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THE SUPVEILLARCE OF STORED ITFS

by

¥. Grant Ireson

Part of the responsibility of all branches of the m'litary
services i{s to maintain an adequate supply of usadble materials of
all types so that in any emerg=ncy a sufficient quantity of materials
will be on hand in the wmr reserve stocks 0o enadble the Departoent
of Defense to meet the needs of a military action of sowe minisum
length. In order to carry cut this responsibility, all branches of
the service purchase equipment, repair parts, replace parts and
gupplies, and saintain vhem {n etores rendy for issue at any time.
These suppIléd can de classifled ir. many vays, and the first genernl
ciassification breaks them down into

1. Current supplies (zupplies that are constantly being
usea and replaced through the procurement of new supplies.)
2. WAr reservs rtccks (zupplies and equipment matinta’ned in

ttores and varehoures againit the needs for rmergency
insue.)

All types of materials and rquipsent deteriorats to some extent
in storage; some materiala deteriorate at a sich mo~» rapid mate than
others. Some materials change in charncter{s’ics az time passc:,
regardless of the environment i{n vhich they are stor=d and the
protection affordrd them. Certain chemical coapounds ( rubber, for
{nstance) behave Iin thic fashion. On the other hand, the detrrioration
rate of most supply {tcms can be regulated or partially controlled by
controlling the environsr:ut {n which tue aaterial {8 «tored, The

environment {ncludr . such factyrs ar teapepature, humidity, direct
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sunlight, fumes or gases thnc cause corrosion, and physical prot.ctienm
against damage (crushing unler bigh stacks, blovs fram truces, fire;and

theft). It is necessary, then, for the military to recognize the difference

in behavior of the items under differeat environments and to take vhatever
precautions are necessary to saintain the items in usable conditior. In
spita of all attempts 0 maintrin the items in usadle condition,
Aeterioration does take place and at varying rates vnhich cannot de totally
accounted for by relating the rates to environmentel conditions. The
surveillance priodlem, then, is thst of determining the ~>ndition of the
materials in storage and making a decision as tc wvhat disposition shall

be made of {t.

A number of objectives can be set forth for say s..veillance prograsm.
The foremost obJjective is to detarmine the condiiions of the iteme in
storege in urdsr that the proper actioa can be taken to insure an adequate
supply of usable items sccording to the estimated military needs. The
condition of the materials as revealed by the surveillance inspection
vill dictate the proper action:

1. Retain as s

2. Inspeet 1004, repeir or recondition as necessary

3. Represerve and repackige after cleanirg off corrosioa or rust

b, Scrsp and replace throush nev procuresment,

ivese decinions are similar .0 those that must dbe made d: acceptance
procedures regarding nevly procwed {tams except that in surveillance the
decision to accept simply means taat the quality of waterisl {n storage
is good enough to continue in storsge vithout additicnal inspection or
repalr. Thus the surveillance inspection is a special csse of acceptance
procedures in vhich there {s no producer-consumer relations except as
the guality affecte the relations betwveen the supply organization and
the using organization.

A second objective is to odbtain sufficient {nformmtion adbout the
variation in detericration rates under different ronditioms =5 that an
econotical surveillance progras cen be planned that will ac..aplieh the
first objective., 1If items do not deteriorste rapidly, it is usually =
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vaste Of money to gO into “A-called inspections at frequent intervals,

When {t~ms deteriorste repidly cr 2% unknown rates iL mey be recessary o
inspect more frequently or to base the freguency of inspection on th»
deterioration rate as observed. Thus, this osbjective is to determine

et prograx vould be most effective and to formulate irspeetion procedures
and saspling plans that vill eisble decisions to be made currently vhicel

_will minimize the cost of maintaining the derir=d stock of usable items.

A third objective cf the surveillance program i{s to secure information
abcut etablility and reliabliity of materials and designs for the benefit
of military designers ara apecification vriters. This {nfurmation will
enabie thege people to ulter Z.ture designs and specifications so *hat
the itemr vill have a longer shelf 1ife and in turn involve less surveillance,
This objective might be stated another vay: to provide faformation that
will reduce or eliminate the surveillarce prodleam in the future., It, of
course, depends upon adequate commmications vith procurement divisions
and a willingnees on the part of procurement %0 take advuntage of the
accurmulated krovledge.

It is quite obvious that the fermulatio:n and orera:ilor of » ratisfactory
aurveillance program is primarily a maragement and organizati: ; sroolem.
The effectiveness of our fighting forces is largely dependent upon hLavirg
an efTiclent and effective surveillance rrogram. Each branch of the servirce
has literally thouundn of items “0 be stored and observed. ‘these {temn
rall (n hundreds of claaaiﬂratlons and present wany, many iifferent kinde
of probiema, Each {tem is irportant to the overall defense program. Las“
of an inexpansive repair part can render a military unit {mmobile or
incff~~tuAl In performing 1ts mireion, Tuerefore the value of the item
is not a criterion for a ratisfactory survetllance program. Thers are o*trer
more {mportant criteria tha* must be used in set’ing up fuch A program.
The mngnitude of the problem {1 such that the formulation of ar effinient
progras ia ~eaentinl and offere (he opportunity 1o save large amounts of
monrry without {smairing the effectiveners of the defense prograa.
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2. Criteriu for a Satisfactory Surv=illance Program

A rondenesd statement nf the awiteria far an acceptable svrvei]laenecs
program might be simply that it vill assvre the services an adequate
numsber of usable -items on hand st any tiae to mret the nceds for military
action st & minisum cost of money, manpower and national resources. Vhile
such a statement provides general guidulizes for planning, it gives
little direct assistance in formalating or evaluatiag s proposed program.
Individual factors must be considered more fully.

A usable item must be defined in some wvay, PFor procurement purposes
detailed standards and specifications are commonly used in order to
assure that the item supplied Dy & vendor is vhat the ailitary agency
vants or needs and that it will fulfill the functiomal requireazents vith
the proper life, dursbility and accurscy. It should be quite obvious that
the specificatious and standards for usability of an item that i{s already
ovned by & military service vill be somevhat different from those used
in initial proc:Tement. As ove silitary representative put it, "You
vould not discard or scrap a truck dbecsuse the paint is fsded or decause
1t had dents in its fenders, yet you vor " =m0t %'y & novy truck from &
supplier 4 it vere in the same conditica.” The condition might not
even be oad enough to Jusiify a cev paint job. Purthermore, even :if the
fimetions! operation wvas del)ov the standard for new trucks it is more
economical to repair the truck than tc purchase & nev one. In many
military operotions it is bet' sr €0 have a weapon or a dervice that wvorks
at some infericr rate than to Lhave noce at all. These idess introduce
the concept that "usable” quality needs to bde defined in reference to the
15c33 under consideration and that the definition may change with changes
in the nilitary situation relative to the available supply.

Another concept tuat must de considered in designirg & surveillance
program is that af the risk involved. Most stored items wil! have some
defectives or defectiveness pressnt. and are of the purposes of the
curvelllance FiOgluh Lo 0 Jelurmlig iww woloclive Hi . wwwe &re. OSince
sampling vill usually be used as a basis for Judging the defectiveress
and deciding upon the Alapoeitian of stored itrms there {r a certain
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riss that the defectiveness vill be underestimated and that lots of
ilems wiii ve recained vhen they should de 100% inspected and defectives
TSpaliod i semuved. Ine probabllicy of retairing oo many defectives
in stock is the risk involved ir sampling.
‘ At the samt time, the information obtained {n sampling caan be used
‘o estimate the rate of deterioration. By knoving the defectiveness of
the lot at any one time and the rate of deterioration, the defectiveness
at any future time can be estimated. This aspect is important to the
xilitary because it permits the frequency of Snspection to be governed
by the sensitivity of the material,

Another aspect of risk is eancountered in the chsnce that a
defective item will ve issued to & using unit. when s large number of
similar {tems are issued to one unit, the presence of a small percentage
of defective or umisable items may be of almost no consequence. Eowvever,
vhere an individual {tem 1s issued to a unit, as for instance a machine
gin to aa {nfautry squad, and vhere the unit’'s effectiveness depends upon
the {trm‘'s being good, we would zot be willing to take as great a risk
that some given percentage of the {tems were defective. Therefore, it
18 neceasary to state the risk in any zurvelllanee procedure by specifying
the quality level, an AQL (Acceptadle Quality level) or AOQL (Average
Outgoing Quality Limit), that {t vill provide. The AQL or AONQL should
be specified for each type or classifiestion o item so that the
approariste surveillance plan can be used.

The selection of epecifications for usanle quality and the AQL
to be used must be made vith ref ence to cost and probable conmequences
incurced. The coal must be measured in ®erms of man-hours of labor
that will b’e’l—;I“VO‘/IVM in the reinspeectirn of the {°ems. This is a
function of two varisblcr, the coaxpleteness of the inspection on each
indiviiual item and the number of itews s0 inspected cut of a given
lot. 'The tighter the specificatiosns for usable quali‘y are, the more
time must be devoted to the inzpection of each ftem. The lesg risk
we ace villing to take, the smaller the AQL or AOQL must be and the
larger the sample size murt be for a given lot rize. Also, more acoepeahle
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lo%s vill be rejscted by tight plans, and therefore the frequency
vith vhich lots must be 1008 inspected increases. Thir is in turn
sccompanied by ROre revair and rework of efective {tems. There s no
questicn dut that tight specifications and lov risk plans result in a
higher percentage of the items deing in a usadle condition, dut 1t has

been srcomplished at & cost of inereased wr-houre and use of faeilitiwe.

T COST OF 1NCTEASEA proteciion, as descrided in the previaus
paragraph, shodld be considersd in comnecticn with the initial cost of
the item and the time required for procuremsmt of replocement items,
Certain dranches of the military service have set up arbitrary limits
on the amuunt of money %hat may Ve speat oo revork or overtaul of
reparsble items. One branch, for exsaple, has specified that if tha
estimated cost Of repair exceeds M0f of ide lililal cust the item will
be reviewed by a special Loard that vill make the deecision as to
wvhether the item should bde lepaired or serepped. BSome military
representatives have expressed the opintiom that surveillance costs
exce2d the cost of nev items (1a certain classifiestiocns) and that

- periodically nav items should be purchased and the 0ld items scrapped

without interim inspecticn. Tre objective should de to select the
largest AQL that the military can afford to accept for each classifica-
tion of meterial and then tu determine the surve’llance procedure that
vill provids that amount of protection at the lowest total cost. This
total cost should include the purchese price, the cost of speeial
handling for surveillance purposes, the cost of the sampling inspection
and final action. If the sum of the special haniling eosts, tha
inspection costs and the costs of the finmal action equal the cost of
replacement (the purchase price), then surveillance should be adbandoned
and the items scerapped periodicaiiy. .
This paper does not attespt to {rtroduce or rolve the so-called

'inventory problem of hov much to order and the procurement problem. It

is limited to the surveillanze problems of items already on hand at any

tine. The surveillance prodlem and the {nventory prodlem are by necessity

interrelated, but the inventory problem is supject to straightforward
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solution provide? thes surveillance prograa has supplied the information
on shelf life and deterioration so that the prospective usadle quantity

can be predieted.

3 ¥ho 8hould Set Standards for Burveillance

The problem of setting standards and specifications against vkich
stored items vill de comparci =ust fall on the military., Reprecentatives
of the fighting forres must decide hov bad un item may be before )
it becomes unusable. Only the using organizations are in a position to
evaluate the effects of defective {teas upon the sccomplishment of the
assigned lluionl.' The decision must be made £5r all the kinds of items.
For example, powder and propellants change somevhat in dburning rmte and
axplosive pover vith age. Hov much change can be tolerated defore the l
propellants constitute a hazard rether than a wvespon! There is some
point at vhieh the firing tables used by artillery wen would becoms
totally un<leas, and, in time of var, there might no. de time to compute
£+ *°bls. based pon the nev characteristics of the propellants. In
this eas: ~ome change could be tolerated. Hovever, in the case of an
eleciroric guidance system for a missile, very little change in the " .
electrunic characteristics probadbly would render the system completely ;
uselesns,

For most military supplies and equipment a classificetion of defeer,
has been established for procurement purposes. This clsssification of
defects becomes & basic considaration in surveiil:iunce programs. HRespc-sible
personnel should reviev the classilication in order o determire vhich

* defects should de inspected in the surveillance operaticn and vhether or

not the classification can de doviegraded. Some defects that vere "criticel”
for procuremsent purposes may be considered as “majors”, and some that wvere

mn jors may be only "minores” in surveillance vork. As in procurement, an

AGL can be assigned b_y classifications for surveillarce purposes. If

a reclussi!‘l'cs/a(;;/cf defects 18 rot feasible, then nev and troader
tolerances may be sp-ciffed for the different characteristics that may

be subject to deterioration. A combination of these two mcthods may be
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employed in order to establish definite standards for the guidance of
surveillance personnel.

To summarize, as locg as items that vill not Piie lne specificaticas
for nev items are coes'dered usable (vithout repair or revork), it is
necessary to have two setr of specifications and standards. One set
must be vory complete and suitadble in every respect Jor procurement
purposes. This set vill normally require higher quality standards
than are nscessary for usadility because allowvancs muct be sade for
detericration in storage. The vther set must deal vith all those character-
istics that ave subject to deteriorstion, and must set the lower limits
for usability. Without definite standards the surveillance program
emot’i::x;cctcd to function effectively nor to sssure that items in
starage are usable.

b, What Items Should Be Taniluded i{n the Rurveillance Prograa?

It has been stated previounly that all items of military sicres
play some part in the vkole defense scheme, but it s odbvious that, with
the millions of items in eilorege, all items cannot -~nd need not receive
the ssme oconsideration in the srrveillance program. It becomes necessary
to expend the availadble money and renources on those taings that are the
most important to the defenie program and vhich are also subject to
deterioration at a rapid or an unknown rete. This has alreedy bdeen
sccounted for in many of the surveillance progzes=s in that ghelf life
has deen established and onc> the sheif life has been exceeded > item
must either de inspected and up-dated 1r Ltill {n a satisfastory condition
or be scrapped.

Practically all of the msnufecturers of ailitary supplies and
equipment are awvare of the charscteristiics <€ their products and are
able to provide some guidance to the military regarding the probadble
shelf life. Manufacturers of preservatives and packaging materials know
a great deal about hov their produets retard the deterioration of various
kinds of materials. JFurthermore, the military nas a great deal of
information from past experience vith all kinds of materials stored
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under wvidely varying condit{ons. From all of this information the military
should be adble to determine vith & great deal of certainty vhich items
would be most subject to deteriorution vhen afforded various kinds of
protection and preservation. Obvicusly, those items that have a lorg

shelf life or vhich sare not subject to deterioratior vhen properly

stored should be exclud:d from the rirveillance program. The availadle
loney'and facili.ies should be devcted to those it'ms that either
deteriorate rapidly or detcriorate at an unknown m te. Records should

te kept to accumulate information on the latter group sO that unnecessary
surveillance can be =voided in the future,

Another factor in determining the items to de included {s the time
for replacement Or repair of defective items. This factor aleo affects
the risk that one is villing w take on an {tem being defective.

The replacement time should be considered in reference to the sire of
the var reserve stock pile. The stock pile of usable {tems should be
large enough at any time to conduct & military action of some specified
duration. The duration should be loag enough to per:it the reg.icement
of the 1%cma as they are used so that the military sa~tion can be

-~-continued without intervruption. Consequently, there will be wide

variations in the relative :ize of the var reserve stocks. [tems cosmon
to dboth civilian and military activities need 20t be held in such large
quantities se the ftems that are of purely military nature tecauvse they
can be r~pisced more quirkly. The reuiired ! tock pile may be estarlished
in most 1nltaA;eo relative to the estimate of the military situation.

In other words, in times vinen var seems more imminent stock p'les nave
been increased and as the langer of war decreases the stock plics have
veen alioved to dwindle, Furthermore, vosoiescence tends to afTeci the
amount of material that should be retained {n =tock. For example, vhen
a new nircraft i{s procured in quantity and sdded to the fleet, the spare
parts, vings, tanks, engines, landing gears, and other components are
procured for replacement during tne estimated life of the plane. As
thiz plane {3 phaaed out {Oor as planes are lost due to s.cidents or
ailitary nction) and replaced by newer types, the quantity of spare

parta in storea {a reduced accordingly.
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5. 1nspection Plans that Meet the Pecuirements and the Object!.ves
of the Burveillaace Progras

The primary purpose of this paper is to analyre the surveillance
prcblems so that sppropriate inspection plans can be selected. It is
necessary to establish the criteria for such inspection p.ent 80 ‘hat
they can be adapted to the varying conditions and rejuir.wents of the
several branches of the military service. It his been assumed ths? a
surveillance program calls for sampling inspection plans. 7Tt is not
likely that a single plan vill satisfy all of the needs. Therefore,
this paper propoees that certain charecteristics of sampling plans de
considered in reference to the individual p:odlems that are ercountarsd
and that certain recommendations be made regarding the nature and use
of the plans.

There are tvo broad classifications for acceptance nlpung plans
vhich may be considered for the surveillance provlem. One type is the

~ lot-by-lot type and the other is the continuous campling type. The

rilitary has a large nustcr of sampling acceptance plans of both these
types. S8ince the problem of surveillance (s concerned only with
material alrcady on hand (ard not with product being submitted item-by-
item as produced), the continuous plans appear not to de spplicable,
™t later {n this parer a three decision continuous plan is presented
that appears tO have some merit in the surveillance program.

Lot-bye't acceptance piana take many forms. Attridbute planc,
typified by MIL STD 105A, are best znown t5 insjectors and quality
control personnel. !nt-hy.lot plans hased on variables (standard
deviation or range) are coming into more vide-spresad use. The government
is fssuing & variables standerd, MIL STD Alk, similar to MIL 81D 10%A
{or use in procurement. A third type of acceptance plan based upon
lot-dy-lot considerations, is the multiple or sejuential type of plan.
There are numerous individual sets of sultiple plans in MIL 37D 10%A.

As has been stated earlier ir this paper, {t is necessary to
¢5%ablich the level of protection desired froa any sampling plan. The
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operating characteristic curves of existing lot-by-lot plans have teen
established for use in procurement inspection. Ae in procurement
inapection, the 10° are identified and are made up of product that wvas
produced under essentially the same conditionz and can be aisumed to
rerresent & homngeneous collection of i'ems. If the sume plans are to
be used for surveillance programs, it mist be reasonably possible to make
the same assumptions about the items to o¢ inspected. This, of course,
imediacely poscs & major problem in mary stored items, in that the
identity of the lots is not necessarily retsined afier the item has
been received and put ints stores. In many cases 1t is still true

that the lots are reta.usd separstely from other lots, o that the
manufacturer, date of production and other information is availadle for
use. On the other hand, muny times the {tems have been moved from one
wvarchouse to another or have deen {zsued to using comsmunds ard returned,
either used or unused. Practical prodblems of materials handling in the
varchouses or depots preclude the possibility ¢! reestablishing the
original lots, and even {f the lots were reassembled, the differences

in the environmeants to wvhich the several sublote have been exposed

would mean that the whole lot could not be aunsimed ¢S be homogeneous.
This means that the wvarehounes and depots throughout the world have
collections of {tems of similar nature, model, stock number, etc., yet
produced by differert manufacturers at different times and under
different conditlone, and are not homogeneous. The question then arines
ar to whether or not sampling plans based upon the asrumption of
homogeneous lots can be relied upon to give tne desired protection vhen
the question is "Is a sufficiently large percentage of these items usabie
to varrant their retention vithout further inspection and overhaull”

It in safe to say that {f all of the {tems {n the collection, sven
though from different manufacturers. vere made to the same original
rpecifications with the rame kind of materials and received eecentially
the =ane treatment, the errors reeulting from the appllicatinn of lot-by.
lot nceceptance plans would not necessarily preclude the use of such

plana for surveillance purposes. I, however, there ares substantial
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;‘ d1fferences in the design or materials it may be necessary to subdivide

§ the groups according to sowe model number or serial number in srder o

f apply the sampling rlans vith confiderce. This can be somevhat verified

5 by considering the mixing of two or more chip distridutions. If the

::- different distridutions have approximately the same mean and only slightly
i 4ifferent standard deviations, caxples drewn fru> the thorougnly mixed

chips will still tend to indicate the same average and & dispersion

] slightly larger than that of any one of the alstridutions. Thus, if a
collection of items is made up of {tema lat were originally very similar,
and {f they have had sbout the same “reatment, a sample dravn from this
| collection should still indicate the average condition with some

/ \\—\\

indiestion of the variation in quality that might be expected. Of course,
under such conditions, {t is very important to sctually randomize the sample,
and not to succumd to the temptation tn take the items that are on top,
Or are convenient, as & raigle. If some items have been rubd jeet to
different environmental conditions, it would be desiradble to make sublots
fros the large collection, basing the sublots upon the treatment received
and not upon originul manufscturer,

After an AQL has been selected for any item, it is necessary to
consider tha steepnens of the operating characuaristic curve in
relecting the sampling pian tC be used. The 0... curves of many
different sampling plans provide the same AQL, but, according to the
steepness of the curves, provide more or less protection against accepting
the lot at quality vorse than desired. In surveillance work, this means
that the steepness of the curve vill de=termine the probability that an
error wuld de made {n deciding that the lot of material is usable when
actually 1t is vorse than tha desired protection level. It {r adviscdle,
therefore, (¢ th2one tvo pointe through vhich the 0.C. curve must go, nne
representing the AQL and the other the quality (p') vhich you are willing
to accept only with & very small probability, say 10%. This second point
ecrresponds roughly with the Lot Tolerance Percent Defective (LTPD)
concept. of the Dodge-Romig scceptance plans. Thrse two pointa will
eazen’ially determine the steepnens of the 0.C. curve and enable one to

L — o
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piek a satisfactory plan.

Consideration of the fraction defectives that will be accepted at
the AQL and the LTPD ima~diately points out the problem of cost. As
elther or both the AQL and LTTD are reduced the sample size must increase,
and the inspection cost must go up. The benefits that may be derived
or the penslties that may be incurred at differeat AQL's xust te
velghed against the costs {nvolved.

Where the important charecteristics of the material under csurveillance
are measurable, it is prodbable that acceptance plans based upon
variables will provide the denired amount of provectinon vith lsaa tntal
inspection. The variadles plans require a smaller sample size for s
given AQL than do the attribute plan; K but the coct of each {=spection
is usually greater. In many cases the characteristics under observation
must be weasured anyvay, and it i{s foolish to throv awvay the exira
information in order to use attribute plans. Such tests as functional
teuie {ui wuglinis and air compressors, fuel consumption, hardness, tenaile
atrength, rate of  limb, recovery rates, ¢tc., represent the best
oppor-unities for use of variables plans,

The sequential type sampling plans appear to offer special advantages
for surveillance purposes. Sequential typs sam.ling plans may be efther 4
item-by-item or multiple sequentinl, That is, the decizions may bc m=de
after each item ls inspected or after each group of n  {tems {3 {napeeted,
The decision mus% de one of threes: accept, countinue inspection, or
reject, If lots are either very @ood or very bad the decision to neeent
or to reject can urually be made vith a small amount of inspection. It
is only vhen the actual quality is borderline that the sequential plan-
require a large amount of inspection. For these reasons it appears
that sequential plans are perticularly advantugecus in surveillance
vork wvhere the pain problem {: to guard against retaining lots or
mrterial as urable vhen the 4r fectiveness {n greater than some given
prrecentage., o

411, 8TD ‘lﬁ.aﬁkﬂpmﬁdn a set of multiple sequential sampling planc
»iih eight posaible ntepn {n sach  The sample sizey are cubetantinlly

-~ -— — - — iy - C——
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smller than the single sarple sizes for correspanding proiection. These
plans are vell known and ar» mnat valus>l: where the lot size is relatively
large. Thus, {n surveillance vork, these plana would de most useful for
checking the quality of component parts that are stored in fairly large
qQuantities. In addition, if the {tems were all good at one time (vher
purchagsed) and 1 they deteriorate at about the same rate, a small sample
car usually tell vhether or not the fraction da/zctive is greater than

some arbitrary asount.

In those caseg vhere the total quantity ia Jtorage is small or viere
the individual lote are small, a modified item-by-item sequential ucceptance
plan will usually dbe more economic.il. This is particularly applicable vhere
the items are large, cczplex units and vhere the cost of an individual
inspection is 'lim;i The disadvantage of the item-by-{item plan lies ir
the accessity o compute a probability ratio after each item is inspscired,

_Or else to have previously yrepared tabdbles or charts for the particular
prof.ec?ion desired from the plan. Ir item-by-item sequential plans, one
item {3 inspected and a decision 1s maie w0 sccept or reject the lot or
to lnspect another item. It may, depending upen the protection desired,
be necessary to sxamine several items bdefcre iU 1z possible to elther
accept or reject the lot. (In other wvords, some minimum number must

be inspected in mort cases before a decinlon can be made to zrendt. o1 to
reject.) The total number of items %o be inspected before a final
decision to accepl or to reject depends upon the quality of the lot and
the chance varistions of sampling. In practice ‘hese plans are usually
-odiried to the extent that the pro~edure is truncated after a finite n
items have been inspected.

I. Richard 8S8avage, in his reports Cycling and A Three pecisnion
fontinuous Sampling Plan For Attrlbutes.has proposed twvo models that

-
Barage, I. Richard, "A Three Decision Continuous Sampling Plan For
Attributes”, Applied Mathematics und Statistics Laboratory, Stanford
University, Contract Nbonr-25126, Technical Report No. -0, January 22, 19%%,

Savage, 1. Richard, "Cycling”, Applicd Mathemntics and Statistics
Laboratory, Stanford University, Contract MN6onr.2%126, Teehnical Heport
No. 27, Mareh 9, 1955,
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aprear L0 have sase applications in Jurve'llanee vork. His three declsioca
model is dcsigned for acceplance inspection of product from a continuous
process, but vith a littie imagination it is easy to visualize its applica-
tica W a ;;z“Z?”SFaEuc; that haz teen assesdbled from previous produeti.mn.
The procedure of the plan quoted directly from Technical Heport No. 20 is
ag follows:

“The propceed procedure depends on four positive parameters, b, hsy
s, and ¥ in the folloving manner,

“A: whea the production process begine, start vith 100 per cent
{inspection and let dn be 9 nuener of delwsiives out of the first n
{tems produced. As long as

-hl + sn < dn < h2 s+ (0 <8 <1)

continue 10Q per cent inspectior.

B: Ir dn < -hl + sn tefore dn-z h2 + sn , stop 100 per cent

inspection and accept 5 lot of sfte K (the next K iteas produced}.

"B ir dn 3’“2 4+ 8n betore dn Len 480, stop the production
and Attesmpt to improve the level of production.
"C: Eventually either 8 or B°® will occur. When the

appropriate aciion has teen taken, start the inspection procedure over
ngain by going back ta A as if the production process had Just begun.”
One unusual assumption i: mede: the defective {tems found while
{napecting at 100% will not be rerlaced by good items, but will bLe set
aside and kept separate frox he (texs passed. Othervise, this plan
is a rather special case of sequentici acCeptance procedures, vith =
rpecific 1imity X , on Lhe number of items to Le neempred,  Oaynge
worked out an exagple in the Peport using hx . h2 «2, 8% .1,

K « 2%, %,7% and provided grapls to shov the operation of the plasn.

If a lot under surveillance {3 known to have been produced under a
~tate of control and the lot has been cubje~t to the sams treatyent 20
that 1t ~nould stil]l be homogeneous, this plan could be vred with reasonable

conflienes. Since tie 1ot has pruuably been well mixed during the process
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of shipping and storing, the 100 inspection eould be started at any
coavenient point in the warehouse and adjacent items insapected until the
decision has been reached. If condition B s reached first, 100%
inspection would be stopped s=d4 tha znext. K items of the lot accepted
as being usatle. Then 100% inspection 1is {nstituted sgain until
condition B or B' 1is reached. If condition B' is reached first,
the lot is assumed to have more than some fraction of unusable ftems and
should bYe sulxitted to 100€ inspe:tion and repair as necessary.

On page 21 of Report Ro. 27, Cycling, Savage Presen’s "A Preparndness
Problea® that results in an economic model for the determination of the
frequency of inspection and repair of reserve equipment. He admits
thet the greate;t difficulty may be the determination of the cost and
loss information necessary for the salution, hovever, such & model should
be helpful ia determining policy on frequency of inspection and repair
of major equipment. The following 1s a direct qbote from the Report,

A e statn plece of equipment 13 kept in storage to be uscd only

in the csse of em :Jencies. While in storsge it costs A units of
money to inspect the equipwent and P(x) units of money to repalr R
(1ike nev) the equipment if 1t has been x units of time sinee the last
inspection and repair. The costs A and P(x) apply only if the
inspection is made on a routine basis and not under emergency conditions.
Under emergency conditicns the corresponding costs will be denoted B sand
G(x). We will assume that A and B are positive constants and that
F(z) and 0O(x) are continuwous, non-decreaning and non-negative. Alac
F(O) = G(O) »« 0 . It is also reasonable to assume that G(x) > F(x)

and in many applications GC(x) will be consideiably larger than F(x)
puucult:l_y_r {95 large x . Flnally the model {s completely specifiecd

by saying that the probability that ar cmergenc, occurs in the next T

unite At time {3 1 - e'AT, vhere 4 > U and {s knovn. A program now
consists of a sequence of numbers X » '11, 12,...). Routine insvections

n
are made at the times U T ....E x, vhere the ~mergency occurs
I
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n n+l
Letween times E X and E X, i emergoncey inspection is made at
1 1

time T, the time Of the emergency.
The total costs of inapection and repairs from the beginring of the
progran until the emergency {s vt s

A a

2. (A s F(x)) ) +Bsc(xe),

1-;
dhere x% « T = xn . Thie {s n randc: variatle since 7T !3 a randoa

variable (vhich also forces n to br a random variable).”

Savege proceeds to shov solutions under various assumnptions and
indicated that certain of the equatiocns caan te solved for aliniaum
é§bccted costs by numerical methods.

It {s believed that in surveillance wark, the cost of routine
inspection and repair can dbe approximated rather closely and that
some probability of an “emergency”, as uned hy Savage, caa be set,

The cost G(x) is enmentially the cost of tte finel incpection snd

repair of an item before {nsuing {t 0o a using unit. For laige, complex
equipsent (aireraft in "mothtalls”, tanks, trucks. etc.) there is som:
prior knoviedge of "demothballing”™ conts. [ov 1f these costs can be
reiated to time by some reasonable equation it should be possible to
establish an optimum program of inspection and repair.

There are other factors involved 1n the selectins of a sampling
plan for surveillance purposes besides the cost factors. There is
alvays the neceasity to accomplish the military mirmion. Xo plan,
regardiless of how economical it may be of manpowver and money, can be
tolerated unless it vill asrure that the zritical {trms vill he {n

eervicaabls condition wlicnever needed. Thue, the criginal opjective

stated at the beginning of this paper i{s the crucial test of nny propored

o wra . fem e .
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6.  Disposition
' Turoughout this paper 1t has been assumed that saftcr the inapection

of stored {tems has been accomplished a decinion vill be made regarding
the disposition of the itema, The decisions, &8 eaumerated previocusly,

may dbe to:
1. Retain the {trm in stores vithou?. further rewvork or repair.
2. 1008 inspect the i{tems and repair those bdelov aceeptable
quality standards.
3. Disassemble and repair or revork all the {tems,
k., Declare the items unusadble and nonreparabls and subaltl

them to the disposal officer for saivege, sale, or scrap.
It zhould be realized that the decisions, other than the first

to retain che items in stores without revork, may not automatically provide
for the ismed{ate inspection and repcir of reparable items or the disposal

of items beyond repair. There are many rules and regulations in all of
the service dbranches that sust beawplied vith and procedures that must
te folloved in order to accomplish the rework or disposal. Usuaily &
separate agency, other than the warehousing sgency, vill be responsible
for repci—;‘ A.;d oveiliaul. These agencies have their own budget

limitations and priority lists of work to be accowplished which they must

follov in sttempting to maintain the fighting strength at the desired
level., Thus, the relative quantity of uacbli items on hand compared
to the procpective needs may determine the action to de taken, If the
item 1s in short supply and the stock has been declared unusable but
reparable , the priority sleasification maw anable the maintonansr
activity to put this f{tem into repair zhops {mmedintsly, 0On tha other
hatd, 1 the aupply of usadble items avallabie exceris Lne war foserve
minimum atock level, the declaration of some quantity . unusable but
reparable may not result in any maintenance work on those items. The

‘r-purabln-tt!u ey remain in the same condition for perivds of a few

monthe to several years before the usr~le ntock btecomes small enough tao
wvarrant repair of unusable {tems. Feparable {tems may bLe removed rom
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the surveillance program.and as a result deteriorate at a =ors rapid rate
50 that repair at s later date may bhe more evpaneive than §f 1% had been
done earlie=, but it may never have o be done at all. The avuilebility
of funds, minpover, and physical facilities are limitations within vhich
repair and maintenance work must be carried out. Work schedules must

be eztablished months {n advarce and outside contractors mav not be
availabie,

These difficulties are part of the management problems that must be
considerea in the overall surveillance program. iach service should
nxamine its practices and procedures very carefully to determine how {i:
rules and procedures are contributing to the inefficienoies of the system.
Sowme of the rut®i are necessary as rafeguards against several types of
errors that might be made dy people at lover echelons and must de
‘retained. Some Of the difficulties arlse from the frequent changes in
weapons, equipment, arnd items of supply and from the renidly changing
military situations vhich regulate the needs for reserve sicck. JFor
~xample, a given model of airplene may be phased out sver a period of
Yeara and for various reasons not use all of the spare parts that
were originally purchased for that model. Care must be exerted to keep
from expending money unnecessarily on the survei{llance of spare parts
that will not be needed for the fev remaining planes of that type.

Te Cilasulllcation of Malerimi

A single survelllarce plan probably cannot be designed that will
peet the requirements of all the different situations that will be
rRroIATATAd . A mmhar AF nlane amab 83k A EPeonnd Pastores, shoudl
be available, but there should aleo be avallable some sort of guide
lines by wvhich the best surveillance plan for any given situation can
be arlreoted.  The selection must te based upon a number of factors.
It 1= recosmended then that a number of classifications of material
bured o0.a these factors be worked out 20 that appropriate iuspection

© plens can be chosen for each categciy as a matter of poliey.
One clussificativu should deal with the aensitivity of the {tem
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to age. Tuis classification need only contain a seall mumter of levels
of sensitivity to indicate the relative frequency of inspeetion. Abcui
four levels should provide sufficient distinetion:

Highly sensitive

Sensitive

Relatively inert

Inert '

A shelf 11ife could de associated vith each level of sensitivity to
give a better means of classifying the materials. The shelf life should
be based on some standard condition, as for instance & covered varehouse
without humidity control or special preservation. Then vith special
preservation or environmental control the item could be downgraded on the
scale accordingly. For example, the highly sensitive level aight de
assigned a shelf life of 3 to 9 months, but an item so claasiried might
have a shelf 1life of tvo or three times that length of time if it were
afforded some special Dpreservation. Then the properly preserved itea
aight bz classed as a sensitive ftem, with a sahelf 1ife of 10 to 30
months.

The item should aleo be classified accoriing to how eritieal it
is in the hands of the using organizstion and hov sany are issued to a
vnit., The folloving classification iilusirates the concept:

Critical: every unit must be in good vorking conditicz 2t tize of

issue. No chanee for using-unit to repair or replace the item.
. Military mission depeads vnon that item being serviceaole.
 Cma srued at a tiaa.

Sudbecritical: every item must e in good vorkiag condition st
time of {ssue or reparable with simple field tools commonly
carried hy the unit and with the skills urually availsble
in the unit. One issued at a time.

Multiple, none-reparable {ssue: {issued in quantities (hundreds,
gross, cases, etc.,) very small defrctiveness can be
tolerated, but defectiveness not reparalle in field. Too
high a defectivenens impairs military strength.
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issued inr gquentity, dz2fectiveness !s

Maltiple, reparable issue:
Defert! rences

reparable in field vith comsonly available tocls.

delays build.up of military strength of unit.
Large quantity issue - expendable, non-reparable: 1tems issued in

large quantily W each uwatl., 7tgh defecliveness Is @ nulséuce
but only critical in time of shortage of supply.

Along vith the precreding classification, it msay bte desirable to
clagsify the items as t0 nature, such as expendadle var materials
(ammunition, bombs, rockets, wire, ete.), capital itemn (guns, sirplanes,
COMDressors, generators, etc.) or subsistence (fcads, clothing, bedding,

ete.). This clessification should be extended ir order to care for the

waterial needs cf ali tha services.
Another classification ba-»4 upon the nature of the item might be
used along vith the previocus ciassifications. This classification would
T be baesed upon the complexity of the {tem. Thus, items could be ciassified
as: ) ‘
-mma&fﬁe’ﬁ { components, material, fcod, gascline, oil,
povder, socks, shirts, single replacement parts, eie,)
all one material. '
Simple assemblies (ball bearings, electron tubes, wvalkie.talkies,
ritlen, pistols, ete.) involving twn or more pleces of two or

mcre materials.

large, nonecoxplex assemblies (trucks, cranes, diesel eng‘nes,
20tor generator sets, small boste), lurge items involving
a large number of parts and saterisls , representing a
variety of prearrvation prodlems, but not particularly
gensitive to aging 1if afforded normal care.

LArg: complex assemblies: [rsdar sets, airplanes, landing crafet, '
P.T. Boats, Ground Tontrol Navigation and Landing equipment),
large items requiring specialized service personicl, complex
test equipment, and special preservation and protection vhile
ntored.,

It will be 1oted that thia clasaification {x really based unon the

difficulty of maintenance {n stored state. The more complex the ~quipment,
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the larger ¢re number of separate specifications that must be checked
and complied with. The presence of such {tems as rubber hoses or gaskets
in a lsrger item may alone increase the frequency of inspeetion ‘wvo or
three fold because of the sensitivity of the rubber to age. Precision
bearings or wvorking surfaces that say yvat or corrode may have similar
effects. Thus the mire complex the i{tem, the more surveillanee »ffore
must be expended.
, A further classification of the item may be based on the kind of
{nspection required Quring the sur-eillance piriod. The inspection
required is really a functioa of the complexiy of the item and the

rensitivity of its components to age. The inrpections might be
classified as:

e ¢ A g UGB R © W PO QW AN T 5

Visual (does not involve the removal of preservation msaterial. [

As long as the preservation materials are intact, the item ‘
o can be ssrumcd €0 Le serviceable.)

Detailed (Preservatives sre removed and tte item components ere
minutely examined for deterioration. 1I1f satisfactory, the
iten i{s represerved.)

Disassemble aui inspect (involvee 2002156 teardown of the item and
minute examination of the individual parts for deterioration.)

‘Thewe classifications are irdieative of the factors that must be

concidersd !n astaklisliing the surveillance program for any item of war

" S0 T T

reserve material, but anly allitary personnel vho are completely familiar
vith the material, its uses and requirements vill be competent to prepere
the 7inal elacsifications to be used. If all the ftems of rese.ve stocks
are then classified accordingly, there vwill bde a basis for selectinsg
S=zpling piewn Lnat wili maximize the probability of sccomplishing the
desired puuegton. The various sampling plans must also be claanifinrd
according to the same classifications, so that the selection of the plan
vill Bz a simple matter of matehing the requiresents of the waterial
against the abilities of *he various plans.

8. Summary wud Recczmensations

The successful surveillance of stored items is essentially a
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management problem that depends upon having adequate and sccurate
information about the i{tems involved, ¢he coals incurred both in the
survaillance program and procurement of the ilums, proper standards

of quality for the items, and satisiactory sawpling procedures two
determine the condition of the stoeck. The development of & satisfacrory
progras =t require considerable time orcause a great asount of the
necesssry fuformation is not available, or is of doubtful accuracy.
Consequently, part of the program should be directed toward the sccummuls-
tion anl snalysis of the information so that constant improvement 1. cne
surveillance progras ~an be accoxplishrd.

In order to lcéouplish the objectives of the surveillance program
as cutlined in thie puper, the folloving steps are recommended:

1. A system of classifying all military {tems should be developed

that will take into account the sensitivity of the item to age,

numter normally issued, the critical nature of the item, its com-
plexty, and the aature of the inspection required vhile in storage,

2. All items in the Federal Cataloguing System should be classified

according to the classiffcation system estadblisted in 1,

3. Spectfications of satisfnctory or usable quality should be
rateclished for each class of item and an ACQL ond LTPD vhieh
reprevents the risk that can be talerated should be estndblished
by classee.

k. A series of sampling pians, representing lot-by-lot, comtinous,
and sequentisl types, shoulld be celected and classified according

19 the snme fyntem an menriomesd in tra Yi{ret vas~mmandat 495;

3+ Proceiures should dbe formulated by which information regarding
costs of surveillance, custs of procurement and repair, and deterior.
nt2-n rates undor different atorages and protestion conditions can he
accumulated.

6., Tne results of the surveillance prograa (informertion of
defectivenean, deterioration, cost of inspe~tion, etz,) rhould be
muyz"d prriodically and the reeults used to adjust the surveillance

onomu " 1 A
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Drigrem &2 nasessary., Classifications may be changed, AQL's
and LTPD's may be increased or decressed, stock levels may de
adjusted, or other changes sny be rade to provide the desired
protection ¢? :iored itexs at lover net over-2ll z3st to the
government ,
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Resultr 9_{ Questionnaire

We sent a quesiiznzci-e to a number of individuals in different
branches of the armed services {n order to obtain some basic information
about the current thinking on survesillance of stored fiems. There
questionnaires gave a fair cross section of the practices and prosedures
Of the different branches and, at the same time, pointed up some of the
problems that must te solved in estad izhing & satizfactory surveillance
program. Three of the sets of ansvers are reproduced here. Thess are
tairly typical of those received.
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APPENDIX B
BAMPLIRG FROM YIXXD LOTSH

Bespling from mixed 10ts is ordinarily cor+idered s dangercus practice
becsuse the .usual sssumptions regarding homogeneity, normality and so forth

. cannot be msda. Lack of soms prisr knoviedge of the cause system >y vhich

the 1ot was produced eliminates one of the bases c¢ca wvhieh oconclusions
regarding the distridution can be dravn from samples. On the other hand
the surveiliance of stored items frequently {nvolves & mixture of lots
of similar product that cannot be separated becauee the identity of the
1ots has teen lost or decause the eo0st of reassemdlying the lote would
be prohiditive. The question then arises as to hov great are the hazards
of sawpling from the mixture.

In Cder to arrive at some experimentsl conclusions sbout the hazards
of saxpling from a mixture of lots, two different mixtures of lots vere
prepared and submitted to sampling dDith by variadbles and attridute lot-
by-lot acceptance plane. One mixture vas coaposed Of three lots, each
approximately normally distriduted, tut vith different means and standard
deviations. There were %00 chips in 2sch lot, making a %otal of 1,500
chipe in the mixture. This mixture {s referrrd to as Mixture A. Pigure
I shows the Aistridbution of the three lots end the distridbution of the
total minture.

Hixture B consisted of three lots of non-normally dlstributed values.
The lots contained Th, 13%, and 71 chips, making s total of 280 chips
in the mixture, TFigure I1 shrwa the Atatribut{nne ‘of the lots and the
aixture. '

The tolerance limits on each of these mixtures can be set in order
to give any fraction defective dczired for en experimental ssspling teet,
Tvo different sets of tolerance limits vere used for each mixture, ne

se’. of limits gave a relativaly lov fraction defective and the other gave
a higher fraetion defective,

Foin 3000w 2000l B e
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Atteitute Sapmline -« Mivture A,

The t:lerance limits for the Mixture A vere first set so that
p‘ = 1.53% defective and then 30 that p' = 7.5 defective. A
XIL STD 103A sampling plan, level I, AQL = 2.9, Code letter J vas chosen,
This plan calls for a sample size n of 75, vith an aceeptance augber
ecof . Twenty samples ¢f T35 vere drawn rundoamly from the mixture
with the 1.538 defective limits and the mumber of dafectives recorded.
In all twventy eases the saxpling plan accepted the lot. This result
vas expected becamse the 0.C. curve for the plan shove that 2% defective
would be acceptad vith & probablility of 0.99%+ .

Tventy samples of 75 taipe vers then drawn from the mixture with
the 7.5V defective limits. 1In this case the sampling plan accepted
oaly & lots and refected 16 . This result vas somevhat better than
expected, beosusu the 9.C. cusve shows that lots 7.9% defective would de
accepted with a prodbability of adbout 0.30 , vhereas this test aceeptied
orly 204 of the lats.

Asteidute Sammilrs . Miveure &,

The tolerasee 1imits for Mixture B (260 chips) vere first set to
Kive p' = 393 and then 5.724 . The lavel I, 4.08 AQL, Bample Size Cods
Latter 7 zlan vas selacted fros MIL STD 1054 . This plan ealls for a
sample size of 19 with an aceeptance number ¢ of 1 . Twenty ceamples of
1% wue drawn rendomly from the mixture with the lowver fruetioa Qdefective,
One of the twvenaty lots wvas njoeuil by the sample results.

Tventy sasplss of 19 chips vere drawan from the mixture with the
tolerance limite sat to give p' ¢ 5.722 . Six lots of the tventy vere
~ejectad Dy the sampling plan. The results in both of these tests
correspocd very closely to the probabilities of acceptance as {ndicated
by the 0.C, eurve for the plan used.

These results indicate that sampling from mixtures of lots, vhere
there is reason to believe that they originally vere similar is not
particularly hasardous. The protectioa derived fraom such attridbute plans
ia this case is exastly like that derivea from use of the plans for
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procuresent acceptance, The protecticn {s derived Trom applying the
samp] (ng plan to a large nusher of lote, 30 that the overall gualicy
ncéept?d 1s sssured, but "good" !rdlvidual lots may he rele~ted
ocessiorally, and "tmd” individual lotz =&y Le accrpted nccasicnacly.
This points up the desirmdbility of usirs plans »'*t1 & steep 0,0, curve
1o avuid ihe ocessfonal acceptance of lats that are guch werne than the

eatablished AQL.

Variables Sampling - Mixture A ,
Twenty sam;:len of twenty chips each vere razdouly drawvn from the
Mixture A , and the valusa wers resords), X and R were computed for

ench sample, and ¢' wvas estimated by the formula o= ? + for each
2

amrple. X + Jo' wvas compared with the actual limiis of the Mixture A
distridbution. In 1% sarples (7"%) less than i€ of the original wixture
“is ouls’de of the limits entimted from the samples. X the remaining

5 samples the estimated limit: coutained $3.°4 or more of %he original
gixture, Table II1 chowa the averngs 7% and the 30¢' limits for ira
20 saxples, along wvith the number of (tems falling outside of theee
eatimated limits.

Variables Sampling « Mirture B,
Twenty samples of ten chips each vere drawvn randomly from the
Mixture B. X and R w:ss recorded for esch sample and o' wmo estimated

uring o' 'f!;-”‘." I&nta the estimated 1'mits veve coppared uw.th the actunl

P
limits of the Mixture. In 16 carr: the eqtimated limita wvere wider than
the arsval limita,  (n o the Arsmrr sonr carar *ha miwrar AR 0 e Yelno
cutlsnide the eatimated limits were 1, 13, 24, and 62. Tt (s odviou=

that an error of 67 out of a mixture of [5G vymlvar {8 too large to be
tolerated frequently, but thiea wma a very u-likely svent that would

ANt nappen very frequently {(n such swmpling.
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LOoTRents 6o Experimant.
Tventy sasnles {8 oo amall a rimisr frre vhieh N Avev anv vaww
relisnle povelusions rerarding che rellr%ility of & method, On ‘he '
otuer hand, exalination of the distrit.u.icn of the mixtures reveals
that the shapes are not redleally d:fferert from normal curves., 't
hes beeu praoved that the meana of sawples dravn from any distritution
tend to be normally 3lstriduted, Than, we cculd expect the wmeans of
samples dravn from & mixture <0 cenzer aro.nd mean of the mixture.
Furthermore, tlLe measures of dispersion, vhether o or R , of the
suwple gives reasonable reliadle estimates of the dispersion of the
aixture. It is Of course lxproper to attempt to place numerical
probabilities S thz number of Ltems trat will fall vithin aome mul

tiple
of o' ., However, Tchebycheff’'a fnsqualtity ean hr nesd th indisste ¢h

o)

o

hounds of the mixture, 1€ 1% i« necegsary ®n {=nose ptrict probability

limits.
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TIBIXE I - Distridusinn nf Mirtur= A

Chip Lot 1ot {ot Mi{x hip Lot lot Lot Mix
no. #1 ¢#2 13 A No. ¥1 F2 #3 A
n 1 1 23 | Iy 7y 1
b, 1 1 22 26 = 57 1%2
5 1 1 22 13 9 T3 1kS
T 1 1 ol 5 22 78 1%
3 2 z 2% 2k 11 73 108
g i L 26 19 5 8 22
10 6 6 27 19 2 39 s
1L R 8 28 11 1 22 B
12 11 12 29 a 11 19
13 1% 27 30 6 5 11
1 19 5 2 3l k 2 13
15 28 1L 3 12 : 1 3
16 2 22 1 62 33 1 1
17 13 19 2 7 s 1 1
18 36 =8 S 99 3% 1 1
19 19 73 11123 Total 1505
26 L0 78 22 140
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TARIE II - ntstrivution of Mixture B

Lot lot Lot Mix
Fh #S F6 B

%o.

Chip

Mix
B

£

ot

Lot
#5

a

lot
»
[

Chip
%o.

17
18
19
20

21

(]

&

10
10
10

(o]
Q-‘

N

[4}]

10

19
13

a)

16
11
10
8
5
s
3

13
19

°8

14

16

Totsl
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