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Problem t.L (l8pts) Trae or Fo,lse. Proue or show a countererarnple:

a. 12pts If P(A) > P(B) and P(C) > P(D) for ettents A,B,C,D, then P(A'
C)> P(BnD).
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b. 12pts. If x,Y are both Bernoulli rand,om,uartables (i,.e. they can only take on
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Problern I.2 (70pts) (The parts of this problem are largely ind,ependent ol
each, other.)

Mary Jo Li,sa is lookrng for someone to marry. This is the way that
m,atches are made in this conr,pletely malce-beli,eue society (far the first few
parts): she i,s paired u,p with a random person and can obserue them. At the

end of that obseraatron, both her and, the other person aote "Yes" or "No." If
both uote "Yes," they get married and tlr,e process stops. If either l)otes "No,"
she gets paired up with another rand,om person and the process repeats.

a. 10 pts Suppose tfutt thi,s soctety is gouemed entirely by Horoscopes. People are

born randomly and unifonrtly i,nto the 12 signs of the Zod,i,ac: arranged
in their trad,itional circular pattern. People uill say "Yes" to anAone

who ei.th,er has the same sign or either of the two immed,iately adjacent
s'igns. What is the expected number of people that Mary will
meet in this match-making process?
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b. 10 pts
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Suppose that instead of hauing 12 di.screte si'gns of the Zodiac, the people

belzeue in eont'tn,uo'us s'igns according to the eract angle froml to 2r that

the Sun maTks on tlrc Zodiac circle at ther,r time of birth. (Assume thi's

i,s uni,form and, independent across people) They are witling to marry
anyone within *0 radians of thei'r own s'ign. As a function of 0,

what is the probability that Mary will end up meeting more
than 3 people in the course of this process?
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c, 15 pts Suppose now th,at instead there are two kinds of potential partners out

th.ere: ! H-type ("Hot") andt N-type ("Not"). hlary i's H-type. For
H-typei, the probabitity that a random H-type is a good match to them

'ts ]. Tlrc probabi,lity that an N-type is a ntatch is o' mere {r. Gi'uen

th,nt her cand,id,ates will be drawn randomly from the popu.lat'ion, what
is the expected number of people that Mary will meet in this
match-making process? And what is the probability that she

will end up married to a fellow H-type?
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(t. 20 pts (bui,tds on the asntmpttons i,n part c) Su"ppose n,o'w that the obseruat'ions

are imperfect. Mary kn,ows that she i.s an H-type, but she can,not see the

unilerly'ing c.onryatibility. she on,ly knows the background proporttons of
the two types. she cannot euen perJ'ectly see the type of the person she

meets. Instead., she qets a noisy obseruation that, is syrnme.trically wrong

with probabi,tity p . i ft,.r. The prutbabiht'y that she thinks the person'is

an H giuen that they a,re actually an N ts p and sim,i,larly for N's seen

as H's.) and, so does the other person who also sea"etly knows their
true type.

The other person will sa,g "Yes" if t,hei,r nozsy obseruation matches their
own trae type. Sr,milarly, Marg wi'II say "Yes" if her no'isy obseruat'ion

says the persan'is an H. If both say "Yes," they'll get married.

As a functi'on of p, what is the expected number of people that
Maty will meet in this match-making process? And what
is the probability that she will end up unhappily married?
Given that she is unhappy, what is the probability that she is
married to a fellow H?

(You d'o not haue to simpli'fy these erpress'ions too much)
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e. 20 pts In another society, people are ntatched,.up in a completely d,ifferent uay.
Single rnen are ord,ere-d alphu,betica,tly by their names and, marked, w6th
their number in the list (So I is tlrc fir'st pr:rsort irz alphabeti,cal ord,er
and so on,). Single womerl are ulso ord,ered, alpltabeticatly by thei,r nanles
and ass'igned their nuntber in the ltst. (Assume tlmt this society ltas a
lot of d,istinct narnes un,d so th,e,e are nrs two people with the same
name)

Tlr,en tlte two grouqts ttrt: ratrtlorttly pertnutetl antl puired, off unti,I tlrcre
are no more le..ft in at leo,st, one gro'up. If a man's number i,s not smaller
than the u)o'ftLan's numbe.r, then, th,ey get nmrried. Giuen that we start
with 2n men and n wornen, what is the expected number of mar-
riages that will occur?
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