Do Your &C Logs
Speak To You

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

jCL&rEEv

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

The resemblance ©f any opinion,
recommendation or comment wade

during this presentation ito
performance’ tuning advice is
merely coincidental.
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Why colleck GC Logs?

Copvrigkf: 2013 Kodewerk Ltd. All rights reserved




b
. /\_\/

GC logs contain the information you
need ko make informed choices abouk
how to tune Java Memory managemet
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What is the performance impact of

logging GC i production?
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How do' I get a GC log?
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-verbose:qc (Wobt recommended)
“Xlogqcigelog (reconmmended)
XX:+UseGCLoqgFileRotation (7.0 feature)
o ~XX:Number0fGClLogFilesz10

o XX:&GClogFileSize=1q
—XX:+PrintG&Chetkails

—XX:+Print Tenaringdistribution

~XX:+PrinktHea F}AEGC
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Grenerabtional &GC

| reserved

==

tenured

' reserved |

o Split memory into different memory pools

o Obja&s allocakted in youhg and eveh&u&i.i.v
moved ko kenured

o Pools cleaned via maﬂf/sweep collector
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Marlke Sweep Keview

o Meet some condition to trigger a
collection cycle

o Call to safe-point-application threads
o Find all GC roots

o Mark all Live objects bj 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 Paim& i a threads execution whewn ik
con safely be interrupted

o sall code with calls to samfenpainﬁ
o aap&u,re QPPLE,&QE&QM Ehreads
o Threads are blocikked unkil released

o Frequent saﬁfeﬂpoimﬁng creates
Scheduling pressure

Copvrigkf: 2013 Kodewerk Ltd. All rights reserved




Wko& LS a GL. Qoaﬁ?

o Two bypes of pointers
o internal fully contained.in’ a memory pool
o external, originates outside a memory pool
o &C root
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Wheres Waldo?

reserved

==

eden [5ols1 tenured

' reserved |

— e

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

o kenured are i younhg

® young are i tenured
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Whats n a Pause

o Safe-pointing (2x context switch)
o scan for rooks
o objects that are Live by definition
o mark everything reachoble from a root
o krace live objects
o sweep (reallocate-by copy or compaction)

o finding and repoint dangling pointers
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Challenqges

o Appi.ita&mv\s need ko process more daka
Ehawn Eh@j ever-had to

o translates to larger working sets

o GC pause dominated by working set
Stze

o scan for/rooks cost dominated by

hea\p size

o larger heapsand working set == longer
pauses
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Evacuating collectors are good at

Lghoring dead obje&s
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Not so good as heap size and

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

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

stze?
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Ignore longlived objects?
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Enter Regional Collectors
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Reqional Collectors

o Several implementations of (sort of)
regional collectors

8 Oracle G1GC
o IBM Ralance

o Azul C4
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¢+l Heap Skructure

o Heap divided into
g’ delele uhi{ormij sized
reqgions
@ size ranges from
1na—32n
o size debtermined

erqonomically

-*XX:GJ.H&QFI?;QQ LonSLze=<n?
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Reqion Sets

o Ak any Eime any regich O
can bewms to;
o eden
@ survivor
o old
o humuhgous
) T’eoxu.:j
re&uv
bﬁg
o un-used
o regions are taken from
and reburined to un-used
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Reqion Sets

o Un-used is the Llist of free reqgions
o Objerf:&s are creaked i Eden

o Survivor and old serves Ehe same

purpose as Ek@j do in a generational

heap

o Objects larger than §0% of a region are
humnmuingous

o combine econtiquous regions to create
a larger space
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Remember Seb (RSek)

o Set of cards that track external pointers
into iks region

o record Paim&er to RSek
o mark RSetk as mubated

o Cost

o <5% of wmemory

o write memory barrier(visibility)

o ndireckion
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Building a CSet

o Find regions “ripe” for collection
o emply is trivial

& almost emp&v LS ChQO\P

o almost full is expensive

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

o may not be able ko comply

Copvrigkf: 2013 Kodewerk Ltd. All rights reserved




&l Phases

o Young gen mark and sweep

o evacuate all reachable objects to a
new region

@ per region evacuation pauses
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&l Characteriskics

o Mostly self tuning
o max keay Size
o specify a pause time over an interval

o sizes ada[a&ivetv to &rvj o mweet pause
time qoal

8 Grenerabional
° young gei
o old gen mark
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& C Steps

o Mosﬂvj concurrent marlke sweep
° young gen collector ts mark and sweep
o old gen collector is mark om.j

o old gen regions are swept bv young
gen collector

o Fully evacuating

® no need for compaction
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63.170: [GC pause (3ouvxg)
Desired survivor size §242%% bytes, new threshold 15 (max 18)
- age 1 %2912 bjkes, %2912 total
-age 2 230%¥¥ bytes, 313%00 total
, ©0.00333500 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.%, Diff:  2.5]
[Ext Root Scanning (ms): 1.3 1.¥ 12 1.0 1.1 .00 00 00
Avg: 0%, Min: 0.0, Max: 1%, Diff:  1.%]
[Update RS (ms): o0 o0 61 02 01 00 00 00
Avg: 0,0, Min: 0.0, Max: O, Diff: o.2]
[Processed Buffers : 00 4 35000
Sum: 12, Avg: 1, Min: o, Max: &, Diff: §]
[Scam RS (ms): o0 oo 00 00 00 00 00 0,0
Avg: 0,0, Min: 0.0, Max: ©.0, Diff:  o0.0]
[Object Copy (ms): 1.0 o6 11 11 11 006 00 00
Avg: 06, Min: 0.0, Max: 1.1, Diff: 1.1]
[Termination (ms): o2 o2 ©3 02 02 01 00 00
Avg: 02, Min: 00, Max: 0.3, Diff: o0.3]
[Termination A&Eemp&s t4 1624111
Sum: 20, Avg: 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 28 28 01 o0 00
Avg: 1.6, Min: 00, Max: 2.6, DUf:  2.6]
[GC Worker Other (ms): 62 o2 02 o2 03 26 27 2%
Avg: 1.2, Min: 0.2, Max: 2.%, Diff: 2.6]
[Clear CT: ©.1 ms]
[Other: ©.4 wms]
[Choose CSet: 0.0 ms]
[Ref Proc: 0.4 wms]
[Ref Eng: 0.0 ms]
[Free CSek: ©.0 ms]
[Eden: 3072K(3072K)->0B(204¥K) Survivors: 1024K->1024K Heap: 6999K(10M)->528¥K(10M)]
[Times: user=0,02 sys=0,00, real=0,00 secs]
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63.170: [GC pause (vc}w\g)

Desired survivor size §242%% bytes, new threshold 185 (max 18)
- age 1 ¥2912 bytes, %2912 total

- age 2 230%¥¥ bytes, 313%00 total

, 0,00333800 secs]

o Pure evacuation pause of young gen

regions lasting 0.00828500 seconds started
63.170 seconds after VM startup
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63.170: [GC pause (jou,v\g)

Desired survivor size 824-2%¥% b:j&es, new threshold 15 (max 18)
- age 1 ¥2912 bytes, ¥2912 total

- age R RIOFEY bjEes, 313%00 total

, 0,00333500 secs]

o Desired survivor size 8 5242%% bvﬁes
o Max tenuring threshold is 18

o Calculaked Ehreshold is 15

o reflects b-j&es @ agl + age 2 < desired
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[Eden: 3072K(3072K)->0B(204-%K) Survivors: 1024K->1024K

]

[Times: user=0.01 594s=0.00, real=0.00 secs]

o Evacuation changes memory consumption

o repar&ed on

o Report format for Eden, survivor, and
total heap

o before(size)-rafter(size)
o old must be calculaked
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63.170: [GC pause (3ouvx9)

Desired survivor size §242%¥ bytes, new threshold 15 (max 18)
- age 1 %2912 bjkes, %2912 total

-age 2 230%%¥% bjfzes, 313%00 botal

, ©.00333500 secs]

[GC Worker Stark (ms): 631702 631702 631702 631703 631703 631727 63172.% 63172.%
Avg: 63171.2, Min: 631702, Max: 63172.%, DiFf:  2.5]

fUpdo&e RS (ms): oo 00 ©1 02 01 00 00 00
Avg: 00, Min: 0.0, Max: O} Diff: | o.2]
[Processed Buffers : 00 4 35000
Sum: 12, Avg: 1, Min: o, Max: &, Diff: §]
[Scam RS (ms): oo o0 oo oo oo 80 o860
Avg: 00, Min: 0.0, Max: 0.0, Diff: f o.0]
[Object Copy (ms): 1.0 06 11 11 11 _o® oONe®
Avg: 06, Mim: 0.0, Max: 1.1, DiffE1.1]
[Termination (ms): o2 o2 03 02 o2 01 06 00
Avg: 02, Min: 00, Max: 0.3, Diff: ©.3]
[Termination AEEQMPES t 41624111
Sum: 20, Avg: 2, Min: 1, Max: 6, Diff:67
[GC Worker End (ms): 63172% 63172.% 63172.% 63172.% 63172.% 63172, 63172.% 63172.%
Avg: 63172.%, Mua: 63172.%, Max: 63172.%, DUf: o.0]
[GC Worker (ms): 2.6 264246 28 25 01 00 o0
Avg: 1.6, Min: 0.0, Maxi 2.6, Diff: 2.6]
[GC Worker Other (ms): 62 02 02 o2 03 26 27 2%
Avg: 12, Min: 02, Max: 2.%, Dff: 2.6]
[Clear CT: ©.1 ms]
[Other: ©.4 ms]
[Choose CSet: 0.0 ms]
[Ref Proc: o4 ms]
[Ref Eng: 0.0 ms]
[Free CSek: ©.0 ms]
[Eden: 3072K(3072K)->0B(204-¥K) Survivors: 1024K->1024K Heap: £999K(1oM)->828¥K(1oMm)]
[Times: user=0,02 5ys=0.00, real=0,00 secs]
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o Total elapsed time for parallel worker
Ehreads
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[GC Worker Start (ms): 631702 631702 631702 631703 63170.3
631727 63172.% _63172.%

Avq: 631712, M 63170.2,-Max; 63172.%, Df: 2.5

[GC Worker End (ms): “63172.% &8172.%, 63172.% &3172.%

63172.% 63172.% 63172.% 63172.%

Avq: 63172.%, Min: 63172.%, MaxI 631725, Diff: o©.0]

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

o Statistical summary 6f record
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[&C Worker (ms)iRib, 2.6 2.6 25 28 01 00 00

Avg: 1.6, Min: W00, Max: 26Diff:  2.6]

[&C Worker Other (ms): 02 o2 02 02 03 26 27 2%
Avg: 1.2, Min: 02, Max: |2.5,0UfE 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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[Upcia&e RS {(ms); o0 00 01 02 01 006 00 00
Avg: 0.0, Min: ©.0, Max: oR, piff: o]
[Processed Buffers : 00 385000
Sum: 12, Avg: 1, Mil: ©, Max: &, Diff: 5]

o Per-thread time ko process update buffers

o Mutator threads/ are still working

o u,[ad&%es Fo RSetk mainkained i an u[ﬂd&&e

buffer

o Number of buffers processed by each thread
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[Scan RS (ms): ¢80 00 00 00 006 00 00 00
Avg: 0.0, MIMEIIBIE) Moxie 0.0, Diff: 0.0]

o Per-thread time ko process RSeks

[Object Copy (ms): 1.0 €K 11 Q12401 @6 00 00
Avg: 06, Min: 0.0, Mok: 18, DifS 1]

o Per-thread kime s[mn& copying objects in
the CSet to other regions

Cop-jrighf: 2013 Kodewerk Ltd. All rights reserved




[Termination (ms): o2 o2 03 o2 o2 01 ©0 00
Avg: 02, Ming 0.0, Max: __ 0.3, Diff: o0.3]
[ Termination Attempts '\ 4 1 6.4 111
Sum: 20, Avqg: 2, Mila: 1) Max: & Diff: ]

o Per-thread time of offer to terminate

e Follow up is number of termination
attempts

o maybe offered work from other threads
queue

o work stealing
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[Termination (ms): o2 o2 03 o2 o2 01 ©0 00
Avg: 02, Ming 0.0, Max: __ 0.3, Diff: o0.3]
[ Termination Attempts '\ 4 1 6.4 111
Sum: 20, Avqg: 2, Mila: 1) Max: & Diff: ]

o Per-thread time of offer to terminate

e 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 mas]

o Clear card tables

@ serial pause evenk
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[Other: ©.4 ws]
[Choose CSebiuzo:o mws]
[Ref Proc: ‘O was]
[Ref Eng:  o.0 wis]
[Free CSet: ©.06 ms]

o Other kasks

o reference processing

o reference enqueuing

o freeing the collection set data
structure
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63.170: [GC pause (3ouvx9)

Desired survivor size §242%¥ bytes, new threshold 15 (max 18)
- age 1 %2912 bjkes, %2912 total

-age 2 230%%¥% bjfzes, 313%00 botal

, ©.00333500 secs]

[GC Worker Stark (ms): 631702 631702 631702 631703 631703 631727 63172.% 63172.%
Avg: 63171.2, Min: 631702, Max: 63172.%, DiFf:  2.5]

fUpdo&e RS (ms): oo 00 ©1 02 01 00 00 00
Avg: 00, Min: 0.0, Max: O} Diff: | o.2]
[Processed Buffers : 00 4 35000
Sum: 12, Avg: 1, Min: o, Max: &, Diff: §]
[Scam RS (ms): oo o0 oo oo oo 80 o860
Avg: 00, Min: 0.0, Max: 0.0, Diff: f o.0]
[Object Copy (ms): 1.0 06 11 11 11 _o® oONe®
Avg: 06, Mim: 0.0, Max: 1.1, DiffE1.1]
[Termination (ms): o2 o2 03 02 o2 01 06 00
Avg: 02, Min: 00, Max: 0.3, Diff: ©.3]
[Termination AEEQMPES t 41624111
Sum: 20, Avg: 2, Min: 1, Max: 6, Diff:67
[GC Worker End (ms): 63172% 63172.% 63172.% 63172.% 63172.% 63172, 63172.% 63172.%
Avg: 63172.%, Mua: 63172.%, Max: 63172.%, DUf: o.0]
[GC Worker (ms): 2.6 264246 28 25 01 00 o0
Avg: 1.6, Min: 0.0, Maxi 2.6, Diff: 2.6]
[GC Worker Other (ms): 62 02 02 o2 03 26 27 2%
Avg: 12, Min: 02, Max: 2.%, Dff: 2.6]
[Clear CT: ©.1 ms]
[Other: ©.4 ms]
[Choose CSet: 0.0 ms]
[Ref Proc: o4 ms]
[Ref Eng: 0.0 ms]
[Free CSek: ©.0 ms]
[Eden: 3072K(3072K)->0B(204-¥K) Survivors: 1024K->1024K Heap: £999K(1oM)->828¥K(1oMm)]
[Times: user=0,02 5ys=0.00, real=0,00 secs]
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63.233: [GC pause (30%&43)

Desired survivor size £242% % bjﬁes, new threshold 1 (max 18)
- age 1 127572% bytes, 127572% total

- age i ¥1624 bjf:es, 13867362 total

- age 3 RBOFFX b:}&as, 16% %240 btotal

(nikial-mark), 0,008522500 secs]

o Old space initidl-mark has been
piggvba&:k‘ed onto the evacuation phase

o Internalizes rooks to a region
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63.239: [C concurrent-rook-region-scan-start
63.239: [GC concurrent-root-reglon-scan-end,

o Scan root regions directly reachable from

the survivors of the initial mark phase

o concurrenk btime ktime
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63.239: [GC concurrent-mark-start]
63246 [GC concurrent-mark-end,

o Concurrent marking phase

o concurrent time
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63.246: [&C remark 63247 [GC re{-—proc, 0,00004-%0 secs,
0,0014730 secs]
[Times: user=0.01 5ys=0.00, real=0,00 secs]

o SE@Pw&he-warLd renarke
o starts @ 63246

o duration: ©0,0614730

o Includes reference processing

@ skarks @ &£3.247

o durabtion: 0,.00004%0
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3%.300; [GC cleanup 341M~>315M(BF 4 M),

o 341M->315M(3¥4M)

o occupancy before, after, configured

o SEOF the world seconds
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%0.,197: [&C Concurreu&-tteav\up—sEar&]
¥0,197: [&C tosf\curren&-deahup—ehcl,

o Return emply regions back to unused

o Concurrent time of seconds
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Other Records

[GC concurrent-mark-reset-for-overflow]

o Grlobal marking stack was full
@ heap is too small
o scan of old started too late

@ must skart over

o expensive failure
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JIT Collection Trigqer

InitiatingHeapOccupancyPercent

o H@.a[p cecupaney abwhich a mixed
collection will be &riggered

o defaulks to 45%

o collection heeds to'finish before heap
is full

o expensive failure

o too {:raquﬁm& yields high overheads
with low returhs
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CSet Inclusion
G10ldCSetReqgionliveThresholdPercentage

o Occurpancy above which a region will be
considered a poor candidate for reaping

o defaulks to 90%

o lower values may eliminate lower
occupancy regions that are also not
good candidates for reaping
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Mixed &C Frequency
Gl MixedGCTarqget

o Ratio of mixed to tokal collections
o default value of ¥

o 1 of 4 collections should be mixed

o maybe too high a nfrequ.EMCj

o least favorite design decision

o no feedback ko jus&{v Eriqqering
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o defaulk 5%

o Used to abort collection of poor
candidate regions
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CC Jikber???

o FX application to flip screen between black
and white oneach vsynie

o &0hz signal==16ms upda&e tnkerval

0 10Gig heap, 10ms over 200ms pause time goal

S—— AW US
% '

o never hik ik
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Flaqs and Skufsf

8 ~XX:+Use1GC
3 =X, —M
o =XX:MoaxGCPauseMillis=200

o XX:>CPauseInterval Millis=1000

o XX:InitiatingHeapOeccupancyPercent=45

o -XX:NewRakic=2

o -XX:Survivorkakio=¥%
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Flaqs and Skufsf

o XX:MaxTenuringThreshold=18
o -XX:ParallelGCThreads=in

o XX:ConeGCThread sz

o XX:&1lReservePercent=n

o XX:&lHeapRegionSize=n

o nunmerous other flags that qet hairy
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Flaqs and Skufsf

® Does not respolrd well to aggressive
pause time qoals

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

o stubbori to tuning efforts
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Wania learin more?
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