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Contribution: Formulate and Solve the Caching Problem
In Peer-to-Peer Video-on-Demand (P2PVoD) network, each peer would contribute its disk storage to store
some video segment in order to serve the need of others. We formalized the segment caching problem in
P2PVoD network and proposed an effective distributed cooperative caching algorithm.

Formulation
The Cooperative Caching problem is formulated as
a 0-1 integer programming problem over the two set
of optimization variables X and Y . We let xis be
whether peer i cached segment j and yijs be whether
peer i chooses peer j as its streaming parent for seg-
ment s. The objective is to minimize the expected
expected delay ∑

i

E[delay(i)]

subject to the constraints that

∙ each peer has to designate a streaming parents
for each video segment

∙ each designated streaming parent must has al-
ready cached the segment

∙ each peer can cache up to its storage capacity

∙ each optimization variables are either 0 or 1

The problem is NP-hard.

Delay Function
The expected delay for a peer i is defined as

E[delay(i)] = epd(i) + eqd(i)

It consists of two parts, the expected propagation de-
lay and expected queuing delay . The expected prop-
agation delay is the computed using the

epd(i) =
∑
j∈V

∑
s∈S

psyjis�ij

Let eqd(i) be the expected queueing delay estimation
and let

�i =
∑

j ∕=i∈V

∑
s∈S

psyjisds,

where ds is the streaming bitrate of segment s. Then
we have,

eqd(i) =

{
1/(bi − �i) �i ≤ �,
eqd(�) + �(�i − �) otherwise,

where bi denotes the upload bandwidth of peer i.
Here the choice of � and � could be based on
some empirical analysis. We take � = 0.99bi and
� = 104/b2i . Below is an illustration of the expected
queuing delay when bi = 30.
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Distributed Cooperative Caching
Our distributed takes a few heuristics to solve the segment caching problem. The first one is that in order
to make segments available, it is favorable to balance the global segment supply versus demand. The second
one is that each peer make cache updating algorithm by catering the need locally, with respect to a subset
of peers called Support Set in which each member might be affected once a cache replacement decision is
made by the peer.
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Simulation Result
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Our distributed algorithm performs well in the
simulation.
We compared our algorithm with random caching,
sliding window scheme and centralized algorithm. It
appears that our distributed algorithm outperforms
the random caching in a large margin. Compared
with the sliding window algorithm which is used by
many, our algorithm showed significant performance
gain. In many cases, it also approaches the perfor-

mance for the centralized algorithm. The simula-
tion shows that as the number of peers in the net-
work grows larger, the end-to-end distance becomes
smaller. As for the support set, the larger its size, the
better the performance. The experiment also shows
that our algorithm does lower the supply-demand dis-
crepancy, which serves as a good indicator that this
heuristic might be a good one.

Global Heuristics

Minimize demand-supply discrepancy We first
estimate the current supply of each segment over the
network. For each under-supplied segment, we could
compute a probability such that if all the peers not
having cached it will cache it with such probabil-
ity, the supply and demand of that segment is bal-
anced. Similar probability could be computed for
over-supplied segments as well.

Local Heuristics

Make local decision With the estimated update
probability given by the global heuristics, we could
compute the expected change of delay with respect
to the Support Set for the peer after caching or re-
placing a segment. The score of a replacement pair
is the difference in the expected change of delay. We
proceed further in a greedy manner until the score
is less than some threshold.

Distributed Algorithm

1: for all segment s do
2: u⃗s ← psxis

p⃗⋅x⃗i
bi

3: v⃗s ← ps′ (1−xis)
p⃗⋅x⃗i+ps′

4: end for
{Estimate cache update probability globally}

5: (û, v̂)← glF indAverage(pid, u⃗, v⃗)
6: for all segment s do
7: q⃗os ←

psds−ûs

v̂s

8: q⃗us ← 1− psds

ûs

9: end for
10: if cache is not full then
11: cache segments with q⃗u in non-increasing

order.
12: else
13: updateCacℎe(pid, q⃗u, q⃗o)
14: end if
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