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Outline of the Talk Outline of the Talk –– UpdateUpdate

�� Background [10%] Background [10%] 

�� ComputerComputer--Supported Collaboration [25%] Supported Collaboration [25%] 

�� Dynamically Customized Web Touring [25%] Dynamically Customized Web Touring [25%] 

�� Multimedia Computing Networking [35%] Multimedia Computing Networking [35%] 

�� Building Robust Network Performance IndicatorBuilding Robust Network Performance Indicator

�� Distributed Resource Management for MultimediaDistributed Resource Management for Multimedia

�� WrapWrap--Up [5%]Up [5%]
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Distributed Resource Distributed Resource 

ManagementManagement

Work at IBM T. J. Watson Research CenterWork at IBM T. J. Watson Research Center

By N. R. Manohar, L. By N. R. Manohar, L. LumelskyLumelsky, and S. Wood, and S. Wood

U.S. Patents: U.S. Patents: 6,516,350;   6,463,454;  6,529,950;  6,516,350;   6,463,454;  6,529,950;  
6,377,996;  6,460,082;   6,466,980;6,377,996;  6,460,082;   6,466,980;
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Distributed Resource Management Distributed Resource Management 

PlanePlane
�� FromFrom: Ad: Ad--Hoc Resource Hoc Resource 

ManagementManagement
�� adad--hoc clienthoc client--servicesservices

�� streaming, metering, etc.streaming, metering, etc.

�� adad--hoc serverhoc server--servicesservices
�� caching, loadcaching, load--balancing, etc.balancing, etc.

�� ToTo: Resource Management : Resource Management 
PlanePlane
�� distributed management planedistributed management plane

�� brokering of clients to serversbrokering of clients to servers

�� standard plane serverstandard plane server--servicesservices
�� caching, replication, loadcaching, replication, load--

balancing, dynamic hosting, etc.balancing, dynamic hosting, etc.

�� compliant plugcompliant plug--in serversin servers
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Motivation and GoalsMotivation and Goals

�� EvaluationEvaluation

�� Multimedia Computing Networking at Internet2Multimedia Computing Networking at Internet2--
like networking level like networking level 

�� very high performance Backbone (very high performance Backbone (vBNSvBNS 2.4Gbps OC2.4Gbps OC--
12)12)

�� differentiated class services, RSVP, differentiated class services, RSVP, RTCPRTCP, , RTPRTP, etc., etc.

�� What could benefit from this?What could benefit from this?

�� largelarge multimedia objects under a valuemultimedia objects under a value--asset asset 
modelmodel

�� e.g., moviese.g., movies

�� What could we do now?What could we do now?

�� distributed resource managementdistributed resource management
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Very Large Multimedia Objects?Very Large Multimedia Objects?

�� internetinternet--perspectiveperspective
�� flowflow--oriented, endoriented, end--toto--end, distributed end, distributed QoSQoS/reservation /reservation 

problemproblem
�� nonnon--negligible, considerable, replication costnegligible, considerable, replication cost

�� webweb--perspectiveperspective
�� extremely large in comparison to dominant web objectsextremely large in comparison to dominant web objects
�� request characterization of webrequest characterization of web--servers [MSNBC00] servers [MSNBC00] 

�� some objects significantly more requested than otherssome objects significantly more requested than others
�� small set of objects accounts for majority of requests (small set of objects accounts for majority of requests (ZipfZipf

relative frequencies)relative frequencies)

�� spatial and temporal locality on requests [IBM97]spatial and temporal locality on requests [IBM97]
�� movie is blockbuster, demographic and temporal movie is blockbuster, demographic and temporal 

consequencesconsequences

�� and then, some are exceptions, i.e., statistical outliersand then, some are exceptions, i.e., statistical outliers
�� for example, fads (30s movies, somefor example, fads (30s movies, some--actor movies, etc.)actor movies, etc.)

�� provisioningprovisioning--perspectiveperspective
�� valuevalue--asset model, digital rights modelasset model, digital rights model
�� nonnon--cacheablecacheable
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Distributed Resource Management?Distributed Resource Management?

�� What else can we do there? What else can we do there? –– again, viewpoint mattersagain, viewpoint matters

�� adapting demand to the network (variable client adapting demand to the network (variable client 
demand, fixed server capacities)demand, fixed server capacities)

�� balance client demand presented to the network balance client demand presented to the network wrtwrt fixed fixed 
server capacities found across the networkserver capacities found across the network

�� traditionaltraditional load balancing, i.e., demand shapingload balancing, i.e., demand shaping

�� that is, that is, ““demanddemand--followsfollows--capacitycapacity”” policypolicy

�� adapting the network to demand (variable client adapting the network to demand (variable client 
demand, variable server capacity)demand, variable server capacity)

�� regulate the allocation of server capacities across the regulate the allocation of server capacities across the 
network network wrtwrt client demand presented to the networkclient demand presented to the network

�� the other side of the cointhe other side of the coin, i.e., distributed capacity , i.e., distributed capacity 
shapingshaping

�� that is, that is, ““capacitycapacity--followsfollows--demanddemand”” policypolicy



88

Capacity Shaping Capacity Shaping –– Basic IdeaBasic Idea

�� capacity shaping mechanismcapacity shaping mechanism

�� object is associated with object object is associated with object replicasreplicas

�� object replica object replica specifiesspecifies (serving) resource requirements (i.e., (serving) resource requirements (i.e., 
normalized capacity)normalized capacity)

�� allocationallocation of an object replica commits the replicaof an object replica commits the replica’’s resource s resource 
allocation (i.e., normalized capacity allocation)allocation (i.e., normalized capacity allocation)

�� distributed dynamic capacity shapingdistributed dynamic capacity shaping

�� expiration timeexpiration time associated with object replicaassociated with object replica

�� server placementserver placement of object replicas varies over timeof object replicas varies over time

�� total numbertotal number of object replicas varies over timeof object replicas varies over time

�� thus, thus, allocated objectallocated object--serving capacityserving capacity placed over the placed over the 
network shaped over timenetwork shaped over time

�� done for selected objects done for selected objects –– referred to as hotreferred to as hot--objectsobjects
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SelfSelf--Regulated Capacity Shaping Regulated Capacity Shaping 
�� load balancing load balancing 

and capacity and capacity 
shaping are shaping are 
complementarycomplementary

�� traditionally, traditionally, 
throttle control throttle control 
(against fixed (against fixed 
capacity) for capacity) for 
demanddemand--
shapingshaping

�� now, selfnow, self--
regulation regulation 
(against (against 
variable variable 
capacity) for capacity) for 
capacity capacity 
shapingshaping

�� building block: building block: 
robust state robust state 
signalingsignaling

�� dynamic capacity shaping for which objects?dynamic capacity shaping for which objects?

�� ZipfZipf relative frequency distribution relative frequency distribution –– hot objectshot objects

�� then, how is selfthen, how is self--regulated capacity shaping regulated capacity shaping 

implemented?implemented?

maximum 
capacity

specified
for this object
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Capacity Shaping Capacity Shaping 

ImplementationImplementation
Prelim/
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Audit

Request

1a, 5b
1.1. scarcity checkscarcity check

�� demand/capacity demand/capacity 

analysis (a)analysis (a)

2.2. replica creationreplica creation

3.3. replica placementreplica placement

4.4. replicationreplication

5.5. oversupply checkoversupply check

�� demand/capacity demand/capacity 

analysis (b)analysis (b)

6.6. replica deletionreplica deletion
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Management of Remote CapacitiesManagement of Remote Capacities
�� low overhead on tracking of low overhead on tracking of 

distributed statedistributed state
�� server capacity is normalizedserver capacity is normalized
�� semaphoresemaphore--likelike
�� green, red, yellow regionsgreen, red, yellow regions
�� triggertrigger--management problemmanagement problem

�� then, to handle transient changesthen, to handle transient changes
�� regions act as buffering regionsregions act as buffering regions
�� greengreen

�� safe operating regionsafe operating region
�� low management overhead low management overhead 

regionregion
�� redred

�� critical spare (X%) regioncritical spare (X%) region
�� nonnon--allocable (safe operating allocable (safe operating 

margin)margin)
�� yellowyellow

�� trigger region trigger region andand buffering buffering 
regionregion

�� buffers transient state changes buffers transient state changes 
and messaging delaysand messaging delays

S1, G

S1, Y
S1, R

S1, Y
S1, G
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Management of Heterogeneous Management of Heterogeneous 

ServersServers
�� to handle server to handle server 

heterogeneityheterogeneity

�� regions are regions are 
server server 
specifiedspecified

�� management management 
goal becomes goal becomes 
aboutabout
�� handling of handling of 

red serversred servers

�� wherewhere
�� forewarning forewarning 

through state through state 
signalingsignaling

�� capacity spare capacity spare 
used to used to 
manage manage 
signaling signaling 

server1 server2
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Resource Management at PlaneResource Management at Plane

�� LowLow--overhead State overhead State 
Tracking Tracking 
�� quantized demandquantized demand
�� normalized state & normalized state & 

capacitycapacity

�� Object to DemandObject to Demand
�� demand volumedemand volume
�� objectobject--demand ratingdemand rating
�� intervalinterval--trackingtracking

�� Object to ReplicaObject to Replica
�� server placementserver placement
�� server capacityserver capacity
�� expiration timeexpiration time

�� Server to CapacityServer to Capacity
�� capacity ratingcapacity rating
�� utilization stateutilization state
�� globalityglobality

object 420: hot, large demand

transient replica for 420 at server 1221

global server 1221: high capacity, low use
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Resource Management at ServerResource Management at Server

�� reservation bins abstractionreservation bins abstraction

�� normalized management of normalized management of 
replication and provisioning replication and provisioning 
problemsproblems

�� storagestorage--bins bins –– for replica for replica 
placement problemplacement problem

�� serviceservice--bin bin –– for resource for resource 
reservation problemreservation problem

�� reservation pools abstractionreservation pools abstraction

�� for for local resource managementlocal resource management

�� local serving resources local serving resources 

�� for for global resource global resource 
managementmanagement

�� degreedegree--ofof--freedomfreedom

resource for the resource for the 
distributed capacitydistributed capacity--
shaping problemshaping problem

storage 

bins

service

bins

local pool

global pool

binding

lease
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Capacity Shaping Management LayerCapacity Shaping Management Layer

�� capacity shaping plane capacity shaping plane 
brokers object brokers object 
replication between  replication between  
serversservers

�� dynamically creating dynamically creating 
capacity for load capacity for load 
balancingbalancing

�� driven by service driven by service 
management layermanagement layer

�� by demandby demand--capacity capacity 
analysis resulting in analysis resulting in 
dynamic replica dynamic replica 
hosting at brokered hosting at brokered 
serversservers

servers

brokers

rules

services
state

Distributed Distributed 

Load BalancingLoad Balancing

Distributed Distributed 

Capacity ShapingCapacity Shaping
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ContributionsContributions
�� Distributed Dynamic Capacity ShapingDistributed Dynamic Capacity Shaping

�� for distributed resource management of large for distributed resource management of large 
(multimedia) objects over high(multimedia) objects over high--bandwidth bandwidth 
internetinternet

�� selfself--regulated distributed capacity shapingregulated distributed capacity shaping

�� integrated loadintegrated load--balancing and dynamic balancing and dynamic 
capacity shapingcapacity shaping

�� management of global and local replicas management of global and local replicas 
wrtwrt server capacitiesserver capacities

�� distributed state managementdistributed state management

�� redred--server avoidance managementserver avoidance management

�� lowlow--overhead distributed state trackingoverhead distributed state tracking

�� stabilitystability--oriented trigger signalingoriented trigger signaling

�� tradeoff of local capacity to remote state tradeoff of local capacity to remote state 
trackingtracking

�� complementary to existing technologiescomplementary to existing technologies
�� multicast, rights, RSVP, grids, etc.multicast, rights, RSVP, grids, etc.

�� but levering high bandwidth internet (e.g., but levering high bandwidth internet (e.g., 
internet2)internet2)

Distributed Distributed 

Load BalancingLoad Balancing

Distributed Distributed 

Capacity ShapingCapacity Shaping
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Related WorkRelated Work
�� Dynamic Capacity Virtual HostingDynamic Capacity Virtual Hosting

�� server farms (e.g., IBM Global Services) server farms (e.g., IBM Global Services) –– demanddemand--shaping of shaping of 
capacity at centralized capacity at centralized center(scenter(s) vs. capacity) vs. capacity--shaping of demand shaping of demand 
through placement of distributed capacitiesthrough placement of distributed capacities

�� Distributed Programmable PlanesDistributed Programmable Planes
�� grid computing (e.g., grid computing (e.g., GlobusGlobus) ) –– resource management for entirely resource management for entirely 

different problem, small number of large (computations and different problem, small number of large (computations and 
datasets) objects with low datasets) objects with low viewershipviewership vs. large number of large vs. large number of large 
objects with high and wide objects with high and wide viewershipviewership

�� Distributed Replica ManagementDistributed Replica Management
�� edgeedge--caching network (e.g., caching network (e.g., AkamaiAkamai) ) –– onon--demand caching of demand caching of 

relatively small objects vs. valuable asset very large objectrelatively small objects vs. valuable asset very large object

�� Multicast StreamingMulticast Streaming
�� multicast is complementary technology multicast is complementary technology –– plane represents the plane represents the 

selfself--regulated placement of the sources of the multicast treesregulated placement of the sources of the multicast trees

�� Brokered Distributed Brokered Distributed QoSQoS ArchitecturesArchitectures
�� distributed distributed QoSQoS brokering is complementary technology brokering is complementary technology ––

delivering enddelivering end--toto--end end QoSQoS feasibility used for brokering of clients feasibility used for brokering of clients 
to serversto servers


