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el Qutline

® Xrootd Single Server Scaling
® Hyper-Scaling via Clustering
m Architecture
m Performance

® Configuring Clusters
m Detalled relationships
m Example configuration
m Adding fault-tolerance

# Conclusion
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| Latency Per Request (xrootd)
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Capacity vs L oad (xrootd)

Secpu or
MB/sec xrootd server performance Events/sec
] | | I | | I |
100 F " 30000
" .-""-f-'
80 - e - 25000
; - 20000
L
B0 _ 4
- 15000

40 F i -

- 10000
‘\\

20 percent cpu remaining > . .
network 10 in MB/sec 4 5000
events/sec processed —*

D 1 1 1 l l l l | D
0 50 100 150 200 250 300 350 400
MNumber of concurrent jobs
29-September-05 4: http://xrootd.slac.stanford.edu



Sta nford

LII"IEB!‘

| Xrootd Server Scaling

# Linear scaling relative to load

m Allows deterministic sizing of server
m Disk
m NIC
m Network Fabric
m CPU
= Memory

® Performance tied directly to hardware cost
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=) Hyper-Scaling

#® Xrootd servers can be clustered

m |ncrease access points and available data
m Complete scaling

m Allow for automatic failover
m Comprehensive fault-tolerance
® Thetrick iIsto do so in away that

m Cluster overhead (human & non-human) scales linearly
m Allows deterministic sizing of cluster

m Cluster sizeisnot artificialy limited
m |/O performance is not affected
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el Bagc Cluster Architecture

B Software cross bar switch

= Allows point-to-point connections
m Client and data server

m |/O performance not compromised
m Assuming switch overhead can be amortized

# Scale interconnections by stacking switches

= Virtually unlimited connection points
m Switch overhead must be very low

29-September-05 7: http://xrootd.slac.stanford.edu O



Stanford

Linear

= Single L evel Switch

Redirectors
Cachefile ,
location T S S i P AT

Client Redirector
S i Neia Data Servers

Client sees all servers as xrootd data servers
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Client

‘ =

 Redirector ™" supervisor
open file X - (Head Node) (sub-redirector)

Client sees all servers as xrootd data servers
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el Making Cluster s Efficient
G RS S S S

® Cell size, structure, & search protocol are critical
m Cdl Sizeis64

m Limitsdirect inter-chatter to 64 entities
m Compresses incoming information by up to afactor of 64
m Can use very efficient 64-bit logical operations

m Hierarchical structures usually most efficient
m Cellsarranged in aB-Tree (i.e., B64-Tree)

m Scales 64" (where h isthe tree height)
m Client needs h-1 hops to find one of 64" servers (2 hops for 262,144 servers)
m Number of responsesis bounded at each level of the tree

m Search isadirected broadcast query/rarely respond protocol

m Provably best scheme if less than 50% of servers have the wanted file
m Generdly true if number of files >> cluster capacity
m Cluster protocol becomes more efficient as cluster size increases
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) Cluster Scale M anagement

# Massive clusters must be self-managing

m Scales 64" where n is height of tree

m Scales very quickly (64?2 = 4096, 64° = 262,144)

m Well beyond direct human management capabilities
m Therefore clusters self-organize

m Single configuration file for all nodes

m Usesaminimal spanning tree algorithm
m 280 nodes salf-cluster in about 7 seconds
m 890 nodes salf-cluster in about 56 seconds

m Most overhead isin walit time to prevent thrashing
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=) Clustering | mpact

# Redirection overhead must be amortized

m Thisisdeterministic process for xrootd
m All 1/O s via point-to-point connections
m Cantrivially use single-server performance data

m Clustering overhead is non-trivial
m 100-200us additional for an open call
m Not good for very small files or short “open” times

= However, compatible with the HEP access patterns
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=l Detalled Cluster Architecture

A cdl is1-to-64 entities (serversor cells)
clustered around a cell manager
Thecdllular processis self-regulating and creates a
B-64 Tree

Head Node ---

29-September-05 13: http://xrootd.dac.stanford.edu O




Stanford

kinear /
el The Internal Details ofsodc+— ]

olbd _ Xrootd
Control Network Redirectors Data Network
Managers, Supervisors & Servers I (redirectorssteer clientsto data
(resour ce info, file location) olbd Data servers provide data)

=

Data Clients —
Xrootd |
Data Servers
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e} Schema Configuration lefsedcf
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Redirectors
(Head Node)

ofs.redirect remote
odc.manager host port

e
l

Supervisors
(sub-redirector)

ofs.redirect remote
ofs.redirect target

Data Servers

(end-node)
ofs.redirect target

olb.role manager
olb.port port
olb.allow hostpat
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olb.role supervisor
olb.subscribe host port
olb.allow hostpat
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olb.role server
olb.subscribe host port
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e | Example: SLAC Configuration

kan01 kan02 kan03 kan04 kanxx

kanrdr02 ..: kanrdr-a

client machines

Hidden Details
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<1 Configuration File ofsodc eI}

If kanrdr-a+
olb.role manager
olb.port 3121
olb.allow host kan* .dac.stanford.edu
ofs.redirect remote
odc.manager kanrdr-a+ 3121
else
olb.role server
olb.subscribe kanrdr-a+ 3121
ofs.redirect target
fi
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if kanrdr-a+ )

olb.role manager

olb.allow host kan*.slac.stanford.edu a” rOle manager ”'- kanrdr_a+

ofsredirect remote ' _

odcmanager kanrdr-a+3121 - all.role server if Ikanrdr-a+
else !

olb.role server all.subscribe kanrdr-a+

olb.subscribe kanrdr-a+ 3121 e

Tt olb.allow host kan*.slac.stanford.edu
fi y

|sthe simplification really better?
We're not sure, what do you think?
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<=1 Adding Fault Tolerance

M anager xrootd xrootd FU"y Repllcate
(Head Node)

Super visor
(Intermediate Node)

Hot Spares

Data Server |k Xrootd Data Replication

(L eaf Node) olbd olbd R&&g' ng
Proxy Search*

2 xrootd has puiltin proxy support today; discrirminating proxies will be availablein a near fuilre release,
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el Conclusion

®# High performance data access systems achievable
m Thedevil isinthe details

# High performance and clustering are synergetic
m Allows unigue performance, usability, scalability, and
recoverability characteristics
® Such systems produce novel software architectures

m Challenges
m Creating applications that capitilize on such systems

m Opportunities
m Fast low cost access to huge amounts of datato speed discovery
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