_ Y \
£ Udlanases

mnie wiouc

Ani Thakar
Alex Szalay
Nolan Li

Center for Astrophysical Sciences and
Institute for Data Intensive Engineering and Science (IDIES)
The Johns Hopkins University



Cloudy with a chance of pﬂm

e Large scientific databases in the cloud

— On-demand resources very attractive to scientists who
don’t want to become data managers

— But how easy is it really?

 Getting the data into the cloud
— Partition the data
— Migrate data to the cloud

* Querying the data in the cloud
— Deal with distributed databases
— Divide and conquer query workload
— Query tiling prototype
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Data partitioning (slicing) s

e Size limits for database instances
— Amazon EC2: 1 TB, Microsoft Azure: 10 GB!

 Large datasets will have to be partitioned
— 1 TB partitions not too bad
— Much smaller partitions may be problematic

 Use GrayWulf slicing schema
— Shared data store architecture

— Deployed on 3-tier GrayWulf hardware
— Used for Pan-STARRS science database
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Pan-STARRS data slicing
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Migrating data to Amazon EOZ".

1 TB data size limit (per instance)

e SDSS DR6 100 GB subset: BestDR6_100GB
— Actually more like 150 GB

— Large enough for performance tests, small enough to be
migrated in a few days/weeks

 Several manual steps to create DB
instance

e Could not connect to DB from outside

 Preliminary performance test, but without
optimizing within cloud
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Steps to create DB in EC2 -~ .(.

 Create “snapshot” of database first
 Create storage for DB: 200 GB EBS volume

— Instantiate snapshot as volume of required size

e Create SQL Server 2005 Amazon Machine
Image (AMI)
— AMI instance from snapshot

e Attach AMI instance to EBS volume

— Creates running instance of DB
 Get Elastic IP to point to instance
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Performance comparison

Query GW_CPU GW_Elapsed log(GW_IO) EC2_CPU EC2_Elapsed log(EC2_10) GW_IO EC2_10

Qo1 0.0625 0.372667 1.684247 0.03125 0.303 1.735066 4833333  54.33333
Qo2 48.11458 84.951 4975812 40.66667 668.2283 4.966925 94582.67 92667

Qo3 24.82292 81.85833 4972169  18.88542 650.7763 4965344 93792.67  92330.33

° G r a W u | Qo4 3.260417 12.29533 432175  3.145833 173.702 4329004 20977.33  21330.67
y Qos 41.58333 80.883 4971798  36.08333 653.313 4.965249 9371267 92310

Qo6 443125 12.66733 4128561  23.54167 67.963 3.92179 13445 8352

Qo7 16.32292 3.258333 3.504697 17.4375 20.34833 3519566 3196.667 3308

® S D S S T e Qo8 0 0.083 1.213075 0 0.098333 1.322219  16.33333 21
Qo9 0.03125 2.688667 2.742087 0.03125 3.557333 2.791223 553.3333  618.3333

. Qi0 0.802083 6.092 3.983025 05 94.65667 3.995057 9616.667  9907.333

S u lte ( 3 5 QI0A 0.645833 2.834 3.418577  0.614583 9.713 3.486478 2621.667  3065.333

Qi 0.604167 1.244 3.118375  0.885417 11.28633 337039 1313333 2346333

Qi2 3285 56.88267 4.551832 280.25 433.2963 4.974493  35631.33 94296

2 Qi3 6.90625 4.361667 3.56871  12.55208 23.87967 3.937819  3704.333 8666

q u e r' e S ) Q4 26.42708 15.75067 4312234 35.375 141.6197 43744 20522.67 23681

QIsA 33.26042 80.92967 4972991  30.84375 641.0207 4.967595 93970.33 92810

Qise 10.36458 11.64733 3716226  11.17708 32.97867 3.783165 5202.667  6069.667

P Av e r a g e Qi6 4.59375 2.757667 3501561  4.729167 19.514 3518031 3173.667  3296.333
Q7 10.58333 25.131 4.84637  9.458333 328.4133 5.224622 7020533  167734.3

QI8 380.8125 75.005 5.220241  550.3125 513.806 5.223862  169527.7 167441

| Q19 2.229167 15.91967 4563394  2.458333 160.131 4812515 36592.67  64940.33

S e V e ra r Q20 5.229167 28.42333 4.687092 5.5625 293.9997 5.002682 48651 123789

Qsxo1 7.510417 3.713 3.557828 7.5625 18.94633 3543199 3612.667 3403

Qsxo2 39.69792 88.69867 4.977852 38.625 613.7497 4.969175 95028 9314833

PY B u t d ef a 32.61458 81.02733 4971815  27.34375 624.2353 496533 90371633  92327.33
0.09375 0.516333 2.854711  0.135417 1.807333 3.681181 715.6667  4799.333

. 121.9271 344.2997 6.676376  117.6042 41438323 6.667075 4746532 4645952

C o nf ' g u r 8.510417 6.807333 3.884361 6.84375 44.74533 3.888801 7662.333  7742.667
41.60417 90.33067 4.982455  36.38542 620.2597 4971338 96040.67  93613.33

32.63542 82.38533 4972427  27.97917 620.7553 496635 9384833 9254433

57.57292 172.112 6.405608  61.59375 1233.958 6.480554 2544533 3023805

—_ N Q) p e r'f 136.9167 204.854 6.637631 1225833 1561.668 6.695176 4341411 4956514

4.3125 2.766667 3.502199 4.135417 22.124 3.520047 3178.333 3311.667

29.57292 84.28067 4.974367 25.05208 660.9524 4.966658 94268.67 92610
24.54167 80.62667 4.972407 19.44792 648.5096 4.965402 93844 92342.67
4.90625 2.889667 3.546378 4.604167 23.022 3.552181 3518.667 3566
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Migrating data to Microsﬁtﬁ'éﬁf .

» 10 GB data size limit ({1 50 GB yesterday!)
e SDSS DR6 10 GB subset: BestDR6_10GB

e Two ways to migrate database

— Script it out of source db (very painful)
— Use SQL Azure Migration Wizard (much better!)

 Produces huge trace of errors, items skipped
 But does produce working db in Azure

e Ok, sodataisin Azure, but at what cost?!
— Meaningful perf. comparison not possible
— Dataset too small, schema features stripped
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Unsupported MS-SQL featured™ . -

 References to other databases
— Can’t run command (including SQL) scripts (Master DB)

 Global temp objects

— Can’t use performance counters in test query suite

e T-SQL directives

- e.g., to set the level of parallelism

e Built-in T-SQL functions

— Probably can do without these for now

e SQL-CLR function bindings
— Can’tuse our HTM library

e Deprecated features
— Lose the SQL Server 2000 baggage
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“The one who says it can’t be done should
never stop the one who’s doing it.”

Anon.

Hope to hear more positive experiences in
SciencCloud2010 next week.
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Tetra - Query Tiling Protbtyp{

 Fast queries for large distributed DBs
— Nolan Li’s Ph.D. thesis

e SQL middleware

— Intercepts expensive queries, converts to
predictable set of cheaper,independent queries

— Sophisticated crawler

 Advantages:
— Job management - via rate of tile execution
— Faster feedback — # tiles done vs remaining
— Better fault tolerance - tiles checkpointed
— No time constraint on original query
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Tetra Overview . .

 Parse Query
— Link query to database structures
— Optimize query for tiling
e Produce abstract query plan
— Use representative sampling of data
— Determine how each table should be tiled

— Use table relations to determine overall
execution plan

 Execute plan

— Persistent engine executes plan, balances
load between multiple tiled queries
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Tiling in action (single table) 5
« Each SELECT S
in Statement B R ROV Table
is a tile .
+ UNION of tiles [[EII S
= Statement A . Fro e
* Tiled and non- Statement A Statement B

tiled times

 Each tiled query should take ~ same time
 Sum of tiled times ~ non-tiled time
* Individual tiles = abstract disjoint partitions
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Conclusions "

 Migrating databases to the cloud not easy!
— Large DBs will have to be partitioned

— Even migrating smaller DBs not trivial
e Are these problems limited to SQL Server DBs?

— Haven’t even talked about economics yet

e Need a way to handle expensive queries
on large distributed DBs
— Query tiling prototype - Tetra
— A crawler that the user doesn’t have to write
— Several advantages over monolithic engine
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