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Distributed Storage

•• Local area networkLocal area network
–– Spread data across multipleSpread data across multiple  networked nodesnetworked nodes
–– Parallelism and higher throughputParallelism and higher throughput

•• WWide-area networkide-area network
–– Instead of splitting data for scalability, replicate dataInstead of splitting data for scalability, replicate data

for availabilityfor availability
–– Improves latencyImproves latency
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Replica Placement

•• Where do you put the replicas?Where do you put the replicas?
–– Optimization problemOptimization problem

•• Minimize latency orMinimize latency or  maximize availabilitymaximize availability
•• Constraints: storage capacity, load balancingConstraints: storage capacity, load balancing

–– Significant existing workSignificant existing work
•• Latency optimizationLatency optimization

–– Greedy algorithm, Greedy algorithm, Qiu Qiu et al.et al.
–– HotZoneHotZone, , Szymaniak Szymaniak et al.et al.

»» Popularity basedPopularity based
–– Lat-cdnLat-cdn, , Pallis Pallis et al.et al.

»» Heuristic approachHeuristic approach
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Replica Placement

–– Availability optimizationAvailability optimization
•• Van Van RenesseRenesse

–– Place replicas until desired availability is reachedPlace replicas until desired availability is reached

•• FarsiteFarsite
–– Hill-climbing approach to replica placementHill-climbing approach to replica placement

•• Xin Xin et al.et al.
–– Takes into account bimodal availabilityTakes into account bimodal availability



A Generalized Replica Placement Strategy to Optimize Latency in a Wide Area Distributed Storage System
International Workshop on Data-Aware Distributed Computing
June 24, 2008

Replica Placement

•• WhatWhat’’s the problem?s the problem?
–– Existing approaches assume that objects areExisting approaches assume that objects are

completely replicatedcompletely replicated
–– Full replication has significant overheadFull replication has significant overhead
–– Use erasure codes insteadUse erasure codes instead

•• Less overheadLess overhead
•• Better reliability than parityBetter reliability than parity
•• Placement is much more complicatedPlacement is much more complicated
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Problem Formulation

•• KK  data objectsdata objects

•• NN storage nodes storage nodes

•• CC clients clients

•• Each object is split into Each object is split into nn fragments of which  fragments of which mm
fragments must be recovered to reconstruct objectfragments must be recovered to reconstruct object
–– m=nm=n  - no redundancy- no redundancy
–– m=nm=n-1-1  - parity- parity
–– m=m=11  - replication- replication
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Problem Formulation

•• Placement problemPlacement problem
–– PlacePlace  fragmentsfragments  of each object on of each object on nn of the  of the NN storage storage

nodesnodes
–– xxjkjk=1=1  ifif  fragment of object fragment of object jj is placed on storage node  is placed on storage node kk

•• Assignment problemAssignment problem
–– For each object, assign each client to For each object, assign each client to mm of the of the  nn

storage nodes where the object fragments are placedstorage nodes where the object fragments are placed
–– yyijkijk=1=1  ifif  client client ii  retrives retrives fragment of object fragment of object jj from from

storage node storage node kk
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Problem formulation

•• Overall objective is to minimizeOverall objective is to minimize  average latencyaverage latency

•• Cost function isCost function is
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Problem formulation

•• Constraints:Constraints:
–– xx is a binary variable is a binary variable

–– yy is a binary variable is a binary variable

–– Each objectEach object  kk has  has nn fragments fragments

–– EachEach  client client ii requests requests  mm fragments of object  fragments of object kk
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Problem formulation

•• Constraints:Constraints:
–– ClientClient  ii should request a fragment of object should request a fragment of object  kk from storage from storage

nodenode  jj only if that node stores the fragment only if that node stores the fragment

–– Storage allocation balancing - each node Storage allocation balancing - each node jj stores the stores the
same number of fragmentssame number of fragments

–– Load balancing - each node Load balancing - each node jj services the same number of services the same number of
clientsclients
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Problem formulation

•• 0-1 integer linear programming problem0-1 integer linear programming problem
–– CN +CN +  CNKCNK variables variables
–– K + CK + CNK + N + NK + CK + CNK + N + N constraints constraints
–– K K and and C C can be in the millions and can be in the millions and NN can be can be

in the thousandsin the thousands
–– Problem is too large to solve with normalProblem is too large to solve with normal

methodsmethods
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Problem formulation
•• Instead of doing global placement, do a placementInstead of doing global placement, do a placement

onon  each individual objecteach individual object
–– Makes more sense since it is impractical to reallocateMakes more sense since it is impractical to reallocate

and replaceand replace  fragments every time an fragments every time an obect obect is createdis created
–– Make Make xx and and  yy independent of independent of  kk

•• Will causeWill cause  load imbalance as all objects will be placedload imbalance as all objects will be placed
on the same nodeson the same nodes

–– Intermediate approach - consider only a subset ofIntermediate approach - consider only a subset of
objectsobjects

•• Since eachSince each  object hasobject has  nn fragments, we can insure that fragments, we can insure that
eacheach  node has at least 1 fragment, by settingnode has at least 1 fragment, by setting                    andand
introducing new constraintintroducing new constraint
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Problem formulation

•• With reduced object set size, derive globalWith reduced object set size, derive global
placement placement PP

•• For each new object, calculate a hash For each new object, calculate a hash hh
based on object ID, name, contents, etc.based on object ID, name, contents, etc.

•• Place and assign object according to objectPlace and assign object according to object
h h modmod K K in placement  in placement P.P.
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Problem Approach
•• Heuristic approach to 0-1Heuristic approach to 0-1  integer linearinteger linear

programming problemprogramming problem

•• Start with an initial placement and assignment thatStart with an initial placement and assignment that
is guaranteed to be feasibleis guaranteed to be feasible
–– Place first object on the first Place first object on the first nn nodes, place second nodes, place second

object on the next object on the next nn nodes, and so on nodes, and so on

–– Assign first client to the firstAssign first client to the first  mm nodes of the  nodes of the nn storage storage
nodes, next client to the next nodes, next client to the next mm nodes and so on nodes and so on
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Problem Approach

•• Greedily alter solution until no improvementsGreedily alter solution until no improvements

•• 3 possible solution transformations3 possible solution transformations
–– Swap assignmentSwap assignment

–– SwapSwap  placementplacement

–– Change assignmentChange assignment
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Problem approach

•• Change assignment can introduce loadChange assignment can introduce load
imbalanceimbalance

•• We can relax the loadWe can relax the load  balance requirementbalance requirement
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Algorithm
cost = F( X, Y )cost = F( X, Y )

dodo
oldcost oldcost = cost= cost
for all objects kfor all objects k

for all clients ifor all clients i
for all storage nodes jfor all storage nodes j

delta_cost delta_cost = change assignment= change assignment

if ( if ( delta_cost delta_cost < 0 )< 0 )
accept changeaccept change

for clients with maximum latenciesfor clients with maximum latencies

delta_cost delta_cost = swap placement= swap placement
if ( if ( delta_cost delta_cost < 0 )< 0 )

accept swapaccept swap

delta_cost delta_cost = swap assignment= swap assignment
if ( if ( delta_cost delta_cost < 0 )< 0 )

accept swapaccept swap

cost = F(X,Y)cost = F(X,Y)
while cost < while cost < oldcostoldcost
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Algorithm

•• Swaps provide the most improvement, but are verySwaps provide the most improvement, but are very
costly to evaluatecostly to evaluate

•• Assignment changes provide relatively littleAssignment changes provide relatively little
improve, but is very easy to evaluateimprove, but is very easy to evaluate

•• Do mostly assignment changes and do swaps onlyDo mostly assignment changes and do swaps only
for maximum latency clientsfor maximum latency clients

•• O(CN)O(CN)  computation due tocomputation due to  mCK=mCN/nmCK=mCN/n  non-zeronon-zero
elements in matrixelements in matrix
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Evaluation

•• Autonomous System Network generated with Autonomous System Network generated with InetInet
topology generatortopology generator

•• Similar to a content delivery network with storageSimilar to a content delivery network with storage
nodes at AS nodesnodes at AS nodes

•• Graphs with 3200, 4000, 5000, andGraphs with 3200, 4000, 5000, and  6000 nodes6000 nodes

•• Clients and storage nodes are equivalentClients and storage nodes are equivalent

•• Latency is number of hopsLatency is number of hops



A Generalized Replica Placement Strategy to Optimize Latency in a Wide Area Distributed Storage System
International Workshop on Data-Aware Distributed Computing
June 24, 2008

Evaluation

•• NN=4000=4000, , nn=8=8, , mm=4=4
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Evaluation

•• Average latency Average latency vsvs..  λλ ( (nn=8=8, , mm=4=4))
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Evaluation

•• Average latency Average latency vsvs..  NN ( (varying varying n,mn,m))
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Evaluation

•• Average latency Average latency vsvs..  NN ( (varying varying n,n,mm=1=1))
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Summary

•• Generalized replica placement algorithm suitableGeneralized replica placement algorithm suitable
for fragmented objects - parity, erasure codes,for fragmented objects - parity, erasure codes,
secret sharing, etc.secret sharing, etc.

•• Greedy algorithm based on assignment changesGreedy algorithm based on assignment changes
and swapsand swaps

•• Load balancing relaxation improves performanceLoad balancing relaxation improves performance
significantlysignificantly


