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Workloads

Analytics

9ȄŜŎǳǘƛǾŜ ǎǳƳƳŀǊȅ

.ƛƎ5ŀǘŀŀƴŘ!L5ǿŀǊŦǎ

Matrix
computations

Transform
computations

{ŀƳǇƭƛƴƎ
ŎƻƳǇǳǘŀǘƛƻƴǎ

Graph
computations

Set
computations

Logic
computations

{ƻǊǘ
ŎƻƳǇǳǘŀǘƛƻƴǎ

.ŀǎƛŎǎǘŀǘƛǎǘƛŎ
ŎƻƳǇǳǘŀǘƛƻƴǎ

DiverseImplementationsandDwarfCombinations

BigDataBench4.0

!L Graph
analytics

Offline
analytics

Onine
service

{ǘǊŜŀƳƛƴƎ
5ŀǘŀ

ǿŀǊŜƘƻǳǎŜ
NoSQL

Service

DŜǘ

Put

Post

SimulationBenchmarks

ü 100Xruntime
speedup

ü 90+%dataaccuracy
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BigDataBenchPublications

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

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

Â Characterizing data analysis workloads in data centers.  2013 IEEE 
International Symposium on Workload Characterization (IISWC 2013)̂Best 
paper award̃

Â BigDataBench: a Dwarf-based Big Data and AI Benchmark Suite.TechnicalReport.
https://arxiv.org/pdf/1802.08254.pdf

Â BOPS, Not FLOPS! A New Metric, Measuring Tool, and Roofline Performance 
Model For Datacenter Computing.TechnicalReport.
https://arxiv.org/pdf/1801.09212.pdf

Â Big Data Dwarfs: Towards Fully Understanding Big Data Analytics Workloads.
TechnicalReport.https://arxiv.org/pdf/1802.00699.pdf

https://arxiv.org/pdf/1504.04974.pdf
https://arxiv.org/pdf/1802.08254.pdf
https://arxiv.org/pdf/1801.09212.pdf
https://arxiv.org/pdf/1802.00699.pdf
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.ƛƎ5ŀǘŀ.ŜƴŎƘпΦл hǾŜǊǾƛŜǿ

13  Real-world Data Sets

BDGS(Big Data Generator Suite) for scalable data

Facebook Social Network

ImageNet

Wikipedia Entries

9πŎƻƳƳŜǊŎŜ  ¢ǊŀƴǎŀŎǘƛƻƴ

/LC!wπмл

!ƳŀȊƻƴ aƻǾƛŜ wŜǾƛŜǿǎ

ProfSearchResumes

LSUN

Google Web Graph

TEDTalks

MNIST

{ƻDƻǳ5ŀǘŀ aƻǾƛŜ[Ŝƴǎ5ŀǘŀǎŜǘ

47Workloads with 7 types

Micro benchmarks

Component
benchmarks

Application 
benchmarks

AI workloads

Offline analytics

Online service

Streaming

Graph analytics

Data warehouse

NoSQLworkloads
MPI

Shark

Impala
NoSql

16 Software Stacks

DataMPI

HadoopRDMA
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²ƘŀǘΩǎ bŜǿ ƛƴ .ƛƎ5ŀǘŀ.ŜƴŎƘпΦл

¦ǎƛƴƎω ŘǿŀǊŦŎƻƳōƛƴŀǘƛƻƴǎǘƻǊŜǇǊŜǎŜƴǘōƛƎŘŀǘŀŀƴŘ!LǿƻǊƪƭƻŀŘǎ

{ǇŜŎƛŦƛŎŀǘƛƻƴω ŦƻǊƳƛŎǊƻΣ/ƻƳǇƻƴŜƴǘŀƴŘ!ǇǇƭƛŎŀǘƛƻƴ.ŜƴŎƘƳŀǊƪǎ

5ǿŀǊŦπōŀǎŜŘōŜƴŎƘƳŀǊƪƛƴƎƳŜǘƘƻŘƻƭƻƎȅ

ωAI,Onlineservice,Offlineanalytics,Graphanalytics,Streaming,
Datawarehouse,NoSQL

Sevenworkloadtypes

ω100Xruntime speedup,90+%averageaccuracy

Dwarf-basedsimulationbenchmarks
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hǾŜǊǾƛŜǿ

5ǿŀǊŦÂ πōŀǎŜŘ.ŜƴŎƘƳŀǊƪƛƴƎaŜǘƘƻŘƻƭƻƎȅ

²ƻǊƪƭƻŀŘÂ /ƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ
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BenchmarkChallenge

Â Complexityanddiversityof bigdataandAIsystems
Â Complexsoftwarestacks

Â Diversityandfrequentlychangedworkloads

Â Rapidevolutionof bigdataandAIsystems

Â Benchmarkfairness
Â Benchmarks must include diversity of data and workloads

ÅDataandworkloadshavegreatimpactson systemandarchitecture
evaluation

Â Benchmarkconsistentacrossdifferent communities
Â Differentbenchmarkrequirementsfor system,architectureandAI

community

Â Forthe co-designof softwareandhardware
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²ƘŀǘΨǎDwarfandWhyDwarf

Â DwarfDefinition
Â Captures the common requirements of each class of unit of 

computation

ÅBeing reasonably divorced from individual implementations

Â A minimum set to represent maximum patterns

.ŜƴŎƘƳŀǊƪƛƴƎ ǎŎŀƭŀōƛƭƛǘȅ

tƻǊǘŀōƛƭƛǘȅ Ŏƻǎǘ

Better interpretation of 
performance data

Weneedto understand
²ƘŀǘΩǎthe abstractions of 
frequently-appearing units of 
computationamongbig data
and AI workloads(big data
and AI dwarf)?
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Relational Model of Structured Data

ÂE. F. Codd, A relational Model of Data for 
Large shared data banks. Communication of 
ACM, vol13. no.6, 1970.

ÂSetconcept : general mathematical meaning

ÂGeneral representation of data

Â Basis of relational algebra (theoretical foundation 
of database)

Â 5 basic operations

ÅSelect, Project, Product, Union, Difference 
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¢t/π/ .ŜƴŎƘƳŀǊƪ

Â!ƴ hƴπ[ƛƴŜ ¢ǊŀƴǎŀŎǘƛƻƴ tǊƻŎŜǎǎƛƴƎ .ŜƴŎƘƳŀǊƪ

¦ƴƛǘǎÂ ƻŦ/ƻƳǇǳǘŀǘƛƻƴ 

ŀ ƳƛŘÂ πǿŜƛƎƘǘ ǊŜŀŘπǿǊƛǘŜ ǘǊŀƴǎπŀŎǘƛƻƴ όƛΦŜΦΣ bŜǿπhǊŘŜǊύ 

ŀ ƭƛƎƘǘÂ πǿŜƛƎƘǘ ǊŜŀŘπǿǊƛǘŜ ǘǊŀƴǎŀŎǘƛƻƴ όƛΦŜΦΣ tŀȅƳŜƴǘύ 

ŀ ƳƛŘÂ πǿŜƛƎƘǘ ǊŜŀŘπƻƴƭȅ ǘǊŀƴǎŀŎǘƛƻƴ όƛΦŜΦΣ hǊŘŜǊπ{ǘŀǘǳǎύ 

ŀ ōŀǘŎƘ ƻŦ ƳƛŘÂ πǿŜƛƎƘǘ ǊŜŀŘπǿǊƛǘŜ ǘǊŀƴǎŀŎǘƛƻƴǎ όƛΦŜΦΣ 
5ŜƭƛǾŜǊȅύ 

ŀ ƘŜŀǾȅÂ πǿŜƛƎƘǘ ǊŜŀŘπƻƴƭȅ ǘǊŀƴǎŀŎǘƛƻƴ όƛΦŜΦΣ {ǘƻŎƪπ[ŜǾŜƭύ 
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How to Abstract Big Data and AI

Dwarf

ÂBig Data &AI Dwarf

ÂUnits of computation

ÂDwarf Abstraction

Â Algorithmic analysis

Â Experimentalanalysis
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Big Data and AI Dwarfs

Samplingcomputations

¢ǊŀƴǎŦƻǊƳ ŎƻƳǇǳǘŀǘƛƻƴǎ

DǊŀǇƘŎƻƳǇǳǘŀǘƛƻƴǎ

Logic computations

Set computations

Basicstatisticcomputations

{ƻǊǘŎƻƳǇǳǘŀǘƛƻƴǎ

Matrix computations



BigDataBench .th9πф

²Ƙȅ5ǿŀǊŦπōŀǎŜŘ.ŜƴŎƘƳŀǊƪƛƴƎ

ÂUsingthe combinationto representa widevarietyof
bigdataandAIworkloads

Â Noneedto createa new benchmark or proxy for every 
possible workload

Combinationswith
different weights

Diversebig
dataandAI
workloads

/ƻǾŜǊŀƎŜü ƻŦŦǳƴŘŀƳŜƴǘŀƭ
ǳƴƛǘǎƻŦŎƻƳǇǳǘŀǘƛƻƴ

tǊƻǾƛŘŜü ǘƘŜƳŜǘƘƻŘƻƭƻƎȅ
ƻŦŎƘƻƻǎƛƴƎǘȅǇƛŎŀƭ
ǿƻǊƪƭƻŀŘǎ

wŜŘǳŎŜü ǿƻǊƪƭƻŀŘ
ǊŜŘǳƴŘŀƴŎȅ

BigDataandAI Dwarf

ü Matrix
ü Sampling
ü Transform
ü Graph
ü Logic
ü Set
ü Basicstatistics
ü Sort
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aŜǘƘƻŘƻƭƻƎȅ tǊƛƴŎƛǇƭŜ

Separating specification from implementation.

ωModel relevant domains

State-of-the-art algorithms and technologies

ωLƳǇƭŜƳŜƴǘŀǘƛƻƴ ƪŜŜǇ ƛƴ ǇŀŎŜ ǿƛǘƘ ǘƘŜ ƛƳǇǊƻǾŜƳŜƴǘ

Data impact

ωwŜǇǊŜǎŜƴǘŀǘƛǾŜ Řŀǘŀ ǎŜǘǎ ŎƻƴǎƛŘŜǊƛƴƎ ǘȅǇƛŎŀƭ ǘȅǇŜǎ ŀƴŘ 
ǎƻǳǊŎŜǎ
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BenchmarkingMethodology

ÂCircling around the dwarfs

Â Specificationof micro,componentandapplication
benchmark
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Micro Benchmarks

!L

NoSQL

hŦŦƭƛƴŜ ŀƴŀƭȅǘƛŎǎ

DǊŀǇƘ ŀƴŀƭȅǘƛŎǎ

Streaming
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Component Benchmarks

!L

Data 
warehouse

hŦŦƭƛƴŜ ŀƴŀƭȅǘƛŎǎ

DǊŀǇƘ ŀƴŀƭȅǘƛŎǎ

Online service

Streaming
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OneCombinationExample

ÂFeatureextractionςSIFTWorkload

{ŜǾŜǊŀƭ ŘǿŀǊŦǎΥ ǘǊŀƴǎŦƻǊƳŎƻƳǇǳǘŀǘƛƻƴǎόCC¢Σ LCC¢ύΣ ǎŀƳǇƭƛƴƎŎƻƳǇǳǘŀǘƛƻƴǎόŘƻǿƴǎŀƳǇƭƛƴƎύΣ 
ƳŀǘǊƛȄŎƻƳǇǳǘŀǘƛƻƴǎόƳŀǘǊƛȄ ƳǳƭǘƛǇƭƛŎŀǘƛƻƴκǎǳōǘǊŀŎǘƛƻƴύΣ ǎƻǊǘŎƻƳǇǳǘŀǘƛƻƴǎόǎƻǊǘύΣ ōŀǎƛŎ
ǎǘŀǘƛǎǘƛŎ ŎƻƳǇǳǘŀǘƛƻƴǎόŎƻǳƴǘύ
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SoftwareStacks
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BigDataBench4.0- Dataset

¦ƴπǎǘǊǳŎǘǳǊŜŘ
{ŜƳƛπǎǘǊǳŎǘǳǊŜŘ

¦ƴπǎǘǊǳŎǘǳǊŜŘ

{ǘǊǳŎǘǳǊŜŘ
{ŜƳƛπǎǘǊǳŎǘǳǊŜŘ

Un-structured
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5ǿŀǊŦπōŀǎŜŘ {ƛƳǳƭŀǘƛƻƴ

ÂSimulationChallengefor BigDataandAIWorkloads

Â Complexsoftwarestacksςlimited supportof simulators

Â LongrunningtimeςSeveralweeksevenmonths

ÂA light-weigh simulation benchmark on the basis of 
big data dwarfs(OpenMP& Pthreads)

Â Providea unified memory management module

Â Shorten the simulation time by 100s times 

Â Average micro-architectural data accuracy is above 90% on 
X86 and ARMv8 processors
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5ǿŀǊŦπōŀǎŜŘ{ƛƳǳƭŀǘƛƻƴ 
aŜǘƘƻŘƻƭƻƎȅ

5!DÂ πƭƛƪŜŎƻƳōƛƴŀǘƛƻƴǎƻŦŘǿŀǊŦǎ

5ƛŦŦŜǊŜƴǘÂ ǿŜƛƎƘǘǎ

/ƻƳǇǳǘŀǘƛƻƴÂ ƭƻƎƛŎ
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{ƛƳǳƭŀǘƛƻƴŦƻǊ.ƛƎ5ŀǘŀ

ÂData generation tools

ÂDwarf implementations(OpenMP& Pthreads)
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{ƛƳǳƭŀǘƛƻƴŦƻǊ!L

ÂDwarf implementations(OpenMP& Pthreads)

нύCǳƭƭȅ
ŎƻƴƴŜŎǘŜŘ

мύ
/ƻƴǾƻƭǳǘƛƻƴ

3) Relu

4) Dropout

5) Sigmoid

6) Tanh

фύ.ŀǘŎƘ
bƻǊƳ

тύaŀȄ

уύ!ǾƎ
ǇƻƻƭƛƴƎ

bŜǳǊŀƭ
bŜǘǿƻǊƪ
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Dwarf Combination &Tuning

ÂModellingandTuning

ÂMetric:

Â Parameter:
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aŜǘƘƻŘƻƭƻƎȅ/ƻƳǇŀǊƛǎƻƴ

Â Traditionalsimulationmethodology

Â Kernelbenchmark

Â Synthetictrace

Â Syntheticbenchmark
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5ǿŀǊŦ .ŜƴŎƘƳŀǊƪǎ

CƻǳǊ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ōƛƎ Řŀǘŀ ǿƻǊƪƭƻŀŘǎÂ
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Overview

ÂDwarf-basedBenchmarkingMethodology

ÂWorkloadCharacterization
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¢ƻǇπ5ƻǿƴ aŜǘƘƻŘ

ÂIssue point as the dividing point

CǊƻƳ ά! ¢ƻǇπ5ƻǿƴ aŜǘƘƻŘ ŦƻǊ tŜǊŦƻǊƳŀƴŎŜ !ƴŀƭȅǎƛǎ ŀƴŘ /ƻǳƴǘŜǊǎ !ǊŎƘƛǘŜŎǘǳǊŜέ 

²ƘŜǘƘŜǊ ǘƘŜ ƳƛŎǊƻ 
ƻǇŜǊŀǘƛƻƴ ƛǎ ǊŜǘƛǊŜŘ Κ

Not ready with 
more uops

Not ready to 
process a new uop

hƴƭȅ ǊŜǘƛǊƛƴƎ ƛǎ 
άǳǎŜŦǳƭ ǿƻǊƪέ
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Modern Processor Architecture

CǊƻƴǘŜƴŘ ōƻǳƴŘÂ

CǊƻƴǘŜƴŘ ƭŀǘŜƴŎȅ ōƻǳƴŘÂ

CǊƻƴǘŜƴŘ ŘŜƭƛǾŜǊǎ ƴƻ Å ǳƻǇǎƛƴ ŀ ŎȅŎƭŜΣ ǿƘƛƭŜ ǘƘŜ .ŀŎƪŜƴŘ ǿŀǎ ǊŜŀŘȅ 
ǘƻ ŎƻƴǎǳƳŜ ǘƘŜƳ

LƴǎǘǊǳŎǘƛƻƴ CŜǘŎƘ ϧ
tǊŜ5ŜŎƻŘŜ

Instruction Queue

Decode

ƛ/ŀŎƘŜκƛ¢[./ŀŎƘŜ

Allocation Queue

.ǊŀƴŎƘ 
tǊŜŘƛŎǘƛƻƴ

uop
cache

C
Ǌ
ƻ
ƴ
ǘ
Ŝ
ƴ
Ř

.
ŀ
Ŏ
ƪ
Ŝ
ƴ
Ř

Rename/Allocate/Retiremen
t

Scheduler

9ȄŜŎǳǘƛƻƴtƻǊǘлϤb

ALU,FPADD,Divide,[ƻŀŘΧ

iCachemiss/iTLB
miss

[м5
/ŀŎƘŜ

5¢[.

L2
Cache

L2 TLB

[о 
/ŀŎƘŜ
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Modern Processor Architecture

CǊƻƴǘŜƴŘ ōƻǳƴŘÂ

CǊƻƴǘŜƴŘ ōŀƴŘǿƛŘǘƘ ōƻǳƴŘÂ

LǎǎǳŜŘ Å ǳƻǇǎƭŜǎǎ ǘƘŀƴ ǘƘŜƻǊŜǘƛŎŀƭ ǾŀƭǳŜ όп ŦƻǊ {ŀƴŘȅ .ǊƛŘƎŜύ ƛƴ ŀ 
ŎȅŎƭŜΣ ǊŜǇǊŜǎŜƴǘƛƴƎ ŀƴ ƛƴŜŦŦƛŎƛŜƴǘ ǳǎŜ ƻŦ ǘƘŜ CǊƻƴǘŜƴŘϥǎ ŎŀǇŀōƛƭƛǘȅ

LƴǎǘǊǳŎǘƛƻƴ CŜǘŎƘ ϧ
tǊŜ5ŜŎƻŘŜ

Instruction Queue

Decode

ƛ/ŀŎƘŜκƛ¢[./ŀŎƘŜ

Allocation Queue

.ǊŀƴŎƘ 
tǊŜŘƛŎǘƛƻƴ

uop
cache

C
Ǌ
ƻ
ƴ
ǘ
Ŝ
ƴ
Ř

.
ŀ
Ŏ
ƪ
Ŝ
ƴ
Ř

Rename/Allocate/Retiremen
t

Scheduler

9ȄŜŎǳǘƛƻƴtƻǊǘлϤb

ALU,FPADD,Divide,[ƻŀŘΧ

L1D
Cache

5¢[.

[н
/ŀŎƘŜ

L2 TLB

L3 
Cache
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aƻŘŜǊƴ tǊƻŎŜǎǎƻǊ !ǊŎƘƛǘŜŎǘǳǊŜ

ÂBackend bound

Â Core bound
ÅCycles the back end is bound on core non-memory issues (i.e. Out 

of Order (OOO) resource and execution)

LƴǎǘǊǳŎǘƛƻƴ CŜǘŎƘ ϧ
tǊŜ5ŜŎƻŘŜ

LƴǎǘǊǳŎǘƛƻƴ vǳŜǳŜ

Decode

iCache/ iTLBCache

!ƭƭƻŎŀǘƛƻƴ vǳŜǳŜ

Branch 
Prediction

ǳƻǇ
ŎŀŎƘŜ

F
ro

n
te

n
d

.
ŀ
Ŏ
ƪ
Ŝ
ƴ
Ř

wŜƴŀƳŜκ!ƭƭƻŎŀǘŜκwŜǘƛǊŜƳŜƴ
ƴǘ

Scheduler

ExecutionPort 0 ~ N

![¦ΣCt!55Σ5ƛǾƛŘŜΣ[ƻŀŘΧ

tƻǊǘ ǳƴŘŜǊπǳǘƛƭƛȊŀǘƛƻƴ
5ƛǾƛŘŜǊ ōƻǳƴŘ

L1D
Cache

5¢[.

[н
/ŀŎƘŜ

L2 TLB

L3 
Cache
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aƻŘŜǊƴ tǊƻŎŜǎǎƻǊ !ǊŎƘƛǘŜŎǘǳǊŜ

ÂBackend bound

Â Memory bound
Åbound in the memory hierarchy

LƴǎǘǊǳŎǘƛƻƴ CŜǘŎƘ ϧ
tǊŜ5ŜŎƻŘŜ

LƴǎǘǊǳŎǘƛƻƴ vǳŜǳŜ

Decode

iCache/ iTLBCache

!ƭƭƻŎŀǘƛƻƴ vǳŜǳŜ

Branch 
Prediction

ǳƻǇ
ŎŀŎƘŜ

F
ro

n
te

n
d

.
ŀ
Ŏ
ƪ
Ŝ
ƴ
Ř

wŜƴŀƳŜκ!ƭƭƻŎŀǘŜκwŜǘƛǊŜƳŜƴ
ƴǘ

Scheduler
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aƻŘŜǊƴ tǊƻŎŜǎǎƻǊ !ǊŎƘƛǘŜŎǘǳǊŜ

ÂBad speculation 

Â cycles wasted because of incorrect predictions 

LƴǎǘǊǳŎǘƛƻƴ CŜǘŎƘ ϧ
tǊŜ5ŜŎƻŘŜ

LƴǎǘǊǳŎǘƛƻƴ vǳŜǳŜ

Decode

iCache/ iTLBCache

!ƭƭƻŎŀǘƛƻƴ vǳŜǳŜ

Branch 
Prediction

ǳƻǇ
ŎŀŎƘŜ

F
ro

n
te

n
d

.
ŀ
Ŏ
ƪ
Ŝ
ƴ
Ř
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ƴǘ

Scheduler

ExecutionPort 0 ~ N
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Configurations

IŀǊŘǿŀǊŜ

Å3-nodeHadoopcluster
ïNetwork:1 GbEthernetnetwork

ïProcessor: Intel XeonE5-2620v3
(Haswell)

{ƻŦǘǿŀǊŜ

{ƻŦǘǿŀǊŜÅ ǾŜǊǎƛƻƴ
/Ŝƴǘh{ï тΦнΣYŜǊƴŜƭпΦмΦмо

W5Yï ǾŜǊǎƛƻƴΥмΦуΦлψср

IŀŘƻƻǇï ǾŜǊǎƛƻƴΥнΦтΦм

/ƻƳǇŀǊŜŘÅ ōŜƴŎƘƳŀǊƪǎ
{t9/ï /t¦нллс

It//ï мΦпΦл

t!w{9/ ï нΦл

{ŜǾŜƴï ǿƻǊƪƭƻŀŘǘȅǇŜǎ

Benchmark
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ExecutionPerformance

L[tÂ ŀƴŘa[t

!LΥÂ L[t ǎƭƛƎƘǘƭȅ ƭƻǿŜǊ ǘƘŀƴ {t9//t¦Σa[tǎƛƳƛƭŀǊ ǿƛǘƘ It//

.ƛƎ Řŀǘŀ Ƙŀǎ ƭƻǿŜǊ L[t Â ŀƴŘ a[t ǘƘŀƴ !L ŦƻǊ ŀƭƳƻǎǘ ŀƭƭ ǘȅǇŜǎΣ
ŜȄŎŜǇǘIƛǾŜ ōŀǎŜŘ Řŀǘŀ ǿŀǊŜƘƻǳǎŜǘȅǇŜ
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PipelineEfficiency(Level1)

!L ǊŜŦƭŜŎǘ ǎƛƳƛƭŀǊ ǇƛǇŜƭƛƴŜ ōŜƘŀǾƛƻǊǎ ǿƛǘƘ ǘƘŜ ǘǊŀŘƛǘƛƻƴŀƭ Â ōŜƴŎƘƳŀǊƪǎ
ǊŜǘƛǊƛƴƎ όÂ ор҈ ǾΦǎΦ офΦу҈ύΣ ōŀŘ ǎǇŜŎǳƭŀǘƛƻƴ όсΦо҈ ǾΦǎΦ сΦм҈ύΣ ŦǊƻƴǘŜƴŘ ōƻǳƴŘ όōƻǘƘ ŀōƻǳǘ 
ф҈ύΣ ŀƴŘ ōŀŎƪŜƴŘ ōƻǳƴŘ όпфΦт҈ ǾΦǎΦ прΦм҈ύ

Â .ƛƎ Řŀǘŀ ŀƴŘ !L ƘŀǾŜ ŀ ǎƳŀƭƭ ŦǊŀŎǘƛƻƴ ƻŦ ōŀŘ ǎǇŜŎǳƭŀǘƛƻƴ

hŦŦƭƛƴŜŀƴŀƭȅǘƛŎǎϧDǊŀǇƘŀƴŀƭȅǘƛŎǎ
όIŀŘƻƻǇΣ {ǇŀǊƪύ

Datawarehouse
(Hive, Spark sql) AI

bƻ{v[Σ hƴƭƛƴŜ
ǎŜǊǾƛŎŜΣ{ǘǊŜŀƳƛƴƎ
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RetiringBreakdown(Level2)

Â wŜǘƛǊƛƴƎ ƛƴǎǘǊǳŎǘƛƻƴǎ ŦǊƻƳ ƳƛŎǊƻŎƻŘŜ ǎŜǉǳŜƴŎŜǊ όa{ύ ǳƴƛǘ ŀǊŜ ŀōƻǳǘ мл 
ǘƛƳŜǎ ƭŀǊƎŜǊ ǘƘŀƴ ǘƘŀǘ ƻŦ ǘǊŀŘƛǘƛƻƴŀƭ ōŜƴŎƘƳŀǊƪǎ

Â LƴŎǳǊǊƛƴƎƴƻǘŀōƭŜ ǇŜƴŀƭǘƛŜǎ ŘǳŜ ǘƻ a{ ǎǿƛǘŎƘŜǎ ŀƴŘ ŦǳǊǘƘŜǊ ƘǳǊǘǎ ǇŜǊŦƻǊƳŀƴŎŜ

hŦŦƭƛƴŜŀƴŀƭȅǘƛŎǎϧDǊŀǇƘŀƴŀƭȅǘƛŎǎ
όIŀŘƻƻǇΣ {ǇŀǊƪύ

Datawarehouse
(Hive, Spark sql) AI

bƻ{v[Σ hƴƭƛƴŜ
ǎŜǊǾƛŎŜΣ{ǘǊŜŀƳƛƴƎ


