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What we will cover today

Three principles of functional programming
How to use composition

Basic error handling in FP

Building a complete pipeline with errors

Errors should be part of your domain model
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Three core principles
of functional programming



Three principles of FP

Functions are things

Composition everywhere

Types are not classes

Function




FP principle #1:
Functions are things

FIfrr Function fj




Function

m o m \

A function is a thing which
transforms inputs to outpwis




A function is a standalone thing,
not attached to a class

It can be used for inputs and outputs
of other functions
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A fwunction can be an owtput
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A function can be an input




O fiii *.” A fwnction can be a parameter
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4imilar to the “strateqy pattern
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A function can be an input

i
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And an owtput

This is a "Function Transformer”.
We will be using these a lot!
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You can build very
comple'x systems from
this basic fowndation?



FP principle #2:
Composition everywhere




What is Composition?




Lego Philosophy

. All pieces are designed to be connected

. Connect two pieces together and get
another "piece” that can still be connected

. The pieces are reusable in many contexts



All Leqo pieces are designed 1o be connected
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Functional Philosophy

* All functions are designed to be connected



Connect two Lego pieces {ogether and
get another “piece” that can still be connected

Yow don’t need to create a
s\accia\ adapter to make
connections.



Make big things from f _sma\\’chinqs in the same way
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Functional Philosophy

* All functions are designed to be connected

* Connect two functions together and

get another function that can still be
connected
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Lego pieces are rewsable in different contexts

They are <e\f contained.
No strings attached (iterally)
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Functional Philosophy

* All functions are designed to be connected

* Connect two functions together and
get another function that can still be
connected

* The functions are reusable in different
contexts
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The Yower of

Composition
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Function Composition
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Function 1
apple -> banana

H Function 2

banana -> cherry

I—Il
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Function composition

s

Function 1 H Function 2
apple -> banana \ ¥ \ i banana -> cherry
-wvr -’ W’ 1..|.|.|
L Com‘;os'\k'\on




New func’aon

oM

New Function
apple -> cherry

Can’t tell it was bwilt
from smaller functions!?

Where did the banana go?
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Building big things from functions
It's compositions all the way up
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Low-level operation

string

ToUpper

striné
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Low-level operation

Low-level operation

Low-level operation

> —>

> —>

Service

Address
—

AddressValidator

Validation
Result

A “Service” is jwst like a microservice
but withowt the “micro” in front



Service Service Service
— —> — —>
Use-case
ChangeProfile ChangeProfile
s UpdateProfileData -mé

Reques
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Use-case

Use-case Use-case
—> —> —> —>
Web application
Hep | 50— | Htp
Request Response
—> >
—> >

Use a dispatcher (or rowter,
or controller) to pick a
workflow 10 run

33



The Vower of

Composition
- b >
—> —> > R >

Http
Request ¢ I
—| X

—_—
Http

Response
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FP principle #3:
Types are not classes
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90, what is a type then?

Set of
valid inputs

A type is a just a name
for a set of things

m o E

Set of
valid outputs

36



A type is a just a name
for a set of things

m Function E
T

This is the set of all integers

o U A WDN —

type Integer

Set of
valid outputs
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A type is a just a name
for a set of things

abc
but
"cobol"

"double"

"end"
"float"

Set of Function
valid inputs

|

This is the set of all strings

type String
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A type is a just a name
for a set of things

m o E

This is the set of all people

type Verson

Set of
valid outputs
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Set of
valid inputs

A type is a just a name
for a set of things

m o E

This is the set of all fruit

type Fruit

40



A type is a just a name
for a set of things

JS@ E"‘ e’

Set of Function \
valid inputs  Jiii il
oH [e

|

This is the set of all functions
with Fruit input and owtput

type Fruit->Frit
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Composition is type checked!

i
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Vifferent sets

—
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Composition is type checked!

i

i
r—

e Y i
T

Vifferent sets

\

—
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Composition everywhere:
Types can be composed too
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Com\aosab\e

—Adgebrate-type system
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New types are built from smaller types by:
Composing with “AND”
Composing with “OR”

Only possib\e becawse behavior
is separate from datal

46



Compose with “AND”

FruitSalad = One each of @ and *._~ and g
Example: pairs, twples, records

A record ype
\

type FruitSalad = {
Apple : AppleVarietye Another tpe the fet of
Banana : BananaVariety ol possible apples
Cherry : CherryVariety

¥
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Shack =

s

Compose with “OR”

or or e

—_—

A choice type

N\

type

Snack =

Apple of AppleVariety <« Mggin, the set of al
Banana of BananaVariety possible apples
Cherry of CherryVariety

48



A real world example
of composing types
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Example of some requirements:

We accept three forms of payment:
Cash, PayPal, or Card.

For Cash we don't need any extra information
For PayPal we need an email address

For Cards we need a card type and card number

How wowld yow '\m\a\emev\k his?

50



In OO design yow wowld probably implement it as an
interface and a set of swbclasses, like this:

interface IPaymentMethod

{..}
class Cash() : IPaymentMethod
{..}

class PayPal(string emailAddress): IPaymentMethod
{..}

class Card(string cardType, string cardNo) : IPaymentMethod
{..}

51



In ¥ yow womld probably implement by composing
types, like this:

type EmailAddress = string — Primitive types
type CardNumber = string
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type EmailAddress = ...
type CardNumber = .. Choice type
— (using OW)
type CardType = Visa | Mastercard
type CreditCardInfo = {
CardType : CardType
CardNumber : CardNumber

} A
Record type (wsing AND)
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type EmailAddress = ...
type CardNumber = ...
type CardType = ...

type CreditCardInfo = ...

type PaymentMethod =

Cash

PayPal of EmailAddress
Card of CreditCardInfo

S (Choice type
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type EmailAddress = ...
type CardNumber = ...

type CardType = ...

type CreditCardInfo = ...
type PaymentMethod =

Cash

PayPal of EmailAddress
Card of CreditCardInfo

type PaymentAmount = decimal

type Currency = EUR | USD

«—— Another primitive type

Another choice type
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type EmailAddress = ...
type CardNumber = ...
type CardType = ...
type CreditCardInfo = ...
type PaymentMethod =

| Cash

| PayPal of EmailAddress

| Card of CreditCardInfo
type PaymentAmount = decimal
type Currency = EUR | USD

type Payment = {
Amount : PaymentAmount
Currency : Currency
Method : PaymentMethod }

— Kecord type
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type EmailAddress = ...
type CardNumber = ...
type CardType = ...

type CreditCardInfo = ...

tyTeC::;{mentMethod - Fi'\ﬁ\ ‘\;we b“i\'t from “\Q'“J
| PayPal of EmailAddress .
| Caid of CreditCardInfo 'st\\er ‘\'49?35

type PaymentAmount = decimal -\-h e Vower 0? CO“\‘)OQ‘“OY\

type Currency = EUR | USD

type Payment = {
Amount : PaymentAmount
Currency : Currency
Method : PaymentMethod }




The End

This is everything you need to know
about functional programming!
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Part Il

Composition in practice



Composition

let addl x = x + 1
let double x = x + X
let square x = x * X

// 1n most programming languages,
// composition looks like this...
add1(5) // = 6
double(add1(5)) // = 12
square(double(add1(5))) // = 144

4xandard way of nesting fwnction calls

can be confwsing if %00 deep
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Composition

'—|Add1 e T Double |—'r
— s R —

let addl x = x + 1
let double X = x + X Compositon

operator
// in F#, composition lo%Ls like this
let addl double = addl >> double

// call it
addl double 5 // 12



T Add1l
Y

Composition

e T Double

F

ﬁ

|—-|- '-r—| Square

T I
e

= |

let addl double square =
addl >> double >> square

// call it

addl double square 5

// 144
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Piping

5= ﬂ add1

-
1 > 6 =p> square
*

EEH

= 36
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5 == addl

U1

—> 6 >

double

- |2=>

Vipe symbol

/

> addl
> addl |> double
> addl |> double |> square //

square [~ 44

7
pipe

T This is easier 40 wnderstand

// = 6
// = 12
= 144
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Demo #l:
Piping

68



Composition in practice:

Roman Numerals Converter

69



To Roman Numerals

* Task: convert an integer to Roman Numerals
e 5=>"V" 10=>"X" 100 =>"C" etc

I

oman vwsmbers evolved
from this

/70



To Roman Numerals

* Use the "tally" approach

— Start with N copies of

— Rep

— Rep

— Re
— Re
— Re
— Re

D

D

D

D

ace five "I"s with

a "Vll

ace two "V'"s with a "X"

ace five "X"s wit
ace two '"L"s wit

ace five "C"s wit

1 a "L"

1 a "C"

1 a "D"

ace two "'D"s with a "M"

71



To Roman Numerals

For example, to convert 27
Start with 27 copies of "I" == "[HIHIIH"
Replace "llII" with "V" => "VVVVVII"
Replace "VV" with "X" => "XXVII"
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Implementation using piping

integer ——> [l Replicate "I"r >

<>- Replace_lllll_V P >

——

<>- Replace VV_X F>

<> [ Replace XXXXX_L

-_> etc

/3



Demo #2:
Roman Numerals

74



We covered all the
core principles of FP

Functions FFFF Function

Types

Composition everywhere

Pwt what if something
goes wrong &

75



Part | |1

Error handling in
functional programming



We like to focus on
happy path programming



"As a user | want to update my name and email address"

Receive request type Request = {
. userId: int;
l name: string;
Validate and canonicalize request J email: string }
Update existing user record
Send verification email
Return result to user

/8



Straying from the happy path...

What do you do when
something goes wrong?

79



Microsoft Visual Studio

An exception of type 'System.MotImplementedException’ occurred in

Contirnee, the application will ignore this ertor and sttempl to contirue, If
+ % UnhandledExceptionBlog. exe but was not handled in user code

Unhandled exception has occured in your 2pplcation. If you chck
Q you click Qut, the apphication wil close mmediately.

il

OR&107: irnvalid d; denied.
Additional information: The developer needs to do his job. SslustmuRe T spaont lngcn s

[ Centinue ] [ Quat ]

l“g" An error has occured while creating an error report
- occurred inwnr

(LG Microsoft Money

bt dowe

T ° An error has ocurred but the error message cannot be retrieved
r due to another eror.

Error
Etailz I Contirie 7 = T

===== EHCEptiDn TE:-:I: ========== e,
n.|0.10E xception: The device is not ready.

(Q) The operation completed successfully.

pstem [0, Ermor WinlDE marflnt 52
0K bater |0 FileSkream. .ctorString gé Keyboard not plUggEd !E] m
betern. | 0. FileStream. . ctorSting
L ¢ rorH andling. frmE rrarz. MoE rorH.
at ErrarHandling. frmE rrors. BtnE rrarH .
at System.WindDws.Fu:urms.Eu:untru:uI.I: WMdOWS 95 was unab'e to deteCt
_ at System Windows Farms Button.0 Your keyboa[d Press F1 to retry or
L | F21o abor.
Run-time error ‘6"
Crverflow
NO! - Bad Userill i x|

v You've been warned 3 times that this file does not exist,
Mow yvou've made us catch this worthless exception and we're upset,
Do not do this again.

-

End]|oebug| Help

8l



"As a user | want to update my name and email address" §

- and see sensible error messages when something goes wrong! @
Receive request type Request = {
. userId: int;
l name: string;
Validate and canonicalize request | emall; string }
) l Name is blank
4 N Email not valid

Update existing user record

' ) v

l User not found
Send verification email Db error

\ J ‘

i Authorization error
Return result to user Timeout

82



string UpdateCustomerWithErrorHandling()

{

var request = receiveRequest();
validateRequest(request);
canonicalizeEmail(request);
db.updateDbFromRequest(request);
smtpServer.sendEmail (request.Email)

return "OK";
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string UpdateCustomerWithErrorHandling()

{

var request = receiveRequest();
var isValidated = validateRequest(request);
if (!isValidated) {

return "Request is not valid"
}
canonicalizeEmail(request);
db.updateDbFromRequest(request);
smtpServer.sendEmail (request.Email)

return "OK";
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string UpdateCustomerWithErrorHandling()

{

var request = receiveRequest();
var isValidated = validateRequest(request);
if (!isValidated) {
return "Request is not valid"

}
canonicalizeEmail(request);
var result = db.updateDbFromRequest(request);
if (!result) {

return "Customer record not found"

}

smtpServer.sendEmail (request.Email)

return "OK";

85



string UpdateCustomerWithErrorHandling()

{

var request = receiveRequest();
var isValidated = validateRequest(request);
if (!isValidated) {

return "Request is not valid"

¥

canonicalizeEmail(request);

try {
var result = db.updateDbFromRequest(request);

if (!result) {
return "Customer record not found"

}
} catch {

return "DB error: Customer record not updated"

}

smtpServer.sendEmail (request.Email)

return "OK";
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string UpdateCustomerWithErrorHandling()

{

var request = receiveRequest();
var isValidated = validateRequest(request);
if (!isValidated) {

return "Request is not valid"

¥

canonicalizeEmail(request);

try {
var result = db.updateDbFromRequest(request);

if (!result) {
return "Customer record not found"

}
} catch {

return "DB error: Customer record not updated"

}

if (!smtpServer.sendEmail(request.Email)) {
log.Error "Customer email not sent”

¥

return "OK";



string UpdateCustomerWithErrorHandling()

{

var request = receiveRequest();

var isValidated = validateRequest(request);

if (!isValidated) {

return "Request is not valid"

}

canonicalizeEmail(request);

try {
var result = db.updateDbFromRequest(request); Q: What is the fwnctional
if (fresult) { equivalent of this code?

return "Customer record not found"

} iatch { Can we preserve the
return "DB error: Customer record not updated" C\CQ““CC of the °“‘5‘M\

} fwnctional version?

if (!smtpServer.sendEmail(request.Email)) {
log.Error "Customer email not sent”

¥

return "OK"; lo clean lines -> 18 wgly lines. 2007 extral
} Sadly this is typical of error handling code.



Using a Result type
for error handling

89



type Result =
| Ok of SuccessValue
| Error of ErrorValue

L Vefine a choice type details of the error

Pwt this is not generic, so...

920



type Result<'SuccessType, "ErrorType> =
| Ok of 'SuccessType
| Error of 'ErrorType

L A gereric, rensable Yesult type

This ype is built-in to T, bwt if not,
yow cowld always define it yowrself.

91



let validateInput input =
if input.name = "" then
Error "Name must not be blank"
else if input.email = "" then
Error "Email must not be blank™
else
Ok input // happy path

We have data for both
cnccess and Faillwee paths

92



Inpu’c =>

Success!t

Failwre

93



We design all functions to retwrn choices like this...

Validate UpdateDb SendEmail

94




...and then compose them ’coge’cher into a pipe\ine

Validate UpdateDb SendEmail

;@

e i~

This is the "two track” model —
the basis for the "Nailway Oriented Vrogmmminq"
approach to error handling,

95



ﬁ Pefore error handling

let updateCustomer =
receiveRequest()

>

vV V VvV

v

validateRequest
canonicalizeEmail
updateDbFromRequest
sendEmail

returnMessage

/’- One track

96



let updateCustomerWithErrorHandling =

receiveRequest()

> validateRequest
canonicalizeEmail
updateDbFromRequest
sendEmail

vV V VvV Vv

returnMessage f//————TMoﬂMk

E]li : Ty Eji : Ty I[.ji

I K |
BT ! - Ny e

| will show yow this code soon!



How to compose railway functions

a.k.a. "Railway Oriented Programming”

98



Inpu’c =>

Success!t

Failwre

99



Validate

on success UpdateDb
— TR

1
N

.

=

100



Validate UpdateDb

| =

11

101



Validate UpdateDb SendEmail

102



Validate

UpdateDb

SendEmail

!

=

Composition is obviows in theory!

Pwt how do yow do it in prac’cice?

103



How to compose
these functions!

104



UpdateDb

SendEmail

iajiii1i7 ie

Here we have a series of black box functions
that are .s’cmdd\inq a two-track rai\wag.

Inside each box there is a switch function.

&

106



Compo.sinq one-track fwunctions is fine..

107



- Gnd Composing two-track fwunctions is fine..

108



X X

- bwd composing switches is not allowed!

109



How to combine the
mismatched functions?

|10



One-track input

Two-track input

X

Before: Not switable
for composition

i

v

I ¥
I E N | N 1

L After: Switable for

compo_si’ciov\

Two-track input

Two-track input

40 how can we convert from
the "before” case 10 the
"after” case?

1



Two-track output>

i)
>
Q.

=

%
O
O
| -

w
3

T

Slot for switch function

|12



Two-track output>

This adapter block is
a "function transformer

i)
>
Q.

=

%

O
O
| -

w
3

T

A different shape fwnction as owtpwi

A fwunction as inpwd o

113



Two-track output>

i)
>
Q.

=

%

O
O
| -

w
3

T

Error e -> Error e

atch result with
| Ok s -> nextFunction s

s

let bind nextFunction result =

"bind” is the common name for this kind of fwnction.

Also called “flatMap” or "and Then” or ™>>

In LINQ it’s "SelectMany”

| 14



Two-track output>

)
>
Q.

=

%

O
O
| -

w
3

T

let bind nextFunction result =

match result with

Ok s -> nextFunction s
Error e -> Error e

The input is a two-track valwe

I'15



Two-track output>

Two-track input >

let bind nextFunction result =

match result with

Ok s -> nextFunction s
Error e -> Error e

a) Handle the Ok 4rack

116



Two-track output>

+—
=)
o
=
%
O
O
| -
w
2
T

let bind nextFunction result =

match result with

-> nextFunction s

Ok s

Error e -> Error e

117



Two-track input

let bind nextFunction result
match result with
| Ok s -> nextFunction s
| Error e -> Error e

b) Handle the Error track

Two-track output

118



Composing switches - review

Validate UpdateDb SendEmail

iiiiiig

Converted to two-track
functions wsing bmd

D N

Validate UpdateDb SendEmail

e o] i

.

120



Bind example

121



Validating input

type Request = {
Name : string
Email : string

}
ls this data valid?

122



let checkNameNotBlank input = i Sttt
if input.Name = "" then
Error "Name must not be blank™
else
Ok input
name50
let checkName50 input = S i

if input.Name.Length > 50 then
Error "Name must not be longer than 50 chars”
else

Ok input
emailNotBlank
let checkEmailNotBlank input = g S I
if input.Email = "" then
Error "Email must not be blank™
else
Ok input

123



nameNotBlank name50 emailNotBlank

checkNameNotBlank (composed with)
checkName50 (composed with)
checkEmailNotBlank

124



nameNotBlank name50 emailNotBlank

Ed I ra rd I -
i INEEN] i INEEN]
== =y

checkNameNotBlank

bind checkName50

bind checkEmailNotBlank

wse ‘bind” to
convert 40 2-track

125



nameNotBlank name50

emailNotBlank

e i~

request

| > checkNameNotBlank

|> Result.bind checkName5@

|> Result.bind checkEmailNotBlank

'\/‘ then compose together

126



v~ Vefine a function
let validateInput input =

input

| > checkNameNotBlank

|> Result.bind checkName5®@

|> Result.bind checkEmailNotBlank

,\/Qveral\ result is a new

two-track function

127



Note that bind is abowt shape.
Transformations can still happen.

\\

FunctionA FunctionB

-~

s

zi 1 J \ ; i J INENI i

TEntity = Apple TEntity = Panana TEntity = Cherry

N P

Result<'TEntity,string>

128



Type checking still applies

O === =¥ I===0

@ @ &

== F=e=0

129



Demo #3:

Bind example

130



Part |V:

Handling different "shapes” of track



Working with
"one-track" functions

132



canonicalizeEmail

// trim spaces and lowercase
let canonicalizeEmail input =
{ input with email = input.email.Trim().ToLower() }

) .simp\e function that doesn’t generate errors — a "one-track” fwnction.

133



canonicalizeEmail

Validate UpdateDb SendEmail

||||| : FFF T .]I

= =

i

X

Won't compose

|34



)
>
o

sy
>
(@)

4
O
O
S

T
S

T

Two-track input >

-track function

Slot for one
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)
>
o

sy
>
(@)

4
O
O
S

T
S

T

Canonicalize

This adapter block is
another "fwnction transformer

Canonicalize

Two-track input >

A different shape fwnction as owipwt

A fwunction as inpwd

136



Two-track output>

Two-track input >

let map singleTrackFunction twoTrackInput =
atch twoTrackInput with
| Ok s -> Ok (singleTrackFunction s)
| Error £ -> Error f

'map' i< the common name for this kind of function.

In LINQ i¥'s "Select”

137



)
>
o

sy
>
(@)

4
O
O
S

T
S

T

Two-track input >

let map singleTrackFunction twoTrackInput =
match twoTrackInput with

| Ok s -> Ok (singleTrackFunction s)

Error £ -> Error f

138



Two-track input

let map singleTrackFunction twoTrackInput =

[LELEEERELLEL]

match twoTrackInput with

| Ok s -> Ok (singleTrackFunction s)

| Error f -> Error f

a) Handle the Ok 4rack

Two-track output

139



Two-track input

let map singleTrackFurnction twoTrackInput =
match twoTrackIaput with
| Ok s -> Ok {singleTrackFunction s)
| Error £ -> Error f

a) Handle the Ok 4rack

Two-track output

140



Two-track input

let map singleTrackFunction twoTrackInput =

match twoTrackInput with

| Ok s -> Ok (singleTrackFunction s)

| Error f -> Error f

b) Handle the Error track

Two-track output

141



Converting one-track functions

Validate

canonicalizeEmail

UpdateDb

SendEmail

v

Will compose

143



Working with
"dead-end" functions

|44



updateDb

let updateDb request =
// do something
// return nothing at all

A function that doesn't retwrn anything— a "dead-end” function.

|45



Validate

UpdateDb

a

X

Wont compose

SendEmail

|46



One-track input

Slot for dead end function

One-track output

|47



One-track input One-track output

let tee deadEndFunction oneTrackInput =
deadEndFunction oneTrackInput
oneTrackInput

|48



One-track output

One-track input

let tee deadEndFunction oneTrackInput =
deadEndFunction oneTrackInput
oneTrackInput

149



UpdateDb
Validate _ N ] SendEmail
T <f T T T
Will compose

151



Working with functions
that throw exceptions

152



Add 4ry/catch to

K handle timeowts, say

One-track input

Two-track output

SendEmail SendEmail

Looks innocent, but might

throw an exceplion
Dot bother handling all possib\e exceplions:
E.q TileNotfownd, yes. OwtOfMemory, no. 153



Guideline: Convert exceptions into Failures

Even Yoda recommends
not to use exception
handling for control flow:

"Do or do not, there is
no try'.

| 54



Functions won't compose!?
Use "function transformers" to change their shape!

|55



Here are the transformations we used so far

ﬁ

bind G

1111111

*
VL

B
.
% s
s *
s .
----
.

s
.

B3 o

B

. A

L
vty
»*

.
""""""
s

)
N
nnnnnnnnnnnnnnnnnnnnnn

te1d
e BRI =

------------------------------------

oo T
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Validate Canonicalize UpdateDb SendEmail

single track dead end exceptions

Now we “can” compose
them ea.si\g‘.

157




Putting it all together
into a pipeline

158



Putting it all together

UpdateD

Canonicalize

Validate SendEn
|

= 11111}
sssmaEgay

=
)

Ou’cput??

)
;
.............. s ifiitiiii

yowr browser doesn’t wnderstand
two-track ypes!
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Putting it all together

Canonicalize UpdateD
validate ' SendEmai returnMessage
——— v E R P Hifiz:2ii] iiitiiii iiii iiiiiiiiiiiiiiiiiiiiiiﬁiiiii_i_ﬁii_i::-
il il T
Inpwt Owtpwt

let returnMessage result =
match result with
| Ok obj -> "200" + obj.ToJson()
| Error errorMsg -> "400" + errorMsg
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Demo #4:

The complete pipeline
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let updateCustomerWithErrorHandling =

receiveRequest()

> validateRequest
canonicalizeEmail
updateDbFromRequest
sendEmail
returnMessage

vV V VvV Vv

E]li : Ty Eji : Ty I[.ji

I K |
BT ! - Ny e

As promised at the beqinn’mq‘.
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Part V:

Designing error types



let validateInput input =
if input.name = "" then
Error "Name must not be blank"”

else if input.email = "" then
Error'"Email must not be blank"
else
Ok input // happy path

v

// returns Result<Input[string

BN

Using strings is not good

| 64



let validateInput input =
if input.name = "" then
Error NameMustNotBeBlank

else if input.email = "" then
Error|EmailMustNotBeBlank| <
else ~—~\:>

Ok input // happy path Vefined a special 4ype
. rather than string

type ErrorMessagE]:(’—'

| NameMustNotBeBlank
| EmailMustNotBeBlank

// returns Result<Input[ErrorMessage> =
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let validateInput input =
if input.name = "" then
Error NameMustNotBeBlank
else if input.email = "" then
Error EmailMustNotBeBlank
else if (input.email doesn't match regex) then
Error EmailNotValid input.email

else
Ok input // happy path

Add invalid
email as data

type ErrorMessage =
| NameMustNotBeBlank
| EmailMustNotBeBlank
|[EmailNotValid of EmailAddress]
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type ErrorMessage =
| NameMustNotBeBlank
| EmailMustNotBeBlank
| EmailNotValid of EmailAddress
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type ErrorMessage =

| NameMustNotBeBlank

| EmailMustNotBeBlank Vocumentation of everything

| EmailNotValid of EmailAddrezga\\\\\~—/’ﬂmtmnqownmq"

// database errors And s 4ype-safe
UserIdNotValid of UserlId docwmentation that can't go
DbUserNotFoundError of UserlId owt of date!
DbTimeout of ConnectionString
DbConcurrencyError
DbAuthorizationError of ConnectionString * Credentials

// SMTP errors Also triggers important

| SmtpTimeout of SmtpConnection VPV conversations

| SmtpBadRecipient of EmailAddress

|68



Designing for errors - review
PVocwmentation of everg’chinq that

type ErrorMessage = Can qo wrong,

| NameMustNotBeBlank

| EmailMustNotBeBlank Type-safe - can't go owt of date!

| EmailNotValid of EmailAddress

// database errors Swrfaces hidden requirements.
UserIdNotValid of UserlId
DbUserNotFoundError of UserlId Test aqaiv\s’c error codes,
DbTimeout of ConnectionString not S.mn%
DbConcurrencyError
DbAuthorizationError of ConnectionString * Credentials

// SMTP errors
| SmtpTimeout of SmtpConnection
| SmtpBadRecipient of EmailAddress

Makes translation easier.
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Demo #5:

Pipeline with error type
and language translation
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What errors should be modeled?

183



Three kinds of errors

* Domain errors are to be expected as part
of the business process

* Panics leave the system in an unknown state

* Infrastructure errors are expected as part
of the architecture
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Design tip:
Be aware of different kinds of errors

Dot always wse Result for everg’chiv\q‘.

| have a blog post called
"Against Lailway-Oriented ‘?roqmmminq" ©

|88



Conclusion



Review of error handling in FP

* Errors are part of the domain model too!
* Use two-track error handling rather than exceptions

* Use "function transformers" to change the shape of a
function so they can be composed
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Thanks!

More at fsharpforfunandprofit.com/rop
Code at https://github.com/swlaschin/Tech Train202 |

My book!

Domain Modeling
Made Functional

Tackle Software Complexity with
Domain-Driven Design and F#

= A : S
IRl J:
o] 4 (iof < 0 3
5 AN 7 : CY
&) s d Wi/
# Scott Wlaschin
edited by Brian MacDonald
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Bonus! Part VI

Validation



nameNotBlank name50 emailNotBlank

L — —7 e _—

Problem: Validation done in series.

50 only one error at a time is retwrned
k wow\d be wice 4o retwrn all

validation errors at once.
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nameNotBlank

name50

Split Combine

. —
Input _ output

Now we do get all
errors at oncel

emailNotBlank

. Pwt how 40 combine?
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How can we combine errors!?

type PersonalName = A record 4o be constructed.

First: Stringle / k wses constrained ’cgpes

Last: Stringle

} _ These valwes are

L~
let firstOrError = validateFirst first NOT normal valwes

// Validation<First, >
let lastOrError = validatelLast last
// Validation<Last, >
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How can we combine errors!?

type PersonalName = {
First: Stringlo
Last: Stringle
}

let firstOrError = validateFirst first
// Validation<First, >

let lastOrError = validatelast last
// Validation<Last, >

let name = {

First = firstOrError
Last = lastOrError x
} "~ We will get a compiler error

~ 4rying {0 assign them®

197



A different approach

let firstOrError = validateFirst first
// Validation<First, >

let lastOrError = validatelast last
// Validation<Last, >

// make a constructor for the record
let createPerson first last = </\The.se parameters
{First=first; Last=last} are normal valwes

let personOrError =
createPerson firstOrError lastOrError

K We still get a compiler error when x

passing validation valwes in®
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A different approach, fixed!

let firstOrError = validateFirst first
// Validation<First, >

let lastOrError = validatelast last
// Validation<Last, >

// make a constructor for the record
let createPerson first last =
{First=first; Last=last}

let personOrError =
(1ift2 createPerson) firstOrError lastOrError
// returns Validation<Person, >

& Use "ift" to fix

the mismatch
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2 parameters

i
i

ii
I

type Validation
(two track)

Constructor
function

output

= E

—

type Validation
(two track)
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1ift2

Slot for constructor function

201



1ift2

[ -
@)
=
O
S
[ -
=)
(7]
c
(o)
(@]
Re)
)
e
a

Constructor
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The "recipe” for validation

You have a bunch of validation errors, so
a) Define a constructor for your record

b) Use 1ift2/1ift3/1ift4 functions to "adapt”
the constructor to handle the validation
results
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Demo #6:
Validation
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End
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