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Issuesin Consewative Collection

e Somebit patternghatareactuallyintegers,reals,chars etc.
will bemistalenfor pointers,sothe“records”they “point” to
will betreatedaslive data,causingspaceleaks

e Accidentalpointeridentificationscanbe greatlydecreasetly
carefultests,e.g.,mustbeonapageknown to bein the heapat
anappropriatealignmentfor objectson thatpage;dataat
“pointed-to” locationmustlook like a heapheader

e Canfurtherreducefalseid’s by notallocatingon pagesvhose
addressesorrespondo datavaluesknown to bein use.

Major problems:

o Becausehey mustfilter large numbersf potentialroots,
conserative collectorstendto be slow.

e Collectormuststill beableto find all potential rootsin
registersandstackframes.

¢ Pointersmustnot be keptin “hidden” form by mutatorcode
thatdoesweird pointerarithmetic.

Seewidely-usedBoehm-Demers-Viser collector:

http://ww. hpl . hp. com per sonal / Hans _Boehn gc/ i ndex. ht m
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Consewative Collection

StandardsC algorithmsrely on precisedentificationof pointers.

Thisis hardin “uncooperatie” ervironmentsj.e.,whenthe
mutator(andits compiler)arenot awarethat GC will be
performed.Thisis thenormalcasefor C/C++programs.

(Hencealsoanissuefor portableJavaimplementationdasedn
C, andfor native functions.)

Basicproblem:the mutatorandcollectorcanno longer
communicate root set.

(Also hardif mutatorisn’t sureaboutroots.E.g.,for JVM stack
mustknow staticallywhich entriesarepointers— easyexceptfor
subroutines)

Idea:for ary scanningcollectorto becorrect,it's essentiathat
every pointerbefound. But for non-maing collectors,it's ok to
mistale a non-pointerfor a pointer—theworstthathappenss
thatsomegarbagedoesnt getcollected.

Consewative collectorsscanthe entireregistersetandstackof
themutator andassumethatarnything thatmight be a pointer
really is a pointer
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Object Lifetimes

Major problemwith tracingGC: long-liveddatagettraced
(scannednd/orcopied)repeatedlywithout producingfree
space.

(Weak) Generational Hypothesis: “Most datadie young”

l.e., mostrecordsbecomegarbagea shorttime afterthey are
allocated.

If we equate‘age” of anobjectO is equatedvith amountof heap
allocatedsinceO wasallocatedthis saysthatmostrecords
becomegarbageaftera smallnumberof otherrecordshave been
allocated.

Moreover, thelongeranobjectstayslive, themorelikely it is to
remainlivein thefuture.

Theseareempirical propertieof mary (notnecessarilall)
languages/programs.

Implication: if you're looking for garbagejt’s morelikely to be
foundin recently-allocatedata,e.g.,in dataallocatedsincethe
lastgarbagecollection.
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Generational Collection
Idea: Segregatedataby ageinto generations

¢ Arrangethatthe youngergenerationganbe collected
independenthpf theolderones.

¢ Whenspaces neededgollecttheyoungesgeneratiorfirst.
e Only collectoldergeneration(sif spacds still needed.

e Shouldmale GC moreefficient overall, sincelesstotal tracing
is performed.

e Shouldshortenpauseimes(at leastfor younggeneration
GCs).

Somevariantof generationatollectionis almostuniversally
usedin seriousmplementation®f heavily-allocatinglanguages
(LISP, functionallanguagesSmalltalk,...)

Most generationasystemsarecopying collectors,althoughmark
andsweepvariantsarepossible.

In generationatopying collector datain generatiom thatare
still live aftera certainnumberof gc's (the promotion
threshold arecopiedinto generatiom + 1 (possiblytriggering
acollectionthere).

Key problem:finding all therootsthatpointinto generatiom
without scanninghighergenerations.
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Example (continued)

Now we allocatea new cell T pointedto by R, fill T with pointers
to A andB, andzerotheroot setpointersto A andB.

OLD GENERATION NEW GENERATION ROOTS
e ——————

° o

i

S

If afurtherGCis neededwe must follow theinter-generational
pointerfromRto T.
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Example

Assume2 generationspromotionthreshold= 1. Initial memory
configurationafterallocationof R:

OLD GENERATION NEW GENERATION ROOTS
ﬁ—/‘**
P -
Ny4un
j? Q \W B
S
A
Supposa GCis now needed:
OLD GENERATION NEW GENERATION ROOTS
—_
0o
- [ D

I

S

NotethatSis now tenured (uncollectedgarbage).
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Designissues

Trackingpointersfrom oldergenerationso youngerones.

e Thisis primaryaddedcostof generationasystem.

e Canonly happervia update of a pointerin anoldergeneration.
e Typically useawrite barrier to catchsuchupdates.

e Maintainremembeked setof updatednemorychunks
(“cards”), wherechunksizecanrangefrom singleaddresso
entirepage.

e Hopetherearenottoo mary!
o Differenttradeofs in mutatoroverheadvs. scantime.
Promotionpolicy?

e Threshold= 1 givessimplerimplementationsinceno needto
recordobjectage,but promotesvery youngobjects.

How mary generations?

e Two-generatiorsystemgjive simplerimplementationbut
multiple generationsreusefulif thereis a spreadf object
lifetimes (especiallyif threshold= 1).

May wantseparatareador large, pointerfree,or “immortal”
objects.
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Incremental/Concurrent Collectors

Stop-and-cop collectorssuffer from arbitrarily long pauses
duringcollection,whichis badfor interactive applications.

Incr emental collectorsattemptto solve this problemby doing
thecollectionin smallpiecesno oneof which takestoo long.
Typically do somecollectionwork atthetime of eachallocation.
E.g.,everytime acell is allocated collectortracesk cells (for
somek > ;740).

Becauseollectorandmutatorareinterleaved at fine granularity
they mustsynchronizetheir actvities. Usefulto view collector
andmutatorasconcurrent threadsin fact,canusuallymake
incrementalGC algorithmsrun on a multiprocessqgmwith oneor
morethreadslevotedto doing GC.

(Referencesountingis essentiallya concurrentGC approach.)

Key problem:mutatorcanchangesetof live cells“underthe
feet” of thecollector Example:

Essentialnotto treatlive dataasgarbage Desirablenotto treat
garbageaslive data.

Note: incrementakt real-time.

PSUCS577Spr'o2Lecture9 (€ Andrew Tolmach2002 11

Baker’s Algorithm (Incremental Copying Collector)

Idea: Never let themutator“see” awhite node(i.e.,anold-space
pointer). Thatway, mutatorcannever write sucha pointerinto a
blacknode(i.e.,anew-spacenode).

Implementatiorrequiresareadbarrier thattrapsattemptgo
loadfrom old-spacecells,andmovesthemto new-space‘on the

fly.”

Original mutatorcode:
X = p->c[1];
New mutatorcodeafterinsertionof readbatrrier:

x = (forward(p))->c[1];

Also arrangeso allocatenew cellsin new-spacepbeyondscan
boundary(i.e., coloredblack);this is quite conserative, but safe
andsimple.

Readbarriermalkesthis algorithmvery expensve in theabsence
of hardwaresupport.Onepossiblevariant:usememory
managemertiardvwareto implementreadbarrierat pagelevel.
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Tricolor Invariant

To describeessentiainvariantfor concurrentnarking,think of
eachheapcell ashaving oneof threecolors:

Black - nodeandits immediatechildrenhave beenvisited
already

Grey - nodehasbeenvisited, but its childrenmight not have
beensocollectormustrevisit this node.

White - nodehasnotbeenvisitedyet.

Initially, all nodesarewhite. A scancycle terminatesvhenall
reachablenodesareblackandthereareno grey nodesatthis
point, all remainingwhite nodesaregarbage.

Example:In copying collector old-spacenodesarewhite,
new-spacenodesaregrey until scannedafterwhichthey become
black.

Key idea: To maintaincorrectnessf scanmutatatormustnever
write a pointerdirectly from a blacknodeto a white node.

Many differentwaysto enforcethisinvariant.
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Dijkstra’ s Algorithm (Incremental Mark-Sweep Collector)

In a M&S collector often usean explicit mark stack to record
nodesthathave beenmarked but whosechildrenhave notbeen:

struct cell *markstack[];
int msp = 0;
void gc () {
for (int i =0; i < ROOTS; i++) {
roots[i]->mark = 1;
mar kst ack[ nsp++] = roots[i];
}
while (struct cell *cell = markstack[--nmsp])
for (int child = 0; child <= 1; child++)
if (!cell->c[child]->mark) {
cell->c[child]->mark = 1;
mar kst ack[ nep++] = cell->c[child];
}

sweep() ;

}

In this context, unmarled cellsarewhite, marked cellsthatare
onthemarkstaclkaregrey, andothermarkedcellsareblack.
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IncrementalMark-Sweep (cont.)

Themostdirectway to preventa black-to-whitepointerfrom
beingwrittenis to useawrite barrier to detectsuchwrites,and
changehetargetobjects colorto grey “on thefly.”

Original mutatorcode:
p=q;

Mutatorcodewith write barrier:
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Garbage Collection and Native Code under Java
Interfacingto native codeis problematic:

Java objectsreferencedy native codemustnot be collectedby
Java GC until native codeis donewith them.

Solutions:

e GC canimplicitly registerall agumentgassedo native code
(or returnedto native codeby callbacksinto Java), andnot
collectthemuntil native codefinishes.

o Referencethatneedto live longermustbeexplicitly registered

*p = q; (andlaterunregistered)oy native codeprogrammer
if ('g->mark) { ) ) _
g->mark = 1; Java objectsreferencedlirectly by native codecant bemoved.

) markstack[ mp++] = q; Solutions:
e Usenon-mawing collector
e Passunmoveable,indirectobjectreferenceso native code.
e Pin objectspassedo native code.
e Make pinnedcopiesof objectspassedo native code.
Native codedataobjectspointedto by Java objectsthatget
GC’edshouldbefreed.
Solution:
e Usefinalization routines.
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Garbage Collection in Java

SunsJVM usesa“mark andcompact’collector

e CompromisébetweernM&S andcopying collectors.
e Live datacellsaremarked.

e Thenheapis scannedindlive dataareslid down to acompact
region atthe bottomof the heap.

e Extraspacecostsfor forwardingpointers;extra time costsfor
addedraversals.

e Objectpointersactuallypoint to a handle whichin turn points
to therealobjectdata.Handlesareallocatedn their own space,
managedy M&S, andnever moved. Objectdatarecordscanbe
moved just by changingthe handles contentswithout altering
theobjectpointer

Usinghandlessupportsconserative collection,whichis handy
becausef bytecodesubroutinesndnative code,but usually
unnecessary




