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PEER-TO-PEER OVERLAY NETWORHKS

P2P Applications
Distributed directory systems
P2P domain name services
Network file systems
Massively parallel systems
Distributed e-mail systems
Massive-scale fault-tolerant system
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PEER-TO-PEER OVERLAY NETWORKS
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MULTI-DIMENSIONAL RANGE QUERIES

Applications
Multi-player games
Grid computing
Publish/Subscribe systems
Group communications
Name services
P2P data sharing
Global storage
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MULTI-DIMENSIONAL RANGE QUERIES

Distributed P2P Overlay Applications ]
Get Put ranges F Remove i /\

— — e Return

ranges data ranges data

- TP
Distributed Hash Table
Request to L "/R,es/pc;:efrom\
nodes nodes |

Structured P2P Overlay Nodes Managelrhogﬁ%
Ring/d-Torus/Butterflies/Plaxton/de Bruijn




DS-RT 2011

MULTI-DIMENSIONAL RANGE QUERIES
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DATA SPACE PARTITIONING

Goal
Better preserve data localities
Schemes e [ —
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DATA .

» Goal
+ Better preserve data localities

» Schemes

+ K-d tree,

+ Quad tree, 3 Z
+ Z-order SFC;, ¢
+ Hilbert SFC;

Copy from Wiki
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DATA SPACE PARTITIONING

Observations 1

Data localities expand exponentially as the dimensionality of data space
increases

1-D data space - 2-D data space

3-D data space
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DATA SPACE PARTITIONING

Observations 2

Data localities extend exponentially as the order of the recursive
decomposition increases

10



DS-RT 2011

DATA SPACE MAPPING

Challenge

How to accommodate and maintain data localities with an
exponentially expanding and extending rate at P2P layer

Goal
MDRQ can be done at a reasonable routing cost

il



SCARP 4,
MURK 4,
ZNet, 4,
Skipindex,,
Squidpyg,
SONAR14;
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DATA SPACE MAPPING

Z-order/Hilbert SFC
K-d tree
Z-order/Quad tree
K-d tree

Hilbert SFC

K-d tree

Skip graphs,,
d-torus (CAN)g,
Skip graphs
Skip graphs
Ring (Chord),
d-torus (CAN)

No
No
No
No
No
No
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LA IAYVALINID
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HIERARCHICALLY DISTRIBUTED TREE

Distributed P2P Overlay Applications ]
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HD TREE

4-ary HD tree
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HD TREE

HParent
00

/Q

001 001
DChildren Q/ \Q
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DParent
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HD TREE

Root

HParent DParent

000 Q\ /Q 001

0001 @ 0001

HParent & DParent

000 ?
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CONNECTING SPEERS IN HD TREE

RO
_S:W

i
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00 01 02 03 10 11 12 13 20 21 22 23 30 31 32 33
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4-ary HD tree
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HD TREE

HD Tree <2(k+1) 2(n-1)-kxh
Tree <k+1 n-1
Chord log(n) ?
CAN 2d ?
Skip graphs O(m - log(m)) ?
k: k-ary tree h: height of tree

n: total nodes in the system d: d-torus, number of dimensions
m: total number of data elements



HIERARCHICAL OPERATIONS

HParent DParent
00 /Q 01
001 001
DChildren Q/ \Q HChildren
0001 0010
1001 0011
2001 0012
3001 0013

A node in k-ary HD tree can have at
most k HChildren and k Dchildren

But only 1 HParent and 1 Dparent

2HP 2DP
00

e

001

001
200, \Q 2He.
0001 0010
1001 0011
2001 0012
3001 0013

2HP and 2DP has only one option
2HC and 2DC has at most k options



HIERARCHICAL ROUTING

Hierarchical Routing (HR) consists of
a series of 2HP or 2DP operations, or
a series of 2HC or 2DC operations

() abcd
(0 dbcac

bc

bcd bca

dbca
abcd

dbcac dbbad



DISTRIBUTED OPERATIONS

A distributed operation consists of two hierarchical operations

2DP, 2HP,
01 00
2HC 20C,
001 012 200 001
2DP OHP
0012 (111 111 2001
2HC 20C,
D H H-D



DISTRIBUTED OPERATIONS

A distributed operation consists of two hierarchical operations



DISTRIBUTED ROUTING

Distributed routing (DR) is a series of distributed operations
DR can reach the DST node in (2 x d) hops time at worst

() abc
() def

'No Matching

Note: d = depth of node in HD tree = length of the code

bc cd de

NN

abc bed cde def
D~ H Routing

abc bce cef def
DD Routing

ab fa ef

NN

abc fab efa def
H"D Routing

ab ea de

NN

abc eab dea def

H " H Routing




DISTRIBUTED ROUTING

DROCR is a DR oriented combined routing algorithm
DROCR can reach any node in (dsp. + dpsr - 2 X m) hops time

Many routing strategies can be built over different routing
options in HD Tree

abwx bwxy WXYZ yzab Xyza WXYZ

Note: dggq, dpsr = depth of SRC/DST node in HD tree = length of the SRC/DST code
m = length of the max. match between SRC and DST code
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ERROR RESILIENT ROUTING

Match exists between SRC and DST codes

Try all possible options that can extend existing match
towards DST code

Try all options towards DST node
Try SDP & SDC

No match can be found between SRC and DST codes

Try all possible options towards DST node
Try SDP & SDC

.74
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SUPPORTING MDR QUERIES IN HD TREE

Distributed P2P Overlay Applications
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SUPPORTING MDR QUERIES IN HD TREE
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SUPPORTING MDR QUERIES IN HD TREE




MDR QUERIES - D2H QUERY
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MDR QUERIES - D2H QUERY
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MDR QUERIES - D2H QUERY
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MDR QUERIES - D2H QUERY
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MDR QUERIES - D2H QUERY
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MDR QUERIES - DROCR RESPONSE
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SUPPORTING MDR QUERIES IN HD TREE
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SIMULATION RESULTS

Simulator - ns2

Network Size
2-ary HD tree of height 9 (n = 1023)
4-ary HD tree of height 5 (n = 1365)
8-ary HD tree of height 3 (n = 585)
Multi-dimensional Range Queries
Z-Order SFC & DROCR
AVG # of nodes affected / total # of nodes in the system
Dimensionality(dim): 1 - 6
Selectivity
from 1/169™ to 169Mm/169Mm in 2 & 4-ary HD tree
from 1/89™ to 89m/8dm in 8-ary HD tree
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Involvement
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SIMUL
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CONCLUSIONS

HD Tree is the first data structure that is able to give a complete
view of the system state when processing MDRQ at different levels
of selectivity.

In a k-ary HD Tree
Root can survive (k-1) point failures
Internal nodes can survive (2k -1) point failures
Leave nodes can survive 1 point failure

Routing in HD Tree outperforms routing in the equivalent tree
structure
MDRQ can be optimized in the HD Tree network because it is
direct mapping in nature
greedy and optimal routing strategies

10% of routing nodes’ failures do not cause significant
performance variations in HD Tree.

Further improvement is possible if all possible routing options can
be explored in the by-passing routing mode.
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