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Simula;on	  for	  Big	  Data	  Analy;cs 

n Challenges	  
n  Complexity	  and	  diversity	  of	  big	  data	  workloads	  
n  Rapid	  evolu;on	  of	  big	  data	  systems	  
n  Complex	  big	  data	  soDware	  stack	  

•  Standalone	  mode	  
•  Pseudo-‐distributed	  mode	  
•  Fully-‐distributed	  mode	  

n Exis;ng	  big	  data	  benchmarks	  cannot	  run	  on	  
simulators	  because	  of	  long	  running	  ;me 
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Dwarf-‐based	  Simula;on	  

n Big	  data	  dwarfs	  	  
n  a	  minimum	  set	  to	  represent	  maximum	  paIerns	  of	  
big	  data	  analy;cs	  

n A	  light-‐weigh	  simula;on	  benchmark	  on	  the	  
basis	  of	  big	  data	  dwarfs	  
n  Shorten	  the	  simula;on	  ;me	  by	  100s	  ;mes	  
comparing	  to	  big	  data	  analy;cs	  workloads	  

n  Average	  micro-‐architectural	  data	  accuracy	  is	  
above	  90%	  on	  X86	  and	  ARMv8	  processors	  
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Outline 

n BigDataBench - a big data benchmark suite 

n Big Data Dwarfs & Dwarf Library 
 

n Dwarf-based Simulation Benchmarks 

n Evaluation on X86 Processor 

n Case Study on ARM Processor 
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What	  is	  BigDataBench?	   
n An	  open	  source	  big	  data	  benchmarking	  project	  	  

•  hIp://prof.ict.ac.cn/BigDataBench	  

•  Search	  Google	  using	  “BigDataBench”	  
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BigDataBench	  Methodology 

Applica;on	  	  
	  

Domain	  1 

Applica;on	  	  
	  

Domain	  … 

Applica;on	  	  
	  

Domain	  N 

Data	  models	  of	  different	  	  
	  

types	  &	  seman;cs 

Big	  Data	  Dwarf	  
	  

	  Iden;fica;on 

Benchmark	  	  
	  

specifica;on	  1 

Benchmark	  	  
	  

specifica;on	  … 

Benchmark	  	  
	  

specifica;on	  N 

Real-‐world	  data	  
sets	  	  
	  
	  
	  
Data	  genera;on	  
tools	  
	  
	  
	  
	  
Workloads	  with	  
diverse	  
implementa;ons	  	  

Mul;-‐tenancy	  	  
	  

version 

BigDataBench	  
	  

subset 

Mix	  with	  different	  
percentages 

Reduce	  
benchmarking	  cost 
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MPI 

Shark 

Impala NoSql 

	  
	  
	  	  
	  
	  
	  
	  
	  

So9ware	  Stacks 

BigDataBench	  3.2	  Overview 

	  
	  
	  
	  
	  
	  
	  
	  

37	  Workloads 

Search 
Engine 

	  	  
	  
	  

	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  	  	  	  15	  	  Real-‐world	  Data	  Sets 

BDGS(Big	  Data	  Generator	  Suite)	  for	  scalable	  data 

DataMPI 

Hadoop	  RDMA 

Facebook	  Social	  Network 

ImageNet 

Wikipedia	  	  Entries 

E-‐commerce	  	  TransacQon 

English	  broadcasQng	  audio 

Amazon	  Movie	  Reviews 

ProfSearch	  Resumes 

DVD	  Input	  Streams 

Google	  Web	  Graph 

SoGou	  Data 

Image	  scene 

MNIST 

Genome	  sequence	  data Assembly	  of	  the	  human	  genome 

Social 
Network 

E-commerce 

Mul;media Bioinformatics 

MovieLens	  Dataset 
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BigDataBench	  Users 

n hIp://prof.ict.ac.cn/BigDataBench/users/	  

n  Industry	  users	  
n  Accenture,	  BROADCOM,	  SAMSUMG,	  Huawei,	  IBM	  

n About	  20	  academia	  groups	  published	  papers	  
using	  BigDataBench	  

n BigDataBench	  support	  for	  graph,	  streaming	  
frameworks	  and	  Flink	  	  
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Industry	  Standard:	  BigDataBench-‐DCA 

n China’s	  first	  industry-‐standard	  big	  data	  
benchmark	  suite	  
n  hIp://prof.ict.ac.cn/BigDataBench/industry-‐
standard-‐benchmarks/	  

n  Academy	  of	  Informa;on	  and	  Communica;ons,	  
ICT,	  CAS,	  Huawei,	  China	  Mobile,	  Sina,	  ZTE,	  Intel	  
(China),	  MicrosoD	  (China),	  IBM	  CDL,	  Baidu,	  
INSPUR	  ,	  ZTE,	  21viane	  and	  UCloud	  
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Outline 

n BigDataBench - a big data benchmark suite 

n Big Data Dwarfs & Dwarf Library 
 

n Dwarf-based Simulation Benchmarks 

n Evaluation on X86 Processor 

n Case Study on ARM Processor 
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Big Data Dwarfs 

n Abstrac;ons	  
n  Frequently-‐appearing	  opera;ons	  
n  a	  minimum	  set	  to	  represent	  maximum	  paDerns	  
of	  big	  data	  analy;cs 

 Big	  Data 

Rapid	  
evolu;on 

Wide	  
coverage 

Great	  
complexity 

Analysi
s 

Sta;s;
c 

Summa
rize 

Highly	  
abstracQon 

Minimum	  
set	  to	  

represent	  
the	  diversity	  
of	  big	  data	  
workloads	   

Strong	  
expression	  
power 

Dwarfs 
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Inspira;on 

Successful	  Compute	  Abstrac$ons	  

•  Rela;onal	  algebra	  
–  5	  primi;ve	  opera;ons	  
–  Select,	  Project,	  Product,	  

Union,	  Difference	  

•  Parallel	  compu;ng	  
–  Computa;onal	  &	  

communica;on	  paIerns	  
–  13	  dwarfs 

Successful	  Benchmarks 

•  TPC-‐C	  	  
–  OLTP	  domain	  
–  Func;ons	  of	  abstrac;on	  

	  
	  

•  HPCC	  
–  High	  performance	  compu;ng	  
–  Seven	  basically	  tests	  	  
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Challenges	  #1-‐-‐Massive	  Applica;on	  
Domains 

Big	  Data 

Massive	  applica;on	  domains	  make	  us	  wonder	  where	  to	  start	  
or	  how	  to	  achieve	  a	  wide	  range	  of	  coverage 
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Challenges	  #2—Mul;ple	  Research	  
Fields	  and	  Techniques 

Data	  
mining 

Deep	  
learning 

Machine	  
learning 

Computer	  
vision 

Signal	  
processi

ng 

Natural	  
language	  
processing	  

Classifica;on 

Dimension	  
reduc;on 

Associa;on	  
rule	  mining Regression 

Clustering 

Data	  Mining 

Many	  techniques	  for	  processing	  big	  data	  exist,	  which	  bring	  
greater	  complexity	  for	  iden;fying	  dwarfs	  workloads	   
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Challenges	  #3—Large	  Numbers	  of	  	  
Algorithms	  and	  Variants	   

hIp://scikit-‐learn.org/stable/tutorial/machine_learning_map/ 

A	  machine	  learning	  library	  –	  scikit	  learn,	  implements	  so	  many	  algorithms,	  
which	  is	  s;ll	  much	  less	  than	  the	  total	  number	  of	  algorithms 
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Challenge	  #4—Unstructured	  Data	  with	  
Complicated	  Opera;ons	   

•  80%	  data	  growth	  are	  
unstructured	  data	  

•  Opera;ons	  on	  big	  data	  
are	  complicated	  
–  Pipeline?	  Parallel?	  

hIps://www.capgemini.com/blog/capping-‐it-‐off/2014/07/are-‐you-‐effec;vely-‐using-‐big-‐data 
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Methodology	  of	  Dwarfs	   

Applica;on	  
Domain	  1 

Applica;on	  
Domain	  2 

Applica;on	  
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	  Analy;cs Representa;ve	  
Algorithms 

Frequently	  
appearing	  
opera;ons 

Different	  
combina;ons 

Dwarf	  1 

Dwarf	  2 

Dwarf	  
M 

…
 

…
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Internet	  Services 

	  
	  
	  
	  
	  
	  

hDp://www.alexa.com/topsites/global;0	  

	  

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 
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The	  Explosive	  Growth	  of	  Mul;media	  
Data 

	  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 

h4p://www.oldcolony.us/wp-‐content/uploads/2014/11/wha@sbigdata-‐DKB-‐v2.pdf 
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The	  Explosive	  Growth	  of	  
Bioinforma;cs	  Data 
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Nucleo;des	   Entries	  

h4p://www.ddbj.nig.ac.jp/breakdown_stats/dbgrowth-‐e.html#dbgrowth-‐graph 
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Five	  Applica;on	  Domains 

40%	  
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15%	  

5%	   15%	  

Search	  Engine	   Social	  Network	   Electronic	  Commerce	  

Media	  Streaming	   Others	  

Top	  20	  websites 
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DDBJ/EMBL/GenBank	  database	  Growth 
Nucleo;des	  

	  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 

Mul$media	  

Bioinforma$cs	  

Internet	  Service	  
Search	  engine,	  Social	  network,	  E-‐commerce	  
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Methodology	  of	  Dwarfs	   

Applica;on	  
Domain	  1 

Applica;on	  
Domain	  2 

Applica;on	  
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	  Analy;cs Representa;ve	  
Algorithms 

Frequently	  
appearing	  
opera;ons 

Different	  
combina;ons 

Dwarf	  1 

Dwarf	  2 

Dwarf	  
M 

…
 

…
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Big	  Data	  Analy;cs 

• Libraries 
• Frameworks 
• Benchmarks 

• Data	  Mining 
• Machine	  
Learning	  … 

• Text 
• Graph 
• Table 
• Mul;media 

• Structured 
• Semi-‐Structured 
• Unstructured 

Data	  Model SemanQcs 

Open	  
Source	  
Projects 

Processing	  
Techniques 
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Libraries	  &	  Frameworks	  &	  Benchmarks 

• Opencv,	  Mllib,	  Weka	  … 

Libraries 

• Spark,	  Hadoop,	  Graphlab	  … 

Frameworks 

• BigDataBench,	  Linkbench	  … 

Benchmarks 
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Methodology	  of	  Dwarfs	   

Applica;on	  
Domain	  1 

Applica;on	  
Domain	  2 

Applica;on	  
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	  Analy;cs Representa;ve	  
Algorithms 

Frequently	  
appearing	  
opera;ons 

Different	  
combina;ons 

Dwarf	  1 

Dwarf	  2 

Dwarf	  
M 

…
 

…
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Search	  Engine:	  Parsing 
n  Parsing:	  

n  Extract	  the	  text	  content	  and	  links
	  from	  the	  raw	  web	  pages	  
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Search	  Engine:	  Indexing 
n  Indexing	  

n  create	  the	  mapping	  of	  terms	  to
	  document	  id	  lists	  
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Search	  Engine:	  PageRank 
n  PageRank	  

n  Compute	  the	  importance	  of	  the	  page
	  according	  to	  the	  web	  link	  graph	  
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Search	  Engine:	  Search	  query 
n  Querying	  

n  online	  web	  search	  server	  serving
	  users’	  requests	  
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Search	  Engine:	  Sor;ng 
n  Sor;ng	  

n  Sort	  the	  results	  according	  the	  page
	  ranks	  and	  the	  relevance	  of	  between
	  the	  query	  and	  the	  document	  
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Search	  Engine:	  Recommenda;on 
n  Recommenda;on	  

n  Recommend	  related	  queries	  to
	  users	  by	  mining	  the	  search	  log	  
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Search	  Engine:	  Sta;s;c	  coun;ng 
n  Sta;s;c	  coun;ng	  

n  Coun;ng	  the	  word	  frequency	  to
	  extract	  the	  key	  words	  which
	  represent	  the	  features	  of	  the	  page	  
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Search	  Engine:	  Classifica;on 
n  Classifica;on	  

n  Classify	  text	  content	  into	  different
	  categories.	  
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Search	  Engine:	  Filter	  &	  Seman;c	  
extrac;on 

n  Filter	  
n  Iden;fy	  pages	  with	  specific
	  topic	  which	  can	  be	  used	  for
	  ver;cal	  search	  

n  Seman;c	  extrac;on	  
n  extract	  seman;c	  informa;on	  
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Inves;gated	  Algorithms 
	  

Data	  Mining	  &	  Machine	  Learning	  
	  

C4.5/CART/ID3,	  Logis;c	  regression,	  SVM,	  KNN,	  
HMM,	  Maximum-‐entropy	  markov	  model,	  

Condi;onal	  random	  field,	  PageRank,	  HITS,	  Aporiori,	  
FP-‐growth,	  Principal	  component	  analysis,	  Back	  
Propaga;on,	  Adaboost,	  MCMC,	  Connected	  
component,	  Random	  forest,	  CF,	  CNN,	  DBN 

Natural	  Language	  Processing	  
	  

Latent	  seman;c	  indexing,	  pLSI,	  Latent	  dirichlet	  
alloca;on,	  Index,	  Porter	  Stemming,	  Sphinx	  speech	  

recogni;on	  
 

Computer	  Vision	  
	  

MPEG-‐2,	  Scale-‐invariant	  feature	  transform,	  Image	  
segmenta;on,	  Ray	  Tracing	  

	  
	  

 

	  
	  
	  

Database	  So9ware	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

Needleman-‐Wunsch,	  Smith-‐Waterman,	  Basic	  local	  
alignment	  search	  tool	  (BLAST)	  

	  
	  

	  
	  
	  
	  

InvesQgated	  Algorithms 
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Frequently-‐appearing	  Opera;ons 

Similarity	  Analysis	  
	  

KNN,	  K-‐means,	  Recommenda;on,	  
Feature	  matching,	  Image	  

segmenta;on 

Neural	  Network	  
	  

Back	  propaga;on,	  CNN,	  DBN,	  Neural	  
network	   

MulQmedia	  RepresentaQon	  
	  

Sphinx	  speech	  recogni;on,	  MPEG-‐2,	  
SIFT,	  Image	  segmenta;on,	  Ray	  

tracing 

Matrix/Vector	  CalculaQon	  
	  

SVM,	  HMM,	  MEMM,	  CRF,	  
PageRank,	  HITS,	  Logis;c	  regression 

Linear	  Algebra 
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Frequently-‐appearing	  
Opera;ons(cont’) 

Similarity	  
Analysis 

•  Jaccard	  similarity 
• Locality	  sensi;ve	  
hashing	  … 

AssociaQon	  
Rules	  
Mining 

• Aporiori 
• FP-‐Growth 
• … 

Database 
• Set	  union 
• Set	  difference 
• … 

Set	  OperaQons 
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Frequently-‐appearing	  
Opera;ons(cont’) 

Sampling	  
	  

MCMC,	  LDA,	  
Random	  sampling,	  
Downsampling	  

… 

	  
Transform	  
OperaQon	  
FFT,	  Convolu;on	  
computa;on,	  DCT,	  
Speech	  recogni;on,	  

MPEG-‐2	  
…	  
 

	  

Graph	  
OperaQon	  

BFS,	  DFS,	  Decision	  
tree,	  Connected	  
Component	  

… 

	  

	  
Logic	  

OperaQon	  
Encrpy;on,	  index,	  

Fingerprint,	  SimHash,	  
MinHash	  

…	  
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Frequently-‐appearing	  
Opera;ons(cont’) 

n Two	  more	  primi;ve	  opera;ons 

StaQsQc	  OperaQon 
• Probability	  calcula;on 
• LSI,	  pLSI,	  Latent	  dirichlet	  alloca;on	  … 

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

Applica;on	  
Domain	  1 

Applica;on	  
Domain	  2 

Applica;on	  
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	  Analy;cs Representa;ve	  
Algorithms 

Frequently	  
appearing	  
opera;ons 

Different	  
combina;ons 

Dwarf	  1 

Dwarf	  2 

Dwarf	  
M 

…
 

…
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Dwarfs	  in	  Big	  Data	  Offline	  Analy;cs 

Sampling	  Opera;on 

Transform	  Opera;on	  

Graph	  Opera;on	  

Logic	  Opera;on	  

Set	  Opera;on 

Sta;s;c	  Opera;on	  

Sort	  Opera;on	  

Linear	  Algebra	  Opera;on 
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Dwarf	  Summary 
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Dwarf	  Combina;on 

n DAG-‐like	  graph	  of	  one	  or	  more	  dwarfs 

Dwarfs	  
(one	  or	  more) 

Flow	  
control Algorithm 

Feature	  extrac@on	  –	  SIFT	  Algorithm 
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Dwarf	  Library 

n Data	  generator	  &	  Data	  component 
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Outline 

n BigDataBench - a big data benchmark suite 

n Big Data Dwarfs & Dwarf Library 
 

n Dwarf-based Simulation Benchmarks 

n Evaluation on X86 Processor 

n Case Study on ARM Processor 
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Mo;va;on 

n Tradi;onal	  simula;on	  method	  

n  A	  case-‐by-‐case	  simula;on	  
•  Sampled	  trace	  or	  synthe;c	  trace	  

n  Focus	  on	  specific	  workload	  and	  architecture 

Not	  suit	  for	  big	  data	  scenario 
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Big data benchmarks

   • Standalone mode
   • Pseudo-distributed
     mode
   • Fully-distributed mode

Simulation 
Requirements

Simulation 
time

Performance 
accuracy

Solution 1:
Using oversimplified 
distributed mode

IPC error�33%

Solution 2:
Using DAG-like 
combinations of traditional 
kernel benchmarks

IPC error�29%

Mo;va;on	  (Cont’) 

n Two	  previous	  simula;on	  solu;ons	  for	  big	  data	  
analy;cs	  workloads	  
n  Using	  a	  fully-‐distributed	  mode	  Sort	  workload	  in	  
BigDataBench 
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Data	  Accuracy	  of	  Previous	  Solu;on 

	  
	  
	  
	  
	  
n  read_bw:	  read	  memory	  bandwidth	  
n  write_bw:	  write	  memory	  bandwidth	  
n  mem_bw:	  all	  memory	  bandwidth 
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Dwarf-‐based	  Simula;on	  
Methodology 

Dwarf Library

•  Various data
    inputs

•  Various frequently-
    appearing operations

Implementation

Big Data Dwarfs

•  Frequently-appearing 
   operations

•  Identified from forty
   algorithms

Simulation Benchmark ConstructionBenchmark from 
BigDataBench

Software Stack

Data Input

Dwarf 
Components

Configuations
Microarchitecture Metrics

Combination & Tuning  
Dwarf 

BenchmarkData Input

Combination of dwarf 
components

Dwarfs
&

DAG-like graph

High Level Dwarf 
Decomposition

Dwarf Operations

Input

Dwarf-Based Microarchitecture Simulation
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How	  to	  Map	  a	  Benchmark 

Data Blocks

Sampled Split Points

Sampling Sort

Partition

Trie tree Find 
partition

Sort

Shuffle and Output

Merge 
Sort

Write to 
disk

Input 
Data

JobClient

Map

Shuffle
&

Reduce

Hadoop TeraSort Dwarf TeraSort

Data Split per Thread

Dwarf Combination

Sampling Sorting 
operation

Graph 
construction

Graph 
traversal

Sorting 
operation

Merge 
Sort

Write to 
disk

n Hadoop	  TeraSort	  
n  Sampling	  
n  Trie	  tree	  

n Dwarf	  TeraSort	  
n  Dwarf	  component	  

•  Opera;ons	  
combina;on	  
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Dwarf	  Combina;on	  &	  Tuning 

n Adjus;ng	  stage	  
n  Generate	  a	  dwarf	  
combina;on 

n Feedback	  stage	  
n  Tes;ng,	  analyzing	  and	  
feedback 

Combination and Tuning Process

Benchmark from 
BigDataBench

Microarchitecture behaviors:
   • Instruction mix
   • Instruction level parallelism
   • Cache behavior
   • Branch execution
   • Memory bandwidth……

Dwarf 
components 
from dwarf 

library

DAG-like 
graph 

Test runtime 
and accuracy

Feature analysis

D
w

arf com
bination

Dwarf 
Benchmark

Deviation
analysis

Impact analysis

  • Input data size
  • Combination ratio
  • Chunk size
  • Thread number

Feedback

Yes

No

Adjusting Stage Feedback Stage
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Dwarf	  Benchmarks 

n Three	  representa;ve	  big	  data	  analy;cs	  
workloads 
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Outline 

n BigDataBench - a big data benchmark suite 

n Big Data Dwarfs & Dwarf Library 
 

n Dwarf-based Simulation Benchmarks 

n Evaluation on X86 Processor 

n Case Study on ARM Processor 
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Evalua;on	  on	  X86	  Processor 

n Configura;ons 
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Experiment	  Setup 

n One-‐master-‐four-‐slave	  cluster	  

n Hadoop	  Workloads	  
n  Fully-‐distributed	  workloads	  from	  BigDataBench	  

•  TeraSort:	  100GB	  records	  
•  Kmeans:	  100GB	  dense	  vector	  data	  
•  PageRank:	  2^26-‐vertex	  graph	  data 
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Metrics 

n Accuracy	  
n  Micro-‐architectural	  
metrics	  

•  Processor	  
performance	  

•  Cache	  behavior	  
•  Instruc;on	  mix	  
•  Branch	  predic;on	  
•  Memory	  bandwidth 
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Run;me	  Speedup	  on	  Xeon	  E5645 

n Speedup	  comparing	  to	  Hadoop	  benchmarks	  
n  136X	  for	  TeraSort	  
n  355X	  for	  Kmeans	  
n  160X	  for	  PageRank 
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Performance	  Accuracy 

n The	  accuracy	  of	  all	  selected	  metrics	  

n ValH	  –	  average	  value	  of	  Hadoop	  benchmark	  on	  
all	  slaves	  

n ValD	  –	  average	  value	  of	  corresponding	  dwarf	  
benchmark 
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Micro-‐architectural	  Data	  Accuracy	  
on	  Xeon	  E5645 

n Average	  data	  accuracy	  
n  94%	  for	  TeraSort,	  91%	  for	  Kmeans,	  93%	  for	  
PageRank 
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Instruc;on	  Mix	  Breakdown 
n  Preserve	  the	  instruc;on	  mix	  characteris;cs	  

n  less	  floa;ng-‐point	  instruc;ons	  
n  more	  integer	  opera;ons	  
n  higher	  demand	  for	  data	  movement	  than	  instruc;on	  execu;ons 
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Impact	  of	  Input	  Data 
n  Data	  impact	  on	  memory	  bandwidth	  for	  Hadoop	  Kmeans	  

n  Dense	  vector:	  all	  elements	  are	  none-‐zero	  
n  Sparse	  vector:	  90%	  elements	  are	  zero 
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Data	  Accuracy	  using	  Sparse	  data 

n Hadoop	  Kmeans	  and	  Dwarf	  Kmeans	  
n  Only	  change	  the	  input	  data	  sparsity	  
n  Average	  data	  accuracy	  above	  92% 
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Outline 

n BigDataBench - a big data benchmark suite 

n Big Data Dwarfs & Dwarf Library 
 

n Dwarf-based Simulation Benchmarks 

n Evaluation on X86 Processor 

n Case Study on ARM Processor 
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Case	  Study	  on	  ARMv8	  Processor 

n Run;me	  speedup	  comparing	  to	  Hadoop	  
benchmarks	  

n Performance	  accuracy	  

n Mul;-‐core	  scalability	  

n Run;me	  speedup	  across	  different	  processors	  
n  ARMv8	  and	  Xeon	  E5-‐2690	  V3	  (Haswell) 
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Configura;ons 

n ARMv8	  and	  Haswell	  processors 
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Experiment	  Setup 

n One-‐master-‐one-‐slave	  cluster	  

n Hadoop	  Workloads	  
n  Fully-‐distributed	  workloads	  from	  BigDataBench	  

•  TeraSort:	  50GB	  records	  
•  Kmeans:	  50GB	  dense	  vector	  data	  
•  PageRank:	  2^24-‐vertex	  graph	  data 
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Run;me	  Speedup	  on	  ARMv8 

n Speedup	  comparing	  to	  Hadoop	  benchmarks	  
n  336X	  for	  TeraSort	  
n  386X	  for	  Kmeans	  
n  690X	  for	  PageRank 



BigDataDwarf BPOE-8 

CPU	  U;liza;on	  on	  ARMv8 

n The	  similar	  u;liza;on	  of	  CPU	  resources 
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Data	  Accuracy	  on	  ARMv8 

n Average	  data	  accuracy	  
n  93%	  for	  TeraSort,	  95%	  for	  Kmeans,	  92%	  for	  
PageRank 
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Mul;-‐core	  Scalability	  on	  ARMv8 

n Similar	  mul;-‐core	  scalability	  trends 
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Run;me	  Speedup	  Equa;on 

n The	  run;me	  speedup	  across	  different	  
processors	  

n TimeHaswell	  –	  run;me	  on	  Haswell	  processor	  
n TimeARMv8	  –	  run;me	  on	  ARMv8	  processor 
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Run;me	  Speedup	  across	  Different	  
Processors 

n ARMv8	  	  V.S.	  Xeon	  E5-‐2690	  V3	  (Haswell)	  
n  Consistent	  speedup	  trends 
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Future	  Work 

n Expanding	  the	  dwarf	  set	  
n  We	  acknowledge	  our	  current	  eight	  dwarfs	  may	  be	  
not	  enough	  for	  other	  applica;ons	  we	  fail	  to	  
inves;gate	  

n More	  implementa;ons	  for	  the	  dwarf	  library	  
n Expanding	  dwarf-based	  simula;on	  
benchmarks 
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Conclusion 

n Big	  data	  dwarfs	  &	  Dwarf	  library	  
n  A	  comprehensive	  methodology	  
n  Eight	  kinds	  of	  frequently-‐appearing	  opera;ons	  

n Dwarf-‐based	  simula;on	  benchmarks	  
n  100s	  run;me	  speedup	  with	  respect	  to	  the	  
benchmarks	  from	  BigDataBench	  

n  average	  micro-‐architectural	  data	  accuracy	  is	  
above	  90%	  on	  both	  X86_64	  and	  ARM	  
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