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Big Data Infrastructure: The Evolution

Foundation:;

Large-Scale
Distributed
Storage

« Data Flow
Machinery

 Declarative
Data Parallel
Language
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SCOPE/Cosmos in Production: 2010 - 2013

Scale Fcosystem

Maximum Utilization and Throughput with High Reliability At Low Cost Bing, Ad Center, MSN, Maps, Windows Phone, Xbox Live, Windows Live, Office365, STB, ...

Across 4 clusters

609%-80% CPU Utilization

565 Terasort

1000 nodes

Simplicity

Developers, Researchers, Data Scientists, PM, Product Management, Marketing, and Sales

U sers Familiar Tools

Excel, Web Apps, Reporting

Big Data as a
Service

Customers

Developers Scope (20 Lines) MapReduce (200 Lines)

Courtesy of Big Data Team

Microsoft Research

Faculty Summit 2016 A (i Y ) - Microsoft



SCOPE: Database Meets Map/Reduce

REFERENCE @"/shares/searchDM/SearchLogApi.d11l";
USING MS.Internal.Bing.DataMining.SearchLogApi;

SCOPE Studio / Tools //Search Merge Log Impressions
SML =

VIEW "/shares/searchDM/SearchLogPageView.view®

SCOPE Script PARAMS (Start = @"2013-07-10", End = @"2013-07-11%)
%% 5

//Windows Blue distinct users

i WindowsBlueClicks = .

) prontend senyices Serecr SQL relational algebra
7 Request_ClientId AS Client,

1 QueryParser.GetFcsNormalizedQuery(Query RawQuery) AS Query,
\ SCOPE Compller SCOPE SUM(PageClicks_Count > @ ? 1 : @) AS Clicks,
7 Optimizer MAX(Metrics DwellTime) AS DwellTime

1 FROM
" SCOPE Runtime —
> WHERE =

SCOPE Scheduler farket == “en-us’ Predicates
L AND Request_OSInfo.ProductName == "Windows 8.1"
7 5
CosmOS Data Platform //Windows Blue user sessions

WindowsBlueSessions =
REDUCE WindowsBlueClicks ON Client

UQMMﬁ%QWMWwM)CUStom Reduce Function

Data Communication

B

//Cook for later use

OUTPUT WindowsBlueSessions
TO SSTREAM @@WindowsBlueSessions@@
CLUSTERED BY Vertical SORTED BY Client

’ Courtesy of Big Data Team
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Big Data Infrastructure: The Evolution

Holistic Code

Optimization

« Database
Query
Optimization

* Program
Analysis and

Compiler
Optimization

...... 2011 2012 2013 2014 2015 2016

OSDI'12
NSDI'12
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PeriSCOPE: Pipeline-aware Holistic Code Optimization
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Optimization Steps

Step 1: Construct
inter-procedural flow graph

_/ Step 2: Add safety constraints
for skipping shuffling code

Data Shuffling

"\ Step 3: Transform code for
reducing shuffling I/0
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Column Reduction: Reduce Number of Columns

:

row[“domain”] =
ExtractURL(row["url™]);

it L

\

strini domain =

ExtractURL(row[“url”]);

ill ‘ ’

I
i |
|
]
1
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Farly Filtering: Reduce Number of Rows

N

SS

if (row[“impr”] > MAX_IMPR)
continue;

—
 —
I
e
Data Shuffling *
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E e —— if (row[“impr~] > MAX_IMPR)
: 7 I— continue;
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Smart Cut: Reduce Size of Each Row

N

row["p"] =
row[“query”].Contains(KEYS);

\

bool p =|
row[“query”].Contains(KEYS);
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Coverage Study’

Optimization |Eligible jobs
Column 4,052 (14.05%)
Reduction

Early Filtering 3,020 (10.47%)
Smart Cut 1,544 ( 5.35%)
Overlapped Total | 6,397 (22.18%)

* Study on 28,838 jobs collected from SCOPE clusters in
2010/2011.

soft Res

AR 7 ik SO E¥ T
FaCU|ty Summlt 2016 PN | R AN m Microsoft
J ,'.“gl' ' =



Significant |/O Reduction Observed

B Original

[ Column Reduction
B Early Filtering

Smart Cut
All
3320 GB 31 GB 38 GB

332 GB 1025 GB 404 GB 2585 GB 13 GB
il L 9%

99%

Relative Shuffling I/O Size

case 7 case 8

case 1 case 2 case 3 case 4 case 5 case 6
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Research to Production

- State-of-art research in OSDI Surprise: Not good enough!

- \alidated with real jobs « Absolutely do no harm:
correctness and performance

Coverage and overhead

Complexity and tool maturity
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Big Data Infrastructure: The Evolution

Scheduling and
Resource
Management

Coordinated
scheduling

Opportunistic
tasks

Corrective
actions

...... 2012 2013 2014

OSDI"12 OSDI'14
NSDI'12

2015 2016
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Scheduling at Scale

Jobs process gigabytes to petabytes of data

and issue peaks of 100,000 scheduling requests/
seconds

Clusters run up to 170,000 tasks in parallel
track 14,000,000 pending tasks
and each contains over 20,000 servers
Incrementally rolled out from September to December 2013
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Scheduling Quality

« 60-90% median CPU « Opportunistic tasks fill the

utilization gaps (e.qg., during weekends)
» Largely balanced load  Negligible queuing time for
reqular tasks
100% 100% - | l -
80% ,'I," 80% -
60% -/t 60%
2% L 80th percentile g . E e 40% "‘-'h“f‘»,,,VJ‘“.V'“"\,,'\/"‘v"1\:‘\‘,' ‘ A ;
20% median ------- — 20% |- Regular Task _
20th percentile -------- Opportunistic Task -------
0% A R N = NS fog et o ol oo o [ emw | ¢ ool oo n oy lo, ],
Mon  Wed Fri Sun Tue Thu Sat Mon Mon Wed Frii Sun Tue Thu Sat Mon

Microsoft Research

Faculty Summit 2016



Big Data Infrastructure: The Evolution

Beyond Batch
Processing

Graph
Computation
Machine
Learning and

Deep
Learning

Streaming

...... 2011 2012 2013 2014 2015 2016
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Big Stream Computation
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WEB IMAGES VIDEDS MAPS NEWS SHOPPING MORE
blf’\g ‘ nike shoes ,O‘
29,800,000 RESULTS
Nike Footwear at Zappos | Zappos.com Ad Ads Social Results Post B
www.Zappos.com Nike Shoes

Free Shipping & Free Returns on All Nike Shoes at Zappos!

zappos.com is rated

on Bizrate (7692 reviews)

www.Eastbay.com
Get the Latest Styles & Colors of Nike

5 RESULTS

* (ontinuous input

Kids Mike Shoes - Nike Running Shoes - Womens Nike Shoes - Nike Air Max Shoes at Eastbay - Shop Today!

AW R
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eastbay com is rated on ° L
NIKE Inc — Inspiration and Innovation for Every Athlete in the Bizrate (7014 )
MIKE.nc— o o o v e Near real-time computation
o nike.com Nike Shoes posts and photos from your friends

Experience sports, training, shopping and everything else that's new at Nike.

mages of nike shoes

Shop For Sporty Nike Shoes Today. Free [@ 16 Dec 2011
bing.com/images Shipping on Orders Over §75 Can | use a Nike+ without Nike:
] ; shoes? °
.._.-"4_‘ The Nike Shoes WWW.quOra.com o tron conSIStent
25 ot ﬁ‘__/ Shoes.Pronto.com The answer is yes, the trade offs
| _R_:,* R | =SS 450,000+ Shoes at Great Prices. Shop, are it is difficult to find...

Compare and Save at Pronto

Nike Shoes | Foot Locker

www.footlocker.com/nike-shoes ~

Nike Shoes for Men, Women & Kids. Free Shipping on the latest styles. Shop the best
selection from MNike - Nike Air, Nike Shox, Nike Free, Nike Zoom & more.

Nike com
www.nike com/us/en_us ~

Nike Store. Shoes, Clothing & Gear. SWOOSH. SHOP. SPORTS. NIKEID. NIKE+

HELP. CART Which Nike.com country or region do you want to visit? See all ...

Shop for nike shoes
bing.com/shopping

Department: W
Style: Sneal

- .
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www 6pm_com/Shoes
Come for Nike Shoes. Stay for Deals Up
to 75% off.

Nike Shoes at JCPenney®
jepenney.com/Nike Shoes

90% Off Active Gear Today
www. TheClymb.com

Closeout Prices on All The Top Running &
Active Life Brands w The Clymb

Women's Shoes at Macy's
macys.com/\Womens-Shoes

Shop for a Perfect Pair Today. Free
Shipping with Crders over 599!

m is rated Wokokokok on Bi

RELATED SEARCHES

Jordans Shoes
Nike Women

V(i

when you search on Bing.

Connect with Facebook

From social networks

Tyler Neilson

Phillip Yip

[@ 05 Apr2012

shoes have a

WWW.QUOTE.COm
(source: ..

Allan Brettman
writes for Oregonian

22 Feb 2012

trair hoes 1
QOregonlive.com
MNEW YORK — Nike this morning
announced its latest leap into th
world of digital....

* Scaling to thousands of nodes
* Fault tolerant

Search data

streams

m Microsoft




Input streams

Streaming Data Flow

e N
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! A A !

! ~—— :

o ! .

I g N~ | e

1 o 1

o ¢ 1~ [m } [ }
: E Timeline QO Vertices
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' - i Rebuild the state

: ! Missing or

: duplicate events

| Output streams
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Input streams

Decoupling Vertically

Vertices

rStream
Provides the illusion of reliable
and asynchronous communication
channels
\

Output streams

Microsoft Research
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Decoupling Horizontally ertes

Replayable vertex, can
replay from any snapshot

Timeline

1= <{2}, {a}, 4> S, = <{3}, {b}, > S3= <{4}, {d}, tz>

\ /Restart from any snapshot

Microsoft Research
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Power of Abstraction

» Easy to reason about correctness

» Enabling powerful optimizations seamlessly
Move reliable persistent writes off the critical path

« Allowing different instantiations throughout lite cycle

« Offline mode to test, profile, and debug individual vertices

« Optimized implementation when deployed; simple ones for validation
» Replication based failure recovery

 Duplicate execution to handle stragglers and planned maintenance

Microsoft Research
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Seh LT URIEIE  Stage Timing View | Vertex RunTime Stats by Stage = Metrics = State History

\"7« @\ Display: Progress ~ Succeeded M Failed Running Waiting

/Hiqh complexity
48 stages

18 joins of 5 different types
21.3 TB in-memory state

\ S
Bytes Read: 61,336,252,895,109 MaSSIVe Scalabllltv
Bytes Wettem: 60,124.23.285,830 Reads 61TB + Write 61TB
TSR Modken: :.2.875 7 billions of input events
6 billions of output events

3000+ long-running tasks )

Fault tolerance
Handles both planned failures and

unplanned outages automatically

U
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Research and Production: Lessons and Experiences

Research Production
 Deep insights « Keep it simple and operation
- Well founded architecture and friendly
methodology « Unexpected will happen at scale
 Simple abstractions « Service mindset: test, validate,

. Fundamental principles deploy, and operate at scale

 No regression, no significant
complexity, no unpredictable
behavior

J ‘ et ]
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Big Data Infrastructure: What's Next

 Convergence of database, systems, programming language, hardware
architecture, machine learning and artificial intelligence

+ Heterogeneous workloads on heterogeneous hardware: scheduling anad
resource management

» Continuous, interactive, and rich-structured big data processing
=» Research and production better together for greater impact

r ’ ™

Systems
Research
Group (MSRA)

Microsoft
Big Data Team

Image credits:
http://i.telegraph.co.uk/multimedia/archive/02055/babies-hug_2055065i.jpg

Microsoft Research

FaCU|ty Summit 2016 | 55‘..,‘. | | L} i m Microsoft

o
L)
tttt



Microsoft Research

Faculty

Summit
2016




