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MoTunsauus

3agava

@ MHOXeCTBO N3MeHsIeMbIX ODBEKTOB B NaMATH
@ ATtomapHoCTb HabopoB onepaunii ¢ obbekTamm

PeweHue
Software Transactional Memory?:

@ [lamMsATb Kak TpaH3aKLMOHHOE XpaHUANLLE
@ VHuBepcabHast ajbTepHaTUBa pyyHbIM DAOKMPOBKaM

o ACI

“http:
//en.wikipedia.org/wiki/Software_transactional_memory

4
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N nes

(OuyeHb) onTUMUCTNYHBIE TPaH3aKLMM

Ecnu npounTaHHble 3HaYeHNsI He MEHSINCh, TO
commit

B npotusHom cnydae — retry

Boamoxer abort B ntoboii MOMeHT

Kak cnegctere — max concurrency
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Py4dHble bnokuposku

@ HyXxHO oymMaTb O NepekpbIBaOLLMXCA OnepaLnsx
@ HyxHo «aep»aTb B roioBe» BeCb KO[

@ Deadlocks, livelocks, progress, etc.

@ OuyeHb TpyAHO BOCMPON3BECTU W OTNAANTL

@ Priority inversion!

http://en.wikipedia.org/wiki/Priority_inversion
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[Moaxon STM

@ Simple

e Maintainable

e Composable

@ He HyxHo aymatb o deadlocks u livelocks

@ Priority inversion — abort HU3KONPUOPUTETHOI

TpaH3aKLuu
Ho (noutn) Heponyctumsl side effects (g 7. 4. 10)
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Peannzauunm

@ MHOXecTBO peanusaunii ans BCEX S3bIKOB
@ Bcrpoero B Clojure

e ScalaSTM?

2http://nbronson.github.io/scala-stm/
STH e B | O G


http://nbronson.github.io/scala-stm/

Scala STM Expert Group

Akka

Stanford

Tel-Aviv University
EPFL

Cisco

etc.
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Beepenne ScalaSTM

C BbICOTbI MTUYBErO NMONETA

o MuBéT Mexay atomic-bnokom u Heap

@ [lepexBaTblBaET YTEHUS 1 3aMUCK

YTeHunsa v 3anncy n3 pasHbix NOTOKOB
nepemelwannc, — rollback 3anucen n retry
NHave — commit

BugHbl ToNIbKO 3aKOMMUYEHbIE U3MEHEHUS
[MpuHumMaem BO BHUMaHVE Tonbko Refbi
Peanusauyusa B euge bmbanorekn

TSet n TMap
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Beepenne ScalaSTM

IlocTonHcTBa

Say what you mean
o (nested) atomic

o Readers scale

e CPU cache friendly

e Exceptions automatically trigger cleanup
o By default

e Waiting for complex conditions is easy
e retry, chaining

e Simple

@ Just a library
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Beepenne ScalaSTM

HenoctaTku

e Two extra characters per read or write
@ x: Ref
e Read: x(O)
o Write: x() =y
e Single-thread overheads
e Ho nonesen rollback npu uckntoHeHUsx
e Rollback doesn’t mix well with 1/0

@ Ho ecTb xyku
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Mpumepsbi API

Basic

1 import scala.concurrent.stm. _

s val x = Ref(0) // allocate a Ref[Int]
« val y = Ref.make[String] () // type-specific default
s val z = x.single // Ref.View[Int]

7 atomic { implicit txn =>
s wval i = x() // read

o yO = "xwas " + i // write

10 val eq = atomic { implicit txn => // nested atomic

11 // both Ref and Ref.View can be used inside atomic
12 xO) == z0

13}

14 assert(eq)
15 y.set(y.get + ", long-form access")

16 F
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Mpumepsbi API

Advanced

1 // only Ref.View can be used outside atomic
> println("y was ’" + y.single() + "’")

3 println("z was " + z())
4

5 atomic { implicit txn =>

6 yO =yO + ", first alternative"

7 if (x getWith { _ > 0 }) // read via a function
8 retry // try alternatives or block

o } orAtomic { implicit txn =>

o y(O =y + ", second alternative"

11}

13 val prev = z.swap(10) // atomic swap

14 val success = z.compareAndSet(10, 11) // atomic compare-and-set
15 z.transform { _ max 20 } // atomic transformation

16 val pre = y.single.getAndTransform { _.toUpperCase }

17 val post = y.single.transformAndGet { _.filterNot { _ == > > } }
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Use Ref for shared variables

1 import scala.concurrent.stm._
2

3 class ConcurrentIntList {

4 private class Node(

val elem: Int,

o

6 prev0O: Node,

7 next0: Node) {

8 val isHeader = prev0 == null

9 val prev = Ref (if (isHeader) this else prev0)
10 val next = Ref(if (isHeader) this else next0)
11 }

13 private val header = new Node(-1, null, null)
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Wrap your code in atomic

1 def addLast(elem: Int) {
> atomic { implicit txn =>

3 val p = header.prev()

4 val newNode = new Node(elem, p, header)
5 p-next() = newNode

6 header.prev() = newNode

7}

8 }
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Compose atomic operations

1 def addLast(el: Int, e2: Int, elems: Int*) {

> atomic { implicit txn =>

3 addLast (el)

4 addLast (e2)

5 elems foreach { addLast(_) }
CO

7 }
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Optimize single-operation transactions

Ref .View:

@ [lonydyeHue yepes Ref .single

@ Mo)xHO ncnosb3oBaTh BHe atomic

o [loanepxmBaeT TpaH3aKUUM U3 OLHOW onepauum
@ swap, compareAndSet, transform, etc.

[Mpumep:
1 /%
> def isEmpty = atomic { implicit t =>
3 header.next () == header
a ¥
5 %/
6
7

def isEmpty = header.next.single() == header
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Wait for conditions to change

1 def removeFirst(): Int =
> atomic { implicit txn =>

3 val n = header.next()
4 if (n == header)

5 retry

6 val nn = n.next()

7 header.next() = nn

8 nn.prev() = header

9 n.elem

0}
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Wait for multiple events

1 def maybeRemoveFirst(): Option[Int] = {
> atomic { implicit txn =>

3 Some (removeFirst())

4} orAtomic { implicit txn =>

5 None

6}

7}
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Composition: select

1 object ConcurrentIntList {
> def select(stacks: ConcurrentIntListx):

3 (ConcurrentIntList, Int) =

4 atomic { implicit txn =>

5 for (s <— stacks) {

6 s.maybeRemoveFirst () match {

7 case Some(e) => return (s -> e)
8 case None => _

9 }

10 }

11 retry

12 }

Llecbko B. A. (CompSciCenter) STM 9 pekabps 2013 r. 20 / 63



Be careful about rollback (1)

1 def badToString: String = {
val buf = new StringBuilder("ConcurrentIntList (")
3 atomic { implicit txn =>

N

4 var n = header.next()

5 while (n '= header) {

6 buf ++= n.elem.toString

7 n = n.next()

8 if (n '= header) buf ++= " "
9 }

10 }

11 buf ++= ")" toString

12 }
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Be careful about rollback (2)

1 override def toString: String = {
> atomic { implicit txn =>

3 val buf = new StringBuilder("ConcurrentIntList (")
4 var n = header.next()

5 while (n != header) {

6 buf ++= n.elem.toString

7 n = n.next()

8 if (n '= header) buf ++= " "

0 }

10 buf ++= ")" toString

11 }

12 }
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N L L Ll 'clexed Map

Llens

@ In-memory DB
@ User-defined indices

Llecbko B. A. (CompSciCenter) STM

9 pekabps 2013 r.
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API

1 scala> case class User(id: Int, name: String, likes: Set[String])

> scala> val m = new IndexedMap[Int, User]

3 scala> m.put(10, User(10, "alice", Set('"scala", "climbing")))

4 resO: Option[User] = None

5 scala> val byName = m.addIndex { (id,u) => Some(u.name) }

6 byName: (String) => Map[Int,User] = <functionl>

7 scala> val bylLike = m.addIndex { (id,u) => u.likes }

s byLike: (String) => Mapl[Int,User] = <functionl>

o scala> m.put(11, User(11l, "bob", Set("scala", "skiing")))

10 resl: Option[User] = None

11 scala> byName("alice")

12 res2: Map[Int,User] = Map((10,User(10,alice,Set(scala,
climbing))))

13 scala> byLike("scala").values map { _.name }

14 res3: Iterable[String] = List(alice, bob)
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A high-level sketch

1 import scala.concurrent.stm._

> class IndexedMap[A, B] {

3 private val contents = TMap.empty[A, B]

4 // TODO def addIndex(view: ?7): 7

s def get(key: A): Option[B] = contents.single.get (key)
6 def put(key: A, value: B): Option[B] =

7 atomic { implicit txn =>

8 val prev = contents.put(key, value)
9 // TODO: update indices

10 prev

11 }

12 def remove(key: A): Option[B] =

13 atomic { implicit txn =>

14 val prev = contents.remove (key)
15 // TODO: update indices

16 prev

17 }
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Types for the view function and index

[NomeguTupyem:

1 def addIndex(view: ((A, B) => Iterable[C])):
2 (C => MaplA, Bl) = ...
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Tracking and updating indices (1)

1 private class Index[C] (view: (A, B) => Iterable[C])
> extends (C => Map[A, B]) {

3 def += (kv: (A, B)) // TODO

4 def -= (kv: (A, B)) // TODO

5 F

6
7 private val indices = Ref(List.empty[Index[_1])

8
o def addIndex[C] (view: (A, B) => Iterable[C]):

10 (C => Map[A, B]) =
11 atomic { implicit txn =>

12 val index = new Index(view)

13 indices() = index :: indices()
14 contents foreach { index += _ }
15 index

16 }
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Tracking and updating indices (2)

1 def put(key: A, value: B): Option[B] =

> atomic { implicit txn =>

3 val prev = contents.put(key, value)

4 for (p <— prev; i <— indices()) i -= (key -> p)
5 for (i <— indices()) i += (key -> value)

6 prev

7}

8

o def remove(key: A): Option[B] =

10 atomic { implicit txn =>

11 val prev = contents.remove (key)

12 for (p <— prev; i <— indices()) i -= (key -> p)
13 prev

14 3
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1
2
3
4
5
6
7
8
9

) Llecbko B. A. (CompSciCenter) STM 9 pekabps 2013 r.

Index internals

private class Index[C] (view: (A, B) => Iterable[C])
extends (C => Mapl[A, Bl) {
val mapping = TMap.empty[C, Map[A, BI]
def apply(derived: C) =
mapping.single.getOrElse(derived, Map.empty[A, BI)
def += (kv: (A, B)) (implicit txn: InTxn) {
for (¢ <— view(kv._1, kv._2))
mapping(c) = apply(c) + kv
}
def -= (kv: (A, B)) (implicit txn: InTxn) {
for (¢ <— view(kv._1, kv._2)) {
val after = mapping(c) - kv._1
if (after.isEmpty)
mapping -= ¢
else
mapping(c) = after
}
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[Tpobnema
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http://en.wikipedia.org/wiki/Dining_philosophers_problem

STM solution

1 class Fork { val inUse = Ref(false) }
2

3 def meal(left: Fork, right: Fork) {
4 // thinking

5 atomic { implicit txn =>

6 if (left.inUse() || right.inUse())

7 retry // forks are not both ready, wait
8 left.inUse() = true

9 right.inUse() = true

10 3

11 // eating
12 atomic { implicit txn =>

13 left.inUse() = false
14 right.inUse() = false
15 }

16 }
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Waiting

retry B atomic ~ wait() B synchronized, Ho retry:
@ besonacHee

e STM onpegensiet moandukaumn Ref, Beayime K
npobyxaeHuto (BMmecto notifyAll)
o HeBO3MOXHbI «NOTEPsiHHBbIEY NPODYXAEHNS

@ JDpdekTrBHEE

e Het «auwHux» npobyxaeHunii
o MoxHO OXuAaTh Ha HODbIX YCNOBUSX, @ HE TONBKO HA
npegonpenenéHHbIX

Llecbko B. A. (CompSciCenter) STM 9 pekabps 2013 r. 32 /63



Search with backtracking (1)

Optimistic concurrency control as a search with
backtracking:

val (x, y) = (Ref(10), Ref(0))

def sum = atomic { implicit txn =>

1

2

3

4+ wval a=x0
s wval b =y(0
6

7

8

9

a+b

3

def transfer(n: Int) {
10 atomic { implicit txn =>

11 X -=n
12 y t=n
13 }

14 }
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Search with backtracking (2)

1 // sum

> atomic

begin txn attempt
read x -> 10

|

|

|

|

|

|

I read y -> x read is invalid
10 | roll back

| begin txn attempt

| | read x -> 8

| | read y -> 2

| commit

+-> 10

Llecbko B. A. (CompSciCenter) STM

// transfer(2)
atomic
begin txn attempt
| read x -> 10
| write x <— 8

|

|

|

|

|

| commit
+_

| read y -> 0
| write y <— 2
> 0O

9 pekabps 2013 r.
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Retry. CemaHTuka

@ BbizoB retry — curHan o dead end, gaxe ecnu Bce
YTEHUS N 3aMNUCU KOHCUCTEHTHBbI

@ STM oTtkaTuTcs n nonpobyet cHoBa

@ Ecnu HekoTopble n3 npoyunTatHbix Refos
N3MEHNANCL, TO atomic BAOK MOXKeT NoliTh Mo
Apyromy nyTu u n3bexats retry

YcnoBue oxxnfaHus retry

HesiBHO 3afaHO noTokom ynpaesieHus B atomic-baoke
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Retry. DdbdekTuBHOCTb

[MpuMmepsi:
e if (x() <= 10) retry
o if (x() ==0&& y(O) == 0 && z() == 0)
retry
Peanunsauyuns:

@ STM oTvcnexuneaeT, K kakum Refam obpaianucs
@ [log kanoTom — DAOKMpPYHOLLMECS KOHCTPYKL MM
@ retry: Nothing
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Alternatives

orAtomic/atomic.one0f:

@ Heckonbko nyTeli nowncka

@ [lepBblii 3akaH4MBaeTCa retry — oTKaT M NAEM MO
BTOPOMY U T. .

@ YuuTbiBaeTCs TOMbKO sABHbIA retry (a He
HEKOHCUCTEHTHbIE YTEHNS)

Llecbko B. A. (CompSciCenter) STM 9 pekabps 2013 r. 37 /63



Alternatives. lNpumep

1 val msg = atomic { implicit txn =>

2 if x(O == 0)

3 retry
4 x -=1
5 "took one from x"

6 } orAtomic { implicit txn =>
7 if (yO == 0)

8 retry
9oy -=1
10 "took one from y"

11 } orAtomic { implicit txn =>

if (z() == 0)

13 retry

14 z -=1

15 "took one from z"
16 }
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Timeouts

3ayem timeout npu retry:

@ Error logging/handling
e No work — waiting thread shutdown
@ Timeouts in spec of higher-level interface

Cnocobbl orpaHuyeHnst retry:

e MopaudunuymnposarHublii TxnExecutor
(InterruptedException)
e retryFor()
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Timeouts. TxnExecutor

1 atomic.withRetryTimeout (1000) { implicit txn =>

2 // any retries in this atomic block will wait for at most
1000 milliseconds

s }

5 val myAtomic = atomic.withRetryTimeout (1, TimeUnit.SECONDS)
6 myAtomic { implicit txn =>

7 // this atomic block has a timeout of 1 seconds

g }

o myAtomic { ... }

11 TxnExecutor.transformDefault( _.withRetryTimeout (1000) )
12 atomic { implicit txn =>
13 // all atomic blocks now default to a 1 second timeout

14 }
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Timeouts. retryFor (timeout)

val instance = atomic { implicit txn =>
if (!'pool.hasAvailable) {
retryFor (100)
pool.grow()
}
pool.take()
}

N o g B~ W N R

CurnaTypa
1 retryFor(...): Unit

1 retry: Nothing
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Timeouts. Views

MoxxkHo broknposaTbcst Ha Ref . View:

@ Ref.View.await(pred): Unit
@ Ref.View.tryAwait(duration) (pred): Boolean
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Maps + Sets
Maps + Sets

@ KoHcucteHTHble ntepatopbl y TMap.View u
TSet.View
@ bBeictpbie cnenkn 3a O(1)

Llecbko B. A. (CompSciCenter) STM 9 pekabps 2013 r. 43 / 63



Maps + Sets
Consistent iteration

@ TMap.View extends mutable.MapLike

e get()/put() outside atomic should be atomic

@ TMap.View.iterator/TSet.View.iterator ans
aTOMapHOro C/enka
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Maps + Sets
Inconsistent iteration

1 val m = TMap("one" -> 1).single

3 (new Thread { override def run {
4+ atomic { implicit txn =>

5 m -= "one
6 m += ("ONE" -> 1)
7}

s } }).start

for ((k, v) <— m; if v == 1) println(k)

=
=]
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Maps + Sets
Manual snapshots

@ <TMap|TSet>[.View] .snapshot() Bo3Bpaliaer
immutable.Map/immutable.Set
@ <TMap|TSet>.clone()

Llecbko B. A. (CompSciCenter) STM 9 pekabps 2013 r.
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Internals Maps + Sets

How does it work?

@ Mutable hash tries from Refs with generation
numbers that control copy-on-write

@ N.G.Bronson, J. Casper, H. Chafi and K. Olukotun. A
Practical Concurrent Binary Search Tree. 2010.

@ N.G.Bronson, J. Casper, H. Chafi and K. Olukotun.
Transactional Predication: High-Performance
Concurrent Sets and Maps for STM. In PODC'10:
Proceedings of the 29th Annual ACM Conference on
Principles of Distributed Computing, 2010.

@ N.G.Bronson. Composable Operations on
High-Performance Concurrent Collections. Ph.D.
Dissertation, Stanford University, 2011.
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Exceptions

@ Exception = rollback + rethrow
@ scala.util.control.ControlThrowable =
commit + rethrow

Llecbko B. A. (CompSciCenter) STM 9 pekabps 2013 r.
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Exceptions and nesting

1 val last = Ref("none")
> atomic { implicit txn =>

3 last() = "outer"

s try {

5 atomic { implicit txn =>

6 last() = "inner"

7 throw new RuntimeException
8 }

o} catch {

10 case _: RuntimeException =>
11 }

12 }
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Benchmarking

TL;DR
@ HemHoro meaneHHee B OfHOMOTOYHOM PEXMME MO
CPaBHEHUNIO C XUTPbIMU BIOKUPOBKAMY
e Jlyywe macwrabupyercs no sgpam/HuTsam
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3akntouerne Benchmarking

STMBench7

e R. Guerraoui, M. Kapalka and J. Vitek. STMBench7:
A Benchmark for Software Transactional Memory.
2007.

@ A.Dragojevic, R. Guerraoui and M. Kapalka. Dividing
Transactional Memories by Zero. 2008.

@ Comparison to coarse- and medium-grained locking

@ See the details*

“http://nbronson.github.io/scala-stm/benchmark.html
e TR


http://nbronson.github.io/scala-stm/benchmark.html

Read Dominated

Read Dominated - Performance
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Write Dominated

Write Dominated - Performance

a4 i — o —

throughput (Kops/s)

— - — coarse locks
14 — =—- medium locks
—a&— scala-stm

T T T
0 4 B 12 16 20 24 28 32
threads
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Read + Write Mix

Read+Write Mix - Performance

throughput (Kops/s)

— - — coarse locks
2 — <= - medium locks
—@— scala-stm

T T T
0 4 B 12 16 20 24 28 32
threads
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Read + Write Mix GC Rate

Read+Write Mix - GC Rate

— == — coarse locks
— = medium locks
—a— scala-stm

collected (GB/s)

0.0

threads
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Read + Write Mix GC Load

Read+Write Mix - GC Load
129 — - — coarse locks
— %= medium locks
10% —#— scala-stm
£ 8% -
e
i
w
o
[+ 6% =
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8]
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I
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Last Feature Requests

2013-11-18 FR8: Redis Hashes’

°

e 2013-11-25 FR9: Compression

e 2013-12-02 FR10: Multithreaded Node + Atomic
Batches

@ 2013-12-09 FR11: Server Side Filtering and
Processing
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Llecbko B.A. (CompSciCenter) STM 9 pekabps 2013 r. 62 / 63



http://redis.io/commands#hash
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e Obuime Bonpockl — B Twitter: @incubos

@ Bonpocbl no nekyusim — B KOMMEHTapPUSIX;
http://incubos.org/blog/

@ YacTHble BONpOCHl — B MOYTY
vadim.tsesko@gmail.com
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