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What'’s the Point?
e Data Systems want PERFORMANCE with SCALABILITY

« Data conflicts increase with performance
» Conflicts lead to stalls and thread switches

 We introduce Notices: reminiscent of latches— but never
block

* due to delta updating and “directing execution”
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Classic Basics (Compare and Swap)

Data Systems want PERFORMANCE with SCALABILITY
Hard with latches because data conflicts increase with performance

Underlying Latch-free technology
« Compare and Swap (CAS)

oy STATE P
 Traditional Approach e Old
« Have pointer to old state: Optr State

* Create new state off-line with a

New
State

pointer to it: Nptr

» Use Compare and Swap (CAS) to
overwrite Optr with Nptr

e CAS switches from Optr to Nptr

Nptr

atomically
« But only if Optr is what is
rememopere . .
. : : Contention may induce -
* Permitting only a single thread’s multiple threads to Building new
CAS to succeed build new state- state
- But no thread is BLOCKED!! redundantly Can be costly
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Delta Updates: very low-cost updating
CAS switches from Optr to Nptr
Permitting only one CAS to succeed: VERY FAST for

Update
Logical Page ID Not fast for
Reading Pages
LPID|Ptr With manA
S
P | LI=AS

on Y

r
Page P usually contains the bulk of the
records — referred to as the “base page”
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Consolidating Delta Updates into “Base”

P@as%epage usually contains most of P’s records

 Base page is not updated in-place.
» Rather it is consolidated with delta updates into a new base page

» Optimized for reading
« Updating and reading can both continue while consolidation is in progress

LPID|Ptr Consolidated Problem:
// Page P 1. P consolidated prior to CAS
P il 2. Every thread competing to do
Al A |_>| A H A | consolidation builds new page P
v 3. Only one thread succeeds

‘ Page P | 4. Other threads have done work in vain

4
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Notices to Avoid Duplicate New States
* Race to post CONSOLIDATION NOTICE (cNOTICE)
 Like competing to set a latch BUT
e Delta updates permit both reads and updates to continue

 cNOTICE isolates part of page being split from further updates
* Only Winner of cNOTICE “race” (CAS) builds consolidated base

page
el ¢ g work
(a)
BEFORE CNOTICE:
Mi'llp'"h‘. __,.—-"'_'—-— constant ‘ “—»_“‘-\_
Table A R
’!fJode pt[ 7 m_,_\,'m Old "’ /\ Post-consolidate deltas
Base Page
. /' APre-consolidate deltas
(b) AFTER New
Updates. | — —
Mapping
Table W - N
Nodeptr [~ Hh‘\q o ' .
: , \ Base Page /) Consolidated
\._ \Vl‘h ‘ ‘ —-_‘/"/ Page
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Latch-free B-tree Page Splits

Prior to Conflict Resolution with sNOTICE spilit- after New Node PTR Allocation

Posting Notice analogous to setting a latch
e But Delta updates and Reads continue
e Like latches, Notices protect (part of) page stat

No data movement

» Allocate N in Mapping Table
» Install sNOTICE at N
« sNOTICE provides: <split key, N>

sNOTICE at O with CAS provides conflict resolution 0:0ld node
 This logically splits node O Mapping
« Directing updates to N that are more than split key Table
* N not visible until sSNOTICE installed at O

» After CAS, data splits between O & N

N:Newnode [

« O’s shared page is read-only, protected by sNOTICE
» Just as a latch might protect it
« Again, delta updates permit continuous operation executior

e We can now divide records between O and N
« WITHOUT MONDIFYING O
» Rather, we replace O with new O without N records
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SNOTICE::split key: New

shared

Old:
NowShared
Base Page

N Not visible until
sNOTICE is installed
at0

[\Post-split deltas

lPre-split deltas

Work
before
CAS



Additional Latch-Free Thoughts

. Contributions
e Storage management done in Epochs trom Justin
« IT IS HARD TO GET A COMPLETELY FREE LUNCH Levandoski

- Perhaps only a good low-cost lunch
* No simple allocation and delete
e Epochs tell us when storage we wish to free is no longer visible
At intervals, we close old epoch, begin new
» Code runs in epochs- allocating/freeing storage in epochs

Not all Latch-free opportunities are in access method nodes
Contributions

_ from Sudipta
* Log Structured Store: Buffer batches page writes Sengupta

« Thread switch & I/O latency only for writing batch— not for each page
« Using Fetch & Increment atomic instruction to fill buffer

Which is faster than CAS and permits multiple winners
« Use batching as much as possible— our LSS (a form of LFS)
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