KAK CAEAATE BCTPOEHHBIN B JVM NPOPANAEP,
KOTOPLIN HE BonTca AOT KOMNNMAGUMN?

IBaH YrnsaHcKkun
Excelsior LLC

EXCELSIOR



BAH YT ASHCKNNA

> 06 net B Excelsior

> JVM uHxeHep B npoekte Excelsior JET

o paspabaTtbiBato paHTanm

N iugliansky@excelsior-usa.com

L4 @dbg_nsk
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¢,  Excelsior JET 14

.
] a*v‘ai Enterprise Edition

companste | Accelerate, profect, and deploy your Java applications.




ExceLsior JET JVM

¢
= AOT

Java AHEAD OF TIME
COMPATIBLE
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ExceLsior JET JVM

(( — AMD64 —
— ml A v
R— ® HE 48 /\
Java AHEAD OF TIME —
COMPATIBLE

Excelsior JET team blog: https://www.excelsiorjet.com/blog
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JIT vs AOT
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JIT vs AOT

JIT:

v nonydeHune npodunsa UCNonHeHus

EXCELSIOR



JIT vs AOT

JIT:

v nonydeHune npodunsa UCNonHeHus
v NepekoMnunsumsa ropaymx MeToa0B

v peonTuMusauum npu HeobxXoanMoCTH

EXCELSIOR



JIT vs AOT

JIT:

nosrftyvyeHune I'IpO(*)I/IJ'IFl NCMNOJTHEHUA
nepekomMrnmnaund ropa4ymx MetoaonB

aeonTuMmnaaunm npyn HeobxogMmMocTu

RN NIEN

adodpeKkTMBEH Ha nNpodusie ¢ ABHbIMU NUKaAMU

y(CEL&OR
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JIT vs AOT

AOT:

EXCELSIOR



AOT:

v/ only one shot

EXCELSIOR

JIT vs AOT
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JIT vs AOT

AOT:

v/ only one shot

v/ HO pecypcoB Ans onTuMmnsanmi 6onblue

EXCELSIOR
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JIT vs AOT

AOT:

v/ only one shot
v/ HO pecypcoB Ansa ontuMmusaummn 6onbLue

v adhdeKkTUBEH Ha NNockom npodune

EXCELSIOR
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EXCELSIOR

JIT vs AOT

MOo>XHO N B3ATb Ny4Llee U3 AByX MUPOB?
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EXCELSIOR

PrROFILE-GUIDED OPTIMIZATION
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PrROFILE-GUIDED OPTIMIZATION

1. KOMOUNUPYEM NPUIOXEHNE

2. 3anyckaem, cobmpaem npodunb

EXCELSIOR
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PrROFILE-GUIDED OPTIMIZATION

1. KOMMUINpyem NpuroxeHme
2. 3anyckaem, cobmpaem npodunb

3. nepekoMmnunmpyem "ropadune” 4actum

EXCELSIOR
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S

PrROFILE-GUIDED OPTIMIZATION

KOMMNUNupyem npunoxeHume
3anyckaem, cobnpaem npounb
nepekoMnunnpyem "ropadme” yactm

ULTIMATE PERFORMANCE BOOST

EXCELSIOR
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PrROFILE-GUIDED OPTIMIZATION

KOMNUIMPYyEM NPUIIoXKeHne
3anyckaem, cobnpaem npousb
nepekomMnunupyem "ropsyme” 4acTtu
ULTIMATE PERFORMANCE BOOST

%CELSIOR

S

21



EXCELSIOR

PrOFILE-GUIDED OPTIMIZATION

Ho kak nony4ymnTtb npodouns?

22



PrROFILE-GUIDED OPTIMIZATION

TpeboBaHus:

1. HdopmaTmMBHOCTL

EXCELSIOR

>

['opsaymne metoabl + call chains
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PrROFILE-GUIDED OPTIMIZATION

TpeboBaHus:

1. HdopmaTmMBHOCTL

2. YHuBepcanbHOCTb

EXCELSIOR

> [opaume metoabl + call chains

>  Windows/macOS/Linux + x86/AMD64/ARM32

24



PrROFILE-GUIDED OPTIMIZATION

TpeboBaHus:
1. HdopmaTmMBHOCTL > [opaume metoabl + call chains
2. YHuBepcanbHOCTb > Windows/macOS/Linux + x86/AMD64/ARM32
3. [llpocToTa > Bknoyatb npodununposky VM onunen

y(CEL&OR -



PROFILE-GUIDED OPTIMIZATION

TpeboBaHus:

1. HdopmaTmMBHOCTL
2. YHuBepcanbHOCTb
3. [lpocToTa
4

. O(PGPEKTNBHOCTb

y(CEL&OR

vy V YV Y

['opsaymne metoabl + call chains
Windows/macOS/Linux + x86/AMD64/ARM32
Bkntovatb npodpunmposky VM onumen

[TpOMBbILLNEHHOE UCMOSIb30BaHNE
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PROFILE-GUIDED OPTIMIZATION

TpeboBaHus:

y(CEL&OR

. NHdbopmaTnBHOCTbL
. YHuBepcanbHOCTb

1
2
3.
4

[MpocToTa

. O(PGPEKTNBHOCTb

['opsaymne metoabl + call chains
Windows/macOS/Linux + x86/AMD64/ARM32
Bkntovatb npodpunmposky VM onumen

[TpOMBbILLNEHHOE UCMOSIb30BaHNE

27



EXCELSIOR

INSTRUMENTATION
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INSTRUMENTATION

B koo nobasnsaeTtca y4eT cTaTUCTUKM (LMKITbl, METOAbLI, TUMbI)

To4Haa™ nHdopmauns o npodune

EXCELSIOR
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INSTRUMENTATION

B koo nobasnsaeTtca y4eT cTaTUCTUKM (LMKITbl, METOAbLI, TUMbI)

To4Haa™ nHdopmauns o npodune

EXCELSIOR
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INSTRUMENTATION

B koo nobasnsaeTtca y4eT cTaTUCTUKM (LMKITbl, METOAbLI, TUMbI)

To4Haa™ nHdopmauns o npodune

NHCTPYMEHTMPOBATbL MOXKHO:

o Java bytecode

o Native code

y(CEL&OR

31



EXCELSIOR

INSTRUMENTATION

public class Test {

public static int testMethod(int counts, int val) {
int res =
for (int i = 0; i < counts; i++) {
res += val;

}

return res;

$ java -XX:+UnlockDiagnosticVMOptions -XX:+PrintAssembly Test

32



EXCELSIOR

INSTRUMENTATION

# {method} {0x0000000016930308} 'testMethod’

# parmo: rdx
# parml: r8

= int
= int

# [sp+0x40] (sp of caller)

0x0000000002683b80:
0x0000000002683b87:
0x0000000002683b88:
0x0000000002683b8c:

0x0000000002683b96:
0x0000000002683b9c:
0x0000000002683b9T:
0x0000000002683ba5:

mov DWORD PTR [rsp-0x6000],eax
push rbp

sub rsp,0x30

movabs rax,0x16930560

mov esi,DWORD PTR [rax+@xdc]
add esi,ox8

mov DWORD PTR [rax+Oxdc],esi
movabs rax,0x16930300

"(II)I' in 'Test'
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HotSpot C1

Compiler

EXCELSIOR

INSTRUMENTATION

# {method} {0x0000000016930308} 'testMethod’

# parmo: rdx
# parml: r8

= int
= int

# [sp+0x40] (sp of caller)

0x0000000002683b80:
0x0000000002683b87:
0x0000000002683b88:
0x0000000002683b8c:

0x0000000002683b96:
0x0000000002683b9c:
0x0000000002683b9T:
0x0000000002683ba5:

mov DWORD PTR [rsp-0x6000],eax
push rbp

1) rsp,0x30

movabs rax,0x16930560

mov esi,DWORD PTR [rax+@xdc]
add esi,ox8

mov DWORD PTR [rax+Oxdc],esi
movabs rax,0x16930300

"(II)I' in 'Test'

UHKPEMEHT

CYHEeTHYUKa

34



INSTRUMENTATION

YpPOBHU KOMMUNIALNN

2 3

\ 4

Y C1: be3
HTepnpeTaTop TS

C1: yactnyHas C1: nonHas
npodpunuposka npodunmposka

T

S~

-

EXCELSIOR
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INSTRUMENTATION

YpPOBHU KOMMUNIALNN

\ 4

0 1 2 3 4
VHTEDDETATO C1: Ges C1: yacTuyHas C1: nonHas C2
PP P NpodUNMpoBKK npodpunuposka npodunmposka

EXCELSIOR
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EXCELSIOR

INSTRUMENTATION

[Toyemy Ham B AOT He nogxoanT MHCTPYMEHTauma?
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EXCELSIOR

INSTRUMENTATION

[Toyemy Ham B AOT He noaxoauT MHCTPYMEHTauns?

> OTaenbHbIN pexnm cbopkn ansa npopunupoBaHmd
> VIHCTpyMeHTauus Kaxgoro vetoga =

> [lnoxasa n pon3BoaANTEIIbHOCTb

38



INSTRUMENTATION

TpeboBaHus:

1. HdopmaTMBHOCTL

2. YHuBepcanbHOCTb

> [opaume metoabl + call chains

>  Windows/macOS/Linux + x86/AMD64/ARM32

—3—Hpeerotea

— s

EXCELSIOR
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EXCELSIOR

INSTRUMENTATION

A kak B AOT y HotSpot? (JEP-295)
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INSTRUMENTATION

YpPOBHU KOMMUNIALNN

0 1 2

\ 4

3 4

N

VHTEDNDETATO C1: Ges C1: yacTuyHas
PP P NpodUNMpoBKK npodpunuposka

|

C1: nonHas } [ c2 }
npodunmposka

N~

EXCELSIOR

N
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INSTRUMENTATION

YpPOBHU KOMMUNIALNN

\ 4

0 1 2 3 4
VHTEDDETATO C1: Ges C1: yacTuyHas C1: nonHas C2
PP P NpodUNMpoBKK npodpunuposka npodunmposka

EXCELSIOR

HotSpot AOT:
npocunmnpoBka

42



INSTRUMENTATION

NHcTpymeHnTauma B HotSpot AOT:

o OObl4Haga U eeposimHocmHasi NponnMpoBKa

EXCELSIOR

43



INSTRUMENTATION

NHcTpymeHnTauma B HotSpot AOT:

o OOblYHaga U eeposimHocmHasi NpounnpoBKa
o BeposaTHOCTHaZ:

> Bopbba c cache line ping-ponging

y(CEL&OR
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INSTRUMENTATION

NHcTpymeHnTauma B HotSpot AOT:

o OOblYHaga U eeposimHocmHasi NpounnpoBKa
o BeposaTHOCTHaZ:
> Bopbba c cache line ping-ponging
> CcYeT4YMKM cpabaTbiBalOT He KaXabl pas3

> if (random() & ((1 << prob _log)-1)==0){...}

y(CEL&OR
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INSTRUMENTATION

NHcTpymeHnTauma B HotSpot AOT:

o OOblYHaga U eeposimHocmHasi NpounnpoBKa
o BeposaTHOCTHaZ:
> Bopbba c cache line ping-ponging
> CcYeT4YMKM cpabaTbiBalOT He KaXabl pas3

> if (random() & ((1 << prob _log)-1)==0){...}

y(CEL&OR
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INSTRUMENTATION

TpeboBaHus:

1. HdopmaTUBHOCTL

2. YHuBepcanbHOCTb

> [opaume metoabl + call chains

>  Windows/macOS/Linux + x86/AMD64/ARM32

—_——

A L W S e,
. \J\+l\+JUI\I viDIrnovuip

y(CEL&OR

———————————
A I IIAA--I . n () A A o g o e g PN NN N

-~ 1 I'.JUIVIDILIJJIUI—II—IUU viviivi)ipovpdrivio
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SAMPLING

EXCELSIOR



SAMPLING

Pa3 B 3agaHHbIN MPOMEXYTOK BpeEMEHN NPOBOAUTCA NHCMNEKLUNA

KayecTBo npodmnsa 3aBUCUT OT MHTEpBana CEMNNUPOBaHUSA, MEHbLLIE — fyyllie

EXCELSIOR

49



SAMPLING

/\/

SAFEPOINTS

EXCELSIOR
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SAFEPOINTS

> To4Kn B Kofe, rae AOCTYNEH CTEK BbI30BOB

> B HMUX MOXXHO NPNOCTAaHOBUTb MNMOTOKA

EXCELSIOR

51



Yy Y YV V

EXCELSIOR

SAFEPOINTS

Touykn B Koae, rae OOCTYNEH CTEK BbI3OBOB
B HMUX MOXHO NMPUOCTaHOBUTL MOTOKM
[ocTuratotca (0OTHOCUTESBHO) BbICTPO

yxynmaroT npon3BOoANTEIIbHOCTb

52



SAFEPOINTS

public class Test {

public static int test(int limit, int step) {
int res =
while (res < limit) {
res += step;

}

return res;

$ java -XX:-TieredCompilation -XX:+UnlockDiagnosticVMOptions -XX:+PrintAssembly Test

EXCELSIOR

53



EXCELSIOR

0x000001dcbl19ce3e0:
0x000001dcbl9ce3e3:

0x000001dcb19ce3e9:
0x000001dcbl9ce3ec:
0x000001dcbl9ce3ee:
0x000001dcbl19ce3f2:

0x000001dcb19ce3f3:

0x000001dcb19ce3f9:

SAFEPOINTS

eax, rad
DWORD PTR [rip+Oxfffffffff3d41cl7],eax

5 {poll}

eax,rad
0x000001dcb19ce3e0

rsp,0x10

rbp

DWORD PTR [rip+Oxfffffffff3d41c07],eax
; {poll return}

54



EXCELSIOR

0x000001dcbl19ce3e0:
0x000001dcbl9ce3e3:

0x000001dcb19ce3e9:
0x000001dcbl9ce3ec:
0x000001dcbl9ce3ee:
0x000001dcbl19ce3f2:

0x000001dcb19ce3f3:

0x000001dcb19ce3f9:

SAFEPOINTS

eax, rad
DWORD PTR [rip+Oxfffffffff3d41cl7],eax

5 {poll}

eax,rad
0x000001dcb19ce3e0

rsp,0x10

rbp

DWORD PTR [rip+Oxfffffffff3d41c07],eax
; {poll return}

55



SAFEPOINTS

Safepoints based profilers:

>

>
>
>

EXCELSIOR

«BkritoyatloT» ocTaHOBKY Ha safepoints
XXOyT, noka NOTOKM OOCTUMHYT Sp
CobupaloT CTEKN BbI3OBOB

«BbIkrntovatoT» octaHOBKY Ha safepoints

56



SAFEPOINTS

[ToyemMy Ham He nogxoauT cemMnnMpoBaHue Yepes safe points?

EXCELSIOR
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SAFEPOINTS

[Touemy Ham He noaxoanT cemMmnnmnpoBaHue Yepes safe points?

1. Cnenble 30HbI

EXCELSIOR
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SAFEPOINTS

public class Test2 {

public int testMethod(int value) {
int res = 0;
for (int 1 = 0; i < 100000; i++) {
res += value;
}
witness();
return res;

$ java -XX:-TieredCompilation -XX:+UnlockDiagnosticVMOptions -XX:+PrintAssembly Test2

EXCELSIOR 59



EXCELSIOR

0x000001bef9d3e30c:
0x000001bef9od3e30f:
0x000001bef9od3e312:
0x000001bef9d3e319:

0x000001bef9d3e31b:
0x000001bef9d3e320:
0x000001bef9od3e322:
0x000001bef9d3e326:
0x000001bef9d3e327:

0x000001bef9d3e32d:

SAFEPOINTS

ebp, r8d

rled

r10d,0x2710
0x000001bef9d3e30cC

0x000001bef9d3e340

eax, ebp

rsp,o0x10

rbp

DWORD PTR [rip+@xfffffffffe521cd3],eax

5 {poll_return}

60



EXCELSIOR

0x000001bef9d3e30c:
0x000001bef9od3e30f:
0x000001bef9od3e312:
0x000001bef9d3e319:

0x000001bef9d3e31b:
0x000001bef9d3e320:
0x000001bef9od3e322:
0x000001bef9d3e326:
0x000001bef9d3e327:

0x000001bef9d3e32d:

SAFEPOINTS

ebp, r8d

rled

r10d,0x2710
0x000001bef9d3e30cC

No polls!

0x000001bef9d3e340

eax, ebp

rsp,o0x10

rbp

DWORD PTR [rip+@xfffffffffe521cd3],eax
5 {poll_return}

61



[MonageT B npodunb

(BmecTo testMethod)

EXCELSIOR

SAFEPOINTS

public class Test2 {

public int testMethod(int value) {
int res = 0;
for (int 1 = 0; i < 100000; i++) {
res += value;
}
witness();
return res;

Cnenas 30Ha

62



SAFEPOINTS

[Touemy Ham He noaxoanT cemMmnnmnpoBaHue Yepes safe points?

1. Cnenble 30HbI

2. Henpepfckasyemoe BpeMs MHCMEKUNN

EXCELSIOR

63



SAFEPOINTS

[Touemy Ham He noaxoanT cemMmnnmnpoBaHue Yepes safe points?

1. Cnenble 30HbI

2. Henpepfckasyemoe BpeMs MHCMEKUNN

Why (Most) Sampling Java Profilers Are F*cking Terrible

by Nitsan Wakart

y(CEL&OR

64


http://psy-lob-saw.blogspot.ru/2016/02/why-most-sampling-java-profilers-are.html

SAFEPOINTS

TpeboBaHus:

——Hireop e THBErOC T 0P ete- e TOR S —Cat-chas

2. YHunBepcanbHOCTb > Windows/macOS/Linux + x86/AMD64/ARM32
3. [llpocToTa > Bknoyatb npodununposky VM onunen
4. 3PAPEKTUNBHOCTb > [lpombilnieHHOEe ncnosib3oBaHne

PYCELSIOR 65



SAMPLING

/\/

S

EXCELSIOR

66



SAMPLING

/\/

S

EXCELSIOR

AsYNCGETCALLTRACE

67






ASYNCGETCALLTRACE

> OpenJDK internal API
> Posix Signals, SIGPROF

> B obpaboTtunke BbizoB AsyncGetCallTrace

EXCELSIOR

69



ASYNCGETCALLTRACE

> OpenJDK internal API
> Posix Signals, SIGPROF

> B obpaboTtunke BbizoB AsyncGetCallTrace

.

> Crtek BbI3oBOB BHE safepoint

y(CEL&OR 70



ASYNCGETCALLTRACE

\

OpenJDK internal API
Posix Signals, SIGPROF

\

> B obpaboTtunke BbizoB AsyncGetCallTrace

.

> Crtek BbI3oBOB BHE safepoint

\

UecTHOCTb

> He 3aBUCUT OT KOSIMYECTBA NOTOKOB

y(CEL&OR -




Jloxkka perta

ASYNCGETCALLTRACE

enum {

EXCELSIOR

ticks no_Java frame
ticks no class load
ticks GC active

ticks _unknown not Java
ticks_not_walkable_not_Java
ticks_unknown_Java
ticks_not_walkable_Java
ticks_unknown_state
ticks thread exit

ticks deopt
ticks_safepoint

new thread

jmethodIds are not available
GC action

\_(VY)_/

\_(VY)_/

(V)T

(V)T

\_(VY)_/

dying thread

mid-deopting code

\_(Y)_/"

72



ASYNCGETCALLTRACE

Jloxkka perta Ne2

> OpendDK internal API
> Posix Signals, SIGPROF

EXCELSIOR 73



ASYNCGETCALLTRACE

TpeboBaHus:

1. HdopmaTUBHOCTL > [opaume metoabl + call chains

3. [llpocToTa > Bknoyatb npodununposky VM onunen

4. 3PAPEKTUNBHOCTb > [lpombilnieHHOEe ncnosib3oBaHne

y(CEL&OR



SAMPLING

/\/

S

EXCELSIOR

AsYNC RACE
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EXCELSIOR

SAMPLING

/\/

PRrYING PROFILER

Astc

RACE

76



PRYING PROFILER

MpodomnuposLuk B Excelsior JET

x Posix Signals

OcTtaHoBKa NnoToka
B MPOM3BOSIbHOW TOYKe

y(CEL&OR
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PRYING PROFILER

MpodomnuposLuk B Excelsior JET

x Posix Signals

OcTtaHoBKa NoToka
B MPOM3BOSIbHOW TOYKe

%CELSIOR

WinBase.SuspendThread (HANDLE)

pthread_kill(pthread_t, int)

78



PRYING PROFILER

MpodomnuposLuk B Excelsior JET

* UecTHOCTb

f [lepeHocnMoCTb

y(CEL&OR
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PRYING PROFILER

MpodomnuposLuk B Excelsior JET

* UecTHOCTb

f [lepeHocnMoCTb

y(CEL&OR
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PRYING PROFILER

Cxema paboTsbl:

1. OTaenbHbIM NOTOK ANsa NpoduIMpoBLLVKa

2. WHcnekumu pas B 3agaHHbIM MHTEpBan

EXCELSIOR
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PRYING PROFILER

Cxema paboTsbl:

1. OTaenbHbIM NOTOK ANsa NpoduIMpoBLLVKa
2. WHcnekumun pas B 3agaHHbIN MHTEpBan

a. OcTtaHaBnuBaem oqepe,u,Hon NOTOK CUCTEMHbIMIN CpeaCTBaMM

b. BoccTaHaBnvBaeMm CTeK BbI3OBOB A1 NOTOKAa

(He Tonbko B safepoint)

c. BosobHoBnsiem paboTy notoka

y(CEL&OR
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EXCELSIOR

PRYING PROFILER

Kak nony4nTb CTEK BbI3OBOB B NMPOU3BOSIbHOW TOYKE?

83



PRYING PROFILER

Kak nony4nTb CTEK BbI3OBOB B NMPOU3BOSIbHOW TOYKE?

return address

o Fo0o0 Bbi3biBaeT Bar

O MHCHeKTI/IpyeM NOTOK

return address

sp —

EXCELSIOR

J'\

S—

®penm Foo

®penm Bar
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PRYING PROFILER

Kak nony4nTb CTEK BbI3OBOB B NMPOU3BOSIbHOW TOYKE?

return address

o Fo0o0 Bbi3biBaeT Bar

O MHCHeKTI/IpyeM NOTOK

1. o IP Haxoaum Bar return address

2. Octanocb HanTtu gopenm Foo

sp —

y(CEL&OR

J'\

S—

®penm Foo

®penm Bar

85



Teno metoaa —

EXCELSIOR

PRYING PROFILER

testMethod:
push
push
add
mov
lea

rbx
rbp
rsp,
eax,
rax,

eax,

byte -8
dword [rsp-0C0O0H]
[rel Lee4]

eax

short LO22

r9, qword [r15+1DOH]

rod,
eax,
edx,
Le21

rsp,
rbp
rbx
rcx,
ecx,

dword [r9]
r8d
eax

byte 8

gword [rl5+1E@OH]
dword [rcx]

— [lpornor

— OnNunor

86



PRYING PROFILER

testMethod:
push rbx
push rbp
add rsp, byte -8
mov eax, dword [rsp-0CO0oH]
lea rax, [rel Loo4]

eax, eax
short L@22
cnonHanmn tTeno metoga = penm
r9, gword [rl5+1D@OH]
rod, dword [r9]
eax, r8d
edx, eax
LB21

chopmmpoBaH (nouTtn safepoint)

rsp, byte 8

rbp

rbx

rcx, gqword [rl5+1E@H]

%CEI_SlOR ecx, dword [rcx]




PRYING PROFILER

testMethod:
push rbx
VcnonHusanu npornor unuv anunor = push  rbp

add rsp, byte -8

Cbpelea eLe (y>|<e) HeT mov eax, dword [rsp-0CO0oH]

lea rax, [rel Loo4]

eax, eax
short L0222

3HaeMm, KaK nckatb caller gopenm : r9, qword [r15+1DOH]
rod, dword [r9]
eax, r8d
edx, eax
Le21

rsp, byte 8

rbp

rbx

rcx, qword [rl5+1E@H]
ecx, dword [rcx]

EXCELSIOR




PRYING PROFILER

public int lightweightMethod(int p) {

int res =
for (int i = 9; i < 100; i++) {
res *= p; o
} o
return res;
0

EXCELSIOR

Ocobbi meToA;

NckntoveHnin He 6pocaeTt
Safepoints B Tene HeT

Call stack He ckaHupyeTcCH
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PRYING PROFILER

lightweightMethod:

mov

xor
jmp

imul
add
cmp
jl
mov
mov
ret

EXCELSIOR

eax, 1
ecx, ecx
short LO18

eax, edx

ecx, byte 1

ecx, byte 100

Lo17

rcx, qword [rl5+1EOH]
ecx, dword [rcx]

OnTumusaums: dpenm BoobLle He CTpoUTCH

(HMKTO Begb He OyaeT ckaHmpoBaThb call stack)
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PRYING PROFILER

lightweightMethod:

mov

xor
jmp

imul
add
cmp
jl
mov
mov
ret

EXCELSIOR

eax, 1
ecx, ecx
short LO18

eax, edx

ecx, byte 1

ecx, byte 100

Lo17

rcx, qword [rl5+1EOH]
ecx, dword [rcx]

Xyawumm cnyyvamn:

O [HocTtoBepHon nHdopmauuum o caller

dopenme HeT

o KVcnonb3yrTcs 3BPUCTUKU (ULLIEM

BnvXxanLwmm xopoLmn ppenm)

o Pepgknn cny4dan, ymeem oTnnyaTth B
npodune
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PRYING PROFILER

Uto nonagaet B npodounb?

> Java meTogbl nonagarT B Npodunb

O  TOYHbIE UIN 3BPUCTUYECKUNE XUTbI
> Native meTtoabl pacno3HatoTcs, HO UTHOPUPYHOTCS
> YacTb NOTOKOB OTPUIIbTPOBLIBAKOTCA

o cnyxebHble notokn JVM

O MNOTOKM ncrnonHawowme OS

y(CEL&OR
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EXCELSIOR

PRYING PROFILER

NHTEepBan MeXxay UHCNEeKUUSIMU o 1ms

N3nepXXku npounssogutTenibHoctm —  ~10%

AO0CTaTO4vYHadA I/IHCbOpMaTI/IBHOCTb N TOYHOCTb
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PRYING PROFILER

Intel® VTune™ Amplifier

Method name CPU Time
Collections.longStaticBTree.getObject 12.5662%
Util.DisplayScreen.putText 4.3703%
Collections.StringBTreeNode.SearchNode 2.5284%
Util.DisplayScreen.putDollars 2.5115%

StockLevelTransaction.process 2.4576%
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PRYING PROFILER

Intel® VTune™ Amplifier

Method name
Collections.longStaticBTree.getObject
Util.DisplayScreen.putText
Collections.StringBTreeNode.SearchNode
Util.DisplayScreen.putDollars

StockLevelTransaction.process

%CELSIOR

CPU Time

12.5662%

4.3703%

2.5284%

2.5115%

2.4576%

Excelsior JET Prying Profiler

Method name
Collections.longStaticBTree.getObject
Util.DisplayScreen.putText
Util.DisplayScreen.putDollars
Collections.StringBTreeNode.SearchNode

StockLevelTransaction.process

Hits

14.659%

4.690%

3.029%

3.013%

2.713%
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EXCELSIOR

PRYING PROFILER

NHTEepBan MeXxay UHCNEeKUUSIMU o 1ms

N3nepXXku npounssogutTenibHoctm —  ~10%

AO0CTaTO4vYHadA I/IHCbOpMaTI/IBHOCTb N TOYHOCTb
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EXCELSIOR

PRYING PROFILER

MHTEepBan MexXxay UMHCNeKUnamm — 1lms
(BapbupyeTcs)
N3nepXXku npounssogutTenibHoctm —  ~10%

(eCTb KOHTPNPUMEPHDI)

AO0CTaTO4vYHadA I/IHCbOpMaTI/IBHOCTb N TOYHOCTb
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TpeboBaHus:

1. HdopmaTUBHOCTL
2. YHuBEpPCanbLHOCTb
3. [lpocToTa
4

. O(PGPEKTNBHOCTb

y(CEL&OR

PRYING PROFILER

Vv V V YV

['opsaymne metoabl + call chains
Windows/macOS/Linux + x86/AMD64/ARM32
Bkntovatb npodpunmposky VM onumen

[TpOMBbILLNEHHOE UCMOSIb30BaHME
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SSKS

TpeboBaHus:

1. HdopmaTUBHOCTL
2. YHuBEpPCanbLHOCTb
3. [lpocToTa
4

. O(PGPEKTNBHOCTb

y(CEL&OR

PRYING PROFILER

Vv V V YV

['opsaymne metoabl + call chains
Windows/macOS/Linux + x86/AMD64/ARM32
Bkntovatb npodpunmposky VM onumen

[TpOMBbILLNEHHOE UCMOSIb30BaHME
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SKSAKS

TpeboBaHus:

1. HdopmaTUBHOCTL
2. YHuBEpPCanbLHOCTb
3. [lpocToTa
4

. O(PGPEKTNBHOCTb

y(CEL&OR

PRYING PROFILER

Vv V V YV

['opsaymne metoabl + call chains
Windows/macOS/Linux + x86/AMD64/ARM32
Bkntovatb npodpunmposky VM onumen

[TpOMBbILLNEHHOE UCMOSIb30BaHME







HARDWARE PROFILING

> Hardware Counters

> CemnnunpoBaHue npu nepenonHeHnm
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HARDWARE PROFILING

> Hardware Counters

> CemnnunpoBaHue npu nepenonHeHnm

4+ MuH1nManbHbIE N3OEPXKKM

4+ Bbicokasi YacToTa cemMnnMpoBaHnS
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HARDWARE PROFILING

> Hardware Counters

> CemnnunpoBaHue npu nepenonHeHnm

4+ MuH1nManbHbIE N3OEPXKKM

4+ Bbicokasi YacToTa cemMnnMpoBaHnS

— CPU- n OS-cneymdpunyHo

— Privileged instructions
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HARDWARE PROFILING

> Linux Perf Events

o kernel 2.6.31 and above
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HARDWARE PROFILING

> Clairvoyance Profiler > Linux Perf Events

o kernel 2.6.31 and above
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HARDWARE PROFILING

> Clairvoyance Profiler > Linux Perf Events

o perf_event_open o kernel 2.6.31 and above
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HARDWARE PROFILING

> Clairvoyance Profiler > Linux Perf Events

o perf_event_open o kernel 2.6.31 and above

o CPU 3anucbiBaeT cemrbl B ring buffer

data_tail
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HARDWARE PROFILING

> Clairvoyance Profiler > Linux Perf Events

o perf_event_open o kernel 2.6.31 and above

o CPU 3anucbiBaeT cemrbl B ring buffer

:> PERF_RECORD_LOST++

data_tail
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HARDWARE PROFILING

> Clairvoyance Profiler > Linux Perf Events

o perf_event_open o kernel 2.6.31 and above
o CPU 3anucbiBaeT cemrbl B ring buffer

o JVM obpabaTtbiBaeT Oydep, obHoBnseT data_tail

JVM profiler thread

> data_tail

obpaboTaHHble
cemnnbl

y(CEL&OR 110

data_tail



HARDWARE PROFILING

> Clairvoyance Profiler > Linux Perf Events
o perf_event_open o kernel 2.6.31 and above

o CPU 3anucbiBaeT cemrbl B ring buffer

o JVM obpabatbiBaeT Oydep, obHoBNseT data_tail

O  Un3Oepxkn ~2%

EXCELSIOR
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> Clairvoyance Profiler

O
O

O

EXCELSIOR

HARDWARE PROFILING

perf event_open
CPU 3anucbiBaeTt cemnebl B ring buffer

JVM obpabaTtbiBaeT Oydep, obHoBNseT data_tail

n3nepxem ~2%
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HARDWARE PROFILING

TpeboBaHus:

v 1. VlHbopmaTUBHOCTb > [opayume metoabl + call chains

\/ 3. [llpocToTa > Bknoyatb npodununposky VM onunen

VAL 4. ddbdekTmBHOCTb > [pOMbILLNIEHHOE MCMOMNb30BaHME

EXCELSIOR
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HARDWARE PROFILING

TpeboBaHus:

v 1. VlHbopmaTUBHOCTb

['opsaymne metoabl + call chains

VAL 4. ddbdekTmBHOCTb

EXCELSIOR

Bkntovatb npodpunmposky VM onumen

[TpOMBbILLNEHHOE UCMOSIb30BaHME
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3AKAIOYEHWE

Cenvac:
> Prying Profiler BkrntodeH B Excelsior JET
> Profile-Guided Optimization
> OTnagka

[MoToMm:

> Clairvoyance Profiler

> O06LwWwenocTynHOCTb NPOPUNUPOBLLNKA

PYCELSIOR n



DEMO



DEMO

S

a

ComplexTask

[ ByteTask J [ Byte4Task }

%CELSIOR .




DEMO

static void initData() {
dataArr new Task[DATA SIZE];
Task

Task tl = new Byte4Task();
Task t2 new ByteTask ();

ComplexTask for (int i = @; i < dataArr.length; i++) {

dataArr[i] = (1 % 64 == @) ? t1 : t2;
[ ByteTask 1 [ Byte4Task }

%CELSIOR 118
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DEMO

static void initData() {
dataArr new Task[DATA SIZE];
Task

Task tl = new Byte4Task();
Task t2 new ByteTask ();

ComplexTask for (int i = @; i < dataArr.length; i++) {

dataArr[i] = (1 % 64 == @) ? t1 : t2;

[ ByteTask } [ Byte4Task } for (Task t : dataArr) {

res += t.compute();
%CELSIOR




DEMO

Pe3ynbTtarthl:
Open]DK 1.8.0 _151-1b, Windows, x86_amd64 803 ms
JET 14.0 Windows-amd64 4 388 ms
JET 14.0 Windows-amd64 + Profiler 4811 ms
JET 14.0 Windows-amd64 + PGO 525 ms

[Tpumep Ha github:

https://github.com/excelsior-oss/excelsior-jet-samples/tree/master/pgo-bench

y(CEL&OR 120


https://github.com/excelsior-oss/excelsior-jet-samples/tree/master/pgo-bench

Q4&A

M lugliansky@excelsior-usa.com

4 @dbg_nsk

https://www.excelsiorjet.com/blog
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https://www.excelsiorjet.com/blog

SECRET SLIDE

A yto no nosoay JMC/JFR?

> Bugut mexay safepoints Tonbko ¢ -XX: DebugNonSafepoints
> MuHumMmaneHbIn HTepBan cemnnnposaHma 10ms

> YHuBepcanbHocTb (pabotaeTt n Ha Windows)
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SECRET SLIDE

A yto no nosoay JMC/JFR?

1. HdopmaTUBHOCTL > [opayume metoabl + call chains

2. YHuBepcanbHOCTb > Windows/macOS/Linux + x86/AMD64/ARM32

4. 3PAPEKTUNBHOCTb > [lpombilunieHHOEe ncnosib3oBaHne

PYCELSIOR 123



