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Domain Modeling with F#

e Domain-Driven Design (DDD)

o M3l Discriminated Union AU Business Rules

¢ Railway Oriented Programming
dolUflde “Unfi 18: Domain Modeling with F# uwuuaIAN ATaUARULWIAA DDD, M3ld
Discriminated Union (DU) ﬂyﬁJﬂggiﬁﬁl, ae Railway Oriented Programming (ROP) WIDUADENY
lda F# wwnasuenluga W luldasslavudlu fsx wialusand F# la 9
1) AMNW3IN Domain-Driven Design (DDD)
hwane

Mlriuuitaesrendins danmaasnulatuwa’e (Ubiquitous Language)

o uaniTymlwaidusiu 9 7idu Bounded Context Taian
o TNBLITA TINTINUAZBWINIBUG 618 Aggregate 7§ Aggregate Root
« wanwinf: Entity (J8aanwsol), Value Object (Lifisasnwol, ssuiiauainen),
Domain Service, Application Service, Repository, Factory/Policy
« 17 Event L‘ﬁ"a?}amsmﬂﬂ?iﬂuamu:/mqmimﬁl,uimLw
nagnsaA
o Strategic DDD: 111i9 Bounded Context, ¥i1 Context Map (Upstream/Downstream, Anti-
Corruption Layer)
e Tactical DDD: Entity/Value Object/Aggregate/Repository/Domain Event/Policy
wanmsaanuUUNaNRRENY F#

- @ 1A . & A
e Immutability Lfi.l%ﬂ’]!,iad(;f% TIYRALUNLDIRDNUE
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o ﬁﬁﬂ{l’agaﬁﬁ'ﬂ!ﬁ)% (record, DU) 1% “make illegal states unrepresentable”

e Pattern Matching LﬁﬂfﬂﬂﬂLﬁ%ﬂ’Nﬂgﬁqiﬂ (state machine)

e Smart Constructors 13AUAUINTIUG b ﬁ;@a%”w

2) Map DDD — F# ag9tilwszuy

L#2Aa DDD F# Mapping
Value Object |type X = private X of ... + IN@&&%”NLLUUWE’J%&GU
Entity record + Id 7ilaisn (43% GUID/ULID)
Aggregate DU @3 “K0%e” + record 3N88ZLDUATBIRDIBSUARZILLIL

Domain Rules ||Pattern matching + WINTULN 27

Repository dulaasiWa/LInasauaININTH get/save (1°ff Async/Task)

Domain Events|[DU maamqmscﬁ

Invariants Smart constructors + transition functions 1@ Result

INAALEIN:
. o [ A VA
e Option<'T> #%IL field 1813 L4
o Result<'T,E> f1RIULEUNIIILIUAULAR?
 Units of Measure/Single-case DU N8 “NNnLD9” Tasnuaaunia/sia

. LLﬂﬂI&l@aziaU: ValueObjects, Domain, Rules, Events, Repo, AppService

3) lalunala819: satnasdnaNLN Y
Fendaens
¢ Value Objects: Email, Quantity>0, MoneyZO, NonEmptyString
e Aggregate: Order ﬁaﬁmaalﬂu “Fn1U” G218 DU (Draft — PendingPayment — Paid
— Shipped/Cancelled)
¢ Rules:
o vRnGum ldanizaan Draft
o Submit #a4d518M1T 2 1 WALEEATIN > 0
o d3ziuldianie PendingPayment
o 9189 lalanIe Paid
e Events: OrderCreated, IltemAdded, OrderSubmitted, PaymentRecorded, OrderShipped,

OrderCancelled
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dusnatdu laadgrasy (da/FeaiTaian) NamaInnandbulng DomainModel fsx LaT%h

2D

@28 dotnet fsi DomainModel.fsx:

type NonEmptyList<'a> = { Head:'a; Tail:'a list } with
member x.ToList() = x.Head::x.Tail
module NonEmptyList =
let create (x:'a) (xs:'a list) = { Head=x; Tail=xs }
let ofList = function | h::t -> Some { Head=h; Tail=t } | [] -> None
let append a b = a.ToList() @ b.ToList() |> ofList |> Option.get

type DomainError =
| ValidationError of NonEmptyList<string>
| RuleViolation of string
| NotFound of string
| ConcurrencyConflict

| Unauthorized

/I Result CE
type ResultBuilder() =
member _.Bind(m,f) = Result.bind f m
member _.Return x = Ok x
member _.ReturnFrom m = m
member _.Zero() = Ok ()
member _.Combine(a,b) = Result.bind (fun _ -> b) a
member _.Delay f = f()

let result = ResultBuilder()

module Result =

F# Programming: Professional wih 4
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let map2 fr1r2 =
match r1,r2 with
| Ok a, Ok b -> Ok (f a b)
| Error e, Ok _ -> Error e
| Ok _, Error e -> Error e
| Error e1, Error e2 ->
/1 TINTBANY error WULNNE
match e1,e2 with
| ValidationError ne1, ValidationError ne2 -> ValidationError (NonEmptyList.append ne1
ne2) |[> Error

| _->e1|> Error

module AsyncResult =
let map f ar = async { let! r = ar in return Result.map f r}

let bind f ar = async { let! r = ar in match r with Ok x -> f x | Error e -> async { return Error e }

let ofResult r = async { return r }
let ofAsync a = async { let! x = a in return Ok x }

let mapError f ar = async { let! r = ar in return Result.mapError f r }

type EmailAddress = private EmailAddress of string
module EmailAddress =
let value (EmailAddress s) = s
let create (s:string) =
if String.IsNullOrWhiteSpace s then ValidationError (NonEmptyList.create "Email is required”
) |> Error
elif s.Contains("@") |> not then ValidationError (NonEmptyList.create "Email must contain @"
) |> Error

else Ok (EmailAddress (s.Trim(). ToLowerlnvariant()))

type NonEmptyString = private NonEmptyString of string
module NonEmptyString =
let value (NonEmptyString s) = s

F# Programming: Professional wih 5
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let create (s:string) =
if String.IsNullOrWhiteSpace s then ValidationError (NonEmptyList.create "Value cannot be
empty" []) |> Error
else Ok (NonEmptyString (s.Trim()))

type Quantity = private Quantity of int
module Quantity =
let value (Quantity q) = q
let create (qg:int) =
if g <= 0 then ValidationError (NonEmptyList.create "Quantity must be > 0" []) |> Error
else Ok (Quantity q)

type Currency = USD | THB | EUR
type Money = private Money of amount:decimal * currency:Currency
module Money =
let value (Money (a,c)) = a,c
let create (c:Currency) (a:decimal) =
if a < Om then ValidationError (NonEmptyList.create "Money cannot be negative" []) |[> Error
else Ok (Money (decimal.Round(a,2), c))
let add (Money(a,c)) (Money(b,c2)) =
if c<>c2 then invalidArg "currency" "Currency mismatch"
Money(a+b,c)
let mul (Money(a,c)) (k:int) = Money(a*decimal k, c)

let zero ¢ = Money(0Om,c)

type Customerld = Customerld of Guid
type Orderld = Orderld of Guid

type Productld = Productld of string
type Sku = Sku of string

[ ==mmmmeme- Domain: Order Aggregate as State DU ----------
type Orderltem = {

Sku: Sku

Productld: Productld

F# Programming: Professional wih 6
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Name: NonEmptyString
UnitPrice: Money

Qty: Quantity

module Orderltem =
let lineTotal (x:Orderltem) =
let (q) = Quantity.value x.Qty

Money.mul x.UnitPrice q

type Paymentinfo = {
Method: string
PaidAt: DateTimeOffset
Amount: Money

Txld: NonEmptyString

type Shipment = {
Carrier: NonEmptyString
TrackingNo: NonEmptyString
ShippedAt: DateTimeOffset

type DraftOrder = {
Id: Orderld
Customer: Customerld
Currency: Currency
Items: Orderltem list

CreatedAt: DateTimeOffset

type PendingPaymentOrder = {
Id: Orderld

Customer: Customerld

F# Programming: Professional wih 7
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Items: Orderltem list

Total: Money

CreatedAt: DateTimeOffset
SubmittedAt: DateTimeOffset

type PaidOrder = {
Id: Orderld
Customer: Customerld
Items: Orderltem list
Total: Money
Payment: Paymentinfo
CreatedAt: DateTimeOffset
SubmittedAt: DateTimeOffset

type ShippedOrder = {
Id: Orderld
Customer: Customerld
Items: Orderltem list
Total: Money
Payment: Paymentinfo
Shipment: Shipment
CreatedAt: DateTimeOffset
SubmittedAt: DateTimeOffset

type CancelledOrder = {
Id: Orderld
Customer: Customerld
Reason: NonEmptyString
CancelledAt: DateTimeOffset
CreatedAt: DateTimeOffset

F# Programming: Professional wih 8



type Order =

| Draft of DraftOrder

| PendingPayment of PendingPaymentOrder
| Paid of PaidOrder

| Shipped of ShippedOrder

| Cancelled of CancelledOrder

type OrderEvent =

| OrderCreated of Orderld * Customerld

| ItemAdded of Orderld * Sku * Quantity

| OrderSubmitted of Orderld * Money

| PaymentRecorded of Orderld * NonEmptyString * Money
| OrderShipped of Orderld * NonEmptyString

| OrderCancelled of Orderld * NonEmptyString

module Rules =

let private sumTotal (currency:Currency) (items:Orderltem list) =

4 v A v A
ﬁuwm%aiﬂmumiau

items |> List.fold (fun acc it -> Money.add acc (Orderltem.lineTotal it)) (Money.zero currency)

let createDraft (currency:Currency) (customer:Customerld) : Order * OrderEvent list =

let order = Draft {
Id = Orderld (Guid.NewGuid())
Customer = customer
Currency = currency
ltems =]
CreatedAt = DateTimeOffset.UtcNow
}
match order with
| Draft d -> order, [ OrderCreated (d.ld, d.Customer) ]

| _ -> failwith "impossible"

F# Programming: Professional
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let additem (sku:Sku) (prodid:Productld) (name:NonEmptyString) (unitPrice:Money)
(gty:Quantity)
(order:Order) : Result<(Order * OrderEvent list), DomainError> =

match order with

| Draft d ->
let item = { Sku=sku; Productld=prodld; Name=name; UnitPrice=unitPrice; Qty=qty }
let items = d.ltems @ [item]
let updated = Draft { d with ltems = items }
Ok (updated, [ ItemAdded (d.ld, sku, qty) 1)

| _ -> Error (RuleViolation "ltems can be added only in Draft state")

let submit (order:Order) : Result<(Order * OrderEvent list), DomainError> =
match order with
| Draft d ->
if List.isEmpty d.ltems then Error (RuleViolation "Cannot submit empty order")
else
let total = sumTotal d.Currency d.ltems
let submitted = PendingPayment {
Id=d.ld; Customer=d.Customer; ltems=d.ltems; Total=total
CreatedAt=d.CreatedAt; SubmittedAt=DateTimeOffset.UtcNow
}
Ok (submitted, [ OrderSubmitted (d.Id, total) ])

| _ -> Error (RuleViolation "Only Draft order can be submitted")

let recordPayment (payment:Paymentinfo) (order:Order)
: Result<(Order * OrderEvent list), DomainError> =
match order with
| PendingPayment p ->
let (amtCur, payCur) =

let _, ¢c1 = Money.value p.Total

let _, c2 = Money.value payment.Amount

c1, c2

if amtCur <> payCur then Error (RuleViolation "Payment currency mismatch")

F# Programming: Professional wh 10
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elif payment.Amount <> p.Total then Error (RuleViolation "Payment amount must equal
order total")
else
let paid = Paid {
Id=p.Id; Customer=p.Customer; Items=p.ltems; Total=p.Total; Payment=payment
CreatedAt=p.CreatedAt; SubmittedAt=p.SubmittedAt
}
Ok (paid, [ PaymentRecorded (p.ld, payment.TxId, payment.Amount) ])

| _ -> Error (RuleViolation "Payment allowed only when PendingPayment")

let ship (shipment:Shipment) (order:Order) : Result<(Order * OrderEvent list), DomainError> =
match order with
| Paid p ->
let shipped = Shipped {
Id=p.ld; Customer=p.Customer; Iltems=p.ltems; Total=p.Total
Payment=p.Payment; Shipment=shipment
CreatedAt=p.CreatedAt; SubmittedAt=p.SubmittedAt
}
Ok (shipped, [ OrderShipped (p.Id, shipment.TrackingNo) ])

| _ -> Error (RuleViolation "Shipping allowed only when Paid")

let cancel (reason:NonEmptyString) (order:Order) : Result<(Order * OrderEvent list),
DomainError> =
match order with
| Draft d ->
let cancelled = Cancelled {
Id=d.ld; Customer=d.Customer; Reason=reason
CancelledAt=DateTimeOffset.UtcNow; CreatedAt=d.CreatedAt
}
Ok (cancelled, [ OrderCancelled (d.ld, reason) ])
| PendingPayment p ->
/1 suad wlovns: snanldawninazinoiugiss
let cancelled = Cancelled {

Id=p.ld; Customer=p.Customer; Reason=reason

F# Programming: Professional wh 11
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CancelledAt=DateTimeOffset.UtcNow; CreatedAt=p.CreatedAt
}
Ok (cancelled, [ OrderCancelled (p.ld, reason) ])

| _ -> Error (RuleViolation "Cannot cancel after payment")

[/ J—— Repository abstraction (A28819418)) =---------

type ETag = int // GDENILATLIDTTY (optimistic concurrency)

type OrderRepository = {
Get : Orderld -> Async<Option<Order * ETag>>
Save : Orderld * (Order * ETag option) -> Async<Result<ETag,DomainError>>

/I In-memory example (f1%3LLAlW/MAREL)
module InMemoryRepo =
let create () =
let store = System.Collections.Concurrent.ConcurrentDictionary<Orderld, struct
(Order*ETag)>()
{
Get = fun id -> async {
match store.TryGetValue id with
| true, struct (o,tag) -> return Some (o, tag)
| _ -> return None
}
Save = fun (id,(order,etagOpt)) -> async {
match etagOpt with
| None ->
let tag = 1
store[id] <- struct (order, tag)
return Ok tag
| Some etag ->
match store.TryGetValue id with
| true, struct (_, current) when current = etag ->

let newTag = etag + 1

F# Programming: Professional wih 12
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store[id] <- struct (order, newTag)
return Ok newTag
| true, _ -> return Error ConcurrencyConflict
| >
i lifiToyaidundauss etag e — fiadn conflict

return Error ConcurrencyConflict

module App =

open Rules

/I DTO fwsusdasv/snaiaas
type AddltemDto = { Sku:string; Productld:string; Name:string; UnitPrice:decimal; Qty:int }
type CreateAndSubmitDto = {

Customerld: Guid

Currency: Currency

ltems: AddltemDto list

let private toOrderltem (currency:Currency) (dto:AddltemDto) :
Result<Orderltem,DomainError> =
result {
let! name = NonEmptyString.create dto.Name
let! gty = Quantity.create dto.Qty
let! price = Money.create currency dto.UnitPrice
return {
Sku = Sku dto.Sku
Productld = Productld dto.Productld
Name = name
UnitPrice = price

Qty = qty

F# Programming: Professional wh 13
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let createSubmit (repo:OrderRepository) (cmd:CreateAndSubmitDto)

: Async<Result<Orderld * ETag * OrderEvent list, DomainError>> = async {
I11) 8379 Draft + Event

let order0, ev0 =

Rules.createDraft cmd.Currency (Customerld cmd.Customerld)

Il 2) LLU&GLL&ZLﬁNi’lﬂﬂ’]i
let addAll (order:Order, evs:OrderEvent list) (dto:AddltemDto) =
result {
let! item = toOrderltem cmd.Currency dto

let! (0,e) = Rules.addltem item.Sku item.Productld item.Name item.UnitPrice item.Qty

order

return (o, evs @ e)

// fold @28 Result
let itemsResult =

cmd.ltems

|> List.fold (fun acc dto -> Result.bind (fun st -> addAll st dto) acc) (Ok (order0, ev0))

match itemsResult with
| Error e -> return Error e
| Ok (order1, evs1) ->
/I 3) Submit
match Rules.submit order1 with
| Error e -> return Error e
| Ok (order2, evs2) ->
/I 4) Save
let (orderld) =
match order2 with
| PendingPayment x -> x.Id

| _ -> failwith "impossible"
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let! saveRes = repo.Save (orderld, (order2, None))
match saveRes with
| Ok etag -> return Ok (orderld, etag, evs1 @ evs2)

| Error e -> return Error e

module Demo =
open App

open Rules

let run () = async {
let repo = InMemoryRepo.create()
let cmd = {
CreateAndSubmitDto.Customerld = Guid.NewGuid()
Currency = THB
ltems = |
{ Sku="ABC-001"; Productld="P-001"; Name="USB Cable"; UnitPrice=120m; Qty=2 }
{ Sku="ABC-002"; Productld="P-XYZ"; Name="Power Adapter"; UnitPrice=350m; Qty=1 }
]
}
let! res = App.createSubmit repo cmd
match res with
| Ok (orderld, , events) ->
printfn "Order %A submitted.\nEvents:" orderld
events |> List.iter (printfn " - %A")
| Error err ->

printin "ERROR: %A" err

/I Uncomment Liiananadiiiasudas dotnet fsi
/l Demo.run() [> Async.RunSynchronously

aLAwzlaina
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e FDUzABLAITIN DU (Order = Draft | PendingPayment | Paid | Shipped | Cancelled)
— laadsaulwiSunWeiduiudumnondas
o« BWNTUUARMATY (1% quantity > 0, money = 0) aNLIALHIU Smart constructors
o ﬂgﬁqiﬁﬁlﬁdagjluﬁﬂﬁfu transition (addltem, submit, recordPayment, ship, cancel) LRTA
fdw Result (L2 ROP)
6 a a £z d' d' o U
. m@;msmgﬂwamﬂmmaﬂ'mﬂasman’mz LW@%’]VLﬂITﬂU event

store/notification/analytics N8N 89

4) N131% Discriminated Union ﬁunQQSﬁ% (Business Rules)
UIAAKRAN
1. Model State Machine @28 DU: ¥ illegal transitions Mldaulsi@a
2. State-specific Data: Lﬁuiaya‘ﬁ' “Sanunansanizluaaussin’ 151u record a9
AOULTLLYINTI (1% SubmittedAt aenad submit Luen)
3. Invariant Enforcement: Smart constructors + transitions #3988 UNaUTINRI U
4. Pattern Matching: laaeuasd 9 1 “anaaue X 11U Y lalny”
Madrangiada
« “analiuvad payment ¢89ATINY order’
e Frunuinfitodsariniusaaiy’
o “unian’l@lanne Draft/PendingPayment’

£

Qluﬂdﬁfu recordPayment, cancel 1uiﬁﬂﬁﬁuuu—ﬁ'dﬂummmBhu match-case NTALI%

5) Railway Oriented Programming (ROP)
ATNIN
o wIWInTWL U “T9R0IEW (§1L59/ANTA1); Result<'T,'E>
« @avia (compose) 28 bind (138 CE result { ... }) Lﬁalﬁl,fiawm@ﬁq@lﬂ ARYAUNTHI
error 88Ny
o faifipany 10 1 Async<Result<_, >> (n3a Task<Result<_, >>) u&2% combinator
AsyncResult.bind/map
o« Validation WUUALANRALDDHANAA 1T Applicative (map2, apply) hag
NonEmptyList<string> Lﬁa‘sm error
A28819 Pipeline
Tu App.createSubmit:

1. uwUad DTO — Value Objects (smart constructors)
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2. LW items &4 order (fold @28 Result.bind)
3. submit LRZAWITL Total
4. Uuninee repo (I/0) — Async<Result<_, >>
3 k4 k% L s A v & a .
mmmzammmwuﬂmﬁmlﬂqwmm (fail-fast)
f@a9nNT “§LRN error” YD input NIRNATBURLA (LT validate wWasw), lEuu Applicative wen

FNMINENMILT9 validate La23914N pipeline ROP An8I#ad

6) msaammmﬁ'a “Illegal States Unrepresentable”
G883
«  Quantity {iuzfiaiannzAsusesduinaye
«  Money tvaulidaauuazaIsanainlilue
o Order wanaauzey DU 39 “3on ship() nU Draft lai'le” (pavlwiaas/laatsaueing
pattern matching)

W8 8A31U%I% branch/check NINTE837 9 UAZAALNTH logic

7) Testing & Property-Based Testing (meﬁ'] LWINIY)
e Unit Test 326U transition:
o submit Draft(order with items) ¢a4 Ok PendingPayment
o submit Draft(empty items) 6183 Error RuleViolation
¢ Property-Based (FsCheck):
o % Qty>0 uaz UnitPrice20 UaI931991 sumTotal ladau
o state machine: liinasligd/douldanuznaunvilaslifiingua

e Event assertions: 3733181017 OrderEvent ﬁmigﬂﬂda&mﬂﬂi‘i

8) Integration 5241719 Bounded Context
« 14 DTO + Anti-Corruption Layer (ACL) wenaia/sluuudayaniauanaanain Value
Objects Me/lus

o mapping Meuan — nulu ¢a4K1% Smart constructors LEN® (ﬂaaﬁ‘uﬁagmﬁm/‘lﬁ
RSEBIR)

e W13 Domain Events — Integration Events 616 a9T14AaWANDGH1% message bus

9) uwPUGUWH & NUAN

o

n

« 1516178 Ubiquitous Language: fienudnanaaslaanliiinidnlanseni
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e 71 Event Storming LN DA Aggregate/Boundary/Policy

e 1% DU nU state machine, Smart constructors AUANNAaIlsaany

e LN App Service (ﬁT@l orchestration/I/O) aana1n Domain pure functions
=)
La g

o % record Ingjanidenlann field nnanuz (andatesdangine)

« 11 Validation nasga ($1ld—a13Nv8w)

o 7 string/raw primitive vlﬂﬁl’s (‘ﬁ’ﬂﬁ' type safety "naninua)

10) VLILNRAD
o & Units of Measure 1% Money (1% B, $, €) w32l DU + policy waIEnaLIw
. e Repository Iﬁil,"ﬁg’mﬁ’aﬂaﬁd (EF Core, Dapper) L@ AN
(OrderRepository)
. LﬁISJ Policy/Promotion i1 Domain Service Lg 9 JU Orderltem list — Discount
(Result)
* 1@ Concurrency 133993628 ETag/version 3MNg uT84A

e Q38U pipeline A28l Retry/ldempotency Tusn Application Service

o F# l1%1A30908N1NT9NRI&1%TL DDD: DU + Records + Immutability + Pattern Matching
+ Smart Constructors
o 14 ROP (Result/AsyncResult) 8319 pipeline NTaLan Uaaany wazsiuine
o cid o v ni nin = 1a oq: 1 Y v a
o LUURRINAINIA “Fonur/msfsusausnfia’ Wonlifaasuddunis — laaiades

LA HaRIILALUL LAATINI LAY

. . . ¥ A A =
Domain Modeling with F# THaziduazean
Domain Modeling with F# Iﬁa:l,é‘mm%aﬁﬂﬁq@ ATOUARNNY N — nagns —> Tactical

Design — Mapping NU F# — @298191898n

unii 18: Domain Modeling with F#
1) Domain-Driven Design (DDD) BIAN
1.1 Ty} pDD uitly
. LLaﬂJwﬁm*’ﬁ'ugsﬁamulmy' “FUFaINIIZLaLNU” (Business complexity) ilaiwsnz
walulad
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o laaunidulddne iflelse n3z3anszany auliazyiaw Business Rules
o Tdayada” nia ‘amuzlingndas” (llegal State) naaidrszuuldine
= DDD it “UuUdaesNasInulaiunass” uazvinli Ubiquitous Language (MuL@8nung

fin dev + domain expert) Qﬂﬂdluiﬁ@]

1.2 Strategic Design
« Bounded Context: Tauiualaiungoniid ardnriuazlana 20369104
(v Sales, Billing, Shipping)
¢ Context Map: ’3‘3"“7}' Context 13 éamiﬁ'u (Upstream, Downstream, ACL)

« Anti-Corruption Layer (ACL): Tasnuluiaanalulaidwdanmaluaanisuan

1.3 Tactical Design
« Entity: 4 Identity 1125 (1T% Customer, Order)
 Value Object: 1§l Identity 1inu@l8@1 (5% Email, Money, Quantity)
¢ Aggregate: ﬂ@:maa Entity/Value Object ﬁ{ﬂ‘m Invariant 3731% Aggregate Root
o Domain Event: mqmmiﬁﬁwlﬂmuu (V5% OrderSubmitted, PaymentRecorded)
¢ Repository: Interface &IV persistence (VL&iIEJu infrastructure InyUulu domain)

« Factory / Policy / Service: S1AIURII/AN I WFINTUTDU

1.4 Mapping DDD — F#
o Entity: record + Id (1% Guid)
¢ Value Object: single-case DU + smart constructor
¢ Aggregate: & Discriminated Union (DU) 1l State Machine
¢ Domain Rules: pure function + pattern matching
« Domain Event: DU 2241304

¢ Repository: interface 14 record vaINanTH get/save

2) Discriminated Union (DU) NU Business Rules
2.1 State Machine
. 1% DU Fo “‘aouzidulyle
type Order =
| Draft of DraftOrder
| PendingPayment of PendingPaymentOrder
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| Paid of PaidOrder
| Shipped of ShippedOrder
| Cancelled of CancelledOrder
2.2 nga3nadslu Transition
e submit : Order -> Result<Order,Error>
e recordPayment : Order -> Payment -> Result<Order,Error>
e ship : Order -> Shipment -> Result<Order,Error>
2.3 “Make lllegal States Unrepresentable”
e 101 Order agﬂu Draft — laifl SubmittedAt field
e 0 Order a%l;lu Paid — @84# Paymentinfo Laaa

e Compiler =19aulAlAaLI “match ATIUNNRDUS" —> 89 bug logic

3) Railway Oriented Programming (ROP)
3.1 Jgwinsidsulaauuy Imperative

if ('ValidateEmail(email)) return Error("Invalid")
if ('ValidateQty(qty)) return Error("Invalid")

var result = SaveOrder(...)

if ('result.Ok) return Error("DB failed")

return Success(result.Order)

= iflelse TauNwlea, error-handling U logic

3.2 u2AA ROP
o 14 Result<'T,E> = Ok w3a Error
o HaUWINTULLL “na” (pipeline):
let placeOrder dto =
createDraft dto
[> Result.bind (addltems dto.ltems)
|> Result.bind submit
|> Result.bind save

o Vaf: S1WLANAW flow FITUTG, Error %q@ﬂaé'@ﬂuﬁ'ﬁ

3.3 Composition

e bind: WIrTw Result<'a,'e> -> ('a -> Result<'b,'e>) -> Result<'b,'e>
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e map: WINTH Result<'a,'e> -> ('a -> 'b) -> Result<'b,'e>
T Fa:
result {
let! email = EmailAddress.create dto.Email
let! gty = Quantity.create dto.Qty
let! order = submit draft
return order

}

- o Computation Expression (result { ... }) Wenwd imperatively L6 89 pure

3.4 Async + Result
o Lf}aﬁ I/O (DB, API) — 5 Async<Result<'T,'E>>

e Combinator AsyncResult.bind/map ﬁ?ﬂaﬂ%mmﬁl’@lammu async

4) @288191B98N: NIb Order
4.1 Smart Constructors
type Quantity = private Quantity of int
module Quantity =
let create q =
if 9 <= 0 then Error "Qty must be >0" else Ok (Quantity q)
4.2 Transition Function
let submit order =
match order with
| Draft d when d.ltems |> List.isEmpty -> Error "Empty order"
| Draft d ->
let total = d.ltems |> List.sumBy (fun i -> i.Price)
Ok (PendingPayment { Id=d.Id; ltems=d.ltems; Total=total })
| _ -> Error "Only Draft can be submitted"
4.3 Pipeline (ROP)
let placeOrder dto =
result {
let! draft = createDraft dto.Customerld
let! order1 = addltems dto.ltems draft

let! order2 = submit order1
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return order2

5) \axlgs DDD + DU + ROP
1. DDD — lasda314luLas (Entity, VO, Aggregate, Event)
2. DU — lgunu State Machine 289 Aggregate

3. ROP — 1N Flow n13vinanw Nawa Ll Result, Fail-fast walaaanwing

6) Advanced Topics
« Validation Accumulation: 1% Applicative Lﬁaa:aw error BaNETo
e CAQRS + Event Sourcing: 14 Domain Event (DU) 1w source of truth
o Property-Based Testing (FsCheck): 71323271 state machine 14ifin7 transition ﬁﬁ@

Q Led v v 1 v AI J
e Interop nuU C#: F# domain model mgrﬂ:ﬁﬁnﬂ c# o ueazle type safety LNNUH

L] a31hBedn
o DDD = U5ulassassszuulimevioulaunass
e DU = vl “State Machine” madqiﬁaﬂaa@ﬁ'ﬂ, illegal states unrepresentable

o ROP = 11 Result/AsyncResult ¥in pipeline MIANNUNTALABLETINEFBNNTNAFDL

Domain-Driven Design (DDD) LBIAN
1) WHIAAKRANVY DDD

o o

poD lilzudinafianslaa udfe uwiAalwnrsaanuuuszuunanans laglvanudmaynu
Tawwunfia” wnnd “nalulad”

e Domain = ﬁ?uﬁ“lla\‘]ﬁzyﬁﬁ (Problem Space) t%% E-Commerce, Banking, Healthcare

¢ Ubiquitous Language = n’m%ﬁm‘ﬁﬁ&l Dev + Domain Expert lg5unu

«  Model = lasssfouwAafiaatolawnludmanduns

[ ihwaneda “vhlilda = Tueagane” (lilgldaiduass CRUD DB)

2) Strategic Design

2.1 Bounded Context
e vauafiTaanasluiaaLazi ANy
o @B

o Sales Context — “Order = ﬁ\‘iﬁgﬂﬁﬁﬁd”
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