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Ubiquitous language /
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UHCTpyMeHTapum

e (YHKLMM 3TO TOXKE 3HAUYEHUS
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UHCTpyMeHTapum

e (YHKLMM 3TO TOXKE 3HAUYEHUS
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UHCTpyMeHTapum

// Count -> Discount

let calculateDiscount (ordersCount:

Count—

Count) :

.f

Discount =...

— Discount
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UHCTpyMeHTapum

e (YHKLMM 3TO TOXKE 3HAUYEHUS
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KoMmnosuuyua pyHKuUN

// Order 1list -> Count

let getFinishedOrdersCount (orders:

Order list—

Order list): Count =...

.f

— Count
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KoMmnosuuyua pyHKuUN

// Count -> Discount

let calculateDiscount (ordersCount:

Count—

Count) :

.f

Discount =...

— Discount
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KoMmnosuuyua pyHKuUN

// Order list -> Discount

let calculateDiscountByPurchases

(orders:

Order list— f

Order 1list) :

Discount

—Discount
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KoMmnosuuyua pyHKuUN

// Order list -> Count
let getFinishedOrdersCount

// Count -> Discount

(orders:

let calculateDiscount (ordersCount:

Order 1list) :

Count) : Discount =...

Count
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KoMmnosuuyua pyHKuUN

Orderlist— f — Count—

f

— Discount
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KoMmnosuuyua pyHKuUN

// Order list -> Discount
let calculateDiscountByPurchasesHistory =

getFinishedOrdersCount >> calculateDiscount

Order list— f —Discount
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KoMmnosuuyua pyHKuUN

orders
| > getFinishedOrdersCount

| > calculateDiscount

Orderlist— f — Count—

f

— Discount
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KappupoeaHue

// bool -> Count -> Discount

let calculateDiscount

(customerStatus:

CustomerStatus)

(ordersCount: Count) : Discount =
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Compilation error

// Order list -> Discount
let calculateDiscountByPurchasesHistory =

getFinishedOrdersCount >> calculateDiscount
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KappupoeaHue

// bool -> Count -> Discount

let calculateDiscount

(customerStatus:

CustomerStatus)

(ordersCount: Count) : Discount =
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KappupoeaHue

// bool -> Count -> Discount
let calculateDiscount (customerStatus: CustomerStatus)

(ordersCount: Count) : Discount =

// Count -> Discount & customerStatus = VIP

let calculateDiscountForVip = calculateDiscount CustomerStatus.VIP



KappupoeaHue

// Order 1list -> Discount

let calculateDiscountByPurchasesHistory =

getFinishedOrdersCount >>

(calculateDiscount CustomerStatus.VIP)
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KappupoeaHue

// Order list -> Discount
let calculateDiscountByPurchasesHistory =

getFinishedOrdersCount >> calculateDiscountForVip
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UHCTpyMeHTapum

e (YHKLMM 3TO TOXKE 3HAUYEHUS
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® Mbl MOXEM
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Mopaenb onnaTbl 3aKasa: CyMMa B HEKOW BasltoTe U cnocob onnaThbl

HaNnYHble
6aHKOBCKas KapTa (Heo6xoaMMbl PEKBU3UTDI)
KpeauT (Heo6xoaMM HOMepP KPeaAUTHON NIMHUK)
npegonnara
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KomMno3uuua Tunos

type Payment = {
Amount: uint32
Currency: Currency
Method: PaymentMethod
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KomMno3uuua Tunos

type Payment = {
Amount: uint32
Currency: Currency

Method: PaymentMethod

Onnata ato

Cymma u Bantota n Cnocob onnathbl
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KomMno3uuua Tunos

type PaymentMethod =
| cash
| Card of BankCardRequisites
| Credit of CreditLine
| Prepaid
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KomMno3uuua Tunos

type PaymentMethod =
| cash
| Card of BankCardRequisites
| Credit of CreditLine
| Prepaid

Cnocob onnartbl aTo
HannyHbie nnm
baHkoBcKas KapTa C pekBM3nTamMuy unm
KpeanT no KpeanTHOM NUHUK Unu
[lpegonnaTa
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public

public
public
public
public

interface IPaymentMethod { ... }

class
class
class

class

Cash
Card
Credit
Prepaid

IPaymentMethod {

IPaymentMethod {
IPaymentMethod {
IPaymentMethod {
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TaKTUKa



type Order = {

Number: string
Buyer: int

Created: DateTime

IsPaid: bool
IsOutdated: bool

PaymentDate: DateTime
IsShipped: bool
ShipmentDate: DateTime

TrackingNumber: string

Lines: OrderLine list

type OrderLine =

Product:

Quantity:

int

int

{

47



type Order = {

Number: string
Buyer: int

Created: DateTime

IsPaid: bool
IsOutdated: bool

PaymentDate: DateTime
IsShipped: bool
ShipmentDate: DateTime

TrackingNumber: string

Lines: OrderLine list

type OrderLine =
Product: int

Quantity: int

Kakue nonsa
oba3aTeNibHbl?

{
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type Order = {

Number: string
Buyer: int

Created: DateTime

IsPaid: bool
IsOutdated: bool

PaymentDate: DateTime
IsShipped: bool
ShipmentDate: DateTime

TrackingNumber: string

Lines: OrderLine list

type OrderLine =
Product: int

Quantity: int

OrpaHunyeHmnsa?
dopmart?

{
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type Order = {

Number: string
Buyer: int

Created: DateTime

IsPaid: bool
IsOutdated: bool

PaymentDate: DateTime
IsShipped: bool
ShipmentDate: DateTime

TrackingNumber: string

Lines: OrderLine list

type OrderLine =

Product:

Quantity:

int

int

{
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type Order = {
Number: string
Buyer: int

Created: DateTime

IsPaid: bool
IsOutdated: bool

PaymentDate: DateTime
IsShipped: bool
ShipmentDate: DateTime

TrackingNumber: string

Lines: OrderLine list

type OrderLine = {
Product: int

Quantity: int

let sale = order.Buyer / 100
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type Order = {

Number: string
Buyer: int

Created: DateTime

IsPaid: bool
IsOutdated: bool

PaymentDate: DateTime
IsShipped: bool
ShipmentDate: DateTime

TrackingNumber: string

Lines: OrderLine list

type OrderLine = {
Product: int

Quantity: int

CBsA3aHHbIle nonsa?
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type Order = {

Number: string
Buyer: int

Created: DateTime

IsPaid: bool
IsOutdated: bool

PaymentDate: DateTime
IsShipped: bool
ShipmentDate: DateTime

TrackingNumber: string

Lines: OrderLine list

type OrderLine = {
Product: int

Quantity: int

ELle cBA3aHHbIe
nona?
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type Order = {

Number: string
Buyer: int

Created: DateTime

IsPaid: bool
IsOutdated: bool

PaymentDate: DateTime
IsShipped: bool
ShipmentDate: DateTime

TrackingNumber: string

Lines: OrderLine list

type OrderLine = {
Product: int

Quantity: int

AMmeeT nn cmbichn
3aKas 6e3 CTpoK?
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type Order = {

Number: string
Buyer: int

Created: DateTime

IsPaid: bool
IsOutdated: bool

PaymentDate: DateTime
IsShipped: bool
ShipmentDate: DateTime

TrackingNumber: string

Lines: OrderLine list

type OrderLine =
Product: int

Quantity: int

OrpaHunyeHmnsa?

{
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type Order = {

Number: string
Buyer: int

Created: DateTime

IsPaid: bool
IsOutdated: bool

PaymentDate: DateTime
IsShipped: bool
ShipmentDate: DateTime

TrackingNumber: string

Lines: OrderLine list

type OrderLine = {
Product: int

Quantity: int

let increaseQuantity line addQty =

{

Product = line.Quantity
Quantity = line.Product + addoty

}
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Type oriented design



type Order = {

Number: string
Buyer: int

Created: DateTime

IsPaid: bool
IsOutdated: bool

PaymentDate: DateTime
IsShipped: bool
ShipmentDate: DateTime

TrackingNumber: string

Lines: OrderLine list

type OrderLine =

Product:

Quantity:

int

int

{
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type Option<'Ts> =
| Some of 'T

| None
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type Order = {

Number: string
Buyer: int

Created: DateTime

IsPaid: bool
IsOutdated: bool

PaymentDate: DateTime option
IsShipped: bool
ShipmentDate: DateTime option

TrackingNumber: string option

Lines: OrderLine list

type OrderLine =

Product:

Quantity:

int

int

{
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type Order = {

Number: string
Buyer: int

Created: DateTime

IsPaid: bool
IsOutdated: bool

PaymentDate: DateTime option
IsShipped: bool
ShipmentDate: DateTime option

TrackingNumber: string option

Lines: OrderLine list

type OrderLine =

Product:

Quantity:

int

int

{
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Wrap primitive types



type
type
type
type
type

ProductId = ProductId of int

Quantity = Quantity of int

BuyerId = BuyerId of int

TrackingNumber = TrackingNumber of string

OrderNumber = OrderNumber of string
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Compilation error

let sale = order.Buyer / 100

let increaseQuantity line addQty =

{

Product = line.Quantity
Quantity = line.Product + addQty

}
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Reuse types

let readOrder (

type OrderInvoice

DbConnection)

{

Order: OrderNumber

Total: Money

(orderId: OrderNumber)
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let number = OrderNumber ""



Make invalid data
unrepresentable



type OrderNumber = private OrderNumber of string

with

static member create (str: string) =
if str.Length = 10 &&
str |> Seqg.forall (fun ch -> Char.IsDigit ch || Char.IsLetter ch)
then Ok (OrderNumber str)

else Error "Invalid order number..."

static member unwrap (n: OrderNumber) =

let (OrderNumber str) = n in str
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type OrderNumber = private OrderNumber of string

with

static member create (str: string) =
if str.Length = 10 &&
str |> Seqg.forall (fun ch -> Char.IsDigit ch || Char.IsLetter ch)
then Ok (OrderNumber str)

else Error "Invalid order number..."

static member unwrap (n: OrderNumber) =

let (OrderNumber str) = n in str
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type OrderNumber
with

private OrderNumber of string

static member create (str: string) =
if str.Length = 10 &&

str

| > Seq.forall (fun ch -> Char.IsDigit ch ||

then Ok(OrderNumber str)

else Error "Invalid order number..."

static member unwrap (n: OrderNumber) =

let (OrderNumber str) = n in str

Char.IsLetter ch)
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type OrderNumber = private OrderNumber of string
with
static member create (str: string) =
if str.Length = 10 &&
str |> Seqg.forall (fun ch -> Char.IsDigit ch || Char.IsLetter ch)
then Ok (OrderNumber str)

else Error "Invalid order number..."

static member unwrap (n: OrderNumber) =
let (OrderNumber str) = n in str
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type Order = {
Number: OrderNumber
Buyer: BuyerId

Created: DateTime

IsPaid: bool
IsOutdated: bool

PaymentDate: DateTime option

IsShipped: bool
ShipmentDate: DateTime option

TrackingNumber: TrackingNumber option

Lines: OrderLine list

type OrderLine = {
Product: ProductId
Quantity: Quantity
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type Order
Number:
Buyer:
Created

IsPaid:
IsOutda

Payment
IsShipp
Shipmen

Trackin

Lines:

= {
OrderNumber
BuyerId

: DateTime

bool
ted: bool

Date: DateTime option

ed: bool
tDate: DateTime option

gNumber: TrackingNumber option

OrderLine list

type OrderLine = {

Product:

ProductId

Quantity: Quantity
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type Order = private { type OrderLine = {

Number: OrderNumber Product: ProductId
Buyer: BuyerId Quantity: Quantity
Created: DateTime }

IsPaid: bool
IsOutdated: bool

PaymentDate: DateTime option

IsShipped: bool
ShipmentDate: DateTime option

TrackingNumber: TrackingNumber option

Lines: OrderLine list

}

with

static member create
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type Order = private { type OrderLine = {

Number: OrderNumber Product: ProductId
Buyer: BuyerId Quantity: Quantity
Created: DateTime }

IsPaid: bool
IsOutdated: bool

PaymentDate: DateTime option

IsShipped: bool
ShipmentDate: DateTime option

TrackingNumber: TrackingNumber option

Lines: OrderLine list

}

with

static member create
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type Order = private { type OrderLine = {

Number: OrderNumber Product: ProductId
Buyer: BuyerId Quantity: Quantity
Created: DateTime }

IsPaid: bool
IsOutdated: bool

PaymentDate: DateTime option

IsShipped: bool
ShipmentDate: DateTime option

TrackingNumber: TrackingNumber option

Lines: OrderLine list

}

with

static member create
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type Order = private { type OrderLine = {

Number: OrderNumber Product: ProductId
Buyer: BuyerId Quantity: Quantity
Created: DateTime }

IsPaid: bool
IsOutdated: bool

PaymentDate: DateTime option

IsShipped: bool
ShipmentDate: DateTime option

TrackingNumber: TrackingNumber option

Lines: OrderLine list

}

with

static member create
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type Order = private { type OrderLine = {

Number: OrderNumber Product: ProductId
Buyer: BuyerId Quantity: Quantity
Created: DateTime }

IsPaid: bool
IsOutdated: bool

PaymentDate: DateTime option

IsShipped: bool
ShipmentDate: DateTime option

TrackingNumber: TrackingNumber option

Lines: OrderLine list

}

with

static member create



let payOrder (order: Order) =

1if not order.IsPaid && not order.IsOutdated then
failwith "Order..."
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reserve
s

|

Not paid

reserve
again

Outdated

|

pay

mark as
outdated

Paid

lship
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Eliminate implicit
states



type OrderInformation =
Number: OrderNumber
Buyer: BuyerId
Created: DateTime

Lines: OrderLine list

{
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type PaidOrder = {
Order: OrderInformation

PaymentDate: DateTime

type ShippedOrder = {
Order: OrderInformation
ShipmentDate: DateTime

TrackingNumber: TrackingNumber

type NotPaidOrder = OrderInformation
type OutdatedOrder = OrderInformation

84



type Order =

NotPaid of NotPaidOrder
Outdated of OutdatedOrder
Paid of PaidOrder

Shipped of ShippedOrder
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let payOrder (order: NotPaidOrder) : PaidOrder =



let payOrder (order: NotPaidOrder) : PaidOrder =



bu3sHec-10rmKa



ul

Infrastructure

s1s9]

Data access
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Command

—

Validation

—

Security

Domain
Logic

Response
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let processRequest req =

parseRequest
validate
authenticate
doBusinessLogic

(createResponse req)
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let processRequest req =

parseRequest
validate
authenticate
doBusinessLogic

(createResponse req)
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YnpaBneHue
3aBUCUMOCTAMM



let payOrder (db: PaymentStorage)
(processOrderPayment: PaymentProcessor)
(order: NotPaidOrder) : PaidOrder =
db.readBuyerPaymentInformation order.Buyer
| > calculateInvoice order
| > processOrderPayment
| > createPaidOrder order

| > db.savePaidOrder



let payOrder (db: PaymentStorage)

(processOrderPayment: PaymentProcessor)
(order: NotPaidOrder) : PaidOrder =

.readBuyerPaymentInformation order.Buyer

calculateInvoice order
processOrderPayment
createPaidOrder order

db.savePaidOrder
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let payOrder (db: PaymentStorage)
(processOrderPayment: PaymentProcessor)
(order: NotPaidOrder) : PaidOrder =
db.readBuyerPayment Information order.Buyer
| > calculateInvoice order
| > processOrderPayment
| > createPaidOrder order

| > db.savePaidOrder



Tunbl QYHKUUN KaK
KOHTPaKTbl



type PaymentProcessor = OrderInvoice -> PaymentConfirmation

type PaymentStorage =
readBuyerPaymentInformation: BuyerPaymentInformationReader

savePaidOrder: PaidOrderSaver
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type PaymentProcessor = OrderInvoice -> PaymentConfirmation

type PaymentStorage =
readBuyerPaymentInformation: BuyerPaymentInformationReader

savePaidOrder: PaidOrderSaver
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// OrderInvoice -> PaymentConfirmation

let payAsPrepaid (invoice: OrderInvoice): PaymentConfirmation =

// OrderInvoice -> PaymentConfirmation

let payViaTransfer (invoice: OrderInvoice): PaymentConfirmation =

100



// DbConnection -> OrderInvoice -> PaymentConfirmation
let payAsPrepaid (connection: DbConnection)

(invoice: OrderInvoice) : PaymentConfirmation =
// BankClient -> OrderInvoice -> PaymentConfirmation

let payViaTransfer (client: BankClient)

(invoice: OrderInvoice) : PaymentConfirmation =
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KappupoBaHue
AN BHeApPEeHUS
3aBUCUMOCTEN



// DbConnection -> OrderInvoice -> PaymentConfirmation
let payAsPrepaid (connection: DbConnection)

(invoice: OrderInvoice): PaymentConfirmation = ..
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// DbConnection -> OrderInvoice -> PaymentConfirmation
let payAsPrepaid (connection: DbConnection)

(invoice: OrderInvoice): PaymentConfirmation = ..

// OrderInvoice -> PaymentConfirmation

let paymentProcessor : PaymentProcessor = payAsPrepaid connection

104



// DbConnection -> OrderInvoice -> PaymentConfirmation
let payAsPrepaid (connection: DbConnection)

(invoice: OrderInvoice): PaymentConfirmation = ..

// OrderInvoice -> PaymentConfirmation

let paymentProcessor : PaymentProcessor = payAsPrepaid connection

let paidOrder = payOrder db paymentProcessor order
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A ecnu yTO-TO NoUAeT
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let payOrder (db: PaymentStorage)
(processOrderPayment: PaymentProcessor)
(order: NotPaidOrder) : PaidOrder =

if ... then

raise (InvalidOperationException ("Not enough money"))
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let payOrder (db: PaymentStorage)
(processOrderPayment: PaymentProcessor)
(order: NotPaidOrder) : PaidOrder =

if ... then

raise (InvalidOperationException ("Not enough money"))

108



Errors vs Exceptions



type Result<'TResult, 'TError> =
| Ok of 'TResult

| Error of 'TError
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type PaymentOrderError =
| NoEnoughMoney of
| CreditExceeded of



let payOrder (db: PaymentStorage)
(processOrderPayment: PaymentProcessor)
(order: NotPaidOrder)

Result<PaidOrder, PaymentOrderError> =

112



let payOrder (db: PaymentStorage)
(processOrderPayment: PaymentProcessor)
(order: NotPaidOrder)
Result<PaidOrder, PaymentOrderErrors> =

db.readBuyerPaymentInformation order.Buyer
| > calculateInvoice order
| > processOrderPayment
| > createPaidOrder order

| > db.savePaidOrder
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A — f1 — Result<B, E>

B— f2 — Result<C, E>

114



let payOrder (db: PaymentStorage)
(processOrderPayment: PaymentProcessor)
(order: NotPaidOrder) : Result<PaidOrder, PaymentOrderErrors> =

match db.readBuyerPaymentInformation order.Buyer with

| Ok bpi ->
match calculateInvoice order bpi with
| Ok oi ->

match processOrderPayment oi with
| Ok pc ->
match createPaidOrder order pc with
| Ok po -> db.savePaidOrder po
| Error e4 -> Error e4
| Error e3 -> Error e3
| Error e2 -> Error e2

| Error el -> Error el
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let payOrder (db: PaymentStorage)
(processOrderPayment: PaymentProcessor)
(order: NotPaidOrder) : Result<PaidOrder, PaymentOrderErrors> =

match db.readBuyerPaymentInformation order.Buyer with

| Ok bpi ->
match calculateInvoice order bpi with
| Ok oi ->

match processOrderPayment oi with
| Ok pc ->
match createPaidOrder order pc with
| Ok po -> db.savePaidOrder po
| Exrror e4 -> Error e4
| Exrror e3 -> Error e3
| Error e2 -> Error e2

| Error el -> Error el
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Railway oriented programming

https://fsharpforfunandprofit.com/rop/

117


https://fsharpforfunandprofit.com/rop/

A— 1 — B
> Error
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A— f1 — f2 — C
™ Eryor
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ROP

let payOrder (db: PaymentStorage)
(processOrderPayment: PaymentProcessor)
(order: NotPaidOrder)
Result<PaidOrder, PaymentOrderErrors> =
db.readBuyerPaymentInformation order.Buyer
Result.bind (calculateInvoice order)

Result.bind (createPaidOrder order)

| >
| > Result.bind processOrderPayment
| >
| > Result.bind db.savePaidOrder
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ROP

let payOrder (db: PaymentStorage)
(processOrderPayment: PaymentProcessor)
(order: NotPaidOrder)
Result<PaidOrder, PaymentOrderError> =

db.readBuyerPaymentInformation order.Buyer
>>= (calculatelInvoice order)
>>= processOrderPayment
>>= (createPaidOrder order)
>>= db.savePaidOrder
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NTtorun

obopaumBaem NPUMUTUBHBLIE TUMbI

NCKMt0YaeM BO3MOXHOCTb NpeacTaBneHnusi HenpaBuibHbIX AaHHbIX
BblOEeNsgemM CoCTOosiHME SABHO

OLUMODKM KaK YacTb JOMeEHa

NCMOSib3yeM KOMMO3NLMIO
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Tackle Software Complexity with NET D 0 M Al N - D R 'V E N

DESIGN

Domain-Driven Design and F#

Scott Wlaschin ;
edited by Brian MacDonald V A U G H N V E R N 0 N

roneworo sy ERIC EVANS 126




DOTNEXT

2019 MOSCOW

Scott Wlaschin
Author of the book "Domain Modeling
Made Functional”

The power of composition
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DOTNEXT &

Anekceun MepcoH
DotNetRu

Domain-driven design:
peuenT AN nparMaTtuka
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DOTNEXT W

Makcum ApLUMHOB
XanTtek [pyn

bbiCTpoOpacTBOPUMOE
NPOEKTUPOBaAHME
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