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https://en.wikipedia.org/wiki/Functional programming
Fhmeeig—, BNEERHIEHE: (5 |FaRIIE): 2024-06-20)
- RERSLZHNR" (First-class citizens)

=FEREL (Higher-Order Functions)

Traditional Imperative Loop:

Lambda XD
" . const numlist = |1, 2, 3, 4, 5, 6, 7, B, 9, 10]:
*  ZHEREY (Pure Functions) st reiii=t0
iZBEIWER (No Side Effect) for (let i = @; i < numList.length; i++) {
B . if (numList[i] % 2 === @) {
o AR]TEE (|mmUtab|l|tY) result += numList[i] * 10;
.« EEEE (Function composition) ) }

Functional Programming with higher-order functions:

P& iR IR RAVEFAL -

o FREWERRRGAIEHAT -> £ comst result = 1, 2. 3, 4, 5. 6, 7, 8, 9. 18]
> filter(n => n % 2 === 0)

. B ERATET R s

. EFAETEMATET .reduce((a, b) => a + b, 0);

R


https://en.wikipedia.org/wiki/Functional_programming

Kotlin5 &z i
KotlinE S R4S IR AT RIS,

(Request) -> Response

v £Kotlindr, R "kFAR"

FHEALWENTRAED, FMERAEREE | (EATERA |
v ZF "EMEREL 1 LambdazRiAz( |
v Kot“ngﬁ,a@j,rmqj T’Eﬁ%ﬁﬁ AR [vol httpHandler: (Request) -> Response }
AU ERA g R val, TiRRvar |
v Kotlmﬁhmlmeu Sz ETLUR D RS A TS =1
Y Eﬁ%&;&%%%‘%&(let' run, with, apply, also)eILA%: [fun filter(httpHandler: (Request) -> Response)}

AR | {EHEERE |

val user = User(1, >aaa”) [fun selectHandler(): (Request) -> Response }
val newUser = user.copy(name = "bbb”)

(=



Kotling s IBSGES (1 / 3) — EFExceptionf)iZigi= ]

R TavaXigIEEIES T
«  ETExceptionfUEHIiFEF FHIAJ92bad practice
« AT KotlinjgBiRfttchecked exceptions, MELAMEREIESEPIREAERBEIHAIRE, XIEIN T IEMEAREIEE

npocess)

{ fun fetchData(): Model —_—
""" { T
try { validate() -

. " {
f dit
val model = fetchData() leonditiomt | |
————— throw BusinessException()
. : throw BusinessExcepti
} catch (ex: BusinessException) { } o usme,ss S
............ ]
// recovery logic _ ‘ /
return model f e
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KotlinSRasbIBEEng (2 / 3) - IR XML RRy:

i

- FFsealed classXIRREGMERISFPLER (B0 or KK T

sealed class FetchResult {

- BEUEVEENERRE, RUUmENISEEITeRIE data class Success(val model: Model) : FetchResult()
- ESRELET, MRANIBRERIEAET 8 | 0 etone fueud
}. _
{ ~~~~~~~~~~~~~~~~~~
""" fun fetchData(): FetchResult
val result = fetchDatal() {
when (result) { if (condition) {
is FetchResult.Success -> ... return FetchResult.NotFound
is FetchResult.NotFound -> ... }
is FetchResult.InvalidData -> ...
S
return FetchResult.Success(model)
oooooo }
}




Kotlin®E W IERER (3 / 3) - EFArrowiEZ RSO R ERE

ArrowtEZER— 1N ETFKotlinlITEZE, Bt TR ARIXISHEERESE (Typed Errors) BIZFRIAZ
- XA #1: @id5| \Either<E, A>3, E"BIh” or "B SEE— SRt

- RIS #2: B HREGRIORaise <E>RYRIER (receiver), tRCIZREREESS &Y S5Z B M

BT REER, LSRRGS DAY RTBeE, FHRMRFAIOE, e CronYnl e IaT 4Pt
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| Either<E, A > S — > Raise<E=>.()-> A

( fun process(): {) [fun Raise<ApiError=>.process(): Model { }
J ) }
val result: = ...
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ArrowfEZRELL BB

o —PMEEE T RINFNNEEERIsealed class

g _ Eitheré‘éﬁ!H(JZISug Either<E, A>

iy Either.kt

. Left data CI3$S1’%§E9&M%§2 public sealed class Either<out A, out B> {

. nght data CIaSS{_%%EJZIjJ}k;éﬂ The left side of the disjoint union, as opposed to the Right side.
. RESEBETFScalafiEithersaY

public data class Left<out A> constructor(val value: A) : Either<A, Nothing>() {
override val isleft = true
override val isRight = false

override fun toString(): String = "Either.Left($value)"

public companion object {...}

The right side of the disjoint union, as opposed to the Left side.

public data class Right<out B> constructor(val value: B) : Either<Nothing, B>() {
override val isleft = false

override val isRight = true

override fun toString(): String = "Either.Right($value)"

public companion object {...}




HEitherX S5l Either<E, A>

ArrowiESREIE R IR - W UZEFI(E

1) BTLAA left() RRENEAR" RN HYSEA)

data class User(val id: Long)

object UserNotFound

val error: Either<UserNotFound, User> = UserNotFound| left()

2) AJLAR right() ERELELZE" PO HISLA)

val user: Either<UserNotFound, User> = User(id: 1)l.right()

3) BITSREULER, mILAFIREitherXdSREIRE 4) BIL AR fold() ERELHT TRDIFNR IS SREL IR
AR TR ERAER T RED?

println(error is Either.Left)

val maybeUser = listOf(error, user).random()
println(maybeUser.fold(

printin(user is Either.Right) { HttpStatus.NOT_FOUND to User(id: ) },

{ HttpStatus.OK to it }

))



ArrowfEZRELL BB

- EitherXUsABRYER
- RBBFERE left(), right() Z=FEIRIE, LANRLeftfURAM, RightUERAIIAYEEEIZIE
- RaiseXUBRME TEINES. BEZTEERIVRIL

A — EitherX|#& v.s. RaiseX|$3 <

Either<E, A>

- AJLAGEA either() BREUEIIRR, BFFMURBXURERERESR

fun <E, A> either(block: Raise<E>.() — A): Either<E, A>

R = C b + | G

val result: = either { {fun Raise<ApiError=>.process(): Model { }

oooooo

ProCcess() -------mmm
}
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ArrowlESRE L AIME — UIES RaiseRASHIEET

1) HRERNANERSIER" / "I HIE

.user(): User = User(i

<XJtE> EitherXg, FEZIMIFEIRIE:
val user: Either<UserNotFound, User> = Usenr(

L rignto]

2) o] raise() &g I SS5ZERM”

fun Raise<UserNotFound>.error(): User =|raise{UserNotFound)

<XJEE> EitherXifg, FHEEIMIZFEERF:
val error: Either<UserNotFound, User> = UserNotFound|.left()|

3) WNERZEHE EitherXIZR TAZIRaise XUSHIEFRT, FEAEA bind() REEE

val maybeUser: Either<UserNotFound, User> = listOf(error, user).random()
fun Raise<UserNotFound>.process(): User = maybeUser.bind()
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ArrowiEZRELHRELIE - Raise MAZRIAITEEIR

- Raise<E>2—MArrowiEZER Az, B8a8—raise() 5ix, BN W E&ZiELW"

public interface Raise<in > {

©RaiseDSL
public fun raise(r: ): Nothing

- raise()FERIBNASCER, SO ER@idthrow ExceptionfJs=, &AM E)

internal class DefaultRaise(@PublishedApi internal val isTraced: Boolean) : Raise<Any?> {

override fun raise(r: Any?): Nothing = when {
isActive.value -> throw if (isTraced) Traced(r, | this) else NoTrace(r,

else -> throw RaiseleakedException()

D

57
- IBREWRC/Y ERaise<E>EOZ/5 (2K ARaise/XiS)
ZERHA SRR “ETAEHAO R I

- / | )
A LAEZE A raise() /5% (FIEfbRaise DSLAX) fun Raise<Error=.process(): Model {

raise(Error)
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ArrowtESREZEIE S E I8 — Raise Scope

+  TERaiseXIF&RREUAA, BILAJERIRaise DSLYi%, thilraise()
A TATLAFRRaise XISERZEARHIAIER/IRaise Scope

« ZE{LFKotlin CoroutinefVigit, ArrowfEZRHIRME T JIMARIRIREL, F>kFFfSRaise Scope
either() builderz®#y, siETERR fold() BREEBATLAFFS Raise Scope

» fERaise Scoped, FJLUH—LAFIE{ERaise/XISHIREN

fun mainFun() = runBlocking { fun mainFunc() = either {
launch { process() } rocess )
L; suspend fun process() { t_, fun Raise<Error>.process(): Model {
delay(1000L) if (failed) raise(Error)
subProcess() subProcess()
} }
‘-» suspend fun subProcess({...} t-; fun Raise<Error>.subProcess(): Model{...}
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Raise<E>.()-> A

ArrowiESREIS R ELE - fold ) BRIEM T A?

[X Fold.kt X

— fold() ERELRTLARRFFS Raise Scope

@0ptIn(DelicateRaiseApi: :class) . elther() %buﬂder@;ﬁﬁ[, gﬁﬁtmﬁﬂgfmm{ﬁﬁﬁﬂ: f0|d() Izqézk,&

@JvmName ( name: "_fold")

public inline fun <Error, A, B> fold(
@BuilderInference block: Raise<Error>.() -> A,
catch: (throwable: Throwable) -> B,

recover: (error: Error) -> B, fOId() @%ﬁﬂgpﬂ%ﬂg@flﬂ;‘l@ﬁﬁtw-camh bIOCk (i::r:-mE)

WY . EblockERHBE#1), HiTRaiseRISHIREELambdaFiAT
i - B catchFHBH(#2), MIREENAFFEAREHIRE
M

d

callsInPlace(catch, AT_MOST_ONCE)
callsInPlace(recover, AT_MOST_ONCE) . Lﬁrecover@@%ﬁé&(#3), Ml EZBiEL M iRk E
callsInPlace(transform, AT_MOST_ONCE)

) - BidtransformPRESE(#4), FHITRINGERAISEEEELHE (A -> B)

val raise = DefaultRaise( isTraced: false)

d

return try {

1 = block(raise) —
it recover, catch, transform EEELENER!
- BERARSRERA—NFANREIZEE -> B

transform(res)
} catch (e: RaiseCancellationException) {

raise.complete()
recover(e.raisedOrRethrow(raise))
} catch (e: Throwable) {
raise.complete()
catch(e.nonFatalOrThrow())

14




ArrowiEZREL R E I8 - FIFRaise ScopeI=TEHIF

- &1 fold() & either() FRETTS Raise Scope, EEFRILUEHERaise/XIFEHIRREL
- f£Raise Scope, BJLAMEA—LRaise DSL/T;% (f5Ig0: raise, ensure, bind, catch)

Raise<E>.()-> A

fun Raise<ApiError>.process(reqModel: ReqgModel): BizModel

Raise scope
fun handle(request: Request): Reponse {
{ ensure (reqModel.fieldA.isValid(), ApiError.InvalidRequest)
val reqModel = ReqModel.from(request)
— val bizModel = getData()'bind() fun getData(): Either<ApiError, BizModel>
val response = fold (
block = { , . : = either {
process(reqModel) if (checklfAnyBizError(bizModel)) {
, raise(ApiError.BizError) Raise scope
catch = {ex -> }
Response.Error(500) val bizModel = catch (
} ) return bizModel block = {
recover = { apiError -> searchFromDB()
Response.Error(apiError.httpStatusCode, apiError.detailedCode) ) callExternalApi()
transform = { model -> catch = { ex ->
Response.Success(200, model) raise(ApiError.InternalError(ex))
} )
)
return bizModel
return response
) }
15
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ArrowiESIEHIL RAERLE — KT Raise<E>.0-> A

Either<E, A>

I fun Raise<E>.process(): A I [ Raise s00pe ,
{ Raise<E>.()->A || (Throwable) >B| | (E)->B | | (A)>B | \ /
ensure (inputParameter >= 0, E()) ‘ | fold( process, catchFunc, recoverFunc, transformFunc)
catch (
block = { o L
...... /I foreign code (DB query, external API call) [ val transformedObj: B h 2
éatch ={ex->
raise(E(ex))
}
)
fun Raise<E>.process() : A = raise(error) ——
| eitherObj.bind() ‘ - I E) oA
| return A() ‘ S~ recover(process, recoverFunc)
val process: Raise<E>.() -> A val model: A val error: E
raise(E()) ‘ ‘—1 fun Raise<E>.process() : A = model
) /'
eitherObj.getOrElse(
defaultFunc)
nullable(process) | option(process) | | result(process) | | eitherObj.bind() | either { val e"“e.’o"l . val eitherObj =
model.right() )
process error.left()
} /
/ / Wrapper Types \ \ / /
A
[ val nullableObj: A? } { val optionObj: Option<A> ] { val resultObj: Result<A> ] val eitherObj: Either<E, A> ‘ 7
A
J
(E)->B (A)->B
- eitherObj.getOrNull() J | eitherObj.fold( transformLeftFunc, transformRightRunc ) |

R 16



REBER

- WSSiH = K INEERIA
- — ARV REERAPIRSS, E3LITIEE:
- FAFEM
- BFPEZR
- FFES

 FfERRRYRATE
- Spring Boot
- JPA + H2 database
. Arrow framework

(7
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ArrowiEREER THA? WXtz >]? WRIEIR B A {EF?
v FERBNEEtEERE v BEFZORIT(Either & Raise) v £FHRE&IRIT
v USRNSSR 4EIPHERIIR T v BBDSLAE AR ERAEARR « FXERISERYS|ARaise
. TGOS BT . raise() ScopelJI A
AT WESBEEMFE - bind( + wlERecoverysilis
HiSS R 20 E . either() v ARBXE G —
v KotlinBRE R IRiEaYTEHE . fold() v Enjoy !
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