4‘, Ci,mr:o II %’z‘g 2_‘

182



