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DYHKLMOHANIbHOE
nporpamMmmmpoBaHmne

DOyHKUNN

val a: A
expr : B
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val a: A
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DYHKLMOHANIbHOE
nporpamMmmmpoBaHmne

DYHKUNK

val a: A
expr : B

a => expr : A => B

def foo(a: A): B = expr
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ToTanbHOCTb

PyHKLMA BO3BpaALLAET pe3ynbTaT And
N060ro 3HaYeHMsa BXOAHOro napamMeTpa

3d KOHEYHOE BpEMHA

NCK EeHUA
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UnctoTta

® OJMNHAKOBbIV pe3ynbTaT 419 O4NHAKOBbLIX apPryMeHTOB
® He VIMeeT NMOBOoYHbIX 3QpPeKTOoB

def increment(X: Int) = { def increment(x: Int)(logs: List[String]) =
log(x) (x + 1, x.toString :: logs)
Xx + 1

}

def increment(x: Int) =
log(x) as (x + 1)
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Anrebpanyeckume Tunbil
OAHHbIX

enum Org{
case Personnel(name: String, id: Int)
case Department(name: String)

}

sealed trait Org

case object Root extends Org
case class Department(name: String) extends Org

.



Pattern Matching

sealed trait Org

case object Root extends Org
case class Department(name: String) extends Org

def getName(org: Org) = org match {
case Root => None
case Department(name) => Some(name)

}
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Ewe oonH ADT

enum PersonOrg{

Scala 3

case Personnel(id: UUID, name: String)
case Manager(name: String)

}

sealed trait PersonOrg

case class Personnel(id: UUID, name: String) extends PersonOrg

case class Manager (name:

String) extends PersonOrg
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KombuHauuma

type ExtendedOrg = Either[Org, PersonOrg]



KombuHauuma

type ExtendedOrg = Either[Org, PersonOrg]

— N

Scala 3

enum ExtOrg{
case Simple(org: Org)
case Person(personOrg: PersonOrg)

}

sealed trait ExtOrg

case class Simple(org: Org) extends ExtOrg
case class Person(personOrg: PersonOrg) extends ExtOrg



KombuHauuma

sealed trait ExtOrg

case class Simple(org: Org) extends ExtOrg
case class Person(personOrg: PersonOrg) extends ExtOrg

def getName(org: ExtOrg): Option[String] =
org match {

case Simple(Department(name)) => Some (name)
case Simple(Root) => None

case Person(Personnel( , name)) => Some(name)
case Person(Manager (name)) => Some (name)
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TpaHgpopmaLmnn

def readOrg(...): Org = { def def getName(org: Org) =
org match {

Manager (name) case
. /] case

Root — case

<o case
Personnel(id, name) }

Department (name)

Department (name)
Root

Personnel( , name)
Manager (name)



TpaHgpopmaLmnn

def readOrg(...): Org = { def def getName(org: Org) =
org match {

Manager (name) case
. A case

Root — case

<o case
Personnel(id, name) }

Department (name)

Allocation

Department (name)
Root

Personnel( , name)
Manager (name)



TpaHgopmaunu

def readOrg(...): Org = { def def getName(org: Org) =
org match {

Manager (name) *\\\\\\\\\ //,case Department (name) =>
> ” , case Root =>

Root — case Personnel( , name) =>

case Manager (name) =>

Personnel(id, name) }

Department (name)

Allocation Branching
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KaTteropmmn

Ob6bekThl: A, B, C
Mopdpusmbel: A — B

ldentity:
id[A] : A — A



KaTteropmmn

Ob6bekTbl: A, B, C [nnbl
Mopgwmambl: A - B DOyHKLY

ldentity: Komnosnyma:
id[A] : A — A f: A—B
g:B—- C

g-f:A—> C



KaTteropmmn
f:A—)B,Q:B—)C, h:C —->D

id[B] - f=f
f-id[A] =f
h-(g-f)=(h-g)-f



3oMoppun3m

A =B

f:A—B
g:B— A
f-g=id[B]
g- f=id[A]



3oMoppun3m
String = List[Char]

def stringToList(s: String): List[Char] = s.tolList

def listToString(l: List[Char]): String 1l.mkString



[ lpon3sBeneHne
AXB

m:AXB—->A m:AXB—B
f:A—- B,gA— C

<f,g>: A —> BxC



[lponsBeneHmne

T :A1><A2><...A —

A1 ><A2 X ... A
A

f1:A—> B1,f2:A—> Bz, vee s T

<f,f,.f0>: A— B xB, x..B

1 2

:A— B




[ lpon3sBeneHne
case class \ Tuple

case class User(name: String, age: Int, sex: Sex)

type UserT = (String, Int, Sex)

val name: String

val age: Int

val sex: Sex

val user: User = User(name, age, SseXx)
user.name

val userT: UserT = (name, age, sex)

userT. 1




OKCMoHeHumas

BA

f: AXB—>C A
B AXB->B
f':" A—> C



OKCMoHeHumas

Int
type I2C = Int => Char Char



OKCMoHeHumas

Int
type I2C = Int => Char Char

def charAt(s: String, index: Int): Char =
s(index % s.length)

def charAtCurried(s: String): Int => Char =
index => s(index % s.length)
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OKCMoHeHumas

Int
type I2C = Int => Char Char

def charAt(s: String, index: Int): Char =
s(index % s.length)

def charAtCurried(s: String): Int => Char =
index => s(index % s.length)

val i2c: Int => Char
val index = 10

i2c(index)
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OKCMOHeHuman npon3seaeHun

“\‘Bl><Eb]K.”Eﬂ]
Trin QYHKUN HECKONbKMX NapaMeTpoB

type MkUser = (Int, String) => User



[ lpon3BeaeHne 3KCNOHEHLMAIoOB

B. B B
A1 X A2 X ... A

trait

type OrgNodeT = (
() => String,
Int => String,
(String, Int) => Int

)



[ lpon3BeaeHne 3KCNOHEHLMAIoOB

B B B
A1 X A2 X ... A

trait

type OrgNodeT = (
() => String,
Int => String,
(String, Int) => Int

)

trait OrgNode {
def name: String
def parent(level: Int): String
def commonPers(another: String, depth: Int): Int

}



Cymma
A+B

i1:A—>A+B,i2:B—>A+B
f:A—- B,g:C—> B

f+g:A+C—> B



Cymma

A +A +.. A0

iO: A

f1:A1—> B,f2:A2—> B, ...,

f+f +...

—>A1+A2+...A

T :A1+A2+...A




Cymma

Either[A, B]

sealed trait Org
case object Root extends Org

case class Department(name: String) extends Org
case class Personnel(id: UUID, name: String) extends Org

Org = Unit + String + (UUID x String)
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pattern matching

B C
AXA=A



pattern matching



pattern matching

sealed trait Org

case object Root extends Org
case class Department(name: String) extends Org
case class Personnel(id: UUID, name: String) extends Org

.16



pattern matching

sealed trait Org
case object Root extends Org

case class Department(name: String) extends Org
case class Personnel(id: UUID, name: String) extends Org

Org => String

.16



pattern matching

sealed trait Org

case object Root extends Org
case class Department(name: String) extends Org
case class Personnel(id: UUID, name: String) extends Org

Org => String

(Unit + String + (UUID X String)) => String

.16



pattern matching

sealed trait Org

case object Root extends
case class Department(name: String) extends
case class Personnel(id: UUID, name: String) extends

Org => String
(Unit + String + (UUID X String)) => String

(Unit => String) X (String => String) X (UUID X String

Org
Org
Org

=> String)

.16



pattern matching

sealed trait Org

case object Root extends Org
case class Department(name: String) extends Org
case class Personnel(id: UUID, name: String) extends Org

Org => String

(Unit + String + (UUID X String)) => String

(Unit => String) X (String => String) X (UUID X String => String)

trait OrgToString {
def root: String
def department(count: Int): String
def personnel(id: UUID, name: String): String

}

.16



pattern matching

type OrgToSgring = Org => A

trait OrgToString {
def root: String
def department(count: Int): String
def personnel(id: UUID, name: String): String

}

type OrgTo[A] = Org => A

trait OrgTo[A] {
def root: A
def department(count: Int): A
def personnel(id: UUID, name: String): A

}
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[ lpooomKeHnA



[ lpogonkKeHnA

trait Cont[A]{
def continue[X](k: A => X): X
}

Cont[A] = A



[ lpogonkKeHnA

trait Cont[A]{
def continue[X](k: A => X): X

}

Cont[A] = A

def fromCont(cont: Cont[A]): A =
cont.continue(x => Xx)

def toCont(a: A): Cont[A] =
new Cont[A]{
def continue[X](f: A => X): X = f(a)

}

.19



pattern matching

sealed trait Org

case object Root extends Org
case class Department(name: String) extends Org
case class Personnel(id: UUID, name: String) extends Org

.20



pattern matching

sealed trait Org

case object Root extends Org
case class Department(name: String) extends Org
case class Personnel(id: UUID, name: String) extends Org

trait OrgTo[A] {
def root: A
def department(count: Int): A
def personnel(id: UUID, name: String): A

}
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pattern matching

sealed trait Org

case object Root extends Org
case class Department(name: String) extends Org
case class Personnel(id: UUID, name: String) extends Org

trait OrgTo[A] {
def root: A
def department(count: Int): A
def personnel(id: UUID, name: String): A

trait OrgCont{
def continue[A](k: OrgTo[A]): A

.20



pattern matching

sealed trait Org

case object Root extends Org
case class Department(name: String) extends Org
case class Personnel(id: UUID, name: String) extends Org

trait OrgTo[A] {
def root: A
def department(count: Int): A
def personnel(id: UUID, name: String): A

trait OrgCont{
def continue[A](k: OrgTo[A]): A

Org = OrgCont

.20



pattern matching

def createOrg(tag: Int, name:
tag match {
case 1 => Root

case 2 => Personel(name, UUID.randomUUID())

case 3 => Department (name)

String): Org

.21




pattern matching

def createOrg(tag: Int, name: String): Org =

tag match {
case 1 => Root
case 2 => Personel(name, UUID.randomUUID())

case 3 => Department (name)

def createOrg[A](tag: Int, name: String) (org: OrgTo[A]): A =
tag match {

case 1 => org.root
case 2 => org.personel (name, UUID.randomUUID())

case 3 => org.department (name)

4.21
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KOMMNO3NLUUNA

trait ManagerTo[A]{
def manager (name: String): A

}

def createOrg[A](tag: Int, name: String)
(org: OrgTo[A], man: ManagerTo[A]): A =
tag match {
case 1 => org.root

case 2 => org.personel (name, UUID.randomUUID())
case 3 => org.department(name)
case 4 => man.manager (name)

.22




PekypcuBHbi ADT

sealed trait Org
case class Pers(name:

case class Dept(name:

String, orgId: Long) extends Org

String,

sub: List[Org]) extends Org

.



fixpoint

def fact(n: Int): Int =
if (n==0) 1
else n * fact(n - 1)

.2



fixpoint

def fact(n: Int): Int =
if (n==0) 1
else n * fact(n - 1)

def factl(n: Int)(recur: => Int => Int) =
if (n == 0) 1
else n * recur(n - 1)

.2



fixpoint

def fact(n: Int): Int =
if (n==0) 1
else n * fact(n - 1)

def factl(n: Int)(recur: => Int => Int) =
if (n == 0) 1
else n * recur(n - 1)

def fix[A](f: (=> A) => A): A = f(fix(f))



fixpoint

def fact(n: Int): Int =
if (n==0) 1
else n * fact(n - 1)

def factl(n: Int)(recur: => Int => Int) =
if (n == 0) 1
else n * recur(n - 1)

def fix[A](f: (=> A) => A): A = f(fix(f))

val factFixed = fix(factl)



DYHKTOP

A;)B



DYHKTOP

A;)B

l F(f)
FIA] — F[B]

F(f-g) = F(f)-F(9) F(id) = id



DYHKTOP

def map[A, B](f: A => B): F[A] => F[B]



DYHKTOP

Y Option.map(f) Y

Option[String] ==  Option[Int]

def map[A, B](f: A => B): F[A] => F[B]



DYHKTOP

trait Functor[F[ ]

14

def map[A, B](fa: F[A])(f: A => B):

}

map(fa) (1dentity) == identity

map(fa) (f compose qg)

== map(map(fa)(g))(f)

Option List
Future Observable
Function |d

Tuple  Either

F[B]

.5



DYHKTOP

sealed trait OrgF[A]

case class PersF[A](name: String, orgld: Long) extends OrgF[A]
case class DeptF[A](name: String, sub: List[A]) extends OrgF[A]



DYHKTOP

sealed trait OrgF[A]

case class PersF[A](name: String, orglId: Long) extends OrgF[A]
case class DeptF[A](name: String, sub: List[A]) extends OrgF[A]

val orgFunctor = new Functor[OrgF]{
override def map[A, B](fa: OrgF[A])(f: A => B) =
fa match {
case PersF(name, orgld) => PersF(name, orgld)
case DeptF(name, sub) => DeptF(name, sub.map(f))

}



DYHKTOP

sealed trait OrgF[A]

case class PersF[A](name: String, orglId: Long) extends OrgF[A]
case class DeptF[A](name: String, sub: List[A]) extends OrgF[A]

val orgFunctor = new Functor[OrgF]{
override def map[A, B](fa: OrgF[A])(f: A => B) =
fa match {
case PersF(name, orgld) => PersF(name, orgld)
case DeptF(name, sub) => DeptF(name, sub.map(f))

}

type Org = OrgF[OrgF[OrgF[...]]]



DYHKTOP

case class Fix[F[_ ]](value: F[Fix[F]]

Org = Fix[OrgF]



Anrebpa

trait Monoid[A]{
def combine(x: A, y: A): A

def empty: A

trait LinSpace[A]{
def plus(x: A, y: A): A

def times(k: Double, x: A): A

.8



Anrebpa

trait Monoid[A]{
def combine(x: A, y: A): A

def empty: A

trait LinSpace[A]{
def plus(x: A, y: A): A

def times(k: Double, x: A): A

sealed trait MonoidF[A]

case class Combine(x: A, y: A)
extends MonoidF

case object Empty
extends MonoidF

sealed trait LinSpaceF[A]

case class Plus(x: A, y: A)
extends LinSpaceF[A]

case class Times(k: Double, x: A)
extends LinSpaceF[A]

.8



Anrebpa

trait Monoid[A]{ sealed trait MonoidF[A]
def combine(x: A, y: A): A case class Combine(x: A, y: A)
extends MonoidF
def empty: A case object Empty
extends MonoidF
}
Monoid[A] = MonoidF[A] => A
trait LinSpace[A]{ sealed trait LinSpaceF[A]
def plus(x: A, y: A): A case class Plus(x: A, y: A)
extends LinSpaceF[A]
def times(k: Double, x: A): A case class Times(k: Double, x: A)
extends LinSpaceF[A]
}

LinSpace[A] = LinSpaceF[A]

.8



Anrebpa OHO0dYHKTOpA

FIA] — A



Anrebpa

sealed trait Org

case class Pers(name: String, orgId: Long) extends Org

case class Dept(name: String,

left: Org, right: Org) extends Org



Anrebpa

sealed trait Org

case class Pers(name: String, orgId: Long) extends Org
case class Dept(name: String, left: Org, right: Org) extends Org

sealed trait OrgF[A]

case class PersF[A](name: String, orgId: Long) extends OrgF[A]
case class DeptF[A](name: String, sub: List[A]) extends OrgF[A]



Anrebpa

sealed trait Org
case class Pers(name: String, orgId: Long) extends Org

case class Dept(name: String, left: Org, right: Org) extends Org

sealed trait OrgF[A]
case class PersF[A](name: String, orgId: Long) extends OrgF[A]

case class DeptF[A](name: String, sub: List[A]) extends OrgF[A]

type OrgAlgebra[A] = OrgF[A] => A



Anrebpa

sealed trait Org

case class Pers(name: String, orgId: Long) extends Org
case class Dept(name: String, left: Org, right: Org) extends Org

sealed trait OrgF[A]
case class PersF[A](name:
case class DeptF[A] (name:

String, orgId: Long) extends OrgF[A]
String, sub: List[A]) extends OrgF[A]

type OrgAlgebra[A] = OrgF[A] => A

trait OrgAlgebral[A]{

def pers(name: String, orgId: Long):
def dept(name: String, sub: List[A]): A

A

.10



Anrebpsbl
trait OrgAlgebra[A]{

def pers(name: String, orgId: Long): A
def dept(name: String, left: A, right: A): A

object Size extends PersAlgebra[Int]{

def pers(name: String, orgId: Long) =1

def dept(name: String, sub: List[Int]) = sub.sum
}

object Names extends OrgAlgebra[List[String]]{
def pers(name: String, orgId: Long) = List(name)
def dept(name: String, sub: List[List[String]]) =
}

sub.flatten

.1



KaTteropua Anrebp

O6bekTbl: F[A] — A
Mopdpusmbel: A — B

X: F[A] - A
Y: F[B] - B
f: A— B
f-X=Y-F(f)



KaTteropua Anrebp

object Size extends PersAlgebra[Int]{

def pers(name: String, orgId: Long) =1

def dept(name: String, sub: List[Int]) = sub.sum
}

object Names extends OrgAlgebra[List[String]]{

def pers(name: String, orgId: Long) = List(name)

def dept(name: String, sub: List[List[String]]) = sub.flatten
}

val count: List[String] => Int = .length

.13



KaTteropua Anrebp

count (
Names.dept(namel, List(

Names .dept(name2, List(
Names.pers(name3, id3),
Names.pers(name4, id4 )),

Names.pers(name5, id5)))

Size.dept(namel, List(
count (

Names.dept(name2, List(
Names.pers(name3, id3),
Names.pers(name4, id4 )),

count (Name.pers(name5, id5)))))

.14



KaTteropua Anrebp

Size.dept(namel, List(
Size.dept(name2, List(
count (Names.pers(name3, id3)
count (Names.pers(named, id4)
Size.pers(name5, id5)))

) 1
)) s

Size.dept(namel, List(
Size.dept(name2, List(
Size.pers(name3, id3),
Size.pers(name4, id4)),
Size.pers(name5, id5)))



KaTteropua Anrebp

trait OrgAlgebral[A]{
def pers(name: String, orgId: Long): A
def dept(name: String, sub: List[A]): A
}

val algA: OrgAlgebral[A]
val algB: OrgAlgebra[B]

val £f: A => B

f(algA.pers(name, id)) == algB.pers(name, id)
f(algA.dept(name, subs)) == algB.dept(name, subs.map(f))

.16



Ha4yanbHaA anrebpa

FIpIF]] — plF]



Ha4yanbHaA anrebpa

FIpLF]] — plF]
X: F[A] - A
1(X): u[F] — A




Ha4yanbHaA anrebpa

FlpLF]] — plF]

X: FIA] — A
I(X): pIF] — A

HLF] = FIp[F]]




Ha4yanbHaA anrebpa

FIpLF]] — plF]
X: F[A] — A
1(X): u[F] — A

plF] = Flp[F]]

pLF] = FIpFI] = FIFIpLFI] = FLIFLFL. 1]




Ha4yanbHaA anrebpa

FIpLF]] — plF]
X: F[A] — A
1(X): u[F] — A

plF] = Flp[F]]

pLF] = FIpFI] = FIFIpLFI] = FLIFLFL. 1]

u[OrgF] = Org



Ha4yanbHaA anrebpa

def orgI[A]: OrgAlgebra[A] => Org => A

def orgI[A]: OrgAlgebra[A] => Org => A = alg => {
case Pers(name, orgId) => alg.pers(name, orgld)
case Dept(name, sub) => alg.dept(name, sub.map(orgI(alg)))

}

.18



Ha4yanbHaA anrebpa

def orgI[A]: OrgAlgebra[A] => Org => A

def orgI[A]: OrgAlgebra[A] => Org => A = alg => {
case Pers(name, orgId) => alg.pers(name, orgld)
case Dept(name, sub) => alg.dept(name, sub.map(orgI(alg)))

}

def foldOrg[A]: Org => OrgAlgebra[A] => A

.18



Ha4yanbHaA anrebpa

def orgI[A]: OrgAlgebra[A] => Org => A

def orgI[A]: OrgAlgebra[A] => Org => A = alg => {
case Pers(name, orgId) => alg.pers(name, orgld)
case Dept(name, sub) => alg.dept(name, sub.map(orgI(alg)))

}
def foldOrg[A]: Org => OrgAlgebra[A] => A

object OrgOrg extends OrgAlgebra[Org]{
def pers(name: String, orglId: Long) = Pers(name, orgid)
def dept(name: String, sub: List[Org]]) = Dept(name, sub)
}

.18



Ha4yanbHaA anrebpa

trait OrgInit{
def fold[A](algebra: OrgAlgebra[A]): A

}

112

Org OrgInit

.19



KOHeYyHoe npeacraBieHue

def makeOrg(): Org =
Dept (namel,
List(
Pers(name2, id2),
Dept (name3, List())))

def makeOrg[A]()(org: OrgAlgebra[A]): A =
org.dept (namel,
List(

org.pers(name2, id2),
org.dept(name3, List())))

5.20



KomMno3nunA

trait ManAlgebral[A]{
def manager(name: String, sub: A): A

}
def makeOrg[A](...)(0org: OrgAlgebra[A], man: ManAlgebra[A]): A =
org.dept (namel,
List(

org.pers(name2, id2),
man.manager (name,
org.dept(name3, List())))

5.21



HeABHbIE NapamMeTpPbl

def makeOrg[A: OrgAlgebra : ManAgebral](...): A =
dept (namel,
List(
pers(name2, id2),
manager (name,
dept(name3, List())))

5.22



Tagless final

= sealed trait Data
. case class Variant
foo: Data

match {...}

trait Data[A]

def Variant

def foo[A: Data]: A
new Data{...}

5.23



TunmnanpoBaHHble anredpeoil

trait Org[F[_ 11{
def root(dept: F[DeptId]): F[Root]
def personnel(id: UUID, name: String): F[UserId]
def manager (name: String, dept: F[DeptId]): F[PersId]

def department(name: String,
sub: List[F[DeptId]],
pers: List[F[PersId]]): F[DeptId]



TunmnanpoBaHHble anredpeoil

trait Org[F[_ 11{
type DeptId
type UserId

type Root

def root(dept: F[DeptId]): F[Root]

def personnel(id: UUID, name: String): F[UserId]

def manager(name: String, dept: F[DeptId]): F[PersId]

def department(name: String,
sub: List[F[DeptId]],
pers: List[F[PersId]]): F[DeptId]



TunmnanpoBaHHble anredpeoil

trait Org[F[_ 11{

def
def
def
def

makeRoot (dept: DeptId): F[Root]
makePersonnel (id: UUID, name: String): F[UserId]
makeManager (name: String, dept: DeptId): F[PersId]
makeDepartment (name: String,

sub: List[DeptId],

pers: List[PersId]): F[DeptId]



MoHaabl

trait Monad[F[ ]] extends Functor[F]{
def pure[A](a: A): F[A]
def flatMap[A, B](fa: F[A]])(f: A => F[B]): F[B]
}
Option List
Reader Id

Writer Either
State



MoHaabl

def createOrg[F[_ ]: Monad: Org]: F[Root] = for{
persl <- makePersonnel(uuidl, namel)
persl <- makePersonnel(uuid2, name2)
personnels = List(persl, pers2)
dept <- makeDept(name3, personnels)
root <- makeRoot (dept)

} yield root
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IPPEKTDHI

def createOrg(): RootId rpﬂ3b

def createOrg(): IO[RootId] HenisBecTHOC



I PeKThl

def createOrg(): RootId rpﬂ3b
def createOrg(): IO[RootId] Hen3sBecTHOCTDL

def createOrg[F[_ ]

: Monad bna)xeHcTBO
¢ Org

: Raise[?[ ], OrgError]

1 (

DataRead[?[ ], HR]
): F[RootId]
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DOyHKUMKN c Bbonee cnabbiMn

TpeboBaHAMM K anrebpam

Bcerga npumeHnmbl B bosee
CUJIbBHOM KOHTEKCTE

iskov substitution
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Tagless final

Anrebpbl CKNOHHbI BbITb
HacCTOJIbKO cnabbiMmu,
HaCKO/IbKO BO3MOXXHO AN1A
npocTeunwiero oyHkLmoHana

Ntertace seadredation
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YTO eLle NOCMOTPETH

1. Edmund Noble
Data, and when not to use it
https://www.youtube.com/watch?v=q6JCvdMWtmo
2. Adam Warski
Free monad or tagless final? How not to commit to a
monad too early

https://www.youtube.com/watch?v=lhVdU4Xiz2U

.


https://www.youtube.com/watch?v=q6JCvdMWtmo
https://www.youtube.com/watch?v=IhVdU4Xiz2U

Bonpochl

email : odomontois@gmail.com
0.nizhnikov@tinkoff.ru

telegram : https://t.me/odomontois
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