Mathematics for Computer Science: Homework 5
Instructed by Andrew C. Yao €& Wang Yuezuan

Due on April 8, 2010

Zhang Kunwei J92 2009011269

Concrete Mathematics 8.18

A random variable X is said to have the Poisson distribution with mean yu if Pr (X = k) = e #u*/k! for all
k>0.

(a) What is the pgf of such a random variable?

(b) What are its mean, variance, and other cumulants?

Answer:
—nyk
(a) Gx (2) = Zk>oe k' 2k = errh

(b) 2ot 52 =InGx (%) = nete”’ = pe — = D1 bz'. Thus k; = p for all i > 0.

Concrete Mathematics 8.20

Prove the general formulas for mean and variance of the time needed to wait for a given pattern of heads
and tails.

Answer:
For the same reason of 8.67,

1+ Nz = N+G(2)
N = G(z)—1
z—1

For the same reason of 8.68,

N = G(z)zm:]l(l i A0 = )]
=1
Gizj;l _ G(Z)i;l(i) m z{A(U_A()}




Zhang Kunwei Homework 5 Concrete Mathematics 8.20 (continued)

Let
F(z) = 2"=(1-2) ifl(i)zm_i [A(i) = A(i)}
i=1
— g Em: Agyzm=#1 (4D = A| - zmj Azt [0 = Ay
i=1 i=1

Then
F'(z) = mam' = ijix(l) (m—i+ 1)z [AD = A | + iix(z) (m— i)z~ A0 = 4|

i=1 i=1
(1) = m- i Ay (m—i+1) [A(” = A(z’)} + i Agi) (m = 1) [A( )= A(z)}

i=1 1=1
= m- i_n; A |49 = Ag)]
F'(z) = m(m—1)z""2_— i Agy (m— i+ 1) (m — i) 2™ [A(Z) - A(z)}
=1
+ i Agy (m—i) (m —i—1) 2" [A“) = A(z)}
i=1
F'(1) = m(@m—1)— i/l(i) (m—i+1) (m—i) [A(” = A(z‘)}
=1
+ A m =iy m =i =) 49 = 4]
= m(m-1)— 227%: Agy (m —1i) [A(i) = A(i)]
=1

Thus

Mean (G) = Mean (™) — Mean (F')

= é%) EQEw

Var (G) = Var(z™)— Var (F)

m 2 m
<Z A [40 = A‘“D — Y A (2i—1) [AD = 4]
=1

i=1

Concrete Mathematics 8.26

Find the mean and variance of the number of /-cycles in a random permutation of n elements.

Answer:
Let F),; be the pgf of the number of [-cycles. For the k-th coeflicient of F),;j, i.e. the probability of
there are exactly k [-cycles in a random permutation of n elements, one can calculate it in such a way. First,
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Zhang Kunwei Homework 5 Concrete Mathematics 8.26 (continued)

make sure that there is a [-cycle, with probability (") (n —1)! (I — 1)! = }. Then, make sure that there
are exactly k£ — 1 l-cycles in a random permutation of n — [ elements, with probability F,_;;;—1. Each
permutation appears k times. (for k different selection of the first cycle) So we have kF), ; , = %Fn_l7l7k_1.

It follows up that

() = D kFu et
&
1 _
= Zan—z,l,k—lzk !
%

1
= 7 Z Fi112"
k

1

= 7 n—I,l (Z)

Hence

1 L n>1
M E,)=F ,1)=>F,_ =J! -
ean (Fy, 1) = Fy, (1) ;i 1 (2) {0 <l
Var(Fo.) = Fi (1) +F), (1) - (F), (1)

0 n <l

= %*%2 [ <n<2l
% 20<n

Concrete Mathematics 8.29

Alice, Bill, and Computer flip a fair coin until one of the respective patterns A = HHTH, B = HTHH, or
C = THHH appears for the first time. What are each player’s chances of winning?

Answer:
In this case, we have

N = Ss(A:A)+Sp(B:A)+Sc(C:A)

N SA(A:B)+Sp(B:B)+Sc(C: B)
N = SA(AC)+SB(BC)+50<CC)

Plug everything into it, we get S4 : Sp: S =16 : 17 : 19. Notice Sa + S + S¢ =1,

— 16
SA*52
_ 17
53_52
— 19
50_52

Concrete Mathematics 8.46

Stefan Banach used to carry two boxes of matches, each containing n matches initially. Whenever he needed
a light he chose a box at random, each with probability %, independent of his previous choices. After taking
out a match he’d put the box back in its pocket (even if the box became empty - all famous mathematicians
used to do this). When his chosen box was empty he’d throw it away and reach for the other box.

(a) Once he found that the other box was empty too. What’s the probability that this occurs? (For
n = 1 it happens half the time and for n = 2 it happens 3/8 of the time.) To answer this part, find a closed
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form for the generating function P (w,z) = Em’n Pm,nW™2", where p, , is the probability that, starting

with m matches in one box and n in the other, both boxes are empty when an empty box is first chosen.
Then. find a closed form for p,, .

(b) Generalizing your answer to part (a), find a closed form for the probability that exactly k& matches
are in the other box when an empty one is first thrown away.

(c) Find a closed form for the average number of matches in that other box.

Answer:
(b)
%pm—l,n,k + %pm,n—l,k m > 07 n = 0
Pmnk = § 1 (m=-1,n=k) or (n=-1,m=k)
0 (m=—-1,n#k) or (n=—-1,m#k)
leads to
1 1 U SRS T S S B R (. Ry S
Pk(w,z):ink(w,z)Jrisz(w,z)er 24z w R =g w
Thus
w1k 4 oLk — Loyl k1 _ 1 —1, k41
Pk (wa Z) = : 2

(w59

1 1 11\
= (wlz’C + 27w — §w’1zk+1 - Qlek“) Z <2w + 22)

1 1 ) e
_ -1 _k -1k -1 _k+1 -1, k+1 U i—ueo—1
= (w '+ z Twt — iw z — 52 w ) E Eu w 'z 2 (u)

1 1 U4+ v
_ -1 _k -1, k —1 _k+1 -1, k+1 U Vy—uU—v
= (w z"+z w—iw z —52 w )ungz2 ( u )

_ Zwu,12v+k2,u,v u+v +Zwu+kzv7127ufv u-+v
u v

U,v u,v

1 u—1_v+k+lo—u— u—+v 1 k leo—u— u—+v
P 9Q-u—v _ = u+k+1 v 12 u—v
2;“} : W ) a2 v

uU,v

+1+v—k u—k+ov+1
— u 112—u—1—'u+k U u U2—u+k—v—1
;wz w1 +;wz o1
1 ut+v—~k 1 u—k+v
_ - u v27u7v+k _ u v27u+k7v
Q;wz ( w1 > 2;“}2 v+ 1
Z v | g—u—vth—1 ut+v—k+1 4 ut+v—k+1 ut+v—=k u—k+v
= w'z? - — —
— u+1 v+1 u+1 v+ 1

= Zw“z” . 9—u—vtk—1 <<U+U — k) n (u+v - k))
u,v u v
Puwk = g—u—v+tk—1 <<u +v— k:) L (u +v— k))
u v

(a) Just plug k =0, u=v =mnin (b),
2n
Pnn = 22n< >
n
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(©)

En,n (k) = kan,n,k
k

_ ;mn%k1<(n+z—k>+(n+z—k)>
Can (20— k

Ry

_ Z(n_k)rn—k(”::k)

k

- e (g (1)
k

k

2n+1 /2n
= — -1
22n n

Concrete Mathematics 8.47

Find a closed form for the average number of diphages present, if we begin with a single diphage and irradiate
the culture n times with single psi-particles.

Answer:
Let a, be the average number of diphages present. Then ag = 1,

20651 n+1-2a,_1

ap = Gp-1

_n—|—1 n+1
. n—5 4o
o n—i—lan_l
2ntd

By some guesswork & induction, we get a,, = =%

Concrete Mathematics 8.59

Are there patterns A and B of heads and tails such that A is longer than B, yet A appears before B more
than half the time when a fair coin is being flipped?

(A:A)=28

(A:B)=3 g .
Answer: Let A=HHTT, B=TTT. Then =22 =:z>1

(B:A)=0 S50

(B:B)=T7

Acknowledgement: Answers here are all original, except for the summation method used in (8.46), which
is from Lemma (5.20) in Concrete Mathematics.
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