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Votivation

Implicit garbage collection is crucial for convenience of pro-
gramming, however automatic garbage collection often proves to
be a performance bottleneck, e.g, [12] reports application pauses
of around 3 seconds. This has been subject of improvement in
other garbage collection protocols, such as the Pauseless GC Algo-
rithm [18] and the Continuously Concurrent Compacting Collector
(C4) [35] from Azul Systems, which allow a non-stop-the-world,
concurrent and parallel collection by using read barriers. In con-
current GC protocols, it 1s important to ensure the absence of race
conditions—for instance, a race condition during a marking phase
can cause an object to be marked for collection when there still exist
references to it. This 1s often solved using synchronization mech-
anisms, as for instance in some of the JVM collectors [28], which
can cause program performance loss.



Motivation - 2

I'he cause of many high-

variance slowdowns
» More cores

more slowdowns and more variance
* Blocking Garbage Collection accentuates impact
19 Reducing blocking

* Help perform Prerequisite action rather

than waiting for it
+ Use finer-

grained sync to decrease likelihood of blocking
* Use finer-grained actions, transforming ...

From: Block existing actions until they can continue
To: Trigger new actions when they are enabled

s \
+ Seen at instruction, data structure, task, 10 levels
* Lead to new JVM, language, library challenges
» Memory models, non-blocking algorithms, 10 APIs



ORCA - idea

* The actor which created an object is its owner.
* Owning actor is responsible for GC-ing its objects.

Challenges & Solutions

* An actor may have no path to an object it owns, while other actors
have.

* Actor keeps a Reference Count for some objects; it represents the
foreign references to that object held by the other actors.

* The number of foreign references to an owned object may change
(actor’s view of its owned objects may be inconsistent with world).

 ORCA-specific messages reconcile an actor’s view of its object with
the real world view.



Orca - configurations



Ownership diagram: Runtime configuration

al [ a2 |

An actor a has:
1 —T 102 - references to objects and actors,
(o) 4/,/

- queue of messages Queue(a),

o3 o4
- a working set WS(a), a superset of

Queues: addresses reachable by actor a
APP(o1) :: INC(o1,1) APP(03)

- a ref-count table for some
addresses from WS(a),

e.g. RC(al,a2) =5
Note, no RC(a2,04 )entry

Working Sets:
al, a2, o1, 02, 03 al, a2, o1, 02, o4

Reference Count Tables:
al a2 o1 02 o3 gal a2 ol 02 03
12 5 1 3 1 10| © 1 4 | 0O

*Grey cells represent owned objects

Each object is owned by an
actor; each actor owns itself.

e.g. Owner(ol) = al

Mssg(a, j): ]-th message in a's queue

e e.g. Mssg(al,2) = INC(01,1)



Orca - derived properties



Derived Counts - 1

al | a2 |
- Local Reference Count:
ol o LRC(a) = RC(a,0Owner(a))
03 o4 the entry for address a in the
ref-cnt table of its owner.
Queues:
APP(01) :: INC(o1,1) APP(03)

Working Sets: LR(a1 ) =12
al, a2, o1, 02, 03 al, a2, I, LRC(02) = 4




ai | a2 |
7
— T 02
01 4/—/
o3 o4
Queues:
APP(o1) :: INC(o1,1) APP(03)
Working Sets:
al, a2, o1, 02, 03 ‘ al, a2, o1, 02, o4

a2 o1 02 _.3-di a2 o1 02 03

121

Derived Counts - 2

Foreign Reference Count:
FRC(a)

the sum of entries for address «

iIn the ref-cnt table of all non-

owning actors

Reference Count TableS: e o R

FRC(a1) = 10



Ownership diagram:

Derived Counts - 3

Incr/decrement Count:

o1 || 92 IDC(ax)

sum of weighted references to
address a in INC and DEC
messages In a's owner queue.

o3 o4

Queues:
APP(01) APP(03)
~——Working Sets: —
al, a2, o1, 02, 03 al, a2, o1, 02, o4

~> |[DC(01) =1

Reference Count Tables:

al a2 o1 02 o3 gal a2 ol 02 03
12 511 /311 10 6 |14 O



a1 (a2 ) Derived Counts - 4

| Application Message Count:
of || 02 AMC(a)
number of APP messages in

03 o4 . .
all queues which contain a,
Queues: addresses owned by a or
o1.1) APP(03) reachable from «a.

Working S€
—_—
al, a2, o1, 02, 03 ‘ al, a2, o1, 02, o4

AMC(01) = 1

Reference Count Tables:

al a2 o1 02 o3 gal a2 ol 02 03
12 511 /311 10 6 |14 O

AMC(02) = 1
AMC(a2) = 1
AMC(al) = 2



Ownership diagram:

at (a2 ) Derived Counts - 5
. Pending Changes Count:
o1 || 9% PCC(a,a,q)

sum of weights of INC &
DEC messages in g minus
number of APP messages

Queues:
APP(01) - INC(01.1) APP(03) containing address a, In
s actor a.

al a2 ol 02 o3 flal a2 o1 02 o2 Take
125 1 31 10 6 1.4 0 q1=APP(o1)

*Grey cells represent owned objects q2: | NC(O1 a )
then

PCC(o1,a1,91) = -1
PCC(o1,a1,01:92) =0

o3 o4




Welltormed Configurations



Well-formedness

at [ a2 |
= WFO: LRC(a)+IDC(a) =
ol . — FRC(a)+AMC(«)
03 04" | WF1: RC(a,a) =0
Queues: WE hable f
APP(o1) :: INC(o1,1) APP(03) 2. areachable rogaaeWS(a)
Working Sets:
al, a2, o1, 02, 03 ‘ al,az2,01,02,04 | \WF3: ¢ reachable from Msg(_, )

— LRC(a)>0

Reference Count Tables:

al a2 o1 02 o3 gal a2 ol 02 03
2 511 31 10 6 1.4 0 WF4: aeWS(a) A a=Owner(a)

= RC(a,a)>0 A LRC(a)>0

Consequence:
a unreachable from Owner(a) A LRC(a)=0

= a globally unreachable



Garbage Collection



Garbage Collection
the recipe

. Mark owned objects as U.

. Mark unowned addresses
with RC>0 as U.

. Trace from the actor's
fields, marking as R.

. Mark owned objects with
LRC>0 as R.

. Collect U, owned objects
. Send DEC messages for U

unowned addresses; set
their RC to 0.



o3
Queues:
APP(01) :: INC(o1,1) EB]=ej(ccRub APP(01)

Working Sets:

al, a2, o1, 02, 03

‘ al, a2, o1, o2

Reference Count Tables:

al a2 ol 02 03

13| 6 | 2| 2

1

al a2 o1 02 03
1116 | 1| 4 KB

Garbage Collection

a2 is doing Garbage Collection

1. Mark owned objects as U.
a’, o2

2. Mark unowned addresses
with RC>0 as U.
al, o1, 03

3. Trace from the actor's fields,
marking as R.
02, a2, o1, af

4. Mark owned objects with
LRC>0 as R.
a’, o2

5. Collect U, owned objects

6. Send DEC messages for U
unowned addresses; set
their RC to 0.

03



2,

03
Queues:
The queue is empty APP(01)

Working Sets:
al, a2, o1, o2 ‘ al, a2, o1, o2

Reference Count Tables:

a2 ol 02 o3 gal a2 ol 02 03
13| 5 | 2 | 2 11

Collecting Objects:

the recipe

al is doing Garbage Collection

1.

2.

Mark owned objects as U.
al, o1, 03

Mark unowned addresses
with RC>0 as U.

a’, 02

Trace from the actor's
fields, marking as R.

o1, 02, a2

. Mark owned objects with
LRC>0 as R.

al, ol

. Collect U, owned objects
03

Send DEC messages for U
unowned addresses; set
their RC to O.



Maintaining
Well-tormedness



WFO: LRC(a) + IDC(a) = FRC(a)+AMC(a)
WF1: RC(a,a) =0

WF2: areachable froma = aeWS(a)
WF3: a reachable from Msg(_,_ ) = LRC(a)>0
WF4: aeWS(a) A azOwner(a) = RC(a,a)>0 A LRC(a)>0

WFE5: g::_ = Queue(a) = LRC(a)+PCC(a,a,q)>0

Which actor actions affect WF1-57

e actor sends a Pony message WFO, WF3, WFS

e actor receives a Pony message  WFO, WF2, WF3

e actor receives an ORCA message (INC or DEC) WF2, WFO, WFE5
e actor garbage collects

e heap topology changes WN®&? Pony’s types
 call/execute synchronous method



Maintaining wellformedness

{ a2 ',
e Action: heap mutation
al.f=null
Which WF invariant is affected?
Queues:
APP(o1) :: INC(o1,1) APP(01)
Working Sets: None!
al, a2, o1, 02, 03 ‘ al, a2, o1, 02, 03

However 03 is in the working set of
Reference Count Tables: J

al... at least until the next
AN EUNCNCICEIEEN  Garbage Collection cycle!
13 512 21 1116 1 4| 1



APP(01) :: INC(o1,1)

APP(03) :: APP(01)

ai ', a2 ',
7
— T 02
01 4/—/
o3
Queues:

Working Sets:

al, a2, o1, 02, 03

al, a2, o1, o2

Reference Count Tables:

al a2 o1 02 03
10l 6 | 114 O

al a2 ol 02 03

1

1261 51 {141 31

Maintaining wellformedness

Action: actor sends message
alsendstoa2 APP(ol)

WEFQO:
LRC(o1) + IDC(0o1) = FRC(01) + AI\/ICl)(m)
+1

How can al preserve WF0?
RC(al,01) += 1
RC(al,al) += 1

RC(a1,02) -= 1
RC(al,a2) -= 1



Why Causality”



Causality required because

WFO: LRC(a) + IDC(a) = FRC(a)+AMC(a)
WF1: RC(a,a) =0

WF2: areachable froma = aeWS(a)
WF3: a reachable from Msg(_,_) = LRC(a)>0
WF4: aeWS(a) A azOwner(a) = RC(a,a)>0 A LRC(a)>0

WF5: q:_ = Queue(a) = LRC(a)+PCC(a,a,q)>0



Race Conditions?



Race Conditions?

Source language level

Can an actor read an object mutated by another actor?
Can an actor mutate an object mutated by another actor?

Source language and GC level

Can an ac
Can an ac

or trace an object mutated by another actor?
or read an object garbage collected by another actor?

Can an ac
actor?

or trace an object garbage collected by another



How efficient is ORCA?



Benchmark - creating 1M actors

Benchmark: Creating 1,048,576 actors
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Benchmark - mailbox 100,000,000 msgs

Benchmark: Mailbox performance (100,000,000 messages)
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Benchmark - mixed

Benchmark: Mixed
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Benchmarks - GUPS linpack

Benchmark: LINPACK GUPS
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summary

Fully concurrent (other actors may run while an actor is GCing)
No synchronisation mechanism needed, no stop-the world, no barrier

Owning actor responsible for GC-ing its objects
Application of the actor paradigm into the design of the protocol

Further Work:
e complete the formal model
* weaken the WF-conditions and Causality requirement

« HOMEWORK: apply to Encore

more about it; OOPSLA13, ICOOOLPS’15



Thank you!


http://www.ponylang.org/

Ownership diagram: Maintaining wellformedness

al a2
e / Action: actor receives message
o1 ::/ = a2 receives APP(03)
03
LRC(o1) + IDC(01) = FRC(0o1) + AMC(01)
Queues: l
APP(01) :: INC(01,1) _ARP(G3) :: APP(01) -1
Working Sets: How can a2 preserve the invariant?
al, a2, o1, 02, 03 ‘ al, a2, 01,02 03
it must increment its RC to 03 and a*
Reference Count Tables: by 1
al a2 ol 02 o3 gal a2 ol 02 o3
13 5 2 2 11041 6 1 | 4 0+ Also, 03 Is now In the
*Grey cells represent owned objects WOI’king seft Of 8.2.

Invariants affected here
34&5



