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CPS   I t d ti  t  G d t  St dCPS 300: Introduction to Graduate Study
Jun Yang

October 7, 2009

Announcements

Homework (due in two weeks)
Write (or update) your resume/CV
Put up (or update) your homepage on 
http://www.cs.duke.edu/~yourlogin/

l bl f d l dHave your resume/CV available in HTML or PDF for download

Next session (Oct. 21): Prof. Xiaobai Sun on scientific 
computing research

Common misconceptions

Database people are SQL freaks!

Database systems have gone commercial for more than 40 
years! What else is there to research?

Database is a business application. Narrow. Boring.

Rebuttal 1
Misconception: Database people are SQL freaks!

We are true believers of the importance of abstraction and 
semantics (which are far more important than syntax)
Rising human costs and increasing system complexities 
only make this importance grow over time
Looking for the “right” high‐level abstraction for emerging 
applications continues to be an active area of research

ProSem
One‐time query over 
a static snapshot of database
Continuous query over 
an input update stream
Scalability challenges

DBResult

DBResult
Updates

Result updates
Updates

Result updates

Query ?

CQ ?

Updates
Updates
UpdatesUpdates

Updates
Updates

y g
Too much data
Too many continuous queries
Results needed all over the network

WAN
UpdatesUpdatesUpdatesUpdates

?

?
?

?
?

?

Rebuttal 2
Misconception: Database systems have gone commercial for 
more than 40 years! What else is there to research?

(BTW, Relatively few changes to SQL over the years = we 
really got the abstraction right!)
Stuff underneath the hood has been and will be changing a 
lot ⇒must adapt to new technology trends

Besides, much of database research has gone beyond 
relational databases to data management in general…
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Data processing on SSDs
Solid State Drives promise 
much faster and “greener” 
data access than hard disks

Random reads are just as fast 
as sequential reads
Overwriting data is much  Overwriting data is much, 
much slower than reads and 
writes that do not overwrite

Many assumptions made in the design of the data 
structures, algorithms, and software architecture of 
databases are now invalid!

Rebuttal 3
Misconception: Database is a business application. Narrow. 
Boring.

We do anything data‐intensive these days—be it 
commercial, scientific, or societal

Web, sensor networks, data‐driven system management, 
data‐intensive statistical computing, computational 
journalism, etc.

We collaborate a lot with other computer scientists
E.g., Pankaj Agarwal, Jeff Chase, Kamesh Munagala

And statisticians, ecologists, immunologists…
And researchers from leading industry research labs

Sensors in Duke Forest
Use wireless sensor 
networks to study how 
environment affects tree 
growth in Duke forest
Model‐based data 
suppression and modelsuppression and model‐
driven data analysis and 
recovery

RIOT
R: a popular open‐source
language/environment for 
statistical computing

Seriously challenged by big‐
data problems

RIOTRIOT
Attains efficiency without 
explicit user intervention

Smarter I/Os, parallelism

Runs legacy code with little or minimal modification
Blurs the boundary between host language and backend 
processing

Additional resources
CPS 116: undergrad‐level database course, for acquiring 
more background

Focuses on using data management systems and techniques 
effectively
Relational; XML; fundamentals of database system internals; 
overview of various topicsoverview of various topics

CPS 216: grad‐level database course, as gateway to research
Focuses on building database systems and developing new, 
scalable data processing techniques
Principles and internals of database and massive data‐
intensive systems; selection of latest research topics
You will find it useful/interesting even if you are not a 
database student

Additional resources (cont’d)
CPS 296: topics (vary across offerings)

CPS 296.1 this coming Spring (Database and Programming 
Languages: Crossing the Chasm) will explores new 
abstractions and techniques for building data‐driven and 
data‐intensive applications

Handling impedance mismatches between programming Handling impedance mismatches between programming 
paradigms
Abstractions and primitives for data parallelism
New, data‐centric declarative languages for domains such as 
networking and system management

Monthly dbgroup meetings to discuss new research 
developments and trends

Watch for my email announcement
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Research in My Group
• Experiment-driven system management
• Big-data processing and Cloud computing
• Querying a system (diagnosis, forecasting, …)

• Graduate students I work with at Duke:Graduate students I work with at Duke:
– Nedyalko Borisov
– Azbayar Demberel (Jeff Chase’s student)
– Herodotos Herodotou
– Harold Lim (Jeff Chase’s student)
– Risi Thonangi (Jun Yang’s student)
– Vamsidhar Thummala

Response Surfaces
• TPC-H 4 GB database, 1 GB memory, Query 18 

Sort

Hash Aggregate

Nested Loop Join

Hash Join Index Scan (orders)

Plan Selected by Query Optimizer
<100, 187>

<100, 187>

<100, 436>

<1, 0.6><2473, 7496><2473, 7496> Hash Join

Sequential Scan 
(lineitem)

Hash

Hash Join

Sequential Scan 
(supplier)

Hash

Sequential Scan 
(nation)

Index Scan (orders) ,

<380459, 229739> <65, 309>

<65, 309>

<1, 1>

<1, 1>

<1629, 1615>

<Estimated, Actual> Cardinality

Better Plan
Sort

Hash Aggregate

Hash Join

Hash Sequential Scan 
(orders)

Hash Join

Sequential Scan 
(lineitem)

Hash

Hash Join

Sequential Scan 
(supplier)

Hash

Sequential Scan 
(nation)

Better Plan
Sort

Hash Aggregate

Hash Join

Hash Sequential Scan 
(orders)

Optimizer Plan

Old Estimated Cost 212,493.39

New Estimated Cost 5,919,317.38

Execution Time 43.363

Hash Join

Sequential Scan 
(lineitem)

Hash

Hash Join

Sequential Scan 
(supplier)

Hash

Sequential Scan 
(nation)

zTuned Plan

Estimated Cost 239,952.68

Execution Time 34.375

Experiment-driven Management

Are more 
experiments 
needed?

Process Pl

Yes

Mgmt. taskResult

Process
output to extract

information

Plan
next set of
experiments

Conduct
experiments on
workbench
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Where to Run Experiments?

DBMS

Production Platform
Clients Clients Clients

Middle Tier

Database

Home/Garage Abstraction
Standby Machine

DBMS

Production Platform
Clients Clients Clients

WAL shipping

Middle Tier

Home

DBMSApply

Home

DBMS

Apply 
WAL

Garage

DBMS

Workbench for 
experiments

Database

Database

WAL shipping

Interface

Engine

iTuned

Experiment Planner & Scheduler

DBMSApply 
WAL
DBMS DBMS

Copy on
Write

Workbench API
Operation in API Time (seconds) Description

Create Container 610 Create a new garage 
(one time process)

Clone Container 17 Clone a garage from 
already existing one

Boot Container 19 Boot garage from 
halt statehalt state

Halt Container 2 Stop garage and 
release resources

Reboot Container 2 Reboot the garage
Snapshot-R DB (5GB, 

20GB)
7, 11 Create read-only 

snapshot of the 
database

Snapshot-RW DB 
(5GB, 20GB)

29, 62 Create read-write 
snapshot of database

Experiment-driven Mgmt: Why Now?
• Trend 1: Increasing use of data management 

platforms by unsophisticated users 
– Web 2.0, Facebook apps, …

• Trend 2: Good admins scarce and expensive
• Trend 3: Cheap, pay-as-you-go resources with p p y y g

cloud computing

Back of the Envelope Calculation
• DBAs cost $300/day; Consultants cost $100/hr
• 1 Day of experiments give a wealth of info.

– TPC-H, TPC-W, RUBiS workloads; 10-30 conf. params

• Cost of running these 
experiments for 1 day experiments for 1 day 
on Amazon Web Serv.
– Server: $10/day
– Storage: $0.4/day
– I/O: $5/day
– TOTAL: $15/day

Research in My Group
• Experiment-driven system management
• Big-data processing and Cloud computing
• Querying a system (diagnosis, forecasting, …)
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Big Data
• Metrics on eBay’s main Teradata data warehouse include:

– >2 petabytes of user data
– 10s of 1000s of users
– Millions of queries per day
– 72 nodes 
– >140 GB/sec of I/O, or 2 GB/node/sec at peak
– 100s of production databases being fed in p g

• Metrics on eBay’s Greenplum data warehouse/mart:
– 6.5 petabytes of user data
– 17 trillion records
– 150 billion new records/day 50 terabytes/day
– 96 nodes 
– 200 MB/node/sec of I/O
– 4.5 petabytes of storage, 70% compression 
– A small number of concurrent users 

Two Schools in Big Data Processing
• The world born from Parallel Databases

– Teradata, Oracle RAC, HP’s NeoView, …
– New kids on the block: AsterData, Greenplum, …

• The world born from Google’s MapReduce
– Hadoop (originally from Yahoo!)
– HDFS (originally from Yahoo!)
– Hive (Facebook)
– Pig (Yahoo!)
– …

Tons of Interesting Problems
• Efficient query processing over MapReduce
• Query should go on even if nodes fail
• Tuning, problem diagnosis, …
• Elastic computing
• Data partitioning  placement  and rebalancingData partitioning, placement, and rebalancing
• Adaptive processing
• Scheduling
• … 

Research in My Group
• Experiment-driven system management
• Big-data processing and Cloud computing
• Querying a system (diagnosis, forecasting, …)

SeqScan
(Supplier)

SeqScan
( )

IndexScan
( )

IndexSeek
( li )

Databases on SANs

Database often run on Storage 
Area Networks
Makes problem diagnosis hard

DBMS (Part) (PartSupp) (Supplier)

Volume V1 Volume V2

DBMS

SAN



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


