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A SEQUENTIAL INSPECTION PLAN FOR QUALITY CONTROL

BY

f. A. GIRSHICK

1. General Discussion.

A continuous production process results in a sequence of units of
preduct each of which 1s classified as either defective or non-defective.
The production process may or may not be in a state of statistical control;
but in either case it is desired to inspect the finished product in order

to (a) improve, when necessary, the quality of the outgoing preduct by

removing and revlacing the defective units found and {b) get sn esiimate
of the quality of the preduct for control purposes.

When the cost of inspection compared with the cost orf producticn is
low, and the tests made during inspection are not destructive, 100 percent
inspectiion of the product may be feasible, though not zieays deslirabls.
But when inspection costs are high or the tesis destructive, recourse
muet ba had to =sa2mcling inspection. If this is done, the goal can no
longer ve perfect product.l/ Instead tne goal bsccmes tolerable produch.
What constitutes tslerable nroduct depends on the problem. For examrle,
the consumer of the product might be employing a lot-by-lol acceptancs
janspection procedure for judging the quality of the product submitted to
nim by the producer. In that case the producer might employ the same

definition of acceptable quality as that inherent in the consumerits

This is not to imply that 100 percent inspecticn always yields perfect
material. Experience shows that ihe magnitude of such a task usually
results in inefficient and careiess inspection performance.
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inspection srheme., Alternatively, the producer himseif might also ba
the consuner, in which case quality will be defined by the use to which
the prodact is put.

Sampling inspectiion for aquality control implies therefore that the
user of the inspection scheme has in mind secms number which he considers
& desirable upper limit to the fraction defective remaining in the product
after inspection. This uvpper limit is known as the Averags Oubtgcing
Quality Limit, usualiy aborovicted by the letters AOQL. The concept of
an AQQL is basic in 211 inspection schemes for guality control. There
is however another concept wmnich plays zr important rcle in determining
a particular inspection pian and that is the standard deviation of the
cutgoing quality (OQ). This standard deviziion measures the variability
of the fraction defective remaining in the product after the inspection
ovrocedure has been applied. The importance of this concept arises from
the fact that the decision to inspect or not to imspect a certain portiocn
of the product 100 percent is made on the basis of a random sample.

Since the result of a sample is subject to fluctvation, the decision is
not always correct, Hence the actual fraction defective remaining in a
lot after a single inspection may be larger or smaller than the AOQL cven
though the average fraction defective (taken over many inspected segments
of product) is guaranteed not to exceed the ACQL. Tie siandard deviation
of the sample OQ measures the extent of the deviations from the average
that may be expected.

An inspection plan of the typc discussed here is often applied to

a product which is considered tc ba of acceptable guality baefore inanecticn,

In such a case, it is desirable to permit the inspection to go on fer an

indafinitely long time without any decision being reached. This is
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particularly true if the plan can dztect quickly deterioration in the
product during an inspection opesration.

The proposed plan was developed to meet the need for an improved
sample verification plan for controlling the quality of card-punch
operatvions of the Foreign Trade Division of the Bureaw of ths Census
while the author was in the employ at that Bureau. The plan, which has
been put into operation by the Foreign Trade Division, has the advantage
that its statistical basis and consequences are known, and the procedure
insures a reasonabie efficiency at low cecat. Although this plan was
devsloped for the above purpose, 1t is sgqualiy appiicable to industrial

problenms having similar properties.

2. How the Inspection Plan Operates.

The inspection plan under consideraticn is defined by the iLiwes
integers m, N, and k and the positive fraction -~ the AQQL. Tho integers

m and N jointly define the criterion for terminating inspection and making

ct

]

he aprropriate decision. The reciprocal of tne intsger k defines the
partial sampling ratio emplcyed. The AOQL represents the upper limit to
the outgoing quality desired. The plan operates as follows:

The units of product in the production sequence (or lots) are divided
intc segments of size k. Inspection begins by seiecting at random one
item from ezch consecutive segment of k 1tems, These items are inspected
in sequence and the number of defectives found as well as the number of
items examined is cumilated. Inspectlon terminates when, and only when,
the cumulative number of defectives reaches m. At tils point, the size
of the sample n is compered with the integer N, If n =z N, the product

which has passed through inspection is zonsidered acceptable and tne
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inspection procedure i3 repeated on new product begiiining with the segment
next to the last segment inspected. If, on the othsr hand, n < N, the
product which passed through inspection is considered unacceptable and
the following actions are taken: (a) N-n segments (corresponding to
k(N-n) items) are inspected 100 percent, These segments ure melacted
frot the product beginning with the segment adjacent to the last segment
partialiy inspected; (b) the inspection procedure is repeated on new
meterial, beginning the inspection with the segment following the last
segzent which was 100 percent inspected.

In mathemziical symhols the criterion for making a decision under
this plan is as foilows: Let Xy 3Xgsen s represent the gquzlity of the
items selected from the first, second, etc. segment. Thus xg = lif
the item selested from the i'" segment is found defective and x, =0
otherwise., The cumulative nuwber of defectives at the nth stage of
inspection is ziven by :?:_x.. Inspcction terminates as soon as
:ﬁi:xi =m, IfnzN, thi inspection prucedure is repeated on new
;;%erial, If, however, n < N, then N-n segments of size k are inspected
100 percent. and ths inspection procedure is repeated on new material.

It can be proved by metnods similar to those employed in [1] aid

[2] that whether or not the production is in a state of statistical
control, the outgoing quality of the product after this inspection
procedure has been applied cannot exceed Eﬁl % on the averags., (This
assumes that the ¢efectives found during partial inspection are also

removed and replaced by non-defectives. If this is nct done the AOQL

will equal m/N.)

2.) Procedure for Empicying Heduced and Strict Pariial Tnspection.

Wiih any plan there is a minimum amount of inspection widich cannot
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be avoided regardless of the quality of the product. Thic sdnimum is
definzd by the partial sampling rate employed. If the quality of the
product is subject to variation, a meihod for autcmatically adjusting
the partial sampling rate to the defective rate in the product is given

by reduced and strict partisl sampling., This procedure can be briefly
desc:ibed as folilows:

A3 before, the plan is definsd by the integers m and N and by the
AOQL. but instead of one sampling rate, two ars smployed. Tnat 1s, two
integers kl and k2 are chosen with kl > k2 and the sequence of product
is divided into either segments of size kl or k2 depending c¢n whether
reduced or strict irnspection is called for, respectively.

Inspection begins with strict inspeectiun. That is, one item is

chosen at random from each consecuiive segment of k. items and tiie number

2
efestive items found, a3 well as the number of items samr~led, is
cunulated, Inspection terminates when and only when m defectives have
been found. If m defectives have been found with a sample size n 2 N,
the inspoction procedure is repeated on new materidl, but with the re-
duced sampling rate, that is, the sequence of items is now divided into
segments of k, 1tems each and partial inspection consists of selecting

and examining cne item out of each segment, If, however, m defectives
nave been found with a sample size n < N, the following acticns are taken:
{(a) a batch of xz(N—n) consecutive items is completely inspected. This
batch 1s selected from the product beginning with the segment adjacent

to the last segment partially inspected; (b) the inspection proceduie

is repeated on new materia., beginning with the segment following the

last segment that was inspectwd 100 percent,




BY IR

AOCID e

LIRS TREIITRATNERD | SR VMR EER

.

In the second and subsegueul inspection operations; a decision is
always made when {but not before) m defectives have been found. If
raduced inspection was in effect and the sample size was n < N, a batch
of kl(N=n) items is completely inspectcd and the inspection procedure is
repeated on new material but the sampling rate is changed firom reduced

%o strict. If reduced inspection was in effect a1 the sample size was

o = i, the incpection procedure is renasted on new meterial at the reduced
sampling rate. If, however, strict inspection was in effect and the
sample sizs was n < N, a batch of kz(N-n) items is completely inspected
and the inspection procedure repeated on new material at the strict sampl-
ing rate., If strict inspection was in effect and the same size was n 2N,
the inspecilon procedure is repeated but at thc reduced sampling rate.
Whenever n defectives are found and the sample size is n 2 N, the inspec-
tion procedure is repeated on new material empioying a reduced sampling
rate regardless of the sampling rate in effect in the operation just
preceding.,

The criterion for employing either reduced or strict inspection can
be summarized briefly as follcws: Whenever an inspection operation
terminates and 100 percent inspection ¢f some material is called for, it
also calls for strict inspection to follow. Conversely, if no 100 percent
inspection is indicated; then reduced insrection is to follow.

It is e2sily seen thal wheun the material submitted fer inspection is
of good quality. the partial sampling rate will most often be reduced,
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most often be strict., This will have the effect f reducing the cost of

inspection when inspection is least neecded and reducing the variauvility

of the sampie 0Q when such a reduction is of significance.
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3. How the Constants Defining the Plan are Determined.

It was mentioned above that the inspestil um plan is based on the
integers m; N, and k, and the AOQL. Not all of these constants can be

chosen at will. Tor example, the AOQL is a direct function of m, N, and

X and is given by

Thus, if the AOQL is fixed, the ceunstants ri, N, and k ars, at least in
part, 2lso determined by it. Unless the constant k is very small, the
AOQL is hardly affected by variactions in it. Thus, in meny cases it will
be found that for all proctical purposes Tixiiyg the AOQL fixes the ratio
of m to N, and conversely.

If the production process is in a state of statistical control, or
if the defectives within the iots submitted for inspecticn are distributed
in a random manner, the frequency with which decisions are reached as
well as the type of decision made will depeud upon m and N but not on
the partial sampiing rate. In addition, as was seen above, the constants
m and N essentially determine the AC0QL, Thus., regardless of how the
detectives arc di..ributed in the sequence of the product inspected, if
the averags fraction defective contained in the product exceeds the AOQL,
the resulting outgoing quality will derend largely on the values of w
and N, However, this is mot to imply t"at the constants m and N are the
cnly determining factors in the operation of the plan. The value assigned
to k will often play just as significant a role in determining the con-

sequences of the plan and for the follawriug reasons:

supply current and adeguats information on the guality of the rroduct for
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process control purposes. This sets a limit cn the value of k. For if

k is very large, inspecting one unit out of eacl ssgment of k units may
not aupély the information necessary to quickly detect assignable
variations in the production rrocess. Another consideration is related

to the sample 0Q amung the lots inspected. Even though the plarn guarantees
that the fracticn defective in the preoduct after inspection will not

exceed the AQQL in the long ran, the long run may be very long indeed if

k is very large. A third factor which delimits the value of k is connected
with the gost of inspection. Fram the point of view of the operation of
the plan, inspecticon has a two-fold purpose. 0One ig to cbtain informaticn
for making decisions., This is accomplished through the procesc of partial
inspection. The other purpose is to reduce the number of defectives if

the sample judges it to be mure then tolerable, This is accomplished

]

threough the 100 percent inspection precedurc. Geiaerally speaking, if the

&

tive rate in the material is subshantially higher than the AOQL, the
required to accomplish this reduction, But if Lie guality of product
submitted for inspection is of acceptable gquality to begin with, no
reduction in the fraction defective is required and any inspeciion is in
a sense wasteful, Thus, even though the plan will in such cases most
often require only partial inspection, the cost of inspection may be un-
recessarily high if k is small, The above considerations are the most
imnortant in detersiving k.

There are severzl considerations involved in the choice of the AOQL~--
the desired upper limit to the cutgoing quality. Generally =speaking, the

stricter the standard set, the greater will be the cost of inspection

required to attain it. If nothing is knosm about the production process




and protection is sought for every possible eventuality, only caozt con-
sideration can ent=r into tne choice of the AOQL. However, often ip-
formation which delimits the fraction defective inherent in the procsss
will be available. In that case, it wili be uneconomicai ic set the
AOQL at a desirsd low lavel and pey for pretsction against an event
which is not expucted to uccur very often.

It must be emphasizcd cozein thst one major purpose of inspection
isz to obtain informaticn con the production process, Thus, evern if such
information is not available at the start, the inspection plan should be

designed to supply it and should be modified accordingly.

L., Operating Characteristics of the Plan.

In Section 3 an a2ttempt was made to describe briefly the various
censiderations invoived in the choice of a particular plan of thes type
under discussion. It was found that the construction of a plan necessarily
involves a compromise between the goal aimed at and the cost of attaining
that goal. In order to bring cut more clearly the issues involved, a
more detailed study c¢f the statisiical consequences of the pian is required.

Such a study will be undertaken in this secticn.

£.1 The Operating Characteristic (0C) Curve for the Flan.

In the plan under consideration the criterion for making a
decision to imspect or not to inspect product 100 percent is given by the
two integers m and N, The type of decision reached will cdepend of course
on the results of the sample randomly selzcted from each of the segrents
into which the production has been divided. Since a decision is always

reached when tiie number of defectives found equals m, knowing the prob-

ability of reaching one of the two decisions deiermines the probability
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of reaching the cther. Purely as a convention, thsrefore, the pirobability
considered herc will refer to the decisicn not tc inspect any product 100
percont., This is equivalent to the probability that when m defectives
have been found, the sample size n is greater than or squal tc ¥N. The
magnitude of this probability will depend on the values of m and N and

on the quality of the product submitted for imspection,

The fect that the szample is selected in a stratified manner will in

.
L3

some sitvations impose serious diffiecniities in determining tns piwoability
of reaching the designated decision, Such difficulties will arise, for
example, in cases where the rroduction process is not stable anid the
inspection procedure is applied to the production sequence in the order

in which the items are produced. The pmobability under consideraticn will

Je

n thal case generally be a function »f n paramsters, namely, the fracticns
g f s s

E

defective in each of the n segments accumulated up to the point where m
defectives are found. The large number of parameters invelved will make
the computation of this probability impractical and of dubious wvalue.

If the production process is in a state of statistical contrel,
however . the above menticned difficulties do not arise. For in that case
the probability depends only on the fraction defective yielded by the
vrecess, This dependance, moreover, can be easily exhibited and computed
without much difficulty.

The relationship between the fraction defective p and the probability
that a given inspection will terminats and ne complete inspection will ba
required will be designated by the symvolL L(pj. When L{p) is piviied
against p, the resulting curve is known as the Operating Characteristic

{0C) Curve.
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The funciional rslationship between L{z) and p is given by the eguation

-1,
(4.1.1) L(p) -io it o (B2 e
J-
1% 5 .
Ry
5o J

The first expressicn on the right of (4.1.1) represents the prcbability

that n > N and the sscond expression represants the probability that

Az was stated abcvs this plan was developed to institute a more
efficient sampling inspection plan for controlling errors in card-punch
operations. Knowledge of the operations was such that it was lnown that

the average error rats would almost never cxceed 2 percent, and that %he

preduction proceszs was stable. For these reasons the AOQL was set high

snough that an amount of inspecticn disproportionate to the number of

serrors expected to be found would not te required Ly the plan, The upper

1imit of the AGCG was set at .0U380 even though a percentage error of this
size was net expeocted., It was also decided that the product would be

subjaect tc strict and reduced partial inspection according to the guality

of culput of the individual operators. Tnlegers cinosen to determine the

pian were m = 16, N = 400, ¥, =50, and k, = 2. Figure 1 illustrates

the OC curve of this blan.

4,2 The Average Out

e Quality {A0R) Curve,

The average proportion cof defective items remaining in the

product after the inspectisn plan has been applied to products of

S e
Qualivy

+

p is a function of p, L{p), the expcctcd valve of n, and ths ceonditional
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expected value of n given that n < N. As a function of p, the AOQ will
be written as Q(p). Wa shall designate by E(n!p), El(n‘p), and Ez(nlp),
respectively, the expected value of u for a given p, the conditioral
sxpected value of n given that n 2 N, and the conditional expected value
of n given that u < N, The relationship betwesn E(n!p), El(n!p), and

Ez(n!p) is given by

(10.2.2) E(nlp) -%
I .
I féﬁ_k")pJqN .
(4.2.3) (nlp) = 2
At T E N1 3 N-1-3
L\ j P q
3=0
and
4 (1 - igg (g)ijN'i)
(h.2.4) By(nln) = & — 40 “
(-5 (hplgtd
=0

Graphs of the guantities E(n|p), € (nlp), and Ez(n}p) for the plau with
m =16, N = 400, and AOQL = .0380 are given in Figure 2.

In terms of the above guantities, the AOQ function Q(p) is given by

. . __p(k-1)Enip}
S, Ap) k(E{np) + (T-L(p))(B-E,{njp)]
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where k1 or k2 may be substituted for k depending upon the sampling rate
employed. The ACQ curve for the design m = 16, N = 400, AOQL = .0380,
and k = 20 is illustrated in Figure 3. it will be noted from the graph
that the AOQ curve is monotonically i:creasing and apprsaches rapidly
the AOQL. This is a general property of this function, as can be seen
from 2 careful. examination of {4.2.5).

It was pointed out above that the product inspected might be sub-

L]
=3
D
2
-
1o

,,,,, 1 0on dependent unon tha qgglit?
of the product. If the two sampling rates for reduced ans strict inspea-
tion are k. ond k_. the Q(p) function is givew by {4.2.5) with k replaced

vesa Sl T

(4.2.6) E(klp) = Lplk + (1-1(p))k, .

1t sheould be pointsd cut that wiren strict and reduced rartiai sampling
rates apre emploved, the resulting AOJL is that of the strict partial
inspection rate. Thus, for example, if m = 16, N = 400, and k = 50, the
AGQL = ,0392; if k = 20
partial inspecticn are employed with kl = 50, k2 = 20, we have AOJL = ,0380.
The reason that this smaller value is attaired is clear since as thie pro-
duct deteriorates, we tend tc be cperating with strict partial inspection.

A graph of the Q(p) functiocn for m = 16, ¥ = 400, k, = 50, and k. = 20

- S
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et

alsc given in Figure 3,

4.3 The Average Fraction Inspected Curve,

e . = chd e eV e cim D e o mmmt dammadkt A S e ~ o~ S
The lLudspectliln plan undst consideraticn improvec the cutgeoing

product by 2 screening process whereby the defective items found are

replaced by non-deiective items. Since the a1

(=

¢

is to attain a given AOQL,
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1) m~ 16, ¥ = 400, k = 20 and
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it follows that the pocrer the quality of ths submitted product, the greater
is the fraction of the material ingpected, on the average. The average
fracticn inspected undsr a giveou plian as a function ¢f p will be designated
by F(p) and i3 related to the funchion Q(p) by the following formila:
(4.3.1) F(p) =1 - HBL |

T

From the poiut of view of cost of inspection, an efficient inspection
Flan has the property that for p ~ AOQL, F(p) is equal to the partial
sampling rate, i,=_ , F(p) = 1/%, and for n > AOQL, O{p) = AOQL so that
ihe iraction inspected ic exacily egual tc what is required to bring the
product to the desirad limit. The plan under consideration does not

gsatisfy this condition of efficiency exactly, but cemes close to il for

=

reasonable values of ¥ wnd k, The average fraction inspected curve

7 r

2}

for the design m = 16, N = 400, AOQL= .0380, and k = 20 is given in
igurs 4. The curve for the same values of m, N, witnh k = 5C and
AOQL = .0392 as well a& for the desigh m = 16, N « 400, AOQL = .0380,

k; =50, and k, & 20 are also given.in Fjgure 4,

4 L Variance of the Sample AOQ.

The plan under cunsideration is defined by these constants k,
m, and N, However, the only quantity that is fixed by design is the AQQL
which is essentially the ratio cf z to N. Thus, in additicn to reguiring

a given AOQL, we might impcse oilier conditions. For example, suppose we

£
[at]

consider the variance cf the outgning guailiy G {from lot to lot where 2

lot 1s defined in the followlng menner: If n < N, the lob consists of
the ¥ = kN items subject to partial and complete inspection. If n 2N,

the lot consists only of the first N segments (of ¥ = kN items) subject

T ™ P A . e R e R Ve 3 < G - amm—
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e to partial inspection. (It will be observed that by this definition of
> the 1ot whenever n > N, k(n-N) items ars not included in the commutation

o5 the variance of the cutgoing guality. However, the event n > N will
generally sccur when the gquality is good, in which case omission of part

of the przduct frem the consideration of the sariance may not be very
serious.) Then, if taza production process is in control. we might require
that ths variunce of the cutgoing quality of the iots shall not exceed &
given number for some specified vaiue of p, say the AOQL. Altsrmatively,
the constants may be chosen so that ihe maximum value of thaz variance shall

not exceed a specified number. When the process ie in control, the variance

A
e . n Ao

«f G in & Juu of size M of the type defined above is given by

e ey SURTRRE TR

. 2 qu.k-l)E*(n}p) * (1:-1)2pzc-,2.
(holﬁvl) G_,\ = '2 =
Q =
where
(i s *, 1 . 1 { %l' 4 N % N_j
(h,4.2) E{nip) =3 (m~ > {m=3)({)p°a"Y)
I o jzo J
and
(is.4.3) of = £ (n(2+1) [p3E"[n|p)+1]
with
. % . 1 L N+1, 3 N+1-j
. (bholeods) E [n(n+1) [p] = < (e(m1) - > [Im(m+1)-3(3-1)3(7. )p’q b
B ) 2

Trne graph of o~ for the planm =16, N = 400, AOQL~ .0380, and k = 20 is
[a)
-

given in Figure 5. The graph Ior the samo values of m and N, but with

AOQL = ,0392, k = 50 is aleo given in Figure 5. We obssrve that the maximum

w
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atandard daviation for a for each ¢f thess two plans is appruximately ,C0S5
and .0095, respectiveiy.

BEven if the production prccess i= not in control, varicus rsascnable
models of the possible disicibution of defectires arong the segmentis of
sige k in the lots nay be constructed, and either the variance or an upper
lmit for the variance of a obtained as a function of the pa -ameters k, m,
and N. For example, one model which appears reascnable is to assume that

AL e 2 e nmmdecm e e A e bl b A
VA VT AVUONED bl VMULTW VY WS MBLLHLHUT VoUW v

but that the position of the clustaers in the Jot is random, The degree
of clustering within the segments iatc which the lot is divided may be

measured by the intraclass correlation

p is the average fraciion defective inm ithe lot. When each Py is elther
A
Cor i, (9 = ] and the variance of Q in that case is zero., When all the

p; '8 are equal to the fixed average p, C? takes on its ninimum value

1 : g S :
- R But 1t can be shown that when (7 is a minimua, the variance of
';‘ - . A. .
Q $8 a maximum. Thus the variance of Q in this special case gives a

ssnvenient upper bound for the variability of the outgoing guality even
if the prcduction process is not in statistical contiol, Morecver ths

variancs of % in this special case is computabls and is given by

R P TR 1T S RS R <

o KPP oo r{ak-1jp (& (n|p)) -2kpis{nd_ [p)+E(d*!p)
1 = I
\4-&.6) J 6 b 2

A
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where cri and E (nlp) are given by (i.4.3) and {4.4.2), respectively,
dn is the toval aumber of defectives Found in the partial inspection of

the lot, 1.e., 4

™D fer n < N and dn = 0,1,,..,m forn = N,

(Bake7) E<,.».an|_

-1
o 2y .2 &Y 2 20N 3 N3
(4.4.8) E(d°|p) = m” - & (m“-3 )(j)P q .

The graph of ‘he standard deviation for the worst possible distribution
of the defectives for tiic plan m = 16, N = 400, k = 2C, and AOQL = ,0380
is given in Figure 6., The grepl for the same.values of m and N, AGQE =. .3392

and k = 50 is approximately the' same as this one,

4.5 Variance of Samrla Fraction Inspected.

Tne fraction of msterial inspocled in & lot of uvize kN during a

single inspection opuration; both partial and complete, is glven by

as a function of the prcoduction quality p. ig is measisred by the variance

)
of ¥ apd is clearly given by

2

. I=

oY 2 =112 n

(l*-'-:‘°=’-) C a =y i ) —:_?
2 ]

-

£ . A . . i R 1 v :
where o, is given in equation (4.4.3). 7The graph of the standard deviation
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for m = 18, N = 400, AOGQL = 0380, k = 20 is given in Figure 7. The
corresponding graph for m = 16, I = 400, ACAL = 0392, k = 50 is also

-~ s

glven in Figure 7.

4.6 Esiimation of the Process Averase.

As w53 previocusly indicated, & continucus ssmpling inspection
plan aims to accomplish two objectives, (1) to improve the quality of
product through a screening prccsss, and (2) to supply information for
quality ccntrol purposes, It 1s probably most often the case that the
best way to improve the quality of the product is to do it by qualiily
control tefore the preduct is manufactursd rather then by scresning after
the product is zsnwiacturad, To supply currsnt information on the quality
2f the manufactured product reguires an sastimals of the
The sampiing plan under comsideration gives two typss of information,
that obtained from partial inspsetlicn, snd that obiained from 10C percent
inspection when this is requirec., It is clear thal ihe Infsrmation
cbtained from partial inspection gives a more representative picture of

e quality of the product and we propose to base our estimate of p on-
tirely on this information,
When partial inspection terminates, the nuwbsr of defectives wbtairned
ie necesszrily m, a constant. The only random variable inveolved 1is u,

tha numper of segments partially inspecied. There are two possitile
£gm p \ p !

(N

estimates of p based on thsse guaniilies m and n. One estimate is given

This estimate is biased with an expectaticen given by

— i - T S i A BAAIN I T e e I
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The bias of this estimate is always positive but approaches zero with
lerge values of m. A graph showing E(ﬁh) as a function of p for
m = 2,3,4, and 5, is given in Figure 8. This estimate, though biased,

is probably good. Unfortunately, no one has as yet obtained the variauce

of it. An untiased estimate of p for the pian under conslideration

originally susgssied by J. B, S. Haldaas {3] is given by

) p =Bl
(k-6-34' pm n-1 °

The varisnce of this estimuate ir known and ie given in closed form by

~o

(h6.4) 2 = pat (AP EDEY DT BT v )
B, r=l N

The variance of the same quantity was obtained by Halilane as the follicwing

infinite series which may be more convenient for computational purposes,

2 2
Q 2!q . 31!
o) o =Bl EEe oo .
: .

> A = - 2 K
The graph of the variance ¢f p  for m = 2,3,4, and § is miven in

Figues 2. .

4.7 Continuous Inszpection Plan for Fixed Lot Siges.

Often “ha prcduct submitted for continuous inspection comes in
nsturally-formed lots of size X, and it may be desirabie to compiete an
Znspection operation with each lot. The plan previcusly discussed can be 3

eusily modified to accomplish this,

-

e — ik
R i = e, . |
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The lot of preoduct of size M is divided into N segments of k itams
sach., The partial and coxplets Jnspacticn procedurs is identical with
that previously described axcept. iiat now if fewer than m defsctive items
are fouid in N sogmenis, inspsction terminates and begins anew on a new
Jot. It follows therofore that whernever 100 percent inspection i3 cslled
fgr. the two proszeduxres ars ldenticsl. The prevent procedure difisr-
from the preceding only if fewer than ai defectives ars found in N scgmen!.s,

In the forwmsr case partial inspectiva terminates while in the latter case

it goes on until m defectives are found, The AGQL for this plan iz still

(4.7.1) AOQL = 5}?1- )

2zl

Howaver, the AJQ function is somewhat different and iz given by

=~
iy
1B
| i
e S‘z
Cde
T
LY
~—

bl
=4
Ko
-
L}
-~
=
1
B

(4.7.2)

A careful imspection will show that the voriancss of 8 aiven in
~mcabions L.o4.1 and 4.4.6 a5 well as the variance ror F in 4.5.2 are
precissly the variances for the case under ccnsideration. Thus, thess
foraulas can be used to coipute tile variancs of the sample outgoing
quaiity and fraction inspected for controlled producticn, and an apper
buund fer the variance of the sample culgoing quality in the general
case for tnis plan,

For the pressent case, an unbiased estima¥e of the lot fraction

defective bpased on the information rrom partial inspection is given by

AT = ———
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in case m defectives =2re found during partial irnspection of the lot and
if d: defectives are found with d < a, it is given by
(b7 &) D= a/N d=0,1,...,m1 ,
In consdueicn I wish to express my indebtednass to A, Wald amd
J. Woifowitz [2] as well as to H. F. Dodge [4], [3] from whom many of
ths ideas contained herein have been ‘:;-orrowéd. I also wish te than
Jdack J. Ingram of the Bureau of the Consuc =nd Reozedith Sitgreaves of
ths Applied Methematics and Statistics Laboratory of Stanford for the
i generous help they have given me in the preparation of this report.
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