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Answer All Questions.

1・ a) We are interested in the parameter O, Of a枕o肌bal(筋,のdistribution. We have a prior

dist高bution for G with density

g(0宜0{02(l‾0)十0(1‾0)2} :3t謹

(i) Find the value of短.

(ii) We observe an observation a; from the擁nom宅のl(71,のdistribution. Find the posterior

density of O・　　　　　　　　　　　　　　　　　　　　　　　[40 marks]

b) (i) What is meant by a conjugate family distribution?

(ii) Write down an advantage of using a prior distribution from a cor高ugate family.

(iii) We observe independent observations zl, ff2, …写れfrom the Po諒son(入) distribution.

Find the likelihood function.

(iv) 5uppose we have a Gα朋ma(α, β) distribution for ^ where α and l are known. Find

しhe posterior density of ^

(v) [s this a conjugate family? Explain・　　　　　　　　　　　　　[60 marks]

2. a) You are going to take a random sa皿ple ofvoters in a city to estimate the proportion 7r Who

SuP重・ Ort StOPPing the fluoridation of the municipal water supply. You need to determine your

Prio仁distribution for 7r. You decide that your prior mean is O.4, and your prior standard

devi証ion is O.1.

(i) Determine the betα(α, b) prior that matches your prior belief.

(ii) What is the equivalent sample size of your prior?

(iii) ⊃ut of lOO city voters po11ed, g = 21 support the removal of fluoridation from the

nunicipal water supply. Detemine your posterior distribution.　　　[60 marks]

1　　　　　　　　　　　　　　　　　　　Continued.



b) SuIiPOSe We Wan吊O COmPare the proportions of a certain attribute in two pop山ations. The

tru(二PrOPOrtions in population l and population 2 are 7「l and 7「2) reSPeCtively. We take a

ran【lom sample from each of the populations and observe the number of each sample having

the attribute. The distribution of grl向is b諦omiαl(711可1) and the distribution of gr2L7r2 is

b話柄肌さal(7'2, 7r2) and they are independeut of each other. Let the prior for 7rl be be育a(αl, bl)

and for 7r2 be beね(α2, b2)"

Ex事〉lain clearly how you obtain posterior distribution of 7rl - 7r2.　　　　【40 marks]

3. a) Let gr be a single observation normally distributed with mean # and variance o2 which is

ass‘一med known. V研e have a prior distributior‘ that is normal with mean m and variance s2.

SholV that the posterior distribution of互is a 720Tmαl(肌′, (s′)2), Where

埴2十1/s2 ×m十1/02十1/s2

1/s2　　　　　1/02
×g a皿d尋こ矛十㌔

【30 m紺ksI

b) Heme write down expressions for posterior mean and posterior precision of # for a random

Sam 〕le gl’g2, … ・ g71 taken from a normal distribution with mean /‘ and known variance o-2,

assuning a 77,0γmal(m, S2) prior distribution for卑　　　　　　　　　[20 marks]

C) A medical researcher co11ected the systolic blood pressure reading for a random sample of

7l = 30 female students under age of 21 who visited the Student,s Health Service. The blood

PreS雷ureS are:

Assl me that systolic blood pressure comes from a 7調γmal(拘Cr2) distribution where the

stan ]ard deviation 0 = 12.

(i) Use a?砂γ肌αl(120, 152) prior for /↓. Calculate the posterior distribution of /ん

(ii) Find a 95% credible interval for pr

(iii) 5uppose we had not actually known the standard deviation 。. Instead the value a = 12

鵬Calculated from the sample・ Recalculate the 95% credible interval for引50 marks]

2 Continued.
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4. a) Th`とdataconsist of71 Ordered pairs ofpoint§毎,U§), for 6 = 1,2,...,7t. Let

軌二α奮十lx毎-癖)十eう

for一一二1,2,…,7), Where α孟is the mean臆Value for g given a; = 5 and β is the sIope ofthe

lineur model. Each e㍉s 7'O柵の砂distributed with mean O and known variance cr2. The e:s

are all independent of each other. If we use a mγ肌のl(肋l, Sる) prior for l , Write down the

POS( erior distribution for l・　　　　　　　　　　　　　　　　　　　　[20 marks]

b) A t( lXtile manufacturer is concemed about the strength of cotton yam. In order to find out

Wh串her fiber length is an importaut factor in determining the strength of yam, the quality

COntrOl manager checked the fiber length (可and strength (ひ) for a sample of lO segments

Of yl連n. The results are:

Fiber Length (x) 85　82　75　73　76　73　96　　92　70　74

Strength (y) 99　93　103　97　91　94　135　120　88　92

(i) Suppose we know that the strength given the fiber length is糊rmal(α0 + β釣。2), Where

。2 = 7.72 is known. Use a 7t’0γmal(0, 102) prior for l. What is the posterior distribution

Ofl?

(ii) Find 95% credible interval for β.

(iii) Perfom a B坤γeSian test for

Ho:β≦O versus Hl:l>O

a吊he 5% 1evel of significance.

(iv) If we don,t know cr2 in part (i) above, how do we find an es七imate for o2?

(v) How do we find a (1 - α) × 100% credible interval for l, uSing estimated cr2?[80 marks]
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