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Mo6unbHbie OC 2018-2019

Mobile Operating System Market Share Worldwide
Q1 2018 - Q4 2019
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Haxrmony0OS 1.0 (First Gen.)

 [lepBbin NybNnYHbIM penu3 B 2019 ropy
e icmonb3oBanacb nuuwb ongd TV u IoTl

« basunpoBanacb Ha Lite0S

API Initial stable Latest security patch version AOSP

Name 0S version . .
version release date (release date) version

Harmony0S 1.0 1.0.0 August 9, 2019 1.0.1.66 SP3 (October 20, 2020) Android 9

"Pie" (TV)

- Unsupported



Haxrmony0S 2/3/4 (Second Gen.)

» [lepBbi NybAnMUHbIN penu3 B 2021 ropy

« OC 6biNnn pOCTYNHO ON9 MCMNOJb30BaHME Ha cMapT@oHax

« basnpoBanacb Ha AOSP

« ObWwee yncno JOCTYNHbIX npunoxeHunn — 3 500 000 +

HarmonyOS & HarmonyOS (4




HMS (Huawei Mobile Services)

v [5) push-notifications

anbTepHaTuea GMS (Google Mobile Services), > [ common
BKJIlOYaKWWaa B cebqa: v.[) O scripts

_ =0 src
« Huawel 1D |
e Push Kit > 3 google [main]
 Analytics Kit » O huawei

« Map Kit u 1.1 » O huaweiDebug

» O huawelRelease
> 3 mailn

@ .gitignore

build.gradle.kts



HongMeng Kernel

MUKpPOSOEpPHAa apXUTeKTypa,
pa3paboTaHHad C LEeNbK
3aMeHnTb AOSP u Linux-agpo

[lpenctaB/ieHO B aBrycTe
2023 ropa

0S Sexvices

Minimal

File Mem
System Mgx.
Idle Thexrmal
Mgx. Mgrx.

Coxre Kernel Sched

tty

Proc.
Mgx.

Network
Stack

IPC

Device Power
Driver Mgr.

Least privileged
00

& Well-isolated



HoBble A3blKU

n hperMBOpPKH

AxKkTS

A3bIK

NPOrpamMMMpoOBaHNN,
OCHOBAHHbIM Ha

CUHTaKCcuce
TypeScript




HoBble A3blKU

n thpeumMBOpPKHU

AxkTS ArkUI

A3bIK nexknapatuBHbin UT
NMPOrpamMMMpoBaHUN, hpenmMBOpPK
OCHOBAaHHbIN Ha

CUHTaKCcuUce

TypeScript




HoBble S13bIkKu U (hpPEeUuMBOPKM

AxkTS ArkUI DevEco

A3bIK nexknapatumBHbin UT IDE png paspaboTku
NMPOrpaMMMpPOBAHUN, hpeENMBOPK MPUIOKEHNN NOL,
OCHOBAHHbIM Ha HarmonyOS.
CUHTaKcuce

TypeScript Intellid IDEA’'s fork




HaxrmonyO0S 5/6 (Thixd Gen.)

 [lepBbI NybnnMuHbIN penu3 B 2024 ropy

« basunpoBanacb Ha HongMeng Kernel

» icnonb3yeT HoBble thpenmBopkn M a3bikn: ArkTS, ArkUI, Canjie

« OOWEee 4yncno AOCTYMNHbLIX MPUIOKEHNN —-

HarmonyOS NE)XT




Mo6unbHbie 0C (2024-2025)

Mobile Operating System Market Share Worldwide

Q1 2024 - Q3 2025

(074
[ ] A o .“—_. ®
4% 4% 49 4% 5% 49 49
Q1 2024 Q2 2024 Q3 2024 Q4 2024 Q1 2025 Q2 2025 Q3 2025

i0S

Haxrmony



AKTYaNlbHOCTb

» [I[puNoXeHnn mano

« KUTauCKMx TypucToB BCe bonble
n 6onblue

SET e \VORNIN Android s
e KNwvyeBasg 3ajadvya — HaMNoJiIHeHue
nnat@opmbl Harmony0S NEXT
10/1b30BaTENbCKUMU MPUTOKEHNAMMN

Aemop: Huaweil/Android. HcmouyHuk: www.huaweicentral.com
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CywecTBynwumue nopxopabl
NOpPTUPOBaAHUSA

PaspaboTka ¢ Hyns KpoccnanaTtdopma BuptyasbHoe OKpyXeHue

ABTOMaTNUEeCKad

BupTyanbHoe OKpymxeHue ML/LLM TPAHCAAUMA Kopa



CywecTeyluue NOAXOAH!

NOPTUPOBAHUS

e “TloNHBIN KOHTPONbL"
NpuU HanucaHuuM Kopda

e« CywecTBywnT o(uuUManbHblE
MHCTPYMEHTHI

e lONro

« Hy®Hbl KOMaHAa pa3paboTHMKOB
non ATrkTS




CyuecTByWuvme nopaxopbl
NOPTUPOBAHUS

« ]l KOO - HECKOJIbKO niaT(opMm fﬂl‘
- EcTb ofuumanbHaa nomnepwka U
ArkUI-X l A

A o ovCompose

ARKUI-X

« HeT odumuManbHOM NOOLEPHKM
NONYNAPHbIX MHCTPYMEHTOB




CywecTeyluue NOAXOAH!

NOPTUPOBAHUS

« 3aTpaThl HA apganTauuw Koja
cBefeHbl K MUHUMYMY

e [Ipobnembl C
NPON3BOANTENbHOCTbHK

e Cno¥Hee ucnonb3oBaTb
HaTueHoe API



CywecTBynumue nopxopabl
NOPTUPOBAHUSA

[Mpamon TpaHcnunauum Kotlin - ArkT He cyumecTBYyeT,
a ML-nooxonbl oawT Nuwb nNpubnusmTenbHble
pe3ynbTaTbl 6€3 rapaHTuM KOPPEKTHOCTMU

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

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



Cqu,eCTByloume nop‘xonm ABTOMaTUUYECKAa TpaHcAdauusa Kopaa
NnOpPTUPOBAHUSA

« COXpaHeHne CceMaHTUKMU
MCXOOQHOIro Kopaa

« “[[poBepsaemMoCTb’’ pesynbTaTa
NMOPTUPOBAHMUS

e OTCcyTCTBME
aBTOMATU3NPOBAHHOIO
MHCTPYMEHTAPUA
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B Hauane 6bin Android...

Kotlin

fun main() 3
println("Hello, world!")

§




B Hauane 6bin Android...

Kotlin

fun main() 3
println("Hello, world!")
§

Jetpack Compose

@Composable
fun HelloWorld() 1%

Text(text = "Hello, world!")
§




A notom nosaBuiaca HaxrmonyOS...

AxkTS

export function main(): vc ?
.1log("Hello, world' ")

§

HarmonyOS NE)XT



A notom nosaBuiaca HaxrmonyOS...

AxkTS

export function main(): void 3
1sole.log("Hello, world!")

§

AxrkUI

@ComponentV?2
struct HelloWorld 3 Y |
build() 3 - ,
Text("Hello, world!") HarmonyOS NE)XT
5
§




CpaBHUTEeNbHbIM aHann3 apxutTeKTyp Kotlin/AxkTS

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



CpaBHUTEeNbHbIM aHann3 apxutTeKTyp Kotlin/AxkTS

val counter: Int? = 0 let counter: number | null = 0O;
fun increment(x: Int): Int 3 expoxrt function increment(x: number):
return x + 1 number -

IS return x + 1;



CpaBHUTEeNbHbIM aHann3 apxutTeKTyp Kotlin/AxkTS

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

fun increment(x: Int): Int 3 expoxrt function increment(x: number):
retuxrn x + 1 number -

IS return x + 1;

1 (x == "LIPT") 4 it (x == “"LIPT") 4
println("Cool!") console.log("Cool!")

! else if (x == "IPKN") 1 { else if (x == "IPKN") 3
println("Wow!") console.log("Wow!")

! else 3 ! else |
println("Awesome :)") console.log("Awesome :)")

§



CpaBHUTEeNbHbIM aHann3 apxutTeKTyp Kotlin/AxkTS

‘IHHHIHHIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

val counter: Int? =0 let counter: number | null = O;
fun increment(x: Int): Int 3 expoxrt function increment(x: number):

return x + 1 number >————> TpaHcnauma 6a30BbIX KOHCTPYKLUU
IS return x + 1;

o

1if (x == "LIPT") 4 L 4w == "LIPT" ) 4

println("Cool!") console.log("Cool!")
! else if (x == "IPKN") 3 ! else if (x == "IPKN")

println("Wow!") console.log("Wow!")
! else 3 ! else |

println("Awesome :)") console.log("Awesome :)")

§



CpaBHUTEeNIbHbIM aHann3 apxutTeKTyp Kotlin/AxkTS

‘IHHHIHHIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

val counter: Int? =0 let counter: number | null = O;
fun increment(x: Int): Int 3 expoxrt function increment(x: number):
return x + 1 number - >————> TpaHcnauma 6a30BbIX KOHCTPYKLUU
IS return x + 1;
o
1if (x == "LIPT") 4 2t i == "LIPT"¥ 4
println("Cool!") console.log("Cool!")
! else if (x == "IPKN") 3 ! else if (x == "IPKN")
println("Wow!") console.log("Wow!")
} else 3 { else |
println("Awesome :)") console.log("Awesome :)")
2 ;

> TpaHchsuus Bbi3OBOB 6M6AMOTEK



CpaBHUTEeNIbHbIM aHann3 apxutTeKTyp Kotlin/AxkTS

@Composable @ComponentV?2

fun AnyComponent() 3 struct AnyComponent
o8 & build() 3

§



CpaBHUTEeNIbHbIM aHann3 apxutTeKTyp Kotlin/AxkTS

@Composable @ComponentV?2
fun AnyComponent() 3 struct AnyComponent
build() +$
§
Button(onClick = 3 counter++ %) 1 Button("Add")
Text ("Add") .onClick(() => 4 this.counter++; %):

§



CpaBHUTEeNIbHbIM aHann3 apxutTeKTyp Kotlin/AxkTS

@Composable @ComponentV?2
fun AnyComponent() 3 struct AnyComponent
build() +$
§
Button(onClick = 3 counter++ %) 1 Button("Add")
Text ("Add") .onClick(() => {1 this.counter++; ¢);
§

var counter by remember i mutableStateOf(0) % @State counter: number = O;



CpaBHUTEeNIbHbIM aHann3 apxutTeKTyp Kotlin/AxkTS

@Composable @ComponentV?2
fun AnyComponent() 1 struct AnyComponent

build() 13
§

H Tpancnauus UI
Button(onClick = § counter++ %) 3 Button("Add")
Text ("Add") .onClick(() => 4 this.counter++; });

§
var counter by remember { mutableStateOf(0) }% @State counter: number = O;




lpepnaraembii nopgxon

TpaHcnauma 6a30BbIX Kotlin
:l. g - =2 PSI
KOHCTpYKUuMn (Kotlin -» ArKkTS)

9 TpaHcnauma BblI3oBOB bubnmnoTek

g TpaHcnauuna UL

Kotlin
PSI
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Kotlin PSI

Program Structure Intexface (PSI) — 3To cnou, oTBevyawwmm 3a aHanu3s (aunnos
M CO3JaHMe CUHTAKCUYECKOM M CeMaHTUYEeCKOW MOAeNnn Kojda, KoTopasd obecneumBaeT
MHOTrMe MYHKUUKM NnnaTOopMbl

N\

“CMHTaKcu4eckoe pepeso,
r0e KaKpoMy 3JIeMeHTY Koja
t_ , COOTBEeTCTBYeT BepuwuHa rpadga”

T 1

KtVariableDeclaration KtUnaxryExpression KtBinaryExpression

KtDeclaration

[

—!
N

oot

KtFunction

KtClassOxObject




TpaHcnauua ucxopHoro kKopga. Kotlin -» PSI

. analysis-api Public ®watch 8 v % Fork 7 ~ T Star 21 v

¥ main ~ ¥ 3 Branches © 0 Tags Q Go tofile t Add file ~ <> Code ~ About

Kotlin Analysis APl Documentation

e yanex Update the Writerside version ab59b72 - 3 months ago @ 33 Commits
& kotl.infanalysis-api
W .github/workflows Update the Writerside version 3 months ago H Readie
M .idea Initial commit 2 years ago 58 Apache-2.0 license
: ‘A~ Activity
8 Writerside Make the Analysis APl more robot-friendly 3 months ago
[=E] Custom properties
[ LICENSE Add README and LICENSE 2 years ago v 21 stars
[ README.md Clarify README 2 years ago ® 8 watching
% 7 forks
' Report repository
[0 README 3[5 Apache-2.0 license 4

Contributors 7

Kotlin Analysis APl Guide Ce>+<00. 0@

{

Deployments 23

Ilna aHanun3da ucxogHoro kopa ucnonbsyetca PSI (Program Structure Interface),
hopmmpyembin yepes Kotlin Analysis API.



TpaHcnauua ucxopHoro kKopa. Kotlin -» PSI

Obxon PSI BbinonHsieTcda oT KopHeBoro ysna KtFile,

nanee obpabaTbiBawTCHA KJjlacchl,

fun main() {
val x =

prlntln(x) ‘

)Y HK

M, BblPpalEHNA WU OeKJldpPal

FelllTee

s

KtFile
KtNamedFunction (fun main() 3..

KtModifierlList

KtIdentifier (main)

KtParametexrList (())

KtBlockExpression (3...%)

KtProperty (val x = 10)

KtModifierlList
KtIdentifier (x)
KtTypeReference (null)
KtEquals (=)

NN

5

KtConstantExpression (10)
KtCallExpression (println(x))



TpaHchnauua ucxopHoro kKopa. PSI -» AxkTS IR

Ha ocHoBe PSI gopmupyetca AxkTS IR — BHYTpeHHee

v [2] ru.vpa.kotlintranspiler.common

npeacTaB/eHne, oTpamawluee CTPYKTypy byayuen v Barkis.ast
> [ core
A I kTS = [ p ol p dAMMbl (G2 ArkTsAbstractFunctionDeclaration

(& ArkTsBaseFunctionDeclaration
[< ArkTsClassDeclaration.kt
(G2 ArkTsDecorator
[< ArkTsEnumbDeclaration.kt
[ %% (@ ArkTsExecutableBlock

* Base contract for every ArkTS AST element. I ATV
* Each node should be able to render itself back to SRR pads

(@3 ArkTsGenericTypeParameterList
ALKTS SoUrce cods, [< ArkTslInstruction.kt

*/ < ArkTsinterfaceDeclaration.kt
interface ArkTSNode '{ (@@ ArkTsMemberFunctionDeclaration

[ < ArkTsNamespaceDeclaration.kt

[ %% @ ArkTsNode

. (> ArkTsParameterList
* Converts this AST node back to ArkTS code § |
(@ ArkTsSealedClassDeclaration

representation. @ ArkTsStructDeclaration

* / (G2 ArkTsTopLevelFunctionDeclaration
fun render(): String @ ArkTsType
}_ (&2 ArkTsVisibilityModifier
(G2 DefaultArkTsType



TpaHchnauua ucxopHoro kKopa. PSI -» AxkTS IR

ArkTS IR He KonupyeT cuHTakcuc Kotlin,
a MopesMpyeT nporpamMMy B TEPMUHAX KOHCTPYKLUM
AxrkTS c y4yéToM pas/iMiymm S3blKOB

[ %% /%%
x Represents an ldentifier usage. * Represents an ArkTS expression wrapped 1n parentheses.
* *
* Example: val a = b + 1; * Example: (1+2), where are all this expression 1s Parenthesized
* b - IdentifierExpression * /
* / data class ArkTsParenthesizedExpression(
data class ArkTsIdentifierExpression( val expression: ArkTsExpression,
val name: String, ) : ArkTsExpression 13

) : ArkTsExpression 3
override fun render(): String 3
override fun render(): String = name return buildString 3
% append (ArkTsTokens.LEFT_BRACKET)
append (expression.rendexr())
append (ArkTsTokens.RIGHT_BRACKET)




TpaHchnauua ucxopHoro kKopa. PSI -» AxkTS IR

ATkTS IR Cny®uMT OCHOBOW , .
rkTsFile
and reHepaunmn UToroBoro AIkTS'KOﬂ,a ArkTsTopLevelFunctionDeclaration

name: mailn
visibility: export
returnType: ArkTsType(void)
ArkTsParameterlList
(no parameters)
ArkTsExecutableBlock
ArkTsVariableDeclarationInstruction
name: X
isMutable: false
initializer:
ArkTsLiteralExpression
value: "10"
ArkTsExpressionInstruction
ArkTsCallExpression
callee:
ArkTsIdentifierExpression
name: println
arguments:
ArkTsIdentifierExpression
name: X




TpaHcnauua ucxopgHoro kopa. Data-knacch

data class Foo( export class Foo 1
val a: Int, public readonly a: number;
val b: String,

) public readonly b: string;

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

:

public equals(other: object | null): boolean -+
return other === this || other instanceof Foo && this.a === other.a && this.b === other.b

A

public toString(): string 1
return “FOO(" + ||a=|| + this.a + 1|' "o ||b=|| + thiS.b + ||)||

§

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



TpaHcnauua ucxopgHoro kopa. Data-knacch

Kotlin (.class) AxkTS

public final class Foo { export class Foo {

private final int a; public readonly a: number;

@NotNull

private final String b; public readonly b: string;

public Foo(int a, @NotNull String b) 1% constxuctox(a: number, b: string) -4
Intrinsics.checkNotNullParametexr(b, "b"); this.a = a
super(); this.b = b
this.a = a; ¢
thig.b = B §

5

public final int getA() {1 return this.a; }

@NotNull
public final String getB() {1 return this.b; %

public final int componentl() {1 return this.a; }

@NotNull
public final String component2() { return this.b; 3}



TpaHcnauua ucxopgHoro kopa. Data-knacch

Kotlin (.class) AxkTS

public boolean equals(@Nullable Object other) 1 public equals(other: object | null): boolean i
1f (this == other) 3 return other === this
return true; | | other instanceof Foo
t else if (! (other instanceof Foo)) 3 && this.a === other.a
return false; && this.b === other.b
P 2lss § }

Foo var2 = (Foo)other;
if (this.a != var2.a) 3
return false;

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

§



TpaHcnauua ucxopgHoro kopa. Data-knacch

Kotlin (.class) AxkTS

@NotNull public toString(): string <
public String toString() 1% return "Foo(" + "a=" + this.a + ", " + "b=" + this.b
return "Foo(a=" + this.a + ", b=" + this.b + ")"; + ")"

§



TpaHcnauua ucxopgHoro kopa. Data-knacch

Kotlin (.class) AxkTS

@NotNull public copy(a: number = this.a, b: string = this.b): Foo
public final Foo copy(int a, @NotNull String b) 3 return new Foo(a, b)
Intrinsics.checkNotNullParameter(b, "b"); ¢
return new Foo(a, b);

§

// $FF: synthetic method
public static Foo copy$default(Foo varO, int varl, String
var2, int var3, Object var4d) 1
1T ((var3 & 1) = 0) 4
varl = var0O.a;

§

1f ((var3 & 2) 1= 0) 3
var2 = var0.b;

§

return var0O.copy(varl, var2);



TpaHcasauua ucxoaHoro kKopa. Sealed-knacco

sealed class Result 3 export abstract class Result {
:

data class Success(
val data: String export namespace Result
): Result() export class Success extends Result
public readonly data: string;
object Failure : Result()
constructor(data: string) 1
§ supex ()

this.data data

L
5

export class FailureClass extends Result ;
constxuctox() 1
supex ()

1 1
| Y|

export const Failure: Result = new FailureClass();

l
L



TpaHcnsauusa ucxopHoro Kopa. Jiambppb

fun createlLambda(): ((String) -> String) -> ((Int) -> expoxrt function createlLambda(): (pO: (pO: string) =>
Int) -> (Int) -> String i string) => (p0O: (pO: number) => number) => (pO: number)
return § stringTransformer -> => string
1 intTransformer -> return (stringTransformer) => 3§
3 value: Int -> return (intTransformer) => 3

return (value) => 4
const transformedInt =

val transformedInt

intTransformer(value) intTransformer(value) ;
val base = "value=$value, const base = ‘value=$%$3value?,
transformed=$transformedInt" transformed=%;transformedInt? " ;
stringTransformer(base) return stringTransformer(base)
¢ \
§
} {



TpaHcnauusa ucxopgHoro kKopa. dopmMmaTupoBaHHbIe
CTPOKMNU

val base = "value=$%$value, transformed=$transformedInt" const base = ‘value=${value?,
transformed=%{transformedInt! ;

val msg = "Sum=$5a + b}" const msg = "Sum: $ia + bf;
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TpaHcnauus BbI3OBOB 6ubaunoTek

fun maskCardNumber (number: String): String i expoxrt function maskCardNumber(number: string): string 1
return number.droplLast(4) + "*xkkx" return number.substring(0, number.length - 4) + "Hkxx"

'
§ _s



TpaHcnauus BbI3OBOB 6ubaunoTek

fun maskCardNumber (number: String): String i expoxrt function maskCardNumber(number: string): string 1
return number.droplLast(4) + "*xkxx" return number.substring(0, number.length = 4) + "H&xxx"

z ’[




TpaHcnauus BbI3OBOB 6ubaunoTek

fun maskCardNumber (number: String): String i expoxrt function maskCardNumber(number: string): string 1
return number.droplLast(4) + "*x&kxx" return number.dropLast(4) + "**x*x"

¢
§ _s

4 )
Property 'droplLast' does not exist on type 'string’. <ArkTSCheck>

any

il

e entry




TpaHcAsuusa BbI3OBOB OubGAMOTEK

« B koge Androild-npunoxeHun Bbi3bIBAHTCSH
VHKUMM U KJaCCbl U3 CTaHAAPTHbIX
6ubnunotek Kotlin m Android SDK,
KOTOpble HEe MMEeWT MNpPSMbIX aHaNoroB |

(HET NpaAMOro COOTBETCTBUSA)

B HarmonyOS NEXT. !

Kotlin / Android 6ubnuoTeka

AxkTS / Harmony0S 6ubnunoreka

e HeBO3MOXHO BbLINOJIHUTb MNPOCTYVYI0
CUHTAKCUYECKYHW 3aMEeHYy Bbi3OBOB — \
Tpe6yeTC$:I onpenesintb CoOOTBETCTBUE Kak onpepenuTb 3KBUBANIEHTHOCTb?
VHKUMW ABYX nnat@opm.




OdopmanbHbie cneuupmukauum 6mbnnorTexk. LibSL

Cneuntpmnkaumnsg BUOMMOIro MNOBEOEHUS
libsl "1.0.0";

library ‘KotlinText' ¢yHKHMM ABNNTAETCH HaCTMQHOﬁ

VETELEn "Ll 00 cneumpukaumen nosepgeHuns GyHKLUUU
typealias bool = bool; N OTPpaKaeT OCHOBHOE TlNnpegHa3Ha4d4eHUue
typealias string = string; [pyHI-(LI,VII/I ., BUOAMMOE W3BHE.

typealias int = 1nt32;
typealias double = floaté4;

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

type kotlin.text 3 ¢
automaton kotlin.text: kotlin.text 3

fun dropLast(receiver: string, n: int): string 3

var length: int = action STRING_LENGTH(receiver); LibSL (Library Spec:i.fication
var end: int = length - n;
result = action STRING_SUBSTRING(receiver, 0, end); Language) - UCMOJI b3yeTCﬂ

019 JeKNapaTUBHOMO OMNMUCaHUS
nopeaeHna 6mbnunoTek
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Upeda noaxopa

HyxHO npuBecTtu droplLast

fun droplLast(receiver: string, n: int): string 3

K y,ﬂ,O6HOMy OpMaTy ¥ Bb|pa3|/|Tb var length: int = action STRING_LENGTH(receiver);

: var end: int = length - n;
"lepe3 Strlngolength result = action STRING SUBSTRING(receiver, 0O, end);
n String.substring 5

@Extension

automaton String.substring: String 3

fun call(receiver: string, start: int, end: int): string 3
result = action STRING _SUBSTRING(receiver, start, end);

§
§

D ke S ==
@Extension
AD - e
@dProperty

automaton String.length: String 1

fun get(receiver: string): int 3
result = action STRING LENGTH(receiver) ;
§



SSA form

Static Single Assignment form — 3T0 npegcTaBeHMe NpPoOrpammsl,
roe Kaxaasa nepemMeHHass nNpucBaMBaeTCs POBHO OAMUH pas.

fun foo(): Int 3

- A SSA

N X < X
[

X X X P
+
N

A\ 4

return z

X 3anucbiBaeTCda OBamAabl -
Xe W X1 — pa3Hble MMeHa

Ncmo4vHUK: memebase. ru




SSA form

Static Single Assignment form — 3T0 npegcTaBeHMe NpPoOrpammsl,
roe Kaxaasa nepemMeHHass nNpucBaMBaeTCs POBHO OAMUH pas.

lene = STRING_LENGTH(xeceivero)

J
var length: int = action STRING_LENGTH(receiver);
var end: int = length - n; SSA N
result = action STRING SUBSTRING(receiver, 0, end); > :
? reso = STRING _SUBSTRING(xeceivero, 0, ende)

\2

returne = reso



Tpacca uUcnoJiIHeHus

Tpacca - 3T0O ynopaago4yeHHas

data class Trace(

nocnefoBaTeNibHOCTb WAroB WCMNOMHEHUS val function: LibFunction,

val args: List<DeclStat>,
BYHKLUUM, 3aBUCAWAS OT BbINOJIHEHUS val body: List<Steps
YCJIOBHbIX OMepaTopos. )

sealed class Step
N N data class Action(val step: ActionCallStat) : Step()
nOCﬂeﬂ,OBaTeﬂbHOCTb ﬂ,el/lCTBI/II/I data class Result(val step: ResultStat) : Step()

. v & w @ t lass Condition(val step: LE ) : Step()
(ACtlon), VCcoBUN (Condltlon) data class Condition(val step XpI ep
n PesaynbtatoB (Result)

Cmpykmypel OaHHbIXx 015 onucaHuUs mpdccebl 8 Kode

NcmoYHUK: memebase. ru




Tpacca UCNoOJIHeHUs

Ecnn ectb ycnosue (1if) — Tpacca paspBamBaeTcea. B ogHy Tpaccy pobaBnseTco
TeKyllee e€ ycnoBue, B APYryw — ero oTpuuaHue.

if (condition) This i1s mitosis

Trace 1 Trace 2

W b 74
Action: A Action: B
Condition = true Condition = false

This is execution trace splitting on condition




[ipumep nonyuyeHusa TpaccCbl UCNOJIHEHUS

fun contains(receiver: string, other: string,
ignoreCase: bool): bool 3}

if (ignoreCase) 1
base = action STRING_TO LOWER(receiver):
needle = action STRING TO LOWER(other);
t else 1§
base = receiver;
needle = other;

§

result = action STRING INCLUDES(base, needle);



[ilpumep nonyyeHus Tpaccbl UCMNOJIHEHUS

) i i . cond: = ignoreCase
fun contains(receiver: string, other: string, g

ignoreCase: bool): bool {

if (ignoreCase) 1§ true false
base = action STRING TO LOWER(receiver);

needle = action STRING _TO LOWER(other);

t else §
base = receiver: base:i = TO_LOWER (receiver) base: = receiver
needle = other: needle: = TO_LOWER(other) needle: = other
$

result = action STRING_INCLUDES(base, needle);

base_f = ¢(base., base:) - needle_f = ¢(...)

resi = STRING_INCLUDES(base_f, needle_f)




[ilpumep nonyyeHus Tpaccbl UCMNOJIHEHUS

Tpacchbl

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

ignoreCase: bool): bool {

Trace 1 - ignoreCase

. : Action: TO_LOWER(receiver)
L (Laneratass) 4 true false Action: TO_LOWER(other)
base = action STRING TO LOWER(receiver); e e
needle = action STRING TO LOWER(other): Condition: 1gnoreCase
3 else § Action: INCLUDES(base, needle)
base = receiver: base: = TO_LOWER (receiver) base: = receiver Result: res:
needle = other: needle: = TO_LOWER(other) needle: = other
$

result = action STRING INCLUDES(base, needle);

Trace 2 - !ignoreCase

base_f = ¢(base., base:) - needle_f = ¢(...) Condition: !ignoreCase
Action: INCLUDES(receiver, other)
Result: 1zres:

res: = STRING_INCLUDES (base_f, needle_f)




SAT

Boolean Satisfiability Problem — 3apavya 6yneBoM BbIMOSIHUMOCTU: HYHKHO
onpenennTb, cywecTByeT nu Habop 3HavyeHunm True/False ponsa nepemeHHbIX,
npu KOTOPOM normdyeckaa tdopmyna (B byneBoM NOrnMKe) CTaAHOBUTCHA MCTUHHOM.

(x Vy) AN (Ax V 2)

EcTb nn Takon Habop 3HaYeHunm x, y un z,

NMPU KOTOPOM JIOTMYECKOE BblpaeHne BEPHO
(txue)

NcmoyHUK: memebase.ru




SAT

F = (x Vy) A (2xV z)

HayasibHOEe COCTOdHue

il false ? ? true s ? [pepnonoxeHne: x = false
2 false false 7 true true false peononoxeHne: y = false » F = false
3 false true true true true true Unit-propagation: y = true

4 false true true true true true YcTaHaBnuBaeM z, SAT - peweHue HaugeHo



SAT

F = (x Vy) A (2xV z)

HayasibHOEe COCTOdHue

il false ? ? true s ? [pepnonoxeHne: x = false
2 false false 7 true true false peononoxeHne: y = false » F = false
3 false true true true true true Unit-propagation: y = true

4 false true true true true true YcTaHaBnuBaeM z, SAT - pelweHue HaugeHo



SAT » SMT

Satisfiability Modulo Theoxies — npoBepka BbIMOJHUMOCTU NOrMYECKOU (HOPMY bl

~ oy

c yyetom “Teopun’” (apuibmeTmka, maccuBbl, CTpoku, bit-vectors w 1.4.).

Oe—v—y)—A—me——23
(x 0)/\(x +y =10) A (y 2 3)

EcTb nn Takom Habop 3HaAYeHUW X, y n z,
NP KOTOPOM JIOFMYECKOE BblpaKeHUe BEPHO
(true)

NcmoYyHUK: memebase. ru




SAT » SMT

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

KomMmeHTapum

0 7 ? - i - ? HavyanbHoe cocTodaHue
1 -9999 . false ? 5 false [lpegnonoxeHne: x = -9999
> F = false

[lpeononoxeHne: x = 9999
2 9999 =998 true true false false -y =10 - x = 10 - 9999 = -9989
- Yy = 3 HapyuweHo

3 ? ? ? ? ? ? [lpegnonoxeHue: y = 3

x =10 -y =10 - 3 = 7

4 7 3 true true true true y
- SAT - pelleHVMe HauAeHo



SAT » SMT

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

KomMmeHTapum

0 7 ? - i - ? HavyanbHoe cocTodaHue
1 -9999 . false ? 5 false [lpegnonoxeHne: x = -9999
> F = false

[lpeononoxeHne: x = 9999
2 9999 =998 true true false false -y =10 - x = 10 - 9999 = -9989
- Yy = 3 HapyuweHo

3 ? ? ? ? ? ? [lpegnonoxeHue: y = 3

x =10 -y =10 - 3 = 7

4 i 3 true true true true o
- SAT - pelweHue HaupeHo



KSMT

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

(declare-fun x 0 () Int)
(declare-fun y_0 () Int) E!bnd

(assert
(and
(> x 0 0)
(= (+ x_ 0y _0) 10)
(>=y_0 3)




3aueMm HaM SSA?

NWcxoOHblh KOO - BbINONHAETCA U paéT x = 8

Var ¥ = 5
X = X + 3



3aueMm HaM SSA?

NWcxoOHblh KOO - BbINONHAETCA U paéT x = 8

Var ¥ = 5
X = X + 3
A

[

be3 SSA

X =5 A xXx=x+ 3

nopbupaem Xx:
Xx =5 > 5 =5+ 3 X

noboe x > x =X + 3 X

\

HUW OOHO 3Ha4veHUe He NoAXOoOUT

UNSAT

«TaKOW NporpamMmMmbl He cyllecTByeT»



3aueMm HaM SSA?

NWcxoOHblh KOO - BbINONHAETCA U paéT x = 8

Var ¥ = 5
X = X + 3
AN

{ N

be3 SSA C SSA

X =5 A X=X+ 3 Xe = 5 A X1 = Xe + 3
nopbupaem Xx: nopbupaem xo, Xau:
X =5 =2 5 = 5 + 35 X Xe = 59 3 5 = &5
nwboe x > X = X + 3 X X1 =8 » 8=5+3
J
HW OJHO 3HayeHue He noaxoauT HangeHo: Xe = 5, x1 = 8

UNSAT SAT

«TaKOW NporpamMmMmbl He cyllecTByeT» hopMyna BbINOSHMMA



3aueMm HaM SSA?

T G G

lenoe = STRING_LENGTH(xeceivereo)

fun droplLast(receiver: string, n: int): string § Trace 1
var length: int = action STRING_LENGTH(xeceiver);
var end: int = length - n;

result = action STRING_SUBSTRING(receiver, 0, end); endo = lene - n Action: SUBSTRING(receiver,
} 0, ende)

Action: LENGTH(receiver)

Result: reso
rese = STRING_SUBSTRING(xeceivere, 0, endo)

returne = reso




3aueMm HaM SSA?

T G G

lenoe = STRING_LENGTH(xeceivereo)

fun droplLast(receiver: string, n: int): string § Trace 1
var length: int = action STRING_LENGTH(xeceiver);
var end: int = length - n;

result = action STRING_SUBSTRING(receiver, 0, end); endo = lene - n Action: SUBSTRING(receiver,
} 0, endo)

Action: LENGTH(receiver)

Result: reso
rese = STRING_SUBSTRING(xeceivere, 0, endo)

returne = reso

l

Yto-TO, uTO cpaBHuBaeT SMT-pewaTtenb:

(lene = STRING LENGTH(xreceivero))

A (ende = lene - n)

A (rese = STRING SUBSTRING(receivero, 0, endo))
A (returne = reso)

Ucmo4yHUK: memebase. ru




3aueMm HaM SSA?

T G G

result: = STRING_LENGTH UcmoyHUK: memebase. ru
@Extension _ (receiver) | Trace 1

@Property
automaton String.length: String 3§ Action: LENGTH(receiver)
fun get(receiver: string): int % Result: result:
result = action
STRING_LENGTH(receiver);
§ | J

§

return: = result:

YTOo-TO, UTO CpaBHUBAET
SMT-pewaTenb:

STRING SUBSTRING(receivero,

start, end)) A (returne =

result: = STRING_SUBSTRING

: . i 3 resulto)
@Extension (receiver, start, end) : Trace 1
automaton String.substring: String 3 |
i . Action: SUBSTRING(receiver,

fun call(receiver: string, start: fart ) ( _;T

int, end: int): string 1% start, en
result = action .

STRING_SUBSTRING(receiver, start, Resllks mesile:
end) ;

§

I3 return: = result:



Kak cpaBHUTb noBeaeHue ABYX (BYyHKuUun?

4, nbiTawwmnuca nsbaBUTbCA
OT MaTEeMaTUKU B OOKNande..

npopaoiKaeM...

NcmoyHUK: memebase. Tu




3apgavya: cobpaTb MCXOAHYW Tpaccy U3 LesieBbiX

UcxopHaa — Kotlin CnoBapb uenesbix Tpacc — ArkTS

4 )

removelLast(x)

LENGTH(x) SUBSTRING(x, O, len-1)

1 3awMT BMecTo cBobopgHoro n!

dropLast(s, n) N y

LENGTH(s) length(s) substring(s, e)
>
SUBSTRING(s, 0, len-n)

take(s, n) txrim(s)

SUBSTRING(s,0,n) TRIM(s)

. paboune 6nokwu

s, n — cBoboaHble

toLowerCase(s)

TO_LOWER(s)

He MoaxoamT

. noctopoHHue (decoy)




ilBa Bonpoca

SMT #1 — Kakue (hyHKUMM U B KaKOM nopsapke?

[lpoBepsaeT:

CymMMa [O/MH BbIOPaHHbIX Tpacc = AOJIMHA MCXoAHOM (MOSIHOE MNOKpbITUE)
lenctBMa Mo nNO3MuMdaM CoBMafalT:

1l
+

SMT #2 — ¢ KakKumMm aprymeHtTamu?
[lpoBepsaeT:
« ADrYMEHTbl Kawaooro AeucTBus coBnagawT

« CREATE_FILE(path) = CREATE_FILE("/tmp")? Het! MNyTb 3awuT.
Ina oTBeTa uncnosb3yem SMT-pewaTenb — OBaXAbl.



ABa Bonpoca

« 200 dyHKUMK, uUenodyKa Ao 5 - mapa KoMbuHauuW

» [lepebop He paboTaeT - ucnonblyem SMT-pewaTtenb

e SMT = nporpamma, KoOTOopasd WUIWET 3HaAYeHUd
NepemMeHHbIX Mo OrpaHUYeHUam

« Mbl hopmynMpyem 3apgady Kak Habop orpaHuUYeHun —
pewaTeNb HAXOOAUT OTBET 3a MWUWIJIMCEKYHAD

Kadp u3 gunema «Manv4yuwHuk 68 Beeace» / The Hangover (2009), pewuccép Todd Phillips;
Zach Galifianakis. HWcmouyHuk mema: Know Your Meme, Zach Galifianakis Math



SMT #1:

MILEM LeNnOYKYy MO Ha3BaHUAM

Kawpomy AeitcTeumo — uncno: =1 [EIEET =2 =3 =4 EIEXI =5

WcxopHas Tpacca dropLast: [ [ m = 2

OyHKUMuA JeuctBuUA

Ta length LENGTH [1] 1

T2 substring(start, end) SUBSTRING [2] i

T3 removelast () 'S.UBSTRITNGi (1, 2] 2

Ta index0f (sub) m [5] 1
Ts trim()
Ts toLowerCase () [4] 1

[3] 4.



SMT #1, N=1: nepebupaem BCe Tpacch

HyxHo nokpbitb [ (1] (m=2) opHoii Tpaccoii. MpoBepseM Kaxayw:

KaHguaaT neucTBUS ANvHa = 2? yucna = [1,2]?

Ta 1ength()

122 X - - SAT! PeuweHune npwu
N=1: removelLast()

T2 substring()

ApryMeHTbl NpoBepUM
no3xe (SMT i#2)

Ta trim()

Ts toLowerCase ()

B

Ts 1ndex0£ () B 122 X —
B
4

2 V [1, 2] Vv

Te removelLast () n a 2



SMT #1, N=1: nepebupaem BCe Tpacch

HyxHo nokpbitb [ (1] (m=2) opHoii Tpaccoii. MpoBepseM Kaxayw:

KaHguaaT neucTBUS ANvHa = 2? yucna = [1,2]?

Ta length() 122X =
T substring() 122 X - - SAT! PeuweHune npwu
N=1: removelLast()

Ts 1index0f () B 1 2 2 X —

3 ApryMeHTbl NpoBepUM
a trim() 1 # 2 X —
’ o nosme (SMT #2)
Ts toLowerCase () n 1 # 2 X —

2 Vv [1, 2] Vv

Te removelLast () n a 2



SMT #1, N=2: nepebupaem BcCe napbl

HyxHo nokpbith [ ) [ (m=2)pBymMs Tpaccamum. 6 Tpacc x 6 = 36 nap. lpoBepsiem:

war 1 war 2 AJIVHDI

length length 1+1=2 v [1,1] = [1,2] X

substring 1 length |1 EETEERY [2,1] = [1,2] X



SMT #1, N=2: nepebupaem BcCe napbl

HyxHo nokpbith [ ) [ (m=2)pBymMs Tpaccamum. 6 Tpacc x 6 = 36 nap. lpoBepsiem:

war 1 war 2 AJIVHDI

length length 1+1=2 v [1,1] = [1,2] x
substring 1 length 1+1=2 v [2,1] = [1,2] X
length removelast na 1+2=3 X ONMHa # 2

removelast a substring a 2+1=3 X ONNHa # 2



SMT #1, N=2: nepebupaem BcCe napbl

HyxHo nokpbith [ ) [ (m=2)pBymMs Tpaccamum. 6 Tpacc x 6 = 36 nap. lpoBepsiem:

war 1 war 2 AJIVHDI

length length 1+1=2 v [1,1] = [1,2] x
substring 1 length 1+1=2 v [2,1] = [1,2] X
length removelast na 1+2=3 X ONMHa # 2

removelast a substring a 2+1=3 X ONNHa # 2
trim B -2 [1,3] = [1,2] x

substring a toLowerCase n 1+1=2 V [2,4] # [1,2] X

length



SMT #1, N=2: nepebupaem BcCe napbl

HyxHo nokpbith [ ) [ (m=2)pBymMs Tpaccamum. 6 Tpacc x 6 = 36 nap. lpoBepsiem:

war 1 war 2 AJIVHDI

length length 1+1=2 v [1,1] = [1,2] x
substring 1 length 1+1=2 v [2,1] = [1,2] X
length removelast na 1+2=3 X ONMHa # 2

removelast a substring a 2+1=3 X ONNHa # 2
trim B -2 [1,3] = [1,2] x

substring a toLowerCase n 1+1=2 V [2,4] # [1,2] X

length

Bcero 36 nap



SMT #1, N=2: nepebupaem BcCe napbl

HyxHo nokpbith [ ) [ (m=2)pBymMs Tpaccamum. 6 Tpacc x 6 = 36 nap. lpoBepsiem:

war 1 war 2 AJIVHDI

length length 1+1=2 v [1,1] = [1,2] x
substring 1 length 1+1=2 v [2,1] = [1,2] X
length removelast na 1+2=3 X ONMHa # 2

removelast a substring a 2+1=3 X ONNHa # 2
trim B -2 [1,3] = [1,2] x

substring a toLowerCase n 1+1=2 V [2,4] # [1,2] X

length

Bcero 36 nap

length substring a 1+1=2 V [1,2] = [1,2] V



SMT #1, N=2: Hawnu!

"N length + [ substring = 0 8 - saT!

Utoro SMT i1 Hawén pBa peweHua:

Lenoyka Kak cobpaHa
1 removelLast() n a - ofgHa GyHKUKUS
2 length() + substring() n + a - ABe (YHKLUUMK

[lo yucnam oba nogxonsaT.
HO moaxomdaT Jin MO aprymeHTam? 3To npoBeput SMT 2.

NcmoYyHUK: memebase. ru




To, 4YTO pewaTenb Aenan Ha npepbpiaywem cnaunae,
3anucbiBaeTca TakK:

by = \( € (b} A comna & \plolpetdl) = o(r, L) )

N
N\ E €, = Fil
NcmoyHUK: memebase. ru
s=1
YTO O3HauvaeT
s KaKylo Tpaccy B34Tb Ha Wlare s
Cs = Ng, [ONVHa BbIbpaHHOW TpaccChl

p(ol...]) =e(7]...]) uucnapeicTeuin coBnagatoT

Y — CyMMa ANVH = ANMHA UCXOOHOM



SMT 1 Hawen uenouku. Ho 3tToro mano.

SMT #1 nopobpan Kakue (yHKLUMUWM BbI3BaTb. HO Mbl Mmoka He MpoBepusv apryMeHThbl.
BcnoMHMM, 4TO BHYTpU cneunmuKaumm y Kakaooro AEencTBUSA €CTb apryMeHTbl:

. Kotli - AxkTS
fun droplLast(receiver, n): o fun removelast(receiver): g
len = action STRING LENGTH(receiver) len = action STRING LENGTH(receiver)
action STRING _SUBSTRING(receiver, 0, len - n) action STRING_SUBSTRING(receiver, 0, len - 1)

n — cBoboagHbiM napameTp 1 — 3auMTas KOHCTaHTAa



SMT 1 Hawen uenouku. Ho 3tToro mano.

SMT #1 nopobpan Kakue (yHKLUMUWM BbI3BaTb. HO Mbl Mmoka He MpoBepusv apryMeHThbl.
BcnoMHMM, 4TO BHYTpU cneunmuKaumm y Kakaooro AEencTBUSA €CTb apryMeHTbl:

Kotlin AxkTS

fun droplLast(receiver, n): fun removelLast(receiver):

len = action STRING LENGTH(receiver) len = action STRING LENGTH(receiver)
action STRING _SUBSTRING(receiver, 0, len - n) action STRING_SUBSTRING(receiver, 0, len - 1)
n — cBoboagHbiM napameTp 1 — 3auMTas KOHCTaHTAa

lecTBUS OAMHAKOBbDIE :

Ho len = n n len = 1 — 370 pasHble Bewm! HyxHa BTOpasg npoBepka > SMT {F2:
MOMHO JIM Bblpa3nTb MNapamMeTpbl LEeNeBOon 4yepe3 napameTpbl UCXOOHOU?



SMT #2: uTto npoBepsaemM?

NMoea: napamMeTpbl UCXOQ4HOU (YHKLMM BbiPpa3nTb 4Yepe3 napaMeTpbl LeseBoUu Tak,
4yTOobbl Tpacchl coBraganan Npu NbblIX 3HAYEHUSAX UCTOYHUKA.

dxopLast(s, n) » length() + removelLast(?)

BMECTO «?» pewaTesib MOACTABUT S, N WIM UX KOMOUHALMIO

APryMeHTbl MOMO3ULMOHHO NPUPaBHMBAEM — MOJIydYaeM CUCTEMY YypaBHEHUW. PewaTenb HaxXOOMUT:

« SAT + MOACTAHOBKY — 4YTO WMMEHHO MOCTaBUTb BMECTO «?»

» UNSAT + KOHTpnpuMep — KOHKPETHbIN BbI3OB, KOTOPbIN 3aMEHUTb HEe/b34

nepeMeHHaa — cBobogHa, KOHCTaHTa — 3aWuTa B CMEeKy.



SMT #2: npoBepsem removelast()

dropLast(s, n) removelLast(s) AOJIKHO COBNACTb

LENGTH LENGTH(s) LENGTH (s)

)
Il

wn
<

I
=
)

CLEdlEs SUBSTRING(s, 0, len-n) SUBSTRING(s, 0, len-1) n

YcnoBue: n = 1. Ho n - 3T0O aprymeHT Bbl3oBa droplast,
OH MOXeT ObiTb nwbbiM. lpn n # 1 3amMeHa He paboTaeT.



SMT #2: npoBepsem removelast()

dropLast(s, n) removelLast(s) AONKHO COBMACTb
LENGTH(s) LENGTH(s) g =5«
SUBSTRING(s, 0, len-n) SUBSTRING(s, 0, len-1) n=1%171%

YcnoBue: n = 1. Ho n - 3T0O aprymeHT Bbl3oBa droplast,
OH MOXeT ObiTb nwbbiM. lpn n # 1 3amMeHa He paboTaeT.

KoHTpnpumep oT pewartens: = 2
Tpebyetca 2 = 1 - nox¥b = UNSAT

BoiBopa: BbisoB droplLast(s, 2) Henb3ss 3aMeHUTb Ha removelast(s).



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

dxropLast(s, n) length / substring AOMKHO COBNACTb

LENGTH LENGTH(s) LENGTH(s) 5~ B 6

start=0,

SUBSTRING(s, 0, len-n) SUBSTRING(s, start, end) et ] T ey

B oTtnnume ot removelLast, cnpaBa Hurpge HeT 3awnmTtonm 1 —
Be3ne cBoboOAHble napamMeTpbl, pewaTenb BoseH nogobpaTtb mx nop nwboe n.



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

dxropLast(s, n) length / substring AOMKHO COBNACTb

LENGTH(s) LENGTH(s) S =s V

start=0,

SUBSTRING(s, 0, len-n) SUBSTRING(s, start, end) A T

B oTtnnume ot removelLast, cnpaBa Hurpge HeT 3awnmTtonm 1 —
Be3ne cBoboOAHble napamMeTpbl, pewaTenb BoseH nogobpaTtb mx nop nwboe n.

logpcTtaHoBKa OoT pewatend: start := 0, end := len-n
naboTtaeT npu nwbom n = SAT

[loxoxe, MoxkHO noacTaBuTb staxt = 0, end = len-n. [lpoBepum!



To, 4TO pewaTenb MpPoBepdasl B Kawxaom npumepe SMT 2,
3anucbiBaeTCa TakK:

m arity(a; ]

\Ij A A a‘rgncx(a.77k) — a’rguen(ﬁj’k)
j=1 k=1

YTO O3HavaeT
s, 5 j 7-€ NenCTBME B UCXOQHOM Tpacce U B LLeNeBOM LLernoyke
arg, .. (aj, k) k-napryMeHT OeiCTBUSA ar; U3 UCXOAHOM CreKU

arg,.,(Bj, k) TOXewu3ueneBon cneku

/\j,k KOHBbIOHKLNA BCEX NMOMNO3ULLMOHHDLIX PaBEHCTB — 3TO U €CTb Y

NcmoyHUK: memebase.tru




YUto ecnun SMT #2 otTBepr?

SMT 1 Hawen ueno4yky. SMT #2 oTBepr aprymMeHThl.
YTo panbuwe?

lobaBngem 3anpeTt K topmyne ® — «3Ty Ueno4yKy bonble
HEe npegnaram»:

[lonbiTka 1: @ - pyenoyka A - SMT #2 oTBepr
MonbiTka 2: @D A =(A) > uenoyka B = SMT #2 oTBepr
MonbiTka 3: D A =-(A) A =(B) - uenodyka C -» SMT 42: SAT!
Bcé mncuepnaHo: -» yBenuyuBaem N

QopMyna pacTeér — pewaTtenb nepebupaeT BapuaHThl,
NoKa He HaugoeT NoaoXOoOdAlnU .

John Jacobson — Double Dream Feet; pemuxkc Ultra Dragon Dream Feet,
LENNOZ. WcmoyHuk GIF: Tenor, Trippy Double Dream Feet.



[lonHbIN ANTOPUTM

for N =1, 2, 3, ... , 50:  npobyem anuHy uenouku

® = noctpontb_® N() ' dopmyna SMT i1



[lonHbIN ANTOPUTM

for N =1, 2, 3, ... , 50:  npobyem anuHy uenouku

® = noctpontb_® N() ' dopmyna SMT i1

while true: nepebupaem BapuaHTbi

result = solver.checkTraces(®)



[lonHbIN ANTOPUTM

while true:

result

1, 2, 3, ... , 5B0O:

noctpouTb_® N()

solver.checkTraces(®)

1T UNSAT: break

npobyemMm AAWHY LEMNOYUKU

dgopmyna SMT i#1

nepebupaeM BapuaHTbI

BCe BapuaHTbl pauHbl N ncuepnaHbl



[lonHbIN ANTOPUTM

for N =1, 2, 3, ... , 50:  npobyem anuHy uenouku

® = noctpontb_® N() ' dopmyna SMT i1

while true: nepebupaem BapuaHTbi

result = solver.checkTraces(®)

1T UNSAT: break ' Bce BapuanTbl aauHbl N mcuepnaHbi

actions = extract _traces(®) ' SMT #1 Hawén uenouky



[lonHbIN ANTOPUTM

for N =1, 2, 3, ... , 50:  npobyem anuHy uenouku

® = noctpontb_® N() ' dopmyna SMT i1

while true: nepebupaem BapuaHTbi

result = solver.checkTraces(®)

1T UNSAT: break ' Bce BapuanTbl aauHbl N mcuepnaHbi

actions = extract _traces(®) ' SMT #1 Hawén uenouky
1f solver.checkActions(actions): @ SMT #2 npoeepun apryMmeHTbl

return actions o6a SAT -+ rovoeo!



[lonHbIN ANTOPUTM

for N =1, 2, 3, ... , 50:  npobyem anuHy uenouku

® = noctpontb_® N() ' dopmyna SMT i1

while true: nepebupaem BapuaHTbi

result = solver.checkTraces(®)

1T UNSAT: break ' Bce BapuanTbl aauHbl N mcuepnaHbi

actions = extract _traces(®) ' SMT #1 Hawén uenouky
1f solver.checkActions(actions): @ SMT #2 npoeepun apryMmeHTbl

return actions o6a SAT -+ rovoeo!

® = O A -(actions) @ sanpemaem, npobyem apyryi



[lonHbIN ANTOPUTM

for N =1, 2, 3, ... , 50:  npobyem anuHy uenouku

® = noctpontb_® N() ' dopmyna SMT i1

while true: nepebupaem BapuaHTbi

result = solver.checkTraces(®)

1T UNSAT: break ' Bce BapuanTbl aauHbl N mcuepnaHbi

actions = extract _traces(®) ' SMT #1 Hawén uenouky
1f solver.checkActions(actions): @ SMT #2 npoeepun apryMmeHTbl

return actions o6a SAT -+ rovoeo!

® = O A -(actions) @ sanpemaem, npobyem apyryi

return INCOMPATIBLE @ ¢yHkuMm HecoBmecTuMbl



[lonHbIN AaNnropuTMm

for N =1, 2, 3, ... , 50: 5
© = mocroonts & NG ey = \(o0 € {1k} A e=na, A /J\w(a[ps+j])=so(fws[j]))
while true: A §Ec3=7n
result = solver.checkTraces(®) ) -
if UNSAT: break V= /\ /\ arg,. (@ k) = arg,.,(8; k)

1=1 Je—1

actions = extract_traces(®d)

1f solver.checkActions(actions):

return actions

® = d A -(actions)

return INCOMPATIBLE

\. !'—

Thé"yvr’the samel ,ﬂ( dire,

Kadp u3 cepuana «0guc» / The Office, snuzod Search Committee
(2011); Jenna Fischer 8 ponu Pam Beesly. Wcmo4yHuk GIF: Tenor
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Android-npunoxeHue

Kotlin-kop

l

NpeobpasoBaHue Kotlin
B PSI

!

Kotlin PSI

|

lpeobpazosaHue PSI

B AxrkTS IR
AxkTS IR

noaxon

HaxrmonyOS NEXT npunoxeHue
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NMapcep LibSL
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Mopenb Mopenb
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AxkTS IR render
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Acnonb3yembin nopxop

fun maskCardNumber (number: String): String 3
return number.droplLast(4) + "kx*xx"

§

Kotlin-kop

lpeobpasoBaHue Kotlin

B PSI

A 4

Kotlin PSI

-KtFile

L KtNamedFunction: "maskCardNumber"

- KtType

_ KtBloc
L Kt

L KtBinaryExpression:

—— KtParameter: "numbex"
L KtTypeReference: "String"

Reference: "String"
KExpression

ReturnExpression

+
—— KtDotQualifiedExpression

L KtValueArgument

—— KtStringTemplateExpression:

—— KtNameReferenceExpression: "number"
—— KtCallExpression: "droplLast"

L KtConstantExpression: 4

II****II



Acnonb3yembin nopxop

Kotlin PSI

- KtFile

lpeobpasoBaHue

PSI B AxkTS IR

L KtNamedFunction: "maskCardNumber" .
—— KtParameter: "number”

L KtTypeReference: "String"
—— KtTypeReference: "String"
—— KtBlockExpression

L KtReturnExpression

L KtBinaryExpression: "+"

KtDotQualifiedExpression

L KtValueArgument

—— KtStringTemplateExpression:

KtNameReferenceExpression: "number"
KtCallExpression: "dropLast”

L KtConstantExpression: 4

II****II

Ax

ArkTS IR

y

kTsFile
L FunctionDeclaration: "maskCardNumber" (export)
—— Parameter: "number"

L TypeReference: "string"
—— TypeReference: "string"
—— BlockStatement

L ReturnStatement

L BinaryExpression: "+"

—— CallExpression: "?7??°"
—— Identifier: "?7?°?"
—— NumericlLiteral: ?7?7?
—— StringlLiteral: "xx*x*"




Acnonb3yembin nopxop

LibSL cneuudukauus
ucxogHou b6ubnuoTekwu

LibSL cneuundukauusa
uenesou 6ubnuoTeKU

Mapcep LibSL

] I

Mopenb Mopenb
UcXoaHou 6ubnuoteku ueneson 6ubnuoTeku

J ]

fun dropLast(receiver: string, n: int): string 3
var length: int = action STRING_LENGTH(xreceilver);
var end: int = length - n;
result = action STRING _SUBSTRING(receiver, 0, end);
§

@Extension
L‘_"_' e N\ {,.. o | ” -t e Y | |

automaton String.substring: String 3

fun call(receiver: string, start: int, end: int):
string 3
result = action STRING SUBSTRING(receilver,
start, end);

™ r—- —— PP bl -
@EXTension
) G SISO e SH
dProperty

éutohatoh String.length: String 3

fun get(receiver: string): int 3
result = action STRING LENGTH(receiver);
§



Wcnonb3yembii nopxopn

G G T

fun droplLast(receiver: string, n: len:s = STRING_LENGTH(receiver) Trace 1

int): string 3

var length: int = action
STRING_LENGTH(receiver); end: = len: - n
var end: int = length - n;

result = action
STRING_SUBSTRING(receiver, 0, end);
1 res1 = STRING_SUBSTRING(xeceiver, 0, end:)

Action: LENGTH(receiver)
Action: SUBSTRING(receiver,0,0)
Result: O

returni: = res: SAT !

IpoBepka COBMECTUMOCTU Mopeneu

Npeobpa3zoBaHue | W3meHEHHaA
mogenu 6ubnuoTekx moaenb 6mbnunorTekm




Acnonb3yembin nopxop

dropLast(n) => length + substring

FeHepaTop uenesoro ArkTS IR

U3MeHEHHas y
Mopgenb 6ubnuoTeku

L FunctionDeclaration: "generated droplLast"

Parameter: "receiver" - string

Parameter: "n" - numbezx
ReturnType: string
BlockStatement

—— VariableDeclaration: "resultO" - number
L PropertyAccess: "receiver.length"

—— VariableDeclaration: "resultl" -» string
L CallExpression: "receiver.substring"

—— NumericlLiteral: O

—— BinaryExpression: "-"

—— Tdentifier: "resultO"

—— Tdentifier: "n"

— ReturnStatement

L Tdentifier: "resulta®

< STRING_LENGTH

< STRING_SUBSTRING



Acnonb3yembin nopxop

export function maskCardNumber(number: string): string -
return generated_droplLast(number, 4) + "xk*kx"

function generated_droplLast(receiver: string, n: number): string
const resultO: number = receiver.length;
const resultl: string = receiver.substring(0O, resultO - n);
return resultl

AxkTS-kop

T

AxkTS IR render

T

AxrkTS IR

ArkTsFile

—— FunctionDeclaration: "maskCardNumber" (export)

Parameter: "number" - string

ReturnType: string

ReturnStatement

L BinaryExpression: "+"

—— CallExpression: "generated_droplLast”
—— TIdentifier: "number"

—— NumericlLiteral: 4

—— Stringliteral: "x*x*xx"

— FunctionDeclaration: "generated_droplLast”

Parameter: "receiver" - string

Parameter: "n" - numberx
ReturnType: string
BlockStatement

—— VariableDeclaration: "resultO" - number
L PropertyAccess: "receiver.length"

—— VariableDeclaration: "resultl" -» string
L CallExpression: "receiver.substring"

—— NumericlLiteral: O

—— BinaryExpression: "-"

— Identifier: "resultO"

—— Tdentifier: "n”

—— ReturnStatement

L Tdentifier: "resultl"




Acnonb3yembin nopxop

Kadp u3 ¢unema «Benukuu amcbu» / The Great Gatsby
(2013), pexuccép Baz Luhrmann; Leonardo DiCaprio.
UcmoyHuk GIF: Tenor
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r r private sampleScroller:
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private mineScroller:

7 phone

build

oh_modules SRR en

componentScroller
[ main
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Project
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Pa3z6op @Composable KoMnoHeHTA

@Composable
fun CounterButton(
baseText: String

) 1

var counter = 0

Column 3
Text(text = "CuéTtumk: $counter")
Button(
onClick = {1 counter++ }
) 1

Text(text = "$baseText: $counter")
§



Pa3zbop @Composable

@Composable

fun CounterButton( HanmeHOBaHMEe KOMMOHEHTAa
baseText: String

) <

var counter = 0

Column 3
Text(text = "Cuétumk: $counter")
Button(
onClick = 1 counter++ }

) 1
Text(text = "$baseText: $counter")

§

KOMIMOHEHTA




Pa3z6op @Composable KoMnoHeHTA

@Composable
fun CounterButton(
baseText: String
) § [lepepaBaemMbie napameTpbl

var counter = 0

Column 3
Text(text = "Cuétumk: $counter")
Button(
onClick = 1 counter++ }
) 1

Text(text = "$baseText: $counter")
§



Pa3z6op @Composable KoMnoHeHTA

@Composable
fun CounterButton(
baseText: String

) <
var counter = 0 JloKanbHbIN MapamMeTp
Column 3
Text(text = "CuéTumk: $counter")
Button(
onClick = {1 counter++ }
} i
Text(text = "$baseText: $counter")
£
5



Pa3z6op @Composable KoMnoHeHTA

@Composable

fun CounterButton(
baseText: String

) 1

Bbi3OB pgouYepHero KOMMNOHEHTa
var counter = 0

Column 3
Text(text = "Cuétumk: $counter")
Button(
onClick = 1 counter++ }
) 1

Text(text = "$baseText: $counter")
§



Pa3z6op @Composable KoMnoHeHTA

@Composable

fun CounterButton(
baseText: String

) 1

var counter = 0 Content-nam6pga

Column 3
Text(text = "CuéTtumk: $counter")
Button(
onClick = {1 counter++ }
) 1

Text(text = "$baseText: $counter")
§



Pa3z6op @Composable KoMnoHeHTA

@Composable

fun CounterButton(
baseText: String

) 1

var counter = 0O HanmMeHOoBaHue Bbi3bIBAEMOIro KOMMOHEHTA

Column 3
Text(text = "Cuétumk: $counter")
Button(
onClick = 1 counter++ }
) 1

Text(text = "$baseText: $counter")
§



Pa3z6op @Composable KoMnoHeHTA

@Composable

fun CounterButton(
baseText: String

) 1

var counter = 0 AprymeHTbl Bbi3blBa€MOro KOMMNOHEHTa

Column 3
Text(text = "CuéTtumk: $counter")
Button(
onClick = {1 counter++ }
) 1

Text(text = "$baseText: $counter")
§



Pa3z6op @Composable KoMnoHeHTA

@Composable @ComponentV2
fun CounterButton( struct CounterButton
baseText: String
HaumMeHOBaHUEe KOMMOHEHTAa
) 1 @Param
var counter = 0O @Require
baseText: string;
Column 3
Text(text = "CuéTtuuk: $counter") ilLocal
Button ( counter: number =
onClick = 3 counter++ %}
) 1 build ()

Text(text = "$baseText: $counter")
§



Co3zpaHue ArkUI KOMNOHeHTAa

@Composable @ComponentV2
fun CounterButton( struct CounterButton
baseText: String
) § llepepaBaemMbie napameTpbl @Param
var counter = 0O @Require
baseText: string;
Column 3
Text(text = "CuéTumk: $counter") dLocal
Button ( counter: number =
onClick = 3 counter++ %}
) 3 build()

Text(text = "$baseText: $counter")
§



Co3zpaHue ArkUI KOMNOHeHTAa

@Composable @ComponentV2
fun CounterButton( struct CounterButton
baseText: String
Y o JloKanbHbIM NapameTp @Param
var counter = 0O @Require
baseText: string;
Column 3
Text(text = "CuéTumk: $counter") dlocal
Button ( counter: number =
onClick = 3 counter++ %}
) 3 build()

Text(text = "$baseText: $counter")
§



Co3zpaHue ArkUI KOMNOHeHTAa

@Composable @ComponentV2
fun CounterButton( struct CounterButton
baseText: String
) 3 @Param
var counter = 0 Bbi3OB AOYEepHEro KOMMOHEHTA @Require
baseText: string;
Column 3
Text(text = "CuéTumk: $counter") dLocal
Button ( counter: number =
onClick = 3 counter++ %}
) 3 build()
Text(text = "$baseText: $counter") Column()
£
5



Co3zpaHue ArkUI KOMNOHeHTAa

@Composable @ComponentV2
fun CounterButton( struct CounterButton
baseText: String
) 3 @Param
var counter = O Content-nam6pa @Require
baseText: string;
Column 3
Text(text = "CuéTuuk: $counter") dLocal
Button( counter: number =
onClick = 3 counter++ }
) 3 build()
Text(text = "$baseText: $counter") Column() 3
}
§



Co3zpaHue ArkUI KOMNOHeHTAa

@Composable

fun CounterButton(
baseText: String

) 1

var counter = 0O Bbi3oB pgouepHero KomnoHeHTta (1)

Column 3
Text(text = "Cuétumk: $counter")
Button(
onClick = { counter++ }
) 1

Text(text = "$baseText: $counter")
§

@ComponentV?2
struct CountexrButton

@Param
@Require
baseText: string;

counter: number =

build()
Column() 3
Text("CyeTuuk:

+ this

[‘/T\J

.counter)



Co3zpaHue ArkUI KOMNOHeHTAa

@Composable @ComponentV2
fun CounterButton( stxruct CounterButton
baseText: String
) 3 @Param
var counter = 0O @Require
baseText: string;
Column 13
Text(text = "CuéTtuumk: $counter") QlLocal
Button( counter: number =
onClick = 3 counter++ }
) 3 build()
Text(text = "$baseText: $counter") Column() 3
I3 Text("CuéTumk: " + this.counter)
$ Button()
$ Text( $3this.baseText?t: $sthis.countexr)?’)

Bbi3oB gouepHero KomnoHeHTa (2) §.onClick(() =>
this.counter++

)

PN



AUTor nopTupoBaHMs KOMMOHEHTA

@Composable @ComponentV2
fun CounterButton( stxruct CounterButton
baseText: String
) 3 @Param
var counter = 0O @Require
baseText: string;
Column 3
Text(text = "CuéTtumk: $counter") @lLocal
Button( counter: number = C
onClick = 3 counter++ %
) 3 build()
Text (text = "$baseText: $counter") Column() 3
I3 Text("CuéTumk: " + this.counter)
$ Button()
3 Text (" $3this.baseText}: $ithis.counter)?’ )

t.onClick(() =>
this.counter++

)



AUTor nopTupoBaHMs KOMMOHEHTA

Jetpack Compose

Cuyatyie: 0 Cyétumk: 0

Jetpack Compose: 0



ConocTtaBeHue KOMIMOHEHTOB

Column (
@Composable /**x { space: 20} *x/
inline fun Column( ) 3
modifier: Modifier = Modifier. /*% content *%/
verticalArrangement: Arrangement. Vertical = Arrangement.Top, < $.justifyContent(FlexAlign.Start)
horizontalAlignment: Alignment. Horizontal = Alignment.Start, .alignItems(HorizontalAlign.Start)

content: @Composable ColumnScope. () -> Unit,

} Bows

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



ConocTtaBeHue KOMIMOHEHTOB

Column (
@Composable /**x { space: 20} *x/
inline fun Column( ) 3
modifier: Modifier = Modifier. /%% content *x/
verticalArrangement: Arrangement. Vertical = Arrangement.Top, < $.justifyContent(FlexAlign.Start)
horizontalAlignment: Alignment. Horizontal = Alignment.Start, .alignItems(HorizontalAlign.Start)

content: @Composable ColumnScope. () -> Unit,

} Bows

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



[lopxoa conocTaBJieHUA KOMMOHEHTOB

Component A Component B
Parameter a Parameter Xx
place: constructor place: constructor

Parameter y
Parameter P place: body
place: constructor

Parameter z
place: chain

Parameter vy

place: constructor Parameter w

place: chain



[lopxoa conocTaBJieHUA KOMMOHEHTOB

Component A Component B
Parameter a Parameter x
lace: constructor lace: constructor
P —— P
y d Parameter y

Parameter P place: body

place: constructor
Parameter 2z
place: chain

Parameter vy

place: constructor Parameter w

place: chain



[lopxoa conocTaBJieHUA KOMMOHEHTOB

Component A Component B
Parameter a Parameter Xx
place: constructor place: constructor

Parameter y

Parameter P > place: body

place: constructor
l Parameter z
>

place: chain

Parameter vy

place: constructor Parameter w

place: chain



[lopxoa conocTaBJieHUA KOMMOHEHTOB

Component A Component B
Parameter a Parameter Xx
place: constructor ( 5 place: constructor

Parameter y
Parameter P place: body
place: constructor

Parameter 2z

place: chain

Parameter vy

place: constructor P J Parameter w

place: chain



[lopxoa conocTaBJieHUA KOMMOHEHTOB

Jetpack Compose AxrkUI

Column Column
content S content Column (
nlace: constructor o J nlace: body ~ 1 space:
/%% content *%/
N alignItems .justifyContent(FlexAlign.
horizontalAlignment place: chain Start)
nlace: constructor o——— .alignltems

) _ (HorizontalAlign.Start)
justifyContent

’ place: chain

verticalArrangement

L

place: constructor > space

place: constructor



llaru po6baBneHUs HOBbIX KOMMOHEHTOB

1 o yKa3b|BaeM internal object TextComponentRules : ComponentRuleSetProvider 3
override val ruleSets: List<ComponentRuleSet> = 1istOf(
Ha‘“MEHOBa‘H“e createTextRuleSet( sourceFgName = "androidx.compose.material.Text"),
)
KOMIMOHEHTA



llarm po6aBneHMsa HOBbLIX

2.Mepeuncnaem
BCe ero napameTpbl

KOMIMOHEHTOB

private fun createTextRuleSet(sourceFgName:

ComponentRuleSet 3
return ComponentRuleSet(
sourceFgName = souxceFgName,
parameterRules = 1istOf(

ParameterRule(
parameterName = "text",
case = ..,

)

ParameterRule(
parameterName = "modifier”,
case = ..,

)

ParameterRule(
parameterName = "color",
case = ..,

)

String):



llarm po6aBneHMsa HOBbLIX

3.YKa3biBaeM
npeobpasoBaHue
napameTpoB PSI
anemeHta B AxkTS IR

KOMIMOHEHTOB

private fun createTextRuleSet(sourceFgName: String):
ComponentRuleSet 3
return ComponentRuleSet (
sourceFgName = souxceFgName,
parameterRules = 1istOf(
ParameterRule(
parameterName = "text",
case = ParameterRuleCase(
mutate = 3 input ->
RuleMutationResult.single(input.mappedExpression) %,

writes = ..,
)
)1
ParameterRule(
parameterName = "modifier",
case = ignoredCase(),
) v
ParameterRule (

parameterName = "color",
case = ParameterRuleCase(
mutate = 3 input ->
RuleMutationResult.single(input.mappedExpression) %,
writes = ..,
0
) 1



llaru po6baBneHUs HOBbIX KOMMOHEHTOB

parameterRules = 1istOf(
ParameterRule(
parameterName = "text",
case = ParameterRuleCase(
mutate = { input ->
RuleMutationResult.single(input.mappedExpression) #,
writes = 1istOf(
ParameterWrite(channel =
TargetWriteChannel.ConstructorArgument(index = 0)),

)l’

4.YKa3biBaeMm _—

ParameterRule(
parameterName = "modifier",

CTpaTe r “I'o ) case = ignoredCase(),

ParameterRule (
npeOGPaBOBaHMH parameterName = "color",
case = ParameterRuleCase(
mutate = { input ->
RuleMutationResult.single(input.mappedExpression) #,
writes = 1istOf(
ParameterWrite(channel =
TargetWriteChannel.ChainCall (methodName = CHAIN_FONT_COLOR)),

)l’
).f



llarn pobaBneHuUs HOBbIX KOMMNOHEHTOB

@Composable @ComponentV2
private fun Root() 3 struct Root 3
Text( buildL) ¢
text = "Hello", Text ("Hello")
color = Color.Red, .TontColoxr(Color.Red)
fontSize = 18.sp, .TontSize(18)
fontStyle = FontStyle.Italic, .TontStyle(FontStyle.Italic)
fontWeight = FontWeight.W600, .TontWeight (600)
letterSpacing = 1.5.sp, .letterSpacing(1.5)
textAlign = TextAlign.Center, .textAlign(TextAlign.Center)
lineHeight = 22.sp, .1lineHeight (22)
overflow = TextOverflow.Visible, .textOverflow(s overflow: TextOverflow.None })
maxLines = 3, .maxLines(3)
) :



A yto no Modifier?

Modifiexr hoising



A yto no Modifier?

r ® Modifier hoising

A\ 4

Foundation's Modifier

@Composable
Tl Foal) 4
Text(
modifier =
Modifier.fillMaxSize
.padding(all = 16.dp),



A yto no Modifier?

r ® Modifiex hoising ® D

\ % \ %
Foundation's Modifiex Hoisted Modifierx
@Composable @Composable
fun Foo() 3 fun Foo(
Text( customModifier: Modifier
modifier = ) 3
Modifier.fillMaxSize Fee(modifier = customModifier,
.padding(all = 16.dp), -~
: §
)
. @Composable
¢ fun Fee(
modifier: Modifier
) 1
Text(modifier = modifier, ...)

§



Foundation’s Modifier hosting

@Composable @ComponentV2
fun Foo() 3 struct Foo 3
Text( build()

text = "Hello",
modifier = Modifier
.fillMaxSize()

.background(Color.Red)
.padding (16.dp)

Text("Hello")
.width("100%"
.height ("100%"
.backgroundColor(Color.Red)
.padding(16)



Foundation’s Modifier hosting

@Composable @ComponentV2
fun Foo() 3 struct Foo 3
Text( build()

text = "Hello",

modifier = Modifier
.fillMaxSize()
.background(Color.Red)
.padding (16.dp)

Text("Hello")
.width("100%"
.height ("100%")
.backgroundColor(Color.Red)
.padding (16)



Foundation’s Modifier hosting

@Composable @ComponentV2
fun Foo() 3 struct Foo 3
Text( build()

text = "Hello",

modifier = Modifier
.fillMaxSize()
.background(Color.Red)
.padding (16.dp)

Text("Hello")
.width("100%"
.height ("100%"
.backgroundColor(Color.Red)
.padding (16)



Foundation’s Modifier hosting

@Composable @ComponentV2
fun Foo() 3 struct Foo 3
Text( build()

text = "Hello",

modifier = Modifier
.fillMaxSize()
.background(Color.Red)
.padding (16.dp)

Text("Hello")
.width("100%"
.height ("100%"
.backgroundColor(Color.Red)
.padding (16)



Foundation’s Modifier hosting




Foundation’s Modifier hosting

@Composable @ComponentV2
fun Foo() 3 struct Foo 3
Text( build() 3
text = "Hello", Text("Hello")
modifier = Modifier .width ("100%"
.fillMaxSize()

.height ("100%"
.backgroundColor(Color.Red)
.padding(16)
.align(Alignment.TopStart)

.background(Color.Red)
.padding (16.dp)

1 I
)



Foundation’s Modifier hosting




Hoisted Modifiex’'s hosting

@Composable
fun Foo() 3

Fee(
customModifier = Modifier

.clip(RoundedCornexrShape(20.dp))

.background (Color (OxFF6C63FF))

)
§



Hoisted Modifiex’'s hosting

@Composable @Composable
fun Foo() 3 fun Fee(
Fee( customModifier: Modifier
customModifier = Modifier ) 3
Box (
.clip(RoundedCornexrShape(20.dp)) modifier = customModifier
.padding(24.dp),
.background (Color (OxFF6C63FF) ) contentAlignment =
) Alignment.Center
§ y
Text(
text = "Hoisted Modifier"”,

color = Color.White



Hoisted Modifiex’'s hosting

@Composable @Composable
fun Foo() 3 fun Fee(
Fee( customModifier: Modifier
customModifier = Modifier ) 3
Box (
.clip(RoundedCornerShape(20.dp)) modifier = customModifier
.padding(24.dp),
.background(Color (OxFF6C63FF)) contentAlignment =
) Alignment.Center
£ >
Text(
text = "Hoisted Modifier",

color = Color.White

Hoisted Modifier




AttributeModifier (AxkUI)

e s
* Defines the attribute modifier.
S
* @interface AttributeModifier<T>
* @syscap SystemCapability.ArkUI.ArkUI.Full
* @crossplatform
* @atomicservice
* @since 12
*/
declare interface AttributeModifier<T> 3
[ %%
* Defines the normal update attribute function.
*
* @param 3 T % instance
* @syscap SystemCapability.ArkUI.ArkUI.Full
* @crossplatform
* @atomicservice
* @since 12
*/

applyNormalAttrxibute?(instance: T): void;

https://developer. huaweil.com/consumer/en/doc/harmonyos-guides/arkts-user-defined-extension-attributemodifier



AttributeModifier (AxkUI)

// demo.ets // button _modifier.ets
export class MyButtonModifier implements
import 4 MyButtonModifier } from './button_modifier' AttributeModifier<ButtonAttribute> %
isDark: boolean = false
@Entzry
@Component constructor(dark?: boolean) 3
struct attributeDemo 3 this.isDark = dark ?? false
// The modifier i1s decorated with @State, with behavior $
consistent with that of a regular object.
@State modifier: MyButtonModifier = new (instance: ButtonAttribute): void 3
MyButtonModifier(true); 1if (this.isDark) 3
instance.backgroundColoxr ('#707070")
build() 3 t else 3
Row() 3 instance.backgroundColoxr ('#17A98D")
Column() 3 .borderColoxr('#707070")
Button("Button") .borderWidth(2)
.attributeModifier(this.modifier) I3
onClick{ () => 4 I3
// When the level-1 attribute of the modifier 1is 3

changed, a UI update 1s triggered, causing applyNormalAttribute
to be executed again.
this.modifier.isDark = !this.modifier.isDark

5)
h
§
.width('100%")

&
height('100%"

§
§



CommonModifierx

e s

* Defines Common Modifier

*

* @extends CommonAttribute

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

* @atomilcservice

* @since 12

*/
export declare class CommonModifier extends CommonAttribute implements AttributeModifier<CommonAttribute>
[ **
* Defines the normal update attribute function.
*
* @param {7 CommonAttribute % instance
* @syscap SystemCapability.ArkUI.ArkUI.Full
* @crossplatform
* @atomicservice
* @since 12
*/

applyNormalAttribute? (instance: CommonAttribute): void;

Ncmo4yHUK: memebase. ru




Hoisted Modifiex’'s hosting

@Composable @ComponentV2

tunm Fool) % struct Foo +

Fee ( build() !
customModifier = Modifier Fee(5...?

.clip(RoundedCornerShape(20.dp))
.background(Color (OxFF6C63FF))




Hoisted Modifiex’'s hosting

@Composable @ComponentV2
fun Foo() 3 stxuct Foo 4
Fee( build() |
customModifier = Modifier Fee (-
.clip (RoundedCornerShape(20.dp)) customModifier:
.background(Color (OxFF6C63FF) ) )
) :



Hoisted Modifiex’'s hosting

@Composable @ComponentV2
fun Foo() 3 stxruct Foo
Fee( build()
customModifier = Modifier Fee (]
.clip(RoundedCornerShape(20.dp)) customModifier: -
.background(Color (OxFF6C63FF) ) applyNormalAttribute: (instance:
) CommonAttribute) =>
§

as CommonModifier



Hoisted Modifiex’'s hosting

@Composable @ComponentV2
fun Foo() 3 stxruct Foo
Fee( build()
customModifier = Modifier Fee (-
.clip(RoundedCornerShape(20.dp)) customModifier: -
.background(Color (OxFF6C63FF) ) applyNormalAttribute: (instance:
) CommonAttribute) =>
IS instance.borderRadius(20)

instance.clip(true)

as CommonModifier



Hoisted Modifiex’'s hosting

@Composable @ComponentV2
fun Foo() 3 stxruct Foo |
Fee( build()
customModifier = Modifier Fee (-
.clip(RoundedCornerShape(20.dp)) customModifier: -
.background(Color (OxFF6C63FF) ) applyNormalAttribute: (instance:
) CommonAttribute) => -
IS instance.borderRadius(20)

instance.clip(true)
instance.backgroundColor (OxFF6C63FF)

as CommonModifier



Hoisted Modifier’s hosting

@Composable @ComponentV2
fun Foo() 1 struct Foo |
Fee ( build() -
customModifier = Modifier Fee (4
.clip(RoundedCornerShape(20.dp)) customModifier: -
.background(Color (OxFF6C63FF) ) applyNormalAttribute: (instance:
) CommonAttribute) => ¢
IS instance.borderRadius(20)

instance.clip(true)
instance.backgroundColoxr (OxFF6C63FF)

Lt as CommonModifier



Hoisted Modifier’'s hosting Pt.1

@Composable @ComponentV2
fun Fee( struct Fee
customModifier: Modifier
) 4 build() 4
Box ( Stack (7 alignContent: Alignment.Center {)
modifier = customModifier Text("Hoisted Modifier")
.padding(24.dp), .TontColor(Color.White)
contentAlignment = Alignment.Center ¢
} 4 .padding (24)
Text( 2

text = "Hoilisted Modifier", ¢
color = Color.White



Hoisted Modifier’'s hosting Pt.2

@Composable @ComponentV2
fun Fee( struct Fee -
customModifier: Modifier @Param
] 4 @Require
Box ( customModifier: CommonModifier;
modifier = customModifier
.padding(24.dp), build() 1+
contentAlignment = Alignment.Center Stack(; alignContent: Alignment.Center )
) 1 Text("Hoisted Modifier")
Text( .TontColor(Color.White)
text = "Hoisted Modifier", t
color = Color.White .padding(24)



Hoisted Modifier’s hosting Pt.3

@Composable @ComponentV2
fun Fee( struct Fee -
customModifier: Modifier @Param
) 4 @Require
Box ( customModifier: CommonModifier;
modifier = customModifier
.padding(24.dp), build() 4
contentAlignment = Alignment.Center Stack(; alignContent: Alignment.Center )
) 3 Text("Hoisted Modifier")
Text( .TontColor(Color.White)
text = "Hoisted Modifier", t
color = Color.White .attributeModifier(this.customModifier)
) .padding (24)
} )



Hoisted Modifier’s hosting
e

@Composable @ComponentV2
fun Fee( struct Fee -
customModifier: Modifier @Param
) 4 @Require
Box ( customModifier: CommonModifier;
modifier = customModifier
.padding(24.dp), build() 4
contentAlignment = Alignment.Center Stack(; alignContent: Alignment.Center )
) 3 Text("Hoisted Modifier")
Text( .TontColor(Color.White)
text = "Hoisted Modifier", t
color = Color.White .attributeModifier(this.customModifier)
) .padding (24)
} )



Jetpack Compose

@Composable
fun Foo() {
Fee (
customModifier = Modifier
.clip(RoundedCornerShape(20.dp))
.background(Coloxr (OxFF6C63FF) )

§
@Composable
Tfun Fee(
customModifier: Modifier
) 1
Box (
modifier = customModifier

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

] 3
Text(
text = "Hoisted Modifier",
color = Color.White
)
£

Hoisted Modifiex’'s hosting

@ComponentV2
struct Foo 1
build() 1%
Fee (4
customModifier: -

applyNormalAttribute: (instance: CommonAttribute) =>

instance.borderRadius (20)

instance.clip(true)

instance.backgroundColoxr (OxFF6C63FF)
¢ aé CommonModifier

§)

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

build() 4
Stack(: alignContent: Alignment.Center !)
Text("Hoisted Modifier")
.fontColor(Color.White)
.attributeModifier(this.customModifier)
.padding(24)



Hoisted Modifiex’'s hosting

Hoisted Modifier Hoisted Modifier
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U4TO nonyuunocb cpenaTtb

AnpobnpoBaHO MNPUITOKEHWUN 9
5 — Google Android Basics,
1 — GitHub,
3 — CUHTEe3UpOBaHHbIE)

TpaHcnunupoBaHO peknapauun 53 us 67 (79%)
BxoonHou kop (Kotlin) 2587 cTpokK, 41 daunn

BoixogHon kop (AIXKTS) 1989 cTpok, 41 daunn
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Jetpack Compose tutorial

Jetpack Compose is a modern toolkit for
builldng native Android Ul Compose

simpiifies and accelerates Ul development

on Androld with less code, powerful tools
and intuitive Kotlin AFls
1 Ws tutorial, you build & simple L

component w th declarative tunctions.

& call Compose functions to say wha
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around Composable functions These
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Mitializing an efement and then attact
3 . .

a parent. To create a Composable

function you &0d the '.'x."-.":‘.itfllF||‘,-!..11'3 i

From E m m a annotation to the function name

dice-roller birthday card article
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XML -> ArxkUI

Example: Differences between Android XML and AxkUI

. Component
B Attribute

Android XML: AxkUI:

<Relativelayout
<androidx.appcompat.widget.AppCompatCheckBox

android:id="@+id/myCheckBox"

android:text="A" />
</RelativelLayout> S
.1d( "'myCheckBox"')
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MNonbiTka 121

—— Claude Code v2.1.195
Tips for getting started

Welcome back Ivan! Run /init to create a CLAUDE.md f1..

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
/../projects/birthday-card/harmony0S/claude

> MNopTtupyn npunoxenune ./android-birthday-card B skocuctemy HarmonyOS NEXT B npoekrT
./harmony-birthday-card.

[fp NnOpTUPOBaAHUM HE UCNONb3YW MHCTPYMEHTHl No Tuny harmony-transpiler




MNonbiTka 121

Ytro cpenado 12:51 0 160

[lopTuposan Android-npunoxeHue «Happy Birthday» B Harmony0S NEXT-npoekr

harmony-birthday-card sBpy4Hyw (6e3 harmony-transpiler), 3aMeHuUB CJ/iIOMaHHble CTab-danns
TpaHcnaunepa Ha KoppekTHbin ArkTS/ArkUI.

entry/src/main/ets/pages/Index.ets — ocHoBHOM 3KpaH. CoortBeTcTBuMe Compose - ArkUI:
- GreetingImage (Box ¢ HanoxeHuem) - Stack

- GreetingText (Column) - @Builder GreetingText c¢ Column H a
- Image(painterResource(androidparty), ContentScale.Crop, alpha=0.5f) -
Image($r( ' 'app.media.androidparty')).objectFit(ImageFit.Cover).opacity(0.5)

- [1ea Text ¢ fontSize 100/116 1lineHeight, TextAlign.Center, u 36 C BbipaBHUBaAHUEM .
Alignment.End - .alignSelf(ItemAlign.End); otctynsl padding-margin Ir a

- Arrangement.Center - .justifyContent(FlexAlign.Center)

(«Happy Birthday Sam!») u signature_text («From Emma»), Ha koTopble cceinaetca UL yepes

CtpokoBbie pecypchl (entry/.../base/element/string.json) — pobasun happy_birthday_text y S a ml
2
$r('app.string...").

From Emma
Tema — 3aMeHun TODO-cTtabel Ha BanuoHbin ArkTS:

- Color.ets — kKoHcTaHThl uBetoB (Color(OxAARRGGBB) - ARGB hex-cTpokwu)

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

- Theme.ets — ColorScheme + happyBirthdayColorScheme(darkTheme) BMecto MatertialTheme.
OuHamuyeckmn uset Android (dynamicLight/DarkColorScheme) — 10, Ha Y€M CNOTKHYNCSH
TpaHcnaunnep — He uMeeT aHanora B Harmony0OS #u oco3HaHHO ybpaH (nNOMeYeHO KOMMEeHTapueMm).
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G basic-android-kotlin-compose-training-cupcake Pubiic

¥ main ~ ¥ 13 Branches © 0 Tags

Q Gotorie o aare -

O 11 Commits

i@ JoseAlcerreca Merge pull request #117 from google-developer-training/renovate/con... &8 82b7dc7 - 2 years ago

" .github

M app

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

gradlew

0D 0O 0O 0 0 D0 0 0 W

gradlew.bat

[ settings.gradle.kts

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)

&> 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

v Y Fork 147 v vy Star 91

About

No description, website, or topics
provided.

Readme

af
583 Apache-2.0 license

2

Contributing
Activity

Custom properties
91 stars

5 watching

€ O M <

147 forks

Report repository

Releases

No releases published

Packages

No packages published

Contributors 4
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—— (Claude Code v2.1.195
Tips for getting started

Welcome back Ivan! Run /init to create a CLAUDE.md f1i..

What's new

* Added "CLAUDE_CODE_DISABLE_MOUSE_C..
Fixed hook matchers with hyphenate..
Fixed voice dictation on macO0S cap..

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

> MopTtupyn npunoxexHune ./basic-android-kotlin-compose-training-cupcake B 3KOCUCTEMy
HarmonyOS NEXT B npoekT ./harmonyos-cupcake. [pu nopTupoBaHUM HE UCNOJNIb3YW UHCTPYMEHTH MO
Tuny harmony-transpiler




NMombiTka 22

A BpydyHyw nopTtupoBan npunoxeHune Cupcake u3 Android (Kotlin/Jetpack Compose) B HarmonyOS

NEXT (ArkTS/ArkUI, Stage model) — 6e3 ucnonb3oBaHua harmony-transpiler. Kog HanucaH
naounomMatuyHo non ArkUI.

YTo cpenaHo

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

- pages/Index.ets — HaBurauumoHHein xocT (Navigation + NavPathStack + @Butilder
navDestination) u cBfA3biBaHMe 3KpaHOB — aHanor CupcakeScreen.kt m MainActivity

- viewmodel/OrderViewModel.ets — cocTofiHMe 3aKa3a, pacyeT UeHb U reHepauusa pgart

- model/DataSource.ets, model/0OrderUiState.ets — BKyCbl, BapuaHTbl Konu4yectBa, ¢popma
COCTOSIHUSA

- view/StartOrderScreen.ets, SelectOptionScreen.ets (obwwn gns Flavor v Pickup),
SummaryScreen.ets

- components/CommonUi.ets — FormattedPricelLabel

- util/0OrderShare.ets — cucteMHbin wapuHr 4vyepes3 @kit.ShareKit

[lopTupyn npunoxeHue ./basic-android-kotlin-compose-training-cupcake B 3KOCUCTEMY ..
16 files changed +919 -29
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> hvigor ERROR: Failed :entry:default@CompileArkTS...
> hvigor ERROR: ArkTS Compiler Error
1 ERROR: ArkTS:ERROR File: /Users/m.milenin/Android-Apps/work/CLAUDE/kmp-bspb-demo-claude/claude

-workspace/android-harmony-transpiler/projects/cupcake/harmonyos-cupcake/entry/src/main/ets/view
[SelectOptionScreen.ets:60:24

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

2 ERROR: ArKTS:ERROR File: /Users/m.milenin/Android-Apps/work/CLAUDE/kmp-bspb-demo-claude/claude
-workspace/android-harmony-transpiler/projects/cupcake/harmonyos-cupcake/entry/src/main/ets/view

/SummaryScreen.ets:77:26

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

Process finished with exit code -1
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LLM — 3TO HE «YEPHbIK SAWMUK», KOTOPbIN
reHepupyeT KOO W3 roJsioBbl. I3TO areHT,
KOTOPbIN Bbi3bIBAET peajibHble YTUIUTbl U
cobupaeT M3 HUX pesynbTart.

OnucaHHbIA TpPaHCNaunep — 4YacTb
noaxoaa, a He 3aMeHa eMy
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Kadp ¢ Woody u Buzz Lightyear u3z «Ucmopuu uepywek 2» / Toy
Story 2 (1999), Pixar
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name: transpile
description: "Transpile Kotlin/Compose source files to Harmony0S 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 Harmony0OS 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 transptiler binary lives at
"${CLAUDE _SKILL DIR}/../../../app/build/install/harmony-transpiler/bin/harmony-transpiler .

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

## CLI modes

1. Inltne: "$TRANSPILER" --code 'fun foo() {}'

2. Stdin: echo 'fun foo() {}' | "$TRANSPILER" --stdin

3. Files: "$TRANSPILER" <input-path>... [--output-dir <dir>] [--android-res <res-dir>]
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How it went

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 i1t hit
constructs 1t 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

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

02:29 B v

Cupcake

Order Cupcakes

Cne Cupeake

Sl CLprakes

I'welve Cupcskes
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Wy,

UToro: no ctpokaM B cbopke = 0% TtpaHcnaunepa / 100% py4yKamu; Nno «MNOMOWM CO CTPYKTypOu» =
15-20% TpaHcnaunep / 80-85% py4yHas poBoaKa. JTO POBHO TOT CUEHaApUW, KOTOPLIK CKWJT U OMUCLIBAET:
«transpiler gets structure right but leaves gaps».
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AI + LibSL = @



O uem BoOObGWe 6bLIO BbICTYMJSIEHUE?

EcTb He TONnbKO WU
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O uem BoOObGWe 6bLIO BbICTYMJSIEHUE?
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llepeHoc MO mMoxeT 6bITb AOKasyemo
KOPPEKTHbIM



O uem BoOObGWe 6bLIO BbICTYMJSIEHUE?

Ectb He Tonbko WU bvayuee — B cBsiI3Ke, a He B Bblbope

MHorpa M mMatTeMaTUKa MNoJie3Ha

llepeHoc MO mMoxeT 6bITb AOKasyemo
KOPPEKTHbIM



SMT

MopTupoBaHue 6ubAnoOTEK

Murpauuma mexay Bepcusamu APL

TecTupoBaHue
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UTo cpenanm YUTOo naaHupyem cpenaTtb

» [lopTuUpoBaHMe 6a30BbIX KOHCTPYKLUN
Kotlin B AIKTS

« [lopTUpOBaHNE MHO¥XECTBa KOMIMOHEHTOB
Jetpack Compose B ArkUI

» [lopTUpoBaHNE BbLISOBOB OMBNMOTEK npwu
nomMowm (GopmasbHbIX cneunbmkKaLumnmn

e [lopTUpPOBaAHNE HaBUTaUuu

e [lOpTUPOBAHUE aAPXUTEKTYPbI MPOEeKTa
(MHOroMOAOYNbHOCTb, OUPEKTOPUU WU
npoyee)

e [lOpTUPOBAHNE CUCTEMHbLIX Bbl3OBOB
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