copying collector[@|Yi At 2single passhy ; ;&8
fragment ; EZdouble heap size ; B E,

-XX:SurvivorRatio=6

trade-offs -XX:NewRatio=3, NewSize, MaxNewSize

R @A

collector{liA=FZlcopy ;

mark/sweep collector2 B — S EusHaIZE 8] ;

BHRIZHEIPRBlivingd &
MrootFIA+k, root@¥Estatic variables, registers, thread stacksZ

TEZRRYRT (8]
linearly with the size of the live set rather than the size of the heap.

dead objectEINF &% R, FillZEperiodically relocate
live object, {F15#ER TS H ik

relocate live objectfiTf2H, live objecttINIBE T, ARALFRE
FEEX TobjectHIS | M EE#H—T, X TitiElfremapping
remapping{E 2 AR 8] Flive sethfIE Lt

Compacti/relocate

compacting collectors}## : in-place compactor (TNEELIIZE
i8], —f%itlive object \—im#5E| 5 —ifm) , evacuating
compactor (f&ENZRFTZE(E])

{Bheap AR A/ MEFHIF T X1 : fromFto

g Eform B ED

EUSET, EfromEBFrE;ERIISEIE, FHH3IA, Kik
fromFtolJER = copy

TEZERIRT B Flive setpIE Lkt

2 copying collectorfllgenerational collectortB45 & By
(HotSpot-based) #Eyoung generationfIX 1853237 HY
B4 : 1T Edenfl2 1 EEEden/ MR Z/8Isurvivor ;
EdenskKIZ2“from”, BT survivor&fEfromftoZ (8] B4
ti ;
EYX (young) B, $EfromAI3F&RIZE] “to survivor’ Beg#
promoteZlold generationX1HE (“from survivor’ BRI
KL uJRESpromote)
survivorZ[al/\ig X %, R “to survivorg AT, =iEE|
old generation2 ; X~ IU{premature promotion ;
old generationf) K/NEFEden—# X

sweep@3E : scan through the entire heap, identify all
the dead objects
, and recycle their space in some way

FiEE Theap, triRdeadi &, HEZEYLXLEdead i TR

TEZ=RIAT B FIheapAI K/ AL IELE

a write barrier that intercepts the storing of every Java reference
in order to track potential references from old objects into the
young generation.

BT —Twrite barriersk1= g Fir & freferencefstoring
XE2—"Tblind barrier, Fi2 =& FiEG/reference, MANE
MoldZlyoungiireference ; [XJg 5& 1431 [#F 25 A 8]

“remembered set” as a way of keeping track of all
references pointing from the old generation into the
young generation.

©ic{EFrE MoldZElyoungJs|

considered to be part of the roots for young-generation collecting

7£48Eyoung generationBI R HZEHS | FHEY, remembered set{ Jorooth)—ER7>
(5 —8B5RiiZ 2stack frameZ 2EH7)

& Tremembered set, 7] LU 131#%E T old generation

remembered set is tracked in acard table which may use a byte or a bit to indicate
that a range of words in the old-generation heap may contain a reference to the
young generation

OopMaps in HotSpot-based JVM
OopMapsszstructures that record where object
references (OOPSs) are located on the Java stack for
every piece of code it is safe to do a GC in.

A collector is termed conservative if it is unaware of
some object references at collection time, or is unsure
about whether a field is a reference or not

All commercial server JVMs use precise collectors
and use a form of moving collector at some point in the
garbage collection cycle.

write barrier

-XX:MinHeapFreeRatio=<minimum>, -
XX:MaxHeapFreeRatio=<maximum>

-XX:+DisableExplicitGC, ZFSystem.gc()

Mark(also known as trace)

¥ Ftrackingkii, fEIASIAAELE | — T cyclic object

graph;&B&#fitracking, IPAEMSETER -XX:+UseConcMarkSweepGC

-XX:+UseSerialGC

Tracing collectors use three techniques:
mark/sweep/compact collection,

copying collection, and mark/compact collection
—AxEE BN ES R 3MIR A ER A
AJEEheapH) —EPM XA —TA, HH—EBPXEA S
F—TEAR

tracking -XX:MaxPermSize, EX1IA64M (641iIA, 85M)
precisefIHIIREIUNES (BIFIMEFRBRIEIUNES) TEcollectionhyt
#BFA T tracking mechanism

—XX:MaxTenuringThreshold

JVMAEJTHR S5

size of heap, -Xms initial size, -Xmx maximum size

-XX:+PrintGCApplicationStoppedTime
FLEIVMEFRX TS5, INRZHAYIE, report GC pause
timeRt£3#Ereach to global safe pointAJRt 8] thE EiE K

-XX:PretenureSizeThreshold=n

P S E L FEL=PS

¥ short-livedFlllong-lived It &, heap#srpl T AT a5
young(or "new") generation

old(or "tenured") generation

MR—TWRIEFBA, AF4ESpromoteZold generation
Xtyoung generationf[EYX AL “minor garbage-collection event”

-XX:+UseParallelOldGCH]-XX:+UseParallelGC

Sweep
FAWBTparallel collector

-Xloggc:<filename>, #itigc log®|3 {4 X "
. gc logtE xRS

JLFEFRBHIIava collector&Bal %5 Mt A E generational

collection -XX:+PrintGCDetails, gctHXRIFITER

-XX:+PrintGCDateStamps, gck 4 RRIEFE)EE

“the weak generational hypothesis™fi%, FLEZi . L . .
27 9 ﬁUEE’g%%P\%Iiv;?gﬁg’\JESHﬂ -XX:+PrintTenuringDistribution, #TEltenuring-age info

-XX:+PrintGCApplicationConcurrentTime

[Z Joyoung object dies young, FRLIGCHEE S 7Eyoung
generation[X g,

A EIURold generationRI5HER (X 1R ZEHEYTyoung

generationf)[EUWFLEE AT, ZMEM@YTold ?)

-XX:+PrintGCApplicationStoppedTime, stop pointffx

-XX:+PrintAdaptiveSizePolicy

Remembered sets Generational collection

-XX:MaxGCPauseMillis

single-threaded or parallel

collectorr] LA B k%2, the] LA parallelf)
BEIZRHBEA—Tcpu core
parallelfJ{$# F £ T4k F2 k¥t 1Tcollection, 7] LTI Z#%
HILES

-XX:InitiatingHeapOccupancyPercent

-XX:ConcGCThreads

stop-the-world or concurrent

stop-the-world (STW) Bcollectorff GCRI =12 LEIEFRY
maT

concurrentfcollector/E GCHR 8] ft 1FFERF LF 4230 1T

-XX:G1ReservePercent

Parallel vs. serial, concurrent vs. stop-the-world Kev Term

Incremental vs. monolithic
Incrementalffcollector{BGCI#{E R % T small discrete
steps ; BT stepZ [B]F]REHlarge gap
monolithicBJcollectors“—; X4 B GCHil5T

EAEIIR . KB

: — . . Precise vs. conservative
A collector is precise if it can fully identify and process

all object references at the time of collection.
A collector has to be precise if it is tomove objects,

A—THREEERNEEERMBERIERTERSIA

an object is either a class instance or an array

IBMEE R T, safe pointhiz& & HIM, STWEER, FR
BRLTIZEFE S iAsafe point, YIRFE—TEIZZ3], AP
TEEFF,

The reference values (often called only
“references”) logically point to these objects
from stack frames or other objects.
referenceiig _E3kiji & Mstackzl & H Eobject
f&[E—Tobject,

A global safe pointinvolves bringing all threads to a
safe point

Garbage-collection events occur at safe points safe points {82, local variables, formal-method parameters, and

exception handler

parameters reside outside heap; they are never shared
between threads and are unaffected by the memory
model

safe point is a point or range in a thread’s execution
when the collector can identify all the references in

that thread’s execution stack objectf¥7theap_t

all object instances (including arrays) is
allocated in heap

heap memory can be shared between threads
All instance fields, static fields, and array
elements are stored in the Java heap

Bringing a thread to safe point is the act of getting a
thread to reach a safe point and then not executing past
it

— 1 412E] 7 safe point R EIRE EMNIZIFLLEMIT, LRl
INIFJRRB R LUAIT, B A EAREsafe point

BR T heap, javamF—LEHERIATFRKstoring material
other

than Java objects, such as the code cache, VM threads,
VM and garbagecollection

structures and so on

heapf45H4

2 “young/new” ftenured 1 [X 13

youngX s} Eden&survivor ; K& R EEEden ML ; [EIUX
Edenfy 4 £ 17 B BN &R X ZEsurvivor £ ;
Edeni# 7 ZlFE& % £minor GC event ; B35 #2Z |survivorsj&
tenurediHfffipromotion ; #ZZ|tenuredtiflitenuring ;

M Treserved areas, E{18IBHI=ZTo allow a degree of resizing
of the pools without having to move everything

BRT GCi# K Ellsafe point, HEIZSEHa]geEEFiXsafe
point, LEINJIVM de-optimise codeft ; HEANXIVMAEIT—
TEABTFRARRN, ESMIEXTENTENIBEA |
HIVMEMEEX T EBEMA R — T SEAERER, IVME
Ede-optimise code ;

de-optimise codeFE EHsafe pointFlGCE EHRsafe
point“AE" A [E]

EmfF&objects that it believed were effectively immortal, along with per-class metadata such as
hierarchy information, method data, stack and variable sizes, the runtime constant pool, resolved
symbolic reference, and Vtables.

PermGen

java8Ei&BPermGenE, HIMK.ZHI M {Enative
memory 2 JMetaspace

NRclassBImetadatafI A/ N\#8id T PermGen, ABAFLS
out of memory

HZold generationziZPermGenHHFHEE—T#H T, FASHE XN E1MRARIEIUN

mE Efcollector ; E/ RAIEES | AfFEHIfootprintfR/)y ;
minor collection®Imajor collection&BE B 4 F2HY

7E£young generation[X 1z FHZcopying collector, XtoldFHIEmark/sweep collection algorithm ; cnm——
sweepht FHIE sliding compaction, FiZ2ioldX A R ETLE|—is, itfree spacefE it B —if |
sweepl¥ T ZfG, FiFILbump-the-pointerT ;

Two-region collectors
[ iZ 235453 B oldFlyoungiicollector

Serial collector

WNRWRIEKR, LEIIAEE, mMBETLABEM T XX
%, AR £7rold generationX 5 D
THRIEIN, -XX:PretenureSizeThreshold=n

E&server-sidefEkiAcollector

monolithic, stop-the-world copying collector for the new generation
monolithic, stop-the-world mark/sweep for the old generation
CEmH 2mi : ParallelflParallel Old

Parallel & % &£ 1P flyoung-generation-collection algorithm used by the Serial collector ; AL & FASTW/E
=M/, —fMRJIEmsgEED / Parallel collector
YFold[EIYFNSerial Collector—4¥

bump-the-pointer

WREEAMCR

Parallel Old R & oldit 2young#BE %412/ ; BJava 7u4Z [FEKIA= A “Parallel Old” ;
MRMEAFL, BESthroughput, BRI LIEZE/RIKpause, ABAHZEXT
Parallel collector R £ STWHY =¥ &b 1BweakFlsoft reference TLAB

FERIEIN-XX:+UseParallelOIdGCHI-XX:+UseParallelGC

B ¥R=Zreduce, or delay, the old-generation pauses
Styoung X iFAIEIYEFIParallel collector—##

FEFEMATRIEIRY, concurrent multipass markerth7£88 ; B %S, Mconcurrent marking race ; CMS
FISATB (snapshot at the beginning) R4 EiXFirace ; marking/FiRAIAT R, i2 FFrEHIlive objectfy
snapshot ; SATBAZ! T pre-write barrier, E#Iblind write barrierss&#c3k A ;

“concurrent mode failure”, markB9&EE ;ZEIEFIECA0EE R

CMSHIsweepth 2 H &8 ; sweepht FiZI T free list ; old generation allocation %t = 1if Mfree listH L ; INRfree
listl /K%, SSTW3Kcompact

promoteZ|tenuredtt, th=7thiElfree listE ; 2R “promotion failure”=STWSAfG Hpromote
Concurrent Mark Sweep (CMS)

CMS£HEFECPUEIE, minor collection®expensive, =

ENFESZ

G12{ECMSHIreplacementim =4/

Programming for less garbage

tracks the last object allocated to the Eden space, which is always allocated at the top.
If another object is created afterwards, it checks only that the size of that object is suitable for
the Eden space, and if it is, it will be placed at the top of the Eden space.

thread-local allocation buffers
BTAIZEE TTLABAREIENR ; IR—TXIEAT TTLAB, X TXIESMEdenEBIEK—T 1R

BE AT LUE A2 PR TENHHAE R S Ri{E A RYcollector
o e ManagementFactory.getGarbageCollectorMXBeans

0

collectorfJfhE . \ .
HOTHS [1] p64, B Tfull gc, {ERpause (BiZZminor gc3{2H)) &

s Minor collection @ STWHY
HostSpot

Java Garbage Collection Distilled [3]

G1: One Garbage Collector To Rule Them All [1]
The Garbage Collection Handbook by Richard
Jones et al.

The Java Garbage Collection Mini-Book X E&Z

Tips for Tuning the Garbage First Garbage Collector
2]

can’'t have memory leaks in Java (you can)

ommon misconceptions garbage collection is inefficient (it's not; actually it's

far more efficient than C’s malloc() for example)

can tune the HotSpot CMS collector so that it won't
ever stop the world (you can’t)

mitig!ateﬁ/m‘ﬂ%ﬂﬁqﬁ;‘fﬁ
gce >l ER Alo]#8, unpredictable pause during
collection, tZA4“stop the world event”

distributing them

object pooling

using off-heap storage

{E{Ttuning&B Ethroughput, latencyflfootprintZ
i8]ftrade-off

—KiE, improve— T REMAHAET ; BILEIRS
IRFRE, WF—T1EF, MiZXE=FFHIHT

footprint

g R TFRISZ I

throughput
gcifcpuss RIS

General monitoring and tuning advice
latency

1EBFhcollector
jEcollectorft)—LE“rule

logging
tuningBY Nz iZ¥T Fgciilog ; —%K
iitgcHlog T N FFE it 4 2200

Tuning a collector

Memory footprint vs. CPU cycles

IR E R LUE A geXt cpufIssmm (K
MERMADT gcEERIcpuRIFELADT

Setting the size of the heap

Survivor ratio
Number of weak or soft references

Fragmentation and compaction String
live-set size

gCRIIR LR FRI ERI A/ AR IELE

heap size

FAStringBufferfa iiis — =,

. handlingZs
= A [ESER g==

mute rate

=
Object lifetime

Array-capacity planning

A H E) I &
FistaticF /A BIEE MERENE
REFERAB—THNER
TEEIoopBEEMKENR

Reducing allocation rate

Weak references Using primitives

Try-with-resources
A DU X T HLH SR B IR ST R

#4H

FIRE=HZEE A EENED
Distributing programs
L322 T “rolling restarts”

Other common techniques
object pooling, =] LLE FexpensiveRIit&
REEX/NHINER, B

using off-heap storage

gcHIERFRIR A TRTIER R pause

FE7T,

)

a+bIXFFRYRIE, SEEIRRNER

Avoid creating unnecessary objects

[EIYE A K B costtB It/ v — =
— LR R R AR LB N R R F7E Fstack £, NHEEEUT
INREBARLBTURTE, BATUERREAERLEE

Integer.valueOf() 231/ B £fkicache

breaking programs down into smaller units and

having fixedsized objects to avoid fragmentation

gc logtE X RIjvmEE]

Hfifgc log, &“i£"gc log

AREHIcollectorfige logFTREE B R E,

BREE THAESR

EERIheap K/ )y, [EI4S 5 ARIATE], [O

HEgCH

INREFFEAE A Estring, TLIZESLIE 2 /string

HashMapZERERAEITEE, 7T RDEENENE,
A L fEnew HashMapBt35EHIIA A /)

BLEE HiNHashMap, RBERMEREI T E4E ; iXLEEA

YIS EIR)Z2 8]

Mirlog filef TE

L EABEERESIRITE, MARIREREIHIT

Parallel collectorfilog

CMSHJlog

G1/log

Chewiebug, for OpenJDK collectors

jClarity’s Censum

VisualVM, oracle jdkB Y
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