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HOW GAINS AND LOSSES DICTATE
SAMPLE SIZES , CONFIDENCE LEVELS,
AND PRODUCT RELIABILITY GOALS
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INIRQDUCTIGN
WHEN A MANUFACTURER INTENDS TO PUT A PRODUCT
ON THE MARKET, THERE ARE A NUMBER OF DECISIONS TO
BE KADE, AMONG THESE ARE DRXCISIONS CONCERNING
RELIABILITY, CONFIDENCE, AND SAMPLE SIZES IN TESTING,
WHAT IS FINALLY DECIDED ABOUT ALL THEESE FACTORS WILL
DEPEND UPON THE FINANCIAL EFFECTS OF HAVING FAILURES
IN THE FIELD, AS WELL AS THE GAINS REALIZED FROX
SYUCCESSES AND SATISFIED CUSTOXNERS., WHAT IT BOILS

DOWN TO 1S THAT EYERY GOOD ITEN GAINS A CERTAIN

NUMBER OF DOLLARS ($G)>, WHILE EVERY BAD ITEM LOSES
A CERTAIN NUMBER OF DOLLARS (sL). IN THE LONG RUN,

THE KANUFACTURER WANTS TBE POSITIVE DOLLARS (GAINS)
TO BE SEVERAL TIXES LARGER IN HAGN!TUDE THAN TH!
NEGATIVE DOLLARS (LOSSES). THIS RATIO (CALL 1T K);
WHICH IS DEFINED BY THE FORMULA

LONG TERN GAINS CLL
LONG TERM LOSSES ’ ¥ DICTATE

K =

WHAT RELJABILITY, CONFIDENCE, AND TEST SAMPLE SIZIE

ARE NEEDED IN ANY SITUATIOM.
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GIVEN {EACH GOOD ITEY GAINS $G}
EACH BAD ITEX¥ LOSES 3L

THE MANUFACTURER WANTS TO END UP WITH LONG TERM

GAINS PROM GOOD ITENS K TIMES AS GREAT AS LONG TERN
LOSSES FRONMN BAD ITENS, ' i " g

NOTET IN THIS DISCUSSION, WE ARE ONLY CONCERNED WITH
THE REALLY PRORLEMATICAL CASES, IN WHICH L > G,

QUESTIOW: WHAT IS THE NINIMUM RELIABILITY WHICH MNUST

BE GUARANTEED) TOGETHER ¥ITH ITS CONFRIDENCE LEVEL’

AND SUCCESS RUN SAMPLE SIZE?

L. THE _MINJMUK RELJIABILITY _

WE DEF INE THE NINIMUM RELIABILITY WHICH CAN BE
TOLERATED AS THAT RELIABILITY AT WHICH THE LONG TERN

LOSSES JUST EQUAL THE LONG TERY GAIVS.

LET Ryyy., = NININUM RELIABILITY.
THEN, IF WE SELL A TOTAL OF T ITEX¥SE TO CUSTDHERS,

THEFE &ILL BE TRy,y, GOOD ITEKS AND T“‘Rurn.’

BAD ITENS.
THE TOTAL GCAIN FROX THE GOOD ITENS WILL BE

TGR, ;y, DOLLARS, WHILE THE TOTAL LOSS FRON THE BAD
L ]

ITEMS WILL BE TL (1 -Ryqy,) DOLLARS. FOR RELIABILITY
Riin. » THESE TWO QUANTITIES ARE EQUAL. THUS,
TGRy N, = TL{l~-RyN-+¥

{ ans, )

. L
L + ¢ =



_II:__THE _SUGCESS _RUN _SAMPLE SIZE _REQUIRED _JN_TESTING

LONG TERMN GAINS
SINCE WE WANT =
(LONG TERN LOSSES k1T

FOLLOWS THAT ¥WE MUST RELATE K TO THE BEST ESTIMATE
LEVEL’ ¥HICH IS AT s0% CONFIDENCE.

LET N - REQUIRED SUCCESS RUN.

THEN, VITH 50% CONFIDENCE, THE RELIABILITY IS
N + 7 '
R = — (USING BENARD'S APPROX.)

cEQ = N +1.4

THEN, FOR A SALES TOTAL T, THE LONG TERN GAINS
ARE TGR g0 DOLLARS, ¥HILFE THE LONG TERM LOSSES ARE

TLl = R _£0) DOLLARS.

NOW, WE WANT TGR . 50 = X
TL (1~ R_g,)
OFR GR , g0 - K
LA-R_50)
N .7
, G e
OR (N-+1.4)
N 4+ o, 7
L(x - ___L_J
. N+41,.4
OR GN +,.7)
- K
o?L
L
OR N = .1 (—5—(; - l) (ANS, )
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111° THE REQUIRED CONFIDENCE LEVEL FOR Ry inN.
IT IE KNOWN THAT FOR A SUCCESE RUN SAMPLE S12°F

TRE RELATION BETWEEN RELIABILITY AND CONFIDENCE
N+1

18

e = 1 =~ R {1)

IN THE PROBLEN UNDER CONSIDERATION, WE HAVE

R = RyN,
L
THEREFORE, N+t 1 = .3 ¢ -8
G
FURTHERNORE, Ry [y, = L
L + G

THUS, FROM (1), WE OBTAIN THE REQUIRED CONFIDENCE

LEVEL:

L + g (ANS.)
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IV: GRAPHICAL REPRESENTATION OF THE RESULTS ON
LOGARITHMIC CONFIDENCE INTERPOLATION FPAPER

,_____,_____,._._._,..._._.._._._._.——-..-.._—_—-—-._...._.._._.—.-.-o———_-__...-_..--.-..a.—..-—.-—..—-

WE CAN CONSTRUCT A GRAPHICAL PICTURE OF THE

RELATIONS WE HAVE DISCUSSED [N THIS BULLETIN BY
CONSTRUCTING A LOGARITHMIC CONFIDENCE INTERPOLATION

DIAGRAH, AS SHOWN IN PIGURE 1.

c 4
b Fowr # 2
+90%,
y
U
2 807
y
=,
W
2 ""709:1‘
Q
(o)
- 667,
e—(LoG Scprs)—>
5074 —— # : - p——t 3 ¢ e
1 r 3 4 5 6 g8 1o K

LaNG TERMm GAH/NMS N
S (LoNG TERM f:;s‘rgr>

IN THIS LOGARITHX¥IC CONFIDENCE INTERPOLATION
DIAGRAM, POINT #1 HAS ABSCISSA K AND ORDINATE 50%,
WHILE POINT #2 HAS ABSCISSA 1 AND AN ORDINATE EQUAL
T0 THE CONFIDENCE C, WHICH ¥AS CALCULATED IN SECTION
111. WE JOIN POINT#1 WITH POINT #2,USING A STRAIGHT
i iNE., THEN ALONG 1HIS LINE, WE CAN READ THE COMNFIDENCE
FOR ANY DESIRED VALUE OF THE RATIO (LONG TERM GAINS

LONG TERK LOSSEJ°
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v A NUMNERICAL EXAMPLE
SUPPOSE THAT EACH GOOD ITEM GAINS G = gi100 ,
AND EACH BAD ITEM LOSES L = 81200,

THEN, THE MININUN RELIABILITY WHICH CAN BE
TOLERATED IS

L
Ruin,. = 1+ o = 1200 = .92308.
1200+100
IF WE WANT (LONG TERMN GAINS) = 10 , THEN
LONG TERN LOSSES

THE REQUIRED SUCCESS RUM (FOR K =10) IS
No-.7[EE - 1 = .1 (1) (1200)  _ 41 = s3.s,
G 100 :

THUS] TC THE NEXT INTEGER: N = 84 o

THE CONFIDENCE FOR THE MKINIXUX RELJIABILITY IS

(BY SECTION IT1I)%

o3 4 7KL
b 4 WIEL)

L +G

” 710 1200)
1 ( 1200 )[:’ $ 10 :éo J

1200+ 100

84.3

= 1 =~ (.92308) » 99883,

NOTES THIS IS5 THE CONFIDENGCY OF AT LEAST BREAKING
EVEN N THE LONG RUN,

THE LOGARITHNIC CONFIDENCE INTERPOLATION DIAGRAN FOR
THIS ERAMPLE 1S EHOWN [N FIGURE 2.
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