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✶ ❆♥ ✐♥✈❡st✐❣❛t♦r ✐s st✉❞②✐♥❣ t❤❡ ❞❡♣❡♥❞❡♥❝❡ ♦❢ ❛ ✈❛r✐❛❜❧❡ Y ♦♥ ♦♥❡ ❝♦♥t✐♥✉♦✉s
❡①♣❧❛♥❛t♦r② ✈❛r✐❛❜❧❡ x1✱ ✇❤✐❝❤ ❤❛s ❜❡❡♥ s❝❛❧❡❞ t♦ ❧✐❡ ❜❡t✇❡❡♥ ✲✶ ❛♥❞ ✶✳ ■t ✐s
❦♥♦✇♥ t❤❛t EY = 0 ✇❤❡♥ x1 = 0✱ ❛♥❞ t❤❡ ❢♦❧❧♦✇✐♥❣ ♠♦❞❡❧ ✐s ♣r♦♣♦s❡❞✳

EY = β1x1 + β11x
2

1
.

❚❤❡ ✐♥✈❡st✐❣❛t♦r ♣r♦♣♦s❡s ✷ ❞✐✛❡r❡♥t ❞❡s✐❣♥s✱ ❜♦t❤ ✉s✐♥❣ ✹ ♦❜s❡r✈❛t✐♦♥s✿

❉❡s✐❣♥ ❉❡s✐❣♥ ♣♦✐♥ts
❆ x1 = {−1,−0.5, 0.5, 1}
❇ x1 = {−1,−1, 1, 1}

✭✐✮ ❙❤♦✇ t❤❛t β1 ❛♥❞ β11 ❛r❡ ♦rt❤♦❣♦♥❛❧ t♦ ❡❛❝❤ ♦t❤❡r ✐♥ ❞❡s✐❣♥ ❇✳
✭✹ ♠❛r❦s✮

✭✐✐✮ ■❢ ❡❛❝❤ ♦❜s❡r✈❛t✐♦♥ ✐s s✉❜❥❡❝t t♦ ❛ ♠❡❛s✉r❡♠❡♥t ❡rr♦r ✇✐t❤ ♠❡❛♥ ✵ ❛♥❞

✈❛r✐❛♥❝❡ σ2✱ ❣✐✈❡ t❤❡ ✈❛r✐❛♥❝❡s ♦❢ t❤❡ ❧❡❛st sq✉❛r❡s ❡st✐♠❛t♦rs β̂1 ❛♥❞ β̂11 ✐♥
t❡r♠s ♦❢ σ2 ❢♦r ❞❡s✐❣♥ ❇✳ ✭✷ ♠❛r❦s✮

✭✐✐✐✮ ❊①♣❡r✐♠❡♥ts ❛r❡ ♣❡r❢♦r♠❡❞ ❛♥❞ t❤❡ r❡s♣♦♥s❡ ✭Y ✮ ✐s ♠❡❛s✉r❡❞ ❛t t❤❡ ✹ ♣♦✐♥ts
✐♥ ❜♦t❤ ❞❡s✐❣♥s ❆ ❛♥❞ t❤❡♥ s❡♣❛r❛t❡❧② ❛t t❤❡ ✹ ♣♦✐♥ts ✐♥ ❞❡s✐❣♥ ❇✳ ❉❡s❝r✐❜❡
t❤❡ ❣❡♦♠❡tr✐❝ s❤❛♣❡s ♦❢ t❤❡ ✾✺✪ ❝♦♥✜❞❡♥❝❡ r❡❣✐♦♥s ❢♦r (β1, β11)

T ❢♦r ❜♦t❤
❞❡s✐❣♥s ❆ ❛♥❞ ❇✳ ❏✉st✐❢② ✇❤❡t❤❡r t❤❡ ❝❡♥tr❡s ♦❢ t❤❡s❡ s❤❛♣❡s ❝♦✐♥❝✐❞❡✳

✭✹ ♠❛r❦s✮

✭✐✈✮ ❏✉st✐❢② ✇❤❡t❤❡r ❞❡s✐❣♥ ❇ ✐s ●✲♦♣t✐♠❛❧✳ ✭✺ ♠❛r❦s✮

✭✈✮ ❆ ❞❡s✐❣♥ ✐s ❝❛❧❧❡❞ ❆✲♦♣t✐♠❛❧ ✐❢ ✐t ♠✐♥✐♠✐s❡s t❤❡ s✉♠ ♦❢ t❤❡ ❞✐❛❣♦♥❛❧ ❡❧❡♠❡♥ts

♦❢ (XT
X)−1✳ ❈♦♥s✐❞❡r ❛❧❧ ♦rt❤♦❣♦♥❛❧ ❞❡s✐❣♥s ❢♦r t❤❡ ♠♦❞❡❧ EY = β1x1+

β11x
2

1
✇✐t❤ ✷ ❞❡s✐❣♥s ♣♦✐♥ts s✉❝❤ t❤❛t −1 ≤ x1 ≤ 1✳ ❙❤♦✇ t❤❛t t❤❡ ❞❡s✐❣♥

x1 = {−1/2, 1/2} ✐s ♥♦t ❆✲♦♣t✐♠❛❧ ❛♠♦♥❣ ❛❧❧ t❤❡ ♦rt❤♦❣♦♥❛❧ ❞❡s✐❣♥s ❢♦r
t❤✐s ♠♦❞❡❧ ✇✐t❤ ✷ ❞❡s✐❣♥ ♣♦✐♥ts ❛♥❞ s♣❡❝✐❢② ❛ ❞❡s✐❣♥ t❤❛t ✐s ❆✲♦♣t✐♠❛❧✳

✭✺ ♠❛r❦s✮
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✷ ✭✐✮ ❈♦♥s✐❞❡r ❛ ❢r❛❝t✐♦♥❛❧ ❢❛❝t♦r✐❛❧ ❞❡s✐❣♥ ✇✐t❤ ✹ ❢❛❝t♦rs ✭x1, x2, x3, x4) ❡❛❝❤ ♦❢
✇❤✐❝❤ ♦❝❝✉rs ❛t t✇♦ ❧❡✈❡❧s✱ ❞❡♥♦t❡❞ +1 ❛♥❞ −1✳ ❖♥❧② ✹ ❞❡s✐❣♥ ♣♦✐♥ts ❝❛♥
❜❡ ✉s❡❞✳

✭❛✮ ❙♣❡❝✐❢② t❤❡ ❛❧✐❛s str✉❝t✉r❡ ✇❤❡♥ t❤❡ ❞❡s✐❣♥ ❣❡♥❡r❛t♦rs ❛r❡ x1x2 = 1
❛♥❞ x2x3 = 1✳ ✭✺ ♠❛r❦s✮

✭❜✮ ❲❤✐❝❤ ♣❛r❛♠❡t❡rs ❛r❡ ❝♦♥❢♦✉♥❞❡❞ ✇✐t❤ t❤❡ ♠❛✐♥ ❡✛❡❝t ♣❛r❛♠❡t❡r
❢♦r x1❄ ✭✷ ♠❛r❦s✮

✭❝✮ ❲❤❛t ✐s t❤❡ r❡s♦❧✉t✐♦♥ ♦❢ t❤✐s ❢r❛❝t✐♦♥❛❧ ❢❛❝t♦r✐❛❧ ❞❡s✐❣♥❄ ❏✉st✐❢②
②♦✉r ❛♥s✇❡r✳ ✭✷ ♠❛r❦s✮

✭❞✮ ❙✉♣♣♦s❡ t❤❛t ✽ ❞❡s✐❣♥ ♣♦✐♥ts ❛r❡ ♥♦✇ ❛✈❛✐❧❛❜❧❡ ✇✐t❤ ✹ ❢❛❝t♦rs
✭x1, x2, x3, x4)✳ ❙t❛t❡ t❤❡ s✐♥❣❧❡ ❞❡s✐❣♥ ❣❡♥❡r❛t♦r t❤❛t ❛❧❧♦✇s t❤❡
✐♥t❡r❝❡♣t✱ ❛❧❧ ♠❛✐♥ ❡✛❡❝ts ❛♥❞ t❤❡ ✸ ♣❛✐r✇✐s❡ ✐♥t❡r❛❝t✐♦♥s x1x2✱ x1x3

❛♥❞ x1x4 t♦ ❜❡ ✐♥❝❧✉❞❡❞ ✐♥ t❤❡ ❧✐♥❡❛r ♠♦❞❡❧ ✇✐t❤♦✉t ❝♦♥❢♦✉♥❞✐♥❣✳
✭✸ ♠❛r❦s✮

✭❡✮ ■❢ ✽ ❞❡s✐❣♥ ♣♦✐♥ts ❛r❡ st✐❧❧ ❛✈❛✐❧❛❜❧❡✱ ❝♦♥str✉❝t ❛ ❢r❛❝t✐♦♥❛❧ ❢❛❝t♦r✐❛❧
❞❡s✐❣♥ ✇✐t❤ t❤❡ ❞❡s✐❣♥ ❣❡♥❡r❛t♦r 1 = x1x2x3✳ ✭✸ ♠❛r❦s✮

✭✐✐✮ ❚✇♦ ♦r❣❛♥✐s❛t✐♦♥s ❤❛✈❡ ✐♥❞❡♣❡♥❞❡♥t❧② ❛tt❡♠♣t❡❞ t♦ ❡st✐♠❛t❡ t❤❡ ♥✉♠❜❡r
♦❢ ❝✐✈✐❧✐❛♥ ❝❛s✉❛❧t✐❡s ❢♦❧❧♦✇✐♥❣ ❛ ❝✐✈✐❧ ✇❛r✳ ❊❛❝❤ ♦r❣❛♥✐s❛t✐♦♥ ❤❛s ♣r♦❞✉❝❡❞
❛ ❧✐st ♦❢ ♥❛♠❡❞ ❝✐✈✐❧✐❛♥ ❝❛s✉❛❧t✐❡s✳ ❚❤❡ t✇♦ ❧✐sts ❛r❡ t❤❡♥ ❝r♦ss✲❝❤❡❝❦❡❞✱ t♦
s❡❡ ✇❤✐❝❤ ♥❛♠❡s ❛♣♣❡❛r ♦♥ ❜♦t❤ ❧✐sts✳ ❚❤❡ ❢♦❧❧♦✇✐♥❣ ❝♦✉♥ts ❛r❡ ♦❜s❡r✈❡❞✳

◆✉♠❜❡r ♦❢ ♥❛♠❡s ♦♥ ❜♦t❤ ❧✐sts ✷✶✸
◆✉♠❜❡r ♦❢ ♥❛♠❡s ♦♥ ✜rst ❧✐st ♦♥❧② ✽✵✷

◆✉♠❜❡r ♦❢ ♥❛♠❡s ♦♥ s❡❝♦♥❞ ❧✐st ♦♥❧② ✹✶✵

❊st✐♠❛t❡ t❤❡ t♦t❛❧ ♥✉♠❜❡r ♦❢ ❝✐✈✐❧✐❛♥ ❝❛s✉❛❧t✐❡s✱ st❛t✐♥❣ ❛♥② ❛ss✉♠♣t✐♦♥s
②♦✉ ❤❛✈❡ ♠❛❞❡✳ ●✐✈❡ ❛♥ ❛♣♣r♦①✐♠❛t❡ ❝♦♥✜❞❡♥❝❡ ✾✺✪ ✐♥t❡r✈❛❧ ❢♦r t❤❡ t♦t❛❧
♥✉♠❜❡r ♦❢ ❝✐✈✐❧✐❛♥ ❝❛s✉❛❧t✐❡s✳ ✭✺ ♠❛r❦s✮
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✸ ✭✐✮ ❆ ❢❛❝t♦r② ❤❛s ♠❛♥✉❢❛❝t✉r❡❞ ✶✵✵ st❡❡❧ ✐t❡♠s✳ ❆ s✐♠♣❧❡ r❛♥❞♦♠ s❛♠♣❧❡ ♦❢
✶✵ ✐t❡♠s ❛r❡ s❡❧❡❝t❡❞✱ ❛♥❞ ❛ ♣r♦♣❡rt② ❦♥♦✇♥ ❛s t❤❡ ❇r✐♥❡❧❧ ❤❛r❞♥❡ss❡s ✐s
♠❡❛s✉r❡❞ ❢♦r ❡❛❝❤ ✐t❡♠✳ ❙✉♠♠❛r② st❛t✐st✐❝s ❢♦r t❤❡ t❡♥ ✐t❡♠s ❛r❡ ❜❡❧♦✇
✭✇❤❡r❡ t❤❡ ✉♥✐t ♦❢ ♠❡❛s✉r❡♠❡♥t ✐s t❤❡ ❇r✐♥❡❧❧ ❤❛r❞♥❡ss ♥✉♠❜❡r✱ ❍❇✮✳

10∑

i=1

xi = 4551,
10∑

i=1

x2

i
= 2, 080, 125.

❙✉♣♣♦s❡ t❤❡ ♠❡❛♥ ❤❛r❞♥❡ss ✐s t♦ ❜❡ ❡st✐♠❛t❡❞ ❢♦r ❛ s❡❝♦♥❞ ❜❛t❝❤ ♦❢ ✶✵✵
✐t❡♠s✳ ❆♥♦t❤❡r s✐♠♣❧❡ r❛♥❞♦♠ s❛♠♣❧❡ ✐s t♦ ❜❡ t❛❦❡♥✳ ❙✉❣❣❡st ❛ s✉✐t❛❜❧❡
s❛♠♣❧❡ s✐③❡ s✉❝❤ t❤❛t t❤❡ ✇✐❞t❤ ♦❢ ❛♥ ❛♣♣r♦①✐♠❛t❡ ✾✺✪ ❝♦♥✜❞❡♥❝❡ ✐♥t❡r✈❛❧
✐s ♥♦ ♠♦r❡ t❤❛♥ ✷✵❍❇✱ ❥✉st✐❢②✐♥❣ ②♦✉r ❛♥s✇❡r ❝❛r❡❢✉❧❧②✳ ❲❤❛t ❛ss✉♠♣t✐♦♥s
❤❛✈❡ ②♦✉ ♠❛❞❡❄ ✭✼ ♠❛r❦s✮

✭✐✐✮ ❆ str❛t✐✜❡❞ s❛♠♣❧❡ ❤❛s ❜❡❡♥ t❛❦❡♥ t♦ ❡st✐♠❛t❡ ❛♥♥✉❛❧ ❤♦✉s❡❤♦❧❞ ❡①♣❡♥❞✐✲
t✉r❡ ♦♥ ❡♥❡r❣② ❜✐❧❧s ✐♥ ❛ t♦✇♥✳ ❚✇♦ str❛t❛ ❛r❡ ❝❤♦s❡♥ ❜❛s❡❞ ♦♥ ♣♦st❝♦❞❡s✳
❙✉♠♠❛r② ❞❛t❛ ❛r❡ ❜❡❧♦✇✳

❙tr❛t✉♠ ❙tr❛t✉♠ ❙❛♠♣❧❡ ❙❛♠♣❧❡ ❙❛♠♣❧❡
s✐③❡ s✐③❡ ♠❡❛♥ ✭➾✮ st❞✳ ❞❡✈✳ ✭➾✮

✶ ✷✵✵✵✵ ✺✵ ✻✵✾✳✵ ✷✹✺✳✽
✷ ✶✵✵✵✵ ✺✵ ✹✸✽✳✽ ✶✶✻✳✻

✭❛✮ ❊st✐♠❛t❡ t❤❡ ♠❡❛♥ ❛♥♥✉❛❧ ❤♦✉s❡❤♦❧❞ ❡①♣❡♥❞✐t✉r❡ ♦♥ ❡♥❡r❣② ❜✐❧❧s ❢♦r
t❤❡ t♦✇♥✳ ✭✶ ♠❛r❦✮

✭❜✮ ●✐✈❡ ❛♥ ❛♣♣r♦①✐♠❛t❡ ✾✺✪ ❝♦♥✜❞❡♥❝❡ ✐♥t❡r✈❛❧ ❢♦r t❤❡ ♠❡❛♥ ❡①♣❡♥❞✐✲
t✉r❡✳ ✭✸ ♠❛r❦s✮

✭❝✮ ❙✉♣♣♦s❡ t❤❡ s✉r✈❡② ✐s t♦ ❜❡ r❡♣❡❛t❡❞ ♥❡①t ②❡❛r✱ ✇✐t❤ t❤❡ s❛♠❡ t♦t❛❧
s❛♠♣❧❡ s✐③❡✳ ❆ss✉♠✐♥❣ t❤❛t ❝♦sts ♦❢ s❛♠♣❧✐♥❣ ✇✐t❤✐♥ ❡❛❝❤ str❛t✉♠
❛r❡ t❤❡ s❛♠❡✱ s✉❣❣❡st s❛♠♣❧❡ s✐③❡s ✇✐t❤✐♥ ❡❛❝❤ str❛t✉♠ ❢♦r t❤❡ ♥❡✇
s✉r✈❡②✳ ✭✷ ♠❛r❦s✮

MAS370 5 Question 3 continued on next page
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✸ ✭❝♦♥t✐♥✉❡❞✮

✭✐✐✐✮ ❆ s✉r✈❡② ❤❛s ❜❡❡♥ ❝♦♥❞✉❝t❡❞ t♦ ❡st✐♠❛t❡ t❤❡ ✉s❡ ♦❢ ❡ss❛②✲✇r✐t✐♥❣ s❡r✈✐❝❡s ✐♥
❛ ❝♦❤♦rt ♦❢ ❍✐st♦r② ✉♥❞❡r❣r❛❞✉❛t❡ st✉❞❡♥ts✳ ❊❛❝❤ ♣❛rt✐❝✐♣❛♥t ✇❛s ❛s❦❡❞ t♦
t♦ss ❛ ❝♦✐♥ t✇✐❝❡✳ ■❢ t❤❡ t✇♦ ❝♦✐♥ t♦ss❡s ♣r♦❞✉❝❡❞ t❤❡ s❛♠❡ r❡s✉❧t✱ t❤❡ ♣❛rt✐❝✲
✐♣❛♥t ❛♥s✇❡r❡❞ t❤❡ q✉❡st✐♦♥✱ ✏❉✐❞ ②♦✉ ♦❜s❡r✈❡ t✇♦ ❤❡❛❞s❄✑✳ ■❢ t❤❡ t✇♦ ❝♦✐♥
t♦ss❡s ♣r♦❞✉❝❡❞ ❞✐✛❡r❡♥t r❡s✉❧ts✱ t❤❡ ♣❛rt✐❝✐♣❛♥t ❛♥s✇❡r❡❞ t❤❡ q✉❡st✐♦♥✱
✏❍❛✈❡ ②♦✉ ❡✈❡r ✉s❡❞ ❛ ❝♦♠♠❡r❝✐❛❧ ❡ss❛②✲✇r✐t✐♥❣ s❡r✈✐❝❡ ❢♦r ❛ ❝♦✉rs❡✇♦r❦
❛ss✐❣♥♠❡♥t❄✑

✭❛✮ ■❢ t❤❡r❡ ❛r❡ ✸✵ ✏②❡s✑ r❡s♣♦♥s❡s ❢r♦♠ ✶✵✵ ♣❛rt✐❝✐♣❛♥ts✱ ❡st✐♠❛t❡ t❤❡
♣r♦♣♦rt✐♦♥ ♦❢ st✉❞❡♥ts ✇❤♦ ❤❛✈❡ ✉s❡❞ ❛♥ ❡ss❛②✲✇r✐t✐♥❣ s❡r✈✐❝❡✱ s❤♦✇✲
✐♥❣ ❝❧❡❛r❧② ❤♦✇ ②♦✉r ❡st✐♠❛t❡ ❤❛s ❜❡❡♥ ♦❜t❛✐♥❡❞✳ ✭✷ ♠❛r❦s✮

✭❜✮ ❈❛❧❝✉❧❛t❡ t❤❡ ❡st✐♠❛t❡❞ ✈❛r✐❛♥❝❡ ♦❢ ②♦✉r ❡st✐♠❛t♦r✱ ✐❣♥♦r✐♥❣ ✜♥✐t❡
♣♦♣✉❧❛t✐♦♥ ❝♦rr❡❝t✐♦♥s ❛♥❞ ❛ss✉♠✐♥❣ t❤❛t t❤❡ ♥✉♠❜❡r ♦❢ ✏②❡s✑
r❡s♣♦♥s❡s ✐s ❜✐♥♦♠✐❛❧❧② ❞✐str✐❜✉t❡❞✳ ✭✷ ♠❛r❦s✮

✭❝✮ ❙✉❣❣❡st ❤♦✇ ②♦✉ ♠✐❣❤t r❡❞✉❝❡ t❤❡ ✈❛r✐❛♥❝❡ ♦❢ ②♦✉r ❡st✐♠❛t♦r✱ ❜②
♠♦❞✐❢②✐♥❣ t❤❡ ❡①♣❡r✐♠❡♥t ✭❛ss✉♠✐♥❣ t❤❡ s❛♠❡ ♥✉♠❜❡r ♦❢ ♣❛rt✐❝✐✲
♣❛♥ts✮✳ ❨♦✉ ❞♦ ♥♦t ♥❡❡❞ t♦ ❞❡r✐✈❡ t❤❡ ✈❛r✐❛♥❝❡ ❢♦r ②♦✉r ♠♦❞✐✜❡❞
❡①♣❡r✐♠❡♥t✱ ♦r ♣r♦✈❡ t❤❛t ✐t ✐s s♠❛❧❧❡r✳ ●✐✈❡ ♦♥❡ ♣♦t❡♥t✐❛❧ ❞r❛✇❜❛❝❦
♦❢ ②♦✉r ♠♦❞✐✜❝❛t✐♦♥✳ ✭✸ ♠❛r❦s✮

End of Question Paper
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