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In peer-to-peer (P2P) overlay networks, multimedia objects are distributed in peers and source peers transmit a
multimedia object to receiver peers. In this paper, we would like to discuss serial and parallel types of multi-source
streaming (MSS) models where multiples source peers deliver multimedia objects to receiver peers with enough
QoS in a streaming model. A multimedia object is realized in a sequence of primitive objects. In the serial MSS
model, a receiver peer receives each primitive object from one of the source peers at a time. If a current source
peer is expected to support lower QoS than required or not to support a succeeding primitive object, another source
peer starts sending primitive objects. In the parallel MSS model, multiple source peers in parallel send primitive
object units to the receiver peer.
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1. Introduction

A peer-to-peer (P2P) system [5] is composed of
peer processes (abbreviated peers) interconnected in
P2P overlay networks. Here, peers can not only ob-
tain multimedia objects from other peers but also peers
holding multimedia objects can support other peers
with the multimedia objects. Objects are thus in nature
distributed to peers with various ways like download-
ing and caching. In addition, a receiver peer p, would
like to obtain a multimedia object ¢ from a source peer
in a streaming way [2,9]. A multimedia object c is
realized in a sequence of primitive objects ¢, - -, ¢
(m > 1). A primitive object is a unit of data trans-
mission among peers at P2P overlay layer. There are
multiple source peers p;,---,p, (n > 1). In tradi-
tional ways, one source peer p; sends the multimedia
object ¢ to the receiver peer p,.. Here, the receiver
peer p, may not receive the multimedia object ¢ with
enough QoS, e.g. due to the movement and faults. We
discuss the multi-source streaming (MSS) model [2]
where multiple source peers send a multimedia object
to a receiver peer so that at least one source peer deliv-

ers the multimedia object with enough QoS. There are
serial MSS (SMSS) and parallel MSS (PMSS) mod-
els. In the SMSS model, a receiver peer p,. receives
each primitive object from one of the source peers, say
p; atatime. Ifthe current source peer p; might not sup-
port the receiver peer p, with enough QoS or not hold a
primitive object, p, finds another source peer p; which
can support the target primitive object of enough QoS.
Then, the source peer p; starts transmitting primitive
objects to p,. In the paper [1], the authors discuss how
to dynamically switch current source peers in change
of QoS supported by each source peer. In this paper,
we discuss a scheduling method by which source peers
send primitive objects to the receiver peer.

In PMSS model, each primitive object is redun-
dantly transmitted by multiple source peers or non-
redundantly transmitted by a source peer. In the re-
dundant transmission way, even if some source peer is
faulty and some primitive object is lost in the network,
the receiver peer p, can receive every primitive ob-
ject of the multimedia object c. In addition, primitive
objects are in parallel transmitted by multiple source
peers. Hence, we can get the higher bandwidth even
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if each channel from a source peer p; to the receiver
peer p; is too slow to send the multimedia object. The
paper [2], discuss how multiple source peers send re-
dundantly primitive objects to the receiver peer. In
this paper, we discuss a scheduling way on how the
receiver peer to make the parallel transmission sched-
ule of multiple source peers.

In section 2, we discuss multimedia objects. In sec-
tion 3, we present MSS models. In sections 4 and 5,
we discuss the serial and parallel MSS models.

2. Multimedia Objects

In distributed multimedia services, a receiver peer
pr receives a multimedia object from a source peer p;.
The source peer p; sends a multimedia object ¢ to p,.
if p; could provide p, with the multimedia object c. In
the streaming service [3, 4, 9], it is critical for source
peers to continuously deliver a multimedia object to
receiver peers in real time manner. The streaming ser-
vice is more significant and economical than the down-
loading service.

A multimedia object ¢ is decomposed into a se-
quence S¢ of primitive objects ¢;,---,¢p. A prim-
itive object ¢;, is a unit of transmission of a peer in
an P2P overlay network. A source peer p; of a mul-
timedia object ¢ holds a subsequence .S of the prim-
itive objects, Sf = (Cky4,* "+, Cry,i) (i > 1) where
each c;; stands for an instance of a primitive object
¢; G = ki, - ki, ks € {1.---,m}). A segment
(Chni> Chnyri "> Clii) 1 < h,1 < 1;) is a contingent
subsequence of primitive object instances in the sub-
sequence S§ if kgp1 = ks +1fors =1,---,1 — 1.
Here, if k1 # kn — 1 and ki11 # ki + 1, the
segment is maximally contingent in S{. For example,
suppose S5 is a subsequence (cu;, Csi, C7i, C8i, C10:) Of
primitive object instances. (cg;,c7;) is a segment but
not maximally contingent. A segment (cs;, C7i, Cs;) is
maximally contingent in S5. Let O(cj;) be QoS of a
primitive object instance c;;. Each primitive object in-
stance cp; of a source peer p; is assumed to support the
same QoS Qirc, i.6. Q(chi) = Qirc. For each prim-
itive object ¢, SP(c) shows a subset of the source
peers, each of which supports a primitive object cp,
ie. {pi | cin € S¢}. A receiver peer p, can re-
ceive each primitive object ¢, from at least one source
peer in the source peer set SP(cp,) where Q. is larger
than QoS RQ,. required by p, (Qirc > RQrc). In
Figure 1, a multimedia object ¢ is realized in a se-
quence (c1, ¢z, €3, C4, C5, C, C7) Of primitive objects.
Let c¢j; show a primitive object instance of a primi-
tive object ¢; held by a source peer p;. c11 and c3;
show the instances of the primitive object ¢; held by
p1 and p3, respectively, SP(c1) = {p1,ps}. SP(c2)
= {p1,p2,p3}. The peer p; holds a subsequence of

S1 = (c11,¢21,¢31,Ca1,C71). A segment is a contin-
gent subsequence like (c11, ¢21, €31, Ca1)-

In the underlying network, a primitive object is
transmitted by using protocols like TCP [8].
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Figure 1. Primitive objects.

3. Multi-Source Streaming (MSS) Models

A receiver peer p, receives primitive objects of a
multimedia object ¢ from source peers p1, -, pn. A
source peer p; holds all or some primitive objects of
the multimedia object c. In the single-source stream-
ing (SSS) model, only one source peer p; sends the
primitive objects of ¢ to the receiver peer p,. If the
source peer p; is faulty or QoS supported by p; is
degraded, p, cannot receive the multimedia object ¢
with enough QoS. On the other hand, multiple source
peers send primitive objects of the multimedia object
¢ to p, in the multi-source streaming (MSS) model.
Here, even if a source peer p; transmitting primitive
object instances is faulty, another source peer sends
the primitive object instance which p; sends to p,.. In
addition, if each of multiple source peers concurrently
sends different primitive object instances to p;., the to-
tal throughput can be increased in addition to being
tolerant of faults of the source peers.

There are serial MSS (SMSS) and parallel MSS
(PMSS) models. In the MSS model, each primitive
object cy, is sent to the receiver peer p,. by one source
peer in the source peer set SP(cy,) while a pair of dif-
ferent primitive object instances may be sent by dif-
ferent source peers. Figure 2 shows the SMSS model
for primitive objects ¢ = (c1, ¢z, ¢3, ¢4, C5,Cs, 7). If 2
source peer p; currently sending primitive objects gets
less qualified in terms of bandwidth, another source
peer well qualified starts transmitting primitive objects
to the receiver peer p,. [1]. Thus, each primitive object
is sent by one source peer.

On the other hand, multiple source peers in parallel
send instances of multiple primitive objects or multi-
ple instances of a primitive object to the receiver peer
pr in the PMSS model. Let SSP(cp,), be a subset of
the source peers in the source peer set SP(cy), each
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Figure 2. Serial transmission model.

of which sends a primitive object c;, to p,. For ex-
ample, a pair of the primitive objects ¢; and ¢, are in
parallel sent by the source peers p; and p3, respec-
tively. The receiver peer p, simultaneously receives
instances c1; and co2 from p; and p,, respectively.
Here, SSP(c1) = {p1} and SSP(c2) = {p2}. Since
c; and ¢ are sent to p, at a time, the throughput can be
increased. On the other hand, a primitive object ¢; is in
parallel sent by p; and pa, SSP(c1) ={p1, p2}. Here,
even if p, fails to receive one instance, say c;1, p, can
receive the other instance c15. Thus, the reliability and
availability can be increased.

There are furthermore non-redundant PMSS
(NPMSS) and redundant PMSS (RPMSS) models. In
the NPMSS model, every source peer sends a primi-
tive object c;, different from the other source peers in
the subset SSP(cp,). Every primitive object ¢y, is sent
by only one source peer. Figure 3 shows the NPMSS
model of the primitive objects ¢y, ¢, c3, 4, Cs5, Cg, C7.
Here, c¢; and cy are in parallel sent by p; and ps,
respectively. The primitive objects c3 and ¢4 are in
parallel sent by p; and p, respectively. Primitive
objects which are in parallel sent by multiple source
peers are referred to as concurrent. Compared with
the SMSS model, it takes shorter time to deliver every
primitive object to the receiver peer p, in the PMSS
model. Here, even if the bandwidth Q;,.. between p;
and p, is smaller than the required QoS RQ,.., enough
bandwidth can be supported by multiple source peers
through in parallel sending primitive objects. The
paper [2] discusses how to allocate primitive object
instances to multiple source peers whose bandwidths
are different.

Each packet of a primitive object ¢y, is redundantly
transmitted by more than one source peer in the source
peer subset SSP(cp) with the RPMSS model. Here,
the receiver peer p, redundantly receives each instance
sent by multiple source peers. Figure 4 shows an ex-
ample of the RPMSS model for Figure 1. Two in-
stances ¢ and cy3 are simultaneously sent by p; and
p3, respectively. The primitive object ¢, is sent by p,
in parallel with the instances ¢;; and ¢;3. ¢2 is in addi-
tion sent by p3. Thus, each primitive object is sent by
two source peers. Even if a primitive object instance is

time

Figure 3. Non-redundant PMSS model.

time
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Figure 4. Redundant PMSS model.

lost and a source peer is faulty, at least one instance for
each primitive object can be delivered to the receiver
peer p, in the RPMSS model. On the other hand, the
number of messages and the processing overhead of
pr are increased.

4. Serial MSS Model

4.1. Dynamic model

In a serial multi-source streaming (SMSS) model
[1], one source peer supports the receiver peer p, with
each primitive object ¢, in the source peer set SP(cp,)
at a time while a pair of primitive objects may be sent
by different source peers. Here, we have to discuss
which source peer sends a primitive object cp, to p;.
In addition, suppose a source peer p; sends a primitive
object cx to p,. Then, another source peer p; is se-
lected to send a succeeding primitive object ¢;+1. The
receiver peer p, has to receive cj41 from p; without
any gap as shown in Figure 5. First, we discuss how
to select a source peer p; which to send each primi-
tive object c,. There are the following ways to select
a source peer for each primitive object cj:

1. Dynamic way: A current source peer is dynami-
cally selected for each c;, while transmission.

2. Static way: A source peer for each primitive ob-
ject is a priori fixed before transmission.

Suppose a receiver peer p, is receiving a primitive
object ¢, from a current source peer p;. In the dynamic
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Figure 5. Non-gap transmission.

way, p, selects another source peer p; for cj,41 if the
one of the following conditions holds:
1. The current source peer p; does not support the
succeeding primitive object cj, 1.
2. The current source peer p; may not support
enough QoS of ¢p41 even if p; holds ¢j 1.

Here, the receiver peer p, has to find another source
peer p; which can support p, with the primitive object
ch+1 of enough QoS and to do the negotiation with p;
before the end of the transmission of the current prim-
itive object cp,. The authors discuss the acquaintance-
based protocol for detecting source peers and switch-
ing source peers at the underlying network level [1].

The receiver peer p, receives primitive object in-
stances from the current source peer p; and stores them
to the buffer BF'. In order to realize non-gap delivery
of the primitive object instance cx41,;, pr has to re-
ceive both the instances cy,; from p; and cp,1,; from p;
as shown in Figure 6. The receiver peer p,. is equipped
with an auxiliary buffer ABF to store primitive object
instances sent by another source peer. Suppose a re-
ceiver peer p, is receiving a primitive object cp; from
the current source peer p; and expects to receive ch41,;
from another source peer p;. The receiver peer p,
sends a prepare message to p;. On receipt of prepare,
p; prepares the transmission of the primitive objects
and sends the prepared message to p,.. If the source
peer p; sends prepared to p,, p, sends a start message
to pj. On receipt of start, p; starts sending the primi-
tive object instance cj,1,; to p,. The receiver peer p,
stores the primitive object instance cj,11,; sent by p;
to ABF as shown in Figure 6. On receipt of the end
of the instance cpj, p, takes the succeeding instance
Ch+1,; from ABF.

4.2. Transmission schedules

In the static way, a receiver peer p, makes a serial
transmission schedule S'S, which shows what source
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Figure 6. Source peer switching.

peer supports the receiver peer p, with each primitive
object ¢, of a multimedia object c¢. SS. shows a se-
quence of source peers (P1k,,- - -, Pmk,,) Where each
Phi,, stands for a source peer in SP(cp,) which would
send a primitive object cy,.

First, the receiver peer p, collects QoS Q;. of
each source peer p; in the source peer set SP(cy)
for each primitive object ¢, by using the follow-
ing algorithm [6, 7, 10]. Then, the receiver peer p,
makes a schedule SSC. = (pik;," " ,Pmk,,) (each
pik; € {p1, -,Pm}) from the multimedia object
¢={c1, -+, Cm) based on the QoS information as fol-
lows:

[ Serial schedule SS¢ |

1. For the first primitive object c;, select a source
peer py, in SP(c;) such that QoS Q. is greater
than the required QoS RQ),. and the segment
(C1k, €2k, - - -) in the primitive object sequence S¢
is the largest.

2. For each primitive object ¢, (h = 1,---,m), se-
lect a source peer py, in SP(cy) such that py, is in
the source peer set SP(cp), Qnre > RQpre, Dk 18
selected for the preceding primitive object cj,_1.
Otherwise, select a source peer pi in SP(cp)
such that Q. > RQ.., and a maximally con-
tingent segment (Chk, Cht1,k," ", Chtik) 0 the
primitive object sequence S7 is the largest.

4.3. Transmission of primitive objects

According to the serial transmission schedule SS,
(P1k1s** * » Pk, )» the receiver peer p,. negotiates with
each source peer p;i; to support the primitive object
¢; of the multimedia object ¢ (i = 1,---,m). If each
source peer p;i, in the schedule SS, agrees on send-
ing the primitive object ¢; to p,, p, starts receiving
the primitive objects from the source peers. If some
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source peer p;,, does not agree, the schedule SS, for
Clkys " »Cmk,, 18 reconstructed.

In the previous example, the serial schedule SS. is
(p1,p1,P1, D1, P2, D2, p1) for the primitive objects ¢ =
(c1, 2, C3, Ca,C5,Cq, C7). First, p, sends a start mes-
sage with (1,4) to the source peer p;. That is, p, asks
p1 to send the primitive objects ¢; to ¢y, i.e. instances
C11,C21,¢c31 and cq1. Then, p; starts sending the in-
stances c11, C21, €31, €41 t0 p,.. Before receiving cy, p,
asks the source peer p, to prepare transmitting cs2 and
ce2- In order to synchronize the transmissions of the
instances c4; and csp from different source peers py
and ps, p, uses one auxiliary buffer ABF' to store the
instance cg2. Before receiving the end of c41, p; starts
sending cs2. The receiver peer p,. receives the instance
C32 in ABF.

c DEEEEEE
BB BB =
, =

ps

time

Py

Figure 7. Serial MSS model.

The source peers p1, - - -, p, send primitive objects
to p, according to the schedule SS, as follows:

[ Serial transmission ]

1. The receiver peer p,. collects QoS information on
the multimedia object ¢ = (c1, ---, ¢m). Then,
pr makes a serial transmission schedule SS, =
(P1ky> ***» Pmk,,) for {ci, ---, cn) according
to the scheduling algorithm.

2. For every source peer ppr, in SS. =
(P1ky>DP2ks» ~ 5 Pmk,,)» Pr Sends a prepare
message to ppi, (R =1,---,m).

3. On receipt of prepare, the source peer ppi, pre-
pares transmitting a primitive object ¢, required
by pr. Then, puk, sends prepared to p,. If not
prepared, pk, sends #o to p,.

4. On receipt of no, p. makes the schedule SS,
again and goto step 2.

5. On receipt of a prepared message from every
source peer in SS¢, h = 1.

6. The receiver peer p, sends a start message of ¢y,
to Phi,, in SS..

7. On receipt of the start message of c;, from p,.,
Dhk, starts transmitting cj, to p,..

8. On receipt of messages of the current primitive
object ¢ from ppi,, the messages of ¢, are
stored in the buffer BF'.

9. Before receiving the end message of ¢y, p, sends
a start message to Pry1,ky,, i0 SSc. h=h+1;
goto step 7.

10. On receipt of messages of ¢y 1 from the source
DE€T D+ 1ky, ., » MESSAges of ¢y 41 are stored in the
additional buffer ABF.

11. The source peer ppk, sends the end message of
cp, if pui,, sends up cy, to py.

12. On receipt of the end message of c; from ppi,,,
pr sends an end message to ppk,. pr takes ABF
as the buffer BF. If h = m, p, terminates.

5. Parallel MSS Model

The receiver peer p, receives multiple primitive ob-
jects from multiple source peers in the PMSS model.
In the non-redundant PMSS (NPMSS) model, each
primitive object ¢y, is sent by one source peer p; in the
source peer set SP(cy) (h = 1,---,m). Some num-
ber of primitive objects are in parallel sent by multi-
ple source peers. In the static way, p, makes a paral-
lel transmission schedule P, for each source peer to
transmit primitive objects to p,.. Let M P, show the
maximum number of primitive object instances which
pr can simultaneously receive. The parallel transmis-
sion schedule P.S, is made as follows:

[ Parallel schedule PS¢ |. Initially, ¢ = 0.

I.h = ¢ MP,. Primitive objects
Ch+l; "*s ChtMP, are taken from
S¢ = {ec1,---,cn) and are stored in P;.

2. For each primitive object ¢ in P;, one source
peer p; is selected in SP(c;) where Q. >
RQ: and p; sends some primitive object at round
t — 1. Here, each source peer is allowed to send
at most one primitive object in P;.

3. t=t+1; Ift-MP, < m,gotostep 1. Otherwise
terminate.

In the example of Figure 1, M P, =2, i.e. the re-
ceiver peer can receive at most two primitive objects
at a time. First, a source peer of the primitive objects
¢, and ¢, are taken in the set Py at round 0. For ¢;
and cg, the source peers, say p; and ps are selected,
respectively. Then, c3 and ¢4 are taken in P,. The
source peer p; is selected for c3 because ps is taken at
round ¢t = 0. Then, ps is selected for c4. For c5 and cg,
p2 and py4 are taken, respectively. Then, p, is selected
for c7. Figure 8 shows the parallel transmission sched-
ule PS, obtained here. The transmission time of the
multimedia object can be reduced in the PMSS model.
For example, it takes four units in Figure 8 while it
takes seven units in the serial MSS model of Figure 7.

In the RPMSS model, each primitive object ¢y, is
sent by multiple source peers. Even if the receiver peer
p- fails to receive a primitive object instance cp; of 5
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2
Figure 8. Parallel MSS model.

from a source peer p;, p, can receive an instance cp;
of ¢, from another p;. Suppose there are d primitive

objects c1,---,cq. Let cfy...q be a parity object for
the primitive object ¢y, - -+, cq4, i.e. obtained by tak-
ing the exclusive or of ¢y, --,cq. Here, even if one

object out of ¢y, - - -, €a, €[1...q) is lost, the lost object
can be recovered from the other objects [10]. A seg-
ment composed of d contingent primitive objects is a
recovery segment. In the sequence of primitive objects,
we put a parity object c; ...q) of each recovery segment
1, -, c4. A sequence obtained by putting parity ob-
jects to ¢ is an enhanced sequence €. A subsegment
(€1, +,¢€d,Cp1...q)) is a recovery unit. In Figure 9,
C12, €34, Cs6, and cy7 are parity objects. (ci,cz,c12)
is a recovery unit. Here, if one of the source peers is
faulty or one object in a recovery unit is lost, the re-
ceiver peer p, can receive every primitive object of the
multimedia object (d < m).

¢ (] (A ][] A [Z
] [en] B [e] []
time
I B
r
P [ea]
P, (7 [ ]

[™] : parity object.

Figure 9. Redundant PMSS model.

6. Concluding Remarks

In this paper, we discussed how to support a re-
ceiver peer with enough QoS of the multimedia steam-
ing service by cooperation of multiple source peers.
We proposed SMSS and PMSS models where a re-

ceiver peer can receive primitive objects of a multi-
media object ¢ with enough QoS from one of multiple
source peers. A multimedia object is realized in a se-
quence of primitive objects. In the SMSS model, only
one source peer sends a primitive object. In this paper,
we discussed the static way where the receiver peer
makes a transmission schedule showing which source
peer sends each primitive object. In the PMSS model,
multiple primitive objects are in parallel sent by mul-
tiple source peers. We also presented the scheduling
algorithm for the NPMSS model.
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