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Why garbage collection?

Generally:

Simpli ed programming model: No explicit calls to malloc and free
Reduces errors due to deallocation of objects in use and memory leaks

Distributed environment:

Lost, duplicated or late messages, crash of machines
A lost free -message creates oating garbage
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Model

Distributed system partitioned into disjoint memory spaces

Spaces interact by message passing (as opposed to virtual shared memory). That is,
they send references to objects to each other.

Communication between spaces is unreliable: Messages may be lost, duplicated, delayed
or arrive out of order

A space may fail (hardware/software problems, reboot, etc). A failed space is assumed
not to send messages.
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Reference Creation

Receiver A OwnerB Receiver A OwnerB
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(i) B sends referenceto A and creates entry item b (i) A creates exit item referring to entry item b
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Reference Duplication

Sender A OwnerB Receiver C Sender A OwnerB ReceiverC
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(i) A duplicates refererce and sendsit to C (it) Crecelves refererce and creates exit item
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Distrib uted Reference Counting

Each entry item contains a reference count which is incremented whenever a reference
to the object is duplicated or created and decremented when a reference to the object is
deleted.

Upon duplication or deletion the client space informs the owner space of the action using
an increment or decrement message.
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Race condition 1: Cis responsib le for sending increment message, A
deletes reference immediatel y after duplication
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(i) Sender dplicates a reference and deletes (i) A solution to this race condition is tase
it immediately after. Receer is responsible an agknowledgement messagdkhus B send
for sending an increment message to owner.  ackto A when he increment message frol
Counter atB drops to 0 ifA's decrement C is receved. A waits for his ackbefore

message anes beforeC's increment message. it deletes its reference Yo
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Race condition 2: A is responsib le for sending increment message, C
deletes reference immediatel y after reception
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(i) Sender is responsible for sending (i) A solution is to letA wait forB to
increment message to owner. Reeei adknowledge the duplication of he
deletes reference immediately after it is reference.
receved.
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Problems with Simple Reference Counting

Acknowledgement messages gives additional network traf ¢
Not resilient to message failures
Does not handle distributed garbage cycles
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Weighted Reference Counting, De nition

Entry items contain a partial weight and a total weight. Upon initialisation: partial weight
= total weight
Exit items contain only a partial weight

Reference creation and duplication: Partial weight is halved and the remaining half is sent
with the message and used as initial partial weight for the new exit item.

Reference deletion: The partial weight is sent to the owner and subtracted from the total
weight.

Invariant for entry item: _ _

An object is local if _ _
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Weighted Reference Counting, Example

RA RC RA @v/16 RC
A @O -~
u
& © JEEEE— RO
1
1
V_|RB
32/64
(i) B creates a referencevand sends it to A (i) A duplicates a reference and sends iCto
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(iii) C ddetes its reference to (iv) A ddetes its reference to
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Bene ts of Weighted Reference Counting

Eliminates increment and decrement messages
Eliminates race conditions
Out-of-order delivery of messages is not a problem
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Problems with Weighted Reference Counting

Limited number of duplications. Possible solutions:

1. When partial weight cannot be split, the sender requests the owner to add a given
amount to the total weight, which allows the sender to increase its partial weight by the
same amount.

2. Create an indirect entry item in the sender space. All subsequent references refer to
this item and not directly to the owner space.
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Problems with Weighted Reference Counting

Not resilient to message loss: Total weight becomes greater than the sum of partial
weights. Object will never be garbage collected.

Not resilient to message duplication: Total weight becomes lower than the sum of partial
weights. Object may be prematurely garbage collected.

Does not handle distributed garbage cycles
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Optimiz ed Weighted Reference Counting

Relaxation: _ _

Thus lost messages are allowed

Creates oating garbage

Should be used in conjunction with a tracing garbage collector
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Reference Listing

Owner space allocates one entry item for each client
Insert and delete control messages are sent by clients
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Reference Listing, Example
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(i) A makedA reachale fromthelocd roat and sexds @t to C
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(iii) B credesnew entry itemb' and sends ackowledgement to C
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(i) C dlocaes «it item and sendsinset messgeto B

RA

DEg

ack @t

\@)&I

(iv) Cinitidisesthe &it item and sends ackowledgement to A.
A removesthetenporary pointerto tA from thelocd roat.
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Reference Listing, Characteristics

Resilience to message duplication and loss (though it may result in oating garbage)

Floating garbage and space failures may be handled by regularly prompting clients to
send live or delete messages

If a space fails the corresponding entry items can either be reclaimed or kept (should the
failed space recover)

Draw-back: Uses more memory and more control messages
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Tracing with Timestamps

All objects, entry items and exit items are marked with a timestamp
Objects which are alive will receive increasing timestamps as time goes by
Objects with timestamps less than a global threshold are garbage
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Tracing with Timestamps, Local tracing

The time at which a local GC is triggered is called GC-time

Each local GC traces objects from the local root and from entry items

An exit item reachable from the root is marked with GC-time

An exit item reachable only from an entry item is marked with the timestamp of the entry
item

Objects with timestamps less than the global threshold can safely be reclaimed
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Tracing with Timestamps, Comm unication

Up-to-date timestamps for all exit items are sent to the owners in order to increase the
timestamps of the corresponding entry items (if lower than the exit item's)

Owners send back acknowledgements for each up-to-date message

Each space maintains a local redo timestamp equal to the greatest timestamp (of an entry
item) which has been propagated

When acknowledgements for all up-to-date messages have been received, the local redo
timestamp is increased to GC-time

The global threshold is equal to the lowest value of all redo timestamps
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Tracing with Timestamps, example
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(i) SpaceB triggersalocal GC and proggates timesamp 40 to enty itema of spaceA
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(ii) Space B removes he lo@ pointer tou.
SpaceA acknowledges le previous up-to-date mesage fromB.
All spaceB's up-to-date mesageshave nav beenacknowledgedand its redo timesinp is incresed to 40

SpaceA triggersalocal GC and progagates timesamp 40 to enty itemb' and timesamp 70 to enty itemb of spaceB.
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Tracing with Timestamps, example
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(iii) Space B acknowledgeghe previous two up-to-dite messgesfrom spaceA.

All spaceA's up-to-date messgeshave now beenacknowledgedind its redotimesemp s increasedto 70.

SpeceB triggersalocal GC and propegatestimestmp 40to entry item a of spaceA.
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(iv) SpeceA acknowledgeshe previous up-to-cete messge from space B.
SpeceB incressesits redotimesampto 85.

Global thresholds increasedto 70.

SpeceA triggersalocal GC andreclaims objectsa, v and UA.
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Tracing with Timestamps, example
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(v) SpaceB triggersalocal GC andreclaimsobjectsb’, u andvB.
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Tracing with Timestamps, Characteristics

Collects garbage cycles

Computation of the global threshold relies on a termination algorithm which is costly and
not scalable

A failed space will effectively stop garbage collection since acknowledgements are never
sent
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Group-based Tracing

Reference counting
Group-based tracing is used to collect garbage cycles
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Steps 1-2

1. Group negotiation: Messages are exchanged to build up a group

2. Initial marking:
Exit items send a decrement message to the corresponding entry items.
Entry items with a counter equal to O are internal and coloured white.
Other entry items are external and coloured black.
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Steps 3-5

3. Local propagation:
Traverse the graph of objects from the local root and colour all reachable objects black
Propagate the colour of entry items to all reachable objects (black rst)
Black objects are alive (or referenced from an external space)
White objects might be garbage
Objects without colour are garbage
4. Global propagation (within group):
All black exit items send a colour message to their corresponding entry items and the
owner spaces propagates the colour (step 3)

Marking terminates when all spaces have sent colour messages and there are no colour
messages in transit

5. Sweep
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Group-based Tracing, example
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() Initial marking: Decrementmessgesare sentfrom exit itemsto entry itemswithin the group.

Entry itemsa, a@nd b@re colouredwhite, b is coloured black.
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(i) Propagation: SpaceA triggersalocal GC and propegatesthe white colour from

theently itemsto the exit items.
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Group-based Tracing, example
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(i) Propagation: Space B triggersalocal GC and propegatesthe black colour of entry item b
and thewhite colour of entty item b©
A colour messgeis sentfromthe |y blackendexit itemto spaceA.
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(iv) Propagation: Entry item ais coloured black.
SpeceA triggersalocal GC and propagatesthe black colour of entry item a
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Group-based Tracing, example

(v) Sweep:Objectswith white colour are recliimed
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Group-based Tracing, Characteristics

Conservative: An object referenced from an external space is assumed to be alive

If a space fails the remain members of the group can choose to wait or form a new group
What to do with objects which were referenced by the failed space?

Group-global termination algorithm is used to determine the end of initial marking and
global propagation

Scalability is achieved through a hierachy of nested groups. GC of small groups are quick
and frequent. GC of large groups are slow and infrequent.

Not resilient to message failures

— Typeset by FoilTEX — 33



