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Overlay Network

Physical Network |




Overlay types

Unstructured P2P Structured P2P

© Any two nodes can establish a link

O
Topology evolves at random © Topology strictly determined by node IDs

© Topology reflects desired properties of
linked nodes




Hash Table
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Stored data

| Lisa smith | 521-8976
‘9 John Smith | 521-1234
| Sandra Dee | 521-9655
| Ted Baker | 418-4165

<[ Sam Doe | 521-5030




Distributed Hash Table (DHT)

nodes

—> k1.vl k2,v2 k3,3

Operations:
Insert(k,v) gup - K4v4
lookup(k,v)
\ k5,v5  k6,v6
routing

* Store <key,value> pairs
* Efficient access to a value given a key
®* Must route hash keys to nodes.
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Distributed Hash Table

nodes

Operations:
insert(k,v) h—> kivl k2v2 k3,3
lookup(k,v) s
® 0
\ > 2 k4,v4
map|to o =
@ &
Send(m,k) ‘ k5,v5 k6,v6

* Insert and Lookup send messages keys

* P2P Overlay defines mapping between keys and physical nodes
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DHT Examples




Pastry (MSR/RICE)

@® node m key ld space

Nodeld = 128 bits
Nodes and key place in a linear space (ring)
Mapping : a key is associated to the node with the numerically

closest nodeld to the key
2l —




Pastry (MSR/Rice)

Naming space :

*Ring of 128 bit integers

*nodelds chosen at random

*|[dentifiers are a set of digits in base 16
Key/node mapping

* key associated with the node with the numerically closest node id
Routing table:

*Matrix of 128/4 lines et 16 columns

erouteTable(i,)):
nodeld matching the current node identifier up to level |
with the next digit is |

Leaf set

*8 or 16 closest numerical neighbors in the naming space
Proximity Metric
® Bias selection of nodes
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Pastry: Routing

d471f1
d467c4
AR d462ba
d46alc
d4213f
Properties
> logi6 N hops
ROlltE(d46a1c Y 113da3 Ize of the state maintaine«

(routing table): O(log N)

65alfc
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Routing algorithm (on node A)

(1) if(Lojjpy2) <D < Ljjge) A

(2) //" D is within range of our leaf set
(3) forward to L;, s.th. |D — L;| is minimal;
(4) }else{

R/ :entry of the routing table R, 0 <i <2°,
line I, 0 <I <|128/b)

L, :ith closest nodeld in the leafset

D, :value of the [ digits of key D

(5) // use the routing table

(6) Letl = Shl(D A);
(7) if (R : null){

Eg% } forward to R SHL(A, B) :length of the shared prefix between A and B
(10)  else {

(11) // rare case

(12) forwardto 7 € L U RU M, s.th.

(13) shi(T, D) > 1,

(14) T —D| < |A—D|

(15)

}
. (16)
I“m—_



Pastry Example CEFTET

113 132

b=4 N/A 102 103

£

023

Route to 311

321
‘ 132

313

310

For space reasons some nodes are not shown on the ring
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Pastry Example
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Route to 311

For space reasons some nodes are not shown on the ring
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Pastry Example

b=4
Route to 311

For space reasons some nodes are not shown on the ring
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Node departure

Explicit departure or failure

Replacement of a node

The leafset of the closest node in the leafset contains the
closest new node, not yet in the leafset

Update from the leafset information

Update the application




Failure detection

Detected when immediate neighbours in the name space
(leafset) can no longer communicate

Detected when a contact fails during the routing

Routing uses an alternative route




Fixing the routing table of A

* Repair
R/ :entry of the routing table of A to repair

A contacts another entry (at random) R, from the same line

so that (i #d) and asks for entry R’ , otherwise another entry

from R, (i #d)if nonode in line I answers the request.




State maintenance

Leaf set
*Is aggressively monitored and fixed
Routing table

* are lazily repaired

When a hole is detected during the routing

*Periodic gossip-based maintenance




Reducing latency

®* Random assignment d467f5
of nodeld: Nodes f
numerically close are
geographically
(topologically) distant

®* Objective: fill the
d467c4

routing table with nodes 1% |
| 6fdacd | b
so that routing hops are

www_jedessine.com

as short (latency wise) I




Exploiting locality in Pastry

Neighbour selected based of a network proximity

metric:

*Closest topological node

*Satisfying the constraints of the routing table
routeTable(l,)):

*nodeld corresponding to the current nodeld up to level i

next digit = |

*nodes are close at the top level of the routing table ‘




Proximity routing in Pastry

Leaf set f o7ca

d46alc

Iba % Topological space
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Locality

1. Joining node X routes asks A to route to X
Path AB,... ->Z
*Z numerically closest to X
*X initializes line i of its routing table with the contents of line i of the
routing table of the jith node encountered on the path

2. Improving the quality of the routing table
*X asks to each node of its routing table its own routing state and
compare distances

*Gossip-based update for each line (20mn)
* Periodically, an entry is chosen at random in the routing table
* Corresponding line of this entry sent
* Evaluation of potential candidates
* Replacement of better candidates
* New nodes gradually integrated




Node insertion in Pastry

d4213f E‘""-',__ :Ee_:l"opological space

Route(d46alc
d13da3
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® New node: d46alc
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Performance ; 59 giower than IP on average

ONormal Routing Tables
B Perfect Routing Tables
& cality

Per-hop Delay (ms)

Hop Number
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