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Hb iz awlegn b oasl ansls bl jl Ko il SO L sy b aS 05 co a8 )5 o jo aladl>
ol obw!| BinaryWriter b gly abadl> G 285 Jlo gl 0sd colainl oS ashd G o
Slasly a5 oKl e 040 o0 418,5 FileStream ;.o gl alsl> G o 51 oe alolédl
oslwl no FileStream ;.o 51 Jgy0 Ojse 4 Cads 0 oS o osleiwl BinaryWriter
Shge 4 o bl gl Garbage Collector alowg 4 ouls S oo SO 0 0S8 o0
logle | obsn s @ ploadly Gialidl crse Jae cal 48 opdise 48,5 Ll e L Jlste
ol CPU Cache o a4l y lawgs oolauw! 5,50 gLl 28,5

C sl 5k heap 5l gy Jlews Joc ;o managed heap a5 o, o, @ 4ieSy) g5 U
S50 Wb Lol a5 6,00 4SS Ll el )] ey g 5l 00l Sole kds 4y 55 cpl 5
2y S aS 555l e s & Jo cpl a1 o oUlgs oyl managed heap 45 coul oyl 09l a8 S
b op 8 al, sy puslSe ol managed heap Llewe s RGP - T NP CE X S-St
dolol o a5 ¢« 0gb oo odel Garbage Collector il pl oo sl |, 5,8 ol wilgis
2,5 edly> oo 10,5, 09 (0,by0

3,90t §lp B JB slad cunl (Saw oS 0 Sle 3 1 mew Sl asliy S a5 Sl
2 g9 ol A 5LS 8,90 ez 0,5 Aol L |y gaoge (pl heap osl aiilas sg>g b
s heap o5 el aali s (gl oals aid ) § las jo glad sl s 31 .05 oo 4> gie NextObjPtr
S5 @ 5kl sl Garbage Collector 5 coul oo

Garbage S, cowdly o .05 alino ou i ool &jg 0 Cddiz o A 534S Ll i ST
Lo fu ;I LoGarbage Collector o .05 JolS 40 fus 45 w25 o &, Siloj Collection
o=l 4 ol ol .l SIS Sialisl o] Lol Gus g 09, co Lot b panecilo 5 45 aiiS o oolizw
doliy yae Job j0 5 oadd Slil g Wiy, o Hlad 4 ho Jud 0dd ologl o)L (L] 45 o] &y 50
U ily e i liteo (sla fus 4o Lol (ga diws 5 Ll silulaz 0,5 o 5 5V sla fus ;0
8 ey 00 Ll plad sl 4 |y o5 fus ,0 05290 (L] wro ojl>] Garbage Collector
A4S 0 g0 (B8 dl o I B Lol gl o 00l i plad DLSje b lo s sy slo iz j0 a0

5 heap &5 w2 o 7, 85 Garbage collector
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Garbage Collection i jo5J! Y#-Y

G971 GC s 355 5 4ol jo colaiul 5,90 heap a5 b il S8 a5 jshiles
g K00 a5 5l 0939 tod heap o L] a5 0iS o ow,» ;5 Garbage Collection.sg
o1 Ladsl ol Jawgd ool aid |3 aladl> wiil 092 g0 sl p jo Gldil i ST 0505 colaiul 4ol y
sl ails ss>g9e heap o wos Ll ol lakbdls e SN 0ed e
Garbage Collector 453> Ll (a2uw 7, new Sloc g OutOfMemoryException
onl AsS gal Canl S a5 jghailen $o5 Lo yls Lo 1y paie G anlip LT A s o auseis
Syl glosls el Jlgu

ol eols £95 G4y conl (5,5 o Lilroot S .ol Laroot l acgeze G sl ks Aol jo
23 lade Nothing jlasie L L oS’ s o,Lsl managed heap o cl>)lools g5 S a0 b 5 o L2
o ogdle 4y . Wg, o lad 4 TOOE 5 T ages b 5 Seibinl slo e pled iz el o0
50 gy sled 4 oot S G stack (o milgy sle el )l Lo il gl )l £oi 5l AT e yusie
Cguite FOOE SO 55 S o,Lal gl | g5 5l e SO 4y a5 CPU old G ool S5 9,0 colyd
D9 s

Jeaz 6 Native sloas odsi 5 oodle wuS o LS | IL o5 G JIT LLLS o5 Sl
01y cudl glacol 5l sogame SO oo cpl 5l cs, lilate S oo S i Al
3 acgezme G bosgae (pl 5l plaS o gl g s o Ll &b gl CPU e Ol jgiws
Jouz Jlie gl S oo Lattine diiwd Lroot sgize o5 |, CPU slacls b abadl> gla ol
RV IR PRERTH PRI K O

Sample of a JIT compiler-produced table showing mapping of native code offsets to a
method's roots

Starting Byte Offset Ending Byte Offset Roots

0x00000000 0x00000020 this, argl, arg2,
ECX, EDX

0x00000021 0x00000122 this, arg2, fs, EBX

0x00000123 0x00000145 Fs

wgd p» heap cool 1>l > ;5 0x00000122 45 0x00000021 cdl o 505 &5 by 51
aS wils oo Garbage Collector al> .o cpl 0 .05 o 5 4 g4,5 Garbage Collector

226 Global Variables
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090 kil 4 5 wiius Toot 4o EBX Sli o fs  Jowe sl i 5 arg2 sthis sl yl )l
ailgs oo Garbage Collector ogdle 45 .w5gds 25 w315 Ll lgie 4y wls a5 aisS’ 6 o,Lil heap
plai sl 1y laroot (xlgs cpl 5l alas™ o ISl Jeao 0,5 el b g S oS > stack (0

WS s oad SleSl 3 ales

el 1o CPU lygis 5low ool joargl LesS, 45 a5 a5 YU o> 0 :dailT
oLl yTasargl a5 2s 45 Conl ize s ol ol 5 0iS i 0,L3] g5 4,500 0x00000020
adl) 055 (5,9 2o Garbage Collector L..ss uilys o &lygiws cpl sl>l 5w floj o 0iS o
S0 Oyl 4 (WS pei o)Ll argl Lags el )] 050 pond  doliy 10 (6,550t g S 28
Garbage Collector L.y o i s,5] xo sl 0l (s yiws S 8 e G a5l amo 4
ooas Garbage Collector L.y oo 5 LG G L] Huile 3L cde yan 4 5 095 20 byl

gl o

Sire L g aslb oas Izl debug o> 0wy SGoa5 Sby ool 0gzg L
sl sl Ly aal ead wdlsl aly el 4 DebuggableAttribute
JIT [LLoS sl ool ooy asliyy constructor o true lode L isJITOptimizeDisabled
w20 ge il Bl GLs esgazme (LG B olade ggi jlaz g elrl g9 5l ax ) b piis pled jee Jsbo
Garbage i b iie (s 6,50 mox 5l poe Jsb (2alidl cnl ol als LL oles Ygone oS
debug lo; o his Joo pl g aiS o 5,55l aslipy Job ,o Ll ol,>1 o390 4o Collector

9o @ly dndo daliy S

heap ;o 55250 sLodl plas a5 WS o (5,8 S o0 )5 4 £4,5 Garbage Collector o5 b
heap ;o (ol zo 4 4l sleroot 5l slaS ma a5 WS o 28 Ko O)le 4 aiin Wl
S g A8 o0 aoly slaroot le o &S > 4 £9,5 Garbage Collector oo .0iuS od o)L
Cwl oo Garbage Collector Jlvo sl 020 oo LSiS cwyiws JB slaroot slos I IS
LI, heap & 55 UG oS oy oS oo oyl heap o ol SO a4 &S 1) ogas pitie SO
aoliy slaroot col asie SO 50 a5 jshiles doage olid ool ool Laradd (ol poix
Bl lacl j Lasl cpl plos pl ply .ausS o 0 Li] puins job 4 F gD g C g A slil 4 Ladd
A pod (pl 45 098 o0 a>ge Garbage CollectorD ;b 0,5 adlal log 259l oo gme
Garbage .5y (od 4 g 0gd o0 a8lol acl pp GBI T @ 50 H p ol ) plo S oo o Lol H f s

S oo pastine |y heap o o ss B sLil sles Collector
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Managed Heap

I\ \ | I.'\ ,’l
A .| | L\'"——._'.—' —'-"'"f“ I
\‘\‘\ (N / NextObiPtr
~ | i /

Roots \] .’I / 4
(Strong references) 407

Globals Managed Heap before a collection

Statics

Locals

CPU registers
Y-y S

5 95l0 o0 s sleroot o), 4 Garbage Collector o oIS GBI S 51 idy opl &S ;g
90 et SO 4 tand K5l Garbage Collector ool Job [0S oo (o) 0 1) L (X
|y e 01 5 S8 i WS BT 4 |y (S o S o S rs S5 050 St
(e g2 3l Garbage Collector 4| Jgl :aiS oo Jloo 1) Gun g0 )li3, £ (pl a5 0 GBgie
P 8l po S el SRl (g BB S8 4 asliy plessly Gl plo aS (o0 j5ee L 9o
;o Garbage Collector « ol o920 Lil 51 Glopls (gign locan] asliyy jo oo ;a8
Silo o gl sloaal>

a oS ol oldl sl s4ome Garbage Collector 1S ol v, leroot slei a5 Sl
e Gl @ Bl SIS 0 a8 1l e g wlliee (et LB asliy slaroot 5 b 5l g9
Garbage  pl 5l day 090 o0 Cgmmme Wl £l S g s g wd JB anliy lavgs a5 Cu]
wasine K15 gbedl Sl aingn S Jlis ¢ wiS oo b 1) heap > & 50 4 Collector
o (S2o5 SN ST (Wsd oo Cgmime J slad 5iST po aS) 555 0 GBI S Lasgy oo
A8 o by L8 Jb s 4 | S o] Garbage Collector ois.

abdl> ol Cow 4 1) W1y 58 sLsl Garbage Collector ol il aiwy awgny S S 31
0,8 |, heap 5 ,b pl 4 g (055 o0 plol memeopy o laibenl LU L IS pl) ools s heap
6,5 o ,lsl ples ol e U cacl heap o ml Con 4 Lesl ols &8 > Ll S o
I, )5 o)l ples jlake a5 Cewl Jgtuw Garbage Collector Jl> 545 oo Lil ] & 9950
o1 4 NextObjPtr o sl heap s, (sjle 05,28 Joe (nl a5 cnl 5 dm S pudass Toasme
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Garbage Collector 5 slol 5l usy |, managed heap <G 55 [ 008 oo o)Ll &Iy e e ol
a2 o oyl
Managed Heap

« V] NextObjPtr
AN /
Y,
Roots \\i /.”
g 3 ) 4 Managed Heap after a collection
Statics
Locals
CPU registers
Y7-Y) s

Lol S oo ol |y g5 BB 205L (w3l Garbage Collector.oco o JS& j0 a5 jshiles
OB g 058 JolS Jao Jus a5 &S 0 )5 4 £9,4 Garbage Collector o) acil aiils ob &

pyssl odle 4y .l € (gl >l loj heap 3l s oo 4>95 LB & )50 4 managed heap (L
obeaily a5 cul oals (g3lw Ay (Jge 4 948 o oolatul CLR o aSGarbage Collector

A0 oo il gob Jlade 4 ], 6,
J\J}m‘j.c o pde g ol oald Yl s aladl> Luu‘ 4 d)ji> as AR o uLu.u ») o5

Module Modulel
Sub Main()
' ArrayList object created in heap, a is now a root
Dim a As New ArrayList()
' Create 10000 objects in the heap
For index As Integer =1 To 10
Next
For x As Int32 =0 To 10000
a.Add(New Object()) ' Object created in heap
Next

' Right now, a is a root (on the thread's stack). So a is
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' reachable and the 10000 objects it refers to
' are reachable.
Console.WriteLine(a.Count)

' After a.Length returns, a isn't referred to in the code

' andis no longer a root. If another thread were to start

' a garbage collection before the result of a.Length were

' passed to WriteLine, the 10001 objects would have their
' memory reclaimed.

Console.WriteLine(""End Of Method')
End Sub
End Module

Cl Koo 39 o Cgazo 55,1 L (556555 S Garbage Collector «5° oS o S8 5T a5
Garbage Collector 45" ool oyl 5,50 ol Jds 0,5 cod JLEANST CH o[> 45 05 o
o £ dx 4 (380 IS o 45 Wil 5 w5 Cugn i |y doliy 0 S92 g0 slaP00t 457 3l Lo
e S5l S5 0, lil G ga5 pss b ol 45 Gl ol ouis Cy e O b [Siie .aiiS o o, L3/
S35 A n 0ylt) 5 4 40 55 0] Sl o Sl ket 5l 0y e 5 losn o S0 55
SLedb/ jl g Canz s SO (2dly £ 4S5 Wl o dicar managed heap CLR o .5,
oolawl aiiS oo, Ko slil a4 5 S 5l bogac plaS aSy/ (0,5 jascin sl metadata

LS o

s el YP-Y

&3] 2> Garbage Collector Lig 3l coi pocds 35 0 o)Ll o G & TOOt S, a5 Silej
WS o 0yl s S A T00t G 4S5 o S oy o yiwd ] s deli Sl San 9z D9
Garbage (g58 olel> )l LS o .ol 95290 1ond o] 4 (698 gl )] SO S 048 0 4SS lasl
G @ Ol | oS o Slaiiy oo s Slels )l sl 4 Clel> 51 6,50 g4 5l Collector
@ a5 and o)l aelip o puiomen g S (549! o> 1) o 45 i s ojl>] Garbage Collector
DBl ALES sy ol ]

temi ol WSS 4 5le] Garbage Collector 5 il 09250 ponds S 4 2o Slel> )l lazd 3
CeSo b Joe cpl S oy s ol 4 aiST orw aeliy a5 Sy e 5 955 o0 S heap |
ol & 58 el S b asliyy G el )l Sy e gt sl S0 Ojle & 05500 azlse
Ol a9 gla )l S w559l 2o 1) (] Garbage Collector as| 51 L3 4ol 51 .00 azils
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Ol 598 gla )l SO gz oS Bl |t opl Wilgs o3 Garbage Collector was JLSas ¢ o

S ey 95 5o 1) Egdge (o18ly (e o o)l
Sub SomeMethod()
' Create a string reference to a new Object.
Dim o As New Object()

' Create a strong reference to a short WeakReference object.
' The WeakReference object tracks the Object's lifetime.
Dim wr As New WeakReference(o)

o = Nothing ' Remove the strong reference to the object.

o =wr.Target

If 0 = Nothing Then
' A garbage collection occurred and Object's memory was
' reclaimed.

Else
' A garbage collection didn't occur and I can successfully
' access the Object using o.
End If
End Sub

o> TS e ol 1) chie azx s Slela | 5l solaiwl a5 048 Sbl Jlaw () Cenl S
Jlie gl oS o Jlrdl 1) adadls g0l jlade Lol gl oo ool (Sols 4y bosls JLSlu 5l Las
3 d9ge kbl g la,eS pls pled 5l (] 4 a5 sl axdls by Lol Conl (S
A g aes S Oledbl pl plad 5l a0 G oyl oo (Sol a4 Lads il ails 5Ls Sgosls
gol ol S dazlie ddadl> o CB o cpl @ o led ezl Gl G wl Tl Ll ael p aS) e
a2 oo ol el deli e s

s 5 ST asS e Jlll 1y aladls 5l gob; lews e ool LSl ol a8 el cpl IS Ll
Iy adadl> 51 sob; lade Lol ails Lo 8,90 ;500 Canl (\Sae &350 cpl S 5T asl 5l 6,500
@ 8 STLlass o) 1) abdls o e o cpl 4 ol gl )| ol oo Lol el 00,57 Jlii]
O s Slelr )l el wples ca e il (glegl @ 5l base wciS  asly gl cend
S S ) SasBae (nl 975 (e 4 oS wad e ) G

ol 4 by T00t 4 Gl gl )l SO w098 ) sl gl Ced Sl )80 &S Sl
slisy slp aabl> 51 0,0 o 5] ol 4 698 Slel> )l aled g oS ol aladl> o oo
Sloy 99,5 o 1) ;9500 o0 lawg ool aid I aladl> Garbage Collector i oS 4ol Koo
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Sy (598 £l Ko s gl ) 5185 o aliy 5 utS iy ol o @ Toome 1 a8
Saslip Ohgo cpl e 0 am e uSis |y o0 Isame 4ol g 3555 oo Sl Oyl e 4]
A5 o oolaiul aladl> jo g0 (LB CS 0 les

o3 o &)l 1) seg0c Constructor g System.WeakReference M5

public New(ByVal target As Object)
public New(ByVal target As Object, ByVal trackResurrection As Boolean)

sl S e atrie 1) aiS 6l ol WeakReference 45 : i target Ll
finalize ;| o o> 1) ;i oL WeakReference Ll a5 oS o ais trackResurrection
el false ol ol laie Yoons a5 13 b wiS (6,18 455 b ol

s gl 3,5 il 1y 0T Ol @b 1o finalize | e o hond gl Sy (2o, el
S Gond glal 55 il |y ol Gl b fimalize Sl e o 1, Ghead glol 5 ik
Jos o2 aile wily 5 obsS s gla )| waws &) |, finalize xU oo ools go5 51 ol oo
g8 ol Inj S )leogs il Slelr )l (59 )15 @ 5l a5 098 oo anog Dol 4 Lol oS
Al Al gy LD G e ol finalize | oxy > a5 wies ool Ll 4 Slels )|
Dl asliy )3 (g Ghey JB pf CoxBse S ol 3525 4 zge Wl e &S

Aty ol 4 38 lele )l plas il Lagee 0,38 ool 1 Sy (sl |, cipms £l S, a5 L S,
s ol )9l ze> oUly Garbage Collector & ,50 ! & ;o 2> )|,3 Nothing
el anly53 555, Bl

S olEee Bl @lp oS baws 668 gl )l SO ) hns gl Wb ol e eolatul (sl
ol Shols plas! asly sleroot 51 (6 a1y (oo g 0,5 oolat.l WeakReference. Target
ol (5,9 me> Garbage Collector lwg jS3s sl S bS5 1) Nothing jlaae o)le
Slaskiy g 958 g0 Cgmme lade (nl 4 558 gl )l o wydl gl TOOE O j50 (pl 2 )0 ]
SIS JS 1, 155 (o Wi Giyb o

val I . T;—f
a5 a9, o= less 4y CLR Garbage Collector g, comilSo llos ol 59 iy a5 jshilen
0 o )5 ls ousilSe L 45" Garbage Collector < .ol aslip o)1 s9uge o1 Lol o

27 Generations
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055 L5 lp 1y 13 sleed,d (055 o0 00l v TM);\faj} Garbage Collector _lsc 4 puzon)
25 o0 Sl 5

LIS walgS b (5 Bl pos Job wll ond obml Fagux (b SQ Az 2 @

AZablo sy o (55 jos Jgb Al ye S (od Sy 4z 2 @

sl 3T IS 581 @or 31 yins yoo h€AP 31 oS (5591 o @

5 9los ;S b 05250 sladelip 5l (S5 acgamme sl |y Dlus,d cpl (og e g0b ) Slalllas
o=l LS b Ceennd ol o aslasils 56 Garbage Collector (g5lu ooly 5,k Slus,d oy

el 00l 00ld 7 1 S
eSS olodl S it e Iyl 09l oo bl sl L (5!, managed heap S a5 Sl
Sloas oslowl o35 slad! oo Jud (0 99250 (sLedl 055 o0 413 jao s jo Wigd 43l heap
SLel ol as |y anlip G p5 pgead dilodis ) ,» Garbage Collector Liwg 55 U aS situn
£ E 5 C slil Sos jlam (EUA Dol cond i syl o5 amas plias el oo 57,5 4

E

L

Generation 0
A Newly initialized heap containing some objects; all in generation 0. No
.collections have occured now

(Y5-%) JSs
Ot oob 4 45 958 oo S 0 sho Jud gln 1) e ke Sy wiS o0, 4 ST CLR &7 e
sloul alesy pod 51 )l (S s Sl (S Jlade (pl aldhowl col oS YOF (5,8
o3lal oS o )5 4 ;21 Garbage Collector ol il 3439 S5 slad Jao Jus j0 5 04
Algsn F ool a S Jloj asilon, S Jlsl Lad ol oS YOF E U A sliil a5 oS jgad aupo
wasiss Garbage CollectorslKin oyl jo .0iS IS 4 5lel oL Garbage Collector oo LS5
S5 ted ol bl 095 00,88 LD (ol 5 Wil oo wgmime S E 5 Cglidl a5 ano oo
g S e 3505 (D 9B g A (gLodl) wiiloe (B al> o (ol 5l omy a5 (oLedl 9,00 B ot
s, Garbage Collector lh_.s L, So a5 sin o cpl 0 G s [0 09290 Lol

e 39 25 ©yge ar Al po sl Sl am (290 sl Heap wlonss

228 Ephemeral Garbage Collector
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"Generation 1 Generation 0

After one collection; generation 0 survivors are promoted to generation 1
Generation 0 is empty

(Y5-0) IS
bedl dien e ailo goi Bl yao Jud )0 cond zee Garbage Collector ¢l >1 L S 5l an
ool gy a9 Al (sl o5 JSS wisd oo @l Jao Jud 4y Wigd oo ol Gl 5l o &5
oolaiwl JuB e J g H g Bl asly slyz! Jsb j0 ogdle a4y 028 o Lis [, KB F sl
S ol3T b LT Lawgs oo axd 5 alasl> g wilous

H H

"Generation1  Generation 0
New objects are collected in generation 0

(Y5-%) IS

5 s ol 53 95730 (slnosls e sho s 3 L (o (sl aliblo et b oS 53l
4 5lel b Garbage Collector ol oduws, 595 3> j 4 Jao Jud (52 09, ,i1,8 ColiglSYOF
Wb s plaS a5 50 aseie ab lanl 545 o 51 Garbage Collection Joc a5 Sloj .ouS IS
5LS VOF o s sl iS00 S @ JETCLR a5 (o 0l 1S5 ity 0505 )18 (w2 959
P S Ses yhai 10 SG s 6l 5 0o 5w G CLR oo 000 oo olais] Lad col

sl Sl Ko ¥ ol Lad jlade ol oS oo
4> 4S5 oS o o, Garbage Collector.sss oo plxil Garbage Collection Joc o5 Sl
ool Yl S olad SO s adbs cpl jo il onds Jbal S s gy Lad jlade
S SG e oyl 3 a0 090 |y ao Jus Lasé Garbage Collector oyl plo ool o0 )57 JLil
bl as s ol (5,8 sl 0 jge al S lawl s aS' 1) Garbage Collector olus s Koo
LIS fimo Jus a8 o e 713 @ 4365 (nl (nlple aiies (55 0BsS e (sl oad sl o3l
olaj sladie il olil czge s (il 5l adadl> (69l oz g 9Bl w3l (LB jlade o iy
o Jus (6 59) gz 4 daid g oS o oy |, o s Garbage Collector (pl L 098 oo aladl>

g oo Garbage Collector aug, o, )15 Ce s ioli8l Cgo Joe ol a5 5510 5 0
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353 o Garbage Collector _|,lS 5 ce o (ol coge SO s sLdl g3l by raig 4
IR0t So Jlie (gl,m) 08 o)Ll 5 canad s 5l e 4 Jud o) 5l et SS L root S ST
Gro Slel )l g5 cpl 5l wilgs o Garbage Collector (oS o Ll s 3l e SO 4 jao Jud
s 1l o yies BB sledl sl (S5 LSS slp 1 LS 9)e oloy by (g S LS
s onl a8 ool 5 Qe (6l oS o Ll oz od SO 00 1ol SO a5 el (S al
ool Wl JIT 1o slpounilSo 5 5l Garbage Collector 5,5 o )18 cw) 0 9,50 jud caad
S o el ) ol gy S TIT 05 5205 1005 S gl e o8 o5 i (ol 4 5 o0
sb=al 1 plas” s jauseis wilgsy Garbage Collector oS 5.8 oo by JIT gy glociay oyl
sloals glyls a5 esad slosl Laid 5 wles S 1ots 535 B (6 ,5] aox Joo op 3T e 5l sasad
S (o0 oy 1) M 035 ks

5l =S jio i, Garbage Collection Jos 45 oo o ;ylis oo plol oL slpins 4SS

Do Oloj o Ko Voo oy b paity J50ls G o 4l (Lo S

ok o aS SLbl WS o (8,8 pired WS e oolaiul Llus 5l a5 Garbage Collector
aS 89,0 Jlaim! ol cpl il Wish sod 7l aladls Sl 55 (69495 4 Wlowile aladl> o a5 ol
Garbage , 51 1l 0g wples wws LB acly Job o lores SO s )0 94290 (sl
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