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UNN 6: Higher-Order Functions
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lun111 Go %ua‘luqmaummﬂmw‘mEJﬂﬂi:@umﬂﬁmﬂﬂmmuLmﬁoﬁwuﬁa Higher-Order
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. o a o o @
Functions (HOFs) Winguiszianifianuaansanasluns suWenzswiin argument w3
£ G o & o Y ) v AaA 1 Y a X
return Wonzwiduwaans yldinaansnasrsldafidantu modular uaz reusable ldnnddu
nmaFouiuaztzgndld HOFs uindaylunisdilamadsuldauuy functional Ndufan
LASNTINRI s Go
Y { o % [~ IS o ' { o
Wonzunsunengwiidn argument 1 Jua20819NTALAIRVBIAUFINTOVES HOFS
WanTunanau1Tnsunganssuanzidu parameter udthluyszunanade 15w MIFINIATUN
A @ A & Ao ! A & oY o @
szyauluniinsastays wiaWeddundinuanisudasdn imafiaisiolildansztuuas
Usudasungdnssnlalaslidasud luwsitunan
8n1sziAnues HOFs fia Wanaui return Wanzw Wangwwnahanansaasawsnaulng
a & A a A Qs A o % % v A . [ A
AuNINALaasnIauTunN lasy Seviliiaansasnsldaiidu dynamic  wardsuidfaw
woAnsawlanndainis dediagu nsadudigmniadantaanizadlaglswWeidu factory

= @ & o o v Aa a | o %
pattern eﬁﬂa']lniﬂai’mﬂhﬂ"ﬁuiﬁmLL@@z@’J'ﬂNWﬂ@ﬂiiﬂJLL@]ﬂ@]'NﬂuvL(ﬂ
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AT HOFs $2wAU first-class functions Wag anonymous functions MlAsenanse
8319 pipelines waIWInTulaasnITaLan I@T@mminL’%'mé‘iﬂ@”ﬂﬂﬁsﬂizmawaﬁa;qJ]aLﬂumgumu
AoLitog 1T N3 map — filter — reduce I@mLL@ia:mgumaugnﬁmmﬂuﬁaﬁﬂﬁmmﬂ N1I¥iN
pipelines  T1alwassnzaesldsunsue udng ananuTUTaY wazdIFINATIDwlAaLUY
declarative

wafia pipelines H9781A578137130 LANANMNTURATBUVDILARENINTH 2ONINNY
lAlda modular WAZINBGENITNAREL GI8ENILTW BNNTAEIII pipeline FIRTUNNTUUAIAN
ToUa text, AILAY WIB struct Tagudazaunaurinminfilanizas vinlwlda maintainable was
reusable

#anan#t Higher-Order Functions dadunmuaddyluniseanuuy DSL (Domain-
Specific Language) 2W1ALan %3a API wuy functional lulisand Go nsaanuuuldairudl
Holdiaritugnisenleldine ﬂ%’mﬂﬁw"lﬁaamﬁ@mju wazaamytntouvaslda
nstdlauasAndszgndld HOFs uiugruddafeztinliiiammusnsins Tusunsa
functional ﬁ%’n%’auuazﬁmmju 16l% Go wananigatelildasuing Fannuranesaias
WAZ3893UMIVNITUULL concurrent W3p asynchronous lad 894

uwﬁazwwgdm"lﬂﬁwjumﬁ@ Higher-Order  Functions  @iaia#%311auiisn 139

Y Y

pipelines BaINIRTH WiaNa210819L 59U JUR Ultimate Project Ngan3nsnlaass tvalwidam

U

suniuwaa lusulsluldsunsuaselaadreinla

Higher-Order Functions

° Wﬂﬁfuﬁ{uﬂdﬁfmﬂu argument

. Wﬁﬁ”ﬁ'uﬁ return WINTH

o MY pipelines GBWINTY
iJ‘VI“?; 6 — Higher-Order Functions (a%‘.IJ’lEITGmauﬁﬂﬂ)
agﬂﬁgu 5 niaw:
Higher-Order Function (HOF) daWsritufl suWsrzgwmnmisiines wia auaiwensn (nie
vagasang) — Wuwalavasumifia Functional Programming LWﬂ:"ﬁaﬂlﬁma%ﬂﬁmﬁﬁﬂmju,
insuanlflnale uazidswdugavesdiudasdaya (pipelines) Ievinedn
dolufzefinnuszifua 3 %”aﬁaﬁqmma: (1) Wergusuwerigudu argument (2) Worldui
return WIRTw (closures, currying) kaz (3) N13¥1 pipelines duWiiTw — daradrainwlan Go

(WSanAa5uNY)

1) Warnzunsuenzwn argument
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) Qo & Q Lt & v 4 { a [ %
unwIAn: WInTunitssudnwensunitadn el dsungdnsulas lidasunlaanialy —
fneen9r lAa map, filter, sort NTUNIATULTU predicate/transformer/comparator
Q 1 dq' 1 v .
arag9nug 1w (lld generics):

package main
import "fmt"

I apply: U slice 189 int uazWINTuALLAY int—int
func apply(nums [Jint, fn func(int) int) [Jint {
out := make([]int, len(nums))
for i, v := range nums {
out[i] = fn(v)
}

return out

func main() {
nums := [Jint{1, 2, 3, 4}
doubled := apply(nums, func(x int) int { return x * 2 })
fmt.Printin(doubled) // [2 4 6 8]

}

Y

=
af
e LN logic miaugﬂaaﬂmﬂmsﬂi:mawal,wiam”a (separation of concerns)
o Hongu — wWasuwndnimwldlesliuazswougy
% 1 % [ v . d'l ) ai U a
arad9szauaall — 1% Generics (Go 1.18+) tiari Map filgldnunnudia:

package main
import "fmt"

func Map[T any, R any](arr [JT, fn func(T) R) []R {
res := make([]R, len(arr))
fori, v := range arr {

res[i] = fn(v)

Golang Functional Programming(FP): Intermediate wih 3
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return res

func main() {
s := [Jstring{"a", "bb", "ccc"}
lens := Map(s, func(x string) int { return len(x) })
fmt.Printin(lens) // [1 2 3]
}
Pattern ﬁ‘wnﬂaﬂ
e Filter(arr, predicate func(T) bool) [T
¢ Reduce(arr, reducer func(acc, T) accType, init) accType

o Sort unld comparator Sip argument (sort.Slice Tu stdlib)

2) Wanzw return Wanzw (Closures / Currying / Factories)
a 6 o 9 A 6 o 1 ™ Y Y 6 o A o 1 A ]
uwIAR: WInTuauazAunsnaulnd — sinldasne factory (WenTuninuadInInuIIating
v 6 o 1 A d' 1 v a
IWnuWariTutian) wia decorator fiviaRunn@nssa
@18814 closure (adder):

package main
import "fmt"

func Adder(start int) func(int) int {
sum := start
return func(x int) int {
sum += x

return sum

func main() {
a := Adder(10)
fmt.Printin(a(5)) // 15
fmt.Printin(a(2)) // 17

Golang Functional Programming(FP): Intermediate wih 4
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adu18: WINTUNARAIEIAN sum uuSunaesainld — e closure ({ lexical scope)
A28819 Currying / Partial application:
func Multiply(a int) func(int) int {

return func(b int) int { return a * b }

mul3 := Multiply(3)

fmt.Printin(mul3(4)) // 12

A28819939 (HTTP middleware factory) — W&ﬁfuﬁl%’u http.Handler LEIA http.Handler
(pattern ﬁl’fu’miuﬁu Go):

package main

import (
lllogll
"net/http"

func LoggingMiddleware(next http.Handler) http.Handler {
return http.HandlerFunc(func(w http.ResponseWriter, r *http.Request) {
log.Printf("method=%s path=%s", r.Method, r.URL.Path)
next.ServeHTTP(w, r)

)

func Hello(w http.ResponseWriter, r *http.Request) {
w.Write([]byte("hello"))

func main() {
http.Handle("/", LoggingMiddleware(http.HandlerFunc(Hello)))
http.ListenAndServe(":8080", nil)

}

AaA139239L N8N closures

Golang Functional Programming(FP): Intermediate wih 5
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e  MIIUAILLTINN outer scope B1VINIALAA bug (1T capture loop variable) — @884
common pitfall:
func bad() {
funcs := make([Jfunc() int, 3)
fori:=0;i<3;i++{
funcsfi] = func() int { return i } // NnWIATUATAEN 3 ieaisen
}
/1l wilagauaasaaudsing j == i aelu loop

3) N13911 Pipelines A2aWInzw
a v ¢ o & & A a & o A ° @ v
LWIAA: meaawmaoﬂaﬂmwuﬂﬂmuauwmaaaﬂﬁan"ﬁu%m — MlAsas "sensuds
31" (pipeline) maammﬂaa“ﬁagavl,d’"ﬁ'@muuazﬁwaju
N3N composition STEIRaYS) (aadﬁﬂﬁffu)
func Composel[A, B, C any](f func(B) C, g func(A) B) func(A) C {
return func(a A) C {
return f(g(a))

}

e84l Compose:

package main

import (
llfmtll

"strings"

func ToUpper(s string) string { return strings. ToUpper(s) }

func AddExcl(s string) string { return s + "I" }

func Compose[A, B, C any](f func(B) C, g func(A) B) func(A) C {
return func(a A) C {
return f(g(a))

Golang Functional Programming(FP): Intermediate wih 6
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func main() {
shout := Compose]string, string, string](AddExcl, ToUpper)
fmt.Printin(shout("hello")) // HELLO!
}
Pipeline WUUAR LW AT (same-type transformations)
ﬁwmﬁmﬁoﬁ‘fuﬁ%@LLa:ﬁu@hLﬂu“ﬁﬁmﬁmﬁ‘u L3I8INNINAIN Chain:

package main

import (
llfmtll

"strings"

func Chain[T any](fns ...func(T) T) func(T) T {
return func(x T) T {
for _, f :=range fns {
x = f(x)
}

return x

func Trim(s string) string { return strings.TrimSpace(s) }
func Lower(s string) string { return strings.ToLower(s) }

func AddPeriod(s string) string { return s + "." }

func main() {
pipeline := Chain[string](Trim, Lower, AddPeriod)
fmt.Printin(pipeline(" HELLO GolLang ")) // "hello golang."
}
Uselawiivas pipeline

o AWINY: LRAIBNIAUNTHY mﬁagmﬂuﬁ;mﬁm

Golang Functional Programming(FP): Intermediate wih 7
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e PedemIUiuARivdunon: R/AURTHaN chain alasliuazdnin
o NARDUINY: NAFDUUARZWINTULENAY

A20819 pipeline NU slice (map — filter — reduce)

IUAA HOF 1anue:

package main
import "fmt"

func Map[T any, R any](arr [JT, fn func(T) R) [IR {
res := make([]R, 0, len(arr))
for , v :=range arr {
res = append(res, fn(v))
}

return res

func Filter[T any](arr [JT, pred func(T) bool) []T {
res := make([]T, 0)

for _, v :=range arr {

if pred(v) {
res = append(res, V)
}
}
return res

func Reduce[T any, R any](arr []T, fn func(R, T) R, init R) R {
acc := init
for _, v :=range arr {
acc = fn(acc, v)
}

return acc

Golang Functional Programming(FP): Intermediate wih 8
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func main() {

nums := []int{1, 2, 3, 4, 5, 6}

doubled := Map(nums, func(n int) int { return n * 2 })
evens := Filter(doubled, func(n int) bool { return n%2 == 0 })

sum := Reduce(evens, func(acc, n int) int { return acc + n }, 0)

fmt.Printin("doubled:", doubled) // [2 4 6 8 10 12]
fmt.Printin("evens:", evens) //[246 8 10 12] (ﬂgmwmﬂugi)

fmt.Printin("sum:", sum) 1l 42

4) Patterns & Practical Uses (37130)
e Decorator / Middleware: ﬂdﬁfuﬁ'{u handler WazA% handler (L’?ll, RPC, validation)
e Factory: AuasTund configuration BTGEI%JJ' (Vi Retry(times) AuNInTY wrapper)
«  Memoization: Anl283TUALAY cache maoﬂaﬁﬁ'uu?qﬂﬁg(ﬁms:fa concurrency)
« Composition libraries: 83197aW3ri%% Compose/Chain/Pipe adonldnmuassaian

v

5) 7af / 28AI33239 (731))

v

3]

ho))}

o ldadandu, shnavanlgld, dwdu flow @ (dasanuuud)
e ¥ unit testing $18: NagaLLARTNINTUWALIE 6
2BAITILII
. oysiwin performance ©NAN138379 closure L@z § ®3aMT allocate iay § (48970
fiat optimize)
e 8198NNAMST debug FTaWRIRTURABTH
e  MIFUAIMUIABUEN (closures) 813LAA bug #3a memory retention 'le
e Currying/Composition LLUU generic anaTudaulunsiloiadenis (8988NULUY signature

Iktnnng)

. . =y A R
Higher-Order Functions (318azlagatadan)
do lUdudaSuadadn (moud) + uwdjuale Go) wisualadslaansonaduny —
AvuARuRLIBTAAN, ULLUNL (patterns), TaA2TIZTI, MINaFey uazLlzidn

performance/parallelism N§AzY

Golang Functional Programming(FP): Intermediate wh 9
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\Haadw (§1)

Higher-Order Function (HOF) = WariaufisuWsritmiuniniinad niaauaworiau (wians
GOSRIAN)

Q@Uizadﬁﬂﬁﬂ: LONWDANTIN (behavior) aaﬂﬁnﬂmﬂmmaa"ﬁaga (control flow/data flow), ¥in

Twa39 pipeline, middleware, factory, decorator, partial application 1edne

1. Wdfi“ﬁ'%ﬁ%’ﬁﬂaﬁ’fmﬁ% argument — (HOF as consumer)

UWIAR
o Uy what (MIUUaI/NI03I988U) 88NN how (AL, error handling, concurrency)
o ¥l#a$1s Map, Filter, Reduce, Sort wuudangule

@20819: Generic Map / Filter / Reduce (Go 2 1.18)

package main
import "fmt"

func Map[T any, R any](arr [JT, fn func(T) R) [IR {
res := make([]R, 0, len(arr))
for , v :=range arr {
res = append(res, fn(v))
}

return res

func Filter[T any](arr []T, pred func(T) bool) [T {
res := make([]T, 0)
for _, v :=range arr {
if pred(v) {

res = append(res, V)

}

return res

Golang Functional Programming(FP): Intermediate wh 10
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func Reduce[T any, R any](arr []JT, fn func(R, T) R, init R) R {
acc := init
for _, v :=range arr {
acc = fn(acc, v)
}

return acc

func main() {
nums := [Jint{1, 2, 3, 4, 5}
doubled := Map(nums, func(x int) int { return x * 2 })
even := Filter(doubled, func(x int) bool { return x%2 == 0 })
sum := Reduce(even, func(acc, n int) int { return acc + n }, 0)
fmt.Printin(doubled, even, sum) //[24 6 8 10] [2 4 6 8 10] 30
}
DaUnLI
o ouiu hot-path (L%'ﬂﬂi_iaﬂmﬂ) l@s1988UN"T allocate (append, make) LL8xN13 escape
maaﬁwﬁgﬂﬁﬂ%4cbsmes
«  WINdaIMIaa allocation 1Wia5aa capacity w3aidauastuiiuilufiiaa (in-place) 1a

Jaoans

2. W\‘iffﬁ'wﬁ return W9z — (Closures, Factories, Currying)
Closure / Factory
Closure = WeriFufl “§1” (capture) #1910 outer scope 15
@188149: Adder (stateful closure)
func Adder(start int) func(int) int {

sum := start

return func(x int) int {

sum += X
return sum
}
}
M3lEa:

a := Adder(10)

Golang Functional Programming(FP): Intermediate wh 11
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fmt.Printin(a(5)) // 15
fmt.Printin(a(3)) // 18
Currying / Partial application
Go aifi syntax currying 8a1uai6 wavinlaeae closure:
func Multiply(a int) func(int) int {
return func(b int) int { return a * b }
}
mul2 := Multiply(2)
fmt.Printin(mul2(5)) // 10
Factory A2 1T — Retry wrapper (support context)
import (
"context"

"time"

func Retry(ctx context.Context, attempts int, delay time.Duration) func(func() error) error {
return func(fn func() error) error {
var lastErr error
fori:= 0;i < attempts; i++ {
if err := fn(); err == nil {
return nil
} else {
lastErr = err
}
select {
case <-time.After(delay):
case <-ctx.Done():

return ctx.Err()

}

return lastErr

}

P2@: Lanwlau1ans retry 88NN Mlknasaudne

Golang Functional Programming(FP): Intermediate wih 12
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3. Composition & Pipelines (ﬂ']‘iﬁ'lﬁdﬁf%&'l@iﬂﬁ%)
Compose LLSUSIJﬁJ'JV(.‘lJ (different types)
func Compose[A, B, C any](f func(B) C, g func(A) B) func(A) C {
return func(a A) C {
return f(g(a))

}
T

toUpper := func(s string) string { return strings.ToUpper(s) }
addExcl := func(s string) string { return s + "I" }
shout := Compose(addExcl, toUpper)
fmt.Printin(shout("hello")) // HELLO!
Chain (same-type transformations) — variadic
func Chain[T any](fns ...func(T) T) func(T) T {
return func(x T) T {
for _, f :=range fns {
x = f(x)
}

return x

}

Pipeline with slices (map—>filter—>reduce) — compose style

AmaNaIndznay functions 1w pipeline (81uiny) Lau:

pipeline := Chain[string](strings.TrimSpace, strings.ToLower, func(s string) string { return s + "."
D

fmt.Printin(pipeline(" HELLO GolLang ")) // "hello golang."

Streaming pipelines (channels + goroutines) — example LU cancelable

ﬂizqn@( HOF nu concurrency — AIWIL stream processing / ETL:

package main

import (
"context"

llfmtll
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lltimell

func gen(ctx context.Context, nums ...int) <-chan int {
out := make(chan int)
go func() {
defer close(out)
for _, n :=range nums {
select {
case <-ctx.Done():
return

case out <- n:

}

X0

return out

func mul(ctx context.Context, in <-chan int, factor int) <-chan int {
out := make(chan int)
go func() {
defer close(out)
for v := range in {
select {
case <-ctx.Done():
return

case out <- v * factor:

}

10

return out

func filterEven(ctx context.Context, in <-chan int) <-chan int {

Golang Functional Programming(FP): Intermediate wih 14



out := make(chan int)
go func() {
defer close(out)
for v := range in {
if v%2 == 0 {
select {
case <-ctx.Done():
return

case out <- v:

}

10

return out

func main() {

o v A v A
AUINUITDIINIUNLTYU

ctx, cancel := context.WithTimeout(context.Background(), 2*time.Second)

defer cancel()

src ;= gen(ctx, 1, 2, 3, 4, 5, 6)

stage1 := mul(ctx, src, 2)

stage?2 := filterEven(ctx, stage1)

sum =0
for v := range stage2 {

sum +=v

}

fmt.Printin("sum:", sum) // sum of doubled evens

}

]

< Ay ‘g . { a . 4 ' .
Usztandn a: 898 ctx 138 mechanism WNBENLAN (cancel) goroutine LNDWRANLAE goroutine

leak

4. Error handling Tn pipeline

Golang Functional Programming(FP): Intermediate
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WA pipeline ABIRIATWIDN error — pattern fusaanbfads struct { V T; Err error } WNWN13
panic:
type Item[T any] struct {

vV T

Err error

}

TUAIUUGARZ stage ATI9FOU Err nawllIzauana LLa:quw?aﬂTw

5. Memoization / Caching (W%BN concurrency safety)
Simple memoize (not concurrent)
func MemoizelntTolnt(fn func(int) int) func(int) int {
cache := maplint]int{}
return func(n int) int {
if v, ok := cache[n]; ok {
return v
}
v := fn(n)
cache[n] = v

return v

}

Concurrent-safe memoize (generic)

import "sync"

func Memoize[T comparable, R any](fn func(T) R) func(T) R {
var mu sync.RWMutex
cache := map[T]R{}
return func(k T) R {
mu.RLock()
if v, ok := cache[k]; ok {
mu.RUnlock()
return v

}
mu.RUnlock()
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v = fn(k)
mu.Lock()
cachelk] = v
mu.Unlock()

return v

}
¥ >
VBAIIISI
o Cache \dulat 1l eviction — memory leak
e #%3U production MAld LRU, TTL %38 lib NeanuwuuaN& %3 cache (ristretto,

groupcache, bigcache 489)

6. Performance / Memory considerations
o Escape analysis: closures ﬁﬁ]yuﬁ’sLLﬂiﬂﬁ%ﬁ’llﬁ'ﬁ’lgﬂﬂ”}ﬂvLﬂ heap — Lﬁlw GC pressure
5580 nanidoinssududslng 9; Weedaudndu local copy mulu loop windas
capture
e Allocation: Map/Filter/Chain fa slice Tnaitas 9 2z allocate — |1 preallocated slice
w3avh in-place (iatlaaant
¢ Inlining: WINTUVWIALENNNAL inline — 8114l inline 34 overhead call
¢ Interface{} boxing: ‘ﬁﬁmﬁlmlif interface{} 14 hot paths — 5 generics LNk
¢ Benchmarking: ki testing.B 1y go test -bench . L8z -benchmem Lﬁia@]ﬁﬁ] allocation
#8819 benchmark (1A3983149):
func BenchmarkMap(b *testing.B) {
nums := make([Jint, 1000)
fori:=0;i<1000; i++ { nums[i] =i}
b.ResetTimer()
fori:=0;i < b.N; i++ {

_ = Map(nums, func(x int) int { return x * 2 })

7. Testing HOFs — uwIn1917)1ia

o 1 table-driven tests (input, function, expected)
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o  ®INTL wrapper/Retry I#&314 fake function ‘ﬁlmqumaﬁwf (fail N ﬂ%LLﬁ”J succeed)
Lﬁamaau logic
e  YN@ARBL concurrency: 1 -race (go test -race) Lﬁaﬂi’sﬁl race condition
e 1AL pipelines: mock source/ sink waeld deterministic inputs
¢18a819 test §19IU Retry:
func TestRetry(t *testing.T) {
ctx := context.Background()
attempt := 0
fn := func() error {
attempt++
if attempt < 3 { return errors.New("fail") }
return nil
}
r := Retry(ctx, 5, time.Millisecond*1)
if err := r(fn); err = nil {
t.Fatalf("expected nil, got %Vv", err)

}
if attempt != 3 { t.Fatalf("expected 3 attempts, got %d", attempt) }

8. Common pitfalls (mea%'uﬁ)
8.1 Capturing loop variable (classic bug)
HQ:
func bad() {
funcs := make([Jfunc() int, 3)
fori:=0;i<3;i++{

funcsli] = func() int { return i } // captures i — NIRUAAUEAN 3

}
an:
fori:=0;i<3;it+ {
ji=i
funcs[i] = func() int { return j } // capture j ‘ﬁLﬂu local copy
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8.2 Goroutine closure inside loop
HQ:
for _, v := range items {

go func() {

fmt.Printin(v) // v aniddsuliida loop difiuda

for _, v = range items {

go func(v T) {

fmt.Printin(v)

Xv)
}
8.3 Calling nil function — panic
@vIaRaUnawIan: if in 1= nil { fn() }
8.4 Overuse of closures — allocation

WINTURINS closure b tight loop 813LNa allocation g — profile i@ optimize

9. Idiomatic patterns in real projects

e HTTP middleware (logger, auth, recovery) — HOF returning http.Handler

¢ Functional options: a%”lx‘l(ﬂv’JLﬁaﬂﬂ’lwgdmﬁ’m type Option func(*Config) (pattern 8@

Aol Go)

e Retry / Backoff / Circuit breaker — 5 factory N wrapper fn

e Streaming ETL — o pipeline channels + context

e Validation pipeline — a1 validator Qﬂdaﬁu, weiae validator 1w func(T) error
#8819 Functional Options (§%):
type Config struct { Timeout time.Duration; Retries int }

type Option func(*Config)

func WithTimeout(d time.Duration) Option { return func(c *Config) { c.Timeout=d } }
func New(opts ...Option) *Config {

¢ := &Config{Timeout: time.Second, Retries: 3}

for _, o := range opts { o(c) }

return ¢
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10. Practical checklist — nawly HOF Tw production
1. Is the function pure or side-effectful? ﬁmaﬁwﬁifuﬁu external state 90NIIATALIN
Tested? — 3§ unit tests + benchmarks
Memory: @333 profiling (pprof) for allocations and goroutine leaks
Cancellation: bt goroutine/stream o4 support context/cancel

Concurrency: tuas cache/state @ad thread-safe (sync.Mutex / sync.Map)

o a0 s~ 0w DN

Observability: add logging/metrics in wrapper functions (middleware)

Wanaunsuwanzw argument (Functions as Arguments)
ﬁﬂﬁf%ﬁ%’uﬂaﬁfmﬁ% argument (Functions as Arguments) LﬂuLLu’Jﬁ@ﬁ’]ﬂwfylu Functional
Programming 283011 Golang ﬁﬁwlﬁﬁ@%mju, insuanlddld, uazaanmsidoulda
FrTam I@ﬁmm:l,fiamﬁnmﬁ'uiagaﬁﬁaami msdszarananatagiuuy ua lasnnidan

WINTUWRRLAINARIEIN

a lﬂ"
L uwananng 1w
1w Go WeruLilu first-class citizen Hu18ANIN:

o WanmuanansatAuluaaulsle

Wenguau1saaddu argument TuesdnWen i le
o WInTUENNTOAUAIWIATY L6
AINU 1NERIRETINIRTU A “Sufendudn” iheaiuaungdnssamsinumeluld

LT msmaﬁaga, mmﬂaﬁaga, WIAN1TIANIINUAANASNNNLU R Lo

[ Tassasoiing 1w
func FunctionName(arg1 Type1, f func(param ParamType) ReturnType) ReturnType {
111 f el
}
LT
A P & o
o f @8 parameter Mdw “Wanaw”

. W&ﬁfuﬁmmmgﬂL%'ﬂﬂﬂﬁﬁlu"L@TL%ﬁauﬂaﬁfuﬂﬂﬁ

] @2ogneug 1w 1: Worizgw apply

package main
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import "fmt"

/I apply SUWSATH f LAZALEY X INUWBLIN f(X)
func apply(x int, f func(int) int) int {

return f(x)

func square(n int) int {

return n * n

func main() {
result := apply(5, square) // §IWINTH square 111 b

fmt.Printin("Square of 5 =", result)

/I &3 anonymous function wn lAle
double := apply(7, func(n int) int {
return n * 2

})
fmt.Printin("Double of 7 =", double)

A105U1Y
o apply twiasTurialy A5 x int uaz f func(int) int
o fawsniuisntudalng (square) Wie anonymous function
o Foflels apply (T WonBWwIzALEI (higher-order) ﬁmuqu “WOANTIN” W%
argument
(] nan13h
Square of 5 = 25
Double of 7 = 14

1 gadrameann 2: Wansw filter

package main
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import "fmt"

I filter: SU slice wazWINTH predicate LaINTIAN
func filter(nums [Jint, predicate func(int) bool) [Jint {
var result [Jint
for _, n := range nums {
if predicate(n) {

result = append(result, n)

}

return result

func main() {

numbers := []int{1, 2, 3, 4, 5, 6, 7, 8, 9, 10}

Il ﬂiadtﬂ"ﬂfj
evens := filter(numbers, func(n int) bool {
return n%2 ==

1)

fmt.Printin("Evens:", evens)

/I N3DILRVNNINNIN 5
greaterThanFive := filter(numbers, func(n int) bool {
returnn > 5

1)

fmt.Printin("Greater than 5:", greaterThanFive)
¥
[ @naduns
o filter VL&ij&i’;mﬁ’rjwzmamwvlﬂu — waunuele predicate (WanTw) iuanaaFu
o Tulilaa reusable 11n — luidadg3n9 filterEven, filterOdd, filterGreaterThan #ana@A
[l wan13sn
Evens: [2 4 6 8 10]
Greater than 5: [6 7 8 9 10]
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] dselazi5l1ide Functional Programming
v & v . a = & o A o Y
1. [ anlaagrdaw — srunsassnganssuidunsnsu unuiiazanaenlea
2. [ iwwanadangnw — Saritudsrhouldnasgduuy tlsayfeulsisi argument
o’y -y ° b - ' o . . o A o o
3. &[] composability — sWsiTunatsarundanudu pipeline o (Tsiaziaaluriada

“pipelines”)

[ hadedszandese: madszaianatayauuy dynamic

package main

import (
llfmtll

"strings"

func process(text string, processor func(string) string) string {

return processor(text)

func main() {

input := "Go Functional Programming"

upper := process(input, strings.ToUpper)

fmt.Printin("Upper:", upper)

lower := process(input, strings.ToLower)

fmt.Printin("Lower:", lower)

replaceSpaces := process(input, func(s string) string {

return strings.ReplaceAll(s, " ", "_")

1)

fmt.Printin("Replace spaces:", replaceSpaces)
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L aauan
o lgwWeriwuann standard library (strings.ToUpper) ldiae 1wy type match
o @Al anonymous function #9M3U behavior Nies e

>

L agddrany

[

o Y =
Hwiya YA

Wariguidu Argument|ssnndnsandnldaruguisiduszaug

Anonymous Function |[l&39nwgn@nssataniz lauuy inline

Reusability WInTuLA el ud Lo lunaronsd
Composability daNINTWINGIBNWINaFT9 pipeline

TARIDEL “worsunsunenzmn argument” lune Golang
Sanuazuiivoanidu 2 nga leiun

o [ ﬁaasi'wﬁug'm 3w 3 1Usunsn (Basic Examples)

o [ ﬁaasiwuwaﬂszqnﬁ 1w 3 1U5un3N (Applied / Real-world Examples)

uaazlusunsnazd [ Taveadslnawmas, [ drasunsldauuuazidaa, uaz [ Nan13sn
U
] A. erad19iing1n (Basic) — 3 lulsunsa

] Tusunsaii 1: Apply Function
WINTWNTUNINTWTNN NN “UTeNIanNaalLay” Nain b
Tas9as19

go-functional-arg-basic-1/

[

main.go

main.go
package main
import "fmt"

/I apply SUAN x WRsWIRTYW f INUWIEA f(X)
func apply(x int, f func(int) int) int {
return f(x)

}
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// square INANRIRD
func square(n int) int {

return n * n

func main() {
/I &aWari T square 11111
result1 := apply(5, square)

fmt.Printin("Square of 5 =", result1)

/I &3 anonymous function 12114/

result2 := apply(7, func(n int) int {

return n * 2
i
fmt.Printin("Double of 7 =", result2)
}
A1a51u18
S . . Ao 6 @ IS
o apply L higher-order function NUWINTW f LI argument
A 6
o square ABWINTHIITNAN
e main FINININTUTBLAZ anonymous function
HAN133%

Square of 5 = 25
Double of 7 = 14

"] Tulswnsafl 2: Filter Slice
1w sriguiiln argument 1Rafmua “Jonlunisnses” 289 slice
] Tasea3ne
go-functional-arg-basic-2/
L main.go

| main.go

package main

import "fmt"
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// filter 384961370 slice @Y predicate
func filter(nums [Jint, predicate func(int) bool) [Jint {
var result [Jint
for _, n :=range nums {
if predicate(n) {

result = append(result, n)

}

return result

func main() {

numbers = []in{1, 2, 3, 4, 5, 6, 7, 8, 9, 10}

/I NTDILVS
evens := filter(numbers, func(n int) bool {
return n%2 ==

b

fmt.Printin("Evens:", evens)

/ N3BILRUNINNIN 5
gt5 := filter(numbers, func(n int) bool {
returnn > 5

D
fmt.Printin("Greater than 5:", gt5)

}

] @nasuns
o filter vLajj”jﬁ@Tadﬂiadavai —> delegate 14 predicate Aa&E%
. Eﬂ“ﬁ/mwﬁiﬂddﬁﬂ%vmeU inline 'lalae

(] wan13h

Evens: [2 4 6 8 10]

Greater than 5: [6 7 8 9 10]
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1 Tsunsaifi 3: Text Processor
18 WoriTudn argument Liafwua “53n13135098Ra string”
] Tavease
go-functional-arg-basic-3/
L main.go

L_| main.go

package main

import (
llfmtll

"strings"

/] process U string WREWINTU processor Wvaudagen
func process(text string, processor func(string) string) string {

return processor(text)

func main() {

input := "Go Functional Programming"

upper := process(input, strings.ToUpper)

fmt.Printin("Upper:", upper)

lower := process(input, strings.TolLower)

fmt.Printin("Lower:", lower)

replaced := process(input, func(s string) string {

return strings.ReplaceAll(s, " ", "_")

b

fmt.Printin("Replace spaces:", replaced)

}
| @asdune

o lgWerituann standard library (strings.ToUpper, ToLower) laviud
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e process Lﬂuﬂaﬁﬁ'uﬂmaﬁvlsjﬁaaj logic N3ULad string
L] wan13s
Upper: GO FUNCTIONAL PROGRAMMING
Lower: go functional programming

Replace spaces: Go_Functional _Programming
[ B. shagnsunitszand (Applied) — 3 Tusunsa

[ Tusunsaii 4: Sorting with Custom Comparators
T5Wsriguiiln argument 1o “fmuaiionlunisises laas
] Taseasne
go-functional-arg-advanced-1/

- main.go

L main.go

package main

import (
|Ifmtll

lvsortll

/I sortBy o comparator function Lﬁaﬁ’mu@milﬁm
func sortBy(data []int, comparator func(a, b int) bool) {
sort.Slice(data, func(i, j int) bool {

return comparator(data(i], datalj])

b

func main() {

numbers := [lint{5, 1, 8, 3, 9, 2}

/1 \3usannsiasldann
asc := make([Jint, len(numbers))

copy(asc, numbers)
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sortBy(asc, func(a, b int) bool {
returna <b

b

fmt.Printin("Ascending:", asc)

/1 \3e9anann tlves
desc := make([Jint, len(numbers))
copy(desc, numbers)
sortBy(desc, func(a, b int) bool {
returna>b
D
fmt.Printin("Descending:", desc)
}
[ @nadune
« sortBy 11 sort.Slice uas comparator ﬁgﬂ“ﬁ'@’hlﬂ’lw’l
o smusniounginsnldlaglddaairewarizulna
L] wan13sn
Ascending: [1 23 58 9]
Descending: [9 8 5 3 2 1]

] tﬂitlﬂi&lﬁ 5: Data Transformer Pipeline
15w 9riT argument tie “ﬂs:ﬂaum‘&u@auﬂs:mawa%ga" 'ﬁﬁwﬂ;u
Taseasne
go-functional-arg-advanced-2/
L main.go

| main.go

package main
import (

"fmt"

"strings"

/I transformSlice 1FWar T transformer 1Wauladudas element
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func transformSlice(data []string, transformer func(string) string) [Istring {
var result [Jstring
for _, s := range data {
result = append(result, transformer(s))

}

return result

func main() {

data := [Jstring{" go ", "Functional", " Programming "}

trimmed := transformSlice(data, strings.TrimSpace)

fmt.Printin("Trimmed:", trimmed)

upper := transformSlice(data, func(s string) string {
return strings.ToUpper(strings.TrimSpace(s))

b
fmt.Printin("Upper:", upper)

withPrefix := transformSlice(data, func(s string) string {
return ">> " + strings.TrimSpace(s)

D
fmt.Printin("With Prefix:", withPrefix)

A195u18

o i ldndudasanananawan b 15w trimAll, upperAll, prefixAll
1 6 £Z A o Aa

o FIWar DU transformer N lUiNarNRUaNEANTIN

L] wan1ssn

Trimmed: [go Functional Programming]
Upper: [GO FUNCTIONAL PROGRAMMING]

With Prefix: [>> go >> Functional >> Programming]

] Tusunsan 6: Logger with Custom Formatters

@ & o 4 e @ sV 1 a
18 sriu argument e “Usugdunudaninu log” ldatnadas:
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(] Taseasne
go-functional-arg-advanced-3/
L main.go
L_| main.go

package main

import (
|lfmtll
"strings"

"time"

/I logMessage 1o formatter function ’Lumia”@gmmuﬁamm
func logMessage(msg string, formatter func(string) string) {
formatted := formatter(msg)

fmt.Printin(formatted)

func main() {
/I 1. Logger Un@
logMessage("System started", func(s string) string {

return s

b

/I 2. Logger W3aW Timestamp
logMessage("Database connected”, func(s string) string {

return fmt.Sprintf("[%s] %s", time.Now().Format(time.RFC3339), s)

/I 3. Logger WU Uppercase + Prefix
logMessage("critical error", func(s string) string {

return "ALERT: " + strings.ToUpper(s)
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[ @nadung
e logMessage "L&iﬁaaj'jw: log wuy 'y — delegate 14 formatter
o Aldtmuazuuutaanldanabangu

L] wan195ib (A28819)

System started

[2025-10-05T14:22:13+07:00] Database connected

ALERT: CRITICAL ERROR

] g3Unnaa

szian Tisunsa UWIAAKRAN

Wug1% 1 ||Apply Function ﬂaﬁfuﬂmdmuqu behavior

Wugu 2 |Filter Slice gotiaulumInsosuuy dynamic

d‘}’ 1 6 o d'l .
W31 3 | Text Processor adﬂdﬂ%ummg’m/anonymous lWaLUad string
Uszgnd 4{Sorting &9 comparator LNaRRHANITLIE

ﬂszqﬂ@? 5(Transformer Pipeling|[t/sznauduaannsdszaianadays

tszynd 6||Logger Uiugtuuy log ladase

€ A 6 o . .
WeNTWN return Wanzs (Functions that return functions)
Lﬂuﬂ”’s“ﬁ’aﬁﬂﬂumﬂu Functional Programming 2839n111¥1 Go (Golang)
t& 1 v U et dl et 1 a v a o
SeprolFinaunsoaawenawn “Usuudsng@anssy” louuulawdn, vauwuwuy factory

functions, #388319 closures MiALaN e 131 lwle

Ll uwa@auan
lunw Go:
& o . egs ! @ A 1 [
o WenTwdu First-Class Citizen — R3304, WAz ARAI@BNNT b6
% 1 [<f L [ ' . . .
o WariTuzunIn AwAndwdnwenaw l6 — 15und1 “higher-order function (returning

function)”

e s3I0 LT closure tWalWWIrnTuN return aanu1 “a93161 state Aelw” Lo

[ Tasea¥rovialyl
func outer(...) func(...) ReturnType {

/1 a1adaaudsnie
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return func(...) ReturnType {

/1 I WUNIDENS

}

LD

func makeMultiplier(factor int) func(int) int {
return func(n int) int {

return n * factor

(] @2ogneiingui 1: Woriww Factory

package main
import "fmt"

/I makeMultiplier ﬁuﬂdﬁfu‘ﬁﬂmﬁ’m factor NHNAUA
func makeMultiplier(factor int) func(int) int {
return func(n int) int {

return n * factor

func main() {
double := makeMultiplier(2) // AwWari gAML 2

triple := makeMultiplier(3) // ﬁuﬂdﬁfuﬂm 3

fmt.Printin("5 x 2 =", double(5))
fmt.Printin("7 x 3 =", triple(7))
}
] aSuns
« makeMultiplier AuwWsSTUATNS “ansran factor” 15

o double uaz triple 1w “Wergulnd” Ningdnssuanie
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L wan1ssn
5x2=10
7x3=21

o 1 'y { <
(] @7@819W1g1111 2: Closure LU State

package main

import "fmt"

I counter auwWsrTUMLAL state nelu LLa:Lﬁmmﬂﬂ%ﬁgﬂﬁ'm
func counter() func() int {
count := 0
return func() int {
count++

return count

func main() {
c1 := counter()
fmt.Printin(c1()) // 1
fmt.Printin(c1()) // 2
fmt.Printin(c1()) // 3

c2 := counter() // AWAZAINY c1
fmt.Printin(c2()) // 1
}
| asune
o count {uandsneluwas counter
e WfTUA return aanuas “aas1” SauLsH (closure)
o udaz counter() AuWsrTuAT state 1TuveIaaed
[l wan13sh
1
2
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