Cop\/ éma Gar \0038 COHQC_WL)OH

Recall:use reachaki! i~‘r\/ 05 Conservative opprox
ot when it is safe to reclaim objs.

'Cop\/ma s o different 4ake
— ollocate objs until heop is ul|
—Find all reachable objects
and Copy Yhem Yrom current heap 1o new heap

— tecloom qll of old h@u’/g [reodf\abfe ¢ unreachclbl p)
l‘)C{C'\UQl / Keep O\d heap Otrouch
To serve as fthe nNew new heap ot next GC
_\—abuﬁi, Phis bulle reuse” of whole %eap

o Soster Yhon reclaimi ng individuel L)bt

(troding space tor t ,me)




COP\/mg GC Exom/ole (Simple)
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Cop\/ 'mg C)C DEWLO\'J }Q

'Copymﬁ ‘\MO o) Con+iguou3 Prep\x C)'P WLQ'SPOC(?,
leaves o Qon+i3uou5 sutfix of +O—5pace ovailable

L use “bump pointer " allocation;

ot end of 'c,op\/mrj) alloc pir of start of avarlable region
‘ot allocation, increment alloc P by reguested size

(no frogmentation or icreqular obj size issues)

‘Much faster than free-list




Cog

* Jwo 13sues

0 fecursive (Lop\/MQ Yunction
would use stack space

(cﬂonjc u)anjr Yo use mem. L’.‘D PQC,Oim m@m‘)
Moyt presecve Shormg

n
% hould neb ﬁfﬁ
be c,opleo\ 03 [,‘K[LW |

L4l D2 2] hia \\‘]ﬂ

(Would use more space and, with mutation, would chonge semantics)

‘teloted to both issues
beware of c\/cles in Object graph




COP\/'}H% Co”eclﬂonl Dewtai{S
* Solutions (Chene_y\s O‘g)

‘Use to-space as a gueue of “to be copied” objs

* wher\ Obj 'S C,OP-\QCJ, -lﬂS*OlH ‘porwarcol'nj pom*er‘/‘
uﬂ\en ObJ would be COP"%? OQOMJ use %rwarcﬂmg P{f‘

‘ Q\C:)OF'\H’WYW

) Forward roots
L copy obys pointed to ond update poinfers

) Scon to-space for okjs w/ fields pointing to trom-space
Yorward such Fields

3) GC done when all o\on % to~5pace. Scannech
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CO(D\/m% GC: Details

' PJ”“ OI\OC(52> % reszailoc)
alloc = alloc + 52
fejrurn Tes,

§

phe bruord (p) 1 iF (pobud 1= NULL)

return (P~ fwd)

§
g = alloc(p=52);

memcpy (4, P, p=252);
pﬂ¥w&:9’>
return CL')
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COPY‘“ﬁ GC Details

S Ston() 3 while (scan <alloc) §
P: 5Can
J;oreac,l\n £ o Q\€\095(p> %

P>f = Yorward (p>1);
s

SCan = Scan + psz,

%
3




COP\/ '}ﬂﬁ \' Qﬂa\\/QES
' Per Ob\jed’ overhead

Allocation cost

' Pouse +ime
- higher Consﬁraﬂjr wcacwtors due 1o wrﬂes/copw'nﬁ

*Notes
s of heap unused when not GCmS

-RBFS groph Yroversal
MQ\/ o\*??ed- \ocalier
~ Objects with long lifetimes moy be copied many times

(but most objects die youmfj)
l—vaJr'n\laJrlOﬂ Yor genem%ono\ C,opymjc m{;‘@‘:;}f,,;,y-l




Heop Qes\zmg
What happens + o GC does not reclaim marny obj‘sf
L?l/di\\ need Yo GC agam Very Soon.

"What \mappens ¥ o GC does not reclaim ciny o\ojs?
L L) Need Yo grow heap,

Recall: H - size of heap
| = amount of live data
= Rl - ratio of heap size to live data

‘/,y - Lraction of heap occupje(ﬂ by live objs

ak Y too small |
Ly $reguent GCs (ond % ot progrom fime in GC very high)




He,ap Resizing

- Start with o Sma | heap,
on ol qrow in fesponse to growth of lve data

- After each collection, (;ompde L and .
T y too small, +hen incresse H (b\/ requesting mem. from 05)

IE ~ boo large, then Shrmk H (by returning mem. to 08)

LMU\W \j“’e' mem back ? ploy nice" wl other progroms
H» nto Phymca memory

= Maintain o f\ough\x/ Constant y

'MO«F\L-SweeP Per’}"orms well w/ ’)/7'&
-Cop\/mg Perqorms well w/ ’)/>3

 Production sysjrem:s often target vy =3




Q&\/m\cecj FemLures owf GCS

* The mack-sweep ond Copying GCs ore very beosic

L%Pouge times are @ major Concern

‘Iﬂcremenlra]'. do a ?ew SSIGPS OWC GC
Ow“fer‘ e\)éf\/ 'Qew SXYeps ojr\ pF03ram execu+iom

or ot each allocation by program

¥ if enough GC cteps done often enough,
tren 1o \ong pauses (Jus} very many very short ones)

— more C,Om]O\')CmLeJ re\ahor\:s%()o b/w GC and mutalor
L GC must be prepared tor Qhoﬂges to heap mode by mulelor
'ng\\—hme p S*FOﬁger‘ Nersion ot mcrem@mtat
guaran*ee Mox powuse ‘ime i ony time window
- FQ,CL'CX S;or (‘_eﬁ’am opp\tC.aJ(]Oﬂj

— usually Nery conservative (teserye much more +ime
than typically needed

Yo delend against worst case)




QCWUMQJ F@QJYUFQS OWC G

°Concurren£ L GC e_xecujres ot +he some 4'|me 05 Mutaionr
(in o separde threod)

+18 GC runs tast enough, then low/no pause Times

—Comp\ex Coordl“mml':on b/w GC. omd mu{'a“@ar\

‘ PO\POHQ\ . GC QXQCU+€5 usmg mu\’riple f‘%rea(ﬂg (bulr mw\a"or pau&ecﬂ)

t lower pause +imes (ble GC work split bl threads)
= Comp\ex coordination blw GC +hreads
b for good performance, want to balance work among Yhreads

(but can be hard: how to parallelize marking a long list?)

' Concuf‘f\enﬁ + pam”e\ - 5C executes using multiple +hreads
ot Hhe some +ime as mutetor

=+ b@)ﬁer pouse +imes |
— C,Omp)ex Coor(ﬁsnajrion omony GC ondQ md'ail'or* H’\f‘eaéé




Q&\lamed F@O\Jrures o? LCs

e

‘Man\/ o these Yeatures work best w/ mark-sweep

\’Vﬂom—movmg makes Coordination w/ mutetor easier

‘Man\/)mo\m/ varionts and novel GCs

- Remains an opctive area of research

! PFOS. \_Olﬂg. Des\gn Oﬂoq Impjemenﬁﬂlf on (pLDI> C,OMDQ-FEJ”}C.ES

'Iﬁlre,tmjr’uona\ Sympos\um onN Mem. Tﬂgmﬂ Tsmm)

“Taternational Conf, on Functional Pr%, (TCFPR)
+ Ohy. Ociented Droa. | S\/s-}ems} Langs. and Qpp S, (OOP,SLQ)

‘The Gar\boge Collection Handbool
b\, Hos\«’ing, Moss and Jones




