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/ 1B

f(x) =1+ x

f(l)y =1+ 1 =
f(3) =1+ 3 =
F(y) = 2y
F(l) = 2
F(3) = 6

//Swift I

func f(x: Int) -> Int {
return x + 1

}

£f(1)//2
£(3)//3

func F(y: Int) -> Int {
return 2 * y

}

F(1)//2
F(3)//6



F(y) = 2y func F(y: Int) -> Int {
return 2 * y
}
F(1.5) = 3.0 F(1.5)

//Cannot convert value of type 'Double’
//to expected argument type 'Int'

func F(y: Double) -> Double {
return 2 * y

}

F(1)//2.0
F(3)//6.0
F(1.5)//3.0



func f(x: Int) -> Int {
f(x) =1+ x return x + 1

}

func F(y: Int) -> Int {
return 2 * y

I
N
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F(y)
}.
¥

func F(f: Int -> Int) -> Int -> Int {

Sy = £(x)
f t : Int) -> Int
F(f(x)) = 2*£f(x) unieiiréxz *nfzx) ne A
}
g(x) = F(f(x)) = 2f(x) return ret
= 2(x + 1) }
T x =5 let g = F(f)
g(5) = F(£(5))=2 * 6 = 12

g(5)//12




B EE (Higher-Order Functions)

func F(f: Int -> Int) -> Int -> Int {
func ret(x: Int) -> Int {
return 2 * f(x)

}

return ret



A (Closure)

“a closure is a record storing a function together with an
environment”
—wiki

“PlE e TR R EUA B NL AR, SR AR A I B AT BLAcAZ e R i
HA L.

—mozilla

I AR A A TG BN R e
FOERR, B2 P B e 1 A HY B ?

[3] https://developer.mozilla.org/zh-CN/docs/Web/JavaScript/Closures
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func F(f: Int -> Int) -> Int -> Int {
func ret(x: Int) -> Int {
return 2 * f(Xx)

}

return ret

func F(f: Int -> Int) -> Int -> Int {
var fator: Int = 2

func ret(x: Int) -> Int {
return fator * f(Xx)

}

return ret

ARRIBE K AEEELTEA SRR IR, E-A

THHEHCIRETE, Z‘%‘m PR A5 L 2 R EEL AT e e S ]




71t lambda. B4 KRR

Lambdas are a language construct (lambda is an
anonymous function), closures are an implementation
technique to implement first-class functions (whether
anonymous oOr not)

Closures take one of three form:

Global functions are closures that have a name and do

not capture any values.

Nested functions are closures that have a name and can
capture values from their enclosing function.

Closure expressions are unnamed closures written in a

lightweight syntax that can capture values from their

surrounding context.

MG —THE: lambdasit e Ed KA, —MEAWENBEFRAACRE RE R, HHERE

ARNEL AT R, WA A — ARSI . HEARFKIELEP PLURE UL . AW R T

swift® X, HiHKE, lambdas, B4 KHEE A, HEEARFSZIL 71L& Rk EE —
SR RE

swiftif 5w CRBUINI IR, =MDk —> RN EAIREHME, PRy ek it 2 1
o, &R, H->mREAEE g a3
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f(x, y) = x + 2y;

f(1, 2) = 5;

o ox =1, FANXEHAHHR

W og(y):
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//Swift PBHEX

func f(x: Int,
return x +

}

f(1,2:‘/5

func f(x: Int)

func ret(y:

return

}

return ret

}

var g = f£(1)
g(2)//5
£(1)(2)//5

_y: Int) -> Int {
2 *y;

-> Int -> Int {
Int) -> Int {
X + 2 *y



FIEAL (Currying)

TEENLR 2, #TEAL (Currying) REH%
Z NI B W % % — NN — S (B AT
IR — D0 KL, T Hak PRS2 R TS A
I [F 25 R R B FR . XK H
Christopher Strachey LLIZ#E22% Haskell
Curry fn4H), RE'EE Moses Schnfinkel
1 Gottlob Frege KHHI.




EEF L (functional programming)

o EBEUYR AT, wikd DU B ARRE a7 B 7800

e “Tn computer science, functional
programming 1S a programming
paradigm—a style of building the
structure and elements of computer
programs—that treats computation as
the evaluation of mathematical
functions and avoids changing-state
and mutable data.”

XA U R AU AR 2 — A AR E N, gmAEu e —
fhdm S EE R ARG, BREGURREIE RS R B B
BONFE, et Sl R Eus R, B RS
F AT A A 48 SR




e In functional code, the output value of
a function depends only on the arguments
that are input to the function, so
calling a function f twice with the same
value for an argument x will produce the
same result f(x) each time. Eliminating
side effects, i.e. changes in state that
do not depend on the function inputs,
can make it much easier to understand
and predict the behavior of a program,
which is one of the key motivations for
the development of functional
programming.

X TERE R 7T R AR — S F E L. BEIEA .
BT BB E L N— AR — MEE L, A
LB — I EHE R AN GE R — X 2 . BFERBASHI
£ (1) B0% T a X% TorIIE I, Eﬁﬁf%ﬂ@%%%

i F B A, ERMERAMEAKLEHLE oﬁ%ﬁﬁ
I - A %ﬁﬁﬁ%ﬁA?ﬁ%%ﬁﬁﬁ%ﬁ@@,#
Bz 7+, BEIHER R BUR EPIRAS SUR1ETE, BUOIRESEL
%%Kx BB S B R R A, I RPRES SR & 5] ERIE



e Tmperative programming does have
functions—not in the mathematical sense—
but in the sense of subroutines.

—a) U PR e B X < F5 5 UG AR P 1 pR R 252 bR
iﬁ REZRKHK, famgmiEt M KE 2 —Fisubroutines
(TH#:FF) . Imperative programming A HJHE 5 Hinl
Procedural programming ( include C, Go,
Fortran, Pascal, and BASIC) ., LiciEE RKiffk, cif
%@iﬁ%*yﬁ%% HIFTEL, g i I g A2 0 N — Fr e
, fﬂiﬁ%@%ﬁﬂ FHARIE . 53 A ZBE AT I A EEFUNL—
EHR, ciE 5 XKKEl (subroutines, procedure)

M#ELBINAF G TS X (text segment, code
segment) , MXIEOERELN], EABRIEIBATH =R
o RBREIIE L A — RIPITHEALTE S A EE. AT
HERE A i —F R E R AR w R .



B J— A/ B 5 R B T PO A
o BIHUR BRI E R B AT
fa 15,

o JTCRIEH,
o FTAMSEFRIRI, A for, switchFFIRESHE
il

o FEABBAHGRKIE ESHHIZHE.



A-calculus . Y combinator Ff1i#!9 (Recursion)

Motivating Example :
Brafe g mIHE X 0l=1, nl=(n-1)!x n;

func factorial(n: Int) -> Int {
returnn == 0 ? 1 : n * factorial(n - 1)

}

factorial(3)//6

let factorial : Int -> Int = { (n: Int) -> Int in
returnn == 0 ? 1 : n * factorial(n - 1)

}

//Variable used within its own initial value

/ / anqefige 2



A-calculus :

e Lambda calculus provides a theoretical
framework for describing functions and
their evaluation. Although it is a
mathematical abstraction rather than a
programming language, it forms the basis
of almost all functional programming
languages today. [10]

Lambda calculus HAlonzo ChurchfzH!, &£
frfﬁﬂi%’!@, — R EEE R A 2 BRI ENGE S . 2R E
PMFETE S IS A . AEELEIE I 2 B R Y .

%/I\H%ﬁﬁﬂ—El‘JLambda calculus:
AX.X" 242

XM lambdazi R AUE X T — M EAREL, XA RE H AR R X,

KN HREERRT(X) = XAZ + 25 AERRXIE H AR, XA2+2Je AR ;
F(2) =2A2 + 2 = 6;

A7 LA FAASEA KA

(X XA2+2)2 /546



Y Combinatort & T X Mambdaz ik =\ :
Y @ Qy.(x.y(xx))(x.y(xx)))

B R

X = f(x)

fe— DG, HEFEASHX, a2 s
I[P EIE /X, FATTRRXIE BB A B .

Y combinatortJ/E R & 7] LR B S A3l m

Y @ Qy.(x.yOex))(xx.y(xx))) /7Y
Combinator

YR = (Ax.R (xx)) (x.R (xx)) //fRAR,##
IT1HHE
= R ((Ax.R (xx)) (W x.R (xx))

YR = R(YR) // "l YR
FERIJARE) A !

1E/ZY combinator FJ 52— KA AN B s TAL, ik
?@E@iﬁﬁﬂﬂﬁiﬁﬂﬁéo B BE 44 e A 0E H B AR D IR
I



func Y<A, B>(f: (A -> B) -=> A -> B) -> A -> B {
typealias RecursiveFunc = Any -> A -> B

let r : RecursiveFunc = { (z: Any) in

let w = z as! RecursiveFunc;
return £ {

print (w.dynamicType)
return w(w) ($S0)

}

return r(r)

typealias F = Int -> Int
var f:F -> F = {(f: F) -> F in

var ret:Int -> Int = {(n: Int) -> Int in

if (n == 0) {
return 1;
}
returnn * f(n - 1)
}

return ret;

https://nikolaygrozev.wordpress.com/2013/12/10/monads-in-15-minutes/

var factorial = Y(£f);
factorial(3)//6



Swift & functional programming

1. func ¥<aA, B>(f: (A ->B) ->A ->B) -=> A ->B {}

2. optional types:

“they are at the heart of many of Swift’s most powerful features.”



Monads

unit(x) bind(v1, f1) bind(v2, 12) blnd(v3 f3) bind(vn, fn)




func (salary: Double) —> (Double, String) {
if salary >= 100 {
//pay water bills
return (salary - 100, "")
} else {
return (salary, "payWaterBills error")

I3
I3
func (salary: Double) —> (Double, String) {
if salary >= 300 {
//pay electricity bills
return (salary - 300, "")
} else {
return (salary, "payElectricityBills error")
I3
I3
func (salary: Double) —> (Double, String) {
if salary >= 500 {
//pay internet bills
return (salary - 500, "")
} else {
return (salary, "payInternetBills error")
I3
I3
func tryPayBills2(salary: Double) -> (Double, String) {
let salaryU = (salary)
if salaryU.1l == "" {
let salaryU = (salaryU.0)
if salaryU.1l == "" {
let salaryU = (salaryU.0)
return salaryU
} else {
return salaryU
}
} else {

return salaryU

}

print(tryPayBills2(30))
print(tryPayBills2(230))
print(tryPayBills2(630))
print(tryPayBills2(1000))

(30.0, '"payWaterBills error")
(130.0, "payElectricityBills error")
(230.0, "payInternetBills error")
(100.0, ")



func unit(salary: Double) -> (Double, String) {
return (salary, "")

}

func bind(salaryU: (Double, String), @ payBills: Double -> (Double, String)) -> (Double, Strin
if salaryU.1l == "" {
return payBills(salaryU.0)
} else {

return salaryU

}
}

func tryPayBillsl(salary: Double) -> (Double, String) {
return bind(bind(bind(unit(salary), ) , ),

}

print(tryPayBills1(3
print(tryPayBills1(
print(tryPayBills1(

(

0))
230))
630))

print(tryPayBills1(1000)

)

(30.0, "payWaterBills error")
(130.0, "payElectricityBills error")
(230.0, "payInternetBills error")
(100.0, "")



Optional Type:
var salary: Double? = Double("11")

Optional Binding: if let

if let salaryNum = salary {
print("my salary \(salaryNum)")
} else {
print ("something wrong.")

Optional Chaining:

if let buildingIdentifier = john.residence?.address?.buildingIdentifier() {
print("John's building identifier is \(buildingIdentifier).")
}

// Prints "John's building identifier is The Larches."
nil:

Swift’s nil is not the same as nil in Objective-C. In Objective-C,
nil is a pointer to a nonexistent object. In Swift, nil is not a
pointer—it is the absence of a value of a certain type. Optionals of
any type can be set to nil, not just object types.

N A EHMR : optional / if let




var x: String??? //Monads, enumeration

nil;

Optional.None;

= Optional.Some (Optional.None);

= Optional.Some(Optional.Some ((Optional.None)));

= Optional.Some(Optional.Some ((Optional.Some("value"))));
= "value";

MKW KX KN

if let s = x {
print (" \(x)")
print (" \(s)")

} else {
print ("there is no s !")

}

if x != nil {
let s = x!
print (" \(x)")
print (" \(s)")

} else {
print ("there is no s !")

}



Thank You



