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  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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  Applications 
  Multi-player games 
  Grid computing 
  Publish/Subscribe systems 
  Group communications 
  Name services 
  P2P data sharing 
  Global storage 
  ... 
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  Goal 
  Better preserve data localities 

  Schemes 
  K-d tree[1] 

  Quad tree[2. 3]] 
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  Goal 
  Better preserve data localities 

  Schemes 
  K-d tree[1] 

  Quad tree[2. 3] 
  Z-order SFC[4. 6] 
  Hilbert SFC[5] 
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1-D data space 2-D data space 

3-D data space 

  Observations 1 
  Data localities expand exponentially as the dimensionality of data space 

increases 
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  Observations 2 
  Data localities extend exponentially as the order of the recursive 

decomposition increases 

DS-RT 2011                                         . 



  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 
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P2P Systems Partitioning Underlying architecture Direct mapping 

DHT-based ... DHT ... ... 

SCARP[10] Z-order/Hilbert SFC Skip graphs[7] No 

MURK[10] K-d tree d-torus (CAN)[8] No 

ZNet[11] Z-order/Quad tree Skip graphs No 

Skipindex[12] K-d tree Skip graphs No 

Squid[13] Hilbert SFC Ring (Chord)[9] No 

SONAR[14] K-d tree d-torus (CAN) No 

SkipNet[15] Naming tree Skip graphs No 

P-Grid[16] Binary search tree Flat graphs No 

Mercury[17] Random sampling Ring No 
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Data structure Routing table size 
(Neighbors) 

Total links 

HD Tree ≤ 2(k + 1) 2(n – 1) – k × h 

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 
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  Distributed routing (DR) is a series of distributed operations 
  DR can reach the DST node in (2 х d) hops time at worst 
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  DROCR is a DR oriented combined routing algorithm 
  DROCR can reach any node in (dSRC + dDST  - 2 х m) hops time  
  Many routing strategies can be built over different routing 

options in HD Tree 
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>:  performs better  <:  performs worse  =:  equivalent 
HR:   2HP/2DP/2HC/2DC routing 
Tree: routing in the equivalent tree structure 

Tree D2H D2D H2D H2H HR DROCR 

DR 

D2H > = < = < < < 

D2D > > = > = < < 

H2D > = < = < < < 

H2H > > = > = < < 

HR  > > > > > = < 

DROCR HR + DR > > > > > > = 
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  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 
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  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 1/16dim to 16dim/16dim in 2 & 4-ary HD tree 
  from 1/8dim to 8dim/8dim in 8-ary HD tree  
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Total Nodes Involved / Total Nodes Functioning 

Range Query Size / Entire Data Space 
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Avg.  # of Hops Used / 2 * Depth 

Total By-passing Routing / Total Routing 
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  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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