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e YCTpOWCTBA XpaHeHMUA
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NMnaH

e YCTpOWCTBA XpaHeHMUA

e Ontmunsauma Ha yposHe OC
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NMnaH

e YCTpOWCTBA XpaHeHMUA

e Ontmunsauma Ha yposHe OC
e Java disk API

O FileChannel nog kanotom
O  4YTO MOXHO YCKOPUTb Ha CTOPOHE NPUOXKEHUS
O Tunn4Hble owmndbkn npu pabote ¢ FileChannel
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Tunbl Harpys3Ku

> sequential reading
O KOonupoBaHMe
o BOCCTaHOBNeHMe n3 6akana
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Tunbl Harpys3Ku

> sequential reading
O KOonupoBaHMe
o BOCCTaHOBNeHMe n3 6akana
> append-only write
O  XYpHanMpoBaHMe
o co3gaHue 63Kana, apxmMBMpoBaHUeE
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Tunbl Harpys3Ku

> sequential reading
O KOonupoBaHMe
o BOCCTaHOBNeHMe n3 6akana
> append-only write
O  XYpHanMpoBaHMe
o co3gaHue 63Kana, apxmMBMpoBaHUeE
> random read
O pa3faya HecKo/ibKuX ¢aiifioB B HECKOIbKO MCTOYHUKOB
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Tunbl Harpys3Ku

sequential reading
O KOonupoBaHMe
o BOCCTaHOBNeHMe n3 6akana
append-only write
O  XYpHanMpoBaHMe
o co3gaHue 63Kana, apxmMBMpoBaHUeE
random read
O pa3faya HecKo/ibKuX ¢aiifioB B HECKOIbKO MCTOYHUKOB
random write
O MPUEeM HECKONbKMX pannoB U3 HECKO/IbKUX UCTOYHMKOB
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Tunbl Harpys3Ku

sequential reading

O KOMupoBaHMue

o BOCCTaHOBAeHWe M3 63Kana
append-only write

O  JKYpPHaNMpoBaHue

o co3faHue 63Kana, apxmuBMpoBaHUue
random read

O pasgaya HeECKONbKUX GalnioB B HECKOIbKO MCTOYHUKOB
random write

O MPUEM HEeCKONIbKUX GpanioB N3 HECKO/IbKMX NCTOYHMKOB
random read/write
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Tunbl Harpys3Ku

sequential reading

O KOMupoBaHMue

o BOCCTaHOBAeHWe M3 63Kana
append-only write

O  JKYpPHaNMpoBaHue

o co3faHue 63Kana, apxmuBMpoBaHUue
random read

O pasgaya HeECKONbKUX GalnioB B HECKOIbKO MCTOYHUKOB
random write

O MPUEM HEeCKONIbKUX GpanioB N3 HECKO/IbKMX NCTOYHMKOB
random read/write

o pabota B/l B cmelwaHoM pexxnume paboTbl (3anpocbl YTeHMe/3anucb/moandukaums)
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benchmark

1GB
segRead 0.536
randomRead 0.624
appendWrite 1.243
randomWrite 1.691

CKopocTb 06paboTku daina (ceK) B 3aBUCMMOCTM OT pa3mepa
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benchmark

1GB 2GB
segRead 0.536 1.133
randomRead 0.624 1.346
appendWrite 1.243 2.848
randomWrite 1.691 4.493

CKopocTb 06paboTku daina (ceK) B 3aBUCMMOCTM OT pa3mepa
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benchmark

1GB 2GB 4GB
segRead 0.536 1.133 1.897
randomRead 0.624 1.346 2.518
appendWrite 1.243 2.848 5.524
randomWrite 1.691 4.493 211.99

CKkopocTb 06paboTku Ppaiina (cek) B 3aBUCUMOCTU OT pa3mepa
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benchmark

1GB 2GB 4GB 8GB
segRead 0.536 1.133 1.897 5.05
randomRead 0.624 1.346 2.518 91.161
appendWrite 1.243 2.848 5.524 13.987
randomWrite 1.691 4.493 211.99 588.857

CKkopocTb 06paboTku Ppaiina (cek) B 3aBUCUMOCTU OT pa3mepa

/ﬁ
GridGain/«m



BpeMsi B Mun. cekyHgax (log)

500

100

Bpems 06paboTku daitna B 3aBUCMMOCTM OT NaTTepHa focTyna

® seqRead @ randomRead @ appendWrite randomWrite

pasmep darnna B GB

. .
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HDD

Seq read

Append write
Random read
Random write

YcTpoucrTea XxpaHeHUsA

Plg

GridGain/s

-
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YcTpoucrTea XxpaHeHUsA
HDD

Seq read

Append write
Random read
Random write

Page - eanHunua uteHma/3anmcm block device (4/8/16 kb)
GridGain/«®



HDD

Seq read

Append write
Random read
Random write

YcTpoucrTea XxpaHeHUsA

+ Seqread

+ Append write

+ Random read
Random write

Page - eanHunua uteHma/3anmcm block device (4/8/16 kb)
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HDD

Seq read

Append write
Random read
Random write

YcTpoucrTea XxpaHeHUsA

(NVMe, Intel Optane etc)

+ Seqread +

+ Append write

+ Random read E>
Random write

Seq read

Append write
Random read
Random write ???

Page - eanHunua uteHma/3anmcm block device (4/8/16 kb)
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NAND flash: Bho4yHasa cTpyKTypa
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NAND flash: Bho4yHasa cTpyKTypa
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NAND flash: Bho4yHasa cTpyKTypa

> Page - eanHuua xpaHeHus gaHHbix (4k/8k/16Kk)

Pld

GridGain/s

-
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NAND flash: Bho4yHasa cTpyKTypa

block O

> Page - eanHuua xpaHeHus gaHHbix (4k/8k/16Kk)

> Block - rpynna ctpaHunubl n3 (128/256)
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NAND flash: Bho4yHasa cTpyKTypa

block O block 1

> Page - eanHuua xpaHeHus gaHHbix (4k/8k/16Kk)

> Block - rpynna ctpaHunubl n3 (128/256)
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NAND flash: Bho4yHasa cTpyKTypa

block O block 1

> Page - eanHuua xpaHeHus gaHHbix (4k/8k/16Kk)

> Block - rpynna ctpaHunubl n3 (128/256)
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NAND flash: 3anucb

block 1 (data)

01... 128/256

controller

- S S S S BN N DN DN BEE SN B D BEe EEe e B e ]
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NAND flash: 3anucb

block 1 (data)

01... 128/256

read

controller

P
8 GridGain/sa



NAND flash: 3anucb

block 1 (data)

01... 128/256

read | modify

controller

P
8 GridGain/sa



block

NAND flash: 3anucb

1 (data)

A*

01...

read | modify

128/256

write

con

troller
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NAND flash: 3anucb

block 1 (data o
( ) > 3anncb BO3MOXKHa TO/IbKO CTPAHMLUEN LLeJIMKOM

(n3meHeHua 1 6anTa npuBeaeT K Nnepe3anncu
uenon ctpaHuubl, read-modify-write,write
amplification)

01... 128/256

read | modify | write

controller

————————————————————— A
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NAND flash: 3anucb

block 1 (data o
( ) > 3anncb BO3MOXKHa TO/IbKO CTPAHMLUEN LLeJIMKOM

(n3meHeHua 1 6anTa npuBeaeT K Nnepe3anncu
uenon ctpaHuubl, read-modify-write,write
amplification)

> 3anucb BO3MOKHA TO/IbKO B YNCTbIE CTpaHuMUbI

01... 128/256

read | modify | write

controller

-
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NAND flash: OuucTtka

block 1 (data) block 2 (free)

Device

controller

Pld
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NAND flash: OuucTtka

block 1 (data) block 2 (free)

Device

controller

> (O4YKnCTKa BO3MOXKHA TONbKO B610Kamm

> GC - 370 yaa/ieHne CTapbIixX BEPCUI CTpaHUL,
yepes KoNMPoBaHUE N OYUCTKY BIOKOB

-
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NAND flash: OuucTtka

block 1 (data) block 2 (free)

Device

copy

> controller

> (O4YKnCTKa BO3MOXKHA TONbKO B610Kamm

> GC - 370 yaa/ieHne CTapbIixX BEPCUI CTpaHUL,
yepes KoNMPoBaHUE N OYUCTKY BIOKOB

P
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NAND flash: OuucTtka

block 1 (data) block 2 (free) :

—— e — — — |

I

I

A [B |A* B | A* !
: Device

- I

I

Erase I

I

I

controller I

I

> (O4YKnCTKa BO3MOXKHA TONbKO B610Kamm

> GC - 370 yaa/ieHne CTapbIixX BEPCUI CTpaHUL,
yepes KoNMPoBaHUE N OYUCTKY BIOKOB

-
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NAND flash: OuucTtka

block 1 (data) block 2 (free) :
S ——— I
I
I
B | A* I
: Device
L I
I
Erase I
I
I
controller I
I

> (O4YKnCTKa BO3MOXKHA TONbKO B610Kamm

> GC - 370 yaa/ieHne CTapbIixX BEPCUI CTpaHUL,
yepes KoNMPoBaHUE N OYUCTKY BIOKOB

-
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NAND flash: OuucTtka

block 1 (data) block 2 (free)

Device

controller

> (O4YKnCTKa BO3MOXKHA TONbKO B610Kamm

> GC - 370 yaa/ieHne CTapbIixX BEPCUI CTpaHUL,
yepes KoNMPoBaHUE N OYUCTKY BIOKOB

-
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10

Y10 BaXHO NOMHUTDL

» [nckn paboTaloT ¢ cTpaHuuamm (NMwmnTe Bcerga KpaTHO pasmepy CTPaHULbl, 3TO
MaKCUMaIbHO 3PEKTUBHbIN cnocob paboTbi)
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10

Y10 BaXHO NOMHUTDL

» [nckn paboTaloT ¢ cTpaHuuamm (NMwmnTe Bcerga KpaTHO pasmepy CTPaHULbl, 3TO
MaKCUMaIbHO 3PEKTUBHbIN cnocob paboTbi)

» Ecnu Bbl NULLETe MeHbLLe pa3mepa CTpaHuLbl, Bbl nosbiwaeTe naHoc NAND flash
(ycTpoMcTBO nepe3anuncbiBaeT CTPAHULY LIEIMKOM)

/ﬁ
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10

Y10 BaXHO NOMHUTDL

» [nckn paboTaloT ¢ cTpaHuuamm (NMwmnTe Bcerga KpaTHO pasmepy CTPaHULbl, 3TO
MaKCUMaIbHO 3PEKTUBHbIN cnocob paboTbi)

» Ecnu Bbl NULLETe MeHbLLe pa3mepa CTpaHuLbl, Bbl nosbiwaeTe naHoc NAND flash
(ycTpoMcTBO nepe3anuncbiBaeT CTPAHULY LIEIMKOM)

» WHorpga NAND flash controller 3anyckaeTt npoueaypy ocsoboxkaeHua mecta (GC),
4YTO MOXeT NOBAMATb Ha latency onepayni
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YTeHue u 3anucb

RAM

. . o
GridGain/«m



11

RAM

YTeHue u 3anucb

. . ol
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YTeHue u 3anucb

RAM

|
|
|
user space kernel space ||
|
|
|
|
|

system call

DISK

. . ol
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YTeHue u 3anucb

> User process He paboTaeT ¢ ANCKOM

|
|
|
: s | : HaNPAMYIO TO/IbKO Yepes BbI30BbI
RAM | user space ernel space
. P P ! A4pa
: ‘ ' > CuCTeMHBbIV BbI30B NPUBOAMT K
: system call : context switch noTtoka
D e o —_———
YyTeHWe 1 3anmncb
- - - - TTTTTTTTTTETTETTTETETEEEIEITEETITE TSI AT T TS 1
| |
| |
DISK | i
| |
| |

-
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RAM

Page Cache

—————————————————————————————

. . ol
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12

RAM

DISK

Page Cache

—————————————————————————————

cache space

|
|
|
|
page kernel :
:
|
|
|

. . ol
GridGain/«m



Page Cache

> Kernel ynpaBnset page cache
(load/evict page)

I |

I |

I |

I |

I |

| age kernel i » CTpaHuUbl MOTYT BbITECHATLCA U3
RAM : user space Pag I P 4 uy

| cache space . cache B nt0bot MOMeHT Ha

I |

| . ycmoTpeHue kernel

T ) |

| ________________________________ 1

1 |

1 |

1 |
DISK .

1 |

1 |

L - - ——_—— e L L |

. . o
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FileInputStream/FileOutputStream

1 byte[] buf = new byte[...];
2
3 try (FileInputStream is = new FileInputStream(new File("pathFilel"))) {
4 is.read(buf);
5}
6
7 try (FileOutputStream out = new FileOutputStream(new File("pathFile2"))) {
8 out.write(buf);
9
10 out.flush();
11}

P
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FileChannel

1 class FileChannel {

o JoU B WM

11
12
13
14
15 }

static FileChannel open(Path path, OpenOption...

void close();

long position();

FileChannel position(long newPosition);
int read(ByteBuffer dst);

int write(ByteBuffer src);

void force(boolean metaData);

options);

P
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FileChannel Read/Write

1 ByteBuffer buf = ByteBuffer.allocate(...);

2

3 try (FileChannel ch = FileChannel.open(Paths.get("pathFilel"), READ)) {
= ch.read(buf);

5}

6

7 buf.flip();

8

9 try (FileChannel ch = FileChannel.open(Paths.get("pathFile2"), WRITE)) {
10 ch.write(buf);

11

12 ch.force(true);

13}

-
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16

Read (aligned)

1 ByteBuffer buf = ByteBuffer.allocate(...);

oo b WwN

11
12
13
14
15 }

try (FileChannel ch = FileChannel.open(Paths.get("pathFile"), READ)) {

long size = ch.size();
long position = 0;

while (position < size) {
int read = ch.read(buf, position);
if (read <= 0)
break;

position += buf.position();

P
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RAM

Page Cache Load Flow (aligned)

———————————————————————————————————————————————————

buffer

kernel
process cache

I 1
. I
I 1
. I
I 1
. I
I user page :
: .
. I
I 1
. I
L o o o o o o e e

——————————————————————————————

”

GridGain/s

a
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RAM

DISK

17

Page Cache Load Flow (aligned)

———————————————————————————————————————————————————

process cache

1

1

1

1

1

: user

| kernel
1

1

1

1

L o o e

——————————————————————————————

”

GridGain/s

a
|



Page Cache Load Flow (aligned)

get page

l ch.read(buff,0);

A\ 4 Y

\4

process cache

I |
| 1
I |
| 1
! :
RAM | e kernel Page |
! :
I |
| 1
I |

I I
! 1
I 1
DISK | !
| |
17 1 1

. . ol
GridGain/«m



Page Cache Load Flow (aligned)

get page

l ch.read(buff,0);

A\ 4 \ 4

\4

process cache

I |
| 1
I |
| 1
! :
RAM | e kernel Page |
! :
I |
| 1
I |

1
1
1
DISK 1
:
1

. . ol
17 GridGain/«m



Page Cache Load Flow (aligned)

get page

l ch.read(buff,0);

A\ 4 \ 4

\4

process cache

I |

| |

| |

| I

|

RAM i user page !
| |

I |

| |

I |

load page

1
1
1
DISK 1
:
1

. . ol
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Page Cache Load Flow (aligned)

I |
I get page :
buff '
I - le“ ch.read(buff,0); |
1 \ 4 \ 4
I > I
RAM | e kernel Page |
: process cache I
: A A A :
|
Lo filling buffer | ___________loadpage ____!
read page

1
1
1
DISK 1
:
1

. . ol
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Page Cache Load Flow (aligned)

I |

I get page :

buff '

I - le“ ch.read(buff,0); i
| A 4 y

I > I

RAM | e kernel Page |

: process cache I

|

: A A A I

|

Lo filling buffer | ___________loadpage

ch.read(buff,0); (ch=channel)
read page Page cache -> get page

If found -> filling buffer (disk 10 = 0)
If not found -> read page ->

| |
| |
: | load page -> filling buffer
DISK ! | (disk 10 = 1 page) + cpu for page cache load
I I or evict LRU page %
7 ! GridGain/«a



Read (no aligned)

1 try (FileChannel ch = FileChannel.open(Paths.get("pathFile"), READ)) {
2 long size = ch.size();

3 long position = 2048;

4

5 while (position < size) {

6 int read = ch.read(buf, position);
7 if (read <= 0)

8 break;

9

10 position += buf.position();

11 ceeaan

12 }

13}

P
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Read (no aligned)

1 try (FileChannel ch = FileChannel.open(Paths.get("pathFile"), READ)) {
2 long size = ch.size();

3 long position = 2048;

4

5 while (position < size) {

6 int read = ch.read(buf, position);
7 if (read <= 0)

8 break;

9

10 position += buf.position();

11 ceeaan

12 }

13}

P
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RAM

DISK

Page Cache Load Flow (no aligned)

———————————————————————————————————————————————————

buffer

I I
I I
I I
I I
: I
| kernel bag '
| process cache :
1 I
1 I
1 I
1 I
1 I

Pl

GridGain/s
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RAM

DISK

Page Cache Load Flow (no aligned)

———————————————————————————————————————————————————

l ch.read(buff,6144);

user age
kernel Pag

Pl

GridGain/s
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RAM

Page Cache Load Flow (no aligned)

———————————————————————————————————————————————————

get 2 pages

l ch.read(buff,6144);

user age
kernel Pag

. . ol
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RAM

DISK

Page Cache Load Flow (no aligned)

———————————————————————————————————————————————————

get 2 pages

l ch.read(buff,6144);

user age
kernel Pag

A A

. . ol
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RAM

DISK

Page Cache Load Flow (no aligned)

———————————————————————————————————————————————————

! I
: buffer get 2 pages :
I l ch.read(buff,6144); |
I Y I
| user cernel page !
; process cache !
1 A AN A 3 :
! I
| load 2 pages !
L e B
read 2 paged

e e A I :

Y \ 4 !

|

I I

| I |

L |

|

. . ol
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RAM

DISK

Page Cache Load Flow (no aligned)

———————————————————————————————————————————————————

! |
: buffer get 2 pages :
I l ch.read(buff,6144); |
1 Y T |
|
| HSEr kernel page |, : |
; process cache | 1], l
1 A A A ;I- Y :
! :
| filling buffer load 2 pages !
L o e e e e e e e e N
read 2 paged

e e e e e e e ____ :

Y \ 4 !

|

I I

| I |

L |

|

. . ol
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RAM

Page Cache Load Flow (no aligned)

———————————————————————————————————————————————————

l ch.read(buff,6144);

user

filling buffer

kernel

page

A A

cache

Ch.read(buff,6144); (ch=channel)

Page cache get 2 pages

If found -> filling buffer (disk 10 = 0)

If not found -> read 2 pages ->
load page -> filling buffer

(disk 10 = 2 page) + cpu for page cache Ioad

or evict LRU page

GrldGaln..l



PacnpepfeneHue latency no nepceHTUNAM

® aligned @ non-aligned

60000

s

o

é 40000

@

3

o

m 20000

S

8

0 s - ¢
0 0.5 0.9 0.95 0.99 0.999 0.9999
nepLeHTuIMn

p 0 0.5 0.9 0.95 0.99 0.999 0.9999
Aligned 1692 2208 2456 2544 2844 12728.960 30077.594
Non-aligned 1952 2640 2924 3036 3900 23646.816 56962.618
% 15.37 19.57 19.06 19.34 37.13 85.77 89.39

P
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RAM

DISK

21

user
process

Page Cache Read-ahead

ch.read(buff,0);

\4

kernel

. . ol
GridGain/«m



Page Cache Read-ahead

| . get page :
: - le“ ch.read(buff,0); :
I A\ 4 \ 4 I
RAM | | user T ernel page :
| process cache !
: A A A :
: filling buffer load pages to page cache |
: read pages ahead |
L == e e |
T T T T T T T 1Tttt E
1 |
| Y VvV VY I
1 |
DISK | !
| 1 .
| 1 . . i
2l o e s GridGain/«m



Page Cache Read-ahead

P

. . 2”@
21 B GridGain/«m

|
! . get page :
er
: ) | ch.read(buff,0); !
I A\ 4 \ 4 I
| D> |
RAM | | User cernel page :
|| process cache !
1 A A A A ’ 1
! I
: filling buffer load pages to page cache |
: read pages ahead |
D e e e e e e e e = e U U I
:- ______________ B E > YcKopseT YTeHue npu nocaefo0BaTe/lbHOM
: vV V¥V V .Y 1 |C||OCTy|_|e
DISK ! | > PeryaupoBaTb NOBEAEHMNE MOXKHO Yepes
: : syscall fadvice
| |



fadvice

1l try (FileChannel ch = FileChannel.open(Paths.get("pathFile"), READ)) {
Field fdField = Javalnternals.getField(FileChannelImpl.class, "fd");
int fd = fdField.getInt(ch);

int fadivceFlag = Mem.FADV_RANDOM;

Mem.posix fadvise(fd, 0, ch.size(), fadivceFlag);

// Perfome random read and write operation.

O oo o ke W

https://github.com/odnoklassniki/one-nio

P

22 http://man7.org/linux/man-pages/man2/posix_fadvise.2.html GridGain/«m



fadvice

1l try (FileChannel ch = FileChannel.open(Paths.get("pathFile"), READ)) {
Field fdField = Javalnternals.getField(FileChannelImpl.class, "fd");
int fd = fdField.getInt(ch);

int fadivceFlag = Mem.FADV_RANDOM;

Mem.posix fadvise(fd, 0, ch.size(), fadivceFlag);

// Perfome random read and write operation.

O oo o ke W

FADV_NORMAL
FADV_RANDOM
FADV_SEQUENTIAL
FADV_WILLNEED
FADV_DONTNEED
https://github.com/odnoklassniki/one-nio FADV_NOREUSE

22 http://man7.org/linux/man-pages/man2/posix_fadvise.2.html GridGain/«m



23

Y10 BaXHO NOMHUTDL

> YutaTb U NucaTb nydule BbIpOBHEHHbIMU CTPaAHNLUAMH
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23

Y10 BaXHO NOMHUTDL

> YutaTb U NucaTb nydule BbIpOBHEHHbIMU CTPaAHNLUAMH
> [lucatb aydyuwe NoNHOCTbHO 3aMO/IHEHHDbIE CTPaHUL bl
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23

Y10 BaXHO NOMHUTDL

> YutaTb U NucaTb nydule BbIpOBHEHHbIMU CTPaAHNLUAMH
> [lucatb aydyuwe NoNHOCTbHO 3aMO/IHEHHDbIE CTPaHUL bl

> Page cache - yacTb namsaTK nog ynpasneHmem kernel, Kotopas KalwmMpyeT AaHHbIE
C AMCKa NPU YTeHUN K bydepusnpyeT npu 3anmcu

/ﬁ
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yVY

Y10 BaXHO NOMHUTDL

YntaTb U NUCaTb /ly4ylle BbIPOBHEHHbIMU CTPAHUL,AMMU

MncaTb Nyywe NOAHOCTbIO 3aNOJIHEHHbIE CTPAHUL,bI

Page cache - yacTtb namaTK noA ynpasaeHmem kernel, Kotopaa KaWKMpPyeT AaHHble
C ANCKA NpU YTeHUn n bydbepmsnpyeT Npu 3anmcu

Readahead - BO3MOXHOCTb fiapa CaMoOMy NPUHATb PELWNTb M NPOYNTATb AdHHbIE
n3 danna Bnepe oTHOCMTENIbHO 3anpalunBaembix (YteHne ¢ainnos OC Ha cTapTe,
yTeHue mynbTumeama painos etc.)

/ﬁ
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process 1

process 2

process N

Reading redundancy

page
cache

Pl

GridGain/s
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process 1

process 2

process N

ch.read(buff);

Reading redundancy

page
cache

ch.read(buff);

ch.read(buff);

copy

GridGain/«a
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Reading redundancy

. ch.read(buff);

page

process 1
cache

ch.read(buff); copy

process 2

> [lpu yTeHMe OAQHUX U TeX Ke CcTpaHuy ¢anna,

KaXXAblM NPOLLECC KONUPYET CTPAHMUL,bI page
Y ch.read(buff); cache B cBOIO BMPTYyanbHYH NamaATb
HecKonbKo npoueccoB MMeT UAEHTUYHbIE
KOnuu cTpaHunubl (HeapdeKkTMBHOE
pacxogoBaHue vm)

process N

GridGain/«a
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page
cache

kernel
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RAM

DISK

25

MappedByteBuffer buf = ch.map(...,...,...)

user
process

\4

kernel

page
cache

. . ol
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RAM

DISK

25

MappedByteBuffer buf = ch.map(...,...,...)

|
|
I |
I |
I |
|
| age ' |
: |
|| user R kernel Y 8h : |
I | process cache | !
I AN I
I |
|
' lazy load :
|
|
| lazy read pages :
: ;
S e
C T T T T T T T T T .
1 |
| \ 4 \ 2 1
1 |
| |
1 |
| 1 ,fﬁ
L e J GridGain/sa



RAM

DISK

25

MappedByteBuffer buf = ch.map(...,...,...)

|
1 |
| |
1 |
| |
1 |
' | user page : :
! > kernel , l
: process cache | [
1 A 3 N A :
| |
; lazy load !
; lazy read pages |
| T 1
U i —— R J

: I

. 1

Y V VvV VY |

|

|

|

: . . /‘
____________________________ J GridGain/«a



RAM

DISK

25

MappedByteBuffer buf = ch.map(...,...,...)

user
process

\4

kernel

A

lazy read pages

N

page
cache

Y

lazy load

MpepocTtoBnaet nHtepdenc ByteBuffer ana

paboTbl Cc pannom

CBA3bIiBaeT hpann MM y4acToK ¢anna c

NamMmATblio

3arpysKkoi 1 BbIrPy3KoM CTpaHuL, U3 NamaTm

3aHumaeTca OC

. . ol
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12 }

26

mmap

1 try (FileChannel ch = FileChannel.open(Paths.get("pathFile"), READ)) {

MappedByteBuffer mappedByteBuffer

// Load data in memory if needed.
mappedByteBuffer.load();

ch.map(MapMode.READ WRITE,

// Get or put operations with file like a buffer.

LI I I )

// Sync data in memory with disk.
map.force();

0, ch.size());

. . ol
GridGain/«m



mmap

1 try (FileChannel ch = FileChannel.open(Paths.get("pathFile"), READ)) {

oo e W

11
12 }

26

MappedByteBuffer mappedByteBuffer = ch.map(MapMode.READ WRITE, 0, ch.size());

// Load data in memory if needed.
mappedByteBuffer.load();

// Get or put operations with file like a buffer.

LI I I )

// Sync data in memory with disk.
map.force();

A\

HeT Bo3morKHOCTM nonyuuntb 1O ownbky
Henb3a 3amanuTtb 6onblie 2GB (int)
CywecTtsyeT AMMUT mmap $annoB Ha
npouecc (max_map_count)

> vm.max_map_count setting in

/etc/sysctl.conf 2
GridGain/«m

Vv



mmap (multiple process)

page
process 1 cache
process 2
process N

GridGain/«m
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mmap (multiple process)

MappedByteBuffer buf = ch.map(...);

process 1

MappedByteBuffer buf = ch.map(...);

page
cache

A\ 4

process 2

MappedByteBuffer buf = ch.map(...);

|

process N

GridGain/«
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mmap (multiple process)

MappedByteBuffer buf = ch.map(...);

process 1

MappedByteBuffer buf = ch.map(...);

page
cache

\ 4

process 2

MappedByteBuffer buf = ch.map(...);

|

process N

> HecKo/abKo NpoLeccoB MOryT CCbI/IaTbCA HA OAMH
mmap ¢ann 6e3 KonmposaHua page cache B vm
npouecca

> B shared mode, Bce moanduKkaumm ¢annos BUAHbI
BCEM NpoLeccam

N\
A

GridGain



O_DIRECT

kernel
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O DIRECT

|

: |
: |
! buifer MyDirectlO.read(..,..,..); |
: |
| N ;
|

RAM | USer kernel :
| | process i
: |
: |
: |
: |
: |
: |
: |
L |
L o o o o o e e o —
_____________________________ :
I |
I |
I |

DISK | : )
: : GridGain/«m
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RAM

DISK

28

user
process

MyDirectlO.read(..,.

O DIRECT

o)

»

kernel

read page

A

. . ol
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O DIRECT

| |
: buffer . :
: | MyDirectlO.read(..,..,..); :
| |
RAM | user - kernel |
I process I
| |
| A A I
| |
! filling buffer :
| read page |
T |
T k
I ) I
! |
DISK | !
|
I : A
28 ! l GridGain/«m



RAM

DISK

28

O DIRECT

l MyDirectlO.read(..,..,..);

user
process

A

»

filling buffer

kernel

read page

4

N

Yutatb/NncaTb MOXHO TONbKO
BbIPOBHEHHbIMW B10KaMM

Huyero He KawmnpyeTca

HeT npepnckasaHuii (readahead He

pabotaer) %
GridGain/«m
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1 class MyNativeIO {

00~ e WwN

11
12
13
14
15
16 }

static

{

Native IO

Native.register(Platform.C LIBRARY NAME);

}

static
static
static
static

native
native
native
native

int open(String pathname, int flags, int mode);
int close(int £d);

int fsync(int £d);

NativeLong pwrite(int fd, Pointer buf,

NativeLong cnt, NativeLong off);

static native NativeLong write(int fd, Pointer buf, NativeLong cnt);
static native NativeLong pread(int fd, Pointer buf,

NativeLong cnt, NativeLong off);

static native NativeLong read(int fd, Pointer buf, NativeLong cnt);
static native int posix memalign(PointerByReference memptr,
NativeLong alignment, NativeLong size);

Java Native Access (JNA) https://github.com/java-native-access/jna

N\
A

GridGain


https://github.com/java-native-access/jna

30

O_DIRECT Example

1 ByteBuffer buf = allocateDirectAlign(4096);
2 // Filling buffer.

3

4 int flags =....
5

6 int fd = MyDirectIO.open(path, flags, mode);

7

8 Pointer ptr = new Pointer(bufferAddress(buf));

9

10 int wt = MyDirectIO.write(fd, ptr, buf.capacity());
11

12 buf.clear();

13

14 int rd = MyDirectIO.read(fd, ptr, buf.capacity());

O DIRECT | ....;

Java Native Access (JNA) https://github.com/java-native-access/jna

-
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Y10 BaXHO NOMHUTDL

> mmap - N03BoNAET U3b6eXKaTb U3IULLHEro KONMPOBAHUA B VM
O NEeHMBO NoArpy*KaeT cTpaHuubl B page cache
O HEeT BO3MOXKHOCTK noayuntb 10 exception
O  MMEET IMMUTbI HAa KOIMYECTBO OTKPbITbIX $haliioB

/ﬁ
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31

Y10 BaXHO NOMHUTDL

> mmap - N03BoaAET n3berKaTb U3NINLLIHETO KOMMPOBAHUA B VM
O JIeHMBO MOArpPYrKaeT CTpaHuLpbl B page cache
O HeT BO3MOXXHOCTM noay4nTb 10 exception
O  MMeeT JIMMUTbI Ha KOZIMYeCTBO OTKPbITbIX Gpannos

> o_direct flag - BO3MOXXHOCTb YMTaTb/NMcaTb, MUHYA page cache

/ﬁ
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31

Y10 BaXHO NOMHUTDL

> mmap - N03BoaAET n3berKaTb U3NINLLIHETO KOMMPOBAHUA B VM
O JIeHMBO MOArpPYrKaeT CTpaHuLpbl B page cache
O HeT BO3MOXXHOCTM noay4nTb 10 exception
O  MMeeT JIMMUTbI Ha KOZIMYeCTBO OTKPbITbIX Gpannos

> o_direct flag - BO3MOXXHOCTb YMTaTb/NMcaTb, MUHYA page cache
O  YUTATb MOKHO TO/IbKO BbIPOBHEHHbIE H10KM
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Y10 BaXHO NOMHUTDL

> mmap - N03BoaAET n3berKaTb U3NINLLIHETO KOMMPOBAHUA B VM
O JIeHMBO MOArpPYrKaeT CTpaHuLpbl B page cache
O HeT BO3MOXXHOCTM noay4nTb 10 exception
O  MMeeT JIMMUTbI Ha KOZIMYeCTBO OTKPbITbIX Gpannos
> o_direct flag - BO3MOXXHOCTb YMTaTb/NMcaTb, MUHYA page cache
O  YUTATb MOKHO TO/IbKO BbIPOBHEHHbIE H10KM
o readahead He paboTaeT (readahead - yactb paboTbl page cache)

/ﬁ
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FileChannel Read/Write

1 ByteBuffer buf = ByteBuffer.allocate(...);

2

3 try (FileChannel ch = FileChannel.open(Paths.get("pathFilel"), READ)) {
= ch.read(buf);

5}

6

7 buf.flip();

8

9 try (FileChannel ch = FileChannel.open(Paths.get("pathFile2"), WRITE)) {
10 ch.write(buf);

11

12 ch.force(true);

13}

-
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Native Call Read/Write

static native int readO(FileDescriptor fd, long address, int len) throws IOException;

/ﬁ
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Native Call Read/Write

static native int readO(FileDescriptor fd, long address, int len) throws IOException;

static native int writeO(FileDescriptor fd, long address, int len) throws IOException;

GridGain/«m
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Native Call Read/Write

static native int readO(FileDescriptor fd, long address, int len) throws IOException;

static native int writeO(FileDescriptor fd, long address, int len) throws IOException;

> FileDescriptor - ngeHTMdUKATOP OTKPLITOrO Ppania B paMmKax NpoLecca,
BblaaBaembl kernel nocne otTkpbiTUa dpanna

native int openO(long pathAddress, int flags, int mode)

/ﬁ
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ByteBuffer

FileChannel Read/Write

FileChannel

————————————

kernel

Pl

GridGain/s

-
[ |
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FileChannel Read/Write

ch.read(buf)

ByteBuffer

FileChannel

————————————

kernel

GridGain/«a
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FileChannel Read/Write

ch.read(buf)

ByteBuffer

FileChannel

————————————

int read(FileDescriptor fd, long address, int len)throws

kernel

GridGain/«a
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FileChannel Read/Write

ch.read(buf)

ByteBuffer

FileChannel

———————————

int read(FileDescriptor fd, long address, int len)throws

DirectBuffer

\4

———————————

kernel

GridGain/«

P
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FileChannel Read/Write

ch.read(buf)

ByteBuffer

FileChannel

————————————

int read(FileDescriptor fd, long address, int len)throws

A

» | DirectBuffer

\4

copy

kernel

GridGain/«
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FileChannel Read/Write

ch.read(buf)

ByteBuffer

A

FileChannel

BufferCache

A

get or
create

Y

int read(FileDescriptor fd, long address, int len)throws

DirectBuffer

\4

A

copy

kernel

GridGain/«

-
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FileChannel Read/Write

1 int read (ByteBuffer dst,long position)({

if (dst instanceof DirectBuffer)
return readIntoNativeBuffer(fd, dst, position, nd);

oo b W

GridGain/«
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FileChannel Read/Write

1 int read (ByteBuffer dst,long position)({

if (dst instanceof DirectBuffer)
return readIntoNativeBuffer(fd, dst, position, nd);

oo b W

> Ecnu directBuffer, untaem Hanpsmyto B Hero

GridGain/«

P
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FileChannel Read/Write

1 int read (ByteBuffer dst,long position){

0 oUW

11
12
13
14
15
16
17 }

ByteBuffer bb = Util.getTemporaryDirectBuffer(dst.remaining());

try {

int n = readIntoNativeBuffer(fd, bb, position, nd);

bb.flip();

if (n > 0)
dst.put(bb);

return n;

}

finally {
Util.offerFirstTemporaryDirectBuffer(bb);

}

GridGain

A

A

‘-\\



36

FileChannel Read/Write

1 int read (ByteBuffer dst,long position){

0 oUW

11
12
13
14
15
16
17 }

ByteBuffer bb = Util.getTemporaryDirectBuffer(dst.remaining());

> bepem directBuffer ns

try {
bufferCache n untaem B Hero

int n = readIntoNativeBuffer(fd, bb, position, nd);

bb.flip();

if (n > 0)
dst.put(bb);

return n;

}

finally {
Util.offerFirstTemporaryDirectBuffer(bb);

}

oy
LAY
Aw

GridGain
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FileChannel Read/Write

1 int read (ByteBuffer dst,long position){

0 oUW

11
12
13
14
15
16
17 }

ByteBuffer bb = Util.getTemporaryDirectBuffer(dst.remaining());

> bepem directBuffer ns

try {
bufferCache v untaem B Hero

int n = readIntoNativeBuffer(fd, bb, position, nd);

bb.flip();

if (n > 0) > Konupyem npoynTaHHble
dst.put(bb); 6anTbl B N0/Ib30BaTENbCKUMN

} return n; buffer
finally {

Util.offerFirstTemporaryDirectBuffer(bb);
}

o
A

GridGain
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FileChannel Read/Write

1 int read (ByteBuffer dst,long position){

0 oUW

11
12
13
14
15
16
17 }

ByteBuffer bb = Util.getTemporaryDirectBuffer(dst.remaining());

> bepem directBuffer ns

try {
bufferCache v untaem B Hero

int n = readIntoNativeBuffer(fd, bb, position, nd);

bb.flip();

if (n > 0) > Konupyem npoynTaHHble
dst.put(bb); 6anTbl B N0/Ib30BaTENbCKUMN

return n; buffer
}
finally { )
Util.offerFirstTemporaryDirectBuffer(bb); > Bosspawaem directBuffer s
} bufferCache

o
A

GridGain
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direct

37

CkopocTb B GB/s

6

® direct ® heap

,
i
4kb 8kb 16kb 32kb 64kb 128kb
Pa3mep 6ydepa
4kb 8kb 16kb 32 kb 64kb
530780.273 341550.363 215315.824 134497.58 78575.852
572147.154 414411.094 271425.203 169896.952 99333.937

128kb
37437.151
49165.052

P
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Bonbwe 6ydep - 60onbie overhead

Pld

GridGain/s

-
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Direct buffer

ByteBuffer buf = ByteBuffer.allocateDirect(...);

GridGain/«a
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Direct buffer

ByteBuffer buf = ByteBuffer.allocateDirect(...);

> [lamATb He ocBoboXaaeTca, ecnum Bbi3BaTb buf.clear();
> [lamaATb ocBobOXKAaeTcs TonbKo Korga GC yaansaet ob6beKT buf
> HeT npAMOI1 BO3MOXHOCTK 0cBO60AUTL NaMATb — TONbKO Yepes reflection

GridGain/«a
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BufferCache

> BufferCache co3paetca ansa kaxkaoro notoka (thread local)

/ﬁ
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BufferCache

> BufferCache co3paetca ansa kaxkaoro notoka (thread local)

> BufferCache capacity - TEMP_BUF_POOL_SIZE = I0Util.IOV_MAX (1024);

/ﬁ
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40

BufferCache

> BufferCache co3paetca ansa kaxkaoro notoka (thread local)
> BufferCache capacity - TEMP_BUF_POOL_SIZE = I0Util.IOV_MAX (1024);

> jdk.nio.maxCachedBufferSize - makcumanbHbIn pasmep byteBuffer B BufferCache,

/ﬁ
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BufferCache

> BufferCache co3paetca ansa kaxkaoro notoka (thread local)
> BufferCache capacity - TEMP_BUF_POOL_SIZE = I0Util.IOV_MAX (1024);
> jdk.nio.maxCachedBufferSize - makcumanbHbIn pasmep byteBuffer B BufferCache,

ecnn bydep byget bonbliero paamepa, To OH He byaeT coxpaHaTbea B BufferCache

/ﬁ
GridGain/«m
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HenosnHoe uteHue

int read(FileDescriptor fd, long address, int len) throws IOException;

/ﬁ
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HenosnHoe uteHue

int read(FileDescriptor fd, long address, int len) throws IOException;

position limit

3anpocunu 4096 bytes

GridGain/«a
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HenosnHoe uteHue

int read(FileDescriptor fd, long address, int len) throws IOException;

position

limit

3anpocunu 4096 bytes

position

v

limit

y

nonyumnm < 4096 bytes

GridGain/«a
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HenonHasa 3anucb

int write(FileDescriptor fd, long address, int len) throws I0Exception;

/ﬁ
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int write(FileDescriptor fd, long address, int len) throws I0Exception;

position

limit

HenonHasa 3anucb

nuwem 4096 bytes

GridGain/«a
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int write(FileDescriptor fd, long address, int len) throws I0Exception;

position

limit

HenonHasa 3anucb

nuwem 4096 bytes

position

limit

y

3anucanu < 4096 bytes

GridGain/«a



Read

1 try (FileChannel ch = FileChannel.open(file, READ)) {
2 ch.read(buf);

3}

P

GridGain/«a



Read

1 try (FileChannel ch = FileChannel.open(file, READ)) {
2 ch.read(buf);

3}

P

. . 7
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Read

FileChannel.open(file, READ)) {

1 try (FileChannel ch

2 ch.read(buf);

3}

1l try (FileChannel ch = FileChannel.open(file, READ)) {
2 do {

3 int bytes = ch.read(buf);

4 if (bytes <= 0)

5 break;

6 }

7 while (buf.position() < buf.limit());

8}

P

GridGain/«a
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1l try (FileChannel ch
2 ch.write(buf);

31}

Write

FileChannel.open(file, WRITE)) {

P

GridGain/«a



Write

1l try (FileChannel ch = FileChannel.open(file, WRITE)) {
x 2 ch.write(buf);

31}

P

. . 7
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Write

1l try (FileChannel ch = FileChannel.open(file, WRITE)) {
2 ch.write(buf);

3}

1l try (FileChannel ch = FileChannel.open(file, WRITE)) {
2 while (buf.hasRemaining()) {

3 int bytes = ch.write(buf);

4 if (bytes <= 0)

5 break;

6 }

7 ch.force(true);

8}

P

GridGain/«a
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Y10 BaXHO NOMHUTDL

> YTeHue n 3anmcb BO3MOXKHbI TONbKO yepe3s direct 6ydepsbl
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Y10 BaXHO NOMHUTDL

> YTeHue n 3anmcb BO3MOXKHbI TONbKO yepe3s direct 6ydepsbl

> BaXHO NPOBePATb, CKO/IbKO 6aNT Npo4YnTaHo/3anncaHo

/ﬁ
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MpepbiBaHMEe NOTOKOB (interrupt)

1 FileChannel ch = FileChannel.open(file, READ);
2

3 Thread thl:{

4 while (....){

5 ch.read(bufl);
6 }

7}

8

9 Thread th2 :{

10 while (....){

11 ch.read(buf2);
12 }

13}

GridGain/«a
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MpepbiBaHMEe NOTOKOB (interrupt)

1 FileChannel ch = FileChannel.open(file, READ);
2 th2.interrupt(); - yto nponsonaet?
3 Thread thl:{

4 while (....){

5 ch.read(bufl);

6 }

7}

8

9 Thread th2 :{

10 while (....){

11 ch.read(buf2);

12 }

13}

GridGain/«a



MpepbiBaHMEe NOTOKOB (interrupt)

1 FileChannel ch = FileChannel.open(file, READ);
2 th2.interrupt(); - yto nponsonaet?

3 Thread thl:{

4 while (....){
5 ch.read(bufl);
6 }

7
8 ' ch - byaet 3aKkpbIT
9 Thread th2 :{

10 while (....){

11 ch.read(buf2);

12 }

13 }

GridGain/«a



MpepbiBaHMEe NOTOKOB (interrupt)

1 FileChannel ch = FileChannel.open(file, READ);
2 th2.interrupt(); - yto nponsonaet?
3 Thread thl:{
4 while (....){
5 ch.read(bufl);
6 }
7}
8 ch - byaet 3aKkpbIT
9 Thread th2 :{
10 while (....){
11 ch.read(buf2);
12 }
13}

> [1pn mHoronoto4yHom gocrtyne K filechannel,
npepbiBaHMe N1060ro NOTOKa 3aKpbIBaeT
filechannel

> Kaxabl NOTOK Npu creaytouer onepaymm
nony4unt ClosedBylnterruptException

> FileChannel extends
AbstractinterruptibleChannel

GridGain/«a



MpepbiBaHMEe NOTOKOB (interrupt)

1 public int read (ByteBuffer dst) throws IOException {

2 e

3 try {

4 begin();

5 “oe

6 IOoUtil.read(...,dst,...);
7

8 }

9 finally {

10 “o

11 end(n > 0);
12

13 }

14 }

GridGain/«a
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MpepbiBaHMe NOTOKOB (interrupt)

1 protected final void begin () {

2 if (interruptor == null) {

3 interruptor = new Interruptible() {

4 public void interrupt(Thread target) {
5 .o

6 AbstractInterruptibleChannel.this.implCloseChannel();
7

8 }

9 }i

10 }

11 blockedOn(interruptor);

12

13}

GridGain/«
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OTKpbiBaem mMHoro ¢pannos

1 int filesNumber = ?2?2?7?;

2

3for (int i = 0; 1 < filesNumber; i++) {

4

FileChannel.open(path, CREATE, READ, WRITE);

GridGain/«a



OTKpbiBaem mMHoro ¢pannos

1 int filesNumber = ?2?2?7?;

2

3for (int 1 = 0; i < filesNumber; i++) {

4 FileChannel.open(path, CREATE, READ, WRITE);

> ba3sbl AaHHbIX MOTYT OTKPbIBATb COTHW, TbiCYM $palnnoB
> 3aBuUcmMmble jar bubanoTekn moryT TakKe paboTtaTtb ¢ pannamm

49
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OTKpbiBaeTca mHoro ¢pannos

java.nio.file.FileSystemException: /Users/dgovorukhin/workspace/projects/disk-io/file/file10211.bin: Too
many open files

at sun.nio.fs.UnixException.translateTolOException(UnixException.java:91)

at sun.nio.fs.UnixException.rethrowAslOException(UnixException.java:102)

at sun.nio.fs.UnixException.rethrowAslOException(UnixException.java:107)

at sun.nio.fs.UnixFileSystemProvider.newFileChannel(UnixFileSystemProvider.java:177)
at java.nio.channels.FileChannel.open(FileChannel.java:287)

at java.nio.channels.FileChannel.open(FileChannel.java:335)

at io.dgovorukhin.diskio.AbstractExample.createChannel(AbstractExample.java:15)

at io.dgovorukhin.diskio.ToManyOpenFilesExmaple.main(ToManyOpenFilesExmaple.java:16)

/etc/sysctl.conf pobasnaem fs.file-max=100000

/ﬁ
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[ —

KonuposaHue ¢pannos

1l try (FileChannel src = FileChannel.open(filel, READ);

© W oo WU e WwN

)

{

FileChannel dest = FileChannel.open(file2, WRITE)

while (....){
src.read(buf);
buf.flip();
dest.write(buf);
buf.clear();

GridGain/«

-



RAM

DISK

52

user
process

KonuposaHue

kernel

dest
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RAM

DISK

52

user
process

KonuposaHue

kernel

src.read(buf);

dest
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RAM

DISK

52

KonuposaHue

user
process
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try (FileChannel src = FileChannel.open(filel, READ);
FileChannel dest = FileChannel.open(file2, WRITE)) {
src.transferTo(O, src.size(), dest);
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src.transferTo(O, src.size(), dest);

user
process

!

kernel

read

try (FileChannel src = FileChannel.open(filel, READ);
FileChannel dest = FileChannel.open(file2, WRITE)) {
src.transferTo(O, src.size(), dest);

write

Src

dest
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TransferFrom vs TransferTo

1l try (FileChannel src = createChannel(from);

2 FileChannel dest = createChannel(to)
3) {

4 dest.transferFrom(src, 0, src.size());
5}

?

1l try (FileChannel src = createChannel(from);

2 FileChannel dest = createChannel(to)
3) {

4 src.transferTo(0, src.size(), dest);
5}

-

GridGain/«a



55

Native Calls (TransferTo/TransferFrom)

native long transferToO(FileDescriptor src, long position, long count, FileDescriptor dst);
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Native Calls (TransferTo/TransferFrom)

native long transferToO(FileDescriptor src, long position, long count, FileDescriptor dst);

native long transferFromO(FileDescriptor src, long position, long count, FileDescriptor dst);
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Native Calls (TransferTo/TransferFrom)

native long transferToO(FileDescriptor src, long position, long count, FileDescriptor dst);

native long transferFromO(FileDescriptor src, long position, long count, FileDescriptor dst);
(Het TaKoro)
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TransferTo

1 long transferTo( long position, long count, WritableByteChannel target) {

2 .o

3 if ((n = transferToDirectly(position, icount, target)) >= 0)

4 return n;

5 e

6 if ((n = transferToTrustedChannel(position, icount, target)) >= 0)
7 return n;

8

9 .o

10 return transferToArbitraryChannel(position, icount, target);

11}

P
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56

TransferTo

1 long transferTo( long position, long count, WritableByteChannel target) {
2

3 if ((n = transferToDirectly(position, icount, target)) >= 0)

4 return n;

5 -

6 if ((n = transferToTrustedChannel(position, icount, target)) >= 0)
7 return n;

8

9
10 return transferToArbitraryChannel(position, icount, target);
11}

> Konunpyem yepes syscall,
ecnu kernel nogaepxumBaet
TaKyt BO3MOXKHOCTb

P
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TransferTo

1 long transferTo( long position, long count, WritableByteChannel target) {

2 .o
3 if ((n = transferToDirectly(position, icount, target)) >= 0)
4 return n;
5 e
6 if ((n = transferToTrustedChannel(position, icount, target)) >= 0)
7 return n;
8
9 .o
10 return transferToArbitraryChannel(position, icount, target);
11}
> Konupyem yepes syscall, > Konupyem yepesz mmap 610kamm
ecnu kernel nogaepxumBaet no MAPPED_TRANSFER_SIZE
TaKyl BO3MOXHOCTb =8L*1024L*1024L;
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TransferTo

1 long transferTo( long position, long count, WritableByteChannel target) {
2 .o
3 if ((n = transferToDirectly(position, icount, target)) >= 0)
4 return n;
5 e
6 if ((n = transferToTrustedChannel(position, icount, target)) >= 0)
7 return n;
8
9 .o
10 return transferToArbitraryChannel(position, icount, target);
117
> Konupyem yepes syscall, > Konupyem yepes mmap 6n1okamm > Konupyem yepes directBuffer
ecnu kernel nogaepxumBaet no MAPPED_TRANSFER_SIZE 6/10Kkamum No TRANSFER_SIZE =
TaKyt BO3MOXHOCTb =8L*1024L*1024L; 8192;
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TransferFrom

1 long transferFrom(ReadableByteChannel src, long position, long count) {

2 .e

3 if (src instanceof FileChannelImpl)

4 return transferFromFileChannel((FileChannelImpl)src, position, count);
5 cse

6 return transferFromArbitraryChannel(src, position, count);

7}

P
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TransferFrom

1 long transferFrom(ReadableByteChannel src, long position, long count) {

SN oWl

if (src instanceof FileChannelImpl)

return transferFromFileChannel((FileChannelImpl)src, position, count);

return transferFromArbitraryChannel(src, position, count);

Konupyem yepe3s mmap 610Kamu

no MAPPED_TRANSFER_SIZE
=8L*1024L*1024L;
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TransferFrom

1 long transferFrom(ReadableByteChannel src, long position, long count) {

2 .e
3 if (src instanceof FileChannelImpl)
4 return transferFromFileChannel((FileChannelImpl)src, position, count);
5 cse
6 return transferFromArbitraryChannel(src, position, count);
7}
> Konupyem yepe3z mmap 610kamu > Konupyem yepes directBuffer
no MAPPED_TRANSFER_SIZE 6n10Kamm No TRANSFER_SIZE =
=8L*1024L*1024L,; 8192;

N\
A
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1mb
transferTo
DIRECT
MMAP
ARBITRARY

transferFrom
MMAP
ARBITRARY
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CKopoCTb KONMpoBaHUA (Mcek)
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Y10 BaXHO NOMHUTDL

> Wcnonb3yute directBuffer Tam, roe BaxkHa HM3Kas latency
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Y10 BaXHO NOMHUTDL

> Wcnonb3yute directBuffer Tam, roe BaxkHa HM3Kas latency

> [lpoBepsanTe, CKOJIbKO BanT 3annucanm Uam NnpoymTanm
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60

Y10 BaXHO NOMHUTDL

> Wcnonb3ynute directBuffer Tam, rae BaxkHa HU3Kasa latency
> [lpoBepsanTe, CKOJIbKO BanT 3annucanm Uam NnpoymTanm
> [lpepblBaTb NOTOKWU HYXKHO ¢ ymom (ucnonblymte AsyncFileChannel nan RWLock

ana obbiyHoro FileChannel)

/ﬁ
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BbiBOoAbI

> OnepaunoHHaa CUCTEMA BCEM CUIAMM MbITAETCA HaM
nomoub (page cache, read-ahead ...etc) a mbi 4O/IKHDbI
nomoub en ( ncnonbsymte fadvice, ecnun 3HaeTe, Kak byaete
paboTaTtb Cc hpannom)

-
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BbiBOoAbI

> OnepaunoHHaa CUCTEMA BCEM CUIAMM MbITAETCA HaM
nomoub (page cache, read-ahead ...etc) a mbi 4O/IKHDbI
nomoub en ( ncnonbsymte fadvice, ecnun 3HaeTe, Kak byaete
paboTaTtb Cc hpannom)

> Wcnonb3yiTe FileChannel - oH nyywe yem File(l/O)Stream u
RandomAccessFile

-
GridGain/«m



BbiBOoAbI

> OnepaunoHHaa CUCTEMA BCEM CUIAMM MbITAETCA HaM
nomoub (page cache, read-ahead ...etc) a mbi 4O/IKHDbI
nomoub en ( ncnonbsymte fadvice, ecnun 3HaeTe, Kak byaete
paboTaTtb Cc hpannom)

> Wcnonb3yiTe FileChannel - oH nyywe yem File(l/O)Stream u
RandomAccessFile

> Cneaunte 3a ammutamm (mmap limit, open files limit ...etc)

-
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Q&A

Dmitriy Govorukhin
dmitriy.govorukhin@gmail.com
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