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Final Exam, Quality control 2018, Fall [ + 40 points ] % 7 b
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@ Not only answer but also calculation
‘t‘6 Q1 [+6] The following data are obtained m=20 times from »=150 titanium forgings :

Time The number of Time The number of
(day) nonconformings (day) nonconformings

l 8 11 6

2 1 12 0

3 3 13 4

4 0 14 0

5 O 15 3

6 4 16 1

7 0 19 L5

8 1, 18 2

9 10 19 3

10 6 20 0

+ fl\ (1) [+1] Estimate the fraction nonconforming p.
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+ ;2) (2) [+3] Draw a c-chart and perform statistical process control (assuming that the data follows a
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Poisson distribution) A o . f
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e \ (3) [+1] Check the conditions of the Poisson approximation to the Binomial.
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l {4) [+1] Check the conditions of the normal approximation to the Binomial.
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Q2 [+10] Let X, ~N(u,o®), i=L2...m , where o is known. Let Hj:u=py vs.

H, =", where g, isthe target value, s # p,.Let K=| 4" —u,|/2 be areference value.

,t_l(l) [+2] Derive X, —(x, +K) >0 from a likelihood ratio test
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+ l (2) [+1] Let - C;" = max(0, X, — (4, + K)) be a positive out-of-control signal for i=1.

Define a CUSUM C; for i=2
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TLC’) [+2] Derive (4, —-K)-X,>0 fromahkehhood ratio test.
'F xl \/U’ J i Ve %)
"o oopl o L2 UKt [/)lﬂj;fui Jt {;&%@';Mf] !
".[ X 1 Me) A

= (I]/P y YA ,n )L{?"\' LlfKan- 7 |
& »W(Kn«mak)m g --m)-k 70 &1 m; JEe ?’M«

_f \ (4) [+1] Let C; =max(0,(u, —K)—X,) be anegative out-of-control signal for i=1

Define a CUSUM C for i=
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,f l (5) [+1] Define the run length in terms of C and C; for a decision interval H =ho
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+ \ (6) [+1] Write the ARL in terms of ARL" and ARL for € and C

~ (including derivations).
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Q3 [+8] We consider the binomial CUSUM under X, ~ Bin(n,p), i=1,...,m.
: 7 (1) [+2] Derive X, —nk >0 for some k from a likelihood ratio test for

H :p=p, Vs H‘gs'—pfs>pO
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A (3) [+2] Use the abﬂo%%{ 215 £ill in%he table for the binomial CUSUM to detect a positive shift:
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+ l (5) [+1] Find the change point estimator 7y g,, = max{i:S, =0},
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Q4 [+10] Consider data P~ Nlip= s [ o =l et 6,
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“+7 (1) [+3] Define a univariate X -chart for g =1 (target value).
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(3) [+1] Derive the eigenvectors for each eigenvalue.
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i l (1) [+1] Define unbiased estimators of z4 and g, , respectively:
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t |1l (2) [+2] Define unbiased estimators of 0'12 , o2,and &,,, respectively:
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-+ i (3) [+1] Write down 7 statistic (not usi g a vector or matrix).
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1 k (5) [+1] Show the Hotelling 7” -chart reduces to the x 2_chart under some condition,
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