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MobunbHble OC (2018-2019)

Mobile Operating System Market Share Worldwide
Q1 2018 - Q4 2019
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HarmonyOS 1.0 (First Gen.)

e [lepBblv Ny6nmMuHbIN penns B 2019 roay
e lcnonb3oBanacb nnwb gna TV u loT
e ba3upoBanachb Ha LiteOS

API Initial stable

Name OS version . Latest security patch version (release date)!°! AOSP version
version | release date
HarmonyOS 1.0 | 1.0.0 5 August 9, 2019 | 1.0.1.66 SP3 (October 20, 2020) Android 9 "Pie" (TV)
Legend: Unsupported Supported Latest version Preview version
viTmo

n nTC°¢T VNHCTUTYT MPUKNAGHBIX

KOMMBbIOTEPHbIX HAVK



HarmonyOS 2/3/4 (Second Gen.)

MepBbiv Ny6nmnuHbIN penns B 2021 roay

OC 6b111 AOCTYNHO AN UCNOJIb30BaHME Ha cMapThoHax
basnposanacb Ha AOSP

O6uwee uncno AoCTynHbIX NpunoxxeHnm - 3 500 000+

HarmonyOS Harmegg/OS HarmonyQS &

nuntcodT




AOSP

AOSP (Android Open Source Project) —
oTKpbiTasa Bepcusa Android 6e3 ¢pupMeHHbIX
cepsucosB Google.

B

NHCTUTVYT NPUKNAOHBbIX
KOMMbIOTEPHbIX HAVK

nuntcodT



HMS Core

HMS (Huawei Mobile Services) — anbTepHaTBa GMS v Ca push-notifications
(Google Mobile Services), Bkntoyatowias B cebs: 22 common
> [ scripts
e HuaweilD v Dsrc
° Pusll‘\ Elt ) > [ google [main]
° ,:;Ina TCLCS Ki > [J huawei
° ap Ki
P > [ huaweiDebug
e UT.A
> [J huaweiRelease
> [@ main
@) .gitignore

&2 build.gradle.kts

nuntcodt [ [

NHCTUTVT NPUNKNAOHbBIX
KOMMbIOTEPHbIX HAVK



HongMeng Kernel

1

HongMeng Kernel —
MUKPOSAepHasa apxXmnTeKTypa,
paspaboTaHHas c uenbio
3amMeHnTb AOSP 1 Linux-aapo

2

MpencTtaeneHo B aBrycte 2023 roaa

ViTmMmo
n M nTC°¢T VHCTUTVT NPUNKNAOHBIX

KOMMBIOTEPHbLIX HAVK

OS Services

HongMeng Kernel

Proc.
Mgr.

Idle Thermal
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Core Kernel
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Sched

Device
Driver
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Power
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HoBbie 93bIKU U GPENMBOPKU

1

ArkTS — a3bIK
nporpaMMMUpoBaHniA,
OCHOBAaHHbIN HA CUHTaKcuce
TypeScript

2

ArkTS

= I/iTMO
n M nTc°¢T (&) VHCTUTVT NPUNKNAOHBIX 9
KOMMbIOTEPHbIX HAVK



HoBble A3blK1 1 PPEeNMBOPKU

1

ArkTS — a3blK
nporpaMMMUpoBaHniA,
OCHOBaHHbIM Ha CUHTaKcuce

TypeScript / } Z

2

ArkUIl — peknapaTtmBHbin Ul
dpenmMBOpK

ArkTS

nuntcodpT i LS

NHCTUTVYT NPUKNAOHBbIX
KOMMbIOTEPHbIX HAVK

ArkUl

10



HoBbie 93bIKU U GPENMBOPKU

1

ArkTS — a3blK
nporpamMMmMpPoBaHUN,

OCHOBaHHbIV Ha CUHTaKcKce | |
TypeScript , } A g
2 / ‘

ArkUIl — peknapaTtmBHbin Ul
dpenmMBOpK

ArkTS ArkUI DevEco

3

DevEco — IDE gns paspaboTku
npnoxxeHmn nog HarmonyOS.

Intellid IDEA’s fork

g

ZITMO

VHCTUTYT MPUKNALHBIX "
KOMMBIOTEPHBIX HAVK

nuntcodT |



HarmonyOS 5/6 (Third Gen.)

e [lepBbin Ny6NMUHbIN penns B 2024
roay
e basunposanacb Ha HongMeng Kernel
e lcnonb3yeT HoBble GPENMMBOPKU U
a3biku (ArkTS, ArkUI, Canjie) HarmonyOS NE)XT
e (Obuwee unMcno AoCTYMHbIX —
npunoxeHunn - 20 000+

nuntcodT
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MobunbHbie OC (2024-2025)

Mobile Operating System Market Share Worldwide
Q1 2024 - Q3 2025

._—-—-" \ : Android
22%

19% —— 19%
<. = . X 17% 17%
- 5 18— . eios
oy o 4%, 4% SE; 9% 4%/,

e = =4 ‘e * ‘s eHarmony
1 | | | 1 1 1

Q1 2024 Q2 2024 Q3 2024 Q4 2024 Q12025 Q2 2025 Q32025
3l ViT™MO
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KOMMbIOTEPHbIX HAVK
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AKTYanbHOCTb

1

Mpnno>xeHnm Mano

2

Kntamckmux TypucToB Bce
6onble un 6onblue

ViTmMmo
n M nTC°¢T WNHCTUTVT NPUKNAOHBLIX

KOMMBbIOTEPHbLIX HAVK

KnioyeBad 3agaya - HanMoJsiHeHue
nnatpopmbl HarmonyOS NEXT
Nnonb30BaTe/IbCKUMU NPUITOKEHUAMU

2l \JORNM Android s
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OrnaBneHue
1 KoHTEeKCT n
aKTyanbHOCTb

TpaHcnauusa
6U3HEeC-N0orvKu

Kotlin B ArkTS

MpoTOoTKN U
pes3ynbTaThl

vitTmo
n nTCO¢T VHCTUTYT MPUKIALGHBIX

KOMMbIOTEPHbIX HAVK

O6G30p
CyLLeCTBYHOLMX
pelLueHnn

bubnuoTekn,
dbopMarnbHble
cneundukaummn, SMT

[NlocTaHoOBKa 3aga4n U
obwmnm nogxon

Ul: Jetpack
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15



CyuwecTBylowmne noaxoanbl
NoOpTUPOBAHUA

1 PaspaboTka c Hyns 2| KpoccnnaTtdopma

4 ML/LLM 5 ABTOMaTtTuyeckas
TpaHcnauusa Kkoga

ViTmMmo
n M nTc°¢T VHCTUTVT NPUNKNAOHBIX

KOMMBbIOTEPHbIX HAVK

3

BupTtyanbHoe
OKpY>XeHue

16



CyLLlleCTByI-OLLI.[/]e noaxonaobl Pa3pa6oTka c Hyns
MOPTUNPOBaAHUA

@ — “ToNHbIN KOHTPONL' NPU
HanMcaHun Kkopa
— CyuwecTByloT opuLManbHble
MHCTPYMEHTDI

@ — Honro

— Hy>XHbl KOMaHaa
paspaboTumkoB nop ArkTS } /’

iTMoO
nn rITCOd)T &) NHCTUTVT NPUKIAOHBIX

KOMMbIOTEPHbIX HAVK
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CyuwecTBylowmne noaxoanbl
NoOpTUPOBAHUA

@ — 1 KoA - HEeCKOoNbKOo nnaTt¢oopMm

— EcTb odumuymanbHaga nogoepixkka
ArkUI-X

@ — HeT opumumanbHom noaaep>kku
NonNynsapHbIX UHCTPYMEHTOB

iTMoO
n rITCOd)T NHCTUTYT NPUKNAOHbIX

KOMMBbIOTEPHbIX HAVK

Kpoccnnatdopma

° ovCompose

/\
/\

ARKUI-X

18



CyLLlleCTByI-OI_LI.[/]e noaxonbi BupTyanbHoe
OKpYy)XeHue
MOPTUNPOBaAHUA

@ — 3aTpaTbl Ha aganTauuio Koaa U =
cBefeHbl K MUHUMYMY S5 25518

@ — Mpobnemsbl c
NPOMN3BOANTESNIbHOCTbIO
— Cno)kHee ncnonb3oBaTb HAaTUBHOE
API

S s

iTMoO
n M nTco¢T VHCTUTVT NPUNKNAOHBIX 1 9

KOMMBbIOTEPHbIX HAVK



CywecTByloLwme nogxoabl ML/LLM
NOPTUPOBaAHUS

Mpamon TpaHcnunauum Kotlin > ArkTS He cywecTByeT, a ML-nogxonabl faloT NuLlb
npnénusunTenbHble pe3ynbTaThl 6€3 rapaHTUN KOPPEKTHOCTH.

e Gong, L., Wang, C., Cui, D., Huang, Y., Wei, M. (2024). UlTrans: Seamless Ul Translation
from Android to HarmonyOS. Proceedings of the 16th International Conference on
Internetware.

e Liu R. Lin, Y., Hu, Y. Zhang, Z., Gao, X. (2024). LLM-Based Java Concurrent Program to
ArkTS Converter. 2024 39th |IEEE/ACM International Conference on Automated
Software Engineering (ASE), 2403-2406.

iTMoO
n nTC°¢T NHCTUTYT NPUKNAOHbIX

KOMMBbIOTEPHbIX HAVK
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CyuwecTBylowmne noaxoanbl
MOPTUNPOBaAHUA
[::j — CoxpaHeHune ceMaHTUKN

MCXOAHOro Koaa

— “lNpoBepsseMOCTb’ pesynbTaTa
MnopTUPOBaHUSA

[::j — OTCcyTCTBME aBTOMATU3NPOBAHHOIO
MHCTPYMeHTapus

ViTmMmo
n M nTc°¢T VHCTUTVT NPUNKNAOHBIX

KOMMBbIOTEPHbIX HAVK

ABTOMaTHMUeckKasn
TpaHcnauua koaa

21



OrnaBneHue

O63op
KOHTEKCT U CLECTEY LI NMocTtaHoBKa 3apauu
aKkTyarnbHOCTb piLueHM |7|y u ooWwmn noaxon
TpaHcnaums BU6NMOTEKM, Ul: Jetpack
OU3HEC-NOrmKu dopMarsbHble '
Kotlin B ArkTS cneumdmkaumn, SMT compose B Arey
MpoToTnn ”
pe3ynbTaThl

ViTmo
n M nTco¢T VHCTUTVT NPUNKNAOHBIX 22

KOMMbIOTEPHbIX HAVK



B Hauane 6b1n Android...

Kotlin fun main() {
println("Hello, world!")

}

Android

..

iTMoO
n ” nTc°¢T l VHCTUTVT NPUNKNAOHBIX
) JAVK

KOMMBbIOTEPHbIX H

23



B Hauane 6bin Android...

Kotlin fun main() {
println("Hello, world!")
}
Jetpack Compose @Composable

v

fun HelloWorld() {
Text(text = "Hello, world!")

}

Android

..

nuntcodpT i LS

NHCTUTVYT NPUKNAOHBbIX
KOMMbIOTEPHbIX HAVK

Jetpack Compose

24



A noToM noasunca HarmonyOS...

export function main(): void

m console.log("Hello, world!")

HarmonyOS NEXXT

= I/iTMO
n M nTc°¢T &y VHCTUTVT NPUNKNAOHBIX

KOMMbIOTEPHbIX HAVK

ArkTS

25



A noToM noasunca HarmonyOS...

ArkTS

ArkUI

HarmonyOS NEXXT

nuntcodpT i LS

NHCTUTVYT NPUKNAOHBbIX
KOMMbIOTEPHbIX HAVK

©

export function main(): void
console.log("Hello, world!")

@ComponentV2
struct HelloWorld
build()
Text("Hello, world!")

26



CpaBHUTENbHbLIN aHaNN3
apXUTEKTYp

Kotlin ArkTS

val counter: Int? = @ let counter: number | null = ©;

iTMoO
n rITCOd)T NHCTUTYT NPUKNAOHbIX

KOMMBbIOTEPHbIX HAVK

Kotlin/ArkTS

27



CpaBHUTENbHbLIN aHaNN3

apXUTEKTYP

Kotlin

val counter: Int? = 0

fun increment(x: Int): Int {
return x + 1

}

iTMoO
n M nTco¢T VHCTUTVT NPUNKNAOHBIX

KOMMBbIOTEPHbIX HAVK

ArkTS

let counter: number | null = ©;

export function increment(x: number): number
return x + 1;

Kotlin/ArkTS

28



CpaBHUTENbHbLIN aHaNN3
apXUTEKTYp

nuntcodT

Kotlin

val counter: Int? = 0

fun increment(x: Int): Int {
return x + 1

}

if (x == "LIPT") {
println("Cool!")

} else if (x == "IPKN") {
println("Wow!")

} else {
println("Awesome :)")

}

ViTmMO

NHCTUTVYT NPUKNAOHBbIX
KOMMbIOTEPHbIX HAVK

ArkTS

let counter: number | null =

export function increment(x: number): number

return x +

.
J

if (x == "LIPT")
console.log("Cool!")
else if (x == "IPKN")

console.log("Wow!")
else

console.log("Awesome

")

)

Kotlin/ArkTS

29



CpaBHUTENbHbLIN aHaNN3

apXUTEKTYP

Kotlin

val counter: Int? = 0

fun increment(x: Int): Int {
return x + 1

if (x == "LIPT") {
println("Cool!")

} else if (x == "IPKN") {
println("Wow!")

} else {
println("Awesome :)")

nuntcodpT i LS

NHCTUTVYT NPUKNAOHBbIX
KOMMbIOTEPHbIX HAVK

ArkTS

let counter: number | null =

J

export function increment(x: number): number
return x +

.
)

if (x == "LIPT")
console.log("Cool!")
else if (x == "IPKN")
console.log("Wow!"™)
else

console.log("Awesome :)")

Kotlin/ArkTS

TpaHcnauusa 6a30BbixX

KOHCTPYKLUM

30



CpaBHUTENbHbIN aHaNMU3 -
APXUTEKTYP

Kotlin ArkTS

val counter: Int? = 0 let counter: number | null =

J

fun increment(x: Int): Int { export function increment(x: number): number TpaHcnauns 6asosebix
KOHCTPYKLMI
return x + 1 return x + 1;
}
if (x == "LIPT") { if (x == "LIPT")
println("Cool!") console.log("Cool!")
} else if (x == "IPKN") { else if (x == "IPKN")
println("Wow!") console.log("Wow!™)
} else { else o TpaHCcnAUNS BbI3OBOB
console.log("Awesome :)"
println("Awesome :)") g("Aw )") Brbnmorex
}
ViTmMO
nMnTco¢T 4 NHCTUTVT NPUNKNAOHbBIX

KOMMbIOTEPHbIX HAVK
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CpaBHUTENbHbLIN aHaNN3
apXUTEKTYp

Jetpack Compose
@Composable @ComponentV2
fun AnyComponent() { struct AnyComponent
build()
}
viTmo
n M nTco¢T NHCTUTVT NPUNKNAOHbBIX

KOMMBbIOTEPHbIX HAVK

ArkUI

Jetpack Compose/ArkUlI

32



CpaBHUTENbHbLIN aHaNN3

apXUTEKTYP

nuntcodT

Jetpack Compose

@Composable
fun AnyComponent() {

}

Button(onClick = { counter++ }) {
Text("Add")

¥

.
ITVIO

NHCTUTVYT NPUKNAOHBbIX
KOMMBbIOTEPHbIX HAVK

ArkUI

@ComponentV2
struct AnyComponent
build()

Button("Add")
.onClick(() => this.counter++;

)s

Jetpack Compose/ArkUlI

33



CpaBHUTENbHbLIN aHaNN3

apXUTEKTYP

Jetpack Compose

@Composable
fun AnyComponent() {

Button(onClick = { counter++ }) {
Text("Add")

var counter by remember { mutableStateOf(@) }

nunTcodpT ITMIOo

NHCTUTVYT NPUKNAOHBbIX
KOMMBbIOTEPHbIX HAVK

ArkUI

@ComponentV2
struct AnyComponent
build()

Button("Add")
.onClick(() => this.counter++; });

@State counter: number =

J

Jetpack Compose/ArkUlI

34



CpaBHUTENbHbLIN aHaNN3

apXUTEKTYP

Jetpack Compose

@Composable
fun AnyComponent() {

Button(onClick = { counter++ }) {
Text("Add")

var counter by remember { mutableStateOf(©) }

nunTcodpT ITMIOo

NHCTUTVYT NPUKNAOHBbIX
KOMMBbIOTEPHbIX HAVK

ArkUI

@ComponentV2
struct AnyComponent
build()

Button("Add")
.onClick(() => { this.counter++; });

@State counter: number = 0;

Jetpack Compose/ArkUlI

TpaHcnauua Ul

35



[MpennaraeMbi noaxon

1

TpaHcnauua 6a3oBbiX S | - |
KOHCTpyKUMii (Kotlin > ArkTS) (:> —> % —> /w

2

e 1B o B R
3

TpaHcnsauus Ul 0:> @/m — //'

iTMoO
n M nTco¢T VHCTUTVT NPUNKNAOHBIX 36

KOMMbIOTEPHbIX HAVK



OrnaBneHue

1 KoHTEeKCT n
aKTyanbHOCTb

TpaHcnauusa
6U3HeC-N1I0ruKu

Kotlin B ArkTS

MpoToTnn ”
pesynbTaThl

ViTmo
n M nTco¢T VHCTUTVT NPUNKNAOHBIX

KOMMbIOTEPHbIX HAVK

2
O

O63op
CYLLECTBYIOLLMX
peLleHnn

bubnuoTekn,
dopManbHble
cneundukaummn, SMT

[NlocTaHoOBKa 3aga4n U
obLwmn noaxon

Ul: Jetpack
Compose B ArkUI
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Kotlin PSI

Program Structure Interface (PSI) — 570 cnod, oTBeyarowul 3a aHaAU3 MpocTbiMn cnoBaMu: “CuHTaKcu4ecKoe
¢alizioB u co30aHUE CUHTAKcuYecKol u ceMaHTu4Yeckol Modesiu Koaa, depeBo, roe Ka>kooMy 3/1eMEeHTy Kooa
KoTopas obecneqyuBaeT MHorue pyHKLUU rnaaT@dopMeil. COOTBETCTBYeT BeplwuHa rpapa’

KtElement

e

KtFile KtTypeElement | | KtExpression
| KtDeclaration KtOperationExpression KtCallExpression KtBlockExpression
KtClassOrObject KtFunction KtVariableDeclaratior KtUnaryExpression KtBinaryExpression

iTMoO

nm rITCOd)T (5] VIHCTUTYT NPUKNAGHBIX

KOMMbIOTEPHbIX HAVK

38



TpaHcnaumMsa ncxoaHoro Koaa.

Kotlin — PSI

[na aHann3a NMcxogHoro
Koaa ncnonb3yetcsa PSI
(Program Structure
Interface), popmMupyemsoin
yepes Kotlin Analysis API.

iTMoO

nuntcodT

NHCTUTVYT NPUKNAOHBbIX
KOMMbIOTEPHbIX HAVK

@ analysis-api Pubic

23

main ~ ¥ 3Branches © 0 Tags

o yanex Update the Writerside version v

M .github/workflows Update the Writerside version

M Writerside Make the Analysis APl more robot-friendly

.idea Initial commit
LICENSE Add README and LICENSE
README.md Clarify README

README &8 Apache-2.0 license

Kotlin Analysis API Guide

JetBrains [official| License Apache 2.0

ab59b72 - 3 months ago

© Watch 8 ~

@ 33 Commits

3 months ago
2 years ago
3 months ago
2 years ago

2 years ago

7

% Fork 7 - Yy Star 21

About
Kotlin Analysis APl Documentation
@ kotl.infanalysis-api

Readme
Apache-2.0 license

Activity
21 stars

8 watching

m

Liid

J\,-

= Custom properties
L

@

% 7 forks

Report repository
Contributors 7

Deployments 23

39



TpaHcnaumMsa ncxoaHoro Koaa.

Kotlin — PSI

O6xop PSI BoinonHsaeTcs oT kopHeBoro y3na KtFile,
nanee obpabaTbiBalOTCA Knacchl, PyHKLNN,
Bblpa)keHUS 1 aeKnapauun.

fun main() {

val x = 10

println(x)

.
ITVIO

NHCTUTVYT NPUKNAOHBbIX
KOMMBbIOTEPHbIX HAVK

nuntcodT

PSI Tree

KtFile
KtNamedFunction (fun main() {...})
KtModifierList
KtIdentifier (main)
KtParameterList (())
KtBlockExpression ({...})
KtProperty (val x = 10)
KtModifierlList
KtIdentifier (x)
KtTypeReference (null)
KtEquals (=)
KtConstantExpression (10)
KtCallExpression (println(x))

40



TpaHcnaumMsa ncxoaHoro Koaa.
PS|I — ArkTS IR

> [8J core

(@ ArkTsAbstractFunctionDeclaration

Ha OCHOBe PSl q)OpMmpyeTCﬂ ArkTS |R —_ (& ArkTsBaseFunctionDeclaration
[X ArkTsClassDeclaration.kt
BHYTPEHHEE npeacTaBlieHne, oTpaxatwoulee i

CTpYKTypy 6y,D,yLLl,el7| ArkTS—nporpaMMbl, [X ArkTsEnumDeclaration.kt

(@ ArkTsExecutableBlock

[X ArkTsExpression.kt

[ ArkTsFunctionType.kt

(@ ArkTsGenericTypeParameterList
[X ArkTslInstruction.kt

[X ArkTslInterfaceDeclaration.kt

/x*

* Base contract for every ArkTS AST element.

* Each node should be able to render itself back to ArkTS source code.
*/

interface ArkTsNode { (@ ArkTsMemberFunctionDeclaration

[X ArkTsNamespaceDeclaration.kt
SHH @ ArkTsNode
* Converts this AST node back to ArkTS code representation. @ ArkTsParameterList
*/ (@ ArkTsSealedClassDeclaration
fun render(): String (@ ArkTsStructDeclaration
} (@ ArkTsTopLevelFunctionDeclaration
(@ ArkTsType
(& ArkTsVisibilityModifier
nm nTco¢T viIiTMo (@ DefaultArkTsType

NHCTUTVYT NPUKNAOHBbIX
KOMMBbIOTEPHbIX HAVK




TpaHcnaumMsa ncxoaHoro Koaa.

PS|I — ArkTS IR

ArkTS IR He konupyeT cnHTakcuc Kotlin, a
MoLenumpyeT NporpamMmy B TEPMUHAX
KOHCTPYKUMN ArkTS c y4ETOM pasnunumm
A3bIKOB.

/**
* Represents an identifier usage.
*
* Example: val a = b + 1;
* b - IdentifierExpression
*/
data class ArkTsIdentifierExpression(
val name: String,
) : ArkTsExpression {

override fun render(): String = name

g
ZITMO

VHCTUTYT MPUKNALHBIX
KOMMBIOTEPHBIX HAVK

nuntcodT

/[*%
* Represents an ArkTS expression wrapped in parentheses.
*
* Example: (1+2), where are all this expression is Parenthesized
*/
data class ArkTsParenthesizedExpression(
val expression: ArkTsExpression,
) : ArkTsExpression {

override fun render(): String {
return buildString {
append(ArKTsTokens.LEFT_BRACKET)
append(expression.render())
append(ArKTsTokens.RIGHT_BRACKET)

42



TpaHcnaumMsa ncxoaHoro Koaa.
PSI — ArkTS IR

ArkTsFile
ArkTsTopLevelFunctionDeclaration
name: main
visibility: export
returnType: ArkTsType(void)
ArkTsParameterlList
(no parameters)
ArkTS IR cny>uT ocHOBOW A9 reHepauum ArkTsExecutableBlock
ntoroeoro ArkTS-kopa. —
isMutable: false
initializer:
ArkTsLiteralExpression
value: "10"
ArkTsExpressionInstruction
ArkTsCallExpression
callee:
ArkTsIdentifierExpression
name: println

arguments:
iTMoO ArkTsIdentifierExpression
n M nTco¢T NHCTUTVYT NPUNKNAOHBbIX hame: X

KOMMBbIOTEPHbIX HAVK

ArkTsVariableDeclarationInstruction

43



TpaHcnauuna ncxoaHoro koga. Data-knacchbl

Kotlin ArkTS

export class Foo
public readonly a: number;

public readonly b: string;

constructor(a: number, b: string)
this.a = a

data class Foo( _—

val a: Int,

public equals(other: object | null): boolean

val b: String,

return other === this || other instanceof Foo &% this.a === other.a && this.b === other.b

public toString(): string
return "Foo(" + "a=" + this.a + ", " + "b=" + this.b + ")"

public copy(a: number = this.a, b: string = this.b): Foo
return new Foo(a, b)

iTMoO

n nTco¢T NHCTUTVYT NPUKNAOHBbIX

KOMMbIOTEPHbIX HAVK




TpaHcnauuna ncxoaHoro koga. Data-knacchbl

Kotlin (.class)

public final class Foo {
private final int a;
@NotNull
private final String b;

public Foo(int a, @NotNull String b) {
Intrinsics.checkNotNullParameter(b, "b");
super();
this.a = a;
this.b = b;

public final int getA() { return this.a; }

@NotNull
public final String getB() { return this.b; }

public final int component1l() { return this.a; }

@NotNull
public final String component2() { return this.b; }

iTMoO
n M nTco¢T VHCTUTVT NPUNKNAOHBIX

KOMMbIOTEPHbIX HAVK

ArkTS

export class Foo
public readonly a: number;

public readonly b: string;

constructor(a: number, b: string)

this.a
this.b

a
b

1
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TpaHcnauuna ncxoaHoro koga. Data-knacchbl

Kotlin (.class) ArkTS

public boolean equals(@Nullable Object other) {
if (this == other) {
return true;
} else if (!(other instanceof Foo)) {
return false;
} else { |

public equals(other: object | null): boolean
return other === this
other instanceof Foo

Foo var2 = (Foo)other; && this.a === other.a
if (this.a != var2.a) { && this.b === other.b

return false;
} else {
return Intrinsics.areEqual(this.b, var2.b);

iTMoO
n M nTco¢T VHCTUTVT NPUNKNAOHBIX

KOMMBbIOTEPHbIX HAVK
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TpaHcnauuna ncxoaHoro koga. Data-knacchbl

ENotNull
Kotlin (.class) public String toString() {
return "Foo(a=" + this.a + ", b=" + this.b + ")";
}
ArkTS public toString(): string | |
return "Foo(" + "a=" + this.a + ", " + "b=" + this.b + ")"

nunTcodpT ITMIOo

VIHCTUTYT NPUKAAQHBIX 47
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TpaHcnauuna ncxoaHoro koga. Data-knacchbl

@NotNull
public final Foo copy(int a, @NotNull String b) {

° Intrinsics.checkNotNullParameter(b, "b");
Kotlin (.class)

return new Foo(a, b);
}

// $FF: synthetic method

public static Foo copy$default(Foo var®, int varl, String var2, int var3, Object var4) {
if ((var3 & 1) !'=0) {
varl = var0.a;

if ((var3 & 2) !'=0) {
var2 = var0.b;

return var@.copy(varl, var2);

public copy(a: number = this.a, b: string = this.b): Foo

ArkTS return new Foo(a, b)

nunTcodpT ITMIOo

NHCTUTVYT NPUKNAOHBbIX
KOMMBbIOTEPHbIX HAVK
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TpaHcnaumMsa ncxoaHoro Koaa.

Sealed-knacchoil
Kotlin

sealed class Result {

data class Success(
val data: String
): Result()

object Failure : Result()

. iTMoO
n M nTc°¢T (&) VHCTUTVT NPUNKNAOHBIX

KOMMbIOTEPHbIX HAVK

ArkTS

export abstract class Result

export namespace Result
export class Success extends Result
public readonly data: string;

constructor(data: string)
super()
this.data = data

export class FailureClass extends Result
constructor()
super()

export const Failure: Result = new FailureClass();

49



TpaHcnauuma ncxogHoro kopa. JiIamMoabl

fun createLambda(): ((String) -> String) -> ((Int) -> Int) -> (Int) -> String {

Kotlin return { stringTransformer ->

{ intTransformer ->
{ value: Int ->

val transformedInt = intTransformer(value)

val base = "value=$value, transformed=$transformedInt"
stringTransformer(base)

F

export function createLambda(): (p8: (pB: string) => string) => (p@: (p@: number) => number) => (pO:
return (stringTransformer) =>
ArkTs return (intTransformer) =>
return (value) =>
const transformedInt = intTransformer(value);
const base = “value=${value}l, transformed=${transformedInt}";
return stringTransformer(base)

iTMoO

n nTco¢T NHCTUTVYT NPUKNAOHBbIX

KOMMbIOTEPHbIX HAVK

number) => string

50



TpaHcnaumMsa ncxoaHoro Koaa.
dopMaTMPOBaAHHbIE CTPOKMU

Kotlin val base = "value=$value, transformed=$transformedInt”

ArkTS const base = "value=%{value}, transformed=%{transformedInt} ;

nuntcodT
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OrnaBneHue

O63op

KoHTEeKCT 1 [NlocTaHoOBKa 3aga4n U
CYLLECTBYOLLMX y

aKTyasribHOCTb 5 obwmnm nogxon
peLleHnmn

TpaHc BubnuoTtekw,

PaHCAALNA Ul: Jetpack
6U3HEeC-Nornmkun dopManbHblie Compose B ArkUI
Kotlin B ArkTS cneunpuxkauyum, SMT P
MpoToTnn ”
pesynbTaThl

ViTmo
nn nTco¢T . NHCTTYT NPUKNAOHBLIX =8

KOMMbIOTEPHbIX HAVK



TpaHCcnAUuMS BbI3OBOB
bnbInNoTEK

Kotlin fun maskCardNumber(number: String): String {
return number.droplLast(4) + "****"
}
export function maskCardNumber(number: string): string
ArkTS return number.substring(©, number.length - 4) + "ikkk"
n u nTco¢T 4 IM’I-!‘;I'-FIIIXIV?I'IPVIKJ'INJHHX

KOMMbIOTEPHbIX HAVK
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TpaHCcnAUuMS BbI3OBOB
bnbInNoTEK

Kotlin fun maskCardNumber(number: String): String {
return number.droplLast(4) + "****"
}
export function maskCa;%Na%beP(number: string): string
ArkTS return number.substring(©, number.length - 4) + "****"
n " nTco¢T ] L{!IIFIIIXIV?I'IPVIKJ'INJHHX

KOMMbIOTEPHbIX HAVK
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TpaHCcnAUuMS BbI3OBOB
bnbInNoTEK

Property 'dropLast' does not exist on type 'string'. <ArkTSCheck>

any

5 entry

string): string

Kotlin fun maskCardNumber(number: String): String {
return number.droplLast(4) + "****"
}
export function maskCardNumber (number:
ArkTS return number.dropLast(4) + "****"
n M nTco¢T 4 II/I,|-|I(.3I'-I'II/¥IV?I'IPVIKJ'IAJJHbIX

KOMMbIOTEPHbIX HAVK
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TpaHCcnAUuMS BbI3OBOB
bnbInNoTEK

e B kopge Android-npunoxXeHumn Bbl3blBalOTCA QYHKL NN
N Knacchbl U3 cTaHBapTHbIX 6u6nunoTek Kotlin n
Android SDK, kKoTopble He UMeIOT NMPAMbIX aHanoros
B HarmonyOS NEXT.

e HeBO3MOXHO BbINOIHUTb MPOCTYIO
CUHTaKCU4YEeCKYIO 3aMeHY Bbi30BOB — TpebyeTcd
onpenennuTb COOTBETCTBME PYHKLNIN OBYX
nnatpopmM.

viTmo

n nTC°¢T VNHCTUTYT MPUKNAGHBIX

KOMMBbIOTEPHbIX HAVK

Kotlin / Android 6uénuorteka
1
[ ]
(HEeT NPAMOro COOTBETCTBUA)
1

Y

~

ArkTS / HarmonyOS 6u6nuoTteka

/

Y

Kak onpeaenuTtb
9KBUBasIEHTHOCTb ?
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dopManbHble cneundmnkKaumnm

bnbnmoTek. LibSL

Cneyugukayusa BuUOUMOro rnoBedeHUs QyHKLUU
aBnseTca 4yactudyHoU cneyugpukayuel noBedeHuUs
QYHKLUU U OTPA>XAeT OCHOBHOE MpeoHa3Ha4YeHuUe
¢yHKLUU, BUOUMOE U3BHE.

LibSL (Library Specification Language) —
ncnonb3yeTcs ANsg AeknapaTtuBHOro onucaHus
nosepeHus ombnunoTtek

iTMoO
n nTC°¢T NHCTUTYT NPUKNAOHbIX

KOMMBbIOTEPHbIX HAVK

Libsl "1:0:6";
library “KotlinText®
version "1.0.0";

typealias bool = bool;
typealias string = string;
typealias int = int32;
typealias double = floaté4;

define action STRING_LENGTH(value: string): int;
define action STRING_SUBSTRING(value: string, start: int, end: int): string;

type kotlin.text { }
automaton kotlin.text: kotlin.text {
fun droplLast(receiver: string, n: int): string {
var length: int = action STRING_LENGTH(receiver);

var end: int = length - n;
result = action STRING_SUBSTRING(receiver, 0, end);
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Noeqa noaxopna

5 LibSL cnveuwcwaauuﬂ : LibSL cheumchKauwﬂ e e

' ncxoaHoM 6ubnuorekn LeneBon 6ubnunotekn

: MocTpoeHue . TeHepaTop

! MOAENu NporpamMmbl Mapcep LibSL nporpammbi

E - J - J
B " . " ) ) T .
: Mogenb Mogenb Mogenb M3MeHEHHas

i |ucxoaHol mporpammsl ncxoaHom 6ubnmoTeku LieneBoii 61MbnnoTekm MOZEJb NPOorpamMMmbl

E - 4 & 'y >/
A A\ 4

: MNpoBepka moaenu W

: 1 npeobpasoBaHme J

{ YTunuTa nopTUpOBaHMs

iTMoO
n M nTco¢T . VHCTUTVT NPUNKNAOHBIX
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Noeqa noaxopna

fun droplLast(receiver: string, n: int): string {
var length: int = action STRING_LENGTH(receiver);
var end: int = length - n;
result = action STRING_SUBSTRING(receiver, 0, end);

@Extension

Hy>XHO npuBecTu dropLast K
yao6HOMY ¢popMaTy U Bblpa3nTb

automaton String.substring: String {

fun call(receiver: string, start: int, end: int): string {

l"Iepe3 St r‘:i-ng° 1ength " result = action STRING_SUBSTRING(receiver, start, end);
String.substring X }

©Extension

@Property

automaton String.length: String {

fun get(receiver: string): int {
result = action STRING_LENGTH(receiver);

ViTVIO }
n rITCOd)T VNHCTUTYT MPUKNAGHBIX

KOMMBbIOTEPHbIX HAVK }



SSA fo rm MaTeMaTeKa

SSA form (Static Single Assignment form) — 3To npeacTaBneHne NporpamMMbl, rae KaXkaas nepeMeHHas
npucBauBaeTCs POBHO OAUH pas3.

fun foo(): Int {

x =1
y =X + 2
SSA
X =X-4 —-—-—-—e>
Z=X-Y
return z

X 3anucbiBaeTCA ABaXKAbl —
Xe U X1 — pa3Hbie UMEeHa

|

-

nuntcodT [l L

NHCTUTVT NPUNKNAOHbBIX 60
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SSA form

1 fun dropLast(receiver: string, n: int): string {

2 var length: int = action STRING_LENGTH(receiver);

3 var end: int = length - n;

4 result = action STRING_SUBSTRING(receiver, @, end);
5N }

6

vitTmo
n nTCO¢T l VHCTUTYT MPUKIALGHBIX

KOMMbIOTEPHbIX HAVK

isNotBlank

len = STRING_LENGTH(receiver )

end =len - n
SSA

res, = STRING_SUBSTRING(receiver, 0, end )

return =res,
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Tpacca ncnonHeHums

Tpacca - 370 yrnopsdo4eHHAs Moc/1e00BaATE/IbHOCTb LIAroB UCMOAHEHUS MocnenosaTtenbHocTb fericTauin (Action),
¢yHKLUU, 3aBUCSLLASA OT BbIlNOJIHEHUS YC/I0BHbIX 0repaTopoB. Ycnosui (Condition) n Pe3ynbtaToB
(Result)

data class Trace (
val function: LibFunction,
val args: List<DeclStat>,

val body: List<Step>

sealed class Step

data class Action(val step: ActionCallStat) : Step()
data class Result(val step: ResultStat) : Step()
data class Condition(val step: LExpr) : Step()

CprKTypr OaHHbIX Ana onNUcaHnA Tpacchbl B Koge

iTMoO
n M nTco¢T . VHCTUTVT NPUNKNAOHBIX 62

KOMMbIOTEPHbIX HAVK



Tpacca ncnonHeHums

Ecnu ecTb ycnosue (if) — Tpacca
pa3nBauBaeTca. B ogHy Tpaccy nobasnsaercs

Tekyllee eé ycnosue, B Apyryt — ero oTpuuaHue.

Bl ViT™mMO
nv nTc°¢T VHCTUTVT NPUKNAOHBIX

KOMMbIOTEPHbIX HAVK

This is mitosis

This is execution trace splitting on condition

if (condition)

Trace 1

Trace 2

STRING LENGTH STRING LENGTH
+end,€0) +end, € i)

Condition = false
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[TpMep NonyyYeHna Tpaccbl UCMONHEHUS

fun contains(receiver: string, other: string,

ignoreCase: bool): bool {
if (ignoreCase) {
base = action STRING_TO_LOWER(receiver);
needle = action STRING_TO_LOWER(other);
} else {
base = receiver;
needle = other;

}

result = action STRING_INCLUDES(base, needle);

iTMoO

n M nTc°¢T E NHCTUTVYT NPUKNAOHBbIX

KOMMbIOTEPHbIX HAVK
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[TpMep NonyyYeHna Tpaccbl UCMONHEHUS

fun contains(receiver: string, other: string, cond, = ignoreCase

ignoreCase: bool): bool {

if (ignoreCase) {
base = action STRING_TO_LOWER(receiver);
needle = action STRING_TO_LOWER(other);
} else {

base = TO_LOWER(receiver) base, = receiver
needle, = TO_LOWER(other) needle, = other

base = receiver;

needle = other; base_f = ¢p(base base) - needle_f = ¢(...)

}

result = action STRING_INCLUDES(base, needle);
} res, = STRING_INCLUDES(base_f, needle_f)

vitTmo
nn HTCO¢T l VHCTUTYT MPUKAAGHBIX
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[TpMep NonyyYeHna Tpaccbl UCMONHEHUS

Tpacchl

fun contains(receiver: string, other: string, cond, = ignoreCase Trace 1 - ignoreCase

i C : bool): bool
ignoreCase: bool): bool { Action: TO_LOWER(receiver)

if (ignoreCase) {

base = action STRING_TO_LOWER(receiver);

Action: TO_LOWER(other)

base = TO_LOWER(receiver) base, = receiver

| Condition: ignorec
needie, = TO_LOWER(other) needle, = other = S tanCStIon: L anorcaRcs

needle = action STRING_TO_LOWER(other);
I Action: INCLUDES(base,needle)

} else {

- Result: res:
base = receiver;

needle = other; base_f = ¢(base base,) - needle_f = ¢...) -1

}

result = action STRING_INCLUDES(base, needle); p ~
} res, = STRING_INCLUDES(base_f, needle_f) ! Trace 2 - !ignoreCase

1 Condition: !ignoreCase

“ 2| Action: INCLUDES(receiver, other)

Result: res:

ViTmo
nm nTco¢T l NHCTUTYT NPUKNAOHBLIX 66
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SAT

SAT (Boolean Satisfiability Problem) — 3adaya 6yneBol Bbiro/IHUMOCTU: HY>KHO
orpeodenuTs, CylecTByeT U Habop 3Ha4yeHul True/False 0515 nepeMeHHbIX, npu
KoTopoM norudeckas popmyna (B 6ynesBoli 1oruke) cTAHOBUTCA UCTUHHOU.

(x Vy) A (-xV z)

EcTb N1 Takon Habop 3HaYEeHUN X, y U Z, NpU
KOTOPOM Noruyeckoe BbipaXkeHne BepHo (true)

/

= I/iTMO
n M nTc°¢T &y VHCTUTVT NPUNKNAOHBIX 67
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SAT

F=(XxVy)A (-xV

z)

Utepauus X y z xVy) ("xV 2) F KommeHTapui

017 ? ? ? ? ? HaudanbHoe cocTosiHne

1 | false ? ? ? true ? MpeaononoxeHue: x = false

2 | false false | ? true true false MpeanonoxeHue: y = false
=> F = false

3 | false true ? true true true Unit-propagation: y = true

4 | false true false | true true true YcTaHaBNMBAEM Z, SAT — peweHue
HaupgeHo

nuntcodT

ViTmMmo

NHCTUTVT NPUKITAOHbBIX

KOMMBIOTEPHbLIX HAVK
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SAT

F=(XxVy)A (-xV

z)

Utepauus X y z xVy) ("xV 2) F KommeHTapui

017 ? ? ? ? ? HaudanbHoe cocTosiHne

1 | false ? ? ? true ? MpeaononoxeHue: x = false

2 | false false | ? true true false MpeanonoxeHue: y = false
=> F = false

3 | false true ? true true true Unit-propagation: y = true

4 | false true false | true true true YcTaHaBNMBaEM z, SAT — pelweHnue
HauaeHo

nuntcodT

ViTmMmo

NHCTUTVT NPUKITAOHbBIX

KOMMBIOTEPHbLIX HAVK
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SAT -> SMT

SMT (Satisfiability Modulo Theories) — npoBepKa BbINoJHUMOCTU /lorudeckol
gopmynbl ¢ y4éToM “Teopull” (apupmeTuka, MaccuBbl, CTPOKU, bit-vectors u T.

d.).

a VA V—2) )
(x >0) A (x +y =10) A (y 2 3)

EcTb N1 Takon Habop 3HaYEHUN X, Y U Z, NPU KOTOPOM

\_ norunyeckoe BbipaxkxeHue BepHo (true) Y
nMnTCOd)T VIIIII-:;I'-F|VIVT!/?I'IPVIKJ'IAQHI:IX 70
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F=(x>0) A (x+y=10) A (y 2 3)

Ne x y x>0 | x+y=10 | y=23 F KommeHTapwii
0|? ? ? ? ? ? HavanbHoe coctosiHne
11-9999 | ? false | ? ? false | lNpegnonoxenune: x = -9999

— F = false
219999 |-9989 | true true false | false | NpegnonoxeHune: x = 9999

—y=10-x=10-9999 = -9989
— Yy = 3 HapyLleHO

317 3 ? ? true |? [MpepnonoxeHne: y = 3

4 |7 3 true true true |true | x=10-y=10-3=7
— SAT — pelueHue HangeHo

ViTmMmo
n M I1TCO¢T NHCTUTVT NPUNKNAOHDBIX
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F=(x>0) A (x+y=10) A (y 2 3)

Ne x y x>0 | x+y=10 | y=23 F KommeHTapwii
0|? ? ? ? ? ? HavanbHoe coctosiHne
11-9999 | ? false | ? ? false | lNpegnonoxenune: x = -9999

— F = false
219999 |-9989 | true true false | false | NpegnonoxeHune: x = 9999

—y=10-x=10-9999 = -9989
— Yy = 3 HapyLleHO

317 3 ? ? true |? [MpepnonoxeHne: y = 3

4 |7 3 true true true |true | x=10-y=10-3=7
— SAT — pelueHue HangeHo

ViTmMmo
n M I1TCO¢T NHCTUTVT NPUNKNAOHDBIX
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KSMT

F=(x>0) A (x+y=10) A (y 2 3)

iTMoO
n M nTco¢T VHCTUTVT NPUNKNAOHBIX

KOMMBbIOTEPHbIX HAVK

//Zdeclare-fun x_0 () Int)

(declare-fun y_@ () Int)

(assert
(and
(> x_ 0 0)
(= (+ x_@ y_0) 10)

(>= y_0 3)

~




3aueM HaM SSA?

= I/iTMO
n M nTc°¢T L VHCTUTVT NPUNKNAOHBIX

KOMMbIOTEPHbIX HAVK

McxonHbiv Koa, « BbINONMHAETCA U JaéT X =8

var x = 5
X. =X + 3

74



3ayeM HaM SSA?

McxonHbiv Koa, « BbINONMHAETCA U JaéT X =8

var x = 5
XE=ixe 413
4 )
Be3 SSA
X =5 AX=X*3
noabvpaem x:
X=5->5=5+3x
nwboe x » x = X + 3 x
HW OOQHO 3Ha4YeHue He noaxoauT
UNSAT
«TaKoW NporpamMmmMbl He CyLecTByeT»
\_ J

iTMoO
n M nTco¢T l VHCTUTVT NPUNKNAOHBIX

KOMMbIOTEPHbIX HAVK
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3ayeM HaM SSA?

McxonHbiv Koa, « BbINONMHAETCA U JaéT X =8

var x =5
XO=lxXe N3
4 ) 4
Be3 SSA C SSA
X =5 AX=X*3 Xe =5 A X1 =Xe + 3

noabvpaem x: noaévipaem x;, X:

Xe =5 -25=5v
X1 =18 58 = 5013 v

X=5->5=5+3x
nwboe x » x = X + 3 x

HW OQHO 3Ha4YeHne He noaxoauT Hal[eHo: X, = 5, X = 8

UNSAT SAT

«TaKoi MporpamMmbl He CyLLecTByeT» ¢hopmyna BbINonHUMA

iTMoO
n M nTco¢T . VHCTUTVT NPUNKNAOHBIX
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SSA -> Traces -> SMT Formula
G G

len, = STRING_LENGTH(receiver,) | Trace 1

fun dropLast(receiver: string, n: int): string {

2 var length: int = action STRING_LENGTH(receiver); Action: LENGTH(receiver)

Action: SUBSTRING(receiver,®,ends)
3 var end: int = length - n;
‘ Result: ress
result = action STRING_SUBSTRING(receiver, @, end);

res = STRING_SUBSTRING(receiver , 0, end) . 54

ViTmo
n M nTco¢T l VHCTUTVT NPUNKNAOHBIX 77
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SSA -> Traces -> SMT Formula
k]

fun dropLast(receiver: string, n: int): string { len, = STRING_LENGTH(receiver,) Trace 1

var length: int = action STRING_LENGTH(receiver); Action: LENGTH(receiver)

A Action: SUBSTRING(receiver,®,ends)
var end: int = length - n;
Result: res.

result = action STRING_SUBSTRING(receiver, @, end);
res, = STRING_SUBSTRING(recelver,, 0, end,)

(o )

YTo-TO, UTO CpaBHMBaeT SMT-pelwlaTenb:
(leno = STRING_LENGTH(receiverd))
A (endo = leno — n)
AR MELY A (reso = STRING_SUBSTRING(receivero., 0, endo))
A (returno = reso)
ﬂVlnTcoq)T. VK—IIIFII/XIV?I'IPVIKHAJJHI:IX k / 78
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SSA ->Traces -> SMT Formula

@Extension

automaton String.substring: String {

fun call(receiver: string, start: int, end: int): string {

result = action STRING_SUBSTRING(receiver, start, end);

TN TS

result, = STRING_SUBSTRING(receiver, start, end) Trace 1

Action: SUBSTRING(receiver,start,end)

Result: result:
return, = result,

e —— J

YT0-TO, UTO CpaBHUBaeT SMT-peLwiaTenb:
(resulto = STRING_SUBSTRING(receivero, start, end)) A (returno = resulto)

— . N = N

@Extension
@Property

automaton String.length: String {

fun get(receiver: string): int {

result = action STRING_LENGTH(receiver);

result, = STRING_LENGTH(receiver) Trace 1

Action: LENGTH(receiver)

Result: result:

return, = result,

YT1o-TO, UTO CpaBHUBaeT SMT-pewartens:

NNNTCOPT [  [riibhiyuAnmu— (resulto = STRING_LENGTH(receivero)) A (returno = resulto)
KOMMBbIOTEPHbIX HAVK



Kak cpaBHUTb noBeaeHue
OBYX OYHKLMNT?

rPOOOJIXKAEM...

fl, nbiTalowmncs n3baBuTbCA OT
MaTeMaTUKU B AoKnage...

ViTmo
n M nTco¢T . VHCTUTVT NPUNKNAOHBIX
KOMMbIOTEPHbIX HAVK
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3apauva: cobpaTb MCXOOHYIO
Tpaccy U3 LLeneBbix

UcxopHasn — Kotlin CnoBapb uenesbix Tpacc — ArkTS
~
removelast(r)
\ 1 3awmT BmecTo ceo6oaHoro n!
dropLast(s, n) | )

— | T ||

\- J

SUBSTRING(s, 0, len-n)

-
LENGTH(s) length(s) substring(s, e)

s, N — cBOBGOAHbIE | take(s, n) [ tim(s)
: ) =

. paboune 6noku

toLowerCase(s)

. He noaxoauT
10t ) . nocTtopoHHue (decoy)
viTmo
nm nTco¢T l NHCTUTYT NPUKNAQHBIX
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IlBa Bonpoca

SMT #1 — kakue PpyHKLMU U B KaKOM nopsaake? [lposepseT:

e CyMMa onnH BbibpaHHbIX Tpacc = ANnHa ucxoaHom (nonHoe
NOKpbITHE)

e [lemcTBMda No No3mumMaM coBnapatoT: =

SMT #2 — ¢ KakuMu apryMeHTaMun? [posepseT:

e ApryMeHTbl Ka)xQoro oemcTemsa coenagaroT
® CREATE_FILE(path) = CREATE_FILE("/tmp")? HeT! [1yTb 3awnT.

Insa oTBeTa ucnonbsyem SMT-pewartenb — ABaXkabl.

iTMoO
nn rITCOd)T &) NHCTUTVT NPUKIAOHBIX

KOMMbIOTEPHbIX HAVK
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[ToueMy He nepebopoM?

200 cpyHKUMA, uenoyka oo 5 — mnpa KoMOGUHaUNN.

[Mepebop He paboTtaeT — ucnonbdyem SMT-

pelwarens.

SMT = nporpamma, KoTOpasi ULWET 3Ha4YEHUS

nepemMeHHbIX No orpaHN4YeHnAM:

Mol dhopmynupyem 3agady kak Habop orpaHudYeHnn —

pewartesib HaxoauT OTBET 3a MUNJNTNCEKYHAObI.

nunTcodpT ITMIOo

NHCTUTVYT NPUKNAOHBbIX
KOMMBbIOTEPHbIX HAVK
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SMT #1: nwem uenodky no

Ha3BaAHNAM

UcxopHan Tpacca droplLast: m=2

T yHKUUA neucTeuA yucna ANuHa
T, length m [1] 1
T, substring(start, end) SUBSTRING [2] 1
T, removel.ast() m [1, 2] 2
T, indexOf(sub) m [5] 1
T, trim() m [31 !
T, toLowerCase() [4] 1
nuntoogrl [RECIEE

KOMMbIOTEPHbIX HAVK



SMT #1, N=1: nepebunpaem Bce
Tpacchl

Hy>XHO MOKPbITb BE (m=2) ogHou Tpaccoun. [1poBepsaemM Kaxay'o:

T KaHgupar nencTeva ANuHa = 2?7 yucna = [1,2]?
T, length() 122X

T, substring() 122X

T, indexOf() 122X

T, trim() 122X

T, toLowerCase() 122X

T, removeLast() Bl E 2=2v 1, 21~

— SAT! PeweHue npu N=1: removelLast(). AprymeHTbl npoBepum noaxe (SMT #2).

= I/iTMO
n M nTc°¢T (&) VHCTUTVT NPUNKNAOHBIX

KOMMbIOTEPHbIX HAVK



SMT #1, N=1: nepebunpaem Bce
Tpacchl

Hy>XHO MOKPbITb BE (m=2) ogHou Tpaccoun. [1poBepsaemM Kaxay'o:

T KaHgupat neucTeunA ANuHa = 2? yucna =[1,2]?
T, length() 1 122
T, substring() ﬁ 122X
T, indexOf() n 122X
I, trim() B2 122x
T, toLowerCase() n 122X

i, removelast() 2=2V [1, 2] ~

— SAT! PeweHue npu N=1: removelLast(). AprymeHTbl npoBepum noaxe (SMT #2).

g
ZITMO

VHCTUTYT MPUKNALHBIX
KOMMBIOTEPHBIX HAVK

nuntcodT |



SMT #1, N=2: nepebunpaemM Bce napbl

HyxHo nokpoiTs | [EN BN | (m=2) aByma Tpaccamu. 6 Tpacc x 6 = 36 nap. Mposepsiem

war 1 war 2 AOJUHBI yucna
length length 1+41=2 v [1,1] # [1,2] «x
substring length n 141=2 v [2,1] # [1,2] x

nuntcodpT i LS

&) NHCTUTVYT NPUKNAOHBbIX
KOMMbIOTEPHbIX HAVK



SMT #1, N=2: nepebunpaemM Bce napbl

HyxHo nokpoiTs | [EN BN | (m=2) aByma Tpaccamu. 6 Tpacc x 6 = 36 nap. Mposepsiem

war 1 war 2 ONWHBI yucna

length length 1+41=2 v [1,1] # [1,2] «x

substring

e &

B8 length it 141=2 v [2,1] # [1,2] x
length n removelLast nn 1+2=3 X anuHa = 2

&

n substring n 2+1=3 x

removelLast

ZITMO
VHCTUTYT MPUKNALHBIX
KOMMBIOTEPHBIX HAVK

nuntcodT [



SMT #1, N=2: nepebunpaemM Bce napbl

HysxHo nokpbiTe | B8 BN | (Mm=2) aAByms Tpaccamu. 6 Tpacc x 6 = 36 nap. MNMpoeepsiem

war 1 war 2 ONUHBI yucna

length n length n 141=2 v [1,1] # [1,2] x
substring n length [t 141=2 v [2,1] # [1,2] x
length n removeLast n n 1+2=3 X AnuHa # 2

removelast n n substring n 2+1=3 x
length n trim a 141=2 v [1,3] # [1,2] x
2

substring toLowerCase n 1+41=2 v [2,4] # [1,2] x

iTMoO
n M nTco¢T l VHCTUTVT NPUNKNAOHBIX

KOMMbIOTEPHbIX HAVK



SMT #1, N=2: nepebunpaemM Bce napbl

HysxHo nokpbiTe | B8 BN | (Mm=2) aAByms Tpaccamu. 6 Tpacc x 6 = 36 nap. MNMpoeepsiem

war 1 war 2 ONUHBI yucna

length n length n 141=2 v [1,1] # [1,2] x
substring n length i) 141=2 v [2,1] # [1,2] x
length n removeLast n n 1+2=3 X AnvHa % 2

removelast n n substring a 2+1=3 x
length n trim a 14122 v [1,3] # [1,2] x
2

substring toLowerCase n 1+1=2 v [2,4] # [1,2] x

Bcero 36 nap

iTMoO
n M nTco¢T l VHCTUTVT NPUNKNAOHBIX

KOMMbIOTEPHbIX HAVK



SMT #1, N=2: nepebunpaemM Bce napbl

HysxHo nokpbiTe | B8 BN | (Mm=2) aAByms Tpaccamu. 6 Tpacc x 6 = 36 nap. MNMpoeepsiem

war 1 war 2 ONUHBI yucna

length n length n 14122 v [1,1] # [1,2] x
substring n length n 141=2 v [2,1] # [1,2] x
length n removeLast n n 1+2=3 X OnuHa % 2
removeLast n a substring n 2+1=3 x anvHa # 2

length n trim a 14122 v [1,3] # [1,2] x
substring a toLowerCase n 1+41=2 v [2,4] # [1,2] x

Bcero 36 nap

<

length n substring n 1+41=2 v [1,2] = [1,2]

iTMoO
n M nTco¢T . VHCTUTVT NPUNKNAOHBIX

KOMMbIOTEPHbIX HAVK



SMT #1, N=2: Hawnu!
n length + a substring = — SAT!

Utoro SMT #1 Hawén aBa pelleHun:

N uenoyka Kak cobpaHa
1 removelast() ' n — ofAHa (pyHKuMA
2 length() + substring() n + a — ABe hyHKUUU

Mo yucnam o6a noaxoaAaT. Ho noaxoAAT Nu No aprymeHTam?
910 npoBeput SMT #2.

ViTmo
n M nTco¢T . VHCTUTVT NPUNKNAOHBIX

KOMMbIOTEPHbIX HAVK
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AAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAA

To, yTo pelaTenb Aenan Ha NnpeablayLLemM cnavae, 3anMcbiBaeTcs Tak:

N
oy = A\ (@€ {1k} A es=no, A N\ plolpeti]) = o(r..[) )
s=1 J
N
N Z Cs =M
s=1
YTo o3HauaeT
T, KaKylo Tpaccy B3siTb Ha Lware s
Cs = Ny, AnVHa BbIbpaHHOW Tpacchl

o(o]...]) = p(r[...]) uncna pencTenit coBnagaoT

Y e —1n CYMMa [/MH = [iIMHA UCXOAHOM

93



SMT #1 Hawen yenoykn. Ho
3TOro Mmano.

SMT #1 nopobpan Kakue (pyHKLMM Bbi3BaTb. HO Mbl NOKa HE NPOBEPU/IV apryMEHTbI.

BcnomHMM, 4TO BHYTPU crneuncukaumm y Kaxaoro AeicTBUA eCTb apryMeHTbI:

fun dropLast(receiver, n): fun removelLast(receiver):
action STRING_LENGTH(receiver) action STRING_LENGTH(receiver)
action STRING_SUBSTRING(receiver, @, len - n) action STRING_SUBSTRING(receiver, @, len - 1)
g B CBOﬁO/JHbIﬁ napamMmerTp 1l — 3awMTas KOHCTaHTa
3l ViT™MO
n M nTc°¢T (&) NHCTUTVYT NPUNKNAOHBbIX

KOMMbIOTEPHbIX HAVK
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SMT #1 Hawen yenoykn. Ho
3TOro Mmano.

SMT #1 nopobpan Kakue (pyHKLMM Bbi3BaTb. HO Mbl NOKa HE NPOBEPU/IV apryMEHTbI.

BCrnoMHMM, 4TO BHYTpU crneumdmKaumm y KaXkaoro AeCTBUA eCTb apryMeHTbI:

fun dropLast(receiver, n): fun removelLast(receiver):
action STRING_LENGTH(receiver) action STRING_LENGTH(receiver)
action STRING_SUBSTRING(receiver, 0, len — n) action STRING_SUBSTRING(receiver, 0, len - 1)
i B CBOO-OHHbIﬁ napaMerTp 1l — 3awMTas KOHCTaHTa

Ho len = n ulen =1 — 370 pa3Hble Bewm! Hy>xkHa BTopana nposepka — SMT #2:
MOXXHO /1 Bblpa3uTb NapamMeTpbl LeneBon Yepes napameTpbl ICXOQHON?

nuntcodpT i LS

VNHCTUTYT MPUKNAGHBIX 95
KOMMBIOTEPHBIX HAVK



SMT #2: uTo NpoBepsAeM?

Upesn: napameTpbl ueneBon pyHKLNM Bbipa3nTb Yepes
napamMeTpbl UCXOAHOM TakK, UTObbI Tpacchl coBnaganu npu

NO6bIX 3HAUEHMNAX UCTOUYHUKA.

dropLast(s, n) = length() + removeLast(?)

BMECTO «?» pewaTtesib NnoacTaBuUT S, N WIN UX KoMBUHaL Mo

AprymeHTbl NONO3ULMOHHO NPUPaBHMBAEM — MoJlydaem CUCTEeMy ypaBHEHUI. PellaTtenb HaxoauT:

e SAT + NOACTAHOBKY — YTO UMEHHO NOCTaBUTb BMECTO «?»

o UNSAT + KOHTpnpUmep — KOHKPETHbI BbI30B, KOTOPbIA 3aMEHUTb HENb3A

nepemMeHHaa — cB060OHA, KOHCTAHTa — 3alUNTa B CMNEKy.

. iTMoO
n M nTc°¢T (&) VHCTUTVT NPUNKNAOHBIX

KOMMbIOTEPHbIX HAVK
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SMT #2: npoBepsemM removelLast()

dropLast(s, n) removelast(s) OOJKHO coBnacTb

LENGTH(s) LENGTH(s) s=s
m SUBSTRING(s, @, len-n) SUBSTRING(s, @0, len-1) n=17

Ycnosue: n=1. Ho n — 310 aprymeHT Bbi3oBa droplast,
OH MOXEeT 6bITb N06bIM. [py n # 1 3ameHa He paboTaerT.

iTMoO
n M nTc°¢T VHCTUTVT NPUNKNAOHBIX 97

KOMMbIOTEPHbIX HAVK



SMT #2: npoBepsemM removelLast()

dropLast(s, n) removelast(s)

LENGTH(s) LENGTH(s)
m SUBSTRING(s, @, len-n) SUBSTRING(s, @, len-1)

Ycnosue: n=1. Ho n — 3TO aprymeHT Bbi3oBa droplLast,
OH MOXEeT 6bITb No6bIM. [py n # 1 3ameHa He paboTaerT.

KoHTpnpumep OT pewiatens: n =2

TpebyetcA 2 =1 — noxb = UNSAT

BbiBoA: BbI30B dropLast(s, 2) Henb3A 3aMeHUTb Ha removelast(s).

= I/iTMO
n M nTc°¢T L VHCTUTVT NPUNKNAOHBIX

KOMMbIOTEPHbIX HAVK

AO0JDKHO coBnacTb
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Cneundpumnkaumnm BToporo
peweHunsd

fun length(): fun substring(start, end):
action STRING_LENGTH(receiver) action STRING_SUBSTRING(receiver, start, end)

Bce napameTpbl — cBob6oaHble: start n end MOXXHO NOACTaBUTL Kak yrogHo.

g
ZITMO

VHCTUTYT MPUKNALHBIX
KOMMBIOTEPHBIX HAVK

nuntcodT |
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Cneundpumnkaumnm BToporo
peweHunsd

fun length(): fun substring(start, end):
action STRING_LENGTH(receiver) action STRING_SUBSTRING(receiver, start, end)

Bce napameTpbl — cBob6oaHble: start n end MOXXHO NOACTaBUTL Kak yrogHo.

CpaBHUM C UCXOOHOIA:

fun dropLast(receiver, n):

action STRING_LENGTH(receiver) « O/IUHA CTPOKM
action STRING_SUBSTRING(receiver, @, len-n)

Moxoxke, MOXXHO noacTaBuTb start =0, end = len-n. [poBepum!

3 /iTmo
n M nTc°¢T L NHCTUTVT NPUNKNAOHbBIX 1 00

KOMMbIOTEPHbIX HAVK



SMT #2: npoBepdem .length +
.substring(...)

dropLast(s, n) length / substring AOJDKHO COBMNacTb

LENGTH(s) LENGTH(s) s

SUBSTRING(s, @, len-n) SUBSTRING(s, start, end) start=0,
) end=len-n v

1
n
AN

B otnunymne ot removelast, cnpaBa HUrge Het 3awmTton 1 —
Beaae cBoboaHble NapameTpbl, pewartesnb BoneH nogobpatb nx nog noboe n.

nuntcodpT i LS

NHCTUTVYT NPUKNAOHBbIX 1 01
KOMMbIOTEPHbIX HAVK



SMT #2: npoBepdem .length +

.substring(...)

dropLast(s, n) length / substring

LENGTH(s) LENGTH(s)
SUBSTRING(s, @, len—-n) SUBSTRING(s, start, end)

B otnunume ot removelast, cnpaBa HUrge Het 3awmTton 1 —
Beaae cBob6oaHble NapameTpbl, pewartenb BoneH nogobpatb nx noa noboe n.

NMoacraHoBKa ot pelwarena: start .= 0, end :=len-n

paboTaeT npu no6om n = SAT

dropLast(s, n) - length() + substring(@, len-n)

iTMoO
n M nTc°¢T VHCTUTVT NPUNKNAOHBIX

KOMMbIOTEPHbIX HAVK

AOJKHO CoOBMNacTb

start=0,
end=len-n v
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Ewe npnuMep: CTpOKOBbIE
OYHKLUUN

[ToCMOTpPUM Ty Xe Noruky Ha cTpokax. CneundukaLmm:

fun take(s, n): fun substring(s_t, start, end):
action STRING_SUBSTRING(s, 0, n) action STRING_SUBSTRING(s_t, start, end)
T™ 0 3aunT!

SMT #1 Haweén: ob6a gatoT a1 = Yyucna coBnanu.

SMT #2 cTaBUT apryMeHTbl Apyr HanpoTWB Apyra v peLlaeT no waram.

iTMoO
n M nTco¢T i VHCTUTVT NPUNKNAOHBIX 1 03

KOMMbIOTEPHbIX HAVK



SMT #2 nowaroBo: take — substring

NcxopHasi: STRING_SUBSTRING( s, 0, n )
lleneBsas: STRING_SUBSTRING( s_t, start, end )

PeluaTenb NpMpaBHUBaET apryMeHTbI MOMO3MLMOHHO M peLlaeT Mo Laram:

Warl.s=s t>s_t:=sv
LWar 2. 0 = start - start:= 8 v (koHcTaHTa Np1cBavBaeTCs NEPEMEHHON)
War3.n=end > end:=nv

nunTcodpT ITMIOo

VHCTUTYT NMPUKNAGHBIX 104
KOMMBIOTEPHBIX HAVK



SMT #2 nowaroBo: take — substring

NcxopHas: STRING_SUBSTRING( s, 0, n )
Lleneas: STRING_SUBSTRING( s_t, start, end )

PewaTenb npupaBHMBaET apryMeHTbl MONo3nLUMOHHO U peLlaeT Mo waram:

Warl.s=s_t>s_t:=sv
War 2. @ = start > start:= 0 v (koHcTaHTa NpyYCBaMBaETCS NEPEMEHHOM)
War3.n=end > end:=nv

I NMoacTaHoBKa OT pewartens: s_t:= s, start:= 0, end:= n= SAT

take(s, n) = substring(s, 0, n)

ZITMO
VHCTUTYT MPUKNALHBIX 105
KOMMBIOTEPHBIX HAVK

nuntcodT [



SMT #2 nowaroBo: substring — take
(o6bpaTHO)

NcxopHaa: STRING_SUBSTRING( s, start, end )
lleneBas: STRING_SUBSTRING( s_t, 0, n )
T 3aunT B cneky take!

PeluaTenb NpvpaBHMBaET apryMeHTbl MOMO3ULMOHHO M PELLaeT Mo Wwaram:

iTMoO
n M nTco¢T VHCTUTVT NPUNKNAOHBIX 1 06

KOMMBbIOTEPHbIX HAVK



SMT #2 nowaroBo: substring — take

(o6bpaTHO)

NcxopHaa: STRING_SUBSTRING( s, start, end )
lleneBas: STRING_SUBSTRING( s_t, 0, n )
T 3aunT B cneky take!

PeluaTenb NpvpaBHMBaET apryMeHTbl MOMO3ULMOHHO M PELLaeT Mo Wwaram:

Warl.s=s t>s t:=sv

War 2. start= 0
start — napameTp substring (naH BbI30BOM, N060M)
0 — KOHCTaHTa 13 crieku take (3aWXT, UBMEHUTb HENb3A)
-> TpebyeTcs: start = 0 Bcerga. Ho start npon3sonbHbIN!

iTMoO
n rITCOd)T NHCTUTYT NPUKNAOHbIX

KOMMBbIOTEPHbIX HAVK
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SMT #2 nowaroBo: substring — take
(o6bpaTHO)

NcxopHaa: STRING_SUBSTRING( s, start, end )
lleneBas: STRING_SUBSTRING( s_t, 0, n )

T 3aunT B cneky take!

PeluaTenb NpvpaBHMBaET apryMeHTbl MOMO3ULMOHHO M PELLaeT Mo Wwaram:

Warl.s=s t>s t:=sv

War 2. start= 0

start — napameTp substring (naH BbI30BOM, N060M)
0 — KOHCTaHTa 13 crieku take (3aWXT, UBMEHUTb HENb3A)
-> TpebyeTcs: start = 0 Bcerga. Ho start npon3sonbHbIN!

Lar 3. He npoBepseM — yxe UNSAT Ha ware 2.

nunTcodpT ITMIOo

NHCTUTVYT NPUKNAOHBbIX
KOMMBbIOTEPHbIX HAVK
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SMT #2 nowaroBo: substring — take
(o6bpaTHO)

‘ KoHTpnpuMep oT pewaTtena: start:= 2 = 2 # 0 = UNSAT



AAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAA pt. 2

To, UTO pelaTens NPOBEPAN B KaxaoM npuMmepe SMT #2, 3an1cbiBaeTCcA Tak:
m arity(a;)
\II — /\ /\ a’rgncx(aj7k) — a'rguen(/Bj7k)
=1 k=1

YTo o3HauaeT
aj, B; J-€ OenCTBMe B UCXOHOW Tpacce 1 B LLeNeBOW Liernoyke
arg, ., (a js k)  k-iaprymeHT nencTsms o j U3 nCXoOHOM cneku
arg,.,(Bj,k) ToXewusuenesoil creku

A e KOHBIOHKLLMS BCEX MOMO3ULMOHHbIX PaBEHCTB — 3TO M eCcTb W

3l ViTMO
n M nTc°¢T &) NHCTUTVYT NPUKNAOHBbIX 1 1 0

KOMMbIOTEPHbIX HAVK




Y10 ecnun SMT #2 oTBepr?

SMT #1 Haweén uenoyky. SMT #2 oTBepr apryMeHTbl. YTo ganbwe?

[o6aBnsiem 3anpeT kK popmyne O — «3Ty Lernoyky 6onbLie He npeanarans:

MonbiTka 1: O - uenoyka A - SMT #2 oTBepr
MonmbiTka 2: ® A =(A) - uenoyka B -» SMT #2 oTBepr
MonbiTka 3: @® A =(A) A -(B) - penoyka C - SMT #2: SAT!
Bcé uncyepnaHo: - yBenu4ymeaem N

®opMyna pacTeT — pelaTtenb nepebupaeT BapuaHThbl, MOKa He HaNAET NOAXOAALLMN.

ViTmMmo
n M I1TCO¢T NHCTUTVT NPUNKNAOHDBIX 1 1 1

KOMMBIOTEPHbLIX HAVK



[ToNIHbIV aNrOPUTM

for N 1, 2, 3, ... , 50: // npobyeM IOIMHY LIENOYKMU

nocrpontes_ ¢ N() // dopmyma SMT #1

iTMoO
n M nTco¢T VHCTUTVT NPUNKNAOHBIX 1 1 2

KOMMbIOTEPHbIX HAVK



[ToNIHbIV aNrOPUTM

for N=1, 2, 3, ... , 50: // npobyeM IOIMHY LIENOYKMU
¢ = nocrpoure_ % N() // dopmyma SMT #1
while true: // nepebupaeM BapMaHTH

result = solver.checkTraces (%)

iTMoO
n M nTco¢T VHCTUTVT NPUNKNAOHBIX 1 1 3

KOMMBbIOTEPHbIX HAVK



[ToNIHbIV aNrOPUTM

for N=1, 2, 3, ... , 50: // npobyeM IOIMHY LIENOYKMU
¢ = nocrpoure_ % N() // dopmyma SMT #1
while true: // nepebupaeM BapMaHTH
result = solver.checkTraces (%)
if UNSAT: break // BcCe BapMaHTH OIMHE N MCcuepraHsl

iTMoO
n M nTco¢T VHCTUTVT NPUNKNAOHBIX 1 1 4

KOMMBbIOTEPHbIX HAVK



[ToNIHbIV aNrOPUTM

for N=1, 2, 3, ... , 50: // npobyeM IOIMHY LIENOYKMU
¢ = nocrpoure_ % N() // dopmyma SMT #1
while true: // nepebupaeM BapMaHTH
result = solver.checkTraces (%)
if UNSAT: break // Bce BapmaHTH nOnuHm N MCYepraHE
actions = extract traces (®) // SMT #1 Hamén Lernouky

iTMoO
n M nTco¢T VHCTUTVT NPUNKNAOHBIX 1 1 5

KOMMBbIOTEPHbIX HAVK



[ToNIHbIV aNrOPUTM

for N=1, 2, 3, ... , 50: // npobyeM IOIMHY LIENOYKMU

¢ = nocrpoure_ % N() // dopmyma SMT #1

while true: // nepebupaeM BapMaHTH
result = solver.checkTraces (%)
if UNSAT: break // Bce BapmaHTH nOnuHm N MCYepraHE
actions = extract traces (®) // SMT #1 Hamén Lernouky
if solver.checkActions(actions): // SMT #2 npoBepusn apr'yMeHTEH

return actions // o6a SAT - roroso!

iTMoO
n rITCOd)T NHCTUTYT NPUKNAOHbIX

KOMMBbIOTEPHbIX HAVK
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[ToNIHbIV aNrOPUTM

for N=1, 2, 3, ... , 50: // npobyeM IOIMHY LIENOYKMU

¢ = nmocrTponte_ & N() // dopmyma SMT #1

while true: // nepebupaeM BapMaHTH
result = solver.checkTraces (%)
if UNSAT: break // Bce BapmaHTH nOnuHm N MCYepraHE
actions = extract traces (®) // SMT #1 Hamén Lernouky
if solver.checkActions(actions): // SMT #2 npoBepusn apr'yMeHTEH

return actions // o6a SAT - roroso!

® = & A -(actions) // BanpemaeMm, npobyeM APYyTYIO

iTMoO
n rITCOd)T NHCTUTYT NPUKNAOHbIX

KOMMBbIOTEPHbIX HAVK
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[ToNIHbIV aNrOPUTM

for N=1, 2, 3, ... , 50: // npobyeM IOIMHY LIENOYKMU
¢ = nmocrTponte_ & N() // dopmyma SMT #1
while true: // nepebupaeM BapMaHTH
result = solver.checkTraces (%)
if UNSAT: break // Bce BapmaHTH nOnuHm N MCYepraHE
actions = extract traces (®) // SMT #1 Hamén Lernouky
if solver.checkActions(actions): // SMT #2 npoBepusn apr'yMeHTEH
return actions // o6a SAT - roroso!
® = & A -(actions) // BanpemaeMm, npobyeM APYyTYIO
return INCOMPATIBLE // OYHKUMM HeCOBMEeCTMMEI

iTMoO
n rITCOd)T NHCTUTYT NPUKNAOHbIX

KOMMBbIOTEPHbIX HAVK
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OHO paBHO3HaA4YHO

for N=1, 2, 3, ... , 50:
¢ = nocrpours_& N()

while true:
result = solver.checkTraces (%)

if UNSAT: break

actions = extract traces (%)

if solver.checkActions (actions) :

return actions
® = & A -(actions)
return INCOMPATIBLE
iTMoO

NHCTUTVYT NPUKNAOHBbIX
KOMMbIOTEPHbIX HAVK

nuntcodT [

N
= /_\( zs € {l..k} A cs=mn, A /\<P(U[Ps+j]) = (72, []) )

m arity(a;)

U= /\ /\ arg,.. (aj, k) = arg,., (B, k)
=
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nuntcodT [

..............................................................

Kotlin-koa

Android-npunoxeHune

LibSL-cneumdukaumm

Kotlin-6ubnunotek

......................................................................

HarmonyOS NEXT npunoxeHue

LibSL-cneundukaumm
ArkTS-6ubnuotek

YTunurta nopTMpoBaHus

.......................................................................................................................................

ZITMO
VHCTUTYT MPUKNALHBIX
KOMMBIOTEPHBIX HAVK

E ( N (

f MpeobpazosaHue Kotlin .

8 PSI Mapcep LibSL ArkTS IR render
AN J \ J \ J
i 4 ¢ N\ 4 ¢ ¢ N\ 4 T N
: Kotlin PSI Mogaenb Mopenb ArKTS TR

5 L] MUCXOAHOW BUBNMOTEKU Lenesov 6ubnuoTeku

T\ ¢ 4 NS ¢ ¢ ¢ )
i 2 ) 4 N\
i |Mpeo6pa3osaHue PSI B MpoBeDpKa COBMECTUMOCTY Monaenel [eHepaTop Lenesoro

; ArkTS IR poBEp A ATKTS IR

. 4 _ J N J
v i K Y

i 4 N\ (

; MpeobpazoBaHue N3MeHéHHas

i ArkTS IR mMoaenun 6ubnuotex Moaenb 6ubnnoTeku

U J .

120



Mcnonb3yeMbi noaxon

fun maskCardNumber (number: String): String {
return number.droplLast(4) + "****"

}
e KtFile
L— KtNamedFunction: "maskCardNumber"
KtParameter: "number"
L— KtTypeReference: "String"
: : ) —— KtTypeReference: "String"
[ ORI —— KtBlockExpression
3::::::::::::;: L— KtReturnExpression
- ' ) L— KtBinaryExpression: "+"
Lo il KtDotQualifiedExpression
\ ) J F—— KtNameReferenceExpression:
( ) "number"”
Kotlin PSI L KtCallExpression: "dropLast"
N J L— KtvalueArgument
R v L— KtConstantExpression: 4

LT AT L KtStringTemplateExpression: "****" 121



Mcnonb3yeMbi noaxon

e KtFile
L— KtNamedFunction: "maskCardNumber"
KtParameter: "number"
L— KtTypeReference: "String"
—— KtTypeReference: "String"
—— KtBlockExpression
L— KtReturnExpression
L— KtBinaryExpression: "+"
KtDotQualifiedExpression
—— KtNameReferenceExpression: "number'
—— KtCallExpression: "droplLast”
L— KtvalueArgument
L— KtConstantExpression: 4
KtStringTemplateExpression: "***x*

Kotlin PSI
<& J
( ¢ )
lMpeobpa3zosaHue PSI B
ArkTS IR
AN J
(5 ¢ N
ArkTS IR
A 4
ViTMoO
n " nTco¢T VHCTUTVT NPUKNAOHBIX

KOMMBbIOTEPHbIX HAVK

ArkTsFile
L— FunctionDeclaration: "maskCardNumber" (export)
Parameter: "number"
L— TypeReference: "string"
—— TypeReference: "string"
—— BlockStatement
L— ReturnStatement
L— BinaryExpression: "+"
CallExpression: "???"
—— Identifier: "???"
—— NumericLiteral: ???
StringlLiteral: "¥**x*"
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Mcnonb3yeMbi noaxon

fun dropLast(receiver: string, n: int): string {
var length: int = action STRING_LENGTH(receiver);
var end: int = length - n;
result = action STRING_SUBSTRING(receiver, 0, end);

@Extension
automaton String.substring: String {

fun call(receiver: string, start: int, end: int): string {
result = action STRING_SUBSTRING(receiver, start, end);

LibSL-creundmkaumn [ LibSL-crieumdumkaLmm }
Kotlin-6ubnnotek o ArkTS-616nuotek b
; Extension
[ Mapcep LibSL ] |@
|@Property

automaton String.length: String {

Mopenb Mopenb
MCXOAHOW 6ubnuoteku ueneson 6ubnuorteku fin get(receiver: string): int {

result = action STRING_LENGTH(receiver);

iTMoO
n M nTc°¢T l VHCTUTVT NPUNKNAOHBIX }

KOMMbIOTEPHbIX HAVK }
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Mcnonb3yeMbi noaxon
T (NS

len, = STRING_LENGTH(receiver,) Trace 1

1 fun dropLast(receiver: string, n: int): string {

2 var length: int = action STRING_LENGTH(receiver); Action: LENGTH(receiver)

Action: SUBSTRING(receiver,®,endas)

var end: int = length - n;
Result: resa

result = action STRING_SUBSTRING(receiver, @, end);
res, = STRING_SUBSTRING(receiver,, 0, end ) J

MpoBepka COBMECTUMOCTH MoAesieit

MpeoGpasosaHve VaMeHéHHas SATI

moaenu 6ubnuorek Mogaens bubnuortexu

ViTmo
n M nTco¢T l VHCTUTVT NPUNKNAOHBIX 1 24

KOMMbIOTEPHbIX HAVK




Mcnonb3yeMbi noaxon

dropLast(n) => length + substring |

L— FunctionDeclaration: "generated_droplLast”
—— Parameter: "receiver" — string
—— Parameter: "n" — number

—— ReturnType: string

—— BlockStatement
VariableDeclaration: "result@" — number
L— PropertyAccess: "receiver.length" «— STRING_LENGTH
VariableDeclaration: "resultl" — string
L— callExpression: "receiver.substring" < STRING_SUBSTRING
l'eHepaTop Lenesoro —— NumericlLiteral: ©
ArkTS IR — BinaryExpression: "-"

x — Identifier: "resulte"
—— Identifier: "n"

M3MeHEHHas ReturnStatement
Moaens 6ubnuorteku L— Identifier: "resultl"

vitTmo
nn ﬂTCOd)T VHCTUTYT MPUKNAAHBIX 12

KOMMBbIOTEPHbIX HAVK




Mcnonb3yeMbi noaxon

ArkTsFile
F—— FunctionDeclaration: "maskCardNumber" (export)
Parameter: "number" — string
ReturnType: string
ReturnStatement
L— BinaryExpression: "+"
CallExpression: "generated_droplLast”
Identifier: "number"
NumericLiteral: 4
Stringliteral: "k***"

L— FunctionDeclaration: "generated_dropLast”

Parameter: "receiver" — string

Parameter: "n" — number

ReturnType: string

BlockStatement
VariableDeclaration: "result@" — number
L— PropertyAccess: "receiver.length"
VariableDeclaration: "resultl" — string

L— callExpression: "receiver.substring”

NumericLiteral: ©

BinaryExpression: "-"
Identifier: "resulte"
Identifier: "n"
ReturnStatement

L— Identifier: "resultl"

iTMoO

nuntcodT |

NHCTUTVYT NPUKNAOHBbIX
KOMMbIOTEPHbIX HAVK

ArkTS IR render

T

ArkTS IR

export function maskCardNumber(number: string): string

return generated_dropLast(number,

function generated_dropLast(receiver: string, n:

const result®: number
const resultl: string
return resultl

) 4 mRkRkT

receiver.length;
receiver.substring(©, result@ - n);

number): string
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Mcnonb3yeMbi noaxon
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OrnaBneHue
1 KoHTEeKCT n
aKTyasribHOCTb

TpaHcnauug
6M3HEeCc-NormKkm

Kotlin B ArkTS

MpoToTnn ”
pesynbTaThl

ViTmo
n “ nTco¢T l VHCTUTVT NPUNKNAOHBIX

KOMMbIOTEPHbIX HAVK

O63op
CYLLECTBYHOLLMX
peLueHunmn

Bubnunortekn,
dopManbHble
cneundpukaumm, SMT

[NlocTaHoOBKa 3aga4u
oowmn noaxon

Ul: Jetpack Compose
B ArkUI

7
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ArkUI

1 OeknapaTtuBHbin Ul 2. Re-rendering 3 PaspeneHue “nornkn”
dpenMBOpPK mechanism n Ul

iTMoO
n rITCOd)T NHCTUTYT NPUKNAOHbIX

KOMMBbIOTEPHbIX HAVK
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Pazbop @Composable
KOMMOHEHTAa

nuntcodT

@Composable

fun CounterButton(
baseText: String

) A

var counter = ©

Column {
Text(text = "Cuértymk: $counter™)
Button(
onClick = { counter++ }
) {
Text(text = "$baseText: $counter™)
}
}

.
ITVIO

NHCTUTVYT NPUKNAOHBbIX
KOMMBbIOTEPHbIX HAVK
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Pazbop @Composable
KOMMOHEHTAa

@Composable

fun CounterButton(

baseText: String
) A

var counter = 0

Column {
Text(text = "Cuértuymk: $counter")
Button(
onClick = { counter++ }
) o
Text(text = "$baseText: $counter™)
}

iTMoO
n M nTco¢T VHCTUTVT NPUNKNAOHBIX

KOMMbIOTEPHbIX HAVK

HanmMeHoBaHue
KOMMOHEHTa
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Pazbop @Composable
KOMMOHEHTAa

@Composable
fun CounterButton(

baseText: String

) A

var counter = 0

Column {
Text(text = "Cuértuymk: $counter")
Button(
onClick = { counter++ }
) o
Text(text = "$baseText: $counter")
}
}
}
n M nTco¢T II/I’I-|‘:3"‘I'MV?I‘IPVIKJ‘INJHHX

KOMMbIOTEPHbIX HAVK

NMepepnaBaemblie
napameTpbl
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Pazbop @Composable
KOMMOHEHTAa

@Composable
fun CounterButton(
baseText: String

) {
var counter = 0<<
Column {
Text(text = "Cuértuymk: $counter")
Button(
onClick = { counter++ }
) o
Text(text = "$baseText: $counter")
}
}
}
n M nTco¢T 4 L{!IIFIIIXIV?I'IPVIKJ'INJHHX

KOMMbIOTEPHbIX HAVK

JlokanbHbIN
napameTp
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Pazbop @Composable
KOMMOHEHTAa

@Composable

fun CounterButton(
baseText: String

) A

var counter = 0

Column {
Text(text = "Cuértuymk: $counter")
Button(
onClick = { counter++ }
) o
Text(text = "$baseText: $counter")
}
}
}
n M nTco¢T 4 II/I,|-|I(.3I'-I'II/¥IV?I'IPVIKJ'INJHbIX

KOMMbIOTEPHbIX HAVK

Bbi3oB go4vepHero
KOMMOHEHTAa
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Pazbop @Composable
KOMMOHEHTAa

@Composable

fun CounterButton(
baseText: String

) A

var counter = 0

Column {
Text(text = "C4yértuymk: $counter")
Button(
onClick = { counter++ }
) {

Text(text = "$baseText: $counter")
¥

}
}

nuntcodpT i LS

NHCTUTVYT NPUKNAOHBbIX
KOMMbIOTEPHbIX HAVK

| [ Content-nam6aa }
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Pazbop @Composable
KOMMOHEHTAa

@Composable

fun CounterButton(
baseText: String

) A

var counter = 0

Column {
Text(text = "CuyéTtymk: $counter")<:
Button(
onClick = { counter++ }
) o
Text(text = "$baseText: $counter")
}
}
}
n M nTco¢T II/I’I-|‘:3"‘I'MV?I‘IPVIKJ‘INJHHX

KOMMbIOTEPHbIX HAVK

HanMeHoBaHuMe
Bbl3bIBAEMOIro KOMMNOHEHTAa
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Pazbop @Composable
KOMMOHEHTAa

@Composable

fun CounterButton(
baseText: String

) A

var counter = 0

Column {
Text(text = "CuyéTtymk: $counter")<:
Button(
onClick = { counter++ }
) o
Text(text = "$baseText: $counter")
}
}
}
n M nTco¢T II/I’I-|‘:3"‘I'MV?I‘IPVIKJ‘INJHHX

KOMMbIOTEPHbIX HAVK

ApryMeHTbl Bbl3biIBAEMOI0
KOMIMOHEHTa
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Co3paHune ArkUl KOMMoOHeHTa

C bl

@Composable HanMeHoBaHMe @ComponentV2

fun CounterButton(<: | struct CounterButton
baseText: String Helamerles e

) { build()
var counter = 0

Column {
Text(text = "Cuértuymk: $counter")
Button(
onClick = { counter++ }

) A
}

Text(text = "$baseText: $counter™)

= I/iTMO
n M nTc°¢T (&) VHCTUTVT NPUNKNAOHBIX 1 38

KOMMbIOTEPHbIX HAVK



Co3paHune ArkUl KOMMoOHeHTa

@Composable
fun Counter
baseText
) {
var coun
Column {
Text
Butt
) o
}
}
}
nuntcodT |

Button(

: String

ter = 0

(text = "Cuétymk: $counter™)
on(
onClick = { counter++ }

Text(text = "$baseText: $counter™)

g
ZITMO

VHCTUTYT MPUKNALHBIX
KOMMBIOTEPHBIX HAVK

NMepenaBaeMble
napameTpbl

@ComponentV2
struct CounterButton

@Param
@Require
baseText: string;

build()
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Pazbop @Composable
KOMMOHEHTAa

@Composable

fun CounterButton(
baseText: String

) A

@ComponentV2
struct CounterButton

var counter = 0 < JlokanbHbI @Par‘am
napameTp @Require ,
baseText: string;
Column {
Text(text = "Cyétumk: $counter™) @Local
Button( counter: number =
onClick = { counter++ }
) o build()

Text(text = "$baseText: $counter™)
}

nuntcodpT i LS

VHCTUTYT NMPUKNAGHBIX 140
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Pazbop @Composable
KOMMOHEHTAa

@Composable

fun CounterButton(
baseText: String

) A

@ComponentV2
struct CounterButton

@Param
var counter = 0 @Require

baseText: string;
Column { | Bbi3oB no4vepHero ’

Text(text = "Cuyétumk: $counter™) FEIEEATE @Local
Button( counter: number =

onClick = { counter++ }
) { build()

Text(text = "$baseText: $counter™) Column()

}

nuntcodpT i LS
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Pazbop @Composable
KOMMOHEHTAa

@Composable

fun CounterButton(
baseText: String

) A

@ComponentV2
struct CounterButton

@Param
var counter = 0 @Require
baseText: string;
Column { < | Content-nam6pga
Text(text = "Cyétumk: $counter™) @Local
Button( counter: number =
onClick = { counter++ }
) A{ build()
Text(text = "$baseText: $counter") Column() {
¥ }
}

nuntcodpT i LS
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Pazbop @Composable
KOMMOHEHTAa

@Composable @ComponentV2
fun CounterButton( B struct CounterButton
baseText: String =
) { [loYepHero @Param
var counter = 0 KoMmnoHeHTa (1) @Require
[? baseText: string;
Column {
Text(text = "Cuétumk: $counter") @Local
Button( counter: number =
onClick = { counter++ }
) A build()
Text(text = "$baseText: $counter") Column() {
} Text("Cuétumk: " + this.counter)
} }
}

nuntcodpT i LS
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Pazbop @Composable
KOM ﬂOHeHTa @ComponentV2

o struct CounterButton
@Composable

fun CounterButton(
baseText: String
) A

var counter = 0

@Param
@Require
baseText: string;

@Local
Column { i counter: number =
Text(text = "Cuértuymk: $counter")
Button( build()
onClick = { counter++ } column() {
) { Text("Cuétumk: " + this.counter)
Text(text = "$baseText: $counter") Button()

} Text(this.baseText + ": " + this.counter)
} .onClick(() =>

this.counter++

Bbi3oB )
AoYepHero }
KoMMnoHeHTa (2)

= I/iTMO
n M nTc°¢T (&) VHCTUTVT NPUNKNAOHBIX 1 44
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NTor noptTupoBaHuS

KOMIOHEHTAa

@Composable

fun CounterButton(
baseText: String

) {

var counter = ©

Column {
Text(text = "Counter: $counter")
Button(
onClick = { counter++ }
) {
Text(text = "$baseText: $counter
}
}
}
n M nTc°¢T : 5I,I—II(.3I'-I'IV¥IV9I'IPVIKJ'INJHHX

KOMMbIOTEPHbIX HAVK

@ComponentV2
struct CounterButton

@Param
@Require
baseText: string;

@Local
counter: number =

build()

Column() {

Text("Counter: " + this.counter)
Button()

Text( ${this.baseText}: ${this.counter)} )
.onClick(() =>

this.counter++

)
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NTor noptTupoBaHuS
KOMMOHEHTA

Cuétyumk: 0

ArkUI

n nTc°¢T _ WNHCTUTVT NPU HbIX 1 46




ConocTtaBieHne KOMMNOHEHTOB

Params: modifier - The modifier to be applied to the Column.
verticalArrangement - The vertical arrangement of the layout's children.
horizontalAlignment - The horizontal alignment of the layout's children.
content - The content of the Column

See Also: Row ,
androidx.compose.foundation.lazy.LazyColumn

Samples: androidx.compose.foundation.layout.samples.SimpleColumn

// Unresolved

@Composable

inline fun Column(
modifier: Modifier = Modifier,
verticalArrangement: Arrangement.Vertical = Arrangement.Top,
horizontalAlignment: Alignment.Horizontal = Alignment.Start,
content: (@Composable ColumnScope.() -> Unit,

)
Jetpack Compose
nn rITCOd)T ; mml-:;l‘-rlv?',rlv?npman:lelx

KOMMbIOTEPHbIX HAVK

Column

Supported devices: Phone | PC/2in1 | Tablet | TV | Wearable

Column(options?: ColumnOptions)

Creates a vertical linear layout container. You can set the spacing between child components, which can be of type number or

string.

Widget capability: This API can be used in ArkTS widgets since API version 9.

Atomic service API: This API can be used in atomic services since API version 11.

System capability: SystemCapability.ArkUI.ArkUL.Full

Parameters
Name Type Mandatory
options ColumnOptions'8* No

ArkUI

Description

Vertical spacing between
two adjacent child
components.
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ConocTtaBieHne KOMMNOHEHTOB

Params: modifier - The modifier to be applied to the Column.
verticalArrangement - The vertical arrangement of the layout's children.
horizontalAlignment - The horizontal alignment of the layout's children.
content - The content of the Column

See Also: Row ,
androidx.compose.foundation.lazy.LazyColumn

Column(

/*% { space: 20 } *x/
34
@Composable /*% content *%x/ <€
SISEIE SRR }.justifyContent(FlexAlign.Start)

modifier: Modifier = Modifier,
verticalArrangement: Arrangement.Vertical = Arrangement.Top,/ . alignItems (Hor‘izontalA'Lign X Star‘t)
horizontalAlignment: Alignment.Horizontal = Alignment.Start, &/
content: @Composable ColumnScope.() -> Unit,

) [t \

Jetpack Compose ArkUI

Samples: androidx.compose.foundation.layout.samples.SimpleColumn

// Unresolved

nuntcodpT i LS
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[Mooxop conocTaBneHUs KOMMNOHEHTOB
c D

Component A Component B
4 N 4 )
Parameter a Parameter x
place: constructor place: constructor
. J - _J
4 N\ (" N\
Parameter 8 Parameter y

place: constructor place: body
\_ J & J
4 N\ 4 N\
Parameter y Parameter z
place: constructor place: chain
G J & J
\ J ( N
Parameter w
place: chain
(. J

ViTmMmo
n M nTc°¢T VHCTUTVT NPUNKNAOHBIX 1 49
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[Toaxon conocTtaB/1eHUA KOMMNOHEHTOB
4 N

Component A Component B
4 N 4 )
Parameter a Parameter x
place: constructor place: constructor
N\ J - _J
4 N\ (" 2\
Parameter 8 Parameter y

place: constructor place: body
\_ J o J
4 N\ 4 N\
Parameter y Parameter z
place: constructor place: chain
G J & J
\ / ( N
Parameter w
place: chain
(. J

ViTmMmo
n M nTc°¢T VHCTUTVT NPUNKNAOHBIX 1 50
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[Toaxon conocTtaB/1eHUA KOMMNOHEHTOB
a

Component A Component B
4 )\ 4 )
Parameter a Parameter x
place: constructor place: constructor
N\ J - _J
4 N\ (" N\
Parameter 8 Parameter y

place: constructor place: body
\_ J o J
4 N\ 4 N\
Parameter y Parameter z
place: constructor place: chain
G 4 \§ J
\ / ( N
Parameter w
place: chain
(. J

ViTmMmo
n M nTC°¢T VHCTUTVT NPUNKNAOHBIX 1 5 1

KOMMBIOTEPHbLIX HAVK



[Toaxon conocTtaB/1eHUA KOMMNOHEHTOB
a

Component A Component B

4 N\ 4 N\
Parameter a Parameter x

place: constructor place: constructor
\_ Y \_ J
4 2\ i 2\

Parameter 8 Parameter y

place: constructor place: body
o J
4 \

\_ J
4 N\

Parameter y
place: constructor

Parameter z
\ J
\ )

place: chain

g J
4 N\
Parameter w

place: chain
\ Y,

ViTmMmo
n M nTC°¢T VHCTUTVT NPUNKNAOHBIX 1 52
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[Toaxon conocTtaB/1eHUA KOMMNOHEHTOB

nuntcodT

Jetpack Compose

Column

content

place: constructor
J/

( N
horizontalAlignment

content
place: body

place: constructor

4 N\

alignltems
place: chain

verticalArrangement
place: constructor

.
ITVIO

NHCTUTVYT NPUKNAOHBbIX
KOMMBbIOTEPHbIX HAVK

justifyContent
place: chain

space
place: constructor

ArkUI

Column

Column (
space:
)
/%% content *xx/
.justifyContent (FlexAlign.Start)
.alignItems(HorizontalAlign.Start)
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Llarn nobaBneHmna HOBbIX KOMMNOHEHTOB

internal object TextComponentRules : ComponentRuleSetProvider {

override val ruleSets: List<ComponentRuleSet> = list0f(
YKasbiBaeM createTextRuleSet( sourceFgName = "androidx.compose.material.Text"),
HanMeHoBaHue )
KOMIMOHEHTa

ViTmMmo
n M nTc°¢T VHCTUTVT NPUNKNAOHBIX 1 54
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Llarn nobaBneHmna HOBbIX KOMMNOHEHTOB

Mepeuncnaem Bce
ero napameTpbl

nuntcodpTl  HLRLS

return ComponentRuleSet(
sourceFgName = sourceFgName,
parameterRules = ListOf(
ParameterRule(
parameterName
case = ...,

"text",

)>

ParameterRule(
parameterName =
case = ...,

"modifier",

)>

ParameterRule(
parameterName =
case = ...,

"color",

)s

private fun createTextRuleSet(sourceFgName:

String): ComponentRuleSet {

~

NHCTUTVYT NPUKNAOHBbIX

KOMMBIOTEPHbLIX HAVK



Llarn nobaBneHmna HOBbIX KOMMNOHEHTOB

//Brivate fun createTextRuleSet(sourceFgName: String): ComponentRuleSet {

[na ka>xgoro napaMmeTpa
yKasbliBaeMm
npeobpasoBaHue ero PSI
aneMmeHTa B ArkTS IR

.
ITMO

NHCTUTVYT NPUKNAOHBbIX
KOMMBIOTEPHbLIX HAVK

nuntcodT

=

return ComponentRuleSet (
sourceFgName = sourceFgName,
parameterRules = ListOf(
ParameterRule(
parameterName = "text",
case = ParameterRuleCase(
mutate = { input -> RuleMutationResult.single(input.mappedExpression) },

writes = ...,
)s
)5
ParameterRule(
parameterName = "modifier",
case = ignoredCase(),
)
ParameterRule(
parameterName = "color",
case = ParameterRuleCase(
mutate = { input -> RuleMutationResult.single(input.mappedExpression) },
writes = ...,
)s
)s
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Llarn nobaBneHmna HOBbIX KOMMNOHEHTOB

/

parameterRules = ListOf(
ParameterRule(
parameterName = "text",
case = ParameterRuleCase(
mutate = { input -> RuleMutationResult.single(input.mappedExpression) },
writes = ListOf(
ParameterWrite(channel = TargetWriteChannel.ConstructorArgument(index = 0)),
)>
YKkasblBaeM )>
)
crpareruio ParameterRule(
I'Ip606pa3OBaHVIF| parameterName = "modifier",
case = ignoredCase(),
)
ParameterRule(
parameterName = "color",
case = ParameterRuleCase(
mutate = { input -> RuleMutationResult.single(input.mappedExpression) },
writes = ListOf(
ParameterWrite(channel = TargetWriteChannel.ChainCall(methodName = CHAIN_FONT_COLOR)),
)
)
\ )
nm nTCOd)T m;l:'llzgv?npmmml-ablx 157
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[TpnMep nopTHUpoBaHUa Text

@Composable @ComponentV2
private fun Root() { struct Root {
Text( build()
text = "Hello", Text("Hello")
color = Color.Red, .fontColor(Color.Red)
fontSize = 18.sp, .fontSize(18)
fontStyle = FontStyle.Italic, .fontStyle(FontStyle.Italic)
fontWeight = FontWeight.W600, .fontWeight (660)
letterSpacing = 1.5.sp, .letterSpacing(1.5)
textAlign = TextAlign.Center, .textAlign(TextAlign.Center)
lineHeight = 22.sp, .lineHeight(22)
overflow = TextOverflow.Visible, .textOverflow({ overflow: TextOverflow.None })
maxLines = 3, .maxLines(3)
) .
} }

Jetpack Compose ArkUI
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A 4yTto no Modifier?

Modifier hosting
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A 4yTto no Modifier?

-

Modifier hosting

o
4 )
Foundation’s Modifier
@Composable
fun Foo() {
Text(
modifier = Modifier.fillMaxSize()
.padding(all = 16.dp),
)
}
- J
n M nTc°¢T _ 5I,I-|i(.3l'-rll/¥IV9ﬂPVIKﬂAﬂHbIX
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A 4yTto no Modifier?

4 N
Modifier hosting
- J
- N
Foundation’s Modifier Hoisted Modifier
@Composable @Composable
fun Foo() { fun Foo(
Text( customModifier: Modifier
modifier = Modifier.fillMaxSize() ) {
.padding(all = 16.dp), Fee(modifier = customModifier, ...
) }
e @Composable
} fun Fee(
- ) modifier: Modifier
) {
nuntcodt [ [HAMLLEEEE Text(modifier = modifier, ...)

KOMMbIOTEPHbIX HAVK

\J

)
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Foundation’s Modifier hosting

@Composable
fun Foo() {
Text(
text = "Hello",
modifier = Modifier
fillMaxSize()
.background(Color.Red)
.padding(16.dp)

}
Jetpack Compose
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@ComponentV2
struct Foo
build()
Text("Hello")
.width("100%")
.height("100%")
.backgroundColor(Color.Red)
.padding(16)

ArkUI
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Foundation’s Modifier hosting

@Composable @ComponentV2
fun Foo() { struct Foo
Text( build()
text = "Hello", Text("Hello")
modifier = Modi-Fier/ —> width("100%")
fillMaxSize() —>» .height("100%")
.background(Color.Red) .backgroundColor(Color.Red)
.padding(16.dp) .padding(16)
)
}
Jetpack Compose ArkUI
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Foundation’s Modifier hosting

@Composable @ComponentV2
fun Foo() { struct Foo
Text( build()
text = "Hello", Text("Hello")
modifier = Modifier .width("100%")
fillMaxSize() .height("100%")
.background(Color.Red) —”'————_-_-“’)>.backgroundColor(Color.Red)
.padding(16.dp) .padding(16)
)
}
Jetpack Compose ArkUI
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Foundation’s Modifier hosting

@Composable
fun Foo() {
Text(
text = "Hello",
modifier = Modifier
fillMaxSize()
.background(Color.Red)

.padding(16.dp)_______‘;

@ComponentV2
struct Foo
build()
Text("Hello")
.width("100%")
.height("100%")
.backgroundColor(Color.Red)
> - padding(16)

}
Jetpack Compose
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ArkUI
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Foundation’s Modifier hosting

Jetpack Compose ArkUI
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Foundation’s Modifier hosting

@Composable
fun Foo() {
Text(
text = "Hello",
modifier = Modifier
fillMaxSize()
.background(Color.Red)
.padding(16.dp)

}
Jetpack Compose

= I/iTMO
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@ComponentV2
struct Foo
build()
Text("Hello")
.width("100%")
.height("100%")
.backgroundColor(Color.Red)
.padding(16)
.align(Alignment.TopStart)

ArkUI
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Foundation’s Modifier hosting

Jetpack Compose ArkUI

iTMoO
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Hoisted Modifier’'s hosting

@Composable
fun Foo() {
Fee(
customModifier = Modifier
.clip(RoundedCornerShape(20.dp))
.background(Color (0xFF6C63FF))
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Hoisted Modifier’'s hosting

@Composable @Composable
fun Foo() { fun Fee(
Fee( customModifier: Modifier
customModifier = Modifier ) {
.clip(RoundedCornerShape(20.dp)) Box(
.background(Color (0xFF6C63FF)) modifier = customModifier
) .padding(24.dp),
} contentAlignment = Alignment.Center
) A
Text(
text = "Hoisted Modifier",

color = Color.White
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Hoisted Modifier’'s hosting

@Composable @Composable
fun Foo() { fun Fee(
Fee( customModifier: Modifier
customModifier = Modifier ) {
.clip(RoundedCornerShape(20.dp)) Box(
.background(Color (0xFF6C63FF)) modifier = customModifier
) .padding(24.dp),
} contentAlignment = Alignment.Center
) {
Text(
text = "Hoisted Modifier",

color = Color.White

Hoisted Modifier
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AttributeModifier (ArkUl)

/**
* Defines the attribute modifier.
*
* @interface AttributeModifier<T>
* (@syscap SystemCapability.ArkUI.ArkUI.Full
*x (@crossplatform
* @atomicservice
* (@since 12
*/

declare interface AttributeModifier<T> {

/xx

* Defines the normal update attribute function.
*

* @param { T } instance

* @syscap SystemCapability.ArkUI.ArkUI.Full

* @crossplatform

* (@atomicservice

* (@since 12

*/
applyNormalAttribute?(instance: T): void;
}
J'IVII'ITCOd)T . m;l‘-rll/llev?l'IPI/IKnAnglx https://developer.nuawei.com/consumer/en/doc/harmonyos-guides/arkts-user-defined-extension-attributemodifier 172
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https://developer.huawei.com/consumer/en/doc/harmonyos-guides/arkts-user-defined-extension-attributemodifier

AttributeModifier (ArkUl)

// demo.ets

import { MyButtonModifier } from './button_modifier'

@Entry
@Component
struct attributeDemo {

// The modifier is decorated with @State, with behavior consistent with that of a regular object.
@State modifier: MyButtonModifier = new MyButtonModifier(true);

build() {
Row() {
Column() {
Button("Button")
.attributeModifier(this.modifier)
.onClick(() => {

// When the level-1 attribute of the modifier is changed, a UI update is triggered, causing

applyNormalAttribute to be executed again.

this.modifier.isDark = !this.modifier.isDark

1)
}
.width('100%")
+
.height('100%"')

iTMoO
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// button_modifier.ets

export class MyButtonModifier implements AttributeModifier<ButtonAttribute> {

isDark: boolean = false

constructor(dark?: boolean) {
this.isDark = dark ?? false

applyNormalAttribute(instance: ButtonAttribute): void {

if (this.isDark) {
instance.backgroundColor('#707070"')
} else {
instance.backgroundColor('#17A98D")
.borderColor('#707070")
.borderWidth(2)

Button
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CommonModifier

/**

*x Defines Common Modifier

*

* @extends CommonAttribute

* @implements AttributeModifier<CommonAttribute>
* @syscap SystemCapability.ArkUI.ArkUI.Full

* @atomicservice

* @since 12

*/

export declare class CommonModifier extends CommonAttribute implements AttributeModifier<CommonAttribute> {
/**
*x Defines the normal update attribute function.
*

* @param { CommonAttribute } instance

* @syscap SystemCapability.ArkUI.ArkUI.Full

* (@crossplatform

* @atomicservice

* @since 12

*/

applyNormalAttribute? (instance: CommonAttribute): void;

viTmMo
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Hoisted Modifier’'s hosting

@Composable
fun Foo() {
Fee(
customModifier = Modifier
.clip(RoundedCornerShape(20.dp))
.background(Color(0xFF6C63FF))

@ComponentV2
struct Foo
build()
Fee( )
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Hoisted Modifier’'s hosting

@Composable
fun Foo() {
Fee( J—
customModifier = Modifier
.clip(RoundedCornerShape(20.dp))
.background(Color(0xFF6C63FF))

@ComponentV2
struct Foo
build()
Fee(
customModifier:

)

iTMoO
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Hoisted Modifier’'s hosting

@Composable
fun Foo() {
Fee(

customModifier = Modifier
.clip(RoundedCornerShape(20.dp))
.background(Color(0xFF6C63FF))

@ComponentV2
struct Foo
build()
Fee(
customModifier:
applyNormalAttribute: (instance: CommonAttribute) =>

as CommonModifier
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Hoisted Modifier’'s hosting

@Composable
fun Foo() {
Fee(
customModifier = Modifier
.clip(RoundedCornerShape(20.dp))
.background(Color(0xFF6C63FF))

@ComponentV2
struct Foo

build()

Fee(
customModifier:
applyNormalAttribute: (instance: CommonAttribute) =>

instance.borderRadius(20)
instance.clip(true)

as CommonModifier
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Hoisted Modifier’'s hosting

@Composable
fun Foo() {
Fee(
customModifier = Modifier
.clip(RoundedCornerShape(20.dp))
.background(Color(0xFF6C63FF))

@ComponentV2
struct Foo
build()
Fee(
customModifier:
applyNormalAttribute: (instance: CommonAttribute) =>
instance.borderRadius(20)
instance.clip(true)
—Jp instance.backgroundColor (OxFF6C63FF)

as CommonModifier
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Hoisted Modifier's hosting oo

@Composable
fun Foo() {
Fee(
customModifier = Modifier
.clip(RoundedCornerShape(20.dp))
.background(Color(0xFF6C63FF))

@ComponentV2
struct Foo
build()
Fee(
customModifier:
applyNormalAttribute: (instance: CommonAttribute) =>
instance.borderRadius(20)
instance.clip(true)
instance.backgroundColor (@xFF6C63FF)

as CommonModifier
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Hoisted Modifier’'s hosting

@Composable @ComponentV2
fun Fee( struct Fee
) {customModlfler: Modifier build()
Box ( Stack({ alignContent: Alignment.Center })
modifier = customModifier TeXtio:zézigi(?giiil;;i%e)
.padding(24.dp), ’ ’
contentAlignment = Alignment.Center .
) { & g .padding(24)
Text(
text = "Hoisted Modifier",
color = Color.White
)
}
¥
Jetpack Compose ArkUI
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Hoisted Modifier’'s hosting

C tv2
@Composable @componen
struct Fee
fun Fee( @Param
customModifier: Modifier=— e .
) 1 @Require
Box ( customModifier: CommonModifier;
modifier = customModifier

build()
Stack({ alignContent: Alignment.Center })
Text("Hoisted Modifier")

.padding(24.dp),
contentAlignment = Alignment.Center

)1 Text( .fontColor(Color.White)
text = "Hoisted Modifier", .
color = Color.White -padding(24)
)
}

Jetpack Compose ArkUI
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Hoisted Modifier’'s hosting

C tv2
@Composable @componen
struct Fee
fun Fee( @Param
customModifier: Modifier .
) 1 @Require
Box ( customModifier: CommonModifier;
modifier = customModifier

build()
Stack({ alignContent: Alignment.Center })
Text("Hoisted Modifier")

.padding(24.dp),
contentAlignment = Alignment.Center

) { :
Text( .fontColor(Color.White)
text = "Hoisted MOdlfleP ? .attributeModifier(this.customModifier)
color = Color.White .
) .padding(24)
}

Jetpack Compose ArkUI
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Hoisted Modifier’'s hosting

@Composable
fun Fee(
customModifier: Modifier

)
Box (

modifier = customModifier
.padding(24.dp),
contentAlignment = Alignment.Center

) o
Text(

text = "Hoisted Modifier",
color = Color.White

Jetpack Compose
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@ComponentV2
struct Fee

@Param
@Require
customModifier: CommonModifier;

build()

Stack({ alignContent: Alignment.Center
Text("Hoisted Modifier")
.fontColor(Color.White)

.attributeModifier(this.customModifier)
.padding(24)

ArkUlI

)

“Fee()” final
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Hoisted Modifier’'s hosting

@Composable
fun Foo() {
Fee(
customModifier = Modifier

.clip(RoundedCornerShape(20.dp))
.background(Color(0xFF6C63FF))

)

-

@Composable
fun Fee(
customModifier: Modifier
) o
Box (
modifier = customModifier
.padding(24.dp),
contentAlignment = Alignment.Center
) o
Text(
text = "Hoisted Modifier",
color = Color.White

Jetpack Compose
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ArkUlI

@ComponentV2
struct Foo
build()
Fee(
customModifier:

applyNormalAttribute: (instance: CommonAttribute) =>

instance.borderRadius(20)
instance.clip(true)
instance.backgroundColor (0xFF6C63FF)

as CommonModifier

@ComponentV2
struct Fee
@Param
@Require
customModifier: CommonModifier;

build()
Stack({ alignContent: Alignment.Center })
Text("Hoisted Modifier")
.fontColor(Color.White)

.attributeModifier(this.customModifier)
.padding(24)
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Hoisted Modifier’'s hosting

Hoisted Modifier

Jetpack Compose ArkUI

Hoisted Modifier
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[MpyMep peanbHOro UCNONb30BaHUA. &Sk
Employee card '

Ivan Milenin 5 Ivan Mllenln | 5
Android Developer - Mobile Android Developer - Mobile

olatl

Working

Status

Active i
Working

Active

Jetpack Compose ArkUI
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MprMep peanbHOro UCMONb30BaHUSA.  ws:
Bank profile header e

Salary account

Active
++++ 1842 + Checking

S.a.lary account Active

+ » 1842 - Checking

Balance

128 450 »

Balance

128 450,

Available: 126 970 £

Available: 126 970 #

i Last operation

Card payment « Coffee Shop * -420 P 2

3) Last operation

Card payment + Coffee Shop - ... 2

Jetpack Compose ArkUI
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[pyMep peanbHOro UCMoNb30BaHUA. &Sy

[TogTBEP)XOAEHME NepeBOa

MonTBepXXaeHue nepeBoaa

ne6 NenbMeHbKOB
r + 7
Catic

Cymma nepeBoaa

3750,

Komuccusi0 £ (noToMy 4TO Mbl A06pbIe)

OTkyna 3apnnatHas kapTa ** 1842

KommeHTapuin 3a WwaBepMy U MoparbHbIi yuiep6

MepeBecTu geHbru i

Jetpack Compose

ViTmMmo
n M I1TCO¢T NHCTUTVT NPUNKNAOHDBIX

KOMMBIOTEPHbLIX HAVK

QR-KOQg
D

MoaTBEpPXXAEHME NepeBoa

neb6 MenbmMeHbKOB
r 99 123 7

<150 P (notomy uTo Mbl JO6pbIE)

Otkyga 3apnnatHas kapta * * 1842

KommeHTapuii3a wasepMy U MopanbHbii yuiept

I'Iepeaec-m AEHbIN

ArkUlI
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[IpnMep peanbHOro NCNoNb30BaHUA. GR-KOR

OnpocCHUKK

Kak Te6s 30ByT?

(®)  [Oanun KonbaceHko
O Bans
O  nNynyny

OTI'IpaBVITb oTBEeT

Jetpack Compose
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<

Kak Tebs 30By1?

@ [Lanun KonbaceHko
() BaHs

() nNy-ny-ny

OTn PaBUTb OTBET

ArkUIl
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OrnaBneHue
1 KoHTEeKCT n
aKTyanbHOCTb

TpaHcnauma
6U3HeC-Norvuku
Kotlin B ArkTS
MpoTtoTUNn M
pe3ynbTaTbl

ViTmo
n “ nTco¢T VHCTUTVT NPUNKNAOHBIX

KOMMbIOTEPHbIX HAVK

O63op
CYLLECTBYHOLLMX
peLleHnm

bubnuoTekn,
dbopMarnbHble
cneundukaummn, SMT

[NlocTaHoOBKa 3aga4n U
obwmnm nogxon

Ul: Jetpack
Compose B ArkUI
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YTO nonyuymnocb caenaThb

Anpo6upoBaHO NPUNOIKEHUN

9 (5 — Google Android Basics, 1 —
GitHub, 3 — cuHTe3MpoBaHHbIe)

TpaHcnunupoBaHo
AeKnapauuu

53 n3 67 (79%)

BxoaHou kon (Kotlin)

2587 cTpok, 41 pann

BbixoaHou kon (ArkTS)

1989 cTpok, 41 pann

.
ITVIO
NHCTUTVYT NPUKNAOHBbIX
KOMMBbIOTEPHbIX HAVK

nuntcodT

@1 TRAINING COURSE \

Android Basics with

Compose

Android Basics with Compose is a self-paced, online course on how to build

Android apps using the latest best practices. The course covers the basics of
building apps with Jetpack Compose, the recommended toolkit for building
adaptive user interfaces on Android.
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[TpnMepbl NPUIOXKEeHUS

&:41

0w

nuntcodT

dice-roller

iTMoO

NHCTUTVYT NPUKNAOHBbIX
KOMMBbIOTEPHbIX HAVK

m.w

Happy

y Sam!

From Emma

o

Birthda

J

birthday card

ﬁo:u [

Jetpack Compose tutorial

Jetpack Compose is a modern toolkit for
building native Android Ul. Compose
simplifies and accelerates Ul development
on Android with less code, powerful tools,
and intuitive Kotlin APIs.

In this tutorial, you build a simple Ul
component with declarative functions. You
call Compose functions to say what
elements you want and the Compose
compiler does the rest. Compose is built
around Composable functions. These
functions let you define your app's Ul
programmatically because they let you
describe how it should look and provide
data dependencies, rather than focus on the
process of the Ul's construction, such as
initializing an element and then attaching it
to a parent. To create a Composable
function, you add the @Composable
annotation to the function name

article
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[TopTUpOBaHME NPOCTOro NPUNOXKEHUS

S

S0

g

S & 2 ® o

oo -

HarmonyOS NEXT
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OrpaHnyeHmns NopTUPOBAHHbIX
NPUNOXXEHNN

OHU 0OHOCTPAHUYHbIE U 6e3 HaBurayuu

f ﬁeﬂllblu DAHHBI{HH
IIBBIIaBTIIbIH

ViTmo
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[Touemy He 100%7

TpaHcnunupoBaHoO
AeKnapauuu

53 u3 67 (79%)

iTMoO

n nTco¢T i NHCTUTVYT NPUKNAOHBbIX

KOMMbIOTEPHbIX HAVK

// File: MainActivity.kt

// TODO: failed to transpile 'MainActivity': Unknown operator type: SUPER_EXPRESSION | text: super
// class MainActivity : ComponentActivity() {

// override fun onCreate(savedInstanceState: Bundle?) {

Vi 4 super.onCreate(savedInstanceState)

// setContent {

// ComposeArticleTheme {

// // A surface container using the 'background' color from the theme
Va4 Surface(

// modifier = Modifier.fillMaxSize(),

V54 color = MaterialTheme.colorScheme.background
// )i

Vi ComposeArticleApp()

// }

1/ }

// }

I }

//}
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OrnaBneHue
1 KoHTEeKCT n
aKTyanbHOCTb

TpaHcnauma
6U3HeC-Norvkun

Kotlin B ArkTS

MpoTOoTKN U
pes3ynbTaThl
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O

O63op
CYLLECTBYHOLLMX
peLleHnm

bubnuoTekn,
dbopMarnbHble
cneundukauymm, SMT

nnz

[NlocTaHoOBKa 3agayuu u
obwnn nogxon

Ul: Jetpack
Compose B ArkUI
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YT0 TaM N0 HEMPOHOYKAM?

License: arXiv.org perpetual non-exclusive license
arXiv:241213693v3 [cs.SE] 12 Jan 2025

UlTrans: Seamless Ul Translation from Android to HarmonyQOS

Lina Gong

Nanjing University of Aeronautics and
Astronautics Nanjing China
gonglina@nuaa.edu.cn
0000-0002-5272-6706

Yujun Huang

Nanjing University of Aeronautics and
Astronautics Nanjing China
yujunhuang@nuaa.edu.cn
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Chen Wang

Nanjing University of Aeronautics and
Astronautics Nanjing China
wangchen712@nuaa.edu.cn

Di Cui

Xidian University Xi'an China
cuidi@xidian.edu.cn
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XML -> ArkUI

Example: Differences between Android XML and ArkUI E ;aywt t i
omponen :

Android XML: ArkUI: A
<androidx.appcompat.widget. AppCompatCheckBox Row() { !
Checkbox() |

/ » = @A Text i

a :

RelativeLayout> }
nuntcodt | GRS 200
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[TonblTKa NO1

—— Claude Code v2.1.195

Welcome back Ivan!

o

Opus 4.8 (1M context) - Claude Team - Lipt-soft
/../projects/birthday-card/harmony0S/claude

Tips for getting started
Run /init to create a CLAUDE.md fi..

What's new
Added "CLAUDE_CODE_DISABLE_MOUSE_C..
Fixed hook matchers with hyphenate..
Fixed voice dictation on macO0S cap..
/release-notes for more

> Moptupyn npunoxenume ./android-birthday-card B 3akocuctemy HarmonyOS NEXT B npoekT

./harmony-birthday-card.

Mpv NoOpTUpPOBAHUM HE WUCNONb3yW MHCTPYMEHTH no Ttuny harmony-transpiler

ViTmMmo
n M I1TCO¢T NHCTUTVT NPUNKNAOHDBIX
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[TonbliTKa NO1

Y10 cpenaHo

Moptuposan Android-npunoxeHune «Happy Birthday» B Harmony0S NEXT-npoekTt
harmony-birthday-card Bpyu4Hyio (6e3 harmony-transpiler), 3aMeHuB cnoMaHHble cTab-dannsl
TpaHcnawnnepa Ha KoppeKTHbii ArkTS/ArkUI.

entry/src/main/ets/pages/Index.ets — ocHoBHOM 3kpaH. CooTBeTcTBMe Compose - ArkUI:
- GreetingImage (Box ¢ HanoxeHueMm) - Stack

- GreetingText (Column) - @Builder GreetingText ¢ Column

- Image(painterResource(androidparty), ContentScale.Crop, alpha=0.5f) -
Image($r('app.media.androidparty')).objectFit(ImageFit.Cover).opacity(0.5)

- [Ba Text ¢ fontSize 100/116 lineHeight, TextAlign.Center, u 36 C BblpaBHMBaHWEM

Alignment.End - .alignSelf(ItemAlign.End); otcTyns padding-margin
- Arrangement.Center - .justifyContent(FlexAlign.Center)

CtpokoBble pecypchl (entry/.../base/element/string.json) — pobasun happy_birthday_text
(«Happy Birthday Sam!») u signature_text («From Emma»), Ha koTopble ccboinaetcs UI yepes
$r('app.string...").

Tema — 3aMeHun TODO-cTabbl Ha BanupHbii ArkTS:

- Color.ets — koHcTaHTh uBeToB (Color(@®xAARRGGBB) - ARGB hex-cTpokwu)

- Type.ets — Typography/TextStyle kak ArkTS-uHTepdencs

- Theme.ets — ColorScheme + happyBirthdayColorScheme(darkTheme) BMecTto MaterialTheme.
OuHamnyeckun uBet Android (dynamicLight/DarkColorScheme) — 10, Ha 4Y4éM CMNOTKHYnNCH
TpaHcnawnep — He uMeeT aHanora B Harmony0OS u oco3HaHHO ybpaH (nNoMe4yeHO KOMMEeHTapueM).

nuntcodpTl  HLRLS

NHCTUTVT NPUKITAOHbBIX
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G basic-android-kotlin-compose-training-cupcake  Public

¥ main ~ ¥ 13 Branches © 0 Tags

ﬂ@ JoseAlcerreca Merge pull request #117 from google-developer-training/renovate/con...

0O 0D DD DO DO DO DO O’

.github

app
gradle/wrapper
.gitignore
CONTRIBUTING.md
LICENSE
README.md
build.gradle.kts
gradle.properties
gradlew
gradlew.bat

settings.gradle.kts

ViTmo

nn nTCO¢T . VHCTUTYT MPUKNAAHBIX

KOMMbIOTEPHbIX HAVK

Q Go tofile

Update and rename renovate.json to .github/renovate.json

Remove TODO wording from README.md
Update versions to the latest

Initial main_m3 branch commit

Initial main_m3 branch commit

Initial main_m3 branch commit

Remove TODO wording from README.md
Update versions to the latest

Initial main_m3 branch commit

Initial main_m3 branch commit

Initial main_m3 branch commit

Migrate to Kotlin DSL (#59)

@B 82b7dc7 - 2 years ago

& Watch 5

2 years ago

3 years ago

3 years ago

3 years ago

3 years ago

3 years ago

3 years ago

3 years ago

3 years ago

3 years ago

3 years ago

3 years ago

O 11 commits

% Fork 147 - ¢ Star 91

About

No description, website, or topics
provided.

01 Readme

&8 Apache-2.0 license

A Contributing
Activity

Custom properties

-/V.

5]

¥ 91stars
& 5 watching
4

147 forks

Report repository

Releases

No releases published

Packages

No packages published

Contributors 4

204



[TonbiTKa NO2

—— (Claude Code v2.1.195

Tips for getting started
Welcome back Ivan! Run /init to create a CLAUDE.md fi..

What's new

Added " CLAUDE_CODE_DISABLE_MOUSE_C..
Fixed hook matchers with hyphenate..
Fixed voice dictation on mac0S cap..

Opus 4.8 (1M context) - Claude Team -+ Lipt-soft /release-notes for more
/../android-harmony-transpiler/projects/cupcake

> NopTtupyn npunoxenune ./basic-android-kotlin-compose-training-cupcake B 3KocucTemy
Harmony0S NEXT B npoekT ./harmonyos-cupcake. lpu nopTupoBaHUM HE WUCNOSIb3YW UHCTPYMEHTHI MO
Tuny harmony-transpiler

ViTmMmo
n M nTC°¢T NHCTUTVT NPUNKNAOHDBIX

KOMMBbIOTEPHbLIX HAVK
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A Bpy4YHyl noptuposan npunoxeHne Cupcake u3 Android (Kotlin/Jetpack Compose) B Harmony0S
NEXT (ArkTS/ArkUI, Stage model) — 6e3 wucnonb3oBaHus harmony-transpiler. Kog HanucaH
mpuoMaTtmyHo nop ArkUI.

Yt1o cpenaHo

Ctpyktypa (harmonyos-cupcake/entry/src/main/ets/):

- pages/Index.ets — HaBurauuoHHbih xocT (Navigation + NavPathStack + @Builder
navDestination) u cBa3biBaHMe 3KpaHoB — aHanor CupcakeScreen.kt u MainActivity

- viewmodel/OrderViewModel.ets — cocTodaHMe 3aka3a, pacYE€T LEHbl W reHepauusa part

- model/DataSource.ets, model/OrderUiState.ets — BKyCbl, BapuaHTb Konu4yecTtBa, ¢opma
COCTOfHUSA

- view/StartOrderScreen.ets, SelectOptionScreen.ets (obwwn pns Flavor u Pickup),
SummaryScreen.ets

- components/CommonUi.ets — FormattedPricelLabel

- util/OrderShare.ets — cuctemMHbih wapuHr 4vepe3 @kit.ShareKit

MopTupyn npunoxeHune ./basic-android-kotlin-compose-training-cupcake B 3KOCUCTEMY ..
16 files changed +919 -29

.
NHCTUTVT NPUKITAOHbBIX
KOMMBbIOTEPHbLIX HAVK
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A Bpy4Hyw nopTtupoBan npunoxeHue Cupcake n3 Android (Kotlin/Jetpack Compose) B HarmonyOS

NEXT (ArkTS/A > hvigor ERROR: Failed :entry:default@CompileArKTS...
nouomMaTU4YHO

> hvigor ERROR: ArkTS Compiler Error
1 ERROR: ArkTS:ERROR File: /Users/m.milenin/Android-Apps/work/CLAUDE/kmp-bspb-demo-claude/claude

-work ndroid-harmony-transpiler/project ke/harmonyos-c k ntr rc/main/ets/view

/SelectOptionScreen.ets:60:24

Argument of type 'Resource' is not assignable to parameter of type 'string | number'.

Y10 cpenaHo

navDestinatid

- viewmodel/(

o LWCEAVAVEREE 5 £RROR: ArkTS:ERROR File: rs/m.milenin/Android-Apps/work/CLAUDE/knp-bspb-demo-claud
COCTOSHUS

- view/Startd
SummaryScree
- components
- util/OrderS

-workspace/android-harmony-transpiler/projects/cupcake/harmonyos-cupcake/entry/src/main/ets/view
mar reen 27752
Argument of type 'Resource' is not assignable to parameter of type 'string | number'.

COMPILE RESULT:FAIL {ERROR:3}
> hvigor ERROR: BUILD FAILED in 1 s 637 ms

MopTupyn
16 files

Process finished with exit code -1

.
NHCTUTVT NPUNKNAOHbBIX
KOMMbIOTEPHbIX HAVK
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ATAGENTS

LLM — 3T0 He KYE€PHbIN ALLNK>», KOTOPbIN
reHepupyeT Koa U3 rofioBbl. 3TO areHT, KOTOPbIN
Bbi3biBaeT peajibHble YTUNUTbI U cObMpaeT 13
HMX pe3ynbTar.

OnucaHHbIV TpaHcnannep — YyacTb noaxoaa, a
He 3ameHa emy

.
( b \
R.COM

ViTmo
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name: transpile

description: "Transpile Kotlin/Compose source files to Harmony0OS NEXT ArkTS. Use when user wants to convert
Android/Kotlin code to Harmony0S, port Compose UI to ArkUI, or transpile Kotlin snippets to ArkTS."
arguments: [input]

allowed-tools: Bash(*) Read Write Glob Grep

# Transpile Kotlin/Compose to Harmony0S NEXT ArkTS

You are a transpilation assistant. Your job is to run harmony-transpiler on user-provided
Kotlin/Compose code and deliver the resulting ArkTS output.

## Prerequisites
- JDK 21 on PATH

## Setup

The transpiler binary lives at

"${CLAUDE_SKILL DIR}/../../../app/build/install/harmony-transpiler/bin/harmony-transpiler".

TRANSPILER="$(cd "${CLAUDE_SKILL DIR}/../../.." && pwd)/app/build/install/harmony-transpiler/bin/harmony-transpiler"

## CLI modes
1. Inline: "$TRANSPILER" --code 'fun foo() {}'

2. Stdin: echo 'fun foo() {}' | "$TRANSPILER" --stdin
3. Files: "$TRANSPILER" <input-path>... [--output-dir <dir>] [--android-res <res-dir>]
N I/iTMO
n M nTc°¢T ] NHCTUTVYT NPUNKNAOHBbIX

KOMMbIOTEPHbIX HAVK
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v22 15195

Welcome back Ivan! Rﬁn /initlfo éreate é CLAUDE.md file with instructions for C..

Added " CLAUDE_CODE_DISABLE_MOUSE_CLICKS  to disable mouse cl..
Fixed hook matchers with hyphenated identifiers (e.g. " code-..
Fixed voice dictation on macOS capturing silence in long-run..
Opus 4.8 (1M context) - Claude Team - Lipt-soft /release-notes for more
/../projects/cupcake/claude2.5

MopTupyin npunoxeHue ./basic-android-kotlin-compose-training-cupcake B 3akocucteMmy HarmonyOS NEXT B npoekTt
./harmonyos-cupcake. [lpu nopTupoBaHUM UCNONb3YW UHCTPYMEHT harmony-transpiler

nuntcodpTl  HLRLS
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How it went
. . . . . < Cupcake
I ran harmony-transpiler over all 12 Kotlin files (--android-res wired up so R.* references
resolved). The transpiler handled the leaf pieces cleanly — the OrderUiState data class,
DataSource, and the simple components (CupcakeAppBar, SelectQuantityButton,
FormattedPricelLabel) — but emitted [warn] blocks for the bulk of the app, where it hit
constructs it doesn't yet support:

enum class CupcakeScreen(...) — enums with constructors unsupported

CupcakeApp / cancelOrderAndNavigateToStart — Navigation Compose (navigateUp, popBackStack)
OrderViewModel — pickupOptions()[0] array-access + StateFlow

shareOrder — Android Intent

the three screens — dimensionResource/padding and getQuantityString

CupcakeTheme — dynamic color scheme

\
~

The emitted output also targeted a Compose-shim runtime (TopAppBar, MaterialTheme,

CommonModifier, stringResource) that doesn't exist in Harmony0S. So per the skill's step 5, I
finished the port by hand into idiomatic ArkUI/ArkTS, using the transpiler structure as the
guide.

What I built in harmonyos-cupcake
Order Cupcakes
ArkTS sources (entry/src/main/ets/):

- viewmodel/OrderViewModel.ets — @ObservedV2 + @Trace fields (the ArkUI analog of StateFlow);
price calc, same-day surcharge, and 4-date pickup generation

- model/DataSource.ets — flavors + quantity options as resources

- view/StartOrderScreen.ets, SelectOptionScreen.ets (reused for flavor + pickup),
SummaryScreen.ets, FormattedPricelLabel.ets

- pages/Index.ets — the CupcakeApp/MainActivity equivalent: a Navigation + NavPathStack host
where each route's NavDestination supplies its own title bar and back button (replacing
CupcakeAppBar), plus order-reset/cancel and share wiring

One Cupcake

Six Cupcakes

Twelve Cupcakes

nuntcodpTl  HLRLS

NHCTUTVYT NPUKNAOHBbIX
KOMMBbIOTEPHbIX HAVK

02:29 B (@00

211



[TonbiTka No2.5

UToro: no ctpokaMm B cbopke = 0% TpaHcnaunepa / 100% pyykKamu; Mo «nOMOWU CO CTPYKTYpoOu» =

15-20% TtpaHcnaunep / 80-85% pyyHas pgoBogkKa. JTO POBHO TOT CUEHapuWil, KOTOPLIA CKWUAM U OMUCLIBAET:
«transpiler gets structure right but leaves gaps».

ViTmMmo
n M nTC°¢T WNHCTUTVT NPUKNAOHBLIX 2 1 2

KOMMBbIOTEPHbLIX HAVK



NTor nogxoaa

Al + LIbSL =

nuntcodT

213



O ueM BoObLE ObINO
BbICTYNnNEHMNE?

EcTb He
TONbKO U
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O ueM BoObLE ObINO
BbICTYNnNEHMNE?

EcTb He byayuee —

Tonbko UU B CBAA3Ke, a
He B
Bbibope.

nuntcodT
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O ueM BoObLE ObINO
BbICTYNnNEHMNE?

EcTb He byayuee —

Tonbko UU B CBAA3Ke, a
He B
Bbibope.

ViTmMmo
n M nTC°¢T NHCTUTVT NPUNKNAOHDBIX

KOMMBbIOTEPHbLIX HAVK

MepeHoc NO
MOXKXeT 6bITb
AOKa3yeMo
KOPPEKTHbIM
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O ueM BoObLE ObINO
BbICTYNnNEHMNE?

EcTb He byayuee —

Tonbko UU B CBAA3Ke, a
He B
Bbibope.
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MepeHoc NO
MOXKXeT 6bITb
AOKa3yeMo
KOPPEKTHbIM

UHorpam
MaTeMaTMuKa
none3Ha
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SMT

1

NMopTupoBaHue
6ubnuorex.

2

Murpauusa Mexxpy
Bepcuamu API

3

TecTupoBaHue

ViTmMmo
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NTorn paspaboTku

nuntcodT

.
ITMO

NHCTUTVYT NPUKNAOHBbIX
KOMMBbIOTEPHbIX HAVK

MopTupoBaHMe 6a30Bbix KOHCTPYKLUM Kotlin B ArkTS
MopTupoBaHMe MHOXeCcTBa KOMNOHeHTOB Jetpack
Compose B ArkUI

MopTmnpoBaHKMe BbI30BOB BMBIMOTEK NPWU NOMOLLM
dopManbHbIX cneunpuKaymm

MopTnpoBaHue HaBurayum

MopTUpoBaHWE apXUTEKTYpPbl MPOEKTa
(MHOromMoaynbHOCTb, AUPEKTOPUM U NpoYee)
MopTUpPOBaHME CUCTEMHbBIX BbI3OBOB
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