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SUMMARY

I . Project Title

Development of sample allocation program using hypergeometric distribution

H. Objective and Importance of the Project

Objective: Development of sample allocation program using hypergeometric distribution

with object-oriented method

Importance: Securing inspection related statistical technology and

imposing statistical accuracyon the sample allocation algorithm of the

IAEA(Intemational Atomic Energy Agency) inspection

DI. Scope and contents of Project

When IAEA performs inspection, it simply applies a standard binomial distribution which

describes sampling with replacement instead of a hypergeometric distribution which describes

sampling without replacement in sample allocation to up to three verification methods. Correctly

applied standard binomial approximate-allocarion program, improved binomial approximate-

allocation program, and hypergeometric approximate-allocation program were developed and

compared to the simply applied standard binomial approximate-allocation program of the IAEA.

IV. Results and Proposal for Applications

Object-oriented programs of

(D sample approximate-allocation with correctly applied standard binomial approximation,

(D sample approximate-allocation with improved binomial approximation, and

(1) sample approximate-allocation with hypergeometric distribution

were developed with Visual C++ and corresponding programs were developed with

EXCEL(using Visual Basic for Application). It's necessary to co-work with the IAEA to

verify the above developed programs, and to develop sample allocation programs with correctly

applied standard binomial approximation, improved binomial approximation, or hypergeometric

distribution.
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n is

LAEAflnternauonal Atomic Energy Agency, ^ l ^ r ^ R ) ^ - [153]' ^

^(safeguards) ^$91 INFCIRC/236-t * f l W £ t f .

IAEA^l S L # i * l « -§-^ TO.2.S. IAEA^r IAEA^r

-g-
material)2^

1 [ 153] - CMFCIRC/153(Corrected) ITie Structure and Content of Agreements between the Agency and

States required in Connection with the Treaty on the Non-Proliferation of Nuclear Weapons.

Structure and Content Document - The Structure and Content of Agreements between the Agency and

States required in Connection with the Treaty on the Non-proliferation of Nuclear Weapons was published by

the IAEA as document INFCIRC/153(Corrected). In February 1972 the Board of Governors requested the

Director General of the IAEA to use this material as the basis for negotiating safeguards agreements under the

NPT. As opposed to the Safeguards Document [66], the Structure and Content Document [ 153] spells out in

great detail the material to be inserted in safeguards agreement; it contains the outline of agreement provisions

rather than mere guidelines for the parties. It contains strict requirements for the IAEA to follow when drafting

agreements unless a particular situation warrants a departure from the stadard text.

(IAEA safeguards glossary 325)

Nuclear material - any source material and special fissionable material as defined in Article XX of the

Statute of the International Atomic Energy Agency:

Source material - "uranium containing the mixture of isotopes occuring in nature; uranium depleted in the

isotope 235; thorium; any of the foregoing in the form of metal, alloy, chemical compound, or concentrate; any

other material containing one or more of the foregoing in such concentration as the Board of Governors shall

from time to time determine; and such other material as the Board of Governors shall from time to time

determine". Under [ 153] type safeguards, the term source material is interpreted as not applying to ore or ore

residue[153/para. 112], in particular to yellow cake, a concentrate consisting essentially of U3O8.

Special fissionable material - "phitonium-239; uranium-233; uranium enriched in the isotopes 235 or 233;

any material containing one or more of the foregoing; and such other fissionable material as the Board of

Governors shall from time to time determine; but the term ' special fissionable material' does not include source

material."(IAEA safeguards glossary 31, 32, 33)



(diversion)3-!- 3@$4*fl #*] (detection) ^ h

. FAEA^r

A
l«f^i(hypergeometric distribution)

3 Diversion of nuclear material - use for purposes proscribed by the relevant safeguards agreement:

Under [153] type agreement, the use of nuclear material for the manufacture of nuclear weapons or other

nuclear explosive devices, or other removal from peaceful uses for purposes unknown; or the withdrawal of

nuclear material from safeguards except as provided for in the agreement^ 153/para. 14].

Notes: (1) Diversion of nuclear material does not necessarily mean physical removal from a facility or

other location.

(2) The expression 'for purposes unknown' means that the IAEA does not have to attempt to

determine how or where diverted material is used.

(IAEA safeguards glossary 15)

4 Detection time - the maximum time that may elapse between diversion and its detection by IAEA

safeguards, according to the current guidelines it should correspond in order of magnitude to conversion time.

Detection time is one of the factors used to establish the timeliness component of inspection goals which is to be

achieved through specified inspection and physical inventory frequencies and containment and surveillance

measures.

Timeliness goal - the adaptation of the design parameter detection time to specific conditions arising from

facility practice, available equipment, manpower, etc. The timeliness goal is incorporated in various features of

the inspection plan, e.g. frequency of physical inventory taking, intensity of flow verification and frequency of

activities in connection with containment and surveillance measures(film evaluation, seal checking, etc.). At

present the following timeliness guidelines are used:

- Within 1 month for fresh fuel containing HEU(high enriched uranium), Pu or MOX(mixed oxide),

- Within 3 months for irradiated fuel containing HEU or Pu,

- Within 12 months for fresh fuel containing natural uranium, LEU(low enriched uranium) or Th.

Appropriate guidelines are adopted for other materials subject to safeguards agreements.

(IAEA safeguards glossary 108,123)



th lJS.7f SJcf. 7]^o] ?i^|-7D aj-g^ S - ^ J ^ ^ C s i m p r y applied standard

binomial approximation), H>^ ,^ | ^j-g-g S^-^l^^r^l-^CcoiTectiy applied standard

binomial approximation), 7fl>H^ <5]^^i/.]-»g (improved binomial approximation)

(detectionprobability, \-Pf°§ tfl«H IL^-3.711-

5 Detection probability - the probability, if diversion of a given amount of nuclear material has occurred, that

verification activities will lead to detection. In general it is planned that the methods used will provide a detection

probability 1-p, i.e no more than a selected probability p of Ming to conclude that a given amount of nuclear

material is missing. Where containment and surveillance (CIS) measures are employed an overall detection

probability that takes into account their performance can be envisaged but it cannot be calculated since methods

for quantifying the performance of C/S measures have not been developed.

Accountancy detection probability - the desired probability of detecting the absence of a given quantity of

nuclear material by nuclear material accountancy tests For designing inspection goals and plans (eg., sampling

and measurement plans) a detection probability 1-P, can be preselected as a basic parameter. Here P, is the non-

detection probability, i.e. the probability of failing to conclude from using accountancy that a given amount of

nuclear material is missing when diversion has occurred. International working groups have concluded that P,

should be low (0.1 - 0.01). For planning purposes, the probability 1 - p , of the detection of the absence of a

significant quantity of nuclear material by accountancy measures is normally set at 0.90 - 0.95.

(IAEA safeguards glossary 110, 111)



N: H-fc]^ 3.7] (number of items in the population)

r SL^j^H! 9).^ £-±.^2] ^^-T-Tfl (average weight of items in the population)

M: ^ - S . ^ , "£3 ^^-2.JS. TT-^ ^ (1 goal amount is usually 1 significant quantity.)

D: 1 -^-S^zHI s f l ^ R r I ' & ^ r (number of defects corresponding to 1 goal amount)

p . v]1^*)1®^ (non-detection probability)

q: ^^['s&:%^ (probability of classifying a defect as a defect, if measured)

n: S-&3- y] (number of items in the sample)

d, m, y, w: ^ t)"-^ (number of defects)

y. -SliMr (defect fraction or missing ratio)

jx: ^•fi" 3.7] (defect size)

ias defect, small defect): jyc

y : y/q

S. ^ ^ S - ^ ^ S ^ r (relative standard deviation)



IAEA^I J £ # £ * l ^3. " ^ # ^ ^ m * 6 ^ ttffl^ i l B ^ tM(timely detection of

diversion of significant quantities of nuclear material)"^ •i'U^r-*]^ ̂ material balance

evaluation)^ W ?1!^-i~§- *lH^-tf[3] ; iiB^timely)-> i H l ^ r ^ l ^ t M B P : material

balance period)7 -> - ^ ^ ^ ^ - ^ ( M B A : material balance area)8 ->

6 Significant quantity (SQ) - the approximate quantity of nuclear material in respect of which, taking into

account any conversion process involved, the possibility of manu&cturing a nuclear explosive device cannot be

excluded.(IAEA safeguards glossary 107)

7 Material balance period(MBP) - the time between two consecutive physical inventory takings (PITs) as

reflected in the State's material balance report(MBR)[ 153] (IAEA safeguards glossary 142)

8 Material balance area(MB A) - "an area in or outside of a facility such that:

(a) The quantity of nuclear material in each transfer into or out of each 'material balance area' can be

determined; and

(b) The physical inventory of nuclear material in each 'material balance area' can be determined when

necessary, in accordance with specified procedures,

in order that the material balance for Agency safeguards purposes can be established"[153/para. 110]

Design information made available to the Agency shall be used "To determine material balance areas to

be used for Agency accounting purposes and to select those strategic points which are key measurement points

and which will be used to determine the nuclear material flows and inventories; in determining such material

balance areas the Agency shall, inter alia, use the following criteria:

(i) The size of the material balance area should be related to the accuracy with which the material

balance can be established,

(ii) In determining the material balance area advantage should be taken of any opportunity to use

containment and surveillance to help ensure the completeness of flow measurements and thereby

simplify the application of safeguards and concentrate measurement efforts at key measurement

points,

(iii) A number of material balance areas in use at a facility or at distinct sites may be combined in one

material balance area to be used for Agency accounting purposes when the Agency determines

that this is consistent with its verification requirements; and

(iv) If the State so requests, a special material balance area around a process step involving commercially

10



paths)-> « j # ^ M ^ WU"*] . #^j#*r(rx>tenualdiverter)7r MBP %•<& MBA

&(no data falsification): *1 ̂  4(operator)£] 7)^ - ? ) 3 ^ 3M SW ^

account)^ #•%•*] #<$# 3 - T \ °]t- "diversion into MUF(MateriaI

Unaccounted For, ^dtM%K)9 " 5-TT "diversion into SRD(Shipper/Receiver Difference,

falsification): M

M-gr MUF

MBA^I J i ^ ttfl J L ^ S ^ ^ : ^M- 5.^^overstatement)

sensitive information may be established"[153/para. 46(b)] (IAEA safeguards glossary 133)

9 Material unaccounted for (MUF) - "the difference between book inventory and physical

inventory"[153/para. 111]. The MUF (material balance) equation is commonly written as:

where

PB is the beginning physical inventory for period j ;

X is the sum of increases to inventory (import, domestic receipt, nuclear production, de-exemption,

correction to receipts, as appropriate);

Y is the sum of decreases from inventory (export, domestic shipment, nuclear loss, measured discard,

exemption, accidental loss, as appropriate);

PE is the ending physical inventory for period j , which is also the beginning of the physical inventory for period

j + 1 (IAEA safeguards glossary 167)

1 ° Shipper/receiver difference - "the difference between the quantity of nuclear material in a batch as stated

by the shipping material balance area and as measured at the receiving material balance area"

[ 153/para. 114] (IAEA safeguards glossary 168)

11



(shipments), He] 31 *fl31 ̂ inventories)-^-!- W ^ f l SLJLfJ- 3 d ! 1 } . ^J^M MUF

3 71*31-0] ^ ^ . ^ X I ^cf. MUF# S^«Hrtf l Aj-g-^^ - g - c ^ ^±(item), ^

(batch), ^1#(stratum), ^ ^(component)0!^. JS.4:^ NDA(Non-Destructive Assay)-^

DA(Destructive Analysis)^ ^-§- t f l ^ i l S . ^ -¥-7fl, ^-3] f-o|

11 Batch - "a portion of nuclear material handled as a unit for accounting purposes at a key measurement

point and for which the composition and quantity are defined by a single set of specifications or measurements.

The nuclear material may be in bulk form or contained in a number of separate items"[ 153/para. 101]. Some

examples are:

- One fuel assembly

- One UF6 cylinder

- A tray of pellets prepared for loading into one foel rod

- Several drums of UO2 powder with the same specifications.

Items with the 'same specifications' are items with the same nominal weight, element composition and

enrichment. In some cases, however, materials of different specifications may be included in the same batch, e.g.

different materials in a batch of scrap.(LAEA safeguards glossary 147)

12 Stratum - a grouping of items/batches having similar physical and chemical characteristics (e.g. volume,

weight, isotopic composition, location) made for the purpose of facilitating statistical sampling for measurements

needed to establish and verify the material balance and its uncertainty (OMUF). In practice one stratum may

contain dissimilar materials.

Note: The various components of a material balance are established by the facility operator on the basis

of measurements. These same data are used by IAEA inspectors for verification purposes.

Measurement procedures and the formulation of sampling plans can be simplified considerably if

the different items and batches with similar characteristics are grouped into strata. Such group-

ings are also advantageous to facility operators for the purpose of determining the number of

measurements needed to establish the material balance and compute its uncertainty (OMUF)

(IAEA safeguards glossary 163)

12



II tfl-Sj-ô  MBP

M B P #

physical inventory listingPr ° 1 # "Sjir^ ' t iS. ^-^^!" ^ ^ ^ ^ - ^ . ^ ^ ( M B R : material

balance report)5->H MUF ^- i r JULth4 . ^ ^ - r l ^ H ^ ^ i i ^ ^ : item facility14-^

MBR^r MUF = 0 S.5L S-JL^i^t: ^o] ^ # ° 1 J 1 , ^ ' S f i ^ J -^^ l^^^c - bulk

handling facility^^JI^HTT ^";^^L'<:>lly^i ^"§"^<51 wl^^l^] 'U11̂ -<:>jj MBR •&

M U F ^ O ^ - S a.3L5l-b 31 °1 ^ ^ l ^ f . Bulk handling facility °U

; standard deviation)^f

13 Material balance component - the combination of all strata in one term of the material balance equation.

For example, arriving UF6 cylinders and UO2 powder in drums are combined as the receipts component of the

MUF equation. (IAEA safeguards glossary 164)

14 Item facilities - nuclear facilities where all nuclear material is contained in identifiable items (e.g., fuel

assemblies) the integrity of which remains unaltered during their residence at the facility. In such cases, IAEA

safeguards are based on item accounting procedures (item counting and identification, non-destructive

measurements and examination to verify the continued integrity of the hem).

Examples of item facilities are:

(a) Most power and research reactors and critical assemblies, except those fuelled with large

quantities of non-identifiable units ( e.g., pebbles, coupons), or liquids (e.g., molten salt);

(b) Item storage facilites.

(IAEA safeguards glossary 72)

15 Bulk handling facilities - nuclear facilities where nuclear material is held, processed or used in loose form,

such as liquids, gases, or powders, or in large numbers of non-identifiable units. Where appropriate, bulk

handling facilities may be organized for safeguards purposes into multiple material balance areas to simplify

safeguards, for instance by separating activities relating only to the storage and assembly of discrete fuel Herns

from those involving storage or processing of bulk material In bulk material balance areas, flow and inventory

values declared by the facility operator are verified by the IAEA through independent measuremants and

observation. Examples of bulk facilities are plants for conversion, enrichment, fabrication and reprocessing and

bulk storage facilities (IAEA safeguards glossary 73)

13



(Expected measurement accuracy ^(relative standard deviation)16 associated with

closing a material balance (IAEA safeguards glossary Table IV)

Bulk facility type

Uranium enrichment

Uranium fabrication

Plutonium fabrication

Uranium reprocessing

Plutonium reprocessing

Separate scrap storage

Separate waste storage

5E

0.002

0.003

0.005

0.008

0.010

0.04

0.25

MUF7J-

al accountancy)^^.

16 Relative error - the chance variation encountered in all measurement work, characterized by the random

occurrence of both positive and negtive deviations from a mean value, the algebraic average of which

approaches zero in a long series of measurements The most useful measures of the magitude of the random

errors are:

(a) The standard deviation a

(b) The coefficient of variation or relative standard deviation (RSD = 8 = al\x, where n is the true mean)[8].

These measures are sometimes referred to as precision or reproducibility High precision is equivalent to a

small standard deviation (IAEA safeguards glossary 227)

14



n}- 3.7]] ^^4^(attribute inspection)^

inspection)^ ^ H ^ l ^ f . 4 ^ # f - ^ - S ^ ju f ^ofl ^Jefl ^<yjg ^o]

. IAEA ^ 4 ^ - W - i - ^*Hl"&(gross defect),

aldefect), ^\ ^ )

AH7M1 ^ - g - ^ S i ^-g^Stf: ^^I^ih(gross defect),

detect), ae]31 ^nj^^(bias defect). *?-g-*Rr MBP ^'tLH M

]71 ^«fl4 t^-oj^- ijj-ig^s. ^ - i - § . ^H-3faL

}. IAEA7f

H,: 2 .^s t ra tum, >fl̂ )«H|>H ^i-8-o)

H,: 2.^^f(stratum, ^]#)°fl^ 1 -^S^goal amount)^

SQ(Significant Quantity, 1f"S
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l SQ

. J.L.Jaech

-t r̂

lAEA 37]-^ ^ ^

PC(Personal Computer)^]- 1

Xl-fWS.

-b IAEA<H1^ 7flW

for Nuclear Control,

<&±v\^ TCNC (Technology Center

5E 2. Tr-^^f (significant quantity)

(IAEA safeguards glossary Table HI)

Direct-use nuclear material

Indirect-use nuclear material

Material

Pua

U-233

U(U-235 > 20%)

U (U-235 < 20%)b

Th

Significant

Quantity

8kg

8kg

25kg

75kg

20t

Safeguards

apply to

Total isotope

Total isotope

U-235 contained

U-235 contained

Total element

a For Pu containing less than 80% Pu-238.
b Including natural and depleted uranium.

16



J£ 3. '£!-§- Al^]" (conversion time)18

(IAEA safeguards glossary Table FT)

Estimated material conversion to finished Plutonium and Uranium metal components

Beginning material form Conversion time

Pu, HEU or U-233 metal Order of days(7-10)

P11O2, Pu(NC>3)4, or other pure Pu compounds; HEU or U-233 oxide or Order of weeks(I-3)a

other pure compounds; MOX or other nonirradiated pure mixtures

containing plutomum, uranium[(U-233 + U-235) > 20%]; Pu, HEU,

and/or U -233 in scrap or other miscellaneous impure compounds

Pu, HEU, or U-233 in irradiated fuelb

U containing < 20% U-235 and U-233; Th

Order of months(l-3)

Order of 1 year

a The range is not determined by any single factor, but the pure plutonium and uranium

compounds will tend to be at the lower end of the range and the mixtures and scrap at

the higher end.
b Criteria for establishing the irradiation to which this classification refers are under review.

18 Conversion time - the time required to convert different forms of nuclear material to the metallic

components of a nuclear explosive device. Conversion time does not include the time required to transport

diverted material to the conversion facility or to assemble the device, or any subsequent period The diversion

activity is assumed to be part of a planned sequence of actions chosen to give a high probability of success in

manufacturing one or more nuclear explosives with minimal risk of discovery until at least one nuclear explosive

device is manufactured It is therefore assumed that all necessary conversion and manufacturing facilities exist,

that processes have been tested, for example by manufacturing dummy components using appropriate surrogate

materials, and that non-nuclear components of the device have been manufactured, assembled and tested. The

conversion time estimates used at present are given in Table II. (IAEA safeguards glossary 105)

17



Summary of diversion possibilities for light-water reactors

Diversion possibilities

Removal of fresh fuel assemblies

from storage

Removal of irradiated fuel

assemblies from the core

Unreported irradiation of fertile

material (plutonium production)

Removal of spent fuel assemblies

from storage pond (or fuel rods after

dismantling assemblies)

Removal of spent fuel from shipping

container (or during transit)

Concealment methods

Substitution with dummies

Substitution with borrowed fuel

Substitution with dummies or fresh

fuel

Undeclared shutdowns

Replacement of guide tube fillers

with uranium-containing rods

Substitution with dummies

Substitution with dummies

Understating number of elements

shipped

Safeguards measures

Item counting and identification

Application of seals

NDA19 measurements

Item counting and identification

Seals

Optical surveilance

Radiation monitoring

Seals

Optical surveillance

Radiation monitoring

Item counting and identification

Optical surveillance

NDA measurements

Sealing of shipping container before

shipment and verification of content

at receipient, if possible

Non-destructive assay (NDA) - measurement of the nuclear material content or element or isotoic

concentration of an item without producing significant physical or chemical changes in the item. It is generally

carried out by observing the radiometric emission or response from the hem and by comparing that emission or

response with a calibration based on essentially similiar items whose contents have been determined through

chemical analysis. There are two broad categories of NDA:

- Passive assay, in which the measurement refers to spontaneous emissions of nertrons or gamma rays or to

total decay energy,

- Active assay, in which measurement refers to a stimulated emission (e.g. nertron- or photon-induced fission)

(IAEA safeguards glossary 205)

18



3. 5. On-load

Sumrossy of diversion possibilities for on-toad heavy water reactors

Diversion possibilities

Removal of fresh fuel

assemblies from storage

Removal of irradiated foel

bundles from the core or from

the discharge machine

Unreported irradiation of

fertile material (plutonium

production)

Removal of spent fuel bundles

from regular paths after

leaving discharge port

Removal of spent fuel bundles

from shipping pond

Removal of spent fuel from

contained also in transit)

CoaceshiWBt methods

Fuel boxes partially filled or incorrectly

stacked

Substitution with dummies

Use of irregular fiiel paths

Substitution with dummies

Use of irregular fuel paths

Use of irregular fuel paths

Substitution with dummies

Substitution with dummies

Substitution with dummies on

consignment. Understating of number of

bundles shipped and substitution with

dummies in spent-fuel pond

Safeguards measures

Item counting and identification

Container (box) counting

NDA techniques(box verifier)

Core discharge monitors

Core input counters

Irradiated-fuel bundle counters

Closed-circuit TV or film cameras

Yes/No monitors

Core discharge monitors

Core input counters

Irradiated-fuel bundle counters

Closed-circuit TV or film cameras

Yes/No monitors

Core discharge monitors

Irradiated-fuel bundle counters

Closed-circuit TV or film cameras

Yes/No monitors

Closed-circuit TV or film cameras

Yes/No monitors

Irxadieted-fuel verifiers

Containers and seals

Sealing of shipping container before

shipment and verification of content

at receipient facility, if possible

19
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h(N,D,n,d) = \
'N-D}

n-d
(4.1)

fraction or missing fraction)0

M
y - x

(4.2)

(4.1) ^)<LH C/C++

double ofl^

3.7)7}- 5,000

3.7171- 1,000,000^1 ^ - f l "

long double ^ I ^ T T tfl^Ef ^tfl-i. A|-g-^uf[i4]. Long

41 $ 1 ^ £ S lOi3083.71SJ ^ ^ M - S ^ ^ f e double

fl^-^ EXCEL(Visual Basic for Application

MS.
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Af>50, f=n/'N<0.\0, D<n 13 ufl:

D

d
h(N,D,n,d)*b(D,P,d) = \ \fd(\-f)D~d (4.3)

N>50, p = D/N<OAO, n<,D

n

d
h(N,D,n,d)*b(n,p,d) = \ \pd{\-p)n~d (4.4)

(4.3), (4.4)1-

21

«,/?, = nDj N
(4.5)

^ = l-(N-n)(N- D)
(4.6)

/jj =n-D/(Npl)

(4.3), (4.4)S.



n\

d\ d\-{n-d)\
(4.7)

( 4 g )

( 4 9 )

•%-*$ b,(h,,p,,4 =

d max^rJL ^ nfl

(4.10)

max
(4-11)

(4.3),
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Min(nJD) .

d=0
(4.12)

= 0

h(N,D,n,d)(l-q)dh

n initial^

p=h{N,D,n,Q)

(DYN-D'

N\(N-D-n)}

2JV-D+1

= 0.51 1 - ̂  (2 N - D + 1) (4.13)
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n<D
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. List 1

List 1. 7fl#^ ol^-^i-i- Af-g-*]^ S-e-3.7]7fl# VBA

1 Improved binomial approximation

' VBA(Visual Basic for Application) for EXCEL

Function i_size(Beta, N, D, q)

Dim ninitial, nn As Integer

DimNDl, pf, nl, ib Beta As Double

IfD>NThen

i_size = "NA"

Else

ninitial = Mt(0.5 + 0.5 * (1 - (0.01 * Beta)A (1 / D)) * (N + N - D + 1))

If(n initial <1) Then

ninitial = 1

End If

nn = ninitial

ND1=(N-D)/ (N*(N-1))

Do

pf = 1 - (N - nn) * ND1

n l=nn*D/ (N*pf )

ib_Beta = (l -0.01 *q*pf)Anl

If (ib Beta <= 0.01 * Beta) Then

i size = nn

Exit Do

Else

nn = nn + 1

End If

Loop While (nn < N)

End If

End Function
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5 # IAEA S f

IAEA^r *)

q<fi 6 #3:). ^ ^ 1 ^ 1 - S 1 S Q * YJ"̂  n ^ ^ r * dl

A 4lt!- ^ ^ 3 . 7 1 1 : ndi, -9-^^^-i-S. 1 SQl- ^ # ufl l ^ - ^ l - d2 Bf *M

nd2, ^nl^-g-i-s. l SQ1- ^M- nfl ^ ^ ^ r l - d3

l-t nd3

dl < d2 < d3

ndl > nd2 > nd3

IAEA^r A1 (4.15)°1H q - 1 S. * M 1 SQ

(4.17)

(4.
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nx=n-t}2

n2 = rj2

(5.1)

6.

(35th Introductory Course on Agency Safeguards Session 4.3 Annex 01)

Operator-inspector measurement system

Total (relative) measurement uncertainty

5, = (5O
2^5,2)05

8Q
2 = variance component of error due to the operator measurement system

&i2 = variance component of error due to the inspector measurement system

Recommended error limits

Method

codes

H

H

F

E

D

Interpretation

Qualitative through NDA

(verification in the attribute mode

using the last accurate method)

Qualitative through NDA

(e.g. Cerenkov, Bundle counter)

Quantitative through NDA

(verification in the attribute mode

using a better accurate method)

Quantitative through NDA

(verification in the variables mode

using the most accurate method)

(e.g. K-edge densitometer)

Quantitative through DA

(verification in the variables mode

using the most accurate method)

Relative error ranges

0.0625 < 5i < 0.125

Error can't be assigned

0.0100 < Sj Z 0.0625

6, < 0.01

6; < 0.01

Detectable

defect size

gross

gross

partial

small

small
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l 3

^ ^ ^ ^ ( p r o b a b l y not to be detected)

0.025 S. . 0.025

test)«*fl-H

f-^- o.O25 2f

deviation reject limit)*

^ -fr^^^(significance level)20^

, ^ ^ a t t r i b u t e

^ y2 Si"

(5.3)

overstatement

^^ r °otdl Sib

° 1 J 1 , + -b understatement ^ - r - 0 ! ^ . Overstatement

^ b ^ ^ I J I , understatement ^

20 Significance level - a probability associated with the critical region in a test of hypothesis. The chosen

significance level for a test is usually small (0.05 or 0.01) and is often expressed as a percentage ( 5 % or 10 % ) .

The significance level characterizes the test with respect to the probability of an error of rejecting the null

hypothesis. That is, a 5 % significance level test has a probability of 0.05 of rejecting the null hypothesis when

it is true.(IAEA safeguards glossary 242)
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-. *„•!• W£-£(normal distribution)!- ?Hr SHr'g^(random

variable)*^ ^M.

d = x- x > 0 /or overstatement
(5.4)

d = x- xa < 0 /or understatement

72#

Overstatement case

?x(d > 4Svx | £•(</) = r2*) = 0.025

?, {x - y2x)

y —**L

Understatement case

?\{d < -AS,x | £'(J) = -y2x) = 0.025

Ti
28,

# 0.025
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n= N(\-j3 M (5.7)

(5.7)* *

(5.7) q-t 5L?WJL

(4.12)

^),7.)

7=0

(5.8)-=r

m(y2)

N

. 1 2 .

(5.8)

(5.8)

D fi-^f 10
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N j I N-m(y2)

N-m(y2)

(5.9)

72 =

In 1 *(/2)92
(5.10)

q2

"2 (5.11)

"2 =
' S2 ~ r2 (5.12)

^?!^re la t ive standard deviation)*!oj, - •¥•:£.

•e- overstatement ^-T-(P]V(PhysJcal Inventory Verification), SD(Shipment Domestic),
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SF(Shipment Foreign) ^l^-)1^ Sfl^sKZ, + - ^ X ^ understatement ^-r-(RD(Receipt

Domestic), RF(Receipt Foreign) ^ H ^ W W . q3S. - r r ^ M l ^ W . *\ (5.11),

(5.12)3 6fefl 3

0.025 1-

2+

lAEA7f j ^ l ^ l 4 ^ ^ 5l

7]-
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6\)

ufl«H

2: ¥7fl^ tf

i+l t i ^ ^ ^ ^ ^ ^ U-^-^a'Hl^ ^isl^tf. -M-IH «}-8-"& o f l ^ ^ i+i ̂ 1*11

odel): S^3.7l ^l^«j^- ^fl^-g- trfl^. ofl rflt> - ^ ^ 1 ^-^-«j 7r

a ^ # 4-§-^tf. *Mxr -T-^-^^^f£^(random error model)<>lJZ.

E- sW^r ^l-|-^^^2.^(systematic error modeO l̂̂ f. ^^(1-^ ^ ^ ^ : °1 1"-^ ^
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limit) A ̂ t i£-££*r-9

^ 4 £ M *l (5.3)-ir /I = 4 #

: Non-Destructive Assay)

1 # _^^^ l - (Type l error probability or false alarm probability)21^- J i

21 False alarm probability - the probability, a, that statistical analysis of accountancy data will indicate an

amount of nuclear material missing that is larger than expected on the basis of measurement uncertainties when,

in fact, no deversion has occurred For nuclear material accountancy tests, a is preseleaed as one of the basic

parameters for designing sampling and measurement plans. It is usually set at 0.05 or less. The through

evaluation or investigation that is made of observed anomalies or discrepancies results in a false alarm probability

which is far below this value.(IAEA safeguards glossary 112)

Type I error - rejection of a null hypothesis in a test of hypothesis when it is true. The probability of

committing a type 1 error is the significance level of the test Since rejecting a null hypothesis is equivalent to

concluding that the hypothesis is not true, the probability a of committing a type I error is often referred to as

the false alarm probability.(IAEA safeguards glossary 243)
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7

mq u2,

• = m—+p
dm

dy dy
(5.13)

dm d' ( M

dy dy\ yx

M

• • r 2

(5.14)

(5.15)

= 0 (5.16)

(5.17)
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ojuf. A] ( 5 1 7 )o] *fl^ M/x (5.17)1-

S7. m^ 1- -^r y (IAEA STR 261 Rev.l Chaper4 Table4.1)

5

0.15

0.14

0.13

0.12

0.11

0.10

0.09

0.08

0.07

0.06

0.05

0.04

0.03

0.02

0.01

0.005

y for overstatement

0.564

0.531

0.497

0.463

0.428

0.392

0.356

0.318

0.280

0.242

0.203

0.163

0.123

0.082

0.041

0.020

y for understatement

0.605

0.568

0.530

0.491

0.452

0.412

0.371

0.330

0.289

0.249

0.208

0.166

0.125

0.083

0.041

0.020

Overstatement ^-r-:

yt =-0 .002 +4.259£;- -3.24*5?

Understatement ^ -?-:

yt =-0 .002 + 4.284^- - 1 . 5 0 8 ^

(5.18)

(5-19)
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r G ^ i+g-SJ List 2

List2.

®

®

©

3(5.18), ( 5 . 1 9 ) ^ y2 1

3(5.11), (5.12)<>fl>H qi%:

3(4.15)*^^ fl=l S. "5"}

-n3

•4

-7-th 3:7]

m M/m o]t\-

(5.20)

nil,

= 0,l,2,-,79 (5.21)
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80

(5.23,

(5 2 3 ) ^ ^ + ^ - 5 1 ^ overstatement

*-l (5.23)-b

-b JC (1 -35,)/65,> 1

Overstatement case

?x(d > 3S,x |

3Slx-M/mQ

' " o =

= 0.99865

understatement

Understatement case

/OTo = 3

= 0.99865

(5.25)
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%*]

m <>ll

/or (wo measurement methods

= f}\P2P3 for three measurement methods

*U

probability)^*}, i = 2, 3

(5.26)

- nil, i *

1- (conditional

3S.x- Mim
—j- —T-
5.{x±M!m)

V, M, m, m, n2, 8,, 82

(5.28)

(5.29)

-̂  overstatement tr understatement
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Overstatement case

?x(d > 38,x [ E{d) = M/m) = 1 - </{ v,)

3J , JC- Mjm

8, (x - Mjm) ~ V>

_ 38tx-Mjm
V> "^(jc-M/m)

(5.30)

understatement case

?r(d

-38t.

St{x

<-3S,x\E{d) =

x + Mjm

+ Mjm)

3S,x- Mjm
8t(x + Mjm)

- M/m) = j(-

(5.31)

N-m N
(5. 32)

^ cf§-J!l-

" 2

y

(5.33)
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(5.34)

'my N-m

n

. n, -t-tt,

(5.26)°1H Artr A/*

n
, 1

n
\ 1

S

+• n

2

+ n
2

- m

+ n - y

S , 7 ^

< m̂ / •a nflt

nfl^-ofl

(
« +

1

n

i + n
2 3

V

(5.37)

n, > mq,
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N-O.s(mg]

(5.9)-2f (5.37)1

i ( 5 3 8 )

w, l(m - w,)'(«, - w,)'.(JV - m - n, + w,

(5.39)

-mYn]\{N-n,)\{\-qiy
>

(5.40)

^1)+ wx - (w, +0.5)Inw, +(m-wx)

wl +0.5)\n(m- w,) + («, - w , ) - ^ - w, +0.5)ln(«, - w,) (5.41)

m- n, + H-, )-(N - /«-«, + Wj +0.5)ln(A r-m-n, +w, )
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wl

\n[m-wl)

(ni-w,+0.5) N-m~n} +w,+0.5)
(5.42)

-ln(yV ~m-nx

0.5 ^"4-

n2 < m,q2

43

(5.43)

-mgl)wl - (5.44)

= m (5.45)

xr *1 (5.37)2)- (5.38)ofH m *

2S.

N, = N - n, (5.46)



N -0.5(»2-lj

n2 > m,q2 ^

N-0.5(m.q2-\)

m2 =

- n2

w2

= 1 -
N2 - 0 . 5 ( « 1 - l )

,/M,

(5.47)

(5.48)

(5.49)

(5.50)

(5.51)

(5.52)
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m 13

01 7}

(5.37)

(5.53)

fr'S,

(5.55)

{n2 (5.53)^ ^

(5.56)

(5.57)
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„, - c

n2 + c

pij- ^ ^ 7f

- c2

+ c,

«,

defect) ^
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m

0.16(1 IL

overstatement^] *fl^*fjl + -r-31^r understatement^

Overstatement case

Pr(d > 3Stx | A'(rf) = W R ) = 0.1587

3Slx-M/m00 ^ j (5 59)

( )

Understatement case

?x{d < -3Stx I E{d) = -MjmM) = 0.1587

= t (5.60)

mw A l̂̂ V-El'S QA ^ f l ^ x

NQ = Mm(m0Q, N) (5.61)
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(a) m =M/x ^h m = N0^M G™ 7\ 1

(b) m=M/x $• m^N0A}°}*1\*\ Q^ 7\ t

(c) «=A^JC ^- «=JV^H< iIW Qn™ 7} ^^}JL Qmax>fi

IAEA S^-o|% l"1^^^ -SMI3

(5.62)5.

M

\ (5-62)

(5.62)^ ^-Af^^i

n f l ^ ^ ^ (5.62)1-

(4.17)°ltf. /i < D -1- 4-

fc List 9<^I $ i ^

«K2. ^ (4.15)^}-

M-
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IAEASTR-261 Rev.l $ 106 5f |°W

c 3.^7} ^m^jst 3). 1 W r

List 3.

/* CALCULATE INITIAL SAMPLE SIZES (nl, n2, m3) */

gamma flag - 2 ; /* INDICATES TO THE calc^gamma */
/* FUNCTION TO CALCULATE gamma2 */

gamma2[j] = calc_gamma(deltal, delta2, j , gamma flag);
if(delta3!=0) /* THREE MEASUREMENT METHODS */
{

gamma flag = 3 ; /* INDICATES TO THE calc_jgamma */
/* FUNCTION TO CALCULATE gamma3 */
/• AND TO THE calc niO FUNCTION */
/* TO CALCULATE ii30 */

gamma3[j] = calc_gamma(ddta2, delta3, j , gamma flag) ;
#if(NFLAG = 0)

u3[jj = calc u(delta3,gamma3[j], A j ) ;
p3Q]= phi(u3[j]);
O[j] = gamma3|jl/p3tj];
n30 = calc niO(gainma3[j]>INx,N,logbetaJVI,xjf3[j]j,gamma flag);

#endif

#if(NFLAG = 0)
u2[j] = calc_u(delta2, gammaiyiAj) ;

[ ] phi(u2[j]);
ffl = calc G(gamma2[j],p2U]);

gamma_flag - 2 ; /* INDICATES TO THE calcniO */
I* FUNCTION TO CALCULATE n20 */

n20 = calc niO(garnma2[j],MNxjSJ,logbetaJM,x,i2[j]J,gamma flag);
calc_n_values(Njial,n30,n20^il>n2^i3 j ) ;

#endif

List 2^1- List 3 # u ] j i * f ^ gamma2LJ]^f *J (5.18>4 (5.19)1- X | # t > ^ J ° U , u2[j]

Q p2D]iff ^ (5.11), (5.12)# ^1^1-t-l- ^^l^KList 6, 7). O[j]if gamma2[j]/p2[j] *M

(List 8). ^ . s l JL n20i& 4) (S.lO)-i- Xl^?h ^ ° 1 ^ . ^ - ^ t ) ) List 5 f̂l Si-fe- 4] (5.10)

Hf C JiH<H|if

work - 1.0 - ( M / ( gamma* N * x)): (5.63)
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7\ SUrtfl OH- *) (

work- 1.0 - ( M / ( f * N * x ) ) : (5.64)

[j]-b List4 ^ &4r calc^gamma

*] (5.18), (5.19)5] y 7f oj-qjr ^

"20], p2Ul, ^ M i £20] ^ ^ 6 1 ^ n ) 7 l - ^^^^f . (IAEA STR-261 Rev.l

calc^gamma^f &tf. ^ - r t h calc_jgamma xr IAEA STR-261 Rev.O

calc^gamma 1- A1 (5.18), (5.19)1- ? f l ^ K r ^S-H^S-S, tipP-JL calc_niO

<̂  4 (5.64)1-

List 4.

/* FUNCTION: calc^gamma **************************************
* *
* calculates gamma2[i] or gamma3[i] *
* *
* From IAEA STR-261 Rev.O *

double calc^gamma(double delta a, double deltab, int j , int gamma flag)
{

double gamma;
double LO;
double LU;
double powLO;
double powLU;
if" (j == 0 || j ===== 1) I* OVERSTATEMENTS CASES 1 AND 2 */
{

LO = calc_LO(delta a,delta_b,gammajElag);
powLO = pow(LO,2 j
gamma = 4.737 * LO- 5.49 • powLO;

}
else /• UNDERSTATEMENTS CASES 3 AND 4 */
{

LU = calc LU(delta a,delta b,gammajlag);
powLU = pow(LU,2);
gamma = 4.802 * LU + 4.47 * powLU ;
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}
if (gamma > 1.0)
{

gamma = 1.0;
}
retum(gamma);

List 5.

/* FUNCTION' calc niO *******************************************
•* ' ~ •

* calculates ii20 and n30 *
* *
* From IAEA STR-261 Rev. 1 *

double calc_niO(double gamma,double MNx,double N,double logbeta,double M,
double x,double f,int j,int gamma flag)

double divisor,
double niO ;
double work;
i f ( f=MNx)
{

if (gamma flag = 2) /* n2 */

if (j = 0 || j - 2) I* TWO MEASUREMENT METHODS */

m0 = 1.0;

else
{

niO = 0 ;

else /* gamma flag = 3 (n3) */

niO-1.0;

else

work- 1.0-(M/(gamma*N*x));
if(work<=0.)

niO = t ;

else

divisor = log(work);
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niO - logbeta / divisor;

}
aiO = ceil(niO);
retunx(niO);

}

List 6. -u

/* FUNCTION' calc u ******************************************
* *
* calculates u2[i] or u3[i] *
* *
* From IAEA STR-261 Rev. 1 *
* *
*t*********t****************************************************/

double calc u(double delta, double gamma, double A, int i)
{

double divisor;
double y ;
if (i = 0 || i = l )
{

divisor = delta • (1.0 - gamma);
}
else
{

divisor = delta * (1.0 + gamma) ;
}

if (divisor === 0.)

y = 5.;

else
{

y = (gamma - A * delta) / divisor;
}
return(y);

List 7.

/* FUNCTION' phi ****•*••••••***•*•******••**********••**••**
* ' •

* a functiou for the nonnal curve *
* *
* From IAEA STR-261 Rev. 1 *
* *
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double phi (double x)

double fij ;
double vu, vu2
double wul ;
double wu2 ;
double wu3 ;
double wu4 ;
double wu5 ;
double wu ;
double y ;
fti = (1.0/2.506628275) * exp(-x * x / 2 ) ;
vu = 1 0/( 1.0+(0.2316419*(febs(x))));
vu2 = vu * vu ;
w u l - 0.319381530 *vu;
wu2 = -0.356563782 * vu2 ;
w u 3 - 1.781477937 *vu2*vu;
wu4 = -1.821255978 * vu2 * vu2 ,
wu5 = 1.330274429 * vu2 • vu2 • vu ;
wu = fii * (wul + wu2 + wu3 + wu4 + wu5 ) ;
if (x < 0 )
{

y = wu;

else
{

y = 1.0 - wu ;
}
return (y);

List 8. r/q

/* FUNCTION' calc O ******************************************
* ' — *
* calculates £2[il *

* From IAEASTR-261 Rev.l *
* *
*ttt*^^t*******************************************************/

double calc £2(double gamma2, double p2)
double £2;
G = gamma2 / p2 ;

if(f2>1.0)

£2=1.0;

retura(£2);
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6 # IAEA S ^

(5 10)*

y" = y/q (6.2)

^ PRED

PRED/y o

t]2

/ ^ ^ curve fitting t\ *\ (6.3)i'f (6.4)5.

> 0.15 Ĵ nfl-^ y *}

IAEA

ratio *5-&

> 0.15

< 0.15 ^ nfl3 overstatement

A2 = max(^2 ,0.0075 - 0.0531^ + 2.3690^)

=4.737A2-5.490A^

^ ; 0 .331^

y'3=4.737A3-5.490A^

(6.3)
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8. f(S)

(IAEA STR-261 Rev. 1 Chaper6 Table 1

s
0.150

0.140

0.130

0.120

0.110

0.100

0.090

0.080

0.070

0.060

0.050

0.040

0.030

0.020

0.010

0.009

0.008

0.007

0.006

0.005

y

0.564

0.531

0.497

0.462

0.427

0.392

0.355

0.318

0.280

0.242

0.203

0.163

0.123

0.082

0.040

0.036

0.032

0.028

0.023

0.019

HI

1.74

1.69

1.63

1.59

1.54

1.50

1.47

1.43

1.39

1.36

1.33

1.29

1.25

1.19

1.07

1.05

1.02

0.98

0.93

0.86

Overstatement

q

0.959

0.954

0.949

0.944

0.939

0.934

0.929

0.924

0.918

0.913

0.908

0.910

0.894

0.883

0.858

0.852

0.845

0.836

0.823

0.805

f
0.588

0.556

0.524

0.490

0.455

0.419

0.382

0.344

0.305

0.265

0.224

0.181

0.137

0.093

0.047

0.042

0.038

0.033

0.028

0.024

PRED

0.587

0.556

0.523

0.489

0.455

0.419

0.382

0.344

0.305

0.264

0.223

0.181

0.137

0.093

0.047

0.042

0.038

0.033

0.028

0.024

ratio

0.999

0.999

0.999

0.999

0.999

0.999

0.999

0.999

0.998

0.998

0.998

0.998

0.998

0.998

0.997

0.997

0.996

0.994

0.991

0.986

Understatement

r
0.607

0.568

0.529

0.490

0.451

0.411

0.371

0.331

0.290

0.250

0.208

0.167

0.125

0.083

0.041

0.036

0.032

0.028

0.024

0.019

~u

0.65

0.68

0.70

0.73

0.76

0.79

0.82

0.86

0.89

0.93

0.97

1.01

1.04

1.07

1.03

1.01

0.99

0.96

0.92

0.86

Q

0.742

0.750

0.758

0.767

0.776

0.785

0.794

0.804

0.814

0.823

0.833

0.843

0.851

0.857

0.848

0.844

0.839

0.832

0.821

0.805

r
0.817

0.757

0.698

0.639

0.581

0.524

0.468

0.412

0.357

0.303

0.250

0.198

0.147

0.097

0.048

0.043

0.038

0.034

0.029

0.024

PRED

0.821

0.760

0.700

0.641

0.582

0.525

0.468

0.413

0.358

0.304

0.251

0.199

0.148

0.098

0.048

0.044

0.039

0.034

0.029

0.024

ratio

1.004

1.003

1.002

1.002

1.002

1.002

1.002

1.002

1.003

1.004

1.005

1.006

1.007

1.009

1.010

1.010

1.009

1.008

1.006

1.002
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S < 0.15 ° J 4 understatement

=4.802A2+4.470A'2
(6.4)

= max(<53;0.208<59)

> 0.15 ^ nfl, overstatement o

y2 ;0.0324-0.3641 <J, +3.3068^)

=0.024+ 4.445A2 -4.546A^
(6.5)

= max(<?3;0.33 XSy )

=4.737A3-5.490A??

> 0.15 U nfl, understatement

A2 = max( ̂ 2 ; 0.0556- 0.5888^+2.5659^)

y'2 =4.802A2+4.470A'2
(6.6)

A3 =max(<53;0.208<S2)

/3=4.802A3+4.470A^

XI-SHI
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^ ^1 6

= ! S . * r i l ^ (4.2)<HI-M / 1 °J ^ flt ^rM!" ^ (5.62)

*| (5.62)1- ^j-g-^ ^ - ^ s ^ l ^ ^ «m^> z; < A I ^ I H S 61-i-

<H TCNC«l|^-b T=+-#-^ 5-M-Wtl-iHr EXCEL( Visual Basic for Application

VisualC++l-

T T ^ ^ 1 ^ " 1 ^ (correctly applied binomial approximate allocation)

(6.3), (6.4)31- ^ (5.18), (5.19)1- *}-§-*M <?,-! ^ I ^ r i °11- List 9 -

(4.15), (4.17)^.5

improved binomal approximate allocation)

(6.3), (6.4>^r ^ (5.18), (5.19)1- ^ ^ - ^ M ^ , 1 ^ ^ ^ J L °11" List 1 «fl

J ^ S . A] ( 4 1 8 ) 4 ^ u j ^ Aj-g-^H ^^-±1711- ?fl^5H *1 (5.1), (5.2)5.

rAf^-^-Hj(hypergeometric approximate allocation)

(6.3),(6.4>4 *1 (5.18),(5.19)1- ^-§-*M </,! ^ ^ « r J I 611" List 10 «>fl $i

. 4| (4.12) ^ I t ^ - i - ^-g-^F^ S -g - i i ^ l - tf&*W -*) (5.1), (5.2)5.
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List 9. HHiTll aj-8̂ 1 i ^ o l ^ ^ i 4-8- fi^il^Wtf VBA =

Function Ntotc(Beta, N, D, q)
Dim b, i q, temp, Nt As Double
b = 0.0 f* Beta
i_q = 0.01 *q
IfD>=NThen

If D > N Then
Ntotc = "NA"

Else
If i q >= 1 Then

Ntotc =• 1
Else

Nt = Log(b)/Log(t-i_q)
lfNt>lnt(Nt)Then

Ntotc = Int(Nt) + 1
Else

Ntotc = Nt
End If

End If
End If

Else
temp = (N/ i_q)*( l - (b ) A ( I /D) )
If temp < D Then

Nt - Log(b) / Log( 1 - i_q * D / N)
Else

Nt = temp
End If
IfNt>Int(Nt)Then

Ntotc = IntfNt) + 1
Else

Ntotc = Nt
End If

End If
End Function

List 10. i 7 ] * V Jfl-tpg-i- Ar-g-isKr S.&3.7] ?H^ VBA
(Adapted from functions hsize and hyper in List 11)

Function h size(Beta, N, D, q)
Dim DD, nn, NDnl, ninitial, small n As Integer
Dimb, k_q, qd, h, h dO, hdO xxq As Double
Dim start, dlimit, smalld As Integer
Const one = 1
Const half-0.5
Const micro = 0 000001
b = 0.01 * Beta
i_q = 0.01 * q
If D >= N Then
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If D > N Then
h size - "NA"

Else"
I f q - 1 0 0 Then

h size= 1
Else

h = Log(0 01 * Beta) / Log(l - 0.01 * q)
If h > Int(h) Then

h size-lnt(h)+ 1
Else

hsize - h
End If

End If
End If

Else
n initial - Int(half t half * (1 - b A (one ! D)) * (N + N - D + one))
If (njnitiaL < one) Then

ninitial = one
h dO = one

Else
h_dO = hvper(N, D, n initial - one)

End If
small n = n initial
Do

hdO = (N - D - smallji + one) / (N - small n + one) * h dO
h d O x x q - h dO
If (i q <one) Then

h = hdO xxq
DD = D
nn = small_n
NDnl - N - D - small_n + one
start = one
qd = one
d limit = lnt(half + Log(micro) / Log(one - i q))
small d - one
Do While (small d <= d limit And small d < D And small d <= small n)

qd -= qd * (one - i q)
h = (DD * nn)/(start * NDnl) * h
DD = DD - one
nn = nn - one
start - start + one
NDnl = NDnl + one
h dO xxq = h dO xxq + h *qd
smalld = smalld + one

Loop
End If
If h dO xxq :̂ b Then

hsize --• smalln
Exit Do

End If
small n =•• small n •*• one

Ixx>p While (smalln < N)
h size= small n
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End If
End Function

Function hyper(N, D, nini t l )
Dim loopchk, nn, Nnu As Integer
Kim denum, numer, h As Double
Const one = 1
Const zero = 0
h = one
If D <= n initl Then

Nnu = N - ninit 1
numer = Nnu
denum = N
nn = one
Do

numer = numer * (Nnu - nn)
denum = denum * (N - nn)
loopchk = one
If (denum >~ 1E+300) Then

h = h * numer / denum
numer - one
denum-" one
loopchk ---- zero

EndLf
nn = nn+ 1

Loop While nn < D
Else

Nnu = N - D
numer = Nnu
denum = N
•nn-one
Do

numer = nunver * (Nnu - tin)
denum = denum * (N - nn)
loopchk = one
If (denum >= 1E+300) Then

h = h * numer / denum
numer = one
denum = one
loopchk = zero

End If
nn = nn+ I

Loop While nn < ninit l
End If
If loopchk = one Then

h = h * numer / denum
End If
hyper= h
End Function
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// Class declaration next
class sAIlocation
{
private:

CATCHBUF jmpBuiStruct; // Visual C++has a place to store the system's
//slate at the Catch()

inttypechk,
char grossonly, ou;
long double B, i_q, i_ql, i_q2, i_q3, //Beta/100, class 11/100
long double n, eta2, nl, n2, n3;
long double gamma2, gamma3, gam2, gam3,
long double N, SQ, x mean, dell, del2, del3, Beta, class II;
long double zeroL, halfL, oneL, hunL;
void InputND(void);
void inh(),
long double h size(long double); // Sample size calculation with hypergeometric
long double hyper(long double, long double); // distribution
void a^ammafvoid),
void a alloc(long double),
void OutputND(long double);

public:
void hp size(void); // Sample allocation with hypergeometric

}; //distribution

void sAUocation::InputND(yoid)

long double NDnd, D,
int bad Val; // Holds a value that determines which error occurred
badVal = Catch(jmpBufStruct), // The system's state is saved here in case

// a longjmpO happens later,
switch (badVal)
{ //Errors for N,D,n,d

case(l).
{

cerr « " \ n N should an integer between [2,1000000]" «
"\nRestart the program.\n";

exit(99); // Stop the program
}
case (2):
{

cerr « "\nSQ and xmean sliould be positive." «
"\nRestart the program.W;

exit(99); // Stop the program
)
case (21):
{

cerr «"ViThis stratum has less than 1 S Q . " «
"\nRestart the program.\n";

exit(99); // Stop the program
}
case (3):
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cerr « "\ndell should be in the range of (0.0, 0.15]" «
"\nRestart the program An",

exit(99); // Stop the program

}
case (4):
{

cerr « "\ndel2 should be in the range of (0.0, del I)" «
"ViRestart the program An";

exit(99); // Stop the program

}
case (5):
{

c e r r « "\ndeI3 should be in the range of [0.0, de I2)"«
"\nRestart the program.W,

ejat(99), // Stop the program

)
case (6):
{

cerr « "\nBeta should be in the range of [ 1,80]" «
"\nRestart the programAn";

exit(99), // Stop the program

}
case (7):

{
cerr «"\nclass_II should be in the range of [70,100]" «

"NnRestart the programAn";
exit(99); // Stop the program

//N
c o u t « "Maximum value of N is lOOOOOOAn";
cout « "Please enter N: ";
cin » N D n d ;
if (NDnd - floorl(NDnd) != zeroL \\ NDnd < oneL ,| NDnd > 1000000.0L )

{
typechk= I,
Throw(jmpBufiStruct, typechk);

}
N = floorl(halfL + NDnd),

//SQ
cout«"Please enter SQ:",
cin » N D n d ;
if (NDnd <-zeroL)

I
typechk - 2;
Thiow^mpBufStruct, typechk.),

}
SQ = NDnd,
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// xmean
c o u t « "Please enter xmean:";
cin »NDnd;
if (NDnd <= zeroL)
I

rypechk = 2,
Throw(jmpBufStract, typechk),

}
xmean = NDnd,

D = ceill(SQ/x mean), //# of gross defects
if(D>N)
{

typechk -= 21,
ThrowftmpBufStruct, typechk),

if(D = N)
{

c o u t « "\nSampIe size = I since D = NAn";
exn(99); // Stop the program

// gross only

cout«"Sample size for gross only? (y/n)" « endl,
cin.ignoreO;
do

gross only = tin.get(),
} while (.'(grossonly = y |J grossonly = "Y11|

gross only = V (1 grossonly =

if (grossonly = 'n' || gross only = "N1)

//dell
cout«"Please enter relative standard deviation del I.";
cin »NDnd;
if (NDnd <= zeroL \\ NDnd >= halfL )
{

typechk = 3,
Throw(jmpBufStruct, typechk),

}
dell = NDnd,

//del2
c o u t « "Please enter relative standard deviation del2:";
cin »NDnd,
if (NDnd <=•• zeroL || NDnd >= dell)
(

typechk = 4,
Throw(impBufStiuct, typechk);
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del2 = NDnd,

// del3
c o u t « "Please enter relative standard deviation del3: ";
cin » N D n d ;
if (NDnd < zeroL (| NDnd > - de!2)

Throw(jmpBufStruct, typechk);
}
del3-NDnd;

// Overstatement or understatement
c o u t « "Please enter ((overstatement) or 2(understatement):
do

{
cin » NDnd;
iffNDnd—1)
{

ou = 'o';
break,

}
if (NDnd == 2)
{

ou -- *u';
break,

}
} while (NDnd != \ \\ NDnd <= 2);

//Beta
c o u t « "Please enter Beta in percent:";
cin » N D n d ,
if (NDnd <= zeroL || NDnd > - hunL)

t
rypechk = 6;
Throw(jmpBufStruct, typechk.),

>
Beta = NDnd;

B = Beta/hunL,

// classll
c o u t « "Please enter the probability(%) of\n" «

" classifying a defect as a defect.:",
cin » N D n d ;
vf (NDnd <= 70.0L H NDnd > hvmL)

{
typechk=7;
ThrowQmpBufStruct, typechk);

}
classjl = NDnd;
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D = ceill(SQ/(gam2*x_mean)),

defectchk = D * i q / N ;
if (defectchk >=^ oneL)

eta2 = oneL,
n3 = zeroL;
n2 = e ta2-n3;
nl =n - eta2;
return,

else

eta2 - h_size(D),
if (deD = z e r o L )

n3 = zeroL ,
n 2 - e t a 2 ,
nl = n - eta2 ,

else

D - ceiII(SQ/(gain3*x_mean)),

defectchk - D * i_q / N ;
if (defectchk >= oneL)

n3 = otieL;
n2 = e ta2-n3;
nl = n -eta2 ,
return ;

else

n3~h size(D),

n l - n - e t a 2 ;
return,

/* FTJNCTION hn size ******************************************
* ~ *
* *

* Sample size allocation with hypergeometric distribution *
* *
* *
it*************************************************************/

void sAllocation ::hp_size()



long double n, D;
InputNDO;
D = ceill(SQ/x_mean),
n = h sze(D),
if (gross only = 'n' \\ grossjoniy = 'JV)

{
ajjammaO,
a alloc(n),

>
OutputND(n),

/• FXJNCTTON' h size *•*•*•******•**•******•*•**»*******•*•****
* *

* Sample size calculation with hypergeometric distribution *
* *
* FTomtheregbteredprogramofKAERI(94-01-12-3469) *
* *
•••••••••••I***************************************************/

long double sAIIocation: :h size(long double D)

long double ninitial,
long double d, djmiit , /* defect size */
long double qd ; /* non-classification probability, (1.0 - i qf^i *l
long double micro = 0.000001L ,
long double h dO, h_dO_lOO, h d O x x qd;
long double DD,nn,NDnl, one, h ; / • h(N.D,n,d) */

n initial = floorl(halfL + halfL*(oneL - powl(B,oneL/D))*(N + N - D + oneL)),

if (n initial >= N - D )

n = oneL;
return(n);

if ( n initial <= oneL)

ninitial = oneL;
hdO = oneL;

else

h dO = hyper(n initial - oneL, D);

n = n initial,

do
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long double sAllocation::hyper(long double n, long double D)
{

int loopchk;
long double nn,
long double denum, numer, h ;
long double Nnu,

h = oneL;

if ( D <= n)
{

Nnu - N - n ,
numer = NTTU ;
denum = N,

for (nn = 1 ; nn < D ; nn++ )
{

numer *= (Nnu - nn ) ,
denum *= ( N - im ) ;
loopchk = 1 ;
if (denum >= 1 0e+4920L)
{

h = h * numer / denum;
numer = oneL;
denum = oneL,
loopchk = 0 ;

else
{

Nnu = N - D ;
numer = Nnu;
denum = N ;

for ( nn = 1 , nn < n ; nn++)
{

numer *= (Nnu - nn ) ;
denum *= ( N - n n ) ,
loopchk = 1 ,
if (denum >= 1.0e+4920L)
K

h - h * numer / denum ;
numer = oneL;
denum = oneL,
loopchk = 0 ;

if( loopchk=l)
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h = h * numer / denum ,

(
return h ,

}

/* FUNCTION a gamma ******************************************
* *

* calculates gamma2[i] or gamma3[i] *
* *
***************************************************************^

void sAllocation: :a_gamma(void)

{
long double delta2, delta3 ,

if (ou —-o^ I* Overstatement */

{
if (dell <=0.15L)

{
delta2 - max(del2, 0.0015L - 0.0531L * dell + 2.369L * ddl * dell) ,
gamma2 = deka2 * (4 7371, - 5 490L * deka2) ,
gam2 = -0 002L + delta2*(4 259L - 3.24L*delta2);
i_q2 - gam2/gamma2;
if(deD>zeroL)
{

deka3 = max(del3, 0.331L • del2);
gamma3 - delta3 * (4.737L - 5.490L * della3),
gam3 = -0.002L + delta3*(4.259L - 3.24L*delta3);
i_q3 = gam3/gamma3;

)
}
else //dell > 0.15L
{

delta2 - max(del2, 0.0324L - 0.3641L * dell * 3.3068L * dell * dell) ,
gamma2 = 0 024L + delta2 * (4.445L - 4.546L * delta2);
if (del3 > zeroL)
(

delta3 = max(del3, 0.331L * del2);
gamma3 - delta3 * (4.737L - 5.490L * deha3) ;

}

else /* Understatements */
{

if(dell<=0.15L)
{

delta2 = max(del2, 0.162L * dell);
gamma2 = delta2 * (4.802L + 4.470L * delta2);
gam2 = -0 002L + delta2*(4.284L - 1 508L*delta2);
i_q2 - gam2/gamma2;
if(del3>zeroL)
{

deita3 = max(de!3, 0.208L * deJ2);
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gamma3 - delta3 * (4.802L + 4.470L * delta3);
gam3 = -0.002L + deita3*(4.284L - I.508L*delta3),
i q3 = gam3/gamma3 ,

else I) del 1>O.15L

{
delta2 - max(del2, O.O5S6L - O.5888L * dell t- 2.5659L * dell * dell),
gamma2 = delta2 * (4.802L + 4.470L * ddta2);
if(del3>zeroL)
{

delta3 - max(del3, 0.208L * del2);
gamma3 = delta3 * (4.802L + 4.470L * delta3);

return;

///////////////////////////// Class ends here IHIIIIIIIHIIIIHIIIIII

main()

{
sAllocationHP A;
intans;

do

{
cout « "\nRegistered program of KAERI"

« " \ n '95.12"
« "\nDeveloped by Kim, Hyun-Tae"
«"\nTechnology Center for Nuclear ControlW;

cout « "\n** Sample size allocation **\n";
cout « " 1 Hypergeometric approximatiorAn";
cout « " 2 QurtW,
cout « "Which one 9 ";
c i n » ans,
switch (ans)

case 1 : HPAhpsizeO;
break,

case 2 : exit(l);

)
} while (ans >= 1 && ans <= 2);
return 0;
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