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Product Development Completeness Diagnosis Using Bayesian Statistics
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Today, the amount of personal information found across
many data bases is dramatically increasing. Needs such as
this to deal with big data have diversified big data tech-
niques and technologies.

Big data also appears when product (prototype) develop-
ment by a company deals with repeated inspections, and
detections and corrections of faults. We developed a mathe-
matical model that uses these to determine the complete-
ness of a product’s development.

In applying this model, first the probability that a certain
inspection result will be obtained is defined where the proto-
type is in a certain degree of completeness. Actual inspec-
tion results obtained can then be expressed as information
contents, which are sequentially input into a model derived
from Bayes’ theorem. As a result, change in the prototype’s
degree of completeness is structured as a stochastic process.

Since, in actual simulation, there is a need to define the
initial values of a degree of completeness, the threshold val-
ues of the degree of completeness, and the correction coef-
ficients of inspection items, we repeated simulations using
past product development data to obtain those values.

For practical use of the model, the amount of information
on each inspection item is given a corrected value, since the
influence on the product’s degree of completeness depends
on the importance of each inspection item. Moreover, in de-
ciding that the product’s development is complete, factors
other than inspections, detections of faults, and corrections
of faults are taken into consideration, so we express the rela-
tion between cause and effect of the phenomena as a
Bayesian network.

In the development of MFPs (multi-functional peripher-
als), we can use product development completeness diagno-
sis to respond to the expressed needs of customers, and if
this is done at an early stage of product development, we
can achieve desired product qualities and delivery dates.
This would reduce customers’ opportunity loss and increase
customer satisfaction.
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Table 1 Probability structure.

(Result)
(State) OK NG
0, : greater completeness  P,;: 999/1000  P,,: 1/1000
P,,:500/1000 P,,: 500/1000

0, : lesser completeness

OK: test result is OK 0, : state of greater completeness
NG: test result is NG 0,: state of lesser completeness
1, - provability of OK in the state of greater completeness
;- provability of OK in the state of lesser completeness
,. provability of NG in the state of greater completeness
- provability of NG in the state of lesser completeness
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2.2 REFEROFERE
AR REPZR O NG E IR o N HREL, LIZ
Table1 XD ZNZNRD L) ITRKT I ENTE S,

OKo & & 999

Py 1000|
I, =log P, log 500 | 03
1000

1, is the volume of information gained by each OK test item.

NG & & 1
P, 1000
L =log —=log|—|=-2.7
2=%% b =% 500
1000

L, is the volume of information gained by each NG test item.
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a

Y= 1 —be< ()

y: degree of completeness
a, b, and c: constants

e: Napier’s constant

Fig. 11z a=1, b=1, c=0.500 L 25 ¢ v Z7ilift T, «
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(x: amount of input information)

Fig. 1 Logistic curve (a=1, b=1, c=0.5 of Formula (1), y is degree of com-
pleteness, and —cx is the total amount of information.). The de-
gree of completeness increases with the logistic curve.
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w is the current degree of completeness

wD is the last degree of completeness

In Baysian statistics, when information is updated, the
current degree of completeness w™ is obtained based on
the last degree of completeness w™" . Therefore, the degree
of completeness is represented as Formula (2) with proba-

bilities given in Table 1.

SEREIRT Y AT 4 v 7t eI s 0K (2) %
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a=1 (3)
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a” equals “1” because constant “a” is the maximum

provability.
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b= (4)

w©
“b” is represented by the constant since w'” is the constant

of the initial degree of completeness.
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L,=1llog Pu mlog Pr
P21 P2 (5)
(n=1+m)

L, is the amount of input information. It is represented by

the sum of the information contents.

KB @4)B)ZHVE EX(2) 1Z3XK(6) DX )Tk
FTIENTE S,
1
W= (6)
w
1 + be™*t
The degree of completeness is represented by the logistic

curve as a function of the amount of input information.
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(w: degree of completeness)
1

Area of greater completeness

Area of lesser completeness

09 8 7 -6 -5 43210 1 23 45 6 7 8 910
(L, : information dose)

Fig.2 Random walk on logistic curve. The degree of completeness
moves on the logistic curve: to the right if the amount of input
information is plus, to the left if the amount of input information
is minus.
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Table 2 Probability structure of a simulation using inspection data from
an actual product’s development.

(Result)
(State) OK NG
P,,:910/1000  P,,:90/1000
P,,:700/1000  P,,:300/1000

0, : greater completeness

0, lesser completeness

Table 3 Threshold and initial value.

Constant Value
Upper threshold 0.9
Lower threshold 0.1
Initial degree of completeness 0.1
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Fig. 3 Simulation in product development. The simulation was per-
formed using information from an actual product’s development.
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Since the importance of test results differs, the information

content is weighted.
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Table 4 Probability structure of three results.

(Result)
(State) OK NG NT
0, : greater completeness P, P, P,
0, : lesser completeness P, P, P,

OK: test result is OK  NG: test result is NG~ NT: could not test

Table 4 DLHE DGR AR IZRA () TET Z &8
TE %,

Pn + mlog P2 P2 + klog 22 P13
P2 P»n P2 (8)

n=l+m+k)

L,=1llog —

Test result “NT” joins “OK” and “NG” .
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H: event — greater completeness becomes clear.

D: event — the degree of completeness passes over the upper threshold.

V: event—only a part of a product that exhibits greater completeness is tested.

C: event — that test coverage is low becomes clear.

1: condition — threshold is exceeded
if there is a greater degree of completeness.

2: condition — the degree of completeness may pass over the upper threshold
if only a part of a product that exhibits greater completeness is tested.

3: condition— that test coverage is low may become clear

if only a part of a product that exhibits greater completeness is tested.

Fig. 4 Bayesian network of decision making.
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Table 5 Priori probability P (H).

H=1 H=0

0.05 0.95

Table 6 Priori probability P (V).

V=1 V=0

0.01 0.99

Table 7 Conditional probability P (C|V).

V=1 V=0

c=1 1 0

Cc=0 0 1

Table 8 Conditional probability P (D|H, V).

H=1 H=0
V=1 V=0 V=1 V=0
D=1 0.99 0.90 0.95 0
D=0 0.01 0.10 0.05 1

MSEk RN © LABEZ 8 2 % (D) ) Haic, I
PSRN (H) ) fERIIRAD X 91245,

P(D=1,H=1)
P(D=1)

PH=11D=1)=

2,2 PH=DPD=11H=1,V)P(V)P(CIV)
- 2,22 PH)PD=11H,V)P(V)P(CIV)

_0.045045

Above is the probability that it is actually greater com-
pleteness (H) if the threshold is exceeded (D).

I 51, THEDOMEERIME (C) ) &) HIZLM
AL 728540 TS S (H) ) iR L 9 i
%5,

P(D=1,H=1,C=1)

PH=11D=1,C=D)=""p

_Z,PH=1P(D=11H=1V)P(V)P([C=1IV)
~ 3,Z,PH)P(D=11H,V)P(V)P(C=11V)

~0.000495

Furthermore, above is the probability that it is actually
greater completeness (H) if the fact of “low test coverage”

becomes clear (C).
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