Cepuanusauumsa: 6bICTPO, KOMNAKTHO,
KpoccnaatpopmeHHOo

Bhragnmunp O3epos
GridGain
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3a4a4a

Client Server

HEEE
Person 1 Person




3a4a4a

Client Server

HEEE
Person 1 Person

f ?

model.jar model.jar




3a4a4a

Client Server

Person | e | bytel]

f

model.jar




3a4a4a

Client Server
] smart
Person >
byte|]
¢ + YTeHme nonen bes

model.jar necepmanmn3aunm




3a4a4a
e CBOM ABUXKOK DE3 BHELIHMX 3aBUCUMOCTEN

 J1OCTaTO4YHO ObICTPLIN M KOMMAKTHbIN
e Kpoccnnat@opMeHHbIN

* YTeHune nonen be3 necepmanmlaumm



[1naH
e PaboTta c TMNAamu

e KpoccnnatpopmMeHHOCTb
* MeTaaaHHble
* J1BUXOK

* YteHune nonen 6e3 necepmanmnsaumm



[1naH
e PaboTta c TMNAamu

 KpoccnnatpopmMeHHOCTb
* MeTtagaHHble
* [1BUXOK

* YteHue nonen 6e3 gecepuanmsauum



[1XXeHTenbMeHCKMMN Habop

* llenouncneHHblie Tnnsl (int, long, etc.)
* Maccusbl
* CTPOKMU
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[1XXeHTenbMeHCKMMN Habop

* llenouncneHHblie Tnnsl (int, long, etc.)
* Maccusbl
* CTPOKMU

Bce ocTanbHOe MOX¥HO BblBeCcTU!

11



[Tnwem Int

int val

256
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[Tnwem Int

int val = 256

00000000 00000000 00000001 0OOOOOOO
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[Tnwem Int

int val = 256

00000000 00000000 00000001 00OOOOOOO
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Varint

0000 0000000 0000000 0000010 oOOOOOQOQO
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Varint

0000 0000000 0000000 0000010 0OOOOOO

0000000
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Varint

0000 0000000 0000000 0000010 0OOOOOO

110000000
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Varint

0000 0000000 0000000 0000010 0O0OOOOOO

0000010 110000000
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Varint

0000 0000000 0000000 0000010 0O0OOOOOO

010000010 110000000
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Varint: oTpuuatenbHble 3Ha4YeHUA

27T => 1 6anT
2714 => 2 bauTa
2721 => 3 bauTta
2728 => 4 baunTa

ZANNVANRRVANRVAN

20



Varint: oTpuuatenbHble 3Ha4YeHUA

ZANNVANRRVANRVAN

27 =>
2714 =>
2721 =>
2728 =>

2728 =>

1 6aunT

2 banTa
3 6banTa
4 6anTa

5 6aunT!

21



Varint: 6onbwine 3Ha4YeHuUA

UUID.randomUuid ()
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Varint: 6onbwine 3Ha4YeHuUA

UUID.randomUuid ()

most: 4/733520965880989459
least: -9172651242694326537

23



Varint: 6onbwine 3Ha4YeHuUA

UUID.randomUuid ()

most: 4/733520965880989459
least: -9172651242694326537

20 banT, BMmecTo 16

24



Varint: oTpuuatenbHble 3Ha4YeHUA

-1 => OxFFFFFFFEF => 5 6aut
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Varint: oTpuuatenbHble 3Ha4YeHUA

-1 => OxFFFFFFFEF => 5 6aut

ZigZag encoding:
X = (x << 1) © (x >> 31)
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Varint: oTpuuatenbHble 3Ha4YeHUA

-1 => OxFFFFFFFEF => 5 6aut

ZigZag encoding:
X = (x << 1) ©~ (x >> 31)

-1 => 1 => 0x00000001 => 16awur

27



Varint B8 Apache Ignite

* He mncnosab3yem Ana NoNb30BaTE/IbCKNX
NAHHbIX MO YMOYaHUIO

* Mcnonb3yem A5 MasblX 3HaYeHUN (Hanp.
AJINHA CTPOKM)

28



3anuncb Apyrmx TMNOB
e float -> 1int
* double —-> long

° UUID -> long + long
* Date -> long

29



Maccusbl

dopmaT: ANNHA + COAEPHKMMOE

30



Maccusbl

dopmaT: ANNHA + COAEPHKMMOE

: public void write(int[] arr, DataOutput out)
out.writelnt (arr.length);

for (int 1 = 0; 1 < arr.length; i++)
out.writelInt (arrf[1]);

oY U B W DN

{

31




Maccusbl: nuwem bbICTPO

=
N

O J o U1 & W N+

|_\
o O

—
W

public void write(int[] arr, BinaryOutput out)

: » out.writelnt (arr.length);

out.ensureCapacity(arr.length * 4);

UNSAFE . copyMemory (
arr, [SRC OFFSET],
out.array (), [DEST OFFSET],
arr.length * 4

) ;

out.shift (arr.length * 4);

{
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Maccusbl: nuwem bbICTPO

=
N

O J o U1 & W N+

|_\
o O

—
W

public void write(int[] arr, BinaryOutput out)
out.writelnt (arr.length);

:»out.ensureCapacity(arr.length * 4);

UNSAFE . copyMemory (
arr, [SRC OFFSET],
out.array (), [DEST OFFSET],
arr.length * 4

) ;

out.shift (arr.length * 4);

{
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Maccusbl: nuwem bbICTPO

1: public void write(int[] arr, BinaryOutput out)
2 out.writelnt (arr.length);

3:

4 . out.ensureCapacity(arr.length * 4);
5 .

6: » UNSAFE. copyMemory (

] arr, [SRC OFFSET],

8 : out.array (), [DEST OFFSET],

9: arr.length * 4
10: ) ;
11:
12: out.shift (arr.length * 4);
13: }

{

34



Maccusbl: nuwem bbICTPO

=
N

O J o U1 & W N+

|_\
o O

—
W

public void write(int[] arr, BinaryOutput out)
out.writelnt (arr.length);

out.ensureCapacity(arr.length * 4);

UNSAFE . copyMemory (
arr, [SRC OFFSET],
out.array (), [DEST OFFSET],
arr.length * 4

) ;

:»out.shift(arr.length * 4 ;

J

{
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Maccusbl: nuwem bbICTPO

=
N

O J o U1 & W N+

|_\
o O

—
W

public void write(int[] arr, BinaryOutput out)
out.writelnt (arr.length);

out.ensureCapacity(arr.length * 4);

UNSAFE . copyMemory (
arr, [SRC OFFSET],

» out.array(), [DEST OFFSET],
arr.length * 4

) ;

out.shift (arr.length * 4);

{
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CTPOKM

String s

"Hello"

37



CTPOKM

String s

UTF-16:

= "Hello"

00 48 00 65 00 oc 00 o6c 00 of
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CTPOKM

String s = "Hello"

UTF-16: 00 48 00 65 00 6¢c 00 oc 00 of
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CTPOKM

String s = "Hello"

UTF-16: 00 48 00 65 00 6¢c 00 oc 00 of

UTF-8: 48 65 oc oc of

40



CTPOKM

String s

UTF-8
Cpl251:

= "llpuBeT"

12 Oawnur
6 OamT

41



CtpoKu B Apache Ignite

* [lnwem B UTF-8 No ymon4aHuto

* HapalwmBaem Apyrme KoaMpPOBKM

* dopmat: gamHa (int) + maccue

42



[1naH

PaboTa c Tnammu
KpoccnnatpopmeHHOCTb
MeTagaHHbIe

J1BUXKOK

YTeHne nonen 6e3 aecepmanmsaumm

43



NCcTOYHMKN npobanem

* XeJjieso
e CodT

4.4



Henes3o: endianness

X:

Big endilan:
Little endian:

1

00 00 00 01
01 00 00 0O
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Endianness: nuwem B little-endian

: public void write little(int val, BilinaryOutput out)
out.writelnt (val);

J

O O J o U1 & W N

{
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Endianness: nuwem B little-endian

public void write little(int val, BinaryOutput out)
out.writelnt (val);

J

public void write big(int val, BinaryOutput out) {
val = Integer.reverseBytes (val)

out.writeByte (val);

O O J o U1 & W N

{
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Ecnv He yraganu

OpOXKe 3anncb NPUMUTUBOB™
OpOXKe 3anncb maccmBoB™

T
T

* Kpome byte v bytel]
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Endianness B Apache Ignite

* [lnwem Bceraa B little-endian, Tak Kak oHa
BCTPEYaeTCa Yyalle

 Ecam noTtpebyeTcsa — AaaAMM BO3MOXHOCTb
BbIOMPATh

49



Renes3o: unaligned memory access

IGNITE-1493: Fatal exception is thrown during queue
instantiation when using Ignite with an HP-UX machine

# Problematic frame:
# V. [libjvm.so+0xc7c438] Unsafe SetInt+0xl4c

siginfo:si s1gno=SIGBUS: si errno=0, si code=l1
(BUS ADRALN), si addr=0xfffffffaflOelala?

50



Alignment B Apache Ignite

e [lnwem cnoBamm TO/IbKO HA X886

 [lobanToBas 3aNMCb Ha OCTa/IbHbIX
NAaTOOPMaXx

*  CAMWKOM NECCUMUCTUYHO, MOXKHO
DEeryiMpoBaTb PyYKamm

51



CodT: NICTOYHUKM Npobnem

e MArrnmMeIrn TUIIOB

* dopMaT TUIIOB

52



Unsigned Tmnnbl

Java NET
byte €4————J)p sbyte
byte
short €¢=——————Jp short
ushort
int €$—Pp 1nt
ulnt
long €¢——Pp 1lo0Ong
ulong
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Unsigned Tmnnbl

Java NET
byte €4————J)p sbyte
byte
short €¢=——————Jp short
ushort
int €$—Pp 1nt
ulnt
long €¢——Pp 1lo0Ong
ulong
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Unsigned Tunbl: peweHmns

1) He noaaep»xmeatb unsigned (Thrift)

55



Unsigned Tunbl: peweHmns

1) He noaaep»xmeatb unsigned (Thrift)

2) ManuTtb Ha signed Tun (lgnite, Protobuf)
* ushort -> short
* uint -> 1int
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Unsigned Tunbl: peweHmns

1) He noaaep»xmeatb unsigned (Thrift)

2) ManuTtb Ha signed Tun (lgnite, Protobuf)
* ushort -> short
* uint -> 1int

3) Co3aaTb AONO/IHUTENbHbBIE TUMbI-0DEPTKU

57



[1aTbl

java.util.Date —abcontoTHoe Bpems

58



[1aTbl

java.util.Date —abcontoTHoe Bpems

System.DateTime —Bpema + 1N (DateTimeKind)
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[1aTbl

java.util.Date —abcontoTHoe Bpems

System.DateTime —Bpema + 1N (DateTimeKind)
e AbcontoTHoe (Utc)
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[1aTbl

java.util.Date —abcontoTHoe Bpems

System.DateTime —Bpema + 1N (DateTimeKind)

e AbcontoTHoe (Utc)
* JlokanbHoe (Local)
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[1aTbl

java.util.Date —abcontoTHoe Bpems

System.DateTime —Bpema + Tmn (DateTimeKind)
e AbcontoTHoe (Utc)

* JlokanbHoOe (Local)

* X3 KaKkoe (Unspecified¥*)

* MSDN: “The time represented is not specified as either
local time or Coordinated Universal Time (UTC).”

62



UUID

public void writeUUID (DataOutput out, UUID wval)
out.writelLong (val.getMostSignificantBits ())
out.writelLong (val.getLeastSignificantBits ()

w0 N

)

{

4

63



UUID

Java

Al A2 Bl B2 C1 C2 C3 C4

D1 D2 D3 D4 D5 D6 D7 D8
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UUID

Java

Al A2 Bl B2 C1 C2 C3 C4 | D1 D2 D3 D4 D5 D6 D7 D8

Cl C2 C3 C4 B1 B2 A1 A2 | D8 D7 D6 D5 D4 D3 D2 D1

NET
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UUID

Java

Al A2 Bl1 B2 Cl1 C2 C3 C4 | D1 D2 D3 D4 D5 D6 D7 D8

Cl C2 C3 C4 B1 B2 A1 A2 | D8 D7 D6 D5 D4 D3 D2 D1

NET

66



UUID: pelweHuns

* BbibpaTb oAMH GOPMAT, HO KaKaAa-TO NAaTGOPMa
byaeT B NpourpbiLLe

* [/IAn npocTo NnoaaeprKaTb HECKO/IbKO popmaToB!

67/



[1naH

PaboTa c TMnamu
KpoccnnatpopmeHHOCTb
MeTagaHHble

J1BUXKOK

YTeHne nonen 6e3 aecepmanmsaumm

63



Cepunanunsyem 4yepes JDK

1:
2
3

class MyClass {

}

int val;

69



Cepunanunsyem 4yepes JDK

ObjectOutputStream.writeObject (new MyClass (1)) ;




Cepunanunsyem 4yepes JDK

ObjectOutputStream.writeObject (new MyClass (1))

4

74 6anTal
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Cepunanunsyem 4yepes JDK

ObjectOutputStream.writeObject (new MyClass (1))

74 6anTal

©© sr +org.devozerov.joker2017. 01 javaser.MyClassT@ @ @@ me( | valxp

72



[epepaem nmeHa K1accoB 1 nonen

+ He TpebyeT Bme

- He kKomnaKTHO!

dTeJl

+ PaboTaeT Ansa Java Bce

>CTBa MN0J1Ib30BaAdTEJIA

N3

- He kpoccnnatopmMeHHO !

/3



Beegem naoeHTUOUKaATOpPDLI

My C._

aAsSS

MyC_

MyC_

ass.valZ2

=> 42

ass.vall => 1

=> 2
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3apaem NAeHTUPUKATOPbI PYKaMu

=
N

=
D

O J oy O dx LW DN+~ -

—
O O

=
OV)

@Typeld(value = 42)
class MyClass {

int vall;
int val2;

void read (Reader reader) {
vall = reader.readInt (1)
val2 = reader.readInt (2)

void write (Writer write) {
write.writeInt (1, wall);
write.writeInt (2, wal2);

°
14
°
14
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3apaem NAeHTUPUKATOPbI PYKaMu

+ KOMMNaKTHO
+ KpoccnanatopmMeHHO

- HeynobHo!

76



KaK creHepuposBaTb |ID B Knactepe?

* Pykamm — xKenes3obeToHHO, HO CTpaJaeT user
experience

77



KaK creHepuposBaTb |ID B Knactepe?

* Pykamm — xKenes3obeToHHO, HO CTpaJaeT user
experience

* [leHTpa/IM30BaHHO — C/IOXKHO, HY*eH
oersistence

78



KaK creHepuposBaTb |ID B Knactepe?

* Pykamm — xKenes3obeToHHO, HO CTpaJaeT user
experience

* [leHTpa/IM30BaHHO — C/IOXKHO, HY*eH
oersistence

* Hashing — nerko, HO MOryT ObITb KOINU3UU

/9



KaK creHepuposBaTb |ID B Knactepe?

* Pykamm — xKenes3obeToHHO, HO CTpaJaeT user
experience

* [leHTpa/IM30BaHHO — C/IOXKHO, HY*eH
oersistence

* Hashing — nerko, HO MOryT ObITb KOINN3UM

30



NoeHTudmKaTopbl B Apache Ignite

org.package.MyClass
Vv

Class.getName ()
V

String.hashCode ()
V

[TYPE ID]

31



NoeHTudmKaTopbl B Apache Ignite

* lcnonb3lyem String.hashCode(), bykBasbHO!
* MoXXHO nepeonpeaenmTb B C/Iy4ae KOAIU3UNA

e XpaHUM NPAMON N 0OPATHbIM Mapping B
Knacrepe

32



[1naH

PaboTa c TMnamu
KpoccnnatpopmeHHOCTb

MeTagaHHbIe

* [1BNXKOK

YTeHne nonen 6e3 aecepmanmsaumm

33



MexaHn3m cepuanmsaumnm

class Person implements Serializable {
private String name;
private int age;

W N

Kak cepnaaini3oBaTb AAaHHbIN Kaacc?

34



Reflection

1: class ClassDescriptor {
Collection<FieldDescriptor> fields;

85



Reflection

1: class ClassDescriptor {

void write (Object obj,

Collection<FieldDescriptor> fields;

BinaryOutput out)

2
3
4
D: for (FieldDescriptor field : fields)
6
7
8

{
{

36



Reflection

1: class ClassDescriptor {

2 Collection<FieldDescriptor> fields;

3

4 void write (Object obj, BinaryOutput out) {
5: for (FieldDescriptor field : fields) {
o: switch (field.getType()) {

7 case INT:

8 int val = field.getInt (obj);
9 out.writelnt (val);
10: break;
11:
12 }
13: 1
14 : }
15: }




Reflection

1: class ClassDescriptor {

2 Collection<FieldDescriptor> fields;

3¢ Utepaums!

4 . void write (Object obj, BinaryOutput out) {
5 mp for (FieldDescriptor field : fields) f{
o: switch (field.getType()) {

7 case INT.:

8 int val = field.getInt (obj);
9: out.writelnt (val);
10: break;
11:
12 }
13: 1
14 : }
15: }




Reflection

1: class ClassDescriptor {
2 Collection<FieldDescriptor> fields;
31 Urepauyms!
4 . void write (Object obj, BinaryOutput out) {
5 mp for (FieldDescriptor field : fields) f{
6 »switch (field.getType ()) {
’* YcnosHbliit case INT: | |
8 : int val = field.getInt (obj);
9. oneparop! out.writelInt (val) ;
10: break;
11:
12: }
13: 1
14 : }
15: }




Reflection

1: class ClassDescriptor {
2 Collection<FieldDescriptor> fields;
31 Urepauyms!
4 . void write (Object obj, BinaryOutput out) {
5 mp for (FieldDescriptor field : fields) f{
6 »switch (field.getType ()) {
7 YenoBHbIN case INT: Reflection!
8 : » int val = field.getInt (obj);
9. oneparop! out.writeInt (val) ;
10: break;
11:
12:
13: 1
14 : }
15: }
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Reflection

1: class ClassDescriptor {
2 Collection<FieldDescriptor> fields;
31 Urepauyms!
4 . void write (Object obj, BinaryOutput out) {
5 mp for (FieldDescriptor field : fields) f{
6 »switch (field.getType ()) {
7 YenoBHbIN case INT: Reflection!
8 : int val = field.getInt (obj);
9: oneparop! : out.writelnt (val);
1U: break; Mposepka rpaHuy!
11:
12:
13: 1
14 : }
15: 1}

91



Reflection

+ HMKaKMX 4eNCTBUMN CO CTOPOHbI MO/1Ib30BaTENSA

- He cambin BbICTPbIM NOAXOA

92



Cepunanmsyem pykamu

class Person implements Serializable {
private String name;
private int age;

volid writeBinary (BinaryWriter writer)
writer.writeString (name) ;
writer.writelnt (age) ;

W W w w w w N

{
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Cepunanmsyem pykamu

class Person implements Serializable {
private String name;
private int age;

volid writeBinary (BinaryWriter writer)
. writer.writeString (name) ;

writer.writelnt (age) ;
} NMpoBepKa rpaHuy!

W W w w w w N

{

94



Cepunanmsyem pykamu

+ bbICTpee

- Boilerplate
- He BCceraa MOXXHO MeHATb MOAE/b

95



RoaoreHepauus

1: class MyClassDescriptor implements ClassDescriptor {
2 volid write (Object obj, BinaryOutput out) {

3: MyClass obj0 = (MyClass)obj;

4

5: »int maxLen = 4 * obj0.name.length() + 4 + 4;
0 :

7

8 :

9 ¢
10
11: }
12: }

96



RoaoreHepauus

1: class MyClassDescriptor implements ClassDescriptor {
2 volid write (Object obj, BinaryOutput out) {

3: MyClass obj0 = (MyClass)obj;

4

5: int maxLen = 4 * obj0O.name.length() + 4 + 4;
0 :

7 » out.ensureCapacity (maxLen) ;

8 :

9 ¢
10
11: }

|_\
N
——




RoaoreHepauus

1: class MyClassDescriptor implements ClassDescriptor {
2 volid write (Object obj, BinaryOutput out) {

3: MyClass obj0 = (MyClass)obj;

4

5: int maxLen = 4 * obj0O.name.length() + 4 + 4;
0 :

7 out.ensureCapacity (maxLen) ;

8 :

9 ¢ out.writeStringUnsafe (obj0.name) ;
10: » out.writeIntUnsafe (obj0.age);
11 }

|_\
N
——




[Mpumep: protobuf optimize for

Person [name, age]

99



[Mpumep: protobuf n onuuna “optimize for”

Person [name, age]

CODE SIZE (reflection)
=> 2.7M ops/sec (write)
=> 5.4M ops/sec (read)
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[Mpumep: protobuf n onuuna “optimize for”

Person [name, age]

CODE SIZE (reflection)
=> 2.7M ops/sec (write)
=> 5.4M ops/sec (read)

SPEED (codegen)
=> 13.5M ops/sec (write)
=> 18.2M ops/sec (read)

101



RoaoreHepaumna B Ignite

* Compile time — oTkazanucy, HeyaobHO

102



RoaoreHepaumna B Ignite

* Compile time — oTkazanucy, HeyaobHO

e Runtime — 0TKa3a/1InCb, CZIOXKHO

(V)
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RoaoreHepaumna B Ignite

* Compile time — oTkazanucy, HeyaobHO

* Runtime — 0TKa3asnCb, eAHHS HE HYKHO
Tekyllen ckopoctn xgataet  \ (V) /

104



[1naH
e PaboTta c TMNnamm

 KpoccnnatpopmMeHHOCTb
* MeTtagaHHble
* JIBUXOK

* YteHne noneun 6bes aecepmanmsaumm
105



YTeHne nonen 6es necepmanmsaumm

Ham HYXHa A/IMHa noaa!

106



HauBHbIN popmaT
[ID| LENGTH | VAL]

107



HanBHbIM popmaT
[ID | LENGTH | VAL]

ID — naeHTnomKaTop nonqa (4 bawmta)
LENGTH — nnvda nona (1-4 bawnTa)

108



HanBHbIM popmaT
[ID 1|LENGTH 1|VAL 1][ID 2|LENGTH 2|VAL 2]

ID — naeHTnduKaTop nona (4 bawmra)
LENGTH — nnvda nona (1-4 bawnTa)

109



HanBHbIM popmaT
[ID 1|LENGTH 1|VAL 1][ID 2|LENGTH 2|VAL 2]

ID — naeHTnduKaTop nona (4 bawmra)
LENGTH — nnvda nona (1-4 bawnTa)

- Bpemsa noncka O(N)!
- Tepaem mecto Ha ID (4 banTa Ha none)

110



Cxema
[SCHEMA] [LENGTH 1|VAL 1] [LENGTH 2 |VAL 2]

111



Cxema
[SCHEMA] [LENGTH 1|VAL 1] [LENGTH 2 |VAL 2]

SCHEMA:
"fieldl" -> 1
"field2" -> 2
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Cxema
[SCHEMA] [LENGTH 1|VAL 1] [LENGTH 2 |VAL 2]

SCHEMA:
"fieldl" -> 1
"field2" -> 2

- OnucbiBaeT NOPALKOBbIE HOMeEPa NoAen
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Cxema
[SCHEMA] [LENGTH 1|VAL 1] [LENGTH 2 |VAL 2]

SCHEMA:
"fieldl" -> 1
"field2" -> 2

- OnucbiBaeT NopAAKOBbIE HOMepPa Noaewn
- XPaHWM CXeMbl B K/1acTepe
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Cxema
[SCHEMA] [LENGTH 1|VAL 1] [LENGTH 2 |VAL 2]

SCHEMA:
"fieldl" -> 1
"field2" -> 2

- OnucobiBaeT NopAAKOBblIE HOMEPA NOJIEN
- XPaHWM CXeMbl B K/1acTepe
- Bpemsa nowucka octanocb O(N)!

115



CmeulwieHne BMeCcTo AJINHbLI
[SCHEMA] [OFFSET 1|OFFSET 2] [VAL 1|VAL 2]

SCHEMA:
"fieldl" -> 1
"field2" -> 2
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CmeulwieHne BMeCcTo AJINHbLI
[SCHEMA] [OFFSET 1|OFFSET 2] [VAL 1|VAL 2]

SCHEMA:
"fieldl" -> 1
"field2" -> 2

4
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CmeulwieHne BMeCcTo AJINHbLI
[SCHEMA] [OFFSET 1|OFFSET 2] [VAL 1|VAL 2]

SCHEMA:
"fieldl" -> 1
"field2" -> 2

4 4

1) Monyyaem no3umumto nonsa (O(1))
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CmeulwieHne BMeCcTo AJINHbLI
[SCHEMA] [OFFSET 1|OFFSET 2] [VAL 1|VAL 2]

4

SCHEMA:
"fieldl" -> 1
"field2" -> 2

4 4

1) Monyyaem no3umumto nonsa (O(1))
2) Mytem apudmeTn4eckmnx onepaLmim y3aHaem cMeLLeHmne
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CmeulwieHne BMeCcTo AJINHbLI

[SCHEMA] [OFFSET 1|OFFSET 2] [VAL 1|VAL 2]

4

4

SCHEMA:
"fieldl" -> 1
"field2" -> 2

4 4

1) Monyyaem no3umumto nonsa (O(1))
2) Mytem apudmeTn4eckmnx onepaLmim y3aHaem cMeLLeHmne
3) Mepexoarm no CMeLLeHMto

120



BbiBOAbI
* varint: askoHoMUT mecTto ueHon CPU, He Bceraa onpasaaHoO

 CTpOKM: KOAMPOBKa MMeeT 3HadeHmne, UTF8 Kak default
 KpoccnnatdopmMeHHOCTb: banaHc mexay Naathopmamm
 MeTagaHHble: UAEHTUPUKATOPLI /15 KOMNAKTHOCTU

 KogoreHepauma: yCKOPAET, HO U YCAOXKHAET

121



KOHTaKTbI

@devozerov

http://ignite.apache.org

https://github.com/devozerov/ozerov 2017 joker
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http://ignite.apache.org/

Bonpocobl?



