Principles of Computer Networks
Tutorial 1

Problem 1 Solution

@) LetP(f} be the probability that at timke = 1 the transceiver is in statg, ; r. We haveJD off =3
(b) LetPO(jff (Pon ) be the probability that the transceiver is in stétg, (S.,) attimek for k = 0,1,2, ....

From the initial conditions, we have thﬂﬁg} =1 andPo(S) =0. Fork =1,2,3,..., we have that

) _ 2pk-1) L)
Forr = 3Poff +3Pon :

and

We then obtain

P =1 P =3
(2{_22 11 _5 (2) _ 12 4,21 _ 4
Pof_33+33_9’ O"_33+33_9
(3{_2§ 14 _ 14 () _ 15 24 _ 13
Pf)({;{_39+39_27 O(Z)_39+39_27
__ 214 113 _ 41 _ 114 213 __ 40
Py =35 + 5% = 510 Pon' =355 + 357 = 51
(c) See question (b):
1 2 1
Po(f} gpoff + gpmw
1 2
Po(rll) gpoff + gpon-
(d) From (b) and (c), we need that
2 1
Poffzgpoff"i'gpmw
and
1 2
Ponzgpoff"i'gpon-

Any solution for this system of equations has the properdy th
Pyt = Pon.
As P,;s and P, are probabilities, we need that
P,if + Ppy = 1.

Combining the two conditions above, we obtain that

1
Poff:Pon:§
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(e) We have
k) _ 1
i Fors = 3
and )
lim P®) = —,
k—o0 2
Problem 2 Solution
(@) You can utilize§ kr(l —z)ht =1
k=1
E[L] = Zla(l —a)!
=1
1
= -

(b) Forl > Iy, we have that

P(L=1landL >1,) P(L=1)

P(L =1L >l = — .
(L =1L > lo) P(L> o) P(L> ly)
Note that
P(L=1)=a(l—a),
and
P(L>1l) = > al-a)
k=lp+1
= Z a(l —a)®
u=lp
— S a1 — a)lotD

where we used the identify’ 72, 2" = 1 for 2 < 1 in (i).
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It then follows that forl > [, we have

— (0% — -1
P(L = Z|L > lo) = 5(%;;0)) = Ei — a;lo — Oé(l _ a)l—lo—l.

Note that this implies that the geometric distribution isgimoryless”.
(c) Using part (b), we have that

E[L|L>1l)] = Y lo(l—a) !
I=lp+1

= > (I—lo+lp)ad —a) o7t ()
I=lp+1

o0

= > (@ +lo)a(l — )t (i)

r=1

= > za(l-a)" '+ loa(l —a)* .. (iii)
r=1 =1

= > za(l—a)" 41> a(l—a)" . (iv)
r=1 =1

= i za(l —a)*t +1...(v)
=1

= i za(l — )" +lo...(vi)
=1

1
= ——l—lo.

Q

In (i): we added and subtractégl

In (ii): we used change of variables:= [ — [j.

In (iii): we split the summation ok andij.

In (iv): we movedi, outside the second summation.

In (v): we used the results of Problem 2(b) - (i) where we fothrat

dohera(l — Oé)k_l =>Yrial-—a)=1

In (vi): we used" ka(1 — z)k! =
=1

8=



