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Introduction

o Computational grid facilitates sharing of compute
resources across administrative domains

O Resource discovery is an important infrastructure
m Grid user searches for specific resources
= Grid user deploys application on resources discovered
earlier
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Centralized Resource Discovery

Lookup
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Central MDS is a potential bottleneck and single point of failure
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Distributed Resource Discovery

Administrative Domain 2

Administrative Domain 1

Lookup

Administrative Domain 3

,

o Reduce dependency to 37 party central MDS
o Administrative domains form an overlay network

DHT-based resource discovery
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P2P Lookup

. Decentralized
Property Centralized Unstructured DAT
Data-item distribution | Yes Optional Yes (+mapping)
Single point of failure | Yes Minimized Minimized
. High for popular .
Result guarantee High data items only High
Lookup path length | One hop O(N) O(log N) hops
Scalability of Significant Trade-off with
: Yes

Lookup investment result guarantee
OV(_erhe_a(_j of None Lower Higher
maintaining overlay
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Distributed Hash Table

o DHT aims to achieve:
= lookup with high result guarantee
= short bounded lookup path length
= scalability as number of nodes increases

o Hash-table-like interfaces

m Key-value pair: <SHA1(*“a.mp3™), “http://peer.id/a.mp3”>
= join operation : join(node)
m store operation : put(key, value)
= lookup operation : get(key)
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Distributed Hash Table (DHT)
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Chord is a DHT implementation
from MIT

Key-value pairs
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Data-1tem Distribution
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Placement of data items are
determined by key-to-node
mapping function, i.e. no
autonomy in placing data
items
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Key Issues:
o Ownership
O data items are valuable assets (e.g.
indexes of a search engine)

O Self-interest of nodes

O protect investment of storage,
bandwidth

o Admin. domain may not want to
index resources belonging to other
admin. domains (e.g. would it
profitable to “help” competitor by
processing their queries?)

O Write access introduces security risk

O Stale data items, lookup resiliency

AUSGRID 2007 9

Outline

o Introduction

o DGRID

o Related Work

o Conclusion

31 January 2007

o Performance Evaluation

AUSGRID 2007 10




Design Considerations

o Administrative domains store its own resource
indexes

o Each resource type consists of resource instances
with same attributes (e.g. CPU, RAM, etc.)

o Each resource type can be shared by many
administrative domains

O # resource types are smaller than in P2P file
sharing
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Design

o Based on Read-only Distributed Hash Table (R-
DHT)
= Keys are mapped to their original location
= Each node provides read-only access (because it stores
only its own key-value pairs)

put(key, value) Yes No
get(key) Yes Yes
join(node) Yes Yes

31 January 2007 AUSGRID 2007 12




R-DHT Terminologies

Publish resource indexes

cpu=P4 :
ram=2GB :
disk=40GB |
: cpu=SPARC
' ram=4GB
; disk=40GB
i Resource Type 2 Resource Type 9/,'
Administrative Domain 3 Midas
— @
Admin. Domain Keys
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Read-Only Mapping
(m/2)-bit (m/2)-bit

kld = | Key k |Adm. Domain ldentifier d| = k|d = 00100011 = 35

= [¢] B
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S, = [0, 16) S,s = [240 , 256)
m = 8 bits } S 1

% 915

N admin. domains
T unique keys per host (mean)
K unique keys

NT nodes
K segments

Lookup path length = O(log NT)
o Longer than Chord
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Lookup Optimizations

O Lookup path length = O(min(log K, log N))
= Routing by segments
Locating a key (resource type) = locating a segment
O(log K) hops

m Shared finger tables
O(log N) hops even if K> N
Rationale: visit 1 host = visit T, nodes

o Many admin. domains share the same resource
type

m Increase lookup resiliency without introducing stale data
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Theoretical Analysis

Property

Chord

R-Chord

Lookup path length

O(log N)

O(min(log K, log N))

O(log, N + T4l log N + K In

i 2
Join K/(K-T)) o(|T,l log? V)
#fingers per host O(log N) o(|T,| log V)
Finger flexibility o) O(N In K/(K-T))
Stabilization O(N log? N) O(V log V log N)
Add new key O(log N) o)
Add data item with 2
existing key O(log N) O(log* V)
Update data item O(log N) o)

#data items (incl.
replication)

O(N In K/(K-T) log N)

O(N In K/(K-T))
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Simulation Analysis

o Based on Chord simulator

o Parameters:
= N = # admin. domains
= K = # resource types
= T = average # resource type per admin. domain
= |T4] = # resource type shared by admin. domain h

o Admin. domain inter-arrival rate is Poisson inter-
arrival rate
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Lookup Path Length
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Resiliency to Simultaneous
Node Failures
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Percentage of Failed Lookups
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Related Work

o Distributed grid resource discovery
= Based on unstructured overlay network: Routing-
transferring model (Li et. al., 2002) and lamnitchi 2002
= Based on DHT: self-organizing Condor pools (Butt et.
al., 2003), XenoSearch (Spence et. al., 2003), MAAN
(Cai et. al., 2004), RIC (Zhu et. al., 2004)

o DHT
= R-DHT generalizes SkipGraph (Aspnes et. al., 2003)
= SkipNet (Harvey et. al., 2003) supports more flexible
data placement, but this is not exposed using hash-table
lookup interface
“retrieve index.html from any node under domain
nus.edu.sg.”
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Conclusion

o DGRID is a DHT-based resource indexing and
discovery where each administrative domain
stores its own resource indexes

o Lookup path length is shorter than conventional
DHT

o Increased lookup resiliency by exploiting the

property that many administrative domains share
the same resource types
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Ongoing Work

O Address overhead of maintaining overlay network
= Hierarchical DGRID
= Dynamic per-node routing table

o Multi-attribute resource indexing and based on
space-filling curve (SFC)

o Selective replication

o...
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