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The Bw-Tree: What is it?

“A Latch-free, Log-structured B-tree for
Multi-core Machines with Large Main
Memories and Flash Storage”

Bw = “Buzz Word”



The Buzz Words: Attacking Two Trends

* Multi-core + large main memories

— Latch (lock) free
» Worker threads do not set latches for any reason
* No latch contention
— “Delta” updates
 No updates in place
* Reduces cache invalidation

« Flash storage
— Good at random reads and sequential reads/writes
— Bad at random writes

— Use flash as append log
— Implement log-structured storage layer over flash
— Must run efficiently on both expensive AND cheap devices



Architecture

Let’ s talk about memory first...
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“CRUD” API
B-tree search/update logic
In-memory pages only

Logical page abstraction for
B-tree layer

Brings pages from flash to
RAM as necessary

Sequential writes to log-
structured storage
Flash garbage collection



Logical Pages and Mapping Table
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Mapping Table

PID

Physical
Address

Delta Updates

AN

Consolidated Page P

Each page update produces a new address (the delta).

Install new page address in map using compare-and-swap.
Only one winner on concurrent update to the same address.
Eventually install new consolidate page with deltas applied.
Single-page updates are easy, solved node splits and deletes.



Microsoft SQL Server Hekaton

Main-memory optimized OLTP engine

* Engine is completely latch-free

« Multi-versioned, optimistic concurrency control
(VLDB 2012)

Bw-tree is the ordered index in Hekaton
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Microsoft to fold in-memory
database technology into SQL
Server Next

Summary: Heke

» Data will grow 50X in the next 10 years
> Why EMC for Big Data?
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Just a few months after launching SQL Server 2012, Microsolft s starting to peel back the covers on
what's coming in the next version of its database. And whil the Softies aren't sharing a due date,
they are talking about new in-memory database technology that will be built into the produc.
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At the opening day of the SQL PASS Summit, Microsoft
announced that it will be adding in-memory technology,

codenamed Hekaton, into SQL Server Next. Hekaton is currently SUMMIT 2012
in private technology preview with a small set of customers, Related Stories
which company cfficials are planning to expand to 100 before the —

end of this calendar year.
" tapping into minds of modern CMOs
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theirin-memory database products and strategies for @ number of years. Hicrosoft, too, has been
can work for healthcare, retai, govt

talking up its in-memory capabilties, on both the analyticstool and column-store technology fronts.
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How Fast is Project Codenamed "Hekaton” — It's ‘Wicked Fast'!

SQLServerTeam = 11Dec2012000AM % 2

Recently | posted a video about how the SQL Server Community was looking into emerging trends in BI and Database
technologies - one of the key technologies mentioned in that video was in-memory.

Many Microsoft customers have been using in-memory technologies as part of SQL Server since 2010 including xVelocity
Analytics, xVelocity Column Store and Power Pivot, something we recently covered in a blog post following the
“vaporware’ outburst from Oracle SVP of Communications, Bob Evans, Looking forward, Ted Kummert recently announced
project codenamed “Hekaton,” available in the next major release of SQL Server. "Hekaton” will provide a full in-memory
transactional engine, and is currently in private technology preview with a small set of customers. This technology will
provide breakthrough performance gains of up to 50 fimes.

For those who are keen to get a first view of customers using the technology, below is the video of online gaming
company bwin using "Hekaton'

Bwin i the largest regulated online gaming company in the world, and their success depends on positive customer
‘experiences. They had recently upgraded some of their systems to SQL Server 2012 - a story you can read here. Bwin had
already gained significant in-memory benefit using xvelocity Column Store, for example - a large report that used to take
17 minutes to render now takes only three seconds.

Given the benefits, they had seen with in-memory technologies, they were keen to trial the technology preview of
“Hekaton". Prior to using “Hekaton", their online gaming systems were handling about 15,000 requests per second, a huge
number for most companies. However, bwin needed to be agile and stay at ahead of the competition and so they wanted
access to the latest technology speed.

Using "Hekaton® bwin were hoping they could at least double the number of transactions. They were ‘pretty amazed' to
see that the fastest tests so far have scaled to 250,000 transactions per second.

So how fast is "Hekaton” - just ask Rick Kutscher, the Database Engineering Manager at bwin - in his words its Wicked
Fast' However, this is not the only point that Rick highlights, he goes on to mention that "Hekaton" integrates seamlessly
into the SQL Server engine, 50 if you know SQL Server, you know "Hekaton"

— David Hobbs-Mallyon, Senior Product Marketing Manager
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Architecture

API
B-tree search/update logic
In-memory pages only

Logical page abstraction for
B-tree layer

Brings pages from flash to
RAM as necessary

Sequential writes to log-
structured storage
Flash garbage collection




Handling pages located on flash

Memory
Mapping Table
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Log Structured Store (LSS) on Flash



Flushing pages

Mapping Table
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Other items
« LSS Garbage Collection

— Cleans orphaned data unreachable from mapping table.

— Relocates entire pages in sequential blocks (to reduce
random reads from LSS).

* Access Method Recovery
— Occasionally checkpoint mapping table.

— Recover by:

« Restoring mapping table.

« Scan LSS forward from position recorded in checkpoint to
the end of the log.

* End result is latest LSS offset for pages in mapping table.



The Big Picture

App Needing , , App Needing High
Transactional App NeeolllngSAtomlc Performance Log
Key-Value Store Key-Value Store o1 ctured “Page” Store
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Transactional Component

Data Component

LLAMA Storage Engine
(Latch-Free, Log-Structured, Access-Method Aware)
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