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ABSTRACT

Peer-to-peer (P2P) applications distribute large files fast.
That makes them popular on the Internet and has mo-
tivated their use on datacenter networks. On datacenter
networks, however, these Internet applications waste band-
width. To fully use available bandwidth, we propose the
P2P copy (PCP) application. Results with a prototype show
that PCP reduces content distribution times by an order of
magnitude.

Categories and Subject Descriptors
C.2.4 [Computer-Communication Networks]: Distributed
Systems— Distributed applications

General Terms
Performance, Design, Experimentation
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1. INTRODUCTION

Client applications download from server applications. P2P
applications, however, also download from each other. For
large files and many clients, P2P applications distribute files
faster with fewer servers. Twitter and Facebook, for exam-
ple, now use P2P applications to quickly distribute software
updates to thousands of hosts. Twitter’s application is open-
source and uses an Internet protocol: BitTorrent.

Twitter’s BitTorrent application is called Murder. Com-
pared to a central server, Murder claims to reduce distri-
bution times from 40 minutes to 12 seconds [5]. The min-
imum, however, is less than a second [4, 3]. Murder fails
to achieve the minimum time because it underuses available
bandwidth. To fully use available bandwidth, we propose
the P2P copy (PCP) application for datacenter networks.

2. MOTIVATING EXAMPLE

Datacenter networks interconnect hundreds of thousands of
hosts. Yet the hosts can send and receive data simultane-
ously at the speed of their network interface [1, 2]. Such
networks offer full available bandwidth. In practice, how-
ever, networks are oversubscribed. This reduces initial costs
but also available bandwidth [1]. Applications that fully use
available bandwidth achieve the minimum distribution time.
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Figure 1: Datacenter network experiments.

To test the relationship between distribution time and band-
width usage, we ran an experiment on a network testbed.
Figure 1(a) shows our network topology: a 10 gigabit, core
switch interconnects the four gigabit, access switches. Each
access switch interconnects a cluster of 10 hosts with gigabit
network interfaces. The hosts in a cluster can communicate
with each other at full rate, but the access switch’s uplink
to the core switch is oversubscribed.

The experiment tests the hypothesis: applications that use
more available bandwidth result in lower distribution times.
To that end, it uses two applications: client-server and Bit-
Torrent. The client-server application uses bandwidth at the
file server; BitTorrent also uses bandwidth at the 40 clients,
so it should be faster.

Figure 1(b) compares the distribution times, the time it
takes to distribute the file to loga N hosts. Client-server’s
distribution times, as a function of x = loga N, grows at a
rate of 2%: it increases linearly with N as expected. But
BitTorrent’s distribution times seem counterintuitive: for
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N < 40, it is greater than or equal to client-server’s. This
begs the question whether, in fact, BitTorrent mostly uses
the bandwidth at the clients.

3. DESIGN OVERVIEW

We start with a clean slate. Our streamlined design uses
more bandwidth because it eliminates the overhead inher-
ent in Internet protocols such as BitTorrent. This sidesteps
the question of why these protocols are inefficient on data-
center networks. Even so, fundamental differences between
the Internet environment and the datacenter environment
make a case for exclusion:

e Incentive: Internet peers may be selfish, datacenter
ones are altruistic. Is an incentive mechanism neces-
sary?

e Awailability: Internet peers may be fickle, datacenter
ones are constant. Is a part selection policy necessary?

e Bandwidth: Internet connections may be slow, data-
center one are fast. Is the pipelining of file parts nec-
essary?

The proposed design assumes that such mechanisms are dis-
pensable on datacenter networks. Simulations already show
that a “naive randomized” strategy can be asymptotically
optimal [4]. Our design follows this minimalist approach.

Two design decisions are important. First, should the sys-
tem’s controller be distributed or centralized? A distributed
controller, which runs on the network of peers, is more com-
plicated than a centralized controller, which runs on a host.
Moreover, Murder’s centralized controller handles thousands
of simultaneous requests [5]. Thus, a centralized controller
suffices.

The other design decision relates to file distribution. There
are two options: peers either push to or pull from each other.
Suppose that there are N peers and M parts. A centralized,
optimal schedule exists where the peers transfer one file part
in discrete rounds. To distribute all file parts in the mini-
mum time, the peers take z = M + |logaN | rounds[4]."

In the pull method each peer sends a request for some file
part. The peers send rp.u requests:

Tpull = ZN = NM+llog2N] (1)
i=0

In the push method the peers send a request for consent.
The peers send rpusn requests:

(2)

z
Tpush = 221 = 2(M+UOQ2NJ)+1 -1
=0

Therefore, the push method reduces the number of control
messages from O(N™) to O(2M).

!This optimal assumes equal host bandwidth and full avail-
able bandwidth.
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Figure 2: Distribution times for three P2P applications.

4. EXPERIMENTAL RESULTS

The goal of the evaluation is to compare the performance of
P2P applications. The performance criterion is distribution
time: the time to distribute a file from a source to N desti-
nations. The testbed configuration is the same as in Figure
1(a). We vary the type of P2P application: BitTorrent’s
mainline application, BitTorrent; Murder; and PCP.

Figure 2 shows the results of the experiments. It shows the
average of five repetitions. For N > 8 hosts, Murder’s and
BitTorrent’s distribution times are mostly the same. PCP’s
distribution times, however, is significantly lower.

5. SUMMARY

Current P2P applications underuse bandwidth on datacen-
ter networks. Our new PCP application uses more band-
width and hence reduces content distribution times: experi-
mental results with a prototype show an order of magnitude
improvement. Further measurements will include field tests.
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