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Observations

ÅData processing pipelines to support data mining 
ïData-driven science based on data mining

ïDetect significant events

ïGenerate statistics by varying input conditions

ïApply data processing pipelines to generate standard products

ÅDigital libraries to support publication within a discipline
ïProvide services for use of the collection

ÅPreservation as reference collections
ïDigital holdings on which future research is based

ÅMultiple types of data management environments
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Observations (cont.)

ÅObserve that many projects are generating massive 
data collections
ïObservational data (astronomy, climate change, 

oceanography)

ïExperimental data (high energy physics, biology)

ïSimulation output (high energy physics, seismology, earth 
systems, cosmology)

ÅData are widely distributed
ïSources, storage systems, analysis systems, users

ÅScale is now hundred petabytes, hundreds of millions 
of files
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Questions

ÅCan these multiple environments be 
integrated?

ÅWhere should data be stored within these 
systems?

ÅWhere should the data be analyzed?

ÅData grids: support remote processing of data



Distributed Workflows

ÅWhen are data processed at the remote storage 
location?

ïLow complexity operations

ÅWhen are data processed at a supercomputer?

ïHigh complexity operations

ÅWhen are data processed at the display?

ïInteractive presentation manipulation
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ÅRelationship between

ïComputational complexity (operations per byte)

ïExecution rate

ïData access bandwidth

                               h  = R / B  

Complexity = Execution Rate / Bandwidth

for a balanced application
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Distributing Services
Compare times for analyzing data with size reduction from S to s
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Comparison of Time

T(Archive) = S/ Bd + hs S/r + ht s/r + s/ Bs + ht s/R 

Processing at archive

Processing at supercomputer

T(Super) = S/ Bd + ht S/r + S/ Bs + ht S/R + hs S/R



Selecting Analysis Location

Have algebraic equation with eight independent variables.

Faster to move the data if:

T (Super) < T (Archive)

S/ Bd + ht S/r + S/ Bs + ht S/R + hs S/R

<   S/ Bd + hs S/r + ht s/r + s/ Bs + ht s/R 



Scaling Parameters

Data size reduction ratio s/S

Execution slow down ratio r/R

Problem complexity ht / hs

Communication/Execution r/(ht Bs)

When r/(ht Bs) = 1, the data processing rate is the same 

as the data transmission rate.

Optimal designs have r/(ht Bs) = 1

Note (r/ ht) is the number of bytes/sec that can be 

processed.



Bandwidth Optimization

Is moving all of the data faster, T(Super) < T(Archive),

if the network is sufficiently fast?

Bs > (r / hs) (1 - s/S) / [1 - r/R - (ht / hs) (1 + r/R) (1 - s/S)]

Note the denominator changes sign when

hs < ht (1 + r/R) / [(1 - r/R) (1 - s/S)]

Even with an infinitely fast network, it is better to do the 

processing at the archive if the complexity is too small.



Execution Rate Optimization

Is moving all of the data faster, T(Super) < T(Archive),

if the supercomputer is sufficiently fast?

R > r [1 + (ht / hs) (1 - s/S)] / [1 - (ht / hs) (1 - s/S) (1 + r/(ht Bs)]

Note the denominator changes sign when
hs < ht (1 - s/S) [1 + r/(ht Bs)]

Even with an infinitely fast supercomputer, it is better to

process at the archive if the complexity is too small.  



Data Reduction Optimization

Is processing at the archive faster, T(Super) > T(Archive),

if the data reduction is large enough?

s < S {1 - (hs / ht)(1 - r/R) / [1 + r/R + r/(ht Bs)]}

Note criteria changes sign when

hs > ht [1 + r/R + r/(ht Bs)] / (1 - r/R)

When the complexity is sufficiently large, it is faster to

process on the supercomputer even when data can be

reduced to one bit.



Complexity Analysis

Moving all of the data is faster, T(Super) < T(Archive)

if the complexity is sufficiently high!

hs > ht (1-s/S) [1 + r/R + r/(ht Bs)] / (1-r/R)

Note, as the execution ratio approaches 1, 

the required complexity becomes infinite

Also, as the amount of data reduction goes to zero,

the required complexity goes to zero.
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Policy-based Data Environments

ÅPurpose - reason a collection is assembled

ÅProperties - attributes needed to ensure the purpose

ÅPolicies - control for ensuring maintenance of properties

ÅProcedures- functions that implement the policies

ÅState information- results of applying the procedures

ÅAssessment criteria- validation that state informationconforms 
to the desired purpose

ÅFederation- controlled sharing oflogical name spaces

These are the necessary elements for a sustainable collection
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iRODS - Policy-based Data Management

Å Turn policies into computer actionable rules

Å Compose rules by chaining standard operations 
ï Standard operations (micro-services) executed at the remote storage 

location

Å Manage state information as attributes on namespaces:
ï Files / collections /users / resources / rules

Å Validate assessment criteria
ï Queries on state information, parsing of audit trails

Å Automate administrative functions
ï Minimize labor costs 
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