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Advanced Functional Programming

e Currying

Partial Application

Function Composition an

e Continuation Passing Style (CPS)

uN? 13: Advanced Functional Programming 14 F# lagazidoa wianaiag19uwifalgian

] 1. Currying

Concept:

6 o

o lurFs nnﬁaﬁ%’uﬁﬁ%mUWWS’]ﬁL@]@fﬁd 9 uaiin Wenzwnawwenzw (curried
function)
o @20819 WINT (x:int) (y:int) -> x + y 939 9 fa x > (y > X + )
letadd xy=x+vy

let addCurried = fun x -=> funy -> x +y

let sum1 = add 3 5 11 M anuwlné
let sum2 = addCurried 3 5 // 1T wniawn
SIYALLDUALTIAN

. ) v 6 o a 6 v
o Currying T8 lAEN1TD @39NINTRLBNIZUWNITINLABS Ladne

o WanTwraawIIdeasie F# 1w curried Tag default

L] 2. Partial Application
Concept:
% a 6 (> 1 A [ 6 o 1
e NN %wwmmasmamnau LWE]&TNWGT’]%%I%?J

a X [ o .
o Haduldannslt currying

F# Programming: Advance wih 2
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let multiply xy =x*y
let double = multiply 2 // Partial Application
let triple = multiply 3

let result1 = double 5 // 10
let result2 = triple 5 // 15
UALLDYALTIAN
e Partial Application SIPPL R eak higher-order function

o lg5mny pipelines LLaZ composition ldazain

| 3. Function Composition an
Concept:

o mMadandenseNInTuENaILiu

e >> Qo forward composition: f >> g = g(f(x))

e << fa backward composition: f << g = f(g(x))
let add2 x = x + 2

let square x = x * x

let forward = add2 >> square

let backward = square << add2

let fResult = forward 3 // (3+2)"2 = 25

let bResult = backward 3 // (3+2)"2 = 25

NUALLDYALTIAN
¢ Function composition Mlilaa é’m\‘i’lﬂ, concise, ka2 immutable
e munsndaiiaslevannte 1 f >> g>>h>>|

o 1olu data pipelines, async pipelines, 138 functional transformations

_| 4. Continuation Passing Style (CPS)
Concept:
o wadadsunsnTulasss “aa” (continuation function) WNWN1TAKEAN
o Wt cPS lifiudnlasass udiSon continuation tNaSANIIHARAE
let addCPS x y cont =

cont (x +vy)

F# Programming: Advance wih 3
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let printResult result =

printfn "Result: %d" result

addCPS 3 5 printResult // Result: 8
IUALLDYALTIAN
e CPS 178 ﬂ')ﬂﬁ!&l flow ?.IE]OTIJ‘ELL?’I?N
o g% asynchronous, backtracking, ED) exception handling Luu functional
o msnAsuiarTULLL synchronous i async lasne
let divideCPS x y cont errCont =
if y = 0 then errCont "Division by zero"

else cont (x / y)

divideCPS 10 2 (fun res -> printfn "OK: %d" res) (fun e -> printfn "Error: %s" e)
divideCPS 10 0 (fun res -> printfn "OK: %d" res) (fun e -> printfn "Error: %s" e)
HANI3%
OK: 5
Error: Division by zero
Jafvas CPS

«  #l¥&1w130 393 error handling MU flow control leatinabantu

. Lﬂuﬁug’luﬂlad monads, async workflows, LLa& functional pipelines

19128 n Advanced Functional Programming Tw F#

1 @urrying (L%’Izﬁﬂ)
UWIAALBIAN

. nnﬁaﬁfuﬁﬁmwwwswﬁmaﬂu F# 1J% curried function lag default

o  WIrTU let add x y=x+yan 9 waLdn let add = fun x -> (funy ->x+vy)

o wlimunin aensnautdaslaalian parameter u19@INaN (partial application)
AD&19ITIAN

letaddxyz=x+y+z

let curriedAdd = add 1 /I NaWS: fun yz->1+y+z

F# Programming: Advance wih 4
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let addWith1And2 = curriedAdd 2 // HAAWS: funz ->1+2 + 2z
let total = addWith1And2 3 /| HRAND: 6
Useloni

o lF9ms23nAU pipelines laazain

o ¥lAWIATU reusable & composable

2 @artial Application (Lﬁ)’lzﬁﬂ)

UWIAALBIAN
o m3lWeRE9L19 parameter Ta9WINT curried Waa9 WonTwina
o lHsndamsidoutn uazvinli code concise

let multiply xy =x*y

let double = multiply 2 /I Partial application

let triple = multiply 3

let results = [5;10;15] |> List.map double // [10;20;30]
dselamiizedn
e Partial application + pipelining — lilda a1wdne & maintainable

o ®WNI0FIY function factories 138 custom operators i1

3[@unction Composition (Lmzﬁn)
UWIAALBIAN
o MsdaNINTITNGI 8N
e Forward composition (>>) = f >> g = g(f(x))
e Backward composition (<<) = f << g = f(g(x))
. sunsadatftamanssnswlduuy pipeline fi immutable
AIBEILBIAN
let add2 x = x + 2
let square x = x * x

let negate x = -x
let complexPipeline = add2 >> square >> negate

let result = complexPipeline 3 // ((3+2)*2) * -1 = -25

F# Programming: Advance wih 5
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Uselanbizedn
¢ Function composition PRI domain-specific pipelines

o lf5hunu async workflows, error handling, 1130 collection transformations

4@ontinuation Passing Style (CPS) (Lmzﬁn)
UWIAALBIAN
o Wkt cPs ldaualaanse uadinaantWNasTuwdn (continuation)
. 3 wuuvial: f arg cont = cont (process arg)
o l7lu asynchronous programming, backtracking, error handling, functional
pipelines
Fragaing

let addCPS x y cont = cont (x + y)

addCPS 5 10 (fun result -> printfn "Result: %d" result)
@889 Error Handling A28 CPS
let divideCPS x y success failure =

if y = 0 then failure "Division by zero"

else success (x / y)

divideCPS 10 2
(fun res -> printfn "Success: %d" res)

(fun err -> printfn "Error: %s" err)

divideCPS 10 0
(fun res -> printfn "Success: %d" res)
(fun err -> printfn "Error: %s" err)
HAANS
Success: 5
Error: Division by zero
Uselamiizedn
o CPs dul# uan flow vaslsunsununaansaana Nt
o ﬁugmmaa monads, async workflows, railway-oriented programming

o RN AIUAN error propagation LLaz side effects LU functional

F# Programming: Advance wih 6
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[ agiedn

Concept

s Tanin@ean

v [
NS IFIURAN

Currying

WInTUnane parameter — WInTu

TaUN

§379 partial function, pipelines

Partial Application

%@ parameter 11967 — @14

Function factories, reusable code

Wariwlnal
Function . ce oo

AOWINTWLTNN LN Pipelines, data transformations
Composition

D e o o Async programming, ROP, error
CPS RIGOHNARNT LA continuation

handling

L1R1ZAN Currying Tw F#

| uIAR289 Currying

« Currying fomsudasWsnTunansnindiaesliiidn Wendusawnn (nested functions)

') H A @
o WarTuls F# Nana1aw1diaas 11w curried lag default

letadd xy=x+y

e AW 9 URANVULYINAL:

let addCurried = fun x -> (funy -> x +y)

o  musunld:
let result = add 3 5
let partial = add 3

let result2 = partial 10

I8
/ partial function: funy -> 3 +y
1113

(] dselaniuas Currying

1. &579 Partial Functions Lai1¢

let multiply xy =x*y

let double = multiply 2

2
3
4. double 5 // 10
5

1AW NS reusable

o loWenTulasd a319WsnTwlnaens parameter Gn9nu

F# Programming: Advance

wih 7




NI INNL Pipeline / Composition
let add2 x = x + 2

6
7
8. let square x = x * x
9

10. let pipeline = add2 >> square

11. pipeline 3 // 25

] @298191398N: Currying NURAIEWIIRLABS

let calculate xyz=x+y *z

let curried = calculate 2 //funyz->2+y*z

let step2 = curried 3 [funz->2+3*z
let result = step2 4 Il 14
o UBADW:

1. curried @1 x=2
2. step2 e y=3
3. result 1¥en z=4

v & U 6 o 1 1 A A 1
. LLK@]GI%L‘H% NMIETNINTHEaLIINAT parameter Ntaannan

] arad19ldewase: Currying + List.map
let multiply xy =x*y
let numbers = [1;2;3;4;5]

let double = multiply 2
let doubledNumbers = numbers |> List.map double

printfn "%A" doubledNumbers // [2;4;6;8;10]

AuviilidosianinSeu

o LTIFEIWIIOFI partial function double NANIRTY curried multiply

o 131y Listmap ¥lilda anuazaining

"] &31l Currying

') A @
o WInTwAIN EIW’]‘J’]&JL@]aﬂu F# — 11w curried function ‘l:ml default

o 1¥®%319 partial application ladne

' [ . ¥ o . . agn Y
e  T8l% code reusable, concise, LLAaZLU1NU pipelines / composition v[@m

F# Programming: Advance

wih 8
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[ ' . I3 < g 6
#1889 Currying T F# WuuL&3 workflow 113 3T1Js|,msuﬁu§'m +3 Tﬂmnimmqﬂizzgnm

wiau las9asny, mosunalan, WazHanNIITH

] Tas983519 Project tbz1in

FSharpCurryingExamples/
— Program1_Basic.fs # @T’;asmﬁug'm 1
— Program?2_List.fs # m”’;asmﬁugm 2

— Program3_Pipeline.fs ~ # @28819N1431% 3

— Program4_Calc.fs # @‘ﬁamaﬂizqﬂ@? 1
— Program5_Async.fs # 6?3857&53{4%7 2
L Programé_ERP.fs # dhadnadszgnd 3

] arad19ing i 3 lsunsa
1. Program1_Basic.fs — Currying ‘ﬁ%ﬁ’]%
/I Program1_Basic.fs

open System

/1 W curried

letadd xy=x+vy

[<EntryPoint>]
let main argv =
let sum =add 35

printfn "3 + 5 = %d" sum

let add3 = add 3 /I partial function
printfn "3 + 10 = %d" (add3 10)
0
aasualan
 add \Tu curried function
e &34 partial function add3

o LEAIMIIAUWIUAILANTIA parameter LENAYK

F# Programming: Advance wih 9
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NANI33W
3+5=8
3+10=13

2. Program2_List.fs — Currying ny List.map
/I Program2_List.fs

open System

let multiply xy =x*y
let numbers = [1;2;3;4;5]

[<EntryPoint>]
let main argv =
let double = multiply 2 /I partial application
let doubledNumbers = numbers |> List.map double
printfn "Original: %A" numbers
printfn "Doubled: %A" doubledNumbers
0
Aadurulan
o multiply \DJu curried function
o | partial application double
o 1 Listmap nuWsnTw partial
HANI3I%
Original: [1; 2; 3; 4; 5]
Doubled: [2; 4; 6; 8; 10]

3. Program3_Pipeline.fs — Currying 1y Pipeline
/I Program3_Pipeline.fs

open System

letadd xy=x+y

let square x = x * x

[<EntryPoint>]

F# Programming: Advance

wih 10
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let main argv =
let add3 = add 3
let numbers = [1;2;3;4]
let results = numbers |> List. map add3 |> List.map square
printfn "Results: %A" results
0
masualan
o 7 currying 83149 add3
o 7 pipeline |> L‘ﬁia map ﬂaﬁ%’ummfu
o BMWINBWAY functional
NAN133%
Results: [16; 25; 36; 49]

[ ehadedszana 3 Tdsunsa
4. Program4_Calc.fs — Currying + Partial Application + Calculator
/I Program4_Calc.fs

open System

let calc x y op =
match op with
| "add" -> x +y
| "sub" -> x -y
| "mul" ->x *y
| "div" -=>x/y
|_->0

[<EntryPoint>]
let main argv =
let addOp = calc >> (fun f -> f 10) // partial + curry
printfn "10 + 5 = %d" (calc 10 5 "add")
printfn "10 * 3 = %d" (calc 10 3 "mul")
0
masurulan

F# Programming: Advance wih 11
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o calc LI curried function

o 7 partial + composition

e %N calculator LUU dynamic
NANI3%
10+5=15
10*3 =30

5. Program5_Async.fs — Currying + Async
/I Program5_Async.fs
open System

open System.Threading.Tasks
let asyncAdd x y = async { return x + y }

[<EntryPoint>]
let main argv =
let add3Async = asyncAdd 3 // partial
let task = add3Async 7 |> Async.RunSynchronously
printfn "3 + 7 = %d" task
0
masualan
e Currying + partial + Async workflow
e add3Async WIuwsn T asynchronous
o 138N Async.RunSynchronously Lﬁ"aiawa
NAN13%

3+7=10

6. Program6_ERP.fs — Currying + Functional Pipeline + Error Handling
/I Program6_ERP.fs

open System

let safeDivide x y =

if y = 0 then None else Some(x / y)

F# Programming: Advance wih 12



let divideCPS x y cont =
match safeDivide x y with
| Some r -> contr

| None -> printfn "Division by zero"

[<EntryPoint>]
let main argv =
let div10 = divideCPS 10
div10 2 (fun r -> printfn "10 / 2 = %d" r)
div10 O (fun r -> printfn "10 / 0 = %d" r)
0
masurelan
o 1 currying + CPS + option type
o Weridutias divio gnas1e9n partial application
e MIANNT division by zero 1ilw functional
HAN1IIH
10/2=5

Division by zero
Partial Application Tw F#

" uniAnvad Partial Application

4 v A v A
g{uwm%aiﬂmumiw

. . . ! o 6 o . 4 [
« Partial Application #an13 1WA parameter LNILNIAIVDININTW curried LNaFI1I

WarTulnal
« Aedwldan currying las default vas F#
let multiply xy =x*y
e &34 partial function:
let double = multiply 2
o MIldu:
double 5 // 10

o Wiri T double A fun y->2*y

"] Wselaniaas Partial Application

1. @swnenanluaniengwan lasludaadaus

wih 13
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2. IMNIHIINAY pipelines ttag higher-order functions

3. ﬁﬂmﬁﬂ concise LAY reusable

[ anad19N g1
letadd xy=x+y
let add5 = add 5 // partial function

printfn "5 + 10 = %d" (add5 10)
HAANS
5+10=15

o A douNInTW funy -> 5 + v 183

| @ag91B9an: Partial Application nu List.map
let multiply xy =x*y
let numbers = [1;2;3;4;5]

let triple = multiply 3

let tripledNumbers = numbers |> List.map triple

printfn "Tripled: %A" tripledNumbers
HAaANS
Tripled: [3;6;9;12;15]

o o partial function triple nu List.map Lﬁ‘aLL‘lJad‘qu element

] @mas19lB9nwase: Calculator
let calc x y op =

match op with

| "add" -> x +y

| "sub" ->x -y

| "mul" ->x *y

| "div" -=>ify=0thenQelse x/y

|_->0

let addOp = calc >> (fun f -> f 10)

F# Programming: Advance

wih 14
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let mulOp = calc >> (fun f -> f 5)

printfn "10 + 5 = %d" (calc 10 5 "add")
printtn "5 * 3 = %d" (calc 5 3 "mul")
e Partial application lg5uny composition

[ 6 o ] ] o .
o ®119 WoNTweoad1 L operation LN

L] &1l Partial Application

Feature sz Teinih

%@ parameter 11967 [asawsngulnailay lddaaduudgn

1"1?%.1 curried function VWNAINY reusable

Kiiapl pipelines / List.map||¥i1 code concise W&z readable

550Ny composition R3IWIN T domain-specific

@18819 Partial Application Tw F# uuuifin workflow 119 3 Tulsunsainugw + 3 Tusunsauu

Uszand wibw laseasny, @rasuialan, uazwan1asi

] Tas98319 Project tbeiin

FSharpPartialApplication/

— Program1_Basic.fs # @201 9NUIIN 1
— Program?2_List.fs # @ﬁamaﬁugm 2

— Program3_Pipeline.fs # ﬁ?ﬂ&i’]dﬁugﬂu 3

— Programé4_Calc.fs # ﬁjaﬂﬁdﬂizﬂqﬂﬁ 1
— Program5_Async.fs # my’sasmﬂizzqm@? 2
L Program6_ERP.fs # G‘T’Jaﬂ’]aﬂizﬂqﬂﬁ 3

[ aradreingu 3 Tusunsa
1. Program1_Basic.fs — Partial Application ‘ﬁug’m
/I Program1_Basic.fs

open System

F# Programming: Advance wih 15
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letadd xy=x+y

[<EntryPoint>]

let main argv =
let add5 = add 5 /I partial function
printfn "5 + 10 = %d" (add5 10)
printfn "5 + 20 = %d" (add5 20)
0

aasualan
 add i curried function
e &3 partial function add5

o 1 partial function Fureudlas lidasdousnaudn

HANIIIW
5+10=15
5+20=25

2. Program2_List.fs — Partial Application U List.map
/I Program2_List.fs

open System

let multiply xy =x*y
let numbers = [1;2;3;4;5]

[<EntryPoint>]
let main argv =
let triple = multiply 3 /I partial function
let tripledNumbers = numbers |> List.map triple
printfn "Original: %A" numbers
printfn "Tripled: %A" tripledNumbers
0
masualan
o multiply 1% curried function

o Partial application triple 58T List.map

F# Programming: Advance
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o  ¥l#lAa concise uas readable
NN
Original: [1; 2; 3; 4; 5]
Tripled: [3; 6; 9; 12; 15]

3. Program3_Pipeline.fs — Partial Application ny Pipeline
/I Program3_Pipeline.fs

open System

letadd xy=x+y

let square x = x * x

[<EntryPoint>]
let main argv =
let add3 = add 3 /I partial function
let numbers = [1;2;3;4]
let results = numbers |> List.map add3 |> List.map square
printfn "Pipeline Results: %A" results
0
masualan
e Partial function add3 14lu pipeline
o o List.map aadﬂ%ﬁ'ﬂ pipeline
e Functional LLas readable
NAN13%
Pipeline Results: [16; 25; 36; 49]

[ ehadedszana 3 Tdsunsa
4. Program4_Calc.fs — Partial Application + Calculator
/I Program4_Calc.fs

open System

let calc x y op =

match op with

wh 17
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| "add" -> x +y

| "sub™ -> x -y

| "mul" -> x *y

| "div" ->ify=0thenOelse x/y
|_->0

[<EntryPoint>]

let main argv =
let add10 = calc 10 >> (fun f -> f 5 "add") // partial application + composition
let mul2 = calc 2 >> (fun f -> f 8 "mul")
printfn "10 + 5 = %d" (add10 ())
printfn "2 * 8 = %d" (mul2 ())
0

masualan
o 7 partial application + composition
o aTNNIRTULRIEINTL operation AN
o g9 dynamic calculator

HANI3I%

10+5=15

2*8=16

5. Program5_Async.fs — Partial Application + Async
/I Program5_Async.fs
open System

open System.Threading.Tasks
let asyncAdd x y = async { return x + y }

[<EntryPoint>]

let main argv =
let add3Async = asyncAdd 3 /I partial application
let result = add3Async 7 [> Async.RunSynchronously
printfn "3 + 7 = %d" result
0
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masualan
e Partial function add3Async &ML async workflow
o 7 Async.RunSynchronously Lﬁasawa
o &N venelUvin async pipelines o

NANI3%

3+7=10

6. Program6_ERP.fs — Partial Application + Error Handling (CPS)
/I Program6_ERP.fs

open System

let safeDivide x y =

if y = 0 then None else Some(x / y)

let divideCPS x y cont =
match safeDivide x y with
| Some r -> contr

| None -> printfn "Division by zero"

[<EntryPoint>]
let main argv =
let div10 = divideCPS 10  // partial application
div10 2 (fun r -> printfn "10 / 2 = %d" r)
div10 O (fun r -> printfn "10/ 0 = %d" r)
0
Aaduulan
o o partial application + CPS + option type
o WarTU divio Qﬂﬁ%’]w’m partial application
e N139@N17 division by zero LT functional
NANI3%
10/2=5

Division by zero

Function Composition Tw Fa#
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