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(57) Abstract: Examples relate to providing concurrent dead actor collection. In some examples, a blocked notification is received
from an actor of a number of actors in a distributed system, where the actors are arranged in an actor hierarchy that describes com -
munication links between the actors. In response to receiving the blocked notification, a blocked status is requested from each other
actor in a loop subset of the actors, where each of the other actors is connected to the actor in the actor hierarchy by an incoming
edge. After using the blocked status of each of the other actors to determine that incoming edges of the actor refer to blocked actors,
the actor is designated for garbage collection.
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CONCURRENT DEAD ACTOR COLLECTION

BACKGROUND
[0001]  Aclors are commonly used fo faciiitate concurrent programming on
many-core machines. After an actor has completed its iasks, the aclor's
associated resources should be collected for reuse.  In many cases, aclor-able
languages and libraries rely on developers to finalize their actors explicitly. Typical
automated garbage collection mechanisms in many programming languages can
also be used {o collect dead actors. In this case, the garbage collection may rely
on synchronization mechanisms {e.g., barriers and locks} and cache coherence

that do not aliow for concurrent or dead aclors collection.

BriFr DESCRIPTION OF THE DRAWINGS

[G002]  The following detailed description references the drawings, wherein:

[0003]  FHG. 1 is a block diagram of an example computing device for

concurrent dead actor collection;

[0004] FIG. 2 is a block diagram of an example distributed system in

communication over a network for providing concurrent dead actor collection;

(0051 FIG. 3 is a flowchart of an example method for exscution by a

computing device for providing concurrent dead actor collection;

[0006]  FIG. 4 is a workflow diagram showing an example system for providing

concurrent dead actor collection; and

(00071 FIG. 5 is an example actor higrarchy 1o he ussd for concurrent dead

actor colilaction.

DeETAILED DESCRIPTION
[0008]  As discussed above, garbags collection for aclor-able languages and
actor frameworks {e.g.. Simple Aclor Language System and Architecture
(SALSA), AmbieniTalk, Erlang, etc.} is typically unable io provide concurrent or

dead aciors collection. In examples described herein, dead aclors are correctly
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ideniified and designated for garbage collection, where live actors can continue
execution while the dead aclors are concurrently colleclted.  The actor model
states that an aclor can send a finite number of asynchronous messages o a
buffer addressed to other aclors with no delivery guaraniees, then the other aclors
select a proper behavior to handle the next incoming message and may create a
finite number of child aclors. Once an actor has finished ifs queue of incoming
messages, the actor is considered (0 be blocked. I a blocked actor is referenced

by only blocked actors, then the aclor is also considered o be a dead actor.

(000917 Examples described herein use an actor hierarchy (o enable concurrent
collection of dead aclors. Specifically, each actor moniiors incoming messages to
determine when the aclor becomes blocked. The actors in a distributed system
may be configured according to the actor hierarchy such that a loop detector
manages garbage collection for a subset of aclors in the hierarchy. A loop
detscior is a specialized actor in the distributed system that monitors the blocked
status of a subset of actors. Based on the biocked staius of the actors in the
subset, the lcop deteclor is able o designate aciors for garbage collection.
Specifically, the blocked actor can send a blocked notification to the loop deteclor,
which then checks the blocked siatus of actors in the subsel. If the incoming
edges of the blocked aclor are from other blocked actors, the loop deteclor can

designaied the blocked aclor for garbage collection.

{00101  The actor hierarchy describes the relationship between aclors in the
disiributed system.  Wilh respect fo an actor, incoming edges in the actor
hierarchy correspond 10 messages received by the actor, and oulgoing edges
correspond 1o messages sent by the acior. The reference count for the incoming
edges and the oulgoing edges can be separately monitored by each actor in the
distributed system. For example, as incoming messages are received by the
actor, the reference count for incoming edges is incremented. In this example, as
the incoming messages are handled, the reference count is decremented. When

the reference count becomes zero, the actor is designated as blocked.

(00111 Examples disclosed herein provide concurrent dead actor collection.

In some examples, a blocked notification is received from an actor of a number
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of aclors in a distributed sysiem, where the aclors are arranged in an aclor
hierarchy that describes communication links belween the actors. In response
o receiving the blocked notification, a blocked stalus is requested from each
other actor in a loop subset of the actors, where each of the other aclors is
connected o the actor in the actor hierarchy by an incoming edge. After using
the blocked siatus of each of the other aclors to determine that incoming edges
of the actor refer to blocked aclors, the actor is designated for garbage

collaction.

[0012]  Referring now o the drawings, FIG. 1 is 3 block diagram of an example
computing devices 102, 104 for providing concurrent dead actor collection. Each
computing devices 102, 104 may be any compuling device (e.g., server,
distributed node, deskiop computer, efc.} that can be configured for a distributed
system. In the example of FIG. 1, each compuiing device 102, 104 includes a
processor 1104, 1108, an interface 1154, 1158, and a machine-readable storage
medium 1204, 1208,

[0013]  Each processor 1104, 110B may be any number of central processing
units {CPUs), microprocessors, and/or olher hardware devices suitable for
retrieval and execution of instructions stored in machine-readable storage medium
1204, 12B. Processor 110A, 110B may felch, decode, and executls instructions
122,124 or 126, 128, respeciively, 1o provide concurrent dead aclor collection as
described below. As an alternative or in addition o refrieving and executing
instructions, processor 110A, 110B may include any number of electronic circuits
comprising a number of elecironic components for performing the functionality of
insiructions 122, 124 or 126, 128,

(00147  Each interface 115A, 1158 may include a numbser of sleclronic
components for communicating with nefworked devices. For example, sach
interface 115A, 1158 may be an Ethernet interface, a Universal Serial Bus {(USB)
interface, an IEEE 1384 (Firewire) interface, an exlternal Jerial Advanced
Technology Altachment (eSATA) interface, or any other physical connection
interface suilable for communication with other nodes in a distributed system.

Alternatively, each interface 1158A, 1158 may be a wireless interface, such as a
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wireless local area network (WLAN) interface or a near-figld communication (NFC)
interface. In operation, as detalled below, sach interface 115A, 1158 may be
used to send and receive dala o and from a corresponding interface(s) of

distributed nodes.

[0015] Each machine-readable storage medium 120A, 1208 may be any
glectronic, magnetic, optical, or other physical storage device thal siores
executable instructions. Thus, each machine-readable storage medium 120A,
1208 may be, for example, Random Access Memory (RAM), an Electrically-
Erasable Programmable Read-Only Memory (EEFPROM), a slorage drive, an
optical disc, and the like. As described in detail below, sach machine-readabie
storage medium 1204, 1208 may be encoded with executable instructions for

providing concurrent dead actor coliection.

[G018] On computing device A 102, incoming messages monitoring
instructions 122 monitors the processing of incoming messages o determine a
reference count of computing device A 102. The reference count for incoming
messages is the number of incoming messages that are queued for processing on
computing device A 102, After an incoming message is processed, the reference
count is decremented. As incoming messages are received and processed,
computing device A 102 updates the reference count accordingly. If the reference

count becomes zero, a blocked nolification may be sent as described below.,

[0017]  Blocked notification sending instructions 124 of computing device A 102
sends a blocked notification o computing device B 104, Afler computing device A
102 has processed all incoming messages and determined that the reference
count is zerg, the blocked notification is sent to computing device B 104, which in
this example may be a loop detector. The blocked notification notifies computing
device B 104 that computing device A 102 is blocked and a candidats for garbage

coliaction.

[0018]  On computing device B 104, blocked notification processing instructions
126 receive and process the blocked notification from computing device A 102,
The blocked notification signals that computing device A 102 is a candidate for

garbage collection. In response to the blocked nolification, blocked noftification
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processing instructions 126 may request a blocked status for each actor in a loop
subsel managed by computing device B 104. The loop subset includes aclors
{2.g., computing device A 102} that are relaled via communication links such that
computing device A 102 should be designated for garbage collection if all actors in
the loop subset are also blocked as described below. In this example, blocked
notification processing instructions 126 may receive a blocked or unblocked
notification from sach of the aclors in the oop subset, which allows computing
device B 104 to update the portion of the actor hierarchy thai corresponds o the

foop subset.

[0019]  Garbage collection instructions 128 manages garbage collection for
actors in the loop subset. If garbage collection instructions 128 determine that all
actors in the loop subset are blocked, the aclor executing on computing device A
1024 can be designated for garbage collection {i.e., the actor is a dead aclor that
is no longer in use). Compuling device B 104 monitors each aclor in the loop

subsetl as described above o determine when each actor should be collected.

[00207  FiG. 2 is a block diagram of an example distributed system 200 in
communication over a nelwork 245 for providing concurrent dead actor
collection. As illustrated, actor computing devices 202A, 202N interact with loop
deteciors 270A, 270N to manage garbage collection for actors execuling on the

actor computing devices 2024, 202N,

[0021]  Similar to computing device A 102 of FIG. 1, aclor computing device A
202A may be a server, distribulad nods, deskiop computer, or any other device
suitable for executing the functionality described below. As detailed below, actor
computing device A 202A may include a series of modules Z204A-208A for
providing funclionslity for distributed system 200. As shown, aclor computing
device A 2024 includes interface module 204A, degree monitor module 206A, and

distributed application module 208A.

[0022] Interface module 204A may manage communications with other
networked devices {e.g., loop detectors 2704, 270N, special actor 240, actor
computing device N 202N, efc.). Specifically, interface module 204A may initiate

connections over network 245 with the networked devices and then send blocked
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notifications to and receive messages from the networked devices 202N, 240,
270A, 2TOM.

[0023] Degree monitor module 206A monitors the reference count of incoming
and outgoing references of an actor provided by aclor computing device A 202A.
As incoming messages are received from other actor computing devices {e.g.,
actor computing device N 202N}, the reference count for incoming references is
determined by counting incoming messages that have not been handled
Similarly, as oulgoing messages are sent o other actor computing devices {e.g.,
actor computing device N 202N}, the reference count for oulgeing references is
determined by counting oufgoing messages that have not been handied. By
monitoring the reference counts of incoming and oulgoing messages, degree
monitor module Z206A creates g local graph of the actor hisrarchy for the actor

provided by actor computing device A 202A.

[0024]  The monitoring of reference counts by degree monitor module 208A s a
fazy mechanism that may result in inaccurate reference counts.  For example,
satisfied incoming messages may nol be delected in a timely fashion, which
resulis in some dead actors remaining in the distributed system longer than
needed. The lazy mechanism is tolerated because it ensures that only truly dead

actors are coliscled.

[0025] In some cases, the actor computing devices {e.g., aclor computing
device N 202N} monitor each other according to the actor hierarchy. Specifically,
the actor computing devices (e.g., actor computing device N 202N} of the aclors
are configured according fo the parent-child relationships in the actor hisrarchy. In
this case, a child actor may send blocked notifications 1o iis parent aclor, which
may then {1} determine if the child aclor should be designated for garbage
collection as described with respect 1o the loop detectors {e.g., ioop detector A
270A, loop detector N 270N} below (i.e., the parent aclor may act as a loop

detector} or {2} propagate the blocked nolification {o the parent of the parent aclor.

[0026]  Further, some aclor computing devices {(e.g., aclor computling device N
202N} may provide aclors that exist outside the actor hierarchy. With respect to

the aclors outside the hierarchy, distributed system 200 behaves in a8 non-causal
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fashion that produces some transient inconsisiencies (i.e., dead actors not being
timely collected). If & message arrives for a child aclor and the chiid actor no
fonger exists {e.g., the child actor was removed dueg fo lack of causality or a
message fimeout), the parent actor may introspect on the message and decide i
the child actor should be recrealed o process the message or if the child actor
should stay deleted and the sender be informed o update the sender’s view of the
actor hierarchy.

{00277  Distributed application module 208A provides actor functionality for
disiributed system 200, For example, if the aclor of actor computing device Ais a
router management module, distributed application module 208A may be a router
management application. Distributed application module 208A may use services
and resources of other aclors {e.g., actor computing device N 202N} as shown in

the actor hierarchy of distributed system 200.

(00281 in FIG. 2, actor computing device A 202A shows modules 204A-2084,
which also exist in aclor computing device N 202N but are not shown o simplify
the figure. Any number of actor computing devices {e.g., actor compuling device
A 2024, actor computing device N 202N} can be included in distributed system
200, Each actor computing device 2024, 202N may be associated with a number
of loop subsets of distributed system 200, where a loop subset specifies g set of
actors provided by aclor computing devices 2024, 202N that are related in acior
hierarchy because of communication between the set of aclors. Further, each
actor computing device 202A, 202N may provide any number of actors depending

on the configuration of distributed system 200.

(00297 Special actor 240 is configured to provide local variables and referenced
provided by the runtime system. In the actor hierarchy, special actor 240 only has
oufgoing edges for providing its variables and runtimes to other aclors. Special

actor 240 is typically not considered as a candidate for garbage collection.

[0030] Garbage collector 245 performs garbage collection for distributed
system 200. Specifically, garbage coliector 245 collects resources of actors that
have been designated for garbage collection. Garbage collector 245 is configured

to concurrently collect resources as live aclors {e.g., aclor computing device A
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2024, actor computing device N 202N} in distributed system 200 confinue o

operate.

(00311 Similar to computing device B 104 of FIG. 1, loop detector A 270A may
be a server, distributed node, desktop computer, or any other device suitable for
executing the functionality described below. As detailed below, loop detecior A
270A may include a series of modules 272A-278A for providing concurrent dead
actor collection. As shown, loop detector A 270A includes actor interface module
2724, actor hierarchy module 2744, blocked status module 276A, and garbags

collection module 278A.

[0032] Actor interface module 2724 may manage communications with other
networked devices {8.g., loop detector N 270N, special actor 240, aclor computing
devices 2024, 202N, sic). Specifically, inlerface module Z72A may iniliale
connections over network 245 with the networked devices and then send blocked
requests o and receive blocked notifications from the networked devices 2024,
202N, 240, 270N,

[0033]  Actor hierarchy module 274A may monitor the acior hierarchy of a loop
subset associated with oop deleclor A 270A. The loop subset includes aclors
{e.q., actor computing device A 2024, actor computing device N 202N} that can be
finked by cutgoing or incoming messages. in other words, actor hierarchy moduie
274A may monitor communication aclivities between actors {e.g., acior computing
device A 202A, actor computing device N 202N} to determine incoming and

oulgoing edges in the actor hierarchy.

[0034] DBlocked status module 2Z76A may update the actor hierarchy by
collecting blocked status information from aclors {e.g., aclor computing device A
2024, actor computing device N 202N} in the loop subset. Blocked staius
information allows the blocked status module 276A to determine whether each

actor is blocked or unblocked.

[0035]  Garbage collection module 278A may identify dead actors in the loop
subset based on the aclor hierarchy. Specifically, garbage collection module
278A may identify blocked actors {e.g., actor computing device A 202A, aclor

computing device N 202N) that are referred o by other blocked actors as dead
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actors. Afier a dead actor is identified, garbage coliection module 278A may
designate the dead actor for garbage collection. Garbage coliection can then
collect the resources atiributed fo the dead actors so that the resources may be

allocated to other actors in distributed system 200,

[00368] In some cases, message causality can be assumed in distributed
systermn 200. For example, if distribuled system 200 exists within g single server
rack, it can be assumed thal messages arg received by their recipienis in the
same order that the messages are sent by the senders. In other cases, different
latencies among devices {&.9., aclor computing device A 202A, actor compuiing
device N 202N, loop detecior A 270A, loop detector N 270N, sic.) can cause
messages o arrive in a different order than the messages were sent. In this case,
the latency of the remote devices is accommodated for by the loop deteciors {e.g.,
foop detecior A 270A, Ioop detecior N 270N, ete.) when moniloring the blocked
status of the actors provided by actor computing devices {e.g., aclor computing
device A 20Z2A, actor computing device N 202N}, When message causality is
applied in the actor hierarchy, messages may be sent in a generational fashion
such that the messages transferred from grandparents to grandchiidren pass

through children as an intermediate steps.

(00371 In FiG. 2, ioop detector A 270A shows modules 272A-278A, which also
exist in loop detector N 270N but are not shown to simplify the figure. Any number
of loop deteciors {e.g., loop detecior A 2704, loop detector N 270N) can be
included in distributed system 200. Each loop detector 270A, 270N may manage

a number of loop subsets of distribuied system 200,

[0038] FIG. 3 is a flowchart of an example method 3C0 for execution by a
computing device 104 for providing concurrent dead actor collection.  Although
execution of method 300 is described below with reference to computing device
104 of FIG. 1, other suitable devices for execution of method 300 may be used.
Method 300 may be implemented in the form of execuiable instructions stored on
a machine-readable storage medium, such as slorage medium 1208, and/orin the

form of elecironic circuitry.
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(0391 Method 300 may start in block 305 and continue o block 310, where
computing device 104 receives a blocked notification from an actor in a distributed
system. The aclor may be provided by another computing device in the
disiributed system, and the blocked notification signals that the aclor is a
candidate for garbage coliection. In response fo the blocked noiification,
computing device 104 may request a blocked status for each actor in a loop
subset managed by computing device 104 in block 315, In this example,
computing device 104 may receive a blocked or unblocked notification from sach
of the actors in the loop subset, which aliows computing device 104 to update the

poriion of the aclor hierarchy that corresponds to the loop subset.

[0040]  In block 320, if garbage computing device 104 determine that ali actors
in the loop subset are blocked, the aclor can be identified as a dead actor and
designated for garbage collection. Computing device 104 monitors each actor in
the loop subset as described above to determine when each actor should be
collected. Method 300 may then continue to block 325, where method 300 may

stop.

[0041]  FIG. 4 is a workflow diagram showing an example distributed system
for providing concurrent dead actor collection. Workflow diagram shows a loop
detector 402, an actor A 404A, an actor N 404N, and a special actor 406, which
may each be similar to their corresponding components described above with
respect to FIGS. 1 and 2.

(00423 In block 410, actor N 404N sends a message o acior A 404A. The
message may request that actor A 404A perform an action in the distribuied
system. In block 412, the reference count for incoming edges is incrementad in
response o the incoming message. In block 414, g variable reference is
provided by special actor 406 {o acior A 404A. Because the variable reference

does not request a response, the reference count is not incrementad.

(00431  In block 415, actor A 404A provides a response o aclor N 404N that
notifies that the message of block 410 has been satisfied. In block 418, actor N
404N may close ifs communication link with actor A 404A. In block 418, actor A

404A decrements the reference count for incoming edges to zero. After the
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reference count for incoming edges is set to zero, actor A 404A sends a blocked
notification to loop detector 402, The blocked notification notifies oop detector

that actor A 404A is a candidate for garbage collection.

(00447  In block 422, icop detector 402 requests the blocked status from actor
N 404N, In block 424, aclor N 404N sends a blocked notification o loop
detector 402, In block 428, loop detector 402 determines that all actors in a
loop subset managed by loop detector 402 are blocked and designates aclor A

404A for garbage collection.

[0045] FIG. 5 is an example actor hierarchy 500 to be used for concurrent
dead actor collection. The actor hierarchy includes actors 5024, 5028, 502C,
5020, loop detector 504, and special actor 506. In this example, actor A 502A,
actor B 5028, and actor C 502 are in g first loop subset managed by loop detecior
504, and actor C 502C and actor D 5020 are in a second loop subsel managed by

foop detector 504.

[0048]  Aclor hierarchy 500 shows that actor B 5028 can have incoming edges
from actor A BO2A and actor C 502C. Accordingly, if loop detector 504 recsives a
blocked notification from actor B 5028, loop detecior 504 should determine the
blocked status of actor A B02A and actor C 502C before designating actor B 5028
for garbage collection. Special actor 506 only has outgoing sedges but does not
affect the reference count of actor B 5028 and actor C 502C.

[00477  The foregeing disclosure describes a number of sxamples for
concurrent dead actor collection. In this manner, the examples disciosed herein
identify dead actors for garbage collection by using loop detectors to monitor the

blocked status of loop subsets of aclors.
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CLAIMS
We claim:
1. A system for concurrent dead actor collection, comprising:

a pluralily of processors that is configured o execule a distribuied
application of a distributed system;

a plurality of actors in the distributed system that are arranged in an aclor
hierarchy that describes a plurality of communication links between the pluralily
of plurality of actors, wherein an actor of the plurality of actors is configured to:

monitor incoming messages of the plurality of communication links

o determine an incoming reference count of the acior, whersin the

incoming messages correspond o incoming edges of the actor in the

actor hierarchy; and

after determining the incoming reference count is zero, send a
blocked notification to a loop delector, the blocked notification confirming
that the incoming messages have been processed by the actor; and

the loop detecior in the distributed system that is associated with a ioop
subset of the plurality of actors, the loop delector configured to:

in response 1o receiving the blocked notification, request a blocked

status from each actor in the loop subset; and

after using the blocked slatus of each of the other aclors fo
delermine that incoming edges of the actor refer to blocked actors,

designate the actor for garbage collection.

2. The system of claim 1, further comprising:

a spacial actor comprising local variables and references that can be
provided as oculgoing messages (o the plurality of actors, wherein the special
actor cannot be collected by the garbage collection and the oulgoing messages

correspond 1o outgoing edges of the special actor in the actor hierarchy.

3. The system of claim 1, wherein the reference count is zero when the

actor has responded {o the incoming messages.
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4. The system of claim 1, wherein the disiribuled sysiem comprises a
plurality of computing devices, wherein each of the plurality of computing

devices provides at least one of the plurality of actors.

5. The system of claim 1, wherein the loop delector is a parent actor of the

actor in the actor hierarchy.

8. The system of claim 5, further comprising a garbage collector configured
to concurrently collect resources associated with the actor while operation of the

distributed application continues.

7. A mathod for concurrent dead actor collection, comprising:

receiving a blocked notification from an actor of a plurality of aclors in a
distributed systern, wherein the plurality of actors are arranged in an acior
hierarchy that describes a plurality of communication links between the pluralily
of plurality of actors;

in response to receiving the biocked notification, requesting a blocked
status from each other actor in a loop subset of the plurality of actors, wherein
each of the other actors is connected o the actor in the acior hierarchy by an
incoming edge; and

after using the blocked stalus of each of the aclors to determine that
incoming edges of the actor refer 1o blocked aclors, designating the actor for

garbage collection.

8. The method of claim 7, wherein the block notification is seni by the actor

when a reference count of incoming edges of the actor is zero.

a. The method of claim 7, wherein the distributed sysiem comprises a
pluraiity of compuling devices, wherein each of the plurality of computing

devices provides at least one of the plurality of actors.
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10.  The method of claim 7, wherein the loop delector is a parent actor of the

actor in the actor hierarchy.

11, The method of claim 10, wherein the garbage collection concurrently
collects resources assoclated with the aclor while operation of the distributed

application continues.

12. A non-fransitory  machine-readable siorage medium encoded  with
instructions executable by a processor for providing concurrent dead actor
collection, the machine-readable siorage medium comprising instructions to:

receive a blocked nolification from an actor of a plurality of aclors in a
distributed system after a reference count of incoming edges of the aclor is
determined o be zero, wherein the plurality of aclors are arranged in an aclor
hierarchy that describes a plurality of communication links between the plurality
of pluralily of actors;

in response o receiving the blocked notification, request a blocked siatus
from each other aclor in a loop subset of the plurality of actors, wherein each of
the other actors is connected to the actor in the aclor hierarchy by an incoming
edge,; and

after using the blocked staius of esach of the other aclors o determine
that incoming edges of the actor refer to blocked aclors, designate the actor for

garbage collection,

13. The non-fransitory machine-readable storage medium of claim 12,
wherein the distributed system comprises a plurality of computing devices,
wherein sach of the plurality of computing devices provides af least ons of the

plurality of actors.

14. The non-ransitory machine-readable storage medium of claim 12,
wherein each aclor of the pluralily of aclors provides functionality of a

distributed application of the distributed system.
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15. The non-iransitory machine-readable storage medium of claim 14,
wherein the garbage coliection concurrently collects resources associated with

the actor while operation of the distributed application continues.
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