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What is functional
programing ?

① value - oriented program

② Functions as data

µ input to÷.⇒



Avoid
- add an input

to
abstract

over a

pattern
↳ recover

original repeats
as instances



fun add / ( t.int/ist):ntlist-- add[i$Case l of
↳⇒ CT amount

/ × ::xs⇒(× ⇒ add / ( ✗g.)
{334 ]
-
fun add2( l.int/.-st)-.intlist--
case l of addZE$C) ⇒ C) amount =

/ × ::xs ⇒ ( x -120) : :add2(xs) [3%5]



f-on add (l : int list
,a: int list=

Case l of

C) ⇒ ☐

I × :c. xs⇒ ( x : : add( xs
,④

Recouworigi.no#nstarces :
fun add / (l : inHist) : in'ÉÉ adoll

,

fun add 2(l: .net/ist):int1ist-- add ②



funaddllt.int/ist):intlist--#Case l of

① \ ↳⇒↳ amount fun doublets :
If -

Ix ::xs⇒(× ÷ add / ( xs )
= 2*4 -

fun add2( l.int/.-st):int1ist-- so
case l of double.in/--int

☐ ⇒ c) amount⑦ / × ::xs⇒(x⑦⑧:add2 -

- doubt 11
fun doubt /Ill : int list) :intlist= [ '

' 2.3]
case l of =

c>⇒ c- § [34,6]☒ Ix::xs⇒ i. doubt / Kxs)



"

Higher - ◦ row function
"

-

Function that takes
another function

as input

Functioning i÷¥→in±
output

int * ( int → '⇒
striy→ int

Int → string
I



int - int

Val fun

fcx.in/-):i~t-----Operutins-f(x):int
↑ ↳ int

int→int

"function application "



-

fun map ↳•f.ir/---intl:irt1ist):intlist--
case l of
C) ⇒ CT$,⇒ ⇔ , map , ,, ,,

Recover originals as instances:

fun doubt /Ill : int list) : intlist-Y-f-ndoubd-llfli.ir/-list):hHiEcase l of
☐⇒ c- mapcd e)Ix::xs⇒ i. doubt / Kxs)



map ( double, [1.2.3])
↳ case G. 2,3] of

c > ⇒ c)

I × :c. xs⇒ double (x) : : map (double , xs)
↳ double#D:: npap(double Cz, >3)
↳ 2 : :
_

f- . _ _



Map ( f, [× , ,xz , × } - -
- - in - i. Xn ] )

=

[f(xD , f(xD, f(xD , - - ; fan -D. flag



fun add / num(xJ=x-11

fun add / (e) =
Case l of

☐ \ ↳⇒ c> amount÷ ::÷.it?:.:::::.E.-m*--..lx::xs--s(x-OI@::aodllxs.)- fun add2nun.CL/)--x+2
Case l of

C) ⇒ c) amount⑦ / ✗ " " ⇒ ( x+⑧÷a2(×,
→4add2(e) =

mop ie)



fun add(l : .net list,a '.in/-iist--
Case l of

C) ⇒ ☐

/ × :c.xs⇒ ( x i. addcxs,④G
fun add ( nttista : int) :intlist-leffunaddalxe.intjÉ×+a

"

closure
"

in

mcpt.IE, ehend



>€"ᵗᵗ"ᵗ"""""ᵗ"ˢᵗ*
fun addalx : int
"

mope e)

add ( G.2,33
↳ let fun adda(#⑤

" "

mp( adda, G. 2,3])end

add Caris],⊕
↳ let fin aodaFKx⑦
in

map ( adda, C. 2,3]end



Anonymousfrnct.ie# alternativeto
local hand
help ✓

¥ functions

values-int-s.int
for ×:→É#e Variable ire
-
-

↳ "function "



fun double ( x) = ✗ * z na$-
- _

helper

fun doubt/I (e) = mp(double, l)

I
dronym$fun doub All (d) =

map ( f¥%¥e , l)



doub All ( EI , 2,37)
↳ map ( for ✗⇒ ✗ *2

, G. 2,3T)
↳ (fg . ✗⇒ E☒ :: mop(fax⇒✗*39,37)-
↳ 2 : :#
↳ 1*2 :c

. ( for ✗⇒ ✗ *2) 2 : ' mapC-, C>3)ITS



for ✗⇒ e has type int→ int
when assuring × : int

e : int

and (fn ✗⇒ e) ✓

steps to e with ✓ for ×



>
fun add ( nttrist, a: int) : int list=
let named helper
fun④× : int jÉx+a

in

inept% e)
Gerd
fun add ( l

,
a) =

map ( fÉ, e)



fun addll : .net/ist,a:int):intlist--
Case l of fun aordll, a) =

c> ⇒ c)
→ mop(fnx⇒xxa,l)

Ix::xs⇒(x+a) : :add(xs ,a)

ÉbA)=→fmdoubAK(l)=Case l of
☐ ⇒ c> mp(fnx⇒2*x,l)

/ ×::xs ⇒ double /x) :c.doubAH( xs)

fÉ:nitt=_af[y=y
fun lasts ( l :(ntlistllistj.int/ist=
Case l of lasts 2,3]

,↳ ⇒
(4.5.63)Ix ::xs ⇒ last (x) ::lasts(xD = 6,6]



"

Polymorphism " : code that can work for any type
for any type '

a)
'b

fun map(f :
*
a-→ 1lb

,
l: la Hst) : lb list

case l of
c) ⇒ ☐

:c it list

/ × ::xs ⇒ f☒ : : mop Cf, xs)
↳ doubt11

,
add -

- - . still workht
nt list) list

$ fun lasts(e) "E""mg(Last,
④ ""-

int list Cnt list)list
la = int list
' b = int



"

for any types
'
a and ' b

"

la
fun zip / l, :# list, li.is#glist):Ci*-x-$iigh..,t=
Case (l,

,
b) of

(c)
,
→⇒ c>

1 (
→
a) ⇒ C]

/ (x ::xs, guys>⇒ (Ky) : : ziplxsys)
Yg? -178 strislist st (string) list

zip ( C"b"f G. D) =#"a :D ,
_ _

.

.]



fun pluralize (l :Stry list) =

e.g. pluralize ( ( "cat "
,

" dog "],) = [ cats ", "dogs "]

Mapn ( for ✗ ⇒ ✗
^ "
s l )

la = striy

"

, ,



ay

%a7ng.my?aia-IbiI?l:icais+s:v.iist--#--0
Case l of
c) ⇒ ☐

I ×::xs= : mop (f.

7¥ ,:*
(⇐→¥8# É•i& list)$strz→E•€d1'

E- ¥21


