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What is cloud computing?What is cloud computing?

�� Many definitions, ex:Many definitions, ex:

�� “Cloud computing is Internet“Cloud computing is Internet--based computing, whereby based computing, whereby 

shared resources, software and information are provided to shared resources, software and information are provided to 

computers and other devices oncomputers and other devices on--demand, like electricity”demand, like electricity”

J LundinM Lundin

computers and other devices oncomputers and other devices on--demand, like electricity”demand, like electricity”

�� “Computing in which services and storage are provided over “Computing in which services and storage are provided over 

the Internet (or ‘cloud’)”the Internet (or ‘cloud’)”

�� “Cloud computing is a general term for anything that “Cloud computing is a general term for anything that 

involves delivering hosted services over the Internet.”involves delivering hosted services over the Internet.”



DefinitionsDefinitions

�� Often divided into three categories:Often divided into three categories:

�� PlatformPlatform--asas--aa--ServiceService

�� SoftwareSoftware--asas--aa--ServiceService
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�� SoftwareSoftware--asas--aa--ServiceService

�� InfrastructureInfrastructure--asas--aa--ServiceService



InfrastructureInfrastructure--asas--aa--ServiceService

�� Virtualized internet servers that can be ’hired’ Virtualized internet servers that can be ’hired’ 
onon--demanddemand

�� Recent (2009Recent (2009--) boost in performance ) boost in performance 
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�� Recent (2009Recent (2009--) boost in performance ) boost in performance 

�� Many competing vendors Many competing vendors –– costs downcosts down

�� EasyEasy--toto--use administration interfacesuse administration interfaces

�� Worldwide availabilityWorldwide availability
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Use inUse in

Web based virtual microscopyWeb based virtual microscopy

�� Applications outside the campus area requiring:Applications outside the campus area requiring:

�� High viewing speedHigh viewing speed

Minimal regional differences in speed, availabilityMinimal regional differences in speed, availability
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�� Minimal regional differences in speed, availabilityMinimal regional differences in speed, availability



ApplicationsApplications

�� Large scale (1000+), limited timeLarge scale (1000+), limited time

�� Congress slide seminarsCongress slide seminars
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Congress slide seminarsCongress slide seminars

�� Quality assurance roundsQuality assurance rounds

�� Board examsBoard exams

�� Common edu materialCommon edu material



RequirementsRequirements

�� Depending on viewing system (streaming, tiling, Depending on viewing system (streaming, tiling, 
file formats etc):file formats etc):

1) Server processing capacity1) Server processing capacity
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�� Independent of viewing system:Independent of viewing system:

2) Bandwidth2) Bandwidth

3) Fast connection between server and client (usually 3) Fast connection between server and client (usually 

means short distance also geographically)means short distance also geographically)



PreviouslyPreviously

�� 2006: disappointing tests with cache servers 2006: disappointing tests with cache servers 
(expensive, no streaming, ineffective for the (expensive, no streaming, ineffective for the 
purpose)purpose)
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purpose)purpose)

�� 2007: ECP 21 conference 2007: ECP 21 conference -- virtual microscopy virtual microscopy 
networknetwork



ECP 2007 Web Slide seminarsECP 2007 Web Slide seminars

�� Academic studyAcademic study

�� Purpose: Enable fast viewing in EuropePurpose: Enable fast viewing in Europe

�� A network of mirror image servers A network of mirror image servers 

Connection speed measurement toolConnection speed measurement tool
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�� Connection speed measurement toolConnection speed measurement tool



2007 2007 -- Automatic Automatic 

connection speedtestconnection speedtest
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2009 2009 

�� Slide seminars of the ECP 2009 in FlorenceSlide seminars of the ECP 2009 in Florence

�� Network of department servers Network of department servers 

�� One Cloud serverOne Cloud server

�� 64 bit, 8 core Xeon 5400 class64 bit, 8 core Xeon 5400 class
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�� 64 bit, 8 core Xeon 5400 class64 bit, 8 core Xeon 5400 class

�� ”Western Europe” Area”Western Europe” Area



Practical experimentPractical experiment

�� Aim: Aim: to evaluate whether a cloud server to evaluate whether a cloud server 
of today is up to the taskof today is up to the task
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MethodsMethods

�� 50 unique 800x600pix view fields (containing tissue) from each 50 unique 800x600pix view fields (containing tissue) from each 

of the 100 largest virtual slides from the ECP22 seminar cases of the 100 largest virtual slides from the ECP22 seminar cases 

(tot 5000 view fields/run)(tot 5000 view fields/run)

�� RealReal--time servertime server--side jpg tiling from wavelet compressed files side jpg tiling from wavelet compressed files 
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�� RealReal--time servertime server--side jpg tiling from wavelet compressed files side jpg tiling from wavelet compressed files 

(uncompressed size 45(uncompressed size 45--240GB) 240GB) 

�� Speed measurement run from 3 of the other servers (Poznan, Speed measurement run from 3 of the other servers (Poznan, 

Madrid, Stockholm), repeated 12 timesMadrid, Stockholm), repeated 12 times
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ResultsResults

Cloud server Helsinki server

View 

fields/sec

1.1 – 1.6 1.3 – 1.8
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Data / sec 2.1-2.8 MB 2.5-3.2 MB

Totally 180.000 viewfields / serverTotally 180.000 viewfields / server

Almost on par with the Helsinki serverAlmost on par with the Helsinki server



Summary Summary -- AdvantagesAdvantages

�� Server capacity and bandwidth on demandServer capacity and bandwidth on demand

�� Targeted geographical areasTargeted geographical areas

�� Instant setup, any OSInstant setup, any OS

Convenient (no aging hardware, automatic Convenient (no aging hardware, automatic 
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�� Convenient (no aging hardware, automatic Convenient (no aging hardware, automatic 
backups, software included, etc)backups, software included, etc)

�� Inexpensive for shortInexpensive for short--time usetime use



Summary Summary -- ConsiderationsConsiderations

�� Processing power Processing power –– just enough for realjust enough for real--time time 
tiling (2009)tiling (2009)

�� Disk drive speed (tiled viewing systems) Disk drive speed (tiled viewing systems) 

�� Legal issues Legal issues –– moving patient image data outside moving patient image data outside 
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�� Legal issues Legal issues –– moving patient image data outside moving patient image data outside 
campus/hospital areacampus/hospital area

�� Uploading Uploading –– not as quick as to a campus servernot as quick as to a campus server

�� Pricing Pricing –– still expensive in 365 d/year usestill expensive in 365 d/year use



�� $160 / week$160 / week

Considerations Considerations –– costs /instancecosts /instance
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�� $160 / week$160 / week

�� $ 80 / week$ 80 / week



Considerations Considerations –– transfer coststransfer costs
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Considerations Considerations –– total coststotal costs

�� Typical congress (140 slides, 100 GB)Typical congress (140 slides, 100 GB)

�� Server instance costsServer instance costs

�� 4 weeks before and 2 weeks after congress4 weeks before and 2 weeks after congress

�� $480 $480 -- $960$960
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�� $480 $480 -- $960$960

�� Data transfer costsData transfer costs

�� In: $10 / server instanceIn: $10 / server instance

�� Out: $50 (1500 sessions, average 250MB/session)Out: $50 (1500 sessions, average 250MB/session)

�� Total for server instances on 3 continentsTotal for server instances on 3 continents

�� $1500$1500--$3000$3000



ConclusionsConclusions

�� Processing capacity and connection Processing capacity and connection 
speed adequate for web based speed adequate for web based 
virtual microscopyvirtual microscopy

Computer 
Cloud
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�� Targeted onTargeted on--demand capacitydemand capacity
will make arrangement of largewill make arrangement of large--
scale events much easierscale events much easier

�� Affordable for large scale projectsAffordable for large scale projects


