[louemy IDE nomaeTcs
n3-3a 0AHOUN OLLNOKM

N KaK NOHATb, XOPOLUUN N
Yy Hee error-recovery

Q Onsa bauuwe



OpgHa ownbka — KpacHoe okHo IDE

f© T.java = : Problems File 15 Project Errors Qodana Al Self-Rev
package org.example; 015 45 ~ ~ @
. . . - . . %\T'ava ' carcibha ag P arte o
import java.nio.file.StandardCopyOption; = 1 -l Cla (Ll A AR SR LR

© Package statement is not allowed in compact source files :1
@SuppressWarnings("nls") nousages © Modifier 'private' not allowed here &
public T { 0 ;' expected £

0 ) expected ¢

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ © Cannot resolve symbol 'option’ :&
switch (option) { a

case ATOMIC_MOVE:

© Unexpected token :£

© Unexpected token :£

break;

| © Not a statement £

1 © Cannot resolve symbol "option' :9
© Cannot resolve symbol '"ATOMIC_MOVE" :1C

public void b() throws Exception { O Modifier 'public’' not allowed here :1:

Runnable r = () -> { . 0 ;' expected :1°

}; © Expression expected :1-
I © Unexpected token :1-

19 }I © Not a statement 15



[1lnaH gpoknaga

* Owunbkn rmaszamu paspaboTymka



[1lnaH gpoknaga

* Owunbkn rmaszamu paspaboTymka

* [apcep n AST: ckpbITbit pyHaameHT IDE



[1lnaH gpoknaga

* Ownbkum rnasamm paspaboTtynka
* [apcep n AST: ckpbITbit pyHaameHT IDE

« 3ayem 310 Al-areHTam



[1lnaH gpoknaga

* Owunbkn rmaszamu paspaboTymka

* [apcep n AST: ckpbITbit pyHaameHT IDE

« 3ayem 310 Al-areHTam

 Kakune cyLuecTByloT napcepsbl ans Java



[1lnaH gpoknaga

* Owunbkn rmaszamu paspaboTymka

* [apcep n AST: ckpbITbit pyHaameHT IDE

« 3ayem 310 Al-areHTam
« Kakue cywecTByloT napcepbl anga Java

 Error recovery: Kak NnOHMMaTb CIIOMaHHbIN KO



[1lnaH gpoknaga

Owunbkm rnazamm paspaboTymka

[Tapcep n AST: ckpbITbi yHOameHT IDE

3ayem aT1o Al-areHTam

Kakne cyllecTBytOT napcepbl ansa Java

Error recovery: kak NOHMMaTb CNOMaHHbLIN KO4

MO>XHO N1 N3MEpPUTb Ka4eCTBO Error recovery



O6 aBTOpE

* LLM-uHxeHep B komaHae Al-areHtos 2[ IC
* bonble 2x net paspabatbiBana IDE

« AcnupaHt HAY UTMO

- [lpenogato opmMarbHble SA3bIKM



OLWmnbKu rnazamu
pa3paboTymnka

Uero mbl oxkmgaem oT OLLnNOOK
npu pa3paboTke u oTnagke



IneanbHoOe BOCCTAHOBIIEHUE MNOCIE
OLMOOK

class T {
void ()

System.out.println(“x");

} .
void g() {} 1. Hantun

}
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IneanbHoOe BOCCTAHOBIIEHUE MNOCIE
OLMOOK

class T {
void f()
System.out.println(“x");
} o
void g() {} 1. Hantu
} 2. CoobWwnTb

B3 Owwbka: Bbi NPONYCTUNN OTKPbIBAIOLLIYIO
CKODOKY BO 2 CTPOKe.

12



IneanbHoOe BOCCTAHOBIIEHUE MNOCIE
OLMOOK

class T {
void f()
System.out.println(“x");
} _
void g() {} 1. Hantun
} 2. CoobwuTb
B3 Owwbka: Bbi NponNyCTUIN OTKPbIBAIOLLYHO 3. WcnpaButhb

CKODOKY BO 2 CTPOKe.

1 HEABHO eé noacTaBusl, BECb KOO OO0 U NOCHe
B MOMHOM MopsigKe.
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ObpaboTka oLnbOK NOXyxe

eleps 1ol
void £0)
System.out.println(“x");
e
_void_g() ik
}
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ObpaboTka oLnbOK NOXyxe

class T {
- void £O
System.out.println(“x");
_1
: _voia_g() {}

E3 Owmbka: B KoOde Kakasi-To ombka.
cnpaBbTe eé Kak-HMbyab.

15



Y>XacHast obpaboTka oLnboK

class T {
void f()
System.out.println(“x");

¥
void g() {}
¥
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Y>XacHast obpaboTka oLnboK

class T {
void f()
System.out.println(“x");
¥
: void g() {}

Koa B nonHom nopsake! Hukakmx owinbok Her.
[aBan B npoga.

17



KackagHble oLLnOKU

class T {
void ()
System.out.println(*“x");
}
: void g() {}

m OwmnbkKa: Bbl YTO-TO MPOMNYCTUIN NO 2 CTPOKE.

1. Hantu
2. CoobwmnTb
3. «Hcnpasump»

18



KackagHble oLLnOKU

class T {
void ()
System.out.println(*“x");
}
} _void g() {J_

m OwmnbkKa: Bbl YTO-TO MPOMNYCTUIN NO 2 CTPOKE.

Owunbka: Ha CTpoke S5 HedonycTUMMo
B3 vcnonbsosarts “void”

Hantu
CoobwunTb
«Hcnpasump»
«Haumuy»
«Coobwumsb»
«Hcnpasump»
«Haumuy»

NoOoabkowbd-=

EOF

19



[TponylieHa ogHa ckobka

© Tjava *

package org.example;

Ry Rename usages
public class T {
public static boolean test()
System.out.println();
return true;

AR A e A N AV AR A AR A S gy it

}

1

Ckonbko coobweHumn ot IDE?

20



[TlponyuieHa ogHa ckobka

T.java = E Problems File 4 Project Errors
package org.example; D4 472 ~ ~ @ IE
Rs Rename usages T.java C:\Users\bachi\ldeaProjects\cc
public class T { @ {" or'";' expected -
public static beelean-test() )/ missing { r © Cannot resolve symbol ‘printin' :5
System.out.printlniJ; . © Unexpected token 6
return True; 0 'class' or ‘interface' expected :8
L —
L5

Ckonbko coobweHun ot IDE?
4

21



[lobaBneH nuwHum id “beeb”

© Tjava ~

package org.example;
import java.nio.file.StandardCopyOption;

@SuppressWarnings('nls")

public beeb class T {

Ckonbko coobweHun ot IDE?

22



[lobaBneH nuwHum id “beeb”

Problems File = Project Errors C

© Tjava x
package org.example; 0347 ~ v &

F|

L i - L
sl s E=Tal. A F=L 1 -'\-'\-tH.-H--'H.'hl-'\-
s\bachi\ldeaProjects\conci

© Tjava C:\Us
© Annotations are not allowed here :5

(D

import java.nio.file.StandardCopyOption;

@SuppressWarninas("nls") © Cannot resolve symbol 'beeb' :6

public becb_class T { . O Identifier expected :6

Ckonbko coobweHun ot IDE?
3
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[loTepsHO Krn4veBoe CrnoBo class

package org.example;

import java.nio.file.StandardCopyOption;
@SuppressWarnings("nls") nousages
public T {
switch (option) {
case ATOMIC_MOVE:
break;

F

Runnable r = () -> {};

Ckonbko coobweHun ot IDE?

24



[loTepsHO Krn4veBoe CrnoBo class

package org.example;

import java.nio.file.StandardCopyOption;
@SupnreccWarnings("nls") nousages
pub’ic T o

ettt Bttt b

switch 'Ccptions
case ATOMTC MOVE:

break;

1

Runnable r = () -> {};

Ckonbko coobweHun ot IDE?
15

© Package statement is not allowed in compact source files
© Modifier 'private’ not allowed here :8

O ' expected 8

O ') expected 8

© Cannot resolve symbol ‘option’ 28

© Unexpected token 8

© Unexpected token 8

© Not a statement :2

© Cannot resolve symbol ‘option’ :2

© Cannot resolve symbol "ATOMIC_MOVE' :10
© Modifier 'public' not allowed here :14

O '’ expected :14

© Expression expected :14

© Unexpected token :14

© Not a statement :14
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BbiBoa no 6rioky

[Tpn owmbke noeanbHbI MHCTPYMEHT ANs Koga
* Haxoaout ee
* Coobwaet

* lcnpasngaeTt

Ha npakTtuke 31O He Bcerga tak

26



[Touck olmno oK
BHYTPU UHCTPYMEHTOB

aHanu3a Kopga

YTo uleT n ncnpaensdeT owmnbKu



OcHoBa IDE

cxogHbin Ko

a+b*12

KoMnaKTHbIN
— W CTPYKTYPUPOBaAHHbLIN —
BUA

IDE

[loacBeTKa
CUHTaKcuca

[Tonck no cumsony

[lnarHoCcTuku
KayecTBa

ABTOMUCMNpasneHue

28



[1lapcepbl

cxogHbin Ko

a+b*12

napcep
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[1lapcepbl

cxogHbin Ko

a+b*12

napcep

CuHTaKcn4eckoe gepeBo

(AST)

sum

v

a +

mult

12
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[1lapcepbl

CuHTaKcn4eckoe gepeBo
(AST)

cxogHbin Ko

sum
napcep
atb*12 . )
' al |+| | mult




[1lapcepbl

CuHTaKcn4eckoe gepeBo
(AST)

cxogHbin Ko

sum

napcep

atb*12

al |+ mult




[lpumeHeHne AST

* CHTakcu4yeckn aHanums
* KoMnunaTopbl U UHTEpPNpPeTaTopbl
* LLM-nHCTpyMeHTbI Ans Koga

* 3anpocsl K b1

33



OWwmnb0YHbIN KOA

NCXoOHbIN KOoA
C oLunMbKamm napcep

a +((("dsds##b * 12




BbiBOA4 No 6MNoKy

* [lapcep npeBpallaeT ucxoaHbin koa B AST

* AST — 310 ocHoBa IDE n gpyrmx nHCTpymMmeHTOB aHanunaa

35



Kak napcepbl

U error-recovery nomMmoraroT
Al-areHTam

3a4yeM HyXeH napcep n AST,

eClln BECb KOO MOXXHO reHepupoBaTb U NCNpaBnATb
c nomowbo LLM



KoooBbin Al-areHT

Vicnpasb KOA

{ [Mon b3OBaTenb}

*Marug lim*
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KoooBbin Al-areHT

/ Al-areHTt

yicnpagb KOP!

il

[ [Mon b3OBaTeJ'Ib]

\

BO Koneuo,
T KoppeKTHblﬁ Kop!

"

PelwweHns
Ha OCHoOBEe
LLM

—_—

ObBs3ka
(harness)

~

/
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Peanun3auuga Al areHTa

OoOBA3Ka

PeweHus
Ha ocHoBe LLM

Dive into Claude Code: The Design Space of Today's and Future Al Agent Systems (Jiacheng Liu and all, 2026)
39



KonoBbin Al-areHT

PeweHun Ha ocHoBe LLM
* BbIOOp MHCTPYMEHTOB
* [[eHepaunsa koga/TekcTa

 [1naHnpoBaHue pellueHns

40



KonoBbin Al-areHT

PeweHun Ha ocHoBe LLM
* BbIOOp MHCTPYMEHTOB
* [[eHepaunsa koga/TekcTa

 [1naHnpoBaHue pellueHns

O0OsA3kKa

« Bannpauua koga

41



PaboTta ¢ KogoBbIM areHToOM

Al-areHT

[MTonb3oBaTenb
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PaboTta ¢ KogoBbIM areHToOM

COop KoHTeKcTa

[MTonb3oBaTenb
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PaboTta ¢ KogoBbIM areHToOM

3 TecTbl +
pan napcep
wop2e

COop KoHTeKcTa

[MTonb3oBaTenb




PaboTta ¢ KogoBbIM areHToOM

COop KoHTeKcTa

Tectbl +

napcep

[MTonb3oBaTenb

TOKEHDbI

LLM

Bpems
AeHbru

45



PaboTta ¢ KogoBbIM areHToOM

COop KoHTeKcTa

Tectbl +
napcep

[MTonb3oBaTenb

LLM

46



PaboTta ¢ KogoBbIM areHToOM

COop KoHTeKcTa

Tectbl +
napcep

LLM

xppewﬂ*bm /

KOO ?

[Monb3oBaTenb
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PaboTta ¢ KogoBbIM areHToOM

\LOD\a
arW3 napcep
A+ ¥2)

COop KoHTeKcTa

Tectbl +

LLM

\ppemﬂbm /

KOO ?

[Monb3oBaTenb
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PaboTta ¢ KogoBbIM areHToOM

Tectbl +

COop KoHTeKcTa

p‘a
nW3 ¥O napcep
ped ¥2)
amoo¥

LLM

[Monb3oBaTenb
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PaboTta ¢ KogoBbIM areHToOM

COop KoHTeKcTa

Tectbl +
napcep

LLM

[Monb3oBaTenb

50



[1noxoe error-recovery B 00BA3Ke

51



[1noxoe error-recovery B 00BA3Ke

COop KoHTeKcTa

Tectbl +

napcep

[Monb3oBaTenb

N

LLM

TOKEHbI
Bpems
AeHbru

52



[1noxoe error-recovery B 00BA3Ke

(0,
TecTbl + “erig My
OLUI'IG Oro
napcep
TOKEHbI
BpeMS
eHbI
COop KoHTeKcTa LLM A
[Monb3oBaTenb
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[1noxoe error-recovery B 00BA3Ke

TecTbl +

napcep
TOKEHbI
Q BpemMs
eHbIM

COop KoHTeKcTa LLM A
WOV,
[Monb3oBaTenb
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[1noxoe error-recovery B 00BA3Ke

3 TecTbl +
N\a“"\ napcep
wope

TOKEHDbI

BpeMms
COop KoHTeKcTa LLM v A
‘/‘ \i\ty) ; ‘.{‘.

' \‘\ ‘-‘p_'

KoppeKTHbIn
K

[Monb3oBaTenb
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[1noxoe error-recovery B 00BA3Ke

3 TecTbl +
pan napcep
wope

TOKEHbI
BpeMs

COop KoHTeKcTa LLM

KoppeKTHbIn

[Monb3oBaTenb

o6



Xopollee error-recovery B 00Bs3ke
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Xopollee error-recovery B 00Bs3ke

TecTbl +

/ napcep

COop KoHTeKcTa LLM

[Monb3oBaTenb




Xopollee error-recovery B 00Bs3ke

TecTbl +
napcep

ABTOMaTN4Yeckoe

COop KoHTeKcTa

ncnpasneHune
owunodok 6e3 LLM

[Monb3oBaTenb

LLM
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Xopollee error-recovery B 00Bs3ke

COop KoHTeKcTa

ABTOMaTN4Yeckoe
TecTbl +
nance ncnpasneHune
pcep oLnook 6e3 LLM
— P

cnpaBrneHHbIn Koa

[Monb3oBaTenb

LLM

60



Xopollee error-recovery B 00Bs3ke

TecTbl +
napcep

COop KoHTeKcTa

ABTOMaTN4Yeckoe
ncnpasneHune
oLnook 6e3 LLM

[Monb3oBaTenb

Tonbko

HeTpuBMarnbHble/
CeEMaHTNYeCcKne oLmnbKu

TOKEHDbI

LLM

BpeMS
NEeHbM
AWMy

61



KonoBbin Al-areHT

PeweHusa Ha ocHoBe LLM

Oo6BA3Ka

 COOp/KOMNAKT KOHTEKCTa

62



Cnoco® 1: NMHEeNHbIN KOHTEKCT

Cpoenan pedakTopuHr Kracca
Program

63



Cnoco® 1: NMHEeNHbIN KOHTEKCT

Cpoenan pedakTopuHr Kracca
Program

3arpyxato cogepxumoe gpauvna
Program.java B kOHTeKCT (lines 1-50 000)...

64



Cnoco® 1: NMHEeNHbIN KOHTEKCT

Cpoenan pedakTopuHr Kracca
Program

3arpyxato cogepxumoe gpauvna
Program.java B kOHTeKCT (lines 1-50 000)...

x KOHTEeKCT nepenosyiHeH, JIMMNTbl Ha HeEAEJ1H0 3aKOHYNJTNCD.

-« %o @a
,D,J'IFI NnpoAoJIXKeHnA pa6OTbI KVIMNTE ELLE ¥y

65



Cnoco0 2: NMHEeMHbIN YaHKNHT

3arpyxato cogepxumoe dpauvrna
Program.java B kOHTeKCT (lines 1-500)

3arpyxato cogepxumoe dpavna
Program.java B kOHTeKCT (lines 501-1000)

66



Cnoco0 2: NMHEeMHbIN YaHKNHT

3arpyxato cogepxumoe dpauvrna
Program.java B kOHTeKCT (lines 1-500)

3arpyxato cogepxumoe dpavna
Program.java B kOHTeKCT (lines 501-1000)

Hy>xeH meTtog doWork. [Nonck no
OVPEKTOPUMN...

3arpyxato cogepxumoe dpavna
Program.java B KOHTeKCT (lines 2030-2500)

67



Cnoco0 2: NMHEeMHbIN YaHKNHT

class T {
void fool() {
bar();
bar();
bar();
}
void bar2() {
bar();
bar();
bar();
}
}

68



Cnoco0 2: NMHEeMHbIN YaHKNHT

class T {
void fool() { « chunk 1
bar();
bar();
bar();
}
void bar2() { «— chunk 2
bar();
bar();
bar();
}
}

«— chunk 3



Cnoco0 3: yaHkuHr no AST

class T {
void fool() {
bar();
bar();
bar();
}
void bar2() {
bar();
bar();
bar();
}
}

CAST: Enhancing Code Retrieval-Augmented Generation with Structural Chunking via Abstract Syntax Tree
(Yilin Zhang and all, 2025) +(1-5)%



Cnoco0 3: yaHkuHr no AST

Class declaration

class T {
void fool() {
id body bar();
L — O\ bar () ;
Func Func bar();
declaration declaration }
void bar2() {
bar();
dy dy bar\();
— . — . bar();
Method Method Method Method }
invocation | | invocation invocation | | invocation }

CAST: Enhancing Code Retrieval-Augmented Generation with Structural Chunking via Abstract Syntax Tree
(Yilin Zhang and all, 2025) +(1-5)%



Cnoco0 3: yaHkuHr no AST

Class declaration

//////\\\\\‘ class T {
_ void fool() {
E body bar();
L —— bar();
Func Func bar();
declaration declaration }
void bar2() {
bar();
dy dy bar();
L T~ L T~ bar();
Method Method Method Method }
invocation | | invocation invocation | | invocation }
chunk 1 chunk 2

CAST: Enhancing Code Retrieval-Augmented Generation with Structural Chunking via Abstract Syntax Tree
(Yilin Zhang and all, 2025) +(1-5)%



Cnoco0 3: yaHkuHr no AST

Class declaration

//////A\\\\\‘ class T {
void fool() {
E body bar‘( ); «— chunk 1
L — bar();
Func Func bar();
declaration declaration I
void bar2() {
bar();
dy dy bar(); «— chunk 2
L T~ L T~ bar();
Method Method Method Method }
invocation | | invocation invocation | | invocation }
chunk 1 chunk 2

CAST: Enhancing Code Retrieval-Augmented Generation with Structural Chunking via Abstract Syntax Tree
(Yilin Zhang and all, 2025) +(1-5)%
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[lpmep — NoncKk MeToaoB Knacca

#LICENSE HEADER ..
#a lot of imports..
class T {
/**JAVADOCS**/
void fool() {
if (x == y){
bar();
}

else {
bar();

}
}
void bar2() {
bar();

bar(); }
}

Surgical precision with AST-based code editing in Kiro (Feb 2026). Kog nnntoctpatnBHbIN!
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[lpmep — NoncKk MeToaoB Knacca

TeKcToBbIM NOAXOA,
(1,309 tokens)

Becb pann — KOHTeKkCT —

Surgical precision with AST-based code editing in Kiro (Feb 2026). Kog nnntoctpaTBHbIn!

#LICENSE HEADER ..

#a lot of imports..

class T {
/**JAVADOCS**/
void fool() {

if (x == y){

}

else {

}
}
void bar2() {
bar();

bar(); }
}

bar();

bar();
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[lpmep — NoncKk MeToaoB Knacca

TeKcToBbIM NOAXOA,
(1,309 tokens)

Becb pann — KOHTeKkCT —

Surgical precision with AST-based code editing in Kiro (Feb 2026). Kog nnntoctpaTBHbIn!

#LICENSE HEADER ..
#a lot of imports..
class T_{

/**JAVADOCS**/
void fool() {

T (x==y){

}

else {

}
1

bar();

bar();

void bar2() {

bar();
bar(); }
}

AST-based
noaxona
(545 tokens)

KOHTeKCT == y3bl
Hy»Horo Tvna u3 AST
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KonoBbin Al-areHT

PeweHusa Ha ocHoBe LLM

Oo6BA3ke

* A3ameHeHUe Koga B NpoeKTe

77



OOHOBNEHME KOOa B MPOEKTe

TekcTOBbLIN NOoAXoA
(361 tokens)

replace (oldCode, newCode)

Surgical precision with AST-based code editing in Kiro (Feb 2026)

/8



OOHOBNEHME KOOa B MPOEKTe

TeKkcTOBbLIW NoAxon AST-based noaxon
(361 tokens) (96 tokens)
replace (oldCode, newCode) replace(node, newCode)

Surgical precision with AST-based code editing in Kiro (Feb 2026)
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IameHeHne Koaa B NPOEKTe

Traditional vs AST-based Engine

LLM calls Output Input
per task tokens tokens
50 1 ",
mm Traditional 800,000 A
[ AST-based 300,000 -
270,957 700,000 -
250,000 A =20.5%
~-34.3% —29.99, 600,000 - N
200,000 A 189,806 500,000 A
150,000 400,000 -
300,000 -
100,000 A
200,000 -
20,000 1 100,000 -
0- 0-
Traditional AST-based Traditional AST-based Traditional AST-based

Surgical precision with AST-based code editing in Kiro (Feb 2026) 80



BbiBOA4 No 6MNoKy

AST akoHoMUT pecypcbl Al areHra:

* COOp KOHTEKCTa (YaHKUHT)
* [lomnck Nno NpoekTy
* [lpoBepKa KOPPEKTHOCTH

* BcraBka koga B NpoeKT

81



[lapcepbl gnAa java

[Oe n kak uckatb napcep, ecnm oH noHagobuncs
[I151 BaLLero npoekTa



Cnocobbl peann3aunmn napcepos

HanucaTtb CreHepupoBaThb
BPYYHYO aBTOMaTU4YECKU

83



PykonncHble napcepsl

if (code[i] == CLASS) {
i++;

return parseClass();

¥

84



PyKonncHble napcepbl

if (code[i] == CLASS) {
i++;

return parseClass();

¥
if (code[i] == INTERFACE) {
i++;

return parselnterface();
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PykonuncHble napcepbil

if (code[i] == CLASS) {
i++;

return parseClass();

}
if (code[i] == INTERFACE) {
i++;

return parselnterface();

// ABHO TMOBTOPUTb AN1A BCEX
KOHCTPYKLMA B A3bIKE

86



PyKonncHble napcepbl

if (code[i] == CLASS) {
i++;

return parseClass(); CyLLeCTBYIOLIME NHCTPYMEHTH!

} . IntelliJ IDEA Parser
if (code[i] == INTERFACE) {

i++; « Javac Parser

return parselnterface(); _ ,
« Janino compiler Parser

87



JavacParser

* Yactb OpendDK (ge-cakto ctaHgapT)
* TecTbl

* Cneundukaumu

Open]DK

88



IntelliJldea Java Parser

TecHo cBa3aH ¢ IDEA

89



IntelliJldea Java Parser

v Y ‘F’siEinaryExpressinn:a +b*12

TecHo cBa3aH ¢ IDEA

boratoe npeacrtasneHue koga — PSl
(Program Structure Interface)

~ W PsiReferenceExpression:a
' PsiReferenceParameterList
W Psildentifier:a
PsiWhiteSpace
W PsiJavaToken:PLUS
PsiWhiteSpace

> W PsiBinaryExpression:b * 12

90



[lapcep-reHepaTopbl

OnuncaHue ga3bika X
(rpammatumka)

91



[lapcep-reHepaTopbl

Onuncanue a3blka X reHepartop

(rpammatumka)

[Mapcep A3blka X

92



[lapcep-reHepaTopbl

* Tree-sitter
ANTLR

* GrammarKit (from JB)

* Bison
Jikespg (JDT)

JavaCC (JavaParser)

93



Tree-sitter: reHepaTop

* Aopo Ha C

® «MNOJIHOEe BOCCTaHOBI1EHUE»
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Tree-sitter: npumeHeHune

* GitHub code navigation

* Al coding assistants

 Cursor, Roo Code, Aider

* Code search / nHoekcbl onga areHToB
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ANTLR

* Apache DSL’s (Spark SQL, Hive)
* Elasticsearch Painless language

* Cypher language tooling
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Jikespg (JDT)

 Eclipse IDE

« LS B VSCode Java extension (RedHat)

» Spring Tools (VSCode, Eclipse)

LS B emax

* javalens-mcp

ECLIPSE
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BbiBoa no 6110Ky:
nonynsapHble napcepbl Ang Java

Ha ocHoBe
PyKonucHble
reHepaTopoB
Intellid IDEA Parser ANTLR
Javac Parser Tree-Sitter

Jikespg
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Buabl BocCTaHOBIEeHUSA

Kak napcep cTpouUT aepeBo Afis ClIOMaHHOro Koaa



Cnocob 1: 0o nepBon OLLMNOKA

sum

a +#{b* 12

100



Cnocob 1: 0o nepBon OLLMNOKA

a +#{{b* 12 : @/l
+
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Cnocob 1: 0o nepBon OLLMNOKA

sum

a+

Hb * 12
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Cnocob 1: 0o nepBon OLLMNOKA

sum

a+

Hb * 12

Error!!
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Cnocob 1: 0o nepBon OLLMNOKA

sum

a+#{{b*12 > |
______ al |+ |Error!
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Cnocob 2: Ha aBpPUCTUKAX

sum

a-t

#i{b * 12
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Cnocob 2: Ha aBpPUCTUKAX

sum
—

a +#{{b* 12

while(error) {
skipAnyExcep(*, +, /, \n)
}
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Cnocob 2: Ha aBpPUCTUKAX

sum

a-t

H#{{b

*12

while(error) {

}

skipAnyExcep(*, +, /, \n)
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Cnocob 2: Ha aBpPUCTUKAX

sum

a-t

H#{{b

*12

while(error) {

}

skipAnyExcep(*, +, /, \n)

mult

&
<«

error

12
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Cnocob 2: Ha aBpPUCTUKAX

a+#{b* 12

sum

mult

<
<

error

12
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Cnocob 2: Ha aBpPUCTUKAX

a+#{b* 12

PykonuncHble napcepsl
GrammarKit
ANTLR (onunoHarsnbHo)

sum

mult

<
<

error

12
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Cnoco0b 3: nokanbHOe BOCCTaHOBIIEeHune

sum

a+#{b* 12
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Cnoco0b 3: nokanbHOe BOCCTaHOBIIEeHune

sum
a +#{b* 12 P
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Cnoco0b 3: nokanbHOe BOCCTaHOBIIEeHune

sum
a +#{b* 12 P

if (error) {
delete() or add() or replace()

}
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Cnoco0b 3: nokanbHOe BOCCTaHOBIIEeHune

a +#{{b* 12

sum

if (error) {

}

delete() or add() or replace()

S I

add id

114



Cnoco0b 3: nokanbHOe BOCCTaHOBIIEeHune

sum Error ‘#' || Error ...

a + #{{b * 12 : :
_____ al [+ |addid
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Cnoco0b 3: nokanbHOe BOCCTaHOBIIEeHune

ANTLR
JDT

sum

a+#{b* 12

Error ‘#

Error ...

add id
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Cnocob 4: nonHoe BOCCTaHOBNEeHue

sum

a+#{b* 12
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Cnocob 4: nonHoe BOCCTaHOBNEeHue

sum

a+#{b* 12

if (error) {
findMin(delete() and add() and replace())

}
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Cnocob 4: nonHoe BOCCTaHOBNEeHue

sum

a+#{b* 12

mult

12
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Cnocob 4: nonHoe BOCCTaHOBNEeHue

sum

mult

a+#{b* 12

TreeSitter (77?)

12
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BbiBO4 no 6MoKy: crnocobbl error-recovery

« [lo nepson onbKuM
* Ha aBpucrtumnkax
« JlokanbHoe

« [nobanbHoe
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HeypoadyHble METPUKN
KayecTBa

Kak nbiTanucb N3MeEPATb BOCCTAaHOBJIEHUE PaAHbLLUE
N Nno4vemMy HU4Yero He nosiyyvymsiocCb



1. Bpy4yHyto

123



2. 1o Buoam gepeBbLEB

cxogHbin Ko

a+b*12

sSum

mult

12
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2. 1o Buoam gepeBbLEB

cxogHbin Ko

a+b*12

mult

sum

mult

12

12
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3. IHCTpyMeHTupoBaHMe anroputma

126



4. KonnyecTBO KackaaHbIX OLLNOOK

Vs

class T {
void f() _ _ _
System.out.println(“x");
}
void g() {1 _
}

~

m Owwnbka: Bbl NponycTunu
OTKPbIBAKOLLYYIO CKOBKY BO 2 CTPOKE.

Ownbka: Ha CTpoke 5 HeaonyCTUMO
ucnonb3osatb “void”
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4. KonnyecTBO KackaaHbIX OLLNOOK

Vs

class T {
void f() _ _ _
System.out.println(“x");
}
void g() {1 _
}

~

Owunbka: Bbl NPONyCcTUNu
OTKPbIBAKOLLYYIO CKOBKY BO 2 CTPOKE.

Ownbka: Ha CTpoke 5 HeaonyCTUMO
ucnonb3osatb “void”

Vs

class T {
void f()
System.out.println(“x");
}
void g() {}
}

He BuXy 3gecb ownbok
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BbiBog no 6noky: kak HE cTouT namepaTtb
KayeCcTBO error-recovery

* BpyuyHnyto
* [lo npepeBbam
* WHCTpymMeHTUpOBaHMEM anroputma

 [lo konNnyecTBYy KackagHbIX OLLIMOOK

129



OOLwune MeTPUKUN KayecTBa

UTo N3MEPUIIN N KaKHUE PeIYyJibTaTbl NMOJTYHNTIU



[laHHbIEe ANs aHanuaa

bluej.org

IDE onsa ctyneHToB

131


https://www.bluej.org/

[laHHbIEe ANs aHanuaa

bluej.org

IDE onsa ctyneHToB

Jlorn ana npenonaBaTeneun
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https://www.bluej.org/

[laHHbIEe ANs aHanuaa

bluej.org

IDE onsa ctyneHToB

Jlorn ana npenonaBaTeneun

Bbibopka Ha java8
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https://www.bluej.org/

[Tapcepbl Ana aHanusa (Toxe ans Javad)

CreHepupoBaHHbIE C MOMOLLbIO:

* Tree-Sitter
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[Tapcepbl Ana aHanusa (Toxe ans Javad)

CreHepupoBaHHbIE C MOMOLLbIO:

* Tree-Sitter
* ANTLR no cneundpukaumn Java8

* ANTLR no ontummnamposaHHou rpammaTuke Java
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[Tapcepbl Ana aHanusa (Toxe ans Javad)

CreHepupoBaHHbIE C MOMOLLbIO:

* Tree-Sitter
* ANTLR no cneundpukaumn Java8
* ANTLR no ontummnamposaHHou rpammaTtke Java

 Jikespg (JDT)

136



[Toaxoa 1. KonnyecTtBo nponyLeHHbIX
OLLUMOOK
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[Toaxopn 1. KonnyecTtBo nponyLeHHbIX
OLLUNOOK

Missed error type distribution(score 1)

not a statement

"' expected

illegal start of expression

array dimension missing

-> expected

class, interface, enum, or record expected
while expected

variable declaration not allowed here

invalid method declaration; return type required Parser
'(* expected Bl Tree-sitter

reached end of file while parsing B ANTLR-Java
<identifier> expected W ANTLR-Java8-spec

Other B JDT-)JLS21

Error type

0 1000 2000 3000 4000 5000
File count
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[Toaxopn 1. KonnyecTtBo nponyLeHHbIX
OLLUNOOK

Missed error type distribution(score 1)
not a statement:

"' expectec

illegal start of expression

array dimension missing
-> expected

§ class, interface, enum, or record expected
e .

= while expected
ut_l variable declaration not allowed here

invalid method declaration; return type required Parser

'(* expected Bl Tree-sitter

reached end of file while parsing BN ANTLR-Java
<identifier> expected DTILS21
Other DT

0 1000 2000 3000 4000 5000
File count
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[Toaxopn 1. KonnyecTtBo nponyLeHHbIX
OLLUNOOK

Missed error type distribution(score 1)

not a statement

"' expectec

illegal start of expression
array dimension missing
-> expecte

Q .
o class, interface, enum, or record expecte
e .
= while expecte
ut_l variable declaration not allowed he
invalid method declaration; return type require Parser

B ANTLR-Java

reached end of file while parsin
<identifier> expecte
Other

B JDT-)JLS21

0 1000 2000 3000 4000 5000
File count
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[logxona 1

OLLNOOK

Tree-sitter n
bbicTpbin ANTRL ' expectec

. KoninyecTtBo nponyLeHHbIX

not a statement

Missed error type distribution(score 1)

Xy)Ke BCGX? illegal start of expression

Error type

array dimension missing
-> expecte
class, interface, enum, or record expecte
while expecte
variable declaration not allowed he
invalid method declaration; return type require
‘(' expecte
reached end of file while parsin
<identifier> expecte
Other

Parser
B Tree-sitter

B ANTLR-Java

e DT-JLS21

0

1000 2000 3000 4000 5000
File count
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[Toaxop 2. CKopocTb

Parsing time

50000 B ANTLR-Java
[ ANTLR-Java8-spec
[ Tree-sitter
40000 @ JDT-JLS21
S 30000+
Q
L]
o
“- 20000
10000
Q02 106 107 108 109 1020

Parsing time(ns, log)
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[Toaxop 2. CKopocTb

Parsing time

50000 EEE ANTLR-Java
[ ANTLR-Java8-spec
[ Tree-sitter
400007 e JDT-JLS21
S 30000+
Q
L]
9
“- 20000
10000
Qo 107 - 108 10° 1010
Parsing time(ns, log)
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[Toaxop 2. CKopocTb

bicTpee obpaboTka

N 60ﬂb|.|Je Parsing time
B ANTLR-Java
NpOonNyLWEHHbIX OLLIMOOK E= ANTLR-Java8-spec
I Tree-sitter
40000- e DT-JLS21
S 30000+
o
|
@
- 20000+
10000
Q05 107 108 1010
Parsing time(ns, log)
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[Toaxop 2. CKopocTb

bicTpee obpaboTka
— DornbLue
NpOonNyLWEHHbIX OLLIMOOK

Parsing time

] I ANTLR-Java

1 ANTLR-Java8-spec
- 0 Tree-sitter

0 JDT-)LS21

400004

[1na Java ckopocCTb
napcepoB, NOJSTy4YeHHbIV

c Tree-Sitter u ANTLR
conocrasuma

Qo 10° 106 107 - 108 10° 1010
RParsing time(ns, log)
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[logxoa 3. bNM3ocTb TEKCTA

NCXOOHbIN KOA

a+#{{b* 12

————

Sum

Error!!
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[logxoa 3. bNM3ocTb TEKCTA

NCXOOHbIN KOA

a+#{{b* 12

Sum

/I\

e

v

\

+

Error!!
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[logxoa 3. bNM3ocTb TEKCTA

NCXOOHbIN KOA

a+#{{b* 12

Sum

/I\

T

v

\

+

Error!!

BOCCTaHOBJIEHHbIN KO

a + <error>
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[logxoa 3. bNnM3ocTb TEKCTA

5 Similarity Score Similarity Score
—— ANTLR-Java —— ANTLR-Java
al T ANTLR-Java8-spec 401 ANTLR-Java8-spec
S | —— Tree-sitter | S — Tree-sitter
3 | — JDT-JLS21 % 30- JDT-JLS21
£ 31 £
0 / %
L | L
2 2] 2201
)] wn
c c
Q Q
) 1 'y
% e e : . 0 | |
.0 0.2 0.4 0.6 0.8 0.96 0.98 1.00
Similarity Score Similarity Score
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[logxoa 3. bNnM3ocTb TEKCTA

stimation

CoBceM He

NMNOXOXH

Similarity Score

Similarity Score

ANTLR-Java
ANTLR-Java8-spec
Tree-sitter
JDT-JLS21

I
o

| —— ANTLR-]Java8-spec

iaN

| — JDTLS21

w
o

w

N
o

Density Estimation

[
o

—— ANTLR-Java

—— Tree-sitter

OyeHb NoOXOXK

Similarity Score

0.96 0.98 1.00
Similarity Score
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[logxoa 3. bNnM3ocTb TEKCTA

5 Similarity Score Similarity Score
—— ANTLR-Java —— ANTLR-Java
al T ANTLR-Java8-spec 401 ANTLR-Java8}spec
S | — Tree-sitter 5 — Tree-sitter
S | — JDT-JLS21 Ir' ® 30/ — JDT-JLS21
£ 3 |-
0 | I
L f L
22/ / 20
0 0
- -
Q Q
“1 10 /
20 02 6 0 ° o '
.0 0.2 0.4 0.6 0.8 0.96 0.98 1.00
Similarity Score Similarity Score
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[logxoa 3. bNnM3ocTb TEKCTA

5 Similarity Score Similarity Score
—— ANTLR-Java —— ANTLR-Java
4l ANTLR-Java8-spec 401 ANTLR-Java8}spec
S | —— Tree-sitter | S — Tree-sitter
= —— JDT-JLS21 = 30/ —— JDT-JLS21
£ 31 £
0 , %
L L
22 2207
)] wn
c c
Q Q
) 1 'y
%0 02 04 06 08 °" MponyckatloT MHOro oLWNGOK —

Similarity Score TEKCT 6nmxke K UICXoaHOMY
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[logxoa 3. bNnM3ocTb TEKCTA

5 Similarity Score Similarity Score
—— ANTLR-Java —— ANTLR-Java
4l ANTLR-Java8-spec 401 ANTLR-Java8-spec
S | —— Tree-sitter 5 — Tree-sitter
@ _| — JDTJLS21 .r' %30 — JDTLS21
Ep |-
0 | 0
L f L
2P / 220
)] n
- -
Q Q
O ] o 10 //
.0 0.2 0.4 0.6 0.8 0.96 0.98 1.00
Similarity Score Similarity Score
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[logxoa 3. bNnM3ocTb TEKCTA

Similarity Score Similarity Score

—— ANTLR-Java —— ANTLR-Java
—— ANTLR-Java8-spec ANTLR-Java8-spec
—— Tree-sitter —— Tree-sitter

—— JDT-JLS21 JDT-JLS21

I
(@]

w
o

N
o

Density Estimation
Density Estimation

[
o

0.96 0.98 1.00
CTporu K rpaMMaTuke — Similarity Score

CUJIbHO NCKa>XakT TEKCT
154



BbiBOAbI

 [lapcep — dpyHaameHT IDE n Al coding tools
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BbiBOAbI

 [lapcep — dpyHaameHT IDE n Al coding tools

« XOpOLLUNK error recovery 3KOHOMUT BpeMs pa3paboTyuka,
a B Al-cncrtemax eLie n ToKkeHbl, BPEMSA N OEHbMN
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BbiBOAbI

 [lapcep — dpyHaameHT IDE n Al coding tools

« XOpOLLUNK error recovery 3KOHOMUT BpeMs pa3paboTyuka,
a B Al-cncrtemax eLie n ToKkeHbl, BPEMSA N OEHbMN

« XOopoLwinn reHepaTop = xopowinn napcep
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BbiBOAbI

 [lapcep — dpyHaameHT IDE n Al coding tools

« XOpOLLUNK error recovery 3KOHOMUT BpeMs pa3paboTyuka,
a B Al-cncrtemax eLie n ToKkeHbl, BPEMSA N OEHbMN

« XOopoLwinn reHepaTop = xopowinn napcep

* /lneanbHON METPUKU HET

158



Ecnn HyXXeH napcep B NPOEKT

EcTtb roa B 3anace”?
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Ecnn HyXXeH napcep B NPOEKT

Het EcTb rog B 3anace?

OTO KpUTUYHASA YacTb
NPUITOXKEHNA?
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Ecnn HyXXeH napcep B NPOEKT

Het EcTb rog B 3anace?

OTO KpUTUYHASA YacTb
NPUITOXKEHNA?
HeT

Bbl ntobute
cTpagaHua?
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Ecnn HyXXeH napcep B NPOEKT

Het EcTb rog B 3anace?

OTO KpUTUYHASA YacTb
NPUITOXKEHNA?
HeT

Bbl nrobute

cTpagaHua?
aa

Tree-Sitter
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Ecnn HyXXeH napcep B NPOEKT

Het EcTb rog B 3anace?

OTO KpUTUYHASA YacTb

NPUITOXKEHNA?
HeT
Bbl ntobute
cTpagaHua?
HeT aa
ANTRL Tree-Sitter
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Ecnn HyXXeH napcep B NPOEKT

Het EcTb rog B 3anace?

OTO KpUTUYHASA YacTb

NPUITOXKEHNA?
HeT
aa
Bbl ntobute
cTpagaHua?
HeT aa
OnTummnaunpymnre

ANTRL Tree-Sitter rpamMmmaTuky
reHepaTtopa
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Ecnn HyXXeH napcep B NPOEKT

Het EcTb rog B 3anace?
aa
OTO KpUTUYHASA YacTb
NPUITOXKEHNA?
HeT
?
na EcTb OeHbrn’
Bbl ntobute
cTpagaHua?
HeT Oa
OnTummnaunpymnre
ANTRL Tree-Sitter rpamMmmaTuky
reHepartopa
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Ecnn HyXXeH napcep B NPOEKT

Het EcTb rog B 3anace?

OTO KpUTUYHASA YacTb

NPUITOXKEHNA?
HeT
aa
Bbl ntobute
cTpagaHua?
HeT aa
OnTummnaunpymnre

ANTRL Tree-Sitter rpamMmmaTuky
reHepaTtopa

aa

Ectb aeHbrn?

Hanmmunte
cneua
Nno napcepam
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Ecnn HyXXeH napcep B NPOEKT

HeT EcTb rog B 3anace?
aa
OTO KpUTUYHASA YacTb
NPUNoOXeHnA?
HeT
aa
Bbl ntobute HeT
cTpagaHua?
HeT Oa
OnTumusnpynte CTtaHbTe
ANTRL Tree-Sitter rpamMmmaTuky crneLom no
reHepartopa napcepam

Ectb aeHbrn?

Hanmmunte
cneua
Nno napcepam

167
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Bpemsa onga BonpocoB

[loyemy IDE nomaemcs u3-3a o0OHoU owUubKu
U KaK rMoHsamb, xopowuu riu y Hee error-recovery?

Onga bauuwe
bachisheo@yandex.ru
tg: @bachisheo

tgc: @olya_bach
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