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Value - oriented
program-2a-↳ functions

mp
Vs

valuestovalue-impeo.tw
programs (211 -_ c)__→



A void

repeated] "?:;T
code



fur addict.in/-1ist):mtlist--
Case l of =[2,34]

↳⇒☐

Ix : :xs ⇒ (xxl) ::add±(.×s )

"""""

amount

-

fun •dd2( t.int/ist):int1ist--ao02Ki,z.sD
case l of

c>⇒☐ amount
I × ::xs⇒ ( ✗+2) : :add2(xD

"""⑤



fun add ( t.int list,a: int list=

Case l of | abstract.CI⇒ c)

I × : : xs ⇒ (✗ +④ : : add lxs
,④

funaddllb.int/ist)-.intlist=aod(l,--)funa8d2(.l:inHrt):intlist=ado(l
, _2µ

recover

originals
as instances



fun addt-lli.in/-list):mtlist--
Case l of fun double( × : .at ) :mt=

☐⇒☐ 2*4

Ix : :xs⇒(x-) :c. addt-C.is )

fun • gd2( l :/ntlist) : ' d- list = doubt114,73]
case l of

↳⇒☐ =[74,6]÷⇒g,,,,e, ,
fun doubAllll : .at list) -.int/ist--

case l of
C) ⇒ C]

Ix::xs⇒ : :É



Higher - order function :
functions can take

other functions as input

input outputT-unctint-ype.int → int
↳
a function whose
input is int

and output is also inte'
int→ string string→ int



→ stands for doubly or adding 1 . - -

fon-maplfO.int→ int, b : int list) : int list =

case lot
C) ⇒☐

I × : : ✗ s⇒ FILM: :map(f bst_
map ( f , [× , * ,

.
.
. xD)

= [f- (xD , f(xD, f(xD .

-
-
- f(xn)]



map
t
,
l : int list) : int list =

case l of
C) ⇒☐,µ,⇒g⇒g,mg,µ

fun doo bAllll : .at list) : int list=
case l of
C) ⇒ C]|lx::×s⇒É::¥µ↳ fun douban.int/ist):intlist-mopC-E, f)



map
t
,
l : ist list) : int list =

case l of
C) ⇒☐,µ,,⇒ggy,mgµ#µ

fun add Ill : int list) : .at/ist--

µ ( •* l of
☐⇒☐1x::xs⇒cx::addt#µ

↳ fun addIron ( x) = ✗ + 1

fun add / (t.int/ist):ntlist-map-a-E,l )



fun-mapwfi-t-intli.int list) : int list =
case l of
C) ⇒☐,µ,,⇒ggy,myµ##

fun add2 ( t.in/-list):mtlist--

µ ( •* l of
☐⇒☐1x::xs⇒CxD4::addtµ

↳ fun a802 non ( x) = ✗+2

fun add / (t.int/ist):ntlist-map-add-,l )



map
t
,
l : int list) : int list =

case l of
C) ⇒☐,µ,,⇒µyg÷mgµ#µ

> fun douban.int/ist):intlist--mpÉ
doubAll [ 1 , 2,3]
t mop (double , G. 2,33)
I→ case G. 2,33 of ⇒c)

1×4×5⇒double-H-i.mg/doubk.xs)-tdouble(D:imp(oo-blgC2i5D



fun add ( t.int list,a: int list __

Case l of

☐ ⇒ c)1x::xs⇒(×+④::add(×s,
ffxjfg-aiintt.in/---x--IT---fm#--f
fun add / t.int list,a) : int list
let fth " Then"("=×+④ ⑧ """&

"

in

a new

map /←_, e)
makes

function
everyend int→ int
time
add iscalked



b-

fun add It : int list, a€t) :intlist-letfmaod-henumlx.int#@
in

map ( Estado , e)µy→,end

add( G. 2,51
,
2)

↳ let funa-odTeNm(×:nt)=dY^g%" "

mp( add TheNun, G. 2,33)ed
add ( G. 2,3]

,
7)

\→ let fun aordtehenmlxa.int) : in + = ✗+7
in
mop ( add The Nm, a > 2,33)end



Type int → int

values ①µncticndedaotiors⇒-
② anonymous functions

↳ functions that
dont have names

opuoh€→µnctioropP
f.in/--intf(z:cnt):int



fun double( x:nt ) : nt= 2 * ✗-

fun doubt/Ill : .int/ict):inHist--mop(double, d)-q_ -

A-nonynuusfun-et.io#: fun f(H=2*✗

aiff
fun doubt/(t.int/ist):irt1ist--)mapf-niiIi-#x

, e)"

anonymous
"
: send ✗ to 2* ✗



fn ✗ ⇒ e has type intent
e-

when e : int

assuming × :

.nl/fn-
✗ ⇒ e) ✓

tewithvpwggedin.FI
{ ✗ i→ x2 }
{ ✗ l→ ×

? if ✗ is em

is if ✗ is odd }



fun add ( t.int list,a: int list=

Case l of

CT ⇒ c)1x::xs⇒(×+④::add(%
f-cxjgf-aiinta.in/---x-IT-I-fm#---f
f-÷

.

add It : int
,

list
,

a-szdt.int/-is--qmap(fnx--sx----a
, e)↳

input ↳
output



b-

f-÷
.

add It : int
,

list
, -⇒ttit=
a

map ( fn ✗ ⇒ ✗ +a
, e)↳"nfIF•ag

add ( G. 1,33, ±]
⇒ map ( fn ¥-2, G. 2,37)
t fn④¥④: : mop / for ✗⇒ ✗+3 G.37)
t 4-2-1--1 :c. map Cfn ✗⇒ ✗+2

,
Criss)

t 3 : :

-



fun aide list is+=

case l of add ([its
c) ⇒ c) = [8,9 , 10]1""⇒↳+_④"•dd¥④_',µ,,?fun doubAllll :L:# list):i list=

case l of
C) ⇒ C]

__☐1) x ::xs⇒ : :É

fun last ( lutist) :# = . . . lasts [(1.2.33 ,
[4,53]fun lastsll :HTB1ist ) :Mist=

= gggy
Case I of ---

c) =-D

Ix : :* ⇒☒Cx) : : last map ( last, e)



( f- i_-→ int
,
t.kz#--it1 list) : int list

fun mop ( f:⇐•tt, t.int#ist):intlist=
Case l of
C) ⇒ c)

Ix : : xs⇒ f- ( x) :: map (f, xD
"

polymorphism
"

: same code at different
types- -
-

mark the parts of the type
that can vary
with typevar.at#--



r

map ( lost , [G. 2,33 , [4,5))) ✓

map ( fnx⇒2*x, [1,237) ✓

mop (fn ✗⇒ 2*-1 , [ a. 3314,537) ✗



"
for any types la,

' b "
la
"

type variable
"

fun map ( f: →
' b
,
I :L list) :

' b list =

Case & of
C) ⇒ c)

Ix : : xs⇒ f- ( x) :: map (f, xD
Éts])→5]

in = int list

map ( double , G. 2,33) → [34,6]^
la = int



fun int Tostig ( I : int ) : string
in1- To Strg 4 =

"

4
"

mop in ÷÷? =Mint → string
la = int
' b = strife



✓or

mop :( 'a-→ b) * ,aP÷;type
→ to list

z*asmctÉ
to '

a lists to ' b lists



☐%T ,
→ T2 function type)

- e- -

int → string

int → int]*
(introit) list (int → int)*strz-


