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1. Introduction

ALTO provides information to network applications to inprove network
efficiency [2]. There are many ways that a network application can
utilize ALTO information. For exanple, an application may choose to
utilize only the Network Map, another may use both the Network Map
and the Cost Map, and yet another may use the Endpoint ranking. It
can be either a nore centralized entity such as a tracker in a P2P
application or the P2P clients that utilize ALTO information. One
P2P application nmay choose to use the information at the P2P clients
during piece selection or rate scheduling, while another P2P
application may use it during peer selection. Howto effectively
utilize ALTO information is a chall enge that P2P applications
considering integrating with ALTO need to address.

In this docunment, we present exanple techniques of howto integrate
ALTO information into the peer selection process at a P2P tracker
We first present sone key chall enges. W then present sone

techni ques used in real trial exanples that address the chall enges.

2. Chall enges

A P2P tracker selects a set of peers upon receiving a LI STING request
of a peer. Since a tracker may receive a | arge nunber of such

LI STING requests, it is inportant that the tracker can handl e each
request with high efficiency while achieving effectiveness in
utilizing available information. The design of the data structures
and algorithns at the tracker for peer selection is challenging and
can have a major inpact on the efficiency and effectiveness of peer
sel ecti on.

Specifically, there are two challenges in integrating ALTO
information into the peer selection of a P2P tracker

0 Scalability: A P2P devel oper may have a snall nunber of trackers
to handl e a | arge nunmber of channels (files) each with multiple
peers. The peers night be distributed across nultiple |ISPs that
provide ALTO information. Thus, the storage and processing
over head caused by using ALTO i nformation nmust be considered in
order to scale to the increasingly |arger P2P applications. In
addition, it nmay be necessary to scale the tracker of a
particul arly popul ar channel froma single machine to nultiple
machines. |n practice, many P2P applications may use nultiple
physi cal P2P trackers for a single channel for fault tol erance
(e.g., when one tracker crashes) and/or connectivity reasons
(e.g., poor connectivity between networks).

Yang, et al. Expires April 20, 2011 [ Page 4]



Internet-Draft Tracker Peer Sel ection Cct ober 2010

0 Application-Network I nformation Fusion: Wen sel ecting peers, a
tracker shoul d consider not only ALTO i nformation, but also peer
properties known only to the application (e.g., instantaneous peer
upl oad capacity) as well as application requirenents. In
particular, a key concern of a P2P application is that solely
considering ALTO information may | ead to degraded application
performance (e.g., slower download rate in a P2P file sharing
application.)

One of the sinplest ways to inplenent peer selection is random peer
sel ection using a single array storing all current peers. Upon
receiving a LI STING request, the tracker picks a random position in
the array, and returns a set of peers starting fromthe chosen
position. A slightly different random peer selection algorithmis to
repeat edly pick random nunbers in the range of the size of the array
to pick nmultiple random peers

An advantage of the preceding algorithmis scalability. But it is
| acki ng in network-application information fusion. |t does not
consi der peer properties during peer selection. On the other hand,
many P2P trackers already sel ect peers considering peer properties.
For exanple, one type of peer property often considered is peer

upl oad capabilities. Another type of peer property is the playpoint
of a peer, in particular, in an VoD setting. Also, in addition to
usi ng ALTO i nformation, sone existing P2P trackers al ready consi der
network | ocation properties such as the ASN, the IP prefix, the geo
| ocation (e.g., city, country or |atitude/longitude), or the set of
near est | andmarks of a peer

3. Peer Cassification Data Structures

When peers are annotated with properties, we m ght envision that the
peers are stored at a tracker in a table simlar in format to
Fi gure 1:

| peer_id | IP | upld_cap | play_point | ASN | country | cty | .. |

Figure 1: Using a Table to Store Peers

A problemof a flat table is that it does not support peer
classification to find peers with given properties. Just as many
dat abases build indices, nany P2P trackers build inverted data
structures such as map/hash in order to index to the pool of peers
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with a given property.

In an abstract fornulation, for each peer A requesting LISTING the
peer selection algorithmat the tracker deternines a probability that
any peer Bwill be returned to A, where the probability depends on
the relative "match" between the properties of A and B. However, too
nmuch fine-grained tuning of the probabilities (there are QU N'2) such
val ues, where N is nunber of peers) may not be necessary or feasible.
Peer classification is a technique to aggregate peers into equival ent
cl asses before peer selection to inprove scalability.

3.1. One-Level Key Partitioning

Mul tiple exanples exist in this category. |n one exanple, the key is
a category of the uploading capacity of a peer. For exanple, the
tracker may classify peers as having hi gh upl oad capacity, nedi um

upl oad capacity, or |ow upload capacity. Then according to the
property of the peer issuing the LISTING request, the tracker selects
fractions of peers from each category.

I n anot her example, the key can be the ASN or |SP nane. \When the
tracker receives a LISTING request froma peer, the tracker |ooks up
the ASN I SP of the peer, and indexes to the ASNISP to sel ect peers.
To avoid partition of the P2P topol ogy or when there are not

suf ficient numbers of peers in the ASN ISP, the tracker may sel ect
peers from other ASNs/I SPs.

3.2. Hierarchical Partitioning

In addition to a single level flat map, sone trackers classify peers
using multiple attributes and/or build nultiple I evels of indexing,
utilizing a hierarchical partitioning of peers according to peer
properties.

One exanple is to use the hierarchical geo partitioning of peers
first into country, then state/province, and then city.

Uilizing the Network Map of ALTO the tracker can classify each peer
into the PID of each ISP providing ALTO Network Map

Ext endi ng the precedi ng exanpl es of using one type of peer property,
the partition keys at different |evels can be fromdifferent
categories. For exanple, at the first level, the tracker m ght use
peer upload capacity, the next |evel uses ISP as the key, and the
third | evel uses PID.
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3.3. Comments

There are several comments. First, a tracker may partition peers
fromnmultiple perspectives. For exanple, each ISP providing ALTO

Net work Map provides a classification of peers into its set of PIDs.
Thus, a single | P address may belong to different PIDs fromdifferent
Net wor k Maps of different 1SPs. The tracker may build a
classification tree for each ISP. It is possible that these nultiple
trees can be nerged into a single tree with a dummy ROOT. W use a
single classification tree as an exanpl e.

Second, the nodes of different non-overl apping branches may overl ap
regarding the sets of peers contained in them

Second, it may not be straightforward or necessary to partition peers
using certain properties. For exanple, landnmarks nmay not lead to
easy partitioning of peers.

4. Peer Selection Using Peer C assification
4.1. Overview of Scheme

We now | ook at a class of tracker peer selection techniques that
utilize peer classification. Each peer is |located at a | eaf node of
a classification tree. W consider the set of algorithnms where the
peer sel ection depends on the properties of the peer issuing the
request.

We introduce a concept called the "hone" node of a peer issuing the
LI ST request. The home node is identified first before peer
sel ecti on.

The peer selection is specified in the followi ng way. Associated
with each "hone" | eaf node of the classification tree is an ordered
list, where each elenent in the list contains two fields: the first
is a pointer to a node in a peer classification tree, and the second

i ndi cates how and how nmuch to select peers fromthe node. It is
inmportant to notice that the list is ordered as the tracker picks
peers in order. It is straightforward to extend that the nodes may

come fromnultiple classification trees

Figure 2 is an exanple. W refer to the data structure containing
the selected peers as the bucket. The exanple specifies that when a
peer A with "hone" |eaf node at n4 (high capacity peers from I SP1)

i ssues a LISTING request, first fill 50% of the bucket contai ning
peers to be returned to A fromn4 (high capacity peers from sane | SP)
or no nore peers available fromn4, then continue to fill the bucket
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by choosing peers fromn5 (low capacity peers fromsame | SP) unti

the bucket is 80%full or no peers available fromn5, then continue
to fill the bucket by picking peers fromn2 (peers fromlSP2) so that
the bucket can be 95% full, and finally fill the remaining of the
bucket fromn3. Note that the schene intends that for n4, to pick
nore fromthe same ISP (80%, then ISP2 (15%, and then ISP3. It
also tries to pair high capacity peers nore with high capacity peers.

ROOT
/ [ \
/ | \
ISP1L/ 1SP2 | 1SP3\
/ | \
nl n2 n3
I [\ / \
/ [ [ \ [ \
HC LC HC LC HC LC
n4 n5 né n7 n8 n9

| eaf n4: [n4, 509% [n5, 809 [n2, 95% [n3, 100%
| eaf n5: [n4, 209 [n5, 609 [n2, 959 [n3, 100%

| eaf n9:
Fi gure 2: Exanple: Peer Selection using dassification Tree.
.2. Extensions and |ssues

The precedi ng peer selection schene is sinple and flexible. It can
be efficiently inplemented. There can be multiple ways to extend the
schene.

There are two renai ning i ssues:
o First, howto design the classification tree?
0 Second, howto create the traversal list of each |eaf node?

In addition to addressing the two preceding i ssues, this scheme may
not be a general representation of sone existing peer selection
schenes. For exanple, when the network |ocation of a peer is
represented by its set of close-by |andmarks, a straightforward
partition tree may not exist. Instead, sone other data structures
and al gorithnms may be needed to pick the peers that are the cl osest
measured by a special nmetric space neasured by "cl oseness" of

| andmar k sets.
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5. Peering Matrix
5.1. Overview

The Peering Matrix approach is an instance of the schenme of Peer

Sel ection Using Partition Tree. It has been used in several trials,
i ncludi ng the Pando/ Contast trial [3]. The schene has al so been
eval uated in the context of P2P Live Streanming. Below, we present
nmore details on Peering Matrix. W also briefly summarize a set of
results applying Peering Matrix to P2P Live stream ng on the

Pl anet | ab.

5.2. Partition Tree

Recal |l that we nanme the peer issuing the LISTING request as A There
is a unique path Path(A) going up fromthe | eaf node containing Ato
ROOT in the partition tree. W consider the class of tracker peer
sel ection algorithnms that specify a (upper bound) target fraction of
peers to be selected at each node n along Path(A). The peer

sel ection algorithmgoes up along Path(A). To be consistent, the
fraction value at a node n should be no |arger than that of the
parent of n named Parent(n).

Al so, at each node n along Path(A), for each child ¢ of n, the peer
sel ection algorithm specifies how peers are distributed anong the
si blings of c.

Consi der an exanple in Figure 3:

| SP1
1]V
I Vo
/ | \ \
/ | \ \
PIDL  PID2 PID3 ... PIDn

Fi gure 3: Exanple: Using ALTO Network Map for building a
Classification Tree.

Specifically, Figure 3 is a two level classification tree for an ISP,
and each second | evel node represents a PID of the I1SP. Each PIDis
| abel ed with Fraction = 75% The ROOT has a fraction of 100% The
sibling distribution of node PIDL node is 50% 30% 20%to PID2,

PI D3, and PID4 respectively. This means that when a peer A from PI D1
asks for a list of peers, the tracker selects up to 75% peers at
PIDL, and fills the remaining (25% at PID2 (up to 25%* 50%, PID3
(25% * 30%, and PID4 (25% * 20%).
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During P4AP trials, we used a three level partition tree for each ISP

ROOT
/| Vo
/ | \ \
/ | \ \
/ | \ \
intra ePIDL ePID2 ... ePIDn
/ | \
/ [ \
iPIDL iPID2 ...iPID

Figure 4: Three-Level Peer Cassification

One nice property of using per ISP classification tree is to

i npl ement a distributed tracker, where a tracker is responsible for
the peers within a set of ISPs. A peer may request LISTING from

mul tiple trackers (e.g., located at different |SPs) that together are
responsi ble for the channel. The tracker hosting the "home" |eaf of
the peer uses peering matrix, while the other trackers return a small
nunber of random peers for robustness.

5.3. Conputing the Peering Matrix: Bandw dth Matching

To conpute the sibling distribution at node intra and ROOT, the
tracker estimates the aggregated upl oad capacity (a seed can use ful
upl oad capacity and a | eecher achieves 70% and demand of each PID
and t hen conducts bandwi dth matching as specified in [4].

Specifically, The foll owi ng di agram shows how the information fl ow as
well as how to transform ALTO Net work Maps and Cost Maps into peering
mat ri X, considering application states.

Net wor k [ App-specific
R . Mp - . state] R R T .
| ALTO | <----- | Peering | <--------- [ [
| Services | | Matrix | | Application
| | ----- > | Conputation | --------- > | |
B " Cost fe------------ " App-specific' ------------- '

Map or generic

gui dance

Figure 5: Information Flow to Conpute Peering Matri x.

The interface to the Peering Matrix Conputation Conponent, for a
BitTorrent like file sharing application can be:
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5. 4.

Get Peeri ngWei ghts: The request optionally includes swarm state
information as a list of PIDs, and for each PID, the nunber of
seeds and | eechers and the aggregated downl oad and upl oad capacity
of clients within the PID. The response is a matrix of peering

wei ghts anongst the PIDs included in the request, as conputed from
the set of Costs currently pulled fromthe ALTO Server. |f the
request included swarminformation, the returned weight matrix is
tailored for the current state of the swarm

Conputing the Peering Matrix: Generic

Simlar to the preceding, but instead of using estimted capacity and
demand, it assunmes that each PID has one peer

5. 5.

Live Stream ng Results Using Planetl ab

6. | ANA Consi derati ons

Thi

s docunent makes no request of | ANA

Note to RFC Editor: this section may be renoved on publication as an
RFC.

7. Security Considerations

Thi

s docunent does not evaluate security considerations. Miltiple

ot her docunments in the ALTO working group considers the security
perspective of using ALTO i nfornation.
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