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BigDataBench Tutorial Program

n 8:30-9:30	Wanling Gao
n Introduction of BigDataBench 4.0

n 9:30-10:00	Chen Zheng
n How	to	use	BigDataBench 4.0

n 10:00-10:30	Coffee break

n 10:30-11:15 Chen Zheng
n Big	data	and	AI	proxy	benchmarks	for	simulation
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First	part

n Introduction of BigDataBench 4.0		

n BigDataBench Benchmarking	Methodology

n Simulation Benchmarks

n Characterization
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Why	Big	Data and AI	Benchmarking?

Measuring	big	data and AI	systems,
architectures	quantitatively
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Challenge #1 Complexity

Big data
and AI

workloads

Complex

Fast
changing

Expanding

1) Portability cost

2) Reproducibility	and	
interpretability	of	
performance	data
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Traditional Benchmarking
Methodology

n Creating a new benchmark	or	proxy	for	every	
possible	workload
n Case-by-case solution
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What’s the Units of Computation?

n So how to define a representative big data
and AI benchmark suite ?

CoverageRepresentative

Big data and AI dwarf: frequently-appearing units of
computation in big data and AI workloads
-- a	minimum	set	to	represent	maximum	patterns
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Challenge #2 Fairness

n No	one-size-fits-all	solution
n Impact of data set
n Impact of workloads
n Impact of software stacks

n Many	classes	of	big	data	and	AI	applications	
without	comprehensive	characterization
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Challenge #3 Consistency

n Requirement difference between community
n System: performance	evaluation	on	large-scale	
system	deployments

n Architecture: heavily	relies	upon	simulator-based	
research,	needing shorter	(simulation)	runtime

n AI researcher: runtime and model’s	prediction	
precision

The	benchmarks	should	be	consistent	across	different	
communities	for	the	co-design	of	software	and	hardware
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Simulation	for	Big	Data	and AI

n Challenges
n Simulators have limited supports on complex
software stacks

• For example: Hadoop modes
– Standalone	mode
– Pseudo-distributed	mode
– Fully-distributed	mode

n Different modes have large behavior differences
n Long	running	time is unbearable

n 1000+ times execution time than physical machine
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What	is	BigDataBench?	
n An	open	source	big	data	benchmarking	project	

• http://prof.ict.ac.cn

• Search	Google	using	“BigDataBench”
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BigDataBench 4.0	Overview

13		Real-world	Data	Sets

BDGS(Big	Data	Generator	Suite)	for	scalable	data

Facebook	Social	Network

ImageNet

Wikipedia	 Entries

E-commerce		Transaction

CIFAR-10

Amazon	Movie	Reviews

ProfSearch Resumes

LSUN

Google	Web	Graph

TED Talks

MNIST

SoGou Data MovieLens Dataset

47 Workloads with 7 types

Micro benchmarks

Component
benchmarks

Application 
benchmarks

AI workloads
Offline analytics
Online service
Streaming
Graph analytics
Data warehouse
NoSQL workloads

MPI

Shark

Impala
NoSql

16 Software Stacks
DataMPI

Hadoop RDMA
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What’s	New	in	BigDataBench 4.0

• Micro, Component and Application Benchmarks

Dwarf-based benchmarking methodology

• AI, Online service, Offline analytics, Graph analytics,
Streaming, Data warehouse, NoSQL

Seven workload types

• 100X runtime speedup, 90+% average accuracy

Dwarf-based simulation benchmarks
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BigDataBench 3.2

BigDataBench 3.1

BigDataBench 3.0

CloudRank	1.0DCBench 1.0BigDataBench 1.0

BigDataBench 2.02013.12

2013.7
Search	engine
6	workloads	

11	data	analytics	
workloads

Mixed	data	analytics	
workloads	

Typical	Internet	service	domains
An	architectural	perspective
19	workloads	&	data	generation	tools

2014.4 Multidisciplinary	effort
32	workloads:	diverse	implementations	

5	application	domains:	14	data	sets	and	33	workloads
Same	specifications:	diverse	implementations
Multi-tenancy	version
BigDataBench subset	and	simulator	version		

2014.12

2015.12

BigDataBench 4.0

New software stack: Flink, JStorm, GraphX, GraphLab
New workload type: Streaming, Graph processing
New dataset and workloads

Dwarf-based benchmarking methodology
Micro, component, application benchmark specification
13 real-world data sets, 47 benchmarks, 7 workload types

2018.03

BigDataBench Evolution
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BigDataBench Users

n http://prof.ict.ac.cn/BigDataBench/users/
n Industry	users

n Accenture,	BROADCOM,	SAMSUMG,	Huawei,	IBM

n About	100	academia	groups	published	papers	
using	or	citing	BigDataBench
n VLDB/SIGMOD,	SC,	FAST,	ASPLOS,	ISCA/Micro/	
HPCA,	ICPP	and	etc.	
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Why	BigDataBench?
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BigDataBench Publications
n BigDataBench: a	Dwarf-based	Big	Data	and	AI	Benchmark	Suite. Technical

Report. https://arxiv.org/pdf/1802.08254.pdf
n BOPS,	Not	FLOPS!	A	New	Metric,	Measuring	Tool,	and	Roofline	Performance	

Model	For	Datacenter	Computing. Technical Report.
https://arxiv.org/pdf/1801.09212.pdf

n Big	Data	Dwarfs:	Towards	Fully	Understanding	Big	Data	Analytics	Workloads.
Technical Report. https://arxiv.org/pdf/1802.00699.pdf

n BigDataBench:	a	Big	Data	Benchmark	Suite	from	Internet	Services.		20th	IEEE	
International	Symposium	On	High	Performance	Computer	Architecture	
(HPCA-2014).

n Understanding	Big	Data	Analytics	Workloads	on	Modern	Processors. TPDS
2017. https://arxiv.org/pdf/1504.04974.pdf

n Characterizing	data	analysis	workloads	in	data	centers.		2013	IEEE	
International	Symposium	on	Workload	Characterization	(IISWC	2013)（Best	
paper	award）
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First	part

n Introduction of BigDataBench 4.0		

n BigDataBench Benchmarking	Methodology

n Simulation Benchmarks

n Characterization



BigDataBench ASPLOS	2018

Dwarf-based Benchmarking
Methodology

n A scalable dwarf-based benchmarking
methodology
n Combinations of dwarfs with different weights



BigDataBench ASPLOS	2018

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	
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Dwarf Abstraction

n Big Data &AI Dwarf
n Units of computation

n Dwarf Abstraction
n Algorithmic analysis
n Experimental analysis
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Units	of	Computation

n Importance	of	eight	classes	units	of	computation
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Units	of	Computation (cont’)

n Importance	of	eight	classes	units	of	computation
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Big Data and AI Dwarfs

Sampling computations

Transform	computations

Graph computations

Logic	computations

Set	computations

Basic statistic computations

Sort computations

Matrix computations
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One Combination Example

n Feature extraction – SIFT Workload

Several	dwarfs:	transform computations(FFT,	IFFT),	sampling computations(downsampling),	
matrix computations(matrix	multiplication/subtraction),	sort computations(sort),	basic
statistic	computations(count)
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Methodology	Principle

Separating	specification	from	implementation.
• Model	relevant	domains

State-of-the-art	algorithms	and	technologies
• Implementation	keep	in	pace	with	the	improvement

Data	impact
• Representative	data	sets	considering	typical	types	and	
sources
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Five	Steps

Investigate	
important	
application	
domain

Big data and AI
dwarfs

Big	data	
benchmark	
specification

Diverse	
implementation

Simulation
Benchmark
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Benchmarking Methodology

n Specification
n Micro, component and application benchmark
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Five	Application	Domains

http://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

http://www.oldcolony.us/wp-content/uploads/2014/11/whatisbigdata-DKB-v2.pdf

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
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DDBJ/EMBL/GenBank	database	Growth
Nucleotides Entries

http://www.ddbj.nig.ac.jp/breakdown_stats/dbgrowth-e.html#dbgrowth-graph

Internet	Service
Search	engine,	Social	network,	E-commerce

Multimedia

Bioinformatics
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BigDataBench 4.0 - Dataset

Un-structured
Semi-structured

Un-structured

Structured
Semi-structured

Un-structured
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Big	Data	Generator	Suite

n BDGS	Architecture
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BDGS:	Text	Data	Generator
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Micro	Benchmarks

AI

NoSQL

Offline	analytics

Graph	analytics

Streaming
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Component	Benchmarks

AI

Data	
warehouse

Offline	analytics

Graph	analytics

Online	service

Streaming
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Software Stacks
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First	part

n Introduction of BigDataBench 4.0		

n BigDataBench Benchmarking	Methodology

n Simulation Benchmarks

n Characterization
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Dwarf-based Simulation	
Methodology

n DAG-like combinations of dwarfs
n Different weights
n Computation logic
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Simulation Benchmark for Big Data

n Simulation benchmarks for Hadoop workloads
n 100X runtime speedup
n 90+% data accuracy

n OpenMP & Pthread Implementations
• Provide a unified	memory	management	module

– Mimic JVM	garbage	collection	(GC) process
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Memory Management Module
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Dwarf	Components for Big Data

n Data	generation	tools
n Dwarf	implementations (OpenMP & Pthreads)
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Simulation Benchmarks for AI

n Dwarf	implementations (OpenMP & Pthreads)

2) Fully
connected

1)
Convolution

3) Relu
4) Dropout

5) Sigmoid
6) Tanh

9) Batch
Norm

7) Max
8) Avg
pooling

Neural
Network
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First	part

n Introduction of BigDataBench 4.0		

n BigDataBench Benchmarking	Methodology

n Simulation Benchmarks

n Characterization
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Workload Characterization

Hardware
• 3-node Hadoop cluster

– Network: 1 Gb Ethernet network
– Processor:	Intel Xeon E5-2620 v3

(Haswell)

Software
• Software version

– CentOS 7.2, Kernel 4.1.13
– JDK version: 1.8.0_65
– Hadoop version: 2.7.1

• Compared benchmarks
– SPEC CPU2006
– HPCC 1.4.0
– PARSEC	2.0

– Seven workload types
Benchmark
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Execution Performance

n ILP and MLP
n AI: ILP	slightly	lower	than	SPECCPU, MLP similar	with	HPCC
n Big	data	has	lower	ILP	and	MLP	than	AI	for	almost	all	
types, except Hive	based	data	warehouse type
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Pipeline Efficiency (Level 1)
n AI	reflect	similar	pipeline	behaviors	with	the	traditional	benchmarks

n retiring	(35%	v.s.	39.8%),	bad	speculation	(6.3%	v.s.	6.1%),	frontend	bound	(both	about	
9%),	and	backend	bound	(49.7%	v.s.	45.1%)

n Big	data	and	AI	have	a	small	fraction	of	bad	speculation

Offline analytics & Graph analytics
(Hadoop,	Spark)

Data warehouse
(Hive,	Spark	sql) AI

NoSQL,	Online
service, Streaming
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About Detailed Characterization

n BPOE workshop tomorrow will give detailed
characterization results

n Look	forward	to	your	participation !



BigDataBench ASPLOS	2018

Download

n http://prof.ict.ac.cn/download

n Packing & Testing now !
n Release soon (April 1st, 2018)
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Conclusion

n BigDataBench 4.0
n An open source dwarf-based big data and AI
benchmark suite

n Website: http://prof.ict.ac.cn
n Technical Reports:

n https://arxiv.org/pdf/1802.08254.pdf
n https://arxiv.org/pdf/1801.09212.pdf
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