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LEREOE AEEBMTES RBE, REUARA GBS A USSR L8

type T 1interface {

Add(T) T
}
func Sum(elems ...T) (sum T) { // T AILLREFEZH Add() BIEE
if len(elems) == 0 { return }
sum = elems[0]
for _, v := range elems[1:] { sum = sum.Add(v) }
return
}

LEAXBES K AR S LR, WMEOARA HBR SRS D JURH R X B S HAT LR AE

func GenericSum[S ~int] (elems ...S) (sum S) { // s HEEXRBIWFNEREREY int ApEEY
for i := range elems { sum += elems[i] }

return

}

ERZEMRABNE: XBEREWSHAE, URNZIMAERFETHR




BE XTSI (Type Parameter) HIZER

RESH  RER(HXR)

N/

func F[T C](v T) (T, error)
(BBHIIR LESHIE EEEIR

RES KREE (HR)

X

type S[T C]struct

RESHHFARM: DERRZE, 8F 2)XBL2E, XESHBITXBEHATAR,




AT (Type Set) BTEN

REERRLMZRED, KBRALUHEARBSHMAR, —MEOHAILER XESH,

N

¥ O A2 TR KASH H I 23R (Type Constraints)

~ |

#2% — type I[T C] interface {
(TypeApprofn%ﬁ’n&)_' ~int | ~int32 | ~inté64

Fikk —— M(v T) T

HiESH FF & (Union)




fil1: X SEIMRG KB HITHR
1% Map #0 Reduce BRERI LR HITHIR :

func Map[T1, T2 interface{}](s []1T1, f func(T1) T2) []T2 {
r := make([]T2, len(s))
for i, v ¢= range s {
r[i] = f(v)
}

return r

}

func Reduce[T1, T2 1interface{}](s []T1, 1init T2, f func(T2, T1) T2) T2 {
r := 1init
for _, v t= range s {
r = f(r, v)
}

return r




{£ A sort.Sort MRSCITTRAIEDO 293K

type wrapSort[T interface{}] struct {
[ [T
cmp func(T, T) bool

}

func (s wrapSort[T]) Len() 1int { return len(s.s) }

func (s wrapSort[T]) Less(i, j int) bool { return s.cmp(s.s[i]l, s.s[j]) }
func (s wrapSort[T]) Swap(i, j int) { s.s[1], s.s[j] = s.s[j], s.s[1] }

func Sort[T interface{}]1(s []IT, cmp func(T, T) bool) {
sort.Sort(wrapSort[T]{s, cmp})

}




EEHF

channel % —#% (golang.design/x/chann):

type Chann[T any] struct

type Opt func(*xconfig)

func New[T any] (opts ...0pt) *Chann[T]
func Cap(n int) Opt

KR L2 H) DeepCopy (golang.desian/x/reflect):

func DeepCopy[T any](src T) (dst T)

Z %% I github.com/golang-design/go2generics



http://golang.design/x/chann
http://golang.design/x/reflect
http://github.com/golang-design/go2generics

RS BRI FEBATEE

// Pick returns a randomly selected element in a given slice.

func Pick[S interface{ ~[]Elem }, Elem 1interface{}]1(s S) Elem




RS BRI FEBATEE

// Pick returns a randomly selected element in a given slice.
func Pick[S interface{ ~[]Elem }, Elem 1interface{}]1(s S) Elem
/] =>

func Pick[S ~[]Elem, Elem 1interface{}](s S) Elem




RS BRI FEBATEE

// Pick returns a randomly selected element in a given slice.

func Pick[S interface{ ~[]Elem }, Elem 1interface{}]1(s S) Elem

/] =>

func Pick[S ~[]Elem, Elem 1interface{}](s S) Elem

/] =>

func Pick[S ~[]Elem, Elem any](s S) Elem
/] =>

func Pick[S ~[]any](s S) any

— M 1.18 FF#f, any B interface{} H—1 34

— FHEHEIXHER
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RS BRI FEBATEE

// Pick returns a randomly selected element in a given slice.

func Pick[S interface{ ~[]Elem }, Elem 1interface{}]1(s S) Elem

/] =>

func Pick[S ~[]Elem, Elem 1interface{}](s S) Elem

/] =>

func Pick[S ~[]Elem, Elem any](s S) Elem <« M 1.18 F#f, any & interface{} BK—1 514
/] =>

func Pick[S ~[]any]l(s S) any — FHEFEFHIEBXFER

”;ﬁi ianlancetaylor commented on Aug 27, 2019 Member = +<*

If we are able to add generics to the language, then | suspect there will be many fewer cases where people write
interface{} , so the alias would have correspondingly less value. Putting on hold pending a decision on generics.
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https://go.dev/issue/33232#issuecomment-525489884
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BEOMME

LEOEALESUFEERNSUN, RAWE XTI —8, XthEZRAIBREARZRNMS

func foo[T any](x T) T { return x }
foo("string") // EBBEEN string EEMIE interface{}

LEOFIREASXEEKN, TEEARKNSHER:

type Ia[T any] interface{ *T }
type Ib[T any] interface{ Foo() }

func bar (T Ia[int]) {} // ERROR: -interface contains type constraints
func bar(T Ib[int]) {} // OK

HHLEZN bar FEIREE?
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B AR ELTITR RS, Fr X T2 R AE S R & £ RIERTH
MFTEMEOME, TEFAERSHER:

func

Foo[T any]() {}

Foo // ERROR: cannot use generic function Foo without instantiation
Foo[int] // OK

14
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LERHHLIMNESHAIKBIRBE XA, ATLUEEER
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RBREER, ATLUEERER

MRFANIZEEAXBESHER, NMECAXESHEBRSNDUERZRMFIZMEME, WA U EER

MR-
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ARSI T AR R TARR, NRZE SRR S Y
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\

func foo[T fmt.Stringer](t T) string {

return t.String()

}

func foo(t fmt.Stringer) string { // B

return t.String()
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JLASI80 ) i B

e golang.org/x/exp/constraints

e golang.org/x/exp/maps

e golang.org/x/exp/slices

o go/f
Hoh i ERAMNIZ)Z:

package constraints

// Ordered is a constraint that permits any ordered type: any type that supports
// the operators < <= >= >,
type Ordered 1interface {
~int | ~int8 | ~intl16 | ~int32 | ~int64 | // Signed
~uint | ~uint8 | ~uint16 | ~uint32 | ~uint64 | ~uintptr | // Unsigned
~float32 | ~float64 | // Float

~string

17



http://golang.org/x/exp/constraints
http://golang.org/x/exp/maps
http://golang.org/x/exp/slices
https://pkg.go.dev/go

AR 34

BOTUERA XEE MIFER—MEO(AR)ALESZSHARMN X8 NE—MEARRE AR —FE ELXE (Underlying Type), M4
BEOMz Atz 25 (Core Type).

B REERXE (th ARl 38 -

type X float32
type Y float32

BEO KBl KE:

type U 1interface {
*int

String() string

type V 1interface { ~float32 }
type W interface { int | floaté64 }

UBIRIDEERIZ «int, VHIRDERZE float32, WiRFERID LR,

18


https://go.dev/ref/spec#Core_types

MRBEREHHF

AILLEITELAR (==, 1=) BB SR 1T comparable KB FHITAR GEER Tk, AL H M AR AILIEITILE, A ERFBI A FEH):

// comparable 1is an interface that is implemented by all comparable types

// (booleans, numbers, strings, pointers, channels, arrays of comparable types,
// structs whose fields are all comparable types).

// The comparable interface may only be used as a type parameter constraint,

// not as the type of a variable.

type comparable 1interface{ /xcompiler magicx/ }

// Index returns the index of the first occurrence of v 1in s,
// or -1 if not present.
func Index[E comparable](s []JE, v E) int {

for i, vs := range s {

if v == vs { return 1 }

return -1

19



X IR (o RRIE A (40)

AILURITHERF (<, <=, >, >=) AR IF#EF constraints.Ordered # O R E#HITAR (RAEREN LA LERASEFEHS):

// IsSorted reports whether x is sorted in ascending order.
func IsSorted[E constraints.Ordered](x []JE) bool {
for i := len(x) - 13 i > 03 i-- {
if x[1] < x[i-1] { return false }
}

return true




AL FEEREHTAE?

B comparable FERRB A, AL T ERERTERAZE 2 HW0:

type Comparable[T any] -dinterface {
==(T) bool
}

FERREZ AT 8RB E NIZHE X7

type Comparable[T any] -interface {
== (T) untyped bool
= (T) untyped bool

mEEBNRHULBTEE X ABE S KT,
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R Bl R O 2 R R EE

wWE—1TRFBREITR LR FTE:

// Want returns a pointer that points to a value of the specified type.

// Usage:
!/ Want[A]() // returns *A
// Want[B] () // returns *B
func Want[T interface{ Foo() }1() (x *T) {
switch any(x).(type) {
case A:
return any(&A{}).(*T)
case B:
return any(&B{}).(*T)
default:

panic("unsupported")

type A struct{}
func (a A) Foo() {}
type B struct{}
func (b B) Foo() {}




A TiRASSIEO

BEREHBERELGEZNXBE B IERESFXBEERLESH:

type A struct{}
func (a A) Foo() {}

func (a A) Bar() {}
type B struct{}

func (b B) Foo() {}
func (b *B) Bar() {}

type C[T any] 1interface {

Foo() func main() {
Bar () Want[A]() // OK
} Want[B]() // ERROR: B does not +implement C (Bar method has

pointer receiver)
func Want[T C]() (x T) { return } }




X MRIERS R: FHEsHEE AL RO O XE

type A struct{}

func (a A) Foo() {}
func (a A) Bar() {}

type B struct{}

type C[T any] 1interface {
*T

Foo()

Bar ()

func (b B) Foo() {}
func (b *B) Bar() {}

// Guarantee U must be a pointer.
func Want[U any, V C[U]J]() (x V) {
return

func main() {
a := Want[A]()
b := Want[B]()

fmt.Printf("%T, %T\n", a, b) // *A, *B




ke FEERk 4

FERBARMLB T RBREZALRESHY

func Fool[T 1int]() T {
X = 42
return T(x) // OK

}

func Bar[T int]() T {
X = 42

return int(x) // ERROR: cannot use int(x) (value of type int) as type T 1in return statement




TREERMXEHS

math.MaxFloat32 & float64 ZLH!:

type Vec2[T ~float32 | ~float64] struct {
X, YT
}
func NewV[T ~float32 | ~float64](x, y T) Vec2[T] {
return Vec2[T]{x, y}
}
func main() {
v := NewV(math.MaxFloat32, math.MaxFloat32)
switch (any) (v).(type) {
case Vec2[float32]:
case Vec2[float64]:
panic("?") // RHIT panic

package math

const MaxFloat32 = 0Ox1p1l27 * (1 + (1 - Ox1lp-23))

go.dev/ref/spec: [...] The default type of an untyped
constant is boo'l, rune, int, float64, complex128
or string respectively, depending on whether it is a
boolean, rune, integer, floating-point, complex, or string
constant.




X —RIESTHRIIF

ZETENRBETEAEMATE?

/

type Window struct { type Option func(w *Window)
cfgl, cfg2 any
} func Configl(cfgl any) Option {
return func(w *Window) {
func NewWindow(opts ...Option) *Window { w.cfgl = cfgl
w := &Window{} }
for _, opt := range opts { }
opt(w)
} func Config2(cfg2 any) Option {
return w return func(w *Window) {
} w.cfg2 = cfg2
}




EEHT



—E X BRSEIMAE

LEVHERRE AR A A2 2B E— (Unification by Substitution):

- https://go.dev/ref/spec#Type_inference

- https://github.com/golang/go/blob/go1.18/src/cmd/compile/internal/types2/infer.qgo
- https://qithub.com/golang/go/blob/go1.18/src/go/types/unify.go

2 BB SCIME @ 3 F #2150 Geshape 84k :
- https://qo.dev/design/generics-implementation-dictionaries-qo1.18
- https://go.dev/design/generics-implementation-gcshape

RKBEMNHE:
- https://qithub.com/golang/go/blob/go1.18/src/cmd/compile/internal/types?/instantiate.qo#L156

HANFBREARMSIIIAT, BAHBRILIBT R



https://go.dev/ref/spec#Type_inference
https://github.com/golang/go/blob/go1.18/src/cmd/compile/internal/types2/infer.go
https://github.com/golang/go/blob/go1.18/src/go/types/unify.go
https://go.dev/design/generics-implementation-dictionaries-go1.18
https://go.dev/design/generics-implementation-gcshape
https://github.com/golang/go/blob/go1.18/src/cmd/compile/internal/types2/instantiate.go#L156
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co m pa ra b I e m m ﬂ Issue #49587, #50646, #50791, #51257, #51338

ST TERABSEEA L ?

func Equal[T comparable](vl, v2 T) bool {

return vl == v2

func main() {
vl := 1interface{}(func() {})
v2 := 1interface{}(func() {})
Equal(vl, v2)



http://go.dev/issue/49587
http://go.dev/issue/50646
http://go.dev/issue/50791
http://go.dev/issue/51257
http://go.dev/issue/51338

co m pa ra b I e m E ﬁ Issue #49587, #50646, #50791, #51257, #51338

ST TERABSEEA L ?

func Equal[T comparable](vl, v2 T) bool {

return vl == v2

func main() {
vl := dinterface{}(func() {})
v2 := 1interface{}(func() {})
Equal(vl, v2) // ERROR: 1interface{} does not implement comparable

go.dev/ref/spec: “Interface values are comparable. Two interface values are equal if they
have identical dynamic types and equal dynamic values or if both have value nil.”



http://go.dev/issue/49587
http://go.dev/issue/50646
http://go.dev/issue/50791
http://go.dev/issue/51257
http://go.dev/issue/51338
https://go.dev/ref/spec#Type_identity

co m pa ra b I e m m ﬂ Issue #49587, #50646, #50791, #51257, #51338

Go 1.18 ZH: # M XA HER Al LA
type parameter 2= Xt comparable B9 X : FT B I LL 85K B I S (The type set of the comparable
constraint is the set of all comparable types.) FttZE# 0 (F21%)EF comparable, BLFR LR ZE.

NBAIFZEEORT comparable, FEABES A EH2?

func Equal[T comparable](vl, v2 T) bool {

return vl == v2

func main() {
interface{}(func() {})

v2 := 1interface{}(func() {})

Equal(vl, v2) // MBRFF=EEFIFER, NE5ILBITR4EIR panic: runtime error: comparing
uncomparable type func()

}

vl



http://go.dev/issue/49587
http://go.dev/issue/50646
http://go.dev/issue/50791
http://go.dev/issue/51257
http://go.dev/issue/51338

co m pa ra b I e m E ﬁ Issue #49587, #50646, #50791, #51257, #51338

7£ Go1.18 B spec H, comparable BI7E X:

The predeclared interface type comparable denotes the set of all non-interface types that are comparable. Specifically, a
type T implements comparable if:

e T is not an interface type and T supports the operations == and !=; or
e Tis an interface type and each type in T's type set implements comparable.

XMFETRINETEEH XEANRE:

type P map[any]struct{} // OK
type R[T comparable] map[T]struct{} // OK
// type Q[T any] map[T]struct{} // ERROR: 1incomparable map key type T



http://go.dev/issue/49587
http://go.dev/issue/50646
http://go.dev/issue/50791
http://go.dev/issue/51257
http://go.dev/issue/51338
https://go.dev/ref/spec#Predeclared_identifiers
https://go.dev/ref/spec#Interface_types
https://go.dev/ref/spec#Comparison_operators
https://go.dev/ref/spec#Interface_types

BERRIFHE LRSI

BRIEARIFXHEE

type X[U any] struct {
udl

func (x X[U]) Foo(v any) {} // OK
func (x X[U]) Bar[V anyl(v V) {} // ERROR: methods cannot have type parameters

FERERR—MEENIESRTRRE GEITRBERES), i

func f(x any) {
if _, ok := x.(interface{ Bar(int) })s ok {
/] oo

}
IFRTIRIRAGNES Nk X £/ Bar(int) 7%




RBRIIAE

KESWERAEER T — B RA—LLTMNH, IMERSIEHEREER. WITXMIF RO ER
ERIEFAREMTRFIL. GIANAMLURE| R 2 LN EIMRES RPHNSEFEMIRIE.
RBEALIM ZF REREE:

type TypeSet[T any] -interface {

PEAE: WA RBERS 4B NUH{1aSrAEERE *T
SRNE BH— N EBEN—PEEED, FER HEMMTE }

type Iface 1interface {

FENE AN LBETLIKHFE Foo()

ERENE FE-IAHBEMREHREE }

EHAE:FE-TAEX HFETRENRER type Subset[T any] interface {
e TypeSet[T]

Iface



https://en.wikipedia.org/wiki/Axiom_schema_of_specification

RB KR

KEXRMZEREEORBMREE T— M HAER 5lE 2 %57 (SAT):
type Constraint interface {

ConstraintA | ConstraintB // ¥
ConstraintMethodC() /] &k

XA EREZE— NP SE£2(0]f (Cook—Levin FFIE),

FWIXBRERFREPAITXEQE, MBI LABRS], WHFEFELEEF L TRKRAIBIN Gt

REEASET "HFEAFTPIRALTERAFEZENSH LE" X—RH.
Go 1.18 HMIABE W IHH AR FH, ANEL XBETERTR.
Bl AR B — 1 KEKRXAZFHERE AT LUFFHIERN LR 25:

type Stringish 1interface {
~string | fmt.Stringer // ERROR: cannot use fmt.Stringer in union



https://en.wikipedia.org/wiki/Boolean_satisfiability_problem
https://en.wikipedia.org/wiki/Cook%E2%80%93Levin_theorem

FRFBRRBESH

BRTHIS T A GFEtHE M) TKSHWE X, M SEBEEZRELTKTHGNEE [Jany FHFH
LEE) MBR—TFTFE, #MHiaF#EE (bound check) th & — Nk &k -

type Tuple[Ts ...comparable] struct {
elements ...Ts

}

func (t *Tuple[Ts...]) Set(es ...Ts) {
t.elements[Ts...]{€Se..}

}

func (t Tuple) PirntAll() {
for _, e := range t.elements {
fmt.Println(e)
}
}

// func (t Tuple[Ts...]) Get(i 1int) T?!?




EZ R

R BIEB A ERAEETE X HEE https://go.dev/issue/47631

T EEV B R B M LEVIF R https://go.dev/issue/49030#issuecomment-954336867
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KRESHBZHXFTETEONSRLSS
RUELFEATAEECESR (ERA—RERR)MAET BTEOMEX M T XRLYR
KREESMER S — &L TZEMER

BZ

Go BHTAYZE! (1.18, {BIRFTHEFE 1.20 2 HiI#HD) & LEAREAL B R FIH % (L A BERRKIE T & AR FR X L2 PR )
REFAINE T HF[FHBEENER (MIFFRFILR)

HAfE R SRR 22 )
1. BUHATE R 2R
2. ¥ parameterized aliases

3. WiFHRUE
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https://github.com/polyred/polyred/tree/main/math
https://qgithub.com/golang-design/chann
https://github.com/golang-design/reflect

https://github.com/golang-design/go2generics
https://github.com/samber/lo

BAHIE hitps://go.dev/blog/intro-generics
RS HMAIZE hitps://qgo.dev/design/43651-type-parameters
HKAVS YR P E Y https://arxiv.org/abs/2005.11710
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