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Introduction

Context : service discovery in computational grids

@ Service
e binary file, library (High performance computing context)
pre-installed on servers
servers registers their services
clients wish to discover them
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Context : service discovery in computational grids

@ Service
e binary file, library (High performance computing context)
e pre-installed on servers
@ servers registers their services
e clients wish to discover them

@ Characteristics of emerging grids

e large scale
@ no central infrastructure
e dynamic joins and leaves of nodes

@ Adopt peer-to-peer technologies

e purely decentralized algorithms
e scalable algorithms to retrieve objects
o fault-tolerance
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Introduction

Requirements

@ Functionnalities required (registering and discovering)

e Automatic completion/range queries
e Multicriteria search
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Introduction

Requirements

@ Functionnalities required (registering and discovering)
e Automatic completion/range queries
e Multicriteria search

@ Efficiency requirements

e Purely decentralized system (P2P)
o Fault tolerance
e Physical locality awareness

Eddy Caron, Frédéric Desprez, A Dynamic Prefix Tree for Grid’s Service Discovery



Introduction

Services description

@ A service is described by a set of attributes :

S = { name, OS, processor, location }
S ={ DGEMM, Linux Debian 3,PowerPC G5, com.grid.nl}

(key, value) pairs
(DGEMM, nl.grid.com)

(Linux Debian 3, nl.grid.com)
(PowerPC G5, nl.grid.com)

(

com.grid.nl, nl.grid.com)
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Contribution : DLPT

General design

@ DLPT : Distributed Lexicographic Placement Table

@ A two layers architecture

o Logical layer

@ On-line building of a Greatest Common Prefix Tree with attri-
butes of services declared

@ Replication based fault-tolerance
@ Greedy locality awareness

e Dynamic mapping of logical nodes on the physical nodes
@ DHT-based (load balancing)
@ a physical node hosts one or more logical nodes
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Contribution : DLPT

Logical structure - GCP Tree

@ Alphabet A finite set of letters
@ < anorderonA

@ Word w finite sequence of lettersof A, w = a4, ..., 4a;,..., a,
>0

@ u, v two words, uv concatenation of u and v

@ |w| length of w

@ ¢ the empty word, |[¢| =0

@ u = prefix(v) if Iw s.t. v = uw

@ GCP(wy,Wa,...,w,,...,wp) is the longest prefix shared by
Wi, Wo, ... , W, ...,Wp

@ A GCP Tree is a labeled rooted tree s.t.
e The node label is a proper prefix of any label in its subtree
e The node label is the Proper Greatest Common Prefix of all
its son labels
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On-line construction

root

DGEMM
(1)

S3L_matmult

DTRSM DGEMM

(2) DTRSM DGEMM

(3)
"real" key - attribute declared

()'\HrtuaP'key - created by construction

@ Contact by a server who wants to register a service
@ Routing of the request
@ Inserting of the (key, value) pair
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Distributed routing in a GCP Tree

(a) There exists s; such that  (b) There exists s; such that
si.val = prefix(qg.val). q.val = prefix(s;.val).

(c) There exists s; such that (d) p.val = prefix(q.val).
GCP(q.val, s;.val) > p.val.
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Fault Tolerance and locality awareness (1/2)

@ Static replication factor k
@ Greedy locality awareness
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Fault Tolerance and locality awareness (1/2)

@ Static replication factor k

@ Greedy locality awareness

@ Periodically initiated by the root

@ Replication of the root

@ Election of one replica to launch the process in the subtree
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Fault Tolerance and locality awareness (

root

chol

S3L_matmult_noadd
B - DGEMM

DTRMM DTRSM
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Fault Tolerance and locality awareness (
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Fault Tolerance and locality awareness (

root' root

S3L_matmult' chol chol'

S3L_matmult_noadd'

S3L_matmult_noadd
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Contribution : DLPT

Fault Tolerance and locality awareness (2/2)

S3L_matmult chol chol'

DTRMM' DTRMM DTRSM DTRSM'
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Querying

root

@ Exact match query 1)Req(aca);

ca

val = {nom_service, systeme, architecture, adresse}
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Querying

1)Req(c*);

@ Range query (automatic
completion)

aca
val = {nom_service, systeme, architecture, adresse}
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Querying

@ Multicriteria lookup
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Querying
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Analysis

Complexities

@ Number of hops of routing bounded by twice the depth of
the tree

@ Local state bounded by the number of characters in the al-
phabet used

@ Constant time local decision of routing

@ Range query, replication/locality process

e latency bounded by the depth of the tree
e linear number of messages
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Simulation

Simulation - logical hops (insertion request)

12

735 services (1006 nodes) [average] ———

189 systems (255 nodes) [average] -

random words of 20 characters [average] -
ey 129 architectures (173 nodes) [average] &

3985 machines (~5250 nodes) [average] ——=--

Number of logical hops

10 100 1000 10000
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Simulation

Simulation - size of the tree

1200 T . T T T T T
735 services (1006 nodes) [average] —+—
1000 |

800 r 7

600 r 7

Tree size

400 | 1

200 r 1
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Simulation

Simulation - logical hops (interrogation requests)

10

3985 machines (5243 nodes)'[average] ——

Number of logical hops

100 1000
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Conclusion

Conclusion

@ Contribution : DLPT

distributed architecture for the service discovery in large scale
grids

dynamic prefix tree

fault-tolerant (k-replication)

locality aware prefix tree

comparisons with similar approaches in the paper (Skip Graphs,
Nodewiz, Prefix Hash Tree, P-Grid)

@ Current and future work
e repair mechanism avoiding complete replication
e prototype and experiments on a real grid
e theoretical study of an efficient mapping and load balancing
(avoiding an underlying DHT)
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Conclusion

P2P technologies

@ Unstructured P2P approaches

e flooding based
@ non-exhaustive searches
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P2P technologies

@ Unstructured P2P approaches
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@ Distributed Hash Tables

e routing based
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e scalable :
@ logarithmic local state
@ logarithmic number of hops
o fault-tolerance
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Conclusion

P2P technologies

@ Unstructured P2P approaches
e flooding based
@ non-exhaustive searches

@ Distributed Hash Tables

e routing based
e exhaustive search
e scalable :
@ logarithmic local state
@ logarithmic number of hops
o fault-tolerance
@ periodic scanning
@ replication
e drawbacks

@ only exact match queries
@ no locality awareness
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Conclusion

Complex queries over DHT networks

@ XML-based description of resources
@ Database operations over DHTs

@ Multi-dimensional queries

@ Range queries
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Conclusion

Complex queries over DHT networks

@ XML-based description of resources
@ Database operations over DHTs

@ Multi-dimensional queries

@ Range queries

@ Trie-based lookup

@ range queries

e parallel processing, latency limited by the depth of the trie
e Approaches

Skip Graphs (complexities)

Nodewiz (no fault-tolerance)

Prefix Hash Tree (static trie)

P-Grid (static trie)

locality awareness issue
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Conclusion

Comparison with other approaches

Functionality Skip Graphs PHT P-Grid DLPT
Insertion O(log(n)) O(D) O(log(M)) | O(Tmax)
Lookup O(log(n)) O(log(D) log(N)) | O(log(M)) | O(Tmax)
Range messages | O(mlog(n)) O(0) O(Ng) Oo(m)
Range time O(log(n)) O(D) O(log(M)) | O(Tmax)
Fault-tolerance repair DHT-based replication | replication
Locality - - - greedy
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