Appendix — Proof of the Statement in Sec-
tion 4.1

From the first assumption, we can say that, if the i-th
node successes in transmitting, then (¢ — 1)-th, (i — 2)-th,
(¢ + 1)-th and (i + 2)-th cannot.

Let us name the following events: (i) D,, be the event of
delivering a packet in a chain of n links and (ii) S’ be the
event of delivering at the ¢-th attempt.

Let us name T ,, as the probabilistic event of delivering
a packet in a network of n links (i.e., n + 1 nodes) after ¢
retransmissions 8.

For all n the probability of delivering after one attempt is
the same as the probability of deliver a packet: P(T} ) =
P(D,,). Conversely, probability P(T3,) is equal to the
probability of not delivering at the first P(—S}) and of de-
livering at the second attempt P(S?2):

P(Ty,) = P(S2N=SL) = P(S2) - P(=S)SE) ()

Since, for all 4, events S are independent and P(S!) =
P(D,,), Equation 3 becomes:

P(Ty,,) = P(S}) - P(=S,) = P(Dy) - (1 — P(D,))

In general, the probability of delivering a packet to the des-
tination node after ¢ retransmissions is:

P(T;,) = P(Si) - P(=S5 D). ...
= P(Dy) - (1= P(Dy))"!

'P(_‘S}z) = 4)

We can compute the average number of retransmissions,
according to Equation 4 as follows:

_ s -1 _ 1 ©)
=301 P(Da) - (1= P(Dn))' ™! = 5y

In a laboratory, all nodes are in the same radio range.
Therefore, independently on the nodes number,

P(D!) =1/n (6)

On the field, we have to distinguish on the basis of
the number of links. Up to 2 links (i.e., 3 nodes), all
nodes interfere and, hence, just one node out of 2 or 3
can deliver a packet in a time slot. So, P(D{ield) =1and
P(D;Md) = 1/2. For links n = 3, 4, 5, two nodes success:
P(D{*4) = 2/n. For links n = 6,7, 8, there are 3 nodes
delivering: P(D}?*!) = 3/n. Hence, in general we can
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By applying Equations 6 and 7 to Equation 5, we derive the
number of retransmission needed for delivering a packet :

I = et ®
T (n) = n.

8Please note this is different with respect to St since T, i,n implies
deliver did not success up to the ¢ — 1-th attempt

Fixing the number of packets to be delivered, we can define
a function f that expresses the throughput in function of
the number of sent packets. If we have a chain of n links
and we want to deliver a single packet from the first to the
last node in the chain, then we have altogether to send the
number n of links times the expected value for each link 7,.
Therefore:

Qualn) = ST om) = f(2)
Qpicta(n) = F(THUn) - n) = (257

From our laboratory experiments described in Section 4.2,
as well as from other theoretical results [9]), we can state
f(n?) = -%. By considering it and Equations 9, the fol-
lowing holds:

Qiab(n)  Qficra(n) } _ (n
Fn2) ~ f(#il) = Qrictd(n) = Quan(n) (L3J+1)
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