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BigDataBench Methodology
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Application	  

Domain	  N

Data	  models	  of	  different	  
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How	  to	  define	  a	  representative	  big	  
data	  benchmark	  ?

• One	  attempt
– Using	  popular	  workloads
– Subjective

• Another	  attempt
– Specific	  domains	  of	  
systems

Little	  analysis	  
about	  

representativene
ss	  of	  workloads	  

Fail	  to	  cover	  
wide	  coverage	  
and	  great	  

complexity	  of	  big	  
data	  

How	  can	  we	  construct	  a	  benchmark	  
suite	  using	  a	  minimum	  workload set	  
to	  represent	  maximum	  patterns	  of	  

big	  data	  analytics?

Dwarfs	  workloads	  !
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Inspiration

Successful	  Compute	  Abstractions

• Relational	  algebra
– 5	  primitive	  operations
– Select,	  Project,	  Product,	  

Union,	  Difference

• Parallel	  computing
– Computational	  &	  

communication	  patterns
– 13	  dwarfs

Successful	  Benchmarks

• TPC-‐C	  
– OLTP	  domain
– Functions	  of	  abstraction

• HPCC
– High	  performance	  computing
– Seven	  basically	  tests	  

K.	  Asanovic,, etc.	  The	  landscape	  of	  parallel	  computing	   research:	  A	  view	  from	  berkeley.	  
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Why	  Dwarfs	  are	  Important

Dwarfs	  
Workloads

A	  highly	  
abstraction	  of	  

patterns

A	  minimum	  
set	  of	  

necessary	  
functionality

A	  direction	  for	  
evaluation	  and	  
performance	  
optimization	  

Strong	  
expression	  
power

http://www.krellinst.org/doecsgf/conf/2014/pres/jhill.pdf
http://cacs.usc.edu/education/cs596/DavidPatterson.pdf
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Fundamental	  Issues	  

What are	  the	  challenges	  for	  big	  data	  dwarfs?

How to	  find	  the	  dwarfs	  workloads	  in	  big	  data	  
analytics?	  
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Challenges

Massive	  application	  domains	  make	  us	  wonder	  where	  
to	  start	  or	  how	  to	  achieve	  a	  wide	  range	  of	  coverage

Classification

Dimension
reduction

Association	  
rule	  miningRegression

Clustering

Data	  Mining

Data	  
mining

Deep	  
learning

Machine	  
learning

Computer	  
vision

Signal
processi

ng

Natural	  
language	  
processing

Many	  techniques	  for	  processing	  big	  data	  exist,	  which	  bring	  
greater	  complexity	  for	  identifying	  dwarfs	  workloads
A	  machine	  learning	  library	  – scikit learn,	  implements	  
so	  many	  algorithms,	  which	  is	  still	  much	  less	  than	  the	  

total	  number	  of	  algorithms

• 80%	  data	  growth	  
are	  unstructured	  
data

• Operations	  on	  big	  
data	  are	  complicated
– Pipeline?	  Parallel?
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Methodology	  of	  Dwarfs	  

Application	  
Domain	  1

Application	  
Domain	  2

Application	  
Domain	  N

Processing	  Techniques
• Machine	  learning
• Data	  mining
• Deep	  learning
• Computer	  vision
• Natural	  language	  processing	  ...

Libraries
• Mllib，Mahout

Frameworks
• Spark,	  Hadoop,	  GraphLab

Benchmarks
• BigBench,	  LinkBench ...

Big	  Data	  Analytics Representative	  
Algorithms

Frequently	  
appearing	  
operations

Different	  
combinations

Dwarfs	  1

Dwarfs	  2

Dwarfs	  M

… …
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Choosing	  Application	  Domain

40%

25%

15%

5%
15%

Search	  Engine Social	  Network
Electronic	  Commerce Media	  Streaming
Others

Top	  20	  websites

Taking	  up	  80%	  of	  
internet	  services	  
according	  to	  page	  

views	  and	  daily	  visitors
new	  

VIDEOS on	  YouTube	  
every	  minute

new	  

PHOTOS on	  FLICKR	  every	  
minute	  

VIDEO feeds	  from	  
surveillance	  cameras

data	  growth	  

are	  IMAGES,	  VIDEOS,	  
documents,	  …

hours	  MUSIC streaming	  
on	  PANDORA	  every	  minute

minutes	  VOICE calls	  on	  
Skype	  every	  minute

0

20

40

60

80

100

120

140

160

180

0
20
40
60
80
100
120
140
160
180
200

En
tr
ie
s	  (
m
ill
io
n)

N
uc
le
ot
id
es
	  (b

ill
io
n)

DDBJ/EMBL/GenBank	  database	  Growth
Nucleotides Entries

One	  6-‐
Gigabyte	  
image	  every	  
20	  seconds	  

30	  
Terabytes	  
every	  night	  
for	  10	  years	  

100-‐
Petabyte	  
final	  image	  
data	  archive	  
anticipated	  

Large	  Synoptic	  Survey	  Telescope	  (LSST)Internet	  Service
Search	  engine,	  Social	  network,	  E-‐commerce

Multimedia

Bioinformatics Astronomy
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Methodology	  of	  Dwarfs	  

Application	  
Domain	  1

Application	  
Domain	  2

Application	  
Domain	  N

Processing	  Techniques
• Machine	  learning
• Data	  mining
• Deep	  learning
• Computer	  vision
• Natural	  language	  processing	  ...

Libraries
• Mllib，Mahout

Frameworks
• Spark,	  Hadoop,	  GraphLab

Benchmarks
• BigBench,	  LinkBench ...

Big	  Data	  Analytics Representative	  
Algorithms

Frequently	  
appearing	  
operations

Different	  
combinations

Dwarfs	  1

Dwarfs	  2

Dwarfs	  M

… …
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Big	  Data	  Analytics

•Libraries
• Frameworks
•Benchmarks

•Data	  Mining
•Machine	  
Learning	  …

•Text
•Graph
•Table
•Multimedia

• Structured
• Semi-‐Structured
•Unstructured

Data	  Model Semantics

Open	  
Source	  
Projects

Processing	  
Techniques
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Libraries	  &	  Frameworks	  &	  Benchmarks

• Opencv,	  Mlib,	  Weka,	  AstroML …

Libraries

• Spark,	  Hadoop,	  Graphlab …

Frameworks

• BigDataBench,	  Linkbench…

Benchmarks
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Methodology	  of	  Dwarfs	  

Application	  
Domain	  1

Application	  
Domain	  2

Application	  
Domain	  N

Processing	  Techniques
• Machine	  learning
• Data	  mining
• Deep	  learning
• Computer	  vision
• Natural	  language	  processing	  ...

Libraries
• Mllib，Mahout

Frameworks
• Spark,	  Hadoop,	  GraphLab

Benchmarks
• BigBench,	  LinkBench ...

Big	  Data	  Analytics
Dwarfs	  1

Dwarfs	  2

Dwarfs	  M

… …

Frequently	  
appearing	  
operations

Different	  
combinations

Representative	  
Algorithms



BigDataBench ASPLOS    2016

Algorithms	  Chosen	  to	  Investigate

C4.5/CART/ID3,	  Logistic	  regression,	  SVM,	  
KNN,	  HMM,	  Maximum-‐entropy	  markov
model,	  Conditional	  random	  field,	  
PageRank,	  HITS,	  Aporiori,	  FP-‐growth,	  
Principal	  component	  analysis,	  Back	  
Propagation,	  Adaboost,	  MCMC,	  
Connected	  component,	  Random	  forest

Data	  Mining	  &	  
Machine	  Learning

Latent	  semantic	  indexing,	  pLSI,	  
Latent	  dirichlet allocation,	  Index,	  
Porter	  Stemming,	  Sphinx	  speech	  

recognition

Natural	  Language	  Processing

Demographic/Content	  based	  
recommendation,	  Collaborative	  

Filtering

Recommendation

MPEG-‐2,	  Scale-‐invariant	  feature	  
transform,	  Image	  segmentation,	  

Ray	  Tracing

Computer	  Vision

Needleman-‐Wunsch,	  Smith-‐
Waterman,	  BLAST

Database	  Software

CNN, DBN

Deep	  Learning
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Frequently-‐appearing	  Operations

Similarity	  Analysis

KNN,	  K-‐means,	  Recommendation,	  
Feature	  matching,	  Image	  

segmentation

Neural	  Network

Back	  propagation,	  CNN,	  DBN,	  Neural	  
network	  

Multimedia	  Representation

Sphinx	  speech	  recognition,	  MPEG-‐2,	  
SIFT,	  Image	  segmentation,	  Ray	  

tracing

Matrix/Vector	  Calculation

SVM,	  HMM,	  MEMM,	  CRF,	  PageRank,	  
HITS,	  Logistic	  regression

Linear	  Algebra

Similarity	  
Analysis

• Jaccard similarity
• Locality	  sensitive	  
hashing	  …

Association	  
Rules	  
Mining

• Aporiori
• FP-‐Growth
• …

Database
• Set	  union
• Set	  difference
• …

Set	  Operations

Sampling

MCMC,	  LDA,	  
Random	  sampling,	  
Downsampling

…

Transform	  
Operation
FFT,	  Convolution	  
computation,	  DCT,	  
Speech	  recognition,	  

MPEG-‐2
…

Graph	  
Operation

BFS,	  DFS,	  Decision	  
tree,	  Connected	  
Component

…

Logic	  
Operation
Encrpytion,	   index,	  

Fingerprint,	  SimHash,	  
MinHash

…

Statistic	  Operation
• Probability	  calculation
• LSI,	  pLSI,	  Latent	  dirichletallocation	  …

Sort
• Partial	  sort,	  quick	  sort,	  Top	  k	  sort…
• K-‐means,	  Decision	  tree	  …
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Methodology	  of	  Dwarfs	  

Application	  
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Application	  
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Application	  
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• Machine	  learning
• Data	  mining
• Deep	  learning
• Computer	  vision
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Benchmarks
• BigBench,	  LinkBench ...
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Methodology	  Summary
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Comparison	  With	  NRC’s	  Giants

n N.	  Council.	  Frontiers	  in	  massive	  data	  analysis.	  The	  National	  Academies	  
Press	  Washington,	  DC,	  2013.
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Dwarfs	  in	  Big	  Data	  Offline	  Analytics

Sampling

Transform	  operation

Graph operation

Logic	  operation

Set	  operation

Statistic	  operation

Sort

Linear	  Algebra
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Properties
• Composability

– One	  Algorithm	  can	  be	  
composed	  of	  one	  or	  more	  
dwarfs

• Irreversibility	  
– combination	  is	  sensitive	  to	  

the	  order	  of	  dwarfs	  

• Uniqueness
– Represent	  different	  

patterns

Dwarfs
(one	  or	  
more)

Flow	  
control

Algorit
-‐hm

Dwarfs	  
A

Dwarfs	  
B

Dwarfs	  
B

Dwarfs	  
A

Feature	  extraction	  – SIFT	  Algorithm
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Overlap?	  Yes
n View	  of	  applications

n Same	  application	  can	  be	  implemented	  with	  
different	  abstractions

n Provide	  a	  method	  for	  application	  optimization	  
and	  finding	  bottleneck	  in	  different	  levels
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Eight	  Basic	  Dwarfs	  Implementation

No. Dwarfs Implementation

Dwarf-‐1 Linear	  Algebra Matrix	  Multiplication

Dwarf-‐2 Sampling MCMC for	  GMM

Dwarf-‐3 Transform	  Operation FFT

Dwarf-‐4 Graph Operation BFS

Dwarf-‐5 Logic	  Operation MD5

Dwarf-‐6 Set	  Operation Union

Dwarf-‐7 Sort	   QuickSort

Dwarf-‐8 Statistic	  Operation Count


