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J
Closed book and noses, 120 minues.
L. Troe or false. (for each, 2 poants o correct, T paint if Jeft blank.)
(@ T When ¢hoosing & randoen sample without replacesnent fromm a [inite

it is possible that some member of the population is chosen twice.

(bC T ) F  For soy randomm variables X; sl X3, the following result is true:
1 +X )= BiX )+ B(X;)

(€ T @ A poimt estimatar 35 often a sngle number, but it can be an interval

o 7 @:" A paint estimatar is s2:d to be "maximum bikelihood™ if it is equal 1o the
Bargest valoe in the sample.

e T ) Chebyshev's Inequality gusruntess that the sum of many mndom
van 15 (2% least approximalely) noemally distributed.

(t F  The standard devistion of 3 poenl estimalor is called s standard crror.

(g@ F I © is an unbiased estimatoe, ﬂwnmemaquam!enmoféisequal
to the vanance of ©.

b T @ Mean sqaared emor 15 ane, but not the anly, measure of 2 confidence
interval's quality.

(i)é)l" Let X denote the sample mean of a random sample of size n. The standard
crror of X decreases a5 the sample size » increases.

0T @m ith observation from a sample of sxze w 18 called the ith oeder statistic,
(t)@l’ A statistic is a function of the observed samplo values.

I T (F 10X, ¥)basa bivariste normal distributios, then P(X <0, ¥ < 0)=0.
(m)@)’ If X and ¥ aee independent, then com(X, ¥) = 0.

[n@: Let X have & bnomial distribetion with n =5 and p = 2. Without the
inuity comrection, e normal spproximation 0 the binomsal would yield
PIX=13)=0.
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2. Let X denote a normally disgiributed mndam variable with mean p and standard deviatson 0.
The pth qusstile of X |s the constant x, that satisties PIX <xp)=p. When p=0 and
o = |, the comespanding valoe 33 denoied by 2.

Gﬁl (2) Sketch the density function of X. Label both axes, Scale the hoazontal axis.

—ﬁ- — T I . 3 ‘\wf
2
p3s 7 o S AR e
« 2 (b} Circle the largest valoe ( . - J..,...J_; = {'L.

X ol Xy @ nL-t-No'c/" ‘:, 9 _9.° o&)
o f¢) Circle the tnse statemen, eithor 07 Tyq :

z,:(_x’—u)/d !’-'fcx' :"z" t,ax‘,“”

3. Throughout this coorse we have followed » coasisient notational convention thal indicaes
\,. the nature of vanous quantities. Descrite esch expression below by wriling "randoen
25T yaniable”, "event”, *comezant”, or “undefinad” on the blank lines.

ds
2/ (@) x* 12\/

¥ <X E Ve.n'f ;

fc) Vas(Y < X). é(m/n(i ned
() B Constant
(e)0 conrstanT
Na o Sfanf‘
(@) B =) ConsTant
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4. Suppase that you tmvest $4000 m IBM (ticker: IBM), a large hardware and software
wmy.ammiusmwmeYwO.amnammmpmy. Let
V = $4000X + $ 6000 be the poetfolio valee ane year from now, That is, let X denote
the relative change in TBM stock price and ¥ the relative pnce change for SYMX.
Assume that |ty = 1.2, gy = 1.3, 0y = 0.2, oy = 0.4, and corr(X, ¥) = 0.6,

it (a) Are X and ¥ independens?  Yes CCorr(X,Y)M

Gﬁ (b) Find the covariance of X and Y. (Recall that the correlarion is the covanance dvided
by the standard deviations.)

C&\/(X,.)f} e il X, Y) Tx Ty
= (C)(})( ?‘3

= oyE =
(A (eI Fing BV} (Recall thal the expecicd value of a sim i the um of expoeted valoes |
F)= £(Troox +#loood)
- #eooo ;_:*(x') . ¥ cooo £CY)

f?@oo (/,2)4‘ ¥ gooo (¢ 3>

/2 LoO
{ é (d) Find Var{V). (lellhsnl(endmo( 2 sam is the sum of the covanances.)

\4:(‘(/) = Vo (Fyoo0 X + ico00Y)

= %o ¢ \/m(}() + 2(#?00@(f5¢06>006{f)
4 fé@ooj'k/a_h. (Y) :
- oot 0"+« 2(frooaXHhood) (¥ 8)

‘f"?‘;‘- 7,30% ¢ 5-76) «(re' +)
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5. We want to estimste p, the probability of success far a sequeace of Bemoulli trials, We
wy(mw&mly)obmmmmmx.Mnumd
trinls to obtain & seccess; let X, X3, . . . » X, deaote m such observations.

(1f you wish 1o consider a specific example, consider the "penoy-tipping” excrcise, with
each stodest tippieg o peany untll it lands heads up. Let X; be the number of tips
roguired by stodent £, focé = 1, 2., 130 We want 10 cstimate p, the probability that the
penny lands heads up on any one trial.)

‘;é (5} Whist are the possible valoes of X7

Lk §

¢t (o) Write the mass function of Xy in teoms of p.

f’. X /‘ 5 jg"' ¢ .-me._f' ;.4 &V\J ¢J%HCR(I~'3 J‘&Ld“,
, g ; f ')-'://2/“-
N (PR

'3 PS (¢} Write e Hkelihood fumction of the sample of size w for p =.5.

- aAa.
LG =T Fx (ripl s =}
g (DT T
= "(, <) ;Z:/H o SO

¢ e} () Exactly cae of the followisg statistics is the maximum-likelihood esamator of p.
Circle that estimstor. (You do not meed to derive the MLE, Rather, ssmply
eliminnte the chwices that are not reasonable, Here X denotes the sample avenge.)
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6. (Momtgomery and Runger, 6-32.) In the transmissson of gl
probahifity that & bit has high, moderate, or low distortion :
respectively. Suppose tat throe bils are transmitted wnd that the BT

each bit is independent of the other bits.

¢ {a) Consider & fourth omcome: that a bit has mo dstoction,
e the first bit hss no distortion?

P(no A 7 ste s crh\ < [~ g al-0.0¥- .75

L

—

—— P (;40 d’,‘:‘éor"{'l.or) — ) e
(b} What 15 the probability that exactly two bits have nigh distortion and one has

moderse distamioa? 3 3 ' 5
z (2 ; ;) o) (o) (15)

PUx 2, %=1, %79
< 3Lt

2._&———’

6 qk,

== OO0 o)

é(Cc\U\S€ (X',X’I XJ‘) (‘_: 2P, /é‘a\ch;\st\l.
4 (c) What is the expected number of bits having low distortion”

b ¢
E(X): NP
3 (L15)

2.595‘-3——“

l‘

L {c (d) Conditiansl that the first bit has low distortion, wial is the peobability that the s:cond
bit has high distortion?

Sy NN N TN - -

ée('av.fe
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7. (Moatgomery mnd Runger, 3-106,) Suppose that & %ot of washers is large enough that 1t
can be nssumed that the sampliag is dome with replacement. Assume thit 60% of the
washers exceod a target fuckness, Lez A, denole the event that washer § excesds the

R HhTiees. G}W.‘_n: lF‘)(A;\:.Q ‘g‘»z'-'[r?‘/"'

- t, (a)wuismopmbnhlitywomdnniyzleMuuherdounocemwdiuuge:
- thickness?
P(A:) = (- PCAD

2 f~/b6
= Y -

(h) Write the svent (not its probatulity) fhat washers 1, 2, and 3 all exceed the target
5" bt

/?’_/] A‘l /'/) 14_?

,”& (¢) What is the minimum number of washers, », that need to be sekied 50 tha the
~ peobahility that all the washers aro thinner than the targel is less than 0.107

= (/z’,(/JA,.'/} WAL ) <ot
= pia)) FA) PUAL) “ 0. 10 C‘m‘%mﬁ‘”‘*)
= (B <o { Pt =)
== n <(/~°'0)/@"\""')

S
;"g (d) Circle the cormect answer, The first seolence of (his problem (whese “with
replacement” is sssumed) affects the answer 10 Pai(s)

by  (ae) (bed  (abg)

R (n,
S
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& Let X denote the result of rolling & slx-sided die; that is, X is the number of doss facing up.
Assume that all stx sides are equally likely.

& 'L- (2) Write the mass function of X7 (Be complete.)

. s x=42,3€56
-g((wt)‘zg i .

é e 3 €

¢ ) Pnd BX). B ; . ,L)
peni P, (AP an it
= IS é: —
6 ¢ (c) Find the conditional mass function of X given that X < 3. (Bo }
'* =0 &E\"e‘.oﬂ:

. X3 = X 21,27 =P

~ = " (x.,(wxcﬁ
F/(?:(X")‘-)X<3B‘ - PIX <3

= P(X>)
2 (¥ «3)

. E— té*“.m e |

-

('{. () Pind E(X | X < 2).

Y2 =2 P =r] Lz
— g—(X-)Xq) =] =
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9, (Montgomery and Runger, 5-72.) Suppose that the Jig-ons to i compuses network follow
a Paisson process with an average of three Jog-0ns per minute.

A '{-‘ {3) What is the mean time betoeen log-oms?

Eé’ﬁma_ 1{4‘7(w~— /03"‘“5 > /} B (/3 m;na:{c."p

I “t (1) What & the peobability that exactly two log-ons cccur dunng a particular (wo-menute

time interval? ¥
q{/oy P P "L(‘w'c -.-\.....J(‘-:S

0'2’7 XN /-.UlcSCV\ /"3’?':‘“""‘"; C’/')ﬂ’“’)
: o W,

=p(x-2)> & ¢

s
=, oYL=

c‘t (c)&mmdxﬂml(wmum]wmmepmblhmydmalIewonelosm
occmsbefaerunnmu()‘)s

ST e Lmert Log sttt .
-77% TN xzf.,&mtwsb"’((nncm /30010-5

R )=
-::’P( 3t '~7§'- /c:f‘F '{:“"ﬂ‘““aL'j-

=7 /«-'e:

-L(ox> 498( =—

Q@ (d) Let l’havennl!dnsdmnbulo.m:hnpepmr-:}mdl:B In the
context of this problem, what might be the physical measing of Y7 .

A{ Y: N 7(_,’,“43' o f Ve é(('r-c{; A)}’;L'
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