Do Your &C Logs
Speak To You

Visualizing G1GC, the Garbage First
Garbage Collector
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Most recently founded a company

\jCL&riEv

We are well ol the road to delivering
the next generation of advanced
performance tooling
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Disclaimer

The resemblaince of any oplinion,
recommendabtion or comment made

during this Presev\&a&mvx to
FQI‘“fOTM&M&@. tuning advice is
merebj concidental.
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Whv collect GC Logs?
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o4

GC logs contain the iformation you
need ko make informed choices about
how to tune Java Memory wanagemet
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What is the performance impact of

logging GCin produ«:&ion?
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How do' I get a &GC log?
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-verbose:qc (1ot recommended)
Xloggcigelog (reconmmended)
XX:+UseGClogFileRotation (7.0 feature)
o XX:NumberBfGClLogFiles=10

o XX:GClLogFileSize=1g
—XX:+Print&Chetails

—XX:+Print Tenaringbistribution

~XX:+PrintHea pAEGC
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Grenerabional &C

==

tenured

| reserved
| reserved |

o SpLit memory into different memory pools

o Ob\}e«t&s allocakted in young and aveh&uatij
moved ko kenured

o Pools cleaned via ma\rw/sweep colleckor
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Mark Sweep Keview

o Meet some condition to brigger a
collection cycle

o Call to safe-pointapplication threads
o Find all &C roocks

o Mark all Live objects bv tracing
references from roots

o Reclaim unreachable-or evick survivors

o fix all dangling pointers
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What is a Safe-Poink?

o A FOEME o Ehreads execubion when ik
can safely be interrupted

o «compil&rs salk code wikh calls to
safe-point

o cap&ure QFPLQCQ&E@M Ehreads
o Threads are blocked unktil released

o Frequent safe-pointing creates
Scheduling pressure
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What s a &GC Root?

a pointer oubside of a memory pool
pointing to data’ inside a memory
pool
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Where’s Waldo?

4 { o |

eden [Sols1

==

tenured

| reserved
| reserved |

o Aside from Perm qen, globals; reqisters,
stack frames, Llocks; VM-data skructures
roots for;

o kenured are youhg

® young are U Fenured
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Whats i a Pause

o Safe-pointing (2x context switch)
o scan for roots
o objects that are Llive by definition
o mark everything reachable from a root
o ktrace live objects
o sweep (reallocateby copy or compaction)

o finding and repoint dangling pointers
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Challenqges

o Apptita&cms need ko process more daka
Eha Ehej ever-had ko

o translates to larger working sets

o +C pause dominabed bj working sekt
siLze

o scan for/roots cost dominated by
keap Stze

o larger heaps-and working set == longer
pauses
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Evacuating collectors are good at

lghoring dead objects
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Notk so qood as heag size and

corresponding live set size grow
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How can we maximize MMU so thal we

cal work with'larger working seks
without suffering the pause
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Disentangle pause time from heap

stze?
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Ighore Long {ived objec&s?
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Ewnter Reqgional Collectors
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Reqional Collectors

o Several implementations of (sort of)
regional collectors

8 Oracle G1GC
o IBRM Ralance

o Azul C4
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(1 Heap Skructure

o Heap divided nko
V2000 uniformly sized
reqgions
@ size ranges from

1na=32mn
o size debermined

ergc;mc:em&tau.j

mXX:GlH&.&Faf?;@.S LonSLze=<n>
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Reqion Seks

o At any Eimme any regioi 4
can belong to;
o eden
@ survivor
o old
o humuhngous
o reod.bj
read.i.v
big
o un—used
o reqgions are taken from
and reburned bto un-used
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Reqion Seks

o Un-used is the List of free regions

o Objects are created tn Eden

o Survivor and old serves the same
purpose as they do i a geherational

keap

o Objects Larger than §0% of a region are
humungous

o combine contiquous regions to create
a larger space
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Remember Set (RSek)

o Set of cards that track external pointers
thto iks region

o record me&éfr o RSet
o mark RSet as mutaked

e Cost

o <§% of memory

o write memory barrier(visibility)

o ndirection
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Building a CSek

o Find regions “ripe” for collection

o emy&v ts Erivial
o almosk emp&v LS cheap
o almost full'is expensive

o Build a set/(CSet) that may be
evacuaked (swep&) within a given pause
time over a time tnterval

o may not be able to comply
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&l Phases

o Young gen mark and sweep

o evacuate all reachable objects to a
hew region

o per region evacuation pauses
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&l Characteristics

o Mostly self tuning
@ max haap size
o specify a pause time over an interval

o sizes adap&ivei.j ko Erv ko mweet pause
time qoal

8 Crenerational
® young gei

o old gen mark
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& C Steps

o Mos&bj concurrent mark sweep
® youhg gen collector is marke and sweep
o old gen collector is mark omi.j

o old gen reglons are smep& bj Yyouhg
gen collector

o F u,i.i.v evacuating

e no heed for compaction
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€3,170: [GC pause (,tjou.v\g)
Desired survivor size §242%% bytes, new threshold 15 (max 15)
- age 1: %2912 bytes, %2912 total
- age 2 230% %% bytes, 313%00 total
, ©,00333500 secs)
[Parallel Time: 2.5 ms]
[GC Worker Stark (ms): 631702 631702 631702 631703 631703 631727 63172.¥ 63172.%
Avg: 63171.2, Min: 631702, Max: 63172.%, Df: 2.5]
[Ext Root Scanning (ms): 1.2 1.¥ 12 1.0 11,00 00 00
Avg: 0%, Min: 0.0, Max: - 1.%, Diff: 1.%]
[Upckake RS (ms): o0 00 ©1 02 01 00 00 00
Avg: 0.0, Min: 000, Max: ©2, Diff: o.z2]
[Processed Buffers : 00 4 35000
Sum: 12, Avg: 1, Min: ©, Max: §, Dif: §]
[Scan RS (ms): o0 o0 o0 o0 00 00 00 00
Avg: 0.0, Min: 0.0, Max: 0.0, Diff:  o.0]
[Object Copy (ms): 10 o0& 11 11 11 00 00 00
Avg: 06, Min: 00, Max: 1.1, Diff: 1.1]
[Termination (ms): o2 02 03 02 o2 01 006 00
Avg: 02, Min: 00, Max: 0.3 Diff: o.3]
[Termination Attempts : 4 1 62 4 111
Sum: 20, Avq: 2, Min: 1, Max: &, Diff:.6]
[GC Worker End (ms): 63172.% 63172, % 63172.% 63172.% 63172.% 63172.% 63172.% 63172.%
Avg: 63172.%, Min: 63172.%, Max: 63172.%, Dff: o.0]
[GC Worker (ms): 2.6 246 26 268 268 01 00 00
Avg: 1.6, Min: 0,0, Max: 2.6, Diff: 2.6]
[&C Worker Other (ms); ©2 o2 02 02 03 26 27 2%
Avg: 12, Min: 02, Max: 2.%, Diff: 2.6]
[Clear CT: ©.1 ms]
[Other: ©.4 ms]
[Choose CSet:  ©,0 ms]
[Ref Proc: o4 ms]
[Ref Eng: 0.0 ms]
[Free CSet: ©.,0 ms]
[Eden: 3072K(3072K)->0B(204¥K) Survivors: 1024K->1024K Heap: 6999K(10M)->625%K(10M)]
[Times: user=0.02 sys=0,00, real=0,00 secs]
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63.170: [GC pause (jow\g)

Desired survivor size §242%% bytes, new threshold 15 (max 15)
- age 1: ¥2912 bytes, %2912 total

- age 2 230%¥¥ bytes, 313%00 total

, 0.00333500 secs]

o Pure evacuation pause of young gen

regions lasting ©.00825500 seconds started
63.170 seconds after VM startup
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63.170: [GC pause ('jowr\g)

Desired survivor stze S24-2% ¥ bjEes, new threshold 15 (max 18)
- age 1: ¥2912 bytes, %2912 total

- age 2 230¥ ¥ bytes, 313%00 total

, 000333500 secs]

o Desired survivor size is 8§24-2%¥% bytes
o Max tenuring threshold is 18

o Calculated Ehreshold is 15

o reflects bytes @ agl + age 2 < desired
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[Eden: 3072K(3072K)->0B(R04-¥K) Survivors: 1024K->1024K

]

[T‘Lmes: user=0,01 svs:0.00, real=0.00 seas]

8 Evacuakion changes memory cc}msu,mpﬁioh

o repor&ed on

o Report format for Eden, survivor, and
total keap

o before(size)—-rafter(size)
o old must be calculaked
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€3,170: [GC pause (:pu,v\g)

Desired survivor size §242%% bytes, new threshold 15 (max 15)
- age 1 %2912 bytes, %2912 total

- age 2 230%F¥ bytes, 313%00 total

, ©,00333500 secs)

[GC Worker Starb(ms): 681702 631702 631702 63170,3 631703 631727 63172.% 63172.%
Avg: 63171.2, Min: 631702, Max: 63172.%, Df: 2.5]

[Update RS (ms): oo cOEN o2 o} o0 00 00
Avg: 0.0, Min: 00, Max: ©2; Diff: | o.2]
[Processed Buffers: 00 4 35000
Sum: 12, Avg: 1, Min: ©, Max: §, Dif: §]
Scan RS (ms): o0 oo o0 o0 00 g0 o8O0
Avg: 00, Min: 0.0, Max: 0.0, Diff: F o.0]
[Object Copy (ms): 1.0 06 11 11 11 _oB oBNES
Avg: 06, Min: 0.0, Max: 1.1, DffI1.1]
[Termination (ms): 02 o2 03 02 o2 o1 o6 00
Avg: 02, Min: 0.0, Max: 0.3, Diff: ©.3]
[Termination AEEemPEs 141624111
Sum: 20, Avq: 2, Min: 1, Max: &, Diff.6]
[GC Worker End (ms): 63172% 63172.% 6&3172.% 63172.% &3172.% 63172.% 63172.% 63172.%
Ava: 63172.%, Min: 63172.%, Max: 63172.%, Dff: o.0]
[GC Worker (ms); 2.6 2626 28 28 o1 o0 00
Avg: 1.6, Min: 0.0, Maxi 2.6, Diff: 2.6]
[GC Worker Other (ms): ©2 o2 02 o2 ©3 26 27 2%
Avg: 1.2, Min: 02, Max: 2.%, Dff: 2.6]
[Clear CT: ©.1 ms]
[Other: ©.4 ms]
[Choose CSet:  ©,0 ms]
[Ref Proc: o4 ms]
[Ref Eng: 0.0 ms]
[Free CSek: ©.,0 ms]
[Eden: 3072K(3072K)->03(204-%K) Survivors: 1024K->1024K Heap: 6£999K(1oM)->525 ¥K(10Mm)]
[Times: user=0.02 sys=0,00, real=0,00 secs]
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o Total ai&psed time for parallel worker
threads
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[GC Worker Skark (ms): 631702 631702 631702 631703 &3170.3
631727 63172.% _63172.%
Avq: 63171.2, Mia: 63170.2,-Max; 63172.%, Diff:  2.5]

[GC Worker End (ms): “63172.% &8172.%, 63172.% 63172.%
63172.% 63172.% 63172.% 63172.%
Avq: 63172.%, Min: 63172.%, Mox: 631725, bt  o.0]

o Time stamp for /when each GC worker
started and then ended

o Statistical summary of record
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[GC Worker (ms)iRib, 2.6 2.6 2.8 285 01 o0 00

Avg: 1.6, Min: W00, Max: | 2W6pDiff:  2.6]

[&C Worker Other (ms): 02 o2 02 02 03 26 27 2%
Avg: 1.2, Mim: o2, Max: 2.5k 2]

o Total concurrent time from start and stop
record

o Other is activity not accounted for in the
surmmary records
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o Per-thread time to scan for roots
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[Update RS (ms): 0.0 o0 o1 02 01 00 00 00
Avg: 0.0, Min: 0.0, Max: oR, Diff: o.2]
[Processed Buffers : 0 0¢ 35000
Sum: 12, Avg: 1, Min: ©, Max: 8, Diff: 5]

o Per-thread time to process update buffers
o Mutbator threads/are skill working
o updates to RSet maintained in a buffer

o Number of buffers processed by each thread

o Statistical summary for each record
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[Scan RS (ms): 00 006 00 0606 006 006 00 00
Avg: 0,0, MIMEIEOE) Moxiwn 0.0, Diff: 0©.0]

o Per-thread kime to process RSeks

[Object Copy (ms): 10 £F 11 ALN11 @6 00 00
Avg: 06, Min: 0.0, Mox: 1{, Diffl 2]

o Per-thread time spent copying objects in
the CSet to other regiowns
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[Terminakion {(ms); o2 o2 03 o2 o2 01 00 00
Avg: 02, Ming 0.0, Max: 0.3, Diff: o.3]
[ Terminakion A&Eemp&s 416”4111
Sum: 20, Avg: 2, Mil: 1) Max: &-Diff: 5]

o Per-thread time of offer ko terminate

o Follow up is number of termination
attempts

o maybe offered work from other threads
queue

o work stealing
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[Terminakion {(ms); o2 o2 03 o2 o2 01 00 00
Avg: 02, Ming 0.0, Max: 0.3, Diff: o.3]
[ Terminakion A&Eemp&s 416”4111
Sum: 20, Avg: 2, Mil: 1) Max: &-Diff: 5]

o Per-thread time of offer ko terminate

o Follow up is number of termination
attempts

o maybe offered work from other threads
queue

o work stealing
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[Clear CT: O s

o Clear card tables

® pause evenk
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[Other: o©.4 ms]
[Choose CSebuuzo:© ms)
[Ref Proc: ‘@& was]
[Ref Eng: 0.0 wis]
[Free CSek: ©.0 ms]

o Other kasks

o reference processing

@ re{erev\te engueuting

o freeing the collection set data
structure
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€3,170: [GC pause (:pu,v\g)

Desired survivor size §242%% bytes, new threshold 15 (max 15)
- age 1 %2912 bytes, %2912 total

- age 2 230%F¥ bytes, 313%00 total

, ©,00333500 secs)

[GC Worker Starb(ms): 681702 631702 631702 63170,3 631703 631727 63172.% 63172.%
Avg: 63171.2, Min: 631702, Max: 63172.%, Df: 2.5]

[Update RS (ms): oo cOEN o2 o} o0 00 00
Avg: 0.0, Min: 00, Max: ©2; Diff: | o.2]
[Processed Buffers: 00 4 35000
Sum: 12, Avg: 1, Min: ©, Max: §, Dif: §]
Scan RS (ms): o0 oo o0 o0 00 g0 o8O0
Avg: 00, Min: 0.0, Max: 0.0, Diff: F o.0]
[Object Copy (ms): 1.0 06 11 11 11 _oB oBNES
Avg: 06, Min: 0.0, Max: 1.1, DffI1.1]
[Termination (ms): 02 o2 03 02 o2 o1 o6 00
Avg: 02, Min: 0.0, Max: 0.3, Diff: ©.3]
[Termination AEEemPEs 141624111
Sum: 20, Avq: 2, Min: 1, Max: &, Diff.6]
[GC Worker End (ms): 63172% 63172.% 6&3172.% 63172.% &3172.% 63172.% 63172.% 63172.%
Ava: 63172.%, Min: 63172.%, Max: 63172.%, Dff: o.0]
[GC Worker (ms); 2.6 2626 28 28 o1 o0 00
Avg: 1.6, Min: 0.0, Maxi 2.6, Diff: 2.6]
[GC Worker Other (ms): ©2 o2 02 o2 ©3 26 27 2%
Avg: 1.2, Min: 02, Max: 2.%, Dff: 2.6]
[Clear CT: ©.1 ms]
[Other: ©.4 ms]
[Choose CSet:  ©,0 ms]
[Ref Proc: o4 ms]
[Ref Eng: 0.0 ms]
[Free CSek: ©.,0 ms]
[Eden: 3072K(3072K)->03(204-%K) Survivors: 1024K->1024K Heap: 6£999K(1oM)->525 ¥K(10Mm)]
[Times: user=0.02 sys=0,00, real=0,00 secs]
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63.233: [GC pause (vou,ug)

Desired survivor size $24-2% % bj&es, new threshold 1 (max 18)
- age 1l: 127872¥% b:-;&es, 127872% total

- age. e ¥1624 bj&es, 1387362 total

- age 3 230%¥¥ bytes,  16¥%¥240 total

(nikial-mark), 0,00822800 secs]

o Old space initial-mark has beein
piggvba&k‘ed onto the evacuation phase
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6£3.239: [GC concurrent-root-region-scan-start ]

6£3.239: [GC concurrent-rool-region-scan-end, 0,0006690]
63.239: [GC concurrenb-mark-start ]

63.246;: [GC concurrent-mark-end, 6.0066900 sec)

o Several scanning phases
o account fo multations while running

o Concurrent phases, start and duration

o scan from roobt-directly reachable from
survivor spaces
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63.24-6: [GC remark 63.247: [GC re{—yroc‘, 0,00004%0 secs),
0,0014730 secs]
[Times: user=0.01 5ys=0.00, real=0,00 secs]

o S&Otpmﬁhewwaﬂd renark
o starkts @ &3.246

o durakion: ©0,0014730

o Includes reference processing

o starks @ &£3.247

o duration: 0.00004%0
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¥0,197: [GC ﬁov\turresf\&-deasr\up*sEm‘&]
¥0.197: [&C tOMCMV?QV\E‘“&L&O\MMF“EMd,

o Returin empty regiohs back to unused

o Concurrent time of seconds
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Other Records

[&C concurrent-mark-reset-for-overflow]

o rlobal marking staek was full
o heap is too smdll
o scan of old started toolate

@ musk starkt over

o expensive failure
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Flaqs and Skuff

—-nx, —NaiA

—XX: MaxGCPauseMillis=200
—XX:&GCPauseIlnterval Millis=1000
—XX:InitlatingheapOccupancyPercent=45
o high values risk evacuation failures

numerous other flags that qek hairy
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Flaqs and Skuff

~XX:+User1GC
—-yx, =i
~XX: MoaxGCPauseMillis=200

~XX: & CPauseInterval Millis=z1000

~XX:IM£&L&&£M3H@.&Pﬁccupamc:j?emem&zé&ﬁ

—XX:NewRakio=2

=XX:SurvivorRakio=%
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Flaqs and Skuff

~XX:MaxTenuringThreshold=15
—XX:ParallelGCThreads=in
~XX:ConeGCThread sz
—XX:&lReservePercent=in
—XX: &G 1lHeapRegionsize=n

numerous other flags that qek hairy
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Flaqs and Skuff

o Does hot respond well to aggressive
pause time goals

o Sebting —mn, SurviverRatio; or a number
of other flags *will*'cause the pause
time to be ignored

o very very difficulk to tune
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=X application to {iiy
sereen bebween blacke
and white on each VSYNE

o &ohz sighal==16ms

u,pciaﬁe tnkerval

o 10Gig kaap, 10ms over

200ms pause Five goal

o never Wik it
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Wanna learin more?

“Become Proficient in Java
Performance Tuning’,

May 27-30, Stocikkholm

www kodewerik.com

And for tooling

wwwdtlar%:}‘.ﬁmm
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