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Advantages of P2P networks
- Decentralized

- Server-free

- Scalable

Drawbacks of P2P networks

« Session setup delay in hop-count is larger than centralized system
* In centralized system O(1) hop.

« In P2P systems, O(log, N) hops for Chord or Kademlia, o(ny**) in CAN
for a given dimension d, O(log,, (N)) in Pastry for a given base b.

* Most of the current hierarchical P2P architectures merely consider
two levels which causes some limit in highly heterogeneous
environments, less powerful peers will become overloaded.

Motivation

+ Analyze multiple-level hierarchical architecture to see if added level
can bring with added value.

* Further decrease the lookup hop count;
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The whole overlay is divided
into multiple sub-overlays.

Each level of sub-overlay is
further divided into several
disjointed sub-sub-overlays, i.e.,
SSO, which makes it look like a
pyramid being truncated,
inspires the name of Truncated
Pyramid P2P architecture.

Different SSOs from the same
level of sub-overlay can not
lookup each other directly,
instead they utilize the peers
from upper levels as proxies.

Peers from upper levels store
the duplicate indices of the
peers from the lower levels
whose keys fall into their key
intervals.

Normally, lookup operations will
be executed in the local sub-
sub-overlay (SSO) with priority.
If no successful result return,
then the request will be
forwarded to the upper level.
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12 For the requests initiated
3" suboverlay

from the first level of sub-
overlay, two vertical
tunnels are built up
between the first and
second levels of sub-
overlays, first and third
levels of sub-overlays
respectively.

For the request initiated
from the second level of
sub-overlay, one vertical
tunnel is built up between
the second and third
levels of sub-overlays.

&
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Assumptions

- Each SSO from each level of sub-overlay has equally
k nodes. The third sub-overlay has only one SSQO,
the second sub-overlay has k SSOs, while the first
sub-overlay has k> SSOs. Thus, the total number of
nodes in the third level of sub-overlay is k, while in
the second level of sub-overlay k2, and in the first
level of sub-overlay k3.

» The service is distributed uniformly among all the
peers in the system. Each node has the same
probability to initiate a service request.

* The average lookup hop-counts in a SSO with k
nodes is log(k).
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Symbol Description
N The total number of peers in the system equals to « + k* + k° .
D, The probability of one lookup request which is terminated at the j”level of sub-
v overlay and initiated from the fhlevel of sub-overlay.
P The matrix made up of p;; .
hi, The number of lookup hops for one request which is terminated at the ;" level of
/ sub-overlay and initiated from the ;" "level of sub- -overlay.
H The matrix made up of /.
) The probability of one Iookup request being forwarded to the ;™ level of sub-
Y overlay directly from the i"" level of sub- -overlay.
T The matrix made up of 7;
E() The average number of hops for one successful lookup initiated from thelth
level of sub-overlay.
0(i) The probability of one node located at the ith level of sub-overlay.
E1pp The average number of hops for one successful lookup in TPP.
Evrm The average number of hops for one successful lookup in VTM.
E The average number of hops for one successful lookup in Hierarchical
HA Architecture (HA) proposed in [3].
E The average number of hops for one successful lookup in Flat Architecture (FA)
FA proposed in [7].
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Performance Evaluation-TPP (3/4)

Py =§ h" = log(k)
o _Krkok K A", =2log(k)+1
M h",, =3log(k) +2
@ _N—-(k+k) _k°
13 — N - N
ko Kk
N N N log(k) 2log(k)+1 3log(k)+2
PRI H"=| 0 log(k)  2log(k)+1
PP =| 0 N N 0 0 log(k)
0 0 1

3
ED (@)= pD, *h",

j=1
oW =k*IN 3

T) (- T) /-
0" (2)=k*IN L, :ZE( )(l)*Q( )(l)
0" @) =kIN =
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V) v) V)
! 1 ! 12 ! 13 t(V)n +t(V)12 +t(V)13 =1
V) — v) V)
T =1 0 17 175 V) V) _
t 22 +t 23 _1
0 0 1

3
EM (@)=Y 1", *h¥),

j=1

0 ET©2) ET@3)+1

ED@M ED@2)+1 ED@3)+1
HY =
0 0 ET(3)

oY) =k*IN
oY (2)=k’IN 3
0V(3)=k/N Epmy =Y EV()*0Y (i)

i=1
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N=k+k’+k°
_ _ 2,13 E.pp stands for the
Ery =l0g(N) =log(k+£"+47) average lookup hop
E,, =log(N)—k=log(N)-3=log(k+k*+k*)-3 count for the TPP

structure.

ErA stands for the
average lookup hop
count for the flat structure
(Chord);

E.a [3] stands for the
average lookup hop
count for the previous
hierarchical structure,
wherein k stands for the
number of levels of the
hierarchical architecture.
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In this case, there is no
difference between VTM
and TPP as the requests
are processed in the local
SSO firstly.

Average number of lookup hops
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Average number of lookup hops
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In this case, the requests
initiated from the first
level of sub-overlay will
be forwarded to the third
level of sub-overlay
directly; the requests
initidated from the second
level of sub-overlay will
also be forwarded to the
third level of sub-overlay
directly.

VTM has significantly
dereased the average
lookup hop count
comapred to flat
archicture and the
previous hierarchical
architecture. It is about
1/3 of the lookup hop
count of FA and HA.

12



U NRYERSI

E Result Analysis (4/4) e

OUE

In this case, the requests initiated
from the first level of sub-overlay
will be forwarded to the second
and third levels of sub-overlays
with some probablity wihch is
related to the node distribution of
the overlay;

The requests initidated from the
second level of sub-overlay will
be forwarded to the third level of
sub-overlay with some probability.

This figure is pretty similar with
the previous one, the main reason

Average number of lookup hops

kK is that the probability of t;5and t,5
N N N is close to 1, so they have the
™ _| o k+k? K biggest effect on the results.
N N
0 o0 1
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TPP has slightly higher amount of average lookup
hop count than flat architecture;

TPP+VTM can significantly decrease the average
lookup hop count compared to flat architecture and
the previous hierarchical architecture. The average

number of lookup hop count is about 1/3 of that in
FA and HA.

www.mediateam.oulu.fi 14



UNRYERSITY

y Future Work Metlateam

T

Network simulations and possibly real-world
prototypes will be implemented to deepen the
evaluation of the results, analyze the maintenance
overhead of TPP with different scales of SSOs.

Analysis of the network traffic distribution of each
level of sub-overlay and each single node from
different levels of sub-overlays.

The lookup latency analysis of hierarchical
architectures compared to flat architectures.
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Le. et al. [3], the peers from each level of sub-
overlay just form one single SSO, wihch made it
lack of most of the advantages of hierarchical
architecture.

S. Zoels analyzed the hierarchy of two levels in the
context of cost of each peer.
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