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Abstract— Peer-to-Peer (P2P) distribution has becoming an
popular solution for IPTV applications. In this work, we define
an utility function over the play back buffer content reserve,
and develop a utility gradient based video segmeitansmission
scheduling algorithm for uploading bandwidth allocaion in
P2P live streaming system, with the goal of minimiag play
back freezes. Simulation results demonstrated theffectiveness
of the proposed solution.

I. INTRODUCTION

The advance of internet infrastructure makes PedPder
(P2P) live streaming a viable solution for IPTV iflib]
services with medium quality video. Compared witte t
traditional client-server system, which does nadlesowvell
with large and dynamic viewing clients, a P2P gysis
cheaper to deploy for content providers and offeisre

content choices to end consumers. P2P schemeestiliz
storage capacity a st

uploading bandwidth and buffer
participating peers in a collaborative fashion.tutns the
passive content “consumers” in client-server sysiato
active content “providers” and makes fully use bt
individual users’ resources, thus is much moreadtaland
robust.

Despite the great success of many P2P streamitensys
e.g., PPLive [PPLive, He06],

Recently, [KumarQ7] analyzes the pull-based P2&asting
systems based on fluid model, and constructs alsigiypop
scheduling algorithm for a buffer-less system. Ategn with
buffer is also studied using extensive simulatiof®r
multicast tree based P2P  streaming

algorithm that improves the resilience of the gystéilizing

path diversity in the network. However, none ofsehevork
givse an analytical model of the P2P streamingesysinder
heterogeneous buffer occupancies.

P2P downloading system, like Bit Torrent [Qiu04]sha

been extensively studied. However, P2P downloaslystem
does not consider real time playback constrainttand does
not have the playback buffer underflow issues as

CoolStream [Zhang05] f
PPStream [PPLive], there does not exist much wor
analyzing the operation and tradeoff of such system

system§
[Padmanabhan03] considers a simple tree management

addressed in this paper.

In a P2P streaming system, it is desirable to mienthe
probability of “freezes” during the live video plagck. In
other words, the extra buffered content (i.e., enhteserve
level) of each peer should be kept positive. Hegeuse the
well known a -fair utility function [Mo0O] to model users’
satisfaction level of their current content reseeeels, and
we allocate network resources (i.e., transmissenes) to
different users to maximize the total network tytili It can
be shown that the optimal solution can balancehihiger
occupancy level among users. Finally, we propogecady
heuristic solution that achieves the desirableltegith low
complexity.
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Figure 1. 6 peer playback buffer states
The paper is organized into the following sectiohs
ection 1l, we present definitions and formulatiosfsthe
problem, In Section Ill, we develop the utility grant based
scheduling algorithm. In Section 1V, simulation uks are
presented along with some discussions, and in@ewti we
summarize the results and propose future work.

1. DEFINITIONS AND FORMULATIONS

A. Definitions and Formulations

Eonsider a P2P System with a video sourcergpelers, with
upload capacitiesC,, Ci, ...., C,. Let the content to be



streamed over all peers with a constant bit rafRICR,.
Each peerk's (1<k<n) play back buffer is therefore
characterized by the buffer state tuple,

S ={% b Yid (1)
where the buffer content starting point and engiomt are
x¢ andy,, and the current playback time tis The content
reserve level is calculated gsty.

This is illustrated by an example in Fig. 1, where play
back buffer occupancy states of 6 peers are plo&ted
horizontal bars. The current playback video segmgrar
Group of Picture (GoP), is marked for each peefhyach
GoP consists of 0.5 second of video segment cad&eBP
pattern, and for CBR video it consistsRf2 bits. The play
back buffer state, %, t,, Yo} for peer 2 is marked.

An important consideration for P2P live video stnggg
system is to manage/allocate peer upload bandwitiths
prevent peer buffers from underflow, and therefcaesing
unpleasant “freezes” in the playback. Intuitivedypeer with
a playback time stamip close to the end of buffer should
be allocated more resources. To characterize thislafine
an utility function over the content resenid(y,-t,), where
the utility function has the form of,

ul)=X", @)

Examples of this utility function are plotted inetlirig 2
below. Notice that the parametercontrols the property of
the utility function. Whena is close to 1, it leads to
proportional fair allocation of resource, and wilieis close
to 0, it leads to total buffer occupancy maximiaati
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Figure 2 Utility functions

The problem of upload bandwidth allocation is tlere

formulated as a constrained optimization probleior. the

In Eqg. (3), we assume the upload bandwid@}{remains
constant for the scheduling period.

This is a typical total resource constrained uwtilit
maximization problem. From the radio resource pgci
control work for wireless video over multi-accedsacnel
[LiO6], it is known that at the optimal allocatiaf resources,
each user’s utility gradient should be the saméhéncontext
of this work, since all user are using the samdityuti
function, it means all peer’s content reserves edghverge to
the same size at optimal allocation. If all buffstates
information are known, then Eq. (3) can be exgligblved
[LiO6] for the optimal allocation R¢*}.

%(K%nck +C°j+ >y -t)

1<ksn
n

R.= ~ Yt %

Once we have the allocation, the actually transimisof
video segments need to be scheduled. For smaltisithg
intervals, gradient based scheduling algorithms basn
shown to maximize the total network utility in vaums cases,
such as hybrid ARQ based TDMA systems [Huang05],
CDMA systems [Agr02], and OFDMA systems [Huang07].
The intuitive is to always serve the packet wite thrgest
utility gradient in the queue.

However, the P2P system is different from works in
[LiO6], [Huang05], [Huang07]. The resource consttaiare
actually more complicated. The allocated rigtés provided
by multiple peers,

Re=2rk
j

where for peek, the additional content reserve is obtained
by pulling from serving peejswith rater;,. The P2P serving
rates are subjected to upload capacity,

2rksC) @
and content availability constraints,
ik =0 1f y; <y (5)

The constraints in (5) are dependent on the cupest
buffer states. For exampli,, = 0 fork={3, 5, 6}, for buffer
states in Fig. 1.

An optimal rate scheduling will be difficult due the
complexity of constraints in (4) and (5). In agireal pull-
based system, the rate allocation and schedulmgliacrete,
and can be viewed as a video segment transmission
scheduling problem.

At each scheduling, each pdewill request a set of video
segments, or GoPs starting with time offggtl, to fill the
playback buffer. For an upload bandwidth @f, and
scheduling interval, the number of GoPs can be transmitted

scheduling period,T, the objective is to allocate uploadby peerj ism. Each peej can allocate jp upload capacity

bandwidth for each peeR;, such that the total utility over
the play back buffer content reserve is maximized,

maxy U (%RK +(y 1) st YR < Y, ¢, O

I<ksn I<ksn

to peerk, if they are available. The scheduling formulatio
is therefore given as,



max U(z Nik +(Ye — %)),
k i

nj «

TC;
st. Ynjesm;, m=—=- (6)
K

TR T2
nj‘kzo, |f yJ<yk
This is a combinatorial optimization problem, wiibtal
number of possible solution,

n-1
-t
mm,  Amg :
m,
An exhaustive search will incur prohibitive cost

computation. Instead, we develop a greedy algorithitine
next section.

IIl.  UTILITY GRADIENT DRIVEN SCHEDULING SOLUTION

in

following requested GoP number list with its asateil
utility gradient,

Gi{gi =Y+l Uy;=2Upn} 8)
The size of the GoP request list can be adjustedrding to
the scheduling interval / total GoP serving capadiith the
utility gradient thresholdJ,. The algorithm assigns each
GoP in the request list to a feasible serving peer, in the
order of descending utility gradient, until all apting
capacities in the scheduling interval are exhausted
The serving peer is selected through a closesebaffd first
heuristic. For a requested GoP with time oftgetonly peers
with y, >= g; can serve this request. If we sort all serving
peers byy,, the upload bandwidth of the peer with the latest
content are the most desirable one, i.e., it caresall peers
with older content. Therefore, their bandwidth ddobe
conserved, and we need to select the peeryyitthosest to
the requested Qof.

In a practical solution, we assume a peer with good The greedy algorithm is summarized in Fig. 4.

throughput and computing capabilities is randondiested

to act as a coordinator of a small sub-senqfeers. The

transport is the best-effort based UDP scheme. upthead

capacities, €}, stay roughly constant during the playback
and are known at the coordinator. At each scheguli
interval, the play back buffer statuss{} are communicated
the

to the coordinator. Based on this information,
coordinator computes a GoP transmission list fahgaeer
that approximates the optimal solution to Eq. (6).

Algorithm |: GoP Scheduling

Collect buffer states §}

Compute upload capacities 0}, and total capacityM,
Compute GoP request list G, sort by utility gradiert U’y

goantzZ m, ;i=1;
k

WHILE (gopCnt >0)
Find peers P={k | >0, % <= g <= W}
IF P is empty
% not serviceable,
Continue.
ELSE

k= argminy, -

m=Mg - 1
Add GoP gto peer K’s serving schedule
gopCnt=gopCnt — 1
i=i+1
END
End

Figure 4. GoP Scheduling Algorithm
The GoP serving priority is based on the requeGteR’s
location in each peer's buffer. The utility gradiefor
requested GoRtj of peerkis computed as,

Ui =U—te+ D)UY —te+j -0 (7)
In a greedy scheduling for (6), it means the retpee GoP

with largest utility gradient should be schedul@dtf From
the buffer status updates, the coordinator can ctenfhe

IV. SIMULATION RESULTS
To verify the performance of the proposed algoritiva set

r’]up P2P video sessions with the following constantg/stem

setting. Let the system average upload bandwidth be
n
Ck
c=+0 |
n

In the first test, we experimented our GoP greedy
scheduling algorithm with an= 6 peer system. The system
settings are summarized in Table 1. The schedititggval
is set asT=4 (GoPs). For a total of 30 iterations, or 60 sec
playback, the resulting play back buffer contesgerve in
number of GoPs are plotted.

Table 1. P2P system settings

Parameter Value Comments

R, (kbps) 300 Video playback rate
L(sec) 60 Video content length
Upload bandwidth
Caa (kpbs) 40 variations
W (sec) 30 Cpntent access window
size
a 06 Utility function
parameter

The results for average upload bandwidth322.8kbps
are plotted in Fig. 5a, and those@f384.5kbps, or 1.2,
are plotted Fig. 5b. Notice that in both cases, dbntent
reserve sizes are quickly converged, and at lase ¢he
content reserve size stabilizes.

To compare we also developed a utility blind schiadu
algorithm that just serves GoP request on a fiostefirst
serve (FCFS) basis. The content reserve sizeslatedin
Fig. 5c¢. It is clear that the system is not stalld the reserve
sizes do not converge, some peers end up with resezves
while others are starved and have numerous freazpky
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Figure 5. Peer Buffer Content Reserve States

In a second system, we increase the number of tpeer
n=16, source upload rate to RH and reduces the
scheduling interval td'=2 (GoP). The system show stable
reserve content sizes at an average upload bartdwidt
C=368.6kbps. The increase of the size of locallyrdoated
P2P group does improve the performance.

For time varying upload bandwidth, the system co a
adapt to the changes and effectively provide theice For
the same 6 peer set up, the performance of corgsetve
size is plotted in the Fig. 6a below. The corresibomn
upload capacity changes and the average capacilye€
scheduling iterations are plotted in Fig. 6b.

n=6 C=385.3 kbps R,=300.0 kbps T=4 GoP

351

30

N
o
T

N
S
T

i
o
T

7

playback buf reserve (GoP)
s
7

0 I I I I I |
0 5 10 15 20 25 30

iteration
(a) Performance with time-varying upload bandwidth
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Figure 6. Performance with time-varying upload haiaith

Notice that the performance is similar to Fig. Bind the
average upload bandwidth change over time is plo&te
solid lines in Fig. 6b, while each peer’s uploaddaidth
changes are plotted in dotted lines.

V. CONCLUSION AND FUTURE WORK

In this paper we developed a utility gradient basielo
segment scheduling algorithm for P2P live vide@atning
solution. The simulation results demonstrated
effectiveness of the proposed solution. In thertutwe will
investigate a combinatorial optimization soluti@bdy the
utility function parameter and its impact on comesrce
speed, and include the end-to-end GoP transmiskays
into the system modeling and simulation.
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