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Observations

A Data processing pipelines to support data mining
I Datadriven science based on data mining
I Detect significant events
I Generate statistics by varying input conditions
I Apply data processing pipelines to generate standard produc
A Digital libraries to support publication within a disciplin
I Provide services for use of the collection

A Preservation as reference collections
I Digital holdings on which future research is based

A Multiple types of data management environments
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Observations (cont.)

A Observe that many projects are generating massive
data collections

I Observational data (astronomy, climate change,
oceanography)

I Experimental data (high energy physics, biology)

I Simulation output (high energy physics, seismology, earth
systems, cosmology)

A Data are widely distributed
i Sources, storage systems, analysis systems, users

A Scale is now hundred petabytes, hundreds of million:
of files
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Questions

A Can these multiple environments be
Integrated?

A Where should data be stored within these
systems?

A Where should the data be analyzed?

A Data grids: support remote processing of data




Distributed Workflows

A When are data processed at the remote storac
location?
I Low complexity operations
A When are data processed at a supercomputer
I High complexity operations
A When are data processed at the display?
I Interactive presentation manipulation
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A Relationship between
I Computational complexity (operations per byte)
I Execution rate
| Data access bandwidth

R/B
Complexity = Execution Rate / Bandwidth
for a balanced application




Data Distribution

Thought Experiment

Reduce size of data from S bytes to s bytes and analyze

Storage System
Data

Storage By

Data Handling
Platform

(r)

| Supercomputer

(R)

Execution rates are
Bandwidths linking systems are

Operations per byte for analysis Is

Operations per byte for data transferis  h,
Should the data reductlon be done before transmlssmn’P
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Distributing Services

Compare times for analyzing data with size reduction from S to

Data Handling Platform Supercomputer
Read || Reduce| | Transmit| | Network | | Receive
Data Data Data Data
S/IBy hgS/ir hs/r s/Bg h;s/R
Data Handling Platform Supercomputer
Read | [ Transmit| | Network || Receive| | Reduce
Data Data Data Data
s/By hss/ir s/B; hS/IR h,S/R
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Comparison of Time

Processing at archive

T(Archive) =S/ B +h S/r +h,s/r + s/ B+ h,s/R

Processing at supercomputer

T(Super)=S/B+h,SIr+ S/B+h,S/R +h S/R




Selecting Analysis Location

Have algebraic equation with eight independent variab
Faster to move the data If:

T (Super) < T (Archive)
S/B4+h,S/r+ S/B,+h,S/IR +h_ S/R

< S/B4y+h S/r+h,s/r +s/B,+h,s/R
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Scaling Parameters

Data size reduction ratio SIS
Execution slow down ratio r/R
Problem complexity h,/hg
Communication/Execution  r/(h, By

Note (r/h,) is the number of bytes/sec that can be
processed.

When r/f, By = 1, the data processing rate is the sarr
as the data transmission rate.

Optimal designs have h(B) =1
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Bandwidth Optimization

Is moving all of the data faster, T(Super) < T(Archive),
If the network is sufficiently fast?

B.>(r/hy (1-s/S)/[1-r/R-(h,/hy (1 +r/R) (1-s/S)]

Note the denominator changes sign when
h.<h,(1+T1/R)/[(1-r/R) (1-s/S)]

Even with an infinitely fast network, it is better to do tt
processing at the archive if the complexity is too smal
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Execution Rate Optimization

Is moving all of the data faster, T(Super) < T(Archive),
If the supercomputer is sufficiently fast?

R>r[1+q,/hy) (1-s/S)]/[1-(h,/hy (1-s/S) (1 +rk,B)]

Note the denominator changes sign when
ho<h, (1-s/S)[1+r/h, B

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(Archivi
If the data reduction is large enough?

s <S{1- (hy/h)(@-/R)/[1 + 1R +r/b, B}

Note criteria changes sign when
h.>h 1+ 1r/R+r1r/0,B)]/(1-1/R)

When the complexity Is sufficiently large, it is faster to
process on the supercomputer even when data can be
reduced to one bit
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Complexity Analysis

Moving all of the data is faster, T(Super) < T(Archive)
If the complexity is sufficiently high!

h,>h,(1-s/S) [1 + /R + riy, BY] / (1-1/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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NOAQO Zone Architecture
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Policybased Data Environments

A Purpose -reason a collection is assembled

A Properties - attributes needed to ensure thpurpose

A Policies - control for ensuring maintenance pfoperties
A Procedures functions that implement theolicies

A State information results of applying therocedures

A Assessment criteriavalidation thatstate information conforms
to the desiredourpose

A Federation controlled sharing ofogical name spaces

These are the necessary elements for a sustainable collectior
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IRODS Policybased Data Management

Turn policies into computer actionable rules

Compose rules by chaining standard operations

I Standard operations (micreervices) executed at the remote storage
location

A Manage state information as attributes on namespaces:
I Files / collections /users / resources / rules

A Validate assessment criteria
I Queries on state information, parsing of audit trails

A Automate administrative functions
T Minimize labor costs

To I
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Data Virtualization

Access Interface Map from the actions
requested byhe access

method to a standard set
of micro-services.

The standard micro
services are mapped to
standard operations.

The standard operations

are mapped to the
protocol

0lage FIotoco

supported bythe storage
system
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