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AmuTtpun byHanH

Senior Big Data developer

Amutpun B UT ¢ 2014 roga. B nocnegHne HECKONIbKO NeT aKTUBHO
3aHUMaeTcst pa3paboTkon |/O MHTEHCUBHBIX NPUIOXeEHMI Ha Java, C/Linux
N CBSI3@HHbIX C HAMW BOMPOCaMuM NPON3BOAUTENbHOCTU. [lo 3TOro
pa3pabaTbiBan 6aHKOBCKUIM cOPT 1 nnatdopmy 06paboTKM AaHHbIX Ha
Spark B cdhepe peknambl. UMeeT onbIT paboTbl co Scala, PyHKLMOHANbHbIM
nporpamMmmnpoBaHuem u typelevel ctekom. B HacTosiLee BpeMs ABNSEeTCS

cTaplwum Big Data pa3paboTtynkom B Grid Dynamics.
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Cxema notoka AaHHbIX Web npoexkToB

[MTonb3oBaTenb

BHewHee cuctembl (PubSub/Cloud
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Cepsuc

AHanunTuka (Spark/Hadoop/etc...)
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[poeKT B chepe peknambl
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BU3HeC NOrnmKom
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[poekT B chepe pexnambl
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Nonb3oBaTenb
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BbIK/TOYEHNN NHCTAHCA
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OaHHble 6"“
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JToKanbHbIN AUCK SPARK / HADOOP, Kassandra + Kubernetes
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HTTP Server JToKanbHbIM AUCK

\

lNony4yeH curHan Ha
BbIKtOYeHMe (30 cekyHA)

Cunctema gocTaBKku

\ MpoekT B chepe peknambl: BbIK/IOYEHNE NHCTAHCA
N

@ Grid Dynamics Privileged and confidential




—a/

>
i

MpoekT B chepe peknambl: BbIK/IOYEHNE NHCTAHCA

@ Grid Dynamics

HTTP Server

lMony4yeH curHan Ha

BbIKtOYeHMe (30 cekyHA)

\/

JloKanbHbIV AUCK

\/

Cuncrtema gocTtaBKku

[JaHHble Ha TeKywmnii MOMeHT (oT 1 MB go 1TB)

Y

BHelwwHMe xpaHnnnwa
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MpoekT B chepe peknambl: BbIK/IOYEHNE NHCTAHCA

\/

HTTP Server JToKanbHbIN AUCK

lNonyyeH curHan Ha

\/

Cuncrtema gocTtaBKku

Bo3MoO)Ha noteps x [JaHHble Ha TeKywmnii MOMeHT (oT 1 MB go 1TB)

|

BHelwwHMe xpaHnnnwa

BbIKtOYeHMe (30 cekyHA)
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MpoekT B chepe peknambl: permanent instances

-

HTTP Server

Permanent instance )

JToKanbHbIN AUCK

Cuncrtema gocTtaBKku

@ Grid Dynamics

BHelwwHMe xpaHnnnwa

Privileged and confidential 12



3afaum NpoekKTa

[locTaBKa faHHbIX “cepBUC’ > “BHelIHUE XpaHunmwa’

YMEHbLINTb BEPOATHOCTH ONTUMU3NPOBATL AOCTABKY
notepu

@ Grid Dynamics Privileged and confidential 13




@ Grid Dynamics

YMeHbLleHNne BePOATHOCTU

noTepu AaHHbIX

071=0-10~1-1-F

11011101111
0101111000011111101
1010101101111010111101
110100f00m@aale11011110
1010107 01110010
101010 108! 0101100101
011011110
1

BRLLEREl 0 1 0 1
grei*0]1114%
001010 E;
010100101
010101010
0240117134
0201010111
1100101
01000011110



CTPUMMMHI HOBbIX AAHHbIX

CTPUMMHT JaHHbIX HAaNPSMYHO CTPUMWMHT JaHHbIX C JIOKaIbHbIX AVCKOB

HTTP Server HTTP Server BHewHMe xpaHunnwa

—a/

¥ 4

BHellHee xpaHunnie JlokanbHbIN gUCK CucTeMa goCTaBKK

i
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CTPUMMMHI HOBbIX AAHHbIX

CTPUMMHT gaHHbIX HaNpPAMYI0 CTPVMUHT JaHHbIX C TOKaNbHbIX AUCKOB

HTTP Server HTTP Server BHewHMe xpaHunnwa

—a/

¥ 4

BHellHee xpaHunnie JlokanbHbIN gUCK CucTeMa goCTaBKK

i
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#1 CTPUMUHI JaHHbIX HANPAMYIO

HepoctaTKu:

= CNOXHOCTb peanusaumm
- BepodaTHOCTb NOTepun coxpaHsaeTcs
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CTPUMMMHI HOBbIX AAHHbIX

CTpMMl/IHr AaHHbIX HAaNpAMY CTPUMMHTI faHHbIX C JIOKaJ/IbHbIX AUCKOB

HTTP Server HTTP Server BHewHMe xpaHunnwa

—a/

¥ 4

BHellHee xpaHunnie JlokanbHbIN gUCK CucTeMa goCTaBKK

i
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#2 CTPUMMHI JaHHbIX C TIOKaNbHbIX AUCKOB

NpeunmyuiecTBa:

- [MBKOCTb

—a/

JlokanbHbIN gUCK — CuctemMa goCTaBKM

-
i
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#2 CTPUMMHI JaHHbIX C TIOKaNbHbIX AUCKOB

NpeunmyuiecTBa:
[MOKOCTb
HepocTaTku:

~—CAOMHOEToPeafrSattn
—BepoAFHOCToROTEPHEOXpaHAeTes

JlokanbHbIN gUCK — CuctemMa goCTaBKM
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ApPXUTEKTYpa CUCTEeMbl CTPUMUHIA

MOHUTOPUHT HOBbIX IaHHbIX Cucrtema CTpUMMUHra

JIoKanbHbIN AUCK [Nony4yeHne HOBbIX JaHHbIX

YTeHune HOBbIX JAHHbIX

O6paboTka(CxaTtue, wndpoBaHue, n T.4.)

OTnpaBka

BHelwHee BHewHee

XpaHunuuie XpaHunuiie

BHelwHee
XpaHunuuwe

PoTauus, penopTuHr u T.4,.

Fault Tolerance
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JToKanbHbIN AUCK

OnpepgeneHne N3MeHMBLUNXCA halinoB
OnpegeneHve npegblaywen No3nLMn CTPUMMHIa
YTeHune HOBbIX AaHHbIX

MOHVITOpl/IHI' HOBbIX AAaHHbIX

YTeHne HOBbIX laHHbIE
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I'Ionyqume HOBbIX AdHHbIX
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@ Grid Dynamics

JToKanbHbIN AUCK

OnpepeneHne nsmeHusLumnxcs pannos
OnpepeneHuve npeablayLlen No3nNLMN CTPUMUHTA
YTeHune HOBbIX AaHHbIX

MOHVITOpl/IHI' HOBbIX AAaHHbIX

YTeHne HOBbIX laHHbIE
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OnpegeneHne nsmeHnswmnxca hannos

e [lonauHr e [loanucka Ha cobbiTua
dann dann dann dann dann dann
1 \V
OS
|
Cuctema gOoCTaBKM JaHHbIX Cnctema gOCTaBKU JaHHbIX
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OnpegeneHne nsmeHnswmnxca hannos

e MNMonnuur e [loanucka Ha cobbiTua
dann dann dann dann dann dann
1 \V
0S
|
Cnctema goCTaBKM AAaHHbIX CucTema gOCTaBKM AAaHHbIX
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NMonnuHr

long pollInterval;
List<String> watchedFiles;

//. ..
while(...){
for(String file: watchedFiles){
//llpoBepka Hanan4yus HOBbIX [aHHbLIX B ¢ausie
b
Thread.sleep(pollInterval); //throws InterruptedException
b

& Grid Dynamics Privileged and confidential
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NMonnuHr
Npeumyujecrea:
- [lpocToTa
N

(SL“ Grid Dynamics
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Cuctema goCTaBKM JaHHbIX
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NMonnuHr
lNpenmyuwiecrBa:
- [lpocToTa
HepocTtaTKu:
N

= OTCcyTCTBME TMOKOCTU
- [loTpebneHune pecypcos

(_bj Grid Dynamics

Privileged and confidential
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OnpegeneHne nsmeHnswmnxca hannos

e T[lonnuHr e [oanucka Ha cobbiTUA
dann dann dann dann dann dann
1 \V
0S
|
Cnctema goCTaBKM AAaHHbIX CucTemMa fOCTaBKU AaHHbIX
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Moanucka Ha cob6biTusA: JDK java.nio.file

package java.nio.file
public interface WatchService extends Closeable
WatchKey poll(long timeout, TimeUnit unit)
throws InterruptedException;

WatchKey take throws InterruptedException;

WatchKey poll

public interface WatchKey
List<WatchEvent pollEvents
Watchable watchable
/]...

public interface WatchEvent<T

T context

/..

& Grid Dynamics Privileged and confidential

dann dann dann

0S

CucteMa AOCTaBKM AaHHbIX



[Nony4yeHne U3MEHUBLLNXCA
caninos

k JDK java.nio.file: cxema ncnonb3oBaHus
N

dann dann dann
java.nio.file.WatchKey::pollEvents \/
3 OxupaHue cobbiTum FS 7 03
' java.nio.file.WatchService::poll ,

CucteMa AOCTaBKM AaHHbIX

0S
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NMpeumyujecrea:
ObpaboTKa TONbKO M3MEHUBLUMNXCS (DANNIOB

KpoccnnatopMeHHOCTb Paiin Paii Paiin

\/

0S

|

Cuctema gOCTaBKM JaHHbIX

k Moanucka Ha cob6biTusA: JDK java.nio.file
N
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lNpenmywiecrTBa:
- O6paboTKa TONbKO N3MEHUBLLUNXCSA PannoB

- KpoccnnatopMeHHOCTb Paitn Paitn Paitn

HepocTaTku: \

V * CKygHOe MHOXXeCTBO AOCTYMHbIX SBEHTOB

\ Moanucka Ha cob6biTusA: JDK java.nio.file
N

Cuctema gOCTaBKM JaHHbIX

Lbj Grid Dynamics Privileged and confidential
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Moanucka Ha cob6biTusA: JDK java.nio.file

package java.nio.file
public final class StandardWatchEventKinds

public static final WatchEvent.Kind<Object> OVERFLOW = //

public static final WatchEvent.Kind<Path> ENTRY_CREATE = //
public static final WatchEvent.Kind<Path> ENTRY_DELETE = //
public static final WatchEvent.Kind<Path> ENTRY_MODIFY = //

& Grid Dynamics Privileged and confidential

dann dann dann

0S

CucteMa AOCTaBKM AaHHbIX
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lNpenmywiecrTBa:
- O6paboTKa TONbKO N3MEHUBLLUNXCSA PannoB
- KpoccnnatopMeHHOCTb

HepocTaTKu:

\ Moanucka Ha cob6biTusA: JDK java.nio.file
N

V * CKygHOe MHOXXeCTBO AOCTYMHbIX SBEHTOB

- WrHopupyeTcs MH(popMaLms 0 NepeMeLLLEHNN

Lbj Grid Dynamics Privileged and confidential
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Cuctema gOCTaBKM JaHHbIX
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Moanucka Ha cob6biTusA: JDK java.nio.file

package sun.nio.fs

class LinuxWatchService extends AbstractWatchService

//. ..
private static class Poller extends AbstractPoller
/** o o o
* struct inotify_event { ®ann Pann Pann
* int wd ;
* uint32_t mask;
* uint32_t len
* char name __flexarr; //present if len > 0@
* } act_t; 0S
*/
public static final int SIZEOF_INOTIFY_EVENT = eventSizel();
public static final int| | offsets = eventOffsets
public static final int OFFSETOF_WD = offsets|0];
public static final int OFFSETOF_MASK = offsets|[1];
public static final int OFFSETOF_LEN = offsets[3]; Cuctema gOCTaBKM JaHHbIX
public static final int OFFSETOF_NAME = offsets|[4];

//. ..

public static native int| | eventOffsets();

@ Grid Dynamics

Privileged and confidential
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Moanucka Ha cob6biTusA: JDK java.nio.file

LinuxWatchService.c *

JNIEXPORT jintArray JNICALL
Java_sun_nio_fs_LinuxWatchService_eventOffsets(JNIEnv *env, jclass clazz

dann dann dann

jintArray result = (*env)-> env, 5);
if (result !'= NULL)
jint arr|5/;

arr[@] = (jint)offsetof(struct inotify_event, wd); 0S
arr[1] = (jint)offsetof(struct inotify_event, mask);

arr[2] = (jint)offsetof(struct inotify_event, cookie

arr[3] = (jint)offsetof(struct inotify_event, len);

arr[4] = (jint)offsetof(struct inotify_event, name);

*env )-> env, result, 9, 5, arr);

Cuctema gOCTaBKM JaHHbIX

* https://hg.openjdk.java.net/jdk/jdk12/file/06222165c35f/src/java.base/linux/native/libnio/fs/LinuxWatchService.c#54

@ Grid Dynamics Privileged and confidential

38
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lNpenmyuwiecrBa:
- O6paboTKa TONbKO N3MEHUBLLUNXCSA PannoB

- KpoccnnatopMeHHOCTb Paitn Paitn Paitn

HepocTaTku: \

- CKyﬂ,HOe MHOXEeCTBO AOCTYMHbIX 35BEHTOB

\ Moanucka Ha cob6biTusA: JDK java.nio.file
N

= WrHopupyeTcs MH(poOpMaLms 0 NepeMeLLLeHNN

Cuctema gOCTaBKM JaHHbIX

BbiBOA: NPy HEO6XOAMMOCTU NCNOJ/Ib30BaHUSA BCEX 3BEHTOB npegocTaBnsemMbix 0S
java.nio.file He nopxoguTr

Lbj Grid Dynamics Privileged and confidential
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Moanucka Ha cobbiTus: inotify/Linux + epoll/Linux

#include <sys/inotify.h>

struct inotify_event
int wd;
uint32_t mask;
uint32_t cookie;

dann dann dann
uint32_t len;
char name| | ;
int inotify_init(void);
0S

int inotify_add_watch(int fd, const char *pathname, uint32_t mask) ;
int inotify_rm_watch(int fd, int wd);
#include <sys/epoll.h>
Cuctema [OCTaBKW AaHHbIX
int epoll_createl(int flags);

int epoll_ctl(int epfd, int op, struct epoll_event *event);

int epoll_wait(int epfd, struct epoll_event *events,
int maxevents, int timeout);

& Grid Dynamics Privileged and confidential 40



inotify/Linux + epoll/Linux: cxema ncnonb3oBaHus

inotify_init1() epoll_createl()

epoll_ctl()
pernctpauus inotify B epoll

I

inotify dhannoBbI geckpuntop epoll hannoBbIn geckpuntop
read() epoll_wait()
noJsiyyeHune 3BeHTOB U3 inotify oXugaHue nsmeHeHun B inotify

[NonyyeHue n3MeHUBLLUUXCA
dannoB

& Grid Dynamics Privileged and confidential

dann dann dann

CucteMa AOCTaBKM AaHHbIX
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Npeumyujecrea:

[MonHbIM HAbop cobbiTuM OS

dann dann dann

\/

0S

|

CucteMa AOCTaBKM AaHHbIX

k NMoanucka Ha cobbiTus: inotify/Linux + epoll/Linux
N

& Grid Dynamics Privileged and confidential 42
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NMoanucka Ha cobbiTus: inotify/Linux + epoll/Linux

inotify.h *

#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

IN_ACCESS
IN_MODIFY
IN_ATTRIB
IN_CLOSE_WRITE
IN_CLOSE_NOWRITE
IN_OPEN
IN_MOVED_FROM
IN_MOVED_TO
IN_CREATE
IN_DELETE
IN_DELETE_SELF
IN_MOVE_SELF

0x00000001
0x00000002
0x00000004
0x00000008
0x00000010
0x00000020
0x00000040
0x00000080
0x00000100
0x00000200
0x00000400
0x00000800

J*
J*
J*
J*
J*
J*
J*
J*
J*
J*
J*
J*

File was accessed */

File was modified */
Metadata changed */
Writtable file was closed */
Unwrittable file closed */
File was opened */

File was moved from X */
File was moved to Y */
Subfile was created */
Subfile was deleted */
Self was deleted */

Self was moved */

* https://elixir.bootlin.com/linux/v5.3/source/include/uapi/linux/inotify.h#L 29

(SL“ Grid Dynamics

Privileged and confidential

dann dann dann

0S

Cuctema gOCTaBKM JaHHbIX
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https://elixir.bootlin.com/linux/v5.3/ident/IN_ACCESS
https://elixir.bootlin.com/linux/v5.3/source/include/uapi/linux/inotify.h#L29

NMoanucka Ha cobbiTus: inotify/Linux + epoll/Linux

lNpenmyuwiecrBa:
[MonHbIM HAbop cobbiTuM OS

HepocTtaTtku: daitn daitn daitn

He kpoccnnatopmeHHo / He POSIX \/

0S

|

Cuctema gOCTaBKM JaHHbIX

CNOXHOCTb NCMNOJ/Ib30BaHUS

~
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NMorpe6nenne CPU: Moaudunkauum Kaxayo CeKYHAY

6.00%

4.00%

%CPU

2.00%

0.00%

@ Grid Dynamics

B inotify [ poll

10

100

Modifications/sec
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NMoTpe6nenne CPU: Moandukaunm Kaxxapie 100ms

25.00%

20.00%

15.00%

10.00%

—a/

5.00%

0.00%

>
i

@ Grid Dynamics

1000

B inotify [ poll

Modifications/100ms
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@ Grid Dynamics

JToKanbHbIN AUCK

OnpepgeneHne N3MeHMBLUNXCA halinoB

OnpepgeneHue npegbigywier No3ULUU CTPUMUHTA

YTeHne HOBbIX JAHHbIX

MOHVITOpl/IHI' HOBbIX AAaHHbIX

-

epoll_wait

A

inotify
|

YTeHune HOBbIX AaHHblIE

Privileged and confidential

I'Ionyqume HOBbIX AdHHbIX
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OnpepgeneHue npeabiAyLLEN NO3MLUN CTPUMUHIA

NoeHTudnkaums danna OnpegeneHune npeablgyLen no3nymm

& Grid Dynamics Privileged and confidential
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WpenTudukauua cpanna: abCconoTHbIN NYTh

NMpeumyujecrtBa
[1pOoCTOTa NCNOMb30BaHUA

(_b) Grid Dynamics Privileged and confidential
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WpenTudukauua cpanna: abCconoTHbIN NYTh

NpenmyliecrTBa
[1pOoCTOTa NCNOMb30BaHUA

HepocTaTKu:
He npeundnunpyet dann

~

Lbj Grid Dynamics Privileged and confidential
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NpenTudukauusa channa: xsuw

NMpeumyujecrtBa

[lopTUpyemMocCTb
[lpocTOTa peanusaumm

(_b) Grid Dynamics Privileged and confidential
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NpenTudukauusa channa: xsuw

NpenmyliecrTBa

- [lopTnpyemMocCTb
- [lpocToTa peanunsaynmu

HepocTaTKu:
- OpuHakoBble ansibl HEPA3TNYNUMDI

* [lponsBognUTenbHOCTb

Lbj Grid Dynamics Privileged and confidential
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Npentuduxkaumsa danna: POSIX file serial number

[okymeHTaums POSIX*:

3.176 File Serial Number

A per-file system unique identifier for a
file.

* hitps://pubs.opengroup.org/onlinepubs/9699919799/basedefs/V1 chap03.html

& Grid Dynamics Privileged and confidential
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Npentuduxkaumsa danna: POSIX file serial number

[okymeHTaums POSIX*:

The <sys/stat.h> header shall define the structure of the data returned
by the functions fstat(), /stat(), and stat().

The stat structure shall contain at least the following members:

ino t st ino File serial number.

(_} Grid Dynamics

Privileged and confidential



https://pubs.opengroup.org/onlinepubs/009695399/basedefs/sys/stat.h.html
https://pubs.opengroup.org/onlinepubs/009695399/functions/fstat.html
https://pubs.opengroup.org/onlinepubs/009695399/functions/lstat.html
https://pubs.opengroup.org/onlinepubs/009695399/functions/stat.html

Npentuduxkaumsa banna: inode number

man stat(2):

struct stat

S/
ino_t st_ino; /* Inode number */
S/
man inode(7):
i stat. : statx.

Each file in a filesystem has a unique inode number. Inode numbers are guaranteed to be unique only
within a filesystem (i.e., the same inode numbers may be used by different filesystems, which is the reason that
hard links may not cross filesystem boundaries). This field contains the file's inode number.

T

d Grid Dynamics Privileged and confidential



https://elixir.bootlin.com/linux/v5.3/ident/stat64

Bl -\ & S\

>
i

Inode number: JDK java.nio.file

Cxema API:

package java.nio.file
public final class Files
public static Object getAttributes(Path path, String attribute,

LinkOption... options)
throws IOException

Mpumep:

public static Long getInodeNumber(Path path) throws IOException
return (Long) Files.getAttributes(path, “unix:ino”);

& Grid Dynamics Privileged and confidential
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Inode number: JDK java.nio.file

UnixNativeDispatcher.c: *

JNIEXPORT void JNICALL
Java_sun_nio_fs_UnixNativeDispatcher_stat@(JNIEnv *env, jclass this,
jlong pathAddress, jobject attrs

int err;
struct stat64 buf;

const char *path = (const char *)jlong_to_ptr(pathAddress);

RESTARTABLE(stat64(path, &buf), err);

if (err == -1)
throwUnixException(env, errno);
else

prepAttributes(env, &buf, attr);

* https://hg.openjdk.java.net/jdk/idk12/file/06222165c35f/src/java.base/unix/native/libnio/fs/UnixNative Dispatcher.c#1498

(_b) Grid Dynamics Privileged and confidential
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Inode number: JDK java.nio.file

Npeumyujecrea:
YHUKanbHbIN hanioBbI MAEHTUDUKATOP
[lpocTOoTa

(_b) Grid Dynamics Privileged and confidential
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Inode number: JDK java.nio.file

lNpenmywiecrBa:
YHUKanbHbIN hanioBbI MAEHTUDUKATOP
[lpocTOoTa

HepocTaTKu:
* Wcnonb3yeTcs NnyTb K panny
[lopTUpyemMocCTb

~

Lbj Grid Dynamics Privileged and confidential
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Inode number: POSIX fstat

Cxema API:

#include <sys/stat.h>
int stat(const char #*pathname, struct stat *statbuf);

int fstat(int fd, struct stat *statbuf);

@ Grid Dynamics Privileged and confidential
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OnpepeneHune npegbiayLiemn
nosuunm damnna

OTKpbITHE dharna

k POSIX fstat: cxema ncnonb3oBaHuA
A

;

fstat()
MonyyeHue aTTpnbyTOB

dannoBbIN fECKPUNTOP

& Grid Dynamics Privileged and confidential



Inode number: POSIX fstat

Npeumyujecrea:
OTtcyTcTBMe Race Condition

(_b) Grid Dynamics Privileged and confidential
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Inode number: POSIX fstat

lNpenmywiecrBa:
OTtcyTcTBMe Race Condition

HepocTaTKu:
TpebyeT hannoBbIM 4ECKPUNTOP

~

Lbj Grid Dynamics Privileged and confidential
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POSIX fstat: hannoBbin geckpuntop

[NMpuBaTHOE none:

package java.io

public final class FileDescriptor
private int fd;

Peanusaunsa B one-nio:

package one.nio.os

public final class Mem
private static final Field fdField = Javalnternals.getField(FileDescriptor.class, “fd");

public static int getFd(FileDescriptor fd
try
return fdField.getInt(fd);
catch (IllegalAccessException e
throw new IllegalStateException(“Should not happen”);

& Grid Dynamics Privileged and confidential 64
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POSIX fstat: hannoBbin geckpuntop

HaTuBHbIV MeTOA;:

package com.company

public class PosixUtils
public static native int openRO(String path);

Peanusayus:

JNIEXPORT void JNICALL
Java_com_company_PosixUtils_openRO(JNIEnv *env, jclass jc, jstring path

const char #*native_path = (*env)-> env, path, NULL);
int fd = open(native_path, O_RDONLY);

*env )-> env, path, native_path);

return fd;

& Grid Dynamics Privileged and confidential
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POSIX fstat: nponssoauTenbHOCTD

#include <immintrin.h>
#include <x86intrin.h>

#define warmup(iters, foo,
do
unsigned _iterations = iters;
while(_iterations --> 0
foo(__VA_ARGS__);

— s s - -

while (0
#define single_shot_measure(foo,

unsigned _tsc_aux_ignored = 0;
uint64_t _start = __rdtsc();
foo(__VA_ARGS__);

uint64_t _end = __rdtscp(&_tsc_aux_ignored);
_end - _start;

— - - - -

static inline void cache_flush(const void *ptr, size_t sz
size_t line_offset = 0;
while(line_offset < sz
_mm_clflush((const char *) ptr + line_offset);
line_offset += 64;

& Grid Dynamics Privileged and confidential
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POSIX fstat: nponssoauTenbHOCTD

i7-8550U KbL, Linux Kernel 5.3.0,

#include <immintrin.h> o
ropsiumn dentry cache

#include <x86intrin.h>

#define warmup(iters, foo, \ taskset-c 1./benchmarks
do \
unsigned _iterations = iters; \ Reference
while(_iterations --> @ \ cycles
foo(__VA_ARGS__); \
\ stat_noflush 2010
while (0 stat 2486
#define single_shot_measure(foo, \ open_fstat_noflush 4265
\ open_fstat 4699
unsigned _tsc_aux_ignored = 0; \ fstat noflush 1326
uint64_t _start = __rdtsc(); \ B
foo(__VA_ARGS__); \ fstat 1803
uint64_t _end = __rdtscp(&_tsc_aux_ignored); \ pread_8KB_noflush 2042
=C = Sy ' pread_8KB 10282
pread_8B_noflush 1648
static inline void cache_flush(const void *ptr, size_t sz pread_8B 1680

size_t line_offset = 0;

while(line_offset < sz
_mm_clflush((const char *) ptr + line_offset);
line_offset += 64;

& Grid Dynamics Privileged and confidential
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POSIX fstat: nponssoauTenbHOCTD

0,26% bin [kernel.kallsyms] [k] user_path_at empty i7-8550U KbL, Linux Kernel 5.3.0,
- 34,47% user_path_at_empty ropsiumin dentry cache
- 20,97% filename_ lookup
- 18,95% path_lookupat
+ 11,02% link_path walk.part.33 taskset -c 1./benchmarks
+ 2,64% walk_component
+ 2,34% complete walk Reference
+ 1,77% path_init cycles
+ 1,00% putname
13,19% getname flags stat_noflush 2010
stat 2486
open_fstat_noflush 4265
open_fstat 4699
fstat_noflush 1326
fstat 1803
pread_8KB_noflush 2042
pread_8KB 10282
pread_8B_noflush 1648
pread_8B 1680

_3, Grid Dynamics
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JToKanbHbIN AUCK

e OnpegeneHne n3MeHMBLLMXCA hannos
e OnpepgeneHue nNpeapblayLLen No3nLMmM CTPUMMUHTA
e YTeHue HOBbIX faHHbIX

epoll_wait

A

REE— inotify

- fstat

A

YTeHne HOBbIX laHHbIE

Privileged and confidential

I'Ionyqume HOBbIX AdHHbIX
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UTeHue HOBbIX AAaHHbIX

* MponycKHas cnoco6HOCTb

- Ncnonb3oBaHume on-heap byte[] gns nocneaytowen o6paboTku
— GZIP go JDK11

- Ncnonb3oBaHuMe on-heap byte[] gna nocneayrowen oTnpaBKy

— GCP connector

& Grid Dynamics Privileged and confidential
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UTeHue HOBbIX AAaHHbIX

Zero-copy file java.nio.channels.FileChannel

& Grid Dynamics Privileged and confidential

java.io.lnputStream
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UTeHue HOBbIX AAaHHbIX
N Zero-copy file

i

0 Grid Dynamics

Privileged and confidential
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UTeHune HOBbIX AaHHbIX: Zero-copy file

Cxema API:

package java.nio.channels
public abstract class FileChannel
public abstract long transferTo

throws IOException;

Mpumep:

FileChannel from
SocketChannel to
long position = 0;
long count = 8192;
from.transferTo(position, count, to);

& Grid Dynamics

long position, long count,
WritableByteChannel target)

new FileInputStream(“/path/to/file”).getChannel
SocketChannel.open(new InetSocketAddress(“host”, 7777

Privileged and confidential
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UTeHune HOBbIX AaHHbIX: Zero-copy file

FileChannellmpl.c: *

JNIEXPORT void JNICALL
Java_sun_nio_ch_FileChannelImpl_transferTo@(JNIEnv *env, jobject this,
jobject srcFD@,
jlong position, jlong count,
jobject srcFD@

fdval(env, srcFDO);
fdval(env, dstFDO);

jint srcFD
jint dstFD

#if defined(__linux__)
off64_t offset = (off64_t) position;
jlong n = sendfile64(dstFD, srcFD, &offset, (size_t)count);

* http://hg.openjdk.java.net/jdk/jdk12/file/06222165c35f/src/java.base/unix/native/libnio/ch/FileChannellmpl.c#l124

@ Grid Dynamics Privileged and confidential

Zero-copy file
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http://hg.openjdk.java.net/jdk/jdk12/file/06222165c35f/src/java.base/unix/native/libnio/ch/FileChannelImpl.c#l124

UTeHune HOBbIX AaHHbIX: Zero-copy file

Npeumyujecrea:
[To3BONSAET M36eXaTb KOMUPOBAHMUS

(_b) Grid Dynamics Privileged and confidential
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UTeHune HOBbIX AaHHbIX: Zero-copy file

lNpenmywiecrBa:
[Mo3BonsieT n3bexarb KONMMPOBAHUS

HepocTaTKu:
[epepaeT dbanbl as-is

~

Lbj Grid Dynamics Privileged and confidential
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k UTeHue HOBbIX AAaHHbIX
java.nio.channels.FileChannel
N

;
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UteHue HoBbiX gaHHbIX: FileChannel.read

package java.nio.channels
public abstract class FileChannel

public abstract int read(ByteBuffer dst, long position) throws IOException;

Mpumep:
FileChannel fileChannel = new FileInputStream(“/path/to/file”).getChannel();
ByteBuffer byteBuffer = ByteBuffer.allocateDirect(8192);

long readFrom = 0;
fileChannel.read(byteBuffer, readFrom);

& Grid Dynamics Privileged and confidential
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UteHue HoBbiX gaHHbIX: FileChannel.read

FileDispatcherimpl.c: *

JNIEXPORT void JNICALL
Java_sun_nio_ch_FileDispatcherImpl_pread@(JNIEnv *env, jclass clazz, jobject fdo,
jlong address, jint len, jlong offset

jint fd = fdval(env, fdo);
void *buf = (void *)jlong_to_ptr(address);

return convertReturnVal(env, preadé64(fd, buf, len, offset), JUNI_TRUE);

* http://hg.openjdk.java.net/jdk/idk12/file/06222165c35f/src/java.base/unix/native/libnio/ch/FileDispatcherlmpl.c#188

@ Grid Dynamics Privileged and confidential
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http://hg.openjdk.java.net/jdk/jdk12/file/06222165c35f/src/java.base/unix/native/libnio/ch/FileDispatcherImpl.c#l88

UteHue HoBbiX gaHHbIX: FileChannel.read

IOUtil.java: *

package sun.nio.ch
public class IOUtil

static int read(FileDescriptor fd, ByteBuffer dst, long position,
boolean directIO, int alignment, Native Dispatcher nd){

if(dst instanceOf DirectBuffer
return readIntoNativeBuffer(fd, dst, position, directIO, alignment, nd);

ByteBuffer bb;
int rem = dst.remaining();

k
1

bb = Util.getTemporaryDirectBuffer(rem);
int n = readIntoNativeBuffer(fd, bb, position, directIO, alignment,nd);

dst.put(bb);

* http://hg.openjdk.java.net/idk/idk 12/file/06222165c35f/src/java.base/share/classes/sun/nio/ch/IOUtil.java#|226; uacts nepenesanthoro kopa onywewa

@ Grid Dynamics Privileged and confidential
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http://hg.openjdk.java.net/jdk/jdk12/file/06222165c35f/src/java.base/share/classes/sun/nio/ch/IOUtil.java#l226

UteHue HoBbiX gaHHbIX: FileChannel.read

Npeumyujecrea:
YTeHue gaHHbIX B ByteBuffer

(_b) Grid Dynamics Privileged and confidential
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UteHue HoBbiX gaHHbIX: FileChannel.read

lNpenmywiecrBa:
YTeHue gaHHbIX B ByteBuffer

HepocTaTKu:
KonupoBaHue npu ncnonb3oBaHmnm HeapByteBuffer
Bo3MO>XHO pononHnTeNnbHOE BblaeneHne HaTUBHOW NaMsATH

~

Lbj Grid Dynamics Privileged and confidential
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k UTeHue HOBbIX AAaHHbIX
java.io.l tStream
L,, java.io.lnputStr

i
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UTteHune HOBbIX AAHHbIX: java.io.InputStream

Cxema API:

package java.io
public abstract class InputStream implements Closeable

public int read(byte| | dst, int off,int len) throws IOException

Mpumep 1:

byte| | buf = new byte[8192];
int bytesRead = Files.newInputStream(Paths.get("“/path/to/file”)).read(buf);

Mpumep 2:

byte| | buf = new byte[8192];
int bytesRead = new FileInputStream(“/path/to/file”).read(buf);

& Grid Dynamics Privileged and confidential
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io_util.c:*

/* The maximum size of a stack-allocated buffer.
*/
#define BUF_SIZE 8192

jint
readBytes(JNIEnv *env, jobject this, jbyteArray bytes,
jint off, jint len, jfieldID fid)
{
char stackBuf|BUF_SIZE];
char *buf = NULL;

YKa3aTtenb gnsa yteHus us cdanna

\ UteHune HOBbIX AaHHbIX: jJava.io.InputStream
N

if (len == 0) {
return 0;

} else if (len > BUF_SIZE) {
buf = malloc(len);
if (buf == NULL) {

JNU_ThrowOutOfMemoryError(env, NULL);
return 0;

Boigenenne namsatn B C heap

}
} else {

buf = stackBuf;

Mcnonb30oBaHUA NAMATU Ha CTeKe
}

* https://hg.openjdk.java.net/idk/idk12/file/06222165c35f/src/java.base/share/native/libjaval/io_util.c; vacrs HepeneBaHTHOro KoAa onylieHa

@ Grid Dynamics Privileged and confidential



https://hg.openjdk.java.net/jdk/jdk12/file/06222165c35f/src/java.base/share/native/libjava/io_util.c

UTeHne HOBbIX AaHHbIX: java.io.InputStream

Npeumyujecrea:
icnonb3yeT byte[] ana yteHus

(_b) Grid Dynamics Privileged and confidential
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UTeHne HOBbIX AaHHbIX: java.io.InputStream

lNpenmywiecrBa:
icnonb3yeT byte[] ana yteHus

HepocTaTKu:
BoigeneHue HaTnuHou namaTtn (C heap/C stack)
[lononHuTenbHOEe KoNMpoBaHue B byte[]

~

Lbj Grid Dynamics Privileged and confidential
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UTeHue HOBbIX AAaHHbIX

Zero-copy file

+

-Hanbonee sphekTnBHLIN

J[lepepaeT gaHHbIE as is

(_bj Grid Dynamics

java.nio.channels.FileChannel

+

-Hanpsamyto yntaeT no cbipomy
off-heap ykasartento

-KonnpoBaHue B java heap

Privileged and confidential

java.io.InputStream

+
.HduTaet B byte[]

-KonunpoBaHue B java heap
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UTeHue HOBbIX AAaHHbIX

Zero-copy file

+

.Hanbonee
3hEeKTUBHbLIN

J[lepepaet as is 6e3
06paboTKM

@ Grid Dynamics

java.nio.channels.
FileChannel

=+

-Hanpamyto ynTaet no
cbipomy off-heap
yKasartenio

.KonuposaHue B java
heap

java.io.lnputStream

+
.HuTaet B byte[]

.KonupoBaHue B java
heap

Privileged and confidential
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.HuTaert B byte[]
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Kputnueckaa cexkuyus JNI.

Java API:

package com.company;

public class PosixUtils |
public static native int read(int fd, byte buf|]);
}

Peanusayus:

JNIEXPORT void JNICALL
Java_com_company_PosixUtils_read(JNIEnv *env, jclass jc, jint fd, jbyteArray buf){
size_t sz = (size_t) (*env)->GetArraylLength(env, buf);
void *buf_ptr = (*env)->CGetPrimitiveArrayCritical(env, buf, NULL);
ssize_t bytesRead = read(fd, buf_ptr, sz);
(*env)->ReleasePrimitiveArrayCritical(env, buf, buf_ptr, 0);
return (jint) bytesRead;

@ Grid Dynamics Privileged and confidential
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Kputnueckaa cexkuyus JNI.

NpeunmyujecrBa:
He TpebyeT 4ONONHNTENBHOIO KONMMPOBAHUS

(_b) Grid Dynamics Privileged and confidential
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Kputnueckaa cexkuyus JNI.

Npeumyujecrea:
He TpebyeT 4ONONHNTENBHOIO KONMMPOBAHUS

HepocTaTKu:
TpebyeT hannoBbIM 4ECKPUNTOP
HekoHTponupyembin STW, otcytcTBue predictable latency

@ Grid Dynamics Privileged and confidential
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Kputnueckas cekuus JNI: Hekoutponupyembin STW

jni.cpp: *

static oop lock_gc_or_pin_object(JavaThread* thread, jobject obj
if(Universe: :heap()->
const oop o = JUNIHandles::resolve_non_null(obj);
return Universe: :heap()-> thread, o);

* https://hg.openjdk.java.net/idk/idk12/file/06222165c35f/src/hotspot/share/prims/ini.cpp#l3155; vacts HepeneBaHTHOro Kofa onylleHa

& Grid Dynamics Privileged and confidential
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Kputnueckas cekuus JNI: Hekoutponupyembin STW

collectedHeap.hpp: *

class CollectedHeap : public CHeapObject<mtInternal
virtual bool supports_object_pinning const;

* https://hg.openjdk.java.net/idk/idk12/file/06222165c35f/src/hotspot/share/gc/shared/collectedHeap.hpp#l87; vacts HepeneBaHTHOro KoAa onylieHa

& Grid Dynamics Privileged and confidential
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Kputnueckas cekuus JNI: ShenandoahGC

shenandoahHeap.hpp: *

class ShenandoahHeap : public CollectedHeap

bool supports_object_pinning() const return true;

* https://hg.openjdk.java.net/idk/idk 12/file/06222165c35f/src/hotspot/share/gc/shenandoah/shenandoahHeap.hpp#l147; uacts nepenesanthoro koga onywena

(_b) Grid Dynamics Privileged and confidential
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https://hg.openjdk.java.net/jdk/jdk12/file/06222165c35f/src/hotspot/share/gc/shenandoah/shenandoahHeap.hpp#l147

Kputnueckaa cexkuyus JNI.

Npeumyujecrea:
He TpebyeT 4ONONHNTENBHOIO KONMMPOBAHUS

HepocTaTKu:
TpebyeT hannoBbIM 4ECKPUNTOP
HekoHTponupyembin STW, otcytcTBue predictable latency
baru GCLocker

@ Grid Dynamics Privileged and confidential
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Kputnueckas cekuyusa JNi: lfpoussoanutenbHOCTb

package com.company

public class PosixUtils
public static native int read(int fd, byte buf|]);
public static native int openRO(String path);

public static byte buffer|| = new byte|1024 * 128];

public long measureCriticalRead(String path
int fd = PosixUtils.openRO(path);
long start = System.nanoTime( ) ;
while(PosixUtils.read(fd, buffer) > ©
return System.nanoTime - start;

public long measureInputStream(String path

InputStream is = new FileInputStream(path);
long start = System.nanoTime( ) ;
while(is.read(buffer) != -1

return System.nanoTime - start;

& Grid Dynamics Privileged and confidential
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Kputnueckas cekuyusa JNi: lfpoussoanutenbHOCTb

package com.company

public class PosixUtils
public static native int read(int fd, byte buf|]);
public static native int openRO(String path);

public static byte buffer|| = new byte|1024 * 128];

public long measureCriticalRead(String path
int fd = PosixUtils.openRO(path);
long start = System.nanoTime( ) ;
while(PosixUtils.read(fd, buffer) > ©
return System.nanoTime - start;

public long measureInputStream(String path

InputStream is = new FileInputStream(path);
long start = System.nanoTime( ) ;
while(is.read(buffer) != -1

return System.nanoTime - start;

& Grid Dynamics Privileged and confidential

i7-8565U WhL, Linux Kernel 5.3.0,
ropsiumm page cache

InputStream criticalRead
2GB 0.36 sec. 0.27 sec.
4GB 0.59 sec. 0.47 sec.
6GB 0.95 sec. 0.72 sec.
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Kputnueckaa cekuyus JNI: aHanus.

S sudo perf record --call-graph dwarf -F 9123 -p <app_pid>

java [kernel.kallsyms] entry SYSCALL 64 after hwframe
java [kernel.kallsyms] do syscall 64
EVE [kernel.kallsyms] ~_Xx64 sys read
java [kernel.kallsyms] ksys read
java [kernel.kallsyms] vfs read
java [kernel.kallsyms] __vfs read
java [kernel.kallsyms] new sync read
java [kernel.kallsyms] ext4 file read iter
java [kernel.kallsyms] generic file read iter
java [kernel.kallsyms] copy page to iter
java [kernel.kallsyms] copy user enhanced fast string
76,78% 0x7f23001elb9a

JavaCritical com test Main read

read (inlined)

~ GI  libc read (inlined)

entry SYSCALL 64 after hwframe

do syscall 64

__X64 sys read

ksys read

vfs read

__vfs read

new _sync read

ext4 file read iter

generic file read iter

- copy page to iter
76,33% copy user enhanced fast string

java [kernel.kallsyms]
java [kernel.kallsyms]
java [kernel.kallsyms]
java [kernel.kallsyms]
java [kernel.kallsyms]
java [kernel.kallsyms]
java [kernel.kallsyms]
java [kernel.kallsyms]

T EEEEEEEE

pagecache get page
find get entry

xas load

_cond _resched
copyout

xas start

rcu all gs

mark page accessed

— e ——
AXXXXXXETX
St il i A il b

() Grid Dynamics




Bl -\ & S\

>
i

KonupoBaHue namaTu B agpe

copy_user_64.S: *

ENTRY (copy_user_enhanced_fast_string
ASM_STAC
cmpl $64, %edx
jb .L_copy_short_string
movl %edx, %ecx
1: rep
movsb
xorl %eax, %eax
ASM_CLAC
ret
.section .fixup, “ax”
12: movl %ecx, %edx
jmp copy_user_enhanced_tail
.previous
_ASM_EXTABLE_UA(1b, 12b
ENDPROC(copy_user_enhanced_fast_string

* hitps://elixir.bootlin.com/linux/v5.3/source/arch/x86/lib/copy user 64.S#L200

& Grid Dynamics Privileged and confidential
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KonupoBaHue namaTu B agpe

copy_user_64.S: *

ENTRY (copy_user_enhanced_fast_string)
ASM_STAC
cmpl $64, %edx
jb .L_copy_short_string
movl %edx, %ecx
1: rep
movsb
xorl %eax, %eax
ASM_CLAC
ret

rep movsh

n

.section .fixup, “ax
12: movl %ecx, %edx

jmp copy_user_enhanced_tail

.previous

_ASM_EXTABLE_UA(1b, 12b)
ENDPROC(copy_user_enhanced_fast_string)

* hitps://elixir.bootlin.com/linux/v5.3/source/arch/x86/lib/copy user 64.S#L200

@ Grid Dynamics Privileged and confidential
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KonupoBaHue namaTu B agpe: SysV ABI

Cneyndurkaumna AMD64 SysV ABI: *

A system-call is done via the syscall instruction. The kernel destroys registers %rcx and %r11.

* https://github.com/hijl-tools/x86-psABI/wiki/X86-psABI

& Grid Dynamics Privileged and confidential 102



https://github.com/hjl-tools/x86-psABI/wiki/X86-psABI

CpaBHeHue rep movsbh n AVX2

System.arraycopy *:

else if (UseAVX ==

Bl -\ & S\

>
i

* https://hg.openjdk.java.net/jdk/idk12/file/06222165c35f/src/hotspot/cpu/x86/stubGenerator x86 64.cpp#l1263

vmovdqu
vmovdqu
vmovdqu
vmovdqu

xmm@, Address(end_from, gword_cout, Address::times_8, -56

Address(end_to, qword_cout, Address::times_8, -56

xmm1, Address(end_from, qword_cout, Address::times_8, -24

Address(end_to, qword_cout, Address::times_8, -24

Xmmo

xmm1

N\

(_bj Grid Dynamics

Privileged and confidential
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https://hg.openjdk.java.net/jdk/jdk12/file/06222165c35f/src/hotspot/cpu/x86/stubGenerator_x86_64.cpp#l1263

CpaBHeHue rep movsbh n AVX2

System.arraycopy *:

else if (UseAVX == 2) {

vmovdqu (xmm@, Address(end_from, qword_cout, Address::times_8, -56));
vmovdqu(Address(end_to, qword_cout, Address::times_8, -56), xmm@);
vmovdqu (xmm1, Address(end_from, qword_cout, Address::times_8, -24));
vmovdqu(Address(end_to, qword_cout, Address::times_8, -24), xmm1);

memcpy:
(gdb) disas _

0x00000000BB18eb1c <+76>: mov rcx, rdx b
0x000000000018eb1f <+79>: rep movs BYTE PTR es:[rdil,BYTE PTR ds:|rsi]| \Adsulbisls

0x000000000018eb21 <+81>: ret

_memmove_avx_unaligned_erms

Bl -\ & S\

Ox000000000018eb82 <+178>: cmp rdx, 0x1000 ekl Lkl UE el ECIICE

0x000000000018eb89 <+185>: ja 0Ox18eafb <__memmove_avx_unaligned_erms+43>

—

* https://hg.openjdk.java.net/idk/jdk12/file/06222165c35f/src/hotspot/cpu/x86/stubGenerator x86 64.cpp#l1263
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https://hg.openjdk.java.net/jdk/jdk12/file/06222165c35f/src/hotspot/cpu/x86/stubGenerator_x86_64.cpp#l1263

E

;

>
i

CpaBHeHue memcpy u System.arraycopy

public class Memcpy

public static native void arrayMemcpy(byte src| |, int srcOff,
byte dst| |, int dstOff,
int len);

@Param({“8192", “131072", “8388608", “16777216", “33554432"})
public int size;

public byte src| |, dst|];

@Setup
public void generateData()

@Benchmark
public void arraycopy()
System.arraycopy(src, 0, dst, 0, size);

@Benchmark
public void memcpy()
Memcpy.arrayMemcpy(src, 0, dst, 0, size);

& Grid Dynamics Privileged and confidential
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CpaBHeHue memcpy u System.arraycopy

Peanusauna Memcpy.arrayMemcpy

JNIEXPORT void JNICALL

Java_com_company_Memcpy_arrayMemcpy(JNIEnv *env, jclass jc,
jbyteArray src, jint src_off,
jbyteArray dst, jint dst_off,

jint len
void *native_arr_src = (*env)-> env, src, NULL);
void *native_arr_dst = (*env)-> env, dst, NULL);
memcpy( (char *) native_arr_dst + dst_off, (char *) native_arr_src + src_off, (size_t) len);
*env)-> env, dst, native_arr_dst, 0);
*env )-> env, src, native_arr_src, 9);

Bl -\ & S\

JNIEXPORT void JNICALL
JavaCritical_com_company_Memcpy_arrayMemcpy(jint src_len, jbyte *src, jint src_off,
jint dst_len, jbyte *dst, jint dst_off,
jint len
memcpy( (char *) dst + dst_off, (char *) src + src_off, (size_t) len);

>
i
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>
i

public class Memcpy

public static native void arrayMemcpy(byte src| ]|, int srcOff,

@Param({“8192”, “131072", “83886608",
public int size;

public byte src| |, dst|];

@Setup
public void generateData()

@Benchmark
public void arraycopy()

byte dst| ]|, int dstOff,
int len);

“16777216", “33554432"})

System.arraycopy(src, 0, dst, 0, size);

@Benchmark
public void memcpy()

Memcpy.arrayMemcpy(src, 6, dst, 0, size);

(_bj Grid Dynamics

Privileged and confidential

8 KB
128 KB

8 MB

16 MB
32 MB

CpaBHeHue memcpy u System.arraycopy

i7-8565U WhL
memcpy, US System.arraycopy, Us
0.172 0.132
3.439 4,171
542.921 959.101
1393.213 2209.657
3128.653 4702.299

60-90 %
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Non-Temporal Stores

(gdb) p __x86_shared_non_temporal_threshold
$1 = 6291356

(gdb) disas __memmove_avx_unaligned_erms
0x000000000018eafb <+43>: cmp rdx,QWORD PTR |[rip+0x261b76
0x000000000018eb1f <+79>: jae Ox18ec2d

0x000000000018edb1 <+737>: vmovdqu ymm@, YMMWORD PTR [rsi
0x000000000018edb5 <+741>: vmovdqu ymm1, YMMWORD PTR |rsi+0x20
0x000000000018edba <+746>: vmovdqu ymm2,YMMWORD PTR |[rsi+0x40
0x000000000018edbf <+751>: vmovdqu ymm3, YMMWORD PTR |rsi+0x60
0x000000000018edcd <+756>: add rsi, ©x80
0x000000000018edcb <+763>: sub rdx, 0x80
0x000000000018edd2 <+770>: vmovntdq YMMWORD PTR |[rdi], ymmo@

0x000000000018edd6 <+774>: vmovntdq YMMWORD PTR |[rdi+0x206 |, ymm1
0x000000000018eddb <+779>:  vmovntdq YMMWORD PTR [rdi+0x40], ymm2 vmovntdq - Non-Temporal Store
0x000000000018eded <+784>: vmovntdq YMMWORD PTR | rdi+0x60 |, ymm3

S

0x000000000018ede5 <+789>: add rdi, ©x80
0x000000000018edec <+796>: cmp rdx, 0x80
0x000000000018edf3 <+803>: ja 0x18ed95 <__memmove_avx_unaligned_erms+709>

Ox000000PVV018edf5 <+805>: sfence
sfence obsa3ateneH

>
I

@ Grid Dynamics Privileged and confidential 108




Non-Temporal Stores

OdurumnanbHoe onucaHme Non-Temporal 3anucen *

8.4.1 The Non-temporal Store Instructions

This section describes the behavior of streaming stores and reiterates some of the information presented
in the previous section.

In Streaming SIMD Extensions, the MOVNTPS, MOVNTPD, MOVNTQ, MOVNTDQ, MOVNTI, MASKMOVQ
and MASKMOVDQU instructions are streaming, non-temporal stores. With regard to memory character-
istics and ordering, they are similar to the Write-Combining (WC) memory type:

®* Write combining — Successive writes to the same cache line are combined.
®* Write collapsing — Successive writes to the same byte(s) result in only the last write being visible.

®* Weakly ordered — No ordering is preserved between WC stores or between WC stores and other
loads or stores.

* Uncacheable and not write-allocating — Stored data is written around the cache and will not generate
a read-for-ownership bus request for the corresponding cache line.

* Intel Software Optimization Manual/8.4.1
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e \Write-Back Stores

Store Data Store Address

N

Retirement Unit —— L1D

k Non-Temporal Stores: CpaBHeHue ¢ Write-Back
N

' Write allocate if miss L2

LFB (aka WC T
buffers) Uncore

RFO
if miss
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Non-Temporal Stores: CpaBHeHue ¢ Write-Back

e Write-Back Stores e Non-Temporal Stores
Store Data Store Address Store Data Store Address
\/ \,/vict/update if hit
Retirement Unit —— L1D Retirement Unit —— L1D

l ! l

Write allocate if miss

L2 L2
l T LFB (aka WC l
LFB (aka WC buffers)
buffers) Uncore Uncore
RFO
if miss
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Bl -\ & S\

>
i

Non-Temporal Stores: Summary

- He kewnpyroTtcs
— HeT RFO Tpaduka
— Evict/Update B cnyyae write hit
= Write-Combining
— 3anncbIBalOTCA B NAMATb MO LebIM K3LW NNHUSAM

— 3anuncbiBaloTCa B NaMATb MO KycKam 8 6anT ecnu uenyto
K3LW IMHNIO cobpaTb He yaanocb 1 LFB nepenonHuamnco

- Weakly-ordered

— TpebyeT sfence gna rapaHTU BUAUMOCTU
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TpebyeT nocnegoBaTenbHOW 3anncu
MO UenbIM K3LW-NMHUAM Ans
ONTUManbHON NPON3BOANTENBHOCTU
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Non-Temporal Stores + mmap: lNpon3BoaANTENbHOCTD

private static final String FILE_NAME = “/path/to/file.txt”;
private static final int SIZE = 8 * 1024 * 1024;
private static final byte buffer|| = new byte|SIZE|;

private static native void memcpy(long addrSrc, byte bufferDst ;

public static long copyMmap(String path) throws Exception
long alignedSize = Files.size(Paths.get(FILE_NAME)) & -SIZE;
one.nio.mem.MappedFile mf = new one.nio.mem.MappedFile(
FILE_NAME,
alignedSize,
one.nio.mem.MappedFile.MAP_RO

)
long addr = mf.getAddr();
long bytesRead = 0;
long start = System.nanoTime();
while(bytesRead < alignedSize)
memcpy (addr + bytesRead, buffer);
bytesRead += SIZE;

deww™sAs gogiag

long end = System.nanoTime();
mf.close();

return end - start; BbI30B sys_munmap
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Non-Temporal Stores + mmap: lNpon3BoaANTENbHOCTD

private static final String FILE_NAME = “/path/to/file.txt”;
private static final int SIZE = 8 * 1024 * 1024;
private static final byte buffer|| = new byte|SIZE|;

private static native void memcpy(long addrSrc, byte bufferDst ;

public static long copyMmap(String path) throws Exception
long alignedSize = Files.size(Paths.get(FILE_NAME)) & -SIZE;
one.nio.mem.MappedFile mf = new one.nio.mem.MappedFile(
FILE_NAME,
alignedSize,
one.nio.mem.MappedFile.MAP_RO

)
long addr = mf.getAddr();
long bytesRead = 0;
long start = System.nanoTime();
while(bytesRead < alignedSize)
memcpy (addr + bytesRead, buffer);
bytesRead += SIZE;

deww™sAs gogiag

long end = System.nanoTime();
mf.close();

return end - start; BbI30B sys_munmap
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i7-8565U WhL, Linux Kernel 5.3.0,

ropsiunin page cache

He yunTtbiBas mmap/munmap

5.5GB

mmap+NT, sec
0.72

criticalRead, sec
0.72
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Non-Temporal Stores + mmap: lNpon3BoaANTENbHOCTD

private static final String FILE_NAME = “/path/to/file.txt”;
private static final int SIZE = 8 * 1024 * 1024;
private static final byte buffer|| = new byte|SIZE|;

private static native void memcpy(long addrSrc, byte bufferDst ;

public static long copyMmap(String path) throws Exception
long alignedSize = Files.size(Paths.get(FILE_NAME)) & -SIZE;
long start = System.nanoTime();
one.nio.mem.MappedFile mf = new one.nio.mem.MappedFile(
FILE_NAME,
alignedSize,
one.nio.mem.MappedFile.MAP_RO

IE

long addr = mf.getAddr();

long bytesRead = 0;

while(bytesRead < alignedSize)
Memcpy.copyAddr(addr + bytesRead, buffer);
bytesRead += SIZE;

e closel)
(

long end = System.nanoTime();
return end - start;

deww™sAs gogiag

@ Grid Dynamics Privileged and confidential

i7-8565U WhL, Linux Kernel 5.3.0,

ropsiunin page cache

He yunTtbiBas mmap/munmap

5.5GB

YynTtbeiBas mmap/munmap

5.5GB

mmap+NT, sec
0.72

mmap+NT, sec
0.82

criticalRead, sec
0.72

criticalRead, sec
0.72
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Non-Temporal Stores + mmap: Ipon3BoaUTENbHOCTD

S sudo perf record --call-graph dwarf -F 9123 -p <app_pid>

java libc-2.27.s0 [.] memmove avx unaligned erms
- 62,60% Ox7f93c7394e99
Java com test Memcpy copyAddr
memcpy (inlined)
__memmove avx unaligned erms
- 21,43% memmove avx unaligned erms
- 18,90% page fault
+ 18,71% do page fault
+ 0,98% error _entry
2,86% page fault
0,00% java [JIT] tid 10832 .] Ox000071f93¢c7394e99
0,00% java libmemcpy java.so .] Java com test Memcpy copyAddr
0,00% java libmemcpy java.so .] memcpy (inlined)
0,18% java [kernel.kallsyms] page fault
0,03% java [kernel.kallsyms] do page fault
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Virtual to Physical address translation

Demand Load/Store Micro-Op T DTLB/STLB

|

Page Directories

|

Kernel PF handler/allocate physical memory

TLB miss

k Non-Temporal Stores + mmap: Page Fault
N

;

Page Fault
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i7-8565U WhL, Linux Kernel 5.3.0,
private static final String FILE_NAME = “/path/to/file.txt"”; ropsunii page cache

private static final int SIZE = 8 * 1024 * 1024;

private static final byte buffer|| = new byte|SIZE|; e HeyunTbiBas mmap/munmap

public static long copyMmapNoPageFault(long size, mmap+NT, sec criticalRead, sec
long addr) throws Exception
long start = System.nanoTime(); 5.5GB 0.72 0.72
long bytesRead = 0;
while(bytesRead < alignedSize)
Memcpy .copyAddr(addr + bytesRead, buffer);

bytesRead += SIZE;
e YyuTbiBas mmap/munmap

k Non-Temporal Stores + mmap: Ipon3BoaUTENbHOCTb
N

mf.close(); mmap+NT, sec criticalRead, sec

/ long end = System.nanoTime(); 2 77
' return end - start; 5.5GB 0.8 0.

e MHOroKpaTHbIN fOCTYN

mmap+NT, sec criticalRead, sec
5.5GB 0.51 0.72

>
i
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- He nogxoguT ansa yteHus us ganna B obuiem cnyyae
— Page Fault
— Cache miss npu nocneaytouem gocTyne

- Moxxem 6bimb none3eH Npu MHOTOKPATHOM AOCTyne

k Non-Temporal Stores + mmap: Summary
N
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dannosoe 1/0

e OnpegeneHune n3MeHMBLLMXCA pannos
e OnpepgeneHue NpeapblayLLen No3nLmmM CTPUMKUHTA
® YTeHuMe HOBbIX AaHHbIX

epoll_wait

A

] inotify

-~ fstat

I'Ionyquvle HOBbIX AdHHbIX

JToKanbHbIN AUCK

A

sS4

A

<—  JNl critical

O6paboTka (cxaTmne/wndpoBaHue/...)

l

Non-Temporal Stores

|

Bydep

i
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3aK/NnueHune

- [lna makcuManbHo 3 dekTnBHOM peanusaummn |/O-MHTEHCMBHOTO cepBMCca MOryT NoTpeboBaTbCs
nnaTdopmo-3aBMCHMMbIE BCTABKU

- [py 3amepax Npon3BOAMTENBHOCTM HEOOXOANMO YUMTbIBATh BAUSIHME Xene3a, agpa OC 1 JVM.

—Sg -\ = -\

>
i
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