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Fig. 10. Downloading delays and rates.

retransmits packets after they are collided, which aggravatesefulness of the transmitted symbols due to relay selection.
the problem. (2) For both CodeTorrent and CodeOnBasic, ths CodeOnBasic adopts the same relay selection mechanism,
use of PLNC prevents a requesfrom receiving a whole piece it enjoys similar high protocol &tiency to CodeOn. However,
under frequent packet collisions. However, through prioritizedodeTorrent sends many pieces due to a large number of failed
relay selection and the use of SLNC, CodeOn alleviates theerhears explained in the following. Note that, the APs are
above problems dramatically. always the most advantageous nodes so they transmit a lot in
2) Fairness: The fairness is embodied in the distributiordll three protocols.
of downloading delays of all vehicles, shown in Fig. 11. To further study the role of relay selection, we compute the
We show the distributions for all three cases. The most fgiercentage of total number of non-innovative pieces out of the
situation has zero variance, i.e, all the delays are equal. Freotal number of received pieces, whicHieets the usefulness
Figs. 11 (a)-(c), one can see that the distributions of Code®fthe received content. Also, we calculate the average number
are more concentrated (more fair) than those of CodeOnBasfcfailed overheard pieces (in which the coding vectors are
and CodeTorrent. Few vehicles need very long time to receirexeived but not all the subsequent packets) per received
the whole Ple. Again, the same robustness of CodeOn faece. For the former, CodeOnBasic is slightly higher than
variations in tralbc density can be observed. CodeTorrent; but for the latter, CodeOnBasic is much lower
The superiority of CodeOn in fairness is still attributed téhan CodeTorrent. This is because in CodeTorrent a responder
the use of SLNC. SLNC enables more reliable reception uges the requester’s null-space vector to decide whether to
the coded symbols, since an overhearing node will buffer atipgnsmit a coded piece, which is lefdtely innovative to the
innovative clean symbol it received. In CodeOn, since thiequester. However, in CodeTorrent a responder’s transmission
granularity of information recejon is smaller, and vehicles mainly benéts the requester itself but few others due to unco-
have similar opportunities to contact with APs and oth@rdinated transmissions. On the other hand, in CodeOnBasic
vehicles within a time peri of order 1000s, their receptionthe selected relays can bémeneir whole neighborhood, while
progresses have small variance. However in CodeOnBasic &l broadcasted contents are still highly useful. As a result,
CodeTorrent, a vehicle either receives a whole piece or recelth the downloading rate andrefency are high.
nothing, so the variance among reception progresses is larges) Discussion: Finally, we give some insights that can be
Again, the results on fairness demonstrate the beokusing obtained from our results.
SLNC and the effectiveness of CodeOn'’s protocol design.  pysh v.s. pull First we compare theush versus pull

3) Protocol efciency: One may wonder if CodeOn based content distribution in VANETs. CodeOnBasic and
achieves fast push-based downloading by $earg protocol CodeTorrent are both based on PLNC, but the former performs
efbciency. To further investigate this issue, we present tieuch better than the latter for all scenarios in Figs. 9 and
results on protocol &tiency in Table. Il 10. An obvious reason is the difference on the bandwidth

As we have shown in Sec. IV-C, the protocol overhead aoftilization. CodeOnBasic let the APs and relays broadcast
CodeOn is small. To evaluate the amount of incurred dgpeoactively (push), so that the service time slots are almost
trafbc, we show the average number of pieces sent byfuly utilized. However, in CodeTorrent each node make
vehicle and an AP during the whole simulation time (a nodequests (pull) periodically and responders transmit passively.
will not transmit when all of its neighbors receive 100% o¥Whenever received a piece in error, a requester will wait until
the Ple). CodeOn has the fewest number among the thréee next period to make subsequent requests. Due to the lossy
protocols. Its high protocol bEtiency comes from both the property of the wireless channel in VANETS, this happens
high symbol reception probability due to SLNC, and the highiequently so that the serviaghannel is under-utilized.
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Fig. 11. The distributions of downloading delays.
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